













































































































































































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
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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.

61




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

74



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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