










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MOSTEK.

USING MOSTEK'S F8 IN A SCANNED KEYBOARD APPLICATION

Application Note

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
quality of the F8 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 switchto verify switch depression and
release.

4x4 KEYSBOARD MATRIX

Figure 1
F8 4 x4
170 4 ROW SELECT > KEYBOARD
PORT MATRIX

4 COLUMN SENSING

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
roliover”, 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.

SWITCH BOUNCE

VOLTAGE

TIME
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EDGE BOUNCE MSEC
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4 x 3 KEY MATRIX

Figure 3

EDGE AV
CONNECTOR OT ? ? O—
7
BT O ROW O
v
O— O—
0 9 9
BT 1 ROW |
AV
O—4 O—
D b ?
8Tz ROW 2
F8 i
T °1 9 P O
SURVIVAL pP——m=13
BIT3 ROW 3
KIT
1/0 H——— =15
BIT4 coLo
PORT |
17
BITS coL |
D———#I9
BIT6 coL2
2l>——— NOT USED
BT 7 coL3

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 (1N 270) should be added on
the column pole of each switch (see fig. 4).

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 O are closed and O if

FOR SOME APPLICATIONS
DIODES ARE NECESSARY

Figure 4

. V A

S K] IN270
ROW O

N

— K] IN270
ROW |

COL O
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KEYBOARD SCAN ROUTINE (4 x 3 MATRIX)
Figure 5

KSCS
INITIALIZE ALL
SCRATCHPAD TO O
(2
KSCI n;
| SET ROw SELECT = 3
N
DECREMENT Kkscz
TEST COLUMN l outeur_RoW ]

L READ COLUMN DATA _I

[ ser TesT coumn -2 |
N|

IS

Q

l WAIT | MILLISECOND ]

—

DECREMENT
ROW SELECT

TEST COLUMN
= | (CLOSED)

18
SWITCH STATUS =0
OR THIS ROW/COL

SET SWITCH
STATUS = 13

SET
SWITCH STATUS
BACK TO 0

INCREMENT SWITCH
STATUS FOR THIS
ROW/COLUMN

SET
INCREMENT J
SWITCH STATUS
[ SWITCH STATUS AR AL
N
®
Y

SWITCH IS ON
PRINT ROW #

AND COLUMN # ON
TTY (CR ¢ LF)
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(Note: The F8 1/0O ports contain internal

open. int
The other three rows are read similarly.

pull-ups).

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 0. 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. In succeeding scans its status is
either incremented (if sensed closed) or reset to O
(if sensed open) until the status reaches 3, thus
requiring three consecutive scans with the switch
closed.

The switch is then processed, which 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 required 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 0. 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 a4 to 16 decoder
(see figure 8) to select 1 of 16 rows, up to 64 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 REGISTER ASSIGNMENTS
Figure 6

3F
e
L//////////////’////”
—‘/
2B COL 2 / ROW 3 3
2A COL 2/ ROW 2
29 COL 2/ ROW |
28 COL 2 / ROW O
27 CoL 1/ ROW3 SWITCH
26 COL 1/ ROW 2 \ sTaTUS
25 COL | / ROW |
24 COL | / ROW O REGISTERS
23 COL O/ ROW 3
22 COL O/ ROW 2
21 CoL 0/ ROW |
20 COL O/ ROW O /
B o
//
//
-
08
o7 COL INPUT DATA
06 COL MASK WORKING
05 COL FIND REGISTER
oa SORTWORD REGISTERS
03 COL / ROW REGISTER
02
ol
00

then decoded by a 4 to 16 decoder which supplies
a ground return to the selected switch. The switch
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

LINE = ADDRESS_CODE

OO00
0001
000z
O0O0=
0004
000S
O0O0A
0007
Q00
000w
000A
OOOR
000
[81nT8)1]
DOOE
VOOF
0010
0011
001z
0013
0014
0OLs
0016
0017
[5IeD¥=]
0017
001A
QOI1E
QO1C
ooLD
OOLE
OO1LF
QOZ0
0021
00z
00z
o0Z4
005
0024
OOx7

L S

002
OOz
QOZA
QOZR
0ozC
00GZzh
O0OZE
QO2ZF

0400
0402
0403
0404
0405
0404
0407
Q40
0404A
Q40
040
040D
040E
O40F
0410
0411
0417
0413
0414
0415
0814
0417
0415
0417
041A
041E
0411
041E
041F
0470
0427
047

0425 %5

0427
04za
0427
04zA
042k
042D

04ZF

20
S0
40
oR
70

ac

20
24
73
53
75
=4
44
B1
Al
14
57

ps
=

Pl

S6

043zC¢ 3B

0421

04323 3=

0424
0435
04z6

3 04327

0432

g N
MoADKND B

3F

FA

[
<

ER
=4

FE

Dz

o4
oS

E7

* %k %%k

-
)
2

K07

SOURCE
— CODE

ORG H 4007
LI HZF
LR A
A 0
IS, A

] r
Zinmn
~N

02 % i
| <
N )

r
pal
AR P DU A~ IR =DUNIDEODIW~mD DU N D= Db
. i N R >

» D

<

ouTs
INZ
=R
LR
LIS
LR
LIz
LR
LR
=1
=1
AL
a1
LK

COMMENTS

KEYEOARD
(DETECT

SCAN ROUTINE
AND DEROUNCE)

INITIALIZE ISAR
ZAVE IN RO

NEXT IZAR
CLEAR ACC
CLEAR A SCRATCHRFAD REG
DECREMENT ISAR POINTER

LOOF TO CLEAR ALL SCRATCHFAD

SET COL/ROW REG = 32

SET PORT WORD
LOAD ACT WITH FORT WORD
OUTPUT ROW SELECT
READ COLUMN DATA
RIGHT JUSTIFY IT
SAVE COLUMN DATA

]
= o

SET TEST COLUMN = Z

SET COL MASE = 4
LOAD COLUMN #

SHIFT 2 FLACES
ADD ROW #

SET UFP ISAR FOR THIZ

LoOAD COLUMN READ DATA
MASEK
IF SWITCH NOT CLOSED
GET SWITCH STATUS

IF STATUS NOT 2, JUMF
DECREMENT COLUMN #
LOAD COLLMN MASE REG
SHIFT MASK BIT

IF MORE COLUMNS, JUMF

SET WP 1 MIEC TIMER

WAIT 1 MSEC
DECREMENT ROW
LOAD PORT WORD
SHIFT

SAVE

IF ROW SELECT WAZD
LOCOKE, AT NEXT ROW

SELECT

ZERO,

SET STATUS BACK TO 132

INCREMENT STATUS

SWITCH
OUT ALL COLUMNT EXCEFT TEST
ERANCH
FOR TEST

ERANCH

SWITC
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OOIA
DOZR
QOIC
0O2D0
OOZE
OO3F
0040
0041
0042
004z
0044
0045
QO4&
0047
0043
0042
Q04A
004E
Q04
004D
O04E
OO4F
0050
D051
0052
QOS2
0054
D055
0056
0057
00sSs
0059
OD5A
005E
QOSC
005D
QOSE
QOSF
OOLO
0O&L
O0LZ
0063
[S1nY2Y:
0065
QOEE
Q07
0OLE
Q0L
00LA
QOLE
Q06T
0O&D
QOLE
QO6F
00

044z
0443
0445
0447
044p
Q44F
0440
044F
0451
0453
0455
0454
0452
045A
045R
Q450
045E
045F
0441
04463

0465
0464
0442
0440
O44LE
Q461
0446E
O46F

0470
047z ¢

0477
0475

0474
0477 3
0473 !

047
047A
O47E
047C
047F
0420
0427
0424
0455

040A
D42R
T 0465

ANDR B
LALAOOHAT

l‘:)
v

]
20
9z
70
0
1F

=0
25
=24
20

[N e

POR D

O

e
—

U Y]
RO~ Ol

13

Oz
El
04

Q0
o
0z
(872
oD

0o
04

T e
[OUN X2 W )

[N e]
0l

o

=20

FF

= Sh

3 G0

SD

0A

ks

* kX

*
TTO
FRO

040FE

7 0441

O3S0

4

-

KZ

e
#

SAVE
I =7
IF NGO
JUMF
LOAD

IF 5T
IS 5T
ND
ZET =
IF =T
SAVE
INC =
SAVE
15 =7

IF NO

FPROCE

SWITCH STATUW

ATUS NOW = =
T = 2, BRANC
TO FPROCESS T
STATUS TO AC

ATUS = 0O, EBER
ATUS = 237

TATUS = O
ATus > 3, BR
STATUZ &% RET
TATUS

IT

ATUE > 15 7

T, ERANCH

S5 SWITCH |

H
HIS KEY
[

ANCH

ANCH

RN

FRINT ON

USE ISAR FOR ROW/COL

MAZE

FOR ROW

FORM AZCII FOR ROWH#

SAVE

MASE

IN RO

FOR COL

FORM ASCII FOR COL#

SAVE

SET I
FPRINT
DECRE
FRINT
LoAD

FPUT I
CROTO
LOAD

WAIT
RACE

IN R1

ZAR = 1

CoL#

MENT ISAR
RW#

“CR CODE

N SCRATCHFPAD
TTY

TTO STATUS

FOR CR/LF
FOR NEXT KEY

TTY)
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16 x 4 KEYBOARD

Figure 8
_____F\ 16x 4
4 4/16 DECODE ROW SELECT 16 KEYBOARD
V MATRIX
F8
1/0
PORT
<j 4 COLLUMN SENSING
KEYBOARD WITH COMMON POLE
Figure 9
v \v \VJ —2
O———O O (P O— ? O 0] O
).
BITO 4
O—— S
BT AV AvJ AV - ___
D D——0O o—e ? O—¢ T O—4 (o] O—e
BIT2 O
BIT3 4/i6 & vi
DECODER = = ~
F8 O——oO O—e j) O—e O+ O O—e
1/0 O
PORT - -
\VJ \vJ v 2
D—O0 O—e ? O—e ? O—¢ O O—e
aY
o8
SELECT LINES
BIT?7 SENSE LINE
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MOSTEK.

MICROCOMPUTER BECOMES SERIAL CONTROL UNIT

Application Note

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.

The SCU-1 takes much of the worry out of serial
communication between processors. Up to 255 of themcan
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.

CRYSTAL CRYSTAL
2

|

INTERRUPT
icp > TIMER LOGIC
cLock
MEMORY ADDRESS BUS U T
L eV -
c
IS | S
64 x8
MEMORY SCRATCHPAD ':j' C:
ADDRESS {] REGISTERS L
REGISTERS [ 3 A
PO. P T
DC, DCY READ-ONLY g
MEMORY
MAIN SR
MAIN < TE
MEMORY CONTROL A G
LoGIC T
us [¥
s T
E
R
L RESULT BUS
RESET &
SPEED ADDRESS SERIAL
SELECT SELECTION DATA PORT PORT O PORT1 POWER ON
CLEAR
U
T STROBE T
Sp Sq
(IN ONLY) 2027 REQUESY TO SEND Dy, - D, D, D, RESET
(IN ONLY) SERIAL OUT (BIDIRECTIBNAL) (BIDIRECTIONAL)
CLEAR TO SEND
SERIAL IN

1. Processor-peripheral. Mostek's SCU-1 serial control unit is housed in a
40-pin DIP and implemented using ion-implanted n-channel silicon-gate

technology, which yields a typical power requirement of 275 mW. All eight
port O and all eight port 1 170 lines are bidirectional.
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HOST COMPUTER

CONTROLLER

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-

‘e
1R
SERIAL CONTROL SERIAL CONTROL SERIAL CONTROL SERIAL CONTROL SERIAL CONTROL
UNIT 1 UNIT 2 UNIT 3 UNIT4 UNIT N
RELAYS, SPLAY
ANALOG-TO- DIGITAL-TO- ALARMS, o! DIGITAL
DIGITAL ANALOG ANNUCIATORS, PANEL METER
CONVERTER CONVERTER SWITCH CLOSURES.,

ETC.

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

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, acommand library, and an1/0 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 1/0
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 /0 (memory/input-output) commands. They
give the user a great deal of flexibility in revising the
software dynamically.

APPLICATIONS
The SCU has 16 1/0 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-

analog converters, 3':-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
ASCil-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,
FF,g. is not allowed, since it is used internally by the SCU
itself.

NEW PROTOCOL

Mostek has defined a new data-communications protocol
for the 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-
checkcharacter, 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 sentin an
asynchronous bit-serial format identical to ASCIl 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 LRC, checks the integrity of the four 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 O 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 |/0 controllers, in
addition to the SCUs, into a single network. Bit C7—the
most significant bit in the command word—controls such
units. If itis 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 itis

DATA-COMMUNICATIONS LINK

COMMUNICATIONS-

INPUT/OUTPUT INTERFACE

LINK
INTERFACE
SERIAL SERIAL
IN out
r 1
| REQUEST CLEAR TO
' ! TO SEND SEND
I COMMUNICATIONS
I CONTROLLER
I I
I
I
|
| TASK COMMAND
| MONITOR LIBRARY
I
I
I
|
I
I
L

L

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: 0075 - 7Fi5 (128 user-defined
commands); 80,4 - BF,g (64 memory and /0 commands)
and CO,4 - FF,4 (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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4. Conversions. The SCU-1 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

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

or an I/0 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

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

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 format to 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.

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 O (Dgq - Do) of the SCU is used to
pass data, and Dy4 - Dy; of port 1 select the input
multiplexer channel.

A conversion is begun when a requestis commanded 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 5V
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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MOSTEK.

VFC PROVIDES A/D CONVERSION FOR SINGLE

CHIP MICROCOMPUTERS

Application Note

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 {A/D) 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 @ 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 A/D conversion exist which make use of the
timer, circumventing the need for expensive A/D 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

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 point calibration (since frequency extrapolates to
zero at absolute zero) and direct interfacing to the 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.

ABSOLUTE TEMPERATURE TRANSDUCER
Figure 1
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The Vg, 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/(10RC), 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 +10%
adjustment range as shown should be adequate.

With a 1K Ohm timing resistance and a .01 microFarad
capacitor, the VFC is scaled for O to 100KHz output with O 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 of the VFC over such a small portion
(1%) of its dynamic range is quite good, and overall accuracy
of this circuit is on the order of a few tenths of a degree.

SOFTWARE

Since the output frequency equals 10 Hz/°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 fregency, 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
value is also stored in the modulo-N Register. The timer will

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
with 125 (H'7D’), 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'OAQ".

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 wil!
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.

Figure 2
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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.
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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

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.

Figure 3
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The AD590 provides remote temperature sensing increasing a current to proportional to absolute temperature (1 zA/°K). in series with a 1KQ K is

input to the VFC.
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ATOD3 A/D TEMP VIA FREQ; MOSTEK 3870/F8 CROSS ASSEMBLER PAGE 0001
ADDR OBJECT FLAG ST # SOURCE STATEMENT DATASET = DK1:ATOD .3

0064 * MAIN PROGRAM BLOCK.

0065 *
>0100 0066 ORG H100’
0067 * INITIALIZE CONSTANTS
>0005 0068 RLCNT  EQU 5 TIMER ROLLOVER COUNT.
>007D 0069 TCNT EQU 125 TIMER MOD-N VALUE.
0070 *
0071 * CLEAR TEMPERATURE le, R6,R7.
‘0100 70 0072 STRT CLR
‘0101 56 0073 LR 6.A
‘0102 57 0074 LR 7.A
0075 *
0076 * LOAD TIMER ROLLOVER COUNT IN RO.
‘0103 75 0077 LIS RLCNT
‘0104 50 0078 LR 0.A
0079 * LOAD TIMER
‘0105 207D 0080 Ll TCNT
‘0107 B7 0081 OouTsS 7
0082 *
0083 * BEGIN TIMING WHEN EXT INT HIGH. FOR UNIFORM TIMING.
‘0108 A6 0084 INS 6
‘0109 84FE 0085 BZ *-1
0086 *

0087 * LOAD ICP, BITS DEFINED AS FOLLOWS:
0088 * BIT O - ALLOW EXTERNAL INTERRUPTS
0089 *BIT 1 - ALLOW TIMER INTERRUPTS.

0090 * BIT 2 - EXT INT ACTIVE LEVEL.

0091 * BIT 3 - START/STOP TIMER (1/0).

0092 * BIT 4 - PULSE WIDTH/INTERVAL TIMER (1/0)
0093 * BIT 5 - DIVIDE CLOCK BY 2.

0094 * BIT 6 - DIVIDE CLOCK BY 5.

0095 * BIT 7 - DIVIDE CLOCK BY 20.

0096 *
‘010B 20EF 0097 LI B'11101111°  START TIMER.
‘010D B6 0098 OuTs 6

0099 * NOTE INTERRUPTS CAN BE MASKED BY ICP BITS O AND 1
0101 * OR BY CLEARING INTERRUPT CONTROL BIT (STATIC REG, BIT 4
0102 * ENABLE INTERRUPTS BY SETTING ICB.

‘010E 1B 0103 El
0104 *
0105 * MAY DELAY OR CONTINUE PROCESSING.
0106 * CONVERSION COMPLETE WHEN R9 = H'ff".

‘010F 49 0107 LOOP LR A9

0110 25FF 0108 cl H'FF’

‘0112 94FC 0109 BNZ LOOP
0110 *
o1 * CONTINUE HERE WHEN CONVERSION DONE.
0112 *
0113 END

ERRORS=0000
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Software Listing

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

0001 * ANALOG TO DIGITAL TEMPERATURE VIA FREQ

0002 *TIM CURRAN  1/9/79

0003 *

0004 NAME ATOD3

0006 * THIS 3870 ROUTINE COUNTS EXTERNAL INTERRUPTS FOR A
0007 * PREDEFINED PERIOD OF TIME TO DETERMINE FREQUENCY
0008 * AND HENCE THE TEMPERATURE.

0009 *
0010 * TIMER INTERRUPT ROUTINE
>0020 0011 ORG H'020°
0012 * SAVE STATUS AND ACCUMULATOR
‘0020 1E 0013 LR JW
‘0021 58 0014 LR 8A
0015 *
‘0022 30 0016 DS 0 RO COUNTS TIME OUTS.
‘0023 9407 0017 BNZ RETT
0018 *
0019 * WHEN RO IS ZERO, STOP TIMER AND MASK INTERRUPTS.
0020 *
‘0025 20E4 0021 LI B'11100100° STOP TIMER,
0027 B6 0022 OuTs 6 INTRPTS.
0023 *

0024 * SIGNAL CONVERSION COMPLETED BY SETTING RS TO H'FF".
0025 * THOUGH R9 (J) STORES STATUS (W), iT NEVER OTHERWISE
0026 * EQUALS H'FF'.

‘0028 20FF 0027 LI H'FF’
‘002A 59 0028 LR 9.A

0029 *
‘0028 1D 0030 RETT LR w,J RESTORE STATUS AND A.
‘002C 48 0031 LR A8
‘002D 1B 0032 El ALLOW INTERRUPTS.
‘002€ 1C 0033 POP RETURN.

0034 *

0035 *
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MOSTEK

USE OF THE MK3805 CLOCK/RAM

Application Note

INTRODUCTION PINOUT DIAGRAM

Figure 1
Many microprocessor applications require a real time clock cko 1 e 7 s v
and/or memory that can be battery powered with very low [~ cc
power drain. A typical application might be an automobile x1/el 2 ( [ | 7 SCLK
trip computer, where the clock could provide the time of day X2 3 [ 16 170
and the memory would be used to retain vital information GND 4 s CE
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 PIN NAME DESCRIPTION
number of pins required in order that other 1/0

requirements can be efficiently accommodated. 1 cKo System clock {output).

2  Xi/Cl Crystal or external clock (input).
FEATURES 3 X2 Crystal (input).

4 GND Ground.
Mostek’s CLOCK/RAM microcomputer. peripheral chip 5 CE Chip enable (input, active low).
satisfies all of these requirements. The device, designated 6 1/O Data I/0 (input/output).
MK3805, contains a real-time clock/calendar, 24 bytes of 7  SCLK Shift register clock (input).
static RAM, an on-chip oscillator and communicates serially 8 Ve Positive supply voltage.
with the microcomputer via a simple interface protocol. The
MK3805 is fabricated using CMOS technology, thus
insuring very low power consumption. PINOUT DESCRIPTION

The real-time clock/calendar provides all timekeeping Figure 1 is a pinout diagram of the MK3805. It is packaged

functions. It contains registers for seconds, minutes, hour§, in an 8-pin DIP to conserve PC board space. A brief

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 =~ TECHNICAL DESCRIPTION

to interface to a microcomputer, the alarm function is easily

accommodated in the microcomputer, should it be required. Figure 2 is a block diagram of the CLOCK/RAM chip. The
main components are the oscillator and divider, the

The on-chip oscillator provides the clock source for the real time clock/calendar, the static RAM, the command

clock/calendar. It incorporates a programmable divider so register and logic, the control register and logic, and the

that a wide variety of crystal frequencies can be serial shift register.

accommodated. The oscillator also has an output available

that is designed to serve as the clock generator for the The shift register is used to communicate with the outside

description of the function of each pin is listed.

microcomputer. A separately programmable divider pro- world. Data on the /0 line is either input or output on each a

vides several different output frequencies for any given shift register clock pulse when the chip is enabled. if the w§§_
crystal frequency. This feature can eliminate having to use a chip is in the input mode, the data on the 170 line is input to ;§§§
separate crystal or external oscillator for the micro- the shift register on the rising edge of SCLK. If in the output 3=
computer, thereby reducing system cost. mode, data is shifted out onto the /0 line on the falling Ed

edge of SCLK.

Interfacing the CLOCK/RAM with a microcomputer is

greatly simplified using asynchronous serial communica- The command register receives the first byte input by the
tion. Only 3 Iines_?_[e required to communicate with the shift register after CE goes true (low). This byte must be the
CLOCK/RAM: (1) CE (chip enable), (2)1/0 (data line), and (3) command byte and will direct further operations within the
SCLK (shift register clock). Data can be transferred to and CLOCK/RAM. The command specifies whether subse-
from the CLOCK/RAM one byte at a time, or in a burst of up quent transfers will be read or written, and what register or
to 24 bytes. RAM location will be involved.
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MK3805 CLOCK/RAM BLOCK DIAGRAM
Figure 2

EXTER’NAL CLOCK INPUT

L]

BUFFER
OSCILLATOR Cko
REAL TIME CLOCK/CALENDAR | AND
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T\ < N A
CONTROL
170 REGISTER
D — AND
LOGIC
SHIFT
REGISTER < DATA BUS
)
COMMAND
SCLK Regﬁgea ADDRESS & CONTROL BUS > 24 x 8 RAM
LOGIC
)
CE

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 muitiple 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 O)
specifies a write operation if a logical O or a read operation if
a logical 1.

In the clock burst mode, all clock, calendar, and control
registers are transferred beginning with register O (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 O and ending with location 23
(017H). Unless terminated early, this burst mode transfer

VI-126



MK3805 CLOCK/RAM

Figure 3

I. GENERAL COMMAND FORMAT:

Il. CLOCK COMMAND FORMAT:

SEC

MIN

HR

DATE

MONTH

DAY

YEAR

CONTROL

CLOCK
BURST

. RAM COMMAND FORMAT:

RAM O

RAM 23

RAM
BURST

COMMAND, REGISTER, DATA FORMAT SUMMARY

7 6 5 4 3 1 0
R R
1 B A A, A a, "/

4 | T3 | T2 OW
7 6 5 4 3 1 0
To oo oo o 2
i
R
110100 o 1
W
1{olojolo]1 ol
110|0o]lojo {1:;21
W
1 jJo]o]o|n o R/
W
1 Jojlo]o |1 R
'V'w
R
1
1/0jo0]o o ' /%
R
110 o]lo]1 Uz
R
ol 1|1 1
R
1|1 0 0
ol o -
°
°
°
R
111 1]o0 |1 1
W]
R
T [ T T O T 1
W

IV. CLOCK PROGRAMMING MODEL:

00-59

00-59

01-12
00-23

01-28/29
01-30
01-31

01-12

01-07

0-99

7 6 5 4 3 2 1 0o
STOP| 10SEC SEC
10 MIN MIN
12/ 10
(o] HR HR
24 A/P
T, | 0 |10DATE DATE
o0|o|o |10 MONTH
M
T,l]o}lo]| o DAY
10 YEAR YEAR
WP| C, | Co X, X, | Xy | X,
Write protect.
X0 Program dividers for real time clock.
C, Program dividers for clock output.
T Test bits (normally set to 0).

