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Late Definition Technologies 
Through the use of special late definition technologies, products 

can be tailored to meet an exact application after wafer 
fabrication is complete. Modifications may be made either by the 

Company or in the field by the user. Certain products are also 
capable of self-modification based on feedback information. 

DALLAS 
SEMICONDUCTOR 

Embedded Lithium Power Sources: 
Dallas Semiconductor has the ability to inte
grate In a single package, its ultra low power 
CMOS circuits and a miniature lithium power 
source. Chips designed in this way can accept 
change and remember data throughout their 
operating life. 

Direct Laser Writing: 
Lasers provide a low cost means for Dallas 
Semiconductor to routinely alter, reconfigure, or 
program individual chips after completion of 
wafer fabrication. Proprietary software controls 
the laser to make each chip unique. 

High Energy Ion Implantation: 
Circuits on nearly finished wafers are defined to 
exact customer specifications. Using a million
volt implanter, wafers are bombarded by a cloud 
of super charged ions. The ions penetrate 
specific layers of silicon to economically tailor 
chips to specific functions. 

not the only name behind our products . .. 
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Corporate Fact Sheet 

Dallas Semiconductor designs, manufac
tures and markets CMOS integrated circuits 
using special Late Definition technology. 
Late Definition permits the exact definition 
of a product to be postponed until end use, 
thereby increasing flexibility. 

PRODUCTS 
Founded February 1, 1984, Dallas Semicon
ductor has a multi-product strategy to serve 
the needs of the computer and communica
tions industry. Our optimism stems from the 
ability to sell "Soft Silicon" which can be 
readily tailored to solve the specific prob
lems of our customers. Soft silicon results 
from the Late Definition technologies of lith
ium, laser, and implant. Lithium postpones 
definition until end use, thereby making the 
chip adaptive in the system. Laser postpones 
definition until just before the chip is placed 
in the package, and implant postpones defi
nition until the last wafer process step. 

LITHIUM 
Advances in CMOS circuitry have reduced 
power requirements to the point that a chip, 
using appropriate circuitry, can be packaged 
with a miniature lithium energy source 
which will last the useful life of the equip
ment. This allows Dallas Semiconductor to 
make chips which don't forget. Our initial 
product offerings exploited this capability to 
make the much sought-after nonvolatile 
RAM. In November 1984 we began shipping 
16K, 64K Nonvolatile SRAMs. 

Keeping track of human time has not been an 
easy task for computers until our July 1985 
announcement of the DS1216 SmartWatch.lt 
precisely keeps calendar time down to the 
hundredth of a second, replacing what here
tofore consumed a whole printed circuit 
board full of electronics. A lithium cell pro
vides power for life. 

The adaptive nature of CMOS/Lithium prod
ucts is made evident by the April 1987 intro
duction of the DS5000 Soft Microcontroller. 
Designed with change in mind, it offers un-

precedented software adaptability and crash
proof operation. The capabilities of the Soft 
Microcontroller take it beyond mere update 
change and into the realm of learning. The 
DS5000 can capture a large amount of data 
in real time and remember it indefinitely. 
With the proper application software, the 
microcontroller can improve its performance 
based on that cumulative knowledge. 

LASER 
The laser creates uniqueness on a chip at low 
cost. A sub-micron pOSitioning laser and for
midable control software developed at Dallas 
can engrave individual chips with digital pat
terns making each one different. These after
the-fact changes to completed circuits give 
our laser-based products a competitive edge. 

The first product that demonstrated our spe
cial laser technology was an extremely ac
curate. time base, commonly referred to as a 
delay line. Before the August 1985 announce
ment date, it had only been possible to build 
such devices using a dozen components in a 
hybrid assembly. The DS1000 Silicon Delay 
Line series is a direct replacement for hybrid 
delay lines which are widely used in conjunc
tion with DRAMs and magnetic disks. 

Other products use the laser to protect sen
sitive information and intellectual property 
by creating a powerful security mechanism 
in micro chips. The DS1204 Electronic Key is 
an example of a product which benefits from 
the laser in this regard. Exclusive blank Keys 
are defined by laser for each customer, add
ing to the overall security mechanism. Addi
tional products are on the drawing board 
whereby the laser tailors the option content 
of the chip for a particular customer. In 
short, the laser lets Dallas Semiconductor 
define each chip uniquely after it is already 
operational. 

IMPLANT 
Nearly-finished wafers can be defined to 
meet exact customer requirements in a mat
ter of days with high energy ion implant 
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technology. A number of products will be of
fered with an '~Express Delivery Service." 

Difficult system problems have been solved 
by relying on these special technologies, ex
perience, and creativity, to offer our custom
ers a more complete solution than the chip 
alone can provide. Often this requires a 
greater emphasis on packaging than tradi· 
tional semiconductor producers have been 
accustomed. Fifty-one base products were 
put into production prior to January 1988, 
unified by our own CMOS technology. 

MANUFACTURING AND FACILITIES 
Dallas Semiconductor manufactures prod
ucts at a 65,OOO-square-foot facility, which it 
owns, located at the company's headquarters 
in north Dallas. This location includes an ad
vanced Class One wafer fabrication facility 
completed in 1987. Six-inch wafers are pro
cessed with circuits utilizing sub·micron 
geometries. Automated modular process tech
nology provides substantial flexibility in the 
manufacturing process and significantly 
reduces the number of people required for 
operation, thereby decreasing manufactur-
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ing costs. The company's wafer fabrication 
facility contains a 10,OOO·square-foot clean
room. The sensitivity of the manufacturing 
process to particulates and other contami
nants requires a highly controlled, clean en
vironment. All products are shipped from 
Dallas after final quality assurance testing. 

MARKETING AND SALES 
Dallas Semiconductor sells its products to a 
large and diverse customer base of both mao 
ture and emerging OEMs in the computer, tele
communications,instrumentation, and factory 
automation markets. The Company coordi
nates its selling activity from its Dallas, Texas 
headquarters. Five area sales offices are 
staffed in Marlton, New Jersey; Cupertino, 
California; Los Angeles, California; Carmel, 
Indiana; and Birmingham, England. The Com
pany's five area sales managers call on OEM 
accounts and coordinate the activities of 45 
sales representative offices in North Amer· 
ica and 22 in European countries and Asia. 
Dallas Semiconductor also markets its prod· 
ucts in North America through a n.ational 
stocking distributor and through ten. region· 
al distributors. 



North American 
Sales Offices 
Northern California Tekelec Airtronic Sweden 
Cupertino, CA Paris Commit Electronics AB 
(408) 973-7850 (1) 534.75.92 Taby 
Southern California Hong Kong 087923650 

l1li Newport Beach, CA Cet, Ltd. Singapore 
(714) 646·7219 (5) 200922 Dynamar Int'l, Ltd. 
Indiana India 65·7476188 

Carmel, IN Malhar Corp. South Korea 
(317) 844-5044 Bangalore Vine Overseas Trading 
New Jersey 812·564464 Seoul 
Marlton, NJ Northern Ireland (02) 266·1663 

(609) 667·7755 Bloomer Electronics Ltd. Spain 
Texas Craigavon Comelta, S.A. 
Dallas, TX Co. Armagh Madrid 
(214) 450-0400 0762339818 (01) 754·3001 

Israel Switzerland 

European Sales 
STG International Kontron Electronic AG 
Tel Aviv Zurich 

Office (3) 248231 0114354111 

West Midlands, UK 
Italy Taiwan 
Comprel, S.P.A. Landcol Enterprises, Ltd. 

021-745-8252 Milan Taipei 
(02) 612-0641 (02) 709·3515 

International Tekelec Airtronic United Kingdom 

Distributors 
Mamell Joseph Electronics, Ltd. 
(02) 738-0641 West Midlands 
Japan 021-643·6999 

Australia 
Alfatron Pty, Ltd. Systems Marketing, Inc. Ambar Cascom Ltd. 

Victoria Tokyo Bucks 

(03) 758-9000 03·254·2751 296-434·141 

Austria Microtek Inc. Dialogue Distribution Ltd. 

Hitronik Tokyo Camberly, Surrey 

Vienna 03-371-1811 0276-682001 

(0222) 824199 Malaysia West Germany 

aelglum Dynamar Int'l, Ltd. Atlantik Elektronik Gmbh. 

BETEA Singapore Martinsried/Munich 

Brussels/Benelux 7476188 (089) 8 57 2086 

(02) 736·8050 Portugal Astek Elektronik 

France Digicontrole Kaltenkirchen 

REA Lisbon 4191-8711 

Levallois Perret 292.39.24 Kontron Halbleiter GmbH 
758.11.11 Scandinavia Munich 

Holland Integrerad Elektronik 31901·377 

Alcom Electronics Komponenter AB 

Rotterdam Bromma 

010451 9533 08·804685 
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North American Sales Representatives 
Alabama Indiana New York 
Glen White and Associates Electronic Sales & Eng. Advanced Components Corp., 
Huntsville, AL Indianapolis, IN Inc. 
(205) 882-6751 (317) 849-4260 Cicero, NY 
California Iowa (315) 699-2671 

12, Inc. Cahill, Schmitz and S-J Associates 
Santa Clara, CA Howe, Inc. Jamaica, NY 
(408) 988-3400 Cedar Rapids, IA (718) 291-3232 

S C Cubed (319) 377-8219 North Carolina 
Tustin, CA Kansas Glen White and Associates 
(714) 731-9206 Technical Sales Associates Raleigh, NC 
Thousand Oaks, CA Olathe, KS (919) 848-1931 
(805) 496-7307 (913) 829-2800 H & A Sales 
Harvey King, Inc. Maryland Raleigh, NC 
San Diego, CA Arbotek Associates (919) 846-0082 

(619) 587-9300 Towson, MD Ohio 
Canada 

{301) 825-0775 Giesting & Associates 
Davetek Marketing Massachusetts Cincinnati, OH 
Vancouver, BC Technology Sales, Inc. (~13) 385-1105 

(604) 430-3680 Waltham, MA Giesting & Associates 
Electro-Source, Inc. 

(617) 890-5700 Cleveland, OH 
Rexdale, Ontario Michigan (216) 261-9705 

(416) 675-4490 Giesting & Associates Giesting & Associates 
Nepean, Ontario 

Farmington Hills, MI Dayton,OH 
(613) 726-1452 

(313) 478-8106 (513) 433-5832 

Pointe Claire, Quebec 
Minnesota Oklahoma 

(514) 694-0404 
Cahill, Schmitz & Cahill, Inc. West Associates 
St. Paul, MN Tulsa, OK 

Colorado (612) 646-7217 (918) 665-3465 
Waugaman Associates Mississippi Oregon Wheat Ridge, CO Glen White and Associates 
(303) 423-1020 Jackson, MS 

Western Technical Sales 
Beaverton, OR 

Connecticut (601) 856-5411 (503) 644-8860 
Technology Sales, Inc. Missouri Pennsylvania Yalesville, CT Technical Sales Associates 
(203) 269-8853 St. Louis, MO 

Giesting & Associates 
Pittsburgh, PA 

Florida (314) 521-2044 (412) 963-0727 
E.I.R., Inc. New Jersey Puerto Rico Maitland, FL Sunday O'Brien, Inc. Technology Sales (305) 660-9600 Haddonfield, NJ (809) 892-4745 
Georgia (609) 429-4013 

Tennessee Glen White and Associates New Mexico Glen White and Associates Norcross, GA 
(404) 441-1447 

Reptronix, Ltd. Gray, TN 
Albuquerque, NM (615) 477-8850 

Illinois (505) 292-1718 
Sumer, Inc. 
Rolling Meadows, IL 
(312) 991-8500 
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North American Distributors 
Texas Added Value Electronic Ottawa, Ontario 
West Associates, Inc. Distribution Inc. (AVED) (613) 820-8313 
Austin, TX California Downsview, Ontario 
(512) 339-6886 Tustin, CA (416) 638-4771 
West Associates, Inc. (714) 259-8258 

Vancouver, BC 
Dallas, TX Advent Electronics (604) 294-1166 
(214) 680-2800 
West Associates, Inc. 

Iowa Hall-Mark Electronics 
Cedar Rapids, IA 

Houston, TX (319) 363-0221 Alabama 
(713) 621-5983 Huntsville, AL 

Utah 
Michigan (205) 837-8700 
Farmington HillS, MI 

Waugaman Associates (313) 477-1650 Arizona 
Salt Lake City, UT Phoenix, AZ 

l1li 

(801) 261-0802 Almac Electronics (602) 437-1200 

Washington State Oregon California 
Western Technical Sales Beaverton, OR Canoga Park, CA 
Bellevue, WA (503) 629-8090 (818) 716-7300 
(206) 641-3900 Washington Citrus Heights, CA 
Western Technical Sales Bellevue, WA (916) 722-8600 
Spokane, WA (800) 426-1410 Torrance, CA 
(509) 922-7600 Spokane, WA (213) 643-9101 
Wisconsin (800) 426-1410 San Diego, CA 
Sumer, Inc. 

aell Industries (619) 268-1201 
Brookfield, WI San Jose, CA (414) 784-6641 illinois 

Urbana,IL (408) 432-0900 
(217) 328-1077 Tustin, CA 
Indiana (714) 669-4700 
Indianapolis, IN Colorado 
(317) 875-8200 Englewood, CO 
Ft. Wayne, IN (303) 790-1662 
(219) 423-3422 Connecticut 
Michigan Wallingford, CT 
Ann Arbor, MI (203) 269-0100 
(313) 971-9093 Florida 
Ohio Clearwater, FL 
Dayton,OH (813) 530-4543 
(513) 435-8660 Orlando, FL 

Future Electronics 
(305) 855-4020 

Canada 
Pompano Beach, FL 

Calgary, Alberta 
(305) 971-9280 

(403) 235-5325 aeorgla 

Edmonton, Alberta 
Norcross, GA 
(404) 447-8000 

(403) 486-0974 
Illinois 

Pointe Claire, Quebec Woodale,IL 
(514) 694-7710 (312) 860-3800 

/ 15 



"Indiana Utah New England 
Indianapolis, IN Murray, UT Wilmington, MA 
(317) 8n-8875 (801) 972-1008 (617) 657-5900 

Kansas Wisconsin New York 
Lenexa, KS New Berlin, WI Farmingdale; NY 
(913) 888-4747 (414) 797-7844 (516) 420-9800 

Maryland Industrial Components Rochester, NY 
Columbia, MD 

Minnesota 
(716) 235-0830 

(301) 988-9800 
Minneapolis, MN Ohio 

Massachusetts (612) 831-2666 Cleveland, OH 
Billerica, MA (216) 447-1520 
(617) 935-9777 Insight Electronlclt Texas 
Minnesota Arizona Dallas, TX 
Eden Plains, MN Tempe, AZ (214) 248-1603 
(612) 941-2600 (602) 829-1800 Canada 
Missouri California Willowdale, Ontario 
Earth City, MO San Diego, CA 

Quality Components (314) 291-5350 (619) 587-0471 

North Carolina Costa Mesa, CA Alabama 

Raleigh, NC (714) 556-6890 Huntsville, AL 

(919) 872-0712 Augora Hills, CA 
(205) 830-1881 

New Jersey (818) 707-2100 Oeorgla 

Fairfield, NJ Norcross, GA 

(201) 575-4415 Mllgray Electronics (404) 449-9508 

Mt. Laurel, NJ Connecticut North Carolina 

(609) 235-1900 Orange, CT Raleigh, NC 

New York 
(203) 795-0711 (919) 876-7767 

Ronkonkoma, NY New Jersey Oklahoma 

(516) 737-0600 Marlton, NJ Tulsa, OK 

Ohio 
(609) 983-5010 (918) 664-8812 

Solon,OH Florida Texas 

(216) 349-4632 Winter Park, FL Addison, TX 

Worthington, OH 
(305) 647-5747 (214) 733-4300 

(614) 888-3313 Oeorgla Austin, TX 

Oklahoma 
Atlanta, GA (512) 835-0220 

Tulsa, OK 
(404) 393-9666 Sugarland, TX 
Illinois (918) 665-3200 Bensenville, IL 

(713) 240-2255 

Texas (312) 350-0490 Western Mlcrotechnology 
Austin, TX Kansas Arizona 
(512) 258-8848 Overland Park, KS Scottsdale, AZ 
Dallas, TX (913) 236-8800 (602) 948-4240 
(214) 553-4300 Maryland California 
Houston, TX Columbia, MD Cupertino, CA 
(713) 781-6100 (301) 621-8169 (408) 725-1660 

16 



Oregon 
Beaverton, OR 
(503) 629-2082 
Washington 
Redmond, WA 
(206) 881-6737 

Wyle Laboratories 
Arizona 
Phoenix, AZ 
(602) 866-2888 
California 
Calabasas, CA 
(818) 880-9000 
Irvine, CA 
(714) 863-9953 
Rancho Cordova, CA 
(916) 638-5282 
San Diego, CA 
(619) 565-9171 
Santa Clara, CA 
(408) 727-2500 
Colorado 
Thornton, CO 
(303) 457-9953 
Oregon 
Hillsboro, OR 
(503) 640-6000 
Texas 
Austin, TX 
(512) 834-9957 
Dallas, TX 
(214) 235-9953 
Houston, TX 
(713) 879-9953 
Utah 
Salt Lake City, UT 
(801) 974-9953 
Washington 
Bellevue, WA 
(206) 453-8300 
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PRODUCT OVERVIEW 
Silicon Timed Circuits 

Electronic systems require exact timing to control 
the transmission of data between their component 
parts. Timing requirements vary across systems. 
Historically, systems designers have not been able to 
use semiconductors as timing references because of 
their lack of precision; they consequently achieved 
the required accuracy by using, in combination, 
quartz crystals and hybrid passive components, 
known as delay lines. All silicon delay lines offer 
single chip reliability, economy and significantly 
greater precision due to their laser-defined specifica
tions. Oirect laser writing provides precise accuracy 
and, because the products are defined in the final 
stage of manufacturing, a broad product mix is 
available without losing the economic benefits of 
standard integrated circuit production. Customers 
are provided maximum flexibility, as well as the 
option of purchasing tailor-made products at the 
approximate cost of standard, off-the-shelf solutions. 
These all silicon products can be retrofitted into 
existing systems which otherwise utilize hybrid 
approaches as well as designed into new systems. 

0810005 TAP Oelay Line 
081010 10TAP OelayLine 
0810133 in 1 Oelay Line 
0810077 in 1 Oelay Line 

Multiport Memory 

The existence of many different data transmission 
rates and standards has created a problem in 
transporting data among different systems. A 
receiving system may be too slow to keep up with 
data sent from another system. First In, First Out 
(FIFO) memories are capable of providing the 
necessary elasticity between different data rates. 

082009512 x 9 FIFO 
082010 1Kx9 FIFO 
082011 2K x 9 FIFO 
082012 4K x 9 FIFO 
0820154 x 64 Quadport Serial RAM 
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Microcontroller 

The OS5000 Soft Microcontroller stays up-to-date 
because it was designed for change. Unlike rigid 
ROM or EPROM based microcontrollers, all of the 
Soft Microcontroller memory is high performance, 
read/write, and nonvolatile for more than ten years. 
The OS5000 is equipped with 32K bytes of nonvola
tile SRAM which can be dynamically partitioned to fit· 
program and data storage requirements of a particu
lar task. As a result of sophisticated crash proofing 
circuitry, processing of a task can resume after a 
power outage. A built-in encrypter prevents un
authorized access to resident application software. 
The pinout and instruction set match the industry 
standard 8051 microcontroller. Additional information 
is available in a special publication called the Soft 
Microcontroller User Guide. The OS5000K evalu
ation kit includes a sample OS5000, documentation, 
in-system loader hardware and DOS compatible 
software for use with a personal computer. 

Nonvolatile SRAM 

SRAMS have always had the undesirable character
istic of data loss when power is disrupted. Dallas 
Semiconductor has combined its knowledge of ultra 
low power CMOS SRAMs with improvements in long 
life embedded lithium power sources to develop a 
family of Nonvolatile SRAMs. Nonvolatile SRAMs 
integrate a lithium power source and intelligent 
control circuitry to retain data even in the absence of 
system power. The control circuit, by monitoringthe 
level of system voltage available to the memory at all 
times, switches to the lithium power source when 
necessary, and also protects the memory contents 
against inadvertent change during system power 
fluctuatuions. A lithium power source provides 
backup power for more than 10 years in the absence 
of system power. Nonvolatile SRAMs are packaged 
to fit into existing sockets and can replace other 
widely used memory devices. These products 
perform better in many applications than EEPROMs, 
EPROMs, or shadow RAMs because they provide 
unlimited data write cycles, safeguard against 
corrupted data and write data in as fast as 70 ns. 
OS1220 2K x 8 24 pin Nonvolatile SRAM 
OS1225 8K x 8 28 pin Nonvolatile SRAM 
OS 1230 32K x 8 28 pin Nonvolatile SRAM 



Intelligent Sockets 

Often, after a design is complete, the manufacturer 
may desire to enhance functionality because of 
increased competition from newer products. The 
equipment manufacturer is forced either to avoid 
adding features or design a new system. Oallas 
Semiconductor has incorporated active electronics in 
connectors which can be plugged into a system and 
add capabilities without requiring substantive 
changes in the existing system. For example, many 
systems manufacturers desire the capability to make 
RAMs in existing systems nonvolatile. In this 
instance, they can unplug a memory circuit in a 
system currently in use, plug the SmartSocket into 
that space, and plug the memory circuit into the 
SmartSocket. Another example is a requirement in 
many existing systems to monitor and record time of 
day. The SmartWatch plugs into existing systems 
and keeps time of day to hundredths of a second 
while also making memory circuits nonvolatile. 

OS1213 SmartSocket - makes CMOS RAM 
nonvolatile 
OS1216 SmartWatch - adds the ability to time stamp 
and date events 
OS1264 LCA SmartSocket - maintains logic in the 
absence of power 

TimeKeeping 

Systems benefit by knowing the time-of-day, but the 
use of this feature has been limited by its expense 
and high component count. A self-contained lithium 
energy source in conjunction with a silicon chip and 
quartz form a permanently powered clock/calendar 
within a single component. The OS1287 Real Time 
replaces 20 parts used in the IBM AT and PS/2 
compatible computers including an MC146818 Real 
Time Clock plus RAM. 

OS1215 TimeChip 
OS1287 Real Time 
OS1286 WatchOog 
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User Insertable Memory 

Manufacturers of equipment often wish to facilitate 
user configuration of their standard products. In 
many instances, user insertable solid state memories 
offer distinct advantages over alternative media, such 
as magnetic tape or disk. Such memories, however, 
demand specialized packaging capable of withstand
ing harsher environmental conditions than those 
normally encountered by semiconductor memory 
circuits. A family of Nonvolatile SRAMs has been 
speCifically developed to address this application 
sector. These products range in density from 1024 
bits to 32,000,000 bits, the largest of which replaces 
rotating memory subsystems in certain personal 
computer systems. 

OS12011KbitElectronicTag 
OS1217 A upto 256K bit Nonvolatile Read/Write 
Cartridge 
OS1217M up to 4M bit Nonvolatile Read/Write 
Cartridge 
OS6010 P.C. Port 
OS9020 Cartridge Clip 

Security Products 

In an information age, there is an increasing demand 
to provide security for intellectual property and other 
data beyond legal measures currently available. 
Prominent examples are publishers and authors of 
premium-priced personal computer software who 
have strong motivation to protect their productsJrom 
unauthorized use. Software based copy protection 
systems interfere with the need to make legitimate 
backup copies or execution from hard disks. The 
Electronic Key is a postage stamp-sized package 
that is distributed with each software package sold 
and must be present whenever users want to use the 
software. This same principle can be applied to 
controlling access to buildings, automobiles and 
other equipment. 

OS1204 Electronic Key 
OS1207TimeKey 
OS1255 Key Ring 
OS1255C Evaluation Kitfor IBM P.C. 



Integrated Battery Backup 

Microprocessor based systems lose information 
when affected by a loss of power. When system 
power is resumed, the task that was being performed 
at the time of power loss must be re-started. Unin
teruptible power supplies have historically been 
provided as relatively expensive, bulky, external 
units. A solution to this problem is necessitated in __ 
industrial automation applications and in systems __ 
which are located in remote sites or otherwise 
difficult to reprogram when information is lost. The 
Integrated Battery Backup consists of a three part 
chip set which operates in three steps. First, the 
Power Monitor warns a microprocessor of an 
impending power failure before it happens, providing 
time for critical data to be stored in nonvolatile 
memory before system power is lost. Second, the 
Nonvolatile Controller/Decoder converts RAM into 
nonvolatile memories and safeguards against RAM 
data loss during power up and down transients, by 
automatically switching to battery power when 
system power failure occurs. Third, the SmartBattery 
supplies uninterruptible power in the absence of 
system power to maintain data in nonvolatile mem-
ory. 

DS1210 Single RAM Controller 
DS1221 Four RAM Controller 
DS1211 Eight RAM Controller 
DS1212 Sixteen RAM Controller 
DS1234 Conditional RAM controller 
DS1231 Power Monitor 
OS 1260 Smart Battery 
DS1259 Battery Manager 

System Extension 

These CMOS products extend the usefulness of 
systems without encumbering design. The Micro 
Monitor acts as a "watchdog" for system malfunction 
by checking the three most important indicators of 
correct microprocessor operation - power supply, 
software execution and override push-button. If it 
detects a problem, the MicroMonitor shuts down the 
system, then resets it for correct operation. The 
Eliminator replaces the equivalent of an 8 or 16 
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station manual DIP switch, thus eliminating burden
some hand setting of mechanical switches. Five volt 
powered RS232 transceivers are available in both 
dual and triple versions. The same five volt supply 
that powers logic generates RS232voitage levels. 

OS1232 MicroMonitor 
OS1290/91 Eliminator, 8-Station 
OS1292/93 Eliminator, 16-Station 
OS1206 Phantom Interface 
OS1223 Configurator 
OS1222 Bank Switch 
OS232/0S1228 RS232 Transceiver, Dual 
OS1229 RS232 Transceiver, Triple 

SipStiks™ 

Systems snap together with SipStik sub-assemblies 
from Dallas Semiconductor. SipStiks are leadless 
carriers of components with high silicon content 
using JEOEC standard configurations. Their low 
profile form factor permits high density yet offers the 
advantages of modularity. These major building 
blocks are pretested and ready for final assembly 
into a planar motherboard fitted with AMP MicroEdge 
connectors as required by a particular application. 

OS2217 SRAM SipStik 
OS2209 DRAM SipStik 
OS2250 Soft Micro SipStik 
OS2245 Modem SlpStlk 

Wireless Products 

Portable OS 1201 Electronic Tags, OS 1204 Keys, or 
OS5000 Soft Microcontrollers can communicate with 
a personal computer using CMOS Micropower 
Receiver/2 to 3 Wire Converter chips and a base RF 
Communicator. The chips contain wake-up circuitry, 
amplifiers, filters, timing generators, waveform 
interpreters, formating and control logic necessary to 
form a bi-directionalS foot link between portable 
units and bases. The ultra low power consumption of 
the chips enable a single 3 volt lithium energy cell to 



be a permanant source of power for receiving, 
storing, and transmitting data. 

081203 MicroPower Receiver 
0812092 to 3 Wire Converter 
081280 Bytewide to 3 Wire Converter 
086068 RF Communicator 

Modem 

These Miniature components comply with FCC part 
68 registration. The 0861 01 Modem is bell 212A 
compatible (1200/300 bps) with OTMF generationl 
detection, audio mode operation, and advanced line 
monitoring functions. The 086103 Modem provides 
voice synthesis. The 086112 Data Access Arrange
ment (OAA) which is included in the Modems above 
is available as a stand alone interface to the public 
switch telephone network. 086151/6153 are Modem 
evaluation kits that demonstrate the Modem on the 
IBM/PC/XT/AT. 

Telecommunications 

An emerging and rapidly growing market exists for 
high capacity voice, data and video transmission. 
High capacity digital links in North America and 
Europe are known as T-1 and CEPT, respectively. 
Circuits designed for these protocols can substan
tially shorten the time required for OEMs to develop 
products that access these networks and can reduce 
systems sizes. A comprehensive chip set developed 
by Dallas 8emiconductor addresses the require
ments of these protocols and includes an integrated 
circuit that doubles the capacity of existing voice 
communication links through digital signal processing 
compression techniques. Complete product specifi
cations available in a supplemental telecommunica
tion data book. 
082180 Transceiver, T1 
082181 Transceiver, CEPT 
082175 Transmit/Receive Elastic 8tore 
082176 Receive Elastic 8tore 
082186 Transmit Line Interface 
082187 Receive Line Interface 
082190 Network Interface Unit 
082167 AOPCM Processor 
082157 Compression Array 
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.... Dallas Semiconductor 
II' 5 TAP Si/iconDelayLine 

FEATURES 

• All silicon time delay 

.5 TAPS equally spaced. 

• Delays are stable and precise 

• Both leading and trailing edge accuracy 

• Standard 14 pin DIP, 8 pin MINI-DIP, 
or 16 pin SOIC 

• Delay tolerance +/- 5% 

• Economical 

• Auto-insertable 

• Low power CMOS 

• TTL compatible 

DESCRIPTION 

The DS1000 Series Delay Lines have five 
equally spaced TAPS providing delays from 
10 ns to 500 ns. These devices are offered in 
a standard 14 pin DIP, which is pin compatible 
with hybrid delay lines. Alternatively 8 pin 
MINI-DIPS and surface mount packages are 
available which saves P.C. board area. Since 
the DS1000 series is an all silicon solution, 
better economy is achieved when compared 
to older methods using hybrid techniques. 
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DS1000 14 Pin DIP 
DS1000M 8 Pin DIP 

DS1000S 16 Pin sOle 

PIN CONNECTIONS 

Vee 

TAP 1 

TAP 3 

TAP 5 

IN Vee 
N.C. NC 
N.C. NC 

TAP 2 TAP 1 
N.C. NC 

TAP 4 TAP 3 
N.C. NC 
GND'-tC'--_-=..J-< TAP 5 

PIN NAMES 

TAP 1-TAP 5 - TAP Output Number 
Vec - +5 Volts 
GND -Ground 
NC - No Connection 
IN -Input 

The DS1000 Series Delay Lines provide a 
nominal accuracy of +/-5% or +/- 2 ns, which 
ever is greater. The DS1000 Delay Line 
reproduces the input logic level at the output 
after a fixed delay as specified by the dash 
number extension of the part number. The 
DS1000 Is designed to reproduce both leading 
and trailing edge with equal precision. Each 
TAP is capable of driving up to ten 74LS type 
loads. 



FIGURE 1: LOGIC DIAGRAM 
TAP 1 TAP 2 TAP 3 TAP 4 TAP 5 

~~2~!2~!2~k2~!20.f 
TABLE 1: PART NUMBER DELAY TABLE (t ..... ' tPUl) 

PART NO. TAP 1 TAP2 

OS1000-50 10ns 20ns 

OS1000-60 12ns 24ns 

OS1000-75 15ns 30ns 

OS1000-100 20ns 40ns 

OS1000-125 25ns 50ns 

OS1000-150 30ns 60ns 

OS1000-175 35ns 70ns 

OS1000-200 40ns SOns 

OS1000-250 50ns 100ns 

OS1000-5OO 100ns 200ns 

ABSOLUTE MAXIMUM RATINGS· 
Voltage on a pin to ground:-1.0Vto + 7.0V 
Operating temperature: OOC to 7000 
Storage temperature: -5500 to + 12500 
Soldering 
temperature: 26000 for 10 seconds 
Short circuit output current: 50mA for 1 
second 

TAP3 TAP4 TAPS 

30ns 40ns 50ns 

36ns 48ns 60ns 

45ns 60ns 75ns 

60ns SOns 100ns 

75ns 100ns 125ns 

gons 120ns 150ns 

1000s 140ns 1700s 

120ns 160ns 200ns 

150ns 200ns 2SOns 

300ns 400ns 500ns 

·This is a stress rating only and functional 
operation of the device at these or any other 
conditions above those indicated in the opera
tion sections of this. specification Is not im
plied. Exposure to absolute maximum rating 
conditions for extended periods of time may 
affect reliability. 
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FIGURE 2: TIMING DIAGRAM SILICON DELAY LINE 

PERIOD 

E f4-- - r---trALL 

--
f-2.4V 2.4V 
1.5V 1.5V O.6V 

O.6V 

I--tWl 

I,.. 

TAP 

Terminology 

fmi2s;I The time elapsed between the leading 
edge of the first pulse and the leading edge of 
the following pulse. 
tw. (Pulse Width) The elapsed time on the 
pulse between the 1.SV point on the leading 
edge and the 1.5V point on the trailing edge or 
the 1.5V point on the trailing edge and the 1.5V 
point on the leading edge. 
tRlsE (Input Rise Time) The elapsed time be
tween the 20% and the 80% pOint on the 
leading edge of the Input pulse. 
tFALL (Input Fall !lme) The elapsed time be
tween the 80% and the 20% ,point on the raiUng 
edge of the Input pulse. 
tpLH (Time Delay, Rising) The elapsed time 
between the 1.5V point on the leading edge of 
the input pulse and the 1.5V point on the 
leading edge of any TAP output pulse. 
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.., 
,j 

~.5V 

tWl 

tpHL 

tpHL (Time Delay, Falling) The elapsed time 
between the 1.5V point on the trailing edge of 
the input pulse and the 1.5V point on the 
trailing edge of any TAP output pulse. 

Notes 

1.)AII voltages are referenced to ground. 
2.) Measured with outputs open, 

minimum period. 
3.)Vcc-5V@25oo Delays accurate on both 

rising and falling edges within +/- 2 ns, or 
5%. 

4.) See Test Conditions (following page). 



FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT 

ZO=50...IL 

START 

TIP 

STOP 

TIME 
INTERVAL 
COUNTER 

TIP (TIME INTERVAL PROBE) 

VHF SWITCH 
CONTROL UNIT 

DEVICE UNDER TEST 

Test Setup Description 
Figure 3 Illustrates the hardware configuration 
used for measuring the timing parameters on 
the OS 1000. The input waveform is produced 
by a precision pulse generator under software 
control. Time delays are measured by a time 
interval counter (20 ps resolution) connected 
between the Input and each TAP. Each TAP 
is selected and connected to the counter by a 
VHF switch control unit. 

The measurement setup is calibrated by TOR 
(time domain reflectometry) techniques. All 
measurements are fully automated, with each 
instrument controlled by a central computer 
over an IEEE 488 bus. 

Test Conditions 
Input: 
Ambient Temperature: 25"C+/-3"C 
Supply Voltage (Vcc): 5.0V+/-0.1 V 
Input Pulse: High - 3.0V+/-o.1 V 

Low - 0.OV+/-0.1V 
Source Impedancc: SO.flMax. 
Rise and FAil Time: 3.0 ns Max. 
(measured between 0.6V and 2.4V) 
Pulse Width - SOO ns 
Period-1us 

Note: 
Above conditions are for test only and do not 
restrict the operation of the device under other 
conditions. 

Output: 
Each output is loaded with a 74F04. Delay Is 
measured at the 1.SV level on the rising and 
falling edge. 

~---+--vr C_)~ ___ r 
Zo= 5Q/l 

MEASURING 
DEVICE 
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D.C. ELECTRICAL CHARACTERISTICS (000 to 7000, Vee ... 5.0V +/- 5%) 

PARAMETER SYMBOL TEST MIN TYP MAX UNITS NOTES 
CONDo 

Supply Voltage Vcc 4.75 5.00 5.25 V 1 

High Level VH 2.2 5.5 V 1 
Input Voltage 

Low Level VIL -0.5 0.8 V 1 
Input Voltage 

Input Leakage II O.O~VI~ee -1.0 1.0 uA 
Current 

Active Current 100 Vee ... Max; 35.0 rnA 
Period- Min. 

High Level 101 Vee- Min. 1.0 rnA 
Output Current Vo1/"2.4V 

Low Level Ia. Vce- Min. 12.0 rnA 
Output Current VoL-0.5V 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Pulse Width ~ 40%01 
TAP 5 ns 

Input to TAP delay tPI,H note 3 Table 1 note 3 ns 4 
(leading edge) 

I 

Input to TAP Delay ~L note 3 Table 1 note 3 ns 4 
(trailing edge) 

Period 4 (tWI) ns 

CAPACITANCE 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Capacitance CN 5 10 pF 

Output Capacitance Crur 5 10 pF 
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SILICON DELAY LINE 
DS1000 
14 Pin DIP DIM. 

INCHES 

MIN. MAX. 

A 0.740 0.780 

B 0.240 0.260 

C 0.120 0.140 

0 0.290 0.310 

E 0.020 0.040 

F 0.110 0.130 

G 0.090 0.110 

H 0.300 0.350 

J 0.008 0.012 

K 0.015 0.021 

l 0.040 0.060 

M 0.370 0.420 

N 0.160 0.180 

l L Ir GULLWING 

~,----~l 
I.. M ~I 
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SILICON DELAY LINE 
DS1000M 
SPin DIP 

I. j,l1 'r 
3 Equal Spaces 

At .100 TNA 

36 

DIM. 
INCHES 

MIN. MAX. 

A 0.360 00400 

B 0.240 0.260 

C 0.120 0.140 

D 0.290 0.310 

E 0.020 0~040 

F 0.110 0.130 

G 0.090 0.110 

H 0.300 0.350 

J 0.008 0.012 

K 0.015 0.021 

L 0.040 0.060 

M 0.370 0.420 

N 0.160 0.180 

-"--J 

GULLWlNG 



SILICON DELAY LINE 
DS1000S 
16 Pin SOIC 

L 7 EQUAL SPACES ---' r--0 .050 + .004 TNA -, 

9 

B 

DIM. 

A 

8 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 

.403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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I.. Dallas Semiconductor 
'5 Tap Silicon Delay Line 

FEATURES 

• All silicon time delay 

• 5 TAPS equally spaced. Delay 
tolerance +/- 2 ns 

IN 

N.C 

• Stable and precise over temperature 
TAP 2 

and voltage range N.C 

TAP 4 

• Leading and trailing edge accuracy 

• Standard 14 pin DIP, 8 pin MINI-DIP, 
or 16 pin SOIC 

• Auto-insertable 

• Low power CMOS 

• TTL compatible 

DESCRIPTION 

The DS1005 Delay Line Product Family pro
vides five equally spaced TAPS with delays 
ranging from 10 ns to 500 ns, with an accuracy 
of +/- 2 ns. These devices are offered in a 
standard 14p1n DIP, compatible with existing 
delay line products. A space saving 8 pin 
MINI-DIP is also available. The 14 pin DIP, 
the 8 pin MINI-DIP, and SOIC packaging are 
available in a surface mountable "gullwing" 
construction. Since the DS1005 is an all 
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DS1005 14 Pin DIP 
DS1005M 8 Pin DIP 

D810058 16 Pin SOle 

PIN CONNECTIONS 

IN Vee 

TAP 2 TAP 1 

TAP 4 TAP J 

GND TAP 5 

IN Vee 
N.C. NC 
N.C. NC 

TAP 2 TAP 1 
N.C. NC 

TAP 4 TAP J 
N.C. NC 

PIN NAMES GND TAP 5 

TAP 1-TAP 5 - TAP Output Number 
Vcc - +5 Volts 
GND -Ground 
NC - No Connection 
IN -Input 

silicon solution, better economy and reliability 
are achieved when compared to older meth
ods using hybrid technology. The DS1005 
Delay Line reproduces the input logic level at 
each TAP after the fixed delay specified by 
the "dash number" in Table 1. The device is 
designed to produce both the leading and 
trailing edge delays with equal precision. 
Each TAP is capable of driving up to ten 74LS 
loads. 



FIGURE 1: LOGIC DIAGRAM 

TABLE 1 PART NUMBER DELAY TABLE (tPHL• tPLH) 

PART NO. TAP 1 TAP2 

OS1005-SO* 10ns 20ns 

OS1005-60* 12ns 24ns 

OS1005-75* 15ns 30ns 

DS1 005-1 00 20ns 40ns 

OS1005-125 25ns SOns 

OS1005-1 SO 30ns 60ns 

OS1005-175 35ns 70ns 

OS1005-200 40ns SOns 

OS1005-2SO SOns 100ns 

OS1005-S00 100ns 200ns 

*Oonsult Oallas Semiconductor for availability 

ABSOLUTE MAXIMUM RATINGS· 
Voltage on a pin to ground: -1.0Vto + 7.0V 
Operating temperature: OOC to 7000 
Storage temperature: -55"0 to + 125"0 
Soldering temperature: 260"0 for 10 seconds 
Short circuit output current: SOmA for 1 second 

This is a stress rating only and functional 
operation of the device at these or any other 
conditions above those indicated in the 
operation sections of this specification is 

TAP3 TAP4 TAPS 

30ns 40ns SOns 

36ns 48ns 60ns 

45ns 60ns 75ns 

60ns SOns 100ns 

75ns 100ns 125ns 

90ns 120ns 150ns 

105ns 140ns 175ns 

120ns 160ns 200ns 

150ns 200ns 250ns 

300ns 400ns SOOns 

not implied. Exposure to absolute maximum 
rating conditions for extended periods 
of time may affect reliability. 
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FIGURE 2: TIMING DIAGRAM- SILICON DELAY LINE 

PERIOD 

tfAll 

O.BV IN Vll __ ...J 

2.4V 
I.SV 

tWI ------.-.; 

/4----- tpHL --

14---- TPLH --~ 

TAP 

Terminology 

f!cJgsl The time elapsed between the leading 
edge of the first pulse and the leading edge of 
the follOwing pulse. . 
fwJ (Pulse Width) The elapsed time on the 
pulse between the 1.5V pOint on the leading 
edge and the 1.5V point on the trailing edge or 
the 1.5V point on the traIling edge and the 1.5V 
point on the leading edge. 
tRISE (Input Rise Time) The elapsed time be
tween the 20% and the 80% point on the 
leading edge of the input pulse. 
tFALL (Input Fall Time) The elapsed time be
tween the 80% and the 20% point on the 
trailing edge of the input pulse. 
tpLH (Time Delay, Rising) The elapsed time 
between the 1.5V point on the leading edge of 
the input pulse and the 1.5V point on the 
leading edge of any TAP output pulse. 
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1.5V 

tpHL (Time Delay, Falling) The elapsed time 
between the 1.5V point oli the trailing edge of 
the input pulse and the 1.5V point on the 
trailing edge of any TAP output pulse. 

Notes 

1.) All voltages are referenced to ground. 
2.) Measured with outputs open, minimum 

period. 
3.) Vcc-5V @25°C Delays accurate on both 

rising and falling edges within +/- 2 ns. 
4.) See Test Conditions (following page). 
5.) The combination of temperature vari 

ations between OOC and 7000 and voltage 
variations between 4.75 volts and 5.25 
volts produce a worst case delay shift of 
+/- 5%. 



FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT 
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Test Setup Description 

Figure 3 illustrates the hardware configuration 
used for measuring the timing parameters on 
the OS1005. The inputwavsform is produced 
by a precision pulse generator under software 
control. Time delays are measured by a time 
interval counter (20 ps resolution) connected 
between the input and each TAP. Each TAP 
is selected and connected to the counter by a 
VHF switch control unit. 

The measurement setup is calibrated by TOR 
(time domain reflectometry) techniques. All 
measurements are fully automated, with each 
Instrument controlled by a central computer 
over an IEEE 488 bus. 

Test Conditions 
Input: 
Ambient Temperature: 25OC+/-3OC 
Supply Voltage (Vee): 5.0V+/-O.1V 
Input Pulse: High - 3.0V+/-0.1V 
Low - 0.OV+/-0.1 V 
Source Impedance: 501l Max. 
Rise and FAil Time: 3.0 ns Max. 
(measured between 0.6V and 2.4V) 
Pulse Width - 500 ns 
Period-1us 
Note: 
Above conditions are for test only and do not 
restrict the operation ofthe device under other 
conditions. 

Output: 
Eac~ output is loaded with a 74F04. Delay Is 
measured at the 1.5V level on the rising and 
falling edge. 

~
74F04 

TAP 

---+C_)~ __ ~ ___ )-
Zo= 5OIl. 

MEASURING 
DEVICE 

41 

II 
I 
I 

I 

~ 
i 



D.C. ELECTRICAL CHARACTERISTICS (000 to 7000, Vee. 5.0V +1-5%) 

PARAMETER SYMBOL TEST MIN. TYP. MAX. UNITS NOTES 
CONDo 

Supply Voltage Vcc 4.75 5.00 5.25 V 1 

High level Vif 2.2 5.5 V 1 
Input Voltage 

low level VIL -0.5 0.8 V 1 
Input Voltage 

Input leakage II O.O~ VI:!fVee -1.0 1.0 uA 
Current 

Active Ourrent 10: Vcc. Max; 40.0 70.0 rnA 2 
Period- Min. 

High level ~ Vee- Min. 1.0 rnA 
Output Ourrent Vo..,.2.4V 

low level Ia. Vee-Min 12.0 rnA 
Output Ourrent VOl-0.5V 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Pulse Width Iv.. 40%ofT AP5 ns 

Input to TAP delay tPLH note 3 Table 1 note 3 ns 4,5 
(leading edge) 

Input to TAP Delay tm. note 3 Table 1 note 3 ns 4,5 
(trailing edge) 

Period 4 (tWI) ns 

CAPACITANCE 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Oapacltance ON 5 10 pF 

Output Oapacltance °cu 5 10 pF 
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Silicon Dela 
DS1005 Y Line 

14 Pin DIP 

T 
B 

-~ 
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Silicon Delay Line 
DS1005M 
8 Pin Mini-DIP 
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I. -l,l1 'r 
3 Equal Spaces 

At .100 'INA 

DIM. 
INCHES 

MIN. MAX. 

A 0.360 0.400 

B 0.240 0.260 

C 0.120 0.140 

0 0.290 0.310 

E 0.020 0.040 

F 0.110 0.130 

G 0.090 0.110 

H 0.300 0.350 

J 0.008 0.012 

K 0.015 0.021 

L 0.040 0.060 

M 0.370 0.420 

N 0.160 0.180 

GULlWING 

11t;:::t--~ ---t:::;'lftl 
I- M -------i 



Silicon Delay Line 
DS1005S 
16 Pin sOle 

1- 7 Equal Spaces _I r-0 .050 +_ .004 TNA ----, 

DIM. 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 

.403 .411 l1li 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.048 .054 

.402 .410 

.008 .011 

.013 .019 
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.... Dallas Semiconductor u. 7 In 1 Silicon Delay Line 

FEATURES 

• All silicon time delay 

• 7 independent logic buffered delays 

• Accuracy of +/- 2 ns @ 250C 

• Four delays can be custom set between 
3 ns and 7 ns 

• Three delays can be custom set between 
8 ns and 20ns 

• Leading edge precision 

• Auto-Insertable 16 pin DIP 

• Surface mount 16 pin SOlO 

• Low power OMOS 

• TTL compatible 

DESCRIPTION 

The DS1 007 Delay Line provides seven inde
pendent delay times which are set by Dallas 
Semiconductor to the customer's specifica
tion. The delay times can be set from 3 ns to 
20 ns with an accuracy of +/- 2 ns at room 
temperature. The device is offered in both a 
16 pin DIP and a 16 pin SOlO. Since the 
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PRELIMINARY 
OS1007 16 Pin DIP 

OS1007S 16 Pin sOle 

PIN CONNECTIONS 

IN1 

OUTl 2 

IN2 3 

OUT2 4 

Vee 5 

INS 6 

OUTS 7 

IN6 8 

PIN NAMES 

IN1 -IN7 
Out1-Out7 
GND 
Vcc 

16 INI 
OUT1 

15 1N2 

OUT2 

14 Vee 

13 our!! 

12 
INa 

11 

10 IN7 

-Inputs 
- Outputs 
-Ground 
- +5 Volts 

IN3 

OUT'" 
IN4 

OUT'" 

OND 

0UT7 

IN7 

DS1 007 Is an all silicon solution, better econ
omy and reliability are achieved when com
pared to older methods using hybrid technol
ogy. The DS1 007 reproduces the Input logic 
level at the output after the fixed delay as 
specified by the customer specification. 



FIGURE 1: LOGIC DIAGRAM 

OUT 

IN 

INPUT PULSE WIDTH > 100% or DELAY 

TABLE 1: PART NUMBER DELAY TABLE (tJIIL' tPIJI) 

INPUT NO. OUTPUT DELAY 

INPUT 1 

INPUT 2 

INPUT 3 

INPUT 4 

INPUT 5 

INPUT 6 

INPUT 7 

Absolute Maximum Ratings· 
Voltage on any pin to 
ground: -1.0Vto + 7.0V 

3ns-7ns 

3ns-7ns 

3ns-7ns 

3ns-7ns 

8ns-20ns 

8ns-20ns 

8ns-20ns 

Operating temperature: OOCO to 700C 
Storage temperature: -55OC to + 1250C 
Soldering 
temperature: 2600C for 10 seconds 
Short circuit output current: 50mA for 1 
second 

This is a stress rating only, and functional 
operation of the device at these or any other 
conditions above those indicated in the opera
tion sections of this specification is not im
plied. Exposure to absolute maximum rating 
conditions for extended periods of time may 
affect reliability. 
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FIGURE 2: TIMING DIAG.RAM SILICON DELAY LINE 

PERIOD 

.... - - r---tFALL 

f-'--
-- 2.4V 2.4V 

1.5V 1.5V O.6V 
O.6V <-

_tWI 

... 
tpLH 

TAP 

Terminology 

firi2d The time elapsed between the leading 
edge of the first pulse and the leading edge of 
the following pulse; 
!wI (Pulse Width) The elapsed time on the 
pulse between the 1.5V point on the leading 
edge and the 1.5V pOint on the trailing edge or 
the 1.5V point on the trailing edge and the 1.5V 
point on the leading edge. 
tRlSE (Input Rise Time) The elapsed time be
~een the 20.% and the 80% point on the 
leading edge of the Inpufpulse. 
tFALL (Input Fall Time) The elapsed time be
tween the. 80% and the 20% point· on the 
trailing edge of the Input pulse. 
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} 
~.5V 

tWI ... 
tpHL --. 

tpLH (Time Delay, Rising) The elapsed time 
between the 1.5V point on the leading edge of 
the input pulse and the 1.5V point on the 
leading edge of any TAP output pulse. 

Notes 

1.) All voltages are referenced to ground. 
2.) Measured with outputs open, minimum 
period. 
3.) Vcc-5V @25"C Delays accurate on rising 
edges within +1-2 ns. 
4.) See Test Conditions (folloWing page). 



FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT 

PULSE 
GENERATOR 

7 

DEVICE UNDER TEST 

Test Setup Description 

I 
I 
I 

7 

zo-eo.n. 

VHF SWITCH 
CONmOL UNIT 

Figure 3 illustrates the hardware configuration 
used for measuring the timing parameters on 
the OS 1007. The input waveform is produced 
by a precision pulse generator under software 
control. Time delays are measured by a time 
interval counter (20 ps resolution) connected 
between the input and each TAP. Each TAP 
is selected and connected to the counter by a 
VHF switch control unit. 

The measurement setup is calibrated by TOR 
(time domain reflectometry) techniques. All 
measurements are fully automated, with each 
instrument controlled by a central computer 
over an IEEE 488 bus. 

START 

TIP 

STOP 

TIME 
INTERVAL 
COUNTER 

TIP (TIME INTERVAL PROBE) 

Test Conditions 
Input: 
Ambient Temperature: 2SDC+/-3OC 
Supply Voltage (Vee): S.OV+/-O.1V 
Input Pulse: High - 3.0V+/-0.1V 

Low - 0.OV+/-0.1 V 
Source Impedancc: 50ilMax. 
Rise and FAil Time: 3.0 ns Max. 
(measured between 0.6V and 2.4V) 
Pulse Width = 100ns 
Period: 200ns 
Note: 
Above conditions are for test only and do not 
restrict the operation of the device under other 
conditions. 
Output: 
Each output is loaded with a 74F04. Delay is 
measured at the 1.5V level on the rising, 
edge. 

~
14F04 

TAP 

.---4-(_)<!!:--____ )-
20= 5011 

MEASUR1l!C 
DEVICE 
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D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST 
CONDo 

Supply Voltage Vcc 

High Level VH 
Input Voltage 

Low Level VIL 
Input Voltage 

Input Leakage II O.O~VI~Vee 

Current 

Active Current 10:: Vee- Max; 
Period- Min. 

High Level ~ Vcc- Min. 
Output Current VoH=2.4V 

Low Level Ia. Vee .. Min. 
Output Current VOL- 0.5V 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Pulse Width lw 100% 

Input to OUtput ~ note 3 
(leading edge) 

Period 3 (lwl) 

CAPACITANCE 

PARAMETER SYMBOL MIN 

Input Capacitance CN 

Output Capacitance CaJr 

50 

(o"Cto 70"C, Vee - 5.0V+/- 5%) 

MIN TYP MAX UNITS NOTES 

4.75 5.00 5.25 V 1 

2.2 5.5 V 1 

-0.5 0.8 V 1 

-1.0 1.0 uA 

40.0 70.0 rnA 2 

1.0 rnA 

1.0 rnA 

TYP MAX UNITS NOTES 

ns 

note 3 ns 4 

ns 

TYP MAX UNITS NOTES 

5 10 pF 

5 10 pF 



SILICON DELAY LINE 
DS1007 
16 Pin DIP 

I~ ;~E) G--.I 
o O.loot. .010 TNA 

F 

DIM. 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 
0.740 0.780 

0.240 0.260 

0.120 0.140 

0.290 0.310 

0.020 0.040 

0.110 0.130 

0.090 0.110 

0.300 0.350 

0.008 0.012 

0.015 0.021 
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SILICON DELAY LINE 
DS1007S 
16 Pin SOIC 

-(1-

52 

r-- 7 EQUAl SPACES --1 
o .050 + .004 TNA 

DIM. 

A 

8 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX . 
.403 . 411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 



.. ~ Dallas Semiconductor 
U_ 10 TAP Silicon Delay Line 

FEATURES 

• All silicon time delay 10 TAPS 
equally spaced 

• Delays are stable and precise 

IN 

N.C. 

TAP 2 

• Leading and trailing edge accuracy TAP 4 

• Standard 14 pin DIP or 16 pin SOIC 
TAP 6 

TAP 8 

• Delay tolerance +/- 5% 

• Economical 

• Auto-insertable 

• Low power CMOS 

• TTL compatible 

DESCRIPTION 

The DS1010 Series Delay Une has ten equally 
spaced TAPS providing delays from 10 ns to 
500 ns. The devices are offered in a standard 
14 pin DIP which is pin compatible with hybrid 
delay lines. Alternatively, a 16 pin SOIC is 
available for surface mount technology which 
reduces P.C. board area. Since the 051010 
Series Delay Line is an all silicon solution, 
better economy is achieved when compared 
to older methods of using hybrid techniques. 

GRD 

051010 14 Pin DIP 
0510105 16 Pin sOle 

PIN CONNECTIONS 

IN VCC 
14 VCC N.C. NC 

2 13 
N.C. TAP 1 

TAP 1 TAP 2 TAP 3 

3 12 TAP :5 
TAP 4 5 TAP 5 
TAP 6 TAP 7 

4 11 TAP 5 TAP 8 TAP 9 
GRD TAP 10 

5 10 TAP 7 

6 9 TAP 9 

7 8 TAP 10 

PIN NAMES 

TAP1-TAP10 - TAP Output Number 
Vec - 5 Volts 
GND - Ground 
NC - No Connection 
IN -Input 

The 051010 Series Delay Lines provide a 
nominal accuracy of +/- 5% or +/- 2 ns, which 
ever is greater. The 051010 Delay Line 
reproduces the input logic level at the output 
after a fixed delay as specified by the dash 
number extension of the part number. The 
DS1010 is designed to produce both leading 
and trailing edge with equal precision. Each 
TAP is capable of driving up to ten 74LS type 
loads. 
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FIGURE 1: LOGIC QIAGRAM 

TAP 1 TAP 2 TAP 9 TAP 10 

IN 

~10" 

TABLE 1: PART NUMBER DELAY TABLE (tPHL• tPLH) 

CATALOG TOTAL 
PIN DELAY 

081010-100 100 
081010-150 150 
081010-200 200 
081010-250 250 
081010-300 300 
081010-350 350 
081010-400 400 
081010-500 500 

Absolute Maximum Ratings· 
Voltage on any pin 
to ground: -1.0Vto + 7.0V 
Operating temperature: OOC to 700C 
8torage temperature: -55OC to + 125"0 
80ldering 
temperature: 2600c for 10 seconds 
8hort circuit output 
current: SOmA for 1 second 
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DELAYITAP 
(NS) 

10 
15 
20 
25 
30 
35 
40 
50 

*This is a stress rating only, and functional 
operation of the device at these or any other 
conditions above those indicated in the opera
tion . sections of this specification is not im
plied. Exposure to absolute maximum rating 
conditions for extended periods of time may 
affect reliability. 



FIGURE 2: TIMING DIAGRAM-SILICON DELAY LINE 

PERIOO 

r-- - I---tfAll 

I---
--

2.4V 2.4V 
1.SV 1.SV v" O.6V 

0.6 

r-- tWI 

I.-

TAP 

Terminology 

fiJ:i.QQ The time elapsed between the leading 
edge of the first pulse and the leading edge of 
the following pulse. 
~ (Pulse Width) The elapsed time on the 
pulse between the 1.5V point on the leading 
edge and the 1.5V point on the trailing edge or 
the 1.5V point on the trailing edge and the 1.5V 
point on the leading edge. 
tRISE (Input Rise Time) The elapsed time be
tween the 20% and the 80% point on the 
leading edge of the input pulse. 
tFALL (Input Fall Time) The elapsed time be
tween the 80% and the 20% point on the 
trailing edge of the input pulse. 
tpLH (Time Delay, Rising) The elapsed time 
between the 1.5V point on the leading edge of 
the input pulse and the 1.5V point on the 
leading edge of any TAP output pulse. 

7 
~.5V 

tWI 

tpHL --

tpHL (Time Delay, Falling) The elapsed time 
between the 1.5V point on the trailing edge of 
the input pulse and the 1.5V point on the 
trailing edge of any TAP output pulse. 

Notes 

1.) All voltages are referenced to ground. 
2.) Measured with outputs open, minimum 

period. 
3.) Vcc-5V @25OC Delays accurate on both 

rising and falling edges within +/- 2 nS,or 
5%. 

4.) See Test Conditions (following page). 
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FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT. 

DEVICE UNDER TEST 

Test Setup Description 

Figure 3 illustrates the hardware configuration 
used for measuring the timing parameters on 
theDS1010. The Input waveform is produced 
by a precision pulse generator under software 
control. Time delays are measured by a time 
interval counter (20 ps resolution) connected 
between the input and each TAP. Each TAP 
is selected and connected to the counter by a 
VHF switch control unit. 

The measurement setup is calibrated by TOR 
(time domain reflectometry) techniques; All 
measurements ar,e fully automated, with each 
instrument controlled by a central computer 
over an IEEE 488 bus. 

Test Conditions 
Input: 

STOP 

Ambient Temperature: 2500+/-3° 
Supply Voltage (Vee): 5.0V+/-0.1 V 
Input Pulse: High-3.0V+/-0.1V 

Low - 0.OV+/-Q.1 V 
Source Impedance: 500.Max. 
Rise and FAil Time: 3.0 ns Max. 
(measured between 0.6V and 2.4V) 
Pulse Width - 500 ns 
Period-1us 
Note: 
Above conditions are for test only and do not 
restrict the opE!ration of the dE!viCE! under other 
conditions. 

Output: 
Each output is loaded with a 74F04. delay Is 
measured at the 1.5V level on the rising and 
falling edge. 

TAP . ~
74F04 Zo= 5Q/l. 

~-+C_)~ _______ )- MEASURING 
OE\I1CE 
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D.C. ELECTRICAL CHARACTERISTICS (O°C to 700c,Vee= 5.0V +/- 5%) 

PARAMETER ~YMBOL TEST MIN. TYP. MAX. UNITS NOTES 
CONDo 

Supply Voltage Vee 4.75 5.00 5.25 V 1 

High Level V1H 2.2 5.5 V 1 
Input Voltage 

Low Level V1L -0.5 0.8 V 1 
Input Voltage 

Input Leakage IL O.OV!fVrNec -1.0 1.0 uA 
Current 

Active Current lex: Vee-Max: 40.0 75.0 rnA 2 
Period.Min. 

High Level IOf Vee-Min. 1.0 rnA 
Output Current VOH-2.4V 

Low Level Ia. Vee-Min. 12.0 rnA 
Output Current VoL=0.5V 

A.C ELECTRICAL CHARACTERISTICS (TA= 2500, Vee- 5V +/- 5%) 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Pulse Width fw 30% of ns 
TAP 10 

Input to TAP Delay tPU-l note 3 Table 1 note 3 ns 4 
(leading edge) 

Input to TAP Delay tPHL note 3 Table 1 note 3 ns 4 
(trailing edge) 

Period 3(fw) ns 

CAPACITANCE 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Capacitance CIN 5 10 pF 

Output Capacitance COUT 5 10 pF 
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Silicon Delay Line 
DS1010 
14 Pin DIP 

58 

INCHES 
DIM. 

MIN. MAX. 

A 0.740 0.780 

B 0.240 0.260 

C 0.120 0.140 

D 0.290 0.310 

E 0.020 0.040 

F 0.110 0.130 

G 0.090 0.110 

H 0.300 0.350 

J 0.008 0.012 

K 0.015 0.021 

L 0.040 0.060 

M 0.370 0.420 

N 0.160 0.180 

l L I, GULLWlNG 

~'---'tl 
~ M ~I 



Silicon Delay Line 
DS1010S 
16 Pin sOle 

-(t-

1_ 7 EQUAL SPACES ----l 
r-0 .050 + .004 TNA --, 

DIM. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 

.403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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..... Dallas Semiconductor 

., 3 In 1 Silicon Delay Line 

FEATURES 

• All silicon time delay 

• 3 independent logic buffered delays 

• Delay tolerance +/- 2 ns 

• Stable and precise over temperature 
and voltage range 

• leading and trailing edge accuracy 

• Standard 14 pin DIP, 8 pin MINI-DIP or 
16 pin SOIC 

• Auto-Insertable 

• low power CMOS 

• TIL compatible 

DESCRIPTION 

IN 1 

N.C 

IH2 

HC 

IH3 

NC 

GND 

The DS1 013 Series of Delay lines has three 
independent logic buffered delays in a single 
package. The devices are offered In a stan
dard 14 pin DIP which is pin compatible with 
hybrid delay lines. Alternatively 8 pin MINI
DIPS and surface mount packages are avail
able which saves P .C. board area. Since the 
DS1 013 Series is an all silicon solution, better 
economy is achieved when compared to older 
methods of using hybrid techniques. The 
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DS1013 14 Pin DIP 
DS1013M 8 Pin DIP 

DS1013S 16 Pin sOle 

PIN CONNECTIONS. 

PIN NAMES 

Vee 

HC 

oun 
HC 

OUT2 

HC 

oun 

IN1, IN2, IN3 
Out1, Out2, Out3 
GND 
Vcc 

IN1 

IN2 

IN3 

GND 

IN! 1 
NC 
NC 
IN2 
NC 
IN3 
Ne 

GN!) 

- Inputs 
- Outputs 
-Ground 
- +5 Volts 

Vee 

OUT1 

OUT2 

DUn 

Vee 
NC 
HC 
OUT! 
HC 
OUTZ 
HC oun 

DS1 013 ·Series Delay lines provide a nominal 
accuracy of +/- 2 ns for delay times ranging 
from 10 ns to 100 ns. The DS1 013 Delay line 
reproduces the input logic level at the output 
after a fixed delay as specified by the dash 
number extension of the part number. The 
DS1013 is designed to reproduce both leading 
and trailing edges with equal precision. Each 
output is capable of driving up to ten 74lS type 
loads. 



FIGURE 1: LOGIC DIAGRAM 

INl OUT 1 IN2 OUT2 

TABLE 1: PART NUMBER DELAY TABLE (TpHL• TpLH.) 

PART NO. DELAY PER OUTPUT (ns) 

OS1013-10 
OS1013-15 
OS1013-20 
OS1013-25 
OS1013-30 
OS1013-40 
OS1013-SO 
OS1013-60 
OS1013-70 
OS1013-75 
OS1013-80 
OS1013-9O 
OS1013-100 

Absolute Maximum Ratings· 
Voltage on any pin 
to ground: -1.0Vto + 7.0V 

10/10/10 
15115115 
20/20/20 
25/25125 
30/30/30 
40/40/40 
SO/50/SO 
60/60/60 
70/70/70 
75/75175 
SO/80/SO 
90/90/90 
100/1 00/1 00 

Operating temperature: OOC to 70"0 
Storage temperature: -55"0 to + 125"0 
Soldering 
temperature: 26O"C for 10 seconds 
Short circuit output 
current: 50mA for 1 second 

This is a stress rating only, and functional 
operation of the device at these or any other 
conditions above those indicated in the opera
tion sections of this specification Is not im
plied. Exposure to absolute maximum rating 
conditions for extended periods of·time may 
affect reliability. 
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FIGURE 2: TIMING DIAGRAM-SILICON DELAY LINE 

PERIOD 

tFALL 

O.8V 
IN VIL __ -' 

tWI-----~ 

I ... 

tPHL~ 
14---- tpLH --1~ / 

-----------', ", ~ '---------TAP 

Terminology 

f.iJ:i.2d The time elapsed between the leading 
edge of the first pulse and the leading edge of 
the following pulse. 
Iwt (Pulse Width) The elapsed time on the 
pulse between the 1.5V point on the leading 
edge and the 1.5V point on the trailing edge or 
the 1.5V point on the trailing edge and the 1.5V 
point on the leading edge. 
tR18E (Input Rise Time) The elapsed time be
tween the 20% and the 80% point on the 
leading edge of the input pulse. 
tFAIJ. (Input Fall Time) The elapsed time be-. 
tween the 80% and the 20% point on the 
trailing edge of the input pulse. 
tpLH (time Delay, Rising) The elapsed time 
between the 1.5V point on the leading edge of 
the input pulse and the 1.5V point on the 
leading edge of any TAP output pulse. 
tpHL (Time Delay, Falling) The elapsed time 
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between the 1.5V point on the trailing edge of 
the input pulse and the 1.5V point on the 
trailing edge of any TAP output pulse. 

Notes 

1.) All voltages are referenced to ground. 
2.) Measured with outputs open, minimum 

period 
3.) Vcc-5V @25OC Delays accurate on 

both rising and falling edges within 
+/- 2 ns. 

4.) See Test Conditions (following page). 
5.) The combination of temperature variations 

between 0° C and 700 C and voltage 
variations between 4.75 volts and 5.25 
volts produce a worst case delay shift of 
+/- 5%. 



FIGURE 3: DALLAS SEMICONDUCTOR TEST CIRCUIT 

PULSE 
GENERATOR 

r - - - l.--------f~(K 
START 

TIME 
INTERVAL 
COUNTER I I 

I I 
I ~ I 
I I 
I 

Test Setup Description 

Figure 3 illustrates the hardware configuration 
used for measuring the timing parameters on 
the OS 1013. The input waveform is produced 
by a precision pulse generator under software 
control. Time delays are measured by a time 
interval counter (20 ps resolution) connected 
between the input and each TAP. Each TAP 
is selected and connected to the counter by a 
VHF switch control unit. 

The measurement setup is calibrated by TOR 
(time domain reflectometry) techniques. All 
measurements are fully automated, with each 
instrument controlled by a central computer 
over an IEEE 488 bus. 

STOP 

Test Conditions 
Input: 
Ambient Temperature: 2S"C+/-3DC 
Supply Voltage (Vcc): S.OV+/-0.1 V 
Input Pulse: High = 3.0V+/-0.1V 
Low = 0.OV+/-0.1 V 
Source Impedancc: SOJlMax. 
Rise and Fall Time: 3.0 ns Max. 
(measured between 0.6V and 2.4V) 
Pulse Width - 500 ns 
Period-1us 

Note: 
Above conditions are for test only and do not 
restrict the operation of the device under other 
conditions. 

Output: 
Each output is loaded with a 74F04. Delay Is 
measured at the 1.SV level on the rising and 
falling edge. 

~. Zo=saIl. 
Ty-{~)«--____ :r MEASURING 

DEVICE 
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D.C. ELECTRICAL CHARACTERISTICS (000 to 7ooo,Vcc- 5.0V+/- 5%) 

PARAMETER SYMBOL TEST MIN. TYP. MAX. UNITS NOTES 
CONDo 

Supply VoltagE Va; 4.75 5.00 5.25 V 1 

High Level VH 2.2 5.5 V 1 
Input Voltage 

Low Level Vn.. -0.5 0.8 V 1 
Input Voltage 

Input Leakage II O.OV!EVI~ ee -1.0 1.0 uA 
Current 

Active Current Icc Vee. Max 40 70 rnA 2 
Period- Min. 

High Level ~ Vee. Min. 1.0 rnA 
Output Current VoH-2.4V 

Low Level Ia.. Vcc·Min 12.0 rnA 
Output Current VOI.-0.5V 

A.C ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Pulse Width t".., 100% \.u. ns 

Input to TAP Delay tPLH note 3 Table 1 note 3 ns 4,5 
(leading edge) 

Input to TAP Delay t..... note 3 Table 1 note 3 ns 4,5 
(trailing edge) 

Period 3(lw) ns 

CAPACITANCE 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Capacitance CN 5 10 pF 

Output Capacitance COJr 5 10 pF 
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Silicon Delay Line 
DS1013 
14 Pin DIP INCHES 

DIM. 

MIN. MAX. 

A 0.740 0.780 

8 0.240 0.260 

C 0.120 0.140 

D 0.290 0.310 

E 0.020 0.040 

F 0.110 0.130 

G 0.090 0.110 

H 0.300 0.350 

J 0.008 0.012 

K 0.015 0.021 

L 0.040 0.060 

M 0.370 0.420 

N 0.160 0.180 

STANOARD 

rr='~ 
rn'---_..-..J 

~I· .. ---

l L Ir GULLWING 

lJr'-----1Ll 
I... M .. I 
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Silicon Delay Line 
DS1013M 
SPin DIP 

l. j ,l1 or 
3 A1q~lac\i~eII 

66 

DIM. 

A 

8 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX . 

. 360 .400 

.240 .260 

.120 .140 

.290 .310 

.020 .040 

.110 .130 

.090 .110 

.300 .350 

.008 .012 

.015 .021 

STANDARD 



Silicon Delay Line 
DS1013S 
16 Pin sOle 

1- 7 Equal Spaces _I r-0 .050 + .004 TNA --, 

DIM. 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX • 

. 403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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Uii Dallas Semiconductor PRODUCT PREVIEW 
... Constant Density Data Separator . 051015 

FEATURES 
• Synthesizes data and clock for constant 

density data recording 
• Two independent voltage controlled 

oscillators 
• Digitally controlled frequency synthesized 

delay line 
• High resolution frequency synthesized 

VCO 
• Programmable phase - frequency detector 

with full 20 MHZ dynamic range VCO 
• High speed balanced charge pump 
• Zero phase startup provides fast and 

predictable lock acqulstion 
• Integrated crystal oscillator 
• Multiple voltage supply pins for isolation of 

frequency sensitive Inputs and digital out
puts 

• +5 volt operation 
• Low power CMOS 
• TIL compatable 
• Surface mount PLCC 

DESCRIPTION 
The OS 1 015 constant density data separator 
performs data synchronization of encoded 
data from rotating media. The DS1015 con
tains a high performance phase-frequency 
synthesizer for read data synchronization and 
a digital controlled frequency which is used to 
set the amount of delay time of a variable 
delay line. The combination of these ele
ments produce a precisely timed data and 
clock signal at the output of the self adjusting 
data separator. 

The DS1 015 uses advanced CMOS circuits 
and design techniques to produce the precise 
timing syncronization required while operating 
from a single +5 volt supply at extremely low 
power consumption. The DS1 015 is available 
In a 28 pin PLCC package. 
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PIN CONNECTIONS 

SEL PHASE 

GND 

CAP2 

CAP 1 

vco; 
veOl 

DELAY OUT 

PIN NAMES 
Vee - +5 volts 
GND-Ground 

0 R SELECT 

vee 
vee 
A 

B 

A - H ... Digital Frequency Control Inputs 
R SELECT - Digital Frequency Control 
Enable 
Xl AL 1 - Crystai Oscillator Input 
XTAL2 .;. Crystal Oscillator Output 
INHIBIT - Phase Detector Inhibit 
VC01 - Voltage Controlled Oscillator 1 
Output 
VOOT - Voltage Controlled Oscillator 1 
Output 
VC02 - Voltage Controlled Oscillator 2 
Output 
FCLK ... Clock Frequency Input 
DATA IN • Data Input 
SELECT ... Select Data or FCLK 
SEL PHASE - Select VC01 or VC01 
CAP1 - VC01 Filter 
DR1 - VC01 Dynamic Range AdJustmnt 
SYNC DATA - Syncmlzed Data Output 
DELAY OUT - Delay Line Output 
CAP2 - VC02 Filter 



Multiport Memory 
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I. Danas Semiconductor 
"S12x9FIFO 

FEATURES 

• First-in, first-out memory based 
architecture 

• Flexible 512 x 9 organization 

• Low power HCM05 technology 

• Asynchronous and simultaneous 
read/write 

• Bidirectional applications 

• Fully expandable by word width or 
depth 

• Empty and full warning flags 

• Half-full flag capability in single-device 
mode 

• Retransmit capability 

• High performance 

• Available in 35ns, 50ns, 65ns and SOns 
access times 

• Industrial temperature range - 40°C to 
+S5°C available designated INO 

DESCRIPTION 

D82009 

PIN CONNECTIONS 

W 1 28 Vee 
08 2 27 04 

03 3 26 05 

02 4 25 06 

01 5 24 07 

00 6 23 FLIRT 
Xi 7 22 As 
FF 8 21 EF 
00 9 20 XciHi' 
01 10 19 07 

02 11 18 06 

03 12 17 05 

08 13 16 04 

GNO 14 15 R 

PIN NAMES 
W - WRITE 
R - READ 
R5 - RE5ET 
FLIRT - First Load/Retransmit 
OO-S - Data In 
OO-S - Data Out 
XI - Expansion In 
XO/HF - Expansion Out/Half Full 
FF - Full Flag 
EF - Empty Flag 
VCC - 5 Volts 
GNO - Ground 

The 052009 implements a First-In, First-Out algorithm, featuring asynchronous read/write 
operations, full, empty and half-full flags, and unlimited expansion capability in both word 
size and depth. The 052009 is functionally and electrically equivalent to the 052011 2K x 9 
FIFO with the following exceptions: active current (ICC1) is SO mA max except for 35ns 
device which is 100 mA max and power-down current (ICC3) is 500 uA max. Refer to the 
052011 data sheet for detailed device description. 
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I. Dallas Semiconductor 
.,. 1024)( 9 FIFO 

FEATURES 

• First-in, first-out memory based 
architecture 

• Flexible 1024 x 9 organization 

• Low power HCM05 technology 

• Asynchronous and simultaneous 
read/write 

• Bidirectional applications 

• Fully expandable by word width or 
depth 

• Empty and full warning flags 

• Half-full flag capability in single-device 
mode 

• Retransmit capability 

• High performance 

• Available in 35ns, 50ns, 65ns and BOns 
access times 

• Industrial temperature range - 40°C to 
+B5°C available designated INO 

DESCRIPTION 

D82010 

PIN CONNECTIONS 

W 28 Vee 
08 2 27 04 
03 3 26 05 
02 4 25 06 
01 5 24 07 
00 6 23 FLiRT 
Xi 7 22 AS 
FF 8 21 EF 
00 9 20 X6iR"F 
01 10 19 07 
02 11 18 06 
03 12 17 05 
08 13 16 04 

GNO 14 15 R 

PIN NAMES 
W - WRITE 

- REAO 
- RE5ET 

FURT - First Load/Retransmit 
OO-B - Oata In 
OO-B - Oata Out 
XI - Expansion In 
XO/HF - Expansion Out/Half Full 
FF - Full Flag 
EF - Empty Flag 
VCC - 5 Volts 
GNO - Ground 

The 052010 implements a First-In, First-Out algorithm, featuring asynchronous read/write 
operations, full, empty and half-full flags, and unlimited expansion capability in both word 
size and depth. The 052010 is functionally and electrically equivalent to the 052011 2K x 9 
FIFO with the following exception: power-down current (ICC3) is 1 mA max. Refer to the 
052011 data sheet for detailed device description. 
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I. Dallas Semiconductor 
p 2048 )( 9 FIFO . 

FEATURES 

• First-in, first-out memory based 
architecture 

• Flexible 2048 x 9 organization 

• Low power HCMOS technology 

• Asynchronous and simultaneous 
read/write 

• Bidirectional applications 

• Fully expandable by word width or 
depth 

• Empty and full warning flags 

• Half-full flag capability in single-device 
mode 

• Retransmit capability 

• High performance 

• Available in 35ns, 50ns, 65ns and 80ns 
access times 

• Industrial temperature range - 40°C to 
+85°C available designated IND 

DESCRIPTION 

D82011 

PIN CONNECTIONS 

Vii 1 28 Vee 
08 2 27 04 

03 3 28 05 

02 4 25 06 

01 5 24 07 

DO 6 23 FURT 

Xi 7 22 As 
FF 8 21 EF 
00 9 20 XO/HF 
01 10 19 07 

02 11 18 06 

03 12 17 05 

08 13 16 04 

GNO 14 15 R 

PIN NAMES 
W - WRITE 

- READ 
- RESET 

F'URT First Load/Retransmit 
00-8 Data In 
00-8 Data Out 
XI - Expansion In 
XO/HF - Expansion Out/Half Full 
FF Full Flag 
EF Empty Flag 
VCC - 5 Volts 
GND - Ground 

The 052011 implements a First-In, First-Out algorithm, featuring asynchronous read/write 
operations, full, empty and half-full flags, and unlimited expansion capability in both word 
size and depth. The main application of the 052011 is as a rate buffer, sourcing and absorb
ing data at different rates (e.g., interfacing fast processors and slow peripherals). The full 
and empty flags are provided to prevent data overflow and underflow. A half-full flag is 
available in the single-device and width-expansion configurations. The data is loaded and 
emptied on a First-In, First-Out (FIFO) baSiS, and the latency for the retrieval of data is ap
proximately one load cycle (write). Since the WRITEs and READs are internally sequential, 
thereby requiring no address information, the pinout definition will serve this and future 
higher-density devices. The ninth bit is provided to support control or parity functions. 
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OPERATION 
Unlike conventional shift register based FIFOs, the OS2011 employs a memory-based ar
chitecture wherein a byte written into the device does not "ripple-through." Instead, a byte 
written into the OS2011 is stored at a specific location, where it remains until over-written. 
The byte can be read and re-read as often as desired. 

Twin address pointers (ring counters) automatically generate the addresses required for 
each write and read operation. The empty/full flag circuit prevents illogical operations, such 
as reading un-written bytes (reading while empty) or over-writing un-read bytes (writing while 
full). Once a byte stored at a given address has been read, it can be over-written. 

Address pOinters automatically loop back to address zero after reaching address 2047. The 
empty/full status of the FIFO is therefore a function of the distance between the pointers, 
not of their absolute location. As long as the pOinters do not catch one another, the FIFO can 
be written and read continuously without ever becoming full or empty. 

Resetting the FIFO simply resets the address pointers to address zero. Pulsing retransmit 
resets the read address pointer without affecting the write address pointer. 

With conventional FIFOs, implementation of a larger FIFO is accomplished by cascading 
the individual FIFOs. The penalty of cascading is often unacceptable ripple-through delays. 
The OS2011 allows implementation of very large FIFOs with no timing penalties. The mem
ory-based architecture of the OS2011 allows connecting the read, write, data in, and data out 
lines of the OS2011 in parallel. The write and read control circuits of the individual FIFOs are 
then automatically enabled and disabled through the expansion-in and expansion-out pins, 
as appropriate (see the Expansion Timing section for a more complete discussion). 

BLOCK DIAGRAM Figure 1 
9 9 

D 0·D8 , I 
_ 0 0.0 

8 

INPUT I OUTPUT 
BUFFER BUFFER 

.... WRITE 
WRITE 

-+ 2048 x 9 
~ 

READ READ 
~ CONTROL 

ADDRESS MEMORY ARRAY ADDRESS - CONTROL 
POINTER POINTER 

W 

• • , .. 
.. 
~ 

FLAG LOGIC 
EF 

~ 

+ Ii, 

EXPANSION LOGIC 
XI 

... RESET/RETRANSM IT fuR -LOGIC 

73 

l1li 



SINGLE DEVICE CONFIGURATION 
A single 082011 may be used when application requirements are for 2048 words or less. The 
082011 is placed in Single Device Configuration mode when the chip is Reset with the Ex
pansion In pin (XI) grounded (see Figure 2). 

WIDTH EXPANSION 
Word width may be increased simply by connecting the corresponding input control signals 
of multiple devices. 8tatus Flags (E'F and R=) can be detected from anyone device. Figure 3 
demonstrates an 18-bit word width by using two 082011s. Any word width can be attained by 
adding additional 082011 s. 

A SINGLE 2048 x 9 FIFO CONFIGURATION Figure 2 

(Xo/HF) EXPANSION OUT/HALF-FULL 

WRITE READ 

DATA IN DS2011 DATA OUT 

(Ai) RETRANSMIT 

EXPANSION IN (Xi) 

A 2048 x 18 FIFO CONFIGURATION (WIDTH EXPANSION) Figure 3 

DATA IN 

WRITE ------"-''----I~ 

FULL FLAG (FF) __ -":::::~_-I DS2011 

RESET_-,,(Fc:;:f"S:.r..) _-+I 

EXPANSION IN (xi) 

NOTE: 

(Xo/HF) EXPANSION OUT/HALF-FULL 

DS2011 
t------~ 

(R) READ 

(EF) EMPTY FLAG 

(FiT) RETRANSMIT 

DATA OUT 

Flag detection is accomplished by monitoring the FF, EF and HF signals on either (any) 
device used in the width expansion configuration. Do not connect flag output signals 
together. 
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DEPTH EXPANSION (DAISY CHAIN) 
The 052011 can easily be adapted to applications when the requirements are for greater 
than 2048 words. Figure 4 demonstrates Depth Expansion using three 052011s. Any depth 
can be attained by adding additional 052011s. 

External logic is needed to generate a composite Full Flag and Empty Flag. This requires the 
ORing of all EFs and the ORing of all FFs (Le., all must be set to generate the correct com
posite FF or EF). 

The 052011 operates in the Depth Expansion configuration after the chip is Reset under the 
below listed conditions. 

1. The first device must be designated by grounding the First Load pin (FL). The Retransmit 
function is not allowed in the Depth Expansion Mode. 

2. All other devices must have FL in the high state. 
3. The Expansion Out (XO) pin of each device must be tied to the Expansion In (XI) pin of the 

next device. The half-full capability is not allowed in depth expansion. 

A 6144)( 9 FIFO CONFIGURATION (DEPTH EXPANSION) Figure 4 

DATA IN ----+----r--,-, DATA OUT 
rT---'r-r--'~---v 
H-Hf-+------VCC 

RS 
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COMPOUND EXPANSION 
The two expansion techniques described above can be applied together in a straightforward 
manner to achieve large FIFO arrays (see Figure 5). 

BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between two systems (each system capable of 
READ and WRITE operations), can be achieved by pairing DS2011s, as shown in Figure 6. 
Care must be taken to assure that the approJ:)riate flag is monitored by each system (Le., FF 
is monitored on the device where W is used; EF is monitored on the device where R is used). 
Both Depth Expansion and Width Expansion may be used in this mode. 

COMPOUND FIFO EXPANSION Figure 5 

oO·OS 00-017 

oO·OS 
09·017 

R,W,RS OS2011 OS2011 
OEPTH EXPANSION OEPTH EXPANSION 

BLOCK BLOCK 

"1 10o. os 09-017 

OO·ON 
09-0N 01S-0N 

NOTES: 

... 

-

OO·ON 

O(N-8)-ON 

OS2011 
OEPTH EXPANSION 

BLOCK 

O(N-8)-ON 

O(N·S)-ON 

1. For depth expansion block see DEPTH EXPANSION section and Figure 4. 
2. For flag operation see WIDTH EXPANSION section and Figure 3. 

BIDIRECTIONAL FIFO APPLICATION Figure 6 

WA RB 

FFA ·OS2011 EFB 

" 
°AO·S °B0-8 

If 

..1 

SYSTEM A ------- ------- SYSTEMB 

~ 

A 

OAQ.8 °B°-8 
'4 

RA 
OS2011 

WB 

EFA FFB 
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HALF·FULL CAPABILITY 
In the single-device and width-expansion modes, the XO/HF output acts as an indication of a 
half-full memory. (XI must be tied lOw.) After half of the memory is filled, and at the falling 
edge of the next write operation, the Half-Full Flag (HF) will be set to low and will remain low 
until the difference between the write pOinter and read pointer is less than or equal to one 
half of the total memory of the device. The Half-Full Flag (HF) is then reset (forced high) by 
the riSing edge of the read operation. 

WRITE MODE 
The 052011 initiates a Write Cycle (see Figure 7) on the falling edge of the Write Enable con
trol input (W), provided that the Full Flag (FF) is not asserted. Data set-up and hold-time re
quirements must be satisfied with respect to the rising ed~ of W. The data is stored sequen
tially and independent of any ongoing Read operations. FF is asserted during the last valid 
write as the 052011 becomes full. Write operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ operation. Writes beginning after FF goes low 
and more than tWPI before FF goes high are invalid (ignored). Writes beginning less than 
tWPI before FF goes high and less than tFFW later mayor may not occur (be valid), depend
ing on internal flag status. 

WRITE AND FULL FLAG TIMING Figure 7 

LAST VALID 
WRITE 

FF NOT FULL 

INVALID 
WRITE 

FULL 

__________ ~I--~j~----~ 

INDETERMINANT 
WRITE 

t .... __ -II 
tWPI 

FIRST VALID 
WRITE 

NOT FULL 

• ~VdDADAS~I~ r-:'" - W-,..,.--------------« ~fJ~ H ~fJ~ )--
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WRITE A.C. ELECTRICAL CHARACTERISTICS 

DS2011~31 DS2011·S0 DS2011.es D82011·80 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX ~NITS NOTES 

Write Cycle Time twc 45 65 80 100 ns 

Write Pulse Width twpw 35 50 65 80 ns 1 

Write Recovery Time tWR 10 15 15 20 ns 

Oata Set Up Time tos 15 20 25 30 ns 

Oata Hold Time tOH 5 5 10 10 ns 

W Low to FF Low tWFF 30 45 60 70 ns 2 

F~ High to Valid 
Write tFFW 5 5 10 10 ns 2 

R High to FF High tRFF 30 45 60 70 ns 2 

Write Protect 
tWPI Indeterminant 15 20 25 25 ns 2 

READ MODE 
The OSJ011 initiates a Read Cycle (see Ijgure 8) on the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not asserted. In the Read mode of operation, 
the 052011 provides a fast access to data from 9 of 18,432 locations in the static storage ar
ray. The data is accessed on a FIFO basis independent of any ongoing WRITE operations. 
After R goes high, data outputs will return to a high impedance condition until the next Read 
operation. 

In the event that all,data has been read from the FIFO, the EF will go low, and further Read 
operations will be inhibited (the data outputs will remain in high impedance). EF will go high 
tWEF after completion of a valid Write operation. Reads beginning t..EFR after EF goes high 
are valid. Reads begun after EF goes low and more than tRPI before EF goes high are invalid 
(ignored). Reads beginning less than tRPI before EF goes high and less than tEFR later may 
or may not occur (be valid) depending on internal flag status. 
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READ AND EMPTY FLAG TIMING Figure 8 

iN \ ::r- f\ / WRITE 

tWEF 

EF EMPTY NOT EMPTY EMPTY 

-tEFR 

INVALID INDETERMINANT FIRST 

R 
READ READ 

, I I 
~---I ,- __ J 

QO·Q8 ----------------~)Q( 
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READ A.C. ELECTRICAL CHARACTERISTICS 

DS2011·35 DS2011·50 DS2011.85 DS2011·80 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Read Cycle Time tRC 45 65 80 100 ns 

Access Time tA 35 50 65 80 ns 2 

Read Recovery Time tRR 10 15 15 20 ns 

Read Pulse Width tRPW 35 50 65 80 ns 1 

R Low to Low Z tRL 5 10 10 10 ns 2 

Data Valid from R 
tDV 5 5 5 5 ns 2 High 

R High to High Z tRHZ 20 25 25 25 ns 2 

R Low to EF Low tREF 30 45 60 70 ns 2 

EF High to Valid 
tEFR 5 5 10 10 ns 2 Read 

W High to EF High tWEF 30 45 60 70 ns 2 

Read Protect 
tRPI 15 20 25 25 ns 2 Indeterminant 
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HALF· FULL MODE 
Unlike the Full Flag and Empty Flag, the Half-Full Flag does not prevent device reads and 
writes. The flag is set by the next falling edge of write when the memory is 1024 locations 
full. The flag will remain set until the memory is less than or equal to 1024 locations full. The 
read operation (rising edge), which results in the memory being 1024 locations full, removes 
the flag. 

HALF·FULL FLAG TIMING Figure 9 

HF 

HALF·FULL FLAG A.C. CHARACTERISTICS (oOe to + 70 oe, Vee = 5.0V ± 10%) 

DS2011·31 DS2011-1O DS2011 .. 1 DS2011·80 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Write Low to 
tWHF 45 65 80 100 ns Half-Full Flag Low 

Read High to 
Half-Full Flag High tRHF 45 65 80 100 ns 
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RESET 
The DS2011 is reset (see Figure 10) whenever the Reset pin (RS) is in the low state. During a 
Reset, both the internal read and write pointers are set to the first location. Reset is required 
after a power up, before a Write operation can begin. 

AlthouQ!l neither W nor R need be high when RS goes low, both Wand R must be high tRSS 
before RS goes high, and.!!!ust remain high tRSR afterwards. Refer to the following discussion 
for the required state of FLIRT and XI during Reset. 

RESET Figure 10 

~ _____________________ tRsc ________________________ ~·~1 

l+---tRS-----+l·1 

Rs~\ I I 
"'14t------------'''' ·1- ''''j 

w~ "'--1" _,_~ }-

R~ 

EF 
xxxxxxxxx x xxxxx Yxxxxxxx~ 
~xxxx xxx~xxx~ xxx xxx x xx xxxx b..xxxx ¥ xxxx~xxx~xxxx~xxxxx 

)( x ~ ~ 
)( ';I x 

iF FF 

NOTE: 
EF, F'F and HF may change status during Reset, but flags will be valid at tRSe. 
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RESET A.C. ELECTRICAL CHARACTERISTICS (O°C to + 70°C, VCC = 5.0V ± 10%) 

DS2011.35 DS2011·ao DS2011·ea DS2011·80 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Reset Cycle Time tRSC 45 65 80 100 ns 

Reset Pulse Width tRS 35 50 65 8Q ns 1 

Reset Recovery Time tRSR 10 15 15 20 ns 

Reset Set Up Time tRSS 30 40 50 60 ns 

RETRANSMIT 
The DS2011 can be made to retransmit (re-read previously read data) after the Retransmit pin 
(Rn is pulsed low (see Figure 11). 

A Retransmit operation sets the internal read pOinter to the first physical location in the array, 
but will not affect the position of the write pointer. R must be inactive tRTS before RT goes 
high, and must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when blocks of less than 2048 Writes are per
formed between Resets. The Retransmit feature is not compatible with Depth Expansion. 

