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Formal:

Udstyr:

Hjelpemidler:

Gennemfarelse:

1)

2)

3)

L

PORT-TEST.

Programmeringsevelse: Port-test.

Formalet med ovelsen er at indlzre, hvorledes man
kan lave en " go / no go " test af en almindelig
port, samt at indeve brugen af wudviklingsudsty-
ret.

Udviklingsudstyr PMDS.

EPROM 2732 ( slettet ).

Comet 3400 med MPS-10 kort ( 32 bit I/0 ).
Dummy-kabel til at forbinde ind og udgange sammen.
Stik med lysdioder til indikering.

Diagrammer til Comet 3400.

Datablad over Z80 PIO.

Oversigt over nedvendige portnumre og controlord
til PIO.

Programmet skal pa MPS-10 kortet teste port A i
IC-3 og port A i IC-5.

Tegn et struktugram der udferer felgende:

Tend lysdiode 1 ( indikation af test startet ).
Set IC-3 port A op som udgang og IC-5 port A som
indgang,hvorefter data sendes til udgangen og
hentes pa 1indgangen for at sammenligne. Hvis
dataerne er forskellige skal programmet stoppe.
Der skal preves med alle kombinationer af data.
Nu vendes dataretningen ved at IC-3 port A sattes
op som indgang og IC-5 port A som udgang, hvor-
efter der pad samme madde preves med alle datakom-
binationer.

Hvis det er i orden tendes ogsad lysdiode 2 ( in-
dikation af test ok ), hvorefter programmet stop-
pBSQ .

Programmet skrives i Z80 assembler ud fra struk-
tugrammet :

Ved hjelp af editoren abnes filen: porttest.s

og programmet indtastes i denne fil.

Efter assemblering kan det eventuelt afpreves i
udviklingsudstyret v.h.a. debuggeren, hvorefter
det programmeres i en EPROM ( type 2732 ).

Klarger Comet 3400:

MPS-10 kort: forbind dummykabel meliem PIO “ernes
A-porte.



PORT-TEST.

MPS-23A kort: forbind stikket med lysdioderne
MPS-27 kort: fjern EPROM’en ( IC 12 ) ogq i
test-EPROM‘en i stedet for.

4) Tand for Comet 3400 og afprev testprogramme
imens indikationen pa lysdioderne iagttages. De
afproves bade med og uden fejl pad I/0 kortet.

Oversigt over nedvendige portnumre:

Kreds Register Symbolsk navn Port nr.
PIO:
IC-3 (MPS-10) ~ data-A DATA3A 58 hex
IC-3 (MPS-10) control-A CONT3A _+5A! hex
IC-5 (MPS-10) data-A DATASA - 5C hex

IC-5 (MPS-10) control-A CONT5A \25E‘hex

Lysdioder:
IC-24 (MPS-23A) output LED FO hex

Control-ord til PIO

Funktion Symbolsk navn Control ord g
Byte output MODEO OF hex <~
Byte input MODE"1 4F hex



® PORT-TEST.
% Z-80 PIO Z-80A PIO coupoNEé

Zilog Z-80 PIO Pin Description
— M1 Machine Cycle One Signal from CPU (input,
. 0, @2 LI
o:._?_. ‘ PR active low)
L | ot o8, — .
A ::-—:—° '-I-:—':: IORQ Input/Output Request from Z80-CPU (input,
e ::-—’;-. \ ._.:_.:: > PORT & active low)
e . RD Read Cycle Status from the Z80-CPU (input,
Hoiadpl o e [P 2 active low)
19 ot < ";wm_‘- PR I S IEI Interrupt Enable In (input, active high)
FROM m_ﬁ.- -——::—0" . i
| s PEE D IEO Interrupt Enable Out (output, active high). [EI
-%—:; ronts and IEO form a daisy chain connection for
ﬂ;‘o""“'_f,_’ .-l;-.: v priority interrupt control.
—2 4 2o nov INT lInterrupt Request (output, open drain, active
DAISY fo—"— 3578 ow
ﬁ:&‘{" { N7 lmui?: ___2_ ‘ ) .
INT ENABLE OUT a2 AO-A7 Port A Bus'(bidirectional, tristate)

A STB  Port A Strobe Pulse from Peripfieral Device
(input, active low)

D7~D0 Z80-CPU Data Bus (bidirectional, tristate) A RDY Register A Ready (output, active highj
B/A Sel  Port B or A Select (input, active high) BO-B., Port B Bus (bidirectional, tristate)
lect (input, active hi L
_(_:ﬁ) Sel  Control or Data Select (input, active high) B STB Port B Strobe Pulse from Peripheral Device
CE Chip Enable (input,-active low) (input, active low)
d System Clock (input) B RDY  Register B Ready (output, active high)
Timing Waveforms

OUTPUT MODE

An output cycle is always started by the execution of an " 1TAMRA
output instruction by the CPU. The WR pulse from the e i i ;/' T — ﬁ :
CPU latches the data from the CPU data bus into the / N \ S
selected port’s output register. The write pulse sets the wwrn 7 —

:eady flag after a low going edge of &, indicating data is READY
available. Ready stays active until the positive edge of the
strobe line is received indicating that data was taken by the
per_i%l}]gral. The positive edge of the strobe pulse generates ¥
an INT if the interrupt enable flip flop has been set MODE 0 (DUTPUTI TIMING
and if this device has the highest priority. WRe = AD - CE - &JD - I0RQ

STROSE

INPUT MODE
When STROBE goes low data is loaded into the +

selected port input register. The next rising edge of strobe p— —
activates INT if interrupt enable is set and this is the s \r / !

highest priority requesting device. The following falling wan

edge of & resets Ready to an inactive state, indicating that READY i

the input register is full and cannot accept any more data -

until the CPU completes a read. When a read is complete 4 - e
the positive edge of RD will set Ready at the next low B - i g

qo0ing transition of . At this time new data can be loaded RD®=RD-CE-C/D-IORQ  MODE 1 (INPUT) TIMING
‘nto the P10,




® PORT-TEST.
M 230 PIO Z-80A PIO

COMPONENTS
Zilog PIO Programming
LOAD INTERRUPT VECTOR INTERRUPT CONTROL
The Z80-CPU requires an 8-bit interrupt vector be supplied Bit 7=1 interrupt enable is set—allowing
by the interrupting device. The CPU forms the address for interrupt to be generated.
the interrupt service routine of the port using this vector. Bit7=0 indicates the enable flag is reset and
During 2'133‘32"“’;‘ a%kn&wl;d:; cycle th: vzctor is placefi interrupts may not be generated.
on the ta bus by the highest priority device request- . . : )
ing service at that time. The desired interrupt vector is Bits 6,5.4 are used tl{l th‘? b:; mosie ‘Slter rupt
loaded into the PIO by writing a control word to the 3&"‘ u:;m(i otherwise they are
desired port of the PIO with the following format. regarced.
Bits 3,2,1,0 signify that this command word is an

D7 Dé DS D4 D3 D2 ]| DO

v? V6 | VS v4 v3 v2 vi 0

signifies this control word is an interrupt
veclor

SELECTING AN OPERATING MODE

When selecting an operating mode, the 2-bit mode con-
trol register is set to one of four values. These two bits are
the most significant bits of the register, bits 7 and 6; bits §
and 4 are not used while bits 3 through O are all set to 1111
to indicate ‘‘set mode.”

D7 Dé DS D4 :D3 D2 D1 DO

Ml MO X X 1 1 1 1

—“/—_" N
mode word

N
signifies mode word
to be set

X=unused bit

Mode M,
Output
Input
Bidirectional
Bit

NO-—O}

- - 0o ©

MODE 0 active indicates that data is to be written from
the CPU to the peripheral.

MODE 1 active indicates that data is to be read from the
peripheral to the CPU.

MODE 2 allows data to be written to or read from the
peripheral device.

MODE 3 is intended for status and control applications.
When selected, the next control word must set the 1/0
Register to indicate which lines are to be input and
which lines are to be output.

I/0O =1 sets bit to input.
I/0 = 0 sets bit to output.

D7 D6 DS D4 D3 D2 DI DO
1104 | ¥0g | 1Og | YO, | VO3 | WO, | VO, | WO,

interrupt control word.

D7 Dé D3 D4 D3 D2 DI DO

Ensble | AND/ | Higly | Mask
Interrupy OR Low | follows

9 L I 1

~ N\ /s

used in Mode 3 only

A
signifies interrupt control word

If the “mask follows” bit is high (D4 = 1), the next
control word written to the port must be the mask.

D7 Deé DS D4 D3 D2 DI DO

Only those port lines whose mask bit is a 0 will be monitored for
generating an interrupt.

The interrupt enable flip-flop of a port may be set or
reset without modifying the rest of the interrupt control
word by the following command.

D7 D6 DS D4 D3 D2 DI DO

el x I x | x o] of |




Formal:

Udstyr:

Hjalpemidler:

Beskrivelse af
opgaven:

Gennemfarelse:

1)

a)

SIGNATUR RAM-TEST.

Programmeringsevelse: Signatur Ram-test.

Formalet med oevelsen er at indeve hvorledes en
beskrevet test-algoritme kan omsattes til et pro-
gram, skrevet i assembler, samt at indse hvilke
ting der skal tages hejde for, nar programmet skal
bruges til stimulering af en signaturméaling.

Udviklingsudstyr PMDS.
EPROM 2732 ( slettet ).
Comet 3400.
Signaturmultimeter.

2 stk. 16-ben IC-clips.

Diagrammer til Comet 3400.

Programmet skal pa MPS-23A kortet teste ramlageret
der adresseres fra adr.0000 til adr.F000. Ramlage-
ret skal testes for: skrive/lese-fejl, samt decod-
nings- ( adresse- ) fejl. .
Testens resultat skal kunne underseges ved 8 sig-
natur-mdlinger péa databussen og sammenligning med
kendte ok-signaturer for disse. Til brug ved fejl-
finding skal der kunne males entydige signaturer
pa adresse- og chipselect-kredslebene omkring ram-
lageret.

Testprogrammet skal generere de nedvendige start/-
stop signaler til signaturmeteret. .
For at fa entydige signaturer krazves det, at den
del af testprogrammet, der ligger imellem start og
stop, skal gennemkeres ens hver gang, uanset om
ramlageret er iorden eller ej. Det betyder at der
i denne del af programmet ikke ma& forekomme betin-
gede jump®s, hvor betingelsen er afhangig af de
leste data fra ramlageret. ‘
Da programmet jo skal teste hele ramlageret, ma
der 1ikke benyttes rampladser til lagring af mel-
lemresultater o.lign., man ma klare sig med
CPU’ens interne registre. Af samme arsag ma man
heller ikke benytte subroutiner.

Tegn et struktugram der udferer felgende:

Generer en startpuls til signaturmeteret.
( Det kan geres ved at der skrives et "1"tal til
portnr. F1 hex, hvorved der pa MPS-23A kortet



b)

c)

d)

e)

f)

SIGNATUR RAM-TEST.

kommer en positiv flanke ud pa stikket J1 ben 1.
Der skal selvfelgelig valges en udgang og dermed
et port nr. der i testprogrammet ikke benyttes
til andet, end til denne generering af et start/-
stop signal ).

Fyld hele ramlageret med dataerne skiftevis AA hex
og 55 hex ( checkerboard eller skakbraztsmenster
d.v.s. skiftevis "1" og "O" ).

Lzs hele ramlageret. ( Dette geres udelukkende for
at man med signaturmalingerne pad databussen kan
teste dataerne fra ramlageret; d.v.s. dataerne
skal altsd ikke bruges til noget i CPU’en ). h

Nu fyldes hele ramlageret med det modsatte
menster, altsd skiftevis AA hex og 55 hex.

Igen leses hele ramlageret, for at danne signatu-
rer pa databussen.

1. gennemlab 2. gennemlab
RAM adr . RAM adr.
T 55 1 EFFF T AA T EFFF
! AA ! EFFE ! 55 ! EFFE
! 55 ! EFFD ! AA ! EFFD
' AA ! EFFC ' 55 I EFFC
! 55 ! 0003 ! AA ! 0003
! AA ! 0002 ! 55 ! 0002
! 55 ' 0001 ! AA ' 0001
! AA ' 0000 ! 55 ' 0000

( Det er nu testet om hver hukommelses-celle hen-
holdsvis kan "1" og "O0" stilles; men ikke om der
eventuelt er decodningsfejl ).

Ramlageret fyldes nu med adresse-afhangige data,
d.v.s. adressen skrives ud pa rampladsen som data.
( For at fa plads til de 16 bit som adressen
bestar af skal man betragte rampladserne som han-
gende sammen to og to, som vist i felgende skit-
se ):



2)

3)

4)

g)

h)

i)

SIGNATUR RAM-TEST.

3. gennemlab

RAM adr.
TEF ' EFFF
I FE ! EFFE
T EF 1 EFFD
T FC ! EFFC
1 00 ! 00053
! 02 ! 0002
' 00 ! 0001
! 00 ! 0000

Ramlageret 1lases igen for at danne signaturer pa
databussen, o0g dermed teste det for decodnings-
fejl.

Generer en stoppuls til signaturmeteret.

( Her kan der skrives et "0" til portnr. F1 hex,
hvorved der pa MPS-23A kortet kommer:en negativ
flanke ud pa stikket J1 ben 1 ).

Programmet laves som en endeles slejfe, sa der
hoppes tilbage for at generere ny startpuls.

Skriv programmet ud fra struktugrammet og indtast
det i filen ramtest.s.

Foretag assemblering og eventuelt prevekersel i
debuggeren.

‘Klarger Comet 3400 og signaturmeter:

MPS-27 kort: fjern EPROM’en ( IC 12 ) og iseat
test-EPROM “en i stedet for.

Forbind signaturmeteret til MPS-23A kortet:
Clock: IC 14 ben 11 RD /
Qualifier:  IC 14 ben 1 MT~ wffﬂﬁﬁ’ %ﬂkb‘“‘*>
Start/stop: J 1 ben 1 portnr. F1 bit 0

NB! CPU-kort (MPS-27) 0G RAM-kort (MPS-23A) ma



5)

6)

7)

SIGNATUR RAM-TEST.

ikke sidde for langt fra hinanden, pga. timings-
problemer i COMET “en.

Indstil signatumeteret:
stilling: SIGNATUR QUALIFIED
CLOCK: positiv flanke.
QUALIFIER: "1".
START: positiv flanke.

STOP: negativ flanke.

Tend for COMET “en og kontroller at der kommer
start, stop og clock signaler ( GATE skal blinke
pd signaturmeteret ). Da det er et ramlager pa
60-k der testes, kan gennemlebstiden vare helt
oppe pa et par sekunder.

Optag nogle signaturer pa et OK-ramlager. De kan
evt. 1indspilles i signaturmeterets hukommelse
( Vec signaturen ber dog ikke indspilles, da den
let kan opsta som en fejl-signatur pa andre male-
punkter ). :

Malepunkterne ber omfatte: Vcc, databussen, adres-
sebussen samt CS-logikken.

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

Afprev testen pa ramlageret med fejl og underseag
hvilke signaturer der @ndrer sig.

Vcc signaturen skal vare uforandret, ellers er det
et tegn pa, at testprogrammet gennemlebes forskel-
ligt afhangig af om kredslebet er iorden eller ej.
Hvis Vcc signaturen har andret sig, betyder det at
samtlige andre signaturer ogsa vil have eandret
sig, og det vil ikke vare muligt, ved hjelp af
disse, at lokalisere fejlen narmere.

P& mindst en af databussens ledninger skal der
komme en fejl-signatur, for at indikere ramfejlen.
Fejl-signaturer pa adresse og chip-select lednin-
ger skal kunne lede en hen til punktet, hvor
fejlen befinder sig.

10



Formal:

Udstyr:

Hjelpemidler:

Beskrivelse af
opgaven:

Gennemforelse:

1)

2)

GUIDED PROBNING.

Programmeringsevelse: Guided Probning.

Formalet med svelsen er at se hvorledes, man kan
programmere "FLUKE 9010A Troubleshooter" til at
male med proben, o0g hvorledes disse malinger kan
anvendes i et "Guided Fejlfindings program".

Fluke 9010A Troubleshooter.
Band ( minicassette ) med program-moduler.
Comet 3400.

9010A Programming Manual.

Dokumentation over program-moduler til "Guided
Fejlfinding".

Diagram til Comet 3400 ( MPS-23A kortet ).

I ferste omgang skal der laves et program, s&a der
med proben kan males signaturer, samt et program
der stimulerer det lille udsnit af kredslebet ( pa
MPS-23A kortet ) der skal testes.

Ved hjelp af disse, skal der optages OK-signaturer
til senere brug i fejlfindingsprogrammet.

I anden del af svelsen skal der laves et "Guided
Fejlfindingsprogram” ved hjalp af nogle fardige
program-moduler fra bandet, jeres signatur- og
stimulerings-programmerer samt evt. et modul mere
der mangler. O0K-signaturerne skal ogsd bruges til
dette.

HUSK !!

Inden I begynder at indtaste jeres programmer pa
"Fluken", skal bandet med de evrige programmoduler
leses ind. P& A-siden ( der er skrive-beskyttet )
ligger de moduler I far ferdige; mens I skal bruge
B-siden af bandet til at gemme jeres programmer og
rettelser pa.

Bandet le®ses ved indtastningen:

READ TAPE
ENTER/YES

Skriv "STIMULER" programmet:

Programmet skal stimulere indgangene pa det viste

1M



3)

4)

a)

b)

c)

a)

b)

c)

GUIDED PROBNING.

diagramudsnit; dvs. adresse bit 4, 5, 6 og 7 skal
udsendes vha. CPU-pod’en, saledes at der preves
med deres forskellige kombinations-muligheder.

Til at wudsende adressen kan fslgende funktion

bruges:
READ REG F

Herved udsendes indholdet af register F som adres-
se. ‘

Ved hjelp af arithmetiske funktioner pa register F
kan de forskellige adresse-kombinationer laves.

Med IF funktionen kan det laves i en '"gentag
indtil" slejfe ( se Programming Manual side 4-8 ).

Indtast programmet som program nr: 10.
Vedrerende abning og lukning af nye programmer se
Programming Manual side 3-1. ]
Efter indtastningen kan der laves en "back up" pa
bandets B-side med indtastningen:

WRITE TAPE

ENTER/YES

Skriv "SIGNATUR" programmet:

Programmet skal med proben udfere en maling pa
kredslebet mens det stimuleres, og ud fra probens
response skal signaturen isoleres, og i register A
returneres til hovedprogrammet.

Se 1 Programming Manual side 5-12 til side 5-16
sammen med felgende beskrivelse:

For at proben kan male signatur, skal den farst
synkroniseres, enten til adresse eller data mode.
Dette gores med en af funktionerne:

SYNC A eller: SYNC D

Som det neste skal proben nulstilles, vha. funk-
tionen:
READ PROBE

Efter at have stimuleret kredslebet, ved at ekse-
kvere underprogrammet "STIMULER", kan proben nu
lzses med samme funktion som far: ‘

READ PROBE

Probens response befinder sig nu i register O,
hvor signaturen ligger som bit 8 til 23 ( se figur

12



5)

6)

7)

8)

d)

GUIDED PROBNING.

5-1 i Programming Manual ).

