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INTRODUCTION

“ault location on microprocessor based systems cannot be done effectively using conventional pieces of test
=guipment. Units employing techniques specitically 4esigned for microprocessor troubleshooting need 1o be
Jsed.

“he technician or engineer is ikely to have easy access tc an oscilloscope, DV .M., iogic probe etc. In some
acilities there may even be logic anaivsers or signature analysers available.

“hese ail have their respective uses ancd In particular the latter items are oriented towards miCroprocessor circuitry.
Jnfortunately logic analysers are often complex to use and it can e difficult to interpret their results. They are more
:uited to the design/development laboratory. Signalure analysis is fughly useful but suffers from two main
jrawbacks:—

1) It needs to be designed into the product from day one.

2) To obtain signatures, the basic system mus! be oparating.

“he B2000 has been specifically designed 10 aic: rapid froubleshooting on mic-onrecessor boards. It does not
:uffer from the disadvantages stated previcusly and in addition it ieatures:—

(i) Low cost. ‘

(i) Easeofuse.

(iii) Storage of programs cedicated to a particular board

tis primarily of use in manufacturing and production areas, whera smail to medium (or nigh) volumes of products
zre being tested. T2 other main user wiil be involved in field service repair, whe e equipment has been returned
oy the customer. It has been designed to support the Z80, 8085. 6800 or 6502 microprocessor.

The unit is not a design or development tocl although it may occasionally be uced 1o verify a boa:d or to exercise
some part of a circuit in the fate design stages. It has deliberately been given simp e pre-programmed instructions
‘hat are aimed at the technician or engineer who has to reparr production boards that contain microprocessors and
‘heir associated devices (ROM, RAM etc).

HOW IS A SYSTEM TESTED?

The underlying concept is to test the board by setting up the B2000 so that it simuiates many of the microprocessor
operations. The microprocessor IC itself is not tested it 15 usually removed for the duration of the tests (eg by
Jnplugging it™) so that the B2000 can take over conirof.

The microprocessor has three busses cennectedto it -
(i) DATABUS.
(i) ADDRESS BUS.
(i) CONTROL BUS.

There will be a variety of devices connecied to these three busses and the miIcroprocessor. during norma
operation, reads data from anu or writes data to thece devices This. inturn. can cause some further action to occur
ieq a light comes on, a motor runs etc)

‘Nith the microprocessor removed from the circuit and the B2000 plugged inits piace. the B2000 has control of the
devices. The engineer can wrile simp'e programs into the B2000 which will cause the various devices to be
‘ndividually tested so that the specific fault can be isc.aied. For example the B2000 can be programmed to perform
a checksum on a ROM 1 C. which effectively checks that it has the correct data (software) stored in it.

“For solderec in microproces ory, e page 17



Programming of the 82000 duzs NOT reguire any knowiod e ot computer or microprocessor fanguages. There are

thinteen pre-programmied instrictions which are all seiected by ingle key strc-e entry.

The programmer does (usuaily) need 1 know the mamaory miap of the svstem (i2 how the |.C.'s have been
connected within the system). This is aimost aiways avaiiable to a production or ield service area from the service
manual. test procedures. designer data ete, Irthe svent of It not beaing available, the B2000 contains a memoary
MAP feature that will, in most cases. provids tre information.

In addition, the unit features a non vo.atile store which aliows an enqineer to devise and enter a sequence of
instructions to test a particuiar toard. Trese will then be stored (even if power is removed) so that they may be
subsequently re-used by a production operator or technician at a iater date.

HEX DIGIT ENTRY

Most of the B2000 instructions are concerned with writing 21 r-adng ¢aii into or {from particuiar memory address
locations

The data busis 8 bits wide. 2sach bit can be a * or 0 and an eght tut patem is tlermaa a byte

Databytes can be expressudin binary (a patiern of 1's and 0's) orin hex notatior using digits Cto F. Two hex digits
are needed to specify a 8 bit paitern.

The address bus is 16 bits wide. Hence it consists &f two yies and requres four hex cigits <0 specify it.

Hex notation is used when programming ihe B200C - data as 2 digits. addrezses as - digits



TESTS (INSTRUCTIONS) AVAILABLE

Befcre cescribing how programs {which consist of 2 sequence of instructions: are entered and runon a faulty pco.
this section 1s concernad with details of the tests available from the B2000.

instruction ttles are snown on the front panei in the red area above keys 4 to F. When the alphanumeric display is
prompting INSTR> then depression of any key between 4 to F will be read as the instruction printed in the red block
of that ey.

1. Checksum (Key 4)
Anefficientway oftesting R.O M. devices is to perform an addition (summation) of ail the data bytes storedinitand
compare the result with that from a known good ROM

The B2000 will performa checksum betwzen astar address and end address which are both entered as two 4 digit
iocations aiter depression of the CHECKS! M key

Shown below is the printout for @ CHECK SUM hetwean 0000 and OFFF witk 3 resuit of 008E3B. \The aigit 1
preceding CHECKSUIM shows that itis step 1 of a program).

Q000 OFFF

The operator would require to know wtiat the sum from a known good ROM was, so that he could determine if the
ROM was faulty.

2. Ramtest (Key 5)

The function of RAM is that data can be written into an address location, stored and then read back at a later stage.
in this test the B2000 writes a series of ones into a lucation. ensures that 1t can read them back, then repeats the
process with a series of zeros.

This is done to ali addresses between a start and stop address entered as for checksum.

Shown below is the printout for a good RAM between address locations 4000 and 43FF (inclusive).

RAMTEGT 4000 43FF

RAM OF.

When a tault is found (1e one bit is stuck high or low) the printout shows this. Eg data bit 6 is stuck high at location

418C is shown as:—
m.fTFl"” 4000 43FF

{ A73C wrserens

— ———

Data bit 3 stuick low a Incation 416C is shown as:
R,
3 RAMTEST 4000 43FF

u}GC awrrJenw

The printer will give specific detalls of all bits stuck high or low (-me: s K). Hence if the IAMTEST is inadvertentiy
done on a ROM, all bite will be reported as stuck and you will receive a binary dump of the ROM (and a fong
printout!)

