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FOREWORD

The research described in this report represents the effort for the
first turee months on Contract No. 957031 with the Jet Propulsion
Laboratory, Paradena, CA, under the technical cognizance of Paul Alex-
ander. The research was conducted in the Turner Laboratory fér Electro-
ceramics, School of Materials Engineering and School of Electrical
Engineering, Purdue University, W. Lafayette, IN under the direction of
R.W. Vest. The research was carried out by Dr. S. Singaram, D.A. Bin-

ford and K.F. Teng.
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1. INTRODUCTION AND SUMMARY

During this quarter, significant progress was made in the continu-
ing development of the ink jet printing system for thick film circuits.
The unit being used in this research is a prototype ink jet printer
developed on a contract with the Naval Avionics Center. One of the first
tasks completed early in the quarter was the complete documentation of
this ink jet printing system as it existed. It was determined that this
was an essential step in deciding what modifications were needed to the
system and how these modifications wculd be implemented. This printing
system documentation has been included as Appendix A to this report, and
will be referred to for clarification of changes which have already been
completed during this quarter. Figure 1 gives an overall view of the
ink jet printer as it existed at the beginning of this contract and Fig.

i shows more details of the spray heat and X-Y table.

After this initial step was corpleted, design modification studies
were started for electronic, mechanical, and programming aspects of the
system. These studies were completed at the end of the second month.
The areas needing improvement were discussed and applicable changes
decided upon. Some of these improvements were completed during this
quarter and others have only been started. It should be noted that,
although the general areas needing improvement have been identified and
some changes decided upon, the exact details of how other changes will
be implemented have not yet been decided. During the next months, these
details will be discussed further and the modifications put in place

accordingly.
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Turner Laboratory Ink Jet Printer.




Figure 2. Spray Head and X-Y Table.




The first section of this report details the modifications which
have already been made to the ink jet printing system. These include
both mechanical and electronic and programming changes which were
decided upon during the design modification studies. In some cases,
these changes have been made only on a temporary basis until testing can
verify that they work in the manner intended. As testing verifies their
applicability, they will be implemented in a more permanent manner.
Also, it should be pointed out that these circuit changes themselves wmay
undergo additional modifications as total system packaging considera-

tions and other factors dictate the need.

Other chooges which will be made as a result of the design modifi-
cation studies and those modifications which have been started but not
completed are discussed in Section 3. These 1include not only the
mechanical and electronic changes but, also, the programming modifica-
tions which often must be made along with the electronic changes and
additions. Changes in software are always an ongoing process. For exam-
ple, if greater print speeds are to be achieved then programming rou-
tines to control table acceleration and deceleration must be written to
accomplish this. Some of the preliminary study to accomplish this was
started early in the quarter and tne actual programming is still in the
process of being developed. Programming changes which have already been

tested and implemented are included in the Section 2,2.

2. PROGRESS




2.1 Mechanical Modifications

The pressure control system for supplying the ink to the ink jet
head assembly is a very critical element for the correct functioning of
the ink jet system. This slight pressure (less than 0.25 inches of
water) is wused to offset the static vacuum present at the ink jet noz-
zles due to the ink supply being at a level below the nozzles. As addi-
tional testing is done to optimize the various parameters associated
with the printing process, accuracy in controlling and monitoring this
slight pressure will be essential. For this reason, a model 602-1 dif-
ferential pressure transmitter was purchased from Dwyer Instruments,
Inc. It has a minimum range of 0-0.4 inches of water. Power was sup-
plied to the unit by connecting it to a transformer with a 20 wvolt
secondary. A 500 ohm resistor was connected as a receiver for the
transmitter and the voltage across the resistor monitored with a digital
voltmeter. This assembly was calibrated for the 0 to 0.4 inches of

water range which corresponds to 2.0 volts to 10.0 volts on the digital

voltmeter.,

As a part of this change, the entire pressure control and monitor-
ing system was moved out of the original equipment cabinet (see Fig. 1)
and temporarily wounted in a second cabinet to facilitate the changes.
The new Dwyer pressure transmitter was connected to the 19 ml glass bot-
tle which contains the MOD ink being printed. This connection was made
temporarily by using the purge line as shown on Figure All of Appendix
A. This change will permit more accurate evaluation of the existing

pressure control system. As additional printing studies are done, other

mata




improvements in the ink supply and pressure contrcl system may have to

be made.

Other mechanical modifications to the existing ink jet princing
system have been completed. It was decided that a more rigid mounting
bracket for the ink jet spray head was needed so that more accurate and
repeatable printings could be made. An aluminum .ount was machined and
attached to the aluminum plate which the positioning table is mounted
on. Along with this change, a portion of the Siemens ink jet head not
necessary in this application was cut away to make its mounting simpler.
The head 1is attached to a precision adjustment mechanism so that the
head to substrate spacing can be changed and this mechanism is attached

to the new aluminum mount.

For many of the same reasons, a new brass block was machined for
the positioning table, The inner region of (.5 block has a recessed
section where the substrate is placed. The block is machined in such a
way that the substrate can be positioned in only one corner of the
recessed section. The new block also contains both a vacuun chuck and
the original 40 watt cylindrical heating element to keep the block at a

temperature between 30 and 35°C.

Finally, two micro switches were mounted on the positioning table
so that the table could be positioned to an initial start point prior to
each print sequence. These switches are “debounced” before going to the
microcomputer board. The actual initialization is accomplished in the
microcomputer programming. This programming and the actual connections

into the SCCS-85 board will be described in the next section.
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2.2 Electronic Modifications and Programming

In the existing ink jet printing system, the trigger signal for the
pulse driver board circuits either came from a manual trigger circuit or
from an external square wave 7enerator (see Fig. A3 of Appendix A).
This method did not allow the frequency of the trigger signal to be
microprocessor controlled. As additional work is done to determine the
optimum ratio between the trigger frequency and the X-Y table stepping
frequency, it will be necessary to control these two frequencies care-

fully. The table stepping frequency is already controlled by the micro-

computer board.

To eliminate the external generator and control the trigger rate
from the microprocessor, one of the three programmable timers which are
part of the SCCS-85 microcomputer board were utiiized. Since these
timers are referenced to the on-board crystal controlled clock, the fre-
quency of the trigger signal for the ink jet nozzles could be assured.
The timer output selected was OUT 2. It exits the SCCS-85 board at J3
pin 2. This signal was applied directly to the normally open contacts
of the twelve ink jet head switches which are tied together. The
switches sctill function as before and route the signal on to the
selected nozzle channel of the pulse driver board. The two “AND” gates
located on the inverter board which were used to gate the trigger signal
on and off were eliminated (see Fig. A3 of Appendix A). The SCCS-85
output port line PC 3 which had controlled these gates was routed to the
programmable timer input GATE 2 after the or-board jumper comnecting

GATE 2 to +5 volts was removed. When GATE 2 1s high the OUT 2 signal is




enabled. GATE 2°s status (either low or high) is controlled through

programming. It is taken high only when the table is moving and print-

ing is desired.

In order to utilize the grogrammable timer shich is on the SCCS-85
board, a few changes to tbe main program were v:cessary. These changes
were reallv just a simple initialization sequence for the timer. The
timer mode was estsnblished and the frequency of its output signal set.
Its mode was set 5o that it outputs a continuous square wave signal when
enabled by the gate. Since the positioning table is currently being
used at a base speed only of 400 steps per second, the frequency of the
square wave signal from OUT 2 was set at 100 Hz. This frequency can, cf
course, be easily changed but the one to four ratio between nozzle fra-
quency and table stepping frequency has in the past proven to be . good
general rule for obtaining smooth, continuous printed lines. T.is rela-

tionship is something which will be studied further.

Another problem encountered in the past has been the inability to
establish an exact starting point for printing on a substrate. The
manual “joystick” controller could be used to position the X-Y table to
a general start point under the 1ink jet head prior to a printing
sequence, but it was impossible to go to an exact point time after time.
1t was decided that the table could be positioned to a start point or
origin by using some kind of initialization routine prior to any print
sequence. It order to accomplish this some hardware additions were

necessary, along with a few programming changes and additicns to the

main program.

-11-




As stated in the previous section, two precision switches having
reasonably low differential travel specifications were mounted on the
positioning table. These single pole double throw devices were mounted
in such a way that their common terminals switched from the normally
closed contacts to the normally opepn contacts when the table was posi-
tioned at the desired origin. They have fine adjustment mechanisms so
that an exact initial strarting point can be set. In order to be inter-
faced with the SCCS-85 microcouputer board, the switches were first
“debounced” using a circuit similar to the circuit for “debouncing” the
MANUAL TRIGGER switch shown on Fig. A3 of Appendix A. These circuits
were built temporarily on the existing inverter board. The output line
from the X-axis switch circuit was connected to the RST 5.5 interrupt
input ou the SCCS-85 board and the line from the Y-axis switch circuit
was connected to the RST 6.5 interrupt input on the SCCS-85 board.
These two interrupt inputs now make a low to high tramsition when the
table gets to the origin for each respective axis. This completed the

necessary hardware additions.

The programming which had to be added to complete this initializa-
tion process made use of the Superior Electric indexer board JOG command
in order to move the table to the desired start position. The RST 5.5
and RST 6.5 input lines on the SCCé—SS microcomputer board are system
interrupts. These two interrupts first had to be enahled and unmasked.
The routine to accomplish initialization gives a JOG + commard to the
X-axis indexer board in an endless loop, moving the table along the X~
axis toward the precision switch. When the switch is activated and the

RST 5.5 interrupt line goes high, the endless JOG + loop is broken and

-12-




the X-axis motor is switched off. The routiné called by the interrupt
also immediately masks the 5.5 interrupt so that additional switch
activations would be ignored. The RST 5.5 interrupt remains masked but
the RST 6;5 1ntgrrupt must again be enabled because the entire interrupt
system is disabled any time any interrupt is received. Similarly, a JOG
+ command is given repetitively to the Y-axis indexer board, moving the
table along the Y-axis until the switch is activated. The RST 6.5 fnput
goes high generating another system interrupt. This switches off the
Y-axis stepping motor and, as did the 5.5, masks itself so that addi-
tional transitions of the RST 6.5 line are ignored. The positioning
table is now set to an origin from which it will begin a print sequence.
After receiving the last interrupt, the microprocessor proceeds with the

main program.

One other electronic modification was completed. There were
several features built into the Siemené driver board which could not be
used in this application. By eliminating this unneeded circuitry, the
power requirements for the system could be reduced and the system
further simplified. For these reasons, circuit traces on the board were
cut and other modifications made so that power is applied only to the
twelve pulse driver channels. The heater, temperature sense, wiper
motor, and ink level sense lines to the ink jet head were removed, leav-
ing only thirteen necessary lines to the ink head. Along with this
change, the PRINTER READY 1l.e.d., the LOW INK l,e.d., and the MOTOR
switch were discarded. With this change in place, the +5 volt supply is

no longer needed on the driver board.




One last modification was made to the Siemens driver board. The
original single turn potentiometers R1-R12, which control the amplitude
of the output pulses from the 12 driver channels, were replaced with 15
turn potentiometers of the same 5000 ohm value so that more accurate

control of the pulse amplitude could be accomplished.

2.3 Ink Development

Lots of silver neodecanoate and bismuth 2-ethylhexanoate were syn-
thesized for use in the first test ink. Further ink development studies

must await completion of the initial mechanical and electronic design

modifications.

3. PLANS

As described in the preceeding sections, the original prototype ink
jet printing system has already undergome several changes. Many other
design modifications will be maie in the coming months. Most of these
will be implemented in order to reduce the number of connections and
minimize interwiring (hence improving reliability), improve serviceabil-
ity, improve system printing accuracy and repeatability, and generally
to meet future system goals. Many of the system improvements have been
decided‘ upon as a result of the design modification studies. Other
changes, however, will be put in place as experience with the system and
future plans dictate. Some of these design changes have already been

partially implemented or, in some cases, put in place on somewhat of a




temporary basis for testing. Other modifications, particularly software
modifications, will require some further investigation and will be wmade

over many months.

During this quarter, some preliminary investigations were initiated
to determine how a computer aided design routine might be integrated
into the ink jet printing system. The final goal would be to be able to
go directly from a circuit design created on a display terminal to the
substrate. This would make the ink jet printing system a very valuable
tool for circuit prototyping. It was found thét there are several pro-
grams available within Purdue”s Engineering Computer Network for laying
out circuits on graphic terminals. Some of these programs may require
additional equipment not currently available. This aspect will be
looked into further. In any case, programs will have to be written so
that the microcomputer board can receive and properly interpret the cir-
cuit information that would come from a graphics display terminal. This
could require some basic restructuring of the entire main operating pro-
gram. Work will continue in order to determine what additional equip-
ment might be needed for this process and what additional programming

will be required.

In the area of mechanicai modifications, several jobs have either
been started or are being planned. It has already been stated that
other modifications may have to be made to the ink pressure control and
monitoring section after 4ink printing studies are started. However,
along with the changes already made, one other aspect of the system will
be changed in the very near future. Two new pinch valves have been

ordered to replace the Sporlan solenoid valves currently being used in




the pressure control system. In the past, there had been a periodic
problem due to the electiical noise (or line transients) being generated
by the valves switching on and off. The new valves operate on 12 volts
direct current instead of 115 VAC and operate on much less power. This
should alleviate the noise problem encounted in the past. They, aiso,
will avoid the two tubing conmnections at each valve since they operate

by pinching the tube.

Another mechanical aspect of the system which will be improved is
in the area of general system packaging. Some preliminary layout work
has already been done. This change will involve almost all components
of the system. This is being done primarily to minimize connections and
interwiring between components, to improve system cooling, to make com-
ponents more easily accessible, and to generally improve system opera-~
tion. This change will include redesigning the power supply and relo-
cating it. Additionally, all the components included in the positioning
table drive system will be consolidated onto one rack-mountable panel.
This panel will also include the two displays indicating table position.
The system packaging changes will be an ongoing process ,most of which

should be completed in the next several months.

Several electronic modifications are in the planning stages. The
pulses to the piezoceramic drivers in the ink jet head must be able to
be controlled accurately. The addition of the higher quality potentiom-
eters to the Siemens driver board was a step in this direction. How-

ever, the input pulse to the Siemens driver board is largely -esponsible
for the shape of the output pulse so its pulse width must be precisely

controlled. The pulse driver board (Fig. A4 of Appendix A) which is
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composed of twelve identical circuits 1is responsible for generating
these pulses. These twelve circuits are “one-shot” multivibrators which
use a simple external resistor-capacitor circuit for controlling their
output pulse width. The Siemens Corporation specifies that the pulses
to trigger the Siemens driver board have a pulse width of 22.5 us. A
check of the existing circuitry indicated a variation of 20 to 26 wus.
To more accurately control this pulse width, the present SN74121N mul-
tivibrator I.C.”s will be replaced by dual precision monostable multivi-
brator I.C.°s. This will, first of all, reduce the chip count from
twelve to six since these units have two complete circuits per package.
More importantly, these integrated circuits use linear CMOS techmniques
allowing more precise control of output pulse width. This in combina-
tion with the external 15 turn potentiometers for initial calibration

will dramatically improve the accuracy of the outputted pulse.

As part of the new packaging for the positioning table drive com-
ponents, the existing LED displays will be replaced by new liquid cry-
stal displays in order to reduce overall system power requirements. A
new up/down counter and LCD display driver integrated circuit has been
ordered to provide the correct drive signals to the displays. They will
connect to the indexer boards in very much the same way as the displays
do currently. Special bezels will be used to mount the new displays

into the eighth inch aluminum rack panel.

As a means of planning for the future when an attempt will be made
to use all twelve ink jet nozzles for printing, circuitry is being added
now so that the nozzles can be turned on and off via the microprocessor.

This will be accomplished by adding two octal data latches to the same




circuit board which contains the new CMOS multivibrators. Three control
lines and the eight data buss lines from the SCCS-85 microcomputer board
will control these latches. Twelve manual switches will be included so
that the nozzles may still be turned on manually. Light emitting diodes
will probably be incorporated to give a visual indication of which noz-
zles are on. It should be pointed out that before all twelve nozzles
can be utilized for printing, much more program development will be

necessary.

Program development continues on a regular basis. Even though pro-
grams have been written for the nozzle triggering system and for the

table initialization process, these programs may require additional work

in order that these systems work in the most efficient and concise

manner. Other areas requiring programming changes are being investi-

gated. A program addition may be made to pattern data in such a way

that the ink jet print head {s.moved away from the substrate after the

print is completed. This\will;facilitate the removal of the substrate.

More work will be done in achieving the goal of much higher print
speeds. This may involve a new degree of programming complexity up
until now not needed. Currently the positioning table is being used at
a base speed only. The Superior Electric indexer boards are capable of
fairly high print speeds, but acceleration and deceleration must also be
programned into the system when higher speeds are used. The accelera-
tion and deceleration parameters are entered into the indexer board in
ASCIT code as are other instructions. Nonetheless, a large amount of
additional software development will be necessary before higher print

speeds can be reached. Some preliminary testing routines are currently




being written and work will continue through the next quarter to accom-

plish this goal.

4. SCHEDULE

The description of tasks and the updated milestc.ue chart are

attached.
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1.

2.

8.

9.

10.

LIST OF TASKS

Ink Development and Processing Studies
Electronic Modifications and Programming
a. Design modification studies

b. - Electronic assembly

c. Operational demonstration

d. Computer software generation
Mechanical Modifications

a. Design modification studies

b. Mechanical assembly

c. Operational demonstration
Film Thickness and Line Width Studies
Printing Speed Studies
Fabricating and Characterizing Cells
Specifications
Data for Economic Evaluation

Personnel for Meetings
Documentation

a., Monthly technical reports

b. Quarterly technical reports

¢, Final technical report

d. Monthly financial reports
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APPENDIX A

Documentation of the Turner Laboratory Ink Jet Printer

as of October 1, 1984
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1. INTRODUCTION

There are many inherent advantages to using ink jet ptinting tech-
niques on hybrid microcircuits. First of all, this process can easily
be completely computer controlled allowing a higher degree of automation
than now possible with conventional screening techniques. This would,
in turn, yleld a potential cost savings, greater repeatability and reli—
ability, and the abiltity to move rapidly from initial design stages to
circuit prototypes. Another major advantage of the ink jet printing
process is better uniformity of the thickness of the deposited films
since surface topography is no 1longer a factor in influencing film
thickness. If circuit performance can be improved by varying the thick-
ness of the films in various regions of the same circuit then this tech-

nique will zllow one to accomplish that with relative ease.

There are many potential advantages to ink jet printing, but
designing and implementing a workable system requires overcoming some
significant problems. First of all , it should be pointed out that con-
sideration of using this technique of printing was made possible by the
development of metallo organic deccmposition (MOD) inks since this pro-
cess dictates the use of inks which do not contain particulates. How-
ever, for these MOD inks to be used with an ink jet spray head their
viscosities had to be much lowe~ than that required for screening and
their surface tension was a much more critical parameter in this appli-
cation., Additionaliy, the ink jet spray heads presently available were
designed primarily for the printing of alphanumeric characters, not for

printing th- continuous, uniform patterns required for most hybrid
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microcircuits. This meant that a commercially available head had to be
modified. Other problems also had to be dealt with such as designing an
ink supply system for the head which would provide the neccesary men-
iscus at the ink jet nozzles and also allow the MOD inks to be contained
in an inert environment. Another complex task was coordinating the
pulsing of the ink jet nozzles with the movement of an X-Y table
directly telow the ink jet head in order to print the required pattern
on a substrate. Some progress has been made in this area but additional
work will have to be done, particularly as an attempt is made to
increase the printing speed. Some of the mentioned problems have now
been resolved, but others will have to be investigated further and solu-

tions found.

The existing system is described in this Appendix, including com-
plete circuit diagrams and explanations, software documentation, and
general operational aspects. The system has been described section *~
section with most sections prefixed by a general overview of that por-
tion of the system. There is also a discussion of a few of the problem:

that require additional investigation and study.

2. INK JET PRINTING SYSTEM OVERVIEW

The ink jet printing system, although having limitations in its
current state of development, is capable of printing well defined pat-
terns onto substrates using MOD inks. The ink jet printer used in this
study was a Siemens Pt80i head which has 12 nozzles (76 um diameter)
arranged in two staggered rows of six. Each nozzle has its own

Piezoelectric driver making this head a drop-on-demand type., Ink is
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supplied to the head under slight static vacuum so that flow is resisted
by the surface tension of the meniscus at the nozzle. A droplet is
ejected by means of a pressure wave generated by an impulse from the
piezoelectric driver. Substrates were uounted on an X-Y table which
moved in 25 um steps in response to input pulses. The desired patterns
were generated by programming the motion of the table and the firing of
the jets. So far the system has been used only at reasonably slow print
rates (substrate velocities between .00254 and .01016 meters per second)
although higher rates are possible. In its simplest form, the system
consists of two major blocks. The first section contains ail the neces-
sary components to fire and control the ick jet nozzles, and the other
section is responsible for the movement of the X-Y positioning table
below those nozzles. In actuality, of course, the system is wmuch wore
complex. A 8SCCS-¥5 microcomputer board has been integrated into the
system. Its function 1s basically to take operatiunal and circuit pat-
tern data given to it via its RS-232 input, process that data, and then
provide the proper signals to the two above mentioned sections so that
they will work together in a manner which will print the desired pattern

on the substrate,

All the major sections of the system are indicated in Fig. Al. A
manual triggering circuit was provided as a means of manually firing the
ink jet nozzles for initial testing purposes. Most of the testing was
done wusing an external oscillator as the triggering source. Also, a
joystick control was included in the system for manually controlling the
table even though most of the experimental work was done with the table

in an automatic control mode. Two four digit 1l.e.d. displays were
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incorporated into the system to give a visual indication of table posi-
tion. Each unit represents one motor step or about 25 um. Direction and
count information for the X and Y channels of the counter/display dfiver
board comes from the X-axis or Y-axis Superior Electric indexer boards
respectively. All of these sections mentioned so far, although impor-

tant, are not an integral part of the main operating system.

At the heart of the operating system is the SCCS-85 uaicrocomputer
board. The main operating program and pattern'data are downloaded into
the microprocessor board via the RS-232 input from a host computer sys-
tem. The SCCS-85 then provides signals to the ink jet drive section and
the X-Y table positioning section. In the first case, the SCCS-85 pro-
vides only a single control line which enables a gate on the inverter
board. This allows the external oscillator triggering signals to pass
on to the ink jet drive and control circuits. There, one or more tracks
of the ink jet spray head are selected and the triggering signals then
routed on to the appropriate drive channels. The drive electronics pro-
vide the necessary pulses to fire the corresponding piezoelectric ele-
ments in the Siemens head. Thus the droplets of ink are ejected onto the
substrate. In the case of the table control section, the SCCS-85 pro-
vides 10 lines of information, via the inverter board, to the two Supe-
rior Electric indexer boards. The 8-bit parallel data bus goes to both
boards, then there is a single enable line to egch board. Additionally,
there are two lines back to the SCCS-85 (again via the inverter board)
from the indexer boards to pr-ovide proper sequencing of signals. Output

signale from the X-axis and Y-axis indexer boards provide the necessary

information to the respective X and Y axis Superior Electric driver
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boards. These then, in turn, provide the drive signals to the Design
Components positioning table. It is also the indexer boards which pro-

vide the position information to the l.e.d. displays.

With all these sections working together correctly, a preprogrammed
pattern can be printed onto a substrate. The actual operation of the
system to accomplish this is fairly simple. A 10 cm square brass block
which is mounted on the X-Y table is preheated to somewhere between 30
and 35°C by a heating element mounted in the block and controlled by a
variable transformer. The substrate is positioned in a recessed inner
region of the block and held in place by a vacuum appligd to a hole
beneath the substrate. The table is manually positioned to a predeter-
mined start point in respect to the ink jet head. The MOD ink is put in
the ink supply system and the supply system checked for proper opera-
tion. An oscillator is connected to the external oscillator input and
adjusted for the correct triggering signal, All power supply switches
are turned on, the MAN/EXT switch is set to EXT, the ENABLE and MOTOR
switches are turned on, one of the twelve ink jet track switches is
turned on, and the SCCS-85 is reset. The microprocessor is instructed
to load and the wmain operational program is downloaded from the hést
computer. The micro is again instructed to load and the pattern program
is downloaded. A final command to the microprocessor starts the program
running and the circuit pattern is printed onto the substrate. As the
program runs the 1l.e.d. displays track the table movement. Once the
printing stops, the vacuum is switched off and the substrate removed and

fired as necessary.
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It is hoped that the above description has provided the reader with
a general understanding of the ink jet printing system that was
developed in the Turner Laboratory. The sections which follow describe
in more detail the major blocks of the system. There is also a descrip-

tion and listing of the software for the SCCS-85 board.

3. SCCS-85 MICROPROCESSOR SECTION

3.1 SCCS-85 Microcomputer Board

The SCCS-85 is a very versatile Intel 8085-based microcomputer sys-
tem contained on a 11.43 cm X 17.78 cm board. Its designed-in flexibil-
ity allows it to be used in a wid¢ variety of control applications.
With no modifications at all, it is configured to operate as a small
computer communicating via RS-232 with a user supplied terminal. Up to
four kilobytes of RAM (random access memory) may be installed on the
board itself and a memory capacity of up to 65K bytes 1is possible by

extending the SCCS-85 bus to additional cards.

The SCCS-85 circuit board is a unit designed by Robert Rindfuss
that was purchased 1locally. It is revision 2 of the original circuit
board design. The integrated circuits, I.C. sockets, connectors, and
other miscellaneous electronic components were purchased from various
suppliers and mommted on the circuit board according to its included
instructions. Specific modifications must be made to the circuit board
according to the user”s individual needs. Most of these are accom~
plished by cutting circuit board traces and/ or jumpering pins or speci-

fied feed through terminals.
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This microcomputer board is divided into seven functional groups.

They are the following:

. CPU (central processing unit) group

2. ROM (read only memory) group

3. RAM (random access memory) group

4. SERIAL I0 (input/output) group

5. PARALLEL IO group

6. TIMER group

7. DMA (direct memory access) group

The CPU, RAM, and ROM groups are required for the operation of any sys-
tem, however the remaining groups are optional and need only be present
on the board if the application requires it. For the ink jet printing
system, all the above blocks were required except the DMA group. The
two integrated circuits necessary for DMA were not purchased and are not
present on the ink jet printing system”s SCCS-85 board. In the case of
the ROM group, a single NEC D2716 EPROM, giving 2K of ROM, is being
used, leaving I.C. location U5 free for expansion to 4K as required.
The board was reconfigu;;& to accept the 2716 EPROM. The 2K of EPROM
(2048‘ bytes) holds the control and monitcr programs. The 4K of RAM
short‘term memory holds graphic data downloaded from the host computer
and 31;9 provides a scratch pad work space for the monitor and control
programs. The SERIAL IO group contains the USART (universal
synchronoﬁs/asynchronous receiver transmitter) through which all commun-
ication and.aata transfer takes place via a standard RS232 serial 1link,
Outputs to the indexer boards and the irk jet head enable circuitry, and

inputs for “handshaking” lines are sent and received in the PARALLEL I/0
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group. The TIMER group is being used to provide the correct timing to
the USART and, in the future, may be used to provide the triggering sig-

nals to the ink jet head circuitry.

A complete copy of the SCCS-85 (revision 2) User’s Manual is
included as Appendix Al. Included in it is both a component list for
the board and also the instructions for mounting the components.  Addi-
tionally, mnecessary modifications as required by the user are described
in detail and complete circuit daigrams are provided. As a means of
clarification, however, specific modifications and parts used in this

application of the microcomputer board are listed below:
1. A 4 MHz crystal is used so the 8085°s clock frequency is 2 MHz.
2. I.C. locations U5, Ul5, and Ul6 are not being used.

3. A single NEC D2716 EPROM chip is being used in the ROM group sec-
tion. It is a single voltage (+5V) I.C. so the modification
described on pages 12 and 13 of the User”s Manual has been per-

formed.