Inden programmet returnerer til hovedprogrammeﬁ
skal signaturen befinde sig i register A, liggende
fra bit 0 til 15 og med de evrige bit nulstillet.

Indtast programmet som program nr: 9. og lav evt.
en "back-up" pa bandet.

For at kunne afpreve de to programmer, indtastes
felgende 1lille hjzlpeprogram, der kalder jeres
"SIGNATUR" program, for derefter at vise
register A ( signaturen ) pa displayet.

PROGRAM 20

LABEL O

EXECUTE PROGRAM 9
DPY- SIGNATUR = $A
GOTO O

Optag OK-signaturer péa kredslebet og noter i
skemaet :

Malepunkt Signatur
IC 18 pin 6 I —
................. oo B KD
IC 18 pin 4 I F
................. | (.
IC 18 pin 5 I
................. Y B I
IC 16 pin 4 I
................. I---------------@.EE_
IC 16 pin 5 I
................. 1----------------4&%&

Indfer OK-signaturerne i hovedprogrammet ( program
1 ). Find ferst i programdokumentationen, hvilke
"IF"-setninger det er, der skal rettes. Rettelsen
foregdr ved at man foerst sletter setningen, for
derefter at indtaste den pany, med rettelsen ( OK-
signaturen ), se Programming Manual side 3-3.

13



9)

10)

GUIDED PROBNING.

Start program 1 og afprev den guidede fejlfinding
pa kredslebet, bade uden fejl og med forskellige
fejl indfert pa det.

Som I maske har observeret kommer der ingen fejl-
melding ved fejl i IC ‘erne. Underprogrammet "IC-
FEJL" ( program 11 ) mangler nemlig, s& det er nu
jeres opgave at skrive det, sa& der pad displayet
kommer teksten:

IC-xx DEFEKT MELLEM PIN-yy 0G zz
De variable xx, yy og zz overferes fra hovedpro-

grammet ved hjelp af et register, ( se program
dokumentationen ).

14



GUIDED PROBNING.

OVERSIGT OVER PROGRAM-MODULER.

15

MPS23A
progr.1
.3
b o & S 5 5
- x E
HILSEN GUIDE SIGNATUR NORMAL ICFEJL AFBRUDT ADRFEJL
progr.2 progr. 4 progr.9 progr.68 progr.11 progr.7 progr.8
< g
¥
DELAY AKTIV STI DELAY
progr.3 progr.5 progr.1 progr.3
O L 2 "time” (register B8): bestemmer lengden af delay.
Yo /0t 610 3
@‘ﬂV{Wf{% "tekst” (reg. 9): indeholder variabel del af tekst
Y der skal vises pA display.
progr.3 "result” (reg. A)! indeholder den mAlte signatur.
“x" moduler der mangler.
A7 4— 4 DIAGRAM-UDSNIT MPS-23A
AB 5 | b )———
ICIB 5le Y 2—4Y&
pa_w[e )= o |IC19
| AVAVAN




GUIDED PROBNING.

Fejlfindings-tre

display: GUIDED PROBNING MPS-23A

test IC-18 pin 6

o hvis signatur = OK _/Tﬂ{

test IC-18 pin 4
sa hvis signatur = OK } =1lers
test IC-18 pin 5 test IC-18 pin 6
signatur = OK /élﬁ sa~_ Signatur = OK Tors
test IC-16 pin 8 test IC-1B6 pin 4
signatur = OK . ign = 0K
sa g :lera sé sion ell,
0 test IC-1B pin 8 ; | te‘;’g %0-18 |
= = - signh =
2 |=a sign = K £11.] & saf 0K ;g_l_
S © o |test IC-16 | Q
[as] T nin 10 6 b—
3 8 Q sign = = — X%
2 0 I a8 | 9| & |
i) @© = wo (L} (=]
= - —w o- o
;gg: l ] = m a ~
¥ ~ @ = © -
5 = o | mg o | dz —
o |55 |52 |5 |B8| = |85 | 5 | ;
-
w2 oz |9k |2 | 3d| 8| &
oy | & 2g | 4 | @
oF <

16



GUIDED PROBNING.

AKTIV prosramM 5
SYNC FREE-RUN
gentag |gentag READ PROBE

indtil PROBE = "3-state”

DELAY: 100 msek.

READ PROBE

indtil PROBE # "high” or "low”

gentag |gentag READ PROBE

indtil PROBE = "high” or "low”

DELAY: 200 msek.

READ PROBE

indtil PROBE # "3-state”

RETURN

HIGHZ = 2000000 “*3-state”
HIGHLOW = 5000000 *"high” or "low”

17



GUIDED PROBNING.

| Programmerings opgave i guided probning,

1
2 ! til FLUKE S010A.
it
4 INCLUDE "Z80.POD" ! inkluderer Z80-pod informaticner.
5 DECLARATIONS
& assign REG8 to TIME
7 assign REGI to TEKST
8 assign REGA to RESULT
9
10 PROGRAM 0
11
12 1
13
14 PrErEitr MPS23A 1HEL T
15 e e L e Lt L
16 PROGRAM 1 V0 NV ! her begynder hovedprogrammet.
17
18 EXECUTE 2//£}cgvﬁw4 1 I skriv "GUIDED PROBNING MPS-23A"
19 REGS = 1906‘\\\<$6vgwd ' skriv "PROBE IC-18 PIN-B" og
2 EXECUTE 4 ’ I vent til proben ar paa plads.
21 EXECUTE 9 I maal signaturen med stimulering.
22 IF REGA = Q000 GOTC 0 I virker kredsloebet?
22 REGS = 1804 Y | ellers test IC-18, pin 4.
24  EXECUTE 4 A
2 EXECUTE 9§ & 0 o
26 IF REGA = Q000 GOTO ! I hvis ok: test IC18, pin §
28 REGY = 1608 I ellers test IC-16, pin B.
29 EXECUTE 4
3 EXECUTE 9
31 IF REGA = Q000 GQTO 2 I hvis ok: saa fandt vi fejlen:
32 I afbrudt mellem IC-16p6 og IC-18p4.
33 REGY = 16924 I ellers test IC-16, pin 4.
34 EXECUTE 4
38 EXECUTE 9
38 IF REGA = 0000 GOTO 3 I hvis ok: test IC-16, pin S
37
38 REGY = 7 I ellers fandt vi fejlen: adresse bit 7
39 EXECUTE 8 | defekt.
40Q GOTO 4
41
42 3: REGY = 160S I test IC-16, pin §

43 EXECUTE 4

44 EXECUTE 9

45 IF REGA = 009202 GOTO S I hvis ok: saa fandt vi fejlen:

46 I IC-16 defekt mellem pin 5§ og 6.
47 REGY = 6 I ellers fandt vi fejlen: adresse
48 EXECUTE 8 | bit 6 defekt.

49 GOTO 4

50

51 S: REGY = 1650506 I udskriv fejlen: IC-18 défekt mellem
52 EXECUTE 11 ! pin 5 og 6.

53 5070 4

S4
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55
56
57
58
59
50
51
62
53
64
55
56
67
58
63
70
71
72
73
74
75
78
77
78
79
80
81
82
83
84
85
36
87
88
89
30
31
92
33
34
35
36
37
38
39
100
191
192
123
104
195
126
107
108
129

2: REGY =16061804
EXECUTE 7
GOTO 4

11 REGS = 1805

EXECUTE 4

EXECUTE 9

IF REGA = Q000 60TO §

REGY = 1608
EXECUTE
EXECUTE
IF REGA

I w

0099 GOTO 7

REGS = 1609

EXECUTE 4

EXECUTE 9

IF REGA = 000Q GOTO 8

REGY = 5
EXECUTE 8
GOTO 4

8: REGS = 1610

EXECUTE 4

EXECUTE 9

IF REGA = 0000 GOTO 9

REGY = 4
EXECUTE 8
GOTO 4

9: REGS = 1651008
EXECUTE 11
GCTO 4

7: REGY = 15081805
EXECUTE 7

GOTQ 4

6: REGY = 180505
EXECUTE 11

50T0 4

@: EXECUTE 8§

4:

GUIDED PROBNING.

udskriv fejlen: afbrudt melliem
IC-16 pin 5§ og IC-18 pin 4.

test IC-18 pin 5

hvis ok: saa fandt vi fejlen:
IC-18 defekt mellem pin 5 og 6.
ellers test IC-18 pin 8

hvis ok: saa fandt vi fejlen:
afbrudt mellem IC-16p8 og IC-18p5.
test IC-16 pin 9

hvis ok: test IC-1§ pin 10,

ellers fandt vi fejlen: adresse
bit 5 defekt.

test IC-16 pin 10

hvis ok: saa fandt vi fejlen:
IC-16 defekt mellem pin 10 og 8.
ellers er fejlen: adresse bit 4
defekt.

udskriv fejlen: IC-18§ defekt mellem
pin 10 og 8.

udskriv fejlen: afbrudt mellem
IC-16 pin 8 og IC-18 pin 5,

udskriv fejlen: IC-18 defekt mellem
pin 5 og 6.

udskriv OK-melding: fungerer normalt.

PROGRAM 2

rJ

! underprogram‘dcr skriver paa
! display og venter 3 sek.
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110
111
112
113
114
115
118

118
e
120
121
122
123
124
125
125
127
128
129
130
131
132

133

[ e
134
135
136
137
138
139
149
141
142
143
144
145
148
147
148
149
150
151
152
153
154
155
156
157
158
159
1692
161
162
163
164

GUIDED PROBNING.

DPY-GUIDED PROBNING MPS-234
REGS = 80
EXECUTE 3

PROGRAM 3 ' underprogram der giver et delay
! afhaengig af vaerdien i "TIME",

Q: IF REGB = @ GOTQ 1

DEC REGS

GOTO 92

l:

]

PRLEENEY GUIDE tiridiyy

e .
PROGRAM 4 ' underprogram der anmoder brugeren

: ! om at prohe et punkt og venter

DECLARATIONS ' til proben er paa plads.

assign REG! to ICnr
assign REGZ to PINnr

REG! = REG9 SHR SHR SHR SHR SHR SHR SHR SHR AND FF
REGZ = REGS AND FF
OPY- PROBE IC-$1 PIN-%2 #

EXECUTE &
|
PIEELLTY AKTIV 10111y
e T
FPROGRAM 5§ ! underprogram der undersceger om
! proben er paa plads ( ikke
DECLARATIONS I 3-statet i mindst 200 m.sek .
assign REG® to PROBEDATA
assign REG! to HIGHZ
assign REGZ to HIGHLOW
REG! = 2000000 I maske for "J-state"
REG2 = 5000000 I maske for "high" eller "low"
SYNC FREE-RUN
Q: READ PROBE ' vent til proben har sluppet
REGO = REG@ AND REGI ! det forrige maalepunkt
IF REGD = 9 60TO 0
REGS = 8 I 100 m.sek. delay
EXECUTE 3
READ PROBE ! er proben stadig "3-state"?
REGO = REG® AND REG?
IF REGO® > @ 60TO 9
1: READ PROBE " vent til proben ar paa nyvt
REGQ = REGQ AND REG2 I maalepunkt.

[$3]
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GUIDED PROBNING.

IF REG2 = @ GOTO 1

REG8 = 1@ I 200 m.sek. delay
EXECUTE 3
READ PROBE I er proben stadig paa nyt
REG® = REG® AND REG! | maalepunkt?
IF REGQ » @ GOTO 1
DPY-+ UENT I saa er vi klar til at maale.
|
PIEEEETE NORMAL bt
! _______________________
PROGRAM § ! underprogram der skriver paa display

DPY- FUNGERER NORMALT#

PEEEEEEr AFBRUDT thitibnd .
PROGRAM 7 I underprogram der skriver "AFBRUDT
I MELLEM IC-nr PIN-nr 0G IC-nr PIN-nr"

DECLARATIONS

assign REG! to ICnr!

assign REGZ to PINnri

assign REG3 to ICnr2

assign REG4 to PINnrZ

REG4 = REGS AND FF ! split "TEKST" op.
REG9 = REGI SHR SHR SHR SHR SHR SHR SHR SHR

REG3 = REGY AND FF

REGS = REGS SHR SHR SHR SHR SHR SHR SHR SHR

REGZ = REGY AND FF

REGY = REGY SHR SHR SHR SHR SHR SHR SHR SHR

REG! = REGY AND FF

| saa er det klar til display.
DPY-AFBRUDT PRINTBANE MELLEM # ’
REG8 = 80 | delay irden naeste linie
EXECUTE 3 | displayes.
DPY-IC-%1, PIN-%2 06
DPY-+ IC-%$3, PIN-34%

PLLLITLL ADRFEJL HHILintd

PROGRAM 8 I underprogram der skriver

| "ADRESSE BIT-nr DEFEKT" paa display.
DECLARATIONS
assign REG! to BITnr

REG!1 = REGY AND FF
DPY- ADRESSE BIT-$1 DEFEKT #
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Formal:

Udstyr:

Hjezlpemidler:

Beskrivelse af
opgaven:

KEY-BUFFER TEST.

Programmeringsevelse: Key-buffer test.

Formdlet med ovelsen er at indlare hvorledes man
kan skrive et testprogram, der er i stand til at
teste nogle perifere kredsleb. Programmet skal
kunne bruges, bade til en "go / no go" test, samt
til stimulering af en signaturmdling i forbindelse
med fejlfinding pa kredslebet.

Udviklingsudstyr PMDS.

EPROM 2732 ( slettet ).

Comet 3400 med MPS-10 kort ( 32 bit I/0 ).
Dummy-kabel til at forbinde fra MPS-10 til key-
board-fatning.

Stik med lysdioder til indikering.

~Signaturmultimeter.

Diagrammer til Comet 3400.
Princip-diagram og beskrivelse af key-buffer.

Programmet skal pa MPS-27 kortet teste de kredsleb
der indgar i den buffer der har til opgave at
modtage karakterer fra et keyboard.

Med fjernet keyboard etableres en forbindelse fra
en udgangsport pa MPS-10 kortet til indgangen af
bufferen, sdledes at programmet via denne udgangs-
port kan stimulere bufferen med forskellige test-
menstre. Disse testmenstre kan fra bufferen, der
har plads til max. 9 bytes af gangen, lzses ind p3a
databussen, hvor CPU“en kan checke dem og pa denne
made teste bufferens funktion.

Da programmet ogsa skal kunne bruges til fejlfin-
ding pa kredslebet, ved hjalp af signaturmalinger,
er det nedvendigt at der genereres start og stop
signaler til signaturmeteret.

Endvidere skal det sikres at programforlebet, i
den del af programmet hvor der optages signatur,
gennemlebes ens, uanset om der er fejl pa det
testede kredsleb eller ej. Forgreninger i program-
met ma& altsd forst forekomme efter, at der er
genereret stop-signal.

- - > - - > " w wn - w w w - > wm w-
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Gennemforelse:

1)

2)

a)

b)

c)

d)

KEY-BUFFER TEST.

Inden man kan begynde at skrive testprogrammet er
det nedvendigt ferst at gennemgd kredslebets vir-
kemdde. Se derfor ferst pa "Princip-diagram og be-
skrivelse" af key-bufferen og sammenhold -denne
beskrivelse med det rigtige diagram over MPS-27
kortet.

- w» - " et s > m s - -

Tegn et struktugram evt. ud fra felgende hjalp:

Start med at tende LED 1 for at indikere at testen
er startet.

Initialiser PI0 ( se beskrivelsen over externe
forbindelser ), og st stroben "high".

Udsend startbit til signaturmeteret.

Nu kan selve testen starte: Bufferen fyldes med de
forskellige testmenstre ved hjalp af PIO‘en, hvor
der efter hver byte skal sendes en impuls pa
stroben.

Testmonstrene kan f.eks. laves ved en binar optal-
ling af de udsendte data, sa der testes med samt-
lige 256 kombinationer af disse. Men da bufferen
maksimum kan indeholde 9 bytes af gangen, ma det
antal bytes der fyldes i den, ikke overstige disse
9, inden bufferen temmes igen. F.eks. kan dataerne
sendes i "klumper" pa 8 bytes af gangen, sa vil
det passe at man efter 32 "klumper" har proevet
samtlige 256 kombinationer.

For hver "klump" temmes bufferen, imens der testes
for det rigtige indhold. Da denne testning ikke ma
indeholde betingede hop, pga. signaturmalingen,
kan den laves som vist, nar man skal til at satte
kode pa sit struktugram:

in a, (BUFFER)
xor *0OKDATA*

hent data der skal testes.
afleverer "1" i acc. hvis
testdata ikke svarer til
forventet data (*OKDATA*).
testresultat bliver OR ‘et
sammen med tidligere test-
resultat.

or e
1d e,a

we We We we we we we

Det forudsattes at register E, der bruges til
opsummering af testresultat, er nulstillet inden
testen startes. Efter testen vil eventuelle "1"-
taller i register E fortazlle, hvilke bitpositioner
der har veret fejl pa. De forventede data *OKDATA*
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3)

4)

5)

e)

f)

g)

a)

b)
c)

d)

KEY-BUFFER TEST.

kan evt. vere indholdet i et CPU-register.

Husk pa, at selv om der kun er fyldt 8 bytes i
bufferen, skal den hver gang leses 9 gange for at
vere toemt, det medferer at man ferste gang den
leases skal finde "FF".

Set det forannavnte ind i de nedvendige '"gentage
slejfer", sa der bliver overfert og testet de
neavnte datakombinationer.

Udsend stoppuls til signaturmeteret.

Underseg testresultatet og tend LED 2 hvis testen
viser at bufferen var iorden, mens der i modsat
fald slukkes for LED 2.

Testprogrammet gentages kontinuerligt, for at
det kan bruges til signaturmalingen.

Skriv programmet ud fra struktugrammet og indtast
det i filen: buftest.s

Foretag assemblering og eventuelt afprevning i
debuggeren.

- - - - - - - - - - - - - > - - -

Den endelige objektkode programmeres i en EPROM,
type 2732.

Klarger Comet 3400 og signaturmeter:

MPS-27 kort: fjern EPROM’en ( IC 12 ) og iseat
test-EPROM‘en i stedet for.

MPS-23A kort: isat stikket med lysdioder.

Forbind "dummy kabel" mellem MPS-10 og indgang af
key-buffer ( MPS-27 ). Se tegning over externe
forbindelser.

Forbind signaturmeter:

Clock: IC-25 ben 3 (MPS-27) systemclock

Start: J1 ben 1 (MPS-23A) portnr. F1 bit O

Stop: J 1 ben 1 (MPS-23A) portnr. F1 bit O
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6)

7)

KEY-BUFFER TEST.

Indstil signaturmeter:

stilling: SIGNATUR NORMAL.
CLOCK: negativ flanke.
START: Positiv flanke.
STOP: negativ flanke.

Teand for COMET ‘en 09 afprav testprogrammet forst
med indikeringerne pa lysdioderne, henholdsvisg med

Mal vce signaturen uden fejl p3 kredslabet, og
kontroller at den ikke @ndrer sig n4r der indferesg

Optag nogle ok-signaturerp i key-bufferen 0g afprev
hvilke der 2ndrer sig med Forskellige fejl pa
kredslabet .
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KEY-BUFFER TEST.
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KEY-BUFFER TEST.

KEY-BUFFER TEST: externe forbindelser.

