

























































































































































































































































































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 | SHIFTER SHIFTER
I, [OCTAL Psyter  LOAD | SHIFT  LOAD 'RAM_ RAM Q
7 1s | cooe ~ . o RM31 G Q5
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
HOL 2 |None 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 F0 IN3 Q0 IN3
L H 5 Down F/2—8B X None F F0 IN3 QO X
HoL 6 Up  2F—8B Up  20—Q F INg © Fg [INg  Q
H H 7 Up 2F—B X None F .IN0 ' F3 X Q3
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,P) 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, and47 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 exactly.the same ‘throughout
this test. This allows an eqéy 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 Qi]] 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 Ibcationé 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 latches. 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 again 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 shi ft
the regisfer data is checked. Then an octal code is selected on the’

destination control and the other shift operation checked as previously

described.

The next test will test the ALU source operands. This test verifies



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" register is intially loaded with a 0. Using the ALU function "R
OR S" (octal code 3), and a destinatioq 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 have 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 Octal Code
S-R ' 1
R-S ' 2
RORS : o _ 3

-98-



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)
P Q=1
) B = 0000
) B =111
) A-= 0000
) A=11M
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=11M Q= 0000
D = 0000 Q = 0000
(Load Q with 1111)

D = 0000 Q=111

TABLE 8: ALU Source Operands
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CN = A S =
0 0000 0000
1 0000 0000
0 ni 0000
1 1111 0000
0 0101 0000
1 0101 0000
0 1010 0000
1 1010 0000
0 0000 11
1 0000 111
0 111 1111
1 1111 1111
0 0101 1M
1 0101 111
0 - 1010 1111
1 1010 1M1
0 0000 0101
1 0000 1010
0 1 0101
1 1111 0101
0 0101 0101

1 0101 0101
0 1010 0101
1 1010 0101
0 0000 1010
1 0000 1010
0 111 1010
1 1 1010
0 0101 1010
1 0101 1010
0 1010 1010
1 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

Stack Pointer

Index Registers
Accumulators A and B
Arithmetic Logic Unit

Timing and Control Logic

~N O O AW N

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 otherwise malfunction 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 operationa1; 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.

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

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-

o B~ W N

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’IndexrRegister

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 000016 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
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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

Imﬁediéte
Direct
Direct
Index
Index
Extgnded
EXtended

Extended

p009 |

FFFF 16

'.AAAA16

'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
- 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

5555, ¢

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 Register 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 executipn of the increment Index Register

(INX) instruction to increment the X register from 0000,4 to FFFF,c.

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

Regiéter 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 4¢]6
Store A -- Store A --
Load B FF]G Load B 4¢]6
Store B -- Store B --
Load A 5516 Load A 8”16
Store A -- Store A --
Load B 55.6 Load B 806
Store B -- Store B --
Load A AA]6 Load A FE]5
Store A -- Store A -~
Load B AA16 Load B FE]G
Store B -- Store B --
Load A ¢¢]6 Load A FD]6
Store A -- Store A --
Load B ¢¢]6 Load B FDyg
Store B -- Store B --
Load A . QI]G , Load A FB]6
Store A -- Store A --
Load B ¢]16 Load B FB]6
Store B -~ Store B --
Load A ¢2]6 Load A F716
Store A -- Store A --
Load B ¢216 Load B F7]6
Store B -- Store B --
ggad A ?flﬁ Load A Ef‘ﬁ

ore A Store A
Load B ¢416 Load B EF]G
Store B --. Store B --
Load A ¢8]6 Load A DF16
Store A -- Store A -
ézad B ¢8]6 Load B Pf]6

ore B -- Store B
ggad A lﬂ]s Load A BF]6

ore A -- Store A --
Load B 1¢]6 Load B BF16
Store B -- Store B --
Load A 2”16 Load A 7F]6
Store A - Store A --
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 trangfer 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‘store'both 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:

FF16
AAy6
5516
Phe
PMe

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
logical 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 and

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 1ogit verifiéation inc]udgs 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 TRQ (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 instrhction 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 IRQ 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 tesf 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 generation 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 obse?v—

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 fbr 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

-123-



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 215 1. Then execute
the increment instruction an additional ;ime'to cause R(1) to
overflow to 0. Each increment instruction should be followed by
PUT Tow register N and PUT high register N instructions to verify
the increment.

4. At ;he-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 O. Again,'
each decrement instruction is followed by a'PUT 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 egecuted 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.

-124-



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 ?egister 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 0.

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 shou]d 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 @ 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 O

- 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. Th{s test
is executed twice. The first time the OR instruction is used and the

- second time the OR IMMEDIATE instruction is used.
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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--0R Data Pattern
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Pattern
Pattern
Pattern
Pa;tern
Pattern
Pattern
Pattern
Péttern
Pattern

Pattern

10

— —t O

Byte 1 1010101
Byte 2 0101010
Resu]t 1111111
Byte 1 01010101
Byte 2 10101010
Result 11111111
Byte' 1 11111111
Byte 2 11111111
Result 000000O00O0
Byte 1 1171111 11
Byte 2 00000000
Result 11111111
Byte 1 00000000
Byte 2 117111111
Result 11111111
Byte 1 00000000
Byte 2 00000000
Result 00000000
Byte 1 10101010
Byte 2 00000000
Result - 10101010
Byte 1 01010101
Byte 2 00000000
Result " 01010101
Byte 1 000000O0O
Byte 2 10101010
. Result 10101010
Byte 1 00000000
Byte 2 01010101
Result 01010101

FIGURE 19: 1802--Exclusive OR Data Pattern
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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

Pattern 6 . Byte 1
| Byte 2
Result

FIGURE: 20: 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

Migs FFigs 8Pygs 8106

5506 Ahygs FFigs 8014, P16, P g

"~ The object of this portion of the test progrqm 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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FFig t0 FFigs 5546

ARigs 9B to 00,4, FD to OF,

to 55 , AA._ to
16

16

0016

aal;

to CC]G, FF._. to FF]G? F¢]6 to

16

FF]G

from 5516

from FF, _, 55

16 from AA. ., AA

16 16 16

FFi6 from ¢]16’ ¢F16 from @F
60

16> P16
from 99

from 7¢]6

16> 716



M s s
Subtract Memory FF g from FF . 55,¢ from AR o> AR, from
Subtract Memory Immediate 55]6
Subtract Memory thh Borrow, FF]G from ¢]]6’ PF g from ¢F]6,
Subtract Memory with Borrow Immediate
Y W orr 1te 8”16 from 9916’ Gﬂ]ﬁ 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
respective1y. 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 several 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 nét 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 particu]ér 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=9

" 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.

Long Branch if:

Specifically these are:

D=9 '
D#P
DF = 1
DF # 1
Q=1
- Q71

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:
Long Skip:

Long Skip if:

Never .
Always
D=9
D# 9
DF = 1
DF = 9
Q=1
Q=190
IE =1
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Interrupt

The respdnse of the-1802 to an asychronous Interrupt is tested by

causing the Interrupt input to become active and vérifying that the

following states occur:

1. The inﬁtruction in ﬂrbcess at the fime of interrupt is completed.

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.

DMA In

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

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 1/0 device selec-
tions, testing for proper access of the least 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

Motoro]a, Austin, Texas

Motorola, Phoenix, Arizona

National Semiconductor, Santa Clara, California

RCA, Sommerville, New Jersey

Rockwell International, Anaheim, California
Tektronics, Beaverton, Oregon

Texas Instruments, Houston, Texas
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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. 1IF AC, Is VOH and VOL Measured-One Pass or Two Pass
Execution Time (Delete Overhead)

Overhead Time

o o

Percentagé 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
CHARACTERfZATION EFFORTS
A. Parameters Characterized
1. Functional and AC
2. DC
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

I. TEST EQUIPMENT

A. Tester
DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. Fairchild Sentry II 2 1 1
2. Fairchild Sentry 600 2 2
3. Macrodata MD-154 1
4. Tektronics S-3260 1 1

5. Teradyne J277

6. Teradyne J283

7. Teradyne J293

8. In-House System
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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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I1.

DC TESTS (PRODUCTION)

A. Parameters Tested

RESPONSE

DEVICE

8080

6800

8008

2901

1802

1. A1l Data Sheet
Parameters

2. A1l Data Sheet
Parameters Plus
Several Unspecified
Parameters
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B. Voltage Measurements, Static or Dynamfc

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 Otherwise
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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
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DC Tesf Execution Time

E.
DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. 1/4 Seconds Total Test Time, 1
" 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 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 writtén 1

to date, time undeterminable.
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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
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G. Percentage of Total Test Program

DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 | 1802
1. 0% | 1
2. 4y . o | | 1
3. 10% 1
4. 20% 2 | 1
5. 20 - 30% e 1
6. 70 - 80% i 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

5. Undeterminable. 1 2

6. Not Applicable. 3 ' )
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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
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II1.

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. o o
.2. 2K 1 3
3. 2K Clock Cycles 1.
4. 5K 1
5. & | 1
6. 12K 1
7. 16K 1
8. 7500 | | 1
9. Program Incomplete 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 ] 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 2

- DEVICE
RESPONSE o 8080 | 6800 | 8008 { 2901 | 1802
1.1 Mz 1
2. 2 MHz ]
3. 3 MHz~ 1
4. 4 Miz ! 1
5. 100 MHz 1
6. 500 MHz 1
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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3. Functional Test Execution Times and Overhead
DEVICE
RESPONSE 8080 | 6800 | 8008 | 2901 1802
1. 2 Seconds Total Test Time 1
1/2 Second Overhead.
12. 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. 2 ]

-163-




4. Error Analysis Informatidn Available

DEVICE

RESPONSE 8080 | 6800 | 8008 { 2901 | 1802

1. Results indicate what test, 5
what uP instruction, what
data pattern, what pin(s),
although this information
is not used in Go/NoGo
testing.

2. Only Pass/Fail status. 1

3. Results indicate what test -2 1
failed, what uP instruction,
what data pattern, and the
pin(s) involved.

4. Results indicate the uP 1
instruction involved in 4
the failure but not expected
data output or what pin(s)
involved. The failing test
is indicated.

5. Results indicate what test 1
failed and the data pattern
involved. The instructions
involved can be determined
with a manual.

6. Off-line analysis, the fail- 1
ing pin is not displayed. : ' )

7. Only RAM section test results 1
indicate what data pattern,
input code and failing pin(s)
status.

8. The capability for indicating 1
failing test, uP instruction,
data pattern, and pin(s) in-
volved exists although it is
not used in the Go/NoGo
s1tuat1on

9. Parametr1c test portion indi- 1
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]yv 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 only 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. C

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

1.

- 40 hours minimum, 91, @2

10.

11.

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 testi

-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
llfe test at 125°C dynamlc,
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

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.

1802
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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-
9. 1400 ]

10. Information Not Available
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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 1

5. Electronic Design ]

6. Components & Evaluation 1 1 1
Department

7. Operations Department 1

8. Advanced Device Technology 1
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

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
to reduce to Ambient.
7. Wafer at Ambient, final 1
package per MD STD 883,
5004, 5005, Class C.
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B.

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

Pass, Fail, DC, Fail
Functional, no hardcopy
obtained.

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
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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 ] | | i
5. Product Engineering ] 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 Specification

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 ]
packaged related failures.
3. Package devices are pre- 1 1
dominantly functional
failures.
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.

Types_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

3. Money Expenditurés

4. Knowledge of Device

5. User Understanding of Device Operation and App]ication
6. Appreciation of Total Efforts

7. Test Equipment

8.

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 of'pre—'

sent test technology.
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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.

Item 3

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.
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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 tes;ing, 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]icatign, 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

-183-



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 moneyiexpenditures 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 ijtems.
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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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Devi ce

8008

1.

Verified By

Problem ' , E Macrodata

instruction identical to that of another
manufacturers part. The main differences
1fes 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

-seduence 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

wbu]d 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

Probiem g 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.

Accuracy > .7% of Full Scale

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

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

i

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.

-191-



Qutput

Minimum of one output 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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Figure 21: Basic Tester Black 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 (1ine printer or

“video terminal) to allow examination of the contents of a program. The
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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 béttern 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 afso
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-
1y; 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. Voitage 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

80BOA FUNCTIONAL PIN DEFINITION

The following describes the function of atl of the BOBOA 1/0 pins,
Several of the descriptions refer to internal timing periods.

Ay5.Ag (output threo-state)

ADDRESS BUS; the address bus provides the address to memory
{up 10 64K B-bit words) or denotes the /O device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit. .

D3-Dg {input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and {/O 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. Dq 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 B080A data bus from memory
or 1/0. -

READY (input)

READY; the READY signal indicates to-the BO80A 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 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/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 CPU isin the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
(A45-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

: —\J
Ap O+—11 40 |—=0 Ay
GND O———1 2 39 =0 Ay,
D, O=—+13 38 [—=0 Ay
Dy, O=—=}4 37 |—=0 A2
Dg O=—=}s 36 [—=0 Ays
D, O=—+{6 35 [—=0 A
DJ Ow—a]7 134 |—=0 Ay
b, 0=—18  NTELS »f|—=o%
0, 0=~} 9 32 =0 Ag
0, o110 8080A 3 }—onas
-5v O—— 11 ) 30 —=0 A,
RESET O—={ 12 29 |—0 Ay
HOLD O—=1{ 13 28 pb—o0 +12v
INT Ot 14 27 b—+0 A,
%2 0—={ 15 26 p—0 A,
INTE Oe— 16 25 —=0 Ag
DBIN Ce—yi 17 24 f—-o0 wart
WR O+ 18 23 j=—0 READY
SYNC O=—1 19 22 f~—0 9
+5v 0——1 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 ¢,.