4. The TRAP interrupt input (pin 6 of the 8085) is being used for ena-
bling the “joystick~’. On the SCCS-85 the TRAP input is normally
pulled low so to use this feature the trace between P3-1 and P3-2

(CPU schematic, User”s Manual) had to be cut.

5. For proper operation of the RS232 serial data input the following
modification was made done (refer to the Serial Group schematic,
User”s Manual). The trace between C and D was cut so cthat pin 1 of

the 1489 I1.C. at location U24 is no longer pulled up to +12 volts.
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The connection between pin 3 of the 1489 and pin 22 of the 8251 was

broken and pin 3 and pin 22 of the 8251 was jumpered.

6. Two connectors were installed on the circuit board at locations J2
and J6a. Each of these is a 26-pin double row header made by A P

Products, Inc. (part # AP 923863-R).

3.2 Downloading from Host Computer

As previously stated, the control and monitor program for the 8085
is contained in the 2716 EPROM on the SCCS-85 circuit board. However,
the main operating program and any pattern programs aust be downloaded
into the SCCS-85 board from a host computer. This is accomplished
through the RS232 serial data input which was incorporated into the
design of the board. There is a standard 25-pin D connector mounted in
the equipment cabinet and it is wired in the following manner to the

SCCS-85 board:

Ground Jéa-pin 1
Transmit J6a-pin 3
Receive Jéa-pin 5

A switch box assembly is used to provide all necessary switching
between the host computer, the SCCS-85 board, and a terminal. This
makes it possible for the terminal to communicate with either the host
computer or with the SCCS-85 board. It also allows the host computer to
transmit information directly to the SCCS-85 board, i.e. it allows
“downloading” from the host to the microprocessor. This information is

stored in the RAM group on the SCCS-85 board.
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J¢3 Joystick Comtrol

In initial design stages, thé¢ X-Y table was only controllable
through the use of a manually operated “joystick”. In its current state
of development, the ink jet printing system uses the SCCS-85 microcom-
puter board to control the positioning table. After this system was
implemented, it was still felt that some means of manually positioning
the table should be provided so that the table could be positioned to

the required start position prior to a print run.

For this reason, a program was written and made a part of the main
operating program for the system. Pressing the JOYSTICK ENABLE button
takes the TRAP interrupt on the SCCS-85 board momentarily high, vector-
ing the microprocessor to the joystick program. Once this has been
done, the joystick control operates the table in the manner one would
expect with this exception. Only movement parallel to the X or Y axis
is possible, This, by the way, is also true in the computer controlled
mode. All information for manual joystick control enters the Parallel

1/0 section of the SCCS-85 board via J2 pins 20, 22, 24, and 26.

4. INVERTER BOARD

The inverter board (Fig. A2) provides two very simple functions 1in
the system. First of all and most obvious, it provides inversion of
signals where necessary. There are fourteen inverters on the board, and
twelve of these are used to reconfigure signals either coming from or
going to the SCCS-85 board. The last two 1inverters provide inversion

between ihe “not” XLR~PU outputs on the X and Y axis Superior Electric
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indexer poards and the count inputs on the Counter/Display Driver board.
Secondly, the inverter board contains a SN74LSO8N quad~AND integrated
circuit. Two sections of this IC are used to provide a gating function
for the triggering signal for the ink jet drive and control section.

This gate allows the SCCS-85 to enable this trigger.

The inverter board is a “Vector” #3677-2 circuit board (11.4 cm X
16.5 cm) with a 22-pin edge connector. Mounted on the board is one
SN74LSO8N quad-AND IC and three SN74LSO4N hex inverter IC’s. Referring
to Fig., A2, it is shown that the power supply ground enters the board on
pin Z while the +5 volt line js applied at pin A. Pins 20-22 are the
input, the output, and the enable lines for the gate IC 1. Two AND
gates are used in order to provide proper isolation between input and
output. The trigger signal from the trigger select switch MAN/EXT goes
to pin 9 of IC 1. If pins 10 and 13 of IC 1 are high due to an euable
signal from the SCCS-85 board, then the trigger signal passes on through
from pin 9 to pin 8. Since pin 13 is also high, the signal continues
from pin 12 to pin 11 and exits the board at pin 21. Eight inverters
are used to invert the data line from the SCCS-BS’ board to the two
indexer boards. The output port (PA 0-7) signals enter the board at
pins M-D respectively and exit the board at pins 11-4 respectively.
Pins 4-11 connect to Pl-4 through Pl1-11 on the Superior Electric indexer
boards. Two other signals from PC 0 and PC 1 on the SCCS-85 board are
routed to pins N and P. They are inverted and exit at pins 12 and 13 to
continue on to Pl~16 of the X-axis indexer board and to Pl-15 of the Y-
axis indexer board respectively. P1-26 (“not” BUSY) lines and P1-37

(“not” AUX STROBE/DATA TAKEN) lines from both indexer boards enter the
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inverter board at pins R and S. These inverted signals exit at pins 14
and 15 and return information to the SCCS-85 bnard (PC 7 and PC 6).
These two inverters have 1000 ohm pull-up resisters on their inputs.
Finally, the “not” XLR-PU signals from the two indexer boards are input-
ted at pins U and W and exit at pins 17 and 19 to provide count informa-
tion to the corresponding channel of the Counter/Display Driver board.
These two inverters also have 1000 ohm resistors from their inputs up to

the +5 volt supply.

Even though this board is very simple in its function, its input
and output pin number designations can be confusing as described above.
For that reason, it is suggested that Figs. A5 and A6 be referred to for
clarifying signal flow in and cut of the board. On these two figures
all fourteen inverters are shown., Figure A3 may also be referred to

clarify the function of the gate circuit on this board.

5.INK JET DRIVE SECTION

5.1 Overview

The ink jet driver section cﬁn be summarized very simply. Figure
A3 explains the flow from the triggering source to the Siemens ink jet
spray head. The triggering signal, which must be enabled by the SCCS-85
microcomputer board, leaves the inverter board and is routed on to the
ink jet head switch assembly., There it is routed to one or more chan~
nels of the Pulse Driver board. It should be noted here that most of
the testing that has been done was done using only one ink Jet nozzle at

a time, The Pulse Driver board provides triggering signals of specific



F 7400 PC
E X I

INVERTER BOARD

Beas INK JET READ SWITCHES [ PULSE DRIVER BOARD
SNTALSOBN
—
— «d, SNMMILIN
[_1::24 | b y edge

" MANUAL
TRIGGER

) F
1 /

g g
2 \
’ y
-1 by TS T e M
4 ¥ o
- . + L——\,> . 2-12 - | | —
e 1 L s
PN C | T o Ha
OSCILLATOR = R o
Ll 2 SCCS-85 —
MICROPROCESSOR  BOARD Y““
X 1
) s, . _X_}o_, SIEMENS Pt a3
ri‘—l o) S-‘tm'_“s D SPRAY HEAD
= g 9
:_]I o O Driver Baard E
:—Jl’ 20| (S 22251- J 141) %9
: —6 8 W% 0 5 Teno. ;/n ’u.
g 2 L | o .:cl weaTes
—l|lo o L 5 |
o :
. X 4
) ) ~+0—0
o 5 — - = 154 ‘Ilg"
10w Twx 1 — |
.
‘ Pt THEAL GLpsRs
~ . fw Sm 2 WA BEEw
‘:““ sv L ———— - — —g‘ ADBTD

Flom
Powik

sonvy | qqpu>— | '+ 80, SPRAY pcaD

81°V

- ol (AB POk B BETROLERAMICS
. A Jecs) TURNER
@O O®®® 60 0N AMI
R SYSTEM

T INK_JET DRIV

Wm_umn 378413
| CHKD BY

DESIGN BY £7.C 7o fEDELL —jioat 1 o ]

Figure A.3 1Ink Jet Driver System.




A.19

amplitude and pulse width to the Siemens driver board. The Sicwmens
driver board and the Siemens Pt80i head were purchased directly from the
Siemens Corporation. They were specifically designed to be wused
tegether, The driver board, after receiving the correct trigger pulse,
outputs the proper pulse on the corresponding channel to fire the
piezoelectric driver for the corresponding ink jet nozzle. Thus & dro-
'piet of ink is ejected onto the substrate. This process continues at a
rate equal to the rate of the trigger pulses as long as the microproces-
sor keeps the gate on the inverter board enabled. Hence, assuming that
the X-Y table is moving, a series of ink droplets (forming.a line) are

printed onto the substrate.

5.2 Triggering and Control Circuits

Triggering 1is possible from either of two sources. IC 101
(F7400PC) is a quad 2-input NAND gate. Twa'of these gates have been
connected as indicated in Figure A3 to form a “bounceless” switch. The
MANUAL TRIGGER switch 1is a momentary single-pole double-throw device.
Pin 11 of IC 1 is normally low., It goes high at the instant the nor-
mally open terminal of the MANUAL TRIGGER switch is taken to ground and
stays high until the normally open terminal of the switch goes high
again (when the button is released)., It is the positive-going portion
of this signal which is the actual triggering mechanism. Triggering may
also come from an external source connected to front panel banana jacks.
A Hewlett Packard model 3310A function generator was used for this pur-
poes. Several different waveforms and amplitudes were investigated but

it was found that a squarewave w.ti: an amplitude of about 5 volts pro-
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vided proper triggering. The frequency of the external oscillator had
to be adjusted according to the velocity of the positioning table since
the relationship of these two variables (and actually several others)
affect many characteristics of the line printed. Most tests were con-
ducted using table speeds of .00254, .00508, or .01016 meters per
second. These speeds correspond to motor step frequencies of 100, 200,
or 400 steps per second respectively. Some experimental work was done
concerning the relationship between the trigger frequency and the table
velocity. A formula relating the two was found which seemed to produce,
in most cases, smooth line patterns on the substrates assuming that a
median nozzle to substrate spacing of about 300 um was maintained. If
the table velocity (expressed in meters per second) is divided Sy .0001
meter per cycle then the value obtained in hertz (cycles per second) is
the oscillator frequency which will produce the desired effect. Put
more simply, the table motor step frequency divided by four will yield
the required oscillator frequency. The MANUAL/EXT trigger select switch

was provided to select between the two above trigger sources.

The trigger leaves the common terminal of the MANUAL/EXT switch and
flows through the gate on the inverter board as described in the
inverter section. ¥rom pin 21 of the inverter board the signal travels
on to the normally open terminals of the twelve ink jet head switches.
These twelve single-pole double-throw switches either ground the
corresponding input on the Pulse Driver board or route the trigger sig-
nal on to that channel. These switch numbers indicate the track number

on the ink jet spray head as indicated in the lower portion of Fig, A3
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The INTERNAL SOURCE switch is not presently being used but has been
provided for future development. Eventually, it is hoped that the
necessary triggering signals will come from the SCCS-85 board. Addi-

tional software development is necessary to provide this feature.

5.3 Pulse Driver Board

The pulse driver board”s function is to provide the Siemens driver
board with triggering pulses of definite pulse duration and amplitude.
It assures that the pulses triggering the Siemens board are independent
of the amplitude and duration of the triggering pulses coming either

from the “bounceless” switch or the external oscillator.

This board, shown schematically in Fig. A4, is a 12 channel unit
built on a “Vector” #3677-2 circuit board (11.4 cm X 16.5 cm) with a
22-pin edge connector. It is comprised of 12 SN74121N integrated cir-
cuits which are monostable multivibrators in 14 pin dual in-line pack-
ages, The power supply ground is at pin A and +15 unregulated volts
come 1in at pin Z. There is 7805 +5 volt regulator on the board to pro-
vide the necessary supply voltage to the IC"s. There is a +5 volt line
legving the board at pin Y which supplies +5 volts to one side of the
MOTOR switch. This connection is indicated in Fig. A3, A swiiched
ground (from the front panel ENABLE cwitch) enters the board at pin 20
to enable tie 12 multivibrators. The inputs to the board (from the 12
ink jet head switches) are at pins 1-12 but in an opposite order in
terms of frack numbers. The pulses exit this board at pins P-B. The
output lines from the IC”s have been shielded as indicated in Fig. A4 to

avoid “crosstalk” and noise problems.
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The SN74121N IC“s used on this board are monolithic TTL monostable
multivibrators. The internal structure is indicated on Fig. A4. The
input at pin 5 is a positive Schmitt-trigger input and will trigger the
monostable multivibrator when it makes a positive transition if either
pin 3 or 4 are pulled low. The enable line on the board is responsible
for taking all the pin 4°s low and there are no connections to pin 37s.
The 6.8K ohm resistors (connected between pin ll;s and 14°s) and the
0.005 microfarad capacitors (connected between pin 10°s and 117s) deter-
mine the pulse width of the output pulse. The values selected provide a
pulse duration of approximately 24 microseconds which was selected to

achieve correct triggering at the Siemens driver board.

5.4 Siemens Driver Board

The Siemens Driver board was purchased directly from the Sie-
mens Corporation. Their identification number for the board is
$22251-J141. It is a circuit board approximately 14 cm square with a
34-pin input connector and a 28-pin output connector. It was specifi-
cally designed to work with the Siemens Pt80i spray head that is used in
this system. Its major purpose is providing the correct drive signals
to the piezoelectric elements in the head. Other circuitry has been
included on the board for driving led status display lines, for monitor-
ing ink levels, for controlling a head wiper motor, and for maintaining

the nozzle array plate at a constant temperature.

Power supply voltages ara applied to the board via the three

switches that are indicated on Fig. Al0. The power supply connections

to the board are as follows:
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Ground Xl pins 27-31 and 33
+5 volts Xl pin 26
+12 volts X1l pin 25
+40 volts unreg. X1 pin 32

The inputs to the board are on pins 1-12 of Xl but note (Fig. A3) that
track numbers do not correspond to pin numbers. The same holds true in
the case of the outputs which are at X2 pins 15-26. Power supply ground
is connected to X2 pins 3, 7, 13, and 14. This ground exits the board

at X2 pin 14 to provide the ground reference at the ink jet spray head.

The status display lines are being used to drive the PRINTER READY
and LOW INK led”s. These 1lines exit the board at Xl pin 15 and 16
respectively. The PRINTER READY led circuit includes one NAND-gate sec-
tion of IC 101. It serves to invert the pin 15 signal and drive the
led. Three 6.8K ohm resistors have been added on the ink 1level sense
terwinals of the ink jet head, as shown on Fig. A3, to simulate the
presence of ink to the board. This has been done because the board
checks for 1ink presence before operating. Ink level sense lines leave
the Siemens driver board at X2 pins 7, 9, and 10, Due to the addition
of these resistors, the LOW INK led is never on except momentarily dur-
ing power up. The motorized head wiping system which 1is incorporated
into the Siemens units is not currently being used in this application,
The actual wiping mechanism was removed but, otherwise, the system has
been retained. The switched +5 volts from the MOTOR switch enters the
board at X! pin 1l4. The motor drive lines are at X2 pins 5 and 8. The
MOTOR switch must be on in order to enable the driver channels of the

Siemens board. [he nozzle array plate heating system consists of a
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heater resistor and a temperature sensor in the ink jet head and the
necessary control and drive electronics on the Siemens driver board.
The temperature sensor and the heater resistor are connected to X2 pins
11 and 12. It was found that the array plate heating system tended to

dry the xylene ink solution so it was defeated.

As stated before, the major function of the Siemens driver board s
to provide the necessary signals to fire the ink jet piezoelectric
drivers. There are twelve identical channels on the board for that pur-
pose. Each channel includes an amplitude adjustment potentiometer for
fine tuning the output pulses. These twelve controls are located in a
line along the side of the board opposite to the Xl input connector and
are screwdriver adjustable. They provide an output amplitude range from
about 125 to 300 volts peak to peak. It was found through experimenta-
tion that output pulses need to be somewhere in the range of 150 to 250
volts to properly drive the piezoelectric transducers. The necessary
amplitude will be dependent on the pressure in the ink supply bottle,
the ink viscosity, and other related parameters. The pulse width of
these output pulses is about 30 microseconds. The exact width is diffi-

cult to specify due to the non-square nature of the pulse.

5.5 Siemens Pt80i Spray Head

The Siemens Pt80i ink jet spray head is a drop-on-demand type head
with 12 nozzles arranged in two vertical rows. The diameter of each
nozzle is 76 pm. Each ink jet channel is concentrically enclosed by a
piezoceramic transducer tube., Silver films on the inner and outer sur-

faces of the tubes serve as electrodes for applying the electric field.



Ink droplets are ejected from the nozzles by momentarily applying an
electric field to these transducers. The nozzles that are pulsed are
determined by the input signals to the Siemens driver board as described
above. The unit, as shipped from Siemens, was designed to print charac-
ters using a 12-by-9 dot format, The head in conjunction with its

matching driver board was capable of printing up to 300 characters per

second.

For th’s application specific requirements in an ink jet head had
to be met which required that the Siemens head be modified in several
ways. The unit was designed, originally, such that ink was ejected from
the nozzles 1in the horizontal plane. Also, a collapsible bladder con-
taining the ink was an integral part of the unit. Along with the ink
supply were features to monitor the ink level, wipe the nozzle array
plate, and maintain the nozzle array plate at a constant temperature.
In this application of the ink jet spray head, most of these features
were either not needed or simply could not be used due to other con-
siderations. Since the substrate needed to be mounted on a positioning
table, the ink droplets from the head had to be ejected in the vertical
plane. This, alone, would have eliminated using the existing ink supply
since the relative position of the ink jet head to the 1ink supply 1is
responsible for the static vacuum applied to the ink jet nozzles. It is
this static vecuum which is critical to the correct operation of this
drop-vn-demand system. However, using MOD inks in a xylene solution
dictaired operating in a closed inert atmosphere which was not possible
with the existing head and ink supply system. A new mounting system for

the head war devised so that the ink was ejected down onto the sub-

g el
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strate. The wmounting system includes a means of adjusting the head to
substrate distance. Although further studies will be necessary to
determine an absolute optimum nozzle to substrate spacing, 300 um has
proven to provide good line definition and so was used for recent test-
ing. A short length of Teflon tubing was attached to the head and con-
nected to a new ink supply arrangement. The specifics of the ink supply
system will be discussed in Section 9. The nozzle array plate wiping
feature was deemed not necessary an& so the actual wiping arm mechanism
wés removed. The ink level monitoring feature could no longer be used
and was overridden. It was also fou.d that the array plate heating ;ys~

tem tended to dry the xylene ink solution so it was defeated.

The nodified head and the Design Components positioning table were
mounted on an aluminum plate having dimensions of approximately 1.3 cm X
35.5 cm X 45.5 cm. Connections to the head from the electronics cabinet
is via ribbon cable. The table motors, discussed in Section 6, are con-
nected to the cabinet with “Jones” style 8-pin connectors. A vertical
rod is also mounted on this plate for supporting the new ink supply bot-

tle (Section 9).

6. X-Y POSITIONING TABLE SYSTEM

6.1 Overview

The complete X-Y table positioning system is shown in Fig. A5. The
basic system consists of two identical channels, one for movement in the

X direction and one for movement in the Y direction, both of which are

controlled by the SCCS-85 microcomputer board. A “joystick” control is
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also connected to the SCCS-85 board to provide a means of manually mov-
ing the table. The inverter board (as described in Section 4) is a part
of the system simply to provide inversion of any lines leaving or enter-
ing the SCCS-85 board. A large portion of the table positioning system
has been purchased commercially because high quality units meeting all
our requirements were readily available. The actual positioning table
is a model LC-22 from Design Components, Inc. It is a X-Y positioning
table with a maximum travel in each direction of 5.08 centimeters. The
stepping motors which are part of cne positioning table are 200 steps
per revolution units made by the Superior Electric Co. Each channel
consists of two boards, an IDD008 indexer board and a DRDO02A driver
board. These boards are part of a line of modules for stepping motor
control mude by the Superior Electric Company which have the trademark

name of “MODULYNX~.

All move information enters the indexer boards on the 8-bit paral-
lel data line in ASCII format from the SCCS-85 board. The numbe: of
steps to be taken and the direction is encoded in the data. Four other
lines connect the microprocessor board and the two indexer boards as
seen in Fig. A5, These four lines are used in a simple “handshaking”

routine to correctly sequence signals.

Manual control of table movement is accomplished by pressing the
JOYSTICK ENABLE button and then using the “joystick” control to move the
table as desired. The “joystick” function is accomplished in a program
that has been appended to the main program as discussed in Section 10.
When the JOYSTICK ENABLE button is pressed an interrupt vectors the

microprocessor to this “joystick” program.
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6.2 Superior Electric Indexer Boards

The two index:r buards used in this system are IDDO08”s ma'e by the
Superior Electric Co. They have been specifically designed to be used
with the DRDO02A driver boards. They are 19.6 cm X 22.4 cm circuit
boards haviﬁg 50 pin edge connectors for input signals and 20 pin edge
connectors for connections to the DRDOO2A driver boards. Robinson
Nugent, Inc. edge connectors were used for these connections. They were
obtained from Digi-Key Corporation and are type R500. In addition to
these two edge connectors there are six spade lug terminals along the
same edge of the card as Jl. Three of these are for grounds and +5 volt
power supply connections and the other three are additional output

lines, Figure A6 is a complete circuit schematic for the indexer board.

The indexer boards receive input data in digital format which
specifies the number of steps to be taken and the direction. When these
commands are received, the indexer boards provide the correct number of
properly sequenced phase control signals needed to operate the DRD002A
two-phase stepping motor drivers. The indexer boards may be used to
operate the motors one step at a time in either direction using a Jog
command or to run the motors continuously in either directiom using the
Run command. The indexer boards can be used in two different basic
modes in terms of the way in which move information is inputted. In the
Switch Interface mode (Pl pins 47 and 48 left floating) muve information
is entered on the data bus with external switches which are diode 1iso-
lated, In this application, which required microprocessor control, the
indexér boards are being used in the Smart Interface mode accomplished

by jumpering P1-47,48 to P1-49. This allows all move commands to enter
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the indexer boards on the data bus from the SCCS-85 microcomputer board.

This mode does require a simple “handsheking” routine in order to func-

‘tion correctly.

Also contained within the circuitry of the indexer boards are pro-—-
visions for establishing the base speed, the high speed rate, and the
rate of acceleration and deceleration. The values for each of these
parameters can be fixed using a series of on-board jumpers or may be
entered into the IDD008°s memories from the data bus in ASCII format,.
There are several other operational parameters which can bhe selected
with on-board jumpers. The first of these is unique to each of the two
indexer boards in that it bacically gives each board an address identif-
ication. There are two sets of terminal arrays which are responsible
for this address. They are the SEL and the POL terminals. There are
axis designations of S-Z for each and so it follows that both sets of X
terminals should be jumpered on the X-axis board and that both sets of Y
terminals should be jumpered on the Y-axis board. The remaining
jumper-selected parameters are set the same for both boards. The base
speed, the high speed rate, and the rate of acceleration and decelera-
tion, even though jumper-selected on the board, may be overridden in the
Smart Interface mode by inputting the data in ASCII format over the data
bus. The following is a listing of the other parameters mentioned and

an indication of exactly which termirnals are jumpered:

Function Terminal Pair Jumpered? Result
Stepping Mode F/H no Full-step, two
owo no windings on
mode
Reduced STB-1 yes Reduced standby



Standby

Current
Option

Mid-renge
Stabilization

Mid-range

Stability,
High Speed
Cutout

Half
Frequency
Option

Backlash
Compensation

Resonance
Control

Base Speed
Programming

High Speed
Limit

Acceleration/
Deceleration

N-T

SL-C
SL-B
SL-A

BCK

PPS-1
PPS-2
PPS-3
PPS-4
PPS-5
PPS-6

[+ <]
[

o‘awwuluww
N WwWSsUo

H-7
H-6
H-5
H-4
H-3
H-2
H-1

A-8
A-7
A-6
A-5
A-4
A-3
A-2
A-1
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no

yes
yes
yes

no

no

no
no
yes
no
yes
no

no
no
no
no
no
no
no

no
no
no
no
no
no
no
no

no
no
no
no
no
no
no
no

current option
selected

Mid-range
stabilization
feature
selected

Feedback cut-

out frequency
of 6134 steps/
sec, selected

Half-frequency
option not
selected

No backlash
compensation

Resonance
control time
of 2000
microseconds
selected

With HF not
jumpered,

base speed of
40 pulses/sec.
selected

With HF not
jumpered,

high speed of
40 pulses/sec.,
selected

500 steps/
second/
second
selected
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In the Smart Interface mode move commands and data are entered into
the indexer board through the data bus using a “handshaking” scheme as
mentioned before. Since individual handshaking response is required
before any operation takes place, only one axis address enable input
(P1-16 X-axis board or Pl-15 Y-axis board) is allowed at a time, The
following sequence of events must occur for ASCII characters to be read

from the data buss by an indexer board:
1. character put on the data bus.

2. In no less than 62 microseconds the indexer will respond by taking

“not” DATA TAKEN low thus reading the character on the data bus.

3. The SCCS-85 board sees that “not” DATA TAREN has gone low and

responds by taking “not” EN INDEXER back high and removing the

ASCII character from the data bus.

4, The indexer board senses the low to high trensition of This starts
the processing of the character read and/or the execution of the
move. At the same time that “not” DATA TAKEN goes high, “not” BUSY
goes low indicating to the SCCS-85 board that the indexer is busy

and cannot accept data or commands.

5. After the processing and/or execution 1is completed the indexer

-

board takes “not” BUSY back high indicating to the SCCS-85 board
that it may again enable the board by taking “not” EN INDEXER low

again and repeating the above sequence.

By the uge of the above sequence, information is transferred from
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the SCCS-85 board to the indexer board. Not only must this specific
sequence be used to input characters but also a definite progression of
characters must be entered in order for the indexer to carry out the
desired move. One of the first things necessarf to specify is the data
entry format. The two possible formats are hexadecimal and decimal. An
“0” (the letter 0) selects the hexadecimal format and a “F° selects the
decimal format. By default, when power is applied to the indexer board,
the hexadecimal format is chosen. It 1is also chosen whenever the
indexer board is given a “C” command which is a Clear All Registers com-
mand. The data entry format remains active until a command specifying

the other format is entered.

The indexer card has five registers. Once a register has been
selected, data are then entered into the register using a sequence of
ASCII characters. Once the data are erntered into a register and the
register has been closed, another register can be selected by entering
the appropriate register select character. The register select charac-

ters are as follows:

A acceleration/deceleration register
B base speed register

H high speed register

M move register

S delay register

It should be noted that the move register 1s also selected by power
turn-on, a “not” RESET INDEXER signal, or entry of a "C” (clear all
registers) character. Once a register has been specified by entering

one of the five above characters (or by default) then data are entered
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into the selected register using the following format:

l. Enter the “<¢” character to clear the previous data
and open the addressed regisier.

2. Enter the data characters.

3. Enter the “>” character to close the register.

All data entered must be within specified 1limits for the particular
register. Aiso, it should be noted that that data characters are actu-
ally only codes for numbers as specified in tables for each register.
The required limits and all tables are listed in the Superior Electric
indexer board instruction manual and, due to their length, will not be
duplicated in this document. In the case of the move register only, the
data characters between the "<~ and the “>” may be prefixed with a “-~
to indicate movement in the negative direction. If “-" does not preceed
the data, then movement in the positive direction {s assumed by the

indexer.

For clarification, some explanation of “direction of movement” may
be in order at this time, In the operating manual for the indexer
board, the Superior Electric Co. defines positive movement as that which
occurs when the motor is turning in a clockwise direction as viewed from
the label end of the motor. If, however, a point directly below the ink
jet head 1is specified as a origin prior to any table movement, then an
indexer positive move command moves the table in such & manner that the
head is repositioned at a point either on the X or Y negative axis. For
that reason, in order to accomplish movement in the positive X or posi-

tive Y direction (that is, of the head in respect to the table), a com~

mand for movement in the negative direction must be given to the indexer
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board. In the remainder of this section explaining the operation of the
indexer boards, reference to the “positive direction” refers to the
positive direction as defined by the manufacturers of the board. Keep
in mind that the actual print direction on the substrate will be just

the opposite.

In studies to date, the table has been operated only at a constant
base speed. For this reason, the acceleration/deceleration register,
the high speed register, and the delay register have not been utilized.
As 1increased substrate speeds are investigated, these registers will

have to be used.