Vee !
MPS-23A dl LED 1 LED 2
o ! YE
port nr: FO |IC 24 D1

til signaturmeter:

—> START _§{
port nr: F1 |IC 23 > sToP T
_____ 1_0...._._......._........._.._.!
STROBE: port nr: 58 | PORT loo }
control reg.A : 5A A 1
controlord (mode 0)= OF |IC 3 - :
control reg.B ¢ 58 PIo 3
controlord (mode 0)= OF PORT §
PORT: port nr: 59 B —=s
Sy B
"" WSy WERDFEER T T T 2
2 x
| 07 |2 z
DATABUS ‘IC a3 IC 28 3 3
BUFFER: port nprt CB 1o I?o
T8 €

V__
._..+_-¢.:-4
n
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Formal:

Udstyr:

Hjelpemidler:

Beskrivelse af
opgaven:

ROM-TEST.

Programmeringsevelse: Rom-test.

Formdlet med evelsen er at indeve hvorledes man
kan teste en rom eller eprom for dens korrekte
bitmenster indhold, samt at se hvorledes dette
testprogram skal skrives for at kunne kere i en
"In-Circuit Emulator", Computest uSA.

Udviklingsudstyr PMDS.
EPROM 2716 ( slettet ).
Computest uSA.

Comet 3400.

User Manual til uSA.
Struktugram over Cyclic Redundancy Check.
Udskrift af filen: romtest.s

Der skal laves en "Diagnostic Prom"” til uSA “en,
d.v.s. en eprom ( indeholdende et &eller flere
testprogrammer ) der sattes i forpladen pa uSA ‘en.
uSA “ens cpu-pod sattes ind istedet for cpu’en i
computeren der skal testes ( Comet 3400 ), og ad
denne vej kan diagnostic-programmet nu teste Co-
met “en, mens testresultater o.lign. kan vises pa
displayet i uSA “en.

Der skal laves et testprogram der maler en signa-
tur ( Cyclic Redundancy Check ) for Comet “ens ROM
og viser denne 8-bits signatur pa displayet.
Diagnostic Prom“en skal udover selve testprogram-
met, der skrives i Z80-kode, ogsa indeholde oplys-
ninger til uSA°‘en ( Diagnostic Header, Subtest
Header, tekst linier’ m.m. ). De sidstnavnte
control koder skrives pa uSA ‘ens pramisser og er
beskrevet i dens User Manual.

P& wudviklingsudstyret ligger en fil ( romtest.s )
hvor en del af disse ting er lavet pa forhand, sa
jeres opgave bliver at tilfeje de resterende op-
lysninger sammen med selve testprogrammet, der
maler signaturen.

I filen romtest.s ligger en beskrivelse af for-

skellige "macro-kald" der kan bruges til at gene-
rere control koderne til uSA “en.
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Gennemforelse:

1)

2)

a)

b)

c)

a)

b)

ROM-TEST.

Inden vi begynder at skrive selve testprogrammet
er det vigtigt ferst at se pa, hvordan det skal
presentere sig overfor brugeren, dvs. hvad skal
der displayes:

N&r diagnostic prom“en selectes med "PROM/MEM"
knappen skrives der en initial-tekst pa displayet
f.eks.:

* COMET DIAGNOSTIC *

Der kan laves op til 99 testprogrammer i diagno-
stic prom“en, sa det er en fordel, hvis hver af
disse subteste starter med at presentere sig pa

displayet, nar de valges med "SUBSEL" knappen.
Vores testprogram, der far subtest nr. 01, kan
starte med at skrive:

01* ROM-TEST

Nar rom-testen er ferdig, skal resutatet dvs.
rom“ens signatur displayes. Ud over denne 8-bits
signatur, der displayes som variable data, skal
der vere en tekst der forteller, hvad der vises.

Skriv herunder hvad der skal displayes, nar testen
er ferdig. Der er plads til max. 20 karakterer oag
de gyldige karakterer kan findes i User Manual
side A-1:

display:

- - > - G - - w > > > s -

ASCII MESSAGE:

Ved hjelp af editoren abnes filen: romtest.s.
Find i denne fil afsnittet: ASCII MESSAGE: der
beskriver, hvordan man med et macro-kald laver en
tekst-string.
Der er i forvejen lavet 2 tekst-stringe:

* COMET DIAGNOSTIC *
0g: 01+ ROM-TEST

Tilfer den eller de tekst-stringe, der skal til
for at skrive jeres tekst.
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3)

4)

a)

b)

c)

a)

b)

ROM-TEST.

MESSAGE LIST:

Det der displayes kan besta af en eller flere
tekst-stringe, samt eventuelt nogle variable data.
De forskellige dele bindes sammen med en "message
list". Denne "message list" bestar af 1lige sé&
mange "message list entry", som der er af tekst-
stringe og data, der enskes pa displayet af gan-
gen.

Find afsnittet: MESSAGE LIST: der beskriver synta-
xen for det macro-kald, der skal bruges til at
danne de enkelte "message list entry".

Der er 1i forvejen lavet "message list" til de 2
forste tekster der display ‘es.

Tilfej "message listen” til det I ansker display’-
et, nar rom-testen er fardig.

TEST-PROGRAM:

Find sidst i filen afsnittet: TEST-PROGRAMMER: hvor
selve programmet skrives.

De 2 ferste instruktioner er lavet pa forhéand,
hvor linien:
reque(S1LIST, 20,0x1A)

er et macro-kald der genererer "service request",
for at starte programmet med at display‘e teksten:

01* ROM-TEST

Syntaxen for dette macro-kald er beskrevet i
afsnittet: SERVICE REQUEST:

Resten af testprogrammet, som I nu skal ¢til at
lave, tilfejes sidst i filen hvor det star anvist.
Lad labelen ENDING: sta efter jeres sidste in-
struktion, for at markere programslut.

Rom-testen skal laves efter "Cyclic Redundancy
Check" princippet og som resultat vise en B-bits
signatur. Skriv programmet ud fra struktugrammet
over "Cyclic Redundancy Check".
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5)

6)

7)

a)

b)

a)

b)

c)

a)

ROM-TEST.

Signaturen afleveres til sidst ud i "shadow ram
men" pa den hukommelsesplads, som I har angivet
med dens label i "message listen”".

I skal huske at reservere denne hukommelsesplads i
"shadow rammen". Dette kan, i begyndelsen af sub-
test-programmet, geres med satningen:

XXXX = SEREQ + 5

XXXX erstattes med jeres label og "SEREQ + 5" er
forste ledige plads i "shadow rammen" ( de forste
pladser bruges til "service request" i forbindelse
med macro-kaldet "reque" ).

Assemblering:

Nar programmet er skrevet i filen romtest.s as-
sembleres denne og rettes for eventuelle syntax
fejl.

Objektkoden programmeres i en eprom, type 2716,
vha. programmeringsprogrammet der startes op med:

sprom proclé

Programmet programmeres fra adresse 0000 i eprom-
men.

Klarger Comet 3400 og Computest uSA:

Med Comet og uSA slukket fjernes CPU’en i Cometen
og erstattes af CPU-poden fra uSA‘en.

Jeres Diagnostic-Prom sattes i soklen PROM 1 pa
uSA “‘en, med ben 1 op mod udlesestangen.

Tend ferst for Comet “en, og dernast for uSA ‘en.

Hvis der slukkes skal det ske i modsat razkkefelge,
for at beskytte CPU-poden.

Afprevning af Diagnostic-Prom:

Med knappen: PROM/MEM kobles Diagnostic-Prom’en
ind i memmory-mappen og initial-teksten:

* COMET DIAGNOSTIC *

skal nhu vise sig pa displayet.
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b)

c)

d)

ROM-TEST.

Rom-testen valges med felgende indtastning:

SUBSEL
0

1
ENTER

Det valgte testprogram kan nu startes med knappen:
RUN, hvorefter der p3 display ‘et skulle komme
teksten:

01* ROM-TEST

Efter et par sekunder ( der er bestemt af "WAIT
TIME" i forbindelse med "service request" ), star-
ter selve test-programmet, der skulle slutte med
at vise den resulterende signatur pj displayet.

Afproav test-programmet med forskellige rom‘er i

Cometen, 09 kontroller at de giver forskellig
signatur.
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ROM-TEST.

Apr 9 14:57 1986 romtest.s Page 1

Modulname: romtest.s

Mainprogram: none
Programtype: assembler
Date:

Programmer:
Function:
Register used

diagnostic prom

as inputs: none
Register used

as outputs: none
Subroutine calls: none
Destroys reg.: all

Language: PCP m4 + z80 assembler

Debug:

Debugger:

Last correction:
!*******************************************************

! CONTROL INFORMATION *

13 3 9 36 3 3 3 3 3 I I I K Kk

G tems tem tmm et e st e tewm s et cowe

ORIGEN = 0xAO000 !
o e s e

Diagnostic Proms start adr.

.sect .text

.base ORIGEN

include(mac)
!*******************************************************

! DIAGNOSTIC HEADER: *
!*********************
! PROGRAM ORIGEN: start adr.for
! diagnostic eprom:
ORIGEN)

! ENDING ADDRESS: slut adr. + 1
! for diagnostic program:
ORIGEN+0x400)

! NUMBER OF PROMS:
! (1 eller 2):

antal eprom

! MESSAGE LIST POINTER: skriv

! label for Message List, der

! skal vises som initial tekst:
ORIGEN+0x200)

! NUMBER OF SUBTESTS:
! (mellem 1 og 99):

éEREQ = ORIGEN ! SERVICE REQUEST BYTE POINTER:
! angiver hvor service request
! ligger i shadow ram.

SEREQ-)

lmmmmem e e A e e e e m e m e mmmmmmmmemmmmm————————

!
!

33
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ROM-TEST.
Apr 9 14:57 1986 romtest.s Page 2

! SUBTEST1 POINTER: skriv
! "HEADx" hvor "x" erstattes
! med subtest nummer:

hilo( HEAD1)

! evt. flere subtest pointere:

.align 0x80

136 36 36 36 36 3 3 3 I 3 W I I I I I K I I I I I I I I I I N I I I % %

! SUBTEST HEADERS: *
!******************* ifdef(x"
! Syntax for macro-kald der genererer Subtest
Header:
subhead(nr,map, filter)

AAAAAAAAAAAAAAAAAAAAAA

Parametre:

nr = subtest nummer ( mellem 1 og 99 ).
map = FUNCTIONS SPECIFIED MAP:
0 = memory mapped til UUT, og ingen
"fault isolation" maalinger.
filter = FILTER CRITERIA POINTER:

for yderligere oplysninger om "map
og filter" se side 6-6 i User Manual.
( NB! dette macro-kald kan kun bruges til Subtest
Headers uden "fault isolation" maalinger.)

skriv macro-kald med parametre herunder:
****************************************#%***********’)

subhead(1,0,0)

!
!
!
!
!
!
!
!
!
! 0 = ingen filter.
]
]
]
!
]
]
]
]

13696 36 3 36 3 I 3 3 36 3 I I I 3 I I I I I I I K I I I I I I I I I I I I I I I RN N

! PROGRAM BODY: *

136 36 3 3 3 3 9 K 3 K K X *

.align 0x100

136 3 3 3 36 3 I I I 3 3 I I I I I I K I I I I I I I I I I I I I I I I I I X %

! ASCII MESSAGE: *

| 33 3 3 3 3% 3 3 3% 3% % K % %% %% ifdef(x,‘
! Syntax for macro-kald der genererer

! Ascii Message ( tekst-string ):

! string(nr,tekst)

: AMaAAAAAAAAAAAAA

! Parametre:

! nr = nummer paa tekst-string.

! tekst = tekst-string; se side A-1 i User

! Manual for gyldige karakterer.

!
!
!

skriv macro-kald med parametre herunder:
*****************************************************’)

string(1,* COMET DIAGNOSTIC *)
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string(2,01* ROM-TEST)

13636 36 36 3 3 36 I 3 3 3 I I 3 I I K I K I I I I I K I I I I I I I I I I I I I I I N R

! MESSAGE LIST: *

13 36 36 36 36 3 3 3 % ¥ X % % % X

.align 0x100
!***********************************************ifdef(x"
! Syntax for macro-kald der genererer
Message List Entry:
messlist(label,opcod,lenth,point)
Parametre:
label = symbolsk navn der skal bruges som
"MESSAGE LIST POINTER" naar message
skal displayes.
opcod = OPCODE: angiver operation type
og data format.

lenth = FIELD LENGTH: antal karakterer
i tekst.

Ved Ascii Message: skriv "STRINGx"
hvor "x "er nr. paa tekst-string.
Ved data Message: skriv label for
hukommelsespladsen hvor data ligger.

for yderligere oplysninger se side
9-4 i User Manual.

skriv macro-kald med parametre herunder:
*****************************************************')

!
!
!
!
!
!
!
!
!
!
!
! point = ADDRESS POINTER:
]
!
!
!
!
!
!
!
!
!

! initial tekst: vises naar PROM/MEM aktiveres
messlist (DIALIST,0x80,20,STRING1)

! subtest1 tekst:
messlist(S1LIST,0x80,14,STRING2)

!***********************************************ifdef(X,‘

! SERVICE REQUEST: *

§ 3369 3 36 3 3 3 3 K 3 I ¥ I K *

! Syntax for macro-kald der via Shadow Ram anmoder
! uSAen om at udfoere en funktion; f.eks at dis-

! playe noget:

! reque(message,wait,service)

' AAAAAAAAAAAAAAAAAAAAAAAAAANA

! Parametre:

! message = MESSAGE LIST POINTER: skriv label
! for Message List, der skal vises
! paa displayet.

! WAIT TIME: tid = vaerdi * 0,1 sek.
! SERVICE REQUEST BYTE: bestemmer

! funktionen der skal udfoeres.

]

wait
service
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for yderligere oplysninger se side
8-2 i User Manual.

macro-kald med parametrene skrives de aktuelle

steder i test-programmet.
!****************************************************** ')
! TEST-PROGRAMMER: *

!*******************

!

! SUBTEST 1
!***********
.align 0x80

! definitioner:
ROMB
ROMSL

.

0xF800 ! ROM start adresse
0x0000 ! ROM slut adresse + 1

! reservering af rampladser i shadow ram:

! program:
SUBT: ld sp,ORIGEN+OxFF ' init stackpointer

! skriv initial-tekst: 01* ROM-TEST
reque(S1LIST, 20, 0x1A)

! Fortsaet med resten af testprogrammet her:
o i 3 gMme Lt her:

ENDING:
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Cyclic Redundancy Check

ADDR = STARTADDR
SIGN = 0

~ POLYN = 00011001

gentag [skift SIGN 1 bit mod venstre
MSB ind i CARRY og O ind i LSB

a4 hvis CARRY = 1

lers
SIGN = SIGN ® POLYN J

SIGN = SIGN @ (ADDR)
ADDR = ADDR + 1
indtil ADDR = SLUTADDR + 1

® = bit for bit EXCL-OR
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PORT-TEST.

Princip for PORT-TEST.

 YE

PORT
LATCH

.

DATA-BUS

PORT A

PORT B

Lysdioder til

2& indikering.
3

"1\ Dummykabel )]

Indiker: test startet

Szt testparametre op

Udfer test

Indiker: test kerer endnu

Udfer test

Indiker: testresultat
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Fejl-typer:

RAM-TEST
RAM-TEST

Read/Write Error (Skrive/lase fejl):

[g%~ 4, Hukommelsesceller kan ikke 0- eller 1-

@ stilles.

4%%&&» Kan optrade pi enkelte databit eller i
hele databredden.

Decod Error (Adresse fejl):
Fejl ved adressebussen eller decod-
ningslogikken.
Der er tilgang til samme hukommelses-
plads p& to “eller flere forskellige
adresser.

Bitafsmitnings fejl:
Der er overhering mellem hukommelses-
cellerne.

Kan vare mensterafhangiq.
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Forskellige test-algoritmer:

1) March:

Fordele:
God til at underseqge for Read/Write
Error, og Decod Error.
Rimelig kort tidsforbrug.

Ulemper:

Darlig til at finde Bitafsmitnings fejl.
Kan kun bruges til Go/No Go test ( giver
ikke noget testresultat der ved analyse
kan fortelle noget om fejlens narmere
pladsering ).

Destruerer det oprindelige indhold i
ramlageret (testen er ikke transparent).

RAM-test: MARCH

PAT = 01
en- ADDR = STARTADDR
88 [gen- (ADDR) = PAT
ag ADDR = ADDR + 1

indtil ADDR > SLUTADDR
ADDR = STARTADDR

i hvis (ADDR) = PAT
0 lsa ellers
ADWg AD-ﬁﬁ + 1 _—

indtil ADDR > SLUTADDR
skift PAT 1 bit mod venstre

indtil PAT = 0
RAM OK
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adr. 1

1FFF
1FFE

0003 [00O0O000O01
0002
0001
0000

Rammen fyldes med
menstret 01

L)

adr. :3

%g;g lﬂlﬂlﬂl5=g=ﬂ[lﬁl €%

0003
0002

Ty
0001 [0 0000 01L0]
0000 (00000010

Testmanatet skiftes 1
plads mod venstre, og
skrives 1 adresseom-
rddet.

adr. 5

1FFF
1FFE

0003

T 0000000]
0002

100000 00]
% HEREeeeT

Sidste testmgnster der
skrives 1 rammen

41

Adresseomradet leses og
checkes for korrekt ind-
hold, hvorefter indholdet
inverteres.

adr.

1FFF
1FFE

0002 lm?
0001 110
001 HIL 1T

Det nye indhold checkes
og inverteres igen.

adr. B

1FFF
iFFE

]
[]
]

0003 111 1

0002

0001

0000

og checkes pA samme
de.
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Debugger:
Last correction:

! Modulname: march

! Mainprogram: none

! Programtype: assembler

! Date: 8-4-86

! Programmer: Svend Erik Bertelsen
! Function: ram-test

! Register used

! as inputs: none

! Register used

! as outputs: none

! Subroutine calls: none

! Destroys reg.: all

! Language: PCP z80 assembler
! Debug:

]

!

! Definitioner:

PAT =  0x01 ! testmoenster.
startadr = 0 ! startadresse for ramlager.
slutadr = 0x2000 ! slutadresse + 1 for ramlager.

! Startadresse for program:
.sect .text
.base OxF8a0

1d de,slutadr

1d b,PAT !' PAT = 01
skift: 1d hl,startadr ! addr = startaddr
fyld: 1d (hl),b ! (addr) = PAT
inc hl ! addr = addr + 1
1d a,l ! gentag "fyld" indtil
cp e ! addr > slutaddr.
jp nz,fyld
1d a,h
cp d
Jp nz,fyld
1d hl,startadr ! addr = startaddr
test: 1d a,(hl) ! test om: (addr) = PAT
cp b
Jp z,0k
halt ! stop hvis (addr) <> PAT
ok: xor OxFF ! hvis (addr) = PAT:
1d (hl),a ! (addr) = (addr) excl-or FF
e hl
1d a,l ! gentag "test" indtil
cp e ! addr > slutaddr.
jp nz,test
1d a,h
cp d
Jp nz,test
sla b ! skift PAT 1 bit mod venstre.
Jp nc,skift ! gentag "skift" indtil PAT = g
! RAM 0K
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RAM-TEST

2) Galpat:

Fordele:
God til at wundersege for Read/Write
Error, og Decod Error.
Rimelig god til at undersege for Bitaf-
smitningsfejl.

