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Harris Semiconductor Sector Capabilities

Harris Semiconductor, one of the top ten U.S. merchant semiconductor suppliers, is a sector of Harris
Corporation — a producer of advanced information processing, communication and microelectronic
products for the woridwide information technology market.

Harris Semiconductor is organized to address the standard products, custom products, and gallium
arsenide semiconductor markets.

SEMICONDUCTOR PRODUCTS DIVISION

Harris Semiconductor offers a wide selection of standard analog and digital circuits through its Semi-
conductor Products Division:

Analog Products

Harris is a major force in analog integrated circuitry, offering a broad line of products including: analog-
to-digital converters, digital-to-analog converters, sample-and-hoid circuits, multiplexers, switches,
voltage references, operational amplifiers, telecommunications and speech processing products,
hybrid subsystems and active filters. (See complete analog product listing, page 12-2.)

Digital Products

Harris is a pioneer in developing and producing digital CMOS products including: CMOS RAMs, CMOS
PROMSs, CMOS microprocessors, CMOS peripherals, CMOS data communications products, and a full
line of 80C86/88 microprocessors and peripherals. Semicustom circuit design problems are solved by a
complete line of SSI, MSI, and LS| standard cells and programmable logic products featuring on-chip
testability. (See complete digital product listing, page 1-3.)

CUSTOM INTEGRATED CIRCUITS DIVISION (CICD)

CICD is dedicated to the development and production of custom/semi-custom and specialized
integrated circuits for use in such areas as tactical/strategic radiation environments and secure
communications. CICD employs high performance CMOS and bipolar technologies to meet the needs
of high-end major military and hi-reliability programs.

CICD is oriented to engineering and manufacturing to specific customer requirements. The division also
has its own dedicated manufacturing operation and engineering, product assurance, and program
manager representation to insure close customer interaction and tight control of the design and quality
aspects of individual programs.

Data sheet products include devices that have a wider appeal, including those designed to operate in
very severe environments. CICD’s experience with radiation-hardened devices has made Harris Semi-
conductor the leading producer of circuits that meet a variety of Department of Defense environmental
specifications. (See complete CICD product listing, page 12-8 & 12-9.)

MICROWAVE SEMICONDUCTOR DIVISION

Harris Microwave Semiconductor Division develops and manufactures gallium arsenide field effect tran-
sistors (GaAs FETSs), digital integrated circuits, monolithic microwave integrated circuits, and GaAs FET
microwave amplifiers. (See complete Microwave product listing, page 12-8.)

Seeuson Additional information on Harris products is available on VideoLog’s online system.
Videolog For more information check the VideoLog* box on the reply card at the back.

Copyright @ Harris Corporation 1986
(All rights reserved)
Printed in U.S.A.

*VideoLog is a registered trademark of VideoLog Communications



Harris CMOS Digital Products

Harris Semiconductor continues to lead the way in offering advanced CMOS
digital products for the most demanding system applications in this world — and
beyond. Total control of system operation is now possible with Harris' static
CMOS 80C86/88-based microprocessor and peripheral family. True low power
Programmable Logic, the world’s largest library of LSI Standard Cells, and
advanced CMOS Memory and Memory modules are all available at Harris — just
turn the pages for more on these and other advanced CMOS digital products.

This data book fuily describes Harris Semiconductor's line of CMOS digital
products by including a complete set of data sheets for product specifications;
application notes with design details for specific applications of Harris products;
and a description of Harris’ quality and reliability program.

If you need more information on these and other Harris products, please contact
the nearest Harris sales office listed in the back of this data book. Or return the
reply card attached inside back cover.

Harris Semiconductor products are sold by description only. All specifications in
this data book are applicable only to packaged products; specifications for dice
are available upon request. Harris reserves the right to make changes in circuit
design, specifications and other information at any time without prior notice.
Accordingly, the reader is cautioned to verify that data sheets and other
information in this publication are current before placing orders. Information
contained in the application notes is intended soley for general guidance; use of
the information for user’s specific application is at user’s risk. Reference to
products of other manufacturers are solely for convenience of comparison and
do not imply total equivalency of design, performance, or otherwise.

0 HARRIS
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PRODUCT

HD-15530
HD-15531
HD-4702
HD-6402
HD-6406
HD-6408
HD-6409
HD-6431
HD-6432
HD-6433
HD-6434
HD-6436
HD-6440
HD-6495
HM-6504
HM-6508
HM-6514
HM-6516
HM-65162
HM-6518
HM-65262
HM-6551
HM-6561
HM-6564
HM-65642
HM-6616
HM-6641
HM-8808/08A
HM-8816H
HM-92560
-HM-92570
HPL™-16LC8
HPL-16RC8/6/4
HPL-82C138
HPL-82C139
HPL-82C338
HPL-82C339
Mini-HPL™
80C86
80C88
82C37A
82C50A
82C52
82C54
‘82C55A
82C59A
82C82
82C83H
82C84A
82C85
82C86H/87H
82C88
82C89

CMOS Alpha-Numeric Index

DESCRIPTION

Manchester ENcoder-DeCOder...........ouveiiieneneeiiieeseeeesre s
Manchester ENCoder-DeCOder ..o
Programmable Bit Rate Generator.....................
Universal Asynchronous Receiver Transmitter...............c.o.....
Programmable Asynchronous Communication Interface .....
Asynchronous Serial Manchester Adapter..........cccccovvneiniinns
Manchester Encoder-Decoder ...................... -
Hex Latching BuUs DIVEr ...
Hex Bi-Directional BUS DIVET .......ccccvvveiireeiceie et eseasres e
Quad Bus Separator/Driver.......

Octal Resettable Latch .......... "
Octal BUS BUFEI/DIIVET .......uccuveiiecveiiern ettt ieeese s e ses s ssentsseesessnsssenenensns
Latch Decoder/Driver .........ccuveueeen. e re e e eyt a s et e e g nanerenns
Hex Bus Driver ........cccco......
4K x 1 Synchronous RAM.....
1K x 1 Synchronous RAM......
1K x 4 Synchronous RAM.....
2K x 8 Synchronous RAM.....
2K x 8 ASynchronous RAM ...t ase e
TK X 1 Synchronous RAM ..o sesesse s e sseesnn
16K x 1 Asynchronous RAM.

256 x 4 Synchronous RAM....
256 x 4 Synchronous RAM....
64K Synchronous RAM Module ..
8K x 8 Asynchronous RAM ..........
2K x 8 Fuse Link PROM ......c.cccccecminiioninncsseescseniennes

512 x 8 Fuse Link PROM........ccoiiiiiiiiininiiic e

8K x 8 Asynchronous RAM Modules.............c........

16K x 8/32K x 8 Asynchronous RAM Module........

256K Synchronous RAM ModUIE ........ccoovviiienircrnieniceeceees e
256K Buffered Synchronous RAM Module ........ccccvriicviecenvnnenc e
Programmable LOgiC..........cccoviviiiiiiincincnns
Programmable LogiC........cccccecvinmmcernicnsienivnscnieenee
Programmable Chip Select Decoder (PCSD™)...
Programmable Chip Select Decoder (PCSD)....
Programmable Chip Select Decoder (PCSD)....
Programmable Chip Select Decoder (PCSD) .....c.ccocevenvervmennenmneincnssennnns
Programmable LOgiC (16-Pin)......c.ccoeiiiiiriicecececrereee e e
Static 16-Bit Microprocessor .......
Static 8/16-Bit MiCroproCessor ........ccccvevvvineeerceerencne
High Performance Programmable DMA Controller .....
Asynchronous Communications Element.....................
Serial Controller Interface..........ccccccovvueennees.
Programmable Interval Timer.............
Programmable Peripheral Interface ...
Priority Interrupt Controller................
Octal Latching Bus Driver..........oceuvene.

Octal Latching Inverting Bus DIVEr ..o
CloCk GENErator DIIVEN ........ccceevireeiriiiisiaaresieesiereecsessas s esecsessess e emesrenens
Static Clock Controller/Generator .....

Octal Bus Transceivers.........c...occoenen.

Bus Controller ............

BUS AIDItEr ...t ae s eeea e

PCSD™, HPL™, Mini-HPL™ are trademarks of Harris Corporation
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CMOS Devices by Families

8/16-BIT MICROPROCESSOR

80C86
80C88

Static 16-Bit MiCIrOPrOCESSON .....ccveviririiievirisenineneenreeressrassesssariessaeseersessessens 3-2
Static 8/16-Bit MiCrOproCESSOr.....c..ccvvvivierireticirrrcecee st 3-25

80C86/88 PERIPHERAL CIRCUITS

82C37A
82C50A
82C52

82C54
82C55A
82C59A

App Note 109

High Performance Programmable DMA Controller ..........ccccocvvveriniennnn. R 3-50
Asynchronous Communications Element
Serial Controller Interface.........cccccevevrvcinnenes

Programmable Interval TIiMer........ccccoooiiiiiieiiiieceeeeee et
Programmable Peripheral Interface .......c..coocvviiciniinine i
Priority Interrupt Controller ...t
82C59A Priority Interrupt Controller..........cccoevverrmrcenieeinrecenceeceee e

80C86/88 BUS SUPPORT CIRCUITS

82C82
82C83H
82C84A
82C85
82C86H/87H
82C88
82C89

64XX BUS INTERFACE CIRCUITS

HD-6431

HD-6432
HD-6433
HD-6434
HD-6436
HD-6440
HD-6495

SERIAL COMMUNICATIONS CIRCUITS

HD-4702
HD-6402
HD-6406
HD-6408
HD-6409
HD-15530
HD-15531
App Note 108

Octal Latching Bus Driver.............cooceieeiiiieieicieieietees et sssienans e 3-147
Octal Latching Inverting Bus DFiVer ........ccocecvirmmerrnienicrceiine e 3-152
CloCk GENErator DIIVEL ......cccceviieeeeriiverieenneinitcensires e csnees e sresseesseessneesnes 3-157
Static Clock Controller/Generator ..........ccovcvevcnevneeninseecicciciiiesees ... 3-164
Octal BUSs TranSCEIVEIS.....ccccvviiivieiieireneeneeerierareesnessaeesreesmessbe s enssaesressbesrees 3-181
BUS CONIOIIEE ....coireiriiiieiie et se et sva e ere e e srresnnesseen 3-186
Bus Arbiter......ccoevviviininns it s et er b et saee abe e sbst s s E et et e benEenans 3-193
Hex Latching Bus DIiver ... 172
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Quad Bus Separator/Driver...... it esssseiesse s seesennsons 7-4
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Octal Bus BUfEr/DIIVEN .......c..ccovviiiieirereriseceinese s s e e s eenessesases 7-6
Latch DECOUEI/DIIVET .ccceviviiieriieriisiiiiciisis et s ess bbb n b saens 7-7
HEX BUS DIVEL ..covviieiiieiccserec ettt srets s ssas b o sieseemesenseesbanes 7-8
Programmable Bit Rate Generator.............ccceueerverernone. v 4-3
Universal Asynchronous Receiver Transmitter.......ccccvmninreninnniennin. 4-8
Programmable Asynchronous Communication Interface ...........coooevcnienes 4-14
Asynchronous Serial Manchester Adapter.................. it ererie e 4-25

Manchester Encoder-Decoder
Manchester Encoder-Decoder
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CMOS Devices by Families
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1K — SYNCHRONOUS |
HM-6508 TK X 1 Synchronous RAM .........ccooiiiiieiiieerecee ettt eve e sves e 2-4 J
HM-6518 TK X 1 Synchronous RAM .........ociiiiinecccs ittt ssen e s anen 2-10 |
HM-6551 256 x 4 Synchronous RAM........c.ccccviininieiorininnesesnnseesserennne et 2-16
HM-6561 256 X 4 SYNCHronouS RAM.......ccccviieiireierieieieseiesnsessesesssssssssesssesesessnseans 2-22
4K — SYNCHRONOUS
HM-6504 4K X 1 Synchronous RAM ...t erae s 2-28
HM-6514 1K x 4 Synchronous RAM
16K — SYNCHRONOUS z
HM-6516 2K X 8 SYNCRIONOUS RAM ...cocvvrvvscrsrrssssrsnssssessssssssss s sneessessie 2-50 g%
16K — ASYNCHRONOUS 88
HM-65162 2K X 8 ASYNChronous RAM ........ccoicrieimireeieerises et inetesiensessessesscssees s 2-55 -
HM-65262 16K X 1 Asynchronous RAM .........c..ceoiiiiinieinnciecenne et 2-62
64K — ASYNCHRONOUS
HM-65642 8K x 8 ASynchronous RAM .......cc.ooiirieiiiiiiece e e 2-711
CMOS RAM MODULE
HM-6564 64K Synchronous RAM Moduie............
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Classification of Literature

CLASSIFICATION |

PRODUCT STAGE |

DISCLAIMERS

Preview
DATA SHEET

Formative or Design

This document contains the design specifi-
cations for product under development.
Specifications may be changed in any
manner without notice.

Advance Information
DATA SHEET

Sampling or
Pre-Production

This is advanced information, and specifica-
tions are subject to change without notice.

Harris reserves the right to make changes at anytime without notice, in order to improve design and supply

the best product possible.

Symbols and Abbreviations

This data sheet utilizes a new set of specification nomenclature. This new formatis an |IEEE and JEDEC supported stan-
dard for semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all
memory data sheets consistent. We believe that, once acclimated, you will find this standardized format easy to read

and use.

Electrical Parameter Abbreviations

All abbreviations use upper case letters with no
subscripts. The initial symbol is one of these four

characters: V (Voltage)
I (Current)
P (Power)

C (Capacitance)

The second letter specifies input (1) or output (O), and the
third letter indicates the high (H), low (L) or off (Z) state of
the pin during measurements. Examples:

VIL — Input Low Voltage
1QZ — Output Leakage Current

Timing Parameter Abbreviations

All timing abbreviations use upper case characters with
no subscripts. The initial character is always T and is
followed by four descriptors. These characters specify
two signal points arranged in a “from-to” sequence that
define a timing interval. The two descriptors for each
signal point specify the signal name and the signal
transitions. Thus the format is:

Signal name from which interval is defined—+ l
Transition direction for first signal
Signal name to which interval is defined

Transition direction for second signal

Signal Definitions:

A = Address
D = Data In
Q = Data Out

W = Write Enable
E = Chip Enable

S = Chip Select

G = Output Enable

Transition Definitions:
H = Transition to High
L = Transition to Low
V = Transition to Valid
X = Transition to Invalid or Don’t Care
Z = Transition to Off (High Impedance)

EXAMPLE:
CHIP _
ENABLE E
|ec— TWLEH
WRITE _
i @ N\ 77777777

The example shows Write pulse setup time defined as
TWLEH-Time from Write enable Low to chip Enable High.

Timing Limits

The table of timing values shows either a minimum or a
maximum limit for each parameter. Input requirements
are specified from the external system point of view. Thus,
address set-up time is shown as a minimum since the
system must supply at least that much time (even though
most devices do not require it). On the other hand,
responses from the memory are specified from the device
point of view. Thus, the access time is shown as a
maximum since the device never provides data later than
that time.

Waveforms
WAVEFORM
SYMBOL INPUT OUTPUT
Must Be Will be
Valid Valid
Change Will Change
FromHto L FromHto L
m Change Will Change
FromL to H FromLtoH
Don't Care: Changing:
m Any Change State
Permitted Unknown
> —
Impedance
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Low Voltage Data Retention

HARRIS CMOS RAMs are desugned with battery back p in mind. Data retentuon voltage and supply current
are guaranteed over temperature The followmg rules insure data retentlon .

.1.. Chip Enable (E) must be held high during data ret‘entioﬁ;‘within vcc to VCC +0.3V-

2. On RAMs which have selects or output enables (e.g. S, é) one of the selects or output enables
should be held in the deselected state to keep the RAM outputs high lmpedance mmlmlzmg
power dissipation.

3. All other inputs should be held either high (at CMOS VCC) or at ground to minimize ICCDR.

4. Inputs which are to be held high (e.g. E) must be kept between VCC +0.3V and 70% of VCC
during the power up and power down transitions.

5. The RAM can begin operation one TEHEL (for synchronous RAMs) and >55ns (for asynchro-
nous RAMs) after VCC reaches the minimum operating voltage (4.5 volts).

DATA RETENTION TIMING

vce \] DATA RETENTION MODE

4.5v asv F
\ VCC > 2.0V / See Note 5.

|- TEHEL

_7 |
E \ VCC TO VCC +0.3V /

2-2



Industry CMOS RAM Cross Reference

HARRIS CMOS RAMs

€-¢

DESCRIPTION HARRIS SMOS

1K CMOS RAMs

1Kx1, 16 Pin HM-6508 2125, 4015

Synchronous

1Kx1, 18 Pin HM-6518

Synchronous

256x4, 22 Pin HM-6551 2101

Synchronous

256x4, 18 Pin HM-6561 2111

Synchronous

4K CMOS RAMs

4Kx1, 18 Pin HM-6504 6504 2141, 2147

Synchronous 315D, 4104
4404

1Kx4, 18 Pin HM-6514 6514 2114, 2148

Synchronous 2149, 4045
314A

16K CMOS RAMs

2Kx8, 24 Pin HM-6516

Synchronous

2Kx8, 24 Pin HM-65162 2016 4802, 2116

Asynchronous 2016, 4016

16Kx1, 20 Pin HM-65262 2267 2167, 8167

Asynchronous 2367 1400

64K CMOS RAMs

8Kx8, 28 Pin HM-65642 6264 2064

Asynchronous HM-8808A* 8808A 2264

) HM-8808" 8808

128K CMOS RAM MODULE

16Kx8, 28 Pin - HM-8816H

Asynchronous

256K CMOS RAM MODULE

32Kx8/16Kx16 HM-92560

48 Pin Module HM-92570

Asynchronous

CMOS
MEMORY




O HARRIS

"HM-6508

1024 x 1 CMOS RAM

Features

Low Standby Power

50uW Max.

20mW/MHz Max.

Low Operating Power .
Fast Access Time ..

180nsec Max.

2.0 Volts Min.

Data Retention Voltage
TTL Compatible In/Out
High Output Drive — 2 TTL Loads
High: Noise Immunity

On Chip Address Register

» HM-6508-5

Wide Operating Temperature Ranges:

00C to +700C

» HM-6508-9

-400C to +850C

> HM-SSQB-Z/-&

-550C to +1250C

Description

current are guaranteed over temperature.

The HM-6508 is a 1024 by 1 static CMOS RAM fabricated using self-
aligned silicon gate technology. Synchronous circuit design techniques are
employed to achieve high performance and low power operation.

On chip latches are provided for address allowing efficient interfacing with
microprocessor systems. The data output buffers can be forced to a high
impedance state for use in expanded memory arrays.

The HM-6508 is a fully static RAM and may be maintained in any state
for an indefinite period of time. Data retention supply voltage and supply

Pinout

TOP VIEW

.
D — Data Input
Q — Data Output

A — Address Input
E— Chip Enable
W — Write Enable

Logic Symbol

~ E +vceW

1

—Q

H

GND

Functional Diagram

5 o—|
Ao o LATCHED ‘\45 GATED 32x32
A7 O—— ADDRESS ROW ,/ MATRIX
A8 REGISTER |A , | DECODER | “32
A9 75
< A32
GATED
COLUMN
DECODER
AND DATA 1/0

v
5

A A

LATCHED
ADDRESS

REGISTER .

Sl

A0 A1 A2 A3 A4

ALL LINES POSITIVE LOGIC — ACTIVE HIGH

THREE STATE BUFFERS:
A HIGH—=QUTPUT ACTIVE

ADDRESS REGISTER AND DECODERS:
“LATCH ON FALLING EDGE OF E
GATE ON FALLING EDGE OF E

o

CAUTIVO‘N: These devices are sensitive to electrostatic discharge. Proper 1.C, handling prpcedures should be followed.
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Specifications HM-6508B-2/-8/HM-65088-9

[+
Absolute Maximum Ratings* Operating Range §
Supply Voltage - (VCC - GND) ..o -0.3Vto +8.0V  Operating Supply Voltage - VCC =
Input or Output Voltage Applied.. (GND -0.3V) HM-6508B-2/-8........ccccccoviviiiniinie e, 4.5V to 5.5V T
to (VCC +0.3V) HM-6508B-9.... 4.5V to 5.5V
Storage Temperature...........cccocevvrveennnens -650C to +1500C  Operating Temperature
HM-6508B-2/-8 .. -550C to +1250C
HM-6508B-9 -400C to +850C

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Thisis astress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX [UNITS CONDITIONS
iccss Standby Supply Current 10 MA 10=0
VI =VCCor GND
ICCOP | Operating Supply Current @ 4 mA | E=1MHz,10=0
VI =VCCorGND
{CCDR Data Retention Supply Current 5 MHA VCC=2.0,10=0
Vi =VCCor GND
VCCDR Data Retention Supply Voltage 2.0 \ E=VvCC
D.C n Input Leakage Current -1.0 +1.0 MA VI = VCC or GND
o 102 Output Leakage Current -1.0 +1.0 UA VO = vCC or GND
ViL Input Low Voltage -0.3 0.8 \
ViH Input High Voltage VCC -2.0 {VCC +0.3 \'
voL Output Low Voltage 04 \" 10 =3.2mA
VOH Output High Voltage .24 \" 10 =-04mA
cl Input Capacitance @ 6 pF VI = VCC or GND
f=1MHz
co Output Capacitance@ 10 | pF VO = VCC or GND
%
TELQV | Chip Enable Access Time 180 ns @
TAVQV | Address Access Time 180 ns @
TELQX Chip Enable Output Enable Time 20 120 ns @
TWLQZ | Write Enable Output Disable Time 120 ns @
TEHQZ Chip Enable Output Disable Time 120 ns @
TELEH | Chip Enable Pulse Negative Width 180 ns @
TEHEL Chip Enable Puise Positive Width 100 ns @
AC. TAVEL Address Setup Time 0 ns @
TELAX Address Hold Time 40 ns @
TDVWH Data Setup Time 80 ns @
TWHDX | Data Hold Time 0 ns )]
TWLEH Chip Enable Write Pulse Setup Time 100 ns @
TELWH Chip Enable Write Pulse Hoid Time 100 ns @
TWLWH | Write Enable Pulse Width 100 ns @
TELEL Read or Write Cycle Time 280 ns @

NOTES: @ All devices tested at worst case temperature and Vgc.

® Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.

@ Tested at initial design and after major design changes.

@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.
Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C|_greater than 50pF,
access time is derated 0.15ns/pF.




Specifications HM-6508-2/-8/HM-6508-9

Absolute Maximum Ratings *

Supply Voltage -
Input or Output Voltage Applied.

Storage Temperature...

(VCC - GND)...

Operating Range

.. 4.5V to 5.5V

..-0.3V to 8.0V Operating Supply Voltage VCC
.(GND -0.3V) HM-6508-2/-8...
to (VCC +0.3V) HM-6508-9

-650C to +1500C
HM-6508-2/-8

Operating Temperature

HM-6508-9 .................

4.5V to 5.5V

......................... -550C to +1250C
............................ -400C to +850C

"CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications O

D.C.

A.C.

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX [ UNITS CONDITIONS
1CCSB Standby Supply Current 10 HA 10=0
V1 =VCC or GND
1CCOP Operating Supply Current @ 4 mA E=1MHz,10=0
=VCCor GND
ICCDR Data Retention Supply Current 10 MA VCC=20,10=0
V1I=VCCor GND
VCCDR Data Retention Supply Voltage 2.0 \" =vee
1l Input Leakage Current -1.0 +1.0 uA =VCC or GND
102 Output Leakage Current -1.0 +1.0 HMA VO = VCC or GND
VIiL Input Low Voltage -0.3 0.8 \
ViH Input High Voitage VCC -2.0 |VCC +0.3 \"
VoL Output Low Voltage 04 \Y 10 =3.2mA
VOH Output High Voltage 24 \Y 10 =-0.4mA
Cl Input Capacitance @ 6 pF =VCCor GND
= 1MHz
co Output Capacitance ® 10 oF | vO=vccorGND
f=1MHz
TELQV | Chip Enable Access Time 250 ns @
TAVQV Address Access Time 250 ns @
TELOX Chip Enable Output Enable Time 20 160 ns @
TWLQZ Write Enable Qutput Disable Time 160 ns @
TEHQZ Chip Enable Output Disable Time 160 ns @
TELEH | Chip Enable Pulse Negative Width 250 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time 0 ns @
TELAX Address Hold Time 50 ns @
TDVWH | Data Setup Time 110 ns @
TWHDX | Data Hold Time 0 ns )
TWLEH Chip Enable Write Pulse Setup Time 130 ns @
TELWH Chip Enable Write Pulse Hold Time 130 ns @
TWLWH Write Enable Pulse Width 130 ns @
TELEL | Read or Write Cycle Time 350 ns @
NOTES: (© Ali devices tested at worst case temperature and Vg,
® Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.
® Tested at initial design and after major design changes.
@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.

Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C_ greater than 50pF,

access time is derated 0.15ns/pF.




Specifications HM-6508-5

Absolute Maximum Ratings* Operating Range

Supply Voltage - (VCC - GND).....
input or Output Voltage Applied..

....-0.3V to +8.0V  Operating Supply Voltage - VCC
...(GND -0.3V) HM-6508-5

to (VCC +0.3V)  Operating Temperature
..-650C to +1500C HM-6508-5

Storage Temperature....

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress only rating and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specitication is
not implied.

Electrical Specifications ©

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS

1ICCSB Standby Supply Current 100 MA 10=0
VI =VCCor GND
1CCoP Operating Supply Currem@ 4 mA E=1MHz, 10=0
VI =VCCor GND
ICCDR Data Retention Supply Current 100 UA VCC=20,10=0
| Vi=VCCor GND

D.C. VCCDR Data Retention Supply Voltage 20 \% E=vece

1l Input Leakage Current -1.0 +1.0 MA VI = VCCor GND
10Z Output Leakage Current -1.0 +1.0 MA VO = VCC or GND
VIL tnput Low Voltage -0.3 038 \%

VIH Input High Voltage VCC -2.0 [VCC+0.3| "V
VoL Output Low Voltage 0.4 \% 10 =1.6mA
VOH Output High Voltage 24 \ 10 =-02mA
Cl Input Capacitance@ 6 pF V1 =VCCor GND
f=1MHz
CcoO Output Capacitance@ 10 pF VO =VCCor GND
f=1MHz
TELQV Chip Enable Access Time 300 ns @
TAvVQvV Address Access Time 310 ns @
TELQOX Chip Enable Output Enable Time 20 200 ns @
TWLQZ Write Enable Output Diszble Time 200 ns @
TEHQZ | Chip Enable Output Disable Time 200 ns @
TELEH Chip Enable Pulse Negative Width 300 ns @
TEHEL Chip Enable Pulse Positive Width 150 ns @

A.C. TAVEL Address Setup Time 10 ns @
TELAX Address Hold Time 70 ns @
TDVWH | Data Setup Time 130 ns @
TWHDX | Data Hold Time o] ns ®
TWLEH Chip Enable Write Pulse Setup Time 160 ns @
TELWH Chip Enable Write Pulse Hold Time 160 ns @
TWLWH Write Enable Pulse Width 160 ns @
TELEL | Read or Write Cycle Time 450 ns @

NOTES: (@ All devices tested at worst case temperature and Voc.

@ Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.

® - Tested at initial design and after major design changes.

@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.
Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C|_ greater than 50pF,
access time is derated 0.15ns/pF.
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HM-6508

Read Cycle
TAVEL paTE L [
A SERRRIXNK_|exr
reme ] et
. === I S N
w HIGH
° KR RRRRRRRIRRAK
renoz! pe—— TELQV-
B M pe— TELQX'
a VALID QUTPUY ’————
e t $ ¢ | t t 4
REFERENCE | I I T T 1
-1 0 1 2 3 4 5
TRUTH TABLE
TIME _ INPUTS OUTPUTS
REFERENCE | E w A D Q FUNCTION
-1 H X X X z2 MEMORY DISABLED
0] ~ H v X r4 CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L H X X X OUTPUT ENABLED
2 L H X X Vv OUTPUT VALID
3 A4 H X X v READ ACCOMPLISHED
a4 H X X X y4 PREPARE FOR NEXT CYCLE (SAME AS -1)
5 N H v X r4 CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

in the HM-6508 Read Cycle, the address information is
latched into the on chip registers on the falling edge of
E (T = 0). Minimum address setup and hold time require-
ments must be met. After the required hold time, the
addresses may change state without affecting device opera-
tion. During time (T = 1) the data output becomes en-
abled; however, the data is not valid until during time

(T = 2). W must remain high for the read cycle. After the
output data has been read, E may return high (T = 3).
This will disable the chip and force the output buffer to
a high impedance state. After the required E high time
(TEHEL) the RAM is ready for the next memory cycle
(T=4).

Write Cycle

TAVEL:
A

|7

[NEXT

TELEL.

FTENE\.

TVELEH

TEMEL

TWL

W

N N

TWLWH
4

o ZRRXRRRRXRRA

TELWH

VALID DATA INPUT
TOVIWH —————am|

a HIGH Z
e 1 | t P ! t
REFERENCE I T T 1 | |
-1 [ t 2 3 4 5
TRUTH TABLE
TIME _ INPUTS OUTPUTS
REFERENCE | E w A D Q FUNCTION
-1 H X X X z MEMORY DISABLED
] X v X 4 CYCLE BEGINS, ADDRESSES ARE LATCHED
1 [ W 4 X z WRITE PERIOD BEGINS
2 L X v z DATA ISWRITTEN
3 A H X X z WRITE COMPLETED .
4 H X X X z PREPARE FOR NEXT CYCLE {SAME AS -1)
5 N X \" X 4 CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)




HM-6508

The write cycle is initiated by the falling edge of E which
latches the address information into the on chip registers.
The write portion of the cycle is defined as both E and W
being low simultaneously. W may go low anytime during
the cycle provided that the write enable pulse setup time
(TWLEH) is met. The write portion of the cycle is term-
inated by the first rising edge of either E or W. Data
setup and hold times must be referenced to the terminating
signal.

If a series of consecutive write cycles are to be performed,
the W line may remain low until all desired locations have
been written. When this method is used, data setup and

hold times must be referenced to the rising edge of E. By

positioning the W pulse at different times within the E
low time (TELEH), various types of write cycles may be
performed.

If the E low time (TELEH) is greater than the W pulse
(TWLWH) plus an output enable time (TELQX), a comb-
ination read write cycle is executed. Data may be modified
an indefinite number of times during any write cycle
(TELEH). The data input and data output pins may be tied
together for use with a common /0 data bus structure.
When using the RAM in this method allow a minimum of
one output disable time (TWLQZ) after W goes low before
applying input data to the bus. This will insure that the
output buffers are not active.

HM-6508

CMOS
MEMORY



o HARRIS

HM-6518

1024 x 1 CMOS RAM

Features
¢ HM-6100 Compatible
e Low Standby Power

50uW Max.

e Low Operating Power

o Fast Access Time

20mW/MHz Max.
180nsec Max.

e Data Retention Voltage

2.0 Voits Min.

o TTL Compatible In/Out

¢ High Output Drive — 2 TTL Loads
¢ High Noise Immunity

e On Chip Address Register

e Three-State Outputs
o Wide Operating Temperature Ranges:
» HM-6518-5

e Two Chip Selects for Easy Array Expansion

» HM-6518-9

00C to +700C
-400C to +85°9C

» HM-6518-2/-8

Description

arrays.

current are guaranteed over temperature.

-550C to +1250C

The HM-6518 is a 1024 by 1 static CMOS RAM fabricated using self-
aligned silicon gate technology. Synchronous circuit design techniques are
employed to achieve high performance and low power operation.

On chip latches are provided for addiess and data outputs allowing ef-
ficient interfacing with microprocessor systems. The data output buffers
can be forced to a high impedance state for use in expanded memory

The HM-6518 is a fully static RAM and may be maintained in any state
for an indefinite period of time. Data retention supply voltage and supply

Pinout
TOP VIEW
sich 18] vee
E[]2 17[]s
ao[]3 16[]o
a4 1s[]W
a2[]s 14[] A9
a3f]e 13[] A8
aa]7 12[] A7
a]s 1] As
GND[]9 10[] As

W -WRITE ENABLE
D -DATA INPUT
Q -DATA OUTPUT

ADDRESS INPUT
CHIP ENABLE

A-
E -
§ -CHIP SELECT

Logic Symbol

o—m|
o— =/
[}
o=
o—3i

VC!
I

A0 —

A2 —i
A3 —
A4 —

.

A6 —
A7 —
A8 —
A9 —

o
4y

Functional Diagram

AS

[o Su——
A8 O———
a7 O0———
A8 O———f

LATCHED
ADDRESS
REGISTER

A9 O———

GATED
ROW
DECODER

32x 32
MATRIX

%71

DO~

N
A

I

/ Fz

COLUMN DECODER
AND DATA 1/O

B Laren |2 o
A

[8

£

A

A

LATCHED

wo-—o[> ,
co—>
oD

ADDRESS
REGISTER

A0 A1 A2 A3 A4

ALL LINES POSITIVE LOGIC ~ ACTIVE HIGH

THREE STATE BUFFERS:

A HIGH —= OUTPUT ACTIVE
DATA LATCH:

LHIGH — Q=D

Q LATCHES ON RISING EDGE OF L
ADDRESS REGISTERS AND DECODERS:

LATCH ON FALLING EDGE OF E
GATE ON FALLING EDGE OF E

CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow standard IC Handling Procedures.
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Specifications HM-6518B-2/-8/HM-6518B-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND) ........ccoeuuene. -0.3V to +8.0V
Input or Output Voltage Applied................... (GND -0.3V)

to (VCC +0.3V)
Storage Temperature.........cccccevvvrennne, -650C to +1500C

Operating Range

Operating Supply Voltage - VCC
HM-6518B-2/-8........cccconereveriiiinnreeieines 4.5V to 5.5V
HM-6518B-9.......ccovnrireiiriiiiencriescrsnens 4.5V to 5.5V

Operating Temperature
HM-6518B-2/-8...
HM-65188-9

..-550C to +1250C
-400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP, & VCC =
OPERATING
RANGE
. TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS
ICCSB Standby Supply Current 10 MA 10=0
Vi =VCCorGND
iccop Operating Supply Current @ 4 mA E= 1MHz,10=0
VI =VCCorGND
ICCDR Data Retention Supply Current 5 MA VCC=20,10=0
V1 =VCC or GND
VCCDR | Data Retention Supply Voltage 20 v E=Vvce '
1" Input Leakage Current -1.0 +1.0 MA VI = VCC or GND
D.C. 10z Output Leakage Current -1.0 +1.0 MA VO = VCC or GND
ViL Input Low Voltage -0.3 0.8 \%
VIH Input High Voltage VCC -2.0 |[VCC +0.3 v :
voL Output Low Voltage 0.4 \% 10 =3.2mA
VOH Output High Voltage 24 \ 10 =-0.4mA
Cl Input Capacitance @ 6 pF VI =VCCor GND
f=1MHz
co Output Capacitance@ 10 pF VO= VCCor GND
f=1MHz
TELQV Chip Enable Access Time 180 ns @
TAVQV | Address Access Time 180 | ns @
TSLQX | Chip Select Output Enable Time 20 120 ns ®®
TWLQZ | Write Enable Output Disable Time 120 ns @@
TSHQZ | Chip Select Output Disable Time 120 ns (©10]
TELEH Chip Enable Pulse Negative Width 180 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
AC TAVEL | Address Setup Time 0 ns @

i TELAX | Address Hold Time 40 ns @
TDVWH | Data Setup Time 80 ns @
TWHDX | Data Hold Time 0 ns @
TWLSH | Chip Select Write Pulse Setup Time 100 ns ®
TWLEH Chip Enable Write Pulse Setup Time 100 ns @
TSLWH Chip Select Write Puise Hold Time 100 ns O,
TELWH | Chip Enable Write Pulse Hold Time 100 ns @
TWLWH | Write Enable Pulse Width 100 ns @
TELEL Read or Write Cycle Time 280 ns @

NOTES: (@ All devices tested at worst case temperature and V.

@ Operating supply current (ICCOP) is proportional to operating frequency.

Exampile: typical ICCOP = 1.5mA/MHz.

@ Tested at initial design and after major design changes.

@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.
Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C|_ greater than 50pF,

access time is derated 0.15ns/pF.
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Specifications HM-6518-2/-8/HM-6518-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND).... ....=0.3V to +8.0V
Input or Output Voltage Applied.. (GND -0.3V)

to (GND +0.3V)
Storage Temperature...........ccceecerrennrenns -650C to +1500C

Operating Range

Operating Supply Voltage - VCC

HM-6518-2/-8 4.5V to 5.5V

HM-6518-9 .....coviveeirniien 4.5V to 5.5V
Operating Temperature

HM-6518-2/-8 ..-550C to +1250C

HM-6518-9 -400C to +85°C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications . ®

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 10 MA 10=0
VI =VCC or GND
ICCOP Operating Supply Current@ 4 mA E=1MHz, 10=0
Vi=VCCor GND
ICCDR Data Retention Supply Current 10 MA VCC=20,10=0
Vi =VCCorGND
VCCDR Data Retention Supply Voltage 20 \" E=VvCC
1] Input Leakage Current -1.0 +1.0 MA VI =VCC or GND
102 Output Leakage Current -1.0 +1.0 MA VO = VCCor GND
D.C. ViL Input Low Voltage -0.3 0.8 Y
VIH Input High Voltage VCC -2.0 | vCC +0.3 v
VoL Output Low Voltage 04 \ 10 =3.2mA
VOH Output High Voltage 24 v 10 =-0.4mA
Ci Input Capacitance 6 pF VI =VCC or GND
= 1MHz '
co Output Capacitance @ 10 pF | vO=vccorGND
f=1MHz
TELQV | Chip Enable Access Time 250 ns @*
TAVQV | Address Access Time 250 ns @
TSLAX Chip Select Qutput Enable Time 20 160 ns @ @
TWLQOZ Write Enable Output Disable Time 160 ns @ @
TSHQZ Chip Select Output Disable Time 160 ns @ @ .
TELEH Chip Enable Pulse Negative Width 250 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time 0 ns @
TELAX | Address Hold Time 50 ns ®
AC. TDVWH | Data Setup Time 110 ns @
TWHDX .| Data Hold Time 0 ns ®
TWLSH Chip Select Write Pulse Setup Time 130 ns @
TWLEH Chip Enable Write Pulse Setup Time 130 ns @
TSLWH Chip Select Write Pulse Hold Time 130 ns @
TELWH Chip Enable Write Puise Hold Time 130 ns @
TWLWH Write Enable Pulse Width 130 ns @
TELEL Read or Write Cycle Time 350 ns @
NOTES: (@ All devices tested at worst case temperature and Vo,

@

Operating supply current (ICCOP) is proportionai to operating frequency.

Example: typical ICCOP = 1.5mA/MHz.

O}

Input rise and fall times: 20ns max.

Tested at initial design and after major design changes.

Input and output timing reference level: 1.5V.

Output load: 1 TTL gate equivalent and C| = 50 to 300pF. For C; greater than 50pF,

access time is derated 0.15ns/pF.
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Specifications HM-6518-5

Absolute Maximum Ratings*

Operating Range

Supply Voltage - (VCC - GND) ........ ...-0.3V to +8.0V  Operating Supply Voltage - VCC

Input or Output Voltage Applied...... (GND -0.3V) HM-=6518-5 ........coviriereiiiiievie e 4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature

Storage Temperature...........ccccoverveinneas -650C to +1500C HM-=-6518-5 .......covvveriviieiienririece e 00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause psrmanem’ damage to the device. This is astress only rating 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. .

Electrical Specifications ©

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN r MAX [UNITS CONDITIONS
ICCSB Standby Supply Current 100 MA 10=0
Vi =VCCorGND
ICCOP | Operating Supply Current @ 4 mA | E=1MHz10=0
VI =VCCorGND
ICCDR Data Retention Supply Current 100 HA VCC=20,10=0
D.C. VI = VCC or GND
E=vce
VCCDR Data Retention Supply Voltage 2.0 v
I input Leakage Current -1.0 +1.0 MA VI =VCCor GND
102 Qutput Leakage Current -1.0 +1.0 UA VO = VCC or GND
VIL Input Low Voltage -0.3 0.8 \2
VIH Input High Voltage VCC -2.0 | vCC +0.3 \Y
vOL Qutput Low Voltage 0.4 \% 10 =1.6mA
VOH Output High Voltage 24 \Y 10 =-0.2mA
cl input Capacitance @ 6 pF | VI=VCCorGND
’ f=1MHz
co Output Capacitance @ 10 pF VO=VCCor GND
f=1MHz
TELQV Chip Enable Access Time 300 ns @
TAVQV | Address Access Time 310 ns @
TSLOX Chip Select Output Enable Time 20 200 ns @
TWLQZ | Write Enable Output Disable Time 200 ns 3@
TSHQZ | Chip Select Output Disable Time 200 ns ®®
TELEH Chip Enable Pulse Negative Width 300 ns @
TEHEL Chip Enable Pulse Positive Width 150 ns @
TAVEL | Address Setup Time 10 ns @

A.C. TELAX | Address Hold Time 50 ns )
TDVWH | Data Setup Time 130 ns @
TWHDX | Data Hold Time 0 ns @
TWLSH Chip Select Write Pulse Setup Time 160 ns @
TWLEH | Chip Enable Write Pulse Setup Time 160 ns ®
TSLWH | Chip Select Write Pulse Hold Time 160 ns @
TELWH Chip Enable Write Pulse Hold Time 160 ns @
TWLWH Write Enable Pulse Width 160 ns @
TELEL Read or Write Cycle Time 450 ns @

NOTES: @ All devices tested at worst case temperature and Vgg.

0]

®

Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.

Tested at initial design and after major design changes.

Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.

Output load: 1 TTL gate equivalent and C_ = 50 to 300pF. For C| greater than 50pF,

access time is derated 0.15ns/pF.
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, HM-6518

Read Cycle
TAVEL: <TELAX : —
A 0 e a0 20 20 2200 AT
TEHEL TELE! TELE + TEHEL
[3 I N /I B N
. HIGH
w
R LR R RRIRRIRIN
HIGH Z
VALID OUTPUT LATCHED 1—_——-
s~
T T 1
2 3 R
TRUTH TABLE
TIME INPUTS OUTPUT '
REFERENCE [F 0W A DO FUNCTION
-1 H H X X X b4 MEMORY DISABLED
0 . X H A\ X z CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L L H X X X OUTPUT ENABLED
2 L LH X X v OUTPUT VALID
3 AL H X X v OUTPUT LATCHED
4 H H X X X 2 DEVICE DISABLED, PREPARE FOR NEXT CYCLE (SAME AS -1)
] . X H v X z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)
NOTES: (D Device selected only If both §1 and 52 are low, and deselected if either $1 or 52 are high.

In the HM-6518 read cycle the address information is
latched into the on chip registers on the falling edge of E
(T = 0). Minimum address setup and hold time require-
ments must be met. After the required hold time the
addresses may change state without affecting device oper-
ation. In order for the output to be read S1, SZ, and E

must be low, W must be high. When E goes high the out-
put data is latched into an on chip register. Taking either
or both ST or $2 high forces the output buffer to a high
impedance state. The output data may be re-enabled
at any time by taking 1 and 52 low. On the falling edge

of E the data will be unlatched.

Write Cycle

TAVEL
A

KERKIXD

7

ROBEEX

SR KRHXRIXKRRRES

TELEL-

FTEHEL

TELI
/)

-TWLI

TELN
00NN\ N

TDVWH ———=1
VALID DATA

CUXXXXHK

X

TSL!

s PN/

} } }
1 i ! T 1
1 a 5
TRUTH TABLE
TIME INPUTS OUTPUT
REFERENCE[E W Sd A D. Q FUNCTION
~1 H X X | X X z MEMORY DISABLED
1} N X X v X z CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L L L X v r4 WRITE MODE HAS BEGUN
2 L AL X v z DATA IS WRITTEN
3 o X X | X X z WRITE COMPLETED
4 H X X | X X z PREPARE FOR NEXT CYCLE (SAME AS -1)
5 X X{iv X z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

NOTES: @ Device selected only if both 51 and §2 are low, and deselected if either S1 or 52 are high.
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HM-6518

The write cycle is initiated by the falling edge of E which
latches the address information into the on Chlp registers.
The write portion of the cycle is defined as E, W, 31, and
52 being low simultaneously. W may go low anytime
during the cycle provided that the write enable pulse set~
up time (TWLEH) is met. The write portion of the cycle
is terminated by the first rising edge of either E, W, ST or
S2. Data setup and hold times must be referenced to the
terminating signal.

If a series of consecutive write cycles are to be performed,
the W line may remain low until all desired locations have
been written, When this method is used data setup and
hold times must be referenced to the rising edge of E.

By positioning the W pulse at different times within the E
low time (TELEH), various types of write cycles may be
performed. If the E low time (TELEH) is greater than the
W pulse {TWLWH) plus an output enable time (TSLQX),
a combination read-write cycle is executed. Data may be
modified an indefinite number of times during any write
cycle (TELEH).

The data input and data output pins may be tied together
for use with a common 1/O data.bus structure. When us-
ing the RAM in this method allow a minimum of one out-
put disable time (TWLQZ) after W goes low before apply-
ing input data to the bus. This will insure that the output
buffers are not active.

HM-6518
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@ HARRIS

M-6551

256 x 4 CMOS RAM

Features

Low Standby Power
Low Operating Power
Fast A Time
Data Retention Voltage
TTL Compatible In/Out
High Output Drive — 1 TTL Load
Internal Latched Chip Select

High Noise immunity

On Chip Address Registers

Latched Outputs

Three-State Outputs

Wide Operating Temperature Ranges:
» HM-6551-5
» HM-6551-9
» HM-6551-2/-8
Description
The HM-6551 is a 256 by 4 static CMOS RAM fabricated using self-

aligned silicon gate technology. Synchronous circuit design techniques are
employed to achieve high performance and low power operation.

50uW Max.
20mW/MHz Max.
220nsec Max.
2.0 Volts Min.

e & © o & o ¢ 0o ¢ o o o

00C to +700C
-400C to +85°C
-550C to +1250C

On chip latches are provided for addresses and data outputs allowing
efficient interfacing with microprocessor systems. The data output
buffers can be forced to a high impedance state for use in expanded
memory arrays.

The HM-6551 is a fully static RAM and may be maintained in any state
for an indefinite period of time. Data retention supply voltage and supply
current are guaranteed over temperature.

Pinout
TOP VIEW

W — Write Enable
D — Data Input
Q — Data Output

A — Address Input
E- Chip Enable
S — Chip Select

Logic Symbol

LTI
A0— 0o
A1— —a0
A2~ —o01
A3~ — 01
Ad— |—p2
A5~ —Q2
A~ 03
A7— a3

9l—q
IH
ar—a

(7]
Zt
o

Functional Diagram

A0 O——ro] x ALL LINES POSITIVE LOGIC - ACTIVE HIGH
A1O— L aTcHED s GATED T THREE STATE BUFFERS:
x A HIGH -»- DUTPUT ACTIVE
A5 O———{ ADDRESS ROW MATRIX
A6 O———| REGISTER |, DECODER 32 DATA LATCHES:
/ L HIGH =0 =D
A7 00— 5 Q LATCHES ON FALLING EDGE OF L
L : B2
oo ° a oo
A —  catep A
COLUMN oata |
D1 |—2] oureur a1
A AND DATA LATCHES 4 A
INPUT/OUTPUT
nzo——-%‘ 0 Q
-2 a2
A D =)
A
| Y
b3 3 3 a3
A GA
1.—/ A A
T 0—4} LATCHED SELECT LATCH:
ADDRESS LLOW =Q=D
REGISTER Q LATCHES ON RISING EDGE OF L
Wo——c{> ADDRESS LATCHES AND GATED DECODERS :
L LATCH ON FALLING EDGE OF £
GATE ON FALLING EDGE OF E
- NEUA
sz LATCH AZ A3 A4

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow standard IC Handiing Procedures.
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Specifications HM-6551B-2/-8 HM-6551B-9

Absolute Maximum Ratings *

Supply Voltage - (VCC - GND)
Input or Output Voltage Applied...

...-0.3V to +8.0V
(GND -0.3V)

to (VCC +0.3V)
Storage Temperature.........cceceerrvennnn -650C to +1500C

not implied.

Operating Range

Operating Supply Voltage - VCC

HM-6551B-2/-8

HM-6551B-9

HM-6551B-9........cocvirerieeienteeere e eveens
Operating Temperature
HM-6551B-2/-8..

...-550C to +1250C
-400C to +850C
*CAUTION: Stresses above those listed under “"Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and

functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is

Electrical Specifications (O

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS
ICCSB | Standby Supply Current 10 A 10=0
VI =VCCor GND
1ccopP Operating Supply Current @ 4 mA E=1MHz, 10=0
Vi =VCCor GND
W = GND
ICCDR Data Retention Supply Current 10 MA VCC=20,10=0
V! =VCCorGND
VCCDR | Data Retention Supply Voltage 2.0 \ E=VvCC
D.C. 1 Input Leakage Current -1.0 +1.0 MA V1 =VCCor GND
102 Output Leakage Current -1.0 +1.0 HA VO =VCC or GND
VIL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage VCC -2.0 | VCC +0.3 v
VoL Output Low Voltage 0.4 v 10 =1.6mA
VOH Qutput High Voitage 24 A\ 10 =-04mA
c Input Capacitance @ 6 pF | VI=vCCorGND
f=1MHz
co Output Capacitance @ 10 pF | VO=vCCorGND
L_Af f=1MHz
TELQV Chip Enable Access Time 220 ns @
TAvVQV Address Access Time 220 ns @
TS1LOX Chip Select 1 Output Enable Time 20 130 ns @
TWLQZ | Write Enable Output Disable Time 130 ns %@
TS1HQZ Chip Select 1 Output Disable Time 130 ns @@
TELEH Chip Enable Pulse Negative Width 220 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL Address Setup Time o] ns @

A.C. TS2LEL | Chip Select 2 Setup Time 0 ns ®@®
TELAX Address Hold Time 40 ns @
TELS2X Chip Select 2 Hold Time 40 ns @
TDVWH | Data Setup Time 100 ns @
TWHDX | Data Hold Time 0 ns @
TWLS1H | Chip Select 1 Write Pulse Setup Time 120 ns @
TWLEH Chip Enable Write Pulse Setup Time 120 ns @
TSTLWH | Chip Select 1 Write Pulse Hold Time 120 ns @
TELWH Chip Enable Write Pulse Hold Time 120 ns @
TWLWH | Write Enable Pulse Width 120 ns @
TELEL Read or Write Cycle Time 320 ns @

NOTES: ®
®

®

All devices tested at worst case temperature and Vo .

Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.

Tested at initial design and after major design changes.

Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.
Output load: 1 TTL gate equivalent and C_ = 50 to 300pF. For C_ greater than SOpF,

access time is derated 0.15ns/pF.
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Specifications HM-6551-2/-8 HM-6551-9

Absolute Maximum bhatings *

Supply Voltage - (VCC - GND) .......... .
Input or Output Voltage Applied

Storage Temperature

~0.3V to +8.0V
...(GND -0.3V)
to (VCC +0.3V)

.......................... -650C to +1500C

Operating Range

Operating Supply Voltage - VCC

HM-6551-2/-8
HM-8551-9
Operating Temperature
HM-6551-2/-8
HM-6551-9

.................. crereeneeens 45V 10 5.5V
.................................................. 4.5V to 5.5V

-550C to +1250C

-400C to +850C

“CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications ®

D.C.

AC.

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS
1CCSB Standby Supply Current 10 UA 10=0
Vi=VCCor GND
IccoP Operating Supply Current @ 4 mA E =1MHz 10=0
VI =VCCor GND
W =GND
ICCDR Data Retention Supply Current 10 MA VC€C=20,10=0
‘\_/l =VCCor GND
VCCDR Data Retention Supply Voltage 2.0 \ E=VvCC
H Input Leakage Current -1.0 +1.0 MA Vi = VCC or GND
10Z Output Leakage Current -1.0 +1.0 MA VO = VCC or GND
ViL Input Low Voltage -0.3 0.8 \%
VIH Input High Voltage VCC -2.0| VCC+0.3] V
VoL Output Low Voltage 0.4 \ 10 =1.6mA
VOH Output High Voltage 24 \Y 10 =-0.4mA
Ci Input Capacitance 6 pF Vi=VCCor GND
f=1MHz
co Output Capacitance ® 10 pF VO= VCC or GND
f=1MHz
TELQV | Chip Enable Access Time 300 ns @
TAVQV Address Access Time 300 ns @
TS1LAX Chip Select 1 OQutput Enable Time 20 150 ns @
TWLQZ Write Enable Output Disable Time 150 ns %@ ’
TS1HQZ Chip Select 1 Output Disable Time 150 ns @@
TELEH | Chip Enable Pulse Negative Width 300 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time 0 ns @
TS2LEL | Chip Select 2 Setup Time 0 ns @
TELAX Address Hold Time 50 ns @
TELS2X | Chip Select 2 Hold Time 50 ns @
TDVWH | Data Setup Time 150 ns @
TWHDX | Data Hold Time 0 ns @
TWLS1H Chip Select 1 Write Pulse Setup Time 180 ns @
TWLEH | Chip Enable Write Pulse Setup Time 180 ns @
TS1LWH | Chip Select 1 Write Pulse Hold Time 180 ns @
TELWH | Chip Enable Write Pulse Hold Time 180 ns @
TWLWH | Write Enable Pulse Width 180 ns @
TELEL | Read or Write Cycle Time 400 ns @
NOTES: (@ All devices tested at worst case temperature and Voo
@ Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.
@ Tested at initial design and after major design changes.
@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.

Output load: 1 TTL gate equivalent and C_ = 50 to 300pF. For C; greater than 50pF,

access time is derated 0.15ns/pF.
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Specifications HM-6551-5

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)
Input or Output Voltage Applied

Storage Temperature

...=0.3V to +8.0V
(GND -0.3V)

to (VCC +0.3V)
..-850C to +1500C H

M-6551-5 ...

Operating Range

Operating Supply Voltage - VCC
HM-=6551-5 .....coeimiiieeiienieerrce e 4.5V to 5.5V
Operating Temperature

00C to +70°C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications ©

D.C.

A.C.

TEMP, & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX [UNITS CONDITIONS
ICCSB Standby Supply Current 100 MA 10=0
VI =VCC or GND
Iccop | Operating Supply Current @ 4 mA { E=1MHz,10=0
VI =VCCor GND
W =GND
ICCDR Data Retention Supply Current 100 MA VCC=20,iI0=0
‘ VI =VCC or GND
VCCDR Data Retention Supply Voltage 2.0 Y] E =VCC
" Input Leakage Current ~1.0 +1.0 RA V1 =VCC or GND
i0Z Output Leakage Current -1.0 +1,0 MA VO = VCC or GND
VIL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage VCC -2.0 { VCC +0.3 \
VoL Output Low Voltage 04 \% 10 =1.6mA
VOH Output High Voltage 24 \ 10 =-02mA
cl Input Capacitance @ 6 pF | Vvi=vccoraND
f=1MHz
co Output Capacitance@ 10 pF VO=VCC or GND
f=1MHz
TELQV Chip Enabie Access Time 350 ns @
TAVQV Address Access Time 360 ns @
TS1LAX Chip Select 1 Output Enable Time 20 180 ns @@
TWLQZ | Write Enable Output Disable Time 180 ns @@
TS1HQZ Chip Select 1 Output Disable Time 180 ns @@
TELEH Chip Enable Pulse Negative Width 350 ns @
TEHEL Chip Enabie Pulse Positive Width 150 ns @
TAVEL Address Setup Time 10 ns @
TS2LEL | Chip Select 2 Setup Time 10 ns @
TELAX | Address Hold Time 70 ns @
TELS2X | Chip Select 2 Hold Time 70 ns @
TDVWH Data Setup Time 170 ns @
TWHDX | Data Hold Time ) ns @
TWLS1H | Chip Select 1 Write Pulse Setup Time 210 ns @
TWLEH Chip Enable Write Puise Setup Time 210 ns @
TS1LWH | Chip Select 1 Write Pulse Hold Time 210 ns @
TELWH Chip Enable Write Pulse Hold Time 210 ns @
TWLWH Write Enabie Pulse Width 210 ns @
TELEL Read or Write Cycle Time 500 ns @
NOTES: @ All devices tested at worst case temperature and Vgc.
@ Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz.
@ Tested at initial design and after major design changes.
® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.

Output load: 1 TTL gate equivalent and Cy = 50 to 300pF. For C_ greater than 50pF,

access time is derated 0.15ns/pF.
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HM-6551

Read Cycle
TAVEL —md
A
TELEL.
_F"”“_ LEH ! TEHEL
ay
H _J N—
TS2LEL JELE2X TS2LEL ~w~{ fo—
©
IR I IIIIINS
’.—TELDV—-———.
T.
a K VALID OUTPUT
TSILAX TSTHOZ
i A WJ\W
1 )
w HIGH
e | | } | |
REFERENCE 1 | | 1 ! T T
-1 [ 1 2z 3 4 5
TRUTH TABLE
TIME INPUTS OUTPUTS
REFERENCE|E §1 §2 W A D Q FUNCTION
-1 HH X X[x X z MEMORY DISABLED
0 UX L OH|V X z ADDRESSES AND §2 ARE LATCHED, CYCLE BEGINS
1 L L X H[x X X OUTPUT ENABLED BUT UNDEFINED
2 L L X H|X X v DATA OUTPUT VALID
3 AL X HIX X v OUTPUTS LATCHED, VALID DATA,S2 UNLATCHES
4 HH X X[x X z PREPARE FOR NEXT CYCLE (SAME AS -1)
5 WX L OH|v o x z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The HM-6551 Read Cycle is initiated by the falling edge =~ The HM-6551 has output data latches that are controlled

of E. This signal latches the input address word and S2 into
on chip registers providing that minimum setup and hold
times are met. After the required hold time, these inputs
may change state without affecting device operation.
S2 acts as a high order address and simplifies deccding.
For the output to be read, E, S1 must be low and W must
be high. S2 must have been latched low on the falling
edge of E. The output data will be valid at access time
(TELQV).

by E. On the rising edge of E the present data is latched
and remains in that state until E falls. Also on the rising
edge of E, S2 unlatches and controls the outputs along
with ST. Either or both $7 or S2 may be used to force the
output buffers into a high impedance state.

Write Cycle

TAVEL.
A

KRR KX RRRAREELZERED

v

AVAVAN AVAV. . W..4 NEXT

} TEHEL.

TELEL

=

TELEH,

y— N
T N~ \_
TS2LEL [~
(EEBEBERRRRARA
DATA VALID
WL
TEL paswm TWHDX
WASIIILIIANNNNNN
LWH
TSILWH
- TWL
SRAPASSIANNNNNN jaN
TIME ’ ’ 4 ‘ ’ + ’
REFERENCE T I T T T T 1
- 0 1 2 3 4 5
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HM-6551

TRUTH TABLE

TIME INPUTS OUTPUTS
REFERENCE|E S1 2 W A D Q FUNCTION

-1 HH X X|X X z MEMORY DISABLED
0o X L XV X z CYCLE BEGINS, ADDRESSES AND S2 ARE LATCHED
1 L L X (X X z WRITE PERIOD BEGINS
2 L L X AIx vV F4 DATA IN IS WRITTEN
3 A X X H{X X z WRITE IS COMPLETED
4 HH X X]|X X r4 PREPARE FOR NEXT CYCLE (SAME AS -1}
5 X L X|v X z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

In the Write Cycle the falling edge of E latches the ad-
dresses and 52 into on chip registers. 52 must be latched
in the low state to enable the device. The write portion of
the cycle is defined as E, W, §1 being low and §2 being
latched low simultaneously. The W line may go low at any
time during the cycle providing that the write pulse setup
times (TWLEH and TWLS1H) are met. The write portion
of the cycle is terminated on the first rising edge of either
E, W, orS§i.

If a series of consecutive write cycles are to be executed,
the W line may be held low until all desired locations
have been written. If this method is used, data setup and
hold times must be referenced to the first rising edge
of E or S1. By positioning the write pulse at different

times within the E and S1 low time (TELEH) various types
of write cycles may be performed. If the S1 low time
(TS1LS1H) is greater than the W pulse plus an output
enable time (TS1LQX), a combination read-write cycle
is executed. Data may be modified an indefinite number
of times during any write cycle (TELEH).

The HM-6551 may be used on a common |/O bus struct-
ure by tying the input and output pins together. The
multiplexing is accomplished internally by the W line.
In the write cycle, when W goes low, the output buffers
are forced to a high impedance state. One output disable
time delay (TWLQZ) must be allowed before applying
input data to the bus.
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@ Harris HM-6561

256 x 4 CMOS RAM

atur .
Features Pinout
¢ HM-6100 Compatible
¢ Low Standby Power 50uW Max. TOP VIEW
o Low Operating Power 20mW/MHz Max.
o Fast Access Time 220nsec Max.
e Data Retention Voltage 2.0 Volts Min.
e TTL Compatible In/Out
o High Output Drive — 1 TTL Load
e On Chip Address Registers
e Common Data in/Out
e Three State Outputs
e Easy Microprocessor interfacing
¢ Wide Operating Temperature Ranges:
» HM-6561-5 00C to +70°C A ~ Address Input ‘W — Write Enable
» HM-6561-9 -400C to +850C E -- Chip Enable DQ — Data In/Out
S — Chip Select
» HM-6561-2/-8 -550C to +1250C
Description
The HM-6561 is a 266 by 4 static CMOS RAM fabricated using self- Logic Symbol
aligned silicon gate technology. Synchronous circuit design techniques are
employed to achieve high performance and low power operation. E Wvee 51 5
On chip latches are provided for address and data outputs allowing ef- L I «L cL
ficient interfacing with microprocessor systems. The data output buffers ‘2‘:
can be forced to a high impedance state for use in expanded memory A2—] l—oao
arrays. The data inputs and outputs are multiplexed internally for com- A3— - pa1
mon /0 bus compatibility. - [ ba2
1 —DQ3
The HM-6561 is a fully static RAM and may be maintained in any state -
for an indefinite period of time. Data retention supply voltage and supply
current are guaranteed over temperature. = GND
Functional Diagram 40 0———— L)
MO—— (arcHen s GATED s2x 2
:z ::GDIS"&: a ngg:m 32 MATRIX
A7 5
B JG 3PV’
[ A LS
D
DQo T LATCH
A L
A
ALL LINES POSITIVE LOGIC - ACTIVE HIGH gj GATED
THREE STATE BUFFERS: Dmo——l— ) LATCH D?XEJE‘:“
A HIGH —=OUTPUT ACTIVE L g DATA INJOUT
DATA LATCHES: _ j
:JTAGT"CN_:S%NDFALUNGEDGEML "°2°_—lﬁ < LATCH -
ADDRESS LATCHES AND GATED DEC?DEHS: A
LTI Ao e o1 T R
Q
o - A A D
) o] Larene
_‘ REGISTER
WO—4> l
Eo—c{> 6 S
; A2 A3 A4
s
fod -

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HM-65618-2/-8/HM-6561B-9

Absolute Maximum Ratings *

Supply Voltage - (VCC - GND) ..........
Input or Output Voltage Applied........

......... -0.3V to +8.0V
........... (GND -0.3V)

Operating Range

Operating Supply Voltage - VCC
HM-6561B-2/-8

....4.5V to 5.5V

Storage Temperature...

to (VCC +0.3V)

............................ -850C to +1500C

HM-6561B-9

Operating Temperature
HM-6561B-2/-8

HM-6561B-9

....4.5V to 5.5V

.......................... -550C to +1250C
............................ -400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX JUNITS CONDITIONS
ICCSB Standby Supply Current 10 MA 10=0
VI =VCCor GND
ICCOP Operating Supply Current@ 4 mA E=1MHz,10=0
Vi=VCCorGND
W = GND
ICCDR Data Retention Supply Current 10 MA VCC=2.0,10=0
VI =VCCorGND
D VCCDR Data Retention Supply Voltage 2.0 Y E=VvCC
-C. 1 Input Leakage Current -1.0 +1.0 MA Vi =VCCor GND
110z Input/Output Leakage Current -1.0 +1.0 HA VIO = VCC or GND
VIL Input Low Voltage -0.3 0.8 \%
ViH Input High Voltage VCC-2.0|VvCC+03| V
VOL Output Low Voltage 0.4 \% 10 =1.6mA
VOH Output High Voltage 24 \ 10 =-0.4mA
Cl Input Capacitance @ 6 pF VI =VCCor GND
f=1MHz
CIO | Input/Output Capacitance @ 10 pF | VIo=vccorGND
f=1MHz
R
TELQV Chip Enable Access Time 220 ns @
TAvVQV Address Access Time 220 ns @
TSLQX Chip Select Qutput Enable Time 20 120 ns @
TSHQZ Chip Select Output Disable Time 120 ns @
TELEH Chip Enable Pulse Negative Width 220 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time 0 ns @
TELAX Address Hold Time 40 ns @
TDVWH | Data Setup Time 100 ns @
TWHDX | Data Hold Time 0 ns @

A.C. TWLDV Write Data Delay Time 20 ns @
TWLSH | Chip Select Write Pulse Setup Time 120 ns @
TWLEH | Chip Enable Write Pulse Setup Time 120 ns @
TSLWH Chip Select Write Pulse Hold Time 120 ns @
TELWH Chip Enabte Write Pulse Hold Time 120 ns @
TWLWH Write Enable Pulse Width 120 ns @
TWLSL | Early Output High Z Time 0 ns @
TSHWH Late Output High Z Time 0 ns @
TELEL | Read or Write Cycle Time 320 ns @

NOTES: (@ All devices tested at worst case temperature and VoG

® Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 1.5mA/MHz.

@ Tested at initial design and after major design changes.

® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gate eguivaient

and C_ = 50 to 300pF. For C greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6561-2/-8/HM-6561-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)...c.ooeeeee -0.3V to +8.0V
Input or Output Voltage Applied................... (GND -0.3V)
to (VCC +0.3V)

Storage Temperature -650C to +1500C

Operating Range

Operating Supply Voitage - VCC

HM-6561-2/-8
HM-6561-9 ..
Operating Temperature
HM-6561-2/-8.
HM-6561-9

4.5V to 5.5V
..4.5V to 5.5V

-550C to +1250C
-400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is astress only rating 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.

Electrical Specifications @

D.C.

A.C.

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS
ICCSB Standby Supply Current 10 MA 10=0
VI =VCCor GND
JCCOP | Operating Supply Current@ 4 mA | E=1MHz,10=0
VI =VCCor GND
W = GND
ICCDR Data Retention Supply Current 10 MA VCC=20,10=0
VI =VCCor GND
VCCDR Data Retention Supply Voltage 2.0 Y E=VCC
1 Input Leakage Current -1.0 +1.0 MA V1 =VCCor GND
1102 Input/Qutput Leakage Current -1.0 +1.0 MA VIO = VCC or GND
VIL Input Low Voltage -0.3 08 \%
VIH Input High Voltage VCC -2.0 |VCC +0.3 \%
vOL Qutput Low Voltage 04 \Y 10 =1.6mA
VOH Output High Voltage 24 \ 10 =-04mA
Cl Input Capacitance 6 pF V1 =VCCor GND
f=1MHz
Clo Input/Output Capacitance@ 10 pF VIO = VCC or GND
f=1MHz
TELQV Chip Enable Access Time 300 " ns @
TAVQV | Address Access Time 300 ns @
TSLAX | Chip Select Output Enable Time 20 150 ns @@
TSHQZ | Chip Select Output Disable Time 150 ns ©10]
TELEH | Chip Enable Pulse Negative Width 300 ns ®
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time ] ns @
TELAX | Address Hold Time 50 ns ®@
TDVWH Data Setup Time 150 ns @
TWHDX | Data Hold Time 0 ns ®
TWLDV Write Data Delay Time 30 ns @
TWLSH Chip Select Write Pulse Setup Time 180 ns @
TWLEH Chip Enable Write Pulse Setup Time 180 ns @
TSLWH | Chip Select Write Pulse Hold Time 180 ns @
TELWH Chip Enable Write Pulse Hold Time 180 ns @
TWLWH | Write Enable Pulse Width 180 ns @
TWLSL Early Output High Z Time 0 ns @
TSHWH | Late Output High Z Time 0 ns @
TELEL | Read or Write Cycle Time 400 ns @
NOTES: (@ All devices tested at worst case temperature and Voc.

@ Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 1.5mA/MHz.

@ Tested at initial design and after major design changes.

@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gate equivalent

and C|_ = 50 to 300pF. For Cy greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6561-5

- -
Absolute Maximum Ratings * Operating Range 8
L]
. 1
Supply Voltage - (VCC - GND)..... -0.3V to +8.0V  Operating Supply Voltage - VCC s
Input or Output Voltage Applied... (GND -0.3V) HM-6561-5 ... 4.5V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature.............ccccevveeneenne, -650C to +1500C HM=B561-5 ....cveiiiriiceriericniesineenesineeee 00C to +700C
"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.
Electrical Specifications @
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 100 MA 10=0 >
V1 =VCCor GND o3
: @ F = = ==
1CCOP Operating Supply Current 4 mA E=1MHz,10=0 =]
VI =VCC or GND =
W = GND
ICCDR Data Retention Supply Current 100 MA VCC=2.0,10=0
VI=VCCor GND
D.C. VCCDR | Data Retention Supply Voltage 20 v E=vee
1 Input Leakage Current -1.0 +1.0 MA V1= VCCor GND
1102 Input/Output Leakage Current -1.0 +1.0 MA ViO = VCCor GND
ViL Input Low Voltage -0.3 0.8 \%
VIH Input High Voltage VCC -2.0 |VCC +0.3 \
vOoL Output Low Voltage 0.4 \ 10 =1.6mA
VOH Qutput High Voltage 24 A\ 10 =-0.2mA
cl Input Capacitance@® 6 pF | VI=VCCorGND
f=1MHz
cio Input/Output Capacitance @ 10 | pF | VIO=vCCorGND
f=1MHz
TELQV Chip Enable Access Time 350 ns @
TAVQV Address Access Time 360 ns @
TSLOX Chip Select Output Enable Time 20 180 ns @
TSHQzZ Chip Select Output Disable Time 180 ns @
TELEH | Chip Enable Pulse Negative Width 350 ns @
TEHEL Chip Enable Pulse Positive Width 150 ns @
TAVEL | Address Setup Time 10 ns @
TELAX | Address Hold Time 70 ns @
AC TDVWH | Data Setup Time 170 ns @
o TWHDX | Data Hold Time 0 ns @
TWLDV | Write Data Delay Time 40 ns @
TWLSH Chip Select Write Pulse Setup Time 210 ns @
TWLEH Chip Enable Write Pulse Setup Time 210 ns @
TSLWH Chip Select Write Pulse Hold Time 210 ns @
TELWH Chip Enable Write Pulse Hold Time 210 ns @
TWLWH | Write Enable Pulse Width 210 ns @
TWLSL Early Output High Z Time 0 ns @
TSHWH | Late Output High Z Time 0 ns @
TELEL | Read or Write Cycle Time 500 ns @
NOTES: (D All devices tested at worst case temperature and Vee-
@ Operating supply current (ICCOP) is proportional to operating frequency.
Example: typical ICCOP = 1.5mA/MHz. ,
® Tested at initial design and after major design changes.
@® Input rise and fall times: 20ns max. Input and output timing reference level: 1.5V.
Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C| greater than 50pF,
access time is derated 0.15ns/pF.
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Read Cycle
TAVEL
A
TEMEL TELEW b TEHEL
: N /| N
HIGH
et TELQV:
ey
oo DATA HicH 2 VALID DATA LATCHED HiGH 2
j TsHOZ L_ Q TSLax -j TsHQZ
AiE N\ ; ] N
n ' § 4 A b 4
REFERENCE T T | T 1 1
-1 0 1 2 3 4 s
TRUTH TABLE
TIME _ INPUTS QUTPUT
REFERENCE |E S1 W A [n]e] FUNCTION
-1 H H X|X z MEMORY DISABLED
o} X H|V z CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L L HIX X OUTPUT ENABLED
2 L L HIX v OUTPUT VALID
3 A L H|X v OUTPUT LATCHED
4 H H XIX z DEVICE DISABLED, PREPARE FOR NEXT CYCLE (SAME AS -1)
5 X H|V z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)
NOTES: 1) Device selected only if both S1 and 'S2 are low, and deselected if either S1 or 52 are high.

The HM-6561 Read Cycle is initiated on the falling edge
of E. This signal latches the input address word into on
chip registers. Minimum address setup and hoid times
must be met. After the required hold time, the address
lines may change state without affecting device operation.

The_HM-6561 has output data latches that are controlled
by E. On the rising edge of E the present data is latched
and remains latched until E falls. Either or both S1 or S2
may be used to force the output buffers into a high im--
pedance state.

In order to read the output data E, 5T and 52 must be low
and W must be high. The output data will be valid at access
time (TELQV).

Write Cycle

TAVEL P TELAX TAVEL |——
A vALID_ROEXRDERIELEKAIEKIAITAAK_ Nexr

TEHEL

TEHEL

2022627202 % N
TSHWH

SEV///////ANNNNNNN /AN

T } } b (I 4 1
REFERENCE ! 1 1 T 1 T
- [ 1 2 3 4 5
TRUTH TABLE
TIME _ INPUTS
REFERENCE E ST W ADQ FUNCTION
-1 H H XX X MEMORY DISABLED
[} X O X|v X CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L L L|x X WRITE PERIOD BEGINS
2 L L S|XxXV DATA IN IS WRITTEN
3 S X H|X X WRITE IS COMPLETED
4 H H XX X PREPARE FOR NEXT CYCLE (SAME AS -1)
5 X XV X CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

NOTES: 1) Device selected only if both S1 and §2 are low, and deselected if either S1 or S2 are high.
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HM-6561

The write cycle begins with the E falling edge latching the
address. _The write portion of the cycle is defined by E, ST,
S2 and W alt being low simuitaneously. The write portion
of the cycle is terminated by the first rising edge of any
control line, E, 8T, §2 or W. The data setup and data
hold times (TDVWH and TWHDX) must be referenced to
the terminating signal. For example, if S2 rises first, data
setup and hold times become TDVS2H and TS2HDX; and
are numerically equal to TDVWH and TWHDX.

Data input/output multiplexing is controlled by W. Care
must be taken to avoid data bus conflicts, where the RAM
outputs become enabled when another device is driving
the data inputs. The following two examples illustrate the
timing required to avoid bus conflicts.

Case 1: Both ST and S2 fall before W falls. -

If both selects fall_t_)efore W falls, the RAM outputs will
become enabled. W is used to disable the outputs, so a
disable time (TWLQZ = TWLDV) must pass before any
other device can begin to drive the data inputs. This method
of operation requires a wider write pulse, because TWLDV
+ TDVWH is greater than TWLWH. In this case TWLSL
and TSHWH are meaningless and can be ignored.

Case 2: W falls before both S1 and S2 fall.

If one or both selects are high until W falls the outputs are

guaranteed not to enable at the beginning of the cycle. This
eliminates the concern for data bus conflicts and simplifies
data input timing. Data input may be applied as early as
convenient, and TWLDV is ignored. Since W is not used
to disable the outputs it can be shorter than in case 1;
TWLWH is the minimum write puise. At the end of the
write period, if W rises before either select the outputs will
enable, reading the data just written. They will not disable
until either select goes high (TSHQZ).

IF OBSERVE | IGNORE
Case 1| BothSTandS2=low | TWLQZ | TWLWH
before W = low TWLDV | TwLSL
TDVWH | TSHWH
Case 2| W = low before both TWLWH TWLQZ
S7and'S2 = low TDVWH | TWLDV
TWLSL
TSHWH

If a series of consecutive write cycles are to be performed,
‘W may remain low until all desired locations are written.
This is an extension of Case 2.

Read-Modify-Write cycles and Read-Write-Read cycles
can be performed (extension of Case 1). In fact, data may
be modified as many times as desired with E remaining low.
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o HARRIS

HM-6504

4096 x 1 CMOS RAM

Features

* Low Power Standby
Low Power Operation
Extremely Low Speed-Power Product
Data Retention
TTL Compatible Input/Output
Three-State Output

Standard JEDEC Pinout

Fast Access Time
Wide Operating Temperature Ranges:
» HM-6504-5
» HM-6504-9
» HM-6504-2/-8
¢ 18 Pin Package for High Density

On-Chip Address Register

¢ Gated Inputs-—No Pull up or Pull Down Resistors Required

125uW Max.
35mW/MHz Max.

@ 2.0V Min.

120/200nsec Max.

00C to +700C
-400C to +850C
-550C to +1250C

Description

The HM-8504 is a 4096 x 1 static CMOS RAM fabricated using self-
aligned silicon gate technology. The device utilizes synchronous circuitry
to achieve high performance and low power operation.

On chip latches are provided for addresses, data input and data output
allowing efficient interfacing with microprocessor systems. The data
output can be forced to a high impedance for use in expanded memory
arrays. Gated inputs allow lower operating current and also eliminates
the need for pull-up or pull-down resistors. The HM-6504 is a fully
static RAM and may be maintained in any state for an indefinite period
of time.

Data retention supply voltage and supply current are guaranteed over
temperature.

Pinouts
TOP VIEW
Ovee
17 A6
16[] A7
15;IA3
] A9
13[] a0
12[] A1

-
-
@

© o N o g A W N
-
»

LcC
TOP VIEW
A1 A0 _VCC A8

W GND E D
A — Address Input
E — Chip Enable
W — Write Enable
D — Data Input
Q — Data Output

Functional Diagram

£

LATCHED GATED caxes
ADDRESS ROW MAT
A1 | RESISTER DECODER 54 RIX

o
L G /I/“

G
b O p—| GATED COLUMN
- DECODER
.' ’ DF"”"" G RA AND DATA 1/0
L

»|

oh

a

A A
d> L LATCHED

ADDRESS
o} avch]2 REGISTER

Lss Al‘l A5A4A3A9A0

o

ALL LINES ACTIVE HIGH - POSITIVE LOGIC
THREE STATE BUFFERS:

A HIGH—=OUTPUT ACTIVE
CONTROL AND DATA LATCHES:

LLOW —=Q=D

Q LATCHES ON RISING EDGE OF L
ADDRESS LATCHES: —

LATCH ON FALLING EDGE OF E

GATED DECODERS:
GATE ON RISING EDGE OF G

CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow standard IC Handling Procedures.
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Specifications HM-6504S-2/-8

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND).........c..c....... -0.3V to +8.0V
Input or Output Volitage Applied................... (GND -0.3V)
to (VCC +0.3V)

Storage Temperature -650C to +1500C

Operating Range

Operating Supply Voltage

HM-8504S-2/-8

Operating Temperature

HM-6504S-2/-8

.................. 4.5V to 5.5V

-550C to +1250C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress only rating 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.

Electrical Specifications @

D.C.

A.C.

NOTES: @

0e6

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
1CCSB | Standby Supply Current 50 ua | 10=0
E=VvCC-0.3v
ICCOP | Operating Supply Current@ 7 mA 5l==1 gng 10=0
ICCDR Data Retention Supply Current 25 HA IEO V%CVCC =20V
VCCDR Data Retention Supply Voltage 2.0 Y
1] Input Leakage Current -1.0 +1.0 HA VI = VCCor GND
10Z Output Leakage Current -1.0 +1.0 HA VO= VCC or GND
VIL Input Low Voltage -0.3 0.8 v
i 9 vce vCC
VIH Input High Voltage 20 403 v
VoL Output Low Voltage 04 \ 10 = 2.0mA
VOH Output High Voltage 24 A 10 = -1.0mA
Cl tnput Capacitance@ 8.0 pF f=1MHz
Vi =VCCor GND
[ole) Output Caoacitance@ 10.0 pF f=1MHz
VO = VCC or GND
TELQV | Chip Enable Access Time 120 ns ®@
TAVQV | Address Access Time 120 ns @
TELQX | Chip Enable Output Enable 10 ns ®®
Time
TEHQZ | Chip Enable Output Disable 50 ns ®@®
Time
TELEH | Chip Enable Pulse Negative 120 ns ®
Width
TEHEL | Chip Enable Pulse Positive 50 ns @
Width
TAVEL | Address Setup Time 0 ns ®
TELAX | Address Hold Time 40 ns @
TWLWH | Write Enable Pulse Width 20 ns ®
TWLEH | Write Enable Pulse Setup Time | 70 ns ®
TWLEL Early Write Pulse Setup Time 0 ns @
TWHEL | Write Enable Read Mode 0 ns ®®
Setup Time
TELWH | Early Write Pulse Hold Time 40 ns O]
TOVWL | Data Setup Time ] ns ®
TOVEL Early Write Data Setup Time ns @
TWLDX | Data Hold Time 2% ns ®
TELDX | Early Write Data Hold Time 25 ns ®
TELEL | Read or Write Cycle Time 170 ns ®

All devices tested at worst case temperature and Vi,
Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
Tested at initial design and after major design changes.
Input rise and fall times: 5ns max. inputand output timing reference level: 1.5V. Output load: 1 TTL gate equivalentand
Cy_ =50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.

2-29

HM-6504

CMos
MEMORY




Specifications HM-6504S-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)
Input or Output Voltage Applied.

Storage Temperature..

-0.3V to +8.0V
. (GND -0.3V)
to (VCC +0.3V)
-650C to +1500C

Operating Range

Operating Supply Voltage

HM-6504S-9......ccooceimiriceiienirnereenene e 4.5V t0 5.5V
Operating Temperature
HM-=6504S-9........ccceccniimernionniiiiiiiin -400C to +850C

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
tunctional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is

not implied.

Electrical Specifications @©

" TEMP. & VCC=
OPERATING
RANGE
TEST
SYMBOL PARAMETER ~ MIN MAX UNITS CONDITIONS
ICCSB | Standby Supply Current 25 RA 10=0
E=vCC -0.3v
ICCOP | Operating Supply Current@ 7 mA \E/I==1gnlz)' 10=0
ICCDR Data Retention Supply Current 15 . MA ;cic\;céov' 10-0
D-c- VCCDR Data Retention Supply Voltage 20 \%
1l Input Leakage Current -1.0 +1.0 . MA =VCC or GND
10z Output Leakage Current -1.0 +1.0 KA VO = VCC or GND
VIL Input Low Voltage -0.3° 0.8 v
i vce vce
VIH input High Voltage 20 +03 \
VoL Output Low Voltage 04 \ 10 = 2.0mA
VOH Output High Voltage 24 \ 10 =-1.0mA
Ci Input Capacitance® 8.0 pF f=1MHz
Vi =VCC or GND
co Output Capacitance@ 10.0 pF f=1MHz
VO=VCC or GND
TELQV | Chip Enable Access Time 120 ns ®
TAVQV | Address Access Time 120 ns @
TELQX | Chip Enable Output Enable 10 ns @@
Time
TEHQZ | Chip Enable Output Disable 50 ns ©]0)
Time
TELEH | Chip Enable Pulse Negative 120 ns @
Width ‘ )
TEHEL Chip Enable Pulse Positive 50 ns @
Width
TAVEL | Address Setup Time 0 ns ®@
AC TELAX | Address Hold Time 40 ns ®
i TWLWH | Write Enable Pulse Width 20 ns ®
TWLEH | Write Enable Pulse Setup Time | 70 ns O]
TWLEL | Early Write Pulse Setup Time 0 ns @
TWHEL | Write Enable Read Mode 0 ns ®®
Setup Time
TELWH | Early Write Pulse Hold Time 40 ns ®
TDVWL .| Data Setup Time 0 ns ®
TDVEL Early Write Data Setup Time 1] ns @
TWLDX | Data Hold Time 25 ns @
TELDX | Early Write Data Hold Time 25 ns ®
TELEL Read or Write Cycle Time 170 ns @
NOTES: (® All devices tested at worst case temperature and VoG-
@ Operating supply current (ICCOP) is proportional to operating frequency Example: typical ICCOP = 5SmA/MHz.
(® Tested at initial design and after major design changes.
® Inputrise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gate equivalentand

Cy = 50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-65048B-2/-8

<
Absolute Maximum Ratings* : Operating Range n
o
i ]
Suppiy Voltage - (VCC - GND). -0.3V to +8.0V  Operating Supply Voltage s
Input or Output Voltage Applied.... ... (GND -0.3V) HM-B8504B-2/-8..........cocvivenmriirinireninnn e 4.5V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature..........c...cccovvvveene. -650C to +1500C HM-6504B-2/-8 .... .. -550C to +1250C
“CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This isa stress only rating 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.
Electrical Specifications @
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB | Standby Supply Current 50 a | 19=0
L E=vce -0.3v
) E=1MHz, 10=0
iccop Operating Supply Currem@ 7 mA VI=GND
ICCDR Data Retention Supply Current 25 MHA \éﬁc;ci';o V.10=0
D c VCCDR Data Retention Supply Voltage 20 \
1} {nput Leakage Current -1.0 +1.0 MHA VI =VCCor GND
102 Output Leakage Current -1.0 +1.0 A VO = VCC or GND
VIL Input Low Voltage -0.3 0.8 v
VIH | Input High Voltage I v
voL Output Low Voltage 0.4 \ 10 = 2.0mA
VOH Output High Voltage 24 vV | 10=-1.0mA
[o]] Input Capacitance@ 8.0 pF f=1MHz
V1 =VCC or GND
co Output Capacitance@ 10.0 pF f=1MHz
VO= VCC or GND
|
TELQV | Chip Enable Access Time | 200 ns ®
TAVQV | Address Access Time 220 ns O}
TELOX Chip Enable Output Enable 20 ns @ @
Time ’
TEHQZ | Chip Enable Output Disable 80 ns ®®
Time
TELEH | Chip Enable Pulse Negative 200 ns ®
Width
TEHEL | Chip Enable Pulse Positive 90 ns @
Width
TAVEL | Address Setup Time 20 ns @
AC TELAX | Address Hold Time 50 ns ®
e TWLWH | Write Enable Pulse Width 60 ns ®
TWLEH | Write Enable Pulse Setup Time | 150 ns ®
TWLEL | Early Write Pulse Setup Time ] ns @
TWHEL | Write Enable Read Mode 0 ns ©l0)
Setup Time .
TELWH Early'Write Pulse Hold Time 60 ns @
TDVWL | Data Setup Time 0 ns @
TDVEL | Early Write Data Setup Time 0 ns ®
TWLDX | Data Hold Time 60 ns ®
TELDX Early Write Data Hold Time 60 ns @
TELEL | Read or Write Cycle Time 280 ns ®
NOTES: (@ All devices tested at worst case temperature and V.
® Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
@ Tested at initial design and after major design changes.
® Inputrise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gateequivalent and
Cy =50 to 300pF. For C_ greater than 50pF, access time'is derated 0.15ns/pF.
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Specifications HM-6504B-9

Absolute Maximum Ratings* ' Operating Range

Supply Voltage - (VCC - GND) .. -0.3V to +8.0V  Operating Supply Voltage

Input or Output Voltage Applied.. ....(GND -0.3V) HM-6504B-9 .....cccoovimiiivnnneiiennninnions oesiraens 4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature
Storage Temperature..............ccece.e......-850C to +1500C HM-6504B-8 ... ...-400C to +850C

"CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is astress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
1CCSB Standby Supply Current 25 HA 10=0
E=vcc-0.3v
ICCOP | Operating Supply Current @ 7 mA E=1MHz,10 =0
Vi=GND
ICCDR Data Retention Supply Current 15 HA VCC=2.0V,10=0
E=vce
VCCDR | Data Retention Supply Voitage| 2.0 \

D.C_ i} Input Leakage Current -1.0 +1.0 HA V! =VCCor GND
102 Output Leakage Current -1.0 +1.0 MA VO = VCCor GND
ViL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage vce vce v

-20 +0.3
voL Output Low Voltage 04 \ 10 = 2.0mA
VOH Output High Voltage 2.4 \ 10 =-1.0mA
Cl Input Capacitance@ 8.0 pF f=1MHz
VI =VCCor GND
co Output Capacitance3) 10.0 pF | f=1MHz
VO = VCCor GND
TELQV Chip Enable Access Time . 200 ns @
TAVQV | Address Access Time 220 ns @
TELQX | Chip Enable Output Enable 20 ns @®
Time
TEHQZ Chip Enable Output Disable 80 ns @@
Time
TELEH Chip_ Enable Pulse Negative 200 ns @
Width
TEHEL | Chip Enable Pulse Positive 90 ns ®
Width
TAVEL | Address Setup Time 20 ns ®
TELAX | Address Hold Time 50 ns ®@
A.C. TWLWH | Write Enable Pulse Width 60 | s ®
TWLEH | Write Enable Pulse Setup Time | 150 ns ®
TWLEL | Early Write Pulse Setup Time | 0 ns ()
TWHEL | Write Enable Read Mode 0 ns ®0
Setup Time
TELWH | Early Write Pulse Hold Time 60 ns ®
TDVWL | Data Setup Time 0 ns ®
TDVEL | Early Write Data Setup Time 0 ns ®
TWLDX | Data Hold Time 60' ns ®
TELDX Early Write Data Hold Time 60 ns @
TELEL | Read or Write Cycle Time 290 ns @

NOTES: (@ All devices tested at worst case temperature and Vee-

Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
Tested at initial design and after major design changes. .

Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V. Outputload: 1 TTL gate equivalentand
C = 50 to 300pF. For Cy greater than 50pF, access time is derated 0.15ns/pF.

e
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Specifications HM-6504-2/-8

<
Absolute Maximum Ratings™* Operating Range B
®
Supply Voltage - (VCC - GND) ......ccocvevennen. -0.3V to +8.0V  Operating Supply Voltage =
Input or Output Voltage Applied................... (GND -0.3V) HM-6504-2/-8......cccconiiciieniinncii s 4.5V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature..........c.ccceeeceeiennns -650C to +1500C HM-6504-2/-8......ccvevererienenarirrenn. -550C to +1250C
*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a sl/ess only (a_ting an_d
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied.
Electrical Specifications @
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
50 19=0
iCCSB Standby Supply Current A B- vCC-0.3V
. €= 1MHz,i10=0
|ICCOP Operating Supply Currem@ 7 mA Vi = GND
ICCDR | Data Retention Supply Current 25 A VgCS \’/C2C°V' 10=0
D C VCCDR Data Retention Supply Voltage 2.0 \
o n Input. Leakage Current -1.0 +1.0 KA VI = VCC or GND
10z Output Leakage Current -1.0 +1.0 HA VO = VCC or GND
VIL input Low Voltage -0.3 08 \
i vCce vCcC
VIH Input High Voltage 50 403 \"
VOL Output Low Voltage 04 v 10 = 2.0mA
VOH Output High Voltage 24 \9 10 = -1.0mA
Ct Input Capacitance® 8.0 pF f = 1MHz
VI =VCC or GND
co Output Capacitance@ 100 pF f=1MHz
VO = VCC or GND
TELQV Chip Enable Access Time 300 ns @
TAVQV Address Access Time 320 ns @
TELOX | Chip Enable Output Enable 20 ns @
Time
TEHQZ | Chip Enable Output Disable 100 ns ®®
Time
TELEH Chip Enable Puise Negative 300 ns @
Width
TEHEL | Chip Enable Pulse Positive 120 ns @
Width
TAVEL | Address Setup Time 20 ns ®@
TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 80 ns 0]
A.C. TWLEH | Write Enable Pulse Setup Time | 200 ns ®
TWLEL Early Write Pulse Setup Time 0 ns @
TWHEL | Write Enable Read Mode 0 ns ®®
Setup Time
TELWH | Early Write Pulse Hold Time 80 ns @
TDVWL | Data Setup Time 0 ns ®
TDVEL Early Write Data Setup Time 1] ns @
TWLDX | Data Hold Time 80 ns ®
TELDX Early Write Data Hold Time 80 ns @
TELEL | Read or Write Cycle Time 420 ns ®
NOTES: (@ All devices tested at worst case temperature and Voo
@ Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
® Tested at initial design and after major design changes.
® Inputrise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gate equivalent and
Cy_ =50 to 300pF. For Cy_greater than 50pF, access time is derated 0.15ns/pF.
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Spéqiﬁgations HM-6504-9

Absolute Maximum Ratings* Operating Range

Supply Voltage - (VCC - GND)...
Input or Output Voltage Applied.

-0.3V to +8.0V  Operating Supply Voltage

.. (GND -0.3V) HM-6504-9 ..
to (VCC +0.3V) Operating Temperature

Storage Temperature..........cccoceeveerennn. -650C to +1500C HM-6504-9 ...........cooorrriiriniene s -400C to +859C

.45V to 5.5V

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
 TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB | Standby Supply Current 25 uA | 10=0E=VvCC-03V
- E=1MHz,10=0
tCCOP Operating Supply Currem@ 7 mA Vi =GND
ICCDR Data Retention Supply Current 15 KA \%C?\jgéov’ 10=0
) =
D c VCCOR Data Retention Supply Voltage| 2.0 v
' " Input Leakage Current -1.0 +1.0 MA VI =VCC or GND
10Z Output Leakage Current -1.0 +1.0 HA VO'= VCC or GND
ViL Input Low Voltage -03 0.8 \2
i vce vCC
VIH Input High Voltage 20 +0.3 \4
VoL Output Low Voltage - 04 \ 10 = 2.0mA
VOH Output High Voltage 24 \ 10 =-1.0mA
Cl Input Capacitance@ 8.0 pF f=1MHz
. = VCC or GND
co Output Capacitance@ 10.0 pF f=1MHz
VO =VCC or GND
TELQV | Chip Enable Access Time 300 ns ®
TAVQV | Address Access Time 320 ns
TELOX | Chip Enable Output Enable 20 ns ®®
Time
TEHQZ | Chip Enable Output Disable 100 ns ®@®
Time
TELEH | Chip Enable Pulse Negative 300 ns ®
Width
TEHEL | Chip Enable Pulse Positive 120 ns ®
Width
TAVEL Address Setup Time 20 ns @
TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 80 ns ®
A.C- TWLEH | Write Enable Pulse Setup Time | 200 ns @
TWLEL Early Write Pulse Setup Time 0 ns @
TWHEL | Write Enable Read Mode 0 ns @
Setup Time
TELWH | Early Write Pulse Hold Time 80 ns. ®
TDVWL | Data Setup Time | o ns O)
TOVEL Early Write Data Setup Time 0 ns @
TWLDX | Data Hold Time 80 ns ®
TELDX Early Write Data Hold Time 80 ns @
TELEL Read or Write Cycle Time 420 ns @

NOTES: (@ All devices tested at worst case temperature and Vog.

Operating supply current (ICCOP) is proportional to operating frequency. Example typlcal ICCOP = 5mA/MHz.
Tested at initial design and after major design changes.

Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V, Outputlogd: 1 TTL gate equivalentand
Cy_ = 50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.

COe

2-34




Specifications HM-6504C-9

<
Absolute Maximum Ratings* Operating Range 1
@
Supply Voltage - (VCC - GND)... .-0.3V to +8.0V  Operating Supply Voltage s
Input or Output Voltage Applied. .(GND -0.3V) HM-6504C-9... ...4.5V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature................ e -650C to +1500C HM-6504C-9............. ST URUTRUPTOON ..-400C to +85°C
*CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.
Electrical Specifications @
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 100 HA 10=0 E=VCC-0.3V
. E=1MHz, 10=0
Iccop Operating Supply Currem@ 7 mA VI = GND
ICCDR Data Retention Supply Current 50 HA V-EQS \jé(.:UV,IO =0
D c VCCDR Data Retention Supply Voltage 2.0 A\
1 Input Leakage Current -1.0 +1.0 HA VI = VCC or GND
10z Output Leakage Current -1.0 +1.0 HA VO = VCC or GND
VIL Input Low Voltage -0.3 08 \
i vce VvCC
VIH Input High Voltage o 03 \Y
VOL Output Low Voltage 0.4 \Y 10 = 2.0mA
VOH Output High Voltage 24 \ 10 = -1.0mA
Cl Input Capacitance@ 8.0 pF f=1MHz
VI =VCC or GND
co Output Capacnance@ 100 pF f=1MHz
VO = VCC or GND
TELQV Chip Enable Access Time 300 ns @
TAVQV | Address Access Time 320 ns @
TELQX Chip Enable Output Enable 20 ns @ @
Time
TEHQZ | Chip Enable Output Disable 100 ns ©]0)
Time
TELEH Chip Enable Pulse Negative 300 ns @
Width
TEHEL Chip Enable Pulse Positive 120 ns @
Width
TAVEL | Address Setup Time 20 ns ®
TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 80 ns ®
A.C. TWLEH | Write Enable Pulse Setup Time | 200 ns O)
TWLEL Early Write Pulse Setup Time 0 ns @
TWHEL | Write Enable Read Mode 0 ns @ @
Setup Time
TELWH Early Write Puise Hold Time 80 ns @
TDVWL | Data Setup Time 0 ns ®
TDVEL Early Write Data Setup Time 0 ns @
TWLDX | Data Hold Time 80 ns ®
TELDX Early Write Data Hold Time 80 ns @
TELEL | Read or Write Cycle Time 420 ns O)
NOTES: (@ All devices tested at worst case temperature and Vo .
@ Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
@ Tested at initial design and after major design changes.
@® Inputrise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gateequivalentand
C| =50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6504-5

Absolute Maximu

Supply Voltage - (VC

m Ratings*

C-GND)..coooe..

