
















































































































































































































































































































































































































































































































































































































































































































































































































































































































ALTERNATE SCANNING APPROACH 

\ 
7 

\ 8 
F8 7 SEGMENT 

SEGMENT DIGIT 
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) 8 
DIGIT 

DIGIT SELECT F8 DRIVERS 
PORT 1 V 

Figure 8 

STATIC DISPLAY APPROACH 
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7-SEGMENT ............ 
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Figure 9 
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MOSTEI(® 
USING MOSTEK'S F81N A SCANNED KEYBOARD APPLICATION 

INTRODUCTION 

Many microprocessor based systems require input 
from a keyboard of some type. The hardware 
required to encode a keyboard outside of the pro­
cessor can be eliminated by using a keyboard 
scanning technique. With one F8 port, a 16 switch 
keyboard can be scanned (see fig. 1) using no exter­
nal hardware. This is because of the bi-directional 
qu al ity of the F 8 ports. 

THEORY OF OPERATION 

When scanning the keyboard, one of the four row 
select bits is turned on supplying a ground return 
for one row of switches. The column data is then 
read back into the processor via the four column 
bits. These four bits will indicate the condition of 
all four switches in the selected row. Each of the 
four rows is selected, one at a time, continously 
providing current status of all 16 switches. 

"BOUNCE" is a problem encountered when using 
mechanical switches (see fig. 2). In order to prevent 
multiple detection of the switch closure, the bounce 
must be filtered out. A conventional solution to the 
bounce problem was to use an R-C filter and 
attempt to eliminate it electrically. However, when 
using the F8 scanning technique the switch bounce 
can be filtered in software by taking mUltiple sam­
ples of the switch to verify switch depression and 
release. 

SWITCH BOUNCE 

UJ 
t9 « 
I-
-l 
o 
> 

TIME +-1 
LEADING --J 
EDGE BOUNCE 

8 
MSEC 

Application Note 

4x4 KEYBOARD MATRIX 
Figure 1 

Fa \ 4 X4 
110 4 ROW SELECT KEYBOARD 

PORT / MATRIX 

l/l 4 COLUMN SENSING rv 

Since the software must usually scan all switches 
continuously, a register (or half) can be used to 
maintain the status of each switch. 

A common requirement for keyboards is "N-key 
rollover", meaning that if more than one switch is 
depressed at a time, all switch closures will be de­
tected. This requirement can be met when using the 
scanning technique as described above. Since all 
switches are continuously scanned, the condition 
of each switch is always available to the processor. 

--J 8 ~ TRAILING 
EDGE BOUNCE 

MSEC 
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4 x 3 KEY MATRIX 
Figure 3 

'" ~ BIT 0 

r, 

r-' BIT I 

'"' ..,; BIT2 

Fa 

SURVIVAL r, 

t-' 81T3 

KIT 

IIO k 
r-'BIT4 

PORT I 

'" "';BIT5 

EDGE 

CONN ECTOR 

7>----*----+---*----+----' 

9>----*----+--.---~-~ 

a I -

- I 3>---.---~-~----r-~ 
ROW 3 

I 5 ::>--------' 
COLO 

_I 7>----------------------~ 
COL I 

'" I 
iJ BIT 6 

9>-------------------------~ 
COL2 

k 

t-'SIT7 
21 »------ NOT USED 

COL 3 

EXAMPLE HARDWARE DESIGN 

The example in figure 3 shows a 4x3 matrix inter­
faced to an F8 port. This arrangement will provide 
N-key rollover input to the processor unless three 
keys are depressed simultaneously to form an L 
configuration. Then erroneous input could occur. 
If this presents a problem for a given application, 
one germanium diode (1 N 270) should be added on 
the column pole of each switch (see fig. 4). 

FOR SOME APPLICATIONS 
DIODES ARE NECESSARY 
Figure 4 

ROW 0 

IN270 

IN270 

The operation of this keyboard (fig. 3) is simple. To 
sense the condition of row 0, a Hex '01' is written 
to port 1. Port 1 is then read back. The state of 
bits 4,5 and 6 (COL 0, COL 1, COL 2) will be 1 if 
the respective switches in row 0 are closed and 0 if 

ROW I 
>--------+----------~~--) 

COLO 
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KEYBOARD SCAN ROUTINE (4 x 3 MATRIX) 
Figure 5 

KSCI 

SET ROW SELECT· 3 

KSC2 

OUTPUT ROW 
SELECT BIT 

READ COLUMN DATA 
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SWITCH IS ON 
PRINT ROW,* 

AND COLUMN .. ON 
TTY (CR t LF) 

C 



open. (Note: The F8 1/0 ports contain internal 
pull-ups). The other three rows are read similarly. 

EXAMPLE SOFTWARE FOR THE 4x3 MATRIX 
KEYBOARD 

An example program was written to run on the F8 
Survival Kit to demonstrate software switch sensing 
and debounce. 

One scratchpad register is used to maintain current 
status for each switch. When a switch is inactive it 
maintains a status of O. In order for the switch to 
be processed, three consecutive scans must occur in 
which the switch is sensed to be closed. 

When a switch is first sensed closed, its status is 
incremented to 1. I n succeeding scans its status is 
either incremented (if sensed closed) or reset to 0 
(if sensed open) until the status reaches 3, thus 
requiring three consecutive scans with the switch 
closed. 

The switch is then processed, wh ich in the example 
means the column number and row number are 
printed on the TTY (terminal). 

A status of 3 is maintained by the switch until the 
first time it is sensed open. At that time its status 
is set to 13. Then three consecutive scans with the 
switch open are requ ired to get the switch back to 
inactive status (0). This is accomplished by incre­
menting the status (if sensed open) or resetting the 
status to 13 (if sensed closed) until it reaches 15. 
The status is then reset to O. As long as bounce 
occurs, however, the status will be reset to 13. 

The flowchart (fig. 5) shows the logic described 
above. Note that at the end of each row scan there is 
a one millisecond delay which effects an interscan 
delay of 4 milliseconds for each switch. This means 
that the switch must be on 'solid' for 8 milliseconds 
before being processed and off 'solid' 8 milliseconds 
before becoming inactive again; so the switch will 
only be processed one time per depression. This 
debounce time sets the max keyboard entry rate 
for a given switch at 1 entry/24 milliseconds. 

Figure 6 shows the scratchpad register assignments 
used by the example program. 

For an instruction by instruction description of the 
example program see the listing (fig. 7). 

ALTERNATE DESIGN APPROACHES 

When more than 16 switches are needed, an addi­
tional chip must be used. By adding a 4 to 16 decoder 
(see figure 8) to select 1 of 16 rows, up t064 switches 
can be scanned. 

Many off-the-shelf keyboards are available which have 
a 4x3 or 4x4 physical arrangement, but all switches 
have one common pole (on the P.C. Board). This 
type of keyboard can be scanned by using a 4 bit 
code to select one of up to 16 switches. The code is 

SCRATCHPAD R-EGISTER ASSIGNMENTS 
Figure 6 

2B COL 2 / ROW 3 

2A COL 2/ ROW 2 

29 COL 2/ ROW I 

28 COL 2/ ROW a 
27 COL 1/ ROW 3 SWITCH 
26 COL 1/ ROW 2 

STATUS 
25 COL 1/ ROW I 

24 COL I / ROW a REGISTERS 

23 COL 0/ ROW 3 

22 COL a / ROW 2 

21 COL a / ROW I 

20 COL a / ROW a 

08 

07 COL INPUT DATA 

06 COL MASK 
} WORKING 

05 COL FIND REGISTER 

04 PORT WORD 
REGISTERS 

03 COL / ROW REGISTER 

02 

01 

00 

then decoded by a 4 to 16 decoder which supplies 
a ground return to the selected switch. Theswitch 
common line is then read to sense the condition 
of that switch (see figure 9). 

If more ports can be assigned to the keyboard inter­
face, other options may become advantageous. For 
example, with two ports 16 switches can be read 
without scanning. The basic requirements such as 
switch debounce and N-Key rollover will remain 
regardless of which option is taken. The best approach 
to a given design application will be determined by 
the system requirements and structure. 
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ASSEMBLY LISTING OF EXAMPLE PROGRAM 
Figure 7 

OBJECT 
L1NE:;.f ADDRESS CODE 
0000 
0001 
0002 
000:::: 
0004 
0005 0400 20 3F 
000(:, 0402 50 
0007 040:~: 40 
000::: 0404 OE: 
0009 0405 70 
OOOA 0406 5C 
OOOE: 0407 30 
OOOC 040::: 94 FA 
OOOD 040A 73 
OOOE 0401:: 53 
()(>OF 040C 7:"3 
0010 040D 54 
0011 040E 44 
0012 040F 81 
0013 0410 Al 
0014 0411 14 
0015 0412 57 
0016 0413 72 
0017 0414 55 
001E: 0415 74 
0019 0416 56 
001A 0417 45 
001H 0418 13 
001C 0419 1:3 
001D 041A c:::: 
001E 041B 22 20 
001F 041D OB 
0020 041E 47 
0021 041F F6 
0022 0420 :::4 29 
0023 0422 4(: 
0024 0423 25 03 
0025 0425 94 15 
0026 0427 35 
0027 0428 46 
002::: 0429 12 
002'~1 042A 56 
002A 042B 94 EB 
002B 0420 20 64 
002e 042F 58 
OOZO 04::::0 3B 
002E 04:31 94 FE 
002F 043:3 33 
0030 04::::4 44 
OO:~: 1 04:35 12 
OO:~:2 04:~:6 54 
00:3:3 0437 84 D2 
0034 0439 90 D4 
0035 043B :32 05 
0036 043D 7D 
0037 043E 5(: 
003::: 04:3F 90 E7 
OO:~:9 0441 1 F 

* 
* 
* 
* 

I<SC1 

KSC2 

I<S(:3 

KSC5 

VSC7 

SOURCE 
CODE 

ORG H··· 400··· 
LI H···3F··· 
LR (l,A 
LR A,O 
LR IS,A 
CLR 
LR S,A 
DS 0 
BNZ *-5 
LI!=; :::: 
LR 3,A 
LI~3 !=: 
LR 4,A 
LR A,4 
OUT::; 1 
INS 1 
:::;R 4 
LR 7,A 
LIS 2 
LR 5,A 
LI::; 
LR 
LR 
SL 
SL 
AS 
01 
LR 
LR 
N::::; 
8Z 
LR 
CI 
BNZ 
DS 
LR 
SR 
LR 
BNL 
LI 
LR 
D::; 
BNZ 
D:=:; 
LR 
::;R 
LR 
BZ 
BR 
BC 
LI::; 
LR 
BR 
INC 

4 
6,A 
A,5 
1 
1 
3 
H···ZO·­

IS,A 
A,7 
6 
KSC4 
A, ::; 
H··· 0::;:··· 
K::;C6 
5 
A,b 
1 
6,A 
K::;C3 
H··· 64··· 
11, A 
11 
*-1 
:::: 
A,4 
1 
4,A 
K::;Cl 
1<::;C2 
1<::::;C7 
1:3 
::;, A 
K::;C5 
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COMMENTS 
KEYBOARD SCAN ROUTINE 
(DETECT AND DEBOUNCE) 

INITIALIZE ISAR 
:::;AVE IN RO 

NEXT I::;AR 
CLEAR ACC 
CLEAR A SCRATCHPAO REG 
DECREMENT ISAR POINTER 
LOOP TO CLEAR ALL SCRATCHPAD 

SET COL/ROW REG :;: 

SET PORT WORD = 8 
LOAD ACC WITH PORT WORD 
OUTPUT ROW SELECT 
READ COLUMN DATA 
RIGHT JUSTIFY IT 
SAVE COLUMN DATA 

SET TEST COLUMN = 2 

SET COL MA:=:¥ = 4 
LOAD COLUMN # 

SHIFT 2 PLACE::; 
ADD ROW # 

SET UP ISAR FOR THIS SWITCH 
LOAD COLUMN READ DATA 
MASK OUT ALL COLUMNS EXCEPT TEST 
IF SWITCH NOT CLOSED , BRANCH 
GET SWITCH STATUS FOR TEST SWITC 

IF STATUS NOT 3, ~UMP 

DECREMENT COLUMN # 
LOAD COLUMN MASK REG 
SHIFT MA::A< BIT 

IF MORE COLUMNS, JUMP 

SET UP 1 MSEC TIMER 

WA I T 1 M::;EC: 
DECREMENT ROW SELECT 
LOAD PORT WORD 
~:::;H I FT 
SAVE 
IF ROW SELECT WAS ZERO, BRANCH 
LOOK AT NEXT ROW 

SET STATUS BACK TO 13 

INCREMENT STATU::; 



O(,3A 0442 ~,C LR .:. 
,_'J A :=;;AVE ::;1-) ITCH STATU:::; 

003B 044:3 25 03 Cl H-'03--- I ~:;; ~:nATUS NOW = :-=:") 

003C 0445 94 E1 BNZ K~:;;C5 IF NOT = :3, BRANCH 
0030 0447 2':;- 04 65 .JMP PROC ,JUMP TO PROCESS THI::;; KEY 
OO:=:E 044A 4C I<S(:4 LR A, :=; LOAO :3TATUS TO Ace 
003F 044B 25 00 Cl 0 
0040 0440 84 O'? BZ K:::;C5 IF STATUS 0, BRANCH 
0041 044F 2C" -' 0:::: Cl :3 IS ::;;TATU:::; ::=:--;:. 

0042 0451 ';:'4 06 BNZ r.::::;;c::;: NO 
0043 0453 20 00 LI 13 
0044 0455 5(: LR ,..-

':'1 A SET STATU:; = 0 
0045 0456 ':;'1) 00 BR t:::SC5 
0046 045:::: -:'/2 04 I<SC:::: BNC K::;C'? IF STATUS :> --, .;., BRANCH 
0047 045A 70 CLR 
0048 04513 90 F9 BR .,..-6 SAVE :3TATUS & RETURN 
0049 0450 1F t<::;C';:' INC INC ::;;TATUS 
004A 045E 5C LR ,-- A ::;AVE IT .:., 
004B 045F 25 10 Cl H---10--- i!::; STATU:::; :> 15 "? 
004C 0461 :::4 F:=: BZ I<SC:=:+2 
004D 0463 90 (::3 BR t:::SC5 IF NOT, BRANCH 
004E * 
004F * 
0050 * PROCE:::;:3 :3WITCH PRINT ON TTY) 
0051 * 0052 TTO EOU H-'35D---
0053 0465 OA PROC LR A, 1':---' USE I:3AR FOR ROW/COL 
0054 0466 21 03 NI --, ..:. MA::;;K FOR ROW 
0055 0468 22 30 01 H---30-' FOR!"l A:=;;CI I FOR ROW# 
0056 046A 50 LR 0, A SAVE IN RO 
0057 04613 OA LR A, IS 
0058 046C 21 OC NI H'-OC-- MA::;V FOR COL 
005';:' 046E 12 ::;;R 1 
005A 046F 12 SR 1 
0058 0470 22 30 01 H---30--- FORM ASCII FOR COL# 
005C 0472 51 LR L A SAVE IN R1 
005D 047:";: 20 FF LI H---FF---
005E 0475 08 LR I::;;, A 
005F 0476 54 LR 4, A 
0060 0477 34 DS 4 
OO~,l 0478 56 LR 6, A 
0062 0479 71 LI::; H---i--
006:::: 047A 136 OUT:::; 6 
0064 04713 OB LR 1:=;;, A SET I::;;AR = 1 
0065 047(: 2::: 03 ~iD PI TTO PRINT COL# 
006o~, 047F 4E LR A, D DECREMENT I:::;AR 
0067 0480 28 03 50 PI TTO PRINT ROI-J# 
006E: 048:::: 7D LIS H/D'- LOAD ---CR.' CODE 
0069 0484 5C LR ,-- A PUT IN :=;;CRATCHPAD .:'/ 

006A 0485 28 03 50 PI TTO CR TO TTY 
006E: 04:3::: 46 LR A, 6 LOAD TTO :3TATUS 
006C 04::::9 18 COM 
0060 048A 94 FD BNZ *-2 WAIT FOR CR.lLF 
006E 048C 29 04 OA .JMP ~;:SC1 BACK FOR NEXT KEY 
006F END 
00 

~~SC1 040A 1<:::;C2 040E K::;C3 0417 I<SC4 044A K::;C5 0427 
1<5C6 043B K::;C7 0441 I-<:3C:3 045:=: K::;C9 045D t(SCN 0400 
PROC 0465 TTO 0:=:5D 
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16 x 4 KEYBOARD 
FigureS 
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MOSTEI(® 
MICROCOMPUTER BECOMES SERIAL CONTROL UNIT 

Remote data acqUisition and control is becoming the 
byword for many microcomputer-based systems, where the 
objective is to carry out operations at various locations 
under control of a central processor. Such applications are 
cropping up virtually everywhere, from factories, for, say, 
checking inventories, to gas stations, for monitoring gas 
pumps. 

The trouble is that setting up the serially linked 
communications system, including the protocols, turns out 
to be no mean feat-and almost prohibitively expensive­
since it often requires lots of random logic chips. Large­
scale integration has changed the picture, adding 
programmability. But still it is difficult to attain from the 
available communications controllers the power, simplicity, 
and flexibility of a serial control unit, the SCU-1, developed 
by Mostek. 

CRYSTAL CRYSTAL 

8 
MEMORY ADDRESS BUS 

MEMORY 
ADDRESS 

REGISTERS 
PO. P 

DC. DC1 READ ONLY 
MEMORY 

Application Note 

The SCU-1 takes much of the worry out of serial 
communication between processors. Up to 255 ofthem can 
be used as front-end controllers operating under direction 
from one central processing unit, and simple commands 
can initiate up to 19 different preprogrammed procedures 
each. Moreover, the network communication protocol for 
the SCU-1 derives from the attributes of multidrop 
communications systems developed in the minicomputer 
world; simple and reliable, it specifies asynchronous 
operation in a half-duplex mode at a rate of up to 1,200 bits 
per second. 

The power of the SCU lies in the fact that it is a single-chip 
microcomputer (Figure 1 ). Housed in a 40-pin dual in-line 
package, it is able to change its mode of operation by 
interpreting commands received in a newly defined 
network communication protocol. 

MAIN 
MEMORY 

MAIN 
CONTROL 

LOGIC 

So S1 
(IN ONLY) 2' - 2' 

(IN ONLY) 

REQUEST TO SEND 
SERIAL OUT 

CLEAR TO SEND 
SERIAL IN 

1. Processor-peripheral. Mostek's SCU-l serial control unit is housed in a 

40-pin DIP and implemented using ion-implanted n-channel silicon-gate 

D,o· D" 
(BIDIRECTIONAL) 

technology, which yields a typical power requirement of 275 mW. AI( eight 

port 0 and al( eight port 1 I/O lines are bidirectional. 
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HOST COMPUTER 
OR 

CONTROLLER 

RELAYS. 
ALARMS. 

ANNUCIATORS. 
SWITCH CLOSURES. 

2. Party line. Up to 255 serial control units can be placed in a one-data-link 
system under control of a host processor. A positive-true transistor-

The preprogrammed tasks include single-bit input and 
output, byte input and output, monitor or control input for 
selected patterns, and handshaking with analog-to-digital 
converters and digital panel meters. This functional 
flexibility means that the part can actually be used for both 
monitoring and control. 

Even more useful to the cost-minded system designer is the 
fact that mUltiple units can be hooked up on a single half­
duplex communication channel (Figure 2). Connected thus, 
all the units share the same "party line" communications 
link and are controlled by a central computer or controller. 
Orderly system operation is maintained by a user-defined 
polling sequence, as the SCUs cannot initiate a 
transmission-they can only respond after being polled. 

Within a SCU is a communications controller, a task 
monitor, a command library, and an I/O interface (Figure 3). 
With the communications controller, a complete com­
munications line can be set up for sending and receiving 
messages, checking errors, and synchronizing the unit. It 
also interfaces with the task monitor to allow specified tasks 
to be executed and reported on. 

The task monitor interprets received commands and 
controls their execution. It also compiles results from I/O 
operations and passes them back through the communica­
tions controller. 

The preprogrammed functions are stored within the 
command library. These functions are grouped into two 
categories: supervisory and timing (supervisory/timer) and 
memory and I/O (memory/input-output) commands. They 
give the user a great deal of flexibility in revising the 
software dynamically. 

APPLICATIONS 

The SCU has 161/0 lines that can be addressed individually 
or together, depending on configuration. They are used to 
interface products such as analog-to-digital and digital-to-

ETC. 

transistor-logic-convention is observed for selectable address strapping 
using eight dedicated chip pins. 

analog converters, 3Yz-digit panel meters, relays, and 
switches. 

The chip generates and receives asynchronous serial data 
composed of 1 start bit, 8 data bits, 1 even parity bit, and 1 
stop bit. Therefore, communications can be initiated by 
ASCII-compatible devices, from cathode-ray-tube terminals 
to mainframe computers. 

The SCU is designed to work in locations far from the 
central controller, with the distance a function of the 
communications link, not the SCU. A minimum link 
configuration requires a half-duplex serial channel with a 
signaling capacity of 300 bits per second, but the 5-volt chip 
has pins for selecting 300 or 1,200 b/s. 

The SCU transmits and receives a TTL-compatible serial 
asynchronous bit stream. No modulation or demodulation 
capability is provided. Handshaking and control signals 
allow the SCU to be interfaced with single-ended and 
differential line drivers and receivers, TTL-compatible radio­
frequency modems, or fiber-optic transceivers. Since the 
data transmission is asynchronous, there are no critical 
timing or signaling parameters. 

As mentioned earlier, up to 255 serial control units may be 
on one data link. Control is provided by a selectable address 
on the SCU using the appropriate pins. The 256th address, 
FF16, is not allowed, since it is used internally by the SCU 
itself. 

NEW PROTOCOL 

Mostek has defined a new data-communications protocol 
forthe SCU. This protocol provides easy access to the units, 
as well as good data throughput and data integrity. As with 
all protocols, it was designed to be easy to use and 
implement. flexible, and expandable and to have a low 
data-bit overhead. In addition, it had to be error-resistant 
and computer- or controller-independent, operate in a 
factory environment, and provide as much intelligence as 
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possible at the remote site. 

These considerations' led to the choice of a character­
oriented protocol, which means that even though messages 
are sent in a bit-serial format, they are reconstructed and 
processed in 8-bit characters. In this protocol. five 
characters constitute a message. The characters are 
address, command, data address, data, and LRC (the error­
check character, literally, "longitudinal redundancy check"). 
Before they can be understood, the message structure itself 
must be analyzed in some detail. 

Messages to and from the serial control unit are sent in an 
asynchronous bit-serial format identical to ASCII trans­
mission. For each character, first a start bit, followed by 8 
data bits (least significant bit first) is sent, then an even 
parity bit and a stop bit. A total of five characters is 
transmitted for each message, yielding a total of 55 bits per 
message. A communication sequence consists of a 
message sent to an SCU and a corresponding acknowledg­
ment. 

Within the bit stream are two parity checksums. The first 
checks for the integrity of the previous 8-bit data word. the 
second, the LR C, checks the integrity of the fou r data words 
that make up the actual message. By using, these two 
checks, any odd number of bit errors, as well as 2 bit errors, 
can be detected. 

The individual characters specified by the protocol can be 
grouped to provide a normal or a special short message 
sequence. The latter is made up of only the address and 
command elements and is used during a fast polling 
operation. It trades some error-detection capability for an 
increased total-message throughput. 

ADDRESS AND COMMAND 

Eight bits are needed to represent the address of any serial 
control unit in a data link. These range in base 10 notation 
from ° to 254. All inputs use positive-true logic and are 
coded in binary format. Therefore, if an SCU is to be defined 
as unit 100, for example, address-select pins 22, 25, and 26 

should be signaled. 

A bit-oriented command structure has been specified to 
ensure that the system is flexible and expandable. In this 
approach, 128 commands are reserved for use by the SCU 
and 128 commands left undefined for the user. 

Even though the undefined commands cannot be executed 
by the SCU, the user can integrate other I/O controllers, in 
addition to the SCUs, into a single network. Bit C7-the 
most significant bit in the command word-controls such 
units. If it is set, one of Mostek's reserved commands will be 
accessed; if it is cleared, the SCU will ignore the command 
and send a loop command. 

The command structure is subdivided further. Bit C6 
differentiates between the two different kinds of tasks. If it is 

DATA-COMMUNICATIONS LINK 

COMMUNICATIONS-
LINK 

INTERFACE 

RIAL SE 
I 

SERIAL .-N OUT 

- ------- -->-- -l 
REQUEST CLE ARTOI 
TO SEND SE NO 

COMMUNICATIONS 
CONTROLLER 

TASK COMMAND 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MONITOR LIBRARY 

INPUT/OUTPUTINTERFACE 

-- ----------~ -----------
1 16 

USER'S APPLICATION 

3. Flexible. The SCU-1 's architecture is designed for flexibility-up to 19 

commonly used supervisory or memory-oriented functions may be accessed 

by a single command from a remote host processor. They permit system 

software to be reconfigured dynamically 

set, the supervisory and timer commands are accessed; if it 
is cleared, the memory and input/output commands are 
accessed. 

The six bits C5 through CO are used within the Mostek 
command word to select one of 64 possible tasks in the 
groups specified by bit C6. The command assignment 
within the SCU is: 00,6 - 7F,6 (128 user-defined 
commands); 80'6 - BF,6 (64 memory and I/O commands) 
and CO'6 - FF,6 (64 supervisory and timer commands). Any 
command that is not defined within the SCU but is 
nevertheless received by it will cause a loop supervisory 
command to be issued in response. 

The 8-bit word of the data address serves two purposes. It is 
used to specify either the address of a port or memory or up 
to 8 bits of data. The actual determination is defined within 
the command word. The 8-bit word of the data character 
forms a byte and can be information from either a memory 
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5V 
5V 

