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Lisa 1.75 Diagnostic tests.

This document contains a siuple description of the diagnostics performed
by thelLisa1.75 Diagnostic packages.

ROM Checksum test.

These tests are done in the Boot ROM and are to verify that the correct data
was programmed into each ROM and that each ROM location is readable. This test
calculates the checksum of each ROM, using the same method as the Lisa 1.0 Boot
ROM, and verifies that eacn ROM is correct. ,

1. For ROM #1. This ROM is the one that contains the Startup and Diagnostic .
code. If thisROM isbadthen aBoot ROM fatal error will occur right away.

2. For ROM #2. This ROM contains hardware drivers and 0.S. routines. If
this ROM is bad then a fatal error will occur after all other diagnostics have
been run.

video Memory tests. an o "

These tests assure that the scxeen area and the data area for the
dlagnostics are functioning properly A failure here is fatal and will
terminate testing.

1. Stuck-at tests, verifies tnat there are no stuck-at-one or
stuck-at-zerd memory locations.

2. Address uniqueness test, verifies that eacn memory lo¢ation is unique
apd that no addresses are tied together. .

3. Memory pattern tests, these tests 100k f‘or other types of memory
failures such as refresh fails. , _

. Extensive. These tests are done inthe Boot RUH -The Boot ROM uses the video
_memory as a data storage device and operation entirely from the CPU board, with
no memory board plugged in, 1sessential for booting any device.

Burn-in and haro to fjm,wwlem This is.a set of extended memory tests
designed to be run from [LisaTest. These tests run ‘new and improved' pattern
tests and are designed to catch very hard to find memory errors. These tests may
run from only minutes, to: nours, or days. The only way for these tests to be
accessiable are for the Bobt ROM's ouwn tests to have passed.



video circuitry 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/CSYNC test. '

The hardware provides a two pits in the status register which allows a
program to monitor the video signals generateu by the CPU board. This program
tries to determine whether the CPU board video circuitry 1s working by looking
at the VID and CSYNC releationships.

The test checks to see that there are tran’sitlons on the VRT (Vertical
Retrace) bit in the status register, and makes a rough extimate of the time
between pulses on this signal.

The CSYNC bit is tested for trané,itlons and the VID bit is checked to make
sure it is static for a solid black screen. The number of CSYNC pulses between
vertical retraces is che,cked

The third rou’cine first writes an alternating pattern of 1s and 0s to the
screen memory area, 45 yords of 0 then 45 words of 1, etc., until the area is
filled. This will create a pattern on the screen of alternate uhite and blank
lines. The routine then uses a scan routine to review the status register
between Z vertical retrace pulses, and analyses the resulting data for the
correct signal patterns.

After this, the programtests the vertical retrace interrupt capanil ity.

 Basic tests. These tests are designed for the Boot ROM and determine if the
Video circuit isbasically working.
Extensive timing tests. These tests-are to be run fromLisaTest and the Lmo”
station. These domore extensive timing measurements of the video signals

Serial number valid‘lty test . : i
- This is a simple check to assure that the serial number is 1n the proper
format and that the serial number is readable. A bounds check is done onparts of
the serial number, this 1s a very loose test to allow all valid numbers to go
thru. If the serial number is not readable or outside of legal bounds then a
fatal Boot ROM error occurs. ‘

This test 1s only required in tre Bdot ROM.

>

Timer tests. . '
The timer is one of the most 1mpol*tant parts of tne system. The various



modes are tested for proper operation A failure on either timer #0 or #1 will
result in a fatal error for the Boot ROM. Since the timer #2 is used only for the
speaker, its fallure will result inanon-fatal error for the Boot ROM.
Timers #0,#1,and #2 will be tested (note: timer #2 does not generate
interrupts).
. Blnary and 8CD(Binary Coded Deoimal) count modes.
. Mode 0, Interrupt on terminal count.
. Mode 1, Programmable One-Shot.
. Mode 2, Rate Generator., .
. Mode 3, Square Wave Rate Generator
. Mode 4, Software Triggered Strobe.

O\U'I#\HNH

_ Extensive tests. The Boot ROM will extensively test the timers for
proper operation. These tests will test all of the modes above.
Hore extensive tests. More tests for the timers may be added to run thru
LisaTest or LMD if the tests in the Boot ROM tests are not extensive enough.

COPS functional tests.
This 1s the device used to talk 1:0 the Keyboard and the Mouse. It also
handles other items such as the time of day and programmable alarms.

1. Setable test.

The calendar control allows anyone to disable the calenoar, which is done
when it 1s being set. The first test 1s one to make sure that the calendar can be.
properly set. The calendar is disabled during this subtest, this assures that
when 1t is set 1t will not change before the programhas enough time to read 1t and
see 1f 1t has been set properly, - \

The test sets the clock tt{ many gifferent values to assure that each part of
the date is set to the correct values. The COPS is sent the date to be set and then
the command is sent to the COPS to return the current date. Since the clock is
ai sabled the value set and the value returned will be the same.

2. Wraparound test.. "

This next test assures that the calendar keeps trac:k of the time correctly.
This assures that, for example, when the seconds go from 59 to 60 seconds that
the calendar changes the seconds from $9.to 0 and increments the minutes by one.
All the calendar parameters are tested to wraparound at the correct values.
Other values are tested to assure that standard incrementing is done.

To do this test, the calendar is set to the test value, the calendar is
enabled so 1t will increment every one tenth of a second. The program then waits
© for a little over one tenthvof a second and then reads the current Calendar time.

Since the clock time should have changed, the time read will reflect the
wraparound of parameters. ,

3. Alarmtest.

The COPS device also contains a programble alarm "The user can specify
that an alarm be generatéd, in effect that the computer is interrupted by the
CoPs, after a specific amount of time. The resolution of the alarm is one
second. The alarm 1s set, the program waits for the programmed time plus 3



seconds or until the interrupt occurs. The time expired from when the alarm was
set and when the interrupt happened is verified against the actual programmed
time.

4, Internal register tests.
Reglsters internal to the COPS are tested here .

5. Keyboard reset f‘unction
The Keyboard 1s reset by the COPS and the correct reset code is read. This
value is compared to the reset code that was sent to the COPS on powerup.

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

Keyboard reset cooe tests. These tests are simple functional tests that do
not change any data (for example the date and time) and do only a basic check of
the COPS. These tests are for all test areas, LisaTest and LMO and Boot ROM.

Imidiagnostic test. ‘

This test trys to assure that tne Iy cnip and associated harduare on the
CPU board is functional. It isaminimal test of this floppy interface since it
is done whether or not a disk 15 in place and must assume that there is not adisk

nplace. .

1. (Tobe determined)

2. (To be determined)

3. (To be determined)

Basic tests for It . These tests are tests of the Iwn circuit and assume
that the drive does not have d diskette installed, these tests are for CPU board
LMO stations and for the Boot ROM. ,

Extensive tests for the IWfclrcult gvjng to the drive 1tselr. Tnese tests
are for the IWM circult and require tnat a dx‘ive and disk be installed, see the
next test description. . B :

¢ Floppydisk tes'ts.

These tests verify the proper operation of tne floppy disk drive and
complete the testing of the IWM and interface hardware. Since a floppy drive and

disk are required to completely test the IWM circuit, these tests are required

- 1n the LMO station and LisaTest. Because of aFleld Service requirement that the
floppy drive be completely debugged from the Boot ROM, a subset of these tests
will be in the Boot ROM as spacepermits. ‘

1. (Tobe determinedg

2. (To be determined

3. (Tobe determined)

Baslic tests ror ¥ ma'.lnrerface These tests are tests of the IwM circuit
and may have to assume tnat the drlve 13 good, these tests are for CPU board LMO



stations. ; ' '
Extensive tests ror dn’ve jtse]f These tests are for the drive itself and
may have to assume that the IWMcircuit is good.

Note that there may be cases where both the IWM interface and the drive
itself are unknowns. The tests must take this into consideration. But note that
the best way to troubleshoot this case 1s to swap out the floppy drive (a simple
procedure) and then re-run the test that has failed. This narrows the failure
down to either the IWM circult or the floppy. Once it 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 most common modes
that they will be used in. The ports own internal loopback feature helps to
ensure a more complete test. -

Port A and Port B.
A) Register read/write tests.
B) Local loopback tests.
a) Async test.
b) Sync test.
c) SDLC test.
C) External loopback tests.
D) Interrupt test.

~ A) Read/Write Test '

This first module writes an $AA data pattern to an interval ‘readswrite
register in Port A and then reads it back and verifies its integrity. It then
repeats the process with a $55pattern. Both patterns are then tested onport8.”
The main purpose of this test module 1s to verify that it is possible to access
this device (i.e. it exists invalid address space) . A special bus error trap is
provided to retain control of the program in the event that the device 1s not
readily accessible. . A

B) Internal Transmitmeceive Test _

Here, the SCC device is tested for its ability to transmt and receive in
asynchronous mode. The test 1s performed at 19200 baud using the internal loop
(built in), therefore no external drivers are being tested as of yet. The data
format 1s 8 bits, 1 stop bit, internal baud rate clock x16 mode, and odd parity.
All possible 8 bit characters are used and each 1s checked for data integrity
upon reception. Also after each character 1s transmitted the program waits for
"~ the "all sent” flag, data received flag, and then checks for ‘special error
conditions such as framing, parity, and overrun.

C) External Transmi t/Receive Test - '

Here, the SCC device 1s tested for its ability to transmit and receive. The
test is performed at all baud rates using the external’ loopback connector,
therefore external drivers are being tested here. The data format is 8 bits, 1
stop bit, internal baud rate clock x16 mode, and odd parity. All possible 8 bit
characters are used and eracn is cnecked for data integrity upon reception. Also



after each charactr is transmitted the program waits for the "all sent” flag,
data received flag, and then checks for speclal error conditions such as
framing, parity, andoverrun.

D) Interrupt Test.

Tests the ability of the SCC device to interrupt the system processor.
First a dummy interrupt routine is setup to handle the interrupt. This routine
resets the source of the interrupt in the SCC and restores the normal vector in
the vector table. A default timeout is then set in the baud rate timer in the SCC
and the device is programmed to interrupt the system processor on timeout. The
system thenbegins a coun‘c and patiently awaits the expected interrupt.

Basic tests. Thes.e tests are the baslcs done to assure the ports work
properly and will not drive any test data out the ports. These use the internal
loopback feature and the latch that disables data going out the rear ports.

Externgl tests (requlred logoback). These tests check the port in more of a
‘natural’ menner, inthe way it is normally used.

MU tests.

If a memory board is installed then this test 1s done to verify that the
board can be mapped as the user requests.

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

2. Address unigueness test, verifies that each memory location is unique
and that no addresses are tled together.

; 3. Memory patternn tests, tnese tests look for other types of memory,

failures.

Baslc pattern & thjmal tests, These tests are done by the Boot ROM and
must pass for the boot process to contlnue. It may still be possible todo a
auto-boot procedure on detailed diagnostics. .

Extenslve tests. These tests help to isolate fallures to the chip. If space
reguirements prevent the Boot ROM dlagnostics from lsolating the failure far
enough then these more extensive tests will do that task. These tests also do
more extensive memory tests on the HHU RAHS.

Parity Circuit test.
This test verifies the memory pari ty cneck 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 bit RAMs, and the failing memory address
register. Parity 1s a method used in computers to assure that data stored in



memory 1s correct. The common methou of using parity is for the computer to
count how many bits are on at each memory location and then add one 1f necessary,
in the parity bit, to make 1t an odd number or leave the parity bit set to 0 if it
already contains an odd number of bitson. Example:

0dd parity example: -
Memory Data Parity bit #bitsset
10001100000 0 3
1000111 0 0 1 1 1 o 7

Using the capability of the CPU board to write wrong parity, the numoer of
bits set above would be 4, parity bit set to 1, and 6, paritybit set to 0.

When the computer senses that a memory location being used contains the
wrong parity bit, it assumes that the memory data has been changed in some way
from the data that was written. When this error occurs the CPU board tells the
computer about the error and also which memory location contains the error, this
address is in the FailingMemory Address register.

This test uses the special circuit on the CPU board to set the wrong parity
on some locations in memory, the parity detection circuit is disabled at this
time. Parity detection is then enabled and the memory locations are read. Each
location which has been set to the wrong parity is verified to generate aparity -
error and the failing address 1s checked.

2. This 1s a test of the parity memorys These RAMs are tested in a special
way since they must be 'written' and 'read' ingirectly. These extended tests
are very long because of the method that must be used.

3. Bus Timeout. ,

The last test 1s that for the bus timeout clrcuitry. If illegal memory,
memory which is not in the system but still within legal address range, is,
accessed then a bus timeout will occur. The computer must recieve a signal back .
each time it addresses a location in memory. If the memory is not there then no
signal is returned to the computer and the computer would sit and wait-for the
memory. To prevent the computer waiting forever, a timer is used to 1imit the
lengtriof time that the computer will wait. ‘

Basic runctionsl tests. These tests are in the Boot ROM and ; assure the basic
operation of the functions described above. -
« Extensive tests. These are very.extensive tests to determine parity
circuit memory errors along with parity circuit errors.

#.

Main rlemry tests.

These tests perform a quick check of the memory .- An optional extensive
memory test 1s avallable thru the boot device code.

1. Stuck-at tests, verifies that there are ro - stuck-at-one or
stuck-at-zero memory locations

2. Address uniquene»ss test, verifies that each memory location is unique



and that no adaresses are tied together :

3. Memory pattern tests these tests 1ook for other types of memory
failures.

Basic tests. These tests reside in the Boot ROM and consist of tests in two
classes. The first class are 'Stuck-at' and 'address’ tests that are very fast
and are run every time the system is booted up. The second class are 'memory
pattern' tests that usually run a long time and are optional thru the Service
mode .

Extensive tests. “These are. aoditional tests which run more ‘exotic’
patterns. These tests are loadable thrulLisaTest or an Auto-boot diskette.

Additional MM tests. '

A functional test of the MMUs operation is done to assure that what goes
into the MMU control , in the way of an address, actually has the desired effect.
These are more extensive adder' tests,

1. MMU functional tests. .

The MMU also can allow limited access to areas of memory. Memory can be
specified as read only, so valuable information will not be destroyed, as urite
only, or as both read and writeable.

To convert a logical address, one which will work as described above, toa
physical address, areal address that a memory board will recognize. A seriesof
adders are used as shown below: :

Logical address bits _
<--Segment Address--><--;-Segment Of fset--> €l Displacement--->
232221201918_17_161514131211109 87654 3210

The Segment Address addresses a reglster which contains a physical (real)
address, thls is called a Base address. This physical address contains valid
bits in the bit 9 to bit 20 range, this is enough to access 2 Meg bytes of memory .
This value 1s then added to the Logical address bits 0 to bit 16. The resultant
address 1s the corresponding physical (real) address. See the exanple below:

&

Logical address bits
<--Segment Address---> <--- Segment Offset ----><-——Displacement-—->
23222120191817 16 15 14 1312 11 10 9 8_7654321
X X X X X X ¥ X X. XX X X XX XXXXXXXX
\ -~/ \ - . /
N\ . - _ \
\__SOR registel:\ (Segment BaseRegister) - \

\

20191817 - 16
(Add | X X X X

\__ ;
15 14 13 12 11 10
X X X X X X X

X W



these . - X X X X X X XX X X X X XX XX

(result is the physical adaress
X XX X X X X XX XXX XXXXXX XX

There are adders for bits 9 thru 20, bits 17 to 20 have an adder because of
the possibility of acarry bit (16) having to be added. There are three physical
adders used, one forbits 9to 12, one for bits 13 to 16, and one for bits 17 to 20.