..... -0.3V to +8.0V

Input or Output Voltage Applied................. ..(GND -0.3V)

Storage Temperature

to (VCC +0.3V)
-650C to +1500C

Operating Range

Operating Supply Voltage
HM-6504-5 ................ e e 4.5V to 5.5V
Operating Temperature

HM-6504-5

00C to +700C

*CAUTION: Stresses above those listed under “"Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications ©

TEMP, & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN | MAX [UNITS CONDITIONS
ICCSB | Standby Supply Current 30 | ya | '070F VCC-O3V
Iccop Operating Supply Current@ 7 mA E/I_:”\énsz =0
ICCDR | Data Retention Supply Current 200 uA Vé:?;géov, 10=0
D c VCCDR Data Retention Supply Voltage 2.0 ‘ \2
) 1" Input Leakage Current -100| +100 | wpA VI = VCC or GND
10z Output Leakage Current -10.0 +10.0 MA VO = VCC or GND
VIL Input Low Voltage -0.3 08 \2
i vee vee
VIH Input High Voltage or 103 \%
VoL QOutput Low Voltage 0.4 A% 10 = 2.0mA
VOH Output High Voltage 24 v 10 = -1.0mA
cl Input Capacitance() 8.0 pF | f=1MH2
VI = VCC or GND
cOo Qutput Capacitance@ 10.0 pF f=1MHz
VO = VCC or GND
TELQV Chip Enable Access Time 350 ns @
TAVQV Address Access Time 370 ns @
TELQX Chip Enable Output Enable 20 ns @ @
Time
TEHQZ | Chip Enable Output Disable 100 ns ®®
Time
TELEH Chip Enable Pulse Negative 350 ns @
Width
TEHEL | Chip Enable Pulse Positive 150 ns @
Width
TAVEL | Address Setup Time 20 ns @
TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 100 ns 0O)
AC. TWLEH | Write Enable Pulse Setup Time | 250 ns @
TWLEL | Early Write Pulse Setup Time 0 ns ®
TWHEL | Write Enable Read Mode 0 ns ®®
Setup Time
TELWH | Early Write Pulse Hold Time 100 ns ®
TDVWL Data Setup Time 30 ns @
TOVEL Early Write Data Setup Time 30 ns @
TWLDX | Data Hold Time 100 ns ®
TELDX | Early Write Data Hold Time 100 ns @
TELEL Read or Write Cycle Time 500 ns @
NOTES: (® All devices tested at worst case temperature and Vg,

®e0e

Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
Tested at initial design and after major design changes.
Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V. Outputload: 1 TTL gateequivalentand
C| =50 to 300pF. For C|_ greater than 50pF, access time.is derated 0.15ns/pF.
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HM-6504

Read Cycle
A ADD VALID
TELEL
Frsnn TEL TEHEL—ed
£ N N—
r——mnv
] ELOX TEHQZ ==
HIGH-Z HIGH-Z
[ ———@ VALID DATA OUTPUT
W HIGH
TIME f f - * f f ’ *
REFERENCE I | T 1 ! i T
Bl 0 1 2 34 5
TRUTH TABLE
TIME _ INPUTS OUTPUT FUNCTION
REFERENCE | E W A Q
-1 H [ X X 2 MEMORY DISABLED
0 N H A" rd CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L H X X OUTPUT ENABLED
2 L[H X v OUTPUT VALID
3 S| H X v READ ACCOMPLISHED
4 H | X X z PREPARE FOR NEXT CYCLE (SAME AS -1)
5 | H v r4 CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The address information is latched in the on chip registers
on the falling edge of E (T = 0). Minimum address set up
and hold time requirements must be met. After the requir-
ed hold time, the addresses may change state without

affecting device operation. During time (T = 1) the output

becomes enabled but data is not valid until during time
(T = 2). W must remain high until after time (T = 2).
After the output data has been read, E may return high
(T = 3). This will disable the output buffer and all inputs

and ready the RAM for the next memory cycle (T = 4).

Early Write Cycle

RIIIITXIIRN
02020 %20 %20 % 0% %

e b } i I
REFERENCE T 1 T T I
-1 [} 1 7 3 .
TRUTH TABLE
TIME INPUTS OQuUTPUT FUNCTION
REFERENCE{ E W A D Q N
-1 H | X X | X 4 MEMORY DISABLED
0 L ViV 4 CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L|X x| X 4 WRITE IN PROGRESS INTERNALLY
2 S| x x| X z WRITE COMPLETED
3 H | X X | X z PREPARE FOR NEXT CYCLE (SAME AS -1}
4 ~|L ViV Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The early write cycle is the only cycle where the output is
guaranteed not to become active. On the falling edge of
E (T = 0), the addresses, the write signal, and the data
input are latched in on chip registers. The logic value of W
at the time E falls determines the state of the output buffer
for that cycle. Since W is low when E falls, the out-
put buffer is latched into the high impedance state and

will remain in that state until E returns high (T = 2). For
this cycle, the data input is latched byEgoing low; there-
fore da_ta set up and hold times should be referenced to E.
When E (T = 2) returns to the high state the output buffer
and all inputs are disabled and all signals are unlatched. The
device is now ready for the next cycle.
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HM-6504

Late Write Cycle

ADD VALID

NEXT ADD

TELEL

TELEW

TWLE TEHEL ——et

e L ! R
1 0 1 2 3 Ll s
TRUTH TABLE
TIME INPUTS QUTPUT .
REFERENCE| E W A D Q FUNCTION

-1 H X X X z MEMORY DISABLED

o A H \ X b4 CYCLE BEGINS, ADDRESSES ARE LATCHED

1 L] X v X WRITE BEGINS, DATA IS LATCHED

2 L H X X X WRITE IN PROGRESS INTERNALLY

3 S| H X X X WRITE COMPLETED

4 H X X X r4 PREPARE FOR NEXT CYCLE (SAME AS -1}

5 AS H Vv X r4 CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The late write cycle is a cross between the early write write is between these two cases. With this cycle the

cycle and the read-modify-write cycle.

Recall that in the early write the output is guaranteed to
remain high impedance, and in the read-modify-write
the output is guaranteed valid at access time. The late

output may become active, and may become valid data, or
may remain active but undefined. Valid data is written
into the RAM if data setup, data hold, write setup and
write pulse widths are observed.
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a HARRIS

M-6514

1024 x 4 CMOS RAM

e TTL Compatible Input/Output

e Common Data In/Out

e Three-State Outputs

¢ Standard JEDEC Pinout

e Fast Access Time .....

e Wide Operating Temperature Ranges:
» HM-6514-5
» HM-6514-9,
» HM-6514-2/-8

* 18 Pin Package for High Density

e On-Chip Address Register

e Gated Inputs—No Pull Up or Pull Down Resistors Required

Description

aligned silicon gate technology. The device utilizes synchronous circuitry
to achieve high performance and low power operation.

facing with microprocessor systems,
a high impedance state for use in expanded memory systems. Gated

up or pulldown resistors.

The HM-6514 is a fully static RAM and may be maintained in any state
for an indefinite period of time. Data retention supply voltage and supply
current are guaranteed over temperature.

Features

® Low Power Standby 1254W Max.
e Low Power Operation 35mW/MHz Max.
e Data Retention @ 2.0V Min.

120/200nsec Max.

00C to +700C
-400C to +850C
-550C to +1250C

‘The HM-6514 is a 1024 x 4 static CMOS RAM fabricated using self

On-chip latches are provided for the addresses allowing efficient inter-
The data output can be forced to

inputs allow low operating current and also eliminates the need for pull-

Pinouts
TOP VIEW

As(]
as[]
aa]
a3[]
o]
a1
a2]
€
GND[

LccC
TOP VIEW

A5 A6 _VCC A7

E GND W DQ3

A — Address Input
E_— ChipEnable
W — Write Enable
DQ — Data In/Out

Functional Diagram

10F4

—_—————————

N

LSB A9
A8 — A s
AT — M LATCHED GATED
64
A6 — M ADDRESS ROW S "4*5&
. REGISTER |_ DECODER MATR
As— A6,
At
t - - -
L s Tis s Tis
LS8 A2 A .
Al e LATCHED
. GATED COLUMN
A0 — . ADDRESS 1/0 SELECT
m E REGISTER |z 4
GJ pg]
I _._._D_
TH

v

ba

——=]-J

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow standard |C Handling Procedures.
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Specifications HM-6514S-2/-8

Absolute Maximum Ratings*

...-0.3V to +8.0V
(GND -0.3V)

to (VCC +0.3V)
.-650C to +1500C

Supply Voltage - (VCC - GND)..
Input or Output Voltage Applied..

Storage Temperature...

Operating Range

Operating Supply Voltage
HM-65148-2/-8 .....coveeiireiieiecerereneee 4.5V to 5.5V
Operating Temperature

HM-65148-2/-8 ... .-650C to +1250C

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications ©

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 50 uA 10=
E=VCC -0.3V
ICCOP | Operating Supply Current (2) 7 mA | E=1MHz10=0
Vi=GND
ICCDR Data Retention Supply Current 25 uA VCC=2.0V,10=0
E=vce
VCCDR | Data Retention Supply Voltage 2.0 v
D.C. n Input Leakage Current 1.0 +1.0 nA VI =VCCor GND
1oz fnput/Output Leakage Current -1.0 +1.0 HA VIO = VCC or GND
\ input Low Voltage -0.3 0.8 A
VIH Input High Voltage vcC vCC v
-20 +0.3
VvOL Output Low Voltage 04 v 10 =2.0mA
VOH Output High Voltage 24 v 10 =-1.0mA
Cl Input Capacitance 8.0 pF VI =VCCor GND
f=1MHz
[o][0] Input/Output Capacitance@ 10.0 pF VIO = VCC or GND
f=1MHz
)
TELQV Chip Enable Access Time 120 ns @
TAVQV | Address Access Time 120 ns @
TELQX | Chip Enable Output Enable 10 ns ®®
Time
TEHOZ | Chip Enable Output Disable 50 ns ®®
Time
TELEH | Chip Enable Puise Negative 120 ns @
Width
TEHEL | Chip Enable Pulse Positive 50 ns ®
Width
TAVEL Address Setup Time 0 ns @
A.C TELAX | Address Hold Time 40 ns @
TWLWH | Write Enable Pulse Width 120 ns @
TWLEH | Write Enable Pulse Setup Time 120 ns @
TELWH | Write Enable Pulse Hold Time | 120 ns ®
TOVWH | Data Setup Time 50° ns ®
TWHDX | Data Hold Time 0 ns @)
TWLDV | Write Data Delay Time 70 ns o
TWLEL Early Output High-Z Time 0 . ns @
TEHWH | Late Output High-Z Time 0 ns ®
TELEL | Read or Write Cycle Time 170 ns @
NOTES: (© All devices tested at worst case temperature and Vi

OO

Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
Tested at initial design and after major design changes.
Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gate equivalentand

Cy =50 to 300pF. For Cy_greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HVI-65148S-9

<
Absolute Maximum Ratings* Operating Range T
Y
Supply Voitage - (VCC - GND) ... -0.3V to +8.0V  Operating Supply Voltage b
Input or Output Voltage Applied. (GND -0.3V) HM=B514S-9 .....c..oooeroverreeereoeeeeeoeeeesrenenee 45V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature.........ccc.ccoceevvernnn -650C to +1500C HM-=6514S-9....ocoiriiriiiriiineccrens -400C to +850C
*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.
Electrical Specifications ©
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 25 uA 10=0 >
E=VCC -0.3V 83
ICCOP Operating Supply Current @ 7 mA E=1MHz, 10=0 E E
VI = GND =
ICCDR Data Retention Suppiy Current 15 uA VCC=2.0V.I0=0C
E=vcec
VCCDR Data Retention Supply Voltage 20 \%
D.C. 1} input Leakage Current -1.0 +1.0 HA VI = VCC or GND
1102 Input/Output Leakage Current -1.0 +1.0 uA V10 = VCC or GND
VIL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage vce vce \2
-2.0 +0.3
VOL Output Low Voltage 0.4 \% 10 = 2.0mA
VOH Output High Voltage 24 \2 10 =-1.0mA
c Input Capacitance (3) 8.0 pF | VI=VCCor GND
f=1MHz
Cclo Input/Output Capacitance@ 10.0 pF VIO = VCC or GND
f=1MHz
—
TELQV - | Chip Enable Access Time 120 ns O]
TAVQV | Address Access Time 120 ns ®
TELQX | Chip Enable Output Enable 10 ns ®@®
Time
TEHQZ | Chip Enable Output Disable 50 ns ©]0]
Time
TELEH | Chip Enable Pulse Negative 120 ns ®
Width
TEHEL | Chip Enable Pulse Positive 50 ns @
Width
TAVEL Address Setup Time V] ns @
A.C. TELAX | Address Hold Time 40 ns ®
TWLWH Write Enable Pulse Width 120 ns @
TWLEH Write Enable Pulse Setup Time 120 ns @
TELWH | Write Enable Pulse Hold Time | 120 ns ®
TDVWH | Data Setup Time 50 ns @
TWHDX | Data Hold Time 0 ns O)
TWLDV | Write Data Delay Time 70 ns o
TWLEL | Early Output High-Z Time 0 ns ®
TEHWH Late Output High-Z Time 0 ns @
TELEL | Read or Write Cycle Time 170 ns @
NOTES: (@ All devices tested at worst case temperature and Ve
@ Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
(® Tested at initial design and after major design changes.
@® Inputrise and fall times: 5ns max. Inputand output timing reference level: 1.5V. Outputload: 1 TTL gateequivalentand
C|_ =50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6514B-2/-8

Storage Temperature...

Supply Voltage - (VCC - GND)
Input or Qutput Voltage Applied

Absolute Maximum Ratings*

-0.3V to +8.0V
................... (GND -0.3V)

to (VCC +0.3V)
.-650C to +1500C

Operating Range

Operating Supply Voltage

HM-6514B-2/-8

Operating Temperature

HM-6514B-2/-8 ...

........... 4.5V to 6.5V

-550C to +1250C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is astress only rating 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.

A.C.

NOTES: ®

(o]e)o;

Electrical Specifications (@

TEMP, & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 50 uA 10=0
E=VCC -0.3V
iccop Operating Supply Current @ 7 mA E=1MHz, 10=0
VI=GND
ICCDR Data Retention Supply Current 25 uA vece = 20V.I10 -0
E=vcec
VCCDR Data Retention Supply Voltage 20 v
i Input Leakage Current -1.0 +1.0 HA VI =VCCor GND
110z Input/Output Leakage Current -1.0 +1.0 HA VIO = VCC or GND
ViL Input Low Voltage -0.3 0.8 \% )
VIH input High Voltage vCC vcC \2
-2.0 +0.3
VoL Output Low Voltage 04 \Y 10 = 2.0mA
VOH Output High Voltage 24 \ O =-1.0mA
Cl Input Capacitance@ 8.0 pF VI =VCC or GND
f=1MHz
Clo Input/Output Capacitance@ 10.0 pF VIO = VCC or GND
f=1MHz
L
TELQV | Chip Enable Access Time 200 ns @
TAVQV | Address Access Time 220 ns @
TELQX | Chip Enable Output Enable 20 ns @ @
Time )
TEHQZ Chip Enable Qutput Disable 80 ns @ @
Time
TELEH | Chip Enable Pulse Negative 200 ns ®
Width
TEHEL Chip Enable Pulse Positive 90 ns @
Width
TAVEL | Address Setup Time 20 ns @
TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 200 ns ®
TWLEH Write Enable Pulse Setup Time 200 ns @
TELWH | Write Enable Pulse Hold Time 200 ns ®
TDVWH | Data Setup Time 120 ns @
TWHDX | Data Hold Time 0 ns @)
TWLDV | Write Data Delay Time 80 ns o
TWLEL | Early Output High-Z Time 0 ns ®
TEHWH | Late Output High-Z Time 0 ns @
TELEL Read or Write Cycle Time 290 ns @

All devices tested at worst case temperature and Vgc.
Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5SmA/MHz.
Tested at initial design and after major design changes.

Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V. Outputload: 1 TTL gateequivalentand

CL =50 to 300pF. For C| greater than 50pF, access time is derated 0 15ns/pF.
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Specifications HM-6514B-9

<
. . . -—
Absolute Maximum Ratings* - Operating Range w0
©
Supply Voltage - (VCC - GND) .......cceereae -0.3V to +8.0V  Operating Supply Voltage s
Input or Output Voitage Applied................... (GND -0.3V) HM-8514B-9......ooviieiniircicinces e 4.5V to 5.5V T
to (VCC +0.3V)  Operating Temperature
Storage Temperature..........ccovvvnniinnnee -650C to +1500C HM-6514B-9......cccovereerniicarnnien, ~400C to +850C
*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.
Electrical Specifications ()
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 25 uA 10=0 >
E=vCC-0.3v Q=
ICCOP | Operating Supply Current (2) 7 mA E=1MHz, 10=0 ==
Vi=GND =
ICCDR Data Retention Supply Current 15 uA VCC=2.0V.10 =0
E=VvCC
D.C. VCCDR | Data Retention Supply Voltage 20 \
[l Input Leakage Current -1.0 +1.0 HA V! = VCC or GND
110z Input/Output Leakage Current -1.0 +1.0 MA VIO = VCC or GND
VIL input Low Voltage -0.3 0.8 \
VIH Input High Voltage vCcC vCcC v
-2.0 +0.3
VoL Output Low Voltage 0.4 v 10 = 2.0mA
VOH Output High Voltage 24 \ 10 = -1.0mA
cl Input Capacitance (3) 80 | "pF | VI=VCCor GND
f=1MHz
clo {nput/Output Capacitance@ 10.0 pF VIO = VCC or GND
f=1MHz
TELQV | Chip Enable Access Time 200 ns @
TAVQV | Address Access Time 220 ns @
TELQX | Chip Enable Output Enable 20 ns ®®
Time
TEHQZ | Chip Enable Output Disable 80 ns ®®
Time
TELEH Chip Enable Pulse Negative 200 ns @
Width
TEHEL | Chip Enable Pulse Positive 90 ns ®
Width
AC TAVEL Address Setup Time 20 ns @
e TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 200 ns ®
TWLEH | Write Enable Pulse Setup Time | 200 ns ®
TELWH | Write Enable Pulse Hold Time 200 ns ®
TDVWH Data Setup Time 120 ns @
TWHDX | Data Hold Time 0 ns o
TWLDV | Write Data Delay Time 80 ns o
TWLEL Early Output High-Z Time 0 ns @
TEHWH | Late Output High-Z Time 0 ns ®
TELEL | Read or Write Cycle Time 290 ns @
NOTES: (@® All devices tested at worst case temperature and Vgc.
@ Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
® Tested at initial design and after major design changes.
@® Inputrise and fall times: 5ns max. Input and output timing reference levet: 1.5V. Output load: 1 TTL gate equivalent and
Cy =50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6514-2/ -8

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND) .....oeuvvnie -0.3V to +8.0V
Input or Output Voltage Applied................... (GND -0.3V)
to (VCC +0.3V)

Storage Temperature

-650C to +1500C

Operating Range

Operating Supply Voltage
HM-6514-2/-8........ccccccvivnnninnnininnniinien

Operating Temperature
HM-6514-2/-8.....cccceoieiiinrnniiiniieniens

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP, & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
Iccss Standby Supply Current 50 uA 10=0
E = vCC-0.3V
ICCoP Operating Supply Current @ 7 mA E=1MHz, 10=0
VI=GND
ICCDR Data Retention Supply Current 25 HA VCC=20V,10-0
E=vce
VCCDR Data Retention Supply Voltage 20 A"

D'C- n Input Leakage Current -1.0 +1.0 MA V1= VCCor GND
oz Input/Output Leakage Current -1.0 +1.0 HA V10 = VCC or GND
ViL Input Low Voltage -0.3 08 v
VIH Input High Voltage vCcC vce \"

' -2.0 +0.3
VoL QOutput Low Voltage 0.4 \% 10 = 2.0mA
VOH Output High Voltage 24 \Y 10 = -1.0mA
Cl Input Capacitance@ 8.0 pF V1 =VCCor GND
=1MHz
clo Input/Output Capacitance@ 10.0 pF VIO =VCC or GND
f=1MHz
— L
TELQV Chip Enable Access Time 300 ns @
TAVQV | Address Access Time 320 ns ' @
TELQX | Chip Enable Output Enable 20 ns ®®
Time
TEHQZ | Chip Enable Output Disable 100 ns ®@®
Time
TELEH | Chip Enable Pulse Negative 300 ns ®
Width
TEHEL | Chip Enable Pulse Positive 120 ns ®
Width
TAVEL Address Setup Time 20 ns @
A.C. TELAX | Address Hold Time 50 ns @
TWLWH | Write Enable Pulse Width 300 ns ®
TWLEH | Write Enable Puise Setup Time 300 ns @
TELWH | Write Enable Pulse Hold Time | 300 ns ®
TDVWH | Data Setup Time 200 ns @
TWHDZ | Data Hold Time 0 ns @)
TWLDV | Write Data Delay Time 100 ns @)
TWLEL Early Output High-Z Time Q ns @
TEHWH | Late Output High-Z Time 0 ns ®
TELEL Read or Write Cycle Time 420 ns @
NOTES: (@ All devices tested at worst case temperature and Vgc.

OO

C =50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.

Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP-= 5mA/MHz.
Tested at initial design and after major design changes.
Input rise and fall times: 5ns max. Input and output timing reference tevel: 1.5V. Output load: 1 TTL gate equivalentand
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Specifications HM-6514-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)....coceevieneen, -0.3V to +8.0V
Input or Output Voltage Applied................... (GND -0.3V)
to (VCC +0.3V)

Storage Temperature

-650C to +1500C

Operating Range

Operating Supply Voltage

HM-6514-9

Operating Temperature

HM-6514-9

............... 4.5V to 5.5V

-400C to +850C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX |UNITS CONDITIONS
ICCS8 Standby Supply Current 25 uA i0=0
E=vce -0.3v
ICCOP | Operating Supply Current @ 7 mA E=1MHz, 10 =0
Vi =GND
" ICCOR |- Data Retention Supply Current 15 MA VCC=2.0V,10=0
E=vce
D_C_ VCCDR Data Retention Supply Voltage 20 A\
1 Input Leakage Current -1.0 +1.0 HA VI =VCCor GND
1oz tnput/Output Leakage Current -1.0 +1.0 HA VIO = VCC or GND
ViL Input Low Voltage -0.3 0.8 \"
VIH Input High Voltage vce vCC A
-2.0 +0.3
vOL Output Low Voltage 0.4 A" 10 = 2.0mA
VOH Output High Voltage 24 v 10 = -1.0mA
Cl Input Capacitance@ 8.0 pF VI =VCC or GND
f=1MHz
10 | Input/Output Capacitance(®) 100 [ pF  |VIO=VCCor GND
: f=1MHz
TELQV Chip Enable Access Time 300 ns @
TAVQV | Address Access Time 320 ns @
TELQX | Chip Enable Output Enable 20 ns ®®
Time
TEHQZ | Chip Enable Output Disable 100 | ns €10}
Time
TELEH | Chip Enable Pulse Negative 300 ns ®
Width
TEHEL Chip Enable Pulse Positive 120 ns @
Width
TAVEL | Address Setup Time 20 ns @
A.C. TELAX | Address Hold Time 50 ns O]
TWLWH | Write Enable Pulse Width 300 ns ®
TWLEH | Write Enable Pulse Setup Time | 300 ns ®
TELWH | Write Enable Pulse Hold Time | 300 ns ®
TOVWH | Data Setup Time 200 ns ®
TWHDX | Data Hold Time 0 ns o
TWLDV | Write Data Delay Time 100 ns @)
TWLEL | Early Output High-Z Time 0 ns ®
TEHWH | Late Output High-Z Time 0 ns ®
TELEL | Read or'Write Cycle Time 420 ns ®
NOTES: (@ All devices tested at worst case temperature and V. ' T
@® Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
@ Tested at initial design and after major design changes.
@ Inputrise and fall times: 5ns max. Inputand output timing reference level: 1.5V. Outputload: 1 TTL gate equivalentand

C| =50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6514C-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)...
Input or Output Voltage Applied.

Storage Temperatu

re....

Operating Range

-0.3V to +8.0V  Operating Supply Voltage
....{GND -0.3V)
to (VCC +0.3V)  Operating Témperature
...-650C to'+1500C HM-6514C-9...

HM-6514C-9........ e 4.8V 10 5 5V

..=400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
g TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
ICCSB Standby Supply Current 100 A 10=0 .
. E=vcec-0.3v
tccop Operating Supply Current @ 7 mA E=1MHz, 10=0
Vi =GND
ICCDR - | Data Retention Supply Current 50 HA: VCC=2.0V,10=0
E=vce
VCCDR | Data Retention Supply Voltage 2.0 A
D.C. ] Input Leakage Current -1.0 | +1.0 A = VCCor GND
1oz Input/Output Leakage Current -1.0 +1.0 uA VIO = VCC or GND
VIL Input Low Voltage -0.3 0.8 Vv
VIH Input High Voltage vce vce A
-2.0 +0.3
VoL Output Low Voltage 04 \ 10 = 2.0mA
VOH Output High Voltage 24 \' 10 =-1.0mA
Ci Input Capacitance 8.0 pF VI =VCCor GND
f=1MHz
clo Input/Output Capacitance@ 10.0 pF_ [VI0=vCCor GND
f=1MHz
T_'_—_'—_—
TELQV | Chip Enable Access Time 300 ns . @
TAVQV | Address Access Time 320 ns @
TELQX | Chip Enable Output Enable 20 ns @@
Time
TEHQZ | Chip Enable Output Disable 100 | ns ®@
Time
TELEH | Chip Enable Pulse Negative 300 ns O]
Width
TEHEL | Chip Enable Pulse Positive 120 ns ®:
Width
TAVEL | AddressSetup Time 20 ns ®
A.C TELAX | Address Hold Time 50 ns @ :
e TWLWH | Write Enable Pulse Width 300 ns ®
TWLEH | Write Enable Pulse Sétup Time { 300 ns ®
TELWH | Write Enable Pulse Hold Time | 300 s ®
TDVWH | Data Setup Time 200 |.. ns 0]
TWHDX | Data Hold Time 0 ns ().
TWLDV | Write Data Delay Time 100 ns @ .
TWLEL | Early Output High-Z Time 0 ns @
TEHWH. | Late Output High-Z Time 0 ns ®
TELEL Read or Write Cycle Time 420 ns @
NOTES: (@ Al devices tested at worst case temperature and Vee-
® Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
® Tested at initial design and after major design changes.
@ Inputrise and fall times: 5ns max. Input and output timing reference level: 1.5V. Outputload: 1 TTL gateequivalent and

C\ = 50 to 300pF. For Ci greater than 50pF, access time is derated 0.15ns/pF.

2-46




Specifications HM-6514-5

Absolute Maximum Ratings* Operating Range

Supply Voltage - (VCC - GND) -0.3V to +8.0V  Operating Supply Voltage

Input or Output Voltage Applied ..(GND -0.3v) HM-6514-5 ... ....4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature
Storage Temperature.............ccovevvereennene. -650C to +1500C HM-=6514-5 ......coeeiiiiecrriiccireirecnens 00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER min | MAX funiTs CONDITIONS
IccsB Standby Supply Current 350 uA E=vCC-0.3V
10=0
ICCOP | Operating Supply Current (2) 7 mA E=1MHz,10=0
VI =GND
ICCDR Data Retention Supply Current 200 HA VCC=20V.I0=0
=VCC
D.C. VCCDR | Data Retention Supply Voltage 20 v
It Input Leakage Current -10.0 +10.0 uA VI =VCC or GND
1oz Input/Output Leakage Current -10.0 +10.0 HA VIO = VCCor GND
VIL input Low Voltage -0.3 0.8 \
ViH Input High Voltage vce vce \"
-20 | +03
vOL Output Low Voltagr 0.4 V. 10 = 1.6mA
VOH Output High Voltage 24 v 10 = -0.4mA
ct Input Capacitance(3®) 80 | pF | VI=VCCorGND
= 1MHz
clo Input/Output Capacitance@ 10.0 pF VI =VCC or GND
| f=1MHz
TELQV | Chip Enable Access Time 350 | ns ®@
TAVQV | Address Access Time 370 | ns ®
TELQX | Chip Enable Output Enable 20 ns ®®
Time
TEHQZ Chip Enable Output Disable 100 ns @ @
Time
TELEH | Chip Enable Pulse Negative 350 ns ®
Width ‘
TEHEL | Chip Enable Pulse Positive 150 ns ®
Width
TAVEL | Address Setup Time 20 ns ®
A.C. TELAX | Address Hold Time 50 ns ®
TWLWH | Write Enable Pulse Width 350 ns ®
TWLEH | Write Enable Pulse Setup Time 350 ns @
TELWH | Write Enable Pulse Hold Time | - 350 ns ®
TDVWH | Data Setup Time 250 ns ®
TWHDX | Data Hold Time 0 ns ®
TWLDV | Write Data Delay Time 100 ns ®
TWLEL | Early Output High-Z Time 0 ns ®
TEHWH | Late Output High-Z Time 0 ns @
TELEL | Read or Write Cycle Time 500 ns @

NOTES: (@ All devices tested at worst case temperature and Vgg.

Operating supply current (ICCOP) is proportional to operating frequency. Example: typical ICCOP = 5mA/MHz.
Tested at initial design and after major design changes. :

Input rise and fall times: 5ns max. Input and output timing reference level: 1.5V. Output load: 1 TTL gateequivalentand
Cy =50 to 300pF. For C_ greater than 50pF, access time is derated 0.15ns/pF.

[oJelo)
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HM-6514

Read Cycle

TELEL |

NEXT ADD

TEHEL |

TELQV

e e—TELOX
na HIG|

w44 _

TEHOZ —| f=—o
VALID DATA 0UT HIGH Z

T
REFERENCE | H H

T T T T
3 4 5

TRUTH TABLE

TIME __INPUTS DATA 110
REFERENCE WA oo

FUNCTION

MEMORY DISABLED

CYCLE BEGINS, ADDRESSES ARE LATCHED
OUTPUT ENABLED

OUTPUT VALID

READ ACCOMPLISHED

PREPARE FOR NEXT CYCLE (SAME AS -1)

IXIZIITx
<X XXX <X
NN<<XNN

drNFrdT

CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0}

The address information is latched in the on chip registers
on the falling edge of E {T = 0). Minimum address setup
and hold time requirements must be met. After the required
hold time the addresses may change state without affecting
device operation. During time (T = 1) the outputs become

enabled but data is not valid until time (T = 2). W must
remain high throughout the read cycle. After the data has
been read E may return high (T = 3). This will force the out-
put buffers and all inputs to a disabled state at time (T = 4).
The memory is now ready for the next cycle.

Write Cycle

L1D ADD

=

—! TEMWH |

! W }.._
W
TWLDV
HIGH Z

00

VALIO DATA (NPUT

L _HIGHZ
TOVWH ———1 TWHDX .

Tin } }

REFERENCE 3

|
P

—
i

TRUTH TABLE

FUNCTION

TIME INPUTS
REFERENCE | E W A DQ
1 H X X z
o X v z
i L oL X z
2 Ll ox v
3 S H x oz
a Hox | x z
5 X v 2

MEMORY DISABLED

EYCLE BEGINS, ADDRESSES ARE LATCHED
WRITE PERIOD BEGINS

DATA IN IS WRITTEN

WRITE COMPLETED

PREPARE FOR NEXT CYCLE (SAME AS -1)
CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The write cycle is initiated by the falling edge of E (T = 0),
which .latches the address information in the on-chip
registers. There are two-basic types of write cycles, which
differ in the control of the common data-in/data-out bus.

Case 1: E falls before W falls

The output_buffers may become enabled (reading) if E
falls before W falls. W is used to disable (three-state) the
outputs so input data can be applied. TWLDV must be met
to allow the W signal time to disable the outputs before
applying input data. Also, at the end of the cycle the out-
puts may become active if W rises before E. The RAM
outputs and all inputs will -state) after E rises (TEHQZ).
In this type of write cycle TWLEL and TEHWH may be
ignored. : ’

Case 2: E falls equal to or after W falis, and E rises

before or equal toW rising

This E and W control timing will guarantee that the data
outputs will stay disabled throughout the cycle, thus sim-
plyifying the data input timing. TWLEL and TEHWH must
be met but TWLDV becomes meaningless and can be ig-
nored. In this cycle TDVWH and TWHDX become TDVEH

and TEHDX. In . other words, reference data setup and
hold times to the E rising edge.
IF " | OBSERVE | IGNORE
Case 1 | E falls before W TWLDV TWLEL
Case 2 E falls afterW_g TWLEL TWLDV
- E rises before W TEHWH TWHDX

If a series of consecutive write cycles are to be performed,
W may be held low until all desired locations have been
written {an extension of Case 2).
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‘2114 Capability

2114 | tey

ADD ADDRESS VALID

NEXT
ADD

2114 — Requires the Address to Remain Valid
Throughout the Cycle.

6514 — Requires Valid Address for Only a Small
Portion of the Cycle, but Requires E tc
Fall to Initiate Each Cycle.

COMPATIBLE
TIMING

ao X ADDRESS VALID

al
L
mi
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& HarRIS HM-6516

2K x 8 CMOS RAM

Features Pinouts
¢ Low Power Standby 275uW Max. TOP VIEW
¢ Low Power Operation 55mW/MHz Max.
¢ Fast Access 120/200ns Max.
¢ Industry Standard Pinout
¢ Single Supply 5 Volt VCC
e TTL Compatible
o Static Memory Cells
¢ High Output Drive
e On Chip Address Latches
e Easy Microprocessor Interfacing
e Wide Operating Temperature Ranges: PIN NAMES
» HM-6516-5 00C to +700C A Address Input
» HM-6516-9. -400C to +85°C DQ  Data Input/Output
E  Chip Enable
» HM-6516-2/-8 -550C to +1250C G Output Enable
Description Nvé \&Vgltgoi:zzlte
The HM-6516 is a CMOS 2048 x 8 Static Random Access Memory. Ex-

. . . Lce
tremely low power operation is achieved by the use of complementary MOS TOP VIEW
design techniques. This low power is further enhanced by the use of synch- A7 NC NC NC VEC NC NC
ronous circuit techniques that keep the active (operating) power low, and Lo

2

also give fast access times, The pinout of the HM-6516 is the popular 24 pin,
8 bit wide JEDEC standard which allows easy memory board layouts, flexible
enough to accomodate a variety of PROMs, RAMs, EPROMs, and ROMs.

The HM-6516 is ideally suited for use in microprocessor based systems.
The byte wide organization simplifies the memory array design,and keeps
operating power down to a minimum because only one device is enabled at
a time. The address latches allow very simple interfacing to recent genera-
tion microprocessors which employ a multiplexed address/data bus. The con- “=313 15 16 17 18 18

venient output enable control also simplifies multiplexed bus interfacing by anonnnh

allowing the data outputs to be controlled independent of the chip enable. DQ1 DQ2GND NC D3 D4 DS .

Functional Diagram

A0 A
a3 — 77
A =
o e o
MATRIX
26 REGISTER DECODER 28
A5 il ry "
A4 — 77
L G ( 10F8
16 16 A16 A16 A16 /16 16 416 prm———-- -
1 )
1 )
' A 1 bao
G GATED COLUMN
— THRU
DECODER 8 ] 1 8
K] i ' ) oa7
1 1
' A )
T 1
w L et il -
4 4 ALL LINES POSITIVE LOGi. -
" 7 ACTIVE HIGH
THREE STATE BUFFERS:
E-—& L LATCHED ADDRESS A HIGH —= QUTPUT ACTIVE
REGISTER ADDRESS LATCHES AND GATED
DECODERS: _
] LATCH ON FALLING EDGE OF E
A3 A2 AT A GATE ON FALLING EDGE OF E

CAUTION: These devices are sensitive to electrostatic discharge, Proper 1,C. handling procedures should be followed.
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Specifications HM-6516B-8/HM-65168B-9

Absolute Maximum Ratings* Operating Range “2

Supply Voltage - (VCC - GND) .. -0.3V to +8.0V  Operating Supply Voltage 8

Input or Output Voltage Applied (GND -0.3V) HM=B516B-8 ......cooovevrrrrrrieeeresisseaeennes 4.5V to 5.5V EI
to (VCC +0.3V) HM-6516B-9 ...t 4.5V to 5.5V

Storage Temperature..........c..ocevveeninnnns -650C to +1500C  Operating Temperature I
HM-6516B-8 -550C to +1250C

HM-6516B-9 ..-400C to +850C
*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMR&VCC =
OPERATING
RANGE (D TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
>
ICCSB Standby Supply Current 50 MA 10=0 e
VI = VCC or GND 5=
ICCOP Operating Supply Current @ 10 mA f=1MHz,10=0,G=VCC =
VI =VCCor GND
ICCDR Data Retention Supply Current 25 MHA 10=0, VCC=20,
VI =VCC or GND,
D.C. VCCDR Data Retention Supply Voltage 2.0 \" E=VCC
11 Input Leakage Current -1.0 +1.0 HA VI =VCC or GND
110z Input/Output Leakage Current -1.0 | +1.0 MA VIO = VCC or GND
VvIL Input Low Voltage -0.3 0.8 A
VIH Input High Voltage 2.4 vce \
+0.3
VoL Output Low Voltage 0.4 \ 10 =32mA
VOH Output High Voltage 24 \" 10 = —1.0mA
cl Input Capacitance @) 8.0 pF VI =VCCor GND,
f= 1MHz
clo Input/Output Capacitance @) 10.0 pF VIO = VCC or GND,
= 1MHz
TELQV Chip Enable Access Time 120 ns 0]
TAvVQV Address Access Time 120 ns
TELAX Chip Enable Output Enable Time 10 ns ®
TWLQZ Write Enable Output Disable Time . 50 ns @
TEHQZ Chip Enable Output Disable Time 50 ns @
TGLQV | Output Enable Output Valid Time 80 ns @
TGLQX | OutputEnable Output EnableTime| 10 ns ®
TGHQZ | OutputEnableOutput Disable Time 50 ns ®
A.C. TELEH Chip Enable Pulse Negative Width | 120 ns ®
@ TEHEL Chip Enable Pulse Positive Width 50 ns @
TAVEL Address Setup Time 0 ns (0]
TELAX Address Hold Time 30 ns @
TWLWH | Write Enable Pulse Width 120 ns ®
TWLEH Write Enable Pulse Setup Time 120 ns @
TELWH Write Enable Pulse Hold Time 120 ns @
TDVWH | Data Setup Time 50 ns ®
TWHDX | Data Hold Time 10 ns @
TWLDV | Write Data Delay Time 50 ns @
TELEL Read or Write Cycle Time 170 ns @

NOTES: (@ Alt devices tested at worst case temperature and Vcc.

Typical derating: 5mA/MHz increase in ICCOP.

Tested at initial design and after major design changes.

Input pulse levels: OV to 3V. Input rise and fall times: 5ns max. Input and output timing reference levels: 1.5V.

Output load: 1 TTL gate equivalent and Gy = 50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.
Tested at Vo = 4.5V and 5.5V.

© ©e0
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Specifications HVI-6516-8/HM-6516-9

Absolute Maximum Ratings* Operating Range
Supply Voltage - (VCC - GND) ... -0.3V to +8.0v  Operating Supply Voltage

Input or Output Voltage Applied. (GND -0.3V) HM=-B516-8....c.otiviriirieiireerie e 4.5V to 5.5V
to (VCC +0.3V) HM=8516-9......ociiiiiiiiieciecence e 4.5V to 5.5V

Storage Temperature.........ccccoecervvreennanns -650C to +1500C  Operating Temperature
HM-6516-8 -550C to +1250C

HM-6516-9........... .-400C to +850C
"CAUTION: Stresses above those listed under "Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP&VCC =
OPERATING
RANGE (D TEST
SYMBOL PARAMETER MIN | MAX || UNITS CONDITIONS
ICCSB Standby Supply Current 100 MA 10=0
VI =VCC or GND
ICCOP Operating Supply Current @ 10 mA f=1MHz,10=0,G=VCC
VI =VCC or GND
ICCDR Data Retention Supply Current 50 MA 10=0, VCC=2.0,
V1 =VCC or GND,
D.C. VCCDR Data Retention Supply Voltage 2.0 \ E=vce
. n Input Leakage Current -1.0 +1.0 KA VI =VCCor GND
noz Input/Output Leakage Current -1.0 +1.0 MA VIO = VCC or GND
VIiL Input Low Voltage —0.3 0.8 Y
VIH Input High Voltage 2.4 vCcC \
S +0.3
VoL Output Low Voltage 04 \Y 10 =3.2mA
VOH Output High Voltage 24 \" 10 = —1.0mA
Ci Input Capacitance @ 8.0 pF VI =VCC or GND,
= 1MHz
Cio Input/Output Capacitance @ 10.0 pF VIO = VCC or GND,

f=1MHz

I S " WSS WA T

TELQV Chip Enable Access Time 200 ns @
TAVQV | Address Access Time 200 ns @
TELQOX Chip Enable Output Enable Time 10 ns
TWLQZ Write Enable Output Disable Time 80 ns %
TEHQZ Chip Enable Output Disable Time 80 ns
TGLQV | Output Enable Output Valid Time 80 ns ®
TGLAX Output Enable OutputEnable Time | 10 ns %
TGHQZ Output Enable Output Disable Time 80 ns
A.C. TELEH Chip Enable Pulse Negative Width | 200 ns @
@ TEHEL Chip Enable Pulse Positive Width 80 ns @
TAVEL Address Setup Time () ns O]
TELAX Address Hold Time 50 ns @
TWLWH | Write Enable Pulse Width 200 ns @
TWLEH Write Enable Pulse Setup Time 200 ns @
TELWH Write Enable Pulse Hold Time 200 ns @
TDVWH | Data Setup Time 80 ns ®
TWHDX | Data Hold Time 10 ns ®
TWLDV | Write Data Delay Time 80 ns @
TELEL Read or Write Cycle Time 280 ns @

NOTES: (® All devices tested at worst case temperature and Voo,

Typical derating: 5mA/MHz increase in ICCOP.

Tested at initial design and after major design changes.

Input puise levels: OV to 3V. Input rise and fall times: 5ns max. Input and output timing reference levels: 1.5V.

Output load: 1 TTL gate equivalent and C|_ = 50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.
Tested at Vo = 4.5V and 5.5V.

© O
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Specifications

HM-6516-5

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)
Input or Output Voltage Applied

Storage Temperature

..-0.3V to +8.0V
..(GND -0.3V)

to (VCC +0.3V)
-650C to +1500C

Operating Range
Operating Supply Voitage

HM-6516-5 4.5V to 5.5V
Operating Temperature
HM-6516-5 ....00C to +700C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress only rating 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.

Electrical Specifications

TEMP&VCC =
OPERATING
RANGE (D TEST
SYMBOL PARAMETER MIN | MAX || UNITS CONDITIONS
ICCSB Standby Supply Current 500 MA I0=0
Vi =VCCorGND
ICCOP Operating Supply Current @ 10 mA f=1MHz,10=0,G=VCC
V1 =VCC or GND
ICCDR Data Retention Supply Current 250 MA 10 =0, VCC=2.0,
VI=VCCorGND,
D.C. VCCDR Data Retention Supply Voitage 2.0 v E=VCC
1] Input Leakage Current —5.0 | +6.0 HA V1 =VCCor GND
oz Input/Output Leakage Current -5.0 | +5.0 MHA ViO =VCC or GND
VIL Input Low Voltage -0.3 0.8 Vv
VIH Input High Voltage 24 vCcC \%
+0.3
VoL Output Low Voltage 0.4 v 10 =3.2mA
VOH Output High Voltage 2.4 v 10 =—=1.0mA
Cl Input Capacitance @ 8.0 pF VI =VCCorGND,
f=1MHz
Cio Input/Output Capacitance (@) 10.0 pF VIO = VCC or GND,
f=1MHz
TELQV Chip Enable Access Time 200 ns @
TAVQV Address Access Time 200 ns @
TELQX Chip Enable Output Enable Time 10 ns @
TWLQZ Write Enable Output Disable Time 80 ns
TEHQZ Chip Enable Output Disable Time 80 ns %
TGLAQV | Output Enable Output Valid Time 80 ns ®
TGLOX Output Enable Output Enable Time 10 ns %
TGHQZ Output Enable Output Disable Time 80 ns
A.C. TELEH Chip Enable Pulse Negative Width | 200 ns @
® TEHEL Chip Enable Pulse Positive Width 80 ns 0]
TAVEL Address Setup Time 0 ns O,
TELAX Address Hold Time 50 ns
TWLWH Write Enable Pulse Width 200 ns @
TWLEH | Write Enable Pulse Setup Time 200 ns ®
TELWH | Write Enable Pulse Hold Time 200 ns @
TDVWH | Data Setup Time 80 ns O)
TWHDX | Data Hold Time 10 ns O]
TWLDV Write Data Delay Time 80 ns ®
TELEL Read or Write Cycle Time 280 ns ®

NOTES: @ All devices tested at worst case temperature and Voc.
@ Typical derating: 5SmA/MHz increase in ICCOP.
Tested at initial design and after major design changes.

Output load: 1 TTL gate equivalent and C| = 50 to 300pF. For C| greater than 50pF, access time is derated 0.15ns/pF.

®
@® Input pulse levels: 0V to 3V. Input rise and fall times: 5ns max. input and output timing reference levels: 1.5V.
®

Tested at Vo = 4.5V and 5.5V.
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Read Cycle
i TAVQV !
TELAX !
Tavel e A : FTAVEL
TELEL
T TEHEL TELEH TEHEL——
| —
F —
7 HIGH
— TEHQZ = —drenazl—
E—— o
oa 73K VALID DATA OUT P
TGRAZ
3 A \
TIME (] ] , | 4
REFERENCE I I ! |
-1 2 3 4 5
TRUTH TABLE
TIME INPUTS
REFERENCE E W G A Da FUNCTION
-1 H X x| x z | MeMORY DISABLED
o N H x| Vv zZ | CYCLEBEGINS, ADDRESSES ARE LATCHED
1 Lt H ot [ x x [ourerurenasLED
2 L H# L| x v |ourteutvaLD
3 £ H x| x v READ ACCOMPLISHED
4 H X X | X z | PREPARE FOR NEXT CYCLE (SAME AS -1)
5 N H X [ vz | CYCLEENDS, NEXT CYCLE BEGINS (SAME AS 0)

The address information is latched in the on chip registers
on the falling edge of E(T= 0), minimum address setup
and hold time requirements must be met. After the
required hold time, the addresses may change state
without affecting device operation. During time (T = 1),
the outputs become enabled but data is not valid until
time (T = 2), W must remain high throughout the read

cycle. After the data has been read, E may return high
(T = 3). This will force the output buffers into a high
impedance mode at time (T =4). G is used to disable the
output buffers when in a logical /1" state (T = -1, 0,
3, 4, 5). After (T = 4) time, the memory is ready for the
next cycle.

Write Cycle

. )
: -TELAx‘.
~ TAVEL T~

o TEMEL . -2
€ _J ;

~ TAVEL |-
< VALID ADD X NEXT ADD
! Il
.- TEHEL — -

|

w
pa
G HIGH
TIME 4 }
REFERENCE 1 0 2 3 4 5
TRUTH TABLE
TIME INPUTS
REFERENCE E W G A DO FUNCTION
-1 H X H{Xx x MEMORY DISABLED
o N X H v X CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L L H X X WRITE PERIOD BEGINS
2 Lo M| x v DATA IN IS WRITTEN
3 Es H H X X WRITE COMPLETED
4 Ho ox W[ x x PREPARE FOR NEXT CYCLE (SAME AS-1)
5 ~ ox Hlv o ox CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

The write cycle is initiated on the falling edge of E (T = 0),
which latches the address information in the on chip
registers. 1f a write cycle is to be performed where the
output is not to become active, G can be held high (in-
active). TDVWH and TWHDX must be met for proper
device operation regardless of G. 1fE and G fall before W
falls (read mode), a possible bus conflict may exist. |f
E rises before Wrises, reference data setup and hold times

to the E rising edge. The write operation is terminated by
the first rising edge of W (T = 2) or E(T = 3). After the
minimum E high time (TEHEL), the next cycle may
begin. If a series of consecutive write cycles are to be
performed, the W line may be held low unitl all desired
locations have been written. In this case, data setup
and hold times must be referenced to the rising edge of E.
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D HARRIS LN 65162

N
[{<]
-
8
ADVANCE INFORMATION 2048 x 8 Asynchronous <
CMOS Static RAM T
Features Pinouts
¢ Fast Access Time 55/70/90ns Max. TOP VIEW
* Low Standby Current 50uA Max. 7  vee
¢ Low Operating Current 70mA Max. 2
e Data RZtentioi @ 2.0 Volts 204A M 8 g :: PIN NAMES
’ ui ax. 4 DW A Address Input
® TTL Compatible Inputs and Outputs z g € DQ Data Input/Output
e JEDEC Approved Pinout (2716, 6116 Type) 7 o E"_“' E Chip Enable
. G Output Enable
* No Clocks or Strobes Required 98 % 007 47 \Arite Enable
¢ Wide Temperature Range -550C to +1250C i} 26 NC No Connect
D05
e Equal Cycle and Access Time D4 o
" D03 ==}
e Single 5 Volt Supply E = |
e Gated Inputs—No Puil-Up or Pull-Down Resistors Required Lce = |
TOP VIEW

Description

The HM-65162 is a CMOS 2048 x 8 Static Random Access Memory
manufactured using the Harris Advanced SAJI V process. The device
utilizes asynchronous circuit design for fast cycle time and ease of use.
The pinout is the JEDEC 24 pin, 8-bit wide standard which allows easy
memory board layouts flexible to accommodate a variety of industry
standard PROMs, RAMs, ROMs and EPROMSs. The HM-65162 is ideally
suited for use in microprocessor based systems with its 8-bit word
length organization. The convenient output enable also simplifies the
bus interface by allowing the data outputs to be controlied independent

A7 NC NC NC VCCNC NC

of the chip enable. Gated inputs lower operating current and also BeEnrwn

eliminate the need for pull-up or pull-down resistors.

D01 DA2GND NC DQ3 DA4 DOS

Functional Description

A |
e[|
A3 | ress | | ow | iaa
pram BUFFER|  |cODER[ /| MEMORY ARRAY
AG—— | | A 12
A—| &

10F8
{128 - _- 7], b

COLUMN DECODER | | 1
AND DATA
INPUT/QUTPUT (X8)

T >—
> 41n oot
] >

mj

o)

@_—\ ADD;{:EOSLSU ,BVIITFFER
>0

||L
A0 A8 A9 A10

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HM-65162S-9

%

Absolute Maximum Ratings* - Operating Range

Supply Voltage - (VCC - GND).... -0.3V to +8.0V  Operating Supply Voltage

- Input or Output Voltage Applied.. (GND -0.3V) HM=65162S-9 .....ccceerrmrriiiiinncinis s 4.5V to 5.5V
o to (VCC +0.3V)  Operating Temperature
Storage Temperature..........coccoeevileneencasns -659C to +1500C HM-65162S-9......c0ooiirriiirieniereisiias -400C to +850C

*CAUTION: Stresses above those listed under “"Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and

functional operation of the device at these or any other conditions above those indicated in the operational sections of this specitication is
not implied.