Ulemper:

Meget lang tidsforbrug ( bruges bedst i
mindre adresse-afsnit af gangen ).
Destruerer det oprindelige indhold i
ramlageret (testen er ikke transparent),
testen kan laves i en variant der er
transparant, da den arbejder péa det
oprindelige 1indhold af ramlageret, og
efter testen afleverer det uandret.

RAM-test: GALPAT

PAT = 55
en- ADDR = STARTADDR
80 gen- (ADDR) = PAT
ag ADDR = ADDR + 1

indtil ADDR > SLUTADDR
ADDR = STARTADDR

en- (ADDR) = (ADDR) ® FF
8g ADDR1 = STARTADDR
en—
a0 | sa hvis ADDR1 # ADDR 1.

oh hvis (ADDR1) # PAT <1l

hvis (ADDR) #
FEJL sé PAT ® FF ell.

HALT FEJ - HALT \L

ADDRL = ADDRI + 1
indtil ADDR1 > SLUTADDR
(ADDR) = (ADDR) ® FF
ADDR = ADDR + 1
indtil ADDR > SLUTADDR
PAT = PAT ® FF

indtil PAT = 55
RAM OK
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adr. 1 adr. 22
1FFF i1FFF
i m iFE m
_ i,

0003 Q1071071 0003 1 1 10 .
2o 003 595)
0000 0000 g D

- Adresseomradet ldes Invertep indholdet 1 fgrate adr.

med menstret Egy

Inholdet 1 adp. 0001 inver-
teres og de avrige adr.
checkes som far.

adr.

1FFF
1FFE

0003
0002
0001
0000

44

Gennemlab med stigende adr.:
adr

ck neste .
check de inveterede data

adr.
i1FFF

indtil indholdet
har veret inverteret,

Testen fortastter
af alle adr.

nu med

Adresaeomradet fyldes
og hele testen
ette

manstret AA

gentages med d menater, . (

’ % L
‘L”f \/)\M(khx »

Ep.



RAM-TEST

R/W og DECOD-test:

Fordele:
Testmensteret er enkelt og overskueligt,
hvorved testen bliver relativ nem at
lave.
Rimelig kort tidsforbrug.
Ved analyse af testresultat, kan der
drages slutninger om fejlens beliggen-
hed.

Ulemper:

Der testes ikke for bitafsmitning.
Destruerer det oprindelige indhold ( ik-
ke transparent ).

R/W og DECOD-TEST

adr. 1. 2. adr.
1FFF 0101'01014%42 1FFF |
1FFE 1FFE
] ]
] ]
0003 0003
0002 0002
0001 0001
0000 0000
1. Adresseomradet fyldes med 3. Adresseomradet fyldes med
skakbret-menster, ‘ det inverterede menster,
skiftevis AA og 655. skiftevis 55 og AA.
2. Adresseomradet l=ses og 4. Adresseomradet lzses og
checkes for korrekt indhold. checkes for korrekt indhold.
adr. 5. 6.
iIFFF [0 001 1T 111}
1FFE 1 111101 5. Adresseomradet fyldes
1FFD 00011111} med adr. afhengige data.
1FFC 0 Ol
: ! 6. Adresseomradet l=zses og
! ! checkes for korrekt
1637 0 001011 0] indhold.
16836 0 U U 0 |1
16835 0 O O 0 0
1634 [0 C 010011 h: viser fejl ved adr.
i i bit 8-15
0003 [0OO0O0000QO0] 1: viser fejl ved adr.
0002 0000001010 — bit 0-7
0001 000000 O00D0
0000 000000001f1
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RAM-test:

PATL = AA

PAT2 = 55

en-
a9

indti

ADDR = STARTADDR o
en- (ADDR) = PATl BL
0~1

ag ADDR = ADDR + 1 y

(ADDR] = PAT2 0

ADDR = ADDR + 1 I~ |

indtil ADDR > SLUTADDR
ADDR = STARTADDR _ 2

~ hvis CADDR) > PATL 1,

AD_5§=ADDR+1 -
| sa::::: hvis (ADDR) = géze 211,

ADDR = ADDR + 1 =
indtil ADDR > SLUTADDR

en-
ag

PATL = PATL ® FF__‘laqoeuies  PAL

PATE = PAT2 ® FF_ Suocde— VA1 2
1 PATL = AA

ADDR = STARTADDR

en-
ag

[ indtl

(ADDR)_= ADDR-1low

ADDR = ADDR + 1

(ADDR)_= ADDR-high

ADDR = ADDR + 1

1 ADDR > SLUTADDR
ADDR = STARTADDR

en-
ag

ab hvis (ADDR) = ADDR-low 511,

ADDR = ADDR + 1 _%
-:;\\"‘*~ﬁ___2713 (ADDR) = ADDR-high a1l.

indtil ADDR > SLUTADDR

ADDR = ADDR + 1

RAM_OK
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ROM-TEST

4 principper til fejldetektering af ROM / EPROM:

1) Checksum:

( aritmetisk checksum )

Aritmetisk addition af indholdet af samtlige

U

\}f\‘% x\ ! 1
y( 0 <¢ Adr.
vﬁ 0000

J 0001
0002

0003

0004

0aos5

Fa

2) Modificeret Checksum:

Som aritmetisk
roteres summen

Adr.

0oao
0001
0002
0003
0004
0005

3) Lodret paritet:

ROM ad
' 43 43
' 2B ' +2B =
' C3 |
121 !
! QA !
1 62 !
checks
1 bitp
ROM ad
1 43 ! 43 <
1 2B !
1 C3 ! 4C
121 1 +21 =
I 0A !
1 62 ! :
2B <
modif

(EX-OR CHECK )

adresser i ROM“en, hvor "carry" smides vak.

dition af indholdet:

6E
+C3 = 31
+21 = 51
+0A = 5B
+62 =

8

8D

checksum

um, men efter hver addition

osition mod venstre.
dition af indholdet:

= 86
+2B B1 <= 63

+C3 =
DA -

+0A

26 <= 4C

6D <

E4 <= C9

+62 =

2B
= 56
iceret checksum

56

Der laves 1lige ( eller ulige ) paritets-check
mellem alle bit i samme bitposition i ROM’ens
indhold.

Adr . D7 D6 D5 D4 D3 D2 D1 DO

0ooo rog!'1trogototrorot!r1t 1!

0001 rog!tot12rort1torr 1

0002 r19 11 rogrtototrtotrrt1!

0003 trg'!'!'ot1totrtotrotraot! 1!

0004 rog!'g'!'ogotrot!r1ro.r1 10!

0005 rog!r1 1 rototrtot!rr ! 0!

lodret paritet: ' 17 ' 17 1 1 1 g ot Q0! 1t 0!
checksum = E2
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780 program til de 3 faerste test principper:

1d hl1,ROMSTART
1d de,ROMSLUT

l1d b,0 ! checksum := 0
LOOP: 1d a,b
‘ Gl Checksum: Modificeret Lodret
! Paritet:

|
! Checksum:
1
1

! ! ]

- - ! ] ! !
DAL | ! add a,(hl) add a,(hl) ! Xxor (hl) !
! ! !

V. , rlc a

9}“ 1d b,a
inc hl ! neste adresse
1d a,l
cp e ! adr.low = slut?
jr nz,L00P
1d a,h
cp d ! adr.high = slut?
jr nz,LOOP
1d a,b ! aflever checksunm
1d (RESULT),a ! i RESULT

- - - - - - - w > = s > -

4) Cyclic Redundancy Check ( CRC ) eller Signatur Check:

Signaturen dannes som en rest fra en division af
ROM “ens data med et polynomium.

Princip for "CRC" vist med eksempel der giver en 4
bit signatur:

Data: 1011110010
Polinomium: 11001 = x4 + x3 + 1

1011110010 : 11001 = 110111
-11001
11101
-11001
10000
-11001
10011
-11001
10100
-11001
1101

Rest : 111000101
4 bit signatur: 0101
Normalt bruges en 8 eller 16 bit signatur for at

ege fejl-detekterings sikkerheden.
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Valget af polynomiet har betydning for fejl-
detekterings sikkerheden, og afger tillige om
signaturen bliver pa 8 eller 16 bit.

Eksempel pa anvendte polynomier:
8 bit sign:
x8 + x4 + x3 + 1 (1)00011001

16 bit sign:
CRC-16
SDLC ( CCITT-16 )
Signatur-meter

x16 + x15 + x2 + 1 (1)1000000000000101
x16 + x12 + x5 + 1 (1)0001000000100001
x16 + x9 + x7 + x4 + 1

Signaturen kan laves bade som en hardware-lesning
( f.eks. signatur meter ) og en software-lesning.

Struktugram over program til Cyclic Redundancy Check:

POLYN = 00011001
( polynomium til 8 bit signatur: x8 + x4 + x3 + 1 )

Cyclic Redundancy Check

ADDR = STARTADDR
_SIBN = 0 VOV (5 e
POLYN = 00011001

gentag |skift SIGN 1 bit mod venstre
MSB ind 1 CARRY og 0 ind i LSB

khvm CARRY = 1 T

SIGN = SIGN ® POLYN J
SIGN = SIGN ® (ADDR)
ADDR = ADDR + 1

indtil ADDR = SLUTADDR + 1

® = bit for bit EXCL-OR
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Testprogr-ammer i emulator {ﬁﬁgb

Man kan ved hjelp af en emula-

tor indlagge en shadow memory FD()RA
et vilkarligt sted i memorymap- N
pen.

Dette kan vere velegnet til, at
udfeére testprogrammer som te- 2 .
ster ROM’er i et givet target (9 [~ 7]

system, hvor man ikke kan fjer- -
ne disse mens testen foregar. o< fp-- ] |

Metoden man anvender bestar i,
at "klippe" et passende stykke EMULATOR
af den eksisterende memorymap HEWORY
ud, og i stedet her anbringe S
emulatorens shadow memory. MEMORY

Dette foretages i PMDS-II an-

legget ved, at man tilslutter debuggerens POD i CPU-soklen i
stedet for selve CPU’en, op opsatter debuggeren til at emulere et
stykke af memory mappen.

Dette foretages ved 1 debuggerens opstartsfil, at @ndre ’map’
kommandoerne til f¢lgende linier:

MAP F800 FFFF PROTO ROM‘a‘
MAP 0000 OFFF EMEM ROM

Derved instrueres emulatoren om, at der befinder sig en ROM i
target systemet pd adresse F800-FFFF.

Selve emulatorens shadow memory placeres i memory mappen i
adresseomrdadet 0000-O0OFFF.

Selve testprogrammet skal derfor blot nu assembleres til at blive
udfért fra adresse 0000:

.sect .text
.base 0x0000

start:  ......

Selve test programmet, som nu er placeret i emulatoren og udféres
i det aktuelle target system, kan f.eks. give sine fejl meddelser
i et af CPU’ens registre, hvor man via debuggeren kan se ind-
holdet af disse.

For at indikere over for debuggeren at testen er slut kan man
afslutte sit test program med en ’halt’ instruktion. Dette
bevirker nemlig at debuggeren giver kontrollen tilbage til
brugeren.

Na&r testprogrammet skal udféres skal man blot starte debuggeren
op, og load’e testprogrammet for derefter at skrive:

RUN 0000
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Signatur-test.

FLOW CHART
ENTER

SETBIT TO
OPEN GATE

ASSEMBLY

BUS
MNEMONIC ADDRESS

CLOCK=RD
WR
START/STOP
BITOIN 2582
KEYBOARD SCAN
LAT?'I-_ AT
1/0 PORT FEH GATE
CLOSES

START
EDGE
GATE MONITOR ROM
OPENS CONTENTS ON
BUS HERE

Figure 10. Here is the Z80 code that creates the START and
STOP edges by setting and resetting bit 0 in the KEYBOARD
SCAN LATCH at /O port FEH. For tests 0-6 and B-C, two CLOCKS
(RD and WR) are used to detect the START and STOP edges. ARD
CLOCK occurs with every op-code fetch of the Z80 which is more
than adequate to detect the START and STOP edges. (A clock

51

12

edge must occur both before and after both the START and STOP
edges to ensure detection.) A WR CLOCK occurs when the /O
port FEH and the device being tested are written. The code shown
is for MONITOR ROM tests 0-1. A WR CLOCK does not occur for
these tests. Similar code applies to tests 0-6 and B-C.



Signatur-test.

ASSEMBLY
MNEMONIC

FLOW CHART

BUS
ADDRESS

SETBITTO cars
- OPEN GATE (FED, A gggg
00FE

ALL LD HL, 0 C2F3 | o ar
GET FIRST C2F4 | AnD
RAM ADDRESS C2FS | sTop
ADD C2F6 | ARE

INC L €305
WRITE AND READ EVEN LD A, B c306
RAM LOCATION =] LD (HL), A c307
0XXY
; LD A, (HL) c308
CXXY
WRITE AND READ QDO -1
RAM LOCATION INC HL €309
LD A,C C30A ]
LD (HL), A €308 .
0XXY.1
) LD A, (HL) c3oc
0XXY.-.1

CLOCK =
GATED AD

WR

START/STOP

STOP

START

EDGE EDGE
GATE WOULD GATE WQULD OPEN I— GATE OPENS HERE BECAUSE
CLOSE HERE IF HERE IF%% WERE OF GATED RD CLOCK. FIRST
RD WERE USED USED AS CLOCK. DATA BIT FOR SIGNATURE
AS CLOCK SAMPLED SIMULTANEOUS

I~ GATE CLOSES HERE BECAUSE

WITH GATE OPENING.

OF GATED RD CLOCK.
‘— START OF SA TEST.
RAM CONTENTS READ ONTO
DATA BUS HERE

— THIS READ OF RAM HAS BEEN
ADDED SO THAT

AD
CLOCK OCCURS BOTH BEFORE
AND AFTER THE START AND
STOP EDGES.

Figure 12. Generation of the START and STOP edges for tests

7-9 is similar to tests 0-6 and B-C of figure 10. In this case, extra
code has been added between the generation of START and
STOP because of the gated CLOCK. The gated RD CLOCK used in

these tests occurs only when the device being tested is read. The
extra code adds both a read and a write access to the device
under test between the STOP and START edges to ensure
detection.
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START ROM
TEST LOOP

y .

WAIT ONE
CYCLE

v

STOP
(CLEAR CONTROL
LINE)

'

START
(SET CONTROL
LINE)

!

TEST ROM 1

LOOP 1

.

YES

TEST ROM 2

' YES
y

TEST ROM N

NO

NORMAL LOOP —j

Figure 7. Loop on Fail Flowchart. SA test cycle length
varies with first fault location to produce a charac-
teristic Vcc signature.
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Table 1

Motorola 6800 Code for performing a checksum on two ROMs  completed. The V. signature will take on one of only three
(“ROM1” and “ROMZ2"). Address line A15 is toggled at the possible values depending on whether 1) ROM1 is bad, 2)
start. A variable length time window is created by again toggling * ROM2 is bad, or 3) both ROMs are good.

A15 when an incorrect checksum is found, or when the test is

MEM. ADDRESS LABEL MNEMONIC LOCATION EXPLANATION
LOCATION OR #
3800 CSR1 FCB $D2 Check sum of ROM1
3801 CSR2 FCB $8C Check sum of ROM2
STSP EQU $8000 Label used to toggle A15
" for SA start and stop
BESA STA A STSP
LDX #$3801 Load index register with the
starting address of ROM1
CLRA Clear accumulator for checksum
ROM1 ADD A 0,X Add contents of ROM to
Accumulator A. :
INX Increment index register to chec
next location
CPX #$4000 Compare the index register
with the end of ROM1.
BNE ROM1 Branch to “ROM1” if all ROM1
locations have not been checked
STA A $00 Output checksum onto data bus
CMP A CSR1 Compare accumulator A with
ROM1 checksum
BNE BESA Branch to “BESA” to end time
window if not equal
ROM2 LDX #$4000 N
CLRA
ADD A 0,X ?_Same as above except
INX ROMT’s are changed to
CPX #$4200 ROMZ2’s -
BNE ROM2
STA A $00
CMP A CSR2
BNE BESA ~
NOP Extend time window one step
BRA BESA If both checksums are correct
then end time window
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SECTION F—STATIC VIDEO PATTERN,
TEST A
- STATIC VIDEO PATTERN
CO034A AY *
ZERO PATTERN
cac |
GET SCREEN
RAM STARTING |-~ CHARAGTER FosrTion
ADDRESS ON CRT
C34F ANOTH
WRITE PATTERN
TO CURRENT
ADDRESS
C351 {
INCREMENT
PATTERN AND
ADDRESS
Figure 14. The static video pattern is written into RAM by this €353 —
program. All possible characters and all possible patterns of NO ALL POSSIBLE
user-defined font are written into SCREEN RAM and GRAPHICS D i ?37&"1‘33‘&225’5&
RAM respectively. The program then enters a small loop that
keeps the Z80 from further interaction with either RAM. This YES -
keeps the node activity limited to the CRT refresh process so that C35E _
signatures are stable.
GET GRAPHICS
RAM STARTING |- —-| FONTOF FinsT
ADDRESS CHARACTER
HEX C361 AN1
ADRS CONTENTS LABEL INSTRUCTION
WRITE PATTERN
gg:: 0600 A LD B,0 TO CURRENT
c34C 2180F0 (D HL, OF08OH ADDRESS
C34F ANOTH:
C34F 78 LD A,B C363 l
€350 77 LD (HL), A
€351 23 INC  HL INCREMENT
€352 04 INC B PATTERN AND
€353 i) LD AL ADDRESS
€354 B? OR A
€3sS C24FC3 P NZ, ANOTH
c3s8 7Cc LD  A,H
€359  FEFB CP  OFBH caes B
€358 C24FC3 N NZ, ANOTH
C3SE 21000FC LD  HL,OFCOOH NO DONE? ) - = = - ~ Q'i#zons:fw"ﬁmtu
c361 AN1 TO ALL ADDRESSES?
€361 78 LD A,B
c362 77 LD (HL), A —
€363 23 INC  HL YES ,
C364 04 INC B C36A ITSELF
€365 70 LD A,L —
c366 B4 OR H
Do STOP 280 ACCESS
€367 c261C3 JP NZ, AN1 -
C36A  C36AC3 ITSELF JP  ITSELF NOTHING GRAPHICS AN
L — 7 -
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280
ADDRESS
surrer|  \/ Y/ |Burren
ELEMENT LINE
COUNTS COUNTS
VIDEO HORIZONTAL VERTICAL
SCREEN CLOCK TIMING TIMING
oAM GENERATOR GENERATOR GENERATOR
LATCH LOAD
GRAPHICS FONT
RAM ROM
BUFFER BUFFER
280 [> - [> LOAD
DATA Q 4 | } Hsyne | | vsyne
PARALLEL ANALOG
0. [ TrRaNs- _’[
SERIAL
LATORS

Figure 15. These nodes are stimulated by the CRT refresh pro-
cess while the static video pattern is displayed on the CRT. These
START, STOP and CLOCK connections form a GATE that is open
for one complete refresh cycle of the CRT, allowing the signature
analyzer to detect errors in any of the circuits including all the
font patterns in ASCIl FONT ROM. When the TIMING

56
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GENERATORS fail, START and STOP are no longer generated. In
that case, START and STOP are moved to the connections shown
in the next flgures, closer to the kernel circuits of the VIDEQ
TEXT GENERATOR.
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SECTION G—PARALLEL PORT, TEST B

External hardware was required to stimulate the INPUT
PORT. Wires on an external connector loop the patterns
that are written to the OUTPUT PORT back to the INPUT
PORT. Timing requirements of the HANDSHAKE control
lines made it impossible to simply loop their outputs back
to the inputs with similar wires on the connectors. It was
decided not to add the ICs that would be required to fully
stimulate the HANDSHAKE circuits. Two things deter-
mined this. First, the extra hardware would not be avail-
able to the distributors or field service personnel. Second,
the HANDSHAKE circuits consist of one IC that can be
easily troubleshot with other means such as logic probes.

