[ ) 1. INTRODUCTION.
APPLICATION NOTE 167-11 This application note is intended to assist the 8008

microprocessor user in the real-time analysis of his
DATA DOMAIN MEASUREMENT SERIES system in both the design and troubleshooting environ-
ments. This note demonstrates real-time analysis of
program flow and triggering on a specific event, as well
i as paging techniques.
F t I The 8008 microprocessor, the core of the 8008
unc Iona microprocessor family, is constructed with PMOS tech-
nology and operates from +5-volt and —9-volt power
supplies. Features of the microprocessor include an

L
anaIYSIs Of eight-bit address and data bus (Dg through D7)

that, by time multiplexing, allows control information,

14-bit addresses, and eight-bit data bytes to be trans-
Intel mitted between the CPU and external memory. The
14-bit address permits direct addressing of 16k words
of memory.
8008 The microprocessor provides state signals, cycle
control signals, and a synchronizing signal to periph-

eral circuits. These lines are decoded external to the

- microprocessor to provide the control and timing
mlcro processor signals for the microprocessor system.

All microprocessor inputs are TTL compatible and

all outputs are low-power TTL compatible. The 8008

SYSte ms U ' microprocessor operates with a 500 kHz clock.

2. PIN ASSIGNMENTS.

. v
1w INT ] 18
2o; RDY [ 17
3[]og o1 1 16
.:: Ds o2 : 15
5Dy SYNC [ 14
TIME MULTIPLEXED (see figure 1)
6[]03 So 13 ess Bits at T1 State
ess Bits
C Dp 54 : 12 2 Control Bits at T2 State
HC Dy SI-; j . 8 Data Bits a1 T3 State
a[og Vee 310
-3 T
SUMMARY OF CONTROL LINES
INT When interrupt (INT) line is enabled (HIGH), CPU
recognizes interrupt request at next instruction fetch
cycle.
RDY HIGH (Logic "1")indicates to CPU that valid memory

data is available. LOW (Logic "0") indicates to CPU
that valid memory data is not available.

SYNC Synchronizing signal indicating the start of each
machine state.

of the data bus and indicate the state of the CPU to
peripheral circuitry.
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Dg. D7 Cycle control bits designating whether cycle is in- -
: ; DpF——> A0
AL T2 struction fetch; data read, data write, or 1/O opera-
Estate} tion. . i;
102318 7
SATAPROEE g A9 > Lower eight bits
Dg W Cyole ‘" of address
5 p——Pp A5
0 0 Instruction Fetch Cycle (PCI) GND | » GROUND
0 1 Data Read (PCR)
1 0 I/0O Operation (PCC) 6 ’ A?
1 1 Data Write (PCW) 7 ey 7 _
102318 i o
DATAPROBE [ ®A9
10 prmeeip A10 >
Higher six bits
rr\TJf) SAT of address
2 # GROUND
3. PROBE CONNECTIONS. 13 f—paiz
102318 14— GCA }Cycle control bits D6. D7
A system that will not “come up” can frequently DATA PROBE (;; _’EC?C -‘9“:“ at T2 stage.
s . . —" Cle
be debugged by monitoring address flow alone. Since = NOT C”””“zl‘ ;
3 - = t _' (0] onnecie
the 8008 14-bit address is time multiplexed, external GND SROiD
. I
address latches, such as the Intel 3404 latch, are
required in an 8008 system. Connect the Analyzer CLOCK =72 « 022 (0r su%nm used to latch
: . ! P :
probes to the output side of the eight LSB address 102308 S5 MSIER IO i)
latches and to the input side of the six MSB address CLOCK PROBE
latches and the cycle control bit latches. The following GND |— GROUND
Analyzer probe connections provide a display of the
activity on the address lines.
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9 Figure 1. 8008 Timing Diagram )




4. SETTING THE CONTROLS.

Turn power on and set Logic State Analyzer controls

as follows:

Display MOGe .. imnsaiissnivssssiviies Table A
SAMPIE MOTE. . . ovnmeem e st REPET !
Trigger Mode

NOBMIARM . coasmmsims s s NORM

LOEALABUS o s oscnsnsominisissammamnsnmmsmsmsa oo LOCAL

OFFE/WORD v v sansirasrmsnesm WORD
e L ON
CLOCK v i s s e R s i e = 2
THLE s vovnvsmmvsacinmamases s o TTL 3
All Other Pushbuttons ................... QOut Position
DISPEAY TIME . o snamtacesw i msi e s ccw
COLUMN BLANKING . ....ctriniinnnnnennnnns ccw
QUALIFIER QT G0 wvnvsumes v onsimmpimsmasims OFF
TRIGGER WORD