-4
&
e
®&
e
B3
S00
=0
(e}
b
o
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requires that CE be true and 200 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.

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 00

Minutes 00

Hours 00

Date 01

Month 01

Day 01

Year 00

Halt 1 (clock stopped)

12/24 Hour 0 (24 hour mode)

Control:

Write Protect 1 (protect on)

co&ct 01 (CKO = crystal frequency /2)

X3 & X4 00 (crrlystal frequency is binary:
2h)

X0, X1 & X2 000 (divide by 223)

SERIAL TIMING

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 O, 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 next8 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 170 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.
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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 CE pin. All other
bits should be 0. This technique allows multiple serial
microcomputer peripheral chips to be tied together with
common |I/0 and SCLK lines, with a separate port line for
each device CE.

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

begins execution of the program at location OOO0H. 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 bitis settoa
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 bitis resetto a
logical O, the CLOCK/RAM did not just power up, and the
data in its registers should be valid.

After the clock data is verified, the routine prints 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

SCHEMATIC OF DEMONSTRATION CIRCUIT
Figure 5
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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-S) 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.

Asseen inthe 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 ISAR 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.

Vi1-1321
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MAIN ROUTINE FLOWCHART
Figure 6
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CLKRAM SUBROUTINE FLOWCHART

Figure 7
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ISTING 1 - DEMO PROGRAM
-OCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2

JC 08J.CODE STMT-NR SOQURCE~-STMT PASS2 DEMO DEMO DEMO A8S
1 TITLE CLCCK/RAM DEMONSTRATION MODULE
2 NAME DOEMO
3 PSECT ABS
4 GLOBAL CLKRAM

« THIS MODULE MUST BE LINKED WIThK THE CLOCK/RAM MODULE
* TO CREATE A WORKING PROGRAM.

AR RKEE A A XAk AR A RAARAKXANRR AN N A AN K&

* *
* DEMO FOR MK3805 CLOCK/RAM CHIP #
& *

AXKKRXAKRA A AkARAR A A AR AARAARAR AR AR AR A&

i A



CLOCK/RAM DEMONSTRATION MODULE

LocC

08J.CODE

=0000
=0001
=0002

=0003
=0004
=0005
=0006
=0007
=0010
=0011
=0012
=0013
=0014
=0015
=p01s6

=0004
=0006
=0007
=000C
=000D
=000E
=000F

=0004
=000A
=000C
=000D
=0013
=0018

STMT-NR

25
26
27

51
52
53
54

56
57

65

67
68
69
70

SOURCE-STMT PASS2 DEMO

F8/3870 MACRO CROSS ASSM. V2.2

DEMO DEMO ABS

IS E RS SRR RS ESE SRS R EEEEERRE SRR RRRR N R

*

*

* SCRATCH PAD REGISTER DEFINITIONS =+

*

*

KRR ARKkAKAKAARA AR AR ARk hkhkA Ak hhkhkhkhhkhkhkk

*

* GLOBAL REGISTERS.

* AS IN THE

*

PT4IMG EQU O0OH
CHIPEN EGU O01H

CMD EQU 02H

*

* LOCAL REGISTERS.

« MADE KNOWN

x*

TEMP EQU 03H
CNTSAV  EQU 04H
DCOUNT EQU OSH
TIMCNT EQU 06H
CTRL EQU O7H
SECOND EQU 10H
MINUTE EQU 11H
HOUR EQU 12H

DAY EQU 13H
DATE EQU  14H
MONTH  EQU 1SH
YEAR EQU 16H

*

Ak khkk Ak hkhkkhkkhhk &k
3

*+ PORT DEFINITIONS #
*

AhkhAAA Xk AR AkXAhkEhkkkhk ik
*

CRDATA EQU 04H
TICTRL EQU 0&H
TIMER  EQU O7H
RXCTRL EQU OCH
RXSTAT EGU ODH
MSBYTE EQU OEH
LSBYTE EQU OFH

*

KAk Nk thkhkhhkhkkkhkhkhikixk
. ;

« ASCII DEFINITICNS
*

khkh kR Ak kb hkhkhkkhkhkithk&ki
*

EOT EQU 04H

LF EQU O0AH

FF EQU OCH

CR E£QU ODH

DC3 EQU 13H

ESC EQU 1BH

THESE REGISTERS MUST BE THE SAME

CLOCK/RAM MODULE.

sPORT 4 IMAGE STORAGE
SCHIP ENABLE STORAGE
sCOMMAND STORAGE

REGISTERS DO NOT NEED TO BE

T0 THE CLOCK/RAM MODULE.

T ans

i TEMPERARY STORAGE
sDIGIT COUNT SAVE
SDIGIT COUNTER

s TIMER COUNTER
SCLOCK/RAM CONTROL STORAGE
$SECOND BUFFER
SMINUTE BUFFER
$HOUR BUFFER

iDAY BUFFER

3DATE BUFFER
yMONTH BUFFER
iYEAR BUFFER

sCLOCK/RAM DATA PORT
STIMERs INTERUPT CTRL PORT
s TIMER PORT

SSERIAL CONTROL PORT
$SERIAL STATUS PORT
$SERIAL MSB PORT

§SERIAL LSB PORT

1END OF TEXT

sLINE FEED

sFORM FEED

sCARIAGE RETURN
SDEVICE CONTROL 3 (°S)
SESCAPE



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
L0C 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

KAk AkhAKAKK KKK
* *
* CONSTANTS «
* *
Ak kAR KKK KKK
*

* DAYS OF THE WEEK

*

=0001 80 SUN EQU 1 $SUNDAY IS DAY 1
=0002 81 MON EQu 2 s MONDAY IS DAY 2
=0003 82 TUES EQU 3 s TUESDAY IS DAY 3
=0004 83 WED £EQu 4 s WEDNESDAY IS DAY 4
=0005 84 THURS EQU S +THURSDAY IS DAY 5
=000% 85 FRI EQU 6 sFRIDAY IS DAY &
=0007 86 SAT EQu 7 iSATURDAY IS DAY 7

*

+ MONTHS OF THE YEAR

*

=0001 30 JAN EQU 1 s JANUARY IS MONTH 1
=0002 91 FEB gEQu 2 sFEBRUARY IS MONTH 2
=0003 32 MARCH EQU 3 s MARCH IS MONTH 3
=0004 93 APRIL EQU 4 SAPRIL IS MONTH 4
=0005 54 MAY EQU 3 $tMAY IS MONTH 5

=0006 35 JUNE EQU & FJUNE IS MONTH 6
=0007 S6 JULY £QU 7 sJULY IS MONTH 7
=0008 37 AUG £Qu 8 yAUGUST IS MONTH 8
=0009 38 SEPT EQu 9 s SEPTEMBER IS MONTH 9
=000A 93 OCT EQU 10 $OCTOBER IS MONTH 10
=0008 100 NOV EQU 11 sNOVEMBER IS MONTH 11
=000C 101 DEC EQU 12 SDECEMBER IS MONTH 12

*

* COUNTER VALUES

*

=0000 185 ZEROC EQU 0 ;COUNT IS 0

=0001 106 ONE EQU 1 ;COUNT IS 1

=0002 107 TwWO EQU 2 3COUNT IS 2

=0003 108 THREE  E€Qu 3 iCOUNT IS 3

=0004 109 FOUR EQU 4 ;COUNT IS 4

=0005 110 FIVE EQU 5 iCOUNT IS 5

=0006 111 SIX EQU 6 ;COUNT IS &

=0007 112 SEVEN  EQU 7 3COUNT IS 7

=0008 113 EIGHT  EQU 8 iCOUNT IS 8

=0009 114 NINE EQU 9 iCOUNT IS 9

=000A 115 TEN EQU 10 iCOUNT IS 10 .

=0010 116 TENBCD EQU 10H $BCD VALUE OF 10 iz
* £35¢
« BCD MASKS “gsse
* &

=000F 120 LSO EQU OFH iMASK FOR ONE'S DIGIT -

=00F0 121 MSD EQU OFOK 3MASK FCR TEN'S DIGIT
*
*+ LEAP YEAR MASKS
*

=0013 125 LEAP1  EQU 13H $MASK TC CHECK FOR ?

=0012 126 LEAP2  EQU 12H ?MASK TO CHECK FOR ?

*

« ISAR MASK

AV I - b



CLOCK/RAM DEMONSTRATION MODULE

LoC

08J.CODE

=003F

=0080

=0070
=000F
=g070
=000F
=0080

=0020
=0030
=0010
=000F
=0007
=0030
=000F
=0010
=000F
=00F0
=000F

=0024
=Q0EA

=0001
=0002

=00FE

=0008
=00A2
=00BD
=0081

=0000
=0002
=008F
=008t
=00BF
=00BE

130

154

135
136
137
138
139

140
141
142
143
144
145
146
147
148
149
150

154
155

159
160

154

168
169
170
171

175
175
177
178
173
180

*

ISMASK

*

F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMT PASS2 DEMO

EQuU

3FH

* CLOCK/CALENDAR MASKS

*

HALT

SECMSD
SECLSD
MINMSD
MINLSD
MODE

AMPM
HR2MSD
HR1MSD
HRLSD
DAYLSD
DATMSD
DATLSD
MNMSD
MNLSD
YRMSD
YRLSD
&

* TIMER
*
MAXCNT
TMCTRL

*

EQU 80H
EQU T70H
EGU OFH
EQU 70H
EQU OFH
EQu  80H
EQU 20H
£QuU 30K
EQU  10H
EQU OFH
EQU O07H
EQU  30H
EQU OFH
EQU 10H
EQU OFH
EQU OFOH
EQU OFH
VALUES
EQU 36
EQu DEAH

* CHIP ENABLE BITS

*
DATA
Cel

*

* PARITY FOR TRANSMITTER

*

PARITY

*

EQU
£EQu

£Qu

01H
02H

OFEH

*+ SERIAL PORT VALUES

*
BAUD
XMIT
RCV
RCVI

*

EQU
EQu
£EQu
£EQu

* CLOCK/RAM

*
CRCTRL
CRCHIP
RDSTAT
WRSTAT
RDCLK
WRCLK

EQu
EQu
EQU
EGU
EQu
EQU

0BH

0A2H
0BOH
0B1H

VALUES

00H
02H
8FH
8EH
0BFH
0BEH

VI-138

DEMO DEMO ABS

iMASK TC 6 BITS

SHALT FLAG IS BIT 7 OF SECC
S

$SECONDS TEN'S DIGIT
$SECONDS ONE'S DIGIT
IMINUTES TEN'S DIGIT
SMINUTES ONE'S DIGIT
112724 HOUR MODE IS BIT 7 (
HOURS

SAM/PM FLAG IS BIT 5 OF HOL
24 HOUR MODE TEN'S DIGIT
312 HOUR MODE TEN'S DIGIT
+HOURS GNE'S DIGIT

iDAY MASK

sDATE TEN'S DIGIT

+DATE ONE'S DIGIT

iMONTH TEN'S DIGIT

$MONTH ONE'S DIGIT

tYEARS TEN®*S DIGIT

$YEARS CONE'S DIGIT

sy TIMER MAXIMUM COUNT
s TIMER CONTROL BYTE

iDATA BIT IS BIT O
sCHIP ENABLE BIT IS BIT 1

3PARITY (BIT 0) IS *SPACE?

s BAUD RATE = 9500
s TRANSMIT COMMAND
sRECIEVE COMMAND
SRECIEVE W/INTERUPT

SCLK/RAM CONTROL BYTE
SCLK/RAM CHIP ENABLE BYTE
SREAD CLK/RAM STATUS
FWRITE CLK/RAM STATUS
SREAD CLOCK REGISTERS
SWRITE CLOCK REGISTERS



LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
JC D0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

hkkhkkhhkhkhkhihkkikkkk

* *
* INITIALIZATION =
* *

hk khkhkhkhkkhkk Akt hkkk

*

FUNCTIONZ

THIS IS THE START OF THE DEMO PROGRAM. WHEN THE
MICROCOMPUTER RESETS DUE TO POWER UP OR A HARDWARE
(PUSH BUTTON) RESETs THIS CODE IS ENTERED. THE
INITIALIZATION CONSISTS OF CLEARING ALL SCRATCH PAD
REGISTERSs 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 VALIDs THE ROUTINE CONTINUE ON TO SET THE CLOCK.
OTHERWISEy THE DATA IS ASSUMED OK.

ENTRY STATUS?
THE CPU HAS BEEN RESET.

EXIT STATUS:

IF THE CLOCK DATA IS VALID,y THEN THE ROUTINE EXITS
TO THE DATA 0K ROUTINE. OTHERWISE, THE ROUTINE
EXITS TO THE SET CLOCK ROUTINE.

CLEAR SCRATCH FPAD

% % R % ok R A % % B o B X R X N B % A *

0o 209 ORG O0O0O0OH

co 70 210 CLR sCLEAR ALL SCRATCH PAD
01 08 211 INITY LR IS»A sPUT POINTER INTO ISAR
02 70 212 CLR sCLEAR THAT LOACTION
03 5C 213 LR SsA 3

04 BA 214 LR AyIS sBUMP POINTER

03 1F 215 INC sBUMP POINTER

06 213F 216 NI ISMASK $MASK T0 6 BITS

08 94F8 217 BNZ INIT 360 IF NOT DONE

»

SET UP CLOCK/RAM SUBROUTINE PARAMETERS.

0A 2002 221 LI CRCHIP $SET CLK/RAM CHIP ENABLE
0C 51 222 LR CHIPENsA H

*

INITALIZE SERIAL PORT PARAMETERS.

10 2008 226 LI  BAUD $SET SERIAL BAUD RATE z
IF 8¢ 227 GUTS RXCTRL ; 5 ¢
L0 20FE 228 LI  PARITY $SET PARITY TO *SPACE? 28
l2 BE 229 OUTS MSBYTE H g
*
* CHECK IF CLOCK/RAM HAS JUST BEEN POWERED UP. IF SO,
+ INITIALIZE AND SET THE CLOCK. IF NOT, THEN THE CLOCK
* DATA SHOULD BE VALID.
*
.3 2802AEF 235 PI  STATRD $READ CLK/RAM STATUS
6 47 236 LR AsCTRL ;CHECK WRITE PROTECT BIT
T F7 237 NS  CTRL ;
.8 8169 238 BP  DATACK $BRANCH IF DATA GOOD

v anma



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO CEMO ABS

*

* CLOCK/RAM JUST POWERED UPy SO INITALIZE IT.

*

001A 2802B6 242 PI STATWR SWRITE CLK/RAM STATUS
001D 29006C 243 JMP  SETCLK SSET CLOCK
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LOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
0C 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO OEMO ABS

Ak kA kk kAR RKARR AR R A AR AN AR ARk AR K A K
x

TIMER INTERRUPT SERVICE ROUTINE =
*

KA AE A KA R R KA AR K AR KR AKRAANR KK AR R AR k&

FUNCTION?

THE TIMER INTERRUPT SERVICE ROUTINE IS ENTERED EVERY
TIME THE HARDWARE TIMER TIMES OUT (APPROXIMATELY
EVERY 1/36 SECCNLS.) THE TIMER COUNTER IS
DECREMENTED TO CETERMINE If 1 SECOND HAS PASSED
SINCE THE LAST SCREEN UPDATE. IF NOTy THE ROUTINE
TERMINATES. IF SOy 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 PASSEDs THEN THE COUNTER IS
DECREMENTED. CTHERWISEe THE COUNTER IS RESET AND
THE NEW TIME IS READ FFROM THE CLOCK/RAM AND

* % % * % X % X X X A X R ¥ X X X B X X » F *»

PRINTED.
120 269 ORG 0020H
120 08 2170 LR KyP iSAVE STACK
121 00 271 LR Ay KU )
122 08 272 LR QUyA b
23 01 273 LR AsKL ;
24 37 274 LR QL s A H

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

25 38 278 DS TIMCNT sDECREMENT COUNT
26 941C 279 BNZ FINISH sBRANCH IF NOT ZERO
*
* IT HASy SC RESET CCUNTERs READ NEW CLOCK DATA AND
* DISPLAY IT.
*
28 2024 284 LI MAXCNT sRESET COUNT
2A 56 285 LR TIMCNTHA .
28 2892C1 286 PI CLKRD yREAC CLOCK REGISTERS
2E 2801A4 287 PI AMPMOT $PRINT AM/PM MESSAGE
31 2801cC0 288 PI DAYCT s PRINT DAY
34 28¢01CC 289 PI DATECT iPRINT DATE
37 2801F7 290 PI TIMEOT SPRINT TIME
3A 2A05EB 291 ODCI HOME $SEND CURSOR HOME
3D 28029F 292 PI QUTNMSG
*
* PUT SERIAL PORT BACK IN RECEIVE MODE AND RETURN
* FROM INTERRUPT.
*
40 2081 2917 LI RCVI SENABLE RCV INTERUPT
$2 BD 298 OUTS RXSTAT
+3 138 292 FINISH EI yENABLE INTERUPTS
t4 0D 300 LR PCsG SRETURN
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

LoC

0060
0060
0061
0062
0063
0064

0065
0068
006A

0BJ.CODE

08
00
06
01
07

280287
2513
9408

324
325
326
327
328
329

334
335
336

KERRARKRERRRRARAANAR RN ANRR R R AR R AR R AR AL

*
*
*

&

RECEIVER INTERRUPT SERVICE ROUTINE =

*

RERERKRRRRRRR AR A RRARAA K EA N A A AR A AR RA R AR

* % % % % K % B % B X % X ¥ * ¥ »

* % % *

FUNCTION:Z

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)e IF NOT A *CC3'y THEN THE ROUTINE IS TERMINATED.
OTHERWISEy 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 *DC3', THEN A RETURN
FROM INTERRUPT IS DONE. OTHERWISEs THE ROUTINE
EXITS TO THE SET CLOCK ROUTINE.

ORG 0060H

LR KeP $SAVE STACK
LR As KU H

LR QU A 3

LR AsKL H

LR GLsA H

CHECK FOR *'DC3' FROM KEYBOARD. SET THE CLOCK IF
THIS KEY FOUNDe.

PI INCHR2 SGET CHARACTER
CI DC3 $CHECK FOR *DC3?
BNZ FINISH iBRANCH IF NOT

WAS *DC3*y SO FALL THROUGH TO SET CLOCK.
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.0C 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

ARk AN EAX AKX ARAA N Ak k&

* *
* SET THE CLOCK =
* *

AR RNERRRRRARA R A RS
*
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.
*
*

E
*
S

EXIT STATUS:
ALL CLOCK/CALENDAR SETTINGS ARE SET.

06C 58 357 SETCLK LISL SECCND.AND.7 $POINT TO CLOCK BUFFER
06D 62 358 LISU SECCND«SHR3 3

06E 2800A8B 359 PI DAYIN $SET DAY OF WEEK

071 280126 360 PI DATEIN $SET DATE IN CALENDAR
074 280096 361 PI MOCEIN $SET 12724 HOUR MODE
077 8104 362 8P SET1 s BRANCH IS 24 HOUR MODE
079 2800BC 363 PI AMPMIN SSET AM/PM FLAG

37C 2800D0 364 SET1 PI TIMEIN $SET TIME IN CLOCK

JTIF 2802C9 365 PI CLKHWR SWRITE DATA TO CLOCK

x

* CLOCK NOW SETy SO FALL THROUGH TO START INTERRUPTS.
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LOC 0BJ.CODE STMT~-NR SOURCE~-STMT PASS2 DEMO DEMO DEMO ABS

KARRXAKAAARARA XA RAAA S A AS AR K

* *
* SET UP FOR INTERRUPTS »
* *

AR A AR AR AR AR A AN R R A RRAR AR

*
FUNCTION:
THIS ROUTINE INITIALIZES THE TIMER AND SERIAL PORT
AND ENABLES INTERRUPTS.

*

*

*

&

* ENTRY STATUS:

* EITHER THE DATA WAS VALID AT POWER UPs OR THE CLOC)
* HAS JUST BEEN SET.
*
*
*
*
D

EXIT STATUS:
THE TIMER AND RECEIVER INTERRUPTS ARE THE ONLY EXI’

0082 70 386 DATAOK CLR SCLEAR TIMER

0083 B7 387 OUTS TIMER i

0084 2024 388 LI MAXCNT $SET COUNTER

0086 56 389 LR TIMCNT»A 3

0087 20EA 390 LI TMCTRL 3SET TIMER CONTROL
0089 Bé6 391 OUTS TICTRL )

008A 2A02DF 392 DCI SIGNON IPRINT FEATURES
008D 28029F 393 PI OUTMSG g

0090 2081 394 LI RCVI SENABLE RCV INTERUPT
0092 BD 395 OUTS RXSTAT H

0093 18 396 EI SENABLE INTERUPTS
0094 3J0FF 397 STOP BR STOP SWAIT FOR INTERUPT
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0C 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

I I IS
* *
* 12/24 HOUR MODE INPUT SUBROUTINE +
* *
AR ARAR AR R AR AAN R AR AR AR AR SRR A R RSN A AR

FUNCTIONZ

THIS SUBROUTINE ASKS THE USER IF THE MODE IS TO BE
12 OR 24 HOUR FORMAT. THE ANSWER IS AQUIREDs AND THE
PROPER MODE IS SET.

NONE .

EXIT STATUS:

*

*

*

*

*

*

« ENTRY STATUS:
*

*

*

*+ THE MODE IS SET FOR 12 OR 24 HOUR OPERATION.
*
M

096 08 416 MODEIN LR KyP s SAVE STACK

097 00 417 LR Ay KU 5

098 06 418 LR QUsA H

099 01 419 LR AsKL ;

09A 07 420 LR QLsA )

098 2A0611 421 DCI MODMSG sPRINT MCODE MESSAGE
09E 28029F 422 PI OUTMSG i

0A1 6A 423 LISt HOUR.AND.7 $POINT TO HOURS
OA2 280234 424 PI DIGIT2 $GET DIGIT (0-1)
JA5 15 425 SL 4 sPUT INTO BIT 7
JAE 13 426 SL 1 i

A7 13 427 SL 1

JA9 5C 429 LR SsA
JAA 0D 430 LR P0sG

TORE IT AT HOURS

;
JA8 13 428 SL 1 3

S

iRETURN
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Loc

00AB
00AC
00AD
00AE
DOAF
0080
ooBz
00B6
0087
00BA
00BB

0BJ.CODE

08
00
06
01
07
2A05F0
28029F
68
280222
5C
V)

STMT~-NR

448
449
450
451
452
453
454
455
4586
437
458

SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

IR EE 2RSS EEREREREE SRR RE

* *
« DAY INPUT SUBRCUTINE «
* *

AR AR AR AR R R KA AR AR AR R AR
*

FUNCTIONS

THIS SUBROUTINE ASKS THE USER FOR THE DAY
INPUTS THE ANSHKER.

ENTRY STATUS:
NONE .