Electrical Specifications " Advance Information
TEMP. & VCC =
OPERATING
RANGE @ TEST
SYMBOL - . PARAMETER MIN MAX | UNITS CONDITIONS %
1CCSB1 Standby Supply Current 100 HA 10 =0, E = vCC-0.3V @
1CCSB Standby Supply Current 8 mA ~ E=22vi0=0 @
1cC Enabled Supply Current 70 | mA E=o08v,10=0
iccoP Operating Supply Current @ 70 mA E-o08Vv,10=0 @
f=1MHz
ICCDR Data Retention Supply Current 40 uA I0_= 0,VCC=2.0
E =VCC-0.3V
D.C. VCCDR Data Retention Supply Voltage 2.0 v
] input Leakage Current -1.0 +1.0 nA VI =VCC or GND @
1102 | Input/Output Leakage Current -1.0 | +1.0 | pA VIO = vCC or GND (6)
VIL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage 2.2 VGC v
+0.3V
VOL. | Output Low Voltage 0.4 v 0=40ma ®
VOH Output High Voltage ' 2.4 v 10 = —1.0mA @
cl Input Capacitance 3) 8 pF VI =VCC=GND,
f=1MHz
cio Input/Output Capacitance @) 10 pF V10 =VCC=GND,
f=1MHz
TAVAV Read Cycle Time 55 ns (ONG]
TAVQY | Address Access Time 5 | ons | (ONONO]
TELQV Chip Enable Access Time 55 ns ONOE ®
TELOX | Chip Enable Output Enable Time 5 ns ®®6 O
READ | 7tGLav | Output Enable Access Time 35 ns @® ® e
CYCLE | Tt6LaX | OutputEnable Output Enable Time 5 ns ®@®6e ©
TEHQZ | Chip Enable Output Disable Time 35 ns ® @06
TGHQZ | Output Enable Output Disable Time 30 ns ®@®® @
TAVOX Output Hold from Address Change 5 ns @ ® ®
TAVAV | Write Cycle Time 55 ns (ONONO;
A.C. TELWH | Chip Selection to End of Write 45 ns @® 06 G
TAVWL | Address Setup Time 5 ns ®e O
WRITE | TwiwH | Wwrite Enable Pulse Width 40 ns @0 ®
CYCLE | TWHAX [ Write Enable Read Setup Time 10 ns @6
TGHOZ Output Enable Output Disable Time 30 ns ®® ©® ©®
TWLQZ | Write Enable Output Disable Time 30 ns ©JOROXKO)
TOVWH | Data Setup Time 25 ns ® 6 ®
TWHDX Data Hold Time 10 ns @ 6 ®
TWHQX | Write Enable Output Enable Time 0 ns @ ® ®
TWLEH | Write Enable Pulse Setup Time 45 ns @ G e
TDVEH Chip Enable Data Setup Time 25 ns @ ® ®
TAVWH Address Valid to End of Write’ 45 ns @ ® ®
NOTES: (@ All devices tested at worst case temperature and supply Input and output timing reference tevels 1.5V. Output load:
voltage limits. 1 TTL gate equivalent and CL = 50 to 300pV. For CL greater
® Typicai derating: 5SmA/MHz increase in ICCOP. VI =VCCor than 50pF, access time is derated 0.15ns/pF.
GND. @® Tested at VCC = 4.5V.
@ Tested at initial design and after major process/design ~ ® Tested at VCC = 5.5V.
changes.
& Hipul puise ieveis OV 10 3V. inputrise and iali umes 5ns max.
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Specifications HM-65162B-8/HM-65162B-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)

Input or Output Voltage Applied

Storage Temperature

not implied.

-0.3V to +8.0V
................... (GND -0.3V)
to (VCC +0.3V)
-650C to +1500C
*"CAUTION: Stresses above those listed under “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating and
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is

Operating Range

Operating Supply Voltage

Operating Temperature
HM-65162B-8

HM-65162B-9 ...

............................... 4.5V to 5.5V

-550C to +1250C

HM-65162

........... -400C to +850C .

Electrical Specifications

TEMP. & VCC =
OPERATING
RANGE ® TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
1CCSB1 Standby Supply Current 50 nA 10=0,E=VCC-0.3V @
1CCSB Standby Supply Current 8 mA E=22v10=0 ® @ E
ICC Enabled Supply Current 70 mA E-o08v,10=0 ® E E
ICCOoP Operating Supply Current @ 70 mA E-o08v,10=-0 (® =
f=1MHz
ICCDR Data Retention Supply Current 20 nA 10=0,V6C=2.0
E=VCC-0.3v
D.C. VCCDR Data Retention Supply Voltage 2.0 v
it Input Leakage Current -1.0 | +1.0 rA vi=vccorGND (®
lioz Input/Output Leakage Current -10 | +1.0 uh VIO = VCC or GND ()
ViL Input Low Voltage -0.3 0.8 v
VIH input High Voltage 2.2 VCe v
+0.3v
VoL Qutput Low Voitage 0.4 v 10 = 4.0mA ®
VOH Output High Voltage 2.4 v 10 = —1.0mA @
Cl Input Capacitance @) 8 pF VI =VCC=GND,
f=1MHz
clo Input/Output Capacitance @ 10 pF VIO = VCC = GND,
‘i f=1MHz
f———t
TAVAV | Read Cycle Time 70 ns @ ®
TAVQV Address Access Time 70 ns @ ®
TELQV | Chip Enable Access Time 70 | ns @ e 6
TELOX | Chip Enable Output Enable Time 5 ns ®@®E®
READ TGLQV | Output Enable Access Time 50 ns ONONO)
CYCLE |  16LOX | Output Enable Output Enable Time 5 ns ONONONC)
TEHQZ Chip Enable Output Disabie Time 35 ns @ @ ® @
TGHQZ Output Enable Output Disable Time 35 ns @ @ @ @
TAVOX Output Hold from Address Change 5 ns @ @ @
AV | Write Cycle Time 70 ns @6 e
A.C. TELWH | Chip Selection to End of Write 45 ns @66
TAVWL Address Setup Time 10 ns @ @ @
WRITE { TWLWH | Write Enable Puise Width 4 ns [ONGKO;
CYCLE TWHAX| Write Enable Read Setup Time 10 ns ® @ @
TGHOZ Output Enable Qutput Disable Time 35 ns e @®@eE
TWLGZ | Write Enable Output Disable Time 0 | ns @ @06 G
TOVWH | Data Setup Time 30 ns ONGNO]
TWHDX | Data Hold Time 10 ns ONONO)]
TWHQX | Write Enable Output Enable Time 0 ns ® @66
TWLEH | Write Enable Pulse Setup Time 40 ns ®@ 6 G
TDVEH Chip Enable Data Setup Time 30 ns ® 06 G
TAVWH | Address Valid to End of Write 50 ns @ e 6
NOTES: @ All devices tested at worst case temperature and supply Input and output timing reference levels 1.5V. Output load:
voltage limits. 1 TTL gate equivalent and CL = 50 to 300pV.For CL greater
@ Typical derating: 5SmA/MHz increase in ICCOP. Vi =VCCor than 50pF, access time is derated 0.15ns/pF.
GND. ® Tested at VCC = 4.5V.
® Tested at initial design and after major process/design ® Tested at VCC = 5.5V

changes.
@ Input pulse levels OV to 3V. Input rise and fall times 5ns max.
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Specifications HM-65162-8/HM-65162-9

Absolute Maximum Ratings* Operating Range
Supply Voltage - (VCC - GND) .........c......... -0.3V to +8.0V  Operating Supply Voltage.............ccoceovenninens 4.5V to 5.5V
Input or Output Voltage Applied................... (GND -0.3V)  Operating Temperature

to (VCC +0.3V). HM-65162-8 -550C to +1250C
Storage Temperature........ccc..coceveeevnnans -650C to +1500C HM-65162-9 ... -400C to +850C

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and
functional operatiori of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied.

Electrical Specifications

TEMP. & VCC =
OPERATING
RANGE ©® TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
1CCSB1 Standby Supply Current 100 uA 10=0,F = VCC—0.3V @
ICCSB Standby Supply Current 8 mA E=2.2Vv10=0 @
1cc Enabled Supply Current 70 | mA E=08v,10=0 ®
ICCOP | Operating Supply Current @ 70 mA E=08v,10-0 ®
f=1MHz
ICCDR Data Retention Supply Current 40 nA 10 =0,VCC =20
E'=VCC-0.3v
D.C. VCCDR Data Retention Supply Voltage 20 v
i Input Leakage Current -1.0 +1.0 uhA vi=vccoraNp ®
102 Input/Output Leakage Current -1.0 +1.0 uh V10 = VCC or GND )
VIL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage 2.2 VCe v
+0.3V
voL Output Low Voltage 0.4 v 0=40mA ®
VOH Output High Voltage 2.4 v 0=-1.0mp ®
cl Input Capacitance @) 8 pF V1= VCC=GND,
f=1MHz
Clo Input/Qutput Capacitance @) 10 pF VIO = VCC = GND,
f=1MHz
TAVAY | Read Cycle Time 90 ns ®@e e
TAVQY Address Access Time 90 ns @ @ ®
TELQV | Chip Enable Access Time 0 | ns ® 66
TELOX | Chip Enable Output Enable Time 5 ns ®®©e e
READ | T76LQv | OutputEnable Access Time 65 | ns @06 6
CYCLE | TaLax Output Enable Output Enable Time ] 5 ns ONONONO]
TEHQZ Chip Enable Output Disable Time 50 ns ® @ ® @
TGHQZ Output Enable Output Disable Time 40 ns ®@® 6 ©
TAVQX Output Hold from Address Change 5 ns @ ® ©®
TAVAY | Write Cycle Time 90 ns ® 6
A.C. TELWH | Chip Selection to End of Write 55 ns OXONO]
TAVWL | Address Setup Time 10 ns ONOXO,
WRITE | TWLWH | Write Enable Pulse Width 55 ns @G @
CYCLE | TwHax | Write Enable Read Setup Time 10 ns @ e
TGHQZ Output Enable Output Disable Time 40 ns @ @ @ @
TWLQZ Write.Enable Output Disable Time 50 ns @ @ @ @
TOVWH | Data Setup Time 30 s @ G
TWHOX | Data Hold Time 15 ns @0 ®
TWHQX Write Enable Output Enable Time 0 ns ® @ ® @
TWLEH Write Enable Pulse Setup Time 55 ns @ ® ®©
TDVEH | Chip Enable Data Setup Time 30 ns @6 ®
TAVWH [ Address Valid to End of Write 65 ns [ONGNO)]
NOTES: (D Alf devices tested at worst case temperature and supply Input and output timing reference levels 1.5V. Output load:
voltage limits. 1 TTL gate equivalent and CL = 50 to 300pV. For CL greater
@ Typical derating: 5mA/MHz increase in ICCOP. VI =VCCor than 50pF, access time is derated 0.15ns/pF.
GND. ® Tested at VCC = 4.5V.
@ Tested at initial design and after major process/design ® Tested at VCC = 5.5V.
changes.

@® Input pulse levels OV to 3V. Input rise and fall times 5ns max.
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Specifications HM-65162C-8/HM-65162C-9

N
Absolute Maximum Ratings* Operating Range ,‘2
wn
Supply Voltage - (VCC - GND) .....cceoeneeee -0.3V to +8.0V  Operating Supply Voltage.......c..cccoverovvvrnnine 4.5V to 5.5V “,’
Input or Output Voltage Applied................... (GND -0.3V)  Operating Temperature E
to (VCC +0.3V) HM-65162C-8.......ccococviriireriiiei -550C to +1250C T
Storage Temperature.............cccoeuevveuinne -650C to +1500C HM-65162C-9......c.cvmreirivniieriiireeerreens -400C to +850C
*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. Thisis a stress only rating 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.
Electrical Specifications
TEMP. & VCC =
OPERATING
RANGE © TEST
SYMBOL PARAMETER MIN MAX | UNITS CONDITIONS
1CCSB1 Standby Supply Current 900 uA 10 =0,F=VvCC-0.3V @ .
ICCSB | Standby Supply Current 8 | ma E-22vi10-0 © g E
IcC Enabled Supply Current 70 mA E=08V,i0=0 ©; EE
ICCOP | Operating Supply Current @ 70 mA E-o0sv.10-0 ©
f=1MHz
ICCDR Data Retention Suppiy Current 300 HA 10=10,VCC=20
E=V0C-0.3v
D.C. VCCDR | Data Retention Supply Voltage 2.0 v
I Input Leakage Current -5.0 | +5.0 A Vi = VCC or GND ®
10z Input/Qutput Leakage Current -50 | +50 uA VIO = VCC or GND (8)
viL Input Low Voltage -03 08 v
VIH Input High Voltage 2.2 vce
+0.3V
VoL Output Low Voltage 0.4 v 10 = 4.0mA ®
VOH Output High Voitage 2.4 v 10 = ~1.0mA ®
¢] Input Capacitance @) 8 pF VI=VCC =GND,
f=1MHz
clo Input/Qutput Capacitance @ 10 pF VIO = VCC = GND,
f=1MHz
ﬁ ———
TARV | Read Cycle Time % ns @06 6
TAVOQV | Address Access Time 90 ns @06 6
TELQV | Chip Enable Access Time 90 ns @06 G
TELQX Chip Enable Output Enable Time 5 ns ®@® 06 e
READ | 76LQv | Output Enable Access Time 65 ns @ 6 6
CYCLE | 7oLox | Output Enable Output Enable Time 5 ns ®® e ®
TEHOZ { Chip Enable Output Disable Time 50 ns @e 6@ ©®
TGHQZ Output Enable Output Disable Time 40 ns ®@@ G 6
TAVQX Output Hold from Address Change 5 | ns IOXGNO;
TAVAV Write Cycle Time 90 ns 4 ®
A.C. TELWH Chip Selection to End of Write 55 ns O] @
TAVWL Address Setup Time 10 ns @ C:%
WRITE | TwiwH | write Enable Pulse Width 55 ns CRONO
CYCLE | vwwraAx| Write Enable Read Setup Time 10 ns ORONO,
TGHQZ Qutput Enable Output Disable Time 40 ns @@ @ %
TWLQZ Write Enable Output Disable Time 50 ns ® @ ®
TOVWH | Data Setup Time 30 ns ® 66
TWHDX | Data Hold Time 15 ns ® 06 6
TWHAaX | Write Enable Output Enable Time 0 ns OXONONO]
TWLEK | Write Enable Puise Setup Time 55 ns @ g %
TOVEH | Chip Enable Data Setup Time 30 ns 2@ ¢
TAVWH | Address Valid to End of Write 65 ns ® 06 e
NOTES: (D All devices tested at worst case temperature and supply Input and output timing reference levels 1.5V, Output load:
voltage limits. 1 TTL gate equivalent and CL - 50 to 300pV. For CL greater
@ Typical derating: 5SmA/MHz increase in ICCOP. VI =VCCor than 50pF. access time is derated 0.15ns/pF.
GND. ® Tested at VCC = 45V,
@ Tested at initial design and after major process/design ® Tested at VCC - 5.5V.
changes.
@® Input pulse levels OV to 3V. Input rise and fall times 5ns max.
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HM-65162

Read Cycle

———— TV ——————
— TAVQY —
aooness K X
) }—- T6HOZ
NANNNN S
. —] TOLOV |- L TEHOZ —»
‘ P
S = = AN
e— TELOV TAVOX —=d
o X -
o TELOX -~

Addresses must remain stable for the duration of the read cycle. To
read, G and E must be < VIL and W = VIH. The output buffers can be
controlled independently by G while E is low. To execute consecutive

NOTE: W IS HIGH FOR A READ CYCLE

read cycles, E may be tied low continuously until all desired locations
are accessed. When Elis low, addresses must be driven by stable logic
levels and must not be in the high impedance state.

Write Cycles

WRITE CYCLE |
- TAVAV -
ADDRESS X X
}=—— TELWH I
EERNNNNNNNN\N LN s
—— TAVWL —>te— TWLWH
T ONENNNNNST ™
TWLOZ — i-— - TWHOX -@
‘ M —{ TOVEH |—
D Q
TDVWH - >l
)

To write, addresses must be stable, E low and W falling low for a
period no shorter than TWLWH. Data in is referenced with the rising
edge of W. (TDVWH and TWHDX). While addresses are changing, W
must be high. When W falls low, the 1/0 pins are still in the output

NOTE: G IS LOW THROUGHOUT WRITE CYCLE

state for a period of TWLQZ and input data of the opposite phase to

TWHAX

—  TWHDX

the outputs must not be applied. (Bus contention). If E transitions low
simultaneously with the W line transitioning low or after the W
transition, the output will remain in a high impedance state. G is held
continuously low.
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HM-657162

WRITE CYCLE 1l

je———————— TAAV —

aooress K X

fe——— TAVWH —

sl SR LZEINNNNAN
Fe\

fat— TAVWL —te TWLWH -$

AN V777777

—»| TGHOZ [<—

\

TOVEH __

D XUXXIXXXIK IKXKKIK>

TDVWH - a—— TWHDX

In this write cycle G has control of the output after a period, TGHQZ.
G switching the output to a high impedance state allows data in to be
applied without bus contention after TGHQZ. When W transitions
high, the data in can change after TWHDX to complete the write cycle.

Low Voltage Data Retention

HARRIS CMOS RAMs are designed with battery backup in mind. Data
retention voltage and supply current are guaranteed over tempera- -
ture. The following rules insure data retention:

1. Chip Enable {(E) must be held high during data retention; within 3. Inputs which are to be held high (e.q. E) must be kept between

VCC to VCC+0.3V. ) VCC+0.3V and 70% of VCC during the power up and power.down.

2. On RAMs which have selects or output enables (e.g.. S, G), one of transitions.
the selects or output enables should be held in the deselected 4. The RAM can begin operation > 55ns after VCC reaches the

state to keep the RAM outputs high impedance, minimizing power minimum operating voltage (4.5 volts).
dissipation.
DATA RETENTION TIMING
VCC TEV DATA RETENTION MODE
VCC = 2.0V
7 .
E // VCC TO VCC + 0.3V
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DHarRRIS HM.65262

PRELIMINARY _ 16K x 1 Asynchronous
CMOS Static RAM

Features . Pinouts

® Low Standby Current ‘ 50/100uA TOP VIEW TOP VIEW
* Low Operating Current 50mA
* Fast A Time..... ’ 55/70/85ns
¢ Low Voltage Data Retention at 2.0V

CMOS/TTL Compatible Inputs and Outputs

¢ JEDEC Approved Pinout '

e Equal Cycle and Access Times

* No Clocks or Strobes Required

¢ Single 5 Volt Supply } )

o Gated Inputs - No Pull-up or Pull-down Resistors Required

¢ Wide Temperature Range -550C to +1250C
o Easy Microprocessor Interfacing ) DIP

.
o 8 &% B &8 R

Description

The HM-65262 is a CMOS 16384 x 1 bit Static Random Access
Memory manufactured using the Harris advanced SAJI VI process.
The device utilizes asynchronous circuit design for fast cycle times

and ease of use. The HM-65262 is available in both the JEDEC stan- : ;e

dard 20-pin, 0.300 inch wide dual-in-line and 20 pad LCC packages, " & I J)

providing high board-level packing density. Gated inputs lower A —

standby current, and also eliminate the need for pull-up or pull-down ﬁ:

resistors. M— Lo
- The HM-65262, a full CMOS RAM, utilizes an array of six transistor ?f—

(6T) memory cells for the most stable and lowest possible standby 3 —Q

supply current over the full military temperature range. In addition to :}'}: '

this, the high stability of the 6T RAM cell provides excelient protec- :}g—

tion against soft errors due to noise and alpha particles. This stability . A—fbtest gt D—Dola

also improves the radiation tolerance of the RAM over that of four E—Chip Enable Q—Data Output

transistor (4T) devices. W—Write Enable

" Functional Diagram

z=3
w*»

ROW ROW
ADDRESS DECODER - MEMORY ARRAY
BUFFERS {1 OF 128) : 128 x128

128
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Specifications HM-65262B-8

Absolute Maximum Ratings* Operating Ranges
Supply Voltage (VCC-GND) .....ccccoereeveniercrcnnne -0.3 to 8.0V Operating Supply Voltage............cccecvvenene. 4.5V to 5.5V
Input or Output Voltage Applied.. GND -0.3V to VCC +0.3V Operating Temperature. ...-550C to +1250C

Storage Temperature ..-650C to +1500C

*CAUTION: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOJ PARAMETER j MIN L MAX | UNITST TEST CONDITIONS
ICCSB1 | Standby Supply Current (CMOS) - 100 uA 10=0, E=VCC -0.3V
ICCSB | Standby Supply Current (TTL) - 5 mA 10=0,E =22V
Icc Enabled Supply Current - 50 mA 10=0,E=08V .
D.C. | ICCOP | Operating Supply Current (Note 2) - 50 mA 10 =0, E =0.8V,f = IMHz
ICCDR | Data Retention Supply Current - 40 HA VCC =20V, E=VCC
ICCDR1 | Data Retention Supply Current - 60 HA VCC = 3.0V, E=VCG
1} Input Leakage Current -1.0 +1.0 MA VI = GND or VCC
10z Output Leakage Current -1.0 .0 MA VIO = GND or VCC
VCCDR | Data Retention Supply Voltage 2.0 - \
VvOL Output Low Voitage - 0.4 \ 10 = 8.0mA
VOH Output High Voltage 2.4 - V. 10 = -4.0mA -
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage 22 VCC + 0.3 % )
(¢]] Input Capacitance (Note 3) - 8 pF Vi =VCCor GND, f = 1MHz
co Output Capacitance (Note 3) - 10 pF VIO = VCC or GND, f = 1TMHz
TAVAX | Read Cycle Time 70 - ns (Note 4)
TAVQV | Address Access Time -- 70 ns B (Note 4)
READ | TELQV {Chip Enable Access Time -- 70 ns ) (Note 4)
CYCLE | TELQX | Chip Enable Output Enable Time 5 - ns (Note 3)
TEHQX | Chip Disable Output Hold Time 5 - ns (Note 3)
TAXQX | Address Invalid Output Hold Time 5 - ns (Note 3)
@ AC TEHQZ | Chip Disable Output Disable Time - 40 . ns (Note 3)
TAVAX | Write Cycle Time 70 - ns (Note 4)
TELWH | Chip Enable to End of Write 55 - ' ns
TWLWH | Write Enable Pulse Width 40 - ns
TAVWL | Address Setup Time 0 - ns
TWHAX [ Address Hold Time o] - ns
WRITE | TDVWH | Data Setup Time 30 - ns
CYCLE { TWHDX | Data Hold Time 0 - ns
TWLQZ | Write Enable Output Disable Time - 40 ns (Note 3)
TWHQX | Write Disable Output Enable Time 0 - ns (Note_3)
TAVWH | Address Valid to End of Write 55 -- ns . (Note 4)
TAVEL | Address Setup Time 0 - ns
TEHAX | Address Hold Time 0 - ns
TAVEH | Address Valid to End of Write 55 - ns
TELEH | Enable Pulse Width 55 - ns
TWLEH | Write to End of Write 40 - ns
TDVEH | Data Setup Time 30 - ns
TEHDX | Data Hold Time 0 -- ns

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.
2. Typical derating = 5mA/MHz increase in ICCOP, Vi = VCC or GND.
3. Tested at initial design and major design changes. :
4. Input pulse levels: 0V to 3.V.Input rise and fall times:  5ns max. Input and output timing reference levels: 1.5V,
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access time is derated 0.15ns/pF.
5. Tested at VCC = 4.5V and 5.5V.

)
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Sbeciﬁcations HM-65262-8

Absolute Maximum Ratings* Recommended Operating Conditions
Supply Voltage (VCC-GND)....ccccovvvirreriioveninnn -0.3 to 8.0V Operating Supply Voltage.........ccceurene.. 4.5V to 5.5V
Input or Output Voltage Applied ..GND -0.3V to VCC +0.3V Operating Temperature...........c.cccov.ne -550C to +1250C

Storage Temperature -650C to +1500C

*CAUTION: Strpsses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

symeot | ‘PARAMETER - MmN [ max [ umnms | TesT conpiTions
ICCSB1 | Standby Supply Current (CMOS) - 100 MA 10 =0,E=VCC -0.3V
ICCSB | Standby Suppiy Current (TTL) - 5 mA 10=0,E=22V
ICC Enabled Supply Current -- 50 mA 10=0,E=08V
ICCOP | Operating Supply Current (Note 2) - 50 mA 10 =0,E=08V.f=1MHz
ICCDR | Data Retention Supply Current - 40 UA VCC =20V, E=VCC
D.C. ICCDR1 | Data Rgtention Supply Current - 60 UA VvCC = 3.0V, E=VvCC
1l Input Leakage Current -1.0 +1.0 LA Vi = GND or VCC
10Z Output Leakage Current -1.0 +1.0 HA VIO = GND or VCC
VCCDR | Data Retention Supply Voltage 2.0 - \
VOL | Output Low Voltage - 0.4 v 10 = 8.0mA
VOH Output High Voltage - ' 2.4 - v 10 = -4.0mA
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage 2.2 VCC +0.3 v
"Cl- Input Capacitance (Note 3) - 8 pF VI = VCC or GND, f = 1MHz
~ CO Output Capacitance (Note 3) - 10 pF | VIO =VCCor GND, f = IMHz
TAVAX | Read Cycle Time 85 - - ns (Note 4)
TAVQV | Address Access Time - 85 ns (Note 4)
READ TELQV | Chip Enable Access Time - 85 ns (Note 4)
CYCLE TELQX } Chip Enable Output Enabie Time 5 - ns (Note 3)
TEHQX | Chip Disable Output Hold Time 5 . ns (Note 3)
TAXQX | Address Invalid Output Hold Time .5 - ns " (Note 3)
@ AcC TEHQZ | Chip Disable Output Disable Time — 40 ns (Note 3)
TAVAX | Write Cycle Time 85 - - ns (Note 4)
TELWH | Chip Enable to End of Write 65 - ns
TWLWH | Write Enable Pulse Width 45 -- ns
TAVWL | Address Setup Time 0 - ns
TWHAX | Address Hold Time 0 - ns
TDVWH | Data Setup Time 35 - ns
TWHDX | Data Hold Time 0 - ns
WRITE | TWLQZ | Write Enable Output Disable Time - 40 ns (Note 3)
CYCLE | TwHQX | Write Disable Output Enable Time 0 - ns (Note 3)
TAVWH | Address Valid to End of Write ‘65 - ns (Note 4)
TAVEL | Address Setup Time : 0 - ns
TEHAX | Address Hold Time ' 0 - ns
TAVEH | Address Valid to End of Write 65 -- ns
TELEH | Enable Pulse Width 65 - ns
TWLEH | Write to End of Write 45 - ns
TDVEH | Data Setup Time 35 -- ns
TEHDX | Data Hold Time ) 0 - ns

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.
2. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND.
3. Tested at initial design and major design changes.
4. Input pulse levels: 0V to 3.V.Input rise and fall times: 5ns max. Input and output timing reference levels: 1.5V.
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF,'access time is derated 0.15ns/pF.
5. Tested at VCC = 4.5V and 5.5V.
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Specifications HM-65262S-9

Absolute Maximum Ratings* Recommended Operating Conditions
Supply Voltage (VCC-GND)........ccovevveivevnvnrnrnrenns -0.3 to 8.0V Operating Supply Voltage..............cccevinens 4.5V to 5.5V
Input or Output Voltage Applied ..GND -0.3Vto VCC +0.3V Operating Temperature.............c..o..... -400C to +850C
Storage Temperature ............cccecveeereennicnenn. -650C to +1500C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ICCSB1 | Standby Supply Current (CMOS) - 50 LA 10 =0, E=VCC -0.3V
ICCSB | Standby Supply Current (TTL) - 5 mA 10=0,E =22V
ICC . |Enabled Supply Current -- 50 mA [ 10=0,E=08V
ICCOP | Operating Supply Current (Note 2) - 50 mA 10 =0,E=08V,f=1MHz
ICCDR | Data Retention Supply Current - 20 HA VCC = 2.0V, E=VCC
ICCDR1 | Data Retention Supply Current - 30 HA VCC =3.0v, E=VCC
b.C. I Input Leakage Current 1.0 +1.0 uA VI = GND or VCC
102 Output Leakage Current -1.0 +1.0 HA VIO = GND or VCC
VCCDR | Data Retention Supply Voltage 2.0 - \
VOL Output Low Voltage - 0.4 Vv 10 = 8.0mA
VOH Output High Voltage 2.4 - Vv 10 = -4.0mA
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage 2.2 VCC +0.3 ' .
Ci Input Capacitance (Note 3) - 8 pF VI =VCC or GND, f = 1MHz
co Output Capacitance (Note 3) - 10 pF VIO = VCC or GND, f = 1IMHz
TAVAX | Read Cycle Time 55 - ns (Note 4)
TAVQV |} Address Access Time - 55 ns (Note 4)
READ TELQV | Chip Enable Access Time - 55 ns (Note 4)
CYCLE TELQX | Chip Enable Output Enable Time 5 - ns (Note 3)
TEHQX | Chip Disable Output Hold Time 5 -- ns (Note 3)
TAXQX | Address Invalid Output Hold Time 5 - ns (Note 3)
TEHQZ | Chip Disabie Output Disable Time - 30 ns (Note 3)
® ac. TAVAX | Write Cycle Time 55 - ns (Note 4)
TELWH | Chip Enable to End of Write 45 - ns
TWLWH | Write Enable Pulse Width 35 - ns
TAVWL | Address Setup Time 0 - ns
TWHAX | Address Hold Time - [¢] - ns
TDVWH | Data Setup Time - 25 - ns
TWHDX | Data Hold Time 0 - ns
gy’gt: TWLQZ | Write Enable Output Disable Time - 30 ns (Note 3)
TWHQX | Write Disable Output Enable Time 0 - ns (Note 3)
TAVWH | Address Valid to End of Write 45 - ns (Note 4}
TAVEL | Address Setup Time 0 - ns
TEHAX | Address Hold Time 0 - ns
TAVEH | Address Valid to End of Write 45 - ns
TELEH | Enable Pulse Width 45 - ns
TWLEH { Write.to End of Write 35 - ns
TDVEH | Data Setup Time ) 25 - ns
TEHDX | Data Hold Time 0 - ns

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.
2. Typicat derating = 5mA/MHz increase in ICCOP, VI = VCC or GND.
3. Tested at initial design and major design changes.
4. Input pulse levels: OV to 3.V.Input rise and fail times:  5ns max. input and output timing reference levels: 1.5V.
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access time is derated 0.15ns/pF.
5. Tested at VCC = 4.5V and 5.5V.
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Specifications HM-65262B-9

Absolute Maximum Ratings* Recommended Operating Conditions
Supply Voltage (VCC-GND)......cccocerviriricreiniene -0.3 to 8.0V Operating Supply Voltage..........ccccorerenene 4.5V to 5.5V

Input or Output Voltage Applied ..GND -0.3V to VCC +0.3V Operating Temperature..........c...coeuene. -400C to +850C

Storage Temperature

...-850C to +1500C

*"CAUTION: Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

D.C.

READ
CYCLE

® Ac.

WRITE
CYCLE

SYMBOL | PARAMETER | MIN I MAX I UNITS | TEST CONDITIONS
ICCSB1 | Standby Supply Current (CMOS) - 50 WA 10=0, E=VCC-0.3V
ICCSB | Standby Supply Current (TTL) - 5 mA 10=0, E=2.2V
IcC Enabled Supply Current - 50 mA 10=0, E=0.8V
ICCOP | Operating Supply Current (Note 2) - 50 mA 10=0, E=0.8V,=1MHz
ICCDR | Data Retention Supply Current - 20 A VCC=2.0V, E=VCC
ICCDR1 | Data Retention Supply Current - 30 MA vCC=3.0v, E=vCC
I Input Leakage Current -1.0 +1.0 uA VI=GND or VCC
102 Output Leakage Current -1.0 +1.0 pA VIO=GND or VCC
VCCDR | Data Retention Supply Voltage 2.0 - \ .
vOL Output Low Voltage - 0.4 \ 10=8.0mA
VOH Output High Voltage 2.4 - v 10=-4.0mA
VIL Input Low Voltage -0.3 0.8 \%
VIH Input High Voltage 2.2 VCC +0.3 \
Cl Input Capacitance (Note 3) - 8 pF VI=VCC or GND, f=1MHz
CcO Output Capacitance (Note 3) - 10 pF VIO=VCC or GND, f=1MHz
TAVAX | Read Cycle Time 70 - ns (Note 4)
TAVQV | Address Access Time - 70 ns (Note 4)
TELQV | Chip Enable Access Time - 70 ns (Note 4)
TELQX | Chip Enable Output Enable Time 5 -- ns (Note 3)
TEHQX | Chip Disable Output Hold Time 5 - ns (Note 3)
TAXQX | Address Invalid Output Hold Time 5 - ns (Note 3)
TEHQZ | Chip Disable Output Disable Time - 30 ns (Note 3)
TAVAX | Write Cycle Time 70 - ns (Note 4)
TELWH | Chip Enable to End of Write 55 - ns
TWLWH | Write Enable Pulse Width 40 -- ns
TAVWL | Address Setup Time 0 - ns
TWHAX | Address Hold Time 0 - ns
TDVWH | Data Setup Time 30 - ns
TWHDX | Data Hold Time 0 - ns
TWLQZ | Write Enable Output Disable Time - 30 ns (Note 3)
TWHQX | Write Disable Output Enable Time 0 - ns (Note 3)
TAVWH | Address Valid to End of Write 55 - ns (Note 4)
TAVEL | Address Setup Time 0 -- ns
TEHAX | Address Hold Time [¢] - ns
TAVEH | Address Valid to End of Write 55 - ns
TELEH | Enable Pulse Width 55 - ns
TWLEH | Write to End of Write 40 - ns
TDVEH | Data Setup Time 30 - ns
TEHDX | Data Hold Time 0 - ns
" NOTES: 1. All devices tested at worst case temperature and supply voltage limits.

2
3.
4

5.

. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND.

Tested at initial design and major design changes.

. Input pulse levels: OV to 3.V.Input rise and fall times:  5ns max. Input and output timing reference levels: 1.5V.

Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access time is derated 0.15ns/pF.
Tested at VCC = 4.5V and 5.5V.
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Specifications HM-65262-9

Absolute Maximum Ratings* Recommended Operating Conditions
Supply Voltage (VCC-GND)......cccconivivirnriranne -0.3 to 8.0V Operating Supply Voltage..........cccocevvenee. 4.5V to 5.5V
Input or Output Voltage Applied ..GND -0.3V to VCC +0.3V Operating Temperature.........c.cecoerennne -400C to+850C
Storage Temperature ........ccocovveveirenvenennen -650C to+1500C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOL I PARAMETER | MIN | MAX T UNITLL TEST CONDITIONS
ICCSB1 | Standby Supply Current (CMOS) -- 50 MA 10=0, E=vCC-0.3V
ICCSB | Standby Supply Current (TTL) - 5 mA 10=0, E=2.2V
ICC Enabled Supply Current -- 50 mA 10=0, E=0.8V
[CCOP | Operating Supply Current (Note 2) - 50 mA 10=0, E=0.8V f=1MHz
ICCDR | Data Retention Supply Current - 20 MA VCC=2.0v, E=VCC
ICCDR1 | Data Retention Supply Current - 30 UA VCC=3.0v, E=VCC
1l Input Leakage Current -1.0 +1.0 HA VI=GND or VCC
D.C. 10z Output Leakage Current -1.0 +1.0 my VIO=GND or VCC
VCCDR | Data Retention Supply Voltage 2.0 - \
VoL Output Low Voltage -- 0.4 \ 10=8.0mA
VOH Output High Voltage 2.4 - \ 10=-4.0mA
ViL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage 2.2 VCC+0.3 v
Cl Input Capacitance (Note 3) - 8 pF VI=VCC or GND, f=1MHz
o]0} Output Capacitance (Note 3) - 10 pF VIO=VCC or GND, f=1MHz
TAVAX | Read Cycle Time 85 - ns (Note 4)
TAVQV | Address Access Time - 85 ns (Note 4)
READ | Tg QVv | Chip Enable Access Time - 85 ns (Note 4)
CYCLE | 1E QX | Chip Enable Output Enable Time 5 - ns (Note 3)
TEHQX | Chip Disable Output Hold Time 5 - ns (Note 3)
TAXQX | Address Invalid Output Hold Time 5 -- ns (Note 3)
AC TEHQZ | Chip Disable Output Disable Time - 30 ns (Note 3)
TAVAX | Write Cycle Time 85 -- ns (Note 4)
TELWH | Chip Enable to End of Write 65 - ns
TWLWH | Write Enable Pulse Width 45 - ns
TAVWL | Address Setup Time 0 -- ns
TWHAX | Address Hold Time 0 - ns
TDVWH | Data Setup Time 35 - ns
WRITE TWHDX | Data Hold Time 0 - ns 1
CYCLE TWLQZ | Write Enable Output Disable Time - 30 ns (Note 3)
TWHQX | Write Disable Output Enable Time 0 -- ns (Note 3)
TAVWH | Address Valid to End of Write 65 - ns (Note 4)
TAVEL | Address Setup Time 0 - ns
TEHAX | Address Hold Time 0 - ns
TAVEH | Address Valid to End of Write 65 - ns
TELEH Enable Pulse Width 65 - ns
TWLEH | Write to End of Write 45 ns :
TDVEH | Data Setup Time 35 - ns
TEHDX | Data Hold Time 0 - ns /

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.
2. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND.
3. Tested at initial design and major design changes.
4. Input pulse levels: 0V to 3.V.Input rise and fall times:  5ns max. Input and output timing reference levels: 1.5V.
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access time is derated 0.15ns/pF.
5. Tested at VCC = 4.5V and 5.5V.
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Specification HM-65262C-9

Absolute Maximum Ratings* Recommended Operating Conditions

Supply Voltage (VCC-GND).......ccceeermvivrrerriernene -0.3 to 8.0V Operating Supply Voltage..........c.ccceeeennn. 4.5V to 5.5V
Input or Output Voltage Applied ..GND -0.3V to VCC +0.3V Operating Temperature.. -400C to +850C
Storage Temperature ...........cooceeevvrevrenenne. -650C to +1500C

*CAUTION: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOLT PARAMETER l MIN I MAX l UNITS I TEST CONDITIONS
ICCSB1 | Standby Supply Current (CMOS) - 900 HA 10=0, E=VCC-0.3V
ICCSB | Standby Supply Current (TTL) - 5 mA 10=0, E=2.2v
ICC Enabled Supply Current - 50 mA 10=0, E=0.8V
ICCOP | Operating Supply Current (Note 2) - 50 mA 10=0, E=0.8V,f=1MHz
ICCDR | Data Retention Supply Current -- 400 uA VCC=2.0V, E=VCC
ICCDR1 | Data Retention Supply Current - 550 uA VCC=3.0V, E=vCC
1 Input Leakage Current -1.0 +1.0 UA VI=GND or VCC
10z Output Leakage Current -1.0 +1.0 LA VIO=GND or VCC
D.C. | VCCDR | Data Retention Supply Voltage 2.0 - v
VOL | Output Low Voltage - 0.4 \ 10=8.0mA
VOH Output High Voltage 2.4 - \ 10=-4.0mA
ViL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage 2.2 VCC +0.3 v
Cl Input Capacitance (Note 3) - 8 pF VI=VCC or GND, f=1MHz
co Output Capacitance (Note 3) - 10 pF VI0O=VCC or GND, f=1MHz
TAVAX | Read Cycle Time 85 - ns (Note 4)
TAVQV | Address Access Time - 85 ns (Note 4)
TELQV | Chip Enable Access Time - 85 ns (Note 4)
READ | TELQX | Chip Enable Output Enable Time 5 - ns (Note 3)
CYCLE | 1EHQx | chip Disable Output Hold Time 5 - ns {Note 3)
TAXQX | Address Invalid Output Hold Time 5 - ns (Note 3)
TEHQZ | Chip Disable Output Disable Time - 30 ns (Note 3)
A.C.
® TAVAX | Write Cycle Time 85 -- ns {Note 4)
TELWH | Chip Enable to End of Write 65 - ns
TWLWH | Write Enable Pulse Width 45 - ns
TAVWL | Address Setup Time 0 - ns
TWHAX | Address Hold Time 0 - ns
TDVWH | Data Setup Time 35 - ns
TWHDX | Data Hold Time 0 - ns |
TWLQZ | Write Enable Output Disable Time - 30 ns (Note 3)
WRITE TWHQX | Write Disable Output Enable Time 0 - ns (Note 3)
CYCLE TAVWH | Address Valid to End of Write 65 - ns (Note 4)
TAVEL | Address Setup Time 0 - ns
TEHAX | Address Hold Time 0 - ns
TAVEH | Address Valid to End of Write 65 - ns
TELEH | Enable Puise Width 65 - ns
TWLEH | Write to End of Write 45 - ns
TDVEH [ Data Setup Time 35 - ns
TEHDX |Data Hold Time 0 - ns

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.
2. Typical derating = 5SmA/MHz increase in ICCOP, Vi = VCC or GND.
3. Tested at initial design and major design changes.
4. Input pulse levels: 0OV to 3.V.Input rise and fall times:  5ns max. Input and output timing reference levels: 1.5V.
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access time is derated 0.15ns/pF.
5. Tested at VCC = 4.5V and 5.5V.
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HM-65262

READ CYCLE 1: CONTROLLED BY E

A X XXX
TELQV
E -‘——‘ﬁ‘ /
[<«—— TEHQZ —
TELOX |e—>
TEHQX =] |
0 XK KK
NOTE: Wis held high for entire cycle and D is ignored. Address is stable by the time E goes
low and remains valid until E goes high.
READ CYCLE 2: CONTROLLED BY ADDRESS
|- TAVAX —>
A
TAVQV o
E
.54 4
— l&—— TEHQZ ——>
TAXQX
a XXX XXX XX XXX XK KX XXX

NOTE: W is high for the entire cycle and D is ignored. Eis stable prior to A becoming valid

and after A becomes invalid.

WRITE CYCLE 1 TIMING: CONTROLLED BY W (LATE WRITE)

TAVAX
A XK XX
B TAVWH —
TELWH -
E
A NEK (/7 4’
TAVWL TWLWH e TEHQZ —>
—_— l—
w
AN N\ K K
TWHDX
TOVWH |
D XX KX KX XK AKX
e TWLOZ— > I
— TELOX TWHOX
PO f———

NOTE: In this mode, E rises after W. The address must remain stable whenever both E and

W are low.
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HM-65262

WRITE CYCLE 2 TIMING: CONTROLLED BY E (EARLY WRITE)

|
TAVAX —]
- 3101‘(
TAVEH L—TEHAX
TAVEL | |« TELEH -
I
R Vi
e TWLEH — &
l
SN\ N X y. 4 ﬂ(
TWHOX
L

TDVEH ,
TEHDX

) XXX XHK

TELOX
f——— TWLQZ ——> l«—— TEHOZ ———>]

NOTE: In this mode, W rises after E. If W falls before E by a time exceeding TWLQZ (Max) -
TELQX (Min), and rises after E by a time exceeding TEHQZ (Max) - TWHQZ (Min),
then Q will remain in the high impedance state throughout the cycle.

The address must remain stable whenever E and W are both low.
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& HARRIS HM-65642
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[
in
ADVANCE INFORMATION 8K x 8 Asynchronous g
CMOS Static RAM T
Features Pinouts
¢ Full CMOS Design TOP VIEW
¢ Six Transistor Memory Cell vee
® Low Standby Supply Current 250uA W
® Low Operating Supply Current 80mA E2
¢ Fast Address Access Time 150ns :g
¢ Low Data Retention Supply Voitage 2,0v A1l
® CMOS/TTL Compatible Inputs/Outputs G
« JEDEC Approved Pinout ae
¢ Equal Cycle and Access Times pa7 >
¢ No Clocks or Strobes Required De6 E E’
e Gated Inputs — No Puli-Up or Pull-Down Resistors Required ggi ez
¢ Wide Temperature Range -550C to +1250C pa3
¢ Easy Microprocessor Interfacing Lce
¢ Dual Chip Enable Control

Description

The HM-65642 is a CMOS 8192 x 8 bit Static Random Access Memory. The pinout
is the JEDEC 28 pin, 8 bit wide standard, which allows easy memory board
layouts which accomodate a variety of industry standard ROM, PROM, EPROM,
EEPROM and RAMs. The HM-65642 is ideally suited for use in microprocessor
based systems. In particular, interfacing with the Harris 80C86 and 80C88 micro-
processors is simplified by the convenient output enable (G) input.

The HM-65642 is a full CMOS RAM which utilizes an array of six transistor (6T)
memory cells for the most stable and lowest possibie standby supply current over
the full military temperature range. In addition to this, the high stability of the 6T
RAM cell provides excellent protection against soft errors due to noise and alpha
particles. This stability also improves the radiation tolerance of the RAM over that DQ1 DOZGNDNC D3 DQ4 DOS
of four transistor or MIX-MOS (4T) devices.

Functional Diagram

A3 —_—i )
w— | 2| TRUTH TABLE
a2z — & 3 «

— . E] ul | 256 — — —
ST s (BB e mooe | & | 2 | W | 3
A5 — 5 a
m—| g [ Standby (CMOS) X GND X X
n ‘—:DH Standby (TTL) VIH X X X

J(m X VIL X X

] _ Enable (High Z) VIL VIH VIH VIH
] > g A Write viL | viH | viL X
M — . §'§ § COLUMN SELECT Read VIL VIH VIH VIL
A . = i {8 OF 256)
a0 — 84 A
At — & 4

2 PIN DESCRIPTION
" R e PIN DESCRIPTION
t
_[ . : A Address Input
g :D—\_ ; DQ Data Input/Output
4 ! E1 Chip Enable
3] i E2 Chip Enable
w Write Enable
&2 " e G Qutput Enable

10F8

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HM-65642

Absolute Maximum Ratings* Recommended Operating Conditions

Supply Voltage (VCC-GND)..... .-0.3t0 7.0V Supply Voltage (VCC)....ccevvvrrreererienirrnnnen 4.5V to 5.5V
Input or Output Voltage Applied. -0.3 to VCC +0.3V  Input Voltage High (VIH). .2.2to VCC +0.3V
Storage Temperature -659C to +1500C  Input Voltage Low (VIL)... ...-0.3V to +0.8V

Ambient Temperature HM-65642-8.......-550C to +1250C
HM-65642-9......... -400C to +850C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

D.C. Electrical Specifications

PARAMETER DESCRIPTION rMIN { MAX | UNITS l TEST CONDITIONS
ICCSB1 Standby Supply Current (CMOS) 250 UA E2 = GND, VCC =5.5V
ICCSB2 Standby Supply Current (TTL) 10 mA E2 = 0.8V or E1 = 2.2V, VCC = 5.5V
ICCDR Data Retention Supply Current 150 HA E2 = GND, VCC = 2.0V
ICCEN Enabled Supply Current 10 mA E2=2.2V, E1 =08V, VCC =55V, 110 =0
ICcCoP Operating Supply Current (2) 20 mA f=1MHz, E1 = 0.8V, E2 = 2.2V, VCC = 5.5V,
N0 =0
H Input Leakage Current -1 +1 LA VIN = VCC or GND, VCC = 5.5V

Hnoz Input/Output Leakage Current -1 +1 MA E2 = GND, VIO = VCC or GND, VCC = 5.5V
VCCDR Data Retention Supply Voltage 2.0 \ E2 = GND

VOH Output Voltage High 24 v IOH =-1.0mA, VCC = 4.5V

VoL Output Voltage Low 0.4 \ 10L = 4.0mA, VCC = 4.5V

Capacitance (Note 3)

SYMBOL PARAMETER I MAX I UNITS TEST CONDITIONS
Cl Input Capacitance 10 pF f=1MHz, VIN = VCC or GND
Clo Input/Output Capacitance 12 pF f=1MHz, VIN = VCC or GND
NOTES:

1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V; Ouputload: 1 TTL gate equivalentand
CL = 50pF (Min) - for CL greater than 50pF, access time is derated by 0.15ns per pF.