1. Adder tests.

The first-section of tnis test verifies tnat all three adders are working.
Sequence 1n 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 17-20 of the loglcal address).

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 1s setup with the base reglster value $F and then a location in
page $1 is accessed. So inthe address translationprocess, acarry is generated
from the lover adder into the middle adder. This method is used for the miadle
adder to the upper adder test.

A Long Carry test 1s done to assure that when the lower 2 adders are at $FF
and page $1 1s accessed that a carry will propagate from the lower adder to the
middle adder to the upper adder. Thus in the address translation process, $FF +
$1 = $100, generating a carry into the upper adder.

The Flip Adder Carry test is designed to propagate a carry thru all the
adder bits. The base register is set to value $AA and page $56 1s accessed. Since
$AA + $56 = $100, acarry is generated thru all bits. The base register is next
set to value $55 and page $AB 1is accessed. A carry is generated into the upper
adder by the adaition of $55 arid $AB (= $100).

3. The last test is for Access violation.

The MMU has the cananility to 1imit access to specific areas of memory for
only specific purposes. ~The following conditions are setup and the limit -
detection 1s verified for each one.

; a) Read/Write main munry Reading and writing to a memory location is
alright.

b) Read Only main marmry Any writing to tnis section of memory will not be
allowed, 1t will be flagged as anerror.

C) Read/Write stack. Calling proceaures which place information on the
‘stack and remove information from the stack will work alrignht.

d) Read Only stack. Calling procedures which place information on the
stack will not be allowed, an error will be flagged. Pulling 1nformtion from
the stack will be allowed.

Built-inHard Disk port diamostic. .
This tes‘c is aesignpd to be run in the Boot ROM 1f the hard disk is ready at



boot time, or 1f the hard disk was selected as the boot device. Other tests are
designed as described below.,

Non-gestructive tests. These te‘sts are for use with the disk's internal
diagnostics. The disk has the capability of returning the status of it's own
internal diagnostics. - The disk may also have other internal diagnostic
capabilitys that can be used without destroyingany dataon the disk.

- Extensive aestructive tests. These disk tests are destructive in nature
and would be used only after all information has been backed up off of a
suspected bad disk. These may also be run on a new disk before the Office System
is backed up onto it.

Expansion card diagnostics.

Each expansion card has the capability of having its own aiagnostic inaROM
that is part of that card. If adiagnostic resides on the card then it will be run
as part of the normal Boot process, by the Boot ROM. If the card is also
bootable, then 1if the card fails it's own internal diagnostic test it is made
into an ililegal boot device by the Boot ROM and the user will not be allowed to -
boot from it

Speaker voltage tests (test card). -

Designed to run from LisaTest or from an LHO station. This test will be
identical in function as that onLisa 1.0 systems. It basically teststhe volume
control and frequency of the signal that 1s sent directly to the speaker. While
it can not tell if the speaker 4s working, it can not find abroken wire fromthe~
board to the speaker or a torn speaker, it can tell if the circuit that generates
the speaker voltages is correct -

~

'i

MAC somdvoltage tests (test c-ard) »

Designed to run from LisaTest or fromanLMO station. These tests are reall y
enhancements to the ‘Speaker voltage tests' described above. This test
verifies that there 1s proper control of the sound signal by doing 'real time’
measurements of the speaker voltage.

’ . e . -

Contrast voltage tests (test card).

Designed to run from LisaTest or from an LMO station This test will be
identical in function as that onLisa 1.0 systems. This tests that the contrast
voltage can be changed in a smooth manner from a dark screen to a very bright
screen, within the required voltage specifications.



Mouse port tests (t:*st card).

Designed to run from LisaTest or from an LMO station. This test will be
identical in function as that on Lisa 1.0 systems. This test uses the 170 Port
Test card to simulate a mouse. All features of the COPS directly related to the
Mouse are tested here.

Keyboard port tests (test card).

Designed to run from LisaTest or from an. LHO Station. This test will be
identical in function as that onLisa 1.0 systems. This test uses the I/0 Port
Test card to simulate a keyboard. The COPS/keyboard interface is tested by
sending the COPS a series of keyboard reset codes. This tests the timing of the
keyboard interface and also verifies that the COPS can properly recieve serial
key codes from the keyboard.

DHA functional tests (test card). _

Designed to run from LisaTest or from an LMO statlon. This test will be
ldentical in function as that onLisa 1.0 systems. This test uses the famous ‘DMA
Test Card’ toverify that the DMA circuit works properly in the system.

C.ItohPrinter test. ' ¥

Designed to run from LisaTest. This test will be identical in function as
that on Lisa 1.0 systems. This 1s a confidence test of the printer and verifies
all printer functions, those currently used andall others.

« QumePrinter test. -

Designed to run from LisaTest. This test will be identical in function as
that on Lisa 1.0 systems. This 1s a confidence test of the printer and verifies
allprinter functions, those currently used and all others.

14 s s

muse interactive test.

Designed to run from LisaTest. Tnis 'test will be identical in function as
that on Lisa 1.0 systems. This test 1is designed to test thé Mouse for slipping,
bumps and dents in the mouse ball, and button bounce. It alse checks movements
and measures the amount of pulses that the COPS has recieved.



Keyboard interactive test.

Designed to run from LisaTest. This test will be identical in function as
that on Lisa 1.0 systems, This test is designed to 1look for bad keys in the
keyboard. These bad keys consist of key bounce, sticking keys, dead keys, and
keys that give the wrang keycme back to the system.

Floppy disk controller card test.

No loopback reqw/feaf Tnis test is similar to the diagnostic that will
be built-in to this card's boot ROM. It does a test of the card with the
assumption that something is connected on the other end and that ‘something’
must not be damaged.

Logpback regquired. Tnis test is really a complete test of the board.
Loopback capability is required to do acomplete test. Thiscard iscurrently in
designand test specifics have yet tobe defined.

Two-port card test.

No 1ogpback regqulred. Tnis test 1s similar to the diagnostic that will
be builtin to this card's boot ROM. It does a test of the card with the assumption
that something is connected on the other end and that ‘'something’ must not be
damaged. The two main devices, 6522s, are the main target of this test.

Loopback required. This test 1s really a complete test of the board.
L.oopback capability is required to do a complete test. What this test's main®
purpose is, 1s to check the port connections and do a continuity test of the

1ines from the 6522 devices out to the card's external connectors. -

-

AppleNet card test. - >
N 200003CK (Lreg, Tobe defined.
Logpback requlred. To be defined.
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" Checksum calculations

Expect first and next to last locations in incoming registers. |

Initialize sum value, clear fall flag.
[

Initialize location pointer to first location.

\

Checksum calculation loop.
, ~ | ]
Read location data and add to sum.
| ‘:
Rotate sum value left by one bit.
{ 1 o

LAt 1ast location yet? |

ny Yes

| Increment address read

I

Read last data for the expected checksum.

[ Checksum equal to last location value?
"o/ i fves _
Set fail flag & exit | . »

Exit



Edit date: 08/03/83

This program does a checksum i-st on any area of momnég.

Inputs: .
a0 = First location
al = Last location

OQutputs:

d0 = Expected chacksum
dl = Actual checksum

heckSum

cle. | dl

@1 add. w (a0 )+, d1
rol #1,dl
cmpa.l a0, al
bre.s ®1
move.w (a0)+,d0
rts .

(2}

L

jelear for chacksum use’
;read locetion and add to sum .
;rotate to cstch multip?c bit errors

; loop until done ' ’

;Eipia:cd checksum word



Timer #0 Test

write mode register at. $004007 16 bit counter mode

Load counter #0 at $004001 L BCD counter mode
Read counter #0 at $004001
Load both bytes Read both bytes
' : IR Read only LSB byte
Load only LSB byte L Fead ol b Ly
Load only MSB byte [ | _ y MS
Initialize chip

All placed in mode 2.
All low bytes written to 0, disables counting & tums off interrupt request.
All placed in mode 0.

Basic register test.
LSB register test.

write test value to LSB.
Read value from LSB & compare.
Abort test loop on failure.©

MSB register test. o . B >
Place counter in mode n. '

write LSB t0 max value, allows time tO dO other steps before MSB decrements.

" Write MSB to test value.

Latch counter value. . o

write LSB to stop counting. S -
Read latched coxmt.amcormarematoexpected. ‘

Abort test loop on fallure,

.



‘Mode O test.

~ {0) Interrupt on terminal count mode.

Set Binary test flag, clear BCD flag.

\

Place counter in mode 0. -
write LSB to stop any countlng

I
Eneble Interrupts.

]

If any interrupts then re-write counter to Mode 0

walt, is Interrupt still there?

No \ Yes

\ Disable intem.pts

Init software loop counter. t
Init interrupt flag to not happened.

[

Write test value to LSB. ‘
write rest of test value to ™MSB.

.‘—
T ‘",/ wmn
\~hpw' o#
Fatal error

Interrupt routine.

Increment interrupt countei

Third time in here?

No
kil
Exit

Yes

Interrupt flag off?
No Yss
: l Set flgg on. I

write mode reg «

disable Interrupt.

}vks‘H Tia
Exit

Disable interrupts

Loop until software timeout or

interrupt has happened.

Interrupt happened OK

_ Softuuc tzineout.
Latch wrrem cam fading immpt

Check actual tme against low limit

Check actual time against high limit.

Compare latched count w emect:ed range.

Any more test values?
Yes Ko '

Disable interrupts
|

BCD flag set?

pr—

| Clear Binary Flag / No
Set BCD test flag. [

Yeu’

oK ‘ mtofrangn\

\
Exit with interrupt error.

Disable interrupts

A\

Fatal error



Mode 1 test.

(1) Programmable One-Shot mode.

Interrupt routine.

Place counter in mode 1, binary mode.

Increment interrupt counte

Enable Interrupts. First time in here?
If any interrupts then re-write counter to Mode 1
1 | Set flag on.
walt, iIs Interrupt still there? ot~
No \ Yoz Disable interrupts
\ Disable interrupts \ Exit
Init software loop counter. N\
Init interrupt flag to nat happened. || oval EITOr - Exit with internupt error.

1 - _
write test value to LSB.
write rest of test value to MSB.

(

Loop until software timeout or interrupt has happeried.

Fading Interrupt happened

‘Latenh current count

Interrupt stayed on.

Software. timeout

or

Check actual time agalnst low Limit,

\ Below

Check actual time against high limit.
: : Balow '

p oK

Any more test values?
No

*

Yes

&

| Disable interrupts

Compare latched count to expected range.
o © Out of range

| Disable interrupts

N\

Fatal error



‘Mode 2 test.

(2) Rate Generator made.

Place counter in mode 2, binary mode.

interrupt routine.
1
Increment interrupt counter

L
: — Latch counter
- | Enable Interrupts. T
’ I rrup | Read counter values. |

|- ; ) . . 1

If any interrupts then re-write counter to Mode 2, LSB to max. Pasthalf way?

| e / Yo
walt, is interrupt still there? Software timeout? ;
No \| Yes I"o Yes \4

A\

Disable interrupts

Init software loop counter.
Init interrupt flag to not happened.

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

[

o |

Exit Disable interrupts

Fatal error [

Exit with inter{upt errot.

Loop. e 3 dimey

Loop until software timeout or Interrupt has happened.

it~ Tter happened.

Fading Interrupt happened

Softvare timeout
— or

Read last latched values

Check adm time againstiow mit, |

Above ‘ Below

g

Check actual time egainst high limit.

Below

Compare latcnedkco(nt to expected range..

Interrupt stayed on.

Flag q

\

L  °‘"’ of ’W\ . Disable interrupts | - ;‘
Any more test values? | N\ Fatal error
Yes " No : '
Disable Interrupts:




Place counter in moae 3, binary made.
| Enable Intermpts

Mode 3 test.

(3) Square wave rate generator

[ 1 any interrupts then xe-wme counter to Mode 3, LSB to max. j

Interrupt routine.

walt, is interrupt stm.mere?

!
Increment interrupt counte
i

" \ B Disable interrupts Lateh counter
Init software 1oop Gounter. \ | Read counter values. |
Init intecrupt flag to not happened. | P8l ErTor Past half way?
write test value to LSB. Vo / | ves
write rest of test value to MSB. Software timeout?
1 ! I No Yes
Loop until software timeout or interrupt has happened. _
Fading Interrupt happened Softuare timeout Exit Disable interrupts

or

Interrupt stayed on.

Read lsst latched values

Cneck actual time agalnst low limit.

Check actual time against high limit.

Below

Above

Compare latohed count t0 expected range.

Any fnore test values?

Yos { W

Oisable interrupts
; T )

o ‘mtofrango-\

Exit with interupt erro;

Disable interrupts

\

Fatal error




Mode 4 test

(4) Software Triggered Strobe

e e Intarrupt routine.
Place counter in mode 4.

write LSB to lsw" any oounting. _ ' | Increment interrupt counter
Enable Interrupts. ' '
B : ' _ First time in here?
If any Interrupts then re-write counter to Mode 0 No Yes
' |
walt, is interrupt still there? | Lset fiag on. |
| v e Disable interrupts
| ‘ - sable interrup
\ Disable 1nterrup§ Exit
Init software loop counter. | ‘ \
Init interrupt flag to not happened. | Fatal error Exit with Interrupt error.

r—
write test value to LS8,
Write rest of test value to M3B.

Loop until software timeout or interrdpt nas happened.

Interrupt happened OK Softuare tineout \

- - | or
Latch current count | fading interrupt

Check actual time against low limit
fbove \ Below

Check actual time agalnst high Himit.

, ' o Disable Interrupts
Any more test values? | - : \

Yes L. ‘ c B Fatal error
Disable Interrupts “

I



MMU Basics

Accessing MMU registers

4 0
=] e e N T g

2322212019181716151.4131211IU98765 21
Segment 1 o8 0 g 0

0 for Base

8 for Limit

Base registers | |
1
15lia'13|12'111098765a3210

SP EXP RO STK ~T——— Base address

Data mask of $FFFF Is used.
/

Limit registers o : o >

o
151413121110 9 8 7 6 54 3 2 10
Not used | \Limlt.value/

Data mask of $00FF Is used. B -



Stuck-at tests.

\ .
Loop thiu all 8 contex‘fcs

'

\ ; [ ;
3
Loop thru all 128 segments
1 !
-Write to all ones, $FFFF
1 i
Read segment, mask for data byte.
L

Compare read value masked $FFFF

write to all zeros, $0000
1 "

Natches B} \o

Read segment, mask for data byte.

T —
Compare read value to $0000

_ / ' | for
All 128 segments done?

“0/ i Yes

All 8 contexts done?

G

Hatch
Fatal Error

* * Determine which byte in error
for chip replacement information.

Info saved for Service loop.

Matches | No Natch

Fatal Error .
Determine which byte in error

chip replacement information.
Info saved for Service loop.



Read/write tests.

