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Lisa 1.75 Diagnostic tests. 

This docunent contains a sirrple description of the diagnostics perforrred 
by the Lisa 1. 75 Diagnostic packages. · · 

fDI Checksun test. 
These tests are done~ ln the Boot ROM and are· to ver1 fy that the correct data 

was progranmed into eacn1 ROM and that each ROM location is readable. This test 
calculates the checksum of each ROM, using the sarne method as the Lisa 1. o Boot 
RON,, and verifies that ectch ROH is correct. 

1. For RON ltl. This ROM is the'one tnat contains the Startup and Diagnostic _ 
code. If this ROM is bad then a Boot ROM fatal error will occur right away. 

2. For ROH #2. This ROH contains :nardware drivers and o. s. routines. If 
this ROH is bad then a fatal error will. occur after an other diagnosqcs have 
been run. .. 

viaeo MeRDry tests.· I 
These tests assure~ that the sc;reen area and the data area ·for the 

diagnostics are functioning properly. A failure here is fatal ancJ will 
terminate testing .. 

1. stuck-at test~~~ veriffes that there ar.e no stucK-at-one or 
stuck-at-zero ireroory locations. 

2. Address uniqueness test, verifies that eacn me100ry location is unique 
atld that no addresses are tied together. . 

3. Meroory pattern tests, these 
1 

tests looK for. ·other types of memory 
failures such as refreSh ·rails. , · 

Extensive. These te~>ts are done in,the Boot ROH .. The Boot ROM uses tne video 
·. memory as a data s~orage CleVice and .opetation entirely from the CPU board; with 

no nEroory board plugged 111, is essential for bOoting any device. · 
Burn-in and 178.rd tel rind problems. This ts. a set of extended meroory tests 

designed to be run from LisaTest. These tests run 'new and irrproved' pattern 
tests and are designed to catch very hard to find. memory errors. These tests may 
run from only minutes, to ·hOurs, or days. The only way for these tests to be 
accessiable are for the B1Jbt ROM• sown tests to have passed. · .. 

' .• 



V1de0c1rcu1try tests. 
This is a basic test of the Video circuit .. Both screen modes are timed to 

assure that the video is switching properly .. 
1. VRT /VID/CSVNC test. 

The hardware provides a two bits in the: status register which allows a 
program ta iooni tor the video signals :generated by the CPU board. This program 
tries to determine whether the CPU board video circuitry is working by looking 
at the VID ano CSVNC releat1onships. · 

The test checks ti:> see that the:re are transitions an the VRT (Vertical 
Retrace) bit in .the status register, and makes a rough extimate of the tirre 
between pulses on this signal .. 

The CSVNC bit is tested for tran$1t1ons and tne VID bit is checked to make 
sure it is static for a solid black screen. The nufft)er of CSVNC pulses between 
vertical retraces is che~cKed. 

The third routit'.le 'first writes an al ternat1ng pattern of ls ano Os to the 
screen rrerory area, 45 words of o then 45 words of 1, etc., until the area is -
filled. This will create a pattern on the screen of alternate white and blanK 
lines. The routine th1en uses a scan routine to review tne status register 
between 2 vertical ret:race pulses, qnd analyses the resulting data. for the 
correct signal patterns .. 

After this, the pro!~ram tests the vertical retrace interrupt capaoility . 

. Basic tests. These tests are designed for the Boot ROH and determine if the 
Video circuit is basically wor~ing. -

Extensive timing ti~sts. These tests are to be run from LisaTest and the LNO" 
station. These do 100re e:rtens1ve timing measurements of the video signals. 

serial rut>er valid:Lty· test. " 
This is a sinple check to assure tt,lat the ·.serial nuntler is in the proper 

fbrmat and that the serial nunt>er is readable. A bounds cnecK is done on parts of 
the serial nuntler, this is a very loose test to allow all valid nurroers to go 
thru. If the serial nurrller 1s not readable or outside of legal bounds then a 
fatal Boot ROH error occu:rs. 

I . 

This test is only requirea in the_Bdot ROH_. 
~!, 

Tiner tests. . . 
The timer is one of the roost ifll)ortant parts of the system. The various· 

~ . . 



modes are tested f6r p11oper operatio". A failure on e1 ther' timer 1to or 1t1 will 
result in a fatal error for the Boot RON .. Since the tirrer 4t2 is used only for the 
speaker, its failure will result in a non-fatal error for the Boot RON. 

Timers itO, tt1, and l/2 will be tested (note: timer t#2 does not generate 
interrupts). 

1. Binary and BCD( Binary cooed Decimal) count roooes. 
2. Mode o, Interruipt on terminal count. 
3 . Mode 1, . Prograrrmat>le One-Shot. 
4. Mooe 2, Rate Generator. ; . 
s . Mode 3, square wave Rate Generator. 
6 . Mode 4, Software Triggered strobe. 

Extensive tests., The Boot ~OH will extensively test the timers for 
proper operation. These tests will test all of the rooaes atmve. 

!fore extensive tests. More tests for the timers may be added to run thru 
L 1 saTest or LMO if the te!sts in the Boot ROM tests are not extensive enough. 

CCPS ftn::ticreal te~;ts. 
This is the aevice! used to talk to the Keyboara and the House. It also 

handles other 1 terns sucti1 as the tirre of Clay and programnable alarms. 

1. Setable test .. 
The calenaar contr(ll allows anyone to ClisaDle the calendar, which is Clone 

when 1 t is being set. The first test is one to maKe sure that the calendar can be. 
properly set. The calendar is d1satll$0 curing tnis suotest, this assures that 
when it is set it will not change before the program has enough tirre to·reao it and 
see 1 f 1 t has oeen set prc~per1y1 · . . · ,. 

The test sets the clock to many different values to assure that each part of 
the date 1 s set to the co:rrect values. The COPS is sent the date to oe set and then 
the corrmana is sent to the COPS to ret~rn the current date; Since the clock is 
disabled, the value set sm the value returned will be the same. 

" 
2. Wraparound test.. -~. . . 
This next test assures that the caienelar keeps tracK of the tine correctly. 

This assures that, for etxanple, when ~he seconds go from 59 to,.60 seconds that 
'tJ'le calendar changes the1 seconds from 59 .. to o and 1ncrerrents the minutes by one. 
All the calendar parameters are test~a to wraparound.· at the correct values. 
Other values are tested to assure that s:tanaard incrementing is done. 

To do this test, tt1e calendar is, set to the test value, the calendar is 
enabled so it w1111ncrenent every one ~entn of a second. The program then waits 
for a 11 ttle over one tenth'Of a second and then reads tne current calendar time. 
Since the clock time sliould have· changed,. the tirre read will reflect the 
wraparound of parameters. 

3. Alarm test. 
The COPS device alscJ cohtains a progranmable alarm. "The user can specify 

that an alarm t>e generated, in effect 'that the co1TpUter is interrupted t>y the 
COPS, after a specific anD.Unt of ti°". The resolution of the alarm is on~ 
secona. The alarm is SE~t.. the progr.am waits for the programned time plus 3 



. . 

seconds or until ttie interrupt occur,s. The t~me expired from when the alarm was 
set and wnen the interrupt happened is verified against the actual prograrmed 
time. 

4. Internal reg1st~r tests. . 
Registers internal to the COPS are tested here. 

5. Keyboard reset function. . 
The Keyboard is rf3Set oy tne COPS ana the correct reset code is read. This 

value is cofll)ared to the reset code that was sent to the COPS on powerup . 

Clock runctionsl tests. These ~ests are for LisaTest ano LMO stations. 
These do a complete functional check on the COPS and associated timing. 

Keyboard reset code tests .. These tests are Sil'fllle functional tests that do 
not change any data (fc,r exar\l)le the (jate and tins) and do only a oasic check of 
the COPS. These tests are for all test areas,, LisaTest and LMO ano Boot ROM. 

IW1 d1~st1c test. . . . . 
This test trys to assure that the IWM chip and associated hardware on the 

CPU board is functional. It is a minimal test of this floppy interface since 1 t 
is done whether or not a disk is in place and rust assume that there is not a disk 
in place. . · 

1. (To oe determine·d) 
2. (To be determined) 
3 . (To be determined) 
Basic tests For Illrt ., These, tests are tests of the IWM circuit and assume 

that the drive aoes not have 87 diskette installeCI, these tests are for CPU boarcf 
LHO stations and for the-Boot ROH. 

Extensive tests f'ar tile Illlflcircuft going to the drive itself'. These tests 
are for the IWH circuit and require that a drive and disk be installed,, see the 
next test description.. · 

" Floppy diSk tests. 
These tests verify the proper operation of the floppy disk drive and 

·coffl)lete the testing of·the IWM and interface hardware. Since a floppy drive and 
cUsK are required to corrpletely test trie IWM circuit, these tests are requ,ireo 
in the LHO station and Lisa.Test. Becau$e of a Field service requirement that the 
floppy drive be coapletely debugged_ from the Boot ROM,, a subset of these tests 
will be in the Boot ROH as space•permits. · 

1. (To be determined) *' 
2. (To be determined) 
3. (To be determined) , 

' .. 
Basic tests roril/ltland Jnterf'ace •. These tests are tests of the IWN c1rcu1 t 

and may nave to assurre that t.ne drive H good, tnese tests are for CPU ooarct LMO 



stations. · .. 
Extensive tests t'ardrive itself:. These tests are for the drive itself and 

may have to assume that tne It.UM circuit' is good. 
Note that there may be cases where both the IWM interface and the drive 

itself are unknowns. Ttfe tests rust take this into consideration. But note that 
the best way to trouole:shoot this case is to swap out the floppy drive (a sirflJle 
procedure) and then re-·run the test that nas failed. This narrows the failure 
down to ei tner the IWH c:1rcu1 t or the floppy. Once 1 t is narrowed down then the 
tests for that specific circuit or device can be run to isolate the failure 
further. 

RS232 tests. 
These two serial ports are tested extensively for the rTWJst co~n mJdes 

that they will be used in. The ports own internal loopback feature helps to 
ensure a mJre corrplete test . 

Port A and Port B. 
A) Register reaalwrite tests. 
B) Local loopbacK tests... , 

a) Async test. 
b) sync test. 
c) SOLC test. 

c) External 1oopoack tests~­
o) Interrupt .test. 

A) Read/Wr1 te Test . 
This first roodule writes an $AA

1
data pattern to an interval ·reaa1write 

register in Port A ana then r~ads it bacK and verifies its integrity. It then 
repeats the process w1 th a $55' pattern~ Both patterns are then tested on port B." 
The main purpose of thH~ test ioodule 1

1

s to verify tnat 1 t 1s possible to access 
this device (1.e .. it exists in valid aqaress·space). A special bus erroF-trap is 
provided to retain control of the program 1n the event that the device 1 s not 
readily accessible. . 

B) Internal Transrri1t/Aece1verest 
Here, the sec devic~e is tested for its abi'lit.Y to transmrt and receive in 

asynchronous roode. me test 1s perfor~d at 19200 baua using the internal loop 
(*ouil t in), therefore n<> external drivers are being tested as of yet. The data 
format is a bits, 1 stop bit, internal baud rate clock x16 roode, and odd parity. 
·An possible 8 bit Characters are used and each is checked for data integrity 
upon reception. Also after each charaoter is transmitted the program wait~ for 
the "all sent" flag, delta received flag.. and then cnecKs for "'Special· error 
conditions such as framing, par1 ty ... ·end over~n. 

c) External Transm1 t/Recei ve Test·. '" 
Here, the sec device is tested for 1 ts ability to transmit and receive. The 

test is perforrred at an baUd rates ~sing the externar loopback connector, 
therefore external drivE~ts are being tested here. The data format is a bi ts, 1 
stop bit, internal t>auct rate clock x16 .roooe, and octCJ parity. All possible B 01 t 
characters are used and e~ach is checked' for data 1ntegr1 ty upon reception. Also 



after each character 1.s transmitted ,the program waits for the 11all sent" flag.. 
data received flag, :and then checks for special error conditions such as 
framin~ parity, and overrun. 

D) Interrupt Test.. . . . , 
Tests the ability of the SCC d~vice to interrupt the system processor. 

First a dunvny interrupt routine is s~tup to handle tne interrupt. This routine 
resets the source of tt1e interrupt 1f1 the sec and restores the normal vector in 
the vector table. A aefaul t timeout i,s then set in the baud rate timer in the sec 
and the device is progranvned to interrupt the system processor on timeout. The 
system tnen begins a count and patiently a_wai ts, the expected interrupt. 

Basic tests. lhese tests are the basics done to assure the ports work 
properly and will not drive any test data out the ports. These use the internal 
loopoack feature ana th 1e latch that disables aata going out the rear ports. 

External tests (rt?q1.1ired loopback). These tests check the port in roore of a 
'natural· manner, in th1e way 1 t is normally used. 

tttJ tests. 
If a rremJry board is installed then this test is done to verify that the 

board canoe mappea as tt1e user requests. 
1. Stuck-at tests~ verifies that there are no stucK-at-one or 

stuck-at-zero meroory locations.. . . · 
2. Address uniqueness test, verifies that each meroory location is unique 

and that no addresses arla tied together.. . · 
3. Meroory pattern tesys, these tests looK for other types of rtErory,. 

failures. . 

Basic pattem 8 f'tll?Ctional tests~ These tests are done t>y the Boot'ROH and 
rwst pass for the ooot process to con.!tinue. It may still be possible to ao a 
auto-boot procedure on detailed diagnos.tics. . · 

Extensive tests. These tests help to isolate failures to the chip. If space 
requirerrents·prevent tne·Boot ROH.a1agnost1cs from 1solat1nQ.the failure far 
enough then tnese roore extensive tests will do that tasK. These tests also do 
rrpre extensive rtenDry te:sts on the HNU RAHs. 

Parity Circuit test.. . 
This test ver1 fies tine meroory pari'ty checK and generation circuits .. 

1. Parity detection ·test.. . . . . . · 
This program tests the capability of the CPU board to· write wrong parity, 

(for diagnostic purposes)" :the Parity pit RAMs, and the failing treroory address 
register . Parity is a method" used 1n cofll)uters to assure that data stored in 



memory is correct.- ThE~ convoon methoa of using parity is for the co~uter to 
count how many bi ts are on at each meroory location and then aaa one 1 f necessary, 
in the parity bit, to make it an odd nunt>er or leave ~ne parity bit set too if it 
already contains an odd ountter of bi ts on. Exa""le: 

Odd parity exaf11)le:: 
Menury Data Parity bit tt bi ts set 

10001100000 0 . 3 
10001110011 1 7 

Using the capability·of the CPU ooara to write wrong parity, the nuntler of 
bits set above would be 4~, parity bit set to 1, and 6, parity bit set to a. 

When the co~uter senses that a merrory location being used contains the 
wrong parity bit., it assurres that themeroory data has been changed in soire way 
from the data that was ~1r1tten. When this error occurs the CPU board tells the 
cofll)uter about the error and also which meioory location contains the error, this 
address is in the Fail in~~ Heroory Address register. 

This test uses the special circuit on the CPU board to set the wrong parity 
on some locations in JTenl)ry, the parity detection circu1 t is disabled at this 
time. Parity detection is then enablep and the meroory locations are read. Each 
location which has been set to the wrong parity is verified to generate a parity -
error and the failing aaaress is cnecKea. 

2. This is a test of tne parity rneroorys. These RAMs are tested in a special 
1.uay since they rrust be ·11 written• ana 'read• indirectly. These extended tests 
are very long because Of the rrethod that rust be used. · 

3 . Bus Timeout. 
The last test is tt1at for the bus tirreout circuitry. If illegal rremory, 

memory which is not in the S,¥Stem but still within legal address range, is~ 
accessed then a bus tirreout wUl occur~ The corrputer nust recieve a signal back· 
E~ach time it addresses a location in ~roory. If the meroory is not there then no 
signal is returned to tt1~ cotrpJter anq the col1l)Uter would sit and wait·for the 
meroory. To prevent the corrputer waiting forever, a timer is used to limit the 
length~of time that the c1ooputer will wait. 

"\ 

Basic fiinctionel t1.,sts; Ttlese ·tests are in the Boot ROM and assure the basic 
operation of the funct10tns aescribea above . "9 

.• Extensive tests . . These, are very .extensive tests to determine parity 
circuit merrory errors a11ong 11.11th parity circuit errors .. · 

' 

Main MeOWlry tests. r 

These tests perform a quick check of the merory. Ar optional extens1 ve 
menury test 1 s available thru the boot device code. 

1. Stuck-at tests; verifies that there are no .. stuck-at-one or 
stuck-at-zero rreroory locations. , . 

2. Address un1quene!SS test, verifies that each meroory location is unique 



ano that no addresses are tied together . 
3. MemJry pattern tests, the~e tests 1ook for other types of rreroory 

failures. . · 
Basic tests. These! tests res1de in the Boot ROM and consist of tests in two 

classes. The first class are • StucK-~t' and • aooress • tests that are very fast 
and are run every time the system is .booted up. The second class are 'neroory 
pattern· tests that usually run a long time and are Optional thru tne Service 
mode. 

Extensive tests. These are acJd1 tional ,tests which run more ·exotic· 
patterns. These tests are loadable thru LisaTest or an Auto-boot diskette. 

Ad01 tional tttJ tests. 
A functional test of the HMUs op~ration is done to assure that what goes 

into the MMU control , in the way of an aaaress, actually nas the desired ef feet. 
These are rocire extensive •adder' tests~ 

1. MMU functional tests. 
The MMU al so can allow 11m1 ted apcess to areas of meioory . Meroory can be -

specified as read only, so valuable information will not oe destroyed, as write 
only, or as oath reaa and writeable. 

