intel PRELIMINARY

MCS" 40 MICROCOMPUTER SET
ADVANCE SPECIFICATIONS

Intel will soon introduce four new integrated circuits to further
enhance the low-cost advantages of using the MCS-40 Micro-
computer Set and allow its use in applications not before pos-
sible. These devices are both functionally and electrically com-
patible with current MCS-4 devices. The accompanying pages
present a functional description of these new devices. Electrical
specifications will be published as soon as the devices are fully

characterized.

4040 — Central Processor Unit

®  Functionally and electrically identical to Interrupt capability
4004 CPU ® Single step operation _
® 14 new instuctions (60 total) including m 8K byte memory addressing capability
Logical Operations and Read Program 24 index registers
Memory T
" Subroutine nesting to 7 levels
4201 — Clock Generator
m Crystal controlled oscillator Generates bower on reset for MCS-4
® Directly drives MCS-4 set ® Provides single step circuit for 4040
4308 i MaSkProgl’ammable ROM 1K x 8 program storage
m Equivalent of (4) 4001 ROM’s ® Four independent 4-bit 1/0 ports
4289 — Standard Memory Interface
® Single package equivalent of 4008/4009 m Direct interface to all standard memories:

® Allows use of 2 usec memories with MCS-4

TTL, NMOS, PMOS, CMOS
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THE MCS-L4 USER'S MANUAL SHOULD
BE REFERENCED FOR A MORE BASIC

UNDERSTANDING OF THE SYSTEM.




4040 CENTRAL PROCESSOR UNIT

Introduction

The 4040 is a single chip 4-bit parallel MOS central processor.

It is intended as an enhanced version of the 4004 and as such

retains all of the functional capability of that device. It

does, however, provide several significant improvements in

hardware and software. These are listed briefly here and will

be described in detail in the body of this preliminary speci-

fication.

1.1

Extended Instruction Set

The 4040 software contains all of the 4004 instruction set

and includes an additional 14 instructions, providing:

. HALT

. Logical operations between accumulator and a designated
index register.

. INTERRUPT DISABLE, ENABLE FUNCTIONS

. ROM BANK switching

. Index register bank switching

This instruction set is described in detail in Section 4.

Hardware Interrupt Logic

The 4040 contains the necessary hardware to accept and
process single level interrupts. To facilitate this, the
address stack has been increased from 4 x 12 bits to 8 x 12
bits, allowing up to seven levels of subroutine nesting.

In addition, the index register array has been increased
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from sixteen 4-bit registers to twenty-four 4-bit regis-

ters. The interrupt logic is explained in detail in Section 3.2.

1.3. Hardware STOP Logic

The 4040 is provided with a STOP control which allows

the user to halt the processor at any instruction cycle.

This feature allows the implementation of a 'single step'
operation for program debugging (see Section 3.1 and Appendix

II for detailed descriptions).

1.4 Expanded ROM Capacity

The 4040 can directly address up to 8K x 8 words of ROM

with no external logic required.

1.5 More Flexible Interface and System Configurations

The 4040 is provided with separate power supply pins for
the timing circuitry and for the output buffers. These
features allow a low-power standby mode by shutting off
the main power supply and operating cnly the timing.
Since the output buffers have a separate supply they can
be directly interfaced to other circuit types such as
N-channel MOS or CMOS. For single-supply systems all

three power supply pins can be tied together.

General Description of Hardware

The 4040 is packaged in a 24 pin ceramic DIP. The pin con-
figuration is shown in the following figure. A brief functional

description of each pin is given in Section 2.1.
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Pin Description

Pin # Designation

Description of Function

1 -4 D, - D

0 3
5 STPA
6 STP
7 - INT
8 INTA

Bidirectional data bus. All address

and data communication between the

processor and the RAM and ROM chips is

handled by way of these 4 lines.

STOP ACKNOWLEDGE ouput. This signal ack-
nowledges receipt that the machine has
stopped. Output is "open drain" requir-

ing pull-down resistor to VDD'

STOP input signal. A logic "1" level

at this input causes the processor to

enter the STOP mode.

INTERRUPT input signal. A logic "1" level
at this input causes the processor to enter

the INTERRUPT mode.

INTERRUPT ACKNOWLEDGE output. This sig-
nal acknowledges receipt of an INTERRUPT
command and prevents additional INTERRUPTs
from entering the processor. INTERRUPT
ACKNOWLEDGE remains active until cleared
by the execution of the new BRANCH BACK
and SRC (BBS) instruction. The output is
"open drain", requiring a pull-down re-

sistor to VDD'



Non-overlapping clock signals which de-

A "1" level applied to this
pin clears all flag and status flip-flops
and forces the program counter to 0. To
completely clear all of the address and

index registers, RESET must be applied for

The logical state of this

input can be examined with the JCN instruc-

-15.0V + 5%.

Supply voltage for output buffers. May

be varied depending on interface condi-

Pin # Designation Description of Function
9 Vgg Circuit GND potential - most positive
supply voltage.
10,11 ﬂlr ﬂz
termine processor timing.
12 RESET RESET input.
96 clock cycles (12 machine cycles).
13 TEST TEST input.
tion.
14 VDD Main suppiy voltage to the processor.
Value must be VSS
15 Vop2
tions.
16 SYNC SYNC output.

Synchronization signal gener-
ated by the processor and sent to ROM and
RAM chips. Indicates beginning of instruc-

tion cycle.




Pin # Designation Description of Function

17 - 20 CM-RAM, - CM~-RAM outputs, These outputs act as
CM-RAMﬁ
3
bank select signals for the 4002 RAM chips
in the system,

21 Vop1 Supply voltage for timing circuit. Value
must be VSS -15.0V + 5%, Allows low
power standby operation.

22,23 CM-ROM, - CM-ROM outputs. These outputs act as

—rom?
CM ROMl
bank select signals for the ROM chips
in the system.
24 CY CARRY output buffer. The state of the

CY flip-flop is presented at this output
and is updated at Xl' The output is "open
drain" requiring a pull-down resistor to

VDD'

Basic Circuit Timing

The basic system timing for the 4040 is identical to that used
for the 4004, as shown in the following figure. Two non-overlap-
ping clock signals, ﬂl and ﬂz, are used to define the basic
timing. The start of an instruction cycle is indicated by the
SYNC signal, which is generated by the processor and sent to the
various ROM and RAM or peripheral chips in the system. An
instruction cycle consists of the following operations:
1. The 12-bit content of the program counter is sent out to

the ROM chips in three 4-bit groups during Ay, Ayy Ag.

2. The 8~bit instruction or data from the addressed ROM loca-
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tion is received by the processor at Ml and M2 at which
time the instruction is decoded.

3. Instruction execution occurs during Xl’ Xz, and X3. Data
or address information may be sent to output ports or RAM
chips; data may be received from input ports or RAM chips;
or data may be operated on within the processor.

The data bus contents at the various times of the instruction

cycle are defined just as for the 4004 with the exception of

the data at Xl‘ The 4040 outputs the contents of the accumu-

lator at Xl for program debugging purposes, whereas the 4004

simply copies the data which it received at M The data bus

2.
contents at X2 and X3 depend on the instruction being executed;
a listing for each individual instruction is contained in

Appendix III.

An additional change to the basic timing occurs with the
generation of the CM-ROM, CM-RAM signals at Ml' This will occur
for all single cycle instructions and for the first cycle of

all double cycle instructions. This feature allows external
logic to distinguish between instruction information and

and M. time.

address or data at Ml 2

- Basic Description of Major Circuit Blocks

The following figure is a block diagram of the 4040 indicating
the major circuit blocks and their interconnections. The follow-
ing major functional blocks are contained in the 4040:

l. Address register stack and address incrementer.

2. Index register array.

3. 4-bit adder/accumulator.
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4. Instruction register/decoder and control logic.

5. Hardware interrupt and stop control.

6. Peripheral circuits for controlling timing and external

communication.

A brief functional description of each of these major elements

is given below.

2.3.1

Address Register and Address Incrementer

The address register is a dynamic RAM array of 8 x 12

bits operating as a push-down stack. One level of the

'stack is used to store the effective address, leaving

seven levels available for subroutine calls and interrupt
processing. The stack address is provided by the effec-

tive addéress counter to the decoder.

The contents of the selected address register are stored
in the address buffer and multiplexed to the internal
bus during Al, Az, and A3 in 4-bit slices. The contents
of the address buffer are incremented by a 4-bit carry-
look-ahead circuit following the outputting of each 4-
bit slice. The incremented value is transferred back

to the address buffer and written back into the selected

address register.

Since the array is dynamic, provision is made for refresh-
ing the stored data. A 3-bit refresh counter is multi-

plexed to the stack decoder for this purpose.

Index Register Array

The index register is a dynamic RAM array of 12 x 8

bits organized as three banks of 4 x 8 bits. Two of

10



the banks have identical address locations and so must
be individually selected with the SIBfF, 1 instructions.
The third bank is always available for use. Section

3.2.1.1 describes the index register array organization

in detail.

Two modes of operation are possible for the index
register array. In one mode the array provides 24
directly addressable 4-bit storage locations for inter-
mediate computation or control purposes. In the second
mode the array provides 12 pairs of register locations
for addressing RAM and ROM or for storing data fetched

from ROM.

Index register addressing is provided by the internal
bus for normal read/write operations and by a refresh
counter for refresh operation. The addresses are

multiplexed to the array decoder.

The content of the selected register is stored in a
temporary register and multiplexed to the internal

bus. During write operations the internal bus con-
tents are transferred to the temporary register and

then to the selected index register.

SRC Register

The SRC register is an 8-bit dynamic latch which stores
the contents of the designated index register pair
during the execution of the SRC instruction. This 8-bit

value is sent to the ROM and RAM chips as an address

1




for a succeeding I/0 instruction (see detailed descrip-
tion in Sec. 4.) The SRC register is used to hold

this value in the case that an interrupt should occur,
thus allowing the value to be restored when a return
from interrupt is made. The SRC register is not

loadable during an interrupt routine.