2. Typical derating: 5mA/MHz increase in ICCOP.
3. Tested at initial design and after major design changes - not 100% tested.
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Specifications HM-65642

A.C. Electrical Specifications %
0
TEST ©
PARAMETER DESCRIPTION MIN MAX | UNITS | CONDITIONS s
I
READ CYCLE
1 TAVAX | tRC Read Cycle Time 150 ns (Note 1, 4)
2 TAvVQV tAA Address Access Time 150 ns (Note 1, 4)
3 TE1LQV | tCE1 Chip Enable Access Time =] 150 ns (Note 1, 4)
4 TE2HQV | tCE2 E2 150 ns (Note 1, 4)
5 TGLQV | tOE Output Enable Access Time 70 ns (Note 1, 4)
6 TEILQX | tLzZ1 Chip Enable Valid to Output On El 10 ns (Note 2, 4)
7 TE2HQX | tLz2 E2 | 10 ns (Note 2, 4)
8 TGLQX |tOLZ Qutput Enable Valid to Output On 5 ns (Note 2, 4) 2 E
9 TETHQZ | tHZ1 Chip Enable Not Valid to Output Off E1 50 ns (Note 2, 4) EE
10 TE2LQZ | tHZ2 E2 60 ns (Note 2, 4)
11 TGHQZ | tOHZ Output Enable Not Valid to Output Off 50 ns (Note 2, 4)
12 TAXQX tOH Output Hold From Address Change 10 ns (Note 2, 4)
WRITE CYCLE
13 TAVAX | tWC Write Cycle Time 150 ns (Note 1, 4)
14 TWLWH | twP Write Pulse Width 90 ns (Note 1, 4)
15TE1LETH | tCW Chip Enable to End of Write E1 90 ns (Note 1, 4)
16 TE2HE2L | tCW E2 90 ns (Note 1, 4)
17 TAVWL tAS Address Setup Time Late Write 0 ns (Note 1, 4)
18 TAVE1IL | tAS Early Write, ~ E1 0 ns (Note 1, 4)
19 TAVE2H { tAS Early Write, E2 0 ns (Note 1, 4)
20 TWHAX | tWR Write Recovery Time Late Write 10 ns (Note 1, 4)
21 TETHAX | tWR Early Write, E1 | 10 ns (Note 1, 4)
22 TE2LAX | tWR Early Write,  E2 10 ns (Note 1, 4)
23 TDVWH | tDW - Data Setup Time Late Write 60 ns (Note 1, 4)
24 TDVE1H | tDW Early Write, E1 60 ns (Note 1, 4)
25 TDVE2L | tDW Early Write, E2 60 ns (Note 1, 4)
26 TWHDX | tDH Data Hold Time Late Write 5 ns (Note 1, 4)
27 TETHDX | tDH Early Write, El 10 ns (Note 1, 4)
28 TE2LDX | tDH Early Write, E2 10 ns (Note 1, 4)
29 TWLQZ |[tWHZ Write Enable Low to Output Off 50 ns (Note 2, 4)
30 TWHQX | tOW Write Enable High to Output On 5 ns (Note 2, 4)
NOTES:
1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V; Output load: 1 TTL gate equivalent
and CL = 50pF (min) — for CL greater than 50pF, access time is derated by 0.15ns per pF.
2. Tested at initial design and after major design changes — not 100% tested.
3. Typical derating: 5SmA/MHz increase in ICCOP.
4. VCC = 4.5V and 5.5V.
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Low Voltage Data Retention

Harris CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply current are
guaranteed over the operating temperature range. The following rules ensure data retention:

1. The RAM must be kept disabled during data retention. This is accomplished by holding the E2 pin between

-0.3V and GND.

2. During power-up and power-down transitions, E2 must be held between -0.3V and 10% of VCC.

3. The RAM can begin operating one TAVAX after VCC reaches the minimum operating voltage of 4.5V

DATA RETENTION MODE

vee
A5 = — e e e
VIH
TAVAX
E2 -
VCCOR -+ S —_—— -
o N \ Z
Read Cycles
READ CYCLE I: W, E2 HIGH; G, E1 LOW
TAVAX (1)
A XE ADDRESS 1 ADDRESS 2 XX
TAVOV (2) TAXQX (12)_
0 DATA | DATA 2 YOOOK
READ CYCLE Il: W HIGH
TAVAX (1) o
A XX
TAVQV (2)
[T\ :
TEILQV 3) ~_TEIHQZ(9)
 TEILQX (6) o o
B2 7 v X N
TE2HOV (4) TUTRLQZ (10)
TE2HOX (7) - B

7 SRR

YT

TELV )

__TGLOX (8)

TGHQZ (11)

M___
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Write Cycles

WRITE CYCLE I: LATE WRITE

- TAVAX (13}
A
TAVWL(17), TWLWH (14) 1 TWHAX(20) _
_ I -
W————
S X
3] K Y/
et T
B2 7 - \
- | TwHQx (30
TOVWH (23] — | TWHDX (261
] I
TWLOZ (28]
0
WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E1
L TAVAX (13) -
A X
TAVEIL(18) ) TEILETH (15) —, TEIHAX(21)
B X
El o '
EZ /:::;/ \
- TOVEIH (24) o Emnx |271>l
!  E—
WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2
TAVAX (13) o
A v
TAVEH (193] , TE2HE2L (16) | TE2LAX(22)
WO\ LTI
ERNN LTI,
Y A
——————— N
TOVE2L (25) | TE2LDX (28)
0 )
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C@HARRIS g 6564

8K x 8, 16K x 4 CMOS RAM

Features Pinout
* Low Power Standby 4mW Maximum TOP VIEW
¢ Low Power Operation 280mW/MHz Maximum
¢ Data Retention 2.0V Minimum N T V a0 [ vee
e TTL Compatible In/Out g:g ; gg g gg
e Three State Outputs 054 kidms)il]
® Fast A Time 350ns Maximum ) = 36301
o Wide Operating Temperature Ranges ﬁg? ggm
» HM-6564-5 00C to +700C s 33 3 A9
» HM-6564-9 -400C to +850C BOs R E
» HM-6564-2/-8 -550C to +1250C L= L =}
® On Chip Address Registers (12 =T
e Organizable 8K x 8 or 16K x 4 A 13 28 A5
e 40 Pin DIP Pinout — 2.000” x 0.900" AT 14 Ll
AB 15 26 [ A3
Description 0616 B0
0617 24702
The HM-6564 is a 64K bit CMOS RAM. It consists of 16 HM-6504 4K x 1 CMOS 0718 280
RAMs, in leadless carriers, mounted on a ceramic substrate. The HM-6564 is con- e 203
figured as an extra wide, standard length 40 pin DIP. The memory appears to the Vi 20 /\ 21 [ 6D
system as an array of 16 4K x 1 static RAMs. The array is organized as two 8K by 4
blocks of RAM sharing only the address bus. The data inputs, data outputs, chip
enables and write enables are seperate for each block of RAM. This aliows the
user to organize the HM-6564 RAM as either an 8K by 8 or a 16K by 4 array.
This 64K memory provides a unique blend of low power CMOS semiconductor “NOTES:
technology and advanced packaging techniques. The HM-6564 is intended for Pins 20 and 40 (VCC) are internally con-
use in any application where a large amount of RAM is needed, and where power nected. Simiarly pins 1and 21 (Ground)
consumption and board space are prime concerns. The guaranteed low voltage are °°””e|°|‘fd- T\;‘SC“W is "‘:Vé”d to
data retention characteristics allow easy implementation of non-volatile ;?n"s"fgthﬁs board busens. Tia erl‘l"fr';d
read/write memory by using very small batteries mounted directly on the memory prove power distribution across the array
circuit board. Example applications include digital avionic instrumentation, and will enhance decoupling.
remote data acquisition, and portable or hand held digital communications ) -
. Pin 10 is internally connected to pin 11,
devices. and pin 30 is connacted to pin 31.

Functional Diagram

WE:,
ﬁz,
y rE

®

Qo o1 a1 D2 Q2 D3 Q3

3 ’TE» u F[E:
3 [TE_, E 3
urﬁ%_/ E:

14

51
Ej

Da Q4 D5 Q5 D6 Q6 D7 Q7

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be foliowed.
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Organization Guide
To Organize 8K x 8:
(Pins 9 + 32)

(Pins 12 + 29)
(Pins 11 + 31)

Connect: E1 with E3
E2 with E4
W1 with w2

To Organize 16K x 4:

Connect: Q0 with Q4 (Pins 2 + 39)
DO with D4 (Pins 3 + 38)
Q1 with Q5 (Pins 4 + 37)
D1 with D5 (Pins 5 + 36)
D2 with D6 (Pins 16 + 25)
Q2 with Q6 (Pins 17 + 24)
D3 with D7 (Pins 18 + 23)
Q3 with Q7 (Pins 19 + 22)

Optional W1 may be common with W2 11 (Pins 11 + 31)
Concerns for Proper Operation of Chip Enables:

The transition between blocks of RAM requires a change
in the chip enable being used. When operating in the 8K x 8

mode, use the chip enables as if there were only two, E1
and E2. In the 16K x 4 mode, all chip enables must be
treated separately. Transitions between chip enables
must be treated with the same timing constraints that
apply to any one chip enable. All chip enables must be
high at least one chip enable high time (TEHEL) before
any chip enable can fall. More than one chip enable low
simultaneously, for devices whose outputs are tied
common either internally or externally, is an illegal input
condition and must be avoided.

Printed Circuit Board Mounting:

The leadless chip carrier packages used in the HM-6564
have conductive lids. These lids are electrically floating,
not connected to VCC or GND. The designer should be
aware of the possiblity that the carriers on the bottom side
could short conductors below if pressed completely down
against the surface of the circuit board. The pins on the
package are designed with a standoff feature to help pre-
vent the leadless carriers from touching the circuit board
surface.

Board Size Tradeoffs

Printed circuit board real estate is a costly commodity.
Actual board costs depend on layout tolerances, density,
complexity, number of layers, choice of board material,
and other factors.

The following table compares board space for 16 stan-
dard DIP 4K RAMs to the HM-6564 RAM array. Both fine
line, close tolerance layout and standard “easy” layout
board sizes are shown in the comparison.

64K ARRAY OR 16 4K RAMs ON A PC BOARD vs. THE HM-6563

Leadless Carrier

PACKAGE CIRCUIT SUBSTRATE SIZE

18 Pin DIP Standard Two Sided PCB 12 to 15 square inch

18 Pin DIP Fine Line or Multilayer PCB 9 to 11 square inch
18 Pin ~ Multilayer Alumina Substrate 3 to 5 square inch

HM-6564

Two Sided Mounting Multilayer
Alumina Substrate

2 square inch

The cost of semiconductor circuits decline with time. If
actual costs were included, they would be out of datein a
very short time. We urge you to contact your local Harris
office of sales representative for accurate pricing allowing
cost tradeoff analysis. In your cost analysis, also consider

the advantages of a lighter, smaller overall package for
your system. Consider how much more valuable your
system will be when the memory array size is decreased to
about 1/6 of normal size.
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Specifications HM-6564-2/-8

Absolute Maximum Ratings* Operating Range

Supply Voltage - (VCC - GND}.. -0.3V to +8.0V  Operating Supply Voltage

Input or Output Voltage Applied (GND -0.3V) HM-6564-2/-8......c.ccvvieieiiiiiiiin i o 4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature
Storage Temperature............ccceevnennene -650C to +1500C HM-=6564-2/-8........ccocveveerireeinnirenens -550C to +1250C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCsB Standby Supply Current 800 LA 10=0
VI =VCC or GND
IccoP1 Operating Supply 56 mA E=1MHz,10=0
Current (8K x 8) @ ) VI = VCC or GND
Iccop2 Operating Supply _ (3) 28 mA E=1MHz, 10 =0
Current (16K x 4) @ Vi =VCC or GND
ICCDR Data Retention 400 MA 10=0,VCC= 20,
Supply Current . . : VI =VCC or GND
VCCDR Data Retention 2.0 \
Supply Voltage
1A Address Input Leakage -20 +20 MA VI =VCCor GND
11D1 Data Input Leakage -3 +3 MA VI =VCCor GND
(8K x 8)
D2 Data Input Leakage @ -5 +5 MA VI =VCCor GND
(16K x 4)
HE1 Enable Input Leakage ~10 +10 HA VI =VCCor GND
(8K x 8)
HE2 Enable Input Leakage -5 +5 MA VI=VCCor GND
(16K x 4) ®
D.C. Hnw Write Enable Input -10 +10 MA VI=VCCor GND
Leakage (Each)
1021 Output Leakage (8K x 8) -5 +5 MA VO = VCC or GND
1022 Output Leakage (16Kx4)@ -10 +10 MA VO = VCC or GND
VIL Input Low Voltage -0.3 08 Vv
VIH Input High Voltage VCC-2.0| VvCC+0.3 \"
VOL Output Low Voltage 0.4 \ 10 =2.0mA
VOH Output High Voltage 24 \' 10 =-1.0mA
CIA Address input 200 pF f = 1MHz,
Capacitance @ ) VI = VCC or GND
CID1 Data Input 50 pF f=1MHz,
Capacitance (8K x 8) @ VI = VCC or GND
CiD2 Data Input 100 pF f=1MHz,
Capacitance (16K x 4) @ VI =VCC or GND
CIE1 Enable Input 160 pF f=1MH
Capacitance (8K x 8) @ Vi= VCC or GND
CIE2 Enable inpu 80 pF f=1MHz,
Capacnance (16K x4) @ VI = VCC or GND
ciw Write Enable Input 100 pF f=1MHz,
Capacitance (Each) @ VI = VCC or GND
co1 Output Capacitance 50 ‘pF f= 1MHz,
(8K x 8) é VO =VCC or GND
Cco2 Output Capacitance 100 pF f=1MHz,
(16K x 4) @ VO = VCC or GND

NOTES: (® All devices tested at worst case temperature and Vgg.

@ Operating supply current (ICCOP) is proportional to operating frequency. ICCOP is specified at an operating
frequency of 1MHz, indicating repetitive accessing at a 1us rate. Operation at slower rates will decrease ICCOP
proportionally.

@ Tested at initial design and after major design changes.

@ Inputrise and fall times: 20ns max. Input and output timing reference level: 1.5V. Qutput load: CL= 50to 300pF.
For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6564-9

Absolute Maximum Ratings* Operating Range :8
, ({<]
Supply Voltage - (VCC - GND) ..o -0.3V to +8.0V  Operating Supply Voltage 1
Input or Output Voltage Applied................... (GND -0.3V) HM-B564-9 ........cceovvrireniiniicinii i 4.5V to 5.5V E
to (VCC +0.3V)  Operating Temperature .
Storage Temperature..........c.cocecovviennnens -650C to +150°C HM=B564-9 .......covovevimriiiisinrinninisiennnn: -400C to +850C
“CAUTION: Stresses above those listed under “"Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress only réting 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.
Electrical Specifications
TEMP. & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 800 MA I0=0
V1 =VCC or GND =
ICCOP1 Operating Supply 56 mA E=1MHz,10=0 E 2
Current (8K x 8) @ VI = VCC or GND =
ICCOP2 Operating Supply 28 mA E=1MHz,10=0
Current (16K x 4} @) VI =VCC or GND
ICCDR Data Retention 400 MA 10=0,VvCC= 20,
Supply Current VI =VCC or GND
VCCDR Data Retention 20 \%
Supply Voltage
HA Address Input Leakage -20 +20 HA VI=VCCor GND
HD1 Data Input Leakage -3 +3 MA VI=VCCor GND
(8K x 8)
11D2 Data Input Leakage (3) -5 +5 UA VI = VCC or GND
(16K x 4)
HE1 Enable Input Leakage ~10 +10 MA V =VCCor GND
(8K x 8)
HE2 Enable input Leakage @ -5 +5 MA V1 =VCCor GND
(16K x 4)
D.C. Hnw Write Enable Input -10 +10 MA VI =VCCor GND
Leakage (Each)
1021 Output Leakage (8K x 8) -5 +5 MA VO = VCC or GND
1022 Output Leakage(16Kx4)@ -10 +10 MHA VO =VCCor GND
ViL Input Low Voltage -0.3 08 \%
VIH Input High Voltage VCC-2.0|/VCC+0.3 v
VoL Output Low Voltage 04 Y 10 =2.0mA
VOH Output High Voltage 24 v 10 =-1.0mA
CIA Address Input 200 pF f=1MHz,
Capacitance @ VI =VCC or GND
CID1 Data Input 50 pF f=1MHz,
Capacitance (8K x 8) @ VI = VCC or GND
CID2 Data Input 100 pF f=1MHz,
Capacitance (16K x 4) ® V1 = VCC or GND
CIEt Enable Input 160 pF f = 1MHz,
) Capacitance (8K x 8) @ VI = VCC or GND
CIE2 Enable Input 80 pF f=1MHz,
Capacitance (16K x 4) ® VI = VCC or GND
ciw Write Enable Input 100 pF = 1MHz,
Capacitance (Each) @ VI =VCC or GND
co1 Output Capacitance 50 pF f=1MHz,
(8K x 8) VO = VCC or GND
cOo2 Output Capacitance 100 pF f=1MHz,
(16K x 4) @ VO = VCC or GND
NOTES: (@ All devices tested at worst case temperature and Vgc.
@ Operating supply current (ICCOP) is proportional to operating frequency. ICCOP is specified at an operating
frequency of 1MHz, indicating repetitive accessing at a 1us rate. Operation at slower rates will decrease ICCOP
proportionally.
® Tested at initial design and after major design changes.
@® Inputrise and fall times: 20ns max. Input and output timing reference level: 1.5V. Outputload:C_=50to 300pF.
For C greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6564-2/-8/ -9

Electrical Specifications @O

TEMP & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN L MAX UNITS CONDITIONS
TELQV Chip Enable Access 350 ns @
TAVQV Address Access 400 ns @
(TAVQV=TELQV+TAVEL)
TELQX Output Enable 20 ns P@®
TEHQZ Output Disable 120 ns @@
TELEL Read or Write Cycle 480 ns @
TELEH Chip Enable Low 350 ns @
TEHEL Chip Enable High 130 ns @
TAVEL Address Setup 50 ns ()]
A.C. TELAX | Address Hold 50 ns )
TWLWH Write Enable Low 150 ns @
TWLEH Write Enable Setup 250 ns @
TWLEL Early Write Setup 10 ns @
(Write Mode)
TELWH Early Write Hold 100 [ ns @
{Write Mode)
TDVWL Data Setup 10 ns @
TDVEL Early Write Data Setup 10 ns @
TWLDX Data Hold 100 ns @
TELDX Early Write Data Hold 100 ns @

NOTES: (D All devices tested at worst case temperature and Vee-
® Operating supply current (ICCOP) is proportional to operating frequency. ICCOP is specified at an operating
frequency of 1MHz, indicating repetitive accessing at a 1us rate. Operation at slower rates witl decrease \CCOP
proportionally.
® Tested at initial design and after major design changes.
@ Inputrise and fall times: 20ns max. Input and output timing reference level: 1.5V. Outputload: C|_=50t0 300pF.
For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6564-5

Absolute Maximum Ratings* Operating Range

HM-6564

Supply Voltage - (VCC - GND) .. ...-0.3V to +8.0V  Operating Supply Voltage

Input or Output Voltage Applied... (GND -0.3V) HM-=6564-5 .....cooniiiiniiiniii s 4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature

Storage Temperature.......c...o.ce.eeevennnas -650C to +1500C HM=8564-5 ........cooooerrreerereeriensiessssieeeen 00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications O

TEMP. & VCC =
OPERATING
RANGE TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 5.6 mA 10=0,
Vi =VCCor GND
1CCOP1 Operating Supply 60 mA E=1MHz,10=0
Current (8K x 8) @ Vi =VCCor GND
iccop2 Operating Supply 30 mA E=1MHz,10=0
Current {16K x 4) @) V1 =VCC or GND
ICCDR Data Retention Supply Curr. 3.2 mA VCC=20,10=0
V1 = VCC or GND
VCCDR Data Retention Supply V. 20 \Y)
HA Address Input Leakage -20 +20 MA V1= VCCor GND
11D1 Data Input Leakage -3 +3 MA VI =VCCor GND
(8K x 8)
11D2 Data Input Leakage @ -5 +5 MA Vi=VCCor GND
(16K x 4)
1E1 Enable Input Leakage -10 +10 MA VI =VCCor GND
(8K x 8)
1HE2 Enable Input Leakage@ -5 +5 MA V1= VCCor GND
(16K x 4)
Hw Write Enable Input -10 +10 UA VI =VCCor GND
Leakage (Each)

D.C. 1021 Output Leakage (8K x 8) -5 +5 UA VO = VCC or GND
10z2 Output Leakage (16Kx4)(3) -10 +10 MA VO = VCC or GND
ViL Input Low Voltage -0.3 038 \%

VIH Input High Voltage VCC-2.0|VCC+0.3 \
VoL Output Low Voltage 04 \ 10 = 1.6mA
VOH Qutput High Voltage 24 \Y 10 = -0.4mA
CIA Address Input 200 pF f=1MHz,
Capacitance VI =VCCor GND
CID1 Data Input 50 pF f=1MHz,
Capacitance (8K x 8) @ VI =VCCor GND
CID2 Data Input 100 pF f=1MHz,
Capacitance (16K x 4) @ VI = VCC or GND
CIE1 Enable Input 160 pF f = 1MHz,
Capacitance (8K x 8) @ V1 =VCC or GND
CIE2 Enable Input 80 pF f=1MHz,
Capacitance (16K x 4) @ Vi =VCC or GND
Clw Write Input 100 pF f=1MHz,
Capacitance (Each) @) VI = VCC or GND
CO1 Output Capacitance 50 pF f=1MHz,
(8K x8) @ VO = VCC or GND
Cco2 Output Capacitance 100 pF f=1MHz,
(16K x 4) VO =VCC or GND
NOTES: (O All devices tested at worst case temperature and Vgg.
® Operating supply current (ICCOP) is proportional to operating frequency. ICCOP is specified at an operating
frequency of 1IMHz, indicating repetitive accessing at a 1us rate. Operation at slower rates will decrease ICCOP
proportionally.
® Tested at initial design and after major design changes.
® Inputrise and fali times: 20ns max. input and output timing reference level: 1.5V. Output load: C|=50t0 300pF.

For C_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM-6564-5

Electrical Specifications @O

A.C.

TEMP. & VCC =
OPERATING
RANGE TEST
- SYMBOL PARAMETER MIN MAX UNITS CONDTIONS
TELQV Chip Enable Access 450 ns @
TAVQV Address Access 500 ns @
(TAVQV=TELQV+TAVEL)
TELQX Output Enable 20 ns e
TEHQZ | Output Disable 150 ns ®o
TELEL Read or Write Cycle 600 ns @
TELEH Chip Enable Low 450 ns @
TEHEL Chip Enable High 150 ns @
TAVEL Address Setup 50 ns @
TELAX Address Hold 50 ns (O]
TWLWH Write Enable Low 150 ns @
TWLEH Write Enable Setup 250 ns @
TWLEL Early Write Setup 10 ns @
(Write Mode)
TELWH Early Write Hold 100 ns @
v (Write Mode)
TDVWL Data Setup 10 ns @
TDVEL Early Write Data Setup 10 ns @
TWLDX Data Hold 100 ns @
TELDX Earty Write Data Hoid 100 ns @
NOTES: (@ All devices tested at worst case temperature and Vgo.

@ Operating supply current (ICCOP) is proportional to operating frequency. ICCOP is specified at an operating
frequency of 1MHz, indicating repetitive accessing at a 1us rate. Operation at slower rates will decrease ICCOP
proportionalty.

@ Tested at initial design and after major design changes.

@® Inputrise and fall times: 20ns max. tnput and outputtiming reference level: 1.5V. Outputload: C|_= 50 to 300pF.

For C_ greater than 50pF, access time is derated 0.15ns/pF.
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HM-6564

Read Cycle
TE
TEHEL TELEH TEHE(—
E /l Y N
[~—TELQV
——= TELOX TEHOZ———{
HIGH-Z HIGH-Z
VALID DATA OUTPUT
W HIGH
TIME * ' ’ * f ’ f
REFERENCE | I I | T | 1
-1 0 1 2 3 4 5
TRUTH TABLE
TIME _ INPUTS OUTPUT
REFERENCE E w A Q FUNCTION
-1 H X X Z Memory Disabled
o] R H Vv z Cycle Begins, Addresses are Latched
1 L H X X Output Enabled
2 L H X v Output Valid
3 B H X \ Read Accomplished
4 H X X z Prepare for Next Cycle (Same as -1)
5 RS H v z Cycle Ends, Next Cycle Begins (Same as 0)

The address information is latched in the on chip registers
on the falling edge of E (T = 0). Minimum address set up
and hold time requirements must be met. After the
required hold time, the addresses may change state
without affecting device operation. During time (T =1) the

output becomes enabled but data is not valid until during
time (T = 2). W must remain high until after time (T = 2).
After the output data has been read, E may return high
(T = 3). This will disable the output buffer and ready the
RAM for the next memory cycle (T = 4).

Early Write Cycle

(IS
202020262 % 20202020 20 0 2ete o2 % % %

ST TTTIIIIIR
LRRRRRRRREEERAIRKY

ELEL

=] TWLEL f=-TELWH-

> TWLEL pee—o

L

o

PHANIAAN

» R o waio KRR R R 333335, GO
q__ HIGH-Z HIGH-Z
TIME ’ f ’ { f
REFERENCE | I | |
-1 0 1 2 3
TRUTH TABLE
TIME - _INPUTS OUTPUT
REFERENCE E w A D Q FUNCTION
-1 H X X X z Memory Disabled
0 RS L \Y \% z Cycle Begins, Addresses are Latched
1 L X X X z Write in Progress Internally
2 ~ X X X z Write Complete
3 H X X X z Prepare for Next Cycle (Same as -1)
4 RS L Y A z Cycle Ends, Next Cycle Begins (Same as 0)

The early write cycle is the only cycle where the output is
guaranteed not to become active. On the falling edge of E
(T =0), the addresses, the write signal, and the data input
are latched in on chip registers. The logic value of W at the
time E falls determines the state of the output buffer for
the cycle. Since W is low when E falls, the output buffer is
latched into the high impedance state and will remain in

that state until E returns high (T = 2). For this cycle, the
data input is latched by E going low; therefore data set up
and hold times should be referenced to E. When E (T = 2)
returns to the high state the output buffer disables and all
signals are unlatched. The device is now ready for the
next cycle.
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HM-6564

Late Write Cycle

NEXT ADD

-1 0 1 2 4 5
TRUTH TABLE
TIME _ _INPUTS OUTPUT
REFERENCE E w A D Q FUNCTION
-1 H X X X z Memory Disabled
[ RS H v X z Cycle Begins, Addresses are Latched
1 L RN X v X Write Begins, Data is Latched
2 L H X X X Write in Progress Internally
3 A H X X X Write Completed
4 H X X X z Prepare for Next Cycle (Same as -1)
5 ~ H v X z Cycle Ends, Next Cycle Begins (Same as 0)

The late write cycle is a cross between the early write
cycle and the read-modify-write cycle. Recall that in the
early write the output is guaranteed to remain high
impedance, and in the read-modify-write the output is

guaranteed valid at access time. The late write is between  observed.

these two cases. With this cycle the output may become
active, and may become valid data, or may remain active
but undefined. Valid data is written into the RAM if data set
up, data hold, write setup and write pulse widths are

NOTES: In the above descriptions the numbers in parenthesis (T = n) refers to the respective timing diagrams. The numbers are located on the time refer-
ence line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation.

HM-6504 (One of Sixteen)

AD

1
A1l 1

D O

Les A8 o__Do_J
A7
A6,
1
=

LATCHED
ADDRESS
RESISTER

A o
76 GATED
_ ROW
A, |DECODER
3

64 x 64

ya
764

MATRIX

IL

s

G
GATED COLUMN
DECODER
AND DATA 1/O

Eo-o—d}

o\
oN

A A
LATCHED

ADDRESS
REGISTER

LSB A11 A5A4A3A9A10

ALL LINES ACTIVE HIGH — POSITIVE LOGIC

THREE STATE BUFFERS:
A HIGH—-OUTPUT ACTIVE

CONTROL AND DATA LATCHES:
LLowW—Q=D
Q LATCHES ON RISING EDGE OF L
ADDRESS LATCHES: _
LATCH ON RISING EDGE OF E

GATED DECODERS:
GATE ON RISING EDGE OF G
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@ Harris HM-8808/08A .

<
]
o
o
ADVANCE INFORMATION 8K x 8 Asynchronous 3
CMOS Static RAM Module
=
Features \ Pinouts I
® Full CMOS Design
e 6 Transistor Memory Cell TOP VIEW
* Low Standby Current 250/900uA v
A v O ] veo
¢ Low Operating Current 70mA we 02 2D ¥
e Fast Address Access Time 100/120/150ns w s »s[) A
® Low Voltage Data Retention 2.0V A5 E“ 25% 8
¢ CMOS/TTL Compatible Inputs/Outputs :: E: § Z] :f,
e JEDEC Approved Pinout wnld: @ =207
e Equal Cycle and Access Time w2 s % af] Ao
* No Clocks or Strobes Required :; Efo f:a Em » §
® Single 5 VoIt Supply w [Jn 18[] oo % =
e Gated Inputs — No Pull-Up or Puli-Down Resistors Required oo [ 7] o =
¢ Wide Temperature Range....... -550C to +1250C - E o . ::;
* Easy Microprocessor Interfacing
e Dual Chip Enabie Control (HM-8808A)
Description TOP VIEW
The HM-8808 and HM-8808A are 8K x 8 Asynchronous CMOS Static RAM Mod- I B[] vee
ules, based on multi-layered, co-fired, dual-in-line substrates. Mounted on each mz [z afy w
substrate are four HM-65162 2K x 8 CMOS SRAMS, a high speed CMOS decoder, w Os %[] e
and a ceramic decoupling capacitor, all packaged in leadless chip carriers. The w4 =[] a8
capacitor is added to reduce noise and the need for external decoupling. The sls L uffw
HM-65162 RAMSs used in these modules are full CMOS devices, utilizing arrays of wQs o =] m
) . ) s @ =zp¢F
six transistor (6T) memory cells for the most stable and lowest possible standby w e < af) wo
supply current over the full military temperature range. In addition to this, the a e T a«fs
high stability of the 6T cell provides excellent protection against softerrors due to ") E 10 19[] ow
noise and aipha particles. This stability also improves the radiation tolerance of o [n 18[] oo
the RAM over that of four transistor devices. The HM-8808 and HM-8808A have 01 E 17 n% 005
gated inputs to simplify system design for optimum standby supply current. The ez (18 wll o
pinouts of these modules conform to the JEDEC 28-pin 8-bit wide standard, oo [ 15[ oo

which is compatible with a variety of industry standard memories. The HM-8808A
is pin-compatible with many standard 8K x 8 RAMs, adding the advantage of high
performance over the full military temperature range. Also, because of the
second chip enable (E2), the HM-8808A simplifies the design of low-power bat-
tery back-up memory systems.

Functional Diagram

Ag—A10 PIN DESCRIPTION
D0g—00
o W7 PIN DESCRIPTION
6 A Address Input
1 > DQ Data Input/Output
RAM RAM E Chip Enable (HM-8808)
B Chip Enable (HM-8808A)
E2 Chip Enable (HM-8808A)
W Write Enable
L] G Qutput Enable
]
SELECTION GUIDE

PART NUMBER TELQV | Iccse

A—A HM-8808S/HM-8808AS 100ns 2504A
”—E_ ‘E_ZI IEE%?CEESI HM-8808B/HM-8808AB 120ns 250pA
- 1HM-8808A only) HM-8808 /HM-8808A 150ns 900uA

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
Specifications are subject to change without notice. 2 85




Specifications HM-8808S/HM-8808AS

Absolute Maximum Ratings* Recommended Operating Conditions

Supply Voltage (VCC-GND) -0.3 to 8.0V Operating Supply Voltage.........c..eeen. 4.5V to 5.5V
Input or Output Voltage Applied .......GND -0.3V to VCC +0.3V Op. Temp. HM-8808S/AS-8.......... -550C to +1250C
Storage Temperature ........c.ccoccoeveeveceniinioniens -650C to +1500C HM-8808S/AS-9............ -400C to +85°C

"CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOL PARAMETER l MIN l MAX I UNITS I TEST CONDITIONS
ICCSB1 Standby Supply Current (CMOS) — 250 MA 10=0, E=VCC-0.3V (@,
E2=0.3V ©®
ICCSB Standby Supply Current (TTL) — 35 mA 10=0, E=VIH @,
E2=VIL (®
ICC Enabled Supply Current — 60 mA 10=0, E=VIL @,
E2=VIH ® _
ICCOP Operating Supply Current — 70 mA 10=0, f=1MHz, E=VIL &,
D.C. E2=VIH @ @
ICCDR Data Retention Supply Current — 125 HA VCC=2.0V, E=VCC-0.3V (@,
E2=0.3V
" Input Leakage Current -1.0 +1.0 LA Vi = GND or VCC
[{o¥4 Input/Output Leakage Current -1.0 +1.0 LA VIO = GND or vCC
VCCDR Data Retention Supply Voltage 2.0 — ' VCC=2.0V, E=VCC (@,
E2=GND ®
VOL Output Low Voltage — 0.4 \ 10=4.0mA
VOH Output High Voltage 24 — \ 10=-1.0mA
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage _ 2.4 VCC+0.3 \
Cl Input Capacitance: G, A — 35 pF VI=VCC or GND, f=1MHz @)
[e]]6] Input/Output Capacitance — 43 pF VI0=VCC or GND, f=1MHz ®
CE Enable input Capacitance — 15 pF VE=VCC or GND, f=1MHz ®
cw Write Enable Capacitance — 48 pF VW=VCC or GND, f=tMHz ®
TAVAX Read Cycle Time 100 — ns
TAVQV Address Access Time —_ 100 ns
TELQV Chip Enable Access Time — 100 ns ®
READ TGLQV Output Enable Access Time —_ 50 ns
CYCLE TELQX Chip Enable Output Enable Time 20 — ns ® 6
TGLQX Output Enable Output Enable Time 5 — ns ®
TAXQX Address Output Hold Time 5 — ns
TEHQZ Chip Disable Qutput Disable Time 0 60 ns ® ©®
(Note 4) TGHQZ Output Disable Time 0 40 ns ®
A.C.
TAVAX Write Cycle Time 100 — ns
TELWH Chip Enable to End of Write 70 — ns ®
TWLWH Write Enable Pulse Width 40 — ns
TELEH Enable Puise Width (Early Write) TBD — ns ® 6 6®
TAVWL Address Setup Time (Late Write) 15 — ns
WRITE TAVEL Address Setup Time (Early Write) TBD — ns ® 6
CYCLE TWHAX Address Hold Time (Late Write) 10 — ns
TEHAX Address Hold Time (Early Write) TBD — ns ®
TDVWH Data Setup Time (Late Write) 30 — ns
TDVEH Data Setup Time (Early Write) 30 — ns ®
TWHDX Data Hold Time (Late Write) 10 — ns
TEHDX Data Hold Time (Early Write) 25 . ns ®
TWLEH Write Enable Pulse Setup Time 40 — ns ®
TWLQZ Write Enable Output Disable Time — 40 ns [©)
TWHQX Write Disable Output Enable Time o] — ns [©)
NOTES: 1. All devices tested at worst case temperature and supply voltage limits. 5. “EL" (enable input vaiid) equivalent to:
2. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND. EL on the HM-8808. EIL and E2H on the HM-8808A.
3. Tested at initial design and after major design changes. 6. “EH" (enable input invalid) equivalent to:
4. Input pulse levels: VIL = 0.0V, VIH = 3.0V EH on the HM-8808. EIH or E2L on the HM-8808A.
Input rise and fall times: 5ns (max.) 7. Relevant to the HM-8808 only.
Input and output timing reference levels: 1.5V 8. Relevant to the HM-8808A only.

Output Joad: 1 TTL gate equivalent and 50pF (min, including scope and jig).
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Specifications HM-8808B/HM-8808A8B

Absolute Maximum Ratings*
Supply Voltage (VCC-GND).....cocooiirviniiiiece e -0.3 to 8.0V

Input or Output Voltage Applied.
Storage Temperature

GND -0.3V to VCC +0.3V

........................................ -650C to +1500C

Recommended Operating Conditions

Operating Supply Voltage...
Op. Temp. HM-8808B/AB-8 .

........ 4.5V to 5.5V
550C to +1250C

HM-8808B/AB-9 ........... -400C to +85°C

"CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOL PARAMETER | MIN | MAX | UNITS I TEST CONDITIONS
ICCSB1 Standby Supply Current (CMOS) — 250 UA 10=0, E=VCC-0.3V (@,
E2=0.3V
ICCSB Standby Supply Current (TTL) — 35 mA 10=0, E=VIH @,
E2=VIL
ICC Enabled Supply Current - 60 mA 10=0, E=ViL @,
E2=VIH _
ICCOP Operating Supply Current — 70 mA 10=0, f=1MHz, E=VIL (@,
D.C. E2=VIH @
ICCDR Data Retention Supply Current — 125 MA VCC=2.0V, E=VCC-0.3V (@,
E2=0.3V (®
1] Input Leakage Current -1.0 +1.0 UA VI = GND or VCC
1102 Input/Output Leakage Current -1.0 +1.0 LA VIO = GND or VCC
VCCDR Data Retention Supply Voltage 2.0 — \ VCC=2.0V,E=VCC (@,
E2=GND
VOL Output Low Voltage — 0.4 \Y 10=4.0mA
VOH Output High Voltage 2.4 — v 10=-1.0mA
VIL Input Low Voltage -0.3 0.8 A
VIH Input High Voltage _ 2.4 VCC+0.3 \
Cl Input Capacitance: G, A — 35 pF VI=VCC or GND, f=1MHz ®
[e][e} Input/Output Capacitance — 43 pF VIO=VCC or GND, f=1MHz ®
CE Enable Input Capacitance — 15 pF VE=VCC or GND, f=1MHz ®
Ccw Write Enable Capacitance — 48 pF VW=VCC or GND, f=1MHz
TAVAX Read Cycle Time 120 — ns
TAvVQV Address Access Time — 120 ns
TELQV Chip Enable Access Time — 120 ns ®
READ TGLQV Output Enable Access Time — 65 ns
CYCLE TELQX Chip Enable Output Enable Time 20 — ns (OO
TGLQX Output Enable Output Enable Time 5 — ns @
TAXQX Address Output Hold Time 5 —_ ns
TEHQZ Chip Disabte Output Disable Time 0 70 ns ® ©®
(Note 4) TGHQZ Output Disable Time 0 40 ns ®
A.C.
TAVAX Write Cycle Time 120 — ns
TELWH Chip Enable to End of Write 80 — ns ®
TWLWH Write Enable Pulse Width 55 — ns
TELEH Enable Pulse Width (Early Write) TBD — ns ® 60 ®
TAVWL Address Setup Time (Late Write) 15 — ns
WRITE TAVEL Address Setup Time (Early Write) TBD — ns ® ®
CYCLE TWHAX Address Hold Time (Late Write) 10 — ns
TEHAX Address Hold Time (Early Write) TBD — ns ®
TDVWH Data Setup Time (Late Write) 30 — ns
TDVEH Data Setup Time (Early Write) 30 — ns ®
TWHDX Data Hold Time (Late Write) 15 — ns
TEHDX Data Hold Time (Early Write) 25 — ns ®
TWLEH Write Enable Pulse Setup Time 55 — ns ®
TWLQZ Write Enable Output Disable Time — 40 ns ®
TWHQX Write Disable Output Enable Time 0 — ns ®
NOTES: 1. All devices tested at worst case temperature and supply voltage limits. 5. "EL” (enable input valid) equivalent to:
2. Typical derating = 5mA/MHz increase in ICCOP, V| = VCC or GND. EL on the HM-8808. EiL and E2H on the HM-8808A.
3. Tested at initial design and after major design changes. 6. "EH" (enable input invalid) equivalent to:
4. Input pulse levels: VIL = 0.0V, VIH = 3.0V EH on the HM-8808. EiH or E2L on the HM-8808A.
input rise and fall times: 5ns (max.) 7. Relevant to the HM-8808 only.
Input and output timing retference levels: 1.5V 8. Relevant to the HM-8808A only.

Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig).
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Specifications HM-8808/HM-8808A

Absolute Maximum Ratings* Recommended Operating Conditions
Supply Voltage (VCC-GND)........ooeeniniieniccireireeens -0.3t0 8.0V Operating Supply Voltage..........ccccuc. 4.5V to 5.5V
Input or Output Voltage Applied ....... GND -0.3V to VCC +0.3V  Op. Temp. HM-8808/08A-8 -550C to +1250C

Storage Temperature .......c..coooeeeviiiiniic e, -650C to +1500C HM-8808/08A-9... -400C to +850C

*CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications (Note 1)

SYMBOL PARAMETER | MIN | MAX | UNITS I TEST CONDITIONS
ICCSB1 Standby Supply Current (CMOS) — 900 LA 10=0, E=VCC-0.3V (D,
E2=0.3V ®
ICCSB Standby Supply Current (TTL) - 35 mA 10=0, E=VIH @,
E2=VIL ®
IcC Enabled Supply Current - 60 mA 10=0, E=VIL @,
E2=VIH
ICCOP Operating Supply Current — 70 mA 10=0, f=1MHz, E=VIL (&,
D.C. E2=VIH @
ICCDR Data Retention Supply Current — 400 LA VCC=2.0V, E=VCC-0.3V (@,
E2=0.3V
[t Input Leakage Current -5.0 +5.0 UA VI = GND or VCC
110Z Input/QOutput Leakage Current -5.0 +5.0 UA VIO = GND or VCC
VCCDR Data Retention Supply Voltage 2.0 — \ VCC=2.0V, E=VCC @,
E2=GND
vOL Output Low Voltage — 0.4 \ 10=4.0mA
VOH Output High Voltage 2.4 — \ 10=-1.0mA
VIL Input Low Voltage -0.3 0.8 Vv
VIH Input High Voltage 2.4 VCC+0.3 \
Cl Input Capacitance: G, A . 35 pF VI=VCC or GND, f=1MHz ®
[e][6} Input/Output Capacitance — 43 pF VIO=VCC or GND, f=1MHz ®
CE Enable Input Capacitance — 15 pF VE=VCC or GND, f=1MHz ®
Ccw Write Enable Capacitance — 48 pF VW=VCC or GND, f=1MHz ®
TAVAX Read Cycle Time 150 — ns
TAVQV Address Access Time — 150 ns
TELQV Chip Enable Access Time — 150 ns ®
READ TGLQV Output Enable Access Time — 65 ns
CYCLE TELQX Chip Enable Output Enable Time 25 — ns ® 06
TGLQX Output Enable Output Enable Time 5 — ns ®
TAXQX Address Output Hold Time 5 . ns
TEHQZ Chip Disable Output Disable Time 0 80 ns ® ©®
(Note 4) TGHQZ QOutput Disable Time 0 50 ns ®
A.C.
TAVAX Write Cycle Time 150 — ns
TELWH Chip Enable to End of Write 90 — ns ®
TWLWH Write Enable Pulse Width 65 — ns
TELEH Enable Pulse Width (Early Write) TBD — ns ® 6 6
TAVWL Address Setup Time (Late Write) 20 — ns ’
WRITE TAVEL Address Setup Time (Early Write) 8D — ns ® 6
CYCLE TWHAX Address Hold Time (Late Write) 20 - ns
TEHAX Address Hold Time (Early Write) TBD — ns ®
TDVWH Data Setup Time (Late Write) 35 — ns
TDVEH Data Setup Time (Early Write) 35 — ns ®
TWHDX Data Hold Time (Late Write) 20 - ns
TEHDX Data Hold Time (Early Write) 45 — ns ®
TWLEH Write Enable Pulse Setup Time 65 — ns ®
TWLQZ Write Enable Output Disable Time — 50 ns ®
TWHQX Write Disable Output Enable Time 0 — ns ®
NOTES: 1. All devices tested at worst case temperature and supply voltage limits. 5. “EL" (enable input valid) equivalent to:
2. Typical derating = 5mA/MHz increase in ICCOP, VI = VCC or GND. EL on the HM-8808. EIL and E2H on the HM-8808A.
3. Tested at initial design and after major design changes. 6. “EH" (enable input invalid) equivalent to:
4. 1Input pulse levels: VIL = 0.0V, VIH = 3.0V EH on the HM-8808. EIH or E2L on the HM-8808A.
Input rise and fall times: 5ns (max.) 7. Relevant to the HM-8808 only.
Input and output timing reference levels: 1.5V 8. Relevant to the HM-8808A only.

Output load: 1 TTL gate equivalent and 50pF (min, including scope and jig).
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HM-8808/HM-8808A

Truth Table

HM-8808 HM-8808A HM-8808/8808A
MODE E E1 E2 w G
Standby (CMOS) vCC X GND X X
Standby (TTL) VIH VIH VL X X
Enabled (High 2) VIL VIL VIH VIH VIH
Write VIL VIL VIH VIL X
Read ViL VIL VIH ViH VIL

HM-8808 Timing Diagrams: Read Cycles

READ CYCLE | (Notes 1, 2)

TAVAX
A 3 ADDRESS 1 ¥X ADDRESS 2 XX
TAVQV TAX0X '
0 YOOK DATA | ROOOX DATAZ XXX
READ CYCLE Il (Note 1)
TAVAX
A XK £X
TAVQV
E
TELQV TEHOZ
TELQX
: I I
TGLQV TGHOZ
TGLOX
0 X

NOTES: 1. In aread cycle,Wls held high.
2. Inread cycle |, the module is kept continuously enabled. G, and E are held at VIL.
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HM-8808/HM-8808A

HM-8808 Timing Diagrams: Write Cycles

WRITE CYCLE I: (Notes 1, 3, 4)

TAVAX

TAVWL TWLWH TWHAX

|

TELWH TWHOQX
TOVWH TWHDX

TWLOZ

0 [6'0’4"8 A SAAAAAAAAAAA

WRITE CYCLE li: (Notes 2, 4)

TAVAX

o
RS

TAVEL TELEH TEHAX

;

L7777

mi
-
N
B

TOVEH TEHDX

NOTES:
1. In Write Cycle I, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable W).

Because W becomes valid after the part is enabled, this is sometimes referred to as a “Late Write” cycle.

2. InWrite Cycle Il , Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on
E. Because W is valid before the module is enabled, this is sometimes referred to as an "Early Write” cycle.

3. Output Enable (E) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in
the high impedance state. If G is held iow, then itmay be necessary to lengthen the cycle to prevent bus contention. This
would occur if TWLQZ and TDVWH overlapped.

4 Data Inputs (D) and Data Outputs (Q) are connected internally at the DQ pins.
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HM-8808/HM-8808A

HM-8808A Timing Diagrams: Read Cycles

READ CYCLE |

(Note 1, 2)

TAVAX
A ADDRESS 1 kX ADDRESS 2 XX
TAVQY TAXQX
0 OO0 DATA 1 DATA 2
READ CYCLE II (Note 1)
TAVAX
A XE |
- TAVQV
£ TN :
TELQV TEHQZ
TELQX o
£2 F 3
(NOTE 3) TELOV TEHOZ
TELQX
3 k
~ TGLQV TGHOZ
TGLQX
0 KN
NOTES:

. In a read cycle, W is held high.

. In read cycle |, the module is kept continuously enabled: 5 and E1 are held at VIL. E2 is held at VIH.

. The AC timing of E2 is the same as that of £1. Only the polarity is reversed. While E1 is active low, E2 is active high.
Therefore AC parameters that refer to the falling edge of enable, suchas TELQV, can be applied to the rising edge of E2,
and parameters that refer to the rising edge of enable, such as TEHQZ, can be applied to the falling edge of E2.
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HM-8808/HM-8808A

HM-8808A Timing Diagrams: Write Cycles
WRITE CYCLE I: Controlled by W (Notes 1, 3, 4) %)

TAVAX
A
TAVWL - TWLWH TWHAX —n]
W e
3] LT
TELWH \
E2 \Y
(NOTE 5) TELWH TWHQX
e TOVWH o TWHDX
D
[a TWLOZ sy

VA vAYA
AVAVAVAVAVAVAVAVAVAVAVAVAY

WRITE CYCLE IlI: Controlled by ET (Notes 2, 4)

TAVAX
A
| TAVEL ™ TELEH TEHAX =
LN ¥ LT,
]
e 77 A INRINANRANNANY
(NOTE 5) ~ TOVEH o | TEHDX ey
0 «C S
WRITE CYCLE IlI: Controlled by E2 (Notes 2, 4)
TAVAX
A TYX KX
o TAVEL st TELEH et < TEHAX o]
I\ ‘ Y/
S\ V11111
£2 ‘ )
(NOTE 5] e TOVEH —— | TEHDX
D S —

NOTES:

. InWrite Cycle |, the module is first enabled and then data is strobed into the RAM with a pulse on Write Enable (W). Because W becomes valid

after the part is enabled, this is sometimes referred to as a “Late Write” cycle.

. In Write Cycle If and III, Address (A) and Write Enable (W) are first set up, and then data is strobed into the RAM with a pulse on E7 or E2.

Because W is valid before the module is enabled, this is sometimes referred to as an "Early Write” cycle.

. Output Enable (G) is normally held stable throughout the entire cycle. If G is held high, then the outputs (Q) remain in the high impedance

state. If G is held low, then it may be necessary to lengthen the cycle to prevent bus contention. This would occur if TWLQZ and TDVWH
overlapped.
Data Inputs (D) and Data Outputs (Q) are connected internally at the DQ pins.

. The AC timing of E2 is the same as that of E1. Only the polarity is reversed. While E1 is active low, E2 is active high. Therefore AC parameters

that refer to the falling edge of enable, such as TELQV, can be applied to the rising edge of E2, and parameters that refer to the rising edge of
enable, such as TEHQZ, can be applied to the falling edge of E2.
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HM-8808/HM-8808A

Low Voltage Data Retention

Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E

mind. Data retention voltage and supply current are gua- (HM-8808) must be held between 90% of VCC and VCC
ranteed over temperature. The following rules insure data +0.3V; E2 (HM-8808A) must be held above -0.3V and
retention: below 10% of VCC.

1. The module must be kept disabled during data reten- 3. The RAM module can begin operation one TAVAX
tion. The Chip Enable (E) on the HM-8808 must be held after VCC reaches the minimum operating voltage
between VCC and VCC+0.3V. Chip Enable 2 (E2) onthe (4.5V).

HM-8808A must be held between -0.3V and GND.