RETRANSMIT Figure 11 

� ..... ----------tRTc-----------.... ·~1 
1-'II-______ ---tRT---------I.~1 

FLAG VALID 

NOTE: 
EF, FF and HF may change status during Retransmit, but flags will be valid at tRTC. 
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RETRANSMIT 
A.C. ELECTRICAL CHARACTERISTICS (O°C to + 70°C, VCC = 5.0V ± 10%) 

082011·35 DS2011~50 DS2011·85 DS2011·80 

PARAMETER SYM MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

Retransmit 
tRTC 45 65 80 100 ns Cycle Time 

Retransmit 
tRT 35 50 65 80 ns 1 Pulse Width 

Retransmit 
tRTR 10 15 15 20 ns Recovery Time 

Retransmit 
tRTS 30 40 50 60 ns Set Up Time 

EXPANSION TIMING 
Figures 12 and 13 illustrate the timing of the Expansion Out and Expansion In signals. Discus· 
sion of Expansion Out/Expansion In timing is provided to clarify how Depth Expansion works. 
Inasmuch as Expansion Out pins are generally connected only to Expansion In pins, the user. 
need not be concerned with actual timing in a normal Depth Expanded application unless ex
treme propagation delays exist between the XOIXI pin pairs. 

Expansion Out pulses are the image of the WRITE and READ signals that cause them; delayed 
in time by tXOL and tXOH. The Expansion Out signal is propagated when the last physical loca
tion in the memory array is written and again when it is read (Last Read). This is in contrast to 
when the Full and Empty Flags are activated, which is in response to writing and reading a last 
available location. 

When in Depth Expansion mode, a given DS2011 will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was grounded at RESET time. A DS2011 in Depth 
Expansion mode with FL high at RESET will not begin writing until after an Expansion In pulse 
occurs. It will not begin reading until a second Expansion In pulse occurs and the Empty Flag 
has gone high. Expansion In pulses must occur tXIS before the WRITE and READ signals they 
are intended to enable. Minimum Expansion In pulse width, tXI, and recovery time, tXIR, must 
be observed. 

EXPANSION OUT TIMING Figure 12 

WRITE TO 
LAST PHYSICAL 

\. LOCATION f 
-; '--~ 
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EXPANSION IN TIMING Figure 13 

• {_tXI ---JJr---""=={ _-----J1r----
/+-tXIS WRITE TO [ 

FIRST PHYSICAL 
LOCATION 

EXPANSION LOGIC 
A.C. ELECTRICAL CHARACTERISTICS 

DS2011-3& 

PARAMETER SYM MIN MAX 

Expansion Out Low tXOL 30 

Expansion Out High tXOH 30 

Expansion In 
tXI 35 Pulse Width 

Expansion In 
tXIR 10 Recovery Time 

Expansion In 
tXIS 15 Set Up Time 

DS2011-S0 

MIN MAX 

45 

45 

50 

15 

20 

READ FROM 
FIRST PHYSICAL 

LOCATION 

(o·Cto +70·C, VCC=5.0V±10%) 

DS2011-8S DS2011-80 

MIN MAX MIN MAX UNITS NOTES 

55 70 ns 

55 70 ns 

65 80 ns 1 

15 20 ns 

25 30 ns 
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ABSOLUTE MAXIMUM RATINGS * 
Voltage on any Pin relative to Ground -0.5V to + 7.0V 
Operating TemperatureO°C to 70°C 
Storage.Temperature -55°C to + 125°C 
Total Device Power Dissipation 1 Watt 
Output Current per Pin 20 mA 
'This Is a stress rating only and functional operation of the device at these or any other conditions above those indicated In the operation sections 
of this specification Is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage VCC 4.5 5.0 5.5 V 3 

Ground GND 0 V 

Logic "1" Voltage 
All Inputs VIH 2.0 VCC+0:3 V 3 

Logic "0" Voltage 
VIL -0.3 . +0.8 V 3,4 

D.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C) (VCC = 5.0 volts ± 10%) 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Leakage Current 
IlL -1 1 uA 5 (Any Input) 

Output Leakage Current IOL -10 10 uA 6 

Output Logic "1" Voltage 
VOH 2.4 V 3 IOUT= -1 mA 

Output Logic "0" Voltage 
VOL 0.4 V 3 IOUT=4 mA 

Average VCC Power Supply 
Current ICC1 120 mA 7 

~er.s!ge StandtrL Current 
ICC2 8 mA 7 (R = W = RST = FURT = VIH) 

Power Down Current 
ICC3 2 mA 7 (All Inputs = VCC-0.2V) 

CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Capacitance on Input Pins CI 7 pF 

Capacitance on Output Pins Co 12 pF 8 
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NOTES: 
1. Pulse widths less than minimum values are not allowed. 
2. Measured using output load shown in Output Load Diagram. 
3. All voltages are referenced to Ground. 
4. -1.5 volt undershoots are allowed for 10ns once per cycle. 
5. Measured with 0.4$ VIN S Vee. 
6. R ::: VIH. 0.4 ::: VOUT S Vee· 
7. lee measurements are made with outputs open. 
8. With output buffer deselected. 

OUTPUT LOAD Figure 14 

DEVICE 
UNDER 
TEST 

680 n 

A.C. TEST CONDITIONS: 

5V 

30pF 

Input Levels .......................... GND to 3.0 V 
Transition Times ............................. 5 ns 
Input Signal Timing Reference Level ............ 1.5 V 
Output Signal Timing Reference Level .. 0.8 V and 2.2 V 
Ambient Temperature .................. 0 °e to 70 0 e 
Vee ................................. 5.0V±10% 

l1li 
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PLASTIC DUAL.IN.LINE, 28 PINS Figure 15 
DIM. 

INCHES 

MIN. MAX. 

A 1.440 1.480 

28 15 
B .540 .560 

1 
C .140 .160 

D .590 .610 

E .020 .040 

B F .110 .130 

J G .090 .110 

H .600 .680 

J .008 .012 

I. 1 A 14 I K .015 .021 

f; 
I 13 EQUAL SPACES AT .100:.010 ~ G J-I-- TNA --i 
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Iii Dallas Semiconductor 
.. 4096 )C 9 FIFO 

FEATURES 

• First-in, first-out memory based 
architecture 

• Flexible 4096 x 9 organization 

• Low power HCMOS technology 

• Asynchronous and simultaneous 
read/write 

• Bidirectional applications 

• Fully expandable by word width or 
depth 

• Empty and full warning flags 

• Half-full flag capability in single-device 
mode 

• Retransmit capability 

• High performance 

• Available in 50ns, 65ns and SOns 
access times 

• Industrial temperature range - 40°C to 
+S5°C available designated IND 

• Military temperature range - 55 °e to 
+ 125°e available designated MIL 

DESCRIPTION 

PIN CONNECTIONS 

W 
08 
03 
02 
01 
DO 
Xi 
FF 
QO 
Q1 
Q2 
Q3 
Q8 

GNO 

PIN NAMES 
W - WRITE 
R - READ 
RS - RESET 

[?l1fl,rn:ll.~~~tl:!I&.Ifl,W 

D82012 

vee 
04 
05 
06 
07 
FURT 

Rs 
EF 
XO/HF 
Q7 
Q6 
Q5 
Q4 
R 

FuRT - First Load/Retransmit 
DO-S - Data In 
OO-S Data Out 
XI - Expansion In 
XO/HF - Expansion Out/Half Full 
FF Full Flag 
EF Empty Flag 
Vee - 5 Volts 
GND - Ground 

The DS2012 implements a First-In, First-Out algorithm, featuring asynchronous read/write 
operations, full and empty flags, and unlimited expansion capability in both word size and 
depth. The main application of the DS2012 is as a rate buffer, sourcing and absorbing data at 
different rates (e.g., interfacing fast processors and slow peripherals). The full and empty 
flags are provided to prevent data overflow and underflow. A half-full flag is available in the 
single-device and width-expansion configurations. The data is load~d and emptied on a 
First-In, First-Out (FIFO) basis, and the latency for the retrieval of data is approximately one 
load cycle (write). Since the WRITEs and READs are internally sequential, thereby requiring 
no address information, the pinout definition will serve this and future higher-density 
devices. The ninth bit is provided to support control or parity functions. 
Refer to D82011 data sheet for detailed device description. 
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.... , Dallas Semiconductor 
II Quad Port Serial RAM 

FEATURES 

• Four partitioned easy access ports 

• No arbitration required 

• Message flag for each port 

• Low pin count serial access 

• Simultaneous multi port reads 

• Message length of up to eight bytes 

• Low power CMOS 

• Space saving 18 pin DIP 

• Directly interfaces to the OS1206 
Phantom Interface 

• Provides a low cost interconnect 
for up to four microprocessor based 
systems 

DESCRIPTION 

The OS2015 Quad Port Serial RAM Is a low 
cost device which can be used to loosely 
couple up to four microprocessors or mlcro
controllers. Arbitration is handled by protocol 
and a message center which forces disclpUne 
and prevents collisions. Each port has ac
cess to all other ports for reading Information 
and can write information only In Its own 
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PRELIMINARY 
D52015 

PIN CONNECTIONS 

RSTO 

ClKO 

000 

Mo 
Ml 

OQl 

ClKl 

RSTI 

GNO 

PIN NAMES 

RSTO-RSr3 
0/00-0/Q3 
CLKO-CLK3 
MO-Ma 

GNO 
Vcc 

DQ2 

CLK2 

·RST2 

Port 0 - Port 3 Reset 
Port 0 - Port 3 Data 1/0 
Port 0 - Port 3 Clock 
Port 0 - Port 3 Message 
Ready 
Ground 
+5 Volts 

memory area. The memory space for each 
port Is 64 bits. Access to and from each port 
takes place over a three wire serial bus. The 
serial bus keeps pin count low while affording 
sufficient bandwidth to accommodate loosely 
coupled. system communication. Each port 
also has a message flag which can be used to 
warn of message ready conditions. 



OPERATION 
The OS2015 has four separate three 

wire serial ports. Each port has direct read and 
write access to eight message bytes of RAM 
which are designated as belonging to that 
particular port. In addition, each port has read 
only access to three groups of eight message 
bytes each which are designated as belonging 
to the three other ports. Messages are sent 
between any port by reading and writing the 
eight message bytes of the four ports. An 
optional check byte is provided for each group 
of eight message bytes to verify data integrity 
(see Figure 1). All of the cells within the RAM 
matrix are quad-ported and can be read simul
taneously from four different directions. This 
reduces arbitration to concerns of write opera
tions only. 

Each of the four three wire serial ports 
contains a three byte protocol register which 
defines access to the RAM, and sets the 
discipline which controls arbitration between 
the four ports. 

Protocol Register 
The first byte of the protocol register is 

called the port select (see Figure 2). This byte 
contains an eight bit pattern which must 
match the first 8 bits sent on an active port or 
any further activity will be ignored (Figure 3). 
A port is active when the reset line is inactive 
(high) and the ClK input is transitioning. The 
first eight bits are sent into a port on the O/Q 
line. The second byte of the protocol register 
contains eight bits of status information about 
activity on all four ports. This byte, called the 
message center, is read only and divided into 
two nibbles; messages sent and mailbox. The 
first four bits tell which messages the port has 
sent to other ports that have not been re
ceived. By reading these four bits, the inquir
ing port knows not to send new messages 
because all the receiving ports have not read 
to a previously sent message. Each message 
sent bit is cleared when the receiving port 

reads the last bit of its message or the RST 
input of the receiving port is driven low. The 
next four bits of the message center provide 
each port with the knowledge of pending 
messages which are ready for reading and the 
number of the port or ports which are sending 
the message(s). These bits are set by the 
destination bits of each port when a sending 
port finishes writing the last bit of a message. 
The mailboxes are read only bits. All mes
sage center bits are driven out on the OQ line 
while RST is inactive and the clock is transi
tioning. The third byte of the protocol register 
contains the execution code. The execution 
code byte is also divided into two four bit 
nibbles; the action code and the destination. 
This byte is write only and data is input on the 
O/Q line with RST active and the ClK input 
transitioning. The action code bits have only 
three patterns which will allow subsequent 
action to take place (Figure 3). An action code 
of four zeros (0000) calls for a read message 
action to occur in one of the four sections of 
the Quad Port RAM as specified by the des
tination bits. A read message can occur to 
only one port and, therefore, only one destina
tion bit can be set for an action code of 0000. 
Once a destination bit is set, a complete 
message of eight bytes must be read in order 
to reset the message sent bit in the sending 
port's protocol register. An action code of a 
one and three zeros (1000) calls for a write 
message action to be performed. A write 
message can only be written in the section of 
the Quad Port RAM that is identified with the 
sending port. However, a message which is 
written by a sending port can be directed to 
one or more ports by the destination bits. The 
destination bits will cause the mailbox bits in 
the protocol register of each port which is to 
receive the message to be set to logic one as 
soon as the last bit of the message is written 
by the sending port. An action code of two 
ones and two zeros (1100) calls for a write 
message action to be performed with more 
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FIGURE 1: QUAD PORT BLOCK DIAGRAM 

I~! d!~! ~ 
r PROTOCOL REGISTER I 

\PORT 0 

~ 

'" Ii: Ii: 0 8 BYTES + 1 CHECK BYTE D- O 

~ ~ '- - - - - - - - - - -.- 0.\ t...-

~ ~ 
m I ~ Ii3 8 BYTES + 1· CHECK BYTE ~ 
II: 

~ .ML.. ..J 

5 ~ I f------------
0 

.-- 0:: 
t---D-

r-- 8 BYTES + 1 CHECK BYTE .--

1------------
8 BYTES + 1 CHECK BYTE 

! 
QUAD PORT RAM MATRIX IPORT 2 

I PROTOCOL REGISTER I 

,~TdT~T 1 
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FIGURE 2: QUAD PORT RAM MESSAGE TRANSACTION 

QUAD PORT RAM MESSAGE TRANSACTION 

BYTE 0 

BYTE 1 

BYTE 2 

BYTE 3 

BYTE 11 

NO'IE: BITS WHICH ARE SET EQUAL LOGIC ONE. 

BITS WHICH ARE CLEAR EQUAL LOGIC ZERO 

~ 
13 
0< 

MESSAGE CEN'lER -l 

EXECUTION COOE 

MESSAGE BYTE 0 

CHECK BYTE 

8 
~ 
~ 
0. 
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FIGURE 3: PORT SELECT CODE 

MSB LSB 

I 0 I 0 0 I 1 I 1 PORTO 

I 0 I 1 I 1 I 0 PORT 1 

I 1 0 I 0 I 1 PORT 2 

I 0 PORT 3 

ACTlON COOES 
MSB LSB 

0 I 0 0 I 0 READ 

I 0 0 I 0 WRITE 

I 0 I 0 WRITE DATA. MORE COMING 

CHECK BYTE CODES 
MSB LSB 

0 0 0 I 0 I 1 GOOD DATA 

0 0 0 I 1 I 0 CORRUPTED DATA 

0 I 0 I 0 I 1 I 0 GOOD DATA. 
MORE COMING 
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data coming. This action code works exactly 
the same as a standard write message action 
with one exception. The check byte which 
follows an eight byte message is driven to a 
special code which, when read by a receiving 
port, indicates that more messages will be 
coming. This information can be used by a 
receiving port to reduce the overhead of con
stantly polling for new messages. 

Quad Port RAM 
As mentioned, each port has direct 

read and write access to eight message bytes 
and read access to three groups of eight 
message bytes. Once the protocol register 
has been correctly accessed, one of the four 
sections of the Quad Port will be read or that 
section of the Quad Port RAM which is dedi
cated to the transmitting port will be written. 
When sending a message, all eight message 
bytes must be written. When receiving a 
message, all .eight of the message bytes 
should be reacf. If fewer than all eight bytes are 
accessed, the message centers may be in
correct and errant communications between 
ports can result. 

Check Byte 
A check byte (byte 11) is provided at 

the end of each of the eight message byte 
groups. The check byte is read only and 
provides information to a receiving port. 
Reading the check byte code is optional and 
may not be necessary in applications where 
software discipline is stringent enough to 
avoid accidental collisions between mes
sages sent and messages received. Three 
different codes give status to a receiving port 
about the message which has just been read 
(Figure 3): good data, corrupted data, and 
good data with more data coming. When the 
check byte is read with a good data code, the 
data which is read by a receiving port is correct 

and valid. This check byte code assures the 
receiving port that a sending port is not writing 
a new message while the receiving port is 
attempting to read the previous message. 
When the check byte is read with a corrupted 
data code, the data which is read by a receiv
ing port is suspect. This check byte warns the 
receiving port thatthe sending port is writing a 
new message while the receiving port is read
ing an older message. When the check byte 
is read with a good data and more coming 
code, the data which is read by a receiving port 
is correct and valid and additional messages 
will follow. This check byte code can be used 
by a receiving port to reduce the overhead of 
constant polling. If the check byte indicates 
that a new message will follow, the receiving 
port is warned to expect a new message. 

Polling vs. Message Flags 
The OS2015 Quad Port RAM has two 

methods of waming the sending and receiving 
ports of impending message status. The soft
ware method of polling avoids the complica
tion of additional hardware which is required to 
connect the message ready pins to a host 
sending/receiving unit. Polling is accom
plished with a receiving unit by satisfying the 
port select byte of the protocol register and 
reading the message center. When a port is 
being polled, care should be taken to avoid 
entering the execution code portion of the 
protocol register. When polling a port, com
munications can be terminated by taking the 
RST input signal low. An alternate method of 
alerting a host sending/receiving unit of im
pending message status is to use the mes
sage ready signals to interrupt when a mes
sage is ready to be read. The message ready 
pins (MO-M3) are driven to an active state 
(low) when a sending port has written the last 
bit of the eight message bytes and RST of the 
sending port is set to the inactive state (low), 
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provided the appropriate destination bit is set. 
When themesaage ready pin is'set to an 
active state, a receiving unit can execute a 
software routine to service the Interrupt and 
read the pending message. 

RSTControl 
All message transactions are initiated 

by driving the RST port input high. The RST 
input serves two functions. First, it turns on 
control logic which allows access to the proto
col register. Second, the RST signal provides 
a method of terminating message transfer. 
Care must be taken when terminating a mes
sagetransferto avoid errant information in the 
message center. The following rules will avoid 
all problems. 

I. While polling the message center for 
new messages, always terminate the transac
tion by driving RS't low after completing a read 
of the message center byte and before enter
Ing the execution code byte. 

2. When sending a message, all eight 
mess sage bytes must be written. If fewer 
than eight bytes are written, the mailbox bit of 

the destlnation'port(s) may not be set and the 
check byte may Indicate corrupted data. 

3. When receiving a message, all eight 
bytes should be read. However, if RESET is 
used to terminate a message which is being 
read, the message sent bit and the mailbox bit 
are cleared as RST Is driven low. When 
reading a message, the check byte is optional 
and can be either read or ignored. 

Clock Control 
A clock cycle is a sequence of a failing 

edge followed by a rising edge. For message 
inputs, the data must be valid during the rising 
edge of the clock cycle. Protocol bits and 
message bits are input on the rising edge of 
the clock. Protocol bits and message bits are 
output on the falling edge of the clock. All 
message transfer terminates If RSTis low and 
the D/Q pins will then go to a high impedance 
state. When message transfer Is terminated 
using RST, the transition of RST must occur 
While the clock is at high level to avoid disturb
ing the last bit of data. Figure 4 Illustrates 
message transfer. 

FIGURE 4: QUAD PORT MESSAGE TRANSFER 

cJ1J1 
J 
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ABSOLUTE MAXIMUM RATINGS· 

Voltage on a pin to ground: 
Operating temperature: 
Storage temperature: 

-1.0 to + 7.0V 
OOCto 70°C 
-55OC to + 1250C 

This is a stress rating only and functional operation of the device at these or any other conditions 
above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C OPERATING CONDITIONS (OOC to 700c) 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Logic 1 VIH 2.0 Vee+0.3 V 1 

,Logic 0 VIL -0.3 +0.8 V 1 

Supply Vcc 4.5 5.0 5.5 V 1 

D.C ELECTRICAL CHARACTERISTICS (OOC to 70OC, Vee .. 5V+/- 10%) 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Input Leakage IlL -1 1 uA 

Output Leakage 110 1 uA 

Output Current@ 2.4V 1(Jof -1 mA 

Output Current@ .4V Ia.. +4 mA 

Supply Current loe 6 rnA 2 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance CN 5 pF 

Output Capacitance Call' 7 pF 

A.C ELECTRICAL CHARACTERISTICS (000 to 70ot, Vee - 5V+/- 10%) 

PARAMETER SYMBOL MIN. TYP. MAX. UNITS NOTES 

Data to CLK Setup lee 35 ns 

CLK to Data Hold ~ 40 ns 

CLK to Data Delay two 125 ns 

CLKLowTime ta. 125 ns 

CLK High Time ~ 125 ns 

CLK Frequency faJ( D.C 4.0 MHZ 

ClK Rise and Fall tR,tF 500 ns 

-
RST to ClK Set Up \x: 1 us 

-
ClK to RST Hold ~ 40 ns 

-
RST Inactive Time ~ 125 ns 

-
RST to I/O High Z \m 50 ns 

-
RST to Message Ready ~ 50 ns 
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QUAD SERIAL PORT RAM TIMING DIAGRAM 

TIMING DIAGRAM-WRITE DATA TRANSFER 

RID ~ 
---~-t tCC 

CLOCK 

TIMING DIAGRAM-READ DATA TRANSFER 

CLOCK 

_.><:Wtp""T~,-"TL,,--___ -,\~1777T>. r-;' ITA 
OUTPOT ~ilJ 

TIMING DIAGRAM-MESSAGE READY 

RST ON ANY WRITING PORT 

PORT FLAGS MO-MJ 

Notes 
I. All voltages are referenced to ground. 
2. All outputs are open. 

~~f= 
tCCH 

l1li 
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DS2015 
Quad Port Serial RAM 