4-Bit Adder/Accumulator

The 4-bit adder is of the ripple-through carry type.

One term of the addition comes from the "Adder Buffer"”
register which communicates with the internal bus on one
side and can transfer to the adder data dr data. The
other term of the addition comes from the accumulator and
carry flip-flop. Both data and data can be transferred.
The output of the adder is transferred to the accumulator
and carry FF. The accumulator is provided with a

shifter to implement shift right and shift left in-
structions. The accumulator communicates also with

the command register, with special ROMs, with the
condition logic, and with the internal bus. The command
register holds a 3-bit code used for CM-RAM line
switching. The special ROMs perform a code conversion
for DAA (decimal adjust accumulator) and KBP (process
keyboard) instructions. The special ROMs communicate
with the internal bus. The condition logic senses

ADD = 0 and ACC = 0 conditions, the state of the

carry FF, and the state of an external signal (TEST)

to implement JCN (jump on condition) and ISZ (incre-

ment index register skip if zero) instructions.

12



Instruction Register/Decoder and Control Logic

The instruction register is loaded with the content
of the internal bus at Ml and M2 through a multiplexer
and holds the instruction fetched from ROM. The

instructions are decoded in the instruction decoder

and appropriately gated with timing signals to

provide thé control signals for the various functional
blocks. A single cycle FF is reset from one of 5
double-length instructions. Double-length instructions
are instructions that need two system cycles (16 clock
cycles) for their execution. A condition FF controls
JCN and ISZ instruction and is set by the condition

logic.

INTERRUPT and STOP Control Logic

The 4040 is provided with hardware INTERRUPT and

STOP controls which override the normal processor
operation. The INTERRUPT logic detects and acknowledges
the presence of an INTERRUPT signal and forces the
processor to execute a JMS instruction to location 003.
Section 3.2 discusses in detail the timing and operation
of the INTERRUPT control as well as the additional

4040 features which enhance its use. Examples of

INTERRUPT processing routines are given in Appendix 1B.

The STOP control logic behaves in a similar manner
by detecting and acknowledging the presence of a STOP
signal. The processor is forced to execute a NOP

instruction and will remain in the STOP condition

13



until the STOP signal is removed. Section 3.1 presents

a detailed description of the STOP/HALT operating mode.

2.3.7 Peripheral Circuits

This includes:

a. The data bus input-output buffers communicating
between data pads and internal bus.

b, Timing and SYNC generator.

c. 2 CM-ROM and 4 CM-RAM output buffers.

d. POWER-ON-CLEAR flip-flop.

During RESET, all RAMs and static FF's are cleared,

and the data bus is set to "0". After RESET, program

control will start from "0" and CM—ROMg, CM—RAMg will

be selected. In addition, the INTERRUPT logic will

be disabled and INDEX register bank ¢ will be selected.

4040 New Operating Features

The following features will be described in detail:
. STOP/HALT mode logic
. INTERRUPT mode logic

. Extended ROM addressing capability

3.1 STOP/HALT Mode Operation

The normal processor cycle of the 4040 may be "stopped" at
any point in an instruction sequence by one of two methods.
A logic "1" level may be applied to the STOP input pin, in
which case the processor will complete the current instruc-
tion and then enter the STOP mode. The timing for this
operation is shown in the following figure and the sequence
of events is outlined below:

14
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During instruction cycle #1 the state of the STOP pin
is gated into the internal STOP latch at Mz.
At A of the next single cycle instruction the STOP flip-
flop will be set. In the example shown, the processor

was executing a double cycle instruction when the STOP
signal was first applied. It was allowed to complete

the full instruction, hence the STOP flip-flop was not

set until Ay of instruction cycle #3. The buffered out-
put of the STOP flip-flop is used as a STOP ACKNOWLEDGE
signal. |

During instruction cycle #3 and all succeeding instruction
cycles, the content of the program counter is sent out

at A;, A and A,. The program counter is not allowed

27 3

to increment, however, effectively "stopping" the processor
at a give location. In addition the data bus input buffers
are prevented from receiving information at Ml and M,

times and a NOP instruction is forced on the internal

data bus.

The processor remains in this NOP loop until the external
STOP signal is returned to a logic "0" level during in-
struction cycle N. The new information is gated into‘

the STOP latch at M., allowing the STOP flip-flop to reset

2’
at X3 of the instruction cycle N. Normal processor

. operation resumes at instruction cycle N + 1.

3.1.1 HALT Mode

Entry to the STOP mode may also be gained through the
use of the HALT (HLT) instruction as shown in the follow-

ing figure. 1In this case the processor executes

16



the HLT instruction and cadses the HALT and STOP

flip~-flops to be set at X, of instruction cycle #1.

3
The processor is forced to execute NOP's at instruction
cycle #2 and all successive cycle times until removed

from the HALT mode.

Exit from the HALT mode can be gained in two ways,

one of which is also shown in the following figure. At
instruction cycle #N, a logic 1" level is applied to the
STOP input and is in turn latched by the STOP latch at
M,. A logic "1" in the STOP latch causes the HALT flip-

flop to be reset at A, of cycle #n + 1. The processor

1
is now in the normal STOP mode and can be released

as described in (d) above.

The second means of exiting from the HALT condition
is by way of the INTERRUPT input and will be

described in Section 3.2.

DATA BUS Contents

The data bus contents during STOP/HALT mode are shown.
For program debugging purposes the following information

is available:

Ay, By, By '12—bit‘address from internal program
counter.

Ml’ M2 8-bit instruction from addressed ROM
location. Internally the processor
executes NOP.

X1 ‘ 4-bit contents of ACCUMULATOR.

X2, X3 8~bit contents of internal SRC register

17
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which stores the value of the last
SRC address. CM-ROM and CM-RAM
signals are not present at X2 in this

case. (See Section 3.2 for complete

description of operation of SRC regis-

ter.)

3.1.3 Single Step Operation

The STOP control provides a convenient means of program
debugging by allowing a "single step" operation.

Appendix II describes the necessary hardware and timing.

INTERRUPT Mode

The 4040 is provided with an asynchronous INTERRUPT input

and an INTERRUPT ACKNOWLEDGE output. The following .figure

presents the basic timing for the INTERRUPT mode. The sequence

of events is as follows:

=

During instruction cycle #1 an INTERRUPT occurs and is
gated into the INTERRUPT LATCH during M2.
At A, of the next single cycle instruction the INTERRUPT
flip-flop is set. As in the case of the STOP example,
if the processor is executing a double cycle instruction
it is allowed to complete it.

During instruction cycle #3 the program counter is
prevented from incrementing and the data input buffers
are inhibited at Ml and M2° A JUMP TO SUBROUTINE (JMS)
instruction is forced on the internal data bus. The

subroutine address is forced to be page 0, location 3.

At X3 the INTERRUPT ACKNOWLEDGE flip-flop is set and its
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buffered output is available on the INTERRUPT ACKNOWLEDGE
pin. The instruction at location 0, 3 begins the
interrupt processing routine.

The INTERRUPT ACKNOWLEDGE flip-flop remains set until

the interrupt has been processed and the new BRANCH BACK &

SRC (BBS) instruction has been executed (instruction cycle
#N). No new INTERRUPT can be entered while INTERRUPT
ACKNOWLEDGE is active. Note that the INTERRUPT signal

may be removed after INTERRUPT ACKNOWLEDGE occurs.

Saving and Restoring Processor Status

To have an effective interrupt handling capability

the processor must be capable of saving current

program and status register values and restoring same

when the interrupt processing is complete. In the

4040 the following values must be saved:

a. Content of ACCUMULATOR and CARRY flip-flop.

b. Content of COMMAND REGISTER.

c. Content of as many INDEX REGISTERS as required.

d. The Valﬁe of the last SRC address sent out prior
to interrupt. |

e. Content of the PROGRAM COUNTER.

f. The current ROM bank (CM-ROM,. + CM—ROMl).

0
To facilitate the items listed, a number of new hardware
features have been included in the 4040 and are described

in the following paragraphs.

3.2.1.1 Expanded Index Register Array

Saving status values requires having temporary

storage locations available in the index
21



register array. For this reason the 4040

is provided with 8 additional index registers
(4 register pairs) providing a total of 24
4-bit registers (12 8-bit register pairs).
The array is organized into three 8 register
banks. Bank @ and Bank 1 are individually
selectable by using the SELECT INDEX BANK
(sBg, SBl) instructions. The upper bank,
that one containing registers 8 - 15, is
always available for storage. Appendix I.Db
provides examples of interrupt routines and
demonstrates the use of the index register
banks as well as all other features listed

here.

Note that both Bank @ and Bank 1 contain the
same individual address locations. This
feature allows those instructions which
reference specific register locations to be
executed from either index register bank.
Thus the JUMP INDIRECT (JIN) instruction and
the logical instructions OR@, OR5, AN6, AN7
reference two different sets of registers,
e.g. a JIN instruction can reference register

pair #0 in Bank @ or in Bank 1.

The BANK SELECT flip-flop is automatically
saved and restored during interrupts.

Thus a user may wish to operate

22



INDEX REGISTER ORGANIZATION

IR0 IR 1

*— 2 3
+ 4 5
[ 8 6 7
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8 9
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14 15
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9 1
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in Bank # until interrupted then switch to
Bank 1. When the BBS instruction is executed
to return from interrupt, previous Bank will

automatically be selected for the next instruction.

After application of a RESET signal, Bank #

will be selected.