HM-8808 Data Retention Timing

DATA RETENTION MODE TAVAX

VCC —-———3

Vik

VCCOR —_—_———

VIL“

HM-8808A Data Retention Timing

DATA RETENTION MODE

VGe
VT T T T T N A —

VIH

E2
VCCDR —_ r— -_ L —

GND \§\ A
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HM-8816H

16K x 8 High Speed Asynchronous

O HARRIS
PRELIMINARY

CMOS Static RAM Module

Features Pinout
¢ Low Standby Supply Current 800LA TOP VIEW
e Low Operating Supply Current 400mA gt [ vee
® Fast Access Time 70ns MZE 2 2; g :’]3
. A7 3
® Low Data Retention Supply Voltage 2.0V 26 0 4 %5 e
® Wide Operating Temperature Range -550C to +1250C a5 0] 5 241 no
e CMOS/TTL Compatible Inputs/Outputs M6 23 p ANl
¢ JEDEC Approved Pinout A3E 7 gf g :fo
R . ACls
L] — -
Full CMOS — Six Transistor RAM Cells nd o whi
e No Clocks or Strobes Required a0 10 19 B3 0g7
¢ Single 5V Power Supply Do . 1 18 3 DQ6
e Standard DIP Size 0.6” x 1.5” 001 .4 12 17 0 005
. . 002 ] 13 16 3 Dg4
e Easy Microprocessor Interfacing P 15 B 0g3
¢ Gated Inputs
Description
The HM-8816H is a high speed, asynchronous CMOS static RAM module, based
on a multi-layer, co-fired, dual-in-line ceramic substrate and eight HM-65262
16K x 1 asynchronous CMOS static RAMs packaged in leadless chip carriers. The
HM-8816H uses on-substrate decoupling capacitors packaged in ieadless chip
carriers to reduce electrical noise and improve reliability. The pinout of the
HM-8816H conforms to the JEDEC 8-bit wide, 28 pin RAM standard, which allows
the system designer to design sockets that will accomodate a variety of industry
standard RAMs and EPROMs. The HM-8816H also has gated inputs to simplify
system design for optimum standby supply current.
The HM-65262 RAMs used in this module are full CMOS devices, utilizing arrays
of six transistor (6T) memory cells for the most stable and lowest possible
standby supply current over the full military temperature range. In addition to
this, the high stability of the 6T cell provides excellent protection against soft
errors due to electrical noise and alpha particles. This stability also improves the
radiation tolerance of the RAMs over that of four transistor devices.
Functional Diagram
TRUTH TABLE
4 14 = =
AO- 1/ 4 mo- MODE E w
7 7
A13 A13 D Standby (CMOS) VCC X
w w ]—c Da7 Standby (TTL) VIH X
a Read VIL VIH
E E —D06 Write VIL VIL
- —Das
— D04 PIN DESCRIPTIONS
—D03 PIN FUNCTION
14 = — D02
AD- ~ AO—A13 Address Inputs
—— — D1
A13 D DQO—DQ7 Data Input/Outputs
W pao E Chlip Enable
o W Write Enable
E VvCC Power (+5V)
GND Ground

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Specifications are
subject to change without notice. 2.94



HM-8816H

Absolute Maximum Ratings*

SYMBOL PARAMETER [ min MAX | UNITS
VCC Supply Voltage (VCC - GND) -0.3 +8.0 Y
VIN Applied Input or Output Voltage -0.3 VCC +0.3 \
TA Storage Temperature -65 +150 oC

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating and
functional operation of the device at these or at any other conditions above those indicated in the operational sections of this specification is notimplied.

Recommended Operating Conditions

SYMBOL I PARAMETER MIN MAX UNITS !
VvCC Supply Voltage (VCC - GND) 4.5 5.5 \
VIH Input Voltage High 2.4 VCC +0.3 "
VIL Input Voltage Low -0.3 0.8 \
TA Ambient Temperature HM-8816H-8 -55 +125 oC
HM-8816H-9 -40 +85 oC

D.C. Electrical Specifications (Note 1)

SYMBOL | PARAMETER | min | max | units TEST CONDITIONS
ICCSBI Standby Supply Curr. (CMOS) 800 uA 10=0,E=VvVCC-0.3V
ICCSB Standby Supply Current (TTL) 40 mA 10=0,E=VIH
iICC Enabied Supply Current 400 mA 10=0, E=VIL, VIN=VIH or VIL
ICCOP Operating Supply Current (2) 400 mA 10=0, f=1MHz, E=VIL, VIN=VCC or GND
ICCDR Data Retention Supply Current 320 uA | VCC=20V,E=VCC-03V,10=0
1 Input Leakage Current -1 +1 MA VIN = VCC or GND
110Z 1/0 Leakage Current -1 +1 HA VIO = VCC or GND
VCCDR Data Retention Supply Voltage 2.0 v E=VvCC
VOL Output Voltage Low 0.4 Y IOL = 8.0mA
VOH Output Voltage High 2.4 \ IOH = -4.0mA
Capacitance (Note 3)
symBoL | PARAMETER | max UNITS TEST CONDITIONS
Cl Input Capacitance 70 pF f = 1MHz, VIN = VCC or GND
Clo Input/Output Capacitance 25 pF f = 1MHz, VIO = VCC or GND

NOTES: 1. All devices tested at worst case temperature and supply voltage limits.

Typical derating: 40mA/MHz increase in ICCOP.

Tested at initial design and after major design changes.

input pulse levels: VIL = 0.0V, VIH =3.0V; Input rise and fall times: 5ns max; Input and output timing reference level: 1.5V;
Output load: 1 TTL gate equivalent and CL = 50pF min., including scope and jig - for CL greater than 50pF, access time isderated by
0.15ns/pF; Output load for output enable/disable times: 1 TTL gate equivalent and CL = 5pF min., including scope and jig.

&
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HM-8816H

A.C. Electrical Specifications (Notes 1, 4)

dON

Typical derating: 40mA/MHz increase in ICCOP.
Tested at initial design and after major design changes.

Input pulse levels: VIL = 0.0V, VIH =3.0V;

Input rise and fall times: 5ns max;

HM-8816HB HM-8816H
No.| svmeoL | PARAMETER min | max | min | max | units | NoTes
READ CYCLE

1 | TAVAX JtRC | Read Cycle Time 70 85 ns

2 | TAVQV |tAA | Address Access Time 70 85 ns

3 | TELQV |tCE | Chip Enable Access Time 70 85 ns

4 | TELQX |tLZ | Chip Enable Output Enable Time 5 5 ns 3

5 | TEHQX Chip Enable Output Hold Time 5 5 ns 3

6 | TAXQX |tOH | Address Output Hold Time 5 5 ns 3

7 | TEHQZ jtHZ | Chip Disable Output Disable Time 0 40 0 40 ns 3

WRITE CYCLE

8 TAVAX |tWC | Write Cycle Time 70 85 ns

9 | TELWH {tCW | Chip Enable to | W Controlled 65 75 ns

10 | TELEH [tCW | End of Write E Controlled 65 75 ns 3
11 | TWLWH [tWP | Write Pulse Width 55 60 ns

12 | TAVWL [tAS | Address Setup | W Controlled 0 0 ns

13 | TAVEL [tAS | Time E Controlled 0 0 ns 3
14 | TWHAX JtWR | Write Recovery |W Controlled 10 10 ns

15 [ TEHAX [tWR | Time E Controlled 10 10 ns 3
16 | TDVWH |tDW | Data Setup Time W Controlled 30 35 ns

17 | TDVEH |tibw E Controlied 30 35 ns 3
18 | TWHDX [tDH | Data Hold Time |W Controlled 5 5 ns

19 | TEHDX [tDH E Controlled 10 10 ns

20 | TWLQZ [tWZ | Write Enable Low to Output Off 40 40 ns 3
21 | TWHQX [tOW | Write Enable High to Output On 0 0 ns 3

NOTES: 1. All devices tested at worst case temperature and supply. voitage fimits,

Input and output timing reference tevel: 1.5V:
Output load: 1 TTL gate equivalent and CL = 50pF min., inciuding scope and jig - for CL greater than 50pF, access time is derated by
0.15ns/pF; Output load for output enable/disable times: 1 TTL gate equivalent and CL = 5pF min., including scope and jig.
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HM-8816H

Timing Diagrams, Read Cycles
READ CYCLE 1: CONTROLLED BY E

XXX XXK

-~ TAVAX ————
| TELQV __@
N

TECk)uX ® @

I
©
-
-3
%?
=
I

\N]

TEHOX —~ (=

' N

NOTE: W is held high for entire cycle and D is ignored. Address is stable by the time E goes low and
remains valid until E goes high.

READ CYCLE 2: CONTROLLED BY ADDRESS

®

————" TAVAX

TAVQV -

@ |
< l71: ©)
TELOX @) TEHOZ

——{ =—TAX0X (§)

N

NOTE: W is high for the entire cycle and D is ignored. E is stable prior to A becoming valid and after A
becomes invalid.

Timing Diagrams, Write Cycles
WRITE CYCLE 1 TIMING: CONTROLLED BY W (LATE WRITE)

[ TAVAX
L
XX K2
@® < TwHAX
-~ TELWH ———— .
SO X/ /- @
aw @ @ TEHQZ —]
— TWLWH ——=|
AN A

f=— TDVWH——| |=— TWHDX

O(XXXXXX* K OO
® o
TELOX — T%QZ — | | TWHOX @

NOTE: In this mode, E rises after W. The address must remain stable whenever bothEandWarelow.
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HM-8816H

Timing Diagrams, Write Cycles
WRITE CYCLE 2 TIMING: CONTROLLED BY E (EARLY WRITE)

t-—— TAX .

A XK f

43 TAVEL ——l - -] TEHAX
- ~——— TELEH (0)— @
N _H

w Sk ,/'
<—TWHOX @)
oty | IERDX
D XXX KX XXX XK 200

@' N

—=1 =—TELOX

f=—TWLOZ —= - TEHQZ —=

s
NOTE: In this mode, W rises after E. If W falls before E by a time exceeding TWLQZ (M_a}x) - TELQX
(Min), and rises after E by a time exceeding TEHQZ (Max) - TWHQZ (Min), then Q will remain
in the high impedance state throughout the cycle.

The address must remain stable whenever E and W are both low.

Low Voltage Data Retention

Harris CMOS RAM are designed with battery backup in mind. Data retention voitage and
supply current are guaranteed over temperature. The following rules insure data retention:

1. Chip Enable (E) must be held high during data retention; within VCC to.VCC + 0.3V.

2. E must be kept between VCC +0.3 and 70% of VCC during the power up and power
down transitions.

3. The RAM can begin operation 55ns after VCC reaches the minimum operation
Voltage (4.5V). '

DATA RETENTION TIMING

vce DATA RETENTION MODE
AV yeesaov Y < B5ii
E VCC TO VCC +0.3V
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©
wn
N
256K Synchronous @
CMOS RAM Module =
Features Pinout
e Low Standby Current 500uA TOP VIEW
¢ Fast Address Access Time 170ns v
* Data Retention 2.0V Min VCC oo E;" nE
® Three State Outputs A s s a1
e Organizable as 32K x 8 or 16K x 16 Array as []4 as] A2
e On Chip Address Registers “g EZ 4Ll A3
* 48 Pin DIP Pinout — 2.66” x 1.30” x 0.29” EXab :2; e
e Synchronous Operation Yields Low Operating Power.......c........ 30mA/MHz E3 [s a1f] A5
¢ Wide Temperature Range -550C to +1250C gE% g%%g
Description & E}; ull £
The HM-92560 is a high density 256K bit CMOS RAM module. Sixteen @ E s B &
synchronous HM-6516 2K x 8 CMOS RAMs in leadless chip carriers are & 15 uf] &2
mounted on a multilayer ceramic substrate. The HM-92560 RAM module is nao []16 33[] bas
organized as two 16K x 8 CMOS RAM arrays sharing a common address bus. oot []17 32[] oos
Separate data input/output buses and chip enables allow the user to format gg; E :: :;: gg:f
the HM-92560 as either a 16K x 16 or 32K x 8 array. Ceramic capacitors are no4 []20 29[ pa1z
included on the substrate to reduce noise and to minimize the need for pos [ 21 28] pai3
additional external decoupling. D06 Ezz 27[] p0o1a
no7 [z 26[] bpais
The synchronous design of the HM-92560 provides low operating power along 10 [J2 5[] €11
with address latches for ease of interface to multiplexed address/data bus
microprocessors.
The HM-92560 is physically constructed as an extra wide 48 pin dual-in-line
package with standard 0.1” centers between pins. This package technique
combines the high packing density of CMOS and leadless chip carriers with
the ease of use of DIP packaging.
Functional Diagram
w
A0-A10 I 44]
A0-10 _ _ A0-10
_ w W =
E 1 — E
DQO-7 G S pao-7
E1 . . E9
8 : * E16
W AO-10 R I
I 3
DQO-7
HM-6516
DQO-7 GA GB  DQs-15

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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HM-92560

Organizational Guide

FOR 32K x 8 CONFIGURATION

CONNECT:

PIN 16 (DQO) to PIN 33 (DQ8)
PIN 17 (DQ1) to PIN 32 (DQ9)

PIN 18 (DQ2) to PIN 31 (DQ10)
PIN 19 (DQ3) to PIN 30 (DQ11)
PIN 20 (DQ4) to PIN 29 (DQ12) ,
PIN 21 (DQ5) to PIN 28 (DQ13)
PIN 22 (DQ8) to PIN 27 (DQ14)
PIN 23 (DQ7) to PIN 26 (DQ15)

FOR 16K x 16 CONFIGURATION

CONNECT:

PIN 6 (E1) to PIN 15
PIN 7 (E2) to PIN 24

(E9)
(E10
PIN 8 (E3) to PIN 25 (ET1
(

PIN 9 (E4) to PIN 34 (E12)
PIN 10 (E5) to PIN 35(L)
PIN 11 (EB) to PIN 38 (E14)
PIN 12 (E7) to PIN 39 (I)
PIN 14 (EB) to PIN 40 (E16)
PIN 13 (GA) to PIN 36 (GB)

Concerns for Proper Operation of Chip Enables:

The transition between blocks of RAM requires a
change in the chip enable being used. When operating
in the 16K x 16 mode use the chip enables as if there
were only eight, E1 thru E8. In the 32K x 8 mode,
all chip enables must be treated separately. Transi-
tions between chip enables must be treated with the
same timing constraints that apply to any one chip
enable. All chip enables must be high at least one

Printed Circuit Board Mounting:

The leadless chip carrier packages used in the HM-
92560 have conductive lids. These lids are elec-
trically connected to GND. The designer should
be aware of the possibility that the carriers on the
bottom side could short conductors below if pressed

chip enable high time (TEHEL) before any chip
enable can fall. As the HM-92560 is a synchrounous
memory every address transition must be accomp-
anied by a chip enable transition ( see timing dia-
grams). More than one chip enable low simultan-
eously, for devices whose outputs are tied common
either internally or externally, is an illegal input con-
dition and must be avoided.

completely down against the surface of the circuit
board. The pins on the package are designed with a
standoff feature to help prevent the leadless carriers.
from touching the circuit board surface.
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Specifications HM5-92560-2/-9/-8

(=4
Absolute Maximum Ratings* Operating Range u"i,
N
Supply Voltage - (VCC - GND)......coce.eee. -0.3V to +8.0V  Operating Supply Voltage o,’
Input or Output Voltage Applied........c.c.cc..... (GND -0.3V) HM5-92560-2/-8 4.5V to 5.5V =
to (VCC +0.3V) HM5-92560-9 4.5V to 5.5V T
Storage Temperature..........ceceeevveveennns -650C to +1500C  Operating Temperature |
HM5-92560-2/-8 -550C to +1250C ‘
HM5-92560-9 ~400C to +850C

"CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa stress only rating 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.

Electrical Specifications

TEMP. & VCC *
OPERATING
RANGE (1)
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 500 MA 10=0
VI =VCC or GND
ICCOP Operating Supply Current @ 30 mA E=1MHz,10=0
16K x 16 V1 =VCCor GND, G = VCC
iccop Operating Supply Current (2) 15 mA E=1MHz 10=0
32K x 8 VI =VCCor GND, G = vCC
ICCDR Data Retention Supply Current 350 MA 10=0,VCC=2.0,
VI =VCC or GND, E=VCC
VCCDR Data Retention Supply Voltage 2.0 \"

1] Input Leakage Current -5 +5 MA VI =VCC or GND
110z input/Output Leakage Current -5 +5 MA VIO = VCC or GND
VIL Input Low Voltage -0.3 .8 \

VIH Input High Voltage VvCC vce \

-2.0 +0.3
D.C VOL Output Low Voltage 0.4 \ 10 = 3.2mA
o VOH Output High Voltage 24 Vv 10 = -1.0mA

clA Address tnput (3) 200 pF VI = VCC or GND
Capacitance f=1MHz

CIE1 Enable Input @ 100 pF VI =VCC or GND
Capacitance (16K x 16) f=1MHz

CIE2 Enable Input (3) 50 pF VI = VCC or GND
Capacitance (32K x 8) f=1MHz

CIG 1 Output Enable Input @ 150 pF VI = VCC or GND
Capacitance (16K x 16) f=1MHz

CIG 2 Output Enable Input @ 100 pF Vi = VCC or GND
Capacitance (32K x 8) f=1MHz

clo1 Input/Output (3) 150 pF VI/O = VCC or GND
Capacitance (16K x 16) f=1MHz

Cio2 Input/Qutput @ 250 pF VI/O = VCC or GND
Capacitance (32 x 8) f=1MHz

cw Write Input (3) 200 pF VI = VCC or GND
Capacitance f=1MHz

CVce Decoupling 0.5 Mf f=1MHz
Capacitance
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Specifications HM5-92560-2/-9/-8

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)........ ...-0.3V to +8.0v

Input or Output Voltage Applied (GND -0.3V)
to (VCC +0.3V)
Storage Temperature............cocoouvevenennd -650C to +150°C

Operating Range

Operating Supply Voltage
HMB5-92560-2/-8.......c.cccccrvieeiriiicirieiienen 4.5V to 5.5V
HM5-92560-9 4.5V to 5.5V

Operating Temperature ’
HM5-92560-2/-8
HM5-92560-9

-550C to +1250C
-400C to +850C

*CAUTION. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP, & VCC *
OPERATING
RANGE (0
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
TELQV Chip Enable Access Time 150 ns @
TAVQV Address Access Time 170 ns @
TELQX Chip Enable Output Enable Time 10 ns @_47
TEHQZ | Chip Enable Output Disable Time 70 ns ®
TGLQX | Output Enable Output Enable Time | 10 ns G®
TGLQV Output Enable Output Valid Time 70 ns @
A.C. | TGHQZ | Output Enable Output Disable Time 70 ns @@
TELEH Chip Enable Pulse Negative Width 150 ns @)
TEHEL Chip Enable Pulse Positive Width 80 ns
TAVEL | Address Setup Time 20 ns @
TELAX | Address Hold Time 50 ns @
TWLWH | Write Enable Pulse Width 150 ns @
TWLEH Write Enable Pulse Setup Time 150 ns
TELWH Write Enable Puise Hold Time 150 ns @
TDVWH | Data Setup Time 80 ns O)
TWHDX | Data Hold Time 20 ns @
TWLDV Write Data Delay Time 70 ns
TELEL Read or Write Cycle Time 230 ns @
NOTES: @ All devices tested at worst case temperature and V.
@ Operating supply current ({CCOP) is proportional to operating frequency.
@ Tested at initial design and after major design changes.
@® Input pulse levels: OV to 3V. Input rise and fall times: 10ns max. Input and output timing reference levels: 1.5V.

Output load: C|_ = 50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM5-92560-5

[=]
Absolute Maximum Ratings* Operating Range 8
N
Supply Voltage - (VCC - GND) .......cceoneen. -0.3V to +8.0V  Operating Supply Voltage a.’
Input or Output Voltage Applied................. (GND -0.3V) HMS5-92560-5 ......ccooeerereriecrieecir e 4.5V to 5.5V =
to (VCC +0.3V)  Operating Temperature I

Storage Temperature.........cccccooeeeeeennienns -650C to +1500C HMB-92560-5 .......ocovvreceiiiiiiiinic e -00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings " may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP, & VCC *
OPERATING
RANGE (D)
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 3.5 mA 10=0
V1 =VCC or GND
ICCOP Operating Supply Current @ 35 mA E=1MHz,10=0
16K x 16 Vi=VCCorGND, G = VCC
1CCOP Operating Supply Current @ 20 mA E=1MHz,10=0
32K x 8 VI =VCCor GND, G = VCC
{CCDR Data Retention Supply Current 25 mA 10=0,VCC =20,
VI = VCCor GND, E = vCC
VCCDR Data Retention Supply Voltage 20 \%

I Input Leakage Current -10 +10 MA V1= VCCor GND
1102 Input/Qutput Leakage Current -10 +10 MA V10 = VCC or GND
VIL Input Low Voltage -0.3 8 \Y;

VIH Input High Voltage VvCC vcC \%
-2.0 +0.3 .
D.C VvVOL Output Low Voltage 04 \Y 10 =3.2mA
U VOH Output High Voltage 24 v 10 = -1.0mA
CIA Address Input (3) 200 pF VI = VCC or GND

Capacitance f=1MHz

CIE1 Enable Input ) 100 pF VI = VCC or GND
Capacitance (16K x 16) f=1MHz

CIE2 Enable InDut@ 50 pF V1= VCC or GND
Capacitance (32K x 8) f=1MHz

cIG 1 Output Enable Input 3) 150 pF VI =VCC or GND
Capacitance (16K x 16) f=1MHz

cIG 2 Output Enable Input (3) 100 pF VI = VCC or GND
Capacitance (32K x 8) f=1MHz

cio1 Input/Output 150 pF VI/0O = VCC or GND
Capacitance (16K x 16) f=1MHz

C102 Input/Output 250 pF VI/O = vCC or GND
Capacitance (32 x 8) f=1MHz

ciw Write Input (3) 200 pF VI = VCC or GND
Capacitance f=1MHz

CVcc Decoupling 0.5 pf f=1MHz
Capacitance
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Specifications HM5-92560-5

- T R .

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)..... -0.3V to +8.0V  Operating Supply Voltage
(GND -0.3V) HMS5-92560-5 ......cooivrrrresirrensneesenieeisreeens 4.5V to 5.5V
to (VCC +0.3V)  Operating Temperature

Input or Output Voltage Applied...

Operating Range

Storage Temperature...........cccovevernnn: -850C to +1500C HMB-92560-5 ......c.cconnminceirinreeienneennaenes 00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

AcC.

TEMP. & VCC *
OPERATING
RANGE (D)
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
TELQV | Chip Enable Access Time 250 ns ®@
TAVQV | Address Access Time 270 ns @
TELQX | Chip Enable Output Enable Time 10 ns (©10)]
TEHQZ | Chip Enable Output Disable Time 80 ns ®®
TGLAX Output Enable Output Enable Time 10 ns @ @
TGLQV Output Enable Output Valid Time 70 ns @
TGHQZ | Output Enable Output Disable Time 80 ns ®®
TELEH Chip Enable Pulse Negative Width 250 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns 0
TAVEL Address Setup Time 20 ns
TELAX | Address Held Time 50 ns @)
TWLWH | Write Enable Pulse Width 250 ns @
TWLEH Write Enable Pulse Setup Time 250 ns @
TELWH Write Enable Pulse Hold Time 250 ns @
TDVWH | Data Setup Time 100 ns @
TWHDX | Data Hold Time 20 ns
TWLDV | Write Data Delay Time 150 ns @
TELEL Read or Write Cycle Time 350 ns
NOTES: (@ All devices tested at worst case temperature and V.

@ Operating supply current (ICCOP) is proportional to operating frequency.

(@ Tested at initial design and after major design changes. .

@® Input pulse levels: OV to 3V. Input rise and fall times: 10ns max. Input and output timing reference levels: 1.5V.

Output load: C|_ = 50 to 300pF. For C(_ greater than 50pF, access time is derated 0.15ns/pF.

2-104




- m—— gy = e

HM-92560

Read Cycle

TAVQvV

~| Tavel e A

TAVEL~]

.
TELEL

L TEHEL

TELEH

1

A

o NEXT | ADD

TEHQZ|{e—

TGLOX —|

— revae,
< T \\\\]‘““W“ A

TIME [ 4 ] [} { I} |
REFERENCE I I T 1
-1 [ 1 2 3 a 5
TRUTH TABLE
TIME _ INP_UTS
REFERENCE E w G A [o]e] FUNCTION
-1 H X X X r4 MEMORY DISABLED
0 x H X v z CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L H L X X QUTPUT ENABLED
2 L H L X \2 QUTPUT VALID
3 # H X X v READ ACCOMPLISHED
4 H X X X z PREPARE FOR NEXT CYCLE {SAME AS -1}
5 X H X v z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0}

The address information is latched in the on chip registers
on the falling edge of E (T = 0), minimum address setup
and hold time requirements must be met. After the
required hold time, the addresses may change state
without affecting device operation. During time (T =

the outputs become enabled but data is not valid until
time (T = 2), W must remain high throughout the read

cycle.
(T = 3).

After the data has been read, E may return high
This will force the output buffers into a high

impedance mode at time (T =4). G is used to disable the

output buffers when in a logical ‘‘1'" state (T =

3,4, 5).
next cycle.

-1, 0,

After (T = 4) time, the memory is ready for the

Write Cycle

TAVEL |—
v NEXT ADD

TeLen et ! TEHEL —
TWLEH
[~— TWLWH
w
[~——TELWH
™w
Da X
T HIGH
TIME . I : : ; .
REFERENCE K] 0 1 2 3 a 5

TRUTH TABLE

TIME INPUTS
REFERENCE E W G A DQ FUNCTION
-1 H X H | x X MEMORY DISABLED
0 X H | v X CYCLE BEGINS, ADDRESSES ARE LATCHED
1 L LoH | X x WRITE PERIOD BEGINS
2 Lo£ H | x vV DATA IN ISWRITTEN
3 £ H H | Xx X WRITE COMPLETED
) H X H | X X PREPARE FOR NEXT CYCLE (SAME AS-1)
5 X H| v x CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0)

The write cycle is initiated on the falling edge of E (T = 0),
which latches the address information in the on chip
registers. If a write cycle is to be performed where the
output is not to become active,a can be held high (in-
active). TDVWH and TWHDX must be met for proper
device operation regardless of G.
falls (read mode) a possible bus conflict may exist. If
E rises before W rises, reference data setup and hold times

to the E rising edge. The write operation is terminated by

the first rising. edge of W (T = 2} or E(T = 3).

After the

If E and G fall before W

minimum E high time (TEHEL), the next cycle may
begin. If a series of consecutive write cycles are to be
performed, the W line may be held low unitl all desired
locations have been written. In this case, data setup
and hold times must be referenced to the rising edge of E.
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D HARRIS  Lng 92570

256K Buffered Synchronous
CMOS RAM Module

Features Pinout

® LOWSTANDBY CURRENT. . . . . .. ittt ettt e teeenaan 600LA/3.5mA

® FASTACCESSTIME. ., . ... ............. 250ns enD 1

® DATA RETENTION . . . . ... ... ittt e e iee e 2.0V min A7 E 2 23; gxgc
® THREE STATE OUTPUTS A8 3 46 B A1
® ORGANIZABLE AS 32K x 8 or 16K x 16 ARRAY A9 4 45 [ A2
® BUFFERED ADDRESS AND CONTROL LINES A10 ] 5 a4 A3
¢ ON CHIP ADDRESS REGISTERS A1 ge 43 A4
® 48PIN DIP PINOUT — 2.66" x 1.30" x 0.29" 2:% E : a2 S ﬁ:
¢ WIDE TEMPERATURE RANGE _ . . . . . .. . .... -550C to +125°C EiA E :;0 40 g@

. . E2A 39 E2B
Description caa O 11 38 [0 £38
The HM-92570 is a fully buffered 256K bit CMOS RAM Module consisting %E 12 37 gw_
of sixteen HM-6516 2Kx8 CMOS RAMs, two 82C82 CMOS octal latching Ne O 1a 35 Ne
bus drivers, and two HCT-138 CMOS 3:8 decoders in Ieadless chip carriers Ne O 15 343 NC
mounted on a multilayer ceramic substrate. The HM-92570 RAM Module is pao ] 16 33 pas
organized as two 16Kx8 CMOS RAM arrays sharing a common address bus. Dat1 017 32 & pQ9
Separate data input/output buses allow the user to format the HM-92570 pa2 O 18 31 pQ10
as either a 16Kx16 or 32Kx8 array. pa3 O 19 303 pbatl

Daa O 20 29 1 pa12
On-board buffers and decoders reduce external package count requirements. gg: E g; gg g 38:2
Write enable, output enable and chip enable control signals are buffered along pa7 O 23 26 B pa1s
with address inputs. Ceramic capacitors sealed in leadless carriers are included vee O 24 25 [ GND
on the substrate to reduce power supply noise and to reduce the need for
external decoupling. PIN NAMES
The synchronous design of the HM-92570 provides low operating power A — Address Input
along with address latches for ease of interface to multiplexed address/ DA  — Data Input/Output
data bus microprocessors. GX - Output Enable

EXX  — Chip Enable

The HM-92570 is physically constructed as an extra wide 48 pin dual- Nvg - n’”te Enable
L . ” L . — No Connection
in-line package with standard 0.1"" centers between pins. This package tech-
nique combines the high packing density of CMOS and leadless chip carriers
with the ease of use of DIP packaging.

Functional Diagram

82082
W >C
5 > \
GA
A0-A10 / \
1 /
1
RAM
A < At
A1z — : A12
L ]
M3 — S‘Z%.-, A13
A — . 2 o E1B
E2A — E2B
E3A — RAM E38
T

Dao-7 Das-15

CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed.
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Organizational Guide

FOR 32K x 8 CONFIGURATION

CONNECT: PIN 16 (DQO) to PIN 33 (DQ8)
PIN 17 {DQ1) to PIN 32 (DQ9)
PIN 18 (DQ2) to PIN 31 (DQ10)
PIN 19 (DQ3) to PIN 30 (DQ11)
PIN 20 (DQ4) to PIN 29 (DQ12)
PIN 21 (DQ5) to PIN 28 (DQ13)
PIN 22 (DQS6) to PIN 27 (DQ14)
PIN 23 (DQ7) to PIN 26 (DQ15)

FOR 16K x 16 CONFIGURATION

CONNECT: PIN 9 (ET1A) to PIN 40 (E1B)

PIN 10 (E2A) to PIN 39 (E2B)
PIN 11 (E3A) to PIN 38 (E3B)
PIN 13 (GA) to PIN 36 (GB)

Concerns for Proper Operation of Chip Enables:

The transition between blocks of RAM requires a
change in the chip enable being used. When operating
in the 16K x 16 mode use the chip enables as if there
were only three, E1 thru E3. In the 32K x 8 mode all
chip enables must be treated separately. Transitions
between chip enables must be treated with the same
timing constraints that apply to any one chip enable.
All chip enables must be high at least one chip enable
high time (TEHEL) before any chip enable can fall.

Printed Circuit Board Mounting:

The leadless chip carrier packages used in the HM-
92570 have conductive lids. These lids are elec-
trically connected to GND. The designer should
be aware of the possibility that the carriers on the
bottom side could short conductors below if pressed

As the HM-92570 is a synchrounous memory, every
address transition must be accompanied by a chip
enable transition (see timing diagrams). More than
one chip enable low simultaneously, for devices
whose outputs are tied common either internally or
externally, is an illegal input condition and must be
avoided. To properly decode the chip enables,
addresses A11, A12, and A13 must be valid for the
duration of TAVAV.

completely down against the surface of the circuit
board. The pins on the package are designed with a
standoff feature to help prevent the leadless carriers
from touching the circuit board surface.
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Specifications HM15-92570-2/-9/-8

Absolute Maximum Ratings* Operating Range

Supply Voltage - (VCC - GND) ....cooveceene -0.3V to +8.0V  Operating Supply Voltage

Input or Output Voltage Applied................... (GND -0.3V) HM5-92570-2/-8 4.5V to 5.5V
to (VCC +0.3V) HM5-92570-9 4.5V to 5.5V

Storage Temperature.........c..c.ccocenevenncnnn -650C to +1500C  Operating Temperature

HM5-92570-2/-8
HM5-92570-9

-550C to +1250C
-400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP, & VvCC
OPERATING
RANGE (D)
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
Iccse Standby Supply Current 600 A 10=0
VI =VCC or GND
ICCOP Operating Supply Current @ 30 mA E=1MHz,10=0
16K x 16 VI =VCCor GND, G = VCC
ICCOP Operating Supply Current @ 15 mA E= 1MHz, 10=0
32K x 8 VI =VCC or GND, G = VCC
ICCDR Data Retention Supply Current 450 MA 10=0,VCC=2.0,
VI = VCC or GND, E = VCC
VCCDR Data Retention Supply Voltage 20 \
i Input Leakage Current -1.0 +1.0 MA VI =VCC or GND
1102 Input/Output Leakage Current -5.0 +5.0 A VIO = VCC or GND
ViL Input Low Voltage -03 0.8 \%
VIH input High Voltage 3.5 vCC \%
+0.3
D.C. VoL Output Low Voltage 04 \ 10 = 3.2mA
VOH QOutput High Voltage 24 \ 10 = -1.0mA
CIA Address Input 3) 50 pF VI = VCC or GND
Capacitance f=1MH2z
CIE Decoder Enabie lnput 3) 50 pF VI = VCC or GND
Capacitance (16K x 16) f=1MHz
CIE2 Decoder Enable input (3) 25 pF VI = VCC or GND
Capacitance (32K x 8) f = 1MHz
CIG 1 Output Enable tnput (3) 50 pF VI = VCC or GND
Capacitance (16K x 16) f=1MHz
CIG 2 Output Enable Input 3) 25 pF VI = VCC or GND
Capacitance (32K x 8) f = 1MHz .
clo1 Input/Output (3) 150 pF VI/O = VCC or GND
Capacitance (16K x 16) f=1MHz
clo2 Input/Output (3) 250 pF VIJO = VCC or GND
Capacitance (32K x 8) f=1MHz
ciw Write Input (3) 25 pF VI = VCC or GND
Capacitance f=1MHz
CVcc Decoupling Capacitance 05 ;,(F f=1MHz

2-108




- — g Te——

Specifications HM5-92570-2/-9/-8

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND) ......cccceee -0.3V to +8.0V
Input or Output Voltage Applied................... (GND -0.3V)

to (VCC +0.3V)
Storage Temperature..........cccevvvevevennene.s -650C to +1500C

Operating Range

Operating Supply Voltage

HM5-92570-2/-8....

HM5-92570-9
Operating Temperature

HM5-92570-2/-8.

HM5-92570-9

...4.5V to 5.5V
..... 4.5V to 5.5V

..-550C to +1250C
....-400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP. & VCC
OPERATING
RANGE (D)
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
TELQV | Chip Enable Access Time 250 ns @
TAVQV Address Access Time 270 ns @
TELOX Chip Enable Output Enable Time 10 ns @ @
TEHQZ | Chip Enable Output Disable Time 150 ns ®®
TGLOX Output Enable Qutput Enable Time 10 ns @@
TGLQV Output Enable Output Valid Time 120 ns @
A.C.| TGHQZ | Output Enable Output Disable Time 150 ns ©10)
TELEH Chip Enable Puise Negative Width 250 ns @
TEHEL Chip Enable Pulse Positive Width 100 ns @
TAVEL | Address Setup Time 20 ns ®
TELAX Address Hold Time 120 ns @
TWLWH | Write Enable Pulse Width 140 ns @
TWLEH Write Enable Pulse Setup Time 140 ns @
TELWH | Write Enabie Pulse Hold Time 250 ns @
TDVWH Data Setup Time 20 ns @
TWHDX | Data Hold Time 70 ns @
TWLDV Write Data Delay Time 120 ns @
TELEL Read or Write Cycle Time 350 ns
TAVAV Enable Decoder Address Valid Time 270 ns Applies Only to A11, A12, A13

NOTES: (@ Al devices tested at worst case temperature and Vgc.

© e

tncludes A11, A12, A13.

Operating supply current (ICCOP) is proportional to operating frequency.
Tested at initial design and after major design changes.
Input pulse levels: OV to 3.5V. Input rise and fall times: 10ns max. Inputand outputtiming reference levels: 1.5V.
Output load: C|_ = 50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.
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Specifications HM5-92570-5

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)

Input or Output Voltage Applied

Storage Temperature.......................

............. -0.3V to +8.0V
................... (GND -0.3V)

to (VCC +0.3V)

........ -650C to +1500C

Operating Range

Operating Supply Voltage
HM5-92570-5

....................................... 4.5V to 5.5V
Operating Temperature

HMB-92570-5 ..., 00C to +700C

“CAUTION: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications

TEMP, & VCC
OPERATING
RANGE (O
TEST
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS
ICCSB Standby Supply Current 35 mA 10=0
VI =VCC or GND
ICCOP Operating Supply Current @ 35 mA E=1MHz, 10=0
16K x 16 V1 = VCCor GND, G = VCC
ICCOP Operating Supply Current @ 20 mA E=1MHz, 10=0
32K x 8 VI =VCCor GND,G = VCC
ICCDR Data Retention Supply Current 25 mA 10=0,VCC=20,
VI =VCCor GND, E = vCC
VCCDR Data Retention Supply Voltage . 20 \%

1] Input Leakage Current -10.0 | +10.0 HA VI =VCCor GND
1H0Z Input/Output Leakage Current -10.0 | +10.0 MA VIO = VCC or GND
VIL Input Low Voltage 03 0.8 \Y
VIH {nput High Voltage 3.5 VCC \%

+0.3
D.C VoL Output Low Voltage 04 \ 10 = 3.2mA
U VOH Output High Voltage 24 \Y 10 = -1.0mA
CIA Address Input @ 50 oF V1 £ VCC or GND
Capacitance t = 1MHz
CIE Decoder Enable Input (3) 50 pF VI = VCC or GND
*Capacitance (16K x 16) f = 1MHz
CIE2 Decoder Enable input (3) 25 oF VI = VCC or GND
Capacitance (32K x 8) f = 1MHz
CIG 1 Output Enable Input (3) 50 pF VI =VCC or GND
Capacitance (16K x 18) = 1MHz
CIG 2 Output Enable Input (3) 25 pE VI = VCC or GND
Capacitance (32K x 8) t = IMHz
cIo1 Input/Output 3 150 pF VI/0 = VCC or GND
Capacitance (16K x 16) f = 1MHz
€102 Input/Output (3) 250 pF VI/O = VCC or GND
Capacitance (32K x 8) f= 1MHz
ciw write Input 3 25 pF Vi = VCC or GND
Capacitance f=1MHz
CVce Decoupling Capacitance 0.5 uF f=1MHz
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Specifications HVI5-92570-5

o
Absolute Maximum Ratings* - Operating Range E
N
Supply Voltage - (VCC - GND) .....ccoeveeene, -0.3V to +8.0V  Operating Supply Volitage °,’
Input or Output Voltage Applied................... (GND -0.3V) HMB5-92570-5 ....coovviiiiiiiieiieniccce v 4.5V to 5.5V =
to (VCC +0.3V)  Operating Temperature T

Storage Temperature.........c.....ccooervrvenen. -650C to +1500C HMB-92570-5 .....cvirriceieninierieeciies 00C to +700C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This isa stress only rating 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.

Electrical Specifications

TEMP. & VCC
OPERATING
RANGE (1)
TEST >
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS é é
-
TELQV | Chip Enable Access Time 300 ns @
TAVQV Address Access Time 320 ns @
TELQX Chip Enable Output Enable Time 10 ns @@
TEHQZ Chip Enable Output Disable Time 200 ns @@
TGLOX OQutput Enabte Output Enable Time 10 ns @@
TGLQV QOutput Enable Output Valid Time 120 ns @
A.C.| TGHQzZ | Output Enable Output Disable Time 200 ns ©]10)
TELEH Chip Enable Pulse Negative Width 300 ns @
TEHEL Chip Enable Pulse Positive Width 150 ns 0
TAVEL Address Setup Time 20 ns @
TELAX | Address Hold Time 130 ns @
TWLWH | Write Enable Pulse Width 150 ns @
TWLEH | Write Enable Pulse Setup Time 150 ns O)
TELWH | Write Enable Pulse Hold Time 300 ns @
TOVWH | Data Setup Time 30 ns @
TWHDX | Data Hold Time 80 ns @
TWLDV | Write Data Delay Time 120 ns @
TELEL Read or Write Cycie Time 450 ns
TAVAV Enable Decoder Address Vaiid Time 320 ns Applies Only to A11, A12, A13

NOTES: (@ All devices tested at worst case temperature and Vg .-

Operating supply current (ICCOP) is proportional to operating frequency.

Tested at initial design and after major design changes.

Input pulse levels: OV to 3.5V. Inputrise and falltimes: 10ns max. Inputand outputtiming reference levels: 1.5V.
Output load: C_ = 50 to 300pF. For C|_ greater than 50pF, access time is derated 0.15ns/pF.

Includes A11, A12, A13.

® 060
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TAVQV
Read Cycles
I TEHEL——]
ET1AE2A E3A* 4 N
EisEzBEm —/] N / Ne—
= HIGH
w
—= TEHQZ |~ TELQV
l-TELQX = TEHQZ [>—
ba @E 2@ VALID DATA OUT —E—
< :k—-rsmv—— ——
GAorGB / \
TAVAV ﬂl .
— —
REFERENCE i ! I [ i 5
TRUTH TABLE
A11
TIME INPUTS A12 | DATA I/O
REFERENCE|E W G A | A3 pa FUNCTION
-1 HIx | x| x| x z MEMORY DISABLED
0 fH x|V ] Vv z CYCLE BEGINS, ADDRESSES ARE LATCHED
1 LiH|l L]x | v X OUTPUT ENABLED
2 Ll L x| v v OUTPUT VALID
3 SiHI X[ x 1 v v READ ACCOMPLISHED
4 HIX ] x|x ] x z PREPARE FOR NEXT CYCLE (SAME AS -1)
5 “|Hlx]|v] Vv z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0}

The address information is latched in the on chip registers
on the falling edge of E(T = 0), minimum address setup
and hold time requirements must be met. After the
required hold time, the addresses may change state
without affecting device operation. During time (T = 1),
the outputs become enabled but data is not valid until
time (T = 2), W must remain high throughout the read

cycle. After the data has been read, E may return high
(T = 3). This will force the output buffers into a high
impedance mode at time (T = 4). G is used to disable the
output buffers when in a logical “1”’ state (T = -1, 0,
3, 4, 5). After T = 4) time, the memory is ready for_the
next cycle. *E3A and E3B are opposite polarity of EIA.

Write Cycles

E1A,E2A E3A*

E1B,E2AE3B | N— N———
TWLER
L— TWLWH
w / I\ \
~——TELWH—]
TWLDV ——=

T e
S SR I ER IS RKK <D
90,0060 0.0 095052
IS

o

R TRRR
RRRRERRRL

"

&
%%

NS X0
TIME I} Il i A Il i 4
REFERENCE -1 0 1 2 3 4 5
TRUTH TABLE
A1l
TIME INPUTS A12 DATA 1/0
REFERENCE |[E W G A | A13 pa FUNCTION
-1 H | X H X X X MEMORY DISABLED
0 fXPH{V |V X CYCLE BEGINS, ADDRESSES ARE LATCHED
1 LfLfHix ]| v X WRITE PERIOD BEGINS
2 Ll x ]| v v DATA IN IS WRITTEN
3 SIHIHIX ]| Vv X WRITE COMPLETED
4 H x| H]X | X X PREPARE FOR NEXT CYCLE (SAME AS -1}
5 N|xpHiV ]V X CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0}

The write cycle is initiated on the falling edge of E(T =0),
which latches the address information in the on chip
registers. |f a write cycle is to be performed where the
output is not to become active, G can be held high (in-
active). TDVWH and TWHDX must be met for proper
device operation regardless of G. If E and G fall before W
falls {read mod__e), a possible bus /conflict may exist. If
E rises before W rises, reference data setup and hold times

to the E rising edge. The write operation is terminated by
the first rising edge of W (T = 2) or E(T = 3). After the
minimum E high time (TEHEL), the next cycle may
begin. If a series of consecutive write cycles are to be
performed, the W line may be held low until all desired
locations have been written. In this case, data setup
and hold times must be referenced to the rising edge of E.
*E3A and E3B are opposite polarity of EIA.
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=
512 x 8 CMOS PROM T
Features Pinouts
e Low Power Standby 500uW Max. TOP VIEW
e Low Power Operation 50mW/MHz Max.
® Fast Access Time 250ns Max. A7 []1 M T vee
e Field Programmable a6 2 23[] A8
e Polysilicon Fuse Links as[]3 2[] G
o TTL Compatible In/Out a4 21 ] G2
e Popular Pinout Like Bipolar 7641 A3[]s 20 ] a3
o Three State Qutputs a2 e 19[]E
¢ Address Latches Included on Chip a7 18] e
e Easy Microprocessor Interfacing A0 [j 8 17 a7
¢ Wide Operating Temperature Ranges: a0 e 16[] a6
» HM-6641-9 -400C to +850C a1 [J1o 157 as
» HM-6641-2/-8 -550C to +1250C @ [n 1407 0
GND [ 12 13(] 03
Description PIN NAMES

A Address Input G Qutput Enable

The HM-6641 is a 5612 x 8 CMOS polysilicon fusible link Programmable
Read Only Memory in the popular 24 pin, byte wide pinout. Synchronous
circuit design techniques combine with CMOS processing to give this device
high speed performance with very low power dissipation.

On chip address latches are provided, allowing easy interfacing with recent
generation microprocessors that use multiplexed address/data bus structures,
such as the 8085. The output enable controls, both active low and active
high, further simplify microprocessor system interfacing by allowing output
data bus control independent of the chip enable controi. The data output
latches allow the use of the HM-6641 in high speed pipelined architecture
systems, and also in synchronous logic replacement functions.

Applications for the HM-6641 CMOS PROM include low power handheld
microprocessor based instrumentation and communications systems, remote
data acquisition and processing systems, processor control store, and synch-
ronous logic replacement.

Q Data Output
E Chip Enable
NC No Connect

P Program Enable
(P = GND except during
Programming)

LCcc
TOP VIEW

Functional Description

As—] A

AA;: LATCHED [~7%~] GATED 64x64
ADD

As—| RESS | _ ROW ] MATRIX

A4—{ REGISTER T DECODER

A3—

l

A2—| LATCHED |a
Al—| ADDRESS [R5
A0—| REGISTER [ 73

GATED COLUMN
DECODER

o [T

8 BIT DATA LATCH

a a1 Q2 03 04 Q5 Q6 Q7

ALL LINES POSITIVE LOGIC -
ACTIVE HIGH

THREE STATE BUFFERS:
A HIGH ~* QUTPUT ACTIVE

DATA LATCHES:
LHIGH—=-Q =D
Q@ LATCHES ON RISING EDGE OF E

ADUDRESS LATCHES AND GATED
DECODERS:
LATCH ON FALLING EDGE OF E
GATE ON FALLING EDGE OF €

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow standard IC Handling Procedures.
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Specifications HM-6641-2/HM-6641-8/HM-6641-9

Absolute Maximum Ratings*

Supply Voltage - (VCC - GND)
Input or Qutput Voltage Applied...

Storage Temperature

(GND -0.3V)
to (VCC +0.3V)
............................... -650C to +1500C

Operating Range

Operating Supply Voltage
HM-6641-2/-8.
HM-6641-9

Operating Temperature
HM-6641-2/-8
HM-6641-9

..4.5V to 5.5V
..45Vto 55V -

-550C to +1250C
-400C to +850C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 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.

Electrical Specifications @

TEMP & VCC =
OPERATING
RANGE
TEST
SYMBOL PARAMETER MIN L MAX UNITS CONDITIONS
ICCSB Standby Supply Current 100 MA 10=0
VI =GND OR VCC
IccopP Operating Supply Current (2) 15 mA f=1MHz, 10=0 (®)
Vi =VCC or GND
It Input Leakage Current -10 +1.0 UA anpLvigvee (6
102 Output Leakage Current -1.0 +1.0 MA GNDSVOS_VCC @
VIL Input Low Voltage -0.3 0.8 \
VIH Input High Voltage VCC-2.0 |vVCC+0.3 \ @
voL Output Low Voltage 0.4 v ioL=32mA ©®
VOH Output High Voltage 24 \ IOH = -1.0mA @
cl Input Capacitance (3) 10.0 pF VI =VCC or GND
f=1MHz
co Output Capacitance (3) 120 pF VO =VCC OR GND
f=1MHz
TELQV Chip Enable Access Time 250 ns @06 6
TAvVQvV (TAVQV = TELQV + TAVEL)
Address Access Time 270 ns @ @ @
TELQX Chip Enable Time 20 150 ns ® ®
TGvax Output Enzble Time 20 150 ns ®®
TGXQz Output Disable Time 20 150 ns ®®
TELEH Chip Enable Pulse Negative Width 250 ns @ ® @
TELEL Read Cycle Time 400 ns @06 6
TEHEL Chip Enable Pulse Positive Width 150 ns @ G 6
TAVEL Address Set-up Time 20 ns @ e @
TELAX | Address Hold Time 60 ns ® ®
NOTES: (@ All devices tested at worst case temperature and VCC limits.
@ Typical derating: 15mA/MHz increase in ICCOP. VI = VCC or GND.
® Tested at initial design and after major design changes.
@® Input pulse levels: 0.0V to 3.0V, Input and Output timing reference leveis: 1.5V, Input rise and fall times: <5ns,
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL. > 50pF, access times are derated by 0.15 ns per
pF. Output load for output enable/disable times = 1TTL Gate equivalent and CL = 50 to 300pF. (including scope
o W%
® VCC=55V.
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Read Cycle

TAVEL TELAX

A ADD VALID

TAVQV ——1

TAVEL

NEXT ADD

t TELEL
LEH 1 TEHEL

TIME f

REFERENCE T [
[}

*G HAS SAME TIMING AS G EXCEPT SIGNAL IS INVERTED

TRUTH TABLE
TIME INPUTS |QUTPUTS
REFERENCE | E | G | A o FUNCTION
-1 Hl H| X z MEMORY DISABLED
o | H |V z CYCLE BEGINS-ADDRESSES ARE LATCHED
1 LfL]|x X OUTPUT ENABLED
2 LfLix \2 QUTPUT VALID
3 L] x Vv QUTPUT LATCHED
4 HiIH|X z READ ACCOMPLISHED AND OUTPUT DISABLED
5 HH]|X z PREPARE FOR NEXT CYCLE (SAME AS -1)
[} N H | X z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0)

In the HM-6641 read cycle, the address information is
latched into the on chip registers on the falling edge of
E(T = 0). Minimum address setup and hold time require-
ments must be met. After the required hold time,the
addresses may change state without affecting device opera-
tion. To read data G1 and G2 must be low, and G3 must
be high. After access time, E may be taken high to latch

the data outputs and begin TEHEL. Taking either or
both G1 or G2 high or G3 low will force the output buffers
to a high impedance state. The output data may be re-
enabled at any time taking G1 and G2 low and G3 high.
On the falling edge of E the data will be unlatched. P
should be grounded except when in the programming mode.