DIM. 
INCHES 

MIN. MAX. 
A 0.860 0.940 

B 0.240 0.260 

~1 ~~I 
C 0.120 0.140 

D 0.290 0.310 

E 0.020 0.040 

F 0.110 0.130 

~I~ -A~~I 
G 0.090 0.110 

H 0.300 0.350 

J 0.006 0.012 

K 0.015 0.021 

~~~ 
~ 8 ;qu:-jFtr 

o O.lOOt .010 TNA 

100 



Microcontroller 

II1II 

101 



.... Dallas Semiconductor 
U~ D85000 Soft Microcontrol/er 

PRELIMINARY 
D85000 

FEATURES 

_8~bit uC adapts to task-at-hand: 

~ 8 or 32 Kbytes of high performance 
nonvolatile RAM for Program and/or 
RAM for Program and/or Data Memory 
storage 

- Initial downloading of software in end 
system via on~chlp serial port 

- Capable of modifying Its own Program 
and/or Data Memory in end use 

~ 128 internal nonvolatile registers for 
variable retention 

-Crashproof operation: 

• Maintains all nonvolatile resources for 
10. years in the absence of V cc 

• Orchestrates orderly shutdown and 
automatic restart on power up/down 

• Automatic restart on detection of errant 
software execution 

PIN CONNECTIONS 

P1.0 

P1.1 2 

P1.2 3 

P1.3 4 

P1.4 5 

P1.5 6 

P1.6 7 

P1.7 8 

RST 9 

RXO P3.0 10 
TKO .P3.1 11 

INTO. P3.2 12 
INTh P3.3 13 

TO P3.4 14 
T1 P3.5 15 

WR. P3.6 16 
RD. P3.7 17 

XTAL2 18 
XTAL1 19 

Vss 20 

40 Vee 
39 po.o ADO 

38 PO.1 AD1 

37 PO.2 AD2 

36 PO.3 AD3 

35 PO.4 AD4 

34 PO.5 AD5 

33 PO.6 AD6 

32 PO.7 AD7 

31 EA.;V PP 

30 ALE/PROGo 

29 PSEN. 

28 P2.7 A15 

27 P2.6 A14 

26 P2.5 A13 

25 P2.4 A12 

24 P2.3 A11 

23 P2.2 A10 

22 P2.1 A9 

21 P2.0 AS 

-Software Security Feature: ORDERING INFORMATION 
DS5000 xx - xx 

• Executes encrypted software to 
prevent unauthorized disclosure 

- On~chip full duplex serial 110 port 
-Two on-chip timer/event counters 
-32 parallel 110 lines 
-Compatible with industry standard 80.51 

instruction set and pinout 

DESCRIPTION 
The OS50.0.0. is a high performance 8-bit 
CMOS microcontroller that offers "softness" 
in all aspects of its application. This is 
accomplished through the comprehensive 

10.2 

L Clock Freq. 

-12 12MHZ 
-16 16MHZ 

Program Data RAM 

8 8 Kbytes 
32 32 Kbytes 
64 64 Kbytes 

use of nonvolatile technology to preserve all 
Information In the absence of system V cc' 
The entlr$ Program/Data Memory space is 
implemented using high speed, nonvolatile 

I , 
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static CMOS RAM. Two memory size ver
sions are available which offer either 8 Kbytes 
or 32 Kbytes of NVRAM for Program/Data 
storage. Furthermore, internal data registers 
and key configuration registers are also non
volatile. 

A major benefit resulting from its nonvolatility 
is that the Soft Microcontroller allows Program 
Memory to be changed at any time, even after 
the device has been installed in the end 
system. Additionally, the size of the Program 
and Data Memory areas in the embedded 
RAM is variable and can be set either when the 
application software is initially loaded or by the 
software itself during execution. 

Initial loading of the application software into 
the 055000 is possible from either a parallel or 
serial interface to a host system. This func
tion allows initialization of the nonvolatile 
areas of the device including Program/Data 
RAM and the configuration parameters. 
Serial loading uses the on-chip serial 110 port 
to accept incoming data from a host computer 
with an RS232 port, such as a PC-based 
development system. Not only is it possible 
to initially boot via the serial port in the end 
system but any subsequent software reload
ing can be made at will during system opera
tion without the need for removal of the device. 

The softness also provides the Ultimate in 
adaptive system design by allowing either the 
Data RAM or the Data Registers to retain 
information in the absence of V cc. As a result, 
a virtually unlimited number of variables and/ 
or data tables can be updated and maintained 
overthe life of the product, as opposed to their 
being lost during a power fluctuation. This 
capability allows software to be developed 
which updates variables and data tables to 
reflect the cumulative knowledge of the con
trol system from the time that it was put into 

service. Consequently, control systems may 
be given the ab'ility to learn from experience 
and react by altering processing steps in 
response to operating conditions which 
change over extended periods of time. 

The 055000 Soft Microcontroller incorporates 
control functions which provide crashproof 
operation when system power is momentarily 
disrupted, or removed entirely. These func
tions include the Power Fail Warning interrupt, 
Automatic Power Down, and Power On Re
start. The Power Fail Warning interrupt pro
vides an early warning of a potential power 
failure so that the operational state of the 
system may be stored prior to a complete 
removal of system V cc. The Automatic Power 
Down feature causes all nonvolatile resources 
to be sustained at low current from the embed
ded lithium energy source while system power 
is removed. When V cc voltage is applied once 
again, the processor is automatically re
started with an internal flag set indicating that 
a Power On sequence has just been per
formed. Regardless of whether the power 
merely fluctuates or is absent for years, upon 
its return the Soft Microcontroller has the 
ability to resume execution when power is re
applied as if the power failure had not occurred 
at all. 

The Soft Microcontroller's tolerance of power 
cycling provides an alternative for battery
powered hand-held systems which typically 
drain their batteries during periods of idle time, 
when processing is not being performed. On/ 
off power cycling can be employed to cause 
such systems to consume battery power only 
during processing, as a way of dramatically 
reducing the overall power dissipation. 

The 055000 also provides extensive software 
security with its unique on-chip software 
encryption logic. This feature prevents un-
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authorized individuals from reading and disas
sembling Program/Data RAM. When acti- . 
vated, the device loads and executes the 
software in an encrypted form, rendering the 
contents ofthe RAM and the execution of the 
program unintelligible to the outside observer. 
The encryption algorithm uses an internally 
stored and protected 40-bit key which is pro
grammed by the user. Any attempt to dis
cover the key value results In Its erasure, 
rendering the contents of the Program/Data 
RAM useless. In this manner, the investment 
represented by the resident software is pro
tected from piracy. 

The OS5000 incorporates these unique func
tions in a device which Is instruction set and· 

PIN DESCRIPTION 

pin compatible with the industry standard 
8051 microcontroller architecture. Develop
ment work for new deSigns based on the 
OS5000 may be performed utilizing existing 
development tools and software packages 
which support the 8051 architecture. 

The OS5QOO also provides a full complement 
of I/O functions including two 16-bit event 
counterltimers, a full duplex serial 110 port 
capable of asynchronous or synchronous 
operation, 32 parallel 110 lines, and a watch
dog timer. If additional external memory is 
desired beyond the embedded Program/Data 
RAM, 18 parallel I/O lines may be assigned to 
serve the Expanded Bus function. 

NOTE: All inverted signal names are denoted with a asterisk (*) as a suffix to the signal name 
(e.g.INTO*). This convention is followed throughout this document. 

PO.7-PO.O 

AD7-ADO 

P1.7-P1.0 

P2.7-P2.0 

A15-A8 

P3.7-P3.0 
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RD· 
(P3.7) 

Power Supply inputs. 

Port 0: BidirectionalI/O; open drain 
These pins also serve the function of: 

Address/Data Bus: Bidirectional 

Port 1: Bidirectional 110 

Port 2: Bidirectional 110 
These pins also serve the function of: 

Address Bus: Outputs 

Port 3: Bidirectional 110 
Each of the pins on Port 3 may be selected to serve an 
alternate function; as described below: 

Expanded Data Memory Read Strobe: Output; active 
low 



WR* 
(P3.6) 

Expanded Data Memory Write Strobe: Output; active 
low 

T1,TO 
(P3.5,P3.4) 

Timer/Counter pins: Inputs; active high 

INT1*,INTO*
(P3.3,P3.2) 

External interrupt pins: Inputs; active low 

TXO (P3.1) -

RXD(P3.0) -

Transmit Data: Output 

Receive Data: Input 

RST Reset: Input; active high 

ALE (PROG*) Address Latch Enable: Output; active high 
(or Program Byte Enable: Input; active low) 

PSEN* Program Store Enable: Output; active low 

EA* (VPP) External Access Enable: Input; active low 
(or VPP programming voltage input) 

XTAL1, XTAL2 - Crystal inputs 

INSTRUCTION SET 
The OS5000 executes an instruction set 
which is object code compatible with the 
industry standard 8051 microcontroller. As a 
result, software development packages which 
have been written for the 8051 are compatible 
with the OS5000 including cross-assemblers, 
high-level language compilers, and debugging 
tools. 

A complete description for the OS5000 in
struction set is available in the OS5000 User's 
Guide (part # OS5000G). 

MEMORY ORGANIZATION 
Figure 1 illustrates the address spaces 
which are accessed by the OS5000. As 
illustrated in the figure, separate address 
spaces exist for Program and Data Memory. 

Since the basic addressing capability of the 
machine is 16-bits, a maximum of 64 Kbytes 
of Program Memory and 64 Kbytes of Data 
Memory can be accessed by the OS5000 
CPU. The 8K or 32K byte embedded RAM 
area can be used to contain both Program and 
Data Memory. 

The Internal Register space is divided into two 
parts: Data Registers and and Special 
Function Registers. There are a total of 128 
Data Registers including four 8-byte banks 
of working registers (RO-R7). The Special 
Function Registers include the CPU Regis
ters as well as registers which provide 
control and status information for the Pro
gram and Data Memory mapping, non
volatile operation, and on-chip I/O functions. 
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FIGURE 1: DS5OO0 LOGICAL ADDRESS SPACES 
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There are a total of 23 Special Function Registers which have been implemented in the 
OS5000. Table 5-1 lists each of these along with their respective addresses, reset values, and 
functional descriptions. 
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TABLE 1: DS5000 SPECIAL FUNCTION REGISTER MAP 

New or Direct Bit 
Modified Register Reset address- Functional 
Register Label Address Value able Description 

B OFOH OOH X BReglster 

I 
A OEOH OOH X Accumulator 

I 
PSW ODOH OOH X Program Status Word 

I 
X TA OC7H OSSH Timed Access 

I 
X MCON OC6H AT Memory Control a I 
X IP OB8H OOH X Interrupt Priority Cti. 

I 
P3 OBOH OFFH X Port 3 Parallel 1/0 

I 
IE OA8H OOH X Interrupt Enable Ctl. 

I 
P2 OAOH OFFH X Port 2 Parallel I/O 

I 
SBUF 099H ?? Serial Data Buffer 
SCON 098H OOH X Serial Control 

I 
P1 090H OFFH X Port 1 Parallel I/O 

I 
TH1 08DH OOH Timer 1 High Byte 
THO 08CH OOH Timer 0 High Byte 
TL1 08BH OOH Timer 1 Low Byte 
TLO 08AH OOH Timer 0 Low Byte 
TMOD 089H OOH Timer Mode Select 
TCON 088H OOH X Timer Control 

X PCON 087H RT Power Control 

I 
DPH 083H OOH Data Pointer High Byte 
DPL 082H OOH Data Pointer Low Byte 
SP 081H 07H Stack Pointer 
PO 080H OFFH X Port 0 Parallel I/O 

Notes: 
11 indicates that the register value is indeterminate on reset. 
RT indicates that the initialization performed on the register is dependent 
on the type of the reset. 
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The Power Control (PCON), Interrupt Priority (IP), Memory Control (MCON), and Timed Access 
(TA) registers represent modifications from the 8051 Implementation, as denoted In the above 
table. The following Is a detailed summary of these registers. 

POWE:R CONTROL REGISTER 

Label: PCON Register Address: 087H 

D7 D6 D5 D4 D3 D2 Dl 

SMOD I POR PFW WTR EPFW EWT STOP 

Bit Description: 

PCON.7 . SMOD 
"Double Baud 
Rate" : 

Initialization: 
Read Access: 
Write Access: 

When set to a 1, the baud rate is doubled when the serial port is 
being used In modes 1, 2, or 3. 
Cleartld to a 0 on any reset. 
Can be read normally at any time. 
Can be written normally at any time. 

PCON.6 POR· 
"Power On 
Reset": 

Initialization: 

Read Access: 
Write Access: 

Indicates that the previous reset was initiated during a Power On 
sequence. 
Cleared to a 0 when a Power On Reset occurs. Remains at 0 until 
it is set to a 1 by software. 
Can be read normally at any time. 
Can be written only by using the Timed Access Register. 

PCON.S: PFW 

DO 

IDL 

"Power Fall 
Warning": Indicates that a potential power failure IS In progress. Set to 1 

whenever V cc voltage Is below the V PFW threshold. Cleared to a 0 
immediately following a read operation of the PCON register. Once 
set, it will remain set until the read operation occurs regardless of 
activity on V cc . 

Initialization: 
Read Access: 
Write Access: 

Cleared to a 0 during a Power On Reset. 
Can be read normally anytime. 
Not wrlteable. 

PCON.4: WTR 
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"Watchdog 
Timer Reset" 

Initialization: 

Read Access: 
Write Access: 

Set to a 1 when a reset was issued as a result of a Watchdog Timer 
timeout. Cleared to 0 immediately following a read of the PCON register 
Set to a 1 after a Watchdog Timeout Reset. Cleared to a 0 on aNoN u 
Power on Reset. Remains unchanged during other types of resets. 
May be read normally anytime. 
Cannot be written 

PCON.3: EPFW 
"Enable Power 
Fall Interrupt": Used to enable or disable the Power Fail interrupt. When EPFW is set 

to a 1 it will be enabled; it will be disabled when EPFW is cleared 
to aO. 

Initialization: Cleared to a 0 on any type of reset. 
Read Access: Can be read normally anytime. 
Write Access: Can be written normally anytime. 

PCON.2: EWT 
"Enable Watch-
dog Timer" Used to enable or disable the Watchdog Timeout Reset. The Watch 

dog Timer is enabled if EWT is set to a 1 and will be disabled if EWT 
is cleared to a o. 

Initialization: Cleared to a 0 on a No-Vu Power on Reset. Remains unchanged during 
other types of resets. 

Read Access: May be read normally anytime. 
Write Access: Can be written only by using the Timed Access register. 

PCON.1: STOP 
"Stop": Used to invoke the Stop Mode. When set to a 1 program execution 

will terminate immediately and Stop Mode operation will commence. 
Cleared to a 0 when program execution resumes following a hardware 
reset. 

Initialization: Cleared to a 0 on any type of reset 
Read Access: Can be read anytime. 
Write Access: Can be written only by using the Timed Access register. 

PCON.O: IDL 
"Idle": Used to invoke the Idle Mode. When set to a 1 program execution 

Initialization: 
Read Access: 
Write Access: 

will be halted and will resume when the Idle bit is cleared to 0 follow 
ing an interrupt or a hardware reset. 
Cleared to 0 on any type of reset or interrupt. 
Can be read normally anytime. 
Can be written normally anytime. 
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Label: IP 

07 

RWT 

Bit Description: 

IP.7: RWl 
"Reset Watch
Timer": 

Initialization: 
Read Access: 
Write Access: 

INTERRUPT PRIORITY REGISTER 

Register Address: OB8H 

06 05 04 03 02 01 DO 

PS PT1 PX1 PTO PXO 

When set to a 1 the Watchdog Timer count will be reset, and counting 
will begin again. The RWT bit will then automatically be cleared again to O. 
Writing a 0 into this bit has no effect. 
Cleared to a 0 on any reset. 
Cannot be read. 
Can be written only by using the Timed Access register. 

All of the following bits are read/write at any time and are cleared to 0 following any 
hardware reset. 

IP.4: PS 
"Serial Port 

Priority": 

IP.3: PT1 
"Timer 1 
Priority": 

IP.2: PX1 
"Ext. Int. 1 

Priority": 

IP.1: PTO 
"Timer 0 

Priority": 

IP.O: PXO 
"Ext. Int. 0 

Priority": 
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Programs Serial Port interrupts for high priority when set to 1. 
Low priority is selected when cleared to O. 

Programs Timer 1 interrupt for high priority when set to 1. 
Low priority is selected when cleared to O. 

Programs External Interrupt 1 for high priority when set to 1. 
Low priority is selected when cleared to O. 

Programs Timer 0 interrupt for high priority when set to 1. 
Low priority is selected when cleared to O. 

Programs Extemallnterrupt 0 for high priority when set to 1. 
Low priority is selected when cleared to O. 



Label: MCON 
07 

PA3 

Bit Description: 

06 

PA2 

MEMORY CONTROL REGISTER 

Register Address: OC6H 
05 04 03 02 01 00 

PA1 PAO I RA32/8 1 
ECE2 PM 

MCON.7-4: PA3-0 

"Partition 
Address": Used to select the starting address of Data Memory in Embedded RAM. 

Program space lies below the Partition Address. 

Selection: 

PA3 PA2 PAl PAO 
000 0 
000 1 
o 0 1 0 
001 1 
o 1 0 0 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
o 
o 
o 
o 
1 
1 
1 
1 

o 
1 
1 
o 
o 
1 
1 
o 
o 
1 
1 

1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 

Partition Address 
OOOOH 
0800H 
1000H 
1800H 
2000H 
2800H 
3000H 
3800H 
4000H 
4800H 
5000H 
5800H 
6000H 
6800H 
7000H • 
8000H • 

• A 4 Kbyte Increment (not 2 Kbytes) In the 
Partition Address takes place between bit field 
values 1110B and l111B. 

Initialization: Set to all l's on a No Vu Power On Reset or when the Security Lock bit is 
cleared to a 0 from a previous 1 state. These bits are also set to all l's 
when any aHempt is made to have them cleared to all O's with the SL bit 
set to a 1 (illegal condition). 

Read Access: May be read anytime. 
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Write Access: PAA bit must ... 1 in order to write PA3-0. Timed Access Is not required to 
write to PA3-0 once PAA - 1. 

MCON.3: RA3218 
"Range 
Address": 

Initialization: 

Read Access: 
Write Access: 

MCON.2: ECE2 
"Enable Chip 

Enable 2": 

Initialization: 
Read Access: 
Write Access: 

MCON.1: PAA 
"Partition 
Address 
Access": 

Initialization: 
Read Access: 
Write Access: 
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Sets the maximum usable address in Embedded Memory. 
RA3218 = 0 sets Range Address"" 1 FFFH (8K) 
RA3218 ... 1 sets Range Address = 7FFFH (32K) 
Set to a 1 during a No V u Power On Reset and when the Security Lock 

bit (SL) is cleared to a 0 from a previous 1 state. Remains unchanged on 
all other types of resets. 
May be read normally anytime. 
Cannot be modified by the application software; can only be written during 
Program Load Mode. 

Used to enable or disable the CE2* signal to additional Embedded 
RAM Data Memory space. This bit should always be cleared to 
o in the OS5000 8 and OS5000 32 versions. 
Cleared to 0 only during a No V u Power On Reset. 
Read normally anytime. 
Can be written normally at any time. 

Used to protect the programming of the Partition Address 
select bits. PA3-D cannot be written when PAA .. O. PAA can be written 
only via the Timed Access register. 
PAA is cleared only on a No-Vu Power On Reset 
PAA may be read anytime. 
The Timed Access register must be used to perform any type of write 
operation on the PAA bit 



TIMED ACCESS REGISTER 

Label: TA 

07 

Bit Description: 

D6 D5 

TAn.n: (All Timed Access bits) 
"Timed 

Register Address: OC7H 

D4 D3 D2 D1 DO 

Access": Used to invoke a Timed Access procedure required to write to any of the 
Timed Access protected bits including EWT, RWT, STOP, PAA. Timed 
Access is activated by three sequential write operations as in the 
example shown below: 

MOV 
MOV 
ORL 

OC7H,OAAH 
OC7H,055H 
IP,#804 

; Write OAAH to T A register 
; Write 055H to T A register 
; Reset Watchdog Timer 

Initialization: 
Read Access: 

Written with the value of 055H following any type of reset. 
Cannot be read from the application software 

Write Access: Can only be written anytime. 

PROGRAM LOAD MODES 

The Program Load Modes allow initialization 
of the embedded Program/Data Memory and 
nonvolatile Internal Registers. This initializa
tion may be performed In one of two ways: 

1) Parallel Program Load cycles which 
perform the Initial loading from parallel 
address/data information presented on 
the I/O port pins. 

2) Serial Program Loading which is 
capable of performing bootstrap loading 
of the 085000. This feature allows the 
loading of the application program to be 
delayed until the 085000 is installed in 
the end system. 

--- ---~- .... ---

The 085000 Is placed in its Program Load 
configuration by simultaneously applying a 
logic 1 to the RST pin and forcing the PSEN* 
line to a logic 0 level. Immediately following 
this action, the DS5000 will look for a Parallel 
Program Load pulse, or a serial ASCII carriage 
return (OOH) character received at 9600, 2400, 
1200, or 300 bps over the serial port. 

The hardware configurations used to select 
these modes of operation are illustrated in 
Figure 2. 
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FIGURE 2: PROGRAM LOADING CONFIGURATIONS 

055000 

progra"{ 
P1.7- P86 P1.7- p8:J-Address P1.0 • - 07-00 Program Data In/ P1.0 

Verify Data Out 

P2.3- P3.7-
P2.3- pp-

P2.0 P3.0 
P2.0 P .2 

EA/'pp 
ALE/PROG 

P2.7 

P2.6 

XTAL1 
XTAL1 

XTAL2 
XTAL2 

PARALLEL SERIAL 
LOADING LOADING 

The table below summarizes the selection of the available Parallel Program Load cycles. Figure 
4 illustrates the timing associated with these cycles. 

TABLE 1: COMPATIBLE PROGRAM LOAD CYCLES 

~ &il ~ 

Program 0 
Security Set 0 
Verify 0 

The Program Cycle is used to load a byte of 
data into a register or memory location within 
the 055000. The Verify Cycle is used to read 
this byte back for comparison with the origi
nally loaded value to verify proper loading. 
Finally, the Security Set Cycle may be used to 
enable and disable the Software Security 
feature of the 055000. 

When the 055000 first detects a Parallel 
Program Strobe pulse or a Security Set Strobe 
pulse while in the Program Load Mode follow-
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AI& EA· EU fU 

0 VPP 1 0 
0 VPP 1 1 
1 1 0 0 

ihg a Power On Reset, the Intemal hardware of 
the 055000 is initialized so that an existing 4 
Kbyte 87C51 program can be programmed 
into a 055000 with little or no modification. 
This initialization automatically sets the 
Range Address for 8 Kbytes and maps the 
lowest 4 Kbyte bank of Embedded RAM as 
Program Memory. The top 4 Kbytes of 
Embedded RAM are mapped as Data Mem
ory. 



The Serial Program Load Mode is the easiest, 
fastest, most reliable, and most complete 
method of initially loading application software 
into the DS5000's nonvolatile RAM. Commu
nication can be performed over a standard 
asynchronous serial communications port. 
The hardware configuration which is required 
for the Serial Program Load Mode is illustrated 
in Figure 2. Note that an 11.059 MHz time 
base is required in orderfor communication to 
take place at standard baud rate frequencies. 
The serial loader is designed to operate 
across a three wire interface from a standard 
UART. The receive, transmit and ground 

wires are all that are necessary to establish 
communication with the DS5000. 

The Serial Loader implements an easy-to-use 
command line interface which allows an appli
cation program in an Intel Hex representation 
to be loaded into and read back from the 
device. Intel hex is the typical format which 
existing 8051 cross-assemblers output. 

The serial loader responds to ten single char
acter alphabetic commands which are sum
marized below: 

COMMAND FUNCTION 

D 
F 
K 
L 
R 
T 
U 
V 
W 
Z 

POWER MANAGEMENT 

Dump Intel Hex File 
Fill Embedded RAM block with constant 
Load 4O-bit Encryption Key 
Load Intel Hex File 
Read MCON register 
Trace (Echo) incoming Intel Hex data 
Clear Security Lock 
Verify Embedded RAM with incoming Intel Hex 
Write MCON register 
Set Security Lock 

The DS5000 is implemented using CMOS 
circuitry for low power consumption during full 
operation. Two software initiated modes are 
available for further power reduction for times 
when processing is not required and V cc is at 
normal operating voltage. These are the Idle 
and Stop Modes. In addition, internal control 
cirCUitry automatically places the the DS5000 
in its Data Retention Mode in the absence of 

The on-chip nonvolatile control circuitry moni
tors the V cc for three below nominal operating 
voltage (Figure 3). When the voltage drops 
below the Power Fail Wamlng threshold (V PFW) 

an interrupt will be generated to signal the 
processor of an impending power fail condi
tion. This is to allow time for a service routine 
to save the operational state of the microcon
troller prior to the V cc dropping below the V COnn 
threshold. When this occurs, processor op-Vee' 
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eration is automatically terminated by inter
nally halting the clock after the entire circuit 
has been made ready for the Data Retention 
Mode. Finally, once V cc voltage drops below 
the Lithium cell voltage threshold (V u) power 
from the embedded lithium cell is applied to 
place the device in its Data Retention Mode. 

When Vee voltage is again applied to the 
system, an internal Power On Reset cycle is 
executed without the need for any external 
components on the RST pin. In addition, 
internal status is available to distinguish the 
Power On Reset from other types of resets. 

SOFTWARE SECURITY 
The Software Security feature is implemented 
using Address and Data Encryptor circuitry 
which is present on the OS50OO die. Operation 
of the Software Security feature is performed 
by mainpulation of the 40-bit Encryption Key 
word and the Security Lock bit while in one of 
the Program Load modes. Encryption opera
tion is first intiated by loading the 40-bit En
cryption Key word. 

When Software Encryption Operation is in 
effect and the Security Lock is disabled, the 
application software may be initially stored in 
an encrypted form during the initial loading of 
the device using one of the Program Load 
modes. As the loading is performed, the Data 
Encryptor logic transforms the opcode, oper
and, and data byte defined at each memory 
location defined by the software. Similarly, 
the Address Encryptor translates the -logical" 
address of each location into an encrypted 
address at which the byte is actually stored. 
Although each encryptor uses its own algo
rithm for encrypting data, both depend on the 
40-bit key word which is contained in the 
Encryption Key registers (EKO-4). 

116 

As long as the Security Lock remains dis
abled, the actual unencrypted contents of the 
embedded Program/Data RAM may be read 
back for verification while in the Program Load 
mode. Once the contents have been verified, 
the final action performed during the Program 
Load Mode should be the enabling of the 
Security Lock bit. From this point on it will be 
impossible to· read back the unencrypted 
contents of the ProgramlData RAM or the 
contents·of the Encryption Key registers. 

When the application software is executed, 
the Address and Data Encryptors provide the 
opcodes, operands, and data to the CPU that 
execution of the application software can take 
place as normal. This action also takes place 
in real time so that no additional delays are 
imposed on the execution time of the soft
ware. Thus, the Software Encryption Opera
tion is transparent to the application software. 

The Software Encryption Operation is dis
abled and the contents of the Encryption Key 
registers are automatically erased whenever 
the Security Lock bit is cleared to a 0 from a 
previous 1 condition. This action renders the 
contents of the embedded Program/Data 
RAM useless, so thatthe application software 
can no longer be correctly interpreted by the 
OS5000 CPU. Although the contents of the 
Program/Data RAM can at this point be read 
back in a Program Load Mode, they cannot be 
de-encrypted since the original 40-bit key 
word has been lost. 

ADDITIONAL INFORMATION 
A complete description for all operational 
aspects of the OS5000, including an instruc
tion set description, timing details, and electri
cal specifications is available in the OS5000 
User's Guide (part # OS5000G). 



SELECTED ELECTRICAL CHARACTERISTICS 
The following are selected electrical operating characteristics of the OS5000. A full set of 
electrical characterics is available in the OS5000 User's Guide. 

ABSOLUTE MAXIMUM RATINGS· 

Voltage on any pin relative to ground -0.1 to 7.0V 

Operating Temperature -0 deg. to 70 deg. C 

Storage Temperature -40 deg. C to +70 deg. C 

Soldering Temperature 260 deg. C for 10 sec. 

* This Is a stress rating only and functional operation of the device at these or any other 
conditions outside of those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

D.C. CHARACTERISTICS (TA = 0 deg. C to 70 deg. C; Vee - 5V ± 10%) 

PARAMETER SYM. MIN. TYP. MAX. UNITS NOTES 

Stop Mode Current ISM 80 uA 4 

Power Fail Warning Voltage VpFW 4.15 4.6 4.75 V 

Minimum Operating Voltage Vccmln 4.05 4.5 4.65 V 

Lithium Supply Voltage Vu 3.3 V 

Programming Supply Voltage Vpp 12.5 13.0 V 
(Parallel Program Mode) 

Program Supply Current IF!' 9.2 15 mA 

Operating Current DS5000 8 Icc 43.2 mA 
OS500032 48.2 

Idle Mode Current Icc 6.2 mA 
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A.C. CHARACTERISTICS 
POWER CYCUNG TIMING 

(TA .Odeg. Cto 70deg. C; Vee" 5V + 10%) 

# PARAMETER SYMBOL MIN. MAX. UNITS 

32 Slew rate from V CCmIn to tF 40 us 
VUm8X 

33 Crystal start up time tcsu (note 5) 

34 Power On Reset Delay tpOR 2150*4tClJ( us 

FIGURE 3: POWER CYCUNG TIMING DIAGRAM 
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A.C.CHARACTERISTICS (TA= 0 deg. C to 70 deg. C; Vcc. 5V + 10%) 
PARALLEL PROGRAM LOAD TIMING 

# PARAMETER SYMBOL MIN. MAX. UNITS 

40 Oscillator Frequency 1/tCLK 1.0 12.0 MHz 

41 Address Setup to PROG* tAVPRL 48tCLK 

low 

42 Address Hold After PROO* tpRHAV 48tCLK 

high 

43 Data Setup to PROG* low tovPRL 48tCLK 

44 Data Hold After PROO* tpRHOV 48tCLK 

high 

45 P2.7 High Setup to VPP ~7HVP 48tCLK 

46 VPP Setup to PROG* low tVPHPRL 10 us 

47 VPP Hold After PROG* tpRHVPL 10 
low u.S 

48 PROG* Width low tpRW 2400tCLK 

49 Data OUtput from Address tAVDV 48tCLK 

Valid 

50 Data Output from P2.7 tOVP27L 48tCLK 

low 

51 Data Float after P2.7 High tp27HOZ 0 48tCLK 

52 Delay to ResetlPSEN* tpORPV 26304 
active after Power On *tcLK 

53 ResetlPSEN* active 1200tCLK 

(or Verify inactive) to 
VPP high 

54 VPP inactive (between 900tCLK 

Program cycles) 
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FIGURE 4: PARALLEL PROGRAM LOAD TIMING 
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Notes: 

1. All voltages are referenced to ground. 

2. Maximum operating ICC is measured with all output pins 
disconnected; XTAl1 driven with tClKR, tClKF .. 10 ns, Vll-
0.5V, VIH = 4.5V; XTAl2 disconnected; IEA=RST ... PORTO.VCC. 

3. Idle Mode ICC is measured with all output pins disconnected; 
XTAl1 driven with tClKR, tClKF .. 10 ns, Vll ... 0.5V, VIH .. 4.5V; 
XTAl2 disconnected; EA ... RST ... PORTO=VCC. 

4. Stop Mode ICC is measured with all output pins d1c;connected; 
EA=PORTO=VCC; XTAl2 not connected; RST ... VSS. 

5. Crystal start up time is the time required to get the mass of the 
crystal into vibrational motion from the time that power is first 
applied to the circuit until the first clock pulse is produced by the 
on-chip oscillator. The user should check with the crystal 
vendor for a worst case spec on this time. 

-
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DS5000 
Soft Microcontrol/er 

DIM. 
INCHES 

MIN. MAX. 

A 2,080 2,100 

8 .680 .700 

C .290 .310 

0 .090 .110 

E .040 .060 

F .165 .185 

o G .016 .020 

H .590 .610 

I .009 .012 

H 
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Iii Dallas Semiconductor 
Ur OS5000 Evaluation Kit 

FEATURES 

• Allows immediate evaluation of OS50OO in 
an existing application 

• Supplied with OS5000 32, software disk
ette, OS5000 User's Guide, In System 
Loader hardware 

• Supports in-system serial downloading 
of OS5000 from an IBM PC host 

• Downloads/verifies Intel Hex absolute 
object files residing on IBM PC 

• User-friendly software prompts user for 
required system configuration information 

• Supports serial download rates up to 
9600 bps 

• Requires no support circuit overhead on 
target system 

DESCRIPTION 
The OS5000K is a development support sys
tem which is designed to allow immediate 
evaluation of the OS5000 Soft Microcontroller 
in a system application. Materials provided 
with the kit include a OS5000 with 32 Kbytes 
of RAM, a OS50oo User's Guide, In System 
Loader serial download hardware, and soft
ware for the IBM PC (KIT5K). Using the 
Evaluation Kit, the user can quickly configure 
the OS5000 for operation in the target system. 
This configuration can be performed without 
detailed knowledge of the operation of the 
OS5000's Serial Load Mode. The OS5000 

, 

PRELIMINARY 
OS5000K 

Evaluation Kit not only senles as a first-time 
evaluation system for the OS5000, but also 
performs the equivalent function of an 
EPROM programming system throughout the 
prototyping phase of the design cycle. 

The Evaluation Kit's In System Loader hard
ware allows application software to be loaded 
into the OS5000 while It is connected to the 
target system, eliminating the need for re
moval of the device when reprogramming Is 
required. The In System Loader hardware 
consists of an RS232 cable that connects to 
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the RS232 Fixture which houses the appropri
ate Interface circuitry and provides a 40-pin 
socket for the OS5000. The Fixture in turn 
attaches to the 4O-pin target cable which 
connects to the microcontroller socket in the 
target system. The hardware provides the 
mechanism for the KIT5K software to take 
control of the OS5000 via the RS232 cable, 
place the device in its Serial Program Load 
Mode, and transmit new software to the de
vice. 

KIT5K is a user-friendly software package 
which provides a high-level user interface to 
the OS5000 via its Serial Load Mode. When 
the Program command is executed, the user 
is walked through a series of system configu
ration questions so that the OS5.000 can be 
properly initialized before downloading takes 
place. Parameters such as the device's 
ProgramlOata Memory mapping and Software 
Encryption operation are initialized in the 
proper order in this fashion. KIT5K manages 
all of the communication· with the OS5000 
during the downloading process, so that the 
details of the serial download operation can 
remain transparent to the user. For more 
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advanced users, KIT5K provides ~ number of 
commands which allow Individual manipula
tion of the oS5000's resources. For example, 
these commands allow the direct initialization 
of the MCON register, loading of the 40-blt 
Encryption Keyword, and setting and clearing 
of the Security Lock. In addition, an individual 
memory location examine and change capa
bility is provided to allow patches to be made 
to the application software. When the loading" 
operation Is completed, the device can be 
released on command from the PC to run the 
application software. 

SYSTEM REQUIREMENTS 
The Evaluation Kit requires an IBM PC or 
compatible with DOS 2.0 or later and at least 
128K bytes of memory. In addition an RS232 
port must be available which is configured as 
COM1 (03F8H, IR04) or COM2 (02F8H, 
IR04). Displays which are supported include 
monochrome, color graphics, or enhanced 
graphics (Mode 3). 

Power (+5V) must be supplied to the RS232 
fixture from the V cc pin of the target· system 
via the Target Cable (see next page). 



FIGURE 1: 055000 EVALUATION KIT: IN SYSTEM LOADER HARDWARE 
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IN SYSTEM LOADER 
The In System Loader hardware consists of the components which are depicted In Figure 1, and 
which are described below: 

Name 
Dallas 
Part # Description 

RS232 Connector OS9062-6 Adaptor with cable. Adaptor provides 
OB25 female connector for connection 
to an RS232C IBM PC COM port on 
one side and RJ11 female on the other 
side. Cable carries RS232 signals 
required by the kit with two male RJ11 
jacks on either end. 

RS232 Fixture OS9060 

Target Cable OS9061-5 

RS232 serial interface for OS5000. 
Provides RJ11 female for RS232 signal 
connection, 40-pin DIP IC socket for 
OS5OO0, and 40-pin PC edge connector 
for connection to target cable. 

40-pin adaptor cable which connects 
the 40-pin edge connector on the 
RS232 Fixture to the target system 
microcontroller socket. 

The purpose of the In System Loader hardware Is to serially download the OS5000 on command 
from the KIT5K software in such a manner that It will be transparent to the hardware on the target 
system. 

KIT5K OPERATION 
KIT5K is the software environment supplied with the OS5000 Evalutlon KIt. It provides a hlgh
level Interface for loading application software to the OS5000 or for setting Its configuration 
parameters. 

KIT5K operates either in interactive mode, or in batch mode. The user will not see any of the 
communication between KIT5K and the OS5000 (except when debug is on). The following Is a 
summary of commands recognized by the KIT5K software. 
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cd 
com 
debug 
dir 
display 

Change to another directory or show the default directory. 
Specify the COM port for the In System Loader hardware. 
Turn debugging (OS5000 communication) on or off. 
List the default directory or specified path. 
List OS5000 Embedded RAM contents In debug format. 



do 
dump 
edit 
exit 
fill 
help 
key 
load 
lock 
logoff 
logto 
mcon 
partition 
pgmode 
program 
quit 
range 
run 
speed 
status 
type 
unlock 
verify 

Execute a list of KIT5K commands from a file. 
Dump OS5000 Embedded RAM in Intel Hex to a file. 
Individual examine/change Embedded RAM bytes in OS5000. 
Exit the KIT5K program; return to MS-~OS. 
Fill Embedded RAM with a constant value. 
Describe the function and syntax of KIT5K commands. 
Load the OS5000 40-bit Encryption Key word. 
Load OS5OO0 Embedded RAM from an Intel Hex object file. 
Set the Security Lock on the OS5000. 
Disable logging of KIT5K commands. 
Log KIT5K commands to the specified file. 
Set the OS5OO0 MCON register with a specified value. 
Set the OS5000 Partition Address with a specified value. 
Place the OS5000 in its Serial Load Mode. 
Program the OS5000 automatically with a configuration file. 
Same as exit; leave the KIT5K program; return to MS-~OS. 
Set the OS5000 Range Address to 8K or 32K. 
Disable OS5000 Serial Load Mode; begin execution. 
Specify the serial baud rate to be used during loading. 
Display OS5000 status. 
Type the requested filename to the screen. 
Clear the Security Lock on the OS5000. 
Verify OS5000 Embedded RAM with the specified Intel Hex file. 

ELECTRICAL SPECIFICATIONS 
Operating Temperature Range 0 to +50 degrees C 
System Power Supply Requirements +5V @ 100 mA 
max; from Target System 50 mA typical 
(OS5000 installed in target system; no load on port pins, PSEN*, ALE) 

INTERFACE 
Connectors: 
25-pin RS232 '0' type to RJ 11 jack adaptor 
RJ11 on RS232 Fixture 
40-pin card edge (0.1" centers) on RS232 Fixture 
40-pin edge connector on Target Cable 
40-pln DIP plug on Target Cable 

--
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U; Dallas Semiconductor 
DS5000 Development Kit 

FEATURES 
• Low-cost real-time in-circuit emulation 

system for 055000 

• Supports memory examine/change, 
register examine/change, breakpoints, 
single-step operation 

• Based on IBM-PC or compatible 

• Unique, multi-windowed, dynamic display 
provides user-friendly interface 

• Source code window supports disas
sembled symbolic program listing 

• Register window provides easy access to 
Special Function and Data registers 

• Symbolic data access by type of symbol 

• Flowgraph window provides either a histo
graph or flowchart during program execu
tion. 

• On-line help facillity 

• Provides direct debugging support for 
programs written In Archimedes C-51 

DESCRIPTION 
The 055000 Development Kit plugs into a 
055000 socket on a user's target system and 
provides real-time development of application 
software from an IBM-PC or compatible. Mutli
window symbolic access to a" 055000 re
sources provides a user-friendly development 
environment. The Development Kit's compact 
hardware connects to the PC computer via 
COM1 and into the target system via a 40-pin 
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PRODUCT PREVIEW 
DS5000DK 

flat ribbon cable. A" power Is derived by the 
hardware from the target system. The software 
allows control of the target 055000 In several 
different execution modes and provides sym
bolic access to all memory and I/O spaces. 
Single key control commands allow you to 
drive the Kit with fingertip control. All Develop
ment Kit software Is licensed from Cybernetic 
Microsystems. 



llii Dallas Semiconductor 
I .... Soft Microcontroller 

FEATURES 

• 80ft Microcontroller with embedded real-
time clock function 

• Capable of modifying its own program and! 
or data memory 

• Program downloading via an on-chip full 
duplex serial port 

• Adjustable partition between program and 
data memory 

• Completely crash-proof: the program and 
data memories and all data registers are 
maintained in absence of power 

• All 32 port pins available for I/O 
• Automatic restart on detection of errant 

software execution 
• Orderly shutdown and automatic restart on 

power up/down 
• Program and data memory secure, with a 

tamper proof on-chip encryptor 
• On-chip full duplex serial I/O port 
• Two on-chip timer/event counters 
• Compatible with industry standard 8051 

instruction set and pinout 

DESCRIPTION 

The 085000T Microcontroller incorporates all 
of the features of the 085000 along with the 
addtion of a built-in real-time clock/calender 
function. This function itself is identical to that 
performed by the 081215 Timekeeper. The 
real-time clock is memory-mapped on the 

PRODUCT PREVIEW 
DS5000T 

PIN CONNECTIONS 

Pl.0 1 40 Vee 
Pl.l 2 39 PO.O ADO 

Pl.2 3 38 PO.l ADI 

P1.3 4 37 PO.2 AD2 

Pl.4 5 36 PO.3 AD3 

Pl.5 6 35 PO.4 A04 

P1.6 7 34 PO.S ADS 

Pl.7 8 33 PO.S AD6 

RST 9 32 PO.7 AD7 

RXD P3.0 10 31 fA·IV PP 
TXD .P3.1 11 30 AlE/PROO. 

INTO. P3.2 12 29 PSEN. 

INTh P3.3 13 28 P2.7 A15 

TO P3.4 14 27 P2.6 A14 

T1 P3.S 15 26 P2.S Al3 

WR. P3.6 16 25 P2.4 A12 

RD. P3.7 17 24 P2.3 All 

XTAL2 18 23 P2.2 AlO 

XTAL1 19 22 P2.1 A9 

V SS 20 21 P2.0 AS 

ORDERING INFORMATION 

DS5000T XX XX 

L Speed Grade 

12 12 MHz 
16 16 MHz 

Program/Data RAM 

8 8 Kbytes 
32 32 Kbytes 

internal Embedded RAM address/data bus. 
As a result, it may be accessed by software as 
if it were Embedded Data RAM using the 
-LOX" set of instructions. Accesses to the 
real-time clock take place with no effect on 
I/O port pins. 
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Nonvolatile Static RAM 
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I; Dallas Semiconductor 
16K Nonvolatile Static RAM 

FEATURES 
• Data retention in the absence of Vee 

• Data is automatically protected dur
ing power loss 

• Directly replaces 2K x 8 volatile static 
RAM or EEPROM 

• Unlimited write cycles 

• eMOS - low power operation 

• Over 10 years of data retention 

• Standard 24-pin JEDEe pinout 

• Available in either 150 or 200 ns read 
access time 

• Read cycle time equals write cycle 
time 

• Optional 5% and 10% operating 
range 

PIN CONNECTIONS 

PIN NAMES 
AO-A10 - Address Inputs 
CE - Chip Enable 
GND - Ground 

DS1220AB 
DS1220AD 

• Optional industrial temperature range 
of -40 oe to +85°e, designated IND 

000-007 - Data In/Data Out 
Vce - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 

DESCRIPTION 
The DS1220AB and DS1220AD are 16,384-bit, fully static, nonvolatile RAMs organized as 2048 
words by 8 bits. Each nonvolatile static RAM has a self-contained lithium energy source and 
control circuitry which constantly monitors Vee for an out of tolerance condition. When such 
a condition occurs, the lithium energy source is automatically switched on and write protec
tion is unconditionally enabled to prevent garbled data. The nonvolatile static RAM can be 
used in place of existing 2K x 8 static RAM directly conforming to the popular byte wide 24 pin 
DIP standard. The DS1220AB also matches the pinout of the 2716 EPROM or the 2816 EEPROM 
allowing direct substitution while enhancing performance. There is no limit on the number of 
write cycles which can be executed and no additional support circuitry is required for micro
processor interface. 
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OPERATION 

READ MODE 
The DS1220AB and DS1220AD execute a read cycle whenever WE (Write Enable) is inactive 
(high) and CE (Chip Enable) is active (low). The unique address specified by the 11 address in
puts (AO-A10) defines which of the 2048 bytes of data is to be accessed. Valid data will be 
available to the eight data output drivers within tACC (Access Time) after the last address in
put signal is stabl~rovidir!.gJhat CE (Chip Enable) and OE (Output Enable) access times are 
also satisfied. If OE and CE access times are not satisfied, then data access must be 
measured from the later occurring signal (CE or OE) and the limiting parameter is either tco 
for CE or tOE for OE rather than address access. 

WRITE MODE 
The DS1220AB and DS1220AD are in the write mode whenever the WE and CE signals are in 
the active (low) state after address inputs are stable. The latter occurring falling edge of CE or 
WE will determine the start of the write cycle. The write cycle is terminated by the earlier rising 
edge of CE or WE. All address inputs must be kept valid throughout the write cycle. WE must 
return to thej}igh state for a minimum recovery time (tWR) before another cycle can be in
itiated. The OE control signal should be kept inactive (high) during write cycles to avoid bus 
contention. However, if the output bus has been enabled (CE and OE active) then WE will 
disable the outputs in tODW from its falling edge. 

DATA RETENTION MODE 
The DS1220AB provides full functional capability for VCC greater than 4.75 volts and write pro
tects by 4.5V. The DS1220AD provides full functional capability for VCC greater than 4.5 volts 
and write protects by 4.25V. Data is maintained in the absence of VCC without any additional 
support circuitry. The nonvolatile static RAM constantly monitors VCC. Should the supply volt
age decay, the RAM will automatically write protect itself and all inputs to the RAM become 
"don't care" and all outputs are high impedance. As VCC falls below approximately 3.0 volts, 
the power switching circuit connects the lithium energy source to RAM to retain data. During 
power-up, when VCC rises above approximately 3.0 volts, the power switching circuit connects 
external VCC to the RAM and disconnects the lithium energy source. Normal RAM operation 
can resume after VCC exceeds 4.5 volts for the DS1220AD and 4.75 volts for the DS1220AB. 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS 

PARAMETER SYMBOL MIN 

OS1220AB Power 
VCC 4.75 Supply Voltage 

OS1220AO Power 
VCC 4.50 Supply Voltage 

Input Logic 1 VIH 2.2 

Input Logic 0 VIL -0.3 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Leakage 
IlL -1.0 Current 

1/0 Leakage Current ILO -5.0 

Output Current 
10H -1.0 @ 2.4V 

Output Current 
10L 2.0 @ 0.4V 

Standby Current 
CE=2.2V 100S1 

Standby Current 
100S2 CE = VCC-0.5V 

Operating Current 10001 
Write Protection 

VTP 4.5 Voltage (OS1220AB) 
Write Protection 

VTP 4.25 Voltage (OS1220AO) 
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TYP MAX UNITS NOTES 

5.0 5.25 V 

5.0 5.50 V 

VCC+0.3 V 

+0.8 V 

(O°C to 70°C, VCC = 5V ± 10% for OS1220AO) 
(0 °c to 70°C, VCC = 5V ± 5% for OS1220AB) 

TYP MAX UNITS NOTES 

+1.0 uA 

+5.0 uA 

rnA 

rnA 

3.0 5.0 rnA 

5.0 10.0 rnA 

75 rnA 

4.62 4.75 V 

4.37 4.5 V 



CAPACITANCE (tA=25°C) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 5 10 pF Capacitance 

Input/Output 
ClIO 5 10 pF Capacitance 

(O°C to 70°C, VCC=5.0V±10% for DS1220AD) 
A.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, V CC = 5.0V ± 5% for OS 1220AB) 

DS1220AD·150 DS1220AD·200 
DS1220AB·150 DS 1220AB·200 

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES 

Read Cycle Time tRC 150 200 ns 

Access Time tACC 150 200 ns 

OE to Output Valid tOE 70 100 ns 

CE tc Output Valid tco 150 200 ns 

OE or CE to 
tCOE 10 10 ns Output Active 

Output High Z 
from Deselection too 70 100 ns 

Output Hold From 
tOH 10 10 ns Address Change 

Write Cycle Time twc 150 200 I'!S 

Write Pulse Width twp 100 150 ns 3 

Address 
tAW 0 0 ns Set Up Time 

Write 
tWR 10 10 ns Recovery Time 

OutpujJ:::figh Z 
tODW 70 80 ns From WE 

Output Active 
tOEW 10 10 ns From WE 

Data Setup Time tDS 60 90 ns 4 

Data Hold Time tDH 20 20 ns 4,5 
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READCYCLB(1) 

DOUT 

WRITE CYCLE 1 (2), (8), (7) 

DOUT 

DIN 

WRITE CYCLB 2 (2), (8) 

CE; 

DOUT 

DIN 
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leo 

VIL 

leOE 

leOE 

IOE 

Re 

VOH OUTPUT 
VOL DATA VALID 

IWP 

VIL 

V,L 

IDS 

V,H 

VIL 



POWER·DOWNIPOWER·UP CONDITION 

VCC---__. 

DS1220AB 4.75V __ _ 

DS1220AD 4.5V 

3.2V __ 

LEAKAGE CURRENT 
IL SUPPLIED FROM 
LITHIUM CELL 

CE I I 
------'~---->., ~-...... ~~---I_. ___ D_AT_A_RETENT_IO_N_TI_ME ___ .I 

- tOR 

POWER·DOWNIPOWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 us 

tF VCC slew from 4.75V to OV (CE at VIH) 300 us DS1220AB 

tF VCC slew from 4.5V to OV (CE at VIH) 300 us DS1220AD 

tR VCC slew from OV to 4.75V (CE at VIH) 0 us DS1220AB 

tR VCC slew from OV to 4.5V (CE at VIH) 0 us DS1220AD 

tREC CE at VIH after Power-Up 2 125 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tOR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES: 
1:WE is high for a Read Cycle. 

2. OE=VIH or VIL. If OE';VIH during write cycle, the output buffers remain in a high imped
ance state. 

3. twp is specified as the logical "AN 12: of CE and WE. _ _ 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then tOH = 
20ns. 

6. If the CE low transition occurs Simultaneously with or latter from the WE low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the' WE high transition in 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low tran~ 
sition, the output buffers remain in high impedance state in this period. 

9. Each OS1220AB is marked with a 4-digit date code AABB. AA designates the year of manu-
facture. BB deSignates the week of manufacture. The expected tOR is defined as starting at 
the date of manufacture. 

D.C. TEST CONDITIONS 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. TEST CONDITIONS 
Output Load: 100pF + HTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 

Input: 1.5V 
Output: 1.5V 

Input Pulse Rise and Fall Times: 5 ns 
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--- ----- -~-------- ----- -----

DS1220AD 
DS1220AB 
Nonvolatile RAM 
24rr========~ 

CD 
1~============~ 

F=====:::::0113 

,========::::::!.J12 

11 __ --A-_·I 

L..J 

T 
c 

"L- _. 

F 
~ 

-+D -I/-K I -I G-

_. ___ 11 Equal Spaces at __ .1 
.100± .010 (TNA) 

DIM. 
INCHES 

MIN. MAX. 

A 1.320 1.340 

B .695 .720 

C .395 .410 

D .090 .130 

E .020 .030 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 

K .015 .021 

1 I-.---H---I·I 
I~-------B------I 
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I; Dallas Semiconductor 
18K Nonvolatile Static RAIt 

FEATURES 
• Data retention in the absence of VCC 

• Data is automatically protected dur
ing power loss 

• Directly replaces 2K x8 volatile static 
RAM or EEPROM 

• Unlimited write cycles 

• CMOS - low power operation 

• Over 10 years of data retention 

• Standard 24-pin JEDEC pinout 

• Available in either 150 or 200 ns read 
access time 

• Read cycle time equals write cycle 
time 

• Full ± 10% operating range 

• Optional industrial temperature range 
of -40°C to + 85°C, designated IND 

DESCRIPTION 

PIN CONNECTIONS 

A, Vee 
Ao Ao 
As Ao 
A, We 
A. DE 
A, A'D 
A, CE 
AD DO, 

DOD DO. 

DO, DO, 

DO, DO, 

GND DO. 

PIN NAMES 
AO-A10 - Address Inputs 
CE - Chip Enable 
GND - Ground 
DOO-D07 - Data In/Data Out 
VCC - Power (+ 5V) 
WE' - Write Enable 
OE - Output Enable 

DS1220Y 

The DS1220Y is a 16,384 bit fully static nonvolatile RAM organized as 2048 words by 8 bits. 
The nonvolatile memory has a self-contained lithium energy source and control circuitry 
which constantly monitors VCC for an out of tolerance condition. When such a condition oc
curs, the lithium energy source is automatically switched on and write protection is uncondi
tionally enabled to prevent garbled data. The nonvolatile static RAM can be used in place of 
existing 2K x 8 static RAM directly conforming to the popular byte wide 24 pin DIP standard. 
The DS1220Y also matches the pinout of the 2716 EPROM or the 2816 EEPROM allowing 
direct substitution while enhancing performance. There is no limit on the number of. write 
cycles which can be executed and no additional support circuitry is required for micro
processor interface. 
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OPERATION 

READ MODE 
The DS1220Y executes a read cycle whenever WE (Write Enable) is inactive (high) and CE 
(Chip Enable) is active (low). The unique address specified by the 11 address inputs (AO-A10) 
defines which of the 2048 bytes of data is to be accessed. Valid data will be available to the 
eight data output drivers within tACC (Acc~ Time) after the last address input signal is 
stable, Qrovidingjhat CE (Chip Enable) and OE (Output Enable) access times are also satis
fied. If DE and CE access times are not satisfied, then data access must be measured from 
the later occurring signal (CE or OE) and the limiting parameter is either tco for CE or tOE 
for OE rather than address access. 

WRITE MODE 
The DS1220Y is in the write mode whenever the WE and CE signals are in the active (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of CE 
or WE. All address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (high) durin~rite cycles to avoid bus contention. 
However, if the output bus has been enabled (CE and OE active) then WE will disable the out
puts in tODW from its falling edge. 

DATA RETENTION MODE 
The nonvolatile static RAM provides full functional capability for VCC greater than 4.5 volts 
and write protects at 4.25 nominal. Data is maintained in the absence of VCC without any ad
ditional support circuitry. The DS1220Y constantly monitors VCC. Should the supply voltage 
decay, the RAM will automatically write protect itself and all inputs to the RAM become 
"don't care" and all outputs are high impedance. As VCC falls below approximately 3.0 volts, 
the power switching circuit connects the lithium energy source to RAM to retain data. During 
power-up, when VCC rises above approximately 3.0 volts, the power switching circuit con
nects external VCC to the RAM and disconnects the lithium energy source. Normal RAM 
operation can resume after VCC exceeds 4.5 volts. 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7V 
Operating Temperature 0 °C to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply Voltage VCC 4.5 5.0 5.5 V 

Input Logic 1 VIH 2.2 VCCI+0.3 V 

Input Logic 0 VIL -0.3 +0.8 V 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage 
IlL -1.0 + 1 .. 0 uA Current 

I/O Leakage Current ILO -5.0 +5.0 uA 

Output Current 
IOH -1.0 -2.0 mA @ 2.4V 

Output Current 
10L 2.0 mA @ O.4V 

Standby Current 
100S1 3.0 7.0 mA CE=2.2V r 

Standby Current 
CE = VCC - 0.5V 100S2 2.0 4.0 mA 

Operating Current 10001 75 mA 

Write Protection 
VTP 4.25 V Voltage 
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CAPACITANCE (tA=25'C) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input CIN 5 10 pF Capacitance 
InpuVOutput CliO 5 10 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0'Cto70'C, VCC = 5.0V±10%) 

DS1220Y·150 DS1220Y·200 

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES 

Read Cycle Time tRC 150 200 ns 

Access Time tACC 150 200 ns -
OE to Output Valid tOE 70 100 ns 

CE to Output Valid tco 150 200 ns 

OE or CE to 
tCOE 10 10 ns Output Active 

._-

Output High Z 
from Deselection too 70 100 ns 

Output Hold From 
tOH 10 10 ns Address Change 

Write Cycle Time twc 150 200 ns 

Write Pulse Width twp 100 170 ns 3 

Address 
tAW 0 0 ns Set Up Time 

Write 
tWR Recovery Time 10 10 ns 

Output High Z 
tODW 70 80 ns From WE 

Output Active 
tOEW 10 10 ns From WE 

Data Setup Time tDS 60 90 ns 4 

Data Hold Time 
tDH 20 20 ns 4,5 
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READ CYCLE (1) 
tRC 

tco 

tOE 

tCOE 

tCOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (8), (7) 
twc 

VIL VIL 

twp 

VIL VIL 

"....,......,......,..--..--:......--x--r--Y~~I-
High Impedance 

DOUT 

________________________ ~~H!~ ~JtI~rH-----------

-------------------------.... )<.l. DATA IN STABLE J?\ 
VIL VIL '-------

WRITE CYCLE 2 (2), (8) 
twc 

DOUT 

DIN 
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POWER·DOWNI POWER·UP .CONDITION 

VCC---"""'\ 

4.50V 

3.2V __ 

CE I I 
___ --J~--~ 'r---...... ~~ __ _ 

Leakage Current I. DATA RETENTION TIME .1 
tOR 

IL supplied from 
lithium cell 

POWER·DOWNIPOWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 J.lS 

tF VCC slew from 4.5V to OV (CE at VIH) 100 J.lS 

-
tR VCC slew from OV to 4.5V (CE at VIH) 0 J.lS 

-
tREC CE at VIH after Power Up 2 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high imped
ance state. 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then tOH = 
20ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the WE high transition in 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low tran
sition, the output buffers remain in high impedance state in this period. 

9. Each OS1220Y is marked with a 4-digit date code AABB. AA designates the year of manufac
ture. BB designates the week of manufacture. The expected tOR is defined as starting at the 
date of manufacture. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5 ns 
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DS1220Y 
Nonvolatile RAM 
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8 .695 .720 
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1---------8-------1 
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I; Dallas Semiconductor 
64K Nonvolatile Static RAM 

FEATURES PIN CONNECTIONS 
• Data retention in the absence of VCC 

• Data is automatically protected dur
ing power loss 

• Directly replaces 8K x 8 volatile static 
RAM or EEPROM 

• Unlimited write cycles 

• CMOS - low power operation 

• Over 10 years of data retention 

• Standard 28-pin JEDEC pinout 

• Available in either 170 or 200 ns read 
access time 

• Read cycle time equals write cycle 
time 

• Optional 5% and 10% operating 
range 

• Optional industrial temperature range 
of -40°C to +85°C, designated IND 

DESCRIPTION 

NC VCC 
A12 ~ 

A7 NC 
A6 AS 
A5 Ag 
A4 All 
A3 Of 
A2 Al0 
A1 rn: 
AO 

DOo 
D01 
D02 
GND 

PIN NAMES 
AO-A12 - Address Inputs 
CE - Chip Enable 
GND - Ground 
DOO-DO? - Data In/Data Out 
VCC - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 
NC - No Connect 

DS1225AB 
DS1225AD 

The DS1225AB and DS1225AD are 65,536-bit, fully static, nonvolatile RAMs organized as 
8192 words by 8 bits. Each nonvolatile static RAM has a self-contained lithium energy 
source and control circuitry which constantly monitors VCC for an out-of-tolerance condi
tion. When such a condition occurs, the lithium energy source is automatically switched on 
and write protection is unconditionally enabled to prevent garbled data. The nonvolatile 
static RAM can be used in place of existing 8K x8 static RAM directly conforming to the 
popular byte wide 28-pin DIP standard. The DS1225AB also matches the pinout of the 2764 
EPROM or the 2864 EEPROM allowing direct substitution while enhancing performance. 
There is no limit on the number of write cycles which can be executed and no additional sup
port circuitry is required for microprocessor interface. 
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OPERATION 

READ MODE 
The DS1225AB and DS1225AD execute a read cycle whenever WE (Write Enable) Is inactive 
(high) and CE (Chip Enable) is active (low). The unique address specified by the 13 address in
puts (AO-A12) defines which of the 8192 bytes of data is to be accessed. Valid data will be 
available to the eight data output drivers within tACC (Access Time) after the last address in
put signal is stable, RrovidinQ..!!'lat CE (Chip Enable) and OE (Output Enable) access times 
are also satisfied. If OE and CE access times are not satisfied, then data access must be 
measured from th~ter occurring signal (CE or OE) and the limiting parameter is either tco 
for CE or tOE for OE rather than address access. 

WRITE MODE 
The DS1225AB and DS1225AD are in the write mode whenever the WE and CE signals arel!:! 
the active (low) state after address inputs are stable. The latter occurring falling edge of CE 
or WE will determine the start of the write cycle. The write cycle is terminated by the earlier 
rising edge of CE or WE. All address inputs must be kept valid throughout the write cycle. 
WE must return to the high state for a minimum recovery time (tWR) before another cycle can 
be initiated. The OE control signal should be kept inactive (hig.!}1 during write cycles to avoid 
bus contention. However, if the output bus has been enabled (CE and O£ active) then WE will 
disable the outputs in tODW from its falling edge. 

DATA RETENTION MODE 
The DS1225AB provides full functional capability for VCC greater than 4.75 volts and write 
protects by 4.5V. The DS1225AD provides full functional capability for VCC greater than 4.5 
volts and write protects by 4.25 volts. Data is maintained in the absence of VCC without any 
additional support circuitry. The nonvolatile static RAM constantly monitors VCC. Should 
the supply voltage decay, the RAM will automatically write protect itself and all inputs to the 
RAM become "don't care" and all outputs are high impedance. As VCC falls below approx
imately 3.0 volts, the power switching circuit connects the lithium energy source to RAM to 
retain data. During power-up, when VCC rises above approximately 3.0 volts, the power 
switching circuit connects external VCC to the RAM and disconnects the lithium energy 
source. Normal RAM operation can resume after VCC exceeds 4.5 volts for the DS1225AD 
and 4.75 volts for the DS1225AB. 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to + 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN 

DS1225AB Power 
VCC 4.75 Supply Voltage 

DS1225AD Power 
VCC 4.50 Supply Voltage 

Input Logic 1 VIH 2.2 

Input Logic 0 VIL -0.3 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Leakage Current IlL -1.0 

I/O Leakage Current ILO -1.0 

Output Current @2.4V 10H -1.0 

Output Current @0.4V IOL 2.0 

Standby Current 
CE=2.2V ICCS1 

Standby Current 
CE = VCC-0.5V ICCS2 

Operating Current ICC01 

Write Protection 
VTP 4.5 Voltage (DS1225AB) 

Write Protection 
VTP 4.25 Voltage (DS1225AD) 
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TYP MAX UNITS NOTES 

5.0 5.25 V 

5.0 5.5 V 

VCC+0.3 V 

+0.8 V 

(O°C to 70°C, VCC = 5V ± 10% for DS1225AD) 
(O°C to 70°C, VCC = 5V ± 5% for DS1225AB) 

TYP MAX UNITS NOTES 

+1.0 uA 

+1.0 uA 

mA 

mA 

3.0 5.0 mA 

5.0 10.0 mA 

50 mA 

4.62 4.75 V 

4.37 4.5 V 



CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL TYP. MAX UNITS NOTES 

Input CIN 5 10 pF Capacitance 
Input/Output CliO 5 10 pF Capacitance 

(O°C to 70°C, VCC=5.0V± 10% for OS1225AO) 
A.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 5.0V ± 5% for OS 1225AB) 

DS1225AD·170 DS1225AD·200 
DS1225AB·170 DS1225AB·200 

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES 

Read Cycle Time tRC 170 200 ns 

Access Time tACC 170 200 ns -OE to Output Valid tOE 80 100 ns 

CE to Output Valid tco 170 200 ns 

OE or CE to 
tCOE 10 10 ns Output Active 

Output High Z 
from Deselection too 70 100 ns 

Output Hold From 
tOH 10 10 ns Address Change 

Write Cycle Time twc 170 200 ns 

Write Pulse Width twp 120 150 ns 3 

Address 
tAW 0 0 ns Set Up Time 

Write 
tWR 10 10 ns Recovery Time 

Outpu11:::!.igh Z 
tODW 70 80 ns From WE 

Output Active 
tOEW 10 10 ns From WE 

Data Setup Time tDS 70 80 ns 4 

Data Hold Time tDH 0 0 ns 4,5 
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READ CYCLE (1) 
IRC 

IOE 

ICOE 

OOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (8), (7) 
IWC 

IWP 

VIL VIL 

r-r--r-T~""""""'-r-"'IP--.--;.....;.I-High Impedance 

DOUT 

___________________________ ~,Hl~ ~J:I~r_----------
-------------------------)<.1. DATA IN STABLE K 

VIL VIL '-------

WRITE CYCLE 2 (2), (8) 

DOUT 
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POWER·DOWNI POWER·UP CONDITION 

VCC---"""\ 

DS1225AB4.75V - - -
DS1225AD4.50V 

3.2V __ 

CE--..J 
I I 
1/'-----'11) ''1-) __ . I 

LEAKAGE CURRENT ________ 7 "'\l~. ____ _ 
IL SUPPLIED FROM I DATA RETENTION TIME I 
LITHIUM CELL • tDR • 

POWER·DOWN/POWER·UP TIMINO 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 us 

tF VCC slew from 4.75V to OV (CE at VIH) 300 us DS1225AB 

tF VCC slew from 4.5V to OV (CE at VIH) 300 us DS1225AD 

tR VCC slew from OV to 4.75V (CE at VIH) 0 us DS1225AB 

tR VCC slew from OV to 4.5V (CE at VIH) 0 us DS1225AD 

tREC CE at VIH after Power-Up 2 125 ms 

(tA = 25°C) 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNINO: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im
pedance state. 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then 
tOH =20 ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in 
a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the CE low transition, the 
output buffers remain in high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each OS1225AB is marked with a 4-digit date code AABB. AA designates the year of manu
facture. BB designates the week of manufacture. The expected tOR is defined as starting 
at the date of manufacture. 

D.C. TEST CONDITIONS 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. TEST CONDITIONS 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 

Input: 1.5V 
Output: 1.5V 

Input Pulse Rise and Fall Times: 5ns 
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DS1225AD 
DS1225AB 
64K Nonvolatile RAM 
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I; Dallas Semiconductor 
84K Nonro/afileSfaficRAAf DS1225Y 

FEATURES PIN CONNECTIONS 
• Data retention in the absence of VCC 

• Data is automatically protected dur
ing power loss 

• Directly replaces 8K x 8 volatile static 
RAM or EEPROM 

• Unlimited write cycles 

• CMOS - low power operation 

• Over 10 years of data retention 

• Standard 28-pin JEDEC pinout 

• Available in either 170 or 200 ns read 
access time 

• Read cycle time equals write cycle 
time 

• Full ± 10% operating range 

• Optional industrial temperature range 
of -40°C to +~5°C, deSignated IND 

DESCRIPTION 

NC Vcc 
A'2 WE 
A, NC 
A. A, 

A, 

Al1 
A, OE 

A2 AlO 
A, CE 
A, DO, 

DO, DO. 
DO, DO, 

DO. 
DO, 

PIN NAMES 
AO-A12 - Address Inputs 
CE - Chip Enable 
GND - Ground 
000-007 - Data In/Data Out 
VCC - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 
NC - No Connect 

The DS1225Y is a 65,536-bit, fuUy static, nonvolatile RAM organized as 8192 words by 8 bits. 
The nonvolatile memory has a self-contained lithium energy source and control circuitry 
which constantly monitors VCC for an out-of-tolerance condition. When such a condition oc
curs, the lithium energy source is automatically switched on and write protection is uncondi
tionally enabled to prevent garbled data. The nonvolatile static RAM can be used in place of 
existing 8K x 8 static RAM directly conforming to the popular byte wide 28-pin DIP standard. 
The DS1225Y also matches the pinout of the 2764 EPROM or the 2864 EEPROM allowing 
direct substitution while enhancing performance. There is no limit on the number of write 
cycles which can be executed and no additional support circuitry is required for 
microprocessor interface. 
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------------ --------------------

OPERATION 

READ MODE 
The DS1225Y executes a read cycle whenever WE (Write Enable) is inactive (high) and CE 
(Chip Enable) is active (low). The unique address specified by the 13 address inputs (AO-A12) 
defines which of the 8192 bytes of data is to be accessed. Valid data wi" be available to the 
eight data output drivml' within tACC (Acc~ Time) after the last address input signal is 
stable, Q!9vidingJhat CE (Chip Enable) and OE (Output Enable) access times are also satis
fied. If OE and CE access times are not satisfied, then data access must be measured from 
the later occurring signal (CE or OE) and the limiting parameter is either tco for CE or tOE 
for OE rather than address access. 

WRITE MODE 
The DS1225Y is in the write mode whenever the WE and CE signals are in th~ctive (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE wi" deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of CE 
or WE. A" address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (hig.!:!Ldurin9.!Vrite cycles t2..!void bus contention. 
However, if the output bus has been enabled (CE and OE active) then WE wi" disable the out
puts in tODW from its falling edge. 

DATA RETENTION MODE 
The nonvolatile static RAM provides full functional capability for VCC greater than 4.5 volts 
and write protects at 4.25 nominal. Data is maintained in the absence of VCC without any ad
ditional support circuitry. The DS1225Y constantly monitors VCC. Should the supply voltage 
decay, the RAM wi" automatically write protect itself and a" inputs to the RAM become 
"don't care" and a" outputs are high impedance. As VCC falls below approximately 3.0 volts, 
the power switching circuit connects the lithium energy source to RAM to retain data. During 
power-up, when VCC rises above approximately 3.0 volts, the power switching circuit con
nects external VCC to the RAM and disconnects the lithium energy source. Normal RAM 
operation can resume after VCC exceeds 4.5 volts. 
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ABSOLUTE MAXIMUM RATINOS* 
Voltage on any Pin Relative to Ground ·0.3V to + 7.0V 
Operating Temperature O·C to 70·C 
Storage Temperature ·40·C to + 70·C 
Soldering Temperature 260·C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con· 
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. . 

RECOMMENDED D.C. OPERATING CONDITIONS (O·C to 70 ·C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply Voltage VCC 4.5 5.0 5.5 V 

Input Logic 1 VIH 2.2 VCC+0.3 V 

Input Logic 0 VIL -0.3 +0.8 V 

D.C. ELECTRICAL CHARACTERISTICS (O·C to 70·C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage Current IlL -1.0 + 1.0 uA 

I/O Leakage Current ILO -1.0 + 1.0 uA 

Output Current @2.4V 10H -1.0 mA 

Output Current @O.4V 10L 2.0 mA 

Standby Current 
ICCS1 3.0 7.0 mA CE=2.2V 

Standby Current 
ICCS2 2.0 4.0 mA CE = VCC - 0.5V 

Operating Current ICC01 50 mA 

Write Protection 
VTP 4.25 V Voltage 
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CAPACITANCE 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 5 10 pF Capacitance 

Input/Output 
CliO 5 10 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (O·C to 70 'c, VCC = 5.0V ± 10 %) 

DS1225Y·170 DS1225Y·200 

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES 

Read Cycle Time tRC 170 200 ns 

Access Time tACC 170 200 ns 

OE to Output Valid tOE 80 100 ns 

CE to Output Valid tco 170 200 ns 

OE or CE to 
tCOE 10 10 ns Output Active 

Output High Z 
from Deselection tOD 70 100 ns 

Output Hold From 
tOH 10 10 ns Address Change 

Write Cycle Time twc 170 200 ns 

Write Pulse Width twp 120 150 ns 3 

Address 
tAW 0 0 ns Set Up Time 

Write 
tWR 10 10 ns Recovery Time 

Outpu!....t:!.igh Z 
tODW 70 80 ns From WE 

Outpu!.Active 
tOEW 10 10 ns From WE 

Data Setup Time tDS 70 80 ns 4 

Data Hold Time tDH 0 0 ns 4,5 
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READ CYCLE (1) 
tRC 

Dour VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (e), (7) 
twc 

VIL 

twP 

VIL 

High Impedance 

DOUl 

DIN 

~IH.l~ ~.rl~ 
---------------.I\L DATA IN STABLE J?\ _______ _ 
--------------' VIL VIL 

WRITE CYCLE 2 (2), (8) 

CE 
twp 

VIL 

WE VIL 

DOUl 

VIH 

DIN 
VIL 
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POWER·DOWNIPOWER·UP CONDITION 

VCC---"""'\ 

4.50V 

3.2V __ 

I I 
y~---'I~-~ 

Leakage Current-------JI. DATA RETENTION TIME .:0-1-----
tOR 

IL supplied from 

CE--..J 

lithium cell 

POWER·DOWNI POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tpD CE at VIH before Power Down 0 IJS 

tF VCC slew from 4.5V to OV (CE at VIH) 100 IJs 

-
tR VCC slew from OV to 4.5V (CE at VIH) 0 IJs 

tREC CE at VIH after Power Up 2 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im· 
pedance state. 

3. twp is specified as the logical "AND" of CE and WE. _ _ 
twp is measured from the latter of CE or WE going low to the earlier of CEor WE going high. 

4. tDH, tDS are measured from the earlier of CE or WE going high. 

5. tDH is measured from WE going high. If CE is used to terminate the write cycle then 
tDH =20 ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in 
a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with theWE low transition, the 
output buffers remain in high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each DS1225Y is marked with a 4-digit date code AABB.AAdesignates the year of manu
facture. BB designates the week of manufacture. The expected tDR is defined as starting 
at the date of manufacture. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5ns 
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DS1225Y 
84K Non"o/atile RAM 
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Dallas Semiconductor 
256K Nonvolatile Static RAM 

FEATURES 
• Data retention in the absence of VCC 

• Data is automatically protected dur
ing power loss 

• Directly replaces 32K x 8 volatile 
static RAM or EEPROM 

• Unlimited write cycles 

• CMOS - low power operation 

• Over 10 years of data retention 

• Standard 28-pin JEDEC pinout 

• Available in either 55, 70, or 100 ns 
read access time 

• Read cycle time equals write cycle 
time 

• Optional ± 5% and ± 10% operating 
range 

• Optional industrial temperature range 
of -40°C to +85°C, designated IND 

DESCRIPTION 

[pl1Rl~l\J~~ rNJ~IRlW 

DS1230Y 
DS1230AB 

PIN CONNECTIONS 

A14 

A12 

A7 

A6 

A5 
A4 

A3 

A2 

Al 

AO 
DOo 11 

DOl 
D02 13 
GND 

PIN NAMES 
AO-A14 - Address Inputs 
CE - Chip Enable 
GND - Ground 
DOO-D07 - Data In/Data Out 
VCC - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 

The DS1230AB and DS1230Y are 262,144-bit, fully static, nonvolatile RAMs organized as 
32,768 words by 8 bits. Each nonvolatile static RAM has a self-contained lithium energy 
source and control circuitry which constantly monitors VCC for an out-of-tolerance condi
tion. When such a condition occurs, the lithium energy source is automatically switched on 
and write protection is unconditionally enabled to prevent garbled data. The nonvolatile 
static RAM can be used in place of existing 32K x 8 static RAM directly conforming to the 
popular byte wide 28-pln DIP standard. The DS1230AB also matches the pinout of the 28256 
EEPROM allowing direct substitution while enhancing performance. There is no limit on the 
number of write cycles which can be executed and no additional support circuitry is required 
for microprocessor interface. 
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OPERATION 

READ MODE 
The DS1230AB and DS1230Y execute a read cycle whenever WE (Write Enable) is inactive 
(high) and CE (Chip Enable) is active (low). The unique address specified by the 15 address in
puts (AO-A14) defines which of the 32,768 bytes of data is to be accessed. Valid data will be 
available to the eight data output drivers within tACC (Access Time) after the last address in
put signal is stable, J;>rovidinQJ..hat CE (Chip Enable) and OE (Output Enable) access times 
are also satisfied. If OE and CE access times are not satisfied, then data access must be 
measured from the later occurring signal (CE or OE) and the limiting parameter is either tco 
for CE or tOE for OE rather than address access. 

WRITE MODE 
The DS1230AB and DS1230Y are in the write mode whenever the WE and CE signals areJ.!! 
the active (low) state after address inputs are stable. The latter occurring falling edge of CE 
or WE will determine the start of the write cycle. The write cycle is terminated by the earlier 
rising edge of CE or WE. All address inputs must be kept valid throughout the write cycle. 
WE must return to the high state for a minimum recovery time (tWR) before another cycle can 
be initiated. The OE control signal should be kept inactive (hiQ!!l durinJLwrite cycles to avoid 
bus contention. However, if the output bus has been enabled (CE and OE active) then WE will 
disable the outputs in tODW from its falling edge. 

DATA RETENTION MODE 
The DS1230AB provides full functional capability for VCC greater than 4.75 volts and write 
protects by 4.5V. The DS1230Y provides full functional capability for VCC greater than 4.5 
volts and write protects by 4.25 volts. Data is maintained in the absence of VCC without any 
additional support circuitry. The nonvolatile static RAM constantly monitors VCC. Should 
the supply voltage decay, the RAM will automatically write protect itself and all inputs to the 
RAM become "don't care" and all outputs are high impedance. As VCC falls below approx
imately 3.0 volts, the power switching circuit connects the lithium energy source to RAM to 
retain data. During power-up, when VCC rises above approximately 3.0 volts, the power 
switching circuit connects external VCC to the RAM and disconnects the lithium energy 
source. Normal RAM operation can resume after VCC exceeds 4.5 volts for the DS1230Y and 
4.75 volts for the DS1230AB. 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O·C to 70·C 
Storage Temperature -40·C to + 70·C 
Soldering Temperature 260·C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 ·C to 70·C) 

PARAMETER SYMBOL MIN 

DS1230AB Power 
VCC 4.75 Supply Voltage 

DS1230Y Power 
VCC 4.50 Supply Voltage 

Input Logic 1 VIH 2.2 

Input Logic 0 VIL -0.3 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Leakage Current IlL -1.0 

I/O Leakage Current ILO -1.0 

Output Current @2.4V 10H -1.0 

Output Current @0.4V 10L 2.0 

Standby Current 
CE=2.2V ICCS1 

Standby Current 
CE' VCC - 0.5V ICCS2 

Operating Current ICC01 
Write Protection 

VTP 4.5 Voltage (DS1230AB) 
Write Protection 

VTP 4.25 Voltage (DS1230Y) 
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TYP MAX UNITS NOTES 

5.0 5.25 V 

5.0 5.5 V 

VCC+0.3 V 

+0.8 V 

(O·C to 70·C, VCC = 5V ± 10% for DS1230y) 
(0·Ct070·C, VCC=5V±5% for DS1230AB) 

TYP MAX UNITS NOTES 

+1.0 uA 

+1.0 uA 

mA 

mA 

3.0 5.0 mA 

15 mA 

120 mA 

4.62 4.75 V 

4.37 4.5 V 



CAPACITANCE 

PARAMETER SYMBOL 

Input 
CIN Capacitance 

Input/Output 
ClIO Capacitance 

A.C. ELECTRICAL CHARACTERISTICS 

DS1230Y·55 
DS1230AB·55 

PARAMETER SYMBOL MIN MAX 

Read Cycle Time tRC 45 

Access Time tco 45 

OE to Output Valid tOE 20 

CE to Output Valid tco 45 

OE or CE to 
tCOE 5 Output Active 

Output High Z 
too 15 From Deselection 

Output Hold From 
tOH 10 Address Change 

Write Cycle Time twc 45 

Write Pulse Width twp 25 

Address 
tAW 0 Set·Up Time 

Write 
tWR 0 Recovery Time 

Outpu1..!:::!igh Z 
tODW 20 From WE 

Outpu1.Active 
tOEW 5 From WE 

Data Set·Up Time tDS 40 

Data Hold Time 
tDH 0 From WE 

(tA = 25°C) 

TYP MAX UNITS NOTES 

5 10 pF 

5 10 pF 

(O°C to 70°C, VCC=5.0V± 10% for DS1230Y) 
(O°C to 70°C, VCC =5.0V ± 5% for DS1230AB) 

DS1230Y·70 DS1230Y·100 
DS1230AB·70 DS1230AB·100 

MIN MAX MIN MAX UNITS NOTES 

70 100 ns 

70 100 ns 

30 50 ns 

70 100 ns 

5 5 ns 

30 35 ns 

10 10 ns 

70 100 ns 

55 75 ns 3 

0 0 ns 

0 0 ns 

30 35 ns 

5 5 ns 8 

40 40 ns 4 

0 0 ns 4,5 

167 

-



READ CYCLE (1) 
tRC 

tco 

tOE 

tCOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (8), (7) 
twc 

VIL 

IWP 

V'L V,L 

DOUT 

DIN 
~Hi~ ~J:I~r--------------------------------------)<,b DATA IN STABLE J?\~ ________ __ 

---------.,---------- VIL V,L 

WRITE CYCLE 2 (2), (8) 
twc 

CE 
twp 

V,L 

WE V,L 

DOUT 
tDS 

V,H 

DIN 
V,L 
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POWER·DOWN/POWER·UP CONDITION 

VCC ---,""" 

DS1230AB 4.75V 
DS1230Y 4.50V 

3.2V __ 

I I 
~--~ ',--------'~~---

Leakage Current--------'I. DATA RE~~:TION TIME .1 

CE--...J 

I L supplied from 
lithium cell 

POWER·DOWN/POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tpD CE at VIH before Power Down 0 us 

tF VCC slew from 4.75V to OV (CE at VIH) 300 us DS1230AB 

tF VCC slew from 4.5V to OV (CE" at VIH) 300 us DS1230Y 

tR VCC slew from OV to 4.75V (CE at VIH) 0 us DS1230AB 

tR VCC slew from OV to 4.5V (CE at VIH) 0 us DS1230Y 

tREC CE at VIH after Power-Up 2 125 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im-
pedance state. ' 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then 
tOH =20 ns. 

6. If the CE low transition occurs s.imultaneously with or latter fromthe WE low transition in 
a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the CE low transition, the 
output buffers remain in high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each OS1230AB or OS1230Y is marked with a 4-digit date code AABB. AA designates the 
year of manufacture. BB designates the week of manufacture. The expected tOR is de
fined as starting at the date of manufacture. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + HTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5ns 

170 



DS1R30Y 
DS1R30AB 
R56K Nonvolatile RAM 

28 r;:::::======~\F= \====:::::;, 15 

I 

CD 
11~=============== ~=====~14 

i----A---·1 
-1 
c 

L...- _. 

-01_. __ -II-K -I G -
,_ 13 Equal Spaces at 

.100±.010 (TNA) 

F 
~ 

DIM. 
INCHES 

MIN. MAX. 

A 1.520 1.540 

8 .695 .720 

C .395 .410 

0 .090 .120 

E .020 .030 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 

K .015 .021 

t-I. ---H----I·I 
1----------8-------
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I; Dallas Semiconductor 
256K Nonvolatile Static RAM 

FEATURES 

• Data retention in the absence of Vcc 

• Data is automatically protected during 
power loss 

• Directly replaces 32K x 8 volatile static 
RAM or EEPROM 

• Unlimited write cycles 

• CMOS-low power operation 

• Standard 28-pin JEDEC pinout 

• Available in either 120, 150, or 200 ns read 
access time 

• Read cycle time equals write cycle time 

• Full ± 10% operating range (DS1235y) 

• Lithium energy source is electrically 
disconnected to retain freshness until 
power is applied for the first time 

PIN CONNECTIONS 

PIN NAMES 

AO-A14 - Address Inputs 
CE - Chip Enable 
GND - Ground 

DS1235Y 
DS1235AB 

• Optional ± 5% operating range 
(DS1235AB) DQO-DQ7 - Data In/Data Out 

VCC - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 

DESCRIPTION 
The DS1235Y is a 262,144-bit, full-static, nonvolatile SRAM organized as 32,768 words by 8 
bits. The nonvolatile memory has a self-contained lithium energy source and control cir
cuitry which constantly monitors VCC for an out-of-tolerance condition. When such a condi
tion occurs, the lithium energy source is automatically switched on and write protection is 
unconditionally enabled to prevent garbled data. The nonvolatile static RAM can be used in 
place of existing 32K x 8 static RAM directly conforming to the popular byte wide 28256 
EEPROM, allowing direct substitution while enhancing performance. There is no limit on 
the number of write cycles which can be executed and no additional support circuitry is re
quired for microprocessor interface. 
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OPERATION 

READ MODE 
The DS1235Y executes a read cycle whenever WE (Write Enable) is inactive (high) and C'E 
(Chip Enable) is active (low). The unique address specified by the 15 address inputs (AO-A14) 
defines which of the 32,768 bytes of data is to be accessed. Valid data will be available to the 
eight data output drivers within tACC (Access Time) after the last address. input signal is 
stable, providi'!9Jhat C'E' (Chip Enable) and OE (Output Enable) access times are also satis
fied. If O'E and"CE access times are not satisfied, then data access must be measured from 
the later occurring signal (CE or OE) and the limiting parameter is either tco for CE or tOE 
for OE, rather than address access. 

WRITE MODE 
The DS1235Y is in the write mode whenever the WE and ~ signals are in the active (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of ~ 
or WE. All address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (high) durin~rite cycles to avoid bus contention. 
However, if the output bus has been enabled roE' and"OE active) then WE will disable the out
puts in tOWD from its falling edge. 

DATA RETENTION MODE 
The nonvolatile static RAM provides full functional capability for VCC greater than 4.5 volts 
and write protects at 4.37 V nominal (VCC greater than 4.75 V and write protect at 4.62 V 
nominal for DS1235AB). Data is maintained in the absence of VCC without any additional 
support circuitry. The DS1235Y constantly monitors VCC. Should the supply voltage decay, 
the RAM will automatically write protect itself and all inputs to the RAM become "don't 
care" and all the outputs are high impedance. As VCC falls below approximately 3.0 volts, 
the power switching circuit connects the lithium energy source to RAM to retain data. During 
power-up, when VCC rises above approximately 3.0 volts, the power switching circuit con
nects external VCC to the RAM and disconnects the lithium energy source. Normal RAM 
operation can resume after VCC exceeds 4.5 volts (4.75 volts for DS1235AB). 

The DS1235Y is shipped from Dallas Semiconductor with the lithium energy source discon
nected, guaranteeing full energy capacity. When VCC is applied at a level of greater than 
4.25 volts, the lithium energy source is switched on such that energy will be supplied to RAM 
when VCC is less than approximately 3.0 volts. The lithium energy source can be subse
quently turned off by taking VCC to a negative 3 volts for 1 ms. 
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ABSOLUTE MAXIMUM RATINGS * 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature . -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated In the operation sections of this specification Is not implied. 
Exposure to absolute maximum rating conditions for extended periods ·of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN 

Power Supply Voltage VCC 4.5 

Logic 1 VIH 2.2 

Logic 0 VIL -0.3 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Leakage 
Current IlL -1.0 

I/O Leakage Current ILO -5.0 

Output Current 
10H -1.0 @2.4V 

Output Current 
@0.4V 10L 2.0 

Standby Current 
CE=2.2V IOOS1 

~ndbY Current 
=VCC-0.5V IOOS2 

Operating Current 100 

Write Protection 
VTP 4.25 Voltage (OS1235Y) 

Write Protection 
VTP 4.50 Voltage (OS1235AB) 

CAPACITANCE 

PARAMETER SYMBOL 

Input 
Capacitance CIN 

InputlOutput 
Capacitance ClIO 
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TYP MAX UNITS NOTES 

5.0 5.5 V 

VCC+0.3 V 

+0.8 V 

(O°C to 70°C, VCC=5V±10% for OS1235Y) 
(O°C to 70°C, VCC = 5V ± 5% for OS1235AB) 

TYP MAX UNITS NOTES 

+1.0 uA 

+5.0 uA 

mA 

mA 

3.0 5.0 mA 

5.0 10.0 mA 

85 mA 

4.37 4.5 V 

4.62 4.75 V 

(tA = 25°C) 

TYP MAX UNITS NOTES 

5 10 pF 

5 10 pF 



A.C. ELECTRICAL CHARACTERISTICS 

DS1235Y·120 

PARAMETER SYMBOL MIN MAX 

Read Cycle Time tRC 120 

Access Time tco 120 

OE to Output Valid tOE 60 

CE to Output Valid tco 120 

gE or CE to 
Output Active tCOE 5 

Output High Z 
From Deselection too 40 

Output Hold From 
tOH 10 Address Change 

Write Cycle Time twc 120 

Write Pulse Width twp 90 

Address 
tAW 0 Set-Up Time 

Write 
tWR 0 Recovery Time 

Output High Z 
From WE tODW 40 

Output Active 
tOEW 5 From WE 

Data Set-Up Time tDS 50 

Data Hold Time 
tDH 0 FromWE"' 

(O°C to 70°C, VCC=5.0V± 10% for DS1235Y) 
(0 °c to 70°C, V CC = 5.0V ± 5 % for OS 1235AB) 

DS1235Y·150 DS1235Y·200 

MIN MAX MIN MAX UNITS NOTES 

150 200 ns 

150 200 ns 

70 100 ns 

150 200 ns 

10 10 ns 

70 100 ns 

10 10 ns 

150 200 ns 

100 170 ns 3 

0 0 ns 

10 10 ns 

70 80 ns 

10 10 ns 8 

60 80 ns 4 

0 0 ns 4,5 

175 

-



READ CYCLE (1) 
IRe 

leo 

IDE 

leOE 

leOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (8), (7) 
Iwe 

DOUT 

><fH~ ~l'~ -------------...... DATA IN STABLE .I?\;-------
-------------- V,L V,L '-------

WRITE CYCLE 2 (2), (8) 

IWP 
CE 

V,L 

WE V,L 

DOUT 
IDS 

VIH 

DIN 
VIL 
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POWER·DOWN/POWER·UP CONDITION 

VCC-----,. 

4.50V 

3.2V __ 

CE I I 
____ --'y-----I, T----~'--__ _ 

I DATA RETENTION TIME .,-
Leakage Current 1··---- tOR -----·1 
IL supplied from 
lithium cell 

POWER·DOWN/POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 IlS 

tF VCC slew from 4.5V to OV (CE at VI H) 300 IlS 

tR VCC slew from OV to 4.5V (CE at VIH) 0 IlS 

tREC CE at VIH after Power Up 2 125 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 5 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high imped
ance state. 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tDH, tDS are measured from the earlier of CE or WE going high. 

5. tDH is measured from WE going high. If CE is used to terminate the write cycle then tDH = 
20ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in a 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the WE high transition in 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low tran
sition, the output buffers remain in high impedance state in this period. 

9. Each DS1235Y has a built-in switch which disconnects the lithium source until VCC is first 
applied by the user. The expected tDR is defined as accumulative time in the absence 
of VCC starting from the time power is first applied by the user. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5 ns 
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D81235Y 
258K Nonvolatile RAM 
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DIM. 
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MIN. MAX. 

A 1.520 1.540 
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C .395 .410 
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I. Dallas Semiconductor 
r 1024K Nonvolatile Static RAM 

1li'1Rl~ ilJ Iil!Jil ~ 1Nl~1Rl'\f 

DS1245Y 
DS1245AB 

FEATURES 

• Data retention in the absence of VCC 

• Data is automatically protected during 
power loss 

• Directly replaces 128K x 8 volatile 
static RAM or EEPROM 

• Unlimited write cycles 

• CMOS-low power operation 

• Standard 32-pin JEDEC pinout 

• Available in either 70, 100 or 120 ns 
read access time 

• Read cycle time equals write cycle 
time 

• Full ± 10% operating range (DS1245Y) 

• Lithium energy source is electrically 
disconnected to retain freshness until 
power is applied for the first time 

• Optional ± 5% operating range 
(DS1245AB) 

DESCRIPTION 

PIN. CONNECTIONS 

Vcc 
A16 A15 
A14 N/C 

A12 WE 

A7 A13 

A6 AS 

A5 Ag 

A4 A11 
A3 OE 
A2 A10 
A1 CE 

AO Da7 

Dao Da6 
Da1 Da5 
Da2 oa4 

GND-..... ___ .oa3 

PIN NAMES 
AO-A16 - Address Inputs 
CE - Chip Enable 
GND - Ground 
DQODQ7 - Data InlData Out 
VCC - Power (+5V) 
WE - Write Enable 
OE - Output Enable 
N/C - No Connect 

The DS1245Y is a 1 ,048,576-bit full-static, nonvolatile SRAM organized as 131,072 words by 8 
bits. The nonvolatile memory has a self-contained lithium energy source and control cir
cuitry which constantly monitors VCC for an out-of-tolerance condition. When such a condi
tion occurs, the lithium energy source is automatically switched on and write protection is 
unconditionally enabled to prevent garbled data. The nonvolatile static RAM can be used in 
place of existing 128K x 8 static RAM directly conforming to the popular bytewide 32-pin DIP 
standard. There is no limit on the number of write cycles which can be executed and no addi
tional support circuitry is required for microprocessor interface. 
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OPERATION 

READ MODE 
The DS1245Y executes a read cycle whenever WE (Write Enable) is inactive (high) and CE 
(Chip Enable) is active (low). The unique address specified by the 17 address inputs (AO-A16) 
defines which of the 131,072 bytes of data is to be accessed. Valid data will be available to 
the eight data output drivers within tACC (Access Time) after the last address input signal is 
stable, providing that the CE (Chip Enable) and OE (Output Enable) access times are also 
satisfied. If OE and CE access times are not satisfied, then data access must be measured 
from the later occurring signal (CE or OE) and the limiting parameter is either to for CE or 
tOE for OE, rather than address access. 

WRITE MODE 
The DS1245Y is in the write mode whenever the WE and CE signals are in the active (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of Cl: 
or WE. Alladdress inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (hig!!Ldurin~rite cycles to avoid bus contention. 
However, if the output bus has been enabled (CEand OE active) then WE will disable the out
puts in tOWD from its falling edge. 

DATA RETENTION MODE 
The nonvolatile static RAM provides full functional capability for VCC greater than 4.5 volts 
and write protects at 4.37 V nominal (VCC greater than 4.75 and write protect at 4.62 V 
nominal for DS1245AB). Data is maintained in the absence of VCC without any additional 
support circuitry. The DS1245Y constantly monitors VCC. Should the supply voltage decay, 
the RAM will automatically write protect itself and all inputs to the RAM become "don't 
care" and all the outputs are high impedance. As VCC falls below approximately 3.0 volts, 
the power switching circuit connects the lithium energy source to RAM to retain data. During 
power-up, when VCC rises above approximately 3.0 volts, the power switching circuit con
nects external VCC to the RAM and disconnects the lithium energy source. Normal RAM 
operation can resume after VCC exceeds 4.5 volts (4.75 V for DS1245AB). 

The DS1245Y is shipped from Dallas Semiconductor with the lithium energy source discon
nected, guaranteeing full energy capacity. When VCC is applied at a level of greater than 
4.25 volts, the lithium energy source is switched on such that energy will be supplied to RAM 
when VCC is less than approximately 3.0 volts. The lithium energy source can be subse
quently turned off by taking VCC to a negative 3 volts for 1 ms. 

Battery redundancy is also provided to ensure reliability. The DS1245Y contains two lithium 
energy cells separated by an internal isolation switch. During battery back-up time the cell 
with the highest voltage is selected for use. If one battery fails, the other battery will auto
matically take over. The switch between batteries is transparent to the user. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not 'implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. .. 

RECOMMENDED D.C. OPERATING CONDITIONS (O °c to 70°C) 

PARAMETER SYMBOL MIN 

Power Supply Voltage VCC 4.5 

Logic 1 VIH 2.2 

Logic 0 VIL -0.3 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Input Leakage 
Current IlL -1.0 

1/0 Leakage Current ILO -5.0 

Output Current 
10H -1.0 @2.4V 

Output Current 
10L 2.0 @0.4V 

Standby Current 
IOOS1 CE=2.2V 

~ndbY Current 
=VCC-0.5V IOOS2 

Operating Current 100 

Write Protection 
VTP 4.25 Voltage (OS1245y) 

Write Protection 
VTP 4.50 Voltage (OS1245AB) 
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TYP MAX UNITS NOTES 

5.0 5.5 V 

VCC+0.3 V 

+0.8 V 

(O°C to 70°C, VCC=5V±5% forOS1245AB) 
(O°Cto 70°C, VCC = 5V ±10% for OS1245Y) 

TYP MAX UNITS NOTES 

+1.0 uA 

+5.0 uA 

mA 

mA 

3.0 5.0 mA 

5.0 10.0 mA 

85 mA 

4.37 4.5 V 

4.62 4.75 V 



CAPACITANCE 

PARAMETER SYMBOL 

Input Capacitance CIN 

Input/Output Capacitance ClIO 

A.C. ELECTRICAL CHARACTERISTICS 

DS1245Y·70 

PARAMETER SYMBOL MIN MAX 

Read Cycle Time tRC 70 

Access Time tco 70 

OE to Output Valid tOE 20 

CE to Output Valid tco 70 

OE or CE to 
tCOE 5 Output Active 

Output High Z 
tOD 20 From Deselection 

Output Hold From 
tOH 10 Address Change 

Write Cycle Time twc 70 

Write Pulse Width twp 55 

Address 
tAW 0 Set-Up Time 

Write 
tWR 10 Recovery Time 

Outpu.L!::!J9h Z 
tODW 30 From WE 

OutpulActive 
From WE tOEW 5 

Data Set-Up Time tDS 40 

Data Hold Time 
tDH 0 From WE 

(tA = 25·C) 

TYP MAX UNITS NOTES 

5 10 pF 

5 10 pF 

(O·C to 70·C, VCC=5V±5% for DS1245AB) 
(O·C to 70·C, VCC = 5V ± 10% for DS1245Y) 

DS1245Y·100 DS1245Y·120 

MIN MAX MIN MAX UNITS NOTES 

100 120 ns 

100 120 ns 

50 60 ns 

100 120 ns 

5 5 ns 

35 40 ns 

10 10 ns 

100 120 ns 

75 90 ns 3 

0 0 ns 

10 10 ns 

35 40 ns 

5 5 ns 8 

40 50 ns 4 

0 0 ns 4,5 
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IRe 

READ CYCLE (1) 

IOE 

leOE 

leOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (8), (7) Iwe 

DOUT 

DIN 

WRITE CYCLE 2 (2), (8) 

CE 

WE 

DOUT 

DIN 
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IWP 

High Impedance 

~'Hl~ ~.I:'I~ 
--------------I\b DATA IN STABLE J?\;.~~~~~~~~~~~= 
--------------' VIL VIL 

Iwe 

IWp 

VIL 

VIL 

IDS 

VIH 

VIL 



POWER·DOWNIPOWER·UP CONDITION 

Vcc ------,. 

4.50V 

3.2V __ 

I 
Y 

CE--...J 

I. DATA RETENTION TIME 

Leakage Current 
IL supplied from 
Iilhium cell 

POWER·DOWNIPOWER·UP TIMING 

SYM PARAMETER 

tOR 

tPD CE at VI H before Power Down 

tF VCC slew from 4.5V to OV (CE at VIH) 

tR VCC slew from OV to 4.5V (CE at VIH) 

tREC CE at VIH after Power-Up 

(tA =25 Q C) 

SYM PARAMETER 

tDR Expected Data Retention Time 

WARNING: 

I 
~ 

.1 

MIN MAX UNITS NOTES 

0 us 

300 us 

0 us 

2 125 ms 

MIN MAX UNITS NOTES 

5 years 9 

Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im· 
pedance state. 

3. twp is specified as the logical "AND" of CE and WE. _ _ 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then 
tOH =20 ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in 
a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with theWE low transition, the 
output buffers remain in high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each OS1245Y has a built-in switch which disconnects the lithium source until VCC is first 
applied by the user. The expected tOR is defined as accumulative time in the absence of 
VCC starting from the time power is first applied by the user. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 200 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5ns 
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DS1245Y 
1024K Nonvolatile RAM 

32 

1~============~ t=========~16 

1 ... ------- A -------. 

-II-K 
1_-- 15 Equal Spaces at __ ... 1 

.100±.010 (TNA) 

DIM. 
INCHES 

MIN. MAX. 

A 1.720 1.740 

B .695 .720 

C .395 .410 

D .090 .120 

E .020 .030 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 Ell 
K .015 .021 

E 

1-.--- H ---1·1 
------B---~ 

187 





Intelligent Sockets 
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I; Dallas Semico"ductor 
8mart8ocket 

FEATURES 

• Accepts standard 2K x Sand SK x S 
CMOS static RAMs 

• Embedded lithium energy cell retains 
RAM data 

• Self-contained circuitry safeguards 
data 

• Data retention time is greater than 10 
years with the proper RAM selection 

• IC socket permits upgrading from 
2KxS to SKxS RAM 

• Proven gas-tight socket contacts 

• Operating temperature range O·C to 
70·C 

DESCRIPTION 

D81213 

PIN CONNECTIONS 

01 28~ Vee 
02 ~o 
03 
04 250 

05 240 

06 230 

07 220 
08 210 

09 200 Ce 
010 190 

011 180 
012 170 

013 160 

GND 014 150 

PIN NAMES 

All pins pass through except 20, 26, 2S. 

Pin 20 CE - Conditioned Chip Enable 
Pin 26 VCC - Switched VCC for 24-pin RAM 
Pin 28 VCC - Switched Vee for 2S-pin RAM 
Pin 14 GND - Ground 

The 051213 is a 28-pin, 0.6-inch-wide DIP socket with a built-in CMOS controller circuit and 
an embedded lithium energy source. It accepts either 2S-pin SK x S or 24-pin 2K x Slower-jus
tified JEDEC byte wide CMOS static RAM. When the socket is mated with a CMOS RAM, it 
provides a complete solution to problems associated with memory volatility. The Smart
Socket monitors incoming Vec for an out-of-tolerance condition. When such a condition oc
curs, an internal lithium source is automatically switched on and write protection is uncon
ditionally enabled to prevent garbled data. 

Using the SmartSocket saves printed circuit board space since the combination of Smart
Socket and memory uses no more area than the memory alone. The SmartSocket uses only 
Pins 28, 26, 20 and 14 for RAM control. All other pins are passed straight through to the 
socket receptacle. 
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OPERATION 
The OS1213 SmartSocket performs five circuit functions required to battery back-up a eMOS 
memory. First, a switch is provided to direct power from the battery or Vee supply, depending 
on which is greater. This switch has a voltage drop of less than 0.2 volts. The second function 
which the SmartSocket provides is power fail detection. Power fail detection occurs between 
4.75 and 4.5 volts. The OS1213 constantly monitors the Vee supply. When Vee falls below 
4.75 volts, a precision comparator detects the condition and inhibits the RAM chip enable. 
The third function accomplishes write protection by holding the chip filnablfil sigl"!al to the 
memory to within 0.2 volts of vee or battery supply. If the chip enable signal IS active at the 
time power fail detection occurs, write protection is delayed until after the memory cycle is 
complete to avoid corruption of data. Ouring nominal power supply conditions the memory 
chip enable signal will be passed through to the socket receptacle with a maximum propaga
tion delay of 20 ns. The fourth function the OS1213 performs is to check battery status to 
warn of potential data loss. Each time that Vee power is restored to the SmartSocket the 
battery voltage is checked with a precision comparator. If the battery supply is less than 2.0 
volts, the second memory cycle is inhibited. Battery status can, therefore, be determined by 
performing a read cycle after power up to any location in the memory, recording that memory 
location content. A subsequent write cycle can then be executed to the same memory loca
tion, altering the data. If the next read cycle fails to verify the written data, the contents of 
the memory are questionable. The fifth function which the SmartSocket provides is battery 
redundancy. In many applications, data integrity is paramount. In these applications it is desir
able to use two batteries to insure reliability. The OS1213 SmartSocket provides an internal 
isolation switch which provides for the connection of two batteries. Ouring battery back-up 
time the battery with the highest voUage is selected for use. If one battery fails, the other will 
automatically take over. The switch between batteries.is transparent to the user. A battery 
status warning will occur if both batteries are less than 2.0 volts. Each of the two lithium 
cells contains 35 mAhr capacity, making the total 70 mAhr. . 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -'1 ;OV to + 7.0V 
Operating Temperature O·C to 70·C 
Storage Temperature -40·C to + 70·C 
Soldering Temperature 260·C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 ·C to 70 ·C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

PIN 26 L, PIN 28 L 
VCC 4.75 5.0 5.5 V 1,3 Supply Voltage 

Logic 1 PIN 20 L VIH 2.2 VCC+0.3 V 1,3 

Logic 0 PIN 20 L VIL -0.3 +0.8 V 1,3 

D.C. ELECTRICAL CHARACTERISTICS (O·C to 70 ·C, V CC = 4.75 to 5.5V) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

PIN 26 L, PIN 28 L 
ICC 5 rnA 3,4,5 SUpplle Current 

PIN 26 U, PIN 28 U 
VCCO VCC-0.2 V 3,8 Supply Voltage 

PIN 26 U, PIN 28 U 
ICCO 80 rnA 3,8 Supply Current 

PIN 20 LCE 
IlL -1.0 pA 3,4 Input Leakage +1.0 

PIN 20 U CE 
IOH -1.0 rnA 2,3 Output @ 2.4V 

PIN 20U CE 
IOL 4.0 rnA 2,3 Output@ .4V 

(O·C to 70·C, VCC < 4.5V) 

PIN 20 U Output VOHL 
VCC -0.2 
VBAT -0.2 V 3 

PIN 26 U, PIN 28 U 
I BAT 1 pA 3,6 Battery Current 

PIN 26 U, PIN 28 U 
VBAT 2 3 3.6 V 3 Battery Voltage 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input CIN 5 pF 3 Capacitance PIN 20 L 
Output 

COUT 7 pF 3 Capacitance PIN 20 U 

A.C. ELECTRICAL CHARACTERISTICS (oOe to 70°C, Vce = 4.75 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

CE Propagation 
tPD 5 10 20 2,9 Delay ns 

CE High to 
tpF 0 Power Fail ns 

(0° to 70°C, VCC=4.75 to 5.5 V) 
Recovery at 

tREC 2 80 125 ms Power Up 

V9~ Slew Rate 
4. - 4.5 V tF 300 us 

VCC Slew Rate 
4.5 - 3 V tFB 10 us 

VCC Slew Rate 
4.5 - 4.75 V tR 0 us 

CE Pulse Width tCE 1.5 us 7 
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TIMING DIAGRAM-POWER DOWN 

_tCE -

CE PIN 20 L VIH 

- tpD ~ -
CE PIN 20 U 

VCC PIN 26 L, PIN 28 L 

TIMING DIAGRAM-POWER UP 

CE PIN 20 L 

VBAT -0.2V 

-- 1 __ --tpF 

~VBAT-O.2V 

--tF 

4.75V 
4.5V 

- tREC VIL t----~/ 
- tpD 1-

CE PIN 20 U 

VCC PIN 26 L, PIN 28 L 

WARNING 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 

Water washing for flux removal may discharge internal lithium source as exposed voltage 
pi ns are present. 
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NOTES: 
1. All voltages are referenced to ground. 

2. Measured with a load as shown in Figure 1. 

3. Pin locations are designated "U" when a parameter definition refers to the socket recepta-
cle and "L" when a parameter definition refers to the socket pin. 

4. No memory inserted in the socket. 

5. Pin 26 L may be connected to VCC or left disconnected at the P.C. board. 

6. IBAT is the maximum load current which a correctly installed memory can use in the data 
retention mode and meet data retention expectations of more than 10 years at 25°C. 

7. tCE max. must be met to insure data integrity on power loss. 

8. VCC is within nominal limits and a memory is installed in the socket. 

9. Input pulse rise and fall times equal 10 ns. 

OUTPUT LOAD 
Figure 1 

+5 VOLTS 

• 
1.1K 

D.U.T ..... ----4 ... --__ 

50 pF 
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DS1213 
SmartSocket 

DtortDr 15 

1 DlDlDlDllDl JDllDllDlIIl 14 

/.--. ---A ./ 

T 

l 
F 

-1 
-Dr- -II-K -IGI-

f----13 Equal Spaces At---l 
.100 ± .010 (TNA) 
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INCHES 
DIM. MIN. MAX. 

A 1.390 1.420 

8 .695 .710 

C .350 .385 

0 .035 .065 

E .025 .035 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 

K .015 .021 

1-1. --8----1.\ 

1-\' ---H--~'\ 



I. Dallas Semiconductor 
r SmartSocket 

FEATURES 

• Accepts standard 8K x 8 and 32K x 8 
CMOS static RAMs 

• Embedded lithium energy cell retains 
RAM data 

• Self-contained circuitry safeguards 
data 

• Data retention time is greater than 10 
years with the proper RAM selection 

• IC socket permits upgrading from 
8Kx8 to 32Kx8 RAM 

• Proven gas-tight socket contacts 

• Operating temperature range O°C to 
70°C 

DESCRIPTION 

DS1213C 

PIN CONNECTIONS 

01 280 Vcc 
02 270 

03 260 

04 250 

05 240 

06 230 

07 220 

08 210 

09 20 [J CE 

010 190 

011 180 

012 170 

013 160 

GND 014 150 

PIN DEFINITIONS 

All pins pass through except 20, 28. 

Pin 20 conditioned Chip Enable 
Pin 28 switched VCC 
Pin 14 ground 

The DS1213C is a 28-pin, 0.6-inch-wide DIP socket with a built-in CMOS controller circuit and 
an embedded lithium energy source. It accepts either an 8K x 8 or a 32K x 8 JEDEC byte wide 
CMOS static RAM. When the socket is mated with a CMOS RAM, it provides a complete solu
tion to problems associated with memory volatility. The SmartSocket monitors incoming 
VCC for an out-of-tolerance condition. When such a condition occurs, an internal lithium 
source is automatically switched on and write protection is unconditionally enabled to pre
vent garbled data. 

Using the SmartSocket saves printed circuit board space since the combination of Smart
Socket and memory uses no more area than the memory alone. The SmartSocket uses only 
Pins 28 and 20 for RAM control. All other pins are passed straight through to the socket 
receptacle. 

See the DS1213 data sheet for technical details. 
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I_ Dallas Semiconductor 
SmartSocket 

FEATURES 

• Accepts standard 8K x 8, 32K x 8, 
128Kx8, and 512Kx8 CMOS static 
RAMs 

• Embedded lithium energy cell retains 
RAM data 

• Self-contained circuitry safeguards 
data 

• Data retention time is greater than 10 
years with the proper RAM selection 

• IC socket permits upgrading from 
128Kx8 to 512Kx8 RAM 

• Proven gas-tight socket contacts 

• Operating temperature range O·C to 
70·C 

DESCRIPTION 

frJ~li:I!.DMDi)\!J;:'~W 

DS1213D 

PIN CONNECTIONS 

01 32~ o 2 310 

o 3 30 

Vee 

o 4 290 

o 5 280 

o 6 270 

o 7 260 

o 8 250 

o 9 240 
010 230 

011 220 
012 210 

013 200 

014 190 
015 180 

GND 016 170 

PIN DEFINITIONS 

All pins pass through except 22, 30 and 32. 

Pin 22 CE - Conditioned Chip Enable 
Pin 32 VCC - Switched VCC for 32-pin RAM 
Pin 30 VCC - Switched VCC for 28-pin RAM 
Pin 16 GND - Ground 

The DS1213D is a 32-pin, 0.6-inch-wide DIP socket with a built-in CMOS controller circuit and 
an embedded lithium energy source. It accepts either an 8K x 8, 32K x 8, 128K x 8 or 512K x 8 
byte wide CMOS static RAM. When the socket is mated with a CMOS RAM, it provides a 
complete solution to problems associated with memory volatility. The SmartSocket 
monitors incoming VCC for an out-of-tolerance condition. When such a condition occurs, an 
internal lithium source is automatically switched on and write protection is unconditionally 
enabled to prevent garbled data. 

Using the SmartSocket saves printed circuit board space since the combination of Smart
Socket and memory uses no more area than the memory alone. The SmartSocket uses only 
Pins 22, 30 and 32 for RAM control. All other pins are passed straight through to the socket 
receptacle. 

See the DS1213 data sheet for technical details. 
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DS1213D 
SmartSocket 

lDrlDrlm 17 

1 DlOllDlnn 1Ol1OlIDl1Dl16 

I---A ·1 

-r 
~ c 

I \ 
L.. -.-

J~ 
F 

J. 
-ll-K --I G -

15 Equal Spaces at .100 ± .010 (TNA) 

I· 

I· 

DIM. 
INCHES 

MIN. MAX. 

A 1.590 1.620 

B .695 .710 

C .350 .385 

D .035 .065 

E .025 .035 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 

K .015 .021 

B '1 

E 

H ·1 
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I; Dallas Semiconductor 
SmarfWafch 

FEATURES 

• SmartWatch keeps track of hundredths of 
seconds, seconds; minutes, hours, days, 
date of the month, months, and years 

• Converts standard 2K x 8 and 8 K x8 
CMOS static RAMs into nonvolatile'memory 

• Embedded lithium energy cell maintains 
watch information and retains RAM data 

• Watch function is transparent to RAM 
operation 

• Month and year determine the number of 
days in each month 

• Proven gas-tight socket contacts 

• Full 10% operating range 

• Operating temperature range O°C to 70°C 

• Accuracy is better than ± 1 min./month 
@25°C 

DESCRIPTION 

PIN CONNECTIONS 

01 28~ 02 270 

03 26 
04 250 
05 240 
06 230 
07 220 
08 210 

09 200 
010 190 

000 011 180 
012 170 
013 160 

GNO 014 150 

PIN DEFINITIONS 

vee 
WE 

DS1216 

All Pins Pass Through Except 
20,26,28 
Pin 20 Conditioned Chip Enable 
Pin 26 Switched VCC for 24 Pin RAM 
Pin 28 Switched Vce for 28 Pin RAM 
Pin 1 RESET 
Pin 22 Output Enable 
Pin 27 Write Enable 
Pin 11 Data Input/Output 0 
Pin 14 Ground 

The DS1216 is a 28-pin 0.6-inch-wide DIP socket with a built-in CMOS watch function, a non
volatile RAM controller circuit, and an embedded lithium energy spurce. It accepts either 
24-pin 2K x 8 or 28-pin 8K x 8 JEDEC Bytewide CMOS static RAM. When the socket is mated 
with a CMOS RAM, it provides a complete solution to problems associated with memory vol
atility and uses a common energy source to maintain time and date. A-key feature of the 
SmartWatch is that the watch function remains transparent to the RAM. The SmartWatch 
monitors VCC for an out of tolerance condition. When such a condition occurs, an internal 
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lithium energy source is automatically switched on and write protection is unconditionally 
enabled to prevent loss of watch and RAM data. 

Using the SmartWatch saves PC board space since the combination of Smart Watch and the 
mated RAM take up no more area than the memory alone. The SmartWatch uses pins 28, 27, 
26, 22, 20, 11, and 1 for RAM and watch control. All other pins are passed straight through to 
the socket receptacle. 

The SmartWatch provides time keeping information including hundredths of seconds, sec
onds, minutes, hours, day, date, month, and year information. The date at the end of the month 
is automatically adjusted for months with less than 31 days, including correction for leap 
years. The SmartWatch operates in either 24-hour or 12-hour format with an AM/PM indicator. 

OPERATION 
Communication with the SmartWatch is established by pattern recognition on a serial bit 
stream of 64 bits which must be matched by executing 64 consecutive write cycles contain
ing the proper data on 000. All accesses which occur prior to recognition of the 64 bit pat
tern are directed to memory. 

After recognition is established, the next 64 read or write cycles either extract or update data 
in the SmartWatch, memory access is inhibited. 

Data transfer to and from the timekeeping function is accomplished with a serial bit stream 
under control of chip enable (CE), output enableJQE), and write enable (WE). Initially, a read 
cycle to any memory location using the CE and OE control of the SmartWatch starts the pat
tern recognition sequence by moving a pointer to the first bit of the 64 bit comparison register. 
Next, 64 consecutive write cycles are executed using the CE and WE control of the Smart
Watch. These 64 write cycles are used only to gain access to the SmartWatch, therefore, any 
address to the memory in the socket is acceptable. However, the write cycles generated to 
gain access to the SmartWatch are also writing data to a location in the mated RAM. The 
preferred way to manage this requirement is to set aside just one address location in RAM 
as a SmartWatch scratch pad. When the first write cycle is executed, it is compared to bit 1 
of the 64-bit comparison register. If a match is found, the pointer increments to the next loca
tion of the comparison register and awaits the next write cycle. If a match is not found, the 
pointer does not advance and all subsequent write cycles are ignored. If a read cycle occurs 
at any time during pattern recognition, the present sequence is aborted and the comparison 
register pointer is reset. Pattern recognition continues for a total of 64 write cycles as de
scribed above until all the bits in the comparison register have been matched (this bit pat
tern is shown in Figure 1). With a correct match for 64 bits, the SmartWatch is enabled and 
data transfer to or from the timekeeping registers may proceed. The next 64 cycles will 
cause the SmartWatch to either receive or transmit data on DOD, depending on the level of 
the OE pin or the WE pin. Cycles to other locations outside the memory block can be inter
leaved with CE cycles without interrupting the pattern recognition sequence or data transfer 
sequence to the SmartWatch. 

201 



SMARTWATCH COMPARISON REGISTER DEFINITION Figure 1 

7 o 
Byte 0 1 1 o o o 1 o 1 

Byte 1 o o 1 1 1 o 1 o 

Byte 2 1 o 1 o o o 1 

Byte 3 o 1 o 1 1 1 o o 

Byte 4 1 1 o o o 1 o 1 

Byte S o o 1 1 1 o 1 o 

Byte 6 1 o 1 o o o 1 1 

Byte 7 o 1 o 1 1 o o 

NOTE: 

HEX VALUE 

CS 

3A 

A3 

sc 

CS 

3A 

A3 

sc 

The pattern recognition in Hex is CS, 3A, A3, SC, CS, 3A, A3, SC. The odds of this pattern 
being accidentally duplicated and causing inadvertent entry to the SmartWatch is less than 
1fn 1019• 

NONVOLATILE CONTROLLER OPERATION 
The OS1216 SmartWatch performs circuit functions required to make a CMOS RAM nonvola
tile. First, a switch is provided to direct power from the battery or VCC supply, depending on 
which voltage is greater. This switch has a voltage drop of less than 0.2 volts. The second 
function which is involved provides is power fail detection. Power fail detection occurs at 
typically 4.2S volts. The OS1216 constantly monitors the VCC supply. When VCC goes out of 
tolerance, a comparator outputs a power fail signal to the chip enable logic. The third func
tion accomplishes write protection by holding the chip enable signal to the memory within 
0.2 volts of VCC or battery. During nominal power supply conditions the memory chip enable 
signal will track the chip enable signal sent to the socket with a maximum propagation delay 
of 20 ns. 
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SMARTWATCH REGISTER INFORMATION 
The SmartWatch information is contained in 8 registers of 8 bits each which are sequentially 
accessed one bit at a time after the 64 bit pattern recognition sequence has been completed. 
When updating the SmartWatch registers, each must be handled in groups of 8 bits. Writing 
and reading individual bits within a register could produce erroneous results. These 
read/write registers are defined in Figure 2. 

Data contained in the SmartWatch register are in binary coded decimal format (BCD). 
Reading and writing the registers is always accomplished by stepping through all 8 
registers, starting with bit 0 of register 0 and ending with bit 7 of register 7· 

AM·PM/1 2/24 MODE 
Bit 7 of the hours register is defined as the 12- or 24-hour mode select bit. When high, the 
12-hour mode is selected. In the 12 hour mode, bit 5 is the AM/PM bit with logic high being 
PM. In the 24 hour mode, bit 5 is the second 10-hour bit (20-23 hours). 

OSCILLATOR AND RESET BITS 
Bits 4 and 5 of the day register are used to control the RESET and oscillator functions. Bit 4 
controls the RESET (pin 1). When the RESET bit is set to logical 1, the RESET input pin is 
ignored. When the RESET bit is set to logical 0, a low input on the RESET pin will cause the 
SmartWatch to abort data transfer without changing data in the watch registers. Bit 5 con
trols the oscillator. This bit is shipped from Dallas Semiconductor set to logical 1, which 
turns the oscillator off. When set to logical 0, the oscillator turns on and the watch becomes 
operational. 

ZERO BITS 
Registers 1,2,3,4,5, and 6 contain one or more bits which will always read logical O. When 
writing these locations, either a logical 1 or 0 is acceptable. 
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SMARTWATCH REGISTER DEFINITION Figure 2 

REGISTER 7 0 RANGE (BCD) 

0 0.1 SEC 0.01 SEC 00-99 

0 \ 

1 10 SEC SECONDS 00-59 

0 
2 10 MIN MINUTES 00-59 

0 
3 HOUR 

01-12 
00-23 

0 

4 DAY 01-07 

0 

5 10 DATE DATE 01-31 

0 

6 MONTH 01-12 

0 

7 10 YEAR YEAR 00-99 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Ground - 1.0V to + 7V 
Operating Temperature O·C to 70·C 
Storage Temperature - 40·C to 70·C 
Soldering Temperature 260·C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (O·C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

PIN 26L, PIN 28L 
VCC 4.5 5.0 5.5 V 1,3 Supply Voltage 

Logic 1 VIH 2.2 VCC+0.3 V 1, 10 

Logic 0 VIL -0.3 +0.8 V 1, 10 

D.C. ELECTRICAL CHARACTERISTICS (O·C to 70·C, VCC = 4.5 to 5.5V) 

PIN 26L, PIN 28L 
ICCI 5 mA 3,4,5 Supply 

PIN 26U, PIN 28U 
VCCO VCC-0.2 V 3,8 Supply Voltage 

PIN 26U, PIN 28U 
ICCO 80 mA 3,8 Supply Current 

Input Leakage IlL -1.0 +1.0 pA 4,10,13 

Output @ 2.4V IOH -1.0 mA 2 

Output @ 0.4V IOL 4.0 mA 2 I 

PIN 20U Output VOHL 
VCC-0.2 
VBAT-0.2 V 3 

PIN 26U, PIN 28U 
I BAT 1 pA 3,6 Battery Current 

Pin 26U, PIN 28U 
VBAT 2 3 3.6 V 3 Battery Voltage 
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CAPACITANCE (tA =25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
Capacitance CIN 5 pF 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

CE Access Time tco 200 ns 

OE Access Time tOE 100 ns 

CE To Output Low Z tCOE 10 ns 

OE To Output Low Z tOEE 10 ns 

CE To Output High Z too 100 ns 

OE To Output High Z tODO 100 ns 

Read Recovery tRR 50 ns 

Write Cycle Time twc 250 ns 

Write Pulse Width twp 170 ns 

Write Recovery tWR 50 ns 11 

Data Set Up Time tDS 100 ns 12 

Data Hold Time tDH 0 ns 12 

CE Pulse Width tcw 170 ns 

Reset Pulse Width tRST 200 ns 

CE Propagation Delay tpD 5 10 20 ns 2,9 

CE High to Power Fail tPF 0 ns 

Recovery at Power Up tREC 2 ms 

VCC Slew Rate 4.5 - 3V tF 0 ps 

CE Pulse Width tCE 1.5 ps 7 
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TIMING DIAGRAM-READ CYCLE TO SMARTWATCH 
WE = VIH 

1+-------- tRC ------~ 

DOO Output Data Valid 

TIMING DIAGRAM-WRITE CYCLE TO SMARTWATCH 

OE= VIH 
~---twc-----~ 

WE 

DOO 

TIMING DIAGRAM-RESET FOR SMARTWATCH 

____ R-S-T-~~:::~~~~~~~~~_t_RS_T_-_-_-_-_-_-_-_-_-~ .. ~~ __________ __ 
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TIMING DIAGRAM-POWER DOWN 

_ tCE 

CE PIN 20 L VIH 

- tPD - - 1_--tpF - - VSAT-0.2V 
CEPIN20U 

4.5V 

VCC PIN 26 L, PIN 28 L 

TIMINO DIAGRAM-POWER UP 

CEPIN20L 

VSAT-0.2V 

CE PIN 20 U 

tpD -

VCC PIN 26 L, PIN 28 L 

WARNING 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 

Water washing for flux removal may discharge internal lithium source as exposed voltage 
pins are present. 
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NOTES 
1. All voltages are referenced to ground. 

2. Measured with a load as shown in Figure 3. 

3. PIN locations are designated "U" when a parameter definition refers to the socket recep-
tacle and "L" when a parameter definition refers to the socket pin. 

4. No memory inserted in the socket. 

5. PIN 26 L may be connected to VCC or left disconnected at the P.C. board. 

6. IBAT is the maximum current which a correctly installed memory can use in the data reten· 
tion mode and meet data retention expectations of more than 10 years at 25°C. 

7. tCE max. must be met to insure data integrity on power loss. 

8. VCC is within nominal limits and a memory is installed in the socket. 

9. Input pulse rise and fall times equal 10 ns. 

10. Applies to Pins 1 L, 11 L, 20 L, 22 L, and 27 L 

11. tWR is a function of the latter occurring edge of WE or CE 

12. tDH and tDS are a function of the first occurring edge of WE or CE 

13. RST (Pin 1) has an internal pull-up resistor. 

OUTPUT LOAD 
Figure 3 

+5VOLTS 

1.1K 

D.U.T ..... -~ ... --__ 

50 pF 

680n 
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INCHES 
DIM. MIN. MAX. 

A 1.390 1.420 

B .695 .710 

C .350 .385 

0 .035 .065 

E .025 .035 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 
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m. Dallas Semiconductor 
.. Smart Watch 

FEATURES 

• SmartWatch keeps track of hundredths of 
seconds, seconds, minutes, hours, days, 
date of the month, months, and years 

• Converts standard 8K x 8 and 32K x 8 
CMOS static RAMs into nonvolatile 
memory 

• Embedded lithium energy cell maintains 
watch information and retains RAM data 

• Watch function is transparent to RAM 
operation 

• Month and year determine the number of 
days in each month 

• Proven gas-tight socket contacts 

• Full 10% operating range 

• Operating temperature range O°C to 70°C 

• Accuracy is better than ± 1 min./month 
@25°C 

DESCRIPTION 

PIN CONNECTIONS 

01 
d 2 

o 3 
04 

05 
o 6 

o 7 

08 
o 9 

010 

DOo 011 
012 

013 
GND 014 

PIN DEFINITIONS 

280 
270 

260 
250 
240 

230 
220 

210 
200 

190 

180 
170 

160 

15tl 

DS1216C 

Vee 
WE 

All Pins Pass Through Except 20, 28 
Pin 20 Conditioned Chip Enable 
Pin 28 Switched VCC 
Pin 1 RESET 
Pin 22 Output Enable 
Pin 27 Write Enable 
Pin 11 Data Input/Output 0 
Pin 14 Ground 

The DS1216C is a 28-pin 0.6-inch-wide DIP socket with a built-in CMOS watch function, a 
nonvolatile RAM controller circuit, and an embedded lithium energy source. It accepts either 
an 8K x 8 or a 32K x 8 JEDEC Bytewide CMOS static RAM. When the socket is mated with a 
CMOS RAM, it provides a complete solution to problems associated with memory volatility 
and uses a common energy source to maintain time and date. A key feature of the Smart
Watch is that the watch function remains transparent to the RAM. 

See the DS1216 data sheet for technical details. 
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m. Dallas Semiconductor 
.... 8martWatch 

FEATURES 

• SmartWatch keeps track of hundredths of 
seconds, seconds, minutes, hours, days, 
date of the month, months, and years 

• Converts standard 8K x 8, 32K x 8, 
128K x 8, and 512K x 8 CMOS static 
RAMs into nonvolatile memory 

• Embedded lithium energy cell maintains 
watch information and retains RAM data 

• Watch function is transparent to RAM 
operation 

• Month and year determine the number of 
days in each month 

• Proven gas-tight socket contacts 

• Full 10% operating range 

• Operating temperature range DoC to 70°C 

• Accuracy is better than ± 1 min.lmonth 
@25°C 

DESCRIPTION 

PIN CONNECTIONS 

01 

02 
03 

04 

05 
06 

o 7 

08 
09 
010 

0 11 

012 

DQo 013 
014 
015 

GND 016 

PIN DEFINITIONS 

32~ 310 
30 
290 
280 
270 

260 
250 
240 
230 

220 
210 
200 
190 
180 
170 

~[fl,rn;Il.OtAA.O~&I.[fl, l' 

D81216D 

VCC 

CE 

All pins pass through except 22, 30, and 32. 
Pin 22 - Conditioned Chip Enable 
Pin 32 - Switched VCC for 32-pin RAM 
Pin 1 - RESET 
Pin 24 - Output Enable 
Pin 29 - Write Enable 
Pin 13 - Data Input/Output 0 
Pin 16 - Ground 
Pin 30 - Switched VCC for 28-pin RAM 

The OS12160 is a 32-pin 0.6-inch-wide DIP socket with a built-in CMOS watch function, a 
nonvolatile RAM controller circuit, and an embedded lithium energy source. It accepts either 
an 8Kx8, 32Kx8, 128Kx8, or 512Kx8 JEOEC Bytewide CMOS static RAM. When the 
socket is mated with a CMOS RAM, it provides a complete solution to problems associated 
with memory volatility and uses a common energy source to maintain time and date. A key 
feature of the SmartWatch is that the watch function remains transparent to the RAM. 

See the OS1216 data sheet for technical details. 
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I. Dallas Semiconductor 
r Smart Watch 

FEA,.URES 

• SmartWatch keeps track of hundredths 
of seconds, seconds, minutes, hours, 
days, date of month, months, and 
years 

• Adds timekeeping to any 28-pin JEDEC 
Byte Wide memory location 

• Embedded lithium energy cell main
tainscalendar time for more than 10 
years in the absence of power 

• Timekeeping function is transparent to 
memory operation 

• Month and year determine the number 
of days in each month 

• Proven gas-tight socket contacts 

• Full 10% VCC operating range 

• Operating temperature range O°C to 
70°C 

• Accurate to within 1 min.lmonth 
@25°C 

DESCRIPTION 

DS1216E 

PIN CONNECTIONS 

RST 

A2 

AO 
Dao 

GND 

10 
20 
3D 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 

PIN NAMES 
Pin 1 RST 
Pin 8 A2 
Pin 10 AO 
Pin 11 DQO 
Pin 14 GND 

028 vee 
027 
026 
025 
024 
023 
022 
021 
020 
019 
018 
017 
016 
015 

Reset 
- Address Bit 2 (READIWRITE) 
- Address Bit 0 (Data Input) 
- 1/00 (Data Output) 
- Ground 

Pin 20 CE - Conditioned Chip Enable 
Pin 22 OE - Output Enable 
Pin 28 VCC - + 5 VDC to the Socket 

All pins pass through to the Socket 
except 20. 

The DS1216E is a 28-pin, 600-mil-wide DIP socket with a built-in CMOS timekeeper function 
and an embedded lithium energy source to maintain time and date. It accepts any 28-pin 
bytewide ROM or volatile RAM. A key feature of the SmartWatch is that the timekeeper func
tion remains transparent to the memory device placed above. The SmartWatch monitors 
VCC for an out-of-tolerance condition. When such a condition occurs, an internal lithium 
energy source is automatically switched on to prevent loss of watch data. 

Using the SmartWatch saves PC board space since the combination of SmartWatch and the 
mated memory device take up no more area than the memory alone. The SmArtWatch uses 
pins 1,8, 10, 11,20 and 22 for timekeeper control. All pins pass through to the socket recep
tacle except for pin 20 (CE) which is inhibited during the transfer of time information. 
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The SmartWatch provides timekeeping information including hundredths of seconds, sec
onds, minutes, hours, days, date, month, and year information. The date at the end of the 
month is automatically adjusted for months with less than 31 days, including correction for 
leap years. The SmartWatch operates in either 24-hour or 12-hour format with an AMIPM 
indicator. 

OPERATION 
A highly structured sequence of 64 cycles is used to gain access to time information and 
temporarily disconnect the mated memory from the system bus. Information transfer into 
and ~J of the SmartWatch is achieved by using address bits AO and A2, control signals DE 
and CE, and Data 1/0 line DQO. All SmartWatch data transfers are accomplished by ex
ecuting read cycles to the mated memory address space. Write and read functions are deter
mined by the level of address bit A2. When address bit A2 is low, a write cycle is enabled and 
data must be input on address bit AO. When address bit A2 is--':!lgh, .5!...read cycle is enabled 
and data is output on data 1/0 line DQO. Either control signal (OE or CE) must transition low 
to begin and high to end memory cycles which are directed to the SmartWatch. However, 
both control signals must be in an active state during a memory cycle. Communication with 
the SmartWatch is established by pattern recognition of a serial bit stream of 64 bits which 
must be matched by executing 64 consecutive write cycles, placing address bit A2 low with 
the proper data on address bit AO. The 64 write cycles are used only to gain access to the 
SmartWatch. Prior to executing the first of 64 write cycles, a read cycle should be executed 
by holding A2 high. The read cycle will reset the comparison register pointer within the 
SmartWatch insuring the pattern recognition starts with the first bit of the sequence. When 
the first write cycle is executed, it is compared to bit 1 of the 64-bit comparison register. If a 
match is found, the pOinter increments to the next location of the comparison register and 
awaits the next write cycle. If a match is not found, the pOinter does not advance and all sub
sequent write cycles are ignored. If a read cycle occurs at any time during pattern recogni
tion, the present sequence is aborted and the comparison register pOinter is reset. Pattern 
recognition continues for a total of 64 write cycles as described above, until all the bits in the 
comparison register have been matched (this bit pattern is shown in Figure 1). With a correct 
match for 64 bits, the SmartWatch is enabled and data transfer to or from the timekeeping 
registers may proceed. The next 64 cycles will cause the SmartWatch to either receive data 
on Data In (AO) or transmit data on Data Out (DQO), depending on the level of READ/WRITE 
(A2). Cycles to other locations outside the memory block can be interleaved with CE and OE 
cycles without interrupting the pattern recognition sequence or data transfer sequence to 
the SmartWatch. 

An unconditional reset to the SmartWatch occurs by either bringing A14 (RESET) low, if 
enabled, or on power up. This RESET can occur during pattern recognition or while access
ing the SmartWatch registers. RESET causes access to abort and forces the comparison 
register pointer back to Bit 0 without changing registers. 

NONVOLATILE CONTROLLER OPERATION 
The DS1216E SmartWatch performs circuit functions required to make the timekeeping func
tion nonvolatile. First, a switch is provided to direct power from the battery or VCC supply, 
depending on which voltage is greater. The second function provides power fail detection. 
Power fail detection occurs at typically 4.25 volts. Finally the nonvolatile controller protects 
the SmartWatch register contents by ignoring any inputs after power fail detection has oc
curred. Power fail detection also has the same effect on data transfer as the RESET input. 
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SMARTWATCH COMPARISON REGISTER DEFINITION Figure 1 

7 6 5 4 3 2 1 0 HEX VALUE 

Byte 0 1 0 0 0 1 0 C5 

Byte 1 0 0 1 0 1 0 3A 

Byte 2 1 0 0 0 0 1 1 A3 

Byte 3 0 1 0 1 1 0 0 5C 

Byte 4 1 0 0 0 0 C5 

Byte 5 0 0 1 0 1 0 3A 

Byte 6 1 0 0 0 0 1 A3 

Byte 7 0 1 0 1 1 1 0 0 5C 

NOTE: 
The pattern recognition sequence in Hex is C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this 
pattern accidentally occurring and causing inadvertent entry to the SmartWatch is less than 
1 in 1019• 

216 



SMARTWATCH REGISTER INFORMATION 
The SmartWatch information is contained in 8 registers of 8 bits each which are sequentially 
accessed one bit at a time after the 64·bit pattern recognition sequence has been completed. 
When updating the SmartWatch registers, each must be handled in groups of 8 bits. Writing 
and reading individual bits within a register could produce erroneous results. These 
read/write registers are defined in Figure 2. 

Data contained in the SmartWatch registers are in binary coded decimal format (BCD). 
Reading and writing the registers is always accomplished by stepping through all 8 
registers, starting with bit 0 of register 0 and ending with bit 7 of register 7. 

AM·PMI12124 MODE 
Bit 7 of the hours register is defined as the 12· or 24·hour mode select bit. When high, the 
12·hour mode is selected. In the 12·hour mode, bit 5 is the AM/PM bit with logic high being 
PM. In the 24·hour mode, bit 5 is the second 10·hour bit (20·23 hours). 

OSCILLATOR AND RESET BITS 
Bits 4 and 5 of the day register are used to control the RESET and oscillator functions. Bit 4 
controls the RESET (pin 1). When the RESET bit is set to logical 1, the RESET input pin is ig· 
nored. When the RESET bit is set to logical 0, a low input on the RESET pin will cause the 
SmartWatch to abort data transfer without changing data in the watch registers. Bit 5 con· 
trois the oscillator. This bit is shipped from Dallas Semiconductor set to logical 1, which 
turns the oscillator off. When set to logical 0, the oscillator turns on and the watch becomes 
operational. 

ZERO BITS 
Registers 1,2,3,4,5, and 6 contain one or more bits which will always read logical O. When 
writing these locations, either a logical 1 or 0 is acceptable. 
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SMARTWATCH REGISTER DEFINITION Figure 2 

Register 7 6 5 4 3 

o 0.1 SEC 

1 10 SEC 

2 10 MIN 

3 

4 

5 10 DATE 

6 

7 10 YEAR 

218 

2 

0.01 SEC 

SECONDS 

MINUTES 

HOUR 

DAY 

DATE 

MONTH 

YEAR 

o Range (BCD) 

00-99 

00-59 

00-59 

01-12 
00-23 

01-07 

01-31 

01-12 

00-99 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 

-1.0V to + 7.0V 
O°C to 70°C 
-40°C to 70°C 
260°C for 10 Sec. 

·Thls is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Pin 28L 
VCC 4.5 5.0 5.5 V 1,3 Supply Voltage 

Logic 1 VIH 2.2 VCC+0.3 V 1,6 

Logic 0 VIL -0.3 +0.8 V 1,6 

D.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Pin 28L 
ICC 5 mA 3,4 Supply Current 

Input Leakage IlL -1.0 +1.0 uA 4,6,10 

Output @2.4V IOH -1.0 mA 2 

Output @O.4V IOL 4.0 mA 2 

CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 
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A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

-
CE Access Time tco 200 ns 

-
OE Access Time tOE 200 ns 
-
CE to Output in Low Z tCOE 10 ns 

-
OE to Output in Low Z tOEE 10 ns 

-
CE to Output in High Z too 100 ns 
-
OE to Output in High Z tODO 100 ns 

Address Set Up Time tAS 20 ns 9 

Address Hold Time tAH 10 ns 8 

Read Recovery tRR 50 ns 

Write Cycle Time twc 250 ns , 
-
CE Pulse Width tcw 170 ns 
-
OE Pulse Width tow 170 ns 

Write Recovery tWR 50 ns 7 

Data Set Up Time tDS 100 ns 8 

Data Hold Time tDH 10 ns 8 

--
RST Pulse Width tRST 200 ns 

-
CE Propagation Delay tPD 5 10 20 ns 2,5 
-
CE High to Power Fail tPF 0 ns 

(O°C to 70°C, VCC .:: 4.5V) 

Recovery at Power Up tREC 2 ms 

VCC Slew Rate 4.5 ·3V tF 0 ms 
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TIMING DIAGRAM- READ CYCLE 

1~----------------------tRe--------------------~ 

READ/WRITE 
(A2) 

DATA OUT (DQ¢) 

t----teo------

-teoE 

TIMING DIAGRAM-WRITE CYCLE 

READ/WRITE 
(A2) 

tew 

tow 

OUTPUT DATA VALID 

twe 

tWR 

twe 
tWR 

DATA IN (AO) 

~ ~1=====~ti[);DStIQDS~=====::;fI1:I:::!-= IDH::3 tDH 

~~ _____________ D_A_TA __ IN_S_T_AB_L_E _______________ ~~~ ______ _ 
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TIMING DIAGRAM- POWER DOWN 

CE Pin 20 L t / - -·~tF-----;f '1 . 
'l_tPF_~ 

CEPin 20U 

VCC Pin 28 L 

TIMING DIAGRAM- POWER UP 

Jt / 
tREC '-------J 

tpD -

CE Pin 20 L 

CEPin20U 

VCC Pin 28 L 

TIMING DIAGRAM-RESET FOR SMARTWATCH 

WARNING 

4.5V 

3.0V 

----.. tF 4--

Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 

Water washing for flux removal may discharge internal lithium source as exposed voltage 
pins are present. 
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NOTES: 
1. All voltages are referenced to ground. 

2. Measured with a load shown in Figure 3. 

3. Pin locations are designated "U" when a 
parameter definition refers to the .socket re
ceptacle and ilL" when a parameter definition 
refers to the socket pin. 

4. No memory inserted in the socket. 

5. Input pulse rise and fall times equal 10 ns. 

6. Applies to Pins 1 L,8 L, 10 L, 20 L, and 22 L. 

7. tWR and tRR...!!'e functions of the first occur
ring edge of OE or CEo 

8. tAH, tos and tOtillre functions of the first oc
curring edge of OE or CEo 

9. !AS is ~unction of the latter occurring edge of 
OE or CEo 

10. RST (Pin 1) has an internal pull-up resistor. 

OUTPUT LOAD Figure 3 +5 Volts 

1.1K 

O.U.T. __ ---< ..... ----. 

620.n 50pF 
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DIM. 
INCHES 

MIN. MAX. 

A 1.390 1.420 

8 .695 .. 705 

C .350 .385 

D .035 .065 

E .025 .035 

F .120 .160 

G .090 .110 

H .590 .625 

J .008 .012 

K .015 .. 021 
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I; Dallas Semiconductor 
SmarfWafch 

FEATURES 

• SmartWatch keeps track of hundredths of 
seconds, seconds, minutes, hours, days, 
date of the month, months, and years 

• Adds timekeeping to any 32-pin JEDEC 
Byte Wide memory location 

• Embedded lithium energy cell maintains 
calendar time for more than 10 years in 
the absence of power 

• Timekeeping function is transparent to 
memory operation 

• Month and year determine the number of 
days in each month 

• Proven gas-tight socket contacts 

• Full 10% VCC operating range 

• Operating temperature range O°C to 70°C 

• Accuracy to within 1 min.lmonth @25°C 

DESCRIPTION 

~!il,nllMll~~!il,'f 

DS1218F 

PIN CONNECTIONS 

PIN NAMES 

AO 
000 

GNO 

Pin 1 RST - Reset 

10 
20 
3D 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 

032 Vcc 
031 
030 
029 
CJ 28 
CJ 27 
026 
CJ 25 
024 
CJ 23 
CJ 22 CE 
CJ 21 
CJ 20 
CJ 19 
CJ 18 
017 

Pin 10 A2 - Address Bit 2 (READIWRITE) 
Pin 12 AO - Address Bit 0 (Data Input) 
Pin 13 DOO - 1/00 (Data Output) 
Pin 16 GND - Ground 
Pin 22 CE - Conditioned Chip Enable 
Pin 24 OE - Output Enable 
Pin 32 VCC - + 5 VDC to the Socket 

All pins pass through to the Socket 
except 22. 

The DS1216F is a 32-pin 600-mil-wide DIP socket with a built-in CMOS timekeeper function 
and an embedded lithium energy source to maintain time and date. It accepts any 32-pin 
bytewide ROM or volatile RAM. A key feature of the SmartWatch is that the timekeeper func
tion remains transparent to the memory device placed above. The SmartWatch monitors 
VCC fo( an out-of-tolerance condition. When such a condition occurs, an internal lithium 
energy source is automatically switched on to prevent loss of watch data. 

Using the SmartWatch saves PC board space since the combination of SmartWatch and the 
mated memory device take up no more area than the memory alone. The SmartWatch uses 
pins 1, 10, 12, 13,22 and 24 for timekeeper control. All pins pass through to the socket recep
tacle except for pin 22 (CE) which is inhibited during the transfer of time information. 

See the DS1216E data sheet for technical details and SmartWatch operation. 
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DIM. 
INCHES 

MIN. MAX. 

A 1.590 1.620 

B .695 .710 

C .350 .385 

D .035 .065 

E .025 .035 

F .120 .160 

G .090 .110 

H .590 .630 

J .008 .012 
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ma. Dallas Semiconductor 
.. LeA 8mart8ocket 

FEATURES 

• SmartSocket keeps logic defined in 
Xilinx/MMI LCA's in the absence of 
power 

• Eliminates need for external memory 
to hold a copy of the logic configura
tion data 

• Logic configuration already defined on 
power-up; no time required for initial 
loading 

DS1264 PIN DESCRIPTION 

Gr 

JP>1Rl~UIMiI~INI~IRl)f 

D81264 
D81265 

987654321~~~~~~~~ 
LOIS - --------.-

10 - PWRi5iii . I 
11 GNO 
12 

13 

14 

15 

16 

Veel 17 

60 
59 

58 

57 

56 

55 

54 
53 Veel • Embedded IC provides power-fail 

detection, PWRDN pin control and 
automatic switching between system 
VCC and lithium voltage 

- 18 -Veea 
19 

Veea- 52 -
• Electronic freshness seal (lithium 

save) insures full lithium capacity after 
shipping and handling 

• Two versions: 
- DS1264 accepts Xilinx/MMI 2064 
68-pin LCA 

- DS1265 accepts Xilinx/MMI 2018 
84-pin LCA 

• 68- and 84-pin sockets accept JEDEC 
plastic chip carriers with tin-plated 
leads 

PIN DESCRIPTION 

51 

20 50 

21 49 

22 48 

23 47 

24 46 

25 GNO 45 

26 ~ 44 

...... '"' ... -=-=-=--= 

~ 
GNO 

All pins pass straight through to the LCA in either the 68-pin or the 84-pin socket except for 
the following: 
LDIS (active pulsed low)-Lithium Disconnect: Lithium Disconnect may be used to discon
nect the lithium source during periods of time when nonvolatility is not required. This func
tion is brought out in place of the LCA's PWRDN pin. The LCA's PWRDN pin is connected to 
the Power Fail (PF) output signal of the controller IC embedded within the socket. 
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DS1285 PIN DESCRIPTION 

GND 

6 5 4 3 2 1 64 83 82 81 80 79 78 77 76 75 

LDIS_ 12 t 13 GND 
14 
15 
16 
17 
18 
19 
20 
21 

Veel 22 -Veel 
23 

24 
25 
26 
27 
28 
29 57 
30 56 
31 55 
32 54 

~ 
GND 

Vcc-Power Supply: System power is routed to the embedded control Ie which switches 
power to the LeA between the system supply when it is applied during full operation and the 
lithium power source for nonvolatility in the absence of system power. 

The table below summarizes the assignments for these pins for the two versions of the 
SmartSocket: 
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SIGNAL 
LOIS 

Vee 
GNO 

DS1284 
tor 2084 88-pln LCA 

PIN # 
10 

18,52 
1,35 

DS1285 
tor 2018 84~pin LCA 

PIN # 
12 

22,64 
1,43 



DESCRIPTION 
The OS1264 and OS1265 are PLCC sockets with a built-in CMOS IC controller circuit and an 
encapsulated lithium energy source. They are specifically designed to provide nonvolatile 
support for the Xilinx/MMI Logic Cell Array (LCA) devices. The OS1264 accommodates the 
68-pin 2064 LCA while the OS1265 mates up with the 84-pin 2018 LCA. 

The 2064 and 2018 LCAs are CMOS logic array devices in which the internal configuration is 
determined by self-contained bits of RAM storage. The data contained in this RAM is used to 
define logic block functions, configuration of I/O blocks, routing of internal signals, and 
other options. As a result, the user can quickly implement complex digital logic functions 
directly without the requirement for masking or other vendor performed programming steps. 
In addition, the use of internal RAM allows logic design changes to be quickly implemented 
and verified in the prototype system. Complete re-configuration "on-the-fly" of the final pro
duction system is also possible. 

The use of RAM for holding the LCA's configuration data allows a maximum amount of flex
ibility in a programmable logic device. Without nonvolatile support, however, the device 
must be re-Ioaded from external memory each time that the configuration data is lost due to 
a power down or to a brownout condition. This not only requires additional memory to con
tain the logic configuration data, but also a considerable amount of time following power up 
to perform the reload operation. 

OS1264 alleviates these problems by providing nonvolatile support with a minimum impact 
on system hardware. No additional circuitry is required for nonvolatile operation, and no ad
ditional printed circuit board area is used since the combination of the SmartSocket and the 
LCA uses no more area than the LCA alone. When the socket is mated with the LCA, it pro
vides a complete, self-contained solution for nonvolatile support. Only three pins are used 
for nonvolatile control of the LCA. All other pins are passed straight through to the socket 
receptacle. 
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POWER CYCLING OPERATION 
The schematic shown in Figure 1 illustrates the internal connection of the LCA Smart
Sockets. The timing diagram in Figure 2 illustrates the timing operation of the system when 
power to the system is cycled off and on. During normal system operation, incoming VCC 
voltage is monitored by the DS1259 for two thresholds below nominal operating voltage. 
Both of these thresholds are detected by the SmartSocket as VCC decays in a power-down 
situation~ The first (highest) threshold which is detected during a power-down is the Power 
Fail Voltage (VPF). When VCC fall~elow this value the PWRDN pin on the LCA is pulled 
down to its active low level by the PF output from the embedded control IC. This action will 
force the LCA to suspend all operation and go into Its low power consumption mode. All 
clocks will be stopped within the device and all outputs are placed into high impedance 
state. All configuration data is maintained in the device when PWRON is held at its active 
low level. . 

As VCC voltage continues to decay during a power-down, it will eventually drop below the 
second (lower) threshold detected by the SmartSocket, which is Power Down Voltage (VPO). 
When this occurs the Internal lithium source is automatically switched to the VCC pins on 
the LCA device and the PWRDN input will continue to be held in its active state. At this point 
the configuration data will be. maintained by power supplied from the lithium source. 

During a power-up, the reverse of the sequence described above will take place. When VCC 
rises above the VPD threshold, the VCC lines of the LCA will be switched from the lithium 
source to the system VCC lines. When VCC subsequently rises above the VPF threshold, the 
PWRDN pin of the LCA will be driven to its inactive high level, and full operation of the device 
can then take place. 

LITHIUM DISCONNECT 
The Lithium Disconnect (LOIS) input to the LCA SmartSocket can be used to disconnect the 
lithium source from the LCA VCC lines. This feature is useful in situations where the system 
is to be powered down for a long period of time without the need for data retention, as might 
be the case when the system is stored in a stockroom. By disconnecting the lithium source, 
its full energy capacity can be assured at the time when use of the system begins. Acciden
tal discharge is also prevented during shipping and handling. This feature is activated with a 
high-going pulse to the LOIS input while system power is being applied above the VPF thresh
old. When system power is removed following this action the LCA's VCC lines will be isolated 
from the lithium source. The next time that power is applied normal operation will again take 
place when VCC rises above the VPF threshold, and the LCA's VCC lines once again will be 
connected to the lithium source when the system is powered down. The timing diagram in 
Figure 2 illustrates the operation of the SmartSocket in response to the LOIS input. 
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DS128411285 LCA SMARTSOCKET INTERNAL SCHEMATIC Figure 1 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -O.W to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS 

PARAMETER SYMBOL MIN 

Power Supply 
VCC 4.5 Inputs: VCCL 

Input High 
Voltage: LOIS VIH 2.0 

Input Low 
VIL 0 Voltage: LOIS 

D.C. ELECTRICAL CHARACTERISTICS 
(VCC voltage applied) 

PARAMETER SYMBOL MIN 

Input Leakage LOIS I L -1.0 

Output High Current 
IOH -1.0 LOIS VOH = 0.4V 

Output Low Current 
IOL LOIS VOL = O.4V 

Input Supply 
Current: VCCL ICC 

Output Supply 
Current: VCCU ICCO 

Power Fail Detect 
VPF Voltage 

Power Down Detect 
VPO Voltage 

232 

(0 °c to 70°C) 

TYP MAX UNITS NOTES 

5.0 5.5 V 1 

VCC+0.3 V 1 

0.8 V 

(0 °C to 70°C V CC = 4.0 to 5.5V) 

TYP MAX UNITS NOTES 

+ 1.0 IJA 10 

rnA 1,2,10 

4.0 rnA 1,2,10 

5 rnA 3,10 

250 rnA 10 

4.25 4.5 V 4 

Vu V 6 



D.C. ELECTRICAL CHARACTERISTICS 
(VCC voltage removed) 

PARAMETER SYMBOL MIN 

Lithium Voltage VLI 

Lithium Supply 
III Current: VCCU 

CAPACITANCE 

PARAMETER SYMBOL 

Output 
Co Capacitance 

Input 
CI Capacitance 

A.C. ELECTRICAL CHARACTERISTICS 
(VCC voltage applied) 

PARAMETER SYMBOL 

VCC Slew Rate 
tF (Falling edge) 

V~C Slew Rate 
(RIsing edge) tR 

Power Fail to PWRDN 
tPF low 

PWRDN High after 
tREC Power Up 

MIN 

300 

1 

0 

2 

TYP MAX UNITS NOTES 

3 V 7,9,10 

10 nA 3 

1 JJA 8 

(tA = 25°C) 

TYP MAX UNITS 

5 10 pF 

5 10 pF 

(0 °C to 70°C, V CC = 4.0 to 5.5V) 

TYP MAX UNITS NOTES 

us 

us 

us 

10 20 ms 
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POWER CYCLING OPERATION Figure 2 

Vee -----, 

liTHIUM 
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LITHIUM DISCONNECT TIMING Figure 3 
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NOTES: 
1. Voltages are referenced to ground. 

2. Load capacity is 50 pF. 

3. Measured with socket empty. 

4. VPF is the point that PWRDN is driven low. 

5. Both VCCO outputs will meet the rated voltage and current as the lithium energy source re
tains at least 10% of its original capacity. 

6. VPf) is the point that power is switched from system VCC to the lithium source tied to the 
VLI pin. 

7. VLI is the internal lithium energy source voltage. 

8. Measured with LCA in socket; maximum value allowed for 10 yr. data retention at 25°C. 

9. Storage loss is less than 1 % per year at 25°C. 

10. Pin names designated with a "U" suffix refer to the signal applied to the LCA pin on the at
the-socket receptacle. Pin names designated with the "L" suffix refer to the signal coming 
into the socket on the lower pin. 
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D81284 
LCA 8.ART80CKET 

1 .... ---- A ----~ 1 

B 0 
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DIM. 
INCHES 

MIN. Max. 

A 1.220 1.280 

B 1.185 1.215 

C .365 .385 

0 .015 .025 

E .065 .095 

F .015 .022 

G .015 .022 

H .090 .110 

J .090 .110 

K .095 .130 

E.l..T1U u~u-~~ u J 
--I 1- --11-

J G 



D81265 
LCA 8MART80CKET 

~I~----A---.... ~I 
DIM. 

INCHES 

MIN. MAX. 

A 1.445 1.455 

eO B 1.445 1.455 

C .365 .385 

D .015 .025 

E .065 .095 

F .015 .022 

G .015 .022 

H .090 .110 

J .090 .110 

K .095 .130 

I ~_./ ....... _J I 
E l 0 0 o9J=tJ=tFtJ=f)J 0 0 0 
T ~ 1_ -11-

J G 
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Timekeeping 

l1li 
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I. Dallas Semiconductor 
.. TimeChip 

FEATURES 

• TimeChip keeps track of hundredths 
of seconds, seconds, minutes, hours, 
days, date of the month, months, and 
years 

• Adjusts for months with fewer than 31 
days 

• Leap year automatically corrected 

• No address space required 

• Provides nonvolatile controller func
tions for battery backing up RAM 

• Supports redundant batteries for high-
rei applications 

• Uses a 32.768 KHz watch crystal 

• Full 10% operating range 

• Operating temperature range O°C to 
70°C 

• Space saving 16-pin DIP package 

DESCRIPTION 

DS1215 

PIN CONNECTIONS 

X1 VCCI 

X2 VCCO 
WE BAT2 

BAT1 RST 

GND 6E 
D CEi 
Q CEO 

GND ROM/RAM 

PIN NAMES 
Pins 1 & 2 - X1, X2 - 32.768 KHz Crystal 

Connections 
Pin 3 - WE - Write Enable 
Pin 4 - BAT1 - Battery 1 Input 
Pins 5 & 8 - GND - Ground 
Pin 6 - D - Data In 
Pin 7 - Q - Data Out 
Pin 9 ROMI 

RAM - ROM-RAM Select 
Pin 10 CEO - Chip Enable Out 
Pin 11 CEI - Chip Enable Input 
Pin 12 - OE - Output Enable 
Pin 13 - RST - Reset 
Pin 14 - BAT2 - Battery 2 Input 
Pin 15 - VCCO - Switched Supply Output 
Pin 16 - VCCI - +5V DC Input 

The DS1215 is a combination of a CMOS timekeeper and a nonvolatile memory controller. In 
the absence of power, an external battery maintains the timekeeping operation and provides 
power for a CMOS static RAM_ The watch provides hundredths of seconds, seconds, min
utes, hours, day, date, month, and year information, while the nonvolatile controller supplies 
all the necessary support circuitry to convert a CMOS RAM to a nonvolatile memory. The 
DS1215 can be interfaced with either RAM or ROM without leaving gaps in memory. 

The last date of the month is automatically adjusted for months with less than 31 days, in
cluding correction for leap year every four years. The watch operates in one of two formats: a 
12-hour mode with an AMIPM indicator, or a 24-hour mode. 
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The nonvolatile memory controller portion of the circuit is designed to handle power fail 
detection, memory write protection, and battery redundancy. In short, the controller changes 
standard CMOS memories into nonvolatile memories, and provides continuous power to the 
TimeChip. Alternatively the TimeChip can be used with ROM memory by controlling the Chip 
Enable Output signal (CEO) while the TimeChip is being accessed. 

OPERATION 
The block diagram of Figure 3 illustrates the main elements of the TimeChip. Communica
tion with the TimeChip is established by pattern recognition of a serial bit stream of 64 bits 
which must be matched by executing 64 consecutive write cycles containing the proper data 
on Data In (D). All accesses which occur prior to recognition of the 64-bit pattern are directed 
to memory via the Chip Enable Output pin (CEO). 

After recognition is established, the next 64 read or write cycles either extract or update data 
in the TimeChip and Chip Enable Output remains high during this time, disabling the con
nected memory. 

Data transfer to and from the timekeeping function is accomplished with a serial bit stream 
under control of chip enable (CEI), output enable (OE), and write enable (WE). Initially, a read 
cycle using the CEI and OE control of the TimeChip starts the pattern recognition sequence 
by moving a pointer to the first bit of the 64-bit comparison register. Next, 64 consecutive 
write cycles are executed using the CEI and WE control of the TimeChip. These 64 write 
cycles are used only to gain access to the TimeChip. 

When the first write cycle is executed, it is compared to bit 1 of the 64-bit comparison 
register. If a match is found, the pOinter increments to the next location of the comparison 
register and awaits the next write cycle. If a match is not found, the pOinter does not ad
vance and all subsequent write cycles are ignored. If a read cycle occurs at any time during 
pattern recognition, the present sequence is aborted and the comparison register pOinter is 
reset. Pattern recognition continues for a total of 64 write cycles as described above until all 
the bits in the comparison register have been matched. (This bit pattern is shown in Figure 
1). With a correct match for 64 bits, the TimeChip is enabled and data transfer to or from the 
timekeeping registers may proceed. The next 64 cycles will cause the TimeChip to either 
receive data on 0, or transmit data on Q, depending on the level of OE pin or the WE pin. 
Cycles to other locations outside the memory block can be interleaved with CEI cycles 
without interrupting the pattern recognition sequence or data transfer sequence to the 
TimeChip. 

A 32,768 Hz quartz crystal, Seiko part no. DS-VT-200 or equivalent, can be directly connected 
to the DS1215 via pins 1 and 2 (X1, X2). The crystal selected for use should have a specified 
load capacitance (CL) of 6 pF. 
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NONVOLATILE CONTROLLER OPERATION 
The operation of the nonvolat.ile controller circuits within the TimeChip is determined by the 
level of the ROM/RAM select pin. When ROM/RAM is connected to ground, the controller is 
set in the RAM mode and performs the circuit functions required to make static CMOS RAM 
and the timekeeping function nonvolatile. First a switch is provided to direct power from the 
battery inputs or VCCI to VCCO with a maximum voltage drop of 0.2 volts. The VCCO output 
pin is used to supply uninterrupted power to CMOS static RAM. The 051215 also performs 
redundant battery control for high reliability. On power fail the battery with the highest 
voltage is automatically switched to VCCO. If only one battery is used in the system, the 
unused battery input should be connected to ground. The 051215 provides the function of 
safeguarding the TimeChip and RAM data by power fail detection and write protection. 
Power fail detection occurs when VCCI falls below VTP which is equal to 1.26 x VBAT. The 
051215 constantly monitors the VCCI supply pin. When VCCI is less than VTP, a comparator 
outputs a power fail signal to the control logic. The power fail signal forces the chip enable 
output (CEO) to VCCLQr VBAT';" 0.2 volts for external RAM write protection. Ouring nominal 
supply conditions, CEO will track CEI with a maximum propagation delay of 20 ns. Internally, 
the 051215 aborts any data transfer in progress without changing any of the TimeChip 
registers and prevents future access until VCCI exceeds VTP. A typical RAMlTimeChip inter
face is illustrated in Figure 4. 

When the ROM/RAM pin is connected to VCCQ, the controller is set in the ROM mode. Since 
ROM is a read-only device which retains data in the absence of power, battery backup and 
write protection is not required. As a result,the chip enable logic will not force CEO high 
when power fails. However, the TimeChip does retain the same internal. nonvolatilityand 
write protection as described in the RAM mode. In addition, the chip enable output is set 
at a low level on power fail as VCCI falls below the level of VBAT. A typical ROMlTimeChip 
interface is illustrated in Figure 5. 
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TIMECHIP COMPARISON REGISTER DEFINITION Figure 1 

7 6 5 4 3 2 0 

Byte 0 1 0 0 0 1 0 C5 

Byte 1 0 0 1 0 1 0 3A 

Byte 2 1 0 1 0 0 0 A3 

Byte 3 0 0 1 1 0 0 5C 

Byte 4 1 0 0 0 0 C5 

Byte 5 0 0 0 1 0 3A 

Byte 6 0 1 0 0 0 A3 

Byte 7 0 1 0 1 0 0 5C 

Note: 
The pattern recognition in Hex is C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this pattern being 
accidentally duplicated and causing inadvertent entry to the TimeChip is less than 1 in 1019• 

TIMECHIP REGISTER INFORMATION 
The TirTIeChip information is contained in 8 registers of 8 bits each which are sequentially 
accessed one bit at a time after the 64-bit pattern recognition sequence has been completed. 
When updating the TimeChip registers, each must be handled in groups of 8 bits. Writing 
and reading individual bits within a register could produce erroneous results. These readl 
write registers are defined in Figure 2. 

Data contained in the TimeChip registers are not binary coded decimal format (BCD) in 
12-hour mode. Reading and writing the registers is always accomplished by stepping 
through all 8 registers, starting with bit 0 of register 0 and ending with bit 7 of register 7. 
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TIMECHIP REGISTER DEFINITION Figure 2 

Register 7 6 5 4 3 2 1 0 Range (BCD) 

o 0.1 SEC 0.01 SEC • 00-99 

0 

1 10 SEC SECONDS 00-59 

0 

2 10 MIN MINUTES 00-59 

0 
01-12 
00-23 3 HOUR 

7 0 

4 DAY 01-07 

0 

5 10 DATE DATE 01-31 

0 

6 MONTH 01-12 

0 

7 10 YEAR YEAR 00-99 

AM·PMI12124 MODE 
Bit 7 of the hours register is defined as the 12- or 24-hour mode select bit.When high, the 
12-hour mode is selected. In the 12-hour mode, bit 5 is the AM/PM bit with logic high being 
PM. In the 24-hour mode; bit5 is the second 10-hour bit (20-23 hours). 

OSCILLATOR AND RESET BITS 
Bits 4 and 5 of the day register are used to control the reset and oscillator functions. Bit 4 
controls the reset pin (Pin 13). When the reset bit is set to logical 1 , the reset input pin is ig
nored. When the reset bit is set to logical 0, a low input on the reset pin will cause the Time
Chip to abort data transfer without changing data in the timekeeping registers. Reset 
operates independently of all other inputs. Bit 5 controls the oscillator. When set to Logic 0 
the oscillator turns on and the watch becomes operational. 

ZERO BITS 
Registers 1, 2, 3, 4, 5, and 6 contain one or more bits which will always read logical O. When 
writing these locations, either a logical 1 or 0 is acceptable. 
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TIMECHIP BLOCK DIAGRAM Figure 3 
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RAMITIMECHIP INTERFACE Figure 4 
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ROM/TIMECHIP INTERFACE Figure 5 
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ABSOLUTE MAXIMUM RATINOS* 
Voltage on any Pin Relative to Ground ·1.0V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature ·55°C to 125°C 
Soldering Temperature 260°C for 10 Sec 
'This is a stress rating only and functional operation of the device at these or any other conditions above those Indicated In the operation sectfons 
of this specification is not implied. Exposure to absolute maximum rating oonditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Logic 1 VIH 2.2 VCC+0.3 V 1 

Logic 0 VIL -0.3 +0.8 V 1 

VBAn or VBAT2 
Battery Voltage VBAT 2.5 3.7 V 7 

D.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 4.5 to 5.5V) 

Supply Current ICCI 5 mA 6 

Supply Current 
ICC01 80 mA 8 VCCO = VCCI- 0.2 

Input Leakage IlL -1.0 + 1.0 pA 

Output Leakage ILO -1.0 +1.0 pA 

Output @2.4V IOH -1.0 mA 2 

Output @0.4V IOL 4.0 mA 2 

CEO Output VOH1 VCClor V 9 
VBAT-0.2 

VBAT1 or VBAT2 
Battery Current I BAT 1 pA 6 

Battery Backup Current 
ICC02 10 pA 10 @VCCO=VBAT-O.2V 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MIN UNITS NOTES 
Input 

CIN 5 pF Capacitance 
Output 

COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS ROM/RAM = G N 0 (0 °c to 70°C, V CC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

CEI Access Time tco 200 ns 

OE Access Time tOE 100 ns 

CEI To Output Low Z tCOE 10 ns 

OE To Output Low Z tOEE 10 ns 

CEI To Output High Z too 100 ns 

OE To Output High Z tooo 100 ns 

Read Recovery tRR 50 ns l1li 
Write Cycle twc 250 ns 

Write Pulse Width twp 170 ns 

Write Recovery tWR 50 ns 4 

Data Set Up tos 100 ns 5 

Data Hold Time tOH 10 ns 5 

CEI Pulse Width tcw 170 ns 

RST Pulse Width tRST 200 ns 

CEI Propagation Delay tpo 5 10 20 ns 2, 3 

CEI High to Power Fail tPF 0 ns 

(O°C to 70°C, VCC<4.5V) 

Recovery at Power Up tREC 2 ms 

VCC Slew Rate 4.5 - 3.0V tF 0 ms 
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TIMING DIAGRAM-READ CYCLE TO TIMECHIP ROM/RAM = GND 

WE=VIH 

1+--------tRC------J 

CEI 

Q Output Data Valid 

TIMING DIAGRAM-WRITE CYCLE TO TIMECHIP ROM/RAM = GND 

OE=VIH • twc ---+-I 

itDS_ 

D -r.Jlrr2~2r7'j l-rhT7'1/"T'l7h"""'~Data In Stable 
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A.C. ELECTRICAL CHARACTERISTICS ROM/RAM = VCCO (O°Cto 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

CEI Access Time tco 200 ns 

OE Access Time tOE 200 ns 

CEI to Output in Low Z tCOE 10 ns 

OE to Output in Low Z tOEE 10 ns 

CEI to Output in High Z too 100 ns 

OE to Output in High Z tODO 100 ns 

Address Set Up Time tAS 20 ns 

Address Hold Time tAH 10 ns 

Read Recovery tRR 50 ns 

Write Cycle Time twc 250 ns l1li 
CEI Pulse Width tcw 170 ns 

OE Pulse Width tow 170 ns 

Write Recovery tWR 50 ns 4 

Data Set Up Time tDS 100 ns 5 

Data Hold Time tDH 10 ns 5 

RST Pulse Width tRST 200 ns 

CEI Propagation Delay tpD 5 10 20 ns 2,3 

CEI High to Power Fail tpF 0 ns 

Recovery at Power Up tREC 2 ms 

VCC Slew Rate 4.5 -3V tF 0 ms 
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TIMING DIAGRAM-READ CYCLE ROM/RAM=Veeo 

�------------------------tRC--------------------~ 
I_---tco -------

READ/WRl'fE" 

-tCOE 

Q OUTPUT DATA VALID 

TIMING DIAGRAM-WRITE CYCLE HOM/RAM = Veeo 

OE 

R EAD/iiV'Rii"E 

D 
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I------------------------twc--------------------~ 
1---tWR 