There are many ASCII character commands that may be used with the
indexer board in addition to the commands already mentioned. Many of
these utilize special features of the indexer board which are not needed
in this application. The following 1is a listing of motion commands

which are used and a brief description of what each command does:

Command Name Character Function

INDEX G Initiates a programmed
move as specified by
previous commands

JOG - 1 Pulses motor one step
in negative direction

JOG + J Pulses motor one step

in positive direction
In this application the G command is the motion command most cftem used
in that it initiates motion for each individual move. When the JOYSTICK

mode cf operating the table is selected then the two JOG commands, I and

J, are utilized.
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Referring to Figure A5, it is seen that an external MOVE/CLEAR
switch has been provided for the indexer boards. When Pl pin 36 is
taken low by pressing this switch then any motion taking place is ter-
minated, without programmed deceleration (if applicable), and the move
register is cleared. If this line is held low then all motion except

JOG - and JOG + is inhibited.

The Superior Electric Co. indexer board has many features which are
not being utilized presently since all the testing done to date has been
at fairly low table speeds. The above description of the board and its
command structure for the various registers, etc., may seem somewhat
complicated. In the future, as an attempt is made to increase print
speed, then many of the additional features built into the board will
have to be used.. However, it is currently being operated using a very
simple process with a minimum of commands. The sequence described above
for reading ASCII characters from the data bus must be adhered to, but
otherwise the following sequence 1is all that is needed to accomplish

table movement:

1. Select the base speed register by inputting a “B”~ to the indexer

board chosen.

2. Open the register and clear it of previous data by inputting an

ASCII K-,

3. Select the hexadecimal number from the base speed table in the
indexer board operating manual which represents the required base
speed and input it to the {indexer board. This number must be

within the range of 00 through FA. (Note: The hexadecimal format
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was chosen by default upon application of power to the indexer

board.)
4, Input a "> to close the base speed register.
5. Select the move register with a "M~.
6. Open the register and clear any previous contents with a “<”.

7. If movement in the negative direction is required then input a “-7,

otherwise positive direction is assummed.

8. Select the hexadecimal number from the move register table in the
indexer board operating manual which represents the required number
of steps to be moved. This number must be within the range of

000000 through FFFFFF, although leading zeroes need not be entered.
9. <Close the move register with a “>~.

10. Initiate the specified move at the specified base speed by input-

ting a “G”.

The two indexer boards in the system, when given the proper com-
mands by the SCCS-85 board, output the proper signals to the associated
driver board for each channel in order to accomplish the desired move.
A definite format for inputting commands and data to the boards must be
followed, but otherwise the process for specifying and accomplishing

movement of the X-Y table is fairly simple.

There are three other outputs from the indexer board, two of which

are being used. These are buffered translator monitoring signals which
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exit the board on both the 20-pin edge connccior and also on three spade
lug terminals. The “not” MOTION BUSY line is u-t being used. The -~DIR
and the “not” XLR-PU outpats at the quick disconnec: terminals are being
employer! to provide direction and count 1u§ormation to the
Counter/Display Driver board.. The details of these signals will be dis-

cussed later in the L.E.D. Display section.

6.3 Superior Electric Driver Boards

The two driver boards used in this ink jet printing system are part
of the MODULYNX trademark line of modules made by the Superior Electric
Company., They are type DRDOO2A carde having dimensions of 19.6 cm X
22.4 cm X 5.7 cm. Inputs to the board are through a 20-pin edge connec-
tor and the board outputs and the power supply connections are made via
a 10-position terminal board. As étated in the indexer board section
above, this board has been specifically designed to be used with the
IDDO08 indexer board. The DRD0O02A driver board contains a bipolar
chopper stepping motor drive. The indexer board provides the properly
sequenced and ramped phase control signals to the driver board to con-
trol motor direction, running speed, acceleration, and deceleration.

The complete circuit schematic for the driver board is shown in Fig. A7.

The driver board contains two DIP (dual in-line package) switches
indicated as Sl and S2 on the circuit diagram. S2 has been provided for
matching the board to the various motors that could be connected to 1it.
It adjusts the nominal motor phase current. For the Design Components
table that is being used in this system which has Superior Electric Co.

type M061-FD-301 motors, S2 needs to be set as follows:
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S2 switch position status
1 of f
2 off
3 on
4 on

Switch S1, located near TBl on the board, is used to adjust the Mid-
Range Stabilization feature to a particular motor and power supply vol-
tage used with the boarc. This feature of the Superior Electric boards
improves motor stability at middle range motor speeds. Due to the fact
that tests run to date have been at some selected base speed, this
feature is not actually used. It is, nevertheless, suggested in the
operating manual for the driver board that switch S1 be set as specified
for the motor and power supply. The necessary switch settings are given
in an appropriate table in the operating manual. The Sl settings for

the MO61-FD-301 motor and 24 volt power supply combination are as fol-

lows:
S1 switch position status
1 off
2 of f
3 of f
4 on

Two different power supplies were needed for this board. There is
a 12 volt supply which provides power to the logic circuitry on the
board and there is a 24 volt supply which is required by the motor cir-
cuitry. These two supplies, as discussed in Sections 8.6 and 8.7, are
isolated from other power supply sections, that is, the negative sides
of these supplies are not tied to the general power supply ground.
Also, as recommended, a 1000 ohm, 5 watt, “bleeder” resistor was added

across the output of the Sierracin Power Systems model 3D24 24 volt
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power supply. It is also seen (Figs. A6 and A7) that a +5 volt line
(J1-7,8) leaves the indexer board and is the 5 volt source voltage for
the four optocouplers (U7-U10) located on the driver board. Other +5
voltages required for the driver board come from its own on board +5
volt regulator. There is a +12 volt line leaving the driver board at
J1-19,20 which is, in turn, a +12 volt source to the indexer board,
entoring it at its respective J1-19,20. Note that it feeds the anode
terminal of an optocoupler on the indexer board (Ul) which is part of

the Mid Range Stabilization circuitry incorporated into the two boards.

The four main inputs to the driver board are at J1-9 through Jl-12.
These are labeled as “not” MD4, “not” MD5, “not” MDl, and “not” MD3.
These four translator inputs are connected to the corresponding transla-
tor outputs on -the indexer board. The indexer board provides the
correct number of properly sequenced phase control signa}s to the driver
board in a manner so that the output signals from the driver board at
TB1-5, TB1-7, TB1-8, and TB1-9 move the X or Y axis table motor as
required. As mentioned in the iundexer board section, this system uses
the motors in a Full-Step, Two Windings On mode. Due to the required
“handshaking” routine between the SCCS—-85 board and the indexer board,

only one motor at a time is rum.

6.4 Design Components X-Y Positioning Table

The X-Y positioning table used in the ink jet printing system is a
unit that was purchased from Design Components, Inc. It is a model LC-
22 having a maximum travel in each direction of 5.08 centimeters. With

the 200 step per revolution motors that are being used with the table,
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it has a resolution of 25.4 um per step. The work surface available on
the unit as shipped is 10 ¢cm X 10 cm. To this surface has been attached
a 10 cm square brass block which is 1.27 cm thick. This block has been
machined such that there i- a very slightly recessed inner region into
which the substrate to be printed 1s placed. Under the substrate area
is a 4.76 mm hole to which a vacuum is applied during the printing
operation in order to hold the substrate stationary. A cylindrical
heating element is mounted in the block to keep its temperature within
the range of approximately 30-350C. A 120 VAC variable transformer is

used to control the temperature.

The two Superior Electric Co. type M061-FD-301 synchronous stepping
motors wused with this Design Components table are actually part of a
Joystick Controller package. It was purchased during initial design
stages of the ink jet printing system before the X-Y table was put under
microprocessor control. This package was also obtained from Design Com-
ponents, Inc. and was identified as model JC-103-2. These motors are
part of a line of stepping motors manufactured by the Superior Electric

Co. under the trademark name of “SLO-SYN~.

6.5 Joystick Coantrol of Table

As mentioned, during initial design stages of this ink jet printing
system the table was only moved manually through the use of a Joystick
Controller package purchased from Design Components, Inc. Further
development dictated the need for the table to be controlled from a
microprocessor so that precise patterns could be printed. After such a

system was Iimplemented it was felt that some means of manually moving
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the table should be retained so tuat the table could be positionmed to

the required start position prior to a printing run.

Because of this need, a front panel mounted “joystick” control may
still be used to manually move the X-Y table. This function is now,
however, accomplished in a program which is part of the main operating
program for the SCCS-85 board. Pressing the JOYSTICK ENABLE button vec-
tors the microprocessor to this joystick program which 1is appended to
the main program. Once this is done, the table is controllable only
with the “joystick” control until the SCCS-85 board-is reset. The joys-

tick function uses the Superior Electric indexer boards in their JOG

modes.

It can be seen from Fig. A5 that the joystick control information
enters the SCCS-85 board on four lines. These lines enter the board at
J2 pins 20,22, 24, and 26. They occupy a portion of the I/0 port PB and
are normally pulled low by the four 10K ohm resistors connected to
ground. The other four lines of the PB port are also pulled low as
indicated. When the ~joystick” control is moved either one or two of
the four control lines are taken high (+5 volts) and in this manner the
move information is transferred. Even though it is possible for two of
the control lines to be high at one time, table motion can only be in
one direction at a time. In other words, only movement parallel to one
of the axes is possible. When the “joystick” control is held in one
position, movement occurs in that particular direction until the table
reaches the end of its allowable excursicn or the control is released to

return to its center static position.
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7. L.E.D. DISPLAY SECTION

7.1 Overview

The l.e.d. displays which have been designed into the ink jet
printing system provide a visual indication of where the ink jet nead is
in respect to the X-Y positioning table. This is very useful both for
“debugging” pattern data and also for setting up the table for a print
sequence., No.mally, prior to printing the table is positioned so the
ink jet head is located near the lower left-hand corner (as viewed from
the front of the cabinet) of the substrate. This then establishes a
reference origin. As the printing sequence starts, the numbers read on
the l.e.d. displays are the number of steps in the positive X direction

or the positive Y direction from this origin.

The entire d'splay section is shown in Fig. A8. Two signal 1lines
are needed for each of the two channels and they come from the
corresponding X or Y indexer board. The 1inverter board is wused to
invert the two “not” XLR-IU buffered outputs from the indexer boards
since they are negative logic. The Counter/Display Driver board con-
tains two Intersil ICM 7217 1JI integrated circuits which contain all
the necessary circuitry to both drive the l.e.d. displays and interpret
the count and direction signals from the indexer boards. Clear switches
have been provided to reset the two 4-digit l.e.d. displays to zero.
The two l.e.d. display modules are 1.27 centimeter high displays having
four 7 segment digits each, They are common ancde wunits driven 1in a

multiplexed fashion from the Intersil I1.C. s.



- —
SUPERIOR ELECTRIC

INDEXER BOARD
X- AXIS

X(%P0 [}

SUPERIOR ELECTRIC
INDEXER BOARD
Y-AXIS

YR F————

G

INVERTER
BOARD

CLEAR I‘
X

I

CLEAR [‘
Y

I

1t

r‘—l‘

—C (up/ HoWN)

~48 (COUNT INRUT)

COUNTER / DISPLAY
DRIVER BOARD

——1{D (COUNT NwUT)

—{F (up/ BowN )

—

19

TURNER (A5 POR L ECTROCERAMICS

YSTEM

[TILE: _(f D DisPLaY
DWG_NO:

date

% ? DON_BiNFORD

10/9e

648

| SERND OV
DESIGN BY EeiC TwEEbitl
— = =

Figure A.8 L.E.D. Display System.

Ly'v




A.48

7.2 Counter/Display Driver Board

With the exception of the two inverters being used, the
Counter/Display Driver board contains all the circuitry used in the
L.E.D. Display section. Except for one on-board +5 volt regulator, all
that circuitry is contained within two identical integrated circuits
made by Intersil. These and the 7805 regulator are mounted on a “Vec-

rd

tor” #3677-2 circuit board having dimensions of 1l.4 cm X 16.5 cm. All
inputs and outputs to and from the board are via a 22 pin edge connec-
tor. The circuit schematic for the Counter/Display Driver board and its

connections to the two displays are shown in Fig. A9.

The powscer supply ground enters the board at pin A and an unregu-
lated +15 volt line enters at nin Z where it inputs the +5 volt regula-
tor. The X-axis count signal is at pin B and the Y-axis signal 1is at
pin D. Directional signals for the X and Y channels enter the board at
pins C and E respectively. When the “not” XLR-PU output from the
indexer board goes from high to low, then back to high, the indexer
translator advances one translator sequence in the direction indicated
by the -DIR signal, i.e. the motor is moved one step in the specified
direction. Remember that the count signal that the Counter/Display
Driver board gets is the inverse of the “not” XLR-PU output from the
indexer board. If the -DIR line is in the low state when this occurs
then movement is in the negative direction and the counter will count
down. If the -DIR line is in the high state when this occurs then move-
ment is 1 the positive direction and the counter readout will increase.

Intuitively, this may seem exactly opposite to what one would expect

regarding the status of the -DIR line and the direction of travel. This




L.E.O. DISPLAYS

ALY

T

0 oteem |

n*

ey |

-}

| n@qeen |
-
d

| W
3

| —.a |
| |
| p————ae
i
LI}
|
il
L
i
|

le”

Ill{v\-
TCH 1247 1

.5
§ =
o & i G)—

——

1% Vol waitl term vt

———— e 4 SV

7605 ¢
+5 Velr
Ilr.uuoﬂ L -i- ul.'

Teales! T(M 21T TUL
CHES (/DN COLKTER/
DISFLAY  DEWVER

PIN DESIGNATIONS

1Oy / Retiow

2. TIWE

1. fWm

4 WO v 6

5 8o e vy

boBCO Ve 1y

7 80 Vo s

B LoumT INbuT

9,

10, uw ROV

1 L0AD KRGISTER / BTT
12 Loke RGN/ TG EVE
13, SCAN

23, DRBY Comt.
24, v
25. D4
b DY
21 m
28. D1

owcuo

nmER M'&'MERAMI&

DON_BINFORD

slac

Figure A.9 Counter/Display Driver BD.

and L.E.D. Displays.

DESIGN BY (il TwreDELL

shest | of

1

-

6%V



A.50

confusion arises due to the two possible points of referenca regarding
the movement. In the indexerlboard operating manual, positive direction
is referred to as that which causes clockwise motor rotation when viewed
from the 1label end of the motor. This means that the -DIR line is low
for movem:nt in the positive direction. When viewing the X-Y table from
in front of the equipment cabinet, CW rotation of the X motor causes
table movement to the right and CW rotation of the Y motor causes table
movement away from the viewer. However, the direction that the ink jet
head is moving in respect to the table is in the negative X or the nega-
tive Y direction. For that reason movement in the positive direction
from the specified origin on the substrate is accomplished by commanding
a negative move within the indexer board. The clear switches connect to
pins 1 and 2 of the board and accomplish the clearing function by pui-
ling the reset pins of the I.C.”s to ground momentarily. Outputs to the
X-axis l.e.d. display are on pins 9-19 and outputs to the Y-axis 1l.e.d.

display are on pins K-W.

The Intersil ICM 7217 IJI integrated circuit is a 28 pin CMOS dev-
ice designed to drive four digit common anode l.e.d. displays. The
count input at pin 8 is a Schmitt trigger input in order to permit
operation in noisy environments. Fin 9 on the I.C. (“not” STORE) has
been pulled low in order for the contents of the internal counter to be
transferred to the 7 segment outputs. The 7 segment outputs and the
four lines D1-D4 opercte in a multiplexing arrangement to drive the
l.e.d. displays. The reset line to clear the internal counter is at pin
14 of the I.C. The count signal enters the integrated circuit at pin 8

and whether the counter counts up or down depends on the logic level at
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pin 10. If pin 10 is high then the I.C. functions as a up counter,
Conversely, 1if pin 10 is it a low logic state then the counter counts
down. There are several feacures incorporated into this Intersil I.C.
which are not being used in this system, hence there are many unused

pins on the I.C,

7.3 L.E.D. Displays

The two l.e.d. display units are identical assemblies made by the
National Semiconductor Co. They are common anode, four digit, seven
segment character with decimal point modules having part number NSB
5882. The actual displayed characters are 1.27 cm (0.5 inch) high,
Connections are made to the units on solder pads along the Ilower rear

edge of the assemblies.

In this application there was no need for decimal points so the
indicated “h” connection was not used. There are eleven lines feeding
each assembly. Pad numbers 1-4 are the common anode connections for
each digit. Note, however, that the Dl line from the Intersil ICM 7217
IJI connects to the “4° pad on the display. This 1is because the 74~
digit 1is the least significant digit of the display. The other seven

connections to the display (pads a-g) are the segmeat drive lines.

The two displays which are used to indicate table position are
mounted in rectangular cutouts in the front panel of the equipment

cabinet. The corresponding CLEAR switch is located to the right of each

l.e.a. module,




A.52

8. POWER SUPPLY SECTION

8.1 Overview

The power supply section for the ink jet printing system is a com-
bination of linear power supplies. The complete power supply section is
shown in Fig. Al0. Two of the power supplies have been purchased com-
mercially and the remainder were designed and built using off-the-shelf
conventional components. There ié one MAIN POWER switch which controls
the AC input to all the power supply subsections except the +24 volt
power supply for the Superior Electric driver boards. It has its own
separate switch identified as X~-Y POWER. Both of these have front panel
mounted indicator lights to show when power is applied. The 2.5 ampere
fuse for the +24 volt power supply is front panel mounted, however, the

main power fuse is located on the rear panel.

There are three other front panel mounted switches marked 5V, 12V,
and 40V which control these thrée voltages to the Siemens Driver board.
There is a l.e.d. associated with each of these switches, all three of
which are located on the front panel. One other l.e.d. labeled 15V is

provided to indicate whether the +15 unregulated voltage is present.

There are actually three other components which are part of this
system which require 115 VAC power. There is a cooling fan for provid-
ing ventilation for the equipment cabinet and there is a variable
transformer which is used to control the temperature of the brass block
which the substrate rests on. Finally, there is a photohelic pressure

switch/gage (Fig. All) which has 115 VAC power applied to it. It is the
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heart of the ink pressure control system described in the following sec-

tion.

8.2 +15 Volt Unregulated Supply

The +15 volt unregulated supply is used to supply the
Counter/Display Driver board and the Pulse Driver board with an unregu-
lated voltage source since they both have on-board +5 volt regulators.
This unregulated voltage is also the source voltage for two 7805 +5 volt

regulators located on the power supply chassis.,

The power transformer for +15 unregulated voltage section is a
Stancor P-8130 which has a 12.6 VAC center tapped secondary. The secen-—
dary voltage is applied to the inputs to a Varo brand VH 148 single
package rectifier bridge assembly. It has a 6 a rating. The negative
output of the bridge is grounded and the positive side is filtered using
a series combination of two 2400 pf capacitors. The center tap of the
secondary connects to junction point of these two capacitors. This
unregulated output 1is fused at 1 a and, as shown in Fig. AlO, there is
also an l.e.d. in series with a 1500 ohm resistor to indicate the pres-

ence of this voltage. The approximate current draw from this supply is

256 ma.

8.3 +40 Volt Unregulated Supply

The +40 volt unregulated source is used in the ink jet system by
the Siemens Driver board. It is used in the output section of the hoard

in order to generate an output pulse of sufficient amplitude to the
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Plezoceramic drivers. As indicated, there is a separate switch for

application of this voltage to the board and there is a 1 a fuse to pro-

tect the supply.

The secondary winding voltage of the transformer used in this sec-
tion is approximately 30 VAC. This enters a Varo bridge package (VE 18)
rated at } a. The AC is rectified and then filtered by the 100 uf, 80 v
capacitor from the positive output to ground. The quiescent draw from

this section is in the range of 10 ma.

8.4 +5 Volt Supplies

There are three separate +5 volt regulated supplies used in this
system. The first is a +5 volt, 2 a rated module made by Polytron Dev-
ices, Inc. It is a model P-38-~2 designed so that it may be mounted
directly to a circuit board. It supplies power to the SCCS-85 microcom-
puter board and the “joystick” controller with connects to the SCCS-85.
It is fuse protected at 2 a and the quiescent state current flowing from

this supply is approximately 700 ma.

The remaining two +5 volt supplies use 7800 series three pin vol-
tage regulators and their input voltage is the +15 vclt unregulated sup-
ply. Each of these 7805 +5 volt regulators have 0.! uf capacitors on
their inputs and outputs for improved noise rejection and regulationm.
One of the regulators supplies the logic circuit power to the Superior
Electric X-axis indexer board. The other unit supplies +5 volt power to

the Y-axis indexer board, the Siemens Driver board (via the 5V switch),

and 1.C. 101 (debounced switch circuit) shown on Fig. A3. The current
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supplied by each of these. three pin regulators is about 400 ma.

8.5 +12 and -12 Volt Supply

One section of the power supply is used to supply both the positive
and negative 12 volts to the SCCS-85 board. Additionally, this same +12
volts goes tc the Siemens Driver board. The 115 VAC is reduced to 25.2
VAC by a Stancor tréé;former P-8357. Its secondary is center tapped and
this center tapped conmnection is tied to the power supply ground. A
Varo- VH 148 bridge circuit rectifies this AC and a 350 uf capacitor
shunts both the positive and negative bridge outputs to ground to pro-
vide proper filtering. Both the positive and negative outputs from the
bridge are approximately 16 VDC unregulated. These are then thé source
voltages for the 7812 (positive voltage regulator) and the 7912 (nege-

tive voltage regulator) as shown in Fig. AlO.

The +12 volt regulated ontput line is fused at 0.75 a and as men-
tioned, is the supply for both the SCCS-85 board and the Siemens Driver
board (via the 12V switch). The -12 volt regulated output line is fused
at .375 ampere and supplies only the SCCS-85 board with power. The Sie-
mens board demands about 70 ma from the +12 volt supply. The SCCS-85
circuit board requires approximately 20 ma from both the +12 volt and

-12 volt supplies.

8.6 +12 Volt Superior Electric Driver Board Supply

This portion of the ﬁowet supply provides the +12 volts needed for

both Superior Electric Co. driver boards. It is a separate power supply



because it vas necessary for it to be isolated, i.e. the negative side
of this supply is not tiéd to the eoinnn pouet supvly ground. Aﬁstcncor
P-8130 provides 12.6 VAC to the VH I48 ﬁfiéﬁd'isdéibly. This tectifii&—
signal {ie filtéréd by the two 470 uf capacitoro indicated on :ha
schematic. This is the input voltage for a 7812 tegulctor uhoce ontput’
18" fused at 1 & The two 0.1 uf capacitors on the input and the outputd
of this device are for noise viununity and improved tegulation. ‘xTﬁéyl

input voltage to the 3-pin regulator is approxinately 16 VDC. The max-

imum current required by each of the driver boards is 550 ma.

8.7 +24 Volt Supply

A Sierracin Power Systems model 3D24 power supply was chosen to
supply this needed voltage to the Superior Electric driver boards. It
is rated at 4.8 a and the lines going to each driver board are fused at .
2.5 a. A 1000 ohm, 5 watt resistor was added across the output of the
supply as specified by the Superior Electric Co. driver board instruc-
tion manual., 7This serves as a bleeder resistor for the large power sup-
ply filter capacitors which were also specified in the instruction

manual.

9. INK SUPPLY AND PRESSURE CONTROL SECTION

9.1 Overview

The ink supply and pressure control portion of the ink jet printing

system is a critical factor in the correct operation.of this system.

The system must feed the “MOD” inks which are in a xylene solution to

[ P
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static vacuum at the 1uk jet head provides the proper meniscus..at the
ink jet nozzles. This meg;acus is important in determining droplet size
;;d 11ne quality. The:menisgus is affected by several factors,  the
~static vacuum at the Pt801 head only one of them. It is also dependent
éélboth'the ink solution surface tension and viscosity. Because of

thig, these two parameters musc also be given careful consideration.

The componénts of the system are shown in Fig. All. The ink to be
printed is contained in the 19 ml glass bottle and is maintaiﬁed at a
level above the bottom of the line feeding the head; The three tubes
which enter the bottle are actually fitted and sealed into a cap which
is permanently affixed to the stand holder. This makes the process of
changing inks and purgipg the system with xylene sinple. The stand and
holder arrangement makes it possible to adjust the height of the ink
bottle. The bottle height is adjusted to some point below the level of
the ink jet head so that a static vacuum occurs at the head., The line
going from the 450 ml plastic bottle to the ink bottle is nitrogen gas
under a pressure of about 0.1 inch of water column. The nitrogen gas is
necessary to provide an atmosphere in the ink bottle to which the ink
will not react and the slight pressure is necessary to offset a portion
of the static vucuum at the ink jet nozzles due to the lower level of
the ink, The Dwyer Photohelic Pressure Switch/Gage and the two Sporlan
solenoid valves provide a means of maintaining a reasonably consistent
pressure in the ink bottle. The approximate static vacuum at the ink
jet nozzles is achieved by adjusting the ink bottle to a point where the

- ink level is roughly 2.5 cm below the nogzzle orifices. Fine coatrol of
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this required static vacuum is accomplished by the pressure controller.
The plastic container serves as a buffer to cushion the on-off operation

of the two valves,

The desired effect of this mechanism is to provide a consistent,
slightly concave meniscus at the ink orifices in the ink jet head. This
consistency is essential so that an ink droplet is ejected only when the
piezoceramic driver for a particular orifice is pulsed. If the static
vacuum is too great, then ink is never ejected from thc head or {1f the
static vacuum too little then ink may drip from the openings without the

plezoelectric drivers being energized.

In normal printing operation the purge line nitrogen gas source 1is
closed oif, The purge system has been provided as a means of flushing
the ink jet head with xylene after printing to avoid the clogging of the
ink jet orifices. To purge the system the ink bottle is replaced with a
bottle containing pure xylene. The pressure line from the plastic con-
tainer to the ink bottle is closed with a pinch valve and a catch con-
tainer is placed under the head. The shut-off valve for the purge line
is then momentarily turned on, forcing the xylene through the ink supply

line and the ink jet head openings.

9,2 Siemens Pt80i Head Modifications

The Siemens Pt 80i ink jet head is a “drcp-on-demand” style head
purchased directly from the Siemens Corporation, It has been designed

with 12 nozzles arranged in two vertical rows, each nozzle having a

diameter of 76 um. Its original intended purpose was the printing of
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alphanumeric characters onto paper using a 12-by-9 dot format. The Sie-

mens driver board that is being used with this system has been specifi-

cally designed to be used with this print head.

For this application, certain changes had to made to the print
head. First, since ink had to be ejected down onto a substrate resting
nn a horizontal table, a head mounting mechanism had to be designed for
the head so it could accomplish this. It was originally designed to be
mounted so that ink droplets were ejected along a horizontal line rather
than downward in a vercical line as needed for this system. Along with
this was incorporated a means of adjusting the head to substrate dis-

tance.

The original ink container could no longer be used in this new
position so the origical ink well orifice was enlarged to allow the
attachment of a 245 me I.D. teflon tube. This, then, was sealed into
the irk bottle éap as described exrlier. The Teflon tube was essential
here because it resists deterioration due to the presence of xylene.
Other tubing used in the ink supply and pressure system is 3.175 mm I.D.
tygon tubing. The original Pt80i head also had provisions for monitor-—
ing Gthe ink level, wiping the nozzle array plate, and maintaining the
nozzle array plate at a constant temperature. The required new method
of supplying ink to the head made it impcssible to utilize the ink level
sensing system end the head wiping mechanism was simply not required in
this application., 'Testing determined that the array plate heating sys-

tem tenaced to drv the xylene-ink solution so it was disabled.

in studies to date, only one of the twelve ink head tracks has been
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U ~5 at any one time. This was done 8o that an attempt could be made to
cptimize the various parameters associated with the printing of well
defined 1lines. Testing seemed to indicate that a head to substrate
spacing of approximately 300 um printed well defined lines down to
widths of 150 um. It is hoped that by reducing the nozzle orifice diam-
eters and by determining optimums for other parameters, that it may be

possible to produce high quality lines in the range of 50 um.

