Component
Data Catalog

@

A

3

LITETRE TSIV )

e —



COMPONENT DATA CATALOG

JANUARY 1981



Intel Corporation makes no warranty for the use of its products and assumes no responsibility for any errors which
may appear in this document nor does it make a commitment to update the information contained herein.

Intel software products are copyrighted by and shall remain the property of Intel Corporation. Use, duplication or
disclosure is subject to restrictions stated in Intel’'s software license, or as defined in ASPR 7-104.9 (a) (9). Intel Cor-
poration assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No
other circuit patent licenses are implied.

No part of this document may be copied or reproduced in any form or by any means without the prior written consent
of Intel Corporation.

The following are trademarks of Intel Corporation and may only be used to identify Intel products:

BXP Intelevision MULTIBUS*
CREDIT Intellec MULTIMODULE
i iSBC PROMPT

ICE iSBX Promware

ICS Library Manager RMX

im MCs UPI

Insite Megachassis uScope

Intel Micromap

and the combinations of ICE, iCS, iSBC, MCS or RMX and a numerical suffix.

MDS is an ordering code only and is not used as a product name or trademark. MDS® is a registered trademark of
Mohawk Data Sciences Corporation.

*MULTIBUS is a patented Intel bus.
Additional copies of this manual or other Intel literature may be obtained from:

Literature Department
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

© INTEL CORPORATION, 1980 AFN-01300A-1



Table of Contents

CHAPTER 1
Random Access Memory .
RAM Selector Guide ..... e e e e e e e e e e e i 1-1
2114A, 1024 x 4-Bit Static RAM ... .. i i et e 1-2
2115A, 2125A Family, High Speed 1K x 1-Bit Static RAM ........... ... .. iiiiiiiiin... 1-6
2115H, 2125H Family, High Speed 1K x 1-Bit Static RAM ................ ..., 1-11
2118 Family 16,384 x 1-Bit Dynamic RAM ... ... ... e 1-16
2141, 4096 x 1-Bit Static RAM . ... ... i e e 1-27
2142, 1024 x 4-Bit Static RAM .. ... e e 1-33
2147H High Speed 4096 x 1-Bit Static RAM ......... ...ttt 1-37
2148H, 1024 x 4-Bit Static RAM . ... ... .. e e 1-41
2149H, 1024 x 4-Bit Static RAM ... .. e e e 1-45
2164 Family 65,536 x 1-Bit Dynamic RAM ............. e s 1-49
2164-25, 65,536 x 1-Bit Dynamic RAM ......... 2 1-57
2167 High Speed 16,384 x 1-Bit Static RAM ......................... T 1-65
2168, 4096 x 4-Bit Static RAM ... ... . e e 1-69
5104, 4096 x 1-Bit Static CMOS RAM ... .. i it it 1-70
5114, 1024 x 4-Bit Static CMOS RAM ... o i e it 1-71
2K x 8 2048 x 8-Bit Static RAM . ... ... i e e 1-72
4K x 8 4096 x 8-Bit Static RAM . ... ... e e 1-73
21D0, 8192 x 8-Bit Pseudostatic RAM ... 1-74
21D1, 4096 x 8-Bit Pseudostatic RAM ........... ..o it 1-75
CHAPTER 2
Read Only Memory and Memory Support
MOS EPROM Family . ...t e e e e i i 2-1
Bipolar PROM Family and Memory Support Circuits ...............cccciiiiii s, 2-2
2716, 16K (2K x 8) UV Erasable PROM ........................ e ia e v asneaeanattanananas 2-3
2732, 32K (4K x 8) UV Erasable PROM ... ... ittt e e e e 2-7
2732A, 32K (4K x 8) UV Erasable PROM ... ... .. i i ciiie e 2-11
2764, (BK x 8) UV Erasable PROM ... .. ittt i et eaaas 2-17
2808/2809, 8K (1K x 8) Electrically Erasable PROM ............. P 2-22
2816, 16K (2K x 8) Electrically Erasable PROM ........ ...l i, 2-23
3205, 3404, 3205 High Speed 1 Out of 8 Binary Decoder; 3404 High Speed 6-Bit Latch ..... 2-35
3242 Address Multiplexer and Refresh Counter for 16K Dynamic RAMs ................... 2-39
3628A, 8K (1K x 8) Bipolar PROM . ... i it e e it e 2-43
3636, 16K (2K x 8) Bipolar PROM ... .. i i e e et 2-46
3636B, 16K (2K x 8) Bipolar PROM ... . . . i it it cii e 2-49
PROM and ROM Programming instructions:
PROM and ROM Input Formats ..ottt 2-51
MOS EPROMS ...ttt i e i e e 2-65
Bipolar PROM Programming ...........c.tiiiiiiiiiieiiieiieterire it ennneeennns 2-73
CHAPTER 3
Magnetics
BPK72 Bubble Storage Prototype Kit ...........coiiiiiiiiii i i e 3-1
BPK70, 1 MBIT Bubble Storage Sub-System ............ ... .. i 3-3
7110, 1 Megabit Bubble Memory Family ..........cooiiiiiiiiiiiiii it 3-5
7220 Bubble Memory Controller .. ..........eueneuereurinen et eeen e anenananannn, 3-11
7230 Current Pulse Generator for Bubble Memories .............. ..., 3-26
. 7242 Dual Formatter/Sense Amplifier for Bubble Memories ................... ..ot 3-30
7250 Coil Pre-Driver for Bubble Memories ..........c..cciiiiiiiiiiiiiiii i 3-41
7254 Quad VMOS Drive Transistors for Bubble Memories ................ccviiiiiiinnn 3-45



CHAPTER 4
Telephony and Signal Processing

2910A PCM Codec — u Law, 8-Bit Companded A/D and D/A Converter . ......... e 4-1
2911A PCM Codec — A Law, 8-Bit Companded A/D and D/A Converter ................ ...4-16
2912 Family, PCM Line Filters ........... et e e e 4-30
2912A PCM Transmit/Receive Filter .....c...o.ivriiiiiiiniivii it iiiiiiiiininennenss 4-42
2920-16 Signal Processor ...............couvvnns e P v e 4-45
CHAPTER 5
MCS-48™ Microprocessors oL :
8021 Single Component 8-Bit Microcomputer ...................... e 5-1
8021L Single Component 8-Bit Microcomputer Low Power 10mA ................... [ 5-8
8022 Single Component 8-Bit Microcomputer with On-Chip A/D Converter ................ 5-10
8022H High Performance Single Component 8-Bit Microcomputer
with On-Chip A/D Converter .............ccoieuieenieiiunnnanns e 5-22
8031/8051/8751 Single Component 8-Bit Mlcrocomputer ................................. 5-23
8048H/8048H-1/8035HL/8035HL-1 HMOS Single Component 8-Bit Microcomputer ..........5-38
8048L Special Low Power Consumption Single Component 8-Bit Mlcrocomputer ........... 5-45
8049H/8049HL HMOS Single Component 8-Bit Microprocessor ...........i..c.c.cvuain.s ;.. 5-52
8243 MCS-48 Input/Output EXpander .............o.iiiiiiiiiiiiiiineiieineenieneiannas 5-59
CHAPTER 6
MCS-80/85™ Microprocessors
8080A/8080A-1/8080A-2, 8-Bit N-Channel MiCroprocessor ...........ooueviveveneennns P 6-1
8085A/8085A-2 Single Chip 8-Bit N-Channel Microprocessors ...............ccoevevuieenens 6-10
8085AH/8085AH-2 Single Chip 8-Bit HMOS MiCroproCessors ............i.eeveeeieenennns 6-26
8155/8156/8155-2/8156-2, 2048 Bit Static MOS RAM with I/O Ports and T|mer .............. 6-30
8155H/8156H/8155H-2/8156H-2, 2048 Bit Static HMOS RAM with I/O. Ports and Timer ....... 6-45
8185/8185-2, 1024 x 8-Bit Static RAM for MCS-85 ..............coiiviiiinenennnan.. P 6-48
8205 High Speed 1 Out of 8 Binary Decoder . ...........ccoiiiiiiiiiiinenreainnnannnennns 6-53
8212 8-Bit Input/Output Port . ... i e e s 6-58
8216/8226, 4-Bit Parallel Bidirectional Bus Driver - ............ccovviriiiiiieiiivnnrennnnns. 6-66
8218/8219 Bipolar Microcomputer Bus Controllers for MCS-80™ and MCS-85"‘ Families ...6-71
8224 Clock Generator and Driver for 8080A CPU ..........iiitiiiiiiiniieininannannn. 6-82
8228/8238 System Controller and Bus Driver for 8080A CPU ..... e e 6-87
8237/8237-2 High Performance Programmable DMA Controller ...............cc.ccivvnn... 6-91
8257/8257-5 Programmable DMA Controller ....................... R 6-106
8259A/8259A-2/8259A-8 Programmable Interrupt Controller- ... .. feeeereheas ey 6-123
8355/8355-2, 16,384-Bit ROM with 1/0 ..............c.coiiiinn, e e 6-140
8755A/8755A-2, 16,384-Bit EPROM with /O ................ e e e 6-148
8801 Clock Generator Crystal for 8224/8080A . ..............oiitiiutiiiiinaeneanennans 6-159
CHAPTER 7
iAPX 86, 88 Microprocessors R
iAPX 86/10 16-Bit HMOS MiCroprOCeSSOr .. ..vvvt ettt et ee e ei e et eaeeneennnen 7-1
iAPX 88/10 8-Bit HMOS Microprocessor ............c..ovvuieuunn. e ... 725
8089 8/16-Bit HMOS I/O Processor ............ccoviiviereneneenennannn e PR e 7-51
iAPX 86/20, 88/20, 80-Bit HMOS Numeric Data Processor et e 7-65
8282/8283 OCtal LAtCh .......'ieiiitt ettt et i e e P 7-85
8284A Clock Generator and Driver for iAPX 86/10, iAPX 88/10 8089 Processors ............. 7-90
8286/8287 Octal Bus Transciever  .............ccovviiiiiiiiseneninneenns JO 7-98
8288 Bus Controller for iAPX 86/10, iAPX 88/10 8089 Processors Y 5 1o

8280 BUS ArDIter ...ttt e e e 7-110



CHAPTER 8
Microprocessor Peripherals

8041A/8641A/8741A Universal Peripheral Interface 8-Bit Microcomputer .................... 8-1
8202 Dynamic RAM Controller .......... ..ot it i et 8-14
8231A Arithmetic Processing Unit ....... e N 8-21
8232 Floating Point Processor ...............cooivviunnn. e e, 8-31
8251A/S2657 Programmable Communication Interface .................c.cciviiviiiiinn.. 8-43
8253/8253-5 Programmable Interval Timer . ...........coiiiiiiiiiiiii ittt iiiianeanas 8-59
8254 Programmable Interval Timer ...ttt i e e s 8-70
8255A/8255A-5 Programmable Peripheral Interface ..................cocoiiiiiiiiiia, 8-85
8256 Multifunction Universal Asynchronous Receiver-Transmitter (Muart) ................ 8-106
8271/8271-6 Programmable Floppy Disk Controller ............ ..., 8-115
8272 Single/Double Density Floppy Disk Controller ..............ccoviiiiiiiiiiinnnn... 8-144
8273, 8273-4, 8273-8 Programmable HDLC/SDLC Protocol Controller .................... 8-163
8274 Multi-Protocol Serial Controller (MPSC) ............... i, 8-188
8275 Programmable CRT Controller ...ttt iiiaainaeens 8-223
8276 Small System CRT Controller . .........ueiiuiitiii ittt enieaeennnanns 8-247
8279/8279-5 Programmable Keyboard/Display Interface ....................coiviiina... 8-264
8291 GPIB TalKer/LiSteNer ... ...ttt et e it aieeeanees 8-276
8292 GPIB CoNtroller .. ...ttt i e i e e 8-302
8293 GPIB TranSCeIVET .. ...ttt ettt ettt e e et a s ainnneeeas 8-317
8294 Data Encryption Unit . ...t e 8-330
8295 Dot Matrix Printer Controller .......... ... i 8-341
.8296/8297 GPIB Bus Transceiver ...... R 8-350
CHAPTER 9
Industrial Grade Products

12114A, 1024 x 4-Bit Static RAM . ... .. i e e e e it 9-1
12118 Family 16,384 x 1-Bit Dynamic RAM .. ... ... ..o i it 9-4
12716 Industrial Grade 16K (2K x 8) UV Erasable PROM ............cciiiiiiiiiiiiiiinnnnn 9-9
18022 Single Component 8-Bit Microcomputer with On-Chip A/D Converter ............... 9-13
18031/8051 Single Component 8-Bit Microcomputer ................cciiiiiiiiiiiiinn.. 9-14
18048/8748/8035L Industrial Temperature

Range Single Component 8-Bit Microcomputer .................cooiiiiiiiiiiiiiin, 9-15
18048H New High Performance HMOS Single Component 8-Bit Microcomputer ............ 9-24
18049/8039 High Performance Single Component 8-Bit Microcomputer .................... 9-25
18049H/8039H New High Performance Single Component 8-Bit Microcomputer ............ 9-32
ID8085A Single Chip 8-Bit N-Channel MicroproCessor .............covviiuiiiiieininnnennns 9-33
Industrial iIAPX 16-Bit HMOS MiCroproCessor ..........ouuiiiiiiiiiie it eneneans 9-37
18155/8156, 2048 Bit Static MOS RAM with I/O Ports and Timer ................coiiuinn. 9-47
18185, 1024 x 8-Bit Static RAM for MCS-85 ........ ..ottt 9-50
18212, 8-Bit Input/Output Port ... ..o e 9-55
18216/8226, 4-Bit Parallel Bidirectional Bus Driver ..............cciiiiiiiiiineennneeennns 9-58
18243 MCS-48 Input/Output EXpander .............oiiiiniiieiiriiiiniiiiiiiiiiinnenas 9-61
18251A Programmable Communication Interface ................... ..ot e 9-67
18253 Programmable Interval Timer ......... ...ttt 9-72
18255A Programmable Peripheral Interface ............ ...t 9-76
18259A Programmable Interrupt Controller .......... ...t 9-82
18279 Programmable Keyboard/Display Interface ...............coiiiiiiiiiiiiiiiiiiinn, 9-87
18282/8283 Octal LatCh ...t e e 9-90
18284 Clock Generator and Driver for iAPX 86, 88 Processors ..............cccivivveunnns 9-94
18286/8287 Octal Bus Transceiver ...............ccovvveenn.s e e 9-98
18288 Bus Controller for iAPX 86, 88 ProCessors ............c.oivviiuiinneinnneneaneenns 9-103
18355, 16,384-Bit ROM With 1/O ... ... . i i e et e 9-108
18741A Universal Peripheral Interface 8-Bit Microcomputer .................. ...t 9-111
18749 New High Performance Single Component 8-Bit Microcomputer ................... 9-115
18755A, 16,384-Bit EPROM With 1/0 ... .ottt 9-116



CHAPTER 10
Mllitary Grade Products .
M2114A, 1024 x 4-Bit Static RAM . ... ... i e 10-1

M2115A M2125A Family High Speed 1K X 1 Bit Static RAM ........ K ... 10-5
M2118 Family 16,384 x 1-Bit Dynamic RAM ... ... ittt i aneens 10-10
M2147, 4096 x 1-Bit Static RAM ............... e e e 10-15
M2147H High Speed 4096 x 1-Bit Static RAM .......................couae, e 10-21
M2148H High Speed 1024 x 4-Bit Static RAM .......... ...ttt iie e 10-25
M2716/M2716M, 16K (2K x 8) UV Erasable PROM ............c.ciiviiiiiiiiiiiiiiinnnnnn 10-29
M2732, 32K (4K x 8) UV Erasable PROM ... ... ... ..o ittt it i 10-33
M2816, 16K (2K x 8) Electrically Erasable PROM .......... .. ... i, 10-36
M3636, 16K (2K x 8) Bipolar PROM ...........coiiir it e 10-48
M8048/M8748/M8035L Single Component 8-Bit Microcomputer ..................c.cov.... 10-51
MB8O080A, 8-Bit N-Channel MiCroproCessor .. .......cuiuriiiiiiii it iiiti e eeaaaiinenns 10-60
MB8085A Single Chip 8-Bit N-Channel Microprocessor ..............ccoviiiiiiiniiniinnnn. 10-66
Military iAPX 86/10, 16-Bit HMOS Microprocessor .............cceieiiiiiiiinenniinnenn, 10-77
M8155, 2048-Bit Static MOS RAM with I/O Ports andTimer ...............c.ccvvivvinnn.., 10-87
M8185, 1024 x 8-Bit Static RAM for MCS-85 ...ttt iiiieieeinnnnns 10-98
MB8212, 8-Bit Input/Output Port ... i e e e 10-102
M8214 Priority Interrupt Control Unit ... ...t 10-107
M8216/M8226, 4-Bit Parallel Bidirectional Bus Driver ..............cccoiiiiieviennnnn.n. 10-110
M8224 Clock Generator and Driver for 8080A CPU  ............cciiiiiiiiiiiiiiainenns 10-113
M8228 System Controller and Bus Driver for MBOBOA CPU .................ccovvvnnnn. 10-118
M8243 MCS-48 Input/Output Expander ...........c..coiuiiiiiiiiniiiiiiiarnnennannn. 10-123
M8251 Programmable Communication Interface ................ccoiiiiiiiiiiiininnnn. 10-124
M8253 Programmable Interval Timer ...........coiiiiiiiiiiiii it iiienanas 10-129
M8255A Programmable Peripheral Interface ...............coiiiiiiiiiiiiniiiinnnennn, 10-133
M8257 Programmable DMA Controller .............oiiiiiiiiiiiiiiiiniiineeiennns 10-139
MB8259A Programmable Interrupt Controller ...............iiiiiiiiiiiiiiiiiiineenns 10-146
M8282/8283 Octal LatCh ...........ivuiieiiiiini i ittt e i aneanss 10-151
M8284 Clock Generator and Driver for Military iIAPX 86 ................coviviivnnnnn.. 10-155
M8286/8287 Octal BUS TranSCeIVEr ........uiiuttt it enei ettt raiee it iveennnnns 10-159
M8288 Bus Controller for Military IAPX 86 ........c.oiiiiiiiiii ittt 10-164
MB2B9 BUS ArDIter . ...ttt e e e e 10-169
M8741A Universal Peripheral Interface 8-Bit Microcomputer ......................c.... 10-173
M8755A, 16,384-Bit IRPOM with /O ....... ... e erreererer e 10-177
CHAPTER 11
Microcomputer WorkShops ...ttt ittt i i e et et 11-1
Chapter 12
General Information .......... ... .. . e e e 12-1
Product FIOW ..o e e e e 1241
Ordering Information .. ... i i e e e e e 12-3
Packaging Information . ........... i 12-4
PrOTUCE SBIVICE . .o ittt e e e e e e e 12-13









Random Access 1
Memory







intal

RAM
SELECTOR GUIDE

Commercial
Access/Cycle Max. Current
No. of Powe
Part No. | Organization Description Pc;n: Time Range Range (mA) S:;::I; Page
(nsec) Active |Standby
2115A 1Kx 1 Static - High Speed - Open Collector 16 45-70 75-125 +5 1-6
2125A 1Kx1 Static - High Speed - Three State 16 45-70 75-125 +5 1-6
2115H 1Kx1 Static - High Speed - Open Collector 16 25-35 125-150 +5 1-11
2125H 1K x 1 Static - High Speed - Three State 16 20-35 125-150 +5 1-11
2114A 1Kx 4 Static - Low Power 18 100-250 40-70 +5 12
2142 1Kx 4 Static - Output Enable 20 200-450 70-100 +5 1-33
2148H 1Kx 4 Static - High Speed - Power Down 18 45-70 125-180| 20-30 +5 1-41
2149H 1Kx 4 Static - High Speed - Fast CS 18 45-70 125-180 +5 1-45
2141 4Kx 1 Static - Low Power - Power Down 18 120-250 40-70 5-20 +5 1-27
2147 4K x 1 Static - High Speed - Power Down 18 70-85 140-160| 10-20 +5
2147H 4Kx 1 Static - High Speed - Power Down 18 35-55 125-180| 15-30 +5 1-37
2167 16K x 1 Static - High Speed - Power Down 20 55-100 90-125| 30-40 +5 1-65
2168 4K x 4 Static - High Speed - Power Down 20 55-100 150 40 +5 1-69
2Kx 8 2Kx 8 Static - Power Down 24 150 TBD TBD +5 1-72
4Kx 8 4Kx 8 Static - Power Down 28 150 TBD TBD +5 1-73
21D1 4Kx 8 Pseudostatic - Muxed Bus 28 200/400 TBD TBD +5 1-75
21D0 8Kx 8 Pseudostatic 28 170/300 TBD TBD +5 1-74
2118 16K x 1 Dynamic - High Performance - Low Power 16 100/235-150/320 | 150 mW | 11 mW +5 1-16
2164 64K x 1 Dynamic - High Performance - Low Power 16 150/300-250/465 | 330 mW | 28 mW +5 149
5104 4Kx 1 Static - CMOS - High Performance 18 150 TBD TBD +5 1-70
5114 1K x 4 Static - CMOS - High Performance 18 150 TBD TBD +5 1-71
Military
M2115A 1Kx 1 Static - High Speed - Open Collector 16 55-75 75-125 +5 10-5
M2125A 1Kx 1 Static - High Speed - Three State 16 55-75 75 +5 10-5
M2114A 1Kx 4 Static - Low Power 18 150-250 50-70 +5 10-1
M2148H 1Kx 4 Static - High Speed - Power Down 18 70 180 30 +5 10-25
M2147H 4K x 1 Static - High Speed - Power Down 18 55-70 180 30 +5 10-21
M2118 16K x 1 Dynamic - High Performance 16 120/270-150/320 | 138 mW| 11 mW +5 10-10
Industrial
12114A 1Kx 4 Static - Low Power 18 150-250 50-70 +5 9-1
12118 16K x 1 Dynamic - High Performance 16 120/270-150/320 | 138 mW | 11 mW +5 0-4
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intel
2114A
1024 X 4 BIT STATIC RAM

2114AL-1 | 2114AL-2 | 2114AL-3 | 2114AL-4 | 2114A-4 | 2114A-5
Max. Access Time (ns) 100 120 150 200 200 250
Max. Current (mA) - 40 40 40 40 70 70
HMOS Technology ® Completely Static Memory - No Clock

or Timing Strobe Required

m_Directly TTL Compatible: All Inputs"
Identical Cycle and Access Times and Outputs

® Common Data Input and Output Using
Three-State Outputs

High Density 18 Pin Package ® 2114 Upgrade

Low Power, High Speed

Single +5V Supply +10%

The Intel® 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per-
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest
possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individual package when outputs are or-tied.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
® Ne—— ®
AL 18] ] Vee —a, A3 ® Vee
2 Aq >3 .@_ GND
A ] 1704, —A 110, }— @ .
¥ F SN ¥ NG DE——] ron || [ ez
' —a Ag SELECT 64 COLUMNS
a s A Y ) < .
pa— 7 L
A []5 2114A 14| Juio, _:' A, N ||
aJe 13[ e, A5 1104 }— T ~r
— 4 @ |
Sy 12[ o, —a, 1o, g’“_'ﬂ—“ F—] coLumn 110 circurTs |
[>{m ) [ Jwo, —JAg 104 |— 1/0, j— INPUT COLUMN SELECT
DATA
eno[]e 10| Jwe — Ay |/03@ j_con‘rnou. gkkg
WE_cs o
110, ’_B_
[ @A‘,A‘@2®Ao I-&
1
—4

PIN NAMES
Ag—A,  ADDRESS INPUTS Vec POWER (+5V) QO = PIN NUMBERS
'W% WRITE ENABLE GND GROUND
(%] CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
©INTEL CORPORATION, 1977, 1979 DECEMBER, 1979
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2114A FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias .................. -10°C to 80°C
Storage Temperature -65°C to 150°C
Voltage on any Pin

With Respectto Ground .................. -3.5V to +7V
Power Dissipation ..........cciiiiiiiiiiiiiiiiinnen 1.0W
D.C.Output Current . ........ocvvvniniinineenninenns S5mA

D.C. AND OPERATING CHARACTERISTICS
TA =0°C to 70°C, Ve = 5V + 10%, unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation ofthe device
at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Ex-
posure is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

2114AL-1/L-2/L-3/L-4 2114A-4/-5 : }
SYMBOL PARAMETER Min. Typ.ITl Max. Min. Typ.I1l Max. |UNIT CONDITIONS
[y Input Load Current 10 10 uA | Vin=0to 5.5V
(All Input Pins)
Lol 1/0 Leakage Current 10 10 uA | CS=Vm
Vi/0 = GND to VCC
lce Power Supply Current 25 40 50 70 mA | Vec = max, lyo=0mA,
_ Ta=0°C
ViL Input Low Voltage -3.0 0.8 -3.0 0.8
ViH Input High Voltage 2.0 6.0 2.0 6.0 Y
loL Output Low Current 2.1 9.0 2.1 9.0 mA VoL = 0.4V
loH Output High Current -1.0 -25 -1.0 -25 mA VoH = 2.4V
los!2! Output Short Circuit 40 40 mA !
Current
NOTE: 1. Typical valuesare for Tp = 25°Cand Vcg = 5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cio Input/Output Capacitance 5 pF Vyo =0V
CiN Input Capacitance 5 pF Vin =0V
NOTE: This parameter is periodically sampled and ﬁot 100% tested.
A.C. CONDITIONS OF TEST
Input Pulse Levels ............ [ERTTPERS e i i e 0.8 Volt to 2.0 Voit
Input Rise and Fall Times ..........coitiiiinii ittt iiineneens 10 nsec
..................... 1.5 Volts

Input and Output Timing Levels .............coecvvveeennnnn

Output Load

.. 1 TTL Gate and C|_ =100 pF




2114A FAMILY

A.C. CHARACTERISTICS Ta =0°C to 70°C, Vg = 5V + 10%, unless otherwise noted.

READ cYCLE [V

2114AL-1

2114AL-2 2114AL-3 2114A-4/L-4|2114A-5
SYMBOL PARAMETER .~ [Min. Max.| Min. Max.| Min. Max.| Min. Max.| Min. Max. UNIT
tac Read Cycle Time 100 120 150 200 250 ns
ta Access Time 100 120 150 200 250 ns
tco Chip Selection to Output Valid 70 70 70 70 85 ns
tex Chip Selection to Output Active | 10 10 10 10 10 ns
toro Output 3-state from Deselection 30 35 40 50 60 ns
ton | Sebens Qhamd” 15 15 15 15 15 ns
WRITE CYCLE (2
2114AL-1 2114AL-2 2114AL-3 2114A-4/L-4 |2114A-5
SYMBOL PARAMETER Min. Max.; Min. Max.| Min. Max.{ Min. Max.| Min. Max. UNIT
twe Write Cycle Time 100 120 150 200 250 ns
tw Write Time 75 75 90 120 135 ns
twr Write Release Time 0 0 0 0 0 ns
torw Output 3-state from Write 30 35 40 50 60 ns
tow Data to Write Time Overlap 70 70 90 120 135 ns
ton Data Hold from Write Time 0 0 0 0 0 ns
NOTES:

1. A Read occurs during the overlap of a low CS and a high WE.
2. A Write occurs during the overlap of a low CS and alow WE. t, is measured from the latter of CS or WE going low to the earlier of S or WE going high.

WAVEFORMS
READ CYCLE®

ADDRESS

b

% A NMMVNNWANNNNNNE

Dour

NOTES:

3. WE is high for a Read Cycle.
4. If the CS low transition occurs simultaneously with the WE low

transition, the output buffers remain in a high impedance state.
5. WE must be high during all address transitions.

toHA'
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2114A FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS
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2115A, 2125A FAMILY
HIGH SPEED 1K X 1 BIT STATIC RAM

2115AL,2125AL | 2115A,2125A | 2115AL-2,2125AL-2 | 2115A-2,2125A-2
Max. Taa (ns) a5 45 70 70
Max. Icc (mA) 75 125 75 125
= Pin Compatible To 93415A = TTL Inputs And Outputs

(2115A) And 93425A (2125A) = Single +5V Supply

= Fan-Out Of 10 TTL (2115A Family) « yncommitted Collector (2115A)
=-16mA Output Sink Current And Three-State (2125A) Output

= Low Operating Power Dissipation = Standard 16-Pin Dual In-Line
--Max.0.39mW/Bit (2115AL, 2125AL) Package

The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through-
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-
destructively and has the same polarity as the input data.

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents.
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the
2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction
in maximum power dissipation.

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead
allows easy selection of an individual package when outputs are OR-tied.

The 2115A and 2125A families are fabricated with Intel’s N-channel MOS Silicon Gate Technology.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
T
WORD 32 x32
1 vee REETINET) DRIVER ARRAY
A —2
[ow Ay—3
[ we N i [
. A—15
14 A—]e SENSE AP CONTROL
AND
14 As—19 WRITE SEE TATH Dour
: A’ A.— 10 DRIVERS TABLE) @
Ay —n1
mpe Ag—12 I
Ay —13
=l ,
] ADDRESS ADDRESS
VCC = PIN16 DECODER DECODER
GND = PINB Oour
Ag Ay Ay A A, Ay Ag A, Ag Ay cs WE Dy
PIN NAME 0O CCOEOR® S @ ®
! S TRUTH TABLE
CHIP SELECT o
uT OUTPUT
ADDRESS INPUTS INPUTS  |21154 FAMILY | 21254 FAMILY MoDE
WRITE ENABLE T B
DATA INPUT S5 ME Ow L Doy
= H X X W HIGH 2 NOT SELECTED
[ W WIGH Z WRITE "0
T LW ] HIGH Z WRITE 1"
L H X Ogur Oout READ




2115A, 2125A

FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. . .. ......... -10°C to +85°C
Storage Temperature . . . ........... -65°C to +150°C
All Output or Supply Voltages. . ........ -0.5V to +7V
All Input Voltages. . .. ............. -0.5V to +5.5V
D.C.OutputCurrent . .. .. .......0vvun... 20 mA

D.C. CHARACTERISTICS!"2
Vee =5V 6%, Ta =0°Cto 76°C

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
at any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

Symbol Test Min. Typ. Max. Unit Conditions
Vori1 2115A Family Output Low Voltage 0.45 \Y loL =16 mA
Vo2 2125A Family Output Low Voltage 0.45 \ loL=7mA
Vin Input High Voltage 21 \
ViL Input Low Voltage 0.8 \%
I Input Low Current -0.1 -40 MA Vce = Max., Vi = 0.4V
HiH Input High Current 0.1 40 HA Ve = Max., Viy = 4.5V
[lcex! | 2115A Family Output Leakage Current 0.1 100 MA | Vge=Max., Voyt = 4.5V
Horr! 2125A Family Output Current (High Z) 0.1 50 MA Ve = Max., Voyt = 0.5V/2.4V
|os[3] t2c: éﬁﬁul:;mily Current Short Circuit -100 mA Vo = Max.
VoH Family Output High Voltage 24 \ loH=-3.2mA
Power Supply Current:
oo leet: g:;gﬁt:zﬂ 16AL-2, 2125AL, 60 75 mA gl;el:puts Grounded, Output
lecc2: 2115A, 2115A-2, 2125A, 2125A-2 100 125 mA
NOTES:

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute
warm-up. Typical thermal resistance values of the package at maximum temperature are:

84 (@ 400 fpy air flow) = 45°C/W
64 (still air) = 60°C/W
8¢ = 25°C/W

2. Typical limits are at Vgg = 5V, Tp = +25°C, and maximum loading.

3. Duration of short circuit current should not exceed 1 second.
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2115A, 2125A FAMILY

2115A FAMILY A.C. CHARACTERISTICS"2 v = 5V 5%, T = 0°C to 75°C

READ CYCLE
2115AL Limits | 2115A Limits [2115AL-2 Limits|2115A-2 Limits
Symbol Test Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max. |{Min. Typ. Max.|Units
tacs Chip Select Time 5 15 30 5 15 30 5 15 30 5 15 40| ns
tres Chip Select Recovery Time 10 30 10 30 10 30 10 40 | ns
taA Address Access Time 30 45 30 45 40 70 . 40 70 | ns
Previous Read Data Valid Atter )
1 1
foH Change of Address ° 10 0 0 "
WRITE CYCLE
Symbol Test Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.|Units
tws Write Enable Time 10 25 10 30 10 25 10 40
twrR Write Recovery Time 0 25 0 30 0 25 0 45 | ns
tw Write Pulse Width 30 20 30. 10 30 15 50 15 ns
twsD Data Set-Up Time Prior to Write 0 -5 5 -5 0 -5 5 -5 ns
tWHD Data Hold Time After Write 5 0 5 0 5 0 5 0 ns
twsA Address Set-Up Time 5 0 5 0 5 0 15 0 ns
tWHA Address Hold Time 5 0 5 0 5 0 5 0 ns
| twscs Chip Select Set-Up Time 5 0 5 0 5 0 5 0 ns
twHCS Chip Select Hold Time 5 4] 5 0 5 0 5 0 ns
A.C. TEST CONDITIONS
45v
5100
M2125A
Dour
3002 (alonp:Luomc ﬁ‘\‘ Sete e mee s /T-
SCOPE AND 3.5Vp-p ' :
5G) O AN~
= GND-'_L i e 0ns —’: ~—10ns
READ CYCLE WRITE CYCLE
I
& \ 4
Ag-Ag X cs ‘ 7
|
X X
Div
DATA VALID
WE
PROPAGATION DELAY FROM CHIP SELECT
[
tacs < taes > ‘w
Bour Dour UNDEFINED . O

(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V)
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2115A, 2125A

FAMILY

2125 FAMILY A.C. CHARACTERISTICS!"2
READ CYCLE

Vee = BV 6%, Ta = 0°Cto 75°C

2125AL Limits | 2125A Limits [2125AL-2 Limits| 2125A-2 Limits
Symbol Test ~|Min. Typ. Max.[Min. Typ. Max.| Min. Typ. Max.|Min. Typ. Max.|Units
tacs Chip Select Time 5 15 30 5 15 30 5 15 30 5 15 40 | ns
tzrcs Chip Select to HIGH Z 10 30 10 30 10 30 10 40 | ns
tAA Address Access Time 30 45 30 45 40 70 40 70 | ns
i Valid Afte
N S DR CR C C T
WRITE CYCLE
Symbol Test Min. Typ. Max.|Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max.|Units
tzws Write Enable to HIGH Z 10 25 10 30 10 25 10 40 | ns
twRr Write Recovery Time 0 25 0 30 0 25 0 45 | ns
tw Write Pulse Width 30 20 30 10 30 10 50 15 ns
twsD Data Set-Up Time Prior to Write 0 -5 5 -5 0 -5 5 -5 ns
twHD Data Hold Time After Write 5 0 5 0 5 0 5 0 ns
twsA Address Set-Up Time 5 0 5 0 5 0 15 0 ns
tWHA Address Hold Time 5 0 5 0 5 0 5 0 ns
twscs Chip Select Set-Up Time 5 0 5 0 5 0 5 0 ns
twHCs Chip Select Hold Time 5 0 5 0 5 0 5 0 ns

A.C. TEST CONDITIONS

M2115A

Oour

b3

3 00
{INCLUDING

SCOPE AND

§G)

READ CYCLE

WRITE CYCLE

Ccs

X

Ao Ag
Div
Dour DATA VALID
WE
PROPAGATION DELAY FROM CHIP SELECT
cs 15V
Dour

Dour

b

(ALL ABOVE MEASUREMENTS REFERENCED TO 15V)
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2115A, 2125A FAMILY

2125A FAMILY WRITE ENABLE TO HIGH Z DELAY

5v
WE
WRITE ENABLE 1.5V
S 75002
oour_§ t2ws [ ————
HIGH Z
2125A 5?025 R 5eF DATA our;gldl [0 LEVEL L:|» 0.5V
] o 1" LEVEL
'—:L DATA ouTouT K“} 0'5\,,,"6” 2
| Wiy
LOAD 1
2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH 2
cs
CHIP SELECT 1.8V
Dout zRes |/~ — ez
DATA OUTPUT 0" LEVEL T osv
“1" LEVEL }
——7F osv
DATA ouDng r:_ = Jickz
(ALL tzxxx PARAMETERS ARE MEASURED AT A DELTA
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.}
2115A/2125A FAMILY CAPACITANCE* Vcc=5V, f=1MHz, Ta =25°C
2115A Family 2125A Family
SYMBOL TEST LIMITS LIMITS UNITS TEST CONDITIONS
TYP. MAX. TYP. MAX.
C Input Capacitance 3 5 3 5 pF All Inputs = OV, Output Open
Co Output Capacitance 5 8 5 8 pF CS= 5V, All Other Inputs = 0V,
Output Open
*This parameter is periodically sampled and is not 100% tested.
TYPICAL CHARACTERISTICS
Icc VS. TEMPERATURE Ice VS. Vee ACCESS TIME VS. TEMPERATURE
110 I 110 70
S s - B
. 2 -2 —— T T 60
\"\F /i:;::f F 2115AL-2, 21152 o
%0 %0 50 2125AL-2, 212542
L1
I 80 z 8 - ]
5 H E — >
8 8 Ea —
]
| —
o 71250, 2128AL2 | % 0 2oL 21—
D . 2115AL, 2115AL-2
w T~~~ 2125AL, 2125AL-2
50 10
0” D‘B Ta=25°C o ch-sv
0 10 20 30 4 5 6 70 80 o 1 2 3 4 s 6 1. 8 0 10 20 30 4 5 60 70 80

TEMPERATURE (°C)

Vee (V)

Printed in U.S.A./E286/1179/PS
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intel
2115H, 2125H FAMILY
HIGH SPEED 1K X 1 BIT STATIC RAM

2125H-1 2115H-2, 2125H-2 2115H-3, 2125H-3 2115H-4, 2125H-4
Max. Taa (ns) 20 25 30 35
Max. Icc (mA) 150 125 100 . 125
a HMOS II Technology , m TTL Inputs and Outputs
® Pin Compatible to 93415A (21 15H) and | Single 5V Supply
93425A (2125H) ® Uncommitted Collector (2115H) and
# 16mA Output Sink Current Three-State (2125H) Output
m Low Operating Power Dissipation — B Standard 16-Pin Dual In-Line Package

Max. 0.53 mW/Bit (2115H-3, 2125H-3)

The Intel® 2115H and 2125H families are high speed, 1024 words by 1-bit random access memories fabricated with
HMOSTI, Intel's advanced N-channel MOS silicon gate technology. Both open collector (2115H) and three-state output
(2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry throughout — in both the array and the
decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-destructively and has the
same polarity as the input data. .

HMOS II's advanced technology allows the production of the industry’s fastest, low power, 1K statuc RAMs — offering
access times as low as 20ns.

HMOS II allows the production of the 2115H/2125H families, fully compatible with the 1K Bipolar RAMs yet offering
substantial reductions in power dissipation. The power dissipations of 525mW maximum and 656mW maximum
compared to 814mW maximum offer reductions of 19% and 36% respectively.

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS)
lead allows easy selection of an individual package when outputs are OR-tied.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
TS oy T
——— WORD 32 x 32
cs 7V, 1 15 4 DRIVER ARRAY
s 6] Vee P A
Y F s )0 A—]3
[ E} e[ we Ay —1e I l
A—s
A, 4 3
2 (] 137 A A—]e SENSE AMPS CONTROL
A ]s 12 Jag a,—|s whiTE SEETAGTH = Dour
Ag —410 DRIVERS TABLE! 7
A, 6 n A s N
- - Ay —n
Oour (7 w4 Ag—]12 ]
Ag—]13
oo (s o Ja g S
I ADDRESS ADDRESS
VCC = PIN16 DECODER DECODER
GND = PIN8 Oour
Ay Ay A, A A, A, AL A, AL A, TS W D,
POLEE  ORODO e @
TRUTH TABLE
PIN NAMES OUTPUT OUTPUT
INPUTS MODE
[+ CHIP SELECT 2115H FAMILY | 2125H FAMILY
AgTO A9 ADDRESS INPUTS CS _WE Dw Dour Sour 1
WE WRITE ENABLE H X X HIGH Z HIGH Z NOT SELECTED
Om DATA INPUT [ HIGH Z HIGH Z WRITE 0" ~
Dout DATA OUTPUT L L H HIGH Z HIGH Z WRITE "1~
[ Dout Oout READ




2115H/2125H FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias. . ........... -10°C to +85°C
Storage Temperature . . .. .......... —6.5°C to +150°C
All Output or Supply Voltages. . ... ...... -0.5V to +7V
All Input Voltages. . . . ... .......... -1.6Vto+7V
D.C.OutputCurrent . .. .................. 20 mA

D.C. CHARACTERISTICS "2
Ve = BV £5%, Ta =0°C to 75°C '

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or
at any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device
reliability.

Symbol Test Min. Typ. Max. Unit Conditions
Vo. 2115H/25H Family Output Low Voltage ‘0l45 v loo =16 mA
Vin Input High Voltage 2.1 v
Vi Input Low Voltage 0.8 v
N Input Low Current 01 | 40 | wA | Voo=Max, Viy=04v
™ Input High Current 0.1 40 HA Vee = Max., Vin = 4.5V
|lcex| 2115H Family Output Leakage Current 0.1 100 UA Vee = Max., Vour = 4.5V
Hore| 2126H Family Output Current (High 2) 01 | 50 | wA | Veo=Max, Vour = 0.5v/2.4v
los ’2; 2;;::;"”), Current Short Circuit 125 200 mA Voo = Max.
Von Family Output High Voltage 24 i " lon = —5.2 mA
Power Supply Current: \ '
leer: 2125H-1 80 150 mA
leca: 2115H-3/2125H-3 80 100 mA
NOTES:

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute.

2. Typical limits are at Vec = 5V, Ta = +25°C, and maximum loading.



2115H/2125H FAMILY

2115H FAMILY A.C. CHARACTERISTICS

Ve = 5V £6%, Ta = 0°C to 76°C

READ CYCLE
2115H-2 Limits 2115H-3 Limits 2115H-4 Limits
Symbol Test Min. Max. Min. Max. Min. Max. Units
tacs Chip Select Time 15 20 20 ns
tacs [1) Chip Select Recovery Time 20 20 20 ns
taa Address Access Time 25 30 35 ns
o 1 | oo oVl e : : : -
WRITE CYCLE
Symbol Test Min. Max. Min. Max. Min. Max. Units
tws [1] Write Enable Time 15 20 20 ns
twr Write Recovery Time 0 15 0 20 0 20 ns
tw Write Puise Width 20 20 25 ns
twso Data Set-Up Time Prior to Write 0 0 0 ns
twrp Data Hold Time After Write 0 0 0 ns
twsa Address Set-Up Time 5 5 5 ns
twha Address Hold Time 0 (] 0 ns
twscs Chip Select Set-Up Time 5 5 5 ns
twhcs Chip Select Hold Time [o] 5 5 ns

[1] These specifications are guaranteed by design and not production tested.

A.C. TEST CONDITIONS

2115H

Vee

30052

2115H
Oour

300¢2

ALL INPUT PULSES

3 . 3
$ oo {INCLUDING $ o SeF
1 SCOPE AND 1
4G)
e
= LOAD FOR tges. tws =
READ CYCLE WRITE CYCLE
| _
iy X s X i
|
|
X P
O * *
Douy DATA VALID, |e— tw—s
WE /
PROPAGATION DELAY FROM CHIP SELECT wso le—s| twrio
= .
[— twsa | tWHA |
PP M | | S— WHCS ——|
+= tacs | < tres ™| scs- s et e
DBour DBour g UNI?EA:I;ED O
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2115H/2125H FAMILY

2125H FAMILY A.C. CHARACTERISTICS  Vcc=5V 5%, T4 =0°Cto 75°C
READ CYCLE

2125H-1 Limits | 2125H-2 Limits | 2125H-3 Limits | 2125H-4 Limits
Symbol Test Min. Max. | Min. Max.| Min. Max. | Min. Max. |Units
tacs Chip Select Time 15 15 20 20 | ns
tzmres [11] Chip Select to HIGH Z 20 20 20 20| ns
taAA Address Access Time 20 25 30 ' 35 | ns
o | oo | : : : -

WRITE CYCLE

Symbol Test Min Max. |Min Max. | Min Max.| Min. Max. |Units
tzws [1]| Write Enable to HIGH Z 156 15 20 20 | ns
twR Write Recovery Time 0 15 0 15 0 20 0 20 | ns
tw Write Pulse Width 15 20 20 25 ns
twsp Data Set-Up Time Prior to Write 0 0 0 0 ns
twHD Data Hold Time After Write 0 0 0 0 ns
twsA Address Set-Up Time 5 5 5 5 ns
twna (11| Address Hold Time 0 0 0 0 ns
twscs Chip Select Set-Un Time 5 5 5 5 ns
twHes Chip Select Hold Time 0 0 5 5 ns

[1] These specifications are guaranteed by design and not production tested.

A.C. TEST CONDITIONS

ALL INPUT PULSES

vVee
5100
2125H
Bour
3000 30pF
(INCLUDING TTN T T T T T T T T ey 10%
SCOPE AND 3ovep | :
se) i -7 90%
) I |
= GND= —*1 |=— 5ns —»| |Je—ns
READ CYCLE WRITE CYCLE

cs )K

Ag-Ag

h *
Dour DATA VALID

PROPAGATION DELAY FROM CHIP SELECT

twsp

cs 15V

[ty o ——»|

Oour

Oour // "HIGH Z

(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V)
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2115H/2125H

FAMILY

2125H FAMILY WRITE ENABLE TO HIGH Z DELAY

WE
‘b WRITE ENABLE 1.5V
1; 5100
oout 1§
L Dout T e
21251 |30 == s DATA OUTPUT [0 LEVEL 7} osv
) o “1" LEVEL
= DATA OUT?’SI N 1 n.sanH 2
| o)
LOAD 1
2125H FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z
53
CHIP SELECT 15V
'ZRes [T
DATA OUDY?':JJ; “0" LEVEL ,&} 0_5:|GH z
“1” LEVEL }
S— 0.5V
DATA ouuvggl K\—_—_ = HieHz
(ALL tzxxx PARAMETERS ARE MEASURED AT A DELTA
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.)
2115H/2125H FAMILY CAPACITANCE* Vcc=5V, f=1MHz, T =25°C
2115H Family 2125H Family
SYMBOL TEST LIMITS LIMITS UNITS TEST CONDITIONS
TYP. MAX. TYP. MAX.
Cy Input Capacitance 3 5 3 5 pF All Inputs = OV, Output Open
Co Output Capacitance 5 8 5 8 pF CS =5V, All Other Inputs = 0V,
Output Open

*This parameter is periodically sampled and is not 100% tested.
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2118 FAMILY
16,384 x 1 BIT DYNAMIC RAM

211810 211812 211815
Maximum Access Time (ns) 100 120 150
Read, Write Cycle (ns) 235 270 320
Read-Modify-Write Cycle (ns) 285 320 410

B Single +5V Supply, £10% Tolerance
& HMOS Technoiogy

m CAS Controlled Output is
Three-State, TTL Compatible
m RAS Only Refresh
® 128 Refresh Cycles Required
Every 2ms
8 Page Mode and Hidden
Refresh Capability
@ All inputs, Including Clocks, m Allows Negative Overshoot
TTL Compatible VL min = -2V
The Intel® 2118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single +5V power suppiy. The

2118 is fabricated using HMOS — a production proven process for high performance, high reliability, and high storage
density.

® Low Power: 150 mW Max. Operating
11 mW Max. Standby

B Low Vpp Current Transients

The 2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low
current transients contribute to the high noise immunity of the 2118 in a system environment.

Multiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry standard
16-pin DIP. The two 7-bit address words are latched into the 2118 by the two TTL clocks, Row Address Strobe (RAS) and
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing
technique while maintaining high performance.

The 2118 three-state output is controlled by CAS, independent of RAS. After avalid read or read-modify-write cycle, data
is latched on the output by holding CAS low. The dataout out pin is returned to the high impedance state by returmng CAS to
a high state. The 2118 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to
execute RAS-only refresh cycles.

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS-
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ag through
Ag during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is
addressed.

PIN
CONFIGURATION LOGIC SYMBOL

BLOCK DIAGRAM

Vss

GROUND

VoD
—% 531 N ggw“ 64 x 128 CELL -~V
I A LA oeciW | MEMORY ARRAY
—r Pyt (ROW)

a, O Al ; 128 SENSE 1OF2
T AMPLIFIERS louTpuT|
M e 1 OF 64 COLUMN o o [surrerf Pour
—4 o g | DECODERS GATING
—fas OUT A 7. M
—olRAS © BIT
’ LATCH ! :;;‘ 64 x 128 CELL
~——Of CAS (COLUMN) ECODE R! MEMORY ARRAY
WE I

Ag-As ADDRESS INPUTS I

CAS _ COLUMN ADDRESS STROBE L

- CATAN e cLock |4 cLock WRITE DATA

w 1 22 _.]GENERATOR GENERATOR ENABLE npUT

Dour  DATA OUT NO. 1 NO. 2 BUFFER BUFFER

[WE__ WRITE ENABLE =

RAS _ROW ADDRESS STROBE WE

Voo POWER (+6V] O




2118 FAMILY

ABSOLUTE MAXIMUM RATINGS* *COMMENT:

Ambient Temperature UnderBias ... -10°Cto+80°C Stresses above those listed under “Absolute Maximum
Storage Temperature ............. - -65°Cto+150°C Rating” may cause permanent damage to the device. This
Voltage on Any Pin RelativetoVss ............ 7.5V is a stress rating only and functional operation of the de-
Data Out Current .............c.coviiiiinnnn. 50mA vice at these or at any other condition above those indi-
Power Dissipation ...l 1.0W cated in the operational sections of this specification is

not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!!
Ta =0°C to 70°C, Vpp = 5V +10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Min. 'I;iy':il"sl Max. |Unit| Test Conditions Notes
il Input Load Current (any input) 0.1 10 uA | VIN=Vss to Vpp
|Lol Output Leakage Current for Chip Deselected: CAS at Vi,
High Impedance State 0.1 10 | uA|Vour =0 to 5.5V
1pp1 Voo Supply Current, Standby 1.2 2 | mA|CAS and RAS at Vin
lpp2 Vpp Supply Current, Operating 23 | 27 | mA|2118-10, trc=tromIn 3
21 | 25 | mA|2118-12, tgc=trcmIN 3
19 23 | mA|2118-15, trc=trcmIN - 3
lbp3 Vpp Supply Current; RAS-Only 16 | 18 | mA|2118-10, trc=trcmin 3
Cycle 14 | 16 |[mA[2118-12, tro = tromin 3
12 | 14 |mA|[2118-15, trc=tromiN 3
Ipps Vop Supply Current, Standby, 2 4 |mA|[CAS at Vi, RAS at Vin 3
Output Enabled
ViL Input Low Voltage (all inputs) -2.0 08 |V
ViH Input High Voltage (all inputs) 2.4 70 | V
VoL Output Low Voltage ' 0.4 | V [loL=4.2mA
VoH Output High Voltage 2.4 V |loH = -5mA
NOTES:

1. All voltages referenced to Vss.
2. Typical values are for TA = 25°C and nominal supply voltages. )
3. Ipp is dependent on output loading when the device output is selected. Specified Ipp MAX is measured with the output open.

CAPACITANCE"
Ta =25°C, Vpp = 5V £10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Typ. Max. Unit

Ci Address, Data In 3 5 pF

Ci RAS, CAS, WE, Data Out 4 7 oF
NOTES:

|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C= % with AV equal to 3 volts and power supplies at nominal levels.
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A.C. CHARACTERISTICS!"??

Ta=0°C to 70°C, Vpp = 5V +10%, Vss = 0V, unless otherwise noted.

READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2118-10 2118-12 211815 )

Symbol " Parameter Min. Max. | Min. Max. [ Min. Max. | Unit | Notes

tRAC Access Time From RAS 100 120 150 | ns | 45

tcac Access Time From CAS 55 65 80 ns | 456

REF Time Between Refresh 2 2 2 ms

tRp RAS Precharge Time 110 120 135 ns

tCPN CAS Precharge Time(non-page cycles) 50 55 70 ns

tCRP CAS to RAS Precharge Time 0 0 0 ns

tRCD RAS to CAS Delay Time 25 45 25 55 25 70 ns 7

tRSH RAS Hold Time 70 85 105 ns

tcsH CAS Hold Time 100 120 165 ns

tasr Row Address Set-Up Time 0 0 0 ns

tRAH Row Address-Hold Time 15 15 15 ns

tasc Column Address Set-Up Time 0 0 0 ns

tCAH Column Address Hold Time 15 15 20 ns

tAR Column Address Hold Time, to RAS 60 70 90 ns

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8

toFF Output Buffer Turn Off Delay 0 45 0 50 60 ns
READ AND REFRESH CYCLES

trRC Random Read Cycle Time 235 270 320 ns

tRAS RAS Pulse Width 115 10000 | 140 10000 [ 175 10000 | ns

tcas CAS Pulse Width 55 10000 | 65 10000 | 95 10000 | ns

trRcs Read Command Set-Up Time 0 0 0 ns

tRCH Read Command Hold Time 0 0 0 ns
WRITE CYCLE

tRc Random Write Cycle Time 235 270 320 ns

tRAS RAS Pulse Width 115 10000 | 140 10000 [ 175 10000 { ns

tcas CAS Pulse Width 55 10000 | 65 10000 [ 95 10000 | ns

twcs Write Command Set-Up Time 0 0 0 ns 9

twCH Write Command Hdld Time 25 30 45 ns

twcR Write Command Hold Time, to RAS 70 85 115 ns

twp Write Command Pulse Width 25 30 50 ns

tRWL Write Command to RAS Lead Time 60 65 110 ns

towL Write Command to CAS Lead Time 45 50 100 ns

tos Data-In Set-Up Time 0 0 0 ns

toH Data-In Hold Time 25 30 45 .ns

tOHR Data-In Hold Time, to RAS 70 85 115 ns
READ-MODIFY-WRITE CYCLE

trRwC Read-Modify-Write Cycle Time 285 320 410 ns

tRRW RMW Cycle RAS Puise Width 165 10000 | 190 10000 | 265 10000 | ns

tcrRw RMW Cycle CAS Pulse Width 105 10000 | 120 10000 | 185 10000 | ns

tawp | RAS to WE Delay 100 120 - 150 ns 9

tcwo | CAS to WE Delay 55 65 80 ns 9
NOTES:

All voltages referenced to Vss.
. Eight cycles are required after power-up or prolonged periods
(greater than 2ms) of RAS inactivity before proper device

[P

operation i1s achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

A.C. Characteristics assume tr-= 5ns.

Assume that trcp < trco (max.). If trcp is greater than trco
(max.) then trac will increase by the amount that trcp exceeds
tRCD (Max.).

Load = 2 TTL loads and 100pF.

Assumes trcp = tRCD (max.}

N2

o0

7. trco (max.) is specified as a reference point only; if tco Is less
than tRcp (max.) access time is tRac, if tRcD is greater than trco
(max.) access time is trco + tcac.

tr is measured between Vin (min.) and ViL (max.).

twcs, tcwp and trwo are specified as reference points only. If
twcs 2 twes (min.) the cycle is an early write cycle and the data
out pin will remain high impedance throughout the entire
cycle. If tcwn = tcwp (min.) and tRwp = tRwp (min.), the cycleis
aread-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above
conditions is satisfied, the condition of the data out is
indeterminate.
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FAMILY

WAVEFORMS
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NOTES: 1,2. Vi iy AND V)| max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

o~

. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgys-
-torr ISMEASURED TOloyt < ol
tos AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

- tacw IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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WAVEFORMS
READ-MODIFY-WRITE CYCLE
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NOTES: 1,2. Viy min AND V) max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Voy min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyt.
5. torf 1S MEASURED TO louT < |iLo -
6.tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. trew 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e.,, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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~

D.C. AND A.C. CHARACTERISTICS, PAGE MODE """
Ta =0°C to 70°C, Vpp = 5V £10%, Vss = 0V, unless otherwise noted.
(For Page Mode Operation order 2118-10 S6329, 2118-12 S6330 or 2118-15 S6331)

2118-10 2118-12 2118-15
. $6329 $6330 $6331
Symbol Parameter Min. Max. [ Min. Max. | Min. Max. | Unit | Notes
tec Page Mode Read or Write Cycle 125 145 190 ns
tPcM Page Mode Read Modify Write Cycle 175 200 280 ns
tcp CAS Precharge Time, Page Cycle 60 70 - 85 ns
tRPM RAS Pulse Width, Page Mode 115 10000 | 140 10000 175 10000| ns
tcas CAS Pulse Width ) 55 10000{ 65 10000| 95 10000] ns
lop4 Vpp Supply Current Page Mode,
Minimum tpc, Minimum tcas 20 17 15 mA
WAVEFORMS
PAGE MODE READ CYCLE
tReM
tar
Ve %
mas e O N @
tesu tRsH ——————=| tap
(19)1cre —=] - I[; toc

[*— taco tcas |= tcp = |e—— tcas [ tcas -—*‘ teen
— Vinc
[ ® \
Vie
tRAH| =t tcan tcan tcan

tasr et [e—tasc tasc — tasc —-l ~—
4

ol

— | —f
Vin 7 ROW coL coL coL
ADORESSES |, Qg ADD ADD ADD ADD

@ ' a
’ —| hat- tRCS t—tRCS
tRcs —-] — @ tReH —] tacH —| fe— trcH —f

.

e Vine f '\
Vi B}
tcac —=|

te— tcac [ tcac
F

tor
tRac torF toFf
Vou OF O ,

Dour Vou @]L_{ u

NOTES: 1,2. Vi miy AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vg, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr.
5. torr ISMEASURED TO loyT =< llLo .
6. tacy IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
7. ALL VOLTAGES REFERENCED TO Vgs.
8. AC CHARACTERISTIC ASSUME ty = 5ns.
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER
UNDER ALTERNATE CONDITIONS. . _
10. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 2118-10 56329 WILL OPERATE AS A 2118-10).
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NOTES: 1,2. Viy v AND Vymax ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
34. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy

L4

oN®

torr ISMEASURED TO loyr < [ILol.
. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
. tacw 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
tcap REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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TYPICAL SUPPLY CURRENT WAVEFORMS
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Typical power supply waveforms vs. time are shown for
the RAS/CAS timings of Read/Write, Read/Write (Long
RAS/CAS), and RAS-only refresh cycles. Ipp current
transients at the RAS and CAS edges requlre adequate
decoupling of these supplies.

The effects of cycle time, Vpp supply voltage and ambient

1-28

temperature on the Ipp current are shown in graphs
included in the Typical Characteristics Section. Each
family of curves for Ipps, Ipp2. and Ipps is related by a
common point at Vpp = 5.0V and Ta = 25°C for two given
tras pulse widths. The typical Ipp current for a given
condition of cycle time, Vpp and Ta can be determined by
combining the effects of the appropriate family of curves.
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TYPICAL CHARACTERISTICS

GRAPH 1
TYPICAL ACCESS TIME
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GRAPH 2
TYPICAL ACCESS TIME
trac (NORMALIZED) VS.

AMBIENT TEMPERATURE

1.2 1.2
s 11 - 11 e
3 Ta=70°C : /
" N
: | b /
S <10
Q
> 09 = 09
: :
Q <
£ o8 < 08
Vpp = 4.5V
0.7 0.7
40 45 50 55 60 0 20 40 60 80
Vpp—SUPPLY VOLTAGE (VOLTS) Ta— AMBIENT TEMPERATURE (°C)
GRAPH 4 GRAPH 5
TYPICAL STANDBY CURRENT TYPICAL OPERATING CURRENT
lop1 VS. AMBIENT TEMPERATURE Iop2 VS tRe
i 50
= = Tp=25°C
g Vop =ssvV—  E 40 Voo = 50V
= =
r4 r4
& &
% 10 g »
3] I o
> I ——— >
2 os — g 2
a 3 a
2 2
@ @ \
Boas g 1 SN taas = 500ns __|
%j\\\
tras = 115ns
04 0
0 20 40. 60 80 200 400 600 800 1000
TA-AMBIENT TEMPERATURE (°C) tac ~CYCLE TIME (ns)
GRAPH 8
H 7 TYPICAL RAS ONLY
TYPICAL OPERATING CURRENT REFRESH CURRENT
Ipp2 VS. AMBIENT TEMPERATURE Ipb3 V8. tre
50 50
§ 40 —Vop=50v T w0t J;;fg'o?,
- =
& &
g € 30
taag = 11508 5
o RAS
> tac = 235ns g
g 20 & 20
2 2
[z «
[ 1
8 g 10
o o
= 10 = ~ tras = 500 ns
tRas = 500ns —
0 tRc = 750ns 0 tras = 115 ns
0 20 40 60 80 200 400 600 800 1000

Ta=AMBIENT TEMPERATURE (°C)

tac = CYCLE TIME (ns)

1-24

lop2-SUPPLY CURRENT (mA) Ioo1— SUPPLY CURRENT (mA)

Iop3=SUPPLY CURRENT (mA)

GRAPH 3
TYPICAL STANDBY CURRENT

Ipp1 VS. Vpp
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TYPICAL CHARACTERISTICS

lopa ~SUPPLY CURRENT

GRAPH 10
TYPICAL RAS ONLY
REFRESH CURRENT
Ipp3 VS. AMBIENT TEMPERATURE

GRAPH. 11
TYPICAL OUTPUT SOURCE CURRENT
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GRAPH 12
TYPICAL OUTPUT SINK CURRENT
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DEVICE DESCRIPTION

The Intel® 2118 is produced with HMOS, a high
performance MOS technology which incorporates on
chip substrate bias generation. This process, combined
with new circuit design concepts, allows the 2118 to
operate from a single +5V power supply, eliminating the
+12V and -5V requirements. Pins 1 and 9 are not
connected, which allows P.C.B. layout for future higher
density memory generations.

The 2118 is functionally compatible with the industry
standard 16-pin 16K dynamic RAMs, except for the power
supply requirements. Replacing the +12V supply with a
+5V supply and eliminating the -5V bias altogether,
allows simple upgrade both in power and performance.
To achieve total speed performance upgrade, however,
the timing ciruitry must be modified to accommodate the
higher performance.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

Device access time, tacc, is the longer of the two
calculated intervals:

1. tacc = trac OR 2. tacc = trop * teac

Access time from RAS, trac, and access time from CAS,
tcac, are device parameters. Row to column address
strobe delay time, trcp, are system dependent timing

parameters. For example, substituting the device para-
meters of the 2118-3 yields:

3. tacc = trac = 100nsec for 25nsec < trcp < 45nsec
OR

4. tace = trep * tcac = trep * 55nsec for trep > 45nsec

Note that if 25nsec < tgrcp < 45nsec device accesstimeis
determined by equation 3 and is equal to tRAC. If trcp >
45nsec access time is determined by equation 4. This
20nsec interval (shown in the tRCD inequality in equation
3) in which the falling edge of CAS can occur without
affecting access time is provided to allow for system
timing skew in the generation of CAS.

REFRESH CYCLES

Each of the 128 rows of the 2118 must be refreshed every 2
milliseconds to maintain data. Any memory cycle:

1. Read Cycle

2. Write Cycle (Early Write, Delayed Write or Read-
Modify-Write),

3. RAS-only Cycle

refreshes the selected row as defined by the low order
(RAS) addresses. Any Write cycle, of course, may change
the state of the selected cell. Using a Read, Write, or Read-
Modify-Write cycle for refresh is not recommended for
systems which utilize “wire-OR” outputs since output bus
contention will occur.

A RAS-only refresh cycle is the recommended technique
for most applications to provide for data retention. ARAS-
only refresh cycle maintains the Dout in the high
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impedance state with a typical power reduction of 30%
over a Read or Write cycle.

RAS/CAS TIMING

RAS and CAS have minimum pulse widths as defined by
tras and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by bringing RAS and/or
CAS low must not be ended or aborted prior to fulfilling
the minimum clock signal pulse width(s). A new cycle can
not begin until the minimum precharge time, trp, has been
met.

DATA OUTPUT OPERATION

The 2118 Data Output (Dout), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at ViH) the outputisin the highimpedance state. The
following table summarizes the Dour state for various
types of cycles.

Intel 2118 Data Output Operation
for Various Types of Cycles

Type of Cycle Doyt State

Read Cycle Data From Addressed
Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed
Memory Cell

Indeterminate

Delayed Write Cycle

HIDDEN REFRESH

An optional feature of the 2118 is that refresh cycles may
be performed while maintaining valid data at the output
pin. This feature is referred to as Hidden Refresh. Hid-
den Refresh is performed by holding CAS at V,_ and
taking RAS high and after a specified precharge period
(trp), executing a “RAS-Only” refresh cycle, but with CAS
held low (see Figure 1.)

I MEMORY N REFRESH s

CYCLE CYCLE
RAS
CAS \ /
HIGH Z -
Dour DATA

Figure 1. Hidden Refresh Cycle.

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

POWER ON

After the application of the Vpp supply, or after extended
periods of bias (greater than 2ms) without clocks, the
device must perform a minimum of eight (8) ini@zation
cycles (any combination of cycles containing a RAS clock
such as RAS-only refresh) prior to normal operation.

The Vpp current (Ipp) requirement of the 2118 during
power on is, however, dependent upon the input levels of
RAS and CAS. Ifthe input levels of these clocks are at Vi
or Vpp, whichever is lower, the Ipp requirement per device
is Ipp1 (Ipp standby). If the input levels for these clocks
are lower than V,y or Vpp the Ipp requirement will be
greater than Ipps, as shown in Figure 2.

5
AT
4 l Th = 25°C ——

Y nd CAS held atVyA

\—"T

Ipp—(mMA)

RAS and CAS tracking Vpp.

D
L2

0 1 2 3 4 5
Vpp (VOLTS)

Figure 2. Typical Ipp VS Vpp during power up.

For large systems, this current requirement for IDD could
be substantially more than that for which the system has
been designed. A system which has been designed,
assuming the majority of devices to be operating in the
refresh/standby mode, may produce sufficient Ipp
loading such that the power supply may current limit. To
assure-that the system will not experience such loading
during power on, a pullup resistor for each clock input to
Vpp to maintain the non-selected current level (Ipp) for
the power supply is recommended.
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2141
4096 X 1 BIT STATIC RAM

2141-2 | 2141-3 | 2141-4 | 2141-5 | 2141L-3 | 2141L-4 | 2141L-5
Max. Access Time (ns) 120 150 200 250 150 200 250
Max. Active Current (mA) 70 70 55 55 40 40 40
Max. Standby Current (mA) 20 20 12 12 5 5 5
m HMOS Technology m Automatic Power-Down
B Industry Standard 2147 Pinout m Directly TTL Compatible — All Inputs
m Completely Static Memory — No Clock and Output
or Timing Strobe Required m Separate Data Input and Output
a Equal Access and Cycle Times ® Three-State Output
| Single +5V Supply ® High Density 18-Pin Package

The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high-
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static
memoriés. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2141 — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de-
selected.

The 2141is placedin an18-pin package configured with the industry standard pinout, the same asthe 2147. Itisdirectly TTL
compatible in all respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same
polarity as the input data. A data input and a separate three-state output are used.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

a1 18 Vee —n ®
ade 1A a Ao P2 ] Ve
A []3 16[0 A, :23 A|® >3 «——= GND
As[]a 15 [] Ag —1As @
e R o =
Aases 13 SAm —] As A3 -—-ﬁ: SELECT 64 COLUMNS

Dour (17 127 An — :9 ®
wds  npow —ae Sp > 2

ano ]9 ®

10[1¢s Din WE cs] As___m - J
)

D COLUMN 1/0 CIRCUITS -—-D»-——- Dout
PIN NAMES

COLUMN SELECT
Ag—A11 ADDRESS INPUTS | Vcc POWER (+6%)

WE WRITE ENABLE GND__GROUND
cs CHIP SELECT

Din DATA INPUT

Dour  DATA OUTPUT

A7 Ag Ag Ay An
TRUTH TABLE i =—
CS|WE MODE OUTPUT | POWER
H| X | NOT SELECTED | HIGHZ | STANDBY
L| L WRITE HIGHZ | ACTIVE
L| H READ Dout ACTIVE WE —d
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ..... e -10°Cto85°C
Storage Temperature .......... ..... -65°Cto+150°C
Voltage on Any Pin With

RespecttoGround .................... -1.5V to +7V

*COMMENT : Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum

Power Dissipation ...........cciiviiiineieanan.. 1.2W rating conditions for extended per/ods may affect device
D.C. Output Current ............ i ... 20mA ' reliability.
D.C. AND OPERATING CHARACTERISTICS
Ta =0°C to 70°C, Vcc = +5V +10% unless otherwise noted.
2141-2/-3 2141-4/-5 2141L-3/L-4/L-5
Symbol Parameter Min. Typ.l'!l Max.|Min. Typ.[') Max.|Min. Typ.!'l Max. | Unit Conditions
ul Input Load Current 0.01 10 0.01 10 0.01 10 #A | Vcc=Max., VIN=
(Al Input Pins) GND to Vcc
|ILol Output Leakage 0.1 10 0.1 10 01 10 uA | CS=Vin, Vcc=Max.,
Current - [Voutr=GND to 4.5V
lcc Operating Current 45 70 40 55 30 40 mA | Vec=Max., CS=V|_,
Outputs Open
Iss Standby Current 20 12 5 mA | Vcc=Min. to Max.,
C8=Vin
Ipol2l | Peak Power-On 40 30 18 | mA | Vcc=GND to Vcc Min.
Current CS=Lower of Vcc or
ViH Min.
ViL Input Low Voltage -1.0 08 | -1.0 0.8 | -1.0 0.8 v
~ VIH Input High Voltage 2.0 6.0 | 20° 6.0 | 20 6.0 \ .
VoL Output Low Voltage 0.4 0.4 0.4 V |loL=8.0mA
VoH | Output High Voltage 24 2.4 2.4 V [loH =-4.0mA
10s™® | Output Short Circuit | -120 120 |-120 120 | -120 120 | mA | Voutr=GND to Vcc
Current .

Notes: 1. Typical limits are at Vcc = 5V, Ta = +25°C, and specmed loading.

2. Icc exceeds Isg maximum during power-on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to

keep the device deselected; otherwise, power-on current approaches Icc active.
3. Duration not to exceed one minute.

A.C. TEST CONDITIONS

Input Pulse Levels

GND to 3.5 Volts

Input Rise and Fall Times 10 nsec
Input and Output Timing Reference
Levels 1.5 Volts

Output Load

1 TTL Load plus 100pF

CAPACITANCE ¥

Ta =25°C, f = 1.0MHz
Symbol Parameter Max. | Unit Conditions
Cin Input Capacitance 5 pF Vin =0V
Cout |Output Capacitance | 6 pF VouT =0V

Note 4. This parameter is sampled and not 100% tested.
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2141

A.C. CHARACTERISTICS
Ta =0°C to 70°C, Vcc = +5V+10%, unless otherwise noted.

READ CYCLE
2141-2 2141-3/L-3 2141-4/L-4 2141-5/L-5

Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
trRC Read Cycle Time 120 150 200 250 ns
taa Address Access Time 120 150 200 250 ns
tacsilll | Chip Select Access Time 120 150 200 250 ns
tacszf2l | Chip Select Access Time 130 160 200 250 ns
toH Output Hold from Address Change 10 10 10 10 ns
tz 3 Chip Selection to Output in Low Z 30 30 30 30 ns
tz!3 Chip Deselection to Output in High Z 0 60 0 60 0 60 0 60 ns
tru Chip Selection to Power Up Time 0 0 0 0 ns
terD Chip Deselection to Power Down Time 60 60 60 60 ns

WAVEFORMS

READ CYCLE NO. 145

tRe

ADDRESS )(

taa
ton
DATA OUT : PREVIOUS DATA VALID ( X X DATA VALID

READ CYCLE NO. 2 |46

N1

Re

& N

tacs
[ thz

Wz

HIGH IMPEDANCE
DATA OUT DANC DATA VALID

IMPEDANCE

le——tep

50% 50%

Notes:
. Chip deselected for greater than 55ns prior to selection.

1
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by definition
selected and access occurs according to Read Cycle No. 1.)

. At any given temperature and voltage condition, tHz max is less than t.z min both for a gnven device and from device to device.
. WE is high for Read Cycles. i

. Device is continuously selected, cs= ViL.
. Addresses valid prior to or coincident with CS transition low.

[ N I A
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2141

A.C. CHARACTERISTICS Ta =0°C to 70°C, Vcc = +5V+10%, unless otherwise noted.

WRITE CYCLE

2141-2 2141-3/L-3 2141-4/L-4 2141-5/L-5
Symbol Parameter Min. ‘Max. | Min. Max. | Min. Max. | Min. * Max. | Unit
twe Write Cycle Time 120 150 200 250 ns
tew Chip Selection to End of Write 110 135 180 230 ns
taw Address Valid.to End of Write 110 135 180 230 ns
tas Address Setup Time 0 0 0 0 ns
twp Write Pulse Width 60 60 60 [ .75 ns
twr Write Recovery Time 10 15 20 20 ns
tow Data Valid to End of Write 50 60 60 75 ns
toH Data Hold Time 5 5 5 5 ns
twz Write Enabled to Output in High Z 10 70 10 80 10 80 10 80 ns
tow Output Active from End of Write 5 5 5 5 ns
WAVEFORMS
WRITE CYCLE #1 (WE CONTROLLED)
twe
ADDRESS >( )(
tew
AN RN 1/ /107777
taw
tas twe e
e A% i
} tow toH
DATA IN ‘# DATA IN VALID
"—‘WZ‘j f—— tow ———*]
DATA OUT DATA UNDEFINED ) HIGH IMPEDANCE
WRITE CYCLE #2 (CS CONTROLLED)
twe
ADDRESS >( X
—y ‘Asl tew
S ——5‘( £
taw .l
twe WwR
T ANNNANMANNNNY £//////[//7
[ ow oH
DATA IN * DATA IN VALID
f— 'WZT .
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

/|

Note: 1. If CS goes high simultaneously with

WE high, the output remains in a high impedance state.
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2141

TYPICAL D.C. AND A.C. CHARACTERISTICS

GRAPH 1 GRAPH 2
SUPPLY CURRENT VS. SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
a0 a0
Iee M —— Icc
\
30 30 —
H H
@ 20 Ta=25C — 220 Vee =5.0V —
10 10
Isg Iss
0 0
450 4.75 5.00 5.25 5.50 0 20 40 60 80
Vee (V) Ta (“C)
GRAPH 4 GRAPH 5§
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME VS.
VS, SUPPLY VOLTAGE AMBIENT TEMPERATURE
11 1.1
t,
g 10 S— 210
& = /
. t, >
; i 4
g s Tae=2mc —f 8§ s /
3 3
g
S s S s L / Vee = 5.0V —
/ Kcs
7 7 /
4.50 4.75 5.00 5.25 5.50 0 20 40 60 80
Vee (V) Ta ("C)
GRAPH 7 GRAPH 8
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE VS.
VS. POWER SUPPLY VOLTAGE INPUT VOLTAGE
2,0
ob——+——1
20
18 /
[ 1.2 - a
g |SB——-7Z——,_—-~——».~‘_S. 3
2 210
s 3 &
s ' 3
z Ty =70°C
. Vee = 5.0V
L1425 \
1K €5 PULL-UP RESISTOR TO Vcc 0
4 1.0 2.0 30 40 5.0 0 10 2.0 3.0 4.0
Vee V) Viy (V)

GRAPH 3
OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

Vee = 5.0V
—Ta =25¢C

lon (mA)

Iy
S

AN

80

oL (mA)
@
S

20

Jtaa. Macs (ns)

AN

3.0

20 4.0

Vout (V)

1.0

GRAPH 6
OUTPUT SINK CURRENT VS,
OUTPUT VOLTAGE

{ |
/ i Vee = 5.0V

Ta =25 C

20

X 3.0
Vour (V)

40

GRAPH 9
ACCESS TIME CHANGE VS.
OUTPUT LOADING

//

Ta =70C
Vee MIN

200 300 500

c, (pF)
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2141

DEVICE DESCRIPTION

The 2141 is produced with HMOS, a new high-
performance MOS technology which incorporates on-
chip substrate bias generation to achieve high-per-
formance. This process, combined with new design ideas,
gives the 2141 its unique features. Both low power and
ease-of-use have been obtained in a single part. The low-
power feature is controlled with the Chip Select input,
which is not a clock and does not have to be cycled.
Multiple read or write operations are possible during a
single select period. Access times are equal to cycle times,
resulting in data rates up to 8.3 MHz fox the 2141-2. This is
considerably higher performance than for clocked static
designs. ‘

Whenever the 2141 is deselected, it automaticaily reduces
its power requirements toa fraction of the active power, as
shown in Figure 1. This is achieved by switching off the
power to unnecessary portions of the internal peripheral
circuitry. This feature adds up to significant system power
savings. The average power per device declines as system
size grows because a continually higher portion of the
memory is deselected. Device power dissipation asympto-
tically approaches the standby power level, as shown in
Figure 2.

a I

Ly
-+

vin €S

viet--F

icc-+ - -F [ icc

_ ] Y,

FIGURE 1. icc WAVEFORM.

[ o

100% DUTY CYCLE

25% DUTY CYCLE

SYSTEM AVERAGE DEVICE POWER

Iset, |
4K 8K 16K 32K 64K
MEMORY SIZE IN WORDS

FIGURE 2. AVERAGE DEVICE DISSIPATION VS.
MEMORY SIZE.

Thereis no functional constraint on the amount of time the
2141 is deselected. However, there is a relationship
between deselect time and Chip Select access time. With
no compensation, the automatic power switch would
cause an increase in Chip Select access time, since some
time is lost in repowering the device upon selection. A
feature of the 2141 design is its ability to compensate for
this loss. The amount of compensation is a function of
deselect time, as shown in Figure 3. For short deselect
times, Chip Select access time becomes slower than
address access time, since full compensation typically
requires 60ns. For longer deselect times, Chip Select
access time actually becomes faster than address access
time because the compensation more than offsets the time
lost in powering up. The spec accounts for this
characteristic by specifying two Chip Select access times,
tacs1 and tacsz.

SPEC LIMIT

tacs2

+8ns

TYPICAL CHIP SELECT
ACCESS TIME

0 60 80
DESELECT TIME (ns)

FIGURE 3. tacs VS. DESELECT TIME.

The power switching characteristic of the 2141 requires
more careful decoupling than would be required of a
constant power device. It is recommended that a 0.1uF
ceramic capacitor be used on every other device, with a
22uF to 47uF bulk electrolytic decoupler every 32 devices.
The actual values to be used will depend on board layout,
trace widths and duty cycle. Power supply gridding is
recommended for PC board layout. A very satisfactory
grid can be developed on a two-layer board with vertical
traces on one side and horizontal traces on the other, as
shown in Figure 4.

Vee

' FIGURE 4. PC LAYOUT.
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intel
2142
1024 X 4 BIT STATIC RAM

21422 21423 2142 2142L3 2142L

Max. Access Time (ns) 200 300 450 300 450

Max. Power Dissipation (mw) 525 525 525 370 370
8 High Density 20 Pin Package ® No Clock or Timing Strobe Required
@ Access Time Selections From 200-450ns | Completely Static Memory
m Identical Cycle and Access Times @ Directly TTL Compatible: All Inputs
® Low Operating Power Dissipation and Outputs

.1mW/Bit Typical ® Common Data Input and Output Using

® Single +5V Supply Three-State Outputs

The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided. ‘

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.

The 2142 is placed in a 20-pin package. Two Chip Selects (C_S1 and CSy) are provided for easy and flexible selection of
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers.

The 2142 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection
against contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
I ®——§:
2 [ 20 [ vee —] a0 M ©) m ®
a2 19 ]a — A oy f— ® - -—e® vee
As —K MEMORY ARRAY
M=k 18 [ a8 — a2 AG ® stLgeT e coins N R
A ]e 17 [ Jag — a3 vog |— D:
cs2 []s 16 [ Joo — as ‘7—t
2142 1
a[Je 15 [ Jwo — as Ag ‘_——t
A , ] 1103 — | |
1 [ N ;:] 1/02 As vor ®
a2 []e 13 Juos — A E | corumniocircuits
] | ) , _—
&[] 2] '/—Ol A8 1104 110 3_ nruT COLUMN SELECT
GND 0
: n []we — v:z 81 c82 0D vos ® CONTROL
@
- 10 0] @ &
A A1 A2 Ag
PIN NAMES ’—_ﬁ_‘
a .
Ag-Ag ADDRESS INPUTS oD OUTPUT DISABLE — @ lj
WRITE ENABLE vee POWER (+5V) S5 @
E!LCS: CHIP SELECT GND GROUND csy O =PIN NUMBERS
1/01-1/04__DATA INPUT/OUTPUT - _®
We
0@
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2142 FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -10°Cto 80°C
Storage Temperature . ............. -65°C to +150°C
Voltage on Any Pin

With Respect to Ground . .......... -0.5V to +7V
Power Dissipation ...... ................. 1.0W
D.C.Output Current . .......ovuvuunennnnn 10mA

D.C. AND OPERATING CHARACTERISTICS

Ta = 0°Cto 70°C, Ve = 5V * 5%, unless otherwise noted.

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of the specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

2142-2, 2142-3, 2142 | 2142L3, 2142L
SYMBOL PARAMETER Min. Typ.[1] Max. Min. Typl1l Max. |UNIT CONDITIONS
[l Input Load Current 10 10 uA | Vin=0to5.25V
. (All Input Pins)
ol 1/0 Leakage Current 10 10 | pA | CS=24v,
V0 = 0.4V to Ve
leet Power Supply Current 80 95 65 mA Vin=5:25V, lj)o=0mA,
. : Ta=25C
lce2 Power Supply Current 100 70 mA ViN=5.25V, ljjo =0mA,
Ta=0°C
ViL Input Low Voltage -0.5 0.8 -0.5 0.8
ViH Input High Voltage 2.0 6.0 2.0 6.0 \Y
loL Output Low Current 21 6.0 21 6.0 mA VoL = 0.4V
loH Output High Current -1.0 -14 -10 -14 mA VoH = 2.4V
los(2! Output Short Circuit 60 60 | mA | Vour = Voc to GND
Current
NOTE: 1. Typical valuesare for Tp = 25°C and V@ =5.0V.
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Ciro Input/Output Capacitance 5 pF Vyjo =0V
Cin Input Capacitance 5 pF ViN =0V

NOTE: This parameter is periodically sampled and not 100% tested.

A.C. CONDITIONS OF TEST

InputPulse Levels . ...............c0vvuvnennn.
Input Riseand Fall Times .. ......................
Input and Output Timing Levels. . ..................

Output Load

................ 1.5 Volts
.. 1TTL Gateand C, = 100 pF
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2142 FAMILY

A.C. CHARACTERISTICS TA =0°Cto 70°C, V¢ = 5V * 5%, unless otherwise noted.

READ cYCLE [

2142-2 2142-3, 2142L.3 | 2142, 2142L
SYMBOL PARAMETER Min. Max. Min. Max. | Min. Max. | UNIT
tRc Read Cycle Time 200 300 450 ns
tA Access Time 200 300 450 ns
top Output Enable to Output Valid 70 100 120 ns
topx Output Enable to Output Active 20 20 20 ns
tco. Chip Selection to‘Output Valid 70 100 120 ns
tex Chip Selection to Output Active 20 20 20 ns
toTD Output 3-state from Disable 60 80 100 ns
tOHA Output Hold from Address Change 50 50 50 ns
WRITE CYCLE (2]
2142-2 2142-3, 2142L3| 2142, 2142L
SYMBOL PARAMETER Min. Max. [ Min. Max. [ Min. Max. | UNIT
twe Write Cycle Time 200 300 450 ns
tw Write Time 120 150 200 ns
twR Write Release Time 0 0 0 ns
toTp Output 3-state from Disable 60 80 100 ns
tow Data to Write Time Overlap 120 150 200 ns
tDH Data Hold From Write Time 0 0 0 ns
NOTES: _ _
1. A Read occurs during the overlap of a low gS_and a high _VLE
2. A Write occurs during the overlap of a low CS and a low WE.
WAVEFORMS
READ CYCLE® WRITE CYCLE
™ the we
ADDRESS :)( * ADDRESS :)( X
twr —
CRARNNNN ANRNR (7777777 o 777F ANAAAN
Foox = ] ~toro
S AN (/1777777 EANNNNNNANY (/7777777
777777777 | wTT7VTTTITT) AARRARAN
e Tona w
Bour 7 O YT ) S
NOTES: Dour
3. WE is high for a Read Cycle. tow—>= toH
4. WE must be high during all address transitions. ow
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2142 FAMILY

TYPICAL D.C. AND A.C. CHARACTERISTICS

NORMALIZED ta

NORMALIZED ta

low (mA)

NORMALIZED ACCESS TIME VS.

SUPPLY VOLTAGE
1.2
11
10
09
08
07
0.6
T 475 6.00 5.26 5.50
Vee (V)
NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE
1.2
11
e
1.0
0.9
0.8
0.7
0.6
0.5
100 200 300 400 500 600
Ci (pF)
OUTPUT SOURCE CURRENT
VS. OUTPUT VOLTAGE
)
30
20 \ -
10 \\
° .
[ 1 2 3 4

Vou (V)

NORMALIZED ta

NORMALIZED Icc

oL (mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

09

(X

0.7

0.6

Ta (°C)

NORMALIZED POWER SUPPLY CURRENT
VS AMBIENT TEMPERATURE

TUnRe

12

11

10

09

0.8 \

0.7

0.6

08 0 20 40 60 80

Ta (°C)

OUTPUT SINK CURRENT
VS. OUTPUT VOLTAGE

40

30

/‘
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2147H

HIGH SPEED 4096 x 1 BIT STATIC RAM

2147H1 2147H-2 2147H-3 2147HL-3 2147H 2147HL
Max. Access Time (ns) 35 45 55 55 70 70
Max. Active Current (mA) 180 180 180 125 160 140
Max. Standby Current (mA) 30 30 30 15 20 10
. Pindut, Function, and Power Com- an Direct Performance Upgrade for 2147

patible to Industry Standard 2147
HMOS II Technology
Completely Static Memory—No Clock

or Timing Strobe Required a Directly TTL Compatible—All Inputs
= Equal Access and Cycle Times and Output

= Single +5V Supply

= 0.8-2.0V Output Timing Reference
Levels = Three-State Output

The Intel® 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using
HMOS-II, Intel’s next generation high-performance MOS technology. It uses a uniquely innovative design
approach which provides the ease-of-use features associated with non-clocked static memories and the
reduced standby power dissipation associated with clocked static memories. To the user this means low
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data
rates due to cycle times that are longer than access times.

CS controls the power-down feature. In less than a cycle time after CS goes high—deselecting the 2147H
—the part automatically reduces its power requirements and remains in this low power standby mode as
long as CS remains high. This device feature results in system power savings as great as 85% in larger
systems, where the majority of devices are deselected.

The 2147H is placed in an 18-pin package configured with the industry standard 2147 pinout. It is directly

TTL compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestruc-
tively and has the same polarity as the input data. A data input and a separate three-state output are used.

s Automatic Power-Down

= High Density 18-Pin Package

s Separate Data Input and Output

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
At 18P vee ::“’ Aoguj r— vcc
A2 170 A — A2 A@’x GND
ads  sfia, - '®
As[] e 15[ Ag —As A2 —‘x: MEMORY ARRAY
Ads 14 ] Ag ] :‘ Dourf— ® S:LOEV(V:T “Rov:ﬂs
ads  13haw 3x "@ > 2 o4 coLUNNS
oour7  12[0An 1 A4 —x
— —1 A0
weds nfJow A ®
evo[]s [T Dy WE CS As _X B
* Dw O COLUMN 1/0 CIRCUITS > Dour
P|N NAMES : COLUMN SELECT
. [Ag—A11 ADDRESSINPUTS | Vcc POWER (+5V)
[we WRITE ENABLE GND__GROUND
Ts CHIP SELECT
D, DATA INPUT
ﬁm DATA OUTPUT @ @ @ ® @
As A7 Ag A9 Ay An
TRUTH TABLE cs
[GS]we MODE OUTPUT | POWER
H| X | NOT SELECTED | HIGHZ | STANDBY
L L WRITE HIGHZ | ACTIVE ® Lﬁ
L n READ Dout ACTIVE we )
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2147H

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias -10°Cto85°C

Storage Temperature ............. -65°Cto +150°C
Voltage on Any Pin

With RespecttoGround ............ -3.5Vto +7V
Power Dissipation ..............oviiiiiinn.. 1.2W
D.C.OutputCurrent..............ovnnn... 20 mA

D.C. AND OPERATING CHARACTERISTICS!!

*COMMENT: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent damage
to the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

(TA=0°C to 70°C, Voo = + 5V +10%, unless otherwise noted.)

2147H-1, 2,3 2147HL-3 2147H 2147HL .
Symboll Parameter Min. Typ. Max. [Min. Typ. Max. | Min. Typ.m Max. | Min. Typ‘m Max. Unit Test Conditions
Iy Input Load Current 0.01 10 001 10 0.01 10 0.01 10 | wA |Vgo=Max.,
(All Input Pins) . ViNn=GND to Vg¢
|lLo| |Output Leakage 01 50 0.1 50 0.1 50 0.1 50 | pA |{E8=V|y, Voo=Max.,
Current Vour=GND to 4.5V
lcc Operating Current 120 170 115 100 150 100 135 | mA |To=25°C | Vgc = Max,,
—o° =ViL,
180 125 160 140 | mA [Tp=0°C Outputs Open
Isg Standby Current 18 30 6 15 12 20 7 10 |mA ch= Min. to Max.,
CS=Vy
1po®! | Peak Power-On 35 70 25 50 25 50 15 30 |mA [Vgc=GND to Vgg Min,,
Current C% = Lower of Vg or Vi Min.
ViL Input Low Voltage -3.0 08 |-3.0 08 |-3.0 08 |[-3.0 08 | Vv
VIH Input High Voitage 20 60 | 20 60 | 20 6.0 20 60 | V
VoL | Output Low Voltage 0.4 0.4 0.4 04 | V |lor=8mA
Vou |Output High Voitage | 2.4 24 24 24 V [lon=-40mA
NOTES:
1. The operating ambient temperature range is gu d with air flow ding 400 linear feet per minute.

2. Typical limits are at Voo =5V, To= + 25°C, and specified loading.

3. A pull-up resistor to Vgc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Igc active.

A.C. TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 5ns
Input Timing Reference Levels 1.5V
Output Timing Reference Level (2147H-1) 1.5V
Output Timing Reference Levels

(2147H, H-2, H-3, HL, HL-3) 0.8-2.0v
Output Load See Figure 1

CAPACITANCE®! (1,=25°C, f=1.0 MH2)

Symbol Parameter Max.|Unit|Conditions
Cin Input Capacitance 5 pF | Viy=0V
Coutr |Output Capacitance| 6 pF | Vour=0V

NOTE:

4. This parameter is sampled and not 100% tested.

Vee

5100

Dout

30 pF
(INCLUDING
SCOPE AND
JIG)

300:

Figure 1. Output Load

Vee

5104
Dout

3000 5pF

Figure 2. Output Load for tyz, t 2, twz, tow
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lnter 2147H

A.C. CHARACTERISTICS (To=0°C to 70°C, Voo = + 5V = 10%, unless otherwise noted.)
Read Cycle

2147H-3, 2147H,
2147H1 2147H-2 HL-3 2147HL
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit
trct! Read Cycle Time 35 45 55 70 ns
taa Address Access Time 35 45 55 70 ns
tacsil® | Chip Select Access Time 35 45 55 70 ns
tacs2® | Chip Select Access Time 35 45 65 80 ns
toH Output Hold from Address Change 5 5 5 5 ns
t.z[237] | Chip Selection to Output in Low Z 5 5 10 10 ns
tyz[237) | Chip Deselection to Output in High Z 0 30 0 30 0 30 0 40 ns
tpu Chip Selection to Power Up Time 0 0 0 0 ns
tpp Chip Deselection to Power Down Time 20 20 20 30 ns
WAVEFORMS

Read Cycle No. 11451

ADDRESS X

taa

ton

DATA OUT PREVIOUS DATA VALID X X X X DATA VALID

Read Cycle No. 246l

tRe |
& 5( 1Ji

Wz

1GH HIGH
DATA OUT HIGH MPEDANCE X X DATA VALID S
IMPEDANCE

e —

i

Vee
SUPPLY
CURRENT Igg

0%

L,
r‘;L

NOTES:

. All Read Cycle timings are referenced from the last valid address to the first transitioning address.