Figure 18. This program stimulates both the OUTPUT and
INPUT PARALLEL PORTS by continuously writing all possible
patternsto the OUTPUT PORT. The program also reads the INPUT
PORT whether it is stimulated or not. The INPUT PORT is stimu-
lated by looping the OUTPUT PORT back to the INPUT PORT
using the connector shown in the following figure.

HEX

ADRS CONTENTS LABEL INSTRUCTION
C36D BEE:

C36D 0600 b B,0

C36F LOOP9:

C36F  AF XOR A

€370  D3FE QUT  (OFEH), A
€372 3¢ INC A

€373 D3FE OUT  (OFEH), A
€378 MOREB:

€375 78 LD A,B

€376  D3FF OUT  (OFFH),A
€378  DBFF IN A, (OFFH)
C37A  10F9 DJNZ MOREB-$
C37¢  D36FC3 JP LOOPO

- PARALLEL PORT

C360 BEE
ZERO PATTERN
C36F LOOP9
cLosesa | _ | BRmeh
GATE SECTION OF ARTICLE
cal2 ¢
OPEN SA
GATE
cars MOREB
OUTPUT PATTERN
TO OUTPUT PORT
cars |
IF LOOPBACK
INPUTDATA __|__ | coNnecron
FROM INPUT PORT IS O, TTERN
ca7zA |
DECREMENT
PATTERN
C37A
NO ALL PATTERNS
~———- WwriTTENTO
OUTPUT PORT?

YES

57

21




Signatur-test.

159} s1yy Aq paleinwis jou st A1Nag INVHS
-ONVH 3y} Aym sute|dxa 1xal ay | ‘3t Buipeas yim pajeidoosse swa|
-qoid 10} 1HOd LNdNI 38Ul %93yd 0} pade|das uayj Si 10}08UU0D
yoeqdooj ay) ‘pasnbai se apew ase ssedsy ‘HOOTD Yl Se UM
Buisn 1HOJ LNd.LNO ey} uo uaye; ase sainjeubis pue PaAOWas S
J0}08UU02 3y} ‘1991100U) 81e sainjeubis i *A)1021400 Bunesado ase
1HO0d 1NdNI pue § Nd.LNO 8ul 410G uay} ‘1031103 ase sainjeubis jy

"WO01J e'se gy buisn snq ejep ayj uo uaye) sse saimeubis ‘uo Joy
-93UU09 %9eq-doo| 3y} YIM "HD0TD ANV dO1S ‘LHVLS ONIH3g
34VMLI0S ANV FHVMOHVH 3HL Pal|ed uonoes ayy uj umoys
se wesboud ey Aq ps)|0U03 I8 pue HOLYT NVIS GHVOFAIN
Ayl ut Jiq B O} PeloBuU0d Bk dOLS Pue LHVLIS IS8} 1HOd
137TIVHVYd oul Aq poleinwiis aje siNJJId 8seyl ‘6L ainBy4

"HOLJD3INNOD
JWVS IHL
HONOYHL a31LN0Y
34V S3ANIT

1H0d 1nd1NO ANV
1NdNI 3H1 H109
‘HOLI3INNOD
Nova-d001

slg
viva

— N ~ —
INVHSANVYH £ 2 INVHSONVH
1nd1n0 b ns 1naNI
-— D o» fe—
mwnmun
HOLV1 1ndNI
1HOd
1Nd1No
b)
(1 o — )
— wzswe [—
e T V
A | weswe | Py
viva
— A | o
N —0o a — J
V snaviva
“|I ovd |I,“ ndd
L NOY 1 082
e oA YIS I _ )
a13s - sng
0 Az T v-ov Seauaay
JCAZ N
H44 1wod | -
ZL A @ Lv-ev
[
T OAL @ SL HM |
o AL oz aNVN |
° ZAL oL Mwl 0ESIVL | UM 10 g =301 -+
s Y T — N 7
L1
y  EAL
H44 140d L au ouol
300930 SS3HAAY ON

SNE TOYINOD

22

58



Signatur-test.

SECTION H—SERIAL RS-232 PORT, TEST C

This test stimulates the UART for SA troubleshooting.
UART's are generally considered to be test problems
because of the lack of synchronization between the parallel
side and the serial side of the part. However, the UART in
this circuit (and in most applications) can be checked with
SA as follows.

1. The serial output is connected to the serial input to
take advantage of the loop-back technique for port testing,
described in Section G. Figure 21 shows the UART loop-
back configuration.

2. The stimulus program for Test C writes checkerboard
patterns to the UART, then reads them back onto the data
bus, allowing a fixed time for loop-back transmission of the
serial words. This program is described in Figure 20.

3. The first test setup allows a go/no go check on the
UART and support circuits. Connect START and STOP to
the keyboard scan latch (explained in Figure 9). Connect
CLOCK to RD. Take signatures on data bus lines. If bus
signatures are correct, then the UART and decoder are OK.
If incorrect, then take signatures on the decoder outputs. If
decoder signatures are incorrect, suspect the decoder. If
correct, then set up the second test.

4. The second test setup allows verification of a UART
chip failure. Connect START to the serial output line, TSO,
which will open the GATE on the first serial output bit (the
start bit). Connect STOP to the TBE output, which indicates
the end of a serial output word. Connect CLOCK to the
UART clock, pin TCP. Take signatures on the serial side of
the UART for node-level fault isolation.

HEX

ADRS CONTENTS LABEL [INSTRUCTION

Ca7F SEE: ; SERIAL RS-232 PORT
C37F  AF XOR

€380  D3FE OUT  (OFEH),A ;CLOSE S.A.GATE

€32 3¢ INC A

€383  D3FE OUT  (OFEH),A ;OPENS.A.GATE

€385  3ECt tD  A,0CIH ;1200 BAUD, RS-232PORT
€387  D3IFE OUT  (OFEH), A

€389  3E0F LD A, OFH ;8BITS/CHAR, 2STOPBITS,
€388  D3FD OUT  (OFDH), A EVENPARITY.

€38D  3EAA LD A, 0AAH

C38F  s7 W D,A

€390 TWICE:

3% 7 b A,D

€391 D3FC QUT  (OFCH), A

€393 01DCOS LD  BC,O0SDCH ;10MSDELAYCONSTANT
€3% warT

€3% 0D DEC C

€397  C296C3 JP NZ,WAIT ;21010 T-STATES LATER
€394 05 DEC B

€398 €296C3 P N2, WAIT

C3%  DBFD IN A, (OFDH)

C3A0  DBFC IN A, COFCH)

C3A2  DBFD IN A, COFDH)

C3A4 74 LD A, D

C3AS  FESS CP  SSH

C3A7  CA7FC3 P Z,SEE

C3AA 165§ LD  D,SSH

C3aC  C390C3 P TWICE

TESTC - { PORT | S22
GATE CONTROL
CLOSE SA GATE |- -+ ST0HcN5eK seemon
OF ARTICLE
cs2 |
OPEN SA GATE
css |
WRITE CONTROL
SET UART 1200 BAUD. B DATA BITS
TRANSMISSION |- - )
PARAMETERS EvenpARTY T
2STOP BITS
cisp |
SET AAH AS
WORD TO BE
TRANSMITTED
caso TWICE
WRITE WORD TO
UART FOR
TRANSMISSION
C393  § WAIT
WAIT 10 MS
WHILE UART
TRANSMITS
WORD
CE |
READ UA“T PUTS STATUS WORD ON
STATUS  |-- 3'5’3%.2{&%{:3&23?3
REGISTER (ﬁeﬁ?dmme Ennonogp
cao |
READ RECEIVED
WORD
CIA2 |
READ UART
STATUS |-~ RECEWED FiaaHas
REGISTER BEEN CLEARED
C3A4 —
YES
DONE? )— -~ - TRANSMITTED SaH?
C3AA NO
SET 55H AS
WORD TO BE
TRANSMITTED

Figure 20. The serial inputs and outputs of a UART are stimu-
lated by this program along with the control and status registers.
The UART is first set to send and receive serial words with eight
data bits, even parity and two stop bits at 1200 baud. Next, the
program writes the word AAH into the UART and waits for its
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transmission to complete. Then the status word is read onto the
data bus along with the serial word received, and then the status
word again. Finally 55H is loaded for transmission similar to the’
word AAH. The program jumps back to the beginning of the loop
upon completion.
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SECTION I—A DESIGNER’S CHECKLIST FOR
GETTING STARTED WITH SA

Here's a summary of this article that can be used as a
checklist when designing or retrofitting SA into a micro-
processor based system. It is not limited to Z80-based
systems or personal computers.

1. Provide a means to FREERUN the microprocessor by
using a FREERUN fixture or by designing in a way to
open the data bus and force the NOP or FREERUN
instruction into the processor. Find START, STOP and
CLOCK connections on the processor.

2. Provide a means to store, access, and select the SA

. stimulus programs. Try to find a way that depends
only upon circuits that can be troubleshot with
FREERUN or logic probes in a simple manner.

3. Create START and STOP using software to control
hardware that'’s already available or hardware that is
specially designed into the product for SA testing. Use
circuits that can be checked by FREERUN, a previous
SA test, or other easy means such as logic probes.

4. Choose a CLOCK thatis synchronousto START, STOP
and DATA on all nodes being tested. Be sure there's a
CLOCK edge both before and after the START and
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10.

STOP edges. Avoid CLOCKing DATA from a node
when it's in the 3rd state.

Create software test loops that can give both a go/
no-go indication of all bused devices (like a diagnos-
tic) and also allow fauit isolation of a bad component
or process fault even with bused devices. The tests
can be separate.

Be sure your test can isolate a failure because of
either a read or write problem with the device (e.g.
RAM).

. Provide a way to stimulate uncontrolled inputs of I/O

devices in a synchronous fashion using loop-back
connectors or external stimuli.

Provide means to open feedback loops. Usually onlya
concern in circuits that are independent of the pro-
cessor.

One-shots and UART serial outputs generally cannot
be tested with SA, so find a way to bypass them (elimi-
nate their effect on other circuit elements) during the
SA test so that all nodes operate synchronous to the
CLOCK.

Be sure your tests don’t depend upon circuits working
that are being tested. Usuaily done by running the SA
tests open-loop (i.e. the tests only stimulate the de-
vices but don't check the results to see if it was ac-
complished. The signature analyzer will check the
results.). Sometimes can happen inadvertently when
controlling START and STOP with software.



FLUKE,

9010A
9010A MAIN INSTRUMENT

|
|
|
: |
|
|
I
— I
o I

) : .

o G | [CONTROL LINES)

l i L4
!

UUT MICROPROCESSOR SOCKET \ | E—

VK STATUS LINES ]

\ [
\|! { crock ]
|
{(POWER FOR
\Llr‘ MONITORING ONLY)J—L-I:’—BEH_--J
Figure 3A-1. Communication Between the 9010A and the UUT

3A-3/3A-4
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9010A
12K TAPE-TRANSFERABLE MEMORY
STORAGE OF PROGRAMS, UUT
MEMORY MAP DESCRIPTORS,
AND SETUP PARAMETERS.
/
16 32-BIT REGISTERS
A
B
c DEDICATED REGISTERS. STOR-
5 AGE OF OPERATING PARA-
METERS UPDATED BY 9010A
E SOFTWARE, OPERATOR OR
F PROGRAMMER.
0
* )
2
3
4 NON-DEDICATED REGISTERS.
5 USE DETERMINED BY OPERA-
6 TOR OR PROGRAMMER.
7
8
9 /
Figure 3B8-5. 9010A Internal Memory
3B-5
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Table 4-1. Function of the Sixteen 32-bit Registers

TYPE OF
REGISTER

REGISTER

FUNCTION

DEDICATED

Stores the last bit mask specified by the programmer.
Also, if the UUT 1/0O address descriptors are invoked as
default values when the I/0 Test is performed, the bit mask
specified by the last I/0 address descriptor is stored in
Register A.

Stores the last ROM signature specified by the pro-
grammer. Also, if the UUT ROM address descriptors are
invoked as default values when the ROM Test is per-
formed, the ROM signature specified by the last ROM
address descriptor is stored in Register B.

Stores the last status/control information specified by the
programmer for the Write Control or Toggle Data Control
functions, or generated by the 9010A during performance
of the Read Status function.

Stores the last bit number (in the range 0-31) specified by
the programmer for the Toggle Address, Toggle Data, or
Toggle Data Control functions.

Stores the last data specified by the programmer or gener-
ated by the 9010A during operation.

Stores the' last address specified by the programmer or
generated by the 9010A during an operation involving the
interface pod.

Stores data accumulated during the Read Probe
operation.

NON-DEDICATED

1-9

Non-dedicated registers for sole use by programmer for
storage and manipulation of data as specified by the
programmer.

NOTES:

|. Dedicated Registers A through F and 0 are also available 10 the programmer for storage and

mainipulation of data.

2. Registers 0 through 7 are local registers whose values are local to the currently executing program.

3. Registers 8 through F are global registers and unaffected by passing between called and calling

programs.
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The probe response data is stored in bits 0-31 of Register 0 as follows:

8 bits 16 bits 8 bits
Register 0 — Bf------ [24]23...-.18[7]:----

Bits 27-31 =0

[X[x|x|x|xpeesi] Y- - - - .- - - l8] [x[e[------- o]
LOGIC LEVEL COMPUTED EVENT
HISTORY SIGNATURE COUNT
Bit 24 = 1 if logic high detected
Bit 25 = 1 if logic tristate (invalid) detected
Bit 26 = 1 if logic low detected

NOTES:
1. Accumulated probe data is placed in Register () when the Read Probe step is executed.

2. Signatures may range from 0000 1o FEFFF.
3. Event Counts may range from 0 to [27. When a count of 127 is reached, the counter begins
counting again at 0.

Figure 5-1. Probe Data Format for Register 0

D KEYS USED TO INITIATE PROGRAM STEPS.

KEYS WITH SUPPLEMENTARY FUNCTIONS IN THE
CREATION OF PROGRAM STEPS.

. KEYS NOT USED IN CREATING PROGRAM STEPS.

(" TROUBLESHOOTING )  (* TEST SEQUENCING

C (] E ] (] E

L . ] N

|',?n°&" I u-snl et § | coro PosE

L (] (] s ¢ v SYNC

MODE A ARITHMETIC )

| : ‘smn
stop - AND: EF

v w x H

o

—

—

Camen’
=
v
—
»
®
~

0 [

;j

~

SHIFT ‘
mut f | 0P

A
v

1]

|
|
f

Figu'}é"4-1. Function of 9010A Keys in The Creating of Program Steps
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Program
Execution
o, START OF PROGRAM 1
‘ REGS5 = 80FO
‘ LABEL 7
Exgcution is * READ @ REGS
redirected to J
LABEL 7. INC REGS
‘ GOTO 7

END OF PROGRAM 1

Figure 4-5. The Goto (Unconditional Branch) Step

START OF PROGRAM 1

Values for Registers 0-7 are
| stored. Registers 0-7 are

then set to zero. |

EXECUTE PROGRAM 2 START OF PROGRAM 2
Registers 8-F
unchanged.

——— —— — —
e —— e ———

END OF PROGRAM 1

l
l_ END OF PROGRAM 2

“ " Figure 4-4. The Execute Step
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D—b expression =

EXAMPLES:

NOTES:

expression| =

hex digit =

—ﬁ. expression G010 hex digit

IF REG4 > 2000 GOTO 5

IF REGE OR FFF7 = FFFF GOTO B
IF 8000 > REG6 GOTO 9

IF REGE CPL >= REG 3 GOTO A

a sequence of keystrokes consisting of
numeric values and/or registers. It may
also include Arithmetic operations.

single hexadecimal digit which designates
the label where the branch redirects
program execution.

Figure 4-6. The Syntax for the Specification of the If Step

) START OF PROGRAM 2
* REGS = 80F0
- - "" LABEL 7
7

It REGS<80FF, [/ v READ @ REGS
then execution  \ ‘ INC REG5
. : ~
is redirected to S~ ‘
Label 7. Otherwise, - IF 80FF > REG5 GOTO 7
the execution continues ; END OF PROGRAM 2

to the last program step.

9010,
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Table 4-3. Function of Special Symbols in the Display Step

CHARACTER
OR SYMBOL

KEY NAME

ACTION CAUSED

4 (bell)

ROM VIEW

ROM TEST

RUN UUT

RAM LONG

AUTO TEST

READ PROBE

1/0 VIEW

REG

Causes the 9010A to beep when the Display step is
executed. The bell symbol does not appear on the
display when the step is executed.

When followed by a hexadecimal digit, it causes
contents of the register designated by the digit to be
displayed in hexadecimal on the display.

The same as for the $§ symbol, except that the
contents are displayed in decimal.

When followed by a hexadecimali digit, it suspends
program execution and prompts for input. When the
operator enters a hexadecimal value terminated by
ENTER, the 9010A places the value in the register
designated by the digit and resumes program
execution. Pressing ENTER without specifying a
hexadecimal value causes the value to default to the
previous contents of the register.

The same as for the / symbol, except that the 9010A
accepts only a decimal entry.

When followed by a hexadecimal digit, it suspends
program execution and displays the question mark
(?). If the operator presses the ENTER/YES key, the
9010A places a 1 in the designated register. If the
operator presses the CLEAR/NO key, the 9010A
places a 0 in the designated register. After the 1 or
0 is placed in the register, the 9010A removes the
question mark and then resumes program
execution.

When followed by a hexadecimal digit, it enables
or disables asynchronous input from the operator
during execution. Asynchronous input is stored in
the register designated by the hexadecimal digit.
Asynchronous input is described in Section 5.

When it is the first character in the specification, it
causes the following characters in the specification
to be appended to the text that is on the display at the
time the Display step is executed.

NOTE: Inorderto causesthe $,
step is executed, the symbols must appear twice in

I\, or%symbo

bpear in the displayed text when the Display
cification.
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- Technical Data

Application Information Boi63

9010A Micro-System Troubleshooter:
The Probe and the Program

The 9000-series Micro-System Troubleshooter’s
probe is used extensively when designing a Guided
Fault Isolation (GFI) program. This bulletin will
show how the probe can be made to interact with a
GFI program and provide some subroutines that
can be used when developing a GFI program. These
subroutines, once inserted into main memory, can
be called whenever probe information is required by
a program.

The first step in using the PROBE is to gather data.
Internal to the Troubleshooter there is a register,
other than the 16 registers labeled 0 - F, used for
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accumulating PROBE data. This bulletin will refer
to this register as the probe register. Whether in the
immediate or programming mode, the procedure for
using this register is always the same. The three
basic steps are:

READ PROBE
STIMULUS

To clear the probe register

Run stimulus by the probe.
This could take the form of
any Troubleshooter function
i.e. RAMP, WALK,
TOGGLE, etc.