I 5V O.l/lF 

40 

1 CRYSTAL 1 Vee 
10k!l 

3.6864 MHzCJ 
RESET t"3""9 __ .... 

RS-422 
LINK 

5V 
2 CRYSTAL2 

38 SI 

D'7 
26 

D'6 
27 

D'5 
28 

t= ______ --=-34~A2 PLEXER 16 ANALOG INPUTS 

1= ______ --=-35~A, CHANNEL IN 

~~~g:;SOR I 
MRTl { 

D'4 
29 

33 A3} MUTlI-

t=-______ 3=-:6,Ao SelECT 

34 SO 
SCU-l I 

I 
L __ _ DONE 37 4 

MULTI- 15 
13 CONVERSION PLEXER 

DONE OUT 

STROBE 7 >-=,--..-:-16:o;~-g~~TERSION 

300 b/s 
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4. Conversions. The SCU-l is ideal for controlling analog-to-digital or digital­
to-analog converters. In this case. an 8-bit a-d chip with 16 analog inputs 

or an 110 port. 

The final element in the protocol is the longitudinal 
redundancy check, or horizontal error-detection character. 
It is created by generating a parity check on each of the four 
previous elements of the protocol. Combined with the 
vertical parity check provided in each element, the LRC 
provides a high margin of error detection and a virtually 
error-free message interchange between the SCU and the 
host processor_ 

SYNCHRONIZING MESSAGES 

The SCU uses a special procedure to synchronize network 
messages. Bit and word synchronization, on the other hand, 
are no problem, since they are provided by the 
asynchronous format. Network-message synchronization 
is needed when an SCU is initialized or whenever an 
individual SCU or the network is restarted. 

There are three responses an SCU can generate to a host 
message. They are: address, command, data address, data, 
LRC; address, loop, data address, data LRC; and no 
response. 

The first response is the normal reply to a host message. 
The address and command characters are identical to those 
generated by the host. and the data-address and data 

sends its data to a host processor over an RS-422 transmission line. which 
provides good noise immunity and drive capability. 

characters are modified to reflect the response requested in 
the command field. The LRC is generated to ensure that 
correct parity is maintained for the four previous characters_ 

The second response is generated if the host processor 
issues a loop command or a memory address. 

The third, literally no response, occurs if a message is sent 
to the SCU and an error is detected. The unit simply remains 
in synchronization and the message must be retransmitted. 

SHORT-POLL RESPONSES 

As mentioned earlier, the short-poll format is especially 
useful in speeding up message throughput, as, for example, 
when the SCUs are performing monitoring functions only. 
Three SCU responses are possible in this mode: address, 
poll; address command, data address, data, LRC; or no 
response. 

If a short poll is issued and there has been no change since 
the previous poll, the address and poll command is sent 
back to the host. If an activity has occurred since the 
previous poll, the SCU will issue the second response to the 
host. This reply indicates the SCU's designated task and the 
new condition that caused the reply to be generated. The 
unit will continue to generate this response until it is reset 
by a host command. 
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5. Display. Mostek's SCU-1 peripheral microcomputer can both provide data 
to and control the operation of a light-emitting-diode display driver. Here, it 

If a parity error has been detected by an SCU, no response 
will be generated in answer to the short poll. At the same 
time, all regular command formats are fully functional and 
will be acknowledged when the short-poll mode is 
activated. 

IMPLEMENTATION 

The logic flow within the SCU to implement the protocol is 
an interrupt-driven routine. In the receiving mode, the 
message is always checked for synchronization, errors, unit 
address, and message completeness. If all is well, a new 
task is then placed in the executive routine for further 
processing. 

In the transmitting mode, a message is assembled in the 
output buffers and then sent in a bit-serial formatto the host 
processor. Here, the executive routine acts on command 
placed in its buffer by the protocol handler. It also manages 
the task library and reports the results of requested 
operations into an output buffer for transmission by the 
protocol routine. 

The executive routine continually scans for a new task. 
When an error-free message is received and a new task 
requested, the executive searches for the task in the task 
library. The task is then executed and if required an 
appropriate response is made. 

GROUND 

is connected to the host processor by an RS-422 link. Only 5 volts is needed 
for the complete system. 

When this task is completed, the routine tests to see 
whether a previous task was suspended. If so, it restores 
that task. When all tasks are completed, the executive 
returns and once again scans for additional tasks. 

One special feature implemented in the software is 
request-to-send (RTS) and clear-to-send (CTS) command. 
These signals permit the SCU to be used over a variety of 
communication media by synchronizing the data with the 
channel direction. The two can be tied together or be used in 
conjunction with an external control; data synchronization 
can thus be maintained on channels with radio links and 
modems that have slow turnaraound times. 

SYNCHRONIZING THE DATA 

With this feaure, when a message is ready to be sent, the 
RTS signal is activated. Data will then be transmitted only 
when the CTS signal becomes active. 

Note that only the SCU issues an RTS. After a interval 
selected by the user, a CTS command is received and data 
appears on the serial-out pin. If a CTS is not received within 
two seconds, the RTS becomes inactive and the output­
message request is cancelled. 

The SCU can be made to work with virtually any analog-to­
digital converter. For example, it can control a 16-channel 
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multiplexer while accepting the value from a 12-bit a-d unit. 

REMOTE DATA ACQUISITION 

In one application (Figure 4), a Mostek 50816N 8-bit 16-
channel single-ended a-d converter is interfaced with a 
serial·control unit. Port 0 (000 - 0 07) of the SCU is used to 
pass data, and 0 14 - 017 of port 1 select the input 
multiplexer channel. 

A conversion is begu n when a request is comma nded by the 
strobe line. Upon completion, the conversion-done flag is 

sent to the SCU and the digitized voltage is sent via the unit 
to the host processor. 

In this application an RS-422 communications link is used. 
This channel provides high noise immunity and good drive 
capability and allows the whole system to use a single 5 V 
supply. 

The SCU can also be used to interface with display circuits 
such as the Intersil 7218 series eight-digit light-emitting­
diode driver (Figure 5). This chip, which includes digit and 
segment drivers, all multiplex scan circuitry, and an on­
board 8-by-8-bit static memory, is interfaced with the SCU. 
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MOSTEI(® 
VFC PROVIDES AID CONVERSION FOR SINGLE 

The introduction of single chip microcomputers has 
substantially lowered the cost of digital computer 
processing. but converting analog signals to a usable digital 
format still presents a problem with expensive solutions. 
Low cost methods of analog to digital (AID) conversion are 
necessary for single chip microcomputers to be utilized in 
cost sensitive applications where measurement of real­
world parameters is necessary. 

By allowing the microcomputer software to perform much 
of the conversion. cost and external parts count may be kept 
to a minimum. The Mostek MK3870 has the advantage of 
an on-board programmable timer which can be used to time 
intervals. measure pulse widths or count events. Several 
methods of AID conversion exist which make use of the 
timer. circumventing the need for expensive AID converter 
chips. 

One easy way to implement such a system involves 
digitizing the analog voltage via a Voltage-to-Frequency 
Converter (VFC). The pulses from the VFC may be used to 
trigger external interrupts while the timer of the 3870 
operates in the interval timer mode. By counting the 
external interrupts that occur during a predetermined time 
period. the frequency (and hence the analog voltage) may 

ABSOLUTE TEMPERATURE TRANSDUCER 
Figure 1 

OUTPUT OUTPUT 
r--I1~II---e- 10Hz II 

+Vs 
e_+5V 

13mA 

.01pF 

~----------------------~----GNO 

CHIP MICROCOMPUTERS 

Application Note 
easily be determined. 

Since the analog parameter most often measured is 
temperature. several methods of temperature measure­
ment with the Mostek 3870 microcomputer will be 
examined. using a variety of transducers and a low cost 
integrated circuit VFC. 

The Analog Devices AD537 VFC may itself be configured to 
generate an accurate square wave output frequency which 
is directly proportional to absolute temperature (in degrees 
Kelvin). This can be accomplished without the use of any 
other external temperature sensing device. since this 
function is built into the VFC. Additional advantages include 
operation from the 3870 microcomputer power supply (+5 
Volts). one poi nt ca I ibration (si nce freq uency extrapolates to 
zero at absolute zero) and direct interfacing tothe 3870 EXT 
INT pin (which provides an internal pullup resistor). Figure 1 
shows this circuit. Only two external components are 
required by the VFC: one resistor and one capacitor. The 
resistor should be a low temperature coefficient metal-film 
type. The capacitor should be chosen for low temperature 
coefficient and low dielectric absorption to provide high 
linearity. Polystyrene capacitors are recommended for 
operation up to +85°C. 
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The Vtemp output of the AD537 drives the high impedance 
buffer amplifier input directly. This output is scaled at 1 
millivolt per degree Kelvin, and has a maximum error of 5° 
at room temperature (298°K). Also, since the output 
frequency is equal to V/(1 ORC), any error in the values of 
the resistor and capacitor will add to the scaling error of the 
VFC itself (5%). Therefore, a one-point calibration can be 
accomplished by trimming only the timing resistor. A ±1 0% 
adjustment range as shown should be adequate. 

With a 1 K Ohm timing resistance and a .01 microFarad 
capacitor, the VFC is scaled forO to 100KHz output with 0 to 
10 Volts input. Since the temperature range being 
measured is likely to be 0° to 100°C, the input to the VFC 
buffer amplifier is only 273 to 373 millivolts (output 2730 to 
3730 Hz). The linearity ofthe VFC over such a small portion 
(1 %) of its dynamic range isquite good, and overall accuracy 
of this circuit is on the order of a few tenths of a degree. 

SOFTWARE 

Since the output frequency equals 10Hz/o K, the 
microcomputer need only count the cycles in a 100 
millisecond duration to directly compute the temperature in 
Kelvin. The 3870 timer is programmed as follows. Assume 
an external crystal frequency of 2.5 MHz. The internal clock 
frequency is one half the external freqency, or 1.25 MHz 
and the clock period is .8 microseconds. The 3 most 
significant bits of the Interrupt Control Port (ICP, Port 6) 
control the Timer Prescaler which may divide the clock by 
any combination of 2, 5 or 20. With all 3 bits set, the 
prescaler will divide the clock by (2 x 5 x 20) = 200. Thus, 
once every (200 x.8 microseconds) = 160 microseconds the 
timer will decrement one binary count. 

When the timer (Port 7) is loaded with an 8 bit number, the 
val ue is also stored in the modulo-N Register. The timer will 

Figure 2 

count down to 1 with each clock pulse from the prescaler, 
and roll over to the module-N value and continue running. 
Upon each roll over of the timer, a timer Interrupt Request 
occurs, which, when serviced, transfers program execution 
to a subroutine at ROM address H'020'. By loading the timer 
v&'ith 125 (H7D'), a timer Interrupt Request will occur every 
(125 x 160 microseconds) = 20 milliseconds. The timer 
Interrupt Subroutine may count 5 such interrupts for a total 
time interval of (5 x 20 milliseconds) = 100 milliseconds. 
The subroutine may then stop the timer, disable all 
interrupts, and signal that the time interval is complete. 

During the time interval, the VFC frequency may be counted 
by using the signal to trigger external interrupts. Upon each 
transition of the signal applied to the EXT INT pin from its 
inactive to its active level (determined by ICP, bit 2), an 
External Interrupt Request occurs, transferring program 
execution to a subroutine at ROM address H'OAO'. 

Each time the External Interrupt Subroutine is called, the 4 
digit BCD count held in two Scratchpad Registers is 
incremented. When the time interval is complete, all 
interrupts will be disabled so counting will cease and the 
BCD count will represent the Kelvin temperature. 
Centigrade temperature may be found by subtracting 273 
from the Kelvin temperature. 

Other Temperature Sensing Methods 

For temperatures above 125°C, most solid state devices will 
not function, so other devices such as thermistors must be 
used. A thermistor may be linearized for a particular 
temperature range by use of a voltage divider (see reference 
4). This is done by choosing the proper ratio of thermistor 
resistance (measure at 25°C) and the load resistance. The 
voltage across the load resistor is input to the VFC as shown 
in Figure 2. The VFC output is handled by the micro­
computer as before. 

AD537 
VFC 

OUTPUT EXT INT 

C 

MK3870 
I'COMPUTER 

Thermistor resistance goes down as temperature goes up. The voltage across the load resistor, chosen to linearize the thermistor for a particular 

range, is input to the VFC to produce a frequency proportional to temperature. 

VI-120 



For very high temperature applications, thermocouples 
must be used. Although non-linear, the output voltage of 
the thermocouple is predictable, and a temperature value 
for a given output voltage can be stored in a ROM lookup 
table. 

For remote temperature sensing to 150°C, an Analog 
Devices AD590 temperature-to-current device may be 
used, as it has an output current directly proportional to 
absolute temperature (Figure 3). Line resistance in long 

Figure 3 

+ 

+5 

RSCALE=900 !1 

RSCAL=200 !1 

C = .011'F 

f = 10 Hz/oK 

1 k!1 

wire runs do not degrade reading and line noise may be 
removed by filtering. Also less expensive VFC grades, with 
lower operating temperature ranges, may be used. 

Any physical parameter that may be converted to a 
proportional linear voltage and scaled to vary within the 
operating limits of the VFC may be digitized by this method. 
This includes outputs from strain gauges, pressure 
transducers and linear position transducers. 

AD537 
VFC 

OUTPUT 

C 

EXTINT 

MK3870 
I'COMPUTE 

The AD590 provides remote temperature sensing increasing a current to proportional to absolute temperature (1 /.lA/oK). In series with a 1 KO K is 
input to the VFC. 
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ATOD3 A/D TEMP VIA FREO; MOSTEK 3870/F8 CROSS ASSEMBLER PAGE 0001 
ADDR OBJECT FLAG ST # SOURCE STATEMENT DATASET = DK1:ATOD .3 

>0100 

>0005 
>007D 

'0100 
'0101 
'0102 

'0103 
'0104 

'0105 
'0107 

'0108 
'0109 

'010B 
'010D 

'010E 

'010F 
'0110 
'0112 

70 
56 
57 

75 
50 

207D 
B7 

A6 
84FE 

20EF 
B6 

1B 

49 
25FF 
94FC 

ERRORS=OOOO 

0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 

* MAIN PROGRAM BLOCK. 

ORG H'100' 
* INITIALIZE CONSTANTS 
RLCNT EOU 5 
TCNT EOU 125 

* CLEAR TEMPERATURE Ie, R6,R7. 
STRT CLR 

LR 6,A 
LR 7,A 

TIMER ROLLOVER COUNT. 
TIMER MOD-N VALUE. 

* LOAD TIMER ROLLOVER COUNT IN RO. 
LIS RLCNT 
LR O,A 

* LOAD TIMER 
LI TCNT 
OUTS 7 

* BEGIN TIMING WHEN EXT INT HIGH. FOR UNIFORM TIMING. 
INS 6 
BZ *-1 

* LOAD ICP, BITS DEFINED AS FOLLOWS: 
* BIT 0 - ALLOW EXTERNAL INTERRUPTS 
* BIT 1 - ALLOW TIMER INTERRUPTS. 
* BIT 2 - EXT INT ACTIVE LEVEL. 
* BIT 3 - START/STOP TIMER (1/0). 
* BIT 4 - PULSE WIDTH/INTERVAL TIMER (1/0) 
* BIT 5 - DIVIDE CLOCK BY 2. 
* BIT 6 - DIVIDE CLOCK BY 5. 
* BIT 7 - DIVIDE CLOCK BY 20. 

LI B'11101111' STARTTIMER. 
OUTS 6 

* NOTE INTERRUPTS CAN BE MASKED BY ICP BITS 0 AND 1 
* OR BY CLEARING INTERRUPT CONTROL BIT (STATIC REG, BIT 4 
* ENABLE INTERRUPTS BY SETTING ICB. 

EI 

* MAY DELAY OR CONTINUE PROCESSING. 
* CONVERSION COMPLETE WHEN R9 = H'ff. 
LOOP LR A,9 

CI H'FF' 
BNZ LOOP 

* CONTINUE HERE WHEN CONVERSION DONE. 

END 
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Software Listing 

ATOD3 AID TEMP VIA FREQ; MOSTEK 3870/F8 CROSS ASSEMBLER PAGE 0001 
ADDR OBJECT FLAG ST # SOURCE STATEMENT DATASET = DK1 :ATOD .3 

>0020 

'0020 1 E 
'0021 58 

'0022 30 
'0023 9407 

'0025 20E4 
'0027 B6 

'0028 20FF 
'002A 59 

'002B 1D 
'002C 48 
'002D 1B 
'002E 1C 

0001 
0002 
0003 
0004 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 

* ANALOG TO DIGITAL TEMPERATURE VIA FREQ 
* TIM CURRAN 1/9/79 

NAME ATOD3 
* THIS 3870 ROUTINE COUNTS EXTERNAL INTERRUPTS FOR A 
* PREDEFINED PERIOD OF TIME TO DETERMINE FREQUENCY 
* AND HENCE THE TEMPERATURE. 

* TIMER INTERRUPT ROUTINE 
ORG H'020' 

* SAVE STATUS AND ACCUMULATOR 
LR J,W 
LR 8,A 

DS 
BNZ 

o 
RETI 

RO COUNTS TIME OUTS. 

* WHEN RO IS ZERO, STOP TIMER AND MASK INTERRUPTS. 

LI B'111 001 00' STOP TIMER, 
OUTS 6 INTRPTS. 

* SIGNAL CONVERSION COMPLETED BY SETIING R9 TO H'FF'. 
* THOUGH R9 (J) STORES STATUS (W), IT NEVER OTHERWISE 
* EQUALS H'FF'. 

RETI 

LI H'FF' 
LR 9,A 

LR 
LR 
EI 
POP 

W,J 
A.8 
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RESTORE STATUS AND A. 

ALLOW INTERRUPTS. 
RETURN. 
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MOSTEI{@ 
USE OF THE MK3805 CLOCK/RAM 

INTRODUCTION 

Many microprocessor applications require a real time clock 
and/ or memory that can be battery powered with very low 
power drain. A typical application might be an automobile 
trip computer, where the clock could provide the time of day 
and the memory would be used to retain vital information 
when the ignition switch is off. The interfacing technique 
needs to be kept as simple as possible so as to minimize the 
required overhead in software, and it should minimize the 
number of pins required in order that other I/O 
requirements can be efficiently accommodated. 

FEATURES 

Mostek's CLOCK/RAM microcomputer peripheral chip 
satisfies all of these requirements. The device, designated 
MK3805, contains a real-time clock/calendar, 24 bytes of 
static RAM, an on-chip oscillator and communicates serially 
with the microcomputer via a simple interface protocol. The 
MK3805 is fabricated using CMOS technology, thus 
insuring very low power consumption. 

The real-time clock/calendar provides all timekeeping 
functions. It contains registers for seconds, minutes, hours, 
day, date, month, and year. The end of the month date is 
automatically adjusted for months with less than 31 days. 
The clock operates in either the 24 hour or 12 hour format 
with an AM/PM indicator. Since the MK3805 is designed 
to interface to a microcomputer, the alarm function is easily 
accommodated in the microcomputer, should it be required. 

The on-chip oscillator provides the clock source for the 
clock/calendar. It incorporates a programmable divider so 
that a wide variety of crystal frequencies can be 
accommodated. The oscillator also has an output available 
that is designed to serve as the clock generator for the 
microcomputer. A separately programmable divider pro­
vides several different output frequencies for any given 
crystal frequency. This feature can eliminate having to use a 
separate crystal or external oscillator for the micro­
computer, thereby reducing system cost. 

Interfacing the CLOCK/RAM with a microcomputer is 
greatly simplified using asynchronous serial communica­
tion. Only 3 lines are required to communicate with the 
CLOCK/RAM: (1 ) CE (chip enable), (2) I/O (data line), and (3) 
SCLK (shift register clock). Data can be transferred to and 
from the CLOCK/RAM one byte at a time, or in a burst of up 
to 24 bytes. 

Application Note 

PINOUT DIAGRAM 
Figure 1 

CKO 'D· Vee 

X1/CI 2 7 SCLK 

X2 3 6 I/O 

GND 4 5 CE 

PIN NAME DESCRIPTION 

1 CKO System clock (output). 
2 X1/CI Crystal or external clock (input). 
3 X2 Crystal (input). 
4 GND Ground. 
5 CE Chip enable (input, active low). 
6 I/O Data I/O (input/output). 
7 SCLK Shift register clock (input). 
8 Vee Positive supply voltage. 

PINOUT DESCRIPTION 

Figure 1 is a pinout diagram of the MK3805. It is packaged 
in an 8-pin DIP to conserve PC board space. A brief 
description of the function of each pin is listed. 

TECHNICAL DESCRIPTION 

Figure 2 is a block diagram of the CLOCK/RAM chip. The 
main components are the oscillator and divider, the 
real time clock/calendar, the static RAM, the command 
register and logic, the control register and logic, and the 
serial shift register. 

The shift register is used to communicate with the outside 
world. Data on the I/O line is either input or output on each 
shift register clock pulse when the chip is enabled. If the 
chip is in the input mode, the data on the I/O line is input to 
the shift register on the rising edge of SCLK. If in the output 
mode, data is shifted out onto the I/O line on the falling 
edge of SCLK. 

The command register receives the first byte input by the 
shift register after CE goes true (low). This byte must be the 
command byte and will direct further operations within the 
CLOCK/RAM. The command specifies whether subse­
quent transfers will be read or written, and what register or 
RAM location will be involved. 
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MK3805 CLOCK/RAM BLOCK DIAGRAM 
Figure 2 

EXTERNAL CLOCK INPUT 
I 

1r-10r-
X2 

BUFFER 
CKO 

REAL TIME CLOCK/CALENDAR ... ---------1 
OSCILLATOR 

AND 
DIVIDERS 

I/O 

! 
) 

r 

CONTROL 
REGISTER 

AND 
LOGIC 

SHIFT 
REGISTER I'~,r-___ D_A-.TA B~U __ S ___ ---"T--'T ____________ --' 

I---SCLK t COMMAND 
REGISTER 

AND 
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The control register has bits defined which control the 
divider for the internal real-time clock and the external 
system clock. One bit serves as the write protect control 
flag, preventing accidental write operations during power­
up or power-down situations. 

The real-time clock/calendar is accessed via seven 
registers. These registers contain seconds, minutes, hours, 
day, date, month, and year information. Certain bits within 
these registers also control a run/stop function, 12/24 
hour clock mode, and indicate AM or PM (12 hour mode 
only). These registers can be accessed either randomly in 
byte mode, or sequentially in burst mode. 

The static RAM is organized as 24 bytes of 8-bits each. They 
can be accessed either randomly in byte mode, or 
sequentially in burst mode. 

The reader should refer to the MK3805 data sheet for 
operating specifications and detailed timing information. 

DATA TRANSFERS 

Data transfer is accomplished under control of the CE and 

SCLK inputs by an external microcomputer. Each transfer 
consists of a single byte (COMMAND) input followed by a 
single or multiple byte input or output (as defined by the 
command byte). 

The general format for the command byte is shown in 
Figure 3. The most significant bit (bit 7) must be a logical 1 ; 
bit 6 specifies a clock function if logical 0 or a RAM function 
if logical 1. Bits 1-5 specify the clock register(s) or RAM 
location(s) to be accessed. The least significant bit (bit 0) 
specifies a write operation if a logical 0 or a read operation if 
a logical 1. 

In the clock burst mode, all clock, calendar, and control 
registers are transferred beginning with register 0 (seconds) 
and ending with register 7 (control). Unless terminated 
early, this burst mode requires that CE be true and 72 SCLK 
cycles be supplied. This mode may be terminated at any 
time by taking CE false. This mode is specified by setting all 
address bits in the command byte to a logical 1. 

In the RAM burst mode, all RAM locations are transferred 
beginning with location 0 and ending with location 23 
(017H). Unless terminated early, this burst mode transfer 
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MK3805 CLOCK/RAM 
Figure 3 

COMMAND, REGISTER, DATA FORMAT SUMMARY 

I. GENERAL COMMAND FORMAT: 

76543210 

I ~ A41 A3 I A2 I A, I Ao ~ 

II. CLOCK COMMAND FORMAT: 

765432 0 

SEC~I_1~ __ 0~ __ 0~ __ 0~_0 __ ~0 __ ~0 __ ~LR_·~vv~ 

MIN~I __ ~_0~ __ 0~ __ 0~ __ 0~_0 __ ~1 __ ~LR~W~ 

o 0 O~ 

DATE~I_1~~0~ __ 0~ __ 0~_0 __ ~ __ ~_1_~LR~W~ 

MONTH 11 J 0 o 0 11 

DAY I 0 

I I 0 MW YEAR ~_1~~0~ __ 0~ __ 0~ __ ~_1 __ ~ __ L~~~ 

CONTROLI~~ __ O~ __ O~_O __ ~ __ L-__ L-~~LR~W~ 

~~~;~ ~~~0~1 __ 1~1 __ 1-+1 __ 1~ __ ~1_1 __ ~~ __ W~ 

III. RAM COMMAND FORMAT: 

RAMO 

RAM 23 

RAM 
BURST 

o o 

• • • 

o o O~ 
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IV. CLOCK PROGRAMMING MODEL: 

7 6 5 4 3 2 o 

00-591STOp110SEC SEC 

00-59 1 ... _____ 1_0_M __ 1 N ____ --'-___ M_I N ______ ----' 

01-
12

11211 ~ HR 
00-23. 24 . 0 ~ HR 

01-30 T, 0 10 DATE DATE 01-28129·1 I 
01-31'--~ __ ~. ____ --'-_________ --J 

01-121 0 0 0 ~ I· MONTH 

01-07 1 T2 0 0 0 1 0 DAY 

0-99 

NOTES: 

WP 
X4 -Xo 
C, -Co 
T2 -T, 

10 YEAR YEAR 

Write protect. 
Program dividers for real time clock. 
Program dividers for clock output. 
Test bits (normally set to 0). 



requires that CE be true and 200 SCLK cycles be supplied. 
This mode may be terminated at anytime by taking CEfalse. 
This mode is specified by setting all address bits in the 
command byte to a logical 1. 

Refer to Figure 3 for a summary of the command, register, 
and data formats. 

POWER-ON STATES 

When the MK3805 is first powered up, all eight clock 
registers come up to a pre-defined state. These are listed 
below. The RAM locations contain unspecified data. 

Clock: 

Seconds 
Minutes 
Hours 
Date 
Month 
Day 
Year 

Halt 
12/24 Hour 

Control: 
Write Protect 
CO & C1 
X3 &X4 

XO, X1 & X2 

SERIAL TIMING 

00 
00 
00 
01 
01 
01 
00 

1 
o 

1 
01 
00 

000 

(clock stopped) 
(24 hour mode) 

(protect on) 
(CKO = crystal frequency /2) 
(crystal frequency is binary: 
2h) 
(divide by 223) 

The timing sequence for data transfer with the 
CLOCK/RAM is started when CE goes low (see Figure 4). 
After CE goes low, the next 8 SCLK cycles will input the 
command byte of the proper format. If the most significant 
bit (bit 7) is a logical 0, the command byte will be ignored, as 
will all SCLK cycles until CE goes high and returns low to 
signify the start of a new transfer. Command bits are input 
on the rising edge of SCLK. 

Input data will be input on the rising edge of the next 8 SCLK 
cycles (per byte if burst mode is specified). Additional SCLK 
cycles will be ingored, should they inadvertently occur. 

Output data will be output on the falling edge of the next 8 
SCLK cycles (per byte if burst mode is specified). Additional 
SCLK cycles will retransmit the information, thereby 
permitting continuous transmission of clock information for 
certain applications. 

A data transfer will terminate if CE goes high, and the 
transfer must be reinitiated by the proper command when 
CE goes low again. The I/O pin will be in the high 
impedance state when CE is high. 

DESIGN EXAMPLE 

As a demonstration of the software and hardware 
interfacing for the CLOCK/RAM chip, the design of a 
demonstration used for electronic shows is given here. The 
hardware used was a standard CRT terminal, an 
MK38P73 single chip microcomputer, the MK3805 
CLOCK/RAM chip, and some miscellaneous parts to 
interface to the CRT. Refer to Figure 5 for a schematic of the 
circuit used. Note how simple the design is. The MK3805 
interfaces directly to the MK38P73 via 3 pins, and it 
provides the clock input to the MK38P73 via a fourth pin. 

HARDWARE DESCRIPTION 

The MK38P73 is an 8-bit single-chip microcomputer with 4 
parallel ports, a serial port, 128 bytes of RAM, and 2K bytes 
of EPROM (in the form of a piggy back 2716). Because the 
serial communications with the CLOCK/RAM uses a 
simple shift register type interface, the serial port of the 
38P73 is not used here. It remains free for serial 
communications with the CRT. 

The MK3805 is interfaced to the microcomputer via port 4. 
This is done to take advantage of the STB line associated 
with that port. The STB line goes low for a short time after 
each output to port 4 instruction is executed. This normally 
would be used to strobe data into an output device attached 
to the port. In this example, the STB line provides the SCLK 
pulse to the CLOCK/RAM shift register to clock data into 
and out of the chip. By using this line, toggling another port 
bit to strobe data in and out is not required. Such an 
interface to other microcomputers is straightforward. 

The CLOCK/RAM chip also provides the clock source for 
the microcomputer. By selecting a crystal frequency of 
3.6864 MHz and setting the CKO divider to divide by 1, the 
serial port on the MK38P73 operates at standard Baud rates 
(9600, 4800. 2400, 1200. etc.). 

The 75150 and 1489 chips convert the TTL level signals 
output by the microcomputer to RS-232 levels in order that 
the circuit can be interfaced to a standard CRT. 

SOFTWARE DESCRIPTION 

The heart of the software is the subroutine labeled 
·CLKRAM'. This subroutine provides all the necessary 
software interfacing to the CLOCK/RAM. 

Before calling the subroutine, the necessary parameters 
must be set up in the proper registers. The ISAR is used as a 
pointer to where the data is to be read from or written to in 
the MK38P73 RAM area. 

The scratchpad register 'CMD' must contain the command 
to be sent to the CLOCK/RAM. (See the description of the 
command given earlier.) 

The bit pattern for enabling the CLOCK/RAM must be 
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Notes: 1) Data input sampled on rising edge of clock. 
2) Data output changes on falling edge of clock. 
3) Rising edge of CE terminates operation and resets command register. 

I. SINGLE BYTE TRANSFER 

SCLKlJUu- ~ ~ 

CEl 
0123456701234567 0123456701234567 

!IS: 
(C " c: W 
(;1 CO 
~O 

CTI 
l:I » s: 
c 
~ » 
-t 
l:I 
» 
Z 
en 
." 
m 
~ 

en 
c 
s: 
s: » 
l:I 
-< 

3 I/O ---<01 AoIA1IA2IA3IA4~ 1 X I I I I I I I ) (1 IAOIA1IA2IA3IA4~ 1 X I I I I I I I »)----
N ADDRESS/COMMAND DATA INPUT ADDRESS/COMMAND DATA OUTPUT 
(0 

II. BURST MODE TRANSFER 

1 2 3 4 n 

SCLK~ ~ 
FUNCTION N n 

~ 

CLOCK 8 72 

RAM 24 200 
~I ~----------------~«~------------------~ ;', 

-- , - - --
012345670123 4 5 6 7 

I/O -<%11 11 11 11 11 l%j 1 X I 1 I IIII)}---

ADDRESS/COMMAND DATA I/O DATA I/O N 



stored in the scratchpad register 'CHIPEN'. This bit pattern 
should contain a logic 1 in the bit position that corresponds 
to the port 4 line tied to the CLOCK/RAM cr pin. All other 
bits should be O. This technique allows multiple serial 
microcomputer peripheral chips to be tied together with 
common I/O and SCLK lines, with a separate port line for 
each device CEo 

The subroutine also provides an option for using the port 4 
pins not used by the CLOCK/RAM interface for any other 
purpose. To accomplish this, a copy of whatever is written to 
port 4 by other routines must be kept in the scratchpad 
register 'PT4IMG'. This option is not used in this example. 

The main demonstration routine (listing 1) is quite basic. Its 
purpose is to print the features of the CLOCK/RAM on the 
CRT, then read the clock and display it's contents once every 
second. A reentry point is provided in order that the 
clock/calendar settings may be changed after power up. 
(See the flowchart in Figure 6.) 

When power is applied to the microcomputer, it resets and 

SCHEMATIC OF DEMONSTRATION CIRCUIT 
Figure 5 

401 

5~ 
5 9 +vee 

+vee CE P4·1 RESET 

6 8 
I/O P4·0 --- 7 7 

r SRClK STB 

EXTINT 

51 

MK3805 MK38P73 

r XTAl 

c:::J 1 
NC- XTl1 --c ClK 1 2 

XTL2 
XTAl OUT so 

GND GND 

-t 21 

begins execution of the program at location OOOOH. The 
code at this point initializes the system and checks for valid 
CLOCK/RAM data. This condition is indicated by the state 
of the write protect bit in the control byte. If the bit is set to a 
logical 1, then the CLOCK/RAM has also just been powered 
up. This indicates that the registers contain invalid data and 
should be initialized before continuing. If the bit is reset to a 
logical 0, the CLOCK/RAM did not just power up, and the 
data in its registers should be valid. 

After the clock data is verified, the routi ne pri nts a message 
consisting of CLOCK/RAM features. The timer is then set to 
interrupt once every 1 /36 second so that the time, etc., may 
be updated on the CRT screen. The routine then just waits 
for an interrupt from the timer or the keyboard. 

When a timer interrupt occurs, the service routine checks to 
see if 1 second has elapsed since the last service. If not, it 
resets the timer and returns to the wait for interrupt state. If 
1 second has gone by, the routine proceeds to erase the 

+5 

30K 

39 

10PF! 6t--RESET 

1 
38 

1K 14 

35 3 
+vee 

1 
OUT IN Rx 

1489 

GND 

g 
1 

STB 
34 2 7 

IN OUT TX 

75150 

8 
+Vee -Vee 5 r---- 12 

GND 

J; 
+ 12 

~-------------GND 

l-
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time, etc., from the top of the screen and print new data 
obtained from the CLOCK/RAM. The timer is then reset and 
returns to the wait for interrupt state. 

When a receiver interrupt occurs, the serial port contains a 
valid character from the keyboard. The service routine 
checks to see if it is a 'DC3' (control-5) character. If not, the 
routine returns to the wait for interrupt state. If it is, 
the routine goes to the clock set entry point of the main 
routine and the user is allowed to set the clock and calendar 
values. The main routine entered in this fashion is executed 
similarly to a power on reset with the CLOCK/RAM write 
protect bit set to a logical 1. 

The CLOCK/RAM subroutine (listing 2) was designed to 

send the command to the CLOCK/RAM chip and then 
transfer the number of data bytes specified by the 
command. 

As seen in the flowchart(Figure 7), either 1,7, or 24 bytes of 
data may be transferred between the microcomputer and 
the CLOCK/RAM. The command sent to the subroutine is 
exactly the command sent to the CLOCK/RAM, so there is 
no confusion as to the format of the command byte. When 
this routine is called, the 15AR must be pointing to the 
scratchpad RAM area where the data transferred is to be 
read from or written to. Note that only 7 bytes are 
transferred in a clock burst. This is to eliminate reading and 
writing the control register every time. 



MAIN ROUTINE FLOWCHART 
Figure 6 
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~ 

~ PROTECT NO CLKRD 
SEn 
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STATUS BY~E PRINT AM/PM 
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l ~ 
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INTERRUPTS DAY 

~ ~ 
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CLKRAM SUBROUTINE FLOWCHART 
Figure 7 
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LOAD BYTE 
INTO TEMP. 

COMPLEMENT 
AND MIX 

W/PT4IMG 
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ISTING 1 - DEMO PROGRAM 

_OCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
)C 08J.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

1 
2 
3 
4 

* 

TITLE CLOCK/RAM DEMONSTRATION MODULE 
NAME DEMO 
PSECT ASS 
GLOBAL ClKRAM 

* THIS MODULE MUST BE LINKED WITh THE CLOCK/RAM MODULE 
* TO CREATE A WORKING PROGRAM. 
* 
* 
********************************** 
* * 
* DEMO FOR MK3805 CLOCK/RAM CHIP * 
* * 
********************************** 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

=0000 
=0001 
=0002 

=0003 
=000'f 
=0005 
=0006 
=0007 
=0010 
=0011 
=0012 
=0013 
=001'f 
=0015 
=0016 

=0004 
=0006 
=0007 
=OOOC 
=0000 
=000£ 
=OOOF 

=00011 
=OOOA 
=OOOC 
=0000 
=0013 
=001B 

************************************ 
* * 
'" SCRATCH PAD REGISTER DEFINITIONS * 
* * 
************************************ 
* 
* GLOBAL REGISTERS. THESE REGISTERS MUST BE THE SAME 
* AS IN THE CLOCK/RAM MODULE. 
* 

25 PT'f I MG 
26 CHIPEN 
27 CMD 

* 

EQU 
EGU 
EQU 

DOH 
01H 
02H 

;PORT 'f IMAGE STORAGE 
;CHIP ENABLE STORAGE 
;COMMAND STORAGE 

* LOCAL REGISTERS. THESE REGISTERS DO NOT NEED TO BE 
* MADE KNOWN TO THE CLOCK/RAM MODULE. 
* 

32 TEMP 
33 CNTSAV 
3'+ DCOUNT 
35 TIMCNT 
36 CTRL 
37 SECOND 
38 MINUTE 
39 HOUR 
'fa DAY 
41 DATE 
q2 MONTH 
43 YEAR 

* 

EQU 
EQU 
EGU 
EGU 
EGU 
EQU 
EQU 
EGU 
EGU 
EQU 
EQU 
EQU 

03H 
Oil H 
05H 
06H 
07H 
10H 
11H 
12H 
13H 
I11H 
1SH 
16H 

******************** 
* 

* PORT DEFINITIONS * 
* * 
******************** 
* 

51 CROATA 
52 TICTRL 
53 lIMER 
5'f RXCTRL 
55 RXSTAT 
56 MSBYTE 
57 LSBYTE 

* 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

O'+H 
06H 
01H 
OCH 
ODH 
OEH 
OFH 

********************* 
* * 
* ASCII DEFINIlICNS * 
* '" 
********************* 

'" 65 EOT 
66 LF 
67 FF 
68 CR 
69 DC3 
70 ESC 

EQU QqH 
EQU OAH 
EGU OCH 
EGU OOH 
EQU 13H 
EQU lBH 

;TEMPERARY STORAGE 
;OIGIT COUNT SAVE 
;DIGIT COUNTER 
;TIMER COUNTER 
;CLOCK/RAM CONTROL STORAGE 
;SECOND BUFFER 
;MINUTE BUFFER 
;HOUR BUFfER 
;DAY BUfFER 
;DATE BUfFER 
;MONTH BUFFER 
;YEAR BUFFER 

;CLOCK/RAM DATA PORT 
;TIMER, INTERUPT CTRl PORT 
;TIMER PORT 
;SERIAL CONTROL PORT 
;SERIAL STATUS PORT 
;SERIAL MSB PORT 
iSERIAL LSB PORT 

;ENO OF TEXT 
;LINE FEED 
;FORM FEED 
;CARIAGE RETURN 
;DEVICE CONTROL 3 (AS) 
;ESCAPE 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OSJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

************* 
* * 
* CONSTANTS * 
* * 
************* 
* 
* DAYS OF THE WEEK 
* 

=0001 80 SUN EQU 1 ;SUNDAY IS DAY 1 
=0002 81 MON EaU 2 iMONDAY IS DAY 2 
=0003 B2 TUES EQU 3 ;TUESDAY IS DAY 3 
=000'+ 83 WED EQU '+ ;wEDNESDAY IS DAY ~ 

=0005 B4 THURS EQU 5 ;THURSDAY IS DAY 5 
=0006 85 FRI EQU 6 ;FRIDAY IS DAY 6 
=0007 86 SA T EQU 7 ;SATURDAY IS DAY 7 

" 
* MONTHS OF THE YEAR 
* 

=0001 90 JAN EQU 1 ;JANUARY IS MONTH 1 
=0002 91 FEB EQU 2 ;FEBRUARY IS MONTH 2 
=0003 92 MARCH EQU 3 ;MARCH IS MONTH 3 
=OOO~ 93 APRIL EQU 4 ;APRIL IS MONTH 4 
=0005 94 MA Y EQU 5 ;MAY IS MONTH 5 
=0006 '35 JUNE EQU 6 ,JUNE IS MONTH'6 
=0001 56 JULY [QU 7 ;JULY IS MONTH 7 
=0008 97 AUG EQU 8 ;AUGUST IS MONTH 8 
=0009 98 SEPT EQU 9 ;SEPTEMBER IS MONTH 9 
=OOOA 99 OCT EQU 10 ;OCTOBER IS MONTH 10 
=0008 100 NOV [QU 11 ;NOVEMBER IS MONTH 11 
=OOOC 101 DEC EaU 12 ;DECEMBER IS MONTH 12 

* 
* COUNTER VALUES 
* 

=0000 105 ZERO EQU 0 ;COUNT IS 0 
=0001 106 ONE Eau 1 ;COUNT IS 1 
=0002 107 TWO EaU 2 ,COUNT IS 2 
=0003 108 THREE C::QU 3 ;COUNT IS 3 
=0004 109 FOUR EQU It ;COUNT IS 4 
=0005 110 FIVE EaU 5 ;COUNT IS 5 
=0006 111 SIX EaU 6 ;COUNT IS 6 
=0007 112 SEVEN EQU 7 ;COUNT IS 7 
=0008 113 EIGHT EQU 8 ;COUNT IS B 
=0009 114 NINE EQU 9 ;COUNT IS 9 
=OOOA 115 TEN EQU 10 iCOUNT IS 10 
=0010 116 TENSCD EQU 10H ;BCO VALUE OF 10 

* 
* BCD MASKS 
* 

=OOOF 120 LSD EQU OFH ;MASK FOR ONE'S DIGIT 
=OOFO 121 MSD EQU OFOh ;MASK FOR TEN'S DIGIT 

* 
* LEAP YEAR MASKS 
* 

=0013 125 LEAP1 EQU 13H ;MASK Te CHECK FOR ? 
=0012 126 LEAP2 EQU 12H ;MASK TO CHECK FOR ? 

* 
* I SAR MASK 

"I .. ~ ... 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

=003F 

=0080 

=0070 
=OOOF 
=0070 
=OOOF 
=0080 

=0020 
=0030 
=0010 
=OOOF 
=0007 
=0030 
=OOOF 
=0010 
=OOOF 
=OOFO 
=OOOF 

=0024 
=OOEA 

=0001 
=0002 

=OOFE 

=OOOB 
=00A2 
=OOBO 
=00B1 

=0000 
=0002 
=008F 
=008£ 
=OOBF 
=OOBE 

* 
130 ISMASK EQU 3FH 

* 
* CLOCK/CALENDAR MASKS 
* 

134 HALT EQU 

135 SECMSD EQU 
136 SECLSD EQU 
137 MINMSD Eau 
138 MINLSD EQU 
139 MODE EQu 

140 AMPM EQU 
141 HR2MSD EQU 
1'+2 HR1MSD EQU 
143 HRLSD EQU 
144 DAYLSD EQU 
145 DATMSD EQU 
145 DATLSD EQU 
147 MNMSD EQU 
148 MNLSD EQU 
149 YRMSD EQU 
150 YRLSD EQU 

* 

80H 

70H 
OFH 
70H 
OFH 
80H 

20H 
30H 
10H 
OFH 
07H 
30H 
OFH 
10H 
OFH 
OFOH 
OfH 

* TIMER VALUES 
* 

154 MAXCNT EQU 36 
155 TMCTRL EQu OEAH 

* 
* CHIP ENABLE BITS 
* 

159 DATA 
160 CE 1 

* 

EQU 01H 
EQU 02H 

* PARITY FOR TRANSMITTER 
* 

164 PARITY EQU OFEH 
* 
* SERIAL PORT VALUES 
* 

168 BAUD 
169 XMIT 
170 RCV 
171 RCVI 

EQU OBH 
EQU OA2H 
EQU OBOH 
EQU OBlH 

* 
* CLOCK/RAM VALUES 
* 

175 CRCTRL EQU 
176 CRCHIP EQU 
177 RDSTAT EQU 
178 WRSTAT EQU 
179 RDCLK EQU 
180 WRCLK EQU 

OOH 
02H 
8FH 
8EH 
OBFH 
o BEt-; 
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;MASK TO 6 BITS 

;HALT FLAG IS BIT 7 OF SEC( 
S 
,SECONDS TEN'S DIGIT 
;SECONDS ONE'S DIGIT 
;MINUTES TEN'S DIGIT 
;MINUTES ONE'S DIGIT 
;12/24 HOUR MODE IS BIT 7 ( 
HOURS 
,AM/PM FLAG IS BIT 5 OF HOl 
.24 HOUR MODE TEN'S DIGIT 
;12 HOUR MODE TEN'S DIGIT 
;HOURS ONE'S DIGIT 
;DAY MASK 
;DATE TEN'S DIGIT 
;DATE ONE'S DIGIT 
;MONTH TEN'S DIGIT 
,MONTH ONE'S DIGIT 
;YEARS TEN'S DIGIT 
;YEARS ONE'S DIGIT 

;TIMER MAXIMUM COUNT 
;TIMER CONTROL BYTE 

;OATA BIT IS BIT 0 
,CHIP ENABLE BIT IS BIT 1 

;PARITY (BIT 0) IS 'SPACE' 

;BAUD RATE = 9600 
;TRANSMIT COMMAND 
;RECIEVE COMMAND 
;RECIEVE W/INTERUPT 

;CLK/RAM CONTROL BYTE 
;CLK/RAM CHIP ENABLE BYTE 
;READ CLK/RAM STATUS 
;WRITE CLK/RAM STATUS 
;READ CLOCK REGISTERS 
;WRITE CLOCK REGISTERS 



~OCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
)C OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

00 209 
00 70 210 
01 08 211 
02 70 212 
03 5C 213 
04 OA 214 
05 1F 215 
06 213F 216 
08 9lf.F8 217 

OA 2002 221 
DC 51 222 

)0 200B 226 
JF BC 227 
LO 20FE 228 
l2 BE 229 

. :3 2802AE 235 

.6 47 236 

.7 F7 237 

.8 8169 238 

****************** 
* * 
* INITIALIZATION * 
* * 
****************** 
* 
* FUNCTION: 
* THIS IS THE START OF THE DEMO PROGRAM. WHEN THE 
* MICROCOMPUTER RESETS DUE TO POWER UP OR A HARDWARE 
* (PUSH BUTTON) RESET. THIS CODE IS ENTERED. THE 
* INITIALIZATION CONSISTS OF CLEARING ALL SCRATCH PAD 
* REGISTERS, SETTING UP THE CHIP ENABLE PARAMETER. 
* SETTING THE SERIAL PORT BAUD RATE AND PARITY, 
* AND CHECKING IF THE CLOCK DATA IS VALID. IF IT IS 
* NOT VAllO, THE ROUTINE CONTINUE ON TO SET THE CLOCK. 
* OTHERWISE, THE DATA IS ASSUMED OK. 
* 
* ENTRY STATUS: 
* THE CPU HAS BEEN RESET. 
* 
* EXIT STATUS: 
* IF THE CLOCK DATA IS VALLOt THEN THE ROUTINE EXITS 
* TO THE DATA OK ROUTINE. OTHERWISE, THE ROUTINE 
* EXITS TO THE SET CLOCK ROUTINE. 
* 
* CLEAR SCRATCH PAD 
* 

ORG OOOOH 
ClR ;ClEAR ALL SCRATCH PAD 

INIT LR IS,A ;PUT POINTER INTO ISAR 
ClR ;CLEAR THAT LOACTION 
LR S,A ; 
LR A,IS ;BUMP POINTER 
INC ;BUMP POINTER 
NI ISMASK ;MASK TO 6 BITS 
BNZ I NIT ;GO IF I\OT DONE 