. At any given temperature and voltage condition, t,;; max. is less than t ; min. both for a given device and from device to device.

. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2.

WE is high for Read Cycles. _

Device is continuously selected, CS=V,,.

. Addresses valid prior to or coincident with CS transition low.

This parameter is sampled and not 100% tested.

. Chip deselected for greater than 55 ns prior to selection.

. Chip deselected for a finite time that is less than 55 ns prior to selection. If the deselect time is 0 ns, the chip is by definition
selected and access occurs according to Read Cycle No. 1. Applies to 2147H, 2147HL, 2147H-3, and 2147HL-3.

CONOO AWM
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Inte[ 2147H

A.C. CHARACTERISTICS (Continued)

Write Cycle

2147H-3, 2147H,
2147H-1 2147H-2 HL-3 2147HL

Symbol Parameter Min. Max. | Min. Max. [ Min. Max. | Min. Max. | Unit
twcl? Write Cycle Time 35 45 55 70 ns
tow Chip Selection to End of Write 35 45 45 55 ns
taw Address Valid to End of Write 35 45 45 55 ns
tas Address Setup Time 0 0 0 0 ns
twp Write Pulse Width 20 25 25 40 ns
twr Write Recovery Time 0 0 10 15 ns
tow Data Valid to End of Write 20 25 25 30 ns
ton Data Hold Time 10 10 10 10 ns
twzl3! Write Enabled to Output in High Z 0 20 0 25 0 25 0 35 ns
towt! Output Active from End of Write 0 0 0 0 ns

WAVEFORMS e

Write Cycle No. 1 somsess_ X

(WE CONTROLLED)4!

CEANA TS ININN
. " w [ twn—
w AW £

DATA IN

Tow
* DATA IN VALID

-

le— twz

DATA OUT

DATA UNDEFINED

fe—— tow ——=

HIGH IMPEDANCE

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2.
4. CS or WE must be high during address transitions.

Write Cycle No. 2 "
_ (c-s CONTROLLED)“] ADDRESD( }(
- '.s“ ow
& _—J; ¥
= ANNNANNANNNN Y (77777777
NOTES: DATA OUT S DATA UNDEFINED )
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1024 x 4 BIT STATIC RAM

2148H-2 2148H-3 2148H 2148HL-3 2148HL
Max. Access Time (ns) 45 55 70 55 70
Max. Active Current (mA) 180 180 180 125 125
Max. Standby Current (mA) 30 30 30 20 20

m Automatic Power-Down

m Industry Standard 2114A and
2148 Pinout

® HMOS II Technology h ate Out
m Functionally Compatible to the 2148 T_ ree-State Output
m Completely Static Memory — No Clock ™ Single+5V Supply

or Timing Strobe Required m Fast Chip Select Access 2149H Available

The Intel® 2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOSTI, a high-
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold
times, nor reduced data rates due to cycle times that are longer than access times.

m Equal Access and Cycle Times
m High Density 18-Pin Package

m Common Data Input and Output
]

n

CS controls the power-down feature. In less than a cycle time after CS goes high — disabling the 2148H — the part
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are
disabled. A non-power-down companion, the 2149H, is available to provide a fast chip select access time for speed
critical applications.

The 2148H is assembled in an 18-pin package configured with the industry standard 1K x 4 pinout. It is directly TTL
compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the
same polarity as the input data. '

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM

as[]1 [ vee #o A & — 8
as]2 [ ar : :; oy s 2 E -9 w0
a]s 16[] As [0) t .
A 15[] Ag 7] :3 102}~ he ® ROW . MEMORY ARRAY
Ma 52148““ ) voy : ‘: "ﬂ SELECT : 64 COLUMNS
s ) w[Juoz ] 6 o3 - Ag L—t
a7 2[jues | Ag @—E O =PINNUMBERS
[ I nfdwoe 1, 104 |- T T + o+ * |
[ = ) wOWE  _{,, 101 L—? ] cowumniocircurs
o ]
WO;
PIN NAMES 2 o .._?_— céﬁ:‘%l - COLUMN SELECT
%k ADDRESS INPUTS 03 3— M M u u !
WRITE ENABLE
3 CHIP SELECT o, 2 ?— G, @, &, @,
1V0,-V0,  DATA INPUTIOUTPUT I ﬂ
Vee POWER (+5V) el
GN GROUND _ Y
cs POWER
TRUTH TABLE cineor
CS | WE MODE o POWER wE -
H | X [NOTSELECTED| HIGH-Z | STANDBY
Lt WRITE D | ACTIVE
L|H READ Doyr | ACTIVE
Figure 1. Pin Configuration, Logic Symbol, Pin Names » Figure 2. 2148H Block Diagram
and Truth Table
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2148H FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias

Storage Temperature ............. —-65°Cto +150°C
Voltage on Any Pin with

RespecttoGround ................. -35Vto +7V
D.C. Continuous Output Current ............. 20 mA
Power Dissipation.......... .. ... i, 1.2W

D.C. AND OPERATING CHARACTERISTICS'"

* COMMENT: Stresses above those listed under “Ab-
solute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

Ta=0°Cto +70°C, Voc = +5V £ 10% unless otherwise noted.

2148H-2/H-3/HL-3 2148HL/HL-3
Symbol Parameter Min. Typ"‘” Max. | Min. Typ‘z' Max. | Unit Test Conditions
im| Input Load Current (All Input Pins) 0.01 10 0.01 10 UA | Vcc = max, Vin = GND to Vee
. CS = Vin, Vcc = max,
|lo] | Output Leakage Current 0.1 50 0.1 50 A Vout = GND to 4.5V
) Vee = max, CS = Vi,
lcc Operating Current 120 180 90 125 | mA Outputs Open
Is Standby Current 15 30 10 20 mA | Vcc = min to max, CS = Vin
Vcec = GND to V, in,
|Po(3) Peak Power-On Current 25 50 15 30 mA CC= Lower gf V%?: rg;nvm min
ViL Input Low Voltage -3.0 0.8 -3.0 0.8 \"
ViH Input High Voltage 21 6.0 2.1 6.0 \"
VoL Output Low Voltage 0.4 0.4 \' loL = 8 mA
VoH Output High Voltage 24 2.4 \ loH = —4.0 mA
los Output Short Circuit Current +250 275 +250 +£275| mA | Voutr = GND to Vcc
Notes:

1. The operating ambient temperature range is guaranteed with transverse air flow exceedlng 400 linear feet per minute. Typical
thermal resistance values of the package at maximum temperatures are:
8ia (@ 400 fpm air flow) = 40° C/W
8ya (still air) = 70° C/W

buc =
2. Typical limits are at Vcc = 5V, Ta = +25°C, and Load A.

25° C/W

3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected during power-on. Otherwise, power-on current

approaches Icc active.

+5V
A.C. TEST CONDITIONS
Input Pulse Levels GND to 3.0 Volts 4800
Input Rise and Fall Times 5 nsec Dour +5V
Input and Output Timing ?Ielg'lg.UDlNG
Reference Levels 1.5 Volts 2550 SCOPE AND
Output Load See Load A. @ D
ouT
@ 2550 3
CAPACITANCE Load A 1
Ta=25°C, f=1.0MHz
Symbol Parameter Max. | Unit | Conditions i
Cin | Address/Control Capacitance 5 pF | Vin= 0OV Load B.
Cio | Input/Output Capacitance 7 pF | Vour = OV

Note 4. This parameter is sampled and not 100% tested.
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A.C. CHARACTERISTICS

Ta=0°C to +70°C, Vcc= +5V x10%, uniess otherwise noted.

READ CYCLE
Symbol Parameter Min Max.| Min  Max. | Min Max. | "™ | Gonditions

tre Read Cycle Time 45 55 70 ns
taa Address Access Time 45 55 70 ns
tacst | Chip Select Access Time 45 55 70 ns Note 1
tacs2 | Chip Select Access Time 55 65 80 ns Note 2
toH Output Hold from Address Change 5 5 5 ns )
tz Chip Selection Output in Low Z 20 20 20 ns Note 6
thz Chip Deselection to Output in High Z 0 20 0 20 0 20 ns Note 6
teu Chip Selection to Power Up Time 0 0 0 ns
tep Chip Deselection to Power Down Time 30 30 30 ns

WAVEFORMS

READ CYCLE NO. 13- ¢

X X

taa
ton
DATA OuUT PREVIOUS DATA VALID )( X X DATA VALID

READ CYCLE NO. 2> %

acs

et
W2 ——4 "z

HIGH IMPEDANCE HIGH
DATA ouT DATA VALID

IMP!
fa— tpy ) {a—— tpo
—— 2l j
o e A
Notes:

1. Chip deselected for greater than 55 ns prior to CS transition low.

2. Chip dg;glected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is 0 ns, the chip is
by definition selected and access occurs according to Read Cycle No. 1))

. WE is high for Read Cycles.
. Device is continuously selected, TS = V,..
. Addresses valid prior to or coincident with CS transition low.

2 'Tratnzition is measured +500mV from high impedance voltage with Load B. This parameter is:sampled and not 100%
ested.

- JS I A
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2148H

FAMILY

A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
2148H-2 2148H-3/HL-3 | 2148H/HL Test
Symbol Parameter Min. Max.| Min. Max. | Min. Max. | "™ | Conditions
twe Write Cycle Time 45 1 55 70 ns
tow | Chip Selection to End of Write 40 50 65 ns
taw Address Valid to End of Write 40 50 65 ‘ns
tas Address Setup Time 0 0 0 ns
twp - | Write Pulse Width 35 40 50 ns
twr | Write Recovery Time 5 5 5 ns
tow Data Valid to End of Write 20 20 25 ns
ton Data Hold Time 0 0 0 ns
twz Write Enabled to Output in High Z 0 15 0 20 0 25 ns Note 2
tow Output Active from End of Write 0 0 0 ns Note 2
WAVEFORMS
WRITE CYCLE No. 1 (WE CONTROLLED)
twe
ADDRESS b 4 X
tcw
ORI\ 2L
e - tas taw >+ tw -]
twe -
WE X b
toH
Id——tpw—bk—»{
DATA IN )K DATA IN VALID *
—1twz *:l tow
DATA OUT DATA UNDEFINED ’IHIGH IMPEDANCE
WRITE CYCLE No. 2 (CS CONTROLLED)
. twe
ADDRESS X X
—tag} tcw
cs —\‘\ 4
tow—><tpH >
DATA IN DATA IN VALID
‘ fe—— twz——>
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state.
2. Transition is measured £500mV from high impedance voltage with Load B. This parameter is sampled and not

100% tested.

INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080
Printed in U.S.A./E-103/1280/12.5K/BA-SWW
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2149H
1024 x 4-BIT STATIC RAM
2149H-2 2149H-3 2149H 2149HL-3 2149HL
Max. Address Access Time (ns) 45 55 70 55 70
Max. Chip Select Access Time (ns) 20 25 30 25 30
Max. Active Current (mA) 180 180 180 125 125

s Fast Chip Select Access Time—20ns

Maximum

= HMOS Il Technology

s Equal Access and Cycle Times

s Completely Static Memory—No Clock
or Timing Strobe Required

The Intel® 2149H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using
HMOS 1, a high performance MOS technology. It provides a maximum chip select access time as low as 20
ns instead of an automatic power-down feature. This fast chip select access time feature increases system

= High Density 18-Pin Package

= Common Data Input and Output

m Three-State Output

Available

Single + 5V Supply

Automatic Power-Down 2148H

throughput. An automatic power-down companion, the 2148H, is available for power critical applications.

The 2149H is assembled in an 18-pin package configured with the industry standard 1Kx4 pinout. It is directly
TTL compatible in all respects: inputs, outputs and a single +5V supply. The data is read out non-

destructively and has the same polarity as the input data.

MEMORY ARRAY
64 COLUMNS

O =PINNUMBERS

T~ <]

INPUT
DATA
CONTROL

COLUMN 110 CIRCUITS

COLUMN SELECT

Bee

A0 “ar a2 “ay

3

Figure 1.

2149H Block Diagram

a [ 8[Jvee 1P
as(]2 1) ar 1™ o1 |-
a]s wee ™
— A
a3 15[ ] Ag ! 102~
as
fo(]s 2149H «[D o | A
ars 1[0z ae o3
LYIN B 12[1os a,
5[ ]s 1] vos i W e
ono (s WE
4 P s WE
7
PIN NAMES
Ag-Ag ADDRESS INPUTS
WE WRITE ENABLE
cs CHIP SELECT
1/0,-10,  DATA INPUT/IOUTPUT
Vee POWER (+5V)
GND GROUND
TRUTH TABLE
TS | WE MODE ]
H | X |NOTSELECTED| HIGH-Z,
Lt WRITE O
L|H READ Dour

Figure2. 2149H Pin Diagram
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2149H FAMILY

ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias............ -10°Cto +85°C

Storage Temperature ............. -65°Cto + 150°C
Voltage on Any Pin with

RespecttoGround ................. -3.5Vto +7V
D.C. Continuous Output Current ............. 20 mA
Power Dissipation...............coiiiiiiin, 1.2W

D.C. AND OPERATING CHARACTERISTICS""

Ta=0°Cto +70°C, Vg = +5V = 10% unless otherwise noted.

*COMMENT: Stresses above those listed under “Ab-
solute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated in the operational sec-

tions of this specification is not implied. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

2149H/H-2/H-3 2149HL/HL-3
Symbol Parameter Min. Typm Max. | Min. Typm Max. | Unit | Test Conditions
ul Input Load Current (All Input Pins), 0.01 10 0.01 10 LA | Veec = max, Vin = GND to Vce
lito] | Output Leakage Current 0.1 50 0.1 50 | wA S_:; :'E’N\g‘i:“g%x'
lcc | Operating Current 120 180 % 125 [ mA gﬁﬁpit;"‘(’)’“;e§ =V,
Vi Input Low Voltage —3.0 0.8 | —8.0 08 |V
ViH Input High Voltage 2.0 6.0 2.0 6.0 v
VoL Output Low Voltage 0.4 0:4 v loL = 8 mA
VoH Output High Voltage 2.4 2.4 v loH = —4.0 mA
los Output Short Circuit Current +150  +200 +150 +200 [ mA | Vour = GND to Vce
Notes:

1. The operating ambient temperature range is guaranteed with transverse air flow exceedmg 400 linear feet per minute. Typical
thermal resistance values of the package at maximum temperatures are:
6ua (@ 400 fppm air flow) = 40° C/W

6y (still air) = 70° C/W

8yc = 25° C/W

2. Typical limits are at Vcc = 5V, Ta = +25°C, and Load A.

+5V
A.C. TEST CONDITIONS
Input Pulse Levels GND to 3.0 Volts 4800
Input Rise and Fall Times 5 nsec Dour +5V
-~ 30 pF
Input and Output Timing 2550 (m&.unms
Reference Levels 1.5 Volts s|cope AND 4800
Output Load See Load A. e D
our —¢
- ) 2850 $ SpF
CAPACITANCE Load A 1
TA=25°C, f=1.0MHz )
Symbol Parameter Max. | Unit | Conditions )
Cin | Address/Control Capacitance | - 5 pF | Vin= oV Load B.
Cio | Input/Output Capacitance 7 pF | Vour = OV

Note 3. This parameter is sampled and not 100% tested.
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A.C. CHARACTERISTICS

Ta=0°Cto +70°C, Vgc= +5V = 10% unless otherwise noted.

READ CYCLE
2149H-2 2149H-3/HL-3 2149H/HL
Test
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Conditions

tRc Read Cycle Time 45 55 70 ns

taa Address Access Time 45 55 70 ns

tacs Chip Select Access Time 20 25 30 ns

toH Outpqt Hc_)ld from Address Change 5 5 5 ns

tz | Chip Selection Output in Low Z 5 . 5 5 ns Note 3, 4

tHz Chip Deselection to Output in High Z 0 15 0 15 0 15 ns Note 3, 4
WAVEFORMS

READ CYCLE No. 1 2

“4— the
ADDRESS >( *

tan
ton |

p—

DATA OUT PREVIOUS DATA VALID ( X DATA VALID

READ CYCLE No. 2@ -

taa

ADDRESS 3( }(

|

S5 AARANARRARRARNANNY

tacs |<— thz

Dour

Notes:

1. WE is high for Read Cycles.

2. Device is continuously- selected, CS = Vi

3. At any given temperature and voltage condition, tHz max. is less than t.z min. both for a given device and from device to device.
4. Transition is measured £500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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2149H FAMILY

A.C. CHARACTERISTICS (continued)

WRITE CYCLE

2149H-2 2149H-3/HL-3 2149H/HL
Test
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Conditions
twe Write Cycle Time 45 55 70 ns
tew Chip Selection to End of Write 40 50 65 ns
taw Address Valid to End of Write 40 50 65 ns
tas Address Setup Time 0 0 0 ns
twp Write Pulse Width 35 40 50 ns
twr Write Recovery Time 5 5 5 ns
tow Data Valid to End of Write 20 20 25 ns
toH Data Hold Time 0 0 0 ns
twz Write Enabled to Output in High Z 0 15 0 20 0 25 ns Note 2
tow Output Active from End of Write 0 0 0 ns ‘Note 2
WAVEFORMS
WRITE CYCLE No. 1 (W_E CONTROLLED)
twe
ADDRESS X K
tcw
OB\ 7T
- taw
AS’ ‘ ‘Wh
wp
WE NN i
toH
tow—>1
DATA IN )E DATA IN VALID i
fe— tyz —> tow
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

WRITE CYCLE No. 2 (CS CONTROLLED)

Notes:

ADDRESS D
—

twe

K

"“I tcw
cs * £
taw N
) wR
we
tow—><ipH
DATA IN DATA IN VALID
re——twz—>
DATA OUT DATA UNDEFINED HIGH IMPEDANCE

1. 11 CS goes high simultaneously with WE high, the output remains in a high impedance state.
2. Transition is measured 500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested.
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2164 FAMILY
65,536 x 1 BIT DYNAMIC RAM

2164-15 2164-20
Maximum Access Time (ns) 150 200
Read, Write Cycle (ns) 300 375
Read-Modify-Write Cycle (ns) 345 435
® Industry Standard 16-pin DIP B 128 Refresh Cycles/2 ms RAS-only
Refresh
® HMOS Technology m Non-Latched Output is Three-State

TTL Compatible

| Single +5V Supply, =10% Tolerance
: m Compatible with 2118

® All Inputs, Including Clocks, | Inputs Allow Negative Overshoot,

TTL Compatible Vi MIN = -2V
B Pin 1 is No Connect to Allow for B Page Mode and Hidden Refresh
Future System Upgrade Capability

The Intel 2164 is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel’s production proven HMOS
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power
supply, with +10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to
achieve high speed at low power dissipation.

Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging density. The
two 8-bit TTL level address segments are latched into the 2164 by the two TTL clocks, Row Address Strobe (RAS) and
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad-
dress multiplexing technique while maintaining high performance.

The non-latched, three state, TTL compatible data output is controlled by CAS, independent of RAS. After avalid read or
read-modify-write cycle, data is held on the data output pin by holding CAS low. The data output is returned to a high
impedance state, by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the
output by holding CAS low while RAS is used to execute RAS-only refresh cycles.

Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only
cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of addresses Ao through As,
during a 2ms period. Address input A7 is a don't care during these refresh cycles. A write cycle will refresh stored dataon
all bits of the selected row except the bit which is addressed.

BLOCK DIAGRAM

CONFIGURATION SYMBOL Ao—> 128 x 128 CELL o 126 x 128 CELL Voo
MEMORY ARRAY MEMORY ARRAY v
Ay | -——Vss
— a0
— A1
— A o Az —| 128 SENSE AMPLIFIERS 128 SENSE AMPLIFIERS
— A o .
—]a A—s| saIT 10F4
‘ ADDRESS 1/2 (1 01 1/2 (1 OF 128 "o _— ouTPUT | > dour
— as LATCH COLUMN n!conm) CCOLUMN DECODERS) GATING BUFFER
—As  Dourf— Ar—s|
-~ 128 SENSE AMPLIFIERS- 128 SENSE AMPLIFIERS
—| ras As—s
—d|cas
—q we
As—> 128 x 128 CELL 1o 128 x 128 CELL
MEMORY ARRAY MEMORY ARRAY
A7 | T
Ac-A7  ADDRESS INPUTS 1
[ CCOLUMN ADDRESS STROBE
O DATAIN ) e 1
I
ROW COLUMN DATA
Dy
our _ DATAOUT 7AS —»| cLOCK cLOCK AL INPUT
BUFFER

|8

Z|
m

WE__ WRITEENABLE BUFFER BUFFER BUFFER
RS ROW ADDRESS STROBE
Voo POWER(+5V)

Vss GROUND DATA
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2164 FAMILY

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .... —10°C to +80°C
Storage Temperature ............... —65°C to +150°C
Voltage on Any Pin RelativetoVss ............... 7.5V
Data Out Current........ccviiiiniiiennnennenns 50mA
Power Dissipation .......coviiiiiiiiiiiiiiieenns 1.0W

D.C. AND OPERATING CHARACTERISTICS!"

*COMMENT:

Stresses above those listed under “Absolute Maximum
Rating” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
these or at any other condition above those indicated in the
operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Ta =0°C to 70°C, Vpp = 5V £10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Min. :;n;lts Max. |Unit| Test Conditions Notes
il Input Load Current (any input) 10 | wA{VIN=Vss to Vpp
|lLol Output Leakage Current for Chip Deselected: CAS at Vi,
High Impedance State 10 | xA|Vour =0 to 5.5V
IbD1 Vop Supply Current, Standby 3 5 | mA|CAS and RAS at Vin
Ipp2 Voo Supply Current, Operating 60 | mA| 2164-15, trc = trcmIN
55 | mA| 2164-20, trc = trRomIN
I0D3 Vop Supply Current, RAS-Only 50 | mA|2164-15, tac = tromin
Cycle 40 [ mA|2164-20, tpc=trcmiN
1bps Vbp Supply: Current, Standby, 7 |mA|CAS at Vi, RAS at Vi4 3
Output Enabled
ViL Input Low Voltage (all inputs) -2.0 08 | V
ViH Input High Voltage (all inputs) 24 70 | V
VoL Output Low Voltage 0.4 V |loL = 4.2mA
VoH Output High Voltage 2.4 V |loH = -5mA

NOTES:
1. All voltages referenced to Vss.
2. Typical values are for Ta = 25°C and nominal supply voltages.

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp max is measured with the output open.

CAPACITANCE"
Ta=25°C, Vpp=5V = 10%, Vgs =0V, unless otherwise noted.
Symbol Parameter Typ. Max. Unit
C11 Address, Data In pF
Cr2 WE, Data Out 7 pF
Ci3 RAS, CAS pF
NOTES:

|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C= % with AV equal to 3 volts and power supplies at nominal levels.
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Inte[ 2164 FAMILY

A.C. CHARACTERISTICS!"23]
Ta=0°C to 70°C, Vpp = 5V £10%, Vss= 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2164-15 2164-20
Symbol Parameter Min. Max. Min. Max. Unit Notes
taac Access Time From RAS 150 200 ns 4,5
toac Access Time From CAS 85 110 ns 456
trer Time Between Refresh 2 2 ms
tap RAS Precharge Time 120 135 ns
teen CAS Precharge Time (non-page cycles) 25 35 ns
torp CAS to RAS Precharge Time -20 -20 ns
taco RAS to CAS Delay Time 35 65 40 90 ns 7
tas RAS Hold Time 85 110 ns
tosw CAS Hold Time 150 200 ns
tasn Row Address Set-Up Time 0 0 ns
tran Row Address Hold Time 25 30 ns
tasc Column Address Set-Up Time 0 0 ns
tcan Column Address Hold Time 35 45 ns
tan Column Address Hold Time, to RAS 100 135 ns
tr Transition Time (Rise and Fall) 3 50 3 50 ns 8
torr Output Buffer Turn Off Delay 0 40 0 50 ns
READ AND REFRESH CYCLES
tac Random Read Cycle Time 300 375 ns
tras RAS Pulse Width 150 10000 200 10000 ns
toas CAS Pulse Width 85 10000 110 10000 ns
tres Read Command Set-Up Time 0 0 ns
tacH Read Command Hold Time 0 0 ns
WRITE CYCLE
tac Random Write Cycle Time 300 375 ns
tras RAS Pulse Width 150 10000 200 10000 ns
teas CAS Pulse Width 85 10000 110 10000 ns
twes Write Command Set-Up Time 0 0 ns 9
twen Write Command Hold Time 30 40 ns
twer Write Command Hold Time, to RAS 95 130 ns
twe Write Command Pulse Width 30 40 ns
tawL Write Command to RAS Lead Time 40 50 ] ns
tewe Write Command to CAS Lead Time 40 50 ns
tos Data-In Set-Up Time 0 0 ns
ton Data-In Hold Time 35 45 ns
tomm Data-In Hold Time, to RAS 100 135 ns
READ-MODIFY-WRITE CYCLE .
tawc Read-Modify-Write Cycle Time 305 375 ns
trrw RMW Cycle RAS Pulse Width 175 10000 230 10000 ns
toaw RMW Cycle CAS Pulse Width 110 10000 140 10000 ns
tawp RAS to WE Delay 130 175 | ns 9
tewo CAS to WE Delay 65 85 ns 9
NOTES:

. All voltages referenced to Vss.

Eight cycles are required after power-up or prolonged periods
(greater than 2ms) of RAS inactivity before proper device
operation is achieved. Any 8 cycles which perform refresh are
adequate for this purpose. .

A.C. Characteristics assume tr-= 5ns.

Assume that trcD < trcD (max.). If trcp is greater than trco
(max.) then trac will increase by the amount that tacp exceeds
tRCD (Max.).

Load = 2 TTL loads and 100pF

Assumes trcD 2 tRcD (max.).

o ~-

LX)

7. trco (max.) is specified as a reference point only; if tcp is less
than trcp (max.) access time is trac. if tRcp I1s greater than trco
(max.) access time is tRCD + tcac.

tr is measured between Vin (min.) and ViL (max.).

twcs, tcwp and trwp are specified as reference points only. If
twcs = twcs (min.) the cycle is an early write cycle and the data
out pin will remain high impedance throughout the entire
cycle. If tcwn = tcwp (min.) and trwb = trwp (min.), the cycle s
aread-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above
conditions is satisfied, the condition of the data out is
indeterminate

©o®
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READ CYCLE
tae
tRAS trp ————
)
AAS \ N
VIL @ A
tesH tepn |
tcpp —»|  jet— .
tRCD RSH
- Vin [0) \ teas /
Vi : : \( 4
tAR
tASR 1o |=—tRAH—>| [t tasc tcan
Min ™\ 7 X 7
ROW COLUMN
ADDRESSES & ADDRESS K x ADDRESS
Vie Z \
Iﬂ‘ncs ‘ch®
_ Vin !
WE v N\
w
teac
tRaC toFF
D Vo HIGH ®f vao ®
oUT voL MPEDANCE @ Y.DATA OUT >—
WRITE CYCLE
1 tae
tRas tap
® \
ViL \@ 7
e tesH tepn
trcD tRsH
[©) tcas
crs @
7
tAR
tasr *—tRAH—>  tasc—re> [ tcAH—>
I
Vin !@
ROW COLUMN
ADDRESSES\,IL x ® ADDRES;X X ADDRESS
‘ thwe
i tew
Vin I \ twes twew /
WE twp
we Vie @ N 2
twer
[~® tos— tou (©)
Vin i N
o X©
Vit ©) Z
?
oHR
Vou HIGH
Pour Voo IMPEDANCE

NOTES: 1,2. Vi mny AND V) max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.

34. Vou min AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr.

torr IS MEASURED TO lout < [ILol-

. tos AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

®No»
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WAVEFORMS
READ-MODIFY-WRITE CYCLE

i tRWC
: tRAw ‘ae
B TR
RS 0 [©) \
'cu?->| bt . \c—'cmq
ReD
Vin Y terw
L V-LJ © m ©)
fa—t- tRAH an tRwL
tasp{e = r'ASC naa tcan tew
Vin () , Row COLUMN K
ADDRESSES , ADDRESS ADDRESS
@ | tawD
Res 1‘——” tewo [ twp ——|
[©) N\ /
to)
s e oI
Vin DATA IN
Oy, © VALID X
teac
tRac ® > ftorr
%, Vou HIGH ® VALID ;@
V' Vo IMPEDANCE @\ DATA OUT
RAS-ONLY REFRESH CYCLE
tRC
tRas thp ————|
—_— VIH @
RAS
@ o
”' fo— lcnp
Vin
CAS z
Vi
TasR —fe——| |[*—tRAH
Vin
ADDRESSES [ORNETTN
n @
Dour HIGH
Vou IMPEDANCE

HIDDEN REFRESH CYCLE
(For Hidden Refresh Operation order 2164-15 S6491, 2164-20 S6492)

fe—— tRas -—| tRP [ tRas —| |e— tRAS —=| tRp
B NGh
i @
Vie 1
le—— tan ——
@KCRP—’] e tco teas e tcen
T !
e ' © ©)
[
tash | = tasc tasp —>| =— tasr—>{ |+
Vin (1) oLt
ROW COLUMN ROW ROW
ADDRESSES ADDRESS ADDRESS ADDRESS ADDRESS
Vi - !
2 I
O tacs —=| l_,, 4—'t"‘m:w @
.
Vin
e Q,
Vi LA
! ot one
[+ thac ——| — NG
Vou ® 2
Dour VALID DATA
vou ®

NOTES: 1,2. Vi wun AND Vy wmax ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr-

torr ISMEASURED TO lour < |iLo -

. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.

trcw IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (ie.. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE 74"
TAa =0°C to 70°C, Vpop = 5V £10%, Vss = 0V, unless otherwise noted.
(For Page Mode Operation order 2164-15 S6493, 2164-20 S6494)

2164-15 2164-20
$6493 $6494
Symbol Parameter Min. Max. Min. Max. Unit Notes
tec Page Mode Read or Write Cycle TBD TBD ns
tecm Page Mode Read Modify Write TBD TBD ns
tep CAS Precharge Time, Page Cycle 78D 8D ns
tapm RAS Pulse Width, Page Mode TBD TBD ns
teas CAS Pulse Width TBD TBD ns
Voo Supply Current Page Mode,
foos Minimum tec, Minimum tcas 8D 8D mA
WAVEFORMS3
PAGE MODE READ CYCLE
trPm
e——tAR ——>
— ViHe 3
RAS Vi @ St®
tesH tRSH trp
tcRp—>| [w— tec
t+— trcD toas —| tcp i |[e—— tcas "—"CAS"_” teen
s Vine [©) \\ x H\ y
Vio @ 7 f f
le—>l-tran| test-tean tcan tcan
t fel— | | t at— t lei—
ASR “Asc Asc Asc —»i
M 0 coL coL
ADDRESSES VI:: ®g AbD XX Ao X ADD ADD
®r

—»| ke tRCs —tRes
tRes —»i - @ tRCH —>| |<— tach —> fe— tRCH —{ I«—

1
we "¢
A{TS—
tcac —

Vou @ y @

Dout VoL @3

je—— tcac
> toFF

NOTES: 12.Vyy miv AND V)i max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND VoL max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyr.
5.torF ISMEASURED TO lour < liLo!.
6.tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
7. ALL VOLTAGES REFERENCED TO Vss.

8. AC CHARACTERISTIC ASSUME tr = 5ns.

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER
UNDER ALTERNATE CONDITIONS.

10. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-15 S6493 WILL OPERATE AS A 2164-15).
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PAGE MODE
WRITE CYCLE

tRPM
tAR ——»
Ve (D]
RAS ok
L 55
tes fe——— tRgH—— trp
@ tcrP | trc
[+— trco teas —— e tep - fe—— toas ——] tcas tepn
= VIHe @ \ R
cas \ / \ /
ViL j ©) \
tRaH | testtcaH tcan an
tasR 61 — [t tasc tasc — tasc —-—’ (-+—
Vin ROW coL coL ’ coL
ADDRESSES | X ADD ADD ADD ) ADD
O T Y T T
s l-—————— tweH twe tweH -
twes ——L_l-— twes-»] l‘ twes —» J:—
—tewe tewt towe
Yy, y__) —
we \sz Sk @ / 4 / , N
@ l [e— tyyp —| @ Fa— tyyp — | — tyyp —]
[—twcr tRwL
tps —}-| toH ——J tps [—— ton —»] 'osH —— ton —]
A5

o Vi VALID VALID ' VALID
N v DATA DATA . DATA
T ! ==
e toun ———]

PAGE MODE READ-MODIFY-WRITE CYCLE

trem trp
Vin
RS D
Vie @ ‘4
PeM trsH tepn —
tcRp
@ ‘.I tcRw - tce = tcRw teRw
s U 3 ’S F ‘ N e tRwi - ’
Vie \.
L tcan —— tewL —| Fe-— tcan po—— towL ——o{ ttcAH Fe— towL —
tasc] [4— tasc -
Vin oL coL K
ADDRESSES | ) o X 5D
l4— tRcs I tRcs
[+ tewp —= = twp- F— tewo e twp - '—'cwu—'1 [*—twp
Vin
we f
Vi
fa—t— ton fe—et toH et ton
® tos— |e ® ‘ns——l . tos—|
be M . DNA DATA IN DATA IN DATA IN
Nove 2)/\ VALID VALID /\ VALID
tcac—~| tcac— . Fe—tcac
trac toFF > [ topp—w | | topp > [e—
LR D
Vo mon g VALID ) , VALID ¢ VALID
Dour A
Vor IMPEDANCE oL DATA OUT DATA OUT DATA OUT

NOTES: 1.2. Vi min AND V) max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,8. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dgyt.
. tore ISMEASURED TO lout  fiLol
. tps AND tpn ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
. tacw 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS),

o
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DEVICE DESCRIPTION

The Intel® 2164 is produced with HMOS, a high perform-
ance MOS technology which incorporates on-chip sub-
strate bias generation. This process, combined with
new circuit design concepts, ailows the 2164 to operate
from a single + 5V power supply, eliminating the + 12V
and -5V requirements. Pin 1 is not connected, which
allows P.C.B. layout for future higher density memory
generations.

The 2164 is functionally compatible with the 2118, the
industry standard 5V-only 16-pin 16K dynamic RAM. This
allows simple upgrade from 16K to 64K density merely
by adding one additional muitiplexed address line.

RAS/CAS TIMING

RAS and CTAS have minimum pulse widths as defined by
tras and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by bringing-RAS and/or
CAS low must not be ended or aborted prior to fulfilling
the minimum clock signal pulse width(s). A new cycle can
not begin until the minimum precharge time, tre, has been
met.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
" (WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

WRITE CYCLE

A Write cycle is performed by taking WE low during a
RAS/CAS operation. Data Input (Dw)_must be valid
relative to the negative edge of WE or CAS, whichever
transition occurs last.

DATA OUTPUT OPERATION

The 2164 Data Output (Dour), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at Vi) the output is in the high impedance state. The
following table summarizes the Dour state for various
types of cycles.

Intel 2164 Data Output Operation
for Various Types of Cycles

Type of Cycle Dour State

Read Cycle Data From Addressed
Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

REFRESH CYCLES

There are 512 sense amplifiers, each controlling 128
storage cells. Thus the 2164 is refreshed in 128 cycles.
Any combination of the seven (7) low order Row Address-
es; RA, through RAg, will select one row of data cells (512
cells/row). Row address 7 is not critical during a refresh
operation and can be either high or low. Although any
cycle, Read, Write, Read-Modify-Write, or RAS-only, will
refresh the memory, the RAS-only cycle is recommended,
since it allows about 20% system power reduction over the
other types of cycles.

HIDDEN REFRESH

An optional feature of the 2164 is that refresh cycles may
be performed while maintaining valid data at the output
pin. Thisisreferred to as Hidden Refresh. Hidden Refresh
is performed by holding CAS at V,_ and taking RAS high
and after a specified precharge period (tre), €xecuting a
“RAS-Only” refresh cycle, but with CAS held low (see
Figure below).

"

MEMORY REFRESH

Y, ‘\_i;;——\t
HIGH Z
Dour _____< >_

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

RAS

CAS

DATA

POWER ON

After the application of the Vpp supply, or after extended
periods of bias (greater than 2 ms) without clocks, the
device requires a minimum of eight (8) initialization
cycles (any combination of cycles containing RAS clock
such as RAS-only refresh) prior to normal operation.

The Vpp current (Ipp) requirement of the 2164 during
power on is dependent upon the input levels of RAS and
CAS. If the input levels of these clocks are at V, of Vpp,
whichever is lower, the Ipp requirement per device is Ipp,
(lop standby). If the input levels for these clocks. are
lower than V, or VDD~thé Ipp requirements will be greater
than Ipp. For large systems, this current requirement for
Ipp could be substantially more than that for which the
system has been designed. A system which has been
designed assuming the majority of devices to be oper-
ating in the refresh/standby mode, may produce suffi-
cient Ipp loading such that the power supply may current
limit. To assure that the system will not experience such
loading during power on, a pullup resistor for each clock
input to Vpp to maintain the non-selected current level
(Ippy) for the power supply is recommended.
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2164-25
65,536 x 1 BIT DYNAMIC RAM

2164-25
Maximum Access Time (ns) 250
Read, Write Cycle (ns) 465
Read-Modify-Write Cycle (ns) 530
® Industry Standard 16-pin DIP ® 128 Refresh Cycles/2 ms RAS-only
Refresh
® HMOS Technology ® Non-Latched Output is Three-State

TTL Compatible
m Compatible with 2118
B Inputs Allow Negative Overshoot,

m Single +5V Supply, =10% Tolerance

| All Inputs, Including Clocks,
TTL Compatible

ViL MIN = -2V
® Pin 1 is No Connect.to Allow for B Page Mode and Hidden Refresh
Future System Upgrade Capability

The Intel 2164 is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel’s production proven HMOS
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power
supply, with = 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to
achieve high speed at low power dissipation.

Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging density. The
two 8-bit TTL level address segments are latched into the 2164 by the two TTL clocks, Row Address Strobe (RAS) and
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad-
dress multiplexing technique while maintaining high performance.

The non-latched, three state, TTL compatible data output is controlled by CAS, independent of RAS. After avalid read or
read-modify-write cycle, data is held on the data-output pin by holding CAS low. The data output is returned to a high
impedance state, by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the
output by holding CAS low while RAS is used to execute RAS-only refresh cycles.

Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only
cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of addresses Ao through As,
during a 2ms period. Address input A is a don't care during these refresh cycles. A write cycle will refresh stored dataon
all bits of the selected row except the bit which is addressed.

BLOCK DIAGRAM

CONFIGURATION SYMBOL Ao—> 128 x 128 CELL 1o 128 x 128 CELL Voo
K . . MEMORY ARRAY MEMORY ARRAY ves
— A a
—a
—n Az —n 128 SENSE AMPLIFIERS 126 SENSE AMPLIFIERS
— A N .
— As—s| sBIT 10F4
A o ADDRESS 112 (1 OF 128 112 (1 OF 128 08t o] oureur | Sout
—as LATCH COLUMN DECODERS) COLUMN DECODERS) GATING BUFFER
—as  Dour p— Ag—s| :
Ar ‘128 SENSE AMPLIFIERS 128 SENSE AMPLIFIERS
—of RAS. B As—}
cAs
WE —] 10F 128
As 128 x 128 CELL ow . 128x128CELL
MEMORY ARRAY MEMORY ARRAY
Ay —| -_—L
Ag-A7  ADDRESS INPUTS t
[ COLUMN ADDRESS STROBE
[ DATA IN l
WRITE
ROW COLUMN DATA
Dour __ DATA OUT RS —| cLock cLOCK Fivird INPUT
BUFFER

WE___ WRITE ENABLE BUFFER BUFFER BUFFER

F&S ROW ADDRESS STROBE .
s :

Voo POWER(+5V)

Vss____GROUND DATAIN
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ABSOLUTE MAXIMUM RATINGS* *COMMENT:

Stresses above those listed under "Absolute Maximum
Rating” may cause permanent damage to the device. This is a

Ambient Temperature Under Bias .... —10°C to +80°C stress rating only and functional operation of the device at
Storage Temperature ............... —65°C to +150°C these or at any other condition above those indicated in the
Voltage on Any Pin Relative to Vss ............... 7.5V operational sections of this specification is not implied.
DataOut Current.........cooiiiiiiiiiiinnn, 50mA Exposure to absolute maximum rating conditions for
Power Dissipation ..........ccoiiiiiiiiiiiiiinnn 1.0W extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS!"

Ta =0°C to 70°C, Vpp = 5V £10%, Vss = 0V, unless otherwise noted.

Symbol Parameter Min. 'I;Iyr:“?’ Max. |[Unit| Test Conditions Notes
[t Input Load Current (any input) 10 | pA|VIN=Vss to Vpp
|tLol Output Leakage Current for i Chip Deselected: CAS at Vi,
High Impedance State 10 uAl Vour =0 to 55V
1oD1 Vpp Supply Current, Standby 3 5 | mA|CAS and RAS at Vi
Ipp2 Vpp Supply Current, Operating 50 | mA|2164-25, trc=tprcmiN - 3
lob3 Vpp Supply Current, RAS-Only 36 | mA| 2164-25, trc = trcmin
Cycle
IbDs Vop Supply Current, Standby, 7 | mA|CAS at Vi, RAS at Vi 3
Output Enabled )
ViL Input Low Voltage (all inputs) -2.0 0.8 | V
VIH Input High Voltage (all inputs) 2.4 7.0 Vv
VoL Output Low Voltage 0.4 V [loL =4.2mA
VoH Output High Voltage | 24 V |loH = -5mA

NOTES:

1. All voltages referenced to Vss. ‘

2. Typical values are for Ta = 25°C and nominal supply voltages.

3. Ipp is dependent on output loading when the device output is selected. Specified lpp max is measured with the output open.

CAPACITANCE"
Ta=25°C, Vpp=5V = 10%, Vgs= 0V, uniess otherwise noted.
Symbol ) Parameter Typ. Max. Unit
Cyq Address, Data In 3 6 BF
Ci2 WE, Data Out 4 7 pF
[ RAS, CAS 5 8 PF
NOTES:

|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation:
C= '3: with AV equal to 3 volts and power supplies at nominal levels.
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A.C. CHARACTERISTICS!"??!

Ta =0°C to 70°C, Vpp = 5V £10%, Vss= 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

2164-25
Symbol Parameter Min. Max. Unit Notes

trac Access Time from RAS 250 ns 45

toac Access Time from CAS 135 ns 456

trer Time Between Refresh 2 ms

trp RAS Precharge Time 175 ns

teen CAS Precharge Time (Non-Page Cycles) 45 ns

[ CAS to RAS Precharge Time -20 ns

treo RAS to CAS Delay Time 55 115 ns 7

trsH RAS Hold Time 135 ns

tosH CAS Hold Time 250 ns

tasr Row Address Set-Up Time 0 ns

tRAH Row Address Hold Time 45 ns

tasc Column Address Set-Up Time 0 ns

tcaH Column Address Hold Time 55 ns

tar Column Address Hold Time, to RAS 170 ns

tr Transition Time (Rise and Fall) 3 50 ns 8

torr Output Buffer Turn Off Delay 0 60 ns
READ AND REFRESH CYCLES

tre Random Read Cycle Time 465 ns

tras RAS Pulse Width 250 10,000 ns

teas CAS Pulse Width 135 10,000 ns

trcs Read Command Set-Up Time 0 ns

trcH Read Command Hold Time 0 ns
WRITE CYCLE

tre Random Write Cycle Time 465 ns

tras RAS Pulse Width 250 10,000 ns

teas CAS Pulse Width 135 10,000 ns

twes Write Command Set-Up Time 0 ns 9

twen Write Command Hold Time 50 ns

twer Write Command Hold Time, to RAS 165 ns

twe Write Command Pulse Width 50 ns

tawe Write Command to RAS Lead Time 60 ns

towe Write Command to CAS Lead Time 60 ns

tos Data-In Set-Up Time 0 ns

ton Data-In Hold Time 55 ns

tomr Data-In Hold Time, to RAS 170 ns
READ-MODIFY-WRITE CYCLE

tawe Read-Modify-Write Cycle Time 470 ns

trRw RMW Cycle RAS Pulse Width 285 ns

tcrw RMW Cycles CAS Pulse Width 170 ns

trwo RAS to WE Delay 220 ns 9

towo CAS to WE Delay 105 ns 9
NOTES: 7. trep (max.) is specified as a reference point only; if trop is less than trcp
1. All voltages are referenced to Vgg. (max.), access time is tpac; if trep is greater than tgep (max.), access time is
2. Eight cycles are req after p p or prolonged periods (greater than 2 ms) trco + tcac:

of RAS inactivity before proper device operation is achieved. Any 8 cycles which
perform refresh are adequate for this purpose.

A.C. characteristics assume t =5 ns.

Assume that tgop <trcp (max.). If tgcp is greater than tpop (max.) then trac
will increase by the amount that tggp exceeds tpgp (max.).

Load=2 TTL loads and 100 pF.

Assumes tpcp=trep (Max.).

o

oo
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t is measured between Vjy (min.) and Vi (max.).

twcs: tcwp and trwp are specified as reference points only; if twcs=twcs
(min.), the cycle is an early write cycle and the data-out pin will remain high im-
pedance throughout the entire cycle; if towp=tcwp (min.) and trwp=tRwD
(min.), the cycle is a read-modify-write cycle and the data out will contain the
data read from the selected address. If neither of the above conditions is satis-
fied, the condition of the data out is indeterminate.
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WAVEFORMS
READ CYCLE
tRe
tRas tre
o @\
A
Vi @ 4 \
tesH tepn
tcRP —>| let— o -
—_— Vin (D\ \\\ teas 4 \
CAS / \ 2 ,/ \_
taR \
tasp o—>| [*—tRAH—> Fe—>t tasc tcan
M 1 ROW f | coLumn
ADDRESSES ®< ADDRESS )( X ADDRESS
Vi
l‘-’l'ncs tgc,.,®
T X
WE Vi
tcac
tRac toFF
o Von HIGH Of vam. 3@
oUT VoL IMPEDANCE @ DATA OUT >—
WRITE CYCLE
tre
tRas tap
™ / N\
tesn —te ————|
trcD tRsH:
\\\ tcas
EAS \ ® g
tAR
tasr *—tRAH—>  tasc [e—— tcAH——>|

|
©
ROW COLUMN
Aoonesszsv X @ Anoasssx ADDRESS

"n

o X X

OHR

Vo HIGH

Bour Vou IMPEDANCE

NOTES: 1,2. Viy min AND V) max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4. Vou min AND Vo max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy.
5. torr IS MEASURED TO loyr < [iLol
6. tps AND.tpy ARE REFERENCED TO CAS OR WE, WHICHEVER\OCCURS LAST.
7. tacu !S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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WAVEFORMS

READ-MODIFY-WRITE CYCLE

tawe
tRAw trp
v,
s [OANO)
o -
®cne _’I [ e — le—— tcon ——
v, tcaw
s v ON\N\G A X
i tar fo——taw. ———=
fe—at tpan
taspie e tasc -ro— tcan towe

Vi T __ROW COLUMN
ADDRESSES Vi O ADDRESS ADDRESS

(2) | — ~—1'—-r—'nwn
tacs t~-> [
v -
we Um )
oY
= toH |
® tos = |+

v,
Ow v X©Oeams X
T teac- — @

e typ ——|

trac [ Y
0 Von HIGH ® VALID ‘;@
V! vou IMPEDANCE G)i DATA OUT

RAS-ONLY REFRESH CYCLE

tRe

thas trp ———|
Vi ee—
AAS YN &
RSy, ON® N\

._.! ot — :cn.@
Vin
€A
Vi
tasr 0—‘a»<ﬁ1
Vin
ROW
ADDRESSES v ® ADDRESS K
T
©)
Vou HIGH
Dour
Vo IMPEDANCE

HIDDEN REFRESH CYCLE
{For Hidden Refresh Operation order 2164-25, S6496)

tRe
tRAS -—| TRp —— tRAs —| |e— tras tre
WO ’_'*x
2
®

(@'cn'——! o5 taR |

tRCD ]

Vin ® |
= _f ® 1 } /
Vie

tasnfan] se tas ] fot S L

W —+
ROW COLUMN ROW ROW
ADOREsSES @ ADDRESS A\ ADDRESS ADDRESS ADDRESS
w : h
2 .
@ e @
L

Vin i
P Q N
Vie A2

le—e} tcac
e thac —=f —{ fetore
D ®
Dour D VALID DATA
Vou N

NOTES: 1,2. Vi min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4.Von min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy7.
5. topF ISMEASURED TO lout < flio
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST.
7. tacw 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.
8. tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE """
Ta =0°C to 70°C, Vpp = 5V £10%, Vss = 0V, unless otherwise noted.
(For Page Mode Operation order 2164-25, S6495)

2164-25, S6495
Symbol Parameter Min. Max. Unit Notes
tec Page Mode Read or Write Cycle TBD ns
tpom Page Mode Read-Modify-Write TBD ns
tep CAS Precharge Time, Page Cycle TBD ns
trem RAS Pulse Width, Page Mode TBD ns
tcas CAS Pulse Width T8D ns
lops Vpp Supply Current Page Mode, Minimum tpc, Minimum tcas TBD mA
WAVEFORMS
PAGE MODE READ CYCLE
trRem
tAR
—— Vine 0 B
RAS e O S @
tesu tRSH [«— tre
1 | tpc
e l+— taco tcas tcp -+ ‘—‘—'CAS‘—} ‘—'CAs—-l tepn
—— Vine and
oS o / ® \ 0 ) N\ : ¥ \_
tRAH| == tcan tcaH tcan
tasr fot— | —|l=—tasc tasc rt— tasc —
.
aooesses | OX 108 BN 595 X 5o £
o) ; ;
| fat |t
tres —~| e @ tReH —| l<— ’ Res theH —>| <:1 nes tRCH —] j<—
—  ViHe N "
e/ \/
[e— tcac —| l—— tcac le— tcac

toFF
trac toFF 1 torF
Vou @ A @ e L

Doyt VoL @jt_f * F

NOTES: 1,2. Vi min AND V} max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS.
3,4.Vou min AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doy

5.torr ISMEASURED TO Iyt Lo

6.tpcH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

7. ALL VOLTAGES REFERENCED TO Vss.

8. AC CHARACTERISTIC ASSUME ty = 5ns.

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER
UNDER ALTERNATE CONDITIONS. o .

10. tcpp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS).

11. ALL PREVIOUISLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-25, S6493 WILL OPERATE AS A 2164-25).
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PAGE MODE
WRITE CYCLE

tRPM
— Vinc 1
RAS @
Vi 4 e
@ RsH tRp —|
tcrp
‘1 re—— tcas ——= re——tcas ——| PN
& Vine j S / !S
Vie
tcan tcaH
tasr tasc _.I ﬂ_ tasc —»] fob—
Vin coL ’ coL
ADDRESSES Vi ADD \{ ADD
T 7T T
l“wcuﬁ wwes lﬁ-‘wcn-"
— e
towe tewe
WE Vine / * /
Vie als
@ f—tyyp — |<— twp —
[+— twcr tRwL
tps o] fo— toH -——l ps fe— toH ps [e— toH —>
‘¢

o Vin VALID VALID ! VALID
N Vi DATA DATA ) DATA
T ==
L—toun ———l

PAGE MODE READ-MODIFY-WRITE CYCLE

O — thpm —— tap
"
Aas Vie 2 4
tRsH ————f TCPN —
- Pcm
\ﬂ'cnv
- [*- -~ 'RCcDT —»f*——— —— - 'cAW —**—’1 fotcpof te—- - = leRW — - = - -— -~ tcRw
s V™ 5 \ . y' Y Y A 3 e tRw( -] j
Vie 2
- T
bt tcan *—— towL ——1 L-—\—- can p— lcm—-r - ttcam p— towL —
= tasc tasc+ <
;
v oL i coL
ADDRESSES :N :g; X ADD H ADD
- -
tawD —————— f4— tRCS g i tRes
- —towp — = twp [=— tewp —-I o twp = e tcwo ——01 fo—twe
7 ——
wE Vm /“
Vie  —
fe—sy— ton t ton be—st— ton
8 tos = | ® tos —=f e tos —=
by UM -"ONf DATA IN DATA IN DATA IN
Wy, 2/\ VALID VALID VALID
n
to— tcac —f b tcac —= he—tcac—|
.- — thac ——— torp > fe— torF —1 e torF S .
3
Doy O HIGH D4 VALID Bl VALID VALID
VT vou MPEDANCE >y DATA OUT DATA OUT DATA OUT

NOTES: 1.2.Vy; min AND V max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS
3.4. Von miv AND Vg max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt

torr ISMEASURED TO loyt - [iol-

tps AND ton ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST

. trcw IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST.

tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS-

ONLY CYCLE (1e.. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS)

LR R

1-63



intel

2164-25

PRELIMINARY

DEVICE DESCRIPTION

The Intel® 2164 is produced with HMOS, a high perform-
ance MOS technology which incorporates on-chip sub-
strate bias generation. This process, combined with
new circuit design concepts, allows the 2164 to operate
from a single + 5V power supply, eliminating the + 12V
and -5V requirements. Pin 1 is not connected, which
allows P.C.B. layout for future higher density memory
generations.

The 2164 is functionally compatible with the 2118, the
industry standard 5V-only 16-pin 16K dynamic RAM. This
allows simple upgrade from 16K to 64K density merely
by adding one additional multiplexed address line.

RAS/CAS TIMING

RAS and TAS have minimum pulse widths as defined by
tras and tcas respectively. These minimum pulse widths
must be maintained for proper device operation and data
integrity. A cycle, once begun by bringing RAS and/or
CAS low must not be ended or aborted prior to fulfilling
the minimum clock signal pulse width(s). A new cycle can
not begin until the minimum precharge time, tre, has been
met.

READ CYCLE

A Read cycle is performed by maintaining Write Enable
(WE) high during a RAS/CAS operation. The output pin of
a selected device will remain in a high impedance state
until valid data appears at the output at access time.

WRITE CYCLE

A Write cycle is performed by taking WE low during a
RAS/CAS operation. Data Input_(Div) _must be valid
relative to the negative edge of WE or CAS, whichever
transition occurs last.

DATA OUTPUT OPERATION

The 2164 Data Output (Dour), which has three-state
capability, is controlled by CAS. During CAS high state
(CAS at Vin) the output is in the high impedance state. The
following table summarizes the Dour state for various
types of cycles.

Intel 2164 Data Output Operation
for Various Types of Cycles

Type of Cycle Dour State

Read Cycle Data From Addressed
Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle | HI-Z

CAS-Only Cycle HI-Z

Read/Modify/Write Cycle | Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

REFRESH CYCLES

There are 512 sense amplifiers, each controlling 128
storage cells. Thus the 2164 is refreshed in 128 cycles.
Any combination of the seven (7) low order Row Address-
es, RAo through RAs, will select one row of data cells (512
cells/row). Row address 7 is not critical during a refresh
operation and can be either high or low. Although any
cycle, Read, Write, Read-Modify-Write, or RAS-only, will
refresh the memory, the RAS-only cycle is recommended,
since it allows about 20% system power reduction over the
other types of cycles.

HIDDEN REFRESH

An optional feature of the 2164 is that refresh cycles may
be performed while maintaining valid data at the output
pin. Thisisreferred to as Hidden Refresh. Hidden Refresh
is performed by holding CAS at Vi and taking RAS high
and after a specified precharge period (tse), executing a
“RAS-Only” refresh cycle, but with CAS held low (see
Figure below).

MEMORY N REFRESH ,

I CYCLE CYCLE
— — —\
N——.—/ N

IGH Z
Dour DATA

This feature allows a refresh cycle to be “hidden” among
data cycles without affecting the data availability.

RAS

cAs

U[

POWER ON

After the application of:the Vpp supply, or after extended
periods of bias (greater than 2 ms) without clocks, the
device requires a minimuny of eight (8) initialization
cycles (any combination .gf gycles containing RAS clock
such as RAS-only refresfij’prior to normal operation.

The Vpp current (Ipp) requirement of the 2164 during
power on is dependent upon the input levels of RAS and
CAS. If the input levels of these clocks are at V, or Vpp,
whichever is lower, the |pp requirement per device is Ippy
(lpp standby). If the input levels for these clocks are
lower than V,,; or Vpp the Ipp requirements will be greater
than Ipp,. For large systems, this current requirement for
Ipp could be substantially more than that for which the
system has been designed. A system which has been
designed assuming the majority of devices to be oper-
ating in the refresh/standby mode, may produce suffi-
cient Ipp loading such that the power supply may current
limit. To assure that the system will not experience such
loading during power on, a pullup resistor for each clock
input to Vpp to maintain the non-selected current level
(Ipp1) for the power supply is recommended.
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2167

HIGH SPEED 16,384 x 1 BIT STATIC RAM

2167-55 2167-70 2167L-70 2167-10
Max. Access Time (ns) 55 70 70 100
Max. Active Current (mA) 125 125 90 90
Max. Standby Current (mA) 40 40 30 30
m 2141/2147 Upgrade [ E.S-ZI.OV Output Timing Reference
evels

= Double Poly HMOS II Technology

a Completely Static Memory — No Clock ™ High Density 20-Pin Package

or Timing Strobe Required u Directly TTL Compatible — All Inputs
= Equal Access and Cycle Times and Output
= Single + 5V Supply m Separate Data Input and Output
= Automatic Power Down m Three-State Output

The Intel® 2167 is a 16,384-bit static Random Access Memory organized as 16,384 words by 1 bit. This memory is fabri-
cated using Intel’s high-density, high-performance technology—Double Poly HMOS Il. This state of the art technology
brings high-density to high-performance static RAMs. The design of the 2167 offers a 4 X density improvement over
the industry standard 2141 and 2147 with compatible performance. The 2167 offers the automatic power-down feature
pioneered by the Intel 2147.

TS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2167), the part auto-
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 70% in larger systems where the majority of devices
are deselected.

The 2167 is placed in a 20-pin package configured with the industry standard 16K x 1 pinout, offering the industry’s
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output; and a single + 5V supply.
The data is read out nondestructively and has the same polarity as the input data. A data input and a separate three-
state output are used.

LOGIC SYMBOL PIN CONFIGURATION BLOCK DIAGRAM
o
- 2l
- 0 g—u;:: L@,
s o A @—z ano
—4 As  Dour p— A2 _._K
— A ® MEMORY ARRAY
—Jas A _K Row 128 ROWS
3 SELECT
— Ay @ 128 COLUMNS
o a=TL¥ 1
h— "1
—J A A|2
—] An
Din WE CS| A =—PF ]
] T T PIN | ADDRESS | FUNCTION
PIN NAMES T % ®
Ag-A13 ADDRESS INPUTS | Vcc POWER (s6v) | | 18 A1 Xy ® 1 ®
FWE  WRITEENABLE | GNo GROUND | | ' A3 X2 O —l}— COLUMN 110 CIRCUITS Dour
TS CHIP SELECT _ ; :0 i“ COLUMN SELECT
Din DATA INPUT 3 A; o
'S
“Dour _ DATA OUTPUT M a2 X
13 A Yo
TRUTH TABLE 7 Ag Y4 =2
TS| WE MODE OUTPUT | _POWER ‘: :’ ;2 _—D @ oG ® 6 e
5 3 @} @9
H| X | NOT SELECTED | HIGHZ | STANDBY 16 :w Ya As As A As A Ag A7
[ WRITE HIGHZ | ACTIVE 5 4 Y5 N
L w READ Dour | ACTIVE 14 Ag Ye #2110
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias............ ~10°Cto +85°C *COMMENT: Stresses above those listed under “Absolute Maximum
—65° ° Ratings” may cause permanent damage to the device. This is a stress
Storage Temperature PR 65°C to +150°C rating only and functional operation of the device at these or any other
Voltage on Any Pin With g conditions above those ii d in the op / of this
RespecttoGround................. -35Vto +7V specification is not implied. Exp to absol rating con-
Power Dissipation. ...............coviiiiiin. 1.2W ditions for extended periods may affect device reliability
D.C.OutputCurrent. .............coovvinnnn. 20 mA .
D.C. AND OPERATING CHARACTERISTICS!
Ta=0°C to 70°C, Vgc= + 5V £ 10%, unless otherwise noted.
. 2167-55, 2167-70 2167L-70, 2167-10
Symbol Parameter Min. Typ.lzl Max. Min. Typ.2 Max. Unit Test Conditions
I Input Load Current 0.01 10 0.01 10 | gA |Veo=Max., Vin=GND to Vec
(All Input Pins)
[lo] | Output Leakage 01 50 01 50 | uA |CS=Vy, Voo=Max,
Current ‘ Vour=GND to 4.5V
Icc Operating Current 90 120 70 85 |[mA |Ta=25°C| Vgc=Max,CS=V,
125 790 | mA [Ta=0°C | Outputs Open
isB Standby Curreit 25 40 20 30 | mA | Vo= Min. to Max., CS=V)y |
Ipol®! | Peak Power-On 35 70 25 50 | mA |Vgo=GND to Vg Min.,
Current CS = Lower of Vg or Vi Min.
ViL Input Low Voltage -3.0 0.8 -3.0 0.8 \"
Vi Input High Voltage 2.0 6.0 2.0 6.0 Vv
VoL Output Low Voltage 0.4 0.4 V ]lor=8mA
VoH Output High Voltage | 2.4 24 V |loy=-4.0mA
Notes: ' )
1. The operating ambient temperature is guaranteed with transverse air flow exceeding 400 linear feet per minute.
2. Typical limits are at Voc =5V, Tp= +25°C, and specified loading.
3. A pull-up resistor to Vg on the CS input is required to keep the device deselected; otherwise, power-on current approaches Igc active.
+5v
A.C. TEST CONDITIONS
4800
Input Pulse Levels GND to 3.0V o
Input Rise and Fall Times 5ns out 0pF
Input Timing Reference Level ) 1.5V 2550 (INCLUDING
Output Timing Reference Levels 0.8-2.0V fl‘;";’" AND
Output Load See Figure 1
Figure 1. Output Load
+5V
CAPACITANCEW “son.
Ta=25°C, f=1.0 MHz ) Do_ur————w
; 2850 2 5 pF
Symbol Parameter Max. | Unit | Conditions B T
Cin Input Capacitance 7 pF ViN=0V
Cour Output Capacitance 6 pF Voutr=0V ) =
Note: 4. This parameter is sampled and not 100% tested. - Figure 2. Output Load for tyz, t 2, twz, tow
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A.C. CHARACTERISTICS

Ta=0°C to 70°C, Vgc= + 5V = 10%, unless otherwise noted.

READ CYCLE
tret! Read Cycle Time 55 70 100 ns
taa Address Access Time 55 70 100 ns
tacs Chip Select Access Time 55 70 100 ns
toH Output Hold from Access Change 5 5 5 ns
t 21231 Chip Selection to Output in Low Z 10 10 10 ns
tyzl23] Chip Deselection to Output in High Z 0 30 0 40 0 40 ns
tey Chip Selection to Power-Up Time 40 50 55 ns
tep Chip Deselection to Power-Down Time 55 70 80 ns

WAVEFORMS

READ CYCLE NO. 1 *°

RC

ADDRESS )(

taa

ton

DATA OUT PREVIOUS DATA VALID X X X y DATA VALID

READ CYCLE NO. 2 “¢

tre

s N

tacs
Hz

Wz

HIGH IMP l/
DATA OUT S EDANCE DATA VALID

|-_ toy 4| '|-—tyo
e — — — — — — .
Vee
SUPPLY 50% 50%
CURRENT Igg

IMPEDANCE

Notes: . .

1. _All Read Cycle timings are referenced from the last valid address to the first transitioning address.

2. At any given temperature and voltage condition. tyz max is less than t; ; min both for a given device and from device to device.

3. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100°%tested.
4. WE is high for Read Cycles.

5. Device is continuously selected. CS =V, _

6. Addresses valid prior to or coincident with CS transition low.
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE

Symbol Parameter Min. Max. | - Min Max | win. Max. | UM
twc@ Write Cycle Time 55 70 100 ns .
tew Chip Selection to End of Write | 55 70 90 ns
taw Address Valid to End of Write 55 70 95 ns
tas Address Setup Time 0 0 5 ns
twp Write Pulse Width 35 40 45 ns
twr | Write Recovery Time 0 0 5 ns
tow Data Valid to End of Write 25 30 35 ns
ton Data Hold Time 0 0 0 ns
twzd Write Enabled to Output in High Z 0 25 0 35 0 35 ns
Tow Output Active from End of Write 0 0 0 ns

WAVEFORMS ! e

WRITE CYCLE #1 sooness Y B 4

(WE CONTROLLED) *

=\ ) X IS VNIN
we X\ £
I Y toH
DATA IN * DATA IN VALID 1
e twz ——! [ low ==

HIGH IMPE| ( ::::
DATA OUT DATA UNDEFINED S DANCE

WRITE CYCLE #2 soomess Y X
(CS CONTROLLED) * i -
s _—_45 £
= NNV NNN NN NN £/ /777777

[ tow ton
DATA IN * 2-DATA IN VALID
[ wz
- HIGH

Notes: 1. If TS goes high simultaneously with WE high, the output ins in a high imped state.
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100%
tested. .

4. TS or WE must be high during address transitions.

DATA OUT DATA UNDEFINED

1-68



lntel ADVANGE INFORMATION
2168
4096 x 4-BIT STATIC RAM

2168
Maximum Access Time (ns) 55-100
Maximum Active Current (mA) 150
Maximum Standby Current (mA) 40
m 2114A/2148H Upgrade m Equal Access and Cycle Times

m Automatic Power-Down
= Double Poly HMOS Il Technology

= Completely Static Memory — No Clock
or Timing Strobe Required

m High Density 20-Pin Package
= Common Data Iinput and Output

m Three-State Output
m 0.8-2.0V Output Timing Reference
Levels m Single + 5V Supply

The Intel® 2168 is a 16,384-bit static Random Access Memory organized as 4096 words by 4 bits. This memory is fabri-
cated using Intel’s high-density, high-performance technology—double poly HMOS II. This state of the art technology
brings high-density to high-performance static RAMs. The design of the 2168 offers a 4 x density improvement over
the industry standard 2148A and 2114A, with compatible performance. The 2168 offers the automatic power-down
feature pioneered by the Intel 2147.

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2168), the part auto-
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high.
This device feature results in system power savings as great as 85% in larger systems where the majority of devices
are deselected.

The 2168 is placed in a 20-pin package configured with the industry standard 4K x 4 pinout, offering the industry’s
highest density 16K static RAM. It is directly TTL compatible in ali respects: inputs, output, and a single + 5V supply.
The data is read out nondestructively and has the same polarity as the input data.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
ArE'ouzojvcc ::« | Aa-—t | ] — e
Az wph A . ror ~——— GND
ads e A — 4 wof— Ar >
I .
A 78 A —4as WOz fp— A ""—""Kj ROW . MEMORY ARRAY
A5 160 Ay — As A3 SELECT . 64 égumns
ads 151 wo, —] :: 0af— _—‘—“k .
A7 14 o, —a Aa———————t
A s 13 103 — :w A *-—t
gGsde 1200 vo. " s
— WE CS|
eno [0 ng WE As—{ —
T T — T o ]
101 —*'?— E: COLUMN 10 CIRCUITS
PIN NAMES 1] —]
102 3—— ot — COLUMN SELECT
Ao-A11 ADDRESS INPUTS e
wE WRITE ENABLE 103 CONTROL !
cs CHIP SELECT
110,-10,  DATA INPUT/IOUTPUT 104
Vee POWER (+5V) E A7 Rs A9 Ao An
GND GROUND l—t
TRUTH TABLE _ ~E‘
TS | WE MODE 10 | POWER cs vl
W | X |NOTSELECTED| HIGH-Z | STANDBY CtRcurr
L WRITE DN | ACTIVE we
LM READ Doyr | ACTIVE
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5104
4096 x 1 BIT STATIC CMOS RAM

m Fully Static Operation; No Clocks, = Data Retention at 2.0V
Strobes or Latches :

. A Ti
m High Performance; 150 ns Access Time w Identical Cycle qnd ccess Times

= TTL Compatible Inputs and Outputs ™ High Density 18-Pin Package

= Microwatt Standby Power = 2141 Pin Compatible

The Intel® 5104 is a 4096-bit CMOS RAM organized as 4096 words by 1 bit. It employs fully static circuitry
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle
times that are longer than access times.

Using Intel’s high performance CMOS technology, it achieves both true microwatt standby power and
access times to match present and next generation microprocessors. The 5104 is ideally suited for bat-

tery operation and battery backup applications.

0 Ao} 18 [ Ve :‘;’
Ao >3 Vee A2 170 Ae —1A;
@ JECIpW o I -
A )3 G s 45104‘5 ) Ag —]as
Az@{ As[]s 14 [ Ag — :s Doutf—
MEMORY ARRAY — A
D) ROW 54 ROWS As(]e  13[0Axw —Ag
Ag -——X SELEC 64 COLUMNS bour7 120 An —] Ag
—_ —1A
» = N St |~
® - evo[J9  10f0Cs Diy WE CS
w=PE ] | ‘
® | | g
Din COLUMN 1/0 CIRCUITS —--D»— Dout PIN NAMES
COLUMN SELECT Ao—A11 ADDRESS INPUTS | Vcc POWER (+5V)
WE WRITE ENABLE GND_GROUND _|
\ cs CHIP SELECT
Diy DATA INPUT
Dour  DATA OUTPUT
®® |0 B @
Ax Ar As Ag Ap An TRUTH TABLE
cs —— . =T v
CS|WE])  MODE OUTPUT | POWER
O = PIN NUMBERS H| X | NOT SELECTED | HIGH Z | STANDBY
~ Ll L WRITE | HIGHZ | ACTIVE
_® L| H READ ACTIVE | ACTIVE
WE —
Figure 1. 5104 Block Diagram Figure 2. 5104 Pin Diagram
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5114
1024 x 4 BIT STATIC CMOS RAM

m Fully Static Operation; No Clocks, = Data Retention at 2.0V
Strobes or Latches

Identical Cycl d Access Times
= High Performance; 150 ns Access Time " ' ycle an ss
s TTL Compatible Inputs and Outputs = High Density 18-Pin Package

= Microwatt Standby Power = 2114A Pin Compatible

The Intel® 5114 is a 4096-bit CMOS RAM organized as 1024 words by 4 bits. It employs fully static circuitry
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle
times that are longer than access times.

Using Intel’s high performance CMOS technology, it achieves both true microwatt standby power and
access times to match present and next generation microprocessors. The 5114 is ideally suited for bat-
tery operation and battery backup applications.

o ®
N e <—@—enn
- um— = > — ROW : MEMORY ARRAY
As @ Ny seLecT | ¢ 64 OOLUMNS
@ - . N e
M@ »3 _— As[: 2 17 jA-, —a vork—
o B ’j_— —— co:uwm o cmc[uﬁs ~Oe ol : he
V02 @ j—— INPUT B COLUMN SELECT :E : s11a : é} ::‘ ] : V02—
10, @ ,j_— contoL ms [0, — :: joal—
1104 @ T j—— a7 12[Jvos 1.
AOA1 Aa As I-ﬂ: cs[]s 11[ ] vos — vosf—
ﬁ_" GND[: s 10f _JWE —] AQWE Cs

O = PIN NUMBERS

PIN NAMES
TRUTH TABLE
Ao—Ag ADDRESS INPUTS Vcc POWER (+5V)

Ccs | WE MODE OuTPUT POWER WE WRITE ENABLE GND  GROUND

H X NOT SELECTED HIGH Z STANDBY . cs- CHIP SELECT

L WRITE HIGHZ ACTIVE 1/01—1/04  DATA INPUT/OUTPUT
L H READ ACTIVE ACTIVE
Figure 1. 5114 Block Diagram Figure 2. 5114 Pin Diagram
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2K x 8
2048 x 8-BIT STATIC RAM

= Fully Static Operation; No Clocks, = Two Line Control, CE Controls Power-
Refresh or Latches Down, OE Controls Output Buffers —
Eliminates Bus Contention

= EPROM Compatible Pinout = 150 ns Maximum Access Time

= Industry Standard 24-Pin Package m Auto Power-Down

The Intel® 2K x 8 is a 16,384-bit static RAM organized as 2048 words by 8 bits. It employs fully static cir-
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power-
down feature cuts power consumption when the device is disabled.

The 24-pin industry standard pinout allows easy upgrades to 4K x 8 static RAMs and compatibility to the

2732 4K x 8 and 2764 8K x 8 EPROMSs in 28-pin sites. The two line control simplifies decoding and elimi-
nates any possibility of bus contention.

TRUTH TABLE PIN NAMES
TE | WE | OF MODE OUTPUT | POWER A—A,,  ADDRESS INPUTS
H X X NOT SELECT HIGH Z | STANDBY CE CHIP ENABLE
L H H SELECTED HIGH Z ACTIVE }—D:E OUTPUT ENABLE
L H L READ ACTIVE ACTIVE ﬁ WRITE ENABLE
L L X WRITE HIGH Z ACTIVE Dy—D, DATA INPUT/OUTPUT
Vee POWER (+5V)
GND GROUND
LOGIC PIN
SYMBOL CONFIGURATION COMPATIBLE PINOUTS
2Kx8 SRAM 2Kx8 SRAM 4Kx8 SRAM 8Kx8 SRAM 8Kx8 EPROM
—a, oL nedt VY 283 Ve 1 1 (1 Vee
—A, o NC2 27 WE 2 2 (1 PGM
—a, D, 1 A3 26 [1NC 3 3 INC
—A, 2 A4 250 A, 4 4 A,
—a D, - 3 AsC}5 240 A, 5 5 A,
_a D, 4 Ad6 23[A, 6 6 (A,
s 5 A7 22[10E 7 7 nOE
A o} 6 A8 21 0 Ay, 8 8 (A,
—A; 7 A9 20 OCE 9 9 O CE
—a D5 8 A0 10 19pD, nD,
e D, - 9 Do 11 18 [0 D; 2
A, 6 D, 12 172D, £1D,
D, - D,] 13 16 D, D,
OE WE CE GND 14 158D, 1D,
Y97 ‘
Figure 1. 2K x 8 Pin Diagram Figure 2. Compatible Pinouts
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4K x 8
4096 x 8-BIT STATIC RAM

= Fully Static Operation; No Clocks, a Two Line Control, CE Controls Power-
Refresh or Latches Down, OE Controls Output Buffers —

= EPROM Compatible JEDEC Standard Eliminates Bus Contention
Pinout

m 2764 Compatible 28-Pin Package —
Allows Easy Upgrade To 8K x 8 SRAM
Without Jumpers = Auto Power-Down

= 150 ns Maximum Access Time

The Intel® 4K x 8 is a 32,768-bit static RAM organized as 4096 words by 8 bits. It employs fully static cir-
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power-
down feature cuts power consumption when the device is disabled.

The 28-pin JEDEC standard pinout allows easy upgrades to 8K x 8 static RAMs and compatibility to the
2732 4K x 8 and 2764 8K x 8 EPROMs — without jumpers. The two line control simplifies decoding and
eliminates any possibility of bus contention.

TRUTH TABLE PIN NAMES
TE | WE | OE MODE OUTPUT | POWER Av—A:  ADDRESS INPUTS
H| x [ x NOT SELECT - | HIGH Z | STANDBY CE CHIP ENABLE
L H H SELECTED HIGH Z ACTIVE OE OUTPUT ENABLE
IR READ ACTIVE [ ACTIVE WE WRITE ENABLE
L L X WRITE HIGH Z ACTIVE D—D, DATA INPUT/OUTPUT
Vec POWER (+5V)
GND GROUND
LOGIC PIN COMPATIBLE PINOUTS
SYMBOL CONFIGURATION
4K x 8 4Kx8 SRAM 8Kx8 SRAM 8Kx8 EPROM
—A, 1
—A, Do - 2
—]A, D} 3
—As 4
—A, D, - 5
— As D 6
p— A6 7
—]A, D[~ g
—Ae Ds -
—As
— A De -
An D, -
OE WE CE
Figure 1. 4K x 8-Pin Diagram Figure 2. Compatible Pinouts

1-73



Intel | ADVANGCE INFORMATION

21D0
8192 x 8-BIT PSEUDOSTATIC RAM

= Synchronous and Asynchronous = JEDED JC-42 Standard Pinout
Versions

s , m Single-Step Capability
m Fully Integrated On-Chip Refresh

. e m Two-Line Data Bus Control
= On-Chip Signal Arbitration ;
H 0,
m Processor Handshake Signal u Single +5V £10% Supply

m Automatic Wake-Up m Proven HMOS-D2 Reliability
= 90 mA Active, 12 mA Standby = 170 ns Access, 300 ns Cycle Times

The Intel 21D0 is an 8192-word by 8-bit pseudostatic random access memory fabricated on Intel’s high
performance HMOS-D2 dynamic RAM technology. By integrating all refresh control circuitry at the chip
level, the 21D0 allows the system designer to take advantage of dynamic RAM density, power consump-
tion and price without the added cost of designing the refresh control interface. Complete on-chip cir-
cuitry includes refresh address counting and multiplexing, refresh interval timing and high speed request
arbitration. Designed for flexible operation in virtually any microprocessor system, the 21D0 incorporates
many features unique to microprocessor applications. These include auto precharge for single-step
operation, automatic power-up, activated through the system reset, and two-line data bus control to
eliminate bus contention. )

Offered in two separate versions, the 21D0 is optimized to operate on either synchronous or asynchro-
nous system memory buses. For synchronous operation, all internal functions are disabled except re-
fresh address counting and multiplexing. In this application, the user must provide the specified 128
pulses to the REFEN input every 2 msec. For asynchronous operation, a handshake signal to the proces-
sor, called READY, is provided in lieu of REFEN to indicate when memory and system timings are incom-
patible (as during a refresh operation). A not ready condition occurs only when a 21D0 has been accessed
by CE going low during a refresh cycle. When this occurs, the refresh cycle is completed, READY is re-
leased to be pulled back high to V¢c, and the memory cycle continues to completion.

S

Qg + « « » 1O; P —
A AshshuAvAe ) b L uy i “RDY/REFEN [] ! 28 [ vee
L LT w2 o | e
Y-ADDRESS
BUFFERS 1/0 BUFFERS A7 [ ] 26 [] NC
LATCEIRESS
DRIV
As[]4 o5 ] A
ze
-
as s 20 [ %
A ]s 23 ;| A1y
" T -
e P INEERI N oisTRIS. (o WE a7 22 [] oE
‘4 B 8 S ARRAY UTED REFER
A; wx CONTROL
2 o] §§§ $ §“§ 5 LoGIC :0—5 a2 []s 21[] Arp
A xe3 El 2 RDY .
™ = & Ao 20 [] cE
[ T
Ao []10 19 [] wo;
0o [] 11 18 [ ] U0g
PIN NAMES
Ag-Arz ADDRESS INPUTS voy [] 12 17 [] vwos
gEE CHIP ENABLE ’ ,
OUTPUT ENABLE . u 13 16 0.
WE WRITE ENABLE : 0, [} [ ] 104
10g-07 | DATAINPUT/OUTPUT
REFEN REFRESH ENABLE vss [] 14 15 1103
RDY READY
Vee +5V POWER Y
Vss GROUND 28-LEAD

*REFEN OFFERED WITH SYNCHRONOUS VERSION ONLY
RDY OFFERED WITH ASYNCHRONOUS VERSION ONLY
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Inter ADVANGCE INFORMATION

21D1
4096 x 8-BIT PSEUDOSTATIC RAM

= Multiplexed Address and Data Buses = Fully Integrated Refresh
m 8 or 16-Bit System Capability
= On-Chip Arbitration

s Processor Handshake

= Proven HMOS-D2 Reliability = Multiple Refresh Modes

= 50 mA Active, 10 mA Standby m 200 ns Access, 400 ns Cycle Times

The Intel 21D1 is a 4096-word by 8-bit pseudostatic random access memory — PSRAM. Integrating all
refresh control circuitry at the chip level allows the system designer to take advantage of dynamic RAM
density, performance and price without the added cost of designing the refresh control interface. The
21D1 is intended for use with multiplexed address/data bus microprocessors such as the Intel iAPX 86
and iAPX 88. Flexible data bus control options permit the 21D1 to be arranged for operation on either 8-bit
or 16-bit data buses. All operating parameters have been optimized for high performance, no wait-state
operation without TTL interface components. Output drive capabilities and access times are consistent
with all present and future microprocessors.

Complete on-chip refresh control circuitry includes refresh address counting and multiplexing, refresh
interval timing, and high speed request arbitration. Refresh operation may be controlled either externally
by synchronously strobing the REFEN input 128 times in 2 msec, or internally by holding REFEN input to
.ground. In the internal mode of refresh operation, all refresh is automatic and nearly transparent to the
user. A handshake signal to the processor, called READY, is provided to indicate when memory access
occurs during refresh operation. READY is used to stop the microprocessor until the 21D1 has finished
doing refresh. READY, an open drain output, is then released to be pulled back high to V¢, and the 21D1
continues with the externally requested access cycle.

Data output location is controlled by two external pins. The internal 8-bit data bus can be shifted between
the upper eight data I/O pins or the lower eight data I/O pins. This allows the same part to be used in either
8-bit or 16-bit systems. Multiple levels of chip selects permit linear selection of RAM by the highest order
addresses.

s Fully Integrated Control Logic
= Automatic Wake-Up

READY [ |1 28 [ Vee
REFEN [ | 2 27 [ ] BRE-16
wt 3 26 [] mio
csICS
REFEN <->| REFRESHLOGIC & ADo [ 4 25 b cs
:;5: TIMING CONTROL
ap1 |5 24 b 3 PIN NAMES
g o ADO-AD12 ADDRESS/DATA 110
S o a2 []6 23 tl OE D13-D15 DATA 110
g GATING READY READY
z aos []7 2 WE REFEN REFRESH ENABLE
2 WE WRITE ENABLE
OE OUTPUT ENABLE
Apa 18 21| | ALE ALE ADDRESS LATCH ENABLE
BHE/&-16 BYTE HIGH ENABLE/8-16
ADs |9 20 D15 Uit UPPERILOWER
CS,TS, MG | CHIP SELECTS
ape [] 10 19 [ ] D14 z‘s:sc inso\;"o'ﬂs
AD7 [ 11 18 []o13
ADg [} 12 17 [] Ap12
AD9 [] 138 16 [ ] AD11
vss [] 14 15 [] AD10
PIN-OUT
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MOS EPROM FAMILY

Maximum Operating
No. No. Maximum Power Temperature Power
of of Access Dissipation Range Supply

Type Bits | Organization| Pins | Output (ns) (mW) (°C) )
2716 16384 2048x8 24 T.S. 450 525/132 0to 70 5V 5%
2716-1 16384 2048x8 24 T.S. 350 550/138 0to 70 5V +10%
2716-2 16384 2048x8 24 T.S. 390 525/132 0to 70 5V+5%
2716-5 16384 2048x8 24 T.S. 490 525/132 0to 70 5V +5%
2716-6 16384 2048x8 24 T.S. 650 525/132 0to 70 5V 5%
12716 16384 2048x8 24 T.S. 450 605/165 —40 to 85 5V+5%
M2716M 16384 2048x8 24 T.S. 450 635/165 -55t0125 | 5V+10%
M2716 16384 2048x8 24 T.S. 450 635/165 -55t0 100 | 5V+10%
2732 32768 4096x8 24 T.S. 450 790/185 0to 70 5V+5%
2732-4 32768 4096x8 24 T.S. 390 790/185 O0to 70 5V+5%
2732-6 32768 4096x8 24 T.S. 550 790/185 0to 70 5V +5%
2732A 32768 4096x8 24 T.S. 250 790/185 0to 70 5V 5%
2732A-2 32768 4096x8 24 T.S. 200 790/185 0to 70 5V+5%
2732A-3 32768 4096x8 24 T.S. 300 790/185 0to 70 5V +5%
M2732 32768 4096x8 24 T.S. 450 825/250 -55t0 100 | 5V+10%

M2732 .
S8416 32768 4096x8 24 T.S. 550 825/250 -55t01256 | 5V+10%
2764 65536 8192x8 28 T.S. 250 790/185 0to 70 5V +5%
2764-2 65536 8192x8 28 T.S. 200 790/185 0to 70 5V +5%
2764-3 65536 8192x8 28 T.S. 300 790/185 0to 70 5V +5%
2764-4 65536 8192x8 28 T.S. 450 790/185 0to 70 5V +5%

MOS E*PROM FAMILY

2816 16384 2048x8 24 T.S. 250 495/135 0to 70 5V 5%
2816-3 16384 2048x8 24 T.S. 350 495/135 0to 70 5V+5%
M2816 16384 2048x8 24 T.S. 300 825/195 -55t0125 | 5V+10%




BIPOLAR PROM FAMILY

Maximum Operating
No. No. Maximum Power Temperature Power |
of of Access Dissipation Range Supply
Type Bits | Organization |Pins | Output (ns) (mWw) (°C) v)
3628A-1 8192 1024x8 24 T.S. 50 998 0to 75 5V+10%
3628A-3 8192 1024x8 24 T.S. 70 998 Oto 75 5V+10%
3628A-4 8192 1024x8 24 T.S. 90 998 0to75 | 5V+£10%
3636 16384 2048x8 24 T.S. 80 998 0to 75 5V+10%
3636-1 16384 2048x8 24 T.S. 65 998 0to 75 5V+10%
3636B-1 16384 2048x8 24 T.S. 35 998 0to 75 5V£10%
3636B-2 16384 2048x8 24 T.S. 45 998 0to 75 5V+10%
M3636 16384 2048x8 24 T.S. 80 998 —50 to 125 5V+5%
BIPOLAR PROM CROSS REFERENCE
Intel Part Number
Part Prefix and Direct For New
Number Manufacturer Organization Replacement Designs
825181 N-Signetics 1024x8 3628A-3 3628A-1
825191 N-Signetics 2048x8 3636 3636B-1
825191 S-Signetics 2048x8 M3636

2-2




mtel - 2716*
16K (2K x 8) UV ERASABLE PROM

= Fast Access Time a Pin Compatible to Intel® 2732 EPROM
— 350 ns Max. 2716-1
— 390 ns Max. 2716-2
— 450 ns Max. 2716
— 490 ns Max. 2716-5
— 650 ns Max. 2716-6

= Simple Programming Requirements
— Single Location Programming
— Programs with One 50 ms Pulse

= Single +5V Power Supply a Inputs and Outputs TTL Compatible

s Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power = Completely Static

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical.

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance
+5V microprocessors such as Intel’s 8085 and 8086. A selected 2716-5 and 2716-6 is available for slower speed applications.
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a
75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any
time—either individually, sequentially or at random, with the 2716’s single address location programming. Total programming
time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION . MODE SELECTION
2716 2732"
PINS CE/PGMm OE Vpp | Vec | OuTPUTS
(18 (20) (21) | (24) | (911,1347)

MODE |

Read viL viL +5 +5 DouT
Standby VIK Don’t Care +5 +5 High Z
Program Pulsed V) 10 V|4 ViK +25 +5 (=119
Program Verify viL Vit +25 +5 DouT
Program Inhibit VL ViK +25 +5 High Z

BLOCK DIAGRAM

tRefer to 2732 vee UAIAO;)U(;PUIs
° - 7
data sheet for GNDO—— = N
specifications Vpp O ] I I I ] I I I
o
¢ HI NA
PIN NAMES CEIrGM PROG LOGIC OUTPUT BUFFERS
M . ~
Ao-A1g | ADDRESSES oecooen | 8] Y GATING
CE/PGM_|_ CHIP ENABLE/PROGRAM Ao-A10 —
oF OUTPUT ENABLE ADDRESS H
0,-0, | OuTPuTS INPUTS | — x . 16.384 BIT
= DECODER . CELL MATHIX
— .
.
——d




2716

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*-

Temperature Under Bias. . . ... ....... -10°C to +80°C *COMMENT: Stresses above those listed under “‘Absolute Maxi-
Storage Temperature . . . .. ......... -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a
All Input or Output Voltages with stress rating only and functional operation of the device at these or

Respect to Ground +6V to -0.3V any other conditions above those indicated in the operational sec-

Vpp Supply Voltage with Respect

tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device

to Ground During Program .. . . .. .. +26.5V to -0.3V reliability.
DC and AC Operating Conditions During Read
2716 2716-1 2716-2 2716-5 2716-6
Temperature Range 0°c - 70°C 0°C-70°C 0°c-70°C 0°Cc-70°C 0°C-70°C
Ve Power Supply(1.2] 5V 5% 5V £10% 5V 5% 5V +5% 5V 5%
Vpp Power Supply (2] Vce Vee Vce Vce Vee
READ OPERATION
D.C. and Operating Characteristics
Symbol Parameter i Tl::[.; Mo Unit Conditions
I Input Load Current 10 MA Vin =5.25V
ILo Output Leakage Current 10 pA VouTt =5.26V
Ipp1[2) | Vpp Current 5 mA | Vpp =5.25V
tcc1!?! | Vec Current (Standby) 10 25 mA | CE=V,y, OE=V)_
lec2!?! | Ve Current (Active) k 57 100 mA | OE=CE=V,_
ViL Input Low Voltage -0.1 0.8 \%
ViH Input High Voltage 2.0 Vet \)
VoL Output Low Voltage 0.45 \ loL=2.1mA
VoH Output High Voltage 24 \% lon = -400 uA
NOTES: 1. Vg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.
2. Vpp may be connected directly to Vg except during programming. The supply current would then be the sum of Icc and Ipp1.
3. Typical values are for Ta = 25°C and nominal supply voltages.
4. This parameter is only sampled and is not 100% tested.

Typical Characteristics
Icc CURRENT

ACCESS TIME ACCESS TIME
vs. vs. vs.
TEMPERATURE CAPACITANCE TEMPERATURE
70 r 700 700
60 - 600 600
50 -
CC2 ACTIVE CURRENT 500 s00
_ CE=v_ vee = sV
g % Veessv Z 400 2 400
S 30 = 300 —— = 300 —
1 1"
20
1cC1 STANDBY CURRENT 200 200
CE=v|y
10 Vee=sv 100 100
° I l L 0 °
0 10 20 30 40 S0 60 70 80 0 100 200 300 400 500 600 700 800 0 10 2 30 40 50 60 70 8

TEMPERATURE ( C)

CL (pF)
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2716

A.C. Characteristics

Limits (ns)
2716 2716-1 2716-2 2716-5 2716-6 Test
bol P t . iti
Symbo arameter Min, Max. | Min, Max. | Min. Max. | Min. Max. | Min. Max. Conditions
tacc | Address to Output Delay 450 350 390 450 450 (CE=0E=V,_
tee CE to Output Delay 450 350 390 490 650 |[OE=V,_
toe Output Enable to Output Delay 120 120 120 160 200 |CE=vV|_
toF Output Enable High to Output Float| 0 100 0 100 0 100 0 100 0 100 |CE=vV,_
toH Output Hold from Addresses, CE or 0 0 0 0 0 CE=OE= ViL
OE Whichever Occurred First
Capacitance (4] Ta=25°C, f=1MHz A.C. Test Conditions:
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and Ci_= 100 pF
Input Rise and Fall Times: <20 ns
i VN =0V
Civ ) Input Capacitance 4 6 pF IN Input Pulse Levels: 0.8V to 2.2V
CouTt Output Capacitance 8 12 pF | VouT=0V Timing Measurement Reference Level:
Inputs 1V and 2V
Outputs 0.8V and 2V
A. C. Waveforms [1]
o o o
'\
ADDRESSES
ADDRESSES VALID
o e o 7
CE /——
o o0 00 J
e ——
OE
}—-o-coooo.-o—?
(s - 6]
tog tDF
(51 t
[ tacc. — "] OH —| f—
po—— o & o © 0 0 0 o o .ﬁ
HIGH Z /;;;;;; HIGH Z
OUTPUT VALID OUTPUT] g
\m_... e oo cace ._.2
NOTE: . V¢ must be applied simultaneously or before Vpp and removed simultaneously or after Vpp.

. Vpp may be connected directly to Voc except during programming. The supply current would then be the sum of Icc and lppq.
. Typical values are for Ta = 25° C and nominal supply voltages.

. This parameter is only sampled and is not 100% tested.
. OE may be delayed up to tAcC - tOE after the falling edge of CE without impact on tacc.

