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(57 ' ABSTRACT

The present invention provides a device which takes
the place of the microprocessor in a microprocessor-
based system, and which provides the user with manual
control and monitoring of the logic level of each sepa-
rate input or output pin corresponding to the same pin
of the single chip microprocessor of the system under
test.
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STATIC STIMULUS TESTER FOR
MICROPROCESSOR SYSTEMS

BACKGROUND OF THE INVENTION

This invention is concerned generally with testing of
microprocessor systems, and more particularly, with a
device for controlling and monitoring the microproces-
sor in the system.

With the rapidly escalating use of microprocessors in
electronic systems of all kinds, the testing and debug-
ging of such systems has become a major concern. In
the prior art, it is known to use “signature analysis™ at
various points in the system. This can be accomplished
with a device such as the Model 5004A by Hewlett-Pac-
kard Company, which compares a known “good” bit
stream against the empirical bit stream measured at
selected test points in the system. Although some infor-
mation is obtained through the signature analysis, de-
tailed information about the system operation is not
revealed.

The use of logic state analyzers such as the Model
1661A by Hewlett-Packard Company provides more
information about the system under test. These analy-
zers provide passive monitoring of the hardware and
measurement of logic levels on the system data bus,
address bus and control bus lines. Although information
about the system is received, contro! of the system is not
obtained through such devices.

The deficiency of logic state analyzers related to
control has been remedied by the use of in-circuit emu-
lators such as the ICE-B0 (8080 in-circuit emulator)
from Intel Corporation, which are microprocessor
based test systems which perform exactly like the mi-
croprocessor component system under test. Generally,
the emulation of the microprocessor is accomplished on
a small computer system, so that the user has some
control over data entry and output into the system
under test. However, detailed control of each micro-
processor pin is still not possible.

In yet another level of sophistication of the in-circuit
emulator, a “stand in” for the microprocessor has been
developed which enables the user to single step through
the normal sequencing of the microprocessor in the
system under test. Even with the use of these stand in
testers, it is still a problem with the testing of micro-
processor systems in that control of the microprocessor
is limited to the single “machine cycle.” That is, the
microprocessor can only be “frozen” or stopped in
certain very specified electrical cases.

SUMMARY OF THE INVENTION

In accordance with the illustrated preferred embodi-
ments, the present invention provides a device which
takes the place of the microprocessor in a microproces-
sor-based system, and which provides the user with
manual control and monitoring of the logic level of
each separate input or output pin corresponding to the
same pin of the single chip microprocessor of the system
under test. Thus, a device according to the invention
allows the user to manually control any signal within
the system that the system microprocessor would nor-
mally control, statically adjusting the logic levels of
each signal line without regard to order or past history
of the system. The user can therefore verify the opera-
tional status of any part of the system, whether or not
the system, as a whole, is operational. Feedback loops
of the system can be broken, and intermediate points of
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2
the loop directly accessed. Individual pins can be elec-
trically stimulated and monitored to locate a “stuck”
bit. Additionally, the user can exercise selected commu-
nications paths in the system, while monitoring the
signal integrity at all points.

DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of a statis stimulus tester
(SST).

FIG. 2is a view of the front panel, of the static stimu-
lus tester, including keyboard and display.

FIG. 3 is a schematic diagram of the controlling
microprocessor used in the SST.

FIG. 4 is a schematic diagram of a ROM and a RAM
used in the SST.

FIG. 5 is a schematic diagram of the keyboard and a
part of the display of the SST. '

FIG. 6 is a schematic diagram of additional sections
of the display for the SST.

FIG. 7 is a schematic diagram of the 1/0 interface
bus of the SST which connects the SST to the system
under test.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A device according to the invention will sometimes
be referred to hereinafter as a Static Stimulus Tester, or
“SST.” In FIG. 1, there is shown a microprocessor
(MP) 11 used in the SST, which may be, e.g., the model
number 8080 available from the Intel Corporation, Sun-
nyvale, Calif. Processor 11 is accessed by the user
through a keyboard 13, to be described in more detail
hereinafter. Information from the processor is displayed
on a display 15, which may be of the “hexadecimal”
type. ,
Interconnection with the system under test is made
via a series of pins, or “Control 1/0 Ports” 17, which
correspond in number and physical arrangement with
the pins of the microprocessor in the system under test.
In operation, that processor is removed from the system
under test, and Control I/0 Ports 17 connected in its
stead, preferably through a connecting cable 18. )

The operating system for the SST is stored in a sys-
tem ROM (read-only memory) 19 which may be e.g., an
Intel 2708 EPROM. The information stored in ROM 19
directs the action of internal microprocessor 11 in com-
municating with keyboard 13, display 15, and Control
I/0 Port 17. A system RAM 21, such as an Intel 2114,
provides temporary storage of data for use by internal
microprocessor 11. RAM 21 is also used to store tempo-
rary programs that are entered as keystrokes on key-
board 13 in a manner similar to that employed in pro-
grammable calculators.

Referring now specifically to FIG. 2, there is shown,
in more detail, a keyboard 13 which is specifically
adapted for testing systems involving the Intel 8085
microprocessor. The keyboard will have a different set
of keys if the SST is to replace a different microproces-
sor in the system under test, the arrangement of which
will be evident to those skilled in the art after reading
the totality of the present specification.

In FIG: 3, microprocessor 11 is shown in more detail
including a microprocessor chip 23, an 8228 system
controller 25, and a pair of 74L.S367 address bus buffers
27 and 29. A number of logic gates are also included to
provide the correct chip select and write enable signals
to the SST system.
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ROM 19 and RAM 21 are shown in more detail in
FIG. 4 including the particular interconnections 31
between processor 11 and the various 2708 ROM chips.

In FIG. 5 are shown keyboard 13 and display 13
which includes four alphanumeric display elements 33,
35, 37 and 39 of the HP 5082-7340 type, available from
Hewlett-Packard Company, Palo Alto, Calif.

FIG. 6 shows additional indicators used as part of
display 15 such as a number of LED’s 34, 36, and 38,
used to prompt the user as the SST executes functions in
normal system operation.

FIG. 7 shows Control 1/0 Port 17, including inter-
connections 41 to/from processor 11, and interconnects
cable 43 to/from the system under test.

The invention will be best understood by means of an
operational example. In particular, it will be assumed
that the system to be tested involves the Intel 8085
microprocessor, which is to be replaced by the SST for
system test purposes. As noted above, the keyboard of
FIG. 2 is appropriate for such a system, and the differ-
ent labels of that keyboard will be referred to in this
example. In this particular example, the SST will be
used to read data from the ROM or RAM of the system
under test. To understand how the SST performs this
function, it is helpful to know how the 8085 micro-
processor, itself, executes this function. This informa-
tion is known by those skilled in the art, but will be
summarized here for completeness. To read data from
memory, the 8085 microprocessor executes the follow-
ing general sequence of events. All terms refer to I/O
pins of the 8085 itself:

(1) System address is set to the location of memory to
be read. ’

(1a) A15-A8 the upper address byte is set.

(1b) A7-AO0 are set on the data lines of the 8085 mi-
CIOprocessor.

(2) The ALE bit is set to a logical 1.

(3) The ALE bit is set to a logical 0. (With the ALE
returning to a logical O, the lower byte of address is
latched into the address latch in an 8085 system.)

(4) I/0 memory line (I0/M) is set to a logical 0 indi-
cating a memory operation.

(5) RD signal is set to a logical 0.

At this point, data from the address location of mem-
ory is on the system data bus. The 8085 microprocessor
strobes this data into an internal register.

To perform this same general function with the SST,
the following sequence of events are performed:

(1) The user removes the 8085 microprocessor from
the system under test and installs SST cable 18 of FIG.
1 into the vacated socket.

(2) The user presses the key labeled ADR on SST
keyboard 13. The SST will respond by blanking display
15, and turning on a light-emitting diode (LED) to
indicate that four address nibbles are required before
proceeding. These four nibbles will uniquely define a
16-bit address.

(3) The user now enters four digits via the keyboard.
For example, the user may enter the hexadecimal num-
bers ABCD.

(4) The user now presses the key labeled ENTER,
whereupon the following occurs: the 16 bits defined by
the word ABCD are set to the proper control output
ports; the 8-bit word AB is strobed into a latch 45 while
the 8-bit word CD will be set into another latch 47. The
SST now turns on an indicator LED 49 (labeled
“COM” in FIG. 2) and waits for another user input.
This completes the first step in the electrical sequence
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to read data from memory; namely, set the system ad-
dress bus. When the ENTER key is pressed, the SST
will automatically take the ALE line to a logical 1 and
the ALE line to a logical 0. This will laich the CD
address that was on the data bus into the address latch
of the system under test (the address latch must be pres-
ent in any 8085 microprocessor system). Thus, at this
point, the address is effectively presented to the system
memory. It can be noted that the address is set statically
on the address bus of the system under test, so that the
user can electrically verify the logic conditions of the
address bus line using Direct Current or Static measure-
ment techniques.