9.3 Ink Pressure Control System

The Dwyer model 3000-00 Photohelic Pressure Switch/Gage compares
atmospheric pressure to the pressure in the sense line from the 450 ml
container. Accordingly, then, it coantrols the two solenoid valves to
maintain a relative constant pressure in the container. Using this
method a pressure somewhere in the range of 0.05 to 0.1 inches of water

is established in the polyethylene container.

The Dwyer unit, mounted on the right Yde of the equipment cabinet,
has a range from 0 to 0.25 inches of water. The device is adjusted by
setting an upper and lower pointer on the 0 to 0.25 scale. For this
application, the lower point has been set at 0.05 inches of water and
the lower at 0.15 inches of water. The actual meter movement pointer
fluctuates with the slightly varying pressure., If the pressure gets
below the lower set point then the intake solenoid is energized, opening
the valve and allowing nitrogen to flow into the container. This causes
an increase in pressure and as sooz as the pressure 1is just slightly
above the lower set point, then the solenoid is deenergized and the

valve closcd, The exhaust valve, during this time, has, of course, been
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closed. Should the pressure in the container increase beyond the upper
pressure set point, then the exhaust valve would be opened and remain in
the open position unti) the pressure dropped slightly below the upper
set point. It is in this fashion that the Dwyer controller maintains a
fairly constant pressure 1in order to offset a small portion of the

static vacuum at the ink jet nozzles.

The Sporlan brand solenoid valves are model W3Pl. They are 115VAC
devices which are normally closei in the deenergized state. As shown on
Fig. All, the pressure reg:.lator between the nitrogen gas source and its

shut-off valve must be adjusted to a point below 25 inches of water for

the system to work properly.

9.4 Purge System

The purge system has been provided so that the ink head nozzles and
the supply tube can be flushed with xylene after printing is finished,
when changing from one ink to another, or whenever the nozzle orifices
should clog for any reason. Tc purge the system, first close off the
pressure line running from the 450 cubic centimeter container to the ink
botile. Replace the ink bottle with a bottle containing xylene and
place some kind of catch container under the ink jet head. Verify that
the nitrogen gas source regulator for the purge system is set to a point
no greater then 1 p.s.i, Now, opening che purge 1line shut-off valve
briefly two or three times forces the xylene through the ink supply line
and the nozzles. This purging opertion should be done any time that the

system is going to set idle for any more than & few hours.
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9.5 Ink Compositions

The viscosity and surface tension of the water bpus=c Sicmens ink
were measured at 25°C and found to be 18 mPa.s and 47 mN/m, respec-
tively. These values were used as starting points for ink development
although it was appreciated that both the viscosity and surface temsion
of the Siemens ink at the nozzles would be lower due to the heater used
in the head. The basic ink chemistry selected was metallo-organic com-
pounde with oxygen as the hetero atom bridge because of the backg-ound
developed during earlier studies in the Turner Laboratory. Xyleme was
selected as the solvent because the desired compounds have a high solu-
bility, and because/it has a low viscosity and a high vapor pressure. A
silver conductor was chosen for evaluation of ink jet printing partly
for economic reasons, and partly because preliminary experiments showed
that good adhesion to ceramic substrates could be achieved without the

addition of base metal compounds.

The silver compound selected was Ag neodecanoate with formula

Ag-0-C~-C-R

|

®3

2

wher. R1 + R2 + R3 = 08H19' The tertiary ligand gives enhanced solubil-~
ity in xyleme over secondary or primary ligands, and the ten carbon

atoms 1s a good compromise between solubility and metal content. The

CgﬂlchOAg contains 38.6 w/o Ag, and the solubility in xylene is such



A.65

that solutions containing more than 20 w/o Ag are stable. Upon heating

in air at a rate of 10°C/minute, silver neodecanoate begins to decompose
(¢ o

at 175 C, has its maximum decomposition rate at 230 C, and all carbon is

gone at 250°C.

Several procedures are available for synthesizing silver neode-
canoate, and the one selected was a double displacement reaction follow-

ing the equations:

+
C9H19COOH NHQOH > 09H19000N34 + H20

C H COONH + AgN
919 4 Ag 03 > C9H19COOAG + NH4N03

This synthesis route eliminated the high temperatures required in some
procedures, and eliminated the possibility of introducing any inorganic
constituents other than silver. The NH40H was added to the neodecanoic
acld while stirring at room temperature to produce the ammonium soap.
An aqueous solution of AgNO3 was then added while stirring, and the Ag
neodecanoate precipitate repeatedly washed with hot (80°C) water. The
precipitate would typically analyze 35 w/o Ag, which indicated that some
water was retained. Equal volumes of water and xlyene were then added,
the 2 phase liquid agitated for 2 hours, and the organic layer removed
and filtered after separation. The silver concentration in solution was
tiien increased to the desired value by vacuum distillation of some of

the solvent at room temperature. The three 1inks used for printer

evaluation had the properties given in Table 9.1.
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Table 9.1 Properties of Experimental Silver Inks.

Ink Viscosity Surface Density Ag Ag neo-
No (mPa.s) Tension (g/ml) (w/o0) decanoate
(mN/m) (w/o)
1 3.6 35.4 1.058 16.0 41.5
2 5.5 39.3 1.072 i7.1 44 .3
3 10.2 40.0 1.088 18.3 47.4

10. SOFTWARE

The program controls fwo Superior Elctric indexer and stepper motor
driver boards. Written ii 8080 assembly language, it is designed for a
minicomputer with parallel in/cutput ports. The stepper motors move an
x-y table in 25 ym increments for a 5 cm maximum travel. This program
requires a data file which contains information for a pattern. Data are
produced by reducing an existing pattern to lines and rectangles or con-
structing any pattern out of lines and rectangles. A flow chart for the

main program is shown in Fig. Al2, and the main program itself is given

in Appendix A2.

The indexer and driver boards are part of the Superiod Electric
“Modulynx” (tm) system. The indexer board (PN.IDD008) contains logic
for a “smart” interface. There are two versions of the interface, the
simpler uses two handeshaking 1lines and enable lines for the X and ¥
axes. The indexer board has a parallel 8 bit data buss. The buss and
the handshaking lires are connected to two parallel ports (see Fig. .5).
The addresses of the two ports are 10h and 12h (h = hexidecimal). The
indexer data buss 18 connected to the 10h port. Indexer commands and

index (move) data are passed over the buss in ASCII code. The indexer
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board receives input data which specifies the number of steps to be
taken and the directicn. The port at 12h is split so half the bits are

inputs and half are outputs. Below is a diagram of the connections to

the 12h port.

|busy |data |not |mot |head |not | Y | X |

| |taken|used |used |o/off|used | en. | en. |

| 80h | 40h | 20h | 10h | 08h | O4h | O2h | Olh |

| inputs | outputs |

The diagram indicates the function of each bit in the lin port. Paral-
lel port input/output is done by means of the “in” or “out” commands in
conjuntion with the “a” register. Each bit can be considered part of a
eight bit binary number that is addressed by the hexidecimal number
below it. The far right bits are assigned to the enables so that a one
in the Olh position enables the x axisx and a one in the 02h position
enables the y axis. The program sections boxy and boxx control the
enables. The enable command (0lh or 02h) is passed through subroutines
move or movel to subroutine hand which controls the ports. The 08h bit
is wused for the ink jet uead on/off control. This bit (output line) is
manipulated by subroutine movel. The Bbh bit is the busy lire and the
40h bit is the datataken line. These are handshaking lines which regu-
late the flow of data to the 1ndéxer boards and moniter progress of
table moves. Note that subroutine hand is used all through the main

program. It along with movel (a modified form of hand) control both
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ports. Often the "a" register is loaded with a "mvi" command immediatly
before hand is called. Whatever is in the "a" register is put on the
indexer buss through the 10h port. Hand alsv controls the 12h port,and
so outputs the enables and calls the handshaking routines dataken,busy
and wait. lListed below are data that provide board initialization and

coordinates for a rectangle and a line.

DATA
one org 1000h
two db 01h,”B","<",707,7A7,">7
three db 02h,”B",°<”,707,7A7,">"

four dw 0000,0000,0000,02dch,0023h
five dw 02dch,0000h,2d00h,0000h,0270h ; line

six dw 2e2e,2e2e,2e2e

The org statement directs the assembler program to begin at 1line 1000.
Data starts at memory location 1000h when loaded. The db and dw direc-
tives defi?e data to be stored. The next two lines initialize the
indexer boards. The 0lh in line two enables the x axis, and similarly
the 02h enables the y axis in line three. The indexer command B is the
address for the base speed register on the indexer board. The brackets
opea and close the register and the hex number QA sets the base speed to
400 steps per second. The base speed can be set to many different
speeds and the indexer manual lists the various settings. Quotes direct
the assembler to leave ASCII code. Subroutine bdset passes the iaitial-:
ization data directly to the indexer. This subroutine can be easily
changed to pass the acceleration and high speed commands if they are

needed. Line six contains ASCII code for the end of file symbol,a
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period. If the program reaches end of file it Jumps to the microcomput-

ers moniter prrgram. Lines four and five are pattern data for a rectan-

gle and a line

FORMAT

four 0000 0000 0000 02dch 0023h

X index y index ydir,xdir xdim ydim

Each ten byte line represents a printed rectangle or line, The x
and y indiceq are the distance to the lower left corner of the rectan-
gle. In this example that point is the origin for the pattern so the
index wvalues are zero. The index direction is specified by ydir and
xdir,00 for positive,2d(hex) for negative table moves. When printing a
line,rectangle,or indexing,the table will move in a negative direction
while the printing progresses in a positive direction on the substrates.,
For this reason, index directione across the print are 2d(hex) for posi-
t.ive,00 for negative moves. The xdim and ydim values are the dimensions
of the form to be printed. Subroutine load movestthe X and y index into
the registers for Goto Subroutine goto, which moves ydir and xdir into
temporary storage. Goto then indexes the table to the desired location
using subroutines move,doit and add3. Then lLoad puts the xdim and ydim
in registers for testing. The printing action starts in a sweep of the
long axis, jogs up the short axis, sweeps back, then joygse wup again

untill the jog value 18 decremented to zero. No printing occurs in



A.71

" jogs. The printing sweep starts in the lower left corner of the rectan-
gle. Often that point for the first rectangle is the origin for the
entire pattern. The printing sweeps will end in the far wupper right
corner of the rectangle if the jog axis value divided by five (jog
amount) is odd. If it is even,then the sweeps will end above the start-

ing point

When a line is desired, the perpendicular axis coordinate 1is set to
zero. The table position will be left at the end of the line. Index
values to the next form should be calculated from that point. Lines
cannot be printed in a negative print direction. Indexes to a new line
must go towards the pattern origin and print moving awav. The dimen-
sions are tested to see what axis has the longer dimension then the axis
with the shorter dimension becomes the jog axis. The program jumps tc
xjog or yjog which are nearly identical except for the axis the jog
motion takes place on. Jog values have been set to 125 um due to physi-
cal limitations of the ink jet head. Jog values could be set to any
value by changing the number inr subroutine jog. The shorter dimension

of the form to be printed must be a multiple of the jog amount or zero.

The heart of rectangle printing 1s the program sections boxy or
boxx. They are the same except that the jog axis is changed as men-
tioned before. Once in boxx or boxy the printing action will occur
untill the jog axis value is decremented to zero. For this reason it is
important that the smaller dimension of the rectangle be a multiple of
the jog amount (5). If the program ends up somewhere totally unexpected
the smaller dimension amouats should be examined. Another possible

problem area 1s that all data are expected to be hexidecimal, This
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means all dimensions of a pattern to be printed must be converted to
hexidecimal. The last major subroutine is Add3. The primary function of
Add3 is to convert the hexidecimal data to ASCII code. The indexer
board expects s8ix place numbers for each index value. Each digit is
passed as two in conformance with ASCII code. Essentially ASCII code
requires a “3” prefix for numbers up to nine and a “4” prefix for hexi-
decimal letter-numbers. Add3 outputs the sign of the index, then two
zero places (that application doe not require indices of great magni-
tudé), and the next four places are taken from the de registers and

passed in ASCII. The subroutines letck adj4 and rart are part of add3.

A microcomputer controlled switch for the the ink jet head trigger
signal 1is located on the inverter board (Fig. A3). For it, an output
line was needed that goes to a high state at the same time & printing
pass was started. When completed, the output line had to return to a
low state. The output line is connected to the inputs of two “AND”
gates. The external oscillator is connected to the other input. Due to
bleed through of the signal,two gates were used to do the job of one, as

shown in Fig. A3.

The main program had to be modified several times to find a satis-
factory method of controlling the line along with the index board. The
result was subroutine movel,a modified form of subroutine hand. As men-
tioned in the program description,the 12h port was used for handschake
lines. The primary subroutine for handshaking and passing data is Hand.
The indexer board accepts data when the low (refer to the timing
diagram). The indexer swings the “not” data takeu line low when it has

received the data. Then the microcomputer turns off the enable at which
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time the indexer board does a move. A minor change in the command that
does that allowed two output lines to be controlled. The commands are as

follows in subroutine hand.

mvi a,00 ;load a register with zero

out 12h ;reset enable

The change was to load “a” with 08h instead of 00. Then the enable line
is cleared while the 08h line is set to one. Thus the cnmmand t that
initiates motion is the same command that turns on the head. After the
move 1is completed, the indexer board switches the “not” busy line high.
The microcomputer turns off the head when it detects this low. Remember
that all 1lines between <:he SCCS-85 board and the indexer boards are

inverted (Fig. A5). A summary of the operating procedure 1is given in

Table 10.1.

The "joysk" subroutine at the end of the main program 1s a new sub-
routine just developed. This subroutine enables joystick manual move-
ment of the table to a desired position. The TRAP interrupt of
microprocessor 8085 1is being used in this system. After the interrupt
button nas been pushed, the microprocessor jumps to location 1024h where
a jump to "joysk "command 1s stored. The "joysk" decects joystick
movement direction data from input port B (see Fig. AS5), and outputs

appropriate commands to the indexer boards.
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Table 1C.1 Operation Procedure: for Ink Jet Printing

START MACHINE

1.

3.

4,

13.

Turn

Turn

Turn

EXT,

Load

Turn

Turn

VWait

Turn

on main power switch.
on +5V, +12V, +40V switches for Siemens driver hosrd powcr.

on "MOTOR" and “ENABLE" switches and set MAN/EXT switch to

substrate into brass block recess.

On vacuum pump,

variac to 40% for heater.

10-15 minutes for substrate to stabilize in tempera*ure.

off "internal source switch".

Add the MOD ink to the ink supply system and check for proper

operation.

Switch on one of the twelve nozzle control switches,

Turn

on X-Y Power switch,

Connect frequency oscillator t. “"external oscillator input”.

Turn

on external frequency oscilator.




i4,

15.
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Set frequency to 50-150 Hs.

Adjust the amplitude of the oscillator output to 5 volts peask-to~-

pe.ko
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LOAD PROGRAM:

l. Reset the SCCS-85 board.

2. Initislize the microprocessor and imstruct it to prepare to load by
entering first a “d” and then a “1°.

3. Download the main progras from the hose computer to the SCCS-85
board.

4, Again send a “1” to the microprocessor,

5. Download the pattern dsta program from the host computer to the
SCCS-85 board.

6. Instruct the microprocessor to process the pattern data and start
the printing operation by typing in first “g 1900 and then a
“retvrn”,

7. VWhen the printing operation is completed, the microprocessor will

send a prompt to the terminal.
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PREFACE

To use the SCCS-85 to its fullest, aspecially when hardware
reconfiguration is being made, it is strongly recomsmended that the
uger obtain a copy of the "8080/8085 User's Ranual" from Intel. Thig
manual contains detsiled infremation on all chips used on the SCCS-35
(except standard TTL parts). .lso on the recommended reading List is
the "B080/8085 Assembly Language Progesming Manual” which will de
useful when writing assembly language routines snd prograas.

1.0 INTROOUCTION

The SCC5-85 is a versatile B085-based aicrocomputer system residing on a
single 4.5 by 7.0 inch PC board, It may be used by itsel: as 2 poweriul control
computer in a variety of control applications such as peripheral /0
controllers, programmable device controllers, and the Llike. Or, with the
addition of a keyboard, video interface snd monitor it mey serve as a complete
microcomputer for the hobbyist, with capsbilities for easy expansion as the need

dictates.

By extending the SCCS-85's bus to additiorsl cards, mesory capacity can be
extended to a full 65K bytes, additional 1/0 devices may be added as needed, the
bus may be buffered to permit additfonal bus loading, etc.

Flexibility was the prime design goal of the $CCS-85. The card is designed
s0 that for & particultar aspplicestion only those chips required need be
installed. For example, in applications which do not require the 4&4-channel DMA
controller, the two chips comprising the DMA GROUP are simply omitted from the
board. If, at a later date, it is decided to add the DODMA capability one need
only cut two traces on the underside of the board and install the chips.

Furthermore, extensive provisions have been made in the PC bcard to permit
configuring the 1/0 devices in the way which best suits an application. For
examzle, a grouw of wrap-posts are provided which allow any combination of two
interrupts from the SERIAL SROUP and the PIO GROUP to be cosbined into a single
interrupt Lline to the 8085, thus allowing these devices to operate in various

modes of interrupt~driven and/or polled 1/0.

while the SCCS-85 has extensive provisions for reconfiguring the components
to suit an application the PC board has also been etched so that with no
modifications st all, the board is already configured to operate as a small
computer communicating vias R3-232 with a terminal. With no modifications, the
board provides the nzcessary hard-are to implement a real-time clock,

prograsmsble signal generator, and the Like.

Lastly, the SCCS-85 has been designed with the user's pocketbook in mind,
ALl chips us.d on the SCCS-85 are easily obtainable and at modest costs. I1/0 as
well as the system bus connectors are inexpensive, easily-obtained A P Products
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jumper headers. These are - avallable in either straight or right-angle
configurations, end either male or fesale. This aliows connections to be made
with pibbon cables, by plugging into other boards, r even wirc-wrapping to
individusal pins. And only those connectors actually needed have to be

instaltied,

EEATURES

The SCCS-85 CPU is divided into seven functional groups: the CPU group, ROM
group, RAM group, SERIAL 1/0 grcup, PARALLEL I/0 group, TIMER group, and DMA
group. While some groups, like the CPU, RAM, and ROM group are amandatory and
must be present on any SCCS-85, the remaining groups are optional and need only
be present on the board if the application requires it,

Following is a description of the features of each group, "suggested
applications, and user-definable options for that group.

«+ CPU GROUP., Ths SCC$S-85 is based on the Intel 8085 CPU chip., This MPJ was
chosen because of its extensive provisions for interrupts, MPU support, and
ease of interfacing with a very low chip count, plus its widespead software
support at present time, The address bus is fully desultiplexed and the
control signals have been decoded into individual memory-read, memory-vrite,
1/0-read, 1/0-write, and interrupt-acknowledge signals to muke expansion

€asy.

Very flexible interrupt facilities are available. The normal 3060-type
interrupt/interrupt-acknowledge protocol can be used by external peripherals
which can place the RESTART instruction on zhe bus. Another, easier to use
facility includes three separate RST Llines, each of which can directly
interrupt the CPU causing the CPU toc jump to one of three different
locations in memory, with NO other hardware required. One of these linaes
may be used by the TIMER group to interrupt the CPU at equal time intervals,
after programmable celays, etc. Another is availsble for using the serial
and/or parallel interfaces in interrupt mode. The third is left available
on the bus for user purposes. A final interrupt line, similar to the RSY
lines, is the TRAP Lline, which causes an immediate "panic” jump to a
location in memory for such purposes as power-fail sequences, harduare

errors, etc.

The 8085 also provides a 1-bit intput snd 1-bit output port. Two 8085
instructions allow the bits to read, and set or reset.

The 8085 may run at speeds up to 3 M¥z, but if the TIRER group is
present a amaximum of 2 MHz is recomeended, allowing the timer clock to be
derived from the CPU clock, Alternativly, the timer clock may be supplied
independently, allowing the 8085 to run at .4z, so long as sufficiently
fast RAM 2nd ROM are used. The maximum allowsdle zoaory access time is 1.5
times the CPU clock pericd. For example, for zn 8085 running at 3Mdz the
CPU clock period is 333 ns, so the memory acc~ss time it S00ns, RAMs used
in & 3 MHz system, then, must have an access ime iets that 500ns.
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When power i3 applied to the SCCS-85 the CPU is sutcastically reget,
and begins exacution at memory locatfon 0000h. Space is avialable om the PC
bosrd for a menual reset pushbutton, plus a signsl on the bus asy be pulied
low to reset the CPU. A RESET Line coming FROM the CPU is available for
resetting other devices.

RO growp. The SCCS-85 has room for 2K or 4K of PROM. As etched, the board
accepts two 2708 EPROMs, giving 2K of ROM. If more ROM is desircd pads and
traces on the Soard are organized so that it may be reconfigured to accept

two 2716 EPRORs, giving 4K of RON.

Femcry locations COO0h through OFFFh are reserved for the on-bcard ROM.
This constitutes the first 4K of memory. At least onz XM i5 required for
operation of the SCCS-85, locared st U where execution begins when the

systea is powered—-up.

I1f 2708 ROMs are used, a +12 and =5 volt supply will be needed. If the
serfal interface group is used along with the R$S-232 drivers +12 and -12
volts will be required for them, so0 a 5V zener diode and resistor are
provided on the boerd to derive the =5V from the -12V supply. If the new
+5V=only 2716s are used instead, no supplies will be required for the ROMs

exc2pt the normal +5V supply.

RAM group. Up to &K of RAN mpy be intstalled on the SCCS-85, in increments

of 1K bytes. Each 1K block of RAM congists of a pair of 2114 1K x & static
rams; one {or the upper and one for the lower four bits of each byte, RAM
addresses range from 1000h to 1FFFh, the second &K block of memory.

Other memory-related pofints: ROM and RAM together occupy the first 48K
of merory. The memory is fully decoded, meaning that this 8K block does not
"appear” at any other memory locations within the 65K byte address space,
This makes it possible to expand the SCCS-85 memory on additional hoards.
To make external memory decoding easy the SCCS-85 generates a MEMSEL signal
on the expansion bus which indicates if a memory location currently being
read or written is within the first 8K block of memory,

TIMER group. In many control applications events occuring in real time must
be monitored and/or controlled. A simple real~time clock required that ‘he
CPU be interrupted at a constant rate. Other applications may require that
the time interval between two events be measured, pulses of a particular
Llength or signals of a particular frequency be generated. The TIMER group,
using an Intel 8253 pecipheral timer chip, provides a flexible means of
performing thes2 and cther tasks.

The 8253 contains three separate, i{dentical 16~bit counters, Ea-h
couniter may be programmed by software to operate in one of six different
modes. Mode J allows the (PU to command the timer to interrupt the CPU after
a programmed delay., Mode 1 is a programmable one~shot for generating pulses
of programmable Llength. Hode 2 allows pulses to be generated at &
programmable rate, while mode 3 generates a square wave of prograsmable
frequency. Mode 4 produces a single pulse after a programmable delay. Mode
S allows a hardware trigger input to i{nitiate a programmable delay after

which a single pulse is produced.
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Each counwer may be read at any time to ascertain the contents of the
counter, Thus, if the timer's clock input is supplied externally the result
is @ harduare event counter which the software can read and modify at any
time. Furthermore, even if the timer's clock inputs are suppiied on board,
an individual enable input for each is available to allow external hardware

to ensble counting.

As configured, one timer's output is connected to the RST7.5 input of
the 8085, Thus, the output of the timer is used to interrupt the CPU at 3
programmable rate, after a prograsaable delay, etc. Another timer’'s output
serves as the baud rate generator for the serial interface group, thus
allowing a fully-programsable baud rate for serial 1/0. The third tiaer's
cutput is available for external use at connector J3.

If other configurations are desired jumpers in Pl may be changed to
allow each timer's clock and enable input and each timer's output to be

connected as desired.

P10 group. An Intel 8255 parallel 1/0 interface chip provides 24 lines of
parallel 1/0 for user applications., The chip is programmable in ssveral
different modes including 24 Lines of basic input/output, one or two strobed
8-bit 1/0 ports with bhandshaking and interrupt control lines, strobed
bi-directionsl 8-bit bus with 5 control Llines and interrupts, or
combinations of the above., The SCCS-85 allows the PI0 group to be handled
under programmed control, interrupt control, or a combination of the two.

ALL 24 1/0 lines plus GND and +5V are available st connector J2.

SERIAL 1/0 group. The Intel 8251 USART chip provides a programmable :hoice
of synchronous or asynchronous 1/0. Synchronous serial 1/0 is useful for
such applications as using the SCCS-85 as an intelligent tape controller
where data is recorded as a combination of both clock and data. The 3251
can be commanded to search for the sync byte/s which precede the data, as in

IBM's bi-sync format.

A more common application is using the 38251 as a serial I/0 port
conn-¢ted to a terminal or another computer. For these apglications RS=-232
drivers and receivers are provided on the S(CCS-85 for the transmit and
receive data Lines, plus the modem-control lines 775, RT3, DYR, and D3R. As
configured, the modem control inputs B3R and ITS inputs are disabled, as
most terminals do not support them. They may be easily enabled for wuse on
modems by simply cutting two option traces on the board.

Using the timer group as the baud rate generator, baud rates from less
than one bit per second to 9600 may be programed, If a 3.5795 MHz crystal
(color-burst) is wused on the SCCS-85 baud rates of 19,200 and 33,400 are

also available,

Since the RS-232 Llines wusually wuse a standard 25-pin 0 (delta)
connector, special provisions have been made on the SCCS-85 PC board for
mounting one of these connectors very easily. The most readily available
25-pin D connectors are the type with the solder-cup pins. 8y apparent
ccincidence the two rows of pins on these connectors are 1/16th inch apart,
just the thickness of the SCCS-85 PC board. Taking advantage of tnis fact,
wide PC traces extend to the extreme edge . of vhe board in a pattern that
exactly aligns with the pins on a 25-pin D connector. Thus, a connector may
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be slipped onto the edge of the PC board and ite pins soldered directly to
the PC traces, thereby wiring the connector with the standard pinout and

rigidly mounting it,

If the D connector must be msounted external to the PC board, connector
J6a is provided. Since D connectors are available which crimp directly to @
25-pin ribbon cable « :h in turn crimps to a standard fesale ribbon cable
connector, the pinout of J6s is such that the result is a correctly wired D

connector,

DMA group. Some applications require that blocks of data be rapidly
transferred directly from memory to s peripheral and vice-versa. Examples
include disks and CRT controller chips such as the Intel 8275. For these
applications the DMA group with its 8257 provides four separate channels of
DMA (direct memory access) for supporting up to four DMA peripherals.
Having the DMA controller on the SCCS=85 board makes i- as sasy to add @ DMA
peripheral device to the systeam as a non-DMA peripheral.

AlLL DMA request and grant lines; as well as the terzminal count line
(indicating when a DMA transfer is complete), are availsole at connector JS.

QTHER FEATURES:

The PC board is designed to be mounted in one of two methods. As supplied,
the SCC5-85 board 15 4.5 x 7.0 inches. Four mounting holes are provided
near the corners for mounting the board, adding rubber feet, or mounting a
protective plexiglas cover above and/or below the board for protection. In
addition, four large pads are provided for connecting a power supply cable

directly to the board.

In appliczations where the :ystem is to be expanded with a mother board,
1/4=inch is sheared from each end of the board. Now, a right-angle AP
connector is {nstalled in the bus connector location and the board can be
perpendicularly-plugged into a mating AP female connector on & mother bnard,
which now supplies the power to the board through the bus.