1
2
3
4. This parameter is only sampled and is not 100% tested.
5
6
7

. tpF is specified from OE or CE, whichever occurs first.
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2716

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should
be noted that sunlight and certain types of fluorescent
lamps have wavelengths in the 3000—4000A range. Data
show that constant exposure to room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatley 1 week to cause
erasure when exposed to direct sunlight. If the 2716 is to
be exposed to these types of lighting conditions for ex-
tended periods of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instruction Section) for the
2716 is exposure to shortwave ultraviolet light which has
a wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity X exposure time) for erasure should be
a minimum of 15 W-sec/cm?2. The erasure time with this
dosage is approximately 15 to 20 minutes using.an ultra-
violet lamp with a 12000 uW/cm?2 power rating. The 2716
should be placed within 1 inch of the lamp tubes during
erasure. Some lamps have a filter on their tubes which
should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2716 are listed in Table
I. It should be noted that all inputs for the five modesare at
TTL ievels. The power supplies required are a +5V V¢ and
a Vpp. The Vpp power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two modes.

TABLE |. MODE SELECTION

PINS CE/PGM 3 Vpp | Vec | outpuTs
(18) (20) 1) (24) | (9-11,1317)

MODE

Read ViL viL +5 +6 Dout
Standby Vin Don't Care +5 +6 High 2
Program Pulsed V|_to V| ViH +25 +5 Din
Program Verify ViL ViL +25 +5 DouT
Program Inhibit viL VIH +26 +5 High 2

READ MODE

The 2716 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs.
Chip Enable (CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data to the output
pins, independent of device selection. Assuming that
addresses are stable, address access time (tacc) is equal to
the delay from CE to output (tcg). Data is available-at
the outputs 120 ns (tog) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tacc — toe.

STANDBY MODE

The 2716 has a standby mode which reduces the active
power dissipation by 75%, from 525 mW to 132 mW. The
2716 is placed in the standby mode by applyinga TTL high
signal to the CE input. When in standby mode, the outputs
are in a high impedence state, independent of the OE input.
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OUTPUT OR-TIEING

Because 2716's are usually used in larger memory arrays,
Intel has provided a 2 line control function that accomo-
dates this use of multiple memory connections. The two
line control function allows for:
a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will
not occur.
To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and used as the
primary device selecting function, while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device.
PROGRAMMING (See Programming Instruction Section
for Waveforms.)
Initially, and after each erasure, all bits of the 2716 are in
the ‘“1’' state. Data is introduced by selectively program-
ming “‘0's’ into the desired bit locations. Although only
“0's"" will be programmed, both ‘“1's” and “0’s”’ can be
presented in the data word, The only way to change a 0"’
to a‘‘1" is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OE is at V4. The data to be pro-
grammed is applied 8 bits in parallel to the data output
pins. The levels required for the address and data inputs are
TTL.

When the address and data are stable, a 50 msec, active
high, TTL program pulse is applied to the CE/PGM input.
A program pulse must be applied at each address location
to be programmed. You can program any location at any
time — either individually, sequentially, or at random.
The program pulse has a maximum width of 55 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input.

Programming of multiple 2716s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
leled 2716s may be connected together when they are pro-
grammed with the same data. A high level TTL pulse
applied to the CE/PGM input programs the paralleled
2716s.

PROGRAM INHIBIT

Programming of multiple 2716s in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel 2716s may be
common. A TTL level program pulse applied to a 2716's
CE/PGM input with Vpp at 256V will program that 2716.
A low level CE/PGM input inhibits the other 2716 from
being programmed.

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify
may be performed wth Vpp at 25V. Except during pro-
gramming and program verify, Vpp must be at 5V.



intal

m Fast Access Time: m Output Enable for MCS-85™ and MCS-
— 390ns Max. 27324 86™ Compatibility
— 450 ns Max. 2732
— 550 ns Max. 2732-6

2732
32K (4K x 8) UV ERASABLE PROM

= Low Power Dissipation:

m Industry Standard Pinout — JEDEC — 150mA Max. Active Current
Approved — 35mA Max Standby Current

s Pin Compatible to Intel’s EPROM
Family: 2716, 2732A, 2764 m Single +5V = 5% Power Supply

The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. The total pro-
gramming time for all bits is three and a half minutes. The 2732 family with an access time up to 390 ns enhances
microprocessor system performance. This family, in conjunction with the 250 ns 2732A family, solves the problem of
WAIT states due to slow memories.

An important 2732 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The
OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72
describes the microprocessor system implementation of the OE and CE controls on Intel's 2716 and 2732 EPROMs.
AP-72 is available from Intel’s Literature Department.

The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum
active current is 150mA, while the maximum standby current is only 35mA, a 75% savings. The standby mode is
achieved by applying a TTL-high signal to the CE input.

2732 2732A » MODE SELECTION
PIN CONFIGURATION PIN CONFIGURATION
PINS CE | OE/Vpp Vee OUTPUTS
e O A T ado MODE (18| (20 (24) | (911,13-17)
Asd 2 23[As Asl] 2 Read v; v 35 D
As(] 3 22[04A A 3 il i It 9UT
Ay 4 2P A4 A s Standby Vi4 {Don’t Care +5 High Z
A3 s 20 [JOE/Vpp As( Program Vi Vpp +5 Din
A0 e 19 [JArw0 A P Verify | V| Vi +5 D
ad Y = rogram Verify | Vi I ouT
Al 8 who, A0(] Program Inhibit| Vg Vpp +5 High Z2
= K} 16[10s [Na
0.0 10 15 105 o
[¥m B1} 14 104 o,
GND[] 12 13705 GND (T 12 BLOCK DIAGRAM

DATA OUTPUTS

vce o—— 00-07
GND O —_—
oo — L
OE —| AND
PIN NAMES e—s——l CE LOGIC I—:: OUTPUT BUFFERS
= M : Y.GATING
Ao-A11 | ADDRESSES Ag-Ayq | —| DECODER |*.
— -
CE CHIP ENABLE A"‘zgs;é: —
OE OUTPUT ENABLE =] x : 32.768.8IT
0,-0; | OUTPUTS =%| DECODER | { CELL MATRIX
H
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2732

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

ABSOLUTE MAXIMUM RATINGS*

-10°C to +80°C
-65°C to +125°C

Temperature Under Bias
Storage Temperature

All Input or Output Voltages with

Respect to Ground

+6V to -0.3V

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

TA =0°C to 70°C, Vcc = +5V + 5%

READ OPERATION

Limits
Symbol Parameter Min. | Typ.('l| Max. | Unit Conditions
L Input Load Current (except OE/Vpp) 10 uA | VIN =5.25V
L2 OE/Vpp Input Load Current 10 kA | VIN =5.25V
ILo Output Leakage Current 10 uA | Vourt =5.25V
lcc Vcc Current (Standby) 15 35 mA |CE = Vi, OE = ViL
Icc2 Vcc Current (Active) 85 150 mA |OE=CE =V
ViL Input Low Voltage -0.1 0.8 v
ViH Input High Voltage 2.0 Vcet+ Vv
VoL Output Low Voltage 0.45 V |loL=21mA
Vor Output High Voltage 2.4 V | loH = -400uA

Note: 1. Typical values are for Ta = 25°C and nominal supply voitages.

TYPICAL CHARACTERISTICS

lcc CURRENT
VS. TEMPERATURE
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80 ~
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R
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]
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2732

A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vc¢c = +5V £ 5%

2732-4 Limits | 2732 Limits | 2732-6 Limits
Symbol Parameter (ns) (ns) (ns) Test
Min. | Max. | Min. | Max. | Min. | Max. | Conditions
tacc Address to Output Delay 390 450 550 | CE=OE=V,_
tce CE to Output Delay 390 450 550 | OE=V,_
toe Output Enable to Output Delay 120 120 120 | CE=V,_
toﬁ Output Enable High to Output Float 0 100 0 100 0 100 CE= ViL
Output Hold from Addresses, CE or CE=0OE=V
ton OE, Whichever Occurred First 0 0 0 "‘
CAPACITANCE ['l T,=25°C, f=1MHz A.C. TEST CONDITIONS
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and CL = 100pF
CiNt Input Capacitance Input Rise and Fall Times: < 20ns
Except OE/Vpp 4 6 pF |Vin =0V Ir!ptft Pulse Levels: 0.8V to 2.2V
—= Timing Measurement Reference Level:
Cinz2 OE/VPPp Input Inputs 1V and 2V
. Capacntance 20 pF |VIN =0V Outputs 0.8V and 2V
Cout | Output Capacitance 12 pF |[Vourt =0V
A.C. WAVEFORMS (2
g e |
aooesses >< avpresses §<
X IO
- .o —;
tce
oF /
I
toE toF
(31 ™™ (4}
o -
ouTPUT HIGH Z ///// Sk\\\§ HIGH Z
VALID OUTPUT {
A\AN\N\VE" 777
NOTES:

1. THIS PARAMETER 1S ONLY SAMPLED AND 1S NOT 100% TESTED.
2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSEC UNLESS OTHERWISE SPECIFIED.
3. OE MAY BE DELAYED UP TO tac¢ — toe AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc.

4.tpE IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST.
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2732

ERASURE CHARACTERISTICS

The erasure characteristics of the 2732 are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
(R). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000R
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 2732 in
approximately 3 years, while it would take approximately 1
week to cause erasure when exposed to direct sunlight. If
the 2732 is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels are
available from Intel which should be placed over the 2732
window to prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog)
for the 2732 is exposure to shortwave ultraviolet light
which has a wavelength of 2537 Angstroms (,). The inte-
grated dose (i.e., UV intensity X exposure time) for
erasure should be a minimum of 15 W-secicm?. The
erasure time with this dosage is approximately 15 to 20
minutes using an ultraviolet lamp with a 12000 uW/cm?
power rating. The 2732 should be placed within 1 inch of
the lamp tubes during erasure. Some lamps have a fiiter
on their tubes which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2732 are listed in
Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL level to 25V.

TABLE 1. Mode Selection

PINS CE OENpp Vee OUTPUTS
MODE (18) (20) (29 911,1317)
Read Vi Vi +5 Doyt
Standby Vi Don’t Care +5 High Z
Program ViL Vpp +5 Din
Program Verify ViL ViL +5 Dout
Program Inhibit Vin Vpp +5 High Z

Read Mode

The 2732 has two control functions, both of which must
be logically satisfied in order to obtain data at the out-
puts. Chip Enabie (CE) is the power control and should
be used for device selection. Output Enable (OE) is the
output control and should be used to gate data to the
output pins, independent of device selection. Assuming
that addresses are stable, address access time (tacg) is
equal to the delay from CE to output (tcg). Data is
available at the outputs 120ns (tog) after the falling edge
of OFE, assuming that CE has been low and addresses
have been stable for at least tacc — tog.

Standby Mode
The 2732 has a standby mode which reduces the active
power current by 75%, from 150mA to 35mA. The 2732

is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the out-

puts are in a high impedance state, independent of the
OE input.
Output OR-Tieing

Because EPROMs are usually used in larger memory ar-
rays, Intel has provided a 2 line control function that ac-
commodates this use of multiple memory connections.
The two line control function allows for:.

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will
not occur.

To most efficiently use these two control lines, it is
recommended that CE (pin 18) be decoded and used as
the primary device selecting function, while OE (pin 20)
be made a common connection to all devices in the ar-
ray and. connected to the READ line from the system
control bus. This assures that all deselected memory
devices are in their low power standby mode and that
the output pins are only active when data is desired
from a particular memory device.

PROGRAMMING (See Programming Instruction Section
for Waveforms.) )

Initially, and after each erasure, all bits of the 2732 are in
the “1” state. Data is introduced by selectively program-
ming “0’s” into the desired bit locations. Although only
“0's” will be programmed, both "1's” and "0's” can be
presented in the data word. The only way to change a “0”
to a “1” is by ultraviolet light erasure.

The 2732 is in the programming mode when the OE/Vpp
input is at 25V. It is required that a 0.1uF capacitor be
placed across OE/Vpp and ground to suppress spurious
voltage transients which may damage the device. The data
to be programmed is applied 8 bits in parallel to the data
output pins. The levels required for the address and data
inputs are TTL.

When the address and data are stable, a 50msec, active
low, TTL program pulse is applied to the CE input. A
program pulse must be applied at each address location to
be programmed. You can program any location at any
time — either individually, sequentially, or atrandom. The
program pulse has a maximum width of 55msec. The 2732
must not be programmed with a DC signal applied to the
CE input.

Programming of multiple 2732s in parallel with the same
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the
paralleled 2732s may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled 2732s.

Program Inhibit

Programming of multiple 2732s in parailel with different
data is also easily accomplished. Except for CE, all like
inputs (including OE) of the parallel 2732s may be
common. A TTL level program pulse applied to a 2732's
CE input with OE/Vpp at 25V will program that 2732. A
high level CE input inhibits the other 2732s from being
programmed.

Program Verify

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The
verify is accomplished with OE/Vpp and CE at V.. Data
should be verified tpv after the falling edge of CE.
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intel

2732A
32K (4K x 8) UV ERASABLE PROM

@ 200ns (2732A-2) Maximum Access H Pin Compatible to 2764 EPROM
Time . .. HMOS*-E Technology

B Compatible to High Speed 8mHz . rdustrdetandard Pinout . .. JEDEC
8086-2 MPU . . .Zero WAIT State pprove

® Two Line Control B Low Standby Current . . . 35mA Max.

The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). It
is pin compatible to Intel's 450ns 2732. The standard 2732A’s access time is 250ns with speed selection (2732A-2)
available at 200ns. The access time is compatible to high performance microprocessors, such as the 8mHz 8086-2. In
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.

An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-72 describes the

microprocessor system implementation of the OE and CE controls on Intel’s EPROMs. AP-72 is available from Intel’s
Literature Department.

The 2732A has a standby mode which reduces the power dissipation without increasing access time. The maximum
active current is 150mA, while the maximum standby current is only 35mA, a 75% saving. The standby mode is achieved
by applying a TTL-high signal to the CE input.

The 2732A is fabricated with HMOS*-E technology, Intel’s high speed N-channel MOS Silicon Gate Technology.

MODE SELECTION

2764
PIN CONFIGURATION

2732A —
PINS | CE | OE/Vpp | Vgc | OUTPUTS
PIN CONFIGURATION  vee]: 28 vee MODE as | (20 s | ®111317
a2 Bl ]
A7[]s 2 :I N.Cl Read ViL ViL +5 Dout
[ m I} F mE Standby Vi |Don't Care +5 High Z
As[]s 24[] A9
As[]s 23[J A Program Vi Vpp +5 Din
A3l )7 22[]0€ Program Verify [ V| ViL +5 Dour
. 2 %“0 Program Inhibit| Vy Vpp +5 High Z
MmO 20[]CE
Ao (o7
0o :] Og
o o
| H o BLOCK DIAGRAM
02 :] [
GND ol

DATA OUTPUTS

["IFor total compatibility from vcco— 00-07
2732A provide a trace to pin 26 GND O——— _
vere— L
— i
OE —=| OE anD
PIN NAMES t—| CELoaic OUTPUT BUFFERS
— Y R v
— -GATING
Ag-A1 | ADDRESSES Ag-A1y | —| DECODER |-*
CE CHIP ENABLE “’I‘;gfﬁg —
OF OUTPUT ENABLE - X : 32,768-81T
0,-0; OUTPUTS —=| DECODER | 2 CELL MATRIX
.
L

*HMOS js a patented process of Intel Corporation.
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2732A

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming
Instructions Section.

Absolute Maximum Ratings*
Temperature UnderBias............ -10°Cto +80°C
Storage Temperature ............. -65°Cto +125°C
All Input or Output Voltages with

Respect to Ground
Vpp Supply Voltage with Respect to Ground
During Programming

+6Vto —-0.3V

+22Vto -0.3V

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

DC and AC Operating Conditions During Read

2732A 2732A-2 2732A-3
Operating Temperature Range 0°C — 70°C 0°C — 70°C 0°C —70°C
Ve Power Supply 5V+5% 5V +5% 5V+5%
READ OPERATION
D.C. and Operating Characteristics
Symbol Parameter Min. :.'yr::':,s, Max. unit Conditions
e Input Load Current 10 pA | Vy=5.25V
o Output Leakage Current 10 uA | Voyr=5.25V
lect Ve Current (Standby) 35 mA | CE=V,y, OE=V,_
leca Vgc Current (Active) 150 mA | OE=CE=V,_
ViL Input Low Voltage -0.1 0.8 \"
Viy Input High Voltage 2.0 Voo +1 Vv
VoL Output Low Voltage 0.45 V |lo=2.1mA
Vou Output High Voltage 24 V | loy= —400LA

NOTES: 1. Typical values are for T =25°C and nominal supply voltages.
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2732A

PRELIMINARY

A.C. Characteristics

Symbol Parameter 2732A Limits 2732A-2 Limits 2732A-3 Limits Unit Test
Min Typl!l Max| Min Typl!l Max| Min Typl!l Max Conditions
tacc | Address to Output Delay 250 200 300 ( ns (CE=0E=V,_
tee CE to Output Delay 250 200 300 | ns | OE=V,
toe Output Enable to Output 10 100| 10 70 | 10 150 | ns | CE=V,_
Delay
tpr Output Enable High to Output | 0 9| 0 60| O 130 | ns | CE=V,
Float
ton Output Hold from Addresses, | 0 0 0 ns [ CE=0E=V_
CE or OE Whichever Occurred
First
CAPACITANCE [l Tp=25°C, f=1MHz A.C. TEST CONDITIONS
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and CL = 100pF
: Input Rise and Fall Times: < 20ns
CiNt Input Capacitance '
Except OE/Vpp 4 6 pF |Vin =0V In_pgt Pulse Levels: 0.8V to 2.2V
— Timing Measurement Reference Level:
Cin2 | OE/Vpp Input Inputs 1V and 2V
Capacitance 20 pF |ViIN =0V Outputs 0.8V and 2V
Cout Output Capacitance 12 pF [VouTt =0V
A. C. Waveforms
4 ADDRESSES o 3
ADDRESSES ALY
ce /
CE /—__
® 00 00 J
e —
OE /———
toel®l —» tpell
- —  taccl — ] tOH — —
pm @ 2 0 0o 0o 00 0 0 o ——S
HIGH Z /;;;;;; HIGH 2
OUTPUT VALID OUTPUT }-—

ARANNANY

NOTE: 1. Typical values are for Ty =25°C and nominal supply voltages.
2. This parameter is only sampled and is not 100% tested.
3. OE may be delayed up to tagc — tog after the falling edge of CE without impact on tagc.
4. tpg is specified from OF or CE, whichever occurs first.
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2732A

PROGRAMMING!"!
D.C. PROGRAMMING CHARACTERISTICS: T, =25%5°C, Vog =5V 5%, Vpp =21V £ 0.5V

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Iy Input Current (All Inputs) 10 A Vin=ViLorViy
VoL Output Low Voltage During Verify 0.45 v lor=2.1 mA
Vou Output High Voltage During Verify 24 v lon= —400 uA
lec Ve Supply Current 85 150 mA
ViL Input Low Level (All Inputs) -0.1 0.8 v
ViH Input High Level (All Inputs Except OE/Vpp) 2.0 Veo+1 v
Ipp Vpp Supply Current 30 mA | CE=V,,0E=Vpp

A.C. PROGRAMMING CHARACTERISTICS: Th=25+5°C, Vog =5V 5%, Vpp=21V £ 0.5V

Limits

Symbol Parameter Min. | Typ. Max. Unit Test Conditions *
tas “Address Setup Time 2 us

toes OE Setup Time 2 us

tps Data Setup Time 2 us

taAH Address Hold Time 0 us

tosy | OE Hold Time 2 ] us

ton Data Hold Time 2 us

tor Chip Enable to Output Float Delay 0 130 ns

tov Data Valid from CE 1 us | CE=V,,0E=V
tpw CE Pulse Width During Programming 45 50 55 ms

tpRT OE Pulse Rise Time During Programming 50 ns

tvr Vpp Recovery Time 2 us

NOTE: 1. When programming the 2723A, a 0.1uF capacitor is required across B—EIVPP and ground to suppress spurious voltage transients which may
damage the device.

*A.C. CONDITIONS OF TEST

Input Rise and Fall Times (10% t0 90%) ......... 20ns
Input Pulselevels ...................... 0.8Vto 2.2V
Input Timing Reference Level .............. 1V and 2V
Output Timing Reference Level ........... 0.8Vand2v
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2732A

ERASURE CHARACTERISTICS

The erasure characteristics of the 2732A are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms A).
It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 2732A in
approximately 3 years, while it would take approximately
1 week to cause erasure when exposed to direct sun-
light. If the 2732A is to be exposed to these types of light-
ing conditions for extended periods of time, opaque
labels are available from Intel which should be placed
over the 2732A window to prevent unintentional erasure.

The recommended erasure procedure for the 2732A is
exposure to shortwave ultraviolet light which has a
wavelength of 2537 Angstroms (A). The integrated dose
(i.e., UV intensity X exposure time) for erasure should be
a minimum of 15 W-sec/cm2. The erasure time with this
dosage is approximately 15 to 20 minutes using an
ultraviolet lamp with 12000uWi/cm?2 power rating. The
2732A should be placed within 1 inch of the lamp tubes
during erasure. Some lamps have a filtér on their tubes
which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2732A are listed in
Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for OE/Vpp during
programming. In the program mode the OE/Vpp input is
pulsed from a TTL level to 21V.

TABLE 1. Mode Selection

PINS CE OE/Vpp Vee OUTPUTS
MODE (18) (20) (29) (9-11,13-17)
Read ViL ViL +5 Dour
Standby Vi Don’t Care +5 High Z
Program ViL Vpp +5 Din
Program Verify Vi ViL +5 Dour
Program Inhibit Vi Vep +5 High Z

Read Mode

The 2732A has two control functions, both of which must
be logically satisfied in order to obtain data at the out-
puts. Chip Enable (CE) is the power control and should
be used for device selection. Output Enable (OE) is the
output control and should be used to gate data to the
output pins, independent of device selection. Assuming
that addresses are stable, address access time (tpcc) is
equal to the delay from CE to output (tcg). Data is
available at the_outputs after the falling edge of OE,
assuming that CE has been low and addresses have
been stable for at least tacc — tog-

Standby Mode

The 2732A has a standby mode which reduces the active
power current by 75%, from 150mA to 35mA. The 2732A
is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the out-
puts are in a high impedance state, independent of the
OE input.

Output OR-Tieing

Becausé EPROMs are usually used in larger memory
arrays, Intel has provided a 2 line control function that
accomodates this use of multiple memory connection.
The two line control function allows for:

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention wiil
not occur.

To most efficiently use these two control lines, it is
recommended that CE (pin 18) be decoded and used as
the primary device selecting function, while OE (pin 20)
be made a common connection to all devices in the array
and connected to the READ line from the system control
bus. This assures that all deselected memory devices
are in their low power standby mode and that the output
pins are only active when data is desired from a
particular memory device.

PROGRAMMING (See Programming Instruction Section

for Waveforms.)

Programming is the same as Intel’s 450ns 2732 except
for the programming voltage. In the program mode the
2732A OE/Vpp input is pulsed from a TTL low level to 21V
(25V for the 2732). Exceeding 21.5V will damage the
2732A.

Initially, and after each erasure, all bits of the 2732A are
in the “1” state. Data is introduced by selectively pro-
gramming “0's” into the desired bit locations. Although
only “0’s” will be programmed, both “1’s” and “0’s” can
be present in the data word. The only way to change a
“0” to a “1” is by ultraviolet light erasure.

The 2732A is in the programming mode when the—O_E/Vpp
input is at 21V. It is required that a 0.1uF capacitor be
placed across OE/Vpp and ground to suppress spurious
voltage transients which may damage the device. The
data to be programmed is applied 8 bits in parallel to the
data output pins. The levels required for the address and
data inputs are TTL.

When the address and data are stable, a 50msec, active
low, TTL program pulse is applied to the CE input. A pro-
gram pulse must be applied at each address location to
be programmed. You can program any location at any
time — either individually, sequentially, or at random.
The program pulse has a maximum width of 56msec. The
2732A must not be programmed with a DC signal applied
to the CE input.

Programming of mulitple 2732As in parallel with the

same data can be easily accomplished due to the simpli-
city of the programming requirements. Like inputs of the
paralleled 2732As may be connected together when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled 2732As.
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2732A.

Program Inhibit

Programming of mulitple 2732As in parallel with differ-
ent data is also easily accomplished. Except for CE, all
like inputs (including OE) of the parallel 2732As may be
common. A TTL level program pulse applied to a 2732A’s
CE input with OE/Vpp at 21V will program that 2732A. A
high level CE input inhibits the other 2732As from being
programmed.

Program Verify

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The
verify is accomplished with OE/Vpp and CE at V. Data
should be verified tpy after the falling edge of é
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Intel PRELIMINARY

2764
(8K x 8) UV ERASABLE PROM

® 200 ns (2764-2) Maximum Access m Pin Compatible to 2732A EPROM
Time ... HMOS*-E Technology
® Industry Standard Pinout... JEDEC
= Compatible to High Speed 8mHz Approved
8086-2 MPU . .. Zero WAIT State
m Low Active Current...100mA Max.
® Two Line Control

The Intel® 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The
standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to high
performance microprocessors, such as Intel’s 8mHz 8086-2. In these systems, the 2764 allows the microprocessor to operate
without the addition of WAIT .states.

An important 2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 describes the
microprocessor system implementation of the OE.and CE controls on Intel's EPROMs. AP-72 is available from Intel's
Literature Department.

The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current is 150mA
while the standby current is only 50mA. The standby mode is achieved by applying a TTL-high signal to the CE input.

The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology.

2764
BLOCK DIAGRAM 2732A PIN CONFIGURATION
Vee o DATA OUTPUTS PIN CONFIGURATION e[t~ avec
cc 00-07 -
GND o——— A2 27 ] PGM
vpp O— } I I I I II ar[]s 26 I NCl
| as[]4 25[Jas
—| OUTPUT ENABLE |
%6—3__. CHiP ENABLE as :SE : 2 g "o
OUTPUT BUFFE 4 23[JAn
CE PROG LOGIC et »[oE
— Y A2[]s 21 a0
j—y Y-GATING
AcA, | —| DECODER  f—ol Ao 20[]CE
ADDRESS = a0 [0 19[Jor
INPUTS | —f X s5536.517 oo [} 11 18] Jos
—=| DECODER CELL MATRIX o112 17[Jos
] 0213 16[J0a
GND[ {14 15[J o3
M For total compatibility and
upgradability from the 2732A and
MODE SELECTION ROMs provide a trace to pin 26.
PINS [ CE| OE | PGM | V. Vee Outputs
MODE (20) | (22) (27) (1) (28) (11-13, 15-19)
Read Ve | Ve Vin Voo Voo Dour PIN NAMES
Standby Vi X X Vec Vee High Z AcA, | ADDRESSES
Program Vi X Vi Vee Vec D CE CHIP ENABLE
Program Verify Vi | W Vin Ver Vee Dour OE OUTPUT ENABLE
Program Inhibit Vin X x Vee Vee High Z 0,-0, | OUTPUTS
x can be either Vi, or Vi, PGM | PROGRAM
N.C. NO CONNECT

*HMOS is a patented process of Intel Corporation.
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2764

PRELIMINARY

PROGRAMMING

The programming specifications are described in the Data Catalog PROM/ROM Programming

Instructions Section.
ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ................. —10°C to +80°C
Storage Temperature ................... —65°C to +125°C
All Input or Output Voltages with

Respectto Ground ................. ... +6V to —0.6V
Ver» Supply Voitage with Respect to Ground

During Programming ................... +22V to —0.6V

*COMMENT

Stresses above those listed under “Absolute Maximum Ratings™ may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.

D.C. and A.C. Operating Conditions During Read

2764 2764-2 2764-3 2764-4
Operating Temperature Range 0°C-70°C 0°C-70°C 0°C-70°C 0°C-70°C
Vcc Power Supply*?2 5V+ 5% 5V + 5% 5V = 5% 5V 5%
Vee Voltage? Vep = Ve Vee = Vec Vee = Vee Ver = Vee
READ OPERATION
D.C. AND OPERATING CHARACTERISTICS
Limits
Symbol Parameter Min Typ® | Max Unit Conditions
I Input Load Current 10 nA Vv = 5.25V
lo Output Leakage Current 10 nA Vour = 5.25V
lops? Vep Current Read 15 mA Vep= 5.25V
leei? Vec Current Standby 50 mA CE = Vi
(N Vee Current Active 70 | 150 mA | CE=O0E=V,
Vi Input Low Voltage -1 +.8 \"
Viu Input High Voltage 2.0 Vee+1 v
Voo Output Low Voltage 45 v lo. = 2.1 MA
Vou Output High Voltage 2.4 v low = —400 uA
NOTES: 1. V . must be applied simultaneously or before V,, and removed simultaneously or after Ve,
2. V,, may be connected directly to V. except during programming. The supply current would then be the sum of Icc and Ipp,.
3. Typical values are for T, = 25°C and nominal supply voltages.
2-18 AFN-01674A



2764 PRELIMINARY

A.C. CHARACTERISTICS

2764-2 Limits | 2764 Limits | 2764-3 Limits | 2764-4 Limits Test
Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit Conditions
tacc Address to Output Delay 200 250 300 450 ns CE=0E=V,
tce CE-to Output Delay 200 250 300 450 | ns | OE=V,
toe Output Enable to Output 10 70 10 100 10 150 10 150 ns CE=V_
Delay .
tor Output Enable High to 0 60 0 90 0 130 0 130 ns CE=V,_
Output Float
toun Output Hold from Addresses, 0 0 0 0 ns CE=0E=V,_
CE or OE Whichever Occurred
First
CAPACITANCE "] T,=25°C, f=1MHz : A.C. TEST CONDITIONS
Symbol Parameter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and CL = 100pF
Cin Input Capacitance 4 6 pF V=0V Input Rise and Fall Times: < 20ns
" Input Pulse Levels: 0.8V to 2.2V
Cour Output Capacitance 8 12 | pF Vour=0V Timing Measurement Reference Level:

Inputs 1V and 2V
Outputs 0.8V and 2V

A.C. WAVEFORMS
ADDRESSES ADS:E?SES
N ..
CE \
o .

tce

OE
to (3o —-lDFM]
'Accl31 toH re—
HIGH Z g N HIGH Z
ouTPUT VALID OUTPUT
..
N\ 7

NOTES: 1. Typical values are for T, = 25°C and nominal supply voitages.
2. This parameter is only sampled and is not 100% tested. _
3. OE may be delayed up to tacc — tce after the falling edge of CE without impact on tacc.
4. t is specified from OE or CE, whichever occurs first.
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"ERASURE CHARACTERISTICS

The erasure characteristics of the 2764 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should be
noted that sunlight and certain types of fluorescent lamps
have wavelengths in the 3000-4000 A range. Data show that
constant exposure to room level fluorescent lighting could
erase the typical 2764 in approximately 3years, while it would
take approximately 1 week to cause erasure when exposed to
direct sunlight. If the 2764 is to be exposed to these types of
lighting conditions for extended periods of time, opaque
labels are available from Intel which should be placed over
the 2764 window to prevent unintentional erasure.

The recommended erasure procedure for the 2764 is expo-
sure to shortwave ultraviolet light which has a wavelength of
2537 Angstroms (A). The integrated dose (i.e., UV intensity X
exposure time) for erasure should be a minimum of 15
W-sec/cm?2. The erasure time with this dosage is approxi-
mately 15 to 20 minutes using an ultraviolet lamp with 12000
uW/cm? power rating. The 2764 shouid be placed within 1

inch of the lamp tubes during erasure. Some lamps have a
filter on theirtubes which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2764 are listed in Table 1. A
single 5V power supply is required in the read mode. All
inputs are TTL levels except for Vpp.

TABLE 1. MODE SELECTION

PINS |CE| OE|[PGM| V., | V.c| Outputs
MODE (20)| (22)] (27) | (1) | (28)|(11-13, 15-19)
Read Vie | Vic| Vin | Vec| Vec | Dour
Standby Vie | X | X | Veo| Veo| HighZz
Program Viil X | Vie | Vee| Vec| Di
Program Verify [ Vi { Vic | Viu | Vee | Vec | Dour
Program Inhibit] Vi4 X X | Vep | Vec| High Z

x can be either V,_or Vi

READ MODE

The 2764 has two control functions, both of which must be
logically satisfied in order to obtain data at the outputs. Chip
Enable (CE) is the power control and should be used for
device selection. Output Enable (OE) is the output control
and should be used to gate data to the output pins, indepen-

dent of device selection. Assuming that addresses are stable,

address access time (tacc) is equal to the delay from CE to
output (tee). Data is available at the outputs after the falling
edge of OE, assuming that CE has been low and addresses
have been stable for at least tycc—toe.

Standby Mode

The 2764 has a standby mode which reduces the active
power current from 150mA to 50mA. The 2764 is placed in
the standby mode by applying a TTL high signal to the CE
input. When in standby mode, the outputs are.in a high
impedance state, independent of the OF input.

Output OR-Tieing

Because EPROMs are usually used in larger memory arrays,
Intel has provided a 2 line control function that accommo-
dates this use of multiple memory connection. The two line
control function allows for:

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will not
occur.

To most efficiently use these two control lines, it is recom-
mended that CE (pin 20) be decoded and used as the primary
device selecting function, while OE (pin 22) be made a com-
mon connection to all devices in the array and connected to
the READ line from the system control bus. This assures that
all deselected memory devices are in their low power standby
mode and that the output pins are only active when data is
desired from a particular memory device.

PROGRAMMING (See Programming Instruction Section
for Waveforms.) .
Programming is the same as Intel’s 2732A except that OE/Vyp
is not multiplexed. They have separate pins. Like the 2732A,
exceeding 21.5V will damage the 2764.

Initially, and after each erasure, all bits of the 2764 are in the
1" state. Data is introduced by selectively programming
“0s’ into the desired bit locations. Although only “‘0s” will be
programmed, both ““1s” and “0s” can be present in the data
word. The only way to change a “0’’ to a ‘1"’ is by ultraviolet
light erasure.

The 2764 isin the programming mode when Vpe inputisat21V
and CE and PGM are both at TTL low. The data to be pro-
grammed is applied 8 bits in parallel to the data output pins.
The levels required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vep is kept at 21V. When the address and data are stable,
a 50 msec, active low, TTL program pulse is applied to PGM
input. A program pulse must be applied at each address
location to be programmed. You can program any location at
any time—either individually, sequentially, or at random. The
program pulse has a maximum width of 55 msec.

Programming of multiple 2764s in parallel with the same data
can be easily accomplished due to the simplicity of the pro-
gramming requirements. Like inputs of the paralleled 2764s
may be connected together when they are programmed with
the same data. Alow level TTL pulse applied to the PGM input
programs the paralleled 2764s.

2-20
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2764 PRELIMINARY

Program Inhibit Program Verify
Programming of multiple 2764s in parallel with different data A verify should be performed on the programmed bits to
is also easily accomplished. A high level CE or PGM input determine that they were correctly programmed. The verify is

inhibits the other 2764s from being programmed. Except for accomplished with CE and OE at V.. However, PGM is at V...
CE (or PGM), all like inputs (including OE) of the parallel

2764s may be common. A TTL low level pulse applied to a

2764 CE and PGM input with Ve, at 21V will program that

2764.
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2808/2809
8K (1K x 8) ELECTRICALLY ERASABLE PROM

= HMOS-E *FLOTOX Cell Design = Conforms to JEDEC Byte-Wide Family
Standard ‘ ‘
= Reliable Floating Gate Technolo
g oy = Microprocesscr Compatible
= Very Fast Access Time Architecture

—350 ns Max.—2808 = Low Power Dissipation
= Single Byte Erase/Write Capability —525 mW Max. Active Power
—184 mW Max. Standby Power

= Erase/Write Specifications
= Chip Erase Time of 10 ms Guaranteed 0-70°C

a 10 ms Byte Erase/Write Time

The Intel® 2808 is a 8,192 bit electrically erasable programmable read-only memory (EZPROM). The 2808 can be
easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device operates from a 5-volt
power supply in the read mode; writing and erasing are accomplished by providing a single 21-volt pulse.

The 2808, with its very fast read access speed, is compatible with high performance microprocessors such as the 8086.
Using the fast access speed allows zero wait operation in large system configurations.

The electrical erase/write capability of the 2808 makes it ideal for a wide variety of applications requiring in-system,
non-volatile erase and write. Never before has in-system alterability been possible with this combination of density,
performance and flexibility. Any byte can be erased or written in 10 ms without affecting the data in any other byte.
Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite all 1K bytes to be cut by 50%. The
2808 provides a significant increase in flexibility allowing new applications (dynamic reconfiguration, continuous calibra-
tion) never before possible.

The 2808 E2PROM possesses Intel’s 2-line control architecture to eliminate bus contention in a system environment. A
power down mode is also featured; in the standby mode power consumption is reduced by over 75% without increasing
access time. The standby mode is achieved by applying a TTL-high signal to the CE input.

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and OE. For byte
write a selected chip (CE = TTL low) senses the 21V Vpp pulse and automatically goes into write mode. Byte erase mode is
identical to byte write except that data-in must be all logic ones (TTL-high). Never before has an in-system alteration of
non-volatile information been implemented with such simple control.

*HMOS-E is a patented process of Intel Corporation.

DATA INPUTSIOUTPUTS Azt 24 Vee
Vec O—» 16/0g-1,/0, As (]2 23[JAs
G‘:“’ o— 7 — as[]3 22[ A PIN NAMES
PP O—
* ’ ‘ ’ ’ * ‘ 0 A4 21 vep As ADDRESS SEGMENT
__loutpuT ENABLE A oF
gg CHIP ENABLE INPUT/ =N »p A Ao-A; | ADDRESSES
—anoewLoaic[—]  OUTPUT A6 oenp 19 [ As 2808 —
A7 EPROM 15[ cE CE CHIP ENABLE
— y T ] veanne A8 17 Jwior As = Vi oF OUTPUT ENABLE
Aoty ] DecooeR 1600 (9 16 | 316/06 0007 | DATA OUTPUTS
ADDRES! — — 14104 (] 10 15 [ 15/0,
INPUTS | X s | sezeir l‘:o‘{: i whn Jos 2809 oy DATA INPUTS
——] DECODER + | CELL MATRIX 202 4 A —_ V
= : aNp [ 12 13[71w0; S = VIH Vep PROGRAM VOLTAGE
Figure 1. 2808/2809 Functional Figure 2. Pin Configuration
Block Diagram
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2816
16K (2K x 8) ELECTRICALLY ERASABLE PROM

2 HMOS*-E FLOTOX Cell Design s Conforms to JEDEC Byte-Wide Family

Standard
m Reliable Floating Gate Technology

® Microprocessor Compatible

m Very Fast Access Time Architecture
— 250 ns Max. — 2816
— 350 ns Max. — 2816-3 ® Low Power Dissipation
—495 mW Max. Active Power
= Single Byte Erase/Write Capability —132 mW Max. Standby Power
= 10 ms Byte Erase/Write Time m Erase/Write Specifications
Guaranteed 0-70°C

® Chip Erase Time of 10 ms

The Intel® 2816 is a 16,384 bit electrically erasable programmable read-only memory (E2PROM). The 2816 can
be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device

operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a
single 21-volt pulse.

The 2816, with its very fast read access speed, is compatible with high performance microprocessors such as
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations.

The electrical erase/write capability of the 2816 makes it ideal for a wide variety of applications requiringin-
system, non-volatile erase and write. Never before has in-system alterability been possible with this combi-
nation of density, performance and flexibility. Any byte can be erased or written in 10 ms without affecting the
datain any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite
all 2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications
(dynamic reconfiguration, continuous calibration) never before possible.

The 2816 E2PROM possesses Intel’s 2-line control architecture to eliminate bus contention in a system
environment. A power down mode is also featured; in the standby mode power consumption is reduced by
over 73% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the
CE input.

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CEand
OE. For byte write a selected chip (CE = TTL low) senses the 21V Vpp pulse and automatically goes into write
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never
before has an in-system alteration of non-volatile information been implemented with such simple control.

*HMOS-E is a patented process of Intel Corporation.

PR AN
DATA INPUTSIOUTPUTS ArQg 24 [ Vec
Vec O— 19/0,-1,/0, As ]2 23[JAs
GND O—» ————— PIN NANES
v Aas(]3 22 ]Ag
” * 0 * e * ‘ * * As[]a 21 [ Vep Ag-Ato | ADDRESSES
—JoutpuT ENABLE As]s 20 []0E CE CHIP ENABLE
GE CHIP ENABLE INPUT/
& —] anpewtocic[—]  OuTPUT Az(je o816 19[1Aw oF OUTPUT ENABLE
8 a[]r EPROM 5 CE
0007 | DATA OUTPUTS
— Y — A8 17 [1i0y
- ] oecooer : V-GATING 1000 (] 8 16 [ 7100s oty DATA INPUTS
-A10 ]
ADDRESS § — x — - 14104( ] 10 1511505 Ve PROGRAM VOLTAGE
INPUTS | = . 16,3841 ]
—] DECODER ¢ | cell matRix 12102 (] 11 14 [ 71404
— - GND[]12 1311503
Figure 1. 2816 Functional Block Diagram Figure 2. Pin Diagrams
2-23

AFN-01635A



2816

PRELIMINARY

ABSOLUTE k‘NIAXIMUM ’F‘RkATINGS*

Temperature Under Bias ......... —-10°C.to +80°C
Storage Temperature ........... —-65°C to +125°C
All Input or Output Voltages with

Respect to Ground .............. +6V to —0.3V

VppSupply Voltage with Respect
to Ground During Program ....+22.5V to —0.3V

*NOTICE: Stresses above those listed under ' Absolute Maximum
Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational
sections of this specification is notimplied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE

2816 26163
Temperature Range 0°C-70°C 0°C-70°C
V¢ Power Supply10] 5V + 5% 5V + 5%
D.C. CHARACTERISTICS
Read Operation
Limits .
Symbol Parameter Min. 1l Max. Units Conditions
I Input Leakage Current 10 uA Vin. = 5.25V
ILo Output Leakage Current 10 MA Vout = 5.25V
lccz Vcc Current (Active) 90 mA OE=CE=V,
lccq Vce Current (Standby) 15 25 mA CE =Vjy
Ipp(R) Vpp Current (Read) 5 mA CE=V,,Vpp=41t06
ViL Input Low Voltage -0.1 .8 \
Vin Input High Voltage 2.0 Voo +1 v
Voo Output Low Voltage 45 v loL = 2.1 mA
Vou Output High Voltage 24 " loy = —400uA
Vpep Read Voltage 4 6 v
Write Operation
Limits
Symbol Parameter Units Conditions
Min. Typ. Max.
Vep Write/Erase Voltage 20 21 22 \
I ep(w) Vpp Current (Write/Erase) 15 mA CE=V,
Voe OE Voltage (Chip Erase) 9 15 v I5E = 10uA
Ipp() Vpp Current Inhibit 5 mA Vpp = 21, CE = VIH

For footnotes see page 12.
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2816 PRELIMINARY
A.C. CHARACTERISTICS
Write Mode
Symbol Parameter Limits Units Test Conditions
Min. Typ. Max.
Tas Add to Vpp Set-Up Time 150 ns
Tcs CE to Vpp Set-Up Time 150 ns
Tos Data to Vpp Set-Up Time 0 ns
Tou Data Hold Time 50 ns V=6V
Twp'® Write Pulse Width 9 10 15 ms
Twr Write Recovery Time 50 ns V=6V
Tos Chip Clear Set-Up Time 0 ns V=8V
Tou Chip Clear Hold Time 0 ns V=8V
Terc Vep RC Time Constant 450 600 750 us
Tper'® Vpp Fall Time 100 us V=6V
Read Mode
2816 Limits 2816-3 Limits Test
Symbol Parameter Min. | Typ."'| Max. | Min. | Typ."! | Max Unit | onditions
tacc Address to Output Delay 250 350 ns | CE=0E=V,
tce CE to Output Delay 250 350 ns OE=V,_
toe Output Enable to Output Delay 10 100 10 120 ns CE=vV,_
tor Output Enable High to Output 0 80 0 100 ns CE=v,_
Float
- ton Output Hold from Addresses, 0 0 ns
CE or OE Whichever Occurred
First
CAPACITANCE!") 1,=25°C, =1 MHz A.C. TEST CONDITIONS

Symbol Parameter Typ.| Max. | Unit | Conditions
Cin Input Capacitance 4 6 pF ViN=0V
Cout Output Capacitance 10 pF Vout=0V

For footnotes see page 12.
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Output Load: 1 TTL gate and C =100 pF
Input Pulse Levels: .8V to 2.2V
Timing Measurement Reference Level:
Input 1V and 2V
Output .8V and 2V
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WAVEFORMS!?

READ MODE

4
ADDRESSES y ADDRESSES VALID

1) - ol r
VALID \

— tagcc ——

AN

i

BYTE ERASE %/ or wRITE

Y
ADDRESSES X(
N A
15
<«— tcs —»{tPRC tWR-» |-
——
CE
tas twp—— twr
—| tPFT |—
Vep
tos—»| |w— | |=—1toH
} b
DATA IN { VALID >_______—
. A
OE=Viy

For footnotes see page 12.
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CHIP ERASE!! sl
tPRC
CE /
¥
— fcs twp————>| ~>‘ e—twr
tPFT [
Vep
OE
ViH
tos [e— = ton
DEVICE OPERATION Read Mode

The 2816 has six modes of operation, listed in
Table 1. All operational modes are designed to pro-
vide maximum microprocessor compatibility and
system consistency. The device pinout is a part of
Intel's JEDEC approved byte wide Non-Volatile
Memory family, allowing appropriate. and cost-
effective density and functionality upgrades.

All control inputs are TTL compatible with the ex-
ception of chip erase. The Vpp voltage must be
pulsedto 21 volts during write and erase, and held to
4 to 6 volts during the other two modes.

Optimal system efficiency depends to a great extent
on a tightly coupled microprocessor/memory inter-
face. The E2PROM device should respond rapidly
with data to allow the highest possible CPU perfor-
mance. The 2816 satisfies this high performance re-
quirement because of access times typically less
than 250 ns. Program execution directly out of elec-
trically erasable memory has never before been pos-
sible; the 2816 opens this new, powerful applica-
tions segment.

The 2816 uses Intel’s proven 2-line control architec-
ture for read operation. Figure 3 shows the timing
disadvantages of a single-line control architecture.

Table 1. Mode Selection Vcc=1+5V 2-line control, shown in Figure 4, has been devel-
oped by Intel to solve this bus contention and the as-
— | == sociated system reliability problems. Both CE and
PIN| CE | OE Vep | INPUTS/ OE must be at logic low levels to obtain information
MODE (18)| (20) | (21) |OUTPUTS from the device. Chip enable (CE) is the power con-
trol pin and should be used for device selection. The
READ — |
E Vic | Vi |+4to+6] Dour output enable (OE) pin serves to gate internal data to
DON'T the output pins. Assuming that the address inputs
STANDBY Vih | cARE | T4t0 +6 | HIGHZ are stable, address access time (tacc) is equal to the
delay from CE to output (tcg). Data is available at the
BYTE ERASE | Vi | Vi +21 Din=Vin outputs after a time delay of tog, assuming that CE
BYTEWRITE | Vi, | Vin +21 Din has been low and addresses have been stable for at
least tacc-toe.
+9to o
CHIP ERASE V||_ +15V +21 DIN=VIH
DON'T| DONT Figure 5 shows a typical system interconnection.
E/W INHIBIT Vi CARE CARE HIGH Z Here the 2816 contains program information that the
. 8086 requires for system function.
For footnotes see page 12.
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tacc
ADDRESSES )( ADDRESS 1 > ADDRESS 2
tDECODE | tCE tDECODE {TURNOFF
CE //
OUTPUTS 1
DESELECTING
DATA BUS AR )( DATA 1 VALID )( )(
tace
CE2 \\
DATA BUS o X DATA 1 VALID oy 2 ( DATA 2 VALID
BUS
CONTENTION
I OUTPUT __1
""" overLar
Figure 3.Single-Line Control and Bus Contention
tacc
ADDRESSES >< ADDRESS 1 X ADDRESS 2
tDECODE | tCE
CE1 /
<~——tRD—
OE(RD) /
<~ tDE-
DATA BUS )( DATA 1 VALID X
ACTIVE
CE2 \
OE(RD) \

NO OVERLAP

Figure 4. Two-Line Control Architecture
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DECODER
(8205)

[(s0s7
8089

8086

L‘ 8283
LATCH

8287
BUFFER

8287
BUFFER

U

Figure 5. iAPX 86/2816 Read Architecture

Write Mode

The 2816 is erased and reprogrammed electrically
rather than optically, as opposed to EPROMs which
require UV light. The device offers dramatic flexibil-
ity because both byte (single location) and chip
erase are possible.

A close examination of the broad application spec-
trum for the E2 device reveals an inherent need for
single location erase capability. Program store ap-
plications can be classified in several ways. Figure 6
lists various storage modes and the required erase
function. In greater than 80% of all cases, a byte
erase feature is necessary. See AP-106 for details.

APPLICATION TYPE ERASE MoDE
* Strict Program Store CHIP
. Program BYTE
* Program Store Extension BYTE
* Program Execution Constants BYTE
¢ Program Dependent Data Store BYTE
* Data Store Applications BYTE

Figure 6. Microprocessor Storage Types

2-29

To write a particular location, that byte must be
erased prior to a data write. Erasing is accomplished
by applying logic 1 (TTL-high) inputs to the data
input pins, lowering CE, and applying a 21-volt pro-
gramming signal to Vpp. The OE pin must be held at
V) during byte erase and write operations. The pro-
gramming pulse width must be a minimum of 9 ms,
and a maximum of 15. The rising edge of Vpp must
con/orm to the RC time constant specified above.
Once the location has been erased, the same opera-
tion is repeated for a data write. Theinput pinsin this
case reflect the byte that is to be stored.

A characteristic of all EZPROMs is that the total
number of erase/write cycles is not unlimited. The
2816 has been designed to meet applications requir-
ing up to 1 x 10* erase/write cycles per byte. The
erase/write cycling characteristic is completely byte
independent. Adjacent bytes are not affected during
erase/write cycling.

Because the device is designed to be written in sys-
tem, all data sheet specifications (including write
and erase operations) hold over the full operating
temperature range (0-70°C). '
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CONTROLLERS

Controller | Description

The Controller | interface provides the lowest cost,
smallest P.C. board space implementation, though it
is unable to offer the maximum CPU throughput
capability since wait states are inserted into the
memory cycle during the 10 ms write time. Figure 7
shows the block diagram for this implementation. A
timer device is provided to time 10 ms, which con-
nects directly to the CPU READY line. When ac-
tivated, the timer engages the Ve, switch, locks the
CPU address, data, and control bus, and writes the
2816. After completion of the write cycle, the CPU is
relinquished to do other tasks. Such a control appli-
cation is appropriate when the processor can be
dedicated to the write, such as in program store.

Coniroiier ii Description

To provide a higher CPU throughput capability, the
interface shown in Figure 8 was designed. In this
case, all latching and timing signals are generated
by discrete devices. The CPU simply sends a write
operation to the interface as it would to a RAM de-
vice. After the CPU has engaged the write sequence,
it is free to perform other tasks not related to 2816
control. At the completion of the write cycle, the
interface interrupts the CPU which then vectors to
an interrupt service routine. Controller |l offers real-
time CPU performance with a high degree of hard-
ware overhead.

Controller 11l Description

The Controller Il implementation was designed to
provide the real-time processing capability of Con-
troller Il, without the large hardware overhead. See
Figure 9. In this design an Intel 8155 I/O port timer
device is used to advantage. The ports provide the
latching of data and address during the write cycle,
while the timer performs accurate pulsing of the Vg
for the required duration. Much of the hardware has
been reduced through the 8155. The interrupt
structure of Controller Il is used as well. Read ac-
cess is very fast despite a multiplexer and a buffer
delay.

Controller 1V Description

Data store applications were in mind for the Con-
troller IV design shown in Figure 10. In this case,
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WRITE READ
CRTLEN, OF, V»r OF, CRTLEN
DATA DATA
TIMER Ve ADDR ADDR
SWITCH
OF
SWITCH
i READ
WR.CE.OE ACCESS
=250 nsec
8 8
JADDRESS — 4
E DATA 1 ! :
1
JCONTROL - }
Figure 7. Controller |
«—PREAD
OF, CRTLEN
DATA
TIMER 9 g ADDR| ADDR
oNTROL}+-  OF
WR, OE, SWITCH READ
RSTES, T ACCESS
OECRTL =250 nsec
! PLUS
'WRT COMP. 8286
INTERR BUFFER
oo e
e
(ADDRESS g
1 T I T
. (pATA : 1Y
(COMTROL ! i
Figure 8. Controller Il
WRITE READ
>
CTRLEN, OF, V»» O, CTRLEN
ATA 2, DATA
ADDR | ADDR
READ
ACCESS
=250nsec
PLUS
8286
INTERR WR BDUEFLFAE'R
FIF RSTE.5H  MUX M =290 nsec
ILL
acc
CADDRESS 3
T 1 T — T
{DATA [
T T
{CoNTROL 3
Figure 9. Controller Il
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WRITE
>
—>

READ

OF, V-, CTRLEN

DATA
OF Vo
SWITCH SWITCH
S E—

O, CTRLEN
DATA
ADDR

ADDR

READ
ACCESS
=250 nsec
PLUS
SYSTEM
[OVERHEAD ~

8155

INTER R
FIF

[amoREss ?

[ DATA

I
CONTROL

Figure 10. Controller IV

read access was not a concern, though write erase
access and hardware overhead were exceptionally
important. This controller takes the 2816 completely
off-line for both read and write operations. The write
cycle is accomplished in the same way as in Con-
troller Ill. Reading, however, is accomplished
through several |/O operations.

Chip Erase Mode

Should one wish to erase the entire 2816 array at
once, the device offers a chip erase function. When
the chip erase function is performed all 2K bytes are
returned to a logic 1 (FF) state.

The 2816’s chip erase function is engaged when the
output enable (OE) pin is raised above 9volts. When
OE is greater than 9 volts and CE and Vpp are in the
normal write mode, the entire array is erased. This
chip erase function takes approximately 10 ms. The
data input pins must be held to a TTL high level
during this time. Figure 11 is a recommended OE
control switch.

Vpp Pulse

The shape of the Vpp pulse is important in ensuring
long term reliability and operating characteristics.
Vpp must rise to 21V through an RC waveform
(exponential). The Tprc specification has been de-
signed to accommodate changes of RC due to tem-
perature variations.

Figure 12a shows a recommended Vpp switch de-
sign, useful where programming will occur over the
specified temperature and operating voltage condi-
tions. Figure 12b is a simpler implementation which
is suitable for room temperature operation.

2-31

The write pulse width, Twp, was designed to provide
optimum reliability characteristics.

T0
OE

N

7407

24"
sv

10K

CHIP
ERASE

V4

28V

Figure 11. OE Chip Erase Control

Figure 12a. Operational Amplifier Vpp Switch
Design

P Vpp +1.2

Vpp DRIVE

0.005.F

Figure 12b. Darlington implementation
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Applications

The 2816 E2PROM is a new and powerful addition to
the non-volatile family. It offers a high degree of
RAM:-like flexibility while retaining the non-volatile
characteristics of ROM.

Because of these device parameters, the device is
ideal for new and future designs as well as a re-
placement for existing ROM devices. Some of these
potential uses are listed below:

1. Calibration constants storage (continuous
calibration).

2. Software alterable control stores (dynamic
reconfiguration).

INSTRUMENT
M

SERIAL
A/D AND <:> @
cpu 110
o/A LINK

2816 CALIBRATION CALIBRATION
CONSTANT STORAGE STANDARD

‘3. Remote communications programming.
4. PC and NC Industrial Applications.

Figure 14. Continuous Self-Calibration

5. CRT terminal configuration and custom graphic
and font sets.

fuse-link PROMs.
7. Point of sale terminals.
8. Remote alterable look-up tables.
9. Printer and communications controilers.
10. Remote data gathering.

Because of these device attributes, applications
never before possible can now be realized in high
performance, consistent microprocessing systems.

Figures 13, 14, 15, and 16 are block diagrams of
some typical applications. These applications are

o 2816 2816
Lok <::> CHARACTER <:> GRAPHICS

GENERATOR STORAGE
KEYBOARD <:::> cpu <::> CRT

2816 SOFT
RAM KEY/CONFIGURATION
STORE

explained as follows:

Figure 15. CRT Terminal

2816 SOFTWARE/
FIRMWARE
MAPPER
FIRMWARE
10 <:> cpPy PATCH
CONTROL
2816
PROGRAM STORE

10-DIGIT UNIT PRODUCT

5 PRICE DESCRIPTION
OUTPUT:
PRODUCT (2 bytes) (15 bytes)
PRINTER, DISPLAY, .. SODE
(5 bytes)
e VG A AN
11
KEYBOARD
i
11
LOOK-UP TABLE
' 11
L1

|22 bytes ———w|
SERIAL 11O
COMMUNICATION
INTERFACE

TO INVENTORY
RECORD

Figure 13. Dynamic. Reconfiguration
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PRELIMINARY

DYNAMIC RECONFIGURATION

The ability of a computer system to alter its operat-
ing software while running is now possible with the
2816. The system can monitor external factors, as
well as change loop constants, subroutines and
other software features in real-time. Figure 13 illus-
trates this optimal performance. In memory systems,
the 2816 can be used to map around hard memory
failures in real-time, allowing self-healing memory
systems. Such a self-correcting mechanism extends
the operating time and reduces service costs to the
end user.

CONTINUOUS SELF-CALIBRATION

A high cost of machine service and downtime is due
to instrument calibration and readjustments. Use of
the 2816 and microprocessor based instruments to
contain calibration constants allows features never
before possible. See Figure 14. The instrument can
now continuously calibrate itself, without expensive
downtime in service interaction. The 2816 allows
this flexibility and reduction of service costs.

CRT TERMINAL

Custom fonts, graphics characters, and individual
configurations can all benefit from the features of
the 2816. A CRT terminal, shown in Figure 15, can
now be enhanced by using the E2asa replacement
for jumpers and dip switches. It can also be used as a
programmable character generator, and in graphics
configuration.

POINT OF SALE TERMINAL

Using the 2816 to contain non-volatile price and
product descriptions, as shown in Figure 16, is an
ideal application in point of sale terminals. With the
ability of the 2816 to be altered in-system comes the
capability to remotely (over telephone lines) config-
ure the look up table from a central data base com-
puter. The non-volatility of the 2816 is used to advan-
tage as the data store remains intact after power is
removed from the system.

Pin Compatibility

The 2816 pinout has been designed for compatibil-
itx with present and future memory products. The
E“PROM is a member of Intel’'s JEDEC standard
Byte-Wide memory family which allows density up-
grades, functional interchange, and extended prod-
uct life. Figure 17 shows this JEDEC 28 pin site
pinout approach.

@ - R - o g @

8 & § & 5 & & &
A

Vep E 1 28 :] Vee

Arz - a[] © pom

A7 A7 A A7E 31 > 2426 :]vcc Vee  Vee  NC
23 25 [ A As A A
2224 [ A Ay ‘6;:‘ Ay
2123 JVpp Ay Vep( . Ay
20 22 j OE OEivep OE  OE
1921 [Jaw A Aw Aw
120[]ge CE T CE
N

Figure 17. JEDEC 28 Pin Site Byte-Wide
Philosophy

Available Literature

To give the system designer an opportunity to more
thoroughly understand the device attributes and
uses, a library of E? information is available. The
following list is a brief synopsis:

AP 101—The 2816 Electrical Description

AP 102—2816 Microprocessor Interface
Considerations

AP 104—Extending E2 Endurance — Software
Techniques

AP 105—Microprocessor Interface—Competi-
tive System Comparisons

AP 106—2816 Byte Erase — Architecture
Implications

AP107—Hardware and Software Download
Techniques with 2816

E2Users Manual
E2Applications Handbook
E2Demo Unit Users Guide

To obtain this literature contact your local Field
Sales office. In addition, your Field Applications En-
gineer can discuss with you the controller interfaces
for different MPU system configurations.
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PRELIMINARY

Standby Mode

The 2816 has a standby mode which reduces active
power dissipation by 67% from 495 mW to 165 mW.
The 2816 is placed in the standby mode by applying
a TTL high signal to the CE input. When in the
standby mode, the outputs are in a high impedance
state, independent of the OE input.

Output OR-TIEING

Because 2816s are usually used in larger memory
arrays, Intel has provided a 2-line control function
that accommodates this use of multiple memory
connections. The 2-line control function allows low
power dissipation (by deselecting unused devices),
and the removal of bus contention from the system
environment.

To most effectively use these two control lines, it is
recommended that CE (pin 18) be decoded from
addresses as the primary device selection function.
OE (pin 20) should be made a common connection
to all devices in system, and connected to the RD
line from the system control bus. This assures that

all deselected memory devices are in their low

power standby mode and that the output pins are
only active when data is desired from a particular
memory device.

NOTES
1. This parameter is only sampled and not 100% tested.

2. All times shown in parentheses are minimum times and are
nsec unless otherwise specified.

OE may be delayed up to 230 ns after talling edge of CE with-

out impact on tacc for 2816-3.

. tpr is specified from OE or CE whichever occurs first.

. Therising edge of Vpp must follow an exponential waveform.
That waveform's time constant is specified as tprc. See In-
tel's AP-102 for details.

. Prior to a data write, an erase operation must be performed.
For erase, data in = V|4. )

. In the chip erase mode D)y = V|4.

. To allow immediate read verify capability, Vpp can be driven
low in less than 50 ns. See AP-101 for more information.

. Adherence to TWP specification is important to device

reliability.

To prevent spurious device erasure or write, Vcc must be

applied simuitaneously or before 21 voit application of Vpp.

Vpp cannot be driven to 21 volts without previously applying

3.

10.

11. The data in set up and hold times for chip erase are identical

to those specified for byte erase.
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3205, 3404

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER
3404 HIGH SPEED 6-BIT LATCH

m 18ns Max. Delay Over 0°C to 75°C ® Low Input Load Current: .25mA Max.,
Temperature: 3205 1/6 Standard TTL input Load

® 12ns Max. Data to Output Delay ® Minimum Line Reflection: Low
Over 0°C to 75°C Voltage Diode Input Clamp

Temperature: 3404

m Outputs Sink 10mA Min.
m Directly Compatible With DTL and Outputs Sin i

TTL Logic Circuits ® 16-Pin Dual In-Line Package
m Totem-Pole Output m Simple Expansion: Enable Inputs
3205

The 3205 decoder can be used for expansion of systems which utilize memory components with active low
chip select input. When the 3205 is enabled, one of its eight outputs goes “/low"’, thus a single row of a memory
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo-
ry expansions.

3404

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are
designed for use as memory data registers, address registers, or other storage elements. The latches act as high
speed inverters when the ““Write’ input is “‘low”’.

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the
temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process.

PIN CONFIGURATION

3205 ' 3404

Age e vee Dx=‘—‘% ‘6‘:’Vcc
AR o_E_Fa,, 5, ] B,
A —] o445, 0, =42 13 05
§.4*—d 1/8 BINARY p—34=0; 5, ¢ ‘

. DECODER | ,| . s
£, c3=—0 o—4=0; o,
£y} p—1=5, A= U
5, —q bo—1245, W,
GRor:rs———l o—245, 6Ro 48
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3205, 3404

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias:

Storage Temperature
All Output or Supply Voltages
All Input Voltages

Output Currents

D.C. CHARACTERISTICS

Ceramic
Plastic

—65°C to +125°C
—65°C to +75°C

—65°C to +160°C
—0.5 to +7 Volts
—1.0 to +5.5 Volts
125 mA

*COMMENT
Stresses above those listed under
ing’’ may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or at
any other condition above those indicated in the operational
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

Ta = 0°C to +75°C, Vi = 5.0V +5%

“Absolute Maximum Rat-

3205, 3404
SYMBOL PARAMETER LIMIT UNIT TEST CONDITIONS
MIN. MAX. )
I INPUT LOAD CURRENT -0.25 mA VCC =5.25V, VF = 0.45V
In INPUT LEAKAGE CURRENT 10 pA VcC =5.25V, V, =5.25V
Vc INPUT FORWARD CLAMP VOLTAGE -1.0 \ Vcc =4.75V, lc =-5.0mA
VOL OUTPUT ““LOW"” VOLTAGE 0.45 \ VCC =4.75V, 'OL =10.0mA
VOH OUTPUT HIGH VOLTAGE 24 v VCC =475V, |OH =—-1.5mA
Vi INPUT “LOW" VOLTAGE 085 | V Vge = 5.0V
Vi, INPUT “HIGH" VOLTAGE 2.0 v Ve = 5.0V
lsc OUTPUT HIGH SHORT -40  [-120 mA Ve = 5.0V, Vg7 = OV
CiRCUIT CURRENT
Vox OUTPUT “LOW" VOLTAGE 08 v Veg = 5.0V, Iy = 40 mA
@ HIGH CURRENT
3205 ONLY
l lec I POWER SUPPLY CURRENT l I 70 | maA l Ve = 5.25V, Outputs Open ]
3404 ONLY
lec POWER SUPPLY CURRENT 75 mA Ve = 5.25V, Outputs Open
lew WRITE ENABLE LOAD CURRENT —-1.00 mA VCC=5'25v‘ VW=0.45V
PIN 7
lFW2 WBITE ENABLE LOAD CURRENT -0.50 mA VCC=5.25V, Vi =0.45V
PIN 15
law WRITE ENABLE LEAKAGE CURRENT 10 pA Vg =5.25V
TYPICAL CHARACTERISTICS
OUTPUT CURRENT VS. OUTPUT CURRENT VS.
OUTPUT “LOW"” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION
100 — [
Tare L |4 __\)/cc =]5.o\|/ [K(\L Vee = 5.0V
0 Tz 2570~ 4 o | . Ta=2c 0
g Vee =50V S Ta=0C ] Ta = 75°C s
- £ w Ty =0%C
Z 60 2 £ -2 g 30
£ y g g A\
2 > = 00—
v a0 / § 20 5 20 Ta= 25°C _>\
,2_ 5 | 2 Tp = 75°C \
=3 [ 2
3 Ta = 75°C—] =) ° \
20 © _a0 1.0
|_Ta=0°C \ \
/ L 7a =25°C ] N
o A _50 0
0 2 4 6 8 1.0 0 1.0 20 30 40 50 0 2 4 6 8 10 1214 16 18 20

OUTPUT “LOW" VOLTAGE (V)

OUTPUT “HIGH"” VOLTAGE (V)
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3205,

3404

3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER

SWITCHING CHARACTERISTICS

CONDITIONS OF TEST: TEST LOAD

Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec
between 1V and 2V

Measurements are made at 1.5V

a—

All Transistors 2N2369 or Equivalent. C_ =30 pF

TEST WAVEFORMS

ADDRESS OR ENABLE
INPUT PULSE

—»t t

+—t Cht

OUTPUT

- - -

A.C. CHARACTERISTICS T, = 0°C to +75°

C, Vee = 5.0V +5% unless otherwise specified.

SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS
tys 18 ns
t_y ADDRESS OR ENABLE TO 18 ns
t,_ OUTPUT DELAY 18 ns
t__ 18 ns
Cn i INPUT CAPACITANCE P3205 4(typ.) pF f =1 MHz, Vgg = OV
C3205 5(typ.) pF Vgias = 2.0V, Tp =250C
1. .This parameter is periodically sampled and i1s not 100% tested.
TYPICAL CHARACTERISTICS
ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE
20 T 20 T
Vee = 5.0V 4 Vee = 5.0V
Ty = 25°C -7 C_ = 30pF
-
e 18 et o
wg - w
ac PR e fo—me——etbl oL
| &t i ]
g"é 10 vy = gg 10
1= "0-
82 | _1+— g2
88 83
s 27 s
0

50 100 150
LOAD CAPACITANCE (pF)

200

25 50
AMBIENT TEMPERATURE (°C)

7%
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3205, 3404

3404 6-BIT LATCH

SWITCHING CHARACTERISTICS

CONDITIONS OF TEST:
Input pulse amplitudes: 2.5V

Input rise and fall times: 5 nsec

between

1V and 2V

Measurements are made at 1.5V

TEST LOAD:

390 Q

>

2K

e
I

= All Transistors 2N2369 or Equivalent, C = 30pF

MEASUREMENT FOR DATA DELAY

TEST WAVEFORMS

MEASUREMENT FOR WRITE ENABLE DELAY

—— -
DATA v/ ’ DATA
INPUT /\_ Y, INPUT
< tseT up > 'HoLD "¢ .
WRITE WRITE \
ENABLE ENABLE
-t
out NOTE 1 out

NOTE 1: Output Data is valid after t,_,t

—+

NOTE 2

——d

NOTE 2: Output Data is valid after t__, t

—+

A.C. CHARACTERISTICS Ta =0°C to +75°C, Vo= 5.0V £5%; unless otherwise specified.

LIMITS
SYMBOL PARAMETER MIN. TYP. T MAX. UNIT TEST CONDITIONS
t+—t—+ | DATA TO OUTPUT DELAY 12 ns
t__t_+ | WRITE ENABLE TO OUTPUT DELAY 17 ns
tseT up | TIME DATA MUST BE PRESENT BEFORE 12 ns
RISING EDGE OF WRITE ENABLE
tHoLp TIME DATA MUST REMAIN AFTER 8 ns
RISING EDGE OF WRITE ENABLE
twp WRITE ENABLE PULSE WIDTH 15 ns
Cinpl3 | DATA INPUT CAPACITANCE P3404 4 oF =1 MHz, Vcg = 0V
€3404 5 pF Vgias = 2.0V, Tp =25°C
Cinw(3) | WRITE ENABLE CAPACITANCE  P3404 7 pF f=1MHz, Vce = OV
€3404 8 pF VBiAS = 2.0V, Tp =250C

NOTE 3: This parameter is periodically sampled and is not 100% tested.

TYPICAL CHARACTERISTICS
DATA INPUT, WRITE ENABLE

20

TO OUTPUT DELAY VS,
LOAD CAPACITANCE

DATA INPUT, WRITE ENABLE
TO OUTPUT DELAY VS,
AMBIENT TEMPERATURE

WRITE ENABLE PULSE WIDTH
VS. LOAD CAPACITANCE

20 20 T
- Ve = 5.0V Vee = 5.0V
Vge = 5.0V > cc
cc (3 - - = 250
w3 Tp=25°C B2 wg C, = 30pF z Ta=25C
LE £
2515 \“@\‘E Tt @515 jl Z1s
23 / 3 23 WRITE ENABLE t_— o
W 1 & wE H
+ w8 :
B @ = «n
£210 ob‘“o o £24 210
»-"5 %/ HS ? w /
59 83 20 ENABLE t_. pur e
| — g DATACRWATEEMBE . g
=R =r
DATA ty_ s
T = :
o2 az =
= - [
H
0 o 0
0 100 200 300 400 0 25 50 75 0 100 200 300 400

LOAD CAPACITANCE (pF)

AMBIENT TEMPERATURE (°C)
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3242
ADDRESS MULTIPLEXER AND REFRESH
COUNTER FOR 16K DYNAMIC RAMs

= ldeal For 2116 = Single Power Supply:
+5 Volts +10%

= Address Input to Output Delay:

9ns Driving 15 pF,
s Standard 28-Pin DIP 25ns Driving 250pF

= Suitable For Either Distributed
Or Burst Refresh

The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242
makes it especially suitable for use with high speed N-channel RAMs like the 2116.

The 3242 operates from a single +5 volt power supply and is specified for operation over a 0to +75°C ambient temperature
range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28
pin Type D package.

= Simplifies System Design
» Reduces Package Count

PIN CONFIGURATION LOGIC DIAGRAM
A
counT [ 28[ v,
O [1vee a3 o .
REFRESH enasLE [ 2 27[] Aq —
ROW ENABLE [] 3 26[] A3 As o '
ne. s 5[ A | |
| |
as 2[A, | |
as[]e 2f[]a, } = |I
a7 22 :An -m!rAAL | | |
A e e 21 A, ! Iy 7 |
I | ToTAL TOTAL |
A e 20fq Ay : | |
A, Qo 1[5, | : :
_ - |
o, 1810, A7 O = :
—
0,1 17[10, |
— _ |
5 N =le Ag o | .
aNp []1a 15 | ] ZERO DETECT
NOTE: Ag THROUGH Ag ARE ROW ADDRESSES.
A; THROUGH A;3 ARE COLUMN ADDRESSES.
REFRESH )|
ENABLE
TRUTH TABLE AND DEFINITIONS: 7TOTAL
““““ 6 TOTAL

REFRESH | _ROW Row
ENABLE | ENABLE | OUTPUT ENABLE 0———D0—< :DO__O ZERG.
REFRESH ADDRESS '

" | X | (FROM INTERNAL COUNTER)

N " ROW ADDRESS ]
(Aq THROUGH Ag)

N N COLUMN ADDRESS 7BIT COUNTER
(A; THROUGH A )

COUNT

COUNT — ADVANCES INTERNAL REFRESH COUNTER.

ZERO DETECT — INDICATES ZERO IN THE FIRST 6
SIGNIFICANT REFRESH COUNTER
BITS (USED IN BURST REFRESH MODE)

2-39



3242

PIN NAMES AND FUNCTIONS

Pin Pin

No. Name Function

1 Count Active low input increments internal 7-

' Input*  bit counter by one for each count pulse

in.

2 Refresh  Active high input which determines
Enable  whether the 3242 is in refresh mode (H)
Input®  or address enable {L).

9,5,7,21, Ag—Ag Row address inputs.

23,25,27 Inputs*

10,6,8,20, A;—Aq3 Column address inputs.

22,24,26 Inputs*

11,13,12, 0p—Og Address outputs to memories. Inverted

18,17,16, Outputs with respect to address inputs.

19

14 GND Power supply ground.

15 Zero Active low output which senses that the

' Detect  six low order bits of refresh address in
Output the counter are zero. Can be used in the

burst mode to sense refresh completion.

3 Row High input selects row, low input selects
Enable column addresses of the driven memo-
Input®  ries.

28 Vee +5V power supply input.

*The inputs are high impedance, TTL compatible, and suitable for bus
operation.

DEVICE OPERATION
The Intel® 3242 Address Multiplexer/Refresh Counter per-
forms the following functions:

1. Row, Column and Refresh Address multiplexing.

2. Address Counting for burst or distributed refresh.

These functions are controlled by two signals: Refresh Enable
and Row Enable, both of which are active high TTL inputs.
The truth table on page 1 shows the levels required to multi-
plex to the output:

1. Refresh addresses (from internal counter).

2. Row addresses (Ag through Ag).
3. Column addresses (A7 through A13).

Burst Refresh Mode

When refresh is requested, the refresh enable input is high.
This input is ANDed with the seven outputs of the internal
7-bit counter. At each Count pulse the counter increments by
one, sequencing the outputs (Og—Og) through 128 row ad-
dresses. When the first six significant bits of the counter
sequence to all - zeros,, the Zero Detect output goes low,
signaling the end of the refresh- sequence. Due to counter de-
coding spikes, the Zero Detect output is valid only after tcz
following the low-going edge of Count. The Zero Detect out-
put used in this manner signals the completion of 64 refresh
cycles. To use the 128-cycle burst refresh mode, an external
flip-flop must be driven by the Zero Detect.

Distributed Refresh Mode

In the distributed refresh mode, one row is selected for refresh
each (tgerresH/n) time where n = number of refresh cycles
required for the device and trerrEsH is the specified refresh
rate for the device. For the 2116 tgerrESH =2 msec and n =
128 or 64, therefore, one row is refreshed each 15.5 or 31
usec, respectively. Following the refresh cycle at row ny, the
Count input is pulsed, advancing the refresh address by one
row so that the next refresh cycle will be performed on row
Ny+1. The Count input may be pulsed following each refresh
cycle or within the refresh cycle after the specified memory
device address hold time.

Row and Column Address

All 14 system address lines are applied to the inputs of the
3242. When Refresh Enable is low and Row Enable is high,
input addresses Ag—Ag are gated to the outputs and applied to
the driven memories. Conversely, when Row Enable is low
(with Refresh Enable still low), input addresses A;—A43 are
gated to the outputs and applied to the driven memories.
Figure 1 shows a typical connection between the 3242 and the
2116 16K dynamic RAM. When the memory devices are
driven directly by the 3242, the address applied to the mem-
ory devices is the inverse of the address at the 3242 inputs due
to the inverted outputs of the 3242. This should be remem-
bered when checking out the memory system.

!

ZERO DETECT

REFRESH
ENABLE >

ROW
ENABLE >

COUNT >

2116 2116 2116

Figure 1. Typical Connection of 3242 and 2116 Memories.
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3242

Absolute Maximum Ratings*

Temperature Under Bias ..ooveuennnnn. -10° to +85°C

Storage Temperature ................. -65° to +150°C
All Input, Output, or

Supply Voltages .................... -0.5V to +7 Volts
Output Currents .........ovvviiiiiiieeninenne. 100mA

Power Dissipation

*COMMENT:

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in the
operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. and Operating Characteristics
All Limits Apply for Voc = 5.0V £10%, Ta = 0°C to + 75°C

LIMITS ’
SYMBOL PARAMETER MIN. TYP.(T T MAX UNIT TEST CONDITIONS
Ig Input Load Current -0.04 -0.25 mA Vix = 0.4V, Note 2
Ir Input Leakage Current 0.01 10 pA Vin< Vee
Vi Input High Voltage 2.0 \
Vi Input Low Voltage 0.8 \"
VoL Output Low Voltage 0.25 0.40 \' lo = 8mA
Vou Output High Voltage (Oo-O¢) 3.0 4.0 v lon = —1mA
Vo Output High Voltage 2.4 3.3 Vv lon = —1MA
(Zero Detect)
lec Power Supply Current 105 165 mA Vce = 5.5V
Notes: 1. Typical values are for Ta = 25°C and Vgc = 5.0V.
2. Inputs are high impedance, TTL compatible, and suitable for bus operation.
Packaging Information
28 LEAD HERMETIC DUAL IN-LINE PACKAGE
TYPED
1.470 (37.338)
1430 (36.322)
~ PIN 1
530 (13.462)
510 (12.954)
.625
e MAX. —>
(15.875)
30 S ——————) .180 (4. 572) T
ATING WA — - 40 (5550)
sELAu'uhé .100 ;(2 540) .015 (0.381)
MIN Y .065 (1.651) 015 MIN. 008 (0.203)
110 (2.794) 1040 (1.016) 02‘; (3:'5;4) 700
090 (2.286) 032 TV" - 500
(0.831) 014 (0.356) (17.18)
(15.24)
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3242

A.C. Characteristics
All Limits Apply for Vcc = +5.0V £10%, Ta = 0°C to 75°C, Load = 1 TTL, CL = 250pF, Unless Otherwise Specified.

SYMBOL PARAMETER MIN. | TYP{T| MAX. | UNIT | CONDITIONS
tao Address Input to Output Delay 6 9 ns Refresh Enable = Low(2)@3)
tao! Address Input to Output Delay 16 25 ns Refresh Enable = Low
too Row Enable to Output Delay 7 12 27 ns Refresh Enable = Low(2) @)
toor Row Enable to Output Delay 12 28 41 ns Refresh Enable = Low
teo Refresh Enable to Output Delay 7 14 27 ns Notes 2, 3, 4
teor Refresh Enable to Output Delay 12 30 45 ns Note 4
teo Count to Output 15 40 60 ns | Refresh Enable = High(2)(3)(4)
teot Count to Output 20 55 80 ns Refresh Enable = High (4)
fc Counting Frequency 5 MHz Note 4
terw Count Pulse Width 35 ns Note 4
tez Count to Zero Detect 15 70 ns Notes 3, 4
Notes: 1. Typical values are for Tp = 25°C and Vee =5.0V. 4. The Count pulse must remain in a steady state for at least 150ns
2. Ta =25°C, Ve = 5.0V. before and after the rising edge of the refresh enable pulse.
3. Cp =15pF.
A.C. TIMING WAVEFORMS (Typically used with 2116)
NORMAL CYCLE
VIH

Zl \
ROW ENABLE “ 15V K

Yo
Vi

too

s = f24av -
0 -0g DON'T CARE 08V ROW ADDRESS COLUMN ADDRESS
(‘ 2

REFRESH
ENABLE

REFRESH CYCLE

R
ENABLE 18V \
Vi

COUNT 15V XS _jl
Vym———
teo—] le— o
v,
~ . OH 24v

G -0 _ADDRESS 08V REFRESH ADDRESS REFRESH ADDRESS
Voo -
Vo

ZERO DETECT 15V

Vg——————————— ————— — —— — — — — —




In

3628A
8K (1K x 8) BIPOLAR PROM

3628A-1 50ns Max.
3628A-3 | 70ns Max.
3628A-4 | 90ns Max.

= Fast Access Time: 50ns for 3628A-1

Three-State Outputs

s Low Power Dissipation: 0.08mW/Bit = Hermetic 24-Pin DIP

Typicall = Polycrystalline Silicon Fuses for
ypically Higher Fuse Reliability/Higher
= Four Chip Select Inputs for Easy Programmability

Memory Expansion = +10% Power Supply Tolerances

The Intel® 3628A is a fully decoded 8192-bit PROM organized as 1024 words by 8 bits. The worst case access
time of 50ns is specified over the 0°C to 75°C temperature range and 10% V o power supply tolerances. There
are four chip selects provided to facilitate expansion into larger PROM arrays. It uses Schottky clamped TTL
technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electri-
cally programmed in selected bit locations.

The 3628A supersedes the 3628 high-density PROM. This 8192-bit PROM uses the most advanced technology
available. As a result the 3628A combines higher performance and lower power in a smaller die than the 3628.
The 3628A is packaged in a hermetic 24-pin dual in-line package with the exact pin configuration as the 3628.

PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL
DATAOUT1 DATA OUT 8
\J Cs,
A, 1 2PV b ____ 1
75 P Vo 8, — ! ! —dcs, o —
Asd 2 3[04, &,— outeur —]cs, o,—
A3 22[] A, (MSB) cs;—>| BUFFERS —]cs, o3 H—
A 4 2n[¢cs, Cs, —]a o, }—
A, 5 20 []Cs. —da S
20 S, 8192 BIT ! gs
A,gs 19 [1csy PROM MATRIX A d
a0 18 [lcs, ) d
wLse)a, 0 8 17 [ 05 (mse) Ay %
wser o, 9 1o, :
0,[] 10 1510 A
i H =
GND [ 12 B@Po, T — A
An A| AQ
PIN NAMES

Ag-Aq  ADDRESS INPUTS

1 -S2 L ewip seLect inpuTsit!
CS,-CS,

0,-0, DATAOUTPUTS

(1] To select the PROM CS, = CS, = V,,
and CS; =CS, =V,
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3628A

A.C. CHARACTERISTICS Vo= +5V +10%, To=0°Cto +75°C

MAX. LIMITS
SYMBOL PARAMETER 3628A-1 3628A-3 | 3628A-4| UNITS CONDITIONS
ta Address to Output Delay 50 70 90 ns CS4=CSo=V,L
ten Output Enable Time 30 30 30 ns and CS3=CS,4=Vy
tpis Output Disable Time 30 30 30 ns to select the PROM.
CAPACITANCE!") 7, =25°C, = 1mHz
TYP. LIMITS
SYMBOL PARAMETER
TYP. | MAX. UNIT TEST CONDITIONS
Cina Address Input Capacitance 10 pF Vec=5V V=25V
Cins Chip-Select Input Capacitance 10 pF Vec=5V V|y=25V
Cour Output Capacitance 12 pF Vec=5V Voyr=25V
NOTE 1: This parameter is only periodically sampled and is not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test: 10mA TEST LOAD e
Input pulse amplitudes — 2.5V j? 700

Input pulse rise and fall times of

5 ns between 1 volt and 2 volts
Speed measurements are made at 1.5 volt levels

Output loading is 10mA and 30pF

Frequency of test — 2.5mHz

I 30pF 3 1KQ

WAVEFORMS

ADDRESS TO OUTPUT DELAY

ADDRESS
INPUT }("5"

X

CHIP SELECT TO OUTPUT DELAY

&, 5,

CS;, CS,

OUTPUT 15v

QUTPUT -3 15V

ty —>

15v

OUTPUT
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3628A

PROGRAMMING

The programming specifications are described in the PROM programming section of the Data Catalog.

Absolute Maximum Ratings*

Temperature Under Bias -65°Cto +125°C

Storage Temperature . ............ —65°Cto +160°C
Output or Supply Voltages........... —0.5Vto 7 Volts
All Input Voltages .. .................. -1.5Vto 5.5V
OutputCurrents . .............ciiiiinenn.. 100mA

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

D.C. CHARACTERISTICS: All Limits Apply for Vgg = +5.0V % 10%, Ty =0°C to +75°C

Limits

Symbol Parameter Min. | Typ.'l | Max. Unit Test Conditions

lga Address Input Load Current -0.05 | -0.25 mA | Vg =5.5V,V,=0.45V

lgs Chip Select Input.Load Current -0.05 | -025 | mA | Vgc=5.5V, Vg=0.45V

lpa Address Input Leakage Current 40 KA | Vo =5.5V, V=55V

Irs Chip Select Input Leakage 40 MA | Vg =5.5V, Vg=56.5V
Current

ol Output Leakage for High 40 uA | Vo=5.5V or 0.45V,
Impedance State Voo =5.5V, CS;=CS,=2.4V

Igcld Output Short Circuit Current -20 -40 | -100 | mMA | Vg=0V

Vea Address Input Clamp Voltage -09 -15 V | Vgc=4.5V, Ip=-10mA

Ves Chip Select Input Clamp -0.9 -15- V | Vgc=4.5V, lg=-10mA
Voltage

VoL Output Low Voltage 03 0.45 V | Vec=4.5Y, Ig. =10mA

VoH Output High Voltage 2.4 3.4 V | loy=—-2.0mA, Voc=4.5V

lec Power Supply Current 120 170 mA | Vgc=5.5V

ViL Input “Low” Voltage 0.85 \)

Vi Input “High” Voltage 2.0 \

NOTES: 1. Typical values are at 25°C and at nominal voltage.

2. Unmeasured outputs are open during this test.
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3636
16K (2K x 8) BIPOLAR PROM

3636-1 65 ns Max.

3636 80 ns Max.
B Fast Access Time: 50ns Typically ® Three-State Outputs
® Low Power Dissipation: 0.05mW/Bit ® Hermetic 24-Pin DIP
Typically
® Three Chip Select Inputs for Easy m Polycrystalline Silicon Fuses for
Memory Expansion Higher Fuse Reliability/Higher
m +10% Power Supply Tolerance Programmability

The Intel® 3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of
65 ns is specified over the 0°C to 75°C temperature range and 10% V¢ power supply tolerances. There are three chip
seiects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech-
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro-
grammed in selected bit locations.

Prior to the 16,384 bit 3636, the highest density bipolar PROM available was 8192 bits. The high density of the 3636 now
easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8 bit PROMs. There
is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The 3636 is
packaged in a hermetic 24-pin dual in-line package.

PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL
DATAOUT1 DATA OUT 8
——
1 24 e
A0 Vee 1— J cs, o,
A 2 2311 A, csy —=|  ourtput — ¢S, %
a3 22[Ay cs; —| BUFFERS cs, o
. —] 3
A s 213 Aqp (MsB) cs3 — o, }—
A0 s 20 P csy rryvyy —A, o5 —
Al] 6 190 cs2 PROM MATRIX —1* Osf—
A0 181 cs3 —A o,
—a 0, —
(LsB1AgL] 8 17 [] 0g (MsB) 4 s
woods  wpo .
0, 10 15 []0g — :
odn  upe .
GND [ 12 3o, T Ag
A
A A, A1 : 10
PIN NAMES
Ao-A1g ADDRESS INPUTS
€S, CS2, CSy | CHIP SELECT INPUTS("
01-0g DATA OUTPUTS
(1) To select the PROM CSy = Vy_ and
CS2=C83=Vin
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3636 FAMILY

PROGRAMMING

The programming specifications are described in the PROM programming section of the Data Catalog.

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ......... -65°Cto +125°C
Storage Temperature ............ -65°Cto +160°C
Output or Supply Voltages . ......... —0.5V to 7 Volts
All Input Voltages ................... -1.5Vto 5.5V
OutputCurrents .................coouun... 100mA

*‘COMMENT: Stresses above those listed under “Absolute Maximum
Ratings™ may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied.

D.C. CHARACTERISTICS: All Limits Apply for Voc= +5.0V£10%, To=0°C to +75°C

Symbol Parameter Limits Test Conditions
Min. | Typ.I'l | Max. |Unit

lea Address Input Load Current —-0.05 [-0.25 | mA | Vgc=5.5V,Va=0.45V
les Chip Select Input Load Current -0.05 [-0.25 | mA | V=55V, Vg=0.45V
lra Address Input Leakage Current 40 uA Vee=5.5V, Vo=5.5V
lrs Chip Select Input Leakage Current 40 KA Vec=5.5V, Vg=5.5V
Jlol Output Leakage for High Impedance State 40 uA x2:=555'\5/v0rc Os':ivé.w
Igcld Output Short Circuit Current -20| —40 |[-80 [mA | Vo=0V
Vca Address Input Clamp Voltage -09 |-15 | V Vec=4.5V, Ia=-10mA
Ves Chip Select Input Clamp Voltage -09 |-15 | V Vec=4.5V, Ig= - 10 mA
VoH Output High Voltage 24 3.2 Vv loy= —2.4mA,Vgc=4.5V
Vor Output Low Voltage 0.3 0.45 \ Vee=4.5V, lo =10 mA
lcc Power Supply Current 150 185 |mA | V=55V
ViL Input “Low” Voltage 0.85 v Vec=5.0V £10%
Vin Input “High” Voltage 20 \" Vee=5.0V £10%

NOTES: 1. Typical values are for T4 =25°C and nominal supply voltages.

2. Unmeasured outputs are open during this test.
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3636 FAMILY

A.C. CHARACTERISTICS v¢c= +5V+10%, To=0°Cto +75°C

MAX. LIMITS
SYMBOL PARAMETER 3636-1 3636 UNIT CONDITIONS
ta Address to Output Delay 65 80 ns CS,=V,,
ten Output Enable Time 40 50 ns and CS,=CS;3=V)y
tois Output Disable Time 40 50 ns to select the PROM.
CAPACITANCE "' 14 = 25°C, f = 1 MHz
P.
SYMBOL PARAMETER TYP. LIMITS UNIT TEST CONDITIONS
TYP. | MAX.
Cina Address Input Capacitance 4 10 pF ' Vee =5V Vin= 25V
C|N5‘ Chip-Select Input Capacitance 6 10 pF Vee =5V Vin = 2.5V
Cout Output Capacitance 7 12 pF Vee =5V Vout = 2.5V
NOTE i. This parameter 1s only periodically sampled and is not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test: 10 mA TEST LOAD vee

Input pulse amplitudes: 2.5V

Input pulse rise and fall times of . 34700
5 nanoseconds between 1 volt and 2 volts O_I__—qL
Speed measurements are made at 1.5 volt levels 30pF :E 1K Q
Output loading is 10 mA and 30 pF | ]t
Frequency of test: 2.5 MHz =
WAVEFORMS
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY
cs,
ADDRESS 15v )(1 sV 15v 15v
INPUT )( cs, . Cs,
OUTPUT 15v 1.5v OuTPUT 15v 1.5v

ouTPUT
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mtel | PRELIMINARY

3636B
16K (2K x 8) BIPOLAR PROM

3636B-1 35 ns Max
3636B-2 45 ns Max

= Fast Access Time: 25 ns Typically = Three-State Outputs
= Low Power Dissipation: 0.05mW/Bit = Hermetic 24-Pin DIP
Typically , s Polycrystalline Silicon Fuses for
= Three Chip Select Inputs for Easy Higher Fuse Reliability/Higher
Memory Expansion Programmability

= +10% Power Supply Tolerance

The Intel 3636B is a very fast, fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case
access time is 35ns over a temperature range of 0°C to 75°C with a 10% V¢ power.supply tolerance. There are
three chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky
clamped TTL technology with polycrystalline silicon fuses. All outputs are |n|t|ally high and Ioguc low levels
can be electrically programmed in selected bit locations.

The 3636B is designed for use in performance based systems. This 16,384 bit PROM uses the most advanced
technology available. As a result, the 3636B combines higher performance and equivalent power in a smaller
die than previous 16K Bipolar PROM designs. The 3636B is packaged in a hermetic 24 pin dual in-line
package with the same pin configuration as the 3636.

PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL
DATAOUT1 DATA OUT 8
A FIVee R 4 —dcs, o, —
— 1
Aol ? P4 €Sy ] OUTPUT —cs, 0, —
A0 s Ay cs; —| BUFFERS cs, 0y
s 1 A10 (MsB) csg T —a o, —
A4 s P cs¢ 16,384 1A O
A, 06 O cs, PROM MATRIX e %
s B ] cs3 —a o, p—
Lse)a, [ 8 [ 0 (MsB) i I Og
togs o -
0, [10s ] ::
] b 1
GND [o, — A
Ag Ay At0 At

PIN NAMES

Ao-A1g ADDRESS INPUTS
TS, CS,, CS3 | CHIP SELECT INPUTS()
01-0g _DATA OUTPUTS

(1) To select the PROM CS; = Vy_and
CS2=C83=Vin
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3636B

PRELIMINARY

PROGRAMMING

The programming specifications are described in the PROM programming section of the Data Catalog.

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ......... -65°Cto +125°C
Storage Temperature ............ -65°Cto +160°C
Output or Supply Voitages . ......... -0.5V to 7 Volts
All Input Voltages ................... -1.5Vto 6.5V

OutputCurrents ................c.ovvinn.. 100mA

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings’ may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied.

D.C. CHARACTERISTICS: Al Limits Apply for Voo = +5.0V £ 10%, To=0°C to + 75°C

Symbol Parameter . - Test Conditions
Min. | Typ.['! | Max. |Unit

lea Address Input Load Current -0.05 |-025 | mA | Vcc=5.5V, V=045V
lgs Chip Select Input Load Current -0.05 |-0.25 |mA | Vgc=5.5Y, Vs=0.45V' .
Ira Address Input Leakage Current 40 A Voc=5.5V, Vpo=5.5V
Igs Chip Select Input Leakage Current 40 uA Vee=5.5V, Vg=5.5V
ol Output Leakage for High Impedance State 40 uA zg:jssgv?rcos‘:ivé 4V
15cl? Output Short Circuit Current -20| -40 |-100 |mA | Vo=0V
Vea Address Input Clamp Voltage -09 |-15 | V Vec=4.5V, Ip= -10 mA
Ves Chip Select Input Clamp Voltage -09 |(-15 | V Vec=45V, Ig=-10 mA
Vox Output High Voltage 2.4 3.2 v loy= —2.4mA,Vgc=4.5V
Vor Output Low Voltage 0.3 0.45 \ Vec=4.5V, lo.=10 mA
lec Power Supply Current - 150 [ 185 |mA | Vgo=5.5V '
ViL Input “Low” Voltage 0.85 v Vee=5.0V £10%
Viy Input “High” Voltage 2.0 v Vee=5.0V £10%

NOTES: 1. Typical values are for Tp =25°C and nominal supply voltages.

2. Unmeasured outputs are open during this test.
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36368

PRELIMINARY

A.C. CHARACTERISTICS vc= +5V£10%, To=0°C to +75°C

MAX. LIMITS
SYMBOL PARAMETER 3636B-1 3636B-2 UNIT CONDITIONS
ta Address to Output Delay 35 45 ns CS,=V,_
ten Output Enable Time 20 25 ns and CS,=CS3=V)y
tois Output Disable Time 20 25 ns to select the PROM.
CAPACITANCE " 7, = 25°C, f = 1 MHz
SYMBOL PARAMETER TYP. LIMITS UNIT TEST CONDITIONS
TYP. | MAX.

CinA Address Input Capacitance 4 10 pF Vee =8V V|n= 25V

Cins Chip-Select Input Capacitance 6 10 pF Vee =5V Vin = 2.5V

Cout Output Capacitance 7 12 pF Vee =5V Vourt =25V
NOTE 1: This parameter is only periodically sampled and is not 100% tested.
SWITCHING CHARACTERISTICS
Conditions of Test: 10 mA TEST LOAD Vee
Input pulse amplitudes: 2.5V T
Input pulse rise and fall times of 34700

5 nanoseconds between 1 volt and 2 volts o___l_—4.

Speed measurements are made at 1.5 volt levels 30pF $1Ke
Output loading is 10 mA and 30 pF l _ .it
Frequency of test: 2.5 MHz -

WAVEFORMS

ADDRESS TO OUTPUT DELAY

X

ADDRESS
INPUT

OUTPUT

ty —=

-

OUTPUT
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I.  PROM AND ROM INPUT FORMATS

A. Acceptible Formats ) .
Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats
are defined to allow detection of errors.
It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica-
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card
or sending a defective or improper master device.
All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051.

Table I. Acceptable Formats

Floppy Disk Paper Tape Computer Card Master Device

® Same Density and
Pin Compatible

® |ntel Microcomputer ® Intellec Hex ® Intellec Hex

Development System

Single or Double ® BPNF ® PN to Device which
Density Disk is to be Pro-
® Hex

grammed.

A1. Logic Levels
All data field for Intel’s EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which
use negative logic. For the 4001/4308, an ““0” is a high output and a ‘1"’ is a low output. Consequently, because the BPNP
format specifies the voltage level at the output of the device, it is necessary to input an ‘0" and “1” in the 4001/4308 in-
struction code as a “‘P” and ““N” respectively. However, for the Hex format, the 4001/4308 input should be specified accord-
ing to the instruction code logic state, i.e., a “‘1"" or “0.” The below example shows the corresponding input for 4001 instruc-
tion codes. For comparison, the input for an 8080A is also given as an example.

1. 4001 Instruction Code

4001 4001 Intellec Hex BPNF
Instruction Instruction Or Non-Intellec Inout
Mnemonic Code Hex Input P

NOP 0000 0000 00 BPPPPPPPPF

WRM 1110 0000 EO BNNNPPPPPF

2. 8080A Instruction Code
Intellec Hex
Instruction Instruction Or Non-Intellec BPNF
Mnemonic Code Hex Input Input
JMP 1100 0011 Cc3 BPPNNNNPPF
Push D 1101 0101 D5 BPPNPNPNPF
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B. Paper Tape Format

The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro-
duces). The three paper tape formats which should be sent are described in Sections B1 through B3.

B1. Intellec Hex Paper Tape Format

In the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCI| hexadecimal characters must be
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be
specified on the Intel PROM/ROM Order Form.

Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac-
ters. Comments (except for a colon) may be placed on the tape leader.
The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems
programmed by the user.
1. RECORD MARK FIELD: Frame O
The ASCII code for a colon (:) is used to signal the start of a record.
2. RECORD LENGTH FIELD: Frames 1 and 2

The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record
contains two ASCII zeros in this field.

3. LOAD ADDRESS FIELD: Frames 3—6
The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address;
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start-
ing address of the program.

4. RECORD TYPE FIELD: Frames 7 and 8

The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data
records are type O; end-of-file records are type 1. Other possible values for this field are reserved for future expansion.

5. DATA FIELD: Frames 9 to 9+2*(record length)-1

A data byte is represented by two frames containing the ASCII characters 0—9 or A—F, which represent a hexadecimal
value between 0 and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit,
then either the high or low-order digit represents the data and the other digit o* the pair may be any ASCI| hexadecimal
digit. There are no data bytes in an end-of-file record.



6. CHECKSUM FIELD: Frames 9+2” (record léngth) to 9+2* (record length)+1

The checksum field contains the ASCII hexadecimal representation of the two’s complement of the 8-bit sum of the
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after
converting to binary, from the record length field to and including the checksum field, is zero.

Intellec Hex Example:

: 10310000311A320E03117E31CD40003A9231B7C2EE
: 1031100060310E00117031CD40003A9231B7C26078
: 10312000312A7E31227A310E03117E31CD40003AB0
: 103130009231B7C260312A8C317CB5CA50310E044D
: 10314000118831CD40003A9231B7C26031C3273186
: 103150000E01117A31CD40000E09119031CD4000A 1
: 103160000E0C119231CD40000E09119031CD40006E
: 0A3170007E31963101000000923118B

: 10317C0092310100963180008C31923100009631F 1

: 04318E0092319231B7

: 02319400923176

: 00310001CE

B2. BPNF Paper Tape Format
The format requirements are as follows:

1. All data fields are be punched in consecutive order, starting with data fieid O (ail addresses low). There must be

exactly N data fields for a N x 8 or N x 4 device organizations.

2. Each data 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 a N x 8 or N x 4 organization, respectively.
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar-

ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P
results in a high level output, and an N results in a low level output.

3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac-
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters.

4. Between data fields, comments not containing B's or F’s may be inserted. Carriage return and line feed characters
should be inserted (as a “comment”’) after each 72 characters. 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 least 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 device 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 BPNF 2048 x 8 format (N = 2048):
Start Character Stop Character Data Field MsB LS8
Rubout Key for TWX, or Rubout Key for TWX, or

Letter Key for Telex ] T T Letter Key for Telex
(at least 25 frames) Word Field 0 Word Field 1 Word Field 2047 (at least 25 frames)

Leader: Null characters, BPPPNNNNRN FBNNNNNNPPFeee BNPNP PPNNF Trailer: Null characters,
L I | L

Example of 512 x 4 format (N =512):

Start Character Stop Character Data Field MSB LSB
Leader: Rubout Key Trailer: Rubout Key
for TWX and Letter lBPNPNFH HBNNNNFI..'...‘ BPPPPF for TWX and Letter
Key for Telex (at least | T T Key for Telex (at least
25 frames) Word Field 0 Comment Word Field 1 Word Field 511 25 frames)
(see text)
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B3. Non-Intellec Hex Paper Tape Format

For the non-Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be
specified on the Intel PROM/ROM Order Form.

Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a
leader/trailer length of at least 25 null characters or rubout punches.

The format requirements are as follows:

1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi-
cate the end. All data fields are to be punched in consecutive order, starting with data field 004 (all addresses low).

2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word
field. The other character may be any hex character.

A field of “don’t care’ data is allowed. Data after a field of “don’t care’’ will be programmed starting at an address
location enclosed in parentheses. In the following example, data is entered in addresses 00y to 054, followed with
“don’t care’’ from addresses 06y to 25y, data being entered again starting at address location 26y, and followed with
““don’t care’’ data to the last address location.

|T¢||70F2145100FF| (26), 7BOB9OF 1,
! ;3

Start Character Data Fields from Address Location Data Fields from End Character
Address 00 to 05 where Data is to be Address 26 to 2AH
Programmed

3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire
line up to the previous carriage return.

4, Spaces are allowed only between separate word fields.
5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape.
6. Comments must be placed only between the tape leader and the start of the first data field.

C. Computer Punched Card Format
The following general format is applicable to the programming information sent on computer punched cards:
1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted.

2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words
x 8-bit and N words x 4-bit devices, respectively, in the PN format.

For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and
one end of file card.

C1. Intellec Hex Computer Punched Card Format

Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only
one of the characters is meaningful and must be specified on the intel PROM/ROM Order Form. The entire data field for all
bits must be punched even if it is ““don’t care”.

DECIMAL NUMBER INDICATING

THE TRUTH TABLE NUMBER
NO. OF OUTPUTS

4o0r8 Column Data
TITLE CARD INTEL 1 Punch a T
NATION
DESIGNATIO CUSTOMER'S PIN 23 Blank . .
CUSTOMER'S DIVISION OR CUSTOMER'S ;9» 73!; g:m:nm ompany Name
P an
COMPANY NAME PN 31 50 Customer’s Company Diwssion or location
EEATR) r o 51-52  Blank
' §3. 61  Customer Part Number
1 62 63 Blank

tgessseiy 64 72 Punch the intel 4 digit basic part number and

X i () the number of output bits. e g, 2708

: : (8), 2316 (8), or 3605 (4)

IRTERREERE TREEEEI L ARRRERERRINY 73 74 Blank

75 76 Chip number for ROMs with progiammable
chip select inputs 1f not applicable, leave
blank

77-78  Blank

79-80 Punch a 2 digit decimal number to indicate
truth table number The first truth table
will be 00, second 01 third 02, etc

W
[ERCRRERERERREH]

G g g s
[ZIYSTEENY 1 IRET) LERRIRRRRRRRLERRCT] IRSTTTLRCENATALEISEERLTRY EERTRRNT I RRERYY
I I I T T IS A I

T L T T T ST T TTCEEER R
e TLLLR LR R L L LR T R AR E L I SO L AL RCRRRRRAREANEI R




a. N word x 8-bit device

Column Data

1 Record mark: A colon is used to signal the
start of a record.

2-3 Record length: This is the count of the actual
data bytes in the record. Column 2 con-
tains the high order digit of the count,
Column 3 contains the low order digit. A
record length of zero indicates end of file.
All frames containing data will have a
maximum record length of 10qgx bytes
(16 decimal).

4-7 Load address: The four characters starting
addresses at which the following data will
be loaded. The high order digit of the load
address is in Column 4 and the low order
digit is in Column 7. The first data byte is
stored in the location indicated by the load
address. Successive data bytes are stored in
successive memory locations. ROMs con-
taining more than 16 bytes of data will use
two or more records or cards to transmit
the data. Although the load address for the
beginning record need not be 0000, each
subsequent load address should be 104"
(16 decimals) greater than the last.

8-9 Record type: A 2-digit code in this field speci-
fies the type of this record. The high order
digit of this code is located in Column 8.
Currently, all data records are type 0. End-
of-file records will be type 1; they are dis-
tinguished by a zero RECORD LENGTH
field (see above). Other possible values for
this field are reserved for future expansion.

10-73 Data

75—75 Checksum: Same as paper tape format.

76-78 Blank

79-80 Punch same 2-digit decimal number as in Title
Card..

b. N word x 4-bit device
This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions:

Column Data

10—73 Each memory location is represented by two
columns containing the characters 0-9,
A—F. Since this is 4-bit data, the user must
indicate which character of each pair is to
be used as valid data. A single deck must be
submitted without mixing first and second
characters of the pair.
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C2. PN Computer Punched Card Format

A word field consists of only P’s and N's. A punched P will result in an output high level and a punched N in an output low
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be
punched even if it is “don’t care’’. The data field must begin in consecutive order, starting with address O (all addresses
-logically low).

DECIMAL NUMBER INDICATING
THE TRUTH TABLE NUMBER

NO. OF OUTPUTS

40r8 Column Data
TITLE CARD INTEL 1 Puncha T
DESIGNATION CUSTOMER'S PIN 2.3 Blank
CUSTOMER'S DIVISION OR CUSTOMER'S 2“9—_2;30 S.“:n‘;"“"' Company Name
COMPANX NAME \ r LOCAT'ON ) :—/"i\ 31-50 | Customer’s Company Division or location
N IFALH [COEREERN 51-52 | Blank
Lt n ' 53—61 | Customer Part Number
1 [} ] 1 [} 62—63 | Blank
030 ‘0ﬂ”llﬂ‘a??a?!“!gg"“0l”‘"“ﬂ‘ﬂ“5&"?““"”“"“!”{f‘“\a“ﬂll 6472 | Punch the Intel 4-digit basic part number and
.wul|r||||1nn\n|n||||||u|n|n||\|| (IR TR AR R AR R AR NN in { ) the number of output bits; e.g., 2708
NN NRRNINNNNNINININRIII22002000217 (8), 2316 (8), or 3605 (4)
(EREEERRREI Bl | REREI EEI EEERRREERRRERRR] ER1 | RERE 1Y ERRRRRRERREI ERREEEY T EEREREREREE! 73-74 | Blank )
AL g 75-76 Chip.number ‘f°' ROMs with prpgrammable
YTYITTT F IRIE LR II IR IR IR IIat IR SRt IR R LRI IERTELTRY TASEITEY IT FRTRIY) ;’I‘a'gk’e'ec‘ inputs. If not applicable, leave
666666666668 N6606cHEEEEEE666686660666666666666E6666665666066666666666566668 77-78 | Blank
R IR AR R R AR R LR R AR AR R AR RN RN RN R AR R AN R RN R R AR RN RRRAT] 79-80 |Punch a 2-digit decimal number to indicate
T I R X RN XEE LR TR REE R [ TR EEAN] truth table number. The first truth table
R R R St RN will e 00, second 01, third 02, etc.

Title Card Format.

For a N words X 4-bit organization only, cards 2 and
those following should be punched as shown. Each card
specifies the 4-bit output of 14 words.

Column Oata

15 Punch the 5 digit decimal equivalent of the
binary coded location which begins each
card. The address is right justified, i.e,,

90000, 00414, 39028, etc,
6 Blank
LS8 DECIMAL NUMBER | 7-10 |Data Field
DECIMAL WORD MsB INDICATING THE 11 |Blank
ADDRESS BEGINNING —l TRUTH TABLE NUMBER | 12:15 |Data Field
EACH CARD 14 DATA FIELDS 16 Blank
r 4 - \ 17.20 | Data Field
e 3 BRET FOFH FECN WEFE FIAM FEEF TNEF Fi 21 Blank
22-25 | Data Field
[T} " un un 26 Blank
llllloummomannnmmmnmmnmannnonnnnunonmmnnommnononoll 27-30 | Data Field
VEIOSE e i 3 Blank
T T T T
L 22222 3§:5 g;‘::"'d
131333333303300330030330303333331333033333303330333303303333330333331333333333) 3740 | Data Fieid
AT G i e 41 Blank
ERRRRRRR AL ELT LT ERRRRRY | I ERRY | BY | ERERRRT FEY N EERY LET ERRRRL L IFREERY | HERY [ HETEH 42.45 | Data Field
N s I N O aa g 46 Blank
LRRRRRL Ll IRR R Ry | [ L ERRRY TN L IR Y [ NN T UNY N RRY L ERRRY 1 SX NRERE [T ERRY [ 101 TRNRNS] 47.50 | Data Field
I T R 51 Blank
smmmmunmmnmmnmmmmssmmsmnammmsmmms 52.56 | Data Field
llwmlmlnnhmm DREANANN ALY L ) 56 B.."k
5760 | Data Field
61 Blank
62-65 | Data Field
66 Blank
67-70 | Data Field
" Blank

72-75 | Data Field

76.78 | Blank

79-80 | Punch same 2 dligit decimal number as in
title card,
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For a N words X 8-bit organization only, cards 2 and

those following should be punched as shown. Each card *| Column Data
- specifies the 8-bit output of 8 words. 1-5 Punch the 5 digit decimal equivalent of the
. binary coded location which begins each
MsB LSB — card. The address is right justified, i.e.,
7] $0000, 0008, $03 16, etc.
DECIMAL WORD DECIMAL NUMBER 6 Blank
ADDRESS BEGINNING INDICATING THE 7-14 | Data Field
EACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER 15 | Blank
— L . 16-23 | Data Field
T TR EFFETTNE FFTIIEF FEFUMEFT EFITNFEE NALRNFFE WHEFRIIE FRIFFTE 1) 24 Blank
/ 25-32 | Data Field
BEORRRNE DRRAGDON DDOGONND RRRONUND DOARRNRD DONORARE DRRRRREN MAREMAMR 33 Blank

GO0B0T0000000000000E0000000000000000000000000000000000000010000001000000181 3441 | Data Field

] . [ 200000 00 300008 0600 09 8 141414405 AT MY 231 8080 COCCEUT TR " 42 Bla"k

it IIMV'HHHHH]HIlI]Hll|||H\)””Il||||||I||||I|)||||||||||l|||||”|” 43_50 Da‘aFie‘d
2222122712022 I I 2T222AA222122222221222202 51 Blank -
DIIIIIIIII33300 133331113111 1311003313300333 3000303310003 §2.59 | Data Field
DA et s aqaaa e et e a8y 60 B'ank
SEREERY I 111 L ERRRRY L FRREA LLUPRRERY L ERT ERXT [T ERRRY 1 {11 EERET [ FRY [T EC T IT LEFPH 61-68 | Data Field
A I T SoELSEEEEEEEIEE 69 Blank

[RRRRMI H 1N ERRt B L RO T A [T TRN T ER [ ERNE [ ENRRNNE [ L ENRY | DRNY VL DNY | PRY POO 1 70-77 | Data Field
I L R L L R L T E R R TR EEY EE FEY YT, 78 Blank
B9t G gg TS eGGT T AIII9899890995005151ITIIIIIINNN 1N 80004 79-80 | Punch same 2 digit decimal number as in

NGl ceza . - J title card.

D. Custom PROM/ROM Order Forms

All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave.,
Santa Clara, California 95051.

The order forms for the individual PROMs/ROMs are listed in Table |1 below.

Table 11

PROM/ROM Order Form
Part Number Number

MOS EPROMs A
8741, 8748, 8755

8041, 8048, 8049
2608
8355

Bipoiar PROMs

4001
4308
8021 - |
8022

IO Mmoo >

(3
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CUSTOMER EPROM 2716, 2732, 2732A,

oaosn; FORM 2763, 8741, 8748, 8755
For Intel Use Only
Company Phone # ¢
Company Contact Date
STD
P.O. # Intel Device P/N
APP.
Date
All custom MOS EPROM orders must be submitted on this form. Programming information
should be sent per the formats described in the Programming Instruction section of the Intel
Data Catalog. Additional forms are available from Intel.
MARKING 1
O p2r1e
The marking will consist of the Intel Logo, the product and package type (D2716), the D XXYY

(XXYY), and the customer part number (Z ... Z). The customer part number is limited to

4-digit Intel pattern number (WWWW), an internal manufacturing traceability code
a maximum of 9 digits or spaces. O

2716 MARKING | WWWW
EXAMPLE| Z....Z

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

[ Single Density O Double Density
CUSTOMER PART NUMBER
Customer P/N Floppy Disk File Name Intel Pattern Number
(Please Fill-In) (Please Fill-In) (Please Do Not Use)

I T T T T O T T | S T T T Y O Y I PR T Y T O O S
2. by 2SN N TN O O | 2SN N T N T N N I N W |
SN T T N T O A | < 2 T T T T N T T T K R T N TN T OO O |
4. 11l 4 L g 4, 1 bty
- TSN T N O T O N [ T S T T T Y I A < TN T S T I O O
6. L L1y {8 T T T N T O O T L= S T T T T T T T T
2SN T T T S | /2N S N T B A R R B 2% T T T O T O O O
8 L1 1ty 8 L1 L t1prt4q 8 4ttty
L 2 T T NN A N I I | L= R T T N T T T L= S T T T T T SO I A
0. Lt (@t 0. Lt bbby 0. .t 11ty
LI S T T T T T L R T T T T L T T T T T O |
120 L1 by L7 N T T T T T O | I T T S S S S |
18 Lty < J T O O N N R T < 7S T T T T N T T O
L T T T T T N | L T T T N S S | M4, oo
- T T T T TS T O O LT T T TSN O T T LT T T T T T
< T T TN T A Y S | - T TN O B | L T T T T O A A
170 L 17 L vy 17 bbby
18 by 18 L 1ty 18, L1y
19, oty 190 L1y 19 Ll




o o o o s m o a o
SC©®©®NDa D00

CUSTOMER 8041, 8048, 8049 ROM 8041, 8048, 8049
ORDER FORM
C

Company Phone # For Intel Use Only
Company Contact Date S#
P.O. # Package Type: [J Plastic O Cerdip STD

APP

Date

All custom 8041, 8048 and 8049 orders be submitted on this form. Programming information
should be sent per the formats described in the Programming Instruction section of the Intel
Data Catalog. Additional forms are available from Intel.

© N OO A WN =

MARKING

All devices will be marked as shown at the right figure. The marking will consist of the Intel
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a
date code (XXYY), and the customer part number (Z....Z). The customer part number is
limited to a maximum of 9 digits or spaces.

ﬁ P804S WWWW

XXYY Z...2

P8048 MARKING EXAMPLE

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy-disk
sent should also be indicated by checking one of the appropriate boxes. Programmed EPROMs are also acceptable.

[ Single Density

[J Double Density

CUSTOMER PART NUMBER
Customer P/N

(Please Fill-In)

S S U I P O S S |
Y S U A T S U N S |
R S T W OO T T |
Y I U Y O O B |
U S TN Y O S T |
S S S Y S |
N W T T Y S N N |
U T U S NS N I |
U N T T N T T |
T S T Y Sy |
S T T O Y S U T |
SR T D NS NN (R N N O |
R N N SN TR T NS N |
S S I U Y Y i |
[N S T T N NS VO S N |
S R S R IS R S S N |
S S WS S N U N T A |
S SN RN NN SRR NS NS S S |
S T T SN Y U SO S O |

Floppy Disk File Name
(Please Fill-In)

L T T I O B T 1
/28 N S T T O O S | 2
T TR I N O O S 3
L S T T S Y 4
LTS N T T T T O N S B 5
(=TS T T T S I O S | 6
7% N N I T Y S I R R | 7
8 Lt 10ty 8
9. Lty 9
0. L Lttty 10,
I T T T S S T O O Y 1
L1 N W U N N T S | 12
180 L1l 13
M4, Loty 14
T T T T T Y O S | 15,
T T O T T Y T 16
17 Lty 17
18 Lt 1y 18
L S T T T T T B | 19,

N
o
N
o

Intel Pattern Number
(Please Do Not Use)

N Y N O B |
S S S S T |
1




All custom 8355 orders must be submitted on this form. Programming information should
be sent per the formats described in the Programming Instruction section of the Intel Data
Catalog. Additional forms are available from Intel.

CUSTOMER 8355 ROM 8355
ORDER FORM
E
For Intel Use Only

Company Phone # S#
o

ompany Contact Date STD

P.O. # Package Type: [J Plastic O Cerdip APP

Date

MARKING

All devices will be marked as shown at the right figure. The marking will consist of the Intel
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a
date code (XXYY), and the customer part number (Z....Z). The customer part number is

limited to a maximum of 9 digits or spaces.

ﬁ

P8355
XXYY

wwww

1

P8355 MARKING EXAMPLE

FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

[J Single Density

O Double Density

CUSTOMER PART NUMBER

Customer P/N
(Please Fill-In)

T S |

S T T N N |

©® N O WN =
-

I T Y O O S | J

I T Y O O N | J

I N Y T T J
9. | T T T N | J
10, L1 14110 J
Mo o4 J
) 2SN T T S O A B | J
< 7S T T T N T B | J
4, 1 L 41 J
16, 4101 |
16, L 11111 J
17, 444 J
18, 1 L1111 |
19, L L 1 0 1 | J

N
o
r
-
-
-

N = = = = o = o
O ©®®NOG AWM= OV

© N R LN =

Floppy Disk File Name

(Please Fill-In)

U I S T W O T I T |
I N Y S T S Ny |
T Y U O T VO N W |
U S U W U N T S |
I S SO W R Y O |
S T W IS N O o |
S T T N S |
S S T Y [ S By |
S S Y o |
SR I Y (S Y S SO U B |
S T ) U ! T I |
N O N Y (O U W |
S Y T O I T |
S Y N VU S IS T T S |
S Y N WA W N O |
R U (S S VO N U |
R T S TN TN PSS I T S
O N T Y I o |
N S O T Y N O N |
S VS TS Y N D S T By |

Intel Pattern Number

(Please Do Not Use)

L

® N R wN =
-

©

o

-
—_

-
N

-
w

-
»

-
o
—
-

_.
o

_.
~N

-
©

©
r
-

N
o ¢




CUSTOMER BIPOLAR PROM 36AA PROM

ORDER FORM
F
For Intel Use Only
Company Phone # S
Company Contact Date
STD
P.O. # Intel Device P/N
APP
: Date
All custom bipolar PROM orders must be submitted on this form. Programming informa-
tion should be sent per the formats described in the Programming Instruction section of the
Intel Data Catalog. Additional forms are available from Intel.

IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION

A word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3625A, it is important that
you indicate by checking the box below whether the submitted tape or card deck for programming is right or left justified.

[J Right Justified O Left Justified
MARKING
All devices will be marked as shown at the right figure. The marking will consist of the intel O D36AA
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a
date code (XXYY), and the customer part number {2....2). The customer part number is n XXYY wwww
limited to a maximum of 9 digits or spaces. 2222222227
1
D36AA MARKING EXAMPLE
FLOPPY DISK

Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk
sent should also be indicated by checking one of the appropriate boxes:

[ Single Density [0 Double Density

CUSTOMER PART NUMBER

Customer P/N Floppy Disk File Name Intel Pattern Number

(Please Fill-In) (Please Fill-In) (Please Do Not Use)
S T T T O I | S T T T O Y O LS T T T T N O I T O |
25 T N N S N A | 2 S T T N N IO S | 725 W N N T T |
1< ZS T N N T RO N N T | < A T T T N T T N < JS A I YT I U Y A |
T S N T T O N T Y | L S T T T T T T L T T T S T S |
6. L1 1 41t L2 T T T N O O N | <A N N T T T T
6. L1 1 1 1111 6. L1 1 111111y [ O T T T SN O |
/2% T T N N TN N T T /5N N T T N N T /2% VO T T T Y O O |
8 L1 1 1 1 1 1 1t 1 11 8 L1 1 111y 8 Loy
9 1 1 3oty 9 L ¢y L 2 I S T T N T IO B |
0. L 1 1t oS T T T T T A 0. 1 & 1 11111y
3 S TR T T T T TN T O | LI SR T T S T O O O | L T T T T T T O O Y
| 25 T T N T Y T 72 N T T O O B I L7 T T T T O S |
< SN T N TR S IS O I | 18 Ly 1830 L1
7 T T N TN U N TR A B | LS T T T N O O A | 2 T T T O N B |
1 TSN T T T T N T I LS I T Y T U T T T | 1 T T T N O A R




CUSTOMER 8021 ROM

ORDER FORM
I
Company Phone No. For Intel Use Only
Company Contact Date S No.
P.O. No. Package Type: OPlastic O Cerdip STD
APP
All custom 8021 orders must be submitted on this form. Programming information should be DATE )
sent in the form of floppy disk. programmed 8748, paper tape or punched cards Additional
forms are available from Intel.
MARKING
n

All devices will be marked as shown at the right figure. The marking will consist of the Intel
Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a
date code (XXYY), and the customer part number (Z....Z). The customer part number is
limited to a maximum of 9 digits or spaces.

P8021 wwww

I XXYY 2..2

P8021 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N
(Please Fill-In)

1/0 Mask Options

Intel Pattern Number
(Please Do Not Use)

Specify the desired connection for each 1/0 line on Port 0 and for the T1 input by marking only one box for each pin.

Port O:
PIN OPTION o .
1 2 Option 1 deletes the pullup resistor on the 1/0 line
00 2 providing true open drain outputs.
Option 2 includes the pullup resistor on the 1/0 line
PO1 5 providing a quasi-bidirectional line.
P02 6
P03 7
P04 8 T :
P05 9 Option 1 deletes the pullup resistor for use as a zero
cross detection input.
P06 10 . . .
Option 2 includes the pullup resistor for use with an
P07 N external switch or standard TTL.
T 13
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CUSTOMER 8022 ROM

ORDER FORM
J

Company Phone No. For Intel Use Only

Company Contact Date S No.

P.O. No. i Package Type: [ Plastic (I Cerdip STD

APP
All custom 8022 orders must be submitted on this form. Programming information should DATE
be sent in the form of floppy disk, programmed 8755, paper tape or punched cards.
Additional forms are available from Intel.
MARKING -
All devices will be marked as shown at the right figure. The marking will consist of the Intel P8022
Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a XXYY z
date code (XXYY), and the customer part number (Z....Z). The customer part number is | Z...
limited to a maximum of 9 digits or spaces.
P8022 MARKING EXAMPLE

CUSTOMER PART NUMBER

Customer P/N
(Please Fill-in)

| N W W U W W |

1/0 Mask Options

Intel Pattern Number
(Please Do Not Use)

[ T N W .

Specify the desired connection for each 1/0 line on Port 0 and for the T1 input by marking only one box for each pin.
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Port 0:
PIN °1P TIO'; Option 1 deletes the pullup resistor on the /O line

[ 10 . providing true open drain outputs.

Option 2  includes the pullup resistor on the I/O line
P,°1 1 providing a quasi-bidirectional line.
P02 12 .
P03 13
PO4 14 ™
PO5 15 Option 1  deletes the pullup resistor for use as a zero

cross detection input. .

P06 16 i ) )

Option2 includes the pullup resistor for use with an «
Po7 17 external switch or standard TTL.
L 19

OPTIONAL PULLUP RESISTOR

OPTIONAL PULLUP RESISTOR

:

lEJ—f:~[>°—{>o-
o




PROGRAMMING INSTRUCTIONS SECTION

1l. MOS EPROMs
A. Erasure Procedure

As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROM:s is to illuminate the
window with a UV lamp which has a wavelength of 2637 Angstroms (A). The data sheets specify a distance of 1 inch and
erase times of 10—45 minutes, depending on the type of UV lamp. Actually, the amount of time required to erase a device
can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per square
centimeter (W-sec/cm2). The specified 16W-sec/cm?2 erase energy includes a guardboard to ensure complete erasure of all bits.
It is not sufficient to monitor “’first bit”’ erasure to determine erasure time, as some other bits in the array may not be erased.

A1. UV Sources

There are several models of UV lamps that can be used to erase EPROMs (see Table {V). The model numbers in the table refer
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers,
including Data 1/O (lIssaquah, Wash.), PROLOG (Monterey, Calif.), Prometrics (Chicago, lll.), Spectronics Corp. (Westbury,
N.Y.), and Turner Designs (Mt. View, Calif.). The individual manufacturers should be consulted for detailed product descrip-
tions. Also shown in the table are typical erase times for various combinations of Intel PROMs and lamp intensities.

Table IV.

Minimum Erase Time for Indicated Dosage
Without a Filter Over the Bulb

Model Power Rating 15W-sec
All Intel EPROMs
or EPROMs with 1/O

Ports
R-52 13000 pW/cm’ 19.2 min
$-52 12000 uW/cm? 20.7 min
S-68 12000 uW/cm? 20.7 min
uUvs-54 5700 uW/cm? 43.8 min
uvs-11 5500 uW/cm? 45.6 min

According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which
will interfere with later programming and/or operation at high temperature.

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp)
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of
UV light that the window of the EPROM will receive.

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they
shouid not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements.
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B. 2716 Programming

Initially, and after each erasure, all bits of the 2716 are in the “1” state. Information is introduced by selectively program-
ming “0” into the desired bit locations. A programmed “0"” can only be changed to a “1” by UV erasure.

The 2716 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the OE input high and the
Vpp supply.at 25V + 1V. Any location may be programmed at any time-either individually, sequentially, or randomly. The
programming time for a single bit is only 50 ms and for all bits is approximately 100 and 50 seconds for the 2716. The
detailed programming specifications and timing waveforms are given in the following tables and figures.

CAUTION: The Vcc and Vpp supplied must be sequenced on and off such that Vo is applied simultaneously or before
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716. The maximum allowable voltage
during programming which may be applied to the Vpp with respect to ground is +26V. Care must be taken
when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For
convenience in programming, the 2716 may be verified with the Vpp supply at 25V + 1V. During normal read
operation, however, Vpp must be at Vog.

2716 PROGRAM CHARACTERISTICS(1)

Ta =25°C $5°C, Vel =6V 5%, Vppl23] =28V £1v
D.C. Programming Characteristics

Symbol Parameter Min. Typ. iax. Units Test Cpnditions

] Input Current (for Any Input) 10 MA VN =5.25V/0.45

Ipp1 Vpp Supply Current 5 mA | CE/PGM = ViL

lpp2 Vpp Supply Current During 30 mA | CE/PGM =V y4
Programming Pulse

lee Ve Supply Current 100 mA

ViL Input Low Level ) -0.1 0.8 \

Vin Input High Level 2.0 Veet! Vv

A.C. Programming Characteristics

Symbol Parameter Min. Typ. Max. Units

tas Address Setup Time 2 us

toes OE Setup Time 2 us

tos Data Setup Time 2 us

tAH Address Hold Time 2 s

toEH OE Hold Time 2 us

ton Data Hold Time 2 s

toF | Output Enable to Output Float Delay 0 120 ns CE/PGM = V_
‘oE Output Enable to Output Delay 1 120 ns | TE/PGM =V,
thw Program Puise Width 45 50 55 ms

tPRT Prbgram Pulse Rise Time 5 ns

tpeT Program Pulse Fall Time 5 ns

NOTES: 1. Intel's standard product warranty applies only to devices prog d to specificati described herein.

2. Vg must be applied simultaneously or before Vpp and removed simultaneously or after Vpp_ The 2716/2758 must not be
inserted into or removed from a board with Vpp at 256 +1V to prevent damage to the device.

3. The maximum allowable voltage which mav be applied to the Vpp pin during programming is +26V. Care must be taken when
switching the Vpp supply to p ding this 26V maximum specification.
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A.C. Conditions of Test:

VoG et 5V+5% Input Pulselevels...................... 0.8V to 2.2V
VP e 25V 1V Input Timing Reference Level.............. 1V and 2V
Input Rise and Fall Times (10% t090%)......... 20 ns Output Timing Reference Level........... 0.8V and 2V

PROGRAMMING WAVEFORMS
Vpp =25V 1V, Ve = 5V 5%

PROGRAM
PROGRAM VERIFY
4
ADDRESSES ADDRESS N ADDRESS Nem
tas tan
) @ |
DATA IN X HIGH 2 DATA OUT DATAIN
DATA STABLE VALID STABLE
K ADD N ADD. N / ADD. N+m
‘oF 10E 'oF
(0 12 MAX) ——=f (0 12 MAX) Fe——1(0 12 MAX)
ot
tps | tpw oM
RETY) a8 miy @ ™
|
10ES tOEH
o P
TE/PGM ) | K

oy ——el }._ e

NOTE ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE uSEC UNLESS OTHERWISE NOTED
C. 2732 Programming
Initially, and after each erasure, all bits of the 2732 are in the ‘*1"’ state. Data is introduced by selectively programming *‘0’s"”

into the desired bit locations. Although only ‘“0’s’" will be programmed, both ““1's’* and “0’s"’ can be presented in the data
word. The only way to change a “‘0"”" to a “‘1”* is by ultraviolet light erasure.

The 2732 is in the programming mode when the é_E/Vpp input is at 25V. It is required that a 0.1 uF capacitor be placed
across OE/Vpp and ground to suppress spurious voltage transients which may damage the device. The data to be programmed
is applied 8 bits in parallel to the data output pins. The levels required for the address and data inputs are TTL.

When the address and data are stable, a 50 msec, active low, TTL program pulse is applied to the CE input. A program pulse
must be applied at each address location to be programmed. You can program any location at any time—either individually,
sequentially, or at random. The program pulse has a maximum width of 55 msec. The 2732 must not be programmed with a
DC signal applied to the CE input.

Programming of multiple 2732s in parallel with the same data can be easily accomplished due to the simplicity of the pro-
gramming requirements. Like inputs of the paralleled 2732s may be connected together when they are programmed with the
same data. A low level TTL pulse applied to the CE input programs the paralleled 2732s.

Program Inhibit

Programming of multiple 2732s in parallel with different data is also easily accomplished. Except for CE, all like inputs
(including OE) of the parallel 2732s may be common. A TTL level program pulse applied to a 2732's CE input with OE/Vpp
at 25V will program that 2732. A high level CE input inhibits the other 2732s from being programmed.

Program Verify

A verify should be_Berformed on the programmed bits to determine that they were correctly programmed. The verify is
accomplished with OE/Vpp and CE at V,,_. Data should be verified tpy after the falling edge of CE.
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A.C. CONDITIONS OF TEST

Input Rise and Fall Times (10% t0 90%)......... 20 ns
Input Pulse Levels......... P 0.8V to 2.2V
Input Timing Reference Level.............. 1V and 2V
Output Timing Reference Level........... 0.8V and 2V
PROGRAMMING!
D.C. PROGRAMMING CHARACTERISTICS: Tp=25 +5°C, V=5V 5%, Vpp=25V =1V
Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Iu Input Current (All Inputs) 10 uA Vin=VLorViy
Vou Output Low Voltage During Verify 0.45 v lor=2.1mA
Vou Output High Voltage Ruring Verify 24 Vv lon= —400 LA
lce Ve Supply Current 85 150 mA
Vi Input Low Level (All Inputs) . -0.1 0.8 \
Vin Input High Level (All Inputs Except OE/Vpp) 2.0 Vec+1 Vv
Ipp Vpp Supply Current 50 mA | CE=V,, OE=Vpp

A.C. PROGRAMMING CHARACTERISTICS: Tpy=25 £5°C, Voc=5V £5%, Vpp=25V =1V

Limits

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tas Address Setup Time 2 us

toes OE Setup Time 2 us

tps Data Setup Time 2 us

tAH Address Hold Time 0 us

toeH OE Hold Time 2 us

ton Data Hold Time 2 us

tor Chip Enable to Output Float Delay 0 120 ns .

tov Data Valid from CE 1 us | CE=V,,0E=V,
tew | CE Pulse Width During Programming 45 50 55 ms

tpRT OE Puise Rise Time During Programming 50 ns

tvr Vpp Recovery Time 2 us

Note: 1. When programming the 2732, a 0.1 uF capacitor is required across OE/Vpp and ground to suppress spurious voltage transients which may
damage the device.

2-68



PROGRAMMING WAVEFORMS

PROGRAM

ROGRAM:

VERIFY

ADDRESSES

ADDRESS N

X

PR S

(2}

d
DATA DATAINSTABLE |\ Hi Z /| oataoutvaLID
ADD. N / \ ADD. N
o1 to t oF
«—— 0S5 ____ | e OH | OV e — — e (0.12)
(2) (2) (1 MAX
Vep
o =
OF/Vpp
ViL toes thw OEH _ J
(2) (45ms) 12) |
tPRT ! t
(0.05) "‘1‘5?
v i
—
ViL ‘-—..——1

1. ALL TIMES SHOWN IN () ARE MINIMUM AND IN uSEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR AV, AND 2V FOR A V.

D. 2732A Programming

The 2732A is programmed exactly as the 2732 except that Vpp =21V £ 0.5V.
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PRELIMINARY

PROGRAMMING WAVEFORMS

PR PROGRAM
PROGRAM VERIFY
ADDRESSES x ADDRESS N X
tas .
21
=)
DATA DATA INSTABLE N\ HiZ DATA OUT VALID
A ADD. N \ ADD. N
tos tou t tor
fe— DS 5] fe OH o — DV e —|  |e— (013
(2l 2 i MaX
Vep
tan
_ 0
E/Vep
ViL toes tow « 'OEH /|
(2} (45ms) [2)
teRT 1
(0.05) [‘2’;‘ —.1
) - 2
Vi —

1. ALL TIMES SHOWN IN () ARE MINIMUM AND IN ySEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V|| AND 2V FOR A V).

E. 2764 Programming

Programming is the same as Intel’s 2732A except that OE/Vyp
is not multiplexed. They have separate pins. Like the 2732A,
exceeding 21.5V will damage the 2764.

Initially, and after each erasure, all bits of the 2764 are in the
“1" state. Data is introduced by selectively programming
*‘0s” into the desired bit locations. Although only *“0s” will be
programmed, both “1s” and “‘0s” can be present in the data
word. The only way to change a “0’’ to a *1” is by ultraviolet
light erasure.

The 2764 is in the programming mode when Vpp inputisat21V
and CE and PGM are both at TTL low. The data to be pro-
grammed is applied 8 bits in parallel to the data output pins.
The levels required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vip is kept at 21V. When the address and data are st%
a 50 msec, active low, TTL program pulse is applied to PGM
input. A program pulse must be applied at each address
location to be programmed. You can program any location at
any time—either individually, sequentially, or at random. The
program pulse has a maximum width of 55 msec.

Programming of multiple 2764s in parallel with the same data
can be easily accomplished due to the simplicity of the pro-
gramming requirements. Like inputs of the paralleled 2764s
may be connected together when they are programmed with
the same data. A low level TTL pulse applied to the PGM input
programs the paralleled 2764s.
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2764

PRELIMINARY

PROGRAMMING
D.C. PROGRAMMING CHARACTERISTICS: T, = 25 +5°C, V. = 5V *£5%, V,, = 21V =0.5V (see Note 1)
Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
M Input Current (All Inputs) 10 pA Vs =V, orVy
Voo -| Output Low Voltage During Verify . 0.45 V ]l =21mA
Vou Output High Voltage During Verify 2.4 V llow = — 400 A
leca Vcc Supply Current (Active) . 150 mA
Vi Input Low Level (All Inputs) -0.1 0.8 \
Viu Input High Level 2.0 Vec+1 Vv
lop Vee Supply Current 30 mA |CE = V. = PGM

A.C. PROGRAMMING CHARACTERISTICS: T, = 25 =5°C, V, = 5V £5%, V,p = 21V %0.5V (see Note 1)

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions*
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tos Data Setup Time 2 us
tan Address Hold Time 0 us
tou Data Hold Time 2 us
tor Chip Enable to Output Float Delay 0 130 ns
tvs Ve Setup Time 2 us
tew PGM Pulse Width During Programming 45 50 55 ms
tees CE Setup Time 2 us
toe Data Valid from OE 150 ns

*A.C. CONDITIONS OF TEST

Input Rise and Fall Times (10% to 90%). ......... 20ns
InputPulselevels ...................... 0.8Vto 2.2V
Input Timing Reference Level .............. 1Vand 2V
Output Timing Reference Level ......... 0.8V and 2.0V

NOTE: 1. V.. must be applied simultaneously or before V,, and removed simultaneously or after V,,
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2764 PRELIMINARY

PROGRAMMING WAVEFORMS

RAM. PROGRAM
PROGRAM! VERIFY
Vi
ADDRESSES X ADDRESSN
Vi
t,
[ 2] t
> “~[o]
L - N /[ o N
DATA IN STABLE HiZ DATA OUT VALID e
DATA < ADD. N 4 ADD. N Y
n
G tor
| 2 — L 24 — [ (0.13)
& &
Vep o
Ver /‘
Vee tys,
2>
Vin
CE .
v G
Vie
tees
(2] >
Vin o
PGM
Vi
) o fors
[45] 2] «»1 N
3
Vi [ [0.15]— —
MAX.
OE
Vi W'

1. ALL TIMES SHOWN IN [ ] ARE MINIMUM AND IN 4SEC UNLESS OTHERWISE SPECIFIED.
2, THE INPUT TIMING REFERENCE LEVEL IS 1V FOR AV, AND 2V FOR A V.
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Bipolar PROM Programming

1. A 5mA current must be forced into the output to be programmed by a current source. The current source must be
clamped to V¢ by a silicon diode. All the other inputs must be floating until it is their turn for programming. The V¢
power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of V¢ is linearly
increased from 0.2us to 8us according to the ramp time shown in Figure 3. The total ramp time for a group of four
outputs is 180ms for a group of eight outputs.

The Vgc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle
time (tcyc) between the Voo program puises to the same output will increase as the V¢ program pulse width
increases from 0.2us to 8us. The time (tp) between Vg pulses of two different outputs is constant at 1.8us.

2. All outputs must be continuously monitored for programming verification. This verification must occur after Vg has

been at 4.5V for 90% of tp and prior to V¢ rising to 12.5V. The program/verification cycles must still be applied (with
the pulse width still linearly increasing to a maximum of 8us) even though the output has been sensed as being
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all
the bits of the word are sensed as being programmed. Plgase refer to Figure 1 for the timing waveforms.
More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128
verifications have occurred for all bits, a final Vg and CS puise at a width of 2.5ms is simultaneously applied to all
outputs that are being programmed. Programming should cease if the 128 verifications are not achieved in 800ms.

3. A 4mA £50% Igg current must also be forced into an appropriate chip select. Igg is forced into CS, (pin 18) of
3604A/3624A, CS; (pin 10) of 3625A, CS; (pin 19) of 3628, and CS, (pin 19) of 3636. The 4mA current into the chip select
input may be easily accomplished by using a 1.2K resistor connected to a +15V power supply. The voltage on the chip
select input will be approximately 10V with the 1.2K resistor.

4. The lgc source used for programming should be able to supply 600mA during V).

Table V. Programming Characteristics

Ta=25°C
Limits
Symbol Parameter Min. | Nom. | Max. | Units Conditions
ViH1 Ve Program Pulse Amplitude 12 125 13 \%
ViH2 CS Program Pulse Amplitude 3 5 55 %
Vi1 V¢ During Verify 42511 45 | 475 %
Vinz2 CS During Verify 0 02 | 04 v
tpw1 Vcc Pulse Width at Beginning 160 200 240 ns Measured at 12V
of Pulse Train
tpw2 V¢ Pulse Width at End of Pulse 7.2 8 8.8 us Measured at 12V
Train
Tcss Chip Select Setup Time 0 ns Measured from 1.5V on rising edge
of CS to 5.0V on rising edge of V¢
TcsH Chip Select Hold Time 100 ns Measured from 5.0V on falling edge _
of Ve to 1.5V on falling edge of CS
TR Vcc Rise Time 300 400 500 ns Measured from 5V to 12V on V¢
Te Vcc Fall Time 50 100 200 ns Measured from 12V to 5V on V¢
Teve Time Between Pulses to Same 9 10 us Measured at 5V on V¢
Output
Topr DC Program Time After Verifica- 2.2 25 28 ms Measured at 12V
tion Has Been Obtained
Tp Time Between Vg Pulses to 15 1.8 us Measured at 5V on V¢
Successive Qutputs
TrRAMP Time During Which V¢
Pulse Width is Increased 4 outputs | 160 180 200
Linearly from tpyy1 to ms
tpw2 8 outputs | 320 360 400
Ics Chip Select Input Current (See 2 4 6 mA | Icg should be generated using a
Programming Instruction 3 for 1.2K resistor from a 15V power
Details) supply

NOTE: 1. The minimum V)1 for the 3604AL (low power) is 4.5V 2.73



fcve ! ‘D-vl |¢—'23 'cvc———+—‘or——i
(SEE FIG. 2 FOR DETAILS) (NOTE 2)

< UL LU,

_ >3
s
<0.8v
OUTPUT1 =5V .}

~{&
0.45V (MAX) 7 3 ) S o o
PROGRAMMED 0 (NOTE 1)
s10v
OUTPUT2 =8V n—,’_z ﬂ_{z
0.45V (MAX) G - . -

PROGRAMMED 0 (NOTE 1)

s10v r.l
OUTPUTN S5V Q2 by

= -

0.45V (MAX) ~— ! e -

anocnmmso 0 (NOTE 1)

Figure 1. Programming Cycles.

NOTES: 1.PROGRAM VERIFICATION MUST OCCUR AFTER Vcc HAS BEEN AT 4.5V FOR 90% OF tp AND PRIOR TO Ve RISING TO 12.5V.
THE PROGRAMMED OUTPUT IS <0.45V WHEN CS <0.8V AND FLOATING WHEN CS > 3V.

2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO
BE CORRECTLY PROGRAMMED.

3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms VCC AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED.

0%
OUTPUT 1
- 2
ZUNPROGRAMMED BIT
s10v
OUTPUT 2
- 2
=10V
OUTPUT N
6V -

Figure 2. Programming Cycle Details.
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Vcc PROGRAMMING PULSE WIDTH (us)

i

(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS

Il 1 1

-

300 400 500 600 700 800
PROGRAMMING ELAPSED TIME (ms)

Vg PROGRAMMING PULSE WIDTH (us)

tow

0.2

(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS

A 1 1 1

|

200 300 400 500 600
PROGRAMMING ELAPSED TIME (ms)

Figure 3. Vg Pulse Width vs. Programming Time.
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BPK72
BUBBLE STORAGE PROTOTYPE KIT

= One BPK70 1 Megabit Bubble Storage = Blank 10 cm x 10 cm PC Board for
Subsystem Assembly
= One 7220 Controller = Complete with Accessories and
Documentation for Prototyping

BPK?72 prototype kit contains the necessary components, accessories and documentation required to build a
1 megabit bubble storage prototype system with minimum design effort. Application information on system
interconnections is included.




BPK72

ORDERING INFORMATION

Order Code Description*
BPK72-0 0-50°C 1 Megabit Storage System Prototype Kit
BPK72-1 0-70°C 1 Megabit Storage System Prototype Kit

BPK72-2 10-50°C 1 Megabit Storage System Prototype Kit

ITEMS IN KIT

Item Part/Manual Number
BPK72 User's Manual 121685
Blank Printed Circuit Board IMB-72
Socket for 7110 7904
Seed Module 7901
VMOS Transistor 7902
Solder Tip 7903
Dummy Module 7900
7220 Bubble Memory Controller
7230 Current Pulse Generator
7242 Dual Formatter/Sense Amp
7250 Coil Pre-Driver
2 x 7254 Quad VMOS Drive Transistors

3-2 AFN-01787A



BPK70
1 MBIT BUBBLE STORAGE SUB-SYSTEM

= Contains Components for Production of = One 7250 Coil Pre-Driver
1 MBit Bubble Storage Sub-System

Two 7254 Quad VMOS Drive Transistors

s One 7230 Current Pulse Generator

One 7110 1 MBit Bubble Memory
= One 7242 Dual Formatter/Sense

Amplifier
= One 7904 Socket for 7110
TO 7220
8080 BUBBLE
8085 MEMORY
8086 CONTROLLER
8088 (BMC)

T0
ADDITIONAL
BPK70’s




intal BPK70
ORDER INFORMATION
Part Number Description
BPK70-0 0-50°C 1 MBit Bubble Storage Sub-System
BPK70-1 0-70°C 1 MBit Bubble Storage Sub-System
BPK70-2 10-50°C 1 MBit Bubble Storage Sub-System

34
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. o PRELIMINARY
Intel 7110
1 MEGABIT BUBBLE MEMORY

7110 0-50°C
7110-1 0-70°C
7110-2 10-50°C

m 1,048,576 Bits of Usable Data Storage = Block Replicate for Read; Block
u Non-Volatile, Solid-State Memory Swap for Write

Tl’ue B-na or an- at. n — 512 B.t [ ] Single Chip 20'Pin Dl.lal In'Line
- Page alnd rzyo489Paglzes © ' Leadless Package and Socket

a Small Physical Volume
= Low Power per Bit

= Major Track — Minor Loop Architecture

s Redundant Loops with On-Chip Loop
Map and Index m Maximum Data Rate 100 Kbit/sec

The Intel Magnetics 7110 is a very high density 1 megabit non-volatile, solid-state memory utilizing the magnetic bub-
ble technology. The usable data storage capacity is 1,048,576 bits. The defect tolerant design incorporates redundant
storage loops. The gross capacity of Intel Magnetics bubble memory is 1,310,720 bits.

The 7110 has a true binary organization to simplify system design, interfacing, and system software. The device is
organized as 256 data storage loops each having 4096 storage bits. When used with Intel Magnetics complete family of
support electronics the resultant minimum system is configured as 128K bytes of usable data storage. The support
circuits also provide automatic error correction and transparent handling of redundant loops.

The 7110 has a major track-minor loop architecture. It has separate read and write tracks. Logically, the data is organ-
ized as a 512 bit page with a total of 2048 pages. The redundant loop information is stored on-chip in the bootstrap loop
along with an index address code. When power is disconnected, the 7110 retains the data stored and the bubble
memory system is restarted when power is restored via the support electronics under software control.

The 7110 is packaged in a dual in-line leadless package complete with permanent magnets and coils for the in-plane
rotating field. In addition, the 7110 has a magnetic shield surrounding the bubble memory chip to protect the data from
externally induced magnetic fields.

The 7110 operating data rate is 100 Kbit/sec. The 7110 can be operated asynchronously and has start/stop capability.

7250
COIL PREDRIVER
Tx 7250
DRIVER
TRANSISTORS

7220
m: BUBBLE
8088 MEMORY
CONTROLLER
(8MC)

S —— |

T0
ADDITIONAL

Block Diagram of Single Bubble Memory System — 128K Bytes
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PRELIMINARY

putsecom+12n =] +* 20| pET.SUPPLY (+12v)
REPLICATE.BC]| 2 18| pET.0UT A+
REPLICATE.AC—](3 18— DET.OUT.A-
BOOT.REPC—]|4 17| oET.0UT B+
BoOT.SWAPC—]|s 16| pET.0UT 8-
ne.Cle T MACKETICS  15{F—3DET.COM
GENERATEAC]|7 14| swars
GENERATE.BL—||8 13| swap a
X-COoILINC] |9 12(EJ Y+.COILIN
x+coiLine—]|10 1| v-.coLin

'NOTE THAT PINS 13 AND 14 SHOULD BE EXTERNALLY CONNECTED.

PIN CONFIGURATION

GENERAL FUNCTIONAL DESCRIPTION

The Intel Magnetics 7110 is a 1 megabit bubble memory
module organized as two identical 512K binary half sec-
tions. See Major Track-Minor Loop architecture diagram.
Each half section is in turn organized as two 256K
subsections referred to as quads.

The module consists of a bubble die mounted in a

ates two orthogona! drive

coils that surround the die. The drive coils produce a
rotating magnetic field in the plane of the die when they
are- excited by 90° phase shifted triangular current
waveforms. The rotating in-plane field is responsible for
bubble propagation. One drive field rotation propagates
all bubbles in the device one storage location (or cycle).
The die-substrate-coil sub-assembly is enclosed in a
package consisting of permanent magnets and a shield.
The shield serves as a flux return path for the permanent
magnets in addition to isolating the device from stray
magnetic fields. The permanent magnets produce a bias
field that is nearly perpendicular to the plane of the die.
This field supports the existence of the bubble domains.

The package is constructed to maintain a 2.5 degree tilt
between the plane of the bias magnet faces and the
plane of the die. This serves to introduce a small com-

ponent of the bias field into the plane of the die. During

operation when the drive coils are energized this small
in-plane component is negligible. During standby or
when power is removed the small inplane field ensures
that the bubbles will be confined to their appropriate
storage locations. The direction of the in-plane field in-
troduced by the package tilt (holding field) is coincident
with the 0° phase direction of the drive field.

Quad Architecture

A 7110 quad sub-section is composed of the following
elements shown on the architecture diagram.

1) Storage Loops
Eighty identical 4096 bit storage loops provide a total

maximum capacity of 327,680 bits. The excess stor-’

age is provided for two purposes: a) it allows a redun-
dancy scheme to increase device yield; and b) it pro-
vides the extra storage required to implement error
correction. : o

2) Replicating Generator (GEN)
The generator operates by replicating a seed bubble
that is always present at the generator site, (GEN).

3) Input Track and Swap Gate

Bubbles following generation are propagated down
an input track. Bubbles are transferred to/from the in-
put track from/to the 80 storage loops via series con-
nected swap gates spaced every four propagation
cycles along the track. The swap gate’s ability to
transfer bubbles in both directions during an opera-
tion eliminates the overhead associated with remov-
ing old data from the loops before new data can be
written. The swap gate is designed to function such
that the logical storage loop position occupied by the
bubble transferred out of each loop is filled by the
bubble being transferred into each loop. Transferred
out bubbles propagate down the remaining portion of
the input track where they are dumped into a bubble
bucket guard rail.

4) Output Track and Replicate Gate
Bubbles are read out of the storage loops in a non-
destructive fashion via a set of replicate gates. The
bubble is split in two. The leading bubble is retained
in the storage loop and the trailing bubble is trans-
ferred onto the output track. Replicate gates are
spaced every four propagation cycles along the out-
put track.
5) Detector )
Bubbles, following replication, are propagated along
the output track to a detector that operates on the
magneto-resistance principle. The cylindrical bubble
domains are stretched into long strip domains by a
chevron expander and are then propagated to the ac-
tive portion of the detector. The detector consists of
a stack of interconnected chevrons through which a
current is passed. As the strip domain propagates
through the stack, its magnetic flux causes a frac-
tional change in stack resistance which produces an
output signal on the order of a few millivolts. The
strip domain following detection is propagated to a
bubble bucket guard rail. A “dummy” detector stack
sits in the immediate vicinity. It is connected in
series with the active deiector and serves to cancel
common mode pickup which originates predominate-
ly from the in-plane drive field.

6

Boot Loop, Boot Swap, and Boot Replicate

One of the two juads in each half chip contains a
functionally active Boot Storage Loop. This loop is
used to store:

a) A loop mask code that defines which loops
within the main storage area should be accessed.
Faulty loops are “masked out” by the support
electronics.

A synchronization code that assigns data ad-
dresses (pages) to the data in the storage loops.
Since bubbles move from one storage location to
the next every field rotation, the actual physical
location of a page of data is determined by the
number of field rotations that have elapsed with
" respect to a reference.

b

-~
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PRELIMINARY

The boot loop is read from and written into via the same
input and output tracks as the main storage loops.
However, it has independently accessed swap and repli-
cate gates. The boot swap, under normal circum-
stances, Iis intended only to be used during basic in-
itialization at the factory at which time loop mask and
synchronization codes are written. The boot replicate is
intended to be accessed every time power is applied to
the bubble module and its peripheral control elec-
tronics. At such a time, the control electronics would
read and store the mask information, plus utilize the
synchronization information to establish the location of
the data circulating within the loops.
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PIN DESCRIPTION
BOOT.REP (Pin 4)

Two-level current pulse input for reading the boot loop.

BOOT.SWAP (Pin 5)

Single-level current pulse for writing data into the boot
loop. This pin is normally used only in the manufacture
of the MBM.

DET.COM (Pin 15)
Ground return for the detector bridge.

DET.OUT (Pins 16 through 19)

Differential pair (A+, A— and B+, B—) outputs which .

have signals of several millivolts peak amplitude.
DET.SUPPLY (Pin 20) ' '
+12 volt supply pin.

GEN.A and GEN.B (Pins 7, 8)

Two-level current pulses for writing data onto the |nput
track.

PULSE.COM (Pin 1)
+12 volt supply pin.
REP.A and REP.B (Pins 3 and 2)

Two-level current pulses for repllcating data from
storage loops to output track. !

SWAP.A and SWAP.B (Pins 13, 14)

Y—.COIL.IN, Y+.COIL.IN (Pins 11, 12)
Terminals for the Y or outer coil.

:ABSOLUTE MAXIMUM RATINGS*

Ambient Operating Temperature
Relative Humidity
Non-Volatile Storage Temperature
Shelf Storage Temperature (Data

Integrity Not Guaranteed)

—65°C to +150°C

~ Voltage Applied to DET.SUPPLY

_orPULSE.COM ..................... PR 14 Volts
Continuous Current between
PULSE.COM and Inputs .............c.ovnn.. 10 mA
' Continuous Current between DET.COM and
- Detector Qutputs .........icceiiniininnnnnn. 10 mA
Coil Current ............... P N 0.5A D.C
' External Magnetic Field for .
Non-Volatile Storage ........... e 40 Oersteds
Non-Operating Handling Shock °
(without socket) ..........c.coviiiiiiiiin, 200G
Operating Vibration (2 kHz to 2 kHz
with socket) .................. e 20G

Single-level current pulse for- swapping data from input .

track to storage loops.

X—.COIL.IN, X+.COIL.IN (Pins 9, 10)
Terminals for the X or inner coll.

*COMMENT: Stresses abov@ those listed under “Ab-
solute - Maximum Ratings”. may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated inthe operational sec-
tions of this specification is not implied. Exposure to
absolute maximum rating conditions for extended

__periods may affect device reliability.,
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7110 PRELIMINARY

D.C. AND OPERATING CHARACTERISTICS

Tp = 25°C
Limits
Symbol Parameter Unit | Test Cenditions
Min. | Nom.l | Max.
Ry Resistance: PULSE.COM to REP.A or REP.B 20 ohms
R, Resistance: PULSE.COM to BOOT.REP 8 ohms
Rj Resistance: PULSE.COM to BOOT.SWAP 17 ohms
Rs Resistance: PULSE.COM to GEN.A or GEN.B 32 ohms
Rs Resistance: PULSE.COM to SWAP.A or SWAP.B 120 ohms
Rg Resistance: DET.COM to DET.OUT.A+
or DET.OUT.B+ ) 640 ohms
R; Resistance: DET.COM to DET.OUT.A-
or DET.OUT.B~- 670 ohms
Rg Resistance: DET.COM to DET.SUPPLY 510 ohms
Ry X Coil Resistance 5.2 ohms
Ry Y Coil Resistance 27 ohms
Lx X Coil Inductance 98.5 kH
Ly Y Coil Inductance 79 rH
DRIVE REQUIREMENTS
Ta= Range specified in Table 1.
Symbol Parameter Min. Nom.[" Max. Units
fr Field Rotation Frequency 49.75 50.000 50.25 KHz
(.18 Phase Lag from Y.COIL to X.COIL 85 90 95 Degrees
Ipx X.COIL Peak Current 600 mA
lpy Y.COIL Peak Current 750 mA
Tox X.COIL Positive Turn On Phase 270 Degrees
Tix X.COIL Positive Turn On Width 108 Degrees
Tox X.COIL Positive Decay Width 72 Degrees
Tax X.COIL Negative Turn On Width 108 Degrees
Tax ) X.COIL Negative Decay Width 72 Degrees
Toy Y.COIL Positive Turn On Phase 0 Degrees
Tivy Y.COIL Positive Turn On Width 108 Degrees
Toy Y.COIL Positive Decay Width 72 Degrees
Tay Y.COIL Negative Turn On Width 108 Degrees
Tay Y.COIL Negative Decay Width 72 Degreeé
Py Total Coil Power 1.3 Watt

Note: 1. Nominal values are at Ty =25°C.
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7110 PRELIMINARY

CONTROL PULSE REQUIREMENTS

Nominal values at To=25°C. See Notes 2 and 3.

Pulse Amplitude (mA) Phase 8; ::;‘f;g Edge Width (Degrees)
GEN.A, GEN.B Cut 64 270 (Odd), 90 (Even) 4.5
GEN.A, GEN.B Transfer 36 270 (Odd), 90 (Even) 90
REP.A, REP.B Cut 180 270 4.5
REP.A, REP.B Transfer 140 270 90
SWAP 120 180 517
BOOT.REP Cut 90 270 45
BOOT.REP Transfer 70 270 90
BOOT.SWAP 70 180 See Note 4.

Note: 2. Pulse timing Is given in terms of the phase relations as shown below. For example, a 7110 operating at fg = 50.000 kHz would have a REP.A
transfer width of 90° which is 5 ps.

Table 1. 7110 Family OUTPUT CHARACTERISTICS
Part Number TaRange Ta=25°C unless otherwise specified.
o Test
7110 0-50°C Symboi | Min. | Nom. | Max. | Units
711041 0-70°C Symooi | Min. | Nom. | Max. | UnitS | conditions
7110-2 10-50°C S, 6 mV | See Figures
7110-3 10-35°C So 1 mv below.
X-Y COIL WAVEFORMS
7110
1% .

x ox= vt o t—O—= TEST SET-UP FOR OUTPUT VOLTAGE
———t—e xt Y- e CURRENT

CURRENT PROBE MEASUREMENT

PROBE

12 VOLT 0—
T oo TyoteTyoteT, 2510
U R G
/_‘* 2z||,, BELDEN 9272 TWINAX
~fro | 1. i® :
i—cvcl.e BOUNDARY 0.1 uw-:[ ::]5 uf, . A - zm;l' TEK'I"R'O:::IX
@ 1KQ spvld'af'a.w
) 4 ®
3. Two level pulses are described as shown below.

3
-»‘ ‘4» CUT WIDTH

‘ CUT AMPLITUDE

~—#|«—— TRANSFER WIDTH ——-»|

mnsTitmuwne DETECTOR OUTPUT WAVEFORMS

PHASE
(LEADING EDGE)

4. BOOT.SWAP is not normally accessed during opera-
tion. It is utilized at the factory to write the index
address and redundant loop information into the
bootstrap loops before shipment.
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Intel ADVANCE INFORMATION

7220
BUBBLE MEMORY CONTROLLER

= 8080/8085/8088/8086 Microprocessor s DMA Handshake Capability
Interface
= Single or Multiple Page Block
u Interfaces Up to Eight Bubble Storage Transters
Subsystems s HMOS Technology
u Self-Contained Timing = Standard 40-Pin Dual In-Line Package

The Intel® 7220 is a complete Bubble Memory Controller (BMC) designed to provide all the interface between Intel
Bubble Memories and standard microprocessors such as the 8080, 8085, 8088, and 8086.

The 7220 has self-contained timing generation and DMA handshake capability. Single and/or multiple page block
transfer capability is supported.

The 7220 is capable of interfacing with up to eight BPK70 one megabit bubble storage subsystems.

The 7220 uses Intel’s high performance HMOS technology. The 7220 is packaged in a standard 40-pin dual in-line
package. All inputs and outputs are directly TTL compatible and the device uses a single +5 volt supply.

PIN CONFIGURATION ———— e — — —

| |
7250 l
| CoIL PREDRIVER | |
PWAFAIL 1 7 Voo ! %K‘Lq I
RESET.OUT [} 2 X+ | DRIVER I
axda %= TRANSISTORS
RESET []4 v+ | I
Ao s V= | |
wrR [}6 T™MA
oack 7 ™8 | 1202 7110 |
DRC [] 8 REP.EN ONE MEGABIT
INT [0 BOOTEN l FORMATTER! BUBBLE [
— SENSE MEMORY
Ao O] 10 SWAPEN AMP UNIT |
Do [ 11 BOOT.SEN (FSA) (MBM) I
0y 12 co
o, []13 DET.ON |
oy [ 14 ERRFLG
o, [ 15 RESERVED l
o5 (] 16 8USRD 7230 |
D [] 17 SHIFT.CLK CURRENT
o, 18 SVYNC PULSE |
NC. []19 oio GENERATOR |

ool = ) e

BPK70 BUBBLE STORAGE SUBSYSTEM

TO
ADDITIONAL
BPK70's

Block Diagram of a 128K Byte Bubble Storage System
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intel 7220 ADVANGE INFORMATION

HARDWARE DESCRIPTION

The 7220 Bubble Memory Controller is packaged in a
40-pin Dual In-Line Package (DIP). The following lists the
individual pins and describes their function.

Pin Description

Signal Name Pin No. [[o] Source/Destination Description

Vee 40 1 +5 Vdc Supply

GND 20 1 Ground

PWR.FAIL 1 | 7230 CPG A low forces a controlled stop sequence and holds

THE BMC in an IDLE state (similar to RESET).

RESET.OUT 2 (¢] 7250 CPD/7242 FSA An active low signal to disable external logic
7230 Reference initiated by PWR.FAIL or RESET signals, but not
Current Switch active until a stopping point in a field rotation is

reached (if the BMC is causing the bubble
memory drive field to be rotated).

CLK 3 | Host Bus 4 MHz, TTL-level clock.

RESET 4 | Host Bus A low on this pin forces the interruption of any
BMC sequencer activity, performs a controlled
shut-down, and initiates a reset sequence. After
the reset sequence is concluded, a low on this pin
causes a low on the RESET.OUT pin, furthermore,
the next BMC sequencer command must be either
the Initialize or Abort command; all other
commands are ignored.

RD 5 | Host Bus A low on this pin enables the BMC output data to
be transferred to the host data bus (Dg-Dyg).

WR 6 | Host Bus A low on this pin enables the contents of the host
data bus (Dg-Dg) to be transferred to the BMC.

DACK 7 | Host Bus A low signal is a DMA acknowledge. This

. notifies the BMC that the next memory cycle is
available to transfer data. This line should be
active only when DMA transfer is desired and the
DMA ENABLE bit has been set. CS should not be
active during DMA transfers except to read status.
1f DMA is not used, DACK requires an external
5.1K ohm to V¢c.

DRQ 8 o Host Bus A high on this pin indicates that a data transfer
between the BMC and the host memory is being

) requested.
INT 9 (o] Host Bus A high on this pin indicates that the BMC has a

new status and requires servicing when enabled
by the host CPU.

Ag 10 | Host Bus A high on this pin selects the command/status
registers. A low on this pin selects the data
register.

Do-D7 1118 110 Host Bus Host CPU data bus. An eight-bit bidirectional

port which can be read or written by using the
RD and WR strobes. Dg shall be the LSB.

Dg 19 /10 Host Bus - Parity bit.

3-12 AFN 01756A



intel 7220  ADVANGE INFORMATION

Pin Description (cont.)

Signal Name Pin No. 1o Source/Destination Description

cs 21 I Host Bus Chip Select Input. A high on this pin shall disable
the device to all but DMA transfers (i.e., it ignores
bus activity and goes into a high impedance state).

DIO 23 (o} 7242 FSA A bidirectional active high data line that shall be
used for serial communications with 7242 FSA
devices.

SYNC 23 (o) 7242 FSA An active low output utilized to create time

division multiplexing slots in a 7242 FSA chain. It
shall also indicate the beginning of a data or
command transfer between BMC and 7242 FSA.

SHIFT.CLK 24 o 7242 FSA A controller generated clock that initiates data
transfer between selected FSAs and their
corresponding bubble memory devices. The timing
of SHFT.CLK shall vary depending upon whether
data is being read or written to the bubble
memory.

BUS.RD 25 [0} * An active low signal that indicates that the DIO
line is in the output mode. It shall be used to
allow off-board expansion of 7242 FSA devices.

WAIT 26 110 - * A bidirectional pin that shall be tied to the WAIT
pin on other BMCs when operated in parallel. It
shall indicate that an error has been detected
and that the BMCs should halt until the type of
error has been determined. An open drain, active
low signal. (Requires an external pullup resistor
which is >5K ohm to V¢g.)

ERR.FLG 27 | 7242 FSA An active low input generated externally by 7242
FSA indicating that an error condition exists.
(Requires an external pullup resistor which is
>5K ohm to Vge.)

DET.ON 28 (e] * An active low signal that indicates the system is
in the read mode and may be detecting. It is useful
for power saving in the MBM.

(o5) 29 [0} 7242 FSA A high on this line indicates that the BMC is

) beginning an FSA command sequence. A low on
this line indicates that the BMC is beginning a
data transmit or receive sequence.

BOOT.SW.EN 30 (o] 7230 CPG An active low signal which may be used for

anabling the BOOT.SWAP of the 7230 CPG.
SWAP.EN 31 (0] 7230 CPG An active low signal used to create the swap
) . function in external circuits.

BOOT.EN 32 o 7230 CPG An active low signal enabling the bootstrap loop
replicate function in external circuitry.

REP.EN 33 o 7230 CPG An active low signal used to enable the replicate
function in external circuitry.

TMEB - 34 o] 7230 CPG An active low timing signal generated by the
decoder logic for determining TRANSFER pulse
width.

TM.A 35 (0] 7230 CPG An active low timing signal generated by the

o ) decoder logic for determining CUT pulse width.

Y-, Y+, 36-39 0 7250 CPD Four active low timing signals generated by the

X—, X+ decoding logic and used to create coil drive

currents in the bubble memory device.

*Not used in minimum (128K byte) system.
3-13 AFN 01756A
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FUNCTIONAL DESCRIPTION

The 7220 Bubble Memory Controller provides the user
interface to the bubble memory system. The BMC
generates all memory system timing and control, main-
tains memory address information, interprets and exe-
cutes user request for data transfers, and provides a

Microprocessor-Bus compatible interface for the mag-
netic bubble memory system.

Figure 2 is a block diagram of the 7220 Bubble Memory
Controller (BMC). The following paragraphs describe the -
functions of the individual elements of the BMC.

o — ] LOGIC

POWER FAIL,
ABORT, AND
RESET LOGIC
RESET.DU
WATT <—>] ERR.FLO
SEQUENCER
OET: REGISTER
FILE
Ve¢ —m8 |
¢ N
T
E
FSA 5
SELECT N
Loae L FIFO
3
- - .
aND » v
Dy -—>»] > X+
L . X
Dg — SYSTEM ——» 73
ro , INTERFACE > Y-
RD DATA REGISTER, > TM.A
WR ——>] DMA AND BUBBLE ;]
DACR ———»|  INTERRUPT SloNAL ~ REPE

DIO & BOOTLOOP [ BOOT.EN
ENCODER/DECODER j——— SWAP.EN

Figure 2. 7220 Bubble Memory Controller (BMC), Block Diagram

System Bus Interface— The System Bus Interface (SBI)
logic contains the timing and control logic required to
interface the BMC to a non-multiplexed bus. The logic
also contains the circuitry to check and generate odd
parity on transfers across the bus. The interface has in-
put data, output data, and status data latches. The BMC
can interface asynchronously to the host CPU. With a
4-MHz clock, it is capable of sustaining a 1.3 Mbyte per
second transfer rate, while data space is available in the
BMC FIFO.

FIFO—The FIFO consists of a 40 x 8 bit FIFO RAM for
data storage. The FIFO block also contains input and
output data latches, providing double data buffering, to
improve the R/W cycle times seen at the system bus in-
terface. The FIFO may be used as a general purpose
FIFO when a command is not being executed by the
BMC Sequencer. In this mode, the FIFO READY status
bit becomes a FIFO not-empty indicator indicating that

the RAM and input/output latches have at least one byte
of data.

DMA and Interrupt Logic— The DRQ pin has two func-
tions:

(1) If the DMA enable bit in the enable register is set,
the DRQ pin, in conjunction with the DACK pin;, pro-
vides a standard DMA transfer capability; i.e., it has
the ability to handshake with an 8257 or 9517/8237
DMA controllier chip.

(2) If the DMA enable bit is reset, the DRQ pin acts as a
“ready for data transfer interrupt” pin. It becomes
active when 22 bytes may be read from or written in-
to the BMC,; it is reset when this condition no longer
exists.

Register File—The register file contains 7 eight-bit
registers that are accessible by the host CPU. Refer to
the Register Section for details.
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MBM Address Logic and RAM— The MBM address logic
consists of the block length counter, starting address
counter, adder, and MBM Address RAM. The MBM Ad-
dress RAM is used to store the next available page ad-
dress for each of up to 8 dual FSAs. The address main-
tained is the read address, the write address is
generated when needed by adding a constant to the
stored read address.

The block length counter enables multiple page trans-
fers of up to 2048 pages in length.

The starting address counter is used as a register to
hold the desired start address. Once the start address is
reached, the counter is incremented on each subse-
quent page transfer so that its value is equal to the pre-
sent read/write address.

DIO Bootloop Decoder/Encoder— Performs parallel-to-
serial and serial-to-parallel conversions between the
FIFO data and the serial bit stream on the DIO line. This
block also generates the BUS.RD signal, which indi-
cates the direction of data transfer on the DIO line (this
is useful in situations which require external buffering
on the DIO line). This block also contains the circuitry
which decodes the bootloop data during a Read
Bootloop or Initialize operation, and encodes the boot-
loop data during a Write Bootloop operation.

Sequencer—Controls the execution of commands by
decoding the contents of its own internal ROM in which
the BMC firmware is located. This block also sets and
resets flags and status bits, and controls actions in
other parts of the BMC.

Power Fail and Reset— Provides a means of resetting
the bubble systems in an orderly manner, when acti-
vated by the PWR.FAIL signal, the RESET signal, or the
Abort command.

FSA Select Logic block contains the logic which con-
trols the timing of the interaction between the BMC and
the FSAs. The FSA selection is determined by the four
high-order bits in the BLR and the four high-order bits in
the AR, both set by the user.

Bubble Signal Decoder block contains the logic for
creating all the MBM timing signals. The BMC to bubble
memory interface consists of active low timing signals.
The starting and stopping point of each signal is deter-
mined by the decoder logic. Each signal may occur
every field rotation or only once in a number of field rota-
tions. The field rotation in which a timing pulse occurs
is controlled by the sequencer logic.

Figure 3 and Table 1 illustrate the typical timing signals
for the BMC. These signals are described in the follow-
ing paragraphs.

X+, X—=, Y+, and Y= go to the 7250 CPDs, and are
used to enable the coil drive currents in the MBMs.
TM.A and TM.B go to the 7230 CPGs, and are used to
determine, respectively, the pulse widths for the CUT
and TRANSFER functions used in replicating and gen-
erating the bubbles.

Table 1. 7220 BMC Timing (Degrees)

Signal Start Width End

X+ 270° 108° 378°

Y+ 0° 108° 108°

X= 90° 108° 198°

Y= 180° 108° 288°
TM.A (ODD) 270° 45° 274.5°
TM.A (EVEN) 90° 45° 94.5°

TM.B (ODD) 270° 90° 360°

TM.B (EVEN) 90° 90° 180°

BOOT.EN 252° 108° 360°

REP.EN 252° 108° 360°

SWAP.EN 180° 5.7° 697°

BOOT.SW.EN 180° DC* 180°
SHIFTCLK (RD) 186.75° 99° 285.75°

SHIFTCLK (WRT) 72° 288° 360°

*Stays low for 4118 field rotation periods when writing the MBM
Bootloop

SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN all go
to the 7230 CPG. They are used to enable, respectively,
the data swap, data replicate, boot swap, and boot
replicate functions within the MBMs.

SHIFT.CLK goes to the FSAs. It is used to control the
timing of events at the interface between each FSA and
its corresponding MBM. (Refer to 7242 FSA Specifica-
tion for a description of the BMC/FSA interface.)

SYNC and C/D control the serial communications be-
tween the BMC and the FSAs (on the DIO line).

USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by read-
ing from or writing to specific registers within the bub-
ble memory controller (BMC). The following paragraphs
identify these registers and gives brief functional
descriptions, including bit configurations and address
assignments.

Register Addressing

Selection of the user-accessible registers depends on
register address information sent from the user to the
BMC. This address information is sent via a single ad-
dress line (designated Ag) and also via data lines Dg
through D,.

Both Command Register (CMDR) and Register Address
Counter (RAC) are 4-bit registers which are loaded from
Dg-D3. The status register is selected and read by a
single read request, The command register is selected
and loaded by a single write request. The remaining
registers are accessed by a two-stage process, in which
the desired register is first selected by placing its ad-
dress in the RAC, and then read or written with a subse-
quent read or write request.
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Figure 3. 7220 BMC Timing Diagram

Table 2 gives a complete listing of the address assign-
ments for the user-accessible registers. The registers
are listed in two groups. The first group (STR, CMDR,
RAC) consists of those registers that are selected and
accessed in one operation. The second group (UR, BLR,
ER, AR, FIFO) consists of those registers that are

selected according to the contents of RAC.

Table 2. Address Assignments for the

User-Accessible Registers

A0 D7 D6 D5 D4 D3 D2 D1 DO | Symbol | Name of Reg: Read/Write

10001CCC C|CMDR |Command Write Only
Register

10000B B B B |RAC Register Address | Write Only
Counter

1S SSSSS S S |STR Status Register |Read Only

Table 2. (cont.)

RAC

A0 B3 B2 B1 BO | Symbol | Name of Regi: Read/Write

0 1 0 1 0 |UR Utility Register Read or Write

0 1 0 1 1 | BLRLSB | Block Length Write Only
Register LSB

0 1 1 0 O | BLRMSB | Block Length Write Only
Register MSB

o1 1 0 1 ER Enable Register Write Only

0 1 1 1 0 | ARLSB Address Register | Read or Write
LsB

0 1 1 1 1 | ARMSB | Address Register | Read or Write

MsB
000 0 0 0 |FIFO FIFO Data Buffer | Read or Write

SSSSSSSS = 8-bit status information returned to the user from the STR
CCCC = 4-bit command code sent to the CMDR by the user.
BBBB = 4-bit register address sent to the RAC by the user.

B3B2B1B0 = 4-bit contents of RAC at the time the user makes a read or

write request with A0=0.

LSB = Least Significant Byte
_MSB = Most Significant Byte

3-16
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The register file contains the registers with address
1010 through 1111. These registers are also called
parametric registers because they contain flags and
parameters that determine exactly how the BMC will
respond to commands written to the CMDR.

To facilitate such operations, the BMC automatically in-
crements the RAC by one count after each transfer of
data to or from a parametric register.

The RAC increments from the initially loaded value
through address 1111 and then on to 0000 (the FIFO ad-
dress). When it has reached 0000, it no longer incre-
ments. All subsequent data transfers (with AO=0) will
be to or from the FIFO until such time as the RAC is
loaded with a different register address.

REGISTER DESCRIPTIONS

Command Register (CMDR) 4 Bits, Write Only

The user issues a command to the BMC by writing a
4-bit command code to the CMDR.

Table 3 lists the 4-bit command codes used to issue the
sixteen commands recognized by the BMC:

Table 4 is a listing of the commands and their functions.

Table 3. Command Code Definitions

D3 | D2 | D1 | D1 Command Name
0 0 0 0 | Write Bootloop Register Masked
0 0 0 1 | Initialize

0 0 1 0 | Read Bubble Data

0 0 1 1 | Write Bubble Data

0 1 0 0 | Read Seek

0 1 0 1 | Read Bootloop Register
0 1 1 0 | Write Bootloop Register
0 1 1 1 | Write Bootloop

1 0 0 0 | Read FSA Status

1 0 0 1 | Abort

1 0 1 0 | Write Seek

1 0 1 1 | Read Bootloop

1 1 0 0 | Read Corrected Data

1 1 0 1 | Reset FIFO

1 1 1 0 | MBM Purge

1 1 1 1 | Software Reset

The most commonly used commands in normal opera-
tion are:

Initialize

Read Bubble Data
Write Bubble Data
Seek

Write Seek

Abort

MBM Purge

Read Corrected Data
Reset FIFO
Software Reset
Read FSA Status

3-17

Commands relating to the bootloop, and used only for
diagnostic purposes, are:

Read Bootloop Register

Write Bootloop Register

Write Bootioop Register Masked
Read Bootloop

Write Bootloop

Status Register (STR) 8 Bits, Read Only

The user reads the BMC status register in response to
an interrupt signal, or as part of the polling process in a
polled data transfer mode. The status register provides
information about error conditions, completion or ter-
mination of commands, and about the BMC’s readiness
to transfer data or accept new commands. The in-
dividual bit descriptions are as follows:

STATUS REGISTER
FIFO READY

nnnnonnn

{————————» UNCORRECTABLE ERROR
CORRECTABLE ERROR
TIMING ERROR

OP FAIL

OP COMPLETE

BUSY

BUSY (when = 1) indicates that the BMC is in the
process of executing a command. When equal to
0, BUSY indicates that the BMC is ready to receive
a new command. In the case of a read command,
BUSY may also indicate that the data bus has not
been completely removed from the FIFO, and that
DRQ is still active. BUSY will then drop as soon as
DRQ does (after the user has finished reading the
data remaining in the FIFO).

OP COMPLETE (when = 1) indicates that an FSA
has reported a timing error to the BMC, or that the
host system has failed to keep up with the BMC,
thereby causing the BMC FIFO to overflow or to
become empty. TIMING ERROR is also set if no
bootloop sync word is found during initialization,
or if a Write Bootloop command is issued when
the WRITE BOOTLOOP ENABLE bit is equal to
zero in the enable register.

CORRECTABLE ERROR (when = 1) indicates that
a FSA has reported to the BMC that a correctable
error has been detected in the last data block
transferred.

UNCORRECTABLE ERROR (when=1) indicates
that an FSA has reported to the BMC that an un-
correctable error has been detected in the last
data block transferred.

PARITY ERROR (when=1) indicates that the
BMC'’s parity check circuitry has detected a parity
error on av'ata byte sent to the BMC by the user on
the data lines Dg-Dg.
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FIFO READY has two functions. The FIFO READY
functions are as follows:

F
FIFO READ WRITE
READY BUSY

1 1 data in space in

FIFO FIFO
0 . 1 no data no space

1 0 — data in FIFO —

0 — FIFO empty —

STR Bits 1 through 6 are reset when a new com-
mand is issued. They may also be reset by making
a write request (WR=0) to the BMC with Ag=0,
D4s=1 and Ds=1 (that is, writing the RAC with
Ds=1).

Enable Register (ER) 8 Bits, Write Only

The user sets various bits of the enable register to
enable or disable various functions within the BMC or
the FSAs. The individual bit descriptions are as foiiows:

ENABLE REGISTER

Lrlefsfefofel ]e]

ENABLE RCD enables the BMC to give the Read
Corrected Data command to an FSA in which an
error has been detected. This causes the FSA to
correct the error (if possible) and also to transfer
the corrected data to the BMC. The Read Cor-
rected Data command is also used to read into the
BMC data previously corrected by the FSA in
response to an Internally Correct Data command.
In either case, when the data transfer has been
completed, the BMC can read FSA status to deter-
mine whether or not the error was correctable. In
the case of an uncorrectable error, bad data may
have been sent to the user. The value of ENABLE
RCD affects the action of INTERRUPT ENABLE
(ERROR).

WRITE BOOTLOOP ENABLE (when=1) enables
the bootloop to be written. If this bit is equal to
zero, and a Write Bootloop command is received
by the BMC, the command is aborted and the TIM-
ING ERROR bit is set in the STR.

MFBTR controls the maximum burst transfer rate
from FSA(s) to BMC FIFO. This rate is variable on
the “last page” of a multiple page transfer. {in one
page transfers the last page is the only page.) See
Table 4 for effects of this bit on the various 7220
commands.

L nrernupT EnasLE (voRMAL) Table 4. MFBTR Bit Definitions
INTERRUPT ENABLE (ERROR)
L DMA ENABLE
Number Maximum
L MAXIMUM FSA-BMC TRANSFER RATE MFBTR Bit
WRITE BOOTLOOP ENABLE of MBMs Required
ENABLE RCD Operated | Hostinterface
ENABLE ICD in Parallel Data Rate Read C d | WriteC d
ENABLE PARITY INTERRUPT
1 50K byte/sec 0 N/A
In the above figure and in the text below, the following i ;gg: zy'e:sec g :;2
abbreviations are used: ytelse
8 400K byte/sec 0 N/A
ICD =INTERNALLY CORRECT DATA 1 125K byte/sec 1 0
RCD = READ CORRECTED DATA 2 25K byte/sec 1 0
UCE = UNCORRECTABLE ERROR 4 50K byte/sec 1 0
CE =CORRECTABLE ERROR 8 100K byte/sec 1 0

TE =TIMING ERROR

NOTE: The MFBTR bit should always be set to “0” for all commands

ENABLE PARITY INTERRUPT enables the BMC to
interrupt the host system (via the INT line) when
the BMC detects a parity error on the data bus
lines Do-D7.

ENABLE ICD enables the BMC to give the inter-
nally Correct Data command to an FSA when an er-
ror has been detected by the FSA’s error detection
and correction circuitry. The FSA responds to
such a command by internally cycling the data
through its error correction network. When finish-
ed, the FSA returns status to the BMC as to
whether or not the errcr is correctable. The value
of ENABLE ICD affects the action of INTERRUPT
ENABLE (ERROR).
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except “READ.”

DMA ENABLE (when=1) enables the BMC to
operate in DMA data transfer mode, using the DRQ
and DACK signals in interaction with a DMA con-
troller. When equal to zero, DMA ENABLE sets up
the controller to support interrupt driven or polled
data transfer.

INTERRUPT ENABLE (ERROR) selects error condi-
tions under which the BMC stops command exe-
cution and interrupts the host processor (via the
INT line). INTERRUPT ENABLE (ERROR) operates
in conjunction with ENABLE ICD and ENABLE
RCD.
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Interrupt
Enable Enable Enable
icD RCD (ERROR) Interrupt Action
0 0 0 No interrupts due to errors
0 0 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 interrupt on UCE, CE, or TE
1 0 0 Interrupt on UCE or TE
1 0 1 Interrupt on UCE, CE, or TE
1 1 0 Not used
1 1 1 Not used

INTERRUPT ENABLE (NORMAL) (when=1)
enables the BMC to interrupt the host system (via
the INT line), when a command execution has been
successfully completed (OP COMPLETE =1 in the
STR).

Utility Register (UR) 8 Bits, Read or Write

The utility register is a general purpose register avail-
able to the user in connection with bubble memory
system operations. It has no direct effect on the BMC
operation, but is provided as a convenience to the user.

Block Length Register (BLR) 16 Bits,
Write Only:

The contents of the block length register determine the
system page size and also the number of pages to be
transferred in response to a single bubble data read or
write command. The bit configuration is as follows:

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB

Lrlefs]efefafefe] [rfefs[efsfz]"]c]

~——

NUMBER OF FSA
CHANNELS (NFC)

NUMBER OF PAGES TO BE TRANSFERRED

The system page size is proportional to the number of
magnetic bubble memory modules (MBMs) operating in
parallel during the data read or write operation. Each
MBM requires two FSA channels. Bits 4 through 7 of
BLR MSB actually specify the number of FSA channels
to be accessed.

The BLR LSB, together with the 3 least significant bits
of the BLR MSB, specify the number of pages to be
transferred. Up to 2048 pages can be transferred in
response to a single bubble data read or write com-
mand, hence the requirement for 11 bits. All 11 bits
equal to zero specifies a 2048 page transfer.