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 signal 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 f{lip/flops are also
reset. Note that the flags, accumulator, stack pointer, and registers
are not cleared.

Vss  Ground Relference. . .
Voo +12 ¢ 5% Volts. A
Vce 45 ¢ 5% Volts.
Vgg -5 5% Volts {substrate bias).
01.92 2 externally supplied clock phases. {non TTL compatible)
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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;-Dy (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 808B0OA 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 3 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 foutput)

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 —=0 Ay
0, O=—+{3 38 —=0 Ay,
D, O=—={ 4 37 —=0 Ay,
Dg O=—=|5s 36 =0 A5
D, 0~—{6 38 f—=0 A
DJ O—a{ 7 34 }—=0 AO
2o|s INTEL »p—ob
1 1 ]
0, 0=—]10 8080A a}p—oa;
-5v o—— N 30 }—=0 A4
RESET O~——=1 12 29 }—=0 A,
HOLD 0—=] 13 28 }b——o0 +12v
INT O—e] 14 27 }—=0 A,
®2 O——= 15 26 r—’o Ay
INTE Oe—] 16 25 —=0 A
DBIN 0-—{ 17 24 }—=0 WAIT
WR O=—1 18 23 [=—° READY
- SYNC O=—1 19 22 f—0 4
+5v 0——4 20 2 HLDA

Pin Configuration

will 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 ¢,.

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 compatiblie}
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8080A

ABSOLUTE MAXIMUM RATINGS*

Temperatuse Under Bias . ... oo vnn. .. .. 0°Cto470°C

'COMME NT: Stresses above those listed under "Absolute Maxi-
Storage Temperature ... ... ... L .... -65°C 1o +150°C mum Ratings' may cause permanent damage to the device.
Al Input or Output Voltages . This is a stress rating only and functional operation of the de-
.p P 9 V 1o +20V vice at these or any other conditions above those indicated in
With Respect to VQB """"""" -0.3V 10 +20) the operational sections of this specification is not implied. Ex-
Vce. Vop and Vgs With Respect to Vgg -0.3V to +20V posure to absolute maximum rating conditions for extended
Power Dissipation . . .. .......eiieuennnnnnn 1.5wW periods may affect device reliability.
D.C. CHARACTERISTICS .
Ta = 0°C to 70°C, Vpp = +12V £ 5%, Ve = +5V £ 5%, Vg = -5V £ 5%, Vsg = OV, Unless Othcrwnse Noted.
Symbol Parameter - |- Min. Typ. Max. Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 Vss+0.8 v
ViHe Clock Input High Voltage 9.0 Vop+t v
ViL Input Low Voltage Vss—1 Vss+0.8| V
ViH input High Voltage 3.3 Vee+? A
VoL Output Low Voltage 0.45 v loL = 1.9mA on all outputs,
Von Output High Voltage 3.7 \Y low =-150uA.
Ibotav) | Ava.Power Supply Current (Vpp) 40 70 mA
! Avg. Power Supply Current (Ve 60 80 A Operation
cc (av) 9 pRly cc o Tcy = .48 usec

lag (av) | Avg.Power Supply Current (Vgg)

.01 1 mA

210 uA Vss € Vin < Ve

+10 pA Vss < Verock < Voo

I Input Leakage
lew Clock Leakage
o (2] Data Bus Leakage in Input Mode

2100 | pA | Ves<Viy <Ves+0.8V
20 | mA |\ +0.8V Vi SVee

Address and Data Bus Leakage

=V,
+10 uA VaoormoaTA = Vee

Ie L .

During HOLD -100 VADDR/IDATA = Vs + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS.
T,=25°C Ve = Vpp = Vss = OV, Vgg =-5V 15, TEMPERATURE, NORMALIZED. 3]

Symbol Parameter Typ. Max. Unit Test Condition 5
Co Clock Capacitance 17 | 25 | ot | f.=1MHz £
CiNn Input Capacitance 6 10 pf Unmeasured Pins ; e
" 13
Court Output Capacitance 10 20 pf Returned to Vgg a B
NOTES:
1. The RESET signal must be active for a minimum of 3 clock cycles. ”o 25 50 s
2. When DBIN is high and Vyp > Vi an internal active pull up will .
be switched onto the Data Bus. AMBIENT TEMPERATURE ('C)
3. Alsupply / AT 4 = -0.45%/°C.
DATA BUS CHARACTERISTIC
DURING DBIN
MAX f- — ~ = — g =~
lOI.
% Ve
Vo
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A.C.-CHARACTERISTICS

A

Ta = 0°C 10 70°C, Vop = 12V £ 5%, Ve = 15V £ 5%, Vgg = -5V t 5%, Vgg = OV, Unless Otherwise Noted
Symbol Parameter Mia. | Max. | Unit Test Condition
tcy (3} | Clock Period 0.48 | 2.0 | usec
1, t Clock Rise and Fall Time ) 50 | nsec
Tt &1 Pulse Width 60 nsec
192 ¢ Pulse Width 220 nsec
toy Delay ¢ to ¢, 0 nsec
“tp2 Delay ¢5 to ¢, 70 nsec
to3 Delay ¢ to ¢, Leading Edges 80 nsec
tpa 12} | Address Output Delay From 200 | nsec
DA p \4 2] + ¢ = 1009t
tpp 12! | Data Output Delay From ¢, 220 | nsec
toc (2} | Signal Output Delay From ¢y, or ¢ (SYNC, WR.WAIT, HLDA) 120 | nsec 500f
tor (2] | OBIN Delay From ¢, 25 140 | nsec G P
tp V! Delay for Input Bus to Enter Input Mode tor | nsec
tps) Data Setup Time During ¢4 and DBIN 30 nsec
[14) .
TIMING WAVEFORMS {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.)
. v | —>|tor [
>l |t ' i
“ / 7\ /3 N\ N .
-—1o2 e ’ ‘
© } 7 \ Z | j !F_..(
“OJ’I ‘oz [~ . '
 se——— g (i m—
) (I 1 S R SRR § SN N N g
P o ""‘DA"" | taw I
oy e | e o |
0,0, 7; —————— ..-—l—‘: DI_IIA. "!. n.@JL .____1._‘0_A_T.A~OET‘~’
— \DNT:— lr—"ow l
SYNC T . A tosz r i |
—of g jum — I“I:' i
0BIN X i B
e Yos letor ]
Lo, S L1 ,
-4 s : ‘
READY Q) .k___ ‘{ @I X i
‘us[‘—‘ ’ l fas T o “I ,
WAIT ty =] |o- j ‘L .
toc — L— - oo e - "
_nOLD z @k x "
- '.‘] L .
HLOA -
INY - _y\l'l (
l" -
[—
INTE
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8080A

A.C. CHARACTERISTICS (Continued) 3
Ta = 0°C 10 70°C, Vpp = +12V 5%, Vg = 16V £ 5%, Vgg = -5V £ 5%, Vgg = OV, Unless Otherwise Noted

Symbol Paramater ~ Min. | Max. | Unit Test Condition
tps?2 Data Setup Time to ¢ During DBIN 150 nsec
tpu |11 | Data Hold Time From ¢ During DBIN 1] nsec
yel2) INTE Output Delay From ¢, 200 | nsec Cp = 50pf
tps READY Setup Time During ¢ ' . 120 nsec
tHs HOLD Setup Time to ¢, ' 140 nsec
s INT Setup Time During ¢2 (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 151 nsec |
tpw(?l | Output Data Stable Prior to WR ' 16} nsec
twol?2! | Output Data Stable From WR 7] nsec
twaf?!l | Address Stable From WR 7 nsec | CL=100pf: Address, Data
C_=50pf: WR, HLDA, DBIN
turl2l | HLDA to Float Delay I8 nsec
twr (2} | WR to Float Delay 19} nsec
tan {2} | Address Hold Time After DBIN During HLDA -20 nsec | |
NOTES: .

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

2. Load Circuit.
o J \ +5v

o -
P - ——
Ayh, b= L x_ -
15 Ao [mm - —
{ twa 3. 1CY =103 * g2 * 92 * 2 * 102 * tre1 > 480m1. =
¥ ‘{-_——'----"--~\- TYPICAL & OUTPUT DELAY VS. a4 CAPACITANCE
0,0, ‘...---——--—i - +20 W
wo H
>
SYNC < *0
e[ [ CaM 1
- ]
DBIN . / 2 SPEC
” (3
\ 3 -10
WR - °
o _._-rf- r— 20
tbe -100 -50 L] +50 +100
READY . 3 GAPACITANCE (pf)
(Cacrua - Csrec!
lo— 1)y —o
v
wAl » 4. Yhe fol ing are relevant when interfacing the B080A to devicas having Vi * 3.3V:
a) Maximum output rise time from .8V to 3.3V = 100ns @ C_ ~ SPEC.
HOLO [ b) Qutput deloy when measured to 3.0V = SPEC «60ns @ Cp » SPEC.
> €) 1 C # SPEC, add 6ns/pF «f C > CgpEC, subtract . Ins/pF {from moditied delay) it C < Cgpgc.
—e| toc fem . AW * 2 tCY “tD] -ta2 - 140nsec.

. IDW *ICY -tD3 “Yre2 -1 70ntec.
. Mot KLOA, twp “ twa * 103 * tro2 *10ns. tf HLDA, twD ® twa = "WF.

S

6

?

8. tHF * tD3 * 4p2 ~50ns.
9
10.

HLOA x-

INT

. tWE ®1D3 ¢ t,p2 -10ns
. Oata in must be stable for this period during DBIN 'T3. Both 1pgy and tH§2 Must be satistied.
11. Ready nignal inust be stabite for this penod during Ty or Tyy. (Must be sxternally synchronired.)
12. Hold signal must bie statile tor this period during T3 or Ty when entering hotd mode, and during T3.74.Tg

- &
" and Ty when in hold moda. {Ex1erna!l synchronization 1s not required.)
-_
INTE 13, Interrupt sgnal must be stable during this period of the last clock cycle 6f any instruction 1n order 10 be
-\ ired on the ! g instruction, (€ xternsl synchronizetion is not required. )

14, This taming dragram thowa timing «elalionshie only . 11 JoRS NOY represant any wecitc machine cycle
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INSTRUCTION SET

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

Move, load, and store 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 conditional, 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 1o 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,

Input and output may be accomplished using memory ad-
dresses as (/O ports or the directly addressed 1/0 provided
for in the 8080A 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 BOBDA is stored in the form of B-bit binary integers. All data transfers to the system data bus will be in the

same format.

[37 Dg D5 Dy D3 Dy Dy Do]

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

[0, Dg D5 04 D3 D; D, Dy | OP CODE

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

Three Byte fnstructions

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

[0, Dg Ds D4 D3 Dy Dy Dy LOWADDRESSOROPERAND 1

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, calf or direct load and store
instructions

[0; Dg Ds D4 Dy Dy D, Dy | HIGHADDRESSOROPERAND 2

For the BOB0OA 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 Code 11

Imtruction Codelll Clock!2l Clock!?)

Mnaemonit  Oncription 0 Og Os Dy O3 0; 0, Dy Cyeies Mnemonit  Deseription D; Dg D5 1Dy D3 O Dy Do Cyches
MOV,).,3  Maove cegutes 10 tequter 0t 0 0 0O s § S S (¥4 Return on teco t 1+ 6 0 v 0o 00 L131)
MOV M_ 7  Move regrster 10 memory 0 1 1 1t 0 s S S 7 ANZ Retura on no zero 11 0 0 0 0 ¢ O sni
MOV M Move memory 10 fegiter o' 0 O Ot 1 O ! RP - Return on pontive Y+ 1 t 0 0 0 O N
LIY} Halt [ | 1 t 0 1+ 1 0 ! AM Retyen gn munuy 1t 1 t vt 0 o 0 s
MVI ¢ Move immediate register 0o 0 0 0 0 1 1t O ! RPE Return on panity even 1 ¢+ t 0 1 0 0 O s/
MVI M Move immedrate memory 00 v ¥ 0 1 1 O 10 RPO Retura on panty odd 1t ¢+ 1. 0 0 0 © O s/
INR ¢ Increment register ¢ 0 0 D O 1 0 O $ RSY Restart 1 1 A A At 1 n
DCR ¢ Decrement exgister 0 0 D 0O 0 1 0 1 $ IN tnput t 1 0 v ¥ 0 1 1} 10
INR M increment memory 0 0 1 v 0 t 0O 10 our Qutput 1 ¢+ 0 Y 0 0 1V 1 10
OCR M Decrement memory ¢c 0o ¥ 1 0 v Ot 10 LX18 Load immediate reqister o0 0 ¢ 0 0 0 1 10
ACODr Add register to A 1 0 0 0 0 s S S 4 . PaBSC :
AGCr Add register to & with carry t ¢ 0 0 1 s § S 4 Lxio Load imimedvate regester 00 0 1 0 06 0 10
SuBr Subtract regrster from A 1 0 0 1 0 S S S 4 ParO& E
588 ¢ Subtract register from A t 0 0 v 1 s § S 4 LXIH Load immeduate register 60 t 0 0 0 0 10

with borrow ParHg L
ANA ¢ And register with A 10 1t 0 0 s S S 4 LXise Load mmediatestackponter 0 0 1 1 0 0 0 1 10
XAA 1 Exctutive Or reguster wath A 1 6 v 0 U s § S 4 PUSH 8 Push regnier Pan B & € on 1 Y 0 0 0 Y O "
ORA Or reguster with A t ¢ 1 1 0 S § S 4 sack
CMPr Compare reguster with A 10 1Y 1 1 S § S 4 PUSH D Push register Paie 0 & € on t 1 0 1t 0 1 & n
ADD M Add memory 10 A 1 0 0 0 0 1 1 0O ? stack
ADC M AddmemorytoAwithaerry 1 0 0 0 1 v 1 0 ? PUSH H Push register Par H8 L on T 1 1 0 0 1 0 ! 11
SUB M Subtract memary lrom A 1t 0 0 Y 0 1 1 0 7 stack
$BB M Subtract memary from A 1o 0 v 1 1 o0 ? PUSH PSW  Push A and Flags t t vy 3 0 1 0 1 n

with borrow on stack
ANA M And memory with A t 0o 1 0 0 1 v O ! POPB Pop register par B & C off 1 1+ 0 0 0 0 0 ! 10
XRA M Exclusive OrmemorywithA 1 0 1 0 1T 1 1 0O ? stack . -
ORAM Or memory with A 10 t 1 0 1 1 0 ? POPD Pop register pair O & € of 1t 0 t 0 ¢ 0 10
CMP M Compare memory with A 10t 1Y 1 1o U stack
ADI Add immediate to A "1 0 0 0 t 1 O ? POPH Pop register pair K & L off Tt 1 0 0 0 0O 1 10
ACI Add immadiate (0 A with 11 06 0 1Y 1 1 0 Y stack - . .