(5) The next operation the user will perform is to
press the key labeled I0/M. When the user presses this
key, the SST will light another indicator LED 51, 52
(labeled “WAIT"” and “D1” in FIG. 2), an indication to
the user that one digit must be entered. The SST is
waiting for a O or 1 to be entered via the keyboard. The
user will press the key labeled O and next press the
ENTER key. When these two operations are complete,
the I0/M line output from the 8085 microprocessor is
now set to a logical 0 indicating a memory operation to
be performed. Next, the user will press the key labeled
RD. The SST will wait for a 1 or O to be entered. The
RD control bit C2 of latch 53 (FIG. 7) is set to a logical
0. This action will set the RD signal of the system under
test to a logical 0.

After this step is complete, the data from the system
under test of the designated memory location should be
present on the data bus of that system. To read the data
bus with the SST, the user presses the key labeled
RBUS. When this key is pressed, the following will
occur: y

(1) IC 47 of FIG. 7 is disabled.

(2) IC 55 of FIG. 7 is clocked by SST processor 11 of
FIG. 1.

(3) Processor 11 on the SST reads the data clocked
into IC 55 (this being the data that was present on the
data bus of the system under test.)

(4) Processor 11 will write the data read from IC §5
to the SST display 15. In this way, the user can visually
verify the logical condition of each bit on the data bus
of the system under test.

The above-described “MEMORY READ?” function
is performed in response to user activation of a particu-
lar set of keys on the keyboard. Other functions are
activated by different keys to be described immediately
below. Upon activation of a key, processor 11 interro-
gates a “Command Jump Table” in ROM 19 to locate
the ROM address of the routine corresponding to the
key-defined function. Processor 11 then executes this
function routine and any other routine which is called in
the process of executing the function routine.

For a system under test in which the microprocessor
is an 8085 by Intel Corp., the program listing of the
“Command Jump Table” and the routines required to
execute the keyboard commands is included herein as
Appendix “A". The SST operation resulting from this
preferred keyboard and set of programs is summarized
below where reference is made to the key labels (which
are identical to the labels in the “Command Jump Ta-
ble,” unless otherwise noted.

ADR

The ADR key, or address key, will put the SST into
a mode where it is waiting for the user to enter 4 hexa-
decimal digits to be used as a 16 bit address for the
microprocessor system under test.
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DATA

The DATA key puts the SST into a mode where the
microprocessor is waiting for the user to enter two
hexadecimal digits to be used as 8 bits of data to be
placed on the data bus of the system under test.

REO

The REO is short for Reset Qutput. When this key is
pressed the SST will wait for the user to enter a logical
1 or a logical O on the keyboard, to be placed on the
reset output line.

SOD

This is the abbreviation for Serial Data Output. When
this key is pushed the SST will wait for the user to enter
a logical 1 or a logical 0 very similar to the reset out
function.

REP

This is the abbreviation for REPEAT. When the
REPEAT key is pushed, the SST will repeatedly re-
execute the last key entered, prior to the REPEAT key.

DEF

This is the abbreviation for DEFINED FUNC-
TION. This key is pushed to define a function, e.g.,
when the user desires to write his own program for the
SST. The program itself is entered via keystrokes, much
as the programs are entered into a programmable calcu-
lator.

CE

The abbreviation is short for CLEAR ENTRY,

which clears the keyboard and awaits new data to be
entered.

HLDA

This is the abbreviation for HOLD ACKNOWL-

EDGE. When this key is pushed the SST goes into a’

mode awaiting entry of a 1 or a 0, to be placed on the
hold acknowledge line.

WR

This is the abbreviation for WRITE. When this key is
hit the SST will wait for the user to entera l ora 0, to
be placed on the write enable output line.

INTA

This is an abbreviation for INTERRUPT AC-
KNOWLEDGE. When this key is hit the SST will
await entry of a 1 or a 0, to be placed on the interrupt
acknowledge line.

I0O/M (referred to as IO&M in the listing)

This is an abbreviation for the 1/0, or Memory line.
When this key is hit the SST goes into a mode waiting
for the user to enter a 1 or a 0, to be placed on the 1/0
or memory output line.

LDA

This is the abbreviation for LOAD A REGISTER
WITH MEMORY DATA. When this key is pressed
the SST will go into a mode awaiting entry of 4 hexa-
decimal digits to be entered as the address. After the 4
digits have been entered the SST will automatically
control all the bits necessary to read data back from
memory at the address specified.

STA

This is the abbreviation for STORE A REGISTER
INTO MEMORY. When this key is pressed the SST
will await entry of 4 hexadecimal digits specifying a
unique memory address. After the address is entered the
SST will then wait for two more hexadecimal digits to
be specified, as data to be written to the unique memory
address. After this data has been entered, the SST will
automatically perform all the necessary control to write
those 8 bits of data into the memory of the system under
test.

20

6

RESET

This is the abbreviation for RESET. When this key is
pressed the SST will execute the internal program
which is the same program executed when power is first
turned on to the system.

RAM

This is the abbreviation for RANDOM ACCESS
MEMORY TEST. When this key is pressed the SST
awaits entry of 4 hexadecimal digits to be entered to
specify a starting address for the test to be run. After the
starting address is entered, the SST will then wait for 4

" more hexadecimal digits to specify an ending address.

When the ending address has been entered the SST will
automatically perform a functional test on the system
RAM between the address limits that were specified.

ROM

This is the abbreviation for READ ONLY MEM-
ORY TEST. When this key is pressed the SST will go
into a mode waiting for 4 hexadecimal digits to be en-
tered. These hexadecimal digits are a starting address
for the ROM test to be run. After the 4 digits have been
entered the SST will automatically compare a test
ROM plugged into the SST front panel against the

- ROM of the system under test specified at the starting
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address the user entered.

CLK

This is the abbreviation for CLOCK. When this key
is pressed the SST will wait for a 1 or a 0 to be entered,
to be outputed on the clock line.

RD

This is the abbreviation for the READ LINE. When
this key is pressed the SST will wait fora 1 ora 0 to be
entered. The 1 or 0 will be outputed on the read line.

F1, F2, F3

These three are user definable functions. When this
key is pressed the SST will go into a mode waiting for
the user to enter in a series of keystrokes to be executed
as a program. After the keystrokes have been entered,

.the keystrokes corresponding to any of the keys labeled

F1, F2 or F3 will be executed each time the user presses
that key.

ALE

This is the abbreviation for ADDRESS LATCH
ENABLE. When this key is pressed the SST will go
into a mode waiting for a logical 1 or a logical O to be
entered, to be outputed on the address latch enable line.

SO1

This is the abbreviation for the STATUS 0 and 1
LINES on the 8085 microprocessor..-When this key is
pressed the SST will go into a mode waiting for any
number 0O, 1, 2, or 3 to be entered, which will be out-
puted on the two lines 0 and 1.

IN

This is the abbreviation for INPUT DATA to the
accumulator. When this key is pressed the SST will
await entry of two hexadecimal digits which specify an
address of an input port. After the address has been
specified by the user, the SST will automatically per-
form all the control necessary to execute an input in-
struction. The data from the input port specified will be
displayed on the SST.

ouT

This is the abbreviation for OUTPUT ACCUMU-
LATOR TO OUTPUT PORT. When this key is
pressed the SST will await entry of two hexadecimal
digits. These hexadecimal digits will specify the address
of the output port. After the address has been entered
the SST will then wait for the user to enter two more
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digits which will specify 8 bits of data to be written to  data on the 4 digit display located on the front panel of
the specified output port. After the data has been en- the SST.
tered the SST will execute all the control necessary to . ..
write the data to the output port specified. ENTER (referred to as ENTR in the listing)

RBUS 5  This is an abbreviation for ENTER DATA. When

This is the abbreviation for READ DATA BUS. this key is pressed the data that is displayed on the SST
When this key is pressed the SST will automatically 4 digit display will be entered into the SST and used as
strobe the data on the system data bus, and display the  data for the command being executed.

APPENDIX "A"

22 poee e ey R R R R R

23 peep .

