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GENERAL TEST PHILOSOPHY

The problems of testing microprocessors has been elevated past the
conventional methods of testing integrated circuits. Just the fact that
the microprocessor is not a simple collection of gates in a random format
or a well ordered structure, like that of a large scale memory, does not
lend itself to conventional means of testing. What is meant by the conven-
tional means of testing is the commonly used DC test checking for {nputs
-and output voltages and currents. This DC testing cannot prove that ihe
microprocessor is operational, because there are from four to six or more
levels of logic between the input and outpuf pins. Also the conventional
way to test random logic by applying a string bf input pétterns in a burst
will only check for steady-state faults stuck at logic 1 or stuck at logic

0, and will not check for any instruction or data sensitivity.

There presently are many ways'that both manufacturers and users are
performing testing of microprocessors. These include methods such as self-
testing, comparison testing, stored pattern testing, and algorithmic-aided

pattern testing.

First Step in Testing

The first item to be considered when testing a microprocessor is to
understand the operation and architecture structure of the microprocessor.

The operation of the microprocessor is controlled by the execution of an



instruction set unique to each microprocessor. There is a great variety
of microprocessors on the market today;'ranging from 2- and 4-bit slices
to 4-, 8-, and 16-bit complete hicroprocessorvunits._ But of all the pro-
duct types, 4-bit slices, like the 2901, and 8-bit micrbprocesﬁors, like
the 8080, have gained the widest-acceptance'and therefore are good exam-

ples to use in describing testing techniques.

- In general, a microprocessor has two internal buses: an 8-bit bidir-
ectional data bus, and a 16-bit unidirectional address bus (Figure 1).

The data bus carries both the instruction code and data. Instructions are
decoded and executed in connection with the appropriate controls in which

- data going to both the arithmetic logic unit and accumulator can be manipu-
lated by special arithmetic or logical operations. The address bus 1inks
‘the main memory where both instruction codes and data are stored. Stack
‘pointers, program counters, and register files also supply information to .
the addreés. Finally, there is an instruction decoder which interprets |

each instruction and controls all operations of the microprocessor.

Since a microprocessor is a complex séquentia] logic structure and not
simply a few gates or an LSI memory, a true and meaningful test requires
the understanding of the hardware architecture and software functionality

rather than only the simple logic of the elemental structures.

The hardware architecture is the internal organization with consists
. of an ordered set of modules, such as the register stack, accumulator,

~arifhmetic logic unit, etc. Software functionality is a set of ordered
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microinstructions which can be used to monitor the operation of these

modules.

Upon developing complete knowledge of the microprocessor unit through -
both areas, one can develop an ordered set of test sequences in the micro-
processor's instruction set for testing each moedule one by one until a

. complete test has been developed.

In general, a microprocessor has two buses: an address bus and a data .
bus. The address bus performs two functions, addressihg the external mem-
ory and/or addressing the interné] scratch pad memory. The data bus also
performs two functions, supplying input data to the processor and output-
ting procéssed data. The data bus 1links the interna]Afunctions of the

scratch pad memory, registers, arithmetic logic unit, etc., together.

Modular Breakup

The next step in microprocessor testing is to partition the device into
modules, with some modules possibly over]épping. The selection of each module
should be accessible from the input/output bus-by the execution of micro-
instructions. In other words, data should be able to be applied to the
déVice input. and propagated to the output directly or indirectly by the use
of the microprocessor instruction set. The test then shall be generated
for each module of the MPU so that a worst case test pattern will be run
on that module. For instance, if the module in question-is a RAM, a gal-

“loping 1's and 0's test pattern is used as this type of pattern is
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considered to be worst case.

From the standpoint of software functionality, a set of MPU instruc-
tions should Be executed when testing the first module. Proceeding toward
the second module another set of new microprocessor instructions will be
executed. (Some of these instructions may‘have been éxecuted previously.)
This process will then continue until all of the instructions within the |
instruction set are used while testing each module. Then a final test
should execute all instructions to verify that all modules are working

together.

Two-fold dfagnostic information is provided by this technique. First,
from a hardware point of view if é failure occurs, the faulty module is
pinpointed. Inherent in this type of modular procedure is the fact that
convenient7breakpoints exist in a module-by-module basis. Sécond, in con-
junction with each module, a set of microinstructions are executed; if any

fault occurs, the specific instruction(s) can be isolated and identified.

Architecture and Test Flow

The architecture of the 2901 lends itself to the modular approach be-
cause of its bwn hardware and microinstruction architecture. Figure 2
illustrates the block diagram of the 2901. In examining this diagram, one
will notice that the device can be divided into the following modules: RAM,

Q register, arithmetic logic unit (ALU), ALU source decode multiplexer, RAM
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and Q register right/left shift logic.

Once the information has been acquired on the module breakdown, a test
flow can be generated. Since the 2901 has an ALU section, the first areas
to be tested should be those areas which supply data to the ALU. The most
logical of these is in the RAM module and then in the Q.register module.
Once these modules have been tested,‘they can be used as re]iéb]e data

sources for the ALU module test.

A typical test flow for the 2901 would start with the RAM memory, fol-
lowed by the Q register, ALU source decode multiplexer, ALU, and finally,
the RAM and Q register right/left shift logic (Figure 3). During this

test flow, all microinstructions for the 2901 will be used.

Test Technique

Formulating a test plan will differ between the manufacturer and user.
The reason for this being that the manufacturer has access to the logic
diagrams of the device, which the user in most cases cannot'obtain, and
their quantities are in larger amounts than the ﬁser's. Therefore, more
elaborate tests can be developed which optimizes test performance and test _
time. The user has an advantage over the manufacturer because his test;
in its simplest form, can be tailored to his specific needs, but the manu-
facturers' test has to guarantee all operations of the microprocessor. Not
receiving schematics, logic diagrams, or other circuit information the user

must therefore rely on either vendor supplied test programs or perform
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CHART FUNCTIONAL TEST DESCRIPTION PATTERN
RAM Test A galloping "1" and "0" pattern is applied to
the RAM in three combinations.
1. The RAM addressed by the "A" address and
tested through the "Y" output port directly.
2. The RAM addressed by the "A" address and Approx.
tested through the ALU. ALU is held at a 3000
fixed instruction. ,
3. The RAM addressed by the "B" address and
tested through the ALU. ALU is held at a
Aig fixed instruction.
" A number 15 is loaded into the register and then
REGISTER read. Next, a number "0" is loaded and read.
This is followed by a 14, 1, 13, 2, etc. until a Approx.
l “0" then a 15 is loaded. ' 100
ALU Source The ALU Source Decodes are tested to see if all
Decode decodes are possible. The test is performed by
"loading values into the RAM and "Q" register and Approx.
selecting all decodes while testing for any 50
) ‘interaction between bits or selections.
ALU A series of numbers are loaded into the RAM and
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FIGURE 3: 2901 Test Flow Diagram

-8-




extensive characterizgtion to generate worst case test patterns. This
characterization is needed to guarantee full operation of the microproc-
essor for a variety of applications in which the device is used.

The Optimum Test

At first glance of the 8080 MPU block diagram (Figure ﬂ),'the complex-~
ity of the device is not readily indicated. This is because there are
- only eight data input lines. However, in addition to accepting data from
the input bus, the MPU can accept data from internal registers and accumu-
lators. If the MPU cdu]d only perform one.instruction, a test could be
developed without much difficulty, but the MPU is capab]é of executing many
instructions in sequence. Because of-this, the number of combinations of
instructions and data patterns that the MPU can perform would be extremely
long.

A commonly used formula for calculating the total test time to exhaus-
tively test an'MPU is C = ZMN. Where C is the number of combinations of
instructions and data patterns, M is the number of data bits in each word,

and N is the number of instructions the MPU is cépab]e of executing.

For example, an 8-bit MPU that only has ten instructions would require
280 test cycles for an exhaustive test of all possible combinations.
Assuming a test cycle of 1 us, the MPU would take approximately 38 years

to check all combinations of instructions and data patterns.
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The 8080 MPU can perform approximately 76 different instructions.

Using the above formula, there would be a total of 2608

possible combin-
ations that could be performed. Obviously, this is an astonishing number

to exhaustively test the 8080.

Test Techniques

Once realizing that the optimum test cannot be created, one looks for
other means to test the MPU. The first approach considered is called self-
test. The self-test is the simplest and cheapest means of determining if
an MPU is working. Self-test, or in-circuit test, is the technique in
which the device is placed in the circuit where it will be used and tested
for correct operation. This is utilized by some users who feel the cost of
incoming inspection cannot be justified. Therefore, they will typically
‘test the device using several different system operations. The advantage
of this tésting is that the actual operation of the device is tested in its
circuit, eliminating the requirement for a separate costly test system.

The disadvantages of this technique is that any of the in-circuit condition
changes, like voltage fluctations, temperéture, timing, and instruction
changes, may not be detected until the unit is in the field. The rework
cost of finding and removing a faulty device must be considered before this
method of testing is selected. Typical costs for finding and replacing a

gate is as follows:

$3.00 to $5.00: Board Level
$30.00 to $50.00: System Level
$300.00 or Move: In Field
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Since an MPU is more complex than a gate, the above cost would be

multiplied by the complexity factor of the MPU.

The second method of testing is called comparison testing. Comparison
testing is the method in which a known -good device is compared to the
device under test. The hardware required for this type.of test is very
simple, requiring only a pseudo numbér generator connected to all jnputs
and all outputs from the known good device and comparing the device under
- test (Figure 5). If exact comparison does not occur, the device under
test is considered bad. The advantages of ﬁhis method is that the test
system is inexpensive to develop and with a little more hardware added,
voltage and timing conditions can be created. Also, if fhe}device is oper-
ated for a few minutes, most paths through the device will be checked.
Like any test method, it has its disadvantages also. The biggest disad-
vantage is that this method requires a known good device, which-is a problem
in itself. Somé MPU's have illegal instructions, tﬁerefore, no guarantees
can be made for the data coming out of the device. Also, critical timing
into the device may not be able to be maintained if pseudo numbers are
applied to the input of the MPU. Last of all, if the device fails, no fail-

ure information can be obtained to determine the cause.

The next method of testing is the stored pattern method which uti]iies
a known good pattern stored in some form of data memory. This pattern is
then applied to the device under test in a burst mode and the device outputs
compared to. the stored response (Figure 6). There are two means of gener-
ating patterns using this method. The first method is to input a test pat-

tern into a known good device and record all input stimuli and output data.

-12-
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The input patterns would be created from some known application.

The second method of generating the stored pattern would be to develop
a software or hardware simu]ator for the device to be tested. A known
instruction sequence would then be stored and used to compare with the
device under test. The advantage of this technique is fhat the user's
instruction sequence can be completely tested and that sensitive data paths
can be checked with ease. Since the tester that is required to perform
- this type of test usually incorporates variable voltage and timing circuits,
these parameters can also be checked. The.main disadvantage of using a
known Qood device for generating the test pattern is a "known good device."
What test is available to determine what is a known good.deQice? The dis-
advantage of the stimulator approach is that a softﬂare or hardware simil-
ator is required. Since the schematic and logic diagrams for each MPU are
not readily available from the vendor, it is difficult for a user to develop
the simulator. -Even if these could be obtained, it would take a knowledge-
able programmer three to six months, at least, to develop the software.

Other disadvantages to this method are:

LARGE, EXPENSIVE MEMORY. High-speed random access memories or
shift registers become quite expensive when any great amount

of memory is needed. In testing the program counter for the
8080, for example, 262,000 distinct patterns are required. A
memory test on the register array of an 8080 takes approximately
50,000 patterns. The cost of memory can quickly become a major

part of the total cost of the test system.
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LONG TRANSFER TIME. The overhead time required to transfer

a long pattern from disc, core, or other mass memory to
high-speed RAM can maké a large dent in the throughput rate
of the test system. If transferring a 1,024-bit pattern from
disc to RAM takes 50 milliseconds, a typical figure, trans-
ferring the fest pattern from the pfogram counter takes 13.1
seconds of overhead time, in addition, to the test execution

time (262 X 50 X 1073

Seconds ).

INFLEXIBLE PROGRAM. The stored program cannot easily be
modified while tests are in progress. This rigidity makes
it difficult to perform special or unusual tests on a single
unit. A substantial amount of off-line software support is

needed if such tests are to be accomplished.

The algorithmic test method utilizes a high—speed programmable pattern
generator in conjunction with a local buffer memory. The contents of the
buffer memory is a test pattern consisting of microprocessor instruction
sequences and either full or partial data input and output response patterns.
The buffer memory pattern is then applied to the microprocessor under pro-
gram control of the pattern generator. A distinct advantage of this test
method offered by the use of a programmable pattern generator is the abiTity
to choose how the test pattern is applied to the device under test. This
will in turn determine whether the stored data pattern and output response

of the microprocessor is full or partial.
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The first option is to abp]y the test pattern in a burst mode as in the
previously defined stored response approach. In this case, the device
data pattern and output response stored in the buffer memory is complete, -
with the pattern generator acting as a counter to advance the test pattern

vectors.

In the second mpde, special algorithms are written for the pattern

generator which simulate the microprocessor instructfon execution. These
special algorithms input microprocessor instruction codes and data pat-
terns at the proper point in the instruction cycle, and compare the device
output accordingly. However, the device data pattern and output response
may be partially stored in the buffer memory and partially generated in
real time by the pattern generatok algorithms. The effect is to enhance
‘the MPU test program by allowing a significant increase in the number of
test patterns used, enable additional tests to be performed that would be
difficult, if possible at all by any of the previou; methods, and reduce
the total amount of stored test vectors. A disadvantege here is that in
addition to the buffer test pattern required, a separate program for the
pattern generator may be necessary which increases the complexity of the

total effort.

This technique, which eliminates the delay time in transferring pat-
terns to mass memory, is extremely efficient and flexible in generating
patterns for logic modules such as binary counters, random access and

read only memories, shift registers, as well as microprocessors.
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When used in conjunction'with the module approach, algorithm pattern

generation permits faults to be diagnosed so that the particular module

or instruction which caused a failure can be isolated. ‘The disadvantages
of this method is that a sophisticated tester is required. The programmer
needs to be knowledgeable of both operation of the MPU and the test system

itself to develop the program.

The recommended approach to be described is a combination of stored
pattern and algorithmic techniques. This approach was selected because of
its ease of program development (stored pattern) and its thorough testing

ability (algorithmic).
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I1.

BASIC BLOCK DIAGRAM

As shown in Figure 4, the basic microprocessor unit includes a data
and address bus, accumulator, arithmetic logic unit, register files, stack

pointer, program counter, and timing controls. In the following figures,

A Figures 7 through 11, the 8080, 8008, 2901, 6800, and 1802, block diagrams'

are illustrated.

8080

Using the 8080 (Figure 7) as a reference, all other MPU's are structured

~very similar. Other than their instruction set, they differ as described

‘below.

- 8008

The 8008 (Figure 8) is very similar in architecture to the 8080. The
basic difference is that the 8008 has seven 14-bit stack registers for stor-
age of return addresses as a result of subroutine calls. The 8080 has one

16-bit pointer for controlling an external memory stack allowing more than

"~ seven levels of subroutine testing.

2901

The 2901 (Figure 9) differs the most from the 8080. The 2901 is only

- the process portion of a basic MPU, a 4-bit processor, which lacks any

-19-
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ordered instruction set. Therefore, the 2901 does not have an instruction
" decoder. The 2901 does have a register array (16 words X 4-bits), an ac-
cumulator (4-bits), and an arithmetic logic unit (ALU). The 2901 does not
have a program counter to control from which memory Tocation the next
instruction will be fetched. This is contro]]ed by external circuitry.
Last of all, the 2901 cannot execute a jump or subroutiﬁe call by itself;

thus, it also lacks a stack pointer.
- 6800

The 6800 (Figure 10) is structured similar to the 8080 but does not
contain a register array. External RAM is used for all scrétch pad oper-
ations. Also, the 6800 includes two accumulators as opposed to one provided

by the 8080.

The 1802 (Figure 11) architecture is similar to the 8080 except that
the program counter and stack pointer are included as part of the register
array. Also, instead of having a 16-bit address bus it has an 8-bit bus,

which multiplexes the address in 8-bit bytes.
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I1I1.

MODULAR APPROACH

As previously shown, all microprocessor units have a similar architec-

ture from which a basic test philosophy can be adopted. This philosophy

~is to develop an approach to test each moduJe separately accomplishing the

following goals:

A. Verify the functionality of each module within the device using the

input/output pins of the device and its instruction set.

B. Test for destructive interaction between functional modules.

C. Verify all timing, status information, and interrupt operations of the

device.
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Iv.

DESCRIPTIONS OF THE MODULAR TEST APPROACH

Since each MPU is structured around a similar architecture, a common
test approach‘can be adopted and applied to each device. Once this
approach has been established, further requirements are to implement the
approach according to the specific architeéture and instruction set of
each device. The following is a basic description of a generalized test

approach for each module previously described.
A. Program Counter

1. Verify reset state.
2. Verify that the counter can be incremented through its maximum
range.

3. Check any possible register transfer to the program counter.
B. Register Arrays

1. Verify that each register can be loaded individually, if possible,
and jts contents stored to the data bus.

2. Verify register-to-register and regfster-to-output transfers with
all possible number combinations.

3. If the registers can be incremented and/or decremented, verify that

they can accomplish this through their complete range.
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Stack Pointer

1. Verify that the stack pointer (registers) can be loaded.
2. Check to see if stack pointer transfers are valid.

3. Verify increment and decrement bperétions.

Arithmetic Logic Unit

1. Verify ADD operations, with and without carry.

2. Verify a SUBTRACT operation, with and without a borrow.

3. Verify all shift left or shift right operations.

4, Verify rotation of a numerical value, if applicable.

5. Check all logical operations, for example, AND, OR, EOR, etc., when
applicable.

Accumulator

1. Test to see if it can be loaded and read.
2. Check for any transfer operation that can be performed.
3. Verify that the accumulator can be incremented and decremented.

Timing and Control

1. Verify that all control timing occurs at correct reference points,

for example, data bus enable, sync signals, write enables, etc.
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2. Exercise all control operations on the device to verify operation,
for examp]e, WAIT, HOLD, INTERRUPT, etc.

3. Verify any status flags that are produced during an arithmetic
operation, such as carries, negative or positive numbers, over-

flows, etc.
G. Instructibn Decodes
1. Verify full operation by execution of the complete instruction set.
2. Verify execution of branch and jump operations.

3. Test for interaction between all modules, and verification of all

data paths between modules.
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‘ V. PROCESSOR TEST DESCRIPTIONS
A. 8080
The 8080 is an 8-bit microprocessor using an N-channel silicon gate
MOS process. The 8080 can be divided into the following modules based

on its functional block diagram (see Figure 7).

Functional Module Breakup

—t
.

Timing and Control
Instruction Decoder
Program Counter |
Register Array
Stack Pointer |

Accumulator

N O o B W N

Arithmetic Logic Unit (ALU)
Due to the complexity of some tests on the modules, a flow chart
of the recommended test will be used to ease the burden of understanding

the test.

Timing and Control Test

The first test on.the 8080 is to verify the operation of all timing
and control signals. This test was selected first because the basic

operation of the MPU requires that timing and control be present.
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TEST 1, RESET: Verify that the Hold Acknowledge (HLDA)
appears following the rising edge of clock @1 and that'the
Data and Address buses go into a tristate condition fol-
lowihé the rising edge of clock @#2. Verify that the Inter-
rupt Enable (INTE) is reset. Last, following the removal of
the reset, the Program Counter is équa] to 0, which will
appear.on the address bus. When performing a reset note
that the reset signal should be present for at least four

clock periods.

TEST 2, TIMING: Execute a NOP instruction following a
reset,lverify that the SYNC signal occurs withjn the first
clock cycle, that the DBIN signal occurs in the second clock
cycle, and finally, that the Program Counter increments

and that it is present on the address bus during thé fourth
clock cycle. Follow this NOP instruction with a Store
Acéumu]ator (STA) direct instruction and verify that the
Write (WR) goes low during the third clock cycle of that

instruction.

TEST 3, HOLD: Present a Hold signal to the 8080 and verify
that during T2 time cycle Hold Acknowledge (HLDA) appears

and the Address and Data buses go to tristate. Upon re-

moving the Hold signal, verify that HLDA is removed, and the
‘buses are enabled. During the time that the Hold signal is

present, the 8080 should be in a Hold operation for the time
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that the Hold signa] is present.

TEST 4, iNT: Execute An Enable Interrupts (INTE) instruction,
followed by a few NOP instructions, and presenf an Inferrupt
Request (INT) to the 8080 during an NOP instruction cycle.
Verify that the Intgrrupt Enable i; present during T1 time of
the next instruction. This INTE signal should not go high
until T1 time. Upon presenting a reset signal to the 8080,

verify that the INTE signal is removed.

Instruction Decoder Test

The next test on the 8080 should check the Instruction Decoder.
This test is used to verify that the complete device is operational
and that it will execute all instructions in the instruction get.

This fecommended test is designed to test all instructions but not all
data patterns. Table 1 is a listing of the recommended instruction

sequence.

Program Counter Test

This test includes a reset, which clears the Program Counter, and

216

NOP instructions or any other instruction(s) to verify that the
counter will increment through all possible addresses. A flow chart
of this test is illustrated in Figure 12. This test will verify that

the Program Counter resets and increments. The only operation
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NOP ‘ L e L Tl e ey
EI « LOCATIONS B=15 ARE FOR THE
DI * HALT=HOLD=INTERUPT ROUTINE #
El R L L L Lk L% REp iy 3
LXT SP

(VERIFIES HIGH IMPEDANCE DURING HNLD & HALT)
SPL=@2  SPp{q2 ’

SPH=@1
RST (AT 2n38)

PCH(2AM) YO (SP=1)

PCL(27) TO (SP=2) SP-2=M16G'
EY
HALT
RST (AT Apon)

PCH(4A) TO (SP=1)

PCL(3A5 TO (SP=2) SP=2=00FE
LXT B

C=p2

B=01y L L R Y I S
LXI D | * MAIN INSTRUCTION SENUENCE #
F=28 * STARTS AT LOCATTION 16 *
n:né emcamemceamcennmenenn—————
LXI H

L=2a

Hein

LXI SP

TABLE 1: Recommended Instruction Sequence
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NOP
SPL=aFF

SPH=#Q

LDA (B3B2)TN A

B2
B3

(AGFF) TO A

TABLE 1 Continued

SP=RAFE

Az 4R

STA A Tn (B3B2)

B2

B3

4% YO FFFF
POP PSW

(SPY TD F

(SP+1) TD A
PUSH PS8«

A TO (SP=1)

F 10 (SP-2)
PUSH B

B TD (SP=~1)

C' 10 (5P=2)
PUSH D

D TN (SP=1)

E T0 (SP=2)
PUSH H

H TO (SP=1)

L. YD (SP=2)

Fsa6

A=80p SP+2=010p
SPe22GAFE
SP=2zARF(C
SP=2=0RF A

SP-?QM@FB
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NOP
PP B

(SP) TD C

(sp+1) TO
PBP D

(SP) TO E

(SP+1) TO
PUP H

(SP) TO L

(SP+1) TO
MY M, A

A TO (HL)
MUV M,B

B 70O (HL)
MV M, C

C 10 (HL)
MV M,D

H IO (HL)
MEV M,E

E TOD (HL)
MAV M, H

H TO (HL)
MEV M, L

L TO (HL)
XCHG
MAV M,D'

TABLE 1 Continued

H

C=0i4d

Bsa2

E=10

L=40

H=2n2

0=2("»'H=“8|E=4@0L=10
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TABLE 1 Continued

NOP
D YO (KHL)
MEV M, E
E T0O. (HL)
MEV M, H
H 10 (HL)
MBV M, L
L TD (HL)
X THL
(SP) TO L L=FE
(sP+1) TO H Hzpo
OLD H TO (SP+1)
OLD L TO (SP)
MOV M,H
H TO (HL)
MOV M, L
L ToitHL)
PCHL  PC=(HL)
SPHL SP=(HL)
NAD SP  HL=HL+SP
PUSH H
R T0 (SP=1)
L TD (SP=2)
MEY M, H
H 70 (HL)

MRV M, L

PC=MBFE

" SPSQARFE
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NOP

L T (HL)

TABLE 1 tont*i nued‘

NAD B HL3HL+BC HL=O\FC+0204230400

MRV M,H
H T (HL)
MoV M,L

L T2 (HL)

PAD D HL=HL+DE HL=2400+2042=2440

MAV M, H
R TG (HL)

MEV M, L

L T (HL) -

DA H HLsHL+HL HL=244042440=4880

MOV M, H
H T (HL)
MAY M, L

L TO (HL)
STAX B

A TO (BC)
STAX D

A T® (DE)

Loax 8

¢e Te A FROM (BC)

MOV M, A
A TO (HL)

LOAX O
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TABLE 1 Continued

NOP
FF Y@ A FROM (DE)
MEV M, A

A O (HL)

1~x-a BC+1=0205
INY D DE+1=2741
INX H  HL+1=4881
INX SP SP+1=zFD
PUSH H

(H) T@ (SP=1)
(L) TO (SP=-2) SP=2:=F8
MZV M,B

B TA (HL)
MUV M,C

C T® (HL)
MEV M,D

D TR (NL)
MZV M,E

E T8 (HL)
MOV M, H

H TR (HL)
MEV M, L

L T8 (HL)
DCX B BC-1=0204
DCX D DE=-1:2040

DCX H HL=1=4880
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TABLE 1 Continued
NOP
DCX SP SP~1zFA
PUSH H

H TA (SP=1)

L 7O (SP-2) SP-2zFa
MOV M,B

B T (HL)

MAV M, C

C T2 (HL)
MOV M, D

D TO (HL)
MEV M, E

E T2 (HL)
MAV M, H

H TB (HL)
MV M, L

L T3 (HL)

CMA  COMPLEMENT A (=@n)
STC  SET CARRY =
PUSH PSW

A T2 (SP-1)

F TR (SP=2) SP=2:zF6
CMC  CoMP, CARRY (=0)
IN
R2  DEV=OF

90 T@ A FROM OFOF
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TABLE 1 Continued

NOP
PUUSH PSW
A TR (SP=~1)

F 1o (SP=~?) SP=-2=F4
NDAA A TO BCD A=R3,SEY F0,F4
P{SH PSW

A TA (SP=))

F T? (SP=2) SP=2=F2
DAA A Te BCD A=369 CLEAR F4
PUSH PSwu

A TA (SP=1)

F T (SP=1) SP=2:zF7
SHLD

B2

B3

L Te (B3B2)

H TR (B3B2+1)

LHLD

B2

B3

Gh T® L FRgM B3B2

FF Ta H FRAM B3B2+1
MEV M, H

H 70 (HL)

MaV M, L

L T4 (HL)
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TABLE 1 Continued

NOP
INR M
FF FRAM (HL) +1:=p0
ea T2 (HL)
DCR M

#0 FROM (HL) =3i=FF

FF Ty (HL)
NP

eyT

B2 DEVsAA

63 Ty DEV AAAA FRAM A
MEV A,M

.21 TA A FROM (HL)
M@V R, M |

w8 Ta B FReM (HL)

MOV C,M

P4 To C FRGM (HL) )
MEV D, M

W8 T2 D FRAM (HL)Y
MOV E, M

12 T@ E FROM (HL)
MBV H,M

2¢ T4 H FRaM (HL)
MOV LM

40 T2 I FREM (ML)

MEV M, A
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NOP

A TR (HL)
Mpy M,B

B TR (HL)
MEV M,C

C T¥ (HL)
Mgy M,D
| D 1@ (HL)
MUV M,E

E TB (HL)
MOV H;H

H 7o (HL)
MRV M, L

L 7O (ML)
MVY A

B2 @2 14
MVI B

R2 ®4 1@
MVT €

B2 @8 T@

MV D

MVI

m

B2 20 70
MVI H

R2 40 T9

TABLE 1 Continued"

NOP
MVT

B2

HAV

MAv

MAV

MRV

MAV

MAV

MV
B2
FF

CINR

MgV

{NR
MBv

B
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MAV

L
80 Y0 L

M, A

A TR (HL)

M,B

B T (HL)

M,C

C T3 (HL)

M,D

0 Te (HL)

M, E

E T2 (KL)

M, H

H TR (HL)

M, L

L T? (HL)

M

YR (HL)
A A+1=03

M, A

A TO (HL)

R R+1:=025

M,B

T8 (HL)



TABLE 1 Continued

NOP
{NR C C+1=9
MOV M,C

C T» (HL)

{NR D D+1=11

MAV M,D

D Ta (KL)

I1NR E F+1=221
MUV M,E

E TO (HL)

INR W Hety=dl
MUY M, H

HoTe (HL)

INP L L+1=81
MEV M, L

L Tee (HL)

nCR A A=1zR2
MEV M, A

A T (HL)

DCR B B=1:=04
MEV M,B

B 18 (HL)

6CR C C-1:=08
MEV M,C

C Ta (HL)

ODCR- D P=t=21®d -
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NOP
MgV M,D

D TO (HL)

DCR E §-1=2@
MOV M,E

E 7@ (HL)

DCR H  H={=4p
MEV M, H

H TO (HL)

DR L L-1=8¢
MEY M,

L 10 (HL)
Mev 4,8 ‘A=znd
MEV B,C B=p8
MgV C,D C=10
MV D,E D=ém
MgV E,H E=49
MOV H,l. H=BN

MV L,A l.=74

MRV M, A

AT (HL)
MUV M,B

B T (HL)
MOV M,C

C Tn (HL)

MgV M,D



NOP

D TO (HL)

MOV M,E

E 70 (HL)
MOV M, H

H 70 (HL)

MOV M, L

L 70 (HL)

MOv aA,C Azt
MO0y B,D B=2@
MOV C,E C=40
MOV D,H  D=z8@
vov E,L | F=n4
MOV M, A

A TO (HKL)
MOV M, B '

B TO (wL) -
MOV M,C

C TN (HL)
MOV M,D

D TO (HL)Y
MOV M,E

E T0O (ML)
MOV H,A Hatu
MOV L,8B L=20

MOV M/H

TABLE 1 Continued

-44-

NOP
H TO (ML)
MOV M, L
L TN (HL)
MOV A}D Az80
MOV B,E  BR=n4
MOV C,H C=14¥

MQv D,L N=20a

MDV M, A

A fO (HL)
MOV M,B

B TN (HL)
Mav M;C

cC 7O (HU)
MOV M, D

D YO (HL)
MOV E.A E=8¢
MOV H,B  HzR4
Mov L,C L=10
MOV M, E

E TD (HL)
MOV M, H

H TO (HL)
MOV M,

L TO (KL)

MOV EM



W 10 tuL)

MOV'M.L
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NOP

MOV

MoV

Mav

mMov

MOV

A

MOV

o}

MOV

c

TABLE 1 Continued

c,B C=20

B, A B4

TN (HL)
M,B
TO (HL)
M,C

T (HL)

MOV M,D

D

MOV

E

T0 (HL)
M,E

TO (HL)

MOV M, H

H

TO (HL) .

MOV M, L

POP

TO0 (HL)

PSW SP=@AF@ (SEE LINF 186)

(sP) TO F F=02

(s

P+1) YO A Az=80 SP+2snAF2

PI!SH PSW

A
F

ADD

T0 (SP=1)
TO (SP=-2) SP=2:=046FA

3] A;A+B=8a+m4=84 F=R6 AzB4
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NOP
PUSH PSW
A TO (SP=1)

F_TOA(SP-Z)
ADD € AzA+C
PUSH PSwW

A TO (SP~-1)

F TO (SP=2)
ADD D A=A+D
PUSH PSwu

A T0 (SP~1{)

F TN (SP=2)
ADD E  AsAef
PUSH PSW

A T0 (SP=1)

F TO (SP=2)
ADD H A=A+
PUSH PSw

A IO (SP=1)

F T0 (5P=2)
ADD L A=As+L
PUSH PSW

A TO (SP-1)

F T0 (SP-2)
ADD M A+ (HL)

{HL) IN=pd

- TABLE 1 Continued

SP=2=NCPEE

AzAd F=82

SP=2:=0QEA

AsSBC F=82

SP=-2sPpF8

AzBE F=86

SP-2=0RES

A=FF FzR2

SP=230QEA4

AsFF F=86
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NOP
PUSH PSW
A TO (SP=1)

F T0 (SP=2)
ADb A AzA+A
PUSH PSW

A TO (SP=1)

F TO (SP=2)
ApcC 8
PLUSH PSw

A TO (SP=-13)

F T0 (SP=2)

ADC € AzA+C+1
PUSH PSW
A TO (SP=1)

F TO (SP=2)
ADC D A=A+D
PUSH PSW

A TO (SP-1)
F TO (SP=2)
ADp E  AszA+E
PUSH PSu

A 10 (SP-1)
F 70 (5P=2)
ADC H  AsA+H

PUUSH PSw

AzA+B+1

TABLE 1 Continued

SP-2=ﬂﬁE2

AsFE F=93

SP=2z=00FR

A=nd . F=s17

SP=2=20NE

SPe2=20NC

A=34 F=m2

SP=2=0¢DA

A=3C  Fz06

SP=2=z02D8

A=3E F=n2
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TABLE-l Continued

NOP

A TO (SP=1)

F TO (SP=2) SP=2=02N6
ADC M AzA+(HL) A=Q0 ?:57

(HL) IN=C2
PUUSH PSW

A TD (SP-1)

F 70 (SP=2)  §P=-2:=00D4
ADC L AsA¢Le+} A=z=4ay F:Qﬁ
PUSH PSW

A TO (SP=1)

F T0 (SP=2) SP=2:=0002
ADC A AzA+A  A=82 F=B6
PLISH PSW

A TD (SP=1)

F 1o (59#2) SP=2:=00N0
SUR B AszA=8 -A=7E-  F=n6
PUSH PSW

A TO (SP=1)

F TO (SP=2) SP=2:2QCE
SUR €L AsA=C  A=5E F=z12
PLISH PSW

A TN (SP-1)

F TO (SP=2) SP=2=0anCC
SUR D AsA=D  AsS4E  F=16

PUSH PSW
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D=yn

H=py2

L=40



NOP
A TD (SP=1)
F T0 (5P=2)

SUB.E AsAeE

~ PUSH PSW
A TO (SP=1)

F 10 (5P=2)

SUB H A=zA=H

PUSH PSW
A TO (SP=1)
F YO (SP=2)

SUB L A=A-L

PUSH PSw
A TD (SP~1)
F TO (SP=2)

SUR A  AzA=A

PUSH PSW
A TO (SP=1)

F T0 (SP=2)

SUR M AzA=-(HL)

(HL) IN=FF
PUSH PSW

A TO (SP=1)
F T0O (SP=2)
SBR R

PLISH PSW

Az46

AzA=B«l A=FC

TABLE 1 Continued

SP=2cARGCA

F=12

SP=2:=020C8

Az44 Fe16

SP=2z22C4

F=56

A=@Q

SP2=20C2

Az F=03

SPw2=00C0

Fc87
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NOP
A TO (SP=1)
F 10 (SP=2)

SBR €

PUSH PSW
A TO (SP=1)
F T0 (SP=2)

SER D AzA=D

PUSH PSH
A TO (SP=1)
F 70 (SP=2)

SBR E  AzAeE

PUSH PSW

A T0 (SP=1{)
F 70 (SP=2)

SBR H  A=zA=H

PUSH PSW
A TO (SP=1)
F TN (SP=2)

SBR L AsAal

PUSH PSW
A TO (SPe1)
F TO (SP-2)

SER M
(HL) TN=82

PUSH PSW

AzA=C=1

Az A= (HL)

TABLE 1 Continued -

SP=2a70ABE

A=DB F=96

SP=2=00pBC

AsCB F=92

SP=2sARA

A=C3 F=206

SP=-2=R¢R8

A=C1 F=92

. -

SP=2=2¢7R6

A=8Y F=06

SP=2=00R 4

A=FF F=87
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TABLE 1 Continued

NOP

A TO (SP=1)

F TO (SP+2) SP=2:0082
SBR A AszA=A=] ASFF F=87
PUSH PSW

A T0 (SP=1)

F 70 (SP=2) SP=2=0080
ADI A=A+ (B2)

B2=01 AsQ0 F=57
PUSH PSW

& 7O (sP=1)

F TO (SP=2) SP=2=7¢AE
ACI AzA+(B2)+1

R2=FF A=nn F=57
PLUSH PSW

A T0 (SP-1)

F 70 (SP=2) SP—2=@@A6
SUI AzA=(B2)

" B2=ny AaFF F=87
PUSH PSuW

A TO (SP=-1)

F 10 (SP=2) SP=2=00AA
SBI AzA=(B2)-1

B2=4¢e A=BE F=86
PUSH PSW

A JO (SPe1)
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TABLE 1 Continued

NOP
F 10 (SP=2)
ORA B
PUSH PSW

A YO (SP=1)
F TD (SP=2)
XRA B
PUSH PSW

A TD (SP=1)
F YO (S5Pe2)
ORA C A IOR
PUSH PSW

A TD (SP=1)
F TO (5P=2)
XRA C A XOR
PUSH PSW

A TO (SP=1)
F 10 (SP=2)
AR D A IOR
PUSH PSW

A TO (SP«1)
F TD (5P=~2)
¥YRA D A XOR
PUSH PSW

A TD (SP=1)

F T0 (5P«2)

A IOR |

A XOR

SP=2z0A8

A=BE

SP=2=0046

A=BA

SP=2z00A4

A=BaA

SP=220PA2

A=GA

SP=2=npaAR

A=sQA

SP=23R00E

A=RA

SP-Q:%HQC
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F=88

FsR2

F=R6

Fz82

A=BE

Bep4

.D=1ﬂ

E=08
H=@2

L=48a



NOP
NRA E A IOR
PUSH PSW

A TD (SP=1)
F TO (SP=2)
| XRA E A XOR
| PUSH PSW

A TO (SP=1)
F 10 (S5P=2)
CRA H A IOR
PUSH PSY

A TO (SP=1)
F 10 (SP=2)
YRA H A XDR
PUSH PSH

A TO (SP=1)
F TD (SP«2)
ORA L A lOR
PUSH PSW

A TO (SPe-t)
F TO (SP=2)
XRA L A XDR
PLiSH PSW

A TO (SP-1)

F 10 (SP=2)

" QORA A A IOR A

TABLE 1 Continued

A3BA FaR2
T SPe?sRAQA
Azg2 Fz86
A=82 F=86
SP=2:=RA6
A=8%. F=R2
SPe2:27704 °
A=C@ Fe868
AzR) F=R?2
SPe?230(/00
AsRQ F=82
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NOP
PUSH PSwW
A TO (SP=1)
F TO (SP=2)
XRA A A XOR
PUSH PSW
A TO (SP-1)
F 10 (SP=2)
ARA M A IOR
(HL)YIN=BE
PUSH PSW
A TO (SP=1)
F Tb (SP=2)
XRA M A XOR
(KL)IN=78
PUSH PSW
A TOD (SP-1)

F T0 (SP-2)

TABLE 1 Continued

SP=2=MQA8E
A Az0p F=46
A=BE Fz=86

SP-Q:WZ‘BA
(HL)

A=C6 F=R6b

SP=2=0P88

ANA M AzA AND (HL)

(HLYINsFC
PUSH PSW
A TO(SP=1)

F TO(SP=2)

A=zC4

SP=2=02186

ANA A A=A AND A A=C4

PLISH PSW

A TD (SP=1)
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TABLE 1 Continued

NOP

F 10 tSP=2) SP-2:R84

ANA B A=A AND B  hzod Feg2
PUSH PSw

A TD (SP=1)

F 10 (SP=2)  SP=230282
OR1 AzA I0OR ’(32)

82=7¢C A=7C Fz=02
PUSH PS8

A IO (SP=~1)

F Y0 (SP=2)  SP=2:00RQ

ANA.C AzA AND C Az20 Fz12
FUSK PSW

A TO (SP=~1)

F YO (SP=2)  SPe2=0@7E

ANY AzA AND (B2)
| B2:65 _ 4z20 F=02
PUSH PSw

A TO (SP=1)

F T0 (SP=2)  SPa2=0R7C

YR Y AzA XOR (82)
BD=SC ' AS7C Feao
PUSH PSW

A 10 (5P=1)
F T0O (5P=2) SPe2sR27A

ANA D A=A AND D ‘ Az10 Fz12
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NOP

PUSH PSH

A TO (SP=1)

F TO (SP=2)
CMP € A-C

PUSH PSw

TABLE 1 Continued

SP=R=AR7R

F=97

A TN (SP-t1)

F TD (SP»2)
RAR
PUSH PSW
A TO (SP~1)
F T0 (SP=2)
ANA E
PLSH PSW
A TO tSP-l)
F TO (SP=2)
RAR
PUSH PSW
A TO (SPe~i)
F TD (SP=2)
RRC
PUSH PSW
A TO (SP=1)

F 70 (SP=2)

SP=2:20R76

A=88

SP=2:0074

A=A AND E

SP=2=072

SP=2=0070

SPe2=206E

ANA H A=A AND H

PisSH PSH
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Az=i8

A2

Az(R2

A=in
Bzg4
C=2a

D=y

Ledn

Fza?