~~~L~--------tcw--~--~-~iJ~--~~~L 

I-----------twc-----~~~====~~======:I 
~~~~~nLl----------tow----------IJ._r+_-----tW--R------~~ 

~ f ________ tD_S_t~D_S:::::::::::::::~t~:=_~tD~.H~--~'JtD~ , __ ~-----
~ DATA IN STABLE ~ 



TIMING DIAGRAM-POWER DOWN 

~ VIH 

Vil 

tPD 

\\\\\\\\\ 
ROM/RAM = GND CEO 

tCE VBAT-O.2V 

VCCI 

3V 

TIMING DIAGRAM-POWER UP 

ROM/RAM = GND CEO l1li 

VCCI 

TIMING DIAGRAM-RESET FOR TIMECHIP 
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NOTES 
1. All voltages are referenced to ground. 

2. Measured with load shown in Figure 6. 

3. Input pulse rise and fall times equal 10 ns. 

4. twRls a function of the latter occurring edge 
of WE or CE in RAM mode or OE or CE in ROM mode. 

5. tOH and tos are function!.9f the first 
occurri.ng edge of WE or CE in RAM mode or 
OE or CE in ROM mode. 

6. Measured without RAM connected. 

7. Trip point voltage for power fail detect. 
VTP:;::: 1.26 x VSAT For 10% operation VSAT:;::: 3.5V 
max.; for 5% operation V SAT :;::: 3.7V max. 

8. ICC01iS the maximum average load current the 
OS1215 can supply to memory. 

9. Applies to CEO with the ROM/RAM pin grounded_. _ 
When the ROM/RAM pin is connected to VCCO, CEO 
will go to a low level as VCCI falls below VSAT. 

10. ICC02 is the maximum average load current which 
the OS1215 can supply to memory in the battery 
backup mode. 

11. Applies to all input pins except RST. RST is pulled 
internally to VCCI. 

OUTPUT LOAD Figure 6 

+ 5 VOLTS 

UK 

O.U.T. --~t----e 

680 50pF 
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DS1215 
TimeChip DIM. 

INCHES 

MIN. MAX. 
16 9 A .740 .780 

T 
B 

B .240 .260 

C .120 .140 

0 .290 .310 

1 E .020 .030 

F .110 .130 

I.' A :1 
G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

l1li 
f 
F 

I 

L ,:t: 
.100 ± .010 (TNA) 
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m. Dallas Semiconductor 
.. 64K NV SRA. Plus Real Time Clock DS1243Y 

FEATURES 

• Real Time Clock keeps track of hun
dredths of seconds, seconds, minutes, 
hours, days, date of the month, months, 
and years 

• 8K x 8 NV SRAM directly replaces vola
tile static RAM or EEPROM 

• Embedded lithium energy cell maintains 
watch information and retains RAM data 

• Watch function is transparent to RAM 
operation 

• Month and year determine the number 
of days in each month 

• Standard 28-pin JEDEC pinout 

• Full 10% operating range 

• Operating temperature range O°C to 
70°C 

• Accuracy is better than ± 1 min/month 
@25°C 

• Over 5 years of data retention in the 
absence of power 

• Unlimited write cycles 

DESCRIPTION 

PIN CONNECTIONS 

Rsf 
A12 

A7 

AS 
AS 
A4 
Aa 
A2 

Al 
AO 

DQo 

DQl 

DQ2 

GND 

PIN NAMES 

Ao-A12 - Address Inputs 
CE - Chip Enable 
GND - Ground 
DQO-DQ7 - Data In/Data Out 
VCC - Power (+ 5V) 
WE - Write Enable 
OE - Output Enable 
NC No Connect 
RST - Reset 

The DS1243Y is a fully static nonvolatile RAM (organized as 8192 words by 8 bits) with built-in 
Real Time Clock. This memory and real time clock has a self-contained lithium energy 
source and control circuitry which constantly monitors VCC for an out-of-tolerance condi
tion. When such a condition occurs, the lithium energy source is automatically switched on 
and write protection is unconditionally enabled to prevent garbled data in both the memory 
and real time clock. For complete information and operation, electrical characteristics, and 
timing as it relates to the 8Kx8 nonvolatile memory, please reference the DS1225Y data 
sheet. For complete information on operation, access control, electrical characteristics and 
timing of the real time clock, reference the DS1216 data sheet. 
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DB1243Y 
64K NV BRAM Plus Real Time Clock 

28~==============~ 1==========:::::;'115 
DIM. 

INCHES 

MIN. MAX. 

A 1.520 1.540 

B .695 .720 

C .395 .410 

0 .090 .120 

E .020 .030 

F .120 .160 

G .090 .110 

H .590 .630 

CD 
11~=============== ~==========~14 

1__ _-A---·1 
J .008 .012 

K .015 .021 

l1li 

-) 
c 

-+0l_---II-K -I G -
_ 13 Equal Spaces al 

.100± .010 (TNA) 

1-1. ---H---I,I 
1-------8-------1 
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..... Dallas Semiconductor II' 256K NV SRAM Plus Real Time Clock 
PRELIMINARY 

DS 1244 Y 

FEATURES 
• Real Time Clock keeps track of hundredths 

of seconds, seconds, minutes, hours, days, 
date of the month, months, and years 

• 32K x 8 NV SRAM directly replaces volatile 
static RAM or EEPROM 

• Embedded lithium energy cell maintains 
watch information and retains RAM data 

• Watch function is transparent to RAM opera
tion 

• Month and year determine the number of 
days in each month 

• Standard 28-pin JEDEC pinout 

• Full 1 0% operating range 

• Operating temperature range OOC to 70°C 

• Accuracy is better than +/- 1 min/month 
@25°C 

• Over 5 years of data retention in the absence 
of power 

• Unlimited write cycles 

DESCRIPTION 
The DS 1244Y is a fully static nonvolatile RAM 
(organized as 32,768 words by 8 bits) with 
built-In Real Time Clock. This memory and 
real time clock has a self-contained lithium 
energy source and control circuitry which 
constantly monitors Vcc for an out-of-toler
ance condition. When such a condition oc
curs, the lithium energy source is automati
cally switched on and write protection Is un-
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PIN CONNECTIONS 

RST/A'4 28 Vee 

A'2 2 27 WE 

A7 3 26 A'3 

A6 4 25 A8 

As 5 24 Ag 

A4 6 23 A" 

A3 7 22 OE 

A2 8 21 A,o 

A, 9 20 CE 

Ao 10 19 DOe 

000 11 18 DQ S 

DQ, 12 17 00 5 

DQ2 13 16 00 4 

GND 14 '5 DQ 3 

PIN NAMES 

~Al' - Address Inputs 
- Chip Enable 

GND -Ground 
000-007 - Data In/Data Out 
Vcc - Power (+5V) 
WE - Write Enable 
OE - Output Enable 
RST - Reset 

conditionally enabled to prevent garbled data 
in both the memory and real time clock. For 
complete information and operation, electrical 
characteristics, and timing as It relates to the 
32K x 8 nonvolatile memory, please reference 
the DS1230Y data sheet. For complete infor
mation on operation, access control, electri
cal characteristics and timing of the real time 
clock, reference the DS1216 data sheet. 



DS1244Y 
256K NV SRAM Plus Real Time Clock 

INCHES 
DIM. 

MIN. MAX. 

A 1.520 1.540 

8 .695 .720 

28 15 C .395 .410 

D .090 .120 

E .020 .030 

F .120 .160 

G .090 .110 

H .590 .630 

leD , _____ -'14 
J .008 .012 

~I 
K .015 .021 

T 
c 

~ 
E 

F 

t 
H 

B 
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II...... Dallas Semiconductor 
U Real Time Clock Plus RAM 

FEATURES 
• Drop-in replacement for IBM AT com

puter clock/calendar 
• Pin configuration closely matches 

MC146818A 

MOT 

XI 

X2 

• Counts seconds, minutes, hours, days, ADO 

day of the week, date, month and year 
AOI 

with leap year compensation 
• Binary or BCD representation of time, 

calendar and alarm 
• 12- or 24-hour clock with AM and PM 

in 12-hour mode 
• Daylight Savings Time option 
• Selectable between Motorola and Intel 

bus timing 
• Multiplex bus for pin efficiency 
• Interfaced with software as 64 RAM 

locations 
- 14 bytes of clock and control 

registers 
- 50 bytes of general purpose RAM 

• Programmable square wave output 
signal _ 

• Bus compatible interrupt signals (IRQ) 
• Three interrupts are separately 

software-maskable and testable 
- Time-of-day alarm once/second to 

once/day 
- Periodic rates from 122us to 500ms 
- End of clock update cycle 

• Optional 28 pin PLCC surface mount 
package 

DESCRIPTION 

AD2 

AD3 

AD4 

AD5 

ADS 

AD7 

GNO 

051285-24 Pin DIP 
051285Q-28 Pin PLCC 

PIN CONNECTIONS 

24 X2 X I MOT NC Vee SOW NC 

2 23 saw 
J 22 Ne 

4 21 RCLR 

5 20 

6 19 IRQ 

7 18 RESET 

B 17 OS 

9 16 GNO 

10 15 R/W 

11 14 AS 

12 13 

PIN NAMES 
ADO-AD7- Multiplexed Address/Data Bus 
N.C. - No Connection 
MOT - Bus Type Selection 
CS - Chip Select 
AS - Address Strobe 
RIW - ReadlWrite Input 
OS - Data Strobe 
RESET - Reset Input 
IRQ - Interrupt Request Output 
SQW - Square Wave Output 
Vcc - +5 Volt Supply 
GND -Ground 
X1,X2 - 32.768 KHz Crystal Connections 
V - +3 volt Battery Input 
RN.R - RAM Clear 

The DS1285 Real Time Clock Plus RAM is designed as a direct replacement for the MC 146818 
in IBM AT computer clock/calendar and other applications. An external crystal and battery are 
the only components required to maintalntime-of-day and memory status In the absence of 
power. For a complete description of operating conditions, electrical characteristics, bus timing, 
and signal descriptions other than X1 ,X2, VBAT, and RCLR, see the DS1287 data sheet. 
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SIGNAL DESCRIPTIONS 

X1 ,X2 - Connections for a standard 32.768 KHz quartz crystal, Seiko part number DS-VT-200 
or equivalent. The internal oscillator circuitry is designed for operation with a crystal having a 
specified load capacitance (CJ of 6pF. A variable triming capacitor may be required for extremely 
high precision timekeeping applications. 

V BAT - Battery input for any standard 3 volt lithium cell or other energy source. Battery voltage 
must be held between 2 and 4 volts for proper operation. The nominal write protect trip point 
voltage at which access to the Real Time Clock and User RAM is denied is set by the internal 
cirCUitry as 1.26 x V BAT' A maximum load of .5uA at 25°C in the absence of power should be used 
to size the external energy source. 

RCLR - The RCLR pin is used to clear (set to logic 1) all 50 bytes of general purpose RAM but 
does not effect the RAM associated with the Real Time Clock. In order to clear the RAM, RCLR 
must be forced to an input logic HO" (-0.3 to 0.8 volts) during battery back up mode when Vee is 
not applied. The RCLR function is designed to be used via human interface (shorting to ground 
manually or by switch) and not to be driven with external buffers. 
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OS1285 INCHES 
REAL TIME CLOCK PLUS RAM DIM. 

MIN. MAX. 

A 1.240 1.280 

8 .540 .560 

C .140 .160 

0 .590 .610 

E .020 .040 

F .110 .130 
24 13 

G .090 .110 

T H .600 .680 

J .008 .012 
B 

~ 
K .015 .021 

A 
12 ~ 

I"'---H • ·1 
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DS1285Q 
REAL TIME CLOCK PLUS RAM 

L 
I 

c 

C 
L 

.-l 
J 

T 

PIN NO.1 
INDICATOR 

---.010 R (3X) 

.. B---" 

INCHES 
DIM. 

MIN. MAX . 
A . 290 .310 

B .441 .451 

C .020 .024 

D .018 .022 

E .488 .492 

F .118 .122 

G .020 .030 

H .390 .430 

J .. 048 .. 052 

III 

104---- E ---..... 
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II. Dallas Semiconductor 
U_ Mfatchdog Titnekeeper 

FEATURES 

• Watchdog TimeKeeper keeps track 
of hundredths of seconds, seconds, 
minutes, hours, days, date of the month, 
months and years 

• Watchdog Timer restarts an out of control 
processor 

• Alarm function provides notice of real time 
related oeeurances 

• Embedded lithium energy cell maintains 
time, Watchdog, and alarm information 

• Programmable interrupts and square wave 
outputs maintain 28 pin JEDEC footprint 

• All registers are individually addressable 
via the address and data bus 

• Accuracy is better than +/- 1 minute/month 
at 25°C 

• Greater than 10 years of data retention in 
the absence of Vee 

• 50 bytes of user NV RAM 

DESCRIPTION 

The DS1286 Watchdog TimeKeeper is a self 
contained Real Time Clock, Alarm, Watchdog 
Timer, and Interval Timer in a 28 pin JEDEC 
DIP package. The DS1286 contains an em
bedded Lithium energy source and a watch 
crystal which eliminates need for any external 
circuitry. Data contained within 64 eight bit 
registers can be read or written in the same 
manner as bytewide static RAM. Data is 
maintained in the Watchdog TimeKeeper by 
intelligent control cirCUitry which detects the 
status of Vcc and write protects memory when 
Vcc is out of tolerance. The lithium energy 
source can maintain data and real time for over 
ten years in the absence of Vee. The Watch
dog Timekeeper information includes hun
dredths of seconds, seconds, minutes, hours, 
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PRODUCT PREV/EMf 
DS1286 

PIN DESCRIPTION 

OPEN 

OPEN 

NC 

A5 

A4 

A3 

A2 

Al 

AO 

000 

001 

002 

GND 

PIN NAMES 

INTA 
INTB(INTB) 
AO-A5 
DQO-D07 
CE" 
OE 
WE 
Vcc 
GND 
N.C. 
OPEN 
SOW 

Vcc 
WE 

OPEN 

OPEN 

saw 
iNT8(INTB} 

OE 

OPEN 

CE 

007 

006 

D05 

004 

003 

- Interrupt Output A 
- Interrupt Output B 
- Address Inputs 
- Data Input/Output 
- Chip Enable 
- Output Enable 
- Write Enable 
- +5 Volts 
-Ground 
- No Connection 
- Pin Missing 
- Square Wave Output 

day, date, month, and year information. The 
data at the end of the month is automatically 
adjusted for months with less than 31 days, 
including correction for leap years. The Watch
dog TimeKeeper operates in either 24 hour or 
12 hour format with an AM/PM indicator. The 
Watchdog timer provides alarm windows and 
interval timing between .01 seconds and 99 
seconds. The real time alarm provides for 
preset times of up to one week. 



mil Dallas Semiconductor 
... RealTime Clock Plus RAM 

FEATURES 

• Drop-in replacement for IBM AT com
puter clock/calendar 

• Pin compatible with the MC146818A 

• Totally nonvolatile with over 10 years 
of operation in the absence of power 

• Self-contained subsystem includes 
lithium, quartz and support circuitry 

• Counts seconds, minutes, hours, days, 
day of the week, date, month and year 
with leap year compensation 

• Binary or BCD representation of time, 
calendar and alarm . 

• 12- or 24-hour clock with AM and PM 
in 12-hour mode 

• Daylight Savings Time option 

• Selectable between Motorola and Intel 
bus timing 

• Multiplex bus for pin efficiency 

• Interfaced with software as 64 RAM 
locations 

- 14 bytes of clock and control 
registers 

50 bytes of general purpose RAM 

• Programmable square wave output 
signal 

• Bus compatible Jnterrupt signals (IRQ) 

• Three interrupts are separately 
software-maskable and testable 

- Time-of-day alarm once/second to 
once/day 

- Periodic rates from 122 us to 500 ms 

- End of clock update cycle 

DS1287 

PIN CONNECTIONS 

MOT VCC 
N.C, sow 
N:C. N.C. 

ADO N.C. 

ADl N.C. 

AD2 iRQ 
AD3 REsET 
AD4 os 
ADS N.C. 

AD6 R/W 

AD7 AS 

GND os 

PIN NAMES 

ADO - AD7 - Multiplexed Address/Data Bus -N.C. - No Connection 
MOT - Bus Type Selection 
CS - Chip Select 
AS - Address Strobe 
RlW - Read/Write Input 
OS • Data Strobe 
RESET - Reset Input 
iRQ - Interrupt Request Output 
SQW - Square Wave Output 
VCC - + 5 Volt Supply 
GND - Ground 

265 



DESCRIPTION 
The OS1287 RealTime Clock Plus RAM is designed to be a direct replacement for the 
MC146818. A lithium energy source, quartz crystal and write-protection circuitry are contained 
within a 24-pin dual in-line package. As such, the OS1287 is a complete subsystem replacing 
16 components in a typical application. The functions include a nonvolatile time-of-day 
clock, an alarm, a one-hundred-year calendar, programmable interrupt, square wave genera
tor, and 50 bytes of nonvolatile static RAM. The RealTime Clock Plus RAM is distinctive in 
that time-of-day and memory are maintained even in the absence of power. 

OPERATION 
The block diagram in Figure 1 shows the pin connection with the major internal functions of 
the OS1287 Real Time Clock Plus RAM. The following paragraphs describe the function of . 
each pin. 

POWER DOWNIPOWER UP CONSIDERATIONS 
The Real Time Clock function will continue to operate and all of the RAM, time, calendar and 
alarm memory locations remain noiwolatile regardless of the. level of the VCC input. When 
Vce is applied to the OS1287 and reaches a level of greater than 4.25 volts, the device 
becomes accessible after 100 mS,provided that the oscillator is running and the oscillator 
countdown chain is not in reset (see Register A). This time period allows the system to 
stabilize after power is applied. When Vce falls below 4.25 volts, the chip select input is in
ternally forced to an inactive level regardless of the value of CS at the input pin and OS1287 
is, therefore, write-protected. When the OS1287 is in a write-protected state, all inputs are ig
nored and all outputs are in a high impedance state. When Vec falls below a level of approx
imately 3 volts, the external VCC supply is switched off and an internal Lithium energy 
source supplies power to the Real Time elock and the RAM memory. 

SIGNAL DESCRIPTIONS 

GND, VCC-O.C. power is provided to the device on these pins. VCC is the + 5 volt input. 
When 5 volts is applied within normal limits, the device is fully accessible and data can be 
written and read. When VCC is below 4.25 volts typical, reads and writes are inhibited. 
However, the timekeeping function continues unaffected by the lower input voltage. As VCC 
falls below 3 volts typical, the RAM and TimeKeeper are switched over to an internal Lithium 
energy source. The timekeeping function maintains an accuracy of ± 1 minute per month at 
25°e regardless of the voltage input on the VCC pin. 

MOT (Mode Seleel)-The MOT pin offers the flexibility to choose between two bus types. 
When connected to Vce, Motorola bus timing is selected. When connected to GNO or left 
disconnected, Intel bus timing is selected. The pin has an internal pull-down resistance of 
approximately 20 Kn. . 

SQW (Square Wave Output)-The SOW pin can output a signal from one of 13 taps provided 
by the 15 internal divider stages of the Real Time Clock. The frequency of the SOW pin may 
be changed by programming Register A. As shown in Table 1, the SOW signal may be turned 
on and off using the SOWE bit in Register B. The SOW signal is not available when VCC is 
less than 4.25 volts typical. 

266 



BLOCK DIAGRAM DSi287 Figure 1 

rDl 
osc. 

cs 
POWER 

VCC SWITCH VCC .. AND r---
WRITE POK 

VBAT PROTECT f---

~ 
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I ~ I 
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l.-.-

os .. 
RiW ~ .. 
AS BUS 

• INTERFACE 

ADO<=> 
AD7 

MOT ... 

I ~l PERIODIC INTERRUPT/SQUARE WAVE 
SELECTOR 

~-.-------' 

I I SQUARE L 
L---------~-il WAVE OUT J ~SQW 
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REGISTERS A,B,C,D 
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PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY Table 1 

SELECT BITS REGISTER A tpi PERIODIC SQW OUTPUT 
RS3 RS2 RS1 RSO INTERRUPT RATE FREQUENCY 

0 0 0 0 None None 

0 0 0 1 3.90625 ms 256 Hz 

0 0 1 0 7.8125 ms 128 Hz 

0 0 1 1 122.070 us 8.192 KHz 

0 1 0 0 244.141 us 4.096 KHz 

0 1 0 1 488.281 us 2.048 KHz 

0 1 1 0 976.5625 us 1.024 KHz 

0 1 1 1 1.953125 ms 512 Hz 

1 0 0 0 3.90625 ms 256 Hz 

1 0 0 1 7.8125 ms 128 Hz 

1 0 1 0 15.625 ms 64 Hz 

1 0 1 1 31.25 ms 32 Hz 

1 1 0 0 62.5 ms 16 Hz 

1 1 0 1 125 ms 8 Hz 

1 1 1 0 250 ms 4 Hz 

1 1 1 1 500 ms 2 Hz 
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ADO·AD7 (Multiplexed BI·Dlrectlonal Address/Data Bus)-Multiplexed buses save pins 
because address information and data information time share the same signal paths. The 
addresses are presented during the first portion of the bus cycle and the same pins and sig
nal paths are used for data in the second portion of the cycle. Address/data multiplexing 
does not slow the access time of the OS1287 since the bus change from address to data oc
curs during the internal RAM access time. Addresses must be valid prior to the falling edge 
of AS/ALE, at which time the OS1287 latches the address from AOO to A05. Valid write data 
must be present and held stable during the latter portion of the OS or WR pulses. In a read 
cycle the OS1287 outputs 8 bits of data during the latter portion of the OS or RO pulses. The 
read cycle is terminated and the bus returns to a high impedance state as OS transitions low 
in the case of Motorola timing or as RO transitions high in the case of Intel timing. 

AS (Address Strobe Input)-A positive going address strobe pulse serves to demultiplex 
the bus. The falling edge of AS/ALE causes the address to be latched within the OS1287. 

DS (Data Strobe or Read Input)-The OS/RO pin has two modes of operation depending on 
the level of the MOT pin. When the MOT pin is connected to VCC, Motorola bus timing is 
selected. In this mode OS is a positive pulse during the latter portion of the bus cycle and is 
called Oata Strobe. Ouring read cycles, OS signifies the time that the OS1287 is to drive the 
bi·directional bus. In write cycles the trailing edge of OS causes the OS1287 to latch the writ
ten data. When the MOT pin is connected to GNO, Intel bus timing is selected. In this mode 
the OS pin is called Read (AD). RO identifies the time period when the OS1287 drives the bus 
with read data. The RO signal is the same definition as the Output Enable (OE) signal on a 
typical memory. 

R1W (ReadlWrlte Input)-The RIW pin also has two modes of operation. When the MOT pin 
is connected to VCC for Motorola timing, RIW is a level which indicates whether the current 
cycle is a read or write. A read c~e is indicated with a high level on RIW while OS is high. A 
write cycle is Indicated when RIW is low during OS. 

When the MQLpin is connected to GNO for Intel timing, the RIW signal is an active low 
signal called WR. In this mode the RIW pin has the same meaning as the Write Enable signal 
(WE) on generic RAMs. 

CS (Chip Select Input)-The Chip Select signal (CS) must be asserted low for a bus cycle in 
which the OS1287 is to be accessed. CS must be kept in the active state during OS and AS 
for Motorola timinjLand during R1) and WR for Intel timing. Bus cycles which take place 
without asserting CS will latch addresses but no access will occur. When VC~ below 4.25 
volts, the OS1287 internally inhibits access cycles by internally disabling the CS input. This 
action protects both the Real Time Clock data and RAM data during power outages. 

IRQ (Interrupt Request Output)-The IRQ pin is an active low output of the OS1287 that 
may be used as an interrupt input to a processor. The IRQ output remains low as long as the 
status bit causing the interrupt is present and the corresponding interrupt-enable bit is set. 
To clear the i'RQ pin the processor program normally reads the C register. The RESET pin 
also clears pending interrupts. 

When no interrupt conditions are present, the IRQ level is in the high impedance state. Multi
ple interrupting devices may be connected to an IRQ bus. The IRQ bus is an open drain out
put and requires an external pullup resistor. 
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RESET ..... 81 Inpull-The RESET pin has no effect on the clock, calendar, or RAM. On power
up the RESET pin maAeS~eld low for a time in order to allow the power supply to stabilize. The 
amount of time that . T is held low is dependent on the application. However, if RESET is 
used on power up, the time RESET is low should exceed 200 ms to make sure that the internal 
timer which controls the OS1287 on power-up has timed out. When RESET is low and VCC is 
above 4.25 volts, the following occurs: 

A. Periodic Interrupt Enable (PEl) bit is cleared to zero. 
B. Alarm Interrupt Enable (AlE) bit is cleared to zero. 
C. Update Ended Interrupt Flag (UF) bit is cleared to zero. 
D. Interrupt Request Status Flag (IRQF) bit is cleared to zero. 
E. Periodic Interrupt Flag (PF) bit is cleared to zero. 
F. The device is not accessible until RESET is returned high. 
G. Alarm Interrupt Flag (AF) bit is cleared to zero. 
H. iRO pin is in the high impedance state. 
I. Square Wave Output Enable (SQWE) bit is cleared to zero. 
J. Update Ended Interrupt Enable (UIE) is cleared to zero. 

In a typical application RESET may be connected to Vcc. This connection will allow the 
DS1287 to go in and out of power fail without affecting any of the control registers. 

ADDRESS MAP 
The Address Map of the DS1287 is shown in Figure 2. The address map consists of 50 bytes 
of user RAM, 10 bytes of RAM which contain the RTC time, calendar and alarm data, and 4 
bytes which are used for control and status. All 64 bytes can be directly written or read ex
cept for the following: 

1. Registers C and D are read-only. 
2. Bit 7 of Register A is read-only. 
3. The high order bit of the seconds byte is read-only. 

The contents of four control registers (A, B, C, and D) are described in the "Register" section. 

ADDRESS MAP DSi287 Figure 2 

0 14 BYTES 00 0 SECONDS 
en 1 SECONDS ALARM ~ 
:::> 

13 OD 2 MINUTES c. 
z 

14 OE 3. MINUTES ALARM c 
4 HOURS u 

[Q 

5 HOURS ALARM a: 
0 

6 DAY OF THE WEEK >-a: 
7 DAY OF THE MONTH « 

z 
8 MONTH ii5 
9 YEAR 

10 REGISTER A 

11 REGISTER B 

12 REGISTER C 

63 3F 13 REGISTER D· 
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TIME. CALENDAR AND ALARM LOCATIONS 
The time and calendar information is obtained by reading the appropriate memory bytes. The 
time, calendar and alarm are set or initialized by writing the appropriate RAM bytes. The con
tents of the ten time, calendar and alarm bytes may be either Binary or Binary-Coded 
Decimal (BCD) format. Before writing the internal time, calendar, and alarm registers, the 
SET bit in Register B should be written to a logical one to prevent updates from occurring 
while access is being attempted. In addition to writing the ten time, calendar and alarm 
registers in a selected format (Binary or BCD), the data mode bit (DM) of Register B must be 
set to the appropriate logic level. All ten time, calendar and alarm bytes must use the same 
data mode. The set bit in Register B should be cleared after the data mode bit has been writ
ten to allow the Real Time Clock to update the time and calendar bytes. Once initialized, the 
Real Time Clock makes all updates in the selected mode. The data mode cannot be changed 
without reinitializing the ten data bytes. Table 2 shows the Binary and BCD formats of the 
ten time, calendar and alarm locations. The 24/12 bit cannot be changed without reinitializ
ing the hour locations. When the 12-hour format is selected, the high order bit of the hours 
byte represents PM when it is a logic one. The time, calendar and alarm bytes are always ac
cessible because they are double buffered. Once per second the ten bytes are advanced by 
one second and checked for an alarm condition. If a read of the time and calendar data oc
curs during an update, a problem exists that seconds, minutes, hours, etc., may not cor
relate. The probability of reading incorrect time and calendar data is low. Several methods of 
avoiding any possible incorrect time and calendar reads are covered later in this text. 

TIME CALENDAR AND ALARM DATA MODES Table 2 

ADDRESS FUNCTION DECIMAL RANGE 
LOCATION RANOE BINARY DATA MODE BCD DATA MODE 

0 Seconds 0-59 00-3B 00-59 

1 Seconds Alarm 0-59 00-3B 00-59 

2 Minutes 0-59 00-3B 00-59 

3 Minutes Alarm 0-59 00-3B 00-59 

4 Hours - 12-hr Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM 

Hours - 24-hr Mode 0-23 00-17 00-23 

5 Hours Alarm-12-hr 1-12 01-0C AM, 81-8C PM 01-12 AM 81-92 PM 

Hours Alarm-24-hr 0-23 00-17 00-23 

6 DaS of the Week 
undav-1 1-7 01-07 01-07 

7 Date of the Month 1-31 01-1F 01-31 

8 Month 1-12 01-0C 01-12 

9 Year 0-99 00-63 00-99 

The three alarm bytes may be used in two ways. First, when the alarm time is written in the 
appropriate hours, minutes and seconds alarm locations, the alarm interrupt is initiated at 
the specified time each day if the alarm enable bit is high. The second use condition is to in
sert a "don't care" state in one or more of the three alarm bytes. The "don't care" code is any 
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hexadecimal value from CO to FF. The two most significant bits of each byte set the "don't 
care" condition when at Logic 1. An alarm will be generated each hour when the "don't care" 
bits are set in the hours byte. Similarly, an alarm is generated every minute with "don't care" 
codes in the hours and minute alarm bytes. The "don't care" codes in all three alarm bytes 
create an interrupt every second. 

NONVOLATILE RAM 
The 50 general. purpose nonvolatile RAM bytes are not dedicated to any special function 
within the DS1287. They can be used by the processor program as nonvolatile memory and 
are fully available during the update cycle. 

INTERRUPTS 
The RTC plus RAM includes three separate, fully automatic sources of interrupt for a processor. 
The alarm interrupt may be programmed to occur at rates from once per second to once per day. 
The periodic interrupt may be selected for rates from 500 ms to 122 us. The update-ended in
terrupt may be used to indicate to the program that an update cycle is complete. Each of 
these independent interrupt conditions is described in greater detail in other sections of this 
text. 

The processor program can select which interrupts, if any, are going to be used. Three bits in 
Register B enable the interrupts. Writing a Logic 1 to an interrupt-enable bit permits that in
terrupt to be initiated when the event occurs. A "0" in an interrupt-enable bit prohibits the 
IRQ pin from being asserted from that interrupt condition. If an interrupt flag is already set 
when an interrupt is enabled, IRQ is immediately set at an active level although the interrupt 
initiating the event may have occurred much earlier. As a result, there are cases where the 
program should clear such earlier initiated interrupts before first enabling new interrupts. 

When an interrupt event occurs, the relating flag bit is set to Logic 1 in Register C. These flag 
bits are set independent of the state of the corresponding enable bit in Register B. The flag 
bit can be used in a polling mode without enabling the corresponding enable bits. The inter
rupt flag bit is a status bit which software can interrogate as necessary. When a flag is set, 
an indication is given to software that an interrupt event has occurred since the flag bit was 
last read; however, care should be taken when using the flag bits as they cleared each time 
Register C is read. Double latching is included with Register C so that bits which are set re
main stable throughout the read cycle. All bits which are set (high) are cleared when read 
and new interrupts which are pending during the read cycle are held until after the cycle is 
completed. One, two or three bits may be set when reading Register C. Each utilized flag bit 
should be examined when read to insure that no interrupts are lost. 

The second flag bit usage method is with fully enabled interrupts. When an interrupt flag bit 
is set and the corresponding interrupt enable bit is also set, the IRQ pin is asserted low. IRQ 
is asserted as long as at least one of the three interrupt sources has its flag and enable bits 
both set. The IRQF bit in Register C is a one whenever the IRQ pin is being driven low. Deter
mination that the RTC initiated an interrupt is accomplished by reading Register C. A logic 
one in Bit 7 (IRQF bit) indicates that one or more interrupts have been initiated by the 
DS1287. The act of reading Register C clears all active flag bits and the IRQF bit. 
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OSCILLATOR CONTROL BITS 
When the OS1287 is shipped from the factory, the internal oscillator is turned off. This 
feature prevents the Lithium energy cell from being used until it is installed in system. A pat
tern of 010 in bits 4 through 6 of Register A will turn the oscillator on and enable the count
down chain. A pattern of 11X will turn the oscillator on, but holds the countdown chain of the 
oscillator in reset. All other combinations of bits 4 through 6 keep the oscillator off. 

SQUARE WAVE OUTPUT SELECTION 
Thirteen of the 15 divider taps are made available to a 1-of-15 selector, as shown in the block 
diagram of Figure 1. The first purpose of selecting a divider tap is to generate a square wave 
output signal on the SQW pin. The RSO-RS3 bits in Register A establish the square wave out
put frequency. These frequencies are listed in Table 1. The SQW frequency selection shares 
its 1-of-15 selector with the periodic interrupt generator. Once the frequency is selected, the 
output of the SQW pin may be turned on and off under program control with the square wave 
enable bit (SQWE). 

PERIODIC INTERRUPT SELECTION 
The periodic interrupt will cause the TAO pin to go to an active state from once every 500 ms 
to once every 122 us. This function is separate from the alarm interrupt which may be output 
from once per second to once per day. The periodic interrupt rate is selected using the same 
Register A bits which select the square wave frequency (see Table 1). Changing the Register 
A bits affects both the square wave frequency and the periodic interrupt output. However, 
each function has a separate enable bit in Register B. The SQWE bit controls the square 
wave output. Similarly, the periodic interrupt is enabled by the PIE bit in Register B. The 
periodic interrupt can be used with software counters to measure inputs,create output inter
vals, or await the next needed software function. 

UPDATE CYCLE 
The OS1287 executes an update cycle once per second regardless of the set bit in Register 
B. When the SET bit in Register B is set to one, the user copy of the double buffered time, 
calendar and alarm bytes is frozen and will not update as the time increments. However, the 
time countdown chain continues to update the internal copy of the buffer. This feature 
allows time to maintain accuracy independent of reading or writing the time, calendar, and 
alarm buffers and also guarantees that time and calendar information are consistent. The 
update cycle also compares each alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code is present in all three positions. 

There are three methods which can be employed to handle access of the Real Time Clock 
which avoids any possibility of accessing inconsistent time and calendar data. The first 
method uses the update-ended interrupt. If enabled, an interrupt occurs after every update 
cycle which indicates that over 999 ms are available to read valid time and date information. 
If this interrupt is used, the IRQF bit in Register C should be cleared before leaving the inter
rupt routine. 

A second method uses the update-in-progress bit (UIP) in Register A to determine if the up
date cycle is in progress. The UIP bit will pulse once per second. After the UIP bit goes high, 
the update transfer occurs 244 us later. If a low is read on the UIP bit, the user has at least 
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244 us before the time/calendar data will be changed. Therefore, the user should avoid inter· 
rupt service routines that would cause the time needed to read valid time/calendar data to 
exceed 244 us. . . 

The third method uses a periodic Interrupt to determine if an update cycle is in progress. The 
UIP bit in Register A is set high between the setting of the PF bit in Register C (see Figure 3). 
Periodic interrupts that occur at a rate of greater than tBUC allow valid time and date infor
mation to be reached at each occurrence of the periodic interrupt. The reads should be com· 
plete within (TPI/ 2t tBUC) to insure that data is not read during the update cycle. 

U~DATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIP Figure 3 

UIPBitin 
Register A 

__________________ ~Il~ ______ ---

UF Bit in 
RegisterC 

tBUC I-

I-- tPI/2 ---If4-- tPI/2 --j 

PF Bit in 
Register C 

~,--------,nm nl----_ 
1~·~-----tPI ------~·~I 

tpi = Periodic interrupt time interval per Table 1. 

tBUC = Delay time before update cycle = 244 us. 

REGISTERS 
The DS1287 has four control registers which are accessible at all times, even during the up· 
date cycle. 

REGISTER A 

MSB 

BIT 7 

UIP 
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UIP 
The Update In Progress (UIP) bit is a status flag that can be monitored. When the UIP bit is a 
one, the update transfer will soon occur. When UIP is a zero, the update transfer will not oc
cur for at least 244 us. The time, calendar, and alarm information in RAM is fully available for 
access when the UIP bit is zero. The UIP bit is read only and is not affected by RESET. 
Writing the SET bit in Register B to a "1" inhibits any update transfer and clears the UIP 
status bit 

DVO,DV1,DV2 
These three bits are used to turn the oscillator on or off and to reset the countdown chain. A pat
tern of 010 is the only combination of bits which will turn the oscillator on and allow the RTC to 
keep time. A pattern of 11X will enable the oscillator but holds the countdown chain in reset. 
The next update will occur at 500 ms after a pattern of 010 is written to OVO, OV1 and OV2. 

RS3, RS2,RS1, RSO 
These four rate-selection bits select one of the 13 taps on the 15-stage divider or disable the 
divider output. The tap selected may be used to generate an output square wave (SQW pin) 
and/or a periodic interrupt. The user may do one of the following: 

1. Enable the interrupt with the PIE bit; 

2. Enable the SQW output pin with the SQWE bit; 

3. Enable both at the same time and the same rate; or 

4. Enable neither. 

Table 1 lists the periodic interrupt rates and the square wave frequencies that may be 
chosen with the RS bits. These four read/write bits are not affected by RESET. 

REGISTER B 

MSB LSB 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

SET PIE AlE UIE SQWE OM 24112 OSE 

SET 
When the SET bit is a zero, the update transfer functions normally by advancing the counts 
once per second. When the SET bit is written to a one, any update transfer is inhibited and 
the program may initialize the time and calendar bytes without an update occurring in the 
midst of initializing. Read cycles can be executed in a similar manner. SET is a read/write bit 
which is not modified by RESET or internal functions of the OS1287. 

PIE 
The periodic interrupt enable PIE bit is a read/write bit which allows the Periodic Interrupt 
Flag (PF) bit in Register C to cause the IRQ pin to be driven low. When the PIE bit is set to 
one, periodic interrupts are generated by driving the IRQ pin low at a rate specified by the 
RS3 through RSO bits of Register A. A zero in the PIE bit blocks the i'R'Q output from being 
driven by a periodic interrupt, but the Periodic Flag (PF) bit is still set at the periodic rate. PIE. 
is not modified by any internal OS1287 functions, but is cleared to zero on RESET. 
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AlE 
The Alarm Interrupt Enable (AlE) bit is a read/write bit which when set to a one permits the 
Alarm Flag (AF) bit in register C to assert IRQ. An alarm interrupt occurs for each second that 
the three time bytes equal the three alarm bytes including a "don't care" alarm code of binary 
11XXXXXX. When the AlE bit is set to zero, theAF bit does not initiate the IRQ signal. The 
mET pin clears AlE to zero. The internal functions of the DS1287do not affect the AlE bit. 

UIE 
The Update Ended Interrupt Enable (UIE) bit is a read/write bit which enables the Update End 
Flag (UF) bit in Register C to assert TRQ. The RESET pin going IQw or the SET bit going high 
clears the UIE bit. . . 

SQWE 
When the Square Wave Enable (SQWE) bit is set to a one, a square wave signal at the fre
quency set by the rate-selection bits RS3 through RSO is driven out on the SQW pin. When 
the SQWE bit is set to zero, the SQW pin is held low; the state of SQWE is cleared by the 
RESET pin. SQWE is a read/write bit. 

DM 
The Data Mode (OM) bit indicates whether time and calendar information are in binary or 
BCD format. The OM bit is set by the program to the appropriate format and can be read as 
required. This bit is not modified by internal functions or RESET. A one in OM signifies binary 
data while a zero in OM specifies Binary Coded Decimal (BCD) data. 

24/12 
The 24/12 control bit establishes the format of the hours byte. A one indicates the 24-hour 
mode and a zero indicates the 12-hour mode. This bit is a read/write and is not affected by in
ternal functions or RESET. 

DSE 
The Daylight Savings Enable (DSE) bit is a read/write bit which enables two special updates 
when DSE.ls set to one. On the first Sunday in April the time increments from 1 :59:59 AM to 
3:00:00 AM. On the last Sunday in October when the time first reaches 1 :59:59 AM it changes 
to 1 :00:00 AM. These special updates do not occur when the DSE bit is a zero. This bit is not 
affected by internal functions or RESET. 

REOISTERe 

MSB 

BIT 7 

IRQF 
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IRQF 
The Interrupt Request Flag (IRQF) bit is set to a one when one or more of the following are 
true: 

PF= PIE= 1 

AF=AIE=1 

UF=UIE=1 

i.e., IRQF = PFo PIE + AFo AlE + UFo UIE 

Any time the IRQF bit is a one the IRQ pin is driven low. All flag bits are cleared after Register 
C is read by the program or when the RESET pin is low. 

PF 
The Periodic Interrupt Flag (PF) is a read-only bit which is set to a one when an edge is 
detected on the selected tap of the divider chain. The RS3 through RSO bits establish the 
periodic rate. PF is set to a one independent of the state of the PIE bit. When both PF and PIE 
are ones, the IRQ signal is active and will set the IRQF bit. The PF bit is cleared by a RESET 
or a software read of Register C. 

AF 
A one in the AF (Alarm Interrupt Flag) bit indicates that the current time has matched the 
alarm time. If the AlE bit is also a one, the fRO pin will go low and a one will appear in the 
IRQF bit. A RESET or a read of Register C will clear AF. 

UF 
The Update Ended Interrupt Flag (UF) bit is set after each update cycle. When the UIE bit is 
set to one, the one in UF causes the IRQF bit to be a one which will assert the IRQ pin. UF is 
cleared by reading Register C or a RESET. 

BIT 0 THROUGH BIT 3 
These are unused bits of the status Register C. These bits always read zero and cannot be 
written. 

REGISTER D 

MSB LSB 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

VRT 0 0 0 0 0 0 0 

VRT 
The Valid RAM and Time (VRT) bit is set to the one state by Dallas Semiconductor prior to 
shipment. This bit is not writable and should always be a one when read. If a zero is ever 
present, an exhausted internal Lithium energy source is indicated and both the contents of 
the RTC data and RAM data are questionable. This bit is unaffected by RESET. 

BIT 6 THROUGH BIT 0 
The remaining bits of Register D are not usable. They cannot be written and when read, they 
will always read zero. 
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ABSOLUTE MAXIMUM ~TINGS* 
Voltage on any Pin Relative to Ground· -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. . 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power 
VCC 4.5 5.0 5.5 V 1 Supply Voltage 

Input Logic 1 VIH 2.2 VCC + 0.3 V 1 

Input Logic 0 VIL -0.3 +0.8 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power 
ICC1 7 15 rnA 2 Supply Current 

Input Leakage IlL -1.0 +1.0 uA 3 

1/0 Leakage ILO -1.0 +1.0 uA 4 

Input Current IMOT -1.0 +500 uA 3 

Output @2.4V IOH -1.0 rnA 1,5 

Output @0.4V IOL 4.0 rnA 1 

CAPACITANCE (tA=25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 
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A.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, V CC = 4.5V to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Cycle Time tCYC 953 D.C. ns 

Pulse Width, DS/E Low or 
PWEL 300 ns RD/WR High 

Pulse Width, DS/E High or 
PWEH 325 ns RD/WR Low 

Input Rise and Fall Time tR, tF 30 ns 

R/W Hold Time tRWH 10 ns 

R/W Set·Up Time 
tRWS 80 ns Before DS/E 

Chip Select Set·Up' Time 
tcs 25 ns Before DS, WR or RD 

Chip Select Hold Time tCH 0 ns 

Read Data Hold Time tDHR 10 100 ns 

Write Data Hold Time tDWH 0 ns 

Muxed Address Valid Time 
tASL 50 ns to AS/ALE Fall l1li 

Muxed Address Hold Time tAHL 20 ns 

Delay Time DS/E to 
tASD 50 ns AS/ALE Rise 

Pulse Width AS/ALE High PWASH 60 ns 

Delay Time, AS/ALE to 
tASED 60 ns DS/E Rise 

Output Data Delay Time 
tDDR 20 240 ns 6 From DS/E or RD 

Data Set·Up Time tDSW 200 ns 

Reset Pulse Width tRWL 5 us 

fRO Release from OS tlRDS 2 us 

IRQ Release from RESET tlRR 2 us 
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NOTES: 
1. All voltages are referenced to ground. 

2. All outputs are open. 

3. The MOT pin has an internal pulldown of 20K{\. 

4. Applies to the ADO-AD7 pins, the IRQ pin and the SQW pin when each is in the high im
pedance state. 

5. The IRQ pin is open drain. 

6. Measured with a load as shown in Figure 4. 

OUTPUT LOAD Figure 4 

+5Volls 

1.1K 

D.U.T. 

680 

50pF 
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DS1287 BUS TIMING FOR MOTOROLA INTERFACE 

-PWASH -

AS 

-~ -lASED 
-'I- .... \ 

~ t0t-=:; 
r""---tASD 

ICYC 

\r f- ..>, 

PWEL 
"]~ PWEH 

'C. 
DS 

1- -IRWS - !-IRWH 

Rfiii 

>- lK 
ICS 

t--ICH 

\\\\\\\\t- VIIIII 
-f-oo I- IAHL IDSW 

!--IDHW IASL - l1li 
ADO·AD7 WRITE ~ K>O ""'t-

IASL - I- IAHL - -IDHR 

ADO·AD7 READ 

,... -K ,.. r 
!.-- ...., f- ~ 

~ IDDR-

NOTE: Input Levels = 0.8 volts and 2.0 volts. 
Output Levels = 0.4 volts and 2.4 volts. 
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DSi287 BUS TIMING FOR INTEL INTERFACE WRITE CYCLE 

• 'CYC • 

ALE (AS Pin) 
V 1\1.- I 

r 
• PWASH • 

'ASD 

RD(DSPln) 
/"-

-'ASD- -1+ 'AS ED ~ 
PWEH 

Vr-/ . PWEL I\.. 'WR (R/W Pin) 

'CS 

- 1+ -'CH 

\ \ \ \\\\\\\\~ VIIIII 
'AHL .-- 'ASL I- 'DSW l- t-- 'DHW 

ADO-AD7 

NOTE: Input Levels = 0.8 volts and 2.0 volts. 
Output Levels = 0.4 vQlts and 2.4 volts. 
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DS1287 BUS TIMING FOR INTEL INTERFACE READ CYCLE 

tCYC 

ALE (AS Pin) 

t---- PWEH ---+I 

RD(DSPin) 
I-----j-- PWEL -IH---~ 

WR(R/WPln) 

-tDDR-

t---If- tcs 

tDHR 

ADO-AD? 

NOTE: Input Levels = 0.8 volts and 2.0 volts. 
Output Levels = 0.4 volts and 2.4 volts. 
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DS1287 IRQ RELEASE DELAY TIMING 

OS __ --J 

NOTE: Input Levels = 0.8 volts and 2.0 volts. 
Output Levels = 0.4 volts and 2.4 volts. 
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POWER·DOWN/POWER·UP CONDITION 

VCC 

4.50V 

3.2V 

_tR 

_ tREC __ 

Cs I I 
__ y~---i/ ,I--' -~:---' __ 

I DATA RETENTION TIME I CURRENT SUPPLIED 
FROM INTERNAL 
LITHIUM ENERGY CELL 

----- ----" tOR 

POWER·DOWN/POWER·UP TIMING 

SYM PARAMETER MIN MAX 

tPD CE at VIH before Power Down 0 

tF VCC slew from 4.5V to OV (CE at VIH) 300 

tR VCC slew from OV to 4.5V (CE at VIH) 100 

tREC CE at VIH after Power Up 20 200 

SYM PARAMETER MIN MAX 

tDR Expected Data Retention 10 

NOTE: 

UNITS NOTES 

us 

us 

us 

ms 

UNITS NOTES 

years 

The real time clock will keep time to an accuracy of ± 1 minute per month during data retention 
time for the period of tDR. 
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D81287 
RealTime Clock Plus RAM 

24 13 

1 ~I. _______ A ______ .... 112 

1 
c 

~~~~J 
J ~r 

o L-ll EQ::-:PACESAT~ 
.100 ±.010 TNA 

NOTE: Pins 2, 3, 16,.20, 21 and 22 are missing by design. 
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A 1.320 1.335 
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F .110 .130 
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I. Dallas Semiconductor 
.. RealTime Clock Plus RAM 

FEATURES 
• Drop-in replacement for IBM AT com

puter clock/calendar 

• Pin compatible with the MC146818 

• Totally nonvolatile with over 10 years of 
operation in the absence of power 

• Self-contained subsystem includes 
lithium, quartz and support circuitry 

• Counts seconds, minutes, hours, days, 
day of the week, date, month and year 
with leap year compensation 

• Binary or BCD representation of time, 
calendar and alarm 

• 12- or 24-hour clock with AM and PM in 
12-hour mode 

• Daylight Savings Time option 

• Selectable between Motorola and Intel 
bus timing 

• Multiplex bus for pin efficiency 

• Interfaced with software as 64 RAM 
locations 

- 14 bytes of clock and control registers 

- 50 bytes of general purpose RAM 

• Programmable square wave output signal 

• Bus compatible interrupt signals (IRQ) 

• Three interrupts are separately software
maskable and testable 

- Time-of-day alarm once/second to 
once/day 

Periodic rates from 122 us to 500 ms 

End of clock update cycle 

DS1287A 

PIN CONNECTIONS 

MOT VCC 
N.C. SOW 

N.C. N.C. 

ADO RCCR 
AD1 N.C. 

AD2 iRa 
AD3 REsE'f 
AD4 DS 

AD5 N.C. 

AD6 Rm 
AD7 AS 

GND cs 

PIN NAMES 

ADO - AD7 - Multiplexed Address/Data Bus 
N.C. - No Connection 
MOT - Bus Type Selection 
CS - Chip Select 
AS - Address Strobe 
R/W 
OS 
RESET 
IRQ 
SQW 
VCC 
GND 
RCLR 

- Read/Write Input 
- Data Strobe 
- Reset Input 
- Interrupt Request Output 
- Square Wave Output 
- + 5 Volt Supply 
- Ground 
- RAM Clear 

NOTE-The RCLR pin is used to clear (set to logic 1) all 50 bytes of general purpose RAM but 
does not affect the RAM associated with the Real Time Clock. In order to clear the RAM, 
RCLR must be forced to an input logic "0" (- 0.3 to 0.8 volts) during battery back-up mode 
when VCC is not applied. The RCLR function is designed to be used via human interface 
(shorting to ground manually or by switch) and not to be driven with external buffers.AII other 
operation, description and specification is identical to the DS1287. 
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DS1!l87A 
RealTime Clock Plus RAM 

24~--------------------------~~13 

DIM. 
INCHES 

MIN. MAX. 

A 1.320 1.335 

B .685 .700 

C .345 .360 

0 .100 .120 
E .015 .030 

10 
~I----A-----t-I 

12 
F .110 .130 

G .090 .110 

H .600 .650 

J .008 .012 

K .015 .021 

I- B -I 
T 
c 

1 
~Dr- • r J 

E F 
t 

-.II-K -\G .- I· H -I 
11 EaUAL SPACES AT 

.100±~010TNA 

NOTE: Pins 2, 3, 16, 20 and 22 are missing by design. 
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User Insertable Memory 
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I; Dallas Semiconductor 
Electronic Tag 

FEATURES 

• User insertable 

• Nonvolatile-greater than 10 years of 
data retention 

• 1024 bits of read/write memory 

• Miniature and transportable 

• Durable and rugged 

• Impervious to handling 

• 4 million bits/second data rate 

• Single byte or multiple byte data transfer 
capability 

• No restrictions on the number of write 
cycles 

• low power CMOS circuitry 

• Applications include software authoriza
tion, computer identification, system ac
cess control, secure personnel areas, 
calibration, automatic system setup, and 
traveling work record 

DESCRIPTION 

PIN CONNECTIONS 

IITfT1IT11il 
I II II II II II, I 
vvvV;J1 

12345 

I I 

+5 VOLTS 
RESET 

D81201 

I I I) 
1.0 IN . 

PIN NAMES 
Pin 1 - VCC 
Pin 2 - RST 
Pin 3 - DO 
Pin 4 - ClK 
Pin 5 - GND 

DATA INPUT/OUTPUT 
CLOCK 
GROUND 

The DS1201 Electronic Tag is a miniature nonvolatile, read/write memory system which can 
randomly access individual 8-bit strings (bytes) or sequentialy access the entire 1024-bit con
tents (burst). Interface cost to a microprocessor is minimized by on-chip circuitry which per
mits data transfers with only three signals: CLOCK, RESET, and DATA INPUT/OUTPUT. low 
pin count and a guided entry for a mating receptacle overcomes mechanical problems normal
ly encountered when a conventional integrated circuit package is inserted by the end user. 
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OPERATION 
The block diagram (Figure 1) of the electronic tag illustrates the main elements of the device; 
namely, shift register, control logic, nonvolatile RAM, and power switch. To initiate a 
memory cycle RESET is taken high and 24 bits are loaded into the shift register providing 
both address and command information. Each bit is serial input on the rising edge of the 
CLOCK input. Seven address bits specify one of the 128 RAM locations. The remaining com
mand bits specify read/write and byte/burst mode. After the first 24 CLOCKs which load the 
shift register, additional CLOCKs will output data for a read, or input data for a write. The 
number of CLOCK pulses equals 24 plus 8 for byte mode or 24 plus 1024 for burst mode. 

The tag can be used as a four-pin or five-pin device, depending on the application. For hard
wired aplications, active power is supplied by the VCC pin. Alternatively, for user insertable 
applications, power can be supplied by the RESET pin. 

ELECTRONIC TAG BLOCK DIAGRAM Figure 1 

D/Q ... ... 

--- 24 BIT 
SHIFT 

REGISTER 

ClK 128x 8 
N.V. RAM 

1 CONTROL ADDRESS AND CONTROL ) 
lOGIC 

---
RST POWER 

1 
SWITCH 

VCC J ---

GND 

l 
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ADDRESS/COMMAND 
Each memory transfer consists of a three-byte address/command input called the address/com
mand. The address/command is shown in Figure 2. As defined, the first byte of the address/com
mand specifies whether the memory will be written into or read. If anyone of the bits of the 
first byte of the address/command fails to meet the exact pattern of read or write, the cycle is 
aborted and all future inputs to the tag are ignored until RESET is brought low and then high 
again to begin a new cycle. The 8-bit pattern for read is 01100010. The pattern for write is 
10011101. The second byte of the address/command describes address inputs AO in bit 0 through 
A6 in bit 6. Bit 7 of the second byte of the address/command word must be set to logical O. This 
bit is reserved for future higher density versions of the tag. If bit 7 does not equal logical 0, the 
cycle is aborted and all future inputs to the tag are ignored until RESET is brought low and 
then high again to begin a new cycle. The third byte of the address/command is also set aside 
for future expansion. Bits 0 through 6 must be set to logical 0 or the cycle will be aborted and 
all future inputs are ignored until RESET is brought low and then high again to begin a new cy
cle. Bit 7 of byte three of the address/command is used along with address bits AO through A6 
to define burst mode. When AO through A6 equals logical 0 and bit 7 of byte three of the ad
dress/command equals logical 1 , the tag will enter the burst mode after the address/command 
sequence is complete. 

FIGURE 2 
6 5 4 3 '2 0765432 0765432 o 

,'--____ ---.. ____ .../1 ,'--_______ ____ ~I , ______ ..... ____ -J/ 
- v- - v- - v-

B - BURST BYTE 3 BYTE 2 BYTE 1 
R-READ 
W-WRITE 
AO-A6 - ADDRESS 

BURST MODE 
Burst mode is specified for the electronic tag when all address bits (AO-A6) of the address/com
mand are set to logical 0 and bit 7 of byte three to logical 1. The burst mode causes 128 consecu
tive bytes to be read or written. Burst mode terminates when the RESET input is driven low. 

RESET AND CLOCK CONTROL 
All data transfers are initiated by driving the RESET input high. The RESET input serves three 
functions. First, RESET turns on the control logic which allows access to the shift register 
for the address/command sequence. Second, the RESET signal provides a power source for 
the cycle to follow,. To meet this requirement, a drive source for RESET of 2 mA @ 3.8 volts is 
required. However, if the VCC pin is connected to a 5 volt source within nominal limits, then 
RESET pin is not used as a source of power and input levels revert to normal VIH and VIL in
puts with a drive current requirement of 500 uA. Finally, the RESET signal provides a method 
of terminating either single byte or multiple byte data transfers. A CLOCK cycle is a se
quence of falling edge followed by a rising edge. For data inputs, the data must be valid dur
ing the riSing edge of CLOCK cycle. Address/command bits and data bits are input on the ris
ing edge of the CLOCK and data bits are output on the falling edge of the CLOCK. All data 
transfer terminates if the RESET input is low and D/Q pin goes to a high impedance state. 
When data transfer to the tag is terminated using reset, the transition of RESET must occur 
while the clock is at high level to avoid disturbing the last bit of data. Data transfer is il
lustrated in Figure 3. 
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DATA TRANSFER 
FIGURE 3 

SINGLE BYTE TRANSFER 

JlJ1 J ~~5----------~ 

o 6 B 9 

CLOCK 

~ 
23 o 6 7 

07 >--<A/wi RIW I :: r ...... 1 _R/W-.L..._RIW---,-_AO--,-_A1~1 : ~ I 0 I DO 01 I :~r-... I _D6~-----, 
\ ADDRESS/COMAND _________ ,'--- DATA INPUT/OUTPUT --.... 

BURST MODE TRANSFER 

o 2 B 9 10 22 23 0 1 1022 1023 

~"'-R/W~I R-/W ""T"':!I ~ ~ I 0 I 0 I 0 I ~ ;fy-,) 1-0 """'1 ---"1-0-0 "'-1 0-1 ""T""\I ~S ~ I 06 I 07 >-
\'-_____ ADDRESS/COMMAND _______ "-- DATA INPUT/OUTPUT ----.I 

NOTES 
1.) DATA INPUT SAMPLED ON RISING EDGE OF CLOCK 
2.) DATA OUTPUT CHANGES ON FALLING EDGE OF CLOCK 

DATA INPUT 
Following the 24 CLOCK cycles that input an address/command, a data byte is input on the 
riSing edge of the next 8 CLOCK cycles, assuming that the read/write and write/read bits are 
properly set (for data input byte 1, bit 0 = 1; bit 1 = 0; bit 2 = 1; bit 3 = 1; bit 4 = 1; bit5 = 0; bit 
6 = 0; bit 7 = 1). 

DATA OUTPUT 
Following the 24 CLOCK cycles that input the read mode, a data byte is output on the falling 
edge of the next 8 CLOCK cycles (for the data output byte 1, bit 0 = 0; bit 1 = 1; bit 2 = 0; bit 
3 = 0; bit 4 = 0; bit 5 = 1; bit 6 = 1; bit 7 = 0). 

TAG CONNECTIONS 
The tag is deSigned to be plugged into a standard 5-pin, 0.1-inch-center SIP receptacle. A key 
is provided to prevent the tag from being plugged in backwards and to aid in alignment of the 
receptacle. For portable applications, contact to the tag pins can be determined to insure 
connection integrity before data transfer begins. CLOCK, RESET, and DATA INPUT/OUTPUT 
all have internal 20K Ohm pull down resistors to ground which can be sensed by a reading 
device. 
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ABSOLUTE MAXIMUM RATINGS * 
Voltage on Any Pin Relative to Ground - 1.0V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature - 40°C to + 70 °c 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (O°C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Logic 1 VIH 2.0 V 1,2,10 

Logic 0 VIL -0.3 0.8 V 1 

RESET Logic 1 VIHE 3.8 V 1,7,11 

Supply VCC 4.5 5.0 5.5 V 1 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL +500 p.A 5 

Output Leakage ILO +500 p.A 5 

Output Current @ 2.4V IOH -1 mA 

Output Current @ 0.4V IOL +2 mA 

RST Input RESISTANCE ZRST 10 40 KO 1 

DIQ Input RESISTANCE ZDO 10 40 KO 1 

ClK Input RESISTANCE ZCLK 10 40 KO 1 

Active Current ICC1 6 mA 8 

Standby Current ICC2 1 mA 8 

RST Current IRST mA 7,8,13 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance CIN 5 pF 

Output Capacitance COUT 7 pF 

A.C. ELECTRICAL CHARACTERISTICS (0°Cto70°C, VCC= +5V±10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Data To ClK Setup tDC 35 ns 3,9 

Data To ClK Hold tCDH 40 ns 3,9 

Data To ClK Delay tCDD 125 ns 3,4,6,9 

ClK low Time tCl 125 ns 3,9 

ClK High Time tCH 125 ns 3,9 

ClK Frequency fClK D.C. 4.0 MHZ 3,9 

ClK Rise & Fall tR,tF 500 ns 9 

RST To ClK Set Up tcc 1 ps 3,9 

ClK To RST Hold tCCH 40 ns 3,9 

-
RST Inactive Time tCWH 125 ns 3,9,14 

RST To 1/0 High Z tCDZ 50 ns 3,9 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Expected Data 
tOR 10 years 12 Retention Time 
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TIMING DIAGRAM-WRITE DATA TRANSFER 

CLO~K 

DATA 
INPUT/OUTPUT __ L..I..<t..."-"'.J,J 

tR-It=:II_ 
J -i tF 

TIMING DIAGRAM-READ DATA TRANSFER 

CLOCK 

tDC 

DATA INPUT/OUTPUT 

NOTES 
1. All voltages and resistances are referenced to GNO. 
2. Input levels apply to ClK, 0/0, and RST while VCC is within nominal limits. When VCC is 

not connected to the tag, then the RST input reverts to VIHE. 
3. Measured at VIH = 2.0 or Vil = .8V and 10 ns maximum rise and fall time. 
4. Measured at VOH = 2.4 volts and VOL = 0.4 volts. 
5. For ClK, 0/0, RST, and VCC at 5 volts. 
6. load capacitance = 50 pF. 

7. Applies to RST when VCC < 3.8 V. 
8. Measured with outputs open. 
9. Measured at VIH of RST ~ 3.8V when RST supplies power. 

10. logic 1 maximum is VCC + 0.3 volts if the VCC pin supplies power and RST + 0.3 volts if 
the RST pin supplies power. 

11. RST logic 1 maximum is VCC + 0.3 volts if the VCC pin supplies power and 5.5 volts max
imum if RST supplies power. 

12. Each OS1201 is marked with a 4-digit date code AABB. AA designates the year of 
manufacture. BB designates the week of manufacture. The expected tOR is defined as 
starting at the date of manufacture. 

13. Average A.C. RST current can be determined using the following formula: 
ITOTAL = 2 + ILOAD D.C. + (4 x 10- 3) (Cl + 140) f 
ITOTAL and ILOAD are in mA; Cl is in pF; f is in MHZ. 

Applying the above formula, a load capacitance of 50 pF running at a frequency of 4.0 
MHZ gives an ITOTAL current of 5 mAo 

14. When RST is supplying power tCWH must be increased to 100 ms. 
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Electronic Tag 
D51201 

"'-450 ! 
"' __ L 

B 

r ., T - -'"j - -Iii - - 'I: - - rl- 1 
I II I, 1'1 '/I I I , 
, I, I' III III II I 
I II , , ,II ,I' II I ,.... '" r .., v 

/' -' I... I 

I. A -I 

r. 4 equal spaces at, ~ If 
D .100±.010 (TNA) J-

C C E ~C~~~tt~ 

~~nT c 

1 

)..- ---j 

I\--H-+l 
I======l 
L ___ I 

.... , I 
I I 
l----.J 

DIM. 
INCHES 

MIN. MAX . 

A . 610 .625 

B .745 .755 

C .310 .320 

D .100 .110 

E .515 .525 

F .100 .110 

G .100 .110 

H .110 .130 

J .030 .050 

K .045 .055 

L .045 .055 

M .100 .110 
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I~ Dallas Semiconductor 
p Non"olatile Read/Write Cartridge DS1217A 

FEATURES SIGNAL CONNECTIONS 

• User insertable Name Position Name 

• Capacity up to 32K x 8 

• Standard Bytewide pinout facilitates con-
Ground A1 B1 RESET nection to JEDEC 28 pin DIP via ribbon 

cable 

• Data retention greater than 10 years +5 Volts A2 B2 Address 14 

,. Automatic write protection circuitry safe-
guards against data loss Write Enable A3 B3 Address 12 

• Manual switch unconditionally protects Address 13 A4 B4 Address 7 data 

• Compact size and shape Address 8 A5 B5 Address 6 
• Rugged and durable 

• Wide operating temperature range of 0-70°C Address 9 A6 B6 Address 5 

• Unauthorized access can be prevented 
Address 11 A7 B7 Address 4 with optional security feature 

Output Enable A8 B8 Address 3 

Address 10 A9 89 Address'} 

Cartridge Enable A10 810 Address 1 

Data 1/0 7 A11 811 Address 0 
PACKAGE 

Data 1/06 A12 812 Data (000) 

Data 1/05 A13 813 Data 1/0 1 

Data 1/04 A14 814 Data 1/0 2 

Data 1/0 3 A15 815 Ground 
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DESCRIPTION 
The DS1217A is a nonvolatile RAM designed for portable applications requiring a rugged and 
durable package. The nonvolatile cartridge is available in density ranges from 2K x 8 to 
32K x 8 in 8K-byte increments. A card edge connector is required for connection to a host 
system. A standard 30-pin connector can be used for direct mount to a printed circuit board. 
Alternatively, remote mounting can be accomplished with a 28-conductor ribbon cable ter
minated with a 28-pin DIP plug. The remote method can be used to retrofit existing systems 
which have JEDEC 28-pin Bytewide memory sites. 

The DS1217A cartridge has a lifetime energy source to retain data and circuitry needed to 
automatically protect memory content. Reading and writing the memory locations is the same 
as using conventional static RAM. If the user wants to convert from read/write memory to read
only memory, a manual switch is provided to unconditionally protect memory content. 

READ MODE 
The DS1217 A is executing a read cycle whenever WE (write enable) is inactive (high) and CE 
(cartridge enable) is active (low). The unique address specified by the 15 address inputs 
(AO-A14) defines which of the 32,768 bytes of data is to be accessed. Valid data will be 
available to the eight data I/O ..Q!.ns within tACC (acces~ime) after the last address input 
signal is stable, providing that CE (cartridge enable) and OE (output enable) access times are 
also satisfied. If OE and CE times are not satisfied, then data access must be measured 
from the later occurring signal (CE or OE) and the limiting parameter is either tco for CE or 
tOE for OE rather than address access. Read cycles can only occur when VCC is greater 
than 4.5 volts. When VCC is less than 4.5 volts, the memory is inhibited and all accesses are 
ignored. 

WRITE MODE 
The DS1217A is in the write mode whenever both WE and CE signals ar~n the active (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of CE 
or WE. All address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (hig.!:!Ldurin~rite cycles to avoid bus contention. 
However, if the output bus has been enabled (CE and OE active) then WE will disable the out
puts in tODW from its falling edge. Write cycles can only occur when VCC is greater than 4.5 
volts. When VCC is less than 4.5 volts, the memory is write protected. 

DATA RETENTION MODE 
The nonvolatile cartridge provides full functional capability for VCC greater than 4.5 volts 
and guarantees write protection for VCC less than 4.5 volts. Data is maintained in the 
absence of VCC without any additional support circuitry. The DS1217A constantly monitors 
VCC. Should the supply voltage decay, the RAM is automatically write protected below 4.5 
volts. As VCC falls below approximately 3.0 volts, the power switching cirCUit connects a 
lithium energy source to RAM. To retain data during power up, whenVcc rises above ap
proximately 3.0 volts, the power switching circuit connects the external VCC to the RAM and 
disconnects the lithium energy source. Normal RAM operation can resume after VCC ex
ceeds 4.5 volts. 
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The DS1217A checks battery status to warn of potential data loss. Each time that VCC power 
is restored to the cartridge the battery voltage is checked with a precision comparator. If the 
battery supply is less than 2.0 volts, the second memory- cycle is inhibited. Battery status 
can, therefore, be determined by performing a read cycle after power up to any location in 
memory, recording that memory location content. A subsequent write cycle can then be ex
ecuted to the same memory location, altering data. If the next read cycle fails to verify the 
written data, the contents of the memory are questionable. 

In many applications, data integrity is paramount. The cartridge provides battery redundancy. 
The DS1217A provides an internal isolation switch which provides for the connection oftwo 
batteries. During battery back-up time, the battery with the highest voltage is selected for 
use. If one battery fails, the other will automatically take over. The switch between batteries 
is transparent to the user. A battery status warning will occur if both batteries are less than 
2.0 volts. 

REMOTE CONNECTION VIA A RIBBON CABLE 
Existing systems which contain 28-pin Bytewide sockets can be retrofitted using a 28-pin 
DIP plug. The DIP plug, AMP Part .Number 746616-2, can be inserted into the 28-pin site after 
the memory is removed. Connection to the cartridge is accomplished via a 28-pin ribbon 
cable connected to a 30-contact card edge connector, AMP Part Number 499188-4. The 
28-pin ribbon cable must be right-justified such that positions A1and B1 are leftdiscon
nected. For applications where the cartridge is installed or removed with power applied, 
both ground contacts (A 1 and B15) on the card edge connector should be grounded to further 
enhance data integrity. Access time push out may occur as the distance between the car
tridge and driving circuitry is increased. 

CARTRIDGE NUMBERING Table 1 

PART NO. DENSITY UNUSED ADDRESS INPUTS 

DS1217A/16K-25 2Kx8 "ADDRESS 11, 12, 13, 14 

DS1217A/64K-25 8Kx8 "ADDRESS 13, 14 

DS1217A/128K-25 16Kx8 "ADDRESS 14 

DS1217A/192K-25 24Kx8 

DS1217A/256K-25 32Kx8 

·Unused address inputs must be held low (VIU. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Connection Relative to Ground - 0.3V to + 7.0V 
Operating Temperature O·C to 70·C 
Storage Temperature - 40·C to + 70·C 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 ·C to 70 .C) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Power Supply Voltage VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 VCC+0.3 V 

Input Low Voltage VIL -0.3 +0.8 V 

D.C. ELECTRICAL CHARACTERISTICS (O·C to 70·C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Input Leakage Current IlL -60 +60 uA 

1/0 Leakage Current ILO -10 +10 uA 

Output Current @2.4V 10H -1.0 -2.0 mA 

Output Current @ O.4V 10L 2.0 3.0 mA 

-
Standby Current CE = 2.2V ICC 5.0 10 mA 

Operating Current ICC 35 75 mA 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 75 pF Capacitance 

InputlOutpuf CliO 75 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

Access Time tACC 250 ns 

OE to Output Valid tOE 125 ns 

CE to Output Valid tco 250 ns 

OE or CE to 
tCOE 10 ns Output Active 

Output High Z 
too 125 ns From Deselection 

Output Hold From 
tOH 10 ns Address Change 

I 
Write Cycle Time twc 250 ns 

Write Pulse Width twp 170 ns 3 

Address 
tAW 0 ns Set Up Time 

Write 
tWR 20 ns Recovery Time 

Outpu.!J::!igh Z 
tODW 100 ns From WE 

OutpulActive 
tOEW 10 ns From WE 

Data Set Up Time tDS 100 ns 4 

Data Hold Time 
tDH 0 ns 4,5 From WE 
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READ CYCLE (1) tRC 

tOE 

tCOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (6), (7) 
twc 

VIL 

twp 

tODw- I-
High Impedance 

III 
DOUT 

DIN ~H~ ~.rl~ ---------------.. DATA IN STABLE .1(\;-------
------------- VIL VIL '-------

WRITE CYCLE 2 (2), (8) 

BE 
twp 

VIL 

WE 
VIL 

DOUT 
tDS 

VIH 

DIN 
VIL 
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POWER·DOWN/POWER·UP CONDITION 

Vcc----,. 

3.2V- -

I I 
,0~ __ I) I't--) --~ 

-----~I DATA RETENTION TIME ~I -----
Leakage Current • tOR • 

CE---' 

IL supplied from 
lithium cell 

POWER·DOWNI POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 ps 10 

tF VCC slew from 4.5V to OV (CE at VIH) 100 ps 

tR Vec slew from OV to 4.5V (CE at VIH) 0 lAS 

tREC CE at VIH after Power Up 2 125 ms 10 

SYM PARAMETER MIN MAX UNITS NOTES 

tOR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when dellice is 
in battery backup mode. 
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NOTES: 

1. WE is high for a Read Cycle. 

2. OE::;:: VIH or VIL. If OE::;:: VIH during write cycle, the output buffers remain in a high im
pedance state. 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going 
high. 

4. tDH, tDS are measured from the earlier of CE or WE going high. 

5. tDH is measured from WE going high. If CE is used to terminate the write cycle then 
tDH = 20ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the WE high transition 
in Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each DS1217A is market with a 4-digit date code AABB. AA designates the year of 
manufacture. BB designates the week of manufacture. The expected tDR is defined as 
starting at the date of manufacture. 

10.Removing and installing the cartridge with power applied may disturb data. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 250 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TTL Gate 
Input Pulse Levels: 0-3.0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5 ns 
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SECURITY OPTION 
When activated by Dallas Semiconductor, the security option prevents unauthorized access. 
A sequence of events must occur to gain access to the memories (Figure 1). First, a dummy 
read cycle or a 200 ns active low reset pulse is executed to initialize the sequence. Second, a 
64-bit access code must be consecutively written to the DS1217A using the write enable signal 
(WE), the chip enable signal (CE), and the data input/output signal (DO). The code is written to 
the cartridge without regard to the address. Actual RAM locations are not written, as the secur
ity option is intercepting the data path until access is granted. Instead a special 64-bit write 
only register is written. Following the 64 write cycles, the register is compared to a 64-bit pat
tern uniquely defined by the user and programmed into the DS1217 A by Dallas Semiconduc
tor at time of manufacture. This pattern can only be interrogated by an intelligent controller 
within the DS1217A and cannot be read by the user. If a read cycle occurs before 64 write 
cycles are completed, the security sequence is aborted. When a correct match for 64 bits is 
received, the third part of the security sequence begins by reading a 64-bit read only register. 
This register consists of 64 bits also defined by the user and programmed into the DS1217A 
by Dallas Semiconductor at the time of manufacture. For each of the 64 read cycles, one bit 
of the user-defined read only register is driven onto the DO line. This phase also requires that 
the 64 read cycles be consecutive. The data being read from the read only register may be 
used by software to determine if the cartridge will be permitted to be used with that par
ticular system. After the 64th read cycle has been executed the cartridge is unlocked and all 
subsequent memory cycles will be passed through and will become actual memory ac
cesses based upon address inputs. If VCC falls below 4.5 volts or the reset line is driven low, 
the entire security sequence must be executed again in order to access memory locations. 
Note: Contact Dallas Semiconductor sales office for code assignment. 
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SECURITY SEQUENCE. 
Figure 1 

No 

Yes 

Read Cycle 

Write Only Register 
Open 

64 Write Cycles 

Read Only Register 
Open 

64 Read Cycles 

Memory Open 

VCC <4.5V 
Or Reset 

No 

III 
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SECURITY OPTION 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP. MAX UNITS 

Read Cycle Time tRC 250 ns 

-
CE Access Time tco 200 ns 

OE Access Time tOE 100 ns 

CE To Output Low Z tCOE 10 ns 

OE To Output Low Z tOEE 10 ns 

CE To Output High Z tOD 100 ns 

OE To Output High Z tODO 100 ns 

Read Recovery tRR 50 ns 

Write Cycle twc 250 ns 

Write Pulse Width twp 170 ns 

Write Recovery tWR 50 ns 

Data Set Up tDS 100 ns 

Data Hold Time tDH 0 ns 

CE Pulse Width tcw 170 ns 

Reset Pulse Width tRST 200 ns 
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TIMING DIAGRAM-READ CYCLE TO SECURITY OPTION 

OE 

DOO 

WE = VIH 1 .... ------- tRC -------I~ 

-tOEE

~tCOE-

~~.~-------~.n7~ 
Output Data Valid 

TIMING DIAGRAM-WRITE CYCLE TO SECURITY OPTION 

OE= VIH 
I~----twc----~ 

CE 

DOO 

NOTES: 
1. tDH and tDS are functions of the first occurring edge of WE or CEo 

2. tWR is a function of the latter occurring edge of WE or CEo 

TIMING DIAGRAM-RESET FOR SECURITY OPTION 

____ R-ST_~~~·-~------tRST~~~-~~.~---------
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Nonvolatile Read/Write Cartridge 
DS1217A 

OFF-ON 

A 

" II II II 

:-.046.KEYS ..... :: 
I " II II 

I, II 
I 

~ 
..d 

I·A'S F 
C 

815 ~ 
8 • 1 I . 
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DIM. 

A 

B 

C 

0 

E 

F 

G 

H 

J 

K 

L 

M 

N 

0 
P 

INCHES 

MIN. MAX. 

3.020 3.040 

2.280 2.300 

.590 .620 

.440 .460 

.060 .065 

1.590 1.607 

.190 .220 

.115 .135 

.115 .135 

.115 .135 

.140 .160 

1.760 1.790 

.040 .060 

.039 .405 

.405 .425 

B 
M 



III Dallas Semiconductor ' 
.... Nonvolatile Read/Write Cartridge 

[fJlI1,rnIl,U,M,Utl!I&,1I1, 'li' 

D812171 

FEATURES 

• User insertable 

• Data retention greater than 10 years 

• Capacity up to 512K x 8 

• Employs high-reliability, 32-position 
DIN connector 

• Software controlled banks maintain 
32K x 8 JEDEC 28-pin compatibility 

• Multiple cartridges can reside on a 
common bus 

• Automatic write protection circuitry 
safeguards against data loss 

• Manual switch unconditionally pro-
tects data 

• Compact size and shape 

• Rugged and durable 

SIGNAL CONNECTIONS 

No Connect AO .SO No Connect 
Ground AI .SI No Connect 

+5 Volts A2 • 82 Address 14 
Write Enable A3 .83 Address 12 

Address 13 A4 .84 Address 7 

Address 8 A5 • 85 Address a 

Address 9 Aa .Sa Address 5 
Address 11 A7 • 87 Address 4 

Output Enable A8 .S8 Address 3 
Address 10 A9 .89 Address 2 

Cartridge Enable Al0 .810 Address 1 
Data 1/0 7 All .S11 Address a 
Data 110 a A12 • 812 Data 1/0 a 
Data 1/0 5 A13 .S13 Data 1/0 1 

Data 1/0 4 A14 .814 Data 1/0 2 
Data 1/03 A15 .S15 Ground 

• Wide operating temperature range of 
0-70°C 

rn 
OFF-ON 

- ~ 

I I 

DESCRIPTION 
The DS12171 is a portable nonvolatile SRAM designed 
for industrial applications requiring a connection 
scheme which is protected from contamination in 
shop floor and other similar harsh environments. The 
high-reliability DIN connector design allows for mUlti
ple insertions and withdrawals even with power ap
plied. A male 30-position vertical P.C. board mounta
ble connector with first-makellast-break contacts is 
provided with each DS12171 memory cartridge. Right 
angle connectors are available as an option. The 
DS12171 may be purchased with densities ranging 
from 64K x 8 to 512K x 8. 

See DS1217M for all electrical specifications. 
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Nonvolatile ReadlWrlte Cartridge 
DS12171 

-., 
OFF-ON 

A 

1- -
I I 

-'-
H 

t 

312 

DIM • 
INCHES 

MIN. MAX. 

A 3.290 3.310 

B 2.400 2.415 

C .710 .730 

D .315 .345 

E 1.735 1.755 

F .220 .240 

G .125 .145 

H .200 .220 

J .230 .240 

K .220 .240 

L .030 .040 

M 2.035 2.065 



I; Dallas Semiconductor 
Nonvolatile Read/Write Cartridge DS1217Af 

FEATURES SIGNAL CONNECTIONS 

• User insertable NAME POSITION NAME 

• Data retention greater than 1 a years 

• Capacity up to 512K x 8 Ground A1 81 No Connect 

• Standard 8ytewide pinout facilitates con-
nection to JEDEC 28 pin DIP via ribbon +5 Volts A2 82 Address 14 
cable 

• Software controlled banks maintain Write Enable A3 83 Address 12 
32K x 8 JEDEC 28 pin compatability 

• Multiple cartridges can reside on a com- Address 13 A4 84 Address 7 
mon bus 

• Automatic write protection circuitry safe- Address 8 A5 85 Address 6 
guards against data loss 

• Manual switch unconditionally protects Address 9 A6 86 Address 5 

data 

• Compact size and shape Address 11 A7 87 Address 4 

• Rugged and durable Output Enable A8 88 Address 3 
• Wide operating temperature range of a-7aoC 

Address 10 A9 89 Address 2 

Cartridge Enable A10 810 Address 1 

Data 110 7 A11 811 Address a 
PACKAGE 

Data 1/06 A12 812 Data 110 a 

Data 110 5 A13 813 Data 110 1 

Data 110 4 A14 814 Data 1/02 

Data 110 3 A15 815 Ground 
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DESCRIPTION 
The DS1217M is a nonvolatile RAM designed for portable applications requiring a rugged 
and durable package. The nonvolatile ca:rtridge has memory capacfties from 64K x 8 to 
512K x 8. The cartridge is accessed in continuous 32K byte banks. Bank switching is ac
complished under software control by pattern recognition from the address bus. A card edge 
connector is required for connection to a host system. A standard 30 pin connector can be 
used for direct mount to a printed circuit board. Alternatively, remote mounting can be ac
complished with a ribbon cable terminated with a 28 pin DI P plug. The remote method can be 
used to retrofit existing systems which have JEDEC 28 Pin bytewide memory sites. 

READ MODE 
The DS1217M is executing a read cycle whenever WE (write enable) is inactive (high) and CE 
(cartridge enable) is active (low). The unique address specified by the 15 address inputs 
(AO-A14) defines which byte of data is to be accessed. Valid data will be available to the eight 
data 1/0 pif1~within tACC (access ti~ after the last address input signal is stable, pro
viding that CE (cartridge enable) and OE (output enable) access times are also satisfied. If 
OE and CE times are not satisfied, then data access must be measured from the later occur
ring signal (CE or OE) and the limiting parameter is either tco for CE or tOE for OE rather 
than address access. Read cycles can only occur when VCC is greater than 4.5 volts. When 
VCC is less than 4.5 volts, the memory is inhibited and all accesses are ignored. 

WRITE MODE 
The DS1217M is in the write mode whenever both WE and CE signals are in the active (low) 
state after address inputs are stable. The latter occurring falling edge of CE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of CE 
or WE. All address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) before another cycle can be initiated. The 
OE control signal should be kept inactive (hig!!Ldurin~rite cycles to avoid bus contention. 
However, if the output bus has been enabled (CE and OE active) then WE will disable the out
puts in tODW from its falling edge. Write cycles can only occur when VCC is greater than 4.5 
volts. When VCC is less than 4.5 volts, the memory is write protected. 

DATA RETENTION MODE 
The nonvolatile cartridge provides full functional capability for VCC greater than 4.5 volts 
and guarantees write protection for VCC less than 4.5 volts. Data is maintained in the 
absence of VCC without any additional support circuitry. The DS1217M constantly monitors 
VCC. Should the supply voltage decay, the RAM is automatically write protected below 4.5 
volts. As VCC falls below approximately 3.0 volts, the power switching circuit connects a 
lithium energy source to RAM to retain data. During power up, when VCC rises above approx
imately 3.0 volts, the power switching circuit connects the external VCC to the RAM and 
disconnects the lithium energy source. Normal RAM operation can resume after VCC ex
ceeds 4.5 volts. 
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The DS1217M checks battery status to warn of potential data loss. Each time that VCC 
power is restored to the cartridge the battery voltage is checked with a precision compara· 
tor. If the battery supply is less than 2.0 volts, the second memory cycle is inhibited. Battery 
status can, therefore, be determined by performing a read cycle after power up to any loca
tion in memory, recording that memory location content. A subsequent write cycle can then 
be executed to the same memory location, altering data. If the next read cycle fails to verify 
the written data, the contents of the memory are questionable. 

In many applications, data integrity is paramount. The cartridge provides battery redundancy. 
The DS1217M provides an internal isolation switch which provides for the connection of two 
batteries. During battery back-up time, the battery with the highest voltage is selected for 
use. If one battery fails, the other will automatically take over. The switch between batteries 
is transparent to the user. A battery status warning will occur only if both batteries are less 
than 2.0 volts. 

