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1. INTRODUCTION

The continuous refinement of digital integrated circuit
design and production techniques has made possible the
development of microcomputer systems which exhibit
functional performance characteristic that had not
previously been possible to obtain using a single board.
These same techniques which enable the evolution of
complicated computer systems with such powerful capabilities
have also created challenging opportunities for the test
engineer to develop parallel techniques which will provide
an adequate data base necessary to insure proper functional
performance.

Innovations in computer test methodology in the last
decade have come in response to increases in the power and
complexity of these complicated computer systems (see
Figure. 1 ), but even then new systems were becoming
increasingly tough for tester to handle and programmers have
to work hard to generate test exercises that could achieve
an adequate level of test comprehensiveness.

Two common approaches are used to diagnose problems at
board level [8]. The in-circuit method which isolates each
component on the board and test it individually. In the
event of failure, the tester will generate a component level
diagnostic to assist in repairing the defect. In contrast,
the functional test method operates the board as a unit and

checks for discrepancies between actual and ideal behavior.
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Both the in-circuit and functional test methods required
external Automatic Test Equipment (ATE) to assist in the
testing procedure.

Both in-circuit and functional testers suffer from a
common problem [12]: the increasing difficulty of generating
a comprehehsive test problem due to the growing functional
complexity of devices and board. The same complexity,
however has provided the impetus for the emergence of new
test techniques. Designers of the new boards also face the
same complexity issues. Their response has been to impose a
structure on their boards in order to make their design
decisions manageable. Large scale integration (LSI)-based
boards today are characterized by the increasingly pervasive
microprocessor. The microprocessor allows much of the
board’s functionality to be defined in software, allowing
designers to spend more effort on defining what that
function is and less on its implemention.

Just as the increasing wuse of microprocessors is
helping to structure the task of the board designer, so is
it helping to structure the task of the test engineer. One
increasingly common test approach that take advantage of
this structure is the SELF-TEST, which is in essence the
purpose of this project: to design and implement a BUILT-IN
SELF-TESTING technique on the Intel SBC 80/10A single board
computer . Upon execution or completion of the test, it

would have some kind of indication (usually a GO/NO-GO



message) to indicate whether the board under test is good or

bad.



2.0 REVIEW OF BUILT-IN-TEST

As computer performance has increased, testing problems
have become more difficult because of increased system
complexity and decreased circuit controllability and
observability. Controllability and observability problems
have 1long been the focus of struggles of the digital test
engineer as the density of computer IC increased. New
testing approaches have become necessary‘in many computer
applications to provide on-line visibility into computer
functional processes. A viable approach to increased on-line
computer process visibility is the built-in-test [11].

In general, built-in-test refers to testing approaches
which are an integral part of a particular computer design
[11]. Built-in-test is therefore distinguished from external
testing approaches which are executed when a computer is
off-line using external automatic test equipment or software
diagnostic 1loaded from a data storage medium (refer to
Figure. 1 ).

Built-in-test approaches may be implemented in
computer hardware, firmware or software. Some schemes can be
executed during system run-time, concurrently with on-going
functional operations or during convenient system idle time.
In real-time applications, particularly where special-
purpcse processing is done, built-in-test is often
implemented in hardware separate from functional computer

resources to allow concurrent testing during normal computer



operation.

Concurrent built-in-test techniques are an important
subcategory which may be generally classified as information
redundant or hardware redundant. Information redundant
built-in-tests include popular coding schemes such as
parity, cyclic redundancy checks, error-correcting codes,
etc. Hardware redundant built-in-test techniques range from
self-testing circuits at the gate level, through duplication
at the module level, to replicated computer at the system
level.

Nonconcurrent built-in-test may conveniently exist in
resident software which can be called by a computer
operating system when needed. Software built-in-test is
usually executed during times when normal functional
processing is not being done. This approach to built-in-test
is low-cost, since only minimum special purpose hardware is

required [14].

2.1 BUILT-IN SELF-TESTING TECHNIQUE

Built-in self-testing is similar in definition to
built-in-test and can also be implemented in computer
hardware, firmware or software. As we know from section 2.0,
built-in-test has such a broad definition that it really
depends on what the applications are. We will have a

somewhat restricted definition for the built-in self-testing



concept as used in this research or application. It is a
test program written in the processor’s own language to
exercise the board’s functions in order to verify that all
essential parts are working correctly.

With this method, only minimum hardware is required
to generate the large volume of stimulus data [14]. A1l it
needs is some spare memory in ROM for storing the self-test
program, some interconnecting logic and edge-connectors for
setting up the test; see Section 5.0.

The self-test technique should be able to verify
the working condition of the following parts of a computer

system (Intel SBC 80/10A in this case):

1. Verify the basic operation of the address and data
busses,

2. Verify operation of the central processing unit
(CpU),

3. Verify the ROM(s) containing the system software,

4., Verify the ROM containing the self-test program,

5. Check the ability to read or write from RAM,

6. Perform tests to exercise the control logic,

7. Verify operation of the 1I/0 ports (both serial and
parallel),

8. Verify the external system bus (multibus interface).

Self-test can radically reduce the amount of ATE

needed, because the GO/NO-GO indication can quickly identify



whether the Intel SBC 80/10A board is good or bad. It must
be noted that the self-test technique verifies faults, it
does not diagnose them. Diagnosis is not the scope of this

research.



3.0 FUNCTIONAL DESCRIPTION OF THE INTEL SBC 80/10A BOARD

The Intel SBC 80/10A board is a complete computer
system built. on a single 6.75" by 12.00" printed circuit
board (see Figure A-1 of Appendix A). The CPU, system
clock, read/write memory, non-volatile read-only-memory, I/0
ports and drivers, serial and parallel communication
interface, bus control logic and drivers all reside on the
board.

The circuitry on the Intel SBC 80/10A board can be

divided into six functional blocks (Figure. 2):

1. CPU set,

2. System bus interface,

3. Random access memory (RAM),
4. Read-only-memory (ROM),

5. Serial I/0 port,

6. Parallel I1I/0 port.

3.1 CPU Set
The CPU set consists of the Intel 8080A central
processor, the 8224 clock generator and the 8238 system
controller (Figure 3). The CPU set is the brain of the
Intel SBC 80/10A board. It performs all the system
processing functions and provides a stable timing reference

for all other circuitry in the system. The CPU set generates

all of the address and control signals necessary to access



the memory and the I/0 ports both on and external to the

Intel SBC 80/10A board.
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3.2 The System Bus Interface

The system bus interface includes all those
circuits that drive the various system control signals which
also includes two Intel 8216 bi-directional bus drivers and

six Intel 8226 devices which drive the memory data bus and

the external system data and address busses, respectively.

3.3 The Random Access Memory (RAM)
It provides the Intel SBC 80/10A users with 1024 x
8 bits (1K) of onboard read/write storage, and is made up of

eight Intel 8102 low power static RAMs (1024 x 1 bit each).

3.4 The Read-Only—-Memory (ROM)

The Intel SBC 80/10A has four 24-pin sockets that
can accept either Intel 8708 erasable and electrically
reprogrammable ROM (EPROM) chips or Intel 8308 metal masked
ROM chips, or Intel 2716 EPROM chips or Intel 2758 EPROM
chips or Intel 2316 metal masked ROM chips. The total
ROM/EPROM memory capacity using the 8708, 8308 or 2758 is 4K

X 8 bits and 8K x 8 bits using the 2716 or 2316 chips.

3.5 The Serial I/0 Interface
The Intel 8251 USART device provides a bi-
directional serial data communication channel that can be
programmed to operate with most of the current serial data

transmission protocols: synchronous or asynchronous mode,

13



baud rate, character length, number of stop bits and the

choice of even, odd or no parity are all program selectable.

3.6 The Parallel I/0 Interface

Two Intel 8255 Programmable Peripheral interface
devices provide 48 I/O lines for the transfer and control of
data to or from external peripheral devices. Eight 1lines
already have a bi-directional driver and termination
network permanently installed. These bi-directional netwérks
allow the eight lines to be configured as input, output or
bi-directional and the remaining 40 1lines have sockets
provided for the installation of drivers or termination
networks as required to meet the specific needs of the users

,See Section 4.3.1 on testing the parallel I/O ports.

14



4.0 TESTING OF THE INTEL SBC 80/10A SINGLE BOARD COMPUTER

The presence of the CPU on the Intel SBC 80/10A board
allows it to exhibit self-testing capabilities (i.e., the
intelligence of the microprocessor will be made use of since
all the test programs are written in the processor
language). All it needs is the addition of a self-test ROM
containing all the necessary self-test software, some
interfacing logic and connectors. This self-test software
can be executed on a regular basis, such as each time the
single board computer is powered up. In this application,
basic tests such as continuity, power shorts, signal shorts,
address and data pins stuck high or low, I/0 pins stuck high
or low, presence of clock signal, etc., would be performed.
After the tests, the self-test routine would give a GO/NO-GO
indication as to whether the Intel SBC 80/10A board is good
or bad.

The remaining portion of this section will be devoted
to detailing how the different parts of the Intel SBC
80/10A board are tested.

The minimum parts of the Intel SBC 80/10A board that

are to be tested are:

1. onboard microprocessor,
2. onboard RAM,
3. onboard ROM,

4. address and data lines,

15



5. serial and parallel I/0 ports,

6. external system bus (multibus interface).

4.1 Testing the Onboard Microprocessor
The Intel SBC 80/10A board utilized the 8080A
single- chip,N—channel microprocessor for all its system
processing functions (example, arithmetic and logic
calculations).

The 8080A is a complete 8-bit parallel central
processing unit (CPU). It contains six 8-bit general-purpose
working registers and an accumulator. The six general-
purpose registers may be addressed individually or in pairs,
providing both single and double precision operations. The
8080A microprocessor also has an external stack feature
wherein any portion of memory may be used as a last in/first
out stack to store/retrieve the contents of the accumulator,
flags, program counter and all of the six general-purpose
registers. The 16-bit stack pointer controls the addressing
of this external stack. A brief block diagram of the 8080A
is shown in Figure 4.

Most of the test programs are influenced by the
internal structure of the microprocessor. Some aim to
exercise each functional block in the microprocessor,
whereas others aim to test the device pin for stuck-at-0 and
stuck-at-1 faults, and still others aim to test only the

instruction sets [5]. The structural approach normally

16
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requires a detailed logical description of the
microprocessor and this information is usually not available
to the user. Even if we know the details of the circuit
realization, an enormous amount of computation is needed to
generate tests at the gate level, due to the large numberof
gates on the chip.However, testing of the instruction sets
will usually exercise both the structure and most of the
pins on the microprocessor. Hence the latter method will be
used to test the onboard microprocessor.

There are two possibilities for carrying out the
microprocessor test [3]: either the open loop testing or the
closed loop testing. In the former case, the instructions
come from the tester in a sequence completely under external
tester (ATE) control, whereas in the latter case, the
microprocessor itself determines the instructions
sequencing.

Since we are developing a program for built-in
self-testing, the microprocessor <can only be executed in a
closed loop manner and without an external tester.

One of the most interesting methods for testing a
microprocessor, particularly in the user testing
environment, was suggested by Brahme and Abraham in [24] and
then modified by Abraham and Parker in [23]. This method is
easy to set up and we only need to know the register and
instruction sets of the microprocessor. Only certains parts

of the methods described in [23] and [24] were used for our

18



testing purposes.
The test designed for the microprocessor has the
following purposes:
1. detect stuck-at-0 and stuck-at-1 faults on the
microprocessor address and data lines,
2. detect stuck-at-0 and stuck-at-1 faults in the
registers,
3. detect stuck-at-0 and stuck-at-1 faults in the
Arithmetic and Logic unit,
4. detect stuck-at-0 and stuck-at-1 faults in its

supporting circuitry.

4.1.1 Generation of test sequence

The microprocessor instruction sets were divided
into four main categories:

1. Data transfer group (example, MOV R; R,, MVI
Ry #, LXI R, address, etc.),

2. Arithmetic and logical group (example, ADD,
SUB, DCR, ORA, XRA, etc.),

3. Branch control group (example, JMP, JNZ, CNZ,
etc.),

4. I/0 group (example, IN, OUT, etc.).

Under a fault in a microprocessor , either or
both of the following may happen [23] :

1. an instruction is not executed,

19



2. the information stored in the microprocessor
is incorrectly modified. The 1incorrect
modification of the storage elements or

registers will result in their being

a. reset to zero,

b. set to one,

c. overwritten with the contents of other
registers (with the AND or OR function of
the registers),

d. exchanged,

e. complemented.

At any time during execution of the self-test
program, we assume the presence of any number of faults but
only in one function described above. This assumption can be
justified in our case because of the locality of failures
and the frequency of tests. However, even if this assumption
is not justified, it is unlikely that a test based on it
will fail to detect a fault affecting two functions. Of
course, if the additional instruction does not cause
anything to be incorrectly modified in the microprocessor,
then the fault is undetectable. However, as long as we can
detect the faulty behaviof (as a result of erroneous data),
we really do not care whether it was caused by the execution

of another extra instruction or by accessing a register or

20



by the AND or OR function of any register pair.

4.1.2 Test procedure

To test for the faults just described, we merely
have to execute each instruction, make sure that it was
correctly executed and none of the internal
storage/registers was incorrectly modified.

Note that we have to execute other instructions
in order to read the internal storage/registers and these
instructions may themselves be faulty. The result may be
that the correct (expected) data may be seen at the output
pins as a result of interaction between faults. In order to
ensure that such fault-masking does not exist, we will apply

the tests in the following order [3].

Microprocessor Test Procedures

A. Test the reading-out and the loading of the
internal registers,
B. Test as many of the "frequently used"

instructions as possible.

The above tests will first ensure that the
instructions can be executed correctly and that they do not
destroy the information in the microprocessor.

Since the registers have to be read out after
each instruction, we have to first ensure that all registers

can be read out correctly and that the reading-out process

21



does not cause information to be changed inside the
microprocessor. This test can be implemented with the data
transfer group instruction.

We start with loading different code words [24]
in each register. The property that the code words should
satisfy is that any faults (AND or OR function of two
registers) operating on code words should produce a non-code
word.One of the commonly used codes is the d-out-of-w code.
This code word will ensure that the AND or OR function of
any set of registers will not be the same as the valid code
word.

We illustrate the use of code word with the

available 8080A data

=
]

# of register = 7

w = width of register in bit = 8

With the above information and formula, we
could use a 1-out-of-8 code. The code words are listed in

Table 1.

22



Table 1. Code Word Assignment to Registers

for Test Procedure A

Register Bit Number

0123 45867
A 61111111
B 10111111
C 11011111
D 11101111
E 11110111
H 11111011
L 11111101

Verification of Faults

CASE 1. Consider the fault

register C.

if register A

is AND with

Rp:01111111 AND R:11011111 --=> Rp:01011111

CASE 2. Consider the fault if register D is OR with register

H.

Rp:11101111 OR Ryg:11111011 ---> Rp:11111111

and so on.

Microprocessor Test Procedure A (Register Check Test)

1. Load different code words into each register.

2. For i

For j
begin

Read

Read

Read

Read

end

0 to 6 do

0 to 6 do

and
and
and
and

compare
compare
compare
compare

AN AN AN
e e e

23
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The error will be detected when the registers are
checked against their corresponding code words during the
test. If step 1 does not load the registers correctly, we
will detect it when the registers are read out. The two
reads are necessary to ensure that reading a register does
not change the content of another register.

Note that with the above test, if two adjacent
cells of a register are bridged, then the fault will not be
detected and will probably be propagated to other tests. 1In
order to avoid this undetected fault, a marching 1's or 0's
test pattern can be used as the code word, 1i.e., the
rotation of a 1 or 0 around the register. Hence an extra
step, rotate the register to the right, will be inserted
after step 2.

With the 8080A instruction sets only the
accumulator can be read out directly, other registers (B, C,
D, E, H and L) have to be read out through the accumulator.
Again we have to ensure that the internal transfer
instructions do not cause the code words to be modified in
other registers. The test conducted will therefore be in
stages, with the register which can be read out directly
tested first, followed by the registers which can only be
read out in two steps.

The above would utilize about 80% of the data
transfer group instructions and 10% of the other groups

(example, CMP, CPI, RAL, RAR, etc., of the arithmetic and

24



logical group, and JMP, CALL, CNZ, CZ, etc., of the branch
control group).

Once the register read test is completed, we can
be sure that all the registers can be safely read out.
Although the program counter and the stack pointer are not
directly tested, nevertheless it must be pointed out that
the correct execution of the test program verifies
indirectly or implicitly, at least to some extent, that
these registers are functioning properly.

An exhaustive test of all the 8080A instructions
is practically impossible because it might make the test
several times longer than it should be. Hence we must choose
to test only the most frequently used instructions. A list
of the frequently used instructions can be found in Table 3-
1, page 3-5 in [17]. Of course the term "frequently used"
might be subject to different interpretations depending on
the kind of application that the 8080A microprocessor is
used for, but a lot of the "frequently used" instructions
described here constitute at least 90% of any software

package [17].
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The group of instructions used in microprocessor Test
Procedure A is used to test the remainder of the instruction
set, each tested instruction is then added to this group,
and so on. When testing the other instructions, it is
desirable to test the most "reliable" instructions first
[5], so that the above group only contains the most
"reliable" instructions. One definition of "reliable" is
given by [30] and depends upon the minimum sum of the number

of machine cycles taken to execute the instruction.

Microprocessor Test Procedure B (other instructions Test)

1. ADD and ADC instructions
(Initial Code Words for Registers)

10000000

= 01000000

= 00100000

00010000

= 00001000

= 00000100

¢ T =m U Q w P>
Il

00000010

Test Sequence
1. sSTC, ADC B, ADD C, ADD D, ADD E, ADD H, ADD L,

CPI FF.
2. STC, ADD B, ADC C, ADD D, ADD E, ADD H, ADD L,

CMA, CPI O0O.

26



STC,
CPI

STC,
CMA,
STC,
CPI

STC,

CMA,

ADD B,
FF.