carry POPPSW  Pop Aand Flags 1 1 1 t 0 0 0 1 10
sut Subtractimmediate from A t 10 v 0 1t o0 7 off stack .
$81 Subtract immedite from A T 0 1 1 10 ? ©STA Store A dicect 00 1t 3 00 1 O 13

with dorcow L0A Load A direct o0 ¥ v 1 0 1D 13
ANI . And immediate with A t ¥» 1 0 0 1V VO ? XCHG Exchange DB E HSL I S B o 11 4
XRI Exclusive Or immediate with 11 vy 0 1 3 1V O ? Registers

XTHL Exchange top of stack H&L Tt v 0 0 0 11 18

ORI Or immediate with A t t ¢ 1 0 v v oO ? SPHL H & L 10 stack pointer 1 1 1 1 0 0 1 5
(4] Compare immediate with A 11 | AN N T R B (] ? PCHL H & L to program counter [ ] 1 0 1V 0 0 1 [
RLC Rotate A le!t 00 0 0 0 1 1V 1 4 DADB AddBECloHS& L 60 0 o0 1 0 0 1 10
RAC Rotate A right 0°0 0 0 Vo oV ¢ DADD  AddDBEto ML o0 0 1 VB O 10
RAL Rotate A teft through carry c 0 o0 1 0 r 1 4 DADH AddHBE LIOHE L 00 t o 1 0 0 ! 10
RAR Rotate A right through o0 0o 1t 1 1 4 DADSP  Add stack pointerto H & L ¢ 6 * 1 1 0 0 1 10

any STAX B Store A indirect 00 0 0 0 0 VO ?
P Jump unconditionat 11 0 0 0 0 t 10 STAXD  Store Andiect o0 0 1 0 0 VO 7
i Jump on carry v 10 v 0 oo 10 LOAXB  Load A indrect 60 0 0 1 0 1-0 ?
INC Sump on no carry v v 0 Vv 0 0 V0 10 LDAXD  Load A ndwrect 00 0 Y0 1D ?
n Jump on ze10 t+ 0 0 1 0 VO 10 INXB tncrement B & C reqisters o0 0 0 0 0 1V 1 H
INZ Jump on no 7ero 11+ 0 0 0 0 Vv O 10 INX O Increment 0 & € registers 60 0 1 0 0 1 1 $
» Jump on poytive LI T T R I B 10 INX H Increment H & L registers 00 » 0 0 0 11 S
M Jump on minus 1 vt v 0 10 10 INX SP Incrament stack pointer ¢ 6 t 1 0 0 1 1 H
JPE Jump on panity even Tt 1 1 0 1 0o 1V oO 10 0CX 8 Decrement B & C 00 "0 0 1 0 1 1 5
0 Jump on paraty odd 1y oy 0 0 0 1o 10 DCXD  Decrement 0 & E 00 0 ¥ 1 0 1y 8
CALL Catt uncondinional Vo0 0ty 0 " OCXH  DecrementH& L 00 1 0 1 0 ) 1t [
cc Calton carry t 10 1 v 00 1w OCXSP  Decrement stack pointer 00 t 1 1 0 1V $
(414 Cati on no carty Tt Y 0 v 0 v 0O 1w CMA Complement A o 0 t 0 Vv )y ooy 4
2 Calt on 1e10 t 1 0 0 V1 00 nm STC Set carry e 0 v t 0 ¢+ 1 4
CNZ Ca!i 0n no rero 1t v 0 0 0 v 0 0 1w (414 Complement carry 6 0 v vt 1 oy ot ]
(44 Cati on povtave | T TR T R B B R} (RVA] DAA Decmal sdjust A o0 t 0 0 v v 1 4
(4] Call on minus t 1 1 Yy 1 1 000 nm SHLD Store H & L durect 00 t 0 0 0 t 0 16
(443 Call on panty tven 1 1 1 0 v 1 0 O nm LHLD Load H 8 ¢ direct o0 t © 1Y 0O t O 16
cro Cotl on panty 0dd 1 Y ¢+ 6 0 YV 0 O 1w [ 1] €nadie interrupty [ | L I T T T B | [}
RET Return t Y 0 ¢ 1 0 0 1t 10 ot Disadle intesrupt 11t 6 0 1ot [}
RC Return on carry 1 ¢t 0 1 1 0 0 O s NOP No operation 6 0 0 0 0 0 0 O 4
L1 {4 Retuen on ag Carry 1t 1 ¢ t 0 0 0 O LYY
NOTES: 1. DDDorSSS~0008 - 001 C~010D ~ 081 E - 100H - 101 L — 110 Memory -~ 111 A,

2. Two possible cycle times, (5/11) indicate insiruction cycles dependant on condition flags.
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8008/8008-1
EIGHT-BIT MICROPROCESSOR

m |nstruction Cycle Time — . ®m 48 Instructions, Data
12.5 1»s with 8008-1 or 20 ;s . : Oriented
with 8008
& Address stack contains
u Directly addresses 16K x 8 eight 14-bit registers
bits of memory (RAM, ROM, . . “(including program counter)
or S.R.) ) which permit nesting of
subroutines up to seven
® Interrupt Capability tevels

The 8008 is a single chip MOS 8-bit parallel 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 parallel 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 00, BI-DIRECTIONAL

DATA BUS
DATA BUS
BUFFER

(8 &IT) (8 817)
INTERNAL DATA BUS INTERNAL DATA BUS
€ - |
> 74 LD Fey £
y <) <)y J
TYEMP. REG, TEMP. REG, INSTRUCTION STACK ACCUMULAYOR
2. 19) b, &) REGISTER ()} > {1 MULTIPLEXER ({1
FLAG L PROGRAM COUNTER 8
FLIP-FLOPS §* 14 - REG. (0
EVEL NO. 18 ¢
LEVEL NO. 1
Oar frd REG. »
INSTRUCTION v ry
@
os‘c‘ggm c LEVELNO.2 g REG. 1
MACHINE I @ t
| CYCLE 2 LEVELNO.D o REG. B
ENCODING 2 « H
x LEVELNO.& AEG.
2 L
2 .
A LEVELNO.S REG @
LEVELNO.6 | SCRATCH
PAD
LEVELNO.?
TIMING ADDAESS
AND . STACK
CONTHOL
POWER [ e -8V
SUPPLILS v
. s STATUS INT READY SYNC CLOCKS
$0 51 52 INT HEADY | SYNC oV &2
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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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BASIC INSTRUCTION SET

Data and Instruction Formats

Data in the 8008 is stored in the form of 8 bit binary integeis. 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 Byte Insiructions

Br Og D5 Dy Dy Dy 0, °0|

DATA WORD

[°r % 0y 6,050,

0, Ool ©OP CODE

Two Byte Insiructions

D, Dg Og O, Dy Oy

0, 0p ' OP CODE

[07 Dg Dy 04 Dy D3 0y Og OPERAND

Theee Byie Insiructiony

B, Dg Dy Dy D4 D,

4y 0g]  or cooe

|°r Og D5 Oy O3 Oy

0,y °o] ‘' LOW ADDRESS

Lx X Og 0, O3 O,

0 Do] NIGH ADDRESS®

TYPICAL INSTRUCTIONS

Register 16 tegister, memory telerence,
1O srithmetic o logical, rotate o
THIUEA I TIONY

temediate mode ittuchon

JUMP or CALL inptructions

“For the thid byte of this imstruction, Og and Dy are “don’t aare™” by,

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
(N MOV ey, ¢y (5) 11 0D DO S S S |Load index reqister 1y with the content of index register 12,
ZFmove, m {8) ] D 0D 1 1 Load index register 1 with the content of memory reqister M,
MOV M, ¢ n 1 1 Y1 S $ S Load memory register M with the content of index register r,
Bl mvis (8 00 D DO V' 1 0 | 6ad index register 1 with data B , . . 8.
8 8 8 8 8 8 8 8
MVIM (9 00 LR 110 |10 memory register M with data 8 . . . B.
B B8 8 B B B 8 B8
INR ¢ (5) 00 ODOD 0 0 O [Increment the content of index register v {r § A},
OCR ¢ (5) 00 0O DD 0 0 1 |Decrement the content of index register r (v # 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 ¢ (L]} 1 0 0 0 o0 S S S | addthe content of inden register ¢, memory register M, oc data
ADD M 18) 10 00090 1 1 1 |8...8totheaccumutator. Anoverflow {carry) sets the carty
ADI 18) 00 000 1 0 0 | thpliop.

8 8 8B 88 B B_8
ADC ¢ {5) 10 0o 0 S S S | Add the content of index register r, memory register M, or data

“.—‘;DC M (8) 10 0 0 LR 8 ...8 Wrom the accumulaior with carry. An overfiow {carty)

ACH [{:1] 00 0o 0 1 0 0 [|seisthe carey thp-tiop,

B 8 8 B b B B 8
su8 ¢ 15) 10 010 S S S | Subliract the content of index register 1, memory register M, or
Sus M (8) ' 0 010 11 1 ] daeB,..B trom the accumutator, An undertiow (borrow)
s 8) o0 o010 100 1613 the carty thpflop,

8 8 8 B 8 B 8 8
SBB ¢ {5) 10 0 V) S S S ] Subtract the content of index register 1, memory regrster M, or dats
S48 M 18) 10 [ 11 1 data B ... B trom the sccumulator with borow. An underflow
sat 8 00 0 v 1 0 0 ]lvorrow) se1s the carry Nip-hiop.

8 8 8 A 8 8 B 8
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BASIC INSTRUCTION SET.

MINIMUM INSTRUCTION €CODE

MNEMONIC STATES D, DG %D‘ DJ b}D' o DESCRIPTION OF OPERATION
REQUIRED

ANA ¢ {5) t 0 1. 00 S S S | Compute the loqual AND of the content of index reqister v.
ANA M 8) 1 0 t 00 § 1 1 | memory reguter M or data B ... B with the accumulator,
ANI 18) 00 100 10 0

B B 8_B_ 8 B 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 | s, memory reqister M, or data B . . . B with the dccumulator,
xR 18) 00 101 too0 ’

‘s 8 8 88 8 88

ORA ¢ {5) 1 0 ¥ ¥ O $ S S Compute 1he INCLUSIVE OR of 1he content of index reguter
ORA M {8} 1 0 t 10 1 1 1 v, memory register m, or data 8 . .. B with the accumultator .
ORI 8} 00 110 100

8 8 8 8 B B 8 B
CMP ¢ {s) 1.0 1.1 1 S S S i Compare the content of index register r, memory register M,
CMP M (8 1.0 1)t 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 o0 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 'BB82B2 B3Bz8% .
X X B3 B3B3 B3 8383
(S)unc. anz, Gort1) 01 0 C4€C3 O O 0| Jumpto memory addressB3...B3B2.. .82 i the condition
J°.JP0 B2 By B2 B2B2 B3 By By flip-flop is false. Otherwise, execute the next in“iruction in sequence.
X X B3B3By B3B3Bjy :
Jc, iz Qor 1} o1 1 C4C3 O 0 O} Jumpto memory address B3...B3B2... B2 the cordition
IM. 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, CN2, (9or 1) 0 1 0 C4C3 O 1 0| Call the subroutine at memory address B3 ...B382 ... B2 il the
cp.cro B2 By By BBy By By Bl condition flip-fiop is false, and save the current address {up one
X X 83 B3 B3 B3 B3 B3] tevel in the stack.} Otherwise, execute the next instruction in sequence.
cc, c2. 18or11) 0 1 C4C3 O 1 0| Calthe subroutine as memory address B3 ...B3B2... B2 if the
€M, CPE 82 By 82 By B2 82 B2 Bo| condition Hip-flop is true, and save the current sddress {up one
X X 83 8383 B3 B3 B3| tevel in the stack). Otherwise, execute the next instruction in sequence.
RET (5} 00 X X X t 1 1| Unconditionally return {down one level in the stack}.
::"Cé:‘;ZA (3 or 5 0 0- 0 C4C€3 O 1 1| Return (down one level in the stack) «f the condition flip-Hop is

fatse. Otherwise, execute the next snstruction in sequence,

RC, RZ {3 or 5} 00 1 C4C3 0 t 1| Return {down one level 1n the stack) «f the condition flip-flop is

RM, RPE .
true, Otherwise, execute the next instruction in sequence.
RST [£3] 00 A AA 1 0 1t [ Cail ihe subroutine at memory address AAAOQQ (up One level in the stack).
Input/Output Instructions i
IN (8) o 1 0O 0 M M M 1 [ Read the content of the selected input port (IMMM) into the
accumuiator.
our (6} (L3N | R R M M M 1 | Wnite the content of the accumulator 1nto the selected output

port {RRMMM_ RR / 00,

Machine [nstruction

[

HLY T {4 LO [} 000 0 O X | Enter the STOPPED state and remain there until interrupted,
LR 1

(4) 11 1 1

NOTES
{1} SSS - Source Index Hegister "1 Thesecegisters, «,, are designated Alaccumulator~000),

00D * Destination Indea Reqister ’ 81001}, CI010), DIOT 1}, E(100}, H{101), L1110},
(¥ Memory regntery are addiessrd by the contents of requters H & L.
3 Additional butes 0f Instruction are dengnated by BOBENBBSH. ;
{4} X - “Don’t Care™.
S Flag thp-fiops are detined by C4Cy  carsy 100 overtiow or undertiowl, zero (O1-result 18 2es0), 1ign (30 MSB of resutt 13 17,

panity $11.parity 1 even),
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature *COMMENT *
Under Bras . 0°C to+70"C
o ° Stresses above those histed 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 or 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,,,, Vp,, I Logic "0 is defined as the more negative level (V, Vo ).