Consideration has been given to making the board as easy to assemble as
possible, The PC board is rather dense, yet nearly all
conductors—-between-1C=-pins are on the top side of the board to minimize the
possibility of solder bridges. Pin 1 of 2ach IC is identified on the top
and bottom sides of the board, and all holes are plated-through. Both sides
of the board have 3 solder mask, and the top is silk=screened with a

component placement "r.ad-map".

or making more extensive mcuifications to the SCC5-85 a spare 15-pin IC
pattern {s provided. This allows an sdditional IC to be mounted or the

ooard and used for any desired purpose.
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Sa ASSEMBLY

PARTS LI3T
CPU GROUP & NISC. (mandatory)
u1 808< cPU
u2 74LS373 8-bit tri-state latch
u3 74LS257 deaultiplexor
U4,U19  74LS138 decoder
u17 74L854 quad AOI gate
18 7640502 quad nor gate
R1 K resistor
R2 75 ohm 1  watt (5ee ROM GROUP assembly directions)
R3 1K resistor
c2 20nF ceramic disk capacitor
€3,c4 100uF tantalum capacitor
€5-C8,01706 1uF 35V  tantalum capacitor
D1 1N4T733 Sv zener diode, 1 watt
D2 184001 diode
X1 erystal 3.57 (color burst) or 4 MHz (see text)
SW1 SPST N.0. pushbutton switcn (optionail) reset switch
J1 50-pin connector J1 (see text)

C9-CiG,CI9C20 O.LuF caramic disc or monoli thic aapecitor

ROM GROUP (mandatory)

Us,ué 2708 (o, 2716 if board altered)
NOTE: US 1is optional

RAM GROUP (1K mandatory, other 3K optional)

u7-utd  2114,2114L, etc. 1K x & static ram, 450ns or Lless
= 300ns 2114L chips highly-recommended
U10,uU14 - 1st 1K of RAM
U9, U133 ~ 2nd 1K of RAM
u8, Ui2 - 3rd 1X of RAM
U7, U1t = 4th 1K of RAM

TIMER GROUP (optional)

uco 8253 Intel 3-channel timer chip
J3 ar J4 10-pin connector 43 or 40-pin connecior J&

P10 GROUP (opticnal)

u21 8255 Inte. programsable peripheral interface
J2 or J& 26~pin connector for JZ or 40-pin connector
for J4
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POYER SUPPLY

Board requires +5V reguloted plus or minus 5%; if 3-voltage EPROMS
or RS-232 options ar> used, also requires pius and minus 2V at
950 wmq regulated to 10X, Five-volt supply current is typically
1.25 A for fully=populated SCCS-8S.

SERIAL I/0 GROUP (optional)

u22 8251 Intel USART

uel 1483 quad RS-232 Line driv -

u2é 1489 quacd RS-232 line receiver

Jéa or J6b 26-pin connector J6a or 25-pin delta cornector
for Jéb

DMA (ioUP (optiomal)

u16 ‘ 8257 Intel 4=chanrel DNA controller
u1s 74L8373  8-bit tri-state Latch
J5 10-pin connector J5

NOTE: Because of the high component density of the SCCS-85
PC board successful assembly requires some degree of
expertise in the soldering of aany very small connections.
A low-wattage pencil-type soldering iron and fine rosin~core
solder is a must! It you feel that your expertise or
equipment are not up to the task and cannot enlist the help
of a friend, please do us b .th a favcr and return the board

for a refund.

PRELIMINARY COUMENTS ON ASICIGLY

It is advised when assembling and bringing up an SCCS-85 system for the
first time that the (oard be assembled in the miniaum ronfiguration with no
hardware reconfigurations made. TYhis means installing the CPU group, one 2708
with the SCCS-85 Monitor, 14X bytes of RAM, the Timer Group, and Serial Groug
with RS-232 interface. This will simplify debugging the system should it become

necessary.
Note that by simply installing the asbove components and making no other
changes the SCCS-85 can be connected to a terminal and be operated with its
operating system.
Before beginning assembly it is a good idea to inspect the board for any
flaws in wmanufacturing. They are much easier toc find now then after the board

is assembled, and XF MO SOLDERING HAS BEEN DONE ON THE BOARD a defective board
may be rcturned for replacement, Look for shorted or broken traces by hotding

the board up to a bright Llight.
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It is generaily recoacended that sockets dbe used for all ICs on the board
to facilitate replocesemt should it ever become necessary. However, soae
applications requiring very high tolersnce to vibration or corrosive and/or
dirty environments wmay be best served by first testing and burning-in chips,
then soldering thes directly to the board. In all cases sockets uill probably
be used for the proms, and all sockets should be of a high quality. A
recommended type (sold by James Electronics) have ping which contact the FLAT
SIDE of the IC pins over a broad surface area, and plugging & unplugging the IC
seems to result in less damage to the IC socket than the TI Llow-profile sockets
which contact the ragged EDGES of the IC pins. Gold-plated IC sockets are
probably & good idea in hostile environments though not absolutely necessary ir:

most other applications,

when installing IC sockets, be sure to note that the pin-1 designation on
the socket (most have them) is oriented properly on the PC bosrd.

in other critical applications where the board may be subject to repeated
flexing {(such as plugging into and out of a mother board) a further precaution
is sometimes taken to insure the integrity of through—-plated holes. After all
components have been soldered in place (IC sockets, etc,) all remaining
feed=through holes are filled with a small amount of solder. This can be done
from the bottom side of the board, although a bit of practice is recommended to
judge how much soider to put in each hole where you can’t see the other side.
In general, filling the feed=throughs is not needed, although it doesn't take
very Long to do and may enhance one's peace of mind.

17 is probably best that sockets not be installed where options are being
omitted (e.g. U1S and U146 when the DMA option is not installed)., If the option
is later installed a new socket installed then would be preferable toc one which
has been accumulating dirt and corrosion for a period of time.

After the board has been assembled but Lefore the ICs are installed, you
may want to de-flux the bottom side of the board. This is probably only a
cosmetic improvenent and is not recommended uniess ALL feed-through holes have
been fillec. Even then, extreme caution aust be exercised to prevent the
defluxing solution from getting into the IC sockets on the top side, . a virtual
disaster since when it evaporates it will leave a small film of flux on the

pins,

The remainder uf the assembly is rateqorized into functional groups.
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CPU_GROUP ]
The CPU grow is mendstory.

STEP 1: . .
Ingstall:
0 c¢3,¢é 100uF tantalum capacitor. O3SERVE POLARITY!
0O R1,R3 1K ohm, 1/4 watt resistor
Y 1N4C01 diode or equiv. 0BSERVE POLARITY
O swi womentary contact N.0O, pushoutton sxitch for
RESET
STEP 2:

It is recommended that the 8085 clock be crystal controlled. It is
nandatory that a crystal be used IF:

1. The 8253 timer chip (U20) is installed and requires that
it's input clock (which comes from the CPU) be accurate.

2. The 8251 USART chip (U22) is installed and its clock is
derived from the 3253 timer chip {(standard) or Aerived
directly from the CPU clk signal CLK (see option under
SERIAL 1/0 GROUP).

The 8085 itself may be run at speeds up to 3¥Hz (using a 6MHz crystal) but
care must be taken that at speeds higher than 2MHz the other c¢omponents on the
board will also be able to run that fast, Standard Intel parts will meet specs
up to 3MHz with 300ne RAMs and EPROMs, but one may have Llittle information on
parts from second~source manufacturers, so it mav prove less of a3 problem to
Limit yourself to 2MHz. Furthermore, while the 8253 timer chip can handle bus
accesses at IMHz its clcck input (which comes from the CPU clock on the SCC5-35)
is Llimited to 2MHz, so running the CPU faster than that would require that the

timer chip be supglied with its own clock.

It is therefore recommended that the (PU be run at 2MHz or slouer.

Yo provide a crystal controlled clock, install:

g x1 3.5795 (color burst) or & MHz crystsl
0 c2 20pF ceramic capacitor (do met inswit C1)

If maintaining a precise CPU clock frequency 1is not reguired, and
substantial drift of frequency is not objectionable, the expense of the crystal

may be eliminated by installing

18] install 10K resistor in place of X!
] install 20pF capacitor in C1
0 omit €2
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This information is from Intel literature and ha. not been testec as yet.
The above values will cause the 8085 to rum at spprox. 3 MHz; somewhat faster
that the 2 MHz rate obtained with & & MHz crystal. Note that using this
technique of driving the 8085 clock will required that any serial communications
chips have their oun crystai-controlled clock, hence it is felt that this option
has Littie to reccmmend it.

STEP 3:
Install:
1 40-pin I¢ socket for U1’
0 20-pin IC socket for U2
O 16-pin sockets for U3, U9
respectively
3 14-pin sockets for Y17, u18
respectively
===~3>> 'NOTE: DO NOT INSTALL ICS IN SOCKETS AT THIS TIME <LCo=-
Install:;

o ¢35, c6, 1uF 35V tantslum capacitors. Do not substitute
€7, C8arusnon-tantalum capacitors! OBSERVE POLARITY!
03 pP3 6=-pin double-row header (optiocnal - see

section on INTERRUPTS under HARDYARE ENGINEERING)
L) €9-Cie,C9,C20 Ol uF caramic di of menelithic capecitor

This completes assembly of the CPU group.

20M GRQUP

One 2708 or 2716 SPROM is required (U&). The second (US) is optional.
BOTH ROMs must be either 2708s or 2716s; no mixing possible.

As etched, the SCCS-85 board will =zccept one oar twe 2708 EPROMs.

Alternatively, one of two options may be chosen: one or two SV only (Intel) 2714
EPROMs; or one or two three-voltage 2716 EP20Ms.

2708 EPROM installation

To utilize 2708 EPROMS, for which the board has been etched, o, the
following: .

STEP 1:
Install:

3 24=-pin 1¢ socket for U6 (mandatory).
O 24-pin IC socket for US (optional = install if two
proms ‘il be used)
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D 16~pin IC socket for U4
e3> B0 MOT INSTALL ICS IM SOCKETS AT THIS TIRE <<-—-
NOTE: It is recommended thet high~reliasbility sockets be

used for U6 and US since they will be inserted snd resoved
often. Better still would be zero insertion force sockets.

Step 2:
Install:
- 75 ohm 1 watt resistor (se® note below)
o S.1 volt 1 watt zener diode (1N4733)

NOTE: 1If you will never use more than one EPROM you may
substitute 2 120 ohm 1/2 watt resistor for R2. Alterratively,
if you can guarantee that the total current draw from both
EPROMs on the -5V supply is 50 aa or less then you may
substitute a 107 ohm 1/2 watt resistor for RZ.

This completes assesbly of the 2708 ROM GROLP,

Three-voltage 2716 EPROM installation

To utilize 2716 EPROMs which require +5, =5, snd +12V supplies (e.g.
THS2716, Motorola 2716, etc,) perform the following modifications and assembly.

(Refer to dwung. no. 2 of schematics.)
f.ia&;o - Eboooooaoj\
. = X
- (8 kg ¢
fle sjo o 0 00 plele
G
[ .

Step 1 On the bottom side of the board
find the area of the PC pattern
nesr Usk and U6 shown at right.

In this figure, three pads near .
pin 1 of U4 have been labelied A, , D
B, and C. Cut the trace between ?
pads A and B. 3 I:OL
. ue JdK ’;M

Step 2 Install a 74LS00 IC in the SPARE
1C pattern on the board., Be sure
to connect +SV and GN to the
chip using the conveniently
located traces on the bottom side of the board.

Sten 3 Using short lengths of wire-wrap wire use two of the gates in the 74LS00
cnip to add the following circuit ta the: board:

from pad B ____|
from pad € —
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Step & On the bottom side of the PC board find the ares under U6 shown asbove.
in the figure sbove peds have been ilabelied P through Q. Cut the trace
betueen pads 0 end P. Also cut the trace between pada N and Q. Jumper
pads N, L, and P together.

Step S Cut the trace between pads H and I. Alsd cut the trace between pads J
and K. Jumper pad H to Q. Also jumper pad K to M.

Step 6 Install IC sockets for Us, US, and US exactly as in Step 1 under 2708
EPROM instsllation” above., DO NOT INSTALL IC CHIPS YET.

Step 7 Install D1 and R2 exactly as in Step 2 under *2708 EPROM installation“
above,

This completes the asseably of the three-voltage 2716 EPROM option.

Single-voltage 2716 EPROM installation

- ]

To utilize single~-voltage (5V-only) 2716 EPRONs such as the Intel 2716
perform the following modifications and assembly:

Step 1 Perform steps 1 through 3 under "Three-voltage 2716 EPROA installation”

k- - ii%" =

- RIS ==
Cut the trace between

pads 0 and P, Jumper pads P and M together,

Step 2 The figure at right shows the P({
board area under IC U6. In the
figure pcis have been lsbelled D
through Q. Cut the trace between
pads D and E. “Also cut the trace
between pads F and G&. Juaper
pads D, 6, and L together,

7

Step 3

Step & Install IC sockets for ICs U4, U5, and U6 exactly as in step 1 under
12708 EPROM installation” above. 0O NOT INSTALL CHIPS YET..
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Step S 00 NOT install R2 or D1,
Instead, on the top side of the
PC board install » jumper from
the pad for R2 which {3 closest
to pin 1 of Ji, to the pad
circled in wvhite near pin 9 of IC
Us. See figure at right.

TULITL oy

0472715

INSTALL
JUMPER

This completes instatlation of the
single~voltage EPROM option.
[ OMIP:CJ}_

8AN_GROUP

The SCCS-85S board can support up to &K bytes of on-board RAM., The RAM is
made up of 2114 static RAMs which are organized as 1K by & bits wide, thus
allowing RAN to be expanded in increments of 1K bytes.

For an SCCS5~B85 running at 2 MHz (with & MHz crystal) RAMs with 450ns zccess
tices are satisfactory. For fsster CPU clock rates, e.g. 3MHz, 300ns RAMs will
be needed, and are reccmmended for good reliability margins. In all cases

low~power RANS are not absolutely necessary, but are highly recommended, as they
not only reduce power consumpticn of the board, but a!so generate less ncise.

RAM GROUP INSTALLATION:
For X bytes of RAM, install

{1 18-pin IC socket for U10
O 18=-pin I1C socket for Ul4

-~=>> NOTE: DO NOT INSTALL ICs IN SOCKETS AT THIS TIME <<=--

For 2K bytes of RAM, also install

0 18-pin IC socket for U9
1 18-pin IC socket for U13

for 3 %,tes of RAM, also install

{1 18-pin IC socket for U8
[J 18-pin 1C socket for U12

for 4K bytes of RA\#, also install

(]'18-pin 1C socket for U7
1 18-pin IC socket for U11
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This completes assembly of the RAM group.

JINER GROQUP
The timer group is optional.

As wired the 8253 timer receives its clock signal from the CPU clock.
Since the maximua clock frequency for the 8253 is 2HHz using the 8253 will
require that the €PU clock.rot be faster than 2MHz. If it is then the timer

group will have to be slightly reconfigured to allow input of a separate clock
signal. For details on this see the section on Hardware Engineering.

Timer Group Installation
Install:
[J 24-pin IC socket for U20

1f extensive reconfiguration is anticipated (see Hardware Engineering)
instsll:

O 16-pin double-row header in P1
If connections to the timer group aust be made from off-bosrd, install:

0 10-pin double-row header in J3 or, alternatively,
40-pin double~row header in J& (see section on Connectors)

This completes asseably of the timer group, See Hardware Engineering
section for suggestions on reconfiguring tiaer group. )

AR E / P
The parallel 1/0 group s optiona',
To add the parallel 1/0 group install:
O3 40-pin IC socket for U21
w=e>> WARNING <C~~-
When installin_ the socket for U21, the PIN chip, and when
instailing the chip itself, note that pin 1 of this chip
will be orfented in the opposite direction from nearly all

other chips. Plugging the PI0 chip {in backwards would.
likely destroy it!
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Install:

o 26-p§n double-row header in J2 or, alternatively,
40-pin double=row header 1 J4 (see section on Connectors)

This completes sssembly of the P .callel 1/0 Group.

SERIAL_I/0 GROUP

This group is optional,

The serisl I/0 group consists of the 8251 serial communications IC, and
opt ional RS=232 driver and receiver chips.

As configured, the 8251 USART receives its baud rate clock from the timer
group. This allows the baud rates to be fully software~controlisble, as well as
minimizing chip count, Thus, as configured, installing the serial I1/0 group
will necessitate that the timer group be present. 1I{f desired, however, the 3251
USART may be supplied separately. 'See Hardware Engineering. .

The 8251 USART may 3ls0 operate in a synchronous rather tnan asynchronous
mode. This would be used, for example, if the SCCS=35 were & dedicated digital
mag. tape drive controller, The serial data to and from the USART would be
interfaced to the tape head, requiring different driver chips than the 143371439
duo used here, Most likely then, U23 and U24 would be omitted and connections
made directly to appropriaie pads. Since the vast msjority of wusers will use
the serial port for normal RS-232 communications with terminals and the like, a
detailed discussion of other configurations is beyond the scope of this manual.

To add the serial I/0 group install:

3 28~pin socket for U22
O 14-pin sockets for UZ3, U24 (if being used)

1f the RS=232 signals will be taken off=board through a ribbon cable,
install:

O 26=pin double-row header for Jéa
If the RS=232 cable is to plug directly onto the PC board, install:

3 25-pin female Delta, or “D" connector. {3ee mounting
instructions in section on Connectors.’

This completes assembly c? the Serial 1/0 Group.
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DMA_GHOUP
The DMA group is optional.

The on~board DMA group, when installed, allows externsl 1/0 peripherals to
be as zasily designed for DMA cperation as the more common program-centrolled
technique. .

To add the DMA group, perform the following modificetions and assembly:

Step 1 On the bottom side of the PC .
bcard find the area under U15 SRR

shown at right. Extending from y 00000000

X ——k A~

pins 9 and 10 of U146 are two

short traces connecting both to — .
another pair of connected pads, ./—'———-—-—/‘,—————-——-ﬂxcm
Cut these ¢two short traces as m 59000

shown to enable the DMA group. - r O:L;;::Q,_--o.:

iy S S\

NOTE: 1f the DMA option is later
removed (chips U135 and Ui6
renoved) these traces MUST be re-installed or the SCC3-35 will not
operate,
Step 2
Install:

3 40-pin IC socket for U146
0O 20-pin IC socket for U15

DO NOT INSTALL CHIPS YET
WARNING: Some 8085 chips with early date codes have a bug in
them which prevents correct DMA operation. The symptoms are
that a OMA cycle may affect the flags in the 8085 flag:
vegister. The DMA transfer dtself operates correctly, but
the orogram being executed at the time will have
unpredictable results.

This completes assembly of the DMA Group.

EINAL ASSEMALY

The assembly of the SCCS~85 is now nearly finished.

If interrupts from either the 8251 USART or the 8255 pérallel I1/0 chip are
to be used, install:

£1 12-pin double-row header in P2
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For directions on configuring P2 for interrupts see section on Interrupts
in Hardware Engineering.

If the SCCS-85 bus is to be extended to other cards, inatall:

O 50-pin double-row header in J1

For suggestions on different connector opiions, see section on Connectors.

If the SCCS-85 will be receiving its power through the provided pads near
the lower edge of the board, install:

0O 4-cenductor power cable for +5, +12, =12, and GND.
Connect to indicated pads.

Before instailing the ICs spply power to the board. With a VOM meter check
for the following voltages:

O Ov at pin 20 of U1
O sv at pin 40 of U1

1f 2708 or 3-voltage 2716 EPROMS are being used, check for
{1 ~5v at pin 21 of U6
0O +12V at pin 19 of U6

1f SV-only EPROMs are being used, check for
0O +5v at pin 21 of U6

I1f the RS-232 driver is being used, check for
0O +12v at pin 14 of U23
O -12v at pin 1 of U23

IF THE ABOVE VOLTAGES ARE NOT ALL CORRECT DO NOT PROCEED UNTIL THE SOURCE
OF THE PRGBLEM 1S FOURD AND CORRECTED!

With all other assembly completed and any reconfigurations made, install
the ICs in their proper sockets, Be absolutely sure that the IC is properly
oriented with respect to pin 1, ESPECIALLY IC U21, which is reversed relative to
the others. Pin 1 is indicated by a white arrow on the silkscreened top of the
board, It is also indicated by a "half-moon” in each silkscreened IC lecator

box.

This completes assembly of the SCCS-85 board! If an EPROM containing the
SCC5~85 monitor s being used refer to the manual for the monitor for a cimple
program which can be entered into the SCCS-85 for demonstration purposes.
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3. HARDWARE ENGINEERING

This chapter contains suggestions for reconfiguring va. ious component
groups on the S{CS-85 to fit your particular application.

CPY _CLOCK RATE

The 8085 CPU may be operated at clock rates up to 3MHz, although other
restrictions may make 2MHz a more practical upper Llimit, Since this selection
must be made at time of assembly it is covered fully in the CPU GROUP section of

chapter 2, ASSEMBLY.

ROM SELECTION
The SCCS-85 1is etched to accept 2708 EPROMs without alteration. However,

with a minimum of patching either single-supply or triple-supply 2716 EPROMs may
be used, thereby doubling the ROM capacity of the board,

Like the CPU CLOCK RATE, the ROM SELECTION is best done at time of
assembly. However, the change to 2716 FPROMs can be made even after all parts
have been installed. For directions un making the reconfiguration see the ROM

GROUP section of chapter 2, ASSEMBLY.

RAM OPTIONS

In order for the 8085 to have access to a stack at Least 1K bytes of RAM
will have to be “qstalled on the $CCS-85. Since it is most Likely that users
expanding their RAM will want to do so into successively higher memory
locations, then the following table for RAM expansion should be followed:

for 1K bytes of RAR, locations 1000H to 13F(M, use
RAMs U10 and U14.

For 2K bytes of RAM, locations 1000H to 17FFH, use
RAMs U9, U1IC, U13, and U14.

For 3K bytes of RAM, locations 10004 to 1BFFH, use
RAMs U8, U9, U10, U12, U13, and U4,

For 4K bytes of RAM, locations 10004 to 1FFFH, use
RAMs U7 through Ulé,

TIMER GROUP OPTIQNS

The TIMER GROUP i3 probably one of the most versatile components of the
SCCS-85. Much of the 5((S=35's flexibility in adapting to dedicated control
applications stems from the power of the TIMER GROUP. Since the 8255 timer
contains three completaly independent and ide..tical timer/counters, and each can
be individually programmed to operate in one of six modes of pulse generation,
square-wave generation, delay timing, event counting, and the Llike, nearly
endless applications can be easily accommodated.
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Each of “he three timer/counters in the 8253 has its own clock input, qate
input, and output line. The clock input provides the events (level transition °
vhich the chip’s counters count, while the gate input allous the clock inpu. to
be enabled or dissbled. Depending on the mode the timer has been prog seeed
with, the output will then provide the appropriate signal such &s 2 conlinuous
square wave of programmsble frequency, a pulse train of prograsmable rate, »
single pulse of prograsmable Length, @ single pulsc &t the end of a programaatle

delay, and so on.

: The flexibility of the 8253 itself is enhanced by the SCC5-85's provisions
for supplying the clock and gate inputs from different sources, ss well routing

the outouts to various places for use,

dearly all of the clock, gat~, and output signals for the 8255 are routed
through the double-row connector pattern P1. Throughout this discussion refer
to dung. m. & of the schematics (Timer Group, 1/0 address decoder). Here it
can be seen that nearly all of the 8253 clock, gate, and output pins are
connected to the side of P1 closest to the 3253 chip itself <(poth on th2
schematic and on the PC board as well). The various signal sources and output
destinations are connected to the other side of P1. Thus, most all hardware
configurations for the three timers can be made by proper connections between

these two rows of pins.

In keeping with the design philosophy of the SCCS-85 the timer group comes
pre-configured in a logical structure so that with no modificaticns the timer
group will function in a way that will suit many applications. Looking on the
bottom side of the PC board between the two rows of pins of P1 can be seen the
seven traces which define this configuration, and which can easily be cut later
if reconfiguration is cesired Ffollowing is a discussion of that configuration

along with suggested applicatiors.

Timer O

Looking at the schematic it can be seen that timer 0 is configured to
receive its clock from ihe 2MHz CPU clock. This signal passes from pin 15 to
pin 14 ¢f P1 as shown by the dotted Lline on the schematic. 1f a different
source for CLXO 1: desired the trace between pins 15 and 15 would be cut, and
the new clock connected to pin 16. The gate for timer O passes throuygh pins 11
and 12 to Vcc, hence it is enabled atl thke time. The ocutput for timer 0 passes
through pins 13 and 14 to pad B, which is cornected by cuttable traces to pads A
and C. Pad A Leads to connector J3 pin 3, while pad C is the RST7.5 interrupt
input to the 8085. Thus, as configured, timer 0 may serve two different
purposes. In the first, the 8085 program would enable the RST7.5 interrupt input
and the output of timer O would then interrupt the 8085 on each rising edge of
the output. Hence, with the six possible modes timer O can be used in, the (PU
can be interrupted: 1. at & constant rate (real time ciock); 2. after a
programmed delay; 3. at the end of a programmed delay initiated by either a
software or hardware trigger. The second use of timer U would be to simply
provide {ts output at connector J3 pin 3., RST7.5 interrupts should then be

masked in the 3085.
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Timer 1

As configured timer 1 also gets the 2WMz CPU clock, though it comes through
pads D-E rather than through P1. The gate for timer 1 is permanently tied TRUE.
The output of timer 1 passes through pins 7-8 of Pi then on to the SERIAL 1/0
group where it serves as the baud rate clock for the USART chip. This allous
the baud rate to be fully programmable by software. For suggestions on
progamming timer 1 for various standard baud rates see chapter & on Software

Engireering.

Timer 2
As configured timer 2 receives the 2MHz CPil clock through pins 1-2 of P1.
Its gate is tied TRUE through pins 5-6. T': output of timer 2 is connected,

through pins 3-4 of P1, to connector J3 pin 2 ror whatever use is desired. An
axample might be to buffer the oul=ut through a transistor to drive a saall

toudspeaker for generating beeps, tunes, and the Llike.

RECONFIGURATION

Reconfiguration will generally \
involve cutting one o more traces
under P1, or possibly at pad groups

A-B-C or D-E-F. (Shown at right.) % O
+

If changes will be made at P1 it is

ctuggested that 8 16-pin double-row A® F

header be installed at P1. This B®

will allow connections toc b2 easiuy CcCO 4 U0 8252

and reliably made by wire-wrapping I 1T 1

to the pii.s on this header.

reconfiguratinns should be apparent. It it is

At this point possible
clock, one

desired to supply any of the timers with clo¢ :$ other than the CPU
need only cut the approgriate trace under P! (or trace D-E in the case of timer
1) and connect the desired clock. HNote that if the clock is originating cff the
board, pin 1 of J3 has been conveniently routed to pin 9 of P1 for the wuser to

connect to whatever he pleases,

1f very long timing periods are desired, a seperate low-frequency clock can
be supplied to a timer. Altern.tively, two timers may be cascaded by connecting
the output of one to the clock of another. The first timer would then be
progra-med to operate &s a rate generator (3 divide bv N circuit) to supply a

programmable frequency to the next.

1t should be noted that the clocks need not be continuous square wave
signals. The timer:. themselves merely count falling transitions on the clock
inputs. Thus, +f a clock is supplied externally from a device which produces a
pulse in coincidence with some event, then the timer can serve as an event
counter, The 8253 will allow the count register to be reac by the progrem at any
time to determine the current count of events. Or, with the various modes the
timer may be prograamesd into, such things as "intzrrupt after N events”,
"interruot after N events following a hardware strobe on the gate input”,
"interrupt every N events', etc. are easy to, implezent.

’
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Since the use of the timers cen involve interrupts, see also the discussion
of interrupts in chapters 3 and 4.