24 2000 « GLOBAL SYSTEM EGUATES \
25 peep . '
25 DDDB . -tt!ttttttttttlQtlt'tt.itt-n‘t!'ttt't!t-tttttlottltitt!tt.ls
27 eeee *

28 poeee *

29 poeoe STACK EQU 1190H STACx ADDRESS (2ee DEEP)
32 eeee VARAB EQU SYACKe}

31 eoee "

32 o900 a SS5T ADORESSES

33 peew : I :

34 go00 "AADRL EQU @FFFEH ADDRESS LOm BYTE (NOT USED)
35 poee AADRW E£0OU @FFFDh ADDRESS HIGHW BYTE

36 evoe ADAT] EQU OFFFBH CATA INPUTY

37 edee ADATD EQU OFFF7h DATA OUTPUY, ADDRESS LOW
38 eoed AMSB EQU BFFEFH DISPALY MSB -
39 ovee ALSB EQU @FFDFNK DISPLAY LSE

49 RVRD ADISP EGU @FFBFHM DISPLAY CONTROL

41 PBRP ACNTY EQU OFF?Fh CONTROL BYTE ONE

42 po2o ACNT2 EQU OFEFFn CONTROL BYTE TaD

43 ppeRe AKYBD EQU @FDFFH KEYBOARD

44 2000 ASTAT EQOU OFBFFH STATUS LIGHTS

45 0PBP *

46 0020 s NUMBER DF MEMORY PORTS

47 epee . *

48 G000 NUMA  EQU 11

49 0000 * - S

S0 eeee ¢« LIGHY STATUS EQUATES

51 eoope . '

32 po0R sCHD EQU 1§ COMMAND

53 sopR SFAIL EQU 2 FAIL

54 00RO $01 EQU 1248 DI & WaALlY

55 eeed sD2 EOoU 44B D2 + wAlY

56 oeed T BA2 EQU 248 A2 © WALT

57 eee® SAa EOU 148 A ¢ wAIT

58 puep .

59 2420 e CONTROL BIT MASK DEFINITIDNS

6y ei2e .

61 o000 « CNT1 BITS

bE vree .

63 dRUY %S0 EOU P

o4 pode uSst EQU

65 oopR uSOD EGQU 2

66 Qb2 paALE EDL 3

67 gved #KRED EOU 4

68 pvae mioem EDL O

69 peoe mWR EQu 6

7¢ vhbR MRD EQU 7

71 eoe0 *

72 poed e« CNT2 BITS

73 odbe L .
74 o220 MDBUS EQU 128

75 pop0 MINTA EQU 12D

76 peee MHLDA EGU 138

77 wnoee MCLK EOU 13

78 pp00

"
78 obpo « MISC, EQUATES
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9 10

8¢ oo0Q ]

61 eeee KTIME EQU 1802 NUMBER OF DEBOUNCE LOODPS

42 eee NINIT EQU 14 NUMBER OF INITAILIZ2E BYTES

8> eeee -

84 pege « KEY CODES

6% eoee -«

86 pooe CREP EQU S

87 dpRR CDEF EQU 6

88 eeee CLDA EQU 12

89 pvuovR CFy EoU 19

90 oo cfe ECU 20

g1 degee cF3 EGU 21

82 peoR .

£S5 eoeo "

94 o220 ttt!tltt!tl..t‘*ntl'ntttlt‘tiﬁttl.itttttit.tlit‘iiitl.itttil
95 poep " »
96 g200 « VARIABLES ‘ ’
97 eoged « ’
ps o00R AR R AN AR E AR R AN ERER AP NP AP RN NG AR PR T AN R AR EN AR AN TR RANTRN?
3111 « )
198 pooe "

101 1194 ORG VARAB

192 1191 o0 PKEY DB @ PREVIOUS KEY VALUE -
1P3 1182 e LKEY DB @ SAVEC KEY VALUE

104 13193 00 REGY DB @ 6P REGISTER

185 1194 22 B8P LPNTIR Dw @ LDOP COmMMAND POINTER

106 3119€ @p @0 L2 Dw 2 CFUN POINTER
187 1108 "
108 1198 * INITAILIZE REOUIRED VARAJIBLES

160 1198 .

110 1188 g0 . $MASK DB @ SAVED SCAN MASK

111 1199 ©0 KMODE DB © KEYBDARD nODE FLAG

112 31PA FF RMODE DB @FFH . REPEAY FLAG

113 1198 .

114 1198 ) s OUTPUT DATA BUFFER

115 11688 .

116 119D oP OADRL DB @ ADCRESS LDW

117 119C @0 DADRH DB ® ADDRESS ®IGH

118 1190 o2 IDATA DB @ DATA IN

119 119 b ODAYA DB @ DATA OUY

120 119F B0 oMS8 DB o MSB OF HEX DISPLAY

12% 1140 PO oLSB D8 @ L§6 COF mEX OISPLAY

122 1141 9o oDISP 0B @ DISPLAY CONTROL

123 1142 #Bu OCNTS DB ® CONTRCL BYTE OMNE

124 11AD 08 pCNT2 DB B CONTROL BYTE TwO

129 1144 pp pDKYBD DE © KEYBCARD

126 11A5 02 OSTAT DB @ STATUS LIGHTS

127 1314a6 .

128 1146 « FUNCTION KEY DEFINITION &REA

129 1146 " -

130 1146 KF1 0§ 2pe

131 126E KF2 DS 200

132 1336 KF3 Ds 2089

133 $13FE "

134 1JFE *

135 13FE CRPNRARRERRR AR AN AR AR A AR E A PR RGN KR CRA SR RRASEN AN P CadRRaRAES
136 3FE . * *
137 (3FE a POWER FAIL, RESET ROUTINE .
138 1JFE . "
130 1J¥FE Frprrrrrrrereorereer Tt T ITY ITITI TR S RLAT AR LA L LS R L AL L LA R b
149 IJFE "

143 3JFE "

142 PPOP ORG BRR2OH

143 pope 33 PP 1) RESET LXI 8P,8TALK GET STACK POINTER

144 pOQY 21 56 o0 © LXI Wy0INIY GET INIT ADDRESS

145 peed 11 98 1} LXI D,SMASK GET BUFFER ADDRESS

146 poed ot ef MyI C,NINIY LENGTH

147 pOOB CD Ad B3 CALL MVAR MOVE 17

148 pRRE JE @5 Mvl A,CDEF RESET FUNCTION KEVYS



149
150
151
152
153
154
155
156
157
158
159
169
164
162
163
164
165
166
167
168
169
17e
171
172
173
174
178
176
177
178
179
182
181
182
163
1ds
133
186
187
183
189
192
191
182
193
194
195
196
187
198
199
200
201
202
283
204
235
206
297
208
299
210
211
212
213
214
219
216
217

eni2
eeyd
pR16
pe1y®
ee1c
BRIF
eeze
e02d
paes
eped
po2d
eez2d
ee2d
2223
g025
o028
eezs
o028
po28
eez2s
ee2d
eB2E
o031
P4
[ ] 21]
2035
o035
2035
o03s
R3S
2035
.1-2.}.]
0035
2838
Bd8
eads
ea3a
CLRY
2039
ed3C
8a3F
CIEDY
2044
paasd
2046
2a4z
ea4?
e2ay
da47
- TXY
gaeaC
204F
ee32
2033
256
8356
0e36
0036
9036
2056
¥d36
0436
T EL
@e36
02368
CFEL

0256 @@
ees? @3
2938 FF

32
32
32
co
o)
Fe
cy

gb
co
cd

24
22

Ce

FS$
J A
Fa
3E
32
Fi
Fe
co

31
3E
J2
co
Fa
o,

A

36
LT}
Ca

72

ep
38
33

e
A2
82

9A
47
FF
9a

se
oF
AL
L)

72

11
i2
13
83
ee

83
ee

ee
11
ed

11
T

11

11

11
23
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11 12
STA KF})
. 5TA KF2
§TA KF3
CaLL DouTt UPDATE
CALL SALE STROBE ZERD ADDRESS
El ENABLE INTERKUPTS
JMP CMD WwalT FOR COMMAND
 §
s USE THIS ROM SPACE (2% BYTYES)
. )
. -
e« THIS GUY CLEARS A SINGLE CONTROL BIT A8 PER A REGL MASK
L]
CLR MvI B,® GET DATA
CLR2 CALL DBIT CLEAR B1Y
JMP CRST2 REUSE CRSTY CODE

*
¢+ THIS GUY RESET BOTH CONTROL WORDS
* TO THEIR INITAIL CONDITIONS
"
c

RST LHLD SINT CONTROL RESET

SHLD OCNT!
CRSTR CALL Dourv

RET
* ‘
" e
(22 3 3338282122322 2 222 2222232343328 238222223233 1223732 0128438}
< ’ ]
» CLEAR ENTRY, RESEY 7 ROUTINE v
] ]

AR RAR S R AR RN R A RN ARSI AU E N RS R R R R R AR R AR A AR RO NS C R E R PRR R ERNE Ry
*
.
ORG 38K
*
* CHECK REPEAT KEY MODE
*

RST7 PUSH PS4 - SAVE PROC STAT

LOA RMODE REPEAT MQDE ?