Pressing any key for several seeands whilst a Ramtest is in progress (eg if many bytes are being reportectas stuck)
will cause the B2000 !0 finish printing the current linz and then go on (o the next instruction

4



3. Disassemble (Key 6)
Stored within part of the ROM wiil be tre fauty peb's operaing nstiuctions. The DISASSEMBLE function aliows the
userto have this printed ot in assembp'y ianguag2 which can aliow inspection of the details of the stored program.

The following shows a Z80 program cisassembled betwe=n locations 9080 and 00DQ.

T — T T T e T Y
S DISAESEMBLE 20BC  000¢
0080 LD BC.0030 013CC2
00B3 CALL 290 CcDa200
00B6 LDAFE 3EFE
0088 OUT (07:.A 0307
00BA  INA (0B DBO8
00BC CPFF FEFF
MOBE JPZ.0CD3 - CAD2CD
0cC1 CPEF FEEF
0CC3  JPNZOOCH ~2CBNO
00C6 LD AL 3gl
ooC8  JPC1nC £32C01
ooce LCEB.oC 0600
002D CALL 0120 2001
eobe Jroetrec C32C0:

e N i S NN

The start and end addresses are entered as for checkzum.

Itany key is pressed for several seconds whilst the B200C 3 disassembiing. then it will complete the next line and
then,go on to the next instruction.

4. Delay (Key 7)

This instruction allows the user to insent a ime delay rotvesn two instructions of a program. The delay time is
controlied by entering two digits between 09 and FF. FF aives approximately 30 seconds delay, 80 about 15
seconds. The B2000 sounder will tick to advise that uela, 1s occuring.

The delay feature can be used to give time for an operator to observe the effect of a previous instruction (eg to check
that a light comes on).

The printout is as below for a delay of 30 seconds.

T — T T T —
5. Memory Read (Key 8)

This allows inspection of the data stored at any ¢niered memory location. The printout is in hex, binary and where
applicable, ASCIIi. An example below shows the printout at address COD0 with the hex, binary and decoded ASCII.

5 READ

50 00110006

——T— o — T T T — —

6. Memory Wiite (Key 9)
A data byte may be written to any memory location whic:: 1s entared when ine alphanumeric display prompts
ADDR. Alter entry of the address the display then promyprs for DATA

Below is the printout for byte OF written i0 memory locaion 474B.

—_—
[E\/wﬂ:ra 4758 OF
e T T T~
7. Input/Output Read (Key A)

Aninput portis read tor data in the same wdy ag a Memcry Read reads data from memory.

The printout also has the sa.ne format as for Merory Read

8. Input/Output Write (Key B)
Data (two digits) is wriften to an output port in the same: way as a Merory 'Write:



The printout format is also the same as for a Memory Write

9. ASClldisplay (Key C) see tabie on page 25

Afterthis instruction is selected. a startand end address are entered as for Checksum. The B2000 will read the data
stored retween the two locaticns and will print it cutin decoded ASCIl at 16 characters per line. This instruction is
usefui for iocating text areas within a Computer's ROM.

A printout below shows all the characters between locations 0020 and 007F. Where the stored data is notin ASClI
code, then the printer leaves a biank (eg at locations 0020 and 007F).

(\/‘\/\N\/—\/\l_\
2 ASCl 0020 007F
0020 P"#8%9 ()r- -
0030 0123456789 <=>7
0040 w ABCDEFGHIJKLMNO
0050 PORSTUVWXYZ " ¥ ]~ -
O0G0 abcoefghijximno
0Cc70 DArsiuvwxyz !y~

Pressing any key for severa seconds whilst an ASCH dumpisin p;()gress will cause the 52000 to finish that fine and
then go on to the next instructicn.

10. Hexdisplay (Key D)

This instruction operates inthe same way as for ASCII display only it gives a dump of the data between two locations
in hex at 8 two digit bytes per line

The printout below shows a Hex dispiay between addresses 0003 and 0123.

(T T — T T T T  ———
3 HEx 0003 0123
000C 3t FD D3 07 DB 06 FE FF
0cDB  CAFO 00 FE EF CZ E8 00
00E3 3L 20 C3 2C Ot 06 04 CD
CCEB 20D 01 C3 2C 01 3E FB D3
@OF3 07 DB 06 FE FF CA 0D 01
20FB  FE EF C2 05 01 3E 40 C3
0103 2C 01 06 08 CD 2D 01 C3
©10B  2C 01 3E F7 D3 07 DB 06
0113 FE FF CA 2A 01 FE EF C2
0B 22 C1 3E 80 C3 2C 01 06
@123 o0

— T — T T T T T T N

Ifany key is pressed for several seconds whilst a Hex Jdump is being performed. the 82000 will finish that iine and

then move on to the next instruction.

11. Search (Key E)

After selection of the Search instruction, a four digit starting address is entered. Tre display then prompts for fout
digits and the B2000 will search from the siarting adcress through the whole of memary for every pair of contiguous
memory addresses that store the four digits.

This is extremely us<.ul in locating the positions of ~alls, jumps etc to a specific address localion, the uses of an
absolute address etc.

A printout beiow shows the addresses of the first memory location when searching for CD60 from 0000 (ie 0180
contains CD. 0181 contains 60)

e T I
5 SEARCH 0000 CD60
0180

G18A

0191

0198

0203

1180

118A

1191

1198




For the Z80. 8085 and 6502 call and wump addresses are encaoder bacswvards ie the low order adaress byte
precedes the high order adcress in the instruction Inthe above exampls the sutroutine s iocated at address 60CT
not CD62

The 6800 encodes them high followed by iow order address byte eg Junp to aadress F4CE is encoded as JSR
F4Cs.

The B2000 will search for ths address bytes as entered by the user who must determine in wnich order they vl
occur in the faulty systems ROM.

In the event of nc occurrence being found. the printout states this

4 SEARCH

NONE FOUND

12. Shorts (Key F)

Selection of this instruction vill cause the B2000 to check for shorts netween eacnh ¢até e 'o;-—
(i) Vccor GND.
(i) Other data lines.
(i) Each address line.

Printout results are intgrpreted as below: -

(a) No faults found.