To convert a logical aaaress, 'one' which will work as described aoove, to a 
physical address, a real.address tnat a meroory board will recognize. A series of 
adders are used as shOwn below: 

Logical aoaress t:l11 ts 
<--segment Aaaress-·•><--t-Segment Offset-'->·<------01sp1acement---·> 
23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 

The segrrent Address addresses a register which contains a pnysicar (real) 
address, this is called a Base aaaress. This physical address contains valid 
bi ts in the bit 9 to bit 20 range, trtis ~s enough to access 2 Meg bytes of meroory. 
This value is.then added to the Logical address bits o -to bit 16 .. The resultant 
address is the corresponding physical (real) address. See the e~le below: 

•• 

Logical address bl ts 
<--segment Address:..--><--- segment Offset ~---><---D1splaceroont---> 

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 \ 
x x x x. x x x x x . x · .. x x x . x x · ·x x x x x x x x 
\ J \ . I 

\ 
\._SOR register (Segnent Base~egister) 

\ . 
\ 

\ 
--20-19~18 ..... :L-7-... -16- 1_5_1_4--...13-----12_1_1 _1_0_9_ 

(Add x x x x x x x. x ·x x x x 

\ 
\ 

. . I 
I ., 
I 
I 



these xx xx xx xx xx·xxxxxx 

(result is the physical address 
x x ·x x x x x x x x x x x x x x xx xx 

There are adders for bi ts 9 thr~ 20, bi ts 17 to 20 have an adder because of 
the possibility of a carry bit (16) having to be added. There are three physical 
adders used, one for bi ts 9 to 12 ... one for bi ts 13 to 16, ana one for bi ts 17 to 20. 

1. Adder tests • · 
The first section of ttiis test verifies that all tnree aaoers are worK ing. 

Sequence in the standard test is: . . . 
A) Low Adder Test (bits 9-12 of the logical address). 
'B) Middle Adder Test (bits 13-16 of the logical address). 
C) Upper Adder Test (bits 11-20 of the logical aaaress). 

2. Adder carry Generation Test. 
The next section of the test assures that an adder carry will propagate from 

one adder to the next. 
A lower adder is setup w1 th the bqse register value $F and then a location in 

page $1 is accessed. So in the addres~ translation process, a carry is generated 
from the lower adder into the middle adder. This method is used for the middle _ 
adaer to the upper adCJer test. . 

A Long carry test is acne to assure that wrien the lower 2 adders are at $FF 
and page $1 is accessecl that a carry will propagate from the lower adder to the 
middle adder to the upp1er adder. Thus in the address translation process, SFF + 
$1 = $100, generating a carry into the vpper adder. · 

The Flip Adder Carry test is designed to propagate.a carry thru all the 
adder bi ts. The base register is set to value $AA and page $56 is accessed. Since 
$AA + $56 = $100, a carry is generated' thru all bits. The base register is next 
set to value $55 and pa~~e $AB is accessed. A carry is generated into the upper 
adder by the addition of $55 arid SAB ( = $100). ,. 

3. The last test is ·for Access violation. .. 
The HMU has the capab111 ty to limit access to speci fie areas of rreroory for 

only .specific purposes. ·The f,ollow1ng co~aitions are setup and the limit . 
detection is verified for each one. · · · 

a) Read/Write main rnenDry. Reading and writing to a rreroory location is 
alright. ~ 

b) Read Only rrra1n Rl:!frllry. Any wri:ting to this section of rreroory will not be 
allowed, 1 t will be f ltQ)ed as an error. 

c) Read/Write stacK. . Calling procedures: which place information on the 
· stacK and reroove information from the s~ack will work alright. 

d) Read Only stack.. Calling procedures wtiich place information on the 
stacK will not be alloWE~.,,, an error will oe flaggea. .Pulling information' from 
the stack will be allowed. · 

Built-in Hartl Dist< p:Jrt d18{110st1c. . .. 
Tnis test is aesign•~a to ne run in; the Boot ROM 1 f the hard disk is .ready at 



boot time,, or 1 f the hard CJ1sk was selected as .the boot device. Other tests are 
designed as described bE!lOw. 

Non-destructive tt~sts. These tests are for use with the disk,' s internal 
diagnostics. The disk has the capat>i'li ty of returning the status of 1 t' s own 
internal diagnostics. ·· The disk may also nave other internal diagnostic 
capabilitys that can be used without oestroyingany oata on the disk . 

. Extensive destrwtive tests. These disk tests are destructive in nature 
and would be used only after all irrrormation has been oacKed up off of a 
suspected bad disk. These may also be run on a new d1SK before the Off ice System 
is backed up onto.it. · 

Expcrts1on card di~stics. 
Each expansion card has the capat>ili ty of having 1 ts own diagnostic in a ROH 

that is part of that caro. If a diagnostic res1oes on the caro then it will oe run 
as part of the normal Boot . process, , by the Boot ROM. If the card is also 
bootable .. then if the card fails it's own internal diagnostic test it is made 
into an illegal boot device by .the· Boot ROM ancfthe user will not be anowea to -
boot from 1 t . 

Speaker voltage tests (test card). . . 
· oesignea to run frc1m LisaTest or from an LMO station. This test will be 

identical in function as that on Lisa 1 .. 0 systems. It basically tests the volurre 
control and frequency of tne signal that is sent directly to the speaker. While 
it can not tell if the spt~aker ~s working, it ·can not find a broken wire from tne" 
board to the speaker or a torn speaker, 1 t can tell 1 f the circuit that generates 
the speaker voltages is c1:>rrect. · 

~ 

MAC SOll'ld voltage te:sts (test card) • .,. 
Designed to run from LisaTest or frpm an LMO station. These tests are really 

el"lhancements to the •spea1<er voltage ·tests• . described above. mis test 
verifies that there is proper control of the sound signal by doing 'real tirre · 
JOOasurements of the speaker voltage. 

~' 

caitrast voltage tests (test caret).. · · 
Designed to run from Lisarest or from an LMO station. This test will oe 

identical in function as that on Lisa 1. o systems. This tests that the contrast 
voltage can be changed 111• a sroooth manner from a dark screef'). to a very bright 
screen, within the required voltage spec! f !cations. 

.. i 

•, '· ::,·, 



House port tests (tftst card). 
Designed to run from LisaTest or from an·LMO station. This test will be 

identical in function a:s that on Lisa :i. o systems. This test uses the I/O Port 
Test card to s1rrulate a roouse. All features of the COPS directly related to the 
t1ouse are tested here. 

KeytJoard port tests (test card). 
Designed to run from LisaTest or from an- LHO station. This test will oe 

identical in function as that on Lisa 1. o systems. This test uses the I/O Port 
Test card to sirrulate a keyboard. The COPS/keyboard interface is tested by 
sending the COPS a series of keyboard reset codes. This tests the timing of tne 
keyboard interface and c1lso verifies that the COPS can properly recieve serial 
key codes from the keyboard. 

D1A ftrot1cnu tests (test carCJ). 
Designed to run from LisaTest or.from an LHO station. This test.will be 

identical in function as that on Lisa 1 ~ o systems. This test uses the farrous 'OMA 
Test Card· to ver1 f y that the OMA circuit works properly in tne system. · 

c. I too Printer test. · · / ,. 
Designed to run from LisaTest. This test will be 1aent1cal in function as 

that on Lisa 1. o systems. This is a confidence test of the printer and verifies 
all printer functions, ttlose currently used and all others. 

" 

.. ~Printer test. _, 
Designed to run from LisaTest. This test will be 1.dentical in function as 

that on Lisa 1.0 systems. This is a confidence.test of the printer and verifies 
all printer functions, ttMlse currently used and an others. 

Mouse interactive test. ~ . 
Designed to run from L1saTest. This test will be identical in function as 

that on Lisa 1. o systems. This test is ctlesignea to test the House for slipping, 
bUfTl?S and dents in the rooldse ball, and t)utton bounce. It also checks rooveroonts 
and measures the aroounto·F pulses that tt1e COPS has recieved. 

. ~ 



... 

KeytJOard 1nteract1 ve test. . . 
Designed to run from LisaTest. Tnis test ·w111 be 1aent1ca1 in function as 

that on Lisa 1.0 syste!ms. This test is designed to look for nao keys in the 
keyooard. These baa ke1ys cons 1st of key bounce... sticKing keys... dead Keys, and 
keys that give the wrong1 Keycoae back to the system. 

Floppy disk controller card test. . . 
No Joopback required. This test is similar to the diagnostic that will 

be built-in to this card's boot RON. It does a test of the card with the 
assurTl)tion that so~th:ing is connected on the other end and that • sorrething · 
rrust not be damaged. 

Loop/Jack requ.tred. This test 1S really a COfllllete test of the board. 
Loopback capability is required to Clo a COOlJlete test. This card is currently in 
design and test specific:s have yet to oe defined. . ' 

Tw-port card test .. 
No Joop!J8ck.ret://,11.red. This test is similar to the diagnostic that will 

IJe builtin to this card's coot ROM. It ~oes atest Of the card with the assufTl)tion. 
that sorrething is connected on the other end and. that • sometning · nust not be 
damaged. The two main devices, 6522s, are the main target of this test. 

Loop!JaCI< required. This test is reall.Y a colll)lete test of the board. 
Loopback capability is :requited to do a co~lete test. What this test's main" 
purpose is, is to check tne port conn~ct1ons and do a continuity test of the 
lines from the 6522 aevic:~s out to the card• s external connectors. 

'* 

Appletet card test. 
No loop/J8Ck ret1J.fred. To De def 1ned. 
Loop/J8Ck 1w1tl1.rsd ... To be defined. 

f 

.. ·~ 

. 4 



s 
Video Out 

15 2 14 12 8 

Contrast 
(2) 

~ ·
1 
......... ~i;~··· ........ 1 ........ ~········1····m·····. 

: RS232 [ Timer I Kb/Mouse 
(9) (2) (5) 

SR . 
128K (2) 68010 

\ ., l 
Mux 1---~ UD Bus ' %:1 ................ ......-........... ·-~-~ (6) 

-~~ . 
9· ~ 128K 
~ 3 <l 
~ I ~ 

I I ~~~ I ~ ;; ~ 
~ I I • • ~ 
fil UABus ~ , +. f 
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! ···! -. ~~~s 
B~ffer ] Buf~er <2> Parity 

(4) (6) . (2) ,___ __ . -
i 

23 ~, 16 

E:q>ansion Bus 

Tlmlng 
control 

& decode 
(10) 

32 

C . -__________ __. 

•* 
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. Checksum calculations 

Expect first and next to last locations in incoming registers. 

I Initialize sum value, c18$r fall flag. 

Inltialtze tooatlon pointer to first location. 

CheclkSLm calculatidn loop. 

I Reaa location data anct add to sum. 

I Rotate ·sun value left one bit. 

Increment acsaress read 

I Reaa . lelSt data for the expected checkSUTI. 

to Jast location value? 

'* 
Exit 

' 



Edit date: 08/03/83 

This program does a checksum test on any er•• of memory. 

Input~c: 

aO First locatio~ 
al =Last location 

Outputs: 
dO = Expected checksum 
dl = Actual checksum 

CheckSun1 
c Ir. 

@1 add. 111 

rol 
cmpa. I 
bne.s 
move.111 
rts: 

dl 
(aO)+,dl 
#l,dl 
aO, al 
@1 
( aO )•, dO 

1•lear· F6r ~hecksum use, 
;read loc•tion end edd ~o sum 
;~ot•t• to catch multip~• bit errors 
; loop until don• · 

;Expected checksum ward 

I 'f. 



Timer #0 Test 

Write mode register at $004007 
Load counter #0 at · $004001 

Read counter #0 at $0104001 

Load both bytes 
Load only LSB byte 
LOad only MSB byte 

Initialize ~hip 
All placed in mode 2.· 

16 bit COtllter mode 

BCD COU'lter mode 

Read both bytes 
Read only LSB byte 
Read only MSB byte 

All low oytes written to o, dl~:at>les counting· 6 turns off Interrupt request. 
All placed In ~ 0. 

Basic· register test. 
I 

LSB register tesl 

Wrt te test value to LSB.. 
Read value from LSB & compare. 
Abort test ·loop on failure. ~ 

MSB register test. ~ 

Pl~ COlllter in mode Cl.. 
wnte LSB to max valUEl., auows ume to dO otner stepS .before MSB deerernents . 

. Write MSB to test value.. 
Latch cet.nter value.. 
write LSB to stop oo..ntlng. . . 
Read latched CC>lllt and compare MSB to expected. 
AtX>rt test loop Ol'l fallUI'& r. 



l 

·Mode 0 test. 
-(0) 1nte1TU1lt on terminal count moae. 

f set Binary test. flag, clear BCD flag. J 

\ J . 
Place CCU'iter in mode a. 

Interrupt routine. 

Write LSB to stop any counting. 
I 

[ Eriable Interrupts. J 
l 

[If any Interrupts then re-write counter. to "1ode. 0 . I 

I Increment tn~rrupt COl.l'I~~ 

Third time in here? 

Yes 

watt, ls interrupt stm there? Interrupt flag off? 
No No 

Disable interrupts · 't 
~,.-.wMV'-

Init software loop counter. . ~V' .,({. 

Inlt 1nteJn4)t flag to not tiaPPenea. Fatal error 

Write test value to LSB. 
write rest of test value to S'-158~ 

Loop until SOftware timeout or !interrupt haS nappenea. 
Interrupt happened C* 

or 
Latch current CCU"tt feeling interrupt 

ptleck actual Ume against low ll~t. 

.MMM 

Check actual time · ag8lrist hlg-. limit 
Btlow 

OJnl>are IatcnecJ oo.nt to e>epectea range. 
me 

My more test values? 

Clear Binary Flag . 
Set BCD test flag.. 

Yes 

01sab1e 1nt~ts I 
... 

BCD fl&Qset?°' I 
No Vu 

. ! 

on. 

Write ~ reg tc 
disable lnte t. 

Ki'Jf ;;"' 

Disable lntelrupts 
Exlt 

Exit with Interrupt error. 

., 

Fatal error 



Mode 1 test. 
(1) Progri9"Mlable One-Shot mode. 

Interrupt routine. 

Place countier tn ·mode 1, binary moae. Increment interrupt COlllte 

f . Enable Interrupts .. First time in here? 
No Yts 

If any interrupt$ then re-write counter to Mode l · 

I Walt, 1s Interrupt sun there? 
No Vn 

Disable interrupts 

Init software loop couiter. Fatal error 
Inlt lntenrupt flag to not happened. Exit with inte1TI.4Jt error. 

~~ test value to '-SB. 
~t of test value to MSB. 

Loop until software timeout or Interrupt has happened. 
Fadino Inttrrupt ~~ 

I. Latctt current CCUlt 

Cl'leck actual time against low llmlt. 
Above 

Check actual ·ttrne against hlg-t llmlt 
Bl low 

Disable Interrupts 

My more test values? Fatal error 
Yes No 

( 01sat>le interrupts 



·Mode 2 test. 
(2) Rate Generator mode. 

Place coui~er .. in mode 2, binary mode. 

,. . I · Enable Interrupts. 

[If any intenupts then re-wrlte COl.M'lter . to Mode 2, LSB to max. 

I watt, ls interrupt sun there? 
Vts 

Interrupt routine. 

Increment interrupt cot.11ter 

, Laton ccurter 

software timeout? 

No Yes 

Disable interrupts 
Exit 

Init software loop counter. 
Inlt Interrupt flag to not nappenea. 

~test value to L . 
~ Of ·test vane to fVISB. 

Fatal error 

I Loop until software t1rneout or Interrupt nas haPPef'led. 
Fading Interrupt hlpplned So Ill tiMOUt. 

or 
Interrupt stayed on. I Read lest latched values 

I Check ao~ t1me against 10\tl limit. 
Above Below 

Check actual time agalnst high Umlt. 

Ill• 

compare latctted col.nt to expeCtect range. 
CIC 

L __ 

Exl t with Interrupt error. 

L"of. t/w11< ] +i~ 
~;~ ·:r,,.._~yy h,,,~ 

f-/~ 

Fatal error 

( 
\ 

I 

) 



Place CO\Xlter 1n mOde 3, blnar moae. 

~nable Interrupts. 

Mode 3 test. 
(3) square wave rate generator 

If any interrupts tnen re-write counter to Mode 3, LSB to max. Interrupt routine_ 

I Walt, ts interrupt still . there? 
Mo Yes 

·\ 01$8ble interrupts 

Write test value to LSB. 
Write rest of test value to MSB. 

[Loop until software umeout or interrupt nas nappened. 
Fading Interrupt t"l)PeMd ft.were t.iMOUt 

or 

Fat.al error 

Increment interrupt cou~~ 

Lat.ct'\ counter 

Read counter values. 

Past half way? 
No Va 

software timeout? 
No Yes 

Exit Disable inte ts 

Read last la~ v$1ues Interrupt Stayed on. 
Exl t with lnteRUpt errOJ 

cneCk actual ttme against low Umtt. 
M>ove 

Check actual time against high limit. 
Below 

compare latched OCUlt to e>q:>eoted range. 
fl( Disable interrupts 

I AA~· more test ,Values? Fatal error .,. 
Yn No 

I otseb1e interrupts 

I 

./. 



Mode 4 test 
(4) Software Triggered strot:>e 

Place counu~r In mooe· 4. 
Write LSB to stop any oounung .. 

Enable Interrupts. 

If any interrupts then re-write counter to Motte o 

.. 

Wait, is interrupt still there? 
No Vts 

Disable · 1nterrupts 

Inlt software: loop eot.nter. I 
Init interrupt flag to not happened. Fatal error 

wrtte test v.ilue to· LSB. , 
Write rest of test value to Mse. 

Interrupt happened CIC Sof wue tiftlOUt 
.....----·---...... , or 

Latch currEnt eotnt .. I '-. ~nurr.•t . 
·~ 

Check actual timer 8Qalnst low llmll 

:Above 

Check actual ttme against ttlg-a umtt. 
111• 

My more· test· values? I · 
Yes 

Disable tnteuupts 

Intarrupt routine. 

I Increment interrupt counl;-j 
~ 

First time in here? 

No Yes 

on. 

Exit 

Exit with interrupt error. 