"
*
*
*
*
*
*
« EXIT STATUS:
* THE DAY OF THE WEEK IS IN THE DAY BUFFER.
*
DAYIN LR KsP
LR AyKU
LR QU A
LR Ag KL
LR GLsA
BCI DAYMSG
PI OUTMSG
LISL DAY.ANDW7 sPOINT TO DAY
PI DIGIT7Y $GET DIGIT (1-T7)
LR SsA $STORE IT AT DAY
LR P0yQ SRETURN

SAVE STACK

PRINT DAY MESSAGE

s W we Ge wa ws we

\i_14AR
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0oC

0BC
08D
0BE
0BF
0oco
0C1
0C4
0Cc7
ocs
ocB
occ
0CD
0CE
0CF

0BJ.CODE

08
00
06
01
a7
2A0631
28029F
6A
280234
15
13
EC
5C
0D

STMT~-NR

478
479
480
481
482
483
484
485
486
487
488
489
490
431

SOURCE~-STMT PASS2 DEMO DEMO DEMO ABS

I ZEEE SRS R AR A ER RS REREREEEEEEREREE]

* *
* AM/PM SELECT INPUT SUBROUTINE =+
* *

KAKAIAAA KA R A A AA kA A A A AR AN EA AR AR KA AN K&

»

+ FUNCTIONZ
* 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 KeP sSAVE STACK
LR Ay KU H
LR QUyA H
LR A9 KL H
LR QL yA H
DCI AMPMSG $PRINT AM/PM MESSAGE
PI QUTMSG H

LISL HOURLAND.7 SPOINT TO HOURS

PI DIGIT2 $GET DIGIT (0-1)
SL 4 3PUT INTO BIT 5

SL 1 H

XS N )

LR SyA iSTORE IT AT HOURS
LR P0sQ 3RETURN
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Loc

0000
0001
0002
60D3
00D4
0005
00D8

0008
00DC
000D
000E

00EQ
00E3
00ES
00Es
00E7
00ESB
00EB
00EC
00ED
O00EF
00F2

00F4
00F7
00F8
00F9
00FB
00FD
0100

0B8J-CODE

08
00
05
1
07
2A0648
28029F

6A
4C
FC
8115

280234
8408
15

EC

5C
280239
£C

5C
3018
28022A
90F 8

280239
15

5C
2520
8408
28024D
EC

STMT~NR

512
513
514
515
516
517
518

622
523
524
525

529
530
531
532
533
534
535
536
537
538
539

543
544
545
546
547
548
549

SOURCE~STMT PASS2 DEMO DEMO DEMO ABS

khkkhkhkkhkhk kA hhkhkhk kA hkhkhk&

* *
* TIME INPUT SUBRCUTINE »
* *

I E 22 A RS RS RS AR RE RS NEN]

*
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 HRIMINISEC FORMAT. LEADI
2EROS MUST BE INPUT.

*

*

*

*

*

*

+ ENTRY STATUS:
*+ NONE.

*

* EXIT STATUS:
*
*
*
T

THE TIME OF DAY IS SET IN THE HOURsy MINUTE, AND
SECOND BUFFERe.

IMEIN LR KaP s SAVE STACK
LR Ay KU H
LR QUsA i
LR AyKL 3
LR UL oA i
DCI TIMMSG iPRINT YIME MESSAGE
PI OUTMSG H

4

* CHECK IF 12 OR 24 HOUR MODE.

*

LISL HOUR.AND«7 3FPOINT TO HOURS

LR AsS sCHECK IF 24 HOUR MODE
NS 3 H
BP HOUR24 3BRANCH IF SO

*

* 12 HOUR MODEs SO VALID HOURS ARE 01-12.

*

PI DIGIT2 GET CIGIT (0-1)

BZ HOUROX $BRANCH IF 0 ENTERED

SL 4 $STORE IT AT TENS

XS S H

LR SsA H

PI DIGIT3 $GET OIGIT (0-2)
HOUR1 XS S $STORE IT AT UNITS

LR SyA H

BR MIN $60 TO MINUTES
HOUROX PI DIGITS $GET DIGIT (1-9)

BR HOUR1 SSTORE IT AND CONTINUE

*

* 24 HOUR MODE, SC VALID HOURS ARE 00-23.

*

HOUR24 PI DIGIT3 $ GET DIGIT (0-2)
SL 4 $STORE IT AT TENS
LR SeA H
CI TWCeSHLS4 $SEE IF DIGIT WAS t2°'
BZ HOUR2X sBRANCH IF SO
PI DIGITO $GET DIGIT (0-9)
HOUR2 XS S $SSTORE IT AT UNITS
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LOC O0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS
0101 5C 550 LR SsA ;

0102 9006 551 8R MIN 360 TO MINUTES

0104 28023E 552 HOUR2X PI DIGIT4 $GET DIGIT (0-3)
0107 90F8 553 BR HOUR2 ySTORE AND CONTINUE

*

* VALID MINUTES ARE 00-59.

*

0105 28026A 557 MIN PI ouTCcoL iPRINT COLON SEPARATOR
010C 69 558 LISL MINUTE«AND.7 §POINT TO MINUTES
010D 280243 559 PI DIGITs sGET DIGIT (0-5)

0110 15 560 SL 4 $STORE IT AT TENS

0111 5C 561 LR S»A i

0112 28024D 362 PI DIGITO SGET DIGIT (0-9)

0115 EC 563 XS S $STORE IT AT UNITS
01156 5C 564 LR SsA H

*

* VALID SECONDS ARE 00-~59

* N

0117 28026A 568 PI ouTCoL $PRINT COLON SEPARATOR
011A 68 569 LISL SECOND.ANDe7 $POINT TO SECONDS.
0118 280243 570 PI DIGITS iGET DIGIT (0-5)

011E 15 571 St 4 s STORE IT AT TENS

011F 5C 572 LR SyA 3

0120 28024D 573 PI DIGITO $GET DIGIT (0-9)

0123 EC 574 XS S $STORE IT AT UNITS
0124 5C 575 LR SsA i

0125 0D 576 LR P0sG $ RETURN
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LoC

0126
0127
0128
0129
012A
0128
012t

0131
0132
0135
0136
0137
013A
0138

013C
013F
0140
0143
0144
0145
0147
014A
0148
014C
014¢€
0151

0153

0BJ«CODE

08
oo
06
01
07
2A05FD
28029F

6E
28024D
15
5C
28024D
EC
5C

28026A
6D
280234
15

5C
8408
280239
£C

5C
3006
28022A
90F8

28026A

STMT-NR

596
597
598
399
600
601
602

616
617
6138
619
620
521
622
623
624
625
626
627

634

SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

2222 SRR SRS RRSERSS XS]

* *
+ DATE INPUT SUBROUTINE =
* *

kkRXRhkRk kAR Ak kA Ak Ak &

*
FUNCTION?
THIS SUBROUTINE ASKS THE USER FOR THE DATE. IY
INPUTS THE DATE AND SETS THE CALENDAR ACCORDINGLY
THE DATE IS INPUT IN THE YRIMNTHIDAY FORMAT.
LEADING ZEROS MUST BE INPUT.

NONE .

EXIT STATUS:

*

*

*

*

*

*

* ENTRY STATUS:
*

x

*

* THE DATE IS IN THE YEARy MONTH, AND DATE BUFFER.
*
D

DCI DATMSG
PI QUTMSG

PRINT DATE MESSAGE

ATEIN LR KeP $SAVE STACK
LR As KU H
LR QU A i
LR As KL i
LR QL +A H
;
;

»

VALID YEARS ARE 00-99.

LISL YEAR.AND.7 3POINT TO YEAR

PI DIGITGO SGET DIGIT (0-9)
SL 4 sSTORE IT AT TENS
LR SeA H

PI DIGITO $GET DIGIT (0-9)
XS S $STORE IT AT UNITS
LR SsA H

* VALID MONTHS ARE 01-12.

PI CUTCOL sPRINT COLON SEPARATER
LISL MONTH.AND.7 $POINT TO MONTH
PI DIGIT2 SGET DIGIT (0-1)
SL 4 $STORE IT AT TENS
LR SeA H
BZ MNTHOX s BRANCH IF DIGIT IS Q¢
PI DIGIT3 36GET DIGIT (0-2)
MONTH1 XS S $STORE IT AT UNITS
LR SyA H
BR DDATE sG0 TO DATE 4
MNTHOX PI DIGITS $GET DIGIT (1-9)
BR MONTH1 $sSTORE AND CONTINUE
*
+ CHECK MONTH. IF MONTH IS FEBURARYs ALLOW 28 OR
« 29 DAYS IN THE MONTHe IF MONTH IS APRILs JUNE,
* SEPTEMBER OR NCVEMBERy ALLOW 30 DAYS IN THE
* MONTHe FOR OTHER MONTHSy ALLOW 31 DAYSe.
*
DDATE P1 ouTCOL sPRINT COLON SEPARATOR
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LocC

01586
0157
0159

015B
015E
01S5F
0160
0162
0164
0166
0169
016A
016B
01sC
016F

0171
0172
0174
0175
0175
8179
017A
017C
017D
017F

g182

0184
0187

0183
018C
018D
018E
0190
9192

0194
0195
0196
0197
0199

0BJ.CODE

4E
2502
842F

28023E
15

5C
840B
2530
840C
280240
£C

5C

oD
28022A
90F9

6D
2004
55

4E
2A02D8B
8D
8409
35
94FB
280234

90E6

28022F
90E1

2802353
15

5C
840D
2520
94D3

B5E
4C
6C
2113
84CC

STMT~-NR

635
636
637

641
642
643
644
645
646
647
648
649
650
651
652

656
657
658
659
660
661
662
663
664
665

669

573
674

678
679
680
681
082
683

687
688
689
590
691

SOURCE-STMT PASS2 DEMO

LR AsC
CI FEB
BZ FEBXX

*

«~ NOT FEBRUARYs SC ALLOW
*

PI DIGITA

SL 4

LR SsA

BZ DAYOX

CI THREE«SHL o4
BZ DAY3X

DDATE3 PI DIGITO
DDATE1l XS S

LR SsA

LR POsQ
DAYOX PI DIGITY

BR DDATEL
*
* CHECK FOR APRILs JUNE,
*

DAY3X LISL MONTH.AND.7

LI 4

LR DCOUNT4A

LR A+ D

DCI TAB30
pLoorP cM

BZ DAY3O

DS DCOUNT

BNZ DLCQOP

PI DIGIT2

* 31 DAY MONTHs SO ALLOW

BR DDATEL

* 30 DAY MONTHy SC ALLOW

DAY30 PI DIGIT1
BR DDATE1

*

F8/73870 MACRO CROSS ASSM. V2.2

DEMO DEMO ABS

SGET MONTHs POINT DATE
sCHECK IF *FEBRUARY?
$BRANCH IF SO

30 OR 31 DAYS.

3 GET DIGIT (0-3)
iSTORE IT AT TENS

9

$BRANCH IF DIGIT WAS O
SCHECK IF DIGIT WAS 3¢
$BRANCH IF sO

SGET DIGIT (0-9)
$STORE IT AT UNITS

.,

$RETURN

$GET DIGIT (1-9)

s STORE AND RETURN

SEPTEMBER AND NOVEMBER.

sPOINT TO MONTH

5LOOP COUNT = 4

]

SGET MONTHs POINT DATE
$POINT TO 30-DAY TABLE
5CHECK IF IN TABLE

s BRANCH IF SO
$DECREMENT COUNT

s BRANCH IF NOT DONE
$GET DIGIT (0-1)

BAYS OF 01-31.
s STORE AND RETURN
DAYS OF 01-30.

SGET DIGIT (0)
sSTORE AND RETURN

* FEBRUARYs SC ALLOW 28 OR 29 DAYS.

*

FEBXX PI DIGIT3

SL 4
LR SyA
BZ DAYOX

CI TWCeSHL .4
8NZ DDATE3

*

$GET DIGIT (0-2)

$STORE IT AT TENS

;

sBRANCH IF DIGIT WAS 0
SCHECK IF DIGIT WAS *2¢
$BRANCH IF NOT

z
=4
[=
<
o
=
a
o
<

* CHECK IF IT IS A LEAP YEAR.

*

LISL YEARW.AND.7

LR AyS
LISL DATE-ANDS7
NI LEAP1

BZ DDATES
VI-1561

$POINT TC YEAR

yGET YEAR

SPOINT TO DATE
iCHECK IF LEAP YEAR
sBRANCH IF IT IS
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LOC 0BJ.CODE

019B 2312
019D 84Cs8

019F 280248
01A2 90Ce

STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

692 XI LEAP2 $ CHECK AGAIN

693 BZ DDATE3 3BRANCH IF IT IS
*
* NOT A LEAP YEARy SC ALLOW DAYS OF 01-28.
*

697 PI DIGITS8 SGET DIGIT (0-8)

698 BR ODATEL $STORE AND RETURN
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-0C 0BJ.CODE STMT=-NR SOURCE~STMT PASS2 DEMO DEMO DEMO ABS

RARKRRRE AR XK AR ARR AR AR RARE
* *
* AM/PM PRINT SUBROUTINE =+
* *
AR AR AR AKNRRRAK AR AR R AR XA AR

« FUNCTION:
*+ THIS SUBROUTINE PRINTS THE MESSAGE 'GOOD MORNING?
+ IF THE AM/PM BIT IS CLEAR, OR *GOOD AFTERNOOD?® IF
+ THE AM/PM BIT IS SET.
*
*+ ENTRY STATUS:
* THE MODE AND AM/PM BITS MUST BE IN THE HOUR BUFFER.
*
x* EXIT STATUS:
* IF THE MCDE IS 12 HOURy THEN THE *GOOD MORNING' OR
«+ 'GOOD AFTERNOON® MESSAGE WAS PRINTED (DEPENDING ON
*+ THE STATUS OF THE AM/PM BIT.) OTHERWISEs THE FIRST
* LINE OF THE CRT WAS BLANKED.
*
01A4 08 720 AMPMOT LR  KyP {1 SAVE STACK
01A5 2A0512 721 DCI GOODPT iCURSOR TO LINE 1
01A8 28029F 722 PI  OUTMSG ;
*
+ CHECK IF IN 12 OR 24 HOUR MODE. SKIP THIS
* ROUTINE IF 24 HOUR MODE.
*
01AB 6A 727 LISL HOUR.AND.7 3POINT TO HOURS
01AC 4C 728 LR AsS 3CHECK 12/24 HOUR BIT
01AD FC 729 NS S $SET FLAGS
01AE 8110 730 BP  MLTRY1 iBRANCH IF 24 HOUR
*
+ 12 HOUR MODEs SO CHECK AM/PM FLAG. PRINT *GOOD
+ MORNING®' IF AM, 'GOOD AFTERNOON' IF PM.
*
0180 13 735 st 1 ;CHECK AM/PM FLAG
01B1 13 736 sL 1
0182 8106 737 BP  AMPM1 {BRANCH IF AM
01B4 2A0527 738 DCI GDAFTR $POINT TO PM MSG
0187 5004 739 BR  AMPM2 3 CONTINUE
01B9 2A0519 740 AMPM1  OCI GDMORN $POINT TO AM MSG
01BC 28029F 741 AMPM2  PI  QUTNSG $PRINT MESSAGE
01BF 0C 742 MLTRYL PK $RETURN

2
> O
=y
<
o
a4
Iy
5 <
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STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

LocC

01Co0
01C1
01C4
01C7
01ics
g1c8

0BJ.CODE

08
2A0537
28029F
6B
280295
ocC

759
760
761
762
763
164

I EE A2 ER SRR SRR ERERS S

*
*
*

*

DAY PRINT SUBRGUTINE =

*

2 S ESE R ERE RS RS ERE RS X

*

*
*
*
*
*
*
*
*
*
D

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.
AYOT LR KeP $SAVE STACK
DCI DAYPT s CURSOR TO LINE 3
PI QUTMSG )
LISL CAY«AND.7 $POINT TO DAY
PI FNDCUT $PRINT DAY MESSAGE
PK $RETURN
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LOC 9BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

A AR A AR AR ARR R AR R AR R R ERK
* *
* DATE PRINT SUBROUTINE =
* *
AR AE R AR AARRRR R AR AR AR AR Ak
*
FUNCTIONZ
THIS SUBROQUTINE PRINTS THE DATE.

*

*

*

* ENTRY STATUS:

* THE DATE MUST BE IN THE YEARs MONTHs AND DATE
* BUFFERS.

*

* EXIT STATUS:

+ THE DATE IS PRINTED ON THE CRT.

*
D

o1cc 08 782 DATEOT LR KyP }SAVE STACK
01CD 2A0576 783 DCI DATEPT ;CURSOR TO LINE 5
0100 28029F 784 PI  OQUTMSG H
0103 6D 785 LISL MONTH.AND.7 ;POINT TO MONTH
*
« MAKE BCD MONTH BINARY.
. _
0104 4C 789 LR A,S $GET MONTH
0105 2110 . 790 NI  TENBCD $SEE IF MONTH > 9
01D7 4C 791 LR AsS $RECALL MONTH
01D8 8405 792 BZ  DATE1 $BRANCH IF <= 9
01DA 210F 793 NI  MNLSD $KEEP ONLY LSD
01DC 240A 794 AT TEN $ADD 10
01DE 5C 795 DATEL LR SsA ;PUT IT ALL BACK
*
« FIND MONTH IN MESSAGE AREA -AND PRINT IT.
*+ THEN PRINT DATE ANC YEAR.
*
01DF 280295 800 PI  FNDCUT 3PRINT MONTH
01E2 5C 801 LISL DATE.AND.7 3;POINT TO DATE
01E3 280278 802 PI  OUTMSD $PRINT DATE
01E6 28027E 803 PI  OUTLSD 3 ,
01E9 2A05DF 804 DCI SEPAR 3PRINT SEPARATER
01EC 28029F 805 PI  QUTMSG ;
01EF SE 806 LISL YEAR.AND.7 3POINT TO YEAR
01F0 280278 807 PI  OUTMSD 3PRINT YEAR
01F3 28027E 808 PI  OUTLSD 3
01F6 0C 809 PK $RETURN

Vi
3870/F8

z
Q
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q
o
a
a
a
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LocC

01F7
01F8
01FB

01FE
01FF
0200
0201
0203
0204
0206

0207
020A
0200
0210
0211
0214
0217
021A
0218
021€
0221

0BJ.CODE

08
2A05E4
28029F

6A
4C
FC
8105
4C
211F
5¢C

280278
28027E
28026A
69

280278
28027E
28026A
68

280278
28027t
oc

STMT-NR

827
828
829

834
- 835
836
837
838
839
840

844
845

846

847
848
849
850
851
852
853
854

SOURCE-STMT-PASS2 DEMO DEMO DEMO ABS

AR R AN AR A RAAARARR AR R AR &

* *
* TIME PRINT SUBRCUTINE #
* *

Ak ARk A RNARAA RN AR AR RN A&

FUNCTION: -
THIS SUBROUTINE PRINTS THE TIME.

*

*

*

*

* ENTRY STATUS: ;
*+ THE TIME MUST BE IN THE HOUR, MINUTEs AND SECOND
* BUFFERS.

*

+ EXIT STATUS:

* THE TIME IS PRINTED ON THE CRT.

*
T

IMEOT LR KeP i SAVE STACK
DCI TIMEPT sCURSOR TO LINE 7
PI QUTMSH H g

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

*

LISL HOUR<AND.7 - 3POINT TO HOURS

LR AsS 3CHECK 12/24 HOUR BIT
NS S 3

BP MLTRY2 $BRANCH IF 24 HOUR

LR AsS $STRIP FLAGS FROM HOURS
NI HR1MSD+HRLSD 3

LR SeA H

*

* PRINT HOURSy MINUTES AND SECONDS.

%

MLTRY2 PI OUTMSD $PRINT HOURS
PI OUTLSD ;
PI ouTCOL $PRINT COLON
- LISL MINUTE.AND.7 3POINT TO MINUTES
PI OUTMSD SPRINT MINUTES
PI QUTLSD H
PI ouTCOoL " $PRINT COLON
LISL SECOND.AND.7 SPOINT TO SECONDS
PI OUTMSD iPRINT SECONDS
PI QUTLSD ;
PK $RETURN
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM., V2.2
-0C 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

E R AR AR ARR AR R AR AR AR
*

GET DIGIT SUBRCUTINE =
*

AR AR AR AR KRR NN AR AR AR RR

FUNCTION:

THIS SUBROUTINEs 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 PCINT.

NORMAL EXIT STATUS:
THE DIGIT IS ECHOED TO THE CRTy AND RETURNED
IN A AS A BINARY VALUE.

ERROR EXIT STATUS: ‘
THE CHARACTER IS NOT ECHOED TO THE CRTy AND THE
ROUTINE LOOPS BACK FOR ANOTHER CHARACTER UNTIL
A CHARACTER THAT IS IN THE RANGE IS INPUT.

GET DIGIT (1-7) SUBROUTINE

1222 98 882 DIGIT7 LR KsP $SAVE STACK
1223 2007 883 ' LI SEVEN $COUNT = 7
}J225 2A02D2 884 DGT DCI TAB19 sPOINT TO SECOND TABLE
1228 902A 885 BR DIGITTY 3GO0 GET A DIGIT
*
* GET DIGIT (1-9) SUBROUTINE
*
J22A 08 ‘ 889 DIGITY LR KeP $SAVE STACK
1228 2009 890 LI NINE sCOUNT = 9
)220 90F7 8391 BR 06T 160 GET A DIGIT
*
* GET DIGIT (0) SUBROUTINE
*
122F 08 895 DIGIT1 LR KsP iSAVE STACK
1230 2001 896 LI ONE sCOUNT = 1
1232 901D 897 BR DIGIT 360 GET A DIGIT
*
* GET DIGIT (0-1) SUBROUTINE
“ *
1234 08 901 DIGIT2 LR KeP s SAVE STACK
1235 2002 302 LI TWO $COUNT = 2
1237 9018 303 BR DIGIT 1G0 GET A DIGIT
*
* GET DIGIT (0-2) SUBROUTINE
*
1239 08 307 DIGIT3 LR KoP s SAVE STACK
123A 2003 308 LI THREE SCOUNT = 3
t23C 9013 909 BR DIGIT 360 GET A DIGIT

*

* GET DIGIT (0-3) SUBROUTINE

*
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2

LOC 0BJe.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS
023E 08 913 DIGIT4 LR KeP $SAVE STACK

023F 2004 914 LI FOUR SCOUNT = ¢4

0241 900E 915 . BR DIGIT 160 GET A DIGIT

®

« GET DIGIT (0-S) SUBROUTINE

*

0243 08 919 DIGITé6 LR KsP © $SAVE STACK
0244 2006 920 LI SIX $COUNT = 6
0246 90609 921 BR DIGIT 160 GET A DIGIT

*

# GET DIGIT (0-8) SUBROUTINE

*

0248 08 925 DIGIT8 LR KyP $SAVE STACK
0249 2009 926 LI NINE SCOUNT = 9

0248 9004 927 BR DIGIT 360 GET A DIGIT

*
* GET DIGIT (0-9)

*

024D 08 931 DIGITO LR KeP $SAVE STACK
024E 200A 932 L1 TEN sCOUNT = 10
0250 2A02D1 933 DIGIT DCI TABO9 SPOINT TO 0-9 TABLE

*

« SAVE COUNT AND POINTER IN CASE A CHARACTER IS
« ENTERED WHICH IS NOT WITHIN RANGE.