3.2.1.2 SRC Register

When the 4040 executes an SRC instruction,

the 4-bit values sent out at X2 and X3 are
stored internally in the 8-bit SRC register.
The SRC register is locked out during the
interrupt routine by the INTERRUPT ACKNOWLEDGE
flip-flop. Thus, any SRC instruction executed
during an interrupt routine will not affect

the value in the SRC register. The last in-
struction in the interrupt routine must be a
BRANCH BACK and SRC (BBS), another new instruc-
tion which restores the program counter (see
below) and sends out the contents of the SRC
register at X2 and X3, and generates the appro-

priate CM-ROM and CM-RAM at X This restores

2‘
the ROM and RAM select logic to their pre-

interrupt conditions.

3.2.1.3 Extended Address Register Stack

The address stack of the 4040 is an 8 x 12 bit
array (compared to 4 x 12 bits in the 4004).
One level of the stack is required for the
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program counter; hence seven levels of sub-

routines may be nested using the 4040.

When an interrupt occurs the program counter
is not incremented, but is stored down one

level in the stack by the execution of the

forced JMS instruction. This value is
restored by the execution of the BBS instruc-

tion at the end of the interrupt routine.

3.2.1.4 General Information Applying to Interrupt

. The 4040 is capable of servicing one interrupt
at a time. The INTERRUPT ACKNOWLEDGE signal
is used internally to prevent a second interrupt
from béing entered until the first is completely

serviced.

. Two instructions, INTERRUPT ENABLE (EIN) and
INTERRUPT DISABLE (DIN) are provided for pro-
tecting sequences of instructions from being
interrupted. These are described in detail

in Section 4.

. The RESET signal serves to disable interrupt.
If the processor is started from a RESET
condition an EIN instruction must be performed

before an interrupt will be recognized.

. If an INTERRUPT anc¢ STOP signal occur such

that they are both latched at M, of the same

2

instruction cycle, the STOP logic will have
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priority, and must be cleared before the

interrupt can be recognized.

As mentioned in Section 3.1.2 the INTERRUPT
control may be used to exit from a HALT con-
dition. The timing for this is shown,

The processor enters the HALT mode at instruc-
tion cycle #1 and remains in that mode until
the INTERRUPT signal is recognized at instruc-
tion cycle #4. When the INTERRUPT flip-flop
is set, it causes the HALT flip-flop to be
reset. The processor is then in the INTERRUPT
mode. In this way a processor could be used
in a completely asynchronous control application
in which the INTERRUPT signal would begin the
processing routine. When the routine was
complete the processor would execute the HLT

instruction and wait for a new INTERRUPT.

Extended ROM Addressing Capability

The 4040 is equipped with two CM-ROM output buffers, each

of which can be used to select a bank of sixteen 256 x 8 RCMs.
A total of 8K x 8-bit words can be directly addressed. Bank
switching is accomplished through the use of two new instruc-
tions, DESIGNATE BANK @ (DBfZ) and DESIGNATE BANK 1 (DBl).
Both of these instructions take effect on the third cycle

following their execution. Appendix I.a provides example
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uses of the DBF, 1 instructions.

Since the INTERRUPT control logic will force a JMS to page #,
location 3, the first few instructions of the interrupt
routine will have to be duplicated in both ROM banks (see

Appendix I.b).

The fact that the bank switching operation requires three
instruction cycles to be completed means that an INTERRUPT
cannot occur during those three cycles. For this reason
the INTERRUPT logic is internally disabled during the

execution of DB@ or DBl.

Definition of Instruction Set

The 4040 is functionally compatible with the 4004 and therefore

recognizes all 46 instructions valid for the 4004. In addition,

the 4040 recognizes 14 new instructions giving a total of 60

instructions in the set. The instruction format is, of course,

identical to that used in the 4004,

Four groups of instructions can be defined as follows:

.,

Machine Instructions - This group of 16 instructions are
designated by an OPR code of 0000 -~ 110l1. Within this group is
contained a second group which is designated supplemental group.

Supplemental Group - This group of 14 instructions is desicnated
by an OPR code of 0000 and an OPA code of 0001 - 1110.

These are the new instructions which have been added to

the 4040.

I/0 Group - Designated by an OPR code of 1110, this group

of 16 instructions is used for transferring data between

the processor and the RAM chips or I/O circuits.
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d. Accumulator Group - This group.of 14 instructions is desig-
nated by an OPR code of 1111 and operates only on the

accumulator/carry flip-flop, the special ROMs and the command

register.

The 4004 instruction set is well documented elsewhere (see MCS-4

Users' Manual) and therefore will not be described here.

The new supplemental group will be described in detail below:

4.1 New Instructions for 4040 - Detailed Description

MNEMONIC OPR OPA DESCRIPTION

HLT 0000 0001 The processor sets the HALT and
STOP flip-flops. Program counter
incrementer and data input buffers
are inhibited. The processor ex-
ecutes NOP continuously; continua-
tion can occur by means of STOP or

INTERRUPT control.

BBS 0000 0010 This instruction is a combination
of BRANCH BACK and SRC. The
effective address counter is decre-
mented and program control is returned
to the location saved by the forced
JMS which occurreéd during the
interrupt routine. In addition,
the content of the SRC register is
sent out at X, and X, of the

2 3
instruction cycle, thus restoring
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MNEMONIC

LCR

OR4

OR5

ANG6

OPR OPA

0000 0011

0000 0100

0000 0101

0000 0110

31

DESCRIPTION

the I/0 port or RAM location

address.

The 4-bit contents of the COMMAND
REGISTER are transferred to the
ACCUMULATOR. This allows saving
the command register values before

processing the interrupt.

The 4-bit contents of index register
#4 are logically "OR-ed" with the
ACCUMULATOR. The result is placed
in the ACCUMULATOR and the CARRY
flip-flop is unaffected. Logically
the result is

ACC_ <« ACC_ + IR4
n n n

The 4-bit contents of index register
#5 are logically "OR-ed" with the

ACCUMULATOR,

The 4~bit contents of index register
#6 are logically "AND-ed" with the
ACCUMULATOR. The result is placed
in the ACCUMULATOR and the CARRY

IS unaffected. Logically the result
is:

ACCn <+ ACCn IR6n




MNEMONIC

AN7

DBY

DB1

SBY

SB1

OPR

0000

0000

0000

0000

0000

OPA

DESCRIPTION

0111

1000

1001

1010

1011

32

The 4-bit contents of index regis-
ter #7 are logically "AND-ed" with

the ACCUMULATOR,

DESIGNATE ROM BANK @. The most

significant bit of the COMMAND REGIS-
TER, CR3, is reset. On the third
instruction cycle following its
execution,it causes CM-ROMfJ to be

activated.

DESIGNATE ROM BANK 1. The most

significant bit of the COMMAND REGIS-

TER, CR is set. On the third

3I
instruction cycle following its
execution, it causes CM-ROM1l to

be activated.

SELECT INDEX REGISTER BANK g. The

index register bank select flip-flop
is reset. Index registers 0 - 7,
8 - 15 will be available for program

use.

SELECT INDEX REGISTER BANK 1. The

index register bank select flip-flop
is set. Index registers 0* - 7%,
8 - 15 will be available for program

use.



MNEMONIC OPR
EIN 0000
DIN 0000
RPM 0000

OPA

1100

1101

1110

33

DESCRIPTION

ENABLE INTERRUPT. Internal interrupt

detection logic is enabled.

DISABLE INTERRUPT. Internal interrupt

detection logic is disabled.

READ PROGRAM MEMORY. This instruc-

tion can be used only with the 4289
Standard Memory and I/0 Interface
Chip. The contents of the previously
selected half-byte of program memory
are transferred to the 4040 and
loaded to the ACCUMULATOR. A First/
Last sequence flip-flop regulates

the transfer. Two RPMs are required

for instruction fetch.



I. USE OF DBg AND DBl

APPENDIX T

PROGRAMMING EXAMPLES

The DB instructions present a convenient method of switching

from one ROM bank to another.

As shown in the following

examples the bank switch is delayed until the 3rd instruction
cycle after the DB is executed.

EXAMPLE A

ROM Location*
Bank / Page / Word

0 2 107
0 2 108
0 2 109
0 2 110
1 1 27
1 1 63
1 1 64
1 1 65
0 1 66
0 1 151

* Bank # 0, 1
Page # 0 - 15
Word # 0 - 255

Instruction

X XX

DB1

JUN 1
27

Comment

Designate Bank 1.

During this instruction cycle
a "1" is loaded in bit #3 of
the command register.

JUN occurred tc Bank 1 because

CM—ROMl has been activated.

Designate Bank #.

Program jumps here if (IR3) = 0.

Program jumps here if (IR;) # O.



EXAMPLE B

IT.

ROM Location Instruction Comment

Bank / Page / Word

0 7 131 X XX

0 7 132 DB1 Designate Bank 1.

0 7 133 JMS 2

0 7 134 96 Address 7, 135 saved in stack.

1 2 96 X X X JMS occurs to 1, 2, 96 since

. . . CM-ROM, is activated at this

. . . instruction cycle.

1 2 170 DBJ Designate Bank #.

1 2 171 XCH 7

1 2 172 BBL Address 7, 135 pulled from stack
and placed in PC; branch back

0 7 135 X X X occurs to 7, 135 in Bank @ because

CM-ROM, is activated during this
instrugtion cycle.

INTERRUPT PROCESSING

An interrupt processing routine is, in general, composed cof three
parts:

a) The instructions required to save the current processor status.
b) A portion which determines and services the interrupting device.

c) The instructions required to restore program control to the
pre—interrupt conditions.

In the first example, the processor is used with a single ROM bank,

and index register Bank 1 is used to save status (accumulator/carry,

command register). The six remaining registers in IR Bank 1 are

Zz;lizblihﬁor interrupt servicing. 1In addition to being relatively

witg tﬂe f1s scheme has thg advantgge of saving processor status

oM Dony Lewest number of instructions. Note that since only one
anx 1s available, it is only necessary to save the lower

three bits of CR This allow i .
; . S s
register location. aving the CR and CY in the same

In Example B, both ROM banks
IR Bank 1l are required to ser
JMS instruction can occur in

are used and all eight registers of
Vice the interrupt. Since the forced
either ROM bank, the instructions
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required to save ACC and CR must be lccated in each bank. If more
than eight register locations are required for interrupt servicing,
additional instructions will be required to save the values of the

upper eight IR.