INTERRUPTS

The 8085 has extensive provisions for using interrupts. As on the B8080A
the 8085 has an INTR Line which may be pulled high to initiate an interrupt
sequence. On the first machine cycle of the next instruction the INTA (interrup:
acknowledge) signal will be sent, informing the interrupting device that it
should place its interrupt vector on the bus, after which the 8085 will call to

one of eight memory locations. _ _ }

For purposes of using interrupts from peripherals on the S5UCS-85 board,
(e.g.the 8251, 8253, or 8255) the 8085 also provides another mechanisa for
generating interrupts. Three inputs to the 8085 chip, the RST3.5, RSTA.5, and
RST7.5 inputs, will each cause an interrupt vector to a specifiec memory location
when pulled high, WITH NO OTHER HARDWARE NECESSARY. Furthermore, two of these
{nputs, the RSTS5.5 and RST4.5 are LEVEL SENSITIVE, meaning that an interrupt
will be maintained as Long as the input is held high. This is used for things
Like a USART which provides a RECEIVE BUFFER FULL signal which can be used to
jnterrupt the 8085 when a character is received, Here, the interrupt is held
until it is serviced by the software which reads the received character, thereby

resetting the fLag and the interrupt reguest.

The other input, the RST7.5 input, is EDGE sensitive meaning that if the
{nput is pulled high and held there indefinitely, only ONE interrupt will be
recognized = it is the low=to=high transitiin which generates the interrupt. To
generate another interrupt the input must go low then go high again. This input
is useful for things Like making & real time clock. A square wave of desired
frequency is simply tied to the RST7.5 input, then on each rising edge an

interrupt will be generated. :

Provisions have been made on the SCCS-85 for configuring RST interrupts in
any desired fashion. As manufactured two of the interrupt inputs, the RST7.5
and RST&.5 inputs have been pre=configured in a way which should be adequate in
most  applications. This configuration is described below, along with
suggestions for re=configuring for other applications.

RST7.5

As described above under TIMER GROUP the RST7.5 input is connected to the
output of timer 0. Thus with no alterations this timer can be used for such
things as "interrupt at an N H: frequency (real time clock)”, "interrupt after W
clock cycles (programmable delay)”, or in general, interrupt according to some

programmable time function.

1f 4t s desired to use the RST7.5 interrupt ingut for some other purpose

this can be done in different ways. For example, if the interrupt will be
supplied from some other point on the PC board, cut the trace between pads B and

€ shown above, and connect the signal to pad €. {Refer also to dung. no., & of
the schematics.)

If the interrupt signal will be supptied from nff the board, cutting the
trace between pins 13 and 14 of P! will Lleave the RST7.5 dnput connected to
connector 43 pin 3.
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RST5.5 )
-~
Referring to dwng. no. 5 of the !
schematics it can be seen that an INTERRUPT & H l

SELECTOR GROUP has been provided to allow -
two interrupt signals to be OR-ed together

to generate the RST6.3 interrupt input.

Selecting two of four possible signals can ————
be done at the double-row header P2, (See [ e—sc———
figure at right.) The four signals are RxRDY

and TxRDY from the 8251 USARY snd PCO and PC3 from the 8255 PI0 chip. Also
present at P2 are two grounded pins, allowing one or both of the interrupt
inputs to be tied inactive. Note on the schematic the dotted Lines indicating
that the PC board is etched with both interrupt inputs grounded. Hence, to
allow one or two of the four interrupt signals if will be necessary o cut one
or both of the traces 5-5 or 11=12 under P2 and connect the desired interrupt

signal to pads 2-4~6 and/or pads 8~-10=12.

Of course it i3 also possible to use interrupt signals other than the four
mentioned above, Just cut trace 5-6 or 11-12 and connect the desired interrupt

signal to pads 2-4-6 or 8-10-12 as above.

OTHER INTERRUPTS

Three other interrupt inputs to the 3085 are available for user purposes.
These are RST5.5, INTR, and TRAP. All three of these signals pass through
double=row header P3 where, as pre-configured, these inputs are all tied Low by
short traces on the bottom side of the PC board under P3. (See dwng. no. 1 of
the schematics.) These three inputs are available on the bus at J1 for
connection to other boards in the system, but this by no means rules out using
any of them on the board. Just cut the trace under P3 to enable the desired
1nput, and connect the interrupt signal to pad Z, 4, or 6, depending on the

interrupt desired.

Mote when wusing the INTR input that the bus on the SE€5=85 DOES NOT float
to the high level. This means that the “trick™ used on some systems of Letting
the flaoating bus put a RST 7 instruction on the bus will not work.

SERIAL 1/0

In nearly all applications the SERIAL 1/0 group, when used, will be used
for R$S=232 communications with other devices,

Some devices, modems in particular, meke use of a numbepr of device~control
and handshaking signals in the RS=232 definition, so the 3CCS-BS has been
designed to support these signals., Sueh signals {include REQUEST-TO-SEND,
DATA-TERM!NAL-READV, DATA-SET-READY, and [LEAR~TO-SEND. Two of these are inputs
while two are outputs,
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The two outputs, JYR and RYS are GENERAL PURPOSE 1-BIT JUTPUT PORTs and as
such can be used for any purpose the user desires, such as powering-up 2

printer, etc.

Of the two inputs, one itz a GENERAL PURPOSE §~BIT INPUT PORT, the DSR. Its
status can be read &t any time by the CPU and has no offect on the transmission
or reception of dates.

The other input, &TS i3 a clesr-to—send input which must be low (TRUE) to
enable the 8251 transmitter., Transmission will stop on the next character if

this pin goes high,

Since not all devices will support the DSR and CTS inputs, the $SCCS-85 has
these two inputs tied TRUE on the R3-232 side of the 1489 receiver chip. (See
dwng. no. 6 of the scuematics.,) If your
device supports either of these signals be
sure to cut the appropriate traces on the
bottom side of the board to enable the
input. The trace between pads A-B8 (shown st
right) must be cut to enable {15, while C-D

must be cut to enable D3R.

Two options exist for connecting the
external device to the PC board., These
options are covered in the section on
CONNECTORS below.

It is possible to supply the 8251 with a baud rate clock other that from
the timer group, This is most easily done by cutting the trace between pins 7
and 8 of P1, then connecting the new clock signal to pin 7 of P1.

No provisions have been made for supporting a current-loop interface on the
SCCS-85.

$0D, SID LINES ON 2085

The 8085 chip itself provides a 1-bit input and 1-bit output port, called
SID (serial-in data) and SOD (serisl-out data) respectively.

These lines are present on connector J3, pins ? and 8 for user purposes.
Refer to the 8080/3085 Assembly Language Reference Manual and 8085 User's Manual
for information cn reading and setting these lines,

BUS EXTENSION

The $CCS~85 on-catd bus is available at connector J1 for expansion to other

boards.
Chapter S contains a Bus Signal Definition table which describes each of
the signals on J1.

for the most part, the signals on the bus are wunbuffered, direct
connections to the 8085 and other chips. Hence, care must be taken when
expanding the system to other cards that the bus Lloading be kept below minimums.
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The Connector Signal Definition table indicates which lines are buffered.

With all acdress and dats lines on the bus being driven by MOS chips, and
also heing listened to by M0S chips, two aspects of bus-loading must be

considered when extending the bus.

The first aspect is current-drive capability. The 3085 address and data
lines can sink up to 2ma of current and still maintain an output=-low voltage
Less than 0.45V, Connecting other KOS chips to the address snd data Llines add
an insignificant current load (less than 10uA) to the bus, hence they need not
be considered when checking bus current Lloading.

On the other hand, connecting TTL to the bus <(e.g. focr 1/0 address
decoding) adds a significant current Lload to the bus. Since all TTL on the
SCCS-85 is LS, the current load per TTL input is a max. of about .36 ma for a
lov input. Hence, an unbuffered MOS address or data line can support at most

five LS TTL loads,

The other aspect of bus toading which must be considered is
capacitance-loading. The timing specs for the 8085 chip are given assuming a
150pfF Lload on the si¢cnal outputs. For Loads between 150pF and 300pF timing
specs are to be derated by +0.30ns per pF. In. other words, if we load the bus
to 300pF we must derate the timing specs by 45ns. In high bus-load systems, the
advantages of running the CPU at 2MHz rather than 3MHz is apparent.

The Intel specs for the MOS peripheral chips (e.g. 8251, 8253, etc.) quote
that an input to the chip has & max, capacitance of 10pF, while a
bi-directional data pin has a max. capacitance of 20pF. LS TTL inputs also
have an input capacitance of about 5 pF, but since more than five LS TTL chips
will overload the current drive of the bus, the total capacitance of the TTL

loads on the bus can be overlooked in most cases.

Based on the above and armed with the data sheets for the chips on your
particular SCCS-85 you can add up the bus loading for the various signsis and
establish how much more any bus extension dare load the bus. To give some idea
cf what you might come up with, the following table shows the loar‘-g on the
upper 3 address lines, the lower 8 address lines, and the data bus for a FULLY

POPULATED SCCS-85:

R0=p7
65pF, 1 TTL 110pF, 1 TTL 134pF, 1 TTL

Above it can be seen that for the user with some options missing on his
system, quite a bit oY "headroom” exists fc:- expanding the bus without overdoing

the loading.

CONNECTORS

The SCCS-RS provides a convenient and flexible system for making
connections bi: ..*n the board and the outside world. Connectors J1 through Jéa
are each a double~row of plated-through holes spaced on 0.100 inch centers in
patterns of from 10 to SO holes.
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These patterns can support a wide variety of connector hardwore which is
not only versatile, but inexpensive a3 well. Some of the possiclilties are
outlined below, '

No connections at all

The comnector system used has sdvantages even where Ao connections at all -
are made to a connector. The connector pattern is very inexpensive to produce
on a PC board, and requires no special tooling, gold-plating, and the like. You
don't have to pay extra for something you may not even use!

Just one or two connections

1f only one or twc connections need to be made, a piece of wire can simply
be soldered directly to the proper hole in the pattern without damaging its
future use with a regular connector, .

With ribbon cables

When a ribbon cable is to be connected to a pattern, it is recommended that
a "double-row jumper header" made by AP Products be installed in the connector.
These are double rows of pins bound together in the proper spacing by a plastic
header, The header 1is simply inserted into the pattern and soldered on the
bottom. Then a ribbon cable with a female connector on the end may be simply

plugged onto the header.

These double-row headers come in two varieties; straight and right-angle.
The straight variety will serve best on the 1/0 connectors J2 through J63 where
a ribbon cable extending to & single destination will be plugged.

The right-angle type are very useful for "“daisy-chaining” the bus connector
J1 to several boards. for example, to make an economical "mother-board" for
extending the bus to three other cards, 50-pin right-angle headers vould be
installed 1in connector J1 of all cards. Then, four 50-pin female ribbon cable
connectors would be installed equidistantly along a Llength of S0-conductor
ribbon cable. Finally, each of the four boards would be plugged onto this

cable.
Plunging boards directly into other boards

AP Products also makes double-~row FEMALE headers which will solder directly
into the connector patterns on the board. This provides two ways in which
boards may be plugged directly into other boards.

For example if a right-angle header is installed in connector J1 and a
female header installed in another PC board, then the SCCS-85 can be plugged
perpendicularly into the "mother-board"”.

Oor, if it is known that the SCCS-85 will extended to only one other board
then one may solder a female header in the connector on the TOP side of the
perioheral .oard, and a msle header installed on the BOTTOM side of the SCCS-85.
Then the two bosrds may be easily plugged together in a "sandwitch”
configuration. This technique will be recommended for the up-coming CRT
interface card, when using the SCCS-85 as a dedicated smart terminal.
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CONNECTOR J2, J3, and J4

According to the silk-screen Legend on the board, J4 is the combination of
connectors J2 and J3.

J3 ‘s mainly associated with inputs und outputs for the Timer Group, while
J2 provides access :o the PIO group. If the signals from J2 and those from J3
are destined to different places, then a 26~pin header should be installed in J2
and a 10-pin header installed in J3. Then, separate ribbon cables may be

plugged into these connectors.

1f, on the other hand, both the timer and PIO signals will be cabled to the
same destination, then a single 40-pin header may be installed in J4., A single
40~conductor ribbon cable will then be sufficient for the interconnection.

The Connector Pin Assignment table 1in chapter 5 gives the signal
assignments for connectors J2 through J4.

SERIAL CONNECTOR J&b

One Last connector deserv.s mentioning, that being the RS=232 connector
Jéb. Provisions have been made for installing an easy-to-get 0B-25S5 "0"
connector directly on the SCCS-85 board. Once installed, this connec®or is
already wired in the RS=232 standard configuration,

On the P, board note that connector Jéb appears to be a set of adge-finger
contacts. Ir. fact, the positioning of these fingers on the top and bottom of the
board exactly coincide with that of the pins on a DB-25S connector. Further,
the two rows of pins on the connector are separated by 1/16th inch, just the
thickness of the SCC5-85 board. This means that the connector may be slipped
onto the edge of the board with the row of 13 pins on the bottom side and the
row of 12 pins on the top side. Sliding the connector along the edge of the
board, eventually the pins will line-up with the edge fingers. Cnce positioned,
simply solder each of the pins on the connector to the finger directly beneath
it. Not only is the connector now correctly wired, but rigidly mounted as well!

ADDITIONA /9 St

If the uses is adding additional peripheral chips on another board he may
find it convenient to use one or more of the unused ocutputs of the ON~30ARD I/0
ADDRESS DECODER to perform the chip-select function. (Refer to dwng. no. & of
the schematics.)

These pads are located between U19 and U22 on the PC board labelled 50h,
60h, and 40h.

These pads each go low anytime the lower 8 bits of the address bus egual
the indicated value through the next 15 higher addresses. For example, the pad
labelled 50h will go low anytime the address bus contains XX50h through XXSFh
where XX indicates that the upper 8 bits are arbit-ary., (This makes no
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difference during 1/0 cycles since the 8085 places the 1/0 address on BOTH the
upper AND Lower 8 bits of the address bdys.)

Jt is importent to note that the peripheral using these I/0 address select
signeis must qualify them with either the or TOW control signal. This is
because these outputs will go Low when REMORY Locations with addresses in the
proper range ere being accessed. It is a convention that Intel peripheral chips
qualify their chip-select inputs with the IOK and IOV signals.
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This chapter contains hardware-related software information; such things as
the 1/0 addresses of the various peripheral chips, interrupt vector addresses,
programming the timer chip to provide standard baud rates for the 8251 USART,

etc.

PQWER-UP INFORMATION

when power is first applied to the 8085 the reset circuitry will reset the
8085 automatically, after which the 8085 will immediately begin executing at
loc. 0000 in memory. Therefore, there must be some program there to execute.
That is why at least one EPROM must be install~d in Ué. At loc. 0000 in your
software should be the initialization routine needed for your particular
hardware. For example, if the timer chip is used to provide the baudrates clock
for the USART, then the timer chip must be iritialized to operate timer 1 in the
correct mode and divide by the proper nuaber for the desired baud rate. Then
tne USART must be initialized for the desired mode of operation.

If interrupts are being used, the 8085 interrupt mask must be initialized
to enable the desired interrupts.

The stack pointer must be set to point to the top of your available RAM,
Etc,, etc.

Note also that this same reset sequence takes place any time the manual
reset pushbutton SW1 is closed.

RAM

As mentioned under hardware engineering, RAM starts at 1000H and goes up to
13FF for 1K bytes, 17FF for 2K bytes, 1BFF for 3K bytes, and 1FFF for 4K bytes.

PERIPHERAL CHIP I/Q ADDRESSES

There are four peripherals on a fully-populated SCCS-85. These are the
8253 timer, 8255 210, 8251 USAXT, and 8257 DMA. The following table gives the
1/0 addresses for each of the registers within the chip:

DEVICE DORES EAD OPRATION WRITE OPERATION
8251 USART Q0h Rect. Data Reg. Trans. Data Reg.
01h Status Reg. Control Req.
8255 PIO 10h Read Port A Write Port A
11h Read Port B Write Port 3
12h Read Port C Write Port C
13k ILLEGAL . MWrite Control Reg.
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8253 TIMER 20h ) Rd. Counter O Wrt. Counter O
21h Rd, Coungter 1 ¥rt, Counter 1
22k Rd. Counter 2 Wrt. Counter 2
23h JLLEGAL Write Mode reg.

8257 OMA 30h Resd/urite chan. O DRA eddress
31h Read/urite chan. 0 Terminal Count reg.
32h Read/uwrite chan, 1 CMA gddress
33n Read/write chan. 1 Terminal Count reg.
34h Read/write chan. 2 DMA address
35h Read/write chan., 2 Terminal Count reg.
36h Rezd/write chan, 3 DHA address
37h Read/urite chan. 3 Teraminal Count reg,
38h *  Read Status Reg. Write Mode Reg.

1/0 Addresses 80h and higher are available for user definition

N AT M N

1f you are using the 8253 timer and 8251 USART in the configuration the
board is manufactured in, then the following 8085 assembly code may be wused to
initialize both for serial 1/0 at the buad rate of your choice:

P22 22223 R 22223222 2222222 2222222222221 2223222¢0 22223 s ]
code to inftialize 8253 timer and 3251 USART for serial 1/0 on

SCCS-85 board.

first initialize timer chip to generate 16X baudrate for USART

.
L4
.
’
-
’

’
mvi a,76h :program timer 1 for mode 3, expect 2 bytes
out 23h
mv i a,lobaud ;send lower byte of baudrate divisor to timer
out 21h
mvi a,hibaud ;send upper byte of baudrate divisor
out 21h
snext initialize USART
mvi a,82h  ;force usart to expect command word
out 01h
mvi a,40h  ;now make usart expect mode word
out 01k
nmvi a,sth ;mode byte - baud clock is 16X
out 01h
mvi a,27h  ;command byte
out 01h

initialization complete!
ARRRRARNNANRARAERRARARARRRRANENAARRASRNAANNRNRNANNAR AR AAN AR Al

H
H

In the code 3bove there are two bytes, lobaud and hibaud, which the user
must determine to select the desired baudrate. The table below gives the proper
divisor value for each of the standara baudrates, and for twoc di ferent CPU
clock crystals. To use this divisor value, convert it into hexadecimal. Then
the upper two hex digits are "hibaud" and the lower two digits are "l{obaud”.
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Divisor, with Divisor, with

3.58mMNz crystal, 4.00MHz crystal
Paud Rate (1. 79MMz CPU glb)  (2Mhz CPY ¢ik)
38,400 3 not possible
19,200 6 not possible
9600 12 13
4800 23 : 26
2400 47 52
1200 93 ) 104
600 186 208
300 373 417
150 746 833
110 1017 1136
75 1491 1667
JINTERRUPTS
As configured the SCCS~35 makes use of the RST7.5 and RST6.5 interrupt
inputs on the 808S. .

when a RST7.5 interrupt occurs, the equivalent of a CALL instruction to
loc. 003Ch is executed., .. this point the user should store a JMP instruction
to the service routine for that particular interrupt. Don't forget to preserve
the contents of the registers and re-enable interrupts before returning to the

interrupted program.,

Similarly, when a R3T6.5 interrupt occurs, the equivalent of a CALL to loc.
0034h is executed.
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1.

3

5

7

9

1
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49

1
5
5
7
9
11
13
15
1?
19
21
23
25

GND
A
A3
AS
A7
A9
A5
A13
AN
MEMSEL
+12V
IR
AERW
0é
YA
D2
00
INTK
s1
INTR
10/W

LA

LYEY

(user defined)

READY
RESET QUT
+5V

PA4
PAS
PA6
PA7
+5V
PCo
PC4
PC1
PC3
Pa7
PB6
P85
PB4

44
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r ren
CONMECTOR PIN ASSIGNSENIS
GMD 1 PAb
AD 3 PAS
A2 5 PAS
A4 7 PA?
A6 9 45V
A8 11 PCS
R14 i3 PC4
A12 15 PC1
A10 17 PC3
(not used) 19 FB7
-12V 21 PBé&
FEWR 23 P85
10 25 pPBh
D7 27 (not used)
D5 29 (not used?
n3 31 user defined
Y] 33 RST7.5
AEN 35 user defined
SO 37 s1D
RSTS.S 39 user defined
TRAP
ALE
LK
+5V
PA3 1 user defined
PA2 3 RST7.5
PA1 S user defined
PAOQ 7 SID
GND 9 user defined
pPCc7
PCS
pco -
PC2 1 DRQIY
PBO 3 DRQ3
PB1 5 DACKU
P82 7 DACKe
P83 9 GND

PA3
PA2
PA1
PAD
0 GND
2 PC7
4 PCS
6 PCO

13 P2

2000 HN

2o &N

- 20 P80

2 P81

¢ PB2

6 P83

8 (not used)

0 (not used)

2 ouT2

4 TR

6 user defined
3 SO0p

N user defined

QQIZ
cLK
user defined
S0p

Q user defined

ORQO
DRQ2
BATKT
DACK3
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J6éb — RS-232 Delta connegtor i6a - R3-23¢ double-row headec
: 1 GKD

1 GND

2 TYransait data 3 Yransait data

3 Receive data S Receive data

4 Request to send (output) 7 Request to send

S Clear to Send (input) 9 Clear to send

7 GND 13 GND

8 Dats Set Ready (input) . 15 Data Set Ready

20 pata Terminal Raady (output) 14 Data Terminal Ready

NOTE: Connectors J2 and J3 are positioned such that together they may be
considered a single 40-pin connector J4, or used individually.

b0 - D7

—
o

g

=
my
2
b

|

=
m
=
3
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AUS SIGNAL_DEFINITIONS

Logic ground for SCCS-85

(Output) Address lines 0O through 15. These are positive true
signals. Lower eight bits are valid from the falling edge of ALE to

end of machine cycle and are buffered EXCEPT DURING A DMA CYCLE.
(See data sheets on 8257 DMA controller. Upper eight bits are also
valid from the falling edge of ALE to end of cycle but are not

buffered.

gi~-directional positive-true data bus. During write cycles data on
bus is valid during trailing edge of MEMW or IOW pulse. ggzing read
cycles, data must be valid on trailing edge of MEMR or IOR pulse.

The data bus is not buffered.

(output) I/0 READ contrel signal. Low-going pulse during which
selected peripheral should enable its tri-state bus drivers and
place data on bus. Data must be valid on the trailing (rising) edge

of pulse. Buffered by LS TTL gate.

(Output) 170 WRITE control signal. Low-going pulse used by
peripherals to strobe data on bus into peripheral register.
tatching should occur on trailing (rising) edge of pulse. Buffered

by LS TTL gate.

(Output) MEMORY RcAD tontrol signal. Low-going pulse during which
selected memory device should place its data on the bus. Data must
be vaiid on the trailing (rigsing) esge of pulse. Buffered by LS TTL

gate,
(Output) MEMORY WRITE control signal. Low-going pulse used by

memory devices to enable the writing of the data currently on the
bus into the selected memory location. Buffered by L5 TTL gate.

SCCS-85 User's Manual




RRBTRIE IO 20  e r95cmim s i - it i -

AEN

$0, S1

10/8

ALE

LLX

READY

RESET IN

RESET OUT

INTR

INTA

TRAP

RSTS5.5

MEMSEL

+ie i, =32V
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(Output) ADDRESS ENABLE signal used only during OMA cycles.
Otherwise remains low. Positive-true signal which indicates that
the address currently on the address bus is that provided by the DMA
controller during a DMA transfer cycle. Unbuffered, has same timing
and specs as pin by same name on 8257 DMA controller.

(OUtpbt) Machine-cycle status bits output by 8085. Same timing
specs and definitions as pins by same name on 8085. not buffered.

(Output) Indicates if the current READ or WRITE is to memory or 1/0.
Same timing and specs as pin by same name on 3085. Not buffered.

(Output) Positive going pulse used to latch the lower eight address
bits and the status bits SO and S1. Latches should be a

level-triggered type. Not buffered.

(Output) Square wave of half the frequency of the crystal wused to
ctock the 3085. Same timing as the pin by same name on 8085. Not

buffered.

(Input) This input is used by a slow peripheral or memory to 1insert
wait states into a machine cycle. Has pullup resistor, so may be
left uncornscted, or several devices may drive the input through

open-collector gates.

(Input) When pulled Low the program counter is reset to 0 and the
INTE flip—~flop and HLDA flip~flop are reset. May be momentarily
grounded with pushbutton switch to effect a manual reset.

(Output) Positive-true signal that indicates the (PU is being reset.
May be used as a system reset, Not puffered,

{Input) Positive~true input which initiates an interrupt to the
8085. Same definition and restrictions as pin by same name on 3085.

(Output) 1s used instead of (and has the same timing as) the MEMR
during the next instruction cycle after the INTR has been accepted.
Has same timing and specs as pin by same name on 8085. Not

buffered.

(Input) Input which causes a non-maskable interrupt. Control
transfers to location 0024h in memory. Same timing and specs as pin
by same name on 208%,

(Input) Has same input timing as INTR but causes a RCESTART to
automatically be inserted. Control is transferred to Lloc. 002Ch,

Maskable.
(Output) Positive-true signal which indicates that the address
currently on the bus is within the first 3K bytes of memory space.

1s useful in systems with memory expanded onto additional cards to
determine if the memory selected is on the SCCS-85 card. Buffered

by LS TTL gate.

Power supply inputs to SCCS-85 board. Requirements are rejulation
to ptus or minus 10X with currents up tec 150 ma, 1f the SCCS-85
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uses SV-only EPROMS and the RS-232 driver chip i3 not used, these
supplies may be omitted.

Logic supply to all chine, Rust b. regulated to plus or minus 5%
and capable of 1.5 R for a fully-populated °CC5-85.
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Jan 38 10:87 1901 SCCS-85 One Kilobyte Monitor Page 1

1#1.30.801 17:51 RJC: Reramed “"form" "edml” and "form2" “edm2°.
Moved "edml” "edn2" "phi® and “"prmpt" to
spare bytes of RSTs. Removed CICO and
it's entry in the jump table. Added
RAM byte "echof1® and code to set it on
pwrup, and at “loader:” and “"done:"“.
Changed Cl1 to echo 1f “"schof1°=4 only.
Effect 13 to turn off echo on "1" comnd.
WARNING! Jump table changed (sorry).
12.83.08 95:88 RJIC: CR delay: removed °“CRDOLY equ”, added “sta
.dlyram® after "answer"” init, changed all
“mvi a,' '" to "xra 2" to init answer,
moved pwrup "answer® and “dlyram” Init
to before printing of startup message,
changed "mvi a,CRDLY+1" to "1da dlyram”
in CO, changed "jJz" to "jm" in CO, added
“dlyram db 1" to RAM constants.
Changed "rz® to “rnz" in CO.
Removed extraneocus "cpi{ 'D'" at end of “d_p"
1.0 17:13 RJIC: Added "jmp comnd” to jump table.
g.88 28:91 RJC: Changed restart vectors to vector ALL
fnterrupts except RSTH to RAM.
Rewrote comments in beginning and "loader”
15.14.00 22:58 RJC: Added initialization of “"answer® on power up
Added "ath” entry point in "ghd® and added
to jump tabla.

b g
[
- N

W W G G0 B S G G Ot P G S G G e GO G0 @8 WE W S0 @0 W O
Lol

185.19.00 12:17 RJC: Removed extraneous "jmp error” in goto cmd.
[} Changed “"rst #" to "ret" in edit comments.
' Changed “jmp msg” to "call msg" “ret”; prbad
1#5.91.88 16:12 RJC: Modified comment about tying RxD to DSR/ to
i recommend doing it at TTL signal levels.
184.29.08 28.17 RJC: Removed “push/pop d" from msg and moved
1 “"inx h" to before "jz mdn" so that die
3 point to byte after eol on exit.
3 Added "EOL equ #ffh".
i Changed WIDTH comments from 29 and 53 column
' to 28 and 52 columns.
194.15.86 19:348 RJC: Changed CO to take character in a-reg.
: Changed repeat to take char in A-register
L and count in C-register.
H Expanded comments in beginning.
' Rearranged comments so that assembled {.1st
' would fit in 8§ columns.
1J4.11.80 18116 RJC: Added comment-tie R3232 DSR input to RS232
3 receive data input.
1J4.85.00 89:91 RJC: Recalculate cycles not counted by 8253 for
] baud rate calculati n.
14 .04.80 17:25 RJC: ATl functions tested. Monitor "done”.
'..'.........I....'..'..'.".I'l...'..'-.'-.I'....I.O-..I.-I'....
'. -
hd Copyright 1988 Raymond J. Clark »
e -
(R Permission is granted to copy this material 1In .
ol whole or in part by any means and for any purpose .
other than sale, barter, or profit of any kind. L]
o In return 1t (s requested that this notice "
s e accompany the portion copied in recognition of the bd
:: time and effort spent developing it. bd
L]

‘...'......'....C'....t....'.....l'.'-'......"...'.I'I."I."'.'