Address Register (AR) 16 Bits, Read or Write

The contents of the address register determine which
MBM group is to be accessed, and, within that group,
what starting address location shall be used in a data
read or write operation. The bit configuration is as
follows:

ADDRESS REGISTER MSB ADDRESS REGISTER LSB
Lrlelslefafefrfo] [rlefs]afafz]r]o]
x

STARTING ADDRESS WITHIN EACH MBM

~—
MBM SELECT

Within each MBM there are 2048 possible starting ad-
dress locations for a data read or write operation, hence
the requirement for 11 bits in the starting address.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 3-6. The BMCs interpretation
of these bits depends on the number of MBMs in a
group, which is specified by BLR MSB Bits 4-7.

Table 5 shows which MBM groups are selected in
response to given values for BLR MSB Bits 4-7 and AR
MSB Bits 3-6. A 1-megabyte system (8 MBMs) is
represented, with the FSA channels numbered 0
through F:

Table 5. Selection of FSA Channels

AR MSB Bits BLR MSB Bits (7,6,5,4)
(6,5,4,3) 0000 | 0001 0010 0100 1000
2000 0 0,1 0123 | 0to7 | OtoF
0001 1 23 456,7 8toF
0010 2 45 89,AB
0011 3 6,7 CDEF
0100 4 89
0101 5 AB
0110 6 cb
0111 7 EF
1000 8
1001 9
1010 A
1011 B
1100 c
1101 D
1110 E
1111 F

As explained above, the accessing of single FSA chan-
nels is done only as part of diagnostic processes. AR
MSB Bit 7 is not used.

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or
Write

The BMC FIFO is a 40-byte buffer through which data
passes on its way from the FSAs to the user, or from the
user to the FSAs. The FIFO allows the data transfer to
proceed in an asynchronous and flexible manner, and
relaxes timing constraints, both to the FSAs and also to
the user’s equipment. The user's system must, however,
meet the data rate requirements. When the BMC is busy
(executing a command) the FIFO functions as a data
buffer. When the BMC is not busy, the FIFO is available
to the user as a general purpose FIFO.
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FUNCTIONAL OPERATION

The IC components used in the bubble memory systems
have been designed with transparency in mind—that is,
a maximum number of operations are handled by the
hardware and firmware of these components.

Each one-Megabit Bubble Memory (MBM) operates in its
own domain, and is unaffected by the number of bubble
memories in the system. The roles played by the MBM’s
immediate support circuitry can be described as if the
system contained only one MBM module.

Data Flow Within the Magnetic Bubble
Memory (MBM) System

During a read operation, data flows as follows: The
data from the MBM is input to the Formatter/Sense
Amplifier (FSA). Data from each channel (A channel or B
channel) of the MBM goes to the corresponding channel
of the FSA. In the FSA, the data is paired up with the cor-
responding bit in the FSA’s bootloop register to deter-
mine whether it represents data from a ‘good’ loop. If it
does, the data bit is stored in the FSA FIFO. Error detec-
tion and correction (if enabled by the user) is applied to
each block of 256 data bits.

From the FSA FIFO, data is sent to the bubble memory
controller (BMC) in the form of a serial bit stream, via a
one-line bidirectional data bus (DIO). The data is multi-
plexed onto the DIO line, with data bits coming alter-
nately from the A and B channels of the FSA. The BMC
outputs a SYNC pulse to the SELECT.IN input of the
FSA. The FSA responds by placing a data bit from the A
channel FIFO on the DIO line. One clock cycle later, a
data bit from the B channel FIFO is placed on the DIO
line. The BMC continues to output SYNC pulses, once

DETAILED COMMAND DESCRIPTIONS

every 80 clock cycles, each time receiving two data bits
in return.

In the BMC, the data undergoes serial-to-parallel conver-
sion, and is assembled into bytes, which are then placed
in the BMC FIFO, which can hold 40 bytes of data. From
this FIFO, the data bytes are written onto the user inter-
face.

During a write operation, the data flow consists of the
corresponding operations in the reverse order.

Multiple-MBM Systems

The 7220 BMC can interface up to 8 one-megabit BPK70
Bubble Storage subsystems. The data flow in a multiple-
BPK70 system is in most respects similar to that which
occurs in a one-BKP70 subsystem. The difference is in
the time-division multiplexing that occurs on the DIO
bus line between the BMC and the FSAs.

For data transfer operations, the BMC may exchange
data with as few as two FSA channels (one BPK70) or as
many as 16 FSA channels (eight BPK70s).

SOFTWARE INTERFACE—The general procedure for
communicating with the BMC is:
Pass parameters to the BMC by loading the
registers.
Send the desired command.
Read the status/command register until BMC is not
busy (or use “INT” pin).
Examine the status register to determine whether
the operation was successful.

Initialize

Read Bubble Data

Write Bubble Data

Read Seek

MBMs.

The BMC executes the Initialize command by first interrogating the bubble system to
determine how many FSAs are present, then reading and decoding the bootloop from
each MBM and storing the results in the corresponding FSA’s bootloop register.

The Read Bubble Data command causes data to be read from the MBMs into the BMC
FIFO. The selection of the MBMs to be accessed and the starting address for the read
operation is specified in the address register (AR). The block length register (BLR)
specifies the number of system pages to be read.

The Write Bubble Data command causes data to be read from the BMC FIFO and
written into the MBMs. The selection of the MBMs to be accessed and the starting
address for the write operation is specified in the address register (AR). The block
length register (BLR) specifies the number of system pages to be written.

The Read Seek command rotates the selected MBMs to a designated page address
location. No data transfer occurs. The positioning is such that the next data location
available to be read is the specified (in AR) page address plus one. The Read Seek
command may be used to reduce latency (access time) in cases where information is
available for the user to predict the location of an impending read reference to the

3-20
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Detailed Command Descriptions (cont.)

Write Seek The Write Seek command rotates the selected MBMs to a designated page address
location. No data transfer occurs. The positioning is such that the next data location
available to be written is the specified (in AR) page address plus one. The Write Seek
command may be used to reduce latency (access time) in cases where information is
available for the user to predict the location of an impending write reference to the
MBMs.

Abort The Abort command causes a controlled termination of the command currently being
executed by the BMC. The Abort command will be accepted by the BMC (and is
typically issued) when the BMC is busy.

MBM Purge The MBM Purge command clears all BMC registers, counters, and the MBM address
RAM, except it does not clear the block length register, the NFC bits, the FSA present
counter, or the four high-level bits of the address register.

Read Corrected Data The Read Corrected Data command causes the BMC to read into the BMC FIFO a
256-bit block of data from the FIFO of each selected FSA channel, after an error has
been detected. The data cycles through the error correction network of the FSA. After
the data has been read, the FSA reports to the BMC whether or not the error was
correctable. The Read Corrected Data command is used only when the system is in error
correction mode (ENABLE ICD or ENABLE RCD set in the ER).

Software Reset The Software Reset command clears the BMC FIFO and all registers, except those
containing initialization parameters. It also causes the BMC to send the Software
Reset command to selected FSAs in the system. No reinitialization is needed after
this command.

Read FSA Status The Read FSA Status command causes the BMC to read the 8-bit status register of all
FSAs, and to store this information in the BMC FIFO. The Read FSA Status command is
independent of all parametric registers. :

Read Bootioop The Read Bootloop Register command causes the BMC to read the bootloop register of

Register the selected FSA channels and to store this information in the BMC FIFO. Twenty
bytes are transferred for each FSA channel selected.

Write Bootloop The Write Bootloop Register command causes the BMC to write the contents of the

Register BMC FIFO into the bootloop register(s) of the selected FSA channels. Twenty bytes
are needed for each FSA channel selected.

Write Bootloop Proper operation of the FSAs during data transfer to or from the MBMs requires that the

Register Masked bootloop register contain (if error correction is used) exactly 270 logic 1s for each

FSA bootloop register. The user may select any subset of 270 “good” loops from the
total number of available loops (if error correction is not used, 270 replaced by 272). As
an alternative, the Write Bootloop Register Masked command may be used. This
command counts the number of logic 1s and masks out the remaining 1s after the
proper count has been reached.

Read Bootloop The Read Bootloop command causes the BMC to read the bootloop from the
selected MBM, and to store the decoded bootloop information in the BMC FIFO.
Write Bootloop The Write Bootloop command causes the existing contents of the selected MBM’s

bootloop to be replaced by new bootloop data based on 40 bytes of information stored
in the FIFO (the user must actually write 41 bytes, where the 41st byte is all Os).
Encoding of the bootloop data is done by the BMC hardware.
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ABSOLUTE MAXIMUM RATINGS

Temperature underbias............ —-10°Cto +80°C
Storage Temperature .. ........... -65°C to +150°C

All Input or Output Voltages and

Vcc Supply Voltage . ................. =05Vto7V

*NOTICE: Stresses above those listed under “Absolute Max-
imum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indicated
in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

D.C. CHARACTERISTICS (To=0°C to 70°C; Vg = 5.0V = 5%)

Symbol Parameter Min. Max. Unit Test Condition
Vi Input Low Voltage 0.8 Vv
Vig Input High Voltage 20 \"
Voig) Output Low Voltage
(All outputs except DET.ON, BUS.RD, .45 v lor=3.2 mA
SHIFT.CLK, and SYNC
Voie) g%lfc%%ggﬁﬁm p— 45 v loL=16 mA
‘Vou Output High Voltage 2.4 \ lon =400 uA
|I||:] Input Leakage Current 10 uA 0< VinS Voo
Hord) Output Float Leakage 10 uA 0.45<Voyur<Vee
lcc Power Supply Current from Ve 50 mA
A.C. CHARACTERISTICS
Ta=0°Cto +70°C; Vgc=5.0V+5%; C_= 150 pF, unless otherwise noted.
Symbol . Parameter Min. Max. Unit Test Condition
tp Clock Period 250 ns
to Clock Phase Width .45 tp .55 tp
trtr Input Signal Rise and Fall Time 30 ns
FSA Interface Timings
Symbol Parameter Min. Max. Unit Test Condition
teoy CLK to DIO Valid Delay 100 ns
tcor CLK to DIO Entering Float 220 ns
tcoe CLK to DIO Enabled from Float 100 ns
toon CLK to DIO Hold Time 0 ns
tesoL CLK to SYNC Leading Edge Delay 100 ns C_=50 pF
tesor CLK to SYNC Trailing Edge Delay 100 ns CL=50pF
tpc DIO Setup Time to Clock 70 ns
tpHe DIO Hold Time from Clock 0 ns
tcoL CLK to Output Leading Edge 150 ns
tcor CLK to Output Trailing Edge 0 ns
tew ERR. FLG Pulse Width 200 ns
tscrr SHIFTCLK to Y= Trailing Edge 80 180 ns
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A.C. CHARACTERISTICS
Tao=0°C to 70°C; Vgc=5.0+5%; C_ = 150 pF unless otherwise noted.

Read Cycle (Host Interface)

Symbol Parameter Min. Max. Unit Test Condition

tac Select Setup to RD 0 ns

tca Select Hold from RD 10 ns

trR RD Pulse Width 150 ns

taD Data Delay from Address 150 ns

trp Data Delay from RD 150 ns

tor Output Float Delay 20 100 ns C_=20pF for Min.
150 pF for Max.

toc DACK Setup to RD 0 ns

tep DACK Hold from RD 10 ns

tkp Data Delay from DACK 150 ns

Write Cycle (Host Interface)

tac Select Setup to WR 0 ns
tca Select Hold from WR 10 ns
tww WR Pulse Width 150 ns
tow Data Setup to WR? 50 ns
twp Data Hold from WR* 10 ns
tpc DACK Setup to WR 0 ns
tep DACK Hold from WR 10 ns
Symbol Parameter Min. Max. Unit Test Condition
tca Request Hold from RD or WR 150 ns

(non Burst mode)

7250-7230 Interface Timings

Symbol Parameter Min. Max. Unit Test Condition
tesL CLK to Bubble Signal Leading Edge 200 ns Under Pin Loads*
tceT CLK to Bubble Signal Trailing Edge 200 ns Under Pin Loads*

“Bubble Pin Loads Shown Below

PIN LOADINGS

Pin Names Value Unit
X+,X=,Y+,Y= 150 pF
TM.A, TM.B, REP.EN, BOOT.EN,

SWAP.EN, BOOT.SW.EN, C/D, 50 pF
ERR.FLG, WAIT, SYNC

DET.ON & SHIFT.CLK 100 pF
BUS.READ 10 pF
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WAVEFORMS

Read Waveforms (Host Interface)
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Write Waveforms (Host Interface)
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7242 Interface Timings
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7230
CURRENT PULSE GENERATOR
FOR BUBBLE MEMORIES

= TTL Compatible Inputs
® Provides all Pulses for IM’s Bubble
Memories
— Replicate, Swap, Generate,
Boot Replicate and Bootswap

u Current Sink Outputs Designed to
Directly Drive Bubble Memory

Direct Interface to Bubble Memory
Controller

Automatic Power Fail and Reset

Operates from +5 and +12 Volts Only

Schottky Bipolar Technology
Standard 22-Pin Dual-In-Line Package

The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230 is a
Schottky Bipolar, TTL input compatible device that converts digital timing signals to analog current pulses. The CPG
provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate, Swap, Generate, Boot
Replicate and Bootswap pulses. The high current sinking outputs directly drive the bubble memory. It also directly interfaces
to the Intel Magnetics Bubble Memory Controller (7220) and Formatter/Sense amplifier (7242).

The 7230 operates from 5-volit and 12-volt power supplies and is in a standard 22-pin dual-in-line package.

BLOCK DIAGRAM

r—-— - "--"""""-""—-"- - - il
| l |
7250 I
PIN CONFIGURATION | COIL PREDRIVER | |
| |
' T x 1250 |
| IVER |
TRANSISTORS
g | |
Voo 1 22[]Vec | {} |
™AL]2 21 T1PWR.FAIL

T™MB[]3 20 [ ]REFR. 10 7220 | ] 7242 7110 |
GENENBL]4 19[1GENB 8080 ouBBLE ! FORMATTER/ Rl

GENENAL]S 18[Jeena 2085 CONTROLLER SENSE MEMORY
7230 8oss (BMC) AMP UNIT |
SWAP.EN 06 cpg 17[dswap 8086 | (FSA) MBM) |

o7 16 [1REP.B

REP.EN[]8 15 [ JREP.A | |
BOOT.SW.EN ]9 14[JBoOT.SWA | |
BOOT.EN[] 10 13 "1 BOOT.REP | |
GND [ 11 12[JGND | |
| I
| |

T
ADDITIONAL
BPK70’s

Block Diagram of Single Bubble Memory System — 128K Bytes
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LOGIC DIAGRAM
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EXTERNAL RESISTOR REQUIREMENTS

Connect a 1% resistor based on the following table
between pin 20 and ground.

7230 External
Marking Resistor
S6590 3.48K

PIN DESCRIPTION

BOOT.EN (Pin 10)

An active low input enabling the BOOT.REP output
current pulse.

BOOT.REP (Pin 13)

An output providing the current pulse for bootstrap loop
replication in the bubble memory.

BOOT.SWAP (Pin 14)

An output providing a current pulse which may be used
for writing data into the bootstrap loop.

BOOT.SW.EN (Pin 9)

An active low input enabling the BOOT.SWAP output
current pulse.

CS(Pin7)
An active low input for selecting the chip. The chip
powers down during deselect.

GEN.A (Pin 18)

An output providing the current pulse for writing data
into the “A” quads of the bubble memory.

GEN.B (Pin 19)

An output providing the current pulse for writing data
into the “B” quads of the bubble memory.

GEN.EN.A (Pin 5)

An active low input enabling the GEN.A output current
pulse.

GEN.EN.B (Pin 4)

An active low input enabling the GEN.B output current
pulse.

PWR.FAIL (Pin 21)

An active low, open collector output indicating that
either Vgg or Vpp is below its threshold value.

REFR. (Pin 20)

The pin for the reference current generator to which an
external resistance must be connected.

REP.A (Pin 15)
An output providing the current pulse for replication of
data in the “A” quads of the bubble memory.

REP.B (Pin 16)

An output providing the current pulse for replication of
data in the “B” quads of the bubble memory.

REP.EN (Pin 8)

An active low input enabling the REP.A and REP.B
outputs. ‘
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PIN DESCRIPTION (continued)

SWAP (Pin 17)

An output providing the current pulse for exchanging
the data between the input track and the storage loops
in the bubble memory.

SWAP.EN (Pin 6)
An active low input enabling the SWAP output.

TM.A (Pin 2)

An active low timing signal determining the cut pulse
widths of the BOOT.REP, GEN.A, GEN.B, REP.A and
REP.B outputs.

TM.B (Pin 3)

An active low timing signal determining the transfer
pulse widths of the BOOT.REP, GEN.A, GEN.B, REP.A
and REP.B outputs. )

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ............ —20°Cto +80°C
Storage Temperature . ............. —65°Cto +150°C
VocandInputVoltages . ............... -0.5Vto+7V
Vppand Output Voltages ............. -0.5Vto +14V
PowerDissipation ................ .. ..ol 1w
Power Fail Output SinkCurrent................ 10mA

*COMMENT: Stresses above those listed under
“Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated in the operational
sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.

Ta=0°C to +70°C, Vcc=5.0V+5%, Vpp= 12V £ 5%, unless otherwise specified.

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max. )
I Input Low Current -04 mA ViL=0.4V, Vgc=5.25V
Iy Input High Current 20 uA Viu=Vec=5.25V
Vi Input Low Voltage 0.8 \'
ViH Input High Voltage 2.0 v
Ve Input Clamp Voltage -15 \" I=—-18 mA, Vgc=4.75V
leext g‘:lt‘g‘l}t;ﬁf:agi;‘:';—f’%m) 10 | mA | Vge=5.25V, Vpp=12.6V
lcex2 gg:ES?IL Output Leakage 100 WA Von=Voo=5.25V
VoL PWR.FAIL Output Low Voltage 0.4 v loL=4 mA, Vgc=4.75V
Veeth | Vec Threshold (for PWR.FAIL) 4.65 v Vpp= 12V
VootH | Vobp Threshold (for PWR.FAIL) 1.3 v Vee=5V
lcet Current from Voo — Selected 30 45 mA CS=Vy, Vgc=5.25V
Ipp1 Current from Vpp — Selected 20 35 mA CS=V,, Vpp=5.25V
lpp2 Current from Vpp — Power Down 6 16 mA CS=Vy, Vpp=12.6V
A.C. CHARACTERISTICS
Ta=0°C to +70°C, Vcc=5.0V+5%, Vpp=12V £ 5%.
Symbol Parameter Min. Max. Unit Test Conditions*
‘toon Propagation Delay (Turn On) 50 100 ns
tporF Propagation Delay (Turn Off) 20 50 ns
t, Output Current Rise Time 160 ns See Test Setup Below
ts Output Current Fall Time 20 ns See Test Setup Below
tois CS Disable Time 50 ns
ten CS Enable Time 500 ns

*Note: Vgc=4.5V and Vpp=10.8V for all tests.
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WAVEFORMS
3ov CURRENT
cs — % 1.5V / PROBE
OUTPUT
SINK X
7230 -0+12V
/
ALL OTHER
INPUTS z |

Test Setup for Output Current

SRRENT Rise and Fall Time Measurement

CURRENT

CAPACITANCE*
Ta=25°C.
Symbol Parameter Typ. Max. Unit Test Conditions*
Cin Input Capacitance 10 pF

*This parameter is periodically sampled and not 100% tested. Condition of measurement is f=1MHz.

OUTPUT CURRENTS
Ta=0°C 10 70°C, Vec=5.0V + 5%, Vpp=12.0V +5%

Nominal Values at 50 KHz
Output (Voyr=3.0V) Current (mA) Pulse Width (us)
$6590 $6590
REP.A, REP.B CUT 180 0.25
REP.A, REP.B TRANSFER 140 5.0
BOOT.REP CUT 90 0.25
BOOT.REP TRANSFER 70 5.0
GEN.A, GEN.B CUT 64 0.25
GEN.A, GEN.B TRANSFER 36 5.0,
SWAP 120 28.75
" BOOT.SWAP 70 See Note
Two-level pulses are defined as shown: - j”—T CURRENT
TRANSFER CURRENT
cuT t
PULSE |
WIDTH
TRANSFER
PULSE WIiDTH

Note: Writing data into the bootstrap loop would require 4096 puises of 20us width.
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lnte| PRELIMINARY

7242
DUAL FORMATTER/SENSE AMPLIFIER
FOR BUBBLE MEMORIES

= Error Detection/Correction Done = FIFO Data Block Buffer
Automatically Daisy-Chained Selects for Multipl
a Daisy-Chained Selects for Multiple
® Dual Channel Bubble Memory Systems
u On-Chip Sense Amplifiers
= MOS N-Channel Technology
m Automatically Handles Redundant
Loops u Standard 20-Pin Dual-In-Line Package

The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics Bubble
Memories. The 7242 features on-chip sense amplifier for system ease of use and minimization of system part count.
The 7242 also provides for automatically handling the bubble memories’ redundant loops so they appear transparent
to the user. In addition, complete burst error detection and correction can be done automatically by this device.

The 7242 has a full FIFO data block buffer. This device can be daisy-chained for muitiple bubble memory systems. Up
to eight FSA can be controlled by one 7220 Bubble Memory Controlier (BMC).

The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique
features. The device is packaged in a standard high density 20-pin dual-in-line package.

BLOCKDIAGRAM T~ — ——~ ——~——— 77 7 T 7T ™™

-
| ] |
PIN CONFIGURATION | |
7250
| coiL PREDRIVER | |
I 2x7254 I
_ I DRIVER |
cs [t Vee TRANSISTORS
SELECT.OUT []2 SELECT.IN | |
cib O3 cLK | |
ERR.FLG 4
ERR.FLG [ DIO o v220 | 710 |
vpo 5 RESET 8080 BUBBLE ONE MEGABIT |
DET.A+ []6 SHIFTCLK 8085 MEMORY ﬂé’ﬁsofv
: : 8088 CONTROLLER UNIT |
DET.A- [}7 ENABLEB 8086 (BMC) (MBM)
peT.B+ (8 ENABLEA | I
per.8- (9 DATA.OUT.B | |
GNp 10 DATA.OUTA | |
| 7230 |
CURRENT
| PULS! |
I GENERATOR |
(cPG)
- 71________ _BPK70 BUBBLE STORAGE SUBSYSTEM
T0 Block Diagram of Single Bubble Memory System
ADDITIONAL
BPK70’s 128K Bytes
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LOGIC DIAGRAM

BUS
CONTROL

INTERNAL DATA BUS A

800TLOOP
REGISTER

ERROR
CORRECTION

D+

FIFO

v BUBBLE 1O
FLAG | |avches Urtches | FLAG
5 DATAOUTA
kg 1 ! BUBBLE DETA+
SELECTIN ERABTER INTERFACE DET.A-
“SELECT.OUT SERIAL COMMAND
Eﬁﬁg COMMUNICATIONS DECODER ENABLED STEEER
BUBBLE DET.8+
} INTERFACE DET.B-
DATAGUTS
o BUBBLE IO
FLAG | aTcHES LATCHES | FLAG

aainil
‘CORRECTION

BOOTLOOP
REGISTER

INTERNAL DATA BUS B

BUS
CONTROL

PIN DESCRIPTION

CID (Pin 3)

Command/Data signal. This signal shall cause the FSA
to enter a receive command mode when high and to
interpret the serial data line as data when low. Any
previously active command will be immediately
terminated by C/D.

CLK (Pin 18)

Same TTL level clock used to generate internal timing
as used for 7220.

CS (Pin 1)

An active low signal used for multiplexing of FSA’s. The
FSA is disabled whenever CS is high (i.e., it presents a
high impedance to the bus and ignores all bus activity.)
DATA.OUT.A, DATA.OUT.B (Pins 11 and 12)

Output data from the FIFO to the MBM generate
circuitry. Used to write data into the bubble device
(active low).

DET.A +, DET.A-, DET.B +, DET.B- (Pins 6, 7, 8, and 9)
Differential signal lines from the MBM detector.

DIO (Pin 17)
The Serial Bus data line (a bidirectional active high
signal).

ENABLE.A, ENABLE.B (Pins 13 and 14)

TTL level outputs utilized as chip selects for other inter-
face circuits. They shall be set and reset by the
Command Decoder under instruction of the Controller
(active low).

ERR.FLG (Pin 4)

An error flag used to interrupt the Controlier to indicate
that an error condition exists. It shall be an open drain
active low signal.

RESET (Pin 16)

An active low signal that shall reset all flags and
pointers in the FSA as well as disabling the chip as the
CS signal does. The RESET pulse width must be 5 clock
periods to assure the FSA is properly reset. ‘

SELECT.IN (Pin 19)

An input utilized for time division multiplexing. An
active low signal whose presence indicates that the
FSA is to send or receive data from the Serial Bus during
the next two clock periods.

SELECT.OUT (Pin 2)

The SELECT.IN pulse delayed by two clocks. It shall be
connected to the SELECT.IN pin of the next FSA. It is
delayed by two clocks because the FSA is a dual
channel device. Channel A shall internally pass
SELECT.IN to Channel B (delayed by one clock).

SHIFT.CLK (Pin 15)

A Controller generated clock signal that shall be used to
clock data out of the bubble /O Output Latch to the
bubble module during a write operation and to cause
bubble signals to be converted by the Sense Amp and
clocked into the Bubble I/O Input Latch on a read.

FUNCTIONAL DESCRIPTION

The following is a brief description of each block of the
7242 FSA.

Serial Communications — The Serial Communications
block handles all transfers on the Serial Bus and is
shared by both channels of the FSA.

Command Decoder — The Command Decoder inter-
prets commands by the Serial Communication logic and
sets the appropriate command and enable lines. It also
maintains FSA status, and generates various reset lines.

Internal Data Bus — The Internal Data Bus is the main
data link between the Serial Communications block and
all other data sources in each half of the FSA.

110 Latches, Flags, and Bus Control — Each channel of
the FSA has its own Internal Data Bus, on which all data
transfers are made. There is a Flag and a bidirectional
Latch in each “I/O Latches — Flag” block. Only one
Latch is used in a given operation and the Flag tells the
Bus Controller whether or not the Latch is full. The Bus
Controller monitors these flags, and- other control
signals, to determine when each device should have
access to the Internal Data Bus. When a transfer is to be
made, the appropriate devices are enabled, the Bus is
enabled, and the transfer takes place synchronously by
virtue of a transparent State Machine Sequencer.

FIFO — The FIFO is a variable length First-In-First-Out
buffer utilized to store data passing to and from the
MBM module. The FIFO is logically 272 bits in length in
the “no error correction” mode. It is 270 bits in the
“‘error correction” mode, since 256 bits of data and a 14
bit error correction code must be used in this mode of
operation.

AFN-01358A



7242

The FIFO pointers are reset by hardware or software
resets or each time a command to read or write is
received by the Command Decoder.

If a block length other than 272 bits is used in the no
error correction mode, the FIFO pointers will not return
to word zero.at the end of each block transfer. This is of
no consequence if one is not concerned about the
absolute location of data in the FIFO. Keeping in mind
that the FIFO is only 272 bits physically, any block
length may be used up to and including 320.

Bootstrap Loop Register — The Bootstrap Loop
Register is a 160-bit register that contains information
detailing the location of bad loops in the MBM module.
This data will enable bubble I/O to ensure that bits are
not loaded in the FIFO from bad loops, or written from
the FIFO into bad loops. A logic zero (absence of a
bubble) is written into bad loops.

Error Correction Logic — The Error Correction Logic
contains the circuitry to implement a burst error cor-
recting code capable of correcting any single burst error
of length equal to or less than 5, anywhere in the 270-bit
data stream, including the error correction code which
is 14 bits in length. A Correction Enable bit may be set
or reset via a special command. When reset, the entire
error correction network is disabled and block length
may vary from 270 bits. Error detection shall be accom-
piished on aii data transfers (when enabled); however,
correction cannot take place uniess the FSA is operated
in a buffered mode (i.e., an entire block is read prior to
passing any data to the Control!er)

Bubble /0 — The Bubble l/O consists of an Integrated
Sense Amplifier and an output driver. The Sense
Amplifier consists of a sample-and-hold circuit and a
differential, chopper stabilized comparator.

Enables — The ENABLE.A and ENABLE.B outputs are
utilized as chip selects for external circuitry. To set an
ENABLE line, the desired channel of the FSA must be
selected and a Read or Write MBM, Set Enable Bit,
Initialize, Read Collected Data, or Internally Correct
Data command is sent. Any other command sequence
will reset the ENABLE lines.

COMMANDS

FSA Commands

The FSA shall receive a four-bit command word via the
Serial Bus. In addition, some of the commands require
additional data bits, e.g., status to be passed serially.
The four bits shall be interpreted as shown in Table 1.
The effects on the Status bits, Correction Enable bit,
and Enable pins are summarized in Table 2.

The following' is a brief description of each command
available in the 7242 FSA.

No Operation — Deselects the chip and prevents
further internal activity (default state for reset, unselec-
ted or unaddressed channels). Resets the FIFO and
Bootloop pointers. The Enable pins (ENABLE.A and
ENABLE.B) become inactive.

Software Reset — Resets all FIFO and Bootloop
pointers and flags. Status flags, Error Correction Enable
bit, error correction shift register, and the Enable pins
become inactive.

Initialize — The chip is set to read data from the MBM
Bootloop and pass it to the Controller. Resets the FIFO
and Bootloop pointers and the Error Correction Logic,
and disables the Bootloop register (so that it does not
interfere with the data flow). The Enable pins become
active in addressed channels.

Table 1. Command Code Descriptions

Data

Code Description ~ Correction ‘ “Not

: , Enabled Enabled
0000 No Operation None None

0001 (Reserved) —_ : S——

0010 Software Reset None None . .
0011 Initialize MBM Bootloop MBM Bootloop
0100 Write MBM Data 270 Bits In Variable

0101 Read MBM Data 270 Bits Out Variable

0110 Internally Correct Data None ) : _——

0111 " Read Corrected Data 270 Bits Out ‘ _

1000 Write Bootloop Register 160 Bits In 160 Bits In
1001 Read Bootloop Register 160 Bits Out 160 Bits Out
1010 (Reserved) ’ —_ _

1011 (Reserved) —_— Lo e

1100 Set Enable Bit None i None

1101 Read ERR.FLG Status 1-Bit Out -1 Bit Out

1110 Set Correction Enable Bit None - . . . None

1111 Read Status Register 8 Bits Out 8 Bits Out
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Table 2. Command Function Summary

Reset FIFO Reset Error
Command Description Cog::::nd Da(‘;"';})ow & Bootloop Re:;::::)t us Correction Enable
Pointers Logic
No Operation 0000 —_— X H
Software Reset 0010 —_ X X X H
Initialize 0010 R X X X L
Write MBM Data ] 0100 W X X L
Read MBM Data 0101 R X X L
Internally Correct Data 0110 _— X L
Read Corrected Data 0111 R X L
Write Bootloop Register 1000 w X H
Read Bootloop Register 1001 R X H
Set Enable Bit 1100 —_ X L
Read ERR.FLG Status 1101 R H
Set Error Correction Enable Bit 1110 —_— X H
Read Status Register 1111 R X H

Write MBM Data — Data input by the Controller is
written into the good loops in use in the MBM (under
control of the Bootloop register) each time a SHIFT.CLK
is received. It also activates the Enable pins and resets
the FIFO and Bootloop pointers. If the Correction
Enable bit is set, the FSA computes the correction code
and appends it to the data stream to be stored in the
MBM (last 14 of 270 bits).

Read MBM Data — This command activates the
ENABLE pins and resets the FIFO and Bootloop
pointers independent of the state of the Correction
Enable bit. If the Correction Enable bit is reset, data
from the MBM, of block length dictated by 2 times the
number of logic “1s” in the Bootloop register, is sensed
and screened by the FSA Sense Amp and Bootloop
register, and stored in the FIFO. As soon as one bit is
guaranteed in the FIFO, simultaneous reading from the
FIFO may be done by the Controller. The FIFO need not
be emptied after each page is read, but one must insure
that more than 272 bits of FIFO are not needed at any
time during the transfer.

If the Correction Enable is set, data must be read in a
buffered mode. First, a full block of data is read from the
MBM. At that point the FIFO contains 270 bits of data. If
an error is detected by the Error Correction network, the
FSA raises the UNCORR.ERR and CORR.ERR flags
which generate an interrupt to the controller. If no error
is detected, the 270 bits of data may be read from the
FIFO while simultaneously reading and checking the
next block of data from the MBM. When an error is
detected the Controller may respond to the interrupt in
one of three ways.

1. Ignore it and try again (must make sure to reset the
Error Correction shift register before a retry).

2. Send a Read Corrected Data command to the FSA.
This command will correct the data stream (if
possible) and interrupt the Controlier when the block
has been read. At this time the Controller can send a

Read Status command to see if the error was correct-
able (CORR.ERR) or uncorrectable (UNCORR.ERR).

3. Send an Internally Correct Data command to the FSA.
The FSA corrects the data without transferring it to
the Controller. When finished, the FSA interrupts the
Controller. At this point it can be determined whether
or not the error is correctable. If so, a Read Corrected
Data command may be sent to read the good data.

Internally Correct Data — Internally cycles the data
through the error correction network and returns status
as to whether or not the data is correctable.

Requires approximately 1400 clock cycles to complete.
ERR.FLG will be inactive during internal cycling, but will
return active at its completion. Also activates the
ENABLE pins and resets the FIFO and Bootloop
pointers.

Read Corrected Data — Cycles data through the error
correction network with each Controllerread (SELECT.IN
at the FSA). At the end of 270 reads, status is available
to indicate whether or not the data was successfully
corrected. ERR.FLG acts as in Internally Correct Data.
This command is required to read data corrected inter-
nally as well, but has no effect on the data read if it was
successfully corrected. Activates the ENABLE pins and
resets the FIFO and Bootloop pointers.

Write Bootloop Register — Contents of the FSA’'s
Bootloop register are written with 160 bits from the
Controller. The Controller must read the MBM Bootloop
first, to determine which loops are good. The number of
good bits in the 160-bit register is 135 if correction is
used, and variable up to 160 if operating in the no correc-
tion mode. ENABLE pins become inactive and the FIFO
and Bootloop pointers are reset.

Read Bootloop Register — As above except that data is
read from the FSA Bootloop ta the Controller.

Set Enable Bit — ENABLE pins become active for ad-
dressed channels, inactive for unaddressed channels.
Also resets the FIFO and Bootloop pointers.
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Read ERR.FLG Status — Reads the composite error
status for addressed channels of the FSA. (The com-
posite status is the logic OR of CORR.ERR, UNCORR.ERR
and TIMER.R. The ERR.FLG pin is the logic NOR of both
channels’ composite error status; ERR.FLG.A and
ERR.FLG.B.) ENABLE pins become inactive.

Set Error Correction Enable Bit — Enables the Error
Correction Logic in addressed FSAs and disables it in
unaddressed FSAs. ENABLE pins become inactive and
FIFO and Bootloop pointers are reset. Furthermore,
when this enable is set, the corresponding FIFO
becomes a 270-bit FIFO (logically) instead of a 272-bit
FIFO as in the no correction mode.

Read Status Register — The 8-bit Status Word for the
addressed FSA is output to the Controller. Only one
FSA channel can be addressed at a time, or bus
contention may result. ENABLE pins become inactive
and error flags in the addressed FSA channel are reset.

SERIAL INTERFACE

Command Sequence — The FSA communicates with
the Controller via a Serial Interface. The Controller/FSA
Interface contains the following signals:

1. CLK

. SELECT.IN (Formatter)

. SELECT.OUT (Formatter)
. SYNC (Controller)

DIO

ciD

SHIFT.CLK

. ERR.FFLG

Commands from the Controller to the FSA shall take
place in the following format (see Figure 1).

O N DA LN

1.

Controller raises C/D flag indicating that a command
is coming, and simultaneously outputs a SYNC
pulse. This SYNC pulse is shifted down the FSA
chain in shift register fashion via the FSA SELECT.IN/

"SELECT.OUT lines.
. Controller outputs a serial data stream on the DIO

line beginning in the clock period following SYNC.
Each bit in the stream corresponds to an address bit
for a particular FSA (up to 16 channels). Each FSA,
upon receiving SELECT.IN, will look for the presence
or absence of a logic one on DIO in the clock period
following receipt of SELECT.IN. (A logic one indi-
cates that the FSA shall accept the command.)

. Twenty clock periods after the first SYNC, the Con-

troller sends C/D low followed by a four-bit command
on the DIO line.

. If the command is a Read Status command (1111), the

addressed FSA returns 8 bits of Status starting 4
clock periods after the last command bit is received.
Note that the Status is returned during this period for
any FSA position. Therefore only one FSA channel
should be addressed at a time to avoid contention.

. If the command requires further data (see section on

FSA Commands), more SYNC pulses are sent by the
Controller. This will occur at integral multiples of 20
clock periods starting no sooner than 40 clocks after
the first command SYNC puise. Some number of
SYNC periods may pass before the second SYNC to
allow the FSA to set itself up and get data ready for
the Controller. There are several possibilities:

a. For the Read ERR.FLG Status command the
second SYNC can occur 40 clocks after the first
SYNC. This SYNC (or SELECT.IN) causes each
addressed FSA to send the appropriate Status
information. No further SYNCs (without C/D high)
should be sent.

’.— 20 CLOCK PERIODS i

20 CLOCK PERIODS

i 20 CLOCK PERIODS 4—————"

1

{

cib _]
B

=

- 4
nk T
J 10
2] Y

swe | "

mel

w0 __ /00000000, 000

ADDRESS WORD COMMAND
18 BITS

WORD
(4 BITS)

Figure 1. Command Sequences

4 ]:DLSCB’ ODDQ—H—E:DDD:P——

L__ srA(Tau; TV;;DRD _,I L— 16 mrs)—'I

NOTE: STATUS INFO IS ONLY PRESENT ON BUS FOR THE READ STATUS COMMAND SEQUENCE.
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b. For the Read MBM Data (or Initialize) command
the second SYNC must wait the appropriate
number of SHIFT.CLOCKs to assure that valid
data is available in the FIFO.

After this wait, each addressed FSA channel
sends one bit of data on the DIO line for each
SYNC (or SELECT.IN) pulse.

c. For the Read Bootloop Register command, the
second SYNC can occur 60 clock cycles after the
first SYNC. The data transfer then proceeds as in
b. above.

d. For the Write MBM Data or Write Bootloop com-
mands, the DIO line is used to transfer data to the
FSA on successive SYNC pulses. The first data bit
can be transferred by a second SYNC pulse, 40
clock cycles after the first SYNC. (However, data
to the MBM will not be available at the Dataout
pins until 40 clock cycles after the SYNC which
transferred it.) Each transfer to the addressed FSA
will be initiated by a SYNC (or SELECT.IN).

6. SYNC (SELECT.IN) precedes the data it transfers by 1
clock cycle. Data Transfers to or from the FSA’s FIFO
must contain the proper number of SYNCs (externally
counted) or a timing error may occur (TIMERR flag
will be set, causing an interrupt to the Controller).

Data Sequences — Bubble data shall be passed between
the Controller and FSAs in the following fashion (see
Figure 2).

1. Controller outputs a SYNC pulse.

2. Each FSA then outputs (inputs) a single bit on DIO
after SYNC (SELECT.IN) has been clocked into its
control section. Only previously enabled FSAs output
(input) data and the Controller must know when to
input (output) data bits.

3. After 20 clocks, another SYNC pulse is output and
the sequence repeats until all data has been trans-
ferred.

Error Conditions — Each FSA shall upon detection of

an error set a Status bit and pull down ERR.FLG. This

signal can be asynchronous to SYNC. Error Status bits
shall be:

1. Correctable Error
2. Uncorrectable Error
3. Timing Error

The Status Word that shall be passed to the Controller
after receipt of a Read Status command shall be in the
following format:

Lelofefolefefel-]

(UNCORRERR) -
UNCORRECTABLE ERROR J L SPARE 1 (“0")
: J SPARE 2 (“0")

(CORRERR)
CORRECTABLE ERROR

(TIMERR)
TIMING ERROR ~——— L~ FIFOEMPTY (FIFOMT)

(ECFIF)
ERROR CORRECTION ENABLE FIFO FULL (FIFOFL)

NOTE: ERROR FLAGS SHALL BE RESET UPON
BEING READ BY THE CONTROLLER OR BY A
SOFTWARE RESET OR INITIALIZE.

DATA TO 1st FSA

L
X

DATA TO 9th FSA

DATA TO 16th FSA

Figure 2. Data Sequences
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BUBBLE INTERFACE Bubble Input latch, and will subsequently be loaded

into the FIFO.
Bubble Interface — Each Bubble Interface shall consist . - .
of a DATAOUT signal and a pair of differential inputs w;"" L”'l'l'“g - Tf“ﬁ timing f°'i writing a bit from the
from the MBM detector bridge. FIFO shall be as follows (see Figure 4):

Read Timing — The timing for reading a bit from the 1. Controller lowers SHIFT.CLK.

memory shall be as follows (see Figure 3): 2. Data is gated out of FSA by SHIFT.CLK.
1. Controller outputs a SHIFT.CLK. FSA samples 3. Controller outputs a generate pulse (to external logic;
bubble signal during SHIFT.CLK and holds signal not to FSA).
after trailing edge. 4. Controller raises SHIFT.CLK. The DATA.OUT pin is
2. Trailing edge of SHIFT.CLK initiates signal conver- forced high.
sion timing. 5. FIFO and Bootloop register are incremented after the

3. Data is latched at end of conversion period in the leading edge of SHIFT.CLK.

SHIFT.CLK | SAMPLE I HOLD SIGNAL

SENSE

AMP
TIMING CONVERSION PERIOD
SIGNALS

DATA VALID )( LATCH DATA

SET BUBBLE l/O FLAG
VALID STROBE | | (ONLY WHEN A “GOOD LOOP”
IS READ)

Figure 3. Data Read Timing

cLock I”“l”””””I“””I””””””I””“I||”””|”””””I””
SHIFT.CLK I |
DATA OUT \\ —/

GENERATE PULSE

IS WRITTEN)

INC BLPTR INCREMENT BOOTLOOP POINTER

l | CLEAR BUBBLE I/0 FLAG
VALID STROBE (ONLY WHEN A “GOOD LOOP”

Figure 4. Write Timing
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System Timing — The SYNC puise (which denotes the
beginning of a data transfer from Controller to
Formatter or vice-versa) shall be synchronous with the
beginning of a bubble memory field rotation. Due to
timing constraints in the FSA, the following statements
hold:

1. Data read from the bubble memory into the FSA shall
not be available to the Controller until 40 clock cycles
after SHIFT.CLK.

2. Data cannot be written to the bubble memory until 40
clock cycles after SYNC (see Figure 5).

FSA ERROR CORRECTION

Error Correction — The error correction logic consists
of a burst error correcting Fire code capable of correc-
ting 5 or fewer bits in a single burst; the number of
check bits is 14.* Error correction/detection shall take
place on each 256-bit data block. The FSA shall set low
ERR.FLG each time a correctable or uncorrectable error
is detected. ERR.FLG shall be set high upon being read

*See “Error-Correcting Codes” by W.W. Peterson and E. J.
Weldon, Jr., pp. 366-370, M.I.T. Press, 1972.

by the Controller or by a software reset being issued.
The polynomial implemented is given below:

GO =1+ X2+ X3+ X34 X4 X1

DATA FORMAT

Data Format — Data into the FSA from the bubble
memory shall be in the format described below. The
following definitions apply:

o, =data from odd half of bubble device, loop n

e, =data from even half of bubble device, loop n

Data Block Format —
01€101€102€202€; . . . Ogo€g0O80€80
1st bit 320th bit

When using correction, the first 270 good bits will be
used; the last 14 of these are to be used for the error
correcting code. The remaining 50 bits must be masked
as “bad” bits in the FSA Bootloop register.

When operating without correction, any number of bits
may be used by loading the Bootloop register appro-
priately. The preferred number is 272 bits, however.

FIELD = 0 60

120 180 240 300 360 a20 480 540 660 720
ROTATION _ | |
(DEGREES) |
% i S |
w I 1 | |

BOOT.EN

REP.EN

SWAP.EN I

EVEN

BOOT.
SWEN

SHIFTCLK
D)

SHIFTCLK I
(WR)

Figure 5. System Timing
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ............ —-10°Cto +80°C
Storage Temperature . .. ... AP -65°Cto +150°C
All Input or Output Voltages and

VccSupply Voltage . ................ -0.5Vto+7V
VppSupplyVoltage . ................. -0.5Vto +14V
Power Dissipation . .............cooiiiiiiiii 1w

D.C. AND OPERATING CHARACTERISTICS

TA=0°C to +70°C, Voo =5.0V=5%, Vpp=12V=5%

*COMMENT: Stresses above those listed under
“Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or any other
conditions above those indicated in the operational
sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability. o :

Limits ‘
Symbol Parameter - - Unit Test Conditions -
Min. " Typ. Max.
Vi Input Low Voltage -0.5 0.8 v
ViH " Input High Voltage 20 Vec+0.5 "
.Output Low Voltage . _
VoL (All Outputs Except SELECT.0UT) 0.45 V. |lo=32mA
Output Low Voltage _
VOLSO (S——————ELECTOUT) 0.45 v |o|_ =1.6mA
Output High Voltage _
Vo (All Outputs Except SELECT.OUT) 24 Vo |lon=400uA
Output High Voltage _
VoHso (SELECT.OUT) 24 \" lonH=200uA
VTHR Detector Threshold 2.0 3.0 mV Voo = 12.0V
LM} Input Leakage Current 10 uA 0< VNS Ve
llordl Output Float Leakage 10 uA 0.45 < Vour < Voo
lcc Power Supply Current from Vgg 120 mA
Ipp Power Supply Current from Vpp _ 30 mA
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A.C. CHARACTERISTICS
Ta=0°C to +70°C, Vgc=5.0V+5%, Vpp= 12V + 5%, C_ =120 pF, unless otherwise noted.
Symbol Parameter Min. Max. | Unit Test Conditions
tp Clock Period 240 500 ns
t Clock Phase Width 04t, | 06t
tn b Clock Rise and Fall Time 30 ns
tsic SELECT.IN Setup Time to CLK 50 ns
tcoe CID Setup Time to CLK 50 ns
teve SELECT.IN or SHIFT.CLK Cycle Time 20t,
toc DIO Setup Time to Clock (Read Mode) 50 ns
tesc CS Setup Time to CLK 100 ns
tric RESET.IN Setup Time to CLK 100 ns
ty colr:tErol ‘lnpl;tn :%I:ioTime for CID, 20 ns
tcsoL CLK to SELECT.OUT Leading Edge Delay 100 ns | C_=50pF
tesot CLK to SELECT.OUT Trailing Edge Delay 80 ns | C_=50pF
teov CLK to DIO Valid Delay* 100 ns
tcoH CLK to DIO Hold Time* 0 ns
tcoe CLK to DIO Enabled from Float* 100 ns
tsipe ﬁ(E)rl;‘Egl':;.lar;l'Tralllng Edge to DIO Enabled 70 ns
tcor CLK to DIO Entering Float* 100 ns
tscpo | SHIFT.CLK to DATAOUT Delay* 200 ns
tsowr | SHIFT.CLK Width (Read) 4ty '?:Ct;
tsoww | SHIFT.CLK Width (Write) t, t°2Y<t>p‘
CAPACITANCE
Ta=25°C, V=0V, f=1MHz.
Symbol Parameter Typ. Max. | Unit Test Condltlons
Cin Input Capacitance 10 pF
Cout Output Capacitance 10 pF
Coio DIO Capacitance 10 pF

*DIO Write Mode.
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DIO INTERFACE TIMING

tp
fe— e & .
| %——l f -
T \__Jf T\
—] |ty
)
— \.«—Csm-——
SELECT.IN .
X +—tcov—=| ‘oo .
—{tH tsiDE |=—1coH
DIO (WRITE) == === o= e o o — ! ———————
l«— tcoE
[ tesoL tesor>|
SELECT.OUT
toc - tH
DATA IN DATA'IN
DIO (READ) X; VALID VALID
— tcsc L tn
CS,
RESETIN.  (tric) =
R T, ¢ ___X (tcoc) K___
BUBBLE DATA INTERFACE TIMING
tcve
tscwr,
SHIFT.CLK \ tscww s N\
tscoo tscoo
DATA.OUT.A ™\
DATA.OUT.B
(WRITE) j \_

3-40 AFN-01358A



|nt‘e| PRELIMINARY

7250
COIL PRE-DRIVER
FOR BUBBLE MEMORIES

m Very Low Power m Only One Power Supply Required,
+12V
m Power Fail Reset for Maximum
Protection of Bubble Memory m CMOS Technology
m TTL Compatible Inputs m Standard 16-Pin Dual In-Line Package

The Intel 7250 is a low power Coil Pre-Driver (CPD) for use with Intel Magnetics Bubble Memories. The 7250 is con-
trolled by the Intel 7220 Bubble Memory Controller (BMC) and directly drives either Quad VMOS transistor packs or
Quad Bipolar transistor packs which are connected to the coils of the bubble memory.

The 7250 is a high voltage, high current driver constructed using CMOS technology. The device has TTL compatible in-
puts and the outputs are designed to drive either low on-resistance VMOS transistors or bipolar transistors.

The 7250 is in a standard 16-pin dual in-line package.

BLOCK DIAGRAM

PIN CONFIGURATION

* 2x7254
DRIVER
TRANSISTORS

cs1 16 [J Voo -
RESET [ 2 1sX+00T 7220

7110
7242 EGABIT
x¥iNn[3 14 Ix+.0ur 2080 it | FORMATTER/ ONE MEGA
YN c——=—— 3088 CONTROLLER SENSE MEMORY
X=1n [ 4 725013 [J X=.0UT (BMC) AMP UNIT

e e

8086 (FSA) (MBM)
v+an] 5 P12 A x-our | (MEM)
Y-INn[]s v+ our |

y-.out[7 10 [ v +.0uT |
GND[]8 o[ Ivy—out | 7230
CURRENT
| PULSE
| GENERATOR
(CPG)
| _:>
J UL _ 7 ePKibussE stonce sussystem
TO
ADDITIONAL

BPK70’s

Block Diagram of Single Bubble Memory System — 128K Bytes
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... —-20°C to +80°C

Storage Temperature ............ -65°C to +150°C
Voltage on Any Pin with

RespecttoGround ............. -0.5toVpp+0.5V
Supply Voltage,Vpp - - <« oo vvvvienns, -0.5to + 14V
OutputCurrent .................coiiie.., 250 mA

(One Output @ 100% Duty Cycle)

D.C. AND OPERATING CHARACTERISTICS

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Ta=0°C to 70°C, Vpp= 12V £ 5%, unless otherwise specified.

Limits

Symbol Parameter Min. Typ. Max. Unit Test Conditions

Nl Input Current 10 uA V;=0.8V

Vi Low Level Input Voltage 0.8 \"

ViH High Level Input Voltage | 2.2 '

Voui Output Low Voltage 20 \" loL=200 mA

VoL2 Output Low Voltage 0.2 \ lop=10mA

VoH1 Output High Voltage Vpp-2 v lon= — 200 mA

Von2 Output High Voltage Vpp-0.2 \ loy= —10 mA

loL Output Sink Current 200 mA VoL=2.0V,30% Duty Cycle

|lonl Output Source Current 200 mA Von=Vpp2.0V, 30%
Duty Cycle

Ippo Supply Current 45 mA Chip Deselected: CS =V,
Vpp=12.6V

Ipp1 Supply Current 75 mA f=100 kHz, Vpp=12.6V,
Outputs Unloaded

lpp2 Supply Current 90 mA f=200 kHz, Vpp=12.6V
Outputs Unloaded
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A.C. CHARACTERISTICS

Ta=0°C to 70°C, Vpp= 12V + 5%, unless otherwise specified.

Symbol Parameter Min. Typ. Max. Unit Test Conditions
tp1 Propagation Delay from X + .IN, 100 ns 500 pF Load
X=.IN,Y+.IN,Y-.IN
tp2 Propagation Delay from CSor 150 ns 500 pF Load
RESET
t, Rise Time (10% to 90%) 45 ns 500 pF Load
te Fall Time (90% to 10%) 45 ns 500 pF Load
ts Skew Between an Output and 20 ns
its Complement
A.C. TEST CONDITIONS
——— 3.0V
INPUT @ _—_——— e — ———— — — 1.5V
————————————— ov
tp [e— — b
OUTPUT \\ ___________ 50%
—ts —t
OUTPUT
— i (——
CAPACITANCE*
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF

*This parameter is periodically sampled and is not 100% tested. Condition of measurement is f=1 MHz, Vgjag =2V, Vpp=0V, and Tp=25°C.
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PiN DESCRIPTION LOGIC DIAGRAM ,

CS (Pin 1) X +.0UT
Chip select. It is active low. When high chip is X+.INO; *
deselected and Ipp is significantly reduced. &c@) ] @ ToTT
RESET (Pin 2) @

Active low input from RESET.OUT of 7220 Controller X=INO S X -.0UT
forces 7250 outputs inactive so that bubble memory is L_‘ @
protected in the event of power supply failure. >] I X -.0UuT
X+IN, X—.IN (Pins 3, 4) i ) i

Active low inputs from controller which turn on the high _ Y +.0UT
current X outputs. RESETO - H'-‘ @ 50T

» +.

X -.0UT, X-.0UT, X +.0UT, X +.0UT (Pins 12-15) Y+.IN @ _D Ly @

High current outputs and their complements for driving Y -.0UT
the gates of the 7254 VMOS quad transistors which in TR G ‘ @

turn drive the X coils of the bubble memory. Y —.0uT

Y +.IN, Y —.IN (Pins 5, 6)
Active low inputs from controller which turn on the high
current Y outputs.

Y -.0UT, Y +.0UT, Y+.0UT, Y -.0UT (Pins 9-11 and 7)
High current outputs and their complements for driving
the gates of the 7254 VMOS quad transistors which in
turn drive the Y coils of the bubble memory.

PACKAGING INFORMATION

_ .790(20.066)
= 750 (19.050)
PIN 1
(I 310 (7.874)
7265 (6.731)
L a2
200 (5.080) 165 (4.191) MAX.
MAX. 140 (3.556) | (8.255)
SEATING t i— SR | .
“PLANE kT !
PLANE i O1SMIN.  010TYP. _j_ -l 75°
253175 1 (0.381) (©0250) d
MIN. _.H ' 375
ey L 060 TYP < 020 (0.508) la— (9525
090 (2.286) (1.524) 032 TYP. 2016 (0.406) REF.

(0.813)
16-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D

3-44 AFN-01359A



|nte| PRELIMINARY

7254
QUAD VMOS DRIVE TRANSISTORS
FOR BUBBLE MEMORIES

m Designed to Drive X and Y Coils of m Operates from Vpp Only
7110 Bubble Memories '

s No Bias Currents Required = VMOS FET Technology

s Fast Turn-on and Turn-off — 30 ns

: m N-Channel and P-Channel Transistors
Maximum

in the Same Package

m Built-in Diode Commutates Coil
Current When Transistor is Turned Off s Standard 14-Pin Dual-In-Line Package

The 7254 is a quad transistor pack designed to drive the X and Y coils of Iintel 7110 Bubble Memories. Two 7254 packages
are required for each bubble memory device. In atypical application D1 and D4 of a 7254 would be connected to an X input
of the bubble memory and D2 and D3 would be connected toa Y input. S1 and S3are grounded and S2 and S4 are tied Vpp.
Alternatively, one 7254 may be dedicated to driving the Y coil and the other 7254 may be dedicated to driving the X coil.

PIN CONFIGURATION BLOCK DIAGRAM
| )
| |
| J |
| I
7250
| ﬁ COIL PREDRIVER | |
l l
| |
(] Ds I |
[] sS4 | |
] G4 | . |
] NC
| 7110 |
[ 63 T0 7220 | 7242 ONE MEGABIT
8080 BUBBLE FORMATTER/ BUBBLE l
(] s3 8085 MEMORY SENSE MEMORY
8088 CONTROLLER AMP UNIT |
] D3 8086 (BMC) | (FSA) (MBM) |
| |
| I
| 7230 |
CURRENT
| PULSE |
GENERATOR
| (PG) |
I — |

L _ _ _ _ _ _ __ ' BPKIEUSBLE STORAGE SUBSYSTEM

T0
ADDITIONAL
BPK70's

Block Diagram of Single Bubble Memory System — 128K Bytes
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias —20°to +80°C

Storage Temperature ............. —40° to +150°C
Drain Voltage (with respect to

GateorSource) .......oovviviinnneennnnans 3o0v
Continuous DrainCurrent ...................... 2A
Peak DrainCurrent ...............coiiiiinn.. 3A
Power Dissipation (To=80°C) ................ 1.05W
Power Dissipation (To=25°C) ................ 1.75W

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other

conditions above those indi

ted in the operational i of this

specification is not implied. Exposure to absolute maximum rating
conditions for extended periods_may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

All Limits Apply for N- and P-Channel transistors, Tp=0 to 70°C unless otherwise noted.

Limits
Symbol Parameter Min. | Typ. | Max. | Unit Test Conditions
BVpss Drain-Source Breakdown Voltage 20 V |Vgs=0,Ip=10A
Vgs(th) | Gate-Source Threshold Voltage 0.8 V Vgs=VpsIp=1mA
lass Gate Leakage Current 10 HA |Vgg=12V,Vpg=0,T,=80°C
Ipss Drain Leakage Current 500 HA |Vgs=0,Vpg =20V, T, =80°C
Rps(N) | N-Channei On-Resistance (Note 1) 1.0 Q |Vgg=11.4V,I5=1A,Tp =25C
Rps(P) | P-Channel On-Resistance (Note 1) 2.3 Q |Vgg=11.4V,Ip=1A,T,=25°C
Note: 1. Pulse test — 80 us pulse, 1% duty cycle, rpg increase 0.6%/°C.
A.C. CHARACTERISTICS
Ta=25°C
Symbol Parameter Min. Typ. Max. Unit Test Conditions
ton(N) N-Channel Turn-On Time 20 ns
ton(P) P-Channel Turn-On Time 30 ns '?ierﬁes'l‘fg:tﬂgir:'guit and
tore(N) N-Channel Turn-Off Time 20 ns Waveforms below
tore(P) P-Channel Turn-Off Time 30 ns

SWITCHING TIME TEST CIRCUIT

SWITCHING TIME TEST WAVEFORMS

PULSE WIDTH |

+25V
Vgsion) = +10V
23Q
TO INPUT
Vi - - SAMPLING
PULSE GENERATOR ! 20dB — SCOPE Vasor
HP215A OR EQUIV. 50Q ATTENUATOR Vo 509 GS(OFF)
INPUT
v
DS(OFR) 10% 10%
ouTPUT
90% 90%
Vos(on) '
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Capacitance
Ta=25°C
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Ciss(N) N-Channel Input Capacitance 175 pF Vas=0,Vps=12V,f=1MHz
Ciss(P) P-Channel Input Capacitance 190 pF Vgs=0,Vps=12V,f=1MHz
CIRCUIT DIAGRAM
Dy ——f -0
N ‘:: l-ﬁ ——-' :2' P
Sy Sa
G1 Gg
G2 G3
S2
g L ' e
0y ———| ————mmp
PACKAGING INFORMATION
TOP VIEW
7 6 5 4 3 2 1
d 0.310 (7.87)
0.275 (6.99)
8 9 10 " 12 13 14
R
e 0.786(19.96)
0.640 (16.26)

0.023 (0.58) J L 0.070 (1.78)
0.015 (0.38) 0.040 (1.02)
TYP. TYP.

1}
0.200 (5.08)
{ 0.100(254)

PLANE 0.050 (1.27)
0.020 (0.51)

0.160 (4.06)
0110 (279  0125(318)
0.090 (2.29)
TYP.

TOLERANCE NON-ACCUMULATIVE

. 0.012 (0.31)
0.320 (8.13) 0.008 (0.20)
0.290 (7.37) TYP.

DIMENSIONS IN INCHES AND (MILLIMETERS)
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lntel 2910A
PCM CODEC — uLAW o
8-BIT COMPANDED A/D AND D/A CONVERTER '

2910A Microcomputer* Mode
or Direct Mode

2910A-4 Direct Mode Only

m Per Channel, Single Chip Codec s 78dB Dynamic Range, with Resolution
Equivalent to 12-Bit Linear Conversion
m CCITT G711 and G712 Compatible, Around Zero
ATT T1 Compatible with 8th Bit s +5% Power Supplies: +12v +5v
Signaling -5V

® Microcomputer Interface with On-Chip = Precision On-Chip Voltage Reference

~ Timeslot Computation (2910A) = Low Power Consumption 230 mW Typ.
Standby Power 33 mW Typ.
m Simple Direct Mode Interface When u Fabricated with Reliable N-Channel
Fixed Timeslots are Used MOS Process

The Intel® 2910A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabncated with N-channel
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the
logic necessary to interface a full duplex PCM link and provide in-band signaling.

The primary applications are in telephone systems:

¢ Transmission — T1 Carrier

¢ Switching — Digital PBX’s and Central Office Switching Systems

¢ Concentration — Subscriber Carrier/Concentrators
The wide dynamic range of the 2910A (78dB) and the minimal conversion time (80usec minimum) make it an ideal
product for other applications, like:

¢ Data Acquisition ¢ Secure Communications Systems

. o Si i . . .
Telemetry Signal Processing Systems *Microcomputer mode is explained on page 4.
PIN CONFIGURATION : BLOCK DIAGRAM
cL TRANSMIT SECTION A/D -
P O-%e @) sicy CTION A/ .
% ® VA l
v, X ——
P Ve @ AUTO SAMPLE TSy @
] siGx & SUCCESSIVE Dy
] Fs, @cap 1y HOLD APPROXIMATION oLk,
P @)car2 REGISTER X
[ CLKy ¥ 2x FSy
(] FSg l A
[ CLKg
COoMmP.
[ Vec
[17s,
H O i CONTROL SECTION }
[1GRDD D¢ @
— | CONTROL
Vrer DAC MUX CLK; (24
PIN NAMES : —— REGISTER PD:‘C 8
CAP 1x, CAP 2¢ | Holding Capacitor | . - . ! T
VFx Analog Input T g
VFR Anaiog Output . . ] {
Dp, Dc, SIGx Digital input i Dq
SIGR, Dx, Digital Output P B
IR 1k, i |Gl ot HoLD RECEIVE SECTION ReqisTER oa®
FSx. FSR Frame Sync Input VFy o] FSp
AUTO ‘Auto Zero Output D/A J
Ves Power (—5V)
Vee Power {+5V) @ SiGg
Vop Power (+12V) 1 1 ’
PDN Power Down
GROA Analog Ground GRDA GRDD Ves Vee Voo
GRDD Digital Ground PIN NUMBER %2
NC No Connect O @ @ O @




2910A

PIN DESCRIPTION

Pin No. | Symbo! | Function Description Pin No. | Symbol | Function Description
1 CAP1x | Hold Connections for the transmit 15 TSx Output | Normally high, this signal goes
2 CAP2x ' holding capacitor. Refer to Ap- low while the Codec is transmit-
plications section. ting an 8-bit PCM word on the
3 VFx Input Analog input to be encoded into Dx (Ijeafd. (gllmeslott.informatlon
a PCM word. The signal on this o e e data e
lead is sampled at the same rate and aiso to ga e. © data on the
s Dy lead.) TTL interface, open
as the transmit frame synch- drain output
ronization pulse FSy, and the -
sample value is held in the ex- 16 Vee Power | +5V+5%, referenced to GRDD.
ternal capacitor connected to 17 CLKg Input Master receive clock defining
e CAPT AP Lo e o i o h e PO
completed highway. Typically 1.544 Mbps
' for a T1 carrier system. Maxi-
4 AUTO Output Most significant bit of the en- mum rate 2.1Mbps. 50% duty
coded PCM word (+5V for nega- cycle. TTL interface.
tive, —5V for positive inputs). 18 FSgr Input Frame synchronization pulse
:::;Ltno the Codec Applications for the receive PCM highway.
. Resets the on-chip timeslot
5 GRDA Ground Analog return common to the counter for the receive side.
transmit and receive analog cir- Maximum repetition rate 12 KHz.
cuits. Not connected to GRDD Also used to differentiate be-
internally. tween non-signaling frames and
6 SIGr Output Signaling output SIGR is up- s!gnalmg frames for the receive
dated with the 8th bit of the re- side. TTL interface.
ceive PCM word on signaling 19 CLKx Input Master transmit clock defining
frames, and is latched between the bit rate on the transmit PCM
two signaling frames. TTL inter- highway. Typically 1.544 Mbps
face. for a T1 carrier system. Maxi-
10y
7 Vpp | Power | +12V5%; referenced to GRDA. . rate izn-:e':"fgg:: 50% duty
Dr Input :ece'."e PCM highway (serial 20 FSy Input | Frame synchronization pulse
us) interface. The Codec seri- f A "
. or the transmit PCM highway.
ally receives a PCM word (8 bits) L
through this lead at the proper Resets the on-chip timeslot
time defined by FSg, CLKg, Dc courllter for the.transmlt side.
and CLK g e Maximum repetition rate 12 KHz.
C Also used to differentiate be-
9 PDN Output Active high when Codec is in tween non-signaling frames on
the power down state. TTL inter- the transmit side.
face. Open drain output. 21 SiGy Input | Signaling input. This digital in-
10 VFR Output Analog output. The voltage pres- put is transmitted as the 8th bit
ent on VFR is the decoded value of the PCM word on the Dy lead,
of the PCM word received on on signaling frames. TTL inter-
lead DRg. This value is held con- face.
stant between two conversions. 22 Ves Power | -5V +5%, referenced to GRDA.
1 NC No Recommended practice is to -
2 NG Connects | strap these NC's to GRDA. 3 Dc Input g,art?r:p:;;g :;o:r:;r:etg? g:grea‘f
13 GRDD Ground Ground return common to the tlop - Becomes an ac!nve. low
logic power supply, Vg, chip select when CLKg is tied to
Vce. TTL interface.
14 Dx Output Output of the transmit side onto 24 CLK¢ Input Clock input to clock in the data

the send PCM highway (serial
bus). The 8-bit PCM word is seri-
ally sent out on this pin at the
proper time defined by FSy,
CLKy, D¢, and CLKc. TTL three-
state output.

on the D¢ lead when the time-
slot assignment feature is used;
tie to Vg to disable this fea-
ture. TTL interface.
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FUNCTIONAL DESCRIPTION

The 2910A PCM Codec provides the analog-to-digital
and the digital-to-analog conversions necessary to inter-
face a full duplex (4 wires) voice telephone circuit with
the PCM highways of a time division multiplexed (TDM)
system.

In a typical telephone system the Codec is used between
the PCM highways and the line filters.

The Codec provides two major functions:

e Encoding and decoding of analog signals (voice and
call progress tones)

* Encoding and decoding of the signaling and super-
vision information

On a non-signaling frame, the Codec encodes the
incoming analog signal at the frame rate (FSy) into an
8-bit PCM word which is sent out on the Dy lead at the
proper time. Similarly, the Codec fetches an 8-bit PCM
word from the receive highway (Dg lead) and decodes an
analog value which will remain constant on lead VFg
until the next receive frame. Transmit and receive
frames are independent. They can be asynchronous
(transmission) or synchronous (switching) with each
other.

For channel associated signaling, the Codec transmit
side will encode the incoming analog signal as
previously described and substitute the signal present
on lead SIGy for the least significant bit of the encoded
PCM word. Similarly, on a receive signaling frame, the
Codec will decode the 7 most significant bits according
to the CCITT G733 recommendation and will output the
least significant bit value on the SIGRg lead until the next
signaling frame. Signaling frames on the send and
receive sides are independent of each other, and are
selected by a double-width frame sync pulse on the
appropriate channel.

TELEPHONE SET

rPABX /C.0. SWITCHING SYSTEM / CHANNEL BANK
|
|
|
| T GFF-HOOK / ROTARY DIAL PULSES
29124
| |supervision ==
| |proTEcTION ' \
| w, |1
BATTERY aw ! 1| 204
FILTERS
¥+- A | | cooec
| HYBRID— | \
]
|| minaine 1 [T
| L
| t RING CONTROL

PCM HIGHWAYS

Functional Block Diagram of Line Circuit

The 2910A Codec is intended to be used on line and
trunk terminations. The call progress tones (dial tone,
busy tone, ring-back tone, re-order tone), and the pre-
recorded announcements, can be sent through the
voice-path; digital signaling (off hook and disconnect
supervision, rotary dial pulses, ring control) is sent
through the signaling path.

Circuitry is provided within the Codec to internally
define the transmit and receive timeslots. In small
systems this may eliminate the need for any external
timeslot exchange; in large systems it provides one
level of concentration. This feature can be bypassed and
discrete timeslots sent to each Codec within a system.

In the power-down mode, most functions of the Codec
are directly disabled to reduce power dissipation to a
minimum.

CODEC OPERATION
Codec Control

The operation of the 2910A is defined by serially loading
an 8-bit word through the D¢ lead (data) and the CLK¢
lead (clock). The loading is asynchronous with the other
operations of the Codec, and takes place whenever tran-
sitions occur on the CLK¢ lead. The Dg input is loaded
in during the trailing edge of the CLK¢ input.

2 3 4 5 6 7 8
CLKc
Oc . - -
BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 BIT8
SELECT le——— ASSIGN X, R -
MODE TIME SLOT: ny. ng

The control word contains two fields:

Bit 1 and Bit 2 define whether the subsequent 6 bits
apply to both the transmit and receive side (00), the
transmit side only (01), the receive side only (10), or
whether the Codec should go into the standby, power-
down mode (11). In the last case (11), the following 6 bits
are irrelevant.

43

The last 6 bits of the control word define the timeslot
assignment, from 000000 (timeslot 1) to 111111 (timeslot
64). Bit 3 is the most significant bit and bit 8 the least
significant bit and last into the Codec.

Bit1|Bit2 | Mode
0 0 X &R
0 1 X
1 0 R.
1 1 Standby
Bit
345678 Timeslot
000O0O0O 1
0000O0O0 1 2
L] L]
L] L]
L] L]
[ ] L]
111111 64

The Codec will retain the control word (or words) until a
new word is loaded in or until power is lost. This feature
permits dynamic allocation of timeslots for switching
applications.



2910A

Microcomputer Control Mode (2910A)

In the microcomputer mode, each Codec performs its
own timeslot computation independently for the trans-
mit and receive channels by counting clock pulses
(CLKy and CLKR). All Codecs tied to the same data bus
receive identical framing pulses (FSyx and FSg). The
framing pulses reset the on-chip timeslot counters
every frame; hence the timeslot counters of all devices
are synchronized. Each Codec is programmed via CLK¢
and D¢ for the desired transmit and receive timeslots
according to the description in the Codec Control
Section. All Codecs tied to the same Dg bus will, in
general, have different receive timeslots, although that
is not a device requirement. There may be separate
busses for transmit and receive or all Codecs may
transmit and receive over the same bus, in which case
the transmit and receive channels must be synchronous
(CLKx= CLKRg.) There are no other restrictions on time-
slot assignments; a device may have the same transmit
and receive timeslot even if a single bus is used.

There are several requirements for using the CLK¢c-D¢
interface in the microcomputer mode.

1. A complete timeslot assignment, consisting of eight
negative transitions of CLK¢, must be made in less
than one frame period. The assignment can overlap a
framing pulse so long as all 8 control bits are clocked
in within a total span of 125usec (for an-8 KHz frame
rate). CLKc must be left at a TTL low level when not
assigning a timeslot.

. A dead period of two frames must always be observed
between successive timeslot assignments. The two
frame delay is measured from the rising edge of the
first CLKc transition of the previous timeslot
assigned.

. When the device is in the power-down state a single
control word will suffice to power-up the Codec and
make a timeslot assignment. That is, the first
assignment brings the device out of power-down and
registers the timeslot information in the lower six
bits of the control word.

4. Initialization sequence: The device contains an on-
chip power-on clear function which guarantees that
with proper sequencing of the supplies (Vgc or Vpp
‘on last), the device will Initialize with no timeslot
assigned to either the transmit or receive channel.
After a supply failure or whenever the supplies are
applied, it is recommended that either power down
assignment be made first, or the first timeslot assign-
ment be a transmit timeslot or a transmit/ireceive
timeslot. The consequence of making a receive time-
slot assignment first, after supply application, is that
the transmit channel will assume timeslot 1, poten-
tially producing bus contention.

. Transmit only/receive only operation is permitted pro-
vided that a power down assignment is made first.
Otherwise, special circuits which use only one chan-
nel should be physically disconnected from the
unused bus; this allows a timeslot to be made to an
unused channel without consequence.

Example of Microcomputer Control Mode:

The two words 01000001 and 10000010 have been
loaded into the Codec. The transmit side is now pro-
grammed for timeslot 2 and the receive side for time-
slot 3. The Codec will output a PCM word on the trans-
mit PCM highway (bus) during the timeslot 2 of the
transmit frame, and will fetch a PCM word from the
receive PCM highway during timeslot 3.

id—SEPARATED BY AT LEAST TWO FRAMES
|
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‘: 01000001 100000
In this example the Codec interface to the PCM highway
then functions as shown below. (FSyx and FSg may be
asynchronous.)
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Direct Control Mode

The direct mode of operation will be selected when the
CLKg pin is strapped to the +5 volt supply (Vgg). In this
mode, the D¢ pin Is an active low chip select. In other
words, when D¢ is low, the device transmits and
receives in the timeslots which follow the appropriate
framing pulses. With D¢ high the device is in the power
down state. Even though CLKg characteristics are
simpler for the 2910A it will operate properly when
plugged into a 2910 board.

Deactivation of a channel by removal of the appropriate
framing pulse (FSy or FSpg) is generally not permitted.
Specifically, framing pulses must be applied for a

minimum of two frames after a change in state of D¢ in
order for the Dg change to be internally sensed. In
particular, when entering standby in the direct mode,
framing pulses must be applied as usual for two frames
after D¢ is brought high. Thereafter, the framing pulses
could, if desired, be removed until such time as the
device is to be reactivated by the reapplication of
framing pulses with D¢ low.

The Codec will enter the direct mode within three frame
times (375usec) as measured from the time the device
power supplies settle to within the specified limits. This
assumes that CLK is tied to Vg and that all clocks are
available at the time the supplies have settled.

General Control Requirements

All bit and frame clocks should be applied whenever the
device is active. In particular, an unused channel cannot
be deactivated by removal of its associated frame or bit
clock while the other channel of the same device
remains active.

A single channel cannot be deactivated except by
physical disconnection of the data lead (Dyx or Dg) from
the system data bus. A device (both transmit and receive
channels) may be deactivated in either control mode by
powering down the device. Both channels are always
powered down together.

Encoding

The VF signal to be encoded is input on the VFy lead. An
internal switch samples the signal and the hold function
is performed by the external capacitor connected to the
CAP1x and CAP2x leads. The sampling and conversion

is synchronized with the transmit timeslot. The PCM
word is then output on the Dy lead at the proper time-
slot occurrence of the following frame. The A/D
converter saturates at approximately +2.2 volts RMS
(£3.1 volts peak).

fe————— 13 x|
FSy | (24 CHANNEL SYSTEM) “ "
TIME SLOT 20 —»| |«— TIME SLOT 20 —»{ |e—
e - RS, I .
T H n0G T0 DAL convergion — L
I
VR e
|
A/D CONV. CYCLE I N
HOLD TIME
CAR, —
Decoding

The PCM word is fetched by the Dy lead from the PCM
highway at the proper timeslot occurrence. The decoded
value is held on an internal sample and hold capacitor.

The buffered non-return to zero output signal on the VFg
lead has a dynamic range of approximately +2.2 volts
RMS (+3.1 volts peak).

Signaling

The duration of the FSy and FSg pulses defines whether
a frame is an information frame or a signaling frame:

e A frame synchronization pulse which is a full clock
period in duration (CLKy period for FSy, CLKg period
for FSg) designates a non-signaling frame.
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e A frame synchronization pulse which is two full clock
periods in duration (two CLKy periods for FSy, two
CLKRg periods for FSg) designates a signaling frame.

On the encoding side, when the FSx pulse is widened,
the 8th bit of the PCM word will be replaced by the value
on the SIGy input at the time when the 8th bit is output
on the Dy lead.
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On the decoding side, when the FSg pulse is widened,
the 8th bit of the PCM word is detected and transmitted
on the SIGR lead. That output is latched until the next
receiving signaling frame.

|4

| — TSnq

The remaining 7 bits are decoded according to the value
given in the CCITT G733 recommendation. The SIGg
lead is reset to a TTL low level whenever the Codec is in
the power-down state.
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T1 Framing

The Codec will accept the standard D3/D4 framing
format of 193 clock pulses per frame (equivalent to

CLKy, CLKR of 1.544Mb/sec). However, the 193rd bit
may be blanked (equivalent to CLKy, CLKg of
1.536 Mb/sec) if desired.

Standby Mode — Power Down

To minimize power consumption and heat dissipation a
standby mode is provided where all Codec functions are
disabled except for Dg and CLK¢ leads. These allow the
Codec to be reactivated. In the microcomputer mode the
Codec is placed into standby by loading a control word
(Dg) with a “1” in bits 1 and 2 locations. In the direct
mode when D¢ is brought high, the all “1’s” control
word is internally transferred to the control register,

invoking the standby condition.

While in the standby mode, the Dy output is actively
held in a high impedance state to guarantee that the
PCM bus will not be driven. The SIGRg output is held low
to provide a known condition and remains this way upon
activation until it is changed by signaling.

The power consumption in the standby mode is typically
33mW.

Power-On Clear

Whether the device is used in the direct or microcom-
puter mode, an internal reset (power-on clear) is
generated, forcing the device into the power down state,
when power is supplied by any of the following
methods. (1) Device power supplies are turned on in a
system power-up situation where either Vg or Vpp is
applied last. (2) A large supply transient causes either of
the two positive supplies to drop to less than approxi-
mately 2 volts. (3) A board containing Codecs is plugged
into a “hot” system where V¢ or Vpp is the last contact

made. It may be necessary to trim back the edge
connector pins or fingers on Vgg or Vpp relative to the
other supply to guarantee that the power-on clear will
operate properly when a board is plugged into a “hot”
system. Furthermore, the Codec will inhibit activity on
TSy and Dy during the application of power supplies.

The device is also tolerant of transients in the negative
supply (Vgg) so long as Vgg remains more negative than
-3.5 volts. Vgg transients which exceed this level
should be detected and followed by a system reinitial-
ization.

Precision Voltage Reference for the
D/A Converter

The voltage reference is generated on the chip and is
calibrated during the manufacturing process. The
technique uses the difference in sub-surface charge
density between two suitably implanted MOS devices to
derive a temperature stable and bias stable reference
voltage.
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A gain setting op amp, programmed during manufac-
turing, “trims” the reference voltage source to the final
precision voltage reference value provided to the D/A
converter. The precision voltage reference determines
the initial gain and dynamic range characteristics
described In the A.C. Transmission Specification
section.
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u-Law Conversion

u-law represents a particular Implemgntatlon of a piece-
wise linear approximation to a logarithmic compression
curve which is:

In(1+pux])

F(x) = Sgn(x) DY 0< x| <1

where x = input signal

Sgn(x) = sign of input signal
u= 255 (defined by AT&T)

The 2910A = 255 law Codec uses a 15 segment approx-
imation to the logarithmic law. Each segment consists
of 16 steps. In adjacent segments the step sizes are in a
ratio of two to one. Within each segment the step size is
constant except for the first step of the first segment of
the encoder, as indicated in the attached table. The
output levels are midway between the corresponding
decision levels. The output levels y, are related to the
input levels x,, by the expression:

_Xn+ Xn4q

y“'T for1<n<127

Yo=Xo=0 forn=0

These relationships are implicit in the attached table.

CODER TRANSFER CHARACTERISTIC
(A/D CONVERSION)

DIGITAL
ouTPUT

ANALOG
INPUT
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CODEC TRANSFER CHARACTERISTIC

VFgp

DECODER TRANSFER CHARACTERISTIC
(D/A CONVERSION)

ANALOG
ouTPUT

DIGITAL
INPUT

During signaling frames, a 7-bit transfer characteristic
is implemented in the decoder. This characteristic is
derived from the decoder values in the attached table by
assuming a value of “1” for the LSB (8th bit) and shifting
the decoder transfer characteristic one half-step away
from the origin. For example, the maximum decoder
output level for signaling frames has normalized value
7903, whereas it has value. 8031 in normal (non-
signaling) frames.
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Theoretical y-Law — Positive Input Values (for Negative Input Values, Invert Bit 1)

1 2 3 4 5 6 7 8
Value s Normalized Decoder
Segment No. of Steps | at Segment Dz‘;ﬁ':" Decision PCM Word® Value Output
Number x Step Size End Value xp' at Decoder Value
Points Number n n msB Bit Number Lss Output yp* Number
12345678
8159° (128) 8159) —4— — — — — —
10000000 r—8031 127
127 7903 I I I
] 1 ) 1 1
8 16 x 256 | : (see Note 2) ! |
| 1 ; 1 |
113 4319 I I
10001111 — 4191 112
4063 112 4063 - T | |
1 1 i 1 |
7 16x 128 ! ! (see Note 2) | !
| | : i I
97 2143 | |
10011111 (— 2079 96
2015 9? 201? jl : :
6 16 64 | | (see Note 2) | !
| | | | |
81 1055 | |
10101111 — 1023 80
991 80 991 | I I
i i | 1 |
5 16 % 32 : : (see Note 2) : :
| | { 1 I
65 511 | I
10111111 — 495 64
479 64 479 T | |
| | I | 1
4 16 16 | ! (see Note 2) | !
| | { | 1
49 239 I |
11001111 - 231 48
223 48 223 | |
| | j| | |
3 16x8 : ! (see Note 2) | "
| | I ] |
33 103 | | 1
11011111 — 99 32
95 32 95 T I |
| 1 | 1
] | ( ] ]
2 16x 4 i | (see Note 2) | |
| 1 |L | |
17 35 | ]
11101111 — 33 16
31 16 31 T | I
| | i | |
15%x 2 | | (see Note 2) \ |
| I ‘l | |
2 3 | I
1 11111110 — 2 1
1 1
‘ 1x1 11111111
0 0 0 0

Notes:
1. 8159 normalized value units correspond to the value of the on-chip voltage reference.

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 (see column 4)
is (255 — n) expressed as a binary number.

3. The PCM word on the highways is the same as the one shown in column 6.

. The voltage output on the VFRg lead is equal to the normalized value given in the table, augmented by an offset. The offset value is
approximately 15 mV.

X128 is a virtual decision value.

.

o
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APPLICATIONS

Circuit Interface —
Without External Auto Zero

—— — 1

r
ENCODER |
FILTER ||

____________ -
Vo I v | 8 KHz CODEC CAP1x
Cy L 500Q CAPx l
AuF | 2 Ry 2000p’FJ'
>
-
9 T CAP2x

AC
EQUIVALENT !

CIRCUIT -LJ

1

| .

: =~ 2 mV OFFSET

L
GRDA

Holding Capacitor

For an 8KHz sampling system the transmit holding
capacitor CAPx should be 2000 pF +20%.

DECODER
0 FILTER

| S
2912A FILTEI

Auto Zero

The 2910A contains a transparent on-chip auto zero plus
a device pin for implementing a sign-bit driven external
auto zero feedback loop. The on-chip auto zero reduces
the input offset voltage of the encoder (VFy) to less than
3mV. For most telephony applications, this input offset
is perfectly acceptable, since it insures the encoder is
biased in the lower 25% of the first segment.

Where lower input offset is required the external auto
zero loop may be used to bias the encoder exactly at the
zero crossing point. The consequence of the external
auto zero loop, aside from extra components, is the
addition of the dithering auto-zero signal to the input
signal, resulting in slightly higher idle channel noise
(approximately 2dB) than when the external loop is not
used. Consequently, where the application permits, it is
recommended that the external auto zero loop not be
used.

The circuit interface without external auto zero shows a
possible connection between VFx and AUTO leads with
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Circuit Interface —
With External Auto Zero

ENCODER
FILTER

A
| |
|
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| | = GRDA vEa

DECODER R
| fALTER VPRI l T
| | e

l_2912A FILTER _'

the recommended values of C1=0.1uF and Ry= 150 KQ.
The circuit interface with auto zero drawing shows a
possible connection between the VFx and AUTO leads
with the recommended values of C;=0.3uF, R,
=150KQ, Ry= 3309, and R3=470KQ.

Filters Interface

The filters may be interfaced as shown in the circuit
interface diagrams. Note that the output pulse stream is
of the non-return-to-zero type and hence requires the
(sin x)/x correction provided by the 2912A filter.

Dx Buffering

For higher drive capability or increased system reli-
ability it may be desirable that the Dy output of a group
of Codecs be buffered from the system PCM bus with an
external three-state or open collector buffers. A buffer
can be enabled with the appropriate Codec generated
TSy signal or signals. TSy signal may also be used to
activate external zero code suppression logic, since the
occurrence of an active state of any TSy implies the
existence of PCM voice bits (as opposed to transparent
data bits) on the bus.
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Grounding, Decoupling, and Layout
Recommendations

The most important steps in designing a low noise line
card are to insure that the layout of the circuit com-
ponents and traces results in a minimum of cross coup-
ling between analog and digital signals, and to provide
well bypassed and clean power supplies, solid ground
planes,.and minimal lead lengths between components.

1

10.

1.

. All power source leads should be bypassed to

ground on each printed circuit board (PCB), on
which codecs are provided. At least one electrolytic
bypass capacitor (at least 10 uF) per board is recom-
mended at the point where all power traces from the
codecs and filters join prior to interfacing with the
edge connector pins assigned to the power leads.

. When using two-sided PCBs, use both correspond-

ing pins on opposite sides of the board for the same
power lead. Strap them together both on the PCB
and on the back of the edge connector.

. Lay out the traces on codec- and filter-equipped

boards such that analog signal and capacitor leads
from the digital clock and data leads are separated
as widely as possible.

. Connect the codec sample and hold capacitor with

the shortest leads possibie. Mount them as ciose to
the device pins as can be achieved. Shield the
capacitor traces with analog ground.

. Do not lay out any board traces (especially digital)

that pass between or near the leads of the sample
and hold capacitor(s) since they are in high imped-
ance circuits which are sensitive to noise coupling.

. Keep analog voice circuit leads paired on their

layouts so that no intervening circuit leads are
permitted to run parallel to them and/or between
them.

. Arrange the layout for each duplicated line, trunk or

channel circuit in identical form.

. Line circuits ‘mounted extremely close to adjacent

line circuits increase the possibility of interchannel
crosstalk. ‘

. Avoid assignment of edge connector pins to any

analog signal adjacent to any lead carrying digital
(periodic) signais or power.

The optimum grounding configuration is to maintain
separate digital and analog grounds on the circuit
boards, and to carry these grounds back to the
power supply with a low impedance connection.
This keeps the grounds separate over the entire
system except at the power supply.

The voltage difference between ground leads GRDA
and GRDD (analog and digital ground) should not
exceed two volts. One method of preventing any
substantial voltage difference between leads GRDA
and GRDD is to connect two diodes back to back in
opposite directions across these two ground leads
on each board. An additional or alternate method of
suppressing ground lead noise is to bridge a RF
choke of about 1 to 2uH or greater, as space allows,
between leads GRDA and GRDD on each board.

12,

13.

14.

15.

16.

17.

Codec-filter pairs should be aligned so that pins 9
through 16 of the filter face pins 1 through 12 of the
codec. This minimizes the distance for analog con-
nections between devices and with no crossing
analog lines. :

No digital or high voltage level (such as ringing sup-
ply) lines should run under or in parallel with these
analog VF connections. If the analog lines are on the
top (component side) of the PC board, then GRDD,
GRDA, or power supply leads should be directly
under them, on the bottom to prevent analog/digital
coupling.

Both the codec and filter devices should be shielded
from traces on the bottom of the PCB by using
ground or power supply leads on the top side
directly under the device (like a ground plane).

Two +5 volt power supply leads (Vgc) should be
used on each PCB, one to the filters, the other to the
codecs. These leads should be separately decoupled
at the PCB where they then join to a single 5 volt
supply at the backplane connector. Decoupling can
be accomplished with either a series resistor/
parallel capacitor (RC lowpass) or a series RF choke
and parallel capacitor for each 5volt lead. The
capacitor should be at least 10uF in parallel with a
0.1uF ceramic. This  filters .both high and low
frequencies and accommodates large current
spikes due to switching.

Both grounds and power supply leads must have low
resistance and inductance. This should be accom-
plished by using a ground plane whenever possible.

When narrower traces must be used, a minimum

width of 4 millimeters should be maintained. Either
multiple or extra large plated through holes should
be used when passing the ground connections
through the PCB.

The 2912A PCM filter should have all power sup-
plies bypassed to analog ground (GRDA). The 2910A
Codec + 5V power supplies should be bypassed to
the digital ground (GRDD). This is appropriate when
separate + 5V power supply leads are used as sug-

~ gested in item 15. The- -5V and + 12V supplies

18.
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should be bypassed to analog ground (GRDA).
Bypass capacitors at each device should be high
frequency capacitors of approximately 0.1 to 1.0 uF
value. Their lead lengths should be minimized by
routing the capacitor leads to the appropriate
ground plane under the device (either GRDA or
GRDD).

Relay operation, ring voltage application, interrup-
tions, and loop current surges can produce enor-
rmous transients. Leads carrying such signals must
be routed well away from both analog and digital
circuits on the line card and in backplanes. Lead
pairs carrying current surges should be routed
closely together to minimize possible inductive
coupling. The microcomputer clock lead is particu-
larly vulnerable, and should be buffered. Care should
also be used in the backplane layout to prevent pick-
up surges. Any other latching components (relay
buffers, etc.) should also be protected from surges.
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Absolute Maximum Ratings*

Temperature UnderBias ............ -10°Cto +80°C Ve, Vpp, GRDD, and GRDA with Respect

Storage Temperature .............. -65°Cto +150°C tOVEBB -t et —0.3Vto +20V

All Input or Output Voltages with Power Dissipation. .......... ... .. .. ... ool 1.35W
RespecttoVgg ..............o.... -0.3Vto +20V

*Comment: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

D.C. and Operating Characteristics
Ta=0°C to +70°C, Vpp=+12V+5%, Voc=+5Vx5%, Vgg=—-5V+5%, GRDA=0V, GRDD=0V, unless otherwise specified.

Symbol Parameter Win | L!E :15 ‘ Max Unit Test Conditions
DIGITAL INTERFACE
I Low Level Input Current 10 uA  |ViIN<ViL
M High Level Input Current 10 A |VIN>ViH
ViL [Input Low Voltage 0.6
Vin |Input High Voltage 2.0
VoL |Output Low Voltage 0.4 V| Dy, lo=4.0mA

SIGR, lo,=0.5mA
TSx, loL=3.2mA, open drain
PDN, lg_= 1.6 mA, open drain

Von |Output High Voltage 24 V  |Dy, loy=15mA
SIGR, loy=0.08 MA

ANALOG INTERFACE

Zp  |Input Impedance when Sampling, VFx 125 300 500 Q in series with CAPx to GRDA,
-3V V<31V
Zpo |Small Signal Output Impedance, VFg 100 180 300 Q =31V < Vgyr<3.1Vv
Vor [Output Offset Voltage at VFg -50 +50 mV |all “1s” code sent to Dg
Vix |Input Offset Voltage at VFyx -5 5 mV | VFy voltage required to
produce all “1s” code at Dy
VoL {Output Low Voltage, Auto Zero Veg [(Veg+2)| V |400KR to GRDA
Vonx |Output High Voltage, Auto Zero (Vec—2)| Vee V | 400K to GRDA
POWER DISSIPATION
lopo |Standby Current 0.7 1.1 mA
lcco |Standby Current 4 7.0 mA
lggo [Standby Current 1 25 mA
lppi  |Operating Current 1 16 MA | clock frequency = 2.048 MHz
lcci  |Operating Current 13 21 mA
Igei |Operating Current 4 6 mA
Notes:

1. Typical values are for Tp=25°C and nominal power supply values.
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A.C. Characteristics
Ta=0°C to +70°C, Vpp=+12V£5%, Vcc=+5V+5%, Vgg=-5V+5%, GRDA=0V, GRDD=0V, unless otherwise specified.