EXAMPLE A

ROM Location
Bank / Page / Word

0 6 82

0 6 83

0 6 84

0 6 84

0 0 3

0 0 4

0 0 5

0 C 6

0 0 7

0 0 8

0 0 9

0 P n
n+l
n+2
n+3
n+4
n+5

0 6 84

Instruction

SRC 4

INC 9
(TMS )
( 3)

SB1
XCH 7
LCR
RAL
XCH 6

XCH 6
RAR
DCL

XCH 7

SB@
BBS

WRM

36

Comment

(IR 8,9) sent to ROM & RAM,
Load SRC Reg.

Interrupt occurs here.
Interrupt acknowledged, 6,84
saved in stack; instruction at
6,84 ignored.

Select IR Bank 1.

(ACC)-»IR7* - ACC saved.
(CR)>ACC

(CY)-+Acc,, Acc +Acc ...Acc3+CY
(ACC)+IR8* Ccy, CR saved.

Routine for determing and
servicing interrupt is executed
here.

(IR6%*)->ACC

ACCO+CY - CY restored
ACC,»CR,, ACC,->CR ACC,»CR
CR gestgred. 1 L 2 2
(IR7*)~>ACC

Select IR Bank 4.

Address 6,84 loaded into PC;
contents of SRC register sent
out;

program restored.



APPENDIX TII

SINGLE STEP MODE

Fig. Cl shows a possible circuit configuration for operating in single
step mode. The circuit uses the positive going (turn-off) edge of
STOP ACKNOWLEDGE to generate a new STP signal. Operation is as
follows:

(a) With the toggle switch in the SINGLE-STEP position, the line STP
is at a logic "1" level and the processor is in the STOP mode.

(b) Depressing the single-step push button causes a negative going
pulse to be generated at point (A), in turn causing STP to
return to a positive level. The duration of this pulse is de-
termined by the R/C combination and must be greater than one
instruction cycle.

(c) The processor will cause STPA to return to a logic "0" level
indicating that it is no longer in STOP mode. This signal is
inverted and then used to reset the 0/S causing STP to return
to logic "1".

(d) The "new" STP signal will be latched up and acknowledged after
one instruction has been executed.
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APPENDIX ITT

DATA @ X2 DATA @ X3
INSTRUCTION D3 D2 Dl Dﬂ D3 D2 Dl Dﬂ COMMENTS

NOP 1 1 1 1 1 1 1 1

HLT 1 1 1 1 1 1 1 1 After execution of
HLT, processor enters
STOP mode.

BBS (SRCH) (SRCL) (SRCH) means contents
of 4 high order bits
of SRC register.

LCR (COM. REG) 1 1 1 1

OR4 (0100) ' 1 1 1 1

‘OR5 (0101) 1 1 11

ANG6 (0110) 1 1 1 1

AN7 (0111) 1 1 1 1

DBg 1 1 1 1 1 1 1 1

DB1 1 1 1 1 1 1 1 1

SB@ 1 1 1 1 1 1 1 1

SB1 1 1 1 1 1 1 1 1

EIN 1 1 1 1 1 1 1 1

D1N 1 1 1 1 1 1 1 1

RPM (P.M.) (P.M.) Program memory content
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4201 CLOCK GENERATOR

Introduction

The 4201 is a CMOS MSI integrated circuit designed to fill the
clock requirements of the MCS-4 microcomputer set. The 4201
contains a crystal controlled oscillator (XTAL external), clock
generation cifcuitry, and both MOS and TTL level clock driver

circuits.

The 4201 also performs the power on reset function required by
MCS-4 components and provides the logic necessary to implement

the single-step function of the 4040 central processor unit.

Hardware Description

The 4201 is packaged in a 1l6-pin plastic DIP. The pin configu-
ration is shown in the following figure, and a functional

description of each pin is given below:

Pin # Designation Description

1 GND Circuit ground potential
2 g1iT Phase 1 TTL level clock output (2ma-sink).
3 72 Phase 2 MOS level clock output. Directly

drives all MCS-4 components (up to 250pf).

. s = - 5o
4 VDD Main Power Supply Pin. Vb VSS 15V#52

5 MCLDE Counter mode control pin. Determines whether

counter divides basic frequency by 4 or 7. -

Model 1 = VSS

Model 2

VDD
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4201 PIN
CONFIGURATION

./

4201
MODE [: 5 12 :] RESET IN

x; [ 9| ] n.cLoseD
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10

11

12

13

14

15

16

N. OPEN

X1

X2

N. CLOESED

ACK

STOP

RESET IN

RESET

cC

g2t

Input of single step circuitry to which
normally open contact of SPDT switch is

connected,
External Crystal Connection
External Crystal Connection

Input of single step circuitry to which
normally closed contact of SPDT switch is

connected.

Acknowledge input to single step circuitry
normally connected to stop acknowledge out-

put of 4040.

Stop output of single step circuitry normally

connected to stop input of 4040.

Input to which RC network is connected to

provide power-on reset timing.

Reset signal output which directly connects

to all MCS-4 reset inputs.

Phase 1 MOS level clock output. Directly

drives all MCS-~4 clock inputs (up to 250pf).

Circuit reference potential--most positiye

supply voltage.

Phase 1 TTL level clock output (2ma-sink).
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4201 IMPLEMENTATION

Vss
EXTERNAL
RESET MQ
I 1 'RESET IN RESET
o——5
Vpp 0+
5 ufd |
-g NC 4201 ______92__._>
Vbbp STOP TO 4040
Vbp lAALT STOP INPUT
SINGLE ? ACK
STEPF NG <O FROM 4040
RUN  STOP ACK

Lo

X1
, XTAL
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Functional Description

The 4201 consists of the following functional blocks:

3.1 Crystal Oscillator

The oscillator is a simple series mode crystal-type circuit
consisting of two inverters biasel in the active region, and

a series crystal element.

Programmable éhift Register

The shift register in the 4201 divides the master clock and
generates the proper states fof generating the desired two-
phase clock. The circuit is a seven-bit dynamic device
which circulates a logical "1" through a field of zeroes.

The output of the various stages are then combined to provide

the proper clock waveforms.

In order to maintain the proper clock timing over the full
operating frequency range of the MCS-4, the shift register
is prOgrammable (using mode pin) as either a 7-bit or 4-bit
device. When in the 4-bit mode the clock is divided by 2
and the relationship between the phases is equal; that is,
ﬂl pulse width, ﬂz pulse width, ﬂl to ﬂz and ﬂz to ﬂl times

are all equal.

Phase Decoder

A simple gate complex is used to decode the shift register
outputs to provide phase 1 and phase 2 clock waveforms. This
circuitry is controlled by the mode input to achieve the two

sets of timing discussed in the previous section.
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4201 BLOCK DIAGRAM
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- x
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RESET IN O—» F/F
RESET OUT O y
N.0. O ster > SINGLE
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Output Buffers

There are two sets of output buffers for the 2 phase clock.
One set is the MOS level drivers designed to directly drive
a full complement of MCS-4 components. These outputs can drive
approximately 250pf loads with transition times of less than
50ns. The second set provides TTL compatible outputs which

’

can drive one standard TTL load.

Reset Circuit

The reset circuit is simply a level detector and driver stage.

An external RC netword connected between VD and V at the

D SS
reset input pin of the 4201 provides the required power-on

delay. A 1MQ/.5ufd combination will insure a 300ms reset

pulse.

A reset pulse can be generated externally by discharging the

external capacitor.

In addition to driving members of the MCS-4 externally, the
reset pulse is used internally for initializing the single

step circuitry.

Single Step Control

The 4201 contains the necessary circuitry for allowing the
4040 CPU to execute instructions one at a time. Using the
stop input and stop acknowledge output of the 4040, the 4201
generates a pulse that allows the 4040 to perform only one
instruction. The stop command can be provided by a SPDT
pushbutton directly since bebouncing is provided by the 4201.
A SPST toggle switch, in series with the ACK line, provides th

the Run/Halt feature.
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4201 SHIFT REGISTER MODES

=7 COUNTER 1 2 3 4 15) 6 7
0
] T |
02
MODE 1
+~4 COUNTER 1 2 3 4
" | L
b 1 |

MODE 2
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4308 READ ONLY MEMORY

Introduction

The 4308 is a 1024 x 8-bit word ROM memory with four I/O ports.

It is designed for the MCS-4 system, and is operationally compatible
with all existing MCS-4 elements. The 4308 is functionally iden-
tical to four 4001 chips. It has 16 I/O lines arranged in four
groups of four lines. Port selection and accessibility is
accomplished as previously, with the 4001. In addition, 4308 has
input I/O0 buffer storage, and is packaged in a 28?pin DIP. A
substitution of four 4001 programs can be incorporated in one 4308,

including I/O, with no other consideration.

General Description

The 4308 ROM memory is arrayed 1024 x 8-bit words. As in the 4001,
the Al - A3 time periods are used to address the ROM contents.