LIMITS TEST
SYMBOL PARAMETER win. |1ve. | max. | UM | conoitions
oo AVERAGE SUPPLY CURRENT-
OUTPUTS LOADED"® 30 60 mA T, =25°C
l'~| INPUT LEAKAGE CURRENT 10 uA Vi =0V
Vo INPUT LOW VOLTAGE
(INCLUDING CLOCKS} Voo Vee-42 | v
V,, | INPUT HIGH VOLTAGE .
, (INCLUDING CLOCKS) [V V..+03 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
Vou OUTPUT HIGH VOLTAGE Vee—1.5 v tow =0.2mA i 8t Vo = 0.4V, 15 = 0.44mA

on each output.

A.C. CHARACTERISTICS .
T =0°Cto 70°C; Vee =45V £5%, Vpg = —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 | tpt;=50ns
talte CLOCK RISE AND FALL TIMES 50 50 ns ’ :
6, PULSE WIDTH OF ¢, 70 | 1 38 ™
tas PULSE WIDTH OF ¢, .55 .35 us
toy 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 L I4} us
tsp SYNC OUT DELAY .70 .70 ps | C = 100pF
1 STATE OUT DELAY (ALL STATES 11 1.1 us | C = 100pF
EXCEPT T1 AND T11)!?!
15, STATE OUT DELAY (STATES 1.0 1.0 us | € =100pF
T1AND T11)
taw PULSE WIDTH OF READY DURING [ .35 .35 us
¢, TO ENTER T3 STATE
tap READY DELAY TO ENTER WAIT .20 .20 s
STATE

(R} 129

YUn MiIN 2 'sp 1l the INTERRUPT i3 not used, all s1ates have the same output delay, tgy.
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TIMING DIAGRAM

"'
o] b—toy .
o ‘ AT j 12 Gn %12 N 41
=l tor o= -*| ‘oz L‘ '
n \ °n ‘ an / on \ on
o — -
R RN aed (=150 =
SYNC J ‘ A . ’
e 7Y N S, !
( _ e fetees .
\ DATA IN
DATA BUS "'"“"?"“'“"‘"""‘""‘""‘"“""‘ At e o R atata bl
LINES
Oy ... 0y} o o e o =y e oy o] o s o oy oo ——
J( ADDRESS OUT t i DATA OUT )k
| — S (. D e T
( * \
~ y -
ol ! -——:"_.J fo—— 57 ——
—
STATE ’ ]
LINES \ " l
A \
\ bl taw po—
Y
|
READY .._.__':L —~—| tap
P .
4 T T, Y i T, 1

Notes:

1. READY iine must be at :'0"" prior to ¢92 of T7 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

8

8

T

g

- ey

T——— -V,
—
£ Yoo 11T

POWER SUPLY CURRENT (mAL, tog

CEEREEECECECEE)

AMIENT TEMPERATURE (°C)

.

OUTPUT SINKING CURRENT
VS. TEMPERATURE .

OUTAUT SINKING CURRENT (mal, to,

12
1" =,
\,&g\-‘v,‘, - uv
Vo 2 0 4V [~
1e}—- 1
"
L] ° ° »n “ “ » n o

TYPICAL A.C. CHARACTERISTICS

DATA OUT DELAY VS,
OUTPUT LOAD CAPACITANCE

v

OUTOUY DYLAY o 1y O Wy, 00V

Dota a Cararitanct ot €y

AMBIENT TEMPERATURE {*C}

OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE

'nl-ﬁv N
? '&"V et
1, «nc
TS
\‘
N A
AN
-
N

RLl Je a
OUTAIT VOLTASK V), You

CAPACITANCE f{=1MHz; T, =25°C; Unmeasured Pins Grounded

_ symsoL TesT e LIMIT (pF) Y
Cm INPUT CAPACITANCE 5 0
Cos DATA BUS 170 CAPACITANCE 3 0
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. o

® 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.

® 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 Am2801°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 ALU
source operands, the ALU function, and the ALU destina-
tion register. The microprocessor is cascadable with fufl
look-zhead 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 COOE OPERANDS MICRO CODE ALY Symbol
Ocrat Octal Function ym
' R s [ ' 1
P TR Y ot 8 4 73 Code
L L L (] A (] L L L [ RPlus S R+S
L L M 1 A 8 L L H ' S Minus R S-R
L H L 2 o Q L H L 2 A Minus § R-S
L M H 3 o 8 L H K 3 AORS AVS
H o Lt 4 o A H L L 4 RANDS AAS
H L H ) (o] A H L H s RANDS RAS
MWL 6 [ a H ML 6 REX-ORS RYS
H WK ] ) 0 W H ? REXNORS| RV S
Figure 2. ALU Source Operand Control. Figure 3. ALU Function Control.
RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION Y SHIFTER | SHIFTER
Octat . . 1OUTPUT

P P Shift Load Shift Losd RaMg | ram3 | ap | a3

Lot 0 x NONE NONE F-Q F x x X x

L L M 1 x NONE x NONE F x x x x

L H L 2 NONE F-+B X NONE A x x x x

Lt H H 3 NONE F-8 x NONE F x x x x

HooL L 4 DOWN Fr2-8 DOWN a/2-Q F Fo | INg | Qg | 1Ng

H L H 5 DOWN FI2—+8 X NONE F Fo | N3 | Qo X

H H L 6 up 2F -8 up a0 F INg | F3 INg | O3

W H H 7 up 2k 8 x NONE F INg | F3 x Q,

X=Don’t care. Electrically, the shift pin is a TTL input internally connected to a three-state

impedance state.

B = Register Addressed by B inputs.

Up is toward MSB, Down is toward LSB.

Figure 4. ALU Destination Controf.

N210 OCTAL] o 1 2 3 4 5 6 ?
gl_:l5 ALU
A4 Sourcel 4 a A.B o.a 0.8 0,A 0.A D,Q 0.0
L 3|Atu
Function
Cpa=t A+Q A+B Q 8 A D+A D+Q o
0 R Plus S
Ch=H A+Q41 AsB+1 Qs - B+ A+t D+A+1 D+Q+1 D+t
Cnh=L Q-A-1 8-A~1 Q-1 B-1 A-t A-D-1 Q-D-1 -D-1
1 | SMinus R -
Cpa=H Q-A 8-A (] 8 A A-D Q-0 -D
Cn=L A-Q-1 A-8-1 ~Q-1 -B-1 -A-1 0-A-1 0-Q-1 0-1
2 | R Minus S
Ca=H A-Q A-B -Q -8 ~A D-A D-Q ]
3| RORS AVO AvVE Q [} A OVA, ova o
4| RANDS AAQ AAB 0 0 ° OAA oAQ 0
5| RANDS AAQ AnB a 8 A bra or0 0
6 |REX-ORS AvQ Ave 6] 8 A DvaA ova [}
7 |REX-NORS| A'v Ave 6 B A Ova Oveo o

¢ = Plug; ~ *Minus; V~OR; A ~AND: ¥ = EX-OR

Figure 5. Source Operand and ALU Function Matrix.

output which is in the high-

-217-




SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the g, Iy, and |5 instruction inputs. The ALU can
perform eight functions; five fogic and three arithmetic. The
13, l4, and I instruction inputs control this function selection.
The carry input, Cp, also affects the ALU results when in the
arithmetic mode. The Cy, input has no effect in the logic mode.
When lg through Ig 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 functions can also be examined on a “task™ basis,
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the
carry will affect 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

- (Cn = 1) are defined in these operations.

Octal e . *
1543, 1210 roup Function
40 ANQ
41 AAB
45 AND DAA
a6 DAQ
30 AVQ
31 AVB
35 OR DVA
36 pvaQ
60 AvVQ
61 . AVB
X-
65 EX-OR DVA
66 pvaQ
70 AvQ
71 AVB
75 EX-NOR DvA
76 ovaQ
72 a
73 - 8
74 INVERT 5
77 0’
62 Q
63 8
64 PASS A
67 o]
32 Q
33 B
34 PASS A
37 D
42 0
43 0
“ZERO"
44 RO 0
47 0
50 AAQ
51 MASK ANB
5% DAA
56 DAQ
Figure 6. ALU Logic Mode Functions.
(Cp Irrelevant)

Octal Cn=0{Low) Cn = 1 (High)
Is43. 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+1
06 o+Q D+Q+1
02 Q Qa+1
03 PASS B Increment | B+1
04 A A+l
07 2] D+1

12 Q-1 Q
13 Decrement B-1 PASS 8
14 A-1 A
27 D1 D
22 -Q-1 -Q
23 1’s Comp. -B-1 2'sComp. | -8B
24 : —~A-1 (Negate) —A
17 —-D-1 -0
10 Q-A-1 Q-~A
11 Subtract B--A-1 Subtract B-A
15 {1’'sComp){ A-D-1 (2's Comp) | A-D
16 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-Q0-1 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 = R4Sy

or subtract mode. The table below indicates the logic equations P, =Ry +S, Gy = RyS,
i i ions. The

for these four signals for each of the eight ALU functions Py= Ry +S; Gj = RyS;

R and S inputs are the two inputs seclected according to

Figure 2. Cq4 = G3 + P3Gg + P3P,G; + P3P2PGg + P3P2P{PoCh

C3 = G2 + PGy + P2P1Gp + p‘zf’l"o(fn

ls43 | Function P G Cn+a OVR
0 R+S P3P2PyPg G3 #+ P3G2 + P3P2Gy + P3P2P1Gp : Cs ) C3¥Cq
1 S—-R Same as R + S equations, but substitute fT, for R; in definitions o
2 R-§ Same as R + S equations, but substitute § for S; in definitions -
3 | RVS Low P3P2PPg : P3P2PyPg + Cq P3P2P1Pg +Cq
4 RAS Low G3+G2+Gy +Gp ’ G3+G2+Gy+Gp+Cp G3+G+ Gy +Gg+Cq
5 RAS Low t—————————— Same as RA'S equations, but substitute R; for R; in definitions ——————— s
6 R¥S |wa— Same as R ¥ S, but substitute R; for R; in definitions . o
— ' G3 75365 7 P3P,0y
7 | A¥s | G3+6,+6,+6p G3+P3Gy +P3P2Gy +P3PPyGo G3 *P3G2 + P3PaGy See note
+P3P2P{Pq (Gg + Cnl
Note: [.5-’2 4-675,1 +-G-2§‘Fo ¢62§| aocn] ¥ [53 +§3$z +§3EQF| + 6352§|Fo+§3§25,§ocn] +=0OR
’ Figure 8.
PACKAGE OUTLINE
40-Pin Ceramic (Side Brazed) 42-Pin Flat Package
2.000:.030 -
[ o |
a0 2
6;c ~ 20°crw
80 {MIL.STD.-883,
1.015 P Method 1012, C2)
l 1 2
‘.{ l.' SHOULDER WIDTH 0551 015

100
TYPicAL 070 MAX 41D THICKNESS SEATEO HEIGHT 220 UAX.

n = i
! '-T'L 010+ 003 ~= ; ° L

Y sraTing +_‘¢I;l;: = Thy ===

{ ‘A i HsdedH
l PLANE
- 100+ 010 ounooc-—ﬂ.- I-..—aoov OIS—‘{
_l 1o PLCs) 018 MmN

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
MHMCTHr @ ~ wf) ot W e S L7 em 1Y
LY = EA »[n ] e B a4
“ ) x[DOv LTS o B o)
LY I »io"N [ » [
LY== £} »[v rang s »[J%
[ ) »{F vee e » [5F
N b [ ovn 032 »[v
Aam, (T B[ G [*f o ] »{v,
Rauo T} n{)e (= vy
Yee {10 n{e nJwe nfv
[ X2 % e [1] Amzs01 30 {1 cxo, o, [
o C]n neo eno 312 n[TJova
ndn nfn w 2 [Caee
N [ =EH W »[e
o] EY s Y (1} == 53 n%H
LY [T »{19% (7Y == I 27 [Jcwo
s »[0o [ 7% == I} 2 [ %
5t afae; Q] s
LY = U] {30 L= M
HwO» nf0 &= nn
0 n 2 [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. See 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 usefut fife may be

impaired)