SWItchEs. . . wuavainin Set to match Address that you

wish to trigger on

It program is not looping or cycling through the selected ad-
dress, select SGL, press RESET, and slart your system
The first time the system passes through the trigger point,
the display will be generated and stored
In the system used for this example, the higher six-bit address
latches and cycle-code bit latches are clocked on the leading
edge (") of T2e$22. The clocking requirements of your
system may vary from the system in this example

3 The 8008 output lines are low power TTL compatible as are
most address latches. If other logic levels are used, set THLD
to Variable and adjust threshold to match your threshold level

5. DISPLAY INTERPRETATION.

In this illustration, system response to a Call Instruc-
tion is considered. The Call Instruction calls a subroutine
to check the keyboard for the presence of a stop com-
mand and to check system status. Proper operation is

confirmed by a comparison between real time state
analysis, figure 2a, and the 8008 cross assembler
listing output, figure 2b.

The 8008 responds to a Call Instruction in the fol-
lowing manner:

1. Store the content of the program in the push-
down address stack.

2. Jump unconditionally to the instruction located
in memory location addressed by byte two and
byte three of the Call Instruction.

3. Begin execution of subroutine.

Consider the program listing in figure 2b. Observe
the three-byte Call Instruction at location 00400.
The first byte is the operation code, indicated by 00
in bits 15, 14 columns. The second and third bytes form
a double-byte operand (indicated by 01 in bits 15, 14
columns), in this case the address of the first instruc-
tion in the subroutine.

Proper operation of the Call Instruction is confirmed
by observing that the address immediately following
the third byte of the Call Instruction, 00402, is 00572.
This means that the microprocessor fetched 172 (lower
8-bits of subroutine address) from location 00401 and
01 (higher six bits of subroutine address) from location
00402).

00 000 101 111 010-«(000 001), (01 111 010)

Figure 2. System Response to CALL Instruction

CYCLE CODE
100 000 000
100 000 001 |
100 000 010 TusT caw ITesTRl  CHECK FOR STOP/DEAD
101 111 010 JZ  TLST2  OUTPUT WAITING
FOR ENABLE
101 111 0Ol1 cPl 3 IF STATUS = 3
1ol 111 100 Mvi B WTRIG OUTPUT WAITING FOR
4z TLST2 TRIGGER MESSAGE
101 111 101 it
o1 111 110 4
-
111 000 O(I’) TESTARMVI  H, KYBAD FETCH
o1 1 MVI L KYBRD KEYBOARD
110 000 000 MOV A M CHARACTER
110 000 001 CPl 3748 IF = 3748
JZ  STOP THEN GO TO STOP
110 000 010 cPl 3008 IF NEW KEY
110 000 011 JNC KEYIA PERFORM INDICATED
COMMAND
110 000 100 MVI  H, STATS FETCH
110 000 101 MVI L STATS STATUS
MOV A M WORD
LINE ’ 0 ANI 178
NO. (a) 1] MVI B, WENBL FETCH W.F. ENABLE MSG
32 cPl 2 TEST FOR ENABLE FLAG
13 RET AND RETURN
(b)




The MVI H, KYBRD and MVI L, KYBRD instructions
(Load Keyboard address in H AND L registers) may be
confirmed by observing the fourth, fifth, sixth, and
seventh lines of the table display photograph. Line 4 is
the fetch of the MVI H operation code and line 5 is the
fetch of the higher six bits of the keyboard address.
Line 6 is the fetch of the MVI L operation code with
line 7 being the fetch of the lower eight bits of the
keyboard address. Line 8 is the fetch of operation code
for MOV A, M and line 9 is the fetch of the keyboard
character. In a similar fashion, each instruction in the
subroutine may be shown to have been properly
executed.

To view addresses following the last displayed
address, simply set the Trigger Word switches to match
the address displayed in line 16. This address becomes
the trigger word in line 1 with the next 15 addresses
listed in lines 2 through 16. If you wish to retain the
original trigger point, an alternate technique is to use
digital delay and set the thumbwheels to 00015 which
provides the same display.

6. SELECTIVE STORE.

It may be desirable to not look at every address,
but only those corresponding to instruction fetch
cycles. We can do this using the Analyzer's Display
Qualifier feature. Looking back at the sample program,
figure 3b, we see that the subroutine is 14 instructions
long with each instruction in the subroutine requiring
at least two memory locations. Thus, we cannot view
the entire subroutine on the 16-word display in figure 2.