*

0253 54 938 DIGITT LR CNTSAV,4A $SAVE COUNT FOR ERROR
0254 11 939 LR HeDC $SAVE POINTER FOR ERROR
0255 55 940 DGTBAD LR DCOUNT, A $SAVE COUNT

0256 10 941 LR DCsH 3POINT TO TABLE

0257 280283 942 PI INCHR SGET A CHARACTER

025A 8D 943 DGTLOP CM SSEE IF IT IS IN TABLE
0258 8407 944 8Z DGTCK iBRANCH IF IT IS

025D 35 945 DS DCCOUNT $DECREMENT COUNT

025E 94FB 946 BNZ DGTLOP iBRANCH IF NOT DONE
0260 44 9417 LR Ay CNTSAV $RESET COUNTER

0261 30F3 948 BR DGTBAD i TRY AGAIN

*

* GOT A VALID CHARACTERy SO ECHO IT TO SCREEN
* AND MAKE IT BINARY.
® .
D

0262 280260 953 DGTOK PI OUTCHR $ECHO CHARACTER
02€6 43 954 LR Ay TEMP s MAKE IT BCD
0267 210F 955 NI LsSD i

0269 0C 9586 PK $RETURN
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO  DEMO  ABS
AEAEAA K AAA R AKAA AR A AIARA R A A kA A &
- *
+ CHARACTER OUTPUT SUBROUTINE «
* *
I E B Z 22 ESSERESEEERE SRS SRS RS A RS &3
*
« FUNCTION:
+ THIS SUBROUTINE, WITH IT*S VARIOUS ENTRY POINTS,
* QUTPUTS 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
*
026A 2034 977 ouTCOL LI  *:¢ ;LOAD COLON INTO TEMP
026C 53 978 LR TEMPsA
*
+ CHARACTER OUTPUT SUBROUTINE
*
+ THE CHARACTER IS OUTPUT FROM REGISTER TEMP.
*
026D 2042 984 OUTCHR LI XMIT $PUT INTO XMIT MODE
026F BD 985 QUTS RXSTAT :
0270 43 986 LR AyTEMP $GET CHARACTER
0271 13 987 st 1 $START BIT = 0
0272 BF 988 QUTS LSBYTE iSEND IT
0273 AD 989 LOOPL  INS RXSTAT PWAIT TILL IT'S SENT
0274 13 990 st 1 ;
0275 81FD 991 BP  LOOP1 ;
3277 1C 992 PoOP s RETURN
*
+ OUTPUT MOST SIGNIFICANT DIGIT SUBROUTINE
t 4
«+ THE DIGIT IS CUTPUT FROM BITS 7-4 OF THE BYTE AT
» THE LOCATION POINTED TO BY ISAR.
*
1278 4C 999 QUTMSD LR  AsS $GET MSD
1279 14 1000 SR 4 ;
1274 2230 1001 ASCII  OI  030H $MAKE IT ASCII
)27C J0EF 1002 BR  CUTCOL+2 iSEND IT OUT
*
+ OUTPUT LEAST SIGNIFICANT DIGIT SUBROUTINE
*
*+ THE DIGIT IS CUTPUT FROM BITS 3-0 OF THE BYTE AT
«+ THE LOCATION POINTED TO BY ISAR.
*
J27E 4C 1009 OUTLSD LR  AsS $GET LSD
)27F 210F 1010 NI  LSD ;
)281 90F8 1011 BR  ASCII

SMAKE IT ASCII AND PRINT
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CLOCK/RAM DEMONSTRATION MODULE
0BJ«.CODE

Loc

0283
0285
0286
0287
0288
028A
0288
028C
028D
028E
028F
0290
0291
0232
0293
0294

1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044

F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMT PASS2 DEMO

DEMOD DEMO ABS

AERKEARRAAAA A A AR RARE A AA Ak Kk &k k&

*

*

* CHARACTER INPUT SUBROUTINE =+

*

*

AA N AARRAANARRN A AR AARARR AN A A A Ak &

*

*
*
*
*
*
*
*
*
*
*
I

THIS SUBROUTINE INPUTS A CHARACTER FROM THE

THE CHARACTER IS RETURNED IN A IN ASCII FORMAT,.

FUNCTION:

KEYBOARD.

ENTRY STATUS:

NONE «

EXIT STATUS:

NCHR LI  RCV
OUTS RXSTAT
INS LSBYTE
INCHR2 INS RXSTAT

BP  INCHR2
INS LSBYTE
SR 4
SR 1
SR 1
LR TEMP,A
INS MSBYTE
sL1
st 1
XS  TEMP
LR TEMP4A
POP

VI-160

sPUT INTO RCV MODE

i

SCLEAR READY BIT

SWAIT TILL INPUT READY
H

$GET BITS 1 AND O

SAVE THEM
GET BITS 7 THRU 2

s B s we we @t ws

$MIX BITS INTO BYTE
$SAVE INPUT
s RETURN



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

Ak ARk ARk R AkA AR A XA RA RS ARk k&

& *
* PRINT MESSAGE SUBROUTINE =+
* *

ARERARAIA AR AR AR AR RN A RN A A

*
* 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 PRINTEDe (TYPICALLY
+ THE NUMBER OF THE MONTH OR DAY.) DC MUST POINT TO
* THE START OF THE STRING OF MESSAGESe. EACH MESSAGE
+ MUST END WITH AN 'EOT?' CHARACTER.
*
« EXIT STATUS:
+ THE APPROPRIATE MESSAGE WAS PRINTED ON THE CRTe
*
0295 3C 1066 FNDOUT DS S {DECREMENT MSG COUNT
0296 8408 : 1067 BZ  OUTMSG iBRANCH IF FOUND
0258 16 1068 FNDLCP LM $GET CHARACTER
0299 2504 1069 CI  EoOT ;CHECK FOR END OF TEXT
0298 94FC 1070 BNZ FNCLOP $BRANCH IF NOT FOUND
029D 90F7 1071 BR  FNOOUT $ELSEy CHECK COUNT

*

* MESSAGE LOCATEDs SO FALL THRQUGH TO PRINT IT.
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

LOC

029F
02A1
02A2
02A3
02A5
02A7
02A8
02A9
02AA
02AC

08J.CODE

1032
1093
1094
1095
1095
1097
1098
1099
1100
1101

Ak kAN AAAA A AAAARARRRAANAEA KA A XK

* x
+ MESSAGE OUTPUT SUBROUTINE =
* *
AR RS RS REEER R ES R ESEEREE RSN S
*
* FUNCTIONZ
* THIS SUBROUTINE PRINTS THE MESSAGE STARTING AT
* POINTER.
*
«+ ENTRY STATUS:
* DC MUST POINT TO THE START OF THE MESSAGE T0 BE
* PRINTED. IT MUST END WITH AN 'E0T' CHARACTER.
*
* EXIT STATUS:
* THE MESSAGE IS PRINTED ON THE CRT.
*
QUTMSG LI XMIT sPUT INTO XMIT MODE
CUTS RXSTAT
LOOP3 LM IGET CHARACTER
CI EOT $CHECK FOR END OF TEXT
82 LOCP1 $BRANCH IF END
St 1 #START BIT = 0
CUTS LSBYTE $SENT CHARACTER
LOOP4 INS RXSTAT yWAIT TILL READY FOR NEX
BP LOCP4 $BRANCH IF NOT READY
BR LOGP3 sNEXT CHARACTER
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSMs V2.2
LOC 0BJ.CODE STMT-NR SOURCE~-STMT PASS2 DEMO DEMO DEMO  ABS
ARk kX kAR AkAkAKRKA Ak AA A A Ak kA AA KA R Kk Rk
x* *
*+ CLOCK/RAM SUBRCUTINE PATCHES
* *
Ak hkhkhkhkhhkhkhkrhhkhkhk kA kxRt & &
*
* FUNCTION:
+ THESE PATCHES ARE TO SET UP THE COMMAND REGISTER
* FOR THE CLOCK/RAM SUBROUTINE. THE DIFFERENT ENTRY
*+ POINTS SET UP CIFFERENT COMMANDS.
*
x ENTRY STATUSS
* FOR WRITE COMMANDS, THE DATA MUST BE IN THE CLOCK
* BUFFER AREAS.
*
*
* EXIT STATUS:
« THE DATA IS TRANSFERED BETWEEN SCRATCH PAD AND THE
* CLOCK/RAM.
«+ READ CLOCK/RAM STATUS SUBROUTINE
*
*+ READ CLOCK/RAM STATUS SUBRUTINE
*
02AE 60 1126 STATRD LISU CTRL.SHRe.3 3$POINT TO CTRL REG
02AF &F 1127 LISL CTRL.ANDeT 3
02B0 208F 1128 LI  ROSTAT $SET UP COMMAND
0282 52 1129 LR CMD»A ;
0283 29FFFF 1130 JMP  CLKRAM SEXECUTE IT
*
* WRITE CLOCK/RAM STATUS SUBROUTINE
*
0286 60 1134 STATWR LISU CTRL.SHRe3 3POINT TO CTRL REG
0287 6&F 1135 LISL CTRL.AND7 3
0288 208E 1136 LI  WRSTAT 3SET UP COMMAND
02BA 52 1137 LR CMDsA ;
0288 2000 1138 LI  CRCTRL $SET UP CONTROL BYTE
028D 57 1139 LR CTRLsA ;
02BE 290284 1140 JMP  CLKRAM JEXECUTE IT
*
*+ READ CLOCK SUBRCUTINE
*
02C1 62 1144 CLKRD  LISU SECOND.SHR.3 3POINT TO CLOCK BUFFER
02c2 68 1145 LISL SECONDeANDe7 3
02C3 208F 1146 LT  RODCLK $SET UP COMMAND
02C5 52 1147 LR CMDsA ;
02C6 2902BF 1148 JMP  CLKRAM $EXECUTE IT
*
+ WRITE CLOCK SUBROUTINE
*
02C9 62 1152 CLKWR  LISU SECOND.SHRe3 3POINT TO CLOCK BUFFER
02CA 68 1153 LISL SECOND.AND.7 }
02CB 20BE 1154 LI  WRCLK $SET UP COMMAND
02CD 52 1155 LR CMDyA H
02CE 2902C7 1156 JMP  CLKRAM {EXECUTE IT
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSMe V2.2

LoC

02D1
02D2

0208

02DF

0284

0307

0329

0333
0337

8340
0343

0BJ.CODE

30
31323334
35363738
39

04060911

0C18592A
20
2A2A2A2A
2A2A2A2A
2A2A2020
20202050
32455345
4E54494E
47204D4F
53544548
275320
4E455720
434C4F43
4B2F5241
4D205045
52495048
4552414C
20434849
50202020
2020
2A2A2A2A
2A2A2A2A
2A2A
0D0AOADA
46454154
55524553
3A
0DOAOA
2A204340D
4F532044
45534947
4E£20464F

STMT-NR

1166
1167

1171

1181

1182

1183

1184

1185
1186

1187
1188

SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

Ahkhkhkhkhkhkhhkhkhkhkhkhdki

* *
* PROGRAM TABLES =+
* *

AXARRK KRR KRR RRRRA
*
* DIGIT CHECK TABLE

*

TABO9 DEFB "0

TAB19 DEFB 1179720, 130,041,050 ,057,171,180,19¢

*
* TABLE OF 30 DAY MONTHS
*

TAB30 DEFB 44639911H

*

KRRk kR KRKKKKK Kk

* - x*
* PROGRAM MESSAGES «+
* k

Ak h Ak hkhhhhhkk bk hkhh &
*
* FEATURES MESSAGE

*

SIGNON DEFB FFeESCy?Ytytat,t ¢

DEFM Txaaxxraasn PRESENTING MOSTEK?® !

DEFM YNEW CLOCK/RAM PERIPHERAL CHIP

DEFM s axkakhnaux?

DEFB CRoLFyLFyLF
DEFM 'FEATURES:?

DEFB CRsLFoLF

DEFM '+ CMOS DESIGN FOR EXTREMELY LOW POI
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CLOCK/RAM DEMONSTRATION MODULE

Loc

0368

0373
0377

0390

0386
0388

03DD

03FE

0405
0407

0BJ-C0DE

52204558
54524540
454C5920
4C4F5720
504F5745
52
20434F4E
53554050
54494F 4E
2€

0D0A
2A204153
594E£4348
524F4E4F
55532053
45524941
4C20434F
4D4D554E
49434154
494F4E20
4154
20564952
5455414C
4C592041
4£592042
41554420
52415445
2E

0D0A
24203132
2F323420
484F5552
20434C4F
434B2F 43
414C454E
44415220
57495448
20415554
4F
20414444
55535420
454F5220
53484F52
54204D4F
46544853
20414E44
204C4541
50
20594541
52532€
0DO0A
2A203234
20425954
4553204F
46205241
4D20464F
5220504F

1183

1130
1131

1192

1133
1194

1135

1196

1197
1198

F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE~-STMT PASS2 DEMO DEMO DEMO ABS

DEFM

CEFB
DEFM

DEFM

DEFB
DEFM

DEFM

CEFM

DEFB
DEFM

VI-165

' CCNSUMPTIONS?

CRyLF
*+ ASYNCHRONOUS SERIAL COMMUNICATION AT

! VIRTUALLY ANY BAUD RATE.!?

CRyLF
*+ 12/24 HOUR CLCCK/CALENDAR WITH AUTO?!

* ACJUST FOR SHORT MCNTHS AND LEAP?

[+ 4
¥4
®&2
s »
5988k
S
1
®3a 2
S8
od
B

' YEARS?

CRyLF
*+ 24 BYTES OF RAM FOR POWER DOWN?



CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

57455220
444F5T4E
0427 2053544F 1199 DEFM v STORAGE OF VITAL INFORMATION.?
52414745 ‘
204F4620
56495441
4C20494%E
464F524D
4154434F
4t 2€
0445 0DDA 1200 DEFB CRyLF
0447 2A204F4E 1201 DEFM '+ ON CHIP OSCILLATOR THAT PROVIDES A?
20434849
50204F53
43494C4C
41544F52
20544841
54205052
4F564944
45532041
046B 20434C4F 1202 DEFM * CLOCK SIGNAL FOR YOUR MICROPROCESSOR.
43482053
49474E41
4C20464F
5220594F
5552204D
4943524F
50524F43
45535 34F
522K
0491 0D0A 1203 DEFB CRsLF
0493 2A205349 1204 DEFM *» SIMPLE INTERFACING TO ANY?
4D504C45
20494E54
45524641
43494E47
20544F20
414£539
04AE 204D4943 1205 DEFM * MICROPROCESSOR.?
524F5052
4F 434353
534F322E
04BE 0DOACADA 1206 DEFB CRsLFyLFoLF
04C2 2A2A2A2A 1207 DEFM Txsaadxanis SEE YOUR MOSTEK REPRE?
2A2A2A2A
2A2A2020
20202053
45452059
4F 555220
4D4F5354
45482052
45505245
04Es 53454E54 1208 DEFM 'SENTATIVE FOR FURTHER DETAILS '
41544956
4520464F
52204655
525448453
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

52204445
5441494C
53202020
20
0507 2A2A2A2A 1209 DEFM Taaakasieka?
2A2A2A2A
2A2A
0511 04 1210 DEFB EOT

*
x+ AM/PM MESSAGES
*
0512 1B592020 1214 GOODPT DEFB ESCyTYTy? #47 Y ESCe?K?4EOT
184804
0519 474F4F44 1215 GDMORN DOEFM 'GOOD MORNING!?®
204D4F52
4E494E47
21
0526 04 1215 DEFB EOT
0527 474F4F44 1217 GDAFTR DEFM *GOOD AFTERNOON!?®
: 20414654
45524 E4F
4F4E21
0536 04 1218 DEFB EOT
*
x+ DAY MESSAGES

*

0537 18592220 1222 DAYPT  DEFB ESCa'Y'y"¥0,? t,ESCy'K*yEQT
1B4B04
0535 53554544 1223 DEFM *SUNDAY?!
4159
0544 04 1224 DEFB EOT
0545 4D4F4E44 1225 DEFM 'MONDAY'
4159
0548 04 1226 DEFB EOT
054C 54554553 1227 DEFM *TUESDAY?
444159
0553 04 1228 DEF8 EOT
0554 3745444E 1229 DEFM 'WECNESDAY!
45534441
59
0550 04 1230 DEFB EOT
055E 54485552 1231 DEFM 'THURSDAY?
53444159
0566 04 1232 DEFB EOT
0567 46524944 1233 DEFM 'FRIDAY? .
4139 2
056D 04 1234 DEFB EOT S
056E 53415455 1235 DEFM *SATURDAY? g
52444159

*

* MONTH MESSAGES
*

0575 1BS592420 1239 DATEPT DEFB ESCe?Ytyt5%? V,ESCy'K?H4E0T
184804

057D 4A414E55 1240 DEFM 'JANUARY ¢
41525920

0585 04 1241 CEFB EOT
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM. V2.2

LOC O0BJ.CODE: STMT-NR SOURCE-STMT PASS2 DEMO DEMO DEMO ABS

0586 46454252 1242 DEFM *FEBRUARY ¢
55415259
20

058F 04 1243 DEFB EOT

0590 4D415243 1244 DEFM *MARCH ¢
4820

0596 04 1245 DEFB EOT

0597 41505249 1246 DEFM 'APRIL ¢
4C20

0590 04 1247 DEFB EOT

059E 4D415920 1248 DEFM 'MAY ¢

05A2 04 1249 DEFB EOT

05A3 4A554E45 1250 DEFM YJUNE
20

05A8 04 1251 DEFB EOT

05A9 4A554C59 1252 DEFM "JULY
20

05AE 04 1253 DEFB EOT

05AF 41554755 1254 DEFM *AUGUST ¢
53542¢

0586 04 1255 DEFB EOT

05B7 53455054 1256 DEFM 'SEPTEMBER !
454D4245
52290

05C1 04 1257 DEFB EOT

05C2 4F43544F 1258 DEFM *OCTOBER ¥
42455220

05CA 04 1259 DEFB EOT

05CB 4E4F5645 1260 DEFM *NOVEMBER *
4D424552
20

05D4 04 1261 DEFB EOT

05D5 44454345 1262 DEFM 'DECEMBER ¢
4D424552
20 :

05DE 04 . 1263 DEFB EOT

*
+ YEAR SEPARATOR MESSAGE
*
0SDF 2C203139 1267 SEPAR DEFM vy 19"
05E3 04 1268 DEFB EOT
: * :

*+ SEND CURSOR TC TIME LINE MESSAGE
*
05E4 1B592620 1272 TIMEPT DEFB ESCoaTY?4%8%y" " ,ESCy*K'yEOT
184804

*

* SEND CURSOR HOME MESSAGE
*
05EB 1859376F 1276 HOME CEFB ESCe'Y1497%,%0,E0T
04
*

* PROMPT MESSAGES

*

05F0 0C 1280 DAYMSG ODEFB FF
05F1 444159290 1281 DEFM *DAY (1-7)2 ¢
28312D37
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CLOCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSM., V2.2
LOC 0BJ.CODE STMT-NR SOURCE-STMT PASS2 DEMO BEMO DEMO ABS

293F20
0SFC 04 1282 DEFB EOT
*
05FD 0DOA 1284 DATMSG DEFB CR,yLF
0SFF 44415445 1285 DEFM YDATE (YRIMO:DA)? *
20285952
3A4D4F3A
4441293F
20
0610 04 1286 DEFB EOT
*
0611 0DOA 1288 MODMSG DEFB CRsLF
0613 4D4F4445 1289 DEFM YMODE (0=24 HOURy 1512 HOUR)? ¢
20283030
32342048
4F55522C
20313D31
3220484F
555229 3F
20
0630 04 1290 DEFB EOT
*
0631 0DOA 1292 AMPMSG CEFB CRiLF v
0633 414D2F50 1293 DEFM "AM/PM (0=AM, 1=PM)? *
4D202830
3D41402C
20313050
4D293F20
0647 04 1294 DEFB EOT
*
0648 0DOA 1296 TIMMSG DEFB CRsLF
064A 54494045 1297 DEFM 'TIME (HRIMN:ISC)? ¢
20284852
3A4D4E3 A
5343293F
20
0558 04 1298 ~ DEFB EOT

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 ABS

AMPM 0020 140

AMPM1 * 0189 7490 137

AMPM2 * 018C 741 739

AMPMIN * 00BC 478 363

AMPMOT ' 01A4 720 287

AMPMSG * 0631 1292 483

APRIL 0004 33

ASCII * 027A 1001 1011

AUG 0gos 97

BAUD 000B 158 226

CEl 0002 160

CHIPEN 0001 24 222«

CLKRAM E Q2CF 4 1130 1140 1148 1156

CLKRD ' (02C1 1144 286

CLKWR ' 02C9 1152 355

CMD 0002 27 1123%1137+1147+1155+

CNTSAVY 0004 33 938+« 947

CR 000D 68 1185 1187 1190 1133 1197 1200 1203 1205 1284 1288 129
1296

CRCHIP 0002 176 221

CRCTRL 0008 175 1138

CRDATA 0004 51

CTRL 0007 36 236 237 1126 1127 1134 1135 1139+

CATA 0001 159

CATAOK * 0082 386 238

DATE 0014 41 689 801

DATE1 ' 01DE 795 732

CATEIN * 0126 5936 360

DATEOT * 01CC 782 289

DATEPT * 0576 1239 783

DATLSD 000F 146

DATMSD 0630 145

OATMSG * 0O5FD 1284 601

OAY 0013 40 455 762

DAYOX ¢ 016C 651 644 681

DAY30 * 0184 673 562

DAY3X ' 0171 656 546

DAYIN * O00AB 448 359

DAYLSD 0007 144

DAYMSG ' O05F0 1280 453

DAYOT * (Q01C0 759 288

DAYPT ¢ (0537 1222 760

DC3 0013 693 335

DCOUNT 0005 34 658* 663% 940 345

DDATE ' 0153 634 625

DDATELl * 0159 548 652 669 674 698

DDATE3 ' 0166 647 683 691 €93

BEC 000C 101

OGT ' 0225 884 831

CGTBAD * 0255 940 348

CGTLOP ¢ 025A 943 946

DGTOK ' 028683 953 S44

DIGIT * 0250 933 897 903 909 915 921 927

DIGITO * 024D 3931 548 562 573 607 610 o647

CIGIT1 * (022F 895 573

DIGIT2 v 0234 901 424 486 529 b5l8 6635

DIGIT3 * 0239 307 534 543 622 678
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LOCK/RAM DEMONSTRATION MODULCE F8/3870 MACRO CROSS ASSM. V2.2

NAME TYP VALUE DEF REFERENCES PAS32 DEMO DEMO DEMO ABS

'IGIT4 ' Q23E 913 352 641

IIGITe * 0243 919 559 570

ITIGITYT * 0222 882 4585

FIGITS ' 0248 925 697

IIGITS v 022A 889 538 626 651

JIGITT ' 0253 938 885

jLoop v 0179 56l 6564

IGHT 0008 113

0T 0004 85 1069 1035 1210 1214 1216 1218 1222 1224 1226 1228 1230

1232 1234 1239 1241 1243 1245 1247 1249 1251 1253 1255
1237 1259 1261 1263 1268 1272 1276 1282 1286 1290 1294

1298
IsC ge18 70 1181 1214 1214 1222 1222 1239 1239 1272 1272 1276
‘EB 0002 91 635
TEBXX ' 0189 578 637
°F 600C 67 1181 1280
TINISH ' 0043 299 279 336
TIVE 0005 110
INDLOP * (0298 1068 1078
INDOUT ¢ 0295 1066 753 800 1071
ZOUR 0004 109 914
“RI 0006 85
3DAFTR v 0527 1217 738
30MORN * 0519 1215 740
300DPT * 0512 1214 721
1ALT 0080 134
HOME ' 05EB 1276 291
40UR 0012 33 423 485 522 7127 834
HOURGX * QO0EF 538 530
HOUR1 ' Q0EB 535 539
HOUR2 ' 01060 5493 553
HOUR24 ' 00F4 543 525
HOUR2X ' 0104 552 547
HR1MSD 0010 142 839
HR2MSD 0030 141
HRLSD GO0F 143 839
INCHR ' 0283 1029 942
INCHR2 * 0287 1032 334 1033
INIT ' 0001 211 217
ISMASK 003F 130 216
JAN 0001 90
JULY 0007 36
JUNE 0006 95
LEAP1 0013 125 690
LEAP2 0012 126 692 J)
LF 000A 66 1185 1185 1185 1187 1187 1190 1193 1197 1200 1203 12063
1206 1206 1284 1288 1292 129%6 5289
LOOP1 * (0273 389 391 109¢ "848

LOOP3 * 02A2 109394 1101
LOOP4 ' (02A9 1099 1100

LSBYTE 000F 57 988 1031 1034 1098
LSD 000F 120 955 1010

MARCH 0003 92

MAXCNT 0024 154 284 388

MAY 0005 94

MIN 't 0109 557 537 551

MINLSO 000F 138
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CLOCK/RAM DEMONSTRATION MODULE
NAME TYP VALUE DEF

MINMSD
MINUTE
MLTRY1
MLTRY2
MNLSD
MNMSD
MNTHOX
MODE
MODEIN
MODMSG
MON
MONTH
MONTH1
MSBYTE
MSO
NINE
NOV
ocCT
ONE
OUTCHR
ouUTCOL
ouUTLSD
CUTMSD
QUTMSG

PARITY
PT41IMG
RCV
RCVI
ROCLK
RDSTAT
RXCTRL
RXSTAT
SAT
SECLSD
SECMSD
SECOND
SEPAR
SEPT
SET1
SETCLK
SEVEN
SIGNON
SIX
STATRD
STATWR
STOP
SUN
TABO9
TAB19
TAB30
TEMP
TEN
TENBCD
THREE
THURS
TICTRL

- &« ® @ =

6070
0011
018F
0207
000F
0010
014t
0080
0036
0611
0002
0015
014A
000E
00FO
0009
000B
000A
0001
0260
026A
027t
0278
029F

00FE
0000
00BO
0081
008F
008F
000C
000D
0007
000F
0070
0010
05DF
0009
007¢C
006C
0007
02DF
0006
02AE
0286
0094
0001
0201
0202
0208
0003
000A
0010
0003
0005
0006

137
38
742
844
148
147
626
133
416
1288
81
42
623
56
121
114
100
99
106
384
977
1009
999
1092

154
23
170
171
179
177
54
35
86
136
135
37
1287
98
364
357
112
1181
111
1126
1134
397
80
1166
1167
1171
32
115
116
108
84
52

REFERENCES

558
730
837
793

621

3561
421

617
627
223

890

896
353
557
803
802
292
805
228

1029
297
1146
1128
227
298

357
804

362
243
883
392
920
235
242
397

333
884
660
954
134
750
645

391

847

656

1039

568
808
807
393
829

394

395

358

F8/3870 MACRQO CROSS ASSM,

785

616
845
844
422
1067

985

5693

PASS2 DEMO
634 84& 850
849 8533

848 852

454 484 518
989 1030 1032
851 1144 1145

DEMO

1002

602

1093

1152

978+ 986 1028+1042 1043«

932

908

VI-172

DEMO

722

1099

1153

V2.2

ABS

741

761

78



CLCCK/RAM DEMONSTRATION MODULE F8/3870 MACRO CROSS ASSMs V2.2

NAME TYP VALUE DEF REFERENCES PASS2 DEMO DEMO DEMO ABS
TIMCNT 0006 33 278« 285+ 389«
TIMEIN * 00D0 512 364
TIMEOT * Q01F7 827 230
TIMEPT ¥ 035E4 1272 8238
TIMER 0007 33 387
TIMMSG ' 0648 1296 517
TMCTRL 00FEA 155 330
TUES 00603 82
THO 0002 107 546 682 902
WED 0004 83
WRCLK 00BE 180 1154
WRSTAT 008t 178 1136
XMIT 00A2 1869 384 1092
YEAR 0016 43 606 687 806
YRLSD 000F 150
YRMSD 00F0 149
ZERQ 0060 105

3
@
=
g

3
oS¢
o
[e]
a
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STING 2 - CLOCK/RAM COMMUNICATIONS SUBROUTINE

.OCK/RAM COMMUNICATION MODULE FB8/3870 MACRC CROSS ASSM. V2.2
)IC  08J.CODE STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL
1 TITLE CLOCK/RAM COMMUNICATION MODULE
2 NAME CLKRAM
3 PSECT REL
4 GLOBAL CLKRAM

THIS MODULE MUST BE LINKED WITH OTHER MODULES
IN ORDER TO CREATE A WORKING PROGRAM.