BANK SWITCHING 
Bank switching is accomplished via address lines A8, A9, A10 and A11.lnitially, on power 
up all banks are deselected so that multiple cartridges can reside on a common bus. Bank 
switching requires that a predefined pattern of 64 bits is matched by sequencing 4 address 
inputs (A8 through A11) 16 times while ignoring all other address inputs. Prior to entering the 
64 bit pattern which will set the bank switch, a read cycle of 1111 (address inputs A8 through 
A 11) must be executed to guarantee that pattern entry starts with the first set of 4 bits. Each 
set of address inputs are entered into the DS1217M by executing read cycles. The first 
eleven cycles must match the exact bit pattern as shown in Table 2. The last five cycles must 
match the exact bit pattern for addresses A9, A10 and A11. However, address line 8 defines 
which of the 16 banks that is to be enabled, or all banks deselected, as per Table 3. 

Switching from one bank to another occurs as the last of the 16 read cycles is completed. 
A single bank is selected at anyone time. A selected bank will remain active until a new bank 
is selected, all banks are deselected, or until power is lost. (See DS1222 BankSwitch data 
sheet for more detail.) 

REMOTE CONNECTION VIA A RIBBON CABLE 
Existing systems which contain 28 pin Bytewide sockets can be retrofitted using a28 pin 
DIP plug. The DIP plug, AMP Part Number 746616-2, can be inserted into the 28 pin site after 
the memory is removed. Connection to the cartridge is accomplished via a 28 pin cable con
nected to a 30 contact card edge connector, AMP Part Number 499188-4. The 28 pin ribbon 
cable must be right-justified, such that positions A1 and B1 are left disconnected. For ap
plications where the cartridge is installed or removed with power applied, both ground con
tacts (A1 and B15) on the card edge connector should be grounded to further enhance data 
integrity. Access time push out may occur as the distance between the cartridge and the 
driving circuitry is increased. 
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TABLE 1 - CARTRIDGE NUMBERING 

PART NO. DENSITY NO. OF BANKS 

DS1217M 1/2·25 64Kx8 2 

DS1217M 1·25 128Kx8 4 

DS1217M 2·25 256Kx8 8 

DS1217M 3·25 384Kx8 12 

DS1217M 4·25 512Kx8 16 

TABLE 2 - ADDRESS INPUT PATTERN 

ADDRESS BIT SEQUENCE 
INPUTS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

, 
A8 1 0 1 0 0 0 1 1 0 1 0 X X X X X 

Ag 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

A10 1 0 1 0 0 0 1 1 0 1 0 1 1 1 0 0 

A11 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

X = See Table 3 

316 



TABLE 3 - BANK SELECT TABLE 

BANK AS BIT SEQUENCE 
SELECTED 11 12 13 14 15 

BANKS OFF 0 X X X X 

BANKO 1 0 0 0 0 

BANK 1 1 0 0 0 1 

BANK2 1 0 0 1 0 

BANK3 1 0 0 1 1 

BANK4 1 0 1 0 0 

BANK 5 1 0 1 0 1 

BANK 6 1 0 1 1 0 

BANK 7 1 0 1 1 1 

BANK 8 1 1 0 0 0 

BANK 9 1 1 0 0 1 

BANK 10 1 1 0 1 0 

BANK 11 1 1 0 1 1 

BANK 12 1 1 1 0 0 

BANK 13 1 1 1 0 1 

BANK 14 1 1 1 1 0 

BANK 15 1 1 1 1 1 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on Connection Relative to Ground - 0.3V to + 7.0V 
Operating Temperature 0 °c to 70°C 
Storage Temperature - 40°C to + 70°C 
*This is a stress rating only and functional operation of the device at these or any other condi-. 
tions above those, indicated in the operation sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Power Supply Voltage VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 VCC+0.3 V 

Input Low Voltage VIL -0.3 +0.8 V 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Input Leakage Current IlL -60 +60 uA 

I/O Leakage Current ILO -10 +10 uA 

Output Current @2.4V 10H -1.0 -2.0 mA 

Output Current @ 0.4V 10L 2.0 3.0 mA 

Standby Current CE = 2.2V ICC 15 25 mA 

Operating Current ICC 50 100 mA 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 100 pF Capacitance 

Input/Output 
COUT 100 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (DOC to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 250 ns 

Access Time tACC 210 ns 

OE to Output Valid tOE 125 ns 

CE to Output Valid tco 210 ns 

OE or ~to 
tCOE 10 ns Output Active 

Output High Z 
too 125 ns From Deselection 

Output Hold From 
tOH 10 ns Address Change 

Read Recovery Time tRR 40 ns 

Write Cycle Time twc 250 ns 

Write Pulse Width twp 170 ns 3 

Address 
tAW Set Up Time 0 ns 

Write 
tWR 20 ns Recovery Time 

Outpu1J:ligh Z 
tODW 100 ns From WE 

Output Active 
tOEW 10 ns From WE 

Data Set Up Time tDS 100 ns 4 

Data Hold Time 
tDH 0 ns 4,5 From WE 
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READ CYCLE (1) tRC 

tOE 

tCOE 

tCOE 

DOUT VOH OUTPUT 
VOL DATA VALID 

WRITE CYCLE 1 (2), (6), (7)· 
twc 

twp 

...-r-r-X-7<:"7\""7'i:-X-x-,:-:ionI-H'9h Impedance 

DOUT 

DIN 

________________________ ~~,Hi~ ~J:I~r_----------
)<.l. DATA IN STABL~ 

------------------------' VIL VIL ~-'--------

WRITE CYCLE 2 (2), (8) 

CE 
twp 

WE 
VIL 

DOUT 

tDS 

VIH 

DIN 
VIL 
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POWER·DOWN' POWER·UP CONDITION 

VCC-----.. 

3.2V __ 

I I 
,0-------1,1) \~) --~ -------'1 DATA RETENTION TIME ~I -----

Leakage Current • tOR • 

CE---' 

IL supplied from 
lithium cell 

POWER·DOWN'POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at V,H before Power Down 0 ps 10 

tF VCC slew from 4.5V to OV (CE at VIH) 100 ps 

tR VCC slew from OV to 4.5V (CE at V, H) 0 ps 

tREC CE at V,H after Power Up 2 125 ms 10 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES: 

1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im
pedance state. 

3. twp is specified as the logical "ANO" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going 
high. 

4. tOH, tos are measured from the earlier of CE or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then 
tOH= 20ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the WE high transition 
in Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If WE is low or the WE low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

9. Each OS1217M is market with a 4-digit date code AABB. AA designates the year of manu
facture. BB designates the week of manufacture. The expected tOR is defined as start
ing at the date of manufacture. 

10.Removing and installing the cartridge with power applied may disturb data. 

D.C. Test Conditions 
Outputs Open 
t Cycle = 250 ns 
All Voltages Are Referenced to Ground 

A.C. Test Conditions 
Output Load: 100pF + 1TIL Gate 
Input Pulse Levels: 0-3:0V 
Timing Measurement Reference Levels 
Input: 1.5V 
Output: 1.5V 
Input Pulse Rise and Fall Times: 5 ns 
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Nonvolatile Read/Write Cartridge 
D81217'" 

OFF-ON 

A 

~ . n 
11-_046 KEYS-:: 
II " 
II II 
,I I, 

~ 
N ~ 

rr 
I" F Aol -I A15 c 

0 I I-E 

~ t B15 B01 G 

l~ 
H 

B ~ I I· 

DIM. 
INCHES 

MIN. MAX. 

A 3.020 3.040 

B 2.280 2.300 

C .600 .630 

D .440 .460 

E .060 .065 

F 1.590 1.607 

G .220 .250 

H .115 .135 

J .115 .135 

K .115 .135 

L .140 .160 

M 1.760 1.790 

N .040 .060 

0 .039 .405 

P .405 .425 

B 
M ~I 
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I" Dallas Semiconductor 
r KeyRing 

FEATURES 

• low cost add-on fixture for Electronic Keys and Tags 

• No hardware changes needed to retrofit existing systems 

• layman installation 

• Normal system operation unaffected 

• Key or Tag communication totally controlled by software 

• Typical 50 K bits/s communication rate 

• Up to 5 Keys and/or Tags resident at one time 

PIN CONNECTIONS AND DEFINITIONS 

Intermediary ByteWideSocket 
Pins 7-10 - Address Inputs 
Pin 11 - DO 
Pin 20 - conditioned Chip Enable 
Pin 22 - Output Enable 
Pin 14 - Ground 
Pin 28 - VCC 
All pins pass through except 20 

Key Clip 

Pin 1 - VCC + 5 Volts 
Pin 2 - RST - RESET 
Pin 3 - DO - Data In/Out 
Pin 4 - ClK - CLOCK 
Pin 5 - GND - Ground 

\1 ••••• 1 

11 ..... 1 

I,~ •••• I 
11 ..... 1 

o 

A3 
A2 
A1 

AO 

DO 

GND 

DS1260 

Intermediary 
ByteWide 
Socket 

o 1 280 Vee 
o 2 270 

o 3 260 

o 4 250 

o 5 240 

o 6 230 

0 7 220 DE 
o 8 210 

o 9 200 BE 
010 190 

011 180 

012 170 

013 160 

014 150 

5-Conductor Ribbon Cable 
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DESCRIPTION 
The 081250 KeyRing adapts low pin count Electronic Keys (081204), TimeKeys (081207) or 
Tags (081201) to JEOEC ByteWide memory signals without affecting system operation. A 
simple, layman procedure is all that is needed to retrofit an existing system. Any 28 pin RAM, 
ROM, or EPROM can be removed, placed in the intermediary socket, and then reinsta11ed in 
the original location leaving the system intact. The emanating 5 conductor ribbon cable can 
be routed out of the system enclosure if desired and the clip can be attached where conve
nient with the adhesive provided. Up to 5 Keys and/or Tags can be inserted in the clip at the 
same time. The intermediary socket contains a CM08 integrated circuit which redirects in
formation flow from the ByteWide memory to the inserted keys/tags. A special software gen
erated address sequence causes the redirection to take place. Typical data transfer rates of 
50 K bits/s are possible with an assembly language software driver. 

HARDWARE IMPLEMENTATION 28·PIN ROM SOCKET 
Bytewide KeyRing application begins with a system board which contains a 28-pin socket 
with or without a ROM contained in the socket. In most system implementations and all PCs, 
there is at least one ROM which is !-,sed for boot sequences, basic I/O system implementa
tion, EPROM storage, or some form of dedicated software monitor application. 

Installation of the Bytewide KeyRing requires the removal of the existing 28-pin ROM and the 
insertion of the Bytewide KeyRing socket pins into the system board socket. After this is ac
complished, the original ROM is reinserted into the socket at the top of the Bytewide Key
Ring. Then the five-conductor ribbon cqble which connects the clip to the Bytewide socket is 
routed to the outside of the computer cabinet. Finally the clip can be attached to a conve
nient place on the computer cabinet using the supplied adhesive. 

Under normal conditions, the system ROM will function as before, with address and data 
lines being transparently ported through the Bytewide KeyRing socket and presented to the 
system ROM as in the original configuration. As a result, existing non-Key-protected soft
ware will run on the system unaffected. However, if certain address lines are probed with 
specific patterns under software control, the KeyRing is activated and the system ROM 
becomes electrically disconnected from the system board. Instead, the address and data 
bus become electrically tied to the KeyRing bus. At this point, communication to the system 
board ROM socket is passed on transparently to any device(s) which are inserted into the 
KeyRing clip. 
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KEVRINO OPERATION 
The main parts of the KeyRing are shown in the block diagram of Figure 1. Information 

presented on address inputs of the ROM are latched into the KeyRing on the falling edge of a 
strobe signal derived from the logical combination of CE In and OE In. The CE input is con
nected to the memory bus CEand the OE input is connected to the memory bus OE input 
signal. The rising edge of the strobe will cause the address information to be presented for 
comparison to the 24-bit KeyRing protocol and to logic which will generate signals for Keys 
and Tags. The KeyRing protocol is derived from address inputs AO, A 1 and A2. A 1 is an 
enable signal which activates the communications sequence. AO defines the data which is 
compared for recognition. A2 is used to clock in information defined by AO. Initially the A 1 in
put must be set high to enable communications. A1 must remain high during the pattern 
recognition sequence and subsequent communications with Keys after the protocol pattern 
match is established. If the A1 input is set low, all communications are terminated and 
access is denied. 

Data transfer through the KeyRing occurs by matching a 24-bit pattern, as shown in Figure 
2. This pattern is presented to a register on each rising edge of strobe. Therefore, data is in
put for comparisQn to the KeyRing protocol at the end of each memory cycle (see Figure 3). 
The proper information must be presented on AO to match the 24-bit pattern while keeping 
A1 high. Address input A2 is used to generate the shift signal which causes data to enter the 
24-bit register for comparison to the 24-bit pattern. Information is loaded one bit at a time on 
the riSing edge of shift. Each shift cycle must be generated from two memory cycles. The 
first memory cycle sets A2 low, establishing the shiftclock low. The second memory cycle 
sets A2 high, causing the transition necessary to shift a bit of data into the 24-bit register. 
Data on AO is kept at the same level for both memory cycles. Address input A3 is used to con
trol the direction of data going to and from Keys. This input is not used during pattern recog
nition of the KeyRing protocol. After the 24-bitpattern has been correctly entered, a match 
signal is generated. The match signal is logically combined with the enable signal to 
generate theRST signal for Keys. The match signal is also used to disable Chip Enable to 
the topside memory and enable a gate which allows Key DO to drive DO line to the memory 
bus. When RST is driven high, devices attached to the KeyRing become active. Subsequent 
shift signals derived from A2 will now be recognized as the Key clock. The data signal for the 
Key is derived from AO conditioned on the level of the direction signal derived from A3. When 
A3 is set high, data as defined by AO will be sent out on Key DO. When A3is set low, devices 
attached to the KeyRing can drive the memory bus DO out line. The data direction bit must 
be set low when reading data from the Key DO. 
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KEVAINO BLOCK DIAGAAM Figure 1 

From 
Bytewide 

Memory Bus 

AO 

1-
---+-~D o. 

A1 
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DO 

CE 
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Enable 
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DO 
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KEYRING PROTOCOL Figure 2 
o 

o 1 1 o o o 1 o 

o o o o o o o 

23 
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KEYRING SIGNALS Figure 3 

A2~ 

A1 ~ ~~r------

AO~~~~f---
CE Out LJL..ILJl..-.f""L.....n-1 II Nu: 

Strobe 1.JL.11...JLJ""~~~ 

Enable 
A1 

n h I''----L-

Data ~~ ---'r----~~--------~--'It-----.,L_~ 

MATCH ________ ~nl----Jr-------~N--------~,,~----,L-. 

Memory 
Bus 

Internal 
Signals 

Key RST ------~I~I----'I 

Key DC ~;I'__________,L] KeyRlng 

Key ClK _______ i~ .. ~I------.....;o'-'r-u...r~1 L Bus 

DO ----------~ar------------------~81------~c=J_\~i-------

KeyRlng Protocol Key Protocol Read I Reset I 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -1.0V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 70°C 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Logic 1 VIH 2.0 VCC+0.3 V 1 

Logic 0 Input VIL -0.3 +0.8 V 1 

Supply VCC 4.5 5.0 5.5 V 1 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL -1 1 uA 

Output Leakage ILO 1 uA 

Output Current 
IOH -1 mA @2.4V 

Output Current 
IOL +4 mA @ .4V 

RST Output 
Current @3.8V IOHR 16 mA 

Supply Current ICC 6 mA 2 
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CAPACITANCE 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 5 10 pF Capacitance 

Input/Output CliO 5 10 pF 

A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Address Set Up tAS 0 ns 

Address Hold tAH 50 ns 

CE Pulse Width tCE 60 ns 

Key Signals Valid tPD 60 ns 3 

Key Data Out tDD 10 ns 3 

CE Inactive tCH 30 ns 

CE Propagation 
tCPD 10 ns Delay 
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BYTEWIDE MEMORY BUS 

AO-A3 Valid 

tAS 

f+-tAH--

I---tCE-

- -tCPD 
tCH 

CE "\~- /~ "I';. 

CEOUT 
(Socket Receptacle) 

OE ~~ V " 
tDD 

I_-

DO After Pattern Recognition )< -
Becomes active only -
when direction is set 
low via A3 

KEY CLIP SIGNALS tPD 

DQ, RST, ClK 

OUTPUT LOAD Figure 4 NOTES: 
1. All voltages are referenced to ground. 
2. Measured with outputs open. 
3. Measured with a load as shown in Figure 4. 

D.U.T. 

620.0. 
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I; Dallas Semiconductor 
P.C.Por' 

FEATURES 
• Half-size expansion card which inter

faces the PC, XT and AT compatible 
computers with Dallas Semiconductor 
cartridges and cartridge clips 

• Software included which supports the 
installation and controls operation 

• Responds to all PC DOS commands 

• Self-booting on power-up after 
installation 

• Occupies only two 32K x 8 blocks of 
the PC memory map 

• Provides the equivalent of a four
megabyte solid-state disk drive when 
used with the cartridge clip 

• Contains a real-time clock for time 
stamping and dating of file trans
actions 

• Software-controlled 01 P switch 
simplifies installation 

• High performance data transfer 

• Low operating power 

• Optional software protection and ac
cess control is available by using the 
OS1204U Electronic Key 

DESCRIPTION 

iF'Wl.IEii,~M~~~Wl. 'f 
DS8010 

The 056010 is a half-size expansion slot card which interfaces OS1217 cartridges and 
059020 Cartridge Clips to the IBM PC, XT, AT or compatible computers. Included is a soft
ware package which is used to both install and operate the expansion port. After user inter
action between the software and the operator, Cartridges and Cartridge Clips will operate 
under DOS 3.0 commands as a disk drive. Up to eight Cartridges can be modularly added to a 
computer with each 056010. This system addition allows compatible computers to be used 
in environments which are unsuitable for rotating mass memory. The PC port occupies only 
two 32K x 8 blocks of memory space by using software-controlled bank switching techniques. 
The 5martWatch, also included on the card, time stamps and dates file transactions. 

332 



TECHNICAL DESCRIPTION 
The OS6010 PC Port uses several Oallas Semiconductor devices which perform the decoding 
and control functions of the PC Port. The discussion which follows assumes some under
standing of each specific device. If a more detailed explanation of any device is required, the 
individual data sheet of each part should be studied. These data sheets are supplied in the 
Oallas Semiconductor Oata Book. 

The signals from the expansion bus which are used by the OS6010 arrive through the 62-position 
card edge connector as shown in Figure 1. These signals are used by the OS6010 to develop 
two 32K x 8 memory spaces from unused sections of the computer memory map. One of the 
memory spaces is mapped to Cartridges and Cartridge Clips through two 28-pin Bytewide 
memory sockets which have a pinout as shown in Figure 2. The two sockets are bused direct
ly together. One socket (U10) is mounted horizontal to the IBM expansion slot seating plane 
and allows for convenient connection via ribbon cable to a Cartridge or Cartridge Clip 
mounted within the computer cabinet (see Figure 3). The second socket (U11) is mounted ver
tically and is positioned near the mounting bracket of the OS6010. This socket provided con
venient connection via ribbon cable to a Cartridge or Cartridge Clip mounted externally to 
the computer cabinet. The second memory space developed by the OS6010 contains the 
OS1216 SmartWatch and 32K x 8 of nonvolatile static RAM. The decoding scheme of the 
OS6010 is both flexible and soft. The two 32K x 8 blocks of memory space can be located 
anywhere within the one megabyte memory map of the system. Normally the lower 640K 
bytes are reserved for ORAM so the decoder would be set for some area in upper memory 
space. The decoder scheme is soft because the software supplied with OS6010 can set the 
decoder boundaries using software commands. The software commands are directed to a 
device called the OS1292 Eliminator which is an electronic replacement for mechanical OIP 
switches. The Eliminator is nonvolatile and once the switches are set they will remain in the 
programmed state indefinitely. The interface between the system bus and the Eliminator is 
developed by the OS1206 Phantom Interface. The OS1206 has the ability to decipher memory 
cycles which do not impact other system operation into the signals which set the OS1292 to 
the proper address boundaries. Once the Eliminator is properly set, the logic locks out future 
changes to the decoder settings. 
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IBM EXPANSION BUS a2·PIN CONNECTION Figure 1 

XTCompulor AT Computer 

GNO B01 r'\ A01 '" GROUND B01 r'::: A01 [\. 
B02 A02 +07 B02 A02 S07 

+SV B03 A03 +06 +SVOC B03 A03 S06 

804 A04 +OS B04 A04 SOS 

BOS AOS +04 B05 AOS S04 

B06 A06 +03 BOO A06 S03 

B07 A07 +02 B07 A07 S02 

BOO A08 +01 B08 A08 S01 

B09 A09 +00 B09 A09 SOO 

GNO B10 A10 +1/0 CH ROY GROUND B10 A10 BUSROY 

MEMW B11 A11 +AEN SMWTC- an A11 AEN 

MEMR B1>2 A12 +A19 SMROC- B12 A12 SA19 

B13 A13 +A18 B13 A13 SA18 

B14 A14 +A17 B14 A14 SA17 

B1S A15 +A16 B15 A15 SA16 

B16 A16 +A1S B16 A16 SA1S 

B17 A17 +A14 B17 A17 SA14 

B18 A18 +A13 B18 A18 SA13 

B19 A19 +A12 B19 A19 SA12 

820 A20 +A11 B20 A20 SA11 

B21 A21 +A10 B21 A21 SA10 

B22 A22 +A9 B22 A22 SA9 

B23 A23 +A8 B23 A23 SA8 

B24 A24 +A7 B24 A24 SA7 

B25 A2S +A6 B25 A25 SA6 

B26 A26 +A5 B26 A26 SAS 

B27 A27 +A4 B27 A27 SA4 

+ALE B28 A28 +A3 BALE B28 A28 SA3 

+5V B29 A29 +A2 +SV DC B29 A29 SA2 

B30 A30 +A1 B30 A30 SA1 

+GNO B31 - A31 +AO SIGNAL GROUND B31 - A31 SAO 

'\. " '\. " 
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28·PIN BYTEWIDE SOCKET PINOUT Figure 2 

PIN NAMES PIN CONNECTIONS 

AO-A14 Address Inputs 

CE Chip Enable 

GND Ground 

DQO-DQ7 Data In/Data Out 

VCC Power (+5 V) 

WE. Write Enable 

OE Output Enable 

28·PIN BYTEWIDE SOCKET LOCATIONS Figure 3 

I ......... --------- 5.588 Inches ---------~ .. I 

SmartWatch 

32Kx8 NVRAM [T DS1216C 

~ 1.500 
Inches 

Rear of Computer 

28-Pin Bytwide Sockets 

~ U10 #1 

\ 
Pin 1 -. 

#2 

U11 
Bracket 

Holes 

Ell 
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ELECTRICAL OPERATION 
The address bus AO through A14 arrives at the inputs of two 74HC244 line receivers through 
the 62-position card edge connector (see Figure 4). Since both of the gate signals are grounded, 
the 74HC244 acts only as a buffer. All 15 address lines are bused directly through to the 
Bytewide memory socket sights. A third 74HC244 is used to buffer control signals MEMR 
(Memory Read), MEMW (Memory Write) and 10RDY (1/0 Ready). MEMR and MEMW are both 
logically ORed with signals developed by the decoder logic which will be discussed later in 
this text. The results of this logic produces the OE (Output Enable) and the WE (Write Enable) 
signals for the Bytewide memory socket sites. The 10RDY line is an output signal from the PC 
Port card to the computer expansion bus. When this signal is active, the current bus cycle is 
extended. The 056010 drives this line low when either a memory read or a write cycle is be
ing executed to one of the 32K x 8 memory blocks. A set of four NAND gates (1-74HCOO) and 
a delay line 051000 generate a "cycle stretch" signal which controls the length of time that 
the IBM PC Port will hold the 10RDY signal active. As shipped by Dallas Semiconductor, this 
length of time is set at 500 ns. However, this length of time can be shortened or lengthened 
by changing the value of the 051000 delay line. The length of time allotted must be long 
enough to allow for the propagation delay of the buffers and the access time of the car
tridges or cartridge clip which is installed into the 32K x 8 socket sites. The data bus DO 
through 07 arrives at a 74HC245 octal transceiver through the 62-position card edge connec
tor. The 74HC245 has both a gate and a direction control. The direction control is set via the 
MEMR signal which is buffered by a 74HC244 line receiver. The direction control will, there
fore, set the 74HC245 to drive the system bus whenever the MEMR signal is in the active 
state and when the gate signal is also active. The gate on the 74HC245 is controlled by the 
logical combinations of MEMR and MEMW and the match output pin of two 74HC688 8-bit 
identity comparators. The logic combination of these four signals is accomplished using 
three two-input NAND gates. The output pins of the 74HC688 also become the CE (Chip 
Enable) inputs for the two 32K x 8 memory blocks. The CE signal for the 28-pin sockets for 
cartridge and cartridge clip connection is buffered through a 74HC244. The gates of the 
74HC688 are enabled by the ALE (Address Latch Enable) signal from the computer expan
sion bus which is active when system bus addresses are valid. Address lines A15 through 
A19 are connected to the "P" input sides of the 8-bit binary comparator. The Q input sides 
are connected for the most part to the Eliminator. The comparison of the P and Q sides will, 
therefore, produce a match output and select one of the 32K x 8 memory boundaries when 
the Eliminator settings compare to the levels on address lines A15 through A19. The 
74HC688, which is used to decode the 32K x 8 block of nonvolatile static RAM, is driven by 
eight Eliminator outputs to the Q inputs. Since only five address lines are used on the P side, 
three inputs are tied to fixed levels. The Pin 2 input is connected to VCC and pins 4 and 6 are 
grounded. The 74HC688, which is used to decode the 32K x 8 block of memory for cartridges 
or cartridge clips, is driven directly by only 6 Eliminator outputs to the Q inputs. One of the 
remaining Q inputs is connected to a read or write signal which allows the identity com
parator to only output a chip enable signal when a valid read or write cycle is occurring. The 
other Q input is unused and connected to a fixed high level. Again only five address lines are 
connected to the P side. The remaining P inputs are tied to a fixed high level. As mentioned 
earlier, only 6 Elimi.nator outputs were used by the 74HC688, which is used to decode the 
memory block for cartridges or cartridge clips. The other two outputs have special functions. 
The output on pin 22 of the Eliminator is used to lock out the write enable signal which goes 
to the nonvolatile RAM site. This allows a convenient way in which software can be used to 
write protect the nonvolatile RAM. The other output on Rin 20 of the eliminator· is used to 
lock out the 051206 Phantom Interface by disabling the OE (Output Enable) Signal after the 
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Dse010 PC PORT ELECTRICAL SCHEMATIC Figure 4 
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Eliminator is set for proper system configuration. Communications to the Eliminator, which 
allows the system configuration to take place, is handled by the 051206 Phantom Interface, 
which is controlled by the 74HC151 data selector and software. Bus cycles which set proper 
address Ratterns on address lines AO, A1, A2 and A7 are clocked into the 051206 using con
secutive CE cycles. The CE for the 051206 is generated under two different sets of condi
tions by the 74HC151 based on the state of MEMR and MEMW. Initially, the 051206 must 
receive 24 bits of data which must match exactly with the code embedded into the 051206. 
(Consult the 051206 data sheet for exact details on the 051206 operation.) Prior to this con
dition, the 051206 is a passive listener on the bus and will not output any signals to the 
Eliminator. During this time the CE input to the 051206 from the 74HC151 will be active only 
when MEMW is active (see Table 1). 5ince write cycles can be accomplished to known 
memory addresses where ROM resides, no memory alterations occur and these cycles can 
be transparent to the rest of the system. However, as soon as the 24-bit pattern match is 
completed, the 051206 will pass signals to the 051292 from the address bus. Address line 
AO will be passed through as the R5T (Reset) signal; address line A 1 becomes the ClK 
(Clock); A2 defines whether data is to be read or written; and address A7 becomes the data 
input to the Eliminator. (Consult the 051292 data sheet for exact details on Eliminator.) The 
first requirements forentering data into the Eliminator is to set the R5T input to a high level. 
This signal is also sent as an input to the 74HC151 data selector. This new input now allows 
CE for the 051206 to be active when MEMW is active and also when MEMR is active and 
either of the two 74HC688 is outputting a match signal indicating that one of the two 32K x 8 
blocks of memory is being accessed. This new set of circumstances allows the Eliminator 
status to be read back via the system bus OQO line. Bus contention is avoided from either of 
the two 32K x 8 memory blocks as the OE signal to the memory blocks is inhibited as long as 
R5T to the 051292 is at a high level. Data is passed back through the 051206 by the feed
back resistor which couples the Eliminator output back to the input. Once the Eliminator is 
set and verifie<;l, system configuration can be terminated and locked by making sure the bit 
which is output on pin 20 of the Eliminator is set to logic one when the R5T signal is driven 
low. The Eliminator can always be put back in an unconfigured state by depressing the ClR 
(Clear) button which forces all of the Eliminator outputs low. 
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1208 ENABLE Table 1 

RST MEMW MEMR MATCH ENABLE RST MEMW MEMR MATCH ENABLE 

0 0 0 0 1 1 0 0 0 1 

0 0 0 1 1 1 0 0 1 1 

0 0 1 0 0 1 0 1 0 0 

0 0 1 1 0 1 0 1 1 0 

0 1 0 0 1 1 1 0 0 0 

0 1 0 1 1 1 1 0 1 1 

0 1 1 0 1 1 1 1 0 1 

0 1 1 1 1 1 1 1 1 1 

ELI!CTRICAL OPTIONS 
The DS6010 has provisions for mechanical DIP switches and pull-up resistors which can be 
used in place of the Eliminator. While the DS6010 is not shipped with these components, 
they can be added if needed for a specific application (see Figure 4). If DIP switches and 
pullup resistors are used, the Eliminator should be removed from its socket. The DS6010 can 
also be optioned with the Dallas Semiconductor DS1204 Key for software protection and ac
cess control. Under special contract with Dallas Semiconductor, these options can be sup
plied to customer specifications. 

NOTE: 
Contact Dallas Semiconductor Sales Office for ordering information. 

INSTALLATION 
In order to install the DS6010 into a computer it will be necessary for the computer cabinet to 
be removed (Figure 5). Prior to installation, the computer should be tested to make sure it is 
operating properly. After the computer has been tested disconnect any peripheral equip
ment that is attached to the computer and make sure that the A.C. power is unplugged. Then 
consult the owner's manual on the computer for instructions which explain how to remove 
the cabinet. After the cabinet is removed, the DS6010 can be installed in any available 1/0 
slot except PC XT Slot B. It is a good idea to connect the ribbon cable which will connect 
either the Cartridge or the Cartridge Clip to the appropriate 28-pin socket. If the Cartridge or 
Cartridge Clip is mounted within the computer cabinet, the horizontal 28-pin socket on the 
top of the PC board would be the proper choice (see Figure 3). When mounting the Cartridge 
or Cartridge Clip external to the computer, the vertical 28-pin socket should be used. The 
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INSTALLATION Figure 5 

1. REMOVE COVER 

4.REASSEMBLE 
COMPUTER 

340 

2. REMOVE FLOPPY DISK 
DRIVE 

3. INSTALL THE 
CARTRIDGE CLIP, 
INSERT THE PC PORT 110 
CARD WITH 
RIBBON CABLE 
ATIACHED 

5. INSTALL 
SOFTWARE 

6. FUNCTIONAL 
SOLlD·STATE 
COMPUTER 



data sheet on the OS9020 Cartridge Clip can be used for mounting dimensions. The Car
tridge Clip will fit in the place of any half-high disk drive. If a OS1217 Cartridge is being used, 
the OS1217 data sheet can be used to provide mechanical dimensions. Mechanical hardware 
for mounting the OS1217 is not supplied by Oallas Semiconductor; however, the OS9000 ribbon 
cable is available to provide electrical connection between the Cartridge and the OS6010. 
When connecting the ribbon cable to the OS6010, care should be taken to avoid incorrect con· 
nection. Pin 1 on the ribbon cable must match Pin 1 on the 28-pin socket. Figure 3 identifies the 
Pin 1 locations on the 28-pin sockets. Pin 1 is on the opposite end of a color stripe on the rib
bon cable. (See the data sheet on the OS9020.) When using the OS9000 ribbon cable with a Car
tridge, Pin 1 is on the same end as the color stripe. NOTE: Improper connection of.the ribbon 
cable can damage the Cartridge Clip, Cartridge and PC Port. After the installation is complete 
the computer cabinet should be replaced and the peripheral devices reconnected. When 
power is applied to the computer, it should function the same as before the OS6010 was in· 
stalled. It will be necessary to install the supplied software to make the PC Port operational. 

SOFTWARE INSTALLATION 
The floppy disk provided with the PC Port contains both the software and the instructions for 
installing the software. The instructions for installation can be retrieved by installing the 
floppy disk marked "OS6010 Software" into the default disk drive and typing "TYPE 
OS6010.MEM" The print command can be used to make a hard copy. This manual should be 
read and followed carefully while doing the software installation. After the software installa
tion is complete, the system will respond to all DOS commands and the IBM PC Port, Car
tridge and Cartridge Clip will appear to behave as added disk storage. 

DS8010 PC PORT SPECIFICATION 

ORGANIZATION: Two 32K x 8 Memory Blocks 
INPUT CONNECTION: IBM PC XT AT Expansion Bus 
OUTPUT CONNECTION: JEOEC 28-Pin Bytewide Sockets 
ACCESS TIME: 1 uS per Byte Maximum* 
TEMPERATURE RANGE: O°C to 70°C 
SIZE: 1/2 Length I/O Card 

5.5 Inches Long x 3.2 Inches High 
REAL TIME CLOCK ACCURACY: ± 1 Minute/Month@25°C 
SOFTWARE: PC DOS Compatible 
POWER CONSUMPTION: 500 MW Maximum 
AOORESS MAP RANGE: 1 Megabyte 

*Performance can be enhanced by lowering the value of the cycle stretch delay line. 
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..... Dallas Semiconductor II' Byte Wide Cable Harness 

FEATURES 

• Converts 30 position card edge to popular 
byte wide 28 pin socket 

• Bifurcated cantilever beam card edge 
design provides redundant contact 

• Mechanical keys provide proper insertion 
and withdrawal of Dallas Semiconductor 
OS 1217 Nonvolatile Memory Cartridges 

• 28 position dip plug inserts into any stan
dard 28 position I.C. Socket 

• Color stripe indicates pin one on 28 pin 
dip plug 

• Standard six inch cable length 

• Interfaces directly to the OS6010 P.C. 
Port 

DESCRIPTION 

The OS9000 is a specially designed cable 
harness which converts Dallas Semiconduc
tor OS1217 Nonvolatile Memory Cartridges or 
any other 30 position card edge to the popular 
Byte Wide 28 Pin Socket. An additional 
ground lead, and dual key positions allow for 
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proper insertion and withdrawal of Nonvolatile 
Memory Cartridges. A six inch cable length 
allows for flexibility in end application but does 
not substantially effect the performance char
acteristics of the OS1217 Memory Cartridge. 



DS9000 
Byte Wide Cable Harness 
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B 1.940 

C .260 
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II. Dallas Semiconductor 
II.. Cartridge Housing 

FEATURES 

• Two piece snap together construction 

• Matches fonn factor of Dallas 
Semiconductor nonvolatile memory 
cartridges 

• Made of rugged, flame retarded ABS 
plastic 

• Accepts DS9003 prototype cartridge 
P.C.B. 

• Openning for switch or jumper 

• Component clearance of .175" solder side, 
.200" circuit side using .062" P.C.B. 

DESCRIPTION 

The DS9002 is a rugged, two piece snap 
together cartridge housing designed for use in 
any portable cartridge application. Compo
nents can be either thru hole mounted or 
surface mounted on both sides depending 
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upon density requirement and board deSign. 
The outside profile of the P .C.B. should match 
the DS9003 prototype P.C.B. Applications 
include Nonvolatile Static RAM, ROM, or 
EPROM memory cartridges. 
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II. Dallas Semiconductor 
II... Cartridge Proto Board 

FEATURES 

• Matches profile of OS1217 Nonvolatile 
memory cartridges 

• Plated through hole pattern for wire wrap 
or solder mount development 

• Allows for a single double sized cartridge 
or two standard size cartridges 

• Gold plated card edge fingers 

• Connects to standard 28 pin bytewide 
socket via OS9000 

• Key slots provide for proper insertion and 
removal 

• Separate full length power and ground 
buses for ease of layout 

DESCRIPTION 

The OS9003 is a developmental printed circuit 
board for prototyping portable hand held car
tridges . Thirty gold plated card edge connec
tions conform to the popular 28 pin bytewide 
socket pin-out when used with the OS9000 
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cable harness. The card profile matches that 
of the OS1217 nonvolatile memory cartridges 
and can be used with the OS9002 cartrige 
housing. 
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I; Dallas Semiconductor 
Cartridge Clip' . 

FEATURES s 

• Holds up to eight nonvolatile 
read/write memory Cartridges 

• Fits within the panel opening of a half
height 51,14" disk drive 

• Mounts with same brackets as disk 
drive 

• Accepts Cartridges ranging from 16K 
to 4M bits for capacity of up'to 4M 
bytes 

• Four user-insertable Cartridges plug 
into the front 

• Four removable Cartridges plug into 
the rear 

• Standard 8ytewide pinout conllectsto 
JEOEC 28-pin DIP socket via ribbon 
cabl~ 

• Software-controlled banks maintain 
32K x 8 JEOEC pin compatability 

• Indicator illuminates red while data is 
transferring 

• Rugged and durable construction 

• Wide operating temperature range of 
O°C to 70°C 

DESCRIPTION 

1P1fl.~l!.D~D~H'".1fl. 'If 

DS9020 

The OS9020 Cartridge Clip is a housing with circuitry designed to interface up to eight non
volatile read/write memory Cartridges to a computer memory bus. The complete unit will fit 
in the same space which could otherwise hold a standard 51h" half-height floppy or hard 
disk drive. Using a total of 8 OS1217M-4 memory Cartridges in the OS9020 gives a density of 
4 megabytes of transportable nonvolatile m~mory with access time of Static RAM. Four user
insertable memory Cartridges plug into the front of the Cartridge Clip while four removable 
Cartridges plug into the rear. The Cartridge Clip connects to the computer via a ribbon cable 
into a standard 8ytewide JEDEC 28-pin DIP socket. Software-controlled bank switching 
techniques provide an expandable memory through a 32K x 8 window within the host com
puter's memory map. The OS9020 Cartridge Clip provides a rugged, solid-state storage alter
native to rotating magnetic memory. 
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OPERATION 
The DS9020 Cartridge Clip includes switching circuitry for up to 8 DS1217 Cartridges. Con
nection to a computer memory bus is made via a 28-pin DIP adapter with the pinout as shown 
in Figure 1. Normal read and write memory cycles are directed through the 28-pin DIP and rib
bon cable to one of eight Cartridges. (See the data sheet on the DS1217A and DS1217M car
tridges for normal read and write cycle timing.) Cartridges are selected by a software-con
trolled switch which selects only one Cartridge at a time. An indicator on the front of the Car
tridge Clip illuminates while the data is being transferred. 

CARTRIDGE SELECTION 
Initially, on power up, all of eight possible Cartridges in the Cartridge Clip are deselected. 
Cartridge selection is accomplished by matching a predefined pattern stored within the car
tridge Clip with a 16-cycle sequence on address lines AO, A1, A2 and A3. Prior to sending the 
16-cycle sequence which will set the bank switch, a read cycle with bit patern 1111 on ad
dress inputs AO, A1, A2 and A3 must be executed to initiat~attern entry. Each set of ad
dress inputs is clocked into the the Cartridge Clip when the CE pin (Cartridge Clip enable) is 
driven low. All 16 inputs to the Cartridge Clip must be consecutive read or write cycles. The 
first eleven cycles must match the exact bit pattern as shown in Table 1. The last five cycles 
must match the exact bit pattern as shown for address inputs A1, A2 and A$ however, ad
dress line AO defines the Cartridge number to be enabled as per Table 2. 

Switching to a selected Cartridge occurs on the rising edge of Cartridge Clip enable when 
the last set of bits is input and a match has been established. After Cartridge selection, sub
sequent Cartridge Clip enables will be directed to the selected Cartridge with additional 
propagation delay of 150 ns. (Note: this additional delay must be added to the respective 
DS1217 Cartridge performance specifications when considering overall read and write cycle 
times.) The selected Cartridge position can be determined from Figure 2. Figure 3 is a block 
diagram and Figure 4 is an electrical wiring diagram of the DS9020. Figure 5 shows the me
chanical and dimensional considerations for the Cartridge Clip. 

ADDITIONAL ACCESSORIES AVAILABLE 
Dallas Semiconductor offers the DS6010 PC Port which is an 1/0 expansion board that will 
connect the DS9020 into PC, XT, AT and compatible computers. For additional information 
contact Dallas Semiconductor. 

CARTRIDGE CLIP Figure 1 
28-Pin DIP Plug Interface Pinout 
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o GND 
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ADDRESS INPUT PATTERN Table 1 

Bit Sequence 

Address 
0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 Inputs 

AO 1 0 1 0 0 0 1 1 0 1 0 X X X X X 

A1 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

A2 1 0 1 0 0 0 1 1 0 1 0 1 1 1 0 0 

A3 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

X See Table 2 

BANK SELECT CONTROL Table 2 

Bank AO Bit Sequence 
Selected 11 12 13 14 15 

All Cartridges Off 0 
DON'T DON'T DON'T DON'T 
CARE CARE CARE CARE 

Cartridge A 1 0 0 0 0 

Cartridge B 1 0 0 0 1 

Cartridge C 1 0 0 1 0 

Cartridge D 1 0 0 1 1 

Cartridge E 1 0 1 0 0 

Cartridge F 1 0 1 0 1 

Cartridge G 1 0 1 1 0 

Cartridge H 1 0 1 1 1 
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Figure 2 

FRONT SIDE 

,--_C_A_R_TR_ID_G_E_A_-II I CARTRIDGE B I 

Ol,E,D, ON PANEL FRONT ONLY 

r---C-A-R-TR-ID-G-E-C--'I I CARTRIDGE D I 

BACKSIDE 

,--_C_A_R_TR_ID_G_E_E_.-.I I CARTRIDGE F 

L-_C_A_R_TR_ID_G_E_G_.....JI I CARTRIDGE H 

ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 85°C 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Pin 28 
Vee 4.5 5.0 5.5 V 1 Supply Voltage 

Input High Level VIH 2.2 VCC+0.3 V 1 

Input Low Level VIL -0.3 +0.8 V 1 
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D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Operating Current ICC1 6 50 rna 2 

Operating Current ICC2 15 rna 3 

Operating Current ICC3 40 rna 4 

Input Drive 
IlL 1.0 rna 5 Low Level 

Input Drive 
ILO 0.5 rna 5 High Level 

Output Drive 
IOH -1.0 rna 6 @2.4V 

Output Drive 
IOL 2.0 rna 6 @0.4V 

CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 500 750 pF 2 Capacitance 

D/Q 
CD/Q 500 750 pF 2 Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Address Set-Up tAS 20 ns 

Address Hold tAH 100 ns 

Read Recovery tRR 80 ns 
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DS1217M CARTRIDGE TIMING WHILE INSTALLED IN THE DS9020 
A.C. ELECTRICAL CHARACTERISTICS (O°C to 70 0 ,vCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Read Cycle Time tRC 440 ns 

Access Time tACC 400 ns 

OE to Output Valid tOE 275 ns 

CE to. Output Valid tco 400 ns 

OE or CE to 
tCOE 50 ns Output Active 

Output High Z 
tOD 125 ns From Deselection 

Output Hold From 
tOH 10 ns Address Change 

Read Recovery Time tRR 40 ns 

Write Cycle Time twc 440 ns 

Write Pulse Width twp 350 ns 

Address 
tAW 40 ns Set Up Time 

Write 
tWR 40 ns Recovery Time 

Outpu!Jiigh Z 
tODW 100 ns From WE 

Output Active 
tOEW 10 ns From WE 

Data Set Up Time tDS 280 ns 

Data Hold Time 
tDH 25 ns From WE 

See DS1217M data sheet for timing diagrams. 
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TIMING DIAGRAM-CARTRIDGE SELECTION 

_____ ---'x\-__ 

CE 

MEMORY CYCLE f TO CARTRIDGE 

I------I{ t I 
'-CARTRIDGE 

SELECTED 

NOTES: 
1. All voltages are referenced to ground (Pin 14). 

2. Cartridge Clip empty. 

3. Cartridge Clip loaded to capacity with CE at 
high level. 

4. Cartridge Clip loaded to capacity with CE at low 
level. 

5. Includes all address, data and control lines. 

6. Output drive comes from installed Cartridge. 

Figure 3 

CARTRIDGE CLIP 
RIBBON CABLE 

POWER FAIL 

BANK SELECT BS1: BS4 

CEO 

ENABLE 

THE DS1222 BANK SWITCH PROVIDES THE SELECTION LOGIC NECESSARY 
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TO ACTIVATE A SINGLE CARTRIDGE UNIT FOR ACCESS VIA THE DRIVE RIBBON 
CABLE. UNIT SELECTION IS ACCOMPLISHED VIA A STRUCTURED SERIES OF 
READ CYCLES TO THE CARTRIDGE CLIP. 

THE DS1231 POWER MONITOR PROVIDES FAIL DETECTION AND POWER·UP RESET 
FUNCTIONS. ACCESS TO THE CARTRIDGE UNITS IS DENIED WHEN POWER IS LOW 
AND UNTIL UNIT SELECTION PROTOCOL IS ACTIVATED ON SYSTEM POWER·UP. 

ACTIVE 



Figure 4 
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D89020 
Car'ridgeClip 

Figure 5 

~-. 
C 

DIM. 

A 

B 

C 

D 

E 

F 

G 

# ~ 

INCHES 

MIN. MAX. 

5.700 5.760 

1.605 1.635 

6.460 6.500 

2.045 2.065 

3.100 3.120 

1.210 1.510 

.390 .410 
• 

REMOVABLE 
/ CARTRIDGE 

t r l r l * ~o E(2 PL) 
BO'::';::::;:::====:::;:~ fji.f?'i / TAPPED FOR #4·40 THREAD 
I r l r l ~ (4 PLACES) 
_t _ ./ '14" MAXIMUM INSERTION I/D (2PL) 

....... f------ A ----... 
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I; Dallas Semiconductor 
Electronic Key 

FEATURES 
• Cannot be deciphered by reverse 

engineering 

• Partitioned memory thwarts pirating 

• User insertable packaging allows per
sonal possession 

• Exclusive blank keys on request 

• Appropriate identification can be made 
with a 64 bit reprogrammable memory 

• Unreadable 64 bit security match code 
virtually prevents deciphering by exhaus
tive search with over 1019 possibilities 

• 128 bits of secure read/write memory 
creates additional barriers against 
hackers by permitting data changes as 
often as needed 

• Rapid erasure of identification security 
match code, and secure read/write mem
ory can occur if tampering is detected 

• User insertable 

• Over 10 years of data retention with no 
limitations or restrictions on write cycle 

• low power CMOS circuitry 

• 4 million bits/second data rate 

• Durable and rugged 

• Applications include software authoriza
tion, gray market software protection, 
proprietary data, financial transactions, 
secure personnel areas, and system ac
cess control 

DESCRIPTION 

DS1204U 

PIN CONNECTIONS 

Il'r IT Tr nil' 
I II II II II II I 
V'J""'J'"'I 

2 3 4 5 

I • 
1.0 IN 

+5 VOLTS 
RESET 

I) 

PIN NAMES 
Pin 1 - VCC 
Pin 2 - RST 
Pin 3 - DQ 
Pin 4 - ClK 
Pin 5 - GND 

DATA INPUT/OUTPUT 
CLOCK 
GROUND 

The DS1204U Electronic Key is a miniature security system which stores 64 bits of user de
finable identification code and a 64 bit security match code which protects 128 bits of read/ 
write nonvolatile memory. The 64-bit identification code and the security match code are pro
grammed into the key via a special program mode operation. After programming, the key 
follows a special procedure with a serial format to retrieve or update data. 
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Interface cost to a microprocessor is minimized by on-chip circuitry which permits data 
transfer with only three signals: CLOCK, RESET, and OATA INPUT/OUTPUT. 

low pin count and a guided entry for a mating receptacle overcomes mechanical problems 
normally encountered with conventional integrated circuit packaging, making the device 
transportable and user insertable. 

OPERATION-NORMAL MODE 
The Electronic Key has two modes of operation: the normal mode and the program mode. 
The block diagram (Figure 1) illustrates the main elements of the key when used in the nor
mal mode. To initiate data transfer with the key, RST is taken high and 24 bits are loaded into 
the command register on each low to high transition of the ClK input. The command register 
must match the exact bit pattern which defines normal operation for read or write or communi
cations is ignored. If the command register is loaded properly, communications are allowed to 
continue. The next 64 cycles to the key are read. Data is clocked out of the key on the high to 
low transition of the clock from the identification memory. Next, 64 write cycles must be 
written to the compare register. These 64 bits must match the exact pattern stored in the 
security match memory. If a match is not found, access to additional information is denied. 
Instead, random data is output for the next 128 cycles when reading data. If write cycles are 
being executed, the write cycles are ignored. If a match is found, access is permitted to a 
128-bit read/write nonvolatile memory. Figure 2 is a summary of normal mode operation and 
Figure 3 is a flow chart of the normal mode sequence. 

BLOCK DIAGRAM - NORMAL MODE Figure 1 
OIQ 

< 

64 Bit 
Identification r-

Control 
ClK logic 

~ 

1 64 Bit 
RST Security Match 

J 
L...t ~ J Compare Register ~ 

'" 128 Bit f= 
I I 

Secure Memory 

Command Register 

I ~ 

Random Data r-. L 
'-
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SEQUENCE - NORMAL MODE Figure 2 

Protocol Identification 

Command Word 64 Read Cycles 

Match 

Secure Memory 

128 Reads or Writes 

FLOW CHART - NORMAL MODE Figure 3 

NO 

NO 

360 

Security Match 

64 Write Cycles 

Read or Write 
128 Bits Based 

on Protocol 

Security Match 

Secure N.V. RAM 

Output in High Z 



PROGRAM MODE 

The block diagram of Figure 4 illustrates the main elements of the key when used in the 
program mode. To initiate the program mode, RST is driven high and 24 bits are loaded into 
the command register on each low to high transition of the ClK input. The command register 
must match the exact pattern which defines program operation. If an exact match is not 
found, the remainder of the program cycle is ignored. If the command register is properly 
loaded, then the next 128 bits which follow are written to the identification memory and the 
security match memory. Figure 5 is a summary of program mode operation and Figure 6 is a 
flow chart of program mode operation. 

BLOCK DIAGRAM - PROGRAM MODE Figure 4 

D/Q 

< 

Control 
64 Bit c=:: 

logic 
Identification 

ClK r-

RS'f 

I-.- 64 Bit k Security Match 

~ 
Command Register 

'--

SEQUENCE - PROGRAM MODE Figure 5 

Protocol Identification Security Match 

Command Word 64 Write Cycles 64 Write Cycles 
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FLOW CHART - PROGRAM MODE Figure 6 

Identification 

Security Match 

Output in High Z 

COMMAND WORD 
Each data transfer for the normal and program mode begins with a three byte command 
word as shown in Figure 7. As defined, the first byte of the command word specifies whether 
the 128 bit nonvolatile memory will be written into or read. If anyone of the bits of the first 
byte of the command word fails to meet the exact pattern of read or write, the data transfer 
will be aborted. 

The 8 bit pattern for read is 01100010. The pattern for write is 10011101. The first two bits of 
the second byte of the command word specify whether the data transfer to follow is a pro
gram or normal cycle. The bit pattern for program is 0 in bit 0 and 1 in bit 1. The program 
mode can be selected only when the first byte of the command word specifies a write. If the 
program mode is specified and the first byte of the command word does not specify a write, 
data transfer will be aborted. The bit pattern which selects the normal mode of operation is 1 
in bit 0 and 0 in bit 1. The other two possible combinations for the first two bits of byte 2 will 
cause data transfer to abort. 

The remaining 6 bits of byte 2 and the first 7 bits of byte 3 form unique patterns which allow 
multiple keys to reside on a common bus. As such, each respective code pattern must be 
written exactly for a given device or data transfer will abort. Dall~ Semiconductor has 5 pat
terns available as standard products per the chart in Figure 7. Each pattern corresponds to a 
specific part number. Under special contract with Dallas Semiconductor the user may 
specify any bit pattern other than that specified by Dallas Semiconductor as unavailable. 
The bit pattern as defined by the user must be written exactly or data transfer will abort. The 
last bit of byte 3 of the command word must be written to logic 1 or data transfer will abort. 

NOTE: Contact Dallas Semiconductor Sales Office for special command word code 
assignment which makes possible an exclusive blank key. 
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COMMAND WORD Figure 7 

o 
Byte 1 

Byte 2 

Byte 3 

DS1204U-1 0 0 

I 

0 0 0 0 p P Byte 2 

1 0 0 0 0 0 0 Byte 3 

DS1204U-2 0 0 

I 

0 0 0 1 P P Byte 2 

0 0 0 0 0 0 Byte 3 

DS1204U-3 0 0 

I 

0 0 1 0 P P Byte 2 Ell 
0 0 0 0 0 0 Byte 3 

DS1204U-4 

I 

0 0 

I 

0 

I 

0 1 P P Byte 2 

1 0 0 0 0 0 0 Byte 3 

DS1204U-5 

I 

0 

I 

0 

I 

0 

I 

1 

I 

0 0 p P Byte 2 

0 0 0 0 0 0 Byte 3 
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RESET AND CLOCK CONTROL 
All data transfers are initiated by driving the RST input high. The RST input serves three func
tions. First, it turns on control lo~which allows access to the command register for the 
command sequence. Second, the RSi signal provides a power source for the cycle to follow. 
To meet this requirement, a drive source for RST of 2 mA @ 3.0 volts is required. However, if 
the VCC pin is connected to a 5 volt source within nominal limits, then RST is not used as a 
source of power and input levels revert to normal VIH and Vil inputs with a drive current re
quirement of 500 uA. Third, the RST signal provides a method of terminating data transfer. 

A clock cycle is a sequence of a falling edge followed by a rising edge. For data inputs, the 
data must be valid during the rising edge of a clock cycle. Command bits and data bits are in
put on the rising edge of the clock and data bits are output on the falling edge of the clock. 
All data transfer terminates if the RST pin is low and the DQ pJ!!..goes to a high impedance 
state. When data transfer to the key is terminated and using RST, the transition of RESET 
must occur while the clock is at high level to avoid disturbing the last bit of data. Data 
transfer is illustrated in Figure 8 for normal mode and Figure 9 for program mode. 

KEY CONNECTIONS 
The key is designed to be plugged into a standard 5 pin 0.1 inch center SIP receptacle. A 
guide is provided to prevent the key from being plugged in backwards and aid in alignment of 
the receptacle. For portable applications, contact to the key pins can be determined to in
sure connection integrity before data transfer begins. ClK, RST, and DATA INPUT/OUTPUT 
all have internal 20K Ohm pull down resistors to ground which can be sensed by a reading 
device. 
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DATA TRANSFER - NORMAL MODE Figure 8 

SLJ4J1ll.J4l~lf1.JlJ4l~ 
• ----111 Jl " l)/-f-' _____ ..., J I( (( (( l ~ 

o 1 23 

-<R/WI R/W ~ll--\ "'--1 1--'--1 0-0 ..-II ~~ I 063 I 00 I ~~ I 063 I 000 I~t~ I 001261 DOm >-
'--COMMAND ~ READ ~ WRITE -.....I'...- READ/WRITE / 

WORD 64 BITS 64 BITS 128 BITS 

DATA TRANSFER - PROGRAM MODE Figure 9 

c~£l-f1DI1!1£l-l1IlOi~cx 
J ~T 

o 1 2 23 

-<R/WI RNJ I ~;l-~ "'1-1---'-1-0-0 "T"'1-0-1 "'T'"I-tj: I 0621 063 I 00 Q1 I ~~\ I 0621 063 >--
""--- COMMAND --A-- WRITE ------'1\>......--- WRITE ------'/ 

WORD 64 BITS 64 BITS 
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ABSOLUTE MAXIMUM RATINGS* 
VOLTAGE ON ANY PIN RELATIVE TO GROUND 
OPERATING TEMPERATURE 
STORAGE TEMPERATURE 

-1.0V to + 7V 
O°C to 70°C 

- 40°C to + 70°C 
"This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (O°C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Logic 1 VIH 2.0 V 1,8,10 

Logic 0 VIL -0.3 +0.8 V 1 

RESET Logic 1 VIHE 3.0 V 1,9,11 

Supply VCC 4.5 5.0 5.5 V 1 

D.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL +500 f.JA 4 

Output Leakage ILO +500 f.JA 

Output Current @ 2.4V IOH -1 rnA 

Output Current @ 0.4V IOL +2 rnA 

RST Input Resistance ZRST 10 40 KO 

D/O Input Resistance ZDO 10 40 KO 

ClK Input Resistance ZCLK 10 40 KO 

RST Current @3.0V IRST 2 rnA 6,9,13 

Active Current ICC1 6 rnA 6 

Standby Current ICC2 1 rnA 6 

366 



CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance CIN 5 pF 

Output Capacitance COUT 7 pF 

A.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Data To ClK Setup tDC 35 ns 2,7 

ClK to Data Hold tCDH 40 ns 2,7 

ClK to Data Delay tCDD 100 ns 2,3,5,7 

ClK low Time tCl 125 ns 2,7 

ClK High Time tCH 125 ns 2,7 

ClK Frequency fClK D.C. 4.0 MHZ 2,7 

ClK Rise & Fall tR, tF 500 ns 2.7 

RST To ClK Set Up tcc 1 us 2, 7 

ClK To RST Hold tCCH 40 ns 2, 7 Ell 
RST Inactive Time tCWH 125 ns 2,7,14 

RST To 1/0 High Z tCDZ 50 ns 2, 7 

TIMING DIAGRAM - WRITE DATA 

)------------tcr' ------~ll~--~I 

----=::....j tcc '--_--oJ 

CLOCK 

DATA 

INPUT/OUT~P_UT.J...L.L.L..tJ "--~~ 
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TIMING DIAGRAM - READ DATA 

~
l 
( 

RE'SET 

-j rtcc 
c~ 

1. All voltages are referenced to GND. 

2. Measured at VIH = 2.0 or Vil = .8V and 10 ns maximum rise and fall time. 

3. Measured at VOH = 2.4 volts and Val = 0.4 volts. 

4. For ClK, 0/0, and RST 

5. Load capacitance = 50 pF. 

6. Measured with outputs open. 

7. Measured at VIH of RST~3.0Vwhen RST supplies power. 

8. LogiQ..Lmaximum is VCC + 0.3 volts if the VCC pin supplies power and RST + 0.3 volts if 
the RST pin supplies power. 

9. Applies to RST when VCC < 3.0 V. 

10. Input levels apply to ClK, DO, and RST while VCC is within nominal limits. When VCC is 
not connected to the key, then RST input reverts to VIHE. 

11. RST logic 1 ~imum is VCC + 0.3 volts if the VCC pin supplies power and 5.5 volts 
maximum if RST supplies power. 

12. Each DS1204U is marked with a 4-digit code AABB. AA designates the year of manufac
ture. BB designates the week of manufacture. The expected tOR is defined as starting at 
the date of manufacture. 

13. Average A.C. RST current can be determined using the following formula: 

ITOTAL = 2 + ILOAD D.C. + (4 x 10- 3) (Cl + 140) f 
ITOTAL and ILOAD are in mA; Cl is in pF; f is in MHZ. 

Applying the above formula, a load capacitance of 50 pF running at a frequency of 4.0 
MHZ gives an ITOTAL of 5 MA. 

14. When RST is supplying power tCWH must be increased to 100 ms. 

368 



Electronic Key 
DS1204U 

45 t 
K 

1.. 

B 

r., T - -'1- -Iii - - i,:- - r,- 1 
I I, I, III '" I I , 
I I, " III III III I 
I I I I I "I ", I I IV'" ~ oJ v 

/ I', I 

I. A .1 

\- - --., 
J- I I--H---+t 

1====1-
~!- __ -.J 

I I 
I I 
1----' 

DIM. 
INCHES 

MIN. MAX. 
A .610 .625 

B .745 .755 

C .310 .325 

D .100 .110 

E .515 .525 

F .100 .110 

G .100 .110 

H .110 .130 

J .030 .050 

K .045 .055 

L .045 .055 

M .100 .110 

-M 

T 
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a. Dallas Semiconductor 
.. TIMEKEY 

FEATURES 

• Cannot be deciphered by reverse engin
eering 

• Time allotment from 1 day to 512 days for 
trial periods, rentals, and leasing 

• Partitioned memory thwarts pirating 
• User insertable packaging allows person

al possession 
• Exclusive blank keys on request 
• Appropriate ,identification can be made 

with a 64 bit reprogrammable memory 
• Unreadable 64 bit match code virtually 

prevents discovery by exhaustive search 
with over 1019 possibilities 

• Random data generation on incorrect 
match codes obscures real accesses 

• 384 bits of secure read/write memory 
creates additional barriers against 
hackers by permitting data changes as 
often as needed 

• Rapid erasure of identification security 
match code, and secure read/write 
memory can occur if tampering is 
detected 

• Durable and rugged 
• Applications include software authorization, 

gray market software protection, proprietary 
data, financial transactions, secure person
nel areas, and system access control 

DESCRIPTION 

PRELIMINARY 

PIN CONNECTIONS 

nllill-Il-lii 

VVVVV' 
2 3 4 5 

PIN NAMES 
pin 1- no connection 
pin 2- RST reset 

D51207 

pin 3- DQ data input/output 
pin 4- elK clock 

pin 5- GND ground 

The 081207 TimeKey is a miniature security system which stores 64 bits of user definable 
identification code and a 64 bit security match code which protects 384 bits of readlwrite 
nonvolatile memory. The 64 bit identification code, and the security match code, are 
programmed into the TimeKey via a special program mode operation. After programming, the 
TimeKey follows a special procedure with a serial format to retreive or update data. The TimeKey 
is set to expire in from one day to 512 days or infinity, as specified by the customer. The TimeKey 
starts its countdown from the first access by the end user. 
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Interface cost to a microprocessor is minimized· by on-chip circuitry which permits data 
transfer with only three signals: CLOCK, RESET, and DATA INPUT/OUTPUT. low pin count 
and a guided entry for a mating receptacle overcomes mechanical problems normally encoun
tered with conventional integrated circuit packaging, making the device transportable and user 
insertable. 

OPERATION • NORMAL MODE 
The TimeKey has two modes of operation: The normal mode and the program mode. 

The normal mode of operation provides the functions of reading and writing the 384 bit secure 
memory. The block diagram (Figure 1) illustrates the main elements of the TimeKey when used 
in the normal mode. To initiate data transfer with the TimeKey RST is taken high and 24 bits are 
loaded into the command register on each low to high transition of the ClK input. The command 
register must match the exact bit pattern which defines normal operations with a function code 
of read or write. If one of these patterns is not matched, communication is ignored. If the 
command register is loaded properly, communications are allowed to continue. Data is clocked 
out of the TimeKey on the high to low transition of the clock. If the pattern matched in the 
command register calls for a normal read or write, the next 64 cycles following the command 
word are read and data is clocked out of the identification memory. The next 64 write cycles are 
written to the compare register (Figure 2). These 64 bits must match the exact pattern stored 
in the security match memory. If a match is not found, access to additional informati()n is denied. 
Instead, if normal read mode is selected, random garbled data is output for the next 384 cycles. 
If a normal write cycle is selected and a match is not achieved, the TimeKey will ignore any 
additional information. However, when a security match is achieved, access is permitted to the 
384 bit secure memory. 
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FIGURE 1 
BLOCK DIAGRAM·NORMAL MODE 
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OPERATION - PROGRAM MODE 
The program mode of operation provides the functions of programming the identification and 
security match memory and setting and reading the amount of time the TimeKey can be used. 
The block diagram of Figure 3 illustrates the main elements of the TimeKey when used in the 
program mode. To initiate the program mode, RST is driven high and 24 bits are loaded into the 
command register on each low to high transition of the ClK input. The command register must 
match the exact bit pattern which defines program mode for the identification and security match 
bits or program mode for setting and reading the amount of time for which the TimeKey can be 
used. If an exact match for one of the seven function codes of the program mode is not found, 
the remainder of the program mode is ignored. When the command register is properly loaded 
for programming the identification and security match bits, the next 128 bits which follow are 
written to the identification and security match memory (Figure 4). When this mode of operation 
is invoked, all memory contents are erased. 

SETTING AND READING TIME REMAINING 
There are six functions of the program mode which are used to set or read the amount 

of time in which the TimeKey will allow full operation. To initiate any of the six functions of the 
program mode used for setting and reading time remaining, RST is driven high and 24 bits are 
loaded into the command register on each low to high transition of the ClK input. If the 'COmmand 
register is properly loaded with the function code for reading the 20 bit day clock counter, the next 
20 bits will be output (lSB first) as a binary count of the amount of time elapsed in the current 
day (see Figure 5). The time can be calculated by dividing this count reading by 220 (20 bits is 
equal to 1,048,576 counts). One minus this result is the fraction of a day remaining. The 20 
bit day clock counter is driven by an internal oscillator which has a period of 82.4 ms. If the 
command register is properly loaded with the function code for reading the 9 bit number of days 
counter, the next 9 bits will be output (lSB first) as a binary count of the days remaining (see 
Figure 6). This count is decremented each time the day clock counter rolls over to zero. When 
the number of days remaining counter rolls through zero, normal and program mode write cycles 
are inhibited. If program mode read cycle to the number of days counter is attempted, the nine 
bits will be returned as all ones. 

If the command register is properly loaded with the function code for writing the nine bit 
number of days counter, the next nine bits will be input (lSB first) as a binary count of the desired 
number of days in which the TimeKey will be fully functional (see Figure 7). The number of days 
counter can be changed by writing over an entered value as often as required until the lock 
command is entered. The lock command is given when the command register is properly loaded 
with the function code for locking up the number of days counter. The lock command consists 
of the 24 bit command word only (see Figure 8). Once the lock command is given, all future write 
cycles to the number of days register is ignored. After the correct value has been written and 
locked into the number of days counter, the DS1207 will start counting the time from the entered 
value to zero after the first access to the TimeKey is executed provided the arm oscillator bit is 
set. The arm oscillator bh is set when the command register has been properly loaded with the 
function code for arming the oscillator. The arm oscillator command consists of the 24 bit 
command word only (see Figure 9). One other command is also available for use in setting and 
reading time remaining. A stop oscillator command is given when the command register is 
properly loaded with the function code for stopping the oscillator. The stop oscillator command 
consists of the 24 bit command word only (see Figure 10). This command will only execute prior 
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FIGURE 2 

FLOW CHART - NORMAL MODE - READ OR WRITE SECURE REAO/WRITE MEMORY 
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FIGURE 3 

BLOCK DIAGRAM - PROGRAM MODE 
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FIGURE 4 
PROGRAM MODE N PROGRAM IDENTIFICATION AND SECURllY 

MATCH MEMORY 

NO 

RESET HIGH 
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PROGRAM MODE 
WRITE 
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FUNCTION CODE 

IDENTIFICATION 

SECURllY MATCH 

OUTPUT IN HIGH Z 

SEQUENCE-PROGRAM MODE-PROGRAM IDENTIFICATION 
AND SECURITY MATCH BITS 

FUNCTION MODE IDENTIFICATION SECURllY WATCH 

COMMAND WORD 64 WRITE CYCLES 64 WRITE CYCLES 
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FIGURE 5 
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FIGURE 6 

FLOW CHART - PROGRAM - READING THE 9 81T 
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~-------r------~ 

NO 

L-______ -. ________ ~ 

STOP 

24 BITS INCLUDING 
FUNCTION CODE 

NUMBER OF DAYS 
COUNTER 

OUTPUT IN HIGH Z 

SEQUENCE - PROGRAM MODE - READING THE 9 BIT NUMBER 
OF DAYS COUNTER 

FUNCTION CODE DAY CLOCK COUNTER 

L-_C_O_M_MAN __ D_WO __ R_D __ ~---------'-1~ ___ 9_R_EA __ D_CY_C_L_E_S __ ~ 
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FIGURE 7 

380 

FlOW CHART - PROGRAM MODE-WRITING THE 
NUMBER OF DAYS COUNTER 

RESET HIGH 

,----,-------'---------, 24 errs INCLUDING 

NO MATCH 
PROGRAM MODE 

FOR WRITING 1# OF 
DAYS COUNTER 

FUNCTION CODE 

,-____ -J. _____ , NUMeER OF DAYS 

COUNTER 

OUTPUT IN HIGH Z 

SEQUENCE-PROGRAM MODE-WRITING THE NUMBER OF DAYS COUNTER 

FUNCTION CODE DAY CLOCK COUNTER 

L-_C_O_M_MA_N_D_W_OR_D_~--------~-1~ __ 9_wmTE __ C_Y_C~_S __ 



FIGURE 8 

FLOW CHART - PROGRAM MODE - LOCK NUMBER OF DAYS REGISTER 

NO 

RESET HIGH 

...-____ ...L. ____ --, 24 BITS INCLUDING 

FUNCTION CODE 

NUMBER OF DAYS 
COUNTER 

OUTPUT IN HIGH Z 
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to issuing a lock command. After the lock command is issued, stop oscillator commands are 
ignored. 

A sequence for properly setting the expiration time of the OS1207 is as follows (see 
Figure 11): First program the identification and security match bits to the desired value. Also 
use normal mode operation to write the appropriate secure data. Second, write the number of 
days remaining register to the desired value. This number can be immediately verified by reading 
the number of days remaining. Next, arm the oscillator by writing the appropriate command. 
Then do a normal mode read. This action will start the internal oscillator. Now read the 20 bit 
day clock counter several times to verify that the oscillator is running. After oscillator activity 
has been verified, issue the stop oscillator command. Now the lock command should be issued 
followed by the arm oscillator command. The TimeKey will start to count down to expiration on 
the next access. The oscillator verification portion of this sequence is not required and can be 
deleted when speed in setting time remaining is important. 

FIGURE 9 

FLOW CHART - PROGRAM MODE-ARM OSCILU\TOR 

RESET HIGH 

~-------.--------~ 

NO 

STOP 

RESET LOW 
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FIGURE 10 

flOW CHART - PROGRAM MOOE - STOP OSCILLATOR 

NO 

RESET HIGH 

~-------r------~ 

PROGRAM MODE 
TO STOP OSCILLATOR 

RESET LOW 

24 BITS INCLUDING 

FUNCTION CODE 

OUTPUT IN HIGH Z 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step 7 

Step 8 

Note: 
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FIGURE 11 
SETTING THE TIME UNTIL EXPIRATION OF THE DS1207 

Program identification memory 
Program security match bits 
Write normal mode secure data 

Program write the number of days remaining 
Program read the number of days remaining for 
verification 

Issue arm oscillator command 

Do a read of any kind 

Program read the day clock counter several times 
(verify that the oscillator is running) 

Issue the stop oscillator command 

Issue the lock command 

Issue arm oscillator command 
(time of expiration will start on first access) 

Step 3 through Step 6 are not required. Dallas 
Semiconductor tests and guarantees that the oscillator 
will start without verification 



COMMAND WORD 
Each data transfer for normal and program mode begins with a three byte command word 

as shown in Figure 12. As defined, the first byte of the command word specifies the function 
code. There are eight function codes which are acceptable (Figure 13). If anyone of the bits 
of the first byte of the command word fails to meet one of the exact patterns for function codes, 
the data transfer will be aborted. 

The first two bits of the second byte of the command word specify whether the data 
transfer to follow is program or normal mode. The bit pattern for program mode is 0 in bit 0 and 
1 in bit 1. The bit pattern for normal mode is a 1 in bit 0 and a 0 in bit 1. The other two possible 
combinations for the first two bits of byte 2 will cause transfer to abort. The program mode can 
be invoked with one of seven function codes; program identification and security match, read the 
20 bit day clock counter, read the number of days count, write the number of days count, lock 
number of days count, arm oscillator, and stop oscillator. 

The remaining 6 bits of byte 2 and the first 4 bits of byte 3 must be written to logic 0 or 
data transfer will abort. Under special contract with Dallas Semiconductor, these bits may be 
defined by the user as any bit pattern other than that specified by Dallas Semiconductor as 
unavailable. The bit pattern as defined by the user must be written exactly or data transfer will 
abort. The last four bits of byte 3 of the command word must be written 1011 or data transfer 
will abort. Table 1 is a summary of the command words in hexidecimal as they apply to all 
function codes for both program mode and normal mode. 

Note: Contact Dallas Semiconductor Sales Office for special command word code 
assignment which makes possible an exclusive blank TimeKey. 

FIGURE 12 

COMMAND WORD 

USER DEFINABLE BITS (UDB) - CONTACT DALLAS SEMICONDUCTOR FOR SPECIAL 
COMMAND WORD CODE ASSIGNMENT WHICH MAKES AN EXCLUSIVE BLANK KEY. 

BYTE 1 FUNCTION 
CODES 

em 2 UDe 

em 3 UDe 
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FIGURE 13: FUNCTION CODES - FIRST BYTE OF COMMAND WORD . 

IASB _ LSB 

I 0 I ' I ' I 0 I 0 I 0 I ' I 01 R~ 

I ' I 0 \ 0 \ ' \ ' \, \ 0 \ 1 \ WRITE 

I ' I ' I ' I ' \ 0 \ 0 I 0 \ 1 \ ~r:~~CLOCK 

I ' \ ' \ ' \, \ 0 I 0 I' I 0 I :~:=~:GOF 

I ' \ ' \ ' \ ' \ 0 \ 0 \ ' \ 1 \ ~r:~=~~~F 

I ' I ' I ' I ' I 0 \ 1 I 0 I 0 I ~OP OSCWTOR 

\ ' \ ' I, \ 1 \ 0 \, \ 0 I 1 I ARM OSCIUATOR 

I 1 \ ' \ ' \ 1 I 0 \ 1 \ 1 \ 0 \ ~~:~::ROF 
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RESET AND CLOCK CONTROL 

All data transfers are initiated by driving the RST input high. The reset input serves three 
functions. First, it turns on control logic which allows access to the command register for the 
command sequence. Second, the RST signal provides a power source for the cycle to follow. 
To meet this requirement, a drive source for RST of 2 MA @ 3.0 volts is required. Third, the RST 
signal provides a method of terminating data transfer. 

A clock cycle is a sequence of a falling edge followed by a rising edge. For data inputs, 
the data must be valid during the rising edge of a clock cycle. Command bits and data bits are 
input on the rising edge of the clock and data bits are output on the falling edge of the clock. All 
data transfer terminates if the RST pin is low and the DQ pin goes to a high impedance state. 
Data transfer is illustrated in Figure 14 for normal mode and Figure 15 for program mode. 

TIMEKEV CONNECTIONS 
The TimeKey is designed to be plugged into a standard 5 pin 0.1 inch center SIP 

receptacle. A guide is provided to prevent the TimeKey from being plugged in backwards and 
aid in alignment of the receptacle. For portable applications, contact to the TimeKey pins can 
be determined to insure connection integrity before data transfer begins. ClK, RST, and Data 
Input/Output all have 20K OHM pull down resistors to ground which can be sensed by a reading 
device. 

TABLE 1 IS A SUMMARY OF THE COMMAND WORDS IN HEXIDECIMAL AS THEY APPLY TO ALL FUNCTION CODES FOR 
BOTH PROGRAM MODE AND NORMAL MODE 

TABLE 1 

MODE FUNCTION COMMAND WORD 

NORMAL READ BO 01 

NORMAL WRITE BO 01 

PROGRAM WRITE BO 02 

PROGRAM READ DAY CLOCK COUNTER BO 02 

PROGRAM READ DAYS REMAINING BO 02 

PROGRAM WRITE DAYS REMAINING BO 02 

PROGRAM ARM OSCILLATOR BO 02 

PROGRAM LOCK NUMBER OF DAYS COUNT BO 02 

PROGRAM STOP OSCILLATOR BO 02 

62 

90 

90 

Fl 

F3 

F2 

F5 

F6 

F4 
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FIGURE 14 

DATA TRANSFER - NORMAL MODE READ OR WRITE SECURE READ/WRITE MEMORY 

23 
~--~4'~~---.--~~>~~--~---r~>~-.--~---r~~~-r---r--'-~ 

~ 1 R/W 1 ~,--J1,--1 __ ,--OO __ ,-~\;_,--D6_4-1..._DQ_-,--~\; 06J DQO ~\: 1 001261 DG384 1 >-
o 

"''-___ COMtMND ~ READ ~ WRITE ~ READ/WRIlE --./ 
WORD 64 BITS 64 BITS 128. BITS 

FIGURE 15 

DAT TRANSFER - PROGRAM MODE N PROGRAM IDENTIFICATION AND SECURITY MATCH MEMORY 

o 1 23 

~/W 1 R/W 1 ~ 1 00 01 1 :-,-I_O_62-L_O_63---L __ O_1 -,-_0_2---L-: 

""--- COMMAND ~ WRITE _____ -'1\'--______ WRITE 

WORD 64 BITS 64 BITS 

DATA TRANSFER - PROGRAM MODE 

o 1 23 

~"\: ~\.: 
~/W 1 R/W 1 ~\: 1 1 00 01 ~\.: a I 
""-- COMMAND ~ WRITE OR READ 

WORD X BITS 

NOTE: THE NUMBER OF BITS WHICH FOLLOW THE COMMAND WORD WILL BE EITHER 
O. 9. OR 20 BITS BASED ON THE FUNCTION CODE. 
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ABSOLUTE MAXIMUM RATINGS* 
VOLTAGE ON ANY PIN RELATIVE TO GROUND 
OPERATING TEMPERATURE 
STORAGE TEMPERATURE 

--1.0V to +7V 
OOC to 700 
- -40"0 to + 7O"C 

*This is a stress rating only and functional operation of the device at these or any other 
conditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 "0 to 7O"C) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Logic 1 VIH 2.0 V 1 

Logic 0 VIL -0.3 +0.8 V 1 

--
RESET Logic 1 VIHE 3.0 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0"0 to 70"0, RST - 3.0V) 

PARAMETER ~YMBOL MIN TYP. MAX UNITS NOTES 

Input Leakage IlL +500 uA 4 

Output Leakage 110 +500 uA 

Output Current @ 2.4 V lOH -1 mA 

Output Current @ 0.4V Ia. +2 mA 

-
RST Input Resistance ZAST 10 40 Kil. 

D/Q Input Resistance Zoa 10 40 Kil. 

CLK Input Resis~ance lou< 10 40 KJl 

-
RST Current 3.0V lAST 2 mA 6,9 
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CAPACITANCE 

PARAMETER SYMBOL 

Input CapacitanceCIN CN 

Output· Capacitance COJr 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

Data To ClK Setup toe 50 

CLK to Data Hold tCDH 70 

CLK to Data Delay b 
CLKlow Time tCl 250 

CLK High Time tCH 250 

ClK Frequency fClK D.C. 

CLK Rise & Fall t"tF 

-
RST To ClK Set Up tcc 1 

-
ClK To RST Hold tCCH 60 
-

RST Inactive Time tCWH 10 
--
RST To 110 High Z tCDZ 

TIMING DIAGRAM-WRITE DATA 

RESET t---'----------''\\.: 

CLOCK 

DATA 
INPUT! 
OUTPui 

390 

~tcc 

MAX UNITS NOTES 

5 pF 

7 pF 

(OOC to 70°C) 

TYP. MAX UNITS NOTES 

ns 2,7 

ns 2,7 

200 ns 2,3,5,7 

ns 2,7 

ns 2,7 

2.0 MHZ 2,7 

500 ns 2,7 

us 2,7 

ns 2,7 

ms 2,7 

70 ns 2,7 

='\.\.::-~'~ F 
tCCH ~ 



~--------------------~~~--------------------~ 

1. All voltages are referenced to GND. 

2. Measured at V1H = 2.0 or V1L = .8V and 10 ns maximum rise and fall time. 

3. Measured at V OH = 2.4 volts and VOL = 0.4 volts. 

4. For ClK, 0/0, and RST 

5. load capacitance = 50 pF. 

6. Measured with outputs open. 

7. Measured at V1H of RST greater than or equal to 3.0V. 

8. Each DS1207 is marked with a 4-digit code AABB. AA designates the year of manufac
ture. BB designates the week of manufacture. The expected tOR is defined as starting 
at the date of manufacture. 

9. Average A.C. RST current can be determined using the following formula: 

ITOTAL = 2 + ILOAD D.C. + (4 x 1 0-3)(CL + 280)f 
ITOTAL and ILOAD are in mA; Cl is in pF; f is in MHZ. 

Applying the above formula, a load capacitance of 50 pF running at a frequency of 2.0 MHZ 
gives an ITOTAL of 1.6 MA. 
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DS1207 
TIMEKEY 

rl I-I I-flill-I Ii 
; v V I ~ V I 

45 

1 ...... --- A ---...., .. ~I 
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K 

B 

--

DIM. 

A 

B 

C 

D 

E 

F 
G 

H 

I 

K 

J 

I~H~ 
l}=-'] 
~_ --1 

INCHES 

MIN • MAX. 

. 610 .625 

.745 .755 

.310 .325 

.100 .110 

.515 .525 

.100 .110 

.100 .110 

.110 .130 

.030 .050 

.045 .. 055 

.045 .. 055 



I; Dallas Semiconductor 
Printer Port K eyRing 

FEATURES 

• low cost add on fixture for Electronic 
Keys, Tags. and TimeKeys 

• Connects directly to IBM PC Parallel Print· 
er Port without affecting printer operation 

• Plug·in installation 

• Key, Tag, and TimeKey communications 
are totally controlled by software 

• Up to four Keys, Tags, and TimeKeys may 
be resident at one time 

• Normal computer operation is unaffected 

• Applications include software security, 
identification, personalization, and porta· 
ble memory 

Printer Port Adapter 

DESCRIPTION 

D81253 

PIN CONNECTIONS AND DEFINITIONS 

Pin 1 . VCC + 5 Volts 

Pin 2 . RST · RESET 

Pin 3 . D/Q · Data In/Out 

Pin 4 . ClK · CLOCK 

Pin 5 . GND Ground 

4·Conductor Ribbon Cable 

o 
Key Clip 

The DS1253 KeyRing adapts low pin count electronic Keys (DS1204l.!), Tags (DS1201S), and 
TimeKeys (DS1207) to the IBM PC Parallel Printer Port without affecting the printer or com· 
puter operations. The KeyRing is installed onto any IBM PC or IBM PC·compatible printer by 
simply disconnecting the printer, installing the printer port adapter, and reconnecting the 
printer to back connector on the printer port adapter. The emanating 4·conductor ribbon 
cable can be routed such that the key clip can be attached to the computer cabinet in a con· 
venient location with the adhesive provided. Up to 4 keys and/or tags can be inserted into the 
key clip at the same time. Communications with keys and tags occur under software control 
of the parallel printer port. The three control signals (RESET, Clock, and Data In/Out) for 
Tags, Keys and TimeKeys are generated by consecutive I/O instructions which control the 
parallel printer port. 
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OPERATION 
Keys, Tags, and Ti'meKeys have defined signal patterns which are required for communica
tions.The signals RST, ClK and DO must be software controlled to duplicate the behavior as 
defined in the respective data sheet for Tags, Keys and TimeKeys. Each signal is a function 
of ~specific o!JtP.yt 9r 1/0 line of the printer port. Pin 4 on the 25-Pin 0 Connector Parallel 
Printer Port iscalre-I1,~Oata Out 2 (02). This signal is used to provide RST for the KeyRing and 
must be kept'at a high level when communicating with Tags, Keys, and TimeKeys. When RST 
is driven low all communication to Tags, Keys, and TimeKeys is terminated. The RST signal 
is also used as a source of power for Tags, Keys and TimeKeys (see respective data sheets). 
Pin 5 on.the 25-Pin 0 Connector Parallel Printer Port is called Data Out 3 (03). This signal is 
used to provide ClK for the KeyRing. The ClK signal times data into and out of Keys, Tags, 
and TimeKeys. Because the ClK signal provides timing, the relationship between both level 
and transition from one level to another is critical with respect to data. In fact, data must be 
valid when a ClK transition occurs which inputs data to Keys, Tags, and TimeKeys and a 
ClK transition is also required to output data. Because signals change state at the same 
time on the Parallel Printer Port, set up and hold times do not normally exist. To compensate, 
two output cycles are required for each transition of the ClK signal. The first cycle is used to 
establish the correct ClK level. A second cycle will then guarantee that data is valid as the 
clock changes levels. Pin 17 on the 25-Pin 0 Connector Parallel Printer Port is called SlCTIN 
and is used as the data 1/0 signal for Keys, Tags, and TimeKeys. This is a bi-directional 
signal. Data is output from this port signal during write cycles, and input from Keys, Tags, 
and TimeKeys during read cycles. Pin 18 on the 25-Pin 0 Connector is ground (GNO) and sup
plies ground for the KeyRing. 

When communicating with Keys, Tags and TimeKeys, the Parallel Printer Port is being used 
as a general purpose 1/0 port. As such, software defines the appropriate commands. In order 
to avoid having the printer interpret Key, Tag, and TimeKey communications as print com
mands, the strobe signal (Pin 1 on the 0 Connector Parallel Printer Port) must be kept low 
when the data stream is not directed to the printer. The printer must also be kept on when 
using the KeyRing to avoid clamping the Parallel Printer Port signals. 

INSTALLATION 
The Parallel Printer Port KeyRing is installed by first removing the printer cable. If the Paral
lel Printer Port is not used, this step is not necessary. The Parallel Printer Port cable is re
moved by loosening the top and bottom mounting screws and unplugging the cable. The next 
step is to install the printer port adapter by loosening the top and bottom mounting screws 
on the adaptor and plugging the male side of the adapter into the female printer port. The top 
and bottom screws should then be tightened to avoid accidental disconnection. Next, plug 
the printer cable into the female end of the printer port adapter. The top and bottom mount
ing screws of the printer cable should then be tightened to avoid accidental disconnection. 
After the printer port adapter has been secured, the key clip can be attached to a convenient 
spot on the computer cabinet with the supplied adhesive. 

SOFTWARE 
Upon request Dallas Semiconductor can make available demonstration software with 
source listing for the IBM PC or IBM PC-compatible computers. 
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I. Dallas Semiconductor 
.. Software Authorization Kit DS1253K 

FEATURES 

• DS1204U Electronic Key 

• DS1253 KeyRing with 4-Position Clip 

• Demonstration Software for IBM PC on 
Floppy Disk . 

• Documentation 

• Source Listing 

• Data Sheets 

INSTRUCTION 
Before using the DS1253K, install disk 1 in the default disk drive and type, "TYPE DSC.MEM". 
This file is the instruction manual which should be read carefully before proceeding. 
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I; Dallas Semiconductor 
Printer Port K eyRing 

FEATURES 

• Self-contained add-on fixture for user 
insertable Electronic Keys, Tags and 
Ti me Keys 

• Connects to the parallel printer port of 
an IBM XT, AT, RT or compatible com
puter 

• End user installation 

• Two Keys may be resident at one time 

• Key, Tag and TimeKey communica
tiol')s are totally controlled by software 

• Normal computer/printer operation is 
unaffected 

• Applications include software 
authorization, computer site identifica
tion, and access control 

DESCRIPTION 

DS1255 

PIN CONNECTIONS AND DEFINITIONS 

Pin 1 - VCC - +5 Volts 
Pin 2 - RST - RESET 
Pin 3 - D/Q Data In/Out 
Pin 4 - ClK - CLOCK 
Pin 5 - GND - GROUND 

~III ~2 3 4 5~11 II------' 

The DS1255 KeyRing adapts low pin Electronic Keys DS1204U, Tags DS1~01S, and TimeKeys 
DS1207 to the IBM PC parallel printer port without affecting the printe~or computer opera
tions. The KeyRing is installed onto any IBM PC or IBM PC-compatib e printer by simply 
disconnecting the printer, installing the KeyRing, and reconnecting th printer to the back 
connector on the KeyRing. Two Keys or Tags can be resident at the sa . e time. Communica
tion with Keys is established by software controlled sequences to the parallel printer port. The 
three control signals (Reset, Clock and Data In/Out) for Keys are generated by the parallel port 
signals by executing an assembly or DOS level I/O driver .. 
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OPERATION 
Keys, Tags and TimeKeys have defined signal patterns which are required for communica
tions. The signals RST, ClK, and DO must be software controlled to duplicate the behavior 
as defined in the respective data sheet for Keys. Each signal is a function of a specific out
put or I/O line of the printer port (Figure 1). Pin 4 on the 25:El!l, 0 Connector parallel printer 
port is called Data Out 2 (02). This signal is used to provide RST for the KeyRing and must be 
kept at high level when communicating with Keys. When RST is driven low, all communica
tion to Keys is terminated. The RST signal is also used as a source of power for Keys (see 
respective data Sheets). Pin 5 on the 25-pin 0 Connector parallel printer port is called Data 
Out 3 (03). This signal is used to provide ClK for the KeyRing. The ClK Signal times data into 
and out of Keys. Because the ClK Signal provides timing, the relationship between both 
level and transition is critical with respect to data. In fact, data must be valid when a ClK 
transition occurs which inputs data to Keys and a elK transition is also required to output 
data. Because signals change state at the same time on the parallel printer port, setup and 
hold times do not normally exist. To compensate, two output cycles are required for each 
tranSition of the ClK Signal. The first cycle is used to establish the correct ClK level. A sec
ond cycle will guara"ntee that data is valid as the ClK changes levels. Pin 17 on the 25-pin 0 
Connector parallel printer port is called SlCTIN and is used as the data I/O signal for Keys. 
This is a bi-directional signal. Data is output from this port Signal during write cycles and in
put from Keys during read cycles. Pin 18 on the 25-pin 0 Connector is ground (GNO) and sup
plies ground for the KeyRing. 

When communicating with Keys, the parallel printer port is being used as a general purpose 
1/0 port. As such, software defines the appropriate commands. In order to avoid having the 
printer interpret Key communications as print commands, the strobe signal (Pin 1 on the 0 
Connector parallel printer port) must be kept low when the data stream is not directed to the 
printer. The printer must also be kept on when using the KeyRing to avoid clamping the 
parallel printer port signals. 

INSTALLATION 
The Parallel Printer Port KeyRing is installed by first removing the printer cable. If the parallel 
printer port is not being used, this step is not necessary. The printer cable is removed by loos
ening the top and bottom retaining screws and unplugging the cable. The next step is to in
stall the KeyRing by plugging the male side of the KeyRing into the female printer port. The 
top and bottom retaining screws shouJd be tightened to avoid accidental disconnection. 
Next, plug the printer cable into the female end of the KeyRing. The top and bottom retaining 
screws should then be tightened to avoid accidental disconnection. After the printer cable is 
secure, a KeY,Tag,or TimeKey can be plugged into either of two receptacles and the com
puter and KeyRing are now ready for use. 
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SOFTWARE 
Upon request, Dallas Semiconductor can make available demonstration software with 
source listing for assemble language and high level language for the IBM PC, XT, AT or com
patible computers. 