Fatal error 



MrvtU Basics 

Accessing MMU registers 

.. .. I I 
23 22 21 20 19 18 17 16 .15 :L4 13 12 11 10 9 _ 8 7 6 5 4 3 2 1 0 '------. __ ..,., I '-- _.,,,,, ~ ~ ~ 

segment 1 0/8 o a o 

I o tor Base 
8 for Limit 

Base registers 
I I I I 

1s 1a. 13 12 11 10 9 s 1 6 s 4 3 2 1 a 
I I I I · ~------' SP EXP RO STK ..... ~ address __,---- . 

Data mask Of SFFFF ls usea. 

Umlt registers 

I 1§ 14 13 12 11 10 9 

Not used 

I 

a I 1 6 ~ 4 3 2 1 o 
I · ·. - · I 

~ Llmlt value~ 

Data mastc~ Of $0CFF ts ~. 

i« 

:: ' 

"· 



Stuck-at tests. 

\ I Loop thru all 8 contexts ..------
Loop tnm an. 128 segments 

· Write to au ones, SFFFF 

Read segment, mask for de~ byte. 

compare read: value masKea .$FFFF 
natcihts 

Fatal Error 
Determine which byte in error 

for Chip replacement infonnatlon. 
_wrt_te_t·-0-81-1-z-e-ros-~ -$0-

0
-
0
-
0

- Info savea for service loop. 

Read segment, m8sk for data byte. 

Comp~ read value to $0000 

ftatcMs 

Fatal Error . 

I 
Determine which byte in error 

for ontp replacement Information. ,. 

All 128 segments done? 
Info saved for Service loop. 

Yes 



Read/Write tests. 

.. 

[ Loop thru all 'patterns 

Loop tnru an 8 contexts 

!.oop thru all 128 segments 

[ Write . to pattern~ $xxpp 

All 128 segments done? 

All 8 contexts done? 
Ho Ye$ 

Loop thru all 8. contexts 

•. 

Note: Orle Of the 

patterns ls an address. 

Read segment, mask for or)ly lower byte, SOOFF: 

compare reaa value to $00pp 

Ho natch Fatal Error 
Determine wt11Ch byte 1n error 

'for cntp replacement information . 
..--Al-1- 1

-2-8-SE9'fl80-... ---ts-. -.done--?- Info saved for Service loop. 

All 8 contexts dOne? 
Yes 

ttems done et? 
.v ••. 

·, ,., 



Cany 
2 lO Add l' . . el 

1Kx4 lMlt V ue 
to requested ad<tr 

li"it Value and carry 
13 to 16 

C4ny 

13 
11 

1Kx4 Add lil'li t value . I Linit Value to requested addr 
9 to 12 

I 

4· 1Kx4 
Basa Value 

I 5 
.1Kx4 

Base Value 

6 
1K>c4 

Base Value 

1 1Kx4 
Control 

Exp.SP .. R/lJ .. Stk 

7 
Add Base value _. .. ~Actual address 

...,._---1 and carry 17 to 20 

17 to 20 

Carry ------8 
Add Base value 

and requested addr Actual address 
end carry ..... ~ 13 to 16 
13 to 16 

Carry 
9 

Add Base value Actual address 
and requested addr ..... ._ 9 to 12 

9 to 12 

Requested address Actual address 
1-8 --•-Ila ... 1-8 

1 to 6 tested t5y Ram tests. ·:. . 
Failure is either 1Kx4 RAl'1, LS245._transceiver, or LS373 xxxx. · 
Displayed error wlll show RAr'1, LS24S, and then LS373 (1n that or<Jer~ ~ 

7 to 9 tt'?sted oy functional tests..,, addresses acwahy ·accessed must agree wl th 
those expected. 
The failure will display the 283 Adder. 

I . 

10 to 11 by functional tests~ . limit failures and legal veuues are both used to' 
determine if the adders are working cortectl y. 
The fallure wm display tne 283 A<1C1er. 

. ' 



FC2 

MMUIO 

--Setup 

t 

] ... 

• 
~") 

- Sego 

Segil 

. 
Se~12 

". 

,. 

I 

i 

" 

l 

l 

D-
A21 
A22 

A23 
!!it.. 
i' 

A 
" • 

' 
A20 

A19 

A18 
; 

Al7 

' 

,. 

A21 
A22 
A23 

I .t!l. 

Iii!. 

A20 

A19 
A18 -"'.· ... 

Al.7 
~ 

A21 
A22. 
A23 

_,,._. 

. 
A20 
A19 

"Al8 
; 

Al7 

LISA 175 MM U • 

6 
cs 

AO 
001 

Al 002 

A2 003 

A3 OQ.4 

A4ll lK 
A5 x 
A6 4 bit 
A7 
A8 RAl'-1 
A9 • 
AO 001 

Al 002 
A2 003 

A3 004 
.., A4 

A5 lK 
A6 x 
A7 4 bit 

·AS 

A9 RAM 

• 
001 

NJ 
A1 

. . 002 

A2 003 

A3 004 

A4 
- A5 1K. 

A6 x 
A7 4 bit 
A8 

RAJ'vl 
A9 

Ill 

L-

..., 

.. 

L 
L 

.L 

EXP 
SP 
RILi 

STK 

13--· 
14--....i 

Al 
A2 

A3 
L 

15--....i 
16-----' A4 

A13 
Al4 

"' A15 
Al6 

Bl 
82 

B' 
84 

L9--...i Al 

L 10 A2 

L 11 A3 
L 12 

A9 81 
A 10 82 
All 83 
A 12-- 84' 

ACCK 

C4 

El 
E2 
E3 
E4 

co 

C4 

co 



1·¢' 
cs 

A21 AO 
001 817 Al 

A22- Al ooe 918 A2 

A23 
A2 , 003 819-- A' 

SEl~O A3 004 820 A4 El nA17 

SEGl 

E2 '1Al8 

"' A4 
SEG2 

1K Bl El ,,Al.9 

A5 x E.4 '1A20 
B~ 

A20 A6 4 bit B' 
Al9 A7 84 co 
Al8 A8 RAJ'v1 
Al7 A9 

"' J 
cs 

A21 NJ 
DQl. 813 Al C4 

A22 Al . 002'. 814 A2 
Rf'JUX 

A23 A2 003 815 A' 
SEGO D0-1, -816 El AO s 

A3 
~ E2 Al 

SE Cl A4 lK 
SEG:Z 

. Al1 Bl E:5 A2 

A5 x E4 
VO MAH 

A20 pt, 
Al4 82 A3 

4 bit Al5 Bl 
Vl ttA14 • RF5 80 V2 . 11Al5 

A19 A7 
Al8 

Al6 84 RF6 Bl VJ 
A8 RAfvl · 

co MAJ.6 

Al7 

RF7 82 

A9 
RF8 83 

"' 
•. 

b 
t 

<~' 
.., 

'* 

I AO 

cs 

A21 
OQl 89 Al c. 

.A22 Al 002 810 A2 
Rl1UK 

A23 A2 003 El 

SEGO A3 004 
AO S•· 

'f2 Al 

SEGl A4 
.f. 

1K 
E3 

SEG2 A9 Bl 
A2 VO MA9 

AS x EA 

A20 pt, 
AlO 82 

A3 Vl '1A10 

4 bit RFl "' Al9 
All 8, BO V2 ttAll 

A7 A12 84 RF2 Bl VJ 

A18 

MA12 

A8 RN-1 
co RF3 82' 

RF4- 83 
A17 A9 "· 

"' 



Edit date: OS/04/83 

j , I 

;=======····====···=·===~············~····························~············· 
I 

MMU REGISTER TEST PROGRAM 

FILE NAMES: 
MMURAM.HOR.TEXT 
MMURAM.ASM.TEXT 

FUNCTION: 

This Is a test of the MMU RA~u on th• memory bo•rd for Li•~ 1.75 
I 

I 
This test is expected to run from •tther ROM cu· /rom LiaaTest. The ROM 
version is a condittonel ••••~blw subs•t of the Lis•Test version. 

! 
Tests MMU registers by doing r·ead.llilrtte, •ddresl), end a moving 
invers tons test. Errors ere Clll l lected and wr ittlll!n to memory far' 
later inspect ion. 

After initialization, any traps .will be caught Jnd~all registers 
are saved for peruse l by usu·. However, dul" ing ;,the testing. when 
the SETUP bit is on, enw •~captions will eau•e ~he exception vector 
ta be fetched From the BOOT ROM and the BOOT RO~ exceptton_routine 
will be executed. 

LOGIC TESTED: 

The Following logic on th• CPU board is tested: 

MMU l"egisters For contexts O, 1, 2, and 3 

The Following MMU logic is not t•sted: 

Other MMU adder and limit checking logic 
MMU conte•t 0 segments 0, 1. 126, and 127 ,..g ist!'r"s 

TECH OPTI CNS: 
In addition to the three stenda,.d tech-mode optl~ns, this p,.ogre~ 
supplies the Followlngi 

$0010 ( 16 ): 

STEP: 
$01: 

ERROR CODES: 
$00: no error I 

HARDWARE: 
CPU board. 

THEORY OF TEST OPERATION: 

CAUSES or ERRORS 

Most problems caught by this t•st will b• RAM bi~ errors; gr~ss 
problems w i 11 be caught be(ol"e th is test ts ev•r- '.r-un by th• 8001' 
fV-M tests; occas iona 1 ly a prob lent may cause th• pragr-arn to hang 
or go back to the ROM - note th•t any exceptions ~hich occur during t~sting 
with the SETUP bit on will cause th• 68000 to Fe~ch th• exception 
Nectar From the BOOT ROM. 

OR!GINATOR: George Cossey 09/04193 

MOOIFIE:O SY: 

TO BE DONE: 

Register usage: 

.dO - Conte•t (0 to 7) 
dl - Segment in context (0 to 127) 
d2 - Write data ( lower & upper) 
d3 M Read data ( lower & upper) 
d4 -
dS -
d6 - Scratch 
d7 - Scratch 

aO - Base addre~s being tested 
d - Limit edd~ins being tested 
a2 "' 
'a3 • 
a4 - Parameter ~ddress, passed 
a5 - Scratch 
a6 - Scratch 
a7 - Stack · 

. . . . . 

:::=a:::~::::::::::a::amss:~=·~·--~~--~-~~esmass~sasasas~asmssasa•assm•s~a 



; 

.PROC 

. ORG 
MMUREG,O 
soaoo 

BSTART 
Save video memory area. 

bsr SAVEVIO 

Move test into video area. (LisaTast version only) 
bsr MOVETOVIO 
jmp (a4) ;Jump to VIOEOSTART in v(deo memory 

• I 

' . • I 

·=======·=====····==·===··················=··=·····===•·=············ 
' I, 

VIDEOSTART 

tst $00003EOO 

Save all oF MMU RAM dat~. 

; Tur-n a,n SETUP b it 

(LisaTast ve~sion only) 
le~ BMMUSAVE,a4 ;Location to sava MMU in(~rm•tton 
bsr F'ULLMMU 

lea 
c Ir. l 
move. 1 
move. I 
move. l 

BASE4,a5 
d6 

d6,!a5!+ d6, a5 + 
d6, a5 + 

Pattern tests. 
a) All zeros (O's). 

c Ir. I d2 
bsr PATTERN 

b ) A 11 ones ( 1' s ). 
move. 1 #$ffHffff, d2 
bsr PATTERN 

c) Checkerboard. 
move. 1 tt$AAAA5555, d2 
bsr PATTERN 

d) Inverse checker-board. 
move. 1 #$5555AAAA, d2 
bsr PATTERN 

e) Address. 
bsr ADDRESS 

f) Moving Inversions. 
bsr INVERSIONS 

Restore all of MMU RAM data. (Lts~Tast varslon onlyj 
lea BMMUSAVE, a4 ; Lac at ictn to sie MMU inf qr-mat ton 
bsr RESTOREMMU 

Move back to main memory. (L lsaTes:t vars ton only) 
• jmp JUMPBACK 

i ' 

;========········=·······················~·············1············· 
; 
JUMPBACI< 

tst S00003F'OO 

Restore video memory area. 
bsr VIDRESTORE 

rts 

i Turn ~fr SETUP bit"~ 

(Lt•aTas~v•rsion only) 

; ,. I . 

;=============·=········································~···················· ·========···············································•··················· I . I 

I 

; Save video memory befor-e test t• moved up there 

SAVEV.ID 
lest lea BSTART,aJ ,; Start of 

lea 8END,a4 ; and of U•t 
la a BSAVE,aS ; Area to save test in 
move. $00000800,a6 i V idea m,1mory test .,. .. 

@l move. ( a6 )+, ( aS )+ ; Move f'r·am v tdao to save ai:-ea ~ 

add a #4,a3 ;keep tr,ack of siza 
emp. I a4,a3 ; done a 11 of test? 
bmi cill ; .... no 
rts 

tr';.ns..fer 
i 

Mova test to video memory, e>Cit• wt th addr-ess in A4 
I 

MOVETOVIO 
lea 8ENO,a4 
laa BSTART,a5 ; Stert air test 
move. $00000800,aS ;Video m1trnory test ·area 

i 
;Move ·r,.;3m v idea. mamor1:1. •. ~l movo. (aS)+,(aS)+ matn memor1:1 to 

emp. l a4,a5 i don• a 11 of test? 



b1ni 

lea 
11u 
sub a 
add a 
rts 

@l 

VIDE:OSTAAT,a4 
BSTART,aS 
a5,a4 
#S00000800,a4 

; ..... na1 

;Location ol where to br•nch to 
;.Start of test 
;(VIOEOSTART - BSTART) 
~~ (Start ln video memor~) 

Savo all of MMU RAM data to ar•• point•d to_by A4 
j 

FULLMMU 
; Set context, 0 to 7 

clr.w dO ;Context 
gil bsr SetConta">ct 

clr.w dl ; Segme1it 
@2 bsr Set Segment i, '. 

move. b 
move.111 

~al),~a4~+ 
110 ), a4 + 

;Read and save Limit r•gtster v~lue 
;Read ond save Be•e ragi•t•r value 

add.w 
cmp.w 
bne 
add.w 
cmp.w 
bne 
rts 

#1,dl 
#128,dl 
(il2 
•l,dO 
#8,dO 
@l 

; Next aegment 
; •• donn a 11? 

; Next c:ont•xt 
; •• don11 a 11? 

; Restore all of MMU RAM d~ta From area at A4 (in ~ULLMMU saved format) 
RESTOREMMU 
j 

lil 

<i2 

' 

Set context, 0 to 7 
clr.w dO 
bsr SetContext 
c Ir·. w dl 
bsr SetSegmant 
move.b ~al~+, ~aJ ~ move.111 aO +, aS 
add.111 #l,dl 
cmp.111 •128,dl 
bne @2 
add.111 •l,dO 
cmp.111 #8,dO 
bne @l 
rts 

;Context 

;Segment 

;Restore Limtt register value 
;Restore Base register va1ue 
; Next s•gmant 
; •• dona all? 

; Neict c:1:intext 
; .• dona a 11? 

Save video memory before test is moved.up the~• 

VIORESTORE 

~1 

. ; 

lea 
lea 
lea 
move. 

mova. 1 
add11 
cmp. 1 
bmi 
rts 

8START,a3 
8END,a4 
BSAVE,aS 
SOOOOOBOO,a6 

(as )•' ( a6 )+ 
#4,a3 
a4,aJ 
@l 

; Start c1f test 
;end or test 
;Area t~ restore rrom 
;Video memofy test area 

;Mov• from sev•/area to video 
;keep track of size 
;done •11 of test? 
; ••• no 

Pattern to wr rte comes in ilis td• of word d2. 
This pattern is written alternat{ng to each ram~·~ocatti:>n: 

PATTERN 

Loop thru all contexts and segments •nd writ• test pattern 
bsr WPAT 

q 

Loop thru all contexts and segments, read and camper• data. 
clr.w dO ;Context 

(jl bsr 
clr.w 

@2 bsr 

' 

move.b 
cmp.b 
beq 
bsr 

<J3 move.111 

' 

cmp.111 
beq 
bsr 

:J4 add. 1.11 

swap 
bsr 
move.b 
cmp.b 
beq 
bsr 

·i5 move. 111 
cmp. w 
beq 
bsr 

SetContext 
dl 
SetSegment 
(al),d3 
d2,d3 
tt3 
BAOLIMIT 

( aO ), d3 
d2,d3 
·14 
BADBASE 

#l,dl 
d2 
SetSegment 
(al), d3 
d2,d3 
:;5 
BADLIMIT 

(aO ), d3 
d2, d3 
ll6 
EIA08ASE 

;Segment. 

;Read I.. in1 it register" 
; ••• same •91 written? 
·; ... y••· continue 
; "' .. na, f' lag failure 

;Reed Ba1:e r"egister 
; ... seme as written? 
; ... !.:!••· c:anti.nue 
i ••• no, flag failure 

;Neict segtoitent 

; Read L. lm it ~eg.~star 
; .•• same IH written? 
; .. , w••· continue 
; ..... no, flag failure 

; Read Bas• reg istilr· 
;~ .. same.as.written? 
; . ." · lrl•*• ·;continue 
;· ..... no, fl~g failure 

,. 

..... 



@6 add.1111 •l,dl 
cmp.w #128,dl 
bne @2 
~dd . .., •l,dO 
cmp.111 #8,dO 
bne @l 
rts 

Write a pattern 

WPAT 
c lr.111 dO 

~l bsr SetContel(t 
c lr.1111 dl 

@2 bsr SetSegment 
m,01111. b d2, ~al~ 
move. 111 d2, aO 
add. w #l,dl 
SIA18p d2 
bsr SetSegment 
m1J11e. b d2, ~al~ 
m1J11e. w d2, aO 
SLuap d.2 
add.1.11 #l,dl 
cmp. w #128,dl 
bne @2 
add. w #l,dO 
cmp.w #8,dO 
bne @l 
rts 

Address tes:t. 

ADDRESS 

; Next iHgment 
.I • , d.01rte a 11 ? 