The 4308 decodes the first ten bits of the address to select 1

out of 1024 words, 8-bits wide. The remaining two bit selects a
package number, one of four combinations are possible per ROM
bank. The package (chip select) number is selected by a metal
mask option. As with the 4001, instruction information is avail-

able in two 4-bit segments during M, and M time periods. A 4004

2
system can accommodate up to four 4308's while a 4040 system can
utilize up to eight devices. Since the 4308 is compatible with
all components of the MCS-4 system, 4308 and 4001 can be mixed

on one memory bank as long as the chip select addresses are

mutually exclusive.
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4308 PIN
CONFIGURATION

Vss 'j ‘

1

D4 E 7 4308

sync [ |1

cm-rom [ |12

1/05.3 E 14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

___| CLR/LD

| ] 17030
j /031
[ ] 17032
] /033
:| 1/024
| ] 17024
[ ] 17022
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As an I/0 device, the 4308 ROM recognizes the same class of I/O
instructions (SRC, WRR, and RDR) as that of the 4001 ROM. Each
of the four I/O ports are program selectable. Each of the four
lines can be specified as either inputs or outputs. This is
done via the metal mask option. A complete description of the
I/0O option capabilities are given in Section 3.0. The 4308 has
an input storage buffer for utilization with those I/O pins desig-
‘nated as inputs. A common strobe line allows the asynchronous
loading of data from the I/O lines. This same strobe line can
also serve as a clear to the I/O output port buffers when desig-
nated. This line is common to all ports on a 4308 and when
toggled, will effect those I/O lines connected by the metal mask

option. For an input line, if the strobe line is left unconnected,

or if it is pulled up (VSS), then the output of the buffer will

follow the input.

2.1 Pin Description

Pin # Designators Description of Function

1 VSSs Circuit GND potential--most positive

supply voltage.

2 -5 I/Ol3 I/Olﬂ Four I/0 ports consisting of 4 bi-

14 - 17 I/023 I/OZg‘ directional and selectable lines

18 - 21 1/033 I/03g which are selectively compatible

to a host of logic families.
24 - 27 I/Oﬂ3 - I/Oﬁﬂ

10, 23 gL, @2 Non-overlapped clock signals which

determine device timing.
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4308 EXTERNAL TIMING
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DATA LOCKED X DATA CAN CHANGE xDATA STABLE




2.2

Pin# Designators Description of Function

11 SYNC System synchronization signal gener-

ated by processor.

12 CM-ROM Chip enable generated by the processor.

13 RESET Reset input. A "1" level on this
pin will clear internal flip-flops
and buffers. The input buffers are not

cleared by this signal.

22 CLR/LD Clear/Load input. When this option
is selected, a "1" to "O0" state
change will cause the output buffer

to clear or the input buffer to

load the contents of I/O bus. This
bus is common to all I/O ports and

is TTL compatible,

28 Vop Main supply voltage value must be

Vg - 15.0V + 5%.

Basic Timing

Referring to the timing diagrams, at the beginning of each
instruction sequence, a SYNC pulse is generated externally
to synchronize the processor with the various components of
the system. This pulse, along with the clock inputs ﬂl and

ﬂz, is used in the 4308 as an input to a timing register.

During time Al, A2, and A3 the address is sequentially
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accepted from the data bus and decoded, During time A3, the
CM-ROM 1line will be active, and if the 2-bit (highest order)
chip select matches the metal pre-programmed chip select

option, the ROM will respond to the current address.

At time M1, M2, the instruction OPR, OPA will be placed on
the data bus for the processor. The 4308 responds to 3 I/O
instructions in the 4004/4040 instruction set - SRC, RDR,

and WRR.

The SRC or Send Register Control instruction is used to desig-
nate a set of 4 I/0 lines (1 port) on a particular ROM which
are to be used for subsequent ROM I/O operations. When this
instruction is executed by the processor, the processor sends

a 4-bit code to the ROM during X and CM-ROM goes to a "1".

2’
The first two bits (D3, D4) of this code select a group of
1l out of 4 possible 4308, and the last two bits select a

particular port (1 of 4 ports). This port remains selected

until the next SRC instruction is executed.

As in the 4001, the WRR (write to ROM port) instruction
will cause the contents of the accumulator to be transferred
to a previously selected ROM port. As in both the RDR and
WRR operations, the CM-ROM line will become active during
time M2, and if the ROM has a previously selected I/O port
it will respond to the I/O in two ways. For a WRR accumu-
lator, data will be transferred to an internal ROM selected:

output port flip-flops during X2. Data will be available
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on the I/0 line from time X3 - ﬁz. The data will remain

on the bus until a new WRR occurs, a reset occurs, or a
clear (CLR/LD line) is generated. The RDR instruction will
transfer information from the input port flip-flops of a
previously selected port. Prior to RDR instruction the user
‘'should insure that the input flip-flops have been loaded via
the CLR/LD strobe if the load strobe is specified. If the
load strcbe is not specified, information on the input lines
will be loaded into the accumulator at the time of the RDR.
Input ports or lines are TTL compatible as well as the CLR/LD

line. Outputs require external pull-up and +5V, -10V supply.

I/0 Options

The 4308 offers all of the feasibilities found in the 4001. 1In

addition, there are enhancements over the 4001:

1.

The user can programmably clear any or all output ports with

the CL/LD signal.

When operated as an input port, both the inverting and non-

inverting inputs paths are TTL compatible.
By selecting the LD option, the input buffer becomes an input
flip-flop and the CL/LD signal becomes an asynchronous clock

for loading data.

Referring to the block diagram of the single I/O pin illustrating

the various options, it should be noted that the option numbering

differs from that of 4001. Certain pin combination are mutually

exclusive and should not be specified together. There are also

certain invalid combinations. The following combinations should
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be avoided:

3, 4

10, 11

Examples of some common desired option/connections are:

(2) I/0 pin inputs¥*

non-inverting 11, 2, 5, 7, 9 (TTL) - 2, 5, 7, 8

(b) I/0 pin outputs

non-inverting 3, 1 (10 optional)
inverting 4, 1 (10 optional)

Other combinations exist and should be used with caution.

For TTL compatibility on the I/O lines, the supply voltage should
be VDD = =10V + 5%, VSS = +5V + 5%, VDDl = GND. External pull-

up is required for outputs.

All 4308 metal masked ROM orders must be submitted on forms
provided by Intel. Programming information should be provided

in the form of computer punched cards or punched tape. In either
case, a print-out of the truth table must accompany the order.
Refer to the Appendix for complete pattern specification and a

sample 4308 ROM form.

*NOTE: Option 11 need not be specified if an unbuffered input is

desired. This is equivalent to a 4001 input.
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4308 INPUT FORMAT

The 4308 programming information should be provided in the form of com-
puter punched cards or punched paper tape. The input format is found

in the Intel General Component Catalog, and reproduced here for your

convenience. The following enhancement has been added to assist in

the preparation of programs. These features are optional:

A. The character "X" to be included with "P" and "N" in data word,
where "X" indicates "don't care". The bit will be assigned a
value which will have the least impact on the dynamic operation of
the ROM. A fully assigned listing will be returned to the customer
for approval.

B. The use of a format; B*nnnnF to indicate that the preceding word
should be repeated nnnnn times, (where "nnn" is a decimal number).

It should be noted that "nnnnn" can be no greater than 1023 for

the 4308.

The above two options permits the user to default the last "nnn" ROM

words to a "don't care" wvalue.

Due to the I/O customizing option of the 4308, the following header
information should be appended to the usual programming input. This
information provided on a header is optional. The 4308 custom ROM
order form should accompany the program whether the header is used or

not.

Each tape should start with a device identifier
"14308-"
where the "I" and the "~-" serve as delimiters, just as "B" and "F"

do for data words. This could be preceded by any data not containing
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an "I"

This should be followed by the chip select information encoded as a
decimal number and enclosed by "C" and "S", as in:

"cds" = § - 3

Finally, the I/O options would be specified on a port-by-port basis
(refer to ROM form) with the connections to be made separated by commas,
and enclosed in parenthesis:

*(nl, n2, n3...nl1ll)".

Example:
)" indicates no connection
(" indicates only #1
"(2, 5, 7, 9)" indicates connections 2, 5, 7, and 9

So, a 4308 tape might be:

I4308"C¢3S (113) (2,7,5’9).--(1'4) B - . F - -
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intal

4308 Metal Masked ROM

4308 CUSTOM ROM ORDER FORM

All custom ROM orders must be submitted on forms provided by Intel. Programming information should be sent
in the form of computer punched cards or punched paper tape. In either case, a print-out of the truth table
must accompany the order. Refer to the 4308 Data Catalog for complete pattern specifications. Additional forms

are available from Intel.

CUSTOMER

ADDRESS

P.O. NUMBER

DATE

Intel use

s# PPPP
STD zz
APP DD
DATE 1/0

INTEL STANDARD MARKING

The marking as shown at right must contain the Intel logo,
the product type (P4308), the four digit Intel pattern num-
ber (PPPP), a date code (XXXX), and the two digit chip
number (DD). An optional customer identification number
may be substituted for the chip number (ZZ).

Optional Customer Number (Maximum 6 characters or spaces)

ROM DESCRIPTION
Chip Select Value (0—3)

In the table below, select the connections which should be

(Must be specified.)

( PIN OPTION

/009 |27 [ 1]2|3|4|5|6]7]8[9]10]11
/00, | 26 | 1]2|3|4|5|/6|7]8]|9]10]1
/00, [ 25 [1[2]3]a|5[6[7[8]9[10]11
/003 | 24 | 1]2]|3]|a|5][6][7[8]9]10]n
/019| 5 [1[2]3]als{6][7][8]9]10]m
/01| 4 | 1]2{3[4]s[e6|7][8]9]10]n
101, | 3 [1]2]3[4]s]6|7]8]9]10[n
o13| 2 [ 1]2[3[4]s5|6|7]8]9]10][n
11029 [ 17 | 1[2[3[a[s[6[7]8]9]10]
o027 |16 [ 1]2(3(4a]s[6|7][8]9]10]n
1102, [ 15 [ 1] 2[3a|s[e|7]8|9]10]n
110231 14 | 1]2][3]4a]s]e6][7]8]9]10][n
17030 21 [ 1] 2]3]4a|s][e6|7]8][9]10][n
1/03;] 20 [ 1]2]3]a]s]e6[7]8]a]10]1
1103, [ 19 [ 1] 2[3]4[s]6][7]8][9]10]11
/033 | 18 | 1| 2]3]a|s5[e6][7]8]9]10]11

< Intel 1974/Printed in U.S.A./MCS-216-0874/500

made for each of the 16 /O port input lines. Avoid the use
of illegal options—refer to the 4308 Data Catalog.