To terminate the gathering
of data by dumping the data
from the probe register into
the display and register 0. In
the executing mode, only
register 0 is affected and not
the display.

The only way that you can get probe data into

a program is through Register 0. The following table
shows how the probe data is formatted inside
Register 0.

READ PROBE

The probe response data is stored in bits 0-31 of
Register 0 as follows:

8 bits 16 bits 8 bits

Register 0
Bits 27-31=

it7=0
......... i —
LOGIC LEVEL COMPUTED EVENT
HISTORY SIGNATURE COUNT

Bit 24 =1 if logic high detected
Bit 25 =1 if logic tristate (invalid) detected
Bit 26 =1 if logic low detected

NOTES:

1. Accumulated probe data is placed in Register 0
when the Read Probe step is executed.

2. Signatures may range from 0000 to FFFF.

3. Event Counts may range from 0 to 127. When a
count of 127 is reached, the counter begins counting
again at 0.

Figure 1

Once the data is in Register 0, the three pieces of
data, LEVEL HISTORY, SIGNATURE, and
COUNT have to be separated into their
individual parts to be of any use. '

To show this, using the Troubleshooter, assume

© Copyright 1982, John Fluke Mfg. Co., Inc., all rights reserved

70

that a READ PROBE operation has caused the
value of 596EC55 to be entered into register 0.

Register 0 looks like this:

0 5 9 6 E o] 5 5
0000 0101 1001 0110 1110 1100 0101 0101

Figure 2

Using the AND function of the Troubleshooter as
a mask, unwanted data from Register 0 can be
masked out leaving only the desired information as
a result. If, for instance, only the count is
required, then all bits EXCEPT 0 thru 6 need to be
masked out. To do this you can AND Register 0
with a number that has bits 0 - 6 set to one and all
other bits set to zero.

0 5 9 6 E C 5 5
0000 0101 1001 0110 1110 1100 0101 0101 |
ANDed with:

0000 0000 0000 0000 0000 0000 0111 1111
Resulting in:

0 0 0 0 0 0 5 5
0000 0000 0000 0000 0000 0000 0101 0101

Figure 3

The Troubleshooter will only accept the AND
value in hexadecimal form, so 1111111 converted tc
hex is 7F.

To demonstrate this operation, perform the follow-
ing keystrokes.

First set register 0 equal to 596EC55:
KEYSTROKE DISPLAY

REG REG_
0 REGO = _
596ECS55 REGO = 596EC55__
ENTER REGO = 596EC55

Now to perform the MASK operation without
changing register 0:

KEYSTROKE DISPLAY

REG REG__
1 REG1 = _
REG REG1 = REG_
0 REG1 = 596EC55 _
AND REG1 = 596EC55 AND __
7F REG1 = 596EC55 AND 7F_
ENTER REG1 = 55

This leaves the count in Register 1 and register 0
is unchanged.

To get the signature information, you can mask ot
unwanted bits by ANDing with FFFF00.
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KEYSTROKE DISPLAY

REG REG_
1 REG1 = _
REG REG1 = REG_
0 REG1 = 596EC55 _
AND REG1 = 596EC55 AND _
FFFF00 REG1 = 596ECS55 AND FFFF00_
ENTER REG1 = 96ECO00

That leaves the signature followed by eight bits set
to zero. To remove these trailing zeros, the shift
nction should be used. After performing eight
— shift right operations, the signature will be left as a
result.

The keystrokes for this operation are:

REG REG__
1 REG1 = __
Press SHIFT RIGHT key eight times.
ENTER REG1 = 96EC

Bits 24-26 are used for the logic level history in
Register 0.

To separate level history, AND register 0 with
7000000. Then shift register 1, right 24 times.

This completes the procedure for separating the
probe data into its three parts. The next step is
to put this procedure into a program.

If this procedure is to be a subroutine which will
be called by another program, then global
registers will have to be used to transfer the data
ack to the calling program. The global registers
~ are 8 - F. So this program uses register 8 for the
COUNT, register 9 for the SIGNATURE and
register A for the LEVEL.

" First write the program so it only performs the
separating operation and not the read probe and
stimulus operations.

KEYSTROKE DISPLAY

PROGRAM PROGRAM _
1 PROGRAM 1__
ENTER PROGRAM 1 CREATED

REG 8 REG8 = _

REG 0 REG8 = REGO _—

AND REG8 = REGO AND _

7F REG8 = REGO AND 7F_
ENTER REG8 = REGO AND 7F

REG 9 REGY = _

REG 0 REG9 = REGO —

AND REG9 = REGO AND _
FFFFO0 REG9 = REGO AND FFFF00_
ENTER REG9 = REGO AND FFFF00
REG 9 REGY = _

SHIFT RIGHT REG9 = REGY SHR _

— Press the SHIFT RIGHT key seven more times:

ENTER SHR SHR SHR SHR SHR SHR SHR SHR
REG A REGA = _

KEYSTROKE DISPLAY

REG 0 REGA = REGO _

AND REGA = REGO AND _
7000000 REGA = REGO AND 7000000__
ENTER REGA = REGO AND 7000000
REG A REGA = _

SHIFT RIGHT  REGA = REGA SHR _

Press the SHIFT RIGHT key 23 more times:
ENTER SHR SHR SHR SHR SHR SHR SHR SHR . .

For test purposes add a display statement that
displays the LEVEL HISTORY and SIGNATURE
in hexadecimal, and the COUNT in decimal. The
display step should look something like this:

ENTER DPY-LVL = $A SIG = $9CNT = @8

Also add a step at the very beginning setting
register 0 to a test value.

Press the PRIOR key until display =
KEYSTROKE DISPLAY

PRIOR START OF PROGRAM 1
Then enter:
REG 0 REGO = __
596ECS5 REGO = 596EC55__
ENTER REGO = 596ECS55
Now close the program:
PROGRAM PROGRAM 1 CLOSED-XXXX BYTES LEFT

Now execute the program:

EXEC 1 EXECUTE PROGRAM 1__
ENTER

Almost immediately, the display should read:
LVL = 5SIG = 96EC CNT = 85

If the display is different, then check your program.
Often there is a mistake in the number of Shift
Right commands. Remember that when the SHR
steps are displayed, every time “MORE" is pressed,
eight characters are added to the display - less if it is
the end of the program line.

Once this program is working properly with the test
value, you should remove the first step which sets
REG 0 to 596EC55 and the last step for displaying
the values. Now you could add the three basic steps
for probe operation.

Read Probe - Stimulus - Read Probe

As mentioned in the beginning of the bulletin, the
probe operation should be used as a subroutine, for
it is performed many times in different places
throughout a GFI program. Putting these three
steps into this program would make it very
inflexible.
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In Circut Tester.

ICT

Produktionstest av kretskort blir ofta en flaskhals i produktionen. Vi har resur-
ser att |6sa s&dana problem.

Sammanfattning av tester som uttérs vid incircuittest.

Komponenttyp Tester

Strapp Avbroftstest

Lédbryggor etc Kortslutningstest

Motstdnd R varde + tolerans

Potentiometer R vérde + tolerans

Kondensator C varde + tolerans

Pol. kondensator C varde + tolerans, lackstrém

Spole R varde + tolerans alternativt L varde + tolerans

Diod Vf + tolerans, Ig

Transistor , Som tva dioder, Ices

OP-térstarkare +sving, —sving, offset

Regulatorer Utspénning med toleranser

Digitalkretsar Sanningstabell med nivéer

PROM—ROM Signaturanalys (referens riktigt kort)

RAM Vandrande 1-0

Processor Singelstep av utvalda kommandon

Korttest: Varije kort férses med testremsa med ev felaktiga kompo-
nenter (tester).

Kortslutningar: Alla kortslutningar tas bort och en omtest sker.

Statistik: Fele‘n sorteras och rangordnas s& att snabb &verblick blir
mojlig.

Programmering Fér att f& god feltdckning krévs ett omfattande program-
' bibliotek och goda tekniska kunskaper.
Dataset Varie komponent definieras med identitet, vérden,
toleranser, onslutningspunkter.
Automatisk programmering Basickod genereras efter syntaxkontroll.
Debugg Kontroll av varje test i programmet. Vi lagger till nédvan-

diga tester och tar bort oméjliga. Vi granskar kretsanvénd-
ningen utan kostnad: Vid debugg av program gérs en
kontroll om n&got ej &r riktigt, t ex dppna ingdngar, sak-
nade skyddsdioder od. Fel i ovanstdende meddelas kun-
den omgé&ende.
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Chapter 5
PROGRAM MEMORY
5.1 INTRODUCTION

This section describes in detail the formats of the memory used to execute
diagnostic programs on a UUT.

The uSA supplies up to 4K bytes of PROM and 256 bytes of RAM (Shadow RAM) to
execute the diagnostic programs that exercise the UUT. Understanding the organ-
ization, operation, and interaction of these two memory areas provides the basis
for all subsequent diagnostic efforts.

The uSA executes diagnostics on the UUT from the diagnostic program resident in
the PROMs plugged into the front of the uSA, or from the program in the UUT
memory. Because -the memory of the UUT can occupy any address location, the
diagnostic program could overlay the UUT memory or it could extend it. For
example, the UUT memory could extend from 0000 to 2FFF and the diagnostic PROM
could begin at 2000. In this case, the diagnostic program would overlay the UUT
memory. I[f, however, the UUT memory was from 0000 to 1FFF and the diagnostic
program began at 2000, the diagnostic program would extend the program memory
space. '

In addition to the mapping of the diagnostic program to UUT memory, the uSA con-
tains a 256-byte block of RAM, called "Shadow RAM", that dynamically overlays
the control information of the diagnostic program in PROMs. The diagnostic
program uses the Shadow RAM during execution.

Figure 5-1 illustrates how the diagnostic program can overlay UUT memory, and
how the Shadow RAM overlays the diagnostic Program.

UUT MEMORY
DIAGNOSTIC PROMS SHADOW RAM **
0 .
Diagnostic Header* Shadow RAM overlays
The contents of the first 256 bytes
Diagnostic PROM of Diagnostic PROM
are mapped to Subtest Header* during execution
the memory of xxFF
the UUT - - T
Program 256 bytes
Body
—— *  Accessible by uSA only
** Accessible by uSA and
1K, 2K, or 4K bytes diagnostic program

0 to 64K bytes
Figure 5-1. Program Memories

5-1

; - 74



COMPUTEST.

5.2 DIAGNOSTIC PROM

The diagnostic program in the PROM (or pair of PROMs) consists of control infor-
mation and a program body as shown in figure 5-2.

DIAGNOSTIC PROM

DIAGNOSTIC HEADER

CONTROL |
INFORMATION ~}

SUBTEST HEADERS

.
r
PROGRAM - FUNCTIONAL SUBTESTS,
BODY MESSAGE LISTS, AND
MESSAGES
"

Figure 5-2. Diagnostic Program in PROMs

5.2.1 Control Information

The control information in the PROM consists of a Diagnostic Header followed by
the subtest pointers and the Subtest Headers. If this information occupies less
than 256 bytes, the leftover bytes can not be used because the uSA overlays the
first 256 bytes of PROM 1 of the diagnostic program with Shadow RAM during
program execution (see figure 5-1). "The uSA provides the Shadow RAM to the
users program at execution time. The uSA can switch the RAM in and out of the
working memory space as required, for access to the diagnostic program control
information and also to service special requests made by the diagnostic program.
The information contained in the diagnostic header and subtest header areas is
not accessible to the program during execution.

5.2.2 Program Body

The bytes following the first 256 bytes are reserved for the body of the
program. The body consists of functional subtests, message lists and messages.
and usually begins at the starting location of the PROM plus 256 bytes (100H).
However, if the diagnostic program requires more than 256 bytes of control

" information, the body starts in the next contiguous byte after the last byte of
the control information. Figure 5-3 illustrates an example in which control
information occupies less than 256 bytes, and figure 5-4 illustrates an example
in which control information occupies more than 256 bytes.

5-2
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5.3 SHADOW RAM

The uSA operating system uses shadow RAM for data transfer and service requests
between the uSA and the diagnostic program. Five bytes of the Shadow RAM are
used for making a service request. When data is stored in the service request
byte, the uSA interrupts, pauses the UUT and determines what action is to be

~ taken.

The data stored at the Service Request byte communicates to the system: 1) when
the subtest is finished, 2) when the diagnostic program is finished with all
of the subtests, and 3) if there is a message to be displayed. The Service

Request byte also defines what action to take after servicing the requests. The .

options are: 1) pause the microprocessor under test, 2) wait a period of time,
or 3) continue. :

If the wait option is selected, the wait time is stored in the Wait Time byte in
the Shadow RAM (see figure 5-5). If the request was to display a message, then

the two bytes following the service request byte point to the message list. The ?
status byte tells the diagnostic program which, if any, fault isolation function °

is active. The rest of the shadow RAM is available to the programmer for data
storage and stack pointer.

SHADOW RAM
. L HEXADEC IMAL
e-- ADDRESS xy00

SERVICE REQUEST BYTE

MESSAGE LIST

POINTER

WAIT TIME

STATUS

<e=~ HEXADEC IMAL
ADDRESS xyFF

x = any Hex value
y=0,4,238,C

Figure 5-5. Shadow RAM Format

5-4
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6.1 DIAGNOSTIC HEADER

i
z
i
The Diagnostic Header contains information about the operating environment of |
the diagnostic program. The Diagnostic Header must start at the first address

in the diagnostic PROM. Figure 6-2 shows the format of the diagnostic header

block and the position of the diagnostic header block in the diagnostic program.

DIAGNOSTIC PROM DIAGNOSTIC HEADER BYTE
r
r
= PROGRAM 0
DIAGNOSTIC HEADER ———m e mm— =
CONTROL 1 ORIGIN 1
INFOR-
MATION .
' . ENDING 2
SUBTEST HEADERS cmcc e ————-
k ADDRESS 3
-
NUMBER OF PROMS 4
PROGRAM _J | FUNCTIONAL SUBTESTS,
BODY MESSAGE LISTS, AND MESSAGE LIST 5
MESSAGES e ——-
POINTER 6
NUMBER OF SUBTESTS 7
SERVICE REQUEST 8
BYTE POINTER 9
FILTER CRITERIA 10
POINTER 11
SUBTEST 12
POINTER 13
S

Figure 5-2. Diagnostic Header
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A description of the bytes of the diagnostic header follows:

BYTE

10
11

13

DIAGNOSTIC HEADER

ORIGIN

DESCRIPTION

[ Two-byte address (high byte, low

byte) used by the system to map
diagnostic program into the memory

ENDING

ADDRESS

space of the UUT. The program
origin must fall on one of the
following boundaries.

Program Size Boundary

NUMBER OF PROMS

MESSAGE LIST

POINTER

One 2708 PROM 1K *
Two 2708 PROMs K *
One 2716 PROM K *
L.Two 2716 PROMs 4K *

[ Two-byte ending address (high
byte, low byte) of the diagnostic

NUMBER OF SUBTESTS

SERVICE REQUEST

BYTE POINTER

FILTER CRITERIA

POINTER

POINTER

program. This address is used to
Lcalculate program size.

Number of PROMs plugged into the
keyboard (either 1 or 2).
[ Two-byte address pointer (high

byte, low byte) to the initial
message list that identifies the

program. The message size is
restricted to 20 characters and is
displayed when the PROM/MEM key is
_pressed. See 9.2, MESSAGE LIST.

Two-byte address pointer (high
byte, low byte) to the Communi-
cation Service Request byte. The

78

address of the Service Request
byte must be in the Shadow RAM.
See chapter 8, SHADOW RAM.

The number of subtests in the
program. The value range is
1 through 99 (63H max).

* Boundary 1K = x000, x400, x800,
, xC00
2K = x000, x800
4K = x000

6-3
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Diagnostic Header description (continued).

BYTE DIAGNOSTIC HEADER BLOCK

0
PROGRAM
1 ORIGIN
2 ~+ ENDING - , ' N -
ADDRESS
4 NUMBER OF PROMS B
5 MESSAGE LIST
6 POINTER
7 NUMBER OF SUBTESTS
8 SERVICE REQUEST
9 BYTE POINTER
DESCRIPTION
10 FILTER CRITERIA -
- e = ——— Two-byte address pointer (high
11 . POINTER byte, Tow byte) to the filter
criteria. This data is optional. ~
) If no filtering is specified, the
12 SUBTEST value of the address pointer must
___________ be 0. See chapter 7, DIAGNOSTIC

13 POINTER LPROM FILTER CRITERIA.

. . . [ Two-byte address pointers (high

. ‘ . byte, low byte) to subtest header

. e blocks. A subtest pointer is

J required for each subtest, and a
diagnostic program may have as
_ many as 99 subtest pointers.

79
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6.2 SUBTEST HEADER

The Subtest Header defines the control for the individual subtest. The most
efficient placement of the subtest control blocks is immediately following the
Diagnostic Header block, as this area is overlayed by the shadow RAM.

In addition to the information required in the subtest header, the programmer
has the option of specifying criteria for any or all of the fault detection
functions: SIG, FREQ, COUNT, INTRVL.

When the optional data is present and the operator presses a fault detection
key, the uSA determines how to take the measurement from the information in the
subtest header. Figure 6-3 shows the position of the Subtest Header Block in
the diagnostic program and the format of the Subtest Header.

DIAGNOSTIC PROM SUBTEST HEADER BYTE

SUBTEST START ADDRESS | 0 - 1
DIAGNOSTIC HEADER :

CONTROL | FUNCTIONS SPECIFIED
INFOR- | MAP 2
MATION
FILTER CRITERIA
SUBTEST HEADERS | POINTER 3-4

- STOP COUNT
(SIGNATURES ONLY) 5 -6

START COMPARATOR

PROGRAM FUNCTIONAL SUBTESTS ——
BODY — ) | MESSAGE LISTS, AND ADDRESS
MESSAGES STOP COMPARATOR 0. 10
ADDRESS .

RESTART ADDRESS 11 - 12

TIME OUT 13 - 14

FUNCTIONAL SETUP 1 |15 - 19

FUNCTIONAL SETUP 4

TERMINATOR = 00

Figure 6-3. Subtest Header

6-5
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RN |

A dgscription pf the bytes of the subtest hggdgr follows:

DESCRIPTIQN

Starting address of the subtest.
(High byte, Tow byte.)

[Indicates if any Functional Setups
are present and also specifies how
memory is to be mapped.

Bit 0 indicates how memory is to be
mapped. If it is zero, all memory
except the test diagnostic mémory is
mapped to the UUT. If it is a one,
all memory is mapped to the uSA;
however, all control, address, and
data signals are passed to the UUT.
While mapped to the uSA, any memory

control and data signals from the
UUT are disregarded. This allows

fault analysis on the HUT memory and
bus structure. \

Bit 1 is used to indicate if one or
more function setup is present.
This is used for fault isolation.
If it is a one, setups are present.
If zero, all information after byte
4 is not used and a new subtest
(header may be started.

rTwo-byte address pointers (high
byte, Tow byte) to subtest header
blocks. A subtest pointer is
required for each subtest, and a
diagnostic program may have as many

BYTE SUBTEST HEADER
0 SUBTEST
1 START ADDRESS
2 FUNCTIONS SPECIFIED
- MAP
3 " FILTER CRITERIA
4 POINTER
(OPTIONAL)
5 STOP COUNT
6 {SIGNATURES ONLY)
7 START COMPARATOR
8 ADDRESS
9 STOP COMPARATOR
10 ADDRESS
11 'RESTART
12 ADDRESS |
13 TIME |
14 ouT
15 - 19 | FUNCTIONAL SETUP 1
FUNCTIONAL SETUP N
TERMINATOR = 00
6-6
81
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Each byte of the Shadow RAM is described below:

SHADOW RAM DESCRIPTION
’}he uSA uses service requests to provide the
. diagnostic program with the functions listed
. below. Service is requested by storing the
. hex value for the function in the Service

Request Byte. The hex values may be ORed

together for multiple requests. Storing the
SERVICE REQUEST BYTE - Jcoded data in the Service request Byte causes
the uSA to perform the request. The request

txges are defined below.