* 
* SET UP CLOCK/RAM SUBROUTINE PARAMETERS. 
* 

LI CRCHIP ;SET CLK/RAM CHIP ENABLE 
lR CHIPEN,A 

* 
* INITAlIZE SERIAL PORT PARA ME TERS. 
* 

LI BAUD ;SE1 SERIAL BAUD RATE 
CUTS RXCTRl ; 
II PARITY ;S£T PARITY TO 'SPACE' 
OUTS MSBYTE 

* 
* CHECK IF CLOCK/RAM HAS JUST BEEN POWERED UP. IF SO, 
* INITIALIZE AND SET THE CLOCK. IF NOT, THEN THE CLOCK 
* DATA SHOULD 8E VALID. 
* 

PI STATRD ;READ ClK/RAM STATUS 
lR A,CTRL ;CHECK ""RITE PROTECT BIT 
NS CTRL 
BP oATAOK ;BRANCH IF DATA GOOD 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LaC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

OOlA 280286 
0010 29006C 

242 
243 

* 
* CLOCK/RAM JUST POWERED UP, SO INITAlIZE IT. 
* 

PI STAH.lR 
JMP SE'TCLK 
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iWRITE CLK/RAM STATUS 
;SET CLOCK 



LOCK/RAM JEMONSTRATION MODULE F8/3810 ~ACRO CROSS ASSM. V2.2 
OC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

120 
120 08 
121 00 
122 06 
23 01 
24 1.)7 

25 36 
26 g41C 

28 2024 
2A 56 
28 2802Cl 
2E 2801Aif 
31 2801CO 
34 2801CC 
37 21301F1 
3A 2A05EB 
30 28029f 

!JO 2081 
~2 80 
~3 18 
.4 00 

269 
270 
271 
272 
273 
274 

278 
279 

284 
285 
286 
287 
288 
289 
290 
291 
292 

291 
298 
299 
300 

*********************************** 
* * 
* TIMER INTERRUPT SERVICE ROUTINE * 
* * 
*********************************** 
* 
* FUNCTION: 
* THE TIMER INTERRUPT SERVICE ROUTINE IS ENTERED EVERY 
* TIME THE HARDWARE TIMER TIMES OUT (APPROXIMATELY 
* EVERY 1/36 SECONDS.) THE TIMER COUNTER IS 
* DECREMENTED TO DETERMINE IF 1 SECOND HAS PASSED 
* SINCE THE lAST SCREEN UPDATE. IF NOT, THE ROUTINE 
* TERMINATES. IF SO, NEW DATA IS READ FROM THE CLOCK/ 
* RAM AND THE SCREEN IS UPDATED. 
* 
* ENTRY STATUS: 
* THE TIMER HAS TIMED OUT. 
* 
* EXIT STATUS: 
* IF 1 SECOND HAS NOT PASSED, THEN THE COUNTER IS 
* DECREMENTED. OThERwISE, THE COLNTER IS RESET AND 
* THE NEW TIME IS READ FFROM THE CLOCK/RAM AND 
* PRINTED. 
* 

ORG 0020H 
LR K,P ;SAVE STACK 
LR A,KU 
LR QU,A 
LR A,KL 
LR Ql,A 

* 
* CHECK IF 1 SECOND HAS PASSED SINCE LAST INTERRUPT. 
* 

OS TIMCNT ;DECREMENT COUNT 
SNZ FINISH ;SRANCH IF NOT ZERO 

* 
* IT HAS, SO RESET COUNTER, READ NEW CLOCK DATA AND 
* DISPLAY IT. 
* 

II MAXCNT ;RESET COUNT 
LR TI~CNT,A 

PI CLKRD ;READ CLOCK REGISTERS 
PI AMP~OT ;PRINT AM/PM MESSAGE 
PI DAYOT ;PRINT DAY 
PI DATEOT jPRINT DATE 
PI TIMEOT iPRINT TIME 
DCI HOME ;SEND CURSOR HOME 
PI OUT~SG 

* 
* PUT SERIAL PORT BACK IN RECEIVE MODE AND RETURN 
* FROM INTERRUPT. 
* 

LI RCVI ;ENABLE RCV INTERUPT 
OUTS RXSTAT 

FINISH EI jENABLE INTERUPTS 
LR PO,C ;RETURN 

VI.141 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0060 
0060 08 
0061 00 
0062 06 
0063 01 
0064 07 

0065 280287 
0068 2513 
006A 9408 

324 
325 
326 
327 
328 
329 

334 
335 
336 

•••••••••••• * ••• *****.**.********.**** 

* * 
* RECEIVER INTERRUPT SERVICE ROUTINE • 
• • 
** •• *.*********** •• *** ••• *.***.*****.* 
• 
• FUNCTION: 
• THE RECEIVER INTERRUPT SERVICE ROUTINE IS ENTERED 
* EVERY TIME A CHARACTER IS RECEIVED IN THE SERIAL 
• PORT. THE CHARACTER IS CHECKED FOR 'DC3' (CONTROL 
* S). IF NOT A 'OC3', THEN THE ROUTINE IS TERMINATED. 
* OTHERWISE, THE USER IS ALLOWED TO SET THE CLOCK 
* VALUES. 
• 
• ENTRY STATUS: 
* A CHARACTER HAS BEEN RECEIVED FROM THE KEYBOARD. 
* 
* EXIT STATUS: 
• IF THE CHARACTER WAS NOT A 'OC3', THEN A RETURN 
* FROM INTERRUPT IS DONE. OTHERWISE, THE ROUTINE 
* EXITS TO THE SET CLOCK ROUTINE. 
• 

ORG 0060H 
LR K,P ;SAVE STACK 
LR A,KU 
LR QU,A 
LR A,KL 
LR QL,A 

• 
• CHECK FOR 'OC3' FROM KEYBOARD. SET THE CLOCK If 
• THIS KEY FOUND. 
* 

PI INCHR2 ;GET CHARACTER 
CI OC3 ;CHECK FOR 'OC3' 
BNZ FINISH ;BRANCH IF NOT 

* 
* WAS 'OC3', SO FALL THROUGH TO SET CLOCK. 

VI.14? 



:LOCK/RAM DEMONSTRATION MODULE F8/3810 MACRO CROSS ASSM. V2.2 
.OC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

06C 68 357 
060 62 358 
06E 2800AB 359 
071 280126 360 
074 280096 361 
077 8104 362 
079 2800BC 363 
01C 280000 364 
)7F 2802C9 365 

***************** 
* * 
* SET THE CLOCK * 
* * 
***************** 
* 
* FUNCTION: 
* THIS ROUTINE ALLOWS THE USER TO SET THE CLOCK AND 
* CALENDAR SETTINGS. 
* 
* ENTRY STATUS: 
* EITHER THE CLOCK DATA WAS INVALID AT POWER UP OR 
* THE USER ENTERED A 'DC3' FROM THE KEYBOARD. 
* 
* EXIT STATUS: 
* ALL CLOCK/CALENDAR SETTINGS ARE SET. 
* 
SETCLK LISL SECOND.AND.7 ;POINT TO CLOCK BUFFER 

LISU SECOND.SHR.3 ; 
PI DAYIN ; SET DAY OF WEEK 
PI DATEIN ;SET DATE IN CALENDAR 
PI MODEIN ;SET 12124 HOUR MODE 
SP SETl ;SRANCH IS 24 HOUR MODE 
PI AMPMIN ;SET AM/PM FLAG 

SET1 PI TIMEIN ;SET TIME IN CLOCK 
PI CLKWR ;WRITE DATA TO CLOCK 

* 
* CLOCK NOW SET, SO FALL THROUGH TO START INTERRUPTS. 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0082 70 
0083 B1 
008<4 202<4 
0086 56 
0087 20EA 
0089 B6 
a08A 2A020f 
0080 28029F 
0090 2081 
0092 BO 
0093 lB 
0094 90FF 

.*.******.*****.* •••• ** •• 
• • 
• SET UP FOR INTERRUPTS * 
* * 
.*.******.***.* ••••• ***** 
* 
* FUNCTION: 
* THIS ROUTINE INITIALIZES THE TIMER AND SERIAL PORT 
* AND EN~BLES INTERRUPTS. 
* 
* ENTRY STATUS: 
* EITHER THE DATA WAS VALID AT POWER UP, OR THE CLOCt 
* HAS JUST BEEN SET. 
* 
* EXIT STATUS: 
* THE TIMER AND RECEIVER INTERRUPTS ARE THE ONLY EXI" 
* 

386 DATAOK 
387 

CLR 
OUTS 

;CLEAR TIMER 
TIMER ; 

388 LI MAXCNT ;SET COUNTER 
389 LR TIMCNT,A 
390 LI TMCTRl JSET TIMER CONTROL 
391 OUTS TICTRl ; 
392 DCI SIGNON ;PRINT FEATURES 
393 PI OUTMSG ; 
394 LI RCVI ;ENABLE RCV INTERUPT 
395 OUTS RXSTAT 
396 EI ;ENABLE INTERUPTS 
397 STOP BR STOP ;~AIT FOR INTERUPT 
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LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASS~. V2.2 
OC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

096 08 ~16 

097 00 417 
098 06 418 
099 01 ~19 

rJ9A 07 420 
rJ98 2A0611 ~21 

rJ9E 28029F It 22 
OAt 6A 423 
OA2 28023~ 424 
[)A5 15 ~25 

JA6 13 426 
[)A 7 13 427 
JA8 13 428 
JA9 5C 429 
JAA 00 430 

************************************ 
* * * 12/2~ HOUR MODE INPUT SUBROUTINE * 
* * 
************************************ 
* 
* FUNCTION: 
* THIS SUBROUTINE ASKS THE USER If THE MODE IS TO BE 
* 12 OR 2~ HOUR FORMAT. THE ANSWER IS AQUIRED, AND THE 
* PROPER MODE IS SET. 
* 
* ENTRY STATUS: 
* NONE. 
* 
* EXIT STATUS: 
* THE MODE IS SET FOR 12 OR 2~ HOUR OPERATION. 
* 
MODEIN LR K,P 

LR A.KU 
LR QU.A 
LR A,Kl 
LR GLtA 
DCI MODMSG 
PI OUTMSG 
LISL HOUR.AND.7 
PI OIGIT2 
SL If. 
SL 1 
SL 1 
SL 1 
lR S,A 
LR POte 

\/1 1 A r: 

;SAVE STACK 

; 
;PRINT MODE MESSAGE 

;POINT TO HOURS 
;GET DIGIT (0-1) 
;PUT INTO BIT 7 

; 
;STORE IT AT HOURS 
iRETURN 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

OOAB 08 '+ 48 
OOAC 00 '+'+9 
OOAD 06 450 
OOAE 01 '+51 
OOAF 01 452 
OOBO 2A05F a 453 
OOB~ 28029F 45'+ 
0086 68 '+55 
00B7 280222 456 
OOBA 5C 451 
OOBB 00 458 

*************** •• ***.*** 
• * 
* DAY INPUT SUBRCUTINE * 
* * 
****** ••••• *** •• ******.* 

* 
* FUNCTION: 
* THIS SUBROUTINE ASKS THE USER FOR THE DAY AND 
* INPUTS THE ANSWER. 
* 
* ENTRY STATUS: 
* NONE. 
* 
* EXIT STATUS: 
* THE DAY OF THE WEEK IS IN THE DAY BUFFER. 
* 
DAYIN lR 

lR 
lR 
lR 
lR 
DCI 
PI 
lISl 
PI 
lR 
lR 

\/L1..1Ut 

K,P 
A,KU 
QU,A 
A,Kl 
altA 
DAY~SG 

OUTMSG 
DAY.AND.7 
DIGIT7 
S,A 
POtG 

;SAVE STACK 

jPRINT DAY MESSAGE 
; 
;POINT TO DAY 
;GET DIGIT (1-7) 
;STORE IT AT DAY 
;RETURN 



LOCK/RAM DEMONSTRATION MODULE F8/3B70 MACRO CROSS ASSM. V2.2 
OC OBJ.COD£ STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

OBC 08 ~78 

OBD 00 ~79 

OBE 06 ~80 

OBF 01 481 
OCO 07 ~82 

OCI 2A0631 483 
OC4 28029F 484 
OC7 6A ~85 

OCB 280234 486 
OCB 15 487 
OCC 13 488 
OCD EC 489 
OCE 5C 490 
OCF 00 491 

********************************* 
* * 
* AM/PM SELECT INPUT SUBROUTINE * 
* * 
********************************* 

* 
* FUNCTION: 
* THIS SUBROUTINE ASKS THE USER FOR THE AM OR PM 
* SETTING. THE ANSWER IS AQUIRED AND THE PROPER MODE 
* IS SET. THIS ROUTINE IS CALLED IN THE 12 HOUR 
* MODE ONLY. 
* 
* ENTRY STATUS: 
* NONE. 
* 
* EXIT STATUS: 
* THE AM/PM FLAG IS SET OR RESET IN THE HOUR BUFFER. 
* 
AMPMIN LR K,P 

LR A,KU 
LR QU,A 
LR A,KL 
LR QL,A 
DCI AMPMSG 
PI OUTMSG 
LISL HOUR.AND.7 
PI 01GIT2 
SL ~ 

SL 1 
XS S 
LR S,A 
LR PO,Q 

VI-147 

;SAVE STACK 

;PRINT AM/PM MESSAGE 

;POINT TO HOURS 
; GET DIGIT (0-1) 
;PUT INTO BIT 5 

iSTORE IT AT HOURS 
jRETURN 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0000 08 512 
0001 00 513 
0002 00 511+ 
0003 01 515 
0004 07 516 
0005 2A0648 517 
0008 28029F 518 

OODS 6A 522 
OOOC 4C 523 
0000 FC 524 
OODE 8115 525 

OOEO 280234 529 
00E3 81+0S 530 
00E5 15 531 
00E6 £C 532 
00E7 5C 533 
00E8 280239 534 
OOES EC 535 
OOEC 5C 536 
OOEO 9016' 537 
OOEF 28022A 538 
00F2 90F8 539 

00F4 280239 51+3 
00F7 15 5'+4 
00F8 5C 545 
00F9 2520 51+6 
OOFB 8'+08 5'+7 
OOFD 28021+0 51+8 
0100 EC 51+9 

************************* 
* * 
* TIME INPUT SUBROUTINE * 
* * 
************************* 
* 
* FUNCTION: 
* THIS SUBROUTINE ASKS THE USER FOR THE TIME. IT 
* INPUTS THE TIME AND SETS THE CLOCK UP ACCORDINGLY 
* THE TIME IS INFUT IN THE HR:MIN:SEC FORMAT. LEADI 
* ZEROS MUST BE INPUT. 
* 
* ENTRY STATUS: 
* NONE. 
* 
* EXIT STATUS: 
* THE TIME OF DAY IS SET IN THE HOUR, MINUTE, AND 
* SECOND BUFFER. 
* 
TIHEIN LR K,P ;SAVE STACK 

LR A,KU 
LR QU,A 
LR A,KL 
LR QL,A 
DCI TIMMSG ;PRINT TIME MESSAGE 
PI OUTMSG 

* 
* CHECK IF 12 OR 24 HOUR MODE. 
* 

LISl HOUR.AND.7 ;POINT TO HOURS 
LR A,S ;CHECK IF 24 HOUR MODE 
NS S 
SP HOUR21+ ;BRANCH IF SO 

* 
* 12 HOUR MODE, SO VALID HOURS ARE 01-12. 
* 

PI OIGIT2 GET CIGIT (0-1) 
BZ HOUROX ;BRANCH IF 0 ENTERED 
Sl 1+ ;STORE IT AT TENS 
XS S 
LR S,A ; 
PI OIGIT3 ;G£T DIGIT (0-2) 

HOUR1 XS S ;STORE IT AT UNITS 
LR S,A 
BR MIN ;GO TO MINUTES 

HOUROX PI 01GIT9 ; GET DIGIT (1-9) 
BR HOUR1 iSTORE IT AND CONTINUE 

* 
* 24 HOUR MODE, SC VALID HOURS ARE 00-23. 
* 
HOUR21+ PI OIGIT3 ; GET DIGIT (0-2) 

SL 1+ ;STORE IT AT TENS 
LR S,A 
CI TWC.SHL.4 ;SEE IF DIGIT WAS '2' 
BZ HOUR2X ;BRANCH IF SO 
PI DIG1TO ; GET DIGIT (0-9) 

HOUR2 XS S ;STORE IT AT UNITS 
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CLOCK/RAM DEMONSTRATION MODULE P8/3870 ~ACRO CROSS ASSM. V2.2 
LOC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0101 5C 550 LR S,A 
0102 9006 551 8R MIN ;GO TO MINUTES 
0104 28023£ 552 HOUR2X PI OIGIT4 ; GET DIGIT (0-3) 
0107 90F8 553 BR HOUR2 ;STORE AND CONTINUE 

* 
* VALID MINUTES ARE 00-59. 

* 
0109 28026A 557 MIN PI OUTCOL ;PRINT COLON SEPARATOR 
010C 69 558 LISL MINUTE.AND.7 ;POINT TO MINUTES 
0100 280243 559 PI OIGIT6 ;GET DIGIT (0 -5) 
0110 15 560 SL '+ ; S"TOR£ IT AT TENS 
0111 5C 561 LR S,A 
0112 280240 562 PI OIGITO ; GET DIGIT (0-9) 
0115 EC 563 XS S ;STORE IT AT UNITS 
0116 5C 564 LR S,A 

* 
* VALID SECONDS ARE 00-59 

* 
0117 28026A 568 PI OUTCOL ;PRINT COLON SEPARATOR 
011A 68 569 LISL SECOND.AND.7 ;POINT TO SECONDS. 
011B 280243 570 PI OIG1T6 ;GET DIGIT (0 -5) 
011E 15 571 SL '+ ;STORE IT AT TENS 
011F 5C 572 LR S,A 
0120 2802'40 573 PI OIGI10 ;GET DIGIT (0-9) 
0123 EC 574 XS S ;STORE IT AT UNITS 
0124 5C 575 LR S,A 
0125 00 576 LR PO,G ;RETURN 
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CLOCK/RAM DEMONSTRATION MODULE F8/3810 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0126 08 
0127 00 
0128 06 
0129 01 
012A 07 
0128 2A05fD 
012E 28029f 

0131 6E 
0132 280240 
0135 15 
0136 5C 
0137 280240 
013A EC 
0138 SC 

013C 28026A 
013f 60 
0140 280234 
0143 15 
0144 5C 
0145 8408 
0147 280239 
014A £C 
0148 5C 
01'+C 9006 
014E 28022A 
0151 90F8 

0153 28026A 

596 
591 
598 
599 
600 
601 
602 

606 
607 
608 
609 
610 
611 
612 

616 
617 
618 
619 
620 
621 
622 

************************* 
* * * DATE INPUT SUBROUTINE * 
* * 
************************ ... 
... 
* FUNCTION: 
* THIS SUBROUTINE ASKS THE USER FOR THE DATE. IT 
* INPUTS THE DATE AND SETS THE CALENDAR ACCORDINGLY 
... THE DATE IS INPUT IN THE YR:MNTH:DAY FORMAT. 
* LEADING ZEROS MUST BE INPUT • 
... 
* ENTR Y ST ATUS: 
* NONE. 
* 
... EXIT STATUS: 
... THE DATE IS IN THE YEAR, MONTH, AND DATE BUFFER. 
* 
DATEIN 

... 

... VALID 

... 

... 

... VALID 

* 

LR K,P ;SAVE STACK 
LR A,KU 
LR QU,A 
LR A,KL 
LR QL,A ; 
oCI oATMSG ;PRINT DATE MESSAGE 
PI OUTMSG 

YEARS ARE 00-99 • 

LISL YEAR.AND.7 ;POINT TO YEAR 
PI oIGITO ; GET DIGIT (0-9) 
SL 4 ;STORE IT AT TENS 
LR S,A 
PI OIGITO ; GET DIGIT (0-9) 
XS S ,STORE IT AT UNITS 
LR S,A 

MONTHS ARE 01-12 • 

OUTCOL ;PRINT COLON SEPARATER 
MONTH.ANo.7 ;POINT TO MONTH 
0lGIT2 ;G£T DIGIT (0-1) 
'+ ;STORE IT AT TENS 

;BRANCH IF DIGIT IS '0' 
;G£T DIGIT (0-2) 

623 MONTH1 
624 

PI 
LISL 
PI 
SL 
LR 
BZ 
PI 
XS 
LR 
BR 
PI 
BR 

S,A 
MNTHOX 
0lGIT3 
S 
S,A 
OoATE 
DIGIT9 
MONTH 1 

;STORE IT AT UNITS 

625 ;GO TO DATE 
626 MNTHOX 
627 

;GET DIGIT (1-9) 
;STORE AND CONTINUE 

* 
* CHECK MONTH. IF MONTH IS FEBURARY, ALLOW 28 OR 
... 29 DAYS IN THE MONTH. If MONTH IS APRIL, JUNE, 
... SEPTEMBER OR NOVEMBER, ALLOW 30 DAYS IN THE 
... MONTH. FOR OTHER MONTHS, ALLOW 31 DAYS • 
... 

634 oOATE PI OUT COL ;PRINT COLON SEPARATOR 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
lOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0156 4E 
0157 25:02 
0159 842F 

015B 28023E 
015E 15 
015F 5C 
0160 840B 
0162 2530 
0164 8'+OC 
0166 280240 
0169 EC 
016A 5C 
016B 00 
016C 28022A 
016F 90F9 

0171 60 
0172 200'+ 
0174 55 
0175 4E 
0176 2A02oB 
0119 80 
017A 8409 
017C 35 
0170 94FB 
017F 280234 

0182 90E6 

0184 28022F 
0187 90£1 

0189 280239 
01aC 15 
0180 5C 
01aE 8400 
0190 2520 
0192 9403 

0194 6E 
0195 ,*C 
0196 bC 
0197 2113 
0199 84CC 

635 
636 
637 

* 

lR 
CI 
Bl 

A,Q 
FEB 
FEBXX 

;GET MONTH, POINT DATE 
;CHECK IF 'FEBRUARY' 
;BRANCH IF SO 

* NOT FEBRUARY, SO ALLOW 30 OR 31 DAYS. 

6'+1 
6'+2 
6'+3 
6'+'+ 
645 
6'+6 

* 

6'+1 DOATE3 
648 DDATEI 
649 
650 
651 DAYOX 
652 

* 

PI 
SL 
lR 
BZ 
CI 
BZ 
PI 
XS 
lR 
LR 
PI 
BR 

OIGITlf. 
4 
S,A 
OAYOX 
THREE.SHl.4 
DAY3X 
OIGITO 
S 
StA 
PO,G 
OIGIT9 
ODATE1 

;GET DIGIT (0-3) 
;STORE IT AT TENS 

;BRANCH IF DIGIT WAS 0 
;CHECK IF DIGIT WAS '3' 
;BRANCH IF SO 
;GET DIGIT (0-9) 
;STORE IT AT UNITS 

;RETURN 
; GET DIGIT (1-9) 
;STORE AND RETURN 

* CHECK FOR APRIL, JUNE, SEPTEMBER AND NOVEMBER. 

* 
656 oAY3X 
657 
658 
659 
660 
661 oLOOP 
662 
663 
664 
665 

* 

LISL 
LI 
lR 
LR 
DCI 
CM 
BZ 
OS 
BNZ 
PI 

MONTH.AND.7 ;POINT TO MONTH 
'+ ;LOOP COUNT = 4 
OCOUNT,A 
A,O 
TAB30 

OAY30 
OCOUNT 
OLOOP 
OIGIT2 

;GET MONTH, POINT DATE 
;POINT TO 30-oAY TABLE 
;CHECK IF IN TABLE 
,BRANCH If SO 
;OECREMENT COUNT 
;BRANCH IF NOT DONE 
;GET DIGIT (0-1) 

* 31 DAY MONTH, SO ALLOW DAYS OF 01-31. 

* 
669 BR oDATEl ;STORE AND RETURN 

* * 30 DAY MONTH, SC ALLOW DAYS OF 01-30. 

* 
673 DAY30 
674 

* 

PI 
BR 

DIGITI 
00ATE1 

;GET DIGIT (0) 
;STORE AND RETURN 

* FEBRUARY, SO ALLOW 28 OR 29 DAYS. 

* 
678 FEBXX 
679 
680 
681 
682 
683 

* 

PI oIGIT3 
SL '* 
LR StA 
BZ oAYOX 
CI HJO.SHL.4 
BNZ 00ATE3 

;G£T DIGIT (0-2) 
;STORE IT AT TENS 

;BRANCH IF DIGIT WAS 0 
iCHECK IF DIGIT WAS '2' 
;BRANCH IF NOT 

* CHECK IF IT IS A LEAP YEAR. 

687 
688 
689 
690 
691 

* 
LISL YEAR.AND.7 
LR A,S 
LISL DATE.ANo.7 
NI LEAPI 
BZ OOATE3 
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;POINT TO YEAR 
;GET YEAR 
jPOINT TO DATE 
iCHECK IF LEAP YEAR 
;BRANCH IF IT IS 



CLOCK/RAM DEMONSTRATION MODULE FS/3S10 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE ST M'T-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

019B 2312 692 XI LEAP2 iCHECK AGAIN 
0190 SIlCS 693 8Z DDATE3 ;BRANCH IF IT IS 

* 
* NOT A LEAP YEAR, SC ALLOW DAYS OF 01-2S. 
* 

019F 2S021lS 691 PI DIGITS ;GET DIGIT (O-S) 
01A2 90C6 698 BR ODATE1 ;STORE AND RETURN 
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:LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
.OC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

01A4 08 
alAS 2AOS12 
01A8 28029F 

OlAB 6A 
OlAC 1fC 
01AD FC 
alAE 8110 

0180 13 
0181 13 
0182 8106 
0184 2AOS27 
0187 9004 
0189 2AOS19 
018C 28029F 
Ol8F OC 

************************** 
* * 
* AM/PM PRINT SUBROUTINE * 
* * 
************************** 
* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE MESSAGE 'GOOD MORNING' 
* IF THE AM/PM BIT IS CLEAR, OR 'GOOD AFTERNOOO' IF 
* THE AM/PM BIT IS SET. 
* 
* ENTRY STATUS: 
* THE MODE AND AM/PM BITS MUST BE IN THE HOUR BUFFER. 

* * EXIT STATUS: 
* IF THE MODE IS 12 HOUR, THEN THE 'GOOD MORNING' OR 
* 'GOOD AFTERNOON' MESSAGE WAS PRINTED (DEPENDING ON 
* THE STATUS OF THE AM/PM BIT.) OTHERWISE, THE FIRST 
* LINE OF THE CRT WAS BLANKED. 

720 AMPMOT lR K,P 
GOOOPT 
OUTMSG 

;SAVE STACK 
;CURSOR TO LINE 1 721 DC I 

722 PI 
* 
* CHECK IF IN 12 OR 24 HOUR HODE. SKIP THIS 
* ROUTINE IF 24 HOUR MODE. 

727 
728 
729 
730 

* 

* 

LISL HOUR.AND.7 
LR A.S 
NS S 
BP MLTRYl 

;POINT TO HOURS 
;CHECK 12/24 HOUR BIT 
;SET FLAGS 
i8RANCH IF 24 HOUR 

* 12 HOUR MODE, SO CHECK AM/PM FLAG. PRINT 'GOOD 
* MORNING' IF AM, 'GOOD AFTERNOON' IF PH. 

735 
736 
737 
738 
739 

* 

740 AMPM1 
741 AMPM2 
142 MLTRYl 

SL 1 
SL 1 
BP AMPMl 
DCI GDAFTR 
BR AMPM2 
DCI GDMORN 
PI OUT~SG 

PK 

VI-153 

;CHECK AM/PM FLAG 

;BRANCH IF AM 
;POINT TO PM MSG 
;CONTINUE 
;POINT TO AM MSG 
;PRINT M£SSAGE 
;RETURN 



CLOCK/RAM DEMONSTRATION MODULE F8/3810 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SQURCE-STMT PASS2 DEMO DEMO DEMO ABS 

01CO 08 
01C1 2A0537 
01C'+ 28029F 
a 1e7 6B 
01C8 280295 
01C8 OC 

************************ 
* * 
* DAY PRINT SUBRCUTINE * 
* * 
************************ 
* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE DAY. 
* 
* ENTRY STATUS: 
* THE DAY OF THE WEEK MUST BE IN THE DAY BUFFER. 
* 
* EXIT STATUS: 
* THE DAY IS PRINTED ON THE CRT. 
* 

759 DAYOT 
760 

LR 
DCI 
PI 
LISL 
PI 
PK 

K,P 
DAYPT 
OUTMSG 
OAY.AND.7 
FNDCUT 

;SAVE STACK 
iCURSOR TO LINE 3 

761 
762 
763 
76'+ 

VI-154 

; 
;POINT TO DAY 
;PRINT DAY MESSAGE 
;RETURN 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

01CC 08 
OlCO 2A0576 
0100 28029F 
0103 60 

0104 ~C 

0105 2110 
0107 4C 
0108 8405 
010A 2l0F 
01DC 240A 
01DE 5C 

01DF 280295 
01E2 5C 
01E3 280278 
01E6 28021E 
01E9 2A050f 
OlEC 28029F 
OlEF 6E 
OlFO 280278 
01F3 28021E 
OlF6 OC 

************************* 
* * 
* DATE PRINT SUBROUTINE * 
* * 
************************* 
* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE DATE. 
* 
* ENTRY STATUS: 
* THE DATE MUST BE IN THE YEAR, MONTH, AND DATE 
* BUFFERS. 
* 
* EXIT STATUS: 
* THE DATE IS PRINTED ON THE CRT. 
* 

782 DATEOT 
783 

lR K,P ;SAVE STACK 
OCI DATEPT ;CURSOR TO LINE 5 

784 
785 

789 
790 
191 
792 
793 
794 

PI OUTMSG 
LISL MONTH.AND.7 ;POINT TO MONTH 

* 
* MAKE BCD MONTH BINARY. 
* 

;GET MONTH 
;SEE If MONTH> 9 
;RECALL MONTH 
;BRANCH IF <= 9 
;KEEP ONLY LSD 
;ADD 10 

795 DATE1 

lR 
NI 
LR 
BZ 
NI 
AI 
LR 

A,S 
TENBCD 
A,S 
DATE1 
MNLSD 
TEN 
S,A ;PUT IT ALL BACK 

800 
801 
802 
803 
804 
805 
806 
801 
808 
809 

* 
* fIND MONTH IN MESSAGE AREA~ND PRINT IT. 
* THEN PRINT DATE AND YEAR. 
* 

PI 
LISL 
PI 
PI 
OCI 
PI 
LISL 
PI 
PI 
PK 

\/L11:01:O 

FNOCUT 
DATE.AND.7 
OUTMSD 
OUTlSD 
SEPAR 
OUTMSG 
YEAR.AND.7 
OUTMSD 
OUTLSD 

jPRINT MONTH 
;POINT TO DATE 
;PRINT DATE 

jPRINT SEPARATER 

;POINT TO YEAR 
;PRINT YEAR 
; 
;RETURN 



CLOCK/RAM DEMONSTRATION MODULE Fa/3810 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT·PASS2 DEMO DEMO DEMO ABS 

01F7 08 
01F8 2AOSE4 
01FB 28029F 

01FE 6A 
01FF 4C 
0200 FC 
0201 8105 
0203 4C 
0204 211F 
0206 5C 

0201 280218 
020A 28021E 
0200 28026A 
0210 69 
0211 280218 
0214 28021E 
0217 28026A 
021A 68 
021B 280218 
021E 28021E 
0221 OC 

************************* 
* * 
* TIME PRINT SUBROUTINE * 
* 
***~*****************.*.* 

* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE TIME. 

* 
* ENTRY STATUS: 
* THE TIME MUST BE IN" THE HOUR, MINUTE, AND SECOND 
* BUFFERS. 
* 
* EXIT STATUS: 
* THE TIME IS PRINTED ON THE CRT. 

* 
821 TIMEOT LR K,P 

TIMEPT 
OUTMSG 

;SAVE STACK 
;CURSOR TO LINE 1 828 DC I 

829 PI 

834 
835 
836 
831 
838 
839 
840 

844 
845 
846 
841 
848 
849 
850 
851 
852 
853 
854 

* 
* CHECK IF 12 OR 24 HOUR MODE. FOR 12 HOUR MODE, 
* FLAGS MUST BE STRIPPED FROM HOURS BYTE. 

* 

* 

LISL 
LR 
NS 
BP 
LR 
NI 
LR 

HOUR.AND.1 ";POINT TO HOURS 
A,S ;CHECK 12/24 HOUR BIT 
S ; 
MLTRY2 ;BRANCH IF 24 HOUR 
A,S ;STRIP FLAGS FROK HOURS 
HRIMSD+HRLSD ; 
S,A 

* PRINT HOURS, MINUTES AND SECONDS. 

* 
MLTRY2 PI 

PI 
PI 
LISL 
PI 
PI 
PI 
LISL 
PI 
PI 
PK 

OUTMSD ;PRINT HOURS 
OUTLSD 
OUTCOL ;PRINT COLON 
MINUTE.AND.1 ;POINT TO MINUTES 
OUTMSD ;PRINT MINUTES 
OUTLSD 
OUTCOL ;PRINT COLON 
SECOND.AND.1 ;POINT TO SECONDS 
OUTMSD ;PRINT SECONDS 
OUTLSD 

;RETURN 



:LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
_OC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

)222 08 
)223 2007 
)225 2A02D2 
)228 902A 

122A 08 
)22B 2009 
)220 90f7 

122F 08 
1230 2001 
1232 9010 

123'+ 08 
1235 2002 
1237 9018 

1239 08 
123A 2003 
123C 9013 

************************ 
* * 
* GET DIGIT SUBRCUTINE * 
* * 
**********.*** •• ******** 

* 
* FUNCTION: 
* THIS SUBROUTINE. WITH IT'S VARIOUS ENTRY POINTS, 
* GETS A DIGIT FROM THE KEYBOARD AND ECHOS IT TO THE 
* CRT. 
* 
* ENTRY STATUS: 
* THE RANGE IS SPECIFIED BY A CALL TO THE APPROPRIATE 
* ENTRY POINT. 
* 
* NORMAL EXIT STATUS: 
* THE DIGIT IS ECHOED TO THE CRT, AND RETURNED 
* IN A AS A BINARY VALUE. 
* 
* ERROR EXIT STATUS: 
* THE CHARACTER IS NOT ECHOED TO THE CRT, AND THE 
* ROUTINE LOOPS BACK FOR ANOTHER CHARACTER UNTIL 
* A CHARACTER THAT IS IN THE RANGE IS INPUT. 
* 
* GET DIGIT (1-7) SUBROUTINE 
* 

882 DIGIT7 
883 
884 DGT 
885 

* 

LR K,P 
LI SEVEN 
DCI TAB19 
BR OIGITT 

;SAVE STACK 
;COUNT = 7 
;POINT TO SECOND TABLE 
jGO GET A DIGIT 

* GET DIGIT (1-9) SUBROUTINE 
* 

889 DIGIT9 LR 
890 LI 
891 BR 

* 

K,P 
NINE 
DGT 

;SAVE STACK 
;COUNT= 9 
;GO GET A DIGIT 

* GET DIGIT (0) SUBROUTINE 
* 

895 DIGITI LR 
896 LI 
897 BR 

* 

K,P 
ONE 
DIGIT 

;SAVE STACK 
iCOUNT = 1 
;GO GET A DIGIT 

* GET DIGIT (0-1) SUBROUTINE 
* 

901 DIGIT2 LR 
902 LI 
903 BR 

* 

K,P 
TWO 
DIGIT 

;SAVE STACK 
;COUNT = 2 
;GO GET A DIGIT 

* GET DIGIT (0-2) SUBROUTINE 
* 

907 OIG1T3 LR 
908 LI 
909 BR 

* 

K,P 
THREE 
DIGIT 

,SAVE STACK 
;COUNT = 3 
;GO GET A DIGIT 

* GET DIGIT (0-3) SUBROUTINE 
* 
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CLOCK/RAM DEMONSTRATION MODULE FS/3S70 MACRO CROSS ASS". V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

023E 08 
023F 2001f 
021f1 900E 

0243 OS 
021f4 200~ 

0246 9009 

o 2lfS OS 
0249 2009 
02lfB 9004 

0240 08 
02lfE 200A 
0250 2A02D1 

0253 54 
0251f 11 
0255 55 
0256 10 
0251 280283 
025A 80 
025B 8lf07 
0250 35 
025E 9ltFB 
0260 4lt 
0261 90F3 

026:3 280260 
02E6 43 
0267 210F 
0269 OC 

913 DIGITIf LR 
911f L I 
915 BR 

* 

K,P 
FOUR 
DIGIT 

;SAVE STACK 
;COUNT = If 
;GO GET A DIGIT 

* GET DIGIT (0-5) SUBROUTINE 
* 

919 DIGIT6 LR 
920 LI 
921 BR 

* 

KtP 
SIX 
DIGIT 

;SAVE STACK 
;COUNT = 6 
;GO GET A DIGIT 

* GET DIGIT (O-S) SUBROUTINE 
* 

925 DIGITS LR K,P 
NINE 
DIGIT 

926 LI 
927 BR 

* * GET DIGIT (0-9) 
* 

931 DIGITO 
932 
933 DIGIT 

* 

LR KtP 
LI TEN 
DCI TAB09 

;SAVE STACK 
;COUNT = 9 
;GO GET A DIGIT 

;SAVE STACK 
;COUNT = 10 
;POINT TO 0-9 TABLE 

* SAVE COUNT AND POINTER IN CASE A CHARACTER IS 
* ENT£RED WHICH IS NOT WITHIN RANGE. 
* 

938 DIGITT LR 
939 LR 
9lfO DGTBAD LR 
9lt1 LR 
9lt2 PI 
91f3 DGTLOP CM 
9ltlf Bl 
91f5 OS 
91f6 BNl 
91f 7 LR 
9lt8 BR 

* 

CNTSAVtA 
HtDC 
OCOUNT,A 
DC,H 
INCHR 

OGTCK 
OCOUNT 
DGTLOP 
A,CNTSAV 
OGTBAO 

iSAVE COUNT FOR ERROR 
;SAVE POINTER FOR ERROR 
;SAVE COUNT 
,POINT TO TABLE 
;GET A CHARACTER 
;SEE IF IT IS IN TABLE 
;BRANCH IF IT IS 
;DECREMENT COUNT 
;BRANCH IF NOT DONE 
;RESET COUNTER 
;TRY AGAIN 

* GOT A VALID CHARACTER, SO ECHO IT TO SCREEN 
* AND MAKE IT BINARY. 
* 

953 DGTOK 
951f 
955 
956 

PI 
LR 
NI 
PK 

VI-158 

OUTCHR 
A,TEMP 
LSD 

;ECHO CHARACTER 
iMAKE IT BCD 

;RETURN 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

026A 203A 
026C 53 

0260 20A2 
026F BD 
1)270 43 
0271 13 
1)272 Sf 
1)273 AD 
0274 13 
1)275 81FO 
0277 IC 

)278 ftC 
) 279 14 
127A 2230 
)21C 90EF 

)27E 4C 
)21F 210F 
)281 90F8 

******************************* 
* * 
* CHARACTER OUTPUT SUBROUTINE * 
* * 
******************************* 
* 
* FUNCTION: 
* THIS SUBROUTINE, WITH IT'S VARIOUS ENTRY POINTS, 
* OUTPUTS THE SPECIFIED CHARACTER TO THE CRT. 
* 
* ENTRY STATUS: 
* THE CHARACTER TO BE OUTPUT IS DETERMINED BY THE 
* ENTRY POINT TO THE ROUTINE. 
* 
* EXIT STATUS: 
* THE CHARACTER IS OUTPUT TO THE CRT. 
* * OUTPUT COLON SUBROUTINE 
* 

977 OUTCOL LI 
978 LR 

, : , 
TEMP,A 

;LOAD COLON INTO TEMP 

984 
985 
986 
987 
988 
989 
990 
991 
992 

* 
* CHARACTER OUTPUT SUBROUTINE 
* 
* THE CHARACTER IS OUTPUT fROM REGISTER TEMP. 