'

' ene sccs-85 1024 byte monitor "eaw
'

3 eaed Start up message: waew
] L1 2] LA 2]
1 anew "x'”'v LA L L]
' neew XXX = last used address aeee
: ssne v = version number which snee
' anee is incremented every el
i anee time code s changed. "Vew
'

' Hardware configuration assumed:

'

' 8253: Timer 1 clock input driven by high frequency




-
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greater than 2§%baud-rate. Lower frequenctes
may work 1f freq/(16%n) 1s within 5% of baud
rate where n is some integer. Monitor finds n.
8251: RxC and TxC driven by 8253 timer . output.
DSR/ input same as RxD input. See "baudl®
RAM: From RAM to RAMeS3fH
From MEMTOP down for {nternal storage and stack

On power up type “d®.. 0253 divisor calculated automatically.

With 4 MHz crystal:
Works from 158 to 768§ baud.

With 3.579 MHz Color Rurst crystal:
Works from 11§/ to 968F baud. Communicates at
19288 baud but tape load function w!ll not work.

e Commands:

load intel hex tape. Bias not implemented.
"answer"” = G on exit {f no errors detected.
If errors were found, answer = B
edit memery in hex. See comments in code.
goto address. Stack pointer reset.
dump memory in hex.
punch intel hex tape.

er) nop. Does not change one byte "answer"”
print one byte mossage (answer) left by last
cormand. This s cleared before the execution
c? ecch command.

-

N~voanm

Tha "answer® |s cleared before each command i3 run,
except 7?7 and (cr) do not clear i(t.

The L, 6, D, and P commandes call an “ok® subroutine to
give you a last chance to abort the command. A (cr) will
g0 ahead and execute the command, anything else aborts.

RAM z2ddress MEMTOP containis a number from #§h to 8fh
which 1s the number of times dilfims s to be called after
outputing each carriage return (S§dh). On rst # it is
fnitialized to #8h. It will have to be made non-zero
for some terminals, up to 4§h for some.

©0 90 90 @0 T G0 G W € G W W W 0 W W T G I VP VW T W G W T W W G W WS G e e
- e e e

f | BASE equ 99988h ;base address of monitor
1998 RAM equ 1988h 1address of first byte of RAM
18444 MEMTOP equ 1f¥fh taddress of last byte of RAM
T+ EOL equ gffh iend of string (1ine) character
f WIDTH equ afh jcontrols the width of “"dump” “"punch”
H jcommands:
' H fh = 16 bytes, 52 columns
L 1 @7h = 8 bytes, 28 columns
21 timel equ 21h
23 timct) equ 23h
1 sercon equ f1h
g serdat equ agh
‘ LA A L2 AL PR 4 PR R P R 0P ) o7 0 B A 0 0 0 B B % o 0 L 00 0 0 8 o 0L 2 B 0 0 LR A4 1 2 1 1]
'
3 vectors for hardware interrupts
i
1089 restf equ RAM+ a8eh 1 not urted -~ monitor reset
1888 rstl equ RAM+ 298h '
1919 rst2 equ RAM+ 218h '
1918 rst3 equ RAM+ g18h H
1929 rsté equ RAM+ g28h '
18924 trap equ RAM+ #24h '
1928 rst5 equ RAM+ #28h '
182¢c rst55 equ RAM+ #2¢ch '
1838 rsté equ RAM+ 238h i
1934 rsté65 equ RAM+ 234h H
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158
169
168
161

168

178
171

178

139
181

188

189
199
191
192

199
289

297
208

215
216

1928
193¢

Nown =

15
19

13
17

18
18

1b
1d

le
1f

28
29
23

24
27

28
2b

31 fdlf
c3 6499
s

|

c3 618

29
ff

c3 1918

29
ff

c3 1818

28
ff

c3 2018

c3 2418
g

c3 2818
g
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rst? equ RAK+ S38h '
rst78 equ KAM+ #3ch [
'..-....I.-..-....I - S0P SEETEANS TSN RSUSERDS
1
s RST & entry point - power up reset irst §
org SASE+S
Ixt sp,STACKINIT t initialize stackpointer
Jmp entry
nop
nop
' R S O E s A S BN R A T PSS P ST R e TR SNSRI O ENE S RSO RPN S
'
t RST 1 sntry point
org BASE+#8h 1 ret 1
Jmp rstl
$
phi: db ''TOo ! ithese 1ines were moved from the
84 4f 29
db EOL sROM constant sect. tu save space
. L 2 4 - R XN LI FL ERERNEELERERENLSES X REEYREEYS S L NLERENENSLNENZN]
'
s RST 2 entry point
org BASE+18h 1 rst 2
Jmp rst2
edml® db ') = ! ithese 1ines were moved from the
29 3d 29
db EOL tROM constant sect. to save space

.
'-.-.-.-.-.--..---—u..--..--.u-.---.--..-.---.----...---'---

: :
s RST 3 entry point
org BASE+18h ; rst 3
Imp rst3
edm2: db #dh, fah tthese 1ines were moved from the
a
db e’ tROM constand sect. to save space
db EOL '
nop
‘ LAl LA ARl TRy """ 111 PPl TR R By @ 0 L3 0L 0L L L b 21 }J
'
s RST 4 entry point
org BASE+28h 1 rst 4
Jmp rstd
nop

|--u.--.---.u-|. OSSO ASUESTINO ST F ISR sEYTSRSEREFRSee S

'
i TRAP entry point

org BASE+24h t trap
Jmp trap
nop

'
+ RST § entry point

org BASE+28h 1 rst §
Jmp rstS
nop
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1t RST 6.5 entry point
2¢ org BASE+2ch 1 rst 8.8
223 2¢ ¢3 2c18 Jmp rstSS
224 2f 9 nop
..-.u.-.-'...-.--.-.um..-....--III---.”.-...ﬂ-........“-..
‘ :
1 RST 6 entry point
k] org BASE+38h s ret 6
231 39 c3 3018 Jmp rsté
232 33 # nop
'..-.....ﬂ..m.......“.....u-"....."'“..U...‘.--.........-
'
t+ RST 6.5 entry point
34 org BASE+34h ;s rat 6.5
239 34 c3 3418 Jmp rstbs
248 37 9 nog
;.-n-.--..---.-.----m.---.---—-------.n-..-------..--------
)
s RST 7 entry point
38 org BASE +*38h s rst 7
247 30 c3 301N Jmp rst7
249 3b § nop
'I.—.-.--..--..I.”.-"........-...--.“-.-...-I-'II----...I
'
t RST 7.5 entry point jrst 5.5
3¢ org BASE+3ch
255 3¢ ¢3 3clis Imp rst7%
256 fr 9 nop
'I.....“. LAt 111 SRS ST SIS IS SNGAS ST IS SIS ESE S MaTSY

'y org BASE+4fh
Jump table for monitor subroutines

1

8

i A1l references to these labels should go through this

t so that changes in the actual ruutine's location in

' future versions of the monitor do not effec: non-monitor
] programs. These locations will never change.

'

279 49 c3 9882 Imp cI ichar returned in A register
271 43 c3 aaf2 Jmp co ichar passed in A register
272 46 ¢c3 c792 Jmp crlf iprints (cr) (1f)
273 49 c3 def2 Jmp ghw iword ret In h&l or cy=1 & bad char In A
274 4c c3 fS#2 Jmp ghb tbyte ret Iin A or CYe]l & bad char in A
275 4Af c3 af3 Jmp ghd 1digit ret in A or CY=] ¢ bad char in A
276 52 ¢3 2493 Jmp msg jaddress of EOL terminated msg in d&e
277 55 ¢3 5193 Jmp phw iword passed ir hé&l
278 58 ¢3 S5c#3 Jmp phb tbyte passed in A
279 Sb ¢3 6cA3 Jmp phd idigit passed in A
280 5e c3 9883 Jmp space iprint space
281 61 c3 9893 Jmp subléb 1{h&l) ¢~ (h&1) = (d&e)
282 64 c3 ad®3 Jmp ycase jupper to lower case conversion
283 67 ¢3 d#3 Jmp ath 1ascii to hex conversion
284 6a c3 dfas Jmp comnd ibeginning of monitor command loop
' Jmp cmplb tuncomment when cmpl6 routine Included

i+ Power-up and Reset inftialization
'
1Twiddle, twiddle 1{ttle thumbs. . . .
1
6d entry: equ s !

]
1 hardware mvi a,l8 '
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k] /]
r

3

385
386

312
313

341
342
343

345
346
347

349
368
381

6d

71
73

78
77

79
7t

7d
7f
s

83
86
87

es
8b
ed

3¢ 82
d3 1
Je 45
d3 1

3e ce
dl 1

39 37

db 1
d2 7488

30 78
d3 23
3o dd

d3 21
3o ff
d3 21
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t delay is twiddleicall dlfas idelay 1§ =S
s long der a '
1 enough Jnz twiddle '

'
t now initialize usart chip
i

mvi a,#82h force usart to expect command word
out sercon
avi a,§48h now make usart to expect mode word
out sercon

'
avi a,fceh mode byte -
out sercon 11 99 11 18

I | | ==eeee= X16 clock

| ee=e=e<-== § bits of data
| ==eecceccece--- no parity
meemcccecceece== 2 gtop bIit

avi a,#§37h icommand byte -
out sercon ; S H1 12111
s L1111 i == xmit enatle
t L L1 || ==e-dtr/ =]
‘ i I | | v=e=== reyr enable
1 |1 | | ======== norm op, (not break)
it | | | ====c<c<ce- reset error flags
1 | | ===cccccccccs pty/ = ]
§ | =esssccea=mse == 1 = internal reset
L L S L L asyncronous mode

Calculate baud rate assuming user types a control-d

cenee DSR/ must be connected to RxD.

W Gt e Pt et Ge GE GE W W e Be WL G e BE GO W @ WE BE e B8 G S8 We we

-
These could be connected on the RS232 side of the *
1489 RS232 receiver. On the SCCS-8%5 be sure to cut the *
trace on the bottom of the board connecting the RS232 .
dataset ready input to the +12 volt power supply. .
An RS232 transmiter 12 only intended to drive one *
RS232 receiver. For this reason 1t would be better to *
to connect these at TTL signal levels between the 1489 *
and the 8251. This can be done by jumpering pins 3 -
and 22 on the 8251. GSe sure to discon:act the output .
of the 1489 that was originally driving the 8251 DSR/ .
pin. Either bend pin 3 up on the 1489 so that (t aces *
not go in the socket or cut the trace from the 1489 to *
the 8281. b
baudl: 3 in sercon iwait for line to drop
ric ]
Jnec baud! '
H
mavi a,f78h iset up timer to time next 4 bits
out timctl] '
mvt a,-35 t+ 8885 ;34 cycles not counted by timer
i mvi a,-41 t 8888 ;448 cycles not counted by timer
out timel 1t plus one for ¢ after 1's comp
mvi a §ffh [
out timel 1

at baudl: 1avg time out of loop after drop.
1 loop 24 cycles 1oNQ..ccrveecssess™ 12

§P1C s avecsssvsconsssncsnsvesesnssesn™

1Jnc baudl...with cy=§ 8485/8888 - 7/1'

'.v. ..7."......-ocoolc-n‘oon--o- 7
!Ou‘ t'.“‘no-tolaoloa.ql...o.l'u- l'
l.Vi ..-"0..o.l.l.ll'.l'.ct.'..‘-
out timel...iccottieeinancnnnene™ 19
imvi A ffh....ciitcinnienccnnnan"
iout timel.....oivvienniancnnnnn~ 18

at baudé: 1avg time into loop since rose.
i loop 24 cycles 10NQ.ccciavncsnnss? IZ

lP‘C...-.........................-..'

1yns baudd with cy=# 8968/0808F + 7/1'
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[ ] ..v' I.m...-......-..-.........0 ?
. ] .“‘ "“".O....l'...‘...l....l.. '.
] [ ~comeee
t itotal cycles not counted by timer..-34/48
L ' ases/e8
'
374 f db 1 baud3: in sercon iwait for line to rise
378 91 7 rlec '
376 92 da 8788 Je baudl 3
377 96 db 1 baudd: in sercon iwait for 1ine to drep
378 97 7 rlc ]
379 98 d2 9888 Jnc baud4 :
L
381 9b Je 4§ mvi a,40h icounter latching command
382 9d d3 23 out timct] '
383 9f 3¢ 78 avi a,7fh iset up timer to read 1sb,asb
384 al d3 23 out timctl '
388 ald db 21 in timel sgot 1sb of count
386 a8 6f mov 1,a '
387 ab db 21 in timel iget msb of count
388 a8 67 ROV h,a L]
389 a9 7d |sov a.l jcompl iment count - don‘'t need to
39 aa 2f cma s add one because taken finto
391 ab 6f mov Y 1 account in inftial load of
392 ac 7¢ mov a.h 1 counter.
393 ad 2f cme 1
394 ae 67 mov h,a 3
L
396 af e 6 avi c,6 ishift count right 6
297 bl b7 baud$: ora a icy=f to come in left end of Y
398 b2 7¢c [ 11" a,h :
399 b3 1f rar L
'Y/ b4 67 mov h,a ]
491 bsS 7d mov a,l 3
492 b6 1f rar '
493 b7 6f mov 1,a $
494 b8 d der c ]
‘ 485 b9 c2 blgg inz bauds :
486 bc ce § zct g jround
497 be 6f mov 1.2 H
498 bf 7¢ mov a,h spropagate possible round-up
499 clco § aci g 1 carry into H.
419 c2 67 mov h.a ]
H
: initialize timer chip to generate 16X baudrate for
'
414 ¢3 30 76 mvi a,76h sinit timer 1 to divide by n
415 ¢S d3 23 out timct] H
416 c?7 7d mov a,l '
417 cB d3 21 out timel t
418 ca 7¢ mnov a,h i
419 cb 43 21 out timel ]
'
1 Initialize "answer”
1
423 cd af Xrs : 1 on power up answer s blank
424 ce 32 fdif sta answer '
425 dl 32 felf sta eshof 1 1 I=echo 1=no echo
426 dd4 32 fflf sta dlyras t number of lfms delays on <CR>
L
s Print startup message
i
439 d7 11 f5#£3 xi d,start iprint startup message
431 da cd 493 call msg i
]
433 dd db ¢ in sérdat ieat possible garbage character
+ CCMMAND LEVEL ~ get character; jump to appropriate routine
df comnd: equ ]
439 df 11 fo93 Txi d,prmpt iprint command prompt
' 448 @2 cd 2483 call  msg
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442
443

445

447
448

458
451

453
454

456
457
458
459
468
461
462
463
464

466
467

478
471
472
473
474
475
476
477
478
479

487
488
489
499

498
499
S#8
ss1

583
594

11b
lle
121
124

128
128
12b
12¢

12¢
132

cd
cd

5
af
32
f1
23
Se
23
56
eb
a9

cd
3a
cd
c9

cd
da
cd
de

31
o9
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9882 call Cl [}
9883 call space t
' ani 7th sput in {f ucase taken out
adf3 call ucase sconvert low to up case & strips parity
|
d cpl Sdh ispecisl cese, (cr) is nop that does not
dfes Jz coand t clear the answer
]
darss Ixt d,comnd jaddr for pseudo call completed by pchl
push d ]
L
3r cpl ‘7 1special case '?', must not clear
1681 Jz ask 1 answer first.
L
c883 1x1 h,cmds i1scan command table
cadnxt: cmp 5] ]
1 J 21 Jz2 cadfnd ;1f matches go process
inx h ]
inx h L
inx h ]
|ov b,m tcheck for end of table
der b ]
144 /] Jp cadnxt inot end...try next entry
L
7¢#3 error: call prbad jprint error message and return. “comnd”
ret 1 s on stack as return addr for command
i
cmadfnd: equ
push paw
xra a iclear answer
fdlf sta answer
pop psw
inx h iget address
mov e.a 1
inx b i
|ov d'. 1)
xchg L
pchl L]
:..'.'..-.."..'-.. ."d °f co.-.ﬂ‘ ‘.v.] AN ANNANRARRARARNRARERA W
'.'t'..-'...t’1...."...‘..'.""".'I".".'.t..'.'l'..'...'.".
3
] print one byte note left by last comsand
'
9893 ask: call space
fdif 1da answer
aal2 call co
ret
:l."'......."-.. .ﬂd °f 2' qu“"oﬂ. ANARANARNAARTARARNERARNRARRAW
‘.-.'.l.ll.'."'...'....".."...'..O.Q..."‘......t.....'...-'..
1 GOTO routine - starts execution in memory location
defi2 goto: call ohw sget hex word
b#l Je error '
3483 call okck [
rc '
$
fdilf Txt 3p,STACKINIT iinitialize stack pointer
pchl 1Jmp to location, return addr is on stack
'
'.....l'..".'-l .ﬂd of Coto rout‘". L AA A AL AR R SRR Rl X2TT

'

i
'.."Q.‘.".'I........Q.‘I.....-.-"...."..".."'.-.'I....-"..
i Memory editor routine

}

+ MEMED - Hexadecimal Memory Editor

'
' 1) Computer types (cr),(1f),"("
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2) User enters one of the followingt
a) Valid Nex VYord (four hex digits) - gote

step 3
b) */° - Exit editor by doing & “ret®
c) An{:h:ng olse - type " what ?7° and
90

3) Computer types °) = xx °, where xx is the con-
tents (in hex) of the memory byte addressed.

4) Iho user now has a number of things he can

ype:

a) Valid Hex Byte (two hex digits) - overwrite
the memory location addressed with this
byte. Then read sznother character froa
the user and continue with 4b.

b) A non-hex character - do one of the follow-
ing:

1) (cr) or * " - Address the next sequen-
tial location and print the address and
contents llke this:

(er),(1f),"(addr) = xx °

11) '.' = Re-display the same location like
thist

(er),(1€F),"(addr) = xx *

111) "=® - Address the next previous loca-
tion and print the address and contents
1lke this:

(er),(1f),"(addr) = xx *

fv) ®°/° = Goto step | and read a new ad-

dress
' v) Anything else - Type * what
7° and treat like a “."

Note - If option "a® is not executed then memory
is not altered.

568 133 11 1b0F memed: 1x1 d,edm2 ;print ®“cr, 17, ("
561 136 cd 2483 cell msg
563 139 cd de#2 call ghw
564 13c d2 4881 Jnec ok iget hex word into HL, jump 1f valid
566 13f fe 2f cpi el A i1bad char received - was it */°
567 141 c8 rz 1go back to command level if so
S69 142 cd 783 call prbad iprint *what ?°
S78 145 c3 3381 Jmp memed ithen try again
572 148 cd 9981 ok: call discon idisplay contents of location
573 14b cd 5181 call edit ithen begin editing
574 l4e c3 3381 Imp memed 1loupe {f adit returns
'
' end nemed
'
'
s+ Get either a new hex byte to be written where HL points, .
1 followed by another command, or just another coamand.
i
582 151 cd 392 edit: call ghb iget the new hex byte iIf typed
SA3 154 da 648! Je next 1Jmp (f other than hex byte received
584 157 77 mov m,a telse store 1t Iin memory
585 158 cd 9983 call space i1space to reinforce that once twoc digits
L i are entered, location is changed.
587 15b cd 9882 call Cl1 iand get another char & echo it

' 588 15e @6 7f ani 7fh 1k111 top LIt
. .
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538 165 fe
6§91 182 c2
§92 168 23
5§93 166 c3
595 169 fe
$96 16b c2
$97 16e 23
598 18f c3
68 172 fe
681 174 ca
683 177 fe
604 179 c2
6£S 17¢ 2b
686 17d c3
638 188 fe
689 182 c8
611 183 cd
613 186 cd
614 189 c3
618 1i8c 11
619 18f cd
629 192 cd
621 196 ecd
622 198 c9
629 199 11
63§ 19c cd
631 19f 7e
632 laf cd
633 1la3 cd
634 1ab c9
654 1la7 232
626 laa cd
657 lad b7
658 lae le
659 1b# ca
661 1b3 7a
6652 1b4d b7
663 1bS ca

1981

d
6981
(17 )]

28
7281

(L]}

2d
ess!

86s!
2f

7783

8ch!
5181

1b88
2483
S183
9981

1399
2483

Sc#3
9833

folf
c291

47
bafl

aall

SCCS-88 One Kilobyte Menitor Page 9

next:
i

elt
Y4

]

e3:

'

eod:

i
pr?

cpl
Ing
inx
dmp

ep!
Jnz
tnx
Jmp

cpl
Jz

cpi
Jnz
dex
Jup

cpl
rz

call

call
Jmp

s Print

dismenm:?

call
call
call
ret

Sdh
el
h

pr
[}

o2
pr

ed
pr
g

prbad

dismen
edit

icarriage return?

iyes= print NEXT location

sor blank

tyes~ do the sare

1 peried?
iprint current location

1 dash?

iyes - print previous location

1slash?
tedit all done if so

;11f none of the above, print °“what ?°

idisplay the new current memory location
iand loop

CR, LF then an ( followed by the contents of HL in hex.

1xi
nsg
phw
discon

anew discon "*se

print

]
3
H
L
s pointed to by
3
d

iscon:

L)

]
‘.'.IQQRQQQ.'.'........

Txt
call msg
mov a,m
call phb
call space
ret

d,edm2 ido cr,1f, “(*

') = ' followed by the contents of the memory loc.

HL
d,edal

iget contents of mem loc.
iprint (¢

.ﬂd 0' ...ory .d'tor LA AR A A A Rl Rl]] )

.""..'..\..."..-l'.'.-.....'.."...'.".".....'.'..'....'Q..l

3
i
t
i
'
i
)
i
i
i
i
L)
]
1
]
1

oadl:

xx

XXXX

NOTE:

cader:?

ora
avi

iz

mov
ora

jz

H
Hex~format. 1oader

record mark

record length - number of data bytes

load address of first byte, remaining bytes iIn
record go sequentially

record type - “S8§° = data, °“§l" = gof

data bytes

check sum such that sum of ALL hex bytes,
including checksum = #

record length = §§ take:. as eof

sta
call
a
a,'G’
done
a,d

a
loadl

eche?”] jnon-zero value (1) turns off echo

1
getrec read in one rec, (a) = record length
i1set z-flag on record length

ianswer to question = Good

117 length = § than done

1{d) = error flag on getrec return
isee If the "error®” flag 1s non-zero.
11f not, go do next record




Jan 3§ 10:57 1981 SCCS-08 One Kilobyts Monitor Page 18

665 108 Je 42 wvi a,'s’ i1store "Bad® flag In answer ¢ ll
. 666 1ba 32 fdif done: sta answer | ” i 1 et
667 1bd af xra a 1zero echofl to turn off echo
660 1be 32 felf sta echofl
669 1cl ¢9 ret jreturn to comasand leve!l
end locader

*e® getrec "** read in one recerd

{c) = number of bytes to read in
(d) = error flag accumulator maintained by lghb

676 1c2 cd defl getroc: call fndark 1skip to record mark
678 1cS cd fés1 call 1ghb iget the record length
679 1c8 4&f "oV C,8 it finto the C reg.
1
€81 1c9 cd fEsl call 1ghb iget load address fleld inko h & 1
682 lcc 67 [ 1Y h,a 3
683 lcd cd f691 call 1ghb '
684 1d¥ 6f mov 1,8 !
'
686 1dl cd fé#1 call 1ght iget the record-type byte and ignore
'
680 1d4 cd 98] call data 1iput the next (C) bytas into memory
! istarting where HL ~3ints
69§ 1d7 cd f681 call 1ghb iread the checksu. ' ;te
'
652 1da 79 mov u,c iput the record length back into A reg.
1
694 1db c9 ret jreturn from getrec. (d) cuntains the
] t sum off all hex bytes read, and so
: 1+ is effectively an error flag
i end getrec
i
3
1 **2 fndark *** - find record mark
. 1 ignores all text until *:" found, then raot
3
783 1ldc cd 9882 fndark: call Ccl iget character
784 1df o6 7f ani 87¢h istrip off 8th bit
785 lel fs 3a cpt ‘! i
786 1e3 c2 dc#l inz fndark inot record mark - get next char
'
7808 le6 16 § mvi d,” iclear D register (error accumulator)
789 le8 c9 ret '
{
3 end fndmrk
i
i "*% data *** - {nput all data bytes
’
'

717 le9 41 data: mov b,c tcopy C reg. to 8
718 lea 78 loop: mov a,b iget remaining byte count
719 leb b7 ora a iget flags
729 lec c8 rz jreturn from subr. If none left
721 led § der b ielse decrement b reg.
722 lee cd f681 call 1ghb iget byte from data field
723 1f1 77 mov n,a istore in memory
724 1f2 23 inx h tbump pointer
725 1f3 c3 eafl Jmp loop igo back for next char.
{
H end data
i
i
i "*% (ghb *** - Joader get hex byte
' seme as ghb except adds byte gotten to error
' accumulator in d register
'
734 1f6 cd f582 1ghb: call ghb iget byte
73S 1f9 S push psw isave byte

736 1fa 82 add d jadd to (d)
737 1fb §7 mov d,a tput sum in d-reg
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738 1fc 1 pop psw irestore byte
739 1fd c9 ret '
end ighb

L]
i
:...t.t.t't.'. end of loader Petesc.sesecRwddsedetecowTaRRRRRAeT
i
i

TR NN AN AN AN A RN A RN AR N NN AN PR SRR A RN AR TR T AR AR RS &

Common code for dump and punch routine.

'
' Must not destroy a-register
[
758 ife 11 @983 d_p: Ixi d,ple iprompt for lo limit
761 281 cd 2483 call [ TT)
762 284 cd def2 call ghw
763 287 da b#l Je error tjump {f error
754 28a 11 bAS Tx1 d.pht sprompt for hi limit
755 28d cd 2483 call msg
756 218 eb xchg
757 211 cd def2 call ghw
758 214 eb xchg
759 215 da b#l Je error
768 218 cd 3483 call okck
761 21b d8 re sreturn 1f aborted by okck call
1 .
1 (hé&l) = beginning address (d&e) = ending address
{
765 2lc oS push h i
766 21d cd 9883 call sublé icalc number of bytes to be processed
767 228 eb xchg 3
768 221 el pop h i
769 222 1b dex d idée = number of bytes

'
1 Call routine originally requested

773 223 fe SN cpl g
T74 225 ca 5682 J2 punch
else dump

Dump routine

Qo o oo oo

779 228 cd c782 dump: call crif 1go to new line
788 22b cd 5183 call phw iprint memory address
781 22e 7d mov a,l imake locations with same lower 4 bits
782 22f o6 f ani WIDTH 1 1and in same columns in first line
783 231 4f mov c,a 1 as in other lines
784 232 87 add a imultiply by 3...
785 233 61 add c '
786 234 4T mov c,a jmove count to ¢
787 235 3e 29 avi a2 ispace over to appropriate column
788 237 cd 8683 call repeat print (c) (a) times
799 23a cd 9493 dil: call space
791 23d 7e mov a.,m iget byte
792 23e cd 5c¢#3 call phb iprint ¢t
793 241 23 inx h tpoint to next byte
794 242 13 inx d idecreaent count of number of bytes left
795 243 7b mov a,e '
796 244 b2 ora d ]
797 245 c8 2 sreturn 1f zero left
798 246 7d mov a,l
799 247 o6 f ani WIDTH sprint crif on multiple of 16
898 249 c2 3a82 Jnz dil
882 24c cd c782 call crlf 1go to new line
B3 24f cd 5183 call phw iprint memory address
884 252 c3 3a#2 Jmp dil ]
'..l'........'t.-t'Q ."d of du.p AN ANANANARNNNNN NN AN NN NN W
i
t ""* Punch Hex Tape in INTEL format ©»ow
$
ipreliminary processing done at d_p
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L B
813
814
81s
816
817
gle
819
82«
821
822
823
824
825

8z7
828
829
83s
831
332
833
834
835
836
837
838

848
841
842
843
844

846
847
848
849
858
851
852

866
867
868
869
878
871
872
873
874

882
883
884
885

258
258
2Sa
2%d
25e
25f
261
262
265
286
2J7
260
26b
26¢c

2&f
278
273
274
275
276
277
278
27b
27¢
27d
27¢

282
283
284
285
288

28b
28¢c
28d
28e
291
294
297

298
29
29¢
r4:34
2al
2a2
2as
2a6
229

2aa
2ab
2ad
2ae
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]
iprint record mark

'
1calc number of bytes in record
1 & start accumvlating check sum
!