N\

—»

. . T‘

Loop thru all pattems

—» | LOOD thru all 8 contexts

R

A

Loop thru all 128 segmmts;

Wﬂw {0 pattem, 0P

|

All 128 segments done?

o/

Yos

All 8 contexts done?

N

Yes

Loop thru all s’f contexts

N

{

Loop thru au 125 segments

Note: One of the
pattems is an address.

Read sagment, mask for mly lower byte, $00FF

1

Compare read

value to amopp

Natches

7

|yes

All 8 contexts done?

./

Yos

All pattems done yet?

,_‘uo/T

. Yos -

No Match \ Fatal Error , v
. Determine which byte in error
! for chip replacement information.

All 128 segments done?

Info saved for Service loop.



1Kx4
Linit Value

? Carry

10 Add limit value
to requested addr

and carry

| 13to 16

Carry

1Kx4

Limit Value

11
Add limit value.
o requested addr

9 to 12

- 1106 tested By Ram tests. - ‘
Failure is either 1Kx4 RAM, LS245 transcewer or LS373 X000,

Displayed error wlll show RAM, .524S, and then LS373 (ln that order).

I 1xxa
Control
Exp,SP. R/, Stk
14 1Kxa fdd Base value
' | Base Value and carry
17 to 20
8
1% 1kxa4 hdd Base value
and carry
13 to 16
TCarry
9 .
IKx4 Add Base value
Base Value and requested addr
910 12

Requested address

1-8

>

7 '(,O 9 tésted by functional tBStS, addresses actuauy accessed must agree with

those expected.
The failure will display the 283 Adder.

10 t0 11 by functional tests, limit fallures and legal values are both used to

determine if the adders are working correctly.

The fallure will display the 283 Adder.

L4

-

Actual address
el 37 10 20

T Carry

Actual address
13 to 16

Actual address

9 to 12

Actual address

1-8



LISA 1.75 MM U

- Seg‘n FEE——
Segl
Seg2 ——
1
Cs
A21 - A0 0oL ———— EXP
22 1 a1 pg2 F————— P
a3 Az po3 — R/M
—— M 1K
¢ A5 X
Az0 A4 pit
Al9 a7
Als A RAM
AL7 M
{—Acm(
A2l " Do L13 ar C4
A22 Al Do2 L14 A2
A23 + A2 003 -L15 A3 €1
O— AS DO4 L16 M
-* / © A4 " 8 . E3
() s 1K - AL 1 E4
A20 % x Al4 — B2
AlS —1 83
Al9 a7 4 pit ALS B
’ ALB ]t L
a7 " r o AM
a2 ' I U Y mo
A2§ . i A2 DQ3 L11 a3 €1
o DO4 L12 Ad £
— —ry
s 1K Al0 —— B2
A20 A6 X A1l — B3
‘A18 A8 o é
a7 0 RAM




Azl
A22—

AZ3
SEGO

SEG1

SEGE —————

A20
ALY
Al8

Al7

A2l
AzZ2
A23

- SEGO

SEGL
SEG2
A20
A9
Al18
AL7

A2l
JR22

Az3
SEGO

SEG1

SEG2 ————

A20
Al9
A18

Al7

22323233
>

cs
001

Dg3
D04

1K
- 4 bit
RAM

ZEZR223REBR2Z
>

cs
b

RHUX —-]

ZR2ZRI3RIRBRE

|

cs

1K
4 it
RAM

Yo
Y1
Y2
Y3

—— MA13
— MAl4 é
—— MA15

— MNAL6

S

Yo
Yi
¥2
Y3

— NAY
— MA10
— HAll *

— HA12

e 17 —{ Al
e 818 ——] A2
—so—\as |
| 820— A4
E2 |18 iy
g E3 A1
by E4f——me20
83
. v B4 o
Bis—-{ a1 04
Bl4— A2
bIs— 83 "
816 '
M E2 Al
.1y —— B :i :;
A4 —— B2
A5 —— 83  RFS — B0
A6 ——{B4 RF6 — B1
| RF7 —— B2
RF§ ——1 B3
——t9——{a 4 RUX
% 7
7—Bl1—o] A3 E1 P
Br2—— M F2 Al
L A2
A0 —— 82 .
¢z~ 84 RF2—18
¢o RF3 —1 82
2 Vi é RF4—| B3
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i

MMU REGISTER TEST PROGRAM

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

FUNCTION: !
This is a test of the MMU RAMs on the memory bqérd for Lise 1.75

|
This test is expected to run from sither ROM or from LisaTest. The ROM

version is a conditionsl assambly subset of the LisaTest version.

: |
Tests MMU registers by doing resd/urite, address, and a moving
inversions test. Errors are gollected and writtan to memory for
later inspection. . i

After initialization, any trapz will be caught and all registers
are saved For parusal by user. However, during the testing when
the SETUP bit is on, any exceptions will cause the exception vactor
ta be fetched fram the BOOT ROM and the BOOT ROM exception rautine

will be exscuted. :

LOGIC TESTED: :

Tha following logic on the CPU board is tested:
MMU ragisters for contexts 0, 1, 2, and 3
The following MMU logi¢ is not testaed:

Other MMU adder and limit checking logic
MMU context O segments O, 1, 126, and 127 registers

TECH OPTIONS: . '
In addition to the three stendard tech-mode options, this program
supplies the following: - : '
|

$0010 (16 ):

STEP:
$01:

ERROR CODES:
$00: no errar - /

HARDWARE:
CPU board.

THEORY OF TEST OPERATION:

CAUSES OF ERRORS - . 3
| .
Most problems caught by this test will be RAM bit errors; gross
problems will be caught befare thisz test is sver 'run by the BOOT
RAM tests; occasionally a problem may cause the program to hang
or go back to the ROM - note that any exceptions which occur during testing
with the SETUP bit on will cause the 68000 to fetch the sxception
vecter from the BOOT ROM,

|
|
|
!

ORIGINATOR: George Cossey 08/04/83 _; . T -
MODIFIED BY: '

TO BE DONE:

|
! .
’
======:=======a=========:t=:::ltan-a:qa.:tx:az:latin:zaaha;t::s:====8-ﬁus-
Register usage:

.dQ - Context (0 to 7) Sase addru}a being tested

dl - Segment in context (0 to 127) sl - Limit address bsing tested
d2 - Write data ( lower 3 upper . 82 =+ L

d3 - Read data (lower & upper a3 - Lo

d4 - : a4 - Parameter pddress, passad
d5 - ‘ ' a5 - Scratch

d6 - Seratch o : : . @6 = Scratch

d7 - Scratch [ a7 - Stack

========1===;======a==:gss:ia;is::i::niiix-a-:c:&:s:s::-h-saa::-a-an::h:?:
. . T
PR . g P




.PROC  MMUREG, 8

. ORG $0800
éSTART
; Save video memory area.
bsr SAVEVID
; Move test into videa area.
bsr MOVETOVID
Jjmp (a4)

VIDEOSTART

’ tst $00003E00

: Save all of MMU RAM dats.
lea BMMUSAVE, a4
bse FULLMMU

' lea BASEA, a5
clr. 1 d6

move. 1 d6, (a5 )+
move. 1l d6, (aS)+

move. | dS,g:S%*

; Pattern tests.

H a) All zeras (0's).
cle. 1 d2
bser PATTERN

; b) All anes (1's).
move. | #SFFFFFFFF, d2
bsr PATTERN

; c) Checkerboard.
move. 1 #$AAAASSSS, d2
bsr PATTERN

; d}) Inversa checkerboard.

move. 1 #35555AAAA, d2
bsr PATTERN

; e ) Address.
bsr ADDRESS

; f) Moving Inversions.
bsr INVERSIONS

(LisaTest version only)

(LisaTest version anlg)?

: Jump to VIDEOSTART in videa memary

-
H SRR TSI IR AN AN A SN S AN I RI N SIIR ARSI AR B UNTRS

; TuFn on SETUP bit

(LizaTaxt version enly)

‘;Loestion to save MMU infiormat{on

1

;Clasr failed RAM flags

; Restore all of MMU RAM data. (LtsaTest version onlgj

jLocation to I7ﬂl MMU informatian
. |
I

(LisnTame verzion only)
i

H NI SEI AR AN A N RN NN AN RN EN XN NIRRT NSRRI ISTRRSN

lea BMMUSAVE, a4
bsr RESTOREMMU
¥
; Mave back ta main memory.
L jmp JUMPBACK
H
JUMPBACK o
tst $00003F00
; Rastore video memory ‘area.
bsr VIDRESTORE
res
; @«
1
H
SAVEVID
lea BSTART, a3
lea BEND, a4
lea 8SAVE, a§

maova. 1 $00000800, a6

®1 move.l (ab)+,(a5)+

s Turn pfF’SETUP bit 3

Save vides mamory befors test i3 moved up thare

i Start of {asc

|
(LitaTast version only)

SWESICEXITNIZDTATEN

!
=====:=:a:t:a:aa::u--t.!llinl-i-istilall:li!:lnt:ll!ll:lll!!:lslla-
RIS AA NI R ANN NS RNRNNSNEEARNN SRR YA N TR AN R
. I
i

|
i

jend of test 2
;Ares to ssve test in

;Video mamory tast arsa
;Move fraom video to save akea >

adda #4 a3l ikeep track of size Coon
emp. 1 a4, al ;dane all of test? .
bmi @l AP, T i
rts & ‘
; . L
i Move test to video memary, exits with transfer address in A4
MOVETOVID
laa . BEND, a4 .
lea BSTART, a5 ;Start of test .
mova, 1 $00000800,a6 =~  ;Video memory test ares
a1 move.l (aS)+,(a6)¢ . ;Move . From main mumorg'to Qxduo,msmorg‘ o

emp. | ad, a3

;done all of tasc? - D



bmi @1 jesono

lea VIDEGSTART, a4 ;Locatian of whers to branch to

lea BSTART, a5 ;Start of tast
suba "a5, a4 ,(VIDEOSTART - BSTART)
adda 3&00000800,:4 i+ (Start in video momnrg)
res
; Save all of MMU RAM data to wrea pointed to by A4
FULLMMU
; Set context, 0 to 7 -
clr.w do ;Cantext
a1 bsr SetContext
clr.w dl ; Sagment N
82  bsr SetSegment . i ;
move.b (al), (a4)+ jResd and sava Limit register value
mave. w §a0),$ ; ;Read ond save Base register value
add. w #1,4dl i Next segment
cmp.w  #128,d1 . t..donu all?
bne @2 - ;
add. w #1,d0 ;Next context .
cmp. w #8, d0 i..done all? )
bna ®1 . i
rts

; Restore all of MMU RAM data from ares at A4 (in FULLMMU saved Format)
RESTOREMMU
; Set cantext, 0 to 7

clr.w d0 ;Context

a1 bsr SetContext
clr.w dl ; Segment

@z bsr SetSegment ; .
move. b al )+, (a3 ;Restore Limit register value
move. w 530}* 2.5; ;Restore Base register value
add. w #1,d1 Naxc segment
cmp. w %128, d1 ..dona all? .
bne ®2
add. w #1,d0 ; Next context
cmp.w #8, d0 ;..dona all?
bne @1
rts

’

; Save video memary before test is moved up there

¥

VIDRESTORE
lea BSTART, a3 i Start of test
lea BEND, a4 ;end of test
lea BSAVE, a$ jArea to restore from
movae. |  $00000800, a6 ;Video memary test ares

®1 move.l (a5)+,(a6)+ ;Move from s-vc/ar-a to videa
adda #4, a3 -k.lp track of size :
emp. | ad, a3 ;done all of test?

. bmi @l jesxna
rts
Pattern to wr{te comes in inside of word d2. . '

This pattern is written altornuting to sach ram Jacatlpn.’

i
i
i
PATTERN " -

; Loop thru all context: and sogmcnts nnd urat- test pat:orn
bsr WPAT

H ok

H Loop thru all contexts and sagments, reud and comparu datas.
clr.w do ;jContext

a3l bsr SetContext
clr.w di : ; Segment ¢

@2 bsr SetSegment
maove.b (al),d3 ;Remd Limit register
cmp. b d2,d3 jeesBAMA a8 written?
beg @3 Gee . 4O, COMtiNUR

bsr BADLIMIT j...no, Flag fFatlure - . .
H . L

33 move.w (a0),d3 ;Read Base register

; :
cmp. w d2, d3 j...58M8 3% written? | .
beq 34 j..-Yms, continue .
bsr BADBASE iv..no, flag failure
34  add.w  #l,d1 ;Next. sagment
swap d2
bsr SetSegmant ' . N
move.b (al),d3 ;Read Limit register ¢
cmp. b d2,d3 3.4 .2AME ag writtan?
beq 35 . ieeeyms, continue
bsr BADLIMIT “3v.ano, flag failure
%5 move.w ({(a0),d3 - - ;Read Base regtstar’
o cmp.w d42,d3 C jv..zame . as written?
beq 6 S je..ygak, continue

L bsr BADBASE i...na, flag Faxlyrﬁ




Page

add. w #1,d1
cmp.w  #128,d1
bne ®2

add. w #1, d0
cmp. W #8, d0
bne @l

res

jNext sesgment

i..done all?

i Next context
i..done all?

WP,
@l

@2

Write a pattern

AT
clr.w d0
bsr SetContext
clr.w dl
bsr SetSegment

mave.b d2,{al
move.w d2,{al
add,w #1,d1

swap d2

bsr SetSaegment
mava.b d2,{al
move. w dZ,EQO;
swap d2

add. w #1,d1
cmp.w #128,d1
bne @2

add. w #1,d0
cmp. w #8,d0
bne ®1

res

iContaxt

; Segment

CiWrite to Limit register
jHrite to Basze register

; Next . sagment

;Write to Limit regiscer
;Write to Base register

iNext segment
i..done all?

s Next context
i..dons all?

ADI

a1

32

%3

34

36

Address tast.