JM RST73 NO

MVI A,3FFH YES, CLEAR IT

STA RMQODE

POP PS» RESTORE PRQOC STAY
El

RETY

| ]
w NORMAL CLEAR ENTRY

"
RST7B LxI §P,STACK RESET STACK

MVI A,BFR BLANK OISPLAY

5TA QOlsP

CaLL DOuUT

el ENABLE INTERRUPTS

JMP CMD WAIT FOR COMMAMND
] .

»
Y1 3322332233223 22233 2200322200 X2 22222 20 RRRRRRR R R0 Rl )]l

*
* CONSTANTS

*
AR RN RA AR R AR R R E RN A AR R R SRS RN AR AR AR ANRNRRANNAN IR OR

]

-

*
)
o VARIABLE INITAIL CONDITION VALUES
"
o

INIT DB @ SAVE MaASK
pg o KMODEsLOCAL
D8 ¥FFH OISABLE REPEAT KEY
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13 14

218 Qa59 Qa2 . 08 2 ADORESS LOW
219 Q034 22 08 @ ADORESS nIGH
229 00353 29 . D3 @ DATA IN (MEANINGLESS WRITE)
221 0053C ¢ 08 @ DATA QUTY
222 @950 82 08 asen M8B OF HEX OISPLAY
223 Q03E 83 D8 aasrm LSB OF MEX DISPLAY
224 Q03F 29 08 @ DISPLAY CONTROL
225 0282 C3 SINT 08 8C3m CONTROL BYTE OME
226 Qab1 ¢e SINT2 DB @ CONTROL BYTE TwWO
227 92962 @e pg8 @ KEYBOARD
223 2963 @1 o8 STATUS LIGKHTS
229 Q464 »
230 B26a ‘# CFUN ARRAYS
231 2364 »
232 23064 EA SIN 08 @EAH. READ STATUS
233 9965 g2 DB oE2nm . ALE STROBE
234 2466 82 D8 a62m READ I/0
233 67 *
236 9067 E9 SOUT DB QESH ARITE STATUS
237 068 Et- - - D3 PELNm ALE STROBE
238 969 AL S0UT2 03 @aln WRITE I/0
239 236a C3 08 8aCn RESET -
249 gooB . g
241 0968 Ca - - - SLDA DB BCanm READ STATUS
g:g :g:g g: 08 aCan ALE STROBE
"
244 vooE . 09 P42 READ MEMORY
249 JVOE C¥ S88YA DB eCcom WRITE STATUS
246 RusF Cy D8 oCiM ' ALE STROBE
247 7?0 61 $STA2 DB 08iH n&1TE MEMDRY
248 p@71 C3 D8 oCan RESET
24¥ gp72 ]
2506 ve72 -«
251 eB72 NSRS AR SRS ANNAC R ORI PR R PR ARSI AANSH N AANPARNA PSR G REEEARRRRER
25z o072 ’ .
253 e072 * COMMAND ENTRY STATE L]
254 9072 « . .
255 Bp72 AR SRR R R RS S RN AN AP RE AR SRR RGP RARSRPRAREASACNGUssaRERAnd
256 9P72 *
257 B2 »
258 po72 *
259 p072 s SET COMMAND STATUS IN LITES
260 p@72 "
261 @e@72 JE o} cHo MV A,SCMD GEY COMMAND STATUS
262 p074 32 AD 13 STA DSTAY SAVE IN BUFFER.
263 @277 CD 0p 9) CALL DQUTY
264 2874 CD E3} 02 CALL RKEY sAIT FDR KEY DOWN
265 pe’p 3D DCR A HAKE € T0 N-=}
266 pB7E @7 RLC TINES 2 .
267 pB?F 23 BE B8O LXI W, JMTAB GET JUMP TABLE BASE
268 pps2 CD 2D @2 Caltl ADANWL ADD Y0 WL
269 pp8S SE MOV Em GET ADDRESS
27p o086 23 INX H NEXT BYTE
271 B2BY 56 MOV D, M
272 0088 21 72 00 LX1 W,CHMD GET RETURN ADDRESS
273 eBesp E6 XCHG PLACE IN HL
274 008C D5 . PUSK D PUY RETURN IN STACK
275 oebD ES PCHL JMP INDIRECY
276 BRBE .
277 QQ&E « COMMAND JUMP TABLE
278 wvest -
279 @obE Ca 20 JMTAB Dw ADR @=ADCRESS
28p» 2098 D5 o0 DwWw DATA 1=DATA
281 eus2 DC e@ Dw  RED 2-KESEY DULTY
262 @094 EI BR DWw SOD 3=SERIAL DATA DUT
283 peds EE o} . DN REP 4=-REPEAY
2084 2050 Sp o) Dw DEF S-DEFINE FUNCTION
265 DRoA OF B bw  CE 6=-CLEAR ENTRY, RSY 7
286 ppsC §p 21 Dw  HLDA 7=nDLD ACKNOWLEDGE

287 pRJE 15 Bl DW WR 8=wRITE



288
289
290
29
292
293
294
295
296
297
298
299
300
Jel
J02
303
304
3835
K11
307
Jde
B9
J10
311
12
313
314
319
316
317
318
19
320
-2
Y ¥
323
324
328
b V1]
327
328
329
3Je
3
332
R )
334
338
3¥6
3y7
338
336
J40
341
342
34
344
345
346
347
348
349
350
k131
352
ISy
354
35%
356

Boap
eRA2
eoad
BUAS
paal
oAl
poAL
0RAE
pebe
seb2
(1 1.7]
eBB6
aebs
oebaA
eesdc
BObE
1.1
peC2
pwce
teCd
vreCa
brC4
evCa
evcd
poCa
gaC4
enC4a
pecd
1% 4
POCA
pecc
guCF
.eedt
pobD4
pedd
peDS

¢o
co
3E
ch
3t

co.

co

pews. .

pebs
pope
peDs
eeDC
PbDC
eeDC
eenc
BODE
eeElL
eeEl
POEY
213
ORE3
poEé
BOES
BRES
eRE6
PRE?
peEC
©eEF
QeF2
2RFS
OF8
eeFy
pOF®
oRF S
118
bOFC
QUFF
102
2105
eies

co
co
ce

3E
£3

3
c3

co
co
21
e
o
co
cP

co
co
21
co
co
21

21
el
et
01
el
el
el
el
ol
81
L}
[}
el
el
-1
L1
L3
p2

68
8
»3
76
ed
23

k13
L]

28
4D
67
€5
3E
-1

ez
ed

83

ee.

'Y3

83

o2

02

Qe
e2
e
e3
el
1]
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15
Dw
Dw
Dw
ow
Dw
Dw
Dw
Dw
‘Dw
Dw
DW
Du
Dw
Dw
Dw
Dw
Dw
Dw

INTA
I0eM
LOA
STA
RSET
RAM
ROM
CLK
RD
Fi
F2
F3
ALE
8§01
IN
ourt
RBUS
ENTR

*

*
« COMMAND CODE
.

ERERANRARRARARERR RN RV E AR N VSRR P A CA ARSI R RSOSSN ERCARIROARANES

»

+ ADDRESS REQUEST
[ ]
4DR  CALL GA4
CALL DOUT
MVI A, MALE
CALL SET
MvI A,MALE
. CALL CLR

RETY

SALE

.
» DATA REQUEST

L

DATA CALL GD2
CALL DOUY
RET

"

« RESET DUTPUT

»

RED Myl A,MRED

JMP DOBIT

®

» SERIAL DATA OUT
*
80D  MVI A,MSOD
JMP DOBIT

.

« INPUY
*
IN CALL CRSY
CALL GA2
LXI M,81IN
CALL CFUNS
CALL RBUS
CALL CRST
RETY

.