Mark the appropriate box for an option connection. Leave

blank for a no connection.

/

’ Intel Pattern
¥ p4308 ' PPPP Number
XXXX = ZZ ,
L T | | L Chip Number or
! Customer Number
Date Code
- . DATA
ROM || Mux BUS - Dn
PATTERN OUTPUT
' 3
6o 1
SET OUTPUT —
LOGIC L/F
RESET Q

1/On f—0

|10

CLR
° /LD D I

s 0

o o—1 CLK
INPUT
_ FIF

o—{i

6

[11

2
7'3 8Io—o Vpp

i Vss

60 1/0 PORT LINE OPTION

4308
ROM



ROM and PROM Programming Instructions

Input Format
I. ROM and PROM Truth Table Format

Programming information should be sent in the form of computer punched cards or punched paper tape. When using the 7600C
or MCS programmers (see Section 11}, punched paper tape should be used. In all cases, a printout of the truth table should be
accompanied with the order.

The following general format is applicable to the programming information sent to Intel:

1. A data field should start with the most significant bit and end with the least significant bit.

2. The data field should consist of P’s and N’s. A P is to indicate a high level output (most positive) and an N a low level output
(most negative). If the programming information is sent on a punched paper tape, then a start character, B, and an end charac-
ter, F, must be used in the data field.

A. Punched Card Format
An 80 column Hollerith card (preferably interpreted) punched by an IBM 026 or 029 keypunch should be submitted. The
first card will be a title card. The format is as follows:

. DECIMAL NUMBER INDICATING
1. Title Card THE TRUTH TABLE NUMBER

NO. OF OUTPUTS

4or8
TITLE CARD INTEL
DESIGNATION . PN
, CUSTOMER'S ) Column Data
CUSTOMER’S DIVISION OR CUSTOMER’S
COMPANY NAME LOCATION P/N 1 Puncha T
IXTE TTIRGNICS CORF - -[m’rr\ CLARA CALTF I f;':;_; 3304(8) 00\ 25 Blank
/ ni LIttt m 1 361'?:& g;‘;ﬁ"‘“ Company Name
m m ! L ! ' 3554 | Customer’'s Company Division or location
0O 0L 0L S0RE 10100110100 IANAL00L00LA0LLA0LANLENOLLASNNNSLOL NN 5558 | Blank
R RRR RN RN NSRS N R R RN NN TNY ERRT 1N RN IR RN NY IR RS E R R AN AR NAN] 59-63 | Customer Part Number
22022220222222222220222222202222220222222222212222222222222022222222222222222222 64-67 | Blank
B33333233303003333M3303333233333333 33833 003333830333332333330333333933333333333 68-74 | Punch the Intel 4 digit basic part number and
AL L L A g in () the number of output bits, e.g. 1702 (8)
§55555SSSBSMSSSSMSSS5585555555555555gS55S555555555555555555555SSS5555SRSMSE5SSS 3304 (8), 3301 (4), or 3601 (4).
6666666666666 ME6666EMEGE66666666665G65666666666MS6G66666666666666666666666666 75-78 | Blank
RRRR I RN AR N R RN RN R NNt YRR R AR AR R R R AR R R AN R RN AR R R s NN NN Naasenasansssss: 79-80 | Punch a 2 digit decimal number to identify
I I T e the truth table number. The first
\ssmsumssmmmmssssmsmsssmslssasmmsssssseaasssssssmsmsss truth table will be @9, second @1, third

VU TIUNS 0T 00 2020 22 202075 25 217028 0 520 301536 30 3090 o0 41 4243 6445 46 47 00435851 525354 55 5657 38 SYGE0N §20302 4 66 1 1A TE TN 1273 205 T I 1O TS ) 63, etc.
o 232

2. For a N words x 4 bit organization only, cards 2 Column

. Data
and the following cards should be punched as shown: 15 Punch the 6 digit declmal equivalent of the
Each card specifies the 4 bit output of 14 words. binary coded location which begins each
card, The address is right justified, i.e.,
29000, 9014, 33328, etc.
6 Blank
LsB DECIMAL NUMBER 71'10 g"‘*‘ak':‘e'd
DECIMAL WORD - INDICATING THE : an
ADDRESS BEGINNING MsB TRUTH TABLE NUMBER | 1215 | Data Fieid
EACH CARD 14 DATA FIELDS 16 | Blank
1 \ ,J_I 17-20 | Data Field
21 Blank
22-25 | Data Field
RON0 ORON BRED DO ENON RGN ROAN S8R G000 SRR REGD ORAN NOOR DNOR 26 Blank

BURAR000008000000008000808000000000000000000000000000000080800408000000000000088 27-30 | Data Field
T O T O T T T 110 31 Blank
32-35 | Data Field

20222222222220222222022222222222222222222222222222222222222222222222222222222222 36 Blank
33333333333333333333333233333333333393333333333333333333323331333333333333330393 37-40 | Data Field
AL M i 41 Blank
555555 SHSMSMBORSSSsssMOEs s RMs BN 5sSsSMsSHSMSSSHOSHSsSSSHREssssSSHAsssSEssSsss 4245 | Data Field
SR EGEEE66E666E6CEEE660E0EE60E606666066066665656065665660666666666666656666665666 46 Blank
LRRRRRE M PRRARRRY | L[ ERRRY LA L IRRORE [ TA 1IN TN IRN [ RRRAT DA RRRRLT1 1 FRAN1ILIR] IRORSS 47-50 | Data Field

51 Blank

888888082880 80800880080380800 60850t 0000B08B0803000 03008880 RBBRBUBBRROEINRSEE §2.556 | Data Field

$995999999999999999999999999999999999999999999999999959999999999999989999399999¢

234G T AIBNRNNBENNINNRRUSALADBRARIUBRL ARG QOUGKTRORITUNSUNIIROROUBEIRONTIDUISKINDN 56 B'ank

N = < 5760 |Data Field
61 Blank

62-65 | Data Field
66 Blank

67-70 | Data Field
ral Blank

72-75 | Data Field
76-78 | Blank

79-80 | Punch same 2 digit decimal number as in
title card.
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ROM and PROM Programming Instructions

Input Format

3. For a N words x 8 bit organization only, cards 2

Data

and the following cards should be punched as shown. Column
Each card specifies the 8 bit output of 8 words. 15
msg —=°0 ]
DECIMAL WORD DECIMAL NUMBER 6
ADDRESS BEGINNING INDICATING THE 71';4
EACH CARD 8 DATAL FIELDS TRUTH TABLE NUMBER 1623
! A 24
L PHENRANEEE PERPFRRNF FERENNEE PRERNFPR FENNNEFE NRRNNFEF NNFENRNF PNNERERNFE B0 25.32
RUREDNED RERRORED RRARESRD REARORNS DNAREAED HRDAROAR RSRORARN RHRREDOOR 33
BOREN000000000000000000000000000000060000060000000000000000080006000000000600600008N 34
P23 45689 MIIN2IMISIEN 0192021 222526252620 29293030 3230 M 3536 37 38 3940 41 240 4445 G 4T 404950 5 5253 54 55 56 57 SH 59 G061 62 63 G 65 66 GTEORI IO N1 T2 1374 S TR I TN T9 B0 42
IRRRE R R R R R R R R R AR R A R R R R AR AR R R R R R AR R R AR AR R R R AR R AR R R AR R RN R R AR R R R ! 4350
22222222222222222222222222222222222222222222222222222222222222222222222222222222 51
33333333333333333333333333333333333333333333333333333333333333333333333333333333 52-59
BA44440 0044840048484 4 0400440000014 d0884048 8440844408448 44444444440484444488444 60
5555 S SSMSHMBOESSSSSMNSSSSMRN: sy ssMASS@SSSUNEssssHRNONssSSSHEsSSANsSSORsSRNsSSS 61-68
666666 6666666666666665GE6E0E65666686660666666666666666666666660666666565666E6666 69
RN T T ERRR AR 11| ERRa T | RRRAd [ LA T RAA 1 LAR | IRAY 11 TRRRREA L1 IR8Y | RARA 12 1AL 181 1A%, 70-77
88088688886¢8060608088685608B808888630688068888686888888886888888050880886888888888¢ 78
s e 7550

Punch the 5 digit decimal equivalent of the
“binary coded location which begins each
card. The address is right justified, i.e.,
30000, 00308, 330 16, etc.

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Data Field

Blank

Punch same 2 digit decimal number as in
title card.

B. Paper Tape Format
The paper tapes which should be used are the:

1. 1" wide paper tape using 7 or 8 bit ASCII code, such as a model 33 ASR teletype produces, or the

2. 11/16" wide paper tape using 5 bit Baudot code, such as a Telex produces.

The format requirements are as follows:

1. All word fields are to be punched in consecutive order, starting with word field @ (all addresses low). There must be exactly

N word fields for-the N x 8 or N x 4 ROM organization.

2. Each word field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4
data characters between the B and F for the N x 8 or N x 4 organization respectively.

NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A WORD FIELD. If in preparing
a tape, an error is made, the entire word field, including the B and F must be rubbed out. Within the word field, a P results

in a high level output, and an N results in a low level output.

3. Preceding the first word field and following the last word field, there must be a leader/trailer length of at least 25 characters.

This should consist of rubout punches (letter key for Telex tapes)

4. Between word fields, comments not containing B’s or F’s may be inserted. Carriage return and line feed characters should
be inserted (as a ““comment’’) just before each word field (or at least between every four word fields). When these carriage
returns, etc. are inserted, the tape may be easily listed on the teletype for purposes of error checking. The customer may
also find it helpful to insert the word number (as a comment) at ieast every four word fields.