Figure 1 

TO 

COMPUTER 

• 

25-position 
MALE 

"0" Connector 

VCC RS'f 00 CLK GNO 

I I I I I I 

25-posltlon 
FEMALE 

"0" Con nector 

----. ~ ,....--
1 -14 
2 

15 
3 

16 
4' 

17 
5 

18 
6 

19 
7 

20 
8 

21 

9 
22 

10 
23 

11 
24 

12 
H--+-d:: /~,......-I~+--I 25 

13 H--+?+4-l~+--I 
\..~k _ 

__ '-...... I..-.--

I,.....L-.-!.I ~I 1.I......r-l-.I I 
VCC RST 00 CLK GNO 

PRINTER 

CABLE 

E8°~'AC 

.-

NOTE: An optional feature is available from Dallas Semiconductor which connects Pins 13 
and 17 together. This feature allows operation with some nonstandard IBM P.C. 
Printer Ports. See Application Note 12. 
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mil Dallas Semiconductor 
.. Software Authorization Cookbook DS1255C 

FEATURES 

• DS1207 TimeKey 

• DS1204U Electronic Key 

• DS1255 KeyRing 

• Floppy Disk Labeled "Cookbook Disk 1" 

• Floppy Disk Labeled "Cookbook Disk 2" 

• DS1207 Data Sheet 

• DS1255 Data Sheet 

• Application Note 12 

INSTRUCTION 
Install "Cookbook Disk 1" in the default drive and type "RUN ME". This command will give you 
instructions for printing document files which should be read carefully before proceeding. 

LANGUAGES SUPPORTED: BASIC, FORTRAN, PASCAL, C, ASSEMBLY 
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Integrated BaHery Backup 

401 



I; Dallas ~.~ico.nductor .. 
Nonvolatile Controller 

FEATURES 

• Converts CMOS RAMs into nonvolatile 
memories 

• Unconditionally write protects when VCC 
is out of tolerance 

• Automatically switches to battery when 
power fail occurs 

• Space saving a-pin mini-DIP 

• Consumes less than 100 nA of battery 
current 

• Tests battery condition on power up 

• Provides for redundant batteries 

• Optional 5% or 10% power fail detection 

• low forward voltage drop on the VCC 
Switch 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1210-8·Pin DIP 
DS1210S-16·Pin SOIC 

PIN CONNECTIONS veea08 VCCI 
VBAT1 2 7 VSAT2 

TOL 3 6 CEO 

GND 4 5 CE 

VUAT2 
12 NC 

CEo 
NC 

'""""'-_--!J ..... OE 

PIN NAMES 
VCCO - RAM Supply 
VBAT1 - + Battery 1 
TOl - Power Supply Tolerance 
GND - Ground 
CE - Chip Enable Input 
CEO - Chip Enable Output 
VBAT2 - + Battery 2 
VCCI - + Supply 
NC - No Connect 

The DS1210 is a CMOS circuit which solves the application problem of converting CMOS 
RAM into nonvolatile memory. Incoming power is monitored for an out of tolerance condition. 
When such a condition is detected, chip enable is i,nhibited to accomplish write protection 
and the battery is switched on to supply RAM with uninterrupted power. Special circuitry 
uses a low-leakage CMOS process which affords precise voltage detection at extremely low 
battery consumption. The a pin mini-DIP package keeps PC board real estate requirements 
to a minimum. By combining the DS1210 nonvolatile controller chip with a CMOS memory 
and batteries, nonvolatile RAM operation can be achieved. 

402 



OPERATION 
The DS1210 nonvolatile controller performs five circuit functions required to battery back up 
a RAM. First, a switch is provided to direct power from the battery or the incoming supply 
(VCCI) depending on which is greater. This switch has a voltage drop of less than 0.3V. The 
second function which the nonvolatile controller provides is power fail detection. The 
DS1210 constantly monitors the incoming supply. When the supply goes out of tolerance a 
precision comparator detects power fail and inhibits chip enable (CEO). The third function of 
write protection is accomplished by holding the CEO output signal to within 0.2 volts of the 
VCCI or battery supply. If CE input is low at the time power fail detection occurs, the CEO 
output is kept in its present state until CE is returned high. The delay of write protection until 
the current memory cycle is completed prevents the corruption of data. Power fail detection 
occurs in the range of 4.75 volts to 4.5 volts with the tolerance Pin 3 grounded. If Pin 3 is con
nected to VCCO, then power fail detection occurs in the range of 4.5 volts to 4.25 volts. Dur
ing nominal supply conditions CEO will follow CE with a maximum propagation delay of 
20ns. The fourth function the DS1210 performs is a battery status warning so that potential 
data loss is avoided. Each time that the circuit is powered up the battery voltage is checked 
with a precision comparator. If the battery voltage is less than 2.0 volts, the second memory 
cycle is inhibited. Battery status can, therefore, be determined by performing a read cycle 
after power up to any location in memory, verifying that memory location content. A subse
quent write cycle can then be executed to the same memory location altering the data. If the 
next read cycle fails to verify the written data, then the batteries are less than 2.0V and data 
is in danger of being corrupted. The fifth function of the nonvolatile controller provides for 
battery redundancy. In many applications, data integrity is paramount. In these applications 
it is often desirable to use two batteries to insure reliability. The DS1210 controller provides 
an internal isolation switch which allows the connection of two batteries. During battery 
backup operation the battery with the highest voltage is selected for use. If one battery 
should fail, the other will take over the load. The switch to a redundant battery is transparent 
to circuit operation and the user. A batte"ry status warning will only occur if both batteries 
are less than 2.0 volts. In applications where battery reliability is not a concern only one bat
"tery need be connected to BAT1 or BAT2 pin, with the other battery pin grounded. 

Figure 1 shows a typical application incorporating the DS1210 in a microprocessor based 
system. Section A shows the connections necessary to write protect the RAM when VCC is 
less than 4.75 volts and to back up the supply with batteries. Section B shows the use of the 
DS1210 to halt the processor when VCC is less than 4.75 volts and to delay its restart on 
power up to prevent spurious writes. 
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FIGURE 1 

SECTION A - BATTERY BACKUP 
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BATTERY BACKUP CURRENT DRAIN EXAMPLE 

CONSUMPTION 

OS1210 ISAT - 100 nA 
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Total Drain -10;1uA 

SECTION B - PROCESSOR RESET 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Ground - 0.3V to + 7V 
Operating Temperature ooe to 70°C 
Storage Temperature - 55°C to 125°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

PIN 3=GND 
VCCI 4.75 5.0 5.5 V 1 . Supply Voltage 

PIN 3=VCCO 
VCCI 4.5 5.0 5.5 V 1 Supply Voltage 

Logic 1 Input VIH 2.2 VCC+0.3 V 1 

Logic 0 Input VIL -0.3 +0.8 V 1 

Battery Input VBAT1 2.0 4.0 V 1,2 
VBAT2 

(O°C to 70°C, Veci =4.75V to 5.5V, PIN 3=GND) 
D.C. ELECTRICAL CHARACTERISTICS (Veci = 4.5 to 5.5V, PI N 3 = V ceo) 

Supply Current Icel 5 mA 3 

Supply Voltage VCCO Vce- 0.2 V 1 

Supply Current Ice01 80 mA 4 

Input Leakage IlL -1.0 +1.0 uA 

Output Leakage ILO -1.0 + 1.0 uA 

CEO 
IOH -1.0 mA 5 Output @2.4V 

cro 
IOL 4.0 mA 5 Output @ 0.4V 

V~C Trip Point 
(T L=GND) VCCTP 4.50 4.62 4.74 V 1 

V~t Trip Point 
(T = Vee) VeCTP 4.25 4.37 4.49 V 1 
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CEO Output VOHL VBAT-0.2 V 

VBAT1 or VBAT2 
Battery Current I BAT 

Battery Backup Curent 
ICC02 @VCCO=VBAT-O.3V 

CAPACITANCE 

PARAMETER SYMBOL 

Input 
CIN Capacitance 

Output 
COUT Capacitance 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN 

CE Propagation 
tPD 5 Delay 

CE High to 
tPF Power Fail 

Recovery at 
tREC 2 Power Up 

VCC Slew Rate 
tF 300 Power Down 

VCC Slew Rate 
tFB 10 Power Down 

VCC Slew Rate 
tR 0 Power Up 

CE Pulse Width tCE 
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100 nA 2,3 

50 uA 6,7 

(tA = 25°C) 

MAX UNITS NOTES 

5 pF 

7 pF 

(0°C·70°C, VCCI=4.75-5.5V, PIN 3=GND) 
(VCCI = 4.5 to 5.5V, PIN 3 = VCCO) 

TYP MAX UNITS NOTES 

10 20 ns 5 

0 ns 

(O°C to 70°C, VCCI<4.75V, PIN 3=GND) 
(VCCI<4.5V, PIN 3 = VCCO) 

80 125 ms 

us 

us 

us 

1.5 us 7,8 



TIMING DIAGRAM - POWER UP 

Veel 

TIMING DIAGRAM - POWER DOWN 

Veel 
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NOTES: 
1. All voltages are referenced to ground. , 

2. Only one battery input is required. 

3. Measured with VCCO and CEO open. 

4. ICC01 is the maximum average load which the 051210 can supply to the memories. 

5. Measured with a load as shown in Figure 2. 

6. ICC02 is the maximum average load current which the 051210 can supply to the memories 
in the battery backup mode. 

7. tCE max must be met to insure data integrity on power loss. 

8. Chip Enable Output CEO can only sustain leakage current in the battery backup mode. 
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DS1210 
Non IIolatile Controller 

DIM. 
INCHES 

MIN. MAX. 

A .360 .400 

B .240 .260 
B C .120 .140 

D .290 .310 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

t 
F 

1 
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DS1210S 
Non"o/atile Controller 

16 

1 

410 

K 

-II--IGI-

1_ 7 Equal Spaces _I 
@.050 ± .004 TNA 

8 

DIM. 
INCHES 

MIN. MAX . 

A . 403 .411 

B .290 .296 

C .089 .095 

D .325 .330 

E .008 .012 

F .097 .105 

G .046 .054 

H .402 .410 

J .006 .011 

K .013 .019 



I; Dallas Semiconductor 
Nonvolatile Controller/Decoder DS 1211-20·Pin DIP 

DS1211S-20·Pin SOIC 

FEATURES 

• Converts full CMOS RAMs into nonvolatile 
memories 

• Unconditionally write protects when VCC 
is out of tolerance 

• Automatically switches to battery when 
power fail occurs 

• 3 to 8 decoder provides control for up to 
8 CMOS RAMs 

• Consumes less than 100 nA of battery 
current 

• Tests battery condition on power up 

• Provides for redundant batteries 

• Power fail signal can be used to interrupt 
processor on power failure 

• Optional 5% or 10% power fail detection 

• Optional 20-pin SOIC surface mount 
package 

DESCRIPTION 

PIN CONNECTIONS 

VBAT1 VCCI VSAT1 

vcco VBAT2 vcco 2 

TOL 3 
TOL ~ 
P.F. CEO CE., 
CE7 CE1 eE6 
CE6 m C 

a 
C CE3 
B NC 

A CE4 
GND 

PIN NAMES 
A, B, C - Address Inputs 
CE - Chip Enable Input 
CEO-CE7 - Chip Enable Outputs 
GNO - Ground 
VBAT1 - + Battery 1 
VBAT2 - + Battery 2 
TOl - Power Supply Tolerance 
VCCI - + 5V Supply 
VCCO - RAM Supply 
J5J=. - Power Fail 
N.C. - No Connection 

NC 

~ 

The OS1211 is a CMOS circuit which solves the application problem of converting CMOS 
RAMs into nonvolatile memories. Incoming power is monitored for an out-of-tolerance condi
tion. When such a condition is detected, the chip enables are inhibited to accomplish write 
protection and the battery is switched on to supply RAMs with uninterrupted power. Special 
circuitry uses a low-leakage CMOS process which affords precise voltage· detection at ex
tremely low battery consumption. 

By combining the OS1211 nonvolatile controller/decoder chip and lithium batteries, ten 
years of nonvolatile RAM operation can be achieved for up to eight CMOS memories. 

See the data sheet for the OS1212 for electrical specifications and operation. 
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DS1211 
Nonvolatile Controller 

20 11 

-1 
B 

~_l 
11 •• ________ A ______ -t~110 

_ 9 Equal Spaces At 
.100±.010TNA 

412 

DIM. 
INCHES 

MIN . MAX. 

A . 960 1.040 

B .240 .260 

C .120 .140 

D .290 .310 

E .020 .040 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

1+--1. -H--.j~1 



D812118 
Nonvolatile Controller 

1_ 9 Equal Spaces - ~I 
@.050 ± .004 TNA ----"I 

10 

DIM. 

A 
B 

C 

D 

E 

F 
G 
H 

J 

K 

.. B 

INCHES 

MIN. MAX. 

.503 .511 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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I; Dallas Semiconductor 
Nonvolatile Controller/Decoder 

D81212-
28·PinDIP 

D812120-
28·Pin PLCC 

FEATURES PIN CONNECTIONS 

• Converts full CMOS RAMs into nonvolatile VSAT1 

memories Vcco 

• Unconditionally write protects when VCC 
is out of tolerance 

• Automatically switches to battery when 
power fail occurs 

• 4 to 16 decoder provides control for up to 
16 CMOS RAMs 

• Consumes less than 100 nA of battery 
current 

• Tests battery condition on power up 

• Provides for redundant batteries 

TOL 

P.F. 

CE15 
ern 
CE13 

em 
em 

o 

GND 

VCCI 

VSAT2 
CE 
CEO 
CE1 
CE2 

ffi 
CE4 
CE5 
6E6 
ff7 
6E8 
ffi 
CEiO 

VS.A.T1 

PF~\C\" \ r7/~ 
CE 16 5 

m!" 
m!13 
~'2 
CE" 

o 
c 

• Power fail signal can be used to interrupt 
processor on power failure PIN NAMES 

• Optional 5% or 10% power fail detection 

• Optional 2S-pin PlCC surface mount 
package 

DESCRIPTION 

A,B,C,O 
CE 
CEO-CE15 
GNO 
VBAT1 
VBAT2 
TOl 
VCCI 
VCCO 
P.F. 

- Address Inputs 
- Chip Enable 
- Chip Enable Outputs 
- Ground 
- + Battery 1 
- + Battery 2 
- Power Supply Tolerance 
- +5V Supply 
- RAM Supply 
- Power Fail 

The OS1212 is a CMOS circuit which solves the application problem of converting CMOS 
RAMs into nonvolatile memories. Incoming power is monitored for an out of tolerance condi
tion. When such a condition is detected, the chip enables are inhibited to accomplish write 
protection and the battery is switched on to supply RAMs with uninterrupted power. Special 
circuitry uses a low-leakage CMOS process which affords precise voltage detection at ex
tremely low battery consumption. 

By combining the OS1212 nonvolatile controller/decoder chip and lithium batteries, ten 
years of nonvolatile RAM operation can be achieved for up to sixteen CMOS memories. 
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OPERATION 
The OS1212 nonvolatile controller/decoder performs six circuit functions required to decode 
and battery back up a bank of sixteen RAMs. First, the 4 to 16 decoder provides selection of 
one of sixteen RAMs. Second, a switch is provided to direct power from the battery or VCCI 
supply, depending on which is greater. This switch has a voltage drop of less than 0.2V. The 
third function which the nonvolatile controller/decoder provides is power fail detection. The 
OS1212 constantly monitors the VCCI supply. When VCCI falls below 4.75 volts, or 4.5 volts 
depending on the level of the tolerance Pin 3, a precision comparator outputs a power fail 
detect signal to the decoder/chip enable logic and the P F signal is driven low. The P F sig
nal will remain low until VCCI is back in normal limits. The fourth function of write protection 
is accomplished by holding all chip enable outputs (CEO-CE15) to within 0.2 volts of VCCI or 
battery supply. If CE is low at the time power fail detection occurs, the chip enable outputs 
are kept in their present state until CE is driven high. The delay of write protection until the 
current memory cycle is completed prevents the corruption of data. Power fail detection oc
curs in the range of 4.75 volts to 4.5 volts with the tolerance Pin 3 grounded. If Pin 3 is con
nected to Vcca, then power fail occurs in the range of 4.5 volts to 4.25 volts. Ouring nominal 
supply conditions the chip enable outputs follow the logic of a 4 to 16 decoder, shown in Fig
ure 1. The fifth function the OS1212 performs is a battery status warning so that potential 
data loss is avoided. Each time that the circuit is powered up the battery voltage is checked 
with a precision comparator. If the battery voltage is less thEm 2 volts, the second memory 
cycle is inhibited. Battery status can, therefore, be determined by performing a read cycle 
after power up to any location in memory, verifying that memory location content. A subse
quent write cycle can then be executed to the same memory location, altering the data. If the 
next read cycle fails to verify the written data, then the batteries are less than 2.0 volts and 
data is in danger of being corrupted. The sixth function of the nonvolatile controller/decoder 
provides for battery redundancy. In many applications, data integrity is paramount. In these 
applications it is often desirable to use two batteries to insure reliability. The OS1212 pro
vides an internal isolation switch which allows the connection of two batteries during bat
tery backup operation. The battery with the highest voltage is selected for use. If one battery 
should fail, the other will then assume the load. The switch to a redundant battery is trans
parent to circuit operation and the user. A battery status warning will only occur if both bat
teries are less than 2.0 volts. For single battery applications the unused battery input must 
be grounded. 

415 



NONVOLATILE CONTROLLER/DECODER Figure 1 

INPUTS OUTPUTS 

VCCI CE D C B A CEO CE1 CE2 CE3 CE4 CE5 CE6 CE7 CE8 CE9 

~ 4.75 H X 

< 4.75 X X 

~ 4.75 L L 

~ 4.75 L L 

~4.75 L L 

~4.75 L L 

~4.75 L L 

~4.75 L L 

~4.75 L L 

~4.75 L L 

~4.75 L H 

~4.75 L H 

~4.75 L H 

~4.75 L H 

~4.75 L H 

~4.75 L H 

~4.75 L H 

~4.75 L H 

H = High level 
L = Low level 
X = Irrelevant 

NOTE: 

X X 

X X 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

X H H H H H H H 

X H H H H H H H 

L L H H H H H H 

H H L H H H H H 

L H H L H H H H 

H H H H L H H H 

L H H H H L H H 

H H H H H H L H 

L H H H H H H L 

H H H H H H H H 

L H H H H H H H 

H H H H H H H H 

L H H H H H H H 

H H H H H H H H 

L H H H H H H H 

H H H H H H H H 

L H H H H H H H 

H H H H H H H H 

Veel input is 250 mV lower when TOl PIN 3 = Veeo 
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H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

L H H 

H L H 

H H L 

H H H 

H H H 

H H H 

H H H 

H H H 

H H H 

CE10 CE11 CE12 CE13 CE14 CE15 PF 

H H H H H H H 

H H H H H H L 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

H H H H H H H 

L H H H H H H 

H L H H H H H 

H H L H H H H 

H H H L H H H 

H H H H L H H 

H H H H H L H 



ABSOLUTE MAXIMUM RATINGS· 
Voltage on Any Pin Relative to Ground - 0.3V to + 7V 
Operating Temperature O°C to 70°C 
Storage Temperature - 55°C to 125°C 
Soldering Temperature 260°C for 10 Sec 
"This is a stress rating only and functional operation of the device at these or any other conditions-above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

PIN 3=GND 
VCCI 4.75 5.0 5.5 V 1 Supply Voltage 

PIN 3=VCCO 
Supply Voltage VCCI 4.5 5.0 5.5 V 1 

Logic 1 Input VIH 2.2 VCC+0.3 V 1 

Logic 0 Input VIL -0.3 +0.8 V 1 

Battery Input VBAT1 
VBAT2 

2.0 4.0 V 1,2 

(O°C to 70°C, VCCI =4.75V to 5.5V, Pin 3=GND) 
D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCCI = 4.5 to 5.5V, Pin 3 = VCCO) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Current ICCI 5 mA 3 

Supply Current 
ICC01 80 mA 1,4,10 @VCCO=VCCI-O.2 

Input Leakage IlL -1.0 + 1.0 uA 

Output Leakage ILO -1.0 +1.0 uA 

CEO-CE15, PF 
Output @2.4V IOH -1.0 mA 5 

CEO-CEi5, PF 
Output @ 0.4V IOL 4.0 mA 5 

V%C( Trip Point 
(T =GND) VCCTP 4.50 4.62 4.74 V 1 

V%C( Trip Point 
(T =VCC) VCCTP 4.25 4.37 4.49 V 1 
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(O·C to 70·C, VCCI<VBAT) 

CEO-CE15 Output VOHL VBAT-0.2 V 3,7 

Battery Current IBAT 0.1 uA 2,3 

Battery Backup Current 
ICC02 100 uA 6,10,11 @VCCO = VBATI - O.5V 

CAPACITANCE (tA = 25·C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 

(O·C to 70·C, VCCI = 4.75 to 5.5V, Pin 3 = GND) 
A.C. ELECTRICAL CHARACTERISTICS (O·C to 70·C ,VCCI =4.5to 5.5V, Pin 3= VCCO) 

PARAMETER SYMBOL MIN 

CE Propagation 
tPD 5 Delay 

CE High to 
tPF Power Fail 

Address Set Up tAS 20 

Recovery at 
tREC 2 Power Up 

VCC Slew Rate 
Power Down tF 300 

VCC Slew Rate 
Power Down tFB 10 

V CC Slew Rate 
tR 0 Power Up 

CE Pulse Width tCE 

Power Fail 
tpFL 300 to PF Low 
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TYP MAX UNITS NOTES 

10 20 ns 5 

0 ns 

ns 9 

(O·C to 70·C, VCCI < 4.75V, Pin 3=GND) 
(O·C to 70 ·C, VCCI< 4.5V, Pin 3 = VCCO) 

80 125 ms 

us 

us 

us 

1.5 us 7,8 

us 



TIMING DIAGRAM-DECODER 

TIMING DIAGRAM-POWER UP 

~ __ '12 
Ce---------------

VIL 

tPD:\--
CEo-ffi5----------~k tCE J 

PF ________ --+-J 

VCC 

TIMING DI"GRAM-POWER DOWN ~ CE tCE 

VIH 

VIL 

CEli-CE15 tpD tCE 

\\\\\\ 
VBAT-.3V 

vlH 

tpFL 

PF ----------I+_. 

VCC1 _________ -..1 

4.75V 

_ -tFB 
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TYPICAL APPLICATION Figure 2 

VCCI 

A RAM 1 RAM2 
B 
C W 
D m 

CE CEO-CE15 

VBAn 

VBAT2 p CE2 CE2 

NOTES: 
1. All voltages are referenced to ground 

2. Only one battery input is required 

3. Measured with VCCO and CEO - CE15 open 

4. ICC01 is the maximum average load which the 
051212 can supply to the memories 

5. Measured with a load as shown in Figure 3 

6. ICC02 is the maximum average load current 
which the 051212 can supply to the memories 
in the battery backup mode. 

7. Chip enable outputs CEO - CE15 can only sus
tain leakage current in the battery backup 
mode 

8. tCE max must be met to insure data integrity 
on power loss 

9. tA5 is only required to keep the decoder out
Ruts glitch-free. While CE is low, the outputs 
(CEO through CE15) will be defined by inputs A 
through 0 with a propagation delay of tpo 
from an A through 0 input change 

10. For applications where higher currents are re
quired, please see the Battery Manager data 
sheet (051259) 

11. The 051212 has a 5Kn resistor in series with 
the battery input. As current from the battery 
increases over 100 uA, the voltage drop will in
crease proportionately. The device cannot be 
damaged by higher currents in the battery path 

420 

RAM3 RAM4 

CE1 
CE1 CEl 

CE2 CE2 CE2 

OUTPUT LOAD Figure 3 

+5 VOLTS 

UK 

D.U.T. __ - ...... --.. 

680 n 
50Pt 



Nonvolatile Controller/Decoder 
DS1212 

28 15 

DIM. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 

1.440 1.480 

.540 .560 

.140 .160 

.590 .610 

.020 .040 

.110 .130 

.090 .110 

.600 .680 

.008 .012 

.015 .021 
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DB 12120 

Pin No.1 
Indicator 

.010 R (3X) 

~~ 1..----

f 
F G 
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I. Dallas Semiconductor 
.. Nonvolatile Controller 

IDecoder 

FEATURES 

• Converts CMOS RAMs into Nonvolatile 
Memories 

• Data is automatically protected during 
power loss 

• 2 to 4 Decoder provides for up to 4 CMOS 
RAMs 

• Provides for redundant batteries 

• Test battery condition on power up 

• Full ± 10% operating range 

• Unauthorized access can be prevented 
with optional security feature 

• 16-pin 0.3-inch DIP saves P.C. board 
space 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1221-16·Pin DIP 
DS1221S-16·Pin SO/C 

PIN CONNECTIONS 

Veea 
VSAT1 

·RST 

PIN NAMES 

A, B - Address Inputs 
CE - Chip Enable Input 
CEO-CE3 - Chip Enable Outputs 
VBAT1 - + Battery 1 
'{sA T2 - + Battery 2 

*RST - Reset 
VCCI - + 5V Supply 
VCCO - RAM Supply 

*F!D - Read Input 
·WE - Write Input 
*D/Q - Data Input/Output 

·Used with optional security circuit only and must be connected 
to ground in all other cases. 

The DS1221 is a CMOS circuit which solves the application problem of converting CMOS 
RAMs into nonvolatile memories. Incoming power is monitored for an out of tolerance condi
tion. When such a condition is detected, the chip enable outputs are inhibited to accomplish 
write protection and the battery is switched on to supply RAMs with uninterrupted power. An 
optional security code prevents unauthorized users from obtaining access to the memory 
space. The nonvolatile controller/decoder circuitry uses a low-leakage CMOS process which 
affords preCise voltage detection at extremely low battery consumption. By combining the 
DS1221 with up to four CMOS memories and lithium batteries, ten years of nonvolatile oper
ation can be achieved. 
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CONTROLLER/DECODER OPERATION 
The OS1221 nonvolatile controller/decoder performs six circuit functions required to decode 
and battery back up a bank of up to four CMOS RAMs. First, a 2 to 4 decoder provides selec
tion of one of four RAMs (See Figure 1). Second, a switch is provided to direct power from the 
battery or VCCI supply, depending on which is greater, to the VCCO pin. This switch has a 
voltage drop of less than 0.2V. The third function which the nonvolatile controller/decoder 
provides is power fail detection. The OS1221 constantly monitors the VCClsupply. When 
VCCI falls below 4.holts, a precision comparator detects the condition and inhibits the 
RAM chip enables (CEO through CE3). The fourth function of write protection is accomplish
ed by holding all chip enable outputs (CEO-CE3) to within 0.2 volts of VCCI or battery supply. 
If the Chip Enable Input (CE) is low at the time power fail detection occurs, the chip enable 
outputs are kept in their present state until CE is driven high. The delay of write protection 
until the current memory cycle is completed prevents the corruption of data. Power failure 
detection occurs in the range of 4.5 to 4.25 volts. During nominal supply conditions the chip 
enable outputs follow the logic of a 2 to 4 decoder. The fifth function the OS1221 performs is 
to check battery status to warn of potential data loss. Each time that VCCI power is restored 
the battery voltage is checked with a precision comparator. If the connected battery voltage 
is less than 2 volts, the second memory cycle is inhibited. Battery status can, therefore, be 
determined by performing a read cycle after power up to any location in memory, verifying 
that memory location content. A subsequent write cycle can then be executed to the same 
memory location, altering the data. If the next read cycle fails to verify the written data, the 
contents of the memories are questionable. The sixth function of the nonvolatile con
troller/decoder provides for battery redundancy. In many applications, data integrity is para
mount. In these applications it is often desirable to use two batteries to insure reliability. 
The OS1221 provides an internal isolation switch which provides for connection of two bat
teries. During battery backup operation the battery with the highest voltage is selected for 
use. If one battery should fail, the other will automatically take over. The switch between bat
teries is transparent to the user. A battery status warning will occur if both batteries are less 
than 2.0 volts. If only one-battery is used, the second battery input must be grounded. Figure 
2 illustrates the connections required for the OS1221 in a typical application. 

NONVOLATILE CONTROLLERIDECODER Figure 1 

VCCI CE 

~ 4.5 H 

<4.25 X 

~4.5 L 

~ 4.5 L 

~ 4.5 L 

~4.5 L 

H = High Level 
L = Low Level 
X = Irrelevant 
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B 

X 

X 

L 

L 

H 

H 

OUTPUTS 

A CEO CE1 CE2 

X H H H 

X H H H 

L L H H 

H H L H 

L H H L 

H H H H 

CE3 

H 

H 

H 

H 

H 
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TYPICAL APPLICATION Figure 2 

Veel Veeo 
I J A OS1221 

B 
CE 
We CEO 
RO m 
O/Q 
RST 

~ VBAT1 '..J:1 VBAT2 -,- ;--

+ 

LNO 
- ...... 

Battery Backup Current Drain 
051221 .. 1 uA @ 25° C 

RAM·5564 x 4 ·.8 uA @ 25 ° C 
Total .9 uA @ 25° C 

CE. 

RAM1 ~ RAM2 ~ RAM3 
J 

RAM4 
J 

- CE - r-- CE 
CE - r-- -

-
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ABSOLUTE MAXIMUM RATINGS * 
Voltage on Any Pin Relative to Ground - 0.3V to + 7V 
Operating Temperature O'C to 70'C 
Storage Temperature - 55'C to 125'C 
Soldering Temperature. 260'C for 10 Sec 
Short Circuit Output Current 20 mA 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (O'C to 70'C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage VCCI 4.5 5.0 5.5 V 1 

Logic 1 Input VIH 2.2 VCC+0.3 V 1 

Logic 0 Input VIL -0.3 +0.8 V 1 

Battery Input VBAT1 
VBAT2 

2.0 4.0 V 1,2 

D.C. ELECTRICAL CHARACTERISTICS (O'C to 70 ·C, V CC = 4.5 to 5.5V) 

Supply Current ICCI 5 mA 3 

Suply Voltage VCCO VCC-0.2 V 1 

Supply Current ICC01 80 mA 4,10 

Input ~eakage IlL -1.0 + 1.0 uA 

Output Leakage ILO -1.0 + 1.0 uA 

c-EO-CE"3, DO 
IOH -1.0 mA 5 Output @2.4V 

gEO-C'E3, DO 
Output @ 0.4V IOL 4.0 mA 5 

VCC Trip Point VCCTP 4.25 4.37 4.50 V 1 

CEO-CE3 Output VOHL 
VCC-0.2 
VBAT-0.2 V 

VBAT1 or VBAT2 
Battery Current IBAT 0.1 uA 3 

Battery Backup Curren 
ICC02 100 uA 6,7,10 @VCCO=VBAT-O.5V 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, VCC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

CE Propagation 
tPD 5 10 20 ns 5 Delay 

CE High to 
tPF 0 ns Power Fail 

Address Set Up tAS 20 ns 9 

(O°C to 70°C, VCC<4.5V) 
Recovery at 

tREC 2 5 10 ms Power Up 

VCC Slew Rate 
tF 300 us 4.5 - 4.25V 

Vce Slew Rate 
4.25 - 3V tFB 10 us 

VCC Slew Rate 
tR 0 us 4.25 - 4.5V 

CE Pulse Width tCE 1.5 us 7,8 
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TIMING DIAGRAM-POWER DOWN 

A,B 

CEO·CE3 

TIMING DIAGRAM-POWER UP 

A,B 

VCCI 
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NOTES: 
1. All voltages are referenced to ground 

2. Only one battery input is required 

3. Measured with VCCO and CEO - CE3 open 

4. ICC01 is the maximum average load which the 
DS1221 can supply to the memories 

5. Measured with a load as shown in Figure 3 

6. ICC02 is the maximum average load current 
which the DS1221 can supply to the memories 
in the battery backup mode 

7. Chip enable outputs CEO - CE3 can only sus
tain leakage current in the battery backup 
mode 

8. tCE max must be met to insure data integrity 
on power loss 

9. tAS is only required to keep the decoder out
puts glitch-free. While CE is low, the outputs 
(CEO through CE3) will be defined by inputs A 
and B with a propagation delay of tPD from an 
A or B input change 

10. For applications where higher currents are re
quired, please see the Battery Manager data 
sheet (DS1259) 

OUTPUT LOAD 
Figure 3 

D.U.T . .------,.----. 

680n 

+ 5 VOLTS 
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SECURITY OPTION 
When activated by Dallas Semiconductor, the security option prevents unauthorized access. 
A sequence of events must occur to gain access to the memories (Figure 1). First, a dummy 
read cycle or a 200 ns active low reset pulse is executed to initialize the sequence. Second, a 
64-bit access code must be consecutively written to the OS1221 using the write enable signal 
(WE), the chip enable signal (CE), and the data input/output signal (DO). The code is written to 
the OS1221 without regard to the address. Actual RAM locations are not written, as the secur· 
ity option is intercepting the data path until access is granted. Instead a special 64-bit write 
only register is written. Following the 64 write cycles, the register is compared to a 64-bit pat· 
tern uniquely defined by the user and programmed into the OS1221 by Dallas Semiconductor 
at time of manufacture. This pattern can only be interrogated by an intelligent controller 
within the OS1221 and cannot be read by the user. If a read cycle occurs before 64 write 
cycles are completed, the security sequence is aborted. When a correct match for 64 bits is 
received, the third part of the security sequence begins by reading a 64-bit read only register. 
This register consists of 64 bits also deti ned by the user and programmed into the OS1221 by 
Dallas Semiconductor at the time ot manufacture. For each of the 64 read cycles, one bit of 
the user·defined read only register is driven onto the DO line. This phase also requires that 
the 64 read cycles be consecutive. The data baing read trom the read only register may be 
used by software to determine if the OS1221 will be permitted to be used with that particular 
system. After the 64th read cycle has been executed the OS1221 is unlocked and all subse· 
quent memory cycles will be passed through and will become actual memory accesses 
based upon address inputs. If VCC falls below 4.5 volts or the reset line is driven low, the en· 
tire security sequence must be executed again in order to access memory locations. 
Note: Contact Dallas Semiconductor sales office for code assignment. 
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SECURITY SEQUENCE 
Figure 1 

No 

Yes 

Read Cycle 

Write Only Register 
Open 

64 Write Cycles 

Read Only Register 
Open 

64 Read Cycles 

Memory Open 

No 
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SECURITY OPTION 

A.C. ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL MIN TYP. MAX UNITS 

Read Cycle Time tRC 250 ns 

CE Access Time tco 200 ns 

RD Access Time tOE 100 ns 

CE To Output Low Z tCOE 10 ns 

RD To. Output Low Z tOEE 10 ns 

CE To Output High Z too 100 ns 

RD To Output High Z tODO 100 ns 

Read Recovery tRR 50 ns 

Write Cycle twc 250 ns 

Write Pulse Width twp 170 ns 

Write Recovery tWR 50 ns 

Data Set Up tDS 100 ns 

Data Hold Time tDH 0 ns 

CE Pulse Width tcw 170 ns 

Reset Pulse Width tRST 200 ns 
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TIMING DIAGRAM-READ CYCLE TO SECURITY OPTION 
WE = VIH 

1+-------- tRC -----_~ 

tco--~ 

tooo--~ 

oao Output Data Valid 

TIMING DIAGRAM-WRITE CYCLE TO SECURITY OPTION 

OE= VIH 
~---twc----~ 

tWR 

oao 

NOTES: 
1. tDH and tDS are functions of the first occurring edge of WE or CE. 

2. tWR is a function of the latter occurring edge of WE or CE. 

TIMING DIAGRAM-RESET FOR SECURITY OPTION 

____ RS-T-~~~~:~~~~~~~~~~_t_R_ST_-_-_-_-_-_-_-_-_-_ •• ~jt~ ________ _ 
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D81221 
Nonvolatile Controller/Decoder 

DIM. 
INCHES 

16 9 MIN. MAX. 

-, A .740 .780 

B .240 .260 

C .120 .140 
B D .290 .310 

_1 E .020 .030 

F .110 .130 

A 

'·1 
G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

rt==°9 
t 
F 

! 

I ,~~.:., I-.100 ±.010(TNA) 

-I G.r 
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D812218 
Nonvolatile Controller/Decoder 

~ 7 EQUAL SPACES _I r--- @.850:!:.OO4TNA ~ 

9 

8 

DIM. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN. MAX. 

.403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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I; Dallas Semiconductor 
Power .on/for 

FEATURES 
• Warns processor of an impending power 

failure 

• Provides time for an orderly shutdown 

• Prevents processor from destroying non
volatile memory during power transients 

• Automatically restarts processor after 
power is restored 

• Suitable for linear or switching power 
supplies 

• Adjusts to hold time of the power supply 

• Supplies necessary signals for processor 
interface 

• Accurate 5% or 10% VCC monitoring 

• Replaces power up reset circuitry 

• No external capacitors required 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1231-8-Pin DIP 
DS1231S-16-Pin sOle 

PIN CONNECTIONS 

Mode 2 7. NMI 
TOl 3 6 RST 

NC 

Vee 
NC 
NiiI 

InD8 vee 

GND 4 5 RST NC 

GNO~_----!; ..... RST 

PIN NAMES 
In -Input 
Mode - Selects input pin characteristics 
TOl - Selects 5% or 10% VCC detect 
GNO - Ground 
RST - Reset (Active High) 
RST - Reset (Active low, open drain) 
NMI - Nonmaskable interrupt 
VCC - + 5 V Supply 
NC - No Connections 

The OS1231 Power Monitor uses a precise temperature compensated reference circuit 
which provides an orderly shutdown and an automatic restart of a processor-based system. 
A signal warning of an impending power failure is generated well before regulated OC 
voltages go out of specification by monitoring high voltage inputs to the power supply 
regulators. If line isolation is required, a Ul-approved opto-isolator can be directly interfflced 
to the OS1231. The time for processor shutdown is directly proportional to the available hold
up time of the power supply. Just before the hold-up time is exhausted, the power monitor 
unconditionally halts the processor to prevent spurious cycles by enabling Reset as VCC 
falls below a selectable 5 or 10 percent threshold. When power returns, the processor is held 
inactive until well after power conditions have stabilized, safeguarding any nonvolatile 
memory in the system from inadvertent data changes. 
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OPERATION 
The OS1231 Power Monitor provides the function of detecting out-of-tolerance power sup

ply conditions and warning a processor-based system of impending power failure. The main 
elements of the OS1231 are illustrated in Figure 1. As shown, the OS1231 actually has two 
comparators, one for monitoring the input (Pin 1) and one for monitoring Vee (Pin 8). The 
Vee comparator outputs the signals RST (Pin 5) and RST (Pin 6) when Vee falls below a pre
set trip level as defined by Tal (Pin 3). 

When Tal is connected to ground, the RST and RST signals will become active as Vee 
goes below 4.75 volts. When Tal is connected to Vee, the HST and RST signals become ac
tive as Vee goes below 4.5 volts. The RST and RST signals are excellent control signals for a 
microprocessor, as ~cessing is stopped at the last possible moments of valid Vee. On 
power up, RST and RST are kept active for a minimum of 250 ms to allow the power supply to 
stabilize (see Figure 2). 

The comparator monitoring the input pin produces the NMI signal (Pin 7) when the input 
threshold voltage (VTP) falls to a level as determined by mode (Pin 2). When the mode pin is 
connected to Vee, detection occurs at VTP-. In this mode Pin 1 is an extremely high im
pedance input allowing for a simple resistor voltage divider network to interface with high 
voltage signals. When the mode pin is connected to ground, detection occurs at VTP+. In 
this mode Pin 1 sources 30 uA of current allowing for connection to switched inputs, such as 
a Ul-approved opto-isolator. The flexibility of the input pin allows for detection of power loss 
at the earliest point in a power supply system, maximizing the amount of time allotted be
tween NMI and RST. On power up, NMI is released as soon as the input threshold voltage 
(VTP) is achieved and Vee is within nominal limits. In both modes of operation the input pin 
has hysteresis for noise immunity (Figure 3). 

APPLICATION-MODE PIN CONNECTED TO VCC 
When the mode pin is connected to Vee, Pin 1 is a high impedance input. The voltage 

sense pOint and the level of voltage at the sense point are dependent upon the application 
(Figure 4). The sense pOint may be developed from the Ae power line by rectifying and filter
ing the Ae. Alternatively, a oe voltage level may be selected which is closer to the Ae power 
input than the regulated + 5-volt supply, so that ample time is provided for warning before 
regulation is lost. 

Proper operation of the OS1231 requires a maximum voltage of 5 volts at the input (Pin 1) 
which must be derived from the maximum voltage at the sense point. This is accomplished 
with a simple voltage divider network of R1 and R2. Since the IN trip pOint VTP- is 2.3 volts 
(using the -20 device), and the maximum allowable voltage on Pin 1 is 5 volts, the dynamic 
range of voltage at the sense point is set by the ratio of 2.3/5.0 = .46 min. This ratio deter
mines the maximum deviation between the maximum voltage at the sense point and the ac
tual voltage which will generate NMI. 

Having established the desired ratio, and confirming that the ratio is greater than .46 and 
less than 1, the proper values for R1 and R2 can be determined by the equation as shown in 
Figure 4. A simple approach to solving this equation is to select a value for R2 which is high 
impedance to keep power consumption low and solve for R1. Figure 5 illustrates how the 
OS1231 can be interfaced to the Ae power line when the mode pin is connected to Vee. 
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POWER MONITOR BLOCK DIAGRAM Figure 1 

GND 
4 C>-..... 

TOl 
3 

Vcc 
Tolerance 

Bias 

T.C. Reference 

NMI 
Mode 

Selection 

POWER UP RESET Figure 2 

DS1231 

IN VCC +5V 

Mode NMI =1. 
NC 

TOl RST j 

GND RST 

-
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Digital 
Sampler 

Microprocessor 

RST 

8051 
uP 

Mode 
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INPUT PIN HYSTERESIS Figure 3 

NMI Mode=GND, Vee= +5V 

VOH 

VOL 
VTp· VTP+ 

NMI Mode = Vee, Vee = +5V 

VOH 

VOL 
VTP· VTP+ 

·20 ·35 ·50 

VTp· 2.3 2.15 2.0 

VTP+ 2.5 2.5 2.5 

NOTE: Hysteresis tolerance 
is ±60mV. 

APPLICATION WITH MODE PIN CONNECTED TO VCC Figure 4 

R1 

R2 

Voltage Sense Point 

DS1231 

~------41IN Vee 

Mode NMI 

TOl 

GND 

RST 

RST 

+5V 

Vs - R1 + R2 23 ense- R2 x. V - VSense 50 
Max- VTP- x. 

Example: VSense = 8 volts at Trip Point and a maximum 
voltage of 17.5V with R2 = 10K 

Then 8 = R\~~OK x 2.3 R1 = 25K 

439 



APPLICATION-MODE PIN CONNECTED TO GROUND 
When the mode pin is connected to ground, Pin 1 is a current source of 30 uA with a VTP+ 

of 2.5 volts. Pin 1 is held below the trip point by a switching device like an opto-isolator as 
shown in Figure 6. Determination of the sense point has the same criteria as discussed in 
the previous application. However, determining component values is significantly different. 
In this mode, the maximum dynamic range of the sense pOint versus desired trip voltage is 
primarily determined by the selection of a zener diode. As an example, if the maximum 
voltage at the sense point is 200V and the desired trip point is 150V, then a zener diode of 
150V will approximately set the trip point. This is particularly true if power consumption on 
the high voltage side of the opto-isolator is not an issue. However, if power consumption is a 
concern, then it is desirable to make the value of R1 high. As the value of R1 increases, the 
effect of the LED current in the opto-isolator starts to affect the IN trip point. This can be 
seen from the equation shown in Figure 6. R1 must also be sized low enough to allow the 
opto-isolator to sink the 30 uA of collector current required by Pin 1 and still have enough 
resistance to keep the maximum current through the opto-isolator's LED within data sheet 
limits. Figure 7 illustrates how the 051231 can be interfaced to the AC power line when the 
mode pin is grounded. 

AC VOLTAGE MONITOR WITH TRANSFORMER ISOLATION Figure 5 

ACLinel Input 

~ 

051231 -10% VCC Threshold 

IN VCC +5VDC 

NMIIl----

TO,uP 
R5TLJ----
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APPLICATION WITH MODE PIN GROUNDED Figure 6 

~ Voltage Sense Point 

A1 

OS1231 

IN Vee +5voe 

Mode NMI 1------
TOl AST 1-----_ 

.--------~--uGNO ASTI~-----

Voltage Sense Point = Vz + ~ x A1 
(Trip Value) eTA 

eTA = Ie eTA = eurrent Transfer Aatio 
IF Vz = Zener Voltage 

Example: eTA = 0.2 Ie = 30uA IF = '150uA 
Voltage Sense Point = 105 and Vz = 100 volts 

30 
Then 105 = 100 + -0.2 x A1 A1 = 33K 

AC VOLTAGE MONITOR WITH OPTO·ISOLATION Figure 7 

TO 
IJP 

OS1231 - 5% Vee Threshold 

Ae Line 
Input 

.---nIN Vee +5voe 

Mode NMI 1----.. 

AST 

GNO AST 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 

-0.3V to + 7.0V 
O·C to 70·C 
-55·C to 125·C 
260·C for 10 Sec 

"This Is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification Is not Implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Input Pin 1 VIN VCC V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 ·C to 70 ·C, V CC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL -1.0 + 1.0 uA 2 

Output Current 
10H 1.0 2.0 mA @2.4V 

Output Current 
10L 2.0 3.0 mA @0.4V 

Operating Current ICC 0.5 2.0 mA 3 

Input Pin 1 
IC 15 25 50 uA (Mode = GND) 

Input Pin 1 
IC 0.1 uA (Mode=VcC) 

IN Trip Point VTP 1 (Mode=GND) 
See Figure 3 

IN Trip Point 
(Mode = VCC) VTP 1 

V%« Trip Point 
(T =GND) VCCTP 4.50 4.62 4.74 V 1 

VCf( Trip Point 
(TO =VCC) VCCTP 4.25 4.37 4.49 V 1 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C,VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

VTP to NMI Delay tlPD 1.1 us 

VCC Slew Rate 
tF 300 us 4.75-4.25V 

VCC Detect to 
tRPD 100 ns RST and RST 

VCC Detect to NMI tlPU 200 us 4 

VCC Detect to 
tRPU 250 500 1000 ms 4 RST and RST 

VCC Slew Rate 
tR 0 ns 4.25-4.75V 

NOTES: 

1. All voltages referenced to ground. 
2. VCC = + 5.0 volts with outputs open. 
3. Measured with outputs open. 
4. tR =5us. 
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TIMING DIAGRAM-POWER UP 

Mode=Vee 

Input Pin 1 

Mode=GND 

__ tR 

4.75V 
Vee 

-
VOH 

1~---------tRPU------~ 
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TIMING DIAGRAM-POWER DOWN 

Input Pin 1 VTP 
Mode=Vee 

Input Pin 1 VTP 

Mode=GND 

NMI 

Vee 

RST 

trPD 

4.75V 
4.25V 
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DS1231 
Power Monitor 

446 

B 

f f 
E F 

! 

DIM. 
INCHES 

MIN. MAX. 

A .360 .400 

B .240 .260 

C .120 .140 

D .290 .310 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

~H ·1 



DS1231S 
Power Monitor 

I--- 7 Equal Spaces "I 
@.050± .004 TNA 

DIM. 
INCHES 

MIN. MAX. 

A .403 .411 

B .290 .296 
C .089 .095 

D .325 .330 

E .008 .012 

F .097 .105 

G .046 .054 

H .402 .410 

J .006 .011 
K .013 .019 

1.-------- H -----..1 
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.~ Dallas Semiconductor 
I .. Conditional 

Nonvolatile Controller 

FEATURES 

• Converts CMOS static RAMs into nonvola
tile memories 

• Software controlled write inhibit 

• Software controlled battery disconnect 
extends battery life 

• Unconditionally write protects when VCC 
is out of tolerance 

• Consumes less than 100 nA of battery 
current 

• Power fail signal can be used to interrupt 
processor on power failure 

• Low forward voltage drop on the VCC 
switch 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1234-14-Pin DIP 
DS1234S-16-Pin SO/C 

PIN CONNECTIONS 

Veco 
N/C 

CEi 
WEi 
CEO 

WEO 

GND 

PIN NAMES 

veci 
VSAT 
A3 

A2 

A1 

AD 
PF 

Pin 1 -VCCO RAM Supply 
Pin 2 - N/C No Connection 
Pin 3 - CEI Chip Enable Input 
Pin 4 -WEI Write Enable Input 
Pin 5 - CEO Chip Enable to Ram 
Pin 6 -WEO Write Enable to RAM 
Pin 7 -GNO Ground 
Pin 8 - PF Power Fail Output 
Pins 9-12 - AO-A3 Address Inputs 
Pin 13 -VBAT Battery Input 
Pin 14 - VCCI +5V Supply 

The OS1234 is a CMOS circuit which solves the application problem of converting CMOS 
RAM into nonvolatile memory with the added features of two software selectable switches. 
Incoming power is monitored for an out-of-tolerance condition. When such a condition is 
detected, Chip Enable and Write Enable to the RAM are inhibited to accomplish write protec
tion and the battery is switched on to supply the memory with uninterrupted power. The two 
software selectable switches provided by the OS1234 are capable of inhibiting both the write 
enable to the RAM and the battery back-up circuitry by a pattern recognition sequence 
across four address lines. Inhibiting the write enable to the nonvolatile RAM provides data 
integrity by isolating the memory contents from external change. The second switch pro
vides added flexibility and increas.es battery life to the system by enabling/disabling the bat
tery for shipment or storage, or when battery back-up is not needed. 
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OPERATION 
The 081234 Conditional Nonvolatile Controller performs three circuit functions required to 
battery back-up a RAM. First, a switch is provided to direct power from the battery or the in
coming supply (VCCI), depending on whichever is greater. This switch has a voltage drop of 
less than 0.2V. The second function which the nonvolatile controller provides is power fail 
detection. The 081234 constantly monitors the incoming supply. When the supply goes out 
of tolerance, a comparator detects power fail and inhibits chip enable and write enable. The 
threshold voltage, VTP, at which power fail is detected is defined as 1.26 times VSAT. The 
third function of write protection is accomplished by holding the CEO and WEO output sig
nals to within 0.2 volts of the VCCI or battery supply. In addition to the nonvolatile controller 
functions, the 081234 supplies two software selectable switches for master control of the 
write enable and the nonvolatile controller itself. The switches are controlled by a 16-cycle 
pattern recognition sequence across four address lines (see Tables 1 and 2). Prior to enter
ing the pattern recognition sequence which will define the two switch settings, a read cycle 
of 1111 on address inputs AO through A3 should be executed to initialize the compare point
er to clock zero. Each four-bit compare word is clocked into the 081234 on the low-going 
edge of CEI. AO, A1 and A2 must match the compare pattern on all 16 consecutive cycles 
while A3 must match only the first eleven, and the last five are used to define the switch set
tings. The eleventh address cycle, starting at zero, defines the switch which inhibits the 
write enable to the RAM (WEO). A logic one in this location allows read/write operations so 
that WEO will follow WEI and data can be updated. A zero on cycle eleven turns the RAM into 
a read-only memory (ROM). The next four address cycles, 12 through 15, define whether the 
nonvolatile controller operation is enabled or disabled. A bit pattern of 1010, respectively, ac
tivates the nonvolatile controller and data in the RAM is maintained on power loss. Any pat
tern other than 1010 will disable the nonvolatile controller operation. At the completion of 
the 16th cycle, if the pattern recognition sequence is correct, the switch settings defined in 
cycles 11 through 15 are transferred and are active for the next memory cycle. When external 
battery power is applied for the first time, the 081234 will come up with the nonvolatile con
troller off. Upon initial VCC power the write enable will be set in read/write operation 
(WEI=WEO). 
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ADDRESS INPUT PATTERN Table 1 

Addre •• 0 1 2 Input. 

A3 1 0 1 

A2 0 1 0 

A1 1 0 1 

AO 0 1 0 

CONTROL SELECT Table 2 

WEI Battery Control 

11 12 13 14 15 

0 x x x x 

1 x x x x 

x 1 0 1 0 

x Don't Care 

450 

Cycle Number 

3 4 5 8 7 8 9 

0 0 0 1 1 0 1 

1 1 1 0 0 1 0 

0 0 0 1 1 0 1 

1 1 1 0 0 1 0 

Operation 

Read Only Operation 

Read/Write Operation 

Enables Nonvolatile Controller· 

• Any other combination 
turns controller off 

10 11 12 13 14 15 

0 • • • • • 

1 0 0 0 1 1 

0 1 1 1 0 0 

1 0 0 0 1 1 

·See Table 2 



Address 
Bus 

Figure 1 

+5V 

From Decoder 

l , 

051234 

VCCI 
14 

CEI 
3 

WEI 
4 

A3 /-:; 12 

r-;: 11 

r-!- 10 
AO 

r-'"" 9 

1-'4 ... 

/ 

VCCO 
VCC ~ 1 

CEO 
5 CE 

WEO 
6 WE 

CMOS 
RAM 

PF To Write Protect 
8 Other Memories 

r- AN 

13 VBAT 
V-- A3 

+ 

V-- A2 

~ V- Al 

V- AO 

./ 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on Any Pin Relative to Ground - 0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature - 55 °c to 125°C 
Soldering Temperature 260 °c for 10 Sec 
'This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Power 
VCCI 4.5 5.0 5.5 V 1 Supply Voltage 

Input 
V,H 2.2 VCC+0.3 V 1 High Voltage 

Input 
V,L -0.3 +0.8 V 1 Low Voltage 

Battery Voltage VBAT 2.5 3.7 V 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Supply Current ICCI 5 mA 2 

Supply Current @ 
ICCO 80 mA 3 VCCO = VCCI- 0.2 

Input Leakage IlL -1.0 +1.0 uA 

Output Leakage ILO -1.0 + 1.0 uA 

Output Current 
IOH -1.0 mA 4 @2.4V 

Output Current 
IOL 4.0 mA 4 @ 0.4V 

---
CEO, WEO Output VOHL VBAT-0.2 V 6 

Battery Current IBAT 0.1 uA 7 

Battery Backup Current 
ICC01 100 uA 5 @VCCO=VBAT-O.3V 
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CAPACITANCE (tA = 25·C) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (O·C to 70·C, Vec = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Address Setup tAS 0 ns 

Address Hold tAH 50 ns 

Read Recovery tRR 40 ns 

CEI Pulse Width tcw 110 ns 

Propagation 
tPD 20 ns Delay 

(O·C to 70·C, VCCI < VTP) 
Recovery at 

tREC 2 ms Power Up 

VCC Slew Rate 
Power Down tF 0 us 

VCC Slew Rate 
tR 0 us Power Up 

CEI High to 
tPF 0 ns Power Fail 
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T,MING DIAGRAM-SWITCH SETTING 

\\ ~\\ \\\\\ \\\ \\\ \\\\11\\\\\\\\ I 
~tPDI-

1- r 



TIMING DIAGRAM-POWER DOWN 

WEI,CEI 

-I 

VCCI 

1----- tpF 

~VBAT-·2V 
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TIMING DIAGRAM-POWER UP 

WEi,CEi 

VBAT-O.2V 

WEC,CEQ -----""~_----I-\VijjIH~ 

tpD 

VCCI 
____ ---JT 
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NOTES: 
1. All voltages are referenced to ground. 

2. Measured with VCCO, CEO and WEO open. 

3. ICCO is the maximum average load which the 051234 can supply to the memories. 

4. Measured with a load as shown in Figure 2. 

5.ICC01 is the maximum average load current which the 051234 can supply to the 
memories in the battery back-up mode. 

6. Chip Enable, CEO, and 'I\Irite Enable, WEO, outputs can only sustain leakage current in 
the battery back-up mode. 

7. IBAT is the total load current which the 051234 uses from the battery input pin with 
VCCO, CEO, and WEO open. 

OUTPUT LOAD Figure 2 

+5volts 

O.U.T. __ --.. ------i. 

6200 25pF 
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Conditional Nonvolatile Controller 
DS1234 

14 8 

T 
B 

1 
I 1 .. A :1 

f 
c 

.-L 
4 4 
E F 

L 6 Equal s:a:~ =-:.r 
at .100 ± .010 TNA 
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DIM. 
INCHES 

MIN. MAX. 

A .740 .780 

B .240 .260 

C .120 .140 

D .290 .310 

E .020 .040 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

J 

H~ 



DS1234S 
Conditional Nonvolatile Controller 

1 8 

L 7 Equal Spaces at ___ I r- @.050±.004TNA 

E~~l 
T 

I~.------- A • 

DIM. 

A 

B 

C 

D 

E 

F 
G 

H 

J 

K 

INCHES 

MIN . MAX. 

. 403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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Iii Dallas Semiconductor 
.... Battery Manager 

FEATURES 

• Facilitates uninterruptable power 

• Uses battery only when primary VCCis 
not available 

• Low forward voltage drop 

• Power fail signal interrupts processor 
or write protects memory 

• Consumes less than 100 nA of battery 
current 

• Low battery warning signal 

• Battery can be electrically discon
nected upon command 

• Battery will automatically reconnect 
when VCC is applied 

• Mates directly with OS1212 Controller 
to back up 16 RAMs 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1259-16·Pin DIP 
DS1259S-16·Pin sOle 

PIN CONNECTIONS 

NC 

VBAT 
SF 
NC 

VCCI 

VCCI 
NC 

Vcco 
BAT Vcco 
RST PF 

GND NC 
GND -.... ___ ...r- NC 

PIN NAMES 
NC - No Connection 
VBAT - Battery Input Connection 
BF Battery Fail Output Signal 
BAT Battery Output 
RST - Reset Ground Signal 
GNO - Ground 
PF - Power Fail Output Signal 
VCCO - RAM Supply 
VCCI - + 5 V Supply 

The OS1259 is a low-cost battery management system for portable and nonvolatile elec
tronic equipment. A battery connected to the battery input pin supplies power to CMOS elec
tronic circuits when primary power is lost through an efficient switch via the VCCO pins. 
When power is supplied from the battery, the power fail signal is active to warn electronic 
reset circuits of the power status. Energy loss during shipping and handling is avoided by 
pulsing reset, thereby causing the battery to be isolated from other elements in the circuits. 
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OPERATION 
During normal operation, VCCI (Pins 15 and 16) is the primary energy source and power is 
supplied to Vcco(Pins 12 and 13)through an internal switch at a voltage level of VCCI-O.2 
volts@250 mAo During this time the power fail signal (PF) is held high indicating valid VCCI 
voltage (see Figure 1). However, if the VCCI would fall below the trip point (VTP), a level of 
1.26 times the battery level (VBAT), the power fail signal is driven low. As VCCI falls below 
the battery level, power is switched from VCCI to VBAT and the battery supplies power to the 
uninterruptable output (VCCO) at VBAT - 0.2 volts@15 mAo 

On power up, as the VCCI supply rises above the battery, the primary energy source, VCC!, 
becomes the supply. As VCCI rises above the trip point (VTP), the power fail signal is driven 
back to the high level. During normal operation BAT (Pin 5) stays at the battery level 
regardless of the level of VCCI. 

BATTERY FAIL 
When power is being supplied from the primary energy source, BF (Pin 3) is held at a high 
level provided that the attached batt~ (VBAT) is greater than 2 volts. If the battery level 
should decrease to below 2 volt~the BF signal is driven low indicating a low battery. The BF 
signal is .always low when the PF Signal is low. 

RESET 
The reset input can be used to prevent the battery from supplying power to VCCO and BAT 
even if VCCI falls below the level of the battery. This feature is activated by applying a pulsed 
input on RST to high level for 50 ns minimum while primary power is valid (see Figure 2). When 
primary power is removed after pulsing RST, the VCCO output and BAT will go to the high im
pedance. The next time primary power is applied such that VCCI is greater than VBAT, nor
mal operation resumes and VCCO will be supplied by the battery or VCCI. The BAT output 
will also return to the level of the battery. Figure 3 shows the DS1259 in a typical application. 

BLOCK DIAGRAM Figure 1 

l 

VCCO .---------.-----------------0 

RESET 
LOGIC 

RST 

BAT 
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RESET TIMING Figure 2 

"""""1 r- SOnsmln 

VIH 

VIL ----~11>----14l-1---4H------Il>-I---
RST 

BAT 

TYPICAL APPLICATION Figure 3 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -55°C to +125°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Primary 
VCCI 5.0 5.5 V 1 Power Supply 

Input High Voltage V,H 2.0 VCC + 0.3 V 1 

Input Low Voltage V,L -0.3 +0.8 V 1 

Battery Voltage 
Pin 2 VBAT 2.5 3 3.7 V 6 

Battery Output BAT VBAT-0.1 V 1 Pin 5 

D.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Leakage Current ILO -1.0 +1.0 uA 

Output Current 
IOH -1.0 mA 1,2 @2.4V 

Output Current 
IOL +4.0 mA 1,2 @0.4V 

Input Supply 
ICCI 10 mA 3 Current 

Pins 12, 13 
ICCO 250 mA VCCO= VCCI-0.2 

Pin 11 PF Detect VTP 
1.26x V 4,6 V BAT 

Pin 3 BF Detect VBATF 2.0 V 7 
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(O·C to 70·C, VCCI <VBAT) 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Pins 12, 13 
ICC02 15 rnA 5 VCCO = VBAT-0.2V 

Battery Leakage I BAT 100 nA 8 

Pin 5 Battery 
Output Current IBAT OUT 100 uA 

CAPACITANCE (tA = 25·C) 

PARAMETER SYMBOL TYP MAX UNITS 

Input 
CIN 5 10 pF Capacitance 

Output 
Capacitance COUT 5 10 pF 

A.C. ELECTRICAL CHARACTERISTICS (O·C to 70 ·C, V CC = 4.0 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

VCCI Slew Rate tF 300 us 

VCCI Slew Rate tR 1 us 
Power Down to 

tPF 0 us PF Low 
PF High after 
Power Up tREC 100 us 
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POWER·DOWNIPOWER·UP CONDITION 

VCCI ------.. 

4.25V 

3.0V 

tF_ 

tpF _ 

CURRENT I I 
_ S_UP_:_;~_E~_~_~_OM ______ -J)II'----------~I(~I--------~~~ __________ __ 

I I 
NOTES: 
1. Voltages are referenced to ground. 

2. Load capacity is 50 pF. 

3. Measured with Pins 11, 12, 13 and 3 open. 

4. VTP is the point that PF is driven low. 

5. ICC02 may be limited by the capability of the 
battery. 

6. Trip Point Voltage for Power Fail Detect: 
VTP= 1.26x VBAT 
For 5% operation: VBAT = 3.7V Max. 

7. VBATF is the pOint that BF is driven low. 

8. Battery leakage is the internal energy consumed 
by the 051259. 
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DS1259 
.attery .anager 

DIM. 
INCHES 

MIN. MAX • 

9 A . 740 .780 

T B .240 .260 

C .120 .140 

D .290 .310 
B 

~::::;:=;::=:;:::::::;=:::;:::;:::::;:=:;:==;::=:;:::~l 
A----J:I • 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

t 
F 

I 

l-,,::.:, 
.100±.010 (TNA) 

-I 

466 



DS1259S 
Batterv Manager 

1_ 7 Equal Spaces :.-.../ 
@.050±.004TNA 

A 

DIM. 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

INCHES 

MIN • MAX. 

. 403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 

B--

D 

H 

467 



Iii Dallas Semiconductor 
.. SmartBaftery 

FEATURES 
• Encapsulated lithium energy cell with 

shelf life beyond 10 years 

• Available with energy capacities of 
250, 500, and 1,000 MAH @ 3 volts 

• Plugs into a standard 16 pin DIP 
socket 

• Lithium .cell electrically disconnects 
from exposed pins upon command 

• Battery isolation insures full capacity 
after shipping and handling 

• Lithium cell automatically reconnects 
when VCC is applied 

• Recessed pins prevent bending 

• VCC fail signal interrupts processor 
or write protects memory 

• Exhausted energy cell warning signal 

• Low profile permits mounting on 0.5 
inch printed circuit board centers 

• Mates directly with OS1212 controller 
to back-up 16 SRAMs 

• Uninterruptable supply for CMOS and 
portable devices 

DESCRIPTION 

PIN CONNECTIONS 

o 

PIN NAMES 

DS1260·25 
·50 
·100 

Or:::-----. 
,01 1601 
, 2 150, 
,03 1401 
104 1301 
'05 120 
'06 1101 
1 , 
, 7 100, 

~_8 __ :.r:1 

~ins, 1,4, 9,10 and 14 are No-Connects 
Pin 2 and pin 7 are miSSing 
Pin 3 is Battery Fail (BF) 
Pin 5 is Battery Out (BAT) 
Pin 6 is RESET (RST) 
Pin 8 is Ground 
Pin 11 is Power Fail (PF) 
Pins 12 ahd 13 are RAM Supply (VCCO) 
Pins 15 and 16 are + 5V Supply (VCCI) 

The OS1260 is a low cost backup energy source for portable and nonvolatile electronic 
equipment. A lithium energy source of up to 1 amp hour can supply power to CMOS elec
tronic circuits when primary power is lost through an intelligent and efficient switch. When 
power is supplied from the lithium power source, the power fail Signal is held low to warn 
electronic RESET circuits ofthe power status. Energy loss during shipping and handling is 
avoided by pulSing RESET, thereby causing the backup energy source to be isolated from the 
exposed pins. The OS1260 can be plugged into a standard 16-pin low-cost DIP socket, allow
ing for proven interconnect and simple replacement if the energy has been exhausted. 
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OPERATION 
During normal operation VCCI (Pins 15 and 16) is the primary energy source and power is 
supplied to Vcca (Pins 12 and13) through an interna~witch at a voltage level of VCCI- 0.2 
volts @ 250 mao During this time the power fail signal PF is held high indicating valid primary 
voltage (see Figure 1). However, if the VCCI would fall below the level of 4.25 volts, the power 
fail signal is driven low. As VCCI falls below the level of the lithium supply (V BAT = 3 volts) 
power is switched and the lithium energy source supplies power to the uninterruptable out
put (Vcca) at VBAT - 0.2 volts @ 5 MA. 

On power up, as the VCCI supply rises above 3 volts, the primary energy source, VCCI, 
becomes the supply. As the VCCI input rises above 4.25 volts the power fail signal is driven 
back to the high level. During normal operation BAT (Pin 5) stays at the battery level of 3 
volts, regardless of the level of VCCI. 

BATTERY FAIL 
When power is being supplied from the primary energy source, BF (Pin 3) is held at a high 
level (VaH) provided that the lithium energy sourcus greater than 2 volts. If the lithium 
energy source should decrease to below 2 volts, the BF signal is driven low (Vall, indicating 
an exhausted lithium battery. The BF signal is always low when power is being supplied by 
the lithium energy source. 

RESET 
The reset input can be used to prevent the lithium energy source from supplying power to 
Vcca and BAT even if VCCI falls below 3 volts. This feature is activated by applying a pulsed 
input on RST to high level (VIH) for 50 ns min. while primary power is valid (see Figure 2). 
When primary power is removed after pulsing RST, the Vcca output and BAT will go to high 
impedance. The next time primary power is applied, such that VCCI is greater than VBAT, 
normal operation resumes and Vcca will be supplied by the lithium energy source when 
VCCI again falls below 3 volts. BAT will also return to the level VBAT.Figure 3 shows how the 
Smart Battery is used in a system application. . 

BLOCK DIAGRAM Figure 1 

VCCI 

VBAT 

l 

Veca 

~ ______ ~~RESET~ ___ R_S_T~ 
~--____ ~~~ ______ ~~LaGIC 

+ 
REF2 _ 

BAT 
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BATTERY PERFORMANCE DS1260·25 
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BATTERY PERFORMANCE DS1260·50 
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BATTERY PERFORMANCE DS1280·100 
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TABLE I 

PART NO. CAPACITY NOMINAL VOLTAGE 

051260-25 250 MAH 3 volts 

051260-50 480 MAH 3 volts 

051260-100 960 MAH 3 volts 

FIGURE 2 

VCCI 

I j50nsmin 

RST 
V,H r-1 
V,L ------IN,'----' Ltt1-' --~n1------Jn}-----

BAT 
3V----I»)-----I)~ HIZ ;----i~ 

OV 'MOO{ ~ 
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INTEGRATED BATTERY BACKUP-APPLICATIONS Figure 3 

VCC vyc I 
f 

ICEO • Interrupt RAM 1 
OS1231 I 

OS1212 I Power RESET fJP Cont. I Monitor Decode f 

r 1 
CE15 r---

RAM 16 
VBAT1 '1AT2 A.C.lnput 

BAr 

VCCI OS1260 VCCO 
Smart Battery 
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ABSOLUTE MAXIMUM RATINQS* 
Voltage on Any Pin Relative to Ground - 0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature - 40°C to + 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERA TINQ CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Primary 
VCC 4.5 5.0 5.5 V 1 Power Supply 

Input High 
VIH 2.0 VCCI+0.3 V 1 Voltage 

Input Low 
Voltage VIL -0.3 +0.8 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCCI = 4.0 to 5.5V) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Leakage Current ILO -1.0 +1.0 uA 

Output Current 
IOH -1.0 mA 1,2 @ 2.4V 

Output Current 
IOL +4.0 mA 1,2 @ 0.4V 

Input Supply 
ICCI 5 mA 3 Current 

Pins 12,13 
ICCO 250 mA VCCO = VCCI- 0.2 

Pin 11 PF Detect VTP 4.25 4.5 V 4 

Pin 3 BF Detect VBATF 2.0 V 7 

Battery Voltage 
VBAT 3 V 6 Pin 5 

Pins 12, 13 
ICC02 15 mA 5 

VCCO =VBAT-0.2V 

Battery Leakage I BAT 100 nA 8,9 

Pin 5 Battery 
IBAT OUT 100 uA Output Current 
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CAPACITANCE (tA= 25°C) 

PARAMETER SYMBOL TYP MAX UNITS 

.output 
Co 5 10 pF Capacitance 

Input 
CI 5 10 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 4.0 to 5.5V) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

VCCI Slew Rate tF 300 ~S 

VCCI Slew Rate tR 1 ,us 

Powet Down to 
tPF 0 ~S PF Low . 

PF High after 
Power Up tREC 100 llS 
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POWER·DOWNIPOWER·UP CONDITION 

VCCI-----,. 

4.25V 

3.0V 

tR 

: tREt-tPF 

P.F. 
( 

~ CURRENT 
SUPPLIED FROM n 
LITHIUM CELL it 

I 

NOTES: 

1. Voltages are referenced to ground. 

2. Load capacity is 50 pF. 

3. Measured with Pins 11, ~ 2, 13 and 3 open. 

4. VTP is the point that PF is driven low. 

5. Sustained ICC02 currents above 1 mA cause a significant drop in battery voltage. 

6. VBAT is the internal lithium energy source voltage. 

7. VBATF is the pOint that BF is driven low. 

8. Battery leakage is the internal energy consumed by the DS1260. 

9. Storage loss is less than 1 % per year at 25 DC. 

10. VCCI = +5 volts; tA=25 DC. 

477 



DS1260· 25 
· 50 
• 100 

SmarfBaffery 

Q 

'-" 
o 

L@ 
r-:~~~Q----------~ 

, .. ------ A------·~, 

~~-r 
~--------~h~~B __ ! 

6 _ ---L.. 

478 

DIM. 
INCHES 

MIN. MAX. 

A 1.480 1.500 

B 1.030 1.050 

C .390 .410 

0 .120 .140 

E .020 .040 

G .020 .040 

J .022 .026 

K .090 .110 

L .240 .260 

M .420 .440 

N .165 .175 

0 .800 .810 

P .160 .180 

Q .098 .109 

R .165 .175 

S .115 .125 

T .052 .058 

U .980 1.000 

V .055 .075 

3 Places 

G 

~~-:l':-t.~~"""I::.\..J-~ 

1:1 
SOCKET NOT SHOWN 



System Extension 

III 
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ItDaliasSemiconductor 
Phantom Interlace 

FEATURES 
• Minimum expense add-on serial port 

• Converts standard bytewide or DRAM 
memory wave forms into a three wire 
serial port 

• Operation is transparent to memory 

• Software generated memory cycles ac
tivate serial port and transfer data 

• High band width-1bit data transfer per 2 
memory cycles 

• Intercepts memory signals so that pass 
through connections can be maintained to 
memory 

• Controls communications for as many as 
ten DS1201 Tags, DS1204U Keys, DS1207 
TimeKeys or DS1290 Eliminators 

• low power CMOS circuitry 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1206-14·Pin DIP 
DS1206S-16·Pin sOle 

PIN CONNECTIONS 

DQ 

A1 elK 

CElCAS In 

9 CE/CAS Out 

8 ~/OEln 

A3 1 Vee 
NC FiST 
A, 
A, 

'0 
11 CeiCAs Out 

Ne 

GND RAsios In 

PIN NAMES 
N.C. - No connection 
AO-A3 
DO Out 
GND 
RAS/OE In 
CEICAS Out 

CEICAS In 

ClK 
DO 
RST 
VCC 

- Memory address bus 
- Data out to memory bus 
- Ground 
- RAS Input from memory bus 
- Chip enable or CAS to 
memory 

- Chip enable or CAS from 
memory bus 

- Clock for serial port 
- Data I/O for serial port 
- Reset for serial port 
- +5 Volts 

The Phantom Interface is a CMOS circuit which intercepts the standardized memory bus 
found in computer systems and adapts the bus to a three wire serial port. Multiple memory 
cycles are used as a basis for generating the appropriate signals to control the serial port. In 
this way, a sequence of software generated memory cycles encode commands and transfer 
data with low pin count. The serial port signaling is derived from the memory address bus 
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lines AO through A3, the CEiCAS signal and RAS/OE signal, without affecting address space, 
thereby maintaining transparency to the memory bus. Communication is established under 
software control by an address pattern re.2,Qgnition sequence (serial port protocol) which dis
ables a ByteWide or DRAM memory via CE/CAS output. An additional address sequence is 
required to generate the three wire port signals: RESET (RST), Data (DO), and Clock (ClK). 
The add-on serial port provides a minimum cost interface to the DS1201 Tag, the DS1204U 
Key, the DS1207 TimeKey, the DS1223 Configurator and the DS1290 Eliminator. 

OPERATION 
The main parts of the phantom serial interface are shown in the block diagram of Figure 1. 
Information presented on address inputs are latched into the DS1206 on the falling edge of a 
strobe signal derived from the logical combination of CEiCAS In and RAS/OE In. When redi
recting information from a DRAM memory bus, both RAS and CAS inputs are required and 
the column addresses are used for signaling. For a ByteWide memory bus, 01J.!Y. a CE input is 
required and the RAS/OE input can be tied low or connected to the memory OE input signal. 
The rising edge of the strobe will cause the address information to be presented for com
parison to the 24-bit serial interface protocol and to logic which will generate signals for the 
serial port. The serial interface protocol is derived from address inputs AO, A 1, and A2. A 1 is 
an enable signal which activates the communications sequence. AO defines the data which is 
compared for recognition. A2 is used to clock in information defined by AO.lnitially A1 input 
must be set high to enable serial interface communications. A1 must remain high during the 
pattern recognition sequence and subsequent communications with the serial port after the 
protocol pattern match is established. If the A1 input is set low, all communications are ter
minated and future access to the serial port is denied. 

Data transfer through the serial interface occurs by matching a 24 bit pattern as shown in 
Figure 2. This pattern is presented to a register on each rising edge of strobe. Therefore, data 
is input for comparison to the serial interface protocol at the end of each memory cycle (see 
Figure 3). The proper information must be presented on AO to match the 24 bit pattern while 
keeping A1 high. Address input A2 is used to generate the shift Signal which causes dlita to 
enter the 24 bit register for comparison to the 24 bit pattern. Information is loaded one bit at 
a time on the rising edge of shift. Each shift cycle must be generated from two me'mory 
cycles. The first memory cycle sets A2 low, establishing the shift clock low. The second 
memory cycle sets A2 high, causing the transition necessary to shift a bit of data into the 24 
bit register. Data on AO is kept at the correct level for both memory cycles. Address input A3 
is used to control the direction of data going to and from the serial port. This input is not 
used during pattern recognition of the protocol. After the 24 bit pattern has been correctly 
entered, a match signa~enerated. The match signal is logically combined with the enable 
Signal to generate the RST signal for the serial port. The match signal is also used to disable 
Chip Enable to the memory bus and enable a gate which allows the serial port DO to drive 
the DO out line to the memory bus. When RST is driven high, devices attached to the serial 
port become active. Subsequent shift signals derived from A2 will now be recognized as the 
serial port clock. The data signal for the serial bus is derived from AO conditioned on the 
level of the direction signal derived from A3. When A3 is set high, data as defined by AO will 
be sent out on the serial port DO. When A3 is set low, devices attached to the serial port Clin 
drive the memory bus DO out line. The data direction bit must be set low when reading data 
from the serial port DO. 
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PHANTOM SERIAL INTERFACE BLOCK DIAGRAM Figure 1 

A3 

DO Out 
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SERIAL INTERFACE 24·BIT PROTOCOL Figure 2 

o 
Byte 1 

Byte 2 

Byte 3 

PHANTOM SERIAL INTERFACE SIGNALS Figure 3 

AO~~~I--G!----

C"E/CiiS Out LJL.JLJL...J""''''""L.JLJ ,,' "" LJ 

StrobeL.JLJLJLY~~~ 

Enable --l 
A' 

/~ 

Data Dir ~r-----i"'''-----------___ ·I------..,~~ 
A3 

MATCH -------~/'~.---~ L 

Memory 
Bus 

Serial 
Interface 
Internal 
Signals 

Key RST 

KeyDQ 

KeyCLK 

DQOut 

I~'I--' --------,~,---LJserial 
1--__ --., Port ----______ ~,,~, __________ ~~~. L 

----------~itl------------------~~------~~·~, -------
Serial Port Protocol Tag, Key, Configurator or 

Eliminator Protocol 
I Read I Reset I 

483 

l1li 



ABSOLUTE MAXIMUM RATINGS· 
VOLTAGE ON ANY PIN RELATIVE TO GROUND 

OPERATING TEMPERATURE 
STORAGE TEMPERATURE 

-1.0V to + 7V 

O°C to +.70°C 
-55°C to +125°C 

"this Is a stress rating only and functional operation of the device at these or any other conditions above those Indicated in the operation sections 
of this specification Is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Logic 1 VIH 2.0 VCC+0.3 V 1 

Logic 0 VIL -0.3 +0.8 V 1 

Supply VCC 4.5 5.0 5.5 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL -1 1 I1A 

Output Leakage ILO 1 I1A 

Output Current @2.4V IOH -1 rnA 

Output Current @ .4V IOL +4 rnA 

RST Output 
IOHR 16 rnA Current @3.8V 

Supply Current ICC 6 rnA 2 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 5 10 pF Capacitance 

Input/Output CI/O 5 10 pF 

A.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Address Set Up tAS 0 ns 

Address Hold tAH 50 ns 

RAS to CAS Overlap tRC 60 ns 

CE Pulse Width tCE 60 ns 

Key Signals Valid tpo 60 ns 3 

Key Data Out too 10 ns 3 

CE Inactive tCH 30 ns 

l1li 
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MEMORY BUS INPUTS 

AO-A3 

1---- tRC ---+I 

tCE ---+---- tCH 

SERIAL PORT 
AFTER PATTERN RECOGNITION 

-ltPD-

DQ, RST, ClK 

____ 'DD}= 
DQOut ~ 

Becomes active only 
when direction is set 
low via A3 
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NOTES: 
1. All voltages are referenced to ground 

2. Measured with outputs open 

3. Measured with a load as shown in Figure 4 

OUTPUT LOAD Figure 4 

+5 Volts 

UK 

D.U.T. e__--+----4 

50pF 

S80n 

III 
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Phantom Serial Interface 
DS1206 

14 

I. 1 A 

8 

7 .1 

L 6 EQUAL s:~: ~ 
AT .100 ± .010 TNA 
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T 
B 

1 

f 
c 
I 
f t 
E F 

! 

DIM. 
INCHES 

MIN. MAX. 

A .740 .780 

B .240 .260 

C .120 .140 

0 .290 .310 

E .020 .040 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 



Phantom Serial Interlace 
DS1206S 

L-7 EQUAL SPACES ---1 
1- @.050±OO4 TNA I 

DIM. 

A 

B 

C 

D 

E 

F 

G 
H 

J 
K 

INCHES 

MIN. MAX. 

.403 .411 

.290 .296 

.089 .095 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 
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I; Dallas Semiconductor 
BankS witch 

FEATURES 
• Provides bank switching for 16 banks of 

memory 

• Bank switching is software controlled by 
a pattern recognition sequence on four 
address inputs . 

• Automatically sets all 16 ban ks off on 
power up 

• Bank switching logic allows only one 
bank on at a time 

• Special custom recognition patterns are 
available which can prevent unauthorized 
access 

• Full ± 10% operating range 

• Low power CMOS circuitry 

• Can be used to expand the address 
range of microprocessors and decoders 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1222-14·PinDIP 
DS 1222S-1 B·Pin sOle 

PIN CONNECTIONS 

\tc CEi 
NC 

CEO Prj 

8S1 t>w 
"'x 

BS2 ~ 
"'z 

8S3 GND 

8S4 

N.C. 

PIN NAMES 
AW- AZ - Address Inputs 
CEI - Chip Enable Input 
CEO - Chip Enable Output 
N.C. - No Connection 
BS1, BS2, - Bank Select Outputs 
BS3, BS4 
PFI 
VCC 
GNO 

- Power Fail Input 
- +5 Volts 
- Ground 

vcc 
ern 
NC 
aS1 
BS2 
8S3 
NC 
854 

The OS1222 is a CMOS circuit designed to select one of sixteen memory banks under soft
ware control. Memory bank switching allows for an increase in memory capacity without ad
ditional address lines. Continuous blocks of memory are enabled by selecting the proper 
memory bank through a pattern recognition sequence on four address inputs. Special 
custom patterns are available from Oallas Semiconductor which can provide security 
through uniqueness and prevent unauthorized access. By combining the OS1222 with the 
OS1212, up to 16 banks of static RAMs can be selected. 
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OPERATION-BANK SWITCHING 
Initially, on power up all four bank select outputs are low and the chip enable output (CEO) is 
held high. Note: the power fail input (PFI) must be low prior to power·up to assure proper ini· 
tialization. Bank switching is achieved by matching a predefined pattern stored within the 
DS1222 with a 16·bit sequence received on four address inputs. Prior to entering the 16·bit 
pattern, which will set the bank switch, a read cycle of 1111 on address inputs AW through 
AZ should be executed to guarantee that...Q!lttern entry starts with Bit o. Each set of address 
inputs is clocked into the DS1222 when CEI is driven low. All 16 inputs must be consecutive 
read cycles. The first eleven cycles must match the exact bit pattern as shown in Table 1. 
The last five cycles must match the exact bit pattern as shown for addresses AX, Ay, and AZ. 
However, address line AW defines the bank number to be enabled as per Table 2. 

Switch to a selected bank of memory occurs on the rising edge of chip enable input when the 
last set of bits is input and a match has been established. After bank selection CEO always 
follows CEI with a maximum propagation delay of 15 ns. The bank selected is determined by 
the levels set on Bank Select 1 through Bank Select 4 as per Table 2. These levels are held 
constant for all memory cycles until a new memory bank is selected. 

ADDRESS INPUT PATTERN Table 1 

Bit Sequence 

Addre •• 
0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 Input. 

AW 1 0 1 0 0 0 1 1 0 1 0 X X X X X 

AX 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

Ay 1 0 1 0 0 0 1 1 0 1 0 1 1 1 0 0 

AZ 0 1 0 1 1 1 0 0 1 0 1 0 0 0 1 1 

X See Table 2 
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BANK SELECT CONTROL Table 2 

Bank AW Bit Sequence Outputs 
Selected 11 12 13 14 ·15 BS1 BS2 BS3 BS4 

*Banks Off 0 x x x x Low Low Low Low 

Bank 0 1 0 0 0 0 Low Low Low Low 

Bank 1 1 0 0 0 1 High Low Low Low 

Bank 2 1 0 0 1 0 Low High Low Low 

Bank 3 1 0 0 1 1 High High Low Low 

Bank 4 1 0 1 0 0 Low Low High Low 

Bank 5 1 0 1 0 1 High Low High Low 

Bank 6 1 0 1 1 0 Low High High· Low 

Bank 7 1 0 1 1 1 Htgh High High Low 

BankS 1 1 0 0 0 Low Low Low High 

Bank 9 1 1 0 0 1 High Low Low High 

Bank 10 1 1 0 1 0 Low High Low High 

Bank 11 1 1 0 1 1 High High Low High 

Bank 12 1 1 1 0 0 Low Low High High 

Bank 13 1 1 1 0 1 High Low High High 

Bank 14 1 1 1 1 0 Low High High High 

Bank 15 1 1 1 1 1 High High High High 
- -

*CEO = V I H independent of CEI 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on Any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature - 55°C to + 125°C 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power Supply Voltage VCC 4.5 5.0 5.5 V 1 

Logic 1 VIH 2.2 VCC+0.3 V 1 

Logic 0 VIL -0.3 +0.8 V 1 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage Current IlL -1.0 + 1.0 uA 

1/0 Leakage Current ILO -1.0 + 1.0 uA 

Output Current @2.4V 10H -1.0 mA 2 

Output Current @O.4V 10L +4.0 mA 2 

Operating Current ICC 15 mA 
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CAPACITANCE (tA = 25°) 

PARAMETER SYMBOL TYP MAX UNITS NOTES 

Input 
CIN 5 10 pF Capacitance 

Input/Output 
CI/O 5 10 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0°Cto70°C. VCC=5V±10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Address Set-Up tAS 5 ns 

Address Hold tAH 50 ns 

Read Recovery tRR 40 ns 

Propagation Delay tpD 15 ns 2 

Power Fail Input 
to First CEi tpF 50 ns 

Chip Enable Low tcw 110 ns 
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TIMING DIAGRAM-ACCESS TO BANK SWITCH 

- lAS --- tA~ -- __ IRR _ 

-ICW-

J CEI 
\ 

I \ / ;-'"- h I 

-- IpD 

~ 
CEO \ r / 

- IpF --
B S1-BS4 }. VALID 

PFI /-

m 
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NOTES: 1. All voltages are referenced to ground. 

2. Measured with a load as shown in Figure 1. 

OUTPUT LOAD Figure 1 

+5volts 

1.1 K 

D.U.T. e---e---_e 

680n 
25pF 

Output Load 
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Bank Select Controller 
DS1222 

14 8 

T 
B 

~:;:::::::::::;:=r=;::::::::;::::;:::=::r=;;::::::;:::::;:::;:::!.1 1 
7 .1 A 

L 6 EQUAL s::: :j-
AT .100 ± .010 TNA 

t 
c 
1 
t t 
E F 

I 

DIM. 
INCHES 

MIN. MAX. 

A .740 .780 

B .240 .260 

C .120 .140 

D .290 .310 

E .020 .040 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

III 
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Bank Select Controller 
DS1222S 

498 

7 EQUAL SPACES 
@.050,.004TNA 

DIM. 
INCHES 

MIN. MAX. 

A .403 .411 

B .290 .296 

C .089 .095 

D .325 .330 

E .008 .012 

F .097 .105 

G .046 .054 

H .402 .410 

J .006 .011 

K .013 .019 
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I; Dallas Semiconductor 
Electronic Configurator 

FEATURES 
• 16 remote programmable switches 

• 9 Bytes of nonvolatile readlwrite memory 

• 16 bit programmable comparator 

• 3 pin serial port sets switches and accesses 
memory 

• Greater than 10 years of data retention 

• Data and switch settings are automatically 
protected during power loss 

• Full 10% operating range 

• Applications include DIP switch replace
ment; remote P.C. board configuration, map
ping, and decoding 

• Connects directly to DS1206 Phantom 
Interface 

DESCRIPTION 

D81223 

PIN CONNECTIONS 

10 Vcc 
11 M 
12, ST 
13 elK 
14 115 

15 114 

16 N.C. 
17 RST 
18 113 

112 

111 
110 

PIN NAMES 
10-115 - Switch, Comparator 

InputlOutputs 

DO Data InputlData Output 

GND - Ground 

RST RESET 

ClK - CLOCK 

ST - STROBE 

VCC +5 Volts 

NC - No Connection 

- Comparator Match 

The DS1223 Electronic Configurator is a CMOS nonvolatile switch, comparator, and 
read/write memory circuit designed for personalizing and configurating electronic equip
ment remotely. The configurator has 16 switches which can be remotely programmed to 
either logic 1, logic 0 or high impedance. Switch pairs can also be connected to simulate 8 
SPST switches. In addition, the logic state of 16 inputs can be compared to data contained in 
nonvolatile memory. There are 16 bytes of nonvolatile read/write memory. Bytes 0,1,2,3, and 
4 define switch settings; bytes 5 and 6 relate to the comparator; bytes 7 through 15 are free 
for any desired use. 

499 

III 



A lithium energy source retains information stored in all 16 bytes of memory when power 
is lost. The electronic configurator monitors VCC for an out of tolerance condition. When 
such a condition occurs, the lithium energy source is switched on, and write protection is 
enabled to prevent loss of data. While in the data retention mode the switch/comparator out
puts are all in a high impedance mode and all inputs are ignored. 

Information is sent to the configurator via a serial input one byte at a time or in a burst 
where all 16 bytes are either written or read. Interface to a microprocessor is minimized by 
on-chip circuitry which permits data transfers with only three signals: CLOCK, RESET, Data 
Input/Output. 

OPERATION 

The block diagram (Figure 1) of the electronic configurator illustrates the main elements 
of the device; namely, input shift register, control logic, nonvolatile memory, switch and 
comparator circuits, and power switch. To initiate communication with the configurator 
RESET is taken high and 24 bits are loaded into the input shift register providing both ad
dress and command information. Each bit is input serially on the rising edge of the clock. 
Four address bits specify one of 16 nonvolatile memory locations. The remaining command 
bits specify read/write and byte/burst mode. After the first 24 clocks which load the input 
shift register, additional clocks will output data for a read or input data for a write. The 
number of clock pulses equals 24 plus 8 for byte mode or 24 plus 128 for burst mode. 

The information stored in the first five bytes of the nonvolatile memory define the status of 
input/output pins 10-115. The switch configuration is illustrated in Figure 2. Data stored in 
nonvolatile memory bytes 6 and 7 contain 16 bits which are compared to the input/output 
pins]0-I15. When all inputs match the value stored in bytes 6 and 7, the MATCH pin will be 
latched and driven low when the STROBE input transitions from low to high. 

The nine remaining bytes serve as user read/write nonvolatile memory. Figure 3 illustrates 
the configurator register address and the definition of each bit. 
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ELECTRONIC CONFIGURATOR BLOCK DIAGRAM Figure 1 
D/Q 

24 Bit 

Input 
Shift 

Register 

L 16 x 8 
N.V. 

Control 
Address and Control 

Memory 

CLK Logic 

RsT 

10·115 

~ Switch ana omparator III 
Switch 

Sf and 

M 
comparaj 

vcc~orVBAT 
__ VC~C~_____________________________________________________________ ~wer 

GND Switch 

CONFIGURATOR SWITCHES Figure 2 

Comparator 

10 

1---- Data 

'"----- Enable 

11 

1---- Data 

Enable 

>---. Comparator 

BAT ..I. 