Storage Yemperature

~-65"C to +150°C

Temperature {Ambient) Under Bias

~55"C 10 +125°C

Supply Vohtage to Ground Potential

-05V10+63V

DC Voltage Applied 1o Outputs for HIGH Qutput State

-0.5 V to +V¢e 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 to +70°C

"4.75V105.25V

Am2901DM, FM

~55°C to +125°C

4.50 V10550V

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 -3
Temperature Cycle 1010 [ —65Cto +150°C 100% 100%
10 cycles
Centrifuge 2001 B 10,000G 100% °* 100%
Fine Leak 1014 A 5x10-8 atm-cc/em3 100% _* 100%
Grass 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 LTPD =7
Subgroup 3 See below for . LTPD=7 LTPO =7
5005 d ' ' f =
Subgroup 7 efinitions of subgroups LTPD =7 LYPD =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
P 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 | pamnum rated temperature
Hermetic DIP 0°C 10 +70°C, AM2901DC 8 oo Mo Smini .
Hermetic DIP -55°C104125°C  AM2901DM uneto “‘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
11 Switching Minimum Rated Temnpersture
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unitess Otherwise Noted)
(Group A, Subgroups 1, 2 and 3)

Typ.
Parameters Description ) Test Conditions (Note 1) Min. (Note 2) Max. Units
IoH = ~1.6mA
Yo. Y1.Y2.Y3 24
. I0H = ~1.0mA, Cpreg 24
Vou Output HIGH Voltage Vee - MIN. lon - ~B00uA. OVR.P 24 Vol
Vin = Vig or Vi i !
OH = —-600uA, F3 24
104 » ~600uA 24
RAMp, 3, Qo, 3 ]
IoH = —1.6mA, G 2.4
beex Output Leakage Current Vee = MIN., Vo = 5.5V ‘ 250 uA
for F = 0 Output ViIN = ViR or Vi . )
1 =16mA
. oL = 1om 05
Y0.Y1.Y2,¥3.G
= - F= i
VoL Output LOW Voltage Vee - MIN., 'oL = 10mA. Cn1a: — o o5 Volts
VIN = Vi or ViL 1oL = 8.0mA, OVR, P 0.5
1oL = 6.
oL =6.0mA, F3 05
RAMp, 3. Qp, 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 tnput Clamp Voltage Vee = MIN, Iy = ~18mA . -1.5 Volts
Clock, O -0.36
Ap. A1, A2, A3 ~0.36
Bp. B4, B2, B3 -0.36
e Input LOW Current Veg = MAX. O0. 01. 02. 03 —0.72 mA
ViN = 0.5V 19. 1. 12,16, 18 . -0.36
13.14.15. 19 -0.72
RAMg, 3, Qp, 3 (Note 4} -08
Cn ) -36
Clock, OF 20
Ap. A1, A2, A3 20
Bp. By, 82,83 20
. Dg.D4.02.0
hH Input ' HIGH Current Vee = MAX. 0-1. 72 73 £ HA
VIN 29V . 10, 11.12. lg. 18 20 .
13.14. 15, 1y 40
ﬁAMo‘ 3. Ob' 3 (Note 4) 100
Cn . 200
N input HIGH Current Vee = MAX,, VN = 5.5V 1.0 mA
Yo. Y1, Vo = 2.4V 50
Y2.Y3 Vo = 0.5V -50
lozH Off State {High Impedance) ' Vg =24V
Vee = MAX, 100 uA
lozL Output Current ¢ RAMg 3, |[(Note4)
G, 3 .
Vo + 05V 800
(Note 4)
Y0.Y1.Y2.Y3.G -15 -40
Vee ~ 5.5V Cnea =13 -0
) Output Short Circuit Current cc*o. 5 _ _ A
os {Note 3) Vo - 05V OVR.P 1 40 "
Fa -15 -40
RAMg 3.09,3 . -15 -40
Mititary . 185 280
1 - mA
cc Power Supply Current Vee = MAX. Commercial 185 280

Notes: 1. For conditians shown as MIN. or MAX., uss the appropriate vatuo specitiod under Elactrical Cheracturistics tor the applicabile device type.
. Typlcal limhis a10 0t Ve = 6.0V, 25"C amblent and maximum loading.

Not more than one output should he shorted at 8 timoe. Dusstion of tha short circult test should not excoed one second.

Thaose are throe state outpuls Internally connected 10 TTL Inputs, Input characteristics aro moasured with Ig7g In a state such thet the
three state output is QFF, .

rowm
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GUARANTEED OPERATING CONDITIONS

OVER TEMPERATURE AND VOLTAGE

Tables 1, 11, and 1t below define the timing requirements of
the AmZ2901 in a system., The Am2901 is guaranteed to

TABLE 1

function correctly over the operating range when used within CYCLE TIME AND CLOCK CHARACTERISTICS

the delay and sct-up time constraints of these tables for the

appropriate device type. The tables are divided into three TIME Am2901D0C,PC | Am29010M,FM
types of parameters; clock characteristics, combinational delays Read-Modify-Write Cycle . '

from inputs to outputs, and set-up and hold time requirements. {time from selection of

The latter table defines the time prior to the end of the cycle A, B registers to end of 1050 - 120ns
(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 cvcle)

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 (all in ns, C_ < 15pF)

Am23801DC, 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 |Ch44| G, P | R =|OVR
Input 470 RAMq| g 470 RAMol Qo
RAM;3| Q3 RAM3| Q3
A, B 110 | 85 | 80 [ 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(I=X37)(Note5)[ 60 |50 | — | - {60 | — |60 | — [ 65 { 55 — [ — |65 | — | 65 | —
Cn 55 1 35 | 30 | — | 50 | 40 | 55 | - 60 | 40 ' 30} — | 55| 45 {60 | -
1012 85 | 65 (65 | 65 | 80 | 65 | 80| - . 9o | 70| 70| 70 | 85 | 70 | 85 | -
i345 70 | 55 | 60 | 60 | 70 | 60 | 65 | — 75 160! 65| 65 | 75 | 65 | 70 [ —
1678 55 [ — - | -1 - ~-1414a5 60| - | = - | - - {50 | s0
OE Enable/Disable [40/25] — - -1 =-1-1-1=- 402 - | -} - | -1 -1-1] -
A bypassing _ _ _ _ _ _ _ _ _ _ _ _ _ _
ALU (1 = 2xx) 60 65
Clock _& (Note6)| 115 | 85 | 100 | 100 | 110 | 95 | 105} 60 |i 125 | 95 { 110} 110 | 120 | 105 | 115 | 65

SET-UP AND HOLD TIMES (all in ns) (Note 1} TABLE 1iI
Am2901DC, 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 0 tpwl + 30 0

B Dest. 2,4 tpwl + 15 0 tpwl +15 0

D (arithmetic mode) 100 0 110 0

D(l = X37) {Note 5) 60 0 65 0

Cn 55 0 60 0
lo12 85 0 90 )
'345 70 0 75 0
‘618 4 tpwl + 15 0 tpwl + 15 0
RAMg, 3. Qp, 3 ' 30 0 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; It It is used only for the destinatlon sddress, use the

‘B dest.” sor-up time,
. Whore two numbars are shown, both must be met.
“towl " I8 the clock LOW tima.

ovLw
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DV O 15 the fastest way 10 10ad the RAM from the O inputs. This funciion is obitalned with | « 337,
. Using Q rogistor as suurce operand in arithmaesic mode. Clock is not normally in critical speod path whon Q Is not a sourca,




SET-UP AND HOLD TIMES (minimum cycles from each input)  time prior to the clock until the hold time after the clock. The

set-up ‘times allow sufficient 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.

al
(ot teat1 30 m)

0 . | ——

i
¥

s

=1

ICORCCOMMCCOMEE ey [

= (OO00CKAAARRY

Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable
Times for Am2901DC, in ns. See Table |1f for Detailed Information.

t-— NOTE &

16-81T CPU CYCLE TIME

cLoCK ]

AT LEAST AT LEAST
NOTE 1-—1-——30 ns . 30 ns =
A8.0.8 W ‘

eroarer _ NTTRTRTRENERN

-.l 10 T-—nmzs'.z. 0
:“' ;‘ ] 55 NOTE 4 ———o-r1
ovR N————
ot aurs I’I0I‘I‘I’I‘IOIOI’I010!0I0I0I'I'IOI’I'I’Z'Z’I'I‘I‘Z'!'Z‘I'IOIOIOIOI‘I’I('IOI'I‘I01010101010
smrrmosrs AR A A A A A

stror]

Notes: 1. This deloy Is the max. t, 4 of the rogister containing A, B, D, and I. For the Am2918, use 13ns.

2. 10ns for look-ahead corry. For rippla carry over 16 bits use 2 x (C, ~* Cy44). 0r GOns.

3. This is the dalay associatod with the multiplexor betwoan the shift outputs and shift inputs on the Am2901s. See
Flgure 19,

4. Not appliceble for loglc operations.

5. Ciock rliing edge may occur here if sdd and shift do not occur on same cycle.

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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MICROPROCESSING UNIT (MPU)

The MC6800 is a monolithic 8-bit microprocessor forming the
central contro!l function for Motorola’s MGBOO family. Compatible

with TTL, the MCG800. as with all M6B0O 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 o 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

MC6800
MOS

{(N-CHANNEL, 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 | T
Read Only . |
Memory
Address
Data Registars Registers
Random and Buffers and
Accoss Buffers
Memory
4 A
¢ Interfoce
. Adaptor
ey ALU
toput/  ——pad
Interface o oy
Adaptor - Modaimn Output Control [~
Control —eg-—1
Y Y

. Address Daota
Bus Bus
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ELECTRICAL CHARACTERISTICS (Ve - 5:0 V 15%,Vgs=0,Tp =0 to 70°C unless otherwiso noted.)

Characteristic Symbol Min Typ Max Unit
input High Voltage Logic Vi Vgs +2.0 - Vce Vde
C 01,02 Vire Vece - 03 - Ve + 0.1
lnput Low Voltage Logic VL. Vgs - 0.3 - Vgg + 0.8 Vdc

¢1,02 vViLe Vgs — 0.1 -~ Vgg +0.3
Clock Overshoot/Undershoot — Input High Level Vos Vee - 05 - Vec +05 Vdc
- lnput Low Level Vgs - 05 - Vg +0.5
Input Leakage Current tin uAdc
Vin =0105.25V, Vce = max)’ Logic*® - 1.0 25 .
(Vin =0105.25V, Vge = 0.0 V) 01,02 - - 100
Three-State {Off State) Input Current D0-D7 ITsi - 20 10 uAdc
{Vin 0.41t02.4V, Vg = max) AO0-A15R/W - - 100
Output High Voltage Vou Vdc
{11 0ad = —205 pAdc, Ve = min) D0-D7 Vgg+24 - -
(ILoad = —145 pAde, Ve = min) AO-A15R/W VMA Vs +24 - -
(I{oad = —100 uAdc, Ve = min) ‘BA Vgs+24 - -
Output Low Voltage ~ Vour - - Vgg +0.4 Vdc
{ILoad = 1.6 mAdc, V¢ = min) 4
Power Dissipation PO - 0.600 1.2 W .
Capacitance ¥ $1,02 Cin 80 120 160 pF
(Vin =0, Ta =25°C, f = 1.0 MH2) TSC , - - 15
DBE - 7.0 10
DO-D7 . - 10 125
Logic Inputs : - 6.5 85
A0-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 Hs
Clock Pulse Width PWoH : ns
(Measured at Vo — 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 Vcc — 0.3 V) :
Delay Time or Clock Separation tg " o - 3100 ns
(Measured at Vgy = Vsg + 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

'5’»1

Vav © Vgg ¢ 0.5V = Clock Oveslap
invasdrement point

Overshoot
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltago Vee -0310+7.0 Vdc
Input Voltage Vin ~03t0+7.0 Vdc
Operating Temperature Roange TaA 010 +70 . oc
Storage Temperature fange Tsig  |°—55 to +150 oc
Thermal Resistance 03 70 oc/w

READ/WRITE TIMING Figures 2 and 3, f = 1.0 MHz, Load Circuit of Figure 6.

This device contains circuitry to protect the
inputs against damage due to high static volit-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit.