5. Included in the tape before the leader should be the customer’s complete Telex or TWX number and if more than one pattern

is being transmitted, the ROM pattern number.

6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers.

Example of 256 x 8 format (N = 256):

Start Character MSB

Stop Character Data Field
Leader: Rubout Key

for TWX and Letter

lBPPPNNNNNFLBNNNNNNPPIT...IBN PNPPPNNF]
—

LSB

Trailer: Rubout Key
for TWX and Letter

Key for Telex (at least T T T Key for Telex (at least
25 frames). Word Field 0 Word Field 1 Word Field 265 25 frames).
Example of 1024 x 4 format (N = 1024):
Start Character 1 Stop Character Data Field MSB LSB

Leader: Rubout Key + + Trailer: Rubout Key
for TWX and Letter BPNPNF BNNNNF ... BPPPPF for TWX and Letter
Key for Telex (at least L T L J L T J ;——T—J Key for Telex (at least
25 frames). Word Field 0 Comment  Word Fleld 1 Word field 1023 26 frames).

(See Section

B-4)
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4289 STANDARD MEMORY INTERFACE

Introduction

The 4289 is a single chip replacement for the 4008/4009

STANDARD MEMORY and I/0O INTERFACE set. Like that set, it
enables the 4-bit microprocessor chip (4004 or 4040) to be
used with "standard" memory components such as 1702 PROM's

or 2102 RAM's and general purpose input/output devices.

A number of improvements as well as additions have been
incorporated into the 4289 aside from the single chip pack-
age. These are listed here and described in detail in

Sections 2 and 3.

1.1 A change in internal timing has been made which will
allow using PROGRAM MEMORY components with access times

as great as 2.luseconds (address to output).

1.2 A new instruction, READ PROGRAM MEMORY (RPM) which is
included in the 4040 instruction set, is recognized by
the 4289. Section 3.3 provides a detailed description of

RPM.

1.3 A separate supply voltage, V has been provided for

DDL1’
the ADDRESS and CHIP SELECT buffers. This simplifies
the problem of interfacing to n-channel/TTL-compatible

memories. See Appendix for examples.
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1.4

the FIRST/LAST flip-flop (see Section 3.3).

A RESET pin has been added which simplifies control over

It is not ne-

cessary to power down the chip to perform the reset function.

Description of Basic Hardware

The 4289 is packaged in a 40-pin plastic DIP.

The pin configu-

ration and a brief functional description of each pin is given

in Section 2.1.

2.1 Pin Function Description

Bidirectional data bus. All address,
instruction and data communication be-
tween processor and the PROGRAM MEMORY

or I/0 ports is transmitted on these

The high order 4 bits (OPR) of the
instruction from the PROGRAM MEMORY are
transferred to the 4289 on these pins.

5 8 on 4009.

Pin # Designation Description

4 pins.
5-28 OPRﬂ—OPR3

Same as D_'-D,'
9 - 12 OPAﬂ—OPA3

13 - 14 ﬂl—ﬂz

64

The low order 4 bits (0OPA) of the in-
struction are transferred to the 4289,

Same as D, '-D,' on 4009.

1 4

Non-overlapping clock signals which
are used to generate the basic chip

timing.



42389 PIN

CONFIGURATION

13

14

15

16

17

18

19

20

—/

4289

40

39

38

37

36

35

34

33

32

31

29

28

27

26

25

24

23

22

21
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Pin # Designation Description

15 SYNC Synchronization input signal driven

by SYNC output of processor.

16 CcM Command input driven by CM-ROM output
of processor. Used for decoding SRC

and I/0 instructions.

17 RESET RESET input. A logic "1" level applied
to this input resets the CM flip-flop

and FIRST/LAST flip-flop.

18 IN Output signal generated by 4289 when
the processor executes an RDR or RPM

instruction.

19 ouT Ooutput signal generated by the 4289
when the processor executes a WRR or

WPM instruction.

20 VSS Circuit GND potential; most positive

supply wvoltage.

21 PM Output signal generated by the 4289
when the processor executes an RPM or

WPM instruction.

22 F/L Output signal generated by the 4289 to
indicate which half-byte of PROGRAM

MEMORY is to be operated on.
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Pin #

Designation

Description

23 - 30

31 - 34

35

36 - 39

40

Basic Circuit Timing

Aﬂ-A7

Cﬂ—C

DDl

I/Oﬂ—I/O3

DD

Address output buffers. The demulti-
plexed address values generated by the
4289 from the address data supplied

and A,.

by the processor at Al 5

Chip select output buffers. The address
data generated by the processor at A3, or

during an SRC are transferred here.

Supply voltage for address and chip

select buffers.

Bidirectional I/O data bus. Data to
and from I/0 ports or data to R/W PRO-
GRAM MEMORY are transferred via these

pins.

Main power supply pin. Value must be

- >3
Vgg = 15V + 5%,

The basic timing of the 4289 which is generated by the two

non-overlapping clock pulses ﬂl and ﬂz.

The 4289 is syn-

chronized to the processor by the SYNC signal generated by

the processor and sent out at the beginning of each instruc-

tion cycle.

During a typical instruction cycle, the 4289 follows the se-

quence of events outlined below:
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4289 BASIC TIMING

X3 _—>I<7 Al —>,<— ~>‘<— A3 —p|t— M1 —».4— M2 X1 —>|<— X2 —>’<— X3 ‘P{

02 .
01 )
SYNC
,__\__/ IF SINGLE —
c™ CYCLE
7 7 i 7
\ / IF 1/0 IF SRC
ENABLE - e o od = o o o o | W
DATA IN
eNABLED| [enaBLED| |enaBLED| |enaBLED| |enABLED| |enABLED] |ENABLED ENABLEq ENABLEDI
ENABLED IF
ENABLE DATA OUT ENABLED RDR + RPM
U |
Ag—Az ( . X
J P | i
Ly,
, X !
ENABLED IF
ENABLE 1/0 OUT A
IN

IF (RDR + RPM) \ /
ouT

om IF (WRR + WPM) \ /
' : \ IF (RPM + WPM) ‘ /

o oms B

HIGH FOR ODD # (WPM + RPM)
LOW FOR EVEN # (WPM + RPM)

F/L




The device latches the address information sent by the

processor at Al’ A and A and presents the 12-bit

2! 3!
parallel address on pins Aﬂ—A7 and Cﬂ-C3.- Aﬂ—A7 select

1 out of 256 eight-bit words and Cﬂ—C enable 1 out of

3
16 pages of PROGRAM MEMORY.
The 8-bit contents of the selected memory location are

transferred to the 4289 on pins OPRﬂ—OPR and OPAﬂ—OPA .

3 3
They are then multiplexed and transferred to the processor
in two 4-bit groups at My and M, .

The 8-bit contents of the internal SRC register are
transferred¢ to the ADDRESS and CHIP SELECT buffers at Xl.
This value is used as an address for an ensuing I/0 or
PROGRAM MEMORY operation (see Section 3.2 for detailed
description).

The special‘control signals IN, OUT, PROGRAM MEMORY and
FIRST/LAST are generated by the 4289 as shown in Figure 2.

They are required for performing the I/O and PROGRAM

MEMORY operations and are described in detail in Section 3.

Major Circuit Blocks

The major functional blocks which make up the chip are:

a.

b.

Data bus input-output buffer and multiplex circuitry.
Address and chip select output buffers and multiplex
circuitry.

8-bit SRC register.

I/0 input-output buffers.

Timing and control logic.
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4289 BLOCK DIAGRAM

Do O—> —— —9 —> /O PO — - ——»0 Co
0 > DATA BUS I/0 PORT CHIP
D1 INPUT/OUTPUT > » OR > SELecT >0 C,
D; O—» BUFFERS —- -@— s CHIP SELECT | gyrrers F—>0 C2
D3 o_> o~ T I ADDRE_SS MPX - »o C3
t 114
OPAg O—— L sre > ¢
OPA] O—>» lﬁc REG. e ‘
OPA; O—>| |NSTRUCTION (UPPER) [
OPA3 O—» AND INPUT 9- —
OPRg O—> PORT DATA YVV
OPR; O—>| MPX
OPR; O—>~ — .
OPR3 O——» ¢ REG — 3 —»-0 Ag
* (LOWER) [ —>1 0 A,
T T —> MEMORY — ADDRESS —»0 A;
ADDRESS —»1 BUFFERs [—O A3
- —3- MPX — ——»-0 A4
I/OB%ASTA - e > » >0 A
BUFFERS il ¢ > — —»0 Ag
o > >0 A
A A A A
MEMORY AND B —Q 01
1/0 PORT CONTROLS 'NTTIEFI‘“S'- - — 00
AND DECODE ] - -O SYNC
L L
1/0g 1/07 1/02 1/03 F/L PM IN OUT




A brief description of each of these major circuit blocks

is given below.

2.3.1 Data Bus Input-Output Buffer

The bidirectional data bus buffers provide a communi-
cation channel to the processor. The associated
multiplex circuitry allows the 4289 to send PROGRAM

MEMORY or I/O port information to the processor.

2.3.2 Address and Chip Select OQutput Buffers

The address and chip select output buffers provide a
12-bit parallel address to the PROGRAM MEMORY for
instruction fetch operations. At Xl the contents of
the internal SRC register is transferred to the address
and chip select buffers to be used as an address for

an I/0 or PROGRAM MEMORY operation. The high order

3 and to A4—A7.

The low order 4 bits (SRCRZ) are transferred to Aﬂ—A3.

4 bits (SRCRH) are transferred to cﬂ-c

2.3.3 SRC Register

The 8-bit SRC register stores the address value sent

out by the processor at x2 and X, of an SRC instruction.

3

The contents of this register is transferred to the

address and chip select buffers at X, of every instruc-

1
tion cycle, as described above.