* 
OUTCHR 

LOOPI 

* 

LI 
OUTS 
LR 
SL 
OUTS 
INS 
SL 
SP 
POP 

XMII 
RXSTAT 
A,TEMP 
1 
LSBYTE 
RXSTAT 
1 
LOOP1 

;PUT INTO XMIT MODE 
; 
;GET CHARACTER 
;START BIT = 0 
;SEND IT 
;WAIT TILL IT'S SENT 

; 
;RETURN 

* OUTPUT MOST SIGNIfICANT DIGIT SUBROUTINE 
* 
* THE DIGIT IS CUTPUT FROM BITS 1-4 OF THE BYTE AT 
* THE LOCATION POINTED TO BY ISAR. 
* 

999 OU TMSO LR A,S ;GET MSD 
1000 SR 
1001 ASCII 01 
1002 BR 

* 

4 
030H 
CUTCOL+2 

,MAKE IT ASCII 
;SEND IT OUT 

* OUTPUT LEAST SIGNIFICANT DIGIT SUBROUTINE 
* 
* THE DIGIT IS OUTPUT FROM BITS 3-0 OF THE BYTE A 
* THE LOCATION POINTED TO BY ISAR. 
* 

1009 OUTLSD LR 
1010 NI 
1011 BR 

A,S 
LSD 
ASCII 
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;GET LSD 
; 
;MAKE IT ASCII AND PRINT 



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LaC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0283 20BO 
0285 80 
0286 AF 
0287 AD 
0288 81FE 
028A AF 
028B 14 
028C 12 
0280 12 
028E 53 
028F AE 
0290 13 
0291 13 
0292 £3 
0293 53 
0294 1C 

1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1Q44 

****************************** 
* * 
* CHARACTER INPUT SUBROUTINE * 
* * 
****************************** 
* * FUNCTION: 
* THIS SUBROUTINE INPUTS A CHARACTER FROM THE 
* KEYBOARD. 
* 
* ENTRY STATUS: 
* NONE. 
* 
* EXIT STATUS: 
* THE CHARACTER IS RETURNED IN A IN ASCII FORMAT. 
* 
INCHR LI RCV ;PUT INTO RCV MODE 

OUTS RXSTAT ; 
INS LSBYTE ;CLEAR READY BIT 

INCHR2 INS RXSTAT ;WAIT TILL INPUT READY 
BP INCHR2 ; 
INS LSBYTE ;GET BITS 1 AND 0 
SR 4 
SR 1 
SR 1 ; 
LR TEMP,A ;SAVE THEM 
INS MSBYTE ;GET BITS 7 THRU 2 
SL 1 
SL 1 ; 
XS TEMP ;MIX BITS INTO BYTE 
LR TEMP,A ;SAVE INPUT 
POP ;RETURN 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0295 3C 1066 
0296 8~O8 1067 
0298 16 1068 
0299 250q 1069 
0298 94FC 1070 
0290 90F7 1071 

**************************** 
* * 
* PRINT MESSAGE SUBROUTINE * 
* * 
**************************** 
* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE MESSAGE WHOSE NUMBER I: 
* IN THE LOCATION AT THE POINTER. 
* 
* ENTRY STATUS: 
* ISAR MUST POINT TO THE LOCATION CONTAINING THE 
* NUMBER Of THE MESSAGE TO BE PRINTED. (TYPICALLY 
* THE NUMBER Of THE MONTH OR DAY.) DC MUST POINT TO 
* THE START OF THE STRING Of MESSAGES. EACH MESSAGE 
* MUST END WITH AN 'EOT' CHARACTER. 
* 
* EXIT STATUS: 
* THE APPROPRIATE MESSAGE WAS PRINTED ON THE CRT. 
". 

FNDOUT OS S ;DECREMENT MSG COUNT 
BZ OUT~SG ;BRANCH IF FOUND 

FNOLCP lM ;GET CHARACTER 
CI EOT ;CHECK FOR END OF TEXT 
BNZ FNDLOP ;BRANCH IF NOT FOUND 
BR FNDOUT ;ELSE, CHECK COUNT 

* 
* MESSAGE LOCATED, SO FALL THROUGH TO PRINT IT. 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 ~ACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

029F 20A2 1092 
02A1 80 1093 
02A2 16 1094 
02A3 250'+ 1095 
02A5 8'+CD 1096 
02A7 13 1097 
02A8 SF 1098 
02A9 AD 1099 
02AA 81FE 1100 
02AC 90F5 1101 

***************************** 
* * 
* MESSAGE OUTPUT SUBROUTINE * 
* * 
***************************** 
* 
* FUNCTION: 
* THIS SUBROUTINE PRINTS THE MESSAGE STARTING AT 
* POINTER. 
* 
* ENTRY STATUS:. 
* DC MUST POINT TO THE START OF THE MESSAGE TO BE 
* PRINTED. IT MUST END WITH AN 'EOT' CHARACTER. 
* 
* EXIT STATUS: 
* THE MESSAGE IS PRINTED ON THE CRT. 
* 
OUTMSG LI XMIT ;PUT INTO XMIT MODE 

CUTS RXSTAT 
LOOP3 LM ;G£T CHARACTER 

CI EOT ;CHECK FOR END OF TEXT 
BZ LOCPl iBRANCH IF END 
SL 1 ;START BIT = 0 
OUTS LSBYTE iSENT CHARACTER 

LOOP4 INS RXSTAT iWAIT TILL READY FOR NE~ 

BP LOCP4 ;BRANCH IF NOT READY 
BR LOCP3 ;NEXT CHARACTER 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

02AE 60 
02AF 6F 
02BO 208F 
02B2 52 
02B3 29FFFF 

02B6 60 
0281 6F 
0288 208E 
02BA 52 
02B8 2000 
02BO 57 
028E 2902B4 

02C1 62 
02C2 68 
02C3 208F 
02C5 52 
02C6 2902BF 

02C9 62 
02CA 68 
02C8 20BE 
02CD 52 
02C£ 2902C7 

1126 
1127 
1128 
1129 
1130 

1134 
1135 
1136 
1137 
1138 
1139 
1140 

1144 
1145 
1146 
1141 
1148 

1152 
1153 
1154 
1155 
1156 

.***********.******************* 
* * 
* CLOCK/RAM SU8RCUTINE PATCHES * 
* * 
*******.******.***.*.*********** 
* 
* FUNCTION: 
* THESE PATCHES ARE TO SET UP THE COMMAND REGISTER 
* FOR THE CLOCK/RAM SUBROUTINE. THE DIFFERENT ENTRY 
* POINTS SET UP DIFFERENT COMMANDS. 
* 
* ENTRY STATUS: 
* FOR WRITE COMMANDS, THE DATA MUST BE IN THE CLOCK 
* BUFFER AREAS. 
* 
* 
* EXIT STATUS: 
* THE DATA IS TRANSFEREO BETWEEN SCRATCH PAD AND THE 
* CLOCK/RAM. 
• READ CLOCK/RAM STATUS SUBROUTINE 
* 
* READ CLOCK/RAM STATUS SUBRUTINE 
* 
STATRD LISU CTRL.SHR.3 ;POINT TO CTRL REG 

LISL CTRL.AND.7 
LI RDSTAT ;S£T UP COMMAND 
LR CMO,A 
JMP CLKRAM ;EXECUTE IT 

* 
• WRITE CLOCK/RAM STATUS SUBROUTINE 
• 
STATWR LISU CTRL.SHR.3 ,POINT TO CTRL REG 

LISL CTRL.·AND.7 ; 
LI WRSTAT ;SET UP COMMAND 
LR CMOtA 
LI CRCTRL ;S£T UP CONTROL BYTE 
LR CTRLtA 
JMP CLKRAM ;EXECUTE IT 

* 
* READ CLOCK SUBROUTINE 
* 
CLKRD LISU SECOND.SHR.3 ;POINT TO CLOCK BUFFER 

LISL SECOND.AND.1 
LI RDCLK ;SET UP COMMAND 
LR CMOtA 
JMP CLKRAM ;EXECUTE IT 

* 
* WRITE CLOCK SUBROUTINE 
* 
CLKWR LISU SECOND.SHR.3 ;POINT TO CLOCK BUFfER 

LISL SECOND.AND.7 
LI WRCLK ;SET UP COMMAND 
LR CMO,A 
JMP CLKRAM ;EXECUTE IT 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

0201 30 
020231323334 

35363738 
39 

020B 04060911 

02DF OC1B592A 
20 

02E4 2A2A2A2A 
2A2A2A2A 
2A2A2020 
20202050 
52455J45 
4E54494E 
47204D4F 
5351+1+548 
275320 

0307 4£455720 
434C4F43 
482F5241 
'+0205045 
52495048 
'+552414C 
20434849 
50202020 
2(}20 

0329 2A2A2A2A 
2A2A2A2A 
2A2A 

033 :3 OOOAOAOA 
0337 46454154 

55524553 
3A 

0340 OOOAOA 
0343 2A2043'tD 

4F5320't4 
45534947 
'tE20464F 

****************** 
* * 
* PROGRAM TABLES * 

* * 
****************** 
* 
* OIGIT CHECK TABLE 

* 
1166 TAB09 
1167 TAB19 

DEfB • 0 f 
OEFB ·1·,·2·"3"'~','5"'6"'7','8.,'9' 

* 
* TABLE OF 30 DAY MONTHS 
* 

1171 TAB30 

* 
******************** 
* * 
* PROGRAM MESSAGES * 
* 
******************** 
* 
* FEATURES MESSAGE 
* 

1181 SIGNON OEFB FF,ESC,'Y','*',' , 

1182 

1183 

1184 

1185 
1186 

1187 
1188 

OEFM '********** PRESENTING MOSTEK"! 

OEFM 'NEW CLOCK/RAM PERIPHERAL CHIP 

DEFM '**********' 

DEFB CR,LF,lF,LF 
DEFM 'FEATURES:' 

DEFB CR,LF,lF 
OEFM '* CMOS DESIGN FOR EXTREMELY LOW PO, 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.COOE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

52204558 
54524540 
454C5920 
4CI+F5720 
S04F571+5 
52 

0368 20434F4E 
53554050 
51+494F4E 
2E 

0375 OOOA 
0.377 2A204153 

594£4348 
524F4E4F 
55532053 
45524941 
4C20434F 
4D4D554[ 
49434154 
494F4E20 
4154 

0390 20564952 
5455414C 
4C592041 
4£592042 
41554420 
52415445 
2£ 

o 3B6 OOOA 
03B8 2A203132 

2F323420 
484F5552 
20434C4F 
1+34B2F43 
414C454£ 
44415220 
57495448 
20415554 
4F 

0300 2041444A 
55535420 
464F5220 
53484F52 
54204D4F 
4£544853 
20414E44 
204C4541 
50 

03F£ 20594541 
52532£ 

0405 ODOA 
0407 2A203234 

20425951+ 
4553204F 
46205241 
4020464F 
5220504F 

1189 

1190 
1191 

1195 

1196 

1197 
1198 

DEFM ' CCNSUMPTION.' 

CEFB CRtLF 
OEFM '* ASYNCHRONOUS SERIAL COMMUNICATION AT 

OEFM • VIRTUALLY ANY BAUD RATE.' 

OEFB CR,LF 
OEFM '* 12/24 HOUR CLeCK/CALENDAR WITH AUTO' 

O£FM ' ACJUST FOR SHORT MCNTHS AND LEAP' 

OEFM ' Y£ARS~' 

DEFB CR,LF 
O[FM '* 24 BYTES OF RAM FOR POWER DOWN' 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

57455220 
4,*4F574E 

0'*21 2053544F 
52'*14745 
20,*F4620 
564954'* 1 
4C20494E 
464F5240 
4154494F 
4E2E 

0445 OOUA 
0447 2A204F4( 

20434849 
50204F53 
43494C4C 
41544F52 
20544841 
54205052 
4f564944 
45532041 

0468 20434C4F 
434B2053 
491f74Elfl 
4C20'+64F 
522059'+F 
55522040 
4943524F 
50524F43 
4553534F 
522E 

0491 OOOA 
0493 2A205349 

4050,*C45 
201f94E54 
45524641 
43494E41 
205'+4F20 
414£59 

04AE 201f04943 
524F5052 
4f434553 
534F522E 

0'+8E OOOAOAOA 
04C2 2A2A2A2A 

2A2A2A2A 
2A2A2020 
20202053 
45452059 
4F555220 
4D'+F5354 
45482052 
455052'+5 

04E6 53'+54E54 
415'+4956 
452046lfF 
52204655 
525lf484S 

1199 

1200 
1201 

1202 

1203 
1204 

1205 

1206 
1207 

1208 

OEFM ' STORAGE OF VITAL INFORMATION.' 

OEF8 CR,LF 
OEFM '* ON CHIP OSCILLATOR THAT PROVIDES A' 

OEFM ' CLOCK SIGNAL FOR YOUR MICROPROCESSOR. 

OEFB CR,LF 
OEFM '* SIMPLE INTERFACING TO ANY' 

OEFM ' MICROPROCESSOR.' 

OEFB CRtLF,LF,LF 
OEFM '*.******** SEE YOUR MOSTEK REPRE' 

OEFM 'SENTATIVE FOR FURTHER DETAILS 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

52204445 
5441494C 
53202020 
20 

0501 2A2A2A2A 
2A2A2A2A 
2A2A 

0511 04 

0512 18592020 
1B4804 

0519 474F4F'+4 
20'+04F52 
4EI+94E47 
21 

0526 04 
0527 474F4F44 

20'+14654 
45524E4F 
4F'+E21 

0536 04 

0537 18:92220 
184804 

053E 53554:::44 
4159 

0544 0'+ 
0545 4D4F4E44 

4159 
0548 04 
054C 54554553 

4lf'+159 
0553 0 '+ 
0554 5745444£ 

1+55344'+1 
53 

0550 0 '+ 
05SE 541+85552 

53444159 
0566 04 
0561 46524944 

4159 
0560 01+ 
056£ 53415455 

52'+44159 

0516 18592420 
1B4804 

0510 4A414E55 
41525920 

0585 04 

1209 OEFM '**********' 

1210 DEFB EOT 
* 
* AM/PM MESSAGES 

* 
1214 GOODPT OEFB ESe,'Y'.' I,' ',ESCt'K',EOT 

1215 GDMORN OEFM 'GOOD MORNING!' 

1216 OEFB EOT 
1211 GDAFTR DEFM 'GOOD AFTERNOON!' 

1218 OEFB EOT 

* 
* DAY MESSAGES 

* 
1222 DAYPT 

1223 

1224 
1225 

1226 
1221 

1228 
1229 

1230 
1231 

1232 
1233 

1234 
1235 

DEFM 'SUNDAY' 

DEF8 EDT 
DEFM 'MONDAY' 

OEFB EDT 
DEFM 'TUESDAY' 

DEF3 EOT 
OEFM ',WECNESDAY' 

OEFB EOT 
DEFM 'THLRSOAY' 

DEFB EOT 
DEFM 'FRIDAY' 

DEFB EDT 
DEFM 'SATURDAY' 

* 
* MONTH MESSAGES 

* 

1240 OEFM 'JANUARY t 

1241 OEfB EDT 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2~2 
lOC OBJ.CODE· STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ASS 

0586 '+6'+51+252 
551t 15 259 
20 

058F 01+ 
0590 401+15243 

'+820 
OS96 0'+ 
0591 It15052'+9 

4C20 
OS90 Olt 
059E 401115920 
05A2 0'+ 
05A3 '+A55'+EI+S 

20 
OSA8 01+ 
05A9 4A554C59 

20 
05AE 04 
05AF '+15511755 

535'+20 
o 5B6 0'+ 
05B7 53lf5505'+ 

'+540'+2'+5 
5220 

05Cl Olt 
05C2 4F'+351+I+F 

42lt55220 
05CA 0'+ 
05CB 4E4F5645 

40'+2'+552 
20 

050'+ 0'+ 
0505 1+4'+5'+345 

4042'+552 
20 

05DE 0'+ 

050F 2C203139 
05E3 0'+ 

05E'+ 1B592620 
18'+BO'+ 

05E8 1859316F 
0'+ 

05FO ac 
05Fl '+'+'+15920 

28312037 

12'+2 

12lt3 
12'+4 

1245 
12'+6 

12'+7 
1248 
12'+9 
1250 

1251 
1252 

1253 
1254 

1255 
1256 

1257 
1258 

1259 
1260 

1261 
1262 

1263 

* 

DEFM 'FEBRUARY , 

DEFB EOT 
DEFM 'MARCH , 

DEFB EOT 
DEFM 'APRIL' 

OEFB EaT 
OEFM 'MAY , 
OEFB EaT 
OEFM 'JUNE • 

DEFB EOT 
OEFM 'JULY' 

OEFB EOT 
OEFM 'AUGUST ' 

OEF8 EaT 
OEFM 'SEPTEMBER' 

OEFB EOT 
DEFM 'OCTOBER ' 

DEFB EOT 
OEFM 'NOVEMBER • 

OEFB EOT 
OEFM 'OECEMBER • 

DEFB EOT 

* YEAR SEPARATOR MESSAGE 

1267 SEPAR 
1268 

OEFM " 19' 
OEFB EOT· 

* 
* SEND CURSOR TO TIME LINE MESSAGE 
* 

* SEND CURSOR HOME MESSAGE 
* 

1276 HOME 

* 
* PROMPT MESSAGES 
* 

1280 DAYMSG OEFB FF 
1281 OEFM 'DAY (1-7)1 , 
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~LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS 

293F20 
OSFC O~ 1282 DEFB EOT 

* 
05FD OOOA 1284 DATMSG OEFB CR,lF 
05FF 4'+'+154'+5 1285 DEFM 'DATE (YR:MO:OA)? • 

20285952 
3A'+04F3A 
4'+'+1293F 
20 

0610 0'+ 1286 DEFB EOT 
* 

0611 OOOA 1288 MODMSG DEF8 CR.lF 
0613 '+0,+F'+'+'+5 1289 OEFM 'MODE (0=2'+ HOUR, 1=12 HOUR)? • 

20283030 
323420'+8 
'+F55522C 
20313031 
3220'+8'+F 
5552293F 
20 

0630 0'+ 1290 OEfB EOT ., 
0631 OOOA 1292 AMPMSG DEFB CR,lF 
0633 41402F50 1293 DEFM 'AM/PM (O-=AM, l=PM)? • 

40202830 
3D41402C 
20313050 
q0293F20 

06'+7 04 129'+ OEF8 EOT 
* 

0648 aDOA 1296 TIMMSG OEF8 CR,lF 
064A 5'+494045 1297 DEFM 'TIME (HR:MN:SC)? , 

20284852 
3A'+D'+E3A 
53q3293F 
20 

0558 Oq 1298 OEFB EDT 
* 

065C 1300 END 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
NAME TYP VALUE DEF REFERENCES PASS2 DEMO DEMO DEMO ASS 

AMPM 0020 lifO 
AMPMl 0189 7lfO 737 
AMPM2 01BC 7lf1 139 
AMPMIN , 00 BC '+ -7 8 363 
AMPMOT f 01A4 120 287 
AMPMSG , 0631 1292 '+83 
APRIL ODOlf 93 
ASCII 021 A 1001 1011 
AUG 0008 97 
BAUD OOOB 168 226 
CE1 0002 160 
CHIPEN 0001 26 222* 
CLKRAiI1 E 02CF '+ 1130 1140 1148 1156 
CLKRO 02C1 11 '+~ 286 
CLKwR 02C9 1152 365 
CMD 0002 27 1129*1137*1141'1155* 
CNTSAV 000'+ 33 938* 947 
CR 0000 68 1185 1187 1190 1193 1191 1200 1203 1206 128'+ 1288 129 

1296 
CRCHIP 0002 176 221 
CRCTRL 0000 115 1138 
CRDATA 000'+ 51 
CTRL 0001 36 236 231 1126 1127 1134 1135 1139* 
DATA 0001 159 
CATAOK , 0082 386 238 
DATE 001'+ 41 689 801 
DATE1 01DE 195 792 
DATE IN , 0126 596 360 
DATEOT , 01CC 782 289 
DATEPT , 0576 123'9 183 
DATLS!) OOOF 146 
DATMSD 0030 145 
OATMSG , 05FD 1284 601 
DAY 0013 40 '+55 762 
DAYOX 016C 651 6'+4 681 
DAY.30 018'+ 673 662 
OAY3X 0171 656 6'+6 
DAYIN OOAB '+ '+8 359 
DAYLSO 0001 1 '+4 
DAYMSG , 05FO 1280 '+53 
DAYOT 01CO 759 288 
DAYPT 0531 1222 760 
DC3 0013 69 335 
DCOUNT 0005 34 658* 663* 940* 9,+5* 
DDATE 0153 634 625 
ODATE1 , 0169 648 652 669 61'+ 698 
DDATE3 , 0166 647 683 691 693 
DEC OOOC 101 
OGT 0225 88'+ 891 
CGTBAD • 0255 940 948 
DGTLOP • 025A 943 946 
DGTOK 0263 953 9'+4 
DIGIT 0250 933 897 903 909 915 921 921 
DIGITO • 02'+0 931 548 562 57.3 607 610 647 
DIGITI • 022F 895 613 
DIGIT2 , 023'+ 901 42 '+ 486 529 618 665 
DIGIT3 , 0239 907 534 543 622 678 
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LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
NAME TYP VALUE DEF REFERENCES PASS2 DEMO DEMO DEMO ASS 

IIGITlf • 023E 913 552 641 
I I G I T6 , 0243 919 559 570 
IIGIT7 • 0222 882 it56 
IIGIT8 , 0248 925 697 
IIGIT9 , 022A 889 5.38 626 651 
)l G I TT • 0253 938 885 
ILOOP 0179 &61 664 
: IGH T 0008 113 
:OT 0004 65 1069 1095 1210 1214 1216 1218 1222 1224 1226 1228 1230 

1232 1234 1239 1241 1243 1245 1247 12~9 1251 1253 1255 
1257 1259 1261 1263 1268 1272 1276 1282 1286 1290 129~ 

1298 
:SC OC18 70 1181 1214 1214 1222 1222 1239 1239 1272 1272 1276 
=E8 0002 91 636 
:EBXX 0189 678 637 
=F OOOC 67 1181 1280 
: I N I SH • 0043 299 279 336 
=IVE 0005 110 
=NDLOP t 0298 1068 1070 
=NDOUT • 0295 1066 763 800 1071 
=OUR 0004 109 914 
=RI 0006 85 
;OAFTR • 0527 1217 738 
50MORN , 0519 1215 7itO 
;OODPT , 0512 121 it 72.1 
-lALT 0080 134 
HOME 05E8 1276 291 
-lOUR 0012 39 423 485 522 727 834 
HOUROX • OOEF 538 530 
HOURI 00E8 535 539 
HOUR2 0100 549 553 
HOUR24 • 00F4 543 525 
HOUR2X , 0104 552 547 
HR1MSO 00 10 142 839 
HR2MSD 0030 141 
HRLSD GOOF 143 839 
INCHR 0283 1029 942 
INCHR2 • 0287 1032 334 1033 
INIT 0001 211 217 
ISMASK 003F 130 216 
JAN 0001 90 
JULY 0007 96 
JUNE 0006 95 
LEAP1 0013 125 690 
LEAP2 0012 126 692 
LF OOOA 66 1185 1185 1185 1187 1187 1190 1193 1197 1200 1203 120b 

1206 1206 1284 1288 1292 1296 
lOOPI 0273 389 991 1096 
LOOP3 02A2 109Lf 1101 
LOOP4 02A9 1099 1100 
lSBYTE OOOF 57 988 1031 1034 1098 
LSD OOOF 120 955 1010 
MARCH 0003 92 
MAXCNT 0024 154 284 388 
MAY 0005 94 
MIN 0109 557 537 551 
MINLSD OOOF 138 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
NAME TYP VALUE DEF REFERENCES PASS2 DEMO DEMO DEMO ABS 

MINMSD 00 70 137 
MINUTE 0011 38 558 847 
MLTRYI • OlBF 742 730 
MLTRY2 • 0207 844 837 
MNLSD OOOF 148 793 
P'-NMSD 0010 147 
MNTHOX , 014E 626 621 
MODE 0080 139 
MODEIN , 0096 416 361 
MODMSG , 0611 1288 421 
MON 0002 81 
~ONTH 0015 42 617 656 785 
MONTH1 , 014A 623 627 
MSBYTE 000£ 56 229 1039 
MSO OOFO 121 
NINE 0009 114 890 926 
NOV OOOB 100 
OCT OOOA 99 
ONE 0001 106 896 
OUTCHR • 0260 984 953 
OUTCOL • 026A 977 55'1 568 616 034 846 850 1002 
OUTLSD ' 027E 1009 803 808 845 849 853 
OUTMSO , 0278 999 802 807 844 848 852 
OUTMSG ' 029F 1092 292 393 422 454 484 518 602 722 741 761 78 

805 829 1067 
PARITY OOFE 164 228 
PT4IMG 0000 25 
RCV OOBO 1 70 1029 
RCVI 0081 171 297 394 
ROCLK 008F 179 1146 
ROSTAT 008F 177 1128 
RXCTRL OOOC 54 227 
RXSTAT 0000 55 298 395 985 989 1030 1032 1093 1099 
SAT 0007 86 
SECLSD OOOF 136 
SECMSD 0070 135 
SECOND 00 10 37 357 358 569 851 1144 1145 1152 1153 
SEPAR 05DF 1267 804 
SEPT 0009 98 
SETl 007C 364 362 
SETCLK , 006C 357 243 
SEVEN 0007 112 883 
SIGNON , 02DF 1181 392 
SIX 0006 111 920 
STATRO , 02AE 1126 235 
STAn~R ' 0286 1134 242 
STOP 0094 397 397 
SUN 0001 80 
TA809 0201 1166 933 
TAB19 0202 1167 884 
TAB30 0208 1171 660 
TEMP 0003 32 954 978* 986 lO~8*1042 1043* 
TEN OOOA 115 794 932 
TEN8CD 0010 116 790 
THREE 0003 108 645 908 
-THURS 0005 84 
TICTRL 0006 52 391 
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 fJACRO CROSS ASSM. V2.2 
NAME TYP VALUE DEF REFERENCES PASS2 DEMO DEMO DEMO ABS 

TIMCN! 0006 3'5 278* 285* 3891< 
TIMEIN • 0000 512 364 
TIMEOT • 01F7 827 290 
TIM£PT f 05[4 1272 828 
TIMER 0007 53 381 
TIMMSG • 0648 1296 517 
TMCTRL OO~A 155 390 
TUE S 0003 82 
TWO 0002 107 546 682 902 
~EO 0004 83 
WRCLK OOBE IBO 1154 
WRSTAT D08E 178 1136 
XMIT 00A2 169 984 1092 
YEAR 0016 43 606 687 806 
YRLSO OOOF 150 
YRMSD OOFO 149 
ZERO 0000 105 
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)lING 2 - CLOCK/RAM COMMUNICATIONS SUBROUTINE 

.OCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
IC OBJ.CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 

TITLE CLOCK/RAM COMMUNICATION MODULE 
NAMf: CLKRAM 
PSECT REL 
GLOBAL ClKRAM 

* 
* THIS MODULE MUST 8E LINKED WITH OTHER MOQULES 
* IN ORDER TO CREATE A WORKING PROGRAM. 

* 
************************************** 
* * 
* CLOCK/RAM COMMUNICATION SUBROUTINE * 
* * 
************************************ •• 
* 
* THIS SUBROuTINE IS CALLED BY THE APPLICATION 
* PROGRAM TO SENe AND RECIEV£ DATA TO AND FROM THE 
* CLOCK/RAM CHIP. WHEN CALLED, THE COMMAND TO B~ 

* EXECUTED MUST BE IN THE SCRATCH-PAD REGISTER 
* 'CMO', THE CHIP ENABLE CODE MUST BE IN REGISTER 
* 'CHIPEN' AND THE ISAR MUST POINT TO THE TOP OF 
* THE DATA AREA. 
* 
* THIS ROUTINE ALLOWS THE PORT ~ BITS THAT ARE NCT 
* USED FOR CHIP ENABLE LINES TO BE USED FO~ OTHER 
.. PURPOSES. TO DO THIS, AN IMAGE OF WHATEVER IS 
• WRITTEN TO THE PORT BY OTHER ROUTINES MUST BE 
• KEPT IN REGISTER 'FT4IMG'. IN THIS WAY, THOSE 
* PORT LINES NOT USED BY THIS RQUTINE WILL NOT BE 
* ALTEREO. HOW~VER, ANY OF THE PORT 4 LINES THAT 
* ARE USED FOR THE CLOCK/RAM MUST ALWAYS o~ LEFT 
* AT A LOGICAL D. 
• 
.. COMMAND BYTE FORMAT: 
* BIT 7 - ~UST BE 1 
* RIT 6 - SOURCE/DESTINATION (l=RAM. O=CLOCK) 
* BITS 5 THRU 1 - ACDRESS 
• BIT 0 - DIRECTION (l=REAO, O=WRITE) 
* 
• FOR bYTE MOD£, THE ADDRESS OF THE BYTE IS PUT 
I< INTO THE ADDRESS FIELD OF THE COMMAND. FOR BURST 
* MOD£, THE ADDRESS SHOULD 8E OlFH. NOT~ THAT A 
I< CLOCK BURST cU~CTION TRA~SFERS ONLY THE 7 CLOCK 
* BYTES. IT DOES NOT TRANSFER THt CONTROL BYTE • 
.. VALID ADDRESSES FOR THE COMMAND BYTE (FOR BYTE 
I< MODE) ARI:::: 
I< CLOCK - 0 THRL 07H 
* RAM - 0 THRU 017H 
I< 

* CHIP CNABLE CO~TROL BYTE FORMAT: 
* BIT 7 THRU 1 - CO~TROLS PORT ~ bITS 7 THRU 1 
* BIT 0 - MUST dE 0 (USED FOR DATA I/O LINE) 
* 
* TO SELECT A CLeCK/RAM CHIP WITH IT'S ICE PIN 
* TIED TO A PCKT ~ PIN, THE CORRESPONDING BIT 
I< POSITION SHOULC 8E SET TO A 1 (ALL OTHER BITS 
* SHOULiJ 0;:: 0). 
* 
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 ClKRAM ClKRAM ClKRAM REl 

• CALLING SEQUENCE: 
• 1) DATA SHOULD BE IN DATA AREA (WRITE ONLY) 
* 2) LOAD ISAR TO POINT TO BOTTOM OF DATA AREA 
* 3) CHIPEN BYTE SHOULD BE IN REGISTER 'CHIPEN' 
• 4) COMMAND BYTE SHOULD BE IN REGISTER 'CHD' 
• 5) PORT 4 IMAGE SHOULD BE IN REGISTER 'PT4IMG' 
• 6) CALL CLKRAM 
• 7) RETURN WITH DATA AREA FILLED (READ ONLY) 
• 
• PORT 4 IS USED FOR ALL I/O SO THAT IT'S /STROBE 
* SERVES AS THE SHIFT REGISTER CLOCK (SRCLK) TO 
• THE CLOCK/RAM. 
* 
• AS PRESENTED HERE, THIS SUBROUTINE MUST NOT BE 
• INTERUPTED. BUT THE USER MAY EASILY MODIFY THE 
* CODE TO SUPPORT INTERUPTS. 
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CLOCK/RAM COMMUNICATION MODULE F8/3810 MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL 

=0000 
=0001 
=0002 

=0003 
=0004 
=0005 

=0004 

=0001 
=0080 

=0001 
=0007 
=0008 
=0018 

=0001 
=003£ 
=OOifO 

************* 
* 
* CONSTANTS * 
* * 
************* 
* 
* GLOBAL REGISTERS. THESE REGISTERS MUST BE THE SAME 
* AS IN THE APPLICATION MODULE(S). 
* 

84 PT4IMG 
85 CHIPEN 
86 CMD 

EQU 0 
EQU 1 
EQU 2 

;PORT 4 IMAGE STORAGE 
;CHIP ENABLE STORAGE 
;COMMAND STORAGE 

* 
* LOCAL REGISTERS. THESE REGISTERS DO NOT NEED TO BE 
* MADE KNOwN TO THE APPLICATION MODULEeS). HOWEVER, 
* THEY ARE DISTROYED. SO THE APPLICATION MODULE(S) 
* SHOULD NOT KEEP NEEDED INFORMATION IN THEM. 
* 

93 TEMP EQU 3 ;TEMPERARY STORAGE 
94 BITCNT EGU '+ ;BIT COUNTER 
95 BYTCNT EQU 5 iBYTE COUNTER 

* 
* PORT DEFINITIONS 
* 

99 PORTif EQU If ;PORT 4 
* 
* BIT MASK DEFINITIONS 
* 

103 BITO EQU 01H JBIT 0 MASK 
10lf BIT7 EQU BOH ;BIT 7 MASK .. 

* COUNTER VALUES 
* 

108 ONE EQU 1 ;COUNT IS 1 
109 SEVEN EQU 7 ;COUNT IS 1 
110 EIGHT EQU 8 iCOUNT IS 8 
111 TWFOUR EQU 24 ;COUNT IS 24 

* 
* COMMAND BIT DEFINITIONS 
* 

115 RDWR EQU OlH iREAD/WRITE IS BIT 0 
116 ADR EQU 3EH ;ADDRESS IS BITS 1-5 
117 CKRM EQU 40H ;CLOCK/RAM IS BIT 6 
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CLOCK/RAM COMMUNICATION MODULE F8/381Q MACRO CROSS ASSM. V2.2 
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 ClKRAM CLKRAM CLKRAM REL 