X Switch Resistance ~ 500 n 

Switch Pairs 10 - 11 
12 - 13 
14 - 15 
16 - 17 

18 - 19 
110-111 
112-113 
114 - 115 

or 
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CONFIGURATOR MEMORY ADDRESSES Figure 3 

502 

MSB 7 6 5 4 3 2 1 o LSB 

Byte 0 

Byte 1 I 17 

Byte 2 I 115 

Byte 3 I 17 

Byte 4 115 

Byte 5 \17 

Byte 6 115 

Byte 7 

Byte 8 

Byte 9 

Byte 10 

Byte 11 

Byte 12 

Byte 13 

Byte 14 

Byte 15 

I 16 I 15 I 14 I 13 

I 114 I 113 I 112 I 111 

I 16 I 15 I 14 I 13 

114 I 113 I 112 111 

I 12 I 11 

I 110 I 19 

I 12 I 11 

I 110 I 19 

1 10 

I 18 

I 10 

I 18 

X Switch 1 = Closed 
o = Open 

Data Out 1 = Logic High 
o = Logic Low 

Data Out 1 = Logic High 
o = Logic Low 

Enable Out 0 = H IZ 

Enable Out 0 = HJZ 

I 16 I 15 I 14 I 13 I 12 I 11 I 10 Comparison 

I 114 I 113 I 112 111 110 I 19 18 I Comparison 

User Byte 

User Byte 

User Byte 

User Byte 

User Byte 

User Byte 

User Byte 

User Byte 

User Byte 



ADDRESS/COMMAND 

Each data transfer consists of a three byte address/command input called the address/ 
command. The address/command is shown in Figure 4. As defined, the first byte of the ad
dress/command specifies whether the memory will be written into or read. If anyone of the bits 
of the first byte of the address command fails to meet the exact pattern of read or write the 
cycle is aborted and all future inputs to the configurator are ignored until RESET is brought 
low and then high again to begin a new cycle. The 8 bit pattern for read is 01100010. The pat
tern for write is 10011101. The second byte of the address/command describes address AO in 
bit 0, A 1 in bit 1, A2 in bit 2, A3 in bit 3. Bits 4 through 7 of the second byte of the address/com
mand must be set at logical O. If bits 4 through 7 do not equal logical 0, the cycle is aborted and 
all future inputs to the configurator are ignored until RESET is brought low and then high again 
to begin a new cycle. The third byte of the address/command must have a logic 0 in bit 0 
through bit 5 and a logical 1 written in bit 6. Bit 7 of byte three of the address/command is used 
along with bits AO through A3 in byte 2 to define the burst mode. When AO through A3 of byte 
two equals logical 0 and bit 7 of byte three equals logical 1 , the configurator will enter the burst 
mode after the 24 bit address/command sequence is complete. 

BURST MODE 

Burst mode is specified for the electronic configurator when all address bits (AO-A3) of the 
address/command are set to logical 0 and bit 7 of byte three to logical 1. The burst mode 
causes 16 consecutive bytes to be read or written. Burst mode terminates when the RESET 
input is driven low. 

RESET AND CLOCK CONTROL 

All data transfers are initiated by driving the RESET input high. The input also provides a 
method of terminating either single byte or multiple byte transfers. A clock cycle is a se
quence of a falling edge followed by a rising edge. For data inputs, the data must be valid 
during the rising edge of clock cycles. Address/command bits and data bits are input on the 
rising edge of the clock and data bits are output on the falling edge of the clock. All data 
transfer terminates and D/Q pin goes to a high impedance state if the RESET input is low. 
The RST input is used only in control of communications with the configurator and has no ef
fect on the nonvolatile memory data. Data transfer is illustrated in Figure 5. 

CONFIGURATOR - ADDRESS COMMAND WORD Figure 4 

~------~v~------~ ~------~,,~--------~ 

B - Burst 
RD - Read 
W - Write 

Byte 3 Byte 2 

AO-A3 - Address 

v 
Byte 1 
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DATA TRANSFER 
Figure 5 

o 6 7 8 9 23 o 6 

-<A/wi R/W I : : I R/W R/W AO A1 I: ~ I 0 I DO 01 I :r-: ..L...I _D6---L-_D7---J>-
\1...--,.---,.---,.---,.-__ ADDRESS/COMAND _________ ,'--- DATA INPUT/OUTPUT ---' 

BURST MODE TRANSFER 

o 2 8 9 10 22 23 0 1 126 127 

~'--R/W-r-I R-/W ~I ~ : I 0 I 0 I 0 I ~; I 0 I 1 I DO I 01 I \ ~ I 06 I 07 >--
\1..._____ ADDRESS/COMMAND ______ ..... "- DATA INPUT/OUTPUT -,.--.../ 

NOTES 
1.) DATA INPUT SAMPLED ON RISING EDGE OF CLOCK 
2.) DATA OUTPUT CHANGES ON FALLING EDGE OF CLOCK 

DATA INPUT 

FOllowing the 24 CLOCK cycles that input an address/command, a data byte is input on the 
rising edge of the next 8 CLOCK cycles, assuming that the read/write and write/read bits are 
properly set (for data input byte 1 bit 0 = 1; bit 1 = 0; bit 2 = 1; bit 3 = 1; bit 4 = 1; bit 5 = 0; 
bit 6 = 0; bit 7 = 1). 

DATA OUTPUT 

Following the 24 CLOCK cycles that input the read mode, a data byte is output on the fail
ing edge of the next 8 CLOCK cycles (for data output byte 1 bit 0 = 0; bit 1 = 1; bit 2 = 0; 
bit 3 = 0; bit 4 = 0; bit 5 = 1; bit 6 = 1; bit 7 = 0). 
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ABSOLUTE MAXIMUM RATINGS· 
VOLTAGE ON ANY PIN RELATIVE TO GROUND 
OPERATING TEMPERATURE 
STORAGE TEMPERATURE 
SOLDERING TEMPERATURE 

-1.0V to + 7V 

O°C to 70°C 
-40°C to 70°C 

260°C for 10 Sec 
·Thls is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Logic 1 V,H 2.0 VCC+.3 V 1 

Logic 0 V,L -0.3 0.8 V 1 

Supply VCC 4.5 5.0 5.5 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCC = 5V ± 10%) 

Input Leakage IlL 1 uA 5 

Output Leakage 'LO 1 uA 5 

Output Current @2AV IOH -1 mA 11 

Output Current @ .4V IOL +4 mAo 11 

Output Current @2AV IOH -400 uA 12 

Output Current @ .4V IOL 1.6 mA 12 

X Switch Impedance X 500 0 7 

Active Current ICC1 10 mA 8 

Standby Current ICC2 2 mA 8,2 
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CAPACITANCE (tA = 25 ·C) 

PARAMETER SYMBOL MIN UNITS NOTES 

Input Capacitance CIN 5 pF 

Output Capacitance COUT 7 pF 

A.C. ELECTRICAL CHARACTERISTICS (0·Cto70·C,VCC = 5V ±10%) 

PARAMETER SYMBOL MIN TYP. MAX UNITS NOTES 

Data to ClK Setup tDC 50 ns 3 

Data to ClK Hold tCDH 50 ns 3 

ClK to Data Delay tCDD 200 ns 3,4,6 

ClK low Time tCl 250 ns 3 

ClK High Time tCH 250 ns 3 

ClK Frequency fClK D.C. 2.0 MHZ 3 

ClK Rise & Fall tR, tF 10 ns 3 

RST to ClK Set Up tcc 1 us 3,9 

ClK to RST Hold tCCH 50 ns 3 

RST Inactive Time tCWH 1 us 3 

RST to I/O High Z tCDZ 75 ns 3 

Strobe to MATCH Valid tSM 35 ns 3 

Input Set-Up tsu 40 ns 3,4 

Input Hold tHD 10 ns 3,4 

506 



TIMING DIAGRAM-WRITE DATA TRANSFER 10 

RESET A 
-:.j tcc-

7L~f-
tR - •• , t=:11- tCCH 

J -itF 
CLOCK 

DATA 
INPUT/OUTPUT ___ '-'-<'-'-<'-LJ 

----" 

TIMING DIAGRAM-WRITE DATA TRANSFER 10 

CLOCK 

tDC 

DATA INPUT/OUTPUT 

TIMING DIAGRAM-COMPARATOR 10 

j.,'-
STROBE ______________________ --J 

_tsu--tHD-

IO·I15 >-~ ______________ ...J :K 
~---------------------
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NOTES 
1. All voltages are referenced to GND. 
2. RESET = V,H. 
3. Measured at V,H = 2.0 or V,L = .BV and 10 ns maximum rise and fall time. 
4. Measured at VOH = 2.4 volts and VOL = 0.4 volts. 
5. Vec = + 5 Volts with outputs open. 
6. Load capacitance = 100 pF. 
7. X Switch Impedance is the terminal resistance of switch pairs when the X Switch is 

closed-see Figure 2. 
B. Measured with outputs open. 
9. Measured at V,N of RST = 3.BV. 

10. A period of 100 ns must elapse after data transfer before switches and comparator out· 
puts are valid. 

11. Applies to DQ and MATCH. 
12. Applies to switches. 
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D51223 
Electronic Configurator 

24 13 
r-----------------------------~ 

1 1 .... _______ A 

-- 0 I- --II.-K -I G 1-
1---1'1 EQUAL SPACES AT----

,100 ±.010 TNA 

NOTE: Pin 18 is missing by design, 

1 
C 

J 
+ t 
E .~ 

DIM. 
INCHES 

MIN. MAX. 

A 1.320 1.335 

B .685 .700 

C .345 .360 

D .100 .120 

E .015 .030 

F .110 .130 

G .090 .110 

H .600 .650 

J .008 .012 

K .015 .021 

I. III 
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I; Dallas Semiconductor 
+ 5V Powered Dual RS·R3R 
Transmitter/Receiver 

DSR3R 
DS12RB-16·Pin DIP 
DS1RRBS-16·Pin sOle 

FEATURES 

• Operates from a single 5V power supply 

• 2 drivers and 2 receivers 

• Meets all EIA RS-232-C specifications 

• On-board voltage doubler 

• On-board voltage inverter 

• ± 30 V input levels 

• ± 9 V output levels with + 5 V supply 

• Low power CMOS 

• Pin compatible with the MAX 232 

• - 40 DC to + 85 DC temperature range 
available 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

PIN CONNECTIONS 

Cl+ 
v+ 

Cl
C2+ 
C2-
v-

R21N 
~ ___ r 

PIN NAMES 

vcc 
GND 

T1 OUT 

RllN 
Rl0UT 

TllN 

T21N 

R2 OUT 

C2+ AI IN 
C2- AI OUT 

v-

C1 +, C1 - Capacitor 1 Connections 
C2 +, C2 - Capacitor 2 Connections 
V+,V- - ±10Volts 
T1 IN, T2 IN - Transmitter In 
T1 OUT, T2 OUT - Transmitter Out 
R1 IN, R2 IN - Receiver In 
R1 OUT, R2 OUT - Receiver Out 
VCC - + 5 Volts 
GNO - Ground 

The OS232 is a dual RS-232-C Receiverrrransmitter that meets all EIA specifications while 
operating from a single + 5 volt supply. The OS232 has two internal charge pumps. One of the 
charge pumps is used to generate + 10 volts. The other is used to generate -10 volts. The 
OS232 also contains four level translators. Two of the level translators are RS-232 transmitters 
which convert TTUCMOS inputs into ± 9V RS-232 outputs. The other two level translators 
are RS-232 receivers which convert RS-232 inputs to 5V TTUCMOS outputs. These receivers 
are capable of operating with up to ± 30V inputs. The OS232 is suitable for all RS-232-C com
munications and is particularly valuable where higher voltage power supplies for RS-232 
drivers are not available. The power supply section of the OS232 supplies ± 10 volts from the 
VCC input. 

See the data sheet for the OS1229 for electrical specifications and operation. 
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Dual R8·232 Transmitter/Recei"er 
D81228 

9 

T 
B 

~:::;::::,:::=;::::::y:::::y:::==;::::;::::=;::=::r:::=r::~ 1 
1----.-- A ----+1:1 

t 
F 

I 

l-,,::.:, 
.100 ± .010 (rNA) 

DIM. 
INCHES 

MIN. MAX. 

A .740 .780 

B .240 .260 

C .120 .140 

0 .290 .310 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

III 
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Dual R8·232 Transmitter/Receiver 
D812288 

512 

L 7 EQUAL SPACES ~ r- @.050::!:.004TNA ., 

DIM. 

A 

B 

C 

D 

E 

F 
G 

H 

J 

K 

INCHES 

MIN. MAX. 

.403 .411 

.290 .296 

.089 .0~5 

.325 .330 

.008 .012 

.097 .105 

.046 .054 

.402 .410 

.006 .011 

.013 .019 



m. Dallas Semiconductor 
.. + 5 V Powered Triple 

RS·232 
Transmitter/Recei"er 

FEATURES 

• Operates from a single 5V power supply 

• 3 drivers and 3 receivers 

• Meets all EIA RS·232·C specifications 

• On·board voltage doubler 

• On·board voltage inverter 

• ± 30 V input levels 

• ± 9 V output levels with + 5 V supply 

• Low power CMOS 

• - 40 °c to + 85 °c temperature range 
available 

• Optional 20·Pin SOIC surface mount 
package 

DESCRIPTION 

DS1229-20·Pin DIP 
DS1229S-20·Pin sOle 

PIN CONNECTIONS 

C1+ 

T2 OUT 7 
R21N 

T30UT 
R31N 

PIN NAMES 

C1 +, C1 
C2+, C2 
V+, V
T1 IN, T2 IN, 

T10UT 
R1 IN 
R10UT 

· Capacitor 1 Connections 
• Capacitor 2 Connections 
· ± 10 Volts 

T3 IN . Transmitter In 
T1 OUT, T2 OUT, 
T3 OUT 
R1 IN, R2 IN, 

· Transmitter Out 

R3 IN . Receiver In 
R1 OUT, R2 OUT, 
R3 OUT • Receiver Out 
VCC . + 5 Volts 
GNO . Ground 

The OS1229 is a Triple RS·232·C ReceiverfTransmitter that meets all EIA specifications while 
operating from a single + 5 volt supply. The OS1229 has two internal charge pumps. One of the 
charge pumps is used to generate + 10 volts. The other is used to generate -10 volts. The 
OS1229 also contains six level translators. Three of the level translators are RS·232 transmit· 
ters which convert nUCMOS inputs into ± 9V RS·232 outputs. The other three level trans
lators are RS·232 receivers which convert RS·232 inputs to 5V nUCMOS outputs. These 
receivers are capable of operating with up to ± 30V inputs. The OS1229 is suitable for all RS· 
232·C communications and is particularly valuable where higher voltage power supplies for 
RS·232 drivers are not available. The power supply section of the OS1229 supplies ± 10 volts 
from the VCC input. 
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OPERATION 
The DS1229 has three sections: a triple transmitter, a triple receiver and a dual charge pump 
which generates ± 10 volts from the 5-volt supply. 

CHARGE PUMP SECTION 
The dual charge pumps within the OS1229 are used to generate the voltages necessary for 
level conversion from TTUCMOS to RS-232. One charge pump uses external capacitor C1 to 
double the VCC input to + 10 volts. The second charge pump uses external capacitor C2 to 
invert the+10volts to -10 volts. Capacitors C3 and C4 are used to filter the + 10 volt and 
-10 volt power supply. The recommended size of capacitors C1-C4 is 22 uF but the value is 
not critical. Increasing the value of C3 and C4 will lower the 16 KHz ripple on the ± 10 volt 
supplies and the RS-232 outputs. The value of C1 and C4 can be lowered to 1 uF where size is 
critical. 

TRANSMITTER SECTION 
The three transmitters are CMOS inverters powered by the internal ±10 volt supply.The input 
is TTUCMOS compatible. Each input has an internal 750 K pull-up resistor so that unused 
transmitter inputs can be left unconnected. Unused transmitter inputs will force the outputs 
low. The open circuit output voltage swing is from + 10 volts to -10 volts. Worst-case condi
tions for RS-232-C of ± 5 volt driving a 3 K load are met at maximum allowable ambient tem
perature and a VCC level of 5.0 volts~ Typical voltage swings of ± 9 volts occur with outputs 
of 5 K and VCC equal to 5 volts. The slew rate at the output is limited to less than 30 volts/us 
and the power-down output impedance will be a minimum of 300 ohms with ± 2 volts applied 
to the outputs and Vccat zero volts. The outputs are also short-circuit-protected and can be 
short-circuited to ground indefinitely. 

RECEIYER SECTION 
The three receivers conform fully to the RS-232-C specifications. The input impedance is be
tween 3 K ohms and 7 K ohms and can withstand up to ± 30 volts with or without VCC ap
plied. The input switching thresholds are within the ± 3 volts limit of RS-232-C specification 
with a VIL of 0.7 volts and a VIH of 2.4 volts. The receivers have 0.5 volts of hysteresis to im
prove noise rejection. The TTUCMOS compatible output of the receiver will be low whenever 
the RS-232 input is greater than 2.4 volts. The receiver output will be high when the input is 
floating or driven between + 0.8 V and - 30 V. 

ABSOLUTE MAXIMUM RATINGS* 
VCC ............................... + 7 volts 
V+ .............................. +12volts 
V - .............................. -12volts 
Transmitter Inputs ....... - 0.3V to (VCC + 0.3V) 
Receiver Inputs .................... ± 30 volts 
Transmitter Outputs .. (V + + 0.3V) to (V - - 0.3V) 
Receiver Outputs ........ -0.3V to (VCC + 0.3V) 
Storage Temperature. . . . . . . . .. - 55·C to 125·C 
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RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Power 
VCC 4.5 5.0 5.5 V 1 Supply Voltage 

Logic 1 Input VIH 2.2 VCC+0.3 V 1 

Logic 0 Input VIL -0.3 +0.8 V 1 

RS-232 
VRS -30 +30 V 1,2,11 Input Voltage 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = + 5 volts ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

RS-232 
VORS ±5 ±9 ±10 V 3,12 Output Voltage 

Power Supply 
IDD 5 10 mA 4 Current 

Transmitter 
ITP 5 200 uA 5 Pull-up Current 

RS-232 Input 
VTL +0.7 + 1.2 V 6 Threshold Low 

RS-232 Input 
VTH 1.7 2.4 V 6 Threshold High 

RS-232 Input 
VHY 0.2 0.5 1.0 V Hysteresis 

ReceiverOutput 
IOH -1.0 mA Current @2.4 V 

Receiver Output 
IOL +3.2V mA Current @0.4 V 

Output Resistance ROUT 300 .n. 7 

RS-232 Output 
ISC ± 15 mA Short Circuit III 

Propagation Delay tPD 3 us 8 

Transmitter Output In-
tSR 30 V/us 9 stantaneous Slew Rate 

Transmitter Output 
ttSR 3 V/us 10 Transition Slew Rate 

V + Supply Voltage V+ +5.5 9 V 

V - Supply Voltage V- -5.5 8.5 V 
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DS1229 RS·232 TRANSMITTER/RECEIYER TEST CIRCUIT Figure 1 

r---t-----\J 1 C1 + 

22uF 2 V+ 

3 C1-

+ 4 C2+ 

22uF 
'--~-----II 5 C2-

3Kn
-L-r------~~--~--I 

RS·232 
± 30 V INPUT >----1 

3Kn. 

RS·232 "'>-__ -1 
±30V INPUT 

6 V-

7 T20UT 

8 R21N 

9 T30UT 

10 R31N R30UT 11 

TYPICAL APPLICATIONS Figure 2 
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TTL/CMOS) 

OUTPUTS ~ 

C1 
22pF 

C3 
22pF 

+5volt8 

+5Vto 10V 
VOLTAGE DOUBLER 

+10Vto -10V 
VOLTAGE INVERTER 

3 Kn RS·232 OUTPUT 

fl----C RS·232 ± 30 V 
INPUT 

1--------._ TTL/CMOS OUTPUT 

1---:::TTLfCMOS INPUT 

1---::: TTL/CMOS INPUT 

1--------__ TTL/CMOS OUTPUT 

(----< TTL/CMOS INPUT 

1-------__ TTL/CMOS OUTPUT 

+10V 

-10V 

TXD 
RS·232 OUT 

RTS 
RS·232 OUT 

DTR 
RS·232 OUT 

RXD 
RS·232 IN 

CTS 
RS·232 IN 

DSR 
RS·232 IN 

C4 
22pF 

C2 
..:r:.. 22pF 



NOTES: 
1. All voltages are referenced to ground. 

2. Applies to Receiver Inputs only. 

3. T1, T2, and T3 loaded with 3K ohms to ground. 

4. All outputs are unloaded. 

5. T1, T2, and T3 Inputs = 0 volts. 

6. VCC = + 5 volts. 

7. VOUT = ± 2 volts. 

8. R8-232 to TIL or TIL to R8-232. 

9. CL=10 pF, RL=3 K, TA=O·C. This parameter is sample tested only. 

10. RL = 3 K , CL = 2500 pF measured from + 3 volts to - 3 volts or - 3 volts to + 3 volts. 

11. This parameter is sample tested only. 

12. Negative output level of - 5V is increased to - 4.75V for the D81229 only. Positive output 
level remains at + 5V. Use of a + 10%, - 5% power supply will restore the negative level 
to -5V. 

517 

III 



20 

Triple RS·232 Transmitter/Receiver 
DS1229 

11 

l 
B 

~_,I 
1 .. 1. ___ -'--__ --'- A _____ ~+i.110 

DIM. 

A 

B 
C 

0 

E 

F 

G 
H 

J 

K 

9 Equal Spaces At 
-- .100±.010TNA -----+\ J 
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INCHES 

MIN • MAX. 

. 960 1.040 

.240 .260 

.120 .140 

.290 .310 

.020 .040 

.110 .130 

.090 .110 

.300 .350 

.008 .012 

.015 .021 



Triple R8·232 Transmitter/Recei"er 
D812298 

DIM. 
INCHES 

L-9 EQUAL SPACES ----.J I' @,850±.004TNA --I 

MIN. 

A .503 

B .290 

C .089 

0 .325 

E .008 

F .097 

G .046 

H .402 

J .006 

K .013 

r- B 

MAX. 

.511 

.296 

.095 

.330 

.012 

.105 

.054 

.410 

.011 

.019 

III 
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I. Dallas Semiconductor 
• "icro.onifor 

FEATURES 

• Halts and restarts an out-of-control 
microprocessor 

• Holds microprocessor in check during 
power transients 

• Automatically restarts microprocessor 
after power failure 

• Monitors pushbutton for external over
ride 

• Accurate 5% or 10% microprocessor 
power supply monitoring 

• Eliminates the need for discrete com
ponents 

• Space saving a-pin Mini-DIP 

• Optional 16-pin SOIC surface mount 
package 

DESCRIPTION 

DS1232-B·Pin DIP 
DS1232S-16·Pin sOle 

PIN CONNECTIONS 

NC NC 
P"B"'Rsi' 'Pii'Rsi' vcc 

NC NC 
TO Sr TO Si' 

TOl RsT NC NC 

TOl RSi' 
GNO RST NC NC 

GNO RST 

PIN NAMES 
PB RST - Push Button Reset Input 
TD - Time Delay Set 
TOl - Selects 5% or 10% VCC Detect 
GND - Ground 
RST - Reset Output (Active High) 
RST - Reset Output (Active low,Open Drain) 
ST - Strobe Input 
VCC - + 5 Volt Power 
NC - No Connections 

The DS1232 monitors three vital conditions for a microprocessor: power supply, software 
execution, and external override. First, a precision temperature compensated reference and 
comparator circuit is used to monitor the status of power (VCC). When an out-of-tolerance 
condition occurs, an internal power fail signal is generated which forces reset to the active 
state. When VCC returns to an in-tolerance condition, the reset signals are kept in the active 
state for a minimum of 250 ms to allow the power supply and processor to stabilize. The sec
ond function the DS1232 performs is pushbutton reset control. The DS1232 debounces the 
pushbutton input and guarantees an active reset pulse width of 250 ms minimum. The third 
function is a watchdog timer. The DS1232 has an internal timer which forces the reset sig
nals to the active state if the strobe input is not driven low prior to time out. The watchdog 
timer function can be set to operate on time-out settings of approximately 150 ms, 600 ms, 
and 1.2 seconds. 
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OPERATION-POWER MONITOR 
The OS1232 provides the function of detecting out-of-tolerance power supply conditions and 
warning a processor-based system of impending power failure. When Vee falls below a 
preset level as defined by TOl (Pin 3), the Vee comparator outputs the signals RST (Pin 5) 
and RST (Pin 6). When TOl is connected to ground, the RST and RST signals become active 
as Vee falls below 4.75 volts. When TOl is connected t2...Yce the RST and RST signals 
become active as Vee falls below 4.5 volts. The RST and RST are excellent control signals 
for a microprocessor, a.!..E!ocessing is stopped at the last possible moments of valid Vee. 
On power up, RST and RST are kept active for a minimum of 250 ms to allow the power sup
ply and processor to stabilize. 

OPERATION-PUSHBUTTON RESET 
The OS1232 provides an input pin for direct connection to a pushbutton (Figure 2). The push
button reset input reqUires an active low signal. Internally, this input is debounced and timed 
such that RST and RST signals of 250 ms minimum are generated. The 250 ms delay starts 
as the pushbutton reset input is released from low level. 

OPERATION-WATCHDOG TIMER _ 
The OS1232 provides a watchdog timer function by forCing RST and RST Signals to the active 
state when the ST input is not stimulated for a predetermined time period. The time period is 
set by the TO input to be 150 ms with TO connected to ground, 600 ms with TO left uncon
nected, and 1.2 seconds with TO connected to Vee. The watchdog timer starts timing out 
from the set time period as soon as RST and RST are inactive. If a high-to-Iow transition oc
curs on the ST input pin prior to time out, the watchdog timer is reset and begins to time out 
again. If the watchdog timer is allowed to ti~ out, then the RST and RST signals are driven 
to the active state for 250 ms minimum. The ST input can be derived from microprocessor ad
dress signals, data signals, and/or control signals. When the microprocessor is functioning 
normally, these signals would, as a matter of routine, cause the watchdog to be reset prior to 
time out. A typical example is shown in Figure 3. 

MICRO MONITOR BLOCK DIAGRAM Figure 1 

ST~----------~----------------------------~ 

Vce >---r~v::-,:c~c-' 
Tolerance ~_--I 

B i a s 
TOL>--L:":":':..J 

Digital 
Sampler Digital 

Delay 

Level Sense Time Out 
PB RST >---t and 1------------------....... '-----------------1. 

TO >---1 

Debounce Comparator 

Voltage 
Sense 

RST 

RST 
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PUSHBUTTON RESET Figure 2 

+5VDC 

+SVDC ~--------------------~ALE 

GND RST 
D---------------------.-IRST 

WATCHDOG TIMER Figure 3 

+SVDC 

r---e----1- PBRsT r-r-~ 
~ ~ 

Sr 

DS1232 ---
~ RST 

GND J RST Rsi' 

-== -
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UP 

Z80 

--MREQ 

Address Bus 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -1.0V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -55°C to 125 °c 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °c to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

ST and PB RST 
VIH 2.0 VCC+0.3 V 1 Input High Level 

ST and PB RST 
VIL -0.3 +0.8 V 1 Input Low Level 

D.C. ELECTRICAL CHARACTERISTICS (0 °C to 70°C, V CC = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Input Leakage IlL -1.0 + 1.0 uA 3 

Output Current 
IOH -1.0 -2.0 mA @2.4V 

Output Current 
IOL 2.0 3.0 mA @O.4V 

Operating Current ICC 0.5 2.0 mA 2 

V~c Trip Point 
(T L=GND) VCCTP 4.50 4.62 4.74 V 1 

VCC Trip Point 
VCCTP 4.25 4.37 4.49 V 1 (TOL=VCC) 
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CAPACITANCE (tA=25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 5 pF Capacitance 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

PB RST VIL tPB 20 ms 

RESET Active Time tRST 250 610 1000 ms 

ST Pulse Width tST 20 ns 

V~f Detect to 
Rand RST tRPD 100 ns 

V9~ Slew Rate 
4. V· 4.25V tF 300 us 

V~f Detect to 
Rand RST tRPU 250 610 1000 ms 4 

V ~~ Slew Rate 
4. V· 4.75V tR 0 ns 

NOTES: 

1. All voltages referenced to ground. 

2. Measured with outputs open. 

3. PB RST is internally pulled up to VCC with an internal impedance of 10K typical. 

4.tR=5us. 

5. RST is an open drain output. 
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TIMING DIAGRAM-PUSHBUTTON RESET 

RST 

TIMING DIAGRAM-STROBE INPUT 

--j tST r------.1 I~I' 

I-
tTO = 250 ms maximum with TO pin at Ground 

tTO = 1 sec maximum with TO pin floating 

tTO=2 sec maximum with TO pin connected to Vee 

NOTE: 

tTO 

I I 
·1 

tTO is the maximum elapsed time between ST pulses which will keep the watchdog timer from 
forcing RST and RST to the active state for a time of tRST· tTO times are given as maximum. III 
The minimum time is 25% of maximum. 
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TIMING DIAGRAM-POWER DOWN 

Vee 

RST 

TIMING DIAGRAM-POWER UP 

Vee 
f+---' ........ -- tRPU ----I 

RST 

RST 
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D81232 
AficroAfonitor 

8 

f 
F 

t 

DIM. 
INCHES 

MIN. MAX. 

A .360 .400 

8 .240 .260 

C .120 .140 

D .290 .310 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 

---'w'-_ J 

~H 

" I· 
I 

·1 l1li 
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D812328. r 
MicroMon,fo 
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1-' Dallas Semiconductor 
.. Eliminator 

FEATURES 

• Replaces 8 hard-to-get-at manual 
switches 

• Option printed circuit board via soft
ware 

• 081290 remembers settings in the 
absence of power 

• Modular expansion by cascading 
packages 

• 8et or interrogate with only three 
signals 

• Requires no pull-up resistors 

• Links to system bus with the OS1206 
Phantom Interface 

• Low power CM08 

• 081291 Volatile Eliminator 

• Change of switch settings occur 
simultaneously 

• Over 10 years of data retention 

DESCRIPTION 

PIN CONNECTIONS 

GN02 GN03 
T VCC 

,~> 
01 °A 

°H °B 
°G °c 
OF 00 

°E CLEAR 
GNO CLOCK 

PIN NAMES 

T - Transfer 
01 - Data Input 
OAOH - 8witch Outputs 
CLOCK - Clock Input 
CLEAR - All Outputs 8et Low 
VCC - + 5 Volts 
GNO Ground 
GN02 MiSSing on 081290 

D81290 
D81291 

Must Be Grounded on 081291 
GN03 Missing on 081290 

Must Be Grounded on 081291 

The 081290 Eliminator replaces manual switches used to option printed circuit boards. 
Eight output pins can be set to a logic level or interrogated by three Signals, clock, data and 
transfer. The Eliminator can be controlled with software using the 081206 Phantom Interface 
to synthesize the clock, data and transfer signals from a system bus. Multiple packages can 
be strung together for modular expansion. Once programmed, the 081290 will maintain high 
or low level output duplicating the effects of a mechanical switch and pull-up resistor. The 
technical support needed to configure a system is minimized with the Eliminator, Phantom 
Interface and menu-driven software. 

See the data sheet for the 081292 for eleQtrical specifications and operation. 
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Nonvolatile Eliminator 
D81,280 

o 
~--------------~--~----~ 

'I 

530 

A~ 

, / 

6 Equal Spaces --. 
at .100 ± .010 TNA 

~ 
B 

~ 

t 
c D 

t t 
t 

DIM. 
INCHES 

MIN. MAX. 

A .840 .860 

B .370 .390 

C .230 .250 

D .020 .040 

E .115 .135 

F .090 .110 

G .015 .021 

H .008 .012 

J .300 .350 

E 

i [I 

t 



Volatile Eliminator 
DS1291 

1 

9 

:1 1 ..... _------ A ------~ 

I 7 :!17,a~es at --=--:r ~ .100 ± .010 (TNA) 

T 
B 

1 

• F 
I 

INCHES -DIM. 
MIN. MAX. 

A .740 .780 

B .240 .260 

C .120 .140 

0 .290 .310 

E .020 .030 

F .110 .130 

G .090 .110 

H .300 .350 

J .008 .012 

K .015 .021 
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I. Dallas Semiconductor 
.. Eliminator 

FEATURES 

• Replaces 16 hard-to-get-at manual 
switches 

• Option printed circuit board via soft
ware 

• DS1292 remembers settings in the 
absence of power 

• Modular expansion by cascading 
packages . 

• Set or interrogate with only three 
signals 

• Requires no pull-up resistors 

• links to system bus with the DS1206 
Phantom Interface 

• Low power CMOS 

• DS1293 Volatile Eliminator 

• Change of switch settings occur 
simultaneously 

• Over 10 years of data retention 

DESCRIPTION 

PIN CONNECTIONS 

PIN NAMES 

T - Transfer 
DI - Data Input 

GN03 

vcc 
°A °e 
°c 
00 

°E 
OF 

°G 
°H 
cm:R 
CLOCK 

OAOa - Switch Outputs 
CLOCK - Clock Input 

D81292 
D81293 

CLEAR - All Outputs Set Low 
VCC - + 5 Volts 
GND - Ground 
GND2 - Missing on DS1292 

Must Be Grounded on DS1293 
GND3 Missing on DS1292 

Must Be Grounded on DS1293 

The DS1292i Eliminator replaces manual switches used to option printed circuit boards. Six
teen output pins can be set to a logic level or interrogated by three signals, clock, data and 
transfer. The Eliminator can be controlled with software using the DS1206 Phantom Interface 
to synthesize the clock, data and transfer signals from a system bus. Multiple packages can 
be strung together for modular expansion. Once programmed, the DS1292 will maintain high 
or low level output duplicating the effects of a mechanical switch and pull-up resistor. The 
technical support needed to configure a system is minimized with the Eliminator, Phantom 
Interface and menu-driven software. 
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OPERATION 
The OS1292/DS1293 Eliminator is a 16-bit shift register which has a clocked serial input, an 
asynchronous clear, and an output transfer control (see Block Diagram, Figure 1). Data can 
be entered into the 16-bit register only when the transfer input (T) is at a high level. While at a 
high level the transfer function allows serial entry of data via the data input pin (01). The out
puts OQ through OB remain in the state which was set prior to T being driven to a high level. 
Output OA will change state as new data is entered. This output provides a method of "feed
ing back" actual output settings prior to setting the Tinput low (Figure 2). When the Tinput 
is driven low, new data which has been input into the 16-bit shift register is now locked at 
outputs OQ through 0A. When the Tinpu.!...is low, all clock and data inputs are ignored. Valid 
data is clocked into the eliminator while T is high on the low-to-high transition of the CLOCK 
input. Data may be changed while the CLOCK input is high or low, but only data meeting the 
setup requirements will enter the shift register. The CLEAR input will always set all outputs 
to low level regardless of the level of the CLOCK or T input. 

DATA RETENTION MODE 
The OS1292 Eliminator provides full functional capability when VCC is greater than 4.5 volts 
and will ignore all inputs when VCC reaches 4.25 volts typical. In this manner, the settings of 
each register remain intact during power transients. As VCC falls below approximately 3 
volts, an internal power switching circuit connects a lithium energy source to the shift 
register to maintain data. During power up when VCC rises above approximately 3 volts, the 
power switching circuit connects external VCC to the shift register and disconnects the 
lithium energy source. Normal operation can resume after VCC exceeds 4.5 volts for a time 
of 10 MS minimum. During power transients the 16 outputs will track the level of VCC if set 
to Logic 1 and will remain at ground level if set to Logic Zero. 

TYPICAL APPLICATION-ELIMINATOR 
The OS1292 and OS1206 combine to make a programmable nonvolatile DIP switch which can 
be transparently set in systems without disturbing other operations. Because the switches 
are nonvolatile, the switches need only to be set once as they will remain in the programmed 
state indefinitely. The block diagram of Figure 2 shows the Eliminator implemented with the 
DS1206 Phantom Interface. The DS1206 samples four address lines and the chip enable 
signal, looking for a special pattern for 24 consecutive cycles (see the Data Sheet for the 
OS1206). When a proper match is found, the address lines and one data line become control 
and data signals which are used to program and verify the settings of the DS1292. All of the 
signaling sent to the OS1206 and subsequently to the OS1292 are generated by software 
controlled read cycles which have no effect on the rest of system operation. The clear signal 
can be used to restore a system back to an unconfigured state. 
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BLOCK DIAGRAM-DS1292/DS1293 Figure 1 
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PHANTOM INTERFACE AND ELIMINATOR TYPICAL APPLICATION Figure 2 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -3.0V to + 7.0V 
Operating Temperature ooe to 70°C 
Storage Temperature -40°C to 70°C 
Soldering Temperature 260°C for 10 Sec 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °e to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.0 5.5 V 1 

Logic 1 VIH 2.2 Vee +0.3 V 1 

• Logic 0 VIL -0.3 +0.8 V 1 

D.C. ELECTRICAL CHARACTERISTICS (0 °e to 70 °e, Vee = 4.5 to 5.5V) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Supply Current ICC 3 5 mA 

Input Leakage IlL -1.0 +1.0 uA 4 

Output Leakage ILO -1.0 +1.0 uA 

Logic 1 Output 
IOH -1.0 mA 2 @2.4 V 

Logic 0 Output 
IOL 4.0 mA 2 @0.4V 
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CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
Capacitance CIN 5 pF 

Output 
COUT 7 pF Capacitance 

A.C. ELECTRICAL CHARACTERISTICS (0 °c to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES 

Clock Frequency fCLOCK 10 MHz 

Width of Clock Pulse tWCLOCK 50 ns 3 

Width of Clear Pulse tWCLEAR 50 ns 3 

Data Set-Up Time tsu 30 ns 3 

Data Hold Time tH 10 ns 3 

Propagation Delay Time 
High to Low Level tPHLC 70 ns 3 
Clear to Output 
Propagation Delay Time 
Low to High Level tpLH 50 ns 3 
Clock to Output 
Propagation Delay Time 
High to Low Level tPHL 50 ns 3 
Clock to Output 

Recovering on Power Up tREC 10 ms III 
Propagation Delay Time 
High to Low Level tPLX 50 ns 3 
Transfer to 0 Out 
Transfer High to Clock 

tHHT 50 ns 3 Input High 
Transfer Low from Clock 

tHLT 50 ns 3 Input High 

537 



TIMING DIAGRAM-CLEAR CONTROLl3) 

.'"'c~-
OUTPUTS .1 

TIMING DIGRAM-TRANSFER DATA(3) 

TRANSFER 

CLOCK PULSE 

SERIAL INPUTS 

00 through 0A 
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TIMING DIAGRAM-POWER·Upl31 

;}: •. "",. 
________ / ~IREC 

NOTES: 
1. All voltages are referenced to ground. 

INPUTS ACCEPTED 

2. Measured with a load as shown in Figure 4. 

3. VREF = 1.5 Volts. 

4. Clock and transfer inputs have internal pull-down resistors of 20Kn typical. Clear has 
an internal pull·up resistor of 20K.n typical. 

OUTPUT LOAD Figure 4 

+5 Volts 

1.1 K 

D.U.T. _--e-----. 

680n 

50pF 
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Nonvolatile Eliminator 
D81292 

1 11. 
)()()()( flf)()()()()( ~ 
L ,:~,::esF-=t 

at .100 ± .010 TNA 
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DIM. 

A 

B 

C 

0 

E 

F 
G 

H 

J 

E 

t 

t 

INCHES 

MIN. MAX. 

1.236 1.256 

.370 .390 

.230 .250 

.020 .040 

.115 .135 

.090 .110 

.015 .021 

.008 .012 

.300 .350 

~II4-H 



Volatile Eliminator 
D81293 

24 13 

[ : : : : : :: : : : ]1 
11 A 121 

~~ 
I K-II-I-G~ 
____ 11 EQUALSPAcEs ____ 1 

AT .100±.010TNA 

DIM. 
INCHES 

MIN. MAX. 

A 1.150 1.190 

B .240 .260 

C .120 .140 
D .290 .310 

E .020 .040 

F .110 .130 

G .090 .110 

H .325 .375 

J .008 .012 

K .015 .021 

I-H--j 

m 
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SipStik™ Products 
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llii.... Dallas Semiconductor 
II DRAM 5IP5T1K™ 

FEATURES 
• Maintaines data in the absence of system 

power. 

• Compatible with existing DRAM SIMM 
applications 

• Normal operating mode completely 
unaffected 

• Nonvolatile circuitry transparent and 
independent from host system 

• No additional components required 

• Conforms to popular JEDEC standard 
30 position SIMM DRAM module 

• Accomodates either 6 volt primary 
energy cell or rechargable energy source 

• Memory array available as 256K or 1024K 
bytes with optional parity bit 

• RAS access time of 120ns, 15Ons, or 
200ns 

DESCRIPTION 

The DS2208118 by 8 and DS2209/19 by 9 
family of nonvolatile DRAM SIMM modules 
provide all necessary timing, refresh genera
tion, and power down/power up sequencing 
necessary to maintain data integrity during 
system power failure. A 6 volt primary cell or 
a rechargable energy source can be used to 
support data retention. Available in 262,144 
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PRODUCT PREVIEW 
D5220912219 

PIN CONNECTIONS 

PIN NAMES 
Vee 
GND 
1\-A,jAg 
we 
FmS 
CAS 
000-007 

VBAT 

~~ 
PCAS 

PO 

-+5 volt supply 
-Ground 
-Address Inputs 
-Write Enable 
-Row Address Strobe 
-Column Address Strobe 
-Data Inputs/Outputs 
-External Voltage Input 
-+ 12 Volt Supply 
-Parity Data Output 
-Parity Column Address 
Strobe 
-Parity Data Input 

and 1,048,576 bytes, the memory modules 
conform to the standard 30 position SIMM pin 
configuration. The self contained memory 
maintenance circuitry resides transparently to 
host system eliminating the need for any 
additional components. 



II. Dallas Semiconductor 
IIr 5RAM 51P5T/I(1M 

FEATURES 
• Data retention in the absence of V cc 

• Directly replaces volatile SRAM 

• Employs popular JEDEC standard 30 
position 51MM connection scheme 

• Nonvolatile circuitry transparent and 
independent from host system 

• No additional components 

• 10 year data retention 

• Organized as 128K bytes 

• Available in 120ns, 150ns, and 200ns 
Read Access Time 

• Full +/- 10% operating range 

• Optional +/- 5% operating range 

• Read cycle time equals write cycle time 

• Unlimited write cycles 

• Automatic write protection circuitry 
safeguards against data loss 

• Wide operating temperature range of O°C 
t0700c 

DESCRIPTION 
The 052217 is a self-contained 1,048,576 bit 
nonvolatile static RAM organized as 131 ,072 
words by 8 bits. The nonvlatile memory 
contains all necessary control circuitry and 
energy sources to maintain data integrity in 

PRELIMINARY 
D52217 

PIN CONNECTIONS 

o 0 
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

PIN NAMES 

- +5 volt supply 
- Ground 
- Address Inputs 
- Data Input/Output 
- Chip Enable 
- Output Enable 
- Write Enable 

the absence of power for more than 10 years. 
The 052217 conforms to the popular 30 posi
tion 51MM pinout requiring no additional cir
cuitry. 
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OPERATION 
The 052217 5RAM 51MM is used like any standard static RAM. All of the nonvolatile circuitry re
sides transparently to the user. Decoding from upper order address lines is also integrated into 
the nonvolatile controller and is transparent to 5RAM operation. Connection to the 052217 
is made by using an industry standard, 3D-position 51MM socket (AMP part number 643930-1). 
These 51MM sockets are also available in double row and low profile angled variations. 

READ MODE 
The 052217 is executing a read cycle whenever WE (write enable) is inactive (high) and eE 
(chip enable) is active (low). The unique address specified by the 17 address inputs (AO-A1S) 
defines which byte of data is to be accessed. Valid data will be available to the eight data I/O 
pins within tAee (access time) after the last address input signal is stable, providing that CE 
(chip enable) and DE (output enable) access times are also satisfied. If OE and rn: times are 
not satisfied, then data access must be measured from the later occurring signal (CE or o'E) 
and the limiting parameter is either teo for eE or tOE for OE rather than address access. 
Read cycles can only occur when Vee is greater than 4.5 volts. When Vee is less than 4.5 
volts, the memory is inhibited and all accesses are ignored. 

WRITE MODE 
The 052217 is in the write mode whenever both WE and eE signals are in the active (low) 
state after address inputs are stable. The latter occurring falling edge of eE or WE will deter
mine the start of the write cycle. The write cycle is terminated by the earlier rising edge of ~ 
or WE. All address inputs must be kept valid throughout the write cycle. WE must return to 
the high state for a minimum recovery time (tWR) during write cycles to avoid bus conten
tion. However, if the output bus has been enabled (CE and C5E active) then WE will disable 
the outputs in toow from its falling edge. Write cycles can occur only when Vee is greater 
than 4.5 volts. When Vee is less than 4.5 volts, the memory is write protected. 

DATA RETENTION MODE 
The nonvolatile 51MM provides full functional capability for Vee greater than 4.5 volts 
and guarantees write protection for Vee less than 4.5 volts. Data is maintained in the 
absence of Vee without any additional support circuitry. The 052217 constantly monitors 
Vee. 5hould the supply voltage decay, the RAM is automatically write protected below 4.5 
volts. As Vee falls below approximately 3.0 volts, the power switching circuit connects a 
lithium energy source to RAM to retain data. During power up, when Vee rises above approx
imately 3.0 volts, the power switching circuit connects the external Vee to the RAM and 
disconnects the lithium energy source. Normal RAM operation can resume after Vee ex
ceeds 4.5 volts. 

The 052217 checks battery status to warn of potential data loss. Each time that Vee power 
is restored to the 052217 the battery is checked with a precision comparator. If the battery 
supply is less than 2.0 volts, the second memory cycle is inhibited. Battery status can, there
fore, be determined by performing a read cycle after power up to any location in memory, 
recording that memory location content. A subsequent write cycle can then be executed to 
the same memory location, altering data. If the next read cycle fails to verify the written data, 
the contents of the memory are questionable. 

In many applications, data integrity is paramount. The 5RAM 51MM provides battery redun
dancy. The 052217 provides an internal isolation switch which provides for the connection 
of two batteries. During battery back-up time, the battery with the highest voltage is selected 
for use. If one battery fails, the other will automatically take over. The switch between bat
teries is transparent to the user. A battery status warning will occur only if both batteries are 
less than 2.0 volts. 
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ABSOLUTE MAXIMUM RATINGS· 
Voltage on any Pin Relative to Ground -0.3V to + 7.0V 
Operating Temperature O°C to 70°C 
Storage Temperature -40°C to 85°C 
*This is a stress rating only and functional operation of the device at these or any other con
ditions above those indicated in the operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0 °C to 70°C) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Power Supply Voltage VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 VCC+0.3 V 

Input Low Voltage VIL -0.3 +0.8 V 

D.C. ELECTRICAL CHARACTERISTICS (O°C to 70°C, VCC = 5V ± 10%) 

PARAMETER SYMBOL MIN TYP MAX UNITS 

Input Leakage Current IlL -60 +60 uA 

1/0 Leakage Current ILO -10 +10 uA 

Output Current @2.4V 10H -1.0 -2.0 mA 

Output Current @0.4V 10L 2.0 3.0 mA 

Standby Current CE = 2.2V ICC 15 25 mA 

Operating Current ICC 50 100 mA 

CAPACITANCE (tA = 25°C) 

PARAMETER SYMBOL MAX UNITS NOTES 

Input 
CIN 50 pF Capacitance 

Output 
COUT 50 pF Capacitance 
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A.C. ELECTRICAL CHARACTERISTICS (O·Cto +70·C, VCC=5.0V±10%) 

DS2217·120 DS2217·150 DS2217·200 

PARAMETER SYM MIN MAX MIN MAX MIN . MAX UNITS NOTES 

Read Cycle Time tAC 120 150 200 ns 

Access Time tACC 120 150 200 ns 

OE to Output Valid tOE 60 70 100 ns 

OE to Output Valid tco 120 150 200 ns 

OE or CE"to 
tCOE 5 10 10 ns Output Active 

Output High Z 
too 40 70 100 ns from Oeselection 

Output Hold From 
tOH 10 10 10 ns Address Change 

Write Cycle Time twc 120 150 200 ns 

Write Pulse Width twp 90 100 170 ns 3 

Address 
tAW 0 0 0 ns Set Up Time 

Write 
tWR 0 10 10 ns Recovery Ti me 

Output High Z 
toow 40 70 80 ns From WE 

Output Active 
tOEW 5 10 10 ns 8 From WE 

Data Set Up Time tos 50 60 80 ns 4 

Data Hold Time tOH 0 0 0 ns 4,5 
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READ CYCLE (1) 

DOUT 

WRITE CYCLE 1 (2), (6), (7) 

DOUT 

DIN 

WRITE CYCLE 2 (2), (8) 

DOUT 

DIN 

ICO 

IOE 

leOE 

ICOE 

IRC 

VOH 
VOL 

Iwe 

IWp 

V,L 

VIL 

HIgh Impedance 

~IH.L~ ~l'~ -------------""""")<..k DATA IN STABLE ,1(\,-------
-------------- VIL VIL ~-----

Iwe 
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POWER·DOWN' POWER·UP CONDITION 

VCC---"""'\ 

3.2V __ 

I I 
~----->., T---~'___--------' I DATA RETENTION TIME I 

Leakage Current ... ---- lOR ----.... 

CE--..J 

IL supplied from 
lithium cell 

POWER·DOWN' POWER·UP TIMING 

SYM PARAMETER MIN MAX UNITS NOTES 

tPD CE at VIH before Power Down 0 ps 

tF VCC slew from 4.5V to OV (CE at VI H) 100 ps 

-
tR VCC slew from OV to 4.5V (CE at VI H) 0 ps 

tREC CE at VIH after Power Up 2 125 ms 

SYM PARAMETER MIN MAX UNITS NOTES 

tDR Expected Data Retention Time 10 years 9 

WARNING: 
Under no circumstances are negative undershoots, of any amplitude, allowed when device is 
in battery backup mode. 
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NOTES: 
1. WE is high for a Read Cycle. 

2. OE = VIH or VIL. If OE = VIH during write cycle, the output buffers remain in a high im
pedance state. 

3. twp is specified as the logical "AND" of CE and WE. 
twp is measured from the latter of CE or WE going low to the earlier of CE or WE going 
high. 

4. tOH, tos are measured from the earlier of cr or WE going high. 

5. tOH is measured from WE going high. If CE is used to terminate the write cycle then 
tOH =20 ns. 

6. If the CE low transition occurs simultaneously with or latter from the WE low transition in 
a Write Cycle 1, the output buffers remain in a high impedance state in this period. 

7. If the CE high transition occurs prior to or simultaneously with the WE high transition in 
Write Cycle 1, the output buffers remain in a high impedance state in this period. 

8. If the WE is low or the WE low transition occurs prior to or simultaneously with the CE 
low transition, the output buffers remain in a high impedance state in this period. 

9. Each 052217 is marketed with a 4-digit date code AABB. AA designates the year of man
ufacture. BB designates the week of manufacture. The expected tOR is defined as start
ing at the date of manufacture. 

D.C. TEST CONDITIONS 
Outputs Open 
t Cycle = 250 ns 
All Voltages Are Referenced to Ground 

A.C. TEST CONDITIONS 
Output Load: 100 pF + 1TIL Gate 
Input Pulse Levels: 0-3.0 V 
Timing Measurement Reference Levels 

Input: 1.5V 
Output: 1.5V 

Input Pulse Rise and Fall Times: 5 ns 
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DS!l!l17 
Nonvolatile SRAM S/MAt 

DIM. INCHES 

A 3.500 

B 3.234 

C 0.133 

D 0.400 

E 0.250 

F 0.070 Min. 

G 0.080 

H 0.300 

J 0.070 

K 0.100 

L 0.180 Max. 

M 0.010 Max. 

N 0.100 Min. 

0 0.850 Max. 
p 0.050 +0.005 

-0.004 

Q 0.125 Dia. 
thru 

R 1 0.120 Max. 

Q 

A "I 1----------- B -----------.. 1 

t I 

D --r- I 11f:coo DO DO N 

+ • 
M 
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a- Dallas Semiconductor 
.. MODEM SIPSTIK"" 

FEATURES 
• Complete modem system interfaces 

parallel uP bus directly to phone line 

• Bell 212A1103 and V.22/21 compatible 

• Complete "A r' command set in firmware 

• Contains FCC Part 68 and Canadian CS-
03 approved OM 

• Employs popular JEOEC standard 30-
position SIMM connection scheme with 
transformer 

• Single +5 Volt supply operation 

• OTMF and pulse dialing 

• Call progress monitoring 

DESCRIPTION 
The OS2245 is a high-level comunications 
SUbsystem manufactured in a single in-line 
figure to permit integration into a variety of ap
plications, especially when space is a con
cem. An integral FCC and Canadian approved 
OAA interface allows the OS2245 to be di
rectly connected to the public switched tele
phone network. Embedded firmware in this 
component completely implements the stan
dard "A r' command set which assures com
patibility with popular communications soft
ware. The OS2245 also emulates the 8250B 
UART which means that it can be directly 
connected to an IBM-PC/XT/AT system bus. 
Operation at +5 volts makes this module an 
attractive choice for low-power applications 

PRODUCT PREVIEW 
052245 

PIN CONNECTIONS 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 
2 4 6 B 10 12 14 16 1B 20 22 24 26 2B 30 

such as lap-top computers. 
Included in the OS2245 are all the modulationl 
demodulation and filtering cirCUitry necessary 
for compatibility with Bell 212A1103 type 
modems, as well as, the CCITT V.22121 
series modems. Also provided is the capabil
ity for call progress monitoring, as well as, 
OTMF and pulse dialing. Three loopback 
modes --analog, digital, and remote-- are 
available for line and component testing. A 
programmable audio output can be used for 
monitoring the telephone line signals. The 
OS2245 plugs into the SIMM connector 
scheme which supports redundant contacts, 
simple insertion/extraction, and low overall 
height profiles. 
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..... Dallas Semiconductor u, Microcontrol/er SIPSTlK"'4 

FEATURES 
• 4O-position SIMM connection scheme 

• Nonvolatile SRAM for program and/or data 

• Capable of modifying its own program and/ 
or data memory 

• Program downloading via an on-chip full 
duplex serial port 

• Adjustable partition between program and 
data memory 

• Completely crash-proof: the program and 
data memories and all data registers are 
maintained in absence of power 

• All 32 port pins available for I/O 

• Automatic restart on detection of errant 
software execution 

• Orderiy shutdown and automatic restart on 
power up/down 

• Program and data memory secure, with a 
tamper proof on-chip encryptor 

DESCRIPTION 
The OS2250 Microcontroller SipStik stays up
to-date because It was designed for change. 
Unlike rigid ROM or EPROM based microcon
trollers, all of the Microcomtroller memory is 
high performance, read/write, and nonvolatile 
for more than ten years. the OS225O is 
equipped with nonvolatile SRAM which can be 
dynamically partitioned to fit program and data 
storage requirements of a particular task. As 
a result of sophisticated crashproofing 
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PRODUCT PREVIEW 
OS2250 

PIN CONNECTIONS 

ORDERING INFORMATION 

OS2250 xx - xx 

'---c! CLOCK FREQ. 

-12 12MHz 

-16 16MHz 

PROGRAM/DATA RAM 

8 

32 

64 

8Kbytes 

32Kbytes 

64Kbytes 

circuitry, processing of a task can resume 
after a power outage. A built-in encryptor 
prevents unauthorized access to resident ap
plication software. The pinout and instruction 
set match the industry standard 8051 micro
controller. The OS225O plugs into SIMM 
connector scheme which supports redundant 
contacts, simple insertion/extraction, and low 
overall height profiles. 



II'" Dallas Semiconductor 
u!l Microcontroller SIPSTIK™ 

FEATURES 

• Soft Microcontroller Siptik with embedded 
real-time clock function 

• Capable of modifying its own program 
and/or data memory 

• Program downloading via an on-chip full 
duplex serial port 

• Adjustable partition between program and 
data memory 

• Completely crash-proof: the program and 
data memories and all data registers are 
maintained in absence of power 

• All 32 port pins available for I/O 
• Automatic restart on detection of errant 

software execution 
• Orderly shutdown and automatic restart 

on power up/down 
• Program and data memory secure, with a 

tamper proof on-chip encryptor 
• On-chip full duplex serial I/O port 
• Two on-chip timer/event counters 
• Compatible with industry standard 

8051 instruction set 

DESCRIPTION 

The DS2250 Microcontroller SipStik incorpo
rates all of the features of the OS2250 along 
with the addtion of a built-in real-time clock! 
calender function. This function itself is iden
tical to that performed by the OS 1215 Time
keeper. The real-time clock is memory
mapped on the Internal Embedded RAM ad
dress/data bus. As a result, It may be ac-

PRODUCT PREVIEW 
DS2250T 

PIN CONNECTIONS 

o 

o 

:;( ~ ~ 
N ~ 0 
N N N 
D.. D.. D.. 

ORDERING INFORMATION 

DS2250T xx xx 

L Speed Grade 

12 12 MHz 
16 16 MHz 

Program/Data RAM 

8 8 Kbytes 
32 32 Kbytes 

cessed by software as if it were Embedded 
Data RAM using the -LOX" set of instructions. 
Accesses to the real-time clock take place 
with no effect on I/O port pins. The OS2250T 
plugs into the SIMM connector scheme which 
supports redundant contacts, simple inser
tion/extraction, and low overall height profiles. 
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Wireless Products 
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R~ Dallas Semiconductor 
W... Micro Power Receiver 

FEATURES 

• Dual band pass receiver discriminates 
noise and minimizes power 

• Ultra low power listening channel gives 
longevity to 3 volt lithium supply 

• 20 KHZ channel continuously listens then 
powers up a 200 KHZ channel on demand 

PRODUCT PREVIEW 
DS1203-200 

-50 

PIN CONNECTIONS 

VODt 

ACIN 

VSSt 

VSS3 

when used with the OS1209 VOD3 

• Optional 5 KHZ/50 KHZ bandpass 
(OS1203-50) PIN NAMES 

• Electronic freshness seal preserves 
lithium supply during storage 

• 100 micro volt Input signal drives output 
to CMOS levels 

• Space saving 16 pin small outline 
package surface mounts 

• Interfaces directly with OS 1209 2 to 3 
Wire Converter 

DESCRIPTION 

The OS1203 is a CMOS ultra low power 
Integrated circuit designed to discriminate and 
amplify a low level Input from a wireless 
communication link such as RF, IR, micro
wave or magnetic field. The receiver can sleep 
in a minimized power down state yet wake up 
for high speed data transfer on demand. This 
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VDD1-VDDS 
F10 
F20 

ACIN-DCIN 
E1 

PO 
VSS1-VSS3 
TEST1 TEST2 

NC 

+3 VOLT SUPPLY 
200 KHZ OR 50 KHZ OUTPUT 
20 KHZ OR 5 KHZ OUTPUT 
INPUT SIGNALS 
200 KHZ OR 50 KHZ ENABLE 
INPUT 
POWER OFF 
SIGNAL GROUND 
TEST SIGNALS 
NO CONNECTS 

feature allows remote applications to be per
manently powered by a single 3 volt lithium 
supply. A 2 KHZ Input signal also provides a 
"freshness seal" so that the lithium energy 
source can be electrically disconnected until 
Initial operation. The low power consumption 
and space-saving 16 pin small outline packag
ing of the 081203 make it ideal for portable ap
plications. 



R~· Dallas Semiconductor 
W... 2 to 3 Wire Converter 

FEATURES 

• Adapts a 2 wire serial port to a 3 wire 
serial port 

• Half duplex operation 

• Counts the number of incoming pulses 
then compares to 4 adjustable ranges for 
interpretation 

• Each range represents a specific com
mand 

• Ranging tolerates transmission errors 

• low power lithium operate or lithium back
up modes 

• Directly interfaces to OS 1203 Micro Power 
Receiver 

• Space saving 16 pin small outline pack
age for surface mounting 

DESCRIPTION 

The OS 1209 is a low power CMOS integrated 
circuit which accepts an up to 256 count pulse 
train and synthesizes 4 specific control com
mands. These commands generate a 3 wire 
communication port. This 3 wire port consists 
of RST, DO, and ClK signals which can be 
used to communicate with Dallas Semlcon
ductorOS1201 Electronic Tag, OS1204 Key, 

PRODUCT PREVIEW 
OS 1209 

PIN CONNECTIONS 

vBAT 

VceO 2 

Veel1 3 

Veel2 4 

F21 5 

EO 6 

F 7 11 

GNO 8 

PIN NAMES 
Vccl,-Vccla 

Vcco 
VSAT 

V_ 
F. 
F. 
OUT 
Eo 
DOD 
TRI 
RsT 
DO 
CLK 
GND 
TEST 

VREF 

RsT 

DO 

elK 

OUT 

11 09J 
TRI 

9 TEST 

SUPPLY INPUTS 
SWITCHED OUTPUT 
+9 VOLT LITHIUM INPUT 
REFERENCE VOLTAGE 
200 KHZ INPUT 
20 KHZ INPUT 
OUTPUT 
200 KHZ ENABLE OUTPUT 
DO DISABLED 
9 WIRE PORT TRISTATE 
RESET 
DATA INPUT/OUTPUT 
CLOCK 
GROUND 
TEST PIN 

OS1207 TImekey, OS5000 Soft Mlcrocon
troller, or any other device employing this 
industry standard 3 wire port. An output pin Is 
driven for the return transmission link and can 
in tum gate a variety of transmitting devices. 
The low power consumption and space-sav
ing 16 pin small outline packaging of the 
OS 1209 make it ideal for portable applica
tions. 
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Iii Dallas Semiconductor 
... Byte Wide To Serial converter 

PRODUCT PREVIEW 
D51280 

FEATURES 

• Adapts JEOEC byte wide memory to a 3 
wire serial port 

• Supports 512k bytes of memory 

• Provides arbitration mechanisms for dual 
port operation 

• CMOS circuitry design for battery backup 
and battery operate applications 

• Cyclic redundancy check monitors serial 
data transmission for error 

• 68 pin PlCC surface mount package 

DESCRIPTION 

The OS1280 adds a 3 wire serial port to a byte 
wide Static RAM yet maintains the existing 
byte wide port. Memory capacity of upto 512K 
bytes can be addressed directly. Arbitration 
between the serial and byte wide port is ac
complished by handshaking or using predict-
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PIN CONNECTIONS 

"'::'7~~="=',,=,"!;;"'='=~::'!:-:':~-'::::'-"'" PIN NO. 

PIN NAMES 
RST - Reset For Serial Port 
DO - Data Input/OUtput For Serial Port 
ClK - Clock Input For Serial Port 
DOE - Serial Port Active Output 
CEB - System Bus Enable 
OEB - System Bus Read Enable 
WEB - System Bus Write Enable 
AOB-A 18B - System Address Bus 
00B-07B - System Data Bus 
CER - Ram Chip Enable 
WER - Ram Write Enagle 
OER - Ram Output Enable 
AOR-A 18R - Ram Address Bus 
00R-07R - Ram Data Bus 
GNO-Ground 
Vcc - +5 Volts 

1 MARK 

able idle time as an access window. The serial 
port requires a six byte protocol to set up 
memory transfers. Cyclic Redundancy Check 
circuitry is included to monitor serial data 
transmission for error. 



Iii Dallas Semiconductor u .... E-Key 

FEATURES 

• Wireless RF link up to 5 feet 
• 256 count pulse train derives specific 

commands 
• Cannot be deciphered by reverse 

engineering 
• Compact size and shape 
• Over 10 years of data retention with 

10 million transactions 
• Unreadable 64 bit security match code 

prevents deciphering by exhaustive 
search with over 1019 possibilities 

• Low power listening mode preserves 
lithium battery 

• 100 microvolt Input signal wakes up 
communication link 

• Exclusive blank keys upon request 
• Rugged and durable 
• RF link established directly to 086068 

RF Communicator 

DESCRIPTION 

The 086065 E-Key is a miniature low power 
electronic key with a self contained RF trans
mitter/receiver pair providing a wireless com
munication link to a host system. Low power 
listening and wake up functions are provided 
by the 081203 micro power receiver. The 
081209 2 to 3 wire converter performs the 
pulse train derivation of read and write com-

PRODUCT PREVIEW 
086065 

.. 1 KHZ 

;; 
;; =1 TRANS 

MHZ 

SIGNAL NAMES 
TRAN8 -300 MHZ Transmitter 
REC -200 KHZ Receiver 

mands to the 081204 electronic key. All 
Integrated circuits, recelver/transmitter an
tenna, and energy source are contained in a 
small, rugged and durable sealed unit. For 
more Information on the micropower receiver, 
2 to 3 wire converter, and the electronic key 
please review the 081203, 081209, and 
081204 data sheets respectively. 
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R~ Dallas Semiconductor 
W...RF Communicator 

FEATURES 

• Provides wireless 5 foot link to OS6065 
E-Key, OS6060 Cartridge, OS6040 
Portable Transceiver and Hand Held 
Terminals 

RxD 

• 200 KHZ transmitter and 300 MHZ 
receiver frequencies 

INTElliGENT 

• Flexible microprocessor based subsystem 

• Industry standard RS232 interface 

• Connects to stand alone host or inserts 
between existing host/terminal wiring 

• Nonvolatile SRAM accepts application 
software updates and logs transactions 

• Miniature 25 position O-sub plug and 
receptacle for conventional wiring 

• Single 12 volt supply 

• Optional Real Time Clock 

• Optional input/output pins for touch pad and 
door entry actuator 

DESCRIPTION 

HOST 

TxD 

PRODUCT PREVIEW 
056068 

PIN CONNECTIONS 

v 

RS 232 
PLUG 

RS 232 
RECEPTACLE 

RxD 

PIN NAMES 

RxD 
TxD 
TRANS 
REC 
110 
V 
GND 

Jtvo 

200 KHZ,? 

TRANS 

~ 
RF 

300 MHZ,? S 
REC 

GND 

RECEIVE DATA 
TRANSMIT DATA 
TRANSMITTER 200 KHZ 
RECEIVER 300 MHZ 
INPUT/OUTPUT 
+12 VOLT SUPPLY 
GROUND 

The 0$6068 is a radio frequency transmitter and receiver which can directly interface to a stand 
alone host such as a P.C. via an industry standard RS232 serial port. Furthermore, the OS6068 
can transparently reside between an intelligent host and slave terminal yet be activated under 
software command. Internal nonvolatile static RAM and Real Time Clock allows for data logging, 
software updating, and time stamping transactions. 
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la Dallas Semiconductor 
r A DPCM Array 

FEATURES 

• High-density multi-channel speech 
compression system. Provides 24 full 
duplex channels in a 3 x 3 inch board 

• Based on high-performance D52167168 
AOPCM processors. Compatible with 
standard algorithms. 052157 supports 
July 1986 T1Y1 recommended algo
rithm. 052158 supports CCITI G.721 
algorithm 

• Flexible data busing scheme to ac
commodate user's backplane data for
mat and rate. 

• Microcontroller compatible port for 
system configuration. On-board power 
monitor provides system reset. 

• Arrays are easily cascaded for even 
higher system density 

DESCRIPTION 

0 

toPC"i rOPC"i 

t oPC" I rPC" I 

rpC"i toPC"i 

toPC"i 

rPC" I 

rpC"i 

DS2157 
DS2158 

0 

t oPC" I 

t oPC" I 

rpC"1 

D \FOOOOOOOOOOOOOOj\ 0000000000000000 
0000000000000000 

0 0 

The 052157 and 052158 Compression Arrays use surface-mount technology and the Oallas 
5emiconductor 052167168 AOPCM processors to yield 24 full-duplex channels in 9 square 
inches. The 052157 array features the 052167 processor which implements the July 1986 
T1Y1 recommended AOPCM algorithm. The 052158 array features the 052168 processor 
which implements the CCITI G.721 algorithm. The PCM data interfaces are organized into 
four independent buses, which may be configured to best suit the data format on the user's 
system backplane. The array also includes input signal buffering and a power-monitor reset 
circuit. 
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Iii Dallas Semiconductor 
I .. ADPCM Processor 

FEATURES 

• Speech compression chip compatible 
with standard ADPCM algorithms: 
- DS2167 supports "new" T1Y1 recom
mendations (July 1986) and "new" 
CCITT G.721 recommendations 
- DS2168 supports "old" CCITT G.721 

recommendations 

• Dual independent channel architec
ture-device may be programmed to 
perform full duplex, 2-channel expan
sions, or 2-channel compressions 

• Interconnects directly with u-Iaw or 
A-law combo-codec devices 

• Serial PCM and control port interfaces 
minimize "glue logic" in multiple chan
nel applications 
- On-chip channel counters identify 

input and output timeslots in TDM
based systems 

- Unique addressing scheme simplifies 
device control; 3-wire port shared 
among 64 devices 

- Bypass and idle features allow 9ynam
ic allocation of channel bandwidth, 
minimize system power requirements 

• Hardware mode intended for stand
alone use 
- No host processor required 
- Ideal for voice mail applications 

• 28-pin surface-mount package 
available, designated DS2167Q/ 
DS2168Q 

DESCRIPTION 

DS2187 
DS2188 

PIN CONNECTIONS 

RST 1 24 VOO 

TMO 2 23 YIN 

TM1 3 22 CLKY 

AO 4 21 FSY 

A1 5 20 YOUT 

A2 6 19 cs 
A3 7 18 SOl 

A4 8 17 SCLK 
A5 9 16 XOUT 

SPS 10 15 FSX 

MCLK 11 14 CLKX 
VSS 12 13 XIN 

The DS2167 and DS2168 are dedicated digital signal processor (DSP) CMOS chips optimized 
for Adaptive Differential Pulse Code Modulation (ADPCM) based speech compression algo
rithms. The devices halve the transmission bandwidth of "toll quality" voice from 64K to 32K 
bits/second and are utilized in PCM-based telephony networks. 
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I. Dallas Semiconductor 
.. T11CEPT Elastic Store 

FEATURES 
• Rate buffer for T1 and CEPT transmis

sion systems 

• Synchronizes loop-timed and system
timed data streams on frame boun
daries 

• Ideal for T1 (1.544 MHz) to CEPT (2.048 
MHz), CEPT to T1 interfaces 

• Supports parallel and serial 
backplanes 

• Buffer depth is 2 frames 

• Comprehensive on-chip "slip" control 
logic 

- Slips occur only on frame boundaries 

- Outputs report slip occurrences and 
direction 

- Align feature allows buffer to be 
recentered at any time 

- Buffer depth easily monitored 

• Compatible with OS2180 T1 and 
OS2181 CEPT Transceivers 

• Industrial temperature range of - 40 ° 
to +85°C available, designated 
OS2175INO 

DESCRIPTION 

DS2175 

PIN CONNECTIONS 

RCLKSEL 1 16 VDD 
RCLK 2 15 SYSCLK 

RSER 3 14 SSER 

RMSYNC 4 13 SMSYNC 
FSD 5 12 SFSYNC 

S'i:iP 6 11 SCHCLK 

AIN 7 10 sip 

VSS 8 9 SCLKSEL 

The OS2175 is a low-power CMOS elastic-store memory optimized for use in primary rate 
telecommunications transmission equipment. The device serves as a synchronizing element 
between async data streams and is compatible with North American (T1-1.544 MHz) and 
European (CEPT -2.048 MHz) rate networks. The chip has several flexible operating modes 
which eliminate support logic and hardware currently required to interconnect parallel or 
serial TOM backplanes. Application areas include digital trunks, drop and insert equipment, 
digital cross-connects (OACS), private network equipment and PABX-to-computer interfaces 
such as OMI andCPI. 
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I; Dallas Semiconductor 
T1 Receive Buffer 

FEATURES 

• Synchronizes loop-timed and system
timed T1 data streams 

• Two-frame buffer depth; slips occur on 
frame boundaries 

• Output indicates when slip occurs 

• Buffer may be recentered externally 

• Ideal for 1.544 to 2.048 MHz rate con
version 

• Interfaces to parallel or serial back
planes 

• Extracts and buffers robbed-bit signal
ling 

• Inhibits signalling updates during 
alarm or slip conditions 

• Integration feature "debounces" sig
nalling 

• Slip-compensated output indicates 
when signalling updates occur 

• Compatible with DS2180 T1 
Transceiver 

• Surface mount package available, 
designated DS2176Q 

• Industrial temperature range of - 40·C 
to + 85·C available, designated 
DS21761ND 

DESCRIPTION 

DS2176 

PIN CONNECTIONS 

SiGH VDD 

RMSYNC SCLKSEL 

RCLK SYSCLK 

RSER SSER 

A SLiP 
B SBITB 

C SMSYNC 

D SIGFRZ 

SCHCLK SFSYNC 

SMO ALN 

SM1 FMS 

VSS SIP 

The DS2176 is a low-power CMOS device specifically designed for synchronizing receive 
side loop-timed T-carrier data streams with system side timing. The device has several flexi
ble operating modes which simplify interfacing incoming data to parallel and serial TDM 
backplanes. The device extracts, buffers and integrates ABCD signalling; signalling updates 
are prohibited during alarm or slip conditions. The buffer replaces extensive hardware in ex
isting applications with one "skinny" 24-lead package. Application areas include digital 
trunks, drop and insert equipment, transcoders, digital cross-connects (DACS), private net
work equipment and PABX-to-comouter interfaces such as DMI and CPI. 
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I .. Dallas Semiconductor 
., T1 Transceiver 

FEATURES 

• Single chip OS1 rate transceiver 

• Supports common framing standards 
- 12 frames/superframe "193S" 
- 24 frames/superframe "193E" 

• Three zero suppression modes 
- B7 stuffing 
- B8ZS 
- Transparent 

• Simple serial interface used for configura
tion, control, and status monitoring in "pro
cessor" mode 

• OS2180A offers an enhanced feature set in 
processor mode and is software-compatible 
with the OS2180 

• "Hardware" mode requires no host proces
sor; intended for stand-alone applications 

• Selectable 0, 2, 4, 16 state robbed bit sig
naling modes 

• Allows mix of "clear" and "non-clear" OSO 
channels on same OS1 link 

• Alarm generation and detection 

• Receive error detection and counting for 
transmission performance monitoring 

• 5V supply, low power CMOS technology 

• Surface mount package available, desig
nated OS2180Q 

DESCRIPTION 

D82180 
D82180A 

PIN CONNECTIONS 

TMSYNC 1 40 VOO 
TFSYNC 2 39 RLOS 

TCLK 3 38 RFER 
TCHCLK 4 37 RSV 

TSER 5 38 RCL 
TMO 6 35 RNEG 

TSIGSEL 7 34 RPOS 
TSIGFR 8 33 Rsi' 
TASCO 9 i32 TEST 
TLiNK 10 31 RSIGSEL 
TLCLK 11 :30 RSIGFR 
TPOS 12 29 RASCO 
TNEG 13 .28 RMSYNC 

iNr 14 '27 RFSYNC 
SOl 15 28 RSER 

SOO 16 '25 RCHCLK 
cs 17 24 RCLK 

SCLK 18 23 RLCLK 
SPS 19 22 RLiNK 
VSS 20 21 RYEL 

The OS2180 is a monolithic CMOS device designed to implement primary rate (1.544 MHz) 
T-carrier transmission systems. The 1935 framing mode is intended to support existing FtlFs 
applications (12 frames/superframe). The 193E framing mode supports the extended super
frame format (24 frames/superframe). Clear channel capability is provided by selection of ap
propriate zero suppression and signaling modes. 

568 



I'Dalias Semiconductor 
.. T1 Design Kit 

FEATURES 

• Demonstrates key "hardware mode" 
attributes of the DS2180/DS2176 pair, 
such as: 
- Framing/synchronization 
- Link supervision and control 
- Signaling supervision 
- Rate adaption to equipment 
backplanes 

• Expedites new designs by eliminating 
first-pass device prototyping 

• Easily interfaced to user host con
troller for "software mode" evaluation 

• User-supplied line interface allows 
direct connection to T1 lines 

• Kit components include: 
- DS2180 T1 Transceiver 
- DS2176 T1 Receive Buffer 
- Printed circuit board 
- Support logic and clock generation 
circuitry 

- Applications and assembly informa
tion 

DESCRIPTION 

DS21BOK 

The DS2180K allows the user to evaluate the performance of the DS2180 T1 Transceiver and 
DS2176 T1 Receive Buffer in an actual system environment. The evaluation board requires 
+ 5 volts; board inputs and outputs are TTL-compatible. Test pOints and control options on 
the board simplify selection of device feature sets required by the system designer. 

Kit assembly requires approximately 1 hour. Although designed for hardware mode opera
tion, a small wire-wrap area is provided for user-supplied host processor interface. 
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I. Dallas Semiconductor 
.. CEPT Transcei"er 

FEATURES 

• Single chip CCITT primary rate 
transceiver 

• Supports new CRC4-based framing 
standards 

• Supports CAS and CCS signaling 
standards 

• Simple serial interface used for device 
configuration and control in "pro
cessor" mode 

• "Hardware" mode requires no host 
processor; intended for stand-alone 
applications 

• Comprehensive on-chip alarm genera
tion, alarm detection and error logging 
logic 

• Shares footprint with OS2180 Bell-T1 
Transceiver 

• Companion to OS2175 Transmit & 
Receive Elastic Store 

• 5V supply, low power CMOS 
technology 

DESCRIPTION 

D82181 

PIN CONNECTIONS 

TMSYNC voo 
TFSYNC RLOS 

TCLK RFER 
TCHCLK RBV 

TSER RCL 
TMO RNEG 
TXO RPOS 

TSTS FiST 
TABCO TEST 

TINO RCSYNC 
TAF RSTS 

TPOS RSO 
TNEG RMSYNC 

iNT RFSYNC 
SOl RSER 

SOO RCHCLK 
C§ RCLK 

SCLK RAF 
SPS ROMA 
VSS RRA 

The OS2181 is deSigned for use in CCITT networks and supports all logical requirements of 
CCITT Red Book Recommendations G.703, G.704 and G.732. 

The transmit side generates framing patterns and CRC4 codes, formats outgoing channel 
and signaling data, and produces network alarm codes when enabled. 

The receive side decodes the incoming data and establishes frame, CAS multiframe, and 
CRC4 multiframe alignment. Once synchronized,the device extracts channel, signaling, and 
alarm data. 

A serial port allows access to 14 on-chip control and status registers in the processor mode. 
In this mode, a host processor controls such features as error logging, per-channel code 
manipulation, and alteration of the receive synchronizer algorithm. 

The hardware mode is intended for preliminary system prototyping and/or retrofit into exist
ing systems. This mode requires no host processor and disables special features available 
in the processor mode. 
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II~ Dallas Semiconductor 
11- Transmit Line Interface 

FEATURES 

• Line interface for T1 (1.544Mhz) and CEPT 
(2.048 Mhz) primary rate networks 

• On-chip transmit LBO (line build-out) and 
line drivers eliminate external components 

• Programmable output pulse shape supports 
short and long loop applications 

• Supports bipolar and unipolar input data 
formats 

• Transparent, B8ZS and HOB3 zero sup
pression modes 

• Compatible with the OS2180 T1 and 
OS2181 CEPTTransceivers 

• Companion to the OS2187 Receive Line 
Interface 

• Single 5V supply, low power CMOS tech
nology 

DESCRIPTION 

The OS2186 interfaces user equipment to 
North American (T1-1.544MHz) and European 
(CEPT-2.048MHz) primary rate communica
tions networks. The device is compatible with 
all types of twisted pair and coax cable found in 
such networks. Key on-chip components in
clude: programmable waveshaping circuitry, 
line drivers, remote loopback and zero sup
pression logic. A line coupling transformer is 

PRELIMINARY 
D52186 

PIN CONNECTIONS 

TAIS 

ZCSEN 

TCLKSEL 

LEND 

LEN 1 

LEN2 

VDD 

TTlP 

TRING 

VSS 

LCLK 

LPOS 

LNEG 

TCLK 

TPDS 

TNEG 

LB 

MTIP 

MRING 

rr 

the only external component required. Short 
loop (OSX-1 ,0 to 655 feet) and long loop (CSU;O 
dB, -7.5 dB and -15 dB) pulse templates found 
in T1 applications are supported. Appropriate 
CCITT Red Book recommendations are met in 
the CEPT mode. Application areas include 
OACS, CSU, CPE equipment, channel banks 
and PABX to computer Interfaces such as OMI 
and CPI. 
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I. Dallas Semiconductor 
.. Receive Line Interface 

FEATURES 

• Line interface for T1 (1.544 MHz) and 
CEPT (2.048 MHz) primary rate 
networks 

• Extracts clock and data from twisted 
pair or coax 

• Meets requirements of PUB 43801, 
PUB 62411 and applicableCCITI 
recommendations 

• Precision on-chip PLL eliminates exter
nal crystal or LC tank-no tuning 
required 

• Decodes AMI, B8ZS and HDB3 coded 
signals 

• Designed for short loop applications 
such as terminal equipment to DSX-1 

• Reports alarm and error events 

• Compatible with the DS2180 T1 and 
DS2181 CEPT Transceivers 

• Companion to the DS2186 Transmit 
Line Interface 

• Single 5V supply, low power CMOS 
technology 

DESCRIPTION 

PIN CONNECTIONS 

AVDD DVDD 
RAIS RCL 

ZCSEN AIS 
LCAP BPV 

RCLKSEL NC 
RTIP RPOS 

RRING RNEG 
LOCK RCLK 
AVSS DVSS 

~~rn:ll.n,Mn~.a.~ If 

D82187 

The DS2187 interfaces user equipment to North American (T1-1.544 MHz) and European 
(CEPT -2.048 MHz) primary rate communication networks. The device extracts clock and 
data from twisted pair or coax transmission media and eliminates expensive discrete com
ponents and/or manual tuning required in existing T1 and CEPT line termination electronics. 

Application areas includeDACS, CSU, CPE equipment, channel banks and PABX-to
computer interfaces such as DMI and CPI. 
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I. Dallas Semiconductor 
.. T1 Network Interface Unit 

FEATURES 

• Modularized network interface for con
necting to 1.544 Mbps T1 services 

• Small size-1.75"x2.75"xO.5" high 
permits integration onto line cards 

• Compatible with ATT publication 62411 

• FCC Part 68 and Part 15 pre
registration 

• Extracts clock and data for use by a 
transceiver device such as the DS2180 

• Loopback code generation and 
detection 

• Assures proper ones density to 
network 

• Powered by a local + 5 volt supply 

DESCRIPTION 

PIN CONNECTIONS 

RXTIP 

RXRING 

NC 

NC 

TXTIP. 
TXRING 

NC 

NC 
NC 

RCLK 

RNEG 

RZERO 

LBOl 

LB02 

LB03 

LB04 

[pl1Rl~UJffi!AJ~INl~IRlW 

DS2190 

LPWR+ 
LPWR

NC 

NC 

NC 

NC 

NC 

NC 

NC 

TCLK 

TPOS 

TNEG 

TSCOO 

TRCOO 

LOCLB 

OELSEL 

FRSYNC 

T4ERO 

TDENS 

REMLB 

VDO 

The DS2190 is a small sealed module designed to meet the recommendations of ATT 
publications 62411 for interfacing to T11.544 Mbps services (such as Accunet* T1.5, Skynet* 
T1.5 and High Capacity Digital Service). Because of the DS2190's FCC approval (Parts 68/15) 
and small footprint, T1 equipment makers can integrate an NIU into their products, reducing 
cost and increasing total system performance. Basic functions of the DS2190 are clock and 
data recovery, isolation and surge protection, loopback detection and generation, and keep
alive signal generation. The DS2190 is compatible with D4 and ESF framing formats as well 
as B8ZS Clear Channel Coding. Also provided are alarm outputs for transmit and receive line 
status monitoring. 

*Service marks of ATT Communications. 
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R~ .. Dallas Semiconductor 
M .. MODEM 

FEATURES 

• Direct connection to telephone line-
Incorporates OAA function 

• Parallel interface to general purpose uP bus 
• Very small size - 2.28" x 1.0" x 0.5" 
• Full Bell 212A11 03 Modem compatibility 
• FCC Part 68 registered OAA 
• Call progress Monitoring 
• Tone or pulse dialing 
• OTMF sensing and decoding 
• Voice sensing 
• Software controlled audio interface 
• Voice synthesis option 
• Parallel host interface 
• +1- 5 Volt power only 
• Telephone line diagnostics 
• Synchronous/asynchronous operation 
• line frequency monitoring 
• Parity generatiOn/checking 
• Sync byte detectionlinsertion 

DESCRIPTION 

D5610116103 

PIN CONNECTION 

N/C 40 N/C 
DIGITAl GND 2 39 RESEr 

N/C 3 38 CS. 
TEST 4 37 c/o. 
N/C 5 36 WR_ 

SYNDEr /BRKDET 6 35 RD-
RxRDY- 7 34 07 
TxRDY* 8 33 06 

TxEMPTY* 9 32 05 
+5V DC 10 31 04 
-5V DC 11 30 03 

ANALOG GND 12 29 02 
AUDIO OUT 13 28 01 

AUDIO IN 14 27 DO 

N/C 17 24 TIP 
N/C 18 23 N/C 
N/C 19 22 N/C 
N/C 20 21 RING 

CAUTION 
Pins 17-24 have 1500V isolation from the rest of 
the modem, this isolation should be preserved 
throughout the system. 

The 086101/6103 Modems are high level communication SUbsystems manufactured in a compo
nent sized form factor to enable maximum communications capability In a minimum amount of 
space. The distinguishing characteristic ofthese devices is that they allow direct connection to a 
telephone line from any general purpose microprocessor bus. In contrast to many of the so-called 
·slngle-chip modem" IC's, the OS61 01/61 03 Modems provide all of the functions required for a 
complete, Bell 212A compatible interface. These functions include the host Interface, 
modulation and demodulation circuitry, and Data Access Arrangement (OAA) line interface 
clruitry. The Modems' OAA is fully FCC registered, eliminating potential delays for customers 
with a need to incorporate a modem function in their end system product. 

The Modem has an advanced line monitoring capability which allows it to sense the presence of voice 
or OTMF (touch tone) signals on the line in addition to Its normal call progress monitoring. The 
Modem may then be switched into an Audio mode for voice communication, or into a OTMF decoding 
mode which makes it possible to receive information from a remote touch tone telephone and 
decode itforthe host processor. The OS61 03 Includes a voice synthesizer for voice prompting in 
the return path or for the user. 
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R~ Dallas Semiconductor 
~... Data Access Arrangement 

FEATURES 

-Interfaces user equipment to public 
switched telephone network 

- FCC Part 68 Registered 
- Simplifies system design 
- Minimizes equipment approval cycle 

-Ideal for modem applications 

- Small Size - 1.25" x 1.0" x 0.5" 

- 2 to 4 Wire Converter 

- 1500 Volt Isolation 

- 800 Volt Surge Protection 

- Ring Detection 

DESCRIPTION 

PIN CONNECTIONS 

VDD 

VCC 2 

RI :3 

RCVR 4 

XMIT 5 

XMFR 6 

T, 7 

OH 8 

GND 9 

T2 10 

CAUTION 

056112 

20 

17 

14 

13 

12 

11 

RING 

TIP 

N/C 
N/C 

N/C 

N/C 

Pins 17 and 20 have 1500V isolation from the 
rest of the circuitry. This isolation should be 
preserved throughout the system. 

The DS6112 is a communications component that provides a adirect connect" telephone line 
interface. It is FCC Part 68 Type WP registered to meet hazardous voltage, surge and leakage 
current requirements. A system developed with this product as the DM meets Part 68 Type WP 
protection requirements and requires no further registration. 

This component may be used as the direct connect telephone line interface for virtually any 
application in which voice or data is to be transmitted over the public switched telephone network. 

The DS6112 includes both ring detection circuitry and the 2 to 4 wire converter hybrid for use in 
modem applications. It operates from +/-5 volt power supplies and occupies 1.25 square inches 
of board space. 
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I. Dallas Semiconductor 
... 1200 BPS MODEM Module 

FEATURES 

• Complete modem system interfaces 
parallel uP bus directly to phone line 

• Bell 212A1103 and V.22121 compatible 

• Complete "AT" command set in 
firmware 

• Contains FCC Part 68 and Canadian 
CS-03 approved OAA 

• Small size-2.28" x 1.0" x 0.5" 

• Single + 5 Volt supply operation 

• OTMF and pulse dialing 

• Call progress monitoring 

DESCRIPTION 

[f>1f{,©@llD«':'ii' If{,rn:wurn:~ 
DS6122 

PIN C()NNECTIONS 

NC TIP 
GND TIPH 
VCC 

Ai RING 
PDS 

NC 
TXL 

PS 
OH 
NC 
NC 

AUDIO 
INT DO 
AO D1 
A1 D2 
A2 D3 
CS D4 

i5Osi' D5 
i5iSi' D6 

EHC D7 

The OS6122 is a high-level communications subsystem manufactured in a small form factor 
to permit integration into a variety of applications, especially where space is a concern. An 
integral FCC and Canadian approved OAA interface allows the OS6122 to be directly con
nected to the public switched telephone network. Embedded firmware in this component 
compl~tely implements the standard "AT" command set which assures compatibility with 
popular communications software. The OS6122 also emulates the 8250B UART which means 
that it can be directly connected to an IBM-PCIXT/AT system bus. Operation at + 5 volts makes 
this module an attractive choice for low-power applications such as lap-top computers. 

Included in the OS6122 are all the modulation/demodulation and filtering circuitry necessary 
for compatibility with Bell 212A1103 type modems as well as the CCITI V.22/21 series 
modems. Also provided is the capability for call progress monitoring as well as OTMF and 
pulse dialing. 3 loopback modes-analog, digital and remote-are available for line and 
component testihg.A programmable audio output can be used for monitoring the telephone 
line Signals. 
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I. Dallas Semiconductor 
.. AfODEAf Evaluation Kit 

FEATURES 

• IBM PC-based evaluation kit for 
OS6101/61103 Modems 

• Two versions: 
- OS6151 supplied with OS6101 Modem 
- 086153 supplied with 086103 Voice 
Synthesis Modem 

• Printed circuit board provides socket 
for Modem, RJ 11 telephone jack and 
headset jack; plugs into expansion 
slot on IBM PC 

• Supplied with headset 

• Evaluation software on floppy disk 

• Supplied with complete operating 
instructions 

DESCRIPTION 

D86151 
D86153 

The 086151 and OS6153 Modem Evaluation Kits provide immediate evaluation of the 086101 
and OS61 03 Modems. The kits supply all of the necessary hardware, software and documen
tation for use with an IBM PC. A printed circuit card which sockets the appropriate Modem 
plugs directly into the backplane of the PC and provides a modular RJ11 connector to a 
telephone line. In addition, a jack for the headset which is supplied with the kit is mounted 
on the board. A complete set of documentation with instalation and operating instructions is 
also supplied. A user need only have a private telephone line with a modular plug to insert in
to the RJ11 jack and he or she can be using the modem to converse in voice, transmit data or 
listen to synthesized voice responses in just a few minutes. 
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Dallas Semiconductor 
Nonvolatile Static RAM 
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NONVOLATILE STATIC RAM 
Vast resources have been expended by the 
semiconductor industry trying to build a non
volatile Random Access ReadlWrite Memory. 
The effort has been undertaken because 
nonvolatile RAM offers several advantages 
over other memory devices-DRAM, Static 
RAM, Shadow RAM, E2PROM, EPROM and 
ROM-which were developed to meet specif
ic applications needs. 

Figure 1 MEMORY ATTRIBUTES 

Characteristics of the ideal nonvol.atile RAM 
are: low power consumption; higher perfor
mance; greater reliability; higher density; 
and the ability to be used in any semicon
ductor memory application. 

While the various memory components de
signed to date are not appropriate for the 
ideal memory scenario, each excels in meet
ing one or more of the sought after attributes 
(Figure 1). 

INTERFACE NON- PERFOR· READI 
WRITE 

DATA RE· 
TENTION COST EASE VOLATILE DENSITY MANCE 

DRAM ++ ++ + ++ 

STATIC RAM + +++ + +++ +++ 

SHADOW RAM + + + + 

E2PROM + + 

EPROM ++ +++ ++ ++ ++ 

ROM +++ +++ +++ +++ + +++ 

+ = Degree of Excellence 

Many type. of memorle. have been devl.ed to meet varying application need •. Non
volatile ReadlWrlte Random Acce •• Memorle. can be .ub.tituted for all memory 
type. Independent of application •. 

For example, NMOS DRAM memory provides 
performance and density, but, on the down 
side, must be constantly refreshed to retain 
data. At the opposite extreme are ROMs, of
fering nonvolatility and density, but lacking 
the ability to be updated with new data be
cause information is burned in only once. 
Between these two are a wide range of de
vices that fulfill some characteristics of the 

ideal memory. 