Programming
INTRODUCTION

The HM-6641 is a 512 word, by 8 bit field programmable
read only memory utilizing polycrystalline silicon fusible
links as programmable memory elements.. Selected mem-
ory locations are permanently changed from their manu-
factured state, of all low (VOL) to a logical high (VOH),
by the controlled application of programming potentials
and pulses. Careful adherence to the following program-
ming specifications will result in high programming yield.
Both high VCC (6.0 volts) and low VCC (4.0 volts) verify
cycles are specified to assure the integrity of the pro-
grammed fuse. This programming specification, although
complete, does not preclude rapid programming. The worst
case programming time required is 37.4 seconds, and typ-
ical programming time can be approximately 4 seconds
per device.

The chip (E) and output enable (&) are used during the
programming procedure.  On PROM’s which have more
than one output enable control G1 is to be used. The
other output enables must be held in the active, or enabled,
state throughout the entire programming sequence. The
programmer designer is advised that all pins of the pro-
grammer’s socket should be at ground potential when

the PROM is inserted into the socket. VCC must be
applied to the PROM before any input or output pin

is allowed to rise™.
OVERALL PROGRAMMING PROCEDURE

1. The address of the first bit to be programmed is
presented, and latched by the chip enable (E) falling
edge. The output is disabled by taking the output
enable (G) high.

2. VCC is raised to the programming voltage level, 12.5V.

3. The data output pin corresponding to the bit to be
programmed is pulled low. All other bits in the
word are pulled up to VCC (at the programming
level).

4. A 500 us pulse is applied to the programming con-
trol pin (P).

5. The data output pin is returned to VCC, and the VCC
pin is returned to 6.0 volts.
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6. The address of the bit is again presented, and latched 2.
by a second chip enable falling edge.

7. The data outputs are enabled,and read, to verify that
the bit was successfully programmed..
a). If verified, two post programming pulses are
applied (the bit is programmed twice more).
Then the next bit to be programmed is ad-
dressed and programmed .

b). if not verified, the program/verify sequence is
repeated up to 8 times total, at the program-
ming voltage level,12.5 volts.

c). If data is not verified, the programming voltage
is increased to +14.0 volts. The program/verify
sequence is then repeated up to 8 additional
times.

8. After all bits to be programmed have been
verified at 6.0 volts, the VCC is lowered to
4.0 volts and all bits are verified.
a). If all bitsverify, the device is properly programmed.

b). If any bit fails to verify, the device is rejected.

PROGRAMMING SYSTEM REQUIREMENTS

1. The power supply for the device to be programmed
must be able to be set to four voltages; 4.0V, 6.0V,
12.5V,14.0V. This supply must be abieto supply500mA

The address drivers must be able to maintain input
voltage levels 270% VCC for VIH, and< 20% VCC for
VIL. The programming system designer has a choice
between buffers that will track VCC up and down
(e.g. open collector buffers with pull up resistors)
or buffers used for VIH only at 4.0V and 6.0V and
returned to VIL when the system is at program-
ing voltages.®

The control input buffers have the same 70% and 20%
VCC requirements as the address buffers. Notice that
chip enable (E) does not require a pull up to pro-
gﬁmming voltage levels, but that the output enable
(G) must have a pull up to track VCC up and down. .
The program control (P) must switch from ground
to programming VCC level.*

The data input buffers must be able to sink up to 3mA
from the PROM’s output pins without rising more than
0.7 volts above ground, be able to hold the other
outputs high with a current source capability of 0.5mA
to 2.0mA, and not interfere with the reading and ver-
ifying of the data output of the PROM. Notice that
a bit to be programmed is changed from a low state
(VOL) to high (VOH) by pulling low on the output
pin. A suggested implementation is open collector
TTL buffers (or inverters) with 4.7KQ pull up resis-
tors to VCC.*

average, and 1A dynamic, currents to the PROM *Note: Never allow any input or output pin to rise more

during programming. The power supply rise fall
times when switching between voltages must be no
quicker than 1us.

than 0.3 volts above VCC, or fall more than
0.3 volts below ground.

Programming System Specifications

PARAMETER NAME MIN TARGET MAX UNITS
VCCN Normal VCC 5.75 6.0 6.25 _ volts
VCC PGM Programming Voltage 120 120 125 volts
VCC LV Low Voltage Verify VCC 3.75 40 4.25 volts
ICC System ICC Capability 500 mA
ICC Peak Transient ICC Capability 1.0 A

For PROM Input Pins:
vOoL Output Low Voltage

(to PROM) -0.3 GND 20% VCC [ voits
VOH Output High Voltage

(to PROM) 70% VCC VvVCC VCC +0.3 | volts
[[o]'% Output Sink Current

(at VOL) .01 mA
I0H Output Source Current

(At VOH) .01 - mA

For PROM Data Output Pins:
voL | Output Low Voltage

{to PROM) -0.3 GND 0.7 volts
VOH Output High Voltage

(to PROM) 70% VCC vCC VCC +0.3 { volts
1oL Output Sink Current :

{at VOL) 3.0 mA
IOH Output Source Current

(at VOH) 0.5 1.0 2.0 mA

2-116




- m— gy e —

HM-6641

-

Programming System Timing g

<

SYMBOLS PARAMETER MIN MAX UNITS E

I
TAVEL Address Set-up Time 500 ns
TELAX Address Hold Time 500 ns
TEHEL Chip Enable High Time 500 ns
TELVP Chip Enabie Low to VCC Rising Delay 500 ns
TGHVP Output Enable High to VCC Rising Delay 500 ns
TGHQZ Output Disable Time 150 ns
TRISE VCC Rise Time (to PGM Voltage) 1.0 us
TVPQL VCC High (PGM) to Output Low Delay 500 ns
TQLPH Programming Data Setup Time 500 ns
TPHPL Programming Pulse Width 450 550 s
TPLQH Programming Data Hold Time 500 ns
TQHVN Output High to VCC Normal Delay -500 ns
TFALL VCC Fall Time ( to Normal VCC) 1.0 Ms
TVNEH VCC Normal to Chip Enable High Delay 500 ns
TVNGL VCC Normal to Output Enable Low Delay 500 ns
TELQV Chip Enable Access Time 500 ns
TGLQV Qutput Enable Access Time 500 ns
TGLAX Output Enable Time 150 ns

Low Voltage Verify Cycle

{G = Low)

4.0 == ——=, o
A o K. VALID ADD . NEXT ADD P

m
>
°

40
Q 0 PREVIOUS DATA VALID DATA
SYSTEM VERIFY TIME
Program and Verify Cycle
125 e e e
A 60 - ADDRESS = GND OR VCC =~ --
o VALID ADD N A vaupabp- | X[ NEXT ADD
FTAVEL|TELAXA TAVEL
E
N—
TEHEL~
[} L—
/]
L-TRISE | TFALLA
vee 3
20% 90%
10% 10%
TVPOL. OUTPUT HIGH = |.yQHVN TeHaZ A_j L
_ . LeavemTLOW TGLOX PROGRAMMED
5 OUTPUT LOW = BIT = HIGH
Q 600 QUTPUTACTIVE, PROGRAM BIT HIGH ‘Fggg(_ VALIDDATA I
LYALIDDATA _, .
UNPROGRAMMED
IT=LOW
125 SYSTEM VERIFY
P TIME
[}
TPHPL
jo————  PROGRAMCYCLE | VERIFY CYCLE ]
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JHASRS  HM-6616

2K x 8 CMOS PROM

Features Pinouts
TOP VIEW

* Low Standby and Operating Power

» ICCSB - 100uA s M a0
» ICCOP - 15mA/MHz a6 ] 2 23] a8
e Fast Access Time 90/120nsec w8 2[] ne
¢ Industry Standard Pinout At ] s a[] ¥
¢ Single 5.0 Volt Supply a3 ] s 0[] &
® TTL Compatible Inputs A2 ] s RN
¢ High Output Drive 12 LSTTL Loads A1 E 7 w[] ¥
e Synchronous Operation . A [] s 7[] o
® On-Chip Address Latches : w[]s 16 ] 06
e Seperate Output Enable a1 [ 5[] e
e Wide Operating Temperature Ranges: 92 [ 147 o
» HM-6616-9 -400C to +850C GND [ 12 B[] @
» HM-6616-2/-8 -550C to +1250C
PIN NAMES
A Address Input G Output Enable
Description Q Data Output P Program Enable
E Chip Enable (P = VCC except during

The HM-6616 is a 16,384 bit fuse link CMOS PROM in a 2K word by 8 bit/word format Programming)
with *‘Three State’” outputs. This PROM is available in the standard 0.600 inch wide
24-Pin DIP, the 0.300 inch wide slimline DIP, and the JEDEC standard 32-Pin LCC. Tor o ew

The HM-6616 utilizes a synchronous design technique. This includes on-chip A7_NC_NC_NC VEC NC_NC
address latches and a separate output enable control which makes this device ideal for
applications utilizing recent generation microprocessors. This design technique,
combined with the Harris advanced self-aligned silicon gate CMOS process
technology offers ultra-low standby current. Low ICCSB is ideal for battery applica-
tions or other systems with low power requirements.

The Harris polysilicon fuse link technology is utilized on this and other Harris CMOS
PROMS. This gives the user a PROM with permanent, stable storage characteristics
over the full industrial and military temperature and voltage ranges. Polysilicon fuse
technology combined with the low power characteristics of CMOS provides an
excellent alternative to standard Bipolar PROMS or NMOS EPROMS.

All bits are manufactured storing a logical 'O’ and can be selectively programmed for a
a logical **1°" at any bit location. 01 02 OND NC 03 04 05

Functional Diagram

A10 O— A
A3 O— 7
A8 O—LATCHED GATED 128x128 a0
A7 O—] ADDRESS ROW Lo MATRIX
A6 O—]REGISTER _ |oecoper| 12® a1
A5 O— A
A¢ O—f § @
158
L Ie ALL LINES POSITIVE LOGIC:
16]16{16]1 16]16] Qa3 ACTIVE HIGH
G GATED COLUMN THREE STATE BUFFERS:
E O—q> ' DECODER AND DATA |-£2 ™ A HIGH —= OUTPUT ACTIVE
OUTPUT CONTROL ADDRESS LATCHES & GATED DECODERS:
= LATCH ON FALLING EDGE OF E
A Al as GATE ON FALLING EDGE OF
P = VCC EXCEPT DURING PROGRAMMING
4 08
L LATCHED ADDRESS
| REGISTER a7
MsB é (]) J) J) LsB ry
A3 A2 Al A0

CAUTION: These devices are sensitive to electrostatic discharge. Proper {.C. handling procedures should be followed.
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Specifications HM-6616-9/-2/-8

(L]
Absolute Maximum Ratings* Operating Range ©
©0
Supply Voltage - (VCC - GND) ..c..covvviiveiriniiiiieee +7.0V  Operating Temperature Range E'
Input or Output Voltage Applied................... (GND -0.3V) HM-=6616-2/-8 ....cccereierariririncinieirinns -550C to +1250C T
to (VCC +0.3V) HM-6616-9 ...l i, -400C to +850C
Storage Temperature..........ccccoevvicnenens -650C to +1500C

“CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isastress only rating 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. Electrical Specifications Vgc =5.0V £10%; Ta = -400C to +859C (HM-6616-9)
= -550C to +1250C (HM-6616-2/-8)

TEST
SYMBOL PARAMETER MIN | MAX |UNITS CONDITIONS .
VIH | Logical One 2.4 v ® ==
Input Voltage =
VIL | Logical Zero ‘ 08 | V @
input Voltage
VOH | Logical One 2.4 v IOH=-2.0mA ®
Output Voltage
VoL Logical Zero 04 | V 0L = +4.8mA @ -
Output Voltage
H Input Leakage -1.0| 1.0 | pA | VIN=VCCor GND ®
10z QOutput Leakage —1.0} 1.0 | pA | VO=VCCorGND ®
G = HIGH
ICCSB | Standby Power
Supply Current 100 | uA VIN = VCC or GND
VCC =55V
10 =
ICCOP | Operating Power )
Supply Current 15 | mA - f=1MHz
VCC =55V
0=0
VIN = VCC or GND
CIN Input 10 pF f =1MHz
Capacitance@ VIN = VCC = GND
cout Output 12 pF f=1MHz
Capactiance @ VIN = VCC = GND
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Specifications HM-6616-2/-8/HM-66 1 6-9

ST .-

A.C. Electrical Specifications Q@ Ve = 5.0V £10%; TA = -409C to +850C (HM-6616-9)
= -550C to +1250C (HM-6616-2/-8)

*SYMBOL “PARAMETER i MIN | MAX | UNITS CONTDEI?'.IrONS
TAVQV | Address Access Time 140 | ns ®®
TELQV | Chip Enable Access.Time 120 ns @®
TELQX | Chip Enable Time ' 5 ns @
TAVEL " | - Address Setup Time 20 ns ®0®
TELAX | Address Hold Time 25 ns ®®
TELEH |- Chip Enable Low Width 120 ns 0J6)
TEHEL | Chip Enable High Width 40 ns ®
TELEL | Cycle Time 160 ns ®®
TGLQV | Output Access Time 50 ns ©)
TGLOX | Output Enable Tme 5 s @
TGHQZ | Output Disable Time 50 | ns @
TEHQZ | Chip Enable Disable Time 50 | ns )

Switching Waveforms

TAVQV >-

3.0V

VVVVVYV VALID
ADDRESSES ‘A“““‘A‘ ADDRESSES
oV
[ TELEL—} —
I b TAVEL 3| TELAX H— | |
i - TELEH - | 30V
_ fsv \ 1.5V | )ﬁ.sv 1.5V
i N { | \___ov
be——TEHEL } TELQV — —HTEHQZ{-<—
I |
5 + |e—TGLQV — } 3.0V
| 1.5v\ I )( 1.5V |
| | t | l ov
| —{TGLOX|— i | |
| I | —]| TGHQZ |je—
DATA e———TELOX———§ | |
OUTPUT VALID TS.
Qo - Q DATA
Figure 1 Read Cycle
NOTES: (©® All devices testea at worst case temperature and VCC limits.

[SIC]

Tested at initial design and after major design changes.
Input pulse levels: 0.0V to 3.0V, Input rise and fall times: 5ns max. Input and output timing reference levels: 1.5V.

Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access times are derated by
0.15ns/pF. Output load for output enable/disable times: 1 TTL gate equivalent and CL = 5pF (min, including

scope and jig).
VCC =4.5V.
VCC = 5.5V.

©6
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Specifications HVI-6616B-9/-2/-8

©
Absolute Maximum Ratings* Operating Range ©
©
Supply Voltage - (VCC - GND) ....ccooevriviiciiciieninns +7.0V  Operating Temperature Range E‘
Input or Output Voltage Applied................... (GND -0.3V) HM-=6616-2/-8 ........coveiiriiiirieen -550C to +1250C T
to (VCC +0.3V) HM-8616-9 .....ooooiiiiiiiicie e -400C to +850C
Storage Temperature........ccoooeeiiieniiinn -650C to +1500C

*CAUTION: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa stress only rating 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. Electrical Specifications  vCC = 5.0V + 10%;
HM-6616B-9 Tp = -400C to +850C
HM-6616B-2/-8 T = -550C to +1250C

TEST
SYMBOL PARAMETER MIN | MAX |UNITS CONDITIONS
>
VIH | Logical One 2.4 v ® gs
Input Voltage e
VIL Logical Zero 08 | Vv @
Input Voltage
VOH Logical One 2.4 v OH = -2.0mA ®
Output Voltage
VoL Logical Zero 04 | Vv OL = +4.8mA @
Output Voltage
I Input Leakage -1.0| 1.0 | 4A | VIN=vCCorGND ®
10Z QOutput Leakage —-1.0| 1.0 | pA V0=VCCorGND ®
G = HIGH
ICCSB Standby Power
Supply Current 100 | pA VIN = VCC or GND
VCC =55V
10 =
ICCOP Operating Power
Supply Current 15 mA f=1MHz
VCC =55V
0=0
VIN = VCC or GND
CIN Input 10 pF f=1MHz
Capacitance @ VIN = VCC = GND
cout Output 12 pF f=1MHz
Capactiance @ VIN = VCC = GND
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Specifications HM-6616-9/-2/-8

A.C. Electrical Specifications

@ @ VCC =5.0V £ 10%;

HM-6616B-9 T = -400C to +850C
HM-6616B-2/-8 Ta = -550C to +1250C

SYMBOL PARAMETER MIN | MAX |UNITS CONTDEIﬂONS
TAVQV | Address Access Time 105 | ns @®®
TELQV | Chip Enable Access Time 90 ns @0
TELQX | Chip Enable Time 5 ns @)
TAVEL | Address Setup Time 15 ns ®®
TELAX | Address Hold Time 20 ns ®®
TELEH | Chip Enable Low Width 95 ns ®®
TEHEL | Chip Enable High Width 40 ns ®
TELEL | Cycle Time 135 ns @®®
TGLQV | Output Access Time 40 ns (@)
TGLAX | Output Enable Time 5 ns @
TGHQZ | Output Disable Time 40 | ns @
TEHQZ | Chip Enable Disable Time 45 ns )

Switching Waveforms

- - TAVQV

mi

21}

DATA
OQUTPUT
Q- Qr

1
|
| TELEH > |
ﬁv \ 1.5V | /1,5\/ 1.5V
I | t l
le——TEHEL - TELQV - | TEHQZ pt—
| | I
t f—TGLQV — +
| LSV\ | )( 15V [
| I } | l
| —{TGLOX jft— | | |
| | | —»| TGHQZ |e—
|- TELQX > | |
! 1
’V \/ VALID
JAVA DATA
Figure 1 Read Cycle
NOTES: (@ All devices tested at worst case temperature and VCC limits.

@
®

©6

Tested at initial design and after major design changes.
Input pulse levels: 0.0V to 3.0V, Input rise and fall times: 5ns max. Input and output timing reference levels: 1.5V.
Output load: 1 TTL gate equivalent and CL = 50 to 300pF. For CL greater than 50pF, access times are derated by
0.15ns/pF. Output load for output enable/disable times: 1 TTL gate equivalent and CL = 5pF (min, including

scope and jig).
VCC = 4.5V.
VCC = 5.5V.

3.0v

ov

TS.
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HM-6616

CMOS PROM Programming Algorithm

The HM-6616 PROM is manufactured with all bits storing a logical
‘0"’ (output low). Any desired bit can be selectively
programmed to a logical ““1’" (output high) by following the
procedure shown below. One may build their own programmer to
satisfy the specifications shown, or use any of the approved com-
mercially available programmers.

PROGRAM SEQUENCE OF EVENTS

1) Apply Vee(pin 24) = VCC1 to the PROM.

2) Read all fuse locations to verify (blank check) a 100% Vg
(unprogrammed) condition.

3) Place the PROM in the initial state for programming. E = VIH,
P = VIH, G = VIL.

4)  Apply the current binary address for the word to be pro-
grammed. An open circuit should not be used to address the
PROM.

5) Apply E = VIL after a delay of td to access the addressed
word.

6) Address may be held throughout cycle, but must be held at
least time td (address hold time), after E = VIL.

7) After a delay of td tristate the outputs by applying G = VIH.
8) After a delay of td apply P = VIL.

9) After a delay of td raise VCC(pin 24) to VCCPROG with rise

© time = tr. Ali signals at VIH should track VCC(pin 24) within
VGC-2V to VCC+ 0.3V (including outputs - pull-up resistors
Rn to VCC would suffice).

After a delay of td pull the output to be programmed to VIL.
After a duration tpw, allow the output to be pulled to VIH
through the pull-up resistor Rn.

11) Repeat step 10 for all other bits to be programmed in the
addressed word.

12) Lower Voe(pin 24) to VCC1 with a fall time tf. Signals at VIH
should track VCC (pin 24) in range VCC-2V to VCC+0.3V.

13) After a delay of td apply E = VIH for duration of TEHEL, and
the apply E = VIL.

14) After a delay = TELPH1, apply P = VIH.

10

=

15) After a delay of td apply G = VIL. Following a delay of td
examine the outputs for correct data.

16) If any location verifies incorrectly, repeat steps 4 through 15
(attempting to program only those bits in the word which
verified incorrectly) up to a maximum of eight attempts for any
given word. If a word does not program within eight attempts,
it should be considered a programming reject.

17) Repeat steps 4 through 16 for all other words in the PROM.

POST PROGRAMMING VERIFICATION

18) Place the PROM in the post-programming verify mode. E=
VIH, G = VIL, P = VIH. VCC(pin 24) = VCC1.

19) Apply the correct binary address of the word to be verified.

20) After a delay of td, apply E = VIL.

21) After a delay of td apply G = VIH to disable the outputs (out-
puts are tied to VCC through puli-up resistors Rn).

22) After a delay of td apply P = VIL.

23) After a delay of td apply E = VIH for duration TEHEL, then
apply E = VIL.

24) After a delay = TELPH2 apply P = VIH.

25) After adelay of td apply G = VIL to enable the outputs. After a
delay of td examine the outputs for correct data.

26) Repeat steps 19 through 25 for all possible address locations.

POST PROGRAMMING READ

27) Apply VCC2 = 4.0V to VCC(pin 24).
28) After a delay of td, apply E = VIH.
29) Apply the correct binary address of the word to be read.
30) After a delay of TAVEL, apply E = VIL.
)

31) Afteradelay of TELQV, examine the outputs for correct data. If

any bit verifies incorrectly, the device is to be considered a
programming reject.
32) Repeat steps 28 thru 31 for all other words in the PROM.

33) Repeat steps 27 thru 32 for VCC2 = 6.0V applied to
VCC(pin 24).
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Figure 3 — Programming and Verify Cycle

VCCPROG —

Ax ‘(,',’L' _‘ VALID / \

TEHEL
VIH !<-ld<>' :«-——»:
F __{
iL — | ‘I |\ -/
VCCPROG — I
1 \ 1 I
_ <td
g '_L_’.}——‘/ —
VIL \ 1 ] | | H
1 td ol 1 I TELPH1 | taa
P VH L " i | le——»l |
viL — | 1 L/ II
— | |
VCCPROG
|
vee : e H
GND —— ——p—— e — m e e = e = —————
VCCPROG — l }
VOH/VIH |
VOL/VIL I\ READ DATA
VALID e
{td)
PROGRAMMING | PROGRAM VERIFY

Figure 4 — Post Programming Verify & Read Cycle

VIH
AX L \ VALID VALID . VALID

k-td->: H% |etd ! :<—>| TAVEL | ¢ > TAVEL
£ VM ————y — | HTEHEL L) "—"‘l ITEHEL
E e h 1 : :
| I ’ |
] ' 1 | |
g VM g ] J : : i I
1 \ |
VIL ! I N N )
1 ] 1 ITELPH2| _J | \ " T
td—phe-td td
_VIH D e ' N 1 I ] !
P i 7 i I 1 T |
| | | i
VeC2 = 6.0V — 1 i i
veel | ; I ]
VOC yo0o = 4OV == — e = e — = _._...._._..____..__.i.___} h :
| [ P! v le—
0y VOV H Tecav |
X o —-———Jm |
-—»{ td =<— READ DATA READ DATA  READ DATA
| POST PROGRAM VERIFY POST PROGRAM READ
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Specifications HM-6616-2/-8/HM-6616-9

Programming
SYMBOL PARAMETER MIN TYP. MAX. UNITS

VIL Input "o 0.0 0.2 0.8 v

VIH (1) Voltage " VCC-2 VeC | VCC+0.3 v

VCCPROG(2) Programming VCC 12.0 12.0 125 v

VCC1 Operating VCC 4.5 5.0 5.5 v

VCC2 (3) Special Verify VCC 4.0 - 6.0 v

td Delay Time 1.0 1.0 ---- us

tr Programming VCC 1.0 10.0 10.0 us

tf Rise and Fall Times 1.0 10.0 10.0 us

TEHEL Chip Enable Pulse Width 50 . ns

TAVEL Address valid to Chip 20 - - ns
Enable low time

TELQV Chip Enable low to . 120 ns
OQutput Valid time

TELPH1 (4) Elowto 400 500 600 us

TELPH2 (5) P High Time 5.0 5.0 10.0 us

tpw (6) Programming Pulse Width 0.9 1.0 1.1 ms

1P Input Leakage at VCC =VCCPROG -10 +1.0 10 uA

0P Data Qutput Current at - -5.0 -10 mA
VCC = VCCProg

Rn (7) Output pull-up 5 10 15 kohms
resistor

Ta Ambient Temperature - 25 -- °C

Notes: 1) All inputs must track VCC(pin 24) within these limits
2) VCCPROG must be capable of supplying 500mA.
3) See steps 27 thru 33 of the programming algorithm.
4) See steps 13 & 14 of the programming algorithm.
5) See steps 23 & 24 of the programming algorithm.
6) See step 10 of the programming algorithm.
7) Al outputs should be pulted up to VCC thru a resistor of value Rn.
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Data Entry Formats for Harris Custom Programming*

For Harris to custom program to a user data pattern specification, the user must supply the
data in one of the following formats:

1. Master PROM of same organization and pinout as device ordered. Two pieces re-
quired, three preferred.

2. Paper tape in Binary or ASCII BPNF.

* BINARY PAPER TAPE FORMAT

® A minimum of six inches of leader.
e A rubout (all eight locations punched).

e Data words beginning with the first word (word “0"’), proceeding sequentially, end-
ing with the last word (word “N’’), with no interruptions or extraneous characters
of any kind.

® Specify whether a punched hole is a VOH = ““1”" = logic high or is a VOL = "“0"" =
logic low.

® A minimum trailer of six inches of tape.

* ASCH BPNF FORMAT

® A minimum leader of twenty rubouts (all eight locations punched).
o Any characters desired {(none necessary) except “B’’.

Data words beginning with the first word (word *“0”’), proceeding sequentially, end-
ing with the last word (word “N’’).

e Data words consist of:
1. The character ‘’‘B"’ denoting the beginning of a data word.

2. A sequence of characters, only “P"” or ““N”, one character for each bit in
the word.

3. The character “‘F’’ denoting the finish of the data word.

o No extraneous characters of any kind may appear within a data word (between any
"B’ and the next ““F"’).

® Errors may be deleted by rubouts superimposed over the entire word including the
““B", and beginning the word again with a new “B"’.

e Any text of any kind (except the character “‘B’’) is allowed between data words
(between any ‘“F’* and the next “B"’), including carriage return and line feed.

A minimum trailer of twenty-five rubouts.
® Specify whether a “P” is a 1" = VOH = logic high or is a 0’ = VOL = logic low.
® The use of even or odd parity is optional.

*Harris can not assume responsibility for PROMs programmed to data tapes or masters which contain errors.
The user must insure the accuracy of the data provided to Harris. Harris guarantees that the programmed
PROMs will contain the information provided if either of the following formats are followed.
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BINARY PAPER TAPE EXAMPLE

Direction
of Tape
Fiow

Punched Hole = 0" = VOL = Logic Low

Output 1 (01)

| Sprocket Word PROM Output Data D
Holes
Channel 1 Channel 8 7 6 5 4 3 2 1

AX-.-A2 A1 AO Output Og 07 Og O5 04 O3 02 O1

— Channel 8
0---+0 0 0 First ¢ t 0 0 0 1 0 1

re— Rubout 0:-+-0 0 1 Second 1 11 0 1 0 0 O

*— First Word 0 - 0 1 0 Third o 1 0o 1 1 1 0 O
0- 0 1 1 Fourth o 1 1 1 0 1 1 0
0----1 0 O Fifth 1 0 0 1 0 0 O 1

~

1"'111LastT o 1t 0o 0 1t 0 1 O

*— Last Word NOTES:

® PROMs with 4 bit wide data outputs require punching only
first 4 channels on tape (Channels 1 thru 4).
@ On HARRIS PROMs Qx (Example: O1) designates a respective
output pin on the device. O1 (Output 1) is always LSB.
DEVICE OUTPUT PACKAGE PINS
EXAMPLE:
SH'::::k“ Package | Device Type
91011 012 16 Pin CMOS ' HM-6611
678 0911121314
— Output 8 (0g)
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ASCIl BPNF PAPER TAPE EXAMPLE

FIRST WORD

SECOND WORD

LAST WORD

eoooe
XXX
a XXX
eoee
— XXX
Rl REEE
XX
XXX
XXX
7 7 7,
HM-6611 16 Pin Pkg.
HM-7649 20 Pin Pkg.

[e]

EXAMPLE PACKAGE TYPE

Parity is optional. [ N N N J
00000 O6OGBOCS 00 00000000 0000 O00COCGFEOCGSEOIOSGNONOSGNOGIOS
L4 o000
[ e o [ N} o0 O [ X N N N J
[ ] [ X N} [ ] [ e oeeo0o0 [ N N N N ]
O 00000 0000000000000 000 O 000 O
[ ] [ X N J [ ] [ N J [ [ ] [N N N J o000 0O
[ ] [ X N ] e o o o [ N N N N J o000 0O
[ ] : 90000
% 7
[ T A I I
1211109 (MOS) Truth Table
141312119 8 7 6 Character ’D’' = "1"" = VOH = Logic High
Character V' = 0" = VOL = Logic Low
DEVICE OUTPUT PINS
Word PROM Outputs Data (D
AX - A2 A1 A0 Og 07 Og O5 04 03 02 O1
[UEERE 0 O 0 First o1 o0 0 0 1 0 1
[UEEEER 0 0 1 Scondy 1t 1 1 0 1 0 0 O
—
LIRS 01 0 tat T 0 1 00 1 0 10
NOTES:
@ In the ASCII BPNF format, MSB data is punched after “B’. On

devices with 8 outputs, Og (Output 8) data is punched after “B*
On devices with 4 outputs, O4 (Output 4) data is punched
after “'B*
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@ HARRIS

80C86

CMOS 16 Bit Microprocessor

Features
¢ Compatible with NMOS 8086
o Completely Static CMOS Design
» DC to 5MHz (80C86)
» DC to 8MHz (80C86-2)
e Low Power Operation
» ICCSB = 500uA Maximum
» ICCOP = 10mA/MHz Typical
* 1 MByte of Direct Memory Addressing Capability
e 24 Operand Addressing Modes
o Bit, Byte, Word and Block Move Operations
* 8 And 16 Bit Signed/Unsigned Arithmetic
» Binary, or Decimal » Multiply and Divide
e Wide Operating Temperature Ranges:

» CB0OC86 00C to +709C
» 180C86 -400C to +850C
» M80C86 -550C to +1250C

Description

The Harris 80C86 high performance 16 bit CMOS CPU is manufactured
using a self-aligned silicon gate CMOS process (Scaled SAJI V). Two
modes of operation, MINimum for small systems and MAXimum for larger
applications such as multi-processing, allow user configuration to
achieve the highest performance level. Full TTL compatibility and indus-
try standard operation allow use of existing NMOS 8086 hardware and
software designs.

Pinout *
TOP VIEW
MAX (MIN]

oo 0 4] vee
ani4 ]2 39[] A5
a3 3 38 [] at6/s3
a2 4 37 % A17/84
an [Os 36 [) A18/85
a0 []6 35 [ a9/s6
aps 7 34 (] BHE/ST
aos [Js soces 33[] mN/mX
a7 {9 32[] A0
aoe []10 31 [ RG/6T0  (HoLD)
ass [ 30[] ARQ/GTT  (HLOA)
AD4 EIZ 20[] (06K  (WR)
ap3 [] 13 8] §2 (M/i0)
anz [ a0 §1 {0T/R)
Al (s 26[] S0 (DEN)
ano (] 16 25[] 0s0 (ALE)
a7 240 st (iNTA)
INTR [} 18 230 TEsT
etk ]9 22[] ReADY
eNo [ 20 21[] RESET

*LCC/PLCC Pinout on Page 3-19.

Functional Diagram

EXECUTION UNIT
REGISTER FILE

BUS INTERFACE UNIT
RELOCATION

MEMORY INTERFACE

REGISTER FILE
DATA, SEGMENT
POINTER, & REGISTERS &
INDEX REGS INSTRUCTION|
(8 WORDS) POINTER
(5 WORDS)
H INSTRUCTION
5 BHE/ST STREAM BYTE
|-
16-8IT ALY E>A1g/ss QUEUE
A16/S3 s
BUS 16 ) AD15-AD cs
FLAGS INTERFACE @ 15-A00 INTERFB::': 55
uNIT __.: R A
3, INTA. RO WR uNIT DS EXECUTION UNIT
[4 > 0T/, BEN io CONTROL
o
3 ) DT/R, DEN, ALE, M/il ONTRO
6-BYTE
INSTRUCTION
| oueve '
AH
BH ARITHMETIC/
i == |— CH CL LOGIC UNIT
TEST —»f
" — LOcK EXECUTION DH DL
NMI
ﬁ;ﬁ,,@ CONTROL & TIMING 2 ) 0sp, 0% uNIT :l;
HOLD —»] R S
HLDA +—— B

IRAREREAC)

CLK RESET READY MN/MX GND
Vee
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80C86

Pin Description
The following pin function descriptions are for 80C86 bus interface connection to the 80C86 (without regard to
systems in either minimum or maximum mode. The additional bus buffers).

“Local Bus” in these descriptions is the direct multiplexed

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

AD15-ADg

2-16, 39

1/0

ADDRESS DATA BUS: These lines constitute the time muitiplexed memory/IO address (T1)
and data (Tp, T3, Tw. T4) bus. Ag is analogous to BHE for the lower byte ofthe data bus, pins
D7-Dg. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in
memory or 1/0 operations. Eight-bit oriented devices tied to the lower half would normally
use Ag to condition chip select functions (See BHE). These lines are active HIGH and are
held at high impedance to the last valid logic level during interrupt acknowledge and local
bus “hold acknowledge” or “grant sequence”.

A19/Se
A18/Ss
A17/S4
A16/S3

35-38

ADDRESSS/STATUS: During T4, these are the four most significant address lines for
memory operations. During 1/O operations these lines are low. During memory and 1/O
operations, status information is available on these lines during Tp, T3, Tw, T4. Sgisalways
zero. The status of the interrupt enable FLAG bit (Ss) is updated at the beginning of each
CLK cycle. S4 and S3 are encoded as shown in (Table 1).

This information indicates which segment register is presently being used for data acces-
sing. These lines are held at high impedance to the last valid logic level during local bus “hold
acknowledge” or “grant sequence”.

BHE/S7

34

BUS HIGH ENABLE/STATUS: During T+ the bus high enable signal (ﬁ) should be used
to enable data onto the most significant half of the data bus, pins D15-Dg. Eight bit oriented
devices tied to the upper half of the bus would normally use BHE to condition chip select
functions. BHE is LOW during T4 for read, write, and interrupt acknowledge cycles when a
byte is to be transferred on the high portion of the bus. The S7 status information is available
during Tp, T3 and T4. The signal is active LOW, and is held at high impedance to the last
valid logic |evel during interrupt acknowledge and local bus “hold acknowledge” or “grant
sequence”; it is LOW during T4 for the first interrupt acknowledge cycle. (See Table 2).

32

READ: Read strobe indicates that the processor is performing a memory or 170 read cycle,
depending on the state of the M/IO or So pin. This signal is used to read devices which reside
on the 80C86 local bus. RD is active LOW during To, T3 and Ty of any read cycle, and is
guaranteed to remain HIGH in To until the 80C86 local bus has floated.

This line is held at a high impedance logic one state during “hold acknowledge” or “grant se-
quence”. ’

READY

22

READY: is the acknowledgement from the addressed memory or I/O device that will com-

‘plete the data transfer. The RDY signal from memory or I/0 is synchronized by the 82C84A

Clock Generator to form READY. This signal is active HIGH. The 80C86 READY input is not
synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met.

INTR

18

INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cy-
cle of each instruction to determine if the processor should enter into an interrupt acknowl-
edge operation. A subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by software resetting the interrupt enable bit.
INTR is internally synchronized. This signal is active HIGH.

TEST

23

TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution con-
tinues, otherwise the processor waits in an “Idie” state. This input is synchronized internally
during each clock cycle on the leading edge of CLK.

NMI

NON-MASKABLE INTERRUPT: is an edge triggered input which causes atype 2 interrupt. A
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI
is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt
at the end of the current instruction. This input is internally synchronized.

RESET

21

RESET: causes the processor to immediately terminate its present activity. The signal must
transition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts ex-
ecution, as described in the Instruction Set description, when RESET returns LOW. RESET
is internally synchronized.

CLK

CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with
a 33% duty cycle to provide optimized internal timing.

vCC

VCC: +5V power supply pin. A 0.1uF capacitor between pins 20 and 40 is recommended for
decoupling.

GND

GND: Ground. Note: both must be connected. A 0.1uF capacitor between pins 1 and 20 isre-
commended for decoupling.

MN/MX

MINIMUM/MAXIMUM: Indicates what mode the processor is to operate in. The two modes
are discussed in the following sections.
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80C86

Pin Description

The following pin function descriptions are for_the GND). Only the pin functions which are unique to maxi-
80C86/80C88 system in maximum mode (i.e., MN/MX = mum mode are described below.

PIN

SYMBOL |NUMBER

TYPE

DESCRIPTION

Sp, S1. S2 26-28

(o]

STATUS: s active during T4, T1 and T2 and is returned to the passive state (1,1, 1) during
T3 or during Tyy when READY is HIGH. This status is used by the 82C88 Bus Controller to
generate ali memory and I/0 access control signals. Any change by S5, 51 orSgduring T4 is
used to indicate the beginning of a bus cycle, and the return to the passive statein Tz or Ty
is used to indicate the end of a bus cycle. These status lines are encoded as shown in Table
3. These signals are held at a high impedance logic one state during “grant sequence”.

R_(-D/G—To

%/G—"H

31, 30

170

REQUEST/GRANT: pins are used by other local bus masters to force the processor to re-
lease the local bus at the end of the processor’s current bus cycle. Each pin s bi-directional
with RQ/GTO having higher priority than RQ/GT1 RQ/GT has an internal puli-up bus hold
device so it may be left unconnected. The request/grant sequence is as follows (see RQ/GT
Sequence Timing)

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request
("hold”) to the 80C86 (pulse 1).

2. During a T4 or T clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting
master (pulse 2) indicates that the 80C86 has allowed the local bus to float and that it
will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is
disconnected logically from the local bus during “grant sequence”.

3. A puise 1 CLK wide from the requesting master indicates to the 80C86 (puise 3) that
the "hold” request is about to end and that the 80C86 can reclaim the local bus at the
next CLK. The CPU then enters T4 (or T) if no bus cycles pending).

Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must
be one idle CLK cycle after each bus exchange. Pulses are active low.

If the request is made while the CPU is performing a memory cycle, it will release the
local bus during T4 of the cycle when all the following conditions are met:

1. Request occurs on or before Ta.

2. Current cycle is not the low byte of a word (on an odd address).

3. Current cycle is not the first acknowledge of an interrupt acknowledge
sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will follow:

1. Local bus will be released during the next cycle.

2. A memory cycle will start within three clocks. Now the four rules for a cur-
rently active memory cycle apply with condition number 1 already satisfied.

LOCK

29

LOCK: output indicates that other system bus masters are not to gain control of the system
bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK" prefix instruc-
tion and remains active until the completion of the next instruction. This signal is active
LOW, and is held at a HIGH impedance logic one state during “grant sequence”. In MAX
mode, LOCK is automatically generated during T2 of the first INTA cycie and removed dur-
ing To of the second INTA cycle.

Q84, QS 24, 25

QUEUE STATUS: The queue status
is valid during the CLK cycle after Q81 QSp

which the queue operation is per- 0 0 No Operation
formed. 0 1 First Byte of Op Code from
QS+ and QS provide status to allow Queue
external tracking of the internal ! 0 Empty the Queue
80C86 instruction queue. Note that ! 1 Subsequent Byte from Queue
QS4, QSp never become high impe-
dance.
TABLE 1. TABLE 2. TABLE 3.
Sa T S3 |CHARACTERISTICS BHE | Ag | CHARACTERISTICS S, |[S1]|Sp | CHARACTERISTICS
o] 0 Whole word 0 0 0 Interrupt Acknowledge
0 Alt
0 ? St;r:ate Data 9] 1 Upper byte from/to 0 0 1 Read I/0 Port
1 0 Code or None odd address 0 1 0 Write 1/0 Port
1 1 Data 1 0 Lower byte from/to 0 1 1 Halt
even address 1 0 0 Code Access
1 1 None 1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
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Pin Description

The following pin function descriptions are for the 80C86
in minimum mode (i.e. MN/MX =Vgc). Only the pin func-

tions which are umque to minimum mode are described;
all other pin functions are as descnbed below.”

DESCRIPTION

STATUS LINE: logically equivalent to §§ in the maximum mode. It is used to distinguish
amemory access from an I/0 access. M/IO becomes valid in the T4 preceding a bus cy-
cle and remains valid until the final T4 of the cycle (M=HIGH, I0=LOW). M/iO isheld to
a high impedance logic zero during local bus hold acknowledge”.

WRITE: indicates that the processor is performing a write memory or write I/O cycle,
depending on the state of the M/IO signal. WR i isactive for T, Tgand TW of any  write

cycle. It is active LOW, and is held to high impedance logic one during Iocal bus “hold )

INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge cy-
cles. It is active LOW during To, T3 and TW of each interrupt-acknowledge cycle Note

ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the
82C82/82C83 address latch. It is a HIGH pulse active during clock LOW of T1 of any bus

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data
bus transceiver. It is used to control the direction of data flow through the transceiver.
Logically, DT/R is equivalent to S_1 in maximum mode, and its timing is the same as for
M/IO (T = HIGH, R = LOW). DT/R is held to a high |mpedance logic one durlng Iocal bus

DATA ENABLE: provided as an oﬁtput enable fora bus transceiver.in aminimum system I

which uses the transceiver. DEN is active LOW during each memory and /0 access and
for INTA cycles. For a read or INTA cycle it is active from the middle of T until the mid-
dle of T4, while for a write cycle itis active from the beginning of T2 untii the middle of T4.

DEN is held to a high impedance logic one during local bus “hold acknowledge”.

HOLD: indicates that another master is requesting a local bus “hold”. To be a acknowl-
edged, HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold
acknowledge” (HLDA) in the middle of a T4 or T| clock cycle. Simultaneously with the
issuance of HLDA, the processor will float the local bus and control lines. After HOLD is
detected as being LOW, the processor will lower HLDA, and when the processor needs
to run another cycle, it will again drive the local bus and control lines.

HOLD is'not an asynchronous input. External synchronization should be provided if the

PIN
SYMBOL | NUMBER | TYPE
M/IO 28 o]
WR 29 o]
acknowledge”.
INTA 24 (o]
that INTA is never floated.
ALE . 25 (o]
cycle. Note that ALE is never floated.
DT/R 27 o
“hold acknowledge”.
DEN 26 o
HOLD 31, 1
HLDA 30 0
system cannot otherwise guarantee the setup time.

Functional Description

Static Operation

All 80C86 circuitry is of static design. Internal registers,
counters and latches are static and require no refresh as
with dynamic circuit design. This eliminates the minimum
operating frequency restriction placed on other micro-
processors. The CMOS 80C86 can operate from DCtothe
specified upper frequency limit. The processor clock may
be stopped in either state (HIGH/LOW) and held there in-
definitely. This type of operation is especially useful for
system debug or power critical applications.

The 80C86 can be single stepped using only the CPU
clock. This state can be maintained as long as is neces-
sary. Single step clock operation allows simple interface
circuitry to provide critical information for bringing up
your system.

Static design also allows very low frequency operation
(down to DC). In a power critical situation; this can pro-
vide extremely low power operation since 80C86 power

dissipation is directly related to operating frequency. As
the system frequency is reduced, so is the operating
power until, ultimately, at a DC input frequency, the
80C86 power requirement is the standby current, (500uA
maximum).

Internal Architecture

The internal functions of the 80C86 processor are parti-
tioned logically into two processing units. The first is the
Bus Interface Unit/(BIU) and the second is the Execution
Unit (EU) as shown in the CPU functional diagram,

These units can interact directly but for the most part per-

form as separate asynchronous operational processors.’

The bus interface unit provides the functions related to in-
struction fetching and queuing, operand fetch and store,

and address relocating. This unit also provides the basic

bus control. The overlap of instruction pre-fetching

\
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80C86

provided by this unit serves to increase processor per-
formance through improved bus bandwidth utitization.
Up to 6 bytes of the instruction stream can be queued
while waiting for decoding and execution.

The instruction stream queuing mechanism aliows the
BIU to keep the memory utilized very efficiently.
Whenever there is space for at least 2 bytes in the queue,
the BIU will attempt a word fetch memory cycle. This
gieatly. reduces “dead-time” on the memory bus. The
queue acts as a First-InsFirst-Out (FIFO) buffer, from
which the EU extracts instfuction bytes as required. If the
queue is empty (following a branch instruction, for exam-
ple), the first byte into the queue immediately becomes
available to the EU. )

The-execution unit receives pre-fetched instructions from
the BIU queue and: provides un-relocated operand ad-
dresses to the BIU. Memory operands are passed through
the BIU for processing by the EU, which passes results to
the BIU for storage.

Memory Organization

The processor provides a 20-bit address to memory,
which locates the byte being referenced. The memory is
organized as a linear array of up to 1 million bytes,
addressed as OOOOO(H) to FFFFF(H). The memory is
logically divided into code, data, extra and stack
segments of up to 64K bytes each, with each segment
falling on 16-byte boundaries. (See Figure 1).

J——) FFFFFH
64K BIT CODE SEGMENT
XXXX0H
r -
STACK SEGMENT
+OFFSET
3 s
SEGMENT
REGISTER FILE SATA SEGMENT
£s
ES 1 1
T ¥
: EXTRA SEGMENT

- L .
T 00000H

FIGURE 1. 80C86 MEMORY ORGANIZATION

TABLE 4.
: ALTER-
DEFAULT NATE
© TYPE OF . SEGMENT| SEGMENT o
MEMORY REFERENCE BASE . BASE OFFSET

Instruction Fetch cs None P
Stack Operatlon SS - None ‘SP
Variable (except followmg) ‘¢ DS CS, ES, SS | Effective Address
-String Source © ¢ DS CS, ES,SS| sl
String Destination. - -, ES None DI
BP Used As Base Register Ss CS, DS, ES | Effective Address

All memory references are made relative to base
addresses contained in high speed segment registers.
The segment types were chosen based on the addressing
needs of programs. The segment register to be selected is
automatically chosen according to the specific rules of
Table 4. All information in one segment type share the
same logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characteristics
and by automatically selecting segment registers,

‘programs are shorter, faster and more structured. (See

Table 4).

Word (16-bit) operands can be located on even or odd ad-
dress boundaries and are thus not constrained to even
boundaries as is the case in many 16-bit computers. For
address and data operands, the least significant byte of
the word is stored in the lower valued address location
and the most significant byte in the next higher address
location. The BIU automatically performs the proper
number of memory accesses, one if the word operand is
on an even byte boundary and two if it is on an odd byte

- boundary. Except for the performance penalty, this dou-

ble access is transparent to the software. The perfor-
mance penalty does not occur for instruction fetches;
only word operands.

Physically, the memory is organized as a high bank (D15-
D8) and a low bank (D7-D0) of 512K bytes addressed in
parallel by the processor’s address lines.

Byte data with even addresses is transferred on the D7-D0
bus lines while odd addressed byte data (A0 HIGH) is
transferred -on the D15-D8 bus lines. The processor pro-
vides two enable signals, BHE and AQ, to selectively allow
reading from or writing into either an odd byte location,
even byte location, or both. The instruction stream is
fetched from memory ‘as words and is addressed inter-
nally by the processor at the byte level as necessary.

Cn referencing word data, the BIU requires one or two me-

mory cycles depending on whether the starting byte of the
word is on an even or odd address, respectively. Conse-
quently, in referencing word operands performance can
be thimized by locating data on even address bounda-
ries. This is an especially useful technique for using the
stack, since odd address references to the stack may adv-
ersely affect the context switching time for interrupt pro-
cessing or task multiplexing.

Certain locations in memory are reserved for specific
CPU operations (See Figure 2). Locations from address
FFFFOH through FFFFFH are reserved for operations
including a jump to the initial program loading routine.
Following RESET, the CPU will always begin execution at
location FFFFOH where the jump must be located. Loca-
tions 00000H through 003FFH are reserved for interrupt
operations. Each of the 256 possible interrupt service rou-
tines is accessed thru its own pair of 16-bit pointers - seg-
ment address pointer and offset address pointer. The first
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pointer, used as the offset address, is loaded into the IP
and the second pointer, which designates the base
address is loaded into the CS. At this point program
control is transferred to the interrupt routine. The pointer
elements are assumed to have been stored at the
respective places in reserved memory prior to occurrence
of interrupts.