OOQO'~l 

0001 EO 
0002 50 

0003 ~2 

0004 53 
0005 2008 
0007 54 
0008'43 
0009'2101 
OOOB 2301 
0000 EO 
OOOE B~ 

OOOF 43 
0010 12 
0011 53 
0012 34 
0013 94F5 

0015 42 
0016 213E 
0018 253£ 
00lA 9400 
001C42 
0010 13 
ODIE 9105 
0020'2007 
0022 9007 
0024'2018 
0026 9003 
0028'2001 
002A'55 

002B'42 
002C 2101 
002E 70 
002F 9~02 
0031 4C 
0032'53 
003~ 2008 
0035 54 
0036 ~2 

0031 2101 
0039 8418 

***************************** 
* 
* START CF CLOCK/RAM DRIVER * 
* * 
***************************** 
* 

125 CLKRAM lR 
126 XS 
127 LR 

* 

A,CHIPEN 
FT~IfJ.G 

PTf4IMG,A 

;PUT CHIP ENABLE INTO PT 

* SEND OUT COMMAND TO CLOCK/RAM 

131 
132 
133 
134 

* 

135 BLOOP 
136 BLOOPI 
131 
138 
139 
140 
1'+1 
1~2 

143 
144 

* 

LR 
lR 
LI 
lR 
LR 
NI 
XI 
XS 
OUTS 
LR 
SR 
LR 
OS 
BNZ 

A,CMD 
TEMP,A 
EIGHT 
8ITCNT"A 
A,TEMP 
BITO 
BITO 
FT4IMG 
PORT4 
A,TEMP 
1 
TEMP,A 
BITCNT 
BlOOP1 

;GET COMMAND 
;SAVE COMMAND FOR OUTPUT 
;BIT COUNT = 8 

iG£T COMMAND BYTE 
iMASK OFF ALL BUT BIT a 
;COMPLEMENT BIT 0 
;MIX IT WITH CONTROL BYT 
;SEND IT OUT 
;SHIFT FOR NEXT BIT 

;DECREMENT BIT COUNT 
;BRANCH IF NOT DONE 

* SET BYTE COUNT TO PROPER lENGTH 

148 
149 
150 
151 
152 
153 
154 

* 

155 CLOCK 
156 
151 RA M 
158 
159 BYTE 
150 CONT 

* 

lR A,CMD 
NI ADR 
C1 ADR 
BNZ BYTE 
lR A,CMD 
Sl 1 
8M RAM 
II SEVEN 
BR CONT 
LI TWFOUR 
BR CaNT 
LI ONE 
lR BYTCNT,A 

* MAIN BYTE TRANSFER LOOP 
* 

164 MLOOP 
165 
166 
161 
168 
163 XFER 
170 
111 
172 
113 
114 

* 

lR A,CMD 
NI RDWR 
CLR 
BNZ XFER 
LR A,S 
lR TEMP,A 
LI EIGHT 
LR BITCNT,A 
LR A,CMD 
NI ROWR 
BZ WRITE 

VI-178 

;GET COMMAND 
iMASK OFF ALL BUT ADORES 
;CHECK IF BYTE OR BURST 
;BRANCH IF BYTE 
;GET COMMAND BACK 
;CHECK RAM/CLOCK BIT 
,BRANCH IF RAM 
;CLOCK, so BYTE COUNT = 
,CONTINUE 
;RAM, SO BYTE COUNT = 24 
;CONTINUE 
iBYTE, SO BYTE COUNT = 1 

;CHECK READ/WRITE BIT 

;BRANCH IF READ DIRECTIO 
;WRITE, SO LOAD BYTE 

;BIT COUNT = 8 

;CHECK READ/WRITE BIT 

;BRANCH IF WRITE DIRECTI 



CLOCK/RAM COMMUNICATION MODULE F8/3810 MACRO CROSS ASSM. V2.2 
lOC OB~.CODE STMT-NR SOURCE-STMT PASS2 ClKRAM CLKRAM CLKRAM REL 

0038'43 
003C'12 
0030 53 
003£ '+ 0 
003F B4 
0040 All 
0041 2101 
0043 10 
0044 9403 
0046 2080 
0048'E3 
0049 34 
004A 34Fl 
004C 5C 

0040'35 
004E 8415 
0050 OA 
0051 IF 
0052 OB 
005.3 9001 

0055'43 
0055'2101 
0058 2301 
005A EO 
0058 B4 
005C 43 
0050 12 
005E 53 
005F 34 
0060 94F5 
0062 90EA 

0064'41 
0065 EO 
0066 50 
0061 B4 
0068 1C 

* READ A BYTE 
* 

118 READ 
119 READ1 
180 
181 
182 
183 
184 
185 
186 
187 
188 READ2 
189 
190 
191 

* 

LR 
SR 
lR 
LR 
OUTS 
INS 
NI 
CLR 
BNZ 
II 
XS 
OS 
BNZ 
lR 

A,TEMP 
1 
TEMP,A 
A,PT'HMG 
PORT4 
PORT4 
BITO 

READ2 
BIT7 
TEMP 
BITCNT 
READ1 
S,A 

;SHIFT FOR NEXT BIT 

iSEND OUT DUMMY CLOCK 

iINPUT DATA BIT 
;MASK ALL EXCEPT DATA BIT 
;If DATA=l, FORCE BIT-1=0 
;BRANCH IF DATA = 1 
;DATA=O, FORCE BIT-7=1 
;MIX WITH PREVIOUS BITS 
;OECREMENT BIT COUNT 
;BRANCH IF NOT 8 BITS 
;STORE BYTE 

* CHECK IF ALL BYT£S WERE TRANSFERED 
* 

195 (NOCK 
196 
191 
198 
199 
200 

* 

OS 8YTCNT 
BZ EXIT 
LR AtIS 
INC 
LR IS,A 
BR MLOOP 

* WRITE A BYTE 
* 

204 WRITE 
205 WRITE1 
206 
201 
208 
209 
210 
211 
212 
213 
214 

* 

LR 
NI 
XI 
XS 
OUTS 
LR 
SR 
LR 
OS 
BNZ 
BR 

A,TEMP 
BITO 
BITO 
FT4 I MG 
PORT4 
A,TEMP 
1 
TEMP,A 
BITCNT 
WRITE1 
ENDCK 

* EXIT FROM SUBRCUTINE 
* 

218 EXIT 
219 
220 
221 
222 

LR A,CHIPEN 
XS PT4IMG 
lR PTLfIMG,A 
OUTS PORTIf 
POP 
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,DECREMENT BYTE COUNT 
iBRANCH IF DONE 
;INCREMENT POINTER 

; 
;lOOP BACK FOR NEXT BYTE 

;GET DATA BYTE 
;MASK OFF ALL BUT BIT 0 
;COMPLEMENT BIT 0 
;MIX IT WITH CONTROL BYTE 
;SEND IT OUT 
;SHIFT FOR NEXT BIT 

iDECREMENT BIT COUNT 
;BRANCH IF NOT 8 BITS 
;CONTINUE 

iRESTORE PORT If IMAGE 

,DISABLE CHIP 
iFINISHED 



CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2 
NAME TYP VALUE DEF REFERENCES PASS2 CLKRAM CLKRAM CLKRAM REL 

ADR 003£ 116 11f9 150 
BITO 0001 103 136 137 18'+ 205 206 
BIT7 0080 10'+ 181 
BITCNT 0001+ 9'+ 131+* 1 If 3* 171 * 189* 212* 
BLOOP 0008 135 
BLOOP1 , 0009 136 1'+'+ 
BYTCNT 0005 95 160* 195* 
BYTE 0028 159 151 
CHIPEN 0001 85 125 218 
CKRM 00'+0 117 
CLKRAM I 0000 125 It 
CLOCK 0020 155 
CMD 0002 86 131 1'+8 152 16'+ 172 
CONT 002A 160 156 158 
EIGHT 0008 110 133 170 
ENDCK 00 '+0 195 21'+ 
EXIT 006'+ 218 196 
MLOOP 002B 16'+ 200 
ONE 0001 108 159 
PORT'+ 000'+ 99 139 182 183 208 221 
PT'+IMG 0000 8'+ 126 127* 1~8 181 207 219 220* 
RAM 002'+ 157 15'+ 
RDWR 0001 115 165 173 
READ OO:3B 178 
READ1 003C 179 190 
READ2 00'+8 188 186 
SEVEN 0007 109 15'5 
TEMP 0003 93 132* 135 140 142* 165* 118 180* 188 20'+ 209 21 
TWFOUR 0018 111 157 
WRITE 0055 20'+ 17'+ 
WRITE1 , 0056 :205 213 
XFER 0032 169 161 
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LISTING 3 - LOAD MAP AND GLOBAL CROSS REFERENCE 

LOAD MAP 

DK1:DEMO .OBJ[lJ 
DKl:CLKRAM.OBJ[lJ 

ASS 
R£L 

BEG AODR 0000 
BEG AOQR 065C 

GLOBAL CROSS REFERENCE TABLE 

SYMBOL ACOR REFERENCES 
CLKRAM 065C 02CF 02C7 02BF 02B~ 

VI.1 R1 

END ADDR 0658 
END AODR 06C4 
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MOSTEI(® 
USING MK3807 VCU IN A MICROPROCESSOR ENVIRONMENT 

INTRODUCTION 

MK3807, the programmable CRT Video Control Unit (VCU), 
is a user programmable 40-pin n-channel MaS/LSI chip 
containing the logic functions required to generate all the 
timing signals for the formatting and presentation of 
interlaced or non-interlaced video data on a standard or 
non-standard CRT monitor. 

All the formatting, such as horizontal, vertical, and 
composite sync, characters per data row and per frame are 
totally user programmable. The data row counter has been 
designed to facilitate scrolling. 

Programming is accomplished by loading seven 8 bit control 
registers directly off an 8 bit bidirectional data bus. Four 
register address lines and a chip enable line provide 
complete microprocessor compatibility for program con­
trolled set up. The device can also be "self loaded" via an 
external PROM tied on the data bus. (See Figure 1 ). 

In addition to the seven control registers, two additional 
registers are provided to store the cursor character and row 
addresses for generation of the cursor video signal. The 
contents of these two registers can be read out onto the bus 
for update by the program or used by the microprocessor as 
two memory locations. (See Figure 2). 

BIT ASSIGNMENT 
Figure 2 

Application Note 

PROGRAM REGISTERS 

The VCU contains 9 working registers (7 control registers 
and 2 data location registers). 

SELF LOADING SCHEME 
FOR VCU SET-UP 
Figure 1 
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REGISTER 0 

This 8 bit register contains the number of character times 
for 1 horizontal period of the TV raster scan. For example, 
using American Standard Television (63.5 /-LS per line) at a 
character time of 500 ns, the value for this register would 
be 63.5 divided by .5 = 127. The number in this register is 
normally 1 .25 times the number of characters per line 
displayed on this screen. The value loaded into this register 
is the binary equivalent of 126 (127-1). Since character 
times are counted from zero instead of one, the value loaded 
into this register is one less than the actual number of 
character times. (Refer to Figure 3 for timing diagrams). 

REGISTER 1 

This register contains 3 fields of information. The most 
significant bit (7) is the interlace bit. If this bit is set to a 1, 
Interlace mode is indicated; if set to a 0, Non-Interlace mode 
is indicated. The next 4 bits (6-3) define the number of 
character times for the width of the horizontal sync pulse. 
For example, using American Standard Television (4.5 /-Ls) 

and a character time of 500 ns indicates that it would 
require 9 character times, therefore the binary equivalent 9 
would be loaded in these bits. The least significant 3 bits 
(2-0) are used to specify the horizontal sync delay. This is 
commonly called the Front Porch and is the period between 
the end of active video to the beginning of the horizontal 
sync pulse. The value here is not critical and can be used to 
position the video horizontally on the screen. 

REGISTER 2 

This register contains both the number of characters to be 
displayed per line as well as the number of scans per 
character. Bit 7 is not used (B7 = X). Bits 6 through 3 define 
the number of scans per character. For example, using a 7 X 
9 dot matrix character generator, the normal number of 
scans might be 12. Therefore, using 12 scans per character, 
the binary equivalent of eleven (12-1) is inserted into this 
field. The least significant 3 bits (2-0) contain a 3 bit code 

HORIZONTAL AND VERTICLE TIMING 

which defines the number of characters per line. The VCU is 
pre-programmed for 20, 32, 40, 64, 72, 80, 96, and 132 
characters per line. The 3 bit binary number used in this 
field determines the particular format, for example, 80 
characters qeing the 6th value would be coded as a binary 5 
(101 ). 

CHARACTERS/DATA ROW 

DB2 DB1 DBO 
0 0 ° = 20 
0 0 1 = 32 

° 1 0 = 40 
0 1 1 = 64 
1 0 0 = 72 
1 0 1 = 80 
1 1 0 = 96 
1 1 1 = 132 

REGISTER 3 

This register contains both the propagation delay 
compensation field (skew bits) as well as the data row fields. 
Bits 7 and 6 are used to adjust the blanking, cursor position 
and sync delay so as to compensate for either 0, 1 or 2 
character time propagation delays of the character 
generator and the frame buffer RAM. 

SKEW BITS 

DB7 DB6 
o 0 
1 0 
o 1 

1 

Sync/Blank Delay Cursor Delay 

o 
1 
2 
2 

(Character Times) 
o 
o 
1 
2 

The 6 least significant bits (5-0) define the number of 
data rows to be displayed on the screen. The number of 
rows begins at 000000 (single row) and continues to 
111111 (64 rows). 

Figure 3 
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V777777777777777777777Z17/J n 1mm: 

VERTICAL TIMING 

t
ACTIVE VIDEO = ~:rj. ~J 

CHARACTERS PER DATA LINE j 
HORIZONTAL SYNC DELAY 

(FRONT PORCH) 
HORIZONTAL SYNC WIDTH 

HORIZONTAL LINE COUNT = H 

START OF FRAME M OR ODD FIELD START OF FRAME M + 1 OR EVEN FIELD 
,_ SCAN LINES PER FRAME ~ I 
~ t77777777777777777777777777777h r-l VZ77 

I" j" ACTIVE VIDEO = ~ l..,j f4-
VERTICAL DATA DATA ROWS PER FRAME L VERTICAL SYNC 

START = 3H 
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REGISTER 4 

This 8 bit register defines the number of raster lines in the 
field (frame). Care should be taken when programming this 
register to make sure that the product of the scans per data 
row ti mes the number of data rows is less tha n the number 
of raster scans. There are 2 methods of programming this 
register. In the interlaced mode subtract 513 from the 
number of raster lines desired and divide by 2. For example, 
for 525 scans, the register should contain the number 6. In 
the non-interlaced mode subtract the number 256 from the 
desired number of raster lines and divide by 2. For example, 
for 262 raster lines, the value is 3. 

REGISTER 5 

This register defines the number of raster lines between the 
beginning of the vertical sync pulse and the start of the first 
data row being displayed. Typically, values of 20 or 21 lines 
are used. Higher values can be used to position data lower 
on the screen to a maximum 255. This is called Vertical 
Data Start and is the sum of Vertical Sync and Vertical Scan 
Delay. 

REGISTER 6 

The least significant 6 bits (5-0) of this register define the 
last data row to be displayed on the screen. Bits 7 and 6 are 
not used. This feature is useful for both scrolling and 
positioning of data. For example, if the display was set for 24 
data rows, norma Ily row 0 wou Id be on top of the screen and 
row 23 wou Id be at the bottom. If the scroll reg ister (reg ister 
6) contained the number 15, then row 15 would be at the 
bottom and row 16 would be at the top of the screen. Row 
23 and row 0 would be contiguous in the middle of the 
screen. 

REGISTER 7 

This 8 bit register contains the character number at which 
the cursor is to be addressed. For example, if the last 
character of an 80 character per line display were to be 
cursored, the binary equivalent of 79 would be in this 
register. 

COMPOSITE SYNC TIMING DIAGRAM 
Figure 5 

H SYNC V0)l r VOL: 

VOH; 
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V SYNC I ~ 
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SYNC 

n 
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I 

REGISTER 8 

The least significant 6 bits (5-0) of this register define the 
data row for the cursor; similar to Register 7. 

BASIC DISPLAY CONFIGURATION 

Figure 4 shows the basic configuration for a Bus Oriented, 
microprocessor based, CRT display system utilizing 
Mostek's MK3807, the Programmable CRT Video Control 
Unit(VCU). Either a standard or a non-standard CRT monitor 
may be used. The user programmable VCU provides 
Horizontal Sync, Vertical Sync and Composite Sync with 
serrations, to the monitor's sync deflection circuitry. (Figure 
5 shows the composite sync timing). A serial output 
character generator provides video dot clock freq uency data 
to the Z axis video input of the monitor. 

In addition to the VCU, character generator, and shift 
register, the display system requires a crystal oscillator and 
a dot counter, typically consisting of two gates of a 7404 and 
a crystal as well as a 74160 (or equivalent) dot counter. The 
dot counter divisor (N) is set for the number of horizontal bits 
in the character plus the number of dots desired for spacing 
(i.e., for a 7 bit wide character + 2 dots of spacing N = 9). The 
carry output of the dot counter pulses once per character 
(character clock) and is fed into the MK3807 DCC (pin 12) 
input. This enables the VCU to keep track of the character 
positions as well as generate the entire video timing chain. 
At the same time the output of the oscillator is fed into the 
video dot clock input of the shift register of the Video Signal 
Generator. 

An 8 bit bidirectional Data Bus (DBO-DB7), a 4 bit Address 
Bus (AO-A3), a Chip Enable and a Data Strobe are used in 
programming the VCU. These buses connect to the 
microprocessor Data Bus and Address Bus. The VCU 
appears to the microprocessor as 16 memory or I/O 
locations. Page logic (high order address bit decoder) 
connects the Address Bus to the Chip Enable (CE) thereby 
determining where in the microprocessor memory space 
the VCU will be located. The Data Strobe (OS) signal is 
connected to the microprocessor Control Bus. This is used 
to read or write via the Data Bus, as well as to activate 
control functions. 

n n IL 
! 

I 

i I 
I 

I 
I 
I : 
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The VCU raster scan counter outputs (RO-R3) are connected 
directly to the raster line address inputs of the character 
generator. This 4 bit address indicates which raster line of 
the selected character is to be parallel loaded into the shift 
register. The bit pattern, along with the additional blank 
spaces, is then shifted out of the video output at the video 
dot clock rate. The blanking signal can be connected to 
retrace blanking logic to provide both horizontal and vertical 
blanking of the video signal to the CRT monitor. The 
load/shift signals for character generator logic can be 
derived from the outputs of the dot counter (74160) or taken 
directly from the character clock (DCC, pin 12 of 3807). 

HOW TO USE ROW-COLUMN ADDRESSING 

The VCU outputs the character position via the character 
counter outputs (HO-H7) and the data row counter outputs 
(ORO-DRS). These outputs define the character column and 
row location. They are used to address a character frame 
buffer RAM in which the frame image is stored. Since the 
VCU keeps counting horizontal addresses (HO-H7) during 
both horizontal and vertical blanking, dynamic RAMs may 
be refreshed. 

Many advantages are realized using Row-Column (X-Y) 
Addressing. Among these are: 

Oversize Characters 

Character fonts with heights greater than 16 dots (raster 
lines) can be achieved. This is done by using the LSB of the 
row counter (ORO) as the MSB of the raster scan counter 
(R4), and then moving the remaining bitsofthe row counter 
down one bit (DR1 becomes ORO, etc.). This is achieved by 
connecting the pins of the VCU in a different configuration. 
No additional components are required. This is shown in 
Figure 6. In addition, the VCU must be programmed for 
twice the desired number of data rows; thus using the 
above configuration (Figure 6), 32 rows of data with up to 32 
lines per character (or 16 rows of data with up to 64 lines 
per character) can be accomplished. 

USING THE VCU WITH CHARACTER FONTS OF 
HEIGHTS GREATER THAN 16 DOTS (LINES) 
Figure 6 

{
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TO 
CHARACTER 
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A. 64 ROWS OF 16 LINES 

{

DR4 31 MK3807 
TO DR3 30 VCU 

BUFFER DR2 29 
RAM DR1 28 

ORO 27 
26 

R4 R3 R2 R1 RD 
~ 

TO 
CHARACTER 
GENERATOR 

B. 32 ROWS OF 32 LINES 

Page Scrolling 

Scrolling a smaller page through a larger page (1 K in 4K) 
can be done on a row by row basis. 1ft he ORO-DRS lines are 
offset by a pointer register, the smaller page can be moved 
up or down inside the larger page by the offset number of 
rows. This is shown in Figure 7. In this example, if the 
pointer register contains zero, the VCU will address the first 
12 lines of the 32 line page. When the pointer register 
contains ten, the VCU will address rows 10 to 21. Thus, by 
loading the pointer register (from the microprocessor data 
bus), the display can scroll row by row through the data 
base. 

Software Addressing 

Most programmers use X - Y (row-column) addressing 
when writing software for CRT terminals. This makes it 
easier to blank the bottom line when scrolling, changing 
cursor positions, etc. Therefore, by having row-column 
addressing in the VCU, the address bus of the 
microprocessor can also have the preferred row-column 
addressing, and the two buses can be mapped together as 
shown in Figure 8. Without this feature, a software 
algorithm would have to convert a row-column address to 
binary address every time the microprocessor wanted to 
access the frame buffer. This algorithm usually requires a 
16 bit multiplication. Thus the VCU, by utilizing row-column 
addressing, can save significant overhead and program 
execution time. 

SCROLLING A 12 ROW PAGE THRU A 32 ROW PAGE 
Figure 7 
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MEMORY MULTIPLEXING 

The character column and character row outputs combine 
to form the character address bus. This bus, along with the 
microprocessor address bus, is connected to a 2 X 1 selector 
which addresses the character frame buffer RAM. Figure 8 
shows the selector and the mapping for the various formats 
of the standard VCU. Numerous methods are available to 
build 2 X 1 selectors. One low-cost technique uses three 

ADDRESS BUS MAPPING 
Figure 8 
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ADDRESS MATCHING 

ADDRESS BUS MAPPING 
Table 1 

J.l.P ADDRESS BUS 
(UNUSED BITS ARE FOR PAGE LOCATION) 

20 & 32 CHARACTERS/LINE 

FUNCTIONS 

VCU OUTPUTS 

SELECTOR OUTPUTS 

40 & 64 CHARACTERS/LINE 

FUNCTIONS 

VCU OUTPUTS 

SELECTOR OUTPUTS 

72, 80 & 96 CHARACTERS/LINE 

FUNCTIONS 

VCU OUTPUTS 

SELECTOR OUTPUTS 

132 CHARACTERS/LINE 

FUNCTIONS 

VCU OUTPUTS 

SELECTOR OUTPUTS 

SELECTOR 

INPUT (A) 

INPUT (B) 

OUTPUT(Z) 

INPUT (B) 

OUTPUT(Z) 

INPUT (B) 

OUTPUT(Z) 

INPUT (B) 

OUTPUT(Z) 

74157 orequivalent(74LS157 or257, 9322, etc.)quad2X 
1 selector chips. Figure 8 tabulates the mapping on to the 
microprocessor address bus into the selector with the DR 
and H lines of the VCU. The output of the selector (Z), is 
decomposed into two fields, row (V) and column or 
character (X). Refer to Table 1. 

Memory Addressing 

When the number of characters per row is non-binary, i.e. 80, 
addressing the frame buffer RAM is wasteful of memory. To 
solve this problem and still retain the advantages of row­
column addressing, an address mapping is performed. The 
output of the selector (Z) is connected to another 74157 
quad 2 X 1 selector chip or equivalent. Figures 6A, B, and C 
show the connection for 12 rows (1 K), 24 rows (2K), and 48 
rows (4K) of 80 characters. Figure 5 shows the mapping 
technique. The first 64 characters are mapped directly and 
the next 16 characters(H6 = 1) are mapped in a higher part 
ofthe RAM. The microprocessor address (row and column), 
is overlayed onto the VCU address bus (row and colu m n) via 
the selector. The output of the selector maps into the frame 
buffer. Thus, every character is addressed by its row and 
column from both the microprocessor and the VCU. The 

AB12 AB11 AB10 AB9 ~B8 IAB7 ~Be AB5 fA.B4 fA.B3 ~B2 AB1 ABO 

ROW CHARACTER 

OR5 OR4 OR3 OR2 OR1 ORO H4 H3 H2 H1 HO 

Y5 Y4 Y3 Y2 Y1 YO X4 X3 X2 X1 XO 

ROW CHARACTER 

OR5 OR4 OR3 OR2 OR1 ORO H5 H4 H3 H2 H1 HO 

Y5 Y4 Y3 Y2 Y1 YO X5 X4 X3 X2 X1 xo 

ROW CHARACTER 

OR5 OR4 OR3 OR2 OR1 ORe H6 H5 H4 H3 H2 H1 HO 

Y5 Y4 Y3 Y2 Y1 YO X6 X5 X4 X3 X2 X1 xo 

ROW CHARACTER 

OR4 OR3 OR2 OR1 ORO H7 H6 H5 H4 H3 H2 H1 HO 

Y4 Y3 Y2 Y1 YO X7 X6 X5 X4 X3 X2 X1 XO 
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MEMORY MAPPING CIRCUITS FOR 72 
OR 80 CHARACTERS/LINE 
Figure 9 
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same memory location will be accessed whether the 
identical address originates from the microprocessor or 
VCU address bus. 

OPERATION 

The character frame buffer RAM is initially loaded via the 
microprocessor data and address buses (see Figure 1 ). After 
the microprocessor has loaded the character frame buffer 
RAM with a complete page, the selector fl ip-flop is switched 
(via the microprocessor control bus) so that the RAM is 
addressed by the character address bus of the VCU. In this 
mode the VCU operates independent of the microprocessor 
by addressing the character frame buffer RAM which sends 
the ASCII data to the CRT character generator. The selected 
character is then further decomposed by the raster scan 
counter (RO-R3), from the VCU, and loaded into the 
character generator shift register. This bit pattern is then 
serially shifted out at the video dot clock frequency and the 
data can be encoded so as to compose the video signal. 

One possible way to change the data in the frame buffer 
(which is in microprocessor address space but physically 
separate) is: whenever the data in the character frame 
buffer is to be changed or updated, the microprocessor (via 
the control bus) sets an external flip-flop. The output of this 
flip-flop is ANDed with the vertical sync signal from the 
VCU. When this occurs an interrupt is generated to the 
microprocessor. This alerts the microprocessor to the fact 
that the vertical blanking interval has begun; it then 
switches the address selector (via control bus) so that the 
character frame buffer is now addressed by the micro­
processor instead of the VCU. Since the system is in the 
vertical blanking interval, the screen is blank at this time. 
Using the American standard of 63.5 p.S. per horizontal line 
and a typical value of 21 horizontal lines for the blanking 
interval, this gives the system 1.33 ms. in which the 
microprocessor can change data in the character frame 
buffer.lfthis time is not sufficient, the 1.33 ms. window will 
appear every 1 /60 of a second allowing the microprocessor 
to change part of the RAM data each time. 

After the microprocessor has completed its updating of the 
character frame buffer RAM, it resets the external flip-flop 
(via the control bus) and switches the selector back to the 
character address bus of the VCU. Then the microprocessor 
goes about its normal system operation without being 
interrupted or having its thrughput slowed down. This is 
because the VCU refreshes the CRT independently with the 
character frame buffer RAM, supplying the data, while the 
microprocessor operates at full speed with its own RAM 
and ROM. This method is more efficient for microprocessor 
throughput and control as opposed to having to DMA (cycle 
steal) or interrupt the processor continually, thereby 
reducing its throughput. 

SYNC-LOCK 

Some applications require adding alphanumeric characters 
(text) or graphics to the same screen as closed circuit or 

external (off-the-air) video. Figure 11 illustrates a simple 
technique of externally synchronizing the VCU using 2 
chips (7474 and 7402 or equivalent). The external video can 
come from a closed circuit television system, off-the-air 
television, or some other video display system. The 
technique involves stopping the character clock(DCC)when 
the VCU sync occurs and restarting it when the external 
sync occurs. In this way, the VCU will be synchronized to the 
external video. One requirement for the reliable operation of 
this system is that the VCU horizontal and vertical sync rates 
must be programmed to be slightly faster than the external 
sync rate (i.e., the horizontal line counter register ofthe VCU 
must be programmed to be less than 63.5 p.S., which is the 
American TV horizontal rate). 

HOW TO PROGRAM THE MK3807 VCU 

In .order to pick the correct video dot clock frequency and to 
program the registers in the VCU, it is first necessary to 
determine several key parameters. Among these param­
eters are: the vertical refresh rate, the number of horizontal 
raster lines per frame, the number of characters per line and 
the format of the characters. 

Tables 2A, B list work sheets which give the designer an 
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orderly method of determining the frequencies and register 
contents from the above parameters. In order to 
demonstrate its use, typical examples will be shown. 

EXAMPLE FOR 80 CHARACTERS BY 24 ROWS 

A 7 X 9 character matrix is chosen as it is the most popular 
for the display of both upper and lower case characters. 
Also, a non-interlaced system is chosen. The character 
blockof9 X 12 allows for a 2 dot space between characters 
and a 3 line space between data rows. The impact of the 
character block size on the horizontal frequency and the 
video clock rate will be shown below. A frame refresh rate of 
60Hz is chosen for this example. These numbers can be 
modified for 50Hz systems. 

This system will have 24 rows of data and 80 characters per 
data row. Thus, there are (24 X 12) 288 active scan lines. 

The monitor chosen for this example is capable of accepti ng 
a composite video signal or separate TTL horizontal and 
vertical sync pulses. The sum of the horizontal sync delay 
(front porch), horizontal sync pulse, and horizontal scan 
delay (back porch) is the horizontal blanking interval. This 
interval is required as a window in the horizontal scan 
period to allow retrace. The retrace time is internal to the 
CRT monitor; this time is a function of monitor horizontal 
scan components. This time, at a minimum, is the time it 
takes the display to return from the right to the left hand side 
of the display. The retrace time is less than the horizontal 
blanking interval. The horizontal blanking interval is 
normally about 20% of the total horizontal scanning period. 
See Figure 12 for horizontal and verticle timing, and Figure 
13 for derived register bit assignments. 

In an 80 character per data row system, this would give 20 
character times for the sum of the Front Porch, Horizontal 
Sync Pulse, and Back Porch. In the example of table 2C, a 

HORIZONTAL AND VERTICAL TIMING 
Figure 12 

HORIZONTALTIMING 

sum of 22 character time is used to illustrate that some 
flexibility exists in the choice of these parameters. 

The vertical scanning frequency can be obtained by 
counting the total number of horizontal lines. The total 
number of scan lines generated for a vertical field equals the 
number of data rows times the number of lines per 
character plus the vertical sync delay plus the vertical sync 
pulse plus the vertical scan delay. 

Vertical sync delay is the number of scan lines delay before 
vertical sync. Vertical sync pulse width should be expresed 
in scan line units. The VCU is fixed at the standard vertical 
sync width of 3 horizontal scan lines (3H). Scan line delay is 
the delay between vertical sync and the display information 
in scan line units. The sum of the vertical sync and the 2 
delays in the vertical blanking interval is normally 5% to 8% 
of the total number of scan lines. 

The vertical period (for 60Hz vertical refresh rate) can be 
calculated as: 1 divided by 60Hz = 16.67 ms. 

Thus, the vertical blanking period (at 8%) equals 1 .3 ms. In 
the example of table 2C, the sum of the "Front Porch, 
Vertical Sync Pulse, and Back Porch" are 22 scan lines long. 
Again, some flexibility exists in the choice of these 
parameters. 

Adding the displayed lines (24 X 12 = 288) plus the vertical 
blanking interval (0 + 3 + 19 = 22),310 horizontal scan lines 
are required. These 310 lines must be repeated 60 times a 
second (every 16.67 ms.). Thus 18,600 horizontal scan lines 
per second is the horizontal frequency. It can now be seen 
that any further increase in the number of scan lines per 
data character block will cause a direct increase in the 
horizontal frequency, possibly to a point beyond the 
monitor's specification. 
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MK3807 VCU WORK SHEET 
Table 2A 

1. H CHARACTER MATRIX (No. of Dots): ......................................................... _---

2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): .............................................. ___ _ 

3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): ............................ ___ _ 

4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 
Scan Lines): ................................................................................ ___ _ 

5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): ............................................... ___ _ 

6. DESIRED NO. OF CHARACTER ROWS: ........................................................ __ _ 

7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY" SCAN LINES 
(Step 4 x Step 6 = No. in Horiz. Scan Lines): .................................................. ___ _ 

8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): .................................................. ___ _ 

9. VERT. SYNC (No. in Horiz. Scan Lines; T = ___ j.Ls*): •.....•.•.•..•••................••....•... ___ _ 

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = ___ ms*): ................................... ___ _ 

11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): ......................... ___ _ 

12. HORIZONTAL SCAN LINE RATE (Step 5 x step 11 = Freq. in KHz): ................................. ___ _ 

13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: ............................................. __ _ 

14. HORIZ. SYNC DELAY (No. in Character Time Units; T = ___ j.Ls**): •...•........••.•............. ___ _ 

15. HORIZ. SYNC (No. in Character Time Units; T = ___ j.Ls**): .•.•..•...•..•........•..•.........•. ___ _ 

16. HORIZ. SCAN DELAY (No. in Character Time Units; T = ___ j.Ls**): .•......•..•.............••... ___ _ 

17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE 
(Add Steps 13 thru 16): ...................................... ' .............................. ___ _ 

18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): .......................................... ___ _ 

19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. in MHz): ........................................... ___ _ 

*Verticallnterval 
**Horizontallnterval 
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MK3807 VCU WORK SHEET 
Table 2B 

REG.# 

o 

2 

3 

4 

5 

6 

ADDRESS 
A3-AO 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

FUNCTION BIT ASSIGNMENT HEX. DEC. 

HORIZ. LINE COUNT __ [0 I I I I I J 

INTERLACE __ r_l I I I 1 I I] H SYNC WIDTH __ 
H SYNC DELAY __ 

SCANS/DATA ROW __ JXnl r I I J 1 CHARACTERS/ROW __ 

SKEW CHARACTERS __ [III I I I I I DATA ROWS __ 

SCANS/FRAME __ I ITT rTTIl X= __ 

VERTICAL DATA START I J I I I T1Tl = 3 + VERTICAL SCAN DELAY: 
SCAN DELAY __ 

DATASTART __ 

LAST DISPLAYED DATA ROW Ixlxl I I I I I I (= DATA ROWS) 



MK3807 VCU WORK SHEET 
Table2C 

1. H CHARACTER MATRIX (No. of Dots): ......................................................... ____ 7 __ 

2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): .............................................. __ 9....1...-_ 
9 3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): ............................ ----=--

4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 
Scan Lines): ....•.......•................................................................... _1:......;;.2_ 

5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): ............................................... _ ..... Ic"'"'O~ 

lti 6. DESIRED NO. OF CHARACTER ROWS: ........................................................ -=-=--

7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY SCAN LINES" 
(Step 4 x Step 6 = No. in Horiz. Scan Lines): .....................•............................ 2~8 

8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): .................................................. _O~_ 

9. VERT. SYNC (No. in Horiz. Scan Lines; T = UtL.29. J..IS*): .......................................... _....;:,..3~_ 

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = ~ ms*): ................................... _..1..19-,-_ 

11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): ........................ . 

12. HORIZONTAL SCAN LINE RATE (Step 5 x step 11 = Freq. in KHz): ................................ . 

13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: ...............•...........•.....•........... 