'

Characteristic Symbol Min Typ Max Unit
Address Delay tAD - 220 300 ns
Peripheral Read Access Time tace - - 540 ns
tacc = tut — (tAD * tDSR!
Data Setup Time (Read) tDSR 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 teEH 450 - - ns
Data Delay Time (Write) tDDW - 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 tTsp - - 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. IDBEf - - 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 /‘F Vee - 0.3V \ /—
—Floav 0.3V
—_—] et

=" Vee-03V
»2 _\ / \‘ 0.3V
taD
24v

R/W

;«m@

Address 2.4 V—
From MPU 0.4 v

RN

I‘—‘AH

A=

tAD .
2.8V A= W—
a P A 3 fe—ty
tAD tace 'DSR -~
Data ! 20V e
From Momory —ﬁm Data Validg &—
or Periphorals 08V —-= e ——

\\\\\\\\\‘ Data Not Valid
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FIGURE 3 — WRITE IN MEMOHRY OR PERIPHERALS

—— Start of Cycle

teye
o1 2 "Vee - 0.3V \ -/
——A10.3 V f-03V
—.T a— 1
o / \{
tAD
N\ ¢
R/W \ N
04V <\\‘\§
~ [~ taH
Address 2.4 Vo
From MPU 0.4 v __DD —
tAD —=
24v < N
VMA
tAD L.——'DDW——-‘
Data 24V
Erom MPU - 4@ Data Valid
o e —
B !H
DBE = 02 \ 20V 0o8v
 estut b
tEH
(DBE)
tDBED
DBE -
20v
DBE # ¢2 0.8 V
le— tDBEf ——=! =—tDBEr tH
From MPU 7@& Data Valid
'-'——tDDW-—'-]

m Data Not Valid

OELAY TIAIE (ns)

FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY
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FIGURE 6 — BUS TIMING TEST LOAD

TYPICAL POWER SUPPLY CURRENT

FIGURE 7 — VARIATIONS WITH FREQUENCY

4,75 VvV brd
£ 160 v v v v v Y
- o1 Duty Cycle = ¢2 Duty Cycle = 511"
P z T Ving = Suv
L= 2.2k < 150 viLe = ov
3 vee = 50V
Test Point MMDG1.50 > TA = 25°C ]
or Equiv, & 140
a
a
(o R S
130
MMD7000 £ 200 400 600 800 1000 1200
or Equiv. !
f,0PERATING FREQUENCY (kH2)
T = FIGURE 8 — VARIATIONS WITH TEMPERATURE
= 166 v
c 130 pF for DO-D7 E 9 ©1 Duty Cycle = ¢2 Duty Cycle = 507
= g0 pF for AG-A15, R/W, and VMA [ N VIHC = 5.0V ]
= 30 pF for BA 2 a0 Vite = 0V
R = 11.7 kS for DO-D7? = T vee = 5.0V
= 16.5 k§? for AD-A1S, R/W, and VMA 3 —~] { = 500hHz
= 24k for BA > 120 I~
& o
a
=
@
100
L 0 20 40" 60 80 100 120
Ta, AMBIENT TEMPERATURE (9C)
EXPANDED BLOCK DIAGRAM
A15 Al4 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AD
25 28 23 22 20 19 18 17 %6 15 14 13 12 11 10 9
Output — Output
Buffers Buffers
Clock, 01 33—
Clock, 02 37 ~=—fw
Heset 40 ——» Program Program
Non-Maskabie Interrupt [ —— Counter , Counter |
Hait 2 ——w .
Instruction
interrupt Request 4 ——pmd Decode Stack Stack
and Pointer Pointer
Three.State Control 39 «~—# Control
Oata Bus Enabile 36 ~~—im Index Index
Bus Available 7 g Register H Register L
Valid Memory Address 5 -1
Read/Write 34 <«f—1 Accumulator
tnstruction Accumulatar
Registur 8
Condition
Codo
Rogisrer
11
Oat ||
Gutter ALY
Veg * P B 3 't. 1 '17 3 f 1 3
26 27 24 20 30 2 a2 a4
Vgg = Pins 1,21 O/ D6 05 D4 O3 b2 OV DO

-230-



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 (91, $2) -- Two pins
are used for a two-phase non-overlapping clock: that runs
at the Vc 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 halted. 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 turn-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 qf driving
one standard TTL load and 90 pF.

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
utilized 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 directly driven by this active
high signal, -

Data Bus Enable (DBE) — This input is the three-state
control signal for the MPU dota 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 internally. 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 the high 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 k2 external resistor to Vg
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. I Reset goes
high prior to the lcading 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 be
generated within the processor. As with the m
Request signal, the processor will complete the current
instruction that is being executed before it recognizes the
NMI signal. The interrupt mask bit in the Condition Code
Register has no effect on NMI.

The Index Register, Program Counter, Accumulators,
and Condition Codc Register 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-
mask_ablc intertupt routine in memory.

NMI has a high impedance pullup resistor internal to
the chip; however a 3 k2 external resistor to V¢ should
be used for wire-OR and optimum contro! 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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!
| -——{P—First Instruction Loaded into MPU
I

Address Out = Contents of
FFFE + FFFF
Address Out
= FFFF

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vector
MS LS

Description

FFFE  FFFF

Restort

FFFC  FFFOD

Non-maskable Interrupt

FFFA  FFFB

Software interrupt

FEF8  FFFQ

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).
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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 QOrder 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Prograrm Counter, Lower Order 8 Bits
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Condition Code Register ~ The condition code register
indicates the results of an Arithimetic Logic Unit operation:
Negative (N), Zero {Z), 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 directly
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 Pull Data
ROL Rotate Left

ADD Add CMP Compare ;
AND Logical And COM Complement E%R 22:31:1 f:l?r:tlnter(upt
ASL Arithmetic Shift Left CPX Compare Index Register .

. ) s Cor RTS Return from Subroutine
ASR Arithmetic Shift Right DAA Decimal Adjust
B8CC Branch if Carry Clear DEC Decrement ggé gﬂg:::g: aiclf\ug’aur'ray'ors
BCS Branch if Carry Set DES Decrement Stack Pointer

. . SEC Set Carry
BEQ Branch if Equal to Zero DEX Decrement Index Register SEi Set Int t Mask
BGE Branch if Greater or Equal Zero . et Interrupt Mas
: EOR Exclusive OR SEV Set Overflow

BGT Branch if Greater than Zero STA Store Accumulator
BHI Branch if Higher INC Increment _ STS Store Stack Register
8IT Bit Test INS Increment Stack Pointer STX Store Index Register
BLE Branch if Less or Equal INX Increment Index Register SUB Subtract
BLS Branch it Lower or Same IMP Jump SWI Software Interrupt
BLT Branch if Less than Zero .
BMI Branch if Minus JSR Jump to Subroutine TAB Transter Accumulators
BNE Branch if Not Equal 1o Zero LDA Load Accumulator TAP Transler Accumulators 1o Condition Code Reg.
BPL Branch if Plus LDS Load Stack Pointer TBA Transter Accumulators -
BRA Branch Always LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
B8SR Branch to Subroutine LSR Logical Shift Right TST Test
BvC Branch if Overflow Clear NEG Neaate TSX Transfer Stack Pointer to Index Register
8vs Branch it Overtiow Set NOP Ngggperalion TXS Transter Index Register 1o Stack Pointer
CBA  Compare Accumulators ORA  Inclusivo OR Accumutator VA Waitfor interrupt
CLC Clear Carry :
Cul Cloar Interrupt Mask PSH Push Data

-235-



TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS

CO0F REG.
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Nuy Attecird

Vot and setof tiise_ (legsed olherwia

ADDRESSING MODES BOOLEAN/ARITHMETIC OPCRATION COND.
MMED DIRECT INDEX EXTND IMPLIFD (ALl cogrstar labels slajaz2]1]e
OPEAATIONS muemonic| 02~ :|op ~ =for - o0 -~ =lor ~ = seter 1o contents) Hl1Nz|vic
Add ADDA 38 2 2% 3 2j]AB 5 2|88 & 3 A*M A tlejttjiye
ADDB [o:] 2|08 3 2|e8 S 2|f8 & 3 BeM -8B tle|ltjr)!?
Add Acmttey ABA 18 2 1| A8 A tlefsft]t]t
Add with Carry ADCA 89 2 2199 3 2|A3 S5 2)83 & 3 A¢M+C A Hjeftjtfryt
ADCB €3 2 2109 3 2]€9 5 2)t3 4 3 BeMoC -8 ! Jijeltptpit
And ANDA 84 2 2|9 3 2|Ad 5 2(8B4 & 3 A-M-A elelijlIR]|e
ANDY €4 2 2|04 3 2|€8 5 2(F4 4 3] B:M-B ele|lil|R]|e
B4 Test BITA 85 2 2|9 3 2]A5. 5 2|85 4 2 A-M ejo(l|l{R]e
8ITB €5 2 2105 3 2|€S 5 2|F5 4 3 8°M eleililin|e
Clear CLR 6F 1 21 6 3 00 -+ M o|e|R|SIR[R
‘CLRA 4F 2 1 00 A o|®[RISIRIR
CtR8 SF 2 t]00-8 o|®|RISIR|R
Compare CMPA 81 2 2|l% 3 2|Aa 5 2|81 4 3 A-M LIRS
cmPe ¢t 2 2tD01 3 2|€v S 2|{F1 4 3 B-M IO AR R R
Compare Acmites CBA o2 A-8 eiell| ML}
Complement, 1's com 63 7 2113 6 3 MM elofl|I|R{S
COMA 43 2 V| A-a efe[{[IIR]S
coms 53 2 1t |8-8 ofe|l|1IR]|S
Complement, 2's NEG 60 7 2{10 6 3 00 -M-M esle| 1! D@
[Negate) NEGA 4 2 1]00-A-A oot DO
NEGB 0 2 1 |00-8-8 SO HE ")
Decimal Adjust, A DAA 19 2 1 | Converts Binary Add. of BCO Characters | @ |e[ 1] 1]t |®
into BCO Format
Decrement DEC 6A 7 2,71A 6 3 M-1-M elojllila]e
DECA 4A 2 1 P A-1-A sjefiil|a)e
DECB SA 2 1 |s-1-8 olelilt|afe
Exclusive OR EORA 88 2 2198 3 21A8 § 2}B8 4 3 AOM -+ A ole|l]tiR]|e
EORB €8 2 2iD8 3 2|E8 5 2(F8 4 3 B@OM—~8 eofeilil{R]e
Increment INC : sc 7 2|1 &6 13 Mei—-M ole|1]|1i)e
INCA 4 2 V| A+1=A elelt|1lDe
INCB §C 2 t|B+1-8 oleftfiiGe
Load Acmits LDAA 86 2 2198 3 2|A6 5 2(86 4 3 M=A ole|ll!|R]e®
LDAB C6 2 2|06 3 2|€E6 5 2|F6 4 3 M-8 ole|s]t{R]|®
Or, Inclusive ORAA BA 2 2|%A 3 2)AA 5 2|BA 4 3 AtMN—-A elelijliR}e
ORAB CA 2 2|0A 3 2]€EA 5 2|FA & 3 B+M-8B ofe|ili|R|e
Push Data PSHA 3k 4 A -~ Mgp, SP -1 ~SP eolo|ele]efe
PSHB - 37 4 1 B - Mgp, SP ~ 1 ~SP elejoje|e]e
Pult Data PULA 32 4 1 SP+1 8P Mgp—A ojo|o|efetle
PULB 33 4 1] SPy1~SP Mgp—8 oleje]e]a]e
Rotate Left ROL 6 7 2|1 6 3 M NOHRGHE
ROLB 59 2 1|8 c b7 = w0 IOHHGE
Rotate Right ROR 66 1 2|1 6 3 <« | BOIHHO.E
RORA 6 2 1| A - BOIHHGE
RORB 6 2 1|8 L B HGE
Shift Left, Arithmetic ASL 68 7 2|18 6 3 %] - eleftit|®lt
ASLA 48 2 1A} O~ OIOIOID-0 UUHHGCE
ASLB 58 2 1|8 c w b0 DOHHGE
Shift Right, Arthmetic ASR 6 1 2117 6 3 M - DOUHGE
ASRA a2 1| syt - o olelift[®)1
ASR8 57 2 1}8 b7 0 C NEANRGE
Shift Right, Logre SR 64 7 2|1 6 3 M} - OIIRGE
LSRA @ 2 1 |a 0~-OI1In ~ O eleir]:i@):
LSAB ¢ 2 1|8 v? LU ofeln|tieN:
Stare Acmiltr, STAA 97 4 2|Ar 6 2(8B7 5 3 A-M eleofl|t|R]e
STAB D7 & 21€1 6 2[F2 S5 3 B-*M . ele|ii1|R]le
Subtract SUBA 80 2 2{% 3 2{A0 S5 2|80 4 3 A-M--A DICARA RTINS R
suse 0 2 2{00 3 2)1¢0 5 2|F0 ¢ 3 B-M--B ele|lii|l]?
Subtract Acmltrs, SBA W 2 11 A-B-—-A ele|lil] 1]
Subtr. wath Cany S8CA 82 2 2(82 3 2({A2 5 2(82 4 3 A-M-C--A efeftilftfl
secs €2 2 2|02 3 2|€2 5 2|F2 & 3 B-M-C -8 LILIRERERIRS
Transfer Acmitrs TAB 6 2 1 A8 efe|{l{|R|®
18A o2 B A eflo|liliR]e
Test, Zero or Minus 187 60 7 21710 6 3 M- 00 eofe |1l IRIR
ISTA 4 2 1| A-00 eje|li1|R|R
TS18 0 2 1 8 - 00 o|lejlli|R|R
H{v{nizjv|c
. LEGEND: CONDITION CODE SYABOLS:
OP  Oprration Code (Hevadieamad), . Bovutean Inddunve OH,
~ Numbes o) MPU Cydles, 0] Boulean €actunive OR, H Hall corey iombet 3,
E Numbier uf Pragram Bytes, '] Complement of 1, [} tntesrupt mask
s Asithinetic P, . Tiamster Inu, N Negative fugn tet)
Anthmetic Minay, ] Bn  Zeto, 2 2no (hytr)
Boulesnn AND, 80 Hyte - Zeto, v Ovestlow, 7'y tomplement
Mgp  Cuntrats of mrmory totstion ponted 1o be Stark Pontes, < Corey o b 7
R Reset Always
Notr  Accumulatar addessing mode mstin bons g acluded o the totimn far IMPLIED aditressing S St Alwayt
!
.