;Next context: 
; : • dot,• a 11? 

; Segm•,nt 

;W~ite to Limit register 
;Writ• to Bese regt,ter 
;Next ••gment 

;Writ• to L&mtt register 
;Wrtte ta Base register 

;Next segment 
; •• don,• a 11? 

; Next icon text 
; •• don11 ell? 

1. Writ• addresses From 10111 ta h i"h 
Read all registers and verify 

Loop thru all contexts and segments and write test pattern 

@l 

@2 

c Ir. I d2 ; Addres.• pattern 
clr.w dO ;Context 
bsr Set:Context 
c lr.111 dl 
bsr 
move.b 
add. w 
move.1.11 
add. w 
add. w 
cmp. w 
bnu 
add. w 
cmp. w 
bne 

SetSegment 
d2, (al) 
#$0101,d2 
d2,(a0) 
#$0101,d2 
#l,dl 
#128,dl 
@2 
#l,dO 
#8,dO 
!Ill 

i Se.gment 

;Writ• to Limit register 
; Next addre:u 
;Write ta Base register 
;Next address 
;Next segment 
; •• done • 11? / 

; Next cionteMt 
; •• done a 11? 

Loop thr~ all contexts and segmgnts, l"ead and compare dat•. 
c 11". 1 d2 ; Addt"•a11 p•ttern 
c lr·. w dO ; Conte.Ml~ 

~3 bsr SetContext· 
clr.w dl ;Segm•nt 

@4 bsr SetSegment 

·!16 

move.b (al),d3 ;Re•d Limit register 
cmp4 b d2, d3 ; •• , .sam11 es writ ten? 
beq @5 l···W••• continue 
bsr BAOLIMIT ; ••• na, flag f•ilure 

add. w 
move.w 
cmp. 111 

·beq 
bsr 

add.w 
add.w 
cmp. w 
bne 
add.w 
cmp."' 
bne 

#$0101,d2 
( aO ), d3 
d2,d3 
@6 
BAOBASE 

#$0101,d2 
#l,dl 
#128,dl 
@2 
#l,dO 
#8,dO 
@l 

; Next edldl"ess 
;Reed Base register 
; •.• sam• •s written? 
; .•. 1:1es, cpnt inue 
.;~~.no, tl•g (ailure 

;Neict addl"a!lla 
;Ne1et $egment 
; •• done al 1? 

; N•t>ct context 
; .. done • l.l? 

2. Write addresses from high to law 
Read all ragistel"s and verifw. 

·1 

Loop thru all contel(~S and·t•~~•nts ~nd write test pattern 
c lr. l d2 ; Address pat:tarri 
move;w #7,dO ;Context 

~11 bsr SetContel(t 
mov~.w #127,dl ;Segment 

~12 bsr .SetSagment 
mov~.b d2,(a1) ;Write tu Limit ~e~iiter 



( add.w #$0l01,d2 
move.w d2, ( aO) 
add.w #$0101,d2 
sub.w #l,dl 
bp I @12 
sub.w #l,dO 
bp I @11 

Loop thru all contexts 
c Ir. l d2 
move.w #7,dO 

; Nu:t. •ddress 
;Writ• co 8••• register 
;Next address 
;Next t1tgmant 

and segmunts~ read and com~are data. 
;Address-pattern 
; Context~ 

®13 bsr SetContext 
move.w #127,dl ; Segment: 

1!114 bsr SetSegment 
move.b 
cmp.b 
beq 
bsr 

; 

(al),d3 
d2,d3 
tUS 
BAOLIMIT 

;Read Limit register 
; ••• same as written? ; .. ~w••· continue 
i • .. na, t hg fa I. lure 

\115 add. w #$Ql01,d2 ; Next . liddreas 
move. w 
cmp.w 
beq 
bsr 

; 

( aO ), d3 
d2,d3 
@16 
BADBASE 

;Raad B•s• register 
; ..• sam• as written? 
; ••• ~es, cont t.nue 
; ••• no, flag failure 

@16 add.w #S0101,d2 ;Next address 
; Next segment sub. w IH, dl 

bp l @14 
sub.w #l,dO 
bp l @13 
rts 

Moving Inversions test. 

Examp 111: 

Low to high pass 
1. Write background pattern 
2. For every (1) addr, low ta high, do Raed/\terif!if, Wr te complememt, Read/Verify 
3. Two { 2) passes, for everw other address ( f i.rst even second odd) 

do Read/Verify, Write comp lememt, Reed/Ver i. f!d ,. 
4. Four· ( 4) passes, for every 4th address (first avan, second odd, •.• ) 

do Raad/Ver if'y, Wr I.ta comp lamemt, Read/Verify 
5. Eight { 8) passes, for ever-w Sth address ( r irst even, second odd, •.• ) 

do Read/Verify, Write complememt, Reed/Verify 
6 ....• until step count equals on• half the size of the memory. 

High to low pass 
1. Write background pattern 
2. For avery (1) addr, high to.low,.do Reedf\/ertf1i1 1 Write complememt, Read/Vartry 
3. Two (2) passes, for every other- address {first even, second odd) 

do Read/Verify, Write complemamt, Read/Verlfy , 
4" Four (4) passes, for every 4th address {first ev~n. second odd, •.. 

do Raad/Verify, Write complememt, Read/Verify 
5. Eight (8) passes, for every 8th address (first even~ second odd, .•• 

do Read/Verify, Writ• complememt, Raad/Verify 
6. untir step count equals ~ne half the sJ~• of .th~ .m•mo~y. 

·.;c, 

Step { 1 ) . ( 2) (4) 
Pass 1 1 2 1 2 3 4 
Loe 0 XlC IC>C JCJC 

1 Xl( >OC xx 
l' )()C JCJC ICX 
3, >IX lCIC l(lC 

4 >ClC ICIC XIC 

5 X>C ICJC IC)C 

6 Xl( xx >ClC 

7 >ClC ICX XlC 

a )!)( JClC xx 
9 >CX JCJC ! lCJC 

10 )()( lC>C )Cl( 

11 XlC X>C xx -
-h 

Total passes = 10 for lK RAM, ; 

Increments: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 

[ncremant = >e 

Passes = x 
Expect SFOFO All ones and ~ll zeros for each 1K1e4 RAM 
Compl Exp = SOFOF 

~rite a 11 of MMU to SF'OFO' 

Total Pass Loop 

Psss loop 
Read data. 
Compare to expect and., log failures. 

..,. 



Writ• compl e•p•ct deta. 
Read data. 
Compare to expect and log failures. 

Add increment to address under test 
Check if out of bounds 
... No, go to "top of Pass loop 
.•. Yes, Continue 

Decrement pass counter 

End of Pass loop 
Passes all done? 
..• No, Start address at next top address and go to top of Pass loop 
... Yes, Continue 

Decr~ment Total Pass counter 
End of all passes? 
... No, complement both Expect Oata, Go to top or Tot~l Pass Loop 
... Y~s, continue. 

Zero a 11 of MMU 

; 
INVERSIONS 

move. 1 
bsr· 

•SFOFOFOFO,d2 
WPAT 

;Write all of MMU to $FOF¢ 

@1 

@2 

. 
@3 

move. 
move.w 
lea 

•SOFOF'FOFO,d2 
#l0,d6 
INCRE,a3 

move. w { a3 ), dS 
Pass loop 

c lr. l d7 

bsr 
add. w 
cmp. w 
bne 

I TEST 
d0,d7 
#l000,d7 
ti2 

sub. 111 •1, dS 
End of Pass loop 

cmp.w ttO,dS 
beq IJ3 
c lr. l d7 
move. w { a3 ), dO 
add.w d0,·d7 
sub.111 d5,d7 
bra @2 

sub. w •l,d6 
cmp.111 •O,d6 
beq I DECREMENT 

ear. •SfHfffff, d2 
add a tt2,e3 
jmp lll 

; Both p11tterns 
;Total Pass Loop 
;Increm11nt table 

;Incramont and pass count•r 

; Curren!~ Address 

;Add increment to addr~ss under test 
;Check If out of bounds 
; ••• No, go t_o top of Pass loop 
..• Yes, Continua 

;Oecremunt p•ss counter 

;Passes all done? 
; •• ! Ye•, Cont. inue 
;St.ert address at tap again 
; ••• lner••ment amount 

;Oecremeint Tot,.'! Pass counter 
;End of all passes? 
; ••• Yes., cont tnue. 

; ••• No. complement both E~pect Data, 
; ••• neMt increment v•lue 
;Go to top of Total Pass ~oop 

.... 

now we start it a 11 o\fer, on lid dec:l"ellleAt l.ng th• addres:s th is t tme ••• 

I DECREMENT 
move. l 
bsr<t 

•SFOFOFOFO,d2 
WPAT 

·'il 

·~2 

move. 
move.111 
lea 

•$0FOFF'OFO,d2 
#l0,d6 
INCRE,a3 

movie. w ( a3 ), dS 
P':!lss loop 

mov111. I #999, d7 

bsr 
sub .. w 
bne 

ITEST 
d0,d7 
~2 

sub.111 #l,dS 
End of Pass loop 

c:mp.w #0,dS 
beq @3 
move. 1 #999, d7 
move. w ( a3 ), dO 
sub.111 d0,d7 
add.w d5,d7 
bra lfl2 

sub. 111 
cmp.111 
beq 

eor. 

#l, d6 
•O,d6 
(14 

;Write all of MMU to SFOFd 

;Both patterns 
;Total Pass Loop 
;Incranlent table 

;Decrement and pass counter 
I 

·;Current Address: 

;Add increment to address ~nder test 
; .•• No, go ta top of Pass loop~ 
.•• Yes, Continua 

;Decrement pass counter 

;Passes a~l done? 
; ..• Yes, Continue 
; Sta~t addra.ss at top aga t.,n 
; .•. increment a,~ount 

I 

;Decrement Tot~l Pass coun~er 
;£nd of •ll passes? 
i. · •• Ye·s', · cant inua. 

; ... No, comi:ilemant'both EM~ilt~t Oat·a, 

... 



•:aae 
jmp 

@4 c lr. 1 
bsr 
rts 

I TEST 
1ll2 bs:r 

move. w 
cmp. w 
beq 
bsr 

ii.::, aJ 
(11 

d2 
WPAT 

GetAddress 

( aO ), dO 
d0,d2 
@3 
BAOBASE 

; ..• n~•t Increment velu~ 
;Go ta top of Total Pas• Loop 

; Z•r-o all of MMU 

; Get a·ddrass bHiad on d7,, in aO and al 

; Raad B.111•• data. 
;Compare to expect and log failures, 

swap d2 @3 ; Now comp lament data , 
mc1ve. w 
move.1.&1 
cmp.w 
beq 
bsr 

d2,)e0) 
( aO , dO 
d0,d2 
@4 
8A08ASE 

;Write complement expect data. 
; Raad IB••• data. 

·;Compare to axp~ct and l~g failure~; 

swap d2 ~4 ;Now original data 
move.b (al), dO ;Raad Limit data. 
cmp.b d0,d2 ;Compere to expect and lqg failures. 
beq @5 
bsr BAOLIMIT 

i 
swap d2 @5 ;Now c~mplement date 
mover.b 
mova.b 
cmp.b 
beq 
bsr 

' 

d2,) al) 
(al , dO 
d0,d2 
@6 
BAOLIMIT 

;Write complement expect data. 
;Reed Limit data. 
;Compare to expect and log fatlures. 

swap d2 ~6 ;Now original data 
move. w (a3),d0 
rts 

INCRE .WORD 1, 2, 4, 9, 16, 32, 64, 129, 256, 512 

if" location<> written data then tl.ag as bad RAM 
02 has written data, 03 has read data 

; Do whole word far base register. 
BAOBASE 

d3,d6 move.w 
eor.w 
mave.w 
and.w 
beq 
lea 
move.w 

d2,d6 ;Find fo(ling bits 

j 

!Jl move.w 

' 

• and.1&1 
beq 
lee 
mov19.W 

@2 mova.111 
and.w 
beq 
lea 
mavo.1&1 

~3 movB". w 
and.w 
beq 

I 

lea 
move,. w 

~4 r:'tS 

d6,d7 
#$000F',d6 
@1 
BASE1,a6 
#$0123, ( a6) 

d7,d6 
#$00F'O,d6 
@2 
BASE2,a6 
#$~567, ( a6 ) 

d7,d6 
•SOF'OO,d6 
1~3 

BASE3,a6 
#S89AB, ( a6} 

d7,d6 
#SF'OOO,d6 
@4 
BASE4,a6 
#SCDEF', ( a6 ) 

; Do lower byte only For ltmi~ register 
BADLIMIT 

' 111 

' 

move.b 
eor.b 
move.b 
and.b 
beq 
lea 
move,,w 

move.b 
and.b 
beq 
lea 
move.w 

:jl rts 

d3,d6 
d2,d6 
d6,d7 
#$0F',d6 
@1 
LIMITl, a6 
#$0123, ( a6) 

d7,d6 
•$F'O,d6 
12 
LIMIT2, a6 
#$4567, ( a6) 

;Lower 01<'.? 

I 

----- ~J 



I! 
; Set:; to requested cante•t, number· 0 to 7 in dO . 
SETCONTEXT 

and. w •·$7, dO · i Maka it ·legal 

tst.w $0003800 ;-SEGO .to a 0 
tst.w $0003AOO ; SEGl to a 0 
tst.1.a1 .~0003COO ; SEG2 to a 0 

c:mp.1.11 •O,dO 
bne 181 
bra @10 

' @1 cmp.w #l,dO 
bne @2 
tst.w $0003900 ; SEGO to a 1 
bra @10 

@2 cmp.1.1.1 #2,dO 
bne fi3 
tst.w $0003800 ;_SEG,1. to a 1 
bra .. @10 .. 

' @3 cmp.w •3,dO 
bne @4 
tst.w $0003900 ; SEGO to • 1 
tst.w $0003800 ; SEGl to a l 
bra @10 

@4 tst.w $0003000 ;SEG2 to • 1 
cmp.w •4,dO ' bne @5 
bra <ilO 

.. 
@~ cmp.w •5,dO 

bne (116 
tst.w $0003900 ; SEGO to a 
bra JilO 

; 
ti16 cmp. w #6,dO 

bne @6 
... tst. w $0003800 ;SEG1 to • 1 I bra @10 

!17 tst. w $0003900 ;SEGO to a l 
tst.w $0003800 ; SEG1 to • 1 

; 
@10 rts 

Sets segment address for Lim it 1"e9 ister-. in al, segment re.quested in. dl. 
U~es d5 as tcratch 

' SetSegment 

Get 

move. l 
move.w 
and. l 
swap 
as l. 1 
add a 
move. l 
or, l 
move. 1 
rt:s 

address 

#SOlOOOO,al 
dl,d5 
#$7F,d5 
dS 
#2,dS 
d5, al 
al,d5 
•S008000,d5 
d5,a0 

based an d7 
Returns addresses in aO 

GetAddross 
c lr. l d6 
clr.w dO 

iil bsr SetContext 
c lr.1.11 dl 

Cl2 bsr SetSegment 
cmp.w d6,d7 
bctq @3 
add.w #l,d6 
add.w #l,dl 
cmp.w #128,dl 
bne1 @2 
add:.111 #l,dO 
cmp.111 #~,ctO 
bne ®1 

'JJ l"'tS 

and 

;Address of first Limit register 

; Maka llegal 
;Now in bits 15 to 21 
;Now in bits 17 ta 23 
; F' ina l 11ddress 

al 

;Current ~ounter 
;Context 

; Segment 

;At r•q1ue•t;•d? 

1 Next s11t9m•nt 
; •. done ell? 

;Next C:lmt•Xt 
; .. done .11? 

Table of bad RAM~, 0 means good, other means failure 
(Table must be grouped for clear to work properlw) 

8ASE4 .WORD 0 ;Besa register bits 12-15 
BASE3 .WORO 0 ;Base register bits 8~11 
BASE2 .WORD 0 ;Base register bits 4• 7 
BASEl .WORD 0 ;Base register" bits 0• 3 
LIMIT2 .WORD 0 ;Base register bits 4- 7 
LIMITl .WORD 0 ;Base register bits 0- 3 ... 

~----·--- ... - -~ "'-~· 

... 

'-~~~--~----~~~~~~----~------~-------_..,--~--~------------.......... -..--------~~~~~~~--~~~~~--~~~~~--- --



if 6MMUSAVE 

BEND 

BS AVE 

.ENO 

The data follo~tng i~ ~he current· stat of the MMU before th• te~t 

This is the end Qf the t•s~.the~ Is co ted to .video memory 

This i~ the start of the saved video m mory area. 

I 



MMU Functional .. 
" Assumlng physical starts at x. 

. All ,memory ls assumed written to o. 

[ 

Ali llml.ts set to maximum. . 
All bases set to .a spec:ial da. ta area i~ the last. video page. 

Map MMU to start location o _at x. ·! 

Read logical location o thru. MMU. 

· I Compare read value to expect.eel, same? 
Yes 

. [wrtte logical location to o thrU l"MJ. 
I 

Was data read $0000 ? 
Yes No 

~eaa physical location. I 
Flag as memory error. 

Compare read value to expected, same? Read all of memory looking 
fior value of $1234 

Not FCUKJ 

~ MMU adder ermr caJ.culate adder error 
Whlcn would cause this. 

Data area ln last vldeO page ls set to a speclfl.c pattern. 

The data area pattern ls reed thru all seqnent addresses. 