2.3.4 I/0 Input-Output Buffers

The I/0 buffers are used to transfer data between the

processor and the input/output ports or from the
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processor to the PROGRAM MEMORY in the case of a WRITE

PROGRAM MEMORY (WPM) instruction.

2.3.5 Timing and Control Circuitry

This includes:

a. The internal timing register.

b. Instruction decoding for the following instructions:

WRR, RDR, WPM, RPM.
c. FIRST/LAST flip-flop.
d. The logic required for generating the external

control signals, IN, CUT, PM, and F/L.

Detailed Description of Operating Modes

As stated in the Introduction, the 4289 enables the 4-bit micro-

processor chip (4004 or 4040) to interface to standard memory com-

ponents. This allows construction of prototype or small volume

systems using electrically programmable ROM's or RAM's in place

of 4001 mask programmable ROM's. Since 4001's also contain mask

programmable I/0O ports, the 4289 has provisions for directly

addressing 16 channels of 4-bit I/O ports. 1In its role as a

Memory and I/O interface device, the 4289 provides three different

types of operation, namely;

a. Interface to Program Memory for instruction fetch operations.

b. Interface to Input/Output ports for storing or fetching data
using WRR, RDR instructions.

c. Interface to R/W Program Memory for storing or fetching data
or for program alteration using WPM, RPM instructions. This

last feature allows the use of standard R/W RAM to be used
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for data storage.

These three basic operaticns will be discussed in detail in the

following paragraphs.

3.1 Instruction Fetch Operation

The contents of the data bus at Al’ Az, and A3 are latched
by the 4289 and transferred to the address and chip select
output buffers as shown in Figure 2. The low order address
at Al is transferred to Ag—A3 outputs, the middle order

address at A, is transferred to A,-A., outputs and the high

2 4 77

order address at A3 is transferred to Cﬂ-—c3

12 output lines provide the necessary address and chip select

outputs. These

signals to interface to a 4K x 8-bit Program Memory (see

Appendix for examples of Program Memory configurations).

The 8-bit word selected by Aﬂ—A7 and Cg"c is transferred to

3
the processor via the OPR¢_3, OPAﬂ__3 input lines and the data

output buffer. The high order bits (OPR) are transferred at

Ml and the low order 4 bits (OPA) are transferred at M The

20
OPRﬂ—OPR3 input lines correspond to the D_'-D,' lines of the

5 8

4009 and the OPAﬂ—OPA3 lines correspond to the Dl'—D4' lines.

The 4289 has been designed to work equally well with either
the 4004 or 4040 processor elements. Since the 4040 is pro-
vided with two CM-ROM controls which allow it to directly
address up to 8K x 8-bits of Program Memory (4K x 8-bits
selected by each CM-ROM control), two 4289's would be required

for full memory capability. In this case, one 4289 would be
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controlled by CM—ROMﬂ and the other by CM-ROM The 4289

l'
which receives CM at A3 would be enabled to transfer data

at Ml and M2'

In should be noted that the two CM-ROM controls permit the
simultaneous use of 4001, 4308, and 4289 in the same system.
The ROM's 4001 and 4308 can be mixed and assigned to one CM-ROM
control line while a single 4289 can be assigned to the other.
Within one CM-ROM control line, 4289, 4001, and 4308 cannot

be mixed. The reason being that bus contention will arise

between the devices.

I/0 Port Operation

When the processor executes an I/0 port instruction (WRR or
RDR), a previously selected I/0O port is enabled to receive
or transmit 4 bits of data. In the case of WRR, the selected
output port receives the 4-bit contents of the processor
accumulator, and in the case of RDR, the selected input port
transmits 4 bits of data to the processor accumulator. In
either case, the port selection must be made by means of a
previous SRC instruction. The 4-bit value sent out at X2 is
used as the port address. The 4289 must therefore be capable
of storing the SRC address sent by the processor and presenting
that address to the I/0 port selection logic. To accomplish
this, the 4289 behaves as follows:
a. When the processor executes an SRC instruction, the 4289
stores the address sent out by the processor at X2 and X,.

3
The contents of this SRC register are transferred during
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3.3

every Xl time to the address énd chip select are available
for subsequent I/0 instructions. The high order 4 bits
are presented at Cﬂ—C3 and will select the I/O port.
b. When the processor then executes a WRR instruction, the
4289 latches the data sent out by the processor at X2
and transfers this data to the I/O output buffer. This

buffer is enabled during X, and transmits the data to

3
the selected output port. So that external port logic
may be enabled to receive the data, the 4289 generates
the OUT strobe signal.

c. When the processor executes an RDR instruction, the 4289
generates the IN strobe. This enables the selected input
port to transmit its data to the I/O bus, where it is

latched by the 4289 and transferred to the processor at

Xz.

The system configurations given in the Appendix provide sev-

eral examples of I/O port connections.

Read/Write Program Memory Operations

The 4008/4009 combination provides the WRITE PROGRAM MEMORY
(WPM) function which allows standard random access memory
chips to be used for program or data storage. Reading loca-
tions in this memory, however, require dedicating an input
port for the purpose. However, if the 4289 is used in
conjunction with the 4040, both the WRITE and READ PROGRAM
MEMORY (RPM) functions are directly available. To accomplish

these operations, the following are requiréd:
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a. A program memory address.

b. The proper control signals.

c. A means of transmitting the data to be stored or fetched.

The 4289 provides all of these as described in the following

paragraphs.

3.3.1

Program Memory Address

The address for an RPM or WPM operation is provided
by the 8-bit contents of the SRC register. At Xl of
every instruction cycle this 8-bit value is transferred

to the address output buffers Aﬂ—A7. These addresses

‘will select 1 out of 256 program memory words. During

execution of WPM or RPM, the 4289 does not transfer
the high order 4 bits of the SRC register to Cﬁ—C3.
Instead, it forces all 4 chip select output buffers to
a logic "1" state (positive true logic). 1If only one
page of R/W memory is required the 1111 condition on
Cﬂ—c3 can be used to enable that page. If more than
one page is required, an output port will be necessary

to store the 1 out of 16 page select address.

Since the program memory is organized as 8-bit words,
and since RPM and WPM are transmitting only 4-bit
words, it is also necessary to specify either the upper

or lower half-byte of program memory.

This is done automatically by the FIRST/LAST flip-

flop in the 4289. The state of this flip-flop is used
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3.3.2

to generate the control signal F/L which determines

the proper half-byte of program memory. If F/L is a
logic "1" state, the first or lower half-byte is selected,
and when F/L is a logic "g", the last or upper'half-

byte is selected.

Unlike the F/L control in the 4008, the user can direct-
ly reset the FIRST/LAST flip-flop in the 4289 by

applying a RESET signal.

Starting from a "reset" condition the FIRST/LAST flip-
flop automatically toggles after executing either an
RPM or WPM instruction. Hence, odd numbered program
memo?y operations select the 'first' half-byte and
even numbered program memory operations select the

'last' half-byte.

Program Memory Control Signals

When the processor executes either WPM or RPM, the

4289 generates the following control signals:

a. F/L - As indicated in 3.3.1.

b. PM - This output signal is generated as shown in
Figure 2 whenever a program memory operation is
to be performed. This signal allows external logic
to differentiate between a program memory operation
and an I/0 operation.

c. OUT - This strobe signal is generated only during

WPM and WRR instructions. The combination of PM
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3.3.3

and OUT is used as a WRITE ENABLE signal for the

program memory.

The system examples shown in the Appendix demonstrate

the use of these control signals.

Program Memory Data Paths

Whenbthe processor‘executes the WPM instruction, the
4289 latches the data sent out at X2 by the processor
and transfers it via the I/O output buffers to the
I/0 bus. The I/0 bus must be connected to the data
input pins of the R/W memory chips (see Figure A3 in

the Appendix).

If the processor (4040) executes the RPM instruction,
then the entire 8-bit program memory word is trans-

ferred to the OPRﬂ-OPR and OPAﬂ-—OPA3 inputs of the

3
4289. Depending on the state of F/L either the first
(OPA) or last (OPR) half-byte is automatically

selected by the 4289.
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APPENDIX

The 4289 can be used to form systems of widely varying complexity.
Simple systems containing only one page (256 x 8) of PROGRAM MEMORY
and few I/O ports, or more complex systems requiring as many as 32
pages (8K x 8) of memory and 32 I/O ports can readily be implemented.

Several examples will be described here, Refer to the listed Figure.

A. PFigure Al - SIM4-0l1 Equivalent. This system contains:

. 1K x 8 bits of PRO6RAM MEMORY (1702A ROM)

. 1280 bits of DATA MEMORY (4002 RAM) organized as 16 20-charac-
ter registers

. 4 RAM output ports (4002)

. 4 I/0 ports

This system used 3205's to decode the IN and OUT strobes for the

I/0 ports. Since the I/0O buffers of the 4289 can sink one full

TTL load, no additional buffering is required (3404 input current =

250A max.)

B. Figure A2 - This system again contains 4 pages of PROM storage but,
in addition, has one page of RAM storage which can be used for
either PROGRAM or DATA storage by using the WPM/RPM ihstructions.
(The RPM instruction is valid only with the 4040). The RAM
storage has been implemenﬁed with 2101's (256 x 4 version of 2102).
Notice that separate WRITE ENABLE signals must be generated for

the upper and lower half-bytes of RAM.
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Program Memory Organization
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C. Figure A3 - Systems using two 4289's can be designed as shown here.
In this case each 4289 is controlled from a separate CM-ROM con-
trol signal. The CM-ROM@ and CM-ROM1l lines are generated by the

4040. This system cannot be implemented with the 4004.

As mentioned in 1.3 of the Introduction, a separate supply pin, VDDl'
has been provided for the ADDRESS and CHIP SELECT output buffers.
Figure 4 shows examples of the use of VDDl when interconnecting the

4289 with other circuit forms.
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4289 INTERFACE METHOD
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