7 SHCRTS

NONE TO RAILS
NONE TO DATA
NONE 7O ADDRESS
™ e T — ]
(b) Data line 3 to ground. data line 6 to Vec.
/‘\/\/‘\/\/—-W
8 SHORTS
DATA-RAILS «1+s One -
M\_/\/_\/\/\‘
(c) Data lines 4 and 5 shorted together
NW—-
9 SHORTS

NONE TO RAILS

DATA-DATA v+ 1 1saes
/\/\/Vv'\/\/—\‘
(d) Data line 7 shorted to address ine A (Ayq)
/\—’-\—/'\/\N\/"\_q
3 SHORTS l
NONE TO RAILS i

NONE TO DATA
/\AD/DR\M;:;\/\/—\/‘\J

The B2000 stops as soon as the first short is found and prints this out This mus: be removed beiore future testshave
any validility.

OPERATING MODES

The B2000 tests a faulty board by running through a series of instruciions that have heen programmea into its
memory via the front panel keys.

Up 10 15 prograims each containing 12 steps (instructions) can he entereC ang stored n its non volatiie memaory
(this is a CMOS RAM with a rechargeable NiCad battery back up).

When the display is reading MODE> it is prompting the user 1o select o7 of faur opoeranng mods s

7



The blue areas above keys 0, 1. 2 and 3 contain the four mode litles and are used to select it,

1. Program
Ifkey @ is pressed, the programming only mode 15 chosen. This is soiely used to enter a program. where the user
has made a note of the desired instruction seguence that he wishes (o enter. and no other operation is required.

2. Direct

If key 1is chosen, a program may be entered using the front panel keys as in the program mode. In addition
however. the unit will zerform the instructions as they are being entered. The program will be stored in exactly the
same way as for the program mode, th= onty diference is that the instructiors are directly carried out (and the
results will appear on the printer)

3. Run

Key 2isused whenitis desired to enly run a program and no instructions are to be entered. For example. if program
6 had been previously entered, theiy its sequente of instructions could be run through on the faulty toard by
selecting RUN and then 6 (whentre displa, pronts PROG NO) andthen 1 (when tne display prompts LINE NO).

4. List :
Depression of key 3 followed by & program numier and then a ine number wil cause the | inter to print out a list
of the selected program, starting with the »ne number chosen.

[0}



PROGRAMS
The B2000 can store up to 15 programs each one beng given a reference dint hetwean 0 and E
After selecting the MODE, the aisplay wiit prompt for a PROG NO ana it < ther that the digit sentered.

If a production area has two types of board 1o be tested (¥ and Y)programs & and 4 could B2 assigned to boarc
X and programs 7. 8 and 9 tc board Y

These references will be retainec by the 82000 so that eacn tirme board X -
selected by the user.

1siotested crogram 3 ord should be

CONSTRUCTING A SIMPLE PROGRAM

Devices within a microprocesscr baseq board will be connected te hus nes 270 each s eradled when the
MICIOProcessor outpuls a speci s range of adaresses

To test the board, the addresses of all IC's must be knowr .. this s tenneg the 1, femory tap 1~ addition. input anc
output ports, if not memory mapped. will a:so have a 1cannn address that muzi be known.

Consider a very simple system wnere the memory comprises of two RCMS arna one KAM

U0Co | |
ROtA \

r &G !

OF FF b
1000 ;
| AN ;

I
13FF

The ROM consists of two ICs ana itis better 10 test these individually sc I7at 4, fauitis icentf ed down (o a specific
device.

The map for the ROMs

00CS

i
07k Ny

¢80 ]
]
oFEF

The program will consist of -

(I Shortstest —thereis .tie it v dom g rine st ey chotte g pres. ntonthe Jala rus Honce thisie
do. 2 first,
(1) Checksum for ICl betwee~ zddresses 0000 snd O7F !
(in) Checksum for IC2 between addresses 0800 and OF T
(iv) Ramtest for IC3 between addrasses 1000 and 13FF
(v) End.

ENTERING THE SIMPLE PROGRAM

We will assume that the above program is 1o tes: a pecitic board ana that it wi' be ac s«qn@ program number 4
(This will be stored by the B2000 <o that pregrarm 4 ean b recal'ea at a ater cate for Lubsecuent us €}

Y



When powerisfirst apptiedtc the unit, it performs a self check routine and after this 's completed. shows briefty on
the display which of the processors itis contiguied for (Z80. 6800. 6502 or 80221 Check that the processor type
agreas with your board under test!!

Pressing the front panel RESET mimics the start up routine.

Oncethe self check is corpreicd and O the dispiay reads MODE > and is waiiing for one of the top four Fevs to
be pressedto selectthe moce. Ifany of the other tweve neysis pressed, the dispiay will read INVALID and reject
e entry.

Inthis case, wewish 1o entar 2 program(as opposes lo nsting or running one sirezdy stored) so the cheice s either
PROGRAM or DIRECT

Assums that no faulty board s connected to the B2000. hence thereisno pont in runming the tests as they are being
entered (DIRECT) sc we wilt choose PROGRAM mode.

Once *his is pressed the disntay wili nov. prompt :2r a PROG NO. and this —uist 0e a digit between C and E. (Key
F will be rejected).

Jince we have deciced to call this program rumper 4 nis key is now pressz=d. Note that if there was a previous
program already stored under numbper 4 then your new instruchions will destroy (overwrite) these of the old
program!

The display is now prompting 1ar a LINE NG which must be between 1 anc C (e up to twelve instruciions can be
included in one program)

Programs start at line 1. so key 115 pressed (Selection of ine nurber aliows for editing/changing as described
later).

The display is now prompting INSTR> (an instruction)
Referring to page 9. the first instruction 1s a shorts test. nence key F (SHORTS) 2 pressed.

The display confirms this key entry and then requests a new instruction whicn will auicmatically be assignedtothe
next line number (ie 2).

This is 1o be CHECKSUM so key 4 is pressed The dispiay confirms CHECKSUN. and then prompts for the star

address (FROM — — — —) Thicistobe 0000 <o the O key is pressed four times ana the dispiay registers these four
entries.
It now prompts for an end address TO — — — — 52 07FF is entered

After these four digs, the instruction is complete and the unit moves cn 1c prompt {or the next instruction.

Thisis another checksum between 0800 and OFFF The reason for entering twe separate checksumies'sis sothat
if a fault is present vath ICL it wil be diagnosed by ine 2. whereas iine 3 wi” identify a fault with IC2.

The key entry for line 3w be -

Display Key entry

INSTR CHECKSUM
FROM 0800 four entries)
TO OFFF (four entries)

The display now prompts for the nex! instruction which1s @ RAMTEST between 1200 and 13FF.