DRESS

1. MWrite addresses from low to high
Read all registers and verify

Loop thru all contexts and segments and write test pattern

Read all registers and verify

B

pare date.

clr. 1 d2 ;Address patter
clr.w dO ;Context .
bsr SetContext
clr.w dl ; Segment
bsr SetSegment
move.b d2, (al) jWrite to Limit register
add. w 230101, d2 ;Naxt address
move.w d2,(a0) ;Write to Base register
add.w #30101, d2 ;Naxt address
add. w #1,d1 jNext segment
cmp. w #128, d1 i..done all? /
bre ®2 :
add. w #1,d0 ;Next context
cmp.w #8, d0 i..done all?
‘ bne al
Loop thru, all cantexts and segments, read and com

clr. 1 d2 i Addresu pattern . '
clr.w d0 ;Context
bsr SatContext - .
clr.w . dl ; Segment
bsr SetSegment :
move.b (al),d3 iRead Limit register
cmq‘b 42, d3 jee.sEMO A8 written?
beq a5 jiccyos, continue
bsr BADLIMIT jevett@, flag failure
add. w #$0101, d2 ;Next address
move.w (a0 ),d3 ;Read Base register
cmp.w d2,d3 ji..c8me a3 written?
‘beq @6 jea.yes, Spntinue
bsr BADBASE ‘3.e.na, flag Failure
"add.w  #3$0101,d2 ;Next address
add. w #1,d1 ; Next saegment
cmp. w 7128, dl i..done all?
bne @2 )
add. w #1, d0 ;i Next context
cmp. w %8, d0 ;..dene all?
bne el i

2. HWrite addresses from high to law *

Loop thru all contexts and ssgments wnd write test pattern

clr. 1 d2
move.w #7,d0

311 bsre SetContext.

move.w #127,dl

312 - bsr SetSegment

move.b d2,(al)

;Address pattarn
;Context

;S-gm-HE“ )

iWrite to Limit Fagister’



rage Uy

(" t
add, w #$0101, d2 ; Next address i
move.w d2,(s0) ;Write cto Base register
add. w #$0101, d2 ;Next atdress
sub.w  #1,dl ; Next sogmant
bpl @12 .
sub.w  #1,d0 ;Next contaxt
bpl 811

H Loop thru all contexts and segments, resd and cumﬁara data.
cle. 1 d2 i1Address pattern
move.w #7,d0 ;Context®

313 bsr SetContext
move.w ®127,dl ; Segment

314 bsr SetSegment .
move.b (al),d3 ;Read Limit register
cmp.b  d2,d3 jesc98MO a8 written? '
beq @15 jeesdos, continue
bsr BADLIMIT jeoeno, flag failure

315 add.w  #%$0101,d2 ; Next address
move.w (aQ),d3 ;Read Base register
cmp.w  d2,d3 i...%8me as written?
beq @16 ;. gas, continue
bsr BADBASE ;es.no, flag fFailure

316 add.w #30101, d2 ; Next address
sub.w 81, dl ; Next segment
bpl @14 :
sub. w #1,d0 ; Next context
bpl @13
rts : }

Moving Inversians tasst.

Examp lo:

Low to high pass

1. Wrire background pattern
2. For avery (1) addr, low to high, do R-ad/V-rtrg. Nritn comp lemamt, Read/Verify
3. Two (2) passas, for every other address (first even, sescond odd)
do Read/Verify, Write complememt, Read/Verify .
4. Four (4) passes, for svary 4th address (first even, second odd,...)
do Read/Verify, Write complememt, Read/Verify
5. Eight (8) passes, for every 8th address (first even, second odd,...)
do ReadNVerify, Writa complememt, Read/Verify
6. until step count equals one half the size of the memory.
High to low pass

Write background pattern R

For avery (1) addr, high to low, do Re-d/V-rlfy, Write complememt, Read/Verify
Two (2) passes, for svery other address (First even, second add)

do Read/Verify, Write complememt, Read/Verify

« Four (4) passes, for svery 4th address (first even, 'second odd,...)

da ReadAVerify, Write complememt, Read/Verify

S. Eight (8) passes, for every 8th address (first avan. second odd,...)
do Read/Verify, Write complememt, Read/Verify
6. .... until step count equals one haif the sjze of the memory. .
%
Stap 1 (2 -4
Pass ( 2 ( 2 2 ) ( 2 23 4
Lac Q xx xx XX
1 xX XK xx
¥ XX xx X%
3 nx %% XX
4 no £ 3] xx
‘S XX X% L8]
] I3 XX X%
7 ®x X XX
8 bR XX xx
9 X xx ! xx .
10 %X xx . CoxR
11 X% %X XX -
Tatal passes = 10 for 1K RAM, : ’
Increments: 1, 2, 4, 8, 185, 32, 64, 128, 256, 512 R
[ncrement = x -
Passes s x . ¥
Expact = $FOFOQ All orieg and all zeros for each 1Kx4 RAM
Compl Exp = $QFOF '

-

Write all of MMU to SFOFQ
Total Pass Loop
Pass loop'

Read data.
Compare to expect and, . log Failures

\



rage UL

Write compl expact data.
Read data.
Compare to expect and log feilures.

Add increment to addressz under test
Check if out of bounds )
.No, go to top of Pass loop

.Yes, Continue

Dscrement pass counter

End of Pass loop
Passes all done?

.No, Start address at rext top address and gu to top of Pass loop

-

Decrement Total Pass counter

End of all passes?

.No, complement both Exp-ce Dats, Gc :o tap of Tnthl Pass Luop

.Yes, continue.

Zero all of MMU

. ===============:a-==a:Illl8lnl’llaaillttﬂlx=lnl:::t=:t-nks::an::!astul.la-it!t-n;

i
’
t
H
H
;
H
’
’
H
H
i
i
; .Yes, Continue
5
H
H
!
H
i
H
1

NVERSIONS
move. | ®$FOFOFOFQ, d2
bsr WPAT

move. | #SOFQOFFQFQ, d2
move.w #10,d6
lea INCRE, a3

&1 move.w (a3),dS
H Pass loop
clr. 1 d7

@2 bsr ITEST
add. w d0, d7
cmp. w #1000, d7
bne 82

sub. #l,ds

; End of Pas: loop
cmp. w #0Q, dS
beq @3
clr. d7
move.w (a3),d0
add. w d0,d7
sub.w dS, d7
bra 82

@3 sub.,w #1,d6
cmp.w #0, d6
beq IDECREMENT

eor. 1 aSFFFFFFFF, d2
adda #2, a3

jmp ol
n
now we start it all ovar,
DECREMENT

U et ws e e e

mave. 1l #$FOFOFQFOQ, d2
bsre WPAT

—

mava. #30FOFFOFO, d2
move.w #10,d6
lea INCRE, a3

31  move.w (al3),dS
; Pass loap
mova. 1 #999, d7

32 bsr ITEST
sub. w d0, d7
bre a2

sub.w #1,d5S

; End of Pass laop
cmp. w #0, d5
beq a3
move. | #999,d7
move.w (a3),d0
sub.w d0, d7
add. w d%, d7
bra ®2

33 sub. w #l,d6
cmp, W #0, d6
beq 34

ear. | SSFFFFEFFF, d2

;Write all of MMU to SFOFO

;Both patterns
;Total Pass Loop
; Increment table

; Incremont and pass countﬁr

;Curé-nu Address

N '

;Add increment to address under test
;Check If out of bounds

..No, go to top of Pass loop

..Yes, Continue
;Decrement pass counter

;Passes all done?

....Yus, Cont inue

;Start address at top again
j+v« iNCramant amaount

; Decramant Tntgﬂ Passt counter
1End of all pesses?
;4. Yur, continue.

;.+.No, complement both Eéptct Data,
i...next increment valus

;Go to top of Total Pass Haop

only decrementing the address this time . .

;Writs all of MMU to SFOFQ

i Bath pa::orns‘
; Toatal Pass Loop
s Increnent table

;Decrement and pass counter

“;Current Address

;Add incrsmant to address under test
.No, goa to top of Pass leap ,

<. Yes, Continuse .
;Dmcrement pazs counter
;Passses all done?
i...Yag, Cantinue

Start address at top agaln
;...:nurem.nt amount

|
iDecramant Tntal Fass cnunper
yEnd of all passes? .
iee . Yas, eant inue.

i...No, complemant boch Expact Oata,



imp

@4 clr.
bsr
rts

32 bsr

move. w
cmp. w
beq
bsr

a3 swap
move.w
move. w
cmp. W
beq
bsr

249 swap
move. b
emp. h
baq
bsr

@S swap
move. b
move. b
cmp.b
beq
bsr

H

26 swap
move. w
rts

INCRE . WORD

"z, a3
@l

d2
WPAT

GetAddress

(a0),d0
d0, d2

@3 .
BADBASE

d2
d2,830)
(a0 ), d0
do, d2
@4
BADBASE

d2
(al),do
dQ, d2

@5
BADLIMIT

d2

d2, (al)
(al),do
d0, d2

®6
BADLIMIT

d2
(a3),d0

1, 2, 4, 8,

§...naxt increment value
;Go to top of Total Pass Loop

i

;Z-rg all of MMU

;Gotiuddrnai based on di, in a0 and al

;Read Bpse data.

;Compare to expect and log failures.
|

; Now comp [ament data

iWrite complement expect data.

_;Read Buse data. :

;Compare to sxpect and log failures.

| .
jNow original data
;Read L imit data.

;Compare to axpect and ldg failures.

iNow complement date

;Write complement expect data,

;Read Limit data.

;Compare to expect and log failures,

;Now original data

N

32, 64, 128, 256, 512

ADBASE
move.,
ear.w
move. w
and. w
beq
lea
move.w

’
®1 move. w
¢« and.w
beg
lea
move. w

@2 mova. w
and. w
bagq
lea
mave.w

33 mov. w
and. w
beq
lea
move. w

i
34 rts

v

BADLIMIT
move. b
ear.b
move. b
and. b
beq
lea
move, w

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

32 res

"
; Do whale word far base register.
B

d3, dé

d2, d6

dé, d7
#$000F, d6
@1

BASEL, a6
830123, (a6)
d7,d6
#3%00F0, d&
@2

BASEZ2, a6
834567, (a6)
d7, d6é
#%0F00,d6
@3

BASE3, a6
#$89AB, (a6 )
d7,dé
#$F000, d6
@4

BASE4, a6

#SCDEF, (a6 )

; Do lower byte anly for limit ragistar

d3,dé

d2, dé

d6, d7
#40F, d6

3l
LIMITL, a6
#$0123, (a6 )

d7, dé
#3F0, d6

32
LIMIT2, a6
434567, (a6 )

if location <> written data then flag as bad RAM

D2 has written data, D3 has read data

;Find Fu(ilng bits

;Lower OK? .




; Sets to requested cuntixi.‘

SETCONTEXT
and.w  #$7,d0 -

LSt.w $0003800
tst.w  $0003A00
tst.w  $0003C00

cmp. w #0,d0

bne €3]
bra @10

él cmp.w #1,d0
bne @2
tst.w $0003900

. bra @10

®2 cmp.w  #2,d0
bne ®3 .
tst.w  $0003B00

bra. ®10 "

@3 cmp. w #3, d0
bne &4
tst.w  $0003900
tst.w  $0003B00

bra @10

@4  tst.w  $0003000
cmp. w #4, d0 <
bne @s
bra ®10

és cmp. w 85, d0
bne @6
tst.w $0003900
bra B0

® cmp.w  #6,d0
bne ®6

» tst.w  $0003B0OQ

bra @10

@7 tst.w  $0003900
tst.w $0003B800

610' rts

number 0 to 7 in'd0 g
| . N T |
;Maﬁs it'legll
7 SEGO to a O

; SEGL1 to a 0
; SEG2 to a.0

.

;SEGO to a'l .
iSEGL to a 1 o L

; SEGO to
i SEGl to a

-

;SEG2 to a 1

;SEGO to a 1}

;SEGL to a 1 . k . /

;SEGO to a
;SEGL1 to a

a-

’ a
; Sets segment address far Li
; Uses d5 as scratch

SetSegmant
maove. l #$010000, al
move.w dl,ds
and. | #$7F, d5
swap ds
asl. ] #2,dS
adda d5, al
maove. ! al,dS
or. 1 #3008000, d5
move. ] dS, a0
res

mit register in a3, ssgmant raquested in. di.

i Address of first Limit register

;Make legal

iNow in bits 1S to 21 , .
;Now irn-hits 17 tn 23

;Final address

H

; Get address based on d7

; Returns addresses in a0 and
GetAddrass

clr. 1 d6é
clr.w d0

al bsr SetCantext
clr.w dl

@2 bsr SetSegment
cmp. W dé, d7
beqg @3

add. w #1,d6
add.w  #1,d1l
cmp.w #128, dl
bne ®2
add.w #1, d0
cmp.w  #8,d0
bne 81
33 rts

’

al

;Current countar
;Context

; Segmant

;Ac requested?
iNext segment
;..done all?

; Next context
;..done all?

;
; Table of bad RAMY¥, O means
;i (Table must be grouped for

BASE4 . WORD Q ;Base
BASE3 . WORD 0 ;Base
BASEZ2 . WORD 0 ;Base
BASE1 . WORD ‘0 ;Base
LIMIT2 .WORD Q ; Base
LIMITL . WORD Q ; Base

good, other means failure
clear to wark properly)
register hits 12-15
register bits 8-11
ragister bits 4= 7
ragister hits 0- 3 .
ragister bhits 4- 7
register bits O0- 3

i

\.




BMMUSAVE ; The data following is %ha«currenc‘statg of the MMU before tha test

A ¢ # B . ; N -
BEND i This is the end of the test that is copied to video memory
BSAVE ; This is the start of the saved video mémorg area.
L END
4 w
. .
-+
't
“ . /
&«




~ MMU Functional

- Assuming physical starts at x
~ All memory Is assumed written to 0.

- Al 1imits set to maximum.
All bases set to a special data aréa in the last video page.

1

Map MMU to start location D at x. «

write physical location x to test value $1234

Read logical location 0 thru MMU. | .

«

Compare read value to expected, same?

Yes

"

write logical location to 0 thru MMU, was data read $0000 ?

|
Read physical location,

Compare read value to expected, same?

Yes . \No

Flag as memory error.

Read all of memory looking A\

for value of $1234

Not Found Found

Flag as MMU adder error Calculate adder error

which would cause this.

Data area In last video page ls set to a specific pattem.

The data area pattem is read thru all segment addresses.



Base address adders

: 'Baée Physical
Sum 4, COut  $00080000 $00000000
1 $00070001 $0000FFFF
$000F0001 $O00OFFFF
sum 3 $00040000 $00008000
$00030001 $0000FFFF
$00070001 $O000FFFF
Sum 2 - $00020000 $00000000
- $00010001 $0000FFFF
$00030001 $O00DFFFF
sum 1 $00010000 wuuuougu
- $00000001 $0000FFFF
_$00010001  SOOCOFFFF
Base ~ Physical
Sum 4, COut  $00008000 $00000000
. $00000000  $00008000
$00008000 © $00008000
Sum 3 $00004000 . $00000000
$00000000 $00004000
$00004000 $00004000
Sum 2 $00002000  $00000000
$00000000 ~  $00002000
$00002000 $00002000
sum 1 $00001000 $00000000
$00000000 $00001000
$00001000 $00001000
Base Physiéal
Sum 4, COut  $00000800 $00000000
| $00000000 $00000600
$00000800 $00000800
Sumn 3 $00000400  $00000000
» $00000000 ~  $00000400
$00000400 $00000400
sum 2 $00000200  €000000D0
$00000000 $00000200
$00000200 $00000200
sum 1 .~ $00000000 $00000000
$00000100 $00000000
00000000 - $00000100
$00000100 $000080100




|

Edit Date: 04/12/83

i
====a=============:t:a-:a-‘:-:ts’-:suaat:-::.--::s-aani-w::::::--a-::-’l:u-a:a

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

FUNCTION:
Verify as much of the TWO Part Card as posstbla

LOGIC TESTED: i
Portiaons of the Two Port Card, as described belqu.