» DOUTPLT
"
ouy CALL CRSTY
CALL GA2
LX1l H,S0UT
CALL CFUN2
CALL GD2
Lxl H,50UT2

16

S=INTERRUPT ACKNOWLEDGE
1é=10 OR MEMORY

11=-LDAD A REGISTER
12-STORE A REGISTER
13-RESET

14~RaM TEST

15-k0M TEST

16-CLOCK

17-READ

18=-FUNCTION 1
16=FUNCTION 2
20=FUNCTION 3
231-ADDRESS LATCH ENABLE
22-STATUS LINES
23=1INPUT

24-0UTPUT

25~READ BUS

26-ENTER DATA

AR A KA AN R AN AR A RN RS RO R VAL AR P RN RO ACAE RSB AT AR AN R AN Ao RNk NESS

GET ¢ NIEBLE ADDRESS
UFDATE '
STROBE ALE OMLY

GET 2 NIBBLE DATA
UPDATE

GET MASK

GET MASK

CONTROL RESET
GET PORT ADDRESS
CONTROL FUNCTIONS

READ THE BUS
CONTROL RESET
DONE

CONTROL RESET
GET PCRT ADDRESS
CONTROL FUMCTIONS

GET DATA
CONTROL FUNCTICNS



357
358
359
d6p
361
362
363
364
365
366
3e7
gb6d
369
d7e
37y
372
373
374
375

377
378
379
Jeu0
381
382
383
384
38
386
387
kYY.
RY-3']
kY-
3
3v2
353
3sd
395
3se
357
3986
399
4pe
431
4p2
FI'R)
ag4
aps
aps
a7
408
49
a1
411
aiz
413
a1 4
a15
416
417
ai8
419
a2
421
a22
423
424
425

o1e8
010E
e10F
(2113
[ 3Y:14
pi0fF
plie
eile
p11®
110
piie
£11s
bi1s
vi1d
Bitd
ni17
bila
2114
G114
giia
211C
e11F
e11F
P11F
p11F
pl2y
pi24
8124
vi124
el24
pi27
gi12a
ciap
15
2133
136
6137
e137
8l1a7
8137
PLl3aA
213D
elep
8143
plLab
p149
B14C
©i4D
2140
B14D
14D
014E
V14E
014E
14k
014F
piaF
Pl 4&F
e14f
2152
pise
21586
pise
2153
2104
2157
0156
w158
B15C

co
ce

ce

3E
€3

3E
c3

3E
c3

3E
cd

o)
co
21
co
co
co
Cs

co
co
el
o
co
21
co
ce

ce

o4°)

ce

34
87
ca
AF
32
Cce

65

82
14

¢b
14

g1
14

ed
14

B
6%

65

3E
70
65

$9
5C

69

23

82

B2

e2

02

b0
02
ee
23
21
]

ee

e
ad
ve
ep
23

11
81

i1
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17
CALL CFuUN2
RET
*
¢« CLEAR ENTRY
®
CE REY
*
» HOLD ACKNOWLEDGE
*
H

Kv] A,MHLDA
JMP DDBIT

LCa

"

« WRITE

"

Myl A MWR
JMP DOBIT
L ]

DONE

GET MASK

GET MaSK

« INTERRUPT ACKNOWLEDGE

*®

INTA MVI A,HM]INTA
JMP DOBIT

-

w I1/0 DR MEMORY

x

108M Myl A,MIOEM
JMP DOBIY

L]

» LOAD A REGISTER

w

LDA CALL CRST
CALL GaA4

LD&a2 LxI H,SLDA
CALL CFUNJ
CALL RBUS
CaLL CRST
RET

.

a STORE A REGISTER

L

S§TA CaLL CRSY
CALL bAg
LX]l H,5574A
CALL CFUNZ2
CaLL GD2
LXl H,85TA2
CALL CFuN2
RETY

. v

« RESET

*

RSET RET

*

e« RAM TEST

|

RAM RET

*

« ROM YEST

®*

ROM REY

®

« ; DEFINE FUNCTION

.

DER LDA KMODE
ORA A
J2 DEF!
XRA A
STA KMODE
RET

GET MASK

GET MASK

CONTROL RESET
GET mEMORY ADDORESS
CONTROL FUNCTICNS

READ BUS
CONTROL RESEY
DONE

CONTRCL RESET
GET MEMORY ADDRESS
CONTROL FUNCTICNS

GET DATA
CONTROL FUNCTIONS

DONE .

EXECUTING 7

SET FLAGS

NO, DEFINE KEY
YES, RESET MODE

18



426
az7
426
429
430
ary
432
43)
4)4
435
436
437
438
439
440
44)
442
44)
444
445
446
447
448
448
459
451
452
453
454
43%
456
457
458
4a5p
469
461
462
483
464
465
1.1
467
468
469
470
a7}
472
473
474
ars
a6
477
478
479
48p
48]
482
48)
a8 4
465
486
487
488
489
46¢
a8}
492
493
494
49

815C
815C

815C

215D
2100
£163
@366
@169
816¢C
e16E
0174
€173
0176
p178
P178
0I7E
p18}
RLCY]
p187
elsa
®18D
2190
2193
#1096
BIRE
21%9a
0190
elap
81a3
B1asd
B1AE
R1A9
BlaA
2lac
gLAF
gide
Eiee
pibp
pibe
vipe
e4Bs
@185
04BS
@185
b1B8
21BB
pies
piBE
Bibb
" 3%.13
piCy
#1cC1
eicCy
o1Cy
oiC4
81C?
picC?
o1C7
eic7
p1C9
#icc
eiCC
8iCC
v1CC
©i1CF
ejb2
vwiD4
»1Dd
vip?
p10aA

AF

21
22
4]
co
Ft
Ca
FE
Ca
FE
Ca
€3
21
c3
21
c3
21
22
32
cD
da
dC
32
b
2a
FE
Ca
77
23
FE
ce
(o

3
c3

21
€3

21
c3

21
c3

3¢
€3

Cco
d2
€6
47
at
co
34

v?
14

AG
24

-3
24

36

23
14

3%
$3

el

ne
3B
53

11
€3
n2

o1
[}

B
81
i1
el
12
o1
13
11

23
1l

11
e2
11

21

el

11
ee

12
82

13
e2

23
11

19
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» DEFINE FUNCTIUN KEY KERE

t
DEF} XRa &

§TA QDISP
LX1 w,@
SHLD OLSB
CALL DOUuT
CALL RKEY
CP1 CF}
JI DEF3
CP1 CF2
JZ DEF4
CPI CF3
JZ DEFS
JMP DEF2
LXI K,KF1
JMP DEF6
LX1 H,KF2
JMP DEFE
LX1 H,KF3
SHLD LPNTR
§TA OLSB
CALL DOUT
LDA OMSB
INR A

STA OMSEB
CALL RKEY
LHLD LPNTR
CPl CREP
JZ DEF7
MOV M, A
INX H

CP1 CDEF
JNZ DEFE6
RET

DEF2

DEF3
DEF 4

DEFS
DEFS

DEF?7

« READ

RD MVl A,MRD
JMP DOBIT

+= FUNCTION 1

Fl LXI H,KF}
JMP FKEY

.

« FUNCTION 2

*

Fe Lxl H,KF2
JHP FKEY

=« FUNCTIDN 3

LxI H,KF3
JMP FKEY
.

«

ALE
JMP DDBIT

L

* 88

*

801 CALL GD1Q

STA REG)

ANI 1

KOV B, A

mMVI A,MS2

CALL DBITY

LDA REG}

HVI A (] HﬂLE “'I

L S1 MODES

LSE 4 CIGITS

GEY ¢

LERD DISPLaAY
UPDATE

GET FUNCTION KEY
Fy ?

YES

F2 ?

YES

F3 72

YES

ONLY ACCEPT FUNCTIOM KEYS

DEFINE F§
DEFINE F2

DEFINE F3
SAVE PDINTER

PUT KEY IN DISPLAY

UPDATE

GET COUNT
BUFP

SAVE

GET NEXT KEY
GET PDINTER
SINGLE STEP ?
YES

ND. SAVE KEY
BUMP POINTER
DONE ?

KO, CONTINUE
YES, QUIT

GET hASK

20

GEY FUNCYION ADDRESS
TREAT AS FUNCTICON KEY

GET FUNCTION ADDRESS
TREAT A4S FUNCYION KEY

GET FUNCTION ADDRESS
TREAT AS FUNCTION KEY

« ADDRESS LATCH ENABLE

GEY mMaASK

GEY DaAYS

SAvE

STRIF LOw BIT
SAVE IN B

GET MASK

SET BIT

GET DATA AGA]N



496
497
r'y-1.)
499
See
521
502
503
504
505
506
507
Sob
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
824
525
526
527
528
526
539
533
532
533
534
535
336
537
538
539
549
541
542
543
544
545
546
547
548
$549
55¢
5ot
552
5%
854
555
556
557
558
558
562
561
562
563
864

210D
p1DF
P1ED
e1E2
B1iES
ei1Es
GiE9
oiE®
BLEP
RLES
BL1EB
witE
Q1IEE
P1EE
GI1LE
e1F1
CiF4
RIFS
P1FS
"31-]
BIFS
01F7
e1FaA
@1FD
pifE
BIFF
p2ee
ez2ed
b2es
2206
p206
8206
paes
e2eaA
geeDd
P2oE
B211
p214
e214
o214
o214
0217
eétA
2210
0220
v2e2d
e224
p224
b22s
p224
B227
p22’e
v22C
6220
ceeD
v2eD
w220
p220
e220
c2z0
8220
"Y§4v)
22D
ezz¢
eva2f
0232
2233
padd
2234

ES
47
213
co
4
cs

3E
£3

3A
ce

3E
d2
21
7
7€
32
[
cs

24
23
22
70

£

J2
co
3A
co
co
ce

22
SE
32
co

8
6F
D2
24
(o

22

el
3B
LT

83
14

81
A

2C
A
FB

AD
8p

9B
$B

§E
24

83
38

38
g

94

33

22 ..