AhkARhk bk kb hAARAARAR R AR N A A A A A Ak kb v &
*
CLOCK/RAM COMMUNICATION SUBROUTINE =
*
kA Ak Ak A kA kh kAt Ak Ak bkA X b A AT A ANk k&

THIS SUBROUTINE IS CALLED BY THE APPLICATION
PROGRAM TO SENT AND RECIEVE DATA TO AND FROM THE
CLOCK/RAM CHIP. WHEN CALLEDs THE COMMAND TO BZ
EXECUTED MUST BE IN THE SCRATCH-PAD REGISTER
*CMDYy THE CHIP ENABLE CODE MUST BE IN REGISTER
*CHIPEN' AND THZ ISAR MUST POINT TO THE TOP OF
THE DATA AREA.

THIS ROUTINE ALLQWS THE PORT 4 BITS THAT ARE NCT
USED FOR CHIP ENABLE LINES TO BE USED FOR DTHER
PURPOSES. TO 00 THISs AN IMAGEL OF WHATEVER IS
WRITTEN TO THE PORT B8Y OTHER ROUTINES MUST Bt
KEPT IN REGISTER *PT4IMG'. IN THIS WAY, THOSE
PGRYT LINES NOT USED BY THIS ROUTINE WILL NOT BE
ALTEREZO. HOWEVERy ANY OF THE PORT 4 LINES THAT
ARE USED FOR THE CLOCK/RAM MUST ALWAYS BZ LEFT
AT A LOGICAL U.

CCMMAND 3YTtc FORMATZ

BIT 7 - MUST BE 1

BIT &6 - SOURCE/DESTINATION (1=RAMy G=CLOCK)
BITS 3 THRU 1 - ADUDRESS

S3IT 0 - DIRECTION (1=READ, CO=WRITD)

FOR BYTE MQ3Dcs THE ADDRESS OF THE BYTE IS PUT
INTO THE ADDRESS FIELD OF THE COMMAND. FOR BURST
MODcs THE ADDORESS SHCULC 8€£ 01FH. NOTZ THAT A
CLOCK BURST FUNCTION TRANSFERS ONLY THE 7 CLOCK
BYTES. IT DOES NOT TRANSFER THE CONTROL BYTE.
VALID ADDRESSES FOR THE COMMAND BYTE (FOR BYTE
MODE) AREZ

CLOCK - 0 THRU O7H

RAM - 3 THRU 017H

APPLICATION

«
w
=

52

i

>88

%0
Ta
o

CHIP ZNASLEZ CONTROL BYTE FORMAT:
BIT 7 THRU 1 - CONTROLS PORT & BITS 7 THRU 1
BIT 0 - MUST 8t 0 (USED FOR DATA I/0 LINE)

TC SELECT A CLCCK/RAM CHIP WITH IT*3 /CTE PIN
TIED TO A PCRT 4 PINy THE CCRRESPONDING BIT
POSITICN SHQULC BE SET TD A 1 (ALL OTHER BITS
SHOULD B8EZ 03).

* OR F R % F % R B R F % X % R X A F H ¥ A % A& % A X K X % % B B X X R X ¥ X % X X R » K ¥ * X X % * * * *

1R



CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2

LocC

0BJ.CODE

STMT-NR

SOURCE~-STMT PASS2 CLKRAM CLKRAM CLKRAM REL

CALLING SEQUENCE?

1) DATA SHOULD BE IN DATA AREA (WRITE ONLY)

2) LOAD ISAR TC POINT TO BOTTOM OF DATA AREA
3) CHIPEN BYTE SHOULD BE IN REGISTER 'CHIPEN'
4) COMMAND BYTE SHOULD BE IN REGISTER *CMDvY

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/0 SO THAT IT'S /STROBE
SERVES AS THE SHIFT REGISTER CLOCK (SRCLK) TO
THE CLOCK/RAM,

AS PRESENTED HEREs THIS SUBROUTINE MUST NOT BE
INTERUPTED. BUT THE USER MAY EASILY MODIFY THE
CODE TO SUPPORT INTERUPTS.

* X % » % XN % B % % % ¥ N ¥ B ¥
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CLOCK/RAM COMMUNICATION MODULE F8/3870 MACRO CROSS ASSM. V2.2
LOC 0BJ-CODE STMT~-NR SOURCE~-STMT PASS2 CLKRAM CLKRAM CLKRAM REL

Ak khkkhkhkkhthkhkk

& *

« CONSTANTS =

* *

2 2 F 22222 X8 3

*

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

*

=0000 84 PT4IMG EQU O iPORT 4 IMAGE STORAGE

=0001 85 CHIPEN EQU 1 SCHIP ENABLE STORAGE

=0002 86 CMD EQU 2 s COMMAND STORAGE
*
* LOCAL REGISTERS. THESE REGISTERS DO NOT NEED TO BE
* MADE KNOWN TO THE APPLICATION MODULE(S). HOWEVERY
* THEY ARE DISTROYEDe SO THE APPLICATION MODULE(S)
* SHOULD NOT KEEP NEEDED INFORMATION IN THEM.

*

=0003 93 TEMP EQU 3 s TEMPERARY STORAGE
=0004 94 BITCNT EGU 4 iBIT COUNTER
=0005 S5 BYTCNT EQU S sBYTE COUNTER

: PORT DEFINITIONS
=0004 993 EORTQ EQu 4 sPORT 4

: BIT MASK DEFINITIONS
=0001 103 gITO EQU O1H 3BIT 0 MASK
=0080 104 BIT7 EQu 80H sBIT 7 MASK

*x

* COUNTER VALUES

%

=0001 108 ONE £EQU 1 SCOUNT IS 1
=0007 109 SEVEN EQu 7 iCOUNT IS 7
=0008 110 EIGHT £QU 8 sCOUNT IS 8
=0018 111 TWFOUR EQU 24 s COUNT IS 24

*

* COMMANC BIT CEFINITIONS

*

=0001 115 RDWR EQU O01H FREAD/WRITE IS BIT O
=003E 116 ADR EQU 3EH SADDRESS IS BITS 1-5
=0040 117 CKRM EQU 40H sCLOCK/RAM IS BIT &

-4
vz
mi’g
pre
sSE8
5800
503
Mmoo
a6
Sa
b3
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CLOCK/RAM COMMUNICATION MODULE
LOC 0BJ.CODE

000041
0001 £0
0002 50

0003 42
0004 53
0005 2008
0007 54
000843
00039°*2101
000B 2301
000D EO
000E B4
000F 43
0010 12
0011 53
0012 34
0013 94F5

0015 42
001¢ 213E
0018 253E
001A 340D
001C 42
001D 13
001£ 9105
0020'2007
0022 35007
0024%2018
0026 3003
0028%2001
002A*S55

002B%42
002C 2101
002E 70
002F 9402
0031 4C
003253
0032 2008
0035 5%
0036 42
0037 2101
0039 8418

STMT-NR

125
126
127

131
132
133
134
135
136
137
138
139
140
141
142
143
144

148
149
150
151
152
153
154
155
156
157
158
159
150

164
165
166
167
168
163
170
171
172
173
174

F8/73870 MACRO CROSS ASSM. V2.2

SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL

Ak khkkkX kA kA hhk kA kk kA &

*

*

« START CF CLOCK/RAM DRIVER

*

*

(222222222 SR R RS RS RS

*

CLKRAM LR
XS
LR

*

AyCHIPEN
FT41IMG
PT4IMGyA

sPUT CHIP ENABLE INTO PT

»
’
.
’

* SEND OUT COMMAND TO CLOCK/RAM

*
LR
LR
LI
LR

BLOOP LR

BLOOP1 NI
X1
XS
ouTsS
LR
SR
LR
bs
BNZ

*

* SET BYTE COUNT TO

*
LR
NI
CI
BNZ
LR
sL
v BM
CLOCK LI
BR
RAM LI
BR
BYTE LI
CONT LR

*

* MAIN BYTE TRANSFER LOOP

*

MLOOP LR
NI
CLR
BNZ
LR

XFER LR
LI
LR
LR
NI
BZ

VI-178

Ay CMD
TEMPyA
EIGHT
BITCNTsA
AsTEMP
BITO
BITO
FT4IMG
PORT4
Ay TEMP
1
TEMP,A
BITCNT
BLOCP1

AsCMD
ADR
ADR
BYTE
AyCMD
1

RAM
SEVEN
CONT
TWFOUR
CONT
CNE
BYTCNT A

AyCMD
ROWR

XFER

AsS
TEMPs A
EIGHT
BITCNTsA
AsCMD
RDWR
WRITE

$GET COMMAND
$SAVE COMMAND FOR OUTPUT
+BIT COUNT = 8

1

$GET COMMAND BYTE

i MASK OFF ALL BUT BIT o
yCOMPLEMENT BIT 0

sMIX IT WITH CONTROL BYT
$SEND IT OUT

iSHIFT FOR NEXT BIT

we @o

JDECREMENT BIT COUNT
iBRANCH IF NOT DONE

PROPER LENGTH

sGET COMMAND

iMASK OFF ALL BUT ADDRES
sCHECK IF BYTE OR BURST
iBRANCH IF BYTE

sGET COMMAND BACK

$CHECK RAM/CLOCK BIT
iBRANCH IF RAM

yCLOCKy SO BYTE COUNT =
sCONTINUE

yRAMy, SO BYTE COUNT = 24
sCONTINUE

iBYTEy SO BYTE COUNT = 1

)’

CHECK READ/WRITE BIT

sBRANCH IF READ DIRECTIQ
$WRITEs SO LOAD BYTE

iBIT COUNT = 8

CHECK READ/WRITE BIT

\J
.
¥
.
A
.
]

BRANCH IF WRITE DIRECTI



CLOCK/RAM COMMUNICATION MODULE

LOC 0BJ.CODE

003843
003Cr12
003D 53
003f 40
003F B4
0040 A4
0041 2101
0043 70
0044 3403
0045 2080
0048'E3
0043 34
004A 34F1
004C SC

004D*35
004E 8415
0050 OA
0051 1F
0052 08
0053 90D7

0055%43
0055612101
0058 2301
005A £0
0058 B4
085C 43
005D 12
005E 53
005F 34
0060 94F5
0062 90EA

0064741
0065 EO
0066 50
0067 B4
0068 1C

178
173
180
181
182
183
184
185
186
187
188
139
130
131

195
196
197
198
199
200

204
205
206
207
208
209
210
211
212
213
214

218
219
220
221
222

F8/3870 MACRO CROSS ASSM. V2.2

* READ A BYTE

*

READ
READ1

READ2

*

* CHECK

*

ENDCK

*

* WRITE

*

WRITE
WRITEL

*

* EXIT FROM SUBRCUTINE

*

EXIT

LR Ay TEMP
SR 1

LR TEMPs A
LR AsPT4TIMG
QUTS PORT4
INS PORT4
NI BITO
CLR

BNZ READ2
LI BIT?
XS TEMP
DS BITCNT
BNZ READ1
LR SyA

STMT-NR SOURCE-STMT PASS2 CLKRAM CLKRAM CLKRAM REL

SHIFT FCOR NEXT BIT

SEND OUT DUMMY CLOCK

»
1]
.
¥
5]

4
.
’
.

1

s INPUT DATA BIT

sMASK ALL EXCEPT DATA BIT
s IFf DATA=1y FORCE BIT-7=0
3BRANCH IF DATA =1
iDATA=0y FORCE BIT-7=1
sMIX WITH PREVIOUS BITS
SDECREMENT BIT COUNT
iBRANCH IF NOT 8 BITS
iSTORE BYTE

IF ALL BYTES WERE TRANSFERED

Bs
B8Z
LR
INC
LR
BR

A BYT

LR
NI
XI
XS
CUTS
LR
SR
LR
DS
BNZ
BR

LR
XS
LR
oUTS
POP

VI-179

BYTCNT
EXIT
AsIS

ISsA
MLOGP

£

As TEMP
BITO
BITO
FT4IMG
PORT4
Ay TEMP
1
TEMPyA
BITCNT
WRITE1L
ENCCK

Ay CHIPEN
PT4IMG
PT4IMG4A
PORT4

s DECREMENT BYTE COUNT
iBRANCH IF DONE
SINCREMENT POINTER

]
.
y
.
L

LOOP BACK FOR NEXT BYTE

sGET DATA BYTE

$MASK OFF ALL BUT BIT O

s COMPLEMENT BIT 0

$MIX IT WITH CONTROL BYTE
ISEND IT oOuT

SSHIFT FOR NEXT BIT

- -

sDECREMENT BIT COUNT
$BRANCH IF NOT 8 BITS
sCONTINUE

RESTORE PORT 4 IMAGE

.
9
»
]
»
I

sDISABLE CHIP
sFINISHED




CLOCK/RAM COMMUNICATION MODULE
REFERENCES

NAME TYP VALUE

ADR
BITO
BIT?
BITCNT
BLOOP
BLOOP1
BYTCNT
BYTE
CHIPEN
CKRM
CLKRAM
CLOCK
CMD
CONT
EIGHT
ENDCK
EXIT
MLOOP
ONE
PORT4
PT4IMG
RAM
RDWR
READ
READ1
READ2
SEVEN
TEMP
TWFOUR
WRITE
WRITEL
XFER

- -

- -

-

- & »

00 3E
0001
0080
0004
0008
0009
0005
0028
0001
0040
0000

- 0020

0002
002A
oooes
004D
0064
ooz2B
0001
0004
0000
0024
0001
0038
003C
0048
0007
0003

‘0018

0055
0056
0032

DEF

116
103

104 .

94
135
136

95
159

85
117
125
155

86
160
110
195
218
164
108

993

84
157
115
178
179
188
109

93
111
204
205
169

149
136
187
134+«

144
160+
151
125

4

131
156
133
214
1986
200
159
139
126
154
165

190
186
155
132+
157
174
213
167

150
137

143«

195«

218

148
158
170

182
127«

173

135

F8/3870 MACRO CROSS ASSM.

184

171+

152

140

Vi-180

205

189«

164

208
181

142+«

206

212+

172

221
207 219 220%

165+ 178 180+ 188

V2.2
PASS2 CLKRAM CLKRAM CLKRAM REL

204

209

21



LISTING 3 - LOAD MAP AND GLOBAL CROSS REFERENCE

LOAD MAP
CK1:DEMO .08JC11 ABS BEG ADDR 0000 END ADDR 0658
DK1:CLKRAMOBJL1] REL BEG ADBR 065C END ADDR 06C4

GLOBAL CROSS REFERENCE TABLE

SYMBOL ACOR REFERENCES
CLKRAM 065C 02CF 02C7 02BF 02B4

VI.1R1
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MOSTEK.

USING MK3807 VCU IN A MICROPROCESSOR ENVIRONMENT

Application Note

INTRODUCTION

MK3807, the programmable CRT Video Control Unit (VCU),
is a user programmable 40-pin n-channel MOS/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 programmabie. 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 programi or used by the microprocessor as
two memory locations. (See Figure 2).

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

ar
% T T 7171
DBO -DG— Ag AqAyA3CE DS
[ MK3807
> vcu
>4
DG—
DB7 >4 RoRqR2 Ry
‘ 9 BYTE ::o
PROM 1
SLOAD CE A2
(from system) Az
ROW SELECTS

TO CHARACTER GENERATOR

BIT ASSIGNMENT
Figure 2

HORIZO NTAL LINE COUNT

reco[7] T L 1T L L 1o

SKEW BITS DATA ROWS/FRAME

REG3| 7|65 o

LAST DISPLAYED DATA ROW

———
rece(x[xfs] | | | Jo]

MODE: INTERLACED/

HSYN
NON INTERLAGED CWIDTH HSYNC DELAY

SCAN LINIES/FRAME

CURSOR CHARACITER ADDRESS

o
e [TTe] T 5T 1]

rece7] 1 ] 1 11 1)

rea?[7] T 1 1 [ 1 [0]

SCANS/DATA ROW CHARACTERS/DATA ROW

VERTICA.L DATA START

CURSOR ROW ADDRESS
 ———

recz(x[s] [ [3]2] [o]

ress[z] ] | 1 1 [ 1]

regsixix|s| [ | | {ol
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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 us per line) at a
character time of 500 ns, the value for this register would
be 63.5 divided by .6 = 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 settoa 1,
Interlace mode is indicated; if set to a0, 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 us)
and a character time of 500 ns indicates that it would
require 9 character times, therefore the binary equivalent9
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, usinga 7 X
9 dot matrix character generator, the normal number of
scans mightbe 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

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 being the 6th value would be coded as a binary 5
(101).

CHARACTERS/DATA ROW

o
N
o
=

o
0~
onN

= ==2-20000ww
il
©
o

- = 00==-=-00D
jw)
- O0O=-=0-_0-—=00O
o

I [

DB WN

A ONO

=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 O, 1 or 2
character time propagation delays of the character
generator and the frame buffer RAM.

SKEW BITS
Sync/Blank Delay Cursor Delay
DB7 DB6 (Character Times)
0 0 0 0
1 0 1 0
0 1 2 1
1 1 2 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).

HORIZONTAL AND VERTICLE TIMING
Figure 3 h
HORIZONTALTIMING ""START OFLINEN

11

STARTOFLINEN + 1-—‘

]

VERTICAL TIMING
START OF FRAME M OR ODD FIELD

(FRONT PORCH)
HORIZONTAL SYNC WIDTH

l——————HORIZONTAL LINE COUNT = H———}

- ACTIVE VIDEO =
CHARACTERS PER DATA LINE ;
HORIZONTAL SYNC DELAY: J

START OF FRAME M + 1 OR EVEN FIELD

SCAN LINES PER FRAME

ACTIVE VIDEO = ———— |3

C VERTICAL SYNC

VERTICAL DATA § DATA ROWS PER FRAME
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 times the number of data rows is less than 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, normally row QO would be on top of the screen and
row 23 would be at the bottom. If the scroll register (register
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 O 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.

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 frequency 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
adot 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 1/0
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 (DS) 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.

COMPOSITE SYNC TIMING DIAGRAM

Figure 5
o [
Vo : i !
) V 1 ‘
V SYNC OH i 5 §
v ; . .
oL ! > ' ' |
V : H ] H 1 . :
] 4 1]
COMPOSITE OH ! d-H/ 2P} | | 1
NC v, (LI U
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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
(DRO-DR5). 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 (DRO) as the MSB of the raster scan counter
(R4), and then moving the remaining bits of the row counter
down one bit(DR1 becomes DRO, 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.

Page Scrolling

Scrolling a smaller page through a larger page (1K in 4K)
can be done on a row by row basis. If the DRO-DRS5 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.

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

DR5-31 MK3807 DR4-{31 MK3807
T0 DR4-{30 vcuU T0 |DR3-{30 vcu
BUFFER / DR3-29 BUFFERY DR2- 29
RAM |DR2-{28 RAM |DR1-28
DR1-{27 DRO-27
DR0-{26 26
4 578 4 57 8
T T 17 USSR
R3 R2 R1 RO R4 R3 R2 R1 RO
TO TO
CHARACTER CHARACTER
GENERATOR GENERATOR

A. 64 ROWS OF 16 LINES B. 32 ROWS OF 32 LINES

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

8-BIT DATA BUS >
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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 connectedtoa 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
FROM .P[ P ADDRESS BUS HO-H6
SYSTEM | ROW & CHARACTER CHARACTER | .o
ADDRESS FORMAT SrooRs— [ VeU
[PAGE lROWICHARACTEIﬂ DATA ROW
FROM P SELECTOR | (i.e. 74167,
CONTROL BUS LOGIC 257 etc.)