By qualifying the display on the two cycle-control
bits, it is possible to look at only addresses correspond-
ing to instruction fetch cycles. We can do this in the
following manner:

1. Connect Q1 and QO probes to monitor cycle
control bits Dg and D7.

2. Set DSPLY/TRIG pushbutton to DSPLY.

3. Set Q1 and QO switch to LO.

We now obtain the state display shown in figure 3a.
Bits 15 and 14 are both zero for every displayed
address, indicating each displayed address represents
an instruction fetch. Comparing the table display with
the program listing reveals that line 1 is the address
of the Call Instruction, lines 2 through 15 is the sub-
routine and line 16 is the return to the main program.
Thus, we have an overview of the entire subroutine.

CYCLE CODE
Dg Dy~ A13 AD
0 000 000 000
0 000 ol 111 010 |
0 000 ol 11l 100 154 1p0400f 106  TLIST CALL TESTR CHECK FOR STOP/DEAD
0 000 ol 1 110 5 n.-'-.:u:.'i).m.: ¥4 TLST2 ( IT WAITING
NABLE
0 000 on 1 i 156 00406 074 cPl 3 STATUS = 3
0 000 10 000 001 157 00410 016 MVl B, WTRIG QUTPUT WAITING FOR
0 000 10 000 100 158 00412 150 JZ TLST2 TRIGGER MESSAGE
0 000 10 000 110 : :
g 000 Ig %: 00 TESTR MVI H, KYBRD FETCH
000 MVl L KYBRD KEYBOARD
0 000 10 00} 0576 307 MOV A M CHARACTER
0 000 10 00 00577 074 CPl 3748 F = 3748
DOB01 150 ¥4 STOP THEN GO TO STOP
0 000 110 010 0604 074 CPI 3008 IF NEW KEY
0 000 110 010 00606 100 JNC KEY1A  PEF M INDICATED
C ND
0 000 000 110 010 e stars
A L. STATS
o M WORD
B8
MVI B, WENBL FETCH WF. ENABLE MSI
cPl 2 TEST FOR ENABLE FLAC
RET AND RETURN
(b)
Figure 3. Qualified Display Showing the Ability to Selectively Display Only Desired Addressed Data
o J




7. THE MAP.

If a tabular display is not presented in step 5 and 6,
it means the system did not access the selected address
and the No Trigger light will be on. To find where the
system is residing in the program switch to "map”
‘(figure 4). Using the Trigger Word switches move the
cursor (circle in photo) to encircle one of the dots on
screen. Switch to Expand and make the final position-
ing of the cursor- the No Trigger light will now go out
and switching back to Table A displays the 16 ad-
dresses around that point.

s

Figure 4. Map Display Shows Entire System Activity

_ J

8. VIEWING ADDRESS,DATA,AND
CONTROLS.

When program deviations are found, the reason may
be as simple as a program error or as complicated as a
hardware failure on the Data/Control Bus, or other
command lines. Additional input channels now become
very desirable.

By combining the 1600A and 1607A, the display and
trigger capability can be expanded to 32-bits wide,
allowing the 14 bit address, 8 bits of data, and up to
ten other active command signals to be viewed simul-
taneously. The hook up is easy:

A. Connect data cable between rear panel con-
nectors.

B. Connect trigger bus cable between front panel
bus connectors.

C. Set 1600A controls as detailed in part 4 with the
following exception: Set display mode to A + B.

D. Set 1607A controls as follows:

Sample Mode ................... REPET
Trigger Mode

NORM/ARM .......oovivnnnn. NORM

EOCALIBUS e e s 525 fhem it ; BUS

OFF/WORD.....cvviiieeeennnn. OFF
STARTDSPL....cviviviiiieeeennn, ON
CLOCK. .ttt ivrvenonerssssassonnnens =N
UEEHEID) e cnmnssiminin meiioessrterorm ot Same as 1600A
DISPLAYTIME . ....ovviiiiiennn ccw
QUALIFIER: Q1/Q0 .iucsmicummiensa OFF

OFF (Don't Care)
Out Position




E. Connect 1600A data and clock probes as 9. DISPLAY INTERPRETATION OF AD-
described in part 3. DRESS AND DATABUS/CONTROL LINES.

F. Connect 1607A data and clock probes as follows:

. Let's again look at the sample program, figure-5b.