Limits
Symbol Parameter Min | Ty’ J Max Unit Test Conditions
TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified)
S/D |Signal/Total Distortion Ratio, Fig. 1 | Fig. 1 dB VFx = 1.02KHz, sinusoid
C-Message Weighted (see Figure 1)
S/D |Signal/Total Distortion Ratio, Fig. 1 dB VFx = 1.02KHz, sinusoid
C-Message Weighted (half-channel)?
(see Figure 1)
AG Gain Tracking Error (see Figure 2) -0.4 0.4 dB VFyx=1.02KHz, sinusoid
—-37dBm0 < VFx < 0dBmO0
-08 0.8 dB -50dBm0 < VFyx < —37dBm0
-24 24 dB ~-55dBm0 < VFx < —50dBmO0
AG Gain Tracking Error (half-channel)? +0.2 dB VFy = 1.02KHz, sinusoid
(see Figure 2) —37dBm0 < VFx < 0dBm0
+0.4 dB —-50dBm0 < VFx < —37dBm0
+1.2 dB —55dBm0 < VFy < -50dBmC
Nic1 |ldle Channel Noise, C-Message 2 10 dBrncO no signaling®
Weighted
Nic2 [ldle Channel Noise, C-Message 10 13 dBrnc0 with 6th and 12th frame
Weighted signaling®
HD Harmonic Distortion (2nd or 3rd) -48 -44 dB VFx=1.02KHz, 0dBmO;
measured at decoder output
VFg
IMD |Intermodulation Distortion 4-tone stimulus in
2nd Order - 45 dB accordance with BSTR
3rd Order - 55 dB PUB 41009
____ EATYPICAL 15 CHANNEL Y N\
-7 Coemmmmm TR t 29104 END-TO-END SPEC
PR 2910A SPEC, END-TO-END J_,, dB 24 |~ AT&T D3 CHANNEL
3 P T TTTTT T 248 BANK COMPATIBILITY
2 s P q 2 = | SPECIFICATION
2 w7 7 \ | (ISSUE 310.77)
& //27 | |
3 7 & | 12 - | — N
E I 0.8 : s
NN | A\
2 | | AT&T 04 — L% 1
S 2R D3 CHANNEL BANK 0.2 [~ ———p—p———d INPUT
2 | | COMPATIBILITY 0 + - ~+ —  LEVEL
2 | | SPECIFICATION -0.2 - -55 -50 =37 T Ty — —=0 4BmO
3 | | (ISSUE 3 10-77) -04 ———-
< END-TO-END |
H | [ 08 |-
@ 10R | | S
[ | st .
| | ]
N\ | | -2 - ! %2 GHANNEL
NN | Il 1 1
-45 -40 -30 -20 -10 0 -24 |- TYPICAL
INPUT LEVEL (dBmO) N
Figure 2. Gain Tracking Error (AG) vs Signal
Figure 1. Signal/Total Distortion Ratio Level 0 dBmO
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A.C. Characteristics (continueq)
Ta=0°C to +70°C, Vpp=+12Vx5%, Voc=+5V+5%, Vgg=-5V+5%, GRDA=0V, GRDD=0V, unless otherwise specified.

Symbol Parameter Min r T;':,“"[s Max Unit Test Conditions
GAIN AND DYNAMIC RANGE
DmW |Digital Milliwatt Response 5.53 5.63 5.73 dBm 23°C, nominal supplies*
DmWry |DmWg Variation with Temperature -0.001 |-0.002| dB/°C relative to 23°C*
DmWg [DmWg Variation with Supplies +0.07 dB supplies £5%*
AR Input Dynamic Range 2.17 2.20 2.23 Vams using D.C. and A.C. tests®
ARt |Input Dynamic Range with —-0.5 {mVgmg/ °C | relative to 23°C
Temperature
Ars [Input Dynamic Range with Supplies ' +18 mVgeums | supplies £5%
Aor |Output Dynamic Range, VFg 2.13 2.16 2.19 VRMs 23°C, nominal supplies
Aort |AoR Variation with Temperature —0.5 ImVgmg/ °C | relative to 23°C
Aors |Aor Variation with Supplies +18 | mVgus | supplies £5%
SUPPLY REJECTION AND CROSSTALK
PSRR1|Vpp Power Supply Rejection Ratio 50 dB decoder alone®
PSRRy|Vgg Power Supply Rejection Ratio 35 dB decoder alone®
PSRR3|Vcc Power Supply Rejection Ratio 50 dB decoder alone®
PSRR4|Vpp Power Supply Rejection Ratio 50 : dB encoder alone’”
PSRR5(Vgg Power Supply Rejection Ratio 45 dB encoder alone”
PSRRg(Vcc Power Supply Rejection Ratio 50 dB encoder alone’”
CTgr [Crosstalk Isolation, Receive Side 75 80 dB see Note 8
CTt |Crosstalk Isolation, Transmit Side 75 80 dB see Note 9
CAPX |Input Sample and Hold Capacitor 1600 2000 2400 pF

Notes:

1. Typical values are for Ty = 25°C and nominal power supply values.

2. Measured in one direction, either decoder or encoder and an ideal device.

3. If the external auto-zero is used N|gq has a typical value of 8 dBrnc0 and N;c4 has a typical value of 13 dBrnc0.

4. Dgof Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. Measurement made at VFg
output.

. With the D.C. method the positive and negative clipping levels are measured and A is calculated. With the A.C. method a sinusoidal input signal to
VFy is used where A is measured directly.

. D.U.T. decoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions.

. D.U.T. encoder; impose 200 mVp_p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions.

. VFy of D.U.T. encoder = 1.02 KHz, 0 dBm0. Decoder under quiet channel conditions; measurement made at decoder output.

. VFx =0 Vrms. Decoder=1.02 KHz, 0 dBm0. Encoder under quiet channel conditions; measurement made at encoder output.

o

© o N>
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A.C. Characteristics — Timing Specification
Ta=0°C to +70°C, Vpp=+12V+5%, Vocc=+5V+5%, Vgg=-5V+ 5%, GRDA=0V, GRDD=0V, unless otherwise specifled

Limits '
Symbol Parameter Min I Max Units Comments

CLOCK SECTION
toy Clock Period 485 ns CLKy, CLKR (2.048 MHz systems), CLK¢
t, t; |Clock Rise and Fall Time 0 30 ns CLKx, CLKg, CLKg
toLk Clock Pulse Width 215 ns CLKy, CLKR, CLK¢

. tepc | Clock Duty Cycle (toik+tey) | 45 55 % CLKy, CLKg

TRANSMIT SECTION '
tvex Analog Input Conversion 20 timeslot from leading edge of transmit timeslot’
tozx Data Enabled on TS Entry 50 180 ns 0< Croap < 100pF
toHx Data Hold Time 80 230 ns 0< Croap < 100pF
thzx Data Float on TS Exit 75 245 ns CLoap=0
tson | Timeslot X to Enable 30 220 ns 0< Croap < 100pF
tsorr | Timeslot X to Disable 70 225 ns Croap=0
tss Signal Setup Time 0 ns relative to bit 7 falling edge
tsH Signal Hold Time 100 ns relative to.bit 8 falling edge
trsp Frame Sync Delay 15 150 ns

RECEIVE AND CONTROL SECTIONS
tvrr Analog Output Update 7116 |7 1/16 | timeslot from leading edge of the channel timeslot
tosk Receive Data Setup 20 ns
tbHR Receive Data Hold 60 ns
tsicr | SIGRr Update 1 us from trailing edge of the channel timeslot
tesp Frame Sync Delay 15 150 ns
tosc Control Data Setup 100 ns k Microcomputer mode only
toHc | Control Data Hold 100 ns Microcomputer mode only

Notes:

1. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or
asynchronous operation of the Codec. If the transmit channel only is operated, the A/D conversion can be completed in a
minimum of 11 timeslots. Refer to the Codec Control General Requirement section for instructions on setting a channel in an idle

condition.
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TIMING WAVEFORMS'"
TRANSMIT TIMING

tey I TIMESLOT 1 -

CLKy

1
ks ~{ teso
FSy
NON-SIGNALING
FRAMES
_—{ tesD tesp
Sx -
SIGNALING

F
- FRAMES

TIMESLOT N ]
CLKy . 4 5 6 7 8 \——-AL’_\.
tozx —»| .
e e thzx

2 3
tonx
— tson ! —* tsofF
o _ ;
T
s F— — sH
SIGx ‘ DON'T CARE VALID C"g"“g

RECEIVE TIMING

Dy st

TIMESLOT 1

*‘ tesp ———-1 }o—‘rso | -
' '
FSq l
NON-SIGNALING 1 i
FRAMES |
- tesp tesp
FSq
SIGNALING

FRAMES

TIMESLOT N —i

SiGg ) VALID : *VALID

Notes: 1. All timing parameters referenced to 1.5V, except tyzx and tgorg which reference a high impedance state.

4-15



Inte' 2911A
PCM CODEC — A LAW
8-BIT COMPANDED A/D AND D/A CONVERTER

2911A1 Microcomputer* Mode
or Direct Mode

2911A-2 Direct Mode Only

m Per Channel, Single Chip Codec = 66 dB Dynamic Range, with Resolution

Equivalent to 11-Bit Linear Conversion
a CCITT G711 and G732 Compatible, au!

A . Around Zero
Even Order Bits Inversion Included u 5% Power Supplies: +12V, +5V, —5V

= Microcomputer Interface with = Precision On-Chip Voltage Reference
3'9‘1?;\": Time-Slot Computation s Low Power Consumption 230 mW Typ.
( 1) Standby Power 33 mW Typ.

m Simple Direct Mode Interface When m Fabricated with Reliable N-Channel
Fixed Timeslots Are Used MOS Process

The Intel® 2911A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the
logic necessary to interface a full duplex PCM link.
The primary applications are in telephone systems:

* Transmission — 30/32 Channel Systems at 2.048 Mbps
® Switching — Digital PBX’s and Central Office Switching Systems
e Concentration — Subscriber Carrier/Concentrators

The wide dynamic range of the 2911A (66 dB) and the minimal conversion time (80 usec minimum) make it an ideal
product for other applications, like:

¢ Data Acquisition ® Secure Communications Systems

* Telemetry ® Signal Processing Systems
*Microcomputer mode is explained on page 4.
PIN CONFIGURATION BLOCK DIAGRAM
——
CAPIx[]1 22 []CLKc ) TRANSMIT SECTION A/D
cAP ]2 21F0e ® v
' —_
VF"E 3 e gV“ @ AuTo SAMPLE TSy
Auto[]4 19 [TFSx & SUCCESSIVE Dy
GRDA[]S 18 [ cLkx ®z::z‘x HOLD . A"’:fé‘]'g"’;:;”" CLKy
Voo[]6 2011A 17 [IFsp ® x FSy
e —
F1Vee cowme.
VFR[] 9 14 [ T8x
Nc[]10 13 [7]0x
Ne[n 12{7JGRDD CONTROL SECTION &
D,
— c
v DAC MUX CONTROL cLK, @)
PIN NAMES , REF GISTER
REG ]
CAP 1x, CAP 2 _| Holding Capacitor ‘ PDN
VFx “Analog Input . : 1
VFgp Analog Output ‘
Dnl%q Digital Input N @
- Dy, TSx Digital Output
GLKg, CLKx, CLKn |- Clock Input HOLD INPUT CLKg
FSx FSR Frame Sync Input ® vF RECEIVE SECTION REGISTER NG
AUTO Auto Zero Output R 4 D/A
Ves Power (—5V)
Vee Power (+5V)
Voo Power (+12V)
PDN Power Down
T A T N
Ul .
NC No Connect O PINNUMBER @ @ @ @
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PIN DESCRIPTION

Pin No. | Symbol | Function Description Pin No. | Symbol | Function Description
1 CAP1y | Hold Connections for the transmit 14 TSx Output | Normally high, this signal goes
2 CAP2 holding capacitor. Refer to Ap- low while the Codec is transmit-
X plications section. ting an 8-bit PCM word on the
3 VFx Input Analog input to be encoded into Dx lead. (Timeslot information
a PCM word. The signal on this used for diagnostic purposes
| and also to gate the data on the
lead is sampled at the same rate Dy lead) TTL Interface, open
as the transmit frame synch- d:c(alno t t » Op
ronization pulse FSx, and the utput.
sample value is held in the ex- 15 Vee Power | +5V+5%, referenced to GRDD.
ternal capacitor connected to 16 CLKg | Input | Master receive clock defining
Lr"_.emct::be(n::gl nCA?o’éel::di: the bit rate on the receive PCM
completed 9P highway. Typically 2.048Mbps
" for a carrier system. Maximum
4 AUTO Output Most significant bit of the en- rate 2.1 Mbps. 50% duty cycle.
coded PCM word (+5V for nega- TTL compatible. )
tive, —5V for positive values).
i 3 17 FSR Input Frame synchronization puise
SR:;;L:’ the Codec Applications for the receive PCM highway.
v Resets the on-chip timesliot
5 GRDA | Ground |Analog return common to the counter for the receive side.
transmit and receive analog cir- Maximum repetition rate 12 KHz.
cuits. Not connected to GRDD TTL interface.
internally.
18 CLKy Input Master transmit clock defining
Voo Power +12V+5%; referenced to GRDA. . the bit rate on the transmit PCM
Dr Input Receive PCM highway (serial highway. Typically 2.048 Mbps
for a carrier system. Maximum
bus) interface. The Codec seri- rate 2.1 Mbps. 50% duty cycle
ally receives a PCM word (8 bits) fate 2.1 Mops. 50% duty cycle.
through this lead at the proper .
time defined by FSg, CLKR, D¢, 19 FSx Input Frame synchronization pulse
and CLKc. for the transmit PCM highway.
8 PDN | Output |Active high when the Codec is P e e ot
in the power down mode. TTL ) :
Maximum repetition rate 12 KHz.
interface. Open drain output. TTL interface.
9 VFR Output Analog Output. The voltage o
present on VFg Is the decoded 20 Vee Power | -5V+5%, referenced to GRDA.
value of the PCM word received 21 D¢ Input Data input to program the Codec
on lead Dg. This value is held for the chosen mode of opera-
constant between two conver- tion. Becomes an active low
sions. chip select when CLK¢ is tied to
10 NC No Recommended practice is to Ve, TTL interface.
1 NC Connects | strap these NC's to GRDA. 22 CLK¢ Input Clock input to clock in the data
- on the D¢ lead when the time-
12 GRDD | Ground |Ground return common to the slot assignrment feature is used;
logic power supply; Vcc. tied to V¢ to disable this fea-
13 Dy Output | Output of the transmit side onto ture. TTL interface.

the send PCM highway (serial
bus). The 8-bit PCM word is seri-
ally sent out on this pin at the
proper time defined by FSy,
CLKy, Dg, and CLKc. TTL three-
state output.
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FUNCTIONAL DESCRIPTION

The 2911A PCM Codec provides the analog-to-digital
and the digital-to-analog conversions necessary to inter-
face a full duplex (4 wires) voice telephone circuit with
the PCM highways of a time division multiplexed (TDM)
system. The Codec is intended to be used on line and
trunk terminations.

In a typical telephone system the Codec is located
between the PCM highways and the channel filters.

The Codec encodes the incoming analog signal at the
frame rate (FSy) into an 8-bit PCM word which is sent
out on the Dy lead at the proper time. Similarly, on the
receive link, the Codec fetches an 8-bit PCM word from
the receive highway (Dy lead) and decodes an analog
value which will remain constant on lead VFg until the
next receive frame. Transmit and receive frames are
independent. They can be asynchronous (transmission)
or synchronous (switching) with each other.

Circuitry is provided within the Codec to internally
define the transmit and receive timeslots. In small
systems this may eliminate the need for any external
timeslot exchange; in large systems it provides one
level of concentration. This feature can be bypassed and

Typical Line Termination

TELEPHONE SET

TRANSMISSION
HIGHWAYS

CONTROL HIGHWAYS

l OFF-HOOK / ROTARY DIAL PULSES

SUPERVISION ,— — 2912A —
PROTECTION I

|

|

|

|

|

| S
.+ BATTERY. [ ] ]

|

|

|

|

2011A
FILTERS CODEC

FEED |
HYBRID

RINGING

1 L____l

RING CONTROL

Functional Block Diagram of Line Circuit
discrete timeslots sent to each Codec within a system.

In the power-down mode, most functions of the Codec
are directly disabled to reduce power dissipation to a
minimum.

CODEC OPERATION
Codec Control

The operation of the 2911A is defined by serially loading
an 8-bit word through the D¢ lead (data) and the CLK¢
lead (clock). The loading is asynchronous with the other
operations of the Codec, and takes place whenever tran-
sitions occur on the CLKg lead. The D¢ input is loaded
in during the trailing edge of the CLK input.

CLK

BIT1 BIT2 BIT3 BIT4 BITS BIT6 BIT7 BITS
|
ASSIGN X, R |
TIME SLOT: ny, ng |

The control word contains two fields:

Bit 1 and Bit 2 define whether the subsequent 6 bits
apply to both the transmit and receive side (00), the
transmit side only (01), the receive side only (10), or
whether the Codec should go into the standby, power-
down mode (11). In the last case (11), the following 6 bits
are irrelevant.

The last 6 bits of the control word define the timeslot
assignment, from 000000 (timeslot 1) to 111111 (timeslot
64). Bit 3 is the most significant bit and bit 8 the least
significant bit and last into the Codec.

Bit1|Bit2 | Mode
0 0 X&R
0 1 X
1 0 R
1 1 Standby
Bit
3456 7 8 | TimeSlot
0000O0O 1
0000O0O0 1 2
L] °
. L]
L] o
L] L]
111111 64

The Codec will retain the control word (or words) until a
new word is loaded in or until power is lost. This feature
permits dynamic allocation of timeslots for switching
applications.
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Microcomputer Control Mode (2911A-1)

In the microcomputer mode, each Codec performs its
own timeslot computation independently for the trans-
mit and receive channels by counting clock pulses
(CLKx and CLKg). All Codecs tied to the same data bus
receive identical framing pulses (FSx and FSg). The
framing pulses reset the on-chip timeslot counters
every frame; hence the timeslot counters of all devices
are synchronized. Each Codec is programmed via CLK¢g
and D¢ for the desired transmit and receive timeslots
according to the description in the Codec Control
Section. All Codecs tied to the same Dg bus will, in
general, have different receive timeslots, although that
is not a device requirement. There may be separate
busses for transmit and receive or all Codecs may
transmit and receive over the same bus, in which case
the transmit and receive channels must be synchronous
(CLKx= CLKR). There are no other restrictions on time-
slot assignments; a device may have the same transmit
and receive timeslot even if a single bus is used.

There are several requirements for using the CLK¢g-De
interface in the microcomputer mode.

1. A complete timeslot assignment, consisting of eight
negative transitions of CLK¢, must be made in less
than one frame period. The assignment can overlap a
framing pulse so long as al! 8 control bits are clocked
in within a total span of 125usec (for an 8 KHz frame
rate). CLKg must be left at a TTL low level when not
assigning a timeslot.

2. Adead period of two frames must always be observed
between successive timeslot assignments. The two
frame delay is measured from the rising edge of the
first CLKc transition of the previous timesiot
assigned. )

3. When the device is in the power-down state a single
control word will suffice to power-up the Codec and
make a timeslot assignment. That is, the first
assignment brings the device out of power-down and
registers the timeslot information in the lower six
bits of the control word.

4. Initialization sequence: The device contains an on-
chip power-on clear function which guarantees that
with proper sequencing of the supplies (Vgg or Vpp
on last), the device will initialize with no timeslot
assigned to either the transmit or receive channel.
After a supply failure or whenever the supplies are
applied, it is recommended that either power down
assignment be made first, or the first timeslot assign-
ment be a transmit timeslot or a transmit/receive
timeslot. The consequence of making a receive
timeslot assignment first, after supply application, is
that the transmit channel will assume timeslot 1,
potentially producing bus contention.

5. Transmit only/receive only operation is permitted pro-
vided that a power down assignment is made first.
Otherwise, special circuits which use only one chan-
nel should be physically disconnected from the
unused bus; this allows a timeslot to be made to an
unused channel without consequence.

Example of Microcomputer Control Mode:

The two words 01000001 and 10000010 have been
loaded into the Codec. The transmit side is now pro-
grammed for timeslot 2 and the receive side for timeslot
3. The Codec will output a PCM word on the transmit
PCM highway (bus) during the timeslot 2 of the transmit
frame, and will fetch a PCM word from the receive PCM
highway during timeslot 3.

‘F— SEPARATED BY AT LEAST TWO FRAM ES"1

1 2 3 4 5 6 7 8 1 2 3, 4 5 6 7 8

-- 0
| 2
x
é

i
I
J 01000001

]
'
|
s 10000010
|

In this example the Codec interface to the PCM highway
then functions as shown below. (FSx and FSg may be
asynchronous.)

*‘_ XMT TiME SLOT 1 _>!<_ XMT TIME SLOT 2 _’.!« XMT TIME SLOT 3 _.'
Fs,'m___rjn 2 3 4 5 6 7 83 s 4 5 6 7 el1 2 3 4 5 6 7 8
CLKy IN mmmmmﬂm
0y ouT : N O D D
T5x OU . f

I‘_ RCV TIME SLOT 1 _>|<__ RCV TIME SLOT 2 _>!<_ RCV TIME SLOT 3 _»!
FspIN __J 11 2 3 a 5 & 7 81 3 4 5 6 7 8.1 2 3 4 5 6 7 8 :

CLKg IN

opn I [ T T [ T [ T T T [ 1

[ T T T T - T T T T T T T 1T

j— PCM WORD CLOCKED IN ]

Direct Control Mode

The direct mode of operation will be selected when the
CLKg pin is strapped to.the +5 volt supply (Vgg). In this
mode, the D¢ pin‘is an active low chip select. In other
words, when D¢ is low, the device transmits and
receives in the timeslots which follow the .appropriate

framing pulses. With D¢ high the device is in the power
down state. Even though CLK¢g characteristics are
simpler for the 2911A it will operate properly when
plugged into a 2911 board.

Deactivation of a channel by removal of the appropriate
framing pulse (FSx or FSg) is generally not permitted.
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Specifically, framing pulses must be applied for a mini-
mum of two frames after a change in state of D¢ in order
for the D¢ change to be internally sensed. In particular,
when entering standby in the direct mode, framing
pulses must be applied as usual for two frames after D¢
is brought high. Thereafter, the framing pulses could, if
desired, be removed until such time as the device is to

be reactivated by the reapplication of framing pulses
with D¢ low.

The Codec will enter the direct mode within three frame
times (375usec) as measured from the time the device
power supplies settle to within the specified limits. This
assumes that CLK¢ is tied to Vg and that all clocks are
available at the time the supplies have settled.

General Control Requirements

All bit and frame clocks should be applied whenever the
device is active. In particular, an unused channel cannot
be deactivated by removal of its associated frame or bit
clock while the other channel of the same device
remains active.

A single channel. cannot be deactivated except by
physical disconnection of the data lead (Dy or Dg) from
the system data bus. A device (both transmit and receive
channels) may be deactivated in either control mode by
powering down the device. Both channels are always
powered down together.

Encoding

The VF signal to be encoded is input on the VFy lead. An
internal switch samples the signal and the hold function
is performed by the external capacitor connected to the
CAP1yx and CAP2yx leads. The sampling and conversion

is synchronized with the transmit timeslot. The PCM
word is then output on the Dy lead at the proper time-
slot occurrence of the following frame. The A/D
converter saturates at approximately +2.2 volts RMS
(+3.1 volts peak).

bt 256 X CLKy—————————————]
ks, L (32 CHANNEL SYSTEM) 1 1
x
TIME SLOT 30 » |- TIME SLOT 30 - » =
Dy -oeemememeeememememeememee e enaee ] o S
TSx LJ anaL06 TO DIGITAL CONVERSION — ‘l_,
VR —
|
B A/D CONV. CYCLE |
[~ HOLDTIME —
CAR,

. L—

Decoding

The PCM word is fetched by the Dy lead from the PCM
highway at the proper timeslot occurrence. The decoded
value is held on an internal sample and hold capacitor.

The buffered non-return to zero output signal on the VFg
lead has a dynamic range of +2.2 volts RMS (+ 3.1 volts
peak).

Standby Mode — Power Down

To minimize power consumption and heat dissipation a
standby mode is provided where all Codec functions are
disabled except for D and CLK leads. These allow the
Codec to be reactivated. In the microcomputer mode the
Codec is placed into standby by loading a control word
(D) with a “1” in bits 1 and 2 locations. In the direct
mode when D¢ is brought high, the all “1’s” control

word is internally transferred to the control register,
invoking the standby condition.

While in the standby mode, the Dy output is actively
held in a high impedance state to guarantee that the
PCM bus will not be driven.

The power consumption in the standby mode is typically
33mw.

Power-On Clear

Whether the device is used in the direct or microcom-
puter mode, an - internal reset (power-on clear) is
generated, forcing the device into the power down state,
when power is supplied by any of the following

methods. (1) Device power supplies are turned on in'a
system power-up situation where either Vgg or Vpp is
applied last. (2) A large supply transient causes either of
the two positive supplies to drop to approximately 2
volts. (3) A board containing Codecs is plugged into a
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“hot” system where Vg or Vpp is the last contact made.
It may be necessary to trim back the edge connector
pins or fingers on V¢ or Vpp relative to the other supply
to guarantee that the power-on clear will operate
properly when a board is plugged into a “hot” system.
Furthermore, the Codec will inhibit activity on TSy and

Dy during the application of power supplies.

The device is also tolerant of transients in the negative
supply (Vgg) so long as Vgg remains more negative than
—-3.5 volts. Vgg transients which exceed this level
should be detected and followed by a system reinitial-
ization. ’

Precision Voltage Reference for the
D/A Converter

The voltage reference is generated on the chip and is
calibrated during the manufacturing process. The
technique uses the difference in sub-surface charge
density between two suitably implanted MOS devices to
derive a temperature stable and bias stable reference
voltage.

A gain setting op amp, programmed during manufac-
turing, “trims” the reference voltage source to the final
precision voltage reference value provided to the D/A
converter. The precision voltage reference determines
the initial gain and dynamic range characteristics
described in the A.C. Transmission Specification
section.

CONVERSION LAW

The conversion law is commonly referred to as the A
Law.

The Codec provides a piecewise linear approximation of
the logarithmic law through 13 segments. Each segment
is made of 16 steps with the exception of the first seg-
ment, which has 32 steps. In adjacent segments the
step sizes are in a ratio of two to one. Within each
segment, the step size is constant.

The output levels are midway between the correspond-
ing decision levels. The output levels y, are related to
the input levels x, by the expression:

Xn—1+ Xp

Yn= 2 , 0<n<128

CODER TRANSFER CHARACTERISTIC
(A/D CONVERSION)

DIGITAL
ouTPuT

L ANALOG
INPUT
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Theoretical A-Law — Positive Input Vaiues (for Negative Input Values, Invert Bit 1)

1 2 3 ) 5 | s 7 8
Value y . Normalized Decoder
Segment No. of Steps | at Segment D;i::':" Decision PCM Word". Value Output
Number x Step Size End Value xp' at Decoder Value
Points Number n Bit Number Output y,° Number
12345678
4096° (128) (4096) [ ————— —] | I
11111111 4032 128
127 3968 | |
| | | |
7 16x 128 : : (see Note 2) : :
| | | |
113 2176 | |
11110000 2112 113
2048 112 2048 | |
| | | |
6 16x 64 | | (see Note 2) : |
| | | |
97 1088 | |
11100000 1056 97
1024 96 1024 | |
| | | |
5 16 x 32 : : (see Note 2) : :
| | | |
81 544 | |
11010000 528 81
512 80 512 | |
| | | |
4 16x 16 : : (see Note 2) : :
| | | |
65 272 | |
11000000 264 65
256 64 256 | |
| | | |
3 16x8 ! | (see Note 2) ! |
| | | |
49 136 | |
10110000 132 49
128 48 128 | |
| | | |
2 16x 4 : : (see Note 2) I' :
| | | |
33 68 | |
10100000 66 33
64 32 64 | |
| | | [
1 32x 2 | | (see Note 2) | |
| \I | |
1 2 | |
10000000 1 1
0 0
Notes:
1. 4096 normalized value units correspond to the value of the on-chip voltage reference.
2. The PCM word c?rresponding to positive input values b two ive decision values bered n and n+ 1 (see column 4) is (128 + n)
p d as a binary ber.

w

. Xq2g is a virtual decision value. .

. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911A provides for the inversion of
the even order bits on both the send and receive sections.

. The voltage output on the VFg lead is equal to the normalized value given in the table, augmented by an offset. The offset value is approximately
15mVv.

&

o
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APPLICATIONS
Holding Capacitor

For an 8KHz sampling system the transmit holding
capacitor CAPx should be 2000 pF + 20%.

Circuit Interface —
Without External Auto Zero

r————1

| ["encooer ]
| FILTER |l

2000 pF

8 KHz ~ S
- oac| |— . py

|«—— Dg

ac T
EQUIVALENT i
CIRCUIT |

)
|
I

2912A FILTER

r'—-’
|
||o
31
o
>|
|
|
|
|
|
|
I
|
|
L

Filters Interface

The filters may be interfaced as shown in the circuit
interface diagrams. Note that the output pulse stream is
of the non-return-to-zero type and hence requires the
(sin x)/x correction provided by the 2912A filter.

Dx Buffering

For higher drive capability or increased system reli-
ability it may be desirable that the Dy output of a group
of Codecs be buffered from the system PCM bus with an
external three-state or open collector buffers. A buffer
can be enabled with the appropriate Codec generated
TSy signal or signals. TSy signal may also be used to
activate external zero code suppression logic, since the
occurrence of an active state of any TSy implies the
existence of PCM voice bits (as opposed to transparent
data bits) on the bus.

Circuit Interface —
With External Auto Zero

ENCODER
FILTER

| |
| |
| VFxo | -——
| | W vry |
]‘l r l
| o 3
| | 3w 3 1s0ke |
| f AUTO
| | R, S Ra
| | 3300 :F 470 Ko :
: ! ‘-L GRDA I ‘
DECODER | VFa |
| FILTER VPR [ . T
I | I,

Auto Zero

The 2911A contains a transparent on-chip auto zero plus
a device pin for implementing a sign-bit driven external
auto zero feedback loop. The on-chip auto zero reduces
the input offset voltage of the encoder (VFy) to less than
3mV. For most telephony applications, this input offset
is perfectly acceptable, since it insures the encoder is
biased in the lower 25% of the first segment.

Where lower input offset is required the external auto
zero loop may be used to bias the encoder exactly at the
zero crossing point. The consequence of the external
auto zero loop, aside from extra components, is the
addition of the dithering auto-zero signal to the input
signal, resulting in slightly higher idle channel noise
(approximately 2dB) than when the external loop is not
used. Consequently, where the application permits, it is
recommended that the external auto zero loop not be
used.

The circuit interface without external auto zero shows a
possible connection between VFy and AUTO leads with
the recommended values of C1=0.1uF and Ry= 150 KQ.

The circuit interface with external auto zero drawing
shows a possible connection between VFyx and AUTO
leads with the recommended values of C;=0.3uF,
Ry=150KQ, Ry= 3309, and R3= 470 KQ.

Grounding, Decoupling, and Layout
Recommendations

The most important steps in designing a low noise line
card are to insure that the layout of the circuit com-
ponents and traces results in a minimum of cross coup-
ling between analog and digital signals, and to provide
well bypassed and clean power supplies, solid ground
planes, and minimal lead lengths between components.

1. All power source leads should be bypassed to
ground on each printed circuit board (PCB), on
which codecs are provided. At least one electrolytic
bypass capacitor (at least 10uF) per board is recom-
mended at the point where all power traces from the
codecs and filters join prior to interfacing with the
edge connector pins assigned to the power leads.

2. When using two-sided PCBs, use both correspond-

ing pins on opposite sides of the board for the same
power lead. Strap them together both on the PCB
and on the back of the edge connector.

3. Lay out the traces on codec- and filter-equipped
boards such that analog signal and capacitor leads
from the digital clock and data leads are separated
as widely as possible.

4. Connect the codec sample and hold capacitor with
the shortest leads possible. Mount them as close to
the device pins as can be achieved. Shield the
capacitor traces with analog ground.

5. Do not lay out any board traces (especially digital)
that pass between or near the leads of the sample
and hold capacitor(s) since they are in high imped-
ance circuits which are sensitive to noise coupling.

6. Keep analog voice circuit leads paired on their
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10.

11.

12.

13.

14,

layouts so that no intervening circuit leads are
permitted to run parallel to them and/or between
them.

. Arrange the layout for each duplicated line, trunk or

channel circuit in identical form.

. Line circuits mounted extremely close to adjacent

line circuits increase the possibility of interchannel
crosstalk. -

. Avoid assignment of edge connector pins to any

analog signal adjacent to any lead carrying digital
(periodic) signals or power.

The optimum grounding configuration is to maintain
separate digital and analog grounds on the circuit
boards, and to carry these grounds back to the
power supply with a low impedance connection.
This keeps the grounds separate over the entire
system except at the power supply.

The voltage difference between ground leads GRDA
and GRDD (analog and digital ground) should not
exceed two volts. One method of preventing any
substantial voltage difference between leads GRDA
and GRDD is to connect two diodes back to back in
opposite directions across these two ground leads
on each board. An additional or alternate method of
suppressing ground lead noise is to bridge a RF
choke of about 1 to 2uH or greater, as space allows,
between leads GRDA and GRDD on each board.

Codec-filter pairs should be aligned so that pins 9
through 16 of the filter face pins 1 through 12 of the
codec. This minimizes the distance for analog con-
nections between devices and with no crossing
analog lines.

No digital or high voltage level (such as ringing sup-

.ply) lines should run under or in parallel with these

analog VF connections. If the analog lines are on the
top (component side) of the PC board, then GRDD,
GRDA, or power supply leads should be directly
under them, on the bottom to prevent analog/digital
coupling.

Both the codec and filter devices should be shielded
from traces on the bottom of the PCB by using
ground or power supply leads on the top side
directly under the device (like a ground plane).

15.

16.

17.

18.

Two +5 volt power supply leads (Vgc) should be
used on each PCM, one to the filters, the other to the
codecs. These leads should be separately decoupled
at the PCB where they then join to a single 5 volt
supply at the backplane connector. Decoupling can
be accomplished with either a series resistor/
parallel capacitor (RC lowpass) or a series RF choke
and parallel capacitor for each 5volt lead. The
capacitor should be at least 10uF in parallel with a
0.1uF ceramic. This filters both high and low frequen-
cies and accommodates large current spikes due to
switching. ‘

Both grounds and power supply leads must have low
resistance and inductance. This should be accom-
plished by using a ground plane whenever possible.
When narrower traces must be used, a minimum
width of 4 millimeters should be maintained. Either
multiple or extra large plated through holes should
be used when passing the ground connections
through the PCB.

The 2912A PCM filter should have all power sup-
plies bypassed to analog ground (GRDA). The 2911A
Codec + 5V power supplies should be bypassed to
the digital ground (GRDD). This is appropriate when
separate + 5V power supply leads are used as sug-
gested in item 15. The —5V and + 12V supplies
should be bypassed to analog ground (GRDA).
Bypass capacitors at each device should be high
frequency capacitors of approximately 0.1 to 1.0 uF
value. Their lead lengths should be minimized by
routing the capacitor leads to the appropriate
ground plane under the device (either GRDA or
GRDD).

Relay operation, ring voltage application, interrup-
tions, and loop current surges can produce enor-
mous transients. Leads carrying such signals must
be routed well away from both analog and digital
circuits on the line card and in backplanes. Lead
pairs carrying current surges should be routed
closely together to minimize possible inductive
coupling. The microcomputer clock lead is particu-

~ larly vulnerable, and should be buffered. Care should

also be used in the backplane layout to prevent pick-
up surges. Any other latching components (relay
buffers, etc.) should also be protected from surges.
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Absolute Maximum Ratings*

Temperature UnderBias ............ -10°Cto +80°C Vee, Voo, GRDA, and GRDA with Respect

Storage Temperature .............. ~65°C to +150°C tOVeg .o —-0.3Vto +20V

All Input or Output Voltages with Power Dissipation................ ... ..., 1.35W
RespecttoVgg .........oovvivnnt. -0.3Vto +20V

*Comment: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

D.C. and Operating Characteristics
Ta=0°C to +70°C, Vpp=+12V+5%, Voc=+5V£5%, Vgg=-5V+5%, GRDA=0V, GRDD =0V, unless otherwise specified.

Symbol Parameter Min L!;.';::,s Max Unit Test Conditions
DIGITAL INTERFACE
i Low Level Input Current 10 uA | ViNn< Vi
M High Level Input Current 10 uA | VIN> Vi
A Input Low Voltage 0.6
Vi | Input High Voltage 22
VoL Output Low Voltage 0.4 v %|OL= 4.0mA
- TSy, loL=3.2mA, open drain
PDN, loL = 1.6 mA, open drain
Vou | Output High Voltage 24 V | Dy, lon=15mA
ANALOG INTERFACE
Za Input Impedance when Sampling, VFyx 125 300 500 Q In series with CAPx to GRDA,
—31V< Vi< 3.1V
Zpo | Small Signal Output Impedance, VFg' 100 180 300 Q -3.1V<Vour< 3.1V
Vor | Output Offset Voltage at VFg -50 50 mV | Minimum code to D
Vix | Input Offset Voitage at VFyx -5 5 mV | Minimum positive code pro-
duced at Dy
VoL | Output Low Voitage, Auto Zero Veg | (Veg+2) | V 400 KQ to GRDA
Von | Output High Voltage, Auto Zero (Vec=2) | Ve \ 400 KQ to GRDA
POWER DISSIPATION
Ippo | Standby Current 0.7 1.1 mA
lcco | Standby Current 4.0 7.0 mA
Iggo | Standby Current 1.0 25 mA clockffl;equency = 2.048MHz
Ippi Operating Current 11 16 mA
lcal Operating Current 13 21 - mA
lssi | Operating Current ‘ 40 60 | mA
Notes:

1. Typical values are for Tp = 25°C and nominal power supply values.
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A.C. Characteristics o
Ta=0°C to +70°C, Vpp=+12V+5%, Vocc=+5V+5%, Vgg=-5V+ 5%, GRDA=0V, GRDD=0V, unless otherwise specified.
Limit
Symbol Parameter Min T_’Qyp Max Unit Test Conditions ’
TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified)
S/D Signal to Total Distortion Ratio. TBD TBD dB signal level —3dBmO to
CCITT G.712 Method 1 -6dBm0
TBD TBD dB Signal level to —27dBm0
TBD TBD dB Signal level to —34dBm0
TBD TBD dB Signal level to —40dBm0
TBD TBD dB Signal level to —55 dBm0
S/ID Signal to Total Distortion Ratio. 35 dB Signal level 0dBmO to
See Figure 2. CCITT G.712 Method 2 -30dBm0
29 dB Signal level to —40dBm0
24 dB Signal level to —45dBm0
S/D Signal to Total Distortion Ratio. 8D TBD dB Signal level 0dBm0 to
CCITT G.712 Method 2 -30dBm0
(Half Channel) TBD | TBD dB | Signal level to —40dBmO
TBD TBD dB Signal level to —45dBm0
AG Gain Tracking Deviation from Gain at | TBD TBD dB Signal level +3dBm0 to
0dBmO. CCITT G.712 Method 1 -10dBm0
TBD TBD dB Signal level to —55dBmO0
TBD TBD dB Signal level to -60dBm0
AG Gain Tracking Deviation from Gain at | —0.4 0.4 dB Signal level +3dBm0 to
0dBmO. See Figure 1. CCITT G.712 -40dBm0
Method 2 -08 08 dB | Signal level to —50dBmO
-2.4 24 dB Signal level to —55dBm0
AG Gain Tracking Deviation from Gain at | TBD TBD dB Signal level +3dBm0 to
0 dBm0. CCITT G.712 Method 2. -40dBm0
(Half Channel) TBD | TBD dB Signal level to —50 dBmO
TBD TBD dB Signal level to —55dBm0
Nic Idle Channel Noise -85 -78 dBmOp See Note 2
HD Harmonic Distortion (2nd or 3rd) —48 -44 dB VFx=1.02KHz, 0dBmO;
measured at decoder output
VFg
Intermodulation Distortion
IMD4 G.712 (8.1) - 45 dB See Note 3
IMD, G.712 (8.2) -50 . dB8
Notes:

1. Typical values are for TA: 25°C and nominal power supply values.
2. If the external auto zero is used N|c has a typical value of —76dBmO0.
3. According to the two tone method. CCITT G.712 recommendation.
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A.C. Characteristics (continued)
Ta=0°C to +70°C, Vpp=+12V+5%, Voc=+5V+5%, Vgg=-5V+5%, GRDA=0V, GRDD=0V, unless otherwise specified.

Symbol Parameter Min I :.i;::ts LM ax Unit Test Conditions
GAIN AND DYNAMIC RANGE

DmwW Digital Milliwatt Response 5.56 5.66 5.76 dBm 23°C, nominal supplies*

DmWst | DmWg Variation with Temperature —-0.001 | -0.002 dB/°C Relative to 23°C*4

DmWg | DmW)g Variation with Supplies +0.07 dB Supplies +5%4

AR Input Dynamic Range 217 2.20 2.23 Vams Using D.C. and A.C. tests5

ART Input Dynamic Range vs Temperature —0.5 | mVgus/°C | Relative to 23°C

AlRrs Input Dynamic Range vs Supplies +18 mVams | Supplies +5%

Aor Output Dynamic Range, VFg 213 2.16 2.19 Vams 23°C, nominal supplies

AORT AoR Variation with Temperature —0.5 | mVgus/°C | Relative to 23°C

AoRs AoRr Variation with Supplies +18 mVpms | Supplies +5%
SUPPLY REJECTION AND CROSSTALK

PSRRy | Vpp Power Supply Rejection Ratio 50 dB decoder alone®

PSRR, | Vgg Power Supply Rejection Ratio 35 dB decoder alone®

PSRR3; | Vg Power Supply Rejection Ratio 50 dB decoder alone®

PSRR, | Vpp Power Supply Rejection Ratio 50 dB encoder alone’

PSRRs | Vgg Power Supply Rejection Ratio 45 dB encoder alone’

PSRRg | Ve Power Supply Rejection Ratio 50 dB | encoder alone’

CTgr Crosstalk Isolation, Receive Side 75 80 dB See Note 8

CTt Crosstalk Isolation, Transmit Side 75 80 dB See Note 9

CAPX | Input Sample and Hold Capacitor 1600 2000 2400 pF

Notes:

4. DRtof Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. Measurement made at VFR
ou :

put.

5. With the D.C. method the positive and negative clipping levels are measured and Ay is calculated. With the A.C. method a sinusoidal input signal to
VFy is used where A|g is measured directly.

©® N
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D.U.T. decoder; impose 200 mVp_p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions.
D.U.T. encoder, impose 200 mVp_p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions.
. VFy of D.U.T. encoder = 1.02 KHz, 0 dBm0. Decoder under quiet channel conditions; measurement made at decoder output.

. VFx=0 Vrms. Decoder= 1.02 KHz, 0 dBm0. Encoder under quiet channel conditons; measurement made at encoder output.
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Figure 1. Gain Variation (AG) vs. Signal Level Figure 2. Signal/Total Distortion Ratio, End-to-End

Reference Level 0dBm0, End-to-End

A.C. Characteristics — Timing Specification and Waveforms"
TA;0°C to +70°C, Vpp=+12V£5%, Voc=+5V+5%, Vgg=~5V+5%, GRDA=0V, GRDD =0V, unless otherwise specified.

| Limits
Symbol Parameter Min l Max Units * Comments
CLOCK SECTION )
toy Clock Period 485 ns CLKy, CLKR (2.048 MHz systems), CLK¢
tn ts Clock Rise and Fall Time 0 30 ns CLKy, CLKg, CLK¢
toLk Clock Pulse Width 215 ns CLKy, CLKg, CLK¢
tepe Clock Duty Cycle (tc k+ tcy) 45 55 % CLKy, CLKg
TRANSMIT SECTION
tvex Analog Input Conversion 20 timeslot from leading edge of transmit timeslot?
tozx Data Enabled on TS Entry 50 |- 180 ns 0 < Croap < 100pF
toHx Data Hold Time 80 230 ns 0< Croap < 100pF
thzx Data Float on TS Exit 75 245 ns CrLoap=0
tson Timeslot X to Enable 30 185 ns 0< Croap < 100pF
tsorF Timeslot X to Disable 70 225 ns CrLoap=0
tesp Frame Sync Delay 15 150 ns
RECEIVE AND CONTROL SECTIONS
tver Analog Output Update 7116 | 7 116 | timeslot from leading edge of the channel timesiot
tpsr Receive Data Setup 20 ns
toHR Receive Data Hold 60 ns
tesp Frame Sync Delay 15 150 ns
tpsc Control Data Setup 100 ns Microcomputer mode only
toHe Control Data Hold . 100 ns Microcomputer mode only
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. — TIMESLOY 1

CLKy i 2 3 4 5 6 7 8 &——h—
fozx -+ tonx — e Thzx
“x——& )F A X A A X X
g ‘son -‘% tsoFF
- V_

Notes:
1. All timing parameters referenced to 1.5V, except tyzx and tgorg, Which reference a high impedance state.

2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or
asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applications information
which would allow operation with less than 20 timeslots.

TIMESLOT 1 |

I TIMESLOT N ——

Notes:
1. All timing parameters referenced to 1.5V, except t,zx and tgorr Which reference a high impedance state.
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2912 FAMILY
PCM LINE FILTERS

Frequency Response
CCITT G712 D3/D4

Idle Channel Nolse 12 20123 2012
(dBrncO) 44 2912:5 29126
s AT&T® D3/D4 Compatible m Direct Interface to the Intel®
and CCITT G712 Compatible 2910A/2911A PCM Codecs Including
m Monolithic Device Includes Both Staond-By, Power I:?own Mode
Transmit and Receive Filters ® £5% Power Supplies: +5V, -5V
® Low Power Consumption:
m 50Hz/60Hz Rejection Included 210mW Typical without Power
in the Transmit Filter Amplifiers
. . s . . 280mW Typical with Power Amplifiers
m Gain Adjustment in Both Directions 55 mW Typical Stand-By
m Direct Interface with Transformer or m Fabricated with Reliable N-Channel
Electronic Telephone Hybrids MOS Process

ThelIntel®2912 is a fully integrated monolithic device containing the two filters of a PCM line or trunk termination. The
device is designed to meet the following objectives:
* To meet AT&T D3/D4 frequency response with the 2912 and 2912-6.
To meet CCITT frequency response with the 2912-3 and 2912-5.
* To meet the digital Class 5 central office switching systems stringent specifications.
e To be directly compatible with the 2910A and 2911A codecs.
® To simplify interfaces to transformers and hybrids. The primary application for the 2912 is in telephone systems for
transmission, switching, or remote concentration.
A switched capacitor filter technique is used to implement the transmit and receive passband filter sections of the 2912.
The device is fabricated using Intel’s reliable two layer polysilicon NMOS technology. The combination of the switched
capacitor technique and the NMOS technology resultin a monolithic 2912 filter which is packaged in a standard 16 pin DIP.

PIN CONFIGURATION BLOCK DIAGRAM
@ vrxie—] 2 L1 > VFxo
@ VFy - == ]
@ GSx < r
@ PWRO*
2
PIN NAMES @ PWRO-<] —
le—ron (1
VFxi*, VFxl-  ANALOG INPUTS | CLK CLOCK INPUT
GSx GAIN CONTROL | CLKO ___CLOCK SELECTION [« CLK @
VFx0 ANALOG OUTPUT | PDN POWER DOWN
VFgl ANALOG INPUT | Vec ____POWER (+5V) ~—cLko (9)
VFRO ANALOG OUTPUT | Vas POWER (-5V)
PWRI DRIVER INPUT | GRDD __ DIGITAL GROUND f f 1
PWRO*, PWRO- DRIVER OUTPUT | GRDA __ ANALOG GROUND PWRI VFRO Vgs Vcc GRDD GRDA

QO rinnumeser ®® ® O ®

AT&T is a registered trademark of American Telephone and Telegraph Corporation.
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PIN DESCRIPTION

Pin Pin
No. Symbol Function Description No. Symbol Function Description
1 VFxI* Input Analog input of the transmit 10 VFRl Input Analog input of the receive
filter. The VFxI™ signal comes filter, interface to the Codec
from the 2 to 4 wire hybrid in analog output for PCM appli-
the case of a 2 wire line and cations. The receive filter pro-
goes through the 50/60Hz vides the Sinx correction
notch and the antialiasing X
filter before being sent to the needed for sample and hold
Codec for encoding. unity gain. The Input voltage
2 VFxI Input Inverting input of the gain ad- rangegls directly gompatlbglz
justment opergtiqnal amplifier with the Intel® 2910A and
on the transmit filter. 2911A Codecs.
3 GSx Output  Output of the gain adjustment 11 GRDD Ground Digital ground returnforinter-
operational amplifier on the nal clock generator.
transmit filter. Used for gain i :
setting of the transmit filter. 12 CLK' Input Clock input. Three clock fre-
4 VFRO  Output Analog output of the receive ?g%%%ﬁ:?sgzﬁid&
fl!ter. Thls output provudes‘a 2.048MHz; pin 14, CLKO, has
dlreqt interface to electronic to be strapped accordingly.
hy.brlds. lfora.atransform.erll'ny- High impedance input, TTL
brid application, VFRO is tied voltage levels.
to PRWI and a dual balanced .
output is provided on pins 13 PDN Input Control input for the stand-by
PWRO* and PWRO". power down mode. An in-
X ternal pull up to +5V is pro-
5 PWRI Input Inpu( .to the power dnyer vided for interface to the
amp!lflers on the receive side Intel® 2910A and 2911A PDN
for interface to transformer outputs. TTL voltage levels.
hybrids. High impedance in- o .
put. When tied to Vea, the 14 CLKO'"' Input Clockl(pm12,.CLK)frequency
power amplifiers are powered selection. If tied to Vaa,. CLK
down. should be 1.536MHz. If tied to
6 PWRO' Output  Non-inverting side of the pow- Ground, CLK should be 1.544
o ; MHz. If tied to Vcc, CLK
er amplifiers. Power driver should be 2.048MHz.
output capable of directly
driving transformer hybrids. 15 GRDA Ground Analog return common to the
transmit and receive analog
7 PWRO- Output  Inverting side of the power circuits. Not connected to
amplifiers. Powgr drlver.o'ut- GRDD internally.
::;:fa:;:); th()j/'::i‘gg driving 16 VFxO Output Analog output of the transmit
filter. The output voltage
8 Ves Power -5V * 5% referenced to range is directly compatible
GRDA with the Intel® 2910A and
9 Vce Power +5V + 5% referenced to 2911A Codecs.
GRDA
NOTE:

1. The three clock frequencies are directly compatible with the intel® 2910A and 2911A Codecs. The
following table should be observed in selecting the clock frequency.

Codec Clock Clock Bits/Frame 2912 CLK, Pin 12 | 2912 CLKO, Pin 14
1.536 MHz 192 1.536 MHz VeB (-5V)
1.544 MHz 193 1.544 MHz GRDD
2.048 MHz 256 2.048 MHz Vce (+5V)
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FUNCTIONAL DESCRIPTION

The 2912 provides the transmit and receive filters found
on the analog termination of a PCM:line or trunk. The
transmit filter performs the anti-aliasing function
needed for an 8kHz sampling system, and the 50/60Hz
rejection. The receive filter has a low pass transfer
characteristic and also provides the Sinx/x correction
necessary to interface the Intel 2910A (u Law) and 2911A
(A Law) Codecs which have a non-return-to-zero output
of the digital to analog conversion. Gain adjustment is
provided in the receive and transmit directions.

A stand-by, power down mode is included in the 2912
and can be directly controlled by the 2910A/2911A
Codecs.

The 2912 can interface directly with a transformer hybrid
(2 to 4 wire conversion) or with electronic hybrids; in the
latter case the power.dissipation is significantly re-
duced by powering down the output amplifier provided
on the 2912.

VT |

PABX / C.0. SWITCHING SYSTEM / CHANNEL BANK

BATTERY

TEe

TELEPHONE SET

RINGING

X
L

I FEED
|
1)

RING CONTROL

OFF ~HOOK /ROTARY DIAL PULSES :
|
|

WA ng , |
o] 20124 | | 2910A |
FILTERS CODEC l
HYBRID
‘L T\ |
|
|
|
|

PCM  HIGHWAYS

L e e e - o

TYPICAL LINE TERMINATION

FILTER OPERATION

Transmit Filter Input Stage

The input stage provides gain adjustment in the passband.
The input operational amplifier has a common mode
range of +2.2 volts, a DC offset of less than 25mV, avoltage
gain greater than 1000 and a unity gain bandwidth of
1 MHz. It can be connected to provide a gain of 20dB
without degrading the noise performance of thefilter. The

load impedance connected to the amplifier output must be
greater than 10KQ in parallel with 20pF. The input signal
on lead VFxI* can be either AC or DC coupled. The input
Op Amp can also be used in the inverting mode or
differential amplifier mode. The remaining portion of the
transmit filter provides a gain of +3dB in the pass band.

2912

VFx I+

VFxI-

AAA

— GAIN=1 +12.
Rq

VVv

Rz

A
V
>

TRANSMIT FILTER GAIN ADJUSTMENT
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50Hz/60Hz Notch — Transmit Filter

The transmit filter has a notch section to reject 50Hz and
60Hz components of the input signal. A minimum
attenuation of 22dB is provided at 60Hz. At 50Hz, the
minimum attenuation is 20dB. The gain at 200Hz is
between -.125dB and -1.8dB. (All gain figures are relative
to the gain at 1kHz).

An active RC low pass anti-aliasing filter is included on
chip immediately in front of the 50 Hz/60 Hz notch section.
This filter provides greater than 35dB attenuation at 256
KHz. As a result no external anti-aliasing components are
required to provide the necessary anti-aliasing function
for the switched capacitor sections of the transmit filter
which operate at an internal sampling rate of 256 KHz.

Transmit Filter Transfer Characteristics

The transmit section of the filter provides a passband
flatness and stopband attenuation which exceeds the
ATT® D3 and D4 specification (2912 and 2912-6) and the
CCITT G712 recommendation (2912-3 and 2912-5). The
2912 specification meets the digital class 5 central of-
fice switching systems requirements. The transmit filter
transfer characteristics and specifications are shown in
the diagram below.

Transmit Filter Output Stage

The voltage range of the output signal on the VFxO lead
is +3.2 volts. The DC offset is less than 250mV. It is
recommended that the VFxO output be capacitively
coupled to the VFy input of the Intel® 2910A and 2911A
Codecs.

q
+.125dB +125dB  +03dB
-.125d8 3008z 3ooom 3300Hz
200Hz
ol -, 10dB —o
3400Hz
12548 -.125dB | EXPANDED
300Hz 3000Hz SCALE
TYPICAL FILTER
-1 TRANSFER FUNCTION -1
-1.8dB
200H * 3400Hz

GAIN RELATIVE TO GAIN AT 1kHz (dB)

-20

Z

-30

ol 1L 1111l [

\ TYPICAL FILTER

TRANSFER FUNCTION

|

50Hz 100Hz

1KHz

FREQUENCY (Hz)

2912:3
2912:6

TRANSMIT FILTER TRANSFER CHARACTERISTICS

00164A
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An active RC low pass smoothing filter is included on chip
following the transmit filter section. This filter provides
reduction of broad band noise and clock noise from the
switched capacitor transmit filter section.

As a result (in pleziosynchronous operation where the
transmit and receive clocks of the codec are allowed to
have a small relative frequency difference, as in
transmission applications) low frequency asynchronism
between the clock signal in the transmit filter output and
the sampling process in the associated codec has
negligible effect on the idle channel noise of the codec.
This smoothing filter also serves to reduce high frequency
broadband noise at the filter output which might be
aliased to lower frequencies by the codec sampling
process.

Receive Filter Transfer Characteristics

The receive section of the filter provides a passband
flatness and stopband rejection which exceeds at ATT®
D3/D4 specification (2912 and 2912-5) and the CCITT
G712 recommendation (2912-3 and 2912-6) when used
with a decoder which contains a sample/hold amplifier
at its output. The filter contains the required compensa-

tion for the-s%’ﬁ response of such decoders. The
receive filter transfer characteristics and specifications,

Sinx

including the - response of the decoder, are shown

in the diagram below.

)
2 / —1+2
7
7
/
/ |
bk TYPICAL FILTER!! Y | .
TRANSFER FUNCTION ™, 1
s
+12608 . . | ExpANDED
} 412608 . +1258 SCALE
2008 "o, <% 3000Hz +03dB
0 — -0
~.125dB
R 300Hz

-1

7

GAIN RELATIVE TO GAIN AT 1kHz (dB)

-20

-30

Ll L1 11

§\ TYPICAL FILTER TRANSFER
FUNCTION'2! WHEN MULTIPLIED .
gy |Sin 8000

e

WHICH IS THE -sti OUTPUT RESPONSE |
OF THE INTEL 2910A AND 2911A CODECS

af
WHERE x = 8000

l'll

4

-20

100Hz

1KHz

-50
10KHz

FREQUENCY (Hz)

NOTES:

1. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT.
2. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND
HOLD OUTPUT OF THE INTEL 2910A AND 2911A CODECS. THE COMBINED FILTER/CODEC

RESPONSE MEETS THE STATED SPECIFICATIONS.

RECEIVE FILTER TRANSFER CHARACTERISTICS
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Receive Filter Output

The VFRO lead is capable of driving high impedance
electronic hybrids. The gain of the receive section from
VFgl to VFRO is:

( f )
8000

’ f
s'"( 8000 )
which when multiplied by the output response of the
Intel 2910A and 2911A Codecs results in a 0dB gain in
the passband. The filter gain can be adjusted downward
by a resistor voltage divider connected as shown. The

total resistive load Ry on VFRO should not be less than
10kQ.

2912
veo | fon
Rr =Ry + D22 5 10k vy
Ra*Z
>
<
S Ry
$
Z=LOAD S Rz
<
=+

RECEIVE FILTER OUTPUT GAIN ADJUSTMENT

Receive Filter Output Driver Amplifier Stage

A balanced power amplifier is provided in order to drive
low-impedance loads in a bridged configuration. The
receive filter output VFRO is connected through gain
setting resistors R1 and Rz to the amplifier input PWRI.
The input voltage range on PWRI is £3.2 volts and the gain
is 6dB for a bridged output. With a 20k{} load connected
between PWRO* and PWRO-, the maximum voltage swing
across the load is +6.4 volts. With a 600Q2 load connected
between PWRO*and PWRO-, the maximum voltage swing
across the load is £5.0 volts. The series combination of Rs
and the hybrid transformer must present a minimum A.C.
load resistance of 600Q) to the amplifier in the bridged
configuration. A typical connection of the output driver
amplifiers is shown below. These amplifiers can also be
used with loads connected to ground.

When the power amplifier is not needed it should be
deactivated to save power. This is accomplished by tying
the PWRI pin to Vgg before the device is powered up:

R 2912
VFRO or
VWA -
‘b
R
$
PWRI
s
R2 &
‘>
1
R 7
_____ v,:‘v PWRO*
TRANSFORMER.I'
AA
VWA
| AA
VWA
| B
_____ J PWRO-

R4, Rz GAIN SETTING RESISTORS =
Rs SERIES LOAD RESISTOR

TYPICAL CONNECTION OF OUTPUT
DRIVER AMPLIFIER

Power Down Mode

Pin 13, PDN, provides the power down control. When
the signal on this lead is brought high, the 2912 goesintoa
standby, power down mode. Power dissipation is reduced
to 55mW. In the stand-by mode, all outputs go into a high
impedance state. This feature allows multiple 2912’s to
drive the same analog bus on a time-shared basis.

When power is restored, the settling time of the 2912 is
typically 15ms. .

The PDN interface is directly compatible with the Intel
2910A and 2911A PDN outputs. Only one command from
the common control is then necessary to power down
both the Codec and the Filters of the line or trunk inter-
face. B

00164A
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Circuit Interface.
2910A DIGITAL
SIG INTERFACE
X —————
SiGr Vpp POWER SUPPLY
capt CLK, |
LINE x <[ 1 }cournou INPUTS
FROM SYSTEM
INTERFACE 2912 T_{j cara o[-
Ves
B [ R o,
ANALOG INPUT AND - T s1G :__ 6
GAIN ADJUSTMENT —{Jvex- croa j_\ 5‘[ AuTO x
-—E GSx ceo] } {Jeroa x| —
OUTPUT TO % SIGR
ELECTRONIC HYBRIDS —{ VFRO PDN :]— — CLKx |———
C PCM FRAME SYNCH
Voo . AND BIT CLOCKS
POWER AMPLIFIER INPUT —]__| PWRI U] [l " ks —
C §J 5 ex INPUT FROM PCM HIGHWAY
—pweor | = O ol J
POWER AMPLIFIER OUTPUT =
TO TRANSFORMER HYBRIDS _{: Vee
U]
=
Ve = =
;—"9——-‘ Vee j—\————D VFg | F— :
1 OUTPUT TO PCWi HIGHWAY
g(1) ) 6 : Ne Dx :]——
EDGE
Ne GRDD jj_ CONNECTOR
GRDA GRDD I:: {e] | Vee
1 @} )
= L = POWER
$ ———GRDD [ SUPPLIES
- Ves
(1) DECOUPLING CAPACITORS ﬁ—GRDA
(2) RF CHOKE OR RESISTOR

A TYPICAL 2910A CODEC AND 2912 FILTER CONFIGURATION

Codec Interface

The 2912 PCM Filter is designed to directly interface to
the 2910A and 2911A Codecs as shown above. The
transmit path is completed by connecting the VFxO out-
put of the 2912 to the coupling capacitor associated
with the VFy input of the 2910A and 2911A codecs. The
receive path is completed by directly connecting the
codec output VFg to the receive input of the 2912 VFgl.
The PDN input of the 2912 should be connected to the
PDN output of the codec to allow the filter to be put in
the power-down standby mode under control of the
codec.

Clock Interface

To assure proper operation, the CLK input of the 2912
should be connected to the same clock provided to the
receive bit clock, CLKg of 2910A or 2911A Codec as
shown above. The CLKO input of the 2912 should be set
to the proper voltage depending on the standard clock
frequency chosen for the codec and filter. See the clock
selection table in the Pin Description section.

Layout Guidelines

The most important steps in designing a low noise line
card are to insure that the layout of the circuit
components and traces result in a minimum of cross
coupling between analog and digital signals, and to
provide well bypassed and clean power supplies, solid
ground planes, and minimal lead lengths between
components. Considering these items in more detail:

4-36

¢ All power source leads should be bypassed to ground
on each printed circuit board (PCB), on which codecs
are provided. At least one electrolytic bypass
capacitor (at least 10 microfarad) per board is recom-
mended at the point where each power trace from the
codec and filter joins prior to interfacing with the
edge connector pins assigned to the power leads.
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Layout Guidelines (Cont.)

Layout the traces on codec and filter equipped boards
such that analog signal and capacitor leads are
separated as widely as possible from the digital clock
and data leads.

Connect the codec sample and hold capacitor(s) with
the shortest leads possible. Mount them as close to
the device pins as can be achieved. Shield the capac-
itor traces with analog ground.

Do not layout any board traces (especially digital) that
pass between or near the leads of the sample and hold
capacitor(s) since they are in high impedance circuits
which are sensitive to noise coupling.

Keep analog traces situated in their layouts so that no
intervening circuit leads are permitted to run parallel to
or between them.

The optimum grounding configuration is to maintain
separate digital and analog grounds on the circuit
boards, and to carry these grounds back to the power
supply ground with a low impedance connection. This
keeps the grounds separate over the entire system
except at that one location.

The voltage difference between ground leads GRDA
and GRDD (analog and digital ground) should not ex-
ceed two volts. One method of preventing any
substantial voltage difference between leads GRDA
and GRDD is to connect two diodes back to back in
opposite directions across these two ground leads on
each board.

Codec-filter pairs should be aligned so that pins 9
through 16 of the filter face pins 1 through 12 of the

4-37

codec. This minimizes the distance for analog
connections between devices and prevents crossing
analog lines.

No digital lines or high level analog lines should run
under or in parallel with analog interconnections from
codec to filter. If the analog lines are on top (component
side) of the PCB, then GRDD, GRDA, or power supply
leads should be directly under them, on the bottom of
the PCB (to prevent analog/digital coupling).

Both the codec and filter devices should be shielded
from traces on the bottom of the PCB by using ground
or power supply leads on the top side directly under the
device (like a. ground plane).

For each printed circuit board, two +5 volt power supply
leads should be used, one for codecs and the other for
filters, and separately decoupled where they join a
single 5 volt supply at the PCM connector. Decoupling
can be accomplished with a RC lowpass filter or a RF
choke per power supply input. Both grounds and power
leads must have low resistance and inductance which
can be accomplished by using a ground plane
whenever possible. If narrower traces must be used,
maintain a minimum width of 4 millimeters and use
multiple or extra large plated holes when passing
ground connections through the PCB.

The 2912 PCM filter should have all power supplies
bypassed to analog ground (GRDA). The 2910A/11A
codec +5V power supplies should be bypassed to the
digital ground (GRDD) but the —5V and +12V sup-
plies should be bypassed to analog ground (GRDA).
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .......... .. -10°C to +80°C
Storage Temperature .............. -65°C to +150°C
Supply Voltage with Respect to Veg .. -0.3V to +14.0V
All Input and Output Voltages with -
Respectto VBB .....ccvvvivvvinnnnn -0.3V to +14.0V
All Output Currents .............. +50mA
Power Dissipation 1 Watt

*COMMENT:

Stresses above those listed under "Absolute Maximum
Rating"may cause permanent damage to the device. This
is a stress rating only and functional operation of the de-
vice at these or at any other condition above those indi-
cated in- the operational sections of this specification is
not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta =0°C to +70°C, Vce = +5V * 5%, Vps = -5V + 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

DIGITAL INTERFACE

. Limits .
Symbol Parameter Min.  [Typ.'] Max. Unit | Test Conditions
lLic Input Load Current '

(except PDN) 10 pA | VIN = VIL MIN to VIH MAX

“luo Input Load Current, CLKO 10 uA | VIN=VeB to ViH MAX -
ILp Input.Load Current, PDN -100 uA | VIN = VIL MIN't0 VIH MAX ~
ViL Input Low Voltage (except CLKO) 0.8 v
ViH Input High Voltage (except CLK0)| 2.2 \
Vn_o Input Low Voltage, CLKO VBB Vpg+0.5 Y
Vo | Input Intermediate Voltage, CLKO | GRDD-0.5 0.8 Vv
ViHo Input High Voltage, CLKO Vcc05 Vee Vv
POWER DISSIPATION
Limits

Symbol Parameter Min. | Typ.'! | Max. Unit Test Conditions
lcco Vcc Standby Current 6 9 mA | PDN = VIH MIN
1BBO VeB Standby Current 5 9 mA | PDN = ViH MmIN
lcct Vcc Operating Current, Power

Amplifiers Inactive 21 34 mA | PWRI = Vgg
IBB1 Ves Operating Current, Power

Amplifiers Inactive 21 34 mA | PWRI = Vsg
lcc2 Vcc Operating Current 28 44 mA
IBB2 VBB operating Current 28 44 mA

NOTE: 1. Typical values are for Ta = 25°C and nominal power supply values.
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D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to +70°C, Vcc = +5V * 5%, Vg = -5V + 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE

Symbol Parameter Min. Typ.[” Max. | Unit Test Conditions
IBRA Input Leakage Current, PWRI 3 uA [-8.2V < VN < 3.2V
RIRA Input Resistance, PWRI 10 MQ
RORA Output Resistance, PWRO™, PWRO~ 1 Q |llout| <10mA
-3.0V < Vour < 3.0V

VosRa | Output DC Offset, PWRO*, PWRO™ 75 mV |PWRI Connected to GRDA
CLRA Load Capacitance, PWRO*, PWRO™ 100 | pF

Output Voltage Swing Across RL, +3.2 V [RL =10kQ

. RL Connected

Vorat | PWRO", PWRO™ Single Ended 29| V [RL=6000 to GRDA

Connection +25| v [RL=23000

Differential Output Voltage Swing, +6.4 V_|RL = 20k RL Connected
VORA2 PWROY, PWRO™ +58 | V [RL=1200Q | Between PWRO+

Balanced Output Connection +50] VvV |RL=6000 and PWRO-

A.C. CHARACTER|ST|CS Ta=0°C to +70°C, Vcc = +5V * 5%, Ve = -5V * 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

Clock Input Frequency: CLK = 1.536MHz + 0.1%, CLKO = ViLo (Tied to Ves)
CLK = 1.544MHz + 0.1%, CLKO = Vjio (Tied to GRDD)

CLK = 2.048MHz * 0.1%, CLKO = ViHo (Tied to Vcc)

See Transmit Filter Transfer Characteristics description section

TRANSMIT FILTER TRANSFER CHARACTERISTICS (f

or graph)
Symbol Parameter Min. |Typ.['!| Max. | Units Test Conditions
GRx Gain Relative to Gain at 1kHz 0dBmO Input Signal
Below 50Hz -10 dB_|Gain Setting Op Amp at
50Hz -20 dB |Unity Gain
60Hz -22 | dB
200Hz -1.8 -0.125[ dB |0dBmO Signal = 1.1 VRms
300Hz to 3000Hz -0.125 0.125] dB [Input at VFxI—
3300Hz -0.65 003 | dB
3300Hz (2912-3 & 2912-5) -.35 003 | dB
3400Hz -1.4 -0.1 dB _|0dBmO Signal = 1.6 VRms
3400Hz (2912-3 & 2912-5) -0.7 -0.1 | dB |Output at VFxO
4000Hz -14 | dB
4600Hz and Above -32 dB
Gax Absolute Passband Gain at 1kHz, VFxO | 2.9 3.0 3.1 dB |RL ==, Note 3
Gaxt Gain Variation with Temperature
at 1kHz .0002 dB/°Cl0dBmO Signal Level
Gaxs Gain Variation with Supplies at 1kHz .04 dB/V |0dBmO Signal Level,
Supplies 5%
CTrT Cross Talk, Receive to Transmit, -60 dB |[VFRI = 1.6 VRMs, 1kHz Input
Measured at VFxO VFxI+, VFxI— Connected
20 lo VFExO to GSx, GSx Connected through
9 VFrO 10kQ to GRDA
Nex1 Total C Message Noise 2912, 2912-3 9 12 |dBrnc0lGain Setting Op Amp at
at Output, VFxO 2912-6, 2912-5 13 14 [2] |Unity Gain
Ncxz TotalCM ge Noise 2912, 2912-3 10 13 _|dBrncGain Setting Op Amp at
at Output, VFxO 2912-6, 2912-5 14 15 [2] |20dB Gain
Dox Differential Envelope Delay, VFxO
1kHz to 2.6kHz 80 us
Dax Absolute Delay at 1kHz, VFxO 150 us
DPx1 Single Frequency Distortion Products -48 dB [0dBm Input Signal at 1kHz
DPx2 Single Frequency Distortion Products -45 dB |0.16 VrRms 1kHz Input Signal at

at Maximum Signal Level of
+3dBm0 at VFxO

VFxI*; Gain Setting Op Amp at
20dB Gain. The +3dBmO signal
at VFxO is 2.24 VRms.

See next page for NOTES.
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D.C. AND OPERATING CHARACTERISTICS :
Ta=0°C to +70°C, Vcc = +5V + 5%, Ve = -5V + 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified. -

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE

Symbol Parameter Min. | Typ."! | Max. | Unit Test Conditions
1BXI Input Leakage Current, VFxIT, VFxI~ 100 | nA |-22V<V|N<22V

Rixi Input Resistance, VFxI*, VFxI~ 10 MQ

Vosxi Input Offset Voltage, VFxI*, VFxI~ 25 mV [-2.2V < VN <22V
CMRR1 | Common Mode Rejection, VFxI*, VFxI~| 45 dB ;?ie\‘/’R;:'Tn:Jt-‘i‘:v\f’fxEl‘To =
CMRR2 | Common Mode Rejection, VFxI*, VFxI~ [ 40 dB [-2.2V < Vin < 2.2V
AvoL DC Open Loop Voltage Gain, GSx 1000

fc Open Loop Unity Gain Bandwidth, GSx 1 MHz

Voxr Output Voitage Swing, GSx +25 V |RL = 10kQ

CLxi Load Capacitance, GSx 20 pF

RLxi Minimum Load Resistance, GSx 10 kQ [Minimum Rp

ANALOG INTERFACE, TRANSMIT FILTER

Symbol Parameter Min. | Typ.[") | Max. | Unit Test Conditions
Rox Output Resistance, VFxO 400 0
Vosx Output DC Offset, VFxO 250 | mV |VFxI* Connected to GRDA,

Input Op Amp at Unity Gain

PSRR1 | Power Supply Rejection of Vcc at

1kHz, VFxO 25 35 dB |Note 2
PSRR2 | Power Supply Rejection of Vpg at
1kHz, VFxO 25 30 dB (Note 2
CLx Load Capacitance, VFxO 20 pF
RLx Minimum Load Resistance, VFxO 10 kQ |Minimum RL
Vox Output Voltage Swing, 1kHz, VFxO +3.2 V  |RL=10KR or with 2910A or 2911A

ANALOG INTERFACE, RECEIVE FILTER

Symbol Parameter Min. Typ.[” Max. | Unit Test Conditions
IBR Input Leakage Current, VFRI 1 uA |-3.2V < V|N < 3.2V
RIr Input Resistance, VFRrI 1 MQ )
RoRr Output Resistance, VFRO 100 [0
Vosr Output DC Offset, VFRO 200 | mV |VFRI Connected to GRDA
PSRR3 | Power Supply Rejection of Vcc at
1kHz, VFRO 25 35 dB
PSRR4 | Power Supply Rejection of Vgg at
1kHz, VFRO 25 30 dB
CLr Load Capacitance, VFRO 20 pF
RLR Minimum Load Resistance, VFRO 10 kQ [Minimum RL
Vor Output Voltage Swing, VFRO +3.2 V |RL =10kQ
NOTE:
1. Typical values for Ta = 25°C and nominal power supply values. 2. PSRR12 include input op amp in transmit section.
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A.C. CHARACTERISTICS
TA=0°C to +70°C, Vcc = +5V * 5%, Veg = -5V + 5%, GRDA = 0V, GRDD = 0V, unless otherwise specified.

Clock Input Frequency: CLK = 1.536MHz *+ 0.1%, CLKO = V)0 (Tied to VBB)
CLK = 1.544MHz * 0.1%, CLKO = Vjjo (Tied to GRDD)
CLK = 2.048MHz * 0.1%, CLKO = ViHo (Tied to Vcc)

See Receive Filter Transfer Characteristics description section

RECEIVE FILTER TRANSFER CHARACTERISTICS (for graph)

Symbol Parameter Min. | Typ.('! [ Max. | Units Test Conditions
GRR Gain Relative to Gain at 1kHz with 0dBmO Input Signal
Sinx/x Correction of 2910A or 2911A
Below 200Hz 0.125| dB |0dBmO Signal = 1.6 VRMs X
200Hz -0.5 0.125| dB Sin f f
300Hz to 3000Hz -0.125 0.125| dB ( 27(8000)/ 27(8000)
3300Hz _ { -0.65 0.03 | dB | nput at VFR |
3300Hz (2912-3 & 2912-5) -.35 0.03 | dB
3400Hz ] __777 -_1 4 | -0.1 | dB
3400Hz (2912-3 & 2912-5) -0.7 -0.1 | dB
4000Hz -14 | dB |
4600Hz and Above -30 | dB |
GAR Absolute Passband Gain at 1kHz, VFRO| -0.1 0 +0.1 dB | RL ==, Note 3
GART Gain Variation with Temperature
at 1kHz .0002 dB/° C|l0dBmO Signal Level
GARs Gain Variation with Supplies at 1kHz .04 dB/V [0dBmO Signal Level, Supplies
+5%
CTtr Cross Talk, Transmit to Receive, -60 dB [VFxI = 1.1 VRmMs, 1kHz Output.
Measured at VFRO; 20 log (VFRO/VFxO) VFRI Connected to GRDA.
Ncr Total C Message Noise 2912, 2912-3 9 12  |dBrncOlVFRO Output or PWRO* and
at Output, VFRO [2] |PWRO- Connected with Unity
2912-6, 2912-5 13 14 Gain
Dpr Differential Envelope Delay, VFRO,
1kHz to 2.6kHz 100 | ps
Dar Absolute Delay at 1kHz, VFRO 110 | us
DPR1 Single Frequency Distortion Products -48 dB_|0dBm Input Signal at 1kHz
DPR2 Single Frequency Distortion Products -45 dB [+3dBmO Signal Level of
at Maximum Signal Level of 2.24 VRMs, 1kHz Input at VFRO
+3dBmO at VFRO
NOTES:

1. Typical values are for Ta = 25°C and nominal power supply values.
2. A noise measurement of 18dBrnc into a 600Q) load at the 2912 device is equivalent to 12dBrnc0.
3. For gain under load refer to output resistance specs and perform gain calculation.
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Inter ADVANCE INFORMATION
2912A
PCM TRANSMIT/RECEIVE FILTER

= Low Power Consumption: = Adjustable Gain in Both Directions

50mW Typical without Power = Fully Compatible with the Industry

g;‘p\:\l[ﬂfrsi | with P Amolifi Standard Intel 2912

m cal with Power Amplifiers

0.4mwW Tyy':)ical Standby P = D3/D4 and CCITT G712 Compatible
» Low Idle Channel Noise: = Common Mode Op Amp input

3 dBrnc0 Typical, Receive Rejection 75dB Typical

6 dBrnc0 Typical, Transmit = Direct Interface to the Intel

— 2910A/2911A PCM Codecs Including

= Excellent Power Supply Rejection:

45dB Typical on Vg @ 1kHz Stand-By, Power Down Mode

40dB Typical on Vg @ 20kHz = Direct Interface with Transformer or
= High Pass Filter Rejects Low Electronice Hybride

Frequency Noise: s Fabricated with Reliable N-Channel

23dB @ 60Hz MOS Process

28dB @ 50Hz

58dB @ 16Hz, Typical

The Intel 2912A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise,
and power supply rejection. A single part exceeds both AT&T D3/D4 and CCI7T transmission specs, exceeds
digital Class 5 central office switching system stringent specifications, and is fully compatible with the 2912.
The primary application for the 2912A is in telephone systems for transmission, switching, or remote
concentration.

An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit
and receive passband filter sections of the 2912A. The device is fabricated using Intel’s reliable two layer
polysilicon gate NMOS technology. (See intel Reliability Report RR-24 on the 2910A, 2911A, and 2912.) The
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS
technology results in a monolithic 2912A filter which is packaged in a standard 16 pin DIP.

For additional specs, operating characteristics, and applications information please see the 2912 data sheet.

BLOCK DIAGRAM PIN CONFIGURATION

@ vexites
@ VFy I-=of
@ osx

—

L > VFxO

|

(®) pwror
2
< \ L-VFuI D
& | ® PIN NAMES
@ pwro: —
Lo @
VFxI*, VFxl- _ANALOG INPUTS | CLK ___CLOCK INPUT
l—cik @ Gsx GAIN CONTROL _| CLKO __CLOCK SELECTION
VFxO ANALOG OUTPUT | PDN____POWER DOWN
< cLko (9 [VFal " ANALOG INPUT | Vige POWER (+5V)
Va0 ANALOG OUTPUT | Vgg ___ POWER (-5V)
fr bt PWAI _____DRIVERINPUT | GRDD___ DIGITAL GROUND
PWRI VFRO Ves Vcc GRDD GRDA PWRO*, PWRO- _DRIVER OUTPUT | GRDA __ANALOG GROUND

QO i numser ®@® ® O ®

AT&T is a registered trademark of American Telephone and Telegraph Corporation.
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2912A

ADVANCE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ........ —10°C to +80°C
Storage Temperature .......... —65°C to +150°C
Supply Voltage with Respect

tOVBB - i —-0.3V to +14.0V
All Input and Output Voltages

with Respectto Vgg  ......... -0.3V to +14.0V
All Output Currents ..................... +50mA
Power Dissipation ....................... 1 Watt

*COMMENT:

Stresses above those listed under “Absolute Maxi-
mum Rating’’ may cause permanent damage to the
device. This is a stress rating only and functional op-
eration of the device at these or at any other condi-
tion above those indicated in the operational sec-
tions of this specification is notimplied. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS

Ta=25°C, Voo =+5V, Vgg=—5V, GRDA=0V, GRDD=0V

POWER DISSIPATION

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
leco Vcc Standby Current 40 nA PDN=V|y min
lgBo Vgg Standby Current 40 MA PDN=Vy min
icct Vcc Operating Current,
Power Amplifiers Inactive 5 mA PWRI=Vgg
IBB1 Vgg Operating Current,
Power Amplifiers Inactive mA PWRI=Vgg
loce Vce Operating Current mA
lrg2 Vgg Operating Current mA
ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE
CMRR Common Mode Rejection,
VFxlI*, VFxI- 75 dB ‘| -2.2v<V|y<2.2V, 0dBmO
AvoL DC Open Loop Voltage ‘
Gain, GSy 6000
A.C. CHARACTERISTICS
Ta=25°C, Vgc= +5V, Vgg= —5V, GRDA=0V, GRDD=0V
TRANSMIT FILTER CHARACTERISTICS
Symbol Parameter Min. Typ. Max. | Units Test Conditions
Next Total C Message Noise 6 dBrnc0 | Gain Setting Op Amp at
at Output, VFxO [1] Unity Gain
Nexa Total C Message Noise | dBrncO | Gain Setting Op Amp at
at Output, VFxO 9 [1] 20dB Gain
RECEIVE FILTER CHARACTERISTICS
Ncr Total C Message Noise 3 dBrncO | VFRO Output or PWRO™ and
at Output, VFRO [1] PWRO™ Connected with Unity
Gain
NOTES:

1. Anoise measurement of 15dBrnc into a 6002 load at the 2912A device is equivalent to 9dBrncO0.

INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080
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SIGNAL PROCESSOR
Real Time Digital Processing of = Multiple Analog Inputs and Outputs
Analog Signals = On-Chip Sample and Hold Circuits
Nominal Signal Bandwidths from DC and D/A Converter
to 10KHz = On-Chip EPROM: User Program-
Digital Processing Accuracy and mable and UV Erasable
Stability = On-Chip Scratch Pad Memory
Special Purpose Instruction Set for = Analog and/or TTL Output
Signal Processing Waveforms, User Selectable
INTELLEC® Compatible Development = +5V Power Supplies

System Software and Hardware = N-MOS Process

2920-16 (Tcyc = 600 nsec), 2920-18 (Tcyc =800 nsec)

The Intel® 2920 Signal Processor is a programmable, single chip analog and digital signal processor
specifically designed to replace analog subsystems in real time processing applications. Its instruction
set plus the high precision (25 bits) digital arithmetic logic unit provides the capability to implement very
complex subsystems. Typical functions performed by the 2920 include: Lowpass and Bandpass filters
with up to 20 complex pole and/or zero pairs; Threshold Detectors; Limiters; Rectifiers; up to 25-bit
multiplication and division; approximations to nonlinear functions such as square law and logarithm;
logical operations; Input and Output multiplexing of signals; logical outputs for decision type processing;
and analog outputs for multifrequency oscillators, waveform generators, etc. In addition, several 2920’s
may be cascaded for very complex processing applications with no loss in throughput rate.

7 O —
Vs PROGRAM STORAGE .
(EPROM) «———————RST/EOP
RUN/PROG ~———————} 192 x 24
SIGIN (0) ———————————»]
1GIN :1)——-———-» SCRATCH A LI -’ |————————— SIGOUT (0)
S ! || Ao Nel™epp % ALy
SIGIN (2) ——————————»} M:X CIR. [—/]o| Memory ————— = sicouT (1)
- B B
SIGIN (3) o s . SIGOUT 2)
Wy
T M DMUX j————————= SIGOUT (3)
CAP2 &

S&H's b & SIGOUT (4)

X2 ———————— siGouT (5)
) cLock Loaic
= & D/A —————————sicouT (6)
x-L PROGRAM
CCLK - XVCLK] counTER - SIGOUT (7)

LITTLLT]

*EXTERNAL COMPONENTS

Figure 1. Functional Block Diagram (Run Mode).

4-45
AFN 01748A



W
intel 2620-16 PRELIMINARY
PIN DESCRIPTIONS (RUN MODE)
Symbol Function ' Symbol Function
SIGOUT 8 pins corresponding to the 8 an output it signifies EOP instruc-
demultiplexed analog outputs tion present (open drain, active
(0-7). low).
GRDA Analog signal ground held at or  &F Indicates an overflow in the cur-
near GRDD typically. rent ALU operation (open drain, ac-
CAP, & CAP, External capacitor connections for tive low). -
the Input signal sample and hold  ygp EPROM power Pin 0 volts for RUN
circuit. mode. (Different voltage in pro-
VREF Input Reference Voltage. gram mode.)
SIGIN 4 pins corresponding to the 4 M1, M2 Two pins which specify the output
multiplexed analog inputs (0-3). mode of the SIGOUT pins (see
Vas Most negative power pin setat — 5 Table 6).
volts. during run mode (different
voltage in program mode).
X1/CLK Clock input when using external
clock signals, oscillator input for scouta]r  ~ 28] sicout2
external crystal when using inter- sicouT 4 [] 2 27 [ sicouT 1
nal clock. sicouTs [] 3 26 [] siGouT 0
Xa Oscillator input for external crystal GrRoA[] 4 s m
when using internal clock. siGouTs O 5 24 {1 m2
. sicout7[]e 23] vsp
GRDD Digital ground. a7 o0 2PIOF
Veo 5 volts in run mode. vRer [ 8 21 [ Rs7/eop
CCLK Internal fetch cycle clock output. car, o 20 [J RUN/PROG
The falling edge designates the siGiNo 410 19 | €CIK
START of anew PROM fetch cycle. siGINg [ 11 18 1 Ve
CCLK is 1/16 of X1/CLK rate. sml:‘:'é :: :75 gz'“"’
RUN/PROG mggg control tied to GRDD in run siaiv1 O 14 sh Xf/m(
RST/EOP Low RST input initializes program
fetch counter to first location. As Figure 2. Run Mode Pin Configuration.
PIN DESCRIPTIONS (PROGRAM MODE)
Symbol Function Symbol Function
D0,D1,02,D3 4 pins carrying EPROM program VSP EPROM power pin +5 volts for
data for both input and output VERIFY mode and +25 volts for
(open drain, active low output; ac- PROGRAM mode (different voltage
tive high input). in RUN mode).
Va1, Vea, Ves - Digital ground in PROGRAM mode PROG/VER  Controls EPROM bi-directional
(different voltage for RUN mode). data bus for verify (low) or program
Vsi,Vsz,Vss  +5voltsin PROGRAM mode (func- (high).
tion changes for RUN mode). RST Input pulse resets nibble counter
RUN/PROG Mode control pin tied to ground for to position zero for start of pro-
PROGRAM mode (voltage changes gramming.
for RUN mode).
INCR Input pulse increments the nibble
(4-bits) counter in PROG mode
(function changes in RUN mode).
4-46 AFN 01748A
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o3 1 S 28 [] D2

(m B 27 0o

ds 26 [] D0
ve3[] 4 25 [ vs1

Os 24 [] PROG/VER

Os 23 :| VSP

O 22 []INCR
ve2 [ 8 2920 21[JRST

s 20 [J RUN/PRGG

e 190

On 18 I vs3
vg1 12 17 EIJVsz

[ RE! 163

14 1517

Figure 3. Program Mode Pin Configuration.

FUNCTIONAL DESCRIPTION

The Intel® 2920 is a programmable, single chip
analog and digital signal processor which has
been designed specifically to replace analog
systems in real-time processing applications. The
2920 operates its analog circuitry simultaneously
with the digital circuitry thereby achieving the effi-
ciency and speed needed for real-time operation.
Digital circuitry includes: EPROM program
storage, RAM scratch pad memory, clock and tim-
ing circuitry, binary scaler, and the arithmetic
logic unit (ALU). The analog circuitry is composed
of 4 analog inputs, an input multiplexer, an input
sample and hold (S&H), A/D and D/A converters,
an output multiplexer, 8 analog outputs, and buf-
fered output S&H’s.

Once the EPROM is programmed, the 2920 is
ready for operation as an analog subsystem. The
following sigral flow and operations can be
described with reference to the functional block
diagram shown in Figure 1.

Clock and Timing Logic — The 2920 can use an
external clock or can generate its own clock with
an external crystal placed across Pins 15 and 16.
The program counter is incremented one instruc-
tion count for every 4 master clock cycles and
continues to increment until it reaches a count of
191. Instructions are executed sequentially and no
program jumps are provided. The sample rate is
determined by the number of instructions in the
program and the instruction cycle time. A 6.67
MHz clock (600 nsec instruction cycle time) and a
full 192 instructions will result in a sample rate of
8,680 Hz.

Program Storage and Control — The EPROM is
made up of 192 words with 24-bits per word. Each

24-bit word contains 6 instruction fields (see
Table 1) which control the individual subsystems
in the 2920.

RAM — The memory consists of a random-ac-
cess read/write array organized as 40 words of
25-bits each. The address space is extended to
provide constants and access to a register (DAR)
for interfacing the memory-ALU with the analog
conversion section. The RAM is a two port
memory where the “A” location is Read Only and
passes via a scaler to the ALU as one operand. The
“B” location data passes to the ALU input as its
second operand and the ALU result is written back
to it. Both the RAM and the ALU represent data in
two’s complement format. All operations are per-
formed in two’s complement arithmetic. Program
operations are simplified by assuming the binary
point to the right of the sign bit.

An extended address space is used to generate
constants within the program. It is accessed
through the ““A” port only and may be addressed
using the last 16 locations of the “A” address field
(i.e., “A” address 11XXXX). The constant is deter-
mined by the 4 least significant “A” address bits.

These 4 bits are treated as the 4 most significant
bits at the input to the binary shifter. A sequence
of extended addresses with shift operations can
generate any constant up to 25 bits long.

The DAR is 9 bits wide and can be accessed in
several ways. As a memory location, the DAR oc-
cupies the 9 most significant bit positions of the
25-bit word and can be accessed as ‘“A” and/or
“B” port. The DAR output is also tied directly to
the D/A converter inputs and is used as a suc-
cessive approximation register for A/D conversion
under control of the analog function instruction
fields. Each bit position of the DAR can also be
selected and tested for conditional arithmetic
operations.

Binary Shifter — The 2920 has a binary shifter bet-
ween the memory “A” port output and the ALU -
“A” operand input. This feature allows the “A”
operand to be scaled by any magnitude between
22 and 2-13 (left shift 2 to right shift 13). When a
number is shifted right vacated bit positions are
filled with the sign bit. (2’s complement arithmetic
shift). Shift op codes are shown in Table 2.

ALU — The Arithmetic-Logic Unit calculates a
25-bit result based on an operation performed on
the scaled “A” and the “B” operands delivered
from memory. The 25-bit result is written back in-
to the “B” memory location near the end of the in-
struction cycle. The ALU has logic to accom-
modate the left shift scaling. For arithmetic opera-
tions, this logic is used to calculate a 25-bit result
for normal operations and to maintain the sign bit
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when an overflow occurs. An overflow occurs only
when the magnitude of the result is larger than the
largest number that can be stored in memory (25
bits). In that event, the resuit is set to the largest
magnitude value with the correct sign. This
overflow algorithm protects the continuity of the
digitized analog signals and helps maintain the
stability of the signal processing functions im-
plemented. It is apalogous to an overdriven
amplifier going into saturation.

Instruction Set — The 2920 assembler uses the
following program format to specify the 24-bit in-
struction word stored in the EPROM:

ALU B A SHIFT ANALOG
INS&R;JI%;ON ADDRESS ADDRESS INSTRUCTION

CODE
(6 BITS) (6 BITS) (4 BITS) (5 BIT)

All processing subsystems are implemented us-
ing a combination of analog and digital instruc-
tions to input and output signals and/or data, and
to realize the processing functions respectively.

The analog input and output instructions are IN(K)
and OUT(K) respectively. A sequence of IN(K) in-
structions followed by the sign conversion and

amplitude conversion instructions CVTS and
CVT(K) respectively are used to perform the input
AID conversion. A simple sequence of OUT(K) in-
structions is all that is needed to output a 9-bit
amplitude on channel K. Other analog instruc-
tions are the EOP instruction which must be plac-
ed at ROM location 188, NOP which is simply a
no-operation, and CNDS or CND(K) which are con-
ditionai operators which select and test a bit in
the DAR for the conditional ADD or LDA instruc-
tions or define the destination of the carry bit for
the conditional SUB instruction.