The sequence wiil be: -

Dispiay Key entry
INSTR RAMTEST
FROM 1000

TO 13+



After this instruction, the uniiis readly 1o receve the next cne: Bat Cor pregram reqguinies no further steps.

To END a program (ie tc insert an END instruction) any one of the faur blue kieys (0. 1.2 0r 3) is pressed whin the
prompt INSTR is present in the display. :

If one of these keys is pressed. the dispiay confirms END and thar raverts to MODE

Whilst the program was being entered. the printer was onerating &' Qiving a priniout of each line sc that & hard
cepy exists for checking.

It you wish to have a further copy of this (or any other proaram) the LIST mods may be used

eg.
Display Keventry
MODE LIST
PROGNO 4
LINENO 1

The prirter will now printout program < commencing from line 1 anz at e end the dispiay will return to MODE.
P p a g j

RUNNING THE SIMPLE PROGRAM

Although itis most unlikely that you wiii have a bozid surable ‘or th= presous program. it is worthwhile describing
the exact procedure for testing such a board

it is usual for the operator tc have a checkshee! that woud state “Frogram 4 used to test board number PCB123"
and then to give certain instructions as below. reference iz tecis 1o a particular IC and state the correct checksums
forlines 2 and 3 in the program.

The test sequence would be as follows: -

1. Power up the faulty pcb with its microprocessor cornectad in the circuit. (The B2000 is NOT connected to the
board at this stage).

2. Using a DVM. check all the suppiy rails on the board (Rememzer 1o include raifs that may oniy be present cn
the RAM's).

3. Using an oscilloscope. check that the clock is present on the ra'svant microprocessor pins.

The reason for performing steps 2 and 3 prior to using the B2000 is that if there i< a fault with either the clock or
supply rails, the B2000 wili not diagnose them ana valuable time could be spent in trying to interpret the B2000
results when the fault is a defective crystai. voltage reguiator eic

‘Assuming that 2 and 3 are OK

4. Remove power from the faulty board and remove s micisurceestor noting the peaition of pin1.(Seepage 17
for a soidered in device).

itis possible to damage micronrocessors by, Sialic. 0 Uty i w-utais hiandling procedures.

RRARIAIe

5. Pluginthe 40 pin plug into the MiCronrocessor cocha:. nLopin ias e the same posttion as the
processors pin 1. Also check thai none of the pins bend icier the o 1@ and fail o go into the socket.

Connect the other end tc the BZ00U rear panel.

6. Apply powertothe B2000 and the faulty neh. Check thit the mireproceesor number (Z80.6800, 8085, £502)
that appears on the display. matches that of the ramove s !

i



7. Tre display will prompt MODE. Press RUN.
8. Sslect 4 inresponse to PROG NO.

-9, Ssleci1inresponse to LINE NO. ie you are choosing to start at fine 1. (f you v.ished to only test the RAM. you
could commence at line 4).

10. Program 4 will run. the two checksums and the RAM result are printed out as Helow.—

r\/\/\/WW
RUN 4 FROM 1

1 SHORTS

NONE TO RAILS

NONE TO DATA

NONE TO ADDRESS

2 CHECKSUM Q000 07FF
SUM=008E3B

3 CHECKSUM 0BCO OFFE
SUM=008100 g

4 RAMTEST 1000 13FF
RAM K

e
11. To seeif the ROM's are OK, the cperator will need to know the correct checksums. These will have been
obtained by running program 4 on a baard with knowri good ROM's and keeping a record of tre results {e.g. by
using the printout and marking it “reference”).

EDITING/CHANGING A PROGRAM OR KEY ENTRY

Doubtless there will be times when you wish to change part of a program or find that you nave entered the wrong
dataetc.

1. lfyoupressakeyandas youare pressingit, realise thatitis the wrong key —keep it depressed untit NULL or
X appears in the display. This will show that the unit registers that it is an incorrect key entry and has rejected it.

It you have remaved your finger from the key then this will not work. The display and printer will show you what has
been or is about to be entered into the B2000 memory.

2. Letus assume that you wish to modify an address in fine 4 of program & — but leave the rest of the program
unaltered. eg change line 4 from:-

RAMTEST from 0000 to 07FF
to

RAMTEST from 0000 to OFFF

The key sequence is as foliows:—

Display - Key Entry
() MODE- PROGRAM -
(i), PROGNO- 5
(i) LINENO- 4
(iv) INSTR- RAMTEST
(v) FRCM-— 0000 (4 entries)
(viy TO-~ QFFF (4 entries)

This has now overwritten the old instruction and the display is prompting for a new instruction (which cculd be
~ written intc fine 5).



Since no other changes are required and you do notwantto end after line 4. do NOT press one of the four blue keys
which would insert an END instruction in jine 5.

Instead you press the RESET key which causes the B2000 to exit from the program without aftering any subsequernt
lines and returns 1t to the MODE prompt.

3. Ifanincorrectkey is pressed during prugram entry eg as the address of a memory wite is being entered, 8421
instead of A421 is entered. the same procedure as in 2 above has {0 be performed — ie the whale fine must be re-
written. The procedure is:—

a) Exitfromthe programusing RESET.

) Re-enter using PROGRAM (or DIRECT).

) Selecttherelevant PROGNO. .

) Selectthe relevant LINE NO which has the error (consult the printout if unsure)

) Re-enterthe line with the correct detaiis.

(

(b
(c
(d
(e
(f) Proceedwiththe restof the program.

—
(€3]



TESTING STRATEGY

You will require a mamory mzo

of the board 1o be tested belore a program can be entered into the B2000. The map
contains the adcress oce (

s of RAM B0OM and # presen: input-output davices.
The map is usually . aat 2 Tom e buard € hananoor anc of inspection of the schematic diagrams.
Where thisis notave able e B20C0 hac a MAP ;rogiam whichi is described on page 16

The basic testing me:nod :tc use one ormore nstructicns totest each | C. If one instruction tests two cevices, then
afault onthattest wi not =il the operaty whicihi 'C is faulty.

Each ROM is tested oy pefcrming 2 chacksum bziween its start and end addresses. The oparator will require a
running sheet which gives i 2 correct chockstm and this can be obtained by running the test with & known good
ROM.