1. 801:?;2 Lel?)?;:n doa:?ermfuts 0 through 7 to By displaying both address and data, it is now possible
2. CBmeci tookprobe'o Tawg 22 T e
3. Connect grounds to appropriate points(s). _ : : ' :
grou PRESRARIE DOINSIS) figure 5a, observe that bits 15 and 14 of the left-hand

table are 00, indicating the 8 bits of displayed data
represents an operation code. 01 000 110 is the code
for the Call Instruction. The second and third byte of a
Call Instruction should be the lower and upper address
bits respectively of the subroutine being called.
Examination of the address in the fourth line reveals

G. After a display is on screen, set the 1607A
Blanking to display eight columns.

4 |f data bus drivers are employed, connections are
made on the driven side of the bus.

5 |f T3 « ¢22 is not fully decoded in your system st Intond. b : ‘I 3 5 (00 000
the qualifiers can be used to ensure that the 0031‘- '”deci ; t1 fﬁ%ﬁahby 95[; of lines 4 and f(O .
1607A is clocked at the proper time. Connect Q1 subrgztine s [)0035’80 ?g? ??:"0'1”§d to form the
probe to SYNC and connect QO to T3 (decoded g ot d." 1 .
from Sp, S1, Sp). Connect clock probe to 2. " E.ingg't' arr rnanlner ee:c > mre e 'ﬁp ay:can:oa

mi
Set Q1 to LO, QO to HI, and DSPLY/TRIG to xa OfeVealCXact program operation.
DSPLY. The Moael 1607A will now accept data
present on the bus only at T3*®22,
( )
) 01 000 110 ]
0 O1 111 010 l
0 00000 001 | 154 00400 106! TLIST CALL TESTR  CHECK FOR STOP/DEAD
0 00 10 155 00403 150 JZ TLST2 OUTPUT WAITING
FOR ENABLE
0 00 156 00406 074 ch 3 IF STATUS =3
0 00 157 00410 016 MVI B, WTRIG OUTPUT WAITING FOR
0 " 000 158 00412 150 JZ TLST2 TRIGGER MESSAGE
0 i [ : &
01l 11 0l 010 219 00572 '-‘ e
2 572 056 TESTRMVI H, KYBRD FETCH
0 000 ol 00 100 220 00574 066 MVI L KYBRD KEYBOARD
0 100 10 11 100 221 00576 307 MOV A M CHARACTER
0 000 10 ol 000 222 00577 074 CPI 3748 IF = 3748
223 00601 150 Jz STOP THEN GO TO STOP
0 100 110 0l 000 224 00604 074 CPI 3008 IF NEW KEY
0 100 110 00 001 225  00GO6 100 JNC KEY1A  PERFORM INDICATED
COMMAND
0 000 110 00 100 227 00611 056 MVI H, STATS FETCH
0 100 110 1 000
228 00613 066 MVI L STATS STATUS
229 00615 307 MOV A M WORD
230 00616 044 ANl  17B
231 00620 016 MVI B, WENBL FETCHWF ENABLE MSG
232 00622 074 cPl 2 TEST FOR ENABLE FLAG
233 00624 007 RET AND RETURN
Flgure 5. Syslem Response to CALL on Address, Data, and Control Lines
>,
Application Notes in the 167 series with the primary Inst (s) used in p. thesi

167-1 The Logic Analyzer (S000A) 167-12 Functional Analysis of Farchid FB Microprocessor Systems (1600A and

167-2 Digital Tnggenng for Analog Measurements (16011 1607A)

167-3 Functional Digital Analysis (1601L) 167-13 The Role of Logic State Analyzers in Microprocessor Based Designs (1600A

167-4 Engineenng in The Data Domain Calls for a New Kind ol Digtal Instrument and 1607A)

(Descnbas measurement problems and vanous solutions wilh applicable in 167-14 F | Analysis of BOBO Microprocessor Systems (1600A and 1607A)
slrumants. ) 167-15 | Analysis of Intel 4004 Microprocessor Systems (1600A and

167-5 Troubleshootng in the Data Domain is Simplified by Logic Analyzers (1600A and

1607A) 167-16 intel 4040 Microprocessor Systems (1600A and

1676 Mapping. a Dynamic ¥ L on {1600A)

167-7 0N ta from 4] \ 1 t Changing Probes (1600A) 16717 Funclic ol National IMP  Mcroprocessor Systems (1600A

187 ized 1o Record Address (1620A) and 1607A)

167 of Systems (1600A and VIDEO TAPE SERIES: This lour hour se tled “The Data Domain Its Analysis

and Meas. s, 5 logic stale ang and measurement lechniques unique

167 ct your HP Field Engineer for price and availability

167 of this color tape senes

5952-1991 PRINTED IN U.5.A.