MESSAGE LIST
- Hex
POINTER Value Description

01 END SUBTEST

WAIT TIME

This signifies the end of the subtest.

The program is not paused. One of the

STATUS following actions will occur, depending
on the operator selected subtest:

. If SUBSEL = 0 at the end of each sub-
. test, the subtest number is incremented
. ' and the next subtest is executed until

the last subtest has been run. At this
point, the subtest number is set to 1
and the program continues to loop.

If SUBSEL does not equal zero, the
program loops on the selected subtest.

02 MESSAGE OUTPUT

The Message Pending LED indicator is
illuminated and the program is paused
for operator inspection of the message.
If input is allowed, it can be entered
from the appropriate keypad at this
time. See the Message List description
in chapter 9 for details.

04 END TEST

The program is paused and one of the
following actions will occur, depending
on the operator selected subtest.

If SUBSEL = 0 the program will be
restarted at subtest 1 when the RUN key
is pushed.

If SUBSEL does not equal zero, the
selected subtest will be repeated when

. the RUN key is pushed.
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Shadow RAM description (continued)
SHADOW RAM (SERVICE REQUEST (continued)
)
Hex
. Value Description

08 HALT OVERRIDE (or CONTINUE)

SERVICE REQUEST BYTE This value, which can be ORed with any
other service request, causes the uSA
to perform the requested action and

MESSAGE LIST then to resume operation. This action
—-—- can be used for diagnostic loop control
POINTER and message output.
10 WAIT
WAIT TIME

This value can be used by itself or
ORed with the Message Output request.
STATUS After displaying the message, the uSA
waits a specified amount of time before
resuming. The time is specified by the
L Wait Time Byte.

. _ (For message output to the uSA via a service
request, the two bytes immediately following
—{ the Service Request Byte must contain the
absolute address of the associated Message
(List. (High byte, low byte.)

IThis value specifies the amount of time to

wait. Each hexadecimal digit represents
approximately 100 milliseconds.

(The Status Byte, the fourth byte after the
Service Request Byte, is set by the uSA to
indicate which fault detection measurement is
currently being made. The Status Byte is
updated whenever a function key is pressed.

The format of the Status Byte is:

Hex
Value Description

00 No Fault Detection Measurement
10 Signature

20 Count

40 Interval

\ 80 Frequency

8-3
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Chapter 9

DIAGNOSTIC PROM
MESSAGES

9.1 INTRODUCTION

Diagnostic programs can initiate message displays and request data input from
the operator. The Message List is a control block in the body of the Diagnostic
PROM that is used to control and specify display data and input operations. The
Message List is addressed by a pointer in the Shadow RAM, as shown in figure 9-
1, or by a pointer in the Diagnostic Header. See section 6.1.

DIAGNOSTIC PROM

A
SHADOW RAM DIAGNOSTIC HEADER
CONTROL
i INFORMATION
) SUBTEST HEADERS
Y
SERVICE REQUEST BYTE )
MESSAGE LIST PROGRAM
o mmmmam ——— |  MESSAGE LIST — BODY
POINTER
S
WAIT TIME
STATUS

Figure 9-1. Message List

Messages can be from 1 to 20 characters in length. If more than 20 characters
are required, messages may be linked, in which case multiple lines are
displayed. The test program initiates a message output by storing a.data byte
in the Service Request Byte. A message can be one of two types: “Display and
Pause" or ‘Display and Continue."

84
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9.1.1 Display and Halt Messages

The MESSAGE PENDING LED indicator is illuminated, a beep is sounded, and the
test program execution is paused. If the display is not being used to view the
register, a memory or I/0 message will be displayed. If the display is being
used, the MSG key must be pushed to view the message. When the MSG key is
pressed, the message will be displayed. Once the MSG key has been pressed,
messages will be automatically displayed until a key is pressed that results in
a display change. If more than one display line is associated with the message
(linked message) the operator can step through the message by pressing the INCR
key. To resume test execution, press the RUN key.

9.1.2  Display and Continue Messages

Similar to above except that test execution automatically resumes after the

message is displayed. Note that a delay may be necessary to guarantee display
stability long enough for human perception. To output a message of this type,
the Service Request Byte consists of the message output bit ORed with the halt

override bit or the wait bit.

To display a message, the diagnostic program will normally store the wait time,
. if any, in the Wait Time Byte, then store the address of the Message List in the
Message List Pointer, and lastly, store the Message Output Request in the :

Service Request Byte.

9-2
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MESSAGE LIST
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UTEST.

A Message List consists of one or more message list entries, as shown in figure

) 9-2.

- CONTROL
INFORMATION

PROGRAM
BODY

DIAGNOSTIC PROM

—

DIAGNOSTIC HEADER

SUBTEST HEADERS

MESSAGE LIST

Figure 9-2.

MESSAGE LIST

OPCODE

"FIELD LENGTH

ADDRESS

POINTER

OPCODE

FIELD LENGTH

ADDRESS

POINTER

—ENTRY 1

—ENTRY 2

OPCODE

FIELD LENGTH

Message List

9-3
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COMPUTEST.

A description of the bytes of the Message List fo]lows;

BYTE MESSAGE LIST ENTRY .
) DESCRIPTION
0 OPCODE (Specifies the operation type and
data format. The definition of the
values for this byte are shown
1 FIELD LENGTH below:
HEX
2 ADDRESS VALUE MEANING
3 POINTER 00 Output only, input not
allowed.

01
- 02

04

0A

20

40

80

Hexa-

(See

9-4

B A G Cin e e A e T

Field allows operator input.

The data displayed or input is
in hexadecimal format. -

Linked message. One or more
additional messages.

The data displayed or input is
in binary format.

The data displayed or input is
in decimal format.

The data displayed or input is
signed (+ or -).

Last entry of the Message
List.

Any of the above may be ORed
Ltogether.

(Length of the field displayed. The
maximum size of the field for each
data type is defined below:

DATA TYPE SIZE OF FIELD
ASCII Number of characters to

be displayed.

Number of digits to be

decimal  displayed.

Binary Number of bits to be

displayed.

Decimal 1 to 5 decimal digits.

section 9.3 also.)
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Message List description (continued):

COMPUTEST.

BYTE MESSAGE LIST ENTRY ' DESCRIPTION

, Address of the associated infor-
mation. (High byte, low byte.)

The types of information pointed to
0 OPCODE are:

ASCII MESSAGE
1 FIELD LENGTH LINKED MESSAGE LIST
DATA STORED IN SHADOW RAM

2 ADDRESS

3 POINTER

Figure 9-3 shows an example of a simple ASCII message.

‘BYTE MESSAGE LIST
0 80 80 means output an ASCII message, and that this is
the only entry in the message list.
1 FIELD LENGTH
2 ADDRESS R s e
----------------- - ASCII MESSAGE
3 POINTER

Figure 9-3. Simple ASCII Messages

88
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COMPUTEST,

Figure 9-4 shows a Message List with an ASCII message and an hexadecimal data

input storage area.

Output an ASCII message but continue to scan, this
is not the end of the message list.

T
ASCII MESSAGE

Display the hexadecimal digits that are stored in
the Shadow RAM. These digits may be modified. This

is the last entry in the message list.

<==-=p=| SHADOW RAM where
hexadecimal digits
will be found

BYTE MESSAGE LIST
0 ' 00
1 FIELD LENGTH
2 ADDRESS
3|77 Teomnter
4 83
5 FIELD LENGTH
6 ADDRESS
7 | pomnter
Figure 9-4.

ASCII Message and Hexadecimal Data

89
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L . e e . COMPUTEST,

The last entry on a Message List must always be designated as last, even if the
last entry is a link entry. See figure 9-5.

’ BYTE MESSAGE LIST
0 00 Only output an ASCII message.
1 FIELD LENGTH
2 ADDRESS e
csemmccccne—ce- -—- ASCII MESSAGE
3 POINTER
4 84 There will be another message list and this is
. the end of the first message list.
5 FIELD LENGTH
Only output an ASCII
6 ADDRESS —— 80 message and this is
e the only entry in the
7 POINTER message list.
FIELD LENGTH
| ADDRESS s A
cmmcacemacaa —emaae ASCII MESSAGE
s POINTER

Figure 9-5. Linked List of Two ASCII Messages

To view the second ASCII message, the operator would push the INCR key.

The last Message List of a group of linked Message Lists may also be a linked
list and may point to the first (or any other) Message List. This allows the
operator to continually “"scroll" a number of messages. An example of this is

the REGISTER display.

9-7
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COMPUTEST.

9.3 - DATA FORMATS

The internal format of data associated with Message Lists is in either ASCII or
hexadecimal format. The internal data types carried in binary are as follows:

' d
9.3.1 'Hexadecimal

Each hexadecimal character is represented internally by four bits. The number
of characters allowed is limited by the display length and is specified by the
Field Length entry of the Message List. The data is carried right-justified
internally. In the case of an odd number of hexadecimal characters the most
significant nibble (4 bits) of the internal field is set to zero by the uSA.

9.3.2 Binary

Binary is a variation of the hexadecimal format, in that, before the BINARY key
is pressed, the data is input/output in hexadecimal format. The data is still
right-justified hexadecimal internally. The Length Field entry of the Message
List must specify the number of binary characters. The number of characters
displayed for binary will be the nearest MOD 4 number. For example, if a 10-bit
binary field is specified, then three hexadecimal characters will be displayed.
If a hexadecimal character is entered that exceeds the specified binary field,
then it is treated as an illegal input character and is not accepted.

Binary data is always displayed in the last "n" character position of the
display (right-justified). Therefore, a binary field must be the last field, of

display.

9.3.3 Decimal

Decimal data is converted to hexadecimal when the ENTER key is pressed. Decimal
data is limited to one to five characters (0 - 65,535) in length and is always
stored in a two-byte field (right-justified) as an unsigned 16-bit hexadecimal
number. When a decimal field is to be displayed, it is converted from hexadeci-
mal format to decimal format. If the value exceeds the range of digits spe-
cified in the message list, "ERR" will be displayed (right-justified) and a
warning beep will be sounded.

9.3.4 Signed

A signed field is stored internally as an ASCII plus (+) or minus (-).

P T T PP T T N S T P e i e T
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. COMPUTEST.

Appendix A
ASCII CHARACTER SET
b Table A-1 contains the 7-bit ASCII hexadecimal code for each character that can
be viewed on the uSA front panel display.
Table A-1. ASCII Character Set in Hexadecimal Representation
7-bit 7-bit
Hexadecimal | Character Hexadecimal | Character

Number Number
20 SPACE 40 @
21 ! 41 A
22 RIGHT DOUBLE " 42 B
23 ALL SEGMENTS ON 43 C
24 $ 44 D
25 % 45 E
26 MU 46 F
27 ! 47 G
28 ( 48 H
29 ) 49 I
2A * 4A J
2B + 48 K
2C . 4C L

) 2D - 4D M
2E . 4E N
2F » / 4F 0
30 0 50 P
31 1 51 Q
32 2 52 R
33 3 53 S
34 4 54 T
35 5 55 U
36 6 56 v
37 7 57 W
38 8 58 X
39 9 59 Y
3A : 5A Z
38 ; 5B 2
3C ° 5C \
30 = 50 ]
3E LEFT DOUBLE " 5E ->
3F ? 5F -

A
A-1
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i COMPUTEST.

4.3 PROCESSOR CONTROL

The Processor Control keys listed and described below control the operation of
;the uuT:

RUN
RUN/DISP
STEP
RESET
FILL

54.3.1 RUN Key

‘This key starts execution at the address contained in the program counter status
register PN. The PN can be changed using the REGISTER key. When the RUN key
"is pressed, the Run LED status indicator is illuminated.

14.3.2 RUN/DISP Key }
gln addition to the functions of the RUN key, the RUN/DISP key causes the

' selected Memory, Register, or I/0 displays to be updated ten times per second
|when they are selected.

4.3.3  STEP Key

This key enables the operator to single-step program execution. Each time the
)step key is pressed, one instruction is executed. If any of the Memory,
Register, or I/0 displays are active, they are updated after each instruction is
executed. This key is also used to stop execution when RUN or RUN/DISP is
-active. ,

'4.3.4  RESET Key

‘This key forces a hardware Reset signal to the emulator microprocessor. The
'signal occurs once each time the key is pressed. This key does not effect the
‘UUT. The processor registers are not altered by the reset signal. However, if
interrupts are enabled, they will be reset.

»
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COMPUTEST,

4.4 DIAGNOSTIC SELECT KEYS

Diagnostic Select keys listed and described below are used to map a PROM into
' the UUT memory and to select subtests from the PROM:

PROM/MEM
SUBSEL
OPT/MEM KEY

4.4.1 PROM/MEM Key

This key maps diagnostic PROMs located on the keyboard into the UUT memory
space. The PROM Memory Enable LED status indicator is illuminated and the ini-
tial message is displayed. The subtest is initialized to the first subtest.
When the PROM/MEM key is pressed the operator sees

i initialize message

' and the subfunction INCR is enabled. The message that is displayed is the
diagnostic initialization message as defined by the Diagnostic PROM Header. If

" the Message Pending LED status indicator is on, the INCR key is used to view
multi-line messages. After the PROM/MEM key is pressed, the REGISTER key can be
used to find the PROM origin, since the Program-Counter Last (PL) contains the
starting address of the PROM overlay.

- 4.4.2 SUBSEL Key

?

- The SUBSEL key selects one of 99 possible subtests as defined in the Diagnostic

' Header (see section 6.1). Selecting Subsel=00 causes all the diagnostic sub-

- tests to be executed. Selecting subroutine "n" causes only the designated sub-

. test to execute. If the subtest number selected does not exist in the program,

- an input error will occur. This will cause the Input Error LED status indicator
' to light and will cause an audio error alert to be sounded.

When the SUBSEL key is pressed the operator sees

SUBSELECT=dd dd = Subtest number in decimal.

i and the subfunction Decimal keypad is enabled. After the decimal number is
~entered, press the ENTER key to terminate the input mode.
- 4.4.3 OPT/MEM Key

The OPT/MEM key is used by the Communication Option. See the Communication

' Option manual for details.

4-5
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Login: hold3

Password:

$ CTRL d

1
1s

mv

cp
rm

@+ N A AP A

-1

glnavn nynavn
glnavn nynavn
navn

cat navn
l1pr navn

NO SCROLL

DEL

$ e navn

& A

$ m80 navn -d1700f1pr

m80 navn
m80 navn -d1700

$ debug (nr)

$ sprom proci1é
$ sprom proc32

p: 1

p: p stadr sladr epradr

p: d
P: q

a.out

PMDS-I1I kommandoer.

(hemmelig)

login under holdnummer med (hemmelig)
password.

logout fra systemet.

list directory ( vis filer ) kort liste.
" " " " lang liste.

rename.
kopier fil.
slet fil.

vis fil pa skarm.
udskriv fil pé printer.

en wudskrift af tekst, der fylder mere
end 24 linier pa skarmen, stoppes ved at
trykke NO SCROLL tasten og fortsattes
ved at trykke NO SCROLL tasten igen.

enhver aktivitet kan afbrydes med DEL
tasten.

- - - w > w> an o wn " ow > - -

editer filen "navn"
(se naste side). 8‘0% s%

assembler filen "navn".

assembler og vis assembler-dokumentati-
on pa skarm.

assembler og udskriv assembler-dokumen-
tation pa printer.

e R I e

debug (afprev) program,
(pr) =0, 1, 2 ell. 3
( se sider om program afprevning ).

programmer EPROM type 2716.
" " " 2732A.

hent filen "a.out".

programmer fra startadr til slutadr i
EPROM startende fra adr epradr.
verificer programmering.

afslut programmering.
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Program-udvikling.

$ e filnavn.s

EDITOR
T
* a ( forlad editor )

$ m80 filnavn.s -d1700!1lpr ( dokumentation

filnavn.s \l/ $ m80 filnavn.s ( assemblering - fejlmelding )

\O&VMAM% til printer )

ASSEMBLER

a.out
$debug Q (1, 2ell. 3)

DEBUGGER ( afprav programmet )

A4
?00: quit ( forlad debugger )

$ sprom proc32 ( programmer EPROM type 2732 )
$ sprom prociB ( . . " 2718)

PROGRAMMERING
Pl a.?ut EPR\OM

_________ enter filen )
P: p f800 fBxx 0800 ( start

programmering )
P: d_ ( check difference )
P: q ( forlad progr. )

——
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0058
005A
00FF

F800
F802
F803
F805
F807
F808
F808
F80C
F80D

F810
F811

06FF"
78
D358
DB 5A
B8
CAOCF8
76

05
C202F8

00
76

PMDS-II.

1111t Program: demo !1PMM!
EEEEEERRERREREERRRRERERRERREE!

.............................

! Program til demonstration af forskel-
! lige faciliteter og kommandoer i de-
! buggeren.

! Definitioner:

uddata = 0x58 ! output-port.
inddata = Ox5a ! input-port.
PAT = Oxff
.sect .text ! startadresse
.base 0xf800 ! for program.
1d b,PAT ! PAT = FF

loop: 1d a,b .
out (uddata),a ! output PAfﬁj

in a,(inddata) ! er input = PAT?

cp b
jp z,videre ! saa fortsaet
halt ! ellers stop progr.
videre: dec b ! PAT = PAT - 1.
jp nz,loop ! gentag "loop"
! indtil PAT = 0.
nop
halt ! afslut program.
demo
PAT = FF
gentag uddata = PAT
hvis inddata = PAT
PAT = PAT - 1 halt
indtil PAT = O
nop
halt
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DEBUGGER.

Efter assemblering af sourcefile med kommandoen:
( "demo.s" erstattes af det aktuelle filnavn )

m80 demo.s

kan programmet afproeves i debuggeren, der startes med
kommandoen:

debug %

x erstattes af 0 , 1 , 2 eller 3 afhaengig af hvilken
debugger der skal arbejdes paa ( eller hvilken der er
ledig) .

I opkaldet ligger der oplysning om memory og in-out map;
denne opsaetning vises paa displayet:

Log : opened date : 86-04-11 time : 10:45:50
?map F800 FFFF emem O rom
?map 0 7FF emem 1000 ram
?imap 58 SC /ci
?imap CB /ci
?7omap 58 5E z80pio:s
?omap FO F1 lysdio:s

Ved "imap" betyder "/ci" at der anmodes om input fra
tastaturet.

"omap 58 5& z80pio:s" betyder at data til portnr. omraa-
det skrives ud i en fil "z80pio:s". I denne fil kan man
senere gaa ind og kontrollere de udsendte data.