The ALU arithmetic instructions are
ADD,SUB,LDA which perform the operations of
addition, subtraction, and data transfer respec-
tively. When these instructions are conditioned,
they may be used to perform multiplication or divi-
sion by a variable or data dependent switching.

Other digital instructions include the absolute
value ABS, the absolute value and add ABA, and
the ideal limit instruction LIM. '

These instructions and their corresponding op
codes are detailed in Table 3.

Table 1. Nibble Organization For Loading Program

4

0 2 3
[o] 1]2]o] [1]a1]B1]a2] [B2]A3[B3]A4] [B4]As][BS[AQ] [BO] 0

5
1]2] [3]o]1]2]

|«ADK->|«ADF |« MEMORY ADDRESSES ————»|<—SHF —>|<ALU>]

Note: The input pins for each nibble bit from left to right
are DO, D1, D2, D3.

Table 2. Shift OP Codes

Operation Mnemonic Op Code Scale Factor
32110

Shift Right 13 Bits R13 1]1]0]o 213

Shift Right 12 Bits R12 10|11 212
H : - - A :
.. . L] ° L] . L]

Shift Right 1 Bit "~ RO1 ofo|o]o 21
No Shift ROO 11 {1 1
Shift Left 1 Bit LO1 11110 2
Shift Left 2 Bits L02 11 1]0]1 4

AFN 01748A
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Table 3. Instruction Set And OP Codes
Mnemonics Op-Codes!'! Operations Notes
Code Condition ALU |ADF| ADK
Digital Instructions 0,1,2 { 0,1 | 2,1,0
ADD 011 (Ax2N) + B———B
suB 101 B - (Ax2N) B
LDA 11 (Ax2N) + 0 ———B
XOR 000 (Ax2N) © B B
AND 100 (Ax2N) e B——B
ABS 110 [(Ax2N)| B
ABA M 001 | o | (g |l(Ax2Y)] +B——B
LIM 010 Sign(A) -+ F.S.—Bl4
ADD CND( )& | omn (Ax2N) + B B IFF DAR(K) = 1
B B IFF DAR(K) =0
suB  CND( )Efl | 101 B - (Ax2N) B & CY —~DAR(K) IFF CYp = 1 5
B + (Ax2N) B & CY —DAR(K) IFF CYp =0
LDA CND( )i 111 (Ax2N) B IFF DAR(K) = 1
B——B IFF DAR(K) =0
ABAI'Y cND( B 001 (Ax2M) + B——+B
XOR CND( )W 000 (Ax2N) ¢ B——B
Analog Instructions
IN(K) 00 0-3 | Signal Sample from Input Channel K
OUT(K) 10 0-7 [ D/A to Output Channel K
CVTS 00 6 | Determine Sign Bit
CVT(K) 01 0-7 | Perform A/D on Bit K
EOP 7 00 5 | Program Counter to Zero (6]
NOP 00 4 | No Operation
CND(K) 1 0-7 | Select Bit K for Conditional Instructions
CNDS 00 7 | Select Sign Bit for Conditional Instructions
Notes: 1. Op codes ALU and ADF are in binary notation, ADK is in decimal notation and represents the value “K’ when ap-
propriate.

2. CND( ) can be either CND(K) or CNDS testing amplitude bits or the sign bit of the DAR respectively.

3. Determined by analog instructions below.

4. B is set to full scale (F.S.) amplitude with the same sign as the “A” port operand.

5. The previous carry bit (CYj) is tested to determine the operation. The present carry bit (CY) is loaded into the Kth bit loca-
tion of the DAR. “Present carry (CY) is generated independent of overflow. It will represent the carry (CY) of a calculated
28-bit result.”

6. EOP will also enable overflow correction if it was disabled during a program pass. The EOP must occur in ROM location
188.

7. Determined by digital instructions above.

8. For SUB CNDS operation CY — DAR(S).

9. Does not affect DAR. In this case, CND is used with XOR/ABA to enable/disable the ALU overflow saturation algorithm.
Use of either instruction causes the ALU output to roll over rather than go to full scale with sign bit preserved. An EOP
instruction will also enable the ALU overflow saturation algorithm.

10. Clarification of CYqy sense for certain operations. For LDA, XOR, AND, ABS; CYgyr—0.

1

Recommend that the ABS & ADD instructions be used in place of ABA. The ABA instruction typically runs 2 MHz slower.
The saturation logic, however can be set and reset at full speed.

Input Multiplexer and S&H — The input channels
consist of four analog sampling switches which
use a common external sampling capacitor. The
external capacitor should be approximately 500pF
to yield an offset of less than —%2 LSB. The ac-
quisition time should be approximately six times
the RC time constant of the sample and hold cir-
cuitry (i.e. 500 pF times 1.5KQ equals 750 nsec.).
Acquisition time equal to six or more time con-
stants should keep the input crosstalk to below

-54dB. For systems which require less dynamic
range, the input acquistion time can be reduced.
For a 600 nsec. cycle approximately eight IN(K) in-
structions would be required. For serial digital in-
puts, fewer IN(K) instructions can be used. For
systems with 2920 cycle times much greater than
600 nsec., the external sampling capacitor should
be increased to 1000 pF to reduce the droop rate
with a corresponding increase in the RC time con-
stant.
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A/D-D/A Conversion — The successive approx-
imation analog to digital conversion is performed
under program control. It uses the CVTS instruc-
tion first to set the sign bit and the CVT(K) instruc-
tion to determine the value of the Kth DAR bit star-
ting with the MSB. NOPs equivalent to 1.2 usec.
must follow each CVT(K) instruction to allow the
DI/A to settle. All A/ID conversions of 2 bits or more
must have “ADD DAR, KM2, RO, CND6” im-
mediately following the CVTS instruction follow-
ed by NOPs equivalent to 1.2 usec. In addition,
after CVT3, CVT2, and CVT1, “LDA X,X,RO,CND4”
must immediately follow the CVT instruction with
additional time in NOPs to meet the 1.2 usec.
minimum before the next CVT(K) instruction. The
CND4 instructions are required to minimize input
crosstalk. The suggested conversion sequence
for nine bit resolution with the 2920 cycle time
equal to 600 nsec. is shown below in Table 4.
Digital inputs and inputs with less than nine bits
resolution will have a shorter sequence.

Table 4. Suggested Input And Conversion Sequence

Digital Analog Digital | Analog
. . IN(K) . . . . CVT5

IN(K) . . . . NOP
IN(K) . . . . NOP
IN(K) . . . . CVT4
IN(K) . . . . NOP
IN(K) . . . . NOP
IN(K) . . . . CVT3
IN(K) LDA X,X,R0, CND4
NOP . . . . NoOP

. . . . CVTS . .. . CVT2

ADD DAR,KM2,RO, CND6 | LDA X,X,R0, GND4

. . . . NOP . . . . NOP
NOP . .. . cvVm
CvVT17 LDA X,X,Ru, CND4
NOP . . . . NoP
NOP . . . . CVTO
CVTé
NOP

. . . . NOP

| Continue Next Column

where *,” equals available digital instruction

Output Demuitiplexer and S&Hs — The 2920's
eight analog output channels inciude a sample
and hold circuit per channel demultiplexed from a
common, buffered D/A output. Two rules for out-
putting samples are: (1) No outputting should
be done while writing to the DAR. (2) A se-
quence of analog NOP instructions equal to 6
usec. should be used to settle the D/A converter,
and a sequence of OUT(K) instructions equal to 1
usec. should be used to settle the S&H output. In
addition, to minimize output crosstalk, a dummy
output to an unused channel should be performed
prior to outputting to the desired channel. The

suggested sequence for a nine bit resolution out-
put with a 600 nsec. cycle time is outlined in Table
5. For outputs that require less than nine bits
resolution or digital outputs, the number of NOPs
and OUT(K)s can be reduced.

Table 5. Suggested Output Sequence

DIGITAL ANALOG

LDA,DAR,X,R0, NOP

. . . . . NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP .
NOP
NOP
CND(X)
OUT(X)
OUT(X)
OUT(K)
OUT(K)

where K= desired output and X = wasted output

K # X, " available digital instruction.

Conditional operations should not immediately
precede or follow an OUT instruction. Otherwise a
CND(K) may affect the value of the Kth output.

TTL Output -— The SIGOUT(K) pins can be
selected to be either analog out or TTL compatible
as seen in Table 6. The analog mode allows the
full 9-bit D/A output to be present. The TTL mode
requires a L/M instruction to yield a “0” or “1”
decision. This output can be presented to the
SIGOUT(K) pins and is compatible to a single TTL
gate or equivalent. The interna! threshold required
is + 1.5 volts for a high level output. An external
pullup resistor to Vg is also required.

Table 6. Output Mode For Sigout Pins As
Function Of M1 And M2

M1 M2 SIGOUT Pins
5V 5V 0-7 Analog

5V -5V 0-3 Analog, 4-7 TTL
-5V 5V 0-3 TTL, 4-7 Analog
SV -5V 0-7 TTL

Reference Voltage — The internal D/A converter
requires a single positive reference voltage
(VREF) to establish its voltage range. This user
supplied reference can range from 1V to 2V. The
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resulting input-and output signal voltage range is
+ VREF. For full 9-bit resolution and best lineari-
ty, VREF=1V. If the TTL output is required,
VREF> 1.5V is necessary. The minimum voltage
step (LSB) of the D/A converter is VRep/256 volts.
Voltage variations on Vggg will appear as noise to
the D/A converter. It is therefore necessary to pro-
vide a noise free voltage source for the reference.
The input signal voltage range is (+ VREF)- 12
LSB. Recommended maximum negative output is
- 1.0 volts.

2920 DEVELOPMENT SUPPORT TOOLS

Support tools for the 2920 are based on the
Intellec® Microcomputer Development Systems.
A 2920 Software Support Package (SPS-20) con-
sisting of the Signal Processing Applications
Software/Compiler (SPAS-20), the 2920 Software
Simulator, and the 2920 Assembler is available to
facilitate design and development efforts. EPROM
programming support includes the Intel EPROM
programmer and the 2920 personality module
(UPP-820). A complete Signal Processing Support
System (MCI-20-DS1) consisting of the
Microcomputer Development System, the 2920
Software Support Package, the EPROM program-
mer and personality module is recommended and
is available at a reduced price.

The 2920 Signal Processing Applications Soft-
ware/Compiler is an interactive tool for designing
software to be executed on the 2920 Signal Pro-
cessor. The compiler accepts English-like
statements from the user and generates 2920
assembly language code.

The assembler translates symbolic 2920 assembly
language programs into the machine operation
codes. The user can load the codes into the 2920
simulator or to the Universal EPROM Programmer
for programming the 2920 itself.

The simulator, operating entirely in software,

4-51

allows the user to test and debug 2920 programs.
The user can specify input signals, simulate pro-
gram execution, set-up breakpoints, display input
and output, display and alter the contents of the
2920 registers and memory locations, and to
graph the output waveforms.

The compiler, assembler and simulator enable the
designer to develop and test an entire program
without programming the device. The 2920
designer works at the Intellec® Microcomputer
Development System rather than at a breadboard.
The development system facilitates the designing
and testing of 2920 applications.

EPROM PROGRAMMING

The 2920 EPROM in the programming mode is ar-
ranged as a 1152 by 4-bit memory. Each instruc-
tion (24-bits) is loaded as 6 nibbles (4-bits) as
seen in Table 3. Figure 7 shows the timing rela-
tionships of the signals required to program and
verify the EPROM contents. In the program mode
all voltages are referenced to Vgg which is set to
digital ground, thereby allowing TTL logic to be
used for controlling the programming cycle. The D
pins are bidirectional with the direction controlled
by the PROG/VER pin. A high level at the
PROG/VER pin switches to input mode, a low to
output mode (see Figure 7). This feature allows
the programmed data to be verified before going
on to the next address.

The internal nibble counter is incremented during
the falling edge of INCR. 1152 INCR transitions
will complete the full program cycle. To initialize
at address (nibble) 0, RST must be pulsed iow,
then INCR can be issued. From then on, program-
ming is accomplished according to Figure 7.

The RUN/PROG pin must be tied to Vgg-and VSP
should be pulsed between +5V and +25+ 1V at
15mA maximum. The D pins have an open drain in
the output direction.
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o ™ =p ‘ dr ™~ =h
O- 270 d-: 220
Oz 261 s E ]
_L_E 4 %[ —i] 4 25 [ —
= [Os 247 Os 220
Os 23 J———— E 6 23]
‘ 7 20 52 7 2
500pF T_—L‘_ 8 2920 21 WA +—1{]s 2920 , ]
—{] o 20 [ Ooe 20 [
Vrer— [ 10 19 e 19
On 18 j—————w——ﬁv [m REI 18 [ J—¢
-sv—] 12 17 -—_L —_] 12 17 [——a-+5V
(m BF) 16 ]———_r—| = (s EF 163
14 15 15pF . 14 1
q j—lf NOTE 3 O sp
-
5V -
(A) Run Mode ) (B) Program Mode
Notes: 1. Analog grounding is connected to the GRDA lead. The GRDA and GRDD lead are not connected inside the
2920. An external connection is thus necessary outside the device to tie all the analog ground lines to the
common return of the system GRDD. That external connection has to have a minimal impedance (ground
plane) to avoid a DC offset in the 2920.
2. Pullup resistor at Pin 21 is only required if an EOP instruction is used.
3. Stray capacitance must also be considered. The sum should not exceed 15pF.
4, Opaque tape must cover EPROM window during run mode.
Figure 4. Typical Power Hookups for Run and Program Mode
ABSOLUTE MAXIMUM RATINGS*
GRD
Temperature UnderBias............ —-40°Cto +80°C
Storage Temperature . ............ —65°Cto +150°C
4700 Supply Voltage with RespecttoVgg. ... — 0.5V to =14V
AllInputVoltages . .............. —-0.5Vto(Vgg £1V)
Outputs........oooiviniinn, -1Vto(Vec = 1V)
INPUT PN 15 Power Dissipation...............ccooiiiii 1.5
0to-5 X1
VOLTS '
GRD *COMMENT
Stresses above those listed under ‘“Absolute Maximum
- 2020 Ratings” may cause permanent damage to the device. Thisis a
47080 stress rating only and functional operation of the device at
these or any other conditions above those indicated in the
operational sections of this specification is not implied.
PIN 16 Exposure to absolute maximum rating conditions for extended
x2 periods may affect device reliability.
*X2 must be high 45-50% of the period and X1 must be
high 50-5656% of the period
Rise and fall times must be less than 20 nsec. and overlap
must be less than 5 nsec. -

Figure 5. External Clock Driver
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D.C. AND OPERATING CHARACTERISTICS (Run Mode)
Ta=0°C to +70°C, Vec=5V +5%, Vgg= -5V +5%

ANALOG (SIGIN(K), SIGOUT(K))
Limits
Symbol Parameter Min. | Typ. | Max. | Units| Test Conditions
Z, Input Impedance 100 K2 | Unsampled input
ZsH S&H Impendance 15 KQ | Series resistance with S&H
A/D Resolution 9 bits
Input Differential Linearity +1 LSB
Input Integral Linearity +1 LSB
Ta Aperture 5 nsec | Equivalent SNR=60dB @ 10KHz
X Input Crosstalk -54 dB | Input to input*
Vip Input Droop Rate 50 uviys | 500pF cap. with dark cover
Vir Input Voltage Range + VREF Vv
Vios Input Zero Offset 8 mV
lizc Input Zero Crossing Error 12 mV
G, Input Gain 1
Gain Error 2 % ratio of Neg. & Pos. gains
Tia Input Acquistion Time 4,500 nsec | 9 bit resolution*
Zo Output Impedance 1 KQ
lo Output Drive Current 400 uA | 20pF load
D/A Resolution 9 bits
Output Differential Linearity +12 LSB | SIGOUT load 100KQ
—1<SIGOUT< 1
Output Integral Linearity +1 LSB | SIGOUT load 100K
—1<SIGOUT< 1
Xo Output Crosstalk -54 dB ' | Output to output*
Voo Output Droop Rate 0.2 MVius | @ 70°C with dark cover
Vor Output Voltage Range -1.0 +1 \
Voos Output Zero Offset -100| mV
Vozc Output Zero Crossing Error 8 mV
Go Output Gain 0.85 Viy
Gain Error 15 % | ratio of Neg. & Pos. Gains
Toa Output Acquistion Time 6,000 nsec | 9 bit resolution*
Gt Throughput Gain .85 Viy | ADto DIA
VREF Voltage Reference Level 1.0 20 \
lvr Voltage Reference Current 60 115 uA | VREF equal 1 volts
DIGITAL (OF, CCLK, EOP in TTL Mode)
I Low Level Input Current 10 pA | ViN<ViL
Iy High Level Input Current 10 pA | ViN<Viy
Vi Input Low Voltage 0.8 \
Viu Input High Voltage 20 v
VixL Input Low Voltage, XI/CLK -45 -5 \
VixH Input High Voltage, XI/ICLK -1 0 \
VoL Output Low Voltage 0.4 V | lop=2.5mA, CCLK ONLY
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'“ter 2920-16
POWER DISSIPATION
Limits
Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions
lcc Operating Current 30 50 mA | Vgg=5V = 5%
lgs Operating Current 110 150 mA | Vgg=56V = 5%
A.C. CHARACTERISTICS (Run Mode)
Ta=0°C to +70°C, Vgc=5V, Vgg= ~ 5V
Fosc 4.0 6.67 | MHz | Oscilator frequency
Teye Instruction Cycle Period 2920-16 | 600 ns 4 clock cycles
2920-18 | 800 ns
Tce Cycle Start to EOP Valid 100 ns
Ten EOP Hold Time Tevc/8 us
TeH OF Release Time Teyc/8 ns
Tow CCLK Pulse Width Teve ns Equals Tgyc
Teve Teve Teve Teve
sz ] ]
TCIK - 1 A
‘—Tlh—’|
EOP [ ]l
Tce l=— <—>‘TFH
OF
J L / J

Figure 6. Run Mode Timing.

D.C. AND OPERATING CHARACTERISTICS (Program Mode)

Ta =0°C to +70°C, Vss =5V, Vgg = 0V
‘ Limits
Symbol Parameter Min. Typ. Max. Unit |Test Conditions
ITL Low Level Input Current 10 rA VIN<VIL
i1 High Level Input Current 10 uA  |VIN>VIH
ViL Input Low Voltage 0.8
ViH Input High Voltage 2.0 \Y
VoL Output Low Voltage 0.8 loL =2.5mA
Isp Program Pulse Current 16 mA |Data Input = 0000
Vp1 Program Pulse ON Voltage 24 25 26
Vp2 Program Pulse OFF Voitage 5
POWER DISSIPATION (Program Mode)
Iss | Operating Current ] [ 100 T [ mA [Vss=5V+10%
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A.C. CHARACTERISTICS (Program Mode) Ta =0°C to +70°C,

Vss =5V, Vg = 0V

Limits

Symbol Parameter Min. Typ. | Max. | Units Test Conditions
Trw Reset Pulse Width 1000 ns
TRs Reset to Increment Set-Up 200 ns
TRH Reset Hold 300 ns
Tiw Increment Pulse Width 1 us
Tvp Data In Set-Up to Prog. Pulse 2 us
Tew Program Pulse Width 50 55 ms
Tpev(1] Program to Verify Settling 1 us
Tacc Verify Access Time 20 us

CTw End of Verify to Increment 100 ns

Note: 1. VSP must not undershoot 5V by more than 0.5V. Add undershoot settling time to Tpy.

Taw > —C 5
— o
INCR I__'M_Q( ‘ E
— t
—»{ tps tiw tRu ) Vi
vsp —> tvp
tpy e tacc
— data in valld ——— |
PROG/VER

N

Figure 7. Program Mode Timing.
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8021
SINGLE COMPONENT 8-BIT MICROCOMPUTER

m 8-Bit CPU, ROM, RAM, 1/0 in Single ® 1K x 8 ROM
28-Pin Package i 64 x 8 RAM
211/0 Lines
B Single 5V Supply (+4.5V to 6.5V)
| Interval Timer/Event Counter,
m 8.38 usec Cycle With 3.58 MHz XTAL;

All Instructions 1 or 2 Cycles 8 Clock Generated With Single Inductor

or Crystal
® Instructions— 8048 Subset ® Zero-Cross Detection Capability

® High Current Drive Capability—2 Pins L] Easily Expandable /0

The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s N-
channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost,
high volume applications, plus additional I/0 flexibility and power.

The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 211/0 lines, and an 8-bit timer/ event counter, in
addition to on-board oscillator and clock circuits. For systems that require extra 1/O capability, the 8021 can be
expanded using the 8243 or discrete logic.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length.

To minimize.the development problems and maximize flexibility, an 8021 system can be easily designed using the
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748
shipped with the board.or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021’s additional I/0
features is included.

’ 1024 WORDS 64 WORDS
CLOCK PROGRAM DATA
MEMORY MEMORY —) vee
XTAL 8 x’“ P21
— P20
“ PORT P17
#1 P16
RESET —»4
" s S PORT P15
8BIT 8021 #2 P14
cPy TEST— P13
N
ADDRESS P12
LATCH P11
ENABLE P10
PORT RESET
EXPANDER
STROBE XTAL 2
8-BIT 2 XTAL 1
TIMER/
EVENT COUNTER 1/O LINES
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration
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Table 1. Pin Description

Desig- Pin Desig- Pin
nation No. Function nation No. Function
Vss 14 |Circuit GND potential CNT instruction. Also allows
V 28 |+5V power suppl zero-crossover sensing of slowly
Psge 3 o ; t st ip yf 8243 1/0 moving inputs.
utput strobe for A
Expapnder RESET 17 |[Input used to initialize the proc-
| o essor by clearing status flip-flops
P00-P0O7 4-11 (8-bit quasi-bidirectional port and setting program counters to
Port 0 zero.
P10-P17 18-25 |8-bit quasi-bidirectional port ALE 12 |Address Latch Enable. Signal
Port 1 occurring once every 30 input
clocks, used as an output clock.
P20-P23 26-27 |4-bit quasi-bidirectional port XTAL1 15 |One side of crystal or inductor
Port 2 1-2 {P20-P23 also serve as a 4-bit I/0 input for internal oscillator. Aiso
expander bus for 8243 input for external source. (Not
T 13 [Input pin testable using the JT1 TTL compatible.)
and JNT1 instructions. Can be XTAL2 16 |Other side of timing control
designated the timer/event element.
counter input using the STRT
Table 2. Instruction Set Summary
Hexadecimal . Hexadecimal
Mnemonic _ Description Bytes Cycle Opcode L i Bytes Cycle Opcode
ADD AR, Add register to A 1 1 68-6F JMP addr Jump unconditiona! 2 2 04,24,44.64,
ADD A@R Add data memory to A 1 1 60-61
ADD A,#data Add immediate to A 2 2 03 JMPP @ A Jump indirect 1 2 B3
ADDC AR, Add register with carry 1 1 78-7F = DJNZR,,addr Decrement register and 2 EB-EF
ADDC A,@ R  Add data memory with 1 1 70-71 § jump on R not zero
carry ® JC addr Jump on carry=1 2 2. Fé
ADDC A, #data Add immediate with 2 2 13 JNC addr Jump on carry=0 2 2 E6
carry JZ addr Jump on A zero 2 2 Cé
ANL AR, And register to A 1 1 58-5F JNZ addr Jump on A not zero 2 2 96
ANLA@R And data memory to A 1 1 50-51 JT1 addr Jumpon T1=1 2 2 56
ANL A,#data And immediate to A 2 2 53 JINT1 addr Jump on T1=0 2 2 46
ORL AR, Or register to A 1 1 48-4F JTF addr Jump on timer flag 2 2 16
5 ORLA@R Or data memory to A 1 1 40-41 -
8 ORL A #data Orimmediate to A 2 2 43 £ CALL addr Jump to subroutine 1 2 14,34,54,74
E XRL AR, Exclusive Or register 1 1 D8-DF §
8 to A ‘§ RET Return 1 2 83
< XRLA@R Exclusive Or data 1 1 DO-D1 @
memory to A . & CLRC Clear carry 1 197
XRL A, #data E'xoclzswe Or immediate 2 2 D3 & CPL C Complement carry 1 1 A7
INC A Increment A o7 MOV AR,  Move register to A 1 1 F8FF
DEC A Decrement A ! oo MOVA@R  Move data memory to A 1 1 FO-F1
CLR A Clear A oz MOV A #data Move immediateto A 2 2 23
CPL A Complement A oo MOVR.A  Move A to register 1 1 ABAF
DA A Decimal adjust A o187 MOV@RA MoveAtodatamemory 1 1 AO-Al
SWAP A Swap nibbles of A o4 MOV Ry #data Move immediate to 2 2 B8BF
RL A Rotate A left 1 1 E7 H register
RLC A Rotate A left through 1 L ; MOV@R #data Move immediate to 2 2 BO-B1
carry 3 data memory
RR A Rotate A right oo & XCHAR,  Exchange A and 11 282F
RRC A Rotate A right through 1 1 67 register
carry XCHA@R  Exchange A and data 1 1 2021
memory
INA P Input port to A 1 2 08,09,0A "
p . -31
§OUTLPA  Output Ato por 1 2 9039,3A XCHDA,@ R E:::"{Zg?s:':r’b'e ofA 1. 1 303
g MOVP AP ":’;“Le""a““' port v 2 0CoOF MOVP A@A MovetoAfromcurrent 1 2 A3
% MOVDP,A  Output Atoexpander 1 2 3C-3F page
E port = .
ANLDPp, A And A to expander port 1 2 9C-9F 2 MOVAT Read timer/counter ! 142
ORLDP,A  OrAtoexpanderport 1 2 8C-8F 3 MOVTA Load timer/counter o1 e
© STRTT Start timer 1 1 55
3 ) & STRT CNT Start counter 1 145
% INC R, Increment register 1 1 18-1F E STOP TCNT Stop timer/counter 1 1 65
? INC@R Increment data memory 1 1 10-11
£ NOP No operation 1 1 o0
AFN-01567A-03
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FUNCTIONAL SPECIFICATIONS

The following is a functional description of the
major elements of the 8021.

Program Memory

The 8021 contains 1K X 8 of mask programmable
ROM. No external ROM expansion capability is pro-
vided.

Data Memory

A 64 X 8 dynamic RAM is located on chip for data
storage. All locations are indirectly addressable and
eightdesignated locations are directly addressable.
Also, included in the memory is the address stack,
addressed by a 3-bit stack pointer.

Memory is organized as shown in Figure 4. The least
significant8 addresses, 0-7, are directly addressable
by any of the 11 direct register instructions. The
locations are readily accessible for a variety of
operations with the least number of instruction
bytes required for their manipulation.

Registers 0 and 1 have yet another function, in that
they can be used to indirectly address all locations
in memory, using the indirect register instructions.
These indirect RAM address registers, IRAR’s, are
especially useful for repetitive-type operations on
adjacent memory locations. The indirect register
instruction specifies which IRAR to use, and the
contents of the IRAR is used to address a location in
RAM. The contents of the addressed location is
used during the execution of the instruction, and
may be modified. A value larger than 63 should not
be preset in the IRAR when selected by an indirect
register instruction. IRAR’s may point to addresses
0-7, if desired.

Locations 8-23 may be used as the address stack.
The address stack enables the processor to keep
track of the return addresses generated from CALL
instructions. A 3-bit stack pointer (SP) supplies the
address of the locations to be loaded with the next
return address generated. The SP to this pushdown
stack isincremented by one after areturn addressis
stored, and decremented by one before an address
isfetched during a RET. A total of 8 levels of nesting
is possible. The SP is initialized to location 8 upon
RESET. Since each addressis 10 bits long, two bytes
must be used to store a single address. The SP is
incremented and decremented by one, but each
increment or decrement moves the address pointed
to by two. Therefore, only even numbered addresses
are pointed to.

If a particular application does not require 8 levels
of nesting, the unused portion of the stack may be
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LOC 24-63

CAN BE USED FOR

INDIRECTLY ADDRESS STACK

LOC 8-23 }
ADDRESSABLE
Y

B’
IRARO OR 1

@lalolol~

DIRECTLY
ADDRESSABLE

2
IRAR 1

L IRAR 0

Figure 4. Internal RAM Organization

used as any otherindirectly addressable scratchpad
location. For example, if only 3 levels of subroutine
nesting are used, then only locations 8-15 need be
reserved for the address stack, and locations 16-63
can be used for data storage. The actual program
counter addressis not stored in the address stack. A
separate register retains its value.

Oscillator and Clock

The 8021 contains its own onboard oscillator and
clock circuit, requiring only an external timing
control element. This control element can be a
crystal, inductor, or clock in. The capacitor normally
required in inductor timing control operation is
integrated onto the 8021. All internal time slots are
derived from the external element, and all outputs
are a function of the oscillator frequency. Pins X1
and X2 are used to input the particular control
element. An instruction cycle consists of 10 states,
and each state is a time slot of 3 oscillator periods.
Therefore, to obtain a 10 usec instruction cycle, a
3 MHz crystal should be used.

Timer/Event Counter

An interval timer is available to enable the user to
keep track of time elapsed or number of events
occurred, during normal program execution and
flow.

ByaMOV T,Ainstruction, the contents of theaccumu-
lator are loaded to the timer. Atthe STRT T command
an internal prescaler is zeroed and thereafter incre-
ments once each 30 input clocks (once each single
cycleinstruction, twice each double cycle instruction).
The prescaler is a divide by 32. At the (11111) to
(00000) transition the timer is incremented. The
timer is 8 bits and an overflow (FFH) to (00H) timer
flag is set. A conditional branch is available for
testing this flag, the flag being reset each test.
However, the flag is not reset by system RESET.
Total count capacity for the timeris 28 x 25 = 8192

AFN-01567A-04
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or81.9 msecata 10 usec cycle time. Contents of the
timer are moved to the accumulator by the MOV A, T
instruction without disturbing the counting process.

The timer may also be used as an event counter.
After a STRT CNT command, the chip will respond
to a high to low transition on the Test 1 pin by
incrementing the timer. Transitions can occur no
faster than one each three instruction cycles.

Thetimerand event functions are exclusive. Counting
or timing may be started or stopped (STOP TCNT)
at will.

Input/Output Capabilities

The 8021 I/O configurations are highly flexible. A
number of different configurations are possible,
tailoring an 8021 to a given task. Other than the
power supply and dedicated pins, all other pins (20)
can be used for input, output, or both, depending on
the configuration.

P20-P23 and P10-P17 are quasi-bidirectional, and
Test 1 is directly testable through program control.
A simplified schematic of the quasi-bidirectional
interface is shown in Figure 5. This configuration
allows buffered outputs, and also allows external
input. When writing a “0” or low value to these ports,
the large pulldown device sinks an external TTL
load. When writing a “1"”, a large current is supplied
through the large pullup device to allow a fast data
transfer. After ashorttime (less than one instruction
cycle), the large device is shut off and the small
pullup maintains the “1” level indefinitely. However,
inthis situation, an input device capable of overriding
the small amount of sustaining current supplied by
the pullup device can be read. (Alternatively, the
data written can be read). So, by writinga “1”toany
particular pin, that pin can serve either as a true
high-level latched output pin, or just as a pullup
resistor on an input. This allows maximum user
flexibility in selecting his input or latched output
pins, with a minimum of external components.

Port 00-07 is also quasi-bidirectional, except there
is no large pullup device. As outputs, this port is
essentially open drain.

By mask option the small pullup devices on P00-P07
may be deleted on any pin providing a true open
drain output. This is useful in driving analog circuits
and certain loads, such as keyboards.

Also available is the 8243 I/O expander chip, which
provides additional I/0 capability with a limited
number of overhead pins. This chip has 4 directly
addressable 4-bit ports. It connects to the PROG
pin, which provides a clock, and pins P20-P23,
which provide address and data. These ports can be
written withaMOVD P,A; ANLDP,A;and ORLDP,A
for Ports 4-7. A high to low transition on PROG

5-4

signifies that address and control are available on
P20-P23. The previous data on P20-P23 before an
outputexpander instruction is lost. Therefore, when
using an output expander P20-P23 are not useful for
general input/output. Reading is via the MOVD A,P.
This circuit configuration is shown in Figure 6.
The Test 1 pin has a special bias input that allows
zero-crossover sensing of slowing moving inputs.
This is especially useful in SCR control of 60 Hz
power and in developing time of day routines. As a
ROM mask option there is a pullup resistor that is
useful for switch contact or input or standard TTL.
See Figure 7.

PIN

INTERNAL
BUS

WRITETO __|
PORT

INPUT BUFFER

Figure 5. Quasi-Bidirectional Port Structure

8021 8243

P20-3 <I> P20-3

PROG PROG

L}

gggy

Figure 6. 1/0 Expander Interface

(a) ZERO CROSS DETECT

EXTERNAL
CAPACITOR

—— Do

PIN <

)

(b) OPTIONAL PULLUP RESISTOR

>
EXTERNAL 7 PIN S
switeH | @

Figure 7. Test 1 Pin

AFN-01567A-05



Intel 8021

PRELIMINARY

CPU

The 8021 CPU has arithmetic and logical capability.
A wide variety of arithmetic and logical instructions
may be exercised, which affect the contents of the
accumulator, and/or direct or indirect scratchpad loca-
tions. Provisions have been made for simplified BCD
arithmetic capability through the use of the DA A,
SWAP A, and XCHD instructions. In addition, MOVP
A, @A allows table lookup for display formatting
and constants. Jump conditions such as zero, not
zero refer to the accumulator contents at the time of
the condition.

8021 Testing and Debug

To facilitate testing and debug, certain test modes
may be activated in the 8021 by raising combinations
of RESET, TEST 1 and PROG to 15 volts. Internal
ROM is dumped out sequentially for verification.
External memory operation is used for CPU checkout.

Reset Prog Testi Case Function

5V X X Power On Clear

ov X X Normal Operation

15V 15V _ L. Mode 1b On every TEST 1 rising
edge the program counter
increments, dumps inter-
nal ROM to Port 0.

ov 15V X Mode 2 Chip will operate from
external memory (one
page) via Port 0. ALE
strobes Address out,
memory in.

15V X X Mode 3 Chip accepts op codes
into Port 1. Allows Port 0
and 8243 testing.

X = Normal mode-between 0V and Vcc

Differences Between the 8021 and 8048

Although the 8021 is basically an electrical and
functional subset of the 8748, there are some differences:

1. Pin Out— As the 8021 is a 28-pin DIP, some form
of adapter must be used to interface the 8021
socket to ICE-49. An emulation board, EM-1, has
been designed to perform this function. The
EM-1 also accounts for the increased flexibility
of some 8021 1/0 lines.

2. Instruction Time— The 8021 instruction cycle is
30 clock cycles long, the 8078 instruction cycle is

15 clocks long. Where exact timing is important
the 8048 breadboard part should be operated at
half the 8021 clock rate.

3. Test 1—To facilitate developing time of day rou-

tines from 60 Hz, and for SCR control, the Test 1
pin without the pullup resistor option will detect
zero crossing of a capacitively coupled AC input.

4. Quasi-Bidirectional Ports— All 8021 ports are

quasi-bidirectional to facilitate stand-alone use.
Port 0 has open drain outputs and by mask
option it may or may not have pullup resistors.

5. Oscillator—The 8021 has on-chip oscillator that

is optimized for the single inductor mode. Ex-
ternal connection will differ from the 8748.

6. Timer/Counter—1. If prescaler overflow occurs

during a“STRT T” or “STOP TCNT” instruction,
the 8048 will increment the timer, while 8021 will
not. 2. The 8021 sets the timer flag in the same
cycle as the overflow. The 8048 waits one cycle.
Therefore the 8021 cando aJTF one cycle earlier
(prescaler = 0) than the 8048 (prescaler = 1).
3. The 8748 doesn’t increment its timer in the
second cycle of a 2-cycle instruction; the 8021
does.

7. High Current Outputs— Very high current drive

is desirable for minimizing external parts re-
quired to do high power control. P10 and P11
have been designated high drive outputs capable
of sinking7 mA atVgg +2.5 volts. (For clarity, this
is 7 mA to Vgs with a 2.5 volt drop across the
buffer.) These pins may, of course, be paralleled
for 14 mA drive if the output logic states are
always the same.

8. Reset—Reset has been modified on the 8021.

Onthe 8021,reset is active high; on the 8748, active
low. Also, the 8021 does not reset the timer flag,
while the 8048 does.

9. Instruction Set—Thé following instructions,

which are found in the 8048, have been deleted
from the 8021 instruction set.

Data Moves | Registers Branch Timer Contro! Input/Output

MOV APSW| DEC R | JTO addr | EN TCNTI | EN i ANL P #data

MOV PSW.A JUNTO addr | DIS TCNTI | DIS i ORL  P.#data

MOVX A@R Flags JFO addr SEL RBO | INS ABUS*

MOVX @RA | CLR FO | JF1 addr | Subroutine | SEL  RB1 | OUTL BUSA"

MOVP3 A@A | CPL FO | JNT  addr RETR | SEL  MBO | ANL  BUS#data
CLR F1 | JBb  addr SEL  MB1 | ORL  BUS#data
CPL F1 ENTO CLK

*These Instructions have been replaced in the 8021 by IN A,PO
and OUTL PO,A respectively.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto 70°C
Storage Temperature ............... -65°C to +150°C
Voltage on Any Pin with

Respectto Ground .................... -0.5V to +7V
Power Dissipation ..............c..oiiiiiiiial 1w

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS TA =0°Ct070°C, Vo = 5.5V £ 1V, Vgg = 0V

Symbol Parameter Limits Te
Min. | Typ. | Max. Unit st Conditions
ViL Input Low Voltage -0.5 0.8 \
VIH Input High Voltage (All except 3.0 vcC \
XTAL 1 & 2, T1 RESET)
VIH1{ Input High Voltage (XTAL 1 & 2, 3.8 vce v
T1 RESET)
VIiH(10%) Input high voitage (All except XTAL 2.0 vcec v VCC =5.0V £ 10%
1 &2 T1, RESET)
VIH1 (10%) Input high voltage (XTAL 1 & 2, 3.5 \'{o]e} v VCC =5.0V = 10%
T1, RESET)
VoL Output Low Voltage 0.45 Vv IOL = 1.6 mA
VoL1 Output Low Voltage (P10, P11) 25 v I0L =7 mA
VOH Output High Voltage 24 v IOH =40 1A
(All unless Open Drain)
ILO Output Leakage Current +10 rA VSS+0.45<VINSVCC
(Open Drain Option— Port 0)
ICC VCC Supply Current 40 75 mA

T1 ZERO CROSS CHARACTERISTICS 74 =0°Ct070°C, Vo = 5.5V + 1V, Vgg = 0V, CL = 80pF

Symbol Parameter Min. Max. Unit Test Conditions
vzXx Zero-Cross Detection Input (T1) 1 3 VPP AC Coupled, C =.2uF
AZX Zero-Cross Accuracy +135 mV 60 Hz Sine Wave
FzZX Zero-Cross Detection Input Frequency (T1) 0.05 1 kHZ
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A.C. CHARACTERISTICS TA=0°Cto70°C, VoG =5.5V 1V, Vgg = OV
Test Conditions: C|_ =80 pF, tcy =8.38 us

Symbol Parameter Min. | Max. | Unit | Test Conditions
tcy Cycle Time 8.38 50.0 us |3.58 MHx XTAL
tPRL ALE to Time P * Input Must Be Valid (input setup) 4.0 us
Normal tpL Output Data Setup Time 0.6 us
Operation t p Output Data Hold Time 0.6 us
tPFL Input Data Hold Time 0 us
L ALE Pulse Width 0.8 us
tR Reset High 3 tcy
RXTAL | Resistor Across XTAL 5 1
tcp Port Control Hold Setup Before Falling Edge 0.3 us
of PROG
tcp Port Control Setup After Falling Edge of PROG 0.8 us
Expander tpg PROG to Time P £ Input Must Be Valid 2.0 4.0 us
Operation tpp Output Data Setup Time 1.0 us
tPD Output Data Hold Time 0.6 us
tPF Input Data Hold Time 0 15 us
tpp PROG Pulse Width 6.0 us
Port 2 Timing
NORMAL OPERATION
e
outeur — X X oara X
ALE /—\— / \
PORT
INPUT < DATA X
E‘ tPRL } tprL ——| ‘-—
EXPANDER OPERATION
ae /T /\
PROG \ r
PORT
contROL e p———————|
ouTeuT X—X Xmm X
1t
Tl —forjzele
oP
YA /L
G
FRo PORT  \ /-
CONTROL
A . X —< DATA X
tcp—| : tpF - [
tpc '4—-
PR
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8021L o
SINGLE COMPONENT 8-BIT MICROCOMPUTER
LOW POWER 10mA

m 8-Bit CPU, ROM, RAM, I/0 in Single m 1K x8 ROM
28-Pin Package 64 x 8 RAM
21 1/0 Lines
® Single 5V Supply (+4.5V to 8V)
; | Interval Timer/Event Counter
m 8.38 usec Cycle With 3.58 MHz XTAL;

All instructions 1 or 2 Cycles B Clock Generated With Sin‘gle Inductor
or Crystal

8 Instructions— 8048 Subset ; B Zero-Cross Detection Capability

B High Current Drive Capability —2 Pins @ Easily Expandable I/0

The Intel® 8021L is a totally seif-sufficient 8-bit parallel computer fabricated on a single silicon chip using
Intel’s N-channel silicon gate MOS process. The features of the 8021L include a subset of the 8048 optimized
for low cost, high volume applications, plus additional /O flexibility and power.

The 8021L contains 1K X 8 program memory, a 64 X 8 data memory, 21 1/0 lines, and an 8-bit timer/ev‘ent
counter, in addition to on-board oscillator and clock circuits. For systems that require extra /0 capability, the
8021L can be expanded using the 8243 or discrete logic.

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021L has
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program
memory results from an instruction set consisting mostly of single byte instructions and no instructions over
two bytes in length. )

To minimize the development probiems and maximize flexibility, an 8021L system can be easily designed using
the 8021L emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the
8748 shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021L’s
additional I/0 features is included.

1024 WORDS 64 WORDS
cLocK PROGRAM DATA
MEMORY MEMORY — P22 5 1 vee
p XTAL 0 m“’ P23 ]2 p21
— prOG (3 P20
“ PORT Poo [Ja P17
#1 P01 []5 P16
RESET . . 3
. SET —=} PORT po2 6 15
8BIT 8021 #2 Po3 [J7 P14
cPU \ TEST —] Pos (J8 P13
ADDRESS pos O P12
|——>» LATCH [ . P11
ENABLE P07 O P10
PORT ALE [ RESET
| EXPANDER T
STROBE g XTAL 2
88IT »” vss O XTAL 1
TIMER/
EVENT COUNTER V0 LINES
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature UnderBias . . ..... 0°C to 70°C
Storage Temperature ....... «.... -65°C to +150°C
Voltage on Any Pin with

RespecttoGround ......000e.. ... -0.5Vto+7V
Power Dissipation .. ..o vviiiinenns PP 1w

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS TA =0°C to 70°C, VCC = 5.5V £ 1V, VSS =0V

Symbol Parameter Limits Unit Test Conditions
Min. | Typ. | Max.

ViL Input Low Voltage -0.5 0.8 Vv

VIH Input High Voltage (All except 3.0 vce Vv
XTAL 1 &2, T1 RESET)

ViHq Input High Voltage (XTAL 1 & 2, 3.8 \Yele: v
T1RESET)

ViHo%) |Input high voltage (All except 2.0 vCcC " VCC =5.0V = 10%
1&2,T1, RESET)

ViH110%) | Input high voltage (XTAL 1 & 2, 3.5 vce \Y VCC =5.0V £ 10%
T1, RESET)

VoL Output Low Voltage 0.45 Vv IOL + 1.6 mA

VOoL1 Output Low Voltage (P10, P11) 2.5 \" IOL =7 mA

VOH Output High Voltage 2.4 \Y I0H =40 pA
(All uniess Open Drain)

ILO Output Leakage Current +10 nA VSS+0.45<VIN<VCC
(Open Drain Option—Port 0)

Icc VCC Supply Current 40 75 mA

T1 ZERO CROSS CHARACTERISTICS T4 =0°Cto 70°C, Vo = 5.5V + 1V, Vgg = 0V, C|_= 80 pF

Symbol Parameter Min. | Max. | Unit Test Conditions
VZX Zero-Cross Detection Input (T1) 1 3 VPP AC Coupled, C =.2uF
AZX Zero-Cross Accuracy +135| mVv 60 Hz Sine Wave
Fzx Zero-Cross Detection Input 0.05 1 kHZ
Frequency (T1)
tcy Cycle Time 8.38 | 50.0 3.58 MHz XTAL =
8.38 us tCY

5-9
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8022

SINGLE COMPONENT 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

® 8-Bit CPU, ROM, RAM, 1/0 in Single 40-Pin m 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines
Package
m 8. ; i
® On-Chip 8-Bit A/D Converter; Two Input ggs usec Cycle; All Instructions 1 or 2
ycles
Channels
® 8 Comparator Inputs (Port 0) ® Instructions—8048 Subset
® Zero-Cross Detection Capability ® |nterval Timer/Event Counter
® Single 5V Supply (4.5V to 6.5V) ® Clock Generated with Single Inductor or
® High Current Drive Capability—2 Pins Crystal
® Two Interrupts—External and Timer & Easily Expanded 1/0

The Intel® 8022 is the newest member of the MCS-48TM family of single chip 8-bit microcomputers. It is designed to
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on-
chip, such as A/D conversion, comparator inputs and zero-cross detection.

The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 1/0 lines,
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili-
ty. In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V
power supply requirement, and easily expandable /0O structure common to all members of the MCS-48 family.

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table
lookup capability. Program memory usage is further reduced via the 8022’s hardware implementation of the A/D

Vee Vss
] 11
PORT0
- | <———— THRESHOLD —\
XTAL REFERENCE  p26 (] 1 40 1 Vee
2048 WORDS 64 WORDS N P27 [] 2 39[]P2s
cLock PROGRAM DATA
MEMORY MEMORY B Avee []3 38 [ p2a
. RESET \FQ PORT 0 Varer [ 4 37 {1 PROG
AN1[]s 36 [ P23
ANO []6 35 [1 P22
TEST 0+ - Avss (17 34 [ P21
NEEPE To]s a3 [1 P20
8022
8-BIT TEST 1+ v Qe 32[] P17
cPy P00 [J10 8022 311 P16
<’L“ai>pon~rz po1 (] 11 300 P15
— po2 (] 12 29[1 P14
AID
REFERENCE™] Po3 [ 13 28] P13
Poa (] 14 27[] P12
Pos [] 15 26 7 P11
ADDRESS Po6 (] 16 25 P10
ANO -~ — ;ﬁ‘;‘é’:i po7 (] 17 24 [] RESET
8-BIT 26 TWO CHANNEL ALE[] 18 28] xTaL2
TIMER/EVENT DIGITAL 8-BIT AID g 227 XTAL1
COUNTER 1O LINES CONVERTER
ANt PORT Vss (] 20 21[7 sussT
|———= EXPANDER
STROBE
AD  AID SUBSTRATE
Vce  Vss
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration
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Table 1. Pin Description
Desig- Pin Desig- Pin
nation No. Function nation No. Function
vss 20 |Circuit GND potential. RESET 24 |Input used to initialize the pro-
P cessor by clearing status flip-
vec 40 |+ SVcircuit power supply. flops and setting the program
PROG 37 |Output strobe for Intel® 8243 counter to zero.
|/0.expander.‘ ) AVSS 7 |A/D converter GND Potential.
P00-PO7 10-17 |8-bit open-drain port with com- Also establishes the lower limit of
Port0 parator inputs. The switching the conversion range.
threshold is set externally by
VTH. Optional pull-up resistors AvVCC 3 |A/D +5V power supply.
may be added via ROM mask SUBST 21 |Substrate pin used with a bypass
selection. capacitor to stabilize the sub-
VTH 9 |Port 0 threshold reference pin. :::r:ltﬁa\‘/:zltage and improve A/D
P10-P17 25-32 |8-bit quasi-bidirectional port. VAREF 4 |A/D converter reference voltage.
Port 1 Establishes the upper limit of the
P20-P27 33-36 |8-bit quasi-bidirectional port. conversion range.
Port 2 38-39 | P20-23 also serve as a 4-bit I/0 ANO, AN1 6,5 [Analog inputs to A/D converter.
1-2 |expander for Intel® 8243. Software selectable on-chip via
. . . SEL ANO and SEL AN1 instruc-
T0 8 |lInterrupt input and input pin tions
testable using the conditional ) .
transfer instructions JTO and ALE 18 |Address Latch Enable. Signal
JNTO. Initiates an interrupt fol- occurring once every 30 input
lowing a low level input if inter- clocks (once every cycle), used
rupt is enabled. Interrupt is as an output clock.
disabled after a reset. XTAL 1 22 |One side of crystal or inductor
T1 19 |Input pin testable using the JT1 input for internal oscillator. Also
and JNT1 conditional transfer input for external frequency
instructions. Can be designated source. (Not TTL compatible.)
the timer/event counter input XTAL 2 23 |Other side of timing control ele-
using the STRT CNT instruction. ment. This pin is not connected
Also serves as the zero-cross when an external frequency
detection input to allow zero- source is used.
crossover sensing of slowly mov-
ing AC inputs. Optional pull-up
resistor may be added via ROM
mask selection.

10-2004F

g
5
%

INPUT
AND
OUTPUT,

Figure 3.The Stand Alone 8022
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FUNCTIONAL DESCRIPTION

Program Memory

The 8022 program memory consists of 2048 words 8
bits wide which are addressed by the program coun-
ter. The memory is ROM which is mask program-
mable at the factory. No external ROM expansion
capability is provided. There are three locations in
program memory of special importance.

Location 0: Activating the RESET line of the pro-
cessor causes the first instruction to
be fetched from location 0.

Activating the interrupt input line of
the processor (if interruptis enabled)
causes a jump to subroutine.

Location 3:

Location7: A timer/event counter interrupt
resulting from a timer/counter over-
flow causes a jump to subroutine (if

timer/counter interrupt is enabled).

Therefore, the first instruction to be executed after
initialization is stored in location 0, the first word of
an external interrupt service routine is stored in
location 3, and the first word of a timer/event coun-
ter interrupt service routine is stored in location 7.

2047
8
7 LOCATION 7—TIMER/COUNTER INTERRUPT
g VECTORS PROGRAM HERE
4
3 LOCATION 3—EXTERNAL INTERRUPT
f VECTORS PROGRAM HERE
0[7]6]5[4[3}2[1]0] RESET VECTORS PROGRAM HERE

Program Memory Map

Program memory can be used to store constants as
well as program instructions. The MOVP instruction
allows easy table lookup for constants and display
formatting.

Data Memory

On-chip data memory is organized as 64.words
eight bits wide. All locations are indirectly addres-
sable and eight designated locations are directly
addressable. Also included in the data memory is
the program counter stack, addressed by a 3-bit
stack pointer.

The first eight locations (0-7) of the array are desig-
nated as working registers and are directly addressa-
ble by any of the 11 direct register instructions.
These locations are readily accessible for avariety
of operations with a minimum number of instruction
bytes required for their manipulation. Thus, they are

5-12

usually used to store frequently accessed interme-
diate results. The DJNZ instruction makes very effi-
cient use of the working registers as program loop
counters by allowing the programmer to decrement
and test the register in a single instruction.

Registers 0 and 1 have yet another function in that
they can be used to indirectly address all locations
in the data memory using the indirect register
instructions. These two RAM pointer registers are
especially useful for repetitive type operations on
adjacent memory locations. The indirect register
instruction specifies which pointer register to use
and the content of the pointer register is used to
address a location in RAM. The contents of the
addressed location are used during the execution of
the instruction and may be modified. The pointer
registers may also point to registers 0-7, if desired.

Locations 8-23 serve a dual role in that they contain
the 8-level program counter stack, two RAM loca-
tions per level. The program counter stack enables
the processor to keep track of the return addresses
generated by interrupts or CALL instructions by
storing the contents of the program counter prior to
servicing the subroutine. A 3-bit stack pointer
determines which of the program counter stack’s
eight register pairs will be loaded with the next
return address generated. The stack pointer, when
initialized to 000 by RESET, points to RAM locations
8 and 9. The first subroutine jump or interrupt
results in the program counter contents being trans-
ferred to locations 8 and 9. The stack pointeris then
incremented by one and points to locations 10 and
11 in anticipation of another CALL. The end of a
subroutine, which is signaled by a returninstruction
(RET or RETI), causes the stack pointer to be
decremented and the contents of the resulting reg-
ister pair to be transferred to the program counter.

Since the program counter’s addresses are 11 bits
long, two bytes or registers must be used to store a
single address. Thus, the 16-byte program counter
stack permits up to a total of 8 levels of subroutine
nesting without overflowing the stack. If overflow
does occur, the deepest address stored (locations 8
and 9) will be overwritten and lost since the stack
pointer overflows from 111 to 000. It also underflows
from 000 to 111. If a particular application does not

63,

€ 1
24 ADDRESSED
238 LEVE; :TACK INDIRECTLY
USER RAM THROUGH
o T6x8 RO ORR1
7| WORKING
nseelsxTaERS DIRECTLY
ABL
= ADD E
0 RO '

Data Memory Map
AFN-00187A-07
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require 8 levels of nesting, the unused portion of the
program counter stack may be used as any other
indirectly addressable RAM location. For example,
if only 3 levels of subroutine nesting are used, then
only locations 8-13 need be reserved for the pro-
gram counter stack, and locations 14-23 can be
used for data storage.

Input/Output

The 8022 has 26 lines which can be used for digital
input or output functions. These lines are organized
as 3 ports of 8 lines, each of which serve as either
inputs, outputs, or bidirectional ports, and 2 test
inputs which can alter program sequences when
tested by conditional jump instructions.

TTL high level, yet can be pulled low by a standard
TTL gate, thus allowing the same pin to be used
both as an input and output. When writing a “0” or
low value to these ports, a low impedance device
(~3000)overcomes the high pullup and provides
TTL currentsinking capability. When writinga “1”, a
large current is momentarily supplied through arel-
atively low impedance device (~5k(1) to allow a fast
data transfer. After a short time (less than one
instruction cycle) the low impedance device is shut
off and the small pullup maintains the “1” level indef-
initely. In this situation, an input device capable of
overriding the small amount of sustaining current
supplied by the pullup device can be read. (Alterna-
tively, the data written can be read.) So, by writinga

INTERNAL
BUS

FLIP-
FLOP

CLK _Q

*5V

KL S s0kQ

1 O PIN
PORTS 1
AND 2

WRITE i

PULSE

INPUT

<3002

.

BUFFER
IN

Quasi-Bidirectional Port Structure

Ports 1 and 2 have identical operating characteris-
tics and are both quasi-bidirectional. That is, each
line may serve as an input, an output, or both. Data
written to these ports is statically latched and
remains unchanged until rewritten. Asinputs, these
lines are non-latching; i.e., inputs must be present
until read by an input instruction. Inputs are fully
TTL compatible and all outputs will drive at least
one standard TTL load. Two lines of port1 (P10 and
P11) are designated as high current drive lines and
have the ability to sink 7 mA. In addition, these pins
may be paralleled for 14 mA output if the output
logic states are always the same. The high current
output lines eliminate the need for discrete transis-
tors in many applications.

The lines of ports 1 and 2 are quasi-bidirectional
because of their output structure which allows them
to be used as inputs, outputs, or both, even though
as outputs they are statically latched.

Each line is continuously pulled up to +5V through a
relatively high impedance device (~50 k). This pull-
up is sufficient to provide the source current for a

“1” to any particular pin that pin can service either as
a true high-level latched output pin, or as just a
pullup resistor on an input. This allows maximum
user flexibility in selecting his input or latched out-
put lines, with a minimum of external components.

Port 0 Comparator Inputs

Port 0 has been modified from the standard quasi-
bidirectional structure to allow an optional open
drain configuration with comparator inputs. The
low impedance pullup device has been eliminated
and the high impedance pullup is optional. Thus,
the user can choose via a mask programmable
selection each line of port 0 to be either quasi-
bidirectional with a high impedance or true open-
drain. The open drain configuration allows the line
to sink current through the low impedance pull-
down device or to float in the high output state.
More importantly, the open drain configuration
makes port 0 very easy to drive when it is used as
inputs. The input circuitry for each line of port 0
includes a voltage comparator which amplifies the

AFN-00187A-08
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INTERNAL [
BUS

WRITE

PULSE

IN

e |

+5V

2 ~50K0

/0 PIN
PORT 0

COMPARATOR v
TH

Port 0 1/0 Structure

voltage difference between the input port line and
the port 0 threshold reference pin (VTH). The vol-
tage gain of the comparator is sufficient to sense a
100 mV input differential within the range Vgg to
Vee/a.

If VTH is allowed to float, it will bias itself to the
digitai switch point of the other ports, and port 0
behaves as a set of normal digital inputs. However,
by biasing VTH, the switch point can be both tightly
controlled and adjusted. Common uses for this
would include high noise margin inputs (VCc/2),
unusual logic level inputs as from a diode isolated
‘keyboard, analog channel expansion, and direct
capacitive touchpanel interface. The comparator
action is automatic and the port is read just as any
other port.

8022 8243

J40y

P20-3 K 4 P20-3

PROG PROG

L 1

1/0 Expander interface

In addition to the 26 digital I/O lines contained on-
board the 8022, a user can obtain additional I/0O
lines by utilizing the Intel® 8243 I/O expander chip
or standard TTL. The 8243 interfaces to 4 port lines
of the 8022 (lower half of port 2) and is strobed by
the PROG line of the 8022.

The 8243 contains four 4-bit I/0 ports which serve
as extensions of the on-chip I/0 and are addressed
as ports 4-7. The following operations may be per-
formed on these ports:

1. Transfer Accumulator to Port
2. Transfer Port to Accumulator
3. And Accumulator to Port

4. Or Accumulator to Port

A 4-bit transfer from a port to the lower half of the
accumulator sets the most significant four bits to
zero. Each transfer consists of two 4-bit nibbles. The
first contains the “opcodes” and port address, and
the second contains the actual 4 bits of data. A
high-to-low transition of the PROG line indicates
that address is present while a low-to-high transi-
tion indicates the presence of data.

TEST AND INTERRUPT INPUTS

In addition to the 24 generai purpose I/0 lines which
comprise ports 0, 1, and 2, the 8022 has two inputs
which are testable via conditional jump instructions,
TO and T1. These pins allow inputs to cause pro-
gram branches without the necessity to load an
input port into the accumulator. TO and T1 have
other functions as well.

The Test 0 pin serves as an external interrupt input
as well as a testable input. An interrupt sequence is
initiated by applying a low “0” level input to the TO
pin when external interrupt is enabled. Interrupt is
level triggered and active low to allow “WIRE ORING”
of several interrupt sources at the input pin. When
aninterruptis detected, it causes a “jump to subrou-
tine” at location 3 in program memory as soon as all
other cycles of the currentinstruction are complete.
Atthistime, the program counter contents are saved
in the program counter stack, but the remaining
status of the processor is not. Unlike the 8048, the
8022 does not contain a program status word. Thus,
when appropriate, the carry and auxiliary carry flags
are saved in software, as the accumulator is. The
routine shown below saves the accumulatorand the
carry flags in only four bytes.’

Instructions Bytes

MOV R6,A 1
CLRA 1

Comments

;save accumulator
;clear accumulator

AFN-00187A-09
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Instructions Bytes
DA A 1 ;convert carry flags into sixes
MOV R7,A 1 ;save status of carry flags
The end of an interrupt service subroutine is marked
by the execution of a Return from Interrupt instruc-
tion (RETI). Prior to returning from the interrupt
subroutine however, the status of the accumulator
and the carry flags are restored in software. The
following routine restores the status of the accumu-
lator and carry flags, which was previously saved, in
five bytes.

Comments

Instructions Bytes Comments

MOV AR7 1 ;restore carry flags status to

Add A #0AAH 2 ,accumulator and set/clear
carry flags

MOV A,R6 1 ;restore accumulator

RETI 1 ;return

The interrupt system is single level in that once an
interrupt is detected, all further interrupt requests
areignored until execution of a RETI re-enables the
interrupt input logic. This sequence holds true also
for an internal interrupt generated by timer over-
flow. If an external interrupt and an internal timer/
counter generated interrupt are detected at the
same time, the external source will be recognized. If
needed, a second internal interrupt can be created
by enabling the timer/counter interrupt, loading
FFH in the counter (one less than terminal count)
and enabling the event counter mode. A low-to-high
transition on the T1input will then cause aninterrupt
vector to location 7.

The Test 1 pin, in addition to being a testable input,
serves two other important functions. It can be used
as an input pin to the external event counter, as
previously mentioned, and it can be used to detect
the zero crossing point of slow moving AC signals.
Execution of the STRT CNT instruction puts the T1
pin in the counter input mode by connecting T1 to
the counter and enabling the counter. Subsequent
low-to-high transitions on T1 will cause the counter
to increment. Note that this operation differs from
the rest of the MCS-48 devices, which increment the
counter on high-to-low transitions. This change
was made on the 8022 to take advantage of the
accuracy of the rising edge detection on the zero

| 100 mvV
| OFFSET
AC SOURCE 1-3VAC

ZERO CROSS u bp
+135mV

|
Tl

8022
INTERPRETATION

AC SOURCE —| TO T1/EVENT COUNTER

1uF I

Zero-Cross Detection

cross circuitry. The maximum rate at which the
counter may be incremented is once per three
instruction cycles (every 30 us when using a 3 MHz
crystal) —there is no minimum frequency.

In addition to serving as a testable input and as the
counter input, the T1 pin has special circuitry to
detect when an AC signal crosses its average DC
level. When driven directly, this pin responds as a
normal digital input. To utilize the zero cross detec-
tion mode, an AC signal of approximately 1-3 VAC
p-p magnitude and a maximum frequency of 1 kHz
is coupled through an external capacitor (1 uF) to
the T1 pin.

The internal digital state is sensed as a zero until the
rising edge crosses the DC average level, when it
becomes a one. This is accomplished by the self-
biasing high gain amplifier which is included in the
T1 input. This circuit biases the T1 input exactly at
its switching point, such that a small change will
cause a digital transition to occur. This digital tran-
sition takes place within 135mV of the zero point.
Thedigital value of T1 remainsa one until the falling
edge of the AC input drops approximately 100 mV
below the switching point of the rising edge (100 mV
below the zero point, if the digital transition occurred
exactly at the zero point). The 100 mV offset is
created by hysterisis and eliminates chattering of
internal signal caused by external noise.

The zero cross detection capability allows the user
to make the 60 Hz power signal the basis for this
system timing. All timing routines, including time-
of-day, can be implemented using the zero cross
detection capability of T1 and its conditional jump
instructions. In addition, the zero cross detection
feature can be used in conjuction with the timer
interrupt to interrupt processing at the zero voltage
point. This enables the user to control voltage phase
sensitive devices such as triacs and SCRs, and to
use the 8022 in applications such as shaft speed and
angle measurement.

Analog To Digital Converter

The 8022 contains on-chip a complete hardware
implementation of an 8-bit analog to digital (A/D)
converter with two multiplexed analog inputs. The
A/D converter utilizes a successive approximation
technique to provide an updated conversion once
every four instruction cycles (i.e., once every 40 us)
with a minimum of required software.

The A/D converter consists of four main parts, the
input circuitry, a series string of resistors, a voltage
comparator, and the successive approximation logic.
The two analog inputs are multiplexed on-chip and
selected via software by the SEL ANO and SEL AN1
instructions. Besides selecting one of the analog

AFN-00187A-10
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inputs, these instructions restart the conversion
sequence which operates continuously. Restarting
a conversion sequence deletes the conversion in
progress but does not affect the result of the pre-
vious conversion which is stored in the conversion
resultregister. The continuous operation of the A/D
converter saves program space and time by allow-
ing the user to obtain multiple readings from a given
input with only one select instruction. To obtain a
valid conversion reading, the user must provide the
analog input signal no later than the beginning of
the selectinstruction cycle. The analog inputis then
sampled by the A/D converter and maintained
internally. This voltage becomes one input to the
voltage comparator which amplifies the difference
between the analog input and the voitage tap on the
series resistor string.

The series resistor string is connected between the
A/D reference pin (VAREF) and ground (AVsS). Itis
comprised of 256 identical resistors which divide
the voltage between these two pins into 256 identi-
cal voltage steps. This configuration gives the con-
verter itsinherent monotonicity. The range of VAREF
in which full 8-bit resolution can be provided is
between Vcc/2 and Vg .

Thus, the user is given a minimum voltage range
from ground to Vcc/2 and a maximum range from
ground to Vo over which 8-bit resolutionisinsured.

The voitage tap on- the series resistor string is
selected by the resistor ladder decoder. This de-
coder is driven by the 8-bit successive approxima-
tion register (SAR). Each bit of the SAR is set in
succession MSB to LSB and a voltage comparison
between the selected resistor ladder voltage and the
analoginputvoltage is performed after the setting of
each bit. The result of each comparison determines
whether the particular bit will remain set or be reset.
All comparisons are performed automatically by the
on-chip A/D hardware. At the end of 8 comparisons
the SAR contains a valid digital result which is then
latched into the conversion result register (CRR).
The RAD instruction (read A/D) loads the conver-
sion result from the CRR to the accumulator of the
8022.

As mentioned previously, the software and time
required to perform an A/D conversion is optimized
by the 8022’s on-chip A/D converter configuration.
Typical software for reading two sequential A/D
conversions and storing them in data memory is
shown below:

First SEL ANO ;Start conversion of ANO
input

Conversion MOV RO,#24 ;Set up memory pointer

50 us RAD ;First conversion value to
accumulator :

4 bytes

Second MOV @ RO,A ;Storefirstconversionvalue

Conversion INC RO ;Increment memory
location

40 us RAD ;Second conversion value

to accumulator

Note that the second conversion occurs without a
second select instruction being used. Rather, the
continuous operation of the A/D converter provides
an updated digital value 4 instruction cycles after
the first.

ANALOG MULTIPLEXER

[ ]
| SEL ANO
| SEL AN1
o SAMPLE AND HOLD
I
L
T

RESISTIVE
LADDER

VAREF

COMPARATOR

I—- 'CONTROL

TAP
DECODER

, ‘
4 K= SAR
AVss g R

AVee [—o RAD — ‘
INTERNAL BUS

A/D Converter Block Diagram

XTAL1

3
31 MEG 0 L

—1

XTAL2
6-3 MHz

CRYSTAL

p XTAL1

P XTAL2

(L VALUE TO BE DETERMINED)
INDUCTOR

XTAL1

NC —¢ XTAL2
EXTERNAL

AFN-00187A-11
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To insure maximum accuracy from the A/D conver-
ter, separate power supply pins (AVCC and AVSS)
and a substrate pin (SUBST) have been provided.
Supplying the power supply pins with a well filtered
and regulated voltage supply minimizes the effect of
power supply variance and system noise. The sub-
strate pin should be bypassed to ground through
both a 1 uF capacitor and a silver mica 100pF
capacitor.

Oscillator and Clock

The 8022 contains its own on-board oscillator and
clock circuit, requiring only an external timing
control element. This control element can be a
crystal, inductor, or clock in. The capacitor normally
required in inductor timing control operation is
integrated onto the 8022. All internal time slots are
derived from the external element, and all outputs
are a function of the oscillator frequency. Pins X1
and X2 are used to input the particular control
element. An instruction cycle consists of 10 states,
and each state is a time slot of 3 oscillator periods.
Therefore, to obtain a 10 us instruction cycle, a 3
MHz crystal should be used.

Timer/Counter

An interval timer/counter is available to enable the
user to keep track of time elapsed or number of
events occurred, during normal program execution
and flow.

By a MOV T,A instruction, the contents of the
accumulator are loaded to the timer. At the STRT T
command an internal prescaler is zeroed and
thereafter increments once each 30 input clocks
(once each single cycle instruction, twice each
double cycle instruction).The prescaler is divided
by 32. At the (11111) to (00000) transition the timer
is incremented. The timer is 8 bits and an overflow
(FFH) to (0O0H) timer flag is set along with the timer
interrupt, if enabled. A conditional branch instruction
(JTF) is available for testing this flag, the flag being
reset each test. This instruction must also be used to
initialize the timer overflow flag after a RESET
instruction, as RESET does not perform this function.
Total count capacity for the timeris 28 x25=8192 or
81.9 ms at a 10 us cycle time. Contents of the timer
are moved to the accumulator by the MOV AT
instruction without disturbing the counting process.

The timer may aiso be used as an event counter.
After a STRT CNT command, the 8022 will respond
to a low-to-high transition on the Test 1 pin by
incrementing the timer. Transitions can occur no
faster than once each three instruction cycles.

The timer and event functions are exclusive. Count-
ing or timing may be started or stopped (STOP
TCNT) at will.

CPU

The 8022 CPU has arithmetic and logical capability.
A wide variety of arithmetic and logic instructions
may be exercised, which affect the contents of the
accumulator, and/or direct or indirect scratchpad
locations. Provisions have been made for simplified
BCD arithmetic capability through the use of the
DA-A, SWAP A. and XCHD instructions. In addition,
MOVP A,@A allows table lookup for display
formatting and constants. Jump conditions such as
zero, no zero refer to the accumulator contents at
the time of the condition.

Reset

The reset input provides a means for initialization
for the processor. The 8022 has an internal pull
down resistor which in combination with the ex-
ternal 1 f capacitor, provides an internal reset pulse
of sufficient length to guarantee all circuitry is reset.
If the reset pulse is generated externally, the reset
pin must be held above 3.8 volts for at least 11
milliseconds after the power supply is within toler-
ance during the initial power on. Only 1 instruction
cycle is required if power is already on and the
oscillator has stabilized.

vece

1uF
10V

8022

24
RESET

e
50K
puliout

Power On Reset
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias

Storage Temperature
Voltage on Any Pin with

Respect to Ground
Power Dissipation

*NOTICE: Stresses above those listed under “Absolute

....... 0°Cto70°C Maximum Ratings” may cause permanent damage to the
............... -65°C to +150°C device. This is a stress rating-only and functional opera-
tion of the device at these or any other conditions above

.................... -0.5V to +7V those indicated in the operational sections of this specifi-
............................ 1 Watt cation is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device
reliability. .

D.C. CHARACTERISTICS T4 =0°Ct070°C, Voc =5.5V+ 1V, Vgg = OV

Symbol Parameter Limits Unit | Test Conditions
Min. Typ. | Max.
ViL Input Low Voltage -0.5 0.8 v VTH Floating
VIH1 Input Low Voitage (Port 0) -0.5 VTH-0.1 \" .
VIH High Voltage 2.0 vce v VCC = 5.0V = 10%
(All except XTAL 1, RESET) - | VTH Floating
VIH1 Input High Voltage 3.0 vce v VCCc =565V 1V
(All except XTAL 1, RESET) VTH Floating
VIH2 Input High Voltage (Port 0) VTH+0.1 vVce \% -
VIH3 Input High Voltage (RESET, XTAL 1) 3.0 vee \Y VCC = 5.0V 10%
VTH Port 0 Threshold Reference Voltage 0 4vVCee Vv )
VoL Output Low Voltage 0.45 \ IOL = 1.6 mA
VOL1 Output Low Voltage (P10, P11) 25 v IOL =7 mA
VOH Output High Voltage (all unless. 24 \" IOH =50 uA
| Open Drain Option— Port 0) )
IL1 Input Current (T1) + 200 pA VCC=VIN=VSS+.45V
Lo Output Leakage Current +10 pA | VCC=VIN=VSS+0.45V
(Open Drain Option—Port 0)
icc VCC Supply Current 50 100 mA
A.C. CHARACTERISTICS T4 =0°C 0 70°C, VGG = 5.5V % 1V, Vgg.= OV
Symbol Parameter Min. Max. Unit Test Conditions
tcy Cycle Time 8.38 50.0 - uS 3 MHz XTAL =10 us tCY
VZXx Zero-Cross Detection Input (T1) 1 3 VACpp | AC Coupled
AZX Zero-Cross Accuracy +135 mV 60 Hz Sine Wave
Fzx Zero-Cross Detection Input 0.05 M kHz
Frequency (T1)

AFN-00187A-03
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A.C. CHARACTERISTICS TA=0°Ct070°C, VoG =55V 1V, Vgg =0V
Test Conditions: C =80 pF tcy=8.38 us
Symbol Parameter Min. | Max. | Unit Notes
tcp Port Control Setup Before Falling Edge of PROG | 0.5 us
tpc Port Control Hold After Falling Edge of PROG 0.8 us
Expander tPR PROG to Time P2 Input Must Be Valid 1.0 | us
Operation Output Data Setup Time 7.0 us
{=15) Output Data Hold Time 8.3 us
tpg Input Data Hold Time 0 150 | us
tpp PROG Pulse Width 8.3 us
tPRL ALE to Time P2 Input Must Be Valid 3.6 us
Normal tpL Output Data Setup Time 0.8 us
Operation tLp Output Data Hold Time 1.6 us
tPFL Input Data Hold Time 0 us
tLL ALE Pulse Width 3.9 [23.0| us | tcy=8.38 us for min
Port 2 Timing
NORMAL OPERATION
-] ot
ALE / \ / \
T
oot X X o X
.PL-.‘ ->" I<-'|.P
ALE / \ / \
V4
INPUT < X
}4 tPRL ﬁ—i -'—‘ ’-‘—'m
EXPANDER OPERATION
ALE / \ / \
PROG \ et
{4 tpp 4‘!
PORT POR
ouTPUT pata X

‘o _—‘ -—I—_ I" tpo

—

DATA

X

=
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A/D CONVERTER CHARACTERISTICS TA =0°Ct070°C, Vo =5.5V £ 1V, Vgg =0V, AVGg =5.5V £ 1V,
AVgs =0V, AVcc/2 < VAREF < AVCC

Parameter Min. Typ. Max. Unit Comments
Resolution 8 Bits
Absolute Accuracy 8% FSR+ 72 LSB LsSB (Note 1)
Sample Setup Before Falling Edge of ALE (tgg) 0.20 toy
Sample Hold After Falling Edge of ALE (tgy) 0.10 tey
Input Capacitance (ANO, AN1) 1 pF
Conversion Time 4 4 tey
Analog Input Timing
ALE s
\
e — [e—tsH
ANALOG
INPUT
NOTE:
1. The analog input must be maintained at a constant voltage during the sample time (tgg + tgn).
5-20° AFN-00187A-05
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Table 2. Instruction Set Summary

Hexadecimal Hexadecimal
M Bytes Cycle Opcode Mnemonic Description Bytes Cycle Opcode
ADD AR, Add register to A 1 1 68-6F JTO addr Jump on TO=1 2 2 36
ADD A,@R Add data memory to A 1 1 6061 JNTO addr Jump on TO=0 2 2 26
ADD A #data Add immediate to A 2 2 03 JT1 addr JumponTi=1 2 2 56
ADDC AR, Add register with carry 1 1 78-7F JNT1 addr Jump on T1=0 2 2 46
ADDC A,@R Add data memory with 1 1 70-71 JTF addr Jump on timer flag 2 2 16
carry
A,#data Add i diate with 2 2 .
ADDC ata Ca"lymme ate wi 2 . .E CALL addr Jump to subroutine 1 2 14,34,54,74
ANL AR, And register to A 11 585F £ cer fet . 33'34'0“":4
ANLA@R  Anddatamemoryto A 1 1 5051 3 eturn
ANL A #data And immediate to A 2 2 53
ORL AR, Or register to A 1 1 48-4F & CLRC Clear carry 1 197
ORL A @R Or data memory to A 1 1 40-41 E CPLC Complement carry 1 1 A7
. ORL A ,#data Orimmediate to A 2 2 43
% XRL AR Exclusive Or register 1 1 D8-DF MOV AR, Move register to A 1 1 F8-FF
E to A MOV A@R  Move data memory to A 1 1 FO-F1
3 XRLA@R Exclusive Or data 1 1 DO-D1 MOV A #data Move immediate to A 2 2 23
2 memory to A MOV R;,A Move A to register 1 1 A8-AF
XRL A, #data Exclusive Or immediate 2 2 D3 MOV @ R.A Move A to data memory 1 1 AO-At
to A MOV R, #data Move immediate to 2 2 B8-BF
INC A Increment A 1 1 17 g register
DEC A Decrement A 1 107 § MOV@R,#data Move immediate to 2 2 BO-B1
CLR A Clear A 1 1 27 © data memory
CPL A Complement A 1 1 37 g XCHA,R, Exchange A and 1 1 28-2F
DA A Decimal adjust A 1 1 57 register
SWAP A Swap nibbles of A 1 1 47 XCHA@R Exchange A and data 1 1 20-21
RL A Rotate A left 1 1 E7 memory
RLC A Rotate A left through 1 1 F7 XCHD a,@ R Exchange nibble of A 1 1 30-31
carry and register
RR A Rotate A right 1 177 MOVP A @A Move to A from current 1 2 A3
RRC A Rotate A right through i 1 67 page
carry
8 MOVAT Read timer/ counter 1 1 42
IN A, Pp Input port to A 1 2 08,09,0A % MOV T,A Load timer/counter 1 1 62
. OuTL P, A Output A to port 1 2 90,39,3A o STRTT Start timer 1 1 55
2 MOovD APp Input expander port 1 2 O0C-oF % STRT CNT Start counter 1 1 45
g to A E STOP TCNT  Stop timer/counter 1 I 65
=~ MOVD Pp,A Output A to expander 1 2 3C-3F
3
2 port s RAD Move conversion resuli 1 2 80
= ANLD Pp,A And A to expander port 1 2 9C-9F S register to A
ORLD Pp,A Or A to expander port 1 2 8C-8F E SEL ANO Select analog input 1 1 85
o zero
2 . 2 SEL AN1 Select analog input one 1 1 95
.g INC R, Increment register 1 1 18-1F <
K- I t dat: 1 1 10-11
5 INCeR nerement data memory ENI Enable external 1 1 05
interrupt
JMP addr Jump unconditional 2 2 04,24,4464, pis! D.usable external ! ! 15
84,A4,C4.E4 £ interrupt
JMPP @ A Jump indirect 1 > B3 g EN TCNTI Eiv:‘z::rlreu::ner/coumer 1 1 25
s i 2 - 2
2 DJNZ R addr Qecrement register and 2 2 ESEF £ DIS TCNTI Disable timer/counter 1 1 35
s - jump on R not zero interrupt
@
JC addr Jump on carry=1 2 2 F6 .
INC addr Jump on carry=0 > > &6 RET | Return from interrupt 1 2 98
JZ addr Jump on A zero 2 2 Cse X
JINZ addr Jump on A not zero 2 2 9 NOP No operation 1 to0o
SYMBOLS AND ABBREVIATIONS USED
P Mnemonic for “in-page” Operation
A Accumulator Pp Port Designator (P=0, t, 2 or 4-7)
addr 11-Bit Program Memory Address Rr Register Designator (r=0-7)
ANO, AN1 Analog Input O, Analog Input 1 T Timer
CNT Event Counter TO, T1 Test O, Test 1
data 8-Bit Number or Expression # Immediate Data Prefix
1 Interrupt @ Indirect Address Prefix

5-21
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8022H
HIGH PERFORMANCE
SINGLE COMPONENT 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

= 8-Bit CPU, ROM, RAM, I/O in Single 40-Pin m 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines

Package B 5 usec Cycle; All Instructions 1 or 2
On-Chip 8-Bit A/D Converter; Two Input Cycles (6 MHz Clock)

Channels m Instructions—8048 Subset
8 Comparator Inputs (Port 0) Interval Time/Event Counter

]
W Zero-Cross Detection Capability m Clock Generated with Single Inductor or
[ |
[ ]

Single 5V Supply (4.5V to 6.5V) Crystal
Two Interrupts—External and Timer m Easily Expanded I/0O

The Intel® 8022H is designed to satisfy the requirements of low cost, high volume applications which invoive
analog signals, capacitive touchpanel keyboards, and/or large ROM space. The 8022H addresses these
applications by integrating many new functions on-chip, such as A/D conversion, comparator inputs and
zero-cross detection.

The features of the 8022H include 2K bytes of program memory (RCM), 64 bytes of data memory (RAM), 28
I/0 lines, an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for
interfacing to low voltage capacitive touchpanels or other non-TTL interfaces, external timer interrupts, and
zero-cross detection capability. In addition, it contains the 8-bit interval timer/event counter, on-board
oscillator and clock circuitry, single 5V power supply requirement, and easily expandable |1/O structure
common to all members of the MCS-48 family.

The 8022H is designed to be an efficient controller as well as an arithmetic processor. It has bit handling
capability plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from
using the MCS-48 instruction set which consists mostly of single byte instructions and has extensive
conditional jump and direct table lookup capability. Program memory usage is further reduced via the 8022H’s
hardware implementation of the A/D converter which simplifies interfacing to analog signals.

Vee Vss

N
PORT 0
- +——— THRESHOLD —\_
XTAL REFERENCE P26 ({1 40 1 Vee
2048 WORDS 64 WORDS N P27 [ 2 39[] p2s
cLock PROGRAM DATA
MEMORY MEMORY N AvVee [ 3 3 [ p2a
RESET +| a:|> PORTO  Vaner [ 4 a7 {1 PROG
. AN1[]s 36 [1 P23
ANo (] 6 35 P22
TEST 0» _ Avss [ 7 3a ] P21
. 8  DPORT1 rods Y
802
88IT TEST 1+ Ve sz pi7
cPY poo (J10  go22 31[] P16
?>Poar2 Po1 Q1 30 s
— Po2 [} 12 207 P14
AID
REFERENCE| po3 13 w1 e
N poa (} 14 27 g P12
. pos (] 15 267 P11
ADDRESS Pos (] 16 25[1 P10
ANO~ —— 'éﬁ%& po7 [} 17 24 [ ResET
sBIT 2 TWO CHANNEL e B 28] xtat2
TIMER/EVENT DIGITAL 8-BIT AID 1119 227 XTAL1
COUNTER 110 LINES CONVERTER
ANTo PORT Vss (] 20 21[] sussT
|———= EXPANDER
STROBE
AID  AID SUBSTRATE
. Vec  Vss
Figure 1. : Figure 2. Figure 3. Pin
Block Diagram Logic Symbol ‘Configuration
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8031/8051/8751
SINGLE COMPONENT 8-BIT MICROCOMPUTER

m 8031 - Control Oriented CPU With RAM and 1/0
m 8051 - An 8031 With Factory Mask-Programmable ROM
®m 8751 - An 8031 With User Programmable/Erasable EPROM

® 4K x 8 ROM/EPROM m Boolean Processor
m 128 x 8 RAM m MCS-48® Architecture Enhanced with:
B Four 8-Bit Ports, 321/0 Lines ¢ Non-Paged Jumps
B Two 16-Bit Timer/Event Counters e Direct Addressing
B High-Performance Full-Duplex e Four8-Register Banks
Serial Channel e Stack Depth Up to 128-Bytes
m External Memory Expandable to 128K ¢ Multiply, Divide, Subtract, Compare
@ Compatible with MCS-80®/MCS-85@ ® Most Instructions Execute in 1ps
Peripherals B 4ps Multiply and Divide

The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel's
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin
DIP. It provides the hardware features, architectural enhancements and new instructions that are necessary to
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory
and/or up to 64K bytes of data storage. )

The 8051/8751 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data
memory; 32 I/0 lines; two 16-bit timer/counters; a five-source, two-priority-level, nested interrupt structure; a
serial I/0 port for either multi-processor communications, |/0O expansion, or full duplex UART; and on-chip
oscillator and clock circuits. The 8031 is identical, except that it lacks the program memory. For systems that
require extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte
oriented MCS-80 and MCS-85 peripherals.

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic
processor. The 8051 has extensive facilities for binary and BCD arithmetic and excels in bit-handling capa-
bilities. Efficient use of program memory results from an instruction set consisting of 44% of one-byte, 41%
two-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute in1us, 40%
in 2us and multiply and divide require only 4us. Among the many instructions added to the standard 8048
instruction set are multiply, divide, subtract and compare.

RST/VPD
FREQUENCY

REFERENCE COUNTERS "Is ‘icc l
s s ——— —— —— —— — —— — — —— — — 3
XTALY
[ ] _E—— e\ - a P10 O3 0|
I I ] e | E (SR = 39
4096 BYTES e | a» |G
AT 8
oo By | | HRE [ ~oilale A= M
| TIMING R COUNTERS l XTALZ § 2
| e |2 P14 [ 36
l } F l [ | e (T P15 35
I I EA/VDD — > [ -0 P16 [ 34
[ P17 £
wm K o s
| N I e _ RST/VPD ] £
lL l ALE/PROG ~*—1 :m 1 RXp P30 CJ 3
‘ ’ 8751 (a0 T™*0 P33 ] 3
PROGRAMMABLE i iNTO P8,
| 64K-BYTE BUS . %ﬂ% :po‘.g l - e n.: E :
Eéo":,"‘,:"',’l" PROGRAMMABLE 1/0 UART 2 [ )
'  SYNCHRONOUS I S [ RO <win [ N — To P34 27
| INTERRUPTS SHIFTER 5| TXow— | i - | — 2 TT P35 ] 26
I 2| NTO— |, <ao e | — |a WR P36 ] 25
| | e e e — | [—=] [ [—] [— — [ i SEV > L= 2
z TO— )G faom O [ —t (W !
g T | e e | —o | O XTAL2 3 23
INTERRUPTS CONTROL PARALLEL PORTS, SERIAL  SERIAL S| WR=— | =i - | — | < XTALY 22
ADDRESS/DATA BUS, N out | A | - — vss 21
AND 1/0 PINS @
Figure 1. - Figure 2. Figure 3. Pin

Block Diagram Logic Symbol Configuration
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INTRODUCTION

This data sheet provides an introduction to the 8051
family. A detailed description of the hardware re-
quired to expand the 8051 with more program mem-
ory, data memory, I/0O, specialized peripherals and
into multiprocessor configurations is described in
the 8051 Family User's Manual.

THE 8051 Family

The 8051 is a stand-alone high-performance single-
chip computer intended for use in sophisticated
real-time applications such as instrumentation,
industrial control and intelligent computer periph-
erals. It provides the hardware features, architectural
enhancements and new instructions that make it a
powerful and cost effective controller for applications
requiring up to 64K-bytes of program memory and/or
up to 64K-bytes of data storage. A Block Diagram is
shown in Figure 3.

The 8031 is a control-oriented CPU without on-chip
program memory. It can address 64K-bytes of
of External Data Memory. For systems requiring extra
capability, each member of the 8651 family can be
expanded using standard memories and the byte
oriented MCS-80 and MCS-85 peripherals. The 8051
is an 8031 with the lower 4K-bytes of Program
Memory filled with on-chip mask programmable
ROM while the 8751 has 4K-bytes of UV-light-
erasable/electrically-programmable ROM.

The three pin-compatible versions of this com-
ponent reduce development problems to a minimum
and provide maximum flexibility. The 8751 is well
suited for development, prototyping, low-volume
production and applications requiring field updates;
the 8051 for low-cost, high volume production; and
the 8031 for applications desiring the flexibility of
external Program Memory which can be easily

modified and updated in the field.

MACRO-VIEW OF THE 8051

ARCHITECTURE

On a single die the 8051 microcomputer combines
CPU; non-volatile 4K x 8 read-only program memory;
volatile 128 x 8 read/write data memory; 32 1/0 lines;
two 16-bit timer/event counters; a five-source, two-
priority-level, nested interrupt structure; serial I/O
port for either multi-processor communications, /0
expansion, or full duplex UART; and on-chip oscilla-
tor and clock circuits. This section will provide an
overview of the 8051 by providing a high-level de-
scription of its major elements: the CPU architecture
and the on-chip functions peripheral to the CPU.
The generic term “8051” is used to refer collectively
to the 8031, 8051, and 8751.

8051 CPU Architecture

The 8051 CPU manipulates operands in four memory
spaces. These are the 64K-byte Program Memory,
64K-byte External Data Memory, 384-byte Internal
Data Memory and 16-bit Program Counter spaces.
The Internal Data Memory address space is further
divided into the 256-byte Internal Data RAM and
128-byte Special Function Register (SFR) address
spaces shown in Figure 4. Four Register Banks
(each with eight registers), 128 addressable bits,
and the stack reside in the Internal Data RAM. The
stack depth is limited only by the available Internal
Data RAM and its location is determined by the 8-bit
stack pointer. All registers except the Program
Counter and the four 8-Register Banks reside in the
Special Function Register address space. These
memory mapped registers include arithmetic regis-
ters, pointers, 1/0 ports, interrupt system registers,
timers and serial port. 128 bit locations in the SFR
address space are addressable as bits. The 8051 con-
tains 128 bytes of Internal Data RAM and 20 SFRs.

64K

EXTERNAL

4005 |

64K

OVERLAPPED SPACE

INTERNAL

I I 0

%[_-__— | 255 _‘
128 |- 128
o | 0

« J — _ -

PROGRAM PROGRAM INTERNAL SPECIAL EXTERNAL

COUNTER MEMORY DATA RAM FUNCTION DATA
REGISTERS MEMORY

J

INTERNAL DATA MEMORY

Figure 4. 8051 Family Memory Organization
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The 8051 provides a non-paged Program Memory
address space to accommodate relocatable code.
Conditional branches are performed relative to the
Program Counter. The register-indirect jump permits
branching relative to a 16-bit base register with an
offset provided by an 8-bit index register. Sixteen-bit
jumps and calls permit branching to any location
in the contiguous 64K Program Memory address
space.

The 8051 has five methods for addressing source
operands: Register, Direct, Register-Indirect, Im-
mediate and Base-Register- plus Index-Register-
Indirect Addressing. The first three methods can be
used for addressing destination operands. Most
instructions have a “destination, source” field that
specifies the data type, addressing methods and
operands involved. For operations other than
moves, the destination operand is also a source
operand.

Registers in the four 8-Register Banks can be
accessed through Register, Direct, or Register-
Indirect Addressing; the 128 bytes of Internal Data
RAM through Direct or Register-Indirect Addressing;
and the Special Function Registers through Direct
Addressing. External Data Memory is accessed
through Register-Indirect Addressing. Look-Up-
Tables resident in Program Memory can be accessed
through Base-Register- plus Index-Register- Indirect
Addressing.

The 8051 is classified as an 8-bit machine since the
internal ROM, RAM, Special Function Registers,
Arithmetic/Logic Unit and external data bus are each
8-bits wide. The 8051 performs operations on bit,
nibble, byte and double-byte data types.

The 8051 has extensive facilities for byte transfer,
logic, and integer arithmetic operations. It excels at
bit handling since data transfer, logic and condi-

tional branch operations can be performed directly .

on Boolean variables.

The 8051's instruction set is an enhancement of

the instruction set familiar to MCS-48 users. It is
enhanced to allow expansion of on-chip CPU
peripherals and to optimize byte efficiency and
execution speed. Op codes were reassigned to add
new high-power operations and to permit new
addressing modes which make the old operations
more orthogonal. Efficient use of program memory
results from an instruction set consisting of 49
single-byte, 45 two-byte and 17 three-byte instruc-
tions. When using a 12 MHz oscillator, 64 instructions
execute in 1us and 45 instructions execute in 2us.
The remaining instructions (multiply and divide)
execute in only 4us. The number of bytes in each
instruction and the number of oscillator periods
required for execution are listed in the appended
8051 Instruction Set Summary.

On-Chip Peripheral Functions

Thus far only the CPU and memory spaces of the
8051 have been described. In addition to the CPU
and memories, an interrupt system, extensive 1/O
facilities, and several peripheral functions are inte-
grated on-chip to relieve the CPU of repetitious,
complicated or time-critical tasks and to permit
stringent real-time control of external system inter-
faces. The extensive |/O facilities include the 1/0
pins, parallel |/O ports, bidirectional address/data
bus and the serial port for /O expansion. The CPU
peripheral functions integrated on-chip are the two
16-bit counters and the serial port. All of these work
together to greatly boost system performance.

INTERRUPT SYSTEM

External events and the real-time-driven on-chip
peripherals require service by the CPU asynchronous
to the execution of any particular section of code.
To tie the asynchronous activities of these functions
to normal program execution, a sophisticated mul-
tiple-source, two-priority-level, nested interrupt sys-
tem is provided. Interrupt response latency ranges
from 3us to 7us when using a 12 MHz crystal.