"/

ADDRESS MATCHING

74157 or equivalent (74LS157 or 257,9322, etc.)quad 2 X
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 (Y) 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 (1K), 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
of the RAM. The microprocessor address (row and column),
is overlayed onto the VCU address bus(row and column) 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

ADDRESS BUS MAPPING

Table 1
SELECTOR
uP ADDRESS BUS INPUT (A) AB12|AB11jAB10(ABO|ABSAB7ABEIAB5IAB4IAB3IAB2]AB 1] ABO!
(UNUSED BITS ARE FOR PAGE LOCATION)
20 & 32 CHARACTERS/LINE
FUNCTIONS ROW CHARACTER
VCU OUTPUTS INPUT (B) DR5 | DR4 [DR3|DR2DR1|DROf H4 | H3 | H2 | H1 | HO
SELECTOR OUTPUTS OUTPUT (2) Y5 | Y4 [Y3]|Y2[Y1|YO[X4]|X3[X2]|X1]|XO0
40 & 64 CHARACTERS/LINE

FUNCTIONS ROW CHARACTER
VCU OUTPUTS INPUT (B) DR5 | DR4 |DR3(DR2|DR1|DRO| H5 | H4 | H3 | H2 | H1| HO
SELECTOR OUTPUTS OUTPUT (2) Y5 | Y4 ] Y3|Y2]Y1{YO |X5|X4|X3|X2|X1]X0

72,80 & 96 CHARACTERS/LINE

FUNCTIONS ROW CHARACTER
VCU OUTPUTS INPUT (B) DR5 | DR4 | DR3 |DR2|DR1[DRO} H6 [H5 | H4 |H3 [ H2 j H1| HO
SELECTOR OUTPUTS OUTPUT(Z) | Y5 | Y4 | Y3 |Y2|Y1]|YO|X6 |X5[X4]X3|X2|[X1]|X0

132 CHARACTERS/LINE

FUNCTIONS ROW CHARACTER
VCU OUTPUTS INPUT (B) DR4 | DR3 | DR2 |DR1|DRO| H7 | H6 [H5 [H4 |H3 |H2 | H1 [HO
SELECTOR OUTPUTS OUTPUT(Z) | Y4 | Y3 | Y2 | Y1]|YO|X7|X6 |X5|X4|X3|X2|X1|X0
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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 flip-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 us. 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. If this 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
syncrate(i.e., the horizontal line counter register of the VCU
must be programmed to be less than 63.5 us., 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

ADDRESS COMPRESSION SCHEME
FOR 80 CHARACTERS/LINE

Figure 10
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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

A7 X9 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
block of 9 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 accepting
a composite video signal or separate TTL horizontal and
vertical sync pulses. The sum of the horizonta! 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

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 (O + 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.

HORIZONTAL AND VERTICAL TIMING
Figure 12

HORIZONTAL TIMING
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START OF FRAME M + 1 OR EVEN FIELD

SCAN LINES PER FRAME

ACTIVE VIDEO = ——-——’|H = VERTICAL SYNC
VERTICAL DATA DATA ROWS PER FRAME L_

START

=3H

VI-192



MK3807 VCU WORK SHEET
Table 2A

1. H CHARACTER MATRIX (NO. 0f DOtS): . ..o ittt ittt ettt e,
2. V CHARACTER MATRIX (No. of Horiz. Scan Lines). .......cvviiiiir ittt ittt iiieannnann
3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing=No.inDots):.....................ouue

4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz.
o= o T IR 7= U

5. VERTICAL FRAME (REFRESH) RATE (Freq. inHz): ... ... oo i
6. DESIRED NO. OF CHARACTER ROWS: ...ttt e i e e ns

7. TOTAL NO. OF ACTIVE “VIDEO DISPLAY"” SCAN LINES
(Step 4 x Step 6 = No. in HOMiz. SCan LINES): .. ..vvvtrnnt ittt e iiii e

8. VERT. SYNC DELAY (No. in Horiz. Scan Lines): . ... vttit ittt ittt iee et e ie it et i ianenanannn

9. VERT. SYNC (No. in Horiz. Scan Lines; T = 7 0

10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T = 2107 U

11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines). .........................
12. HORIZONTAL SCAN LINE RATE (Step 5 xstep 11 =Freq. inKHz): ... ..o,
13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: . ... . e

14. HORIZ. SYNC DELAY (No. in Character Time Units; T =

15. HORIZ. SYNC (No. in Character Time Units; T =

16. HORIZ. SCAN DELAY (No. in Character Time Units; T =

17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE
(Add Steps 13 thru 16) . ...t ieieeee e e e

18. CHARACTER RATE (Step 12 x Step 17 =Freq. inMHz): ... ... i
19. CLOCK (DOT) RATE (Step 3 xStep 18 =Freq. inMHz): ...... ...t

*Vertical interval
**Horizontal Interval

[3
ez
20
og 2
=
_¥s3499
3000k
5959
¥oa 2
o
od
5
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MK3807 VCU WORK SHEET
Table 2B

DRESS
REG. # A23—A0 FUNCTION BIT ASSIGNMENT HEX. DEC.
0 0000 HORIZ. LINE COUNT | l I | I l I I ] —
1 0! HSvNoWIDTH [TTTTITTI . -
H SYNC DELAY _____
’ oo S ARACTERS ROW MTTTTT11] .
3 00 SKEW CHARACTERS
i DA o EEREENEN |
4 0100
SXC/:\NS/FRAME LI | I I 1 | I J L
° ! L VERTICAL SCAN DELAY: HENRERER _ i
SCAN DELAY
DATA START
6 0110 LAST DISPLAYED DATA ROW

(= DATA ROWS)

DI T PTT]]




MK3807 VCU WORK SHEET

Table 2C
1. H CHARACTER MATRIX (NO. Of DOtS). ..o uviviniiintiiiiiariniitinraesaneaaesnoisenanensnnennss 1
2. V CHARACTER MATRIX (No. of Horiz. SCan LINES) . ......vuiiuiuinieineiiieineniiivneeenneneenies .__ﬁ_
3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing=No.inDots)............ooiviiiiininnn. ___Ci___
4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz.
L or T Y T V- —IZ._
5. VERTICAL FRAME (REFRESH) RATE (Freq. iN Hz): .. .vveenienteennttaneneenineenanennnneeenns — 0O
6. DESIRED NO. OF CHARACTER ROWS: ... ittt ittt it e ni i eiaaas A_
T Sten 4% S1ap 6 =N It Hori Seas LNGR) »+ o111 298
8. VERT. SYNC DELAY (No. in HOriZ. SCAN LINES): « .. e+ eveeveevneenenetannenenneneineneneneaenans 0O
9. VERT. SYNC (No. in Horiz. Scan Lines; T = &Llﬁ 7= N j—
10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T= L.OZ ms™):......oo.iveiiiiiiiiiiien, B
11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): ............ccvviinnn... _SI0
12. HORIZONTAL SCAN LINE RATE (Step 5 xstep11 =Freq. inKHz): ........ ... iiiiiiiiiiiiiiaian, _‘_&é_
13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: ... . iitiiiiitinintiiiiiiiniieeninininnenn, _5_0___
14. HORIZ. SYNC DELAY (No. in Character Time Units; T = 21 7 Sl N —4__
15. HORIZ. SYNC (No. in Character Time Units; T = 4_7_‘1. 7 S J___
16. HORIZ. SCAN DELAY (No. in Character Time Units; T = H..ji BS™ ) e _q___
17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE
(A STEPS 13 TAIU 1B). - - - v e e eeeee e e e e et e e e et e e e ettt e s oz
18. CHARACTER RATE (Step 12 x Step 17 = Freq. in MHZE ...t vvvvutintieiieeee e eeeaaeeenias 18972
19. CLOCK (DOT)RATE (Step 3 xStep 18 = Freq. in MHz): . ... ..ooiiiiiiiiiiiiiiii i, DLDJ‘./_S

*Vertical Interval
**Horizontal Interval

o
BIT ASSIGNMENT £2
. La &
Figure 13 t3qd
52395
HORIZONTAL LINE COUNT SKEWBITS DATAROWS/FRAME LAST DISPLAYED DATA ROW &8 g § z
. —————— ¢
=

recofo]1]1Jofol1]o]1]  reesii[oliJoli 1 [1] recs[ololol 1o [ [ ]1]

MODE INTERLACED/

B T D ) HSYNCWIDTH H SYNC DELAY SCAN LINES/FRAME CURSOR CHARACTER ADDRESS
rec1fo[1]ofof1]1[o]o] reca|ofofo]1]1]o]1]f 1] rec7{o]ofofofolo]o]o]
SCANS/DATARQW _ CHARACTERS/DATAROW __ VERTICAL DATA START CURSOR ROW DDRESS
e e LLTols]  reos[ololol:[o[:[:Te] ress[els [olo[o[eTole]
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XTAL Frequency

At afrequency of 18.6KHz a scan line takes 53.76 us. In this
time 102 characters (80 displayed + 22 blanked) have to be
accessed. Thus the character time is 527.06 ns (53.76
us/102). Since each character is 9 dots in this example (7
character and 2 blank), the dot period is 58.56 ns (5627.06
ns/9). The inverse of the dot period is the video dot clock
XTAL frequency. For this example, the video dot clock XTAL
is 1/58.56 ns = 17.0748 MHz (53.76 us/102). 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

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 us. with 180
us. 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 us. with 5 us. as the
nominal horizontal sync pulse width. In addition, the
horizontal sync delay or front porch is defined as 2.5 us.

MONITOR HORIZONTAL TIMING
Figure 14

| HORIZONTAL BLANKING INTERVAL |
(11 xS MINIMUM)

HORIZONTAL SYNC PULSE
{5 uS NOMINAL; 4-6 »S)

VIDEO

|

1
«+—=25-5VDC

"Tl |

HORIZONTAL SYNC DELAY
(2.5 4S NOMINAL; 2 uS MIN.)

Ij_ﬂ
HORIZONTAL SCAN DELAY
(5 uS NOMINAL; 4 1S MIN.)
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nominally with a 2 ps. 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 us. 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 O
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
determined, it can be verified that these values 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

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 us.
This isthe 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 63.6132 us. yields
190.84 us. 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 us. 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 chosento be 4
character times and in step 16 the horizontal scan delay is

MONITOR VERTICAL TIMING
Figure 15
VERTICAL BLANKING INTERVAL
= {(1mS MINIMUM) -
VERTICAL SYNC PULSE
VIDEO (190 4, NOMINAL 180-200 4S) vmfo

<+—25-5VDC

| |- VERTICAL SCAN DELAY —]

(800 xS MINIMUM)

VERTICAL SYNC DELAY | . VERTICAL SYNC & SCAN DELAY —

(0-190 1: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 by multiplying 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
us. This information is used to verify steps 14, 15, and 16. In
step 14 the horizontal sync delay was chosen as 2 character
units. 2 times 1.272 pus yields 2.564 us. Step 15; the
horizontal sync width was 4 character units. 4 times 1.272
us. yields 5.089 us. and similarly, step 16, four character
units also is 5.089 us. These three values are in agreement
with the specification for the monitor. The next step is to
determine the video dot clock frequency. Itis 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 O (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

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, bit 7 is loaded with a0. 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 O 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 thisisan 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 O 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

MK3807 VCU WORK SHEET
1. HCHARACTER MATRIX{NO. Of DOtS): .« ot ittt ittt ittt it ittt ettt eae e ee it ienananasnenannns __._L
2. V CHARACTER MATRIX (No. of Horiz. Scan Lines): .......c.uiuuiiiiiiiinetiiintiiinneriineannnanns 9
3. H CHARACTER BLOCK (Step 1 + Desired Horiz. Spacing=No.inDots): ...........ccovviiiiien... 9
4. V CHARACTER BLOCK (Step 2 + Desired Vertical Spacing = No. in Horiz.
ST T Y V=) <
5. VERTICAL FRAME (REFRESH) RATE (Freq. in Hz): .. ...t ittt e iie e iiiann _ L0
6. DESIRED NO. OF CHARACTER ROVV S, . ...ttt ittt e e e e i — 1A
7. TOTAL NO. OF ACTIVE “VIDEO DISPLAY SCAN LINES”
(Step 4 x Step 6 = No. in Horiz. SCan Lines). .. ..vuit ittt ttneeiiiii et eanannnnns _INY
8. VERT. SYNC DELAY (No. in HOMz. SCAN LINES): .« .« .vv ittt tnsteenteee e et e e eeenns, %
9. VERT. SYNC (No. in Horiz. Scan Lines; T = 72 S SR __3____
10. VERT. SCAN DELAY (No. in Horiz. Scan Lines; T= L2l ms*:......oooooiiiiiiiiiin . _19
11. TOTAL VERTICAL FRAME (Add steps 7 thru 10 = No. in Horiz. Scan Lines): ....................o.... _dled
12. HORIZONTAL SCAN LINE RATE (Step5 xstep 11 =Freq. inKHz): ..., U572
13. DESIRED NO. OF CHARACTERS PER HORIZ. ROW: ... ittt ittt e i ciee i et enianeanns _No
14. HORIZ. SYNC DELAY (No. in Character Time Units; T= . B pus**); ..., 2
15. HORIZ. SYNC (No. in Character Time Units; T = B.0G_ 7 S S PPN _‘L
16. HORIZ. SCAN DELAY (No. in Character Time Units; T= 508 us™) ... .....oiiiiiiiiiiiei.t, I
17. TOTAL CHARACTER TIME UNITS IN (1) HORIZ. SCAN LINE
(A SEEPS T3 AU TBY « - oottt e et e e e e e e e e et e e e e _ 50
18. CHARACTER RATE (Step 12xStep 17 =Freq. inMHz): ... . oo i i ienns 7%l
19. CLOCK (DOT) RATE (Step 3 X Step 18 = FIeq. N MHZ) « .« v v v ve e eee e et et _1.0%4

*Vertical Interval
**Horizontal Interval

VI-198



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 containa 1. The other field is data rows per frame, bits
5 through O. In 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
0.

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
equalto 262.Thus, X is equal to 3. The decimal number 3 is
loaded into register 4.

Register 6 is the vertical start of data. From steps 9 and 10 in
the example the vertical data startis 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.

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

Using 12 rows of data with row O 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 O through 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 only a typical example of how to determine 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.

BIT ASSIGNMENT CHART

HORIZONTALILINE COUNT

SKEWBITS DATA ROWS/FRAME

LAST DISPLAYED DATA ROW

REGO|0|011|1|0|0|0I1I

prigedahianior tiduibibini
Rec3f1 1 Jofof1]o]1]1]

L
Reasf{o]ofojof1[of1]1]

MODE INTERLACED/ .
NON INTERLACED HSYNCWIDTH - HSYNC DELAY

SCAN UNFS/FRAME

CURSOR CHARAQTER ADDRESS

nea (oo [oJoJo]1]o]

nec4[o]oJo[olo o 1] ]

aea7[oJo o]0 oo 0] 0]

SCANS/DATAROW CHARACTERS/DATAROW

VERTICAL DATA START

CURSOR ROWADDRESS

REG2jo|1}]Oo|1}]1}0}1}0

recs[oJo]o[1]o[1[1]0]

reas{ oJoJoJoJoJo]o]o]

VI-199

©

w
59
>R
©
&

MICROCOMPUTER

APPLICATION

NOTES




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.

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 O 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
perdatarow(i.e., 48,80, 96,112, 144, 160). Table 3 shows
some typical mapping for an 80x24 display.

80x24 DISPLAY WITH BINARY ADDRESS USING
74LS83 ADDERS

80x24 DISPLAY WITH BINARY ADDRESS USING
256x8 PROM

Figure 16 Figure 17
A4 Ca
ene i‘; M- N DR4 A7 ogl—
B3 3f—ma10
AZ 20— Ma9 DR3 A6 o7— MA1q
DR4 A1 ¥1{—MA8 DR2 As 06 |—MA9
B 741583
DR3 = ' DR1 A4 05— MA8
I:: DRO A3 04}—— MA7
DRO —1— 2:L4 X4} —-mAa7 A?)lg:E;s He A2 03— MAS BINARY
Hs_] ﬁ:z 13l mas [ Dismay HS A1 02f—mas (IPORESS
y2b—mas MEMORY L DISPLAY
He A vil—mae He Poastia | A4 |memoRy
wa| 7> Bleo | arses veu :555-_—- gERan
veu 741832 onp—] ﬁf
W Maz i Mas
H1 MA1 H1 MA1
HO MA0 ) HO MAO
TYPICAL MAPPING OF 80x24 DISPLAY
Table 3
ADDRESS TABLE
D DDDD MMMMMMMMMMM
R R R R R A A A A A A A A A A A | ADDR
4 3 2 1 O|H6 H5 H4]H3 H2 H1 HO[ROW |COL|10 9 8 7 6 5 4 3 1 (BIN)
0 0 0O 0lO O 0jO0O O O Oj O 0|0 0O 0O OO O O O O0O0TO o]
0 0 0 0 0|0 O 110 0 0 O] O 16 (0 0 0 0O 0OO1T 0O 0 0O 16
0O 0 0 0 Oj1T O Of1T 1 1 1 0 79 {0 0 0 O1 0O 1 1 1 1 79
0O 0 00 10O O 0J]O O O O 1 o0 0 001 01 0 0 0O 80
0O 0 00O 1{1T 0 01T 1 11 1 7910 0 01 0 O 1 1 1 1 1 159
0O 0 01t 0J]O O 0|j|O0O O O O 2 o0 OO 1 01 00 O OO 160
0O 00 1 Of1T O Of1 1 1 1 2 7910 00 1 1 1 0 1 1 1 1 239
0O 0 0 1 10 0 0|0 O O O 3 ojo o001 11 1 0 00O 240
1 01 1 1,0 0 0|0 O O O] 23 o111 0 01 1 0 0 O0O 1840
1t 0ot 1 111 0 Of1T 1T 1 1|23 791(1 1t 1 0 1 1 1 1 1 11 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

A0 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12

HO H1 H2 H3 H4 RO R1 R2 R3 DRO DR1DR2DR3

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
— HO
— H1
— H2 i
L H3 HORIZONTAL ADDRESS
- H4 0 TO 255 CHARACTERS/ROW
— H5
L— H6
L H7/DR5
DRO h
DR1
vCuU DR2
DR3 DATA ROW
DR4 ADDRESS
07TO 63 DATA
ROW/FRAME
|: D Q DR5
cx alJ -
74L504 L_J 7aLs74
VSYNC
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MICRO PERIPHERAL COMPONENTS

MK3807

Programmable CRT Video Control Unit (VCU)

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-Interlace
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
0O Scrolling
Single Line
Multi-Line
O Cursor Position Registers
O Programmable Character Format
O Programmable Vertical Data Positioning
00 Balanced Beam Current Interlace
O Graphics Compatible
O Split-Screen Applications

Horizontal
Vertical

O Interlace or Non-Interlace operation

PIN CONFIGURATION
ncft 407 a1
A3(]2 397 a0
ce[]3 381 HO
R3(]4 37 H1
r20] 5 36[ JH2
GND[] 6 35[H3
R[] 7 34[JHa
Ro[] 8 33{Hs
bs] 9 32[He
csyn[J10 31[JH7/DRs
vsyn[]i1t 30[Ipra
Dec 12 29[ pR3
vpp'3 28[10R2
vec[H4 27§DR1
HSYN[]15 26[ 10RO
CRV[]16 25[)oBo
BL[]17 24[JoB1
os7[]18 23[ D82
DoBs[]19 22{1p83
pss [{20 21 Jpea

0O TTL Compatibility
0O BUS Oriented: Compatible with most microprocessors
O Second source to SMC CRT 5037

O N-Channel Silicon Gate Technology

GENERAL DESCRIPTION

The Programmable CRT Video Control Unit (VCU) Chip is a
user programmable 40-pin n channel MOS/ LS| 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 MOS 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.
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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.

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.

DESCRIPTION OF PIN FUNCTIONS

Table 1
Input/
Pin No. | Symbol Name Output| Function
25-18 DBO-7 Data Bus 170 | Databus. Input bus for control words from microprocessor
or PROM. Bi-directional bus for cursor address.
3 CE Chip Enable | Signals chip that it is being addressed.
39,40,1,2 | AO-3 Register | Register address bits for selecting one of seven control
Address registers or either of the cursor address registers.

9 DS Data Strobe | 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 | 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
754 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.Q) is =
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.

1 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 Vee Power Supply PS +5 volt Power Supply

13 Vbop Power Supply PS +12 volt Power Supply
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— 2X HOR SYNC l HSYNC 26-30 2 A 4
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[ 1 + DATA ROW 31
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ﬂ ﬂ R ﬂ COMPA ° REGISTER
SCANS/ LAST DATA DATA ROWS
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REGISTER START REGISTER REGISTER REGISTER REGISTER
RS i DATA BUS DB 0-7 1T 11 i1
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3 CHIP ENABLE | DECODE [> RESET
> START
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+6V | +12V | GND
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OPERATION

The design philosophy employed was to allow the
MK3807 Programmable CRT Video Controt 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:
Interfaced/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 20to 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 t:jltﬁ 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 O 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 + 613. 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.

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 (DS). The 1111 address should be
maintained long enough to insure that all seven registers
have been loaded (in most applications under one

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.

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
applications.

CONTROL REGISTERS PROGRAMMING CHART
Table 2

Horizontal Line Count:

Characters/Data Row: DB2 DB1 DBO
(6] 0 0 =20
0 0 1 =32
0 1 0 =40
0 1 1 =64
1 0 0 =72
1 [¢] 1 =80
1 1 0 =96
1 1 1 =132

Horizontal Sync Delay: =N,

Horizontal Sync Width: =N,

Total Characters/Line =N + 1, N = O to 2565 (DBO = LSB)

Active Characters/Data Row

from 1 to 7 character times (DBQ = LSB, N = O Disallowed)
from 1 to 15 character times (DB3 = LSB, N = O Disallowed)

Sync/Blank Delay Cursor Delay
Skew Bits DB7 DB8 (Character Times)
0 0 0 0
1 0 1 0
0 1 2 1
1 1 2 2
Scans/Frame 8 bits assigned, defined according to the following equations:

Let X = value of 8 assigned bits. DBO = LSB)
1) in interlaced mode— scans/frame = 2X + 513. Therefore for 525 scans, program X = 6
(0000110). 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, verticai sync width is fixed at three horizontal scans (= 3H)

Vertical Data Start:
(DBO = LSB)
Data Rows/Frame:
Last Data Row:
(DBO = LSB)
Mode:
Scans/Data Row:

N = number of raster lines delay after leading edge of vertical sync of vertical start position.

Number of datarows =N + 1, N =010 63 (DBO =LSB)
N = Address of last displayed data row, N = O to 63, ie; for 24 data rows, program N = 23.

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

L
Do l
YV v vy
DBO >} Ag Ay Ay Ay CE
<& DK
D<— s> <IN
< —x MK3807
PROGRAMMABLE
D<3— DK crT VIDEO CONTROL UNIT
{veu)
DG DK
DG X
DB7 <} DR Ry R1 Ry Ry
Ag e
Aq
MK2716 Ayl
SLOAD — Azle
(FROM SYSTEM) CE A
4 ® Y ¥ VY

ROW SELECTS
TO CHARACTER GENERATOR

OPTIONAL START-UP SEQUENCE

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

ADDRESS COMMAND
1110 Start Timing Chain
1.0 10 Reset

0 00O Load Register O
o110 Load Register 6
1110 Start Timing Chain

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 Al AO Select/Command Description
0 (o] 0 0  Load Control Register O
0 0 0 1 Load Control Register 1
0 0 1 0  Load Control Register 2
0 0 1 1 Load Control Register 3 See Table 4
0 1 0 0  Load Control Register 4
0 1 0 1 Load Control Register 5
(o} 1 1 0 Load Control Register 6
0 1 1 1 Processor Initiated Self Load Command from processor instructing
MK3807 VCU to enter Self Load Mode (via
1 (o] 0 0 Read Cursor Line Address external PROM)
1 0 0 1 Read Cursor Character Address
1 0 1 O Reset Resets timing chain to top left of page. Reset is

latched on chip by DS and counters are held
until released by start command.

1 0 1 1 Up Scroll 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 = 0.