&10 

J8.lR 

8D 

14. HORIZ. SYNC DELAY (No. in Character Time Units; T = ~ J..IS**): •••••••••••••••••••••••••••••• __ 4....:......_ 

15. HORIZ. SYNC (No. in Character Time Units; T = ~ J..IS**): •••••••••••••••••••••.•••••••••.••••• __ 9--,-_ 
16. HORIZ. SCAN DELAY (No. in Character Time Units; T = ~ J..IS**): ••••• " ••••••••••••••••••••••• --q-,-_ 
17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE 

(Add Steps 13 thru 16): ................................................................... . IOZ 

18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): .......................................... I.B <17Z 

19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. in MHz): ........................................... 1707"8 

*Verticallnterval 
**Horizontallnterval 

BIT ASSIGNMENT 
Figure 13 

HORIZONTAL LINE COUNT SKEW BITS DATA ROWS/FRAME 

REG 0 I ~ 11 11 1 0 i 0 11 1 0 I ; 1 REG 31 dJ 1 0 11 1 0 i 1 11 1 ~ 1 
MO~~~NM.fE':~'W(D H SYNS WIDTH H SYNC DELAY SCAN LINES/FRAME 

REG 1 1 0 11 1 0 1 0 11 1 iliIO 1 REG 41 0 1 0 1 0 11 i 1 1 0 11 11 1 
SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START 

REG21 0 11 1 0 '11 1 ~ 1 DiD 1 REG 51 ~ 1 0 1 0 11 i 0 11 11 1 ~ 1 
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LAST DISPLAYED DATA ROW 

REG 61 0 1 0 1 0 11 1 0 i 1 11 1 ; 1 
CURSOR CHARACTER ADDRESS 

REG 71 0 1 0 1 0 1 0 i 0 1 0 1 0 1 0 1 
CURSOR ROW DDRESS 

REGsl 010 1010 I 0 i 010 1 ~ 1 



XTAL Frequency 

At a frequency of 18.6KHz a scan line takes 53.76 J.Ls.ln this 
time 102 characters (80 displayed + 22 blanked) have to be 
accessed. Thus the character time is 527.06 ns (53.76 
J.Ls/l02). Since each character is 9 dots in this example (7 
character and 2 blank), the dot period is 58.56 ns (527.06 
ns/9). The inverse of the dot period is the video dot clock 
XTAL frequency. For this example, the video dot clock XT AL 
is 1/58.56 ns = 17.0748 MHz(53.76 J.Ls/l02). Since each 
character is 9 dots in this example (7 character and 2 blank), 
the dot period increases in the video clock rate, possibly to a 
point beyond the monitor's specification. 

A more detailed example, using 40 character by 12 row 
format, follows. 

Having chosen the display format and display monitor, the 
actual settings for the VCU registers can now be 
established. See Table 2C. 

EXAMPLE FOR 40 CHARACTER BY 12 ROWS 

Using the VCU worksheet (Table 2A), steps 1 and 2 
determine the character matrix. In this example, a 7 X 9 dot 
matrix will be used, thus in step 1, 7 dots are used 
horizontally and in step 2, 9 scan lines are used vertically. 
This defines the character size (other character sizes might 
be 5 X 7 etc.). Steps 3 and 4 determine the character block 
size. The character block is composed of the character 
matrix along with both the horizontal and vertical blank 

MONITOR HORIZONTAL TIMING 
Figure 14 

spaces between characters. Step 3 shows the H character 
block for this example to be 7 dots from step 1 plus 2 
additional dots for blank space, giving a total of 9. Step 4 
shows the vertical height (V character block) being 9 lines 
from step 2, plus 3 additional raster lines for vertical 
spacing, giving a total of 12. The next parameter is the 
vertical frame refresh rate and this example uses the 
American Standard of 60Hz (in this example the non­
interlace mode will also be used). 

As this example uses twelve rows of data, step 6 indicates 
12. Step 7 determines the number of active video display 
raster scan lines. This is determined by taking the number of 
raster scan lines from step 4 and multiplying that by the 
number of data rows in step 6, thus giving us the number of 
displayed horizontal scan lines. In this example, multiply 12 
raster lines per data row by 12 data rows to give 144 active 
video raster scan lines. 

The next portion of this example is dependent upon the 
characteristics of the video monitor being used. For the 
purposes of this example a standard sync driven video 
monitor using RS-170 non-interlace sync is used. In 
accordance with the standard for this monitor, the vertical 
sync pulse width will be between 180 and 200 J.LS. with 190 
J.LS. as the nominal value. In addition, the vertical blanking 
interval. which is made up of the vertical sync pulse and the 
2 delays, is defined as being 1 ms. minimum. The same 
monitor specification defines the horizontal sync pulse 
width as being between 4 and 6 J.LS. with 5 J.LS. as the 
nominal horizontal sync pulse width. In addition, the 
horizontal sync delay or front porch is defined as 2.5 J.LS. 
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I ~ (11 ,..S MINIMUM) ~I 
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nominally with a 2 IJS. minimum. At the same time, the 
horizontal blanking interval, which is composed of the front 
porch, horizontal sync pulse, and the back porch is defined 
as 11 IJS. minimum. See Figures 14 and 15. 

The monitor characteristics determine the values for steps 9 
and 10. Step 9 lists the vertical sync pulse width. The VCU 
has a fixed vertical sync pulse width of 3 horizontal raster 
scan lines (3H). Later, the period of a horizontal raster scan 
line will be determined and verified that this meets the 
RS-170 specification. Enough time must be allowed for 
vertical retrace and some blanking at the top of the screen. 
This is indicated in step 10 as the vertical scan delay. The 
VCU can be programmed for a vertical scan delay between 0 
and 255 raster scan lines to allow utilization of various types 
of monitors, as well as to position the data vertically on the 
screen. For purposes of this example, a vertical scan delay of 
19 raster lines is chosen. After the horizontal period is 
determ i ned, it ca n be verified that these val ues comply with 
the specification. Step 11 is the total number of raster lines 
per frame or, in other words, the number of raster lines per 
vertical refresh time. Normally, this will be determined by 
adding to the number of displayed scan lines, the vertical 
sync pulse width, the vertical scan delay, and the vertical 
sync delay which has not yet been determined. However, in 
this case, since the example uses a standard monitor, it is 
possible to work backwards. Therefore, for step 11 we will 
enter 262 raster lines per frame (a typical number of raster 
lines/field of a standard monitor). Now work backwards to 
step 8 and determine the vertical sync delay. This is the 
number of raster lines between the last displayed video 
raster line and the beginning of vertical sync. Subtracting 

MONITOR VERTICAL TIMING 
Figure 15 

144, 19, and 3 from 262 leaves 96, thus for step 8, 96 
horizontal lines is the vertical sync delay. We have now 
determined the vertical timing waveform for this example. 
The next part of the example is to determine the horizontal 
scan line rate or how many raster lines per second will be 
displayed. This is determined by mUltiplying the vertical 
frame refresh rate from step 5; in this case 60 frames per 
second by the total number of raster lines per frame from 
step 11, in this case 262. The product will be 15,720 raster 
lines per second. This is the horizontal scan rate. The 
horizontal period is determined by taking the inverse of 
horizontal scan rate, 1 divided by 15,720 Hz is 63.6132 p.S. 
This is the time of 1 horizontal raster line. This information is 
now used to go back and check on meeting the 
specifications in steps 9 and 10. Step 9 lists 3 horizontal 
lines as the vertical sync pulse width. 3 X 63.6132p.s. yields 
190.84 p.S. This is the nominal value specified for the 
monitor. Step 10 lists the vertical scan delay as 19 raster 
lines multiplying that by 63.61 p.S. yields 1.21 ms., thus the 
values picked for the above parameters meet the 
specification for the monitor. 

In step 13 the desired number of active display characters 
per horizontal data row is listed. 40 character per row have 
been chosen. Steps 14, 15 and 16 are now selected using 
the horizontal period and the monitor specifications. Step 
14 is the horizontal sync delay or front porch. In this case 2 
character times. The period of a character will be 
determined later in this example which will be used to verify 
that this parameter meets the RS-170 specification given 
earlier. In step 15 the horizontal sync width is chosen to be 4 
character times and in step 16 the horizontal scan delay is 

, ..... ....-__ VERTICAL BLANKING INTERVAL __ ....,.~I 
(1 mS MINIMUM) 

VERTICAL SYNC PULSE 
VI~EO (190 j.l.S NOMINAL 180-200 j.l.S) VIDEO 

~~I I .. t .1 ~I J. II i...------2.5-5VDC_1 
I.. t • I ~ VERTICAL SCAN DELAY ~I 

(800 j.l.S MINIMUM) 

VERTICAL SYNC DELAY I~ VERTICAL SYNC & SCAN DELAY __ I 
(0-190 j.l.S) (1mS MINIMUM) 
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chosen to also be 4 character times. Step 17 is the total 
number of character times per horizontal scan line and this 
is determined by adding steps 13 through 16, thus we add 
40+2+4+4=50 character times per horizontal scan line. In 
step 18 the character rate is determined bymultiplying the 
horizontal line rate of step 12 by the total character units per 
horizontal line, thus, 15,720 X 50 = 786,000 characters per 
second. The character period is the inverse of the character 
rate, thus 1 over 786,000 yields a character period of 1.272 
p.s. This information is used to verify steps 14, 15, and 16.ln 
step 14 the horizontal sync delay was chosen as 2 character 
units. 2 times 1.272 p'S yields 2.54 p.S. Step 15, the 
horizontal sync width was 4 character units. 4 times 1.272 
p.S. yields 5.089 p.S. and similarly, step 16, four character 
units also is 5.089 p.s. These three values are in agreement 
with the specification for the monitor. The next step is to 
determine the video dot clock frequency. It is determined by 
mUltiplying the number of dots per character from step 3 by 
the character rate in step 18,9 X 786 KHz = 7.074 MHz. 
Thus, the crystal frequency required for this example is 
7.074 MHz and the dot clock counter divisor N is 9 (from 
step 3). 

Register Programming 

Register 0 (Horizontal Line Count) determines the total 
number of character units per horizontal line. From step 17 
we have determined that there would be 50 character units 

MK3807 VCU WORK SHEET 

per line. This register is loaded with (N - 1) the decimal 
number 49. 

Register 1 contains 3 fields. The first field is the most 
significant bit and this determines the interlaced or non­
interlaced mode of operation. This example uses the non­
interlaced mode, therefore, bit7 is loaded with aO. The next 
field is the horizontal sync pulse width and this field is bits 6 
through 3. Step 15 determines that the horizontal sync 
width is 4 character times. Therefore the binary equivalent 
of 4 is loaded into these bits. Thus bits 6 through 3 are 
loaded with 0100. The third field is the horizontal sync 
delay, step 14 determines that this is 2 character time units. 
Therefore, bits 2 through 0 are loaded with 010. 

Register 2 contains 2 fields, with the most significant bit 
unused. Bits 6 through 3 determine the scans per data row. 
In this example from step 4, there will be 12 raster lines per 
data row, and from the VCU data sheet note this is an N + 1 
register. Therefore the decimal number eleven is loaded 
into bits 6 through 3. the second field is characters per data 
row, bits 2 through O. In this example 40 active characters 
per data row was chosen. The VCU data sheet specifies that 
010 in this field will give 40 characters per data row, thus 
bits 2 through 0 are loaded with 010. 

Register 3 also contains 2 fields. The first field, bits 7 and 6, 
are the skew bits. These bits allow the hardware designer to 

1. H CHARACTER MATRIX (No. of Dots): ......................................................... __ 7.L--_ 
2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): .............................................. __ 9~_ 
3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing = No. in Dots): ............................ _---1.9 __ 
4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz. 

Scan Lines): ................................................................................ --&'....,4,,---
5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): ............................................... _.Jolj/PUll!O~ 
6. DESIRED NO. OF CHARACTER ROWS: ......................................................... _ ....... Iil __ 
7. TOTAL NO. OF ACTIVE "VIDEO DISPLAY SCAN LINES" 

(Step 4 x Step 6 = No. in Horiz. Scan Lines): .................................................. _L-li..f..!..'i...s-_ 
8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): .................................................. __ 9..LItp~_ 
9. VERT. SYNC (No. in Horiz. Scan Lines; T = rto.M p.s*): .......................................... --.QJ,---

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = l.2.L ms*): ................................... _-<-1-<.9 __ 
11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): ......................... dlpJ 
12. HORIZONTAL SCAN LINE RATE (Step 5 x step 11 = Freq. in KHz): ................................. IX 7:1. 
13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: ............................................. _4~o~_ 
14. HORIZ. SYNC DELAY (No. in Character Time Units; T = ~ p.s**): .............................. _ ..... cJ'"-;-_ 
15. HORIZ. SYNC (No. in Character Time Units; T = ~ p.s**): ..................................... __ 4-<--_ 

• 16. HORIZ. SCAN DELAY (No. in Character Time Units; T = ~ p.s**): .............................. --t../~-
17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE 

(Add Steps 13 thru 16): .................................................................... _ ..... 0 .... 0'--_ 
18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHz): .......................................... .7'8/P 
19. CLOCK (DOT) RATE (Step 3 x Step 18 = Freq. in MHz): ........................................... 7. Q74 
*Verticallnterval 

**Horizontal Interval 
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use a slower buffer RAM memory and allow compensation 
for slower character generator access times. In the example 
shown as well as most typical applications, these bits are 
set for 2 character time delays, therefore bit 7 and bit 6 will 
both contain a 1. The other field is data rows per frame, bits 
5 through O.ln Step 6 there are 12 data rows per frame, and 
the VCU data sheet specifies that this is an N + 1 register. 
Thus the decimal number eleven is loaded in bits 5 through 
O. 

Register 4 determines the number of horizontal raster lines 
per frame. From this example, step 11, specifies there are 
262 raster lines per frame. The VCU data sheet specifies 
that there are two modes of loading this register. In the 
non-interlace mode (this example) the equation 2X + 256 is 
equal to 262. Thus, X is equal to 3. The decimal number 3 is 
loaded into register 4. 

Register 5 is the vertical start of data. From steps 9 and 10 in 
the example the vertical data start is 22 raster lines, thus the 
decimal number 22 is loaded into register 5. 

Register 6 is the last displayed data row. This register is 
used for multi-line scrolling and for initialization purposes is 
set to the same data as in register 3, the data rows per 
frame. Thus, the decimal number eleven is loaded into 
register 6. 

BIT ASSIGNMENT CHART 

The following will illustrate the use of register 6 for multi­
line scrolling: 

Usi ng 1 2 rows of data with row 0 on top of the screen 
and row 11 on the bottom and as programmed in 
register 6 with eleven, this will be the case. Now, if 
another number is programmed into register 6, such 
as 5, data row 5 will be on the bottom of the screen, 
while data row 6 will be on the top followed by data 
row 7,8, through to 11, followed by row 0 th~ough 5. 

Register 7 is the cursor character address. It is initialized to 
0, thus it is now set to the beginning of the data row. 

Register 8 is also initialized to O. This is the cursor row 
address and is set to the top data row. The 2 cursor 
addresses (X-Y) coincide at the upper left hand corner of the 
screen. See the VCU work sheet on page 16. 

The above is on Iy a typical exa mple of how to determ ine the 
frequencies, program the frequencies, and program the 
registers of the VCU. This is shown for illustrative purposes 
only and designers/programmers should determine these 
values for their specific CRT requirements. 

HORIZONTAL LINE COUNT SKEW BITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW 

REG 0 I ~ I 0 11 11 i 0 1 0 1 0 I ~ I REG 31 fD 1 ~ 10 11 i 0 11 I ~ I REG 6( 0 I 0 1 ~ 1 0 11 i 0 11 1 ~ 1 

Moe5~~~~~~~~~b HSYNCWIDTH· HSYNCDELAY SCAN LINES/FRAME 

REG 1 (0 1 ~ 11 j 0 1 ~ 1 0Tili I REG 41 ~ 1 0 1 0 I 0 i 0 I 0 11 1 ~ 1 
CURSOR CHARACTER ADDRESS 

REG 71 ~ 10 10 I 0 i 0 I 0 10 I ~ I 

SCANS/DATA ROW CHARACTERS/DATA ROW VERTICAL DATA START 

REG 2 10 I,' 10 '1 1 I,' I @ I REG 51 ~ 10 1011 i 0 11 11 1 ~ I 
CURSOR ROW ADDRESS 

REGsl 010 1 ~ 10 1 0 i 0 I 0 I~ 1 
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APPLICATION NOTES 

Conversion of Row Column to Binary 
Address 

With only slightly more complicated circuitry than required 
by memory mapping, the row column addressing outputs of 
the VCU may be readily changed to binary address outputs. 
For data formats that use 48 or 80 visible characters per 
data row, this can be done by the addition of two 74LS83's 
and a 74LS32 (or equivalent) in some formats or by the 
addition of the one 256x8 PROM. Figure 16 below shows 
the implementation for an 80 character by 24 data row 
display using the adders. Figure 17 is an implementation 
using a bipolar PROM. 

80x24 DISPLAY WITH BINARY ADDRESS USING 
74LS83 ADDERS 
Figure 16 

MA10 
MA9 

DR4 MAS 

DR3 

DR2 

DR1 BINARY 

ORO ADDRESS 
TO 

H6 MA6 DISPLAY 
MA5 MEMORY 

H5 

H4 

74lS32 
VCU 

H3 A3 
H2 MA2 
H1 MA1 
HO MAO 

TYPICAL MAPPING OF 80x24 DISPLAY 
Table 3 

In essence the adders are used to add groups of 16. Since 
there are 5 groups of 16 in each data row of 80 characters, 
the adders effectively multiply the data row count (DRO­
DR4) by 5 to obtain the starting binary address for each row. 
This is done by adding DRO-DR4 to itself shifted two 
positions to the left. Within each data row, H6, H5, and H4 
are used to add from 0 to 4 groups of 16. The PROM 
configuration is merely a table look-up implementation of 
the adder configuration. 

The PROM configuration can be programmed to provide 
binary addresses for any number of groups of 16 characters 
per data row(i.e.,48, 80, 96, 112, 144, 160). Table3 shows 
some typical mapping for an 80x24 display. 

80x24 DISPLAY WITH BINARY ADDRESS USING 
256x8 PROM 
Figure 17 

-
DR4 A7 Os r-

DR3 A6 071-- MA10 

DR2 A5 061--MA9 

DR1 A4 05-MAS 

ORO A3 04- MA7 

H6 A2 03f--- MA6 BINARY 

H5 A1 02f--- MA5 ADDRESS 
TO 

H4 AO 01 f---
S2S114 

MA4 
DISPLAY 
MEMORY 

+5V_ STROBE 
VCU +5V- CE2 

GND- CE1 

H3 -MA3 
H2 -MA2 
H1 MA1 
HO MAO 

L..--

ADDRESS TABLE 

D D D D D M M M M M M M M M M M 
R R R R R A A A A A A A A A A A ADDR. 
4 3 2 1 0 H6 H5 H4 H3 H2 Hl HO ROW COL 10 9 8 7 6 5 4 3 2 1 0 (BIN) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 16 0 0 0 0 0 0 1 0 0 0 0 16 
0 0 0 0 0 1 0 0 1 1 1 1 0 79 0 0 0 0 1 0 0 1 1 1 1 79 
0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 80 
0 0 0 0 1 1 0 0 1 1 1 1 1 79 0 0 0 1 0 0 1 1 1 1 1 159 
0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 1 0 0 0 0 0 160 
0 0 0 1 0 1 0 0 1 1 1 1 2 79 0 0 0 1 1 1 0 1 1 1 1 239 
0 0 0 1 1 0 0 0 0 0 0 0 3 0 0 0 0 1 1 1 1 0 0 0 0 240 
1 0 1 1 1 0 0 0 0 0 0 0 23 0 1 1 1 0 0 1 1 0 0 0 0 1840 
1 0 1 1 1 1 0 0 1 1 1 1 23 79 1 1 1 0 1 1 1 1 1 1 1 1919 
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USING THE VCU FOR A 256 X 256 
DOT GRAPHIC DISPLAY 

The VCU can be used for dot matrix graphic displays as well 
as alphanumeric displays. The following is an example of a 
256 x 256 dot matrix graphic display using the raster line 
counter outputs (RO-R3) as part of the RAM addressing. 

For this example the character width (the dot counter 
divisor) should be 8 dots. The VCU should be programmed 
(See Figure 18) for: 

Characters per data row = 32 
Scans per data row = 16 
Data rows per frame = 16 

USING THE VCU FOR A 256 x 256 
DOT GRAPHIC DISPLAY 
Figure 18 

AO A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 

HO H1 H2 H3 H4 RO R1 R2 R3 ORO DR1 DR2DR3 

MK3807 
VCU 

USING THE VCU FOR MORE THAN 
128 CHARACTERS PER ROW AND MORE THAN 
32 ROWS 

Due to pin limitation, the most significant character count 
output of the VCU is multiplexed with the most significant 
bit of the data row counter. When the horizontal line count 
is greater than 128, this output (H7/DR5) automatically 
becomes H7. On the surface, this creates a limitation of no 
more than 32 data rows. 

In actual fact, the row column addressing of the VCU 
permits the display of more than 128 characters per row 
and more than 32 rows per frame with only two inverters 
and one D-type flip flop. In the following example, the 
display format will be 132 characters per row by 35 data 
rows. 

The horizontal row address will appear on outputs HO to H7. 
Data row outputs DRO to DR4 will provide five of the six bits 
required for the data row addressing. The circuit shown in 
Figure 19 will generate the required sixth row address bit. 

There are many other applications of the VCU other than the 
alphanumeric CRT terminal as shown above. 

Because of the speed and flexibility of the device, it can be 
used to generate television pictures (with gray scale and 
color), facsimile, slow-scan TV, frame storage, scan 
conversion, etc. Since the VCU generates composite sync 
(with serrations), the serial video can be combined with the 
composite sync to produce composite video (RS-170). 

USING THE VCU FOR MORE THAN 128 
CHARACTERS PER ROW AND MORE THAN 32 
ROWS 
Figure 19 

VCU 

~~ l 
H2 I 

H3 j' HORIZONTAL ADDRESS 
H4 0 TO 255 CHARACTERS/ROW 
H5 
H6 
H7/DR5 

r-------DRO 
t--------DR1 
t--------DR2 
r-------DR3 
r-~-----DR4 

DR5 

DATA ROW 
ADDRESS 
o TO 63 DATA 
ROW/FRAME 

'----~ VSYNC 
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MICRO PERIPHERAL COMPONENTS 

MK3807 
Programmable CRT Video Control Unit (VCU 1

) 

FEATURES 

o Fully Programmable Display Format 
Characters per data row (1-200) 
Data rows per frame (6-64) 
Raster scans per data row (1-16) 

o Programmable Monitor Sync Format 
Raster Scans/Frame (256-1023) 
"Front Porch" 
Sync Width 
"Back Porch" 
Interlace/Non-I nterlace 
Vertical Blanking 

o Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync 
Blanking 
Cursor coincidence 

o Programmed via: 
Processor data bus 
External PROM 

o Standard or Non-Standard CRT Monitor Compatible 

o Refresh Rate: 60 Hz 

o Scrolling 
Single Line 
Multi-Line 

o Cursor Position Registers 

o Programmable Character Format 

o Programmable Vertical Data Positioning 

o Balanced Beam Current Interlace 

o Graphics Compatible 

o Split-Screen Applications 
Horizontal 
Vertical 

o Interlace or Non-Interlace operation 

PIN CONFIGURATION 

VSYN 

Dee 

VDD 

Vee 

HSYN 

eRV 

BL 

DB7 

DB6 

DB5 

o TTL Compatibility 

A1 

AO 

HO 

H1 

H2 

H3 

H4 

H5 

H6 

H7/DR5 

DR4 

OR3 

DR2 

DR1 

ORO 

DBO 

DB1 

DB2 

DB3 

DB4 

o BUS Oriented: Compatible with most microprocessors 

o Second source to SMC CRT 5037 

ON-Channel Silicon Gate Technology 

GENERAL DESCRIPTION 

The Programmable CRT Video Control Unit (VCU) Chip is a 
user programmable 40-pin n channel MaS/LSI device con­
taining the logic functions required to generate all the 
timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or 
non-standard CRT monitor. The MK3807 VCU is a second 
source to SMC CRT 5037. 

With the exception of the dot counter, which may be clocked 
at a video frequency above 25 MHz and therefore not 
recommended for MaS implementation, all frame 
formatting, such as horizontal, vertical, and composite sync, 
characters per data row, data rows per frame, and raster 
scans per data row and per frame are totally user 
programmable. The data row counter has been designed to 
facilitate scrolling. Refer to Table 1 for description of pin 
functions. 



Programming is accomplished by loading seven 8-bit 
control registers directly off an 8-bit bidirectional data bus. 
Four register address lines and a chip enable line provide 
complete microprocessor compatibility for program con­
trolled set up. The device can be "self loaded" via an 
external PROM tied on the data bus as described in the 
OPERATION section. 

Figure 1 shows a block diagram of the internal functional 
components of the VCU. 

DESCRIPTION OF PIN FUNCTIONS 
Table 1 

Inputl 

The MK3807 (VCU) may be programmed for an odd or even 
number of scan lines per data row in both interlaced and 
non-interlaced modes. 

In addition to the seven control registers, two additional 
registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The 
contents of these two registers can also be read out onto the 
bus for update by the program. 

Pin No. Symbol Name Outpu1 Function 

25-18 DBO-7 Data Bus 1/0 Data bus. Input bus for control words from microprocessor 
or PROM. Bi-directional bus for cursor address. 

3 CE Chip Enable I Signals chip that it is being addressed. 
39,40.1.2 AO-3 Register I Register address bits for selecting one of seven control 

Address registers or either of the cursor address registers. 
9 DS Data Strobe I Strobes DBO-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the 
data bus. 

12 DCC Dot Counter Carry I Carry from off-chip dot counter establishing basic charac-
ter clock rate. Character clock. 

38-32 HO-6 Character 0 Character counter outputs. 
Counter Outputs 

7,5,4 R1-3 Scan Counter 0 Three most significant bits of the Scan Counter; row select 
Outputs inputs to character generator. 

31 H7/DR5 H7/DR5 0 Pin definition is user programmable. Output is MSB of 
Character Counter if horizontal line counter (REG.O) is 2: 
128; otherwise output is MSB Of Data Row Counter. 

8 RO Scan Counter LSB 0 Least significant bit of the scan counter. In the interlaced 
mode with an even number of scans per data row, RO will 
toggle at the field rate; for an odd number of scans per data 
row in the interlaced mode, RO will toggle at the data row 
rate. 

26-30 DRO-4 Data Row 0 Data Row counter outputs. 
Counter Outputs 

17 BL Blank 0 Defines non-active portion of horizontal and vertical scans. 
15 HSYN Horizontal Sync 0 Initiates horizontal retrace. 
11 VSYN Vertical Sync 0 Initiates vertical retrace. 
10 CSYN Composite Sync Output 0 Composite sync is provided on the MK3807. This output is 

active in non-interlaced mode only. Provides a true RS-
170 composite sync wave form. 

16 CRV Cursor Video 0 Defines cursor location in data field. 
14 VCC Power Supply PS +5 volt Power Supply 
13 VDD Power Supply PS +12 volt Power Supply 
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OPERATION 

The design philosophy employed was to allow the 
MK3807 Programmable CRT Video Control Unit (VCU) to 
interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the 
user in one of two ways; via the processor data bus as part of 
the system initialization routine, or during power up via a 

PROM tied on the data bus and addressed directly by the 
Row Select outputs of the chip (See Figure 2). Seven 8-bit 
words are required to fully program the chip. Bit 
assignments for these words are shown in Tables 2,3 and 
4. The information contained in these seven words consists 
of the following: 

Horizontal Formatting: 
Characters/Data Row 

Horizontal Sync Delay 

Horizontal Sync Width 

Horizontal Line Count 

Skew Bits 

Vertical Formatting: 
Interlaced/Non-interlaced 

Scans/Frame 

Vertical Data Start 

Data Rows/Frame 

Last Data Row 

Scans/Data Row 

A 3 bit code providing 8 mask programmable character lengths from 20 to 132.The 
standard device will be masked for the following character lengths; 20, 32,40,64,72, 
80, 96, and 132. 

3 bits assigned providing up to 8 character times for generation of "front porch". 

4 bits assigned providing up to 16 character times for generation of horizontal sync 
width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

A 2 bit code providing from a a to 2 character skew (delay) between the horizontal 
address counter and the blank and sync (horizontal, vertical, composite) signals to 
allow for retiming of video data prior to generation of composite video signal. The 
Cursor Video signal is also skewed as a function of this code. 

This bit provides for data presentation with odd/even field formatting for interlaced 
systems. It modifies the vertical timing counters as described below. A logic 1 
establishes the interlace mode. 

8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 
1) in interlaced mode-scans/frame = 2X + 513. Therefore for 525 scans, program X 
= 6 (00000110). Vertical sync will occur precisely every 262.5 scans, thereby 
producing two interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode-scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (00000011 ). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (=3H). 

8 bits defining the number of raster scans from the leading edge of vertical sync until 
the start of display data. At this raster scan the data row counter is set to the data row 
address at the top of the page. 

6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 16 scan lines per data row. 
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ADDITIONAL FEATURES 

MK3807 VCU Initialization: 

Under microprocessor control-The device can be reset 
under system or program control by presenting a 1010 
address on A3-0. The device will remain reset at the top of 
the even field page until a start command is executed by 
presenting a 1110 address on A3-0. 

millisecond). The timing sequence will begin one line scan 
after the 1111 address is removed. In processor based 
systems, self loading is initiated by presenting the 0111 
address to the device. Self loading is terminated by 
presenting the start command to the device which also 
initiates the timing chain. 

Via "Self Loading"-In a non-processor environment, the 
self loading sequence is effected by presenting and holding 
the 1111 address on A3-0, and is initiated by the receipt of 
the strobe pulse (OS). The 1111 address should be 
maintained long enough to insure that all seven registers 
have been loaded (in most applications under one 

Scrolling-In addition to the Register 6 storage of the last 
displayed data row a "scroll" command (address 1011) 
presented to the device will increment the first displayed 
data row count to facilitate up scrolling in certain 
appl ications. 

CONTROL REGISTERS PROGRAMMING CHART 
Table 2 

Horizontal Line Count: 
Characters/Data Row: 

Horizontal Sync Delay: 
Horizontal Sync Width: 

Skew Bits 

Scans/Frame 

Vertical Data Start: 

Data Rows/Frame: 
Last Data Row: 

Mode: 
Scans/Data Row: 

Total Characters/Line = N + 1, N = 0 to 255 (DBO = LSB) 
DB2 DB1 DBO 
000 
001 
010 
o 1 1 

o 0 
o 1 
1 0 
1 1 

= 20 
= 32 
=40 
= 64 
= 72 
= 80 
= 96 
= 132 

Active Characters/Data Row 

= N, from 1 to 7 character times (DBO = LSB, N = 0 Disallowed) 
= N, from 1 to 15 character times (DB3 = LSB, N = 0 Disallowed) 

Sync/Blank Delay Cursor Delay 
DB7 DB8 (Character Times) 
000 0 
1 0 1 0 
021 
122 

8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. DBO = LSB) 
1) in interlaced mod~ scans/frame = 2X + 513. Therefore for 525 scans, program X = 6 
(()()()()110). Vertical sync will occur precisely every 262.5 scans, thereby producing two 
interlaced fields. 
Range = 513 to 1023 scans/frame, odd counts only. 
2) in non-interlaced mode-scans/frame = 2X + 256. Therefore for 262 scans, program 
X = 3 (0Q()()()()11). 
Range = 256 to 766 scans/frame, even counts only. 
In either mode, vertical sync width is fixed at three horizontal scans (= 3H) 
N = number of raster lines delay after leading edge of vertical sync of vertical start position. 
(DBO = LSB) 
Number of data rows = N + 1, N = 0 to 63 (DBO = LSB) 
N = Address of last displayed data row, N = 0 to 63, ie; for 24 data rows, program N = 23. 
(DBO = LSB) 
Regster, 1, DB7 = 1 established Interlace. 

Interlace Mode 
Scans per data Row = N + 2. N = 0 to 14, odd or even counts. 

Non-Interlace Mode 
Scans per Data Row = N + 1, odd or even count, N = 0 to 15. 
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SELF LOADING SCHEME 
Figure 2 

DBO::'~ 

....... 
V--" 

....... 
V "'I 

........ 
v-

"""~ ....... 
....... 
V'J 

....... 
v~ 

DB7;;'~ 

--
SLOAD 

(FROM SYSTEM) CE 

OPTIONAL START-UP SEQUENCE 

~ 

MK2716 

When employing microprocessor controlled loading of the 
MK3807 VCU's registers, the following sequence of 
instruction may be used optionally: 

ADDRESS 
1 1 1 0 
1 0 l' 0 
o 0 0 0 

o 1 0 
1 0 

COMMAND 
Start Timing Chain 
Reset 
Load Register 0 

Load Register 6 
Start Timing Chain 

~ ! ... 
Ao A1 A2 • A3, CE 

V to' 

... LA .... ~ 
-"V~ 
....1-
"'I" MK3807 
.... 1- PROGRAMMABLE 
Vr"-' CRT VIDEO CONTROL UNIT 

...1.. (VCU) 
V",", 

--""FJ 
.... ~ RO R1 R2 R3 .... 

AO 

A1 

A2 -
A3 

A4 +5 

ROW SELECTS 
TO CHARACTER GENERATOR 

The sequence of START RESET LOAD START is necessary 
to insure proper initialization of the registers. 

This sequence is not required if register loading is via either 
of the Self Load modes. 
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REGISTER SELECTS/COMMAND CODES 
Table 3 

A3 A2 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 

0 
0 
0 

0 

A1 
0 
0 
1 
1 
0 
0 
1 
1 

0 
0 
1 

o 
o 
1 

AO Select/Command 
0 Load Control Register 0 
1 Load Control Register 1 
0 Load Control Register 2 
1 Load Control Register 3 
0 Load Control Register 4 
1 Load Control Register 5 
0 Load Control Register 6 
1 Processor Initiated Self Load 

0 Read Cursor Line Address 
1 Read Cursor Character Address 
0 Reset 

Up Scroll 

o Load Cursor Character Address1 

1 Load Cursor Line Address1 

o Start Timing Chain 

Non-Processor Self Load 

Description 

See Table 4 

Command from processor instructing 
MK3807 VCU to enter Self Load Mode (via 
external PROM) 

Resets timing chain to top left of page. Reset is 
latched on chip by OS and counters are held 
until released by start command. 
Increments address of first displayed data row 
on page, i.e.; prior to receipt of scroll 
command-top line = 0, bottom line = 23. After 
receipt of Scroll Command-top line = 1, 
bottom line = O. 

Receipt of this command after a Reset or 
Processor Self Load command will release the 
timing chain approximately one scan line later. 
In applications requiring synchronous opera­
tion of more than one VCU the dot countel'" 
carry should be held low during the OS for this 
command. 
Device will begin self load via PROM when OS 
goes low. The 1111 command should be 
maintained on A3-0 long enough to guarantee 
self load. (Scan counter should cycle through at 
least once). Self load is automatically termin­
ated and timing chain initiated when the all 
"1 's" condition is removed, independent of OS. 
For synchronous operation of more than one 
VCU, the Dot Counter Carry should be held 
low when the command is removed. 

NOTE 1: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address Register (REG 8) are enabled during states 0111 and 1000 of the 
R3-RO Scan Counter outputs respectively. Therefore, Cursor data in the PROM should be stored at these addresses. 

BIT ASSIGNMENT CHART 
Table 4 HORIZONTAL LINE COUNT SKEW BITS DATA ROWS/FRAME LAST DISPLAYED DATA ROW 

REG 0 I ; I I I i I I I ~ I REG 3 <.-1 ?G....a....6--",1_1 ~I ~----4.-......... 1 ~O I REG 6 <.-1 X....a....1 x--",I_~ IL-..-.L---Ll---&--I ......... 1'--'0 I 
MODE INTERLACED H SYNC WIDTH H SYNC DELAY 

NON-INTERLACED I i I ~ I 
REG 117161 1312~ I REG 41 I I I 

SCAN LINES/FRAME CURSOR CHARCTER ADDRESS 

i I I I! I REG 7/ ~ I I I i I I I ~ I 
CHARACTERS/DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS 

REG2IxI6r--II-'--i ----.1~12fI:1 REG51~1 I I i I I I'I REG8Ixlxl~1 i I I~I 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................................ O°C to + 70°C 
Storage Temperature Range .............................................................. -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .............................................................. + 325°C 
Positive Voltage on any Pin, with respect to ground ................................................... + 1B.0 V 
Negative Voltage on any Pin, with respect to ground .................................................... -0.3 V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and funcitonal operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not be exceeded or device failure can result. 
Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may 
appear on the DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when the AC power is switched on and off. If 
this possibility exists it is suggested that a clamp circuit be used. 