RAM's are againindi.iduz y ested betwenn iheir siart and end addresses using the remtestinstruction. The printer
will either report the FAM C < 2r give a printout of locations that have bits stuck nighorlow. Tnere are certain RAMs
that can suffer from & faul <rown as “pallern censtivity” anid the B2000 is un!ikely to detect this subtie condition.

Note that if in error a -amizst is performed on @ ROM, the printer will print out every location as being stuck!

The first instruction ir mos: programs will be the shorts test — this will check for databus shorts and give a printout
of any found. These reed 5 pe cleared before any tests on RAM or ROM since a short will invaiidate the results.

Input/output devices ‘thes2 may be memory mapped or /O mapped) can te tested by addressing the speciiic
location and writing ¢r rez3irg data. They may require a number of bytes to configure them.

Often the delay instructior is useful when testing 1O since it allows the opera‘or time 10 either —

(i) Observe an cutpu: effect (eg a light coming on)
or
(i) Alter the posiion ¢” input data (eg coded switches).

Where i/0 is connec:ed tc devices external to the peb. it may be convenient in a production environment to build
a test fixture that can mar Jally test the functions (switches for input, LED's for output). In some cases they can be
interconnected so that the data is written out and then read back.

The usuai case will be tha: the bull of simple faults wili be located using programs based on:—
Shorts
Checksum
Ramtest
Delay
Memory Read — Memc-y Write
IO Read—OWre

If the fault cannot be ‘ocarzd veing the bove. ther more detaled informatior. about the system can be obtained
using:—-

Disassemble
Ascii display
Hex display
Search



As previously discussed. the operator wiil require some fori of test sheet when using the program (to state which
programis required for a particular board. to give the correct checksums etc). Atypical exampie is shown below.

—
@D
n

OMmNOO O s Wl =

o d

o

Instruction

Shorts

Checksum 0000 to OFFF
Ramtest 1000 to 1FFF
1/O Write 8835 - FF

10 Write 8888 - G0
Delay 80

Mem. Read 2000

Delay 80

Mem. Read 2000

82000 - Set for 280

Program. 410 123! PCB 127

i Printer Meoteg
00224 iCe
OK IC3
. LED off

- [EDcomesan

o F

L= Setswilen

irF IC2
= Serawicnd
[OF IC2



MEMORY MAP PROGRAM

To be able to test RAM, RC*A etc. the memory map of the system must be consuited. If you are confronted with

equipment er which there is it~ e or no docLmentaticn then the 82003 cortains a MAP program which will, in many
instances. give a basic mag o* the system

The programis run by *he fc - ~ving key scauence -

Dispiay Key

MODE RUI.
PROGNO MA= te/F)
FROM 00 (Zetres)

The B2020 wi'l then attept *= < atermme winat is in ir = addressing spzce netween 0000 and FFFF by wri: ngtoand
readirg ‘rom all locations if ~2c 2ssary.

For this *agt, memory is diviczc 1o pages of 256 1yt and henoe 2nly the hagh order address tyvtes are entered
to define 2 starting adcress + sis usually 00) '

The unit vill read the cortents o each locaticn. comp ementit. attemp: 1o write 1t Dack 10 that location. anc thenre-
read the Zata. ‘
Four diffzrent conditior:s are & ~ognised:-

() The data does rot cr 3r ge which is taker to ~can that the device 1s RCM.

(1) Tne complemented cata s read back which imiplies that the device is RAM

(i) The least significant £ e of the address is rean back showing that the data nes are high impedarze and
nothing 2 connected, this is ZMPTY.

The standard software writes 1 2 ieast significant byt of the address on the data bus and applies a positive
address latch enable for use vith multiplexed bus processors. Itnodeviceis selected. thereis nothing to discharge
the data busline capacitance and hence the iow order address wil beread back asdata This does not work if any
non-MOS devices are connested to the bus {eg bus Cevices, pull up resistors etc)

(iv) Tne B2000 does not ~zport ROM, RAM or EMPTY uniess 256 contiguous bytes have behaved exactly as
ROM, RAM or EMPTY. If whe~ performing atest ona page. some behaves like ROM and some behaves lixe RAM,
then it prints | O7 This is a de‘ault condition where something is connected to the ines but 256 contiguous bytes
do not behave similarly For example if one iocation of RAM was faulty with a stuck bit. the whole 256 bytes would
be reported as I1/107?

As soon as the I/0? conditior s reachedina page thenthisis reportec and the 2000 immediately begins to test
the next page. hence | Q is r=ported quickly whereas R30M. RAM arg EMPTY testing 1s more lengthy because it
requires checking every adc-ess location.

Itis important that the way in vhich the test works is whderstood. since the results co require interpretation by the
user. Note that since non-MC 3 devices will be connec'=d to the Catabus foran 8085 system. it cannot report any
EMPTY space.

Pressing the RESET key whi st a Memory Map 15 1n prrrress wil cause the B2000 10 exit from the program and
return to orompting MODE ir the dispiay.

INCOMPLETE DECODING
Since the address bus is 16 oits wide it is theoretica . capable of acdressing up 10 65.536 (64k) locaticns Many
systems do not use this amc nt of memoary and this Gvesthe Gesigner flexibmty in -

() Where devices are put in the memory map a:

(i) How the address decading to sefect an IC 1s periormed

Number two is important from the viewpoint of testing since the implication 1s usua'ly that incompiete decoding is
used which means that the same IC can appear at different address iocations in memory.

When performing a MAP, the B2000 cannot know th:= and will purely print out what it finds.

ifthe user has a specific map relating to the board (eg ‘rom the manuar or designer etc) then this is unlikely to cause
a problem since the addressing wifl usually pe tested within the decoded areas.

Caution however must be usad when interpreting thie MAP progran: results, since it can show more memory than
actually exists



SOLDERED IN MICROPROCESSORS

Boards with the 6502 soldered in cannot be testad without unsoldernng the microprocessor. (The 3 busses are not
all tri-state).

The other three processors supportad have tristate husses and mery, he able 1 he tested by putting the busses into
the high impedance state

This is achieved by connecting the processor sothatitisina r2set. hold etc condition BUT care must be taken to
consult schematics and analyse what other effects this may have on external circuitry.

Forexampie if the re'evant pinis grounded (directly) and it 1s grapped by a lead te Vec to disable the busses, the
Veeline will be shorted out! Hence there are no simple rules to this oiher than nspection of the circuits is necessary!