1 1 0 0 Load Cursor Character Address’

1 1 0 1 Load Cursor Line Address’

1 1 1 O  Start Timing Chain 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 counter
carry should be held low during the DS for this

) command. _

1 1 1 1 Non-Processor Self Load Device will begin self load via PROM when DS

goes low. The 1111 command should be
maintained on A3-0 long enough to guarantee
selfload. (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 DS.
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-R0O 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
——— ——

neso[Z[ [T [ 1 [ [°] REGs| [s] [ T[] [ofrece[x[x]s] [ [ ] [of

MODE INTERLACED H SYNC WIDTH HSYNC DELAY SCAN LINES/FRAME CURSOR CHARCTER ADDRESS

NON-INTERLACED

see[7 e[ T o]z o] reos[ T LT[ [ o] wolo] [T 111 1o]

CHAHACTERS/ DATA ROW VERTICAL DATA START CURSOR ROW ADDRESS

wea[3[e] | [*[2] Lo] rees[s] [T 1 T[T ool LT L1°]
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . . . ... ..vuriiiiiiiiit ittt iasiaiiraaneareaaananas 0°C to + 70°C
Storage Temperature RANGE . ... .uoeinueueeertennnuteresnnnneeeesrsennarseseseenannansns -55°C to + 1560°C
Lead Temperature (soldering, TO SEC.) . ... rii ittt it it ittt aneanitasanannns + 325°C
Positive Voltage on any Pin, with respect to ground .. ... ..ottt it ci i iiaainn e ereanas +180V
Negative Voltage on any Pin, with respect to ground .. ... .ottit ittt iieaanes 03V

*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 atany 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 volits 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 =0°Cto 70°C, Vo = +5V & 5%, Vpp = +12V £ 5%, unless otherwise noted)

PARAMETER MIN TYP | MAX | UNIT| COMMENTS
INPUT VOLTAGE LEVELS
Low Level, V|_ 0.8 \%
High Level, V|4 Vee-16 Vee \Y)
OUTPUT VOLTAGE LEVELS
Low Level - Vg for RO-3 04 V |lgL=3.2 ma
Low Level -V, all others 04 V [loL=16ma
High Level - Voy for RO-3, DBO-7 24 loH=80ua
High Level - Voy all others 24 loH=40ua
INPUT CURRENT
Low Level, || (Address, CE only) 250 vA | V=04V
Leakage, I)_(All inputs except Address, CE) 10 vA |0O=VIN=Ve
INPUT CAPACITANCE
Data Bus, Cjy 10 16 pF
DS, Clock, Cjy 25 40 pF
All other, Cy 10 15 pF
DATA BUS LEAKAGE in INPUT MODE
IpB 10 uA |04<Vy=5B25V
POWER SUPPLY CURRENT
Icc 80 100 mA
Ibp 40 60 mA
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AC CHARACTERISTICS

(Ta = 25°C)
PARAMETER MIN TYP MAX | UNIT| COMMENTS
DOT COUNTER CARRY
frequency 0.5 40 MHz | Figure 3
PWy 35 ns | Figure 3
PW 215 ns | Figure 3
by b 10 50 ns | Figure 3
DATA STROBE
PWpg 150ns 10us Figure 4
ADDRESS, CHIP ENABLE
Set-up time 125 ns |Figure 4
Hold time 50 ns |Figure 4
DATA BUS - LOADING
Set-up time 125 ns |Figure 4
Hold time 75 ns |Figure 4
DATA BUS - READING
TpEL2 126 ns |Figure 4, CL =50pF
TpEL4 5 60 ns |Figure 4, CL =b0pF

OUTPUTS, HO-7, HS, VS, BL, CRV
CE-TpEL1 125 | ns |Figure 3, CL =20pF.

OUTPUTS: RO-3, DRO-5
TDEL3 * 500 | ns |Figure 5, CL =20pF

AC TIMING DIAGRAMS
VIDEO TIMING

Figure 3
4> |« ->|| 4
|
DOT COUNTER
CARRY |

HO-7
H SYNC, V SYNC, BLANK,
CURSOR VIDEO,

COMPOSITE SYNC -

<«— TpEL1

RESTRICTIONS

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 (DS) signal to the device.

2. Ininterlaced 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
| TSETUP 1 > —>»| |<«—THoLD1
ADDRESS 7/
CHIP ENABLE
______________ b e
TSET UP2 T
<5 <«— THOLD 2
DBO-7 o, »
LOADING IN 7
OF DATA 1
<«—TpEgL2

pgo-7 T - - - —---—= 1 T /' 77
READING OUT
OF DATA -

S/

j«— PWpg —> <€— TpEL4

SCAN AND DATA ROW COUNTER TIMING
Figure 5

H SYNC J

RO-3
DROOE —mMmMmMmmmmmm— — ———— — — | —
<— TpEL 3+

*R0-3 and DRO-5 may change prior to the falling edge of H sync
GENERAL TIMING
Figure 6
w — START OF LINE N START OF LINE N+1 -V

ACTIVE VIDEO =
<€———— CHARACTERS PER DATA LINE

HORIZONTAL SYNC DELAY

(FRONT PORCH)
HORIZONTAL SYNC WIDTH
-« HORIZONTAL LINE COUNT=H
VERTICALTIMING
START OF FRAME M OR ODD FIELD START OF FRAME M+1 OR EVEN FIELD
i:— SCAN LINES PER FRAME :i

| N ACTIVE VIDEO = | kﬂ

- >

venficaLpaATA — 3 - DATA ROWS PER FRAME VERTICAL
START SYNC = 3H
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COMPOSITE SYNC TIMING
Figure 7

o I N N B O

conposte | | ﬁ LTI T ]

VoL

VERTICAL SYNC TIMING
Figure 8

FRAME M >11: FRAME M+|

SCAN COUNTER IS HELD
RESET DURING V BLANK:

SCANS/DATA »H —I
ROW 1 I1| |3| Isl |7l |9|! 1d3bdsUlzidetl 1 U3 isLI7L o
2 4 6 8 0 4

3dslJ7Li9
COUNTER—RO 0 2 4 6 8 0

= ("0 2 § 8 0 2 4.8 B8 0
N=9 DATA ROW COUNTER
MAINTAINS LAST COUNT.
DURING V BLANK
DATA ROW
' COUNTER-DRO | [ 23 B> [ 7
N=23 22

VERTICAL DATA START SCAN = (REGS5)

sank  JULTUTIULUUULUULUTUUUL Brank LU UUUUUL
o [

EXAMPLE BASED ON NON-INTERLACED (REG 1, BIT 7 = 0), 24 DATA ROWS, 10 SCANS/DATA ROW
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CMOS MICROCOMPUTER CLOCK/RAM

MK3805N

FEATURES PIN OUT
O Real-time clock counts seconds, minutes, hours, date of A4

the month, day of the week, month, and year. Every 4th cko 1 []e 8 V..

year, February has 29 days. xi/ct 2 [] ;] 7 SCLK
O Serial 1/0 for minimum pin count (8 pins) x2 3 [} D 6 170

5 &
0 24 x 8 RAM for scratchpad data storage GND 4 [ ] 5 cE
O Simple Microcomputer interface
. . ) . PIN NAME { DESCRIPTION

O High speed shift clock independent of crystal oscillator

f n

requency 1 CKO Buffered System Clock Output
0O Single byte or multiple byte (Burst Mode) data transfer g X;(/ZC' g:yzz: :’r"' E>:ternal Clock Input

bility f d or write of clock or RAM data. Y pu
capability for read or wri ock o a 4 GND Power Supply Pin
: _ 5 CE Chip Enable for Serial I/0 Transfer
O TTL Compatible (Vp = BV,
P Vec ) 6 170 Data Input/Output Pin
O Low-power CMOS 7 SCLK | Shift Clock for S‘erial 1/0 Transfer
8 Vee Power Supply Pin

O lec =2mA (Vee =5 V)
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.

O +3V <V <95V

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 of the 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 12 hour format with an AM/PM
indicator.

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) 1/0 (data line) and(3)
SCLK (shift register clock). Data can be transferred to and
from the CLOCK/RAM one byte ata 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 onthe 1/0 line is either input or output on each
shift register clock pulse when the chip is enabled. If the
chipis in the input mode, the data onthe 1/0 line is input to

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
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BLOCK DIAGRAM
Figure 1

EXTERlNAL CLOCK INPUT

]

REAL TIME CLOCK

{?

170

T

N

> AND
CLOCK CONTROL

BUFFER
OSCILLATOR Cko
- AND
DIVIDERS

OSCILLATOR

SHIFT <IL
REGISTER DATA BUS

~~

COMMAND
SCLK AND
E— CONTROL

ADDRESS & CONTROL BUS )

24 x 8 RAM

LOGIC

1

—

the shiftregister on the rising edge of SCLK. If in the output
mode, data is shifted out onto the 1/0 line on the falling
edge of SCLK.

The command and control logic receives the first byte input
by the shift register after CE 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. These 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

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 1 0

RAM Rd
—| Ad| A3 A2 Al AOQ —
CK W

As defined, the MSB (bit 7) must be a logical 1; bit 6 specifies
a Clock/Calendar/Control register if logical O or a RAM
register if logical 1; bits 1-5 specify the designated
register(s) to be input or output; and the LSB (bit ) specifies
a WRITE operation (input) if logical O 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 O
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 CE going low. After CE
goes low, the next 8 SCLK cycles input an ADDRESS/
COMMAND byte of the proper format. If bit 7 is not a 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
rising 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 1/0 pin is high
impedance when CE is high.

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.

DATA TRANSFER SUMMARY
Figure 2

l. Single Byte Transfer

Suuuuruuuy g

=] |

01

2 3 45 67 01 2 3 4 5 67

l l

0 1

2 3 45 6 7 0 1 2 3 4 5 6 7

vo—{efaofafudasfa il X [ [ [ [ [ [ )  Jao[a a2

ADDRESS/COMMAND DATA INPUT

Il. Burst Mode Transfer

ADDRESS/COMMAND DATA QUTPUT

_uuy

012 3 456 7 01 2 3

vo DR ]

ADDRESS/COMMAND DATA1/0 1

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

FUNCTION N n
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REGISTER DEFINITION
CLOCK/CALENDAR

The Clock/Calendar is contained in 7 addressable/
writeable/readable registers, 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
0112

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 10-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 O 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 5 4 3 2 1 0

WP | Ci1 Co | X4 | X3 X2 X1 X0

CRYSTAL DIVIDER MODE

X4 and X3 specify the Crystal frequency divider mode
selected.

X4 | X3| Xtal Mode Primary Frequencies

0 | O |Binary 222 221 220 Hz

0 1 | Microprocessor | 8,5,4,25,2,1.25,1 MHz

1 0 | Baud Rate 7.3728, 3.6864, 1.8432 MHz
1 1 ]| Color Burst 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 6 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 O 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. In 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 contained 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

|. ADDRESS/COMMAND FORMAT

7 6 5 4 3 2 1 (o]
1 RA_M A RD
CK

A

4 3 2

=)

Il. REGISTER ADDRESS

A. CLOCK
7 6 5 4 3 2 1 o0
secl1 o |ojo oo ORDW 00-59
RD
MIN[1 fo |[o]o|o|o]| 1] | o059
W
01-12
HR{1 |o Jo|o]|o] 11| ofl Al 0023
W
01-28/29
pate{1 o [o]lo ol 1 1 /| 01-30
W 01-31
MONTH| 1 J o | oo |1 |o ol%l 01-12
RD,
DAY | 1 oJ]0]o0 1 0 1 01-07
w
RD,
YEAR{ 1 [0 fo o |11 (0 2 o099
CONTROL1000111W
W
CLOCK 1 1+ [RD
BURST | ! o011 1 1 W)
B. RAM
RD RAM
RAMO |1 |1 |o]o|o]| o] o para
W 0
™
°
°
. RD RAM
RAM 23 | 1 11|01 1 1 7 DATA
W 23
RAM RD
GOV O L AL B L L L B

REGISTER DEFINITION

7 4 3 0
CH 10 SEC SEC
o] 10mIN MIN
12/ 10

0 HR HR
24 A/P
T, | 0 |10DATE DATE

10

oo foli] MONTH
T,]o|lojo]|o DAY

10 YEAR YEAR
WP| Co Cofl Xg [ X[ % | X [ X

POWER

RESET

80

00

00

01

01

01

00

A0
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CRYSTAL FREQUENCY SELECTION TABLE

Figure 4

fxtaL (MHz)

X4 X3 X2 X1 X0 Crystal Frequency Comments
0O 0 0 o0 O° 8.388608 Power on condition
0O 0 O o 1 8.388608
0O 0 O 1 0 4194304
0O 0O O 1 1 4194304
o 0 1 o 0 2.097152
0o 0 1 0 1 2.097152
0O 0 1 1 0 1.048576
o 0 1 1 1 0.032768
0 1 0O 0 O 8.000000
0o 1 0o 0 1 5.000000
0o 1 0 1 0 4.000000
o 1 0 1 1 2.500000
0o 1 1 0O O 2.000000
o 1 1 0 1 1.250000
0 1 1 1 0 1.000000
o 1 1 1 1 0.031250
1 0 0 O O 7.372800
1 0 0 0 1 7.372800
1 0 O 1 0 3.686400
1 0 O 1 1 3.686400
1 0 1 0O o 1.843200
1 0 1 0o 1 1.843200
1 0 1 1 0 0.921600
1 0 1 1 1 0.028800
1 1 O 0 O° 7.159040
1 1 o o 1 7.159040
1 1 0 1 0 3.5679520
101 0 1 1 3.579520
1 1 1 6] 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 Comments
(] 0 fxraL
0 1 fraL+ 2 Power on condition
1 0 fxraL 4
1 1 2048 Hz Binary mode
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vgg .« oo tvnintte ittt e -05Vto+ 120V
Operating Temperature, Ty (AMbIent). ... ...ttt i i e e aias -40°C to + 85°C
S1Orage TEMPEIAIUIE . . . ottt vt ettt et e ettt e tater s -65°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, < +85°C
SYMBOL PARAMETER MIN TYP MAX UNIT NOTES
Vee Supply Voltage 3.0 5.0 95 \ 1
Vss Supply Voltage 0 0 0 \% 1

DC ELECTRICAL CHARACTERISTICS
-40°C < T, <+ 85°C, V¢ = BV + 10%

SYMBOL PARAMETER MIN TYP MAX UNIT NOTES

lect Power Supply Current 20 mA 2
lee2 Power Supply Current 0.1 mA 3
" Input Leakage Current -1.0 1.0 A 4
loL Output Leakage Current -10.0 10.0 uA 4
Vi Logic 1" Voltage, All Inputs 20 \ 1
ViL Logic “0” Voltage, All Inputs 0.8 \Y 1
Vi,on Output Logic “1” Voltage, I/0 pin 24 \ 1(loy=-100uA)
Vi,oL Output Logic “0" Voltage, 1/0 pin 04 \ g = 1.8 mA)
Vekw  Output Logic 17 Voltage, CKO pin 24 \ 1(lgn = -400uA)
Veke  Output Logic "0 Voltage, CKO pin 04 \% 1(lg, = 4.0 mA)
NOTES
1. All voltages referenced to Vgg. 3. Crystal/Clock Input frequency = 32,768 Hz, outputs open.
2. Crystal/Clock Input frequency = 8.4 MHz, outputs open. 4. Measured with Vg = 5.0V, 0 <V} < 5.0V, outputs deselected.
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AC ELECTRICAL CHARACTERISTICS
-40°C < T, + 85°C, Ve 6V + 10%

SYMBOL PARAMETER MIN TYP MAX UNIT NOTES
C Capacitance on Input pin 6 10 pF 5
C,o Capacitance on |/0 pin 7 12 pF 5
Cyx Capacitance on X|/Cl and X2 7 12 pF 5
fx Crystal frequency 27 8400 kHz
tegs  CE to SCLK set up time 10 us 1.6
tos Input Data to SCLK set up time 10 us 1.6
toH Input Data from SCLK hold time 10 us 1,6
tpa  Output Data from SCLK delay time 10 us 16,78
topo  CE to1/0 high impedance 15 us 1,678
tewl SCLK low time 1.95 * uS
tewn  SCLK high time 1.95 i us
fsck  SCLK frequency DC 250 kHz
tsp tse  SCLK Rise and Fall Time 50 ns 9
ter tcg CKO Rise and Fall Time 50 ns 89
tecey  CE high time 20 us
NOTES
5. MeasuredasC = l—f\—} with AV = 3V, and unmeasured pins grounded.
6. MeasuredatViy=2.0VofV| =0.8Vand5nsriseandfalltimesoninputs.
7. Measured at Vo = 2.4V and V= 0.4V.
8. Load Capacitance = 100 pF
9. ty and ty measured from 0.8V 10 2.0V
1/0 TIMING DIAGRAM
Figure 6
_ 1ty
CE ,—-——-—-—_——-——\_—”
A
tes — —> tow
town
SCLK N\ a4 w____
DA —> too
170
7/ /I

INPUT DATA
VALID

OUTPUT DATA

VALID
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PRELIMINARY

MOSTEK.

INDUSTRIAL PRODUCTS

uP-Compatible A/D Converter

MK5168(N)-1

FEATURES

O Complete system in 16-pin package operates stand-
alone or uP-driven

O Optional Clocks - external signal or internal oscillator
O Easy microprocessor interface

0O Bus-compatible, 3-state data outputs

0 Single 5 volt supply

O Low power - 1.5 mW typical

0O <+ %, LSB total unadjusted error

O No full-scaie or zero adjust required

O Guaranteed monotonicity

0O No missing codes

DESCRIPTION

The MK5168 is an 8-bit, uP-compatible A/D 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 A/D Converter is designed to interface with
microprocessors or operate as a stand-alone subsystem.
The A/D 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 < 1 LSB,
including quantizing error, is provided.

All digital inputs are CMOS compatible. The data outputs
DO to D7 are 3-state latches providing true bus-driving
capability (260 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 0. 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
A\
vee 100 16— D7 (MSB)
START —2 [] [115—> D6
BUSY = 3 [ 114 D5
ANALOG IN =4 [] mks1es |1 13— D4
CS -5 [} [112—D3
CLK =6 [ [111—D2
VREeF(+) —7 [110-» D1
GND 8 [] 9+ Do (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)

VCC’ Pin 1
Ve must be connected to +5 Vdc £5%.

START, Pin 2

The A/D 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 puise. A
conversion in progress will he interrupted if a new START
pulse is received and a new conversion will begin.
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MK5168 BLOCK DIAGRAM

Figure 2
START CLK
2 6
1 Y i
CONTROL 3
AND 0 BUSY
ANALOG 4 TIMING
IN O
COMPARATOR SAR
/ 9
>0
10
>0
1
\*
3-STATE 12
OUTPUT o
LATCH/ 13 8-BIT
y / BUFFER >0 /ouTPUT
14
0
256R SWITCH 15
RESISTOR ARRAY 0
LADDER 16
0
7 A
T4 &7 o5
Vecc  GND VREF(+) cs
TYPICAL MICROPROCESSOR CONTROL SYSTEM e —
Figure 3 | ” ” I
DISPLAY ,‘—’ ‘—"”—"
PHYSICAL
VARIABLE
TEMPERATURE
PRESSURE SAMPLE
WEIGHT »| SENSOR FILTER AND A
FLOW HOLD PN
LIGHT
HUMIDITY ‘ .
pH .
etc.
A MK5168
A/D
CONVERTER
CONTROLLER
A
PWR
AMPL DAC

VIi-22



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. If the A/D Converter is used in this mode, an external
START conversion pulse should be applied after power up.
BUSY wiill 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 O V to
Vee

The comparator is the most important section of the A/D
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 A/D Converter
is insensitive to temperature and exhibits little long-term
drift and input offset error.

CS.Pin5

The CHIP SELECT (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 impedance state 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 100 kHz 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 us.

Vaery Pin 7

This input supplies the voltage reference for the A/D
Converter. Internal voltage references are derived from
VREF(+) and GND by a 256 resistor ladder network, as
shown in Figure 4. Ve ,) may be tied to V¢ or to'a higher
precision 5 V source for greater noise immunity.

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

bV vy

REF(+) O———y

1%R

COMPARATOR
INPUT

GND o

This approach was chosen because of its inherent
monotonicity. A non-monotonic transfer characteristic can
cause oscillations within a closed-loop feedback 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 the full-scale and zero points. The
first output transition occurs when the analog signal
reaches +'2 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 O V and O logic level.

DIGITAL OUTPUT, Pins 9-16
DO-D7

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 TTL-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
TTL load directly without a pull-up resistor.
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ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute MaximUmM Vo E L ov e e i e e s 65V
Operating TempPerature RANGE . ... ... et ittt ittt ettt e e eieennnnnnns -40° to +85°C
Storage Temperature Range ... .......ouutinttt ettt te ettt eaiaie e ranaaeanaenas -65° to +150°C
Power Dissipation at 25°C AMDIENT ... ...ttt it it e et ittt ettt e s e 500 mW
Voltage at any pin except Digital Inputs ...................coiiiiiiiiiiiiiiciiiieeaa., 0310V +03V
Voltage at Digital InpULS .. ..oo it i ittt ittt e s e i e e e -0.3to+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
MK5168-1 (Note 1)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS[NOTES
Vee Power Supply Measqred at 4.75 5.00 5.25 v
Voltage Vee pin
VREF(+) | Voltage Across From VREF(+)
Ladder to GND Vee-0.12 Veet0.12] vV
DC CHARACTERISTICS
MK5168-1 )
476 <V =525V, -40 =<Tp < +85°C unless otherwise noted
SYMBOL { PARAMETER CONDITIONS MIN TYP MAX UNI'EINOTES
VINHIGH | Logic Input Vec =5V
High Voltage cc 35 v
V|NL0W LOglC lnput VCC =5V 15 v
Low Voltage
VouTtHigH| Logic Output - B
High Voltage lour 360 pA Vee-04 v
VOUTLOW Logic Output _
| Low Voltage loyr = 1.6 mA 0.5 \%
"NHIGH Logic Input —
High Current Vin =15V 10 A
INnLow Logic Input Vin =0V )
Low Current IN 10 HA
lee Supply Current Clk Freg=500 kHz 300 1000 HA
Clk Freq=640 kHz 1300 uA
ILEak High Impedance Vout =Vce 3 LA
Output Current Vour =0V -3 MA
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DC CHARACTERISTICS
MK5168-1 -40 <Tp < +85°C,

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS|NOTES,
Rps Power Supply 475 <Vpc =5.25
Rejection VREF(+) = VeC 0.05 0.15 %/V 9
lcomp IN | Comparator Input During Conversion } 5 10
Current fo = 640 kHz 2 +0. 2 HA
RLADDER | Ladder Resistance From VREF(+) to 33 7 KQ
GND ’
CONVERTER SECTION
Vee = VRer =5V
fe = 640 kHz
MK5168-1 -40 < T, < + 85°C unless otherwise noted
PARAMETER CONDITIONS MIN | TYP | MAX [UNITS |[NOTES
Resolution 8 Bits
Non-Linearity Error +% | £% LSB 2
Zero Error T% | £ LSB 4
Full-Scale Error +% | £% LSB 5
Total Unadjusted
Error +% | £% LSB 6
Ta =25°C +% | £% LSB 6
| Quantizing Error % LSB 7
Absolute Accuracy ‘ +% | £1% LSB 8
Ta=25°C +3% [ £1 LSB 8
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AC CHARACTERISTICS (Reference Figure 7)

MK5168-1 Tp = 25°C, Ve = VReg (+) = 5V or 5.12 V

SYMBOL | PARAMETER CONDITIONS MIN | TYP| MAX |UNITS|NOTES
tsTART | START Pulse Width 200 ns
tcsa Chip Select Time to Valid C_ =56 pF 125 250 ns
Logic Levels On Digital C, =200 pF 300 ns
Outputs
tcso Time to HI-Z C_L=10pF
From C§ = Ve RL = 10kQ 125 | 250 | ns
te Conversion Time fo = 640 kHz 106 108 110 us
fc = finternal Clock 150 HS
fe = 1200 kHz 57 58 59 us
fe External Clock Freq. 100 640 | 1200 kHz 1"
BUSY BUSY Delay Time 0 2 | Clock | 3
Periods
CIN Input Capacitance At Logic Inputs 10 15 pF
Cout Output At Digital
Capacitance Outputs CS=V¢¢ 5 75 pF
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FULL-SCALE, QUANTIZING AND ZERO ERROR

NON-LINEARITY ERROR

Figure 5 Figure 6
OUTPUT ouTPUT
CODE e CODE FULL-SCALE ENDPOINT
INFINITE RESOLUTION
INFINITE RESOLUTION
1 PERFECT CONVERTER | &~ CONVERTER
H FULL SCALE
1104 IDEAI 3. BIT CONVERTER CUR\ 7 _J  ERROR<%1SB i
 ——
101 -
ACTUAL CONVERTER
100 ¢ n NON-LINEARITY ERROR
/] !
011 - 1
_>[ I(-QUANTIZING ERROR
010 4 / .
001 E ZERO ENDPOINT
——1; ZERO ERROR - %4 LSB
000 T T x T T T——T— ANALOG IN 000 —TT T T—— ANALOG N
[ 1 2 3 4 [ 6 7 o
Ls8
TIMING DIAGRAM
Figure 7
1/t
wo — LU U U UL
3 )=
START 50% [ s0% A
<> tgTART .
CHIP SELECT AR 50%
% 1t tcso
50% ot
BUSY ]
€—tgygy —> 3y
—t r
OUTPUTS HIGH IMPEDANCE N 90% vauip i 90%
tt 10% | 10%
NOTES:

1. All voltages are measured with respect to GND.

Non-linearity error is the maximum deviation from a straight line through the
end-points of the A/D transfer characteristic. (Figure 6)

When BUSY is tied to START, BUSY delay is 1 clock period.