TABLE 1 Continued

NOP

A TO (5P-1)

F TD (SP=2)  SP=2z0u6C
RLC E Az 4
PUSH PSW

A TO (SP=1)

F TO (SP=2) = SP-2:=0n6A
CMP A A=A
PUSH PSW

A TO (SP=1)

F TO (SP=2)  SP-2=00p68
CMP B AR
PUSH PSw

A To (SP-~1)

F TD (SP=2)  SP~2=R066
CFHP D A=D
PUSH PSW

A TO (SP=1)

F T0 (SP=2)  SP=2:znnba
CMP E  A-E
PUSH PSw

A TO(SP=1)

F TO(SP=2) SP=220062
CHMP R A=H
PUSH PSW

A-TO (SPe1)
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NOP

F TO (SP=2)

CMP M A= (HL)

(HL) IN=20
PUSH PSY
A TO (5P-1)
F TD (SP=2)
CMP L AnL
PUSK PSW
A TO (SP=1)

F TO (SP=2)

RAL
PUSH PSW
A TH (SP=1)

F T0 (SP=2)

0RA L A=A IOR

PUSH PSW
A TO (SPe=}i)

F 10 (SP=2)

ANA L A=A AND

PUSH PSHy
A TD (SP=1)

F TO (SP=2)

CPY A=(B?2)

B2=FF

. PUSH PSwW

TABLE 1 Continued

SP=2z006RQ

SP=2=005E

SP=2=035C

SP=222054A

L. Az49

sp-é:m@SB

L " AmAe

SP=227056
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NQP
A TD (SP={)
F TO (§P-2)
“RLC
PUSH PSW
A TO (SP=1)

F 10 (SP-2)

RLC
PUSH PSW
A TO (SP=}1)

" F TD (SP=2)
RRC
PUSH PSu
A TO (S§P=1)
F TO (SP=2)
RAL
PUSH PSW
A TO (SP=1)

F TO (SP=2)

TABLE 1 Continued

SP=2=z00G54

SP«2=0%52

SP=2=004F

SP~2=ﬂ@4C

JMP (B3B2) YO PC

JC  (B3B2) TO PC

B2

B3

JNC NO JUMP,CARRYS=|
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TABLE 1 Continued -

NOP

B2 Aot

B3 | Fep?
Jz NO JUMP,ZERO=A CARRY,PARITY SET
B2

B3

JNZ  (B3B2) TO PC
B2
BS'
JM  NO JUMP,SIGN=a
B2
B3
JP (B3B2) TO PC

B2
JPE  (B3B2) TQ PC PARITY={

B3
JPO NO JUMP
B2
B3
CALL (B3B2) To PC
B2 |
B3 PO+
PCH TO (SPa1) .

PCL YO (SP=2) SP-2:2mdaA
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TABLE 1 Continued

NOP
RET

(SP) TO PCL

(SP+1) TO PCH SP+2=0n4C
CC  CALL,CARRY=l (B3B?2)TQ PC
B2

B3 PC+1

PCH TO (SP=1)

PCL TO (SP=2) SP-2:=7p4A
RC  RET,CARRYs={

(5P) TO PCL

(SP+1) TO PCH SP+2=mn4C
CNC  NO CALL,CARRY=1

B2

B3
RNC NO RET,CARRY=1
€CZ NO CALL,ZERO=0

B2

B3
RZ  ND RET,2ER0:0
CNZ CALL,ZERD=0 (B3B2) TO PC
B2

B3 PC+}

PCH TO (5P=1)

PCL. TO (SP=2) SP-2=0044

RNZ RET, ZERO=0
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TABLE 1 Continued
NOP
(SP)  ToO PCL
(SP+1) TO PCH SP+2=2004C
CM  NO CALL,SIGN=@
B2
B3
RM  NO RET, SIGN=0
CP  CALL,SIGNz® (B3R2)TN PC
B2
BRI PC+1t
PCH TO (SPw1)
CPCL TN (SP=2) SP-2=074A
RP
(SPY  TO PCL
(SP+1) TO PCH SP+2:MmaA4C
_ CPE  CALL,PARITY=y (R3B2)TO PC
B2
R3 PC+1
PCH TO (SP=1)
PCL T (5P=2) SP=2:M04A
RPE  RET,PARITY=zy
(SP)  TO PCL |
(SP+1) TO PCH SP+2z:mB4C
CPO N0 CALL,PARITY=1
B2

B3
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TABLE 1 Continued

NOP
RPO NO RET,PARITY={
POP PSW
(SP) TO F AE03
(SP+1)T0 A SP+2:An4E : FeC2
PUSH PSH ’ (SIGN,ZERO:I)
A YO (SP=1)

F TO (SP=2) SP=2zr@4C
JMP (B3dg2) T0 PC

B2
JC . NO JUMP,CARRY=2
B3
JNC  (B3B2) TO PC

)
JZ (B3B2) TO PC

B2

83

JNZ  NO JUMP,ZERQ={

Jn (B3B2) T0 PC SIGN={

-64-




TABLE 1 Continued

NOP

JP NO JUMP

JPE NO JUMP, PARITY=Q
lBQ

B3
JPD (B3B2) 70 PC

B2

B3
CALL (B3B2) TO PC

B2

B3 PC+1

PCH T0O (SP=1)

PCL TO (SP=2) SP=2=0R4A
RET

(Sb) TO PCL | -

(SP+1) YO PCH SP+2=004C

cc NO CALL,CARRY=®
B2

B3 '

RC NO RET

CNC (B3B2) 70O PC , CARRY=0
B2
B3 : PC+1

PCH TD. (SP~1%)
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TABLE ] Continued :

NOP

PCL TO (SP=2) SP=2=004dA
RNE RET, CARRY=zA

_fSP) T0 PCL

(SP+1) TO PCH SP+2=n24C
Cz CALL.ZERO=1

B2 (B3B2)70 PC

B3 PC+t

PCH TO (SP=1) |

PCL TO (SP=2) SP=2=004A
R2 RET

(sP) T0 PCL

(SP+1) T0 PCH SP+2=zn@4C

CNZ NO CALL,ZERD=]
B2 .
B3
RNZ NO RETURN .
CM CALL,SIGN=1 (B3R2) TA PC
B2
B3 PC+1

PCH TO (SP-1)

PCL TO (SP~2) SP=2=ni4A
RM RETURN

(sP)  To PCL

(SP+1) TO PCH SP+2:R04C

ce NO CALL,SIGN=t
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TABLE 1 Continued

NOP
B2
B3
RP N0 RET

CPF  NO CALL,PARITY=z=®

RPE NO RET
CPO CALL, PARITY=@m (B3B2) TO PC
82

B3 PC+1

PCH T0O (SP=-1)

PCL TO (8SP=?2) SPe«2z(Z4A
RFO0 RETURN

(sP) T PCL

(SP+1) TO PCH SP+2z224C
§ST AY wpen PCe+}

PCH TN (SP=1)

PCL TQ (SP=2) SP=2=0CA4A
RET

(SP) 0 PCL

(SP+1) YD PCH SP+2:=92p4C
RST AT purna PC+t

PCH T0O (SPe-t)

PCL TN (SP=2) SPe2:=0Q44 -

RET
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TABLE 1 Continued

NOP
(SP)  TO PCL

(SP+1) TO PCH SP+2=004C
RST AT apnim  PCe+y |
PCH TO (SP=1)

PCL TO (SP=2) SPe2z00dA
REY

(SPY  TO PCL

(SP+1) TO PCH SP+2=mn4C
RST AT 2018  PC+}

PCH TO (SP=1)

PCL TO (SP=2) SP=2znndA
RET

(SP)  TO PCL

(SP+1) TO PCH SP+2=004C
RST AT AA2A  PCe+t

PCH TO (SP=1)

PCL TO (SP=2) SP=2:0044A
RET

(SPY  TO PCL

(SP+1) TO PCH SP+2:m@dC
RST AT QW28  PCey

PCH TN (SP=~1)

PCL TO (SP=2) SP-2:z0n4A
RET

(sP) T0 PCL
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TABLE 1 Continued

NOP
(SP+1) TO PCH SP+2:2q4C
RST AT @2A30  PC+

PCH TO (SP-I)'

PCL TO (SP=2) SP-2:=0g4h
REY

(sP) T0 PCL

(SP+1) TO PCH SP+2=0G4C
RST AT 2AR38  PC+i

PCH TD (SP={)

PCL TQ (SP=2) SP=2znadA
FET

(sp)  To PCL

(SP+1) TpD PCH SP+2=_WA‘4C

NOP
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RESE? MPU .

TEST PROGRAM
COUNTER .

PASS

EXECUTE
INSTRUCTION

TEST TO SEE
IF PROGRAM COUNTER
INCREMENTED-

FAIL

NO

FIGURE 12: Program Counter Test
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not checked is the Registér Transfer to the Program Counter. This

operation is verified during the Register Array Test.

Register Array Test

The test on the Register Array is Sccomp]ished by two tests. One
verifies that each register is independent of any other register, andA
two, that any register can be moved from one register to another with
any data combination. The test to determine uniqueness of each register
is to first load each register (B, C, D, E, H, and L) with unfque data
and read to verify the load operation. The test is performed using
the instruétion shown in Table 2. An explanation of the instruction

mnemonics appears in Table 3.

The- next test on the Register Array will verify that.the registers
can move from one register to another and move any data combination.
This test‘will also check register-to-Program Counter transfers. This
recommended test loads the H and L registers directly with a pattern
of 0's, transfers the H register contents to all-other registers, and
outputs from the H and L registers through the Program Counter. The
pattern is incremented until all 256 numerical combinations have been
checked. 4A flow chart of this test is illustrated in Figure 13. The

instructions that should be used for this test are LXIH, PCHL, and

MOVr],rZ'

Stack Pointer Test

‘The Stack Pointer test is just like the Program Counter test, both
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Instruction Register Value

1. Myl A (000)g\ |

2. MVI B (001)g g

3. MVI C (002)g d

4. WI D (004) } §

5. MVI E (o0)g |

6. MVI H (020)8* ;

7. I L (040)g / ©

8. LXI SP - (125)4(252) gy i
9. MOV M,A e
10. MOV M,B :
1. MOV M,C. > R
12. MOV M,D o
13, MOV M,E ;c
14. MOV M,H / 2
15. MOV M,L

TABLE 2: Register Array Test
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Imtruction Codel!) Cloch 12 Instrvction Code !} Cloehi?

Masmenic  Description 0; g D5 04 D3 D Oy O  Cyces Magmonic  Dascriptian Dy Og O O, D3 D; Dy Bg  Cycies
MOV,y.,2  Move register 10 regitter 01 0 0 O § S 8 ] RZ - Return on tero " v+ 0 6 v 0 O O S
MOV M, ¢ Move regtes to memory 0 1t 1 0 S S § R} RANZ Return on no 1er0 t 1 0 0 0 0 Cc O 5
MOV e, M Move memory to regrster 0 v 0D D O 1 V0 ? RP Retura on positive 1 1 v 1+ 0 0 00O s
HLT Haft ¢ + t, 1 0 t 1 0 14 RM Return on minus t ¢t 1t t v 0 0 0 s/
MV ¢ Move immedeate register 0 0 0 0D D 1 1+ 0 ? APE Return on parity even | I 1 0 1 0 0O /1%
MVI M Move immediate memory 6 0 v v 0 Vv ¥ o0 0 RPO Return on panity 0dd 11 1 ¢°0 0 0 ¢ LYA)]
INR s Incrament segister 00 0 D O Y O O S RSY Anan ) ) A A A D) 3 1
OCR ¢ Decrement regater 00 0 O 0O 1 0 1 IN input t ¢ v 1 0 v 10
INA M Increment memory o0 ' t 0t 0O 10 ouv Output Y 0 1Y 00 Vv 10
OCR M Decrement memory 00 1t 1 0 1 0 10 ixe Load immed.ate register o 0 0 0 0 0 0 1 10
ADO ¢ AdS register to A " 0 0 o 6 5 S § 4 PanB&C
AOC ¢ Add register 10 A with carty t 0 0 0 VvV S S S 4 Lo Load smmadiate register 00 0 Y 0 0 0 10
SuBr Subtract register lrom A t 0 0 v 0 S § S 4 Par DS E
SBB ¢ Subtract register trom A 1 ¢ 0 1 1 8§ S S 4 LXIH Losd immediate register 9.0 1+ 0 0 0 0 10

with borrow Park 8 L
ANA ¢ And regnter with A 1 0 1+ 0 0 S S$°S° 4 LXISP Losd immeduatestackponter 0 0 1 1 0 O 0 10
XRA ¢ Exclusive Or registes with A tr 6 t ¢ 1 S § § 4 PUSH @ Puth cegister Par 8 & C on t 1 0 0 0 v ¢ 1t "
ORA Y Or register with & 1 ¢ 1t 1 0 S S S 4 stack
CMP s Compare register with A t o 1 1t §$ s S ¢ PUSH D Push register Pair 0 8 € on 11 0 1 ¢ 1 0 3 "
ADDM Add memory 10 A t o 0 0 0 ¥ Y O ? stack
ADC M Add memory 10 A with carry 1 0 ¢ 0 v Vv 1 0 ? PUSH W Puth register Par K& L on 1t Y 0 0 1 0 n
SUB M Subtract memory trom A 1 0 ¢ 1 0 v v oo 1 stack
SBB M Sudtract memory trom A Tt o 0 t 1 v 0 ? PUSH PSW  Push A and Flags 1t 1 0 1 0 f

with bosrow - on stack
ANA M And memory with A 1 0 1 0 0 1V v 0O ? POP8 Pop register pasr B & C off 1 ¥ 0 0 0 0 0 1 10
XRA M Exclusive Or memory with A T ¢ 1 0 v Vv 1 o0 ? stack . )
ORA M Or enemory with A 1T 0 1 v 0 1V v 0 ? POPO Pop regiter pair D & € oft 1 1 06 1+ 0 0 0t 10
CMP M Compare memory with A 10 1 1 1 1 o1 @ ) stack
AOt Add immednte o A 1 1 0 0 0 1V 1y 0O ? POPH Pop register parr H & L oft T Y 1 6 0 0 C 1 10
ACt Add rmmediate to A with t 1 0 ¢ 1 1t 1 @ 7 stack :

carry POP PSW  Pop A and Flags 1 1 1 0 0 0 1 10
sul Subtract immediate from A 1 1 0 v 0 3 v o0 ? oft stack
$81 Subtract immediate from A ° 1y D 2 S B ] 7 STA Store A direct oD 1 Vv 0 0 Vv O 2]

with borrow LDA Load A direct 00 v 1 1 0 10 n
AN! And immediate with A A | 1 0 0 ¢t Vv O 7 XCHG Exchange DS E ML L | 1 1] g 1 1 4
XRI Exclusive Or immediate with L | 1 0 v 1 1 0 7 Registers

XTHL Exchangetop of stack HE L 1 1 1 0 0 0 1 1 138

oRt Or immediate with A L I S S B N N A ? SPHL H & L tostack pointer 1t 1t 1 0 0 $
cP . Compare immediate with A vt t Tt Y 1 1 0 ? PCHL H & L 10 pragram counter LI | 1 0 1V 0 0 $
RLC Rotate A left 00 0 0 0 Vv 1 1 4 0ADB AddB&CHoHEL 00 0 0 1 0 0 1 10
ARC Rotate A right 60 0 0 v 1 11 4 DAD O AddDBEWHEL 6 ¢ 0 t 1 0 01 10
RAL Rotate A teft through carry g 6 0 1 0 VvV 1 4 CADH AddH& Lo HEL 00 1 0 1 0 0 1]
RAR Rotate A right through ¢ 0 o t 1 1 ¢ 0AD SP Add stack posnter o H & L ¢ 0 t t 1 0 0 1 16

carry STAX 8 Store A indirect ¢ 0 0 ¢ 0 0 1 O !
piid Jump unconditional L | 0O 0 0 0 1t 1 10 STAX D Stare A ndirect 00 0 Y 0 0 v O r
% Jump on carry 11 01 v 0 1 o0 10 "LDAX B Load A indirect 60 0 0 1 0 1 O !
JINC Jump on no tarry 1 1 0 1 0 0 1 0 10 LDAX D Load A indirect ¢ 06 0 v .1 0 1 O ?
2’ Jump on zero 1 ¢+ 0 0 Vv O Vv oo 10 INX B Increment B & C registers ¢ 0 ¢ 0 0 0 1 1 $
N2 Jump on no terp 11 0 0 0 0 1 O 10 INXD Increment 0 8 E registers 06 0 1 0 0 1 1 )
» Jump on positive 1 1 1 v 0 0 Vv O 1] INX H Increment H & L registers ¢ 6 1 0 6 0 1 1 $
Ji') Jump on minus t 1 v 1 1 0 1 O 10. INX §P fncrement stack pointer 0 0 1 1 0 0 11 H
IPE Jump on panty even Y 1 1 0 t 0 1 0 10 0cxs Oecrement 8 & C 00 0 o0 vy 0 0Vt $
PO Jump on panity odd rr )Y 9 0 0 YO 10 ocx o Oecrement 0 8 € o ¢ @ t 1 6 t t 5
CALL Call uncondiiong! 1 1 0 0 1 1V 0 1 1Y OCXH Deciement HS L ¢ 0o Vv 0 v 0 1 ¢ $
cc Calt on carey 11 0 ¥ 1 v 0 0 1w .14 £14 Decrement stack pointer 0 0 1 1 v 0 9V ¢t $
CNC Call on no carry 1 ¢+ 0 1 ¢ 1V ¢ O 17 tMA Complement A 00 v 06 v 1 1 4
2 Call 0a zero 11 0 0 1V v 0 O " §TC Set carry 00 t 1 0 1 t 1 [}
(4.1 Calt on no zer0 t 1 0 0 0 1V 0 0 nn? ({114 Complement casry 00 ¢ 1 1 1§ [}
[<4 Caft 6n positive ! 1 1 6 1+ 0 ¢ mn DAA Oecimal sdjust A 0 0 ¢ 0 1 1t 4
™ Call on minus LI S R R A w SHLD Store M B L direct 6 0o t 0 0 0 1V O 15
CPE Cahl on panity even 1 1 06 v 1 0 o 1w LHLO Losd B & L direct 6 0 v 6 1+ 0 1V O 16
PO Call on panity odd 1 3 1 0 0 YV D O 1 1] Enade Intersupts | IS T RS NN R T B | )
RET Return 1 0 o0 Vv ¢ 0 10 o Dresable interrupt T Y0 0 1y 4
fC Return on carry t ¢+ 0 1 1 0 0 O s NOP No-operation 0 0 0 0 0 0 0 O [}
RANC Rsturn on no tarry 1 v+ 0 .1 0 0 0 0 snt .

NOTES: 1. DODor SSS - 000B ~001 C - 010D ~ 011 € - 100 H - 101 L ~ 110 Memory — 111 A,
2. Two possible cycle timaes, (5/11) indicate instruction cycles dependent on condition flags.

TABLE 3: 8080 Instruction Mnemonics
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are 16-bit registers with the additional feature of incrementing and
decrementing. Therefore, the test on the Stack Pointer should check
for incrementing and decrementing, and the ability to load and trans-
fer to ahéther register. Figure 14 is a flow chart of a recommended

test and Table 4 lists the instructions used during the test.

Accumulator Test

The accumulator in the 8080 is 8-bits wide. A recommended test on
the accumulator is to verify, load, readback, rotate, and transfer
operation through its entire range. The recommended instructions (see

Table 1) to be used during this test are MOV, ., MOV, ,, CMA, RCL, RRC,

M,A’
RAL, and RAR. A flow chart of the recommended test is shown in Figure

15.

Arithmetic Logic Unit Test

The Arithmetic Logic Unit (ALU) is 8-bits wide and used to perform
all arithmetic and logical data operations in the 8080. The ALU has
been left until ]ast.because error analysis is simplified once 511 other
modules have been verified. A recommended test for the ALU is to test
all ALU déta paths and related instructions through its range. ATl
instructions are used during this test which operation on the ALU, such
as ADD, ADC, SUB, SBB, etc. A flow chart of this recommended tesf is

shown in Figure 16.
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<

SPHL:  (H) (L) —(SP)

1

RESET MPU DCXSP:  (SP) - 1——(SP)
LXIH: LOAD MPU (L) AND . PUSHPSW: (SP) - 1——(PC)

(H) REGISTERS WITH
STARTING ADDR VALUE

-

SPHL: TRANSFER (H) AND
(L) TO STACK POINTER (SP)

J

INXSP: INCREMENT (SP) BY 1 PUSHPSW (CONTINUED):
é ' (SP) - 2—=(SP), (PC)

DADSP: LOAD (H) AND
(L) WITH (H) (L) PLUS (SP)

) e

PCHL: LOAD (H) (L) INTO (PC)

M-1 TIMES

MIN ADDR -
VALUE

FAIL

N-2 TIMES

MAX ADDR
VALUE ~

Mo N> 2
N oo, M

Notes: SP MAX
SP MIN

FIGURE 14: Stack Pointer Test '
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T

CODE (DATA WORD)

MNEMONICS CYCLES CLOCKS 76543219 OPERATION

LXIH 10 00100 b 01

<32> <Bz>———»(L)

<B3> <Bs>-——.(H)

SPHL 5 11111001 (H) (L) ——(SP)

INXSP 5 00110011 (SP) . (sP)

DADSP 10 00111001 (H) (L)+ (SP)— (H) (L)

PCHL 5 11101001 (H) (L)—{PC)

DCXSP 5 00111011 (SP) - 1— (SP)

PUSHPSW 1 117110101 (A)'——’[SP-]],(F)—;——[SP-ZJ
TABLE 4: Stack Pointer Test Instructibns
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Q ST?RT )

L

MOV, i (MEM) — (A)

i,
r ' i " "
RESET MPU RCL : AM——-Am+1,A7-——-AO, C
- 1
MOV (MEM) — (A) RRC: Am+]——a-AM,A0__* Ags "C
- | 1 T
) RCL : i
CMA:  (R)— (A) : T
] MOV, o: (A)— (MEM)
MAS U
MOVM’A (A)———»(MEM)
FAIL
TEST D
DATA LINES
; PASS
PASS RAR. A A A IICII IICII A
. . L N U A
MOV i (MEM) —(A) .
RAL: A ___,Am+],A7___. C","C"— A,
3
1RAR:
Notes: ACC MIN <7F FAIL
ACC MAX >80, c
1
FAIL NO
FIGURE 15: Accumulator Test
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_l_
(:j STfRT —‘:> SUBg: (A)-(B)— (A)

RESET MPU SBBg:  (A)-(B)-"C" — (A)
POPSW: [SP]  (F) [SP+11  (A) | PUSHPSW: (A)— [SP+1]
CLEAR "C" F/F AND LOAD (A) (F) — [SP+2]

WITH STARTING VALUE "B0,6"

! (F) = 02,
Al (A—(8) | ran
ADDy : (B)+(A)—(A) -
(B)+(A)+"C" —(A)

'

PUSHPSH: (A)——*»[SP+]]
(F)— [SP+2]

MOV

ADCB:

POPPSW: [SP]— (F)
[sP+1]— (A)

PASS

SET “C" F/F

Note: ACC MAX = FE, (F) = 435

FIGURE 16: Arithmetic Logic Unit Test
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.. B. 8008
The test program for the 8008 is divided into the major sections

listed below. |

1. Accumulator

2. Register Array

3. Arithmetic Logic Unit (ALU)
4. Address Stack

5. Input/Output Instruction

6. Halt and Interrupt
Accumulator

The accumulator of the 8008 is part of the scratch pad régister
array with an address of ¢ﬂ®7. This register is a working register for
the arithmetic and logical instructions. Intially, a verification test
would be implemented in a series of MOV instructions to load énd store
data to verify the basic functionality. Data patterns should consist

of all 1's, all 0's, CHECKERBOARD, inverted CHECKERBOARD, 17, 27, 47,

10,, 20 408, and 100

77 78 8’

Register Array

The scratch pad register array test is designed to verify that each

register can increment and decrement throughout its entire range, that each
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register can be transferred to all other registers of the array, and
that the H and Z registers can properly provide a correct address for

and MOV instructions.

the MOVR’ MR

M
Initially the device is reset and all registers of the array

loaded to a different value with the MOVR,M instrucfion, except regis-

ter R which is set to 0. Registér R1 is now incremented from 0 to

255 to 0, to verify the wrap-around characteristic. After each incre-

ment, the contents of the register is examined using the MOVM,R

instruction.

At the completion of this process, the contents 6f é]] remaining
registers are stored and verifigd. Register R1 is. now decreménted
from 0 to 255 to 0, verifying the underflow characteristic. After each
decrement; the register contents are stored and verified using the
MOVM,R instfuction. At the completion-of this process, the contents

of all other registers are read and verified.

The increment/decrement test is now performed on all remaining

registers of the array.
Transfer Operations
In order to accomplish transfer operations and preserve the unique

identification of all other registers, the previously verified instruc-

tions of MOVR M VMIr, MOVM R INRr, and DECr will be used. Initially
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all registers are cleared. Register Rl will be tested first.

Register R1 is incremented and transferred to R2. Rl is again incre-
mented and transferred to Ré. This process is repeated until all
registers have received data from R1. The accumulator is the last
register to receive data. A1l register contents are now stored and
verified starting the the accumulator. After repéating this process
42 times, the sequence i;.repeated, only this time register R2 is used
as the.origin of all data to be transferred. All remaining registers,

except the accumulator, are verified in the same manner.

Since the accumulator cannot increment, the test for verificétion
of transfer is accomplished in a slightly different manner. Again,
all registers are set to 0. Register B is then incremented and trans-
ferred to the accumulator, which is in-turn transferred to register C.
Register B is again incremented and transferred to the accumulator,
which is now transferred to register D. This process is repeated until
all registers have received déta from the accumulator. All register
contents are now stored and verified. This process is repeated 51
times. During this test procedure the transfer of the accumulator con-
tents to register B is not possible, since register B is being used to
generate the test pattern internal to the device. Therefore, it is
necessary to repeat this test using register C to generate the internal
test pattern, transferring its contents to the accumulator and then
transferring the accumulator to register B, incrementing register B,
and then storing all registers. The purpose of incrementing register

B is to preserve the unique addressing of that register for transfer

verification.
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Arithmetic Logic Unit (ALU)

The previously verified instructions are now. utilized to test the
add, subtract, logical, and shift instructions. Reéu]ts df the add
and subtract instructions effect all condition flip-flops, while the
rotate and shift instrucﬁions effect onJy the car}y bit. The Tlogical

instructions do not effect the condition flip-flops.

The condition flip-flops cannot be gated to the data or address
bus for purposes of verification. Therefore, it will be necessary to
use the conditional jump instructions, JC, JZ, JM, JPE, JNC, JNZ, JP,
and JPO.

After each arithmetic operation it is necessary to execute all six
conditional jump instructions to test for proper operation of the .con-

dition flip-flops.

The data.chosen should generate the criteria to set and reset all
condition'flip-flops resulting in patterns that will verify that the
ALU can recognize a 0, negative number, even parity, and a carry, or

borrow.
The data patterns required for proper verification of the ALU

should be designed such that execution of the arithmetic or logical

" instruction being tested generates the following results:
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Arithmetic Instruction

—
.

Positive Number
Negative Number

Even Parity

S~ w N

Non-Even Parity

()]

Carry (Borrow)
.- No Carry (Borrow)

Zero Value

o ~N O

Non-zero Value
Logical Instructions

1. Positive Number
2. - Negative Number
3. Zero Value

4. Non—zero Value
5. Even Parity

6. Non-Even Parity

Rotate Instructions

1. Carry

2. No Carry

3. Shift a 1 Through Carry
4, Shift a 0 Through Carry -

5. Shift a 1 Through a Field of 0's

6. Shift a 0 Through a Field of 0's
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Address Stack

Testing of the address stack is designed to verify that all levels
of the stack are operative in response to the CALL and RETURN instruc-
tions. The device test program simulates repeated subroutine CALL's
and RETURN's nesting up to the seven al]o&ab]e levels. The program
should be structured so that the carry feature from the lower order 8-
bits of the address to the highervorder 6-bits is verified. Iﬁ addi-
tion, all conditional CALL and conditional RETURN instructions are
verified. The jump instruction should also be included in this test
as an easy means of manipulating the coﬁtents of the Program Counter

in generating the return addresses to be stored in the address stack.

Input/Output Instructions

Verification of the input/output iqstructiohs consist of executing
a series of eight input instructions each followed by an output instruc-
tion. During this sequénce, the code for the selected input and output
port is different so that all combinations are tested. The a;tua] data

used to write into the accumulator is not of critical importance.

Halt and Interrupt

The Halt instruction and Interrupt feature of the 8008 can be tested
together. The Interrupt is verfied first. The critical parameter of

the Interrupt is that the interrupt signal to the 8008 cannot be allowed
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to occur within 200 ns of the falling edge of 1.

The test progfam should verify that the 8008 will properly respond
to an external interrupt which occurs within the allowable timeframe
as indicated below. In addition, the Interrupt signal to the 8008

should be applied during all time states of instruction execution.

After this test, the Halt instruction is executed and the ability
of the 8008 to respond to an external interrupt is verified over the

same time span by executing a series of Halt instructions followed by

Interrupts.

S i N/ i Ve WA
A\

p2 4 o
4 [\ N /—\ AR /
) . [%2]
| o
L atloned| S
va -
S
N
T:_INT Not

Allowed

-86-



2901

The 2901 4-bit bipolar microprocessor slice is not 1ike other
microprocgséors being only the process portion of the typical micro-
processor. Like the typical microprocessor, the 2901 has a data bus,
but is not bidirectional. It also provides a register file (16 Word

X 4-bits), an Accumulator (4-bits), and én Arithmetic Logic Unit (ALU).

The 2901 does not include an fnstruction decoder, rather all
instructions directly control an operation from an code input. In a
typical MPU the instruction code applied on the data bus
into the decoder for the complete cyc]é. The 2901 complete cycle
lasts only one c]oék cycle and if the instruction lines change during
the cycle a new operation will occur. Also, the 2901 1is notAcapab1e.
of addressing external memory d{rectly, because it does not include
an addresé or program counter. A typical MPU can execute jumps,
subroutines, and return from subroutines due to the existance of a

stack pointer which the 2901 does not contain.

The architecture of the 2901 can easily be broken up into testable
modules that can be controlled and tested by the device'pins and its
microinstructions (see Figure 2).

The 2901 can be broken up into the following modules:

1. RAM (16 addressable registers) controlled by the "A" address field.
2. RAM (16 addressable registers) controlled by the “B" address field.
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3. "Q" Register or Accqmu]ator
4. ALU Source Selector

5. Eight Function ALU

6. Output Data Selector

7. RAM Shift

8. "Q" Shift

Examination of the microinstruction control shows that the 2901
has a 9-bit microiﬁstruction. This microinstruction is divided into
three groups: ALU source control, ALU function control, and destin-‘
ation control. The ALU source control controls from what data path
the data will be app1ied into the ALU (Table 5). The ALU function
controls what function the ALU will perform. For example, R field +
S field, R field or S field, etc., (Table 6). The destination control
routes the output of the ALU (qr RAM) to different destinations within
the 290]. These destinations include the RAM register stack, the "Q"
register accumulator, both the RAM and "Q" register or the RAM directly
out of the device (Table 7). The microinstruction controls thus route

and/or manipulate data through the device.

RAM Addressable Register Test

The RAM Address Register should be divided up into four unique
portions structured to test (1) the RAM using the npM address stored
through the output by passing the ALU, (2) the RAM using the "A"
_address outputted through the ALU, (3) the RAM using the "B" address
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MICRO CODE ALU SOURCE
OPERANDS
Octal . )

: i Iy Code R S

L L L 0 A -

L L H ] A B

L H H 3 0 5

H L H 0 A

H H H 7 D 0
TABLE 5: _ALU Source
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MICRO CODE ALU .
Symbo1
I Octal Function
I cta
4 3 Code
L L 0 R Plus S R+ S
L H ] S Minus R S -R
H L 2 R Minus S R-S
H H 3 RORS RVS
L L 4 R AND S RAS
L H 5 R AND S RAS
H L 6 REX-OR S R4S
H H 6 R EX-NOR S R&S
TABLE 6: ALU Function Control
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MICRO CODE

connected to a three-state output which is in the high-impedance

state.

B=Register Address by B inputs.

Up is toward MSB.

Down is toward LSB.

TABLE 7:

ALU Destination Control

-9]-

RAM Q-REGISTER Y . RAM Q
{  FUNCTION FUNCTION ouTPUT L SHIFTER | SHIFTER
1. 1, |OCTAL FoulPr  LOAD | SHIFT  LOAD 'RAM_ RAM
7 6 | copE ~ . o RAM.1Qp Q4
L L | o X None | None  F—Q | F X X [ x X
L H 1 X None X None F X - X X X
H L 2 INone F—B X None A X X | x X
H H 3 None F—B X None " F . X X X X
L L 4 Down F/2—B | Down Q/2—Q F Fo IN3 QO IN,
L H 5 Down F/2—B X None F F0 IN3 QO X
H L 6 Up  2F—B Up  2Q—Q F INg ~ Fy |IN, Q4
H H 7 Up 2F—B X None FoolINg  Fy| X Qg
X=Don't care. Electrically, the shift pin is a TTL input internally




outputted through the ALU, and (4) the right/left shift operation of
the RAM. |

To test the RAM using the "A" addréss outputted bypassing the ALU,
the following is recommended. The object of the test is to run a
GALPAT pattern on the RAM using all combingtions from 0 to 15 for the -
test pattern and the coﬁpiiment of this as the background pattern.
Since the RAM can only be written into a location addressed by the "B"
address, care has to be taken to address only the test location when
writing into the RAM. When a location is being-tested or read, the
“B" address should be different then the "A" address. The easiest
solution to this would be to compliment the "B" address relative to
the "A" address when reading a test cell. The setup to run this test
would be to set the ALU source operand to octal code 7 (D,B) when
writing into the RAN and octal code 4 (P,A) when reading out a loc-
ation. The ALU function is used during this test to route the data
on the data input pin to the RAM. This should be programmed for a
recommended function, octal code 3 (RORS), as this will be used in a
later test. The destination control should be programmed for octal
code 2 which selects the RAM "A" data port to the output, bypassing
the ALU. The clock pins should be held in a high state. Throughout
this test the only pins that will be sampled will be the "Y" ouput
pins. Once this test setup has been executed a GALPAT pattern should
be performed using all test patterns of 0 to 15 and backgrouﬁd patterns
of 15 to 0. What the GALPAT does is to write a background pattern then

‘write a test pattern. The test pattern is then read, a background
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pattern location read, then the test location again, then another back-
ground location, test 1dcation, etc., until all background locations
have been read. Then the tést pattern_is.moved and the process repeated
until all locations have been used as a test patterh. The test pat-
tern is then incrémented and. the background pattern decremented. This
process is then continued until all pattern combinations have been

tested (see Figure 17 for illustration).

Performing this test will verify that all data combinations can be

written into and read out of with every data combination.

The second test on the RAM is to check the RAM addressed’by the "A"
address field but checking the data output path through the ALU. The
same test should be run as previously described with only one change
in the microinstruction. This change would be té modify the destination
control to an octal bode 3. This modifies the output path from the
RAM "A" address'output to the-ALU output. This would then check if the

RAM "A" address path through the ALU is functional with all data sequences.

The next test on the RAM would be similar to the second test, but
the "B" address and output path is checked. The ﬁhanges to the second
test would be to have addressing to the RAM entirely controlled by the
"B" address field. During this test it is recommended that the A"
address field be the comﬁ]iment of the "B" address. This would cause
the worst interaction between the RAM addressing. The remaining dif-

ference would be to modify the ALU source operand to select octal code
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FIGURE 19: GALPAT Read Example
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3 when performing a read of the RAM. This will select a source of

§,B, thus enabling the "B" output of the RAM to pass through the RAM.

The final test to be run on the RAM is verification of the right/
left shift operation. The fecommended test will only describe a shift
operation from the left as to test the right shift é]l that would be
required is to input data from the right input and test the left out-
put. The object of this test is to verify that all data combinations
- from 0 to 15 can be shifted through the RAM. Also, since Tatches are
noted to be sensitive to noise, and the 4-bit output-of the RAM uses
a latch, the test will also recommend how to check for this. The

. . i
recommended test sequence is as follows:

The test should start out by loading a 0 info location 0, and a 15
into location 15 of the RAM. The purpose of this is that one location
will be used to shift data input and the other.location will be used
as a background test pattern. The microinstruction for the ALU source
operation when writing the initial patterns should be an octal 7 which
selects the data bus. A11 other times during the test an octal code 4
should be selected which selects "A" output 1atch for iﬁput to the ALU.
(Note: An octal code of 3 should be selected when checking the "B"
output latch.) The ALU function should be selected for an octal code 3
(R OR S) so that the output latch can be tested throughout the test. The
advantage of using the R OR S function is that the ouput of the ALU
will be the same as the output latch. The microinstruction for the

destination control should be selected to octal code 4 which will execute
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a-left shift. .(Octal codes 5, 6, and.7 should also bé tested using
this same test. When selecting codes 6 and 7, the input and output
shift pins should be complimented when codes 4 and 5 are selected.)
The "A" and "B" address fields should be exactlyAthe same ‘throughout
this test. This allows an eaéy modification to the ALU sourcé
operand to check the "B" output latch as described egr]ier. Last of
all, the final setup should be to produce é clock pulse each time
there is a requirement to write to the RAM, but not during a test

cycle when the background location is being addressed.

The test on the right/left shift will verify that (1) the shift
operation Will occur, (2) this shift operation can shift all combin-
ations of 1's and 0's, (3) the output latches will hold data, and (4)
the shift operation can be accomplished using any RAM address. Fol-
lowing the initial loading of the test and background patterns one
bit of the shift pattern (101000111100101) is shifted into the RAM
and the shift and Y outputs checked. Then the background address is
addressed but no clock is.produced and-the outputs again checked.

This will verify that the output latch will hold data. The next bit

is now shifted in and verified and the background location addressed
and data verified. This process continues until all bits have been
shifted into the RAM. Then the testword and background address are
incremented and decremented, respéctivg]y, and the above test repeated.
This will continue until all RAM Ibcationﬁ have been used for the test
location and background location. Upon completion of the first pass,

‘the background pattern is decremented until the initial pattern has
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gone from 15 to 0. This will check for a sensitivity in the RAM out-
put Tatches. This test is then repeated for both right and left

shift operations on the RAM.

The next test performed is on the "Q" register. There should be
two tests on fhe "Q" register. First, a test that will load the
register with all combinations from 0 to 15 and follow each load with
the compliment of the previous load. Second, a test to check the

right/left shift operation on the register.

The first test should start by loading a "0" into the register and
testing. Next a "15" should be loaded and tested,_then.l, 14, 2, 13,

.., until a 0 and 15 are agaﬁn reloaded. This test verifies that any
number can be loaded into registerland that all data tranactions are

checked.

The sécond test checks the right/left shift of the "Q" register
(ALU Destination Control, octal codes 4 and 6). To check these oper-
ations an initial value should be loaded into the register and checked.
Destination control octal code 4 is selected and a pattern
(1010000111100101) is shifted into the register. After each bit shift
the regisfer data is checked. Then an octal code is selected on thel

destination control and the other shift operation checked as previously

described.

The next test will test the ALU source operands. This test verifies
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that all ALU sources can be selected and that all data combinations
can pass through the selector. The test should start by first loading
RAM locations 0, 5, 10, and 15 with data equal to the address. The
"Q" regisfer is intially loaded with a 0. Using the ALU function "R
OR S" (octal code 3), and a destination control which loads neither
the RAM nor the "Q" register. (octal code 1), the sequence of ALU
source operands shown in Table 8 should be tested. During this test
the "A" and "B" address will equal the data being selected by the

source operand.

The ALU functions and flags should be tested next, since all other
sections of the devicés.havé now been verified as operational. First,
all locations in the RAM are loaded with a data pattern equal to its
address. Then data values of 0, 5, 10, and 15 and RAM values of O,

5, 10, and 15 and CN values of 0 and 1 in all combinatioﬁs are used to
test each of the eight possible ALU functions. -In all cases, R is the
data bus and S is the "A" output from the RAM (ALU source operand, octal
code 5). First, the R & S function (octal code 0) is tested. The basic

sequence is as shown in Table 9.

This sequence is then repeated for each of the other ALU functions.

Function 0cta] Code
S-R ' 1
R-S ' 2
RORS : o . 3
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R S
A = 1010 Q =.0000
A = 0101 Q = 0000
A = 1010 | Q = 0000
(Load Q with 1010)
A = 0000 Q = 1010
(Load Q with 0101)
A = 0000 Q = 0101
(Load Q with 1010)
A = 0000 ‘ - Q = 1010
A = 1010 B = 0000
A = 0101 B = 0000
A = 1010 B = 0000
A = 0000 B = 1010
A = 0000 B = 0101
A = 0000 B = 1010
(Load Q with 1111)
) Q=111
) B = 0000
) B=11M
9 A-= 0000
) A =11
D = 1010 A = 0000
D = 0101 A = 0000
D = 0101 A = 0000
D = 0000 A = 1010
D = 0000 A = 0101
D = 0000 A = 1010
(Load Q with 0000) :
D=1M Q= 0000
D = 0000 Q = 0000
(Load Q with 1111)
D = 0000 Q= 1M

TABLE 8: ALU Source Operands
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CN = A S =
0 0000 0000
1 0000 0000
0 1 0000 -
1 1111 0000
0 0101 0000
1 0101 0000
0 1010 0000
1 1010 10000
0 0000 11
1 0000 1111
0 1111 1111
1 1111 1111
0 0101 1
1 0101 11
0 - 1010 1
1 -1010 1111
0 0000 0101
1 0000 1010
0 1M 0101
1 1111 0101
0 0101 0101

l 0101 0101
0 1010 0101
1 1010 0101
0 0000 1010
1 0000 1010
0 1111 1010
1 11N 1010
0 0101 1010
1 0101 1010
0 1010 1010
] 1010 1010

TABLE 9:

ALU Function Sequence
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Function ' ) Octal Code

R AND S 4
R AND S 5
R XOR S 6

7

R SNOR S

The last test on the device is to check to see if the output enable/
disable will cause the output to go to tristate.. This is accomplished
by inputting a 0, 5, 10, and 15 into the Data bus and outputting it
through the ALU (R OR S function) to thé Y output. After each data pat-
tern is on the Data bus the "Y" output is checked wtih the output enable.

Then the outputs are disabled and the outputs checked for tristate.
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6800

The 6800 microprocessor unit is divided into the basic modules as

listed below:

1. Program Counter

2. Stack Pointer

Index Registers
Accumulators A and B
Arithmetic Logic Unit

Timing and Control Logic

~N OO O ~~Ww

Interrupt Capability

For thorough testing of the 6800, the functiéna] test sequence
should thoroughly exercise each module independent of all other modules
with the specific instructions applicable to thét module. In addition,
sufficient data patterns are used to verify proper operation qf each
module. An interactive type test is also performed to ensure that
execution of an instruction on one module will not cause destruction

of data in a different module or an othenwise‘ma]function of the device.

In determination of the instruction sequence, the possible discovery

of instruction and/or data pattern sensitivities was not considered.

Program Counter

The Program Counter (PC) test consists of resetting the PC to 0
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and then incrementing the PC through its entire range. Results of
this test may be verified after each increment or after the PC has
reached full value. Benefits of this test are proof that the device
is basically operationai; there are no stuck-at-one stuék—at-zero
defecfs in the PC and the address bus drivers are capable of driving

a logic 0 or logic 1 in any combination of bits present on the

address bus.
Operation of the device during this test is as follows:

1. Reset the device.

2. Verify the reset address vectors of FFFE]‘6 and FFFF]6.

3. Input an instruction that will cause the PC to increment by 1.

‘Continue operation of this instruction until the PC equals FFFF]6.

Execute the instruction 6ne more time to verify the overflow char-

(LI

acteristic of the program counter.’

Stack Pointer

Operational.Modes:

1. Load
2. Store
3. Increment

4. Decrement

5. Transfer +1 to Index Register
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'

6. Receiver -1 from’Index»Register

7. Output Data on Addréss Bus for:
a. Push, Pull Data- | |
b. Store Device Status in Stack

¢. Pull Device Status from Stack

Stack pointer conte&té are availabfe on the data bﬁs and also the
address bus during instruction execution. Accordingly the test approach
is defined to verify both conditions of output. The method of defining
the test approach follows that of all modules, i.e., start with instruc-
tion sequences designed to verify basic module operation, increaéing
the complexity of instructions for total testing of the particular
module. The transfer of SP contents to the index register and transfer
of index register contents to the stack pointer require verification
of the index register's functionality, and will therefore be defined in

the index register section of this description.
Load/Store, Data Bus

To initiate testing of the stack pointer, a load instruction is
executed followed by a store instruction to output the SP contents on
the data bus.

Stack Pointer Instructions

LDS - Immediate, Direct, Index, Extended .
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STS Direct, Index, Extended

INS Implied
DES Implied
TXS Implied

TSX - Implied

Several data patterns should be chosen such that all bits of the
stack pointer have been loaded to both a logic 1 and 0. In addition,
all different operational codes of the load stack pointer/store stack
pointer instruction are executed at this time. This instruction se-

quence is defined as illustrated in Table 10.

Benefits of this test are'that the stack pointer is identified as
an addressable register, is capable of being loaded to several values,
each bit of the stack pointer is capable of being a ]ogié 1 or logic O
and that each bit of the data bus is capable of driving a logic 1 or

logic O.

Increment/Decrement

Execution of this test requires initial loading of the SP to 000016’

the increhenting the SP from 0000]6 to FFFF]6 using the increment stack

pointer instruction.

For detailed error analysis, the contents of thg SP should be out-

putted to the data bus after each increment. This method may'prove

-105-



INSTRUCTION

ADDRESS MODE

DATA PATTERN

Load Stack Pointer
Store Stack Pointer
Load Stack Pointer
Store Stack Pointer
Load Stack Pointer
Store Stack Pointer
Load Stack Pointer

‘Store Stack Pointer

Imhediéte
Direct
Direct
Index
Index
Extgnded
EXtended
Extended

0099

FFFF 16

"AAAA]G

'5555]6

TABLE 10: Stack Pointer Load Routine
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not feasible due to fest system capability and in'fhat case the
increment stack pointer in;tructidn would be repeated 16,384 times,
and the SP contents then read. The increment stack pointer instruc-
tion is then executed one more time and the SP contents outputted to

verify the overflow characteristic.

The Decrement Test is similar to the previous test with the

'exception of initially loading the stack pointer'to,FFFF 6° using the

1
 decrement stack pointer instruction and executing the decrement instruc-
tion on additional time after the SP is equal to 0 to verify the under-

flow characteristic.

In either of the above tests, the choice of which stack pointer
store instruction to use is arbitrary and left to the discretion of

the test engineer.
Address Bus Output (Push/Pull)

The Push and Pull instructions of the 6800 will cause the contents
of the stack pointer to appear on the address bus and also increment

or decrement the contents of this register.

Verification of this mode is performed by resetting the 6800 (get-

ting a starting address of 0000, to the PC) and execution of repeated

16 ,
PUL instructions.  During instruction execution, the address is read
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~during all four to verify that the following information is present:

Cycle 1: Program Counter
Cycle 2: Program Counter +1
Cycle 3: - Stack Pointer

Cycle 4: Stack Pointer +1

The PUL instruction is repeatedly executed until both PC and SP
are equal to FFFF]6.
The PSH instruction is now executed in a similar manner, again

verifying the address bus during all four clock cycles as follows:

Cycle 1: ‘ Program Counter
Cycle 2: “ Program Counter +1
Cycle 3: Staék Pointer
Cycle 4: Stack Pointer +1

This sequence is repeated until the SP is equal to O.

Index Register (X)

Operational modes:

1. Local Load Immediate, Direct, Index, Extended
2. Store ‘ Store Direct, Index, Extended
3. Increment - Increment |
4. Decrement , "Decrement
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INSTRUCTION

ADDRESS MODE

DATA PATTERN

Load Index Register
Store Index Register

Load Index Register

Store Index Register -

Load Index Register
Store Index Register
Load Index Register

Store Index Register

Immediate
Direct
Direct
Index
~ Index
Extended
Exfended

Extended

 FFFF

0080, o

16

6

5556, ¢

TABLE 11: Index Register Load Routine
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5. Transfer to Stack Pointer TXS

6. Receive from Stack Pointer TSX

The Index Register is identical in size (16-bits X 1) and similar
in operation to the Stack Pointer. Therefore, the test plan defined

_for this module closely parallels that of the Stack Pointer.
Load/Store

The Index Reg{ster is loaded wifh several data patterns, storing
the register contents after each load to verify prbper load operation.
A1l different OP codes of the load and store instruction should be
‘used to verify proper operation. The instruction sequence is defined

as illustrated in Table 11.
Incrgment

Execution of this test requires initial loading of the Index
Register to 000016’ repeating exchtipn of the increment Index Register
(INX) instruction to increment the X register from 0000, to FFFF,.

As in the Stack Pointer test, the contents of the X register should -
be stored in the data bus after every fncrement. If not feasible, the
increment instruction should bé repeated continuously and the X register
contents outputted when equal to FFFFTG’ The increment instruction
~should then be executed one more time and the contents of the Index

Register stored to verify the overflow characteristic.
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Decrement

The Decrement test is similar to the previous test wi;h the excep-
tion of initia]]y loading the Index Register to FFFF]G, using the
decrement Index Register instructioﬁ. When the X register is equal to
0000]6’ the decrement instruction should be executed one more time and.
the register contents stored to verify the underflow characteristic.

Stack Pointer and Index Register Trénsfers

Transfers of the Stack Pointer and Index Register are limited to
transferring the Stack Pointer contents +1 to the Index Register or
the Index Register contents -1 to the Stack Pointer. The two instruc-

tions which define those operations are TSX and TXS respectively.

The test sequence to verify this éequence takes advantage of the

functionality of these registers proven by previous tests.

Both registers are initially loaded to 0. An instruction sequence

which increments the SP executes a TSX instruction and stores the
Index Register contents is repeatedly executed until the Index Register
is equal to FFFF]G.
This procedure is now repeated in a reverse fashion by executing a
decrement Index Register, TXS, instruction followed by a read of the

. Stack Pointer. This instruction sequence is repeated until the Stack
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Pointer is equal to O.

Accumulators A and B

!

Accumulators A and B are two general purpose 8-bit registers used
to store operands and results for ALU operations. The instruction set
for each accumulator is similar thh one or two exceptions. At this
point, the definition of the different modules of the 6800 are open to
different philosophies as to where one module ends and another module
begins. For example, controversy may arise as to whether a logical OR
instruction is an accumulator instruct{on or an ALU instruction.

This situation illustrates thé problem of two different modules
being involved in the execution of an instructi&n. The operation of
the Togical QR instruction of the contents of the Accumulator A (ACCA)
with a byte'of memory involves the input of a byte of memory, input of
ACCA and the byte of memory to the ALU, execution of the Togical QR
between the two and transferring this resuits back to ACCA. Here two
different modules are involved in the instruction execution and the
question is to which module group the instruétion be]onés. For the
purposes of clarity, this type of instruction will be attributed to
the ALU module. In a more general'sense, where more than one module
is involved in the execution of an instruction, the instruction will
be classified as belonging to the module which performs the basic

operation intended by the instruction.
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Accumuliator A and B, Load/Store

As in thevStack Pointer‘and Index Register test, the initial phase
of the accumulator test cqnsists of executing a ]oad and sfore accumu-
lator routine, using all applicable operation codes in conjunction with
numerous data patterns. The specific instruction sequence is defined
as illustrated in Table {2; Note that the contents of the accumulator
not involved in a series of instructions is stored on data bus to ver-

ify no interaction of the two accumulators.
Increment/Decrement

Accumulator A is loaded to all 0's and the increment Accumulator A
instruction is executed followed by a store Accumulator A instruction.

This process is continued until ACCA 'is equal to FF The decrement

16°
Accumulator A instruction is now executed followed by a store ACCA
instruction. This instruction sequence.is repeated until ACCA is equal

to 0.

The above process is repeated on Accumulator B substituting the

appropriate Accumulator B instructions.
Transfer ACCA to ACCB, ACCB to ACCA

This test is designed to verify the internal transfer of accumulator

fo accumulator by using previously verified instructions.
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INSTRUCTION DATA PATTERN INSTRUCTION DATA PATTERN
Load A - FF]G Load A 4g]6
Store A -- Store A -
Load B FF]G Load B 4¢]6
Store B -- Store B -
Load A 5516 Load A 8¢]6
Store A -- Store A -
Load B 5516 Load B -8‘016
Store B -- Store B -
Load A AA]6 Load A FE]B
Store A -- Store A -
Load B A6 Load B FE1q
Store B -- Store B -
Load A ¢¢]6 Load A FDi6
Store A -- Store A -
Store B -- Store B -
Load A E]]G , Load A FB1e
Store A -- Store A --
Load B ¢]16 Load B FB]6
Store B, -~ Store B --
Load A ¢216 Load A F746
Store A -- Store A -
Load B ¢216 Load B : F7]6
Store B -- Store B --
Load A ¢4]6 Load A EF]6
Store A -- Store A -
Load B ¢4]6 Load B EF]G
Store B --. Store B -
Load A ¢8]6 Load A DF]6
Store A -- Store A --
Load B ¢816 Load B DF16
Store B -- Store B --
Load A ]le Load A BFi6
Store A - Store A --
Load B ]¢16 Load B BF]G
Store B -- Store B --
Store A - Store A --
Load B 2¢]6 Load B 7F16
Store B -- Store B --

TABLE 12: Accumulator Load Routine
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Both accumulators are initially loaded to all 0's. An increment
ACCA is executed fo]]owéd by a transfer ACCA to ACCB, clear ACCA and
then store both accumu]atoré. Now, an increment ACCB is executed,
followed by a transfer ACCB to ACCA, clear ACCB and'storeAboth accumu-

lators. This sequence is repeated until ACCA is equal to X'FF.
Shift/Rotate Capability

The Accumulator registers of the 6800 are equipped with five modes
of shift and/or rotate instructions. To properly verify the operation
of these instructions, each is executed with several data patterns
designed to represent worst case. Also, included in the execution of
the shift and rotate instructions is verification of the Condition Code

register, in particular the Carry Bit (C).

The test routine for the shift and rotate instructions initializes
the MPU to a 0 state and then executes all five instructions on each

accumulator. The recommended data patterns for each instruction is:

FFye
AA6
5516
P
e

Each instruction is executed a total of eight times in order to
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shift or rotate the data pattern through the entire accumulator.

The contents of the accumulator being tested should be stored after
each execution of the shift or rotate instruction. Also the contents
of the Condition Code register should be stored after eéch eight exe-

cutions of the instruction being used.

Arithmetic Logic Unit (ALU)

The function of the ALU is to perform addition, subtraction, and
Togical operations (OR, AND, Exclusive OR, 1's complement and 2's
complement). Arithmetic comparisons can also be performed to set or
reset bits of the Condition Codes register (CCR) which afe testable

for use in condition branch instructions.

Proper verification of the ALU includes exe;ution and verification
of all assoéfated instructions in conjunction with worst case data pat-
terns to verify that the ALU can add, subtract, recognize a carry, half
carry, positive number, negative number and 2's complement overflow.

As the CCR is an intergral portiqn of the ALU, its contents should be

verified after execution of each instruction.

As in previous situations, the actual order of the instructiog aﬁd
data sequence should be structured such that, when possible, only instruc-
tions that have been previously verified are used for verification of
unused instructions. The actual data patterns must be chosen such that

the desired results will be generated.
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Timing and Control Logic

Timing and control 10916 verifiéation includes testing proper
generation of the Valid Memory AddressA(VMA), Bus A available (BA), and
Read/Write control signals (R/W). The control signals BA, VMA, and
R/W are generated according to the decode Qf each instruction with 30
different possible combihétions. Theréfore, each instruction must be

verified as producing the proper response of these signals.

Interrupt Capability

The 6800 microprocessor unit has been designed to offer two priority
levels of hardware interrupt capability, the IRQ (maskable) and NMI

(non-maskable) interrupts, NMI having priority of IRQ.

Upon detection of an interrupt, the 6800 will enter the interrupt
state at the end of the instrdction being executed or after the com-
pletion of next instruction, depending upon what clock cycle of the

present instruction execution the interrupt has occurred.

The "I" bit of the Condition Codes register has been designated as
the mask bit for the TRQ interrupt. If an IRQ occurs and the “I" bit

is set, the interrupt is ignored. If not, the interrupt state is

entered.

The objectives of this test can now be stated as verification of
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the following conditions.

1. Proper 6800 response to an IRQ interrupt by testing the data bus
for sforage of internal register contents, address bus for Stack
Pointer address generation during the above storage and the address
bus for generation of the TRQ addréss interrupt vector.

2. The "I" bit is set as a results of an TRQ interrupt.

3. That the 6800 will not respond to an IRQ interrupt when the "I"
bit of the CCR is set.

4. Proper response to an NMI interrupt when the "I" bif is set and
resef.

5. Priority of the Nﬁf'interrubt over IRQ by causing both signals to

indicate interrupts simultaneously.

A third mode of interrupt is under software control by means of the
SWI (Software Interrupt Instruction). Execution of this instruction
is not hardware related and will therefore be executed whenever it
occurs in the user program. - This instruction is verified by testing
the data and address bus for proper storage of internal 6800 register

contents and the genération of the SWI address interrupt vector.

Execution of the WAI (Wait for Interrupt Instruction) stores all
internal register in the stack and then places the 6800 in an inactive
wait state. The device will remain in this state until either an IRQ
or NMI interrupt occurs. This instruction is verifjed by first obsekv-

ing the data and address bus during internal register content storage
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and second that an TRQ and NMI interrupt will be allowed to respond as

previously described for these signals.

The Tﬁa and NMI signals are asynchronous and as such-should be
tested for interrupt geﬁerating capébi]ity by causing the interrupts
to occur within several timeframes. First each interrupt should occur
such that the recognition routine starts after completion of the pre-
sent instruction being executed at the time of interrupt and second,

after completion of the next instruction at the time of interrupt.

Instruction Decode Test

1

The Instruction Decode test verifies proper execution of :all jump,

branch, and subroutine instructions.

The major aspect of the jump instruction is to test for proper ad-
dress generation in response to the two addressing modes of this in-

struction.

Testing of the branch instructions requires execution of each
instruction and testing that (1) the branch address is generated, if
the branch condition is true, and (2) that the branch does not occur,

if the associated_condition is false.

Subroutine instructions tests are required to verify that (1) the

Stack'Pbinter address occurs on the address bus simultaneously with the
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return address on the data bus, (2) the correct subroutine address is
generated, and (3) that the return from subroutine generates the Stack
Pointer address on the address bus for the purpose of pulling the

return address from stack. '
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1802

The 1802 microprocéssor unit is a static 8-bit device employing
CMOS technology. The device provides the following internal aréhit-

ecture (see Figure 11).

1. 16-bit by 16-bit Register Array

2. 8-bit Arithmetic Logié Unit (ALU)

3. 8-bit Accumulator (D)

4. Two 4-bit Instruction Registers (I and N)

5. A 4-bit Register P used to specify which of the 16-bit Registers
in (1) is the present program counter.

6. A 4-bit Auxiliary Register (X)

7. An 8-bit Temporary Register (T)

8. A 1-bit Register (Q)

Examination of the instructién set of the 1802 reveals that the
major data path to and from the internal register array is through the
D register. Therefore, this module of the 1802 is of extreme impor-
tance and the test program will exercise this module fully as an initial
starting point. Next, the uniqueness and functionality of the 16-bit by
16-bit fegister array will be proven. Arithmetic and Logical instruc-

tions will be tested next followed by the Branch and Skip instructions.
A unique feature of the 1802 is a built-in DMA feature which uses

an internal register as a counter for the number of bytes transferred

‘to or from memory. This feature is evaluated for both the DMA in and
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DMA out modes of operation. The Interrupt feature is verified for

proper operation and also tested for its masking capability.

D Register:

The importance of the D register is its function.of being the path
by'which to load or store'contents of the scratch pad register array
via the data bus and as a working register of the arithmetic logic unit.
The initial phase of the test on this register is to ensure the ability
to load worst case data patterns in the D register and also store the

same.

Execution of this test consists of a series of load instructions
to walk a 1 through a field of 0's and-a 0 through a field of 1's,
each load instruction being followed by a store to verify the load

operation.

Register Array

The purpose of the register'array is to provide a program counter,
16-bit vectored interrupt address storage, DMA address counter, and
general purpose scratch pad registers. '~ The initial test on this module
consists of a series of instructions to verify that each register can
be loaded to worst case data patterns and that each register can be
accessed for the retrival of this information. A1l input and storage

of data patterns to the register array will take place through the D
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register. An important point is that at all times one of the 16
registers is‘being utilized as a program counter, as determined by

the value in the 4-bit P register. Upon initial*start-up'and reset of
the 1802, the P register is reset to 0, making R(0) the current pro-
gram coﬁnter. Therefore registers R(])-through R(15) are tested first
and then the SET P instruction must be executed to.change the register-
being used as the program counter. Register R(0) is then tested in
the same manner as the otheré. Due to the use of-R(O) as a program
counter during this exercise, R(0) éhou]d be stored through the D
register at the completion of this test to check that it has been in-
crementing during the execution of the test. Then a test sequence
which loads and stores worst case data patterns can be executed.

The actual test sequence of loading and storing data patterns in the
register array should use different data such that the uniqueness of

each register is proven.

The next portion of the Register Array test will verify operation

of the increment and decrement instructions, INC and DEC.

The procedure is to verify that each of the 16 registers of the
register array can increment and decrement throughout the entire range
of 0 to 2!° -1, Also to be verified is the over and underflow charac-
teristics of each register. Registers R(1) through R(15) are to be
tested first with R(0) acting as the program counter. Then R(0) is

tested with R(1) as the program counter. The test procedure is as
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follows:

1. Reset device.

2. Load registers R(2) through R(15), each with a distinct data pat-
tern.

3. Load register R(1) with 0 and using the increhent N instruction,
cause this register to increment from 0 to 2]5 -1. Then execute
the increment instruction an additional ﬁime'to cause R(1) to
overflow to 0. Each increment instruction should be followed by
PUT 1ow register N and PUT high register N instructions to verify
the increment.

4., At the»comp]etfon of step 3, all other registers should be stored
on the dataAbus to verify that no destructive interéction has
occurred.

5. The.decrement register N instruction is now executed to cause
register R(1) to decrement from 0 to 2]5 -1, and then to 0. Again,-
each decrement instruction is followed by aVPUT low register N and
PUT high register N instruction to verify eacH decrement.

6. Registers R(2) through R(15) are now read onto the data bus to
verify no destructive interaction.

7. This brbcess is repeated until registers R(1) through R(15) have
been tested.

8. ASETP instfuction is executed to change the current program counter
from R(0) to R(1).

9. Register R(0) is stored on the data bus and its present contents

verified.
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10. R(0) is loaded to.0 and the same procedure is followed for veri-

fication as described above.

X Register

The purpose of the X register is to hold a four'bit code used to
designate one of the 16 registers of the register array for use in
certain load and store instructions. Upon initial reset of the MPU,
‘this register is reset to 0 and then may be loaded to another value
by the SET X instruction. Proper verification of the operation of
this register is to reset the MPU, and execute a load via X or store
via X instruction. " The value which will appear on the aadress bus
will be the contents of register R(0) which is é]so the current con-
tents of the program counter as a reset will clear the P register to
0.

At this point the SET X instruction is executed to designate R(1)
and the load via X of store via X instruction executed. This process
is repeated until all registers have been designated by the X register.
It is important to note that all registers sHouId be loaded to dif-
ferent values in order to prove that the R(X) register is actually

present on the address bus.

P Register

The P register is used to hold a four bit code used to designate
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which of the 16 registers of the register array is the current program
counter. The verification of the fegister operation is performed in a

similar manner to that of the X register.

The device is reset, which should clear the P register and register

R(0) to O.

The initial portion of this program after reset should load the
register array such that each register contains a different value. By
doing this, each register can be uniquely identified as it is gated to
the address bus. After verification of R(0) as the program counter
the SET P instruction should be executed to change the current program
counter from R(0) to R(1) and the address bus monitored. A1l remaiﬁing

values of the P register are verified in the same manner.

Q Register

The Q register is a 1-bit register which can be set or reset under
program control. The Q register bit is also cleared after an initial
clear is performed. Also, the status of this bit can be tested by
several of the branch instructions. However, this portion of the Q
register test will not utilize the branch instruction as a part of the

test.

The 1802 is initially cleared and the Q bit tested for the logic 0

- state. The SET Q instruction is executed and then reset, the state of
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‘the Q bit being tested after each operation. This procedure can be

repeated several times to ensure proper operation. -

Arithmetfc ngit Unit

The test of the arithmetic logic unit is divided into two sections,
the logical operations and the arithmetic operations. Also all ad-
dressing modes included in this portion of the instruction test are

verified together with the operation of the DF flag.

Logical Instruction Test

The purpose of this test is to verify that all logical instructions
are operational and that worst case data patterns have no effect on

functionality of the device.

For the instructions of OR, Exclusive OR, and AND, worst case data
patterns are defined as those patterns that cause each bit in the result
to be either set or reset according to the instruction being tested.

Examples -are illustrated in Figures 18, 19, and 20.

Initially the OR instruction is executed with the data patterns
specified. The D register is loaded, the OR instruction executed and
the D register stored on the data bus to verify the results. Thfs test
is executed twice. The first time the OR instruction is used and the

~second time the OR IMMEDIATE instruction is used.

-127-



Pattern 1 ' Byte 1
Byte 2

Result ‘

Pattern 2 . Byte'1
Byte 2

Result

Pattern 3 Byte 1
Byte 2
Result

Pattern 4 _Byte 1
Byte 2 -

Result
Pattern 5 Byte 1

Byte 2
Result

FIGURE 18: 1802--0OR Data Pattern
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Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

Pattern

10

Byte 1 10101010
Byte 2 0101010
ResU]t 11111111
Byte 1 01010101
Byte 2 10101010
Result 11111111
Byte 1 11111111
Byte 2 11111111
Result 00000000
Byte 1 11111111
Byte 2 00000000
Result 11111111
Byte 1 00000000
Byte 2 11111111
Result 111171111
Byte 1 00000000
Byte 2 00000000
Result 00000000
Byte 1 10101010
Byte 2 000000O00O0
Result - 10101010
Byte 1 01010101
Byte 2 000000CGO
Result- 0OT010101
Byte 1 00000000
Byte 2 10101010
‘ Result 1T0T01T010
Byte 1 00000000
Byte 2 01010101
Result 01010101

FIGURE 19: 1802--Exclusive OR Data Pattern
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Pattern 1

Pattern 2

Pattern 3

Pattern 4

.Pattern 5

Pattern 6

FIGURE: 20:

Byte 1
Byte 2

Result

Byte 1
Byte 2
Result

Byte 1
Byte 2

Result
Byte 1
Byte 2

Result

Byte 1

"~ Byte 2

Result
Byte 1

Byte 2

Result

1802--AND Data Pattern
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The Exclusive OR; EXCLUSIVE or IMMEDIATE, AND -and AND IMMEDIATE

instructions are executed in the same manner.

The four shift instructions are verified using the saﬁe philosophy
for worst case data patterns. as for the OR and AND instructions. One
of the functions of the DF bit will be used and therefore requires

verification.

The procedure for verification consists of loading the D register
with a test pattern, executing the particular shift instruction eight
times, storing the contents of the D register after each instruction

execution.

Verification of the proper operation of the DF bit can only be made
by designfng a test program sﬁch that the DF bit is left to an expected
known>state. This state is then used as a starting point for the next
data pattern. For example, if the completion of a shift instruction
has put the DF bit to a logic 1, the next shift instruction to be exe-
cuted would be one that shifted the DF bit to either the least or most

significant bit of the D register.

For the shift instructions, the following data patterns can be used

as initial values:

Shift Right: 516> Mg FFigs 80160 90)¢
Shift Right with Carry: 55]6’ AA]6’ FF]6’ 816> P116° ¢¢]6
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Shift Left: 5516’

Shift Left with Carry:

Arithmetic Operations

Mg FFige 816> 8106

956> Ahygs FFigs 801gs P16 B0¢

The object of this portion of the test program on the ALU is to

verify that the ALU can add, subtract, with and without a carry or

borrow, respectively, detect an overflow or underflow condition via

the DF bit, and that the register and immediate addressing modes are

functional.

Suggested data patterns for the arithmetic instructions are as

follows:
Add, Add Immediate:
Add with Carry,
Add with Carry Immediate

Subtract,

Subtract Immediate

Subtract with Borrow,

Subtract with Borrow Immediate
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FF,. to FF._, 55

16 16
AR s 99/, to PP

16 to 5516

F@ to ¢F]6

, ARA. _to

16
16°

0D,,. to CC FF

16
8g]6

16 to FF]G’ F(Z)]6 to

16°

FF]G

from 55]6

from FF, _, 55

16 from AA. ., AA

16 16 16

FF]G

from 99

from ¢]167 QF]G from @F 80

60

16> 716

from 7¢]6

16” 7716



Subtract Memory, FF]6 from FF]G’ 5516 from AA]G’ AA]6from
Subtract Memory Immediate 5516
Subtract Memory thh Borrow, FF]B from ¢]]6’ ﬂF]G from ﬂF]G,
Subtract Memory with Borrow Immediate

Y wi orr 1te 8”16 ffom 99]6’ 6ﬂ]6 from 7¢]6

Two methods exist for verifying proper operation of the DF bit
during execution of these instructions. The first is to follow each
- add or subtract instruction by an add with carry or subtract with
borrow. This second add or subtract instruction will verify the proper
DF bit operation if the results are whét is expected as a result of the

instruction execution.

~ The second is to execute a shift right withlcarny or shift left
with carry to put the value of DF into the MSB or LSB of the D register
respective]j. The contents of the D register afe now read and the MSB
or LSB verified to reflect the expected state of the DF bit. ~This
is the preferred method for seéveral reasons. First, if a failure
occurs using the first method, the cause of the failure could be that
the ALU did not detect the original overf]ow'or could nbt execute the
add or subtract with carry. As the shift instructions have previously

been verified, this mode of verification pinpoints the cause of failure.

Branch and Skip Instructions (Long & Short)

The branch and skip instructions are verified by causing the con-

dition tested by the particu1ér instruction to occur and then executing
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the associated branch or skip instructioni The address bus is tested
for generation of the expected branch address. Alternately, the oppo-
site condition is verified by executing the necéssary branch or skip
instruction'when the branch condition does not exist and:verifying
that the branch or skip does not exécute. The conditions tested for

in the branch and skip are the fo]]owing{

'Short Branch if: D=29

" D#9D
DF. =1
DF = 9
Q=1
Q=290
EFL = 1
EF1 = 0
EF2 = 1
EF2 = ¢
EF3 = 1
EF3 =90
EF4 =1
EF4 = 9

Always, Never

The short branch and long branch are similar with the exception
that the long branch provides an absolute branch address, while the
short branch provides an address which is 0 to +255 locations from the

address containing the short branch instruction. The conditions tested
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for the long branch instruction is limited to the states of the D

register, DF bit, and Q bit. Specifically these are:

Long Branch if: . D=9 '
D#. D
DF = 1
DF # 1
Q=1
- Q#1

Always, Never

The skip instructions are similar to the branch instructions

except no branch address is required. The conditions tested are as

follows:

Short Skip: Never .

Long Skip: _ Always

Long Skip if: D=29
D# 9
DF = 1
DF = 9
Q=1
Q=190
IE =1
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Interrupt

The response of the~]802 to an asychronous Interrupt is tested by

causing the Interrupt input to become active and vérifying that the

following states occur:

The instruction in process at the time of interrupt is completed.

1.

2. The next machine cycle is a normal fetch except the address gated
to the address bus is from register R(1).

3. The X register ha§ been set to 2]0.

4. The state codes indicate Interrupt recognition.

5. The IE enable bit has been reset by causing the Interrupt input to
indicate additional Interrupts and verifying that they are ignored.

6. The values of registers X and P have been saved in the T register.
(This can be accomplished by execution of a MARK isntruction).

7. The Interrupt mode of operation is asynchronous by repeating the
test in every clock cyc]e-of instruction execution.

DMA-In-Out

The DMA-In-Out features are tested in a manner similar to that of

the Interrupt with all expected activities verified.

1.

OMA In

DMA-IN is caused to become active.
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2. At the completion of the present instrﬁction, verify the state
codes indicate DMA-In, register R(0) is gated to the address bus
and MAR is active.

3. Item 2 is repeated for as long as DMA-In remains active, with
register R(0) being incremented after each transfer.

4. Normal program execution is resumed when DMA-In becomes in-active.
DMA-Qut

1. DMA-Out is caused to become active.

N

At the completion of the present instruction execution, the state

codes indicate DMA-Out, MRD is active, and register R(0) is gated
to the address bus.
3. Item 2 is repeated for as long as DMA-Out is active.

4. Normal program execution is resumed when DMA-Qut becomes in-active.

At this point, the priority of the previous tests should be verified
such that a DMA and Interrupt request occur simultaneously. The order

of priority is DMA-In first, DMA-Out second, and-Interrupt last.

Input/Outbut Transfers

The test to Verify the input and output instruction capability of
the 1802 is performed ﬁeparately for proper operation. Each instruction
should be executed with all possible combinations of I/0 device selec-
tions, testing for proper access of the Jeast three significant bits on

output pins NO, N],'and N2, and the contents of register R(X) being
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VI.

DC TEST REQUIREMENTS

Although the major portion 5f this report has been devoted to testing
of the functional characteristics of microprocessor units, thé importance
of DC testing should not be de-emphasizéed. As with other semiconductor
devices, microprocessor units malfunction as a.results of DC characteristics

being out of specification. Therefore, it is recommended that any complete

~test on a microprocessor unit include verification of the manufacturers

specified DC characteristics.

The commonly specified DC parameters are input and output voltage
levels, input and output currénts and leakages, tristate leakage currents,
power supb]y voltages and power supply currents. Proper verification and/or

measurement of each parameter should be performed, simulating the necessary

‘condition for accurate test execution. Refer to Attachment 1 for DC speci-

fications of each device.
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VII. SURVEY SUMMARY

A. List of Companies Interviewed

Advanced Micro Devices, Sunnyvale, California
American Micro Systems, Incorporated, Cupertino, California
Boeiné Aerospace, Seattle, Washington

Burroughs Corporation, Pasadena, California
Chrysler Corporation, Hunstville, Alabama

Fairchild Systems & Technology, San Jose, California
General Electric Company, Pittsfield, Massachusetts
Hewlett Packard, Palo Alto, California

Hughes Aircraft Corporation, Culver City, Ca]ifornia
Intel Corporation, Santa Clara, California

Motorola, Austin, Texas

Motorola, Phoenix, Arizona

National Semiconductor, Santa C]aka, California

RCA, Sommerville, New Jersey

Rockwell International, Anaheim, California
Tektronics, Beaverton, Oregon

Texas Instruments, Houston, Texas
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.A B. REVIEW OF PRESENT MICROPROCESSOR TEST TECHNIQUES QUESTIONNAIRE

I. TEST EQUIPMENT
A. Tester (Which Device on Which Tester)
B. Clock Speed of Tester
C. Burn-in Equipment
1. Type Used
2. Static
3. Dynamic
4. What Type
II. DC TEST (PRODUCTION)
A. Parameters Tested -
]: What DC Parameters Are Tested _
‘ 2. Are Voltage Measurements Done DC Static or Functional
3. IF DC, How Long Is Sample .
4. IF AC, Is VOH and VOL Measured-One Pass or Two Pass
Execution Time (Delete Overhead)

Overhead Time

o o W

Percentage of Total Test Program
E. Differences Between Wafer and Final Package DC Tests

F. Type of Failures Observed

IIT. FUNCTIONAL TESTS (PRODUCTION)
A. Test Pattern

1. - Method of Generation
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2. Instruction Sequence (What Do.They Test For)
a. Modular |
b. Other
3. Gold Device
a. As A Comparison Test
b. As A Learn Method
c. Self Diagnogt{c (Board Tesf)
4. Pattern Length
5. Pattern Sensitivity
6. Frequency of Testing Device Output(s)
a. Each Cycle
b. End of Operation
c. Other
Functional Test Conditions
1. Device Timing
2. AC Parameters
a. Rise/Fall Times
b. Minimum Pulses
c. Access Times
3. Execution Time (Delete Overhead)
4. Overhead Time
5. Error Analysis
a. Why Device Failed
b. What Instruction
c. What Data Pattern

d. What Pin(s)
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C. Percentage of Total Test Program "
D. Types of Failures Discovered
E. Differences Between Wafer and Final Package Functional Test Programs
CHARACTERT ZATION EFFORTS
A. Parameters Characterized
1. Functional and AC
2. 1DC
B. Temperature Conditions
C. Burn-in Conditions
D. Form of Characterization Data Log
1. Histogram
2. Shmoo Plot
3. Other
E. Number of Devices Characterized
F. Department Responsible for Characterization
PRODUCTION TESTING
A. Température Conditions
1. Hold, Cold, Ambient
2. If Not Done, Why
B. Burn-in Conditions
1. What Temperature
2. AC or Static
3. What Loads
4. If Not Done, Why
C. Data Logging

1. Bin Classification
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VI
VII.

2. Hardcopy

a. What Is Obtained
Location Performed
Percentage of Devices Screened

Department Responsible for Production Testing:

O M m ©O

38510 Specification--Yes/No (If Yes, Who Wrote It)
Types of Failures

WHAT TYPE OF PROBLEMS ARE YOU FINDING

RECOMMENDATIONS FOR USER TESTING OF MICROPROCESSORS
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C. QUESTIONNAIRE RESPONSES

o I. TEST EQUIPMENT
A. Tester'
DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Fairchild Sentry II 2 1 1
2. l-;ai rchild Sentry 600 2 }2
3. Macrodata MD-154 1
4. Téktmnics $-3260 | 3 1 |1
_‘ 5. Teradyne J277 1
6. Teradyne J283 ' - 1 1
7. Teradyne J293 | ' | ’ 1
8. In-House System . 1. 1
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B. Burn-In Equipment

3. Commercially Available

4. Not Being Performed

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Blue M 1 1 1
2. In-house Design 5 1 3
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II. DC TESTS (PRODUCTION)

A. Parameters Tested

RESPONSE

DEVICE

8080

6800

8008

2901

1802

1. A1l Data Sheet
Parameters

2. A11 Data Sheet
Parameters Plus
Several Unspecified
Parameters
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. B. Voltage Measurements, Static or Dynami’c

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Dynamic 4 2
2. Static : | 4 1
3. Clocked Very Slow 1 1

(Considered Static)

4. Static Where Possible 1 1
Dynamic Qtherwise
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C. Llength of Sample Time, If Voltage Measurements are Static

| DEVICE
RESPONSE - 8080 6800 8008 | 2901 1802
1. 5ms ‘1 |
2. 10ms 1 1 1 3 1
3. Dependent On Parameter 1
4. Don't Know 2
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D.

VOL aﬁd VOH Measurements

In Static Mode.

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. AC Measurement--Made 4 2 2 1
In One Pass Using
Differential Voltage
Comparators.
2. AC Measurement--Made 1 4
In Two Passes.
3. AC Measurement--Made 2
In Separate Passes.
4. DC Measurement--Made 1

-150-




to date, time undeterminable.

E. DC Tesf Execution Time
DEVICE
RESPONSE 8080 | 6800 | 8008 { 2901 1802
1. 1/4 Seconds Total Test Time, ]
" Breakdown Not Available
2. 2 Seconds Total Test Time, 1 1
Breakdown Not Available .
3. 3 Seconds Total Test Time, ]
Breakdown Not Available
4. 3.5 Seconds Total Test Time, 1
Breakdown Not Available
5. 5 Seconds Total Test Time, 1 1
Breakdown Not Available
6. Up to 9 Seconds Total Test 1
Time, Breakdown Not Available
. 7. 10 Seconds Total Test Time, 1
: : Breakdown Not Available .
8. 20 Seconds Total Test Time, 1 ]
Breakdown Not Available
9. 60 Seconds Total Test Time, 2
Breakdown Not Available
10. A1l tests performed are 1 1
engineering type tests,
not production or incoming
inspection oriented.
11.  Full test program not written 1
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F. Overhead Time, DC Test Program

| DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. 10 Seconds For Hardcopy : 1
Printout.
2. 1% | 1
3. Undeterminable 6 2 2 3 1

-152-



G. Percentage of Total Test Program

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. 0% 1
2. 4 1
3. 10% 1
4. 20% 2 | 1
5. 20 - 50% e 1
@ | 6. 70 - 80% 1 1
. 7. Undeterminable 2 2 2. 1
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. H. Differences Between Wafer and Final Péckage DC Tests

DEVICE

RESPONSE ‘ 8080 | 6800 | 8008 |.2901 | 1802

1. Wafer level tests include 1
a 25 V Stress Test which
is not done at final
package.

2. Wafer level DC tests are 1
c]oseiy monitored for
indications of yield
relating to process

' . parameters. Final Package

is strictly Go/NoGo.

3. Wafer level tests are | 1 1
performed with wider
guardbands.

4. None. ' 1 ] 1

5. Undeterminable. 1 2

6. Not Applicable. 3 | 2
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. I. Types of Failures

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. Normal Process Related 2 2 3
Failures.
2. Leakage Current, Temperature 2 1 - 1
Failures.
3. Undeterminable 1 : 1
4. No Comment | | 1 1 1

-155-



I11.

FUNCTIONAL TEST PROGRAM, PRODUCTION -
A. Test Pattern

1. Method of Generation

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Functional Computer 4 2 1 1
Simulation. _
2. Manual, Line by Line. 1
3. Manual, Line by Line, 2
Generation in Tester
Assembly Language.
4., Half Simulation (Learn 1 |1 1
‘Mode). :
5. Gold Device (DUT operates 1
in parallel to known good
device.).
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2.

Basis For the Order of uP Instruction Test Sequence

RESPONSE

DEVICE

8080

6800

8008

2901

1802

Exercise every node. Verify
operation of every instruc-

tion within specified timing
requirement. Exercise adja-

cent nodes in Modular Approach

Satisfy large user require-
ments.

.~ Use a Modular Approach to

verify device operation.
Also utilizes test engi-
neer's experience to
generate an interactive type
test.

Modular Approach using
worst case instruction and
data pattern sequence.

Modular Approach designed
to represent worst case
operation.

Test pattern developed by
device designer to represent
worst case operation.

Identify all data paths, all
instruction operations.
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3. Pattern Length

DEVICE

RESPONSE 8080 6800 | 8008 | 2901 1802
1. 1K ]
.2. 2K 1 3
3. 2K Clock Cycles 1-
4. 5K 1
5. 8& 1
_ ‘I' 6. 12K 1
7. 16K 1
8. 7500 1
9. Program Inéomp]ete To Date 1 1
10. No Comment 1 1
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4, Pattern Sensitivity

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. RAM section sensitive to | 1
a CHECKERBOARD Pattern.
Results are based upon a
sample space of five
" devices.
2. ALU 1
‘ 3. None 6 3 1 2 1
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5. Frequency of Testing Device Outputs

RESPONSE

DEVICE

8080

6800

8008

2901

1802

1.

Each Cycle, Each Pin

When Determinable Data
Is Expected to Be
Present.

Not Every. Pin, Every Clock
Cycle. The Status of a
Pin is Tested Based Upon
the Test Engineers
Judgement.

Several Instructions are
Executed, Pins of Interest
Are Tested.
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‘ B. FUNCTIONAL TEST CONDITIONS

1. Device Timing, Frequency.

Cycle Time, Each Extreme
Tested With Guardband.

9. Maximum

~ DEVICE
RESPONSE 8080 | 6800 | 8008 { 2901 | 1802

1.1 Mz 1

2. 2 MHz ]

3. 3 Miz 1

4. 4 MHz 1 1
. 5. 100 MHz 1

6. 500 MHz ]

7. Minimum and Maxiumum Cycle | 1

Time.
8. Maximum Cycle Time, Minimum| 1 2 2
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2. AC Test Parameters

DEVICE
RESPONSE 8080 { 6800 (| 8008 | 2901 1802
1. Rise and Fall Times, 2 1 ' 1
Minimum Pulse Width,
Access Times.
2. Minimum Pulse Width's, 4 2 1 3 1
Access Times. '
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Functional Test Execution Times and Overhead

3.
DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. 2 Seconds Total Test Time 1
1/2 Second Overhead.
2. 3 Seconds Total Test Time 1
Overhead Undeterminable.
3. 3 Seconds Total Test Time 1
‘ 1 Second Overhead.
4. 3.5 Seconds Total Test Time 1
Overhead Undeterminable.
5. 4 Seconds Total Test Time 1
1 Second Overhead.
6. 5 Seconds Total Test Time 1 1 -
Overhead Undeterminable.
7. 10 Seconds Total Test Time 1
Overhead Undeterminable.
8. 60 Seconds Total Test Time 1
Overhead Undeterminable.
9. 63 Seconds Total Test Time 1
60 Seconds Overhead.
10. Program Not Completed to Date.| 1 1
11. No €omment. 8 1
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4. Error Analysis Informatidn Available

RESPONSE

DEVICE

8080

6800

8008

2901

1802

1. Results indicate what test,
what uP instruction, what
data pattern, what pin(s),
although this information
is not used in Go/NoGo
testing.

2. Only Pass/Fail status.

3. Results indicate what test
failed, what uP instruction,
what data pattern, and the
pin(s) involved.

4. Results indicate the uP
instruction involved in A
the failure but not expected
data output or what pin(s)
involved. The failing test
is indicated.

5. Results indicate what test
failed and the data pattern
involved. The instructions
involved can be determined
with a manual.

6. Off-line analysis, the fail-
ing pin is not displayed.

7. Only RAM section test results
indicate ‘what data pattern,
input code and failing pin(s)
status.

8. The capability for indicating
failing test, uP instruction,
data pattern, and pin(s) in-
volved exists although it is
not used in the Go/NoGo
situation. :

9, Parametric test portion indi-
cates the test failed, func-
tional portion indicates uP
instruction which failed.
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5.

Types of Failures Discovéred

DEVICE

RESPONSE 8080 | 6800 | 8008 | 2901 | 1802

1. Normal, no pattern sensiti- 1
vity found.

2. Timing, logic error, temper- 1
ature related failures.

3. Parts are slow, do not meet 1
timing specifications.

4. Majority of failures are 1
totally inoperative.

5. Package devices are main]y' 1
functional failures.

6. Normal type failures of DC 1
and functional.

7. Normal process related fail- 1
ures.

8. Mostly functional failures. 1

9. In DC mode, leakage éurrent‘ 1
is the predominant failure
mode. Most failures are
parts that fail within first
15 instructions.

10. Have on1y tested small amount 1
information inaccurate.

11. Have not completed in-coming 1
inspection program to date.

12. Information not available. 1 1 1
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6. Differences Between Wafer and Final Package Functional .Tests

DEVICE

RESPONSE 8080 |6800 | 8008 | 2901 | 1802

1. No Multiple Probes on 1
Wafer. o

2. Less Functional Tests at 2
Wafer, to Identify Work-
ing Parts, do Speed
Classification at Final
Package,

3. Final Package Tests 2
' Include More Extensive

‘ Timing and Voltage Corners
To Classify Parts.

4, Test Pattern Is the Same. ' 1

Timing and Voltage Corners

. Are More Extensive to
Classify Parts.

5. Do No Perform Wafer Probe 1
Except Under Special Cir-
cumstances. Test Would
Be Different But Details
Not Available,

6. None. ] 1 _ 1

. " | 7. Not Applicable. 2 1 1
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. IV. Characterization Efforts

A. Parameters Characterized

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. A1l AC & DC Parameters. 1 1 3 1
2. A1l AC & DC Parameters 4 2 ]

Except Rise & Fall Times.

3. A1l AC & DC Parameters 1
Plus Additional Parameters |
‘ . Related to Process Control.
4. A1l AC & DC Parameters, 1

Except Rise & Fall Times,
Data Patterns and Instruc-
tion Sequences.
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B.

Temperature & Burn-in Conditions

RESPONSE

DEVICE

8080

6800

8008

2901

1802

- 40 hours minimum, @1, @2

10.

1.

12.

13.

-55°C to 125°C temperature,

6-7°C increments, life test

evaluation performed in. lieu
of burn-in.

At present ambient, expect
to go to 80°C case temper-
ature, life testing.

Military: -55°C, -40°C, 0°C,
25°C, 100°C, 125°C. Commer-
cial 0-70°C. Burn-in at 150°C

clocked, loaded outputs.

-55°C, -30°C, Ambient, 85°C,
125°C, life testing at 125°C,
1000-2000 hours.

0°C & 70°C, will go to 85°C,
possibly higher, no burn-in.

70°C, no burn-in.
Ambient, no burn-in.

0°C to 70°C, guard banded
life test.

~-55°C to +125°C, burn in at
125°C, 48 hours, outputs
loaded, 91,02, clocked.

-55, 30°C, Ambient, 85°C,
+125°C, life test at 125°C,
dynamic, 1000-2000 hours.

-55, 0°C, 25°C, 70°C, +125°C
life test at 125°C, dynamic,
5000 hours. _

0°C, 70°C, 125°C, burn-in is
static, power supplied, no
pattern applied, outputs loaded.

Temperature is -65°C to +200°C.
Perform burn-in only if contract
specifies. Have capability to
perform all burn-in and environ-

mental tests.
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C.

Form of Characterization Data Log

RESPONSE

DEVICE

8080

6800

8008

2901

1802

10.

Statistical analysis, curves,
extensive use of shmoo plots,
occasionally log to disc or
mag tape for off-line evalu-
ation.

Shmoo plots, cumulative and
individual.

Histograms, shmoo plots and
statistical analysis.

Number charts, might go to
histograms-in future. Are
not performing extensive
characterization to date.

Tabular output and statis-
tical analysis.

Statistical analysis, curves,
and extensive use of shmoo
plots.

Graphical pictures, histo-
grams, statistical analysis,
and some shmoo plots.

Statistical analysis, histo-
grams, and shmoo plots.

Summary.

Shmoo Plots.
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D. Number of Devices Characterized

DEVICE

RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. 6 1

2. 10 1 1

3. 12 - 24 1

4. 20 1

5. 40 1.

6. 50 1

7. 100 1

8. 500 1- f

9. 1400 1
10. Information Not Available 1 1 1 1
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E.

Department Responsible for Characterization

. DEVICE

RESPONSE 8080 | 6800 | 8008 | 2901 | 1802

1. Product Engineering 2 1 1

2. Design Engineering 1

3. Production & Design 1
Engineering

4. Manufacturing Engineering ]

5. Electronic Design 1

6. Components & Evaluation 1 1 1
Department

7. Operations Department 1

8. Advanced Device Technology ]
Department

9. Production Test Group 1
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. F. Method of Processing Characterization Data

| DEVICE |
RESPONSE 8080 | 6800 { 8008 | 2901 1802
1. Automatically 5 3 1 | 4 1

2. Manually 1
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V. PRODUCTION TESTING

A. Temperature Conditions

to reduce to Ambient.

7. Wafer at Ambient, final
package per MD STD 883,
5004, 5005, Class C.

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Ambient 1 2 2 - 1
2. -55°C, +125°C Ambient 1 1
3. 0-70°C, 125°C, Ambient 1
4. 70°C 1
5. Commercial parts 70°C, 1 1
. Military, Cold, Ambient, |
Hot '
6. Initial at 70°C, plan 2

-173-




8.

Burn-in Conditions

RESPONSE

DEVICE

8080

6800

8008

2901

1802

125°C, dynamic, outputs
loaded, performed as part of
QA sampling, not normal-por-
tion of production test.

125°C, dynamic, outputs
loaded.

At customers request only,
125°C, static, outputs
loaded.

At customers request 125°C
to 160°C, dynamic, outputs
loaded. .

Performed as part of QA
sampling, static mode, no
pattem applied, outputs
loaded, 125°C.

Only performed if contract
specifies. Have capability to
do full military temperature

range and dynamic type burn-in.

Military only, 150°C, 40 Hours
minimum, @1, @2, clocked, out-
puts loaded.

No burn-in.

None at present.

-174-




.' , C. Datalog Format and Hardcopy

DEVICE

RESPONSE 8080 | 6800 | 8008 | 2901 | 1802

1. 6 Bins, hardcopy of 1
Bin distribution
obtained.

2. Go/NoGo Testing, hard- 1 . 3
copy.of Bin count.

3. Bin classification, 4 3 1 f 1
~hardcopy of Bin count.

’ 4., Bin classification: 1
Pass, Fail, DC, Fail
Functional, no hardcopy
obtained.
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'D.

Percentage of Devices Screened

DEVICE

RESPONSE

8080

6800

8008

- 2901

1802

100%
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‘ E. Department Responsible for Production Testing

A DEVICE
RESPONSE ' 8080 | 6800 | 8008 | 2901 | 1802
1. Production Operations 1 1
2. Production Control 1
- {3. Production Testing 1 | 1
4. Incoming Inspection 2 o | | ]
5. Product Engineering ‘1 1
_ ’ 6. Manufacturing Engineering| ]
7. Bipo]ar‘ Microprocessor . 1
Department .
8. Qualify Assurance 1
9. Operations Department 1
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F.

Use of 38510 Specificatioh

RESPONSE

DEVICE

8080

6800

8008

2901

1802

Are testing to what the
8080, 38510 is antici-
pated to contain.

Are testing to in-house
version of 38510, spec-
ification for 8080,
written by Quality
Assurance Department.

None--an in-house spec-
ification is used which
parallels a class C

military specification.

Are using 38510 slash
sheet.

Use in-house version of
38510.

Will generate in-house
version.

None
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. G. Types of Functional Failures

. DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Totally inoperative - 1
parts, functionally.
2. Normal process and 1 1
packaged related failures.
3. Package devices are pre- 1 1
dominantly functional
failures.
v 4. DC tests are predominantly ' 1
' . leakage failures; func-
tional failures are parts
‘that wholly inoperative.
5. No data available. |2 | 2 2
7. No comment. 1 1 1
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VI.

JTypes_of Problems Encountered in Testing Microprocessors

The problems being encountered in the testing of microprocessors
do not reflect upon an individual microprocessor but rather the con-
cept of testing a central processing unit intergrated on one LSI chip.

The following is a summary of all comments received.

The range of problems encountered in testing microprocessors is
best presented by establishing a categorical list derived from both

manufacturer's and user's. These problems are:

1. None
2. Time Involved

Money Expenditures

S~ w

Knowledge of Device
User Understanding of Device Operation and Application
Appreciation of Total Efforts

Test Equipment

0 N O O

Accurate Technical, Information on Device

Item 1

Four (4) interviewers stated that no one area of testing presented
unusual problems or problems considered to approach the limits ofvpre—'

sent test technology.
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Item 2

The time factor encompasses all aspects of testing microprocessors.
This includes test time, preparation of the total test program (pro-

duction and characterization) and analysis of test results.

The amount of monies involved in testing includes capital expend-

itures for equipment and program development.
Item 4 & 8

Before the device can properly be tested complete knqw]edge of the
microprocessor is essential. Users are of the opinion that this effort
is hindered by a lack of adequate technical information concerning

device operation including accurate timing and instruction operations.

Item 5 & 6

User's who test microprocessors for outside companies and in-house
departments are finding that those people responsible for management
of these tasks do not appreciate the total effort of testing. The
device application is often not fully stated, nor, is the complexity

of the test hardware and software requirements understood.

-181-



Item 7

Only ong‘interviewer indicated that presently available test
equipment posed a problem in testing. This comment concerned the
speed of test equipment with respect to test time. However, the time
involved in preparing test programs as viewed from én ease of program
development standpoint and the actual test time due to test system
overhead requirements can also be considered a valid criticism under

-this heading.
Item 8

A11 user's except one stated that existing technical information
about specific device operation is not sufficient. Additional infor-

mation is needed which will accurately define total device operation

in terms of timing and instruction execution.
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VII.

Recommendations for User Testing

Recommendations for user testing were found to touch upon just
about every aspect of testing, ranging from determining the extent of

testing required to tips on test program structure.

Collating all the comments gathered results ih the following

summary.

First, determine the nature of the MPU testing problem from con-
sideration of such factors as app]icatipn, reliability requirements,

and money available.

The results of this study should then indicate the capabilities of
the test system to be used including hardware/software t}ade-offs, ease
of use, DC and AC test capabilities and provision of test result ana-
lysis. Test equipment possibilities also include the end product sys-
tem or a uP development system, in addition to the option of designing
a system in-house. Another alternative is to not buy test equipment

but use a. testing laboratory instead.
Overall test philosophy should be defined as early in the process
as possible with the key objective of being as thorough as possible within

the confines of times, money, and manpower available.

The actual test program should retain the objective of thoroughness
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by functional verification of each module of the device followed by
an interactive type test to insure that there is no. module-to-module
destruction of data. If possible, the test scheme should be designed

such that modifications are easily installed at some later time.

Be prepared for the time and money‘expenditures that will be
necessary for the design and implementation of a.thonough testing
plan. Additional considerations to be included are resources for
providing facilities for the test equipment and personnel to operate

and maintain these items.
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VIII. DETECTED PROBLEMS

The following instruction sequence sensitivities, module weaknesses,
or failures were either described during the study conducted and/or
detected by Macrodata Corporation during its characterization of the de-
vice prior to this contract.. A1l prob]ems.described that were verified
by Macrodata have been reported to the manufacturer(s). In all cases,
parts manufactured after reporting the problem areas.did not ethbit
these characteristics. |

Verified By

Device Prob]em Macrodata

8080 1. .It was detected on some devices that the Qi Yes
clock cross couples noise that exceeded the
. threshold level on the HLDA input 1 ns.
2. When running a test similar to the one Yes
described for the program counter, certain
devices would fail to respond to a reset
pulse every time.
3. When performing a test similar to the test Yes
described for the register array, some
devices showed a sensitivity to H—B and
H—-D transfers when the 5 MSB's, in the
data sequence were all 1's.
4. Not all manufactured parts operate exactly . Yes

alike. One 8080 will not execute a program
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Device

8008

1.

Verified By

Problem ' , E Macrodata

instruction identical to that of another
manufacturers part. The main differences
]fes in the execution of arithmetic instruc-
tions in that status flag operation is not
always identical from one manufacturer to
another. This difference between parts
produced by different manufacturers still

is present.

It has been detected that if an instruction Yes

vseduence which causes the stack registers to

perform push and pop operation is repeated

multiple times, the device fails to operate.

- This was not detected on any other area

within the device.

Some of the fail devices operated correctly No
for a short period of time, but after a

period of time the devices would fail to-
operate.' This period of time was around 5

to 10 seconds. Once the device failed, it

wbuld not ever become operational again,

even if power was removed and reapplied.

The device became a total failure.
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Verified By

Device Problem . Macrodata

2901 1. The "A"” output latch for the RAM would "Yes

change state on some devices that were
opeeated at a s}ightly elevated temperature (
and voltage (still within sbecification).
The problem was detected by shifting a
binary pattern of 1119 into the RAM and
holding this pattern and then addressing
another location with a pattern of 1111,
but not clocking this pattern into the
‘latch. The parts that exhibited this
sensitivity showed that the output latch
value changed from a 1119 pattern to a
1111 pattern. o

2. Some parts that have been tested showed a No
sensitivity to a CHECKERBOARD Qattern.oh the
RAM.

3. Not all parts will operate at their rated Yes
speed. Newer versions of these devices do
not exhibit this problem.

4. It has been reported that the ALU section No
has shown some kind of sensitivity to
either data, instruction, or a combination
of the two. This sequence was not defined,

so this failure could not be verified.
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Device

6800 &
1802

Verified By

Problem . Macrodata

No problems were reported on these parts -
other than normal manufacturing process
problems, which were detected by the
manufacturers. User's reported no
extensive testing on either of these
devices, therefore, no errors were

reported by them.
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IX. TEST EQUIPMENT

- DC Requirement

1. Voltage/Current Force Function
Voltage Force Range = 0 to + 15 Volts
It is recommended that there should be two ranges within this total

range.

Accuracy > .7% of Full Scale
Current Force Range = 500 pa to 50 ma
This range should be divided into at least three ranges.

i

Accuracy > .7% of Full Scale

2. Voltage/Current Measurement
Voltage Measurement = +15 Volts to -5 ¥olts

Recommended at least two ranges.
Accuracy > .3% Full Scale
Current Measurement = 500 pa to 300 ma
Recommended ranges: 2 uA Full Scale, 20 uA, 200 uA, 2 ma, 20 ma,

300 ma.

Accuracy - 0.5% Full Scale
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. Power Supplies

Three Device Bias Supplies Plus Ground

Voltage Range = + 15 Volts

Current Range = 300 ma, Minimum

Accuracy = 0.2% of Set Voltage for Testing

AC Voltage Requirements

Logical input voltage swing: +15 Volts to -1.5 Volts, Maximum

This voltage should be variable in 10 mV increments throughout the

. range.

-1.5V
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. ‘Logical output voltage detection: +15 Volts to -1.5 Volts, Maximum
This voltage should be variable in 10 mV increments throughout the

range.
It is recommended that the output sampling circuit be able to
detect both a VOL and VOH voltage simultaneous]y.' This will allow for

a functional test measurement in one pass.

Timing Requirements

It should be noted that all timing edges produced for input or output

timing are required to be synchronized to one master clock generator.
' Input
Clock Frequency = 10 MHz to DC.

Minimum Clock Pulse Width = 20 ns.

Clocks required = 2 Minimum - Device Clocks

Data Bus Clock

1 Minimum

1 Minimum

Data Bus I/0 Control.

2 Minimum - Control Signals for Setup and Hold Time
Measurements

Timing edge should be capable of being variable in 1 ns increments.
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Qutput

Minimum of one outpdt comparator strobe with both edges variable in 1 ns
increments. Strobe positioning should vary over the complete clock input

cycle.

With only one comparator strobe it will be required to make more than
one functional test on the devices. This is required to verify all output

timing of the particular devices.

Tester Configuration

To generate the basic patterns to test the microprocessor that have
been previously described the following tester would be required. Figure

21 illustrates the block diagram of a basic tester.

Mass storage, such as disc, or extended RAM or shift register memory

is used to store total test patterns.

A high-speed storage media consisting of high-speed RAM or shift register
memory (minimum of 1K deep X 48 wide) is used to hold portions of total test

pattern. Overlay of this memory is required from the mass storage medium.

The Pattern Control and Sequence control logic allows repetition of the
same test pattern or series of patterns to reduce total test pattern size

and enable performance of tests that would otherwise not be possible due
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REFERENCE
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Figure 21: Basic Tester Block Diagram
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to size of test pattern. The capability to allow real time error inter-

rupt is also provided.

The Interface logic provides the necessary formatting of signals to
DUT including voltage and timing levels and signal format in addition to
the capability of holding a test pattern on the device while the high-

. speed storage media is overlayed by the mass memory.

The Error Detect circuit compares the output of the device under test
with the previously stored output response pattern, alerting the pattern

control and sequencer module of error conditions.

This basic system can be developed by a company whose testing require-
ments necessitate the use of such a system. Because of the design vari-
‘ations for the different microprocessors, a project of this type can become
costly and time consuming. Since.ét least three test equipment manufacturers
produce equipment that can perform the described test, it is recommended
that a company consider puréhasing this type of system from a commercially

available supplier. Companies that produce this type of equipment are:

Fairchild Systems Macrodata Corporation Tektronic Systems

San Jose, CA Woodland Hills, CA Beaverton, OR

Software Requirements

~ The software requirements for the test system described in the preceding
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section can be itemized as follows:

1. Disc Operating System
2. Test System Executive Program

3. Microprocessor Test Pattern Devé]ophent Program

- Discussion

In order to efficiently store the large quantities of test data neces-
sary to execute the tests previously described, a magnetic disc based

computer system was chosen. The use of the disc requires a sophisticated

-~ computer program to control storing and retrieval of information to and

from the disc. Programs of this type are available from the manufacturer

of the computer chosen for use and can be incorporated in the total system

‘software by the manufacturer of the test system. The user also has the

option ofldesigning his own program. The test system Executive Program is
a custom computer program designed and developed specifically by the manu-
facturer of the test equipment. The elements of such a program are many.
FirSt, a test'system language must be devé]oped to allow the user to easily
develop test programs for a wide variety of devices. Additional necessary

programs are Editor, List, and Assembly programs.

An Editor program is one which allows the user to modify existing pro-
grams in source language. List programs output the entire source or object

code contents of a test program to a peripheral medium (1line printer or

“video terminal) to allow examination of the contents of a program. The

-195-



AssemB]y Program converts the source statements of a test program to a
binary object code which is hnderstandab]e by the computer. An Executive
Pﬁogram must be able to initiate to the.different modules of the test
system for storage and retrieval of information in addition to controlling

their activities.

The Microprocessor Test bdttern Deve]ophent Program is designed to sim-
plify the development of the test patterns previoﬁs]y described. The
| most desirable and accurate form of this program would be one which would
completely simulate the microprocessor from an input string consisting of
mnemonics and Qata patterns. The total output of such a program is a clock
cycle by clock cycle definition of all input and output pins of the micro-
processor in response to the defined input instructions. This program aiso
includes test system control data such as when to input microprocessor
instructions and data patterns and also when to test the output pins. If
the test System cannot accomodate testing of all device outputs simultaneous-
1}, several versions of the test battern are necessary to completely verify

each device pin.
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QUALIFICATION TEST VERSUS SCREENING TEST -
The test required for qualification of the device should include:
1. A1l functional and DC tests as previously described.

2. Each functional module féét should be Verified over the complete vol-
tage operating range of the device. The best means to do this is to
generate shmoo plots which plot voltage (VDD, VBB, etc.) versus timing

parameters and also voltage versus voltage.

3. A1l AC timings specified in the manufacturers data sheet should be
verified. Agaih, the best method is shmooing voltage versus each
individual timing parameter and other voltages. Voltage should be

varied over the complete specification range.

4. Qualification should consist of testing the device over the manufacturers
full temperature range. Recommended temperatures are +125, +70, +25,
@, and -55°C. A1l manufacturers do not perform this test except for

normal AQL sampling.

5. An extensive burn-in program should be .performed since manufacturers
only perform this upon specific request from a customer. A recommended
burn-in program should be at least 160 hours at 125°C with elevated
voltages. Also, random dynamic signals should be applied continuously

“during the burn-in cycle. This is only a recommendation since further
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performed on the subject of microprocessor burn-in procedures.

A1l DC specifications on the device should also be varied over the

‘complete voltage range of the device. Again, using the shmoo plot

method is recommended.

A 100% screening test should be based on the results from the qualifi-

cation test. This test should include:

1.

Testing each functional module as previously described at upper and

lower power supply limits and all combinations.
Testing all manufactures DC parameters.

If the device is to be used over the complete military temperature

range, the test should be performed at +125, +25, and -70°C.
A burn-in conditioning should be conducted as previously recommended.
Only critical timing should be verified in order to reduce test time.

These should include minimum clock pulse width, clock frequency, and

access time.
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8080A

B0BOA FUNCTIONAL PIN DEFINITION

The following describes the function of all of the BOB0A 1/0 pins.
Several of the descriptions refer to internal timing periods.

Ays5.Ag (output three-state)

ADDRESS BUS; the address bus provides the address to memory
{up 1o 64K B-bit words) or denotes the 1/O device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D7-Dg {input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and /0O devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycle, the 8080A outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the least significant bit.

SYNC (output)
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cycle.

DBIN (output)
DATA BUS IN; the DBIN signal indicates to external circuits that
the data bus is in the input mode. This signal should be used to

enable the gating of data onto the B0BOA data bus from memory
or 1/0. -

READY (input)

READY; the READY signal indicates to-the 8080A that valid
memory or input data is available on the 8080A data bus. This
signal is used to synchronize the CPU with slower memory or 1/O
devices. If after sending an address out the 8080A does not re-
ceive a READY input, the 8080A will enter a WAIT state for as
long as the READY tine is low. READY can also be used to single -
step the CPU.

WAIT (output)

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR (output)

WRITE; the WR signat is used for memory WRITE or 1/O output
control. The data on the data bus is stable while the WR signal is
active low (WR = 0).

HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the 8080A address and data bus as soon as the 8080A has com-
pleted its use of these buses for the current machine cycle. It is
recognized under the following conditions:

® the CPU is in the HALT state.

® the CPUisin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{Ay5-Ag) and DATA BUS (D;-Dg) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin. !

HLDA (output)
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

: A Y4
A O+—11 40 p—=0 Ay
GND O——1 2 39 —=0 Ay
D, O=—+13 38 [—=0 Ay
Dg Ow—e14 37 b—+0 Ay,
Dy O=—=|s 36 =0 Ayg
D, O=—v16 35 [—=0 Aq
0, O=—]7 134 =0 A
o, 0+—~f8 INTELS »|—o%
D, O+—=}9 32 =0 Ag
0, o410 8080A 3 }|—oa
-5V O—1 11 ) 30 —e0 A,
RESET o—=} 12 29 |—0 Ay
HOLD 0—=] 13 28 b—o0 +12v
INT O—ef 14 27 p—+0 A,
2 O——=eq 15 26 b—0 A,
INTE Oe—{ 16 25 F—+0 Aq
DBIN Ow——{p 17 24 ——e0O WAIT
WR O+ 18 23 j=—0 READY
SYNC O=—- 19 22 f=—0 %
+5v O— 20 21 —=0 HLDA

Pin Configuration

will go to the high impedance state. The HLDA signal begins at:

® T3 for READ memory or input. -

® The Clock Period following T3 for WRITE memory or OUT-
PUT operation,

In either case, the HLDA signal appears after the rising edge of ¢,

and high impedance occurs after the rising edge of ¢5.

INTE (output)

INTERRUPT ENABLE; indicates the content of the internal inter-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being accepted by'the CPU when it is reset. It is auto-
matically reset (disabling further interrupts) at time T1 of the in-
struction fetch cycle (M1) when an interrupt is accepted and is
also reset by the RESET signal.

INT (input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
quest on this line at the end of the current instruction or while
halted. If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor the request.

RESET (input)(1}

RESET; while the RESET signa! is activated, the content of the
program counter is cleared. After RESET, the program will start
at location 0 in memory. The INTE and HLDA {lip/flops are also
reset. Note that the flags, accumulator, stack pointer, and registers
are not cleared.

Vss Ground Reference. . .
Vop  +12 ¢ 5% Volts. A
Vee 45 ¢ 5% Volts.
Vgg -5 £5% Volts {substrate bias).
1. 02 2 externally supplied clock phases. {non TTL compatible)
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8080A

8080A FUNCTIONAL PIN DEFINITION

The following describes the function of all of the BOBOA 1/0 pins.

Several of the descriptions refer to internal timing periods.

Ay5.Ap (output three-state)
ADDRESS BUS; the address bus provides the address to memory
{up to 64K B-bit words) or denotes the 1/0 device number for up
10 256 input and 256 output devices. Ag is the least significant
address bit. :

D;-Dg (input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0 devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycle, the 8080A outputs a status word on the data bus that de-
scribes the current machine cycle. Dg is the least significant bit.

SYNC (output)
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cycle.

DBIN {output}

DATA BUS IN; the DBIN signal indicates to externat circuits that
the data bus is in the input mode. This signal should be used to
enable the gating of data onto the 8080A data bus from memory
or 1/0.

READY (input)

READY; the READY signal indicates to the 8080A that valid
memory or input data is available on the 80BOA data bus. This
signal is used to synchronize the CPU with slower memory or 1/0
devices. If after sending an address out the 8080A does not re-
ceive a3 READY input, the 8080A will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPU.

WAIT (output)
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR {output)

WRITE; the WR signal is used for memory WRITE or 1/0 output
control. The data on the data bus is stable while the WR signal is
active low (WR = 0).

HOLD ({input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the 8080A address and data bus as soon as the 8080A has com-
pleted its use of these buses for the current machine cycle. 1t is
recognized under the following conditions:

® the CPU isin the HALT state.

® the CPUisin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{Ay5-Ap) and DATA BUS (D5 -Dgp) will be in their high impedance
state. The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin.

HLDA (output)
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

A,y O=—11 ~ 40 0 Aqy
GND O———1 2 39 p—=0 Ay
0, O=—={2 38 —0 Ay
D, O=—>{ 4 37 =0 Ay,
Dg O=—=|5s 36 p—=0 A5
D, 0+~—{6 38 |—=0 Ag
DJ O-—e{ 7 34 }—=0 AO
2 o|s INTEL »p—ob
1 1 6
0, 0=—]10 8080A a}p—oax;
-5V o0—— N 30 }—=0 A4
RESET O~— 12 29 |—=0 A,
HOLD 00— 13 28 }——o0 +12v
INT O—e] 14 27 }—=0 A,
©2 O—— 15 26 r—’o Ay
INTE Ow—] 16 25 —0 A
DBIN 0+—{ 17 24 }—0 WAIT
WR O 18 23 O READY
- SYNC O=—1 19 22 p—0
+sv 0——4 20 2 HLDA

Pin Configuration

wilt go to the high impedance state. The HLDA signal begins at:

® T3 for READ memory or input.

® The Clock Period followmg T3 for WRITE memory or OUT-
PUT operation.

In either case, the HLDA signal appears after the rising edge of ¢
and high impedance occurs after the rising edge of ¢5.

INTE (output)

INTERRUPT ENABLE; indicates the content of the internal inter-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being .accepted by the CPU when it is reset. It is auto-
matically reset (disabling further interrupts) at time T1 of the in-
struction fetch cycle {(M1) when an interrupt is accepted and is
also reset by the RESET signal.

INT (input}

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
quest on this line at the end of the current instruction or while
halted. If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor the request.

RESET (input}{t)

RESET; while the RESET signal is activated, the content of the

program counter is cleared. After RESET, the program will start

at location O in memory. The INTE and HLDA flip/flops are also .
reset. Note that the flags, accumulator, stack pointer, and registers

are not cleared.

Vss  Ground Reference.
Voo +12 ¢ 5% Volis.
Vee  +5 ¢ 5% Volts,
Vgg -5 £5% Volis {substrate bias).
1. 02 2 externally supplied clock phases. {non TTL compatible)
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8080A

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias T, 0°Cto470°C

Storage Temperature .. .. ........... -65°C 10 +150°C
All Input or Qutput Voltages ’

With RespecttoVgg ... ........... -0.3V to +20V
Vee. Voo and Vgg With Respect to Vgg -0.3V 1o +20V

Power Dissipation . ... .........c.uiuurenenns 1.5w

*COMMENT: Stresses above those listed under "Absolute Maxi-

mum Ratings" may cause permanent damage to the device,
This is g stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

D.C. CHARACTERISTICS .

Ta = 0°C to 70°C, Vpp = +12V £ 5%, Ve = +5V £ 5%, Vg = -5V £ 5%, Vgg = OV, Unless Otherwise Noted.

Symbo! Parameter - - Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vss—1 Vsst0.8 \

ViHe Clock !nput High Voltage 9.0 Vop+1 v

Viu Input Low Voitage Vgs—1 Vss+0.8] V

ViH Input High Voltage 3.3 Veet) \Y

VoL Output Low Voltage 0.45 \") } oL = 1.9mA on all outputs,
Von Output High Voltage 37 Y, lon =-150uA.

Ibptav) | Ava.Power Supply Current (Vpp)

40 70 mA

0 ti
leciavy | Avg. Power Supply Current (Vec) 60 80 mA Tziri |<;r81 usec
lag (avi Avg. Power Supply Current {Vgg) 01 1 mA
Iy Input Leakage 10 A Vss € Vin < Vee
e Clock Leakage +10 A Vss < Verock < Vpp
Ip (2 Data Bus Leakage in Input Mode -100 A Vss SVin €Vsg +0.8V
20 | mA | s +0.8VSVin Ve
| Address and Data Bus Leakage +10 A VappRr/ipATA = VeC
FL i
During HOLD -100 VADDR/DATA = Vg + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT vs[. ,
= o = = = = 3,
T,=25C Ve =Vpp = Vss =0V, Vgg =-5V . TEMPERATURE, NORMALIZED.
Symbol Parameter Typ. Max. Unit Test Condition £
Co Clock Capacitance 17 | 25 | of | f=1MH; £
Cin Input Capacitance 6 10 pf Unmeasured Pins _:: e
- 3 \
Court Qutput Capacitance 10 20 pf Returned to Vgg 2
NOTES:
1. The RESET signal must be active for a minimum of 3 clock cycles. °‘5o 25 50 .15
2. When.DBIN is high and V| > Vi an internal active pull up will AMBIENT TEMPERATURE (<)
be switched onto the Data Bus.
3. Alsupply / 4T 4 = -0.45%/°C.
DATA BUS CHARACTERISTIC
DURING DBIN
MAX |- — o = g =
'Ol
% Vee
\
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‘8080A

A.C.-CHARACTERISTICS

Ta =0°C10 70°C, Vpp = +12V £ 5%, Ve = 45V t 5%, Vgg = -5V t 5%, Vgg = OV, Unless Otherwise Noted
Symbol Partameter Min. | Max. | Unit Test Condition
tey (3} | Clock Period 048 | 2.0 | usec
1, 4 Clock Rise and Fall Time 0 50 | nsec

‘—l; @1 Pulse Width 60 nsec
192 ¢ Pulse Width 220 nsec
tpy Delay ¢y 10 ¢y 0 nsec

"tp2 Delay ¢ to ¢, 70 nsec
tp3 Delay ¢ to ¢, Leading Edges 80 nsec
tpa 12} | Address Output Delay From [o53 200 | nsec } CL = 100pf
tpp 12! | Data Output Delay From ¢, 220 | nsec
toc (2} | Signal Output Delay From ¢y, or ¢ (SYNC, WR.WAIT, HLDA) 120 | nsec
tor {21 | DBIN Delay From ¢, 25 140 | nsec }CL = 50pf
tp 1! Delay for Input Bus to Enter Input Mode tor [ nsec
tps) Data Setup Time During ¢ and DBIN 30 nsec

TIMING WAVEFORMS

[14)

{Note: Timing measurements are made at the' following reference voltages: CLOCK "1

8.0v
0" = 1.0V; INPUTS “1"” = 3.3V, 0" = 0.8V; OUTPUTS 1" = 2.0V, “0" = 0.8V.)

o vary "cv———" —{to1f=—
“ / N\ [} N N .
-—1to2—e ’ ‘ .
o "
. 7 N\ | i f '
o] o o ‘
Ag-A - J:—_———‘ - l ' _;
15 %0 ‘_'0‘_.‘ J I o o — e — s ""— -
Fo ] e S N o 1 oo ! »
0,0, e et e e o e g ..—l—:: DEA' Ih.l_ ..‘@JC— .——-——-T.-—-.D-ALA—OEt -
— \DSJ:‘ l —tow '
SYNC ‘ 1 o5z ( r i
—ai Yo ‘.—- — |°c|:'
oBIN 1
e tos . - tor =
WA LS
- 1ty rloc !
READY _ - j @--k- / S ' )
n;[——— ’ 4 ‘s -I toc o-—’l l
WAIT el |- Xt
toe — - e - |,
_KOLD @ i 4;
-=rS
Tty .
KLOA _
INT "—xﬁ@. (¢
'u""
ty —]
INTE
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8080A

A.C. CHARACTERISTICS (Continued)

Ta = 0°C 10 70°C, Vpp = +12V £ 5%, Veg = 45V £ 5%, Vgg = -5V 1 5%, Vgg = OV, Unless Otherwise Noted

Symbol Paramater Min. | Max. | Unit Test Condition

tps? Data Setup Time to ¢, During DBIN 150 nsec

tpn [V | Data Hotd Time From ¢ During DBIN {1 nsec

ye (2 INTE Output Delay From ¢, 200 | nsec Cy = 90pf

tRs READY Setup Time During ¢5 120 nsec

tys HOLD Setup Time to ¢ 140 nsec

s INT Setup Time During ¢3 (During ¢4 in Halt Mode) 120 nsec

tH Hold Time From ¢, (READY, INT, HOLD) 0 nsec

D Delay to Float During Hold (Address and Data Bus) 120 | nsec

taw(2) | Address Stable Prior to WR .15} nsec |

tow(2l | Output Data Stable Prior to WR G nsec

twpl?2! | Output Data Stable From WR 7] nsec

twal?l | Address Stable From WR 7 nsec | CL=100pf: Address, Data
C_=50pf: WR, HLDA, DBIN

twrl2l | HLDA to Float Delay i8) nsec

twr (2} | WR to Float Delay st nsec

tan {2l | Address Hold Time After DBIN During HLDA -20 nsec ||

« J\
S S W R W

. SN Wves i nl
L_X b
LYV 5 e -—

0,0, o O

SYNC

DBIN . /

3
.
S
|
!
T
]

NOTES: .

1. Datainput should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured.
tDH * 50ns or tpf, whichever is less. -

2. Load Circuit.

+5V

oY = 1D3 * 192 * 102 ¢ 2 4 1D2 * o1 > 480nt. -
TYPICAL & OUTPUT DELAY VS. & CAPACITANCE

+20 [_*

+10

SPEC

A OUTPUT DELAY (m)
o

3 CAPACITANCE (pf)
Cacruat - Csrec!

ing are relevant when interfacing the B080A to devicas having Vi « 3.3V:

READY
fo— tyyy —o
WAIT
’ 4. Tho fol
HOLO -
5
+
—ef toc fem

HLOA X'

al Maximum output rise time from .8V to 3.3V = 100n: @ C_ ~ SPEC.
b) Qutput deley when measured to 3.0V = SPEC «60ns @ Cp = SPEC.
€) 1 C # SPEC, add 6ns/pF «f C > CgpgC. subtract .Ins/pF {from moditied delay) it € < Cgpec.
S. taw = 2tCy -1D3 -tro2 - 140nsec.
6. tDW = I1CY -tD3 ~Ye2 -1 70ntec.
7. H 0ot HLOA, twp “ twa * 103 * tro2 *10ns. tf HLDA, twp ® twa = WF.
8. tHF * tp3 * 142 ~50ns.
9. twr = 1D3 ¢ o2 -10m

INT

INTE

10. Osata in must be stsble for this perrod during DBIN T 3. Both 1ngy and (g2 Must be watistied.

11, Ready ugnal nust be siable for this pernod during T3 or Ty, (Must be axternally tynchronired.)

12. Hold signal must be 11atile tor thes period during T3 or Ty when entering hotd mods, and during LETRAPIREY
and Ty when in hold mode. {External synchronization 1s not required.}

- b4y .
- 13. Intarrupt ngnal must be stabie during 1his penod of the last clock cycle ot any nstruction in order 10 be
- recognized on the followsng instruction, (€ xternsl synchronizetion is not required. )

14, This tanuing dregram thows timang celationshipe only. 1 Joes 101 reprasant any wpecitic machine cycls
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8080A

INSTRUCTION SET

The accumulator group instructions include arithmetic and
fogical operators with direct, indirect, and immediate ad-
dressing modes.

Move, load, and stare instruction groups provide the ability
to move either 8 or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditionat, and computed
jumps. Also the ability to call' to and return from sub-
routines is provided both conditionally and unconditionally.
The RESTART (or single byte call instruction) is useful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080A. The ability to

Data and Instruction Formats

increment and decrement memory, the six general registers
and the accumulator is provided as well as extended incre-
ment and decrement instructions to operate on the register
pairs and stack pointer. Further capability is provided by
the ability to rotate the accumulator left or right through
or around the carry bit,

tnpust and output may be accomplished using memory ad-
dresses as {/O ports or the directly addressed 1/0 provided
for in the BO8ODA instruction set.

The following special instruction group completes the 8080A
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly.

Data in the 80BDA is stored in the form of 8-bit binary integers. Al} data transfers to the system data bus will be in the

same format.

[Ds Dg Ds Ds D3 D, Dy Dy

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored
in successive words -in program memory. The instruction formats then depend on the particular operation

executed.

One Byte Instructions

Dy Dg Ds D4 D3 D, Dy Dy | OP CODE

Two Byte Instructions
[0, 06 D5 D4 D3 D, D, Dy | OP CODE
[0, 05 D5 D4 D3 D, Dy Dy | OPERAND

Three Byte instructions

[D; Dg Ds D4 D3 D, Dy Dy | OP CODE

[D; Dg Ds D4 D3 Dy Dy Dy ] LOWADDRESSOROPERAND |

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Immediate mode or {/0 instructions

Jump, caff or direct load and store
instructions

[0, D6 D5 D4 Dy D; D, Dy | HIGHADDRESS OROPERAND 2 -

For the BOBOA a logic 1 is defined as a high level and a logic 0" is defined as a low level.
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INSTRUCTION SET

Summary of Processor Instructions

Instruction Ceds 1)

Initruction Cadelll Clock!2 Clock I

Masmonit  Daseriplion 0 O O D4 D3 0; O, Dy Cyein Mnemonit  Deseription Dy Dg Dy 1Dy Dy O O, Dy Cyoins
MOV,).,2  Move ceguter 10 tequter ot 0 0 0§ § § $ al Retuta on teco Tt 1. 6 ¢ Vv 06 0 0 L1233}
MOV M ¢ Move register 10 memory 0 1.1 1t 0 s § S 1 AN2 Return on no zero "1+ 0 0 0 0 ¢ O st
MCV e M Move memory 10 fegiter oY 0 D Ot 1 O H AP - Return on pontive 1 » 1t t 0 0 0 O ¥n
MLl Halt g1 1 t 0 v 10 1 AM Retuen an munyt LI T T A s
MV ¢ Move immedrate register 0 0 0 O O 1 1t O ? RPE Return on panity even 1 t 0 1 0 0 O s
MVI M Move immedtate memory 00 1 10 1 1 0 10 RPO Retyrn on panty odd 1t 1 0 0 0 0 O s
INR ¢ tacrement registes 6 0 0 0D 0 1 0 0 $ RSY Resurt 1 1 A A At 1) n
DCR ¢ Decrement exgister 0 0 D O 0 Vv D s N taput t v+ 0 t ¥ O 1 1 10
INRM Increment memory 0 0 v ¥ 0 t 0 O 10 our Qutput 1 ¢+ 0 Y 0 0 1V 10
OCR M Decrement memory ¢ 0 Y 1 0 v 0t 10 Lx18 Load immediate register 0o ¢ 0 6 0 0 0 1 10
AQD ¢ Add register to A 1 6 0 0 0 S S S 4 . PavBSC .
AGCr Add regicer to A with carry to 0 0 1 s § S ¢ LXi0 Load immedhate regester 6 0 0 1 0 0 0 ¢ 10
SUB« Subtract regrster lrom A 10 0 1 ¢ 58 § S 4 ParD&E
8B« Subtract register from A t 0 0 1+ 1§ S S 4 LXI H Load immediate register o0 t © 0 0 0 1 0

with borrow ParHg L
ANA T And register with A 1 0 t 0 0 S S S 4 [$K14 toad immediatestackponter 0 0 1 1 0 0 0 1 10
XRA Exctusive Or regitar with A 1 ¢ v 0 1t S § S 4 PUSH B Push regisier Par 8 & € on Y10 9 0 Y oY "
ORA 01 register with A t ¢ 1 1 0 S § S 4 stack
CMP ¢ Compare regrater with A 1 0 1 1 1§ § S 4 PUSH D Push reqister Pae D & € on t 1 0 v 0 1 0 1 n
ADDM Add memory 1o A 1 0 0 06 0 1 1 0 ? stack
ADC M Add memorytoAwithearry 1. 0 0 0 1 1 1 0 1 PUSHH  Push registes Par H& Loon 11 1 0 0 1 0 ]
SUB M Subtract memary rom A 10 0 v 0 1 1 @ 7 stack
$BB M Subtract memary from A LI O B I R A N ] ? PUSH PSW  Push A and Flags tt 3y 3 0 1 0 n

with borrow on stack
ANA M And memory with A t o 1 0 0 1 V0 1 POP B Pop register pawr B & C off’ 1 1 06 06 0 0 0 1 10
XRA M Exclusive Or memory with A 1 ¢ t 0 1T 1 t o ? stack . -
ORAM Or memory with A 1 0 t v 0 1 1 0 7 POPD Pop register pair 0 & € off it 0 1t 0 0 O 1 10
CMP M Compare memory with A 10t 1 1t 1 10 ? stack
ADI Add immediate to A 11t 0 0 0 t 1 0 ? POPH Pop register pair K § L off LI | 1 0 0 0 0 1 10
ACI Add immadiate to A with 11 0 0 1V 1 10 1 stack - . .

ey POP PSW  Pap A and Flags 11 1 t 00 0 1 10
sut Subtractimmediate from A t 1 0 v 0 1t o0 ? off stack .
S8l Subtract immedite from A Tt o0 11 10 ? ©STA Store A dicect 6 0o 1 1 0 0 v O 13

with dorcow L10A Load A durect o0 v v 1 0 1V D 3
AN} . And immediats with A L | 1 0 0 1V Vv o0 ? XCHG Exchange DA E HEL 11 t 0 a 1 ]
XRI Exclusive Or smmechale with 11 vy 0 1 3 1 0 ? Registers

XTHL Exchange top ofstack HA L 11 Tt 0 ¢ o 1 1 18

ORI Or immediata with A 1t t 1+ 0 Yy 1O 7 SPHL H & L 10 stack pointer 1 T 1 1 0 0 5
cPi Compart immediate with A | IS S H NS NS B A ] ? PCHL H & L to program counter 11 0 v 0 0 $
RLC Rotate A left 00 0 0 0 1 1 4 DaDB AJGBECLOHEL 66 0 0 1 0 01 10
RAC Rotate A right 0°0 0 0 Y 1 Y ‘ DADD  AddDBEtwHAL 50 0 1 VB O 1]
RAL Rotate A tef1 through carry 00 0 1 0 t 1 ) DADH AddHE L1oHEL 00 t ¢ 1 0 0 ! 10
RAR Rotate A night through 00 0 1t ‘ DADSP  Add stack pointer 1o H & L 60 v 1 1 0 0 1 10

any STAX B Store A indirect 0o 0 0 0 0 v O 7
mp Jump unconditionat 11 0 0 00t 0 STAXD  Store A indiect 00 0 1 0 0 Vv 0 7
i Jump on carry 10 v v o too 0 LDAXB  Load A indwect 60 0 0 1 0 V-0 1
INC ump on no carty Y0 v 00 Yo 0 LDAXD  Load A wndirect o0 0 Y Voo 1D 1
1 Jump on zer0 t ¢+ 0 0 1V 0 VO 10 INXB tncrement B & C registers 00 06 0 0 0 1 1 H
N2 Jump an no tero 11+ 0 0 0 0 1o 10 INXD lacrement 0 & € registers 60 0 1 0 0 1 s
g Jump pn pontive 1oy v 00t oo 10 INXH Increment H & L registers 6 0 Y 0 0O O o1 L
M Jump on minus 11 v 110 10 4 INX SP Incrament stack pointer 00 t 1 0 0 1 1 H
IPE Jump on panity even 11 0 1 0 10 10 ocx e Decrement B & C 600 0 1 0 1 1 )
3#0 Jump on paraty odd 1y oy 0 0 0 1o 10 DCXD  Decrement O & E o0 0 Y 1 0 1y S
CALL Calt uncondstional viog 0t 0 " OCXH Decrement H & L 000 3 0 1 0 1 1 5
[43 Calion carry t 1 0 1 v 1 0 0 1y ocxX sP Decrement stack pointer 00 1 1 1 0 1 3
[4.14 Cati on no carty Ty 0 Yy 0 v 0 O win CMA Complement A 00 t D Y ¥y o1y 4
(44 Calt on 2er0 t 1t 0 0 VvV 1 0 O nny sTC Set carry ¢ 0 + vt 0 ¢+ 1 4
CNZ Calt on no zero0 10 0 0 0 v 0 0 1w 4114 Complement carry 60 v t 1oy ot ]
44 Catl on povuve I R TR T B SR B un DAA Decomal adjust A 00 t 0o 0 v + 4
(L] Call on minus r 1 1 1y Y 1 000 nimn SKLD Store H & L drect 6o ¢t 0 0 0 Vv O 16
(443 Call on panty tven 11 1 a0 v 1 0 0 nm LHLD Load H & ¢ durect o0 t o0 v o0 t o0 16
o Cotl on panty odd 11 vy ¢ 0V 0 O (312N €1 £ nadle interrupty LI T T TR N T T 1 [}
RET Raturn t Y 0 0 1V 0 0 1 10 0t Disdle intesrupt LI | .t 00 1ot 4
RC Return on carry 1 v+ 0 Vv 1 0 0 O s NOP No operation 6 0 6 0 06 0 0 O ]
RNC Retutn an ag tarny Tt ¥ ¢ t 0 0 0 O LYALY

NOTES: 1. DDD or SSS ~ 0008 - 001 C-010D ~ 081 E - 100 H -- 101 L — 110 Memory ~ 111 A,
) 2. Two possible cycle imes, {5/11) indicate insiruction cycles dependont on condition flags.
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8008/8008-1
EIGHT-BIT MICROPROCESSOR

® Instruction Cycle Time —
12.5 ;:s with 8008-1 or 20 ;18
with 8008

8 Directly addresses 16K x 8
bits of memory (RAM, ROM, .
or S.R.)

& Interrupt Capability

m 48 Instructions, Data
Oriented

2 Address stack contains
eight 14-bit registers
“{including program counter)
which permit nesting of
subroutines up to seven
levels

The 8008 is a single chip MOS 8-bit paraliel central processor unit for the MCS-8 microcomputer system.

This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits {carry, zero, sign,
parity), and an 8-bit paralle! binary arithmetic unit which implements addition, subtraction, and logical operations. A memory
stack containing a 14-bit program counter and seven 14-bit words is used internally to store program and subroutine addresses.
The 14-bit address permits the direct addressing of 16K words of memory {(any mix of RAM, ROM or S.R.).

The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub-

routine.

The normal program flow of the 8008 may be interrupted through the use of the INTERRUPT control line. This allows the
servicing of slow /O peripheral devices while also executing the main program.

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory

to be used.

8008 CPU
Block Diagram

0y-0, BI-DIRECTIONAL

‘ DATA BUS
DATA BUS
BUFFER

(8 &IT) (8817}
INTERNAL DATA BUS INTERNAL DATA BUS
€ -
> LS LD L £
y <) <)y J

TEMP. REG, TEMP. REG. INSTRUCTION STACK ACCUMULATOR
2. 18) b, ie) REGISTER m |} > {1 MULTIPLEXER ({1

FLAG L PROGRAM COUNTER 8
FLIP-FLOPS §~*— e - REG. (w

g c
INSTRUCTION T b REG. W

1 d
ARITHMETIC o
€ «

Vocie oz‘c‘gg R e LEVELNO.Z g REG.

unIv MACHINE = @ €
Aty f—J CYCLE 2 LEVELNO.D o REG. ®

ENCODING 2 « H
w x LEVELNO.& R

' 2 . L
A LEVELNO.S REG

LEVELNO.6 | SCRATCH
PAD
LEVELNO.T
TIMING ADDAESS
AND STACK
CONTHOL
POWER [ e -8V
SUPPLILS sv
. ' STATUS INT RFADY SYNC CLOCKS
$0 §1 82 INT HEADY | SYNC oV &2
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8008, 8008-1

8008 FUNCTIONAL PIN DESCRIPTION

]
Vg & i 18 }e—C INTERRUPT
[C. oeel2 V1 fe—0 RE2DY
ek 16 fe—0 ,
gcs”"*‘ INTEL 5 |0
para _ CeZm—ds 0% qil—ec svnc

BUS :C lee]e 1I}—+0’s,
% O, St 12f—-cs, -srate
i C. eeje npecs;
oy oee]s 10—0 v,

Do-D7

BI-DIRECTIONAL DATA BUS. All address and
data communicz:ion between the processor and the
program merory, data memory, and 1/0 devices
occurs on thesz 8 lines. Cycle control information
is also.availebie.

CINT

INTERRUPT irput. A logic 1" level at this input
causes the procsssor to enter the INTERRUET
mode.

READY

READY input. This command line is used to syn-
chronize the 8008 to the memory cycle allowing
any speed memory to be used.

SYNC

SYNC output. Synchronization signal generated by
the processor. It indicates the beginning of a ma-
chine cycle.

1. 95
Two phase clock inputs.
So. 81,82

MACHINE STATE OUTPUTS. The processor con-
trols the use of the data bus and determines whether
it will be sending or receiving data. State signals
So. S1, and S3, along with SYNC inform the pe-
ripheral circuitry of the state of the processor,

Vee 5V 5%
Vop -9V +5%
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8008, 8008-1

BASIC INSTRUCTION SET

Data and Instruction Formats

Data in the BOO8 is stored in the form of 8 bit binary integers. All data transfers 1o the system data bus will be

in the same format,

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored
in successive words in program memory, The instruction formats then depend on the particular operation

executed.

One Bytr Instructions

Br Og Dg Dy Dy Dy 04 °0|

DATA WORD

lﬂr O Oy 0, 03 0,

o, Ool OP CODE

Two Byte Insiructions

D, Dg Og O, Dy O,

0y 0p ' OP CODE

[07 Dg Dg 04 D3 D3 Oy Og OPERAND

Theee Byie Insicuctony

Bz Dg Oy D 03 Dy

Cy 0] or cooe

[©7 9 05 .05 5,

0, °o] ‘ LOW ADDRESS

Lx X Dg 0, O3 O,

0, Do] NIGH ADDRESS®

TYPICAL INSTRUCTIONS

Register 10 c2Qister. memory telorence,
HQ srithmet:c or logical, sotate or
THIUER K TIONY

tevmediate mOde ttuChiong

JUMP or CALL inptructions

*For the thid byt of this instruction, Og and Dy are “don’t are™” bus.

For the MCS-BT"; logic 1° is defined as a high level and a logic “'0” is defined as.a low level,

fndex Register Instructions
The toad instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip-
flops except the carry.

MINIMUM INSTRUCTION CODE
MNEMONIC STATES 0, Dg Dg D404 D, D, Og DESCRIPTION OF OPERATION
REQUIRED
(I MOoV ey, ¢y (5) 11 0D DO S S S |Load index reqister 1y with the content of index register 12,
Fovr, m {8) 1 D DO D 111 Load mndex register 1 with the content of memory register M,
MOV M, ¢ n 1 171 S $ S Load memory register M with the content of index register 1,
Ol mvi (8 Y b DO V' 1 0 [ cad index register r with dsta B , . . 8.
8 8 8 8 8 8 8 8
MVIM 19} 00 LR 110 o memory register M with data 8 . . . B.
B B B B B 8B B B
INR ¢ (5) o0 0O DD 0 0 O [Increment the content of index register v {r § A},
OCR ¢ t5) 00 0O0DD 0 0 1 |Decrement the content of index register r {r # A),

Accumulator Group Instructions

The result of the ALU instructions affect

all of the flag flip-flops. The rotate instructions affect only the carry flip-flop.

AQO s 1 o 000 S S S | Addthe content of inden register ¢, memory register M, or data
ADD M (L] 10 000 1 1 1 |8...8totheaccumutator. Anoverflow {carry) sets the carry
ADI 18) 00 000 1 0 0 | thphiop,

8 8 B 88 B B8
ADC {5) 10 o 0 S S5 S | Addthe content of index register r, memory register M, or data

“.—‘;DC M (8) 10 0o 0 LR 8 ...8 rom the accumulaior with carry. An overfiow {cary}

ACH 8 00 0o 0 1 0 0 [{seisthe carey thp-tiop.

B 8 8 B b B B 8
su8 5) 1 0 010 § S S | Sublract the content of index registes 1, memory registec M, or
sus m 8) 10 01 0 V1 1 ]dae8...8 1rom the accumutator. An undertiow {boriow)
su 8) o0 o010 100 1613 the carty thpflop,

B 8 B B B B 8 8
SBB ¢ t5) 10 0 V) S S S ] Subtract the content of index register 1, memory regrster M, of dats
S48 M 18) L 0o 11 11 1 data B ... B trom the sccumulator with borrow. An underflow
sat 8 00 [ | 1 0 0 ]iborrow! se1s the carry Hip-hiop.

B 8 8 8 B 8 B 8
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8008, 8008-1

BASIC INSTRUCTION SET.

MINIMUM INSTRUCTION CODE

MNEMONIC STATES D, DG %D‘ DJ b}D' o DESCRIPYION OF OPERATION
REQUIRED

ANA ¢ {5) t 0 1. 00 S S S | Compute the loqual AND of the content of index reqistes v.
ANA M 18) 'Y 0 t 00 § 1 1 | memory reguter Moor data B ... B with the accumulator,
ANI 18) 00 100 10 0

B B A_B_ 8 8 8 8
XRA (5 1.0 1.0 1 S S S | Compute the EXCLUSIVE OR of the content of index register
XRA M (8) 10 1.0_1 1. v v | s, memory reqister M, or data B . . . B with the dccumulator,
XA (8) 00 101 too0 ’

‘s 8 8 88 8.8 8

ORA ¢ {5) 1 0 } ¥ O $ $ S Compute 1he INCLUSIVE OR of the content ol index reguter
ORA M {8) 1 0 t 10 11 1 v, memory register m, or data 8 , .. B with the accumulator .
ORI 8} 00 110 100

8 8 8 8 B B 8 B
CMP ¢ {5} 1.0 1.1 1 S S S i Compare the content of index register s, memory register M,
CMP M (8) 1.0 IR IR 1 3 1| or data B ... 8 with the accumulator, The content of the
cPI 8) 00 LI B | 1 0 O | accumutator 1s unchanged.

8 8 8 B 8 8 8 8
RLC (s 00 0 00 0 1 0 | Rotate the content of the accumutator left,
RRC (5) 00 0.0 1 0 1 0 | Rotate the content of the accumulator right,
RAL {5) 00 010 0 1 O] Rotate the content of the accumulator teft through the carry.
RAR 5 00 0 1 0 1 0 | Rotate the content of the accumulator right through the carry.

Program Counter and Stack Control Instructions

14) ymp 1) 0 X X X ¥ 0 0| Unconditionauy jump 10 memory address By ... B3B2 ... 82,
8282 'B2B82B2 B8B83 .
X X B3 B3B3 B3 8383
(8} unc. anz, 9ort1) 01 0 C4€C3 O O 0| Jumpto memory addressB3...B3B3.. .82 i the condition
J°.JpP0 B2 By B2 BBz B3 By By flip-flop is false. Otherwise, execute the next in“iruction in sequence.
X X B3B3By B3B38y :
Jc, iz Qor 11} o1 1 C4C3 O 0 O} Jumpto memory address B3...B3B2... 87 the cordition
M. JPE 8283 828383 By 8y By Hip-top is true. Otherwise, execute the next instructicn in ssquence.
X X 838383 B3 B3 B3
CALL [RR1} [ | X X X 1 1 0 | Unconditionally call the subroutine at memory address By, ..
8283 ByBy8; By Bz Byl B3Ba...B2. Save the current address (up one level in the stack).
X X 83 8383 83 83 83
CNC, CN2Z, (9or 1) 0 1 0 C4C3 O 1 0| Call the subroutine at memory address B3 ... B3B2 ... B2 il the
cp. cro B2 By By BBy By By B3| condition tlip-fiop is false, and save the current address {up one
X X 83 B3 B3 B3 B3 B3] tevel n the stack.) Otherwise, execute the next instruction in sequence.
cc, c2. 1Sor11) 0 1 C4C3 O 1 0| Calthe subroutine as memory address 83 ...83B2 ... B2 if the
€M, CPE 82 By 82 By B2 82 B2 Bo| condition Hip-flop is true, and save the current sddress {uo one
x X B3 83 83 B3 B3 B3| tevel in the stack). Otherwise, execute the next instruction in sequence.
RET (5} 00 X X X 1 1 1| Unconditionally return (down one level in the stack},
::"Cé:‘;ZA (3 or 5 0 0 0 Cq4C€3 O 1 1] Return (down one level in the stack) «f the condition flip-Hop is

tatse. Otherwise, execute the next snstruction in sequence,

RC, RZ (3 or 5) [V ] 1 C4C3 0 1t 1| Return {down ane level 1n the stack) il the condition flip-flop is

RM, RPE .
true, Otherwise, execute the next instruction in sequence.
RST [£3] 00 A AA 1 0 1 | Cail ihe subroutine at memory address AAAOQQ (up One level in the stack).
Input/Output Instructions .
IN {8) o 1 00 M M M 1 | Read the content of the selected input port (IMMM) into the
accumuiator,
our (6} [0 | R R M M M 1 | Write the content of the accumulator 10to the selected output

port {RRMMM_ RR / 00},

Machine [nstruction

[

HLY T {4) LO [ 000 0 O X[ Enter the STOPPED state and reman there until interrupted,
1 1

(4) 11 ) 1

NOTES
{1} SSS - Source Indes Hegister "1 Theseregisters, «,, are designated Alaccumulator~000),

00D * Destination Indea Reqister ’ 81001}, CI010), DIOT 1}, E(100}, H{101), LI110).
(¥ Memory regitery are addiessrd by the contents of requters H & L.
(] Additional betes 0f INstrucion are dewignated by BOBERBBSH. :
{4} X - “Don’t Care™.
s Flag thp-fiops are detined by C4Cy  carsy 100 overtiow or undertiowl, zero (01 -result o8 2e10), 1ign (30 MSB of resutt o3 17,

panty 111 parity i even),

-211-




8008, 8008-1

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature *COMMENT *
Under Bras . 0°C to+70"°C
o ° Stresses above those hsted under “Absolute Max-
Storage Temperature ~55°C to +150°C imum Ratings” may cause permanent damage to
Input Voltages and Supply the device. This is a stress rating only and func:
Voltage With Respect tional operation of the device at these ot any other
1o Vee 405 to —20V condition above those indicated in the operational
Power Dissipation 10 W @ 25°C sections of this specification is not implied.

D.C. AND OPERATING CHARACTERISTICS

T, =0°C 10 70°C, V¢ = +5V £5%, Vg = ~9V £5% unless otherwise specified, Logic “1" is defined
as the more positive level (V,,,, Vo, 1. Logic "0 is defined as the more negative level (V, Vo, ).

LIMITS TEST
SYMBOL PARAMETER win, | 1ve. | max. | Y™ | conoitions
oo AVERAGE SUPPLY CURRENT-
OUTPUTS LOADED"® 30 60 mA T, =25°C
l'~| INPUT LEAKAGE CURRENT 10 nA Vi =0V
Vo INPUT LOW VOLTAGE
(INCLUDING CLOCKS} Voo Vee-42 | v
V,, | INPUT HIGH VOLTAGE .
, (INCLUDING CLOCKS) V.. -15 V..+0.3 v *Measurements are made while
t cc cc R . K
the 8008 is executing a typical
Vou OUTPUT LOW VOLTAGE 04 v lo, =0.44mA sequence of instructions. The
€, =200 pF test load is selected such that
Vo OUTPUT HIGH VOLTAGE Vee—1.5 v tow =0.2mA i 8t Vg = 0.4V, 15 = 0.44mA

on each output.

A.C. CHARACTERISTICS .
T =0°Cto 70°C; Vee =45V £56%, Vpp = —9V £56%. All measurements are referenced to 1.5V levels.

8008 8008-1
LIMITS LIMITS
SYMBOL PARAMETER UNIT | TEST CONDITIONS
MIN. | MAX, MIN. | MAX,
tey CLOCK PERIOD 2 3 125 | 3 us | tpty=50ns
tate CLOCK RISE AND FALL TIMES 50 50 ns ' :
o1 PULSE WIDTH OF ¢, 70 | 1 38 ™
tos PULSE WIDTH OF ¢, .55 .35 us
1oy CLOCK DELAY FROM FALLING .80 1.1 1.1 us
: EDGE OF ¢, TO FALLING EDGE
OF ¢,
tp2 CLOCK DELAY FROM ¢, TO ¢, .40 .35 us
153 CLOCK DELAY FROM ¢, TO ¢, .20 20 us
tpp DATA OUT DELAY 1.0 1.0 us | C = 100pF
ton HOLD TIME FOR DATA BUS OUT .10 .10 s
Un HOLD TIME FOR DATA IN il 14} us
tsp SYNC OUT DELAY .70 .70 us | C = 100pF
15 STATE OUT DELAY {ALL STATES 1.1 1.1 us | C = 100pF
EXCEPT T1 AND T11)!?!
s, STATE OUT DELAY (STATES 1.0 1.0 us | € = 100pF
T1AND T11)
taw PULSE WIDTH OF READY DURING [ .35 .35 ps
©,, TO ENTER T3 STATE
tap READY DELAY TO ENTER WAIT .20 .20 s
STATE

(R} 129

Un MiIN 2 'sp 1l the INTERRUPT i3 not used, all s1ates have the same output delay, tgy.
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TIMING DIAGRAM

]

=\

41

1

.

L °n [ 6 o
o J $1] J \ n ) o] - 1]
->l tor | --Om..l
SYNC J ‘ A ay
-—-lm-—.L-lw-.l e I !
( - f SEELP SR ‘h
\ DATA IN x
DATA BUS ——————r—————-—————-—.————_—J‘ I\.--......._u..._-...._—-_-
LINES -
Oy ...0p) | == oo e o o e s o PERERNTON Py - ———
Or - By I ADDRESS OUT t i DATA OUT ][
L L B s 45 o o -] = o] o o]
)-—-.lpo-_—>, -—.IO“I._ »‘——loo—’l Y |°~L_—
. 1r
S, Jy \
Sy .__,"_.l fo—— 53 ——o
— /
STATE .
UNES \ i+ —
\
A . \
L bl taw fo—
Y
| E—
READY | | te0
D
" 1, T, Y o 1, )
Notes: 1. READY line must be at :'0" prior to ¢92 of T to guarantee entry into the WAIT state.
2. INTERRUPT line must not change levels within 200ns (max.}) of falling edge of ¢4.

TYPICAL D.C. CHARACTERISTICS

POWER SUPPLY CURRENT
VS. TEMPERATURE

©
k]
")
<
L
E‘“Q
% \.\ 0 - 10y
> o= XYoo - tey
Po—— ez -V, [l
E F—e0 23y
P -
w0h—
¢ W O® O ®» @ % 0w x K

AMGIENT TEMPIAATURE 1°C)

TYPICAL A.C. CHARACTERISTICS

DATA OUT DELAY VS,
OUTPUT LOAD CAPACITANCE

/

CUTPUY DYLAY ot 1y O 4y, OV

» - v ", 2 L. )

Dota HE Cararitanct ot €y

OUTPUT SINKING CURRENT
VS. TEMPERATURE .

OUTPUT SOURCE CURRENT
V3. OUTPUT VOLTAGE

3 ? :::;:v_—-—-‘
P 3 1, «xc
3 22 g
L - N
| L
i :
i‘, " i, . L
8 8
18f——-1.- — \J\\
Y ® X P & W W N w " ELd e de \u

AMBIENT TEMPIRATURE {*C}

OUTAIT VOLTAGE V], Vou

CAPACITANCE f=1MHz; T, =25°C; Unmeasured Pins Grounded

_ symsoL TEST v LIMIT (pF) _—
Con INPUT CAPACITANCE S 0
Cos DATA BUS 170 CAPACITANCE 3 e
Cour OUTPUT CAPACITANCE ) 10
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- Am2901

Four-Bit Bipolar Microprocessor Slice

DISTINCTIVE CHARACTERISTICS

® Two-address architecture —
Independent simultaneous access to two working
registers saves machine cycles. c

® Eight-function ALU — -
Performs addition, two subtraction operations, and
five logic functions on two source operands.

® Flexible data source selection — .
ALU data is selected from five source ports for a
total of 203 source operand pairs for every ALU
function.

o Left/right shift independent of ALU ~
Add and shift operations take only one cycle.

® Four status flags —
Carry, overflow, zero, and negative.

® Expandable — .
Connect any number of Am2901°s together for longer
word lengths, -

® Microprogrammable —
Three groups of three bits each for source operand,
ALU function, and destination control.

GENERAL DESCRIPTION

The four-bit bipolar microprocessor slice is designed as a
high-speed cascadable element intended for use in CPU's,
peripheral controllers, programmable microprocessors and
aumerous other applications, The microinstruction flexibi-
lity of the Am2901 will allow efficient emulation of aimost
any digital computing machine,

The device, as shown in the block diagram below, consists
of a 16-word by 4-bit two-port RAM, a high-speed ALU,
and the associated shifting, decoding and multiplexing
circuitry. The nine-bit microinstruction word is organized
into three groups of three bits each and selects the ALV
source operands, the ALU function, and the ALU destins-
tion register. The microprocessor is cascadable with fuil
look-ahead or with ripple carry, has three-state outputs, and
provides various status flag outputs from the ALU. Ad-
vanced low-power Schottky processing is used to fabricate .
this 40-lead LS| chip.
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ARCHITECTURE

A detailed block diagram of the bipolar microprogrammable
microprocessor structure is shown in Figure §. The circuit is a
four-bit slice cascadable to any number of bits. Therefore, alt
data paths within the circuit are four bits wide. The two key
elements in the Figure 1 block diagram are the 16-word by 4-bit
2-port RAM and the high-spced ALU.

Data in any of the 16 words of the Random Access Memory
{RAM)} can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simultaneously read from the B-port of the RAM, The same code
can be applied to the A select field and B select field in which case
the identicat file data will appear at both the RAM A-port and
B-port outputs simultanéously. .

When enabled by the RAM write enable (RAM ENJ, new data is
always written into the file (word) defined by the B address field
of the RAM. The RAM data input field is driven by a 3-input
multiplexer. This configuration is used to shift the ALU output
data (F) if desired. This three-input multiplexer scheme allows the
data to be shifted up one bit position, shifted down one bit posi-
tion, or not shifted in either direction.

The RAM A-port data outputs and RAM B-port data outputs
drive separate 4-bit latches, These fatches hold the RAM data
while the clock input is LOW. This eliminates any possible race
conditions that could occur while new data is being written into
the RAM. ’

The high-speed Arithmetic Logic Unit (ALU) can perform three
binary arithmetic and five logic operations on the two 4-bit input
words R and $. The R input field is driven from a 2-input multi-
plexer, while the S input field is driven from a 3-input multi-
plexer. Both multiplexers also have an inhibit capability; that is,
no data is passed. This is equivalent to a ""zero’* source operand.

Referringto Figure 1, the ALU R-input multiplexer has the RAM
- A-port and the direct data inputs (D). connected as inputs, Like-

wise, the ALU S-input multiplexer has the RAM A-port, the ’

RAM B8-port and the Q register connected as inputs.

This multiplexer scheme gives the capability of selecting various
pairs of the A, B, D, Q and “0" inputs as source operands to the
ALU. These five inputs, when taken two at a time, result in ten
possible combinations of source operand pairs. These combin-
ations include AB, AD, AQ, A0, 8D, 8Q, B0, DQ, DO and Q0.
It is apparent that AD, AQ and AQ are somewhat redundant with
8D, BQ and BO in that if the A address and B address are the
same, the identical function resufts. Thus, there are only seven
completely non-redundant source operand pairs for the ALU.
The Am2901 microprocessor implements eight of these pairs.
The microinstruction inputs used to select the ALU source
operands are the g, 11, and 12 inputs. The definition of Ig, 17,
and 17 for the eight source operand combinations are as shown in
Figure 2. Also shown is the octal code for each selection.

The two source operands not fully described as yet are the D in-
put and Q input. The D input is the four-bit wide direct data
field input, This port is used to insert all data into the working
registers inside the device. Likewise, this input can be used in the
ALU 10 modify any of the internal data files. The Q registerisa
separate 4-bit file intended primarity for multiplication and
division routines but it can also be used as an accumulator or
holding register for some applications.

The ALU itself is a high-speed arithmetic/logic operator capable
of performing three binary arithmetic and five togic functions.
The {3, 14, and 15 microinstruction inputs are used (o select the

ALU function, The definition of these inputs is shown in Figure J.
The octal code is also shown for reference. The normal technique
for cascading the ALU of several devices is in a fook-ahead carry
mode, Carry generate, G, and carry propagate, P, are outputs of
the device for use with a carry-look-ahead-generator such as the
Am2902 (*182). A carry-out, Cy44. is also generated and is avail-
able as an output for use as the carry flag in a status register, Both
carry-in {C,} and carry-out (C, 44) are active HIGH,

The ALU has three other status-oriented cutputs, These are F3,
F = 0, and overflow (OVR}. The F3 output is the most significant
{sign) bit of the ALU and can be used to determine positive or
negative fesults without enabling the three-state data outputs.
F3 is non-inverted with respect to the sign bit output Y3. The
F = 0 output is used for zero detect. It is an open-collector out-
put and can be wire OR‘ed between microprocessor stices, F =0
is HIGH when 311 F outputs are LOW. The overfiow output {OVR)
is used to flag arithmetic operations that exceed the available
two’s complement number range. The overflow output (OVR]}
is HIGH when overflow exists, That is, when C,,32nd C, ;4 are
not the same polarity. :

The ALU data output is routed to several destinations. It can be a
data output of the device and it can also be stored in the RAM or
the Q register, Eight possible combinations of ALU destination
functions are available as defined by the lg, 17, and tg micro-
instruction inputs. These combinations are shown in Figure 4.

The four-bit data output field (Y) features three-state outputs and
can be directly bus organized. An output control {OE) is used to
enable the three-state outputs. When OE is HIGH, the Y outputs
are in the high-impedance state.

A two-input multiplexer is also used at the data output such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This sefection is controlled by the ig, 15,
and lg microinstruction inputs. Refer to Figure 4 for the selected
output for each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be
entered non-shifted, shifted up one position (X2) or shifted down
one position (+2). The shifter has two ports; one is labeled RAMg
and the other is labeled RAMj3. Both of these ports consist of a
buffer-driver with a three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the RAM3 buffer is enabled
and the RAMg multiplexer input is enabled. Likewise, in the shift
down mode, the RAMg butfer and RAM3 input are enabled. In
the no-shift mode, both buffers are in the high-impedance state
and the multiplexer inputs are not selected. This shifter is con-
trolfed from the lg, [; and Ig microinstruction inputs as defined
in Figure 4,

Similarly, the Q register is driven from a 3-input multiplexer. In
the no-shift mode, the multiplexer enters the ALU data into the
Q register. In either the shift-up or shift-down mode, the multi-
plexer selects the Q register data appropriately shifted up or
down. The Q shifter also has two ports; one is labeled Qg and the
other is Q3. The operation of these two ports is similar to the
RAM shifter and is also controlled from lg, 17, and Ig as shown
in Figure 4.

The clock input to the Am2901 controls the RAM, the Q register,
and the A and B data latches. When enabled, data is clocked into
the Q register on the LOW-to-HIGH transition of the clock. When
the clock input is HIGH, the A and B8 latches are open and will
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are clased and will retain the
Jast data entered. 1f the RAM-EN is enabled, new data will be
written into the RAM file {word) detined by the B address tield
when the clock input is LOW.
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ALU SOURCE
MICRO CODE OPERANDS MICRO CODE AU e
f ' ' Ocat R s ) ' f Octal Function ym
2 1 0 Code 8 4 3 Code
O T § ( A Q Lo L 0 [RPuss R+sS
L L H 1 A 8 L L M ' S Minus R S-R
LWL 2 o [ L oML 2 A Minus § R-S
L H M 3 o 8 L W H 3 RORS avs
H oL L 4 o A H o LU 4 RAND S AAS
H L H H [+} A H L H 3 RANDS RAS
M H L 6 o o H H L 6 A EX-OR § RYS
H WM ? D ° H M ? AEX-NORS| RVS
Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION % SHIFTER | SHIFTER
! ; ) 1OUTPUT

g 1y g g:‘d: Shift Load Shitt Losd RaMg | ram3 | ap | a3

Lot 0 x NONE NONE F-Q F X X X X

Lt L H 1 x NONE x NONE F x x x x

L H L 2 NONE FB X NONE A X x x X

t H H 3 NONE F-8 X NONE F x x x x

HooLoL q DOWN F12-8 DOWN a/iz-aQ F Fo | INg | @ | INg

H L H 5 DOWN Fl2+B x NONE F Fo | ™ | o X

H H L 6 up 2F -8 up -0 F INg | Fg Ng | 03

H K H 7 up 2F -8 x NONE F INg | F3 x | o

X=Don’t care. Electrically, the shift pin is a TTL input internally connected to a three-state

B = Register Addressed by B inputs.

impedance state,

Up is toward MSB, Down is toward LSB.

Figure 4. ALU Destination Controf.

output which is in the high-

o210 0CTAL] 0 1 2 3 4 5 6 7
gl;ls ALU
A4 ALUS°“"’° AQ A B o.a 0.8 0.A 0.A D,Q 0.0
L3 Function
Ca=tL AQ A+B Q 8 A D+A D+Q o
0 R Plus S
Ch=H A+sQ4 A+BH1 Q+ B+ A+t D+A+1 D+Q+1 D+t
Cnh=L Q-A-1 B8-A~1 Qo-1 B-1 At A-D-1 Q-D-1 -D-t
1 | S Minus R )
Cpa=H Q-A 8-A 1] -] A A-D 0-0 ~D
Cn=L A—Q-1 A-8-1 ~Q-1 -B-1 —A-1 D-A-1 0-Q-1 0-1
2 | R Minus $
Ca=H A-Q A-B -Q -8 -A D-A D-Q ]
3 RORS AvVQ AVE Q e A OVA, ova [}
4 | RANDS ANQ AAB /] [} (1] DAA oAQ ]
5[ RANDS AArQ AnB a B A baa bra 0
6 |[REX-ORS AvQ AvS o] 8 A DvaA ovaQ [+]
7 |REX-NORS| Aava Ava 6 B Iy IZ) ovoe [

¢ o Plug; - = Minus. V=OR; A ~AND; vy - EX-OR

Figure 5. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the lg, 14, and |5 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
13, 14, and I instruction inputs control this function selection.
The carry input, C,, also affects the ALU results when in the
arithmetic mode. The C, input has no effect in the logic mode.
When 1g through g and Cp, are viewed together, the matrix of

Figure 5 results. This matrix fully defines the ALU/source
operand function for each state. )

The ALU tfunctions can also be examined on a "task” basis,
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the
carry will affcct the function performed while in the logic
mode, the carry will have no bearing on the ALU output,
Figure 6 defines the various logic operations that the Am2901
can perform and Figure 7 shows the arithmetic functions of
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH

- (Cpn = 1) are defined in these operations.

Octal G *
Functi
|543. |21o roup unction
40 AANQ
41 AAB
45 AND DAA
46 DAQ
30 AVQ
31 AVB
35 OR DVA
36 pvQ
60 AvVQ
61 | AvB
EX-OR
65 0 DVA
66 DvQ
70 AvQ
71 AV
75 EX-NOR OvA
76 vQ
72 a
73 - 8
74 INVERT E
77 D’
62 Q
63 8
PA
64 SS A
67 D
32 Q
33 B
34 PASS A
37 D
42 0
43 0
“ZERO"
44 ° [1]
47 o
50 AAQ
51 MASK AnB
5% DAA
56 bAQ
Figure 6. ALU Logic Mode Functions.
(Cp frrelevant)

Octal Ch=0{Low) Cph=1 (ngh)
I543. 1210 Group Function Group Function
00 A+Q A+Q+1
01 ADD A+B ADD plus A+B+1
05 D+A one D+A+Y
06 o+Q D+Q+1
02 Q [e33]
03 PASS B Increment | B+1
04 A A+l
07 D D+1

12 a-1 Q
13 Decrement B-1 PASS B8
14 A~1 A
27 D1 D
22 -a-1 -Q
23 1’s Comp, ~B--1 2’sComp. | -B
24 : —~A-1 (Negate) -A
17 ~D~-1 -0
10 Q-A-1 Q-A
11 Subtract B--A-1 Subtract B-A
156 {V'sComp) | A-D-1 (2’s Comp) | A~D
1 6 Q-D-1 Q-D
20 A-Q-1 A-Q
21 A-B-1 A-B
25 D-A-1 D-A
26 0-Q-1 0--Q

Figure 7. ALU Arithmetic Mode Functions.
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LOGIC FUNCTIONS FOR G, P, Cp44, AND OVR Definitions (+ = OR)

The four signals G, P, Cn+4, and OVR are designed to indicate PO"" Ro + So Go = RgSp
‘ carry and overftow conditions when the Am2901 is in the add Py = Ry + S, Gy = R4S
or subtract mode. The table below indicates the logic equations Py =Ry +S, Gy = RyS,
i i ions. The
for these four signals for each of the eight ALU functions Py= Ry +S; G = R3S

R and S inputs are the two inputs sclected according to

Figure 2. Cq4 = G3 + P3Gg + P3P,G, + P3P2P1Go + P3P2P{PoCh

C3 = Gz + P2Gy + P2P1Gp + p‘zf’l"o(fn

ls43 | Function P G Cnea OVR
0 R+S P3P2PyPg G3 #+ P3G2 + P3P2Gy + P3P,P1Gp : Cs ) C3¥Cq
1 S—-R Same as R + S equations, but substitute fT, for R; in definitions e
2 R-§ Same as R + S equations, but substitute § for S; in definitions -
3 | RVS Low P3P2PPg : P3P2PyPg + Cq P3P2P1Pg + Cp
4 RAS Low G3+G2+Gy +Gp ’ G3+G2+Gy+Gp+Cp G3+Gy+ Gy +Gp +Cq
1 RAS Low at————————— Same as R A S equations, but substitute R; for R; in definitions ———— 1
6 R¥S |wa— Same as R ¥V S, but substitute R; for R; in definitions . o
— ' 63 75365 T P3P,0y
7 | A¥s | G3+6,+6,+6Go G3+P3Gy+P3P2Gy +P3PPyGo G3 *P3G2 + PPaGy See note
+P3P2P{Pg (Gg + Cnl
Note: [.5-’2 4-675,1 +-G-2§‘Fo ¢62§| aocn] ¥ [53 +§3$z +§3EQF| + 6352§|Fo+§3§25,§ocn] +=OR
’ Figure 8.
PACKAGE OUTLINE
40-Pin Ceramic (Side Brazed) 42-Pin Flat Package
2.000:.030 -y
[ o |
a0 2
6;c ~ 20°crw
580 (MIL.STD.883,
1.015 P Method 1012, C2)
l 1 20
‘.{ l.' SHOULDER WIDTH 0551 015

100
TYPicAL 070 MAX 4 1D THICKNESS SEATEO HEIGHT 200 UAX.

n = i
! '-T'L 010+ 003 ~=] ; ° L

VsraTIng +_‘¢I;l;: =z Ty ==

{ ‘Al e EEN
l PLANE
- 100+ 010 ounooc-—ﬂ.- I-..—aoov OIS—‘{
_l 1o PLCS) 018 N,

8,c ~25°Crw

Figure 9.
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METALLIZATION AND PAD LAYOUT

DIE SIZE 0.167" x 0.198"

CONNECTION DIAGRAM

Top View Top View
Dtp
MHCHr o ~ wof) ot Wt @ J [Y] om 1Y
LY = EA »[v 17 e B a4
“ ] x[Ov LT am P o[
LY e I »io"n o) w3
Y == £} »[v [ ww »[3%
[ - ) »{F vee e »[oF
nedr [ ovn 032 »[Jvs
LT om 1) 3D e [ om | ] »n{v,
Rauo 1 n[)e w» I = i}
Yee (] 10 nie [Yam [ nfv
(X2 X e []] Amz901 3 [ cowo, o, PP lem )
[ Y 1} niJe enp 312 »n[ova
n{n nfdn w [0 3 [TICaes
[N [ =k W » e
o] EY s 1% (1} == 53 n{*f
LY an [T »{] 0% (7Y == I 27 [Jcwo
s »[0o, [ 7% == [} 2 [JC
LI am {7} afde; Q] s
LY = L] {30 (2] = E2Y 0%
HwdO» nf0 6 = 0y
0y n n [0

FLAT PACK CONNECTIONS

Note: Pin 1 is marked for orientation.

Note: Both grounds (pins 12 and 27)
must be connected.

Figure 10.

PIN DEFINITIONS

lo-s

RAM;

The four address inputs to the register stack used to
select one register whose contents are displayed
through the A-port.

The four address inputs to the register stack used to
select one register whose contents are displayed
through the B-port and into which new data can be
written when the clock goes LOW.

The nine instruction control lines to the Am2901,
used to determine what data sources will be applied
to the ALU (lgq2), what function the ALU will
perform (l345), and what data is to be deposited in
the Q-register or the register stack (lg7g). '

A shift line at the MSB of the Q register (Q3) and the
register stack (RAM3). Electrically these lines are
three-state outputs connected to TTL inputs internal
to the Am2801. When the destination code on lg7g
indicates an up shift (octal 6 or 7) the three-state out-
puts are enabled and the MSB of the Q register is
available on the Q3 pin and the MSB of the ALU out-
put is available on the RAM3 pin. Otherwise, the
three-state outputs are OFF (high-impedance) and the
pins are electrically LS-TTL inputs. When the desti-
nation code calls for a down shift, the pins are used
as the data inputs to the MSB of the Q register
{octal 4) and RAM {octal 4 or 5).

Shift tines like Q3 and RAM3, but at the LSB of the
Q-register and RAM. These pins are tied to the Q3
and RAM3 pins of the adjacent device to transfer
data between devices for up and down shifts of the
Q register and ALU data.

Direct data inputs. A four-bit data field which may
be selected as one of the ALU data sources for
entering data into the Am2901. Dy is the LSB.

Yo-3

I
ol

OVR

Cn
Cn+4

ce
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The four data outputs of the Am2801. These are
three-state output lines. When enabled, they display
either the four outputs of the ALU or the data on the
A-port of the register stack, as determined by the
destination code lg7g.

Output Enable. When OE is HIGH, the Y outputs
are OFF; when OE is LOW, the Y outputs are active
(HIGH or LOW).

The carry generate and propagate outputs of the
Am2901's ALU. These signals are used with the
Am2902 for carry-lookahead. See Figure 8 for the
logic equations,

Overflow. This pin is logically the Exclusive-OR of
the carry-in and carry-out of the MSB of the ALU.
At the most significant end of the word, this pin
indicates that the result of an arithmetic two’'s com-
plement operation has overflowed into the sign-bit.
See Figure 8 for logic equation.

This is an open collector output which goes HIGH
{OFF) if the data on the four ALU outputs Fg.3
are all LOW. In positive logic, it indicates the result
of an ALU operation is zero.

The carry-in to the Am2901°s ALU.

The carry-out of the Am2901’s ALU. Sce Figure 8
for ‘equations.

The clock to the Am2901. The Q register and register
stack outputs change on the clock LOW-to-HIGH
transition. The clock LOW time is internally the
write enable to the 16 x 4 RAM which comprises the
“master”’ latches of the register stack. While the clock
is LOW, the ““slave’ latches on the RAM outputs are
closed, storing the data previously on the RAM
outputs. This allows synchronous master-slave opera-
tion of the register stack.




MAXIMUM RATINGS (Above which the usetut tife may be

impaired)

Storage Yemperature

~-65"C to +150°C

Temperature (Ambient) Under Bias

~55"C 1o +125°C

Supply Vohtage to Ground Potential

-05V10+46.3V

DC Voltage Applied 1o Outputs for HIGH Qutput State

-0.5 V to +Vee max.

DC Input Voltage

-05Vio+55V

DC Output Current, Into Qutputs

30 mA

DC Input Current

—-30 mA to +5.0 mA

P/IN

OPERATING RANGE

Ambient Temperature

Vee

Am2901PC, DC

0°C t0 +70°C

"4.75V106.25V

Am2901DM, FM

~55°C to +125°C

4.50 V10 5.50 V

STANDARD SCREENING |
{Conforms to MIL-STD-883 for Class C Parts}

_MILSTD883 _ Level
Step Method Conditions Am2301PC, DC | Am2301DM, FM
Pre-Seal Visual Inspection 2010 100% 100%
24-hour
Stabilization Bake 1008 € 1s0°c 100% 100%
o o
Temperature Cycle 1010 [ —65°Cto +150°C 100% 100%
10 cycles
Centrifuge 2001 B8 10,000G 100% °* 100%
Fine Leak 1014 A 5x10-8 atm-cc/em3 100% * 100%
Gross Leak 1014 C2 Fluorocarbon 100% ° 100%
Electrical Test See betow for .
Subgroups 1 and 7 5004 definitions of subgroups 100% 100%
Insert Additional Screening here for Class B Parts
Group A Sample Tests
Subgroup 1 LTPD =5 LTPD=5
Subgroup 2 LTPD =7 LTPO =7
Subgroup 3 See below for . LTPD =7 LTPO =7
5005 d ' Y f =
Subgroup 7 efinitions of subgroups LTPD =7 LTPD = 7
Subgroup 8 LTPD =7 LTPD =7
Subgroup 9 LTPD =7 LTPD =7

*Not applicable for Am2901PC

ADDITIONAL SCREENING FOR CLASS B PARTS

Ste MIL-STD-883 Conditions Level
s Method Am2901DMB, FMB
. 125°C
Burn-in 1015 0 160 hours min. 100%
Electrical Test 5004
Subgroup 1 100%
Subgroup 2 100%
Subgroup 3 100%
Subgroup 7 100%
Subgroup 9 - 100%
Return to Group A Tests in Standard Screening

ORDERING INFORMATION GROUP A SUBGROUPS
{as defined in MIL-STD-883, method 5005)
Package Temperature Order Subg;oup ;zamelu ;;ir;pumuu
Type Range Number "2 DC Maximum rated temperature
Molded DIP 0°Ct0+70°C  AM2901PC : 0C ion | pamenum rated temperature
Hermetic DIP 0°C 10 +70°C, AM2901DC 8 i Mo Smini g
Hermetic DIP -55°C104125°C  AM2901DM uneo “‘e':“""a"!:w'“'"'"‘“""“e
Hermetic Flat Pack  —55°C 1o +125°C  AM2901FM o o e
Dice 0°C 10 +70°C AM2901XC Switching :
10 Switching Maximum Rated Temeperature
" Switching Minimum Rated Temperature
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted)
(Group A, Subgroups 1, 2 and 3)

Typ.
. Parameters Description ’ Test Conditions (Note 1} Min, (Note 2) Max. Units
[} = —1.6mA
OH m 24
Yo. Y1, Y2.Y3
1I0H = ~1.0mA, Cn4g 24
- IgH = -800xA, OVR, P 2.4
VoH Output HIGH Voltage :,’CC_ CMN' v OH - -800uA, - 2 Volis
IN = Vi or Vi IoH = —600uA, F3 2.4
10H * —600uA 24
RAMp, 3. 09, 3 )
loy = ~1.6mA, G 2.4
‘cex Output Leakage Current Vee = MIN, Vou = 5.5V ’ 250 uA
for F = 0 Output Vin = Vi or Vi . R
1 = 16mA
. oL = 1bm - 0.5
Yo.Y1.Y2.Y3.G
= ) =10mA, C .F=0 0.5
VoL Output LOW Voltage Vee = MIN., oL nta: " Volts
VIN=ViHor Vi 1oL = 8.0mA, OVR, P 0.5
loL =6.0mA, F3 oS
RAMg 3.Qg, 3
Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts
voltage for all inputs
viL Input LOW Level Guaranteed input logical LOW Military 0.7 Volts
voltage for all inputs Commercial 0.8
Vi taput Clamp Voltage Vee = MIN, Iy = ~18mA -15 Volts
Clock, OE -0.36
Ap. A1, A2, A3 ~0.36
B¢. By, B2, B3 -0.36
- Dg. Dy, D2, 0 -0.
I Input LOW Current Ve = MAX. 0- 1. 72-73 0.72 mA
ViN = 0.5V 19. h.12.1g. I8 -0.36
13, 14,15, 19 -0.72
RAMp, 3, Qg, 3 (Note 4} -08
Cn ) -36
Clock, OF 20
Ap, A1, A2, A3 20
Bo. By, B2, B3 20
R Dg.D4.09.0 40
WH tnput' HIGH Current Vee = MAX, 0-71.72. 73 A
Vi = 27V 1o, 11, 12. 1g. 18 20 .
13.14. 15, 7 40
RAMg, 3. Qp, 3 [Note 4) 100
Cn 200
N Input HIGH Current Vce = MAX., Vi = 5.5V 1.0 mA
Yo. Y1. Vo = 2.4V 50
Y2.Y3 Vo = 0.5V -50
lozH Off State {(High Impedance) Vee = MAX. ' Vo =24V 100 uA
lozL Output Current RAMg 3, {Note 4)
G, 3 .
Vo =~ 0.5v _800
(Note 4)
Y0.Y1.Y2.Y3.G -15 —40
Cned -15 -40
tos Output Short Circuit Current Vce ~ 5.75v OVA P 18 a0 ™A
{Note 3) Vo = 05v -
F3 -15 —-40
RAMg 3.0Qg, 3 —15 -40
Mititary 185 280
1 P 1 - mA
cC ower Supply Current Vee = MAX, Commercial 185 580

Notes: 1. For conditians shown as MIN. or MAX_, usa the appropriate vatuo specitled under Elactrical Charactaristics tor the applicatile davice type.

. Typlcal limhs a10 0t Ve = 5.0V, 26"C amblent and maximum losding.
Not more than one output should he sharted at 8 time. Duration of the short circult test should not excoad one second,
Those are throa siate outpuls internally connected 1o TTL Inputs, Input characteristics are moasured with '678 in a state such that the

three stateo output is OFF,

rom
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GUARANTEED OPERATING CONDITIONS TABLE1
OVER TEMPERATURE AND VOLTAGE

Tables |, 11, and 11 below define the timing requirements of
the AmZ2901 in a system, The Am2901 is guaranteed to
function correctly over the operating range when used within
the delay and sct-up time constraints of these tables for the

CYCLE TIME AND CLOCK CHARACTERISTICS

appropriate device type. The tables are divided into three TIME Am29010C,PC | Am29010M,FM
types of parameters;clock characteristics, combinational delays Read-Modify-Write Cycle . ’
from inputs to outputs, and set-up and hofd time requirements. {time from selection of 105ns - 120n
The latter table defines the time prior to the end of the cycle A, B registers to end of * §
{i.e., clock LOW-to-HIGH transition) that each input must be cycle)
stable to guarantee that the correct data is written into one of Maximum Clock Frequency to
the internal registers. ' Shift Q Register (50% duty 9.5MHz 8.3MHz
)
The performance of the Am2901 within the limits of these .c.yc o -
tables is guaranteed by the testing defined as “Group A, Minimum Clock LOW Time 30ns 30ns
Subgroup 9 Electrical Testing. For a copy of the tests and Minimum Clock HIGH Time 30ns 30ns
limits used for _subgroup 9, contact Advanced Micro Devices’ Minimum Clock Period 105ns 120ns
Product Marketing.
TABLE It
MAXIMUM COMBINATIONAL PROPAGATION DELAYS (alf in ns, C|_ < 15pF)
Am2801DC, PC (0°C to +70°C; 5V #5%) Am2901DM, FM (-55°C to +125°C; 5V £10%)
To Shift Shift
Output _ _|F=0 Outputs __| F=0 Outputs
From Y F3 (Ch+a|G,P|RL=[OVR Y F3 |Ch4q4| G, P | RL={OVR
Input 470 RAMo| Qg 470 RAMo| Qg
RAM3| Q3 RAM3| Q3
A, B 110 | 85 g0 | 80 | 110 75 | 110 — 120 | 95 | 90 90 [120}| 85 | 120 -
D (arithmetic mode}| 100 | 70 70 | 70 | 100 | 60 | 95 - 110 | 80 75 75 | 110 | 65 | 105 -
D (1= X37) (Note 5)| 60 50 - - 60 - 60 - 65 55 - - 65 - 65 -
Cn 55 35 30 - 50 | 40 55 - 60 | 40 30 - 55 45 | 60 -
1012 85 | 65 65 | 65 | 80 | 65 80 - .| 90 70| 70 70 | 85 70 | 85 -
I345 70 | 55 60 | 60 70 | 60 | 65 - 75 60 | 65 65 75 65 | 70 -
1678 55 { - | - | - | - | -14a}a5s |60 | -} =] -]-|-150]6s0
OE Enable/Disable |a0/25) — | — | '~ | = | = § = | = Jaoj2s| = | - | = -] -1-1] -
A bypassing _ _ — _ _ _ _ _ _ _ _ _ _
ALU (1 = 2xx) 60 & )
Clock _§& (Note6)] 115 | 85 1100 100 J 110 | 95 | 105} 60 [ 125} 95 | 110 | 110 | 120 | 105 { 115 65

SET-UP AND HOLD TIMES (alt in ns} (Note 1) TABLE 11
Am2801DC, PC{0°C to +70°C, 5V £5%) Am2901DM, FM{-55°C to +125°C, 5V £10%)
From Input Notes -
Set-Up Time Hold Time Set-Up Time Hold Time

A8 2,4 105 120

Source 3.5 tpwl + 30 Y tpwl + 30 0

B Dest. 2,4 tpwl + 15 0 tpwl +15 0

D {(arithmetic mode) 100 0 110 0

D (1 = X37) (Note 5) 60 0 65 0

Cn 55 0 60 0
lo12 85 0 90 0
345 70 0 75 0
|678 4 tpr +15 -0 !pr +15 0
RAMg, 3. Qp, 3 ' 30 (] 30 0

Notes: 1. See Figure 11 and 12,
2. If the B sddross Is used as & source operand, allow for the A, B tource™ set-up time; If It is used only for the destinstion address, use the
‘B dest.” so1-up timnme,
. Whore two numbars are sthown, both must be met.
“tpwl " I8 the clock LOW tima.
DOV 0 15 the 1astest way 1o 10sd the RAM trom the O inputs. This function is obitained with | = 337,
. Using Q rogistor as suurce operand in arithmaetic mode, Clock is not normally in critical speod path whon Q ls not a sourca,

[ ]
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SET-UP AND HOLD TIMES (minimum cycles from each input)  time pr‘ior to the clock until the hold time after the clock. The
set-up times allow sufficicnt time to perform the correct

Set-up and hold times are defined relative to the clock LOW-to- operation on the correct data so that the correct ALU data
" HIGH edge. Inputs must be stcady at all times from the set-up can be written into one of the registers.
'
IP"l
{ot beatt 30 ns)

Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable
Times for Am2901DC, in ns. See Table |1 fot Detailed Information.

r-—— NOTE &

16-81T CPU CYCLE TIME

AT LEAST
30 ny =

cLoCcK
AT LEAST
KOTE 1-01-0—30 ns

SN /111,10

~
..l 10 T-—NO?ES 2,4
€, TO 2901
{Cp + x FROM 2902)
§5NOTE 4 ——e-1
Cnea
Fe0
£
OoVR
L.—-——ss———!
YouTruY

|~———ss
suraurrors QKRG

NOTE 3

CORRONRO NN DN oD

SHIFT INPUTS

stror ]
Notes: This delay is the max. tod of tha rogister contalning A, B, D, and I. For the Am2918, use 13ns,

10ns for look-ahead carry. For rippla carry over 16 bits use 2 x (Cp, -* Cppy ). 0r GOns.

This is the dolay associatod with the multiplexuer betwoan the shift outputs and shift inputs on the Am2901s. Sae
Figure 19,

. Not sppliceble for loglc operations.

. Clock rliing edge may occur here if sdd and shift do not occur on same cycle.

oa pe-

Figure 12. Switching Waveforms for 16-Bit System Assuming A, B, D and { are all Driven from
Registers with the samo Propagation Delay, Clocked by the Am2901 Clock.
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Co = 5.0pF, 2!l outputs.

Qg 3 RAMg 3
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Figure 13.

. P Carst
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Am2901 Input/Output Current Interface Conditions.
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2 "
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1y re0 AAA
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0
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o n 49
v " T o . Caed :;ov
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) _W_Eui"o Ny
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vee —n rPerlRkrP L ‘]
cc M =
. onF
Ve =5.0v I
Frequency = 100KHz2 - Vee 2r0 J200 270 [420
Ta=125°C . $ 3% 3
This clrcuit conforms to MIL-STD-882, vee

method 1015, condition D.

Figure 14. Am2901 Burn-In Circuit,
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MICROPROCESSING UNIT (MPU)

The MC6800 is a monolithic 8-bit microprocessor forming the
central contro! function for Motorola’s M6800 family. Compatible

with TTL, the MCG6800. as with all MGB0O system parts, requires

only one +5.0-volt power supply, and no external TTL devices for
bus interface.

The MC6800 is capable of addressing 65K bytes of memory
with its 16-bit address lines. The 8-bit data bus s bidirectional as
well as 3-state, making direct memory addressing and multiproces-
sing applications realizable.

Eight-Bit Parallel Processing

o 0 o o

® Bi-Directional Data Bus
® Sixteen-Bit Address Bus — 65K Bytes of Addressing
® 72 Instructions — Variable Length )
® Seven Addressing Modes — Direct, Relative, Immediate, Indexed,
Extended, Implied and Accumulator
Variable Length Stack
Vectored Restart
Méskable Interrupt Vector
Separate Non-Maskable Interrupt — Internal Registers Saved
In Stack
® Six Internal Registers — Two Accumulators, Index Register,

Program Counter, Stack Pointer and Condition Code Register

MCG6300
MOS

{(NCHANNEL, SILICON-GATE)

MICROPROCESSOR

. L SUFFIX
® Direct Memory Addressing (DMA) and Multiple Processor CERAMIC PACKAGE
Capability . CASE 715
Clock Rates as High as 1 MHz .
. . NOT SHOWN: P SUFFIX
Simple Bus Interface Without TTL PLASTIC PACKAGE
Halt and Single Instruction Execution Capability CASE 711
MICROCOMPUTER FAMILY
Me800 BEO((:)K DIAGRAM MC6800 MICROPROCESSOR
BLOCK DIAGRAM
MC6800
Microprocessor Data Bus : Address Bus
| i A T
Read Only . |
Memory
Address
Data Registars Registers
Random and Buffers and
Accoss Buffers
Memory
4 A
P o= Interfoce
. Adaptor
Loy ALU
tnput/  ——ped
Interface - oy
Adaptor - Modam Output Control [~
Control —eg-—1
Y Y

. Addross Daota
Bus Bus
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ELECTRICAL CHARACTERISTICS (vee - 5OV ¢ 5%, Vss = 0, T = 0 to 70°C unless othorwise noted.)

Characteristic Symbol Min Typ Max Unit
input High Voltage Logic ViH Vgs + 2.0 - vee Vdc
o o102 ViHe Vee - 03 - Vee + 0.1
laput Low Voltage Logic ViL. Vgg - 0.3 - Vgg + 0.8 Vdc

1,92 vViLe Vgg - 0.1 - Vgg +0.3
Clock Overshoot/Undershoot — Input High Level . Vos Vee - 05 - Vece + 05 Vde
- lnput Low Level : Vgs - 05 - Vgg+05
Input Leakage Current tin HAdc
(Vin=01t05.25V, Ve = max)’ Logic* - 1.0 25 .
{(Vin=0105.25V, Ve =00V) 01,02 - - : 100
Three-State {Off State) Input Current D0-D7 Irsj| - 20 10 uAdc
Vi 0.4102.4V, Ve = max) AO-A15 R/W - - 100
Output High Voltage VoH Vdc
(1 oad = =205 pAdc, Ve = min) 00-D7 Vgs+24 - -
(I oad = —145 uAdc, Vi = min) AO0-A15,R/W VMA Vgg +24 - .-
(I oad = —100 pAdc, Vg = min) -BA . Vgg+24 - -
Output Low Voltage VoL - - Vgg +0.4 Vdc
{ILoad = 1.6 mAdc, Vg = min} '
Power Dissipation ) PH - 0.600 1.2 W .
Capacitance ¥ 1,92 Cin 80 120 160 pF
(Vin =0, Ta =25°C, f = 1.0 MHz2) TSC ) - - 15
DBE - 7.0 10
D0-O7 . - 10 125
Logic Inputs . - 6.5 8.5
AD-A15,R/WVMA Cout - . - 12 pF
Frequency of Operation f 0.1 - 1.0 MHz
Clock Timing (Figure 1) :
Cycle Time ] ) teye 1.0 - 10 us
Clock Pulse Width . PWon ns
(Measured at Vg — 0.3 V) o1 430 ' - 4500
02 450 - 4500
Total &1 and ¢2'Up Time . . tut 940 - - ns
Rise and Fall Times 1,02 tor, tof 5.0 - ‘50 ns
{Measured between Vgg + 0.3V and Vg - 0.3 V) :
Deiay Time or Clock Separation tg " o - 3100 ns
(Measured at Vgy = Vgg + 0.5 V)
Overshoot Duration tos 0 - 40 ns

*Except TRQ and NMI, which require 3 k2 pullup load resistors for wire-OR capability at optimum operation.
*Capacitances are periodically sampled rather than 100% tested.

FIGURE 1 — CLOCK TIMING WAVEFORM

Overshoot

Vaov © Vgy ¢ 0.5V = Clock Overlap
neasuremont point
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MAXIMUM RATINGS

This device contains circuitry to protect the
inputs against damage due to high static volt.
ages or electric fields; however, it is advised that
normal precautions he taken to avoid applica-
tion of any voltage higher than maximum rated

Rating Symbol Value Unit
Supply Voliago Vce -0310+7.0 Vidc
Input Voltage Vin ~0.3t0+7.0 Vdc
Operating Temperature Range Ta 010 +70 oc
Storage Temperature flange Tstg |- —55 1o +150 °c
Thermal Resistonce /X7 70 oc/w

READ/WRITE TIMING Figures 2 and 3, f = 1.0 MHz, Load Circuit of Figure 6.

voltages to this high impedance circuit,

'

Characteristic Symbol Min © Typ Max Unit
Address Delay tAD - 220 300 ns
Peripheral Read Access Time tacc - - 540 ns
facc = tut ~ (tAD * tDSR!
Data Setup Time (Read) tpSR 100 - - ns
Input Data Hold Time . tH 10 - - ns
Output Data Hold Time tH 10 25 - ns
Address Hold Time {Address, R/W, VMA) tAH 50 75 - ns
Enable High Time for DBE Input tEH 450 — - ns
Data Delay Time (Write) tppw - 165 225 ns
Processor Controls®
Processor Control Setup Time tpcs 200 - - ns
Processor Control Rise and Falf Time tpCr. tPCS - - 100 ns
Bus Available Delay tBA - - 300 ns
Three State Enable tTSE - - 40 ns
Three State Delay tTsD - — 700 ns
Data Bus Enable Down Time During 1 Up Time (Figure 3) tDBE 150 - - ns
Data Bus Enable Delay (Figure 3) tDBED 300 - - ns
Data Bus Enable Rise and Fall Times (Figure 3) tDBEr. IDBES - - 25 ns

*Additional information is given in Figures 12 through 16 of the Family Characteristics — see pages 17 through 20.

FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS

Start of Cycle

o1 /"‘ Vee - 0.3V \ /
= 10.3-v 0.3V
—_—— —— ('
=0 Vee - 03V
»2 \' 0.3V
taD
24V AR ~
~0
R/W \\
H Fea
Address 2.4 V— -
From MPU 0.4 v N
o ¥ F
fe—— YAD ———*
PRV I AL :‘W—
TN 3 ety
———1AD tace tDSR -
Data ! 20V .. e
From Momory ———Lﬂm Data Valig »‘_
or Periphorals 08 V — e e |

\\\\\\\\\‘ Data Not Valid
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FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS

—— Start of Cycle
teye -
51 2 : Vee - 03V \ {
' 1 [\ 3 RV A-0.3V
—-cT bt T s g
02 4// A . \\
tAD )
N\ 14
RIW N N
04v : . : RN
' ~ = taH
Address | 2.4 vV LoXX
From MPU 0.4 v__M) e
fe——tAD —— '
24v X N\
VMA
tAD L.——'DDW-—-—-
Data 24V fearee""" ]
From MPU 0'4ﬁ Data Valid
—t 147
= 20V
DBE = 02 \ ' & o8V
EH
(DBE)
IDBED
DBE -
20v '
DBE # ¢2 0.8 V Z
e t J— t o
DBE¢t re—1tDBEr t
4
From MPU ' 0.4V s
h-—‘DDW-—-T
NN Data Not Valid
FIGURE 4 — TYPICAL DATA BUS QUTPUT DELAY " FIGURE S — TYPICAL READ/WRITE, VMA, AND
. versus CAPACITIVE LOADING ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING
800 =117 600 1T
F10H =-205 A mox @ 2.4 V 10H =-145 p A max @24V
500-|0L= 1.6mAmax @04V . - 1-lgL=186mAmax @04V
vee 5.0V ; S00 v =50V
F TA=25°C | 1A =25°C
= 400 Z 400
z w Address, VMA
= =
= 300 = P
T | % 300 [
5 ) - - ol
= . — ww | | RAY
o 200 /, e 200 S
/’/
100 ’ 100
0 CL i‘ncluduruuy)cnpncimnce . 0 Cy includes stray copaciance
0 100 200 300 400 500 600 0 L 200 Jun 400 500 600
€. LOAD CAPACITANCE {pF) Ci. LOAD CAPACITANCE (pF)
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FIGURE 6 — BUS TIMING TEST LOAD

TYPICAL POWER SUPPLY CURRENT

FIGURE 7 — VARIATIONS WITH FREQUENCY

4,75 VvV <
£ 160 v v v v v v
: o1 Duty Cycle = ¢2 Duty Cycle = 5%
P a TVHE = 50V
L= 22k = 150 ViLe = 0V
3 vee = 50V
Test Point MMDG‘F‘O > TA = 25°C ]
or Equiv, & 140
a.
a
¢ a 8130
MMD7000 £ Y 200 400 600 800 1000 1200
or Equiv. !
f, OPERATING FREQUENCY (kH2)
’ z FIGURE 8 — VARIATIONS WITH TEMPERATURE
= 166 -
c 130 pF for DO-D? E 9 o1 Duty Cycle = ¢2 Duty Cycle = 507
= 90 pF for AG-A15, R/W, and VMA P v = 50V 7
2 IHC -
= 30 pF for BA w ] =gV
o« 140 ~J ILc -4
R = 11.72 k%l for DO-D? o« ™~ vee = 5.0V
= 16.5 k2 for AD-A15, R/W, and VMA a > f = 500 hHz T
= 24k for BA > 120 I~
S.‘ “"\‘
a
2
17
S 100
L 0 20 40 - 60 80 100 120
Ta, AMBIENT TEMPERATURE (9C)
EXPANDED BLOCK DIAGRAM
A15 Al14 A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AD
25 24 23 22 20 19 18 17 16 15 14 13 12 11 10 9
Output [ Output
Buffers Buffers
Clock, 01 33—
Clock, 02 37—
Reset 40 ——» Program Program
Non-Maskabie Interrupt 6 ——t Counter ., Counter |
Vit 2 ——em) .
Instruction
interrupt Request 4 ——pmd Decode Stack Stack
and Pointer Pointer
Three.State Control 39 ———# Contro!
Oata Bus Enalile 36 ~—— Index Index
Bus Available 7 - Register H Register L
Valid Memory Address 5 -
Reasd/Write 34 —d— Accumulator
1 .
tnstruction Accurnulatar
Registur 8
Condiion
Codo
fRogisrer
11
Dato ._...__J
Butter ALy
vee * P B t t 1 17 3 f ’1 3
6 27 28 29 30 It a2 a3
Vgg = Pins 1,21 Y] DG 08 D4 03 D2 fs}] 0o
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MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain con-
trol and timing signals be provided to accomplish specilic
functions and that other signal lines be monitored to
determine the state of the processor.

Clocks Phase Ona and Phase Two ($1, $2) - Two pins
are used for a two-phase non-overlapping clock- that runs
at the V¢ voltage level.

Address Bus (A0-A15) — Sixteen pins are used for the
address bus. The outputs are three-state bus drivers capa-
ble of driving one standard TTL load and 130 pF. When
the output is turned off, it is essentially an open circuit.
This permits the MPU to be used in DMA applications.

Data Bus (D0-D7) — Eight pins are used for the data
bus. It is bi-directional, transferring data to and from the
memory and peripheral devices. It also has three-state
output buffers capable of driving one standard TTL load
and 130 pF.

Halt — When this input is in the low state, all activity
in the machine will be haited. This input is level sensitive.
In the halt mode, the machine will stop at the end of an
instruction, Bus Available will be at a one level, Valid
Memory Address will be at a zero, and all other three-state
lines will be in the three-state mode.

Transition of the Halt line must not occur during the
last 250 ns of phase one. To insure single instruction
operation, the Halt line must go high for one Clock cycle.

Three-State Control (TSC) — This input causes all of the
address lines and the Read/Write line to go into the off or
high impedance state. This state will occur 700 ns after
TSC=2.0 V. The Valid Memory Address and Bus Available
signals will be forced low. The data bus is not affected by
TSC and has its own enable {Data Bus Enable). In DMA
applications, the Three-State Control line should be
brought high on the leading edge of the Phase One Clock.
The ¢1 clock must be held in the high state and the ¢2
in the low state for this function to operate properly. The
address bus will then be available for other devices to
directly address memory. Since the MPU is a dynamic
device, it can be held in this state for only 4.5 us or
destruction of data will occur in the MPU.

Read/Write (R/W) — This TTL compatible output
signals the peripherals and memory devices whether the
MPU is in a Read (high) or Write {low) state. The normal
standby state of this signal is Read (high). Three-State
Control going high will wrn-Read/Write to the off {high
impedance) state. Also, when the processor is halted, it
will be in the off state. This output is capable of driving
one standard TTL load and 90 pfF. ‘

Valid Memory Address (VMA) — This output indicates
to peripheral devices that there is a valid address on the
address bus. In normal operation, this signal should be
utitized for enabling peripheral interfaces such as the

PIA and ACIA. This signal is not three-state. One standard ~

TTL load and 90 pF may be dircctly driven by this active
high signal. -

Data Bus Enable {DBE) — This input is the three-state
control signal for the MPU data bus and will enable the
bus drivers when in the high state. This input issTTL com-
patible; however in normal operation, it would be driven by
the phase two clock. During an MPU read cycle, the data
bus drivers will be disabled internalty. When it is desired
that another device control the data bus such as in Direct
Memory Access (DMA) applications, DBE should be
held low.

Bus Available (BA) —~ The Bus Available signal will
normally be in the low state; when activated, it will go to
the high state indicating that the microprocessor has
stopped and that the address bus is available. This will
occur if the Halt line is in the low state or the processor
is in the WAIT state as a result of the execution of a
WAIT instruction. At such time, all three-state output
drivers will go to their off state and other outputs to their

' normatly inactive level. The processor is removed from the

WAIT state by the occurrence of a maskable (mask bit
i = 0) or nonmaskable interrupt. This output is capable
of driving one standard TTL load and 30 pF.

Interrupt Request (IRQ) — This level sensitive input
requests that an interrupt sequence be generated within
the machine. The processor will wait until it completes the
current instruction that is being executed before it recog-
nizes the request. At that time, if the interrupt mask bit
in the Condition Code Register is not set, the machine will
begin an interrupt sequence. The Index Register, Program
Counter, Accumulators, and Condition Code Register are
stored away on the stack. Next the MPU will respond to
the interrupt request by setting the interrupt mask bit high
so that no further interrupts may occur. At the end of the
cycle, a 16-bit address will be loaded that points to a
vectoring address which is located in memory locations
FFF8 and FFF9. An address loaded at these locations
causes. the MPU to branch to an interrupt routine
in memory.

The Halt line must be in theAhigh state for interrupts to
be serviced. Interrupts will be latched internally while
Halt is low.

The TRQ has a high impedance pullup device internal
to the chip; however a 3 k§2 external resistor to vee
should be used for wire-OR and optimum control
of interrupts.

Reset — This input is used to reset and start the MPU
from a power down condition, resulting from a power
failure or an initial start-up of the processor. If a high level
is detected on the input, this will signal the MPU to be-
gin the restart sequence. This will start execution of a
routine to initialize the processor from its reset condition.
All the higher order address lines will be forced high. For
the restart, the last two (FFFE, FFFF) locations in
memory will be used to load the program that is addressed
by the program counter. During the restart routine, the
interrupt mask bit is set and must be reset before the MPU
can be interrupted by TRQ.
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Figure 9 shows the initialization of the microprocessor
after restart. Reset must be held low for at least eight
clock periads after Vog'reaches 4.75 volts. H Reset goes
high prior to the leading edge of ¢2, on the next @1
the first restart memory vector address (FFFE) will
appear on the address lines. This location should contain
the higher order eight bits to be stored into the program
counter. Following, the next address FFFF should contain
the lower order eight bits to be stored into the pro-
gram counter.

Non-Maskable Interrupt (NMI) — A low-going edge on
this input requests that a non-mask-interrupt sequence he
generated within the processor. As with the Interrupt
Request signal, the processor will complete the current
instruction that is being executed before it recognizes the
NM1 signal. The interrupt mask bit in the Condition Code
Register has no effect on NMI.

The Index Register, Program Counter, Accumulators,
and Condition Code Registcr are stored away on the
stack. At the end of the cycle, a 16-bit address will be
loaded that points to a vectoring address which is located
in memory locations FFFC and FFFD. An address loaded
at these locations causes the MPU to branch to a non-
maskable interrupt routine in memory.

NMI bas a high impedance pullup resistor internal to
the chip; however a 3 k§2 external resistor to Ve should
be used for wire-OR and optimum control of interrupts.

Inputs IRQ and NMI are hardware interrupt lines that
are sampled during ¢2 and will start the interrupt
routine on the ¢1 following the completion of an
instruction. -

Figure 10 is a flow chart describing the major decision
paths and interrupt vectors of the microprocessor. Table
1 gives the memory map for interrupt vectors.

FIGURE 9 — INITIALIZATION OF MPU AFTER RESTART
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Address Out
= FFFE

Address Out = Contents of

FFFE + FFFF
Address Out
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TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vector
MS LS

Description

FFFE  FFFF

Restart

FFFC  FFED

Non-maskable Interrupt

FFFA  FFFB

Software Interrupt

FFF8  FFF9

tnterrupt Roquust
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FIGURE 10 — MPU FLOW CHART
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MPU REGISTERS

The MPU has three 1G-bit registers and three 8-bit
registers available for use by the programmer (Figure 11).

Program Counter — The program counter is a two byte
(16-bits) recgister that points to the current program
address.

Stack Pointer — The stack pointer is a two byte register
that contains the address of the next available location
in an external push-down/pop-up stack. This stack is
notmally a random access Read/Write memory that may

have any location (address} that is convenient. In those
applications that require storage of information in the
stack when power is lost, the stack must be non-volatile.

Index Register — The index register is a two byte register
that is used to store data or a sixteen bit memory address
for the Indexed mode of memory addressing.

Accumulators — The MPU contains two 8-bit accumu-
lators that are used to hold operands and results from an
arithmetic logic unit (ALU).

-233-




FIGURE 11 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT
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FIGURE 12 ~ SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes (Also called the Processor Status Byte)
ACCB = Accumulator B
ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
IXL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher QOrder 8 Bits
PCL = Prograrmm Counter, Lower Order 8 Bits
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Condition Code Register ~ The condition code register
indicates the results of an Arithmetic Logic Unit operation:
Negative (N), Zero {2), Overflow (V), Carry from bit 7
(C}, and half carry from bit 3 {H). These bits of the
Condition Code Register are used as testable conditions
for the conditional branch instructions. Bit 4 is the
interrupt mask bit {1). The unused bits of the Condition
Code Register (b6 and b7) are ones,

Figure 12 shows the order of saving the microprocessor
status within the stack.

MPU INSTRUCTION SET

The MC6800 has a set of 72 different instructions.
Included are binary and decimal arithmetic, logical, shift,
rotate, load, store, conditional or unconditional branch,
interrupt and stack manipulation instructions (Tables 2
thru 6).

MPU ADDRESSING MODES

The MCB800 eight-bit microprocessing unit has seven
address modes that can be used by a programmer, with the
addressingmode a function of both the type of instruction
and the coding within the instruction. A summary of the
addressing modes for a particular instruction can be found
in Table 7 along with the associated instruction execution
time that is given in machine cycles. With a clock fre-
queney of 1 MHz, these times would be microseconds.

Accumulator (ACCX) Addressing — In accumulator
only addressing, either.accumulator A or accumulator B is
specified. These are one-byte instructions.

Immediate Addressing — In immediate addressing, the
operand is contained in the second byte of the instruction
except LDS and LD X which have the operand in the second
and third bytes of the instruction. The MPU addresses

this location when it fetches the immediate instruction
for exccution. These are two or three-byte instructions,

Direct Addressing — In direct addressing, the address of
the operand is contained in the second byte of the
instruction. Direct addressing allows the user to dircctly
address the fowest 256 bytes in the machine i.e., locations
zero through 255, Enhanced execution times are achieved
by storing data in these locations. In most configurations,
it should be a random access memory. These are two-byte
instructions.

Extended Addressing — 'In extended addressing, the
address contained in the second byte of the instruction is
used as the higher eight-bits of the address of the operand.
The third byte of the instruction is used as the lower
eight-bits of the address for the operand. This is an abso-
lute address in memory. These are three-byte instructions.

Indexed Addressing — In indexed addressing, the address
contained in the second byte of the instruction is added
to the index register’s lowest eight bits in the MPU. The
carry is then added to the higher order eight bits of the
index register. This result is then used to address memory.
The modified address is held in a temporary address regis-
ter so there is no change to the index register. These are
two-byte instructions,

Implied Addressing — In the implied addressing mode
the instruction gives the address (i.e., stack pointer, index
register, etc.). These are one-byte instructions.

Relative Addressing —in relative addressing, the address
contained in the second byte of the instruction is added
to the program counter’s lowest eight bits plus two. The
carry or borrow is then added to the high eight bits. This
allows the user to address data within a range of -125 to
+129 bytes of the present instruction. These are two-
byte instructions,

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABE TIC SEQUENCE

ABA Add Accumulators CLR Clear
ADC Add with Carry CLV

Clear Overflow

PUL Puli Data
ROL Rotate Left

ADD Add CMP Compare ;
AND  Logical And COM  Complement ROR  Rotate Right
; ) . . RTI Return from Interrupt
ASL Arithmetic Shift Left CPX Compare Index Register ;
. . s Dor RTS Return from Subroutine
ASR Arithmetic Shift Right . .
DAA Decimat Adjust
. SBA Subtract Accumulators
BCC Branch if Carry Clear DEC Decrement ;
. . SBC Subtract with Carry
BCS Branch if Carry Set DES Decrement Stack Pointer SEC Set Carry
BEQ Branch if Equal to Zero DEX Decrement Index Register
BGE Branch if Greater or Equal Zero SEl Set Interrupt Mask
BGT Branch if Greater than Zero EOR Exclusive OR SEV Set Overflow
e STA Store Accumulator
BHI Branch if Higher INC Increment i :
. . STS Store Stack Register
BIT Bit Test INS Increment Stack Pointer ;
. ; STX Store Index Register
BLE Branch if Less or Equal INX Increment Index Register
BLS Branch if Lower or Same : SuB Subtract
BLT Branch if Less than Zero Jmp Jump . swi Software Inferrupt
sMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transter Accumulators 1o Condition Code Reg.
B8rPL Branch if Plus LDS Load Stack Pointer TBA Transler Accumulators :
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
8sR Branch to Subroutine LtSR Logical Shift Right TST Tasl
BvC Branch if Overllow Clear N TSX Transfer Stack Pointer to Index Register
BvS Branch if Overtiow Set :E)g Ngﬂg:}"e ation TXS Trafvsle( Index Register ta Stack Pointor
cBA Compare Accumulators ORA Inclusive OR Accumulator WAl Wait for Interrupt
CLC Clear Carry :
Cul Clear Interrupt Mask PSH Push Data
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS
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Nuy Atlecird

Vort and set of tine Llegsed otherwia

ADDRESSING MOOLS BOOLEAN/ARITHMETIC OPCRATION CONO.CODF REG.
IMMED DIRECT INDEX EXTND IMPLIFD (AIL cegtar labely s]ajaf2]r]o
OPENATIONS mutmomc| op ~ :z|op ~ =fop - o -~ -=lop ~ = sefes 10 contents) HIvIN(zIvie |
Add ADDA 38 2 2|9 3 2]AB 5 2|88 & 3 AsM A Tleft]tfi]s
ADUB B 2 2|08 3 2|€e8 5 2|f6 & 3 BeMN -8B tiefl|tjtt
Add Acmitey ABA 18 2 1 AeB A ettt
Add with Carry ADCA 89 2 2199 3 2|lA3 5 2]83 & 3 AsMeC A Tjeftft]1jt
ADCB ¢ 2 2109 3 2]¢€9 5 2)t3 4 3 BeMsC -8 ! U)ottt
And ANDA 84 2 2194 3 2]|A8 5 2184 4 3 A-M-A eleliflIR]|e
ANDY C& 2 2|04 3 2j€4 5 2)jF4 4 ) B-M--8 4N Iit1|R]e
B4 Test BITA 85 2 2|9 3 2]A5.5 2|8 4 2 AW efo|i|tiR]e
8ITB €5 2 2105 3 2|€s 5 2|F5 & 3 8-M eleilitin|e
Clear CtR 6F 7 2§71 6 3 00--m o|e|R|ISIR[R
‘CLRA 4F 2 1 00 -A eo|®RISIRIR
CtR8 S 2 1 ]00-8 o|e[R]SIR|R
Compare CMPA g1 2 219 3 2|1av 5 2|®1 3 A-M elefl|t}L}e
cMPB ¢t 2 210y 3 2|lev 5 2{F1 4 3 8-M slo|t|tlt]l
Compare Acmltrs ¢BA o2 A-8 LI R R R
Complement, 1's COM 63 17 20113 & 3 MM elofl|I|R]S
COMA 43 2 1 A-aA elo|{|IIR]S
coms 53 2 1 |6-8 eje|l|tIR]S
Complement, 2's NEG 60 7 2110 6 3 00 - M~M ole|i1!D@
[Negate) NEGA 40 2 1 )00-A~A olelt]1 D@
NEGB 50 2 t|00-8-8 slei:[:I®@
Decimal Adjust, A DAA 19 2 1 | Converts Binary Add. of BCO Characters | ®]®| 1] 2] 1D
into BCO Format
Decrement OEC 6A 7 2,1A 6 3 M-1-M elejliil4]|e
DECA 4A 2 1| A-1-A sjefiit|ale
DECE 5A 2 1 |B-1-8 efle|ilt|a}e
Exclusive OR EORA 88 2 2198 3 21A8 5 2}88 4 3 AOM -+ A ole|t]lliR]|e
EORB €8 2 2j{0D8 3 2{&8 5 2}jF8 4 3 B@M -8 ofei{l{t(R]e
Increment INC ’ 6C € 6 3 Mei-M ofe]|1]|1IB)e
INCA ac 2 1| Asl-a elo|t|1)De
INCB ¢ 2 t|B+1-—8 sleititi®e
Load Acmlts LDAA 86 2 218 3 2|A6 5 2{85 4 3 M=A ofeltitiR]e
LDAB C6 2 2|06 3 2|€E6 5 2|F6 4 3 M-8 olefsitiR]|e
Or, Inclusive ORAA 8A 2 2!9%A 3 2}1AA 5 2|BA &4 3 A+M—A ele|ijl{Rrie
ORAB CA 2 2|DA 3 2]€A 5 2|FA & 3 B+M-B oje|ili|R]|e
Push Data PSHA 3 4 ) ) A-Mgp.SP-1-SP ejoleje]o}e
PSHB - 37 4 1 B -~ Mgp, SP - 1~ SP elejoje|ele
Puli Data PULA 32 4 1| SP+1-SP Mgp—A ele(e|e]|ele
PULSB 33 4 1] SP+1—~SP Mgp—8 olojojelale
Rotate Left ROL 68 7 2|19 6 3 M DUHHRGE
ROLB 59 2 1|8 C 7T w0 BOHHGHE
Rotate Right ROR 66 1 2|1 6 3 - M} elefil1l®l:
RORA 46 2 1 Am BOHHGH
RORB 6 2 1,08 ¢ b7 = 0 oleftt|@®)
Shift Left, Arithmetic ASL 68 7 2|12 6 3 M - eleftiti®It
ASLA 48 2 1] aA 0 ~ OOIITD-o HOHHGE
ASLB 8 2 18 ¢ 7 b0 JUHHGE
Shift Right, Arthmetie ASR € 1 2117 6 3 M - DO GHE
ASRA a 2 1 AQ}IUIED..Q DOHHGE
ASR8 57 2 1}e b? 0 ¢ UOHNBOE
Shift Right, Logre SR & 7 2|1 & 23 M} - elelniiie]:
LSRA @ 2 1 |a o~ ~ g eleir}:i®):
LSRB ¢ 2 1|8 b7 LU G E
Store Acmitr. STAA 97 4 2|Ar 6 2(8B7 5 3 A-M olefl|t{R]|e
STAB D? & 21¢€1 6 2[F7 S5 3 B-+M ele|ii1]R]le
Subtract SuBA 80 2 2{9%0 3 2{aA0 S 2|60 4 3 A-M--A LICARARI RS B
suee 0O 2 2|00 3 2)j¢t0 5 2|F0 4 3 B-M--8 eleftii|t]t
Subtract Acmltrs, SBA W 2 A-B-A eoletit]| 1]
Subtr. with Cany S8CA 82 2 21892 3 2|1A? 5 2182 4 3 A-M-C—-A efeftitfti!
secs €2 2 2|02 3 2|]€2 5 2|F2 4 3 g-Mm-C -8 elellttt]t
Transfer Acmitey TAB 6 2 1 A-g ofe|{{I[R]e
18A (T | B -A olo|lllln]|e
Test, Zero or Minus 181 60 1 2110 6 3 M - 00 oiell{ JH{R
IsTA a2 A -00 eje{if{IR|R
1818 0 2 1 B8 -00 olej!lilRIK
H{t{n{ziv|c
. LEGEND: CONDITION CODE SYABOLS:
OP  Oprration Codr {Heaadicomal), . Bovtedn Induuve OH,
~ Numbes ol MPY Cydles, 0] Boulean Eactusive OR, H Hatl carty iom bt 3,
= Numbier uf Pragram Bytes, '] Complement of M, | Intesrupt mask
K Arithanrtic Py, . Transter Intu, N Negative famgn tet)
Anthmetis Minuy, /] B Zero, 2 2r1o (hyte)
. Bawleans AND), B0 Hyte - Zeru, v Ovrstlow, 2's tomple ment
Mgp  Cunteats of imrmary tutstrun ponted 1o be Stacd Poanter, 4 Corey b bnt 7
R Revet Alwayy
Note  Accumulatar adiessing mode ot ooy gre mchuded i the cohumn tar IMPLIED sditresing S St Alwayt
!
.




TABLE 4 - INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. COOE REG.

’_-EMMED DIRECT . INDEX EXTND IMPLIED . _S_ 4131218 E
POINTER OPERATIONS MNEMONIC} OP | ~| = |OP| ~| = JOP |~ | = |OP|~ | =JOPy~| = BOOLEAN/ARITHMETIC OPERATION [H]t[N1ZIVIC
Compare Index Reg cPX 8C 3] 3j9clal 2jacic]2jeC|S |3 XH =M Xy~ M)’ olel(D}; l(é:} L]
Decrement Index Reg DEX 034t X-1-X eoie[o|[|efe
Decresnent Stack Pntr DES (4] SP-1--5P eleleola|ofe
Inciement Index Reg INX 08 q 1 X+1-X o|le e |ele
Ingrement Stack Prtr INS Nnle SP+1-+SP olelofele]e
Load Index Reg LoX CE|3] 3IIDEj 4| 2EE|6 |2 |FE}{S |3 M- Xy, (M 1) = X olel@lt|n|e
Load Stack Pour Los 8E | 3| 3j9€{ 4| 2|AE[6|[2IBE]S (3 M- SPy. (M 4 1) - SPy olel@l:infe
Store tndex Reg STX ofF[si 2|erl7 [ 2]FF|l6 |3 XH M, XM 1) JRGHEIR
Store Stack Patr -8T§ 9F[s| 2|aF|7| 2 8F| 6|3 SPH -+ M, SPL -+ (M + 1) o[e@l:inle
Indx Reg -+ Stack Pnir TXS 3% (41| X-1—-58P ole/oielole
Stack Pntr -+ Indx Reg TSX 304 (1 SP+1 X elojoielele
TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.
RELATIVE INDEX EXTND IMPLIED 514 1312{110
OPERATIONS MNEMONIC [ OP|~ | =joP|~] =|0OP] ~| =]OP|~ [= BRANCH TEST Hi V| NP Z iV ]C
Branch Always BRA 2004 (2 None el ojejeo|ele
Branch If Casry Clear BCC 2414 )2 =0 e o j0)j0o]e]e
Branch If Carry Set BCS 2514 |2 C=1 o| o |0 oo |e
Branch If = Zero BEQ 2il 4|2 Z=1 oo/ eaj|ele
8ranch H > Zero BGE |42 N@V=0 e ol o|ele
Branch 1f > Zero BGT 2614} 2 Z+{N@V)=0 o]l ojo|e|e|e
Branch It Highes BHI 221412 C+2=90 o, o 0l ele|e
Branch If < Zero BLE 2Fl 4 ]2 Z+(N@ V=1 o! o|lejele|e
Branch If Lower Or Same BLS 23142 c+Z=1 el o o[ el 0|0
Branch If < Zero BLY 0|42 N@V=1 el o (eo|jejoje
Branch If Minus BMI 8142 N=1 ol o|eojejole
Branch i Not Equal Zero BNE 261412 Z=0 ol oleoj 0| e]e
Branch If Overtlow Clear 8vC 281412 V=0 ol oleof el eo]e
Branch #f Qverfiow Set BvS 914 (2 V=1 o[ o [0 s o]e
8ranch If Plus BPL 2A1 412 N=0 el e[ ol e o | @
. Branch To Subroutine BSR gD| 8|2 ol oo ofeole
Jump IMP 6E} 4} 2} 31 3 See Special Operations o/ o/ ol o] o] e
Juinp To Subroutine JSR AD| 8] 2|BD} 9| 3 ef ol o| o) e|e
No Operation NOP o112 (1 Advances Prog. Cntr, Only ol ool ofe e
Return From Intersupt ATI Bl1o]1
Return From Subroutine RTS 3919 11 o] o| o) sl e]|e
Soltvssre Interrupy Swi IF 112 11 See Special Operations o| o/ o o/ e ] e
Waitfor Intecrupt ® WAI 3E |} @ ol sf e o

*WAI puts Addiess Bus, RAY, and Data Bus in the threestate mode white VIAA is held low,

i
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SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE: )
P_C Main Program . sP Stock BC Subroutine

n AD = JSH ~ . SP-~2 INX ¢+ K 15t Subr. Inste,
INOXD av) | Ko Otfser® C:"> sp=1 | In+2l H .
n+2 | Nexa Maim dostr sp | Ine2l L
*K = 8-Bit Unsigned Value In+2yandIne 2l Formne2 _
[ Main Program 1 d Stack pC Subrouting
n | BU~-JSKH - SP-2 S | Vst Subr. Instr.
nel | SH = Subi. Addr. SP-1 fn+3l H
EXTND +2 [SL= Sobr, Add :'!> 3
" ubr. Addr. SPfne3l L (S Formed From Sy and S|}
a3 | Next Man lnstr. — = Stack Pointer Alter Execution.

BSR, BRANCH TO SUBROUTINE: )
PC  Main Program se Stack - PC Subroutine

n | 80 =BSR -~ §P-2 n+21 K | 1st Subr. Instr.
n+l | 2 K= Ofiser L___:> sp-1 | Ins2l H -
n+2 { Next Main Instr. SP | ln+2] L
*K = 7-Bit Signed Value; n+2 Formed From [n+ 2] yand [n+ 2}y
JMP, JUMP: i
PC Main Program PC Main Program
o § B6E = JMP n 7E = JMP
n+1 | K= 0Offset ' : n+ 1 Ky = Next Address
INDXD : EXTENDED { n+2 [K| = Next Address

RTS, RETURN FROM SUBROUTINE:

K (et mrocton ]

PC Subroutine sp " Stack PC Main Program
S ] 39 = RTS @ SP n | NextMain Instr.
SP+1 | Ny ) ’
-~ sp+2 | N

RTI, RETURN FROM INTERRUPT:

pC Interrupt Program sp Stack PC Main Program
S 38=RTI Next Main Instr.

7}
B
+ o
- 3
=

Condition Code
SP+2 Acmitr B
SP+3 Acmitr A
SP+4 Index Register (Xp)
SP+5 Index Register {X{)
SP+6 NKH

- SP+7 | Np

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS
COND. CODE REG.

IMPLIED 5143 (2170
OPERATIONS MNEMONIC |OP| ~ | - {BOOLEANOPERAYION{ H | ' [N 2 (V] C
Ctear Carry cLe 6cj2 |t 0-+C el ojlejele|R
Clear Interrupt Mask cu 0Ef2]1 01l e|lRje e o] e
Orcar Overllow cLv oaf2 |1 0V o(efo|oiR]|e
Sct Carry SEC {2 |1 1-+C ol oo e ie]|S
Set Intestupt Mask SEl of 211 10 ej{Sjejefeo]| e
Set Overflow SEV osl21( 1V ejejeleisloe
Acmlts A - CCR TAP 0612 |1 A--CCR
CCH -+ Acmlir A TPA or|2 | cch - A e ejejefe]e

CONDITION CODE REGISTER NOTVES: (Bt set o test s true and cleared otherwise}

(Bt B} Tesu: Sign bt ol most ugmlivant (MS) hyte 1?7

] B V) Test Result 100000007 ?
? (Bt €)  Test Resuly - 0000O0UD? 8 {Bir V) Test: 2's complenent aver lluw trom sublraction of 84S bytes?
3 (811 €)  Fest ODrecunal value al most sgbicont BCY Claracter greates than aine? 9 (Bt N} Test, Resudt fess than ze0? (B 1S 1)
{Nat cleared of previoncly st ) ’ 10 (AN} . Load Condition Code Register rom Stack. {See Speaal (griatiang)
4 (G V) Test Opeeand 10000000 pion 1o execation? 1] (Bat 1) Set wheo mtereupt secans 1 previssly st o Non Mashable
5 B V) Jest Operand 01181110 g to exvcution? fntectupt 1s sequited 10 eait the wail state,
6 - (V) Vest. Set equal turesutt ab NQE after shilt has orcured, 12 (AN Set according to the contents of Accumulator A,
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES
{Timos in Machine Cyclas)

i ¥
B 3 - A
S x ¥ g i iy & x ¥ v Y3
3 ¢ = 2 3 3 s = % 3
6 ¢ £4d 5t EQ 6 $8 45 FE
ABA e o o o o 2 o INC 2 o o 6 7 e
ADC x e 2 3 4 5 & o INS e o o ¢ o 4
ADD X e 2 3 4 5 e o INX e o o o o 4
AND x o 2 3 4 5 e o Jmp e o o 3 4 o
ASL 2 e o 6 7 e o JSR e o e 9 B o
ASR 2 o . 6 7 . . LDA x . 2 3 4 5 .
8cc e o o o o o 4 Ltos e 3 4 5 6 o
8cs e o o o o o 4 LDX e« 3 4 S 6 !
BEA e . s -0 o 4 LSR 2 o . 6 7 .
BGE e o o & o e 4 NEG 2 o o 6 7 o
8GT e ¢ o ¢ o o 4 NOP e o o o o 2
BHI s s+ & s s e & - ORA x o 2 3 4 5 .
8IT X e 2 3 4 5 e o PSH e e ¢ o o 4
BLE e o o o o o & PUL e o o o o 4
BLS e o o o o o 4 ROL 2 o o 6 7 o
BLY e o » e e & 4 ROA 2 e o 6 7 .
BMI . . . ) . e 4 RTI . ) . e e 10
BNE e o o e s ¢ 4 RTS e o o o o 5
BPL e o o o o e 4 SBA e o e s o 2
BRA * e e o o o 4 {21 x e 2 3 4 5 o
BSR e » o e o o 8 SEC » o o o o+ 2
BvC e o o o o e 4 SEt e o o o o 2
BvVS e e & o o o 4 SEV s o ¢ o o 2
CBA e o o s e 2 o STA x e o 4 5 6 o
CLC e o o o o 2 STS e o 5 6 7 o
CL! e o o e o 2 o STX o o 5 6 7 o
CLR 2 o e 6 7 o o sus x o 2 3 4 5 o
CLv e e o o & 2 Swi e o o o o 12
CMP X o 2 3 4 S5 e TAB e« o o 6o o 2
COM 2 o o 6 7 o o TAP e o o e o 2
CPX e 3 4 5 6 e o TBA e o o e e 2
DAA o o e s o 2 o TPA e e o & o 2
DEC 2 o o 6 7 o o TST 2 o o 6 7 o
DES e o ¢ o o 4 o TSX e o o o o 4
DEX e o o o e 4 o TSX e o o e o 4
EOR X e 2 3 4 5 e o WAI e e o ¢ o 9
NOTE: Interrupt time is 12 cyctes from the end of
the instruction being executed, except following
a WA instruction. Then it is 4 Cycles.
I o e e I o e S A AR SR SRRt Y e are IR T I
; PIN ASSIGNMENT F PACKAGE DIMENSIONS
3 5 CASE 715-02 .
1 vgg - Resat P 40 n ‘ (CERAlec)
} 2 QHalt TSCHh 39 ) B See Page 165 for
i 3 Qo1 N.C.E ag - " SR ’ BRI '_ . -J_ Piastic Package dimensions.
4:‘7‘—(—1 o2h 37 - : . R I . - . :
5 QVMA DBEf 36 . P . :
' 6gNMI ° NC.P35 . WF - R ' i
BA EN MR SESE SR N S M AR 4 ‘ . i
1 74 RWD 3a 'ﬂ" T T "l‘ﬁLT“q . o
E 8 QVcc oop 33 J |_,g‘|||;.|, il ~~_NK \/
: o d o othse Jl--b SEATING PLANE __] L Y :
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_SUMMARY OF CYCLE BY CYCLE OPERATION

Table 8 provides a detailed description of the informa-
tion present on the Address Bus, Data Bus, Valid Memory
Address line (VMA), and the Read/Write line (R/W) dur-
ing cach cycle for each instruction,

This information is useful in comparing actual with ex-

ware as the control program is executed. The information
is categorized in groups according to Addressing Mode and
Number of Cycles per instruction, (In general, instructions
with the same Addressing Mode and Number of Cycles
execute in the same manner; exceptions are indicated in

pected results during debug of both software and hard-

the table.)

TABLE 8 — OPERATION SUMMARY

Address Mode Cycle | VMA R/W
and Instructions Cycles # i Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁgg é%ﬁ 2 2 1 Op Code Address + 1 1 Operand Data
BIT S8C
CMP sus
cPX 1 1 Op Code Address 1 Op Code
l‘:gi 3 2 1 "Op Code Address + 1 1 Operand Data {High Order Byte)
3 1 Op Code Address + 2 1 Operand Data (Low Order Byte)
DIRECT
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁgg gg': 3 "2 1 Op Code Address + 1 1 Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP SuUB
CPX 1 1 Op Code Address 1 Op Code
tgi 4 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
4 2 T | Op Code Address + 1 1 | Destination Address
3 o Destination Address 1 Irrelevant Data (Note 1)
4 1| Destination Address 0 Data from Accumulator
sTS 1 1 Op Code Address 1 Op Code
§TX 2 1 Op Code Address + 1 1 Address of Operand
5 3 0 Address of Operand 1 Irrelevant Data {Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte}
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)
INDEXED
JMP 1 1 Op Code Address ] Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset {w/o Carry) 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
ﬁgg E)DR?\ 2 1 Op Code Address + 1 1 Offset
BIT SBC 5 3 0 Index Register 1 Irrelevant Data {(Note 1)
CMP SUB 4 0 Index Register Plus Offset {w/o C-arrv) 1 lrrelevant Data {Note 1)
5 1 Index Register Plus Offset 1 Opcrand Data
CPX 1 1 Op Code Address 1 Op Code
::8)8( 2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Dato {(Note 1)
. 4 0 Index Register Plus Offsut (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 QOperand Data (High Order Byte)
6 1 Index Registor Plus CHsul +1 1 Operand Dota {Low Order Byte)
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TABLE 8 — OPERATION SUMMARY (Continuud)

o

Address of Operand

Irredevant Data (Note 1)

Address Modo Gyclo] VMA i‘/w
and Instructions Cyclos " Line Addross Bus Lino Doata Bus
INDEXED (Continued)
STA 1 1 Op Code Address 1 Op Code
2 ] Op Codo Address + 1 1 Offset
6 3 0 tndex Registor 1 trrelevant Data {Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevont Data (Note 1)
5 o Index chi;(cr Plus Offset 1 Irrefevant Dota {(Note 1)
6 1 Index Register Plus Offset 0 | Operand Data
ASL LSR 1 {1 Op Code Address 1 Op Code
/C\ls_g g!c:)?_ 2 1 Op Code Address + 1 1 Offset
g‘é:\:ﬂ ‘?5?1’3 7 3 0 Index Registgr . 1 Irrelevant Data (Note 1)
INC 4 o] Index Register Plus Offset (w/o Carry) 1 Irretevant Data (Note 1)
5 1 Index Register Plus Offset 1 Curreni Operand Data
6 0 Index Register Plus Offset 1 irrelevant Data (Note 1)
7 1/0 Index Register Plus Offset 0 New Operand Data (Note 3}
(Note
3)
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Offset
7 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 tndex Register Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data (High Order Byte)
7 1 Index Register Plus Offset + 1 0 | Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset
3 (4] Index Register 1 Irretevant Data (Note 1)
8 4 1 Stack Pointer o] Return Address {Low Order Byte)
5 1 Stack Pointer — 1 0 Return Address {High Order Byte)
6 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
7 0 Index Régister 1 Irrelevant Data (Note 1)
8 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data {(Note 1)
EXTENDED
JMP 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address (High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code :
238 (132;/: 4 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
BIT SBC 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
CMmP  sus 4 1 Address of Operand 1 Operand Data
cPX 1 1 Op Code Address 1 Op Code
tg)s( 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 1 Address of Operand 1 Operand Data (High Order Byte)
5 1 Address of Operand + 1 1 Operand Data (Low Order Byte)
STA A 1 1 . Op Code Address 1 Op Code
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte)
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 0 Operand Destination Address 1 Irrelevant Data {(Note 1}
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
éfg RSE 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 3 1 Op Code Address + 2 1 Address of Opcerand {Low Order Byte)
DEC TST 6
INC : 4 1 Address of Operand 1 Current Operand Data
5 1
6 0

1/0
{Note
3)

Address of Operand

New Operand Data {(Note 3)
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TABLE 8 — OPERATION SUMMARY (Continuud)

Address Moda Cyclo |[VMA R/W
ond Instructions Cycles # Line Address Bus Line Data Bus
EXTENDED (Continued)
STS 1 1 Op Code Address 1 Op Code
STX 2 |1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand (Low Ordcer Bytel
-4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 - 0 Operand Data (Low Order Byte)
JSR 1 1 Op Codc Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine (High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine {Low Order Byte)
4 1 Subroutint Starting Address 1 Op Code of Next Instruction
g 5 1 Stack Pointer ) 0 Return Address (Low Order Byte)
6 1 Stack Pointer — 1 0 Return Address (High Order Byte)
7 0 Stack Pointer — 2 1 Irrelevant Data (Note 1)
8 4] Op Code Address + 2 1 Ircelevant Data {Note 1}
9 1 Op Code Address + 2 1 Address of Subroutine {Low Order Byte)
INHERENT
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEI 2 .
ASR INC SEV 2 1 Op Code Address + 1 1 Op Code of Next Instruction
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 | OpCode
PNESX 4 2 1 Op Code Address +1 1 .| Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 0 New Register Contents 1 Irrelevant Data (Note 1)
PSH 1 1 " Op Code Address 1 Op Code
4 .2 1 Op Code Address + 1 1. Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack'Pointer -1 1 Accumulator Data
PUL 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 o] Stack Pointer 1 frrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code _
a 2 1 Op Code Address + 1 1 Op Code-of Next Instruction
3 0 ‘| Stack Pointer 1 Irrelevant Data {Note 1)
4 0 New Index Register 1 lrrelevant Data (Note 1)
TXS 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Index Register 1 Irrelevant Data
4 0 New Stack Pointer 1 trrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data {Note 2)
5 3 0 Stack Pointer 1 rrelevant Data (Note 1)
4 1 1

«

Stack Pointer + 1

Stack Pointer + 2

Address of Next Instruction (High
Order Byte)

Address of Next instruction (Low
Order Byte)
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" TAOLE 8 - OPERATION SUMMARY {Continuad)

Address Mode Cycle | VMA R/W
ond lostructions Cycles # Line Addross Bus Line Deota Bus
INHERENT (Continued)
WAI 1 1 | Op Code Addreass 1 1 Op Code
2 1 | Op Code Address + 1 1 | Op Code of Next Instruction
3 1 {Stack Pointer 0 | Return Address {Low Order Byte)
4 1 {Stack Pointer— 1 0 | Return Address (High Order Byte)
9 5 1 | Stack Pointer — 2 0 | Index Register (Low Order Byte)
6 1 |Stack Pointer — 3 0 | Index Register {High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents of Accumulator A
8 1 |Stack Pointer — 5 0 | Contents of Accumulator B
9 1 | Stack Pointer — 6 (Note 4} 1 | Contents of Cond. Code Register
RTI 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | lrrelevant Data (Note 2)
3 0 | Stack Pdinter 1 | lrrelevant Data (Note 1)
4 1 | Stack Pointer + 1 1 | Contents of Cond. Code Register from
- Stack
10 5 1 | Stack Pointer + 2 Contents of Accumulator B from Stack
6 1 | Stack Pointer + 3 1 | Contents of Accumulator A from Stack
7 1 | Stack Pointer + 4 : 1 | Index Register from Stack (High Order
’ Byte)
8 1 | Stack Pointer + 5 1 { Index Register from Stack (Low Order
) Byte)
9 1 | Stack Pointer + 6 1 | Next Instruction Address from Stack
{High Order Byte)
10 1 | Stack Pointer + 7 1 | Next Instruction Address from Stack
(Low Order Byte)
Swi 1 1 { Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Irrelevant Data {Note 1)
3 1 | Stack Pointer O | Return Address (Low Order Byte)
4 1 | Stack Pointer — 1 0 | Return Address {High Order Byte)
5 1 | Stack Pointer — 2 0 | Index Register {Low Order Byte)
1'2 6 1 | Stack Pointer — 3 0 | Index Register {High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents of Accumulator A
8 1 | Stack Pointer — 5 0 | Contents of Accumulator B
9 1 | Stack Pointer — 6 0 | Contents of Cond. Code Register
10 0 | Stack Pointer — 7 1 | Irrelevant Data {(Note 1)
11 1 | Vector Address FFFA (Hex) 1 | Address of Subroutine {High Order
Byte)
12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine {Low Order
Byte)
RELATIVE .
BCC B8HI BNE 1 1 | Op Code Address 1 | Op Code
BcS oLt L s 2 | 1 | OpCode Address + 1 1 | Branch Offset
BGE BLT BVC 3 0 | Op Code Address + 2 1 | Irretevant Data (Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | Ierelevant Data (Note 1)
8SR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | Irretevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address (Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address (High Order Bytol
6 0 | Stuck Pointer — 2 1 | Irrelevant Data (Nota 1)
? 0 | Return Address of Main Program 1 | Irrelevant Data (Note 1)
8 0 | Subroutine Address 1 | trrelévant Dota (Note 1)
Note 1, I dcvicc_ which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Oata Bus,
Note 2. Datais ignored Ly the MPU,
Note 3. For TST,VMA 0 and Operand data does noi change.
Note 4. While m.- MP U is waiting lor the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is

Inw: Address Bus, 1V/W, and Dota Bus ure 0¥l in the high nnpul.mcu state.
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Solid State
Division

Microprocessor Products

CDP1802D
CDP1802CD

Preliminary Data

40-Lead Dual-In-
Line Ceramic
Package {D)

CDP1802D
CDP1802CD H-1847

COSMAC Mlcroprocessor

Features:
® Static silicon-gate CMOS circuitry—
CDA000 series compatible

& [nstruction fetch-execute time of 2.5/3.75 us

atVpp =10V

Compatible with CDP1801 software

Full military-temperature range (~55 1o +125°C)
High noise immunity, wide operating-voltage range
Single voltage supply

No minimum clock frequency -

Low power

TTL compatible

Single-phase clock; optional on-chip
crystal-controlled oscillator

8 Simple control of reset, start, and pause

® 8-bit parallel organization with bidirectional data bus

The RCA.CDP1802 is an LSI COS/MOS ® Any combination of standard RAM and ROM

8-bit register-oriented central-processing unit ™ Memory addressing up to 65,536 bytes
(CPU) designed for use as a general-purpose @ Flexible programmed 1/O mode
computing or contrgl element in a wide ® Program interrupt mode

range of stored-program systems or products. ® On-chip DMA

8 Four 1/O flag inputs directly tested by
branch instructions

8 Programmable output port

& 31 easy-to-use instructions

® 16 x 16 matrix of registers for use as
multiple prograin counters, data
pointers, or data registers

It has the same basic COSMAC architecture
as the CDP1801 microprocessor {see Fig. 5),
but has an expanded instruction set, including
~a more powerful set of branch and ALU
instructions, and enhanced hardware and
performance features. The COP1802 incor-
porates both the register and control chips
of the COP1801 on a single chip in a 40-lead
hermetic dual-in-line ceramic package.

" The CDP1802D is functionally identical to
the CDP1802CD. The CDP1802D has a
recommended operating voltage range of
3-12 volts; the COP1802CD, a recommended
operating voltage range of 4-6 volts.

s 1PA

Rom Ll on803¢ A

V

£9

o | | ;;;//Cmnmnzmc

170

92C- a3

Fig. 1-Typicel COP1802 microprocessor system.
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Preliminary CDP1802D, COP1802CD

TEWT T ErLRATURE (T50v 23°C T

o
NSTRUCTION TIME="iTe, oog o2
ACHINE CYCLESIONE FETCN AND

WCMORY SY3TIM &KCCS5 VML (1accqyy ~ oo

ACHINE CTCLES LONE FETCH AND

w0 LCCUTE OPERATIONS )

3 ) ) .

MSTRUCTION TINE ~5

] [ I 2w

TLOCK IPUT FREOUENCY Ifg 1—MM3
sy

Fig. 3—Typical instruction time vs. memory
system access time.

ARCHITECTURE

The COSMAC block diagram is shown in

Fig. 5. The principal feature of this system is

a register array (R) consisting of sixteen 16-

bit scratchpad registers. Individual registers

in the array (R) are designated {selected) by a

4-bit binary code from one of the 4-bit

registers labeled N, P, and X. The contents of
any register can be directed to any one of the
following three paths:

1. the - external memory (multiplexed,
higher-order byte first, on to 8 memory
address lines);

. the D register (either of the two bytes
can be gated to D}J;

. the increment/decrement circuit where
it is increased or decreased by one and
stored back in the selected 16-bit
register.

The three paths, depending on the nature of

the instruction, may operate independently

or in various combinations in the same
machine cycle.

With two exceptions, COSMAC instructions
consist of two B-clock-pulse machine cycles.
The first cycle is the fetch cycle, and the
second—and third, if necessary—are execute
cycles. During the fetch cycle the four bits
in the P designator select one of the 16 regis-
ters R(P) as the current program counter. The
selected register R(P) contains the address of
the memory location from which the instruc-
tion is 10 be fetched. When the instruction is
read out from the memory, the higher-order
4 bits of the instruction byte are loaded into
the | register and the lower-order 4 bits into
the N.register. The content of the program
counter is automatically incremented by one
so that R{P) is now “pointing” to the next
byte in the memory.

The X designator selects one of the 16 regis-
ters R{X) to “point” to the memory for an
operand {or data) in certain ALV or 1O
operations.

The N designator can perform the following
five functions depending on the type of
instruction fetched:
1. designate one of the 16 registers in R
10 be acted upon during register opera-
tions;

o] AMOIENT TTMPERATURE (T4 ) 23°C

4 o» copt “o0°

4| ~———cori00 -
] - o —=COPISOC
L
NG
.3
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s
3
F
2
£
o
» .
2
o
4
3 -
4

01
. .
0

0. 3]
- CLOCK INPUT FREQUENCY (te, ) —Mng
ca-greys

Fig. 4-Typical to1al power diu-iparion vi.
clock input frequency.

. indicate to the 1/O devices a command
code or device-selection code for peri-
pherals;

. indicate the specific operation to be

" executed during the ALU instructions,
types of tests to be performed during
the Branch instructions, or the specific
operation required in a class of mis-
cellaneous instructions {70-73 and 78-
78);

. indicate the value to be loaded into P
to designate a new register to be used
as the program counter R{P); :

. indicate the value to be loaded into X
to designate a new register to be used
as data pointer R(X).

The registers in R can be assigned by a pro-
grammer in three different ways: as program
counters, as data pointers, or as scratchpad
locations {data registers) to hold two bytes
of data.

Pragram Counters

Any register can be the main program
counter; the address of the selected register
is held in the P designator. Other registers in
R can be used as subroutine program counters.
By a single instruction the contents of the P
register can be changed to effect a “calt”’ to a
subroutine. ‘'When interrupts are being ser-
viced, register R(1) is used as the program
counter for the interrupt servicing routine, At
all other times the register designated as pro-
gram counter is at the discretion of the user.

Data Pointers

The registers in R may be used as data

pointers to indicate a location in memory.

The register designated by X (i.e., R(X))

points 10 memory for the following instruc-

tions (see Table (}):

. ALU operations FO-F5, F7,74,75,77;

. output instructions 61 through 67;

. input insttuctions 69 through 6F;

. certain miscellaneous instructions—70-
73,78.

The register designated by N (i.e;, R(N}}

points to memory for the “load D from

memory*’ instructions ON and 4N and the

“*Store D instruction BN. The register

designated by P li.e., the program counter) is

LN -
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used as the data pointer for ALU instructions
F8-FD, FF, 7C, 70, 7F. During these instruc-
tion executions the operation is referred to
as “’data immediate”’.

Another important use of R as a data pointer
supports the built-in Direct-Memory-Access
(DMA) function. When a DMA-In or DMA.
Qut request is received, one machine cycle is
“stolen”. This operation occurs at the end of
the execute machine cycle in the current
instruction. Register R{0) is always used as
the data pointer during the DMA operation.
The data is read from (DMA-Out) or written
into {DMA-In) the memory location pointed
to by the R{0) register. At the end of the trans-
fer, R{Q) is incremented by one so that the
processor is ready to act upon the next DMA
byte transfer request. This feature in the
COSMAC architecture saves a substantial
amount of logic when fast exchanges of
blocks of data are required, such as with
magnetic discs or during CRT-display-refresh
cycles.

A p}ogram load facility, using the DMA:-In
channel, is provided to enable users to toad
programs into the memory. This facility pro-
vides a simple, one-step means for initially
entering programs into the microprocessor
system and eliminates the requirement for
specialized “bootstrap” ROM’s.

Data Registers

When registers in R are used to store bytes of
data, four instructions are provided which
allow D to receive from or write into either
the higher-order- or lower-order-byte portions

Fig. 5-CDP1802 block diagram.

of the register designated by N. By this
mechanism (together with loading by data
immediate) program pointer and data pointer
designations are initialized. Also, this tech-
nique allows scratchpad registers in R to be
used to hold general data. By employing
increment or decrement instructions, such’
registers may be used as loop counters.

The Q Flip Flop

An internal flip flop, Q, can be set or reset by
instruction and can be sensed by conditional
branch instructions. The output of Q is also
available as a microprocessor output.

Interrupt Servicing

Register R{1) is always used as the program
counter whenever interrupt servicing is ini-
tiated. When an interrupt request comes in
and the interrupt is a2llowed by the program
{again, nothing takes place until the comple-
tion of the current instruction} the contents
of the X and P registers are stored in the
temporary register T, and X and P are set to
new values; hex digit 2 in X and hex digit 1
in P. Interrupt enable is automatically de-
activated to inhibit further interruptions. The
interrupt routine is now in control; the
contents of T are saved by means of a single
instruction {78} in the memory location
pointed to by R{X). At the conclusion of the
interrupt, the routine restores the pre-inter-
rupted values of X and P with a single in-
struction (70 or 71). The interrupt-enable
flip-flop can be activated 10 permit fusther
interrupts or can be disabled to prevent them,
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Preliminary CDP1802D, COP1802CD

COSMAC Register Summary

8 Bits] Data Reqister (Accumulator)

N | 4 Bits | Holds Low-Order Instr. Digit

I 14 Bits | Holds High Order dnstr. Digit

16 Bits| 1 of 16 Scratchpad Registers

D
DF 1 Bit t Data Flag (ALU Carry)
R
P

4 Bits| Designates which register is
Program Counter

T-| 8 Bits | Holdsold X, P after Intesrrupt
{X is high byte)

Data Pointer

X 4 Bits] Designates which register is

1E | 1 Bit Interrupt Enable

Q] 8B Output Flip Flop

INSTRUCTION SET

The COSMAC instruction summary is given
in Table |. Hexadecimal notation is used to

refer to the 4-bit binary codes.

In all registers bits are numbered from the
least significant bit (LSB) to the most signi-

ficant bit (MSB) starting with 0.

R(W): Register designated by W, where

R(W).0: Lower-order byte of R{W)
R(W).1: Higher-order byte of R{W) .
NO = Least significant Bit of N Register
Operation Notation

M(R(N))+D; RI(N}+1 -
This notation means: The memory byte
pointed to by RI(N) is loaded into D, and

W=N or X. or P R(N} is incremented by 1.
TABLE | — INSTRUCTION SUMMARY
(For Notes, see page 9)
OP
INSTRUCTION MNEMONIC | CODE OPERATION
MEMORY REFERENCE
LOAD VIAN © LDN ON M{R{N})»D; FOR NNOTO
LOAD ADVANCE LDA 4N M{R(N))}*D; R(N) +1
LOAD VIA X LDX FO M(R{X})+D
LOAD VIA X AND ADVANCE LDXA 72 M(R({X))*D; R(X) +1
LOAD IMMEDIATE LDI F8 M(R(P))+D; R(P) +1
STORE VIAN STR SN - | D-M(R(N})) -
STORE VIA X AND STXD 73 D-M(R(X)); R{X) =1
DECREMENT
REGISTER OPERATIONS
INCREMENT REG N INC 1N R(N) +1
DECREMENT REG N DEC 2N RN} ~1
INCREMENT REG X IRX 60 R(X) +1
GET LOW REG N GLO 8N R(N).0-D
PUT LOW REG N - PLO AN D+*R(N).0
GET HIGH REG N GHI oN R(N).1+D
PUT HIGH REG N PHI BN D+R(N).1
LOGIC OPERATIONS**
OR OR F1 MIRTX1T OR DD
OR IMMEDIATE ORI F9 M(R{P}) OR D»D; R{P) +1
EXCLUSIVE OR XOR F3 M{R(X})) XOR D+D
EXCLUSIVE OR IMMEDIATE XR1 FB M{R{P)) XOR D+D; R(P) +1
AND AND F2 M(R(X)) AND D+D
AND IMMEDIATE AN FA M(R(P)) AND D+D; R{P) +1
SHIFT RIGHT SHR F6 SHIFT D RIGHT, LSB(D)»DF,
0+MSB(D)
SHIFT RIGHT WITH SHRC 76¢ SHIFT D RIGHT, LSB(D)+DF,
CARRY i DF+MSB(D)
RING SHIFT RIGHT RSHR
SHIFT LEFT SHL FE SHIFT D LEFT, MSB(D)*DF,
0-LSB(D)
SHIFT LEFT WITH SHLC 7e¢ SHIFT D LEFT, MSB(_D)'DF,
CARRY DF+LSB(D)
RING SHIFT LEFT RSHL

ONOTE: THIS INSTRUCTION IS ASSOCIATED WiTH MORE THAN ONE
MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED,
SONOTE" THE ARITHME TIC OPERATHONS AND THE SHIFT INSTRUCTIONS
ARE THE ONLY INSTHUCTIONS THAT CAN ALTER THE DF.

AFIER AN AUD INSTRUCTIUN

DF = 1 DENOIES A CARRY HAS OCCURRED
DF =0 DINOTLS A CARRY HAS NOT OCCURHED

AFTER A SUBTRACT INSTHUCTION

DF « ¥ DENOTES NO BORROW D 1S A TRUL POSITIVE NUMBER
OF « 0 DEROITES A BOHROW D IS TWO'S COMPLEMENT
THE SYNTAX "~ (NOT 0F ) DF NOTLS THE SUBTHACTION OF THL BORROW

.6
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INSTRUCTION SUMMARY (CONT'D)

P -
INSTRUCTION NEMONIC lcooe [ OPERATION
ARITHMETIC OPERATIONS®®
ADD . - | apDD F4 M{R(X)) +D*DF, D
ADD IMMEDIATE AD! FC M(R(P)) +D-DF, D: R(P) +1
ADD WITH CARRY ADC 74 M(R({X))} +D +DF+DF, D
ADD WITH CARRY, ADCI 7C M(R{P}} +O +DF-DF, D
IMMEOIATE | Ry 41
SUBTRACT D ) SD F5 M(R(X))-D+DF, D
SUBTRACT D IMMEDIATE SDt FD M(R(P))-D+DF, D; R(P} +1
SUBTRACT D WITH SDB 75 M(R{X)}—D—(NOT DF}+DF, D
BORROW
SUBTRACT D WITH SDB! 70 M{R(P))-D—(NOT DF}-DF, D;
BORROW, IMMEDIATE R(P) +1
SUBTRACT MEMORY SM F7 D-M(R(X))>DF, D
SUBTRACT MEMORY SMi FF D-M(R(P)}-DF, D;
IMMEDIATE R(P) +1
SUBTRACT MEMORY WITH | SMB 77 D—M{R(X})~(NOT DF)-DF, D
BORROW
SUBTRACT MEMORY WITH | SMBI 7F D-M{R(P))—(NOT DF})*DF, D
BORROW, IMMEDIATE R(P) +1

BRANCH INSTRUCTIONS—SHORT BRANCH

SHORT BRANCH BR 30 M{R(P))>R(P).0
NO SHORT BRANCH NBR 3g? R{P} +1
(SEE SKP}
SHORT BRANCH IF D=0 8Z 32 IF D=0, M(R(P}}*R{P).0
ELSE R(P) +1 .
SHORT BRANCH IF BNZ - 3A IF B NOT 0, M(R(P)>R{P).0
D NOT O ELSE R{P) +1
SHORT BRANCH IF DF=1 BDF az* IF DF=1, M(R{PH*R(P).0
SHORT BRANCH IF POS BPZ ELSE R(P} +1
OR ZERO
SHORT BRANCH IF EQUAL BGE
OR GREATER
SHORT BRANCH IF DF=0 BNF k1: 0 IF DF=0, M(R{P}}*R(P).0
SHORT BRANCH IF MINUS BM ELSE R(P) +1
SHORT BRANCH IF LESS BL
SHORT BRANCH IF Q=1 BQ 3N IF Q=1, M{R(P)}>R{P).0
ELSE R(P) +1
SHORT BRANCH IF Q=0 BNQ 39 iF Q=0, M{R(P))*R(P).0
ELSE R(P) +1
SHORT BRANCH IF EF1=1 B1 A IF EF1=1, M(R(P)}*R(P).0
ELSE R(P} 1
SHORT BRANCH IF EFt=0 BN1 3C IF EF1=0, M(R(P))*R(P).0
’ ELSE R{P} +1
SHORT BRANCH IF EF2=1 82 35 IF EF2=1, M(R(P)PR(P).0
ELSE R(P) +1
SHORT BRANCH IF EF2=0 BN2 3D IF EF2=0, M(R(P))»R(P).0
ELSE R(P) +1
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1, M(R(P})*R(P).0
ELSE R(P} +1
SHORT BRANCH IF EF3=0 BN3 3E IF EF3=0, M(R(P}}R(P).0
ELSE R{P} +}
SHORT BRANCH IF EF4=1 84 37 IF EF4=1, M(R(P)}*R(P}.0
ELSE R(P) +1
SHORT BRANCH IF EF4=0 BN4 3F tF EF4=0, M(R(P)}*R{P).0
) ELSE R(P) +1

$NOTE: YHIS INSTRUCTION IS ASSOCIATED WITH MORE YHAN ONE
MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED
SONOTE: THE ARITHMETIC OPERATIONS AND THE SHIF T INSTRUCTIONS
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF.
AFTER AN ADD INSTHUCTION:
DF = 1 DENOTES A CAHHY HAS OCCURRED
DF = 0 DENOTES A CARRY HAS NOT OCCURRED
AFTER A SUBTHACT INSTHUCTION:
DF = 1 DENOTES NO BLORROW. 0 1S A TRUE POSITIVE NUMBER
OF = 0 DLNOTES A BOKROW. D IS TWO'S COMPLEMENT
THE SYNTAX “~(NUT OF )" DENOTES THI SUBTHACTION OF THE BORAOW

.7-

-248-



Preliminary CDP 18020, COP1802CD

INSTRUCTION SUMMARY (CONT'D}

oP
INSTRUCTION MNEMONIC | CODE OPERATION
BRANCH INSTRUCTIONS- LONG BRANCH
LONG BRANCH L8R co M(R{P))*R{P).} !
M(R(P} 41)*R(P).0
NO LONG BRANCH NLBR cs* | Rip) 42
(SEE LSKP)
LONG BRANCH If D=0 LBZ c2 IF D=0, M(R(P)}*R(P).1
M(R(P) +1)»R(P).0
ELSE R(P} +2
LONG BRANCH IF DNOTO | LBNZ CcA IF D NOT 0, M(R{P}}*R{P).1
M(R(P) +1)+R(P).0
. ELSE R(P) +2
LONG BRANCH IF DF=1 LBDF c3 IF DF=1, M{R{P)FR(P).1
M(R(P) +1)+R(P).0
. ELSE R(P) +2
LONG BRANCH IF DF=0 LBNF cs IF DF=0, MI(R(P))*R{P).1
M(R(P) +1)R(P).0
ELSE R(P) +2
LONG BRANCH IF Q=1 LBQ (of] IF Q=1, M(R(P)*R(P).1
MIR(P) +1)*R(P).0
ELSE R(P) +2
LONG BRANCH IF Q=0 LBNQ co IF Q=0, M{RIP))*RIP).1
M(R(P) +1)*R{P).0
ELSE R(P) +2
SKIP INSTRUCTIONS .
SHORT SKIP SKP 38%  JRipr 1
(SEE NBR)
LONG SKIP LSKP c8? | R(P) +2
(SEE NLBR)
LONG SKIP IF D=0 LSZ CE IF D=0, R(P) +2
ELSE CONTINUE
LONG SKIP IF D NOT 0 LSNZ . cé IF D NOT 0, R(P) +2
ELSE CONTINUE
LONG SKIP iF DF=1 LSODF CF If DF=1, R(P) +2
ELSE CONTINUE
LONG SKIP IF DF=0 LSNF c7 IF DF=0, R(P) +2
ELSE CONTINUE
LONG SKIP IF Q=1 LsQ cDo IF Q=1, R(P) +2
’ ELSE CONTINUE
LONG SKIP IF Q=0 LSNQ €5 _ |IF Q=0, R(P) +2
ELSE CONTINUE
LONG SKIP IF 1E=1 LSIE cc IF 1E=1, R(P) +2
: ELSE CONTINUE
CONTROL INSTRUCTIONS
IDLE IDL 007 [WAIT FOR DMA OR
INTERRUPT; M(R(0}}»BUS
NO OPERATION NOP c4 CONTINUE
SET P SEP DN N+P
SET X SEX EN N>X
SET Q SEQ 78 1-Q
RESET Q REQ 7A . {orQ -
SAVE SAV 78 T+M(R(X))
PUSH X,P TO STACK MARK 79 (X.P1+T; (X.PI*M(R(2)}
THEN P+X; R(2)-1
RETURN RET 70 MIR{X)}{X,P); R(X} +1
1+1E
DISABLE DIS 71 M(R(X))*{X,P); RIX) +1
0 1E

#An idle instruction initiates a repeating S1 cycle. The processor will continue to idle

untit an 1/O request (INTERRUPT, DMA-IN, or DMA-QUT) is activated. When the
request is acknowledged, the IDLE cycle is terminated and the 1/0 request is serviced,
and then normal operation is resumed.

ONOTE: THIS INSTRUCTION 15 ASSOCIATED WiTH MORE THAN ONE
MNEMONIC. EACH MNEMONIC IS INDIVIDUALLY LISTED.
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INSTRUCTION SUMMARY _ICONT'D)
op
INSTRUCTION imwwomc Icooz J OPERATION
INPUT-OUTPUT BYTE_TRANSFER
OUTPUT 1 ouT 1 61 M(R(X}1*BUS; RIX) +1; N LINES = 1
OUTPUT 2 ouT 2 62 MIR(X))*BUS; R(X) +1; N LINES = 2
OUTPUT 3 ouTt 3 63 |M(R(XJI*BUS; R{X) +1; N LINES = 3
OUTPUT 4 ouT 4 61 M(R{X)}+BUS: R(X) +1; N LINES = 4
OUTPUT 5 ouUT 5 65  [M(RIX)PBUS; RIX) +1: N LINES = §
OUTPUT 6 OUT 6 66 [M(RIX))+BUS; R(X) +1; N LINES = 6
OUTPUT 7 ouT 7 67 MIR(X))*BUS; R(X) +1; N LINES = 7
JNPUT 1 INP 1 69 BUS*M{R(X}); BUS+D; N LINES = 1
INPUT 2 INP 2 6A  |BUS*M(R(X)); BUS-D: N LINES = 2
INPUT 3 INP 3 68  |BUS*M(R(X)); BUS*D; N LINES = 3
INPUT 4 INP 4 6C  |BUS-M(R(X)); BUS-D; N LINES = 4
INPUT 5 INP 5 60  |BUS-M(R(XI); BUS-0; N LINES = 5
INPUT 6 INP 6 6E BUS*M{R(X)); BUS+D; N LINES = 6
INPUT 7 INP 7 6F ___ 1BUS'M(R(X)); BUS»D; N LINES =7

Long-Branch, Long-Skip and No Op instructions are the only instructions that require

three cycles to complete (1 fetch + 2 execute).

Long-Branch instructions are three bytes long. The first byte specifies the condition to
be tested; and the second and third byte, the branching address.

The long-branch instructions can:
a) Branch unconditionally
b} Test for D=0 or D0
¢) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1

e) effect an unconditional no branch
If the tested condition is met, then branching takes place; the branching address bytes
are loaded in the high-and-low-order bytes of the current program counter, respectively.

This operation effects a branch to any memory location.

If the tested condition is not met, the branching address bytes are skipped over, and

the next instruction in sequence is fetched and executed.

the case of unconditianal no branch.

This operation is taken for

The short-branch instructions are two bytes long. The first byte specifies the
condition to be tested, and the second specifies the branching address.

The short-branch instructions can:
a) Branch unconditionally
b} Test for D=0 or D#0O
c) Test for DF=0 or DF=1
d) Test for Q=0 or Q=1

e} Test the status (1 or 0) of the four EF flags

f) Effect an unconditional no branch
If the tested condition is met, then branching takes place; the branching address byte
is foaded into the low-order byte position of the current program counter. This effects
a branch with the current 256-byte page of the memory, i.e., the page which holds the
branching address. If the tested condition is not met, the branching address byte is
skipped over, and the next instruction in sequence is fetched and executed. This same
action is taken in the case of unconditional no branch.

The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP)

and eight Long-Skip instructions.

The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute).
Its action is to skip over the byte following it. Then the next instruction in sequence is
tetched and executed. This SKP instruction is identical to the unconditional no-branch
instruction (NBR) except that the skipped-over byte is not considered part of the program.

The Long-Skip instructions take three cycles to complete {1 fetch + 2 execute).

They can:
a) Skip unconditionally
b) Test for D=0 or D#0
¢} Test for DF=0 or DF=1
d} Test for Q=0 or O=1
e) Testfor IE=1

1 the tested condition is met, then Long Skip takes place; the current program counter

is incremented twice. Thus two bytes are skipped over and the next instruction in sequence
is fetched and executed. If the tested condition is not met, then no action is taken.
Execution is continued by fetching the next instruction in sequence.

.9-
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BUS O 10 BUS 7
{Data Bus)

NO to N2 {t/O Command)

EF110 EF4
(4 Flags)

INTERRUPT, DMA-IN,

DMA-OUT
{3 1/O Reauests)

SCO, SC1,
(2 State Code Lines)

TPA, TPB
{2 Timing Pulses)

MAD to MA?
{8 Memory Address Lines)

SIGNAL DESCRIPTIONS

8-hit directional DATA BUS lincs. These lines are used for
transferring data between the memory, the n\icroptocessor,
and /0 devices.

Issued by an 1/0 instruction to signal the 1/0 control ogic
of a data transfer between memory and 1/0 interface. These
fines can be used to issue command codes or device selection
codes to the 1/0 devices (independently or combined with
the memory byte on the data bus when an 1/0 instruction
is being executed). The N bits are low at all times except
when a_n__I/Q_'msuucnon is being executed. During this time
tFTeT state is the_same as | the corresponding_bits in_the N
feaister.

The direction of data flow is defined in the 1/0 instruction
by bit N3 and is indicated by the level of the MRD signal.

MRD = Vee: Data from 1/0 1o CPU and Memory

MRD = Vgg: Data from Memory to 1/0

These levels enable the 1/O controllers to transfer status
information to the processor. The levels can be tested by
the conditional branch instructions. They can be used in
conjunction with the INTERRUPT request line to establish
interrupt priorities. These flags can also be used by /0
devices 10 “‘cal! the attention” of the processor, in which
case the program must routinely test the status of these
flag{s). The flagls) are sampled at the beginning of every S1
eycle.

These signals are sampled by the CDP1802 during the
interval between the leading edge of TPB and the leading
edge of TPA,

Interrupt Action: X and P are stored in T after executing
current instruction; designator X is set to 2; designator P is
set to 1; interrupt enable is reset to 0 (inhibit); and instruc-
tion execution is resumed.

DMA Action: Finish_ executing current instruction; R{0)
points to memory area for data transfer; data is loaded into
or read out of memory; and increment R{0).

Note: In the event of concurrent DMA and INTERRUPT
requests, DMA-IN has priority followed by DMA-QUT and
then INTERRUPT.

These lines indicate that the CPU is: 1) fetching an instruc-
tion, or 2} executing an instruction, or 3} processing a DMA
request, or 4) acknowledging an interrupt request. The levels
of state code are tabulated below. All states arevalid at TPA.
H=Vee, L=Vss.

State Type State Code Lines
SC1 SCo
SO (Fetch) L L
S1 (Execute) L H
S2 (DMA)} H L
S3 (Interrupt) H H

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by 1/0 controtlers to interpret
codes and to time interaction with the data bus. The
trailing edge of TPA is used by the memory system to latch ~
the higher-order byte of the 16-bit memory address. TPA is
suppressed in IDLE when the CPU is in the load mode.

The higher-order byte of a 16-bit COSMAC memory address
appears on the memory address tines MAQ-7 first. Those
bits requirted by the memory system are strobed into ex-
ternal address laiches by timing pulse TPA. The low-order
byte of the 16:bit address appears on the address lines
after the termination of TPA, Latching of all 8 higher-order
address bits would permit a memory systemn of 64K bytes.

<10 -

-251-



_Preliminary CDP1802D, CDP1802CD

MWR (Write Pulse)

MRD (Read Level)

CLOCK

XTAL

WAIT, CLEAR
{2 Control Lines)

A ‘negative pulse appearing in a3 memory-write cycle, after
the address lines have stabilized.

A low level on MRD indicates a memory read cycle. It can
be used to control three-state outputs from the addressed
memory which may have a common data input and output
bus. If a memory does not have a three-state high-impedance
output, MRD is useful for driving memory/bus separator
gates. It is also used to indicate the direction of data trans-
fer during an 1/0 instruction:

MRD = V¢c: Data from 1/0 to CPU and Memory

MRD = Vgg: Data from Memory to /O

Single bit output from the CPU which can be set or reset
under program control. During SEQ or REQ instruction
execution, Q is set or reset between the trailing edge of
TPA and the leading edge of TPB.

Input for externally generated single-phase clock. A typical
clock frequency is 6.4 MHz at Ve = Vpp = 10 volts.
The clock is counted down internally to 8 clock pulses per
machine cycle.

Connection to be used with clock input terminal, for an
external crystal, if the on-chip oscillator is utilized. The
crystal is connected between terminals 1 and 39 {(CLOCK
and XTAL}in parallel with a resistance {10 megohms typ.).
Frequency trimming capacitors may be required at terminals
1 and 39. .

Provide four control modes as listed in the following truth
table: ’

CLEAR | WAIT | MODE
L L Load
[ H Reset
H L Pause
H H Run

The function of the modes are defined as follows:
Load :
Holds the CPU in the IDLE execution state and allows an
1/0 device to load the memory without the need for a
“bootstrap’’ loader. It modifies the IDLE condition so that
DMA-IN operation does not force execution of the next
instruction.
Reset
Registers I, N, Q are reset, !E is set and 0’s (Vgg} are placed
on the data bus. TPA and TPB are suppressed while reset is
held and the CPU is placed in S1. The first machine cycle
after termination of reset is an initialization cycle. During
this cycle the CPU remains in S1 and registers X, P, and R{0)
are reset. Interrupt and DMA servicing are suppressed during
the initialization cycle.
The next cycle is an SO, S1, or an S2 but never an S3. With
the use of a 71 instruction followed by 00 at memory
locations 0000 and 0001, this feature may be used 1o reset
IE, so as to preclude interrupts until ready for them. Power-
up reset can be realized by connecting an external RC to
CLEAR.
Pause
Stops the internal CPU timing generator on the first negative
high-to-low transition of the input clock. The oscillator
continues to operate, but subsequent clock transitions are
ignored.
Run
May be initiated from the Pause or Reset mode functions.
f initiated from Pause, the CPU resumes operation on the
first negative high-tolow transition of the input clock.
When initiated from the Reset operation, the first machine
cycle following Reset is always the initialization cycte. The
initialization cycle is then followed by 3 DMA (S2) cycle or
fetch (SO} from location 0000 in memory.

.11
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1.

CDP1802D, CDP1802CD

Vpo. Vss. Ve The internal voltage supply Vg is isolated from the Input/

{Power Levels) Output voltage supply Vg so that the processor may
operate at maximum speed while interfacing with various
‘external circuit technologies, including T2 at 5 volts. Vee
must be less than or equal to Vpp. All outputs swing from )
Vgg to Ve The recommended input voltage swing is

Vggto Ve

L TR Ay

1. ada 1040 $2c3 21038

Fig. 6—CDP1802 microprocessor state
transitions (Run Mode).

The CDP1802 and CDP1802C CPU state
transitions when in the RUN mode are shown
in Fig. 6. Each machine cycle requires the
same period of time—8 clock pulses. The
execution of an instruction requires either -
two or three machine cycles, SO followed by

a single S1 cycle or two S1 cycles. S2 is the
response to 3 DMA request and S3 is the
interrupt response.

OPERATING AND HANDLING CONSIDERATIONS FOR CDP1802D AND CDP1802CD

Handling

Al inputs and outputs of this device have
a network for electrostatic protection
during handling. Recommended handling
practices for COS/MOS devices are de-
scribed in ICAN.6000 “Handling and
Operating Considerations for MOS In-
tegrated Circuits’’, available on request
from RCA Solid State Division, Box 3200,
Somerville, N.J. 08876.

Operating
Operating Voltage

During operation near the maximum
supply voltage timit, care should be taken
to avoid or suppress power supply turn:
on and turn-off transients, power supply
ripple, or ground noise; any of these
conditions must not cause Vpp-Vss to

40-Lead Dual-In-Line Ceramic

e vt

—

ocm-grory

e _V

exceed the absolute maximumrating. Ve
must be less than equal to Vpp. Power
supplies should be sequenced to insure
compliance. .
Input Signals
To prevent damage to the input protec-
tion circuit, input signats should never be
greater than Vpp nor less than Vgs.
input currents must not exceed 10 mA
even when the power supply.is off.
Unused Inputs

A connection must be provided at every
input terminal. Al unused input termi-
nals must be connected to either Vpp or
Vgg, whichever is appropriate.

Output Short Circuits

Shorting of outputs to Vpp or Vgs may
damage COS/MOS devices by exceeding
the maximum device dissipation,

DIMENSIONAL OUTLINE

MILLIMETERS INCHES

DiM. MIN. | MAX. | MIN. | MAX,
A $0.30 | 51.30 | 1980 | 2.020
C 242 393 ;0095 | 01355
[+] 043 0.56 (0017 | 0023
F 1.27 REF, 0.050 REF,
G 254 B8SC 0.100 8SC
4] 076 178 {0030 | 0070
4 020 03¢ {0008 | GQ12
K 318 445 |0125 | 0175
L 1474 | 1574 | 0580 | 0620
M - ' - 7°
4 064 | 127 |0025 | 0050
N 40 40

NOTES
1. teads within 0 13 mm (0 005) radius of true poution
alt manimum matenial condibion,
2. Dimention "L to tenter of leads when lormed paraliel.
3. Whea this device it wupplied wider dipped, the masimum

When iIncorporating RCA Solid State Devices In tead thicknets (nartow portion} will not exceed 0 01 in.
equipment, It is rec 1 thet the v {0 33 mm)

refer 10 “OUpersting Considerstions tor HCA Sotid

State Devices”, Form Na. 1CE 402, avellstite on

request from HCA Sofld State Division, Box 3200,

"Gomarville, N. J. Oud’e6.

RCA|Sohd State Division| Somerville, NJ 08876
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