• 



·. r . 
:! I I 'ease· address adders. -· 

~~~----Base ______ P_h_ys_lc_~-----

L
~ II, COUt $000800011 $00000QOO 

_ $0007000Jl $0000FFFF 
$000FOOD1 $0000FFFF 

r3 . 
$00040000 $00000000 
$00030001 sooaOFFFF 
$00070001 __ $0000FFFF __ ·• 

Sum_~- ... $00020000 $00000000 
I ' 

$00010001 $000CJFF,FF. 
$00030001 $DOOOFAFF . 

lsum--1---------$-00-0-10-0-00 _____ $0_0-00_0_0Q-IO---. $00000001 $0000FFFF 
$00010001. $0000FFFF 

Base ~ys~9$1. ~: 

Sum 4, COUt $00008000 SOOOOOOQO 
$00000000 . $000080QO 
$00008000 $00008000 

~~,,_..----------------------~---. I 
Sum 3 . $00004000 . $00000000 

$00000000 $00004DQO 
$00004000 $00004000 

1Sum_2 _______ $0 __ 00_02_0_0_0 _____ $0_o_oo_o_oo_p __ .. _. _ $00000000 . $00002Dqo 
$00002000 $00002000 

lsum_1 _______ so_o_o_o1_o_oo _____ so_o_a_oo_o_oo_· __ _ $00000000 $0000100Q 
$00001000 $00001000 

Base Physical 
' St.rn ll., COut $00000800 $00000000 

$00000000 $00000800 
$00000800 $00000800 

sum 3 $00000400 $00000000, 
$00000000 $00000400 I 

$00000400 $00000400 

lsum2 _______ s_aa_o_a02--oa_· ____ SD __ oa_o_oo_a_o_• --soooooooo $00000200 . 
$00000200 $00000200 

lsum. i·------· -~-o-oo_o_oo_o _____ ~_o_o_oo_o_oo----$00ooo100 $00000000 
$00000000 $00000100 I 

$00000100 $000B0100 . 



Edit Date: 04/12/93 

; I 

;=~====:===~~========•~••••••••••••••11•••==•a•••••••••••••=2••••••••m2••••••••• 

FILE NAMES: 
TWQP.HDR.TEXT 
TWOP.ASM. TEXT 
TWOPORT (code file) 

FUNCTION: 
Verify as much of the TWO Port.Card as possible; 

LOGIC TESTED: 
Portions of the Two Port Card, ec described bel~w. 

TECH OPTIONS: 
The fol lowing opt ions are supported ( 1-3 are standar'd ): 

0: normal program execution , 
1: loop until NMI ( ~rror count kept in ERRCNT, , loop count 
2: loop INCNT number of time$ (or until arror)(loop count 
3: loop on test until error (loop count kept i"1 OUTCNT ), 

in OUTCNT) 
in OUTCNT) 

exit test at error without resetting caus~.of error 

10: Loop on sending data thru P'AO-PA7 from port A to port B 
11: Loop an sending data thru P·AO-PA7 from port B to port A 
12: Loop on sending from P97 CRES~ to PBOfOCO~ from port A to port B 
13: Loop on sending from P87 CAES to PBO OCD from port B to port A 
14: Loop on sending from PB4 CMDI to PBGIPAR!TYl from port A to port B 
lS: Loop on sending from P84 CMO to P86 PARITY from port B to port A 
16: Loop on sending from PB3 R/W to CBl CHK ~ from port A ta port B 
17: Loop on sending from PB3 R/W to CBl CHK fro:m port 8 to port A 
18: Loop on sending from CA2 STRB~ to PBl/CAl~BSY~ from port A to port 
19: Loop on sending fr-om CA2 STRB to PBl/CAl BSY from port B to port 
20: Loop on sending from por-t B to test Par-t A pa~ity circuit. 
21: Loop an sending from part A to test Port 8 pertty circuit. 

32: Loop at end of test, for progr•m debug use. 
33: Ignore any timer test" failures, gather ,data f'or debug use. 

ERROR CODES: 

;++Flag for document extractor 

j 

Step: 
1 - Initial test setup, hardware ~nd saf'twa~~. 
2 - Check data lines to Two Port Card. 
3 - Check inter-rupt capabi1ity of Two Part Card. 
4 - Port A 6522 VIA r-egister test. 
5 - Port B 6522 VIA register test. 
6 - Port A 6522 VIA , Timer #l test. 
7 - Port A 6522 VIA , Timer #2 test. 
8 - Port B 6522 VIA , Timer #l test. 
9 - Port 9 6522 VIA , Timar #2 test. I 

10 - PAO-PA7 data lines thru lo1:>pbeck l:onnector t 
11 - PBO,PB7 data lines thru loopbeck connector t 
12 - P84,PB6 data lines thru l~opbeck connector t 
13 P83,CB1 data lines thru loopbeck connector t 
14 - CA2,PB1 data lines thru loopbeck connector t 
15 - Port A Parity circuit test. 
16 - Port.,,B Parity circuit test. 

Errors: 

st, both 
st, both 
st, both 
st, bath 
st, bath 

0 - no err-or-
1 - Could not locate Two Port Card in •ny e~pans~on slat. 

par-ts. 
ports. 
ports. 
ports. 
POl"'tS. 

2 - Data read is not th• ••m• os d•ta written to register on VIA. 
3 - Card could not supply en interrupt (possibly timer #l also). 4•- 6522(VIA) Timer f'ailure. Timer too fast, time ts too short. 
5 - 6522(VIA) Timer- failure. Timer too •law, ttm• is too fest. 
6 - Data line PAO-PA7 f'•1lad wraperound test, part A driving port B, 

or no Loop-Beck connector, inst•lled. 
7 - Data I ine PAO-PA7 failed wr·eparound test, port 

8 - OCD!PBO I or RESET /lPB7 l fail led, po. rt A dr iv i·rt. g 
9 - OCD PBO or RESET/ PB7 faila~, port 8 drlvi~g 

10 - CMO PB4 or PARITY PBS Fa•led, port A ~rivt~g 
11 - CMO P84 or PARITY PBS feilled, port B drivi1g 
12 - Interrupt occurred when none expected, on-Po~t 
13 - Interrupt occurred when none expe~ted, an Port 
14 - Expected interr-upt did not occur on port B. 
15 - Expected interrupt did not occur on port A. 

B driving 
port e. 
port A. 
port e. 
port A. 
A. 
B. 

port A. 

16 - STRB(CA2) or BSY(PBl) f'ailmd, port A driving port 9. 
17 - STRB(CA2} or BSY(PBl) ~ailmd, part B drivi~g 

1

part A. 
18 - PBl on port 8 failure (BSY)~ port A driving p.ort B. 
19 - PBl an port A failure (BSYJ, port A driving por-t B. 
20 - Bad data (PAO-PA7) during parity test of Par~ A. 
21 - Parity circuit for port A give• wrong summat,on result (CB2). 
22 - Bad data (PAO-PA7) during parity test of Par~ A. 
23 - Par-ity circuit for port A gives wrong summation result (CB2). 

; ++ Flag for document extractor 

HARDWARE: Working LISA, I /0 Port· Test Card (cab las connec'ted or not). 

8 
A 



THEORY OF TEST OPERATION: 

Register- ReedlWr-ite tast·of the VIA (6S22). Th~s test vertrte:s that momt 
if' the registers in t:he 6522 are read/write-ab le. Th is test 
does not test ell registers since some registers are read 
or write only. 
Details: 

a) All registers ~r• initialized as Follows. 

Timer test for the 6522. Timer #l and Timer #2 4re tested to assure that 
interrupts are generated at the end of ,the programmed t &me. 

WRITTEN BY: REV 1.0 G.Cossey 01/21/83 

MODIFIED: REV 1. i G. Cossey 04./12193, now uses library rout tnes. Removed 
code to run on APPLE II, now .:inly From LISA. 

TO BE DONE: 
j I 4 

·================·=====·==·=·······•·1••••======···=·=·=•·====·····==·······=···· 
' .ABSOLUTE ' 

.. PROC TWOPORT, 0 

·========s=:=====a====•s•••=••==· 
; TRAP AND ERROR VECTOR LOCATIONS 
;;============z======••=======a•; 
BUSVCT .EQU t0008 
AORVCT .EQU SOOOC 
ILLVCT .EQU $0010 
AXXVCT .EQU $0028 
FXXVCT .EQU S002C 
;==•=•===••2••==========a=••••••; 
; INTERNAL INTERRUPT VECTORS 
·=======a===•=•~======•a•===••sa• 

LEVlVCT .EQU $0064 ' 
LEV2VCT .EQU $0068 
LEV3VCT .EQU S006C 
LEV4VCT .EQU $0070 
LEVSVCT .EQU $0074 
LEV6VCT .EQU $0078 
NMIVCT .EQU $007C 
; 
·==~======·==============······· 
; now, the local equates . . . 
;====~====•==•••=zs::s::s••••••2 

ORB equ $00 
ORA equ $08 
DDRB equ $10 
DORA equ $18 
TlCL equ $20 
TlCH equ $28 
TlLL equ $30 
TlLH• equ $38 
T2CL equ $40 
T2CH equ i48 
SHR eq.IJ $50 
ACR equ $58 
PCR aqu $60 
IF'R equ $68 
IER aqu $70 

;F'or Keyboard COPS use. 

bus error 
addr·ess error 
illegal instruction 
future traps (emulator) 

floppy, parallel port, VTIR 
keyboard interFece VIA 
slot 2 
slot l 
slot 0 
RS23:~ ch lp 
NMI 

port 8 

' 
port A 

; Date direction of port IB 

' Ccrunter ~how) 
port A 

;Tl . high) 
;Tl Latch ~ 10111) 
I h lgh) 
; T2 Counter 

; Shift rag ister 
; Awe contra 1 
;Peripheral contro1 
;Int: flags 
; inter1rupt eneb le 

KBOVIA • equ $Fcdd80 ;Base eddress for keyboard VIA 6522 
KIER equ 29 ; interru12t eneb le 

' 
;==···=·~·····=====······~······· 
; START - PROGRAM ENTRY POINT , 
;===•ma:a•==•••==•=•••••••••~sa•; 

.ORG $0800 

STARTl 

111• er• normally loaded ~t $800 (we try to b~ 
l"e lcrca'iab le, tho~gh) : . 

skip ~round parameter •~•a START BRA.$ 

REVDA TE • WORD 11,0 ;Revision numb~r (use daci~al numbers For Pascal) 
••• >e. >e: > xx, so REV l. 0 ,ts 10 here. 

TECH .MORO 

I ERRCNT .WORD I OUTCNT .WORD 
INCNT .WORD 
RESVD .WORD 

IERRCNT .EOU 
I OUTCNT . EOU 
I INCNT .EOU 

------··-· 

0 

0 
0 
0 
0 

2 
4 
6 

labe 1 "TECH" is location, STAM' +6 ( $806) 
note • parameters are word•length (2 bytes) 

-non-ze~o values select t•ch•mode options 

the next three parameter words are used only 
lf th• tach mode is no~~zero. 

exlt pal"m - holds number of errors encountered 
extt perm - holds number of passes completed 
entry perm - holds number of times to execute prog 
reserved For later expan~ton 



r; . 

I :=~~~~;=;;~=:~;~~;·:·;;:~;·:·;~~b 
·======•=•=2••=•z•=s=•••==••••••• 
INBUFO .WORD 0 ' currently unused 
INBUFl .WORD 0 
INBUF2 .WORD 0 
INBUF3 .WORD 0 
INBUF4 .WORD 0 
INBUFS .WORD 0 
INBUFG .WORD 0 
INBUF7 .WORD 0 
;==============a••m==•=•••••=x••; 
; RESULT BUFFER - START + $020 , 
;===============••=a=•=•••••••••• 
DREGS .WORD 0,0 00 

. WORD 0, 0 01 

. WORD 0, 0 02 

. WORD 0, 0 03 

. WORD 0, 0 04 

. WORD 0, 0 05 

. WORD 0, 0 06 step number 
error code . WORD 0, 0 07 

AREGS 
A REGS 

- START 
.WORD 
. WORD 
. WORD 
. WORD 
. WORD 
. WORD 
. WORD 
. WORD 

+ $040 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
o.o 
0,0 

EXCEPTION INFO • START + SOSO 
; GROUP 0 
EXCFC .WORD 0 
EXCADR .WORD 0,0 
EXCIR .WORD 0 
; GROUP ( s ) 0 & 1 
EXCSR .WORD 0 
EXCPC .WORD 0,0 
OLDPC .WORD 0,0 
OLDSP .WORD 0,0 
OLDSR .WORD 0,0 
; 

AO 
Al 
A2 
A3 
A4 
AS 
AG 
A7 

obliterated restoring environment 
stack pointer 

funt:t ion code 
address 
instruction regi~ter 

stat:us reg tster 
pro~1ram counter 

;=========•==••=a•=•===••=•••a••; 
; NOW CONTINUE WITH THE CODE 
;======:======•~•a===2=s••••••••; 

STARTl LEA CLOPC,AO 
MOVE. L (SP)+, (AO) 
LEA CLOSP,AO 
MOVE. L SP, (AO) 
LEA START,SP 

LEA CLOSR,AO 
MOVE.L SR, (AO) 
ORI.W 8$0700, SR 

LEA MISC, AO 
MO VEA "'80, Al 
LEA (J.OVCTR,A2 
MOVEQ 1164,00 

@1 
MOVE;L (Al(• (A2 )+ 
MOVE.L AO, Al)+ 
SUBQ •l,00 

L liGT 91 

LEA EIJSERR,AO 
.MQVE.L AO,BUSVCT 
LEA MJRERR,AO 
MOVE.L AO,AORVCT 
LEA ILLERR,AO 
MOVE.L Ml,ILLVCT 
l.EA LEVlINT,AO 
MOVE.L Ml,LEVlVCT 
LEA LEV2INT,AO 
MOVE.L AO,LEV2VCT 
LEA LEVJINT,AO 
MOVE.L AO,LEV3VCT 
LEA LEV4INT,AO 
MOVE.L Ml,LEV4VCT 
LEA LEVSINT,AO 
MOVE.L 4W,LEVSVCT 
LEA LEV6INT,AO 
MOVE.L MJ,LEV6VCT 
LEA •tI, AO 
MOVE.L Ml,NMIVCT 

CLR.L OD 
CLR.L m 
CLR.L DZ 
CLR.L :DJ 
f~LR. L 04 

sav• return address, set SP to tap or 
ne1111 stack 

then save it also 
place our sf ack right 'be low the progra• 

;Save.status reg value 

;Disable interrupts 

initialize interrupt and trap vectors in case 
• of unexpected exceptions 
; also save incom t.rrg vectors· 

;save incoming vectors in array OLDVCTR 
first sat all vectors to point to miscelaneous 
exception handler .•. 

then sat up spacial vectors for the more 
com1rnon except ions . . . 

clear all the registers except A7 



CLR.L 05 
CLR.L 06 
CLR.L 07 
MOVEA.L 00,AO 
MOVEA.L 00,Al 
MOVEA.L DO,A2 
MOVEA.L 00,A3 
MOVEA.L 00,A4 
MOVEA.L 00,AS 
MOVEA.L OO,A6 
BRA MAIN and branch to the me.in routine 

;==:========z==~=:====•••==•••••; 
; DEFAULT EXCEPTION HANDLERS 
;=====~=:~=============~••==s•••; 

these except ion hand,lars just set an error 
code and uc it . . . 

MISC MOVEQ #$50,07 
BRA.S EXCP 

BUSERR MOVEQ #$51,07 
BRA.S EXCPO 

AORERR MOVEQ #$52,07 
BRA.S EXCPO 

ILLERR MOVEQ #$53,07 
BRA.$ EXCP 

i 
LEVlINT MOVEQ #$71, 07 

BRA.S EXCP 
LEV2INT MOVEQ #$72,07 

BRA.S EXCP 
LEV3INT MOVEQ #$73,07 

BRA.S EXCP 
LEV4INT MOVEQ #$74,07 

BRA.S EXCP 
LEVSINT MOVEQ #$75,07 

BRA.S EXCP 
LEV6INT MOVEQ #$76,07 

BRA.S EXCP 
NMI MOVEQ #$77,07 

BRA.S EXCP 
i 
EX CPO LEA EXCF"C,A6 

MOVE ~SP f' (6 r MOVE.L SP +, AS + 

MOVE { '.;P +, AS + 
EXCP LEA EXCSR,A6 

MOVE ~SP ~+, ~AS ~+ MOVE.L SP +, A6 + 

m isce l leneous aJCcept ions (traps, divide b!,:I 0, 
etc. ) 

bus error except ion (bus timeout, invalid MMU 
access) 

address error 

illegal instruction •rror 

le•11e I 1 interr-upt (parallel por-t, vert ice l 
r·etrace) 

level 2 interr-upt (keyboard) 

level 3 interrupt (expansion slot 2) 

level 4 interrupt (a>epansion slot 1) 

level 5 interr-upt (a>Cpansion slot 0) 