Zero Error is the difference between the actual input voltage and the design input
voltage which produces a zero output code. (Figure 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)

Total Unadjusted Error is the true measure of accuracy the converter can provide
less any quantizing effects.

Quantizing Error is the £ 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 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.

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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MOSTEK.

8-BIT A/D CONVERTER/8-CHANNEL ANALOG MULTIPLEXER

MK50808(N/P)

FEATURES

O Single 5-Volt Supply (= 5%)

O Low Power Dissipation - 6.825mW(max) at 640kHz
O Total Unadjusted Error < = %2 LSB
O Linerarity Error << + ¥, LSB

0O No Missing Codes

0 Guaranteed Monotonicity

0O No Zero Adjust Required

O No Full-Scale Adjust Required

0O 108us Conversion Time (Typically)
[0 Easy Microprocessor Interface

O Latched TTL-Compatible Three-State Output with
True Bus-Driving Capability

0O 8-channel Analog Multiplexer
O Latched Address Input
O Fixed Reference or Ratiometric Conversion

O Continuous or Controlled Conversion

[m]

On-Chip Chopper-Stabilized Comparator

O Low Reference-Voltage Current Drain

DESCRIPTION

The MK50808 is a monolithic CMOS device with an 8-
bit successive approximation A/D converter, an 8-
channel analog multiplexer and microprocessor-
compatible control logic. The 8-channel multiplexer can
directly access any one of 8 single-ended analog
channels. The 8-bit A/D converter consists of 256
series resistors with an analog switch array, a chopper-
stabilized comparator and a successive approximation

The pin configuration of the MK50808 is shown in
Figure 1.

PIN CONNECTIONS

Figure 1
A
IN3—» 1[]® []28 ««—IN2
INg—»2 (] []27 «—IN1
IN5 —» 3 [] ] 26 «—INO
ING —»4 [} 125 «—ADD A
IN7—»5 [] | 124 «—ADD B
START—»6 [ []23 «—ADDC
EOC -— 7 [} [122 «—ALE
D3 <— 8 [] [121 —»D7
R rags > 9L 120 06
cLocK—»100] 119 —»D5
Vee =11 118 —»D4
REF{+)—12[] (117 — D0
GND—»13[] 116 <— REF(—)
D114 ] 115 —»D2

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 TTL-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-
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register. The series resistor approach guarantees
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The MK50808 features low power, high accuracy, industrial controls.

minimal temperature dependence, and excellent long-

term accuracy and repeatability. These characteristics A block diagram of a microprocessor control system
make this device ideally suited to machine and using the MK50808 is shown in Figure 3.

MK50808 BLOCK DIAGRAM
Figure 2

START CLOCK
8-8IT A/D
o— r- T -7
! END OF
I et [ © CONVERSION
= | TIMING !
o—| |
- | P!
8 ANALOG CHAlNEL |
INPUTS | O MULTI- | SAR
PLEXER |
o— COMPARATOR ! o
I | EE
THREE- | o
o— | ] STATE
— L g
o— | LATCH/
| | BUFFER [—©O
|
| o
! SWITCH | |
ARRAY
(o—{ L- = |
3.8IT J 0— | |
ADDRESS | 0—
|
ADDRESS l
ADDRESS DECODER [ 256 R !
LATCH o RESISTOR
ENABLE i LADDER I
| ]
U |
[}
VCe GND REF(+) REF(4 THREE-STATE
CONTROL
TYPICALMICROPROCESSOR CONTROL SYSTEM
Figure 3
DISPLAY —, —”""' - - 7"
([ |
!
)8 I
PHYSICAL A -
VARIABLE
Temperature -
Pressure
Waight SENSOR FILTER MUX
Flow
Light
Hymidity
pH | ol
etc.
’_\/ I
OTHER Y ! AD
CHANNELS |
controLLER JU\W ! )
|

PWR
AMPL DAC
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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 any one 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 tp 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 (-) 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 A
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
IN6 H H L
IN7 H H 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 +% 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
A/D 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
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 A/D
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

I

REF{+) Oy

1%R

R
4 L .
R f T0
. . COMPARATOR
M INPUT
250R® * .

%R

REF() O
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START, Pin 6

The A/D converter’s successive approximation register
(SAR) is reset by the positive edge of the Start pulse.
Conversion begins on the falling 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.

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 A/D
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.

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 outputto go
to a Q logic state.

ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute Maximum Ve, .o
Operating Temperature Range ..............oovevunnn,

Storage Temperature Range.............ooevieiiiinnnn,
Power Dissipation at 25°C ............. e
Voltage at any Pin except Digital inputs ...............
Voltage at Digital Inputs............cooiiiiiiiinn,

............................................... 6.5V
............................. MK50808 0°C to +70°C

MK50808-1 -40° to +85°C

..................................... -65° to +150°C
............................................ 500mwW
.................................. -03to Vet 0.3V
....................................... -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 MIN TYP | MAX [UNITS {NOTES
Vee Power Supply Measured at

Voltage Ve Pin 4.75 500 | 5.25 \
VLADDER| Voltage Across From REF(+)

Ladder to REF(-) 0512 | 5.12 5.25 \% 2
VRep(+) | Voltage at Top Measured at

of Ladder REF(+) Vee | Veet0.1) Vv
VREF(+>+)
VReg(-) /| Voltage at Center | Measured at Vgc-0-1 \Lg_Q Vee+0.1 Vv

2 of Ladder RLADDER/2 2 2

VREef(-) | Voltage at Bottom | Measured at

of Ladder REF(-) -0.1 0 \%
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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.
MK50808, MK50808-1

4.75 <Vcee< 5.25V, -40 < T < +85°C unless otherwise noted

SYMBOL| PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
VINHIGH Logic |nFUt
High Voltage Vee = BV 35 \
VinLow Logic Input
Low Voltage Vee = BV 1.5 \
Vournicu | Logic Output
High Voltage lour = -360pA Vec-04 \
VourLow Logic Output
Low Voltage lour = 1.6mA 04 \
linnicH Logic Input
High Current Vin = 15V 1.0 uA
linLow Logic input ‘
Low Current Vin = OV -1.0 pA
lee Supply Current Clk. Freq=500kHz 300 1000 uA
Clk. Freq=640kHz 1300 nA
lour Three-State
Output Current Vour = Ve 3 uA
Vour = OV -3 uA
DC CHARACTERISTICS )
MK50808-1, -40 < Tp < +85°C; MK50808, 0° < Tp< +70°C
SYMBOL { PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Psr Power Supply 475 <Vcc=Vredt)
Rejection <5.25V Viee(-)=GND 0.05 0.15 %/V 10
RrappER Ladder Resistance |From REF(+) to
REF (-) 3.8 7 kQ
ANALOG MULTIPLEXER
MK50808, MK50808-1
-40° < TA< +85°C unless otherwise notea
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
lon On-Channel Input | fc = 640kHz
Current During Conver-
sion -2 + .05 +2 pA 11
lors(+) Off - Channel Vee=bV, Vin=5V,
Leakage Current Ta=25°C 10 200 nA
lors(-) Off - Channel Vee=5V, Vin=0V,
Leakage Current Ta = 25°C -200 -10 nA
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CONVERTER SECTION

Vce = VRerH) = 5V, VRer(-) =GND, ViN='VCOMPARATOR IN- fc = 640kHz

MK50808-1, -40 <Tp < +85°C unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES
Resolution 8 Bits
Non-Linearity Error + Y % LSB 3
Zero Error *+ Y + LSB 5
Full-Scale Error +% % LSB 6
Total Unadjusted
Error Ta= 25°C % +% LSB 7
+ + 3% LSB
Quantizing Error % LSB 8
Absolute Accuracy | Ta= 25°C + 3% +1 LSB 9
+ % +1% LSB
MK50808, 0° < Tp < +70°C
PARAMETER MIN TYP MAX UNITS NOTES
Resolution 8 Bits
Non-Linearity Error + 1 LSB 3
Zero Error + *% LSB 5
Full-Scale Error *+ % LSB 6
Total Unadjusted Error + % +£1 LSB 7
Quantizing Error % LSB 8
Absolute Accuracy +1 T 1% LSB 9
FULL-SCALE, QUANTIZING AND ZERO ERROR NON-LINEARITY ERROR
Figure 5 Figure 6
gg;:u'r ouTPUT
CODE
o _/Li”éi'é“s'g CONVERTER. F.S. ENDPOINT ———3= Zet— RESOLUTON
f SLLsoALE - CONVERTER
"uﬂ IDEAL 3-BIT CONVERTER CURVE ERROR
[ I =1
101 -
ACTUAL CONVERTER
100 41/ .
i NON-LINEARITY ERROR
j **“5 LﬁOUANTIZING ERROR 7
010—‘ —t
ot r -~ ZERO ENDPOINT
’; LZEROERROR
000 L — vin

T T T T T
2 3 4 5 6

1
LS8

T T T VN
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AC CHARACTERISTICS (Figure 7)
MK50808, MK50808-1,Tp = 25°C,Vcc = VRER(+) = BV or 5.12V,VRgg{-) = 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
to Analog MUX Delay [Rg+RoN< 5k} 1 25 us 12
Time from ALE
i, tho Three-State Control{C_ = 50pF 125 250 ns
to Q Logic State Cy = 200pF 300 ns
tin, ton Three-State Control|Ci_ = 10pF,
to Hi-Z RL = 10kQ 125 250 ns
tc Conversion Time  [fc= 640kHz 106 108 110 us
fc External Clock Freq. 100 640 1200 kHz
teoc EOC Delay Time o] 2 Clock 4
Periods
Cin Input Capacitance |At Logic Inputs 10 15 pF
At MUX Inputs 5 7.5 pF
Cour Three-State Output |At Three-State 5 75 pF
Capacitance Outputs
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TIMING DIAGRAM

Figure 7 1/4¢

e Epininiaipininininininll

ALE 50% 50%
e tWALE —
{STABLE ADDRESS N
[49
ADDRESS 50%,C 50%
)
s = h —t
)
(i —
INPUT J%-—— ———————————— STABLE >
P
—— l«—<1/2 LSB
MUX X
OUTPUT X , X
&
a— 1D —m
START 50%;‘ NGO%
1{4
-ty g
THREE-STATE 50% 50%
CONTROL R —
tc |
Foc sox 50;0}
< t [P
EOC 1 tH1, tHo —> — —t1H. toOH
3 90%
OUTPUTS R f 90%
(50pF Load) HIGH IMPEDANCE ) 10%
* tHy =2 +—T1HQ 10%
- ads —
OUTPUTS
HIGH IMPEDANCE 2.4V § 0.4V
{200pF Load) - x

NOTES:

1. All voltages are measured with respect to GND.

2. The minimum value for V| AppEgR 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 A/D transfer characteristics, Figure 6.

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.

»

1.
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Quantizing Error is the % LSB uncertainty caused by the converter’s
finite resolution, Figure 5.

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.

Power Supply Rejection is the ability of an ADC to maintain accuracy as
the power supply voltage varies. The power supply and VRgf(+) are varied
together and the change in accuracy is measured with respect to
full-scale.

Input Current is the time average current into or out of the chepper-
stabilized comparator. This current varies directly with clock frequency
and has little temperature dependence.

This is the time required for the output of the analog multiplexer to settle
within +%: LSB of the selected analog input signal.



MOSTEK.

8-BIT A/D CONVERTER/16-CHANNEL ANALOG MULTIPLEXER

MK50816(N/P)

FEATURES

Single 5 Voit Supply (= 5%)

Low Power Dissipation - 6.825mW(max) at 640kHz
Total Unadjusted Error < & 2 LSB

Linerarity Error < * %2 LSB

No Missing Codes

Guaranteed Monotonicity

No Zero Adjust Required

No Full-Scale Adjust Required

108us Conversion Time (Typically)

Easy Microprocessor Interface

OO0 o0 o0ooco oo oo

Latched TTL Compatible Three-State Output with
True Bus-Driving Capability

Expandable 16-channe! Analog Multiplexer
Latched Address Input

o O ad

Fixed Reference or Ratiometric Conversion
O Continuous or Controlled Conversion
O On-Chip or External Clock

0O 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 A/D converter, a 16-
channel analog multiplexer and microprocessor-
compatible control logic. The 16-channel multiplexer
can directly access any one of 16 single-ended analog
channels and provides logic for additional channel
expansion. The 8-bit A/D 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 as well as allowing
both ratiometric and fixed-reference measurements.

The pin configuration of the MK50816 is shown in
Figure 1 below:

PIN CONNECTIONS

Figure 1
N
N3 —>1E . 140 <— N2
L
IN4 -—>2E :]394—7IN1
IN5—>3E 3334——|N0
EXPANSION
w6—saf | | 137 = conTrot
(N7 —5 (| | ]36 <—ADD A
st—»a{: [ Jss<—aoD8
IN9 »7[1 :]34<—ADDC
IN10—~>3[: :]33<—ADD D
IN‘I1—«>9E j32<—ALE
12 w10 ] MK50816 nE o7
IN13—>11E :]30 —=D6
_
IN14—>12]_| Dze —»D5
EOC<—13[: jzs —»D4
o
n1s—>14] | [ ]27 —03
common=—15[_| MEE
START—>16]_| 325 —>01
vee—=17[_| Dz4 —»D0
COMPARATOR REF(
IN"“SE D23<— [E]
REF(+) —=19[_| r:|22<—cmcx
. THREE-STATE
6np —=20[_| gz' = CONTROL

All digital outputs are TTL-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 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 need for zero and full-scale adjustments has been
eliminated and an absolute accuracy of < 1 LSB,
including quantizing error, is provided.

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, A block diagram of a microprocessor control system
minimal temperature dependence, and excellent long- using the MK50816 is shown in Figure 3.

term accuracy and repeatability. These characteristics

make this device ideally suited to machine and

industrial controls.

MK50816 BLOCK DIAGRAM cowparaToRo

Figure 2 COMMON 0———*—j
START CLOCK
o]
o 8-BITA/D .
o r - B 1
Ll
E
o— ! CORTROL  =——————""0CONVERSION
o—|
i TIMING ,
ol
! I
2 16— |
16 ANALOG CrANNEL ] | ‘
INPUTS | @1 MULTI- | SAR
o—| PLEXER |
B o
o— COMPARATOR I o
o—]| ‘ I THREE- [ o
o— | : STATE
- oureur 2 baar
o— ! LATCH/
0
L | | BUFFER
| |
@ | 2 °
! SWITCH |
C ARRAY
o— -7 |
4BIT o— | AN |
ADDRESS | o—
| |
O— ADDRESS
ADDRESS DECODER ! 256 R ‘
LATCH o RESISTOR
ENABLE i LADDER |
EXPANSION ] !
CONTROL © L N
<}
Vce GND REF(+) REF(4 THREE-STATE
CONTROL
TYPICAL MICROPROCESSOR CONTROL SYSTEM
Figure 3 | “ ” |
DISPLAY ’—“—”—’ L‘ - - -n
S S L . !
|
MK50816 |
PHYSICAL
VARIABLE
TEMPERATURE
PRESSURE

WEIGHT SENSOR FILTER h MUX

FLOW

LIGHT

HUMIDITY SAMPLE/|

pH HOLD P

etc. m — T Tle

T~ !
I

OTHER Y <:

CHANNELS i AD
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l

PWR 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 any one 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 3k(}.

EXPANSION CONTROL, Pin 37

Additional single-ended analog signals can be
multiplexed to the A/D converter by hoiding 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.

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 voitage 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 +'2 LSB and
succeeding transitions occur every 1 LSB until the
output reaches full scale.

ANALOG CHANNEL SELECTION
Table 1

SELECTED ADDRESS LINE

ANALOG CHANNEL

EXPANSION
CONTROL

D c B A

INO H
N1
IN2
IN3
INg
INS
ING
N7
INg
N9
N1
INT
N2
IN13
IN14
IN15

H

XITITIITITeCrererrCE@Ee
XITITTIrFcreITIIICCCoC
X I ITr-rF-rIIFecIICFETICC
XIF~-~IFcFIcFcIeCcIrIcITezTe
FIIITIIIIIIIIIT

All Channels OFF

X = don’t care

REF{:) Omed

RESISTOR LADDER AND SWITCH ARRAY
Figure 4

CONTROLS FROM SAR

—t—
b4

REF(+) O———

1%R

T0
COMPARATOR
INPUT

%R
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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 V.

COMPARATOR INPUT, Pin 18

The comparator is the most important section of the
A/D 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 A/D
converter is extremely insensitive to temperature and
exhibits very little long-term drift and input offset error.

START, Pin 16

The A/D converter’s successive approximation register
(SAR) is reset by the positive edge of the Start pulse.
Conversion begins on the falling edge of the Start pulse.
A conversion in progress will be interrupted if a new

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 A/D
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 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 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 outputto go
to a Q logic state.

ABSOLUTE MAXIMUM RATINGS* (Note 1)

Absolute MaximumVee oo
Operating Temperature Range ........................

............................................... 6.5V
............................... MK50816 0° to +70°C

MK50816-1 -40°C to +85°C

Storage Temperature Range . .........iiiiiiiiiiiiietnteetnertreetenaiiosesosiosenenss ...-65°C to +150°C
Power DissSiPation @t 250 C ...\ttt ittt ittt i it e e e e 500mwW
Voltage at any Pin except Digital Inputs ...t -0.3toVge +0.3V
Voltage at Digital Inputs ................... e et ee e et e -0.3to +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
MKS50816, MK50816-1 (Note 1)

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
Vee Power Supply Voltage |Measured at Ve Pin 475 5.00 5.25 \
VLADDER {Voltage Across Ladder |From REF(+)to REF(-) | 0.512 5.12 5.256 \Y 2
VReg(*) [Voltage at Top of Measured at REF (+) Vee | Vect01 \
Ladder

VREg(+) +\|Voltage at Center of  |Measured at Vee . 0.1 Vee (Vee. \
VReg(-) Ladder RLADDER/2 2 2 2 +0.1

2, -
VRep(-) Voltage at Bottom of |Measured at REF(-) -0.1 0 \")

Ladder

DC CHARACTERISTICS
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 =V =5.25V, -40 < Tp < +85°C unless otherwise noted

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
VINHIGH [Logic Input Vee =5V 35 \
High Voltage
VINLOW [Logic Input Vee =5V 15 \
Low Voltage
VoUTHIGH|Logic Output louT = -360uA Vee-04 \
High Voltage
VOUTLOW Logic Output loyt = 1.6mA 04 \
Low Voltage
IINHIGH |Logic Input VIN = 16V 1.0 uA
High Current
IiINnLow  |Logic Input VIN =0V -1.0 HA
Low Current
Ice Supply Current Clk Freq=500kHz 300 1000 uA
Clk Freq=640kHz 1300 A
louT Three-State Vout=Vce 3 KA
Output Current VouT=0V -3 kA
DC CHARACTERISTICS
MK50816-1 -40 < T < +85°C, MK50816 0° < Tp < +70°C
SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
Rps Power Supply 475<Vcc =525 0.05 0.15 %/V 10
Rejection VREr (t) = Ve
VReg(-) = GND
lcomP IN |Comparator Input fc = 640kHz -2 +05 2 A 11
Current During Convs.
RLADDER |Ladder Resistance From REF(+) to REF (-) 3.8 7 kQ
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ANALOG MULTIPLEXER
MK50816, MK50816-1
-40° < Tp < +856°C unless otherwise noted

SYM PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Ron Analog Multiplexer (Any Selected Channel) 1.5 3 kQ
ON Resistance Ta = 25°C, R = 10k
ARpN A ON Resistance (Any Selected Channel) 75 Q
Between Any 2 RL =10k
Channels
lopp(*) OFF Channel Vee=5V, ViN=5V, 10 200 nA
Leakage Current Ta=25°C
loFr(-) OFF Channel Vee=5V, ViN=0V, -200 -10 nA
Leakage Current Ta=25°C
CONVERTER SECTION
Vece = VReF(*) = 5V, VReF(-) = GND, V)N = VCOMPARATOR IN-
fc = 640kHz
MK50816-1 -40 < T < +85°C unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Resolution 8 Bits
Non-Linearity Error +% +% LSB 3
Zero Error +V % LSB 5
Full-Scale Error + % % LSB 6
Total Unadjusted Error Ta =25°C T Rl LSB 7
T T % LSB
Quantizing Error +% LSB 8
Absolute Accuracy Ta =25°C +% +1 LSB 9
+ % +1% LSB
MK50816 0° <Tp < +70°C
PARAMETER CONDITIONS MIN TYP MAX UNITS | NOTES
Resolution 8 Bits
Non-Linearity Error + 1 +1 LSB 3
Zero Error +% % LSB 5
Full-Scale Error + % % LSB 6
Total Unadjusted Error Rl ”} +1 LSB 7
Quantizing Error +% LSB 8
Absolute Accuracy +1 +1% LSB 9
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AC CHARACTERISTICS (Figure 7)
MK50816, MK50816-1 T = 25°C, Ve = VRgp(+) = BV or 5.12V, VRgp(-) = GND

SYM PARAMETER CONDITIONS MIN TYP MAX | UNITS | NOTES
tws Start Pulse Width 200 ns
tWALE Minimum ALE 200 ns
Pulse Width
ts Address Set-Up Time 50 ns
tH Address Hold Time 50 ns
tp Analog MUX Delay Common Tied to 1 25 us 12
Time from ALE Comparator In,
Rg + RoN < 5kQ,
CL = 10pF
tH1.tHo | Three-State Control CL = 60pF 125 250 ns
to Q Logic State CL = 200pF 300 ns
t1H. toH | Three-State Control | C|_= 10pF,
to Hi-Z RL = 10kQ 125 250 ns
tc Conversion Time fc = 640kHz 106 108 110 us
fc = fINTERNAL cLOCK 150 us
fc External Clock Freq 100 640 1200 kHz 13
tEoC 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 75 pF
Capacitance Outputs
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TIMING DIAGRAM
Figure 7
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NOTES: 8. Quantizing Error is the + %2 LSB uncertainty caused by the converter’s

1. All voltages are measured with respect to GND. finite iresolution, Figure 5.

2. The minimum value for V| AppgR Will give 2mV resolution. However, the 9. Absolute Accuracy is the difference between the actual input voltage and
guaranteed accuracy is only that which is specified -under “DC the full-scale weighted equivalent of the binary output code. This includes
Characteristics™. quantizing and all other errors.

3. Non-linearity error is the maximum deviation from a straight line through 10. Power Supply Rejection is the ability of an ADC to maintain accuracy as
the end points of the A/D transfer characteristic, Figure 6. the power supply voltage varies. The power supply and VRgg(+) are varied

4. When EOC is tied to START, EQC delay is 1 clock period. together and the change in accuracy is measured with respect to

6. Zero Error is the difference between the actual input voltage and the full-scale.
design input voltage which produces a zero output code, Figure 5. 11. Comparator Input Current is the time average current into or out of the

6. Full-Scale Error is the difference between the actual input voltage and the chopper-stabilized comparator. This current varies directly with clock
design input voltage which produces a full-scale outputicode, Figurg_s. frequency and has little temperature dependence.

7. Total Unadjusted Error is the true measure of accuracy the converter can 12, This is the time required for the output of the analog multiplexer to settle
provide less any quantizing effects. within + % LSB of the selected analog input signal.

13. A minimum duty cycle of 20% is required at the clock input.
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