Two popular devices, E2PROMs and Shadow 
RAMs, are designed to emulate a static RAM 
but also have the ability to retain data after a 
power loss. But despite their capability to re
tain data, both E2PROMs and Shadow RAMs 
fall short of meeting the industry's needs for 
several reasons (Figure 2). 

Figure 2 ROM RAM ~ 
Manufacturer""'>,-------.....,S"..,.h-o-rt.....,W..,...,...,ri,-te-C.",.-yc-:l-e----,--------'~End User 

Long Write Cycle. prevent E2PROM. from emuladng RAM, making them Ie •• than 
Ideal memorle •• 
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Most notably, the E2PROM requires a special 
write cycle. The E2PROM's inability to sup
port standa~d write cycle hinders perfor
mance in applications where memory is up
dated immediately as new data is available. 

Another problem withE2PROMs is their wear 
out mechanisms. These raise reliability con
cerns due to the limited number of write 
cycles allowed-sometimes as few as 10,000. 
If a static RAM with a 200 ns cycle time had 
this limitation, it would wear out in a mere 20 
ms. An application that requires constant 
updating, such as the buffer memory of a 
cashier's checkout terminal or a printer, the 
E2PROM's wear out mechanism is not 
acceptable. 

Shadow RAMs, on the other hand, have been 
developed to overcome long write cycles and 
avoid wear out, but still require special store 
and recall operations and to date are at den
sities of less than 4K bits. In addition, the 
majority of available Shadow RAM devices 
do not provide a write protection mechanism 
to prevent losing data when the system ex
periences out-of-tolerance conditions due to 
a power loss. 

Finally, because of the complexity of pro
gramming circuits, the cell structure and the 

,special process technology required, the 
'density of both E2PROMs and Shadow RAM 
have not kept up with industry demands. 

In systems requiring store-and-forward data, 
the nonvolatile RAM must provide the desired 
fast write cycle as well as protection of mem
ory in the event of a power loss. Despite the 
promise of such a memory device and the ef-

Figute 3 WRITE 
READ 
MEMORY 
CYCLE 

rr=>l MICRO-
PROCESSOR 

fort invested by the industry, the ideal nonvol
atile RAM is just now becoming available. 

To provide the ideal nonvolatile RAM, Dallas 
Semiconductor has combined two technolo
gies-intelligent CMOS control circuitry and 
lithium energy-to offer the first available 
high-density nonvolatile memory. 

Two devices, the DS1220 (2K x 8 bits) and the 
DS1225 (8K x 8 bits), use this combination 
and a CMOS static RAM to provide a nonvol
atile Random Access Memory solution at a 
density of 64K bits. These memory devices 
are the most appropriate answer to date 
because of the beneficial qualities of CMOS 
static RAM. 

CMOS static RAMs currently available have 
read and write cycle times of 100 ns, which 
exceed most system requirements. This alle
viates the problem of the E2PROM, because 
there are no wear-out mechanism or write cy
cle limitations. 

Static RAMs are also the easiest to use and 
interface because the pin-out configurations 
are standard throughout the industry. In fact, 
X8 or bytewide static RAMs can be interfaced 
directly to microprocessors (Figure 3). In ad
dition, CMOS static RAMs offer low power in 
both active and standby modes, a character
istic sought by many designers. In most 
designs, RAMs remain in standby much of 
the time, keeping power consumption negli
gible. In the standby mode, current drain 
consists only of leakage currents in the tens 
of nanoamperes. The density of static RAM 
is presently at an impressive 8K x 8 or 64K 
bits and is doubling every two years. 

--

I DECODER 'C"E CMOS OE -Address Bus ;> 
RAM 

WE 

K Data Bus ./ 

Bytewlde memories provide easy Interface to microprocessors because of the XI 
organization and control signal definition. 
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PUTTING LITHIUM AND RAM TOGETHER 
The minute leakage current of CMOS RAMs 
can be sustained with a backup energy 
source to yield a most attractive nonvolatile 
memory. However, the actual solution to the 
ideal nonvolatile memory involves more than 
just a CMOS memory and back up energy 
source (see Figure 4). 

Battery Backup design schemes are many 
and varied. The increase in density and avail
ability of low powered CMOS memories in re
cent years has made this approach even more 
attractive. Yet problems still exist with bat
tery backup design due to battery packaging 
and a lack of the appropriate standard com
ponents to implement the support circuitry. 
One problem is providing isolation between 
the battery and power supply (see Figure 5). 
Diodes can provide isolation but produce a 
voltage drop which requires nonstandard 
power supplies and also subtracts from the 
battery voltage. A second problem is the cir
cuitry required to detect power failure and 
write protect the memory. This additional cir
cuitry must be powered from the battery. 
Unless these devices draw an extremely 
modest amount of current, battery selection 
changes drastically. In fact a current drain of 
even a couple of microamperes dictates the 
use of either rechargeable batteries or a re
placeable battery scheme. If rechargeable 
batteries are selected, the recharging circuit 
can be costly and complex and the best re
chargeable battery cannot compare with the 
electrochemical stability of the lithium pri
mary cell. Even worse, replaceable batteries 
add maintenance and 'cost to an in-service 
system. Battery packaging has also been a 
serious limitation taking up valuable space 
and requiring special handling considera
tions to prevent discharge. 

ENERGY SOURCE 
The energy source used to retain data in the 
ideal memory must be capable of outlasting 
the usefulness of the end product. The pro
ducts use the extremely stable electrochem
ical system lithium polycarbon monofluoride 
with over 35 mA hours of energy reserve and 

BATTERY BACKUP CIRCUIT? Figure 4 

vee~ ____ -. ____ ~ ___ vee 

eMOSSTATle 
RAM 

CMOS static RAM requires more than just a backup 
power supply. Data must also be protected during 
power transients to avoid garbled data. 

Figure 5 

12V 

REGULATOR ~ 

Vee 

Support circuitry required to produce power fail detec· 
tion and write protection forces the need for a multi cell 
rechargeable battery or a replacement lithium battery. 
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guaranteed shelf life greater than 10 years. 
The total energy cell load current used by the 
OS1220 and OS1225 is less than 100 nA at 25 
degrees C. This gives a calculated lifetime of 
more than 40 years in the absence of exter-
nally applied power. . 

LITHIUM BATTERY BACK UP IS MORE 
RELIABLE 
The lithium energy cell has raised concern 
about reliability and has been the object of 
much study1. Oata taken on the energy cell 
used in the OS1220 and OS1225 indicates a 
failure rate less than 0.5% per three million 
device hours at 70 degrees C. 

Additional life studies taken on the same 
lithium energy source encapsulated in the 
manufacture of the OS1220 and OS1225 have 
produced no failures in over 12 million 
device hours at 70 degrees C. The lithium 
energy cell, then, is ideal for commercial and 
industrial semiconductor applications. 

RETROFITTING EXISTING DESIGNS 
The pinout of the OS1220 and OS1225 is an 
established industry standard (Figure 6). The 
Joint Electronic Oevices Engineering Coun
cil's Bytewide Version B Standard defines 
and upgrades from 2K x 8 in density to 
32Kx8. 

This standard accommodates RAM, ROM, 
UV EPROMs, and E2PROMs. Because of the 
flexibility and upgradeability of bytewide 
memories, the number of existing sockets is 
in the hundreds of millions. Therefore, many 
system designs can accommodate direct re
placement of RAMs, EPROMs, ROMs, .and 
E2PROMs with the OS1220 and OS1225. 
These. new solutions add real time program
mability and/or density upgrades to existing 
system without redesign. Real time program
mability gives the system the ability to be 
personalized by the end user. In other words, 
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the nonvolatile RAMs can be retrofitted into 
existing design without change to existing 
hardware. This retrofitting offers a cost
effective, practical solution for companies 
who have invested in other memory· devices 
that are less than ide·al for their needs. For 
example, a design using conventional static 
RAM can be upgraded to nonvolatile memory 
by substituting a OS1220 or OS1225 for the 
RAM memory. . 

IN·CIRCUIT PROGRAMMABILITY 
The advantages of nonvolatile RAM can be 
related tothe capability of software. Modern 
systems seek customization for the cost of 
standard product. In this aspect, software 
can be· adapted in this system to perform 
specialized functions. It is even possible to 
totally modify a system personality over the 
telephone. In-circuit programming also re
duces maintenance cost by eliminating ser
vice calls to update software. Software 
stored in RAM can be updated as often as 
necessary, depending on the configuration 
or application of the system. 

In the immediate future, the density of a non
volatile CMOS static RAM will continue to in
crease. By 1986, a 32K x 8 .version of the 
nonvolatile RAM will be available from 
Oallas Semiconductor. In addition, Oallas 
Semiconductor will offer a watch function 
and security options in combination with 
nonvolatile RAM. Still other devices will be 
introduced using special packaging tech
niques to add portability to nonvolatile mem
ories. These packages will offer designers 
and end users the ability to give their 
systems unique solution characteristics for 
value added configurations. 

1Louis J. Hart and Theodore Ciobanu, 
"Lithium Batteries for Memory Backup-An 
Evaluation Program at IBM," published in 
Batteries Today, Summer 1984 issue. 



Figure 6 Bytewide JEDEC Pinout 

A14 051230 28 VCC 
. 256K 

A12 2 
(32Kx8) 

27 WE 

NC 128K 28 VCC 26 A13 

A12 (16Kx8) 27 WE 25 A8 

NC 051225 28 VCC 26 A13 24 A9 
64K 

A12 
(8Kx8) 

27 WE 25 A8 23 A11 

NC 32K 28 VCC 26 NCorVcc 24 A9 22 OE 

NC (4Kx8) 27 WE 25 A8 23 A11 21 A10 

A7 051220 24 VCC 26 NCorVcc 24 A9 22 OE 20 CE 

A6 2 16K 23 A8 25 A8 23 A11 21 A10 19 D07 

A5 3 
(2Kx8) 

22 A9 24 A9 22 OE 20 CE 18 D06 

A4 4 21 WE 23 A11 21 A10 19 D07 17 D05 

A3 5 20 OE 22 OE 20 CE 18 D06 16 D04 

A2 6 19 A10 21 A10 19 D07 17 D05 15 D03 

A1 7 18 CE 20 CE 18 D06 16 D04 

AO 8 17 D07 19 D07 17 D05 15 D03 

DOO 9 16 D06 18 D06 16 D04 

D01 10 15 D05 17 D05 15 D03 

D02 11 14 D04 16 D04 

Vss 12 13 D03 15 D03 

Provides for density upgrade to 32K x 8 

p87 
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USER INSERTABLE NONVOLATILE RAM 
Semiconductor packaging has precluded the 
handling of memory by the end users (Figure 
1). There are many examples of equipment 
manufacturers ranging from consumer video 
game cartridges to speech recognition for 
industrial automation who have repackaged 
semiconductor memory to permit handling 
by the end customer. The underlying reason 
is to increase the flexibility of a mass pro
duced piece of equipment. Game manufac
turers found out that by producing one stan
dard size video console they could meet the 
diverse interests of their customers with car
tridges sold in the after market. More often 
than not the value of a piece of equipment is 
tied to how closely it can be adapted to serve 
a specific need (Figure 2). This is in conflict 
with the economics of mass productior.. 
When a design has no options, it would tend 
to be lower in cost but offer marginal appli
cation fit. Unlike mechanical, electronic 
equipment has an inherent advantage in 
adapting to diverse needs largely as a result 
of the microprocessor and its associated 
memory. In particular, the cost of creating 
uniqueness has been drastically lower with 
the availability of nonvolatile RAM. When 
nonvolatile RAM is packaged in a user-in
sertable format, even more possibilities are 
opened up (Figure 3). 

Dallas Semiconductor produces user inser
table nonvolatile RAM as an off-the-shelf 
component ranging from a 1000 bit DS1201 
Electronic Tag to a 4 million bit cartridge 
(Table 1). Careful attention has been given 
during the design of these products to make 
them connect directly to microprocessor 
systems (Figure 4). Being solid state, these 
devices are rugged and suitable for harsh en
vironments. 

USER INSERTION PROBLEMS WITH 
CONVENTIONAL INTEGRATED CIRCUITS 
Figure 1 

APPLICATION FIT 
Figure 2 

Exact 

Marginal 
Added Value 

BENEFIT OF NONVOLATILE RAM 
Figure 3 

• Procedure learning 
• Adaptive control 
• Automatic firmware updates 
• Real time data capture 

ADDED BENEFITS OF USER 
INSERTABLE MEMORY 
• Improved application fit 
• Eliminate costly service 
• Simplified optioning 
• Permits system to evolve 
• After market sales 
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THE NONVOLATILE READIWRITE 
CARTRIDGE 
The DS1217 nonvolatile cartridge is a com
pact, rugged, and portable memory presently 
available in densities of 2K x 8, 8K x 8, 
16K x 8, 24K x 8, 32K x 8 64Kx8, and 128K x 8 
(Figure 5). 

Density is expected to increase to 4M bit, 
512K x 8 before 1987. All. of the future high 
density cartridges Will hav~ the same 
package dimensions and connector pinout 
so that upgrades can be easily accom
plished. Data is accessed randomly, one 
byte at a time via a 15 bit address bus and an 
8 bit data bus. Data can be written or read 
from the cartridge in the same manner as 
regular static RAM with a read/write cycle 
time of 250 ns. Because the cartridge is non
volatile, data Is retained when the cartridge 
Is removed from a system. Data retention is 
handled transparently inside the cartridge 
via an Intelligent controller chip which safe
guards data and directs an internal lithium 
energy source to memories when power is 
lost. Data is protected from inadvertent loss 
by preventing memory cycles when the exter
nal supply voltage is less than 4.5 volts. Data 
retention is accomplished by selecting the 
greater of two voltages, i.e., either the exter
nal supply (VCC) or the internal lithium 
energy source. A switch is also provided on 
the cartridge which unconditionally protects 
data. When the write protection switch is 
turned on, the cartridge becomes read only 
and all write cycles to RAM are ignored. 

The lithium energy source used is the ex
tremely stable electrochemical system lith
ium polycarbon monofluoride. This energy 
system has the capacity and shelf life 
needed to retain data for well over ten years 
in the absence of external power. The lithium 
energy source has raised concern about reli
ability and has been the subject of much 
study1. Data taken on the energy source 
used in the D51217 indicates a failure rate 
less than 0.5% per three million device 
hours at 25°C. . 

The edge connector on the cartridge has 
been arranged to meet the J EDEC Standard 
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Bytewide 28-PinDip Socket; making it compa
tible with existing ctesigns. The cartridge can 
be plugged into a 28-pin socket via a ribbon 
cable with a30-position edge connector on 
one end and a 28-pin plug on the other (Figure 
6). This ribbon cable can be purchased direct
ly from AMP or from Dallas Semiconductor 
(DS9000). The AMP Part Number is 494940-1. 
The ribbon cable can be used to retrofit 
existing systems which use the bytewide 
socket adding nonvolatility, portability, and 
density upgrade. 

DIRECT CONNECTION 
Figure 4 

8051 
IJP OS1201 

TAG 

ClK 
I/O RESEr 

O/Q 

OS1217 
Cartridge 

We zao WR tq f\ 
PP AD DE 

MREQ CE 

OQO-OQ7 

AO-A14 



USER INSERTABLE MEMORY Table 1 
TAGS 

Part Number DS1201 DS1205 

Density (Bits) 1024 4096 

Interface Serial Serial 

Data Retention 10 Years 10 Years 

Availability Now Future 

Connection 5 Pin SIP 5 Pin SIP 

CARTRIDGES 

Part Number DS12171 DS12171 DS12171 
18K 84K 128K 

Density (Bits) 16K 64K 128K 

Interface Bytewide Bytewide Bytewide 

Data Retention 10 Years 10 Years 10 Years 

Availability Now Now Now 

Connection 30 Pos. 30 Pos. 30 Pos. 
Card Edge Card Edge Card Edge 

Part Number DS12171 DS12171 DS12171 
258K VaM 1M 

Density (Bits) 256K 512K 1M 

Interface Bytewide Bytewide Bytewide 

Data Retention 10 Years 10 Years 10 Years 

Availability Now Now Now 

Connection 30 Pos. 30 Pos. 30 Pos. 
Card Edge Card Edge Card Edge 

DS12171 
198K 

196K 

Bytewide 

10 Years 

Now 

30 Pos. 
Card Edge 

DS12171 
4M 

4M 

Bytewide 

10 Years 

Now 

30 Pos. 
Card Edge 
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NONVOLATILE READ/WRITE CARTRIDGE - DS12.17 Figure 5 

II:] 

OFF·ON 

th 
n n 

+ '1+ .050' ... , 
" KEY II 
II " 

,····"""'·.·.· ..... 1 t---- 14 eQUAL SPACES AT--.t 
100 , 005 rNA 

Manual Write 
Protection 

CARTRIDGE CONNECTIONS Figure 6 

P.C. Board 
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Ribbon Cable -----t' 
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Connector 



Every precaution has been taken with the 
design of the cartridge to protect data in
tegrity while handling. The case is made of 
durable impact resistant plastic capable of 
sustaining a three foot drop test on a con
crete surface. The casing is designed to pro
tect the internal electronics from dust, 
shock, and other elements of an adverse en
vironment. The cartridge will operate over a 
wide temperature range of O°C to + 70 ° C 
and permit storage with data retention from 
- 40 ° C to + 70 ° C. Relative humidity can 
vary between 0 and 95% provided there is no 
condensation. The mating connector is plated 
with 50 u inches of gold over 150 u inches of 
nickel. When the proper mating receptacle 
(AMP Part Number 494940-1) is used, over 
3000 insertions and withdraw cycles can oc
cur without electrical degradation. All signal 
lines are recessed and the ground connec
tion is extended on the mating connector to 
prevent electrostatic damage to internal 
components. The recessed signal paths and 
extended ground have the added advantage 
of enhancing data integrity when the car
tridge is inserted and withdrawn while power 
is applied because the possibility of charge 
injection into the memory is eliminated. To 
further prevent garbled data while "hot plug
ging" the cartridge, two offset keys are pro
vided. When both keys are used in the mat
ing receptacle, data integrity is virtually 
assured. 

READ CYCLE Figure 7 

DOUT 

OPERATION 

READ MODE 
The 051217 is executing a read cycle when
ever WE (write enable) is inactive (high) and 
CE (cartridge enable) is active (low) (Figure 
7). The unique address specified by the 15 
address inputs (AO-A 14) defines which of the 
32,768 bytes of data is to be accessed. Valid 
data will be available to the eight date I/O 
pins within tACC (access time) after the last 
address input signal is stable, providing that 
CE (cartridge enable) and OE (outQut enable) 
access times are also satified. If OE and CE 
times are not satisfied, then data access 
must be measured from the latter occurring 
signal (CE or OEl.!..nd the Iimit.l!J.g parameter 
is either tco for CE or tOE for OE rather than 
address access. Read cycles can only occur 
when VCC is greater than or equal to 4.5 
volts. When VCC is less than 4.5 volts, the 
memory is inhibited and all accesses are 
ignored. 

WRITE MODE 
The 051217 is in the write mode whenever 
the WE and CE signals are in the active (low) 
state after address inputs are stable (Fl9..ure 
§LThe latter occurring falling edge of CE or 
WE will determine the start of the write cy
cle. The write cycle j§.. terminated by the 
earlier rising edge of CE or WE. All address 
inputs must be kept valid throughout the 

'CO 

'COE 

'COE 

'OE 

'RC 

VOH 
VOL 
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write cycle. WE must return to the high state 
for a minimum recovery time (tWRUefore 
another cycle can be initiated. The OE con
trol signal should be kept inactive (hi.gh) dur
ing write cycles to avoid bus contention. 
However, if the output bus has been enabled 

WRITE CYCLE Figure 8 

(eE and OE active) then WE will disable the 
outputs in tOWD from its falling edge. Write 
cycles can only occur when Vee is greater 
than 4.5 volts. When Vee is less than 4.5 
volts, the memory is write protected. 

twe 

DOUT __________________ ~~Hi~ ~~I~ 
)\i. DATA IN STABLE .j?\r---....;;..,.-DIN 

-------------' VIL VIL '-,,-----

DATA RETENTION MODE 
The nonvolatile cartridge provides full func
tional capability for Vee greater than 4.5 
volts and guarantees write protection for 
Vee less than 4.5 volts (Figure 9). Data is 
maintained in the absence of Vee without 
any additional support circuitry. The OS1217 
constantly monitors Vee. Should the supply 
voltage decay, the RAM is automatically write 
protected below 4.5 volts. As Vee falls below 
approximately 3.0 volts, the power switching 
circuit connects a lithium energy source to 
RAM. To retain data during power up, when 
Vee rises above approximately 3.0 volts, the 
power switching circuit connects the exter
nal Vee to the RAM and disconnects the 
lithium energy source. Normal RAM opera
tion can resume after Vee exceeds 4.5 volts. 

The 051217 checks battery status to warn of 
potential data loss. Each time that Vee 
power is restored to the cartridge the battery 
voltage is checked with a preCision compar
ator. If the battery supply is less than 2.0 
volts, the second memory cycle is inhibited. 
Battery status can, therefore, be determined 
by performing a read cycle after power up to 
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any location in memory, recording that mem
ory location content. A subsequent write cycle 
can then be executed to the same memQCY 
location, altering the data. If the next read 
cycle fails to verify the written data, the con
tents of the memory are questionable. 

In many applications, data integrity is para
mount. The cartridge provides battery redun
dancy. The DS1217 provides an internal isola
tion switch which provides for the connection 
of two batteries. During battery back-up time 
the battery with the highest voltage is se
lected for use. If one battery fails, the other 
will automatically take over. The switch be
tween batteries is transparent to the user. A 
battery status warning will occur if both bat
teries are less than 2.0 volts. 

OPTIONAL SECURITY FEATURE 
Cartridges can be used to add features to a 
system and as such are often sold as value 
added extras. In these applications protec
tion of software and guarding sensitive data 
is often important in avoiding competition. 
To date the problem of maintaining after 
market sales has been solved by special 
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molded cases and connectors which are 
unique to each equipment manufacturer. 
These barriers are relatively easy to over
come by competitors. In contrast, Dallas 
Semiconductor provides standardized cases 
and connectors but employs laser technol
ogy to make silicon unique. This presents a 
far more formidable barrier to potential after 
market competitors and also reduces cost. 
Dallas Semiconductor cartridges have 
added security circuitry which makes it 
usable for only one manufacturer's specific 
application while maintaining the same form 
factor and connector system. When acti
vated by Dallas Semiconductor, the security 
option prevents unauthorized access. A se
quence of events must occur to gain access 
to the cartridge (Figure 10). A 64 bit access 
code must be consecutively written to the 
cartridge. Actual RAM locations are not writ
ten as the security option is intercepting the 
data rate until access is granted. Following 
the 64 write cycles a comparison is made to 
a 64 bit pattern uniquely defined by the user 
and programmed into the DS1217 by Dallas 
Semiconductor at the time of manufacture. 
This pattern can only be interrogated by an 
intelligent controller within the cartridge and 
cannot be read by the user. When a correct 
match is found, the next part of the security 

sequence begins by reading a 64 bit read 
only register. This register consists of 64 
bits also defined by the user and pro
grammed into the DS1217 by Dallas Semi
conductor at the time of manufacture. For 
each of the 64 read cycles, one bit of the user 
defined read only register is available. This 
phase also requires that the 64 read cycles 
be consecutive. The data being read from the 
read only register may be used by software 
to determine if the cartridge will be per
mittedto be used with that particular sys
tem. After the 64 read cycles the cartridge is 
unlocked and all subsequent memory cycles 
will become actual memory accesses based 
on address inputs. This procedure prevents 
second party encroachment. 

The security feature can also be used for 
bank switching in and out multiple cartridge 
in the same memory address space. Entrance 
to the desired cartridge would take place ex
actly as described above. Since each car
tridge can have a different security code, only 
the one with the exact pattern match would 
allow access. To change from one cartridge 
to another, the reset line must be driven low 
long enough to exit from the active cartridge. 
A different cartridge could then be entered by 
matching the security code. 
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SECURITY SEQUENCE Figure 10 
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THE ELECTRONIC TAO 
The OS1201 is a miniature nonvolatile read/ 
write memory system. The Tag is organized 
as a 128 x 8 memory. However, data is ac
cessed in a serial manner to reduce pin 
count, and to simplify interface require
ments while enhancing the reliability of con
nection. In fact, the Tag can be carried in 
your pocket, dropped in the water, and even 
stepped on, and still retain data. Low pin 
count combined with a special mechanical 
form factor has been used to make the 
device compact, rugged, and user insertable. 

The Tag is permanently powered by a lithium 
polycarbon monofluoride energy cell which 
retains data in the absence of power. This 
energy cell is the same type as that used in 
the cartridge differing only in size and ener
gy capacity. When connected in a system, 
power can be supplied via the reset signal or 
the VCC pin. Reset current of only 2 mA sup
plies all the energy needed by the Tag. Reset 
is also used to initialize and terminate all 
communications with the Tag. 

The Tag is designed to be plugged into a 
standard 5 pin 0.1 inch center SIP receptacle 
(Figure 11). A key is provided to prevent the 
Tag from being plugged in backward (Figure 
12). Contact to the Tag .can be determined to 
insure connection integrity before data 
transfer .begins. Clock, RESET, and data 
INPUT/OUTPUT all have 25K Ohm pull down 
resistor to ground which can be sensed by a 
reading device. While the Tag is designed to 
be a user insertable device it is not limited to 
those applications. The Tag canbe used in
side a systE!m using the same 5 pin SIP strip 
and become a permanent 1 K nonvolatile 
memory. 

OPERATION 
The block diagram (Figure 13) of the Elec
tronic Tag illustrates the main elements of 
the device: namely, shift register, control 
logic, nonvolatile RAM, and power switch. To 
initiate a memory cycle RESET is taken high 
and 24 bits are loaded into the shift register 
providing both address and command infor
mation. Each bit is serial input on the riSing 
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edge of the CLOCK input. Seven address 
bits specify one of 128 RAM locations. The 
remaining command bits specify read/write 
and byte/burst mode. After the first 24 
CLOCKS which load the shift register addi
tional CLOCKS will output data for a read, or 
input data for a write. The number of CLOCK 
pulses equals 24 plus 8 for byte mode or 24 
plus 1024 for burst mode. 

APPLICATIONS 
The portable computer is an example of 
many applications which can take advan
tage of user insertable nonvolatile memory. 
The portable computer approaches the 
power and capability of a desk top personal 
computer with the notable exception of 
mass data storage. The most popular type of 
mass data storage is the floppy disk. Floppy 
disks are dense and miniature, but suffer 
from two drawbacks. First, floppy disks are 
fragile, making their use prohibitive in many 
applications. Second, the mechanism to 
read and write the media is expensive and 
consumes power. Since portable computers 
are battery powered, use of floppy disk drive 
is prohibitive. To compensate, portable com
puter manufacturers developed software 
cartridges which are used in place of disk 
drives. For the most part, cartridges used 
with portable computers are read only and 
contain program information. This limitation 
prevents movement of user data beyond the 
portable computer. A better approach is the 
use of a nonvolatile read/write cartridge 
which could provide both program storage 
and data storage. The nonvolatile read/write 
cartridge also avoids problems of different 
disk sizes and formats. 

Both the Tag and the cartridge are well 
suited for a range of applications. For exam
ple, a Tag could be used as a production 
traveler containing information such as lot 
number, inspector's identification, and 
quality control steps. An application in the 
pharmaceutical industry uses the Tag to keep 
track of chemical concentrations in liquids. 
The variables are stored in the Tag and used 
to precisely control formulation when mix
tures are produced. The machine tool indus-
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ELECTRONIC TAG BLOCK DIAGRAM Figure 13 
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try could use the cartridge to quickly set up 
operations instead of involved manual entry 
procedures. The rugged and durable car
tridge package is also ideal for the industrial 
automation environment. The cartridge can 
store programs for process control in a fac
tory. Because of the ease in which data can" 
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POWER 
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be changed, process parameters could be 
altered and tracked automatically. 

'Louis J. Hart and Theodore Ciobanu, 
"Lithium Batteries for Memory Backup-An 
Evaluation Program at IBM," published in 
Batteries Today, Summer 1984 issue. 
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SMARTSOCKET-SMARTWATCH 
The production rate of CMOS static RAM has 
become staggering. Millions of units are used 
each year in systems that require the ideal 
characteristics and low cost attributed to 
CMOS static RAM. Now its one drawback, vol
atility, can be overcome by mating a standard 
CMOS static RAM with a DS1213 SmartSocket 
(Figure 1). Contained in the SmartSocket is in
telligent control circuitry and a back-up lithium 
energy source to permanently power the 
mated RAM, thereby providing data retention 
in the absence of power. In this way the same 
high volume production efficiency which has 
made static RAM so economical can be used 
to make a nonvolatile RAM. Furthermore the 
SmartSocket accepts either 2K x 8 8K x 8 
or 32K x 8 devices making system design 
extremely flexible. 

The SmartSocket conforms to the JEDEC 
Bytewide standard for dual in line memory 
(Figure 2). The identical footprint allows exist
ing sockets to be replaced with SmartSockets 
thus giving a system the advantage of non
volatile RAM without redesign. Its physioal 
size is the same as conventional sockets ex
cept for an additional height of 0.2 inches 
needed for mechanical considerations. 

Figure 1 
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BYTEWIDE JEDEC PINOUT Figure 2 
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The heart of the DS1213 SmartSocket is the 
intelligent control circuit designed by Dallas 
Semiconductor to perform five circuit func
tions required to battery back-up a CMOS 
memory (Figure 3). First, a switch is provided 
to direct power from the battery or VCC sup
ply, depending on which is greater. This 
switch has a voltage drop of less than 0.2 
volts. The second function which the Smart· 
Socket provides is power fail detection. 
Power fail detection occurs between 4.75 
and 4.5 volts. The DS1213 constantly moni
tors the VCC supply. When VCC falls below 
4.75 volts, a precision comparator detects 
the condition and inhibits the RAM chip en
able (Figure 4). The third function accom
plishes write protection by holding the chip 
enable signal to the memory to within 0.2 
volts of VCC or battery supply .. If the chip 
enable signal is active at the time power fail 
detection occurs, write protection is delayed 
until after the memory cycle is complete to 
avoid corruption of data. During nominal 
power supply conditions the memory chip 
enable signal will be passed through to the 



SIMPLIFIED BLOCK DIAGRAM OF THE DS1213 CONTROLLER CHIP Figure 3 
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socket receptacle with a maximum propaga
tion delay of 20 ns. The fourth function the 
DS1213 performs is to check battery status 
to warn of potential data loss. Each time 
that VCC power is restored to the Smart
Socket the battery voltage is checked with a 
precision comparator. If the battery supply is 
less than 2.0 volts, the second memory cycle 
is inhibited. Battery status can, therefore, be 
determined by performing a read cycle after 
power up to any location in the memory, re
cording that memory location content. A 
subsequent write cycle can then be exe
cuted to the same memory location,altering 
the data. If the next read cycle fails to verify 
the written data, the contents of the memory 
are questionable. The fifth function which 
the SmartSocket provides is battery redun
dancy. In many applications, data integrity is 
paramount. In these applications it is desir
able to use two batteries to insure reliability. 
The DS1213 SmartSocket provides an inter
nal isolation switch which provides for the 
connection of two batteries. During battery 

CEI ~-Da--CEO 

back up time the battery with the highest 
voltage is selected for use~ If one battery 
fails, the other will automatically take over. 
The switch between batteries is transparent 
to the user. A battery status warning will oc
cur if both batteries are less than 2.0 volts. 

ENERGY SOURCE 
The energy source within the SmartSocket is 
an extremely stable electrochemical system 
made up of a lithium anode and polycarbon 
monofluoride cathode. This energy system 
has the capacity and shelf life needed to re
tain data for well over 10 years in the ab
sence of external power when mated with an 
appropriate CMOS static RAM (Table 1). 

The lithium energy source has raised con
cern about reliability and has been the ob
ject of much studyl. Data taken on the 
energy source used in the SmartSocket in
dicates a failure rate less than 0.5% per 
three million device hours at 70°C. 
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TIMING DIAGRAM - POWER DOWN Figure 4 
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Table I 

• Acceptable RAM Choices* 

2Kx8 8Kx8 32Kx8 

Toshiba TC5517 TC5564 

NEC uPD446 uPD4464 

OKI MSM5128 

Fujitsu MB8416 

Sharp LH5164 

Sony CXK58255P 

*10 Years Data Retention in 
the Absence of Power 

ADDING A TIME FUNCTION 
A similar second device called the DS1216 
SmartWatch retains the nonvolatile RAM ca
pability of the SmartSocket and adds a calen
dar time function. The SmartWatch maintains 
time information including hundredths of 
seconds, seconds, minutes, hours, day, date, 
month and year. The date at the end of the 
month is automatically adjusted for months 
with less than 31 days, including correction 
for leap year. Hours of the day can be tracked 
in both the 12 and 24 hour format. 

The value of adding a clock function to the 
SmartSocket lies in the amortization of the 
energy source with additional space saving 
benefits. The DS1216 SmartWatch includes 
the quartz crystal and circuits needed for 
time keeping within the same package as the 
SmartSocket while remaining compatible 
with the JEDEC Bytewide memory pinout. 

OPERATION 
Communication with the SmartWatch is 
established by pattern recognition on a 
serial bit stream of 64 bits which must be 
matched by executing 64 consecutive write 
cycles containing the proper data on 000. 
All accesses which occur prior to recogni
tion of the 64 bit pattern are directed to 
memory. 

After recognition is established, the next 64 
read or write cycles either extract or update 
data in the SmartWatch; memory access is 
inhibited. 

Data transfer to and from the timekeeping 
function is accomplished with a serial~it 
stream under control of chip enable (CE), 
output enable (OE), and write enable (ViiE). 
Initially, a read cycl~o any memory location 
using the CE and OE control of the Smart
Watch starts the pattern recognition se
quence by moving a pOinter to the first bit of 
the 64 bit comparison register. Next 64 con
secutive write cycles are executed using the 
CE and WE control of the SmartWatch. These 
64 write cycles are used only to gain access 
to the SmartWatch, therefore, any address to 
the memory in the socket is acceptable. How
ever, the write cycles generated to gain ac
cess to the SmartWatch are also writing data 
to a location in the mated RAM. The preferred 
way to manage this requirement is to set 
aside just one address location in RAM as a 
SmartWatch scratch pad. When the first write 
cycle is executed, it is compared to bit 1 of 
the 64 bit comparison register. If a match is 
found, the pointer increments to the next lo
cation of the comparison register and awaits 
the next write cycle. If a match is not found, 
the pOinter does not advance and all subse
quent write cycles are ignored. If a read cy
cle occurs at any time during pattern recog
nition, the present sequence is aborted and 
the comparison register pointer is reset. Pat
tern recognition continues for a total of 64 
write cycles as described above until all the 
bits in the comparison register have been 
matched (this bit pattern is shown in Figure 
5). With a correct match for 64 bits, the 
SmartWatch is enabled and data transfer to 
or from the timekeeping registers may pro
ceed. The next 64 cycles will cause the 
SmartWatch to either receive or transmit 
data on 000, rumending on the level of the 
OE pin or the WE pin. Cycles to other loca
tions outside the memory block can be inter
leaved with CE cycles without interrupting 
the pattern recognition sequence or data 
transfer sequence to the SmartWatch. 
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SMARTWATCH. COMPARISON REGISTER .DEFINITION 

7 

Figure 5 

o HEX VALUE 
C5 1 o o o o 1 

o o 1 1 1 o 1 o 3A 

1 o 1 o o o 1 A3 

o 1 o 1 1 1 o o 5C 

1 1 o o o 1 o C5 

o o 1 1 o o 3A 

1 o o o o 1 
A3 

o 1 o 1 1 o o 5C 

NOTE: The pattern recognition in hex is C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this pat
tern being accidentally duplicated and causing inadvertent entry to the SmartWatch 
is less than 1 in 1019• 

SMARTWATCH REGISTER INFORMATION 
The SmartWatch information is contained in 
8 registers of 8 bits each which are sequen
tially accessed one bit at a time after the 64 
bit pattern recogniHon sequence has been 
completed. When updating the SmartWatch 
registers, each must be handled in groups of 
8 bits. Writing and reading individual bits 
within a register could produce erroneous re
sults. These read/write registers are defined 
in Figure 6. 

Data contained in the SmartWatch registers 
are in binary coded decimal format (BCD). 
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Reading and writing the registers is always 
accomplished by stepping through all 8 reg
isters, starting with bit 0 of register 0 and 
ending with bit 7 of register 7. 

AM·PM/12/24 MODE 
Bit 7 of the hours register is defined as the12 
or 24 hour mode select bit.When high, the 12 
hour mode is selected. In the 12 hour mode, 
bit 5 is the AM/PM bit with logic high being 
PM. In the 24 hour mode, bit5 is the second 
10 hour bit (20-23 hours). 



OSCILLATOR AND RESET BITS 
Bits 4 and 5 of the day register are used to 
control the reset and oscillator function. Bit 4 
controls the reset (pin 1). When the reset bit is 
set to logical 1 , the reset input pin is ignored. 
When the reset bit is set to logical 0, a low in
put on the reset pin will cause the SmartWatch 
to abort data transfer without changing data 
in the watch registers. Bit 5 controls the 
oscillator. This bit is shipped from Dallas 
Semiconductor set to logical 1, which turns 
the oscillator off. When set to logical 0, the 
oscillator turns on and the watch becomes 
operational. 

ZERO BITS 
Registers 1, 2, 3, 4, 5, and 6 contain one or 
more bits which always read logical O. When 
writing these locations, either a logical 1 or 0 
is acceptable. 

HARDWARE RETROFIT 
The method by which the time function of 
the SmartWatch is accessed allows for retro
fitting existing designs which use a 28 pin 
bytewide socket. The hardware design is left 
intact, and only a software change is re
quired to add a calendar feature to previous
ly designed systems. Moreover, most sys-

SMARTWATCH REOISTER DEFINITION Figure 6 
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tems only require time information on power 
up since time is kept track of by the operat
ing system while power is applied. In these 
applications, the software overhead is re
duced to an algorithm which is executed only 
when the machine is turned on. 

SOFTWARE 
The software needed to cause entry and up
date for the Sma,rtWatch consists of three 
subroutines (Table 2). The first, called 
"PATIREC," will wake up the SmartWatch 
and get it ready for reading and writing. After 
pattern recognition has been established 
one of two subroutines is used to either ex
tract information or update the SmartWatch. 
The "WRWATCH" routine will write the 8 
watch registers of the SmartWatch. The 
"RDWATCH" will extract information from 
the SmartWatch. The example shown in Table 
2 is written in 8086 assembly language. 

The SmartSocket replaces as many as a doz
en discrete components needed to implement 

SMARTSOCKET Figure 7 
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battery backup for a static· RAM (Figure 7). 
Furthermore, the special control circuit tech
niques employed in the SmartSocket do not 
have the drawbacks of the earlier discrete 
component approach saving printed circuit 
board area and reducing current consump
tion from the battery. Manufacturing proce
dures are simplified by not having to deal with 
special handling procedures needed to avoid 
discharging the battery. Reliability is also 
greatly improved by eliminating battery 
clips. The SmartWatchgoes further by add
ing a time function without increasing space 
requirements. Often an entire printed circuit 
board is used to provide this function. 

1Louis J. Hart and Theodore Ciobanu, 
"Lithium Batteries for Memory Backup-An 
Evaluation Program at IBM," published in 
Batteries Today, Summer 1984 issue. 



SMARTWATCH SOFTWARE Table 2 

, 
SWATCH 

, 
SCRATCH 
, 
SWATCH 
, 
CSEG 

, 
PAT 
, 
DTA 
, 
PATREC 

PR1: 

PR2: 

PATREC 
, 
WRWATCH 

WW1: 

WW2: 

WRWATCH. 

SET SSSS TO THE SEGMENT OF MEMORY WHERE 
THE SMARTWATCH WILL BE ACCESSED 

SEGMENT AT SSSS 

SET 0000 TO THE OFFSET OF THE SCRATCH MEMORY 
BYTE USED TO COMMUNICATE WITH THE SMARTWATCH 

EQU 0000 

ENDS 

SEGMENT PARA PUBLIC 'CODE' 
ASSUME CS:CSEG,DS:CSEG 

DB OC5H,03AH,OA3H,05CH,OC5H,03AH,OA3H,05CH 

DB 0,0,0,0,0,0,0,0 

PROC NEAR 
PUSH ES ;SAVE ES 
MOV AX,SEG SWATCH ;SET ES TO 
MOV ES,AX ; SEGMENT OF SCRATCH 
MOV CX,64 ;DO 64 BITS 
MOV SI,OFFSET PAT ;SET INDEX TO PATIERN RECOGNITION 
MOV DI,OFFSET SCRATCH 
TEST CX,? ;LOAD NEXT BYTE? 
JNZ PR2 ;NO! 
LODSB ;GET NEXT PATTERN BYTE 
MOV ES:[DI),AL ;WRITE DO 
SHR AL,1 ;PREPARE NEXT DATA BIT 
LOOP PR1 . ;LOOP BACK 
POP ES ;RESTORE ES 
RET ;RETURN 
ENDP 

PROC NEAR 
PUSH ES ;SAVE ES 
MOV AX,SEG SWATCH ;SET ES TO 
MOV ES,AX ; SEGMENT OF SCRATCH 
MOV CX,64 ;DO 64 BITS 
MOV SI,OFFSET DTA ;SET INDEX TO DATA 
MOV DI,OFFSET SCRATCH 
TEST CX,? ;GET NEXT BYTE? 
JNZ WW2 ;NO! 
LODSB ;GET DATA BYTE 
MOV ES:[DI),AL ;WRITE DO 
SHR AL,1 ;PREPARE NEXT DATA BIT 
LOOP WW1 ;LOOP BACK 
POP ES ;RESTORE ES 
RET ;RETURN 
ENDP 
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, 
RDWATCH PROC NEAR 

PUSH OS ;SAVE OS 
MOV AX,SEG SWATCH ;SET OS TO 
MOV DS,AX ; SEGMENT OF SCRATCH 
MOV CX,64 , ;0064 BITS 
MOV SI,OFFSET SCRATCH 
MOV DI,OFFSET DTA ;SET INDEX TO DATA 

RW1: JCXZ RW2 ;DONE? 
MOV AH,[SI) ;READ DO 
SHR AX,1 ;PREPARE NEXT DATA BIT 
DEC CX ;UPDATE COUNTER 
TEST CX,? ;SAVE NEXT BYTE? 
JNZ RW1 ;NO! 
STOSB ;SAVEDATA BYTE 
JMP RW1 

RW2: POP OS ;RESTORE OS 
RET ;RETURN 

RDWATCH ENDP 
, 
CSEG ENDS 

END 
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Dallas Semiconductor 
Smart Socket/ 
Smart Watch Options 

SMARTSOCKET/SMARTWATCH 
OPTIONS 

The OS1213 SmartSocket and OS1216 
SmartWatch product families are designed to 
accept several user modifications. Please 
review the OS1213 and OS1216 data sheets 
for normal operation before modification. 

OS1213 SMARTSOCKET OPTIONS 
(Reference Figure 1) 

Option 1: Power Supply Tolerance 
The standard OS 1213 socket prod
ucts are manufactured such that 
power fail detection occurs between 
4.75 volts and 4.50 volts, giving a 5% 
supply operating range. This range 
can be changed to a 10% supply with 
power fail detection occuring be
tween 4.50 volts and 4.25 volts. 
Follow the procedure below: 

·cut metal trace labeled "TOL" 
·short together metal tabs labeled "T" 

Option 2: Oensity Upgrade 
This option applies to the OS1213 
and OS12130 SmartSockets only. 
The OS1213 can be upgraded from 
8K x 8 to 32K x 8 memory and the 
OS12130 can be upgraded from 
128K x 8 to 512K x 8 memory by 
performing the following: 

·cut metal traces identified by a hash mark 
labeled YOU" 
·short together square metal pads labeled uG" 

Application Note-4 
DS1213 
DS1216 

OS1216 SMARTWATCH OPTIONS 
(Reference Figure 2) 

Option 1: RESET ~isconnect 
All OS1216 SmartWatch sockets are 
manufactured such that the RST 
signal to the Real Time Clock is 
located at pin 1 of the socket. If for 
a given application the RESET signal 
is not required, or not desired, this 
signal can be permanantly discon
nected as follows: 

·cut metal trace labeled "RES" 

Option 2: Oensity Upgrade 
This option applies to the OS1216 
and OS12160 SmartWatch sockets 
only. As with the OS1213 and 
OS12130, the OS1216 and 
OS12160can be upgraded from 8K x 
8 to 32K x 8 memory and 128K x 8 to 
512K x 8 respectively as follows: 

·cut metal traces identified by a hash mark 
labeleduU" 
·short together square metal pads labeled uG" 
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Figure.1: DS1213 SMART SOCKET FAMILY 
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Figure2: DS1216 SMART WATCH FAMILY 
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INTEGRATED BATTERY BACKUP 
A CM05 chip set protects critical information 
in microprocessor~based systems during 
power loss. Called Integrated Battery Backup, 
the product provides for the orderly shutdown 
and automatic restart of processor-based 
systems. It is, in essence, a micro-level 
uninterruptable power supply. Particularly 
useful in industrial automation applications, 
Integrated Battery Backup allows a system 
to restart a task where it stopped as if power 
disruption had not occurred. By saving the 
data, the system picks up where it left off, 
thus avoiding wasted efforts and the incon
venience of re-booting. 

Integrated Battery Backup is a modular chip 
set that can be used in its entirety or as in
dividual components according to need. The 
051231 Power Monitor warns a processor of 
an impending power failure before it happens, 
providing time for critical data to be stored in 
nonvolatile memory before system power is 
lost. The Nonvolatile ControlierlDecoder 
(051210, 051211, 051212, 051221) safe
guards against RAM data loss during power 
up and down transients. It automatically 
switches to battery when power failure oc
curs and consumes a minute battery current 
of less than 100 nA. The 051260 5martBattery 
supplies uninterruptable power in the ab
sence of VCC to maintain data in nonvolatile 
memory for more than 10 years. A supple
mental function of software controlled write 
inhibit can be provided by the 051234 or 
051222. The 051215 TimeChip adds the 
capability of time stamping and dating 
events. 

5ystem designers can use these low-cost 
chips to protect critical system data and 
avert the chaos that accompanies unfore
seeable power failures. 

PROPER BATTERY BACKUP 
METHODOLOGY 
A battery backup scheme which will flawless
ly retain data requires a two-part strategy. 
The first part involves memory itself. For a 
memory to retain data in the absence of 
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power, it must have a backup energy source, 
a switch to direct power from the main sup
ply or the backup supply, and detection of 
power failure so that the memory can be 
write"protected during power transients. The 
second part of a battery backup strategy in
volves control of the microprocessor. The 
processor should be warned in advance of 
impending power loss so that last minute 
housekeeping chores can be orchestrated. 
As a minimum, enough warning should be 
provided for an orderly shutdown before 
power goes out of tolerance. The amount of 
advance warning required is a function of 
application. The earliest warning can be 
given by sensing power supply conditions on 
the A.C. power line or on the filter capacitor 
energy reservoir upstream of the regulator. 
This type of power sensing allows the pro
cessor to take advantage of hold up time, 
which is usually several milliseconds for 
linear supplies and tens of milliseconds for 
switching supplies. A power fail signal 
generated from the power sensing device 
can be used to interrupt the processor for a 
software-controlled shutdown routine. After 
the routine is executed, the processor then 
enters a wait state beIore VCC (+ 5 volts) be
comes abnormal. When VCC actually goes 
out of tolerance, the processor is forced into 
a reset mode which will drive all control 
signals to an inactive level and put the data 
and address bus to a high impedance state. 
Processor reset prevents further activity from 
occurring which could disturb nonvolatile 
memory. Reset circuitry must be designed to 
clamp reset in the active state until power is 
restored to an in-tolerance condition and the 
processor's internal clocks have stabilized. 
A stabilization period of tens of milliseconds 
is required. The 051231 Power Monitor has a 
built-in timer to meet this requirement. 

NONVOLATILE MEMORY CONTROLLER 
Converting static CM05 RAM into nonvola
tile memories has often been accomplished 
by a number of power-consuming discrete 
circuits. Dallas 5emiconductor's nonvolatile 
controllers support from one to sixteen 



NONVOLATILE CONTROLLERS CAN TRANSFORM FROM ONE TO SIXTEEN CMOS STATIC 
RAMS INTO NONVOLATILE MEMORIES Figure 1 
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CONDITIONAL NONVOLATILE CONTROLLER INHIBITS WRITES AND DISCONNECTS 
BATTERY VIA SOFTWARE Figure 2 .. 
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memories. These controllers consume insig
nificant battery current and perform all the 
circuit functions required to battery backup 
static RAMs, including power switching; 
power fail detection, write protection, decod
ing, and optional battery redundancy. The 
diagrams in Figure 1 illustrate the typical 
hook-up between the nonvolatile controllers 
and memory. Each diagram shows redundant 
batteries. If only one battery is sufficient, the 
other battery pin must be grounded. The 
OS1210, OS1211, and OS1212 have a toler
ance pin which selects either 5% or 10% 
write protection points on the 5-volt supply. 
With the tolerance pin grounded (as shown) 
power fail detection occurs between 4.75 
volts and 4.5 volts. Power fail detection 
forces the chip enable outputs to memory to 
a high level, thereby providing write protec
tion. The OS1221 does not have a tolerance 
pin and power fail detection is fixed to occur 
between 4.5 volts and 4:25 volts. The OS1221 
has a security mode that can be used by 
special order from Oallas Semiconductor. 
When this mode is not employed, pins WE, 
RO, 0/0, and RST must be grounded. 
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CONDITIONAL NONVOLATILE MEMORY 
CONTROLLER 
Some applications require a memory which 
is only written to under special conditions. 
The OS1234 offers an additional level of 
write protection for these applications by 
providing two software-controlled switches 
(see Figure 2). One switch will inhibit the 
writes by forcing WEO high regardless of the 
write enable input WEI. The second switch is 
used to disconnect the battery, making the 
connected memory volatile. The switches 
are set by pattern recognition on address in
puts AO through A3. Pattern recognition is 
accomplished by presenting 16 consecutive 
patterns of 4 bits each on the address inputs 
which are strobed into the device with the 
chip enable signal. When the siNitches are 
set for nonvolatile operation, the OS1234 
write protects connected memory via the 
chip enable si~by forCing the chip enable 
output signal (CEO) to a high level when VCC 
is out of tolerance. Read-on~eration is 
accomplished by restricting WEO to a high 
level. The switch settings can be changed at 
any time as long as VCC is within toleranoe. 
The switches are nonvolatile as long as bat
tery power is present. 



THE SMARTBATTERY 
A critical element in a battery-backed-up 
memory system is the battery itself. Batteries 
had been considered unreliable and a mainte
nance problem. Additional problems with bat
tery handling and mounting have also been 
cited as major barriers to use. This is no 
longer true. Dallas Semiconductor's DS1260 
Smart Battery supplies 1 amp hour of lithium 
energy at 3 volts and has a shelf life of more 
than ten years. USing the proper compo
nents and design techniques, this device 
can be installed in a system to last the 
useful life of the system. However, the de
vice is designed to be replaceable if dis
charge rates are so high as to deplete the 
energy before the system is obsolete. For 
convenience it has been designed to plug 
into a standard 16-pin DIP socket. In addition 
to sourcing energy the Smart Battery incor
porates a semiconductor Ie to solve system 
problems associated with battery backup 
(Figure 3). The Smart Battery automatically 
switches power as required. Up to 250 mA of 
Vee power can be routed through and 5 mA 

can be sourced from the battery when Ys;e is 
less than 3 volts. The power fail signal (PF) can 
be used to write protect memory when Vee 
drops below 4.25 volts (typical). The battery fail 
signal (BF) can be used to tell the processor if 
battery is expended. This signal reports when 
battery voltage is less than 2 volts. 

A major concern is how to identify that a bat
tery has full capacity, particularly when bat
teries are subject to uncertain handling con-· 

. ditions. The Smart Battery has an "electronic 
seal" implemented with both chip technology 
and special packaging to ensure absolute 
freshness. The reset input (RST) causes the 
battery supply to be disconnected from its 
pins so that no discharge occurs during stor
age, shipping and handling; therefore, bat
tery life is maximized. Once reset, the Smart
Battery is designed to remain in an off-state 
and then automatically reactivated when 
Vee (+ 5 volts) is applied. Subsequently, the 
Smart Battery will become uninterruptable 
even if the + 5 volts is removed. 

SMARTBATTERY MAINTAINS 64 SK)( S RAMS FOR >Is YEARS WITHOUT Vee Figure 3 
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BANK SWITCHING EXTENDS NONVOLATILE MEMORY SPACE Figure 4 
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BANK SWITCHING 
While bank switching is not involved in mak
ing memory nonvolatile, it does extend the 
processor's address map for nonvolatile 
memory. Figure 4 is an example of how the 
081222 and 081212 connect together. The 
application, as drawn, controls four banks of 
32K x 8 nonvolatile RAM. The bank switch
ing scheme is derived from pattern recogni
tion on four address lines. The pattern is 16 
bits deep, which also adds a level of security 
to memory in addition to the bank switching 
function. 

THE POWER MONITOR 
As mentioned earlier, proper battery backup 
methodology is a two-part strategy that 
must be followed in order to successfully ac
complish reliable nonvolatile RAM operation. 
80 far, controlling memory has been dis-
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cussed. The second half of the strategy is 
controlling the processor. The 081231 Power 
Monitor is a device designed to control the 
processor through an orderly shutdown and 
restart associated with power failure. An ad
vanced warning by sensing power failure as 
far back into the power suply as possible is 
critical to an orderly shutdown. Figures 5, 6, 
7 and 8.show alternate methods of sensing 
power levels. Figures 5 and 8 show the Power 
Monitor in the current mode. In this mode 
the 081231 is sourcing 30 uA to the opto
isolators through the IN pin. Figures 6 and 7 
show the 081231 in the high impedance mode 
where the IN pin is a high impedance input 
to the voltage sense point. Methods of sens
ing power which provide isolation are often 
preferred for safety reasons. However, the 
simple circuit of Figure 6 is adequate for 
many systems. The IN pin on the 081231 pro-



D.C. VOLTAGE MONITOR WITH OPTO·ISOLATION Figure 5 
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D.C. VOLTAGE MONITOR WITHOUT ISOLATION Figure 6 
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A.C. VOLTAGE MONITOR WITH TRANSFORMER ISOLATION Figure 7 
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RESET CONTROL OF MICROPROCESSORS 
Figure 9 
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duces NMI as soon as power loss is detected. 
NMI, nonmaskable interrupt, is normally the 
highest level of interrupt in a system. Power 
fail software routines must be executed be
tween the time that NMI occurs and loss of 
Vcc. As VCC falls below the trip point which 
is set by the tolerance pin, reset (RST and 
RST) will go to the active state. The function 
of plaCing a processor in reset stops all ac
tivity. The OS1231 holds the RST and RST 
signals active until + 5 volts is back to an in
tolerance condition and a 250 ms minimum 
has elapsed. The delay on power up allows 
the processor to stabilize before executing 
instructions. 

Alternate methods of processor reset con
trol are shown in Figures 9 and 10. Neither of 

these circuits involves early warning. This is 
acceptable in applications where a software 
controlled shutdown is not required. The 
RST and RST signals must still prevent the 
processor from inadvertently writing mem
ory on power up and power down. Either of 
the circuits shown in Figures 9 and 10 can 
control the processor. The implementation 
using the OS1210 as a reset controller may 
not be as cost effective as the OS1231 be
cause of the external gate to correct the 
level of CEO. 

COMPLETE SYSTEM 
The block diagram of Figure 11 shows a com
plete nonvolatile memory system. The OS1231 
provides for both software notification and 
hardware control of the processor during 
power down/up. The OS1212 is used as a de
coder and nonvolatile controller for up to 16 
memories. Finally the OS1260 Smart Battery 
sources uninterruptable power for both the 
OS1212 controller and the memories. A sys
tem designed in this manner can be crash 
proof and can retain data for the useful life 
of the system. The block diagram of Figure 
12 has all of the capability of the circuit just 
described with two important additions. 
First, time-of-day information has been 
added, using a Oallas Semiconductor OS1215 
TimeKeeper. Continuous power is supplied 
to the OS1215 via the Smart Battery. The 
OS1215 has the advantage of not requiring a 
decoder. The watch feature is accessed trans
parent to memory via software controlled pat
tern recognition similar to that described 
earlier for the OS1222 and OS1234. The circuit 
implementation adds a time stamping and 
dating capability at ~ very modest increase 
in cost. The final addition to this circuit is 
the OS1222 Bank Switch. The Bank Switch is 
used to selectively inhibit writes to RAM 
under software control. This is accomplished 
by routing write command signals from the 
processor through the OS1222. When the 
OS1222 is first powered on, the write com
mand to the RAMs is blocked preventing 
data from being inadvertently changed. After 
power up write commands can be passed 
through at the discretion of software. The 
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INTEGRATED BATTERY BACKUP Figure 11 
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commands can be enabled via pattern recog
nition on four address lines using the write 
strobe to gate this pattern into the 051222. 
The use of the 051222 in this manner gives 
an added level of write protection. A fully irn
plemented version of this circuit supports 16 
nonvolatile memories partitioned in four 
groups. Each group can be selectively write 
protected with the 051222 circuit. 

CONCLUSION 
Battery backed up memory applications are in
creaSing ata rapid pace. The principal reason 
for growth is the benefit accrued to the system 
when RAM can be made to remember. While 
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the need for battery backup has been increas
ing, methodology and standard circuits to im
plement designs have been inadequate. In 
fact, many battery backup implementations 
tack the thoroughness to reliability protect 
data during power transients. 

A solution to problems of battery backed up 
memory design is embodied in a modular prod
uct line from Dallas 5emiconductor called 
Integrated Battery Backup. This family of prod
ucts includes the Nonvolatile Controller 
(051210, 051211, 051212, 051221, 051234), 
5martBattery (051260), Power Monitor 
(051231), Bank 5witch (051222) and a Time
Chip (051215). 



INTEGRATED BATTERY BACKUP SUPPLEMENTED WITH SOFTWARE WRITE PROTECT 
AND TIMEKEEPING Figure 12 
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ELECTRONIC DESIGN EXCLUSIVE 
Security is a fact of business life. Informa
tion and property must be protected from 
fraud, theft, and misappropriation. Personal 
computer software represents both these 
kinds of items, and yet the multibillion-dollar 
industry has virtually no protection. 

Of the methods employed to protect software 
from illegal copying, the most popular ones 
use programming tricks. Unfortunately, those 
methods also stop the legitimate user from 
backing up valuable disks. To make matters 
worse, programs have been developed to 
defeat most software-based schemes for 
copy protection. 

A better solution lies in the marriage of soft
ware and hardware. With such a merger in 
mind, security takes the form of a special 
key. The DS1204 system permits only legiti
mately purchased software to be run, and it 
does not unduly disturb the personal com
puter user or prevent him or her from making 
backups to hard disks (see E/ectronic De
sign, September 5, 1985, p. 219). A package 
about the size of a postage stamp, which 
cont~ins an Ie and a lithium energy source, 
stores identification and an unrevealable 
code word that protects a secure, nonvolatile 
read/write memory. Upon installation of the 
DS1250, a simple key ring that consists of a 
five-contact key receptacle connected through 
a cable to an intermediate socket, the key 
ring and key lock-out precoded software 
from all but rightful keyholders. 

The byte wide key ring implementation begins 
with a system board that contains a 28-pin 
socket with or without a resident ROM. (In all 
personal computers, there is at least one 
ROM that is used for boot sequences, basic 
I/O system implementation, or some form of 
dedicated software monitoring.) 

READY TO GO 
With the key ring inserted in the ROM 
socket, the ROM inserted into the key ring, 
and the key inserted into the clip at the end 
of the cable, the system ROM functions nor
mally. The address and data lines are trans-

parently sent through the byte wide key ring 
socket and presented to the system ROM as 
usual. As a result, existing unprotected soft
ware will run on the system. 

However, if certain address lines are driven 
with specific patterns, the software activates 
the key ring, which disconnects the ROM 
from the system board and ties the address 
and data lines to the key ring's own bus. At 
that point, communication to the system 
board ROM socket is transparently passed on 
to any device that is inserted into the key clip. 

A MEMORY BARRIER 
A partitioned memory in the key sets up a 
system of barriers, preventing unauthorized 
access to software. The first barrier is pos
session of the key, since the silicon chip in
side the key is extremely difficult to copy. If 
a copy is nevertheless made, the code words 
and nonvolatile memory are lost during what 
may otherwise seem to be a successful pro
cess of reverse engineering. 

The key stores 64 bits of user-definable iden
tification code, and a 64·bit security match 
code that protects 128 bits of read/write non
volatile memory. The 64-bit security code in 
the key, once programmed for one particular 
disk by the software vendor, cannot be read 
or derived by the user. 

Another barrier can be thrown in the pirate's 
path: the key manufacturer, using a laser, 
can brand another 13 bits of ·key memory 
with a code unique to the software maker. 

A final level of protection is afforded through 
intricate programming techniques. Because 
the electronic key functions as a read/write 
memory, it can "converse" with deeply em
bedded software locks and actually change 
its own password from use to use. _ 

EASY TO USE 
A low pin count and a guided entry to its 
socket make the device transportable and 
user insertable. A lithium battery supplies 
power for decades. . 

The electronic key has two modes of opera
tion. In the normal mode, data transfer takes 
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place between the key ring and the key (i=ig. 1). 
To initiate a data exchange, RESET is taken 
high and 24 bits are loaded into the com
mand register from the computer. That 24-bit 
protocol stores an unalterable code that in
cludes the 13 burned-in bits. If the key's com
mand register proves to be loaded properly, 
communication continues (Fig. 2). 

Following the 24-bit exchange, 64 read 
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cycles examine the identification RAM in the 
key. The computer then writes 64 bits to the 
compare register, also on the key. If that 
block agrees with the security match RAM, 
permission is given to read or write the 
128-bit nonvolatile memory. If a match is not 
found, access to additional information is 
denied. The 128-bit section can be changed 
indefinitely to meet the needs of a, dynamic 
protection scheme. 
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In the normal mode, data from the computer is applied to the key through the key ring.That 
data is compared in the command and compare registers. Data from the key is then returned 
to the computer to complete the verification procedure. 
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Driving RESET high also initiates the pro
gram mode (Fig. 3). The computer software 
loads 24 bits into the command register on 
each low-to-high transition of the clock in
put. If the key's command register is not pro
perly loaded, the remainder of the program 
cycle is ignored. However, if the command 
register is properly loaded, then the follow
ing 128 bits are written to the identification 
memory and the security match memory after 
the data in the 128-bit nonvolatile RAM has 
been erased by the key. 

Dynamic interaction with the key can be 
maintained throughout program execution. 
The matching codes of the key and the pro
gram on disk are continually updated with a 
pseudorandom number-say, the check sum 
of the system address space at a given in
stant in time. 

At various points in the program, the check
sum value in the application program is 

Figure 2 
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matched with the value in the key. If they do 
not match, program execution is aborted. If 
they do, another check sum is written to the 
application program on the disk and to the 
key, and execution of the program continues. 

Alternatively, program parameters or in
structions themselves can be stored in the 
key's 128 bits of nonvolatile memory. Those 
code fragments are called up, or dynamical
ly loaded, and initiate actions that are 
crucial to the proper functioning of the ap
plication program. If the key is improperly 
programmed or programmed with invalid in
formation, those code sequences will cause 
the program to deliver unpredictable and in
correct results to the unauthorized user. 

RUNNING RINGS AROUND THE DATA 
The key ring adapts the electronic keys, with 
their low pin count, to JEDEC standard byte 
wide memory signals. Any 28-pin RAM, ROM 

Security Match 

Read orWrite Secure Nonvolatile RAM 
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NOTE: 
The key is matched against a particular program in a sequenced two-way transfer of data. 
Previously stored data supplied by the software enables each key to be tailored to a program. 
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or EPROM device can be removed and placed 
in the intermediary socket of the key ring. 
The combination can then be reinstalled in 
the original ROM location, leaving the sys
tem intact. Optional key rings are available 
for 16-pin dynamic RAM and 24-pin ROM 
sockets, and for the parallel printer port of 
IBM or IBM-compatible personal computers. 

The intermediary socket contains a CMOS 
chip that redirects information flow from the 
byte wide memory to the inserted keys, ac
cording to special software-generated ad
dress sequences. Data transfer of 50 Kbits/s 
are possible with an assembly language 
software driver of less than· 500 bytes. 

The key ring protocol is derived from address 
inputs AO, A1 and A2 (Fig. 4). Those addresses 
are latched on the falling edge of a strobe 
signal derived from theJQgical combination 
of CE/CASin and RAS/OEih. AO defines the 
data that is compared for recognition. A1 ac
tivates the communication sequence, while 
A2 clocks in information defined by AO. 

As noted, data transfer through the key ring 
occurs by first matching a 24-bit pattern 
from the software. That pattern is presented 
to a register on each rising edge of a strobe. 
Therefore, data is entered for comparison to 

Figure 3 
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the key ring protocol at the end of each 
memory cycle. 

While keepingA1 high,the proper informa
tion must be presented on AO to match the 
24-bit pattern. Address input A2 generates 
the shift signal that supplies data to the 
24-bit register for comparison with the pat
tern that has been placed in the key by the 
manufacturer. 

Information is loaded one bit at a timeon the 
riSing edge of the shift pulse, and each shift 
cycle must be generated from two memory 
cycles. The first memory cycle sends A2 low, 
setting the shift clock low. The second mem
ory cycle sends A2 high, causing the transi
tion necessary to shift a bit of data into the 
24-bit register. AO is kept at the same level 
for both memory cycles. Address input A3, 
which controls the direction of data going to 
and from the keys, is not used during pattern 
recognition in the key ring protocol. 

After the 24-bit pattern has been correctly 
entered, a match signal is generated and 
logically combined with the enable Signal to 
generate RESET for the key. The match sig
nal is also used to disable the original 
memory device (now plugged into the key 
ring) and to enable a gate allowing the key's 
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NOTE: 
In the programming mode, after the first 24 bits are written, the key checks to see that they 
contain a valid programming code. If so, 128 bits are written to the identification and securi-
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Figure 4 
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The key ring provides an active interface between the host computer and the key. Key data 
plus control pulses are provided by the address line. 
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Data 110 line to drive the computer memory 
bus. When RESET is driven high, devices at
tached to the key ring become active and 
subsequent shift signals derived from A2 
will be recognized as the key clock. 

The data signal for the key on the AO line 
depends on the level of .the direction signal 
on A3. When A3 is high, data as defined by 
AO will be sent out on the Data 110 line. When 
A3 is low, devices attached to the key ring 
can drive the memory bus output line. The 
data direction bit must be set low to read key 
data. 

A sophisticated example of interaction be
tween the electronic key and the application 
software package involves the use of a data 
encryption algorithm. The application pro
gram is encrypted as distributed from the 
factory, using the Data Encryption Standard 
or the Rivest, Shamir, Adleman public key 
encryption algorithm. 

The public key is contained on the program 
media and the private key goes into the elec-
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tronic key's memory. A kernel, invoked when 
the application program is activated, de
crypts the remainder of the binary version of 
the running program, producing a functional 
one. That program then communicates with 
the electronic key, providing a greater de
gree of program security. 

Dynamic encryption of the application pro
gram can be expanded, so that the elec
tronic key contents and the program image 
are encrypted on program exit. The result: 
both are different for each operation of the 
program. 

The electronic key is not limited to software 
security. Because it is small "and user-insert
able, it can be carried, stored, and used just 
like conventional keys and credit cards. The 
electronic key has the added benefit, how
ever, of a nonvolatile read/write memory and 
a data capacity that surpasses most credit 
cards and keys in use today. 
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SYSTEM CONFIGURATION 
A common problem facing systems designers 
is the need to make a product general enough 
to meet the needs of many customers without 
unduly restricting its utility for a specific user. 
Often the solution is to provide some ability 
for the end-user to tailor the system to his 
specific needs. Typically, this customization 
or personalization of a system is accom
plished through the use of mechanical dip
switches or jumper wires and pull-up resis
tors which provide a nonvolatile logic input 
to finish wiring the system after the fact. 
Many times these switches must be set man
ually by non-technically inclined individuals. 
Asking the user to perform what seems to the 
designer to be a simple task often results in 
confusion, which leads to error, ending in ex
pensive one-to-one customer interface to 
correct. Needless to say, the frustration ex
perienced by the user in these attempts can 
only have a detrimental effect on a customer's 
perception of the product. Additional short
comings of mechanical switches· include a 
physical placement which may be difficult or 
hazardous to access should they need to be 
altered as well as virtually precluding the 
ability to dynamically reconfigure the system. 

Dallas Semiconductor has developed a group 
of products designed to eliminate these prob
lems without compromising the nonvolatility 
of a system's configuration. By using the 
OS1206 Phantom Interface and the OS1290/92 
Eliminator, a system can now have a nonvol
atile switch equivalent which is set through 
the system bus. Access to the settings may 
now be something as familiar to most users 
as a keyboard, in fact remote system con
figuration over a phone link is possible. 
Instead of trying to understand the words on 
a written set of instructions, a customer may 
configure a system through a software-gen
erated question-and-answer session. This 
approach makes use of a common interface 
to configure the system, the result being few
er errors, a higher degree of customer satis
faction and a lower technical support cost. 

The OS1290 is a 16-pin, 300-mil package 
which provides 8-switch equivalents. Unlike 
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mechanical switches which require external 
pull-up resistors to create a logic 1 state, the 
pins of the Eliminator provide valid logic 
levels directly. The switch settings are set 
and verified through a serial port which 
allows new states to be entered or the cur
rent ones read without disturbing the pres· 
ent configuration. The Clock (ClK), Data In 
(IN), Transfer (T) and OA pins, shown in Fig, 
ure 1, provide this interface, while the Clear 
(ClR) pin causes all switches to be reset to a 
logic O. Referring to Figure 2, note that the 
device is organized internally as a shift 
register which is clocked on the positive 
edge of clock with the outputs of all but the 
last stage beinjl latched to the pin on the 
falling edge of T. The last output (OA) is not 
subject to T control and ripples directly to 
the pin. This feature allows OA to be con
nected to IN through an isolation resistor to 
effectively create a DO line for system read 
of settings, or permits any number of Elimi
nators to be cascaded in serial fashion. In
cluded within the device are power fail pro
tection circuits to hold the output states in 
the event of system -power loss and ignore 
any spurious ClK, T, or ClR signals that 
could be generated by power transients. The 
output drivers are driven directly by system 
power, but gated by logic driven by internal 
power, so high settings will track the board 
supply and low outputs will always pull ac
tively to ground. This effectively emulates the 
common switch/resistor arrangement by hav
ing well defined logic levels under low supply 
conditions with the obvious advantage of no 
DC current path through the low or logic 0 
switches. The OS1292 is a 16-switch equiva
lent housed in a 24-pin, 300-mil package. 

The OS1206 Phantom Interface, shown in 
Figure 3, considerably simplifies the inter
face between the system bus and the serial 
port of the OS1290/92. The device sits on the 
bus as a passive listener until a specific pat
tern of addresses sam.Q!!ld on the later fail
ing edge of CE/CAS or OEIRAS has been pre
sented to it. Once the pattern is matched the 
serial port is enabled with AO as DATA lri 
from the system, A1 as RST (connected to T 
of the OS1290/92), A2 as CLOCK and A3 is the 



direction control which determines whether 
data is coming from or going to the system. 
To close or deactivate the port si'!!!p~old 
A1 low on the later falling edge of CE/CAS or 
OE/RAS. The pattern recognition require
ments on the address bus make it all but im
possible that the port could be deactivated 
accidentally (the probability of an arbitrary 
set of 48 memory cycles opening the port are 
1 in 2145 or 4.5 x 1043). 

The simplest implementation of the OS1206/ 
OS129X is one in which the designer neither 
needs nor desires a direct software verifica
tion of the configuration settings. In such a 
system the OS1206 serial port is opened and 
the software-determined settings are sent to 
the OS129X. The port is then closed and the 
settings are verified by observing the behav
ior of the system. 

Some designers may desire to verify the set
tings within the configuration software. The 
OS1206IDS129X provide a way for the soft
ware to directly verify that the settings are 
what was requested before the board is put 
in service. Pictured in Figure 4 is an example 
of a system for the IBM Personal Computer. 
This board demonstrates the use of the 
Phantom Interface/Eliminator by allowing a 
configuration to take place under keyboard 
control. The configuration will be the board 
address as well as any other user-defined 
system attributes (e.g., baud rate). Once the 
configuration has been set and verified, 
reads and writes of the memory may be done 
in the normal fashion, with no interference 
from the Phantom Interface or Eliminator. A 
typical sequence of events for installing this 
board are: 1) The user inserts the board into 
an expansion slot; 2) After booting the PC, a 
vendor-supplied floppy is inserted into the 
drive and a configuration program is ex
ecuted; 3) The software makes simple in
quiries to determine the board address and 
attributes and translates the user responses 
into valid settings; 4) The OS1206 is opened 
and the appropriate settings are written to 
the OS129X. Note the CLR function provides 
the ability for a manual return to the uncon
figured stated shoul~ that become necessary. 

In using this system configuration approach, 
one should be aware of several things that are 
illustrated by the example board. First, it is not 
necessary to predict an unoccupied memory 
space in which to place the unconfigured 
board because the OS1206 on a virgin board 
can be enabled by any address. In the execu
tion of a sequence of code a processor will 
perform fetches from memory interspersed 
with the requested I/O operations. The OS1206 
is unable to distinguish the software-requested 
memory reads from the instruction opcode 
fetches; therefore the OS1206 on an uncon· 
figured board must be enabled by only write 
cycles to any address location. After the 
OS1206 is opened writes through the port are 
allowed independent of address, but reads 
only from the current board address. On a 
virgin board, this may conflict with memory 
already resident in the system. Contentiqn 
can be avoided by first opening the Phantom 
Interface port, setting the Eliminator outputs 
to some unoccupied address and clOSing the 
.E.ort. The act of closing the port will bring the 
T line to the OS129X low and update the out
puts to the current settings. The protocol for 
the serial port may be reissued and a read 
performed at the board address. The board 
select is accomplished by using a common 
technique, comparing the address bus to the 
switch outputs using a 74LS688 TTL compar
ator. Note that setting the OS1290 output 
labeled CONFIG to a logic 0 will cause the 
data from the board to come from the serial 
shift registers of the cascaded OS129Xs, 
rather than from the memory. The switch set
tings are read by holding Thigh (RST from 
the OS1206, A3 on the system bus) which 
holds the old settings at the outputs until it 
is brought low again, and issuing a clock 
stream through A 1, whose length matches 
the number of bits on the OS129X chain. The 
last output on the OS129X is not subject to 
the f control and will therefore toggle as the 
data stream is brought through the shift 
register. This unique output allows the set
tings to be interrogated or Eliminators to be 
serially cascaded without changing the out
put states. By connecting the last output of 
the chain to the DO line from the OS1206, 
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through an isolation resistor, data can be 
serially shifted to the system and at the 
same time be fed back into the DS129X 
chain. When the port is closed the outputs of 
the'OS129X will be updated, but because the 
number of clocks matches the number of 
bits in the chain and the last bit of the chain 
drives the input, the states will not change. 
Once the software has verified the settings 
are correct, the port should be opened once 
again and the same bit stream rewritten, but 
with the CONFIG bit set high. With the CON· 
FIG bit high the serial port is disabled and no 
further writes or reads can be done through 
it. The board is now enabled to respond to 
reads and writes of its registers at the board 
address. On this board, the 74LS374 device 
is the register bank, with the 74SL244 per
forming the transfer of the data to the 
system bus during reads. Should it become 
necessary to change the board address or 
attributes, one Simply brings the CLR pins 
on the OS129X to ground (or only the par
ticular device which has the CON FIG bit) to 
return the board to an unconfigured state. 
The setting sequence may now be repeated 
as desired. Pulling CLR low, may be ac
complished in on of several ways, using a 
normally open, momentary contact-to-ground 
switch (the CLR pin has an internal pull-up 
resistor), a simple shunt as a jumper, or even 
a second OS1206 to allow the protocol 
match at a hardwired address location to 
cause a clear under software control. 

Mechanical dipswitches are usually perceived 
as a necessary evil in the design of a system, 
used only as a last resort to provide some 
flexibility to the customer base. With the in
troduction of the OS1206 Phantom Interface 
and the OS1290/92 Eliminator a deSigner no 
longer needs to compromise a system's flex
ibility for ease of use. A high degree of flexi
bility can be maintained and at the same 
time the ability of a user to mold a system to 
a particular use in enhanced. 
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BLOCK DIAGRAM-DS1292 Figure 2 
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IBM PC EXPANSION BOARD 
EXAMPLE SHOWING CASCADED ELIMINATORS Figure 4 
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INTRODUCTION 
This application 'note describes the use of 
the 051260 5martBattery to provide non
volatile operation of one or more Xilinx/MMI 
XC-2064 Logic Cell Arrays. 

The LCA is a CM05 logic array device in 
which the internal configuration is deter
mined by self-contained bits of RAM storage. 
The data contained in this RAM is used to 
define logic block functions, configuration 
of I/O blocks, routing of internal signals, and 
other options. As a result, the user can 
quickly implement complex digital logic 
functions directly without the requirement 
for masking or other vendor performed pro
gramming steps. In addition, the use of inter
nal RAM allows logic design changes to be 
quickly implemented and verified in the pro
totype system. Complete re-configuration 
"on-the-fly" of the final production system is 
also possible. 

The use of RAM for holding the LCA's config
uration data allows a maximum amount of 
flexibility in a programmable logic device. 
Without nonvolatile support, however, the 
device must be re-Ioaded from external mem
ory each time that the configuration data is 
lost due to a power down or to a brownout 
condition. This not only requires additional 

SYSTEM SCHEMATIC Figure 1 
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memory to contain the logic configuration 
data, but also a considerable amount of time 
following power-up to perform the re-Ioad 
operation. 

The 051260 alleviates these problems by 
providing nonvolatile support with a 
minimum impact on system hardware. The 
051260 directly interfaces to three pins on 
the LCA to perform the nonvolatile control 
function with no additional source circuitry. 
In addition, the embedded lithium energy 
source within the 5martBattery provides suf
ficient capacity to maintain the logic con
figuration data in several LCAs for 10 years 
in the absence of VCC. 

SCHEMATIC DIAGRAM 
The schematic shown in Figure 1 illustrates 
the required connections between the 5mart
Battery and one or more Xilinx/MMI LCAs. 
Two VCCI (VCC In) lines are present on the 
051260 and may be connected to the system 
power supply line. The two VCCO lines on the 
051260 may be directly connected to the two 
power supply inputs on LCA as shown. The 
VCCI lines are internally tied together within 
the 051260 as are the VCCO lines, so that 
there will be no voltage differential across 
either of these two sets of pins. 
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The PF line of the DS1260 is used to directly 
connect to the PWRDN input to the LCA. 
This DS1260 will use this line to automatically 
place the LCA in its standby state when 
power is cycled on and off. 

Multiplied LCAs may be controlled from a 
single Smart Battery simply by repeating the 
same connections to the additional devices 
as shown in the schematic. 

POWER CYCLING OPERATION 
The timing diagram in Figure 2 illustrates 
the timing operation of the system when 
power to the system is cycled off and on. 
During normal system operation, incoming 
VCC voltage is monitored by the DS1260 for 
two thresholds below nominal operating 
voltage. Both of these thresholds are 
detected by the Smart Battery as VCC 
decays in a power-down situation. The first 
(highest) threshold which is detected during 
a power-down is the Power Fail Voltage 
(VpE). When VCC falls below this value the 
PWRDN pin on the LCA ~ulled down to its 
active low level by the PF output from the 
embedded control IC. This action will force 
the LCA to suspend all operation and go into 
its low pOl,.er consumption mode. All clocks 
will be stopped within the device and all out
puts are placed into high impedance state. 
All configuration data is maintained in the 
device when PWRDN is held at its active low 
level. 

As VCC voltage continues to decay during a 
power·down it will eventually drop below the 

POWER CYCLING TIMING Figure 2 
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second (lower) threshold detected by the 
Smart Battery, which is Power Down Voltage 
(VPD). When this occurs the internal lithium 
source is automatically switched to the VCC 
pins on the LCA device and the PWRDN in· 
put will continue to be held in its active 
state. At this point the configuration data 
will be maintained by power supplied from 
the lithium source. 

During a power·up, the reverse of the se
quence described above will take place. 
When VCC rises above the VPD threshold, 
the VCC lines of the LCA will be switched 
from the lithium source to the systemVcc 
lines .. When VCC subsequently rises above 
the VPF threshold, the PWRDN pin of the 
LCA will be driven to its inactive high level, 
and full operation of the device can thEm 
take place. 

There are only two timing considerations 
which are of concern to the system designer. 
The first is the fall time slew rate of the in
coming VCCI voltage. As specified in the 
DS1260 data sheet, the minimum fall time (tF) 
must be no less than 300 us. This is to insure 
proper operation of the PF signal and switch
ing of VCCO from the VCCI input voltage to 
the embedded lithium source. With a reason
able amount of capacitance on the VCCIline 
that is normally associated with most power 
supplies, this timing requirement presents 
no problem. The minimum rise time slew rate 
is specified as minimum of 1 us, which will 
be met by default in most designs due to the 
capacitance described above. 
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The other important timing consideration is 
the recovery delay time associated wi1h the 
PF output of the OS1260 following a power
up condition. In this case, the delay time is 
specified at a maximum ()f 100 us. This im
plies that the LCA will not be allowed to 
begin operation for this length of time in the 
worst case. As a result, no logic should be 
implemented in the LCA which must begin 
operation within this timeframe. 

RESET (LITHIUM DISCONNECT) 
The Reset input to the Smart Battery can be 
used to disconnect the lithium source from 
the LCA Vec lines. This feature is useful in 
situations where the system is to be pow
ered down for a long period of time without 
the need for data retention, as might be the 
case when the system is stored in a stock
room. By disconnecting the lithium source, 
its full energy capacity can be assured at the 
time when use of the system begins. Acci
dental discharge is also prevented during 
shipping and handling. This feature is ac
tivated with a high-going pulse to the RST in
put while system power is being appliet.. 
above the VPF threshold .. When system 
power is removed following this action, the 
LCA's VCC lines will be isolated from the 
lithium source. The next time that power is 
applied, normal operation will again take 
place when VCC rises above the VPF 
threshold, and the LCA's VCC lines will once 
again be connected to the lithium source 
when the system is powered down. The tim
ing diagram in Figure 3 illustrates the opera-

RESET TIMING Figure 3 
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In this example the data retention time is 
71.3 years. For most applications, 10 years 
of data retention in the absence of Vee 
voltage is more than sufficient to last the life 
of the product. The maximum amount of cur
rent which can be drawn from the 250 maH, 
500 maH and 1000 maH versions of the Smart
Battery and still provide 10 years of data 
retention time can be calculated as follows: 

250 maH = .00285 ma = 2.85 uA 
10 yrs. x 8760 hrs/yr. 

500 maH = .00570 ma = 5.70 uA 
10 yrs. x 8760 hrs/yr. 

1000 maH = .01140 ma= 11.40 uA 
10 yrs. x 8760 hrs/yr. 

Note that these numbers represent the total 
amount of data retention capacity available 
with the Smart Battery when Vee voltage is 
not present. No lithium power is consumed 
when system power is applied. 
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R~ Dallas Semiconductor 
W ... KeyRing 

Application Note 12 
. D51255 

OS1255 KeyRing Implementation 

The OS1255 is a special adaptor designed to interface Dallas Semiconductor OS 1204U 
and OS 1207 Electronic Keys to personal computers via the parallel printer port. This mechanism 
was chosen as the method of interface due to the ease of installation and common parallel printer 
port availability. Dallas Semiconductor has also developed software which demonstrates how 
communication is established between the P .C. system and the electronic keys. The complete 
hardware/software package was developed for electronic key implementation on a 4MHz IBM 
personal computer. This hardware/software combination may require minor modifications for the 
various machines and parallel printer port add-on cards available today. 

Hardware - Standard Product 

The standard OS 1255 KeyRing directs 4 signals from the parallel printer port to the OS 
1204U and OS1207 Electronic Keys. Pin 4 of the 25 position 0 connector, 02 (Data Out 2), 
provides RST for communication with the keys. Pin 5 of the 0 connector, 03 (Data Out 3), 
generates the ClK signal providing timing of data in and out of keys. The SlCTIN line (Pin 17) 
is a bi-directional signal and is used as the data I/O signal for Keys. Finally, Pin 18 of the 0 
connector is signal ground for the KeyRing and Keys. For a more complete understanding of 
these pins and their function, see the OS 1255, OS1204U, and OS 1207 data sheets. All ofthese 
signals are passed through to the printer except for Pin 17 SlCTIN. Because this is a bi
directional signal, it must be terminated at the KeyRing and not passed on to the printer, in order 
to avoid contention and/or clamping by the printer. 

Note: 1. Manual selection may be necessary on some models of printers if this signal is 
used by the printer for auto-select. 

2. A 180Ilpull down resistor may be placed between pins 17 and 18 at the printer 
side of the card to select the printer at all times. 

Figure 1 depicts the schematic and physical P .C. board design for the OS1255 standard 
product. 

Hardware - Option 

On some non-IBM compatible parallel printer port cards the SlCTIN signal (Pin 17) is not 
bi-directional. Communication from system to electronic keys must, therefore, be modified. 
Typically, the SlCTIN pin on these cards is for signaling from the system to the printer only. 
Therefore, communication to electronic keys from the system is possible, but not from keys to 
the host system. In this case, Pin 13 of the 25 position 0 connector (SELECT) is used for data 
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transmission from keys to the system. As in the standard product, Pin 13 must also be 
terminated at the electronic key and not passed on to the printer in order to avoid contention and/ 
or signal clamping. This hardware modification can be made very easily as follows: 

(1) Disconnect the printer end of Pin 13 by cutting the trace on the DS1255 printed 
circuit board at the location noted in metal with a hash-mark. 

(2) Connect with a jumper wire the two adjacent holes located near the hash-mark 
above. 

Figure 2 depicts the schematic and modification to the physical PC board layout 
necessary to complete this option. 

Note: As with the standard product, if the printer used with this option requires either 
Pin 17 (SlCTIN) or Pin 13 (SELECT) for auto select, it must be selected 
manually before operation. 

Hardware - Other Options 

There may be some rare cases where neither the standard product nor the option 
described above will work. For these uncommon cases and the option described above, the 
OS 1255W should be ordered. The OS 1255W is completely assembled as a standard product, 
but the housing is shipped separately unattached. Thus, any modification to the hardware can 
quickly be made, and housing reattached. 

Software Options 

As described above, the software package provided by Dallas Semiconductor has been 
developed for implementation on a 4 MHz IBM personal computer with the OS 1255 standard 
product. This software package is intended to be used as a demonstration tool as well as a 
baseline for development. The software should be tailored for a specific end application and must 
be modified to reflect any hardware option as described above. Also, for personal computers 
running faster than 4 MHz, some wait states may be necessary within the software due to 
resistor-capacitor signal (R-C) filtering on the ClK line (Pin 5 of 0 connector). 
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FIGURE 1: STANDARD PRODUCT 
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FIGURE 2: HARDWARE OPTION 
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R~." Dallas Semiconductor 
W P. C.Port Option 

DS6010 P.C. Port Implementation 

Application Note 13 
D56010 

The DS6010 is a unique half-length add-on card for IBM personal computers and 
compatibles. This card forms the interface between the personal computer expansion bus and 
Dallas Semiconductor memory cartridges (DS1217M) via a ribbon cable (OS9000) or cartridge 
clip (OS902O). The software provided with the OS6010 contains drivers and sample configuration 
files which allow for emulation of floppy disk drives with nonvolatile memory cartridges. This 
software was developed for use with the MS-DOS operating system on IBM PC/XT/AT and 
compatible computers. Certain applications may require the use of the nonvolatile memory 
cartridges in a non-floppy disk emulation format. 

Access With Basic 

The OS6010 has been designed such that with minor modifications, OS1217M memory 
cartridges can be accessed within the MBASIC" programming language on the personal computer. 
A specific 32K X 8 bit section of the memory map must be allocated for the nonvolatile RAM and 
SmartWatch on the OS6010 card, and another 32K X 8 bit section of the memory map for the 
OS1217M cartridge (via OS9000) or cartridges (via OS9020). The function of determining the 
vacant two sections of 32K X 8 bits is performed automatically under software control by the 
drivers provided with the standard OS601 0 distribution kit. The 32K X 8 bit banks are set with 
an electronic DIP switch (OS1292) upon power up. For applications requiring access to 
cartridges in the MBASIC" programming mode, this determination of memory map location can 
be done with standard 8 position DIP switches (2) rather than the OS1292 Eliminator. 

Hardware Modifications 

In order to modify the existing OS6010 hardware, the following must be performed 
(reference Figure 1): 

(1) Remove OS1292 Elilminator from socket (U13) 
(2) Solder in place any common 8 position DIP switch (16 pin .300") at locations U6 

and U7. Note: Be sure Pin 1 is oriented properly. 

DIP Switch Settings 

Any vacant section of memory map may be used for the NVRAM Plus SmartWatch and 
the OS1217M Cartridge/Cartridge Clip. Selection of memory map location for the NVRAM and 
SmartWatch is made by setting the DIP switch at U6 with switch number 8 being the most 
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significant bit. Selection of memory map location forthe nonvolatile cartridges is made by setting 
the DIP switch at U7with switch number 1 being the most significant bit. Some of the DIP switch 
settings are not applicable and should be set as described in Table 1. Note thatthe "off" condition 
of the switch is a "Logical 1" and the "on" condition is "Logical 0". For explanation purposes, 
memory map locations "OOXXX" and "08XXX" are used for the NVRAM Plus SmartWatch and 
memory cartridges respectively. These are common vacant sections in the memory map and 
are the default settings when using the standard hardware/software package. 

"BASIC" Access 

Access to the NVRAM Plus SmartWatch and the nonvolatile cartridge/cartridge clip may 
now be accomplished using "Peek" and "Poke" commands from BASIC. 

Please review OS1216, OS1217M, and OS9020 data sheets for technical information and 
access protocol to these devices. 

FIGURE 1 

LSB [] 0 tASB RAM DISK 

U6 U7 

tASB LSB 

? U13 
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TABLE 1 

DIP SWITCH SETTING LOGICAL DESCRIPTION COMMENTS 
SWITCH NUMBER CONDITION 

1 OFF 1 DECODE MUST BE 1 
ENABLE 

US 2 ON 0 OPTIONAL FUTURE 
NVRAM ENABLES ADDED 
WATCH MUST BE FEATURES 
DECODE 3 ON 0 ZERO 

4 ON 0 LSB A15 
MAY BE ANY 

5 OFF 1 A1S UNUSED 
MAPLOC. 32KX8BIT 

6 ON 0 DOXXX A17 BANK OF 
MEMORY MAP 

7 OFF 1 A18 

8 OFF 1 MSB A19 

1 OFF 1 MSB A19 MAY BE ANY 
OTHER 
UNUSED 

2 OFF 1 A18 32KX8 BIT BANK 
OF MEMORY 

MAPLOC. MAP 
3 ON 0 D8XXX A17 

U7 4 OFF 1 A16 
CART-
RIDGE 5 OFF 1 LSB A15 
DECODE 

6 DON'T CONFIG. FOR DS12061 
CARE LOCK DS1292 ONLY 

7 OFF 1 DECODE MUST BE 1 
ENABLE 

8 ON 0 WRITE MAYBE 1 TO 
LOCK WRITE 

PROTECT 
MEMORY 
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