FFFFFH | RESETBOOTSTRAP _|
FFFRON PROGRAM JUMP
L 9
3FFH|  TYPEZSEPOINTER |
3FCH (AVAILABLE)
AVAILABLE o
INTERRUPT F F
POINTERS
(220 | TvPe3acomTER
08 (AVAILABLE)
[ TYPE32POINTER
0804 (AVAILABLE)
O7FH [ 1ypE 31 POINTER
(RESERVED)
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FIGURE 2. RESERVED MEMORY LOCATIONS

Minimum and Maximum Operation Modes

The requirements for supporting minimum and maximum
80C86 systems are sufficiently different that they cannot
be met efficiently using 40 uniquely defined pins. Conse-
quently, the 80C86 is equipped with a strap pin (MN/MX)
which defines the system configuration. The definition of
a certain subset of the pins changes, dependent on the
condition of the strap pin. When the MN/MX pin is
strapped to GND, the 80C86 defines pins 24 through 31
and 34 in maximum mode. When the MN/MX pin is
strapped to VCC, the 80C86 generates bus control signals
itself on pins 24 through 31 and 34.

The minimum mode B0C86 can. be used with either a
multiplexed or demultiplexed bus. This architecture
provides the 80C86 processing power in a highly
integrated form.

The demultiplexed mode requires two 82C82 latches (for
64K addressability) or three 82C82 latches (for a full
megabyte of addressing). An 82C86 or 82C87 transceiver
can also be used if data bus buffering is required. (See
Figure 6a.) The 80C86 provides DEN and DT/R to control
the transceiver, and ALE to latch the addresses. This
configuration of the minimum mode provides the
standard demultiplexed bus structure with heavy bus
buffering and relaxed bus timing requirements.

The maximum mode employs the 82C88 bus controller
(See Figure 6b). The 82C88 decodes status lines Sg, 51
and S, and provides the system with all bus control
signals.

Moving the bus control to the 82C88 provides better
source and sink current capability to the control lines, and
frees the 8B0C86 pins for extended large system features.
Hardware lock, queue status, and two request/grant
interfaces are provided by the 80C86 in maximum mode.
These features allow coprocessors in local bus and
remote bus configurations.

Bus Operation

The 80C86 has a combined address and data bus com-
monly referred to as a time multiplexed bus. This
technique provides the most efficient use of pins on the
processor while permitting the use of a standard 40-lead
package. This “local bus” can be buffered directly and
used throughout the system with address latching pro-
vided on memory and I/O modules. in addition, the bus
can also be demultiplexed at the processor with a single
set of 82C82 address latches if a standard non-multi-
plexed bus is desired for the system.

Each processor bus cycle consists of at least four CLK
cycles. These are referred to as Tq, Tp, T3 and T4 (see
Figure 3). The address is emitted from the processor
during T4 and data transfer occurs on the bus during T3
and T4. T2 is used primarily for changing the direction of
the bus during read operations. In the event that a “NOT
READY” indication is given by the addressed device,
“Wait” states (TW) are inserted between T3 and T4. Each
inserted wait state is the same duration as a CLK cycle.
Periods can occur between 80C86 driven bus cycles.
These are referred to as “idle” states (T|) or inactive CLK
cycles. The processor uses theése cycles for internal
housekeeping and processing.

During T1 of any bus cycle, the ALE (Address Latch Ena-
ble) signal is emitted (by either the processor or the 82C88
bus controller, depending on the MN/MX strap). At the
trailing edge of this pulse, a valid address and certain sta-
tus information for the cycle may be latched.

Status bits Sp, 51 and §5 are used by the bus controller, in

maximum mode, to identify the type of bus transaction ac-
cording to Table 5.

TABLE 5.
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CHARACTERISTICS

Interrupt

Read I/0

Write 1/0

Halt

Instruction Fetch

Read Data from Memory
Write Data to Memory
Passive (no bus cycle)

—_ - - A 0000
4~ 4002200
-0 = 0O =< 0 =0
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FIGURE 3. BASIC SYSTEM TIMING
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Status bits S3 through S7 are time multiplexed with high
order address bits and the BHE signal, and are therefore
valid during T2 through T4. S3 and S4 indicate which seg-
ment register (see Instruction Set Description) was used
for this bus cycle in forming the address, according to
Table 6.

TABLE 6.
Sq | S3 l CHARACTERISTICS
0 0 Alternate Data (extra segment)
0 1 Stack
1 0 Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit. Sg is al-
ways zero and S7 is a spare status bit.

1/0 Addressing

In the 80C86, I/O operations can address up to a
maximum of 64K 1/O byte registers or 32K 1/0 word
registers. The I/0 address appears in the same format as
the memory address on bus lines A15-A0. The address
lines A19-A16 are zero in I/0O operations. The variable 1/0
instructions which use register DX as a pointer have full
address capability while the direct 1/O instructions
directly address one or two of the 256 1/0O byte locationsin
page 0 of the I/0 address space.

1/0 ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the
D7-D0 bus lines and odd addressed bytes on D15-D8.
Care must be taken to ensure that each register within an
8-bit peripheral located on the lower portion of the bus be
addressed as even.

External Interface
Processor RESET and Initialization
Processor initialization or start up is accomplished with

activation (HIGH) of the RESET pin. The 80C86 RESET is
required to be HIGH for greater than 4 CLK cycles. The
80C86 will terminate operations on the high-going edge
of RESET and will remain dormant as long as RESET is
HIGH. The low-going transition of RESET triggers an in-
ternal reset sequence for approximately 7 clock cycles.
After this interval, the 80C86 operates normally beginning
with the instruction in absolute location FFFFOH. (See Fi-
gure 2). The RESET input isinternally synchronized to the
processor clock. At initialization, the HIGH-to-LOW tran-
sition of RESET must occur no sooner than 50us {or4 CLK
cycles, whichever is greater) after power-up, to allow
complete initialization of the 80C86.

NMI will not be recognized prior to the second CLK cycle
following the end of RESET. If NMI is asserted sooner
than nine clock cycles after tthe end of RESET, the pro-
cessor may execute one instruction before responding to
the interrupt.

Bus Hold Circuitry

To avoid high current conditions caused by floating
inputs to CMOS devices and to eliminate need for
pull-up/down resistors, “bus-hold” circuitry has been
used on the 80C86 pins 2-16, 26-32 and 34-39. (See Figure
4A and 4B). These circuits will maintain the last valid logic
state if no driving source is present (i.e. an unconnected
pin or a driving source which goes to a high impedance
state). To overdrive the “bus hold” circuits, an external
driver must be capable of supplying approximately 400uA
minimum sink or source current at valid input voitage
levels. Since this “bus hold” circuitry is active and not a
“resistive” type element, the associated power supply
current is negligible and power dissipation is significantly
reduced when compared to the use of passive pull-up
resistors.

BOND EXTERNAL

OUTPUT

DRIVER

INPUT

Lz__¥_1

r
|
|
|
1
|
[y

PAD PIN

A

INPUT
PROTECTION

\] CIRCUITRY

FIGURE 4A. BUS HOLD CIRCUITRY PIN 2-16, 34-39
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|
|
|
BUFFER
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FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32
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FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE

Interrupt Operations

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts and
software aspects of hardware interrupts are specified in
the Instruction Set Description. Hardware interrupts can
be classified as non-maskable or maskable.

Interrupts result in a transfer of control to a new program
location. A 256-element table containing address pointers
to the interrupt service program locations resides in
absolute locations 0 through 3FFH, which are reserved for
this purpose. Each element in the table is 4 bytes in size
and corresponds to an interrupt “type”. An interrupting
device supplies an 8-bit type number during the interrupt
acknowledge sequence, which is used to “vector”
through the appropriate element to the new interrupt
service program location. All flags and both the Code
Segment and Instruction Pointer register are saved as
part of the INTA sequence. These are restored upon
execution of an Interrupt Return (IRET) instruction.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interrupt
pin (NMI) which has higher priority than the maskable
interrupt request pin (INTR). A typical use would betoac-
tivate a power failure routine. The NMI is edge-triggered
on a LOW-to-HIGH transition. The activation of this pin
causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state of
greater than two CLK cycles, but is not required to be
synchronized to the clock. Any positive transition of NMI
is latched on-chip and will be serviced at the end of the
current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide, and variable shift
instructions. There is no specification on the occurrence
of the low-going edge; it may occur before, during or after
the servicing of NMI. Another positive edge triggers
another response if it occurs after the start of the NMI
procedure. The signal must be free of logical spikes in
general and be free of bounces on the low-going edge to
avoid triggering extraneous responses.

Maskable Interrupt (INTR)

The 80C86 provides a single interrupt request input
(INTR) which can be masked internally by software with
the resetting of the interrupt enable flag (IF) status bit.
The interrupt request signal is level triggered. It is in-
ternally synchronized during each clock cycle on the
high-going edge of CLK. To be responded to, INTR must

be present (HIGH) during the clock period preceding the
end of the current instruction or the end of a whole move
for a block- type instruction. INTR may be removed any-
time after the falling edge of the first INTA signal. During
the interrupt response sequence further interrupts are
disabled. The enable bit is reset as part of the response to
any interrupt (INTR, NMI, software interrupt or single-
step), although the FLAGS register which is automatically
pushed onto the stack reflects the state of the processor
prior to the interrupt. Until the old FLAGS register is
restored the enable bit will be zero unless specifically set
by an instruction.

During the response sequence (Figure 5) the processor
executes two successive (back-to-back) interrupt
acknowledge cycles. The 80C86 emits the LOCK signal
(Max mode only) from T3 of the first bus cycle until T2 of
the second. A locai bus “hold” request will not be honored
until the end of the second bus cycle. In the second bus
cycle, a byte is supplied to the 80C86 by the 82C59A
Interupt Controller, which identifies the source (type) of
the interrupt. This byte is multiplied by four and used as a
pointer into the interrupt vector look-up table. An INTR
signal left HIGH will be continually responded to within
the limitations of the enable bit and sample period. The
INTERRUPT RETURN instruction includes a FLAGS pop
which returns the status of the original interrupt enable bit
when is restores the FLAGS.

Halt

When a software “HALT” instruction is executed the pro-
cessor indicates that it is entering the “"HALT" state in one
of two ways depending upon which mode is strapped. In
minimum mode, the processor issues one ALE with no
qualifying bus control signals. in maximum mode the pro-
cessor issues appropriate HALT status on Sp, S1, Sg and
the 82C88 bus controlier issues one ALE. The 80C86 will
not leave the “HALT"” state when a local bus “hold” is en-
tered while in “HALT”. In this case, the processor reissues
the HALT indicator at the end of the local bus hold. An
NMI or interrupt request (when interrupts enabled) or
RESET will force the 80C86 out of the “HALT” state.

Read/Modify/ Write (Semaphore)
Operations Via Lock

The LOCK status information is provided by the proces-
sor when consecutive bus cycles are required during the
execution of an instruction. This gives the processor the

3-10




. E— gy ———— ——

80C86

capability of performing read/modify/write operations on
memory (via the Exchange Register With Memory
instruction, for example) without another system bus
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to
accomplish “test and set lock” operations. the LOCK
signal is activated (forced LOW) in the clock cycle
following decoding of the software “LOCK” prefix
instruction. It is deactivated at the end of the last bus cycle
of the instruction following the “LOCK” prefix instruction.
While LOCK is active a request on a RQ/GT pin will be
recorded and then honored at the end of the LOCK.

External Synchronization Via TEST

As an alternative to interrupts, the 80C86 provides a single
software-testable input pin (TEST). This input is utilized
by executing a WAIT instruction. The single WAIT in-
struction is repeatedly executed until the TEST input goes
active (LOW). The execution of WAIT does not consume
bus cycles once the queue is fuil.

If a local bus request occurs during WAIT execution, the
80C86 tri-states all output drivers while inputs and I/0
pins are held at valid logic levels by internal bus-hold
circuits. If interrupts are enabled, the 80C86 will
recognize interrupts and process them when it regains
control of the bus. The WAIT instruction is then refetched,
and reexecuted.

Basic System Timing

Typical system configurations for the processor opera-
ting in minimum mode and in maximum mode are shown
in Figures 6A and 6B, respectively. In minimum mode, the
MN/MX pin is strapped to Vg and the processor emits
bus control signals (e.g. RD, WR, etc.) directly. In maxi-
mum mode, the MN/MX pin is strapped to GND and the
processor emits coded status information which the
82C88 bus controller used to generate MULTIBUS™
compatible bus control signals. Figure 3 shows the signal
timing relationships.

TABLE 7. 80C86 REGISTER MODEL

AX AH AL ACCUMULATOR
BX 8H BL BASE
cX CH cL COUNT
X DH oL DATA
——{ sp STACK POINTER
B8P BASE POINTER
S| SOURCE INDEX
ol DESTINATION INDEX
{ r 13 4' INSTRUCTION POINTER
[ Fraesy FLAGS, J STATUS FLAGS
cs CODE SEGMENT
s DATA SEGMENT
ss STACK SEGMENT
S EXTRA SEGMENT

System Timing - Minimum System

The read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal. The trailing
(low-going) edge of this signal is used to latch the address
information, which is valid on the address/data bus
(ADO-AD15) at this time, into the 82C82/82C83 latch. The
BHE and A0 signals address the low, high or both bytes.
From T1 to T4 the M/I0 signal indicates a memory or |/0O
operation. At T2, the address is removed from the
address/data bus and the bus is held at the last valid logic
state by internal bus hold devices. The read control signal
is also asserted at T2. The read (RD) signal causes the
addressed device to enable its data busdrivers to the local
bus. Some time later, valid data will be available on the bus
and the addressed device will drive the READY line HIGH.
When the processor returns the read signal to a HIGH
level, the addressed device will again tri-state its bus
drivers. If a transceiver (82C86/82C87) is required to
buffer the 80C86 local bus, signals DT/R and DEN are
provided by the 80C86.

A write cycle also begins with the assertion of ALE and the
emission of the address. The M/IO signal is again asserted
to indicate a memory or {/O write operation. In T, immed-
iately following the address emission, the processor emits
the data to be written into the addressed location. This
data remains valid until at least the middle of T4. During
T2, T3 and T, the processor asserts the write control
signal. The write (WR) signal becomes active at the begin-
ning of To as opposed to the read which is delayed
somewhat into T2 to provide time for output drivers to
become inactive.

The BHE and AO signals are used to select the proper
byte(s) of the memory/IO word to be read or written
according to Table 8.

TABLE 8.
BHE l Ao J CHARACTERISTCS
0 0 Whole word
0 1 Upper byte from/to odd address
1 0 Lower byte from/to even address
1 1 None

I/0 ports are addressed in the same manner as memory
location. Even addressed bytes are transferred on the D7-
DO bus lines.and odd address bytes on D15-D8.

The basic difference between the interrupt acknowledge
cycle and a read cycle is that the interrupt acknowledge
signal (INTA) is asserted in place of the read (RD) signal
and the address bus is held at the last valid logic state by
internal bus hold devices. (See Figure 4). In the second of
two successive INTA cycles a byte of information is read
from the data bus {(D7-D0) as supplied by the interrupt
system logic (i.e. 82C59A Priority Interrupt Controller).
This byte identifies the source (type) of the interrupt. It is
multiplied by four and used as a pointer into an interrupt
vector lookup table, as described earlier.

3-11

FAMILY

o
=3
[x3
1=
=]
%3
1=}
=
o




80C86

82C04A/85 | MN/NX vee
CLOCK CLK  M/iD .
GENERATOR READY  [NTA \
RESET  AD, ; :
Wh T ¢
R t
Trut|. " |
Vo war fEN — !
GND 0 sTATE 80C86 r - |
Y GENERATOR CPU —— !
L ALE STB = : !
——— o |
! - 82062 L !
LT wrer || F T
g - ° ] I 2083 | — i
ND BHE] . |
| ]
| -—an am !
Lo ,Fr i :
€1 =C2 = 0.1uf - —)0E I |
8286 : I DATA
| TRANSCEIVER | T A T
O BT
| S ]
OPTIONAL T G W © T T
FOR INCREASED M- 5516 =616
DATA BUS ORIVE oHOS PAM e
Kx8 | 2Kx8 2Xx8 | 28 PERIPHERALS

FIGURE 6A. MINIMUM MODE 80C86 TYPICAL CONFIGURATION

i |

8284A/85 MN/IX f¢— GND _ G ROt 2
CLOCK CL Sg Sp MWTC 2
_GENERATOR |—sfEADY g 51 gaggs FYWE—NL.
" RSET 5 S gus ORC
ADY 0586 QEN CTRLR _TOWE
_l - TPU TR AIOWC|— ..
r 1 ALE iNTA
1owar 06K |— n.c. ——
GND ) sTATE O S
y GeNErATOR | |
STB ]
| I oo oD % e H
_ .
L ! 1 Aﬁ?ﬁfﬂ}g AODR/DATA Y LATCH R 1
Vge = CI BHE [20R 3) 3
GND w
7
-
vee —
o Do o | s e N
01 = €2 = 01uF TRAN?ZCIEIVER \— - S B
A BHE J
B B WG E ®
HM- 65162 HM- 6616 CMOS
CMOS RAM CMOS PROM (2) 820XX
2Kx8 | 2kx8 fl2kxs]2kxs || PERIPHERALS

FIGURE 6B. MAXIMUM MODE 80C86 TYPICAL CONFIGURATION




- —— oy w————— -

80C86

Bus Timing - Medium Size Systems

For medium complexity systems the MN/MX pin is con-
nected to GND and the 82C88 Bus Controller is added to
the system as well as an 82C82/82C83 Ilatch for latching
the system address, and an 82C86/82C87 transceiver to
allow for bus loading greater than the 80C86 is capable of
handling. Signals ALE, DEN, and DT/R are generated by
the 82C88 instead of the processor in this configuration,
although their timing remains relatively the same. The
80C86 status outputs (So, S1 and Sg) provide type-of-cy-
cle information and become 82C88 inputs. This bus cycle
information specifies read (code, data or I/0}, write (data
or 1/0), interrupt acknowiedge, or software halt. The
82C88 issues control signals specifying memory read or
write, 1/O read or write, or interrupt acknowledge. The
82C88 provides two types of write strobes, normal and

advanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write. The
advanced write strobes have the same timing as read
strobes, and hence, data is not valid at the leading edge of
write. The 82C86/82C87 transceiver receives the usual T
and OE inputs from the 82C88 DT/R and DEN signals.

The pointer into the interrupt vector table, which is passed
during the second INTA cycle, can be derived from an
82C59A located on either the local bus or the system bus.
If the master 82C59A Priority Interrupt Controlier is
positioned on the local bus, the 82C86/82C87 transceiver
must be disabled when reading from the master 82C59A
during the interrupt acknowledge sequence and software
“poll”.
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Specifications 80C86

Absolute Maximum Ratings

+8.0 Volts
..GND -0.5V to VoG +0.5V

Supply Voltage
Input, Output or I/O Voltage Applied .
Maximum Package Power Dissipation
Storage Temperature Range............

.. 160C/W (CERDIP package), 210C/W (LCC package)
..360C/W (CERDIP package), 419C/W (LCC package)
.. 9750 Gates

Junction Temperature
Lead Temperature (Soldering, Ten Seconds) ........c..ccceevernenncns e e st e reeseens s #2600C
CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is

astress only rating and operation of the device at these or any other conditions above those indicated in the operation sections
of this specification is not implied.

Operating Conditions

+4.5V to +5.5V
+4,75V to +5.25V

Operating Voltage Range
M80C86-2 Only
Operating Temperature Range

00C to +700C
-400C to +850C
-550C to +1250C

D.C. Electrical Specifications Vo = 5.0V + 10%; Ta = 00C to +700C (C80C86) (C80C86-2)
VCG = 5.0V £ 10%; Ta = -400C to +850C (180C86) (180C86-2)
VGG = 5.0V + 10%; Ta = -550C to +1250C (M80C86)
Voo = 5.0V £ 5%; TA = -550C to +1250C (M80C86-2)

SYMBOL | PARAMETER MIN MAX | UNITS |  TEST CONDITIONS
VIN Logical One 2.0 \ C80C86, 180C86
Input Voltage 22 Vv M80C86
ViL Logical Zero Input Voltage 0.8 \
VIHC CLK Logical One input Voltage Vce -0.8 \
VILC CLK Logical Zero Input Voltage 0.8 "
VOH Output High Voltage 3.0 \ IOH = -2.5mA
Ve -0.4 \ IOH = -100uA
VoL Output Low Voltage 0.4 \ I0L = +2.5mA
Il Input Leakage Current -1.0 1.0 UA VIN = GND or VCC DIP
Pins 17-19, 21-23, 33
IBHH Input Current-Bus Hold High -40 -400 MA VIN = 3.0V (See Note 1)
IBHL Input Current-Bus Hold Low 40 400 LA VIN = 0.8V (See Note 2)
10 Output Leakage Current -10.0 10.0 HA VOUT = GND or VCC
DIP Pins 24, 25
ICCSB Standby Power Supply Current 500 HA Ve = 5.5V (See Note 3)
ICCOP Operating Power Supply Current 10 mA/MHz Ta =259C Vg =5V, TYP,
FREQ = CLK Cycle Time
(TCLCL) (MHz)

Capacitance Ta = 250C; Vog = GND = 0V; VIN = +5V or GND.

SYMBOL PARAMETER TYPICAL L UNITS TEST CONDITIONS

CIN Input Capacitance 20 pF FREQ = 1MHz.
Unmeasured pins
returned to GND

couT Output Capacitance 20 pF Ta =250C
Clo 1/0 Capacitance 20 pF VIN or VOUT = Vg or GND

NOTES: 1. IBHH should be measured after raising VIN to Vg and then lowering to 3.0V on the following pins: 2-16, 26-32, 34-39.
2. IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 34-39.
3. ICCSB tested during clock high time after halt instruction executed. VIN = Vi or GND, Vg = 5.5V, Outputs unloaded.
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Specifications 80C86

A.C. Electrical Specifications vVgg = 5.0V &= 10%; Ta = 00C to +700C (C80C86) (C80C86-2)

Ve = 5.0V = 10%; TA =-400C to +850C (180C86) (180C86-2)
Ve = 5.0V £10%; TA = -550C to +1250C (M80C86)
VGG = 5.0V £ 5%; TA =-550C to +1250C (M80C86-2)

MINIMUM COMPLEXITY SYSTEM
80C86-2 80C86
SYMBOL PARAMETER MIN | MAX MIN I MAX UNITS TEST CONDITIONS
TIMING REQUIREMENTS
TCLCL CLK Cycle Period 125 200 ns
TCLCH CLK Low Time 68 118 ns
TCHCL CLK High Time 44 69 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 | CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 20 30 ns
TCLDX1 Data In Hold Time 10 10 ns
TR1VCL RDY Setup Time into 35 35 ns
82C84A (Notes 1, 2)
TCLR1X RDY Hold Time into 0 0 ns
82C84A (Notes 1, 2)
TRYHCH | READY Setup Time 68 118 ns
into 80C86
TCHRYX | READY Hold Time 20 30 ns
into 80C86
TRYLCL | READY Inactive to -8 -8 ns
CLK (Note 3)
THVCH HOLD Setup Time 20 35 ns
TINVCH INTR, NMI, TEST 15 30 ns
Setup Time (Note 2)
TILIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK)
TIMING RESPONSES
TCLAV Address Valid Delay 10 60 10 110 ns CL = 100pF
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns
TCHSZ Status Float Delay 50 80 ns
TCHSV Status Active Delay 10 60 10 110 ns
TLHLL ALE Width TCLCH-10 TCLCH-20 ns
TCLLH ALE Active Delay 50 80 ns
TCHLL ALE Inactive Delay 55 85 ns
TLLAX Address Hold Time |TCHCL-10 TCHCL-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 60 10 110 ns
TCLDX2 | Data Hold Time 10 10 ns
TWHDX Data Hold Time TCLCL-30 TCLCL-30 ns
After WR
TCVCTV | Control Active Delay1 10 70 10 110 ns
TCHCTV | Control Active Delay2 10 60 10 110 ns
TCVCTX | Control Inactive 10 70 10 110 ns
Delay
TAZRL Address Float to 0 0 ns
READ Active
TCLRL RD Active Delay 10 100 10 165 ns
TCLRH RD Inactive Delay 10 80 10 150 ns
TRHAV RD Inactive to Next | TCLCL-40 TCLCL-45 ns
Address Active
TCLHAV | HLDA Valid Delay 10 100 10 160 ns
TRLRH | RD Width 2TCLCL-50) 2TCLCL-75 ns
TWLWH | WR Width 2TCLCL-40 2TCLCL-60 ns
TAVAL Address Valid to TCLCH-40 TCLCH-60 ns
ALE Low
TOLOH Output Rise Time 15 20 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 20 ns From 2.0V to 0.8V

NOTES: 1. Signal at 82C84A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to Ty state (8ns into Tg).
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Waveforms
LE] T2 T3 Ta
Tw
l¢—— TCLCL —] |<— j TCL2CL1 J
TCH1CH2
CLK (82C84A OUTPUT) JZ \ ,Z -'\ 7Z Sﬂ jl S§
TCHCTV »| < # TCHCL TCLCH ¢ > - TCHCTV
m/To
 TCLDV [¢—
TCLAV {¢—P; TOLAX €—> TCLAV
'
BHE/S7, A19/S6-A16/S3 )( BHE, A19-A1g )( $7-S3
L |
TC TLHLL !
LLH TLLAX [¢—
ALE /
TCHLLU TRIVCL
RDY (82C84A INPUT) le TAVAL ViH S \
| —> [+ TCLRIX
TRYLCL le—
READY (80C86 INPUT) — TCHRYX
TRYHCH [¢—
TCLDX1
——>|TCLAZ |<—— ToVCL —»
- —f——— — [ P p—
AD15-ADg )( AD15-ADg ) DATAIN p
It  —— — — — — —
TAZRL—¥| = TCLRH [¢—pi& TRHAV
= $
READ CYCLE
. (NOTE 1} < TCHCTV TCLRL [« 1 [ TRLRH > - TCHCTV
(WR, INTA = Vo) |
DT/R
TCVCTV—¥| TCVCTX —¥ /L
DEN
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Waveforms O
[=}
T T2 T3 Tw T4 -~}
TCHI1CH2 H TCL2CL1
CLK (82C84A OUTPUT) 7 *\ * %\ K
TCLAV TOLAX TCLDX2 ’
t ' |
AD15-ADg AD15-ADg DATA OUT }‘
4
ft—— TWHD X ———=|
WRITE CYCLE Teverv "] TCVCTX —=
NOTE 1 —_
(RD, INTA, DEN J
DT/R = VOH)
TCVCTV = r——
TWLWH —
WR \ }
TCVCTX -» -
TCLAZ TDVCL »| :
] =—TCLDX1
-—J.—_._L_—_ .____.).._ —_— e ———
AD15-ADg | POINTER < 2
—— e —— d— a— — — — —— — e — —— g:
TCHCTV B TCHETV @ =
— =1
E e
NTA CYCLE DT/R
NOTES 1,3 -
(D, WR = VOH Teverv
BHE=V
oL iNTA
TCVCTV - TCVCTX =
DEN
SOFTWARE
DI-:;L;_'_; AD15-ADg INVAlLID ADDRE?S SOFTWARE HALT
WR, INTA = VoH TCLAV |
DT/R = INDETERMINATE

NOTES: 1. All signals switch between VOH and VOL untess otherwise specified.
2. RDY is sampled near the end of Tp, T3, TW to determine if TW machines states are to be inserted.
3. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both TNTA cycles.
Contro! signals are shown for the second INTA cycle.
4. Signals at 82C84A are shown for reference only.
5. All timing measurements are made at 1.5V unless otherwise noted.

BUS TIMING - MINIMUM MODE SYSTEM (Continued)




Specifications 80C86
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A.C. Electrical Specifications Vo =5.0v + 10%; Ta = 00C to +700C (C80C86) (C80C86-2)
Vee = 5.0V £ 10%;
VGG = 5.0V £ 10%;
Voo = 5.0V £ 5%;

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER)

Ta = -400C to +850C (180C86) (180C86-2)
Ta =-559C to +1250C (M80C86)
TA =-550C to +1250C (M80C86-2)

TIMING REQUIREMENTS 80C86-2 80C86
SYMBOL | PARAMETER MIN I MAX MIN MAX UNITS TEST CONDITIONS
TCLCL CLK Cycle Period 125 200 ns
TCLCH CLK Low Time 68 118 ns
TCHCL CLK High Time 44 69 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 | CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 30 ns
TCLDX1 Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 35 35 ns
82C84A (Notes 1, 2)
TCLR1X RDY Hold Time into 0 0 ns
82C84A (Notes 1, 2)
TRYHCH | READY Setup Time 68 118 ns
into 80C86
TCHRYX | READY Hold Time 20 30 ns
into 80C86
TRYLCL READY Inactive to -8 -8 ns
CLK (Note 3)
TINVCH Setup Time for 15 30 ns
Recognition (INTR,
NMI, TEST)(Note 2)
TGVCH RQ/GT Setup Time 15 30 ns
TCHGX RQ Hold Time into 30 TCHCL + 10 40 TCHCL + 10 ns
80C86 (Note 4)
TILIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK)
TIMING RESPONSES
TCLML Command Active 5 35 5 35 ns
Delay (Note 1)
TCLMH Command Inactive 5 35 5 35 ns
TRYHSH | READY Active to 65 110 ns
Status Passive
(Notes 3, 5)
TCHSV Status Active Delay 10 60 10 110 ns
TCLSH Status Inactive Delay 10 70 10 130 ns
(Note 5)
TCLAV Address Valid Delay 10 60 10 110 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns
TCHSZ Status Float Delay 50 80 ns
TSVLH Status Valid to ALE 20 20 ns
High (Note 1)
TSVMCH | Status Valid to MCE 30 30 ns CL = 100pF
High (Note 1) for all. 80C86
TCLLH CLK low to ALE Valid 20 20 ns Outputs (In addition
TCLMCH | CLK low to MCE High 25 25 ns to 80CB86 self-load)
(Note 1)
TCHLL ALE Inactive Delay 4 18 4 18 ns
(Note 1) .
TCLMCL | MCE Inactive Delay 15 15 ns
(Note 1)
TCLDV Data Valid Delay 10 60 10 110 ns
TCLDX2 | Data Hold Time 10 10 ns
TCVNV Control Active 5 45 5 45 ns
Delay (Note 1) y
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Specifications 80C86

TIMING REQUIREMENTS 80C86-2 80C86
SYMBOL I PARAMETER MIN l MAX MIN I MAX UNITS TEST CONDITIONS
TIMING RESPONSES
TCVNX Control inactive 5 45 10 45 ns
Delay (Note 1)
TAZRL Address Float to 0 0 ns
Read Active
TCLRL RD Active Delay 10 100 10 165 ns CL = 100pF
TCLRH RD Inactive Delay 10 80 10 150 ns
TRHAV RD Inactive to Next | TCLCL-45 TCLCL-45 ns
Address Active
TCHDTL Direction Control 50 50 ns
Active Delay
(Note 1)
TCHDTH | Direction Control 30 30 ns
Inactive Delay
(Note 1)
TCLGL GT Active Delay 10 50 10 85 ns
TCLGH GT Inactive Delay 10 50 10 85 ns
TRLRH RD Width 2TCLCL-50 2TCLCL-75 ns
TOLOH Output Rise Time 15 20 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 20 ns From 2.0V to 0.8V
Notes:
1. Signal at 82C84A or 82C88 shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 na_@seionds into T3).
4. The 80C86 actively pulls the RQ/GT pin to a logic one on the following clock low time.
5. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high.
A. C. Test Circuits A. C. Testing Input, Output Waveform
u:vncglﬂ:uuern Frnsg [ - TEST POINT INPUT OUTPUT
VIK + 0.4V VOH
I o VIL - 0.4V "SVX 1.5v>< voL
= A. C. Testing: All input signals (other than CLK) must switch between
. - ) ViLmax -0.4 and VIHmjn +0.4V. CLK must switch between
Includes stray and jig capacitance 0.4V and VCC -0.4V. Input Rise, and fall times are driven at
1ns/v
LCC/PLCC Pinout cams 2BEE
/] 883%882322%%
§9
S o1 zeezo o888
R Q0020008 <=
“)‘x@ S C LD =2>aLCI
/ r M AOOaaaaoooMmn
6 5 4 3 2 1 4443424140
AD10 | ADW0 07 39 NC NC
ADY ADS 8 8O A19/56 A19/S6
a8 | aps ds TOP VIEW ap BREST | BREST
AD7 AD7 10 36 [] MN/MX MN/MX
ADG ADG " 50 RD (]
AD5 ADS 12 340 HoLp RO/GTD
ADA Apa 13 330 HLDA RO/6TT
AD3 AD3 14 20 W ToCK
AD2 AD2 15 310 wio 52
AD1 AD1 16 0 pr/R §
ADO ADO 17 2000 DEN S0
20 21 22 23 24 25 26 27 28

= Exo QEG&W @Q‘I@BQ"‘
¢EEzz EE[BEY &S
B
%‘V'sé'
-2
= Exo 5,‘5|5..=. L
cEESzoduwld i
2 2 = D2 xl-a
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Waveforms
™ T2 T3 T4
!
TCH1CH2 TCL2CLT 1y
l—— TCLCL
N S W S f A \
TCLAV TCHCL [+~ TCLCH ~=
X X IX X
TCHSV -——1 TCLSH —= ]o-
\ < —=——--
S2,Sq, Sg (EXCEPT HALT) k (SEE NOTE 8) \\_
TCLDV T
TCLAV
TeLAX TCLAV —
t
Wetsr A19/S6-A16/S3 BHE, A1g-A16 k S7-S3
VLH ——eamd
TSVL TCHLL|
TCLLH-T -
r
ALE (82C88 OUTPUT) /
NOTE 5 TRIVCL l—
RDY (82C84 INPUT}
TCLR1X —|
TRYLCL
/
READY (80C86 INPUT) TCHRY X [=+—]
TRYHSH
—»{TCLAX fe—
TRYHCH
READ CYCLE TeLAY —»] —reLazle- }_ TDVCL ——={+ TCLDX1+
AD15-ADg AD15-ADg ) DATA IN )
| — . — — — e — —
1
TAZRL — [=— TCLRH TRHAV
" X /
TCHDTL —= TCHDTH
TCLRL
\ TRLRH
DT/R
TCLML = I~ TCLMH —» 3&
82c88
OUTPUTS |  MADC OR iORC
SEE NOTES =
5.6 TCVNV —={
DEN
TCVNX —=|

BUS TIMING - MAXIMUM MODE SYSTEM
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80C86

Waveforms

CLK
/
TCHSV '—’l

N1

T2 T3

/X

Ta

-
§2, 57,50 (EXCEPT HALT) —/W(sss NOTE 8) ; \
WRITE CYCLE TCLAV -»| TCLDV —a{ TCLSH TCLDX2 —md |
TCLAX -l
AD15-ADg DATA )(
TCVNV TCVNX
DEN
TCLML —=] TCLMH =
82c88 -
OUTPUTS | ——
SEE NOTES § AMWC OR AIOWC
5.6
TCLML —»] TCLMH -]
MWTC OR iOWC
INTA CYCLE
_.‘-__.___ —— e —— — — —— — —— —— —{—— —— o— o—
AD75-ADg RESERVED FOR
(SEE NOTES 3, 4) _‘ CASCADE ADDR _‘
—_—r - _—r e e e
TCLAZ = TCLDX1
J E—— [
AD15-ADg y POINTER <
TCLMCL =]
TSVMCH —==|
e/ CHDTL
PDEN T
POEN  cLMCH-| - TCHDTH
DT/R
T
82C88 OUTPUTS TCLML —=
SEE NOTES 5,6 INTA
=]
TCVNY —=] TCLMH
DEN
TCVNX -}

SOFTWARE

MWC, IOWC, AIOWC, INTA, Sg, S1 = VoH

T
INVALID ADDRESS

— & TCLSH -

- TCLAV

TCHSV

NOTES:
1. All signals switch between Vo and V| unless otherwise specified. 5.
2. RDY is sampled near the end of Tp, T3, Ty to determine if Ty 6

& oW

machines states are to be inserted.
. Cascade address is valid between first and second INTA cycle.
. Two INTA cycles run back-to-back. The 80C86 LOCAL ADDR/DATA 7.

BUS is floating during both INTA cycles. Contro! for pointer address is 8.

shown for second INTA cycle.

BUS TIMING-MAXIMUM MODE SYSTEM (USING 82C88)

Signals at 82C84A or 82C88 are shown for reference only.

MWTC, AMWC, iORC, IOWC, AIOWC, INTA and DEN) lags the active

high 82C88 CEN.

All'timing measurements are made at 1.5V unless otherwise noted.

Status inactive in state just prior to T4.

. The issuance of the 82C88 command and control signals (MRDC,
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80C86

Waveforms ASYNCHRONOUS SIGNAL RECOGNITION

NMI TINVCH (see note)
: T

INTR '+ SIGNAL

TEST

Note: Setup Requirements for asynchronous signais only to guarantee recognition at next CLK.

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) RESET TIMING

I—— 2 50pusec ——mm]
vcc /

CLK l
W\_

Any CLK Cvclu’-i

Any CLK Cvcle—i

CLK

TCLAV
TCLDX

LocK TDVCL
RESET

24 CLK CYCLES

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

Any > 0-CLK
CLK Cycle Cycles

CLK

TCLGH TCLGL

. i ? PULSE 2 ¢ 1
RQ/GT % PULSE 1 80C86 GT PULSE 3
| COPROCESSOR COPROCESSOR
PREVIOUS GRANT RQ TCLAZ RELEASE
P
AD45 -ADg 80C86 ‘ COPROCESSOR
2
D, TocK = = TCHSZ_______ (seenote] — Tensv
BHE/S7, Aqa/So-A16/S3
2% T/ =====" TTTTTTTETT

Note: The Coprocessor may not drive the busses outside the region shown without risking contention.

HOLD/HOLD ACKNOWLEDGE TIMING (MlNIMUM MODE ONLY)

2 1cLK 10R2
Cycle Cycles

A va -

j THVCH —1\ THVCH
HOLD G

1
- )F‘TCLHAV - TCLHAV
HLDA - —

] | TCLAZ .

AD45 -AD, 80C86 COPROCESSOR ) < 8086

. ] TCHSZ —] - TCHSV
BHE/S7, A19/56-A16/S3 - )__-..-.. _——————— T

RD, WR, M/iO, DT/R, DEN
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80C86 |
w0 |
Instruction Set Summary 8
DATA TRANSFER 8
MOV - Meve: 78543210 76543210 76543210 76543210 OEC  Dscrement: 76543210 76543210 76543210 76543210
Register/memory to/from reqister [ 1000106 w|mod reg r/m Register imemory 111111 1w mg001 i/m |
Immediate to register /memory 110001 1w|[md000 i/m data datadiw 1] Register 01001 reg
Immedrate 1o register 1011w reg data dala it w 1 NEG Change sign 111101 1w medd (1 um |
Memory to accumulator 1010000w addr tow addr-high
CMP  Compare:
Accumulator to memory 1010001 w addr-low addi-high
Register/memory 10 seqment register [ 10001 110 [modQOreg r/m Register/memory and register 001110dw/|mod reg rim
Segment register 1o register /memory 1000 1 100 [mod0reg 1/m Immediate with register /memory 1000005 w [modt 11 (/m daa | oatarsw 01
Immediate with accumulator 001 1110w data dataitw 1 |
PUSH - Push: AAS ASCIl adjust for subtract 00111111
Register/memory 11111111 |mdi10 rim DAS Decimal adjus! for subtract 00101111
Regrster 01010 reg MUL Multiply tunsigned) 1111011 w([mod100 rrm
Segment register 000reg 110 IMUL Integer multiply (signed) 111101 1w medl 01 cim
AAM_ ASCH adyust for multiply 11010100]00001010
PP - Pop: OIV Divide (unsigned) 111101 1w|modl 10 1'm
Register/memory 10001111 [moa000 i/m | 10OV Ineger ot (sgned) R AR i
Register CALRRE.] KD ASCH adjust for divide 71010101 ]00001010
Seqment register 000mg 111 CBW Convert byte 1o word 70011000
XCHS - Exchange: CWD Convert word to double word (10011001
Regrster/memory with register
Register with accumulator
IN=input from:
Fixed port [itooiow] — por ]
Variable port Dirottow)] =]
LOGIC >
OUT = Output to: WOT Invert V1110011 w]mea0 10 om =
Fixed port 1ii001 1w oot ] SHL/SAL Shift ogrcal/arithmenc lett (110 100 v w[mog100 r/m 2 =
Vanable port 11101 11w SHR Shit fogucal right 110100y wlmdlol om ="
XAT-Transiate byte to AL 11010110 SAR Shuft anthmetic rght 110100 w]mat 11 om bl
LER-Load EA to register 10001101 jmod reg /m AOL Rotate lett 110100 w][md000 1/m
L08-Load pointer to DS 13000101 [mod reg r/im A0R Rotate nght T10100vw |mod0Oo 1 rm
LEB-Load pointer to €S 11000100 imod reg r/m AL Rotate through carey flag lett {10100 v w [mog0 10 t/m
UAKE-Load AH with flags 100711110 ACR Rotate through carty rght V10100V w|mog0 1 o/m
SANE -Store AH into flags 10011110
PUBNE -Push flags 10011100 AND  And:
POPF=Pop flags 10011101 Reg 'memory and register to ether |00 1000d w [mod reg t/m
Immediate 1o register/memory 1000000w |modi 00 r/m data [ catasw |
immediate to accumlator 0010010w data gatadw 1 |
TEST  And function to flags. no result:
ARITHMETIC Reguster/memary and register T000010w |mod reg r/m
ADD - Ad¢: Immediate data and register memory (111101 1w [mod0 00 t/m data |  dalaitw 1 |
Reg./memory with register to ether |0 000 00d w|mod reg r/m Immediale data and accumutator 1010100w data dataifw 1 J
Immediate to register /memory 1000005 w|mod000 r/m - data___ | dataisw 1]
Immediate to 0000010w data ﬂauﬁ O0R oOr:
Reg /memory and register to exther (0000 10d w [mod reg r/m
ADC - Ad¢ with carry: Immediate 1o register ‘memory 1000000w |mog0 01 /m data__ | cataiw 1 |
Reg./memary with register to either [000100d w mad reg t/m immediate to accumulator 0000110w data gata fw 1 |
Immediate to register /memory 100000sw [md010 r/m data | daadsw 0]
Immadiate to accumulator 0001010w qae daa w1 ] KR Exclusive or.
Reg /memory and register 10 either 001100dw |mog reg ¢/m
1NC = incremeni: Immediate to register /memory 1000000 w |modt t0 /m data [ Tdaantw 1]
Register/memary 111111 1w mod000 e/m | Immedate to accumulator 0011010w data datadw i |
Register 01000 reg
AAA-ASCI adjust for add 00110111
BAA-Decimal adjust for add 00100111
$US = Subtract:
Reg./memory and register L0 either 001010dwimod reg r/m
Immediate from register/memory 100000swimod1 01 rim data J data if s w-0t STRING MANIPULATION
Immediate from 6010110w ata dataiiw | REP=Repeat 11110012
ove byte/word 1010010 w
$88 - Suburact with borrew CMPS=Campare byte/word 101001 1w
Reg./memory and register to either (0001 10d w Imod reg ¢/m S$CAS=Scan byte/word 10101 11w
immediate from register/memory 100000 sw |modd11 e/m data [ datadswor] L0DS=Load byte/wd to AL/AX 1010110w
Immadiate from accumulator 0001110w data dataifw 1 | $TOS=Stor byte/wd from AL/A 1010801 w

Mnemonics ©Intel, 1978
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Instruction Set Summary

CONTROL TRANSFER
CALL = Cail: 76543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 disp-low aisp-hgh | J“““oﬂ“e’:gaon not below/above 5717001 1 disp
Indirect within segment 11111111 [mod010 r/m JII'E/JA'énmamsg‘ below or 01110111 disp
Direct intersegment 100110190 offset-low ofiset-high JNP/JPO-Jump on not par/par 0dd 01111011 disp
seg-low seg-high [ JNO: Jump on not overflow 01110001 disp

Indirect intersegment | 11111111 [mod0 11 rim JNS Jump on not sign 01111001 disp

LOOP Loop CX times 11100010 disp
INP - Uncanditiona Jump: LOOP2/LOOPE Loop while zerorequal |1 1100001 drsp
Direct within segment 117101001 disp-low disp-high ] LnnPllll;gr:/llczuL;:op while not 111006000 asp
Direct within segment-short 11101011 disp JCXZ Jump on OX zero 71100011 disp
Indirect within segment 11111411 |[mod100 o/m
Direct intersegment 11101010 offset-low n"sebhnth INT  Interrupt

seg-low seg-mgh | Type specitied 11001101 Iype ]

Indirect intersegment 111113111 |mod 101 r/m Type 3 11001100

INTO Interrupt on overflow 11001110
RET - Return from CALL: IRET Interrupt return 11001111
Within segment 11000011
Within seg. adding immed to SP 11000010 data-low datahigh |
Intersegment 11001011
Intersegment, adding immediate to SP[1 1001010 gata-low da'a'h-th PROCESSOR CONTROL
JE/J2-Jump on equal/zero 01110100 disp CLC Clear carry 11111000
‘”‘"“3“&3;‘?” tessinatgreater 41171100 disp CMC Complement carry 11110101
JLE/JNG:Jw&on less or equal/not 01111110 aisp STC Set carcy TTii1000
"'””%i“,’gﬂ:" below/notabove [ 1110010 disp CLD Clear duection 11111100
Jl!/JlA;{ﬁurgg&nebelow orequal/ 101110110 disp STO Set drection Y111110%
JP/JPE=Jump on parity/panty even 01111010 disp CLI Clear interrupl 11111010
J0=Jump on overflow 01110000 disp STI Set interrupt t1111011
J8=Jump on sign 01111000 disp HLT Hant 11110100
JNE/INZ=Jump on not equal/not zero |0 1110101 disp WAIT Wait 10011011
INLAJGE Jump on not less/greater 517y 1101 disp ESC Escape (10 external device) 11011 kxx[mods x x1/m)
'"'Lm“g‘,"e’g:gr” not less or equal/  ['57" )y 1 4 Gisp LOCK Bus lock prefix 71110000

Footnotes:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

S = Extra segment

Above/below refers to unsigned value.

Greater = more positive;

Less = less positive (more negative) signed values
if d = 1 then “'to"” reg; if d = 0 then “from” reg

if w =1 then word instruction; if w = 0 then byte instruction

if mod = 11 then r/m is treated as a REG field

it mod = 00 then DISP = 0*, disp-low and disp-high are absent
it mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
it mod = 10 then DISP = disp-high: disp-low

if r/m = 000 then EA = (BX) + (SI) + DiSP

if r/m = 001 then EA = (BX) + (DI} + DISP

if r/m = 010 then EA = (BP) + (SI) « DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m =100 then EA = (SI) + DISP

if r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

it r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.

Mnemonics © intel, 1978

it s:w =01 then 16 bits of immediate data form the operand.

if s:w =11 then an immediate data byte is sign extended to
form the 16-bit operand

if v=0then “‘count’ =1 if v= 1 then "'count’’ in (CL)

x = don’t care

2 is used for string primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

00 1reg110

REG is assigned according to the following table:

16-Bit (w = 1) 8Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010" DX 010 DL 10 SS
011 BX 011 8L 11 DS
100 SP 100 AH
101 BP 101 CH
10 S| 110 DH
m D 111 BH

Instructions which reference the flag register file as a 16-bit object use
the symbol FLAGS to represent the file:

FLAGS = X:X:X:X:(0F):(DF):(IF):(TF):(SF):(ZF): X:(AF):X:(PF):X:(CF)
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@ HARRIS 80C88 :
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(&)
. o
CMOS 8/16 Bit ©
Microprocessor
Features Pinout*
e Compatible with NMOS 8088 TOP VIEW
e Direct Software Compatibility with 80C86, 8086, 80C88 MIN [ MAX ]
o 8-Bit Data bus Interface; 16-Bit Internal Architecture MODE  |MODE
¢ Completely Static CMOS Design » DC.. ... 5SMHz (80C88) eno 1~ w0l vee
» DC.. .8MHz (80C88-2) a2 7 ars
* Low Power Operation [ (o7 o] - H O —— 500uA Maximum A13 []3 38[] Ateis3
» ICCOP ...ccovine 10mA/MHz Maximum A2 [a 37[] A17isa
o 1 Megabyte of Direct Memory Addressing Capability A1 (s 381 AteiSs
* 24 Operand Addressing Modes at0 (Je 31 Aoise
o Bit, Byte, Word, and Block Move Operations A 7 3] sso_ (HIGH)
o 8 and 16-Bit Signed/Unsigned Arithmetic As [18 B MNmX
e Bus-Hold Circuitry Eliminates Pull-up Resistors AD7 Lo 80C88 a2L] RD —
o Wide Operating Temperature Ranges » C80C88 .. -550C to +1250C aos [J10 “cpy 311 HOLD (;SIT ) g
> 180C88 -409C to+850C | A0% HY ] S s>
» MB80CS8S.. 1eeees 0OC t0 +700C _ - wZ
Desc”.p tion AD3 []13 28[] nom_n (5_2) g =
AD2 14 27[] DTR ()] =]
The Harris 80C88 high performance 8/16-bit CMOS CPU is manufactured using a AD1 []15 26[] DEN (S0)
self-aligned silicon gate CMOS process (Scaled SAJI IV). Two modes of operation, ADO []16 25[1 ALE (Qso)
MINimum for small systems and MAXimum for larger applications such as NMI 117 24[] INTA (@s1)
multiprocessing, allow user configuration to achieve the highest performance level. INTR []18 23[] TEST
Full TTL compatibility and industry-standard operation allow use of existing NMOS cik s 22[] READY
8088 hardware and Harris CMOS 80C86