The 8051 acknowledges interrupt requests from
five sources: Two from external sources via the INTO
and INT1 pins, one from each of the two internal
counters and one from the serial 1/0 port. Each
interrupt vectors to a separate location in Program
Memory for its service program. Each of the five
sources can be assigned to either of two priority
levels and can be independently enabled and dis-
abled. Additionally all enabled sources can be globally
disabled or enabled. Each external interrupt is pro-
grammable as either level- or transition-activated
and is active-low to allow the “wire or-ing” of several
interrupt sources to the input pin. The interrupt
system is shown diagrammatically in Figure 5.

I/0 FACILITIES

The 8051 has instructions that treat its 32 1/O lines
as 32 individually addressable bits and as four
parallel 8-bit ports addressable as Ports 0, 1, 2 and 3.
Ports 0, 2 and 3 can also assume other functions.
Port 0 provides the multiplexed low-order address
and data bus used for expanding the 8051 with
standard memories and peripherals. Port 2 provides
the high-order address bus when expanding the
8051 with external Program Memory or more than
256 bytes of External Data Memory. The pins of
Port 3 can be configured individually to provide ex-
ternal interrupt request inputs, counter inputs, the
serial port’s receiver input and transmitter output,
and to generate the control signals used for reading
and writing External Data Memory. The generation
or use of an alternate function on.a Port 3 pin is
done automatically by the 8051 as long as the pin

AFN-01462B-03
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POLLING
HARDWARE
INPUT LEVEL AND INTERRUPT ENABLE INTERRUPT
INTERRUPT REQUEST REGISTER: PRIO
FLAG REGISTERS: SOURCE GLOBAL REGISTER HIGH PRIORITY
ENABLE ENABLE |— INTERRUPT
EXTERNAL o/ } ° REQUEST
freers INTERRUPT o o—z :
INTO —1 RequEsT 0
INTERNAL o/c [ RA—— ’ )
TIMER 0 oo sounce :> VECTOR
1.D.
EXTERNAL
iNT1—m] INTERRUPT oo o\g : :
REQUEST 1
INTERNAL °
TIMER 1 o/c o
INTERNAL| T o
seaat (1> 0o LOW PRIORITY
PORT | R |—s= INTERRUPT .
REQUEST
o FIVE INTERRUPT SOURCES
© EACH INTERRUPT CAN BE INDIVIDUALLY ENABLED/DISABLED
« ENABLED INTERRUPTS CAN BE GLOBALLY ENABLED/DISABLED ]
« EACH INTERRUPT CAN BE ASSIGNED TO EITHER OF TWO PRIORITY LEVELS
© EACH INTERRUPT VECTORS TO A SEPARATE LOCATION IN PROGRAM MEMORY SOURCE VECTOR
 INTERRUPT NESTING TO TWO LEVELS 1.D.
 EXTERNAL INTERRUPT REQUESTS CAN BE PROGRAMMED TO BE LEVEL- OR
TRANSITION-ACTIVATED

Figure 5. 8051 lnterrubt System

is configured as an input. The configuration of the
ports is shown on the 8051 Family Logic Symbol
of Figure 2.

Open Drain I/0 Pins

Each pin of Port 0 can be configured as an open
drain output or as a high impedance input. Resetting
the microcomputer programs each pin as an input by
writing a one (1) to the pin. If a zero (0) is later written
to the pin it becomes configured as an output and
will continuously sink current. Re-writing the pin
to a one (1) will place its output driver in a high-

impedance state and configure the pin as an input.:

Each 1/0 pin of Port 0 can sink two TTL loads.
Quasi-Bidirectional 1/0 Pins

Ports 1, 2 and 3 are quasi-bidirectional buffers.
Resetting the microcomputer programs each pin as
an input by writing a one (1) to the pin. If a zero (0)
is later written to the pin it becomes configured as
an output and will continuously sink current. Any
pin that is configured as an output will be recon-
figured as an input when a one (1) is written to the
pin. Simultaneous to this reconfiguration the output
driver of the quasi-bidirectional port will source
current for two oscillator periods. Since: current is
sourced only when a bit previously written to a zero
(0) is updated to a one (1), a pin programmed as an
input will not source current into the TTL gate that
is driving it if the pin is later written with another one
(1). Since the quasi-bidirectional output driver sources
current for only two oscillator periods, an internal

.
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pullup resistor of approximately 20K- to 40K-ohms
is provided to hold the external dr’iyer‘s loading at a
TTL high level. Ports 1, 2 and 3 can sink/source one
TTL load.

Microprocessor Bus

A microprocessor bus is provided to permit the 8051
to solve a wide range of problems and to allow the
upward growth of user products. This multiplexed
address and data bus provides an interface com-
patible with standard memories, MCS-80 peripherals
and -the. MCS-85 memories that include on-chip
programmable I/0 ports and timing functions. These
are summarized in the 8051 Microcomputer Expan-
sion Components chart of Figure 6.

When accessing external memory the high-order.
address is emitted on Port 2 and the low-order
address on Port 0. The ALE signal is provided for
strobing the address into-an external latch. The
program store enable (PSEN) signal is provided for
enabling an external memory device to Port 0 during
a read from the Program Memory address space.
When the MOVX instruction is executed Port 3 auto-
matically generates the read (RD) signal for enabling
an External Data Memory device to Port O or gener-
ates the write (WR) signal for strobing the external
memory device with the data emitted by Port 0. Port
0.emits the address and data to the external memory
through a push/pull driver that can sink/source two .
TTL loads. At the end of the read/write bus. cycle
Port 0 is automatically reprogrammed to its high
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Program | Crystal
Or Data | Frequency
Category 1.D. Description Comments Memory |MHz (Max)
1/0 Expander 8 Line 1/0 Expander Low Cost I/0 Expander 12
(Shift Register)
Standard EPROMs 2758 1K x 8 450 ns Light User programmable and P 9
Erasable erasable.
2716-1 | 2K x 8 350 ns Light P 1
Erasable
2732 4K x 8 450 ns Light P 9
Erasable
2732A | 4K x 8 250 ns Light P 12
Erasable
Standard RAMs 2114A | 1K x 4 100 ns RAM Data memory can be D 12
2148 1K x 4 70 ns RAM easily expanded using D 12
2142-2 | 1K x 4 200 ns RAM standard NMOS RAMs. D 12
j2)
’g Multiplexed Address/ | 8185A | 1K x 8 300 ns RAM D 12
g Data RAMs
Q
g Standard 1/0 8212 8-Bit i/0 Port Serves as Address Latch D 12
(s} 8282 8-Bit I/0 Port or I/0 port. D 12
7] 8283 8-Bit I/0O Port D 12
g 8255A | Programmable Three 8-bit programmable D 12
D Peripheral Interface 1/O ports.
8 8251A | Programmable Com- Serial Communications D 12
s munications Interface Receiver/Transmitter.
[
© | Standard Peripherals 8205 1 of 8 Binary Decoder MCS-80 and MCS-85 D 12
T 8286 Bi-directional Bus Driver | peripheral devices are D 12
g 8287 Bi-directional Bus Driver | compatible with the 8051 D 12
o (Inverting) allowing easy addition of
© 8253A | Programmable Interval specialized interfaces. D 12
Timer Future MCS-80/85
8279 Programmable devices will also be D 12
Keyboard/Display compatible.
Interface (128 Keys) : :
8291 GPIB Talker/Listener D 12
8292 GPIB Controlier D 1.7
Universal Peripheral 8041A | ROM Program Memory | User programmable to D/P 12/11.7
Interfaces 8741A | EPROM Program perform custom 1/0O and D/P 12/11.7
Memory control functions.
Memories with 8155-2 | 256 x 8 330 ns RAM D 12
on-chip I/0 and 8355-2 | 2K x 8 330 ns ROM P 11.6
Peripheral Functions. | 8755-2 | 2K x 8 330 ns EPROM P 11.6

Figure 6. 8051 Microcomputer Expansion Components

impedance state and Port 2 is returned to the state
it had prior to the bus cycle. The 8051 generates
the address, data and control signals needed by
memory and 1/0O devices in amanner that minimizes
the requirements placed on external program and
data memories. At 12 MHz, the Program Memory
cycle time is 500ns and the access times required
from stable address and PSEN are approximately
320ns and 150ns respectively. The External Data
Memory cycle time is 1us and the access times
required from stable address and from read (RD)
or write (WR) command are approximately 600ns
and 250ns respectively.

5-27

TIMER/EVENT COUNTERS .
The 8051 contains two 16-bitcounters formeasuring
time intervals, measuring pulse widths, counting
events and generating precise, periodic interrupt re-
quests. Each can be programmed independently to
operate similar toan 80488-bittimerwithdivide by 32
prescaler or as an 8-bit counter with divide by 32 pre-
scaler (Mode 0), as a 16-bit time-interval or event
counter (Mode 1), or as an 8-bit time-interval or
event counter with automatic reload upon over-
flow (Mode 2).

Additionally, counter 0 can be programmed to a
mode that divides it into one 8-bit time-interval or
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event counter and one 8-bit time-interval counter
(Mode 3). When counter 0 is in Mode 3, counter 1 can
be programmed to any of the three aforementioned
modes, although it cannot set an interrupt request
flag or generate an interrupt. This mode is useful
because counter 1’s overflow can be used to pulse
the serial port’s transmission-rate generator. Along
with their multiple operating modes and 16-bit pre-
cision, the counters can also handle very high input
frequencies. These range from 0.1 MHz to 1.0 MHz
(for 1.2 MHz to 12 MHz crystal) when programmed
for an input that is a division by 12 of the oscillator
frequency and from 0 Hz to an upper limit of 50 KHz
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when
programmed for external inputs. Both internal and
external inputs can be gated to the counter by a
second external source for directly measuring
pulse widths.

The counters are started and stopped under software
control. Each counter sets its interrupt request flag
when it overflows from all ones to all zeros (or auto-
reload value). The operating modes and input sources
are summarized in Figures 7 and 8. The effects of
the configuration flags and the status flags are shown
in Figures 9 and 10.

Serial Communications

The 8051 has a serial 1/0 port that is useful for
serially linking peripheral devices as well as multiple
8051s through standard asynchronous protocols with
full-duplex operation. The serial port also has a
synchronous mode for expansion of /0 lines using
CMOS and TTL shift registers. This hardware serial
communications interface saves ROM code and
permits a much higher transmission rate than could
be achieved through software. In response to a serial
port interrupt request the CPU has only to read/write
the serial port's buffer to service the serial link.
A block diagram of the serial port is shown in Figures
11 and 12. Methods for linking UART (universal
asynchronous receiver/transmitter) devices are

CRYSTAL
OSCILLATOR
EXTERNAL )

SOURCE —& —»

*MODE 0: 8-BIT TIMER/COUNTER WITH PRESCALER
*MODE 1: 16-BIT TIMER/COUNTER
*MODE 2: 8-BIT AUTO-RELOAD TIMER/COUNTER

CRYSTAL
OSCILLATOR
EXTERNAL

SOURCE -

*MODE 0: 8-BIT TIMER/COUNTER WITH PRESCALER
* MODE 1: 16-BIT TIMER/COUNTER
* MODE 2:8-BIT AUTO-RELOAD TIMER/COUNTER

{43

8 8
THO TLO

OVERFLOW

(INTERRUPT
[ REQUEST)

FLAG 0

00

8
TH1 TL1

OVERFLOW
(INTERRUPT

REQUEST)
FLAG 1
PULSE
i
SERIAL

PORT

Figure 7. Timer/Event Counter

Modes 0, 1 and 2

CRYSTAL
OSCILLATOR

EXTERNAL > »
SOURCE

OVERFLOW
(INTERRUPT

8
I Lo l THO REQUEST)

* MODE 3:8-BIT TIMER/COUNTER

[ #FLAG 1
‘]—0 OVERFLOW

©MODE 3:8-BIT TIMER  (INTERRUPT

CRYSTAL
OSCILLATOR

EXTERNAL > >
SOURCE

FLAG 0
8
TH1 TL1

« MODE 0: 8-BIT TIMER/COUNTER WITH PRESCALER PULSE
« MODE 1: 16-BIT TIMER/COUNTER r‘| T0
« MODE 2: 8-BIT AUTO-RELOAD TIMER/COUNTER SERIAL

PORT

Figure 8. Timer/Event Counter 0 in Mode 3

GATE COUNTER/TIMER RUN

o

XTAL1

COUNTER 0

INTERRUPT REQUEST

MODE 0:

MODE 1:
MODE 2:
MODE 3:

8-BIT TIMER WITH 5-BIT PRESCALER/
8-BIT COUNTER WITH 5-BIT PRESCALER
16-BIT TIMER/COUNTER

8-BIT AUTO-RELOAD TIMER/COUNTER
8-BIT TIMER/COUNTER (TLO)

Figure 9. Timer/Counter 0 Control and Status Flag Circuitry
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GATE COUNTER/TIMER RUN INTERRUPT REQUEST
TIMER/ | COUNTER 0 IN MODE 3 Ne
>°
| | - PULSE TO
COUNTER 1 1 JL SERIAL PORT
MODE 0: 8-BIT TIMER WITH PRESCALER/
8-BIT COUNTER WITH PRESCALER
MODE 1: 16-BIT TIMER/COUNTER
MODE 2: 8-BIT AUTO-RELOAD T/C
MODE 3: PREVENTS INCREMENTING OF T/C1
iNT1 | > {
T
XTALY COUNTER 0
e\ [[eBiT TiveR
1 ) (THO)

Figure 10. Timer/Counter 1 Control and Status Flag Circuitry

——— —— e —————
TRANSMITTER
| INTERRUPT I
| - I SBUF (XMIT)
v | TRANSMIT
DATA/
| {} “"l RECEIVE
DATA
SCON
I |(SERIAL CONTROL) c;} INTERNAL 8051 BUS S |
CONTROL & |
TIMING CIRCUITRY SBUF (RCVR) I
CRYSTAL ) 12 L |
OSCILLATOR ™ > I 'l INPUT SHIFT REGISTER l
I  RECEIVER
INTERRUPT | - cLOGK
- ————x
Figure 11. Serial Port— Synchronous Mode 0
* 10 OR 11 BIT FRAME TRANSMITTER -l
* BAUD RAT! 9" inTerRUPT
GENERATION FROM
OSCILLATOR OR 5TH
TIMER 1 > IDB“{,‘ S—'S SBUF (XMIT) by esntd
+ ADDRESS FRAME
RECOGNITION

TIMER 1 '_.I =2 =
OVERFLOW -

CONTROL & oTH |
TIMING CIRCUITRY DATA SBUF (RCVR)
BIT |
CRYSTAL I B
OSCILLATOR ‘T’l ’ I

{}

INTERNAL 8051 BUS 5

|
l SCON <:
I | (SERIAL CONTROL)

4

*.16| J HINPUT SHIFT REGISTER

I > RECEIVER

l INTERRUPT
———— —— — — — —— — — e e e s

RECEIVE
DATA

Figure 12. Serial Port—UART Modes 1, 2, and 3
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TXD RXD TXD RXD TXD RXD RXD TXD TXD RXD TXD RXD TXD RXD
RXD TXD
PORT PIN CTs
8051 8051 8051 8051 8051 8051 8051 8251
A. MULTI-8051 INTERCONNECT—HALF DUPLEX B. MULTI-8051 INTERCONNECT—FULL DUPLEX C. 8051-8251 INTERFACE

Figure 13. UART Interfacing Schemes

shown in Figure 13 and a method for I/O expansion
is shown in Figure 14.

The full-duplex serial 1/0 port provides asyn-
chronous modes to facilitate communications with
standard UART devices, such as printers and CRT
terminals, or communications with other 8051s in
multi-processor systems. The receiver is double
buffered to eliminate the overrun that would occur if
the CPU failed to respond to the receiver's interrupt
before the beginning of the next frame. Double buffer-
ing of the transmitter is not needed since the 8051
can generally maintain the serial link at its maximum
rate without it. A minor degradation in transmission
rate can occur in rare events such as when the servic-
ing of the transmitter has to wait for a lengthy inter-
rupt service program to complete. In asynchronous
modes, false start-bit rejection is provided on re-
ceived frames. For noise rejection a best two-out-of-
three vote is taken on three samples near the center
of each received bit.

When interfacing with standard UART devices the
serial channel can be programmed to a mode (Mode
1) that transmits/receives a ten-bit frame or pro-
grammed to a mode (Mode 2 or 3) that transmits/
receives an eleven-bit frame as shown in Figure 15.
The frame consists of a start bit, eight or nine data
bits and a stop bit. In Modes 1 and 3, the transmission-
rate timing circuitry receives a pulse from counter 1
each time the counter overflows. The input to counter
1 can be an external source or a division by 12 of the
oscillator frequency. The auto-reload mode of the
counter provides communication rates of 122 to
31,250 bits per second (including start and stop bits)
for a 12 MHz crystal. In Mode 2 the communication
rate is a division by 64 of the oscillator frequency
yielding a transmission rate of 187,500 bits per
second (including start and stop bits) for a 12 MHz
crystal. :
Distributed processing offers a faster, more power-
ful system than can be provided by a single CPU
processor. This results from a hierarchy of intercon-
nected processors, each with its own memories and

5-30

- [ RRRER]
INT-IN8
DATA as SIN
cLock
PORT PIN ok P
A. /0 INPUT
EXPANSION [ -
- A4batasy
as-at
DATA SIN as -
cLock N
PORT PIN Kk ste
B. 1/0 OUTPUT I
EXPANSION >

Figure 14. I/0 Expansion Technique

MODE

N
L] | [ [ |-
START  7-BIT DATA  PARITY
2sTOP
.
L | L1 1
TYPICAL START 7-BIT DATA MARK STOP
CRT
[ | |
START 8-BIT DATA PARITY STOP
.
L | [ [ e
MuLTI- TART 8-BIT DATA ADDR, STOP
PROCESSOR | ° DATA
COMMUNICA-
TIONS
L | [ ]2

START 9-BIT DATA sTOP

10 8-BITS > DATA 0
EXPANSION

— CLK

Figure 15. Typical Frame Formats
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1. Slaves—Configure serial port to interrupt
CPU if the received ninth data bit
is aone (1).

2. Master—Transmit frame containing address
in first 8 data bits and set ninth data
bit (i.e. ninth data bit designates
address frame).

3. Slaves—Serial port interrupts CPU when
address frame is received. Interrupt
service program compares received
address to its address. The slave
which has been addressed recon-
figures its serial port to interrupt
the CPU on all subsequent trans-
missions.

4. Master—Transmit control frames and data
frames (these will be accepted only
by the previously addressed slave).

Figure 16. Protocol for Multi-Processor
Communications

1/0. In multiprocessing, a host 8051 microcomputer
controls a multiplicity of 8051s configured to operate
simultaneously on separate portions of the program,
each controlling a portion of the overall process.
The interconnected 8051s reduce the load on the
host processor and result in a low-cost system of
data transmission. This form of distributed process-
ing is especially effective in systems where controls
in a complex process are required at physically
separated locations.

In Modes 2 and 3 the automatic wake-up of slave
processors through interrupt driven address-frame
recognition is provided to facilitate interprocessor
communications. The protocol for interprocessor
communications is shown in Figure 16.
In synchronous mode (Mode 0) the high speed serial
port provides an efficient, low-cost method of expand-
ing 1/0O lines using standard TTL and CMOS shift
registers. The serial channel provides a clock output
for synchronizing the shifting of bits to/from an
external register. The data rate is a division by 12
of the oscillator frequency and is 1M bits per second
at 12 MHz.

8051 Family Pin Description

Vss

Circuit ground potential.

Vce

+5V power supply during operation, programming
and verification.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/0O port.

Itis also the multiplexed low-order address and data
bus when using external memory. It is used for data
input and output during programming and verifi-
cation. Port 0 can sink/source two TTL loads.

PORT 1

Port 1 is an 8-bit quasi-bidirectional I/O port. It is
used for the low-order address byte during program-
ming and verification. Port 1 can sink/source one
TTL load.

PORT 2

Port 2 is an 8-bit quasi-bidirectional I/O port. It also
emits the high-order 8 bits address when accessing
external memory. It is used for the high-order
address and the control signals during programming
and verification. Port 2 can sink/source one TTL
load.

PORT 3

Port 3 is an 8-bit quasi-bidirectional I/O port. It also

contains the interrupt, timer, serial portand RD and

WR pins that are used by various options. The

output latch corresponding to a secondary function

must be programmed to aone (1) for that function to
operate. Port 3 can sink/source one TTL load. The
secondary functions are assigned to the pins of Port

3, as follows:

— RXD/data (P3.0). Serial port’s receiver data input
(asynchronous) or data input/output (synchro-
nous).

— TXD/clock (P3.1). Serial port’s transmitter data
output (asynchronous) or clock output (synchro-
nous).

—INTO (P3.2). Interrupt O input or gate control input
for counter 0.

— W(PS.S). Interrupt 1 input or gate control input
for counter 1.

—TO0 (P3.4). Input to counter 0.

—T1 (P3.5). Input to counter 1.

—WR (P3.6). The write control signal latches the
data byte from Port 0 into the External Data
Memory. )

—RD (P3.7). The read control signal enables
External Data Memory to Port 0.

RST/Vpp

Alowto high transition on this pin (at approximately
3V) resets the 8051. If Vpp is held within its spec
(approximately +5V), while Vg drops below spec,
Vpp will provide standby power to the RAM. When
Vppislow, the RAM’s currentisdrawn fromVcc. A
small internal resistor permits power-on reset using
only a capacitor connected to VCC.

ALE/PROG

Provides Address Latch Enable output used for
latching the address into external memory during
normal operation. Receives the program pulse
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input during EPROM programming.

PSEN

The Program Store Enable output is a control signal
that enables the external Program Memory to the
bus during normal fetch operations.

EA/VDD

When held at a TTL high level, the 8051 executes
instructions from the internal ROM/EPROM when
the PC is less than 4096. When held at a TTL low
level, the 8051 fetches all instuctions from external
Program Memory. The pin also receives the 21V
EPROM programming supply voltage.

XTAL1

Input to the oscillator’s high gain amplifier. A crystal
or external source can be used.
XTAL2

Output from the oscillator’s amplifier. Required when
a crystal is used.

8051 FAMILY DEVELOPMENT SYSTEM
AND SOFTWARE SUPPORT

The 8051 is supported by a total range of Intel de-
velopment tools. This broad range of support
shortens the product development cycle and thus
brings the product to market sooner.

~ASM51  Absolute macro assembler for the 8051.
CONV51 8048 assembly language source code
to 8051 assembly source code conver-

sion program.

e EM-51 8051/8751 emulator board that uses a
modified 8051 and an EPROM.

® |CE-51™ Real-time in-circuit emulator.

e SDK-51 System Design Kit for Developing User

Prototype around the 8051.

UPP-551 8751 personality card for UPP-103
Universal PROM Programmer.

U 8051 Workshop.

8051 Software Development Package
(ASM51 and CONV51)

The 8051 software development package provides
development system support for the powerful 8051
family of single chip microcomputers. The package
contains a symbolic macro assembler and a 8048
to 8051 source code converter. This diskette-based
software package runs under 1SIS-Il on any Intellec®
Microcomputer Deveiopment System with 64K
bytes of memory.

8051 Macro Assembler (ASM51)
The 8051 macro assembler translates symbolic 8051

assembly language instructions into machine exe-
cutable object code. These assembly language
mnemonics are easier to program and are more
readable than binary or hexidecimal machine in-
structions. Also, by allowing the programmer to
give symbolic names to memory locations rather
than absolute addresses, software design and
debug are performed more quickly and reliably.

ASMS51 provides symbolic access for the many use-
ful addressing methods in the 8051 architecture
which reference bit, nibble and byte locations.

The assembler supports macro definitions and
calls. This provides a convenient means of program-
ming a frequently used code sequence only once.
The assembler also provides conditional assembly
capabilities. Cross referencing is provided in the
symbol table listing, which shows the user the lines
in which each symbol was defined and referenced.

If an 8051 prograrh contains errors, the assembler
provides a comprehensive set of error diagnostics,
which are included in the assembly listing.

The object code generated may be used to program
the 8751 EPROM version of the chip or sent to
Intel for fabricating the 8051 ROM version. The
assembler output can also be debugged using the
ICE-51 in-circuit emulator.

8048 to 8051 Assembly Language
Converter Utility Program (CONV51)

The 8048 to 8051 assembly language converter is
a utility to help users of the MCS-48 family of micro-
computers upgrade their designs to the high per-
formance 8051 architecture. By converting 8048
source code to 8051 source code, the investment in
software developed for the 8048 is maintained when
the system is upgraded.

8051 Emulation Board (EM-51)

The EM-51 8051 emulation board is a small (2.85" x
5.25") board which emulates an 8031/8051/8751
microcomputer using standard PROMs or EPROMs
in'place of the 8051’s on-chip program memory. The
board includes a modified 8051 microcomputer,
supporting circuits, and two sockets for program
memory. The user may select two 2716 EPROMSs, a
2732 EPROM, or two 3636 bipolar PROMs depend-
ing on crystal frequency and power requirements.

8051 In-Circuit Emulator (ICE-51™)

The 8051 In-Circuit Emulator resides in the Intellec
development system. The development system
interfaces with the user’'s 8051 system through an
in-cable buffer box with the cable terminating in an
8051 pin-compatible plug. Together these replace
the 8051 device in the system. With the emulator
plug in place, the designer can exercise the system
in real-time while collecting up to 255 instruction
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cycles of real-time data. In addition, he can single
step the system program.

Static RAM memory is available in the ICE-51 buffer
box to emulate the 8051’s internal and external pro-
gram memories and external data memory. The
designer can display and alter the contents of the
replacement memory in the ICE-51 buffer box,
internal 8051 registers, internal data RAM, and
Special Function Registers. Symbolic reference
capability allows the designer to use meaningful
symbols provided by ASM51 rather than absolute
values when examining and modifying these mem-
ory, register, flag, and /O locations in his system.

Universal PROM Programmer
Personality Card (UPP-551)

The UPP-551 is a personality card for the UPP-103
Universal PROM Programmer. The Universal PROM

Programmer is an Intellec system peripheral cap-
able of programming and verifying the 8751 when
the UPP-551 is inserted. Programming and verfica-
tion operations are initiated from the Intellec de-
velopment system console and are controlled by the
Universal PROM Mapper (UPM) program.

8051 Workshop

The workshop provides the design engineer or
system designer hands-on experience with the 8051
microcomputers. The course includes explanation
of the Intel 8051 architecture, system timing and
input/output design. Lab sessions will allow the
attendee to gain detailed familiarity with the 8051
family and support tools.

INSITE™ Library

The INSITE Library contains 8051 utilities and
applications programs.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .......... 0°Cto70°C
Storage Temperature.................. -65°C to +150°C
Voltage on Any Pin With

Respectto Ground (Vgg)  -+.vovnennn.n. -0.5V to +7V
Power Dissipation ...............oiiiiiiia.., 2 Watts

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this speci-
fication is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (TA =0°Cto 70°C; Vo = 5V * 5%; Vgg = 0V)

5-33

Symbol Parameter Min. Typ. Max. Units | Test Conditions
ViL Input Low Voltage (All except XTAL1) -0.5 0.8 \
ViL1 Input Low Voltage (XTAL1) -0.5 TBD \Y
VIH Input High Voltage 2.0 Vcc+0.5 \
(All Except XTAL1, RST/VpPD)
VIH1 Input High Voltage (XTAL1) TBD Vce+0.5 v
ViH2 Input High Voltage (RST) 3.0 Ve +05
VIH3 Input High Voltage (Vpp) 4.5 5.5 \ Power Down Only
(Vee = 0)
VoL Output Low Voltage 0.45 \Y loL=2 mA
(All Outputs Except Port 0)
VoL1 Output Low Voltage (Port 0) 0.45 " loL=4 mA
VOH Output High Voltage (All Outputs 2.4 lon=-100 LA
Except Port 0, ALE and PSEN)
VOH1 Output High Voltage (ALE and PSEN. 24 v IoH=-400 LA
Port 0 in External Bus Mode)
ILo Pullup Resistor Current (P1, P2, P3) 500 uA 45V VN Ve
ILo1 Output Leakage Current (P0) +10 LA .45V <VIN sVce
Icc Power Supply Current 150 mA Tp=25°C
(All Outputs Disconnected)
IPD Power Down Supply Current 20 mA Ta=25°C, Vpp=5V.
Veg=ov
Clo Capacitance Of 1/0 Buffer 10 pF fc=1MHz
AFN-01462B-11
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A.C. CHARACTERISTICS (TA=0°Cto 70°C; Vg = 5V * 5%; CL for Port 0, ALE and PSEN Outputs =

150 PF; CL for All Other Outputs = 80 PF)

Program Memory Characteristics

Variable Clock
12MHz Clock 1/TCLCL=1.2 MHz to 12 MHz
Symbol Parameter Min. Max. Units Min. Max. Units
TCLCL Oscillator Period 83 ns ns
TCY Min Instruction Cycle Time 1.0 us 12TCLCL 12TCLCL ns
TLHLL ALE Pulse Width 140 ns 2TCLCL-30 ns
TAVLL Address Set Up To ALE 60 ns TCLCL-25 ns
TLLAX Address Hold After ALE 50 ns TCLCL-35 ns
TPLPH | PSEN Width 230 ns 3TCLCL-20 ns
TLHLH | PSEN, ALE Cycle Time 500 ns 6TCLCL ns
TPLIV PSEN To Valid Instr In 150 ns 3TCLCL-100 ns
TPHDX | Input Data Hold After PSEN 0 ns 0 ns
TPHDZ | Input Data Float After PSEN 75 ns TCLCL-10 ns
TAVIV Address To Valid Instr In 320 ns 5TCLCL-100 ns
TAZPL | Address Float To PSEN 0 ns 0 ns
External Data Memory Characteristics
12MHz Clock Variable Clock
Symbol Parameter Min. Max. Units Min. Max. Units
TRLRH | RD Pulse Width 400 ns 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 ns 6TCLCL-100 ns
TRLDV RD To Valid Data In 250 ns 5TCLCL-170 ns
TRHDX | Data Hold After RD 0 ns 0 ns
TRHDZ | Data Float After RD 100 ns 2TCLCL-70 ns
TAVDV Address To Valid Data In 600 ns 9TCLCL-150 ns
TAVWL | Address To WR or RD 200 ns 4TCLCL-130 ' ns
TQVWH | Data Setup Before WR 400 ns 7TCLCL-180 ns
TWHQX | Data Held After WR 80 ns 2TCLCL-90 ns
NOTE:

There are 2 to 8 ALE cycles per instruction. Clocks and state timing are shown on the timing diagram for reference purposes only. They are
not accessible outside the package. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles.

Address setup and hold time from ALE are the same for data and program memory.
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osc

ALE

PSEN

PORT 2

PORT 0

ALE

PSEN

PORT 2

PORT 0

ALE

PSEN

PORT 2

PORT 0 <INSTR IN |F|.0A1><

T2

HE A

™ T2 T3 T4

SRNRERERERERE

T5 T6

T T8 T T10

™

JESRERERERE

T2

JEpE

™ T2

[—TLHLL—

TCY

TLHLH

O\

/[ [\

o

——TPLPH

R

/ \

~

ADDRESS OR
SFR P2

VAR
7/

X ADDRESS Ay5-Ag X ADDRESS Ay5-Ag
TLLAX—> —
TAVLL —] la—
/ e-TPLIV->] — TPHDZ
TAZPL — TPHDX-» |e—
[FLOAT A7-A0 | FLOAT>< INSTR  IN FLOAM A7-Ag IFLoyINSTR N IFLOAY
[———TAVIV ————

Program Memory Read Cycle

—

TRLRH

—
\
X ADDRESS A15-Ag X;g:ggss Oh
TAVWL TRLDV—8> [-— @—TRHDZ
TAVDV TRHDX—#»  —
<msrn N ,Fw" Ar-ho I FLOAT - >< DATA IN FLOAT ADDRESS.
N
Data Memory Read Cycle

TWLWH-.

—

X

ADDRESS A15-Ag

TAVWL

TQVWH

ADDRESS OR
SFR P2
TWHQX—>‘

A7-Ag

A

DATA OUT

ADDRESS
OR FLOAT

Data Memory Write Cycle
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Table 1. 8051 Instruction Set Summary

Notes on instruction set and addressing modes:
Rn —Register R7-R0 of the currently selected Register Bank.

Interrupt Response Time: To finish execution of current instruction,
respond to the interrupt request, push the PC and to vector to the first

data —8-bit internal data location’s address. This could be an instruction of the interrupt service program requires 38 to 81oscillator
Internal Data Ram location (0-127) or a SFR (i.e. I/0 periods (3 to 7 ys @12MHz).
port, control register, status register, etc. (128-255). INSTRUCTIONS THAT AFFECT FLAG SETTINGS'
@Ri —8-bit Internal Data RAM location (0-255) addressed in-
directly through register R1 or RO. INSTRUCTION  FLAG INSTRUCTION  FLAG
#data —8-bit in on. c ov AC c OV AC
#data16 — 16-bit constant included in instruction. ADD X X X CLRC )
addr16  —16-bit destination address. Used by LCALL & LUMP. A ADDC X X X cPL C X
branch can be anywhere within the 64K-byte Program SUBB X X X ANL G, bit X
Memory address space. s
addri1  —11-bit destination address. Used by ACALL & AJMP. The v o X L oo X
branch will be within the same 2K-byte page of program DA M ORL C' Ibit X
memory as the first byte of the following instruction. RRC X MOV C bit X
rel —Signed (two's complement) 8-bit offset byte. Used by RLC X CINE ’ X
SJMP and all conditional jumps. Range is -128 to +127 SETB C ]

bytes relative to first byte of the following instruction.
bit —Direct Addressed bit in Internal Data RAM or Special
Function Register.

\ . .
—New operation not provided by 8048/8049. Note that operations on SFR byte address 208 or bit addresses 209-

215 (i.e. the PSW or bits ih the PSW) will also affect flag settings.

Data Transfer

Mnemonic
MOV ARn
*MOV A,data
MOV A @Ri
MOV A #data
MOV Rn,A
*MOV Rn,data
MOV Rn #data

*MOV data,A
*MOV data,Rn
*MOV data.data
*MOV data,@Ri
*MOV data #data

MOV @Ri,A
*MOV @Ri,data

MOV @Ri,#data
*MQV DPTR,
#data16
*MOV C,bit
*MOV bit,C
*MOVC A @A+
DPTR
*MOVC A @A+PC
MOVX A,@Ri
*MOVX A, @DPTR
MOVX @Ri.A
*MOVX @DPTR,A
*PUSH data
*POP data
XCH ARn
*XCH A data
XCH A @Ri

XCHD A.@Ri

Description
Move register to A
Move direct byte to A
Move indirect RAM to A
Move immediate data to A
Move A to register
Move direct byte to register
Move immediate data to
register
Move A to direct byte
Move register to direct byte
Move direct byte to direct
byte
Move indirect RAM to direct
byte
Move immediate data to
direct byte
Move A to indirect RAM
Move direct byte to indirect
RAM
Move immediate data to
indirect RAM
Move 16-bit constant to Data
Pointer
Move direct bit to carry
Move carry to direct bit
Move Program Memory byte
addressed by A+DPTR to A
Move Program Memory byte
addressed by A+PC to A
Move External Data (8-bit
address) to A
Move External Data (16-bit
address) to A
Move A to External Data
(8-bit address)
Move A to External Data
(16-bit address)
Move direct byte to stack
and inc. SP
Move direct byte from stack
and dec. SP
Exchange register with A
Exchange direct byte with A
Exchange indirect RAM
with A
Exchange indirect RAM's
least sig nibble with A's LSN.

Bytes Periods

1

[N L

[N

5-36.

Logic
Oscillator Oscillator
M i D ipti Bytes Periods
12 ANL A Rn AND register to A 1 12
12 *ANL A, data AND direct byte to A 2 12
12 ANL A @Ri AND indirect RAM to A 1 12
12 ANL A #data AND immediate data to A 2 12
12 *ANL data,A AND A to direct byte 2 12
24 *ANL data #data AND immediate data todirect 3 24
12 byte /
*ANL C,bit AND direct bit to carry 2 24
12 *ANL C//bit AND complement of directbit 2 24
24 to carry
24 ORL ARn OR register to A 1 12
*ORL A data OR direct byte to A 2 12
24 ORL A @Ri OR indirect RAM to A 1 12
ORL A #data OR immediate data to A 2 12
24 *ORL data,A OR A to direct byte 2 12
*ORL data,#data OR immediate data to direct 3 24
12 byte
24 *ORL C,bit OR direct bit to carry 2 24
*ORL C./bit OR complement of direct bit 2 24
12 to carry
XRL A,Rn Exclusive-OR register to A 1 12
24 *XRL A,data Exclusive-OR directbytetoA 2 12
XRL A ,@Ri Exclusive-OR indirect RAM 1 12
12 to A
24 XRL A #data Exclusive-OR immediate 2 12
24 datato A
* XRL data,A Exclusive-OR Ato direct byte® 2 12
24 * XRL data,#data Exclusive-OR immediate 3 24
. data to direct byte
24 *SETBC Set carry 1 12
* SETB bit Set direct bit 2 12
24 CLR A Clear A 1 12
CLRC Clear carry 1 12
24 * CLR bit Clear direct bit 2 12
CPL A Complement A 1 12
24 CPLC Complement carry 1 12
* CPL. bit Complement direct bit 2 12
24 RLA Rotate A Left 1 12
RLC A Rotate A Left through carry 1 12
24 RR A Rotate A Right 1 12
1 RRCA Rotate A Right through carry 1 12
12 SWAP A Rotate A left four (exchange 1 12
12 nibbles within A) ’
12
12
All mnemonics copyrighted® Intel Corporation 1980.
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Arithmetic Control Transfer (Branch)
Oscillator Oscillator
Mnemonic Description Bytes Periods Mnemonic Description Bytes Periods
ADD A,Rn Add register to A 1 12 AJMP addr 11 Absolute Jump 2 24
*ADD A data Add direct byte to A 2 12 *LJMP addr16 Long Jump 3 24
ADD A @Ri Add indirect RAM to A 1 12 *SJIMP rel Short Jump 2 24
ADD A #data Add immediate data to A 2 12 *JMP @A+DPTR  Jump indirect relative to 1 24
ADDC A,Rn Add register and carry flagto A 1 12 the DPTR
*ADDC A data  Add direct byte and carry flag 2 12 JZ rel Jump if A is zero 2 24
to A JNZ rel Jump if A is not zero 2 24
ADDC A@Ri  Add indirect RAM and carry 1 12 JCrel Jump if carry is set 2 24
flag to A JNC rel Jump if carry is not set 2 24
ADDC A #data Add immediate data and carry 2 12 *JB bit,rel Jump relative if direct bit 3 24
flag to A is set
*SUBB A,Rn Subtract register and carry flag 1 12 *JNB bit,rel Jump relative if direct bit 3 24
from A is not set
*SUBB A data  Subtract direct byte and carry 2 12 *JBC bit,rel Jump relative if direct bit 3 24
flag from A is set, then clear bit
*SUBB A@Ri  Subtract indirect RAM and 1 12 *CJNE A, data,rel Compare direct byte to A 3 24
carry flag from A & Jump if not Eq.
*SUBB A #data Subtract immediate data and 2 12 See Note a.
carry flag from A *CJNE A #data,rel Compare immed. to A & Jump 3 24
INC A Increment A 1 12 if not Eq. See Note a.
INC Rn Increment register 1 12 *CJNE Rn #data, Compare immed. to reg & 3 24
*INC data Increment direct byte 2 12 rel Jump if not Eq. See Note a.
INC @Ri Increment indirect RAM 1 12 *CNJE @Ri, Compare immed. to indirect 3 24
DEC A Decrement A 1 12 #data,rel RAM & Jump if not Eq.
DEC Rn Decrement register 1 12 See Note a.
*DEC data Decrement direct byte 2 12 DJNZ Rn,rel Decrement register & Jump 2 24
*DEC @Ri Decrement indirect RAM 1 12 if not zero
*INC DPTR Increment Data Pointer 1 24 *DJNZ data,rel Decrement direct byte & 3 24
*MUL AB Multiply A times B 1 48 Jump if not zero
DIV AB Divide A by B 1 48 Note a) Set C if the first operand is less than the second operand;
DA A Decimal add Adjust of A 1 12 else clear
Control Transfer (Subroutine)
Oscillator
Mnemonic Description Bytes  Periods
Other ACALL addri1  Absolute Subroutine Call 2 24
Oscillator LCALL addr16  Long Subroutine Call 3 24
Mnemohic Description Bytes  Periods RET Return from Subroutine Call 1 24
NOP. No Operation 1 12 RETI Return from Interrupt Call 1 24
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intal
8048H/8048H-1/8035HL/8035HL-1
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

= 8048H/8048H-1 Mask Programmable ROM
. B 8035HL/8035HL-1 CPU Only with Power Down Mode

m 8-BIT CPU, ROM, RAM, l/O in Single B 1Kx8 ROM
Package 64 x RAM

B High Performance HMOS 271/0 Lines

® Reduced Power Consumption B Interval Timer/Event Counter

®m 1.4 pusec and 1.9 usec Cycle Versions B Easily Expandable Memory and I/O
All Instructions 1or 2 Cycles ® Compatible with 8080/8085 Series

® Over 90 Instructions: 70% Single Byte Peripherals ,

® Two Single Level Interrupts

The Intel® 8048H/8048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parallel computers fabricated on single
silicon chips using Intel’s advanced N-channel silicon gate HMOS process.

The 8048H contains a 1K X8 program memory, a64 X8 RAM datamemory, 27 /0 lines, and an 8-bit timer/counterin addition.
to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be expanded using stan-.
dard memories and MCS-80® /MCS-85® peripherals. The 8035HL is the equivalent of the 8048H without program memory

and can be used with external ROM and RAM.

Toreduce development problems to a minimum and provide maximum flexibility, alogically and functionally pin compati-
ble version of the 8048H with UV-erasable user-programmable EPROM program memory is available. The 8748 willemulate
the 8048H up to 6 MHz clock frequency with minor differences.

The 8048H is fully compatible with the 8048 when operated at 6MHz.

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

ol ” PORT
cLock 1024 WORDS 64 WORDS =1
PROGRAM DATA XTAL
MEMORY MEMORY o
“ PORT
] =2
SINGLE
STEP "] | —= READ
EXTERNAL 8048H 8048H
e MEM 8035HL
8048H-1 | o WRITE 8048H-1
—ef  8035HL-1 8035HL-1
TEST 12 29
PROGRAM
— |+ STORE
ENABLE
INTERRUPT —
8 BIT ADDRESS
27 —= LATCH
TIMER
EVENT COUNTER VO LINES ENABLE
9U3<_°J_I> PORT
| —= ExPANDER
STROBE
Figure 1. Figure 2. Figure 3. Pin
Block Diagram Logic Symbol Configuration
(top view)
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Table 1. Pin Description

Symbol [Pin No. Function Symbol |Pin No. Function
Vss 20 Circuit GND potential Also testable with conditional
VoD 26 Low power standby pin . jump instruction. (Active low)
: . : RD 8 Output strobe activated during a
M ;
Vee 4 o:;?ai)ig;vér supply; +5V during BUS read. Can be used to enable
data onto the bus from an
PROG 25 Output strobe for 8243 1/0 external device.
ex?ander.. L Used as a read strobe to external
P10-P17 27-34 | 8-bit quasi-bidirectional port. data memory. (Active low)
Port 1 o RESET | 4 Input which is used to initialize
P20-P27 21-24 | 8-bit quasi-bidirectional port. the processor. (Active low)
Port 2 (Non TTL V|H)
35-38 | P20-P23 contain the four high WR 10 Output strobe during a bus write.
order program counter bits dur- (Active iow)
ing an external program memory .
fetch and serve as a 4-bit 1/O (LjJsted as write strobe to external
expander bus for 8243. ata memory.
DBO-DB7 | 12-19 | True bidirectional port which ALE 11 Address latch eqable. Tgns signal
BUS can be written or read ocgqrs on;‘.eldunnglea'c(: ctyclf
synchronously using the RD, WR and is usetul as a clock output.
strobes. The port can also be The negative edge of ALE strobes
statically latched. address into external data and
Contains the 8 low order pro- program memory.
gram counter bits during an PSEN 9 Program store enable. This out-
external program memory fetch, put occurs only during a fetch to
and receives the addressed external program memory.
instruction under the control of (Active low)
PSEN. Also contains the address 3c ; :
: SS 5 Single step input can be used
ZZSads?garediur:;?rgugt?oinﬁ::}aeerAM in conjunction with ALE to “single
= == step” the processor through each
control of ALE, RD, and WR. instruction. (Active low)
To 1 Iang.tPin t??tamef us_ingt the EA 7 External access input which
conditional transfer instructions
forces all program memory
J70 and JNTO. TO can be fetches to reference external
designated as a clock output memory. Useful for emulation
using ENTO CLK instruction. and debug, and essential for
T 39 Input pin testable using the JT1, testing and program verification.
and JNT1 instructions. Can be (Active high)
designated the timer/counter XTAL1 2 One side of cr .
. " ystal input for
!nput using the STRT CNT internal oscillator. Also input for
- instruction. external source. (Non TTL V|R)
INT 6 Interrupt input. Initiates an XTAL2 3 Other side of crystal input.

interrupt if interrupt is enabled.
Interrupt is disabled after a reset.
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Table 2. Instruction Set

Accumulator

Mnemonic Description

ADDA, R Add register to A

ADD A, @R Add data memory to A

ADD A, #data Add immediate to A
ADDCA, R Add register with carry
ADDC A, @R Add data memory with carry

ADDC A, # data Add immediate with carry

Bytes Cycles
1

1
1 1
2 2
1 1
1 1
2 2
ANL A, R And register to A 1 1
ANL A, @R And data memory to A 1 1
ANL A, # data  And immediate to A 2 2
ORL AR Or register to A 1 1
ORL A @R Or data memory to A 1 1
ORL A, # data  Or immediate to A 2 2
XRL A, R Exclusive or register to A 1 1
XRL A, @R Exclusive or data memory to A 1 1
XRL, A, # data  Exclusive or immediate to A 2 2
INC A Increment A 1 1
DEC A Decrement A 1 1
CLRA Clear A 1 1
CPLA Complement A 1 1
DA A Decimal adjust A 1 1
SWAP A Swap nibbles of A 1 1
RLA Rotate A left 1 1
RLC A Rotate A left through carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through carry 1 1
input/Output
Mnemonic Description Bytes Cycles
INA, P Input port to A 1 2
QUTLP, A Output A to port 1 2
ANL P, # data And immediate to port 2 2
*ORL P, #data  Or immediate to port 2 2
INS A, BUS Input BUS to A 1 2
OUTL BUS, A Output A to BUS 1 2
ANL BUS, # data And immediate to BUS 2 2
ORL BUS, # data Or immediate to BUS 2 2
MOVD AP Input expander port to A 1 2
MOVD P, A Output A to expander port 1 2
ANLD P, A And A to expander port 1 2
ORLDP, A Or A to expander port 1 2
Registers
M i D p Bytes Cycles
INCR Increment register 1 1
INC @R increment data memory 1 1
DECR Decrement register 1 1
Branch
N D p Bytes Cycles
JMP addr Jump unconditional 2 2
JMPP @A Jump indirect 1 2
DJNZ R, addr Decrement register and skip 2 2
JC addr Jump on carry = 1 2 2
JNC addr Jump on carry =0 2 2
JZ addr Jump on A zero 2 2
JNZ addr Jump on A not zero 2 2
JTO addr JumponTO =1 2 2
JNTO addr Jumpon TO=0 2 2
JT1 addr Jumpon T1=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr Jumpon F1=1 2 2
JTF addr Jump on timer flag 2 2
JN1 addr Jump on INT =0 2 2
JBb adar Jump on accumulator bit 2 2

Subroutine

Mnemonic Description Bytes Cycles
CALL addr Jump to subroutine 2 2
RETR Return 1 2
RETR Return and restore status 1 2
Flags

M i D p Bytes Cycles
CLRC Clear carry 1 1
CPLC Complement carry 1 1
CLR FO ClLear flag 0 1 1
CPL FO Complement flag 0 1 1
CLRF1 Clear flag 1 1 1
CPL F1 Complement flag 1 1 1
Data Moves

Mnemonic Description Bytes Cycles
MOV A, R Move register to A 1 1 .
MOV A, @R Move data memory to A 1 1
MOV A, # data Move immediate to A 2 2
MOVR, A Move A to register 1 1
MOV @R, A Move A to data memory 1 1
MOV R, # data Move immediate to register 2 2
MOV @R, #data Move immediate to data memory 2 2
MOV A, PSW Move PSW to A 1 1
MOV PSW, A Move A to PSW 1 1
XCHA, R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1
XCHD A, @R Exchange nibble of A and 1

register

MOVX A, @R Move external data memoryto A 1 2
MOVX @R, A Move A to external data memory 1 2
MOVP A, @A Move to A from current page 1 2
MOVP3A, @  Move to A from page 3 1 2
Timer/Counter

Mnemonic Description Bytes Cycles
MOVA, T Read timer/counter 1 1
MOVT, A Load timer/counter 1 1
STRTT Start timer 1 1
STRT CNT Start counter 1 1
STOP TCNT Stop timer/counter 1 1
EN TCNT1 Enable timer/counter interrupt 1 1
DIS TCNT1 Disable timer/counter interrupt 1 1
Control

Mnemonic Description Bytes Cycles
EN 1 Enable external interrupt 1 1
DIS 1 Disable external interrupt 1 1
SEL RBO Select register bank 0 1 1
SEL RB1 Select register bank 1 1 1
SEL MBO Select memory bank 0 1 1
SEL MB1 Select memory bank 1 1 1
ENT 0 CLK Enable clock output on TO 1 1
Mnemonic Description Bytes Cycles
NOP No operation 1 1

5-40
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ....... 0°C to 70°C
Storage Temperature -65°C to +150°C
Voltage On Any Pin With Respect

to Ground
Power Dissipation

-0.5V to +7V
1.5 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of device atthese or any other conditions above those
indicated in the operational sections of this specification
is not implied.

D.C. CHARACTERISTICS (TA = 0°C to 70°C, Vg = Vpp = 5V + 10%, Vgg = OV)

Limits
Symbol Parameter Unit Test Conditions
Min Typ. | Max.
ViL Input Low Voltage -5 .8 \Y
(All Except RESET, X1, X2)
ViL1 Input Low Voltage -5 .6 \
(RESET, X1, X2)
ViH Input High Voltage 2.0 Vee \Y
(All Except XTAL1, XTAL2, RESET)
ViH1 Input High Voltage (X1, X2, RESET) 3.8 vee v
VoL Output Low Voltage (BUS) .45 V |loL=20mA
VoL1 Output Low Voltage .45 V |loL=18mA
: (RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 V |lgL=10mA
VoLs Output Low Voltage .45 \ ‘OL"= 1.6 mA
(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 V | lgH = -400pA
VOH1 Output High Voltage 2.4 V | lon = -100pA
(RD, WR, PSEN, ALE)
VoH2 | Output High Voltage 2.4 V | lgH =-40uA
(All Other Outputs) ©
IL1 Input Leakage Current (T1, INT) +10 | pA |Vss<VINSVCC
I} Input Leakage Current ___ -500 HA | Vgg + .45<V|NSVCC
(P10-P17, P20-P27, EA, SS)
ILo Output Leakage Current (BUS, TO) +10 KA | Vgg+ .45<VINS Ve
(High Impedance State)
DD Vpp Supply Current 4 8 mA
Ipp + | Total Supply Current 40 80 mA
lcc
Vbbb RAM Standby Pin Voltage 2.2 5.5 V [Standby Mode, Reset <0.6V
50 mA - BUS 500 wA - P1, P2 S0 ma - BUS, P1, P2
3 AL o) g-aoo u b gomr TYPICAL
I " TveicaL I
10 mA <100 uA 10 mA /
ov 2v av W W
VoH VoM VoL

AFN-01491B-04
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A.C. CHARACTERISTICS (Ta =0°Cto 70°C, Vo = VDD =5V * 10%, Vgs = OV)
8048H 8048H-1
8035HL 8035HL-1
6 MHz 8 MHz 11 MHz Conditions

Symbol Parameter F (tcy) |Min. |Max. |Min. |Max. | Min. [Max. [Unit| (Note 1)

tLL ALE Pulse Width 7/30 tcy -170 | 410 260 150 -
tAL Addr Setup to ALE 1/5 tcy -110 390 260 160

tLA Addr Hold from ALE 1/15 tCy -40 120 80 50

tcct Control Pulse Width 1/2 tcy -200 1050 730 480

(RD, WR)

tccz Control Pulse Width (PSEN)|2/5 tcy -200 | 800 550 350

tow Data Setup before WR 13/30 tcy -200| 880 610 |- 390

twD Data Hold after WR 1/5 tgy -150 350 220 120 (Note 2)
tDR Data Hold (RD, PSEN) 1/10 tcy -30 0 220 0 160 0 110

tRD1 RD to Data in 2/5 tcy -200 800 550 350

tRD2 | PSEN to Data in 3/10 toy -200 550 360 210

tAw Addr Setup to WR 2/5tcy -150 | 850 600 T 300

tAD1 Addr Setup to Data (RD) 23/30 tcy -250 1670 1190 750

tAD2 Addr Setup to Data (PSEN) |3/5 tcy -250 1250 880 480

tAFC1 |Addr Float to RD, WR 2/15tcy -40 | 290 210 140

tAFC2 Addr Float to PSEN 1/30 tcy -40 40 20 10

tLAFC1 |ALE to Control (RD, WR) [1/5tgy -75 420 300 200

tLAFC2 |ALE to Control (PSEN) 1/10 tcy -75 170 110 60

tca1 | Control to ALE 1/15tcy -40 | 120 80 50

(RD, WR, PROG)

tca2 Control to ALE (PSEN) 4/15 tcy -40 620 460 320

tcp Port Control Setup to PROG| 1/10 tcy -40 210 140 100

tpc Port Control Hold to PROG [4/15 tcy -200 | 460 300 160

tPR PROG to P2 Input Valid 17/30 tcy 1300 940 650

-120

tPF Input Data Hold from PROG|1/10 tcy 250 0 190 0 140

tpp Output Data Setup 2/5tcy-150 | 850 600 | 400

tPD Output Data Hold 1/10 tcy -50 200 130 920

tpp PROG Pulse Width 7/10 tcy -250 | 1500 1060 700

tPL Port 2 1/0 Setup to ALE 4/15 tCy -200 | 460 300 160

tLP Port 2 I/0 Hold to ALE 1/10 tcy -100 | 150 80 40

tpv Port Output from ALE 3/10 tCy +100 850 660 510

tcy Cycle Time 25 1.875 1.36

toOPRR TO Rep Rate 3/15 tcy 500 370 270
Notes:

1. Control Oufputs CL = 80pF
BUS Outputs CL = 150pF
2. BUS High Impedance Load 20pF
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WAVEFORMS

i:'u.——| 'ch;cL— l - LAFCY [~—
ALE I I | | ALE l I | I

|
'AFcz-{ e tccz —= tca “—'CC‘—" ‘ol |=—
PSEN RD
—= A taFc1 ‘4—— — tDR
tAL [ —*| bR FLOATING
BUS FLOATINGX FLOATING X X FLOATING X BUS FLOA‘IEXAE)RESSX[ - FLOATING
ADDRESS |a—tRp2 —| 'NSTRUCTION o tRD1
{e————1tAD2
Instruction Fetch From External Program Memory Read From External Data Memory
fLaFct

e—"tcc1 —l tcat |¢—

WR
24v
.Dw_I__, “twp z::)TEST POINTS <§:X
0.45v
BUS FLOATING xADDREssx FLOATIN%DATA X FLOATING
L——‘Aw —-—J
Write to External Data Memory Input and Output for A.C.Tests.

PORT 2 TIMING

« /TN /o
—»m{-—

EXPANDER la—— tPL —o= |t oy tpp 1t
PORT
ouTPUT >< PCH PORT 20-23 DATA PORT CONTROL X OUTPUT DATA
I

{
EXPANDER PR | e o
PORT ’

INPUT X PCH PORT 20-23 DATA PORT CONTROL ’ X X Y CN
\ - \ -

| I |

|
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I/0 PORT TIMING

1ST CYCLE 2ND CYCLE

o l“'”f"/——\”* e
|

S N \

P20-23 x x
PORT 20-. P20-23 DATA PCH
OUTPUT PCH ORT 20-23 DATA X NEW X Cl

| |

P24-27
P10-17 PORT 24-27, PORT 10-17 DATA X NEW PORT DATA
OuUTPUT

Crystal Oscillator Mode LC Oscillator Mode
c1 ) fo e s
n XTAL1 | xTaLt _2m/ie
2l =3 2
L : Cpp =~ 5-10 pF
. PIN-TO-PIN
XTAL2
3 XTALZ  CApACITANCE
c3
C1: 5pF - 1/2pF + STRAY 5pF
C2 = CRYSTAL - STRAY 8pF L _C_ M_A_L_!
C3 - 20pF + 1pF - STRAY 5pF 45 uH 20pF 5.2 MHz
120 uH 20pF 3.2 MHz

EACH C SHOULD BE APF‘FIOXIMATELV 20pF,
INCLUDING STRAY CAPACITANCE

Driving From External Source

+5V

XTAL1

OPEN COLLECTOR
TTL GATES

XTAL2

AFN-01491B-07
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8048L
SPECIAL LOW POWER CONSUMPTION SINGLE
COMPONENT 8-BIT MICROCOMPUTER

8 Typical Power Consumption 100mwW ® 1K x 8 ROM
64 x 8 RAM
®m Typical Standby Power 10mW 27 1/0 Lines

Vpp minimum of 2.2V
DD ® Interval Timer/Event Counter

® 8-Bit CPU, ROM, RAM, I/0 in Single B Easily Expandable Memory and I/0
Package

B Compatible with 8080/8085 Series
B 4,17 ysec Instruction Cycle.

All Instructions 1 or 2 Cycles. Peripherals

B Two Single Level Interrupts
® Over 90 Instructions: 70% Single Byte 9 P

The Intel® 8048L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using
Intel’s advanced N-channel silicon gate HMOS process, using special techniques to reduce operating and
standby power consumption. The 8048L contains a 1K X 8 program memory, a 64 X 8 RAM data memory,
27 1/0 lines, and an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that
require extra capability the 8048L can be expanded using standard memories and MCS-80®/MCS-85® periph-
erals. The 8048L can be used with external ROM and RAM.

To reduce development problems to a minimum and provide maximum flexibility, alogically and functionally
pin compatible version of the 8048L with UV-erasable user-programmable EPROM program memory is avail-
able. The 8748 will emulate the 8048L with greater power and other minor differences.

This microcontroller is designed to be an efficient controller as well as an arithmetic processor. The 8048L has
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of pro-
gram memory results from aninstruction set consisting mostly of single byte instructions and no instructions
over two bytes in length.

PORT
CLOCK 1024 WORDS 64 WORDS —* 1
| PROGRAM DATA XTAL
MEMORY MEMORY )
“ PORT
— 2
SINGLE
STEP }|—e READ
8BIT EXTERNAL
cpu Mem "
8048L = WRITE
I'——-
TEST_L
- PROGRAM
STORE
ENABLE
INTERRUPT —s
8 BIT 27 ADDRESS
TIMER LATCH
EVENT COUNTER /O LINES ENABLE
°U5<El'> PORT
|—e EXPANDER
STROBE
Figure 1. Figure 2. Figure 3.
8048L Block Diagram 8048L Logic Symbol 8048L Pin Configuration
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PIN DESCRIPTION

Designation Pin = Function Designation Pin = Function

Vgs 20 Circuit GND potential testable with conditional

v 26 Low power standby pin jump instruction.

VDD 40 Mai P ly p5v (Active low)

ain power s s+ — .
cc duringp operatropnp. y RD 8 Output strobe activated
during a BUS read. Can be

PRCG 25 Output strobe for 8243 1/0 used to enable data onto the
expander. bus from an external device.

P10-P17 27-34 8-bit quasi-bidirectional Used as a read strobe to

Port 1 port. external data memory.

P20-27 21-24 8-bit quasi-bidirectional (Active low)

Port 2 port. RESET 4 Input which is used t

35-38 P20-P23 contain the four i ialize tho Drocessor
high order program counter Ezlclt?ve Tow?p ocessor.
bits during an external pro- (Non TTL V
gram memory fetch and o on IH)
serve as a 4-bitI/Oexpander ~ WR 10 Output strobe during a bus
bus for 8243. write. (Active low)

DB0-DB7 12-19 True bidirectional port Used as write strobe to

BUS which can be written or read external data memory.
synchronously using the ALE 11 Address iatch enable. This
RD, WR strobes. The port signal occurs once during
can also be statically each cycle and is useful as a
latched. clock output.

Contains the 8 low order The negative edge of ALE
program counter bits during strobes address into ex-
an external program ternal data and program
r:emory fetch, and receives memory.

inst i R
L ned:S?r::s:ggt:gT ;??QEN. PSEN 9 Program store enable. .Thls
Also contains the address output occurs only during a
and data during an external ::tch to ex;t\ertpal :)rogram
RAM data store instruction, _ emory. (Active low)
under control of ALE, RD, SS 5 Single step input can be
and WR. used in conjunction with

TO 1 Input pin testable using the ALEto sur;gle stehp th:
conditional transfer in- processor through eac
structions JTO and JNTO. TO instruction. (Active low)
can be designated as a clock EA 7 External access input which
output using ENTC CLK forces all program memory
instruction. fetches to reference external

; : . Useful for emula-

T 39 Input pin testable using the memory
JT1, and JNT1 instructions. tion aqd debug, ?nd
Can be designated the essential for.t.estllng and
timer/counter input using ppr‘ograrrrl‘.veglflcatlon.
the STRT CNT instruction. (Active high)

INT 6 Interrupt input. Initiates an XTAL1 2 One side of crystal input for
interrupt if interrupt is !nternal oscillator. Also
enabled. Interrupt is dis- input for external source.
abled after a reset. Also (Non TTL ViH)

XTAL2 3 Other side of crystal input.
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PRELIMINARY

INSTRUCTION SET

Accumulator Subroutine

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles

ADD A, R Add register to A 1 1 CALL addr Jump to subroutine 2 2

ADD A, @R Add data memory to A 1 1 RET Return 1 2

ADD A, #data  Add immediate to A 2 2 RETR Return and restore status 1 2

ADDC A, R Add register with carry 1 1

ADDC A, @R Add data memory with carry 1 1

ADDC A, # data Add immediate with carry 2 2 Flags

ANL A R And register to A 1 1

ANL A, @R And data memory to A 1 1 'c‘,?;"g"'c g,?:r":;:‘:: B;:m cyf"’

ANL A, #data  And immediate to A -2 2 CPLC Complement carry 1 1

ORLA R Or register to A 1 1 CLR FO ClLear flag 0 1 1

ORL A @R Or data memory to A 1 1 CPL FO Complement flag 0 1 1

ORL A, # data  Or immediate to A 2 2 CLR F1 Clear flag 1 1 1

XRL A, R Exclusive or register to A 1 1 CPL F1 Complement flag 1 1 1

XRL A, @R Exclusive or data memory to A 1 1

XRL, A, # data  Exclusive or immediate to A 2 2

INC A Increment A 1 1 Data Moves

DECA Decrement A 1 1

CLRA Clear A 1 1 Mnemonic Description Bytes Cycles

CPL A Complement A 1 1 MOV A, R Move register to A 1 1

DA A Decimal adjust A 1 1 MOV A, @R Move data memory to A 1 1

SWAP A Swap nibbles of A 1 1 MOV A, # data Move immediate to A 2 2

RL A Rotate A left 1 1 MOV R, A Move A to register 1 1

RLC A Rotate A left through carry 1 1 MOV @R, A Move A to data memory 1 1

RR A Rotate A right 1 1 MOV R, # data  Move immediate to register 2 2

RRC A Rotate A right through carry 1 1 MOV @R, #data Move immediate to data memory 2 2
MOV A, PSW Move PSW to A 1 1
MOV PSW, A Move A to PSW 1 1

Input/Output XCHA, R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1

M } Descrip Bytes Cycles XCHD A, @R  Exchange nibble of A and 1

INA P Input port to A 1 2 register

OUTL P, A Output A to port 1 2 MOVX A, @R = Move external data memory to A 1 2

ANL P, # data  And immediate to port 2 2 MOVX @R, A Move A to external data memory 1 2

ORL P, #data  Or immediate to port 2 2 MOVP A, @A  Move to A from current page 1 2

INS A, BUS Input BUS to A 1 2 MOVP3A, @  Move to A from page 3 1 2

OUTL BUS, A Output A to BUS 1 2

ANL BUS, # data And immediate to BUS 2 2

ORL BUS, # data Or immediate to BUS 2 2 "

MOVD AP Input expander port to A 1 2 Timer/Counter

MOVD P, A Output A to expander port 1 2 Mnemonic Description Bytes Cycles

ANLD P, A And A to expander port 1 2 MOVA, T Read timer/counter 1 1

ORLD P, A Or A to expander port 1 2 MOV T, A Load timer/counter 1 1
STRTT Start timer 1 1
STRT CNT Start counter 1 1

Registers STOP TCNT Stop timer/counter 1 1
EN TCNTI Enable timer/counter interrupt 1 1

M D p Bytes Cycles . N X

INC R Increment register . _ 1 1 DIS TCNTI Disable timer/counter interrupt 1 1

INC @R Increment data memory 1 1

DECR Decrement register 1 1 Control
Mnemonic Description Bytes Cycles

Branch EN1 Enable external interrupt 1 1

1 isable external interrupt 1

Mnemonic Description ) Bytes Cycles 2|ESL RBO gesI::ter;gi;eraban;eo uP : 1

JMP addr Jump gngondltlonal 2 2 SEL RB1 Select register bank 1 1 1

JMPP @A Jump indirect . R 1 2 SEL MBO Select memory bank 0 1 1

DéNlZ’dR. addr j)ecrement reglst?r and skip g g SEL MB1 Select memory bank 1 1 1

JC addr ump on carry =

INC addr Jump on carry = 0 2 2 ENT 0 CLK Enable clock output on TO 1 1

JZ addr Jump on A zero 2 2

j:% aggr j”’"p el ¢0"°' 1zero 2 g Mnemonic Description Bytes Cycles

addr ump on = ]

JINTO addr Jump on TO = 0 2 2 NOP No operation ! !

JT1 addr Jumpon Tt =1 2 2

JNT1 addr JumponT1=0 2 2

JFO addr Jump on FO = 1 2 2

JF1 addr Jump on F1=1 2 2

JTF addr Jump on timer flag 2 2

JN1 addr Jump on INT =0 2 2

JBb addr Jump on’accumulator bit 2 2

AFN-01591A-03
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias 0°C to 70°C
Storage Temperature
Voltage On Any Pin With Respect
to Ground
Power Dissipation ...

1.5 Watt

* COMMENT Stresses above those listed under “Abso-
lute Maximum Ratings" may cause permanent damage to
the device. This is a stress rating only and functional
operation of device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. :

D.C. AND OPERATING CHARACTERISTICS TA=0°Ct070°C,VCC=VDD= 5V#10%, VSS =0V

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.
VIL Input Low Voltage -5 .8 Vv
(All Except RESET, X1, X2) .
ViL1 Input Low Voltage -5 .6 v
(RESET, X1, X2)
ViH Input High Voltage 2.0 Vec | V
(All Except XTAL1, XTAL2, RESET) :
V“_” Input High Voltage (X1, X2, RESET) 3.8 Vee v
Vou Output Low Voltage (BUS) .45 V |VoL=20mA
Voui Output Low Voltage .45 V |loL=18mA
(RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 V |loL=10mA
Vous Output Low Voltage .45 V |loL=16mA
(All Other Outputs)
Vo Output High Voltage (BUS) 2.4 V |loH =~400 LA
Voni | Output High Voitage 24 V | loH =-100 uA
(RD, WR, PSEN, ALE)
VoH2 Output High Voltage 2.4 V | loH =-40 UA
(All Other Outputs)
ILq Input Leakage Current (T1, INT) +10 | uA |Vgg < VIN< Ve
'LH Input Leakage Current . -500 | UA VSS +.45<V)N SVCC
(P10-P17, P20-P27, EA, SS) B
'LO Output Leakage Current (BUS, TO) +10 | u©A VSS + .45 SV,N SVCC
(High Impedance State) ‘
Ibp Vpp Supply Current 2 4 mA
Ipp* Total Supply Current 20 40 ‘mA
lcc
VbDp Ram Standby Pin Voltage 22 55 V |Standby Mode, Reset<0.6V
P1, P2 BUS, P1, P2
-50 mA -500 uA 50 mA
5 -30 mA g-aoo u o § 30 mA | TYPICAL
" TYPICAL I
-10 mA -100 uA |- 10mA L /—’_

ov ov

av ov
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A.C. CHARACTERISTICS (PORT 2 TIMING)
Tpo=0°Ct070°C, Vi = BV + 10%, Vgg = OV

TCY =417 uS

Symbol Parameter Min. Max. Unit Test Conditions

tcp Port Control Setup Before Falling 185 ns
Edge of PROG

tpc Port Control Hold After Falling 160 ns
Edge of PROG

tpR PROG to Time P2 Input Must Be Valid 1.35 MS

tpr Input Data Hold Time 0 250 ns

tpp Output Data Setup Time 420 ns

tpp Output Data Hold Time 110 ns

tpp PROG Pulse Width 2.0 us

tpL Port 2 I/0O Data Setup 585 ns

tLp Port 2 I/0 Data Hold 250 ns

PORT 2 TIMING

EXPANDER
PORT

EXPANDER
PORT

ALE / \

[ 'PL——-‘LPT

—

— tcA ’4—
[.——tnp ————thD_P‘

OUTPUT x PCH

PORT 20 3 DATA

d .
PORT CONTROL x OUTPUT DATA

PR

| pF
} - =

INPUT x PCH . PORT 20 3 DATA

PORT CONTROL K
\..

| INPUT
DATA

L—'CP—-—

la—tPC —J

PROG

BUS TIMING AS A FUNCTION OF TCY *

SYMBOL

TLL
TAL
TLA
Tce (1)
Tcec (2)
Tpw
TwD
TDR

7/3

11
1/2
2/5

1
0

FUNCTION OF TCY SYMBOL| FUNCTION OF TCY

0 Tcy MIN Trp (1) |2/5 Tcy MAX

215  Tgy MIN TRD (2) [3/10  Tgy  MAX

5 Tcy MIN _ Taw 1/3 Tcy MIN

Tcy MIN | Tge (1) : RD/WR| Tap (1) [11/15 Tgy  MAX

Tcy MIN [Toc (2):PSEN | TAD(2) [8/15  Toy  MAX

13/30 Tgy MIN . Tarc (1)|2/15 Tcy MIN

5 Toy MIN TAFC (2|1/30 TGy MIN

MIN Tca (1) |1/15 Tcy MIN

* APPROXIMATE VALUES NOT INCLUDING GATE DELAYS. Tca(@2/15  Tgy MIN

Trp (1) : RD
Trp () :

Tap (1) -
Tap (@) :
Tarc (1):
TAFC (2):
Tca (1) :
Tca (@) :

U
[72)
m
Z

33
K
Z

k)
o

U
[%2])
m
Zl

|
|

b/
o
=
o

0|
(%)
m
pd
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WAVEFORMS

e |

-—,*Arc‘——ch——ﬂ Tca "— ‘—'CC_’I tca ]“‘
PSEN RO '
—=lt1a tAFC I-— — bR
taL = ~| bR FLOATING
BUS FLOAT'NGX FLOATING X X FLOATING X BUS FLOATING ADDHES% x DATA x FLOATING
ADDRESS l<—'no—> INSTRUCTION . Fﬁgp»
| tap AD
Instruction Fetch From External Program Memory Read From External Data Memory

F—'cc >’ ca l¢

) 2.0~ w20
tow— —_twp x g TESTPOINTS T 0
\ —_ 0.45V
BUS FLomN(:.XAnonessx FLOATINéX DATA X FLOATING

tAw - -b}

Write to External Data Memory Input and Output for A.C.Tests.

A.C. CHARACTERISTICS T, = 0°C10 70°C, Vg, = Vi = 5V + 10%, Vg = OV

Symbol Parameter Unit | Conditions (Note 1)
) ) Min. | Max.

tL ALE Pulse Width 600 ns

taL Address Setup to ALE 150 ns

tLa Address Hold from ALE 80 ns

tce Control Pulse Width (PSEN, RD, WR) 1500 ns

tow Data Setup before WR 640 ns

twp Data Hold After WR 120 ns C_ = 20pF
toy Cycle Time 417 | 150 | wus

tpR Data Hold 0| 200 | ns

tRD PSEN, RD to Data In 750 | ns

taw .| Address Setup to WR 260 ns

taD Address Setup to Data In 1450 ns

taFc Address Float to RD, PSEN 0 ns

tca Control Pulse to ALE ) 20 ns

Note 1: Control outputs: CL =80 pF
BUS Outputs: C, =150 pF

AFN-01591A-06
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CRYSTAL OSCILLATOR MODE

(':i y 42' XTAL 1

: c2 2232 r.:jE
LT

3 XTAL 2

C1 = 5pF + 1/2pF + STRAY < 5pF

C2 = CRYSTAL + STRAY < 8pF

C3 = 20pF + 1pF + STRAY < 5pF

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 752 AT 6 MHz LESS THAN 18012 AT 3.6MHz

LC OSCILLATOR MODE

L C  NOMINAL 1 1
45pH 20pF 5.2 MHz F-
120pH  20pF 3.2 MHz T"\m’

Cpp = 5-10 pF PIN TO PIN
CAPACITANCE

EACH C SHOULD BE APPROXIAMTELY 20pF. INCLUDING STRAY CAPACITANCE

DRIVING FROM EXTERNAL SOURCE

XTAL1

XTAL2

XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST BE HIGH 35-65% OF THE
PERIOD. RISE AND FALL TIMES MUST NOT EXCEED 20ns.

AFN-01591A-07
5-51 s
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8049H/8039HL
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER

-® 8049H Mask Programmable ROM
® 8039HL CPU Only with Power Down Mode

u 8-BIT CPU, ROM, RAM, /O in Single m 1K x 8 ROM
Package ‘ 64 x 8 RAM

27 1/0 Lines

® High Performance HMOS

® Interval Timer/Event Counter
B Reduced Power COnsumptlon . '

m Easily Expandable Memory and 1/0
® 1.4 usec and 1 9 psec Cycle Versions _ R
All Instructions 1 or 2 Cycles. m Compatible with 8080/8085 Series’
v Peripherals
® Over 90 instructions: 70% Single Byte '

® Two Single Level Interrupts

The Intel® 8049H/8039HL are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chlps
using Intel’'s advanced N-channel smcon gate HMOS process. -

The 8049H contains a 2K X 8 program memory, a 128 X 8 RAM data memory, 27 1/0 lines, and an 8-bit
timer/counter in addition to on-board osciilator and ciock circuits. For systems that require extra capability
the 8049H can be expanded using standard memories and'MCS-80®/MCS-85@ peripherals. The 8039HL is
the equivalent of the 8049H without program memory and can be used with external ROM and RAM.

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally
pin compatible version of the 8049H with UV-erasable user-programmable EPROM program memory will
soon be available. The 8749 will emulate the 8049H up to 1 MHz clock frequency with minor differences. -

The 8049H is fully compatible with the 8049. . .
These microcomputers are designed to be efflcnent controllers as well as anthmetlc processors. They have
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of

program memory results from an instruction set consisting mostly of single byte instructions and no
instructions over 2 bytes in length.

] PORT
cLocK 2048 WORDS 128 WORDS <1
PROGRAM DATA . XTAL
MEMORY MEMORY —
PORT
— =2
8049H 8049H 34
sINGLE ] :
P aEAD ol = J X
EXTERNAL .
e |
- [ wRITE
TEST -{
PROGRAM
1 STORE
ENABLE
INTERRUPT —
8BIT - ADDRESS
TIMER L= LATCH
EVENT COUNTER VO LINES ENABLE
BUS PORT
L= EXPANDER
STROBE

Figure 1. Figure 2. Figure 3.
Block Diagram Logic Symbol - Pin Configuration
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Table 1. Pin Description

Symbol | Pin No. Function Symbol | Pin No. Function
Vss 20 Circuit GND potential RD 8 Output strobe activated during a
v 26 Low power standby pin BUS read. Can be used to enable
oD . powe yp ) data onto the bus from an
Vee 40 Main power supply; +5V during external device.
operation.
P Used as a read strobe to external
PROG 25 Output strobe for 8243 1/0 data memory. (Active low)
xpander. JE—
© p Lo . RESET 4 Input which is used to initialize
P10-P17 27-34 8-bit quasi-bidirectional port. the processor. (Active low)
Port 1 (Non TTL V)
P20-P27 21-24 8-bit quasi-bidirectional port. WR 10 Output strobe during a bus write.
Port 2 ' )

35-38 P20-P23 contain the four high

order program counter bits dur-
ing an external program memory
fetch and serve as a 4-bit 1/0 ALE "
expander bus for 8243.

DB0-DB7| 12-19 True bidirectional port which
BUS can be writtenorread
synchronously using the RD, WR
strobes. The port can also b
statically latched. PSEN 9

Contains the 8 low order pro-
gram counter bits during an
external program memory fetch, _
and receives the addressed SS 5
instruction under the control of
PSEN. Also contains the address
and data during an external RAM
data store instruction, under EA 7
control of ALE, RD, and WR.

TO 1 Input pin testable using the
conditional transfer instructions
JTO and JNTO. TO can be
designated as a clock output
using ENTO CLK instruction.

T 39 Input pin testable using the JT1, XTAL1 2
and JNT1 instructions. Can be
designated the timer/counter
input using the STRT CNT

X . XTAL2 3
instruction.

3
o

Interrupt input. Initiates an
interrupt if interrupt is enabled.
Interrupt is disabled after a reset.
Also testable with conditional
jump instruction. (Active low)

(Active low)

Used as write strobe to external
data memory.

Address latch enable. This signal
occurs once during each cycle
and is useful as a clock output.

The negative edge of ALE strobes
address into external data and
program memory.

Program store enable. This out-
put occurs only during a fetch to
external program memory.
(Active low)

Single step input can be used

in conjunction with ALE to “single
step” the processor through each
instruction. (Active low)

External access input which
forces all program memory
fetches to reference external
memory. Useful for emulation
and debug, and essential for
testing and program verification.
(Active high)

One side of crystal input for
internal oscillator. Also input for
external source. (Non TTL V)

Other side of crystal input.
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Table 2. Instruction Set

Accumulator Subroutine
Mnemonic Description Bytes Cycles Mnemonic * Description Bytes Cycles
ADD A R Add register to A 1 1 CALL addr Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 RETR Return 1 2
ADD A, #data Add immediate to A 2 2 RETR Return and restore status 1 2
ADDCA, R Add register with carry 1 1
ADDC A, @R Add data memory with carry 1 1
ADDC A, # data Add immediate with carry 2 2 Flags
ANL A, R And register to A 1 1 ' D
ANLA, @R  And data memory to A 1 e, Cloar carry Bytes Cycles
ANL A, #data  And immediate to A 2 2 CPLC Complement carry 1 1
ORL A,R Or register to A 1 1 CLR FO ClLear flag 0 1 1
ORL A@R Or data memory to A 1 1 CPL FO Complement flag 0 1 1
ORL A, # data  Or immediate to A 2 2 CLR F1 Clear flag 1 1 1
XRL A, R Exclusive or register to A 1 1 CPL F1 Complement flag 1 1 1
XRL A, @R Exclusive or data memory to A 1 1
XRL, A, #data  Exclusive or immediate to A 2 2
INCA Increment A 1 1 Data Moves
DEC A Decrement A 1 1
CLRA Clear A 1 1 Mnemonic Description Bytes Cycles
CPL A Complement A 1 1 MOV A, R Move register to A 1
DA A Decimal adjust A 1 1 MOV A, @R Move Qata memory to A 1
SWAP A Swap nibbles of A 1 1 MOV A, # data  Move immediate to A 2 2
RLA Rotate A left 1 MOVR, A Move A to register 1 1
RLC A Rotate A left through carry 1 1 MOV @R, A Move A to data memory 1 1
RR A Rotate A right 1 1 MOVR, # data  Move immediate to register 2 2
RRC A Rotate A right through carry 1 1 MOV @R, #data Move immediate to data memory 2 2
MOV A, PSW Move PSW tc A i i
MOV PSW, A Move A to PSW 1 1
Input/Output XCHA, R Exchange A and register 1 1
XCH A, @R Exchange A and data memory 1 1
Mnemonic Description Bytes Cycles XCHDA, @R  Exchange nibble of A and 1 1
INA P Input port to A 1 2 register
OUTL P, A Output A to port 1 2 MOVX A, @R  Move external datamemory to A 1 2
ANL P, # data  And immediate to port 2 2 MOVX @R, A  Move A to external data memory 1 2
ORL P, #data  Or immediate to port 2 2 MOVP A, @A . Move to A from current page 1 2
INS A, BUS  Input BUS to A o2 MOVP3A, @  Move to A from page 3 12
OUTL BUS, A Output A to BUS 1 2
ANL BUS, # data And immediate to BUS 2 2
ORL BUS, # data Or immediate to BUS 2 2
MOVD AP Input expander port to A 1 2 Timer/Counter .
MOVD P, A Output A to expander port 1 2 Mnemonic Description Bytes Cycles
ANLD P, A And A to expander port 1 2 MOVA, T Read timer/counter 1 1
ORLD P, A Or A to expander port 1 2 MOVT, A Load timer/counter 1 1
STRTT Start timer 1 1
STRT CNT Start counter 1 1
Registers STOP TCNT Stop timer/counter 1 1
i Deserinti EN TCNT1 Enable timer/counter interrupt 1 1
'I‘NC R Increr;em register By:n Cy::lu DIS TCNT1 Disable timer/counter interrupt 1 1
INC @R Increment data memory 1 1
DECR Decrement register 1 1 Control
Mnemonic Description Bytes,Cycles
Branch EN 1 Enable external interrupt 1 1
IS 1 i [ i 1
Mnemonic Description N Bytes Cycles gi RBO - gj::ﬁ:;:::a;;:fguw : 1
JMP addr Jump yngondmonal 2 2 SEL RB1 Select register bank 1 1 1
JMPP @A Jump indirect ) o2 SEL MBO Select memory bank 0 1
DéNidR, addr ?ecremem regtst:r and skip : g SEL MB1 Select memory bank 1 1 1
JC addr ump on carry =
UNC addr Jump on carry = 0 2 2 ENT 0 CLK Enable clock output on TO 1 1
JZ addr Jump on A zero 2 2
j_’:g a::' j“:‘; g: ":C;'m 129’° g : Mnemonic Description Bytes Cycles
addr u = :
JNTOaddr  JumponTO=0 2 2 NoP No aperation v
JT1 addr Jumpon T1=1 2 2
JNT1 addr JumponT1=0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr JumponF1=1 2 2
JTF addr Jump on timer flag 2 2
JN1 addr Jump on INT =0 2 2
JBb addr Jump on accumulator bit 2 2
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ....... 0°C to 70°C
Storage Temperature -65°C to + 150°C
Voltage On Any Pin With Respect

to Ground
Power Dissipation

-0.5V to +7V
1.5 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of device atthese or any other conditions above those
indicated in the operational sections of this specification
is not implied.

D.C. CHARACTERISTICS (TA=0°Cto 70°C, VGG = VDD = 5V * 10%, Vgs = 0V)

Limits
Symbol Parameter Unit Test Conditions
Min. | Typ. | Max.

ViL Input Low Voltage -5 .8 \

(All Except RESET, X1, X2)
Vi1 Input Low Voltage -5 .6 \

(RESET, X1, X2)
VIH Input High Voltage 2.0 Vee \

(All Except XTAL1, XTAL2, RESET)
ViH1 Input High Voltage (X1, X2, RESET) 3.8 Vee Vv
VoL Output Low Voltage (BUS) .45 \ loL =2.0 mA
VoLt Output Low Voltage .45 v loL = 1.8 mA

(RD, WR, PSEN, ALE)
VoL2 Output Low Voltage (PROG) .45 \ loL =1.0 mA
VoLs Output Low Voltage .45 \Y loL =1.6 mA

(All Other Outputs)
VOH Output High Voltage (BUS) 2.4 v loH =-400 A
VoH1 Output High Voltage 24 v loH=-100 p A

(RD, WR, PSEN, ALE)
VOH2 Output High Voltage 2.4 v IoH =-40 1 A

(All Other Outputs)
ILq Input Leakage Current (T1, INT) +10 | HA Vgs < VIN<VGC
L1 Input Leakage Current __ -500 | HA Vgg + 45 <VIN<Vce

(P10-P17, P20-P27, EA, SS)
ILo Output Leakage Current (BUS, TO) +10 | HA Vgg + 45 <V|N <Vce

(High Impedance State)
5)s) VDD Supply Current 5 10 mA
Ipp + Total Supply Current 50 100 mA
lcc

BUS P1, P2 BUS, P1, P2
-50 mA -500 uA ~ 50 mA ~
.g -30 mA -5-300 73 -al 30 mA r- TYPICAL
r r
TYPICAL
-10 mA -100 uA b 10 mA /-
ov ov ; Z;I * 4IV ov ' 2t ! :V -
VoH VoH Vo
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intel 8049H/8039HL PRELIMINARY
A.C. CHARACTERISTICS (75 =0°Cto70°C, Vog = Vpp =5V * 10%, Vgg =OV)
f (tcy) 11 MHz Conditions

Symbol Parameter (Note 3) Min. | Max. | Unit| (Note1)
L ALE Pulse Width 7/30 tgy -170 150 ns

taL Addr Setup to ALE 1/5 tgy -110 160 ns

YA Addr Hold from ALE 1/15 toy -40 50 ns

tccy | Control Pulse Width (RD, WR) 1/2 tgy -200 480 ns

tcc2 Control Pulse Width (m) 2/5 toy -200 350 ns

tow Data Setup before WR 13/30 tgy -200 390 ns

twp Data Hold after WR 1/5 tgy -150 120 ns | (Note 2)
toR Data Hold (RD, PSEN) 1/10 tgy -30 0 | 110 ns

tapy | RD to Datain 2/5 ty -200 30 | ns

trpo | PSEN to Data in 3/10 tgy -200 210 ns

taw Addr Setup to WR 2/5 tgy -150 300 ns

tAD1 Addr Setup to Data (R—lj) 23/30 tgy -250 750 ns

tapp | Addr Setup to Data (PSEN) 3/5 toy -250 480 | ns

tarct | Addr Float to RD, WR 2/15 tgy -40 140 ns

tarc2 | Addr Float to PSEN 1/30 tgy -40 10 ns

tLaFc1 | ALE to Control, (RD, WR) 1/5 tgy -75 200 ns

t AFC2 | ALE to Control (PSEN) 1/10 tgy -75 60 ns

tca1 | Control to ALE (RD, WR, PROG) 1/15 tgy -40 50 ns

tcaz | Control to ALE (PSEN) 4/15 tgy -40 320 ns

tcp Port Control Setup to PROG 1/10 toy -40 100 ns

tpc Port Control Hold to PROG 4/15 toy -200 160 ns

tpR PROG to P2 Input Valid 17/30 tgy 120 650 | ns

tpE Input Data Hold from PROG 1/10 toy 0 140 ns

tpp Output Data Setup 2/5 toy -150 400 ns

tpp Output Data Hold 1/10 toy -50 90 ns

top PROG Pulse Width 7/10 toy -250 700 ns

tPL Port 2 1/0 Setup to ALE 4/15 toy -200 160 ns

tp Port 2 1/0 Hold to ALE 1/10 tgy -100 40 ns

tpy Port Output from ALE 3/10 tgy +100 510 | ns

toy Cycle Time 1.36 ps

toprr | 10 Rep Rate 3/15 tgy 270 ns
Notes:

1. Control Outputs CL = 80pF

BUS Outputs CL = 150pF

2. BUS High Impedance Load 20pF
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WAVEFORMS

|

Y

tc
}‘—'LL——I TLAFC2 [@— ;

[*— Tcc2 —4

l—— Tcaz

—’l TLAFC1

ALE

[ L

<—*cc1——l tcat l‘—

BUS FLOATINEXADDRESSXFLOATINGX DATA x FLOATING

]

Write to External Data Memory

- RD
— LA . tarct -— —| tDR
AL —*| bR FLOATING
. BUs FLOATING X FLOATING X X FLOATING >< BUS FLOATINGXADDRESSX m FLOATING
|ADDRESS | " | INSTRUCTION l=—=! trD1
[e————1tAD2 tap1
Instruction Fetch From External Program Memory Read From External Data Memory
—>| Tarcr [e—
ALE | l
—-—lcc1——| tcat 't—
¥R | 2.4v
. o 20w 2.0
tow— _twp x 005> TEST POINTS T O.X
0.45v

Input and Output for A.C. Tests

PORT 2 EXPANDER TIMING

-

—_— I‘— tc A1
EXPANDER la— tPL —alLPoy top PD
© PORT
ouTPUT x PCH PORT 20-23 DATA PORT CONTROL OUTPUT DATA
i
[

EXPANDER f——————1pR <—PF.
PORT :

INPUT X PCH PORT 20-23 DATA PORT CONTROL K INPUT 1 X

fe—tCP—o=ra—tPC *‘
tpp.
PROG
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I/0 PORT TIMING

2ND CYCLE

I S

1ST CYCLE

w 0\

PSEN __'\—/
|

P20-23 x

OUTRUT PCH X PORT 20-23 DATA X NEW P20-23 DATA X PCH
| |

p24-27

P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA

OUTRUT

LC OSCILLATOR MODE

1

OSCILLATOR MODE

c1 fo—t e
b 2 2 “2myic
1€ XTAL1 XTAL1 i
_I1_-mm ==c PO
2y 3 L 2
=c Cpp~ 5-10 pF
1. l PIN-TO-PIN
1t ¢ XTAL2 XTALZ  CAPACITANCE
c
C1=5pF £ 1/2pF + STRAY . SpF
C2 = CRYSTAL * STRAY < 8pF L < NOMINAL ¢
C3 = 20pF + 1pF + STRAY < SpF 45 uH 20pF 5.2 MHz
120,H  20pF 32 MHz

CRYSTAL SERIES RESISTANCE SHOULD
BE LESS THAN 75 () AT 6MHz; LESS THAN
180 () AT 3.6MHz.

EACH C SHOULD BE APPROXIMATELY 20pF,
INCLUDING STRAY CAPACITANCE.

DRIVING FROM
EXTERNAL SOURCE

+5V

XTAL1

OPEN
COLLECTOR
TTL GATES

| XTAL2

FOR THE 8048, XTAL1 MUST BE HIGH
35-65% OF THE PERIOD AND XTAL2
MUST BE HIGH 35-65% OF THE PERIOD.

RISE AND FALL TIMES MUST
NOT EXCEED 20ns.
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8243
MCS-48® INPUT/OUTPUT EXPANDER

B Low Cost B 24-Pin DIP
B Simple Interface to MCS-48® B Single 5V Supply
Microcomputers B High Output Drive
B Four 4-Bit 1/0 Ports B Direct Extension of Resident 8048 I/O
B AND and OR Directly to Ports Ports

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of 1/0
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 voits NMOS, the 8243
combines low cost, single supply voltage and high drive current capability.

The 8243 consists of four 4-bit bidirectional static 1/0 ports and one 4-bit port which serves as an interface to
the MCS-48 microcomputers. The 4-bit.interface requires that only 4 1/0 lines of the 8048 be used for |/O
expansion, and also allows multiple 8243's to be added to the same bus.

The 1/0 ports of the 8243 serve as a direct extension of the resident 1/0 facilities of the MCS-48 microcomputers
and are accessed by their own MOV, ANL, and ORL instructions.

ADDRESS ——>
- LATCH 4 PORT 4
DECODER —
L]
—eirren
INSTRUC. Pso ] 1 ~ 24 Ve
peeooen :> LATCH 4 PORTS P‘OC 2 B :PS'I
l [ M]3 22{7ps2
M2]e 21[]p83
PORTZ<Z> MUX ] Lt weur 3]s 20 []re0
. BUFFER <r— [+{n I ez ¥ [] P61
i PROG[] 7 18 [ P62
‘ p23[] s 17 [0 pe3
4 L tatcH [ 4 > poRTe r22] 16 f1p7s
P21 10 15 [3p72
PROG——={ CONTROL AND/OR :{ P20[] 1 wpem
toste — ill:‘:ggﬂ GND ([ 12 13 P70
4
LA 4 PORT 7
neser ] o : Figure 2. 8243
CIRCUIT Pin Configuration
INPUT
BUFFER

Figure 1. 8243
Block Diag