'
iprint number of bytes in record
tadd load address to check sum

]
tinitialize checksuam
i1 load address

3
irecord type
H

'
saccuiulate checksum

test for end of record

jend of record processing
jcompl iment checksum

'

3

'

tcompliment lsst checksum

LA A A A A a2 a2l o iRt sl s iR i il dd a0l dialdsdad i Adlldldd)

UTILITY ROUTINES - in alphabetical order (sort of)

LRI R PR PR TR R AR 2 R RS R R R DA AR R 0 RARCR A AR A 0 dd 2t

iwait for data ready
$

'
iget byte
t1save psw
tcheck echo flag

i
1i1f not zero echo-ret on CO
jecho charscter

CIl must be directly followed by CO so that 1t can drop

- destroys only flags...

««sChar passed in a register

cd c782 punch! call crlf
32 Ja avi 8,%1°
cd aal2 call co
76 mov a,e
2t cma
e f ani WIDTH
3¢ inr a
cd ScfF? call phbd
€4 add h
15 add 1
47 nov b.a
cd 5183 call phw
af xra a
cd S5c#3 call _ phd
'
7e pnxtbytimov a,m
cd 5¢c#3 call phb
1] | add b
47 mov b.a
13 fnx d
7b mov a,e
b2 ora d
ca 8b#2 Jz pdone
23 inx h
7b mov a,e
e f ant WIDTH
c2 682 inz pnxtbyt
3
78 mov a,b
2f cma
3¢ inr a
cd Sc#3 call phb
c3 5582 Jmp punch
3
78 pdone: mov a,b
2f cma
3c inr a
cd S5c#3 call phb
11 d583 Ix1 d,endrec
cd 2493 call msg
c9 ret
3
] end punch
3
H
]
3
3
H
1
!
s 170 routines
L
1
db 1 Cl: in sercon
e 2 ani 2
ca 9882 Jz Cl
db #§ in serdat
14} push pSw
3a felf 1da echof 1
b7 ora a
c2 cS82 Jnz c3
f1 pop psw
: aveew
' through 1] wwwew
:
j***® CO Console Output
]
[
141 Cco: push psw
db 1 cl: in sercon
f rrc
d2 ab#2 Jne ¢l
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886
887
ses
889
s
891
892
893
894
89s
896
897

919
928
921
922
923

927
928
929
938
931
932
933
934
935
936

957
958
959

2b!
2b2
2b4
2b6
2b7
2b8
2bb
2bc
2bf
2¢c2
2cS
2¢6

2¢c?
2c8
2cb
2¢ce
2cf

248
2d1
2d2
2d8
2d6
2d7
2d8
2db
2dc
2dd

2de
2df

ds
11
cd
dl
c9

o5
s
21
7d
b4
2b
c2
fl
ol
c9

cS
S

baf3
2483

183

ds32

2e8 cd fS82
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pop
out

cpi
rnz
push
1da
c2: der
Jm
call
Jmp
c3:  pop
ret

psw
serdat
Sdh if c~ then dalay
psw
dlyram
a

c3
difms idelay 19mS

c2 s

psw iused by CI - do not change

:".'... C.P!‘ Ll l‘ b" c“”r. h&] .n‘ ‘“ stoveRNseetRRRTRARRRS

1 if( h&)l = dé&e ) z=1, cy=§ wee cprgfty and very ue
X 1f( h&]l > d&e ) 2=, cy=§ eee ygeful routine {if =%w
i3 17( h&l ¢ d&e ) z=§, cy=l %% gver room ane
1
tcmplb: push h ;save psw & h&l
] push pSw 3
[ mov a,h t11f h |l= d enough info found
] sub d '
' Jnz cmplbe '
' mov a,l 11f hed then compare lower bytes
i sub [ ]
icmplbe: pop h L
i mov a,h H
3 pop h i
] rat ]
R H
1 end cmdl6 '
3
crlf: push d
Ixt d,merif
call msg
pop d
ret
!
i difims - Delay 18 mS
i
difms: push h 3
push psw ]
Txi h,769 fl
dtwidl: mov =,l ' i~9.81 seconds on a 4 MHz B85S
ora h ] ] 4
dex h ' ' 19
Jnz2 dtwidl ] e§8s/8888 7718
pop psw t ' total 26/29
pop h '
ret ]
L
and dlfms H
GHV - Cet Hex VWord
Read 4 hex digits frm terminal & convert to 16 bit word
INPUT : None
QUTPUT : 1f (no non~hex charaters typed)

€ = = o 00 o 0 9 W W@ G o @ = G o o o w W
T
g
P

push
push
call

(h&1) = hex word typed
(a) = garbage
cy =g
else
(h&1) = garbage
é:) = bad character as recefved from CO
= ]

REGISTERS CHANGED: h, 1, flags

b
pPSw
ghb i+ get first byte In a~register
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968 203 da f282 Je ghwend 1 return {f bad char
961 2e6 67 mov h,a 1 move byte to final destiration
962 207 cd 582 call ghb 1+ get second byte
963 2ea da f252 Je ghwend '
964 2ed 6f |0V 1,8 [
965 2ee cl pop b '
966 2ef 70 rov a,b i
967 21§ cl pop b [
968 2f1 c9 ret '
969 2fZ cl ghwend: pop b ]
978 23 cl pop b 1t do NOT restors a
971 2f4 c9 ret L
[
end ghw '
GHB - Cet Hex Byte

Read 2 hex digits from terminal & convert to 8 bit word

INPUT : None
OUTPUT : If (no non-hex charaters typed)

(a) = lax byte typed
cYy = g
else -
(a) = bad character as received from CO
cy = 1

REGISTERS CHAMGED: a, flags

G 0 @0 0 @0 @0 o @ @ @ s G o S G @ w &

991 2f5 c8§ hb: push b 1 save bé&c
992 2f6 cd aff3 call ghd 1 get first hex digit in a-reg
993 2f9 da 883 Je ghbend s If bad char quit and pass back
994 2fc 7 rlec 1 shift to upper half of byte
095 27d 7?7 rlc H .
996 2fe 7 rlc H .
997 2ff 7 ric ] .
998 399 47 mov b.,a ;+ save first digi~
999 3F1 cd af3 call ghd ;1 get second digit
1988 384 da 887 Je ghberd i bad char read, ret it to caller
' H
1982 387 bs ora b i combine first and second digits
1 H
1884 388 cl ghbend: pop b ;1 restore original b&c
1995 389 c9 ret 3
'
end ghb ]
GHD - Get Hex Digit

Read | hex digit from terminal & convert to 4 bit nibble
INPUT : None
ATH - Ascii To Hex

Alternate entry point does not call CI. User passes
charzcter to be converted in a-register.

INPUT : chzracter to be converted in a-register
Both:

OUTPUT : {f (valid hex character typed)
(a) = gxh, x = hex digit typed
cyY L

else

(a) = bad character as recefved from CO
cy - ]

¢
'
3
'
i
i
d
3
i
'
'
3
b
:
i
)
}
3
i
'
'
3
i
3
'
i
i
' REGISTERS CHMANGED: &, c, flags
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1835 3%a cd
1837 38d cd
1839 317 fe
1048 312 d8
1841 313 fe
1842 315 da
1843 318 fe
1844 31a d8
1945 31b fe
1946 31d 3f
1847 3le d8
1948 31f d6
1949 321 dé
195 323 ¢9
1861 324 75
1862 325 la
1863 326 fe
1”64 328 13
1965 329 ca
1¥6€ 32c¢ cd
1867 32f c3
1868 332 f1
1969 333 c¢9
1974 334 d5
1975 335 f5
1976 336 11
1877 339 cd
1878 33¢ cd
1879 33f eb
1983 341 fe
1981 343 ca
1982 346 11
1983 349 cd
1884 34c 37
1885 34d dl
1966 34e 7a
1887 34f dl
1988 359 c9
%

g2 351 rS
1,83 352 7¢
1104 353 cd
1145 356 7d
1196 357 cd
1187 35a f1

9882
adl3
kJ |
3a
2183
41

47

e

3283
aaf2
25083

o383
2483
98982
7f

4d@3

b#g3
2483

$¢23
S5c#3
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'
ghd:

'
ath:
[

ghd2:

e e e es s W e e e

msg?
loupe!

mdn:

'
'
i
i

okck:

Subroutine to
terminated by EOL byte.

call CI s+ get character & echo

ani g7fh 1 put in {f ucase taken out

call ucase ;1 map lower to upper case and
] strip parity.

cpl ‘s’

re ' non-hex character

cpi sy 1 If (a) =< '9'¢]

Je ghd2 H ‘§'='9"' typed - convert

cpt ‘A’ s If (a) < ‘A’

rc H non-hex character

cpi ‘e’ 1 If (a) >= '@’

cme ' .

rc ' non-hex character

sul 87h 1 shift 'A'~-'F' down

sui A 3 convert

ret 3
[}

end ghd 3

print message pointed to by DE and

DE left pointing to the byte following the EOL so that
strings of messages can be easily printad if they are
in sequntial memory.

. No other registers destroyed *

push psw

l1dax d sget char
cpi EOL iend of string?
inx d joump pointer
Jz2 mdn tjump if so
call co jelse print it
Imp loupe tdo it again
pop pPSw
ret

routine to verify an entry

push d
push psw
Tx1 d,mok
call msg
call Cl
ani 87fh
cpi 8dh
J2 okckend
Tx1 d,abort
call msg
stc

okckend:pop d
mov a,d
pop d
ret
end okck
- Print Hex Word

PHW

TV o o0 o0 o @0 @5 9 w0 °s S we we w

hw:

Convert 16 bit word to ascii and print

INPUT t (h&l) = word to be printed
OUTPUT : None

REGISTERS CHANGED: None

push psw 1 save a-register and flags
mov a,h 1

call phb 1 print high-order byte

mov a,l i

call phb i print low-order byte

pop psw 1 restore a-register and flags
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1188 3%b c9 ret [}

'

‘ end phw '
PHB - Print Hex Byte

Convert 8 bit byte to ascii and print

INPUT : (a) = Byte to be printed
OUTPUT : None

REGISTERS CHANGED: Flags
hb: push b

W e o0 o0 o or s s a0 e o @

1122 3%¢ c$ 1 save bé&c
1123 35d 47 mnov b.a 1 save lower nibble
1124 3%5e¢ rrec 1 shift to lower half of byte
1125 3S5f ¢ rrc ] o
1126 368 ¢ rrc § .
1127 361 f rrec ' .
1128 362 cd 6c¥3 call phd 31 print upper hex digit
1129 365 78 mov a,b i+ get lower nibble
1139 366 cd 6cH3 call phd i ...and print
1131 369 78 mov a,b ;1 restore original byte to a
1132 36a ¢! pop b 1 restore bé&c
1133 36b c9 ret :
3
end phb '
PHD - Print Hex Digit

Convert hex digit to ascii and print it

INPUT : (a) = ?xh where x is the hex digit to be printed
the 7 nibble is immaterial

OUTPUT : None

REGISTERS CHANGED: flags

W ot o0 o0 o0 o0 00 90 w0 0 w0 s e = e

1148 36c¢c c8 hd: push b 1save akc
1149 36d 47 mov b,a ]
1154 36e 6 ani gfh 3 mask off lower nibble
1151 379 c6 3% acl '‘a’ s convert ‘F'-'9' to ascil
1152 372 fe 3a cpi ‘9'el s If '8'=-'9"
1153 374 da 7983 Je phdl ' then done
1154 377 c6 7 adi YAt="" 3 convert 'A'-'F'
1155 379 cd aaf#2 phdl: call co 1 print digit
1156 37¢ 78 mov a,b jrestore registers
1157 37d ¢l pop b 1
1158 37e c9 ret '
L) i
' end phd '
i
1
g e prbad - print ' WHAT ?' #w%#% DESTROYS D&E o=+
’
1165 237f 11 bd@#3 prbad: Ixi d,bad '
1166 382 cd 2483 call msg :
1167 385 c9 ret {
’
' end proad
i
'
1Subroutine to print (a) (c) times
3 uses a, c...{(c) = § on exit
1174 386 ¢ repoat: inr c tcheck for printing (c) # times
1175 387 d der c 1
1176 388 c8 repl: rz
1177 385 cd aal2 call co
1178 38¢c d der c
1179 38d c3 8833 Jmp repl
]
. | Weeee space "9"** print space
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1183 23998 7S space: push paw
1184 391 3e¢ 28 avi a,' '
1185 393 cd aaf2 call co
1186 396 f1 popP pSw
1187 397 c¢9 ret
1
} *enen sublf ***w*e 1§ bit subtract (h&l) <= (h&l) - (d&e)
1
' if (dée) < (h&1) CY = |
' 1f (d&e) >= (h&1) Cy = 8
!
1194 398 dS sublé: push d 3
1195 399 f§ push psw H
1196 39a 7d mov a,l :
1197 39b 93 sub ® '
1198 39¢ 6f mov 1,a '
1199 39d 7¢ mov a,h '
1288 39e Ya sbb d H
1281 39f &7 mov h,a 3
1202 3aF dl pop d ]
1283 3al 7a mov a,d 3
1264 3a2 dl pop d 3
1285 3a3 c9 ret ]
!
1+ UCASE - subroutine which checks the A reg for a lower case
1 ASCII letter. If one present, it is converted to upper case.
1+ If not present, nothing done. Strips parity first.
1218 3ad e6 7f ucaset ani 87fh istrip parity
1211 3a6 fe 61 cpl 61h
1212 3a8 3f cme
1213 329 d7 rnc idon't convert {f before 'a’
1214 3aa fe 7b cpl 7bh
1215 3ac d# rnc idon't convert {f after 'z’
1216 3ad d6 28 sul 28h jconvert lower to upper
1217 3af c9 ret
L
1 ROM constant allocation - alphabetical crder (sortof)
5
abort: db ‘ ABORTED I
1221 3b# 28 41 42 4f S2 54 45 44 27 21
mcrlf: db §dh ,Fsh,EOL
1222 3ba d a ff
bad: db ' WHAT 7'
1223 3bd 28 57 48 41 54 284 3f
1224 3c4 ff db EOL
1225 3¢5 4dc cmds: db i, o jcommand tabie
1226 3c6 a7 1 dw loader [
1227 3cB 45 db g 3
1228 3¢9 33 1 dw memed '
1229 3cb 47 db ‘G’ 3
1238 3cc 25 1 dw goto '
1231 3ce 44 db ‘D’ ]
1232 3cf fe | dw d_p jcommon code for dump and punch
1233 3d1 ~¢ db e i commands.
1234 3d2 fe 1 dw d_p 3 .
1235 3d4 & db ' | tend of table mark
endrec: db Sdh,Sah iend of record for pinch
1236 3d5 d a
db '‘:BSBCRNIFF" 1
1237 3d7 3a 39 38 39 39 39 39 3§ 31 46 46
1238 3e2 ff db EOL
jedm|: db ‘) m 1these lines were moved to
1 db EOL 15 extra bytes of RST 2
1edm2: db Adh, Sah ithese 1ines were moved to
' db i 14 of the 5 bytes of RST 3
' db EOL i
mok: dd ‘0K 7
1244 3e3 28 4f 4b 28 3f
1245 3e8 ff db EOL
iph1: db ''T0 ° ithese 1ines were movad to
' db EOL :5 extra bytes of RST 1
plo: db ' FROM '

1248 3e9 29 46 B2 4f 4d 28
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1249 3def ff db EOL
rmpt: db
1260 3f8 d i et
& o
1281 372 2¢ Je
1252 3f4 ¢¢ db EOL
start: db Sdh,8ah
1283 3f5 d a
db ‘M3FF.E'
1254 3f7 4d 33 46 46 2a 48
db £4h,fah,EOL
1256 3fd d a ff
]
s RAM allocation {f alphabetical order
'
1f¢d org MEMTOP-2 tMEMTOP - (# bdytes alloc - 1)
'
1£¢d STACKINIT equ S 1initial stack pointer overlaps
{ 1 lowest byte allocated.
H
answer ds 1 janswer to question
echof ds 1 techo flag: F=echo l=no echo
diyram ds 1 ;aumber of ifmS delays on <CR
' jrange: #8h to 88h
1
s At thizs point $ should = MEMTOP
'
end
# BASE 298 CI 2aa CO
ff EOL 1fff MEMTOP 1989 RAM
1ffd STACKINIT f WIDTH 3b# abort
1ffd answer 11b ask 38d zth
3bd bad 7d baudl 8f baud3
95 baudd bl baud$§ 2ab cl
2bb c2 2¢cS c3 18f cmdfnd
ff cmdnxt 325 cmds df comnd
2¢7 crif 2d8 dlfms 1fe dp
. le9 data 23a dil 199 discon
18¢c dismem 1fff diyram 1ba done
2dS dtwid) 228 dump 169 ol
172 e2 177 o3 189 ed
1ffe echofl 151 edit 13 edml
1b edm2 3dS endrec 6d entry
18b error ldc fndmrx ic2 getrec
2f5 ghb 388 ghbend 38a ghd
321 ghd2 2de ghw 272 ghwend
125 goto 1f6 1ghb laa loadl
1a7 loader lea loop 32% loupe
3ba mcrif 332 mdn 133 memad
3e3 mok 324 msg 1608 isxt
148 ok 334 okck 34d okckerd
28b pdone 38c phb 36¢c phd
! 379 phdl b phi 351 phw
3e9 plo 267 pnxtbyt 186 pr
37f prbad 378 prmpt 255 punch
388 repl 386 repeat 1988 ratd
19498 rstl 1918 rst2 1818 rst3
1928 rstd 1928 rstS 182¢c rstSS
1938 rsté 1834 rst65 1938 rst?
183c rast75 1 sercon 4 serdat
393 space 3f5 start 398 sublé
23 timectl 21 timel 1924 trap
3a4 ucase
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ramming instructions if the TMS2716 is used.

data
mnemonic and opcode reference sheet
Applications of MCS-85

data

Using the 8251 Universal Synchronous/Asyncronous
Receiver/Trnsmitter

data

data

8255 Programmable Peripheral Interface Applications

data
Family TTL General Information

data
data
data
data
data
data




APPENDIX A2

MAIN PROGRAM



A.77

; --— MAIN -——-

JRRARAKRRRKAKKARKRARRARRRRKARRRERARARRARRRRRRARRAKRRRARRRRRRRARRARRRK AKX
This program is written for control of ink jet printer.

This program uses data structure as chown in pattern program

to create a certain desired printing pattern.

For a desired printing pattern, only a new pattern program

is needed.

For programming a new pattern program, understanding of this
MAIN program is necessary.

we we W W we we

e we

;*t****t*****tt*****************************************************t****

;There are three ports for the microcomputer:

;Port A: addr 0010h, output port.

;Port B: addr 00llh, input port.

;Port C: addr 0012h, handshaking port, lower 4 bits is
output, higher 4 bits is input.

Cont ‘ol register for the ports above: addr 0013h.

;x—axis enable: 000lh
;y—axis enable: 0002h
;negative direction: 002dh

;positive direction: 0000Oh
SRR ARRRXR KKK IR AERRARRKKIRK R AT KRR KKK IIRK KRR IRIIRRK KRR KR KK KKKk kk

org 1900h

mi a,8ah ;select input and output ports, 8a means that port
a:out,b:in,c:in, lower out

out 13h ;set input output ports, control register is at 13h.

mvi a,0Ch

out 12h ;clear enables (port c) and head control

1xi h,1050h ;load data pointer
call bdset ;set stepper board parameters (x-axis)
call bdset ;set stepper board parameters (y-axis)

-------------------------------------------------------------------

main mov a,m ;move one byte of data from memory to acumulator.
cpi 002eh :check for end of file,.=2e (2e is the end flag
of data program)

jz 006ah ;if end of file,jump to moniter.
call load ;load indev values
call goto ;move table to desired location by x and y index value.

call load ;load length and width (load x-dim and y-dim value)

;the next four commands pick the shorter dimension for jog axis.
;jog: move without print.

mov a,d ;compare upper half of x-dim and y-dim only.
cmp b ;sets carry if a<b (x<y),if ad>=b sets nocarry (y<x)
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jz xjog yif x=y jump to xjog
jnc yjog ;no carry indicates x>or=y

xjog push d ;8tore y-dim on stack.
mov d,b ;move x—dim from b ¢ to d e register.
mov e,c
pop b ;now x and y have switched reg.
push b ;store y-dim to b ¢ register.

boxy mvi b,002dh ;— move (002d means negative direction

in ASCII code)

mvi c,02h ;y axis (select y-axis enable)
call movel ;printing sweep
pop b ;pop x—dim from stack.
call test ;check if x-dim is zero,test is here for lines.
push b ;push x-dim on stack.
mvi ¢,0lh ;X axis (select x-axis enable)
call jog ;(do jogging)
pop b ;(pop x-dim)
call min5 ;jdecrement jog value (x-dim value)
cal test ;check if zero,if so get new data
push b ;Push x-dim on stack.
mvi b,00h ;+ move, positive direction.
mvi c,02h ;8elect y-axis enable.
call movel ;Pprint sweep other direction
mvi c,01lh ; select x-axis enable.
call jog ydo jogging.
pop b ; Pop x-dim from stack
call min5 ;ydecrement jog value, decrement x-dim value by 5
call test ;check if zero
push b ;store x-dim value
jmp boxy

;print retangle, y-axis is jog axis

yjog push b ;Pprint rectangle,y axis is jog axis
boxx mvi b,002dh ;= move

mvi ¢, 01h ;enable x axis

call movel ;Pprinting sweep

pop b ; pop y-dim from scack

call test ;test if zero,for lines

push b ;push y-dim from stack

mvi c,02h ;enable y axis

call jog ;do y-dim jogging

pop b ;pop y-dim

call min5 ;jdecrement jog value, decremen: y-dim by 5
call test ;check if zero




----------------
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b ;push y-dim on stack
b,00h y+ move
c,0lh yX axis
movel ;printing sweep other direction
b s;Pop y-dim from stack
min5 ;decrement y-dim value by 5
test ;ck if zero, if so get new data
b ;push y-dim on stack
c,02h ;enable y axis
jog ;do y-dim jogging
boxx

----------------------------------------

;load 4 bytes of data into register.

load mov
inx
mov
inx
mov
inx

oooooooooooooooo

e,m ;loads 4 bytes of data into registers
h s;increment pointer

d,m ;X coords in de

h

c,m

h

b,m 3y coords in bc

h

-------------------------------------------

;this routine moves table to box location.

goto push
mov

b ;this routine moves table to box location

b,m ;get x direction from memory (note: x-dir and
y-dir interchange after assembly)

c,01lh ;select x axis

move ;do move

d ;put y index in de reg for move
h

b,m ;get move airection

c,02h ;select y axis

move

h

----------------------------------------------

a,00h ;checks if bc is zero,if yes get more data
b ;compare 00 with the content of bc

;return, bc is not zero
c ;b was zero is ¢ ?

main ;bc was zero,print done,get new line of data
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min5 dcx b ;decrements bc reg by 5 for jog
dex b
dcx b
dex b
dcx b
ret
jog push d ;jog increments after a printing pass

1xi d,0005h ;jog will move 5 steps
nvi b,002dh ;jog is always in negative table direction.

call move ;do the jog
pop d ;put the original number back in de register
ret
R R R OB SRR BRI I O REE R R S REREOE
move call doit ;doit provides stepper bd. commands
call hand ; output the g command from doit
ret
Siare siaishReakesisvsia sisiniainialeiaisusinisia sisiaiats e ebataisin, pisiatais sisiain oe
movel call doit ;smovel turns head on and off
out 10h ;Put on buss
mov a,c ;get enable
out 12h ;enable axis
call dataken ;watch to°see that index board has data
mvi a,08h ;reset enable,turn on head
out 12h
call busy ;wait untill move is done
mvi a,00h
out 12h sturn head off
ret

; provide stepper board command format

doit mvi a,004dh ;m register
call hand ;send in
mvi a,003ch ;<, open register M
call hand
call add3 ;looks to de for index number
mvi a,003eh ;>, close register M
call hand
mvi a,47h ;& stepper bd “go” cmd.
ret

........................ R R R R R R E R R A R R R R
. . ER I Y

;bdset gets stepper board setup commands
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bdset mov c,m ;jstore axis enable byte
call getnext ;get next data from memory to cpu , and
then to index board.
call getnext
call getnext
call getnext
call getnext

inx h
ret
R R E R S R B S O I 4 3 3 B S IO OO
getnext inx h ;increment pointer
mov a,m ;move data from memory to accumulator
call hand; move data from cpu to index board
ret

;add3 converts hex to ascii,gets index # from de reg.
;joutputs 6 digits,we need only 4,top 2 are zero

add3 mov a,b ;get minus if tbere
call hand joutput sign,0=+
mvi a,30h ;select 0O
call hand ;output lst 0 digit
mvi a,30h ;select 0
call hand ;output 2nd 0 digit
mov a,d ;select hex value
ani 00£0h ;mask out lower mnibble,also c=0
call rart ;move upper nibble down
call letck ;output 3rd digit
mov a,d ;select hex value for low nibble
ani volfh ;mask upper -
call letck ;output 4th digit .
mov a,e ;select another hex value in e register §
ani 00£0h
call rert
call letck ;output 5Sth digit
mov a,e
ani 0fh
call letck ;output 6th digit
ret

;letck looks for hex letter,if so converts to proper ascii code
; it converts number from O to 9 in hex te ASCIIL.

letck adi 30h ;add ascii prefix
cpi 3ah ;ck if hex "letter" number
cnc adja

call hand ;output digit
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;adj4 converts A-F from hex to ASCII

adjéa sui
adi
ret

2 sssass sienalelinly

0%h ;adj lower nibble to ascii code
10h ;set upper to ascii code

;rart rotates 4 digit down.

rart rar

rar

rar

rar

ret
yessesiiiiiiinee

;hand puts data from a reg. on buss
;passes axis enable in c reg.

hand out
mov
out
call
mvi
out
call
ret

----------------

;check if data

10h ;put data on buss of output port A
a,c ; move axis enable byte to r2g. a

12h ;enable axis

dataken ;check if data has been taken ?
a,00h

12h ;jreset axis enable

busy ;check if index board busy ?

has been taken

dataken in 12h ;moniter data taken pin 37 stepper bd
ani 00£0h ;mask lower bits
cpi 40h ;sets zero flag if line is high
rz
jmp dataken

icheck if index board busy

busy in
ani
cpi
jz
jmp

12h symoniter busy pin 26 ret when high,ie done.
00£0h ;mask low bits

80h ; compare

wait ;1f busy line high,go wait untill low

busy
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;wait until index board is not busy

wait in 12h
ani 00£0h
cpi 80h
rnz ;1f busy is low, return
jmp wait

;joysk is for interrupt of manually joystick control.

joysk mvi a,8ah ;select control word for for port control register
out 13h ;set pio in case of reset
mvi a,08h
out 12h ;clear enables, leave head on
joy in 11h
mov b,a
mvi a,04h ;ymove right
cmp b
jnz two
mvi c,0lh
mvi  a,004ah ;J for jog+
call hand
call time
two mvi a,08h ;move forward
cmp b
jnz three
mvi c,02h
mvi a,004ah
call hand
call time
three mvi a,01h ;move left
cmp b
jnz four
mvi ¢,01h
mvi a,49h
call hand
call time
four ovi a,02h
cmp D
jnz  joy
mvi c,02h
mvi a,49h ;I for jog-
call hand
call time
jmp  joy
time mvi ¢,0030h
ti mvi d,002z2h
me dcr d
juz me




decr
jnz
ret
org
jmp
end

ti

1024h
la7fh
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