DC CHARACTERISTICS 
(TA = O°C to 70°C, VCC = +5V ± 5%, VOO = +12V ± 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

INPUT VOLTAGE LEVELS 
Low Level, VIL O.B V 
High Level, VIH VCC-l.5 VCC V 

OUTPUT VOLTAGE LEVELS 
Low Level - VOL for RO-3 0.4 V IOL =3.2 ma 
Low Level - VOL, all others 0.4 V IOL =1.6 ma 
High Level - VOH for RO-3, OBO-7 2.4 IOH=BOJLa 
High Level - VOH all others 2.4 IOH=40JLa 

INPUT CURRENT 
Low Level, IlL (Address, CE only) 250 JLA VIN=O.4 V 
Leakage, IlL (All inputs except Address, CE) 10 JLA O:SVIN SVCC 

INPUT CAPACITANCE 
Oata Bus, CIN 10 15 pF 
OS, Clock, CIN 25 40 pF 
All other, CIN 10 15 pF 

OATA BUS LEAKAGE in INPUT MOOE 

lOB 10 JLA 0.4 S VIN :S 5.25 V 

POWER SUPPLY CURRENT 

ICC BO 100 mA 

100 40 60 mA 
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AC CHARACTERISTICS 
(TA = 25°C) 

PARAMETER 

DOT COUNTER CARRY 
frequency 
PWH 
PWL 
tr, tf 

DATA STROBE 

PWDS 

ADDRESS, CHIP ENABLE 
Set-up time 
Hold time 

DATA BUS - LOADING 
Set-up time 
Hold time 

DATA BUS - READING 

TDEL2 
TDEL4 

OUTPUTS, HO-7,HS,VS,BL,CRV 

CE-TDELl 

OUTPUTS: RO-3, DRO~5 
TDEL3 

AC TIMING DIAGRAMS 
VIDEO TIMING 
Figure 3 

MIN 

0.5 
35 

215 

150ns 

125 
50 

125 
75 

5 

* 

TYP MAX UNIT COMMENTS 

4.0 MHz Figure 3 
ns Figure 3 
ns Figure 3 

10 50 ns Figure 3 

lOlls Figure 4 

ns Figure 4 
ns Figure 4 

ns Figure 4 
ns Figure 4 

125 ns Figure 4, CL =50pF 
60 ns Figure 4, CL =50pF 

125 ns Figure 3, CL =20pF, 

500 ns Figure 5, CL =20pF 

t'l~ +I:r" 
DOT COUNTER ~ 9.1~------------~~ 

CARRY ~"'~."""----:------:::------------~-P-W-L---------_-_-_-_-_-_ -_ -_ -_ -_-_-_-_-_-_-_-J~J~~....,----_ PW
H 

~ \.....-

HO-7 
H SYNC. V SYNC. BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 

RESTRICTIONS 

• TDEL1 ------~ 

1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are loaded into the chip by presenting one set of addresses 
and outputed by presenting a different set of addresses. Therefore, the standard WRITE and READ control signals from most microprocessors must be "NORed" externally to 
present a single strobe (OS) signal to the device. 

2. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical sync occurs precisely between horizontal sync 
pulses. 
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LOAD/READ TIMING 
Figure 4 

ADDRESS 
CHIP ENABLE 

DBO-7 
LOADING IN 
OF DATA 

DBO-7 
READING OUT 
OF DATA 

14-----TSET UP 1---------l.~1 

DS----------------------------------~ 

SCAN AND DATA ROW COUNTER TIMING 
Figure 5 

HSYNC~ 
RO-3 

DRO-5 --------------------_-+-____ ----J 

.-TDEL3* 

*RO-3 and DRO-5 may change prior to the falling edge of H sync 

GENERAL TIMING 
Figure 6 

HORIZONTAL TIMING L START OF LINE N START OF LINE N+1 -. 

JlL------L.V.L-J,O,--,-Z-,-IL..J.,ZZ-,-I..L...../Z,---,-Z-,-IIL....LZ-,-Z..L-Zf-LZZ-'-/L-I.7/~Z..L-..<IZ'--LZ-L-Z~.A ---.An J.....-V1.,-,.O--Z ....... z 

VERTICAL TIMING 

ACTIVE VIDEO = 
... CHARACTERS PER DATA LINE --------...,~~~ 

HORIZONTAL SYNC DELAY 
(FRONT PORCH) 

HORIZONTAL SYNC WIDTH 

HORIZONTAL LINE COUNT=H 

START OF FRAME M OR ODD FIELD START OF FRAME M+1 OR EVEN FIELD 

I"" .------------------- SCAN LINES PER FRAME -------------------'-~I 

---.n1....-.-------L-V~71_L_ZL_...4ZZ:_.L.Z-L-ZL-.LO--L..ZL_...47Z:_.L.Z-L-ZL_...4ZZ:_.L.Z~!'--'-ZZ_'_Z.s._ZZ'---'-!_'_Z ........... Z!'---'-I .......... /'-I-.11 ~nL-_....L_V7Z7.L_L_1_ 
I... ~. ACTIVE VIDEO = _I ~ 

VERTICAL DATA --1 DATA ROWS PER FRAME . L 
START 
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COMPOSITE SYNC TIMING 
Figure 7 

VOH 

HSYNC Jl n n n n IL 
I ~--------~I I ~----------~I ~----------~ ~-----------

VOL~ : : : 

VSVNC VOH! i : : 
VoL! ! : 
~~H .. :. H-+j 

VOH: l..j I 
__ ----------~~H/2 : 

COMPOSITE 
SYNC 

VERTICAL SYNC TIMING 
Figure 8 

----------------- FRAME M --------------J.~I .... E------------ FRAME M+I -------------
SCAN COUNTER IS HELD 

SCANS/DATA H.... , I ~
RESET DURING V BLANK.., 

ROW 13579~ 
COUNTER-RO 0 2 4 6 8 0 2 4 6 8 0 
N=9 DATA ROW COUNTER 

MAINTAINS LAST COUNTl DURING V BLANK f 
DATA ROW 
COUNTER-DROl .... __ ~~ __ ---'1 23 
N=23 22 

BLANK JUUUU1J1J1JU1JU1JUlJUU1J1JUlJLJBLANK 
VERTICAL 
SYNC ------------------------------------/ 

o 
fVERTICAL DATA START SCAN = (REG5) 

- lJUUUlfUUUUUUUlJJUUUUUUL 

EXAMPLE BASED ON NON-INTERLACED (REG 1. BIT 7 cO). 24 DATA ROWS. 10 SCANS/DATA ROW 
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~[Q)~ ~[M~~ ~[M[F(Q)[R1U¥D~ u~(Q)[M MOSTEI(® 
CMOS MICROCOMPUTER CLOCK/RAM 

FEATURES 

o Real-time clock counts seconds, minutes, hours, date of 
the month, day of the week, month, and. year. Every 4th 
year, February has 29 days. 

o Serial I/O for minimum pin count (8 pins) 

o 24 x 8 RAM for scratch pad data storage 

o Simple Microcomputer interface 

o High speed shift clock independent of crystal oscillator 
frequency 

o Single byte or mUltiple byte (Burst Mode) data transfer 
capability for read or write of clock or RAM data. 

o lTL Compatible (Vee = 5V) 

o Low-power CMOS 

Dlee:S 2mA (Vee = 5 V) 

o +3V:S Vee:S 9.5V 

GENERAL DESCRIPTION 

Many microprocessor applications require a real-time clock 
and/or memory that can be battery powered with very low 
power drain. The MK3805N is specifically designed for 
these applications. The device contains a real-time 
clock/calendar, 24 bytes of static RAM, an on-chip 
oscillator, and it communicates with the microprocessor via 
a simple serial interface. The MK3805N is fabricated using 
CMOS technology, thus insuring very low power 
consumption. 

The real-time clock/calendar provides seconds, minutes, 
hours, day, date, month, and year information to the 
microprocessor. The end ofthe month date is automatically 
adjusted for months with less than 31 days, including 
correction for leap year every 4 years. The clock operates in 
either the 24 hour or 1 2 hour format with an AM/PM 
indicator. 

The on-chip oscillator provides a real-time clock source for 
the clock/calendar. It incorporates a programmable divider 
so that a wide variety of crystal frequencies can be 

PIN OUT 

CKO 1 

X1/CI 2 

X2 3 

GND 4 

PIN NAME 

1 CKO 
2 X1/CI 
3 X2 
4 GND 
5 CE 
6 I/O 
7 SCLK 
8 Vee 

MK3805N 

8 Vee 

7 SCLK 

6 I/O 

SCE 

DESCRIPTION 

Buffered System Clock Output 
Crystal or External Clock Input 
Crystal Input 
Power Supply Pin 
Chip Enable for Serial I/O Transfer 
Data Input/Output Pin 
Shift Clock for Serial I/O Transfer 
Power Supply Pin 

accommodated. The oscillator also has an output available 
that can be connected to the microprocessor clock input. A 
separately programmable divider provides several different 
output frequencies for any given crystal frequency. This 
feature can eliminate having to use a separate crystal or 
external oscillator for the microprocessor, thereby reducing 
system cost. 

Interfacing the CLOCK/RAM with a microprocessor is 
greatly simplified using asynchronous serial communica­
tion. Only 3 lines are required to communicate with the 
CLOCK/RAM: (1) CE (chip enable), (2) I/O (data line) and(3) 
SCLK (shift register clock). Data can be transferred to and 
from the CLOCK/RAM one byte at a time or in a burst of up 
to 24 bytes. 

TECHNICAL DESCRIPTION 

Figure 1 is a block diagram of the CLOCK/RAM chip. Its 
main elements are the oscillator and divider circuit, the 
real-time clock/calendar, static RAM, the serial shift 
register, and the command and control logic. 

The shift register is used to communicate with the outside 
world. Data on the I/O line is either input or output on each 
shift register clock pulse when the chip is enabled. If the 
chip is in the input mode, the data on the I/O line is input to 
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BLOCK DIAGRAM 
Figure 1 

REAL TIME CLOCK 

"" ~ ~ 

1/0 

~ 

SHIFT 
A--

REGISTER 
DATA BUS 

'I 

~ ;;.-

COMMAND 
I--

lIo.. 

EXTERNAL CLOCK INPUT 
I 

."e,rDq 
BUFFER 

OSCILLATOR --[) AND 
DIVIDERS 

A. OSCILLATOR 
AND 

r CLOCK CONTROL 

1"-

'" 7-

1\ 

CKO 

i AND SCLK ADDRESS & CONTROL BUS 24 x B RAM 
CONTROL 

LOGIC 

- J CE 

the shift register on the rising edge of SCLK.lf in the output 
mode, data is shifted out onto the I/O line on the falling 
edge of SCLK. 

The command and control logic receives the first byte input 
by the shift register after EE goes active. This byte must be 
the command byte and will direct further operations within 
the CLOCK/RAM. The command specifies whether sub­
sequent transfers will be data input or data output, and 
which register or RAM location will be involved. 

A control register provides programmable control of the 
divider for the internal clock signal, the external clock signal, 
the crystal type and mode, and the write protect function, 
which is useful during power-up and power-down 
conditions. 

The real-time clock/calendar is accessed via seven 
registers. lhese registers control seconds, minutes, hours, 
day, date, month, and year. Certain bits within these 
registers also control a run/stop function, 12/24 hour 
format, and indicate AM or PM (12 hour mode only). These 
registers can be accessed sequentially in Burst Mode, or 
randomly in a single byte transfer. 

The static RAM is organized as 24 bytes of 8-bits each. They 
can be accessed either sequentially in burst mode, or 
randomly in a single byte transfer. 

DATA TRANSFER 

Data Transfer is accomplished under control of the CE and 

y 

SCLK inputs by an external microcomputer. Each transfer 
consists of a single byte ADDRESS/COMMAND input 
followed by a single byte or multiple byte (if Burst Mode is 
specified) data input or output, as specified by the 
ADDRESS/COMMAND byte. The serial data transfer 
occurs with LSB first, MSB last format. 

ADDRESS/COMMAND BYTE 

The ADDRESS/COMMAND Byte is shown below: 

7 6 5 4 3 2 o 

A2 A1 AO~ 
As defined, the MSB (bit 7) must be a logical 1 ; bit 6 specifies 
a Clock/Calendar/Control register if logical 0 or a RAM 
register if logical 1; bits 1-5 specify the designated 
register(s) to be input or output; and the LSB (bit 0) specifies 
a WRITE operation (input) if logical 0 or READ operation 
(output) if logical 1 . 

BURST MODE 

Burst Mode may be specified for either the Clock! 
Calendar /Control registers or for the RAM registers by 
addressing location 31 (ADDRESS/COMMAND bits 1-5 = 
logical 1 ). As before, bit 6 specifies Clock or RAM and bit 0 
specifies read or write. 
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There is no data storage capability at location 31 in either 
the Clock/Calendar/Control registers or the RAM registers. 

SCLK AND CE CONTROL 

All data transfers are initiated by cr going low. After IT 
goes low, the next 8 SCLK cycles input an ADDRESS/ 
COMMAND byteofthe properformat.lfbit7 is nota logical 
1, indicating a valid CLOCK/RAM ADDRESS/COMMAND, 
the ADDRESS/COMMAND byte is ignored as are all SCLK 
cycles until CE goes high and returns low to initiate a new 
ADDRESS/COMMAND transfer. See Figure 2. 

ADDRESS/COMMAND bits and DATA bits are input on the 
risi ng edge of SCLK, and DATA bits are output on the falling 
edge of SCLK. 

A data transfer terminates if CE goes high, and the transfer 
must be reinitiated by the proper ADDRESS/ COMMAND 
when CE again goes low. The data I/O pin is high 
impedance when CE is high. 

DATA TRANSFER SUMMARY 
Figure 2 

I. Single Byte Transfer 

SClK-mw-

CE~~ ______________________ ~ 

DATA INPUT 

Following the 8 SCLK cycles that input the WRITE Mode 
ADDRESS/COMMAND byte (bitO= logical 0), a DATA byte 
is input on the rising edge of the next 8 SCLK cycles (per 
byte, if Burst Mode is specified). Additional SCLK cycles are 
ignored should they inadvertently occur. 

DATA OUTPUT 

Following the 8 SCLK cycles that input the READ Mode 
ADDRESS/COMMAND byte(bitO = logical 1 ), a DATA byte 
is output on the falling edge of the next 8 SCLK cycles (per 
byte, if Burst Mode is specified). Additional SCLK cycles 
retransmit the data byte(s) should they inadvertently occur, 
so long as CE remains low. This operation permits 
continuous Burst Read Mode capability. 

DATA TRANSFER SUMMARY 

A data transfer summary is shown in Figure 2. 

0123456701234567 01234567 01234567 

1/0-{0\AoIA1IA2IA3IA4\%11XTI 1 I 1 1 1 )~-----«1IAoIA11A2IA31A41~ I I I 1 I 1 1 >--
ADDRESS/COMMAND DATA INPUT ADDRESS/COMMAND DATA OUTPUT 

II. Burst Mode Transfer 

1 2 3 4 n 

SCLK~ ~ 
FUNCTION N n 

CLOCK 8 72 

RAM 24 200 

012345670123 4 5 6 7 

I/o--{M111111111l¥)1XIJI 11/1)--
ADDRESS/COMMAND DATA I/O 1 DATA I/O N 

NOTES 

1) Data input sampled on rising edge of clock 
2) Data output changes on falling edge of clock 
3) Rising edge of CE terminates operation and resets address/command 



REGISTER DEFINITION 

CLOCK/CALENDAR 

The Clock/Calendar is contained in 7 addressable/ 
writeable/readable reQisters, as defined below. 

Address Function Range (BCD) 

0 Seconds+Clock Halt Flag 00-59 
1 Minutes 00-59 
2 Hours/ AM-PM/12-24 Mode 00-23 or 

01-12 
3 Date 01-28,29, 

30,31 
4 Month 01-12 
5 Day 01-07 
6 Year 00-99 

Data contained in the Clock/Calendar registers is in binary 
coded decimal format (BCD). 

CLOCK HALT FLAG 

Bit 7 of the Seconds Register is defined as the Clock Halt 
Flag. Bit 7 = logical 1 inhibits the 1 Hz input to the 
Clock/Calendar. Bit 7 is set to logical 1 on power-up to 
prevent counting, and it may be set high or low by writing to 
the seconds register under normal operation of the device. 

AM-PM/12-24 MODE 

Bit 7 of the Hours Register is defined as the 12 or 24 hour 
mode select bit. In the 12-hour mode, bit 5 is the AM/PM 
bit, and in the 24-hour mode, bit 5 is the second 1 O-hour bit 
(20-23 hours). 

TEST MODE BITS 

Bit 7 of the Date Register and Bit 7 of the Day Register are 
Test Mode Bits utilized in testing the MK3805. These bits 
should be logic 0 for normal operation. 

CONTROL REGISTER 

The Control Register specifies the crystal mode/frequency 
to be used, the system clock output frequency, and the 
WRITE PROTECT Mode for data protection. The Control 
Register is located at address 7 in the Clock/Calendar/ 
Control address space. 

7 6 5432 0 

X3 X2 X1 XO 

CRYSTAL DIVIDER MODE 

X4 and X3 specify the Crystal frequency divider mode 
selected. 

X4 X3 Xtal Mode 

o 
o 
1 
1 

o Binary 
1 Microprocessor 
o Baud Rate 
1 Color Burst 

Primary Frequencies 

222, 221 , 220 Hz 
8, 5, 4, 2.5, 2, 1.25, 1 MHz 
7.3728,3.6864, 1.8432 MHz 
3.5795 MHz 

CRYSTAL DIVIDER PRESCALER 

X2, X1, and XO specify a particular prescaler divider 
selection necessary to generate a 1 Hz frequency for the 
Clock/Calendar. Refer to Figure 4 for complete definition. 

SYSTEM CLOCK OUTPUT 

C1 and CO designate the system clock output frequency 
selected. The options are X, X/2, X/4, and ~2 kHz. When in 
the Binary Mode, the output frequency is 2048 Hz. In any 
other mode the output frequency is -2048 Hz. Refer to 
Figure 5 for complete definition. 

WRITE PROTECT 

Bit 7 of the Control Register is the WRITE PROTECT Flag. Bit 
7 is set to logical 1 on power-up, and it may be set high or 
low by writing to the Control Register. When high, the 
WRITE PROTECT Flag prevents a write operation to any 
internal register, including the other bits of the Control 
Register. Further, logic is included such that the WRITE 
PROTECT bit may be reset to a logic 0 by a Write operation 
without altering the other bits of the Control Register. 

CLOCK/CALENDAR/CONTROL BURST MODE 

Address 31 of the Clock/Calendar/Control Address space 
specifies Burst Mode operation. I n this mode, the 7 
Clock/Calendar Registers and the Control Register may be 
consecutively read or written. Addresses above address 7 
(Control Register) are non-existent; only addresses 0-7 are 
accessible. 

RAM 

The static RAM is contai ned in 24 addressable/ 
writeable/readable registers, addressed consecutively in 
the RAM address space beginning at location O. 

RAM BURST MODE 

Address 31 of the RAM address space specifies Burst Mode 
operation. In this mode, the 24 RAM registers may be 
consecutively read or written. Addresses above the 
maximum RAM address location are non-existent and are 
not accessible. 

REGISTER SUMMARY 

A Register, Data Format summary is shown in Figure 3. 
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MICROCOMPUTER CLOCK/RAM 
ADDRESS/COMMAND, REGISTER, DATA 
FORMAT SUMMARY 
Figure 3 

I. ADDRESS/COMMAND FORMAT 

7 6 5 4 3 2 0 

11 til A41 A3 I A21 A, I Ao l%1 
II. REGISTER ADDRESS REGISTER DEFINITION POWER 
A. CLOCK ON 

7 6 5 4 3 2 0 7 4 3 0 RESET 

SEC \1 0 0 0 
1 0 

0 0 I~ 00-591 CH 1 10SEC 
1 

SEC I 80 

MINI 1 0 0 0 I 0 0 1 ~ 00-59 1 0 10 MIN I MIN I 00 

HR 11 0 0 
1 

0 0 11 0 l%l 01-
12

11211 00-23 24 0 1~~pl HR I HR 00 

DATE \1 0 o I 0 0 
11 1~ 01-28129 1 0 110DATE DATE 01 01-30 T, 

01-31 

MONTH \1 I 0 0 0 11 0 I 0 l%l 01- 12 1 0 I 0 0 10 MONTH 01 M 

DAY\1 I 0 0 0 11 
0 

1 1 ~ 01-07 1 T21 0 0 0 o 1 
DAY 01 

YEAR 11 0 0 0 11 I' 0 ~ 0-99 
\ 

'0 YEAR 
1 

YEAR I 00 

CONTROL I, 0 o I 0 I' I' I ' ~ IWpl C, I Co \ 
X4 \ X3 \ X2 \ X, I Xo I AO 

CLOCK I' I 0 I, I' 1 ' I' 1 ' ~ BURST 

B. RAM 

RAMO I' I 0 0 0 0 0 1h1 RAM I 
D~TA I I XX 

• • • • • • 
RAM 23 I' I ' I ' 1 

0 I' 1 

, I ,~ 
RAM I 
D~A 1 I XX 

RAM I, I ' I' 11 
1 

1 I , 
1 I~ BURST 

VII-17 



CRYSTAL FREQUENCY SELECTION TABLE 
Figure 4 

fXTAL (MHz) 
X4 X3 X2 X1 XO Crystal Frequency 

0 0 0 0 0 8.388608 
0 0 0 0 1 8.388608 
0 0 0 1 0 4.194304 
0 0 0 1 1 4.194304 
0 0 1 0 0 2.097152 
0 0 1 0 1 2.097152 
0 0 1 1 0 1.048576 
0 0 1 1 1 0.032768 

0 1 0 0 0 8.000000 
0 1 0 0 1 5.000000 
0 1 0 1 0 4.000000 
0 1 0 1 1 2.500000 
0 1 1 0 0 2.000000 
0 1 1 0 1 1.250000 
0 1 1 1 0 1.000000 
0 1 1 1 1 0.031250 

1 0 0 0 0 7.372800 
1 0 0 0 1 7.372800 
1 0 0 1 0 3.686400 
1 0 0 1 1 3.686400 
1 0 1 0 0 1.843200 
1 0 1 0 1 1.843200 
1 0 1 1 0 0.921600 
1 0 1 1 1 0.028800 

1 1 0 0 0 7.159040 
1 1 0 0 1 7.159040 
1 1 0 1 0 3.579520 
1 1 0 1 1 3.579520 
1 1 1 0 0 1.789760 
1 1 1 0 1 1.789760 
1 1 1 1 0 0.894880 
1 1 1 1 1 0.027965 

CLOCK OUTPUT SELECTION TABLE 
Figure 5 

CKO 
C1 CO Output Frequency 

0 0 fXTAL 
0 1 fXTAL +- 2 
1 0 fXTAL +- 4 
1 1 2048 Hz 

Comments 

Power on condition 

Comments 

Power on condition 

Binary mode 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ............................................................ -0.5V to + 12.0V 
Operating Temperature, T A (Ambient) .......................................................... -40°C to + 85°C 
Storage Temperature ....................................................................... -55°C to +125°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to Absolute 

Maximum Rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
-40°C::; T A ::; + 85°C 

SYMBOL PARAMETER 

VCC Supply Voltage 

VSS Supply Voltage 

DC ELECTRICAL CHARACTERISTICS 
-40°C::; TA ::; + 85°C, VCC = 5V ± 10% 

SYMBOL PARAMETER 

ICCl Power Supply Current 

ICC2 Power Supply Current 

IlL Input Leakage Current 

IOL Output Leakage Current 
VIH Logic "1" Voltage, All Inputs 
VIL Logic "0" Voltage, All Inputs 

VI/OH Output Logic "1" Voltage, 1/0 pin 

VI/OL Output Logic "0" Voltage, 1/0 pin 
VCKH Output Logic "1" Voltage, CKO pin 
VCKL Output Logic "0" Voltage, CKO pin 

NOTES 

1. All voltages referenced to Vss. 
2. Crystal/Clock Input frequency = 8.4 MHz, outputs open. 

MIN TYP MAX UNIT NOTES 

3.0 5.0 9.5 V 1 
0 0 0 V 1 

MIN TYP MAX UNIT NOTES 

2.0 rnA 2 
0.1 rnA 3 

-1.0 1.0 pA 4 
-10.0 10.0 /-LA 4 
2.0 V 1 

0.8 V 1 
2.4 V 1 (loH =-100pA) 

0.4 V 1(1OL = 1.8 rnA) 
2.4 V 1 (lOH = -400pA) 

0.4 V 1 (lOL = 4.0 rnA) 

3. Crystal/Clock Input frequency = 32,768 Hz, outputs open. 

4. Measured with VCC = 5.0V, O:S VI:S 5.0V, outputs deselected. 
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AC ELECTRICAL CHARACTERISTICS 
-40°C ~TA + 85°C, Vcc 5V ± 10% 

SYMBOL PARAMETER 

CI Capacitance on Input pin 

CliO Capacitance on I/O pin 
Cx Capacitance on XI/CI and X2 

fx Crystal frequency 

tcs cr to SCLK set up time 

tos Input Data to SCLK set up time 

tOH Input Data from SCLK hold time 

tOA Output Data from SCLK delay time 

too cr to I/O high impedance 

tCWL SCLK low time 

tcwH SCLK high time 

fSCLK SCLK frequency 

tSR' tSF SCLK Rise and Fall Time 

tCR' tCF CKO Rise and Fall Time 

tCEH CE high time 

NOTES 

5 Measured as C = I:~. with L,V = 3V, and unmeasured pins grounded 

MIN 

27 
1.0 
1.0 
1.0 

1.95 
1.95 
DC 

2.0 

6. Measured atVIH = 2.0 VofVIL = 0.8 V and 5 ns rise and fall timeson inputs. 
7 Measured at VOH = 2AV and VOL = OAV. 
8 Load Capacitance = 100 pF 
9 tr and tf measured from 0.8V to 2.0V 

I/O TIMING DIAGRAM 
Figure 6 

SCLK 

I/O ------< 

TYP 

6 
7 
7 

OUTPUT DATA 
VALID 
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MAX UNIT NOTES 

10 pF 5 
12 pF 5 
12 pF 5 

8400 kHz 

J..LS 1,6 

J..LS 1,6 
iJ-S 1,6 

1.0 iJ-S 1,6,7,8 
1.5 iJ-S 1,6,7,8 
00 iJ-S 
00 iJ-s 

250 kHz 
50 ns 9 
50 ns 8,9 

j.1S 



MOSTEI(® 
INDUSTRIAL PRODUCTS 

JLP-Compatible AI D Converter 

FEATURES 

D Complete system in 16-pin package operates stand­
alone or }.lP-driven 

D Optional Clocks - external signal or internal oscillator 

D Easy microprocessor interface 

D Bus-compatible, 3-state data outputs 

D Single 5 volt supply 

D low power - 1 .5 mW typical 

D :s: ± Vz lSB total unadjusted error 

D No full-scale or zero adjust required 

D Guaranteed monotonicity 

D No missing codes 

DESCRIPTION 

The MK5168 is an 8-bit, }.lP-compatible AID Converter 
using the successive-approximations technique. CMOS 
construction provides low-power operation and the 16-pin 
package saves valuable board space, keeping system costs 
low. 

The MK5168 AID Converter is designed to interface with 
microprocessors or operate as a stand-alone subsystem. 
The AID converter consists of 256 series resistors with an 
analog switch array, a chopper-stabilized comparator, and a 
successive approximation register. The series resistor 
approach guarantees monotonicity and no missing codes. 
The need for external zero and full-scale adjustments has 
been eliminated and an absolute accuracy of :s: 1 lSB, 
including quantizing error, is provided. 

All digital inputs are CMOS compatible. The data outputs 
DO to 07 are 3-state latches providing true bus-driving 
capability (250 ns from CS to a valid logic level with 56 pF 
load). A START signal starts the conversion process and, 
upon completion, BUSY is driven to logic O. Continuous 
conversion is possible by tying the START pin to the BUSY 
pin. The ClK pin may be connected to an external signal or 
tied to ground to enable the on-chip oscillator. 

PIN CONNECTIONS 
Figure 1 

Vee .... 1 

START -..2 

BUSY..- 3 

ANALOGIN .... 4 

es .... 5 

eLK~6 

VREF(+)~7 

GNo~8 

MK5168(N)-1 

16 .... 07 (MSB) 

15~06 

14 .... 05 

13-"04 

12 .... 03 

11-..02 

10~01, 

9 .... 00 (LSB) 

The MK5168 features high accuracy, minimal temperature 
dependence, and excellent long-term accuracy and 
repeatability, characteristics which make this device ideally 
suited to machine and industrial controls. A block diagram 
of a microprocessor control system using the MK5168 is 
shown in Figure 3. 

FUNCTIONAL DESCRIPTION (Refer to Figure 2 for Block 
Diagram) 

Vee' Pin 1 

v cc must be connected to +5 Vdc ±5%. 

START, Pin 2 

The AID Converter's successive approximation register 
(SAR) is reset by the falling edge of the START pulse. 
Conversion begins on the rising edge of the START pulse. A 
conversion in progress will be interrupted if a new START 
pulse is received and a new conversion will begin. 
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ANAL 
IN 

MK5168 BLOCK DIAGRAM 
Figure 2 

N 
OG 4 

..... 

V 

256R 
~ RESISTOR 

LADDER 

1 8 67 
~ ) 4) 

VCC GND 

SAR 

I 

""II ,t 
-~ 

SWITCH 

J ARRAY 

r 

TYPICAL MICROPROCESSOR CONTROL SYSTEM 
Figure 3 

PHYSICAL 
VARIABLE 
TEMPERATURE ~ 

START CLK 

12 fs 
I + 

CONTROL 
AND 
TIMING 

~ , 
j 

V 3-STATE 
OUTPUT 
LATCHI 
BUFFER 

~5 
CS 

DISPLAY 

SAMPLE I A PRESSURE A u~ 
WEIGHT ~ SENSOR --+- AMPL ~_ ... 
FLOW i-----/ 

I AND [ 
1 

FILTER 1-----.... 

LIGHT V 
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pH 

HOLD J ., 

1 
etc_ 
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AID I 
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'f 
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~ 
~~ 
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" 
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BUSY, Pin 3 

The BUSY output goes low when the conversion process 
has been completed. The falling edge of the BUSY output 
indicates a valid digital output. Continuous conversion can 
be accomplished by tying the BUSY output to the START 
input.lfthe AID Converter is used in this mode, an external 
START conversion pulse should be applied after power up. 
BUSY will go high within two Clock periods after the positive 
edge of the START pulse. 

ANALOG IN, Pin 4 

The ANALOG INPUT accepts an analog signal from 0 V to 

VCC· 

The comparator is the most important section of the AID 
Converter because this section determines the ultimate 
accuracy of the entire converter. It is the dc drift of the 
comparator which determines the repeatability of the 
device. A chopper-stabilized comparator was chosen 
because it best satisfies all the converter requirements. 

The chopper-stabilized comparator converts the dc input 
signal into an ac signal. This signal is amplified by a high­
gain ac amplifier and the dc level is restored. This technique 
limits the drift component of the comparator because the 
drift is a dc component which is not passed by the ac 
amplifier. 

Since drift is virtually eliminated, the entire AID Converter 
is insensitive to temperature and exhibits little long-term 
drift and input offset error. 

CS, Pin 5 

The CHIP mm (CS) allows the converter to be connected 
to an 8-bit data bus. A high level applied to this input causes 
the digital outputs to go to a high impedancestate and a low 
level applied causes the digital outputs to go to valid logic 
levels. 

ClK, Pin 6 

The CLOCK input (ClK) will accept an external clock input 
from 100kHz to 1.2 MHz. For an external clock signal to be 
recognized by the MK5168, the signal must have a .duty 
cycle from 20% to 80%. 

If ClK is grounded, the conversion process will be controlled 
by an on-chip oscillator, resulting in a typical conversion 
time of 150 MS. 

V REF(+)' Pin 7 

This input supplies the voltage reference for the AID 
Converter. Internal voltage references are derived from 
VREF(+) and GND by a 256 resistor ladder network, as 
shown in Figure 4. VREF(+) may be tied to V cc or to a higher 
precision 5 V source for greater noise immunity. 

RESISTOR LADDER AND SWITCH ARRAY 
Figure 4 

CONTROLS FROM SAR 

~ 

250R: • 

GNO 

TO 
COMPARATOR 
INPUT 

This approach was chosen because of its inherent 
monotonicity. A non-monotonic transfer characteristic can 
cause oscillations within a closed-loop feedback system. 

Thetop and bottom resistorsofthe ladder network in Figure 
4 are not the same value as the rest of the resistors in the 
ladder. They are chosen so that the output characteristic 
will be symmetrical about the full-scale and zero points. The 
first output transition occurs when the analog signal 
reaches + 112 lSB and succeeding transitions occur every 1 
lSB until the output reaches full-scale. 

GND, Pin 8 

All inputs and outputs are referenced to GROUND (GND), 
which is defined as 0 V and 0 logic level. 

DIGITAL OUTPUT, Pins 9-16 
00-07 

These pins supply the digital output code which 
corresponds to the analog input voltage. DO is the least 
significant bit(lSB) and D7 is the most significant bit(MSB). 
This output is stored in a TIL-compatible, 3-state output 
latch which can drive a 56 pF bus from high impedance to 
either logic state in 250 ns. Each pin can drive one standard 
TIL load directly without a pull-up resistor. 
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ABSOLUTE MAXIMUM RATINGS* (Note 1) 

Absolute Maximum V CC ............................................................................ 6.5 V 
Operating Temperature Range ................................................................ -40° to +85°C 
Storage Temperature Range ................................................................. -65° to +150°C 
Power Dissipation at 25°C Ambient ................................................................ 500 mW 
Voltage at any pin except Digital Inputs ................................................... : -0.3 to Vee + 0.3 V 
Voltage at Digital Inputs ...................................................................... -0.3 to +15 V 
'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation of the device at 
these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ELECTRICAL OPERATING CHARACTERISTICS 
MK5168-1 (Note 1) 

SYMBOL PARAMETER 

VCC Power Supply 
Voltage 

VREF(+) Voltage Across 
Ladder 

DC CHARACTERISTICS 
MK5168-1 

CONDITIONS 

Measured at 
VCC pin 

From VREF(+) 
to GND 

4.75::; VCC ::; 5.25 V, -40::; TA ::; +85°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS 

VINHIGH Logic Input VCC = 5 V 
High Voltage 

VINLOW Logic Input 
VCC = 5 V 

Low Voltage 

VOUTHIGH Logic Output 
lOUT = -360 pA. 

High Voltage 

VOUTLOW Logic Output 
lOUT = 1.6 mA Low Voltage 

IINHIGH Logic Input 
VIN = 15 V 

High Current 

IINLOW Logic Input 
VIN = 0 V 

Low Current 

ICC Supply Current Clk Freq=5oo kHz 
Clk Freq=640 kHz 

ILEAK High Impedance VOUT = VCC 
Output Current VOUT = OV 
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MIN TYP MAX UNITS NOTES 

4.75 5.00 5.25 V 

VCC-0.12 VCC+0.12 V 

MIN TYP MAX UNITS NOTES 

3.5 V 

1.5 V 

VCC - 0.4 V 

0.5 V 

1.0 pA. 

-1.0 pA. 

300 1000 pA. 
1300 pA. 

3 pA. 
-3 pA. 



DC CHARACTERISTICS 
MK5168-1 -40 ~ TA ~ +85°C. 

SYMBOL PARAMETER 

RpS Power Supply 
Rejection 

ICOMPIN Comparator Input 
Current 

RLADDER Ladder Resistance 

CONVERTER SECTION 
Vee = VREF(+) = 5 V 
fc = 640 kHz 

-
CONDITIONS 

4.75 ~VCC ~ 5.25 
VREF(+) = VCC 

During Conversion 
fc = 640 kHz 

From VREF(+) to 
GND 

MK5168-1 -40 ~ TA ~ + 85°C unless otherwise noted 

PARAMETER CONDITIONS 

Resolution 

Non-Linearity Error 

Zero Error 

Full-Scale Error 

Total Unadjusted 
Error 

TA = 25°C 

Quantizing Error 

Absolute Accuracy 
TA = 25°C 
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MIN 

-2 

3.3 

MIN 

TYP MAX UNITS NOTES 

0.05 0.15 %IV 9 

±O.5 2 pA 10 

7 kO 

TYP MAX UNITS NOTES 

8 Bits 

±% ±V2 LSB 2 

±% ±V2 LSB 4 

±% ±V2 LSB 5 

±% ±% LSB 6 
±% ±V2 LSB 6 

±V2 LSB 7 

± 34 ±1% LSB 8 
±% ± 1 LSB 8 



AC CHARACTERISTICS (Reference Figure 7) 
MK5168-1 T A = 25°C, V CC = VREF (+) = 5 V or 5.12 V 

SYMBOL PARAMETER CONDITIONS 

tSTART START Pulse Width 

tCSQ Chip Select Time to Valid CL =56 pF 
Logic Levels On Digital CL =200 pF 
Outputs 

tcso Time to HI-Z CL = 10 pF 
From CS = VCC RL = 10 kO 

tc Conversion Time fc = 640 kHz 

fc = flnternal Clock 
fc = 1200 kHz 

fc External Clock Freq. 

tsUSY BUSY Delay Time 

CIN Input Capacitance At Logic Inputs 

COUT Output At Digital 
Capacitance Outputs CS=V CC 
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MIN TYP MAX UNITS NOTES 

200 ns 

125 250 ns 
300 ns 

125 250 ns 

106 108 110 ).lS 

150 ).lS 

57 58 59 ).lS 

100 640 1200 kHz 11 

0 2 Clock 3 
Periods 

10 15 pF 

5 7.5 pF 



FULL-SCALE, QUANTIZING AND ZERO ERROR 
Figure 5 

OUTPUT 
CODE 

111 

110 

101 

100 

011 

010 

_..I 

!.--aUANTIZING ERROR 

'" LSB 

INFINITE RESOLUTION 
PERFECT CONVERTER 

NON-LINEARITY ERROR 
Figure 6 

OUTPUT 
CODE 

IU....L...-r---,-----,r---r---r--,--..,..-- ANALOG IN 000 "-..... "'"T""---r--r----r--"'"T"---r--~- ANALOG IN 

LSB 

TIMING DIAGRAM 
Figure 7 

CLOCK 

50% 50°1c 

l~tc~: :~------,5:%llt 
t50% 50% \1 

----~--t-B-U-SY-~ tesa ~ ~ 
-------------~l }~----------~~I ~~--~ 

BUSY 

HIGH IMPEDA_N_C_E __ -i) ~ )( 90% VALlD\~ 90% 

, . 10% 10% 

OUTPUTS 

NOTES: 

1. All voltages are measured with respect to GND. 
2. Non-linearity error is the maximum deviation from a straight line through the 

end-points of the AID transfer characteristic. (Figure 6) 
3. When BUSY is tied to START, BUSY delay is 1 clock period. 
4. Zero Error is the difference between the actual input voltage and the design input 

voltage which produces a zero output code. (Figure 5) 
5. Full-Scale Error is the difference between the actual input voltage and the design 

input voltage which produces a full-scale output code. (Figure 5) 
6. Total Unadjusted Error is the true measure of accuracy the converter can provide 

less any quantizing effects. 
7. Quantizing Error is the ±V2 LSB uncertainty caused by the converter's finite 

resolution. (Figure 5) 

8. Absolute Accuracy is the difference between the actual input voltage and the 
full-scale weighted equivalent of the binary output code. This includes quantizing 
and all other errors. 