]
13.REP,. . LDA

4,370,728

21
. ANT . 2 .
MOV B,A
MVl A, M8}
CaLL DBIT
.- GALL DOUY

RETY

23
83

.
s CLDCK

L]
CLK Myl
L B J“P

A HCLK
DOBIT

.
¢ REPEAT

PKEY
$TA RMODE

RET
READ BUS

AsBCH
DDISP
M, ADATI
Mo

Mvl.
$TA
Lxl
MoV
MDYV A,M
STA OLSB
CALL DOUY
RET

+ ENTER VALUE
*
11 ENTR LHLD DADRL

INX M
13 SHLD OADRL
MOV A,L
14 8TA DDATA
el JHP LDA2
.
« DOBITS
*
11 DOBIT STA REGY
82 CALL GO}
11 LDA REGY
23 -CALL DB1T
23 CALL DOUT
RETY '
.
« FREYS

.
11 FXEY SHLD LPNTR

22
SIRIP NEXT BIT
SAVE IN B
GEY mASK
SEY B1Y
UPDATE
DONE

GET MasK

GEY FREVIOUS KEY
SAVE A5 FLAG
DONE

GET BLANKING CODE
SAVE

GET ACORESS
STROBE LAYCH

GET DATA

PUT 1N DISPLAY
UPDATE

DONE

GET ADDRESS

- BUMP

AND SAVE

GET LOwW BYTE
SAVE ‘
TREAY AS LDA

GENERAL B)T COMMAND HANDLER

SAVE mASK
GET DATA
GET mASK
SET BI1TY
UPDAYE
DONE

GENERAL FUNCTION KEY HANCDLER

UPCATE LOOP PDINTER

MVl A, SET XEYBOARD
11 $TA KMODE LDCAL MODDE
RET 60 10 IT
.
e R AN R AR AT A A PRI O N E R A NIRRT RO E RS R A AN R R E AR I RARRRARS
]
e UTILITY SUBROUTINES
.
e e T L Lt L A LA R LR R R T R R R L L A A L R LY
.
« ADAKLS -ADDS A 10 WL RESULT IN HL, NO OTHER REGS, AFFECTE
L]
ADAWL ADD L
nwov L,4A
g2 JNC ADANM
INR M
ADAH RET

*
]



565
5606
567
566
569
579
57%
372
573
574
575
576
577
578
579
1.1
581
582
583
584
585
886
587
388
58¢
591
891
582
593
594
585
506
597
598
899
[-T'1]
601
62
603
604
6as
606
607
6p8
68%
616
513
6le
613
614
615
616
617
618
61y
62v
621
622
623
624
628
826
627
628
629
630
63¢
632
633

2234
234
234
8234
p234
peda
P24
g234
£23d
9235
p23as
82dd
p2d>5
P235
©235
e23%
p23s
pe3d
0235
eey7
223A
823D
023t
823
B23E
82>k
B249
pa4y
p24b
0249
p24C
p24p
824D
0240
0240
p24F
8252
@255
e258
025B
(.} §-1
e25F
neé2
p26s
r268
6269
(-3-3
gaog
gatd
'21-1.}
p2bE
very
274
0277
0274A
e27D
©27E
928}
p264
8285
g285
@285
g265
o268
Rp2Bs
11
B28F
pavy
pese

ce

3E
co
co
(o

JE
co
co
co
J2
ce

3E
co
co
co
gA
70
32
22
32
32
co

3t
cb
co
co
co
co
2A
0
32
22
co

32
AF
32
32
3t
32

44
85
D4

24
85
98
D4
SE

14
85
-
D4
AD

13
98
43
$C

ec
85
§B
se
1)
D4
AR

SE
] )

AS

AD
9F
eF
Ay
88

0z
02

82
ez
2
11

82
82
-4
11

11

11
11

02

ve
ez
ez
11

i1
11

23

AR AR AT A AT R RS T AR N RN RRA ARG AN ARG AR PR R A ARARNRSI RN AR KA ERES

]

(S 2222252322032 RS RRRRRdRE 2SR RRERRARRARRRRSdR 2R 2R RRE D)

]
]
ERR
-
*

*
L]

REERARANRR R A AAR AR P AR IR P A ARSI R AP R A A A RN ANACAR R RSO AR AT RERS

4,370,728

ERROR ROUTINES

RET

AR AR R AR R AR R R R IR R KRN BN R AR P AN ARSI RS AAN T RO R R P RS RAAADR O RS

GET ADDRESS & DATA BYTES

« GET DNE DATA NIBBLE

.
6D1

%
*

*
GD2

®
L ]
«
Gh2

®
"
L ]
Gaa

*
-

*
plGe

GET TWO DATA

Mvl A,S8D1
CALL DIG®
CALL QUAL
RET

mvl A,SD2
CALL DIGE
CaLL DIGY
CALL BUAL
STA ODATA
RET

GET TwD

MVl A,SA2
CALL DIGe
CALL DIG!}
CALL QUAL
LHLD OLSB
MOV AL
BTA ODATA
SHLD OADRL
5TA ODATA
STA DADRK
RET

GET FOUR ADLKESS

nWv] A,Sk&
CALL DlG2
CALL DIGY
CALL DIG!
CALL DIGY
CALL QUAL
LHLD OLsB
MOV A, L
STA ODATA
SKLO OADRL
REY

SET LITE STATUS,

STA OSTAT
XRA A

$STA DLSB
§5Ta OMSB
Mvl A,RFHK
STA ODISP
CALL DoOuT

GET STATUS BYTE
GET IST CIGIY
NAJT FOR ENTER
DONE

NIBBLES

GET STATUS BYTE
GEY 187 DIGIT
GEY 2ND DIGIT

MUSY BE DAYA BYTE

DONE

ADDRESS NIBBLES

GET STATUS BYTE
GET IST DIGIY
GET 2ND DIGIT

GET ADDRESS
MOVE TO 4
SAVE

SAVE

SAVE AS DATA
SAVE AS ADRM
DONE

NIBELES

GET
GET
GET
GET
GET

STaTus BYTE
18T DIGIT
2ND DIGIY
3RD DIGIT
&YH DIGLY

GET ACDKESS
SavE IN &
SaVE

SAVE

GET 1ST DIGIY

SAVE STATUS
GET ZERD
CLEAR DISPLAY
CLEAR DISPLAY

BLANK DISPLAY
UPDATE



634
83
636
837
CRYY
639
64p
64}
642
643
544
645
646
647
648
G4y
65¢
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
606
667
666
669
e’e
671
67¢
673
674
675
676
877
678
679
689
68}
682
683
684
685
686
687
688
68¢
68p
651
692
693
694
695
696
697
698
699
7e0
701
722

ees7
P2WA
P29B
g2s8
v2gb
p2ove
P25E
Be2Ap
P2AL
e2A2
g2Ad
P2Aad
RR4E
Q2A9
2248
PRAE
0200
028y
b2p2
o285
g2eb
e2py
" }3-1%
P28BF
ga2C2
22CS
p2CéE
p2Ca
P2CB
e2cc
e2cD
8200
0203
g2D4
8204
2204
peha
Vep7
¢eby
P20C
e20F
©2L0
g2t}
02k}
w2k 1
B2ty
p2EY
@ZE}
BZE}
@2k}
B2E1
geEy
b2E}
p2El
©2E 1}
veEl
p2ta
B2ed
V2ES
@2EB
p2th
pcE®
C2EB
p2EC
B2ED
02ED
V2ED
PRED
ve2Fe

co
cs

ch
FE
L2
A
&7
Coy

Ja
67
cz

3a
87
Fe

34
32

98

13
kC

87
he
o2
9B
04

Al

Al
BF
AC
AC
AC
AC
Feo

9F
8e

£l
iB
C4a
[Y"]