level 6 interrupt (RS-232 ports) 

level 7 (NMI) interrupt (parity error) 

NOT'E AS IS CiESTROYEO HERE 
save extra info for group 0 

; save common exc•pJ: ion info 

EXIT. Save current register contents in save ar•a and return to caller 

' EXIT 

@l 

' 

ORI. W 
LEA 
MOVEM.L 

LEA 
MO VEA 
MOVEQ 
MOVE.L 
SUBQ 
BGT.S 

#$0700,SR ; disable interrupts 
OREGS,A6 
00-D7 /AO-A7, (AS) ; pu:sh return register• in 

OLOVCTR, AO ; rest1:u•e inc/ming except ion 
#0,Al 
#64,00 
(AO)+, (Al )+ 
#l,00 
Ill 

result buffer 

vectors 

LEA OLOSR,AO ; Rtlistnre incoming' :statu~ ritg ister 
MOVE.L (AO),SR 

LEA 
MOVE.L 
LEA 
llQVE.L 
RTS 

OLOSP,A6 
(A6 ), SP 
OLOPC,A6 
(AS), - (SP) 

g•t back incommtng stack pointer 

and program counter 

OLOVCTR .BLOCK 256,0 ;stor•g• area for incomtrg exception ~ectors 

. INCLUDE 

. INCLUDE 
• INCLUDE 

. ENO 

lib:COPSCMO.TEXT 
lib:FINOC.ASM.TEXT 
TWOP.ASM.TEXT 



, Edit Date: 04/12/83 
;====a==•==•===========•••••••••••••••••••••=•••••==•~•••••••••••••••••••••••• 

Filo: TWOP.ASM.TEXT 

NOTE: Refer to TWOP.HDR.TEXT~or prograM details. 
; 

;=======================·=······=············=·······~···=·====···=·········=· 

TICKTOCK 
Tl 
T2 
KBDIEl\I 
SAVEVECTOR 
WhichTimer 
CAlVIAl 
CA1VIA2 
CBlVIAl 

, C81VIA2 
F'arityTests 

aO - Scratch 
al - Scratch 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

a 
2 
4 
6 
8 
12 
14 
16 
18 
20 
22 

a2 - First VIA address. 
a3 - Second VIA address. 

;Timer counter , 
;Timer 1 happened Fla. 
; T i•ll.er 2 happened f laS 
;Keyboard VIA interrupt enable value 
;Interrupt vector address, original 
;Fl•g for timer under test 

dO • Ser-etch 
dl - Scratch 
d2 - Scr-atch 
d3 - Scratch 

a4 - Interrupt vector address 
aS - LOCAL variable table. 

d4 - Scratch 
d5 - Tech Made 
d6 - Step numbar 
d7 - Error code 

a6 - DEBUG 
a7 - Stack 

MAIN c lr. w d7 
move.w #l,dS 
lea LOCAL,aS 
lea DEBUG,a6 

""v 
move.b #$00,dl 
move.b #$02,d2 
bsr FINOC 
cmp.w 110,dO 
baq @105 

lea INTCARO,al 
move. 2 ~ a3 ~· (al ) 
move. 2 a3 ,a4 
lea CARD, al 
move. 6( a3 ), (al) 

move. (al), a2 
add a #$2001,a2 
move. a2,)a6) 
move. (al ,a3 
add a #$2801,aJ 
move • a3,6(a6) 

lea ., TECH,al 
move.111 (al),dS 

bsr DISABLEOTHER 

@1 c lr.111 d7 

4-cmp.w #l0,d5 
baq @2 
cmp.w #11, dS 
baq tt2 
cmp.w •12,dS 
beq @3 
cmp.111 #13,dS 
beq @3 
cmp.w #14,dS 
beq @4 
cmp.w •15,dS 
beq @4 
cmp.w #l6,d5 
beq @5 
cmp.w #l7,d5 
beq @5 
cmp.w #18,dS 
beq @6 
cmp.w •19,dS 
baq @6 
cmp.111 •20,dS 
beq r»7 
cmp.111 •21,dS 
baq 1118 

move.w •2,c16 
b:sr CHECl<LINE 
cmp t. w #O,.d7 
bn• (1110 

;Clear error flag 
;Inlt to step #l 
;LOCAL table poi~t•r 

;Boot ID looking far 

; ... find it? 
; ••• r10, a>e it with ···error 

; .•. address of interrupt vector 

; Bau• address 
; ... uddress of VIA 

;F"i.r-itt VIA I 
;for debug 
; Secc1nd VI A 

; far debug 

;Get Tech Mode 

;Ol~•ble interr-upts from other sources 

;Clear fail flag. 

;See if special tech made loops wahtad 

;Step•2 
;Chee~ d•t• line coMnec•ion to card. 
1 ••• arty errors? 
; •.• a•i~ on a~rdr· 

...... ,. 

... (L 



; 
@2 

@3 

; 
@4 

@5 

; 
@6 

C!l7 

@8. 

I 

@10 

I 
@100 
tUOl 
I 

J 

@102 

I 

move.w #3,d6 
bsr CKINTERRUPT 
cmpi.w #0,d7 
bne @10 

move.w #4,d6 
bsr CKlVIA 
cmp i. w #0, d7 
bne @10 

move.w #5,d6 
bsr CK2VIA 
cmpi.w #0,d7 
bne @10 

move.w #6,d6 
bsr CKlTIMER 
cmp t. w #0, d7 
bne @10 

move.w #8,d6 
bsr CK2TIMER 
cmpi.w #Q,d7 
bno @10 

move. w 
bsr 
cmp i. w 
bne 

move. w 
bsr 
cmp i. w 
bne 

move.w 
bsr 
cmp i. w 
bne 

move.111 
bsr 
cmp i. 111 
bne 

move.w 
bsr 
cmp t. 111 
bne 

move.w 
bsr 
cmp t. 111 

bne 

move.w 
bsr 
cmp i. 111 

bne 

bsr 

lea 
cmp i. 111 

bne 
<ttddq.w 
bra 
addq.w 
subq.w 

cmp.w 
beq 

cmp. 111 

bne 
cmp. w 
bna 
cmp.w 
bne 

cmp.w 
bne 
1:mp. w 
bne 
bra 

#l0,d6 
PA0to7 
#0,d7 
@10 

#ll, d6 
PB0and7 
#0, d7 
@10 

#l2,d6 
PB4and6 
#0, d7 
lillO 

#l3,d6 
PB3andCB1 
#0, d7 
tJlO 

#14,dS 
CA2andPB1 
#0, d7 
<ilO 

#l5,d6 
AParity 
#0, d7 
llilO 

#l6,d6 
BParity 
#0, d7 
t1lO 

RESTORE 

TECH, al 
#Q,d7 
@100 
#l, IOUTCNT( d) 
rJlOl 
#l,IERRCNT{el) 
•1, IINCNT{ el) 

#l,d5 
MAIN 

#2,dS 
@102 
#O,d7 
@103 
#0, IINCNT( al) 
MAIN 

#3,d5 
®103 
#0, d7 
t1103 
MAIN 

@103 cmp i. w 
beq 

#S20,d5 
l1103 

; Normal e1e it 
@104 bra EXIT 

' 

; Ste1p #3 
;Check can get interrupt fram THG Port card. 
; ••• any errors? 
; .•• exit on error 

;Step #4 
;Check registers an first 6522(VIA) 

; ..• any el"ror-s? 
; .•• exit on error 

; Step• #5 
;Check registers on setond VIA 
; ••. any errors? 
; ..• exit on error 

; Step #6, 7 
;Ch•ck timers on 6522(VIA) 

; •••. an!d errors? 
; ••• •Mit on error 

; Ste1> #9, 9 
;Ch•ck timers on 6522(VIAJ 

; ... •1tny errors? 

; SteJJ #10 
;Check connection thru cable, PAO-PA7 
; .•. i•ny er-ror-s? 

; SteF1 #11 
;Check connection thr-u .cable PBO,P87 
; ... 11ny err-ors? 

; SteJ:1 #12 
;,Chec:k connect ion, thru cab le PB4, P86 
; .•. e1ny errors? 

; Step •13 
;Check connection thru cable PB3,CB1 
; ••• any er-rors? 

;Step •14 
;Check connection thru cable CA2,PB1 
; ••. •ny errors? 

;Step •15 
;Check Port A parity circuit 
; .•• a;ny erroys? 

; Step •16 
;Chee~ Port B parity circuit 
; ••• a1iy· errors? 

;Rest~re any disabled F~nctions 

;test For arrol"S 
; ••• toggle pass counter? 
; ••• yos, Increment pass counter. 

;See ~r Tech mode 1 
; ••• y•s, loop forever 

' ;See tf Tech mode 2 
; .... na1 
; .•. Error oc~ul"ed? 
; ••• ye·s, abort test 
; .•• test count e~pired? 
; .•. no·, continue. 

;See if Tech made 3 
; ••. no· 
; ••• Error occured? 
; ••. yea, 'bart test 

; Tech Mada, loop at end· of' test? 

; Error 11>e it, 
11105 move.w 

could not rtnd card 
#l,d7 

bra iil04 



28 Mar 83 ·&21BLANK:TWOP.A$M.TEXT 

;=====·==========·=·=··=··=··=·····•:••=··············•r·················=···· ;=================·=···=·===·············=································=··· 
~ Disable interrupts From othe~ sour~•• 
DISABLEOTHER 

lea 
move.b 
or Lb 
move.b 
move.b 
rts 

or i #$0700, sr 
KBOVIA,al 
KIER(al),dl 
#$80,dl 
dl, KBDIEN( a5) 
#$7f', KIER( al) 

; ma3k all interrupts 
;Get Keyboard VIA address 
; ••• Get interrupt enable far 
; ••• odd in set bit 
;Plac! in LOCAL table 
;Disoble interrupts 

save 

; 

;====================·=··==···=·····~····=·=···==·····~······················ 
; Init I/O Port Test Card to known state. 

INITBOARO clr.b 
move.b 
mova.b 
move.b 
mova.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
movet.b 
move.b 

move.b 
move.b 
move.b 
mavo.b 
move.b 
mave.b 
move. b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 
rts 

dl 
#S7f', IER( a2) 
dl, IF'R a2 
dl,ACR a2 
dl,PCR a2 
dl,ORB a2 
dl,ORA a2 
dl,DDRB a2 
dl,DDRA a2 
dl,TlCL a2 
dl, TlCH a2 
dl, TlLL a2 
dl, TlLH a2 
dl,T2CL a2 
dl,T2CH a2 
dl, SHR( a2} 

#$7f, IER(a3) 
dl,IF'R a3 
dl,ACR a3 
dl,PCR a3 
dl,ORB a3 
dl,ORA a3 
dl,DDRB a3 
dl,DORA a3 
dl,TlCL a3 
dl, TlCH a3 
dl, TlLL a3 
dl, TlLH a3 
dl,T2CL a3 
dl,T2CH a3 
dl, SHR(a3) 

; In it. to zero 
; A 11 intal"'rupts ofF 

; Aux cantl"'a l 
; Per- contra I 
; Ports 

;Direction 

; Timer #1 

;Latch 

; Timer #2 

; Shift register 

; A 11 i1iterrupt• off 

; Aux c1lntro l 
; Per c1Jntra 1 
; Parts 

; 0 irecf: ion 

; Timer #l 

; Latch 

; Timer #2 

;Shift register 

' ~=============·=====········==········,·······r····==···~·········=·······==·= 
; Check data line connection to board. 

CHEeKLINE 
bsr 
c: lr 

INITBOARO 
dl dl holds data to wr-ita ~a 6522 

try writing ta the 6522 @1 

@2 

move.b 
move.b 
cmp.b 
beq.s 
cmpi.w 
beq.s 
move.w 
move.11.1 
~ra.s 

~ddq.b 
bne.s 
clr.111 

...,dl, TlLL{ e2) 
TlLL( a2 ), d2 
dl,d2 
r;2 
#$10, d5 
@2 
•2,d7 
#l,dO 
(1)3 

#l,dl 
!Jl 
dO 

and reeding beek 
was the deta th~ same? 

; Tech made, ignol"'e fe i h1'? 

;Error, date line to test card is bad,or timer 
;Set fail flag 

; ga thru ell 256 data c~mbinations to check 
; de·ta line connection to I/O board 
; Set p11a• f leg 

<13 rts 

;=====•=====e•====•==••=•••••••••••••••••••••••=••=m••••••••••••••••••••••••• 
; Check can get interrupt From I IO Port: board: 

CK INTERRUPT 
bsr INITBOARO 
ori #$0700,sr ; 
move. b #$CO, IER( a2) 
move.b #$01,T1CL(a2) 
move.b #$00,T1CH(e2) 
NOP 
NOP 
NOP 
NOP 

mask all interrupts 
; eneb ll!' timer 1 inter

0

ruJ;lts from para l la l-part 
; and ~et• short (1 u~ec) timeout interval 

; we it at few m ic:rosecond~ for all th11 interrupt 
to be asserted 

set up new default interrupt routines for timer 
clr.111 d2 ; clear· interrupt Fl~g 
move. l ( a4 ), el ; •.• get vector address 
move. l Ill, SAVEVECTOR( a5) ; .•• S•ve a ld vector 
lea INTTIMER,al ;New interrupt·vector 
move. al, ( a4) ; ... into vector 



&~/6LANK:TWOP.ASM.TEXT 

c II"'. Ill 

move 
cmp i. 111 
beq.s 
move.LI.I 
mova.w 

dO 
#$2200,sr 
#S03,d2 
lil 
#3,d7 
#l,dO 

; set pass flag, tn cas• we make it thru 
; let the 6522 interrupt come thru 
; did we get th• interrupt? 
; ••. Id••• good 

- ; no, error 
;set error flag 

I 

@1 MOVE #$2700,SR ;disoble all interrupt$ and restore interl"'upt 
SAVEVECTOR(a5),al move. 

move. 
mova.b 
RTS 

al,(a4) 
#$40, IER( a2) turn off 6522 timer tntel"'rupts 

;============·====·====···====·· 
; the following is intarl"'upt 
; handler for the preceding 
; routine. 
;============================~=· 
INTTIMER moveq #$03,d2 

move.b #$40,IER(a2) 
rte 

note the level 3 or up interrupt 
disable the source 
and return 

i I 

·======~===============·==·=··=·················=·······················=···· ; Check registers on 6522(VIA) . . 
CKl VI A move. l a2, aO ; Get address of first VIA 

bsr DOCKVIA 
rts 

registers on 6522(VIA) 
move. a3,a0 
bsr DOCKVIA 
rts 

;Get address of second YIA 
, ; Check I ~K2VIA 

DOCKVIA 
bsr INITBOARD 
lea AVAILABLE, al ;Registers that can be ~esud 
c lr d3 ;Intt counter 

' @1 move.111 (al),d2 ; See 1lf legal register 
beq @4 ; •.• skip if zero 

clr. dl . dl holds data to writ~ to 6522• 
@2 movm. l a0,12(a6) ; debug 

move.b dl, )ao) try wr- it ing to the 6522 
move.b (aO ,d2 and reading back 
move.b dl, 18~ a6 ~ "debug 
move.b d2,20 116 debug 
1:mp. b dl,d2 was the date the same? 
beq.s ~3 
1:mp i.111 #$12,dS ; Tech mode to ignore fails? 
beq.s @3 
move.111 #2,d7 ;Error-, ragisfar- wrong 
rnove.111 #1,dO ; Set fa 11 r lag 
bl"'a. s @10 

li3 addq.b #l,dl ; ga tnr-u a 11 256 data cpmbinations to check 
bne.s <12 ; data line connection to I/O board 
c: lr. b ( aO) ; Set to 0. on ex it 

(!14 addq.b #l,d3 ; Irf'crernent counter:. 
add a #8,aO 
add a #2,al ; Ne)(t 1·•51 ister-
cmp.w #l3,d3 
bmi ril 

i;.lr.w dO ;Set pass flag 
@10 rt:s 
i 

;=•==========··====·=·················-·················~=·=················· 
~Check timers on 6522(VIA) 
CKlTIMER move. 1 a2,a0 

bsr CKTIMER 
rts 

Check timers on 6522(VIA) 
CK2TIMER move. l a3; aO 

' CKTIMER 

bsr- CKTIMER 
r-ts 

bsr 
c lr. w 
mave.w 
move.b 
mave.b 

INITBOARD 
dO 
d0,WhichTimer-(a5) 
#0, ACR( aO) 
#$CO, IER(aO) 

inlt interrupt address 

;Get address of first VIA 

;Get address o( second VIA 

;Init to•timar #l 
Set for- one~shat intarl"'upt 
En•bla Timer- · 

ori.w #$0700,sr ;Ois•bl~ inte~rupts 
loa INTCARO,al 

:~~=: ~ ~ :! ~: :1 ; ... get vector address 
move. l al, SAVEVECTOR( a~) ; ... Save o Id vector 
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1!~:a·. l 
;New interrupt vector 
; ••• into vector 

move 

I TIMER, al ··, 
a1,(a4) 
#$2100, s:r let the 6522 interrup~ come thru 

' lea 
lea 

1: lr. w 

EXPECT,a4 
TESTVALUES, al -
d3 

; Expac: t t imas: 

<il clr.w Tl( a5) 
;Test value counter 
;clear happened flag 

@100 

1: lr. w 
move.w 
rnove.w 
mOV8.W 
bne 
rnove.b 
move.b 
bra 

move.b 
move.b 
bra 

d2 ;Init counter for loops done 
44(al),d0 ;Get MSB 
(al)•,d4 ;Get LSB 
WhichTimer(aS),dl • 
lUOO 
d4, TlCL( aO) 
dO, TlCH( aO) 
@2 

d4, T2CL( aO) 
dO, T2CH( aO) 
@2 

;Load counter low 
;Load upper and start ~~unter 