9. Power Supply Rejection is the ability of anADCto maintain accuracy as the power 
supply voltage varies. The power supply and VREF(+) are varied together and the 
change in accuracy is measured with respect to full-scale. 

10. Comparator Input Current is the time average current into or out of the chopper 
stabilized comparator. This current varies directly with clock frequency and has 
little temperature dependence. 

11. A minimum duty cycle of 20% is required at the clock input. 
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MOSTEI(® 
8-BIT A/D CONVERTER/8-CHANNEL ANALOG MULTIPLEXER 

FEATURES 

D Single 5-Volt Supply (± 5%) 

D Low Power Dissipation - 6.825mW(max) at 640kHz 

D Total Unadjusted Error < ± V2 LSB 

D Linerarity Error < ± V2 LSB 

D No Missing Codes 

D Guaranteed Monotonicity 

D No Zero Adjust Required 

D No Full-Scale Adjust Required 

D 108J.Ls Conversion Time (Typically) 

D Easy Microprocessor Interface 

D Latched TTL-Compatible Three-State Output with 
True Bus-Driving Capability 

D 8-channel Analog Multiplexer 

D Latched Address Input 

D Fixed Reference or Ratiometric Conversion 

D Continuous or Controlled Conversion 

D On-Chip Chopper-Stabilized Comparator 

D Low Reference-Voltage Current Drain 

DESCRIPTION 

The MK50808 is a monolithic CMOS device with an 8-
bit successive approximation AID converter, an 8-
channel analog multiplexer and microprocessor­
compatible control logic. The 8-channel multiplexer can 
directly access anyone of 8 single-ended analog 
channels. The 8-bit AID converter consists of 256 
series resistors with an analog switch array, a chopper­
stabilized comparator and a successive approximation 
register. The series resistor approach guarantees 

MK50808(N/P) 

The pin configuration of the MK50808 is shown in 
Figure 1. 

PIN CONNECTIONS 
Figure 1 

IN3--.1 28~IN2 

IN4--.2 27~INl 

IN5--.3 26~INO 

IN6--.4 25~AOOA 

IN7~5 24~AOOB 

START~6 23~AOOC 

EOC.-.7 22~ALE 

03~8 21 ~07 
THREE-STATE~ 9 

CONTROL 
20~06 

CLOC K ---.-1 0 19~D5 

Vee --.11 18 ---.04 

REF(+)--.12 17 ---.00 

GNO--.13 16"-- REF(-) 

01.--14 15 --.02 

monotonicity and no missing codes as well as allowing 
both ratiometric and fixed-reference measurements. 
The need for external zero and full-scale adjustments 
has been eliminated and an absolute accuracy of ~ 1 
LSB, including quantizing error, is provided. A block 
diagram of the MK50808 is shown in Figure 2. 

All digital outputs are TIL-compatible, all digital inputs 
are TTL-compatible with a pull-up resistor, and all 
digital inputs and outputs are CMOS-compatible; this 
makes it easy to interface with most microprocessors. 
The output latch is three-state and provides true bus­
driving capability (300ns from Three-State Control to Q 

Logic State with 200pF load). A Start signal initiates the 
conversion process, and, upon completion, an End-Of­
Conversion signal is generated. Continuous conversion 
is possible by tying the Start-Convert pin to the End-of­
Conversion pin. 
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The MK50808 features low power, high accuracy, 
minimal temperature dependence, and excellent long­
term accuracy and repeatability. These characteristics 
make this device ideally suited to machine and 

MK50808 BLOCK DIAGRAM 
Figure 2 

S ANALOG 
INPUTS 

3-BIT { 
ADDRESS 

ADDRESS 
LATCH 

ENABLE 

8-
CHANNEL 
ANALOG 1------1 
MULTi­
PLEXER 

ADDRESS 
DECODER 

1 1 
Vcc GND REF(+) 

TYPICAL MICROPROCESSOR CONTROL SYSTEM 
Figure 3 

PHYSICAL 
VARIABLE 
Temperature 
Pressure 
Weight 
Flow 
Light 
Hl,lmidity 
pH 
etc. 

CONTROLLER 

FIL TER 

DAC 

industrial controls. 

A block diagram of a microprocessor control system 
using the MK50808 is shown in Figure 3. 

START CLOCK 

IS-BIT 
OUTPUT 

REFH THREE-STATE 
CONTROL 

DISPLAY 

MK50808 

MUX 

AID 

J.lp 
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for 
a Block Diagram) 

ADDRESS, Pins 23-25 

The address decoder allows the 8-input analog 
multiplexer to select anyone of 8 single-ended analog 
input channels. Table 1 shows the required address 
inputs to select any analog input channel. 

ADDRESS LATCH ENABLE, Pin 22 

A positive transition applied to the Address Latch 
Enable (ALE) input latches a 3-bit address into the 
address decoder. ALE can be tied to Start with 
parameter tD being satisfied. 

CLOCK INPUT, Pin 10 

This Clock Input will accept an external clock input from 
100kHz to 1 .2MHz 

POSITIVE AND NEGATIVE REFERENCE 
VOLTAGES [REF (+) and REF (-)], Pins 12 and 16 

These inputs supply voltage references for the analog­
to-digital converter. Internal voltage references are 
derived from REF (+) and REF H by a 256-R ladder 
network, Figure 4. 

This approach was chosen because of its inherent 
monotonicity, which is extremely important in closed­
loop feedback control systems. A non-monotonic 
transfer characteristic can cause catastrophic oscilla­
tions within a system. 

The top and bottom resistors of the ladder network in 
Figure 4 are not the same value as the rest of the 

ANALOG CHANNEL SELECTION 
Table 1 

SELECTED ADDRESS LINE 

ANALOG CHANNEL 
C B 

INO L L 

IN1 L L 

IN2 L H 

IN3 L H 

IN4 H L 

IN5 H L 

IN6 H H 

IN7 H H 

A 

L 

H 

L 

H 

L 

H 

L 

H 

resistors in the ladder. They are chosen so that the 
output characteristic will be symmetrical about its full­
scale and zero points. The first output transition occurs 
when the analog signal reaches + Y2 LSB and 
succeeding transitions occur every 1 LSB until the 
output reaches full scale. 

ANALOG INPUTS, Pins 1-5, 26-28 

These inputs are multiplexing analog switches which 
accept analog inputs from OV to VCC. 

The comparator is the most important section of the 
AID converter because this section determines the 
ultimate accuracy of the entire converter. It is the DC 
drift of the comparator which determines the repeat­
ability of the device. A chopper-stabilized comparator 
was chosen because it best satisfies all the converter 
requ irements. 

The chopper-stabilized comparator converts the DC 
input signal into an AC signal. This signal is amplified by 
a high-gain AC amplifier and the DC level is restored. 
This technique limits the drift component of the· 
comparator because the drift is a DC component which 
is not passed by the AC amplifier. 

Since drift is virtually eliminated, the entire AID 
converter is extremely insensitive to temperature and 
exhibits very little long-term drift and input offset error. 

RESISTOR LADDER AND SWITCH ARRAY 
Figure 4 

REF(+) 

lV,R 

. 
250R: • . 

V,R 

REF(-) 

CONTROLS. FROM SAR 

TO 
COMPARATOR 
INPUT 
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START, Pin 6 

The.A/O converter's successive approximation register 
(SAR) is reset by the positive edge of the Start pulse. 
Conversion begins on the falling edge ofthe Start pulse. 

A conversion in progress will be interrupted if a new 
Start pulse is received and a new conversion will begin. 

END OF CONVERSION, Pin 7 

The End-Of-Conversion (EOC) output goes high when 
the conversion process has been completed. The 
positive edge of the EOC output indicates a valid digital 
output. Continuous conversion can be accomplished by 
tying the EOC output to the Start input. If the AID 
converter is used in this mode, an external Start 
pulse should be applied after power up. End of 
Conversion will go low within 2 clock periods after the 
positive edge of Start. 

ABSOLUTE MAXIMUM RATINGS* (Note 1) 

8-BIT DIGITAL OUTPUT, Pins 8, 14, 15, 17-21 

These pins supply the binary digital output code which 
corresponds to the analog input voltage. DO is the least 
significant bit (LSB) and D7 is the most significant bit 
(MSB). This output is stored in a TTL-compatible three­
state output latch which can drive a 200pF bus from 
high impedance to either logic state in 300ns. Each pin 
can drive one standard TTL load. 

THREE-STATE CONTROL, Pin 9 

The Three-State Control allows the converter to be 
connected to an 8-bit data bus. A low level applied to 
this input causes the digital output to go to a high 
impedance state and a high level causes the output to go 
to a Q logic state. 

Absolute Maximum VCC ............................................................................. 6.5V 
Operating Temperature Range ..................................................... MK50808 O°C to + 70°C 

MK50808-1 -40° to +85°C 
Storage Temperature Range ............................................................... -65° to +150°C 
Power Dissipation at 25°C ....................................................................... 500mW 
Voltage at any Pin except Digital Inputs ................................................. -0.3 to VCC+ 0.3V 
Voltage at Digital Inputs ..................................................................... -0.3 to +15V 
'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

ELECTRICAL OPERATING CHARACTERISTICS 
MK50808, MK50808-1 (Note 1) 

SYM PARAMETER CONDITIONS 

VCC Power Supply Measured at 
Voltage VCC Pin 

VLADDER Voltage Across From REF(+) 
Ladder to REF(-) 

VREF(+) Voltage at Top Measured at 
of Ladder REF(+) 

( VREF(+)+) 
VREF(-) Voltage at Center Measured at 

2 of Ladder RLADDER/2 

VREFH Voltage at Bottom Measured at 
of Ladder REF(-) 

MIN TYP MAX UNITS NOTES 

4.75 5.00 5.25 V 

0.512 5.12 5.25 V 2 

VCC VCC+0.1 V 

VCC+0.1 ~-0.1 ~ V 
2 2 ""2 

-0.1 0 V 
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DC CHARACTERISTICS 
All parameters are 100% tested at 25°C. Device parameters are characterized at high and low temperature 
limits to assure conformance with the specification. 
MKS0808, MKS0808-1 
4.75 ~VCC~ 5.25V, -40 ~TA ~ +B5°C unless otherwise noted 

SYMBOL PARAMETER CONDITIONS MIN 

VINHIGH Logic Input 
High Voltage Vee = 5V 3.5 

VINLOW Logic Input 
Low Voltage Vee = 5V 

VOUTHIGH Logic Output 
High Voltage louT = -360/-LA VCC -0.4 

VOUTLOW Logic Output 
Low Voltage lOUT = 1.6mA 

IINHIGH Logic Input 
High Current VIN = 15V 

hNLOW Logic Input 
Low Current VIN = OV -1.0 

Ice Supply Current Clk. Freq=500kHz 
Clk. Freq=640kHz 

louT Three-State 
Output Current VOUT = VCC 

VOUT = OV -3 

DC CHARACTERISTICS 
MK50B08-l, -40 ~ TA ~ +B5°C; MK50BOB, 0° ~ TA~ +70°C 

S YMBOL PARAMETER 

PSR Power Supply 
Rejection 

RLADDER Ladder Resistance 

ANALOG MULTIPLEXER 
MKS0808, MKS0808-1 

CONDITIONS MIN 

4.75~Vcc =VRErt+) 
~5.25V;VREF(-)=GND 

From REF(+) to 
REF H 3.B 

-40 0 ~ T A ~ +85°C unless otherwise notea 

SYMBOL PARAMETER CONDITIONS MIN 

ION On-Channel Input fe = 640kHz 
Current l?uring Conver-

sion -2 

IOFF(+) Off - Channel Vcc=5V, VIN=5V. 
Leakage Current TA=25°C 

IOFFH Off - Channel Vec=5V. VIN=OV. 
Leakage Current TA = 25°C -200 
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TYP MAX UNITS NOTES 

V 

1.5 V 

V 

0.4 V 

1.0 /-LA 

/-LA 

300 1000 /-LA 
1300 /-LA 

3 /-LA 
/-LA 

TYP MAX UNITS NOTES 

0.05 0.15 %/V 10 

7 kO 

TYP MAX UNITS NOTES 

±.05 +2 /-LA 11 

10 200 nA 

-10 nA 



CONVERTER SECTION 
Vee ::;VREF(+) ::; SV, VBEF(-) ::;,GND, VIN i::;'VeOMPARATOR IN, fe ::; 640kHz 
MKS0808-1 , -40:::; T A:::; +8Soe unless otherwise noted 

PARAMETER CONDITIONS MIN 

Resolution 

Non-Linearity Error 

Zero Error 

Full-Scale Error 

Total Unadjusted 
Error TA::; 2Soe 

Quantizing Error 

Absolute Accuracy TA::; 2Soe 

MKS0808, 0° :::; T A :::; + 70 0 e 

PARAMETER MIN 

Resolution 

Non-Linearity Error 

Zero Error 

Full-Scale Error 

Total Unadjusted Error 

Quantizing Error 

Absolute Accuracy 

FULL-SCALE, QUANTIZING AND ZERO ERROR 
Figure 5 

OUTPUT 
CODE 

010 

000 

LSB 

INFINITE RESOLUTION 
PERFECT CONVERTER 

TYP MAX 

8 

±% ± Y2 

±% ±Y2 

±% ±Y2 

±% ±Y2 
±% ±% 

±Y2 

±% ±1 
±% ±1% 

TYP MAX 

8 

±Y2 ± 1 

±% ±Y2 

±% ±Y2 

± Y2 ± 1 

±Y2 

± 1 ±1Y2 

NON-LINEARITY ERROR 
Figure 6 

OUTPUT 
CODE 
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UNITS NOTES 

Bits 

LSB 3 

LSB 5 

LSB 6 

LSB 7 
LSB 

LSB 8 

LSB 9 
LSB 

UNITS NOTES 

Bits 

LSB 3 

LSB S 

LSB 6 

LSB 7 

LSB 8 

LSB 9 



AC CHARACTERISTICS (Figure 7) 
MK50808, MK50808-1,TA = 25°C,VCC =VREF(+) = 5Vor 5.12V,VREF i(-) = GND 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES 

tws Start Pulse Width 200 ns 

tWALE Minimum ALE 
Pulse Width 200 ns 

ts Address Set-Up 
Time 50 ns 

tH Address Hold Time 50 ns 

tD Analog MUX Delay RS+RON~ 5kO 1 2.5 J..Ls 12 
Time from ALE 

tHI, tHO Three-State Control CL = 50pF 125 250 ns 
to Q Logic State CL = 200pF 300 ns 

tlH, toH Three-State Control CL= 10pF, 
to Hi-Z RL = 10kO 125 250 ns 

tc Conversion Time fC= 640kHz 106 108 110 J..Ls 

fc External Clock Freq. 100 640 1200 kHz 

tEOl' EOC Delay Time 0 2 Clock 4 
Periods 

CIN Input Capacitance At Logic Inputs 10 15 pF 
At MUX Inputs 5 7.5 pF 

COUT Three-State Output At Three-State 5 7.5 pF 
Capacitance Outputs 
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TIMING DIAGRAM 
Figure 7 

ALE 

ADDRESS 

INPUT 

MUX 
OUTPUT 

START 

THREE-STATE 
CONTROL 

EOC 

OUTPUTS 
(50pF Load) 

I 

50% 150% I 

.. tWALE 
I--~STABLE ADDRESS 

50%- 50% 

ts_ !-+ f-_J';::-t H 

r-r- STABLE 

- ~$1/2 LSB 

I-- tD _____ 

50% 
~ 

50% 

~tWS-+ 

~tEOC 

\ 50% 

HIGH IMPEDANCE 

I 

I 

\ 

" 
<, 

~L 

" 

" 

l< 

50% 50% 
,~ 

" I tc 

500/:[ 
II 
<" tH1,tHO- 1-- ~qH,tOH 
~\ 

90% 
90% 

~ 
10% 

tH1 ::=: ~tHO 10% 
F 

OUTPUTS ~~ ~ 
(200PFLOad) ____________________ H_IG_H __ 'M_P_E_D_A_N_C __ E _______ +~------_____________________ 2._4 V ~4V 

H - J'---_ 

NOTES: 
1. All voltages are measured with respect to GND. 
2. The minimum value for VLADDER will give 2mV resolution. However, the 

guaranteed accuracy is only that which is specified under "DC 
Characteristics" 

3. Non-linearity error is the maximum deviation from a straight line through 
the end points of the AID transfer characteristics, Figure 6. 

4. When EOC is tied to START, EOC delay is 1 clock period. 
5. Zero Error is the difference between the actual input voltage and the 

design input voltage which produces a zero output code, Figure 5. 

6. Full-Scale Error is the difference between the actual input voltage and the 
design input voltage which produces a full-scale output code, Figure 5. 

7. Total Unadjusted Error is the true measure of accuracy the converter can 
provide less any quantizing effects. 

8. Quantizing Error is the ±v, LSB uncertainty caused by the converter's 
finite resolution, Figure 5. 

9. Absolute Accuracy is the difference between the actual input voltage and 
the full-scale weighted equivalent of the binary output code. This includes 
quantizing and all other errors. 

10. Power Supply Rejection is the ability of an ADC to maintain accuracy as 
the power supply voltage varies. The power supply and VREF(+) are varied 
together and the change in accuracy is measured with respect to 
full-scale. 

11. Input Current is the time average current into or out of the chopper­
stabilized comparator. This current varies directly with clock frequency 
and has little temperature dependence. 

12. This is the time required for the output of the analog multiplexer to settle 
within ±y, LSB of the selected analog input signal. 
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MOSTEI(® 
8-BIT AID CONVERTER/16-CHANNEL ANALOG MULTIPLEXER 

FEATURES 

o Single 5 Volt Supply (± 5%) 

o Low Power Dissipation - 6.825mW(max) at 640kHz 

o Total Unadjusted Error < ± % LSB 

o Linerarity Error < ± V2 LSB 

o No Missing Codes 

o Guaranteed Monotonicity 

o No Zero Adjust Required 

o No Full-Scale Adjust Required 

o 108JLs Conversion Time (Typically) 

o Easy Microprocessor Interface 

o Latched TTL Compatible Three-State Output with 
True Bus-Driving Capability 

o Expandable 16-channel Analog Multiplexer 

o Latched Address Input 

o Fixed Reference or Ratiometric Conversion 

o Continuous or Controlled Conversion 

o On-Chip or External Clock 

o On-Chip Chopper-Stabilized Comparator 

o Low Reference-Voltage Current Drain 

DESCRIPTION 

The MK50816 is a monolithic CMOS device with an 8-
bit successive approximation AID converter, a 16-
channel analog multiplexer and microprocessor­
compatible control logic. The 16-channel multiplexer 
can directly access anyone of 16 single-ended analog 
channels and provides logic for additional channel 
expansion. The 8-bit AID converter consists of 256 
seri~~ resistors with an analog switch array, a chopper­
stabilized comparator and a successive approximation 
register. The series resistor approach guarantees 
monotonicity and no missing codes as well as allowing 
both ratiometric and fixed-reference measurements. 
The need for zero and full-scale adjustments has been 
eliminated and an absolute accuracy of ~ 1 LSB 
including quantizing error, is provided. ' 

MK50816(N/P) 

The pin configuration of the MK50816 is shown in 
Figure 1 below: 

PIN CONNECTIONS 
Figure 1 

• 

COMMON-15 

VCC-17 

COMPARATOR ____ 18 
IN 

37 _ ~~~~~~~N 

36_ADDA 

33_ADD D 

MK50816 
31---D7 

30---D6 

All digital outputs are TIL-compatible, all digital inputs 
are TIL-compatible with a pull-up resistor, and all 
digital inputs and outputs are CMOS-compatible; this 
makes it easy to interface with most microprocessors. 
The output latch is three-state and provides true bus­
driving capability (300ns from Three-State Control to Q 
Logic State with 200pF load). A Start Convert signal 
initiates the conversion process, and, upon completion, 
an End Of Conversion signal is generated. Continuous 
conversion is possible by tying the Start-Convert pin to 
the End-of-Conversion pin. The clock pin may be 
connected to an external oscillator or tied to ground to 
enable an on-chip oscillator. 
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The MK50816 features low power, high accuracy, 
minimal temperature dependence, and excellent long­
term accuracy and repeatability. These characteristics 
make this device ideally suited to machine and 
industrial controls. 

A block diagram of a microprocessor control system 
using the MK50816 is shown in Figure 3. 

MK50816 BLOCK DIAGRAM 
Figure 2 

COMPARATOR 0---------, 
IN 

COMMONo--------~ 

16 ANALOG 
INPUTS 

I I 

START CLOCK 

Vcc GND REF(+) 

TYPICAL MICROPROCESSOR CONTROL SYSTEM 
Figure 3 

PHYSICAL 
VARIABLE 
TEMPERATURE 
PRESSURE 
WEIGHT SENSOR FIL TER 
FLOW 
LIGHT 
HUMIDITY 
pH 
etc. 

OTHER { 
CHANNELS 

CONTROLLER 

DAC 
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FUNCTIONAL DESCRIPTION (Refer To Figure 2 for 
a Block Diagram) 

ADDRESS, Pins 33-36 

The address decoder allows the 16-input analog 
multiplexer to select anyone of 16 single-ended analog 
input channels. Table 1 shows the required address and 
expansion control inputs to select any analog input 
channel. 

ADDRESS LATCH ENABLE, Pin 32 

A positive transition applied to the Address Latch 
Enable (ALE) input latches a 4-bit address into the 
address decoder. ALE can be tied to Start with 
parameter t[) being satisfied. 

COMMON OUTPUT, Pin 15 

This is the output of the 16-channel analog multiplexer. 
The maximum ON resistance is 3kO. 

EXPANSION CONTROL, Pin 37 

Additional single-ended analog signals can be 
multiplexed to the AID converter by holding the 
Expansion Control low, disabling the multiplexer. These 
additional externally-multiplexed signals are to be 
connected to the Comparator Input and the device 
ground. Additional signal conditioning such as sample­
and-hold or instrumentation amplification can be added 
between the analog signal and the Comparator Input. 

ANALOG CHANNEL SELECTION 
Table 1 

ADDRESS LINE 

ANALOG CHANNEL 

All Channels OFF 

X=- don't care 

EXPANSION 

CONTROL 

CLOCK INPUT, Pin 22 

The Clock Input will accept an external clock input from 
100kHz to 1.2MHz. A minimum duty cycle of 20% is 
required for the Clock Input to detect the presence of an 
external clock signal. 

If the Clock pin is grounded, the conversion process will 
be controlled by an on-chip oscillator. 

POSITIVE AND NEGATIVE REFERENCE 
VOLTAGES [REF (+) and REF (-)], Pins 19 and 23 

These inputs supply voltage references for the analog­
to-digital converter. Internal voltage references are 
derived from REF (+) and REF (-) by a 256-R ladder 
network, Figure 4. 

This approach was chosen because of its inherent 
monotonicity, which is extremely important in closed­
loop feedback control systems. A non-monotonic 
transfer characteristic can cause catastrophic 
oscillations within a system. 

The top and bottom resistors of the ladder network in 
Figure 4 are not the same value as the rest of the 
resistors in the ladder. They are chosen so that the 
output characteristic will be symmetrical about its full­
scale and zero points. The first output transition occurs 
when the analog signal reaches +% LSB and 
succeeding transitions occur every 1 LSB until the 
output reaches full scale. 

RESISTOR LADDER AND SWITCH ARRAY 
Figure 4 

REF(+1 

REF(-) 

CONTROLS FROM SAR 
~ 

250R: • 

TO 
COMPARATOR 
INPUT 
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ANALOG INPUTS, PINS 1-12,14,38-40 

These inputs are multiplexing analog switches which 
accept analog inputs from OV to VCC' 

COMPARATOR INPUT, Pin 18 

The comparator is the most important section of the 
AID converter because this section determines the 
ultimate accuracy of the entire converter. It is the DC 
drift of the comparator which determines the 
repeatability of the device. A chopper-stabilized 
comparator was chosen because it best satisfies all the 
converter requirements. 

The chopper-stabilized comparator converts the DC 
input signal into an AC signal. This signal is amplified by 
a high-gain AC amplifier and the DC level is restored. 
This technique limits the drift component of the 
comparator because the drift is a DC component which 
is not passed by the AC amplifier. 

Since drift is virtually eliminated, the entire AID 
converter is extremely insensitive to temperature and 
exhibits very little long-term drift and input offset error. 

START, Pin 16 

The AID converter's successive approximation register 
(SAR) is reset by the positive edge of the Start pulse. 
Conversion begins on the falling !'ldge of the Start pulse. 
A conversion in progress will be interrupted if a new 

ABSOLUTE MAXIMUM RATINGS* (Note 1) 

start conversion pulse is received and a new conversion 
will begin. 

END OF CONVERSION, Pin 13 

The End Of Conversion (EOC) output goes high when 
the conversion process has been completed. The 
positive edge of the EOC output indicates a valid digital 
output. Continuous conversion can be accomplished by 
tying the EOC output to the Start input. If the AID 
converter is used in this mode, an external start 
conversion pulse should be applied after power up. End 
of Conversion will go low within 2 clock periods after the 
positive edge of Start. 

8-BIT DIGITAL OUTPUT, Pins 24-31 

These pins supply the digital output code which 
corresponds to the analog input Voltage. DO is the least 
significant bit (LSB) and 07 is the most significant bit 
(MSB). This output is stored in a TTL-compatible three­
state output latch which can drive a 200pF bus from 
high impedance to either logic state in 300ns. Each pin 
can drive one standard TTL load. 

THREE-STATE CONTROL, Pin 21 

The Three-State Control allows the converter to be 
connected to an 8-bit data bus. A low level applied to 
this input causes the digital output to go to a high 
impedance state and a high level causes the output to go 
to a Q logic state. 

Absolute Maximum VCC ............................................................................ 6.5V 
Operating Temperature Range .......... , ............................. , .......... '" . MK50816 0° to + 70°C 

MK50816-1 -40°C to +85°C 
Storage Temperature Range .......................................... , ........... , ....... -65°C to +150°C 
Power Dissipation at 25°C ....................................................................... , 500mW 
Voltage at any Pin except Digital Inputs ............. " ............................. , ... , . -0.3 to VCC + 0.3V 
Voltage at Digital Inputs ...................................................................... -0.3 to + 15V 
'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
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ELECTRICAL OPERATING CHARACTERISTICS 
MK50816, MK50816-1 (Note 1) 

SYM PARAMETER CONDITIONS 

VCC Power Supply Voltage Measured at VCC Pin 

VLADDER Voltage Across Ladder From REF(+) to REF H 

VREF(+) Voltage at Top of Measured at REF (+) 
Ladder 

( VREF(+) +) Voltage at Center of Measured at 

VREFH Ladder RLADDER/2 
2 

VREF(-) Voltage at Bottom of Measured at REF(-) 
Ladder 

DC CHARACTERISTICS 

MIN TYP MAX UNITS NOTES 

4.75 5.00 5.25 V 

0.512 5.12 5.25 V 2 

VCC VCC+0.1 V 

VCC_ 0 .1 VCC VCC,+ 0 1 V 

2 2 2 . 

-0.1 0 V 

All parameters are 100% tested at 25°C. Device parameters are characterized at low and high temperature limits to 
assure conformance with the specification. 
MK50816, MK50816-1 
4.75:5 VCC:5 5.25V, -40:5 TA:5 +85°C unless otherwise noted 

SYM PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES 

VINHIGH Logic Input VCC = 5V 3.5 V 
High Voltage 

VINLOW Logic Input VCC = 5V 1.5 V 
Low Voltage 

VOUTHIGH Logic Output lOUT = -360#LA VCC - 0.4 V 
High Voltage 

VOUTLOW Logic Output lOUT = 1.6mA 0.4 V 
Low Voltage 

IINHIGH Logic Input VIN = 15V 1.0 #LA 
High Current 

IINLOW Logic Input VIN = OV -1.0 #LA 
Low Current 

ICC Supply Current Clk Freq=500kHz 300 1000 #LA 
Clk Freq=640kHz 1300 #LA 

lOUT Three-State VOUT=VCC 3 #LA 
Output Current VOUT=OV -3 #LA 

DC CHARACTERISTICS 
MK50816-1 -40:5 TA:5 +85°C, MK50816 0° :5 TA:5 +70°C 

SYM PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES 

RpS Power Supply 4.75:5 VCC:5 5.25 0.05 0.15 %/V 10 
Rejection VREF (+) = VCC 

VREF(-) = GND 

ICOMP IN Comparator Input fC = 640kHz -2 ±0.5 2 #LA 11 
Current During Convs. 

RLADDER Ladder Resistance From REF(+) to REF (-) 3.8 7 kO 
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ANALOG MULTIPLEXER 
MK50816, MK50816-1 
-40° :5 TA :5 +85°C unless otherwise noted 

SYM PARAMETER CONDITIONS 

RON Analog Multiplexer (Any Selected Channel) 
ON Resistance TA = 25°C, RL = 10k 

.6. RON .6. ON Resistance (Any Selected Channel) 
Between Any 2 RL = 10k 
Channels 

IOFF(+) OFF Channel VCC=5V, VIN=5V, 
Leakage Current TA=25°C 

IOFF(-) OFF Channel V CC=5V, VIN=OV, 
Leakage Current TA=25°C 

CONVERTER SECTION 

MIN 

-200 

VCC = VREF(+) = 5V, VREFH = GND, VIN = VCOMPARATOR IN, 
fC = 640kHz 
MK50816-1 -40:5 T A:5 +85°C unless otherwise noted 

PARAMETER CONDITIONS MIN 

Resolution 

Non-Linearity Error 

Zero Error 

Full-Scale Error 

Total Unadjusted Error TA = 25°C 

Quantizing Error 

Absolute Accuracy TA = 25°C 

MK50816 0° :5 T A:5 + 70°C 

PARAMETER CONDITIONS MIN 

Resolution 

Non-Linearity Error 

Zero Error 

Full-Scale Error 

Total Unadjusted Error 

Quantizing Error 

Absolute Accuracy 
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TYP MAX UNITS NOTES 

1.5 3 kO 

75 0 

10 200 nA 

-10 nA 

TYP MAX UNITS NOTES 

8 Bits 

±% ±Y2 LSB 3 

±% ±Y2 LSB 5 

±% ±Y2 LSB 6 

±% ±Y2 LSB 7 
±% ±% LSB 

±Y2 LSB 8 

±% ±1 LSB 9 
±% ±1% LSB 

TYP MAX UNITS NOTES 

8 Bits 

±Y2 ± 1 LSB 3 

±% ± 1/2 LSB 5 

±% ±Y2 LSB 6 

±Y2 ±1 LSB 7 

±Y2 LSB 8 

±1 ±1Y2 LSB 9 



AC CHARACTERISTICS (Figure 7) 
MK50S16, MK50S16-1 TA = 25°C, VCC = VREF(+) = 5Vor 5.12V, VREF(-) = GND 

SYM PARAMETER CONDITIONS MIN TYP MAX 

tws Start Pulse Width 200 

tWALE Minimum ALE 200 
Pulse Width 

ts Address Set-Up Time 50 

tH Address Hold Time 50 

to Analog MUX Delay Common Tied to 1 2.5 
Time from ALE Comparator In, 

RS + RON :5 5kO, 
CL = 10pF 

tH1, tHO Three-State Control CL = 50pF 125 250 
to Q Logic State CL = 200pF 300 

t1 H, tOH Three-State Control CL=10pF, 
to Hi-Z RL=10kO 125 250 

tc Conversion Time fC = 640kHz 106 10S 110 

fC = flNTERNAL CLOCK 150 

fC External Clock Freq 100 640 1200 

tEOC EOC Delay Time 0 2 

CIN Input Capacitance At Logic Inputs 10 15 
At MUX Inputs 5 7.5 

COUT Three-State Output At Three-State 5 7.5 
Capacitance Outputs 

FULL SCALE, QUANTIZING AND ZERO ERROR 
Figure 5 

NON-LINEARITY ERROR 
Figure 6 

OUTPUT 

CODE 

111 

110 

101 

100 

011 

010 

001 

o 1 
lSB 

3 4 6 7 

OUTPUT 

CODE 
INFINiTE RESOLUTION 

PERFECT CONVERTER 
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o 

UNITS NOTES 

ns 

ns 

ns 

ns 

p's 12 

ns 
ns 

ns 

p's 
p's 

kHz 13 

Clock 4 
Periods 

pF 
pF 

pF 

VIN 



TIMING DIAGRAM 
Figure 7 

ALE 

ADDRESS 

INPUT 

MUX 
OUTPUT 

50% 

---!--J 
f-

50%. 

ts .... 1 .... 

--

.1 

\50% 

j4-tWALE 
~STABLE ADDRESS 

150% 

I--l-tH 

STABLE 

-$.1/2 LSB 

r- tD_ 

1,.-----, 
START 50% 50% 

THREE-STATE 
CONTROL 

EOC 

OUTPUTS 
(50pF Loadl 

j4-tWS--' 

I---tEOC 

t 50% 

~ 

HIGH IMPEDANCE 

I 

( 

\ 

! 'F; 
l 

) 

I 

50% 50% 

" 
.te J 

~ ~ 
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~ 

tH1 ::=:: 10% 

~ 

~tHO 

OUTPUTS __________________ H_IG_H __ IM_P_E_D_A_N_C_E ______ ~~~---------------------------24~,O._4V _____ ~ (200pF Loadl H ~ ~ 

NOTES: 
1. All voltages are measured with respect to GND. 
2. The minimum value for VLADDER will give 2mV resolution. However, the 

guaranteed accuracy is only that which is specified· under "DC 
Characteristics". 

3. Non-linearity error is the maximum deviation from a straight line through 
the end points of the AID transfer characteristic, Figure 6. 

4. When EOC is tied to START, EOC delay is 1 clock period. 
5. Zero Error is the difference between the actual input voltage and the 

design input voltage which produces a zero output code, Figure 5. 
6. Full-Scale Error is the difference between the actual input voltage and the 

design input voltage which produces a full-scale output1code, Figure 5. 

8. Quantizing Error is the ± Y2 LSB uncertainty caused by the converter's 
finite/resolution, Figure 5. 

9. Absolute Accuracy is the difference between the actual input voltage and 
the full-scale weighted equivalent ofthe binary output code. This includes 
quantizing and all other errors. 

10. Power Supply Rejection is the ability of an ADC to maintain accuracy as 
the power supply voltage varies. The power supply and VREF(+) are varied 
together and the change in accuracy is measured with respect to 
full-scale. 

11. Comparator Input Current is the time average current into or out of the 
chopper-stabilized comparator. This current varies directly with clock 
frequency and has little temperature dependence. 

7. Total Unadjusted Error is the true measure of accuracy the converter can 12. 
provide less any quantizing effects. 

This is the time required for the output of the analog multiplexer to settle 
within ± V2 LSB of the selected analog input signal. 

13. A minimum duty cycle of 20% is required at the clock input. 
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