§9

32

S

g2

B2

B2

e2

82

i1

11
11
03
a3
e
3

-F

€2
11

11
"3

11

11
11

4,370,728

25

CALL DIG1
RET

w GET ANOTHER D1GIT,

-
DIGY CALL RXEY
myl C,252
INR
INR
INR
INR
sSul
JE DIGA
ADI 2

JP DIGY
ADI 4

ADD C

vOV B, A
LDA ODISP
KLC

STA ODISP
LHLD OmMSs8
CALL RLML
CALL RLHL
CALL RLHL
CALL RLHL
MVl A,@FgH
ANA H

ORA B

MOV M, A
SHLD OMSB
CALL DOUT
RET

DIGA

~NMOOOO0oO0

26

GET A DIGITY
DOKE

(SHIFT THE OTHERS)

wAalY FOR KEY
PRESET C
ADD 4 TO C

SUBTRACY A ROW
UNTIL NEGATIVE

DO MAX CHECK
REJECT THIS KEY
COMPLETE RESTORE=}
ADD IN ROW OFFSET
SAVE NIBBLE IN B
GET BLANKING
ROTATE

REPLACE

GET DISPLAY DIGITS
ROTATE LEFY 4 PLACES

STRIP

OLD DIGIT

MERGE NEw DIGIT
REPLACE BYTE

REPLACE DISPLAY DIGITS
UPCATE

« OUALIFICAYION TEST

CALL RXEY
cP1 27
JNZ QUAL
L0a DLSB
MOV b,4A
RET

.
QUAL

DECTECTED.,

» % % % % % B % @

!tiﬁlﬁlltttttt‘l'!ii.'tititt!ti!'*i.itlt‘it‘tlltl!ttttlti!!

ENTER 7
NOFE, TRYAGAIA
GET, LSE IN A

MCVE TC B

l!tt!‘t.it"!iitiiﬁt'lt"itt’ltt.il.llliittti-llttttttlli!ﬂ

THIS ROUTINE READS A XKEY HIT FRCM THE KEYBOARD,

1T 0ODES NOT RETURN UNTIL 4 VALIC KEY PRESS hAS BEEN
ALL REGISTERS ARE USED AND KEY CCDE 18§
RETURNED IN THE A REGISTER, )

»« CHECK FDR LOCAL MODE

.

RKEY LDA KMODE
ORA A
JNZ KLOC

CHECK FOR REPEAT

- %

L.DA RMODE
ORA &
kP

wE wilLL NDW READ

»

LD& LKEY
STA PKEY

GET FLAG

SET ?

KEY

GET FLAG

SET ?

YES

A KEY FROM THE USER

WFDATE OLD
VALUE



703
704
785
706
767
7g8
789
710
711
712
71
714
713
746
717
748
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
73
735
736
737
738
739
740
744
742
743
744
745
746
747
748
749
75@
754
752
753
754
755
756
757
758
759
76¢
761
762
763
764
765
766
767
768
769
77¢
773

n2F3
E2F6
geF6
P2F5
e2F6
B2rFB
ezFg
B2FC
wLeFF
3B
vled
B3B3
B3p3
838)
e3ed
L KY1]
8307
2308
23¢8
gdec
p3C
p3oc
plel
23VE
plie
e3tt
8312
2315
2316
319

8319

»319
23319
e31C
edic
e3ic
231C
2310
e3rF
ed2e
ed24
9324
2325
" RYE]
9328
g32d
8326
ed29
8328
232E
@32€E
BI2E
232E
B331
B332
2332
2332
P332
2335
2336
2337
233A
2338
2338
8338
2338
8338
2338
P3I3B

21

@6
JA
BE
Ca
2>
Cz

es
78
7
47
32
77

oE
3E
oF
eD
Ca
BE
c2

J2

7
1]
84
oF
DA
78

80
Ca
Cé
c3

32
co

24
7€
22
22
Cs

“FF

64
8

Fé6
FB

7F

Ag

e7

es

10

1]

"
0

if

2t
o7
295

94

g4

FD

11
w2

ez

11

a3
23

11

a8y

23

i1

i1

11

4,370,728
27 28

tX1 H,AKYBD SET M TO XKEYBOARD ADDRESS
]
« DELAY FROM LAST KEY nJT

"
KEYE Myl B,KTIME SET TIMER

KEY1 LDA SMASK RESTORE MASK
CMP M KEY DOwN ?
JI KEY® YES, RESET TIMER
DCr B hD, DECREMENT TIMER
JNZ KEY) YEST KEY AGAIN

COLUMN SCAN

»

MVl B,7FH INIT SCAN BYTE
RKEY2 MOV A,b SCAN BYTE 1IN &
RLC ROTATE A LEFT
MOV B, A SAVE IN B REG
$TA DKYBD SAVE IN DUTPUT BUFFER
MOV My A SEND 1D KEYBOARD

*

»

ROW SCAN, LOOK FDR SINGLE KEY WIT
. .

MVl C,? INIT COUNT
Myl a,BBFHK INIT SCAN MASK

RKEY3 RRC ROTATE A RIGHT '
DCR C DOMNE 7
JZI RKEY2 YES, ND HIT, GG BACK
CHP M N0, IS KEY DOKN ?
JNZ RKEY3 " NGy, CONTINUE RCW SCAN

»

KEY DOWN HAS BEEN DETECTED
S5TA SMASK SAVE SCAN MASK

CONVERT COLUMN TD t=7

»

MOV A,8 GEY COLUMN
mvl B,9

RKEYZ7 INR B
RRC LOOK FOR BIT
JC RKEY? NOT FOUND
MOV A,B INIT &

®
= ADD IN ROW TIMES 7

"
RKEY8 DCR C

JZ RKEY® OONE 7
ADI 7 NC, ADD ANOTHER 7
JMP RKEYS

.
¢« DONE AT LAST

*
RKEYP STA LKEY SAVE FOR PREVIOUS KEY
RET

« .
« LOCAL KEYBDARD MODE, GET KEY FROM MEMORY, WNOT USER

"
kLOC LHLD LPNTR GET LOOP POINTER

MOV A,M GET KEY CODE

INX H BUMP POINTER

SHLD LPNTR AND SAVE

REY RETURN WITH KEY CODE

*
.
AR AR AR AN KRR RN R NS C AR R R AR S A AN R A AR AR R RN A A RS RA R AN RAR A
»
DBIT: THIS SETS OR CLEARS ONE BIT BASED ON VALUE OF THE

B REG, BIY DETERMINED BY A REG,

" %8



772
773
774
775
776
777
778
779
782
781
782
783
784
785
786
787
i 1)
789
79a
781
702
79
7v4
785
790
787
7908
7989
800
so1
B2
883
8oa
1.1
Beé
Q7
(1.1]
(T-3°)
819
811
812
613
61a
815
816
837
818
R Y]
820
821
822
823
824
825
826
827
828
829
83p
831
832
833
834
835
536
837
838
839
840

2338
2338
0338
9338
033E
BI3F
0342
234
2345
pl4g
2348
ed4aC
8340
e34E
pI4F
8352
2353
8356
2357
2358
8359
835A
d354
URLY.
e3st

BISD

235E
eISF
8360
8361
B362
8362
8362
0362
8362
8362
9362
0362
£362
2362
p362
2362
2365
2368
2366
36C
B36C
BO6C
g3&C
pISF
2370
€373
@376
8379
2374
@378
8376
8378
8378
2370
e3se
e3se
0380
0380
2389
eise
2380
e3se
2360

11
87
Fe
13
€6
21
¢D
78
87
143
EB
CaA

]
2F
AS
77
ce

el
3
vé

20
ap
be

co
co
co

A2
a3
7F
20

36
1]

B
ie

6C
6C
6C

Cce

86

A2
a9
96

31
2%

4,370,728

1
83

83
e2

83
23

83
e3
23

iilttt"'t‘ittﬂtt.ttlll..iti.ﬁl.!..t.'l'l.‘l'.il.!t""...‘.
)

.
DBIT LXI D,0CNTY GEY CONTROL BYTE ADDRESS

ORA A CNT2 BIT SET
JP DBIT2 NOy SKIP BUMP
INX D STEP TO 2ND BYTE
DBIT2 ANI 7FH CLEAR CNT2 BIY
LXI H,BMD GET BIT MASK YABLE ADR
CALL ADAKL  ADD OFFSET TO WL
MOV A,B GET VALUE
ORA A SET FLAGS
MOV A, M GEY MASK
XCHG SAVE DATA ADDRESS
JT 0BIT3 2ERD 17
ORA M ND, SET BIT
JMP DBIT4 CONTINUE
DBITS CMA NEED TO CLEAR BIT
ANA ‘M CLEAR IT
DBIT4 MOV M,A REPLACE DATA
RET DONE
| §
80 DB 3
0B 2
ob 4
0B 8
0B 16
DB 32
DB 64
“+°' . DB 128

»

*

AR RN ENE RN P AR R R AR NN A R AL SO SANRRBNAABRERRTRRdRseRNASnnsd
®

« THESE RODUTINES ARE USEC TD MANIPULATE CONYROL WORD BITS

«

RS RS RN ER R R AR ARG R B EAR S PSSR AN AR ACARANORPRPE NI SR AR Odned
.