Pins that affect the tr: state condition anc that shouid b inve twated are as below —
Z80 - pin 25 (BUSRQ) active iow.

8085 - pin 39 (HOLD) active nigh.

6800 ~ pin 2 (HALT) active low.

Assuming that the busses are put into their hign impedance siate. then testing can be done in the normal way using
a speciai lead.”

DYNAMIC RAM

Ifthe dynamic RAM contains its own refresh, is not dependent on the system clock and does not put the processor
into a WAIT state, then RAMTEST and the other inemory tests will operate as on static ram,

If the processor is involved in the refresh then there may be timing problems. This is because the data out is only
valid diring Coiumn Address strobe whereas the B2000 could att=mpt to read it at any time.

There is no peint in performing Memory Write or Memory Read to dynamic rars if it is directly using the
MicCroprocessers’ own refresh.

As withthe soldered in precessors. some schematic interpretation and trial and error will show if the dynamicram
can be tested.

*This can be ordered frem your Gis.bular By quoting 82000 40 piiead o soic reg processor
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PRINTER PAPER

Onthe front panelthere sa SOROLL butonwhich causes the paperto scroll upwards for the duration of pressure
on the button

To change the paper rc 1

(i) Loosen the four olac- screws inthe id reianing the metal cover, and siide it off.

(i) Putthenewrolli~the - cider andfeed the end 1 io the back of the printer. Ensure that the thermal (sensitive)
side of the paper is fac ng d-wriwarcs.

(i) Pressthe SCRCLL b.tton as you feed the paper i untit the printer eventually pulls the paper through.

(iv) Position the blacx cc er so that the paper exits smoothly from the slot and retighten the screws. Do not
overtighten.,

Spare paper roils can L2 orcared from your distnbuter.

RECONFIGURATION FOR A DIFFERENT PROCESSOR
The B2000 has essentia!ly be2n designed to support four processors and the supported device is selected by an
internal personality card pluaged into the mair pob

The unit is not designed for -egular alteration of the board but in the event of this being required, the method is
simple.

Remove the case lid as described in the section on changing the mains range. (Remove power first!)

Remove the fitted card and olug in the new one obtained from your distributor. The personality card has some
resistors (one or more) fitted on it used 1o select the correct snftware. The side of the board with the resistors faces
into the unit, the side with nc resistors is adjacent to he rear panel.

Reassemble and check that at switch on. the display shows the correct new processor type.

CHANGE OF MAINS RANGE

There are two primary mains ranges —
(i) 200 -250V
(i) 100-127v

These are selected by altering the connections to the primary of the mains transformer
Note! This should only be performed by a qualified technician or engineer.

1. Remove the power source from the instrument (ie unplug it).
2. Unscrew the four screws through the feet and remove them.
3. Removethetop ofthe enclosure. There is a lead connecting the main pcb to the printer assembly inthe case
top. Take care when lifting off the lid and do not damage the delicate printer flat cable. The lead to the main pch
can be unplugged from the main board. .
4. Undo the screws holding the main pcb to the enciosure so that the rear pane! can be lifted out of its slot.
5. The transformer primary has two 120V Windings labelled 0 - 120V, 0 — 120V. For 200 — 250V primary these
should be connected in series. . ‘
For 100-127V primary these should be connected in paralie! (0tc 0, 120 to 120). Alter the connections as desired.
For information the live-neutral resistance should b~ approximately:—

200-250v — 1000

100-127V — 500
6. Reassemble the unit tak:ng care to plug the lead to the printer the correct way. (Leads exit towards the rear
panel).
7. Change the rear panel iuse in accordance with rating on panel.
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INPUT/OUTPUT DETAILS

The B2000 has five octal latches ('373's) through which it connects 1o the 40 pin microprocessor socket. This is
shown on the main schematic and on the individual connection detais for each pProcessor.

U1 and U2 are for address fines (A - A-+), U3 and U4 deal with data n ana da'a out respectively and UE ouiputs
the controi signals.

The internal software routines are universal ie the personaity card dees not alter the nternal software for this pan
of the program.

The function of the personality card is:~

(i) Configure the five octal latches 1o the correct microprocessor socket pin.

(in Select the required outputs from U5 so that corract control bus signais are produced
(i) Provide coding for the B200O0 to select the correct disassembze program.

i)
The 8085 has a multiplexed bus structure and to cope with this. the low order address byte appears on the cata
bus prior to aread or write output. Since the software I1s universal. this o-curs for all processortypes. Only the 8085

Caraoutputs an Address Latch Enable (ALE) so that the system under test can iaich this address, leaving the data
bus free to then input or output data.

The MEMORY MAP PROGRAM makes use of the data bus having the low order address byte as described
previously.

Page 22 shows details of the relative timing for all outputs of U5 and which pins they are connected to by the four
personality cards.

There may Le instances where a detailed appreciation of both these waveiorms and the relevant program are
required by the user, egif the B2000 fails to test part of a system, there may be scme incompatibifity which can oe
~ traced and rectified.

The other key reason for including these details is that the user may wish to modify the B2000 10 test devices not
supported by the standard personality cards.

There are two basic requirements:—
(i) Alterthe personality card configuration so that address, data and contiol bus signals appear on the correct
pins.
(i} Possibly alter the B2000 software to adjust the control signals

A commented software listing of the input and output routines is providea for this purpose. Neither Polar Electronics.
nor any of its agents or distributors are able to offer futther information or guidance to the customer if he should
undertake to alter the software. it should also be noted that warranty is invalidated if alterations are performed to
the unit.