;Load counter low 
;Loed upper and start counter 
;this keeps paths equal 

; !'!! Critical loop, any changes require expect tabla ch~ngas 
; this: loop measured at about 13us 
@2 cmpi.w #Q,Tl(aS) ;check For happened flag 

; !! !! 

@5 

bne @3 ; .•• axitonflag 
add. w 1tl, d2 ; increment t imaout t tmer 
cmp.w #$7ff0,d2 ; ••. a•it on overtime 
bp l @3 l 
move.b (aO),dO ;Dummy far timing software loop 
bra @2 ; Cont i1nua watt 

End of critical loop 

mova.w 
move. w 
cmp i. w 
boq 
cmp. w 
bmi 
move.w 
cmp.w 
bpl 
add a 
add a 

add.w 
crnp i. w 
brn i 
add a 
mova. w 
bl!q 

d2, (a6) 
Tl(aS),dl 
#J3,d5 
@4 

(a4),d2 
@7 
44(a4),d0 
d0,d2 
@8 
#2,a6 
#2,a4 

#l,d3 
#22,d3 
@1 

;DEBUG save 

;Tach m~das ta ignore Fails? 

;Compare to low limit 

;Compare to high limit 

;Increment tast value counter 

#2,a6 
WhichTimer(aS),dO 
@10 

dO 
;Disable Timer ¥1 

8 
8 
4 
4 
8 
8 

12 

c lr.1.11 
muve. b 
MOVE 
lea 
move. 
move. 
move. 
rt;s 

1t$7f, IER( aO) 
#$2700,SR 

,INTCARD, al 
(al), a4 

;disabla all i~e~rupts and rast~re interrupt 

SAVEVECTOR(a5),al 
al,(a4) 

IJ6 mc1ve. w 
br·a 

#1,do 
@5 

;Set error flag 

; Timer wes too fast, t ima is too short 
IJ7 move.w #4,d7 

move.w #l,dO 

Tirner 
(jQ 

bra tiS .. 
was too slow, 
mcve.w •5,d7 
niove.w #l,dO 

time is too long 

I. bra tll5 

I' 
~ ; ====?========a===z=a 
I lilO 

I 
add.w 
mcve.w 
move.w 
move.b 
move.b 
bra 

#l,d6 
•l,dO 
dO,WhicnTimer(aS) 
#$7f, IER(aO) 
#$AO, IER( aO) 
@99 

Interrupt routine for timer test. 

IT I MER mcvem. l 
move.b 
btst 
baq 
move.b 
mcva.w 
bra 

btst 
beq 

a0-a2/d0 1 -( sp) 
IFR( aO ), dO 
#6,dO 
<11 
TlCl.(.aO ), dO 
#$11, Tl ( a5 ) 
@2 

#S,dO 
@2 

;Disable Tim•r #l 
;Enable Timer •2 

;save registers Gr interrupt 
;Saa it tirner #l 
; •.• timer 1 flag. 
; ••• not timer if ~lag zero 
;reset timerl interrupt 
;sat hap~ened flag 

;Is it timer •2 interrupt? 
; .... no, ·ignore en~, others. 

entry 
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@2 

move.b "T2CL(a0),d0 
move.w #$22,Tl(eS) 

;Clear interrupt 
; ••• ~··· set r1,g to program 

movem. l (sp)+,a0•a2/dl) ;restore regs on interr-upt e>eit 
rte 

;=============••======s•====••=••••••••••••=•••••==~••••+••=•=••••••••m••••• 
PA0to7 ;Check connection thru cable 

<ill 

I 

~10 

t 

~11 

bsr- INITBOARD 

move.b 
move.b 
move.b 
move.b 
move.b 

cmp. w 
beq 
cmp. w 
beq 

move.w 
movs.b 
nap 
movs.b 
cmp.b 
bns 

move. w 
movs.b 
nap 
move.b 
cmp.b 
bne 

move.w 
move.b 
nap 
move.b 
cmp.b 
bne 

move.w 
move.b 
nap 
move.b 
cmp.b 
bne 

clr.w 
move.b 
move.b 
move.b 
move.b 

move.b 
move.b 
move.b 
move.b 
r.1ove. b 
cmp.111 
beq 

move. w 
move.b 
nap 
move.b 
cmp.b 
bne 

move.111 
move.b 
nop 
move.b 
cmp.b 
bne 

mova;w 
move.b 
nop 
move.b 
cmp.b 
bne 

move.111 
move.b 
nap 
move.b 
cmp.b 
bne 

rts 

•SOC, OORB( a2) • 
#$00, ORB( a2) 
#$QC, OORB( a3) 
#$08, ORB( e3) 
#$FF, DORA( a2) 

· 1tl0, dS 
@20 
•ll, dS 
ill 

#$ff,d3 
d3, ORA( a2) 

ORA(a3),d0 
d3,d0 
llll 

#$00,d3 
d3, ORA( a2) 

ORA(a3),d0 
d3,d0 
@11 

#$55,d3 
d3, ORA( e2) 

0RA(a3),d0 
d3,d0 
!ill 

#$AA,d3 
d3, ORA( e2) 

ORA( a3 ), dO 
d3,d0 . 
!ill 

dO 

dQ, DORA! a2 i· dQ,DDRB a2 
dO,DDRA aJ 
dO,DORB a3 

1t$QC, DORB( a3 ) 
•SOO, ORB( a3) 
#$QC, DORB ( a2 ) 
•SQ8, ORB( e2) 
#SF"F", DORA ( a3 ) 
#ll, d5 . 
1121 

•SH, d3 
d3, ORA( a3) 

ORA( a2 ), dO 
dJ,dO 
•12 

#$00,d3 
d3, ORA( a3) 

ORA{ a2 ), dO 
d3,d0 
1112 

#$55,d3 
d3, ORA( •3) 

ORA( a2 ), dO 
d3,d0 
1112 

#$AA,d3 
d3, ORA{ a3) 

ORA( e2 ), dO 
d3,d0 
<1112 

mova.w dQ,d4 
move.w #6,d7 

;PB 2,3 outputs 

;PB 2,3 outputs 

;All outputs 

;Cycle tech mod~? 

I 

;PB 2,3 outputs 

;PB 2,3 outputs 

;All autpu_ts 



@12 

Tech mode 
I @20 

I: Teen modo 

1 ·21 

bra, llllO 

move.111 d0,d4 
move.111 #7,d7 

;Actu•l, d3 contains eMp•eted 

bra (ilQ 

loop, send data from port A ta port B 
move.b #$55, ORA~ a2 J 
move.b #$AA,ORA e2 
bra tJ20 

loop, send data from port .S to port A 
move.b #$55, ORA~ a3 ~ 
move.b #$AA,ORA a3 
bra @21 

;===========~===========·==·==•••••••1•=················•···=·=············· 

P80and7 ;Check 
bsr 

move.b 
move.b 
move.b 
cmp.111 
beq 
cmp.111 
beq 

move. w 
move. b 
move.Ill 
nap 
nap 
move.b 
and.111 
cmp.b 
bne 

move.111 
move.b 
nap 
move.b 
and. 111 
cmp.b 
bne 

<tl move.b 
move.b 
move.b 
cmp.111 
beq 

move.1.11 
move. b 
move.1.11 
nap 
move.b 
and.I.II 
cmp.b 

.,,bne 

move.w 
move.b 
nap 
move.b 
and.1&1 
cmp.b 
bne 

' @10 rts 

till move.Ill 
move.w 
bra 

(jl2 move.w 
move.111 
bra 

Tech mode loop 
@20 move.b 

move.111 
bra 

I• I: r.cn 
mode loop 

@21 move.b 
move.Ill 
bra 

connection thru cable PBO,PB7 
INITBOARO 

#SSC, ODRBf a2 ~ 
•SOC,ODRB •3 
#$00, ORB( eJ) 
•12,dS 
@20 
•13,d5 
1111 

#$80,d3 
d3, ORB( e2) 
#$0l,d3 

ORB( 113 ), dO 
#$0001,dO 
d3,d0 
1111 

•SOO,d3 
d3, ORB( 112) 

ORB(a3),d0 
#$0001,dO 
d3,d0 
!Ill 

#$8C, DDRBf a3 ~ 
#SOC,DDRB a2 
#$00, ORB( a2) 
•13,d5 
@21 

#$80,dJ 
d3, ORB( al) 
#$01,d3 

ORB(a2),d0 
#$0001,dO 
d3,d0 
1112 

#$00,dJ 
d3, ORB( a3) 

ORB( a2 ), dO 
#$0001,dO 
d3,d0 
1112 

;PB 2,3,7 output 
;PB 0 input 

;PB 2,3,7 output 
; PB 0 input 

I 

d0,d4 ; A1i:tu•l, d3 contains aMpectad 
#8,d7 
1110 

d0,d4 ; A1:tua l, d3 cont I!. ins eMp'ected 
#9,d7 
1110 

#$80, ORB~ e2 ~ 
#$00,0RB e2 
ti20 

#$80, ORB~ a3 ~ 
#$00,0RB e3 
1121 

' ;=••••••••••••••••••••••••••••••••••••n••••••••=••==•=•=••==•==•••=•===•••• 
; 
P84and6 ;Che~k connection thru ~able PB4;Pe6 

bsr INITBOARO 

move.b #tlC,OORB(e2) ~PB 2,3,4 ~utput~ 
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; 
@1 

; 
@10 

' @11 

' @12 

; Tech mode 
@20 

; Tech mode 
@21 

; 
PB3andCB1 

mova.b •SOC, OOAB( a3) ;PB 6 input 
mova.b #$00,0RB(•3) 
cmp.w #14,dS : Tech mode? 
beq @20 
cmp. w #lS,dS 
beq (jl 

move.w #$10,d3 
move.b d3, ORB( a2) 
move.w #$40,d3 
nop 
nop 
move.b 0RB(a3),d0 
and.111 #$0040,dO 
cmp.b d3,d0 
bne Cllll 

move.w #$00,d3 
move.b d3, ORB(a2) 
nop 
move.b ORB(a3),d0 
and. w #$0040,dO 
cmp.b d3,d0 
bne 1111 

move.b #$lC, DORB~ a3 ~ ;PB 2,3,4 output 
move.b #SQC,DORB a2 ;PB 6 input 
move.b #$00, ORB( a2) 
cmp.w #l5,d5 
beq @21 

move.w #$l0,d3 
move.b d3, ORB( a3) 
move. w #$40,d3 
nap 
move.b ORB( a2 ), dO 
and.w #S0040,d0 
cmp.b d3,d0 
bne <112 

move. w #$00,d3 
move.b d3, ORB( a3) 
nap 
move.b ORB(a2),d0 
and.w #$0040,dO 
cmp.b d3,d0 
bne @12 

rts 

move.w d0,d4 ;Actual, d3 contains expected 
move.w #l0,d7 
bra iilO 

move.w d0,d4 ; Ac:tua l, J3 cont• ins expected 
move. w #11, d7 
bra 11110 

move.b #$10, ORB~ a2 ~ 
111ove.111 #SOO,ORB •2 
bra @20 

move.b is10, ORB~ a3 ~ 
move.w #$00,0RB a3 
bra 1121 

;Check connection thru cable PB3,CB1 
bsr INITBOARO 

Setup vector to expect CB1 interrupt 
ort.w #$0700,sr ;Disable interrupts 
lee INTCARO,al f 
move. 1 (al ), a4 ' 
move. 1 ( a4 ), al . · ; •.• get vector<' adi;:ll'"ess 
move. l al, SAVEVECTOA( a!5) ; ••. Save old vec::tol'" 
lea IC81Vl,al ;New interl'"upt vector 
move. l al, ( a4) ; ... into vector 
move #$2100,sr lat the 6522 inte~rupt come thru 

mova.b 
mave.b 
mova.b 
move.b 

#SOC, OORB( a2) 
#$00, ORB( a2 ) 
#$0C, ODRB( e3) 
#$08, ORB( a3 ) 

; PB 2 1 3 output • 
;make an output gate 
; Cal input 
;Meke en input g~t• 

Sat PCR to interrupt on high going edga 
mova.b #Sl0,PCR(a3) 
move.w #$00,CBlVIAl(aS) ;clear heppaned rlag 

Enable CBl interrupt·c~pabilitij 
move.b #$7f,IFR(a3) 
move.b #$90,IER(aJ) 

·;All flags off' 



emp.111 
beq 
cmp.111 
beq 

#l6;d5 
!il20 
#17,dS 
<11 

Wait Bnd assure no i~terrupt• 
nop 

Drive a 1 out 

Check to see 

nop 
move.w 
cmp. 111 

bne 

of' P83 
move.b 
nop 
nap 

if' got 
move.111 
cmp."' 
beq 

C81VIA1( aS ), dlO 
#0,dO 
@12 

#$08, ORB{ a2) 

interrupt, f'a i l 
C81VIA1(a5),d0 
1tO,dO 
(1113 

Reset got interrupt flag 
move.111 •O, CB1VIA1{e5) 

Drive a 0 out or PB3 
move.b #$00, ORB( •2) 
nap 
nap 

Check an assure no interrupt 
move.111 CBlVIAl(aS),dO 
cmp.111 #Q,dO 
bne tt12 

Drive a 1 out of' PB3 
move.b #$08,0RB(a2) 
nop 
nop 

;Tech mode loop? 

;Tech mode loop? 

if did not. 

Check to see if got interrupt, fa i 1 i( did not. 
move.w CBlVIAl(aS),dO 
cmp. 111 #0, dO 
beq (1113 

; Disable CBl interrupt. 
@1 move.b #$7F,IER(e2) 

Setup vector to eKpect C81 interrupt 
ori.111 #$0700,sr 
lea INTCARD,al 
move. 1 (al ), a4 
lea ICB1V2,e1 
move.1 a1,(e4) 
move #$2100,sr 

move.b 
move.b 
move.b 

omove.b 

•SOC, DORS( a3 ) 
#$00, ORB( a3) 
#SOC, OORB( a2) 
#$08, ORB( a2) 

;Disable interrupts 

; Ne111 /interrupt vector 
; .•. tnto vector , 
; let the 6522 interrupt com• thru 

;PB 2,3 output 
;make an output gate 
;CBl input 
~Make ·~ input gate 

Set PCR to interrupt on high going edge 
move.b A$10,PCR(a2f 
move.111 •SOO,CB1VIA2(•Sr ;clear happened flag 

Enable CBl interrupt capabtlitr 
• move.b #$7(,IFR a2) 

move.b #$90,IER •2) 

cmp.w 
beq 

•17,d5 
t121 

Wait and assure no interrupts 
nop 

Drive a 1 out 

Check to see 

nap 
move.111 
cmp.w 
bne· 

of PB3 
move.b 
nap 
nop 

if got 
move.111 
cmp. w 
beq 

Reset got interrupt 
move.w 

Drive a 0 out of P83 
move.b 
nap 

CB1VIA2(aS),dO 
•O,dO 
cul 

#$08, ORB( a3) 

interrupt, ,., l 

CB1VIA2(•S),d0 
•O,dO 
!114 

flag 
#0, CB1VIA2( aS) 

#$00, ORB( a3) 

;All flags off 

; Tech mode loop 

if did not. 



I 

nop 

Check an assure no interrupt. 
move.w C81VIA2(a5),d0 
c111p. w #0, dO 
bna (ill 

Drive a 1 out of PB3 
mova.b #$Q8,0RB(a3) 
nop 
nop 

Check to see if' got interrupt, f'a l l if' did not. 
move.w C81VIA2(a5),d0 
cmp.w #0,dO 
beq @14 

Disable CBl interrupt. 
move.b #$7~ 1 1£R(a3) 

Restore vector ta original 
MOVE #$2700,SR ;disable ell intarrupts and rest interrupt 
lea INTCARO,al 
move. (al),a4 
move. SAVEVECTOR(a5),al 
move. al, ( a4) 

@10 rts 

Extranous interrupt error on part A 
@11 mave.w #l2,d7 

bra ~10 
; 

I ; Extranaus interrupt error an port 8 
@12 mave.w #l3,d7 

bra lllO 

; Expected interrupt did not occur on part B 
(illJ move.w #l4,d7 

bra CillO 

Expected interrupt did not occur on port A 
@14 move.w #l5,d7 

bra <110 

Tech m,ode loop 
@20 mave.b #$08, ORB( a2) Drive a 1 out of P93 

nap 
nap 
mova.b #$00, ORB( e2 ) or ha a 0 out of PB3 
nap 
nap 
bra (120 

Tech mode loop 
@21 "move. b 

nap 
#$08, ORB(·~) Oriv• a 1 out of P83 

nap 
mave.b •SOO, ORB( a3) Ortve a 0 out of PB3 
nap 
nap 
bra i:t21 

"' 
Interrupt routine For P93 to CBl test. 

I 

ICB1V1 

I~. 
; 

move. l 
move.b 
btst 
beq 
tst.b 
mova.w 

move~ l 
rte 

dO,-(sp) ;save registers an interrupt antry 
IFR(a3),d0 ;Sae if CBl 
#4,dO ; ••. CBl Flag 
<11 ;~ .. not CSl if flag zara 
ORB(a3). ;resat CBl inte~rupt. 
#$01,CB1VIA1(a5) ;set happaned Flag 

( sp )+, dO ;restore regs on lntarrupt eMit 

Interrupt routine For PB3 to CBl tast.· 
I 

IC81V2 

Ill 

mova. l 
move.b 
btst 
beq 
tst. b 
move.111 

move. 
rte 

dO,-(sp) .;save registers on interrupt entry 
IFR(a2),d0 ;See if C81 
•4,dO ; .•. Cal flag 
@1 ; . : .not CBl if' flag zero 
ORB{a2) ;resel CBl interrupt 
#$01,CB1VIA2{•5) ;set happan~d Flag 

(sp)•,dO ;restore regs on interrupt ••it 

; ' . . ! ' 

;========~=============·=~==··=······=~······==·=·=·~==·=•···==··=·=••==·=· 
CA2andP81 ;Check connection thru cable CA2,PB1 · · ~ 

bsr INITBOARO ' . 

..,. 
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Setup vector to aMpact CAl interrupt 
ori.111 #$0700~sr ;Oisebl• interrupts 
le• INTCARD,•1 
move. l (al ), a4 
move. l. ( e4 ), •1 ; ... get vector address 
move; 1 al, SAVEVECTOR:( eS) ; .•• Save old .vector 
lea ICAlVl,al ;New interrupt vector 
move. l al, (a4) ; •.. into vector 
move #$2100,sr let the 6522 interrupt come thru 

move.b #$0C,DDRB(a2). 
mova.b #$00,0RB(a2) 
move.b #$0C,ODRB(a3) 
move.b #$08,0RB(a3) 

;PB 2,3 output 
;make an output gate 
; PBl input 
;Make an input gate 

move.b #$0C,PCR(a2) ;Drive CA2 Low 
Set PCR to interrupt on high going edge 

move.b #$01,PCR(a3) 