*
¢ THIS GUY EXECUTES CONTROL BIT ARRAYS

*
EFUN3 CALL CFUN
CFUN2 CALL CFUN

CALL CFUN
RET
*
s+ THIS GUY DOES ONE WCRD OF CONTRCL BIT ARRAYS
.
CFuUN SHLD L2 SAVE ADDRESS
MOV A,M GEY DATA
STA OCNT1 SAVE IN BUFFER
CALL DOUT UPDATE
LHLD L2 GET ADDRESS
INK W STEP TD NEXT BYTE
RET

v IS GUY SETS A SINGLE CONTROL BIT AS PER A REG MASK
SET  WVI B,1 GET DATA

JMP CLR2 REUSE CLEAR CODE .
.."“.'...‘.."'."‘-"‘.".'""".'.‘.“'.""'.....'.‘l

"
"
.
«
e« DDUTH UPDATES ALL 8§57 GUTPUTS, FANDLES DBUS EIY
]
*
«
.

.'!Qﬁﬂtﬁt"tlitt!ltt.l‘il‘i'.ttti‘ﬁt.it.'tt!!ltttt.l.‘."‘.



béy
842
54
84a
845
846
847
848
849
BSo
. 1-3
ase
B53
854

855

872
872

875
B76
877
8’8
8’y
88p
881
852
583
884
83
1.1
887
88
ey
EfD
851
892
B3
E94
895
886
837
698
344
sp0
J-D|
vea
903

edbe
adée
2380
p38p
pd82
2385
pIBE
2289
gdes
e380
8390
p3se
839
e3P0
7393

5 €396

BSVE
p3YS
gAFA
e3gn
¢3IvE
BIOF
edal
PIAD
BYAD
BIAI
B3AD
PIA3
BIAY
BIAY
BIAJ
BIAD
¥R
BIA4A
B34S
B34
03a7
pIak
B39
p3IAC
BIAC
e3aC
B3al
B3AC
B3ALC
@IAC
pIAC
2IALC
p3IAC
p3aC
gaacC
B3AD
BIAE
B3AF
83b2
83Bd
p3v4
e3pd
p3BE
B3B7
83Bé
BIBY
edBA

e6
3A
87
Fa
(-1
3E
co

21
i1
et
14
77
13
co
20
ce
cd

7€

23
13
°D
cs
€3

7¢
B7
37
FA

70
17
6F
7C
17
67
Cy

ae
A2

8B
el
80
38

11
es

o3

FE
b
€8

FF
11

AC 22

8 B3

&3 83

83 23

@ ERRORS

31

&

"
pouY

oouTY

pouT2

| ]
| ]

4,370,728

« HANDLE DBUS BIT

Kvl B,0

LDA OCnTY
ORA A

JM. DOUTY
#wyl B,

MVl A,MDBUS
CAaLL DBIY

ouTPUY

LX1 H,AADRL
LX1 [,0ADRL
MYl C,NURA
LDaX D
MDV. M, A

INX D

CALL RLNWL
DLR C

k2

JHP DOUTZ

32

ASSUME CLEAR REQUIRED
GET CONTROL WDRD |
SET FLAG

SET ?

N0, SEY DBUS BIT

GET mASK

UPCATE BIT

GET SYARYING ACDRESS
GET DafA ADDKESS

SET COUNTER

GEY DaTa

DUTPUT

BurP CLTA ADDRESS

.ROTATE LEFT nL ADORESS

DEC COUNTER
DONE 7
ND

"'ﬂ*t"ll‘iﬁ'l*t'.!l".l‘it‘tltI.'i.‘l!‘t...‘l‘.!tltll‘!ll.

*

« MVYAR?

*

MOVE C BYTES FRGM ADDRESS WL TD ADDRES DE

-Itttilfllitltlltitt!li.‘tli.ttt“ll't‘.‘.‘tﬁ!".illttl't!.l

|
" MYAR

L3N BE 3N U 3R BE N NE R 2%

=
~
X
p

RLKLZ

ZEND

MOV A, K
§TAX D
INX H
INX D
DCR

RZ

JMP MVAR

ROTATE HL LEFT

B REG UNAFFECTED

MOV A,NH
ORA & ,
51C ,
JM RLHL2
cue
¥DV
RAL
Mov
MOV
RAL
MOV
RET
END

A,L

L.A
AyH

".‘

154 SYMBOLS

GET BYTE

SAVE

BUMP SOURCE

BUMP CESTINATION
CHECH LENGTH
DONE

tit‘ttttttttt!itt‘t!ltittllitlii.'ttll’l.t!iil!'ll!t"!ltt!

'iit!!ttlttli!tlttttil!*t‘*t!'lﬂil‘-.l..!ttlt!ilt‘.tt'it!..

TEST mIGH BIY

ASSUME SETY

sk1P CLEAR IF SET

CLEAR FLAG

GEY LOw BYTE

ROTAYE, SET CARRY TO HIGK BIT
REPLACE ‘
GET H1GH BYTE

ROTATE

REPLACE

DONE
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33 34
syMpUL TABLE
SYACK 31182 VARAB 1151 AADRL FFFE AADRn FFFD ADAT] FFFB ADAYG FFF7
amSc FFEF ALSB FFODF ACISP FFBF aCNTY FF7F  ACNT2 FEFF  AKYED FOFF
ASTAT FBFF NUMA BOBEB SCMD @RRI SFaIL eev2 SDI eedada SD2 eRza
542 PpRr1d4 Saas peeC MmSe peew MS\ peel MSOC @pe2 MiLE @ererd
mdeD ©BBB& MI0Lm PERS MWR ebpb MRD eee? NMDBUS BRBR MINTA 228}
MHLDA @pB2 MCLK @663 KTIME @64 NINIYT @2¢E CREF @RKS CDEF epef
cLDA papeC CF} eP1d CF2 ee14 CF3 PR35 PKEY 1193 LKEY 1182
REG! 1193 LPNTR 1194 L2 1166 SMASK 1166 KMDDE 1199 RMOCE 1164
OADRL 31398 DADRM y15C IDATA 119D DODATA )JI1SE OMSE 116F DOLSE 1148
ODISP 11a1 DCNT1 13142 OCNT2 11A3 OKYED }1A4 OSTAT 311A5 KFy 11A6
KF2 126E KFJ 1336 RESEY pese CLR ee23 CLR2 op25 CRST oezb
CRST2 8031 RST? @P3IB RST7B PRA7 OINIY eeS56 SINT BE6@ SINT2 @RS}
SIN ¢@64 SOUT @RE7 S0UTR2 #e6® SLDA @eEB SSTA @Be6E SS5TA2 ee7e
o 1¥] PR72 JMTAB PBBE ADK @PC4a SalLE eeCa DATA oeDS RED eeoc
§00 bety 1N @GES OUT PeFs CE 9l1cF  nhLDA @118 R e11s
INTA P11a JO8M @31F LDA B124 LDAZ @12A 5T @137 RSEY @i4D
RAM 014E ROMW ©14F OEF 215¢ DEF1 ei15C DEF2 e3169 DEF3 @17E
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I claim: 30 means for displaying from said device information

1. A static stimulus testing device for testing an elec-
tronic system from which has been removed a system
digital electronic microprocessor which is normally
included in said system, said device comprising:

a plurality of input-output ports corresponding to the
input/output pins of the system microprocessor of
the system under test; and

control means for enabling a user to independently
control the logic levels of each input/output port,
so that when the testing device is connected to the
system under test, in place of said removed system
microprocessor system, the user will have control
of the logic levels of each input/output line inde-
pendent of the logic levels of the other lines of the
system under test, which are normally controlled
by said removed system microprocessor;

data entry means interconnected with said control
means for entering into said device information to
control said electronic system;

and display means interconnected with said control
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about the state of said electronic system under test.

2. A device as in claim 1 wherein said control means
further comprises:

ROM memory means for storing digital computer

programs used by said device; and

test digital microprocessor means for communicating
among said memory means, data entry means, said
display means and said input-output ports.

3. A device as in claim 2 wherein said control means

further comprises:

RAM memory means for providing temporary stor-
age of data for use by said test microprocessor
means.

4. A device as in claim 3 wherein said data entry
means comprises a keyboard having thereon a plurality
of keys for entering of information into said device.

5. A device as in claim 4 wherein said display means

comprises a hexadecimal display.
* * * * *