Programmet loades og de foerste 16 koder vises dis-
assembleret:

?load target

DO target :m LOADED, START ADDRESS = 0000
?mem F800 FB810 disassemble

DO DISASSEMBLY :

ADDR DATA OPC OPERAND

F800 O06FF LD B,H'FF~
F802 78 LD A,B

F803 D358 OUT (H"58°),A
F805 DBSA IN A,(H"5A")
F807 B8 CP B

FBO8 CAOCF8 JP Z,H°F8OC~
FBOB 76 HALT

F8OC 05 DEC B

FBOD C202F8 JP NZ,H°F802°
F810 00 NOP
?D0:

Herefter kan de forskellige kommandoer indtastes.
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DEBUGGER - PROGRAM-AFPROEVNING.

[ Eksempel paa afproevning af program "demo"” ]
[ kkkkkkkk* petyder indtastning fra keyboard ]
[ Kommando for start af emulering fra adresse F800 ]

ed ny indspilling i trace | {
- ; : g L | A v MY 72,50 we-(cu-le joue /
?7D0: run £800 new \(q o slilos v d W e

- fie - v
de e Je e e e de e e e K e Tacc pdhe W a
?
DO EMULATION STARTED
DO F803 D358 OUT (H"587),A OUTPUT-PORT 58 = FF TO z80pio:s
?
DO F805 DB5A IN A,(H"5A7) INPUT-PORT 5A = ff
. e e

[ med "ff" proeves "hvis-saa"™ ]

DO F803 D358 OUT (H"587),A OUTPUT-PORT 58 = FE TO z80pio:s
?
DO F805 DB5A IN A,(H"5A7) INPUT-PORT 5A = £3
~ * %
[ med "£f3" proeves "hvis-ellers” ]

[ emuleringen stopper med melding om aarsagen: ( HALT INSTRUCTION ) ]

?
DO EMULATION HALTED ¢ HALT INSTRUCTION

o 2 2 0 Pt 0 P2 P9 PO P P8 PO P o P Ao

[ sidst koerte instruktion og register-indhold vises: ]

DO DISASSEMBLY REGISTERS FFFFFF :
PC SP A SZHPNC B C D E H L 1IF RA

ADDR DATA OPC OPERAND IX IY »'AA SZHPNCVU' BB CC' DD' EE' HH' LL' IM' IV*

F80C 82BE>F3 101011<>FE 00 03 04 F8 15< 0 57

F80B 76 HALT EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
demo
Q/
gen > =
*- L 2
u\§/} 7 TS @llers
in
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DEBUGGER - PROGRAM-AFPROEVNING.

[ Er der problemer undersoeges programmet naermere: |

[ med kommandoen "trace =19 b vises
[ de 20 sidst koerte maskin-cycles:

]
]

?DO: trace -19 b
o g e de d de Je de Kk e e
DO TRACE-MEMORY
LINE ADDR DATA OPC OPERAND CNTRL ECTL PODO POD1
- 19 F807 B8 CP B MR OPC 0000
- 18 F808 CAOCFS8 JP Z,H°F80C~ MR OPC 0000
- 17 F809 OC MR 1000
- 16 F80A FS8 MR 1000
- 15 F80C 05 DEC B MR OPC 0000
- 14 F80D C202F8 JP NZ,H“F802~ MR OPC 0000
- 13 F80E 02 MR 1000
- 12 F80F F8 MR 1000
- 11 F802 78 LD A,B MR OPC 0000
- 10 F803 D358 OUT (H°587),A MR OPC 0000
- 9 F804 58 MR 1000
- 8 FES58 FE I0W 1000
- 7 F805 DB5A IN A, (H°5A7) MR OPC 0000
- 6 F806 5A MR 1000
- 5 FES5A F3 IOR 1000
- 4 F807 B8 CP B MR OPC 0000
- 3 F808 CAOCFS8 JP Z,H“F80C~ MR OPC 0000
- 2 F809 oOC MR 1000
- 1 F80A F8 MR 1000
0 F80B 76 HALT MR OPC 0000
[ med kommandoen "step £800 jump forever” koeres der singlestep paa ]
[ alle betingede jump-instruktioner, og register-indholdet vises: ]
CoM VL beg
?D0: step £800 jump forever AN 7Y
o Je J e de e de e Je J e e Kk e d K ok ke %k
i
DO EMULATION STARTED
DO F803 D358 OUT (H”587),A OUTPUT-RORT 58 = FF TO z80pio:s
DO F805 DB5A IN A,(H"5A7) INPUT-PORT 5A = ff
DO DISASSEMBLY REGISTERS FFFFFF % %
PC SP A SZHPNC B C D E H L 1IF RA
ADDR DATA OPC OPERAND IX 1Y AA SZHPNC BB CC DD EE HH LL IM 1V
F80C 82BE>FF 010010<>FF 00 03 04 F8 OF< 0 2E
F808 CAOCF8 JP Z,H“F80C” EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
F802 82BED>FF 100010<>FE 00 03 04 F8 OF< 0 13
F80D C202F8 JP NZ,H“F802° EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
DO F803 D358 OUT (H°587),A OUTPUT-PORT 58 = FE TO z80pio:s
DO F805 DBS5A IN A,(H"5A7) INPUT-PORT 5A = £3
dk
F80B 82BED>F3 101011<>FE 00 03 04 F8 OF< 0O 4D
F808 CAOCF8 JP Z,H°F80C” EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
DO EMULATION HALTED : HALT INSTRUCTION
F80C 82BE>F3 101011<>FE 00 03 04 F8 OF< 0 02
F80B 76 HALT EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
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DEBUGGER - PROGRAM-AFPROEVNING.

[ "gentag indtil"” sloejfen afproeves: ]
[ med kommandoen "register b=01" aendres ]
[ indholdet af register B til "Ol1": ]
?D0: register b=01 4 e v L '(ic, i
dede e de g e de Kk ek ke ke Q@ﬂ&d yeQUCiaA \ b\(%\é\,
[ programmet startes fra adresse F802: ]
)
?D0: run £802 new \ Yoo V&O/?
ek dedkdekkokok ok k ﬁxﬁV\(’ c%iO (V&Q
DO EMULATION STARTED |
DO F803 D358 OUT (H"587),A OUTPUT-PORT 58 = 01 TO =z80pio:s
?
DO F805 DB5A IN A,(H"5A7) INPUT-PORT 5A = 01
* %
[ med "01" vaelges "hvis-saa" vejen ]
?
DO EMULATION HALTED : HALT INSTRUCTION
DO DISASSEMBLY REGISTERS FFFFFF

PC SP A SZHPNC B C€C D E H L IF RA

ADDR DATA OPC OPERAND IX 1Y AA SZHPNC BB CC DD EE HH LL IM IV

F812 82BE>01 010010<>00 00 03 04 F8 OF< O 03

F811 76 HALT EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
demo ;
|

gentag N

1 47"“"{ 4{—~’§IT;;:’

Z
N\

indtil

\"ﬂ‘_.
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DEBUGGER - PROGRAM-AFPROEVNING.

[ de sidste maskincycler vises: ] *

?D0: trace -19 b

e de g Jo de ke ke k ke kK :

\

DO TRACE-MEMORY |

LINE ADDR DATA OPC OPERAND CNTRL ECTL PODO PODl

- 16 F802 78 LD A,B MR OPC 0000
- 15 F803 D358 OUT (H”587),A MR OPC 0000
- 14 F804 58 MR 1000
- 13 0158 01 10W 1000
- 12 F805 DB5A IN A,(H"5A7) MR OPC 0000
- 11 F806 5A MR 1000
- 10 015A 01 I0R 1000
- 9 F807 B8 CP B MR OPC 0000
- 8 F808 CAOCF8 Jp Z,H"F80C~ MR OPC 0000
- 7 F809 oOC MR 1000
- 6 F80A F8 MR 1000
- 5 F80C 05 DEC B MR OPC 0000
- 4 F80D C202F8 JP NZ,H"F802° MR OPC 0000
- 3 F80E 02 MR 1000
- 2 F80F F8 MR 1000
- 1 F8l0 00 NOP MR OPC 0000
0 F8ll 76 HALT MR OPC 0000

[ med kommandoen "step £800 all %" single-steppes ]
[ der 3 instruktioner, mens register-indhold vises: ]

?D0: step £800 all 3

Je J Je e Je Jo e Je Je Ko de de K K e
DO EMULATION STARTED
DO DISASSEMBLY REGISTERS FFFFFF
PC SP A SZHPNC B C D E H L 1IF RA
ADDR DATA OPC OPERAND IX 1Y AA SZHPNC BB CC DD EE HH LL IM IV
F802 82BE>01 010010<>FF 00 03 04 F8 OF< 0 25
F800 O6FF LD B,H°FF~ EFBF FFDD 00 000001 FF FF FD FF EF F9 O 00
F803 82BE>FF 010010<>FF 00 03 04 F8 OFC 0 73
F802 78 LD A,B EFBF FFDD 00 000001 FF FF FD FF EF F9 0 00
DO F803 D358 OUT (H"587),A OUTPUT-PORT 58 = FF TO z80pio:s

F805 82BE>FF 010010<>FF 00 03 04 F8 OF< 0 1B
F803 D358 OUT (H"587),A EFBF FFDD 00 000001 FF FF FD FF EF F9 O 00

[ med kommandoen "quit"” forlades debuggeren: ]
?D0: quit
* % %k
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~Keybuffeh—test

tend LED1 test startet
GENTAG [init. PIO: A (STROBE) og B (PORT) = ud
" (STROBE) «— high - o
start signatur-maling
DATAUD = O
DATAIND = O
TEST =0
GENTAG LOOP = 8
GENTAG (PORT) <— DATAUD
(STROBE) «<— —U —
DATAUD = DATAUD + 1
LOOP = LOOP - 1
INDTIL: LOOP = O ' .
_test (BUFFER) = FF 0- 26
LOOP = 8
GENTAG| test (BUFFER) = DATAIND
DATAIND = DATAIND + 1
.| LOOP = LOOP - £
INDTIL: LOOP = 0O
INDTIL: DATAUD = 0
stop signatur-maling

les (BUFFER)
S8 . HVIS TEST = ok L
tend LED2 - ot sluk LED&
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COMPONENTS

Zilog

Product Specification

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPU’s are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power resuits in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very easy to imple-
‘ment into a system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose -
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

7-80°CPU
Z-S0A CPU

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

e Single chip, N-channel Silicon Gate CPU.

® |58 instructions—includes all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

® 17 internal registers.

o Three modes of fast interrupt response plus a non-
maskable interrupt.

® Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

® 1.0 us instruction execution speed.

® Single S VDC supply and single-phase 5 volt Clock.

o Out-performs any other single chip microcomputer in
4-, 8-, or 16-bit applications.

o All pins TTL Compatible

® Built-in dynamic RAM refresh circuitry.

~ 280, Z80A CPU BLOCK DIAGRAM

MAIN REG SET - ALTEANATE REG 38T
ACCUMULATOR FLAGS ACCUMULATOR FLAGS )
A [ A [
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STACK POINTER »
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280, Z80A CPU REGISTERS
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% Z-80°CPU Z-80A CPU

Zilog

8-BIT LOADS

16-BIT LOADS

EFXCHANGLES

The following is a summary of the Z80, Z80A instruction
set showing the assembly language mnemonic and the sym-

Instruction Set

bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following categories:
Miscellaneous Group
Rotates and. Shifts

Bit Set, Reset and Test
Input and Output

8-bit loads

16-bit loads

Exchanges

Memory Block Moves

Memory Block Searches

8-bit arithmetic and logic

16-bit arithmetic

General purpose Accumulator
& Flag Operations

Jumps
Calls

Restarts
Returns

d
dd .
e

L

&
o

subscript “L” =
subscript “H”

=
=
0om

any 8-bit destination register or memory location
any 16-bit destination register or memory location
8-bit signed 2’s complement displacement used in
relative jumps and indexed addressing
8 special call locations in page zero. In decimal
notation these are 0, 8, 16, 24, 32, 40, 48 and 56
any 8-bit binary number
any 16-bit binary number.
any 8-bit general purpose register (A, B, C, D, E
H,orL)
any 8-bit source register or memory location
a bit in a specific 8-bit register or memory location
any 16-bit source register or memory location

= the low order 8 bits of a 16-bit regjster

the high order 8 bits of a 16-bit register

]
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In the table the following terminology is used. () = the contents within the ( ) are to be-used asa
b = abit number in any 8-bit register or memory pointer to a memory location or I/O port numberv
location ’ 8-bit registers are A,B,C,D,E,H,L,[and R
cc = flag condition code 16-bit regxster pairs are AF, BC, DE and HL
NZ = non zero 16-bit registers are SP, PC,IXand 1Y .
Z = zero '
NC = non carry Addressing Modes implemented mclude combinations of
C = carry the following:  Immediate ' ‘Indexed
PO = Parity odd or no over flow Immediate extended Register ’
PE = Parity even or over flow Modified Page Zero - Implied
P = Positive Relative *Reg:ster lndnrect
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation 7 1'Comments
LDr,s res s=r,n, (HL), LDI (DE) < (HL), DE « DE+1
(1X+e), (1Y+e) g HL «HL+1,BC «BC-1
LDd,r der d=(HL),r g LDIR (DE) + (HL), DE « DE+1
(IXte), (IY+e) || HL « HL+1, BC « BC-1
LDd,n den d=(HL), § Repeat until BC = 0
(IX+e), (IY+e) | @] LDD (DE) « (HL), DE « DE-1
LD A,s A«s s=(BC).(DE). |. 2| HL « HL-1, BC « BC-1
“(nn), LR _‘z: LDDR (DE) + (HL), DE + DE-1
LDd, A d<A d=(BC),(DE).} = HL < HL-1, BC « BC-1
(nn).I.R Repeat until BC=0-
LDdd,nn | dd «nn dd=BC,DE, | | CPI A~(HL), HL < HL+I e
HL,SP,IX. 1Y | = BC < BC-1
LD dd, (nn) | dd «(nn) dd = BC, DE, Z| CPIR A-(HL), HL < HL+] ‘| A~(HL) sets
HL.SP, IX, 1Y = BC « BC-1, Répeat the flags only.
LD (nn),ss | (nn) «ss ss = BC, DE, § until BC =0 or A =(HL) | A isnot affécted
HL.SPIX, 1Y | 51 cpp A~(HL), HL « HL-1
LD SP, ss SP «+ss ss=HL,IX, 1Y | .. BC « BC-!|
. - = x
PUSH ss (SP-1) = 584 (SP-2) «ss; :L B(;:. II)E. 2| cror A~(HL), HL « HL-1.
L.AF,IX. 1Y 3 BC «~ BC-1, Repeat
POP dd dd; +(SP):ddy; « (SP+1) | dd = BC, DE, until BC=0 or A = (HL)
HL, AF, IX, 1Y -
. : ADDs A-A+s Ot
EXDE.HL | DE -~ HL ADC s A«A+s+CY CY is the
EX AF.AF’ | AF ~ AF’ g. SUB s AvA-s carry flag
EXX BC BC’ =| SBCs. A-A-s-CY s=r,n,(HL)
ol o, 3| ANDss AcANs (1X+e), (1Y+e)
EX (SP).ss | (SP SP+1 = HL, IX, IY ORs ACAvs
55 [ SP)wessp (SPHD) sy | ss=HL IX, XORs | AcAos




% Z-80°CPU Z-80A CPU COMPONENT

Mnemonic | Symbolic Operation . R Comments. . ¢ "Syihl-béli';j Opmti'on Comq"énls o
CPs A-s ' s=1, n(HL) | Zw‘"‘b} Ziszéro'flag |
g INC d dedel (IX+e), (lY+e) el SETb s Sp+ | s=r,(HL)
= d=r,(HL) | ~|RESb,s sb--0 _ (IX#e), (IY+e)
3 te), (IY4e) | & — o ————————————
*| pECd ded-1 (IX+e), (IY+e) TN EXEOR ——
— — |Nr©@ @ Set flags
ADDHL,ss | HL «~HL +ss INE - gﬂl'){-(c)‘“l‘.." fHhel
ADCHL,ss | HL «~ HL + ss+CY s=BC.DE-{ |- >
’ ) : HL, SP . ] HL) «(C HL -HL + |
2| SBCHL,ss | HL«HL-ss-CY e MR (B«)B i
g ADDIX,ss | IX+IX+ss . ss=BC, DE, . Repeat until B=0
1X, SP.
£ X.S IND (HL) +(C),HL «~ HL - |
<| ADDIY,ss | IY «IY +ss ss =BC, DE, - o ‘B«B-1
5 1Y, SP. £ | INDR (HL) =(C).HL «HL - |
3 | INC dd dd«dd +1 dd=BC.DE. | 3| BeB-1 i
HL,SP, IX, 1Y el Repea( until B =0
DEC dd dd ~dd-1 dd=BC,DE, | "% 5ytn). A () - A
——————— - w § OUT(C),r | (O)+r
DAA Converts A contents into Opcrands must | Z]| ouTl (€)= (HL),HL~HL + 1 .
o packed BCD following add | be in packed, . o B+~B-1’
E or subtract. BCD format, OTIR (C)« (HL).HL « HL + 1
< - o B-B-I |
S CPL A«A : Repeat until B=0
: NEG A 0—0(_)__:1\ QUTD (C)*—(HL) HL HL -1
©|ccF CY«CY " " |B+~B-1.
SCF CY «1| OTDR:. (C)*‘(HL) HL «~ HL -1
NOP No operation - | v ge::: ulnul B=0
§ HALT Halt CPU - . S— —
z| DI Disable Interrupts . JP nn PC «hn’ ‘ B B 7 A
E El Enable Interrupts JP cc, nn {f condition cc is true
§ IMO Set interrupt mode 0 8080A mode PC.«nn, else continue
2liM) Set interrupt mode.L Callto 0038y | ., j: " :’rc ":C e »
Set interrupt mode 2 - Indirect Call 3 <, € condition kK is true
% 2 PC «PC + ¢, else continue w YZ C
RLC s ==l JP (ss) PC +~ss ss = HL, IX, 1Y
: : DINZ e B-B-1,ifB=0 ‘
RL's _ ‘ continue, clse PC ~PC + e
g - pom— ,I.c'z".,.b:‘;vly- — RSO I VR SN
p— CALLC nn (SP-1)«PCy
RRC s 7 —emo]=lmicv] al s (S?:TZ_) "PCLPC +«.nn
§ e 2 CALL cc, nn | If condition cc is false
RR ‘ U continue, else same as
al o L=y CALL nn |
—ML |
Z|sLas © De{T=e0  [s=r(HL) 2| RSTL (sg 1) €PCyy P
9 s faxse)avee | £ f’sé 2 T PCL' PCy -0 |
2| SRAs == | % e L , |
: . s Yy [ RET . . . L‘-(SP): W g T S e dnta PRY EER
= walde! PCy; ~(SP+|
5| sRLs = ) o HE(OP)
4 3 donh aafie RET cc If condition cc. is false. NZ PO
-_ NP 2 continue, é‘l‘s’e’ same as RET Z PE
RLD b 9 [_4 - i 3 e S NG P
A b ] ' B RETI ‘Retum from mterrupt ¢ M
— < -same as RET .
RRD ) [ e RETN "Return t’rom non-
YL S ' ‘maskable interrupt
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