TECH OPTIONS: i
The following options are supported (1-3 are standard):
0: normal program execution

1 losp until NMI (crror count kept in ERRCNT, laop count in OUTCNT
2: loap INCNT number of times (or until urror)(loop caunt in QUTCNT
3

loop on test until error (loop count kept in OUTCNT),

exit test at error without resetting cause .af error

10: Loop on sending data thru PAQO-PA7 from port ﬁ to port B
11: Loop.on sending data thry PAO-PA7 from port 8 to port A

12: Loop on sending from PB7(CRES) to PBO(OCD) from port A
13: Loop on sending from PB7(CRES) to PBO{0CD) from port B
14: Loop on sending from PB4(CMD) to PB6(PARITY) from port
15: Loop on sanding from PB4(CMD) to PBS({PARITY) from port

to port B
to port A
A to port 8
B to port A

16: Loop on sending from PB3(R/W) to CB1 CHK; from port A to port B

17: Loop an sending from PB3(R/M) to CB1(CHK

to PB1/CAl

from port B to port A

18: Loop on sending from CA2 STRB} to PEI/CAIgBSY‘ from port A to port B

19: Loop on sending from CA2(STRB

BSY) from port B to port A

20: Loop on sending from part B to test Port A parity circuit.
21: Loop on sending from port A to test Port B parity circuit.

32: Loop at end of test, for program debug use.

33: Ignore any timer test failures, gather data for dabug use.
ERROR CODES:
++ Flag for document extractor
Step:
1 - Initial test setup, hardware and software.
2 -~ Check data lines to Two Port Card.
3 - Check interrupt capability of Twa Part Curd
4 - Port A 6522(VIA) register test.
S - Port B 6522(VIA) register test.
6 -~ Port A 6522(VIA), Timer #l1 tast.
7 - Port A 6522(VIA), Timer #2 test.
8 - Port B 6522(VIA), Timer #1 test.
9 - Paort B 8522(VIA), Timer #2 test.
10 - PAQ-PA7 data lines thru lospback éonn:ctar tast, both ports.
11 - PB0,PB7 data lines thru loaopback connector test, both ports.
12 - PB4,PB6 data linss thru loopbeck connector test, both ports.
13 -~ PB3,CBl data lines thru loopback connector test, bath ports.
14 - CA2,PBl1 data lines thru loopbmck connector test, both ports.
1S - Port A Parity circuit test.
16 - Part,B Parity circuit test.
Errors: .
0 - na error
1 - Could not locate Twao Port Card in sny oxpnns}on slot. . >
2 - Data read is not the same as deta written to register on VIA.
3,- Card could not supply an interrupt (possibly timer #1 also). -
4 - §522(VIA) Timer failure. Timer tco fast, time is too short.
5 - 65222VIA§ Timar failure, Timer too slow, time is too fast.
6 - Data lina PAQ-PA7 failed wraparound test, port A driving port B,

or na Loop-Back connector. installed. .

7 - Data line PAQ-PA7 failed wraparound tasst, port B drivi

8 - OCD(PBO) or RESET/{PB7) falled, port A driving part B.
- 9 - 0CD(PBO ) or RESET/(PB7) faileg, port B driving port A.

10 - CMO(PB4) or PARITY(P86) failed, port A driving port B.

11 - CMD(PB4) ar PARITY(PBG) failed, port B driving port A.

12 - Interrupt accurred when none axpscted, on Port A. -

13 - Interrupt occurred when none expected, on Port B.

14 - Expected interrupt did not occur on port B. |

15 - Expected interrupt did not occur on port A. -

16 - STRB(CA2) or BSY(PB1l) failed, port A driving.port B.

17 - STRBéCAzg or BSY PBI;»Failad, part B driving port A,

18 - PBl on port B failure (BSY), port A driving port B.

19 - PBl on part A failure (BSY), port A driving port B.

20 - Bad data {PAO-PA7) during parity test of Port A,

21 - Parity circuit for port A gives wrong summatijon rosult

22 - Bad data (PAO-PA7) during parity test of Port A.

23 - Parity circuit for port A gives wrong summation result

++ Flag for document extractor

HARDWARE : HWork ing LISA, 10 Port Test Card (cables connected

ng port A.

(cB2).
(cB2).

or not).



i
THEORY OF TEST OPERATION:
: !
|
Register Resd/MWrite test of the VIA (6522). This tast verifiss that most
if the registers in the 6522 are read/write-able. This test
does not test all registers since some registars are read
or write only.
Details: !
a) All registers sre initislized as follows.

i
Timer test for the 6522. Timer #1 and Timer 32 aru tested to assure that
interrupts are generated at the end of tho programmed time.

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

|

MODIFIED: REV 1.1 G.Cossey 04/12/83, now uses library routines. Removed
code to run an APPLE II, now only from LISA.

TO BE DONE:

. =========:=-=="=IS!S8!'==IS,'Il’..'lll:.-’2l:'—'l=I-ISI=8=*ll:z:l‘llaﬂﬂlﬂtﬂlﬂllﬂﬂl
. ABSOLUTE
.PROC  TWOPORT, 0

: 2=========S—’:====3==2='.'"’:#=H
; TRAP AND ERROR VECTOR LOCATIONS

H ==================:==-=3=="'====,

BUSVCT LEQU $0008 ; bus arror

ADRVCT .EQU $000C : address error

ILLVCT .EQU 30010 ; illegal instruction
AXXVCT . EQU $0028 ; future traps (emulator)
FXXVCT .EQU $002C :

;ERAIATTRARIGTITI=IIITZAIZAIRA=D;

; INTERNAL INTERRUPT VECTORS

floppy, parallel port, VTIR
keyboard interfasce VIA

LEVIVCT .EOU 30064
LEV2VCT (EQU $0068

LEV3VCT .EQU $006C slot 2
LEV4VCT .EQU $0070 slot 1
LEVSVCT .EQU $£0074 slot 0
LEVSVCT .EQU $0078 RS232 chip
NMIVCT .EQU $007C NMI
; ======3=ﬂ========I-=‘=-B.-II-=<
; now, the local equates . . . ;
H ===I= =======2=I!===-==ﬂ==l=!.8==;
ORB equ $00 5 port B
ORA equ $08 H port A
opRe aqu %10 ;Dats direction of port B
DORA aqu 318 ; port 'a
TiCL aqu $20 ; T1 Counter Aou)
T1CH equ $28 H high
TiLL equ $30 ;T1 Lateh (low)
TILH- equ $38 H high)
T2CL aqu $40 ;T2 Counter
T2CH equ $48
SHR equ $50 ;Shift register
ACR aqu $58 ; Aux control »
PCR aqu 360 ;Paripheral contral
IFR equ $68 'Int. flags -
IER aqu $70 ; interrupt anable
For Keybcard COPS use.
KBOVIA * equ $fcdd80 ;Basze waddress for keyboard VIA 6522
KIER equ 29 ; intearrupt enable

; ERREREEASINEIITIECTITACT AT IRY -
; START - PROGRAM ENTRY POINT
H SN ERNARIRNTIX[ANITIIATAITRDINRY i
. .ORG $0800 wa arv normally loaded at $800 (we try to be
r.lmcu&ablc, thnugh)

L]
l
H
!
'
H skip around pnrim-e-r lroa

START BRA.S  START1

ﬁEVDATE . WORD 11,0 . sRevision number (u:. dac:mal numbars for Pascal)

; ce. X% > xx, %0 REV 1.0 is 10 here.-

labsl "TECH” -is location START +6 ($806)

note - parametars ars word-length (2 bytes)

TECH LWORD O ~Hon-z.qo values select tech-mode options

the next thres parumutariwurds are uszed only
if the tsch mode iz non~zerao.

B

- ME ws Wi Wy Wt ome wr wd we ws we

ERRCNT .WORD O exit parm - haolds number of errors encounterad
OUTCNT .WORD O exit parm - holds number of passes completed

INCNT . WORD [ entry parm - holds number of times tao execute prog
RESVDO .WORD 0 reserved for later expansion

TERRCNT .EQU 2

IQUTCNT .EQU 4 .

TINCNT .EQU 6

\,

e e



r

START1

@l

. RESULT BUFFER - START + $020

LEA
MOVE. L
LEA
MOVE. L
LEA

LEA
MOVE. L
ORI.W

LEA
MOVEA
LEA
MOVEQ

MOVE. L
MOVE. L
5UBQ
BGT

LLEA

-MOVE. L

ILEA
MOVE. L
LEA
MOVE. L
LLEA
MOVE. L
LEA
MOVE. L
L.EA
MOVE. L
LEA
MOVE. L
L.EA
MOVE. L
LEA
MOVE. L
LLEA
MOVE. L

CLR.L
CLR.L
CLR.L
CLR.L
CLR.L

P SIS IISICIATZAVSTTITAISERARNN:

OLDPC, AO
(SP)s. (0)
QLDSP, AQ
sP, (AO)
START, SP

OLDSR, AC
SR, (A0)
#30700, SR

MNISC, AO
80, Al
OLDVCTR, A2
264, DO

A
21,00
[ )9

BUSERR, A0
A0, BUSVCT
ADRERR, AO
AQ, ADRVCT
ILLERR, AO
A0, ILLVCT
LEV1INT, AO
AQ,LEVIVCT
LEV2INT, AO
A0, LEV2VCT
LEV3INT, AO
A, LEV3VCT
LEVAINT, AD
AT, LEVAVCT
LEVSINT, AO
A0, LEVSVCT
LEVGINT, AO
A, LEVEVCT
Wi, AQ

A, NMIVCT

REREE

;S RITNSSIIIIISCNSSIEIEIANITIRD

INPUT PARAMETERS - START + $010

H S SRIEIIZICITISNRIIITCIILTINEAR
INBUFO . WORD 0 ’ i
INBUF1 .WORD O -
INBUF2 . WORD Q

INBUF3 .WORD o]

INBUF4 . WORD 0

INBUFS . WORD Q

INBUF6 . WORD Q

INBUF7 . WORD Q

H
H
i

¥
H
‘
H
1
.
¥
.
H
’

et ws e e wr ws e

1
DREGS .WORD 0,0
.WORD  ©,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
LWORD 0,0
.WORD 0,0
; AREGS - START + $040
AREGS .WORD - 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
.WORD 0,0
; EXCEPTION INFO - START + $060
; GROUP 0
EXCFC  .WORD . 0
EXCADR .WORD 0,0
EXCIR .WORD 0
; GROUP(s) 0 & 1
EXCSR  .WORD O
EXCPC  .WORD 0,0
OLDPC  .WORD 0,0
OLDSP  .WORD 0,0
OLDSR  .WORD 0,0

NOW CONTINUE WITH THE CODE

H TSI IRRTITUI IR

L
i

’
’
.
v
¥
’

currently unused

Do
D1
[s7
03
D4
0s
D6 ) : step number
D7) : error code

e rrer e s o

AOY :

A2
A3
A4
AS
A6
A7

e an

stack pointer

function code
address
tnstruction register

status register
pragram counter

save return addrass, set SP
new stack
then save it also

place our ﬁg-ck right;b-low the program

jSave status reg value

;Disable interrupts

obliterated restoring environment

initialize interrupt and trap vectors in case

of unexpected exceptions

;also save incoming vectors’

; save inénming vectors in array OLDVCTR
first set all vectors to point to miscelaneaus

.

; clear all the registers except A7

exception handler . .,

then set up special vectars for the more

common excaptions .



CLR.L DS

CLR. L D6

CLR. L D7

MOVEA. L DO, A0
MOVEA.L DO, Al
MOVEA.L DO, A2
MOVEA. L DO, A3
MOVEA.L DO, A4
MOVEA.L DO, AS
MOVEA.L DO, A8
BRA MAIN

. RN EEARTSAITSSSICANESISERRAN:

i DEFAULT EXCEPTION HANDLERS

|

*
+
*

-

H

: =====n:===ﬂ====2=======l!ﬂ=l.ﬂlz
MISC MOVEQ  #$50,07
BRA.S  EXCP
BUSERR MOVEQ  #$51,07
BRA.S  EXCPO
ADRERR MOVEQ  #$52,D7
BRA.S  EXCPO
ILLERR MOVEQ  #$53,07
BRA.S  EXCP
1
LEVIINT MOVEQ  #$71,D7
BRA.S . EXCP
LEVZINT MOVEQ  #$72,07
BRA.S  EXCP
LEV3INT MOVEQ  #$73,D7
BRA.S EXCP
LEV4INT MOVEQ  #3$74,07
BRA.S  EXCP
LEVSINT MOVEQ  #$75,D7
BRA.S  EXCP
LEVGINT MOVEQ  #$76,D7
BRA.S  EXCP
NMI MOVEQ ~ #$77,D7
BRA.S  EXCP
EXCPO  LEA EXCFC, A6
MOVE $sp +, (AB
MOVE.L (SP )+, (A6
MOVE {503+, (AB
EXCP LEA EXCSR, A6
MOVE SP )+, (AB
MOVE.L (SP)+, (A6

EXIT

)

*

and branch to the main routine

i

these exception handlers just set an error
code and exit . .

miscellaneous exceptions (traps, divide by O,
etc. )

bus error exception (bus timeout, invalid MMU
access ) .

address error

illegal instruction error

level 1 interrupt (p;rall-l port, vertical
retrace )

lavel 2 interrupt (keyboard)

level 3 intarrupt (expansion slot 2)

level 4 interrupt (expansion slot 1)

level § interrupt (a;pansion slot 0)
laval 6 interrupt (H§-232 ports)

7

level 7 (NMI) interrupt (parity error)

NOTE A6 1S DESTROYED HERE
save extras infao for group O

save common exception info

f EXIT. Save current rngi:tir contents in save ares and return to caller

disable interrupts

D0-D7/A0-A7,(A8) ; push return registers in rasult buffer

ORI.W  #$0700, SR
LEA DREGS, A6
MOVEM. L

' LEA OLDVCTR, AQ
MOVEA  #0, Al

. MOVEQ  #64,00

®1 MOVE.L (AO)+, (Al)+
sUBQ  #1,00
BGT.S @l

; 3
LEA OLDSR, AO
MOVE.L (AO), SR

' LEA OLDSP, A6
MOVE.L (A6 ),SP
LEA OLDPC, A6
MOVE.L (A8 ), -(SP)
RTS

OLOVCTR ..BLOCK 256, 0

' . INCLUDE

. INCLUDE

. END

;jrestore incoming excepticn vectors

;Réstore incoming :status register

.

’

get back incomming stack painter

and program counter

;storsge area for incoming exception vactors

1ib: COPSCMD, TEXT
lib: FINDC. ASM. TEXT

. INCLUDE THWOP.ASM. TEXT
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; Edit Date:

04/12/82

'3===#S=I==IBS'SH==aS=3’-.!..-I.-..-.'!lﬂl"HII.II'Skﬂli’.:l.ﬂ.!l’l...l..""ﬂ -

Fi

la:

TWOP. ASM. TEXT

NOTE: Refer to TWOP.HDR. TEXT -for program details.