Changes can be performed successiully although one paint to remembe: is that the disassemble function is
microprocessor specific and will therefore give incorrec! results

B2000 INPUT/QUTPUT ROUTINES

AOOO CONHIRGL. U wyo00H
4000 Devi&IHN EQU 4000H
L0000 DATAGUT EQU &O0O0OH
DFFF ADDR EGU ODFFFH
2007 DFORT ECU 2000H

TOUNIVERSAL INFUT ROUTTHC.
: LEFT: C,D,E.
OC1F CL OCs2 INFUTCONT s CALL IHOUT 210l FOR 1M
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T Og22
QLT
nCas
oces
OCZA
OC2C
OCZF

GCIT7

OCT

(RTINS
OCZA
OCZED
OC2E
OC40
0OC47=
0C46
0C47

OC4aA
0C4Cc
OC4F
0C91
VCSTE
OCE4
OCcs?
0CSs
OCHA
OCED
QT 6O
OCs1

QCs&4
0OC&6
0CL&T

OCo6ER
OCeD
QOC4E
OC71
OC72
OC7=
OC76

-~
~t

ZE

™
-

S
ZE

6

3E
=

-

2E

18
FS
CD

.
-

(=4
-~

21

(WY

Ve 4
f4 G
B3
DY
[T INTY!
AANTWIN

SD

OO0

QOO0

02
NI

DFFF

SO0

SF
AOOO
SD
DF

OOOO»
Q2
2007
DFFIEF

FYRININ]

oB
QOO0
59

0
4

QCE

DDDY
08

FUsH HL

LD A,OD iy MRED ORLY UN

LD TCONTROL) LA

LD A, 0u8H; RD+MREDQ Ui

LD L,uDYH

LHTOIN: LD (CONTROL) L&

LD A, (DATHINY sREADS THE RYTE

o RS FOTINY L CONTAINS & VALUE
PoWHICH WILL BE FUT ONTO THE

i CUNTROL LeTCH.

ENLINCUTS:: LD H,SDH; EVERYTHING OFF
LDGCONTROL) JHIZs L FIRST THEIN H

=0 L

RET

T FUTSH LY THE ADDRESS 10 THE
s CORRECT LLATOHES.

InuuUT L FUsSH Hg Fur 10
LD &, (CFU)

DEL A '

G 2

LD (DRURT)Y A

LD (ADDRY L HL ADDRESS UNTO LATCHES
LY A,bL

LLDATAOUY ) A3 FOR MULT IFLERED CFUS
N.og. THE ARUVE T LINES MUST R
INCLUDED WHETHER THE SYSTEM YOU
ARE WRITING InN/0UT ROUTINES ¥ O-
i IS MULTIFLEXED OR NO1. THIS IS
1 BECAUSE THE MAF NEEDS THEM 7O

1 NOTICE EMPTY SFACE.

LD ALESFHIALE ON

LD (LONTROL)Y A

LD L,SDH;ALE QFF

JRh ENDINOUTS

LHUU T2 s USH HL g FOR M

LD A, (CFL

DEC A

OR 2

LD (DFORT) ,A

LD (ADDR) ,HL ; ADDRESS OMTU LATCHES
LD AL

LD(DATACUT) ,A;FOR MULTIFLEXED CFUS
N.HB. THE ABOVE 2 LINES MUST ERE
INCLUDED WHETHER THE SYSTEM YOU
ARE WRITING IN/CUT ROUTINES FOR
I8 MULTIFLEXED OR NOT. THIS IS
;7 BECAUSE THE MAF NEEDS THEM T0

: NOTICE EMRPTY SFACE.

LD A,SBH; ALE ON

LD (CONTROL) ,A

LD L,59H:ALE OFF

: WRITES A TO (HL) IN EXTERNAL RAM.
i PEFT:HL,DE,B,C AND A.

JR ENDINOUTS

OUTHFUT: FUSH AF

CALL INOUTZ: H#LE FOR M
FUSH HL

FUSH EC

LD HL,0DDDSH

LD B,8

YRR TIITY

av ae car aw

NP8



OC78 27 AOOO

QC7H 10 FE
OC7D Ci

OC7E E1l

OCT7F Fi

QCBo 2 6000
g3 ES

OCs4a S

oC8YS IE 59
ocs?7 RSN ATPINIE)
0c8A JE &8
oC8C 2E 57
QOC8E 2Z A0
0C1 Fi

QCcaz 18 QE
0C94 EF

0Ces CD QL9
0cosg ZE F3
OCIA 22 A000
oceD IE [BS
OC9F A1 QOO0
OCA2 S

OCATZ S

CCA4 28 DS
OCAL 18 84
OCAB EF

QOCA9 CD Lz
OCAC FbL 7& =
OCAF 32 KOO0
OCR2 01 OCCH
OCES S

OCER6 S

OCR7

OCE8 75
OCHA £BOO0
QOCED 5
QCEF S5
0OCC1 1&g CE
OCCx CF

OCC4 ce
Symbols:

DFFF ADDR
(IR Cru
ZO0T DFORT
OCCT HELF
OC3SZ INOUT2
OCABI IOWRITE
QOoOg8 FRINTER

OO81w
OO0
OC2
OCc2Cc
OC1F I
OCBE
OC7s

WAL EUF LD (L UNTROL o+ HL

DINZ WAkEUF
FOF EC
FOF HL
FOF AF

LDCDATA0UT) ATBYTE TO LE QUTFUT

FUSH HL

FLUSH AF

LD A,S9H; W+MRED O
LD (CONTROL) , A

LD A,68H; WHWR-MRED ON

LD L,59H

CGUTI0OUT: LD (CONYROL) ,A

FOP AF
JROENDINGUTS
IOREAD: RST FROMLOC
CALL INOUT1:

LD AOFSH: R+ IQREC ON

LD(CONTROL) ,A

ALE FOR I0

LD A,0BSH; R+RD+I0OREC ON

LD EC,BYTEKITS
FUSH EBC3iSC 1§ JUMFS
FUSH HL

LD L,ODSH

JR INIOIN
IOWRITE: RST FROMLOC
CALL INOUT1;

LD A, (Ly+ D)
LD(DATAOUT) , 1

L BC,HELF

FUSH EC

FUSH HL

FUSH i

LD A,79H; W+I0RECG DN
LD(CONTROL) , A

ro I1cCrI.

ALE "FOR 10O

LD A,6SH; W+10REC+WR ON

LD L,S5H

JR QUTICOUT

HELF:RST FRINTER

RET

END
BRYTERITS OO0 CONTROL
DATAHIN EOQ0 DATAROUT
ENDINOUTS 0owB FROML_OC
INIOIN OcLy INOUT L
INFUTCONT OCY41 IOREAD
auYI1oouTrT Q6D OUTFUT
Wk EUF

N

NP8
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250 CONNECTION DETAILS

REREY
e e

16
19
INPUT
SIGNALS
AS PER
SCHEMATIC
AND
TIMING
WAVEFORMS
52

T AWVAY
CCNNECTOR
LEAL

1. Flipflop (74LS74) on nersonality card aligns MREQ 10 systern cionk

2. +5Vfrom Z80 socket powers 7

4. 52 pins 25, 26 and 28 LOW to selent Z80 sonware.