ADD B,
CPI 00.

ADD B,
FF,

ADD B,

CPI 00.

ADD C,

ADD C,

ADD C,

ADD C,

ADC D,

ADD D,

ADD D,

ADD D,

SUB and SBB instructions

ADD E,

ADC E,

ADD E,

ADD E,

(Initial Code Words for Registers)

T B O Q w >
i

01111111

01000000

00100000

00010000

00001000

00000100

00000010

Test Sequence

1.

STC,
CMA,
STC,
CPI

STC,
CMA,

STC,

SBB B,
CPI FF.

SUB B,
00.

SUB B,
CPI FF.

SUB B,

SUB C,

SBB C,

SUB C,

SUB C,

ADD H,

ADD H,

ADC H,

ADD H,

suB D, SUB E, SUB H,

SUB D,

SBB D,

SUB D,
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SUB E,

SUB E,

SBB E,

SUB H,

SUB H,

SUB H,

ADD L,

ADD L,

ADD L,

ADC L,

SUB L,

SUB L,

SUB L,

SUB L,



CPI 00.
5. sTC, suB B, SUB C, SUB D, SUB E, SBB H, SUB L,
CMA, CPI FF.

6. sT¢C, SsuB B, SuB C, sUB D, SUB E, SUB H, SBB L,

CPI o00.

‘3. ANA instruction

(Initial Code Words for Registers)

01111111

10111111

11011111

11101111

11110111

11111011

11111101

o O T - O Q W >
]

T

D
0]

Sequence

1. ANA B, ANA C, ANA D, ANA E, ANA H, ANA L, ANI 0O,

CPI 00, CMA, CPI FF.

4. ORA instruction
(Initial Code Words for Registers)

A = 10000000

01000000

00100000

00010000

0 O Q w
]

= 00001000
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00000100

00000010

H
L
Test Sequence

1. ORA B, ORA C, ORA D, ORA E, ORA H, ORA L, ORI 01,

CPI FF, CMA, CPI O.

5. XRA instruction

(Initial Code Words for Registers)

01111111

10111111

11011111

11101111

11110111

11111011

= 11111101

= 1 o Q w >
I

T

D
n

Sequence

1. XRA B, XRA C, XRA D, XRA E, XRA H, XRA L, XRI 01,

CPI FF, CMA, CPI 00.

Finally, other instructions which are not used in
testing the microprocessor are used extensively in other
modules tests. These microprocessor tests together with
other modules tests have utilized at least 80% of the
microprocessor instruction sets. However, if the remaining
20% untested instructions were in fact never wused at all,

(depending on the applications), then this 80% instructions
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coverage should be considered excellent, if not optimal.

4.2

Testing the Onboard Memory

The purpose of this test is two-fold:

detect stuck-at-0 and stuck-at-1 faults on data
in/data out lines of the RAM chip,

detect stuck-at-0 and stuck-at-1 on the address
lines,

detect stuck-at-0 and stuck-at-1 fault in the
row and column (address) decoder of the RAM

chip,

. detect stuck-at-0 and stuck-at-1 fault in the

storage elements,

to verify that the supporting circuits
(interfacing logic), i.e., all logic that ties
the memory and the processor together, are

functioning properly.

4.2.1 Testing the RAM (address $3C00 - S3FFF)

This is accomplished by initializing the

address bus to the starting address of the RAM ($3C00).

Each location within the RAM is then sequentially written

into and after the memory is fully written into, it is read

and the

information or pattern being read from each

location is compared with the information written into it
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earlier. Thus the RAM is verified. In the following section,
we will develop an algorithm for testing the RAM. The
thoroughness of this test is directly related to the
complexity of the patterns stored and read from each

location.

4.2.1.1 Generation of test sequence
In the built-in-test structure described
in [26] and [27], the authors present a test algorithm which
provides a minimal length test for stuck—-at-fault in RAM.
The test algorithm requires four accesses per addressline,
with additional hardware to access the RAM.

The algorithm (named ATS) divides the
address into groups of three (modulo-3) and uses the result
(0, 1 or 2) to assign each address to one of the three
groups GP,, GP, and GP,. The test itself consists of writing

and reading the memory in the manner shown in Table 2.
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Table 2. Algorithm Test Sequence (ATS)

STEPPART. GPq GP, GP,
1 Wrw, WrWg,
2 WrW,
3 RdW,
4 WrW,
5 RdW,
6 RdW, RdW,
7 WrW, RdW,
8 WrW,; RdW,
Wo = test data 01010101 Wr = write
W, = test data 10101010 Rd = read

This test algorithm is shown to detect al
single and multiple stuck—-at-faults in memory addres
register (MAR), memory data register (MDR), decoder an
memory array. A summarized proof that the ATS detects thes
faults will be considered later. For a detailed proof, th

reader is referred to [26] and [27].
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Derivation of Test Algorithm

Let Aj be the memory address of location j, 0 < J < il

n = # of address lines (i.e., width of address lines).

GPg = { Ayl3J

GPy = ( Aql3J

0 (modulo-3) }

1 (modulo-3) }

2 (modulo-3) }

Refer to Table 2

Step 1: Write the W, word at all locations
Aj € GPy and A, € GP,
Step 2: Write the W, word at all locations

Step 3: Read all locations Aj € GP4

if output = Wo s no fault indicated
#* Wo ; RAM fault indicated
Step 4: Write the W; word at all locations
Ay € GPy
Step 5: Read all locations Ap € GP,
if output = Wo ; no fault indicated
# Wo ; RAM fault indicated
Step 6: Read all locations A; € GP, and Aj € GPy
if output = Wq ; no fault indicated
# Wq ; RAM fault indicated
Step7: Write and then read the W, word at locations A; €
GP,
if output = Wo ; no fault indicated
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# Wy ; RAM fault indicated
Step 8: Write and then read the W, word at all locations
Ap € GP,
if output = Wq ; no fault indicated

# W, ; RAM fault indicated

Verification of Faults
Definition:
Hamming distance - it is the number of binary bits in which
two code word or binary memory addresses
disagree [26].
Theorem 1:
If Ay and Ay are two distinct binary memory addresses which
belong to the same group GPj, 0 < i £ 2, then the Hamming
distance, denoted d(AX,Ay), is at least > 2, [26] and [27].
MAR Faults (Assuming all other sub-units are fault-
free)
Assume that the kind of fault caused by the MAR s-
a—-0 or s—a-1 is the single accessing of the wrong memory
array word. Therefore, a faulty bit in the MAR can cause an
access to any address that is of Hamming distance 1 from the
desired memory location. Therefore the test algorithm
required is to write Wo in one location and W, in all
locations that are Hamming distance 1 away. This is done

many times over in steps 1 through 5 of the ATS algorithm.
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Analysis of Fault Using the ATS Algorithm (Refer to Table 2)

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

As

Write the W word in all locations belonging to GP

0 1
and GP
2
Write the W word in all locations belonging to GP
1 0
Read W at all 1locations in GP ; this will detect
0 1
all single MAR faults between all addresses in GP
0
and GP
1
Write the W word at all locations in GP
1 1
Read the W word at all locations in GP ; this will
0 2

detect all single MAR faults between all addresses

in GP and GP and also between all addresses in GP
2 1 2
and GP , etc.
0

a matter of fact, this algorithm will also detect

multiple MAR faults (i.e., Hamming distance > 1).

Decoder Faults (Assume all other sub-units are fault-

free)

Assumption:

1. An address accessing two or more locations
will result in the wired-ORing of these
locations in the MDR or the data bus,

2. Inputs of decoder are fault-free. Since
faults in the input 1lines of the decoder
are indistinguishable from faults in the

MAR and any address always accesses some
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the ATS algorithm. Thus, we can at this
point consider the inputs of the decoder to
be fault-free.

Decoder <circuit is combinational and
remains so in the event of multiple stuck-at

faults.

Let us 1illustrate the decoder input/selected

memory array word line.

Table 3. Decoder Fault-free Table

c
o
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-
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The

f

ollowing shows the equivalent decoder

input/selected memory array.

\

A Ly /

\\
Lo\

\
L,

Ag

\\

Ay

j

e ]

i

N

Figure 5. Equivalent Fault-free Diagram
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There are lepossible tables (N = number of words
in memory), of which N! tables have exactly one 1 in every
row and every column. Since these correspond to the cases
where each address accesses a unique location and every
location is accessed, they can be ignored because the
functioning of the memory is not affected by such a féult in
the decoder, see Table 4. Table 5 shows a typical fault

model for a decoder.

Table 4. Decoder Undetectable Fault

LOC. L L L L L L L L
ADDR 0 1 2 3 4 5 6 7
Ao 0 0 1 0 0 0 0 0
Al 0 0 0 0 0 0 1 0
Az 0 0 0 0 1 0 0 0
A3 0 0 0 0 0 1 0 0
A4 0 0 0 0 0 0 0 1
Ag 0 0 0 1 0 0 0 0
Ag 1 0 0 0 0 0 0 0
Aq 0 1 0 0 0 0 0 0

Table 5. Decoder Stuck—-at-Faults

LOC L L L L L L L L
ADDR 0 1 2 3 4 5 6 7
AO 0 1 0 0 0 0 0 0
Aq 0 1 0 0 0 0 0 0
A2 0 0 0 0 0 0 0 0
A3 0 0 0 1 0 0 0 0
A4 0 0 0 0 0 1 0 0
As 0 0 0 0 0 1 0 0
Ag 0 0 0 0 0 0 0 0
A7 0 0 0 0 0 0 0 1
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The following is an equivalent diagram of the

above decoder stuck-at-fault.

]
44

Figure 6. General Fault Model for Decoder

For the above model, there are two kinds of faults
1. an overwrite condition where the initially stored
information is destroyed by a wrong memory address
access during input,
2. a logical ORing condition where the stored
information is erroneously output due to a multiple

memory access,

Analysis of Fault Using the ATS Algorithm (Refer to Table 2)

The following will show how the algorithm in Table 2
detects the decoder stuck-at-fault.
Case 1: Ay, € GPjy, then Ay € GP, U GP; by Theorem 1.
If Ay € GP,, fault will be detected in step 3

due to reading W, instead of W (i.e., A, <-=>
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Ay),
If Ay € GP,, then fault will be detected in
step 5 due to reading W, instead Wg,

Case 2: A, € GP,, then A, € GPy U GP,,

y

If Ay € GPg, fault will be detected in step 3,
If Ay € GP,, fault will be detected in step 5,
Case 3: Ay € GP,, then Ay € GPy U Gp4. Fault will be

detected in step 5.

Memory Array Fault
Faults in the memory imply the various bit
positions in some words are at some combination of s—-a-1 and
s-a-0 faults. Since the algorithm write and read both W, and
W, in all memory locations, the test will also detect faults

in the memory array.

Memory Data Register Fault
Faults in the MDR are very much the same as those
in the memory array i.e., bit position s-a-0 and s-a-1
faults. Hence the MDR fault is also detected by the ATS

algorithm.

4.2.1.2 Final algorithm for RAM

Referring to Table 2 again, [28] makes
it clear that capabilities of the ATS algorithm remain

unchanged if step 7 is moved to step 1 and step 8 to step 5
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(not swapping). From the practical viewpoint, this algorithm
seems to be more convenient to implement [28]. Further
simplification of the present algorithm is still possible if
we examine Theorem 1 again. This Theorem is valid for any

partitioning as long as [28]:

GP; = { Aj|j = i (modulo-k)} ; i = 0,1,...k-1
j < log N
N = # of words in memory.

Several values of Kk satisfy the above
equation, but the case when k = N is worth noting.

The validity of the modified ATS algorithm
just described does not depend on the number of partitions
[(28]; hence by increasing the number of partitions to N, we
have the following final algorithm for the RAM as shown in

Table 6.
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Table 6. Final ATS Algorithm for RAM

PART. A A . +« « A A
0 1 N-2 N-1
STE

N-1 WrW,

N WrWg
N+1 RdWq

N+2 Wrwl

N+3 RdW,

N+4 Wrwl

3N-3 RdW,

3N-2 WrW,

3N-1 RdW,
3N WEW,
3N+1 RdW,

3N+2 Rdw1

4N-1 RdW,

4N RdW,
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Comparing the first ATS algorithm and the
final algorithm, we see that the latter algorithm can be
implemented in a much simpler way than the former algorithm,

which is complicated by the division of 3 scheme.

4,2.2 Testing the ROMs

The verification of the information that a
ROM contains is commonly accomplished by sequentially
reading each location and generating a 16-bit cumulative
sum. After all locations have been read, the 16-bit checksum
thus generated is a fairly reliable indicator [21] of the
validity of the information contained in the ROM and of the
ability of the CPU to access it. The entire system software
occupies 1k bytes of memory space and its checksum is $BB18
(generated by PROMlink).
| The checksum is formed by taking the sum of
the consecutive memory data. The carry resulting from the
summation of this consecutive memory data is taken care of
in another register. Thus a 1é—bit checksum is formed. The
cumulative carry resulting from the LSByte addition forms
the MSByte of the checksum. This is called the extended-
precision checksum.
The self-test program is placed separately
from the system program. The self-test program is placed in
the ROM located at A23 (see Figure C-3, Appendix C). When

the board is powered up, it will jump to address $0000
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(beginning address of the ROM containing the self-test
program). The system program is moved to ROM location A25

(address $800 — SFFF). The valid memory addresses are listed

in Table 7.
TABLE 7. ROM/PROM Addresses
(Adapted From [11])
CHIP ADDRESS -
A23 A24 A25 A26
4K 0 - 3FF 400 - 7FF 800 - BFF C00 - FFF
8K 0 - 7FF 1000 - 17FF | 800 - FFF 1800 - 1FFF

4.3 Testing the 1/0 ports

There are three I/0 ports ( three parallel ports
and one serial port ) on the Intel SBC 80/10A board. The

purpose of testing both these ports is two-fold:

1. to verify that the CPU can access these ports,

2. to verify that both the parallel and serial
ports are functioning correctly,

3. to verify that there are no stuck-at-0 or
stuck-at-1 faults in the data bits of the
ports,

4., to verify that the supporting circuit, i.e., all
logic that ties the I/0 ports and the processor,

is functioning properly.
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4.3.1 Testing the parallel I/0 port

Referring to Figure C-5 of Appeﬂdix C, we
see that there are two Intel 8255 Programmable Peripheral
Interfaces (PPI), one located at A19, the other at A20. For
convenience the following device designations will be used:
The device at A19 is called the "I/0 group 1" device, while
the device at A20 is referred to as the "I/0O group 2"
device. Each device has three eight-bit ports. The "I/O
group 1" ports are designated as Ports A, B and C while the
"I/0 group 2" ports are designated as Ports D, E and F.

The parallel I/0 interface logic on the
Intel SBC 80/10A provides 48 signal lines for the transfer
and control of data to or from external peripheral devices.
All the 48 signal lines emanate from the I/0 ports on two
Intel 8255 PPI (Figure C-2), and are brought out of the
Intel SBC 80/10A board via two 50-pin double-sided PC edge
connectors (J1 and J2).

The Intel 8255 PPI contains three eight-
bit ports (A, B and C); see Figure 7. All can be configured
in a wide variety of functional characteristics by the
system software and each has its.own special features to
further enhance its power and flexibility. The Intel 8255
PPI also allows for a wide variety of I/0 configurations and
its 24 I/0 lines can be individually programmed in 2 groups

of twelve (see Figure. 7 ) and used in three major modes of
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operation. The user is referred to [29] for further detail
on the general operational characteristics of the 8255 PPI.

Though both the Intel 8255's maintain the
same interface (at different I/0 addresses) with the CPU
set, the interface between I/0 group 1 device and the edge
connector (J1) is significantly different from the interface
between the I/0 group 2 device and its associated edge
connector (J2). This gives the user a great deal of
flexibility when configuring the system’s external parallel
I/0 devices. Because of these flexible "external" interfaces
however, not all ports are capable of operating in each of
the 8255’s operational modes, though all ports can be
programmed as either input or output. The I/0 group 1 ports
can fully>utilize the 8255’s multi-mode operation. The I/0
group 2 ports, however, are limited to a single mode (mode
0) of operation. The allowable port configurations for both

groups are summarized below [1]:

Port A (I/0 Group 1)
Mode 0 input |
Mode 0 output (latched)
Mode 1 input (strobed)
Mode 1 output (latched)
Mode 2 bi-directional

Port (I1/0 Group 1)

lee]

Mode 0 input
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Mode 0 output (latched)
Mode 1 input (strobed)

Mode 1 output (latched)

Port ¢ (I/0 Group 1)
Mode 0 8-bit input

Mode 0 8-bit output

Ports D and E (I/0 Group 2)
Mode 0 input

Mode 0 output (latched)

Port F (I/0 Group 2)

Mode 0 8-bit input

Mode 0 8-bit output
Mode 1 4-bit input/4-bit output (unlatched/latched)

Mode 1 4-bit output/4-bit input (latched/unlatched)

Since the objective here is to test the I/0 lines
for stuck-at-0 or stuck-at-1 faults and because of the
limitation on the I/0 group 2 mode operation [1], the mode 0O
configuration seems to fit this testing purpose. All the I/0
lines can be configured either as output or input lines.
With this configuration, a technique called LOOPBACK [5],
i.e., loop I/0 port outputs to inputs, can be employed in
testing the I/0 ports. One group (I/O group 1) of the

parallel port can be configured as the output port and the
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other group( I/0 group 2) as the input port and, with the
proper edge connector, a word pattern is output from J1
(which is configured as the output port) and then read by J2
(which is configured as the input port). The pattern output
by J1 and pattern input by J2 should agree and any
discrepancy would indicate thét the port is bad. See Figure
8 for the conceptual idea. Different word patterns can theﬁ
be used to test the I/0 lines for stuck-at-0 or stuck-at-1

faults (see Section 4.3.1.1).

Port J2

Port Ji

(1/9 Gr‘oup 2) (1/0 GF‘OUP D)

7T 1)

1/0 Coupling

170 Coupling

1/0 Coupling

Figure 8. Loopback Technique
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It was earlier suggested that the loopback test be
done in both directions, i.e., configured J1 as the input
port and J2 as the output port (after the first test), so
as to verify that both the parallel ports can function as
either input or output ports. But due to the different
interfacing networks required for different port
configurations (see next paragraph) , it has proved to be
inconvenient to have to swap the interfacing networks every
time the test is performed. Therefore the test was instead
restricted to one direction only (J1 as the output port and
J2 as the input port).

Note that eight lines already have been
installed with driver networks (locations A1l and A2) for
external interfacing and since all the ports are configured
as output, therefore additional driver networks are
necessary and are to be installed at locations A3, A4, A5
and A6 for proper interfacing with the outside world. Also
termination networks will be installed at locations A7, A8,
A9, A10, A1l and Al12 (J2 is configured as input port).
Typical driver networks will be those listed in Tablé 8 and
the termination network is either the 220 ohm/330 ohm driver
or the 1 k-ohm pull up (available in package); see Figure 9.

The drivers , terminators and cables used
for our testing purposes will be discussed later in Section

5.0.
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Table 8. Drivers (Adapted From [1])

Drivers Characteristic Sink Current (mA)
7438 I,oC 48
7437 2 g 48
7432 NI 16
7426 I,0C 16
7409 NI,oC 16
7408 NI 16
7403 I,oC 16
7400 I 16

I = inverting NI = non-invertin OC = open collector

220 ohms
By w3
NN COption 1
'l: 330 ohm P
ik obms

‘ VoV Option 2

Figure 9. I/0 Terminators
(Adapted From [1])

50




4.3.1.1 Configuring the parallel ports for
testing

Tables 9 and 10 depict the pin

assignments for connectors J1 and J2 respectively. In order
to ensure that ports J1 (I/O0 group 1) and J2 (I/0 group 2)
has no stuck-at faults or bridging faults between adjacent
bits, J1 (I/0 group 1) is first configuredlas an output port
and a word pattern of 101010....10 alternating with
010101....01 is output (one at a time) to J1. These patterns
will then be read by J2 (which is configured as the input
port) and compared with a known value. This verifies whether
port J1 is working correctly or not. The same test is then
repeated but this time with the test data 10101010 or
01010101 received at port J2 (I/0 group 2). One very
important thing to note from Tables 9 and 10 1is that the
data bits for ports A, B and C are not arranged in such a
way that they are all in ascending or proper order i.e., PAO
PA1 ...PBO PB1 ...PCO PC1l (see Figure. 10 ). Hence the word
patterns selected for ports A, B and C, when output to J1
should "look" like 101010....10 or 010101....01 or for the
second case, when received by ports D, E and F, should also

"look" like 1010....10 or 01010...,01 at J2.
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PORT J1

PA PBy |PB, . . . PCqy|PCy|PC,

PA1‘PA2 . . .PBy

Figure 10. Desired Arrangement of Port Ji

PORT J1

PA3|PA,(PA; . . . PC;|PCy|PC5 . . . PB,

psslpss

Figure 11. Actual Arrangement of Port Ji

Table 9. Pin Assignments for Connector Ji
(Adapted From [1])

PIN SIGNAL PIN SIGNAL
1 PORT B - BIT 3 2 GND
3 PORT B - BIT 2 4 GND
5 PORT B - BIT 1 6 GND
7 PORT B - BIT 0 8 GND
9 PORT B - BIT 4 10 GND

11 PORT B - BIT 5 12 GND

13 PORT B - BIT 6 14 GND

15 PORT B - BIT 7 16 GND

17 PORT C - BIT 3 18 GND

19 PORT C - BIT 2 20 GND

21 PORT C - BIT 4 22 GND

23 PORT C - BIT 6 24 GND

25 PORT C - BIT 0 26 GND

27 PORT C - BIT 5 | 28 GND

29 PORT C - BIT 1 | 30 GND

31 PORT C - BIT 7 | 32 GND

33 PORT A - BIT 7 34 GND

35 PORT A - BIT 6 36 GND
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37 PORT A - BIT 5 38 GND
39 PORT A - BIT 4 40 GND
41 PORT A - BIT 1 42 GND
43 PORT A - BIT O 44 GND
45 PORT A - BIT 2 46 GND
47 PORT A - BIT 3 48 GND
49 EXT INTR 1/ 50 GND
Table 10. Pin Assignments for Connector J2
(Adapted From [1])
PIN SIGNAL PIN SIGNAL
1 GND 2 GND
3 PORT E - BIT 3 4 GND
5 PORT E - BIT 0 6 GND
7 PORT E - BIT 1 8 GND
9 PORT E - BIT 2 10 GND
11 PORT E - BIT 4 12 GND
13 PORT E - BIT 5 14 GND
15 PORT E - BIT 6 16 GND
17 PORT E - BIT 7 18 GND
19 PORT F - BIT 3 20 GND
21 PORT F - BIT 2 22 GND
23 PORT F - BIT 1 24 GND
25 PORT F - BIT O 26 GND
27 PORT F - BIT 4 28 GND
29 PORT F - BIT 5 30 GND
31 PORT F - BIT 6 32 GND
33 PORT F - BIT 7 34 GND
35 PORT D - BIT 7 36 GND
37 PORT D - BIT 6 38 GND
39 PORT D - BIT 5 40 GND
41 PORT D - BIT 4 42 GND
43 PORT D - BIT O 44 GND
45 PORT D - BIT 1 46 GND
47 PORT D - BIT 2 48 GND
49 PORT D - BIT 3 50 GND
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Test Patterns for Ports A, B and C (I/0 group 1) when:

1.

Test Patterns

1.

test pattern at J1 is 101010....10

Port A = 9A

Port B = A5

Port C = 27

test pattern at J1 is 010101....01
Port A = 65
Port B = 5A

Port C = D8

for Ports A, B and C (I/0 group 1) when

test pattern received at J2 is 101010....10
Port A = 5A

Port B = A5

Port C = A5

test pattern received at J2 is 010101....01
Port A = A5

Port B = 5A

Port C = 5A
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Specific I/0 addresses for the six ports where the CPU

set can access are listed in Table 11.

Table 11. Parallel I/0 Port Addresses
(Adapted From [1])

PORT 8255 DEVICE LOCATION 8—-BIT ADDRESSES (HEX)
A GROUP 1 PORT A E4

B GROUP 1 PORT B E5

C GROUP 1 PORT C E6

= GROUP 1 CONTROL E7 (WRITE ONLY)

D GROUP 2 PORT A E8

E GROUP 2 PORT B E9

F GROUP 2 PORT C EA

= GROUP 2 CONTROL EB (WRITE ONLY)

4.3.1.2 Other cases of testing the parallel ports

In the preceding case, we have an equal

number of output ports and I/0 lines, so there is no problem

in testing all ports or lines for stuck-at faults or
bridging faults between adjacent bits.

For the rest of this section, we will

discuss two other cases of testing the parallel I/O ports

Case 1l:Input ports or I/0 lines more numerous than
output ports or I/0 lines,
Case 2: Input ports or I/0 lines less numerous than

output ports or I/O lines.

When the number of input I/O0 lines is more than the
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number of output I/0 lines, the ports (both input and
output) can still be easily tested for stuck-at faults or
bridging faults. Simply connect all the available output I/0

lines to all the input I/O0 lines as shown in Figure 12.

OUTPUT PORTS

INPUT PORT INPUT PORT

Figure 12. Configuration for Case 1

With the appropriate test data, the ports can be
checked for stuck-at faults or bridging faults between

adjacent bits.

Case 2

When the number of input I/0 lines is less than the
number of output I/O0 lines, then some of the output I/0
lines might have to be tied together with some logic gates,
so as to keep the number of output I/0 lines the same as the
number of input I/0 lines. Figure 13 shows two possible

configurations of case 2.
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OUTPUT PORT OUTPUT PORT OUTPUT PORT OUTPUT PORT

— ! S

INPUT PORT INPUT PORT

Figure 13. Configuration for Case 2

Again, with the appropriate test data, the input and
output ports can be checked for stuck-at faults or bridging

faults.

4.3.2 Testing the serial I/0 port

The serial I/0 interface logic consists
primarily of an Intel 8251 USART device located at A22 in
Figure C-4 of Appendix C. It 1is a Universal
Synchronous/Asynchronous Receiver/Transmitter (USART)
designed specifically for the 8080 microcomputer systems.
Like other I/0 devices in the 8080 microcomputer system, its
functional configuration is programmed by the system
software for maximum flexibility. A block diagram of the
8251 is shown in Figure 14.

The Intel 8251 USART device converts
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parallel format system data into serial format for
transmission and converts incoming serial format data into
parallel system data for reception. It also deletes or
inserts bits or characters that are functionally unique to
the communication technique.

The 8251 USART can also be used for either
synchronous or asynchronous data communication. Both these
formats require that framing information be added to the
data to enable proper detection of the character at the
receiving end. The major difference between the two formats
is that the asynchronous format reqﬁires framing information
to be added to each character, while the synchronous format
adds framing information to blocks of data or messages. Both
these formats can be transmitted in half or full duplex

mode.
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8-BIT INTERNAL DATA BUS

RECEIVE
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y

RECEIVE
CONTROL

TxD

RxL

8251 USART Functional Block Diagram

(Adapted From [293)



TRANSMISSION FORMAT
CPUBYTE (58 BITS'CHAR)

[ DATA CHARACTER J

14

ASSENMALED ST RIAL DATA QUTPUT (T2D)

{4

START : PARITY sTOP
L an [ DAJA CHARACGTFR I Pl I s
{

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

g F

o PARITY sToP
DATA CHARACTER 81T arTs

START
8T

CPUBYTE (S8 BITS CHARY®

[ DATA CHARACTER I
{4

*NOTE IF CHARACTER LENGTHISDEFINED ASS 6 0R 7
BITS THE UNUSED BITS 4RE SET TO "ZERO™

Figure 15. Asynchronous Mode
(Adapted From [1])

TRANSANSSION FORMAT
CPUBYTES /S B BITS CHAR)

L DATA CHARZCTERS ]

ASSTAMALED SERIAL DATA OUTPUT {TaD
SYNC sYxC | g
r CHAR 1 l CHAR 2 l DATA CHARACTERS ]

RECEIVE FORMAT

SERIAL DATA INPUT LR

Sync SyNC

DATA CHARACTERS
CHAR CHAR 2 ¢ €

CPUBYTES (58 HBITS CHARY

[ DATA CHARACTERS

Figure 16. Synchronous Mode
(Adapted From [11])
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Prior to starting data transmission or
reception, a set of control words generated by the CPU must
be sent out to initialize the 8251 USART to support the
desired communication format. These control words define the
complete functional description of the 8251 USART and must
immediately follow a Reset operation (internal or external).
These control words will program the: baud rate, character
length, number of stop bits, synchronous or asynchronous
operation, even/odd parity, etc. In the synchronous mode,
options are also provided for selecting either internal or
external character synchronization.

The Intel 8251 USART essentially defines the
character of the serial I/0 interface. The user 1is referred

to [29] for further application notes on the 8251 USART.

4.3.2.1 Configuring the serial port for
testing

The serial I/0 port interface
communicates with an external I/0 device via a 26-pin
double-sided PC edge connector (J3). Table 12 provides a pin
list for connector J3, and Table 13 specifies the I/0

addresses which can be accessed by the CPU set.
On the connector J3, the serial
I/0 port is configured to perform full duplex operation, so
the signal line TxD will be tied to RxD so that a closed-

loop (loopback) test can be performed. A 1 and a 0 are
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placed (a bit at a time) in the most significant bit of the
accumulator. Then they are sent out to the serial-output-
data pin (TxD) of the 8251. This data is captured by the
serial-input-data pin (RxD) of the 8251. Each time the
captured data is compared with what was sent earlier. If
they agree, the serial port is good, otherwise it is bad.
There are two general schemes for
the transmission or reception of data between the serial I/0
port and the external world: the asynchronous and the
synchronous modes. Both these methods will be tested on the
Intel SBC 80/10A board. We will first perform the testing
procedure in the asynchronous mode and then follow by the

synchronous mode.

Table 12. Pin Assignments for Connector J3
(Adapted From [11])

PIN SIGNAL NAME PIN SIGNAL NAME
1 CHASSIS GND 2
3 TRANSMITTED DATA 4
5 RECEIVE DATA 6 TTY RD CONTROL
7 REQ TO SEND 8
9 CLEAR TO SEND 10
11 DATA SET READY 12
i3 GND 14 Tx CLK/DATA TERM
_ READY
15 DATA CARRIER RET 16 TTY RD CONT RET
17 18
19 20
21 22 RECEIVE CLK/TTY
Rx DATA RET
23 TTY Rx DATA 24 TTY Tx DATA RET
25 TTY Tx DATA 26 GND
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Table

13. Serial I/0 Port Addresses

(Adapted From [11])

I/0 ADDR. (HEX) COMMAND FUNCTION
ED OR EF OUTPUT CONTROL WORD
EC OR EE OUTPUT DATA
ED OR EF INPUT STATUS
EC OR EE INPUT DATA

Asynchronous Mode

Control Word
11001110
00100111

Synchronous Mode
Control Word
10001100
10100111

0010110

synchronous modes,

Mode Instruction

Command Instruction

Mode Instruction

Command Instruction

Sync Character

In both the asynchronous

and

test data 1010101 (01010101) will be sent

through TxD and received by RxD. The value received should

be checked with the value sent; any
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the two values indicates that the serial port is not
functioning properly.
The test set—-up is shown later in

Section 5.0.

4.4 Testing of the External System Bus §Connect6r P1)

Table 14 shows each of the external system bus

signals and this multibus structure provides a common

element for communication between a wide variety of system

modules which includes :single board computer, memory,

digital and analog I/0O expansion boards, and peripheral
controllers [29].

These multibus signal lines allow for master-slave
relationships between the various system modules described
above. A bus master module can drive the command and address
bus. An example of a bus master would be a single board
computer. A bus slave cannot control the bus. An example of
a bus slave would be a memory expansion board.

The SBC 80/10A does not provide the Bus Priority
Request signal and therefore it can only be used with one
other multibus master [1]. One of our goals here is try to
minimize the amount of hardware use and therefore a better
choice would be to use an external RAM to test the command
signals (only the address, data, write and read signal

lines) on the external system bus.
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Table 14.

Pin Assignment for Connector Pl
(Adopted From [11)

(COMPONENT SIDE)

(CIRCUIT SIDE)

PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION
1 GND Signal GND 2 GND Signal GND
3 VCC + 5VDC 4 vCC + 5VDC
POWER 5 VCC + 5VDC 6 vCcC + 5VDC
SUPPLIES 7 VDD +12VDC 8 VDD +12VDC
9 VBB - 5VDC 10 VBB - 5VDC
11 GND Signal GND 12 GND Signal GND
13 BCLK/ Bus Clock 14 INIT/ Initialize
15 BPRN Bus Pri. In 16 >
BUS 17 BUSY/ Bus Busy 18 g
CONTROLS 19 MRDC/ Mem Read Cmd 20 MWTC/ Mem Write Cmd
21 IORC/ I/0 Read Cmd 22 I0WC/ I/0 Write Cmd
23 XACK/ XFER Acknow 24 o>
25 AACK/ Special 26
27 28
SPARES 29 30
31 CCLK/ Constant Clock 32
33 o= 34
35 = 36 =
37 e 38 =
INTERRUPTS 39 = 40 =
41 = 42 INTR1/ Interrupt request
43 ADRE/ 44 ADRF/
45 ADRC/ 46 ADRD/
47 ADRA/ Address 48 ADRB/ Address
ADDRESS 49 ADR8/ Bus 50 ADR9/ Bus
51 ADR6/ 52 ADR7/
53 ADR4/ 54 ADRS/
55 ADR2/ 56 ADR3/
57 ADRO/ 58 ADR1/
59 = 60 >
61 = 62 o=
63 == 64 T
A 65 ~ 66 =
67 DAT6/ 68 DAT7/
69 DAT4/ Data Bus 70 DATS/ Data Bus
71 DAT2/ 72 DAT3/
73 DATO/ 74 DAT1/
75 GND Signal GND 76 GND Signal GND
77 ves(=> -10VDC 78 ypa> -10VDC
POWER 79 VAA -12VDC 80 VAA -12VDC
SUPPLIES 81 VCC + 5VDC 82 VCC + 5VDC
83 VCC + 5VDC 84 VCC + 5VDC
85 GND Signal GND 86 GND Signal GND

(>Used by Intellec® MDS Bus.
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A 2K RAM is used for testing the multibus signal

lines. A memory map of the SBC 80/10A board is shown in

Figure 17.

SFFFF
UNUSED

34000

S3FFF
RAM

$3C00

$3BFF
UNUSED

$2000

S1FFF
ROM

$0000

Figure 17. Memory Map of the SBC 80/10A Board

The addresses of the external RAM are set up
between $6800 and $6FFF. The circuit diagram for the set-up
is shown in section 5.0. The test is then carried out the

same way as the onbocard RAM test.

4.5 Auxiliary Connector P2
Table 5-4 in [1] shows the various auxiliary
test points on the SBC 80/10A board. Most of these signals
actually have been indirectly tested while performing the
other module tests. Hence, this external system bus will not

be tested again.
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5.0 PRINCIPLE OF OPERATION
The following section describes the test set-up and the

sequence of events which occurs during the testing process.

5.1 TITest Set Up
The test is set up in the user testing environment
and once invoked, becomes automatic, requiring no operator
intervention, and upon confronting an error the self-test
program will immediately halt.

- The "GO/NO_GO" feature is indicated by an LED pair
connected to the outputs of two NAND gates (7400); see
Figure 18. When the test begins, LED1 will be ON and LED2
will be OFF. Upon successful execution of the program, the
LED pair will toggle and; if for some reason the LED pair
remains in its initial state for quite some time, the user
should immediately recognize that the self-test program
has halted. The location where the program execution
stopped can be checked by testing the logic states of the
address lines.

- Two 50-pin card edge-connectors(0.1" center) are used for
the two parallel ports (I/0 group 1 and I/0 group 2) at J1
and J2. The I/0 lines from port J1 are hard-wired to their
corresponding lines at J2 (i.e PA1 to PD1, PA2 to PD2,
etc.); see Figure 18.

- A 26-pin card edge-connector (0.1" center) is used for

the serial port (J3). TxD and RxD are again hard-wired
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together; see Figure 18.

- An 86-pin card edge-connector (0.156" center) with a 40-
pin IDC connector (wire-wrap) is used for the external
system bus for accessing the necessary signal lines; see
Figure 18.

- Driver networks (7408) have already been inserted at
locations Al, A2, A3, A4, A5 and A6. Termination
networks, SBC-902 (1K-ohm pull-up resistor) are still
needed for locations A7, A8, A9, Al10, Al1l and A21.

- Other hardware needed are : one 7410 3-input NAND gate

two 470 ohms resistors

HM6116P-2 2K X 8 bits RAM

Figure 18 shows the circuit diagram of the whole set-

up ready to be tested.
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Figure 18. Board Set Up For Testing
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5.2 Test Procedure

The following is the sequence of events that

should occur during the testing process.

1.

2.

10.

The power is turned ON,

This action activates the clock and resets the circuit,
which in turn generates the Reset signal. The
microprocessor automatically executes the instruction in
memory location $0000 which is the beginning address of
the self-test program.

LED1 is turned ON and LED2 is OFF, indicating that the
self-test program is in progress.

The first module of the program executes the ROM
(containing the self-test program) test.

If this module passes the test, program execution is
passed to the microprocessor test.

If the microprocessor passes the test, program execution
is passed to the ROM (containing the system software)
test.

If the ROM passes the test, program execution is passed
to the RAM test.

If the RAM passes the test, program execution is passed
to the serial I/0 ports test.

If the serial I/0 ports passes the test, program

execution is passed on to the parallel I/0 port test.

If the parallel I/0 port passes the test, program

execution is passed on to the external system bus test.
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i1.

After the external system bus test module has been
completed, then the program will set address line Al5S
and data line DO to 1.These signals will be used to
toggle the LED pair, indicating that the self-test

program has been executed successfully.
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6.0 CONCLUSTONS AND POSSIBLE FURTHER EXPANSION

6.1 Conclusions

The basic philosophy behind incorporating a built-
in self-testing concept into the Intel SBC 80/10A board is
to enable the system to perform self-test and to verify that
the system is operational. It. is intended to be used either
in a production testing environment, where thousands of in-
coming boards have to be screened before being integrated
into more complex systems, or in a user testing environment,
where the operator might want to check his malfunctioning
board. The "go/no-go" capability/feature of the self-test
program is best used for this purpose. It can quickly
distinguish the good boards from the bad ones and hence
reduce the time and cost involved in isolating the same
faults in later more complex systems. The self-test program
is driven by software written specially for the processor
used on the board. The classes of faults are mostly
restricted to pin-level stuck-at-0 and stuck-at-1 type and
to the instruction sets of the microprocessor. This self-
test technique verifies faults but it does not provide a
complete and thorough system diagnostic capability; however,
it could be further enhanced to include fault-detection and
isolation down to subsystem or component level (see Section
6.2)

The design and implementation of the self-testing
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program requires not only an intimate knowledge of the
processor software but also an in depth familarity with the
overall system design. For the test engineer who has not
been responsible for the system design, and who attempts to
generate adequate functional test program for the system, a
large amount of time can be spent on fémilarizing himself
with the operating environment of the microprocessor based

system.
Samples of program listings can be found in

Appendix B to show their complexity and the amount of ROM
space needed. These programs have not been tested; hence how
many faults this self-test program will actually detect is
yet to be determined.

This project suggested to some extent the
feasibility of incorporating the built-in self-testing
concept into the Intel SBC 80/10A board and it can possibly
be modified and extended to perform the same tasks for
more complex systems, including the 16 and 32 bit
microcomputers.

Finally, as the complexity of microprocessor-based
systems increases, the tasks of testing a system and
isolating faults becomes increasinglyl difficult.
Accompanying the increase in complexity is an increase in
testing cost, due to the cost of automatic test equipment
(ATE). As an attempt to reduce this testing cost and at the

same time retain wuser confidence in the systems, built-in
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self-testing techniques should be attracting lots of

attention in the 1980s and in the foreseeable future.

6.2 Possible Further Expansion

If, in addition to performing the self-test, we
can use a dumb terminal to monitor the testing process
instead of the LEDs, the concept can be expanded to include
diagnosis for fault-detection and isolation down to
subsystem or component levels. The resolution of the fault-
location diagnosis is a function of the amount of hardware
and software on the system. For the Intel SBC 80/10A board,
we can decompose the board into the following subsystems or

components:

1. CPU set

8080A microprocessor

- 8224 clock generator

- 8238 system controller

- and associated circuitry (see Figure C-1,

Appendix C)

2. Random Access Memory Eight 1 bit static RAM (8102)
- 8226 bi-directional bus driver
- 3205 address decoder
- and associated circuitry (see
Figure C-2, Appendix C)
3. Read-Only-Memory - ROM/PROM used in locations A23, A24,

A25 and A26
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— 3205 address decoder
— 8216 bi-directional bus driver
- and associated circuitry (see Figure

C-3, Appendix C)

4. Parallel I/O0 Port two 8255 PPI
- Eight 8226 bi-directional bus drivers
— 3205 address decoder
- and associated circuitry (see
Figure C-5, Appendix C)
5. Serial I/0 Port - 8251 USART
— LM1489 inverters

- and associated circuitry (see Figure C-

4, Appendix C)

With the above subsystems guides, diagnosis of
board failure becomes very much a simple "cook-book"
procedure. Since the dominant failure mode in the system is
a stuck pin, to find this type of fault, it is necessary to
start with a board’s edge-failure and work back to locate
the device with good input and bad outputs. A quicker method
would be to replace the component on the path of the failure
activity and re-run the self-testing program. This
diagnostic algorithm of fault detection and isolation might
have to wander all over the board to follow the path leading
to the failure.

To alleviate the burden of wandering around the
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board, the subsystem or component-level information can be
stored in the computer (database) in such a way that it can
be retrieved each time a fault is encountered and it can
display the set of possible faulty components (depending on
which phase the testing process is on).

An expert system (knowledge-based) would be a good
application for the above purpose. A file can be created
that would contain all the information about all the
possible failures that might occur and another file can
contain all the possible remedies corresponding to each
failure. For example, 1if a failure occurs during the RAM
testing stage, the computer will display all the possible
components that may be related to this fault, and the
process 1s repeated until the fault is narrowed down to a
bad node.

Finally, the self-testing program can be made
general-purpose for use in many systems based on a
particular microprocessor. For example, the memory test for
the 8080A processor can, except for the starting and the
ending address parameters, be the same for evéry systen,
only the - I/0 devices, which tend to be more system-
specific, require major modifications of the test program.
However, 1if the 1I/O driver routine 1in the self-testing
program 1is written as a module, then it can be called from

the main program after the appropriate modifications have
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been done. This way the main program won't have to go
through major changes each time the program is wused in
another system,and also if a particular device 1is absent
from the system, the software module for that particular

device can be dmitted.
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Appendix A

Flowcharts and Program Description
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1.

MAIN

POWER UP

CLOCK & RESET CIRCUIT
ACTIVATED

SELF-TEST ROM TEST

MPU

TEST A

MPU

TEST B

SYSTEM

ROM TEST

RAM

TEST

SERIAL

PORT TEST

PARALLEL

PORTS TEST

EXTERNAL
T

SYSTEM BUS
EST

(;7 END j)

Figure A-2.

MAIN Program
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This is the driver routine which calls all the
appropriate routines (SELF-TEST ROM TEST, MPU TEST, SYSTEM
ROM TEST, RAM TEST, SERIAL PORT TEST, PARALLEL PORTS TEST
AND EXTERNAL SYSTEM BUS TEST) to perform the required tasks.

Upon encountering an error while executing one of the
subroutines, the microprocessor operations will be halted
until the operator has replaced the faulty component. After
the replacement, the circuit is Reset and the self-testing

program is re-run,
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2.

SELF

SET ADDRESS POINTER =
START ADDRESS OF ROM -1
SET ACCUMULATOR = 0
SET COUNTER = 0

l

INCREMENT ADDRESS POINTER

ADD MEMORY TO
ACCUMULATOR

| couNTER =

| COUNTER + 1

IS IT
HE END ADDRESS
OF ROM ?

(COUNTER)
= MSByte OF
CHECKSUM 2

COUNTER)
= LSByte OF
CHECKSUM ?2

<jr RETURN ;)

Figure A-3. Subroutine SELF
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This routine constantly reads and adds the contents of
the self-testing program. The carry dgenerated from the
addition is taken care of in another register and thus forms
a 16-bit value checksum. This checksum should check with the
predetermined checksum. Any discrepanies between the two

values will force the program execution to halt.
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3. MPU TEST A

SET CODE WORDS TO
ALL REGISTERS

CALL SUBROUTINE CHECK

ROTATES CODE WORDS
RIGHT ONE TIME POSITION

# OF
ROTATION = 8

2

Y

<i RETURN D

Figure A-4. Subroutine MPU TEST A

=
g
c

TEST A

See subroutine CHECK.

=
"J
i

IEST B

The MPU Test B subroutine is functionally not doing

anything except exercising as many of the 8080A instructions

as possible.
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4.

ROM

SET ADDRESS POINTER =
START ADDRESS OF ROM
SET COUNTER = 0

4

SET OUTER COUNTER = ITERS

SET INNER COUNTER = 256 ITERS

LOAD MEMORY INTO
ACCUMULATOR

INCREMENT ADDRESS POINTER

ADD MEMORY TO
ACCUMULATCR

[COUNTER =
COUNTER + 1|

INCREMENT
PC

COUNTER = 0 2

DECREMENT OUTER COUNTER

OUTER

COUNTER = 0 2
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(COUNTER)
= MSByte OF
CHECKSUM ?

HALT

(COUNTER)
= LSByte OF
CHECKSUM 2

s

HALT

RETURN

Figure A-5. Subroutine ROM

70
(@]
=<

This routine constantly reads and adds the contents of
the ROM. The carry generated from the addition is taken care
of in another register and thus forms a 16-bit value
checksum. This checksum should check with the predetermined

checksum.
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RAM

SET ADDRESS POINTER =
START ADDRESS OF RAM
SET OUTER COUNTER = 4 ITERS

———— | SET INNER COUNTER = 256 ITERS

WRITE FIRST TEST
DATA TO MEMORY

INCREMENT ADDRESS
POINTER

DECREMENT INNER
COUNTER

INNER
COUNTER = 0 ?

DECREMENT OUTER
COUNTER

OUTER
COUNTER = 0 ?

SET ADDRESS POINTER =
START ADDRESS OF RAM
SET OUTER COUNTER = 4 ITERS

SET INNER COUNTER = 256 ITERS

17

%
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P

READ MEMORY

GET SECOND
TEST DATA

(RAM)

= TEST DATA 2

WRITE SECOND TEST
DATA TO MEMORY

INCREMENT ADDRESS
POINTER

DECREMENT INNER
COUNTER

INNER
COUNTER = 0 2

DECREMENT OUTER
COUNTER

SECOND TEST
DATA ?
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®

Figure A-6. Subroutine RAM

This routine constantly writes a test pattern,
01010101, in all the RAM locations. After all the RAM
locations have been written into, the routine reads the RAM
again and compares with the data it wrote earlier. The two
data should be the same if the RAM and its associate
circuitry are functioning properly.

The test is then repeated with the test data 10101010.
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6. SERIAL

INITIALIZE 8251 USART
TO ASYNCHRONOUS MODE

A

GET FIRST TEST DATA

!

CALL TXTERA TO
TRANSMIT TEST DATA

CALL RCVRA TO
RECEIVE TEST DATA

RECEIVE DATA
DATA SENT ?

| HALT

SECOND

GET SECOND
TEST DATA

TEST DATA

INITIALIZE.8251 USART
TO SYNCHRONOUS MODE

] CALL TXTERS

] CALL RCVRS B

BLOCK OF DATA
RECEIVED = BLOCK

HALT

QF DATA SENT ?

RETURN

Figure A-7. Subroutine SERIAL
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SERTAL

This routine first configures the serial port in the
Asynchronous mode, and sends the test data to the TxD pin.
This data is then captured by the input pin RxD. If the data
sent and data received are different, then program excution
will be halted.

The same test is performed with the port configure in
Synchronous mode.

Other routines called by this program are TXTERA,

RCVRA, TXTERS and RCVRS.
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7.

PARALL

INITIALIZE 8255

GET TEST DATA SUCH THAT
1010...10 OR 0101...01
APPEARS AT J1

OUTPUT TO PORTS
A, B AND C

INPUT TEST DATA
FROM PORTS
D, E AND F

HALT

HALT

GET TEST DATA SUCH THAT
1010...10 OR 0101...01
APPEARS AT J2

OUTPUT TO PORTS
A, B AND C

T
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(%}

INPUT TEST DATA
FROM PORTS
D, E AND F

N

| HALT
N

‘I HALT
N

| HALT ‘

RETURN

Figure A-8. Subroutine PARALL

PARALL

This program configures the I/0 group 1 ports as
outputs and the I/0 group 2 ports as inputs. It then outputs
test data (10101010 and 01010101, one at a time) to the I/0
group 1 ports. The data sent is captured by the I/0 group 2
ports. They are then compared to see if they are the same.
Any discrepanies between the data sent and the data received
would result in stopping the program execution.

The test is repeated but this time with the test data
1010....10 and 0101...01, one at a time) received at J2 or

the I/0 group 2 ports.
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8. EXBUS
This routine performs the same service as the RAM test
except that the address parameters are different. The

starting address is $4800 and the ending address is SAFFF.

9. CHECK
GET CODE WORDS FOR
REGISTERS
SET REGISTER(i) = 6
SET REGISTER(Jj) = 6

4

READ REGISTER(1i)

IS
REGISTER(i) =
CODE

HALT

READ REGISTER(J)

IN N -
REGISTER(]) = - | HALT

CODE

N HAS ™~
ALL REGISTER(j) >>
BEING EE&Q,?

Y

N HAS

ALL REGISTER(1i)
EING READ ?

Y

(A
-/
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Figure A-9. Subroutine CHECK

CHECK

The CHECK routine is functionally not doing anything,
but merely confirming that all the registers can be written
into and read from correctly.

This routine is called by MPU TEST A only.
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10. TXTERA & RCVRA

A. INPUT TRANSMITTER STATUS

Is
N : TRANSMITTER
READY ?

GET TEST DATA

/

OUTPUT TO
TxD

( RETURN )

B. INPUT RECEIVER STATUS

IS
RECEIVER
READY ?

INPUT TEST
DATA VIA RxD

!

( RETURN )

Figure A-10. A. Subroutine TXTERA B. Subroutine RCVRA
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IXTERA & TXTERS

These routines are called by SERIAL. They transmit the
test data sent by SERIAL to the output pin TxD. They also
constantly check to see if the transmitter is ready before
transmission occurs.

TXTERA is used when the serial port is configured in
the Asynchronous mode, while TXTERS is used for Synchronous

mode.

RCVRA & RCVRS

These routines are the same as above except that they

are used for data reception.
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APPENDIX B

PROGRAM LISTINGS
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SHOO HAIN

IGIC 1T

Loc

oorc
ooLr
coLc
oorLr
oora
(1] 7
0oL S
OCE?
ooro
oors
ooca
O0LL:
3C00
0000
onoc
6000

0000

0000
0003
00046
0009
000C
ooor
0012

0015
0010
0014
oo1np

8030/000%

[N}

CI1E0O
CrAroo
Cnesco
CDADOO
Cnr,80s
Cro4o0¢
coonot

210000
3Co1
77
C31500

[-E-NoR-E-Neleol

HACRO

-
-
=
~

-
M=oY NOUDUN=

. bt s b
NONOUS W

J

2]

IS
o

r
3

2

SOCHILER, V4.0 HODULE raAGC 1
GOURCE STATEMENT

)RR OO0 OO OCROCOROROCOR OO RO RO ook ook ok

FROCRAN NAMC ¢ MAIN

DATC CRCATED ! JULY, 2 1788 X

VERSION 2.0 X

FROGRAM INTENT! THIS IS THC MAIN DRIVER 'ROGRAM WIHICH CALLCD ALL *
THE OTHCR TESTING ROUTINCS LIKC SELM, MPU» ROM, RAM X
GCRIALy FARALL, EXDUG. X

RO R R Rk ROk oo R R Rk okk

SILLIL LTI LI LTINS I 0070000 LIS
VARIALKLES DCCLARATIONS /
LIELILII77007777200020007207200070077707207 0070777700020 72000007700277777777

. we ws e W ws e s ws s ws W ws W

USARTO EQU ocCh
USARTC CQu ocCrn
USARTI COQU oECH
USARTS CQU  oErH
IoRTA EQU oCAH
rORTD Eau  ocsi
rorRTC CQU  oC&N
GRr1c EQU OE7H
FORTD cau  oeen
I'ORTE cQu  ocCn
FORTI CQU  OEAH
GRrr2c EQU ocCBi
START Cau  3coont
STARTS EQU  oo0O0OH
STARTR  CQU  oooon
STARTE EQU  S000H

ouTruT DATA

OuUTruT CONTROL

INFUT DATA

INFUT STATUS

MORTA ADDRCGS

FORTD ADLRCSS

MORTC ADDRCSS

GROUr 1 CONTROL WORD ADDRESS
FORTD ADDRCSS

MORTE ADDRCSS

FORTF ADDRESS

GROUr 2 CONTROL WORD ADDRESS
STARTING ADDRECSS O RAM

GTARTING ADDRCSS O SCLF-TCST ROM
GSTARTING ALDRLCSS OF ROM

STARTING ADDRCSS OF EXTERNAL RAM

W Ws W W W s ws W we W s Wws W ws ws ws

i
FILIII000000000007 000070000000 77077077070077007277007000007770/0077077077777
V
CSCG
ORG 0000H
i
HAIN!  CALL SCLr
CALL Hru
CALL roH

# TCST THE ROHM WITH SCLF- TEST FROGRAM
# MICROIMROCCSSGOR TCST
# TEST THE ROH WITHH SYSTEH MROCGRAM
caLL RAH 7 TCST THE ONDOARD RaH
caLL SERTIAL ¢ TEST THC SCRIAL T"ORT
CALL FARALL i TEST THC PARALLECL TORT
CaLL CXCUS v TCST CXTCRHAL SYSTEH [US
3 TOGGLC THE LED MAIR
i OSCT ADDRCGS LINC #15
+ OCT DATA LIT C
# MOVC 00000001 TO ADDR. Q000N
# INCINITC LOO* JUST 7O LIT LED

LITS
LXI 1, B000N
HVI Ar 000000011
MoV A
Jur LIT

RRRRoboRRoosonoooRcooOR o O Doo RO ok koo ook ok ok ikl ook
SUBROUTINCS SCLr

THIS ROUTING TESTS THC ROM CONTAINING THC SCLE TEST PROGRAH.

RO RO OO ok ook R bk ook ook R oRoR e

3¢ 3¢

- w



1oL LL G000, 8065 HALKO ASSLHELLKY V4.0 RIGUNN Faul 2

LOC o) LInE GOURCL STATEMINT

LU SELr:
Q0L 2urrnr B LXT Iy STARTS -1 i BLGINNING ADDNG, OF ROH MINUS ONC
0021 L4000 57 ANT ool # CLCAR ACC.» ANDY CARKRY IIT
0023 a7 50 Hov Ity A 7 CLCAR RCGIGTILR I
0024 Ar 9% Hov CrA 7 CLLAR REGISTER C
60 RCTCTHE
0025 79 61 MOV AC
0024 23 62 INX I 7 INCRUMUENT ADDR., FOINTER
0027 8BS 63 Al 2] i ACC. = ACC. 1| DATA = LShute OF CHECKSUM
0020 D22C00 C 64 JNC NCXTH
0021 04 65 INR It i MGDRute OF 16 DIT CHECRSUM
65 NLCXTHE
002C ar 67 HOV CrA # PUT (A) TN TCHIORARY STORAGL
002 e - 60 XCHG i EXCHANGE REGISTER TAIRS 1L ANDC DC
002 7A 69 MOV A
0021 reot 70 cr1 o1 ¥ IS (A) = MGItwte OF CNDING ADDRCSS
0031 C22500 Cc 71 JNZ REFETH # NO» GO AND FCTCH MORC DATA
0034 7@ 72 HOV ArE
0035 rcac 73 crI acn i IS (A) = LShwte OF ENDING ADDRESS
0037 €C22500 Cc 74 JNZ RCIFETH # NO» GO AND TETCH MORC DATA
003A 79 75 HOV AC # RCSTORE CONTONT OF REGISTER A
003t Fe33 76 cri 0331 i THIS 16-BIT CHCCRSUM IS YET 70 IC DETER.»
003 C24900 c 77 JNZ LED1 # HALT EXECUTION IF NOT EQUAL
0040 78 78 MOV Al
0041 FE33 79 CFI 033H # THIS 16-BIT CHCCKSUM IS YET TO DE DETER.»
0043 C24700 Cc 80 JNZ LED
0046 C34A00 c o1 JHr SELCND 7 JUMI® TO END' OF SUDRROUTINC SELI
82 LED1?
0049 76 a3 HLT
04 SELEND?
004A C9? S RET # END QF SULDROUTINE SELF
86 i
B7 KKK K0RR KKK ORKOKCKRR KK KOKOK KKK KKK KKK KOKOKOKK KKK XK KKK KKK K K KKK OK KKK KKK KKK KKK X
oo i SULROUTINE: Mru X
89 FTHIS ROUTINE TESTS THE MICROFROCESSOR IN TWO STCEIG: X
90 MICROMROCESSOR TEST IMROCCEDURE A! RCGISTERS CHLCCK TEST X
?1 3 MICROFROCESSOR TEST FROCEDURE Irt OTHER INSTRUCTIONS TEST X
D2 FRKKKKRORK KKK KR KKK KK KKK KK KKK K OKOK 3K KK KK K OK K K K K0k KK KK KK J0OK KK KK XOKIOK KKK 0K XK K
93 i
74 MFU?
004Lr CD5200 Cc ?5 ChaLL Mrut # MICROFROCESSOR REGISTER READ TEST
004C CD&IOO c ?6 CALL MFU2 i MICROFROCESSOR OTHER INGTR.» TEST
97 i
0051 C9 28 RET i EXIST MU ROUTINC
9?9 i
100 730K KKK KKK KK OKOK KK KKK KKK KK HOKK KKK KK XK 0K K F0K0K 0K KK KKK OO OKOKOK KK OKKOKOK KOk X X
101 3§ SURROUTINE: MIut X
102 FTHIS ROUTINE FERFORMS THE REGISTER RCAD TCST. X
103 530K AR ER KKK KKK KRR KK KKK K K 0K KKK KKK RO KK KK OKK K KKK KKK KKK AKX OKOKOKOK K OK KK K K
104
105 Mrui:
007F 106 COrea SET Oo11111111 i CODE WORD FOR REGISTER A
oonr 107 concn SCT 1011111110 # CORE WORD FOR REGISTER It
00NF 100 conpec SET 11011111E i CODE WORD TOR REGISVER C
r

oorr 109 CODRED SET 111011110 COLE WORD FOR REGISTER I



1616 11 00U0/80035 MACKRO

LOC  OBJ

00r?7
oorn
oorn

0052 CI7501

00OnF
00DF
00EF
0orz
OOF
oornp
00rE

0055 CD7501

00DF
QOLF
0orz
00TE
oorp
00FE
007F

0058 CD7501

00EF
oorz
O0FE
ooFD
00FE
007F
OOkF

005E CD7501

o0r7
Q0F R
oornp
oore
007F
QOIF
00Nk

005C CD7501

oorm
oorn
00r'E
007F
QORI
oonr
00CF

0061 CD7501

C

Cc

[

C

o

C

LINE

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

133 -

134
135
136
137
139
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

ASSEHILER, V4,0

-

-

-

-

MODULE

SOURCE STATEMENT

COnEE
concu
conL

cAaLL

conea
CODER
COneEC
COLED
COIEE
COREN
CODEL

CALL

conca
COLER
CODEC
COREDR
CODEE
CODEH
coreL

CALL

COnEA
CODER
COnec
COpED
CODEE
COLEH
CODEL

CALL

COpEA
CODER
copce
CODEDR
CODEE
conen
concu

CALL

conca
Con
conec
CODED
CODEE
CODEN
CODEL

CAlLL

SCT
SCT
SCT

CHECK

SET
SET
SET
SET
SET
SET
SET

CHECK

SET
SET
SET
SET
SET
SET
SET

CHECK

SET
SET
SET
SET
SET
SET
SET

CHECK

SET
SET
SET
SET
SET
SET
SET

CHECK

SET
SET
SET
SET
SET
SET
SET

CIHECK

11110111
11111011E
11111101k

10111111E
11011111B
11101111B
11110111k
11111011B
111111010
111111100

11011111E
11101111B
11110111F
11111011E
11111101R
11111110F
O1111111R

11101111E
11110111R
111110118
11111101k
11111110k
01111111B
10111111E

11110111E
11111011E
11111101E
111111100
O1111111E
1011111110
110111110

111110111
111111010
111111100
01111111E
101111110
1101111100
1110111118

"'aGr 3

- ..

CODE WORD FOR
COIC WORD FOR
CODE WORD MOk

CALL REGISTER

REGISTER C
REGISTER H
REGISTER L

TEST ROUTINC



ISIS 11 0080/0005 MACKO ASSCMDLLR, V4.0 HODULE raGL: q

Loc onJ LINE SOURCE STATEMENT

1465 &
oorn 166 conca Sea 1111110118
00rc 167 Concr SET 11111110R
007F 140 conec SET 01111111
O0LF 149 concop SCT 10111111
oonr 170 CODLCE SET 110111111
oorF 171 copcn SET 111011110
00r?z 172 concL SCT 111101111

173 5
00464 CD7501 Cc 174 cAaLL CHECK

175 &
oore 176 conca SCT 111111101
007F 177 CODER SET o1111111
0oLk 178 copce SET 101411110
00DF 179 copcn SET 11011111
ooLF 180 COLCE SET 111011111
00rz 101 concn SET 11110111E
00I'E 102 CODEL SET 11111011B

183 &
0067 CD7501 Cc 104 CALL CIIECK

105 #
0046A C? 186 RET i EXIST THE MFU1 ROUTINC

107 &

108

V

AR KR KKK AR KKK KKK KKK KKK KR KK KKK KKK KKK K KOR K3 KK 0K KR IO KKK KKK KKk XK
189 & SURROUTINE S Mru2 X
1920 #THIS ROUTINC TESTS THE OTHER INSTRUCTION SCTS OF THCE MICROFROCESSOR. %
191 5RKKRKKKR R KKK KKK KKK KO R OK KKK ORI KKK KK 0K K KKK KKK AOK KK KKK KKK 0Kk Xk 3ok kK Kok X
192 &

’
193 Mru2d
0030 194 copca SET 10000000k # CODC WORD FOR REGISTER A
0040 195 COLED SET 01000000 # CODC WORD FOR RCGISTER B
0020 124 conce SET 00100000L # CODC WORD FOR REGISTER C
0010 197 copcp SET 00010000 # CODC WORD FOR RCGISTER D
0000 190 concc SCT 00001000 i CODEC WORD FOR RCGISTER E
0004 199 conen SCcT 00000100L: i CODE WORD MOR REGISTER 1
0002 200 copco SCT 00000010 # CODC WORD I"OR RCGISTER L
201 &
0041t 380 202 MVI A,CODEA
00sIr 0540 203 HVI Iy CODCR
00Ll 0C20 204 HVI C,conce
0071 1510 209 MVI n,concp
0073 100 204 MVI E,CODCE
0075 2504 207 MVI H.concn
0077 2002 200 MVI LyConcL
209 &
210 FTHIS PORTION OF THE HMU2 PROGRAH CXCRCIGE THE ARD AND ADC INSTRUCTIONS
211 5
007 37 212 6Tc # SLT CARRY DIT
007A 00 213 ADC It i ADD (D) TO ACCUMULATOR WITH CARRY
ocvn o1 214 Al C iy ADL (C) TO ACCUHULATOR
007C 82 215 AbD I » ALD () 10 ACCUHULATOR
007 63 ALl C yoADD (C) TO ACCU.»
Cove G AlD H voADD A TO ACCU.y
Cesr 0% GHH] L poAabl (L) 1O ACCU.,
COGO rerer Crr orrn o COHMPARLE (A WITH 1ttt




IGIG 1T 0000/0005 MACKO ASGEURLLR, V4.0 HODULL 'AGL 53

LOC 0L LINC SOURCE STATECHMUNT
cou2 C27301  C JHZ CRROR $ IF NOT CQUALy HALT CXCCUTION
3
0005 3000 VT A, CODCA § RCSTORE RCGISTCR A CODC WORD
0007 37 ST i REPCAT THD ADOVE PROCCSS CXCCRT THC
0080 80 AL It i ADC INSTR., IS SWITCHCD TG A DIFTERENT
6062 0% ALC  C 3 REGISTCR AND S0 OM.
octa 92 ALl D
COBL: 4 Al C
0048C 4 ST T
0osn 95 ALl L
008C 21 cHA
008! I'CO0 cr ool
0091 €27301  C . JNZ  CRROR
5
0094 3L00 MVI  A,CODCA
0096 37 STC
0077 00 ADD It
0078 01 Al C
0077 OA ALC D
894 03 ADD €
007L 04 IO ]
covC 0% Ann L
009D T'CFF cr1 o oorri
0CTI €27301 € 243 JNZ  CRROR
244 5
0042 3ECC 245 MYI  A/CODCA
00A4 37 248 3TC
00A5 O 247 ADD D
008G O 2490 AID  C
00A7 02 247 ADD It
0CAD O 250 3 (ol o
00A% £A 251 ADD N
coAN 03 252 ADD L
o e cha
> I'Coo 25 cr1 - oon
C27301 € 255 JHZ  CRROK
256 4
001 3ES 25 MYI  A,CODCA
oors 37 25 sTC
00r4 £o 259 Al It
cous o1 250 ADD C
00ns 82 251 ADD It
COLY O 262 ADL
ocrs oC 263 Anc il
oons 05 284 Al L
COBA TTIT 265 crI o oorrn
00LC C27301 € 244 JNZ  CRROR
287 6
005 3LBO 240 MYI  A,CODCA
ooct 37 200 oI
0oL 0o 270 aDD It
0083 61 271 AL C
00ca o 272 ADD D
ooLs 03 73 Al C
0CLo Ba 74 ann 1




o0y
cocn:

07T

cocr
oono
oont
oonz
oons
oona
o0ons
0ons
oonzr
cong
oona

oonn
oonr
ooco
oor1
ooz
oor:3
o004
005
00Ls
0ora

oorn
O0ED
ooLc
00LF
ooro
oori
oora
00I"3
0014
[ 1] )
oorz

oora
oorc
oorn
oorc
oorr
c100
0101
0102
0103
010%

BOUC/BOLY

rceo
c27301 c

Ml
37

ar

!

7

3 N3 NN N)
TS

rere
c27301 Cc

3Crr
37

70
»?
72

3

7

?5

'eoo
C27301 c

JE7T
37
70

71
A
723
TA
79
r
rerr
C27301 c

L7r

37

70

?1

92

T

74

79

r'eoo
€27301 C

1ALKO

~
-
F

WHRI = Oy NG

a6

IV

ALLTNIL

H
JCXERCT
H

-

Ry V3.0 HORULL I"AGL v

GOURCL STATEHENT

ADC i
cra
crr con

JHZ CRROR

SECOTHE SUR AHD ALLE INSTRUCTIONS

conta SeT 0o1111111[ y SCT HEW CODL WORD MOk RECGISTER A
HYlI Ay COLLEA
Gie

Son g

Sun Cc

Sun 1]

sun o

Sur ]

sun L

CHA

cri orr

JNZ ERROR

MVI A»CODCA

STC

sun n
Soo C
Sup D
sup E
sun "
sunr L
cri oon

JHZ CRROR

HVI ArCODCA

Sic

sun I
sun C
SIn n
sSup C
sup n
Sun L
cHA

crr orru

JNZ CRROR

MVI AsCODCA

si1c

Sun I
sun C
sun o
SItle E
aun "
sun L
crr oon

JNZ CRiOR



IGIG 11 0000/0000 MACKRO AGSEMIBLLER, 04.6 HODULL ract 7

Loc ooy LINC GOURCE STATEMUNT
0100 3071 320 MVI AyCODCA
010Aa 37 331 STC
o110 20 332 sSun I
010C 71 333 Sun c
o110 22 334 Sun n
o1oL 93 335 Sun C
o1o0r vC 336 spn "
0110 95 337 Sup L
ot 2r 330 CHA
0112 FCFr 337 cri orrn
0114 C27301 Cc 340 JNZ ERROR
341 &
0117 3C7F 342 MVI Ar,CODCA
0119 37 343 Sr1c
011a 70 344 SuB 10
o111 ?1 345 sur c
011C 92 346 Sup n
o11n 723 347 sup E
011E 74 340 sun H
011F 7D 349 Spon L
0120 TFEOO 350 CFI ooN
0122 €27301 c 351 JNZ CRROR
352 i
353 JEXERCISE THE ORA AND ORI INSTRUCTIONS
354
0080 355 COLEA SET 10000000R # SCT NEW CODE WORDN FOR REGISTER A
356
0125 3E80 357 MVI A, COREA
0127 1o 358 ORA 1o
0120 E1 359 orA Cc
0129 B2 360 oRA (]
012aA I3 361 ORA E
0121 b4 362 ORA H
012C EBS 363 ORA L
012D F601 364 ORI 01H
012F FEIF 365 CFI OFFH
0131 C27301 c 366 JNZ ERROR
0134 2F 3467 CHA
0135 FEOO 348 crI ooH
0137 €27301 [ 369 JNZ ERROR
370
007F 371 conca SET o1111111[0
oonF 372 corep SET 101111111
QODF 373 coree SET 110111110
oorr 374 Copen SET 11101111E
oorz 375 conce SCT 111101110
oore 376 CODEH SCT 11111011
oorn 377 CODEL SET 1111110100
378 &
013A 3E7F 379 MVI A, CODEA
013C 06IF 300 HVI L, CODCD
013E OEDN 391 MVI C,CODREC
0140 16ET 3082 MVI Dy CODED
0142 1EF7 383 MVI E,COIEE

0144 260t 304 MVI H,CODEH
.



1516 11 808070005

Loc

0146

0140
0149
0144A
014D
014C
014D
014k
0150
0152
0155
0154
01508

015Kk

0150
015E
015F
0160
0161
0162
0163
0165
0167
016A
016It
016D

0170

0173

0174

0175
0177
0179

ond

2ern

A0

Al

A2

A3

A4

AS

E400

FEOO
C27301 C
2F

FEFF
c27301 Cc

3E7F

AB

A9

AA

AR

AC

AD

EEO1

FEFF
C27301 C
2F

FEOO
C27301 Cc

C37401 C

76

(04

3E7F
osnr
OCDF

MNCRO

LINE

305
306
307
308
309
390
391
392
393
394
395
396
397
390
399
400
401
402
403
404
405
206
407
400
409
410
411
412
413
414
415
16
417
418
419
420
421
422
423
424
225
426
427
420
429
430
431
432
433
434
435
434
437
430
439

ASSEMDLER, VA4

Sounrce

MVI

EXERCISLE THE

- - e

ANA
ANA
ANA
ANA
ANA
ANA
ANI
CFI
JINZ
CHA
CrI
JINZ

EXERCISE THE

MVI

-

XRA
XKA
XRA
XRA
XRA
XRA
XRI
CFI
JNZ
CHA
crI
JINZ

JMF
i
ERROR?

HLT
MFUEND

RET

ARk KKk Kk Kk

0 MODULE aGeE 0

STATEMENT
Lr.conce
ANA AND' ANI INSTRUCTIONS

b

c

10

E

H

L

oo
ool
ERROR

OFFH
ERROR

XRA AND XRI INSTRUCTIONS
ArCODEA # SET NEW CODE WORD FOR REGISTER A

1]
C

D

E

H

L

01H
OFFH
ERROR

00H
ERROR

MFUEND

§ EXIST THE HFU2 ROUTINE

AR KKK KKK KKK KKK KKK AOK KK KK KK KKK 3K KOK KK KKK KK KK KKK KK
SUBROUTINE! CHECK (CALLED BY MFU) X

i
i
i
FTHIS ROUTINE FERFORMS THE REGISTER CHLCCK TEST. THE SEQUENCE OF TEST X
1S AS FOLLOWS: X
i 1. ABALYACACy « + .+ rALAL 2. BARASDICRCr o+ . + oDLDL X
i 3. CACAsCDBCEy + « + sCLCL 4. DADA,DDIODL, o . o »DLDL X
i X
i ETC X
FRKRKAOK R KKK K AOKKKKAORAOKRAOK KKK ROK KK ORI KK KK KKK KKK 0K KKK AOKKOKKOK A KOIOK K 0K KOk Kk K
i
CHECK?

MVI AsCODREA i MOVE CODRCA TO REGISTCR A

MVI Ity CODER # MOVE CODCED TO REGISTER It

HVI C,COREC i MOVC COREC TO REGISTER C



16165 11

LOC

o17n
oL7n
017F
0101

0103
01485
0108
0109
010A
010D
0180E
0170
0191
0174
0195
0196

0199
017K
o170
0140
01A1
01A2
01A5
01aé6
0148
01AA
o1AD
O1AE
o1Aalr

o1z
0o11:4
01RS6
o119
01kA
01k
O1RE
o1nr
01C1
o1C3
o1Cs
01C7
01C0

o1Ccn

0000/0005 MACRO

or)

16ET
1EF7
26FLD
2EFD

FE7F
C276095
76

 d¢]
C27605
47
3E7F
IF
C27605
78

re
€27605

3e7r
FE7F
€27605
79

9
£27605
AF
3E7F
rE7F
C27605
79

Yy
C27605

3E7T
FEZ2F
C27605

DA
C27605

JE7F
rezr
C27605
7

| (2]
C2760%5

3C7r

LINE

440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
440
261
262
443
264
465
466
487
468
469
470
471
472
473
474
475

476,

477
478
479
480
481
402
403
484
495
484
487
408
4939
490
41
452
493
494

ASSEMRLERY VA.0

- .

PN

HoDLE

SOURCE STATEMENT

MVI
MVI
MVI
MVI

Dy CODED
LyCOREL
H.COneEN
L,CODEL

ARADR REGISTER

CFI
JINZ
MOV
CHr
JNZ
MOV
MVI
cHr
JNZ
MOV
CcHr
JNZ

copea
LED
Al

r

LED

kvA
ArCODEA
A

LED

A

14
LED

ACAC REGISTER

MVI
CrI
JHZ
HOV
CHF
JNZ
MOV
MVI
CFI
JNZ
MOV
CHF
JNZ

A»CODEA
CODEA
LED

ArC

C

LCD

CrA
AsCODEA
CODEA
LED

ArC

C

LED

ADAD REGISTER

MVI
CFI
JNZ
MoV
CHI
JNZ
MOV
MVI
CFI
JNZ
HOV
CHF
JNZ

Ar,CODEA
CODEA
LED

ArD

D

LED

A

A CODCEA
conca
LED

AsD

n

LED

ACAC REGISTER

HVI

AyCODEA

READ

RCAD

RECAD

REALD

I"aGr 7

READ (A) AND COMPFARE WITH CODCA
READ (It)

COMIEARE (B) WITH CODEDR

READ (A)

COMFFARE (A) WITH CODEA

RCAD (E)
COMFARE (B) WITH CODEE



IS16 11T 0000/000% MACRO

Loc

olcn
010K
o1t
orp
0118
0o1nsé
o7
o1p?
o1on
o1n
o1nr
0100

01C3
01CS
01E?
01CA
01CE
o1C
O1LF
01ro
o
os

01reé

o1rz
oLlrs

oirn
oLrn
owrr
0202
0203
0204
0207
0208
020A
020C
0201
0210
0211

0214
0215
0214
0217
0214
o21C
[Jes 8
0220

ord

L
27605
nmn

|84
C27605
ar
3E7T
Fe?r
C27605
70

jug
C27605

SC7F
reer
C27605

nc

C274605

3C7r
o
C27605

nc
C275605

3T
FC7F
27505
70

Lo
C27605
o
30T
re7r
C27605
7n

00
C27505

78
e
ca7
47
3T
rr
C27605
70

e~
S
4}

C

LINC
]
496
477
498
499
500
501
502
503
S04
505
506
507
500
509
510
S11
512
513
S14
515
516
o917
918
917
520
521

e
522

<
523
b
52
e
525
en
S2
en
52
en
52
-
s

=
99

531
532
533
534
535
55

537
53

537
540
541
542
543
544
545
546
547
540

549

AGHEHLLERY VA

- . .

- .

Source

CHi*
JNZ
MOV
CHr
JHZ
HOV
MVI
cri
JHZ
MoV
cHr
JHZ

AllAY R

MVI
CFI
JNZ
MOV
CHP
JHZ
HOV
MVI
cHr
JHZ
MOV
CHF
JNZ

ALAL K

MVI
cri
JHZ
MOV
cur
JNZ
HOV
MVI
cri
JHZ
HOV
CcMr
JHZ

nAlA R

HoV
CHIr
JHZ
Hov
MVI
CHI*
JNZ
HOV

.0 MODULLE

GTATEMONT

A

LED
AL

E

LED
ErA
AyCODCA
CODEA
Lep
AsE

C

LED
CGISTER RCAD
ArCODCA
CODEA

LED

Arll

"

LED

HeA
A,CODEA

A

LED

Arll

n

LED

CGISTCR READ

AsCODEA
coprea
LCD

ArL

L

LED

LA
AyCODEA
cooca
LED

ArL

L

LED

CGISTCR RCAD

ArDt
I
LCD
It A
A,CODCA
A
o
Al

raGc

10



1515 11 80080./0005 MACRO ASSCHMDLINR, V4.0 HODULLE raGL 11

Lo onJ LINC SOURCE STATCHONT
o 550 o 1
C27605 € 55 JNZ o LED
e 552 HUI  A,CODEA
I 55: cHr A

27605 € 554 Jnz LED
555
556 ECRC RCGISTER READ
557
550 MOV AsD
557 chr
€ 550 JNZ o LED
541 MOY DA
542 HOU  AlC
543 cHr ©
C 5 JNzoLen
545 HOV  C.A
564 MOV A.D
557 CHF [
c 540 JNZ LCD
547 MOV DyA
570 HOV AL
571 o C
c 572 Juz oLen
573 MOV CyA
574 4
575 i IDD RCGISTER READ
576 &
577 MOV A
570 cHr o
c 57 JNZ LCo
560 HOV  DeA
501 10V AD
502 cur o
C 503 JNZ o LED
504 HOV DA
505 HOV  A.D
586 T |
c 567 JNZ O LED
500 HOY A
537 MOV A/D
LA 550 cHr b
C27605 € 591 JNZLED
57 572 MOV DvA
553
594 3 LCIC REGISTER READ
595
556 MOV AE
567 chr o
c 570 JNZLrD
575 HOV  IoA
560 I
401 cur «©
€ 6oz JNZ o LED
503 MOV LCea

504 MOV Al




LGIG 1T 8008C,/000% HACKRO

Loc ond

0z73 7
0274 I3
A

0275 C27605

277 7
0274 LC
0271 C27605
027C &7
0z7r 74
0200 L9

€235 7C
G206 LU
0237 C27505

BT A
2206 67

2 18y
0201 C27605
0270 47

0271 7D
G292 L
C273 C27605

208 6F

G

C2A3 77
0244
02AG
02
02A?
02AD
02AC C27605

c

LLINC

4605
G0G
&“07
600
M
610
611
612
613
614
615

WOWHWWWHWEMNMEMNEMNREMNE

&37

Gy Cn Cn Cs &8 €~ Ca Cs © Cn O G O

UGG asd d
MONGU L W= ONON

Aeves
[

CHILER, VA

SOURECC

cHr
JHE
Hov
Hov
CHIr
JNZ
HOV

0

STATCHONT

I

LED
1T
AL
C

Lo
C,A

nopuLe

e RCCISTCR RCAD

Hov
cur
JHZ
Hov
Hov
cur
JHZ
Heov
Hov
CHr
JHE
HOV
Hov
cHr
JNZ
HOV

Al
n

LCn
IvA
Arll
"

Lco
1.
Al
n

Lco
A
Al
]

Lo
1.A

GLIL RCGISTCR RCALD

HOV
cHr
JNZ
MOV
Hov
cHr
SHZ
Hov
Hov
cur
JHNZ
Hov
HOV
cur
ST
MOV

At
g

LED
A
AsL
L

Lco
LyA
A
n

LCD
IyA
ArL

L
Leo
LA

CACA RCCISTLR

Hov
[0
JHZ
MOV
MVI
cur
JNT

ArC
c

LED
Cra

A, CODCA
)

LD

RCAD

"aGL

12



IS1S LD 8080/0000% MACKRO ALSCHILLRY VA0 HOLULL aGr: L

LOC  ORJ LINL SOURCE STATEMENT
7% $60 Hov ArC
| O 661 CHre C
C 652 JNZ LED
GH62 HOV C.A
564 MVI AyCODCA
6HG cur A
Cc b Juz LCD
667
660 ¥ CpCk RCGISTER RCAD
56 §
7 670 Hov ArC
M 671 cHr c
C27605 [ 672 JHZ LED
ar 673 HOV Cra
70 674 Hov Al
C2 IO 675 cHr It
C2760% C 674 JHZ LED
47 677 MOV nyA
? 670 MOV ArC
| 54 677 CHI* C
227605 C 680 JNZ LCD
Ar 681 MOV C.A
78 602 MOV Arl
- Lo 603 cHr 1J
T C2TH05 c 604 JNZ LCp
2 47 685 MOV A
86§
687 COCD REGISTER READ
683 ¢
689? MOV AC
6590 CHr [
C 671 JHZ Lco
692 MOV CrA
573 MOV ArD
4674 CHI I
C 69% JNZ LED
676 Hov brA
697 Hov AC
698 CHI* C
C 699 . JINZ LED
700 MoV CrA
701 Moy AvD
702 cur n
C 703 JHZ LED
704 Hov oA
703 i
708 CLCE RCGISTER READ
707
708 Mov ArC
709 cHr Cc
C 710 JHNZ LeD
711 MOV CrA
712 MOV Avll
713 cHr r

C 714 JHZ LED



ISIS-I1 0080/0005 MACRO ASSEHRLLR, VA

Loc

02r'd

207
02rs
02y
oxrce
ozxrn
02I'E
(a2
0302

0303
0304

305
0308
0207
03¢A
030N
030r
cIor
0310
c311
c314
011G
[
[0 g
Vi3 ¥

ond

or
79
ne
C27505
ar
n
104
C2786505

sr

N4
o
=3
[T}

SN
<~
<
c

&
5
7
14
C
N
}
-
7

SRR SECRCRNE S

LINE

715
714
717
710
719

20
721

22
724

25
725
727
728
729
730
731
732

73
53

4 4> b de &3 4¥ 43
[ R+ E S N

- o

. e w

SOuURCC

MOV
MOV
CHr
JNZ
Hov
HOV
chr
JHZ
Hov

0

GSTATEMENT

ErA
ArC
C

LED
CvA
ArE
C

Lo

-
i

HODULE

CHCN REGISTER RCAR

HoY
chr:
Jnz
HOV
Hov
cur:
Jnz

oy

CLOL R

Hov
chr
JiH
HoY
oy

g
Wria

2eas
(Rt

sy
v

ArC
C

Len
CrA
Arll
1]

LED
L)

Al
-

LGISTER RCAD

Arl
C

[Wwd
Créy
Al

e
[IRRS e

racc

14



LI GOGH/G00S HALRD ALGSCHILER, V3.0 HoneLs VAL 15

LOC  Ond LIN GOURCE STATLHEHT
770 cir B
C 771 il LD
772 "oy ark
773 chr L
C T7A Jill Lk
7T o .0
) I Ay CODES
e Cidl 1)
C 778 Sl Ch
Vi
700 ¢ DRUD RCGICSTIR READ
781 &
A 702 oY Al
oA 703 CHr 1
C2750% C 704 JHZ LD
o7 705 Hov Dedr
78 706 Al
Lo 707 I
L27605 C 736 LC
A7 707 I é
7h 77 BT
LA 721 H]
Ca74505 o} s LD
G7 703 IR}
70 774 hray
L3 7S cmr It
C27600 [ 7746 JHZ LZD
47 707 Hov e s
790 3
797 3 BEGC REGISTER RCAD
Goc
O34T 7A G361 HOV Al
0354 LA 802 CHi IJ
0365 Ca7605 Cc 803 JNZ LED
0348 U7 804 MOV n.A
Q0367?77 405 MOV ArC
03468 P 00s6 CcHr c
03461 C27605 Cc 007 JNE LCD
0J5C AF 800 MOV CrA

034" 74 209 HOV Arll
0370 kA 810 cHr D
0371 €C274605 c 011 JNG LED

0374 57 012 MOV A
0375 7 813 MOV ArC
RYSAS o) 014 cHe c
0377 C27605 c 815 JNZ LED

OZ7A AF 014 HOV CrA

Q
-
o
-

DCDE REGISTER READ

=]
-
N
-

0378 7A 820 MoV ArD
037C DA 821 cHr n

037D C27605 C 822 JNZ LED
0300 57 823 HOV nyA
0381 7R 824 Hov ArE



ISI5- 1T $080/8005 MACKO ASSCHOLER,

Loc

0302
0333
0386
0307
03480
0309
030C
038D
038E
030F
0392

0393
0394
0395
0370
0399
0374
037Fk
039E
039F
03A0
03A1
03A4
03A5
03A6
03A7
03AA

03AD
03AC
03AD
03RO
03Kl
o3n2
03R3
03R4
o3n7
oing
03n9
o3nc
03ED
03LE
03nF
03C2

03C3
03cC4
03CS

on

194
C27605
Sr
7A
BA
C27605
57
7n
BE
C27605
SF

C2760%5
57
7C
BC
C27605
67

7A
BA
C27605
97
7D
oo
C27605
6F
7A
rA
C27605
57
70
BD
C27605
6F

7B
BE
C276035

LINE

325
026
827
228
029
830
a31
832
833
834
835
036
837
838
839
840
841
842
843
844
845
846
847
848
849
850
a51
852
853
854
855
856
as7
058
as9
860
861
862
853
864
865
866
8467
8463
869
870
871
a72
873
874
a75
876
877
a7o
879

R

-

SOURCE STATEMENT

cur
JNZ
MoV
MoV
CHF
JINZ
Mov
Mov
CHIr
JNZ
Mov

V4.0

E

LED
ErA
ArD
D

LED
DA
ArE
E

LED
ErA

MODULE

mipd REGISTER READ

MoV
cHr
JNZ
MOV
MoV
CMP
JNZ
MOV
MOV
CHF
JNZ
HOv
MOV
CHP
JNZ
MOV

Al
I

LED
DA
ArH
H

LED
HrA
ArD
D

LED
DA
ArH
H

- LED
HrA

DLDPL REGISTER READ

Mov
CHP
JNZ
MOV
MOV
CHP
JNZ
MOV

MOV -

CHP
JNZ
MOV
MOV
cHr
JNZ
MOV

ArD
D

LED
A
ArL
L

LED
Lra
A:D
n

LED
DrA
ArL
L

LED
LA

EACA REGISTER READ

HOV
CHr
JNZ

AVE
C
LED

FAGL

16



ISIS-I1 8080/0085 MACRO ASSEMDLER,

Loc

03C8
03C9
03Ch
03CC
03CF
o310
0301
0304
o30S
03n7
o3ne

030R
o3nc
o3nn
03E0
03E1
03E2
03E3
03E6
03E7
03E8
03E?
03EC
03ED
O3EE
03EF
03F2

03r3
03F4
03F5
03FB
03F9?
o3ra
03FR
03FE
03Fr
0400
0401
0404
0405
0406
0407
040A

040I
040C
040D

(1} N

5F
3E7F
BF
€27605
7B

e
€27605

7B
BR
C27605
SF
79

C27605
a7
7R
BB
C27605
SF
70
ro
C27605
47

7R
kD
C27605

79

C27605
AF
7B
ER
€C27605
or
79
B?
C27605
AF

7B
ke
C27605

LINE

880
861
882
083
984
085
886
007
oo8
009
890
891
a92
893
0894
895
896
897
a98
a99
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924

25
926
927
928
929
930
931
932
933

734

- .

SOURCE STATEMENT

MOV
MVI
CHP
JNZ
MOV
CHF
JNZ
MoV
MVI
CHP
JNZ

V4.0

ErA
ArCODEA
A

LED
ArE

E

LED
ErA
A+CODEA
A

LED

MODULE

EREBR REGISTER READ

HOV
CHFP
JNZ
HOV
Hov
CHP
JNZ
HOV
MOV
CHP
JNZ
MOV
Hov
CMF
JINZ
HOV

AE
E

LED
ErA
A'B
R

LED
BrA
ArE
E

LED
ErA
AR
R

LED
IvA

ECEC REGISTER READ

MOV
CHr
JNZ
MOV
MoV
CHr
JNZ
MOV
MOV
CHP
JNZ
MoV
HOV
CHr
JNZ
MOV

AYE
E

LED
Es'A
AC
C

LED
Cra
AYE
E

LED
ErA
ArC
C

LED
CrA

EDED REGISTER RCAD

MOV
cHr

JNZ

AYE
E
LED

"AGE

17



ISIS I 808070005 MACRO

Loc

0410
0411
0412
0413
0416
0417
0410
0419
041C
041D
041E
041F
0422

0423
0424
0425
0428
0429
042A
042B
042E
042F
0430
0431
0434
0435
0436
0437
043A

043R
043C
0430
0440
0441
0442
0443
0446
0447
0448
0449
044c
0441
044E
04ar
0452

0453

onrJ

oF
77
EBA
C27605
97
7o
j4d
C27605
SF
7A
BA
C27605
o7

7B
ER
C276035
SF
7C
EC
C27605
67
7B
ER
C27605
SF

7C
rC
C27605
&7

7n
EBE
C27605
SF
7D
ED
C27605
&
n
ER
C27605
SF
7D
BRI
CZ7805
6F

LINE

935
?36
737
?38
?39
?40
?41
?42
?43
944
945
746
?47
748
?49
?50
951
952
753
954
755
756
957
?58
959
?60
?61
762
763
P64
965
766
967
768
967
970
?71
972
973
974
975
9?76
977
978
979
780
781
202
703
704
785
786
287
708
7687

ASSEMIILERy VA

SOURCE

MOV
MOV
cHr
JNZ
MOV
Mov
cHr
JNZ
MOV
MOV
CHP
JNZ
LY

«0

STATEMENT

ErA
Al
I

LED
DeA
AYE
E

LED
ErA
ArD
n

LED
| Y

MODULE

EHEH REGISTER READ

MOV
cHr
JNZ
HOV
MOV
CHMP
JNZ
MOV
MOV
CHP
JNZ
MOV
MOV
CMP
JNZ
MoV

ArE
E

LED
ErA
ArH
H

LED
HrA
AYE
E

LED
Er'A
ArH
H

LED
HrA

ELCL REGISTER READ

MOV
CHIr*
JNZ
MOV
MOV
CHP
JNZ
MOV
MOV
CHI*
JNZ
MOV
MOV
CHF
JNZ
MoV

ArE
c

LED
ErA
ArL
L

LED
LA
ArE
E

LED
ErA
Arl
L

LED
LA

HaA REGISTER READ

HOV

Arll

raGcc

18



ISI5-11I 86080/0005 MACRO

Loc

04549
0455
0458
0459
045R
045C
045F
0460
0461
0464
04465
0467
0468

[ZFA L
046C
044D
0470
0471
0472
0473
0476
0477
0470
0479
047C
0470
047E
0471
0402

0403
0484
0485
0480
0409
0484
0401
048E
040F
0470
0491
0494
0495
0476
0497
0424

049N

oy

rc
C27605
67
3E7F
nr
C27605
7C

EC
C27605

C274605
67
78
B8
C27605
47

C27605

aF

7C

EC
27605

67

79

e

£27605

aF

7C

LINE

2?0

771

992

?93

?74

?95

796

?97

?70

?99
1000
1001
1002
10Q3
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
10346
1037
1038
103%
1040
1041
1042
1043
1044

ASGEMILLRYy V4.0

- e

-

SOURCE

cHr
JNZ
MOV
MVI
cur
JNZ
MOV
CHF
JNZ
MOV
MVI
CHr
JNZ

GTATEMENT

1]

LED

1A

A CODEA
A

LED

Arll

H

LED

1A
A»CODCA
A

LED

MODULE

HBHR REGISTER READ

MoV
CHP
JNZ
MOV
MOV
CHF
JNZ
Mov
HOV
CcHr
JNZ
MOV
MOV
CHF
JNZ
HOV

AsH
H

LED
A
ArB

D

LED
DeA
ArH
H

LED
HyA
ArD
R

LED
| Y

HCHC REGISTER READ

HOV
CHI®
JNZ
HOv
MoV
cHr
JNZ
MOV
MOV
CMF
JNZ
MOV
HOV
cHr
JNZ
MOV

Artl
H

LED
A
AC
C

LED
CrA
ArH
H

LED
LLEX:)
ArC
C
LED
CrA

HMIF REGISTER REALD'

Mov

Arll

"ace

1

~
7



ISIG IT 0080/0808% MACRO

Loc

04%C
049D
0440
04A1
04A2
04A3
04AL
08A7
04A8
0477
04AnC
04AD
04AE
04Al
045:2

0413
0414
0415
0410
0409
04LnA
04l
04RE
0ABF
04C0
04C1
04CA
04CS
04C4H
04c7
04CA

04ACh
oacc
oacp
0400
0401
0402
0403
0416
04n7
0An0
04n?
04nC
oADD
04DE
0ADF
04E2

ord

RC
C27605
67
70
na
C27605
97
7C
i
C27605
&7
7A
BA
C27605

57

nc
C27605

EBR
C27605

SF

7C
nc
C27605
&7
7n
ED
C27605
&F
7C
EC
C27605

70
oo
C27605
SF

LINE

1045
1044
1047
1048
1047
1050
1051
1052
1053
1054
1055
1056
1057
1050
1059
1050
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1000
1081
1082
1083
1084
1085
1086
1087
1088
1087
1090
1091
1092
1093
1094
1095
1096
1097
1059
1079

AGSLHILERY VA0

- e

SOURCE

cur
JHZ
Hov
Hov
cur
JNZ
MOV
HOV
CHr
JNZ
Hov
MOV
cHr
JNT
MOV

GSTATEMENT

"

Lo
1A
AvD
1d

LCD
A
Arll
1]

LED
HeA
A
n

LED
| 7.

HODOLLE

IIEHE REGISTER READ

Hov
CHFP
JNZ
Hov
Hov
cur
JINZ
HOV
MOV
CHr
JINZ
MoV
MOV
CHF
JINZ
Hov

AsH
H
LED
HryA
AsE
oo

LED
EvA
AN
1]

LED
HeA
ArE
E

LED
EvA

HLHL REGISTER READ

HOV
cHr
JNZ
Hov
HOV
CHF
JNZ
MOV
MOV
CHMIr
JHZ
MoV
Hov
CHI™
JNZ
MOV

Arll
H

LEDR
HyA
ArL
L

LED
LeA
Arll
H

LED
HA
ArL
L

LED
LA

LALA REGISTER RCAD

"AGE

20



IS15- 11 8000/80005 MACRO ASSEMDLER, V4.0

Loc

04E3
044
04ES
04ED
04C?
0AEL
oAace
04LT
04ro
04F 1
04F 4
0ars
04arz
04F0

0AFD
04FC
0AFD
0500
0501
0502
0503
0504
0507
0508
0509
050C
oson
050E
050F
0512

0513
0514
0515
0510
0519
051A
051p
05S1E
051F
0520
0521
0524
0525
0526
0527
052A

[F) (N )

7n

jgd
C27605
6F
3E7F
nF
C27605
7n

3 d
C27605
&F
3E7F
Br
C2760S

7D
EBD
C27605
6F
78
kg
€C27605
47
70
ED
C27605

78
ne
C276035
47

€27605
ar

LINC

1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115 &
1116 3
1117
1118
1119
1120

1121

1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
11446
1147
1148
1149
1150
1151
1152
1153 3
1154 ¢

GOURCE STATEMENT

MOV
cHr
JNZ
HOV
MVI
CHF
JNZ
MOV
CHP
JNZ
HOV
MVI
o315
JNZ

AL

L

LED

LsA
A»COICA
A

LED

ArL

L

LED
LA
AsCODEA
A

LED

MODULE

LRLB REGISTER READ

MOV
cHr
JNZ
MOV
MOV
CHP
JNZ
MOV
MOV
CHP
JNZ
MOV
MOV
CHFP
JINZ
MOV

Arl
L

LED
LA
AR
B

LED
DA
ArL
L

LED
LrA
AyB
R

LED
BrA

LCLC REGISTER READ

MoV
CHF
JNZ
MOV
HOV
CHFP
JNZ
MOV
MOV
CHr
JNZ
MoV
MOV
cHr
JNZ
MOV

ArL
L

LED
LsA
AC
[

LCD
CrA
ArL
L

LED
LrA
ArC
c

LED
CrA

LDLD REGISTER READ

rraGc

21



ISIS- 11 0080/8085 MACRO ASSEMDLER, VA.0 HoDuLE FAGE

Loc onrJ LINE SOURCE STATEMENT
1155 #
0528 7D 1156 HOV Arl
052C I'Dv 1157 CHF L
0520 C27605 C 1158 JNZ LED
0530 &F 1159 MOV L.A
0531 7A 1160 HOV ArD
0532 kFA 1161 CHF 1d
0533 C27605 C 1162 JNZ LED
0536 57 1163 MOV nyA
0537 7D 1164 Hov Arl
0530 bBD 1165 CcHr L
0539 C27605 C 11646 JNZ LED
053C 6F 1167 MOV L:A
o530 7A 1168 MoV Aell
053E BA 1169 CMF D
053F C€27605 c 1170 JNZ LED
0542 57 1171 MOV DrA
1172 3
1173 LELE REGISTER READ
1174 &
0543 7D 1175 MOV ArlL
0544 EIt 1176 cHr L
0545 C274605 c 1177 JNZ LED
0548 6F 1178 MOV LsA
0549 7B 1179 Hov AvE
054A BB 1180 CHP E
054R C27605 c 1101 JNZ LED
054E SF 1182 HoV ErA
054F 7D 1183 MOV ArL
0550 EBD 1184 CHP L
0551 C27605 C 11895 JINZ LED
0554 6F 1186 MOV LrA
0555 7R 1187 MOV ArE
0556 BB 1188 CHF E
0557 C27605 C 1189 JNZ LED
055A SF 1190 MOV ErA
1191 3
1192 LHLH REGISTER READ
1193 &
05SE 7D 1194 HOV ArL
055C BD 1195 CHP L
055D C27605 C 1196 JNZ LED
0560 &I 1197 MOV LsA
0561 7C 1198 MOV ArH
0562 EBC 1199 CHF H
0563 C27605 C 1200 JNZ LED
0566 &7 1201 MOV A
0567 70 1202 HOV ArL
0568 LD 1203 CHF L
0569 C27605 C 1204 JNZ LED
056C &F 1205 HOV LvA
054D 7C 1206 MoV Al
0564E RC 1207 cHr H
056F C27605 C 1208 JINZ LED

0572 67 1209 MoV HrA

2]
L3



ISIS-11 8080/8085 MACKRO ASSEMDLLR, V4,0 HODULE raGeE 23

Loc opJ LINE GOURCE STATEMOCNT
0573 C37705 c 1210 Jur CHKEND
1211 4
1212 LED
0576 76 1213 HLT
1214 CHKEND!?
0577 C9 1215 RET 3 EXIST THE CHECK ROUTINE
1216 3
1217 5R000K00KKKRKRKRKKIOKK KRR KKK KKK K AR KAORK KKK KKK KK 30K KKK KKK KKK KKKk X K
1218 SUDROUTINE! GERIAL

1219 #THIS ROUTINE TESTS INTEL SIC B0/10A SERIAL FORT. THC TRANSMITTER X
1220 ;0UTFUT IS ROUTEDR TO THE RECEIVER., THE TEST DATA ARE 1010101010 AND X
1221 501010101, TO ENSURE THAT THE FORT IS ALRLE TO FUNCTION IN DIFFCERENT X
1222 #MODE OF OFERATIONS AND THERE IS NO STUCK-AT FAULTG. X
122 -t!*t**t***l#t*#***ﬁ*l*lt#*#l*l!*#****k*t#**tt*****t***tt#****ttt#**#tt*

1224
1225 f///////////////////////////////////////////////////////////////////////
1226 3 TEST FART 1 /

1227 § THIS FORTION INITIALIZES THE SERIAL FORT TO ASYNCIIRONOUS HODL. /
1228 5/7777772077777277702070027777777707007770077070770777700770072727277777777
1229 3§

1230 SERIAL!S

0578 3E40 1231 HVI A»01000000R # RESET/RETURN TO MODE INFUT
057A D3EF 1232 our USARTC
057C 3ECE 1233 MVI Ay11001110B i 2 STOP/15X RATE/B-BIT DATA (MODE INSTR.)
057E D3EF 1234 ouT USARTC
0580 3E27 1235 MVI A»00100111R # ENADLE THEN/DTR/R:E/RTS (COMMAND INSTR.)
0582 D3EF 1236 ourt USARTC
1237 BEGIN!?
0584 3A0000 D 1238 LA DATA # GET TEST FATTERTN
0507 AF 1239 MOV CrA # STORE IN REGISTER
0500 CDC705 C 1240 CALL TXTERA # SERIAL FORT TRANSMIT
058k CDhD20S c 1241 CALL RCVRA # SERIAL FORT RECEIVE
0S0E FEAA 1242 CFI 0AAH # COMFARE T:D AND R:D DATA
0570 C20200 D 1243 JNZ LEDA # IF NOT EQUAL, DISFLAY ERROR MESSAGE
0593 3A0100 D 1244 LrA DATAHL # CGET NEXT TEST FATTERN
0596 CDC705 C 1245 CALL TXTERA
0599 CDL205 C 12446 CALL RECVRA
059C FESS 1247 CFI SSH
057E C20200 D 1248 JNZ LED4
1249 &
1250 B/7777777727707277707722077777777070777077707720772202000700777270770777777,
1251 TEST FART 2 /
1252 % THIS FORTION INITIALIZES THE SERIAL FORT TO SYNCHRONOUS MODE.
1253 l////////////////////////////////////////////////1//////////////////////
1254 3
255 INIT2%
0541 3EA40 1256 MVI Ar01000000RB 7 RESET/RCTURN TO MODE INFUT
05A3 DL3EF 1257 our USARTC
05A5 3EBC 1250 MVI Ay10001100K # 1 SYNC CHAR/SYNDET OUTFUT/8--BRIT DATA
05A7 D3EF 1259 ouTt USARTC
05A9 3C16 1260 MVI Ay00010110K # SYNC CHARACTCR
05A0 D3EF 1261 ouTt USARTC
05AD - JEA7 1262 MVI Ary10100111E # ENADLE HUNT/R:E/DTR/THEN/RTS
0SAF D3EF 12463 ouT USARTC

1264 BEGIN2S



ISIS-II BOBO/000BS MACRO

Loc

osnt
(<1 (13
05RS
OSE8
OSBRI
0SEL
05C1
05CA4

05C7
05C9?
osce
05CE
05sCr
05D

osp2
[ )
osns
osne
osnp

05DnC
05DE
035E0
05C3

05SE4
05ES
SE8

0SER
OSED
0SEF
05F2
054
05ré

ond

-]

3A0000
ar

COncoS
CDE40S
3A0100
CODCoS
CLE40S
€30300

oo On

LBEF

E601
CAC705 c
79

D3EE

ce

I'BEF

E602
CAD20S [
DLEE

ce

DREF

E601
CARCOS Cc
(34

DREF
E602
CAEA05 Cc

DIEF
C640
CAEDOS Cc
DEEE
FEAA
C20306 Cc

ASGEMILERY V4.0

SOURCE STATEMENT

LINE

1245 LDA
1266 HOV
1267 CALL
1248 CALL
1269 LDA
1270 CaLL
1271 caLL
1272 Jur
1273 &

1274

DATA
CrA
TXTERS
RCVRS
DATAIL
TXTERS
RCVURS
SEREND

MODPULE

s
v

raGc 24

GCT TEST FATTERN

GET NEXT TEST FATTERN

BLLII77700770707077700270707707207070700000770770727070777077777772777777

1275 # SUDROUTINESt TXTERA - THIS ROUTINE CHECKS TO SEE IF THE TRANSMITTER /
1276 & IS READY, THEN OUTPUT THE TEST DATA TO TxD. /
1277 % RCVRA - THIS ROUTINC CHECKS TO SEE IF THE RECEIVER 1S 7/
1278 & IS READY, THEN INFUT THE DATA OUFUT BY T:D VIA /
1277 % RxD. . /
1280 BOTH THESE ROUTINES ARE CALLED SERIAL ONLY. /
1281 3//77777777707720007707700070770007072077777027077207777070720777777777777777
1282 ¥

1283 TXTERA!

1284 IN USARTS # CHECK INFUT STATUS

1285 ANI 00000001 R # IS TXTER READY 7

1286 Jz TXTERA # KEEF CHECKING UNTIL IT’S READY

1287 MOV ArC i GET1 DATA

12600 oaut USARTO i OUTPUT DATA TO Tx:D

1289 RET

1290 &

1291 RCVRA!

1292 IN USARTS

1293 ANI 00000010R # IS RCVR READY 7

1294 Jz RCVRA

1295 IN USARTI i INPUT DATA

1296 RET

1297 &

1298 3777777707700 707700000200777777020727277777777770727720770707070772777777777
1299 # SUDROUTINES! TXTERS . SAME AS AROVE EXCEFT OFCRATE IN SYNCHRONOUS MODE/
1300 # RCVRS - SAME AS AROVE EXCEFT OFERATE IN SYNCHRONOUS MODE /
1301 % BOTH THESE ROUTINES ARE CALLED BY SERIAL ONLY. /
1302 $//77777777777777777777777720777707070007077777777077707777777777777707777777
1303

1304 TXTERS!?

1305 IN USARTS

1306 ANI 00000001B

1307 Jz TXTERS

1308 RET

1309 RCVRS:

1310 IN USARTS

1311 ANI 000000108

1312 Jz RCVRS

1313 AGAINS

1314 IN USARTS # CHECK FOR SYNC CHARACTER

1315 ANI 01000000k

13146 Jz AGAIN

1317 IN USARTI i INFUT DATA

1318 CrI 0AAl # COMMARE WITH TEST DATA 10101010

1319 JNZ SYNERR



ISIG- 1T 0080/80085 MACRO ASSEMDLER, VA.0 HODULE racc 25

LOC  ORJ LINE SOURCE STATEMONT
05F9 DIEE 1320 IN USARTI i INFUT DATA
O5FD FESS 1321 Cr1 55N # COMIARE WITH TEST DATA 01010101
05FIr C20306 C 1322 JNZ SYNERR
0600 C30406 C 1323 JHF SYNEND
1324 3
1325 SYNERR?
0603 76 1326 T
1327 SYNEND!
0604 C? 1328 RET
1329 &
1330 DSEG
1331 3
1332 DATA!?
0000 AA 1333 IR OAAHy SSH
0001 S5
<1334 i
1335 LEDA!
0002 76 1336 HLT
1337 SERCND?
0003 C? 1338 RET # EXIST SERIAL ROUTINE
1339 &
1340 # XRKKROKRRIKK KRR KKK KKK KR KKK KK KKK KRK KRR KKK Kk 0K KOk
1341 3 SUEBROUTINE?! FARALL *

1342 $THIS ROUTINE TESTS THE INTEL SRC 80/10A FARALLEL FORTS. ALL THE GROUr %
1343 #1 FORTS ARE CONFIGURCD AS OUTFUTS AND GROUF 2 FORTS AS INFUTS. X
1344 xR0 ROR KKK OKKORR KRR KKK KKK IR R KRR KOO KOK KKK KKK KKk ok X K

1345
1346 FARALL?
0004 3EBO 1347 HVI A»10000000R # MODE O/FORTS A» D AND C OUTFUTS
0006 N3C7 1348 out GRF1C # OUTFUT TO GROUF 1 CONTROL WORD
0008 3EYR 1349 MVI Ar10011011B $# MODE O/FORTS Dy E AND F INFUTS
000A DIER 1350 our GRF2C # OUTPUT TO GROUF 2 CONTROL WORD
1351 ¢
000C 3AA000 D 1352 LDA nATAJL ¢ GET FIRST TEST DATA
000F D3E4 1353 out FORTA # OUTFUT TO FORT A
0011 3AA100 D 1354 LDA DATAJLHL
0014 D3ES 1355 out FORTR
0016 3AA200 N 1356 LDA DATAJL42
0019 D3ES 1357 ouT FORTC
001R DDEB 1350 IN FORTD
001D FE?A 1359 CrI 0%Al # COMPARE OUTIUT AND RECEIVED DATA
001F C29F00 D 1360 JNZ LEDS # IF NOT EQUAL» DISFLAY ERROR MCSSAGE
0022 DERE? 1361 IN FORTE
0024 FEAS 1362 CrI OASIH
0026 C29F00 D 1363 JNZ LEDS
0029 DEEA 1364 IN FORTF
002B FE27 1365 CFI 027H
0020 C20200 D 1366 JNZ LEDA
0030 3AA300 I 1367 LDA DATAJ2 # GET SECOND TCST DATA
0033 D3EA 1348 ourt FORTA i OUTFUT TO FORT A
0035 3AA400 D 1369 LDA DATAJ241
0038 D3ES 1370 ourt FORTR
003A 3AAS500 D 1371 LDA DATAJ242
003D D3ES 1372 ouTt FORTC

003F DREB 1373 IN FORTD



IG16 -

Loc

0041
0043
0044
00489
004A
004D
004F
0051
0054
0057
0059
005C
005E
0061
0063
0065
0067
006A
0046C
006E
0071
0073
0075
0078
007k
oozp
0000
0082
0085
0087
0089
000R
008E
0070
0092
0075
0097
0099
009C

00%F

00A0
00A1
00A2

00A3
00A4
00A5

00A6

opJ

FESS
C29roo
DRE?
FESA
C29r00
REA
FELS
C29F00
3AA500
D3EA
3AA700
D3ES
3AAB00
D3ES
RES
FESA
C29F00
DERE?
FEAS
C29F00
DLIREA
FESA
C29F00
3AA900
D3EA
3AAAOO
D3ES
340200
I3E6
DRES
FEAS
C29F00
DRE?
FESA
C29F00
DREA
FESA
29F00
C3AC00

76

?6
AS

27

65

«
o

no

11 8080/000%5

=

D 9 9o

HACKRO

LINE

1374
1375
1376
1377
1378
1379
1380
1381
1382
1303
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1404
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1417
1420

1421
1422

1423
1424

ASSEMDLERy

V4,0

SOURCE STATEMENT

cri
JINZ
IN

Ccri
JNZ
IN

CFI
JINZ
LDA
out
LDA
ouTt
LDA
ouT
IN

cPI
JNZ
IN

cri
JNZ
IN

crI
JNZ
LDA
ouTt
LIIA
out
LA
out
IN

CFI
JNZ
IN

cr1
JNZ
IN

cri
JNZ
JHF

nv

DATAJLS
oo

DATAJ2?
|0y

DATAJ3S
oo

065H
LEDS
FORTE
05aH
LEDS
FORTF
oren
LEDS
DATAJ3
FORTA
DATAJ3IHL
FORTB
DATAJI3 12
FORTC
FORTD
osal
LEDS
FORTE
0ASH
LEDS
MoORTF
05SAH
LEDS
DATAJA
FORTA
DATAJA41
FORTB
DATAL2
FORTC
FORTD
0ASH
LEDS
FORTE
o5Al
LEDS
FORTF
05ANH
LCDS
FAREND

DSEG

0?AH,0ASHY 0271

046511y 0SAII, OB

SAll» 0ASIH Y 0ASH

HODULC

FrAGE 26

N
v

GET THIRD TEST DATA

GET FOURTH TEST DATA



IS1S 11 8000/808% MACRO ASSEMILER, VALO HODULE FraGL 27

Loc ong LINC SOURCE STATEMENT
00A7 AS
00A8 AS
1425 DATAJAL
00A? AS 1426 no 0ASH /Y 05AlEy 05AL
00AA SA
00Alr 5A
1427 3
1428 PARCHDG
00AC C? 1429 RET v EXIST FARALL ROUTINC
1430
1431

1432 kkkkpiokikkkkkkkkoonook ook R koo kR oKk kKoK Kok ok
1423 SULROUTINE: RAM 3
1434 FTHIS ROUTINC TESTS THE 1K DYTCS OF RAM ON THE INTEL SKC 80/10A DOARD. X
1435 FTHC FIRST TEST DATA 10101010 IS WRITTEN TO ALL THC RAM LOCATIONS ANIv X
1434 STHCH IS READ AGAIN. THE TEST IS REPCATED WITH THC SCCOND TEST DATA *
1437 701010101, THESE TESTS ARE DONC TO CNSURC THAT ALL RAM MCMORY CELLS *
1438 JARC ACCLCSSIDLE AND THAT THERE IS NO STUCK AT FAULT. X
1429 kxRl koo ook kR koo ook ook
1340

’
1441 RAM:
00ALD 21003C 1442 LXI 1 START ¢ STARTING ADDRLCSS OF RAM
00L0 3CSS 1443 HVI A,01010101D # FIRST TCST DATA
1444 OUTCR!?
o0n2 0604 1445 MVI Ity 04l 3 4 ITCRATIONG OF OUTCR Loor
14446 INNCRS
oona oCoc 1447 . HVI C,00H 7 256 ITCRATIONS OF INNCR LOOI™
1448 UWRITC!
cors 77 1449 HOV MeA i WRITC TEST DATA TO MIMORY
o0L:7 23 1450 INX 1] # INCRCHMENT ADDRCSS IMOINTER
oorg oo 1451 DCR c ¢ DCCROCMONT INNCR LOOR
00K? C2L:500 I 1452 JNZ WRITE i RCPCAT WRITC MROCCDURE
00LC 05 1453 LCR g + DCCREMENT OUTCR Loor
00D C2RR400 D 1454 JNZ INNCR
1455 READS
00CO 21003 145¢ LXI 11, START
1457 LoOr1s
00C3 0504 1450 MVI Ity 04N
1459 Loorz:
00CS CE00 1460 HVI cr.con
1451 COMIS
00C7 LT 1462 cnur H # IC (HEMORY) = TCST DATA 7
0CCE C2C300 D 1453 JHZ LEDS # NO» DISILAY ERROR HLCSGAGE
COCLE 34AA 14464 MVI M,10101010D # WRITC SCCONDR TCST DATA TO MCHORY AFTER RCAD
occn 23 1455 INX i # NCXT HMOMORY CCLL
00CL oD 1456 neR c
COCr C2C700 L 1457 JHz cour
oonz ¢% 1450 ICR 1
oon3 C2C500 I 1459 JNZ Loor2
oond reas 1470 crI 10101010D
0o0nd CZICoo It 1471 JHZ GLCT
oonr CIE400 D 1472 Jtr RAMLCHD
1473 GET!
00nRC ZUAA 1474 HVI A,10101C10D0 » SCCORD TEST DATA

00C0 C3CCCo D 1475 Jur RCAD



IGIS IT 8080/3005 MACKC ASSUHDLLER, V4.0 HODULE [atvi =0

Loc onrJg LINC SOURCE STATLMONT
1476 3
1477 LLD3:
0oL 74 1470 n.r
1477 RAHMCHIS
oocs C? 140¢ RCT # CXIST RAM ROUITREC
1401
1402 Gixkkkripkiiipikiiprrikkxkiizxrirsprkoinoiou Rk Rk okckoRk
1433 CUDROUTINCS ROM X
1304 #THIS RCUTINC TCSTS THE ROM ON THE INTCL SRC 00/10A LOARD. THE CXTCNDCDX

1405 5 PRCCIGION CHECKSUM IS CONERATCD DY SCUMMING  ALL THC DATA DYTOD IN THE %
14345 JROM FLUS ANY CARRY IN A DIFFCROCNT RCGISTER. THIS FORMED A 15 DIT VALUGX
1487 FCHCCKSUM. THE GCNCRATED CHECKSUM IS THEN COMPARCD WITIE A PREDETERMINCD®

1433 FVALUE DI10. X
1487 jxkkkkkikxrikiiikkkkiiiickrriiooirr kool k
1470 ROM!
00CS 21ITro7 147 LXI H,STARTR -1 # STARTING ADDRLSS OF ROM MINUS ONC
00E0 E600 1472 ANI oon # CLCAR ACC.,» AND CARRY DIT OF IS
COLA 47 147 Hov RyA i HoLD CARRY
00Cl OLOA 1474 MVI C,0411
1475 ITER!
cocn 1600 13946 HVI Dy 001
1477 REFEAT?
00CF 23 1470 INX ]
00r0 G 1499 AD'D H # ACCuy = ACC.» | DATA = LSDute OF CHECKSUM
00r'T DB2FS00 o 1500 JHC NEXT
00ra o4 1501 INR 10
1502 NEXT?S
o0rs 15 1503 LCR D
00Fé C2EF00 D 1504 JNZ REMEAT
oores on 1505 DCR c
00FA C2CD100 o 1504 JNZ ITER
oorn Fcio 1507 crI o1sn # COMIARC LGDwte OF CHECKSUH
oorr c2oro1 D 1500 JNZ LED2
0102 78 1509 Hov ArRR
0103 FCRE 1510 cri oonpy 3 COMPARE MSDhute OF CHECKSUM
0105 C20R01 D 1511 JNZ LED2
0108 C30CO01 D 1512 JHP ROMCND
' 1513 5
1514 LED2?
1515
010R 76 1514 HLT
1517 ROMCND? )
010C C? 1518 RET i EXIST ROM ROUTINC
1517

i
1520 §xxikkibonic ookl iooiooooneo koo ookl osoooooooooookko ook ook
i SUDROUTINES CXLUS
1522 FTHIS ROUTINC TESTS THE 2K RYTES OF CXTERNAL RAM CONNCCTED TO THC EXTER
1523 FNAL DUS. THE FIRST TEST DATA 01010101 IS WRITTCN TO ALL THE RAM LOCAT
1524 FIONS AND TIEN IS READI' AGAIN. TIHE TEST IS REFEAT WITH THE SECOHD TEST
1525 SDATA 10101010, THESE TESTS ARC DONL TO CNSURC GOHME OF THE COMMAND
1526 #SIGNALS EXTERNAL SYSTEM BUS ARE FUNCTIONING MROFERLY.
1527 Fxkkikrbiokiokioikoo ook ok ookl ook ook ooooRoockooook
1528
1529 EXRUS?
010D 2100468 1530 LXI HSTARTE # DCCINNING ADDRESS OF CEXTERNAL RAM

[
&
I8
—-
-

*
X*
*
*
*
X



161G 11 0080/000%

Loc

0110
0112

0114
0116

0118
0119
011A
011R
011E
011F
0122
0123

0126
0129

012k
012D

012F
0130
0133
0135
0136
0137
013A
013k
013E
013F
0142
0144
0147

014A
014C

014F

0150

FUBLIC

EXTERNAL SYMBOLS

0OBJ

3ESS
1602

0604
0E00

77
23
on
c21801
05
C21601
15
C21401

2100468
1602

0604
0E00

BE
C24F01
3664
23

on
C22F01
05
€22001
15
£22001
FEAA
€24A01
€35001

3EAA
C32601
76

co?

SYMEOLS

USER SYMDROLS

n

MACKRO

LINE

1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
15446
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1550
1559
1560
1561
1562
1563
1564
1565
1566
1567
1540
1569
1570
1571
1572
1573
1574
1575
1576

AGSEMINCR Y

V4,0 HODULE I"aGeE 29

SOURCE STATEMENT

MVI
MVI
OUTERE
MVI
INNERE!
MVI

WRITEE?
MOV
INX
ICR
JNZ
DCR
JNZ
DCR
JNZ
READE
LXI
MVI
LOOP1ES
MVI
LOOF2E?
MVI
COMFE$
CMP
JNZ
MVI
INX
ICR
JNZ
DCR
JNZ
DCR
JNZ
CFI
JNZ
JHF
GETE?
HV1
JHr

LED&?

BUSEND?
RET

END

Ar01010101E
021

FIRST TEST DATA
2 ITERATIONS OF OUTERC LOOF

- e

Ey04U 4 ITCRATIONS OF INNCRE LOOFM

-

croon 2546 ITERATIONS OF WRITEE LOOF

M.A
H

WRITE FIRST TEST DATA TO MEMORY

* INCREMENT ADDRESSPOINTER

DECREMENT INNLCRE LOOP

REFEAT WRITEE LOOF IF C IS NOT ZERO

- .

C
WRITEE
B
INNERE
n
OUTERE

HsSTARTE
Dy02H

By04H
C»O00H

M

LEDRS
M,10101010R
H # INCREMENT ADDRESS FOINTCR
[

COMFE

R

IS (MEMORY) = TEST DATA 7
NOr DISFLAY ERROR

-

LOOF2E

D

LOOF1E
10101010B
GETE
DUSEND

A»10101010R
READE

i EXIST EXIUS ROUITNE

# END OF MAIN FROGRAM



ISI1S-11 8000/0085 MACRO ASGCHMIOLERs

AGAIN C
CODER A
COMI'E I
EXUS D
INNCRE It
LEDS n
MAIN c
OUTER v
FORTD A
READ D
SCLP C
SYNEND C
USARTS A

ASSEMBLY

OSER REGIN
00LF COpeC
012F DATA
o1oD GET

0116 ITER
009F LEDS
0000 Hru
oon2 OUTERE
00EB FORTE
00CO REALE
001E SEREND
0604 SYNERR
00Er WRITE

COMFLETE» NO

0504
oonr
0000
00lE
00ED
014F
004R
0114
00E?
0126
0003
0603
00B6

SO >oODDooD0

ERRORS

va.0

BEGIN2
copen
pATAUL
GETE
LED
LIT
MFU1
FARALL
FORTF
REFEAT
SERIAL
TXTERA
WRITEE

IOoNE>EmO000TEId0

o5
00EF
00A0
014A
0576
0015
0052
0004
00EA
00EF
0570
0SC7
o118

MODULE

BUSEND
COopEC
DATAJ2
GRric
LED1
Loor1
MFU2
FAREND
RAM
REFETM
START
TXTERS

n

racc

0150
00r7
00A3
00c?
0049
00C3
006B
00AC
00AD
0025
3C00
osnc

CHECK
copcn
nATAJ3
GRr2C
LED2
LOOFLE
MIFUEND
FORTA
RAMEND
ROM
STARTE
USARTC

2> ODDORITD>DODO

0175
OOI'R
00AS
OOER
010k
012B
0174
00E4
00E4
00ES
46800
00EF

CHKEND
copcL
DATAJA
INIT2
LED3
LOOF2
NEXT
FORTR
RCVRA
ROMEND
STARTR
USARTI

c
A

=

D Do ODTTOO

0577
oorp
00N?
05a1
00E3
ooLs
00F35
00ES
osn2
010C
0800
O0EE

conca
coMr
ERROR
INNCR
LEDA
LOOr2E
NEXTH
FORTC
RCVRS
SELEND
STARTS
USARTO

0071
00C?7
0173,
oon4
0002
012D
002C
Q00ES
05SE4
004A
0000
OOEE
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Figure C-4.
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Schematic of Parallel 1/0 Interface & Associata Circuitry (Sheet 5 of 3)
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ABSTRACT

This thesis discusses the application of built-in self-
cesting technique at the board level (Intel SBC 80/10A
single board computer). The test technologies used in
testing microprocessor-based boards are - briefly explained.
It examines a spectrum of problems which are presenting the
test engineers with some very formidable testing challenges
and are also becoming increasingly hard for current
automatic test equipment (ATE) test technology to deal with.

A functional description of the Intel SBC 80/10A board
was briefly studied so that every essential part of the
board is tested. The céncept of built-in self-testing was
then introduced and it was later explained why this concept
is becoming an increasingly attractive solution to the
complex problem of testing microprocessor-based boards.

Different testing methods were then designed to test
the board's microprocessor, self-test ROM, system software
ROM, RAM, parallel I/0O ports, serial I/O port and the
external system bus.

A summary of the test set up in the user testing
environment was given and it also listed a series of events
that should occur when the test was run.

Finally, fault-detection and isolation capability were
explored as an expansion to the existing self-testing

program.