move.w #$00,CAlVIAl{eS) ;clear h•p~ene~ flag 

Enable CBl interrupt capab i l itr 
move.b #$7f,IFR •3) 
move.b #$92,IER a3) 

cmp.w 
beq 
cmp.w 
beq 

•18,dS 
@20 
#l9,d5 
Cill 

Wait and assure no interrupts 
nap 
nap 
move.w 
cmp.w 
bne 

CAlVIAl(•S),dO 
#Q,dO 
r;ll 

mova.b #$0E,PCR(a2) 
nap 
nap 

;All flags off' 

;Tech mode loop~ 

; Drive CA2 High 

Check to see if got interrupt, fa i 1 if' did not. 
move.w CAlVIAl(aS),dO 
cmp.w #0,dO 
beq @12 

Check PBl for constant level 
move.b ORB(a3),d0 
and.b #$02,dO 
cmp.b #$02,dO 
bne rll7 

Reset got interrupt flag 
move.w #0,CAlVIAl(aS) / 

move. b #SOC, PCR(•2) . ; Dr iv• CA2 Low 
nop 
nop 

Check an assure no interrupt 
~move.w CAlVIAl(aS),dO 

cmp.w #0,dO · 
bne till 

Check PBl for constant level 
move.b ORB(a3),d0 
and.b #$02,dO 

• cmp.b #$00,dO 
bna 1117 

move.b •SOE,PCR{a2) 
nap 
nap 

;Drive CA2 High 

Chet:k to see if got interrupt, f'ei l lf' td id not. 
move.w CAlVIAl(aS),dO 
cmp.w #0,dO 

l beq 1112 
I; 

Check PBl for constant level 
move.b ORB(a3),d0 
and.b #$02,dO 
cmp.b #$02,dO 
bne tU7 

l; 

I
; Disable CBl 
@1 

interrupt. 
mave.b #$7~ 1 IER(e2) 

Setup vector to expect CAl interrupt 
ori.w #$0700,sr 
lea INTCARO,al 
move. 1 (al ), a4 
lea ICA1V2,al 
move. al,(a4) 
move tt$?1no.~r 

;Disable interrupts 

Naw interrupt vector 
... into vector 

let the 6522 iMterruot come thru 



move.b #SOC, DORB( e:3) ;PB 2,3 output 
move.b #$00, ORB( a3 ) ; make an outpiJt gate 
move.b #$QC, OORB( a2) ;PBl input 
move.b #$08, ORB( a2) ; Hake an input gate 

mova;b #SOC, PCR ( a3 ) , ; Or- iva CA2 Low 
Set PCR to interr-upt on high going·~dga 

move.b #$01,PCR{a2) 
move.w #$00,CA1VIA2(a5) ;clear happe~ad 

Enable CBl interrupt capab t l it!tj 
move.b #$7f, IF"R~ a21 • ;Al I flags off 
move.b #$82,IER e2 

cmp. w #l9,d5 
beq @21 

Wait and assure no interrupts 
nap 
nop 
mova.w 
cmp.w 
bne 

CA1VIA2(a5),d0 
#0,dO 
(!114 

; Tech mode loop? 

move.b #$0E,PCR(a3) 
nap 

;Drive CA2 High 

nap 

Check to see if got interrupt, fa ill if did not. 
move.w CA1VIA2(a5),d0 
cmp.w #0,dO 
beq @13 

Check PBl for constant level 
move.b ORB(a2),d0 
and.b tt$02,d0 
cmp.b #$02,dO 
bne 1118 

Reset got interrupt flag 
mova.w •O,CA1VIA2(a5) 

move.b #$0C,PCR(a3) ;Or-iva CA2 Low 
nap 
nop 

Check an assure no interrupt 
move.w CA1VIA2(a5),d0 
cmp.w #0,dO 
bna !114 

Check PBl for constant level 
move.b ORB{a2),d0 
and.b #$02,dO 
cmp.b #$00,dO 
bne 1118 

move.b #SOE,PCR(a3) 
nop 

.,nap 

I 

;Drive CA2 High 

Check to see if got interrupt, fail if did not. •. 
move.w ~AlVIA2(aS~d0 

Check ':81 for 

cmp.w #0,dO 
beq 1113 

constant lava I 
move.b ORB(a2),d0 
and.b #$02,dO 
cmp.b #$02,dO 
bne 1118 

Disable CBl interrupt. 
move.b #$7r,IER(a3) 

Restore vector to original 

I 

flag 

MOVE #$2700,SR ;disable all interrupts end rest interrupt 

' 

lea INTCARO,al 
mova. l (al ), a4 . 
move. 1 SAVEVECTOR(eS),al 
move. 1 al, ( e4) 

~10 rts 

; Interrupt occurred when none expected, on Por-t B. 
Ill move.w #l3,d7 

bra 1110 

; EKpected interrupt did not occur on port B. 
~12 mova.w #l4,d7 



I 
bra CllO 

: Expected interrupt did not occur on port A. 
@13 move.w #l5,d7 

bra ttlO 

Interrupt occurred 111~en none expected, on Port A. 
@14 move.111 #l2,d7 

bra CllO 

PBl on port 8 f'a i lure (BSY) 
@17 move. 111 #l8,d7 

bra cilO 

; PBl an port A f'a i lure (BSY) 
@18 move.w •19,d7 

bra @10 

i Tech mode loop 
®20 move.b #$OE, PCR( a2) ;Drive CA2 High 

nop 
nap 

I 

move.b •SOC, PCR( e2 ) ;Drive CA2 Lo111 
nop 
nop 
bra @20 

Tech mode loop 
@21 move.b #$OE, PCR( e3 ) ;Drive CA2 High 

nop 
nop 
move.b #SOC, PCR( a3 ) ; Dr tve CA2 Lo111 
nop 
nop 
bra 1121 

Interrupt routine for PB3 to CAl t~st. 

ICAlVl move. l 
move.b 
btst 
beq 
tst. b 
move.w 

dO,-(sp) ;save registers on interrupt entry 

' til move. 
rte 

IFR(a3),d0 ;See if CAl 
#l,dO ; ... CAl flag 
fill ; ••• not CAl if If' lag zero 
ORA(a3) ;reset CAl int~rrupt 
#$01,CAlVIAl(aS) ;set happened ,flag 

(sp)+,dO 

Interrupt routine for PB3 to CAl test. 

ICA1V2 move. 1 
mova.b 
btst 
beq 
tst.b 
move.111 

dO,-(sp) ;save registers on interrupt entry 

. 
@1 move. 1 

rte 

IFR(a2),d0 ;See If CAl 
•1,dO ; ... CAl flag 
ctl ; ••. ~at CAl if r1ag zero 
ORA( a2) ; res;t CAl interrupt 
#$01,CA1VIA2(a5) ;set happened flag 

,1, 

(sp)+,dO ;restore regs on interrupt exit 

a2 - First VIA address. 
a3 - Second VIA add~ess. 

AParity 

... 

tJl 

bsr 

move.b 
move.b 
mova.b 

move.b 
move.b 
move.b 

cmp. 111 
beq 

lea 
lea 
c lr.111 

move. 111 
mova.b 
move.1&1 
add a 
mova.b 
move.b 
move. b. 
move.b 
move.b 
cmp. b. 
bne 
c lr. w 

INITBOARO 

#$F'F', DORA~ a3 J 
#$lC,OORB a3 
#$00, ORB( e3) 

#$2C, OORB{ a2 ) 
#$08, ORB~ a2 l 
#$6A,PCR a2 

#20,d5 
Cl20 

PData,aO 
PExpect,al 
ParityTests(aS) 

( aO ), dO 
dO, ORA( a3) 
44( aO ), dl 
•2,aO 
dl, ORB( a3) 
#$08,0RB!a2 l 
#$28,0RB a2 
#$08, IF"R a2 
ORA(a2),d3 
d0,d3 
1111 
d4 

DORA set to inf:luts, A port 

;Make port B output data 
;PB 2,3,4 output 
; Make an output 

1

gate 

;PB 2,3,5 output 
; make an input gate 
JCA2 pulse outp~t, CB2 pas edge ind 

; Tech made "loop? 

" ;Clear test number.counter 

;Data 

; Parity 1 in• 
;Pulse reset lin• high 
, reset 1 ine low 
;Reset CB2 flag in ease it was set 
;Read port A 
;.,.assu~e d~ta ls correct 

~ 

inter 



mova.b 
move. w 
mova.w 
eor. w 
and.111 
cmp. w 
bn• 

IF'R( a2 ), d4 
d4, 44( a1) 
(al)+,dl 
dl,d4 . 
#$08,d4 
#Q,d4 -
Clll2 .. 

;Read s•• if CQ2 was Flagg•d. 
; ••• sev• actual 

;Only le•v• CB~ difference 

move.w 
add. w 
move.w 
cmp.w 
bne 

ParityTasts(fi5),d0 
#l,dO 
dO,ParttyTests(aS) 
#22,dO 
iJl 

; End of' loop 
@10 rts 

; Bad data (PAO-PA7) during parity test. 
@11 mova.w #20,d7 

bra @10 

; Bad parity (CB2) during parity test. 
@12 move.w #2l,d7 

I 

; Tech Mc1de loop 
@20 

bra @10 

; Data 
;Parity line 
;Puls• reset li~a high 
; resat li~e low 

move. b 
move.b 
move.b 
move.b 
move.b 
move.b 
move.b 

#$01,0RA a3 
#$01,0RB a3 
#$08,0RB a2 
#S28,0R8 a2 
#$08,IF'R a2 
ORA(a2),d3 
IF'R( a2 ), d4 

;Reset CB2 f'lag in case it was set 
; Read port A 
;Read see if CB~ was flagged. 

; Data 
; Parity l tne 
;Puls• reset line high 

resat l in• low 

movei.b 
move.b 
move.b 
move. b 
move.b 
move.b 
move.b 
bra 

#$03,0RA a3 
it$01,0R8 a3 
#$08,0RB a2 
#$28,0RB a2 
#$08,IF'R a2 
ORA{a2),d3 
IF'R( a2 ), d4 
@20 

;Reset CBZ Flag tn case it was set 
; Read part A 
;Read sea if CB2 was Flagged. 

I 

; =============m======••=,.,.•=•••••••••11•••••••••••••••••~aa••••••••••.•aa 
BParity 

DORA sat to inputs, A part 
bsr INITBOARO· 

move.b #$F'F', DORA~ a2 ~ ;Make port B ~utput data 
mova.b #$1C,DORB a2 ;PB 2,3,4 output 
move.b #$00, ORB( a2) ; Mak• an output ,gate 

move.b #$2C, DDRB( al) ; PB !13, 5 output 
mova.b #$08, ORB~ a3 ~ ;mak ari input gate 
mava.b #$6A,PCR a3 ;CA2 pulse output, CS2 pas edge ind 

cmp.w #21,dS 
beq @20 

~lea PData,aO 
lea PExpect,al. 
c lr.111 Par- i tyTests( ~S) ;Clear tes\ number- cauntar 

@1 
mova.w ·(aO ), dO 
move.b clO, ORA( a2) ;Dau 
mave.w 44(•0),dl 
add a #2,aO 
mave.b dl, ORB{ a2) ; Parity lina 
move.b ;Puls• resat lin~ high 
mova.b #$29,0RB a3 . resat lln• low 
mova.b 

#$08, ORB! a3 l 
#$08, IF'R a3 . ;Reset C82 f'lag in case it was sat 

move.b ORA(a3),d3 ;Read part A 
cmp.b d0,d3 ; .•. assura data 
bne (111 
clr.w d4 
mova.b IF'R( a3 ), d4 ; Raad sea ii' CB2 
mova.w d4, 44( al) ; .•• sav• actU11 l 

; End of' loop 

movei.w 
eor.111 
and.111 
cmp.111 
bna 

move.w 
add.111 
mova.w 
cmp.111 
bna 

~10 rts 
I 

(al)+,dl 
dl,d4 ;Only 
#$08,d4 
#0,d4 
Cll2 

ParityTasts(as);do 
#1,dO 
dO, Par ttyTasts( aS }­
#22, dO 
Cll 

; Bad data (PAO-PA7) duriMg parity test. 
@11 mava.w #22,d7. 

bra ()110 

leava CB2 

•• correct 

,was· Flagged,. 

d if Ference 

inter 



; Bad parity {CB2) during parity te•t. 
@12 move.w #23,d7 

bra ralO · 

' ; Tech Mode loop 
@20 move.b 

; 

move.b 
move.b 
move.b 
move.b 
move.b 
move.b 

move.b 
move.b 
move .. b 
move.b 
move.b 
move.b 
move.b 
bra 

#$01, ORA e12 l 
#$01,0RB e2 
#$08,0RB aJ 
#$28,0RB a3 
#$08,IF'R a3 
ORA{ a3 ), dl 
If"R{ a3 ), d4 

#$03,0RA a2 
#$01, ORB a:2 
#$08, ORB a:3 
#$28,0RS a3 
:t$08, IF"R a~i 

ORA( e3 ), d3 
IF'R( al), d4 
@20 

i Data 
;Parity line 
;Pulse reset line nigh 
; reset line low 
;Resat C82 flag in case it wea set 
; Raad port A 
;Read see if CB2 was flagged. 

; Data 
;Parity line 
;Pulse reset ltne high 
; resat line low 
;Reset C92 flag in case it was sat 
; Read port A 
;Read see if CB2 was flagged. 

;============================••••=m======•••••=••=••~••••••••••••••••=~ 
; 
; Restore VIA for next user 

RESTORE 

' CARD 
INTCARO 

' LOCAL 

; Tab le:s 
PData 

move 

lea 
move.b 
move.b 
move.b 

clr.b 
move.b 
move.b 
clr.b 
move.b 
move.b 
rts 

• HORD 
.WORD 

.WORD 

.WORD 
• WORD 
.WORD 
.WORD 
.WORD 
.WORD 
• WORD 
.HORD 
.WORD 
.WORD 

derived from 
• WORD 
.WORD 
.HORD 
.WORD 
.WORD 
.WORD 
• WORD 
. HORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 
• HORD 

; E)(pect SOS • 
PE)(pect 

e"'pact 
.WORD 
• HORD 
• WORD 
.WORD 
• WORD 
.WORD 
.WORD 
• WORD 
• WORD 
.WORD 
.HORD. 
.WORD 
.WORD 
• WORD 

#$2700,sr ;Disable interrupts 

KBOVIA,al ;Enable keyboard COPS 
#$7f, IER(d) 
KBDIEN~aS~ 1 dO 
dO,IER al 

;Get from LOCAL tabla 

ACR( a2) 
#$7f, IF'R~ a2 ~ 
#$7f,IER a2 
ACR( a3) 
#$7r, IF"R~ aJ ) 
#$7f', IER a3) 

; A 11 .interrupts off' 

; A 11 lnterrupt.s off' 

0,0 
0,0 

;Card base address, where boot ROM is 
;Int vector for card 

0 
0 
0 
0 
0,0 
0 
0 
0 
0 
0 
0 

; TI Cl<TOCI< 
; Tl 
; T2 
; KBD!EN I 
; SAVE~VECTOR 
; Wh ic:hT imer 
;CAlVIAl 
;CA1\fIA2 
;CBlVIAl 
;CB1VIA2 
; P.ar j t1:1Tests 

National LOGIC databook for LS280, P6•204 
. SOO ; Data for PAO-PA7 

S01,S02,S04,S07 
S03,$06,SOS 
S08,$10,S20,S38 
$l8,S30,S28 
s4o, sao, soo, sico 
SCO,S90,S40 
$00 ;Parity sent, PBS 
$00, soo, $00, $1)0 
SOO,S00,$00 
S00,$00,SOO,SOO 
SOO,SOO,SOO I 
SOO, $00, $10, SJ.O 
soo, $10, $10 . 

C82 interrupt, Cl • no interrupt a)(pected 
$08 ;Expected 
soo, soo, soo, so10 " 
$08,S08,S08 
$00,SOO,SOO,SOO 
$08, $08, $08 ; . 
soo,soo,soo,soo 
S08,S08,S08 
SOO ; Actual; 
soo, soo, $00, $010 
soo,soo,soo 
SOO, SOO, SOO, SOIJ 
$00,SOO,SOO 
SOO, SOO, SOO, SOt) 
SOO, ·SOO, SOO 

Flag for table and and debug 
.WORD $1234,$5678 

--·---··--··--·-------------------------



:--" -r-· .. ·-·· I""""" • ,,,<iiJ,.,• 11;..~ I 

i Timer test values L.SB 
TESTVAL.UES .WORD 1, 2, 4, e, 16, 32, 64: 128', 15, 240, 

.WORD 0, 0, O,_ - 10, 0, 0, 0, O, O, 0, 
; Timer ta st values MSl;t 

.WORD 0, 0, 0, 1::>, 0, 0, o~ 0, 0, 0, 

. WORD':• 1, 2, 4, 1e, 16, 32, 64, 128, 15, 240, 

EXPECT .WORD 0, 0, O, I), 0, 1, 3,, 6, 0, soc, 
.WORD SOd, Sla, $35, S6b, Sd7, $hf', S35e, S6bc, Sea, Seal, 

I 

.WORD 2, 2, 2, :!, 2, 3, 5, 8, 21 so., 

.WORD SOf, $le, $37, S6d, Sd9, $lbl, S360,
1 

S6be, Sec, Sca3, 

Registers to test in VIA 
... DDRB,DDRA,TlLL,TlLH,SR,ACR,PCR 

AVAILABLE .WORD 0,0,l,1,0,0,l,1,0,0,1 1 1,1,0,0,0 

DEBUG 
.WORD 
.WORD 
. WORD 
.WORD 
.WORD 
.WORD 
.WORD 
.WORD 
. WORD 
.WORD 
. WORD 
.WORD 
. WORD 
.WORD 
.WORD 

S1234~$SG79 r 

O,O,O,O,O,O,O,O,O,O,O,O,O,O,O,O.o,o,o,o,o,oio 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0~0.0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0~0,0,0,0,0,0,0 
o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o~o.o,o,o,o,~.o 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
o,o,o,o,o,o,o,o,o,o,o.o,o,o.o,o.o,o,o,o,o,o,o 
o,o,o,o,o,o,o,o,o,o,o,o,o,o,o,o;o,o,o,o,o,o,o 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,010,0,0,0,0~0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
o,o,o,o,o,o,o,o,o,o,o,o,o,o,.o,010.0,0,o,o,o,o 
o,o,o,o,o,o,o,o,o.o,o,o,o,o,o,o,o,o,o,o,o,o,o 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 

I 

I 

P~q• 0 

255 
0 

0 
255 

SOd 
Sd6b 

SOf' 
Sd6d 



% 
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