8085 CONNECTICN CETAILS

—

8085 CARD

INPUT
SIGNALS

AS PER
SCHEMATIC
AND

TIMING
WAVEFORIS 16

182 pins 16 7nd 2¢ nkca 12 enzble input iaten L2,

2. No connections are nvde to 8085 pini. 1, 2, 4-11 (incl),

<1874 and enables input latch U3,
3. No connections are maae t~ o pins 16, 17. 18, 23. 24, 25, 26. 27 and 23

22

fog

o003

PR NN

3.35 36.27. "3 and 40
3. 82 pin 25 LOW, pins 26 and 28 HIGH te salect 5085 softw are.,

2 8
T
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o
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T
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g 38 [J GND LA
ja i) ELE sl
gs 3 ]
ja ) ECY 8]
d- 34 {5 MREG 1O
laX] 133
jsl) s ar
g gogs npawn
g 36 [ ALE
00 2 »{
011 w[JArs
02 [T n[Sane
D3] s 26 [1A13
0s [J s 25 [J A2
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€800 CONNECTION DETAILS

6800 CARD

INPUT
SIGNALS

AS PER
SCHEMATIC
AND

TIMING
WAVEFORMS

S2

1. No connections made to 6800 pins 2. 3. 4, G, 8, 21

3]

CONNECTOR
P1 LEAD
, 35, 36, 38, 39 and 40.

2. 82 pins 25 and 26 LOW, pin 28 HIGH to salect 6800 sofiware.

6502 CONNECTION DETAILS

6502 CARD

INPUT
SIGNALS

AS PER
SCHEMATIC
AND

TIMING
WAVEFORMS

26

o
rS

P1

1. 82 pins 16 and 26 linked to enable Inpu: 'atch U3.

2. No connections made to 6502 pins, 2,4 5,6, 7,8, 35, 36. 37, 38 and 40.

40 WAY
CONNECTOR
LEAD

3. S2pins 25 and 28 LOW, pir 26 Histd 10 select 6502 software.
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ASCH CODE PRINTOUT

HEX ASCH HEX ASCI HEX ASCH
21 ! 47 A 6 a
22 42 B 62 b
23 # 43 C 65 c
24 $ 44 D €4 d
25 % 45 E 65 5
26 & 46 F 6u i
27 ' 47 G 67 3
28 ( 48 H 68 h
29 ) 249 t 6l

2A . 4A J 6L

28 + 45 K 68 K
2C 4C L 6C :
2D - 4D M 6D m
2E 4E N 6E n
2F / 4F O 6F 0
30 0 50 P 70 p
31 1 51 Q 7 3
32 2 52 R 72 r
33 3 53 S 73 s
34 4 54 T 74 t
35 5 55 U 75 u
36 6 56 v 76 v
37 7 57 W 77 W
38 8 58 X 78 X
39 S 59 % 79 v
3A : 5A 7 7A z
38 ‘ 58 [ 78 {
3C < 5C ¥ 7C

3D = 5D ] 70 j
3E > 5E ’ 7t

3F ? 5F -

40 @ 60

LIMITED WARRANTY

For a period of one year from the date of its purchase new and undamaged from Polar Electronics Lta., POLAR
ELECTRONICSOLTD. orits authonsed distributors will. without charge, repair or replace atits option, this procuct if
found by it to be defective in materials or workmanship, and if returned to POLAR ELECTRONICS LTD. or its
authorised distributors transportation prepaid. This mited warranty is expressly conditioned upon the product
having been used only in normal usage and service in accordance withinstructions of POLAR ELECTRONICSLTD.
and nothaving peen altered in any way or subjectto misuse, negligence or darmage. and not having been repaired
or attempted to b2 repaired by any one other than POLAR ELECTRONICS LTD. or its authorised distributors.
EXCEPTFOR THE FORESOING EXPRESS WARRANTY OF REPAIR OR REPLACEMENT POLAR ELECTRONICS
LTD. MAKES NO 'WARRANTY OF ANY KIND. INCLUDING BUT NOT LIMITED TC. ANY EXPRESS OR IMPUED
WARRANTY OF MERCHANTABILITY OR FITNESS FCR ANY PARTICULAR PURPOSE AND POLAR
ELECTRONICSLTD. SHALL NOTBE LIABLE FOR ANY DAMAGES. WHETHER DIRECT OR NOT CR OTHERWSE,
BEYOND REPAIR OR REPLACING THIS PRODUCT :

ro
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ROP

The B2000 is a low cost production or field service
troubleshooting instrument that will diagnose and locate
faults in microprocessor systems.

It does this by simulating the microprocessor action
i.e. the uP is removed and the B2000 plugged in which
then takes command of the address, data and control
busses.

Using the functions pre-programmed into the unit, it
canthen generate the required data, address and control
signals to test and activate ROM, RAM, I/O devices etc.
Dynamic RAM can often be tested depending on
configuration.

Test sequences are stored in a non volatile memory for
subsequent use. Resuits are reported on an integral
printer.

FEATURES

1. Internal personality cards will support Z80, 8085,
6800 or 6502.

Aiphanumeric display to ease programming and
general use.

Results shown on an integral printer.

Will test RAM, ROM and 1/0.

Non volatile memory will store up to 15 test
sequences each containing up to 12 steps.
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TESTS

ROM checksum.
Tests ability to read and write to RAM.
Wil printout disassembled ROM program.
Will read a programmed memory location.
Will write to a programmed memory location.
Will read a programmed 1/O location.
Will write to a programmed /O location.
Will decode a block of ROM and print out result in
HEX and/or ASCII.
Checks for data bus shorts to Vcc, GND, .address
lines or other data lines.
. Will printout a memory map (RAM, ROM, 1/O Empty)
of system.
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40 way lead
from B2000 to
uP socket

DATABUS )X ROM

uP
SOCKET

Diagram showing B2000 taking
command of the three busses.

n Onean




OYSTEM TE

ROM Checksum

between
0000 and OFFF ~—~—__

System ROM
disassembled between
0090 and 0095

RAM tested
between
4000 and 43FF
Memory Iocation
4321 read (in HEX
Data AB written ! and binary)
to location 4321 e
in memory .
Hex dump of data
\ between locations
Data bus 0105 and 0122
shorts test
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