H =====================:-x=-=ll!n:xtal:lllllll:sal:laah-asl::::z:lls:::l.llll==
5
TICKTOCK equ Q ; Timer counter . :
T1 equ 2 ~Timar 1 happaned f]ag
T2 equ 4 ; Timar 2 happened fla
KBDIEN equ 6 ;Kogba-rd VIA interrupt enable value
SAVEVECTOR equ 8 ; Interrupt vector address, original
WhichTimer equ 12 ;Flag for timer under test
CAlVIAL equ 14
CAlVIA2 equ 16
CB1VIAL equ 18
CcB1vIA2 equ 20
ParityTests equ 22
; a0 Scratch d} ~ Scratch
: al Scratch dl - Scratch
; a2 First VIA address. d2 - Scratch
; a3 Second VIA address. d3 - Scratch
; a4 Interrupt vectar address d4 - Scratch
3 a5 LOCAL variable table. d5 - Tech Mode
; a6 - DEBUG d6 - Stap number
H a7 Stack d7 - Error cada
1
MAIN clr.w  d7 ;Clear errar flag
move.w #1,6d6 ;Init to step #1
lea LOCAL, a5 ; LOCAL table pointer
lea DEBUG, a6 ’
; ~Y
move.b #300,d1 ;Boat ID looking faor
move.b . #3$02, d2
bsr FINDC
cmp.w  #0,d0 Find it?
baq @108 .no, exit with error )
lea INTCARD, al (L
maove. | Zéaag,(al) ;... 00ddress of interrupt vector R
move. l 2(a3), a4 : AN
lea CARD, al ; Base address ; .CJ
move. 1 6(a3),(al) ;.. .n0ddress of VIA '/ : &
mave. 1 (al),a2 iFirst VIA /\\<, A
adda #32001, a2 | P
move. 1 a2, (a6 ; for debug
move. | (al\,ag ; Sacond VIA /\ﬁ\
adda #%2801, a3 . .
move.l a3,6(ab) ; far debug
lea » TECH, al
move.w (al),dS ;Gat Tech Mode ~-
bsr DISABLEOTHER ;Dizable interrupts from other sources
P
31 clr.w d7 ;Clear fail flag. >
’
cmp.w  #10,dS ;Sae if special tech mode loops wanted
beq @2 :
cmp. w #11,dS
bag ®2
cmp. w #12,dS
baq &3
cmp. W #13,d5
beq @3 P i -
cmp.w #14,d5
beq ®4 =
cmp. w #15, dS
beq @4
cmp. w #16,dS
beq a5 ’
cmp.w #17,dS "
beq as *
cmp. w #18,dS
beq ®6
cmp. w #19,dS
begq @b - B
cmp. W #20, d§
beq @7
cmp. w #21,d5
bag ®8
move.w %2, d6 s Step ”2
bsr CHECKLINE “;Check data line connlcﬂion to card
empi.w  #0,d7 ;...nﬂg errors? o :
bns @10 .exit on srror’ oo " ‘
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move. W
bsr
cmpi.w
bne

move,w
bsr
cmpi.w
bne

move. W
bsr
cmpi.w
bne

move, w
bsr
cmpi.w
bre

move, w
bsr
cmpi.w
bne

@2 move. w
bsr
cmpi.w
bne

@3 move. w
bsr
cmpi.w
bne

@4 mave. w-

bsr
cmpi.w
bne

®S move. w
bsr
cmpi.w
bne

®6 movs. w
bsr
cmpi.w
bne

@7 move. w
bsr
cmpi.w
bne

@8 . move. W
bsr
cmpi.w
bne

®10 bsr

lea
cmpi.w
bne
“addq.w
bra
@100 addq. w
®101 - subq.w

cmp. w
baq

cmp. W
bne
cmp. w
bna
cmp.w
bne

8102 cmp. W
brne
cmp. w
bne
bra

&103 empl.w

beq
; Normal exit
8104 bra

H Error axit,
®105S mave. w
bra

#3, d6
CKINTERRUPT
40, d7

®10

#4, d6
CK1VIA
#0, d7
@10

#5, d6
CK2VIA
#0, d7
@10

#6, d6
CK1TIMER
#0,d7
®10

#8, d6
CK2TIMER
#0, d7
310

#10, d6
PAOta7
%0, d7
®10

#11, d6
PBOand?
#0, d7
®10

#12,d6
PB4and6
#0, d7
®10

#13,d6
PB3andCB1
#0, d7

®10

214, d6
CA2andPB1
80, d7

@10

#15,d6
AParity
#0, d7
®10

#16, d6
BParity
#0,d7
810

RESTORE _

TECH, al

#0Q, d7

®100

#1, IOUTCNT (a1 )
®101

#1, IERRCNT(al)
#1, IINCNT(al)

#1,dS
MAIN

#2,dS

®102

#0,d7

@103

#0, IINCNT(al)
MAIN

#3, d5
8103
#0, d7
®103
MAIN

#3520, d5
8103

EXIT

;Step #3

Chwck can get tnt-rrupt from THO Port card.
ise.sany arrors?

i...8xit On error

:Step #4
;Check registers on first 6522(VIA)
i...80y errors?
jr.-8xit 00 error
; Stap* 85
.Chack registars on second VIA
j...any errors?
j...8xit on srror

;Step #6,7

;Chack timars on 68522(VIA)
j...any errors?
j...8xit On error

;Step #8,9
;Check timers on 6522(VIA)
j...any arrors?

;Step #10 . .
;Check connsction thru cable, PAQ-PA7
..8ny errors?

;Step #11
;Check connaction thru cable PBO,PB7
3...8ny errors?

;Step #12
;Check connection thru cable PB4,PB6
j...8ny arrars?

;Step #13 .
;Check cannection thru cable PB3,CB1
j.-.any errors?

;Step #14
;Check connection thru cable CA2,PBl1
j...mny errars?

;Stap 815
;Check Port A parity circuit
5...any erroyfs?

Stup 816
,Chock Port B parity ctrcuit
.any errors?

- s,

;Restore any disabled fynctions

;test for errors
j.-.toggle pass counter?
j...yas, Increment pass counter.

;Decroment test limit counter

;See if Tech maode 1
j.+.yos, loop forever
14

; Sea if Tech mode 2
HREL L] -
. .Error ccecured?
jev.4yos, abort test
j...tast count expired? -
;.-.ng, cantinus. N

;Sae if Tach mode 3 -
jesanOt

i+« Error occured?
je..yes, abort test

i

; Tach Mode, loop at end of test?

could not find card

a1, d7
®104
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Paqe C

ISABLEQ

NITBOAR

THER ori #30700, sr
lea KBOVIA, al
mave.b KIER(al),dl
ori.b #3$80,d1
maova.b dl, KBDIEN(aS
move. b 3$7F,KIER€al
rts .

;7 Init I/0 Part Test Card to known state.
; .

D clr.b d1

move.b #$7f, IER{a2)
mava.b dl, IFR(a2
mava.b dl, ACR(a2

H
i
CHECKLINE
bsr
cle
@1 move. b
move. b
cmp. b
beq. s
cmpi.w
bieq. s
move.w
move.w
ra.s
i
@2 addgq. b
‘bne. s
clr.w
@3 rts

H

i

CKINTERRUPT
bsr

move. b
mave. b
mave. b
NOP
NOP
NOP
NOP

v

clr.w
move. 1
move. 1
lea

mave. 1

nd1,T1La_Saz)

. #$00, T1CH

INITBOARD
dl

TiLL(a2
d1, d2
82 .
#$10,d5
@2

82,d7
#1,d0

@3

, d2

#1,d1
@l
d0

INITBOARD

ori #%0700, sr

#3C0, IER(a2)
#3$01, TiCL (a2
a2

; set up new default interru

===========Il‘l=SI'.=II3I3“.‘..‘.’!SI-ISII.!II‘IIII‘P’.I.iﬂl!!l.ﬂ"i.'ﬂz”!
ISR E SRR ISAI ARSI IS YRR NN AR RIS ANRNARTINIARR

Disable interrupts from other sourcas

; mask all interrupts

;Get Keyboard VIA address

j...Get interrupt enable faor save
s-v.0dd in set bit

;Place in LOCAL table

;Disable interrupts

i

-====================:=====sansn-an:mn:ssa:aaass:::-l-iaa:t---::-u::n:nnzsn:n

;Init to zero B
;All intarrupts of f

s Aux cantrol

mova.b dil,PCR{a2 ; Per cantrol «

move.b dl,0RB(a2 ;s Ports

move.b dl,0RA{a2

move.b d1,DORB(a2 ;Direction

mava.b dl,DDRA{a2

move. b dl, T1CL(a2 ; Timer #1

move.b dl, TICH( a2

mave.b dil,TiLL(22 ;Lateh

move.b dl, TiLH(a2

mave. b . dl, T2CL(a2 ; Timer #2

move.b dl, T2CH{ a2

move.b dl, SHR(a2) ;Shift register

move.b #$7f, IER(a3) ;All interrupts off

move.b dl,IFR(a3 .

maove.b dl, ACR(al ; Aux control

move.b dl,PCR(a3 ; Per cantral

mave.b d1,0RB(a3 ;Ports

move.b dl,0RA(a3

move. b d1,00RB(a3 ;Direction

mave.b dl,DDRA(a3

move.b d1,T1CL{a3 ; Timer #1

move.b dl,TICH(a3 ’ v

mova.b dl, TiLL{a3 ;Lateh

move.b dl, TiLH{a3 .

move.b dl1,T2CL{a3 ; Timer 82

move.b dl, T2CH{a3

move.b dl,SHR(a3) ;Shift register

rts
========:======!===lII8"!ISEHII.I.II}'-IIIII/'III“==I:=4!!!=S:’IH=IHIII8I==I=

Check data line connection to board.

dl holds data to writs to 6522
; try writing to the 6522

; and resding back Co

; was the data the' same?

; Tech mode, ignore ?atl!?
;Error, data line to tosh card is bid,or timer

;Set fuil flag

; go thru all 256 data cbmblnttlons to check
i data line connection to [/0 board
;Set pass flag

’ i .

-==-====:=======:=:==n::-::a:i--n:u---un--a:t--=-aak-a--#.:ns:::an:an-:-:::-:

Check can gat interrupt from I/0 Port board.

; mesk all interrupts .
; enable timer 1 interrupts from parallel-port
} ; and set a short (1 usec) timeout interval

juait o few microsgcundq\Fnr'all the interrupt
H to be aszerted

pt routines for timer

d2 _; elaar interrupt flag
(a4),al - ;+..get vector address
al, SAVEVECTOR(aS) ;...Save old vectar ) :

INTTIMER, al
al, (a4)

iNew interrupt vector
P 3v.s into vector
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clr.w d0

move #$2200, sr
cmpi.w #303,d2

beq.s @1

move.w #3,d7 -
mava.w #1,d0

’
al MOVE #$2700, SR
mave. I SAVEVECTOR(a5), a
mova. 1 al,(ad)
move.b #3$40, IER(a2)
RTS
; =======B====ﬂ=====ﬂ=.=========.-
; the following is interrupt
; handler for the praceding
; routine.

INTTIMER moveq #3$03, d2
move.b #$40, IER(a2)
rte

; Check registers on 8522(VIA)

CK1VIA move.l a2,a0
bsr . DOCKVIA
rts

; Check registers on 6522(VIA)

CK2VIA mova.l a3,al

bsr DOCKVIA
rts

H

DOCKVIA
bsr INITBOARD
lea AVAILABLE, al
clr d3

&1 move.w (al),d2
beq ®4

' cle. 1 d1

@2 move. | a0,12(a6)

mave. b dl.SaO)
move.b (a0 ), d2

move.b dl1,18(a6

move.b d2,20(aé

=mp. b d1,d2

begq.s @3
cmpi.w #$12,dS
haqg. s ®3

mave.w #2,d7
move.w #1,d0
bra.s ®10

@3 °  addq.b #1,dl

bre. s ®2
cle.b (a0)
3 o
®4 addgq. b #1,d3

adda #8, a0
adda #2,al -
cmp. W #13, d3

bmi ®1
' Glr.w  dO
810 rts

; !:==3=;2:2:8.'282"’!I-IS'II!II
;Check timers aon 6522(VIA)
CK1TIMER move.l a2,a0

bsr CKTIMER

rts
; Check timers on 6522(VIA)
CK2TIMER move.l a3,al

bsr CKTIMER
rts

CKTIMER
bsr INITBOARD
clr.w do

move.b #0, ACR(a0)
move.b #$C0, IER(a0)

;  init interrupt address
ori.w 230700, sr

loa INTCARO, al
maove. | al), a4
mave. | a4 ), al

P TS ITSIIRIII=SSSINISTITITAEITS

P
mave. 1 al, SAVEVECTOR(a5) ;...Save old vector

 —

;sat pass flag, i{n caze we make it thru
; let thes 6522 interrupt coms thru
; did we get the interrupt?
;..-4yas, good
;no, srror
;set srror flag

|
;disubla all interrupts and restore interrupt
1 i

; turn off 6522 timer inearrupcs

; note the level 3 or up interrupt
; dizable the source
; and raturn

; Get address of first VIA

; Get address of sacond VIA

;Registers that can be tested
sInit counter '

;See if legal ragister
5.-.ship if zero

;s dl holds data to write to 6522
; dabug .

; try writing to the 6522

; and reading back

; debug

i debug

; was the data the samm?

; Tech mode to ignore fails?
;Error, rugig;nr wrong

;Sat fail flag

go thru all 256 data cpmbinations to check
data line connection to 1/0 board
;Set to 0 on exit

; Ifcremant counter;

;Noné register

;Set passz flag

i .
-.-.’IIII.II..8"ll".ll!ﬁ\:’ﬂl.’l!.l'!.ll'.l!.
. |

;1 Get address of first VIA
' 14

:Get address of second VIA

move.w d0,WhichTimer(aS) ;Init to'timer #1 i

; Set for one-shot interrupt
; Enable Timer ’

;Disable interrupts

j...get vector addrass
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Fage 00!

4 . T
lea ITIMER, al % s New Interrupt vector
move. 1 al,(ad) 5...into vectar
move #$2100, sr i let the 6522 interrupt come thru
’
®99 lea EXPECT, a4 ; Expact timas
lea TESTVALUES, a1 _
clr.w d3 . ; Test value counter
39 clr.w  Ti(as) ;clear hsppeanad flag
clr.w d2 ;Init counter far loops done
move.w 44(al),d0 ; Gt MSB
move.w (al)+, d4 ; Get LSB
move.w WhichTimer(aS5),dl :
bne ®100
rmove.b d4,TICL{a0 ; Load counter low
move. b dO,TlCHgaO; ; Load upper and start counter
bra 32 .
@100 mave. b d4, T2CL(a0 ;Load counter low
move. b dO,TZCHéaOE ; Load upper and start counter
bra @2 sthiz keeps paths equel
;111! Critical loop, any changes require mxpect table changes
; this loop measured at about 13us C
@2 cmpi.w_ #0,T1l(a5) ;check for happened flag 8
bne @3 j«..axit on flag 8
add.w  #1,d2 ; increment timeout timer 4
cmp. w #3$7fF0, d2 j...2xit on ovartime 4
bpl ®3 H ! 8
move.b (a0),d0 ;Dummy for timing software loop 8
bra ®2 ;Continue wait . 12)
;LY End of critical loop
@3 move.w d2,(a6) ; DEBUG save
move.w Tl(a5),d1
cmpi.w #33,dS ; Tech. modes to ignore fails?
beq ®4
cmp.w (ad),d2 ;Compare to low limit
bmi ®7 .
move.w 44(ad),do ;Compare to high limit
cmp. w do, d2
bal ®8
a4 adda #2, a6
adda #2, a4
add. w #1,d3 ; Increment test value countaer
cmpi.w #22,d3
bmi @1
adda 82, a6
move.w WhichTimer(a5),d0
beq 310
’
clr.w d0
®S move.b #$7Ff,1ER(a0) ;Dismble Timer #1
MOVE #$2700, SR ;dizable sll interrupts and restore interrupt
lea JINTCARD, al
mave.l (al), a4
. mave. | SAVEVECTOR(aS), sl
move. 1 al,(a4)
rts
@6 move.w #1,d0 ;Set error flag -,
bra 85 *
; Timer was too fast, time is tao short .
o7 move.w #4,d7 >
mave.w #1,d0
bra )
. <«
; Timer was too slow, time is too long
[c]:] move.w #5,d7
move.w #1,d0
bra @5
; ====’========l=====ﬂ : .
@10 add.w  #1,d6 ;Next Step number *
move.w #1,d0 ’ : ’
mave.w dO,WhichTimer(aS) -
move.b #$7f, IER(a0 ;Disable Timer #1
move. b RSAO,IER%aog ;Enable Timer #2
bra @99 . 4
; SRS NEEEANAIISRINIAATITTI[TRIIRNN ' ; -
; Interrupt routine for timer test. :
ITIMER movem. 1 a0-a2/d0,-(sp) ;save ragisters on interrupt entry
mave.b IFR(a0),dO ;See if timer #1 .
btst #6, dO je.otimer 1 flag .
beg a1 _ : j...not timer if flag zerao
move.b TI1CL(a0),d0 ;resst timerl interrupt
move. w #Slltflan) ;set happened flag
bra T @2 . ) o
i 3
31 btst #5,d0 . 3ls it timer #2 interrupt? P
beq ®2 ) ;+..Nn0, -ignore any others




e —wrimiEs s Teaer 4 CYMITIE TR

Fage 00

mave. b 'TZCL(loz,dO

;Clinr interrupt

move.w #$22,T1(a5) j...yes, set flag to program
®2 movem. | (sp)*,ad~-2)d0 ;jrestore regs on interrupt exit
rte ! .-

H ============n-l==z:==l:=$===!=Iiltlllll!lll!Il!.!=IIl:l*!l!lslllt:ll:llllul
PAQta? ;Check connection thru cable

bsr INITBOARD

move.b #30C,DDREB(#2) - ;PB 2,3 outputs

move.b #300, ORB(a2)

move.b #$0C,DDRB(e3) ;P8 2,3 outputs

move.b #$08, 0RB(a3)

move.b #$FF,DDRA(a2) ;All outputs

cmp.w - #10,dS

beq 820
cmp. w #11,dS
beq 8l

move.w #$Ff,d3
move.b d3,0RA(a2)
nop

move.b ORA(a3),d0
cmp. b d3, do

bne &1l

mave.w #%00,d3
move.b d3,0RA(a2)
nop

move.b ORA(a3),do0
cmp. b d3, d0

bne 811

move.w #$55,d3
move.b d3,0RA(a2)
nop

move.b ORA(a3),d0
cmp.b  d3,d0

bne 811

move.w #$AA,d3
mave.b d3,0RA(a2)
nop

mave.b ORA(a3),d0

cmp. b d3, d0
bne @11

@1 clr.w d0

move.b d0,DDRA(a2)

move.b d0,DDRB(a2
move.b d0,DDRA(a3
move.b d0,DDRB(a3

;Cycle tech mode?

;Cycle tech made?

/

move.b #$0C,DDR8(a3) ;PB 2,3 outputs
move.b #300, ORB(a3)

move.b #$0C, DDRB(=a2) ;PB 2,3 ocutputs

move. b #3508, 0RB(a2)

move.b #3FF,DORA(#3) ;All outputs

cmp. w #11,d5
beq @21

move.w #$fF,d3
move.b d3,0RA(a3)
nop

P move.b ORA(a2),d0
cmp. b d3, d0
bne 812

moves.w #3300, d3
move.b d3,0RA(a3)
nop

move.b ORA(a2),d
cmp.b  d3,d0 .
bne ®12

mave.w #$55,d3
move.b d3,0RA(a3)
nop

move.b ORA(a2),d0
cmp. b d3, do

bne el2

move.w #%$AA,d3
move.b d3,0RA(a3)
nop

move.b .ORA(a2),d0
cmp. b d3, do

bna @12
510 res
511 mave.w d0,d4

move.w #6,d7

Y

jActual, d3 contains Qxﬁacted ‘_f
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tage 00

{ T .
bra. ®10
1
®12 move.w d0,d4 ;Actual, d3 contains expectad
mova.w #7,d7
bra @10
; Tech mode loop, send data from port A to port B
®20 move.b %355, 0RA( a2 =
move.h #$AA,ORA(a2
bras ®20
; Tech mode loap, send data from port B to port A
®21 move.b #$55,0RA§:3;
move.b #$AA, ORA(a3
bra ®21
H |
; ===========2===========l==l==lﬂl.ﬁ.'QIHIII.Illi!.”l.'.*SISISSC.I.I.’IIH-‘-
r
PBCand7 ;Check cannection thru ceble PBQ,PB7
bsr INITBOARD ’
move.b #$8C, DDRB( &2 ;PB 2,3,7 output
move. b ‘SOC,DDRB§-3 ;PB 0 input T
move.b #$00,ORB(a3)
cmp. w #12,dS
. beq . @20
cmp. w #13,dS
beq ®1
mave.w #%$80,d3
move.b d3,ORB(a2)
mave.w #301,d3
nop
nap
move.b ORB(al), d0
and. w #3$0001, dO
_emp.b ~ d3,d0
bne ®11
move.w #300, d3
move.b d3,0RB(a2)
nop
move.b ORB(a3), d0
and. w #30001, dO
cmp. b d3, d0 )
bne 611 "
@1 movea.b #38C, DDRB(a3 ;PB 2,3,7 output
move.b #$0C, DDRB( a2 ;P8 0 input
move.b #3$00,0RB(a2)
cmp. w #13,dS
beq @21
move.w #380,d3 /
move.b d3,0R8(a3)
move.w #301,d3
nop
mave.b ORB(a2),d0
and. w #£0001, dO
emp. b d3, d0
obne @12
move.w #300, d3 *
mova.b d3,0RB(23)
nop
move.b ORB(a2),d0
and.w #30001, d0
pe emp. b d3,d0
bne 812
@10 . rts
®11 move.w d0,d4 ;Actual, d3 contains expected
move.w #8,d7
bra 810 ’
®12 move.w d0,d4 ;Actusl, d3 contains expected
mave.w #9,d7 -
bra ®10
i
; Tech mode laop ’
@20 move.b #3380, ORB(a2 N
mave.w #$00, ORB( a2 .
bra 820 R
3 Tech mode loop
@21 move.b #$80, ORB( a3 . |
move. w RSO0,0RB§I3 N
bra ®21
; :-”‘-'-'--’ﬂ-.-.'--...‘---.--..-----ll-‘I.-Iv.v-=======:Sa‘,::lﬂ’:::ll:z:‘:ﬂ,
¥ .t o . .
PB4end6 ;Check connection thru cable PB4, PBE
bsr INITBOARD - °
i . : : ¢
mave.b #$1C,ODRB(e2) ;PB 2,3,4 output’. :



T

PB3andCB1

§

‘ move.b #%30C, DORB( a3 ) ;PB 6 input
mave.b #300, ORB(a3)
cmp. W #14, dS ; Tach mada?
beg ®20
cmp.w #15, dS
beq .61 -
move.w #%$10,d3 -
move.b d3,ORB(a2)
move.w #8340, d3
nop
nop
move.b ORB(a3),d0
and.w  #30040, d0
cmp. b d3, d0
bne ®11
move.w . %$00,d3
mave.b d3,0RB(#2)
nop
move.b ORB(43),d0
and. w #%0040, 40
cmp. b d3, d0
bne el
@l move.n #$1C, DDRB( a3 ;PB 2,3, 4 output
move. b “SOC,DDRB%QZ; ;PB 6 input
move.b #300,0RB(#2)
cmp. w #15,d5
beq ®21
move.w #%10,d3
move.b d3,0R8(a3)
move.w #340,d3
nop
move.b ORB(a2),d0
and.w #$0040, dO
‘cmp. b d3, d0
bne 812
move.w #$00,d3
move.b d3,0RB(a3)
nop
move.b ORB(a2),d0
and. w #%0040, 40
cmp. b d3, d0 v
bne ®12
@10 rts
®1l1 move.w d0,d4 ;Actual, d3 contains expectad
move.w #10,d7
bra ®10
®12 move.w dO,d4 ;Actual, d@ contains expectad
move.w #11,d7
bra 810
; Tech mode
@20 move.b #3$10, ORB( a2
move.w #3500, ORS( a2
bre ®20 .. ;
; Tech mode R )
@21 move.b #810, ORB(=3 -
move.w #300, ORB(a3
bra ®21
: =======lgllﬂllllllllﬂﬂll-!-z NMEWRRATE -s-..-‘-%*‘-:.-’---....-.-

;Cheack connection thru cable PB3,CB1

bsr

; Setup vector to expect CB1

ori.w
lea
move. |
maove. |
move, 1
lea

~ move. 1l

move

mova.b
move. b
move.b
move. h

; Set PCR to interrupt

mave. b
move.w

; Enable CBl interrupt

move. b
mave. b

INITBOARD

230700, sr
INTCARD, al
al), ad -

a4 ), al

interrupt

;gisablo interrupts

.get vector address

al, SAVEVECTOR(:S) ,...Save old vectar

ICBIVI,:I
al, {a4)
#$2100, sr

#50C, DORB(a2 )
#300, ORB(a2 )
#30C, DORB(a3 )
#$08, ORB(a3 )

#310, PCR(a3 )

;New interrupt vectar
. into vector >
; let the 6522 interrupt come thru

;PB 2,3 output’
;make an output gate
;CBl input

;Make an input gate

on high going wdgs

#$00, CBIVIAI(OS) ,cl.nr hnpp-nad flag

‘capahility

#37F, IFR( a3
#3930, IER( a3

ALl flags off




cmp. w #16; dS

beq ®20
cmp.w  #17,dS
beq &l

1

; Wait and assure no interrupts
nop ’
nop

move.w CBlVIALl(a$§),d0
cmp. w #0, d0
bne 812

; Drive a 1 out of PB3
move.b #$08, ORB(a2)
nop
nop

; Tech made laoﬁ?

; Tech mode louﬁ?

; Check to see if got interrupt, fail if did not.

move.w CBIVIAl(aS),d0
cmp.w #0,d0
beq @13

; Reset got interrupt flag
move.w #0,CB1VIAl(aS)

; Drive a 0 out of PB3
move.b #$00, ORB(a2)
nop
nop

; Check an assure no interrupt
move.w CB1VIAl(a$5),dd
cmp. w #Q, dO
bne ®12

; Drive a 1 out of PB3
. move.b #$08,0RB(e2)
nop
nop

; Check to see if got interrupt, fail if did not.

move.w CBlVIAl(aS§),d0
cmp. w #0, dO
baq ®13

; Disable CB1 interrupt.
@l move.b #$7F, IER(a2)

; Setup vector to expect CBl interrupt
ori.w #30700, sr

lea INTCARD, al
move. 1 (al),ad
lea 1CBlv2, al
mave. | al,(a4)
movs #$2100, sr

N mave.b #3$0C, DORB( a3 )

move.bh #300, ORB{a3
move.b #$0C,DDRB(a
smove.b #$08, ORB(a2)

move.b .#$10,PCR(a2
move.w #$00,CB1VIA

; Set PCR to intarrupt on high galnj adge

@« move.b #$7f,IFR

; Enable CB1 interrupt capabilit
move. b ﬁSQO,IER?

a2

cmp. w #17,dS

beq @21
H
; Wait and assure no interrupts
) nop
nop

move.w CBIVIA2(aS), dO
cmp. w #0, dO
bne - 611

; Drive a 1 out of PB3
move.b %308, 0RB(a3)
nop
nop

iDisable interrupts

;New jinterrupt vector

j-+-into vectar

s let the 6522 interrupt come thru

;PB 2,3 output

;make an output gate

;CBl input .
jMake an input gate

(aS) ;clear happened flag

.2; ;All Flags off

;chh‘modc loop

; Check to see if got interrupt, feil if did not.

move.w CB1VIA2(aS),d0
cmp. W #0, d0
beq . ®14

; Resst got interrupt flag
move.w #0,CBlVIA2(aS) .

Drive a 0 out of PB3 - '
move.b = #300, ORB(a3)
nop

.
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; Tech mode loap

@20 move. b
nop
nop
move.b
nap
nap
bra

i

; Tech mode loop

Drive a 1 out of PB3

#$08, ORB( a2 )
#300, ORB( a2) ; Dr{Ca a 0 out of PB3

@20

@21 cmove.b #%08,0RB(a3) ; Drive a 1 out of PB3 .
nop v D; P
nop .
move.b #300,0RB{a3) ; Drive a 0 aut of PB3
nop
nop
bra ®21

H -«

: Interrupt routina for PB3 to CBl test.

}CBLVI ‘ move. 1 d0,-(sp) ' ; save registers on interrupt entry
move. b IFR(a3),dO ;Ses if CB1
btst #4,d0 3+..CBL fleg :
beq al ‘ ip..nat CBL if flag zera : .
tst.b  OR8(ald) ;reset CBl interrupt.
move.w #301,CB1VIAL(af) ;set happened flag

1 move. l (sp)+,d0 ;r-:t&ra regs on‘lnt.rrupt exit
rte .

: Interrupt routine for PB3 to CBl test.: )

iCElVZ mova. 1 dO,-(sp) -3 $ave registers on interrupt entry
move. b IFR(aZ),dO ;Sea if CB1
btst #4,d0 .CBl flag
beq @l .nut CBl if flag zero

@l

i
; S=sEzssaasszess

CA2andP81

tst.b  ORB(a2)
move.w . #3$01, CB1VIA2(aS)

,rnsoé CBl interrupt
;set happened flag

move. 1 (sp)+,dO ;restore regs on interrupt exit
rte . . . . ‘

======I-I==at:xtﬂial==l!!:!!:aa::zl:=z-=;---=::==n=:az=!a:

;Check cannectton thru cable CAZ PB1 ) ‘
bsr INITBOARD o B i

-
nop
; -
; Check an assure no interrupt.
move.w CBIVIAZ(.S).dO
cmp. w #0, dO
bne . o1l - SR
; .
; Drive a 1 out of PB3
move.b #$08, ORB(=3)
nop *
nop
; Check to see if got interrupt, fail if did not.
move.w CB1VIA2(aS),d0
cmp. w #0, 40
beq @l4
; Disable CBl interrupt.
move.b #$7F, IER(a3)
H
; Restore vector to original :
MOVE #$2700,SR  ;disable all interrupts and rest interrupt
lea INTCARD, al
mava. | (al), ad
mova. | SAVEVECTOR(.J).:I
move.l al,(a4)
610 rts
i
; Extranous interrupt error on part A
al1 move.w #12,d7
bra ®10
; Extranous interrupt errar on port B
®12 move.w #13,d7
bra ®10
; Expected interrupt did not occur on port B
@13 move.w #14,d7
bra ®10
; Expected interrupt did not occur an port A v
®14 move.w #15,d7
bra ®10
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O

Setup vector to axpmsct CAl interrupt

ori.uw #30700, 2r ;Disable interrupts
lea INTCARD, al

mave, ! al , a4

mave. . ,al .get vector address
move. 1 al SAVEVECTOR(&S) j.+.Save old vector
lea [CA1V1 al ;New interrupt vactor
move. 1 al,(a4) i...1into vector

move #$2100, sr ; let the 6522 interrupt come thru
move.b #30C,DDRB(a2). ;PB 2,3 output

move.b #$00,O0RB(a2) ;make am output gate
move.b #50C, DDRB(a3) s PB1l input

move. b USOB,ORB(aS) ;Make an input. gate

mave.b #$0C,PCR(a2) ;Orive CA2 Low
Set PCR to interrupt on high going edge
move.b #$01,PCR(a3) )
move.w #3$00,CALlVIALl(aS) ;clear happened flag
Enable CB1 interrupt capabilit
move. b #s?F,lFR§n3g ;All flags off

move.b #382, IER(a3
- cmp.w #18, dS ; Tach mode laop?
beq ®20
cmp. W #19,d5
beq ®1
Wait and assure no interrupts
nop
nop

move.w CAIVIAl(a5),d0
cmp. w #0, d0

bne @il

move.b #3$0E,PCR(a2) ;Orive CA2 High
nop *

nop

Check to see if got interrupt, fail if did not.
move.w CA1VIAl(aS),d0
cmp. w #0, dO
baq @12

Check PBl for constant level
move.b ORB8(al), d0
and. b #302, d0
cmp. b #302, dO

bne ®1l7
Reset got interrupt flag
mave.w #0,CALVIAL(sS) /
move.b #$0C,PCR(®2)  ;Drive CA2 Low
nop
nop

Check an assure na interrupt
°move.w CAIVIAI(:S),dO
cmp. w #0, dO B
bne ®11 )
Check PB1 for constant level
move. b ORB(a3g,d0
and. b #302,d

“r cmp. b #$00, dO
bre [ ) ¥4
move.b #30E,PCR(a2) ;Drive CA2 High
nop :
nop

Chetk to see if got interrupt, fail if did not.
move. W CAlVIAl(tS),dO
cmp. w #0, dO
beq 012 .

Check PB1 for constant lavel
. mova.b ORB(a3),d0

and. b #5302, d0 *
cmp. b #3$02,d0 . N
bne @17 B

Disable CBl interrupt.
mave.b #$7F,IER(a2) " . b

Setup vector to expect CAl -interrupt

ori.w #30700, sr ;Disable interrupts

lea . INTCARD, al . .

move.l (al), a4 .

lea ICA1V2, al " ;New interrupt vector )
move.l al,(a4) ;... into vector . ‘

move 222100, =r ; let the 6522 interrupt ‘come thru



\

cayy

;1PB 2,3 output

move. b #30C, DORB(a3) -
mave. b #$00,0RB(a3) imake an output gate )
mave.b #30C,0DRB(a2) ;PBL input
move.b #%08,0RB(e2) ;Maka an input gate
move.b #$0C,PCR(a3)  ;Drive CA2 Low ' -
Set PCR to interrupt on high going-'sdgs
move.b #301,PCR(a2)
move.w #300,CA1VIAZ(a5) ;clear happenad flag .
Enable CB1 intsrrupt capability
move.b #8$7f,IFR(a2) ° ;All flags off
move.b #3$82, IER(a2
cmp. w #19, d5 ; Tech mode loop?
beq ®21
Wait and assure no tﬁcerrupts
nop
nop
move.w CALVIA2(a5),d0
cmp. w %0, d0
bne @l4
~ move.b #$0E,PCR(a3) ;Drive CA2 High
nop -
nop
Check to see if got interrupt, fail if did not.
move.w CALlVIA2(a§),d0
cmp. w #0, dO
beq ®13
Check PB1 for constant level
move.b ORB(a2),d0
and. b #$02, d0
cmp. b #%$02, d0
bne 818 N i
Reset got interrupt flag
mave.w #0,CALVIA2(a5)
move.b #30C,PCR(a3) ;Drive CA2 Low
nop
nop v
Check an assure no interrupt -
move.w CALVIA2(s5),d0
cmp. w %20, d0
bne @14
Check PBl for canstant laval

move. b
and. b
cmp. b
bne

move. b
nop
aNOP

Check
move.w
cmp. w
beq
Check FBl for
«
move. b
and. b
cmp. b
brne
Disable CBl interrupt.
move. b

Restore vector to original

ORB( 82 ), dO
#3802, dO
#5300, dO
818

#$0E,PCR(a3) " ;Drive CA2 High

-

to see if got interrupt, fail if did not. 5

CALVIA2(aS), d0
#0, dO
®13

constant levsl

ORB(-Zg.dO
2302, d .
#$02, dO

®18

#$7F, IER(a3)

. > .
;disable all interrupts aend rest interrupt

MOVE #32700, SR
lea INTCARD, al .
mava.l (al), a4 . "
move. l SAVEVECTOR(a5), al
move.l al,(a4d)
&10 res ‘
: Interrupt occurred when none expacted, on Port B.
®11 move.w #13,d7
bra = ®10 .
; Expected interrupt did not octur on port B, : T,
@12 mave.w . . :

#14,d7 '




bra

®10

; Expectad interrupt did not occur on port A.

®13 move. w
bra

#15, d7
®10

; Interrupt occurred when none expectsd, on Port A.

@14 move. w
bra

;i PBl on port B failure

@17 move.w
bra

i PBl on port A failure

@ls move. w
bra

; Tech mods looep .

®20 move. b
nop
nop
move. b
nop
nop
bra

; Tech mode loop

®21 move. b
nap
nap
move. b
nop
nop
bra

CAlvVl move. |
move. b
btst
beq
tst. b
move.w

@l move. |

rte

H

; Interrupt routine for

ICAlv2 move. 1

: mave. b
btst
beq
tst. b
move. w

@l - mave. 1
rte

AParity

bsr

mave. b
move. b
move. b

move. b
move. b
move. b

cmp. w
beg

lea
lea
clr.w
@l

move. w
move. b
move.w
adda
move. b
move. b
move. b
mave. b
move. b
cmp. b
bne
clr.w

#12,d7
@10

(BSY)
#18, d7
810
(BSY)

219, d7
@10

#30E, PCR(#2)
#S0C, PCR( a2 )
®20

#S0E, PCR( 03 )
#30C, PCR( 83 )
®21

PB3 to CAl test.
do, -(sp)
IFR(a3 ), dO
#1,d0

@1

ORA(a3

#3501, CALVIAL(aS)

(sp )+, d0

PB3 to CAl test.

d0, -(sp)

IFR(a2 ), dO

®1,d0

®1

ORA(22)

#3501, CALVIA2(a5)

(sp)+, dO

a2 - First VIA address.
al - Second VIA address.

;Orive CA2 High

;Drive CA2 Luwl

;0rive CA2 Higﬁ

;Orive CAZ Low

; save registers on interrupt esntry
;See {f CAl
;...CALl flag
j...nat CAl if flag zero
jraset CAl interrupt
i set happened flag

jrestore regs ah interrupt exit

; save registers on interrupt entry
;Ses {f CAL
;...CAl flag
3...nat CAL if flag zero
;rasat CAl interrupt
; set huppa?ud flag

;jrestore regs aon interrupt exit

H ==========l====sﬂna=:z:u-Illl:t’z;tslllll--lzasl-tﬂnIIl':l;ll=-==l-=lsls!-13l-

-

“

DORA set to inputs, A port.

INITBOARD

#$FF, DORA (a3
2$1C, DORB( a3
#5300, ORB( a3 )

#$2C, DORB( a2 )
#308, ORB( 82
#$6A, PCR( a2

#20,dS
820

PData, a0
PExpect, al
ParityTestz(as)

(=80}, d0
d0, ORA(a3)
44(a0),dl
%42, a0
d1,0RB(a3)
#3308, 0RB( a2
#$28, ORB( w2
%4308, IFR(a2
ORA(a2 ), d3
d0, d3

®l1

~d4

" ;Data

s Maks port B ouéput data

3PB 2,3,4 outpug

;Make an autput ‘gate
I

;PR 2,3,5 outpui‘
;make an input gate

;CAZ pulse autput, CB2 pas edge ind inter

; Tach mode ‘loop?

> <

B *
;Clear test number .counter

;Parity line

;Pulse resat line high

; resat line low

;Reset CB2 flag in case it was set

. iRead port A

$...assurs data is correct’




's !

mave.b IFR(s2),d4 ;Read sme if CB2 was flagged. -

move.w d4, 44(al) ;...slvl actual
move. w (al)+ dl
sor.w dl,d4 ' ;Only leave CB2 difference

and. w #308, d4

cmp. W #0,d4 -

bne .~ ®12

move.w ParityTests(as5),d0
add.w  #1,d0

mova.w dO,ParityTests(a5)
cmp.w  #22,d0

bne ®1
; End of loop
%10 rts
; Bad data (PAO-PA7) during parity tast.
@11 move.w #20,d7
bra ®10 -
; Bad parity (CB2) during parity test.
@12 move.w #21,d
bra ®10
; Tech Mode loop
@20 move. b #301,0RA(a3 ;Data
mova.b #301,0RB( =3 ;Parity line
move.b #308,0RB(a2 ;Pulse reset line high
movae.b #3$28,0RB8(as2 reset line low
move. b #$08, IFR{ a2 ~R-set CB2 flag, in case it was set
move.b ORA(a2),d3 ;Read port A
move.b IFR(a2),d4 ;Road ses if CB2 was flagged.
i
movea.b #303, QRA(a3 ;Data
move.b #2301, ORB( a3 ;Parity line
move.b #308,0RB( a2 jPulse reset lide high
move. b #$28,0RB(a2 reaset line low
move. b #$08, IFR( a2 -R-:et CB2 flag in case it ues set
move.b ORA(a2),d3 ; Read port A
move.b IFR(a2),d4 ;Ruld sae if CB2 was flagged.
bra ®20

i |
;====:===:::=:==:===:llz:s::s:s.‘nsaanlllllq-lnaIl!l.s.#:'.ln'nlq!ll!ll

BPar ity : -
; DDRA set to inputs, A port
bsr INITBOARD:
mave. b #3FF, DDRA{ a2 ;Make port B output data
move. b #$1C, DORB( a2 ;PB 2,3,4 output
move.b #300,0RB(#2) iMake an output gat-
move.b #$2C, DDRB(;3 3,5 oucput
move.b #$08,0RB mukl/an input gate
move. b #SSA,PCR ; ~CA2 pulse output, CB2 pox edge ind inter
cmp. w #21, dS
beq ®20
o loa PData, a0
lea PExpect, al. ., R .
clr.w  ParityTests(a5) ;Clesr test number counter
81 . . N ;
move.w (a0),d0 -
move.b d0,ORA(a2) ; Datw
move.w 44(a0),dl
“ adda #2, a0 i
mave.b d1,0RB(a2) jPerity line
move.b #308, ORB( a3 ;Pulse reset line high
movea.b #$28, ORB( a3 H reset line low
move.b #308,IFR(a3). ;Rezet CB2Z flag in case it was set
move.b ORA(a3),d3 ;ﬂ--d part A
cmp. b d0, d3 j4¢.838ure data is correct
bne @11 ! )
clr.w  d4 ’ *
mova.b IFR(al), d4 -R.ad ses if CB2 was fl.ggnd.
move.w d4,44(al) ’ -save actual
move.w (al)+,dl ‘ .
eor.w dl,d4 ;0nly leave CB2 difFeronce
and. w #$08, d4 *
cmp. w #0, d4 -
bne 312 g . L .
move.w ParityTests(aS), d0
add. w #1,d0
move.w dQ, Parlthnsta(-5)~ .
cmp. W #22,d0
bne ®1
; End of loop
@10 rts

; Bad data (PAO-PA7) during p-rlty tush.’
@11 . move.w #22,d7 :
bra ®10 ' N - R
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i
; Bad parity (CB2) during parity test.

Restore VIA for next user

®12 move.w #23,d7
bra ®10
H
; Tech Mcde loop
®20 move.b - #%301,0RA{ a2 ;Data
move.b #3001, 0RB(a2 ;Parity line
move.b #308,ORB{al ;Pulse reset line high
move.b #$28,0RB{a3 H rasat line low
move. b #%08, IFR(a3 ;Resat CB2 flag in case it was set
move. b ORA(al3),d3 ; Read port A
move. b IFRéaQ;,d4 ;Read sese if CB2 wasz flagged.
move.b #303,0RA(a2 ;Data
move.b #3301, 0RB{a2 ;Parity line
move. b #308,0RB{a3 ;Pulse resat line high
move.b #$28,0RB(a3 ; raset line low
maove.b #$08, IFR(a3 ;Reset CB2 flag in case it was set
move.bh ORA(a3),d3 ; Read port A
move.b IFR(a3),d4 ;Read ses if CB2 was flagged.
bra ®20 i -
=============!==3====3======.'!"Il====8=-S!‘"l.‘:l!gi"ﬂ.""...’:."ﬂ.

; Flag for table

L

$00,$00, $00

end and debug

. WORD

$1234, $5678

ESTORE
move #3$2700, sr ;Disable interrupts
lea KBOVIA, al iEnable keyboard COPS
move. b #$7f, IER{al)
move. b . KBDIEN(a5 ), d0 ;Gat from LOCAL table
move. b dO,IERéalg
clr. b ACR(a2)
move.bh #$7f,IFR(a2
move. b ﬂ$7F,IERfa2; ;All interrupts off
clr.b  ACR(a3) '
move.b #3$7f,IFR(a3)
move.b 8$7F,IER§-3) ;All interrupts off
rts
CARD . WORD 0,0 ;Card bass address, whers boot ROM is
INTCARD . WORD 0,0 ;Int vector for card
LOCAL .WORD O ; TICKTOCK
.WORD O 3 T1
.WORD . 0 ;T2
JWORD O ikeOtEN  /
.WORD 0,0 3 SAVEVECTOR
. WORD Q sWHhichT imer
. .WORD O ; CA1VIAL
.WORD O ; CALVIA2
.WORD O ;CBIVIAL
o - WORD 0 ; CBIVIA2
. WORD 0 iParityTests .
; Tables derived from National LOGIC databook for LS$S280, P6-204
PData . WORD $00 : ;Data for PAO-PA7
. WORD $01, $02, $04, 507
. WORD $03, 306, $0S
“ . WORD $08, 310, $20, $38
.WORD %18, $30, 328
. WORD $40, 380, $00, $CO
. WORD $CO, $80, 340
. HORD 300 . ;Par ity sent, FB6
. WORD $00, $00, $00, $00
.WORD  $00, $00, $00
. WORD $00, $00, $00, $00
. WORD $00, $00, 300
. WORD $00, $00, $10, $10
. WORD $00, $10, $10 - ) - .
; Expect $08 = expsct CB2 interrupt, 0 = no interrupt expected
PExpect . WORD $08 ; Expected
.WORD  $00, $00, $00, $00 ’
.WORD %08, 308, 308
. WORD $00, $00, $00, $00
.WORD 308,308,308 ’
. WORD $00, 300, $00, $00
. WORD $08, 308, $08
. WORD $00 3 sActual;
. WORD $00, $00, 300, $00 »
. WORD $00, $00, $00 )
.WORD = %00, $00, 300, $00
.WORD %00, %00, $0Q
.WORD  $00, $00, $00, $00
. WORD .
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