TABLE 4 ~ INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. COOE REG.

_JMM[D DIRECT . INDEX EXTND IMPLIED R S141 321y 3]

POINTER OPERATIONS MNEMONIC | OP | ~] = |OP| ~] = |OP |~ ] = |OP|~ ] =jOP}~j = BOOLEAN/ARITHMETIC OPERATION [H]#|NjZ|V|C

Compare Index Reg cPX 8Cc{3| 3j9clal2|acic]2jrC|[S |3 XH - M X~ (M) ool l(é:} .

Decrement Index Reg 0Ex 034} 1 X-1-X ojejsiliele

Decrement Stack Patr DES 8|4 SP -1 --SP IR NCIE K]

Increment Index Reg INX 084 Xe+1-X ojleai|ele

Ingrement Stack Pair INS 31181 SP+ - SP olelojele]e

Load Index Reg LOX CE|3] 3|DE[ 4| 2fEE|6|2]|FE[S |3 M- Xy, (M e 1) = Xy NOIREIN

Load Siack Pntr Los 8E |3 JJ9E{ 4| 2]{AE[6[2BE]S |3 M~ SPl. (M + 1) - SPy olel@:lnfe

Store tndex Reg STX of| s 2|erl7|2]FF|[6 |3 XH M, Xg (M 1) JRGHEIR

Store Stack Pntr -8TS 9F| 5| 2|AF| 7| 2(8Fl 6|3 SPH -+ M, SPL -+ (M + 1) JROIMEIT

Indx Reg -~ Stack Pnir TXS %1411} X -1—SP oleleielofe

Stack Pntr -+ Indx Reg TSX 3|4 | SP+1-X elejoie|ele

TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.

RELATIVE INDEX EXTND IMPLIED st4t'3{2({110
OPERATIONS MNEMONIC | OPi~|=j0P| ~] =|oP] ~| =jOP|~|= BRANCH TEST Hjtl [N} Z}iV]C
Branch Always BRA 2014 (2 None el o |eojojeije
Branch If Casry Clear BCC 2414 )2 c=0 oo j0ojo]e]e
Branch If Carry Set BCS 25|14 |2 c=1 AR IEIEIERE]
Branch If = Zero BEQ 2il 4|2 2=1 AR REIEAERE]
Branch H > Zero BGE 214 ]2 N@®V=0 e/ olofofeo]e
Branch If > Zero BGT 2 4 |2 Z+(N@V)=0 e/ ojo| el e|e
Branch It Higher BHI 221412 C+2=90 o, o 0l e)le|e
Branch If < Zero BLE 2F 412 Z+(N@ V=1 ol oo el e|e
Branch If Lower Or Same BLS 2342 c+2Z=1 DRI IR
Branch If < Zero BLY 0]41]2 N®V=1 ol e |eo| ejeo]e
Branch If Minus BMI 284 |2 N=1 o 0| ojejele
Branch H Not Equal Zero BNE 261412 2=0 NEIEIEIERE]
Branch If Overflow Clear 8vC 281412 V=0 ol ojlo| el oo
Branch # Qverfiow Set BVS 2914 (2 V=1 o[ oo s ofe
Branch If Plus BPL 2A1 42 N=0 ol o[ o] 0| 0] @

. Branch To Subroutine BSR 80| 8 | 2 ol ole| efele
Jump IMP 6E} 4} 2176 3] 3 } See Special Operations o) o/ ol 0] 0] @
Juinp To Subroutine JSR AD| 8] 2)|8BD} 9|3 ej ol o ofe|eo
No Operation NOP o2 (1 Advances Prog. Cntr. Only e[ ool ejefe
Return From Interrupt ATI B0 1
Return From Subroutine RTS 3919 11 ol o]l o) ol o]e
Soltvnre Interrupy Swi IF 112 11 ; See Special Operations o) o/ o o] e
Wan for Intercupt ® WAI IE|9 {1 i o o @ | @

VWAL puts Address Bus, RAY, and Data Bus i the three-state mode while VIMA is held low.

i
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SPECIAL OPERATIONS
JSR, JUMP TO SUBROUTINE:

[

Main Program

n

AD = JSH

INOXD LXR]

K = Offset*

ne2

Next Main Instr.

—>

*K = 8-8it Unsigned Value

[

Main Program

n

BU - JSH

nel

SH = Subw. Addr.

EXTND a2

SU = Subr. Addr.

n+d

Next Man Insir,

BSR, BRANCH TO SUBROUTINE:
PC  Main Program
n | 80 =BSR
n+l } 2 K= Offser*
n+2 | Next Main Instr.

*K = 2-Bit Signed Value;

JMP, JUMP:
PC  Main Program
0§ BE = JMP
n+1 | K= 0ffset
INDXD v

RTS, RETURN FROM SUBROUTINE:

[

Subroutine

S

39 = RTS

RTI, RETURN FROM INTERRUPT:

pC |

nterrupt Program

S

38=RTI

>

=>

—>

d

sP Stock BC Subroutine
- SpP-2 INX ¢+ K 15t Subr. fnste,
sP=1 | Inv21 H
sp | ne2l L
(n42lyand In+ 2] Formns2
Sp Stack PC Subrovtine
— SP-2 S | Vst Subr. Inste,
sP-1 { In+3l H
SP{fne3lt (S Formed From Syy and S}

— = Stack Pointer Alter Execution.

se Stack PC Subroutine
- §P-2 n+22 K | 1stSubr. Instr.
SP-1 | In+2l H :
SP | ln+2) L
n+2 Formed From [n+2]yand [n+ 2}
P Main Program
n+1 {Ky = Next Address
EXTENDED { n+2 |KL= Next Address|
K
spP Stack PC  Main Program
EF-’ n | Next Main Instr.
SP+1 | Ny
- sp+2 | N
SP Stack PC Main Program
sP n | Next Main Instr.
SP+1 Condition Code
SP+2 Acmitr B
SP+3 Acmitr A
SP+4 Index Register (Xp)
SP+5 Index Register {(X()
SP+6 NK
- SP+7 | N

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

Bav)
B C)
(81 €)

[(ITR"]
(Bu V)
- At v)

Test
Test
Frst

COND. CODE REG.

IMPLIED S{4)]3(2|1]0
OPERATIONS MNEMONIC |OP | ~ BOOLEANOPERATION{ H |V [N j2 {V ]| C
Clear Carry cLe C{2 |1t 0-C el oejlefele|R
Clear Interrupt Mask cLi 0E] 2 | 01 elRje e o] e
Clear Overflow cLv 0A|2 |1 0V e(oefe|aR|e
Set Carry SEC {211 1-+C e|leje e ie|S
Set Intertupt Mask SEl 0fF 12 1|1 11 ejiSjejeje|oe
Set Overflow SEV os|2 | 1V eojeojelejs]oe
Acmlts A+ CCR TAP 0612 |1 A--CCR
CCH -+ Acmil A TPA o/f2 | CCR - A e ejejefe]e

CONDITION CODE REGISTER NOTES:

Result 10000000
* Resuly - 00VODOVD?

Decunal value al most sgubicont BCO Character greater than nine?

{Not ceared of previoasly set )

Test
Test

Opetand
Uperand

10000000 g 1o execation?
QUERLLNY prar to execution?

Vest. Set equat tu result abt NQOE after shilt has occurred.

(B N)
Bir v)
{Bit N)
{an) .
(Bt 1)

- D O
-

{81 set ot test s true and cleared otherwise}

Test: Sugn bit ol most agmlivant (MS) hyte
Test: 2°s complement overllow trom sublrachion of 838 bytes?
Test. Result fess than zeta? (B 1%
toad Condition Code Register rom Stack. {See Speaad Opriations)
Set whan mtertupt sccars 1 previously et s Non Mashable

1?

Intecrapt 1s required (o eait the wait state.

(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 :
i rwoda ozp 3 . L —t
| 11 gaz 03D 30 MILLIMETERS | INCHES
12 (J A3 p4ajf) 29 C|DIM} MIN | MAX MIN | MAX
13 s 5h 28 A |50.29 | 51.31 1.980 § 2.020 .
, osp B_|14.86 | 15.62 | 0.585 | 0.615
ta gAs o6 27 C | 25| 4.19_|0.100]0.165
15 (JAG ’ p7h 26 D | 038 0.53 | 0.015{ 0.021 NOTE:
16 Qa7 . F 0.76 1.40 ] 0.030 § 0.055 1. LEADS, TRUE POSlTlONEDW’THIN
: A5 25 G | 2548sC 0.100 85C 0.25 mm (0.010) DIA (AT SEATING
17 a8 A140] 24 H 0.76 1.78 Q‘)_:!U 0.070 PLANE), AT MAX. MAT'L
18 [} A9 A3 23 J 0.20 | 0.33 | 0.008]0.013 CONDITION. {
10 K ].29 1 414 10 “)0 0165 . i
19 gAtd - aep 22 L1460 | 1537 | 0.575 | 0.605 , :
20 {J ALY Vss p 21 N L . . .
3 N 0517 162 [ 0.020[0.660 J R ‘ N ‘,. :' o v Co '
TP S RPN BN AP PR SN S L I S LU TR A TN S ST SO ..;.:..._J
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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 uscful in comparing actual with ex-
pected results during debug of both soltware and hard-

ware as the control program is exccuted. 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
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
238 égf,: 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP sus
cPX 1 1 Op Code Address 1 Op Code
tgi 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
‘A\Sg (IS?R//\\ 3 ©2 1 Op Code Address + 1 1 Address of Operand
BIT SBC 3 1 Address of Operand 1 Operand Data
CMP SUB
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 1 Op Code Address + 1 1 Destination Address
3 (¢ Destination Address 1 lrrelevant 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 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 lrrelevant 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 ggﬁ 2 1 Op Code Address + 1 1 Offset
BIT SBC 5 3 0 Index Register 1 Irrelevant Data (Note 1)
CMP SUB 4 0 tndex Register Plus Offset {w/o C'arrv) 1 Irrelevant Dats (Note 1)
5 1 Index Register Plus Offset 1 Operand Data
cPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offsut (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Register Plus Offset 1 Opersnd Dota (High Order Byte)
6 1 Index Registor Plus bllscl +1 1 Operand Data {Low Order Byte)
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TADBLE 8 — OPERATION SUMMARY (Continuud)

o

Address of Operand

lrrelevant Data (Note 1)

Address Modo Gyclo] VMA n’/w
and Instructions Cyclos " Line Addross Bus Lino Dota Bus
INDEXED (Continucd)
STA 1 1 Op Code Address 1 Op Codo
2 1 Op Codo Address + 1 1 Offset
6 3 0 tndex Registor 1 Irrelevant Dota (Note 1)
q 0 Index Register Plus Offset (w/o Carry) 1 irrelevant Data (Note 1)
5 0 Index chié\cr Plus Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 ‘| Operand Data
ASL LSR 1 |1 Op Code Address 1 Op Code
/C\ls.g ggﬁ 2 1 Op Code Address + 1 1 Offset
gg:\:n ?g} 7 3 0 Index Register . 1 Ircelevant Data (Note 1)
INC 4 0] Index Register Plus Offset (w/o Carry) 1 Irrelevant 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 Irrefevant 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 0 Index Register 1 Irrelevant Data (Note 1)
8 4 1 Stack Pointer o] Return Address (Low Order Byte)
5 1 Stack Pointer — 1 (o} 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 égﬁ a 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)
CMP SUB 4 1 Address of Operand 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
Loy 2| 1 | OpcCode 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 R(E)E 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
COM ROR 6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
ﬁ\fé: TST 4 1 Address of Operand 1 Current Operand Data
5 1
6 0

1/0
{(Note
3)

Address of Operand

New Operond Data {Note 3)
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TABLE 8 — OPERATION SUMMARY (Continuod)

Address Modo Cyclo |[VMA R/W
ond Instructions Cycles ”® Line Addross Bus Lino 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 Codce 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 0 Op Code Address + 2 1 lrrelevant 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 [¢] Stack.Poimer -1 1 Accumulator Data
PUL 1 ] Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next instruction
3 4] 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)
) 0 New Index Register 1 irrelevant 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 trrefevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 trrelevant Data {Note 2)
5 3 0 Stack Pointer 1 trrelevant 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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" TAGLE 8 ~ OPERATION SUMMARY (Continuad)

Address Mode Cycle{ VMA R/W
and lnstructions Cycles ] Line Addross Bus Line Data Bus
INHERENT (Continued)
WAL 1 1 | Op Code Addross 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 | Irrelevant 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 1 | 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 0 | 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 [ 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 BHI BNE 1 1 | Op Code Address 1 | Op Code
ch:(s] gtg g;l;\ 4 2 1 | Op Code 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 | terelevant 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 | Irrelevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address (Low Order Byte)
5 1 | Stack Pointer — 1 0 | Return Address (High Order Byto)
6 0 | Stack Pointer — 2 1 | Irrelevant Data (Note 1)
7 0 | Return Address of Main Program 1 | Irrelevont Data (Note 1)
8 0 | Subroutine Address 1 | trrelévant Data (Note 1)
Note 1. I device which is addressed during this cycle uses VMA, then the Data Bus will go 1o the high impedance three-state condition.
Depunding on bus capacitance, datd from the previous cycle may be retained on the Dats Bus.
Note 2. Datais ignored by the MPU,
Note 3. For TST,VMA 0 and Operand data does noi change.
Note 4. While the MPL is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA s

Inw: Address Bus, 1/W, and Dota Bus ure oll in the high unpcu.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.

aThe P, v Data are tor g pur-
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Preliminary COP1802D, COP1802CD

Yo
NSTRUCTION TIME Wi Te, oo g e
ACHING CYCLESIONE FETCN AND

WCWORY $T57(M &KCCSS Vel {1accqyy ~ o0

ACHINE CTCLES LONE FETCH AND
w0 LECCUTE OPERATIONS )
) ) ) .
MITRUC TION TINE ~ a8
(] LRI 2w
CLOCK INPUT FREOUENCY Ifg 1—MNMg
ey tem

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});

. 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 1/O
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;

A s COP 1002 -

- ——DPISO2C

TOTAL POWCA DISSIPATION (90 )— aw

4

o1
CLOCK IRPUT FREQUENCY (e, =M
Ca-gret

0. LJ

Fig. 4-Typical total power diu-iparion v.
¢lock 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 (20-73 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.

Program 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 f}:

. ALU operations FO-F5, F?7,74,75,77;

. output instructions 61 through 67;

. input insttuctions 69 through 6F;

. certain miscellancous 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

HWN =
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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 foad
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 allowed 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 further
interrupts or can be disabled to prevent them,
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COSMAC Register Summary

D 8 Bus] Data Register (Accumulator)] | N | 4 Bits | Holds Low-Order Inste. Digit
DF 1 Bit § Data Flag (ALU Carry) | | 4 Bits | Molds High Order instr. Digit
R 16 Bits| 1 of 16 Scratchpad Registers| | T-§ 8 Bits | Holds old X, P after Interrupt
P 4 Bits| Designates which register is {X is high byte)

Program Counter 1E [ 1 Bit | Interrupt Enable
X 4 Bits| Designates which register is - "

Data Pointer Q18 Output Flip Flop

INSTRUCTION SET

The COSMAC instruction summary is given
in Tabte |. Hexadecimal notation is used to
refer to the 4-bit binary codes. .

In all registers bits are numbér‘ed 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; R(N)+1 -
This notation means: The memory byte
pointed to by R(N) is loaded into D, and

W=Nor X.or P R(N} is incremented by 1.
TABLE | — INSTRUCTION SUMMARY
(For Notes, see page 9)
"OF
INSTRUCTION MNEMONIC | CODE OPERATION
MEMORY REFERENCE
LOAD VIAN “LDN ON | M(R(N))-D; FOR N NOT O
LOAD ADVANCE LDA 4N M(R(N))»D; R(N) +1
LOAD VIA X LOX 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 OEC 2N R(N) ~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 9N R(N).1*D
PUT HIGH REG N PHI BN D+R(N).1
LOGIC OPERATIONS**
OR OR F1 M{R{X1TOR DD
OR IMMEDIATE ORI F9 M(R{P)) OR D»D; R(P) +1
EXCLUSIVE OR XOR F3 M{R(X})) XOR DD
EXCLUSIVE OR IMMEDIATE XR! 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 Fé SHIFT D RIGHT, LSB(D)»DF,
0*MSB(D)
SHIFT RIGHT WITH SHRC 76¢ SHIFT D RIGHT, LS8(D)+*DF,
CARRY 2 DF+MSB(D)
RING SHIFT RIGHT RSHR
SHIFGT 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

ONOYE: THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE

SeNOTE "

MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED,

THE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS

ARE THE ONLY INGTHUCTIONS THAT CAN ALTER THE DF.
AFYER AN ADID INSTRUCTION

DF = Y DENOTES A CARRY HAS OCCURRED

DF « 0 DIENOTLS A CARRY MAS NO! OCCURHKED
AFTER A SUBTRACT INSTRUCTION

DF « 1 DENOTES NO BORROW D 1S A TRUL POSITIVE NUMBER

OF » 0 DENOITES A BOKROW D 15 TWO'S COMPLEMENT

THE SYNTAX “~(NOT OF )" OF NOTLS THE SUBTHACTION OF THE BORROW
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INSTRUCTION SUMMARY (CONT'D}

op -
INSTRUCTION NEMONIC |CODE OPERATION
ARITHMETIC OPERATIONS*®
ADD . YY) F4 M(R(X)) +D*DF, D
AOD IMMEDIATE ADI 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
IMMEDIATE - | R(P) +1
SUBTRACT D . sD F5 M(R(X})-D*DF, D
SUBTRACT D IMMEDIATE SD! £D 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 38* | R(P) +1
(SEE SKP)
SHORT BRANCH IF D=0 BZ 32 IF D=0, M{R{P}}*R(P).0
ELSE R(P} +1 .
SHORT BRANCH IF BNZ - 3A IF D NOT 0, M{R{P)}>R(P).0
D NOT 0 ELSE R(P) +1
SHORT BRANCH IF DF=1 BDF 33% | IF DF=1, M{R{P)}*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 38* | IF DF=0, M{R(P)}*R(P).O
SHORT BRANCH IF MINUS BM ELSE R(P) +1
SHORT BRANCH IF LESS BL
SHORT BRANCH IF Q=1 BQ 31 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 3 IF EF1=1, M(R(P)}*R(P).0
ELSE R(P) +1
SHORT BRANCH IF EF1=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 3 IF EF3=0, M(R(P)R(P).0
ELSE R(P) +1
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 {F EF4=0, M{R{P))*R{P).0

ELSE R(P) +1

SNOTE: VHIS 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 OF,
AFTER AN ADD INSTRUCTION:
OF » 1 DENOTES A CAHHY HAS OCCURRED
DF » 0 DENOTES A CARRY HAS NOT OCCURRED
AFTER A SUBTHACT INSTHUCTION:
OF « 1 DENOTES NO BORROW. D 1S A TRUE POSITIVE NUMBER
OF » 0 DENOTES A BOKROW. D IS TWO'S COMPLEMENT
VTHE SYNTAX “«(NOT DF )" DENOTES THT SUBTRACTION OF THE BORROW

.7
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INSTRUCTION SUMMARY (CONT'D)

oP
INSTRUCTION MNEMONIC | CODE OPERATION
BRANCH INSTRUCTIONS- LONG BRANCH
LONG BRANCH L8R co M(R(P))*R(P).1 !
M(R(P) 41)+R(P).0
NO LONG BRANCH NLBR cg* | RiP) 42
(SEE LSKP)
LONG BRANCH If D=0 LBZ c2 IF D=0, MIR(P))*R(P).1
M(R(P) +1)»R(P).0
ELSE R(P) +2
LONG BRANCH IF D NOTO | LBNZ CA 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)PR(P).1
M(R(P) +1)+R(P).0
. ELSE R(P) +2
LONG BRANCH IF DF=0 LBNF c8 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 (o} IF Q=1, M(R(P)I*R(P).1
MIR(P) +1)+R(P).0
ELSE R(P) +2
LONG BRANCH IF Q=0 LBNQ co IF Q=0, M{RP))*RIP).1
M(R(P) +1)*R(P).0
ELSE R(P) +2
SKIP INSTRUCTIONS .
SHORT SKIP SKP 38* |RiP) 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 LSDF 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 cD 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 00" [WAIT FOR DMA OR
INTERRUPT; M(R(0))*BUS
NO OPERATION NOP ca CONTINUE
SET P SEP DN N+P
SET X SEX EN N+X
SET Q SEQ 78 1+Q
RESET Q REQ 7A . {o*Q -
SAVE SAV 78 T+M(R(X))
PUSH X,P TO STACK MARK 79 (X.P)+T; (X,PI*M(R(2))
THEN P+X; R(2)-1
RETURN RET 70 M(R{X)}*{X,P); R(X} +1
+IE
DISABLE DIS 71 M(R(X))*(X,P); RIX) +1
O IE

#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; R(X) +1; N LINES = 1
OUTPUT 2 ouT 2 62 MIR(X))*BUS; R(X} +1; N LINES = 2
OUTPUT 3 out 3 63 |M(R(X}I*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)BUS; 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-D; N LINES = 5
INPUT 6 INP 6 6E BUS*M(R(X)); BUS+D; N LINES = 6
INPUT 7 INP 7 6F ___ BUS'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 D¥0
¢) Test for DF=0or 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 unconditional 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#O
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.
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Prellmmary CDP1802D, COP1802CD

BUS O 10 BUS 7
{Data Bus)

NO to N2 {t/0 Command)

EF1 10 EF4
(4 Flags)

INTERRUPT, DMA-IN,

DMA-OUT
{3 1/0 Reauests)

SCO, SC1,
(2 State Code Lines)

TPA, TPB
{2 Timing Pulses)

MAD to MA?
(8 Memory Address Lines)

SIGNAL DESCRIPTIONS

8-hit dirvctinnal DATA BUS lines. These lines are used for
transferring data between the memory, the n\icroprocessor.
and 1/0 devices.
Issued by an 1/0 instruction to signal the 1/0 control logic
of a data transfer between memory and 1/0 interface. These
fines can be used to issue command codes or device selection
codes 10 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 an_1/O instruction is being exgcuted. During this time
rresponding_bils ‘|_n~l.h9__N,

tReir state is_th “the_same_as 1 th'e ¢

regier
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 = Vc: Data from /0 to 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 /O
devices 10 “‘call 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
cycle.

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 OMA
request, or 4) acknowledging an interrupt request. The levels
of state code are tabulated below. All states are valid at TPA.
H=Vee, L= Vss.

State Type State Code Lines
SC1 SCo
SO (Fetch) L L
S1 (Execute) L H
S2 IDMA) H L
S3 (Interrupt) H H

Positive pulses that occur once in each machine cycle (TPB
follows TPA). They are used by 1/O controllers 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 requited 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 system of 64K bytes.
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_Preliminary CDP18020, CDP1802CD

MWR (Write Pulse)

MRD (Read chc.l)

CLOCK

XTAL

WAIT, CLEAR
{2 Control Lines)

A ‘negative pulse appearing in 38 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 = Vcc: 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 Vee = 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
L 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 aliows 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 |, N, Q are reset, IE 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 to 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.
if initiated from Pause, the CPU resumes operation on the
first negative high-to-dow 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 a DMA (S2) cycle or
fetch (SO} from location 0000 in memory.
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Preliminary CDP1802D, COP1802CD

The internal voltage supply Vg is isolated from the Input/
Output voltage supply Ve 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
Vgs to Ve The recommended input voltage swing is

Vggto V.

Voo Vss. Vee
(Power Levels)

B L6h0- Wt
=

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.

32
OurA st
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Fig. 6-CDP1802 microprocessor state
transitions (Run Mode).

OPERATING AND HANDLING CONSIDERATIONS FOR CDP1802D AND CDP1802CD

exceed the absolute maximum rating. Vo

1. Handling
Ali inputs and outputs of this device have must be less than equal to Vpp. Power
a network for electrostatic protection supplies should be sequenced to insure
during handling. Recommended handling compliance. . )
practices for COS/MOS devices are de- Input Signals
scribed in ICAN.6000 “Mandiing and To prevent damage to the input protec-
Operating Considerations for MOS In- tion circuit, input signals should never be
tegrated Circuits”, available on request '9'“"’ than Vpp nor less than Vss.
from RCA Solid State Division, Box 3200, e';'e’:‘w:‘::i:‘:p'g::'r :‘:;pj:c,:e‘:’( "0 mA
. il .
Somerville, N.J. 08876. Unused tnputs
2. Operating A connection must be provided at every
; i inal. Al unused input termi-
Operating Volta nput termina :
During opep:a(iong near Q:he maximum nals must be connected to either Vpp or
supply valtage limit, care should be taken Vss. whichever is appro.pna.te.
to avoid or suppress power supply turn- Output Short Circuits
on and turn-off transients, power supply Shorting of outputs to Vpp or Vgg may
ripple, or ground noise; any of these damage COS/MOS devices by exceeding
conditions must not cause Vpp-VSs to the maximum device dissipation.
‘ ~ DIMENSIONAL OUTLINE
CDP1802D, CDP1802CD
40-Lead Dual-In-Line Ceramic DM, MILLIMETERS] INCHES
MIN, [ max. | min. | max.
A | 5030 { 51.30 | 1980 | 2.020
[3 242} 393 {0095 | 0155
- O | 043 | 056 [0017 | 0023
¥ 1.27 REF, 0.050 REF.
G 254 8SC 0.100 8SC
- o W | 076 ] 178 {0030 | 0070
l . — ', J 020 | 030 {0008 | 0012
3 318 | 445 [0125 [0175
{: L1 atal iy L [va7a [ 7574 [0%80 | 0620
i \ ]' T 5 " - 7 B 7%
o dol Tatmenue e P | oe4 | v22 0025 [ 0050
scn-arory N L 40
NOTES

Leads within 0 13 mm (0 005) radius of trus pontion
SUmanimum matenat condition,

2. Dimention L™ to center of leads when lormed parallod,

3. Whea this device o8 supplied saider dipped, the masimum
taad thichnass (nartow portion) witl not exceed 0 01 1n,
(0 33 mm)

State Devices In
Quip! L, thet the u
refer 10 “Opersting Considerstions tor HCA Soatid
State Devices”, Form Na, 1CE 402, avellatite on
request trom HCA Solld State Division, Box 3200,

‘Bomaerville, N, J, Oul/e.

RCA|Solid State Division|Somerville, NJ 08876

When incarporeating RCA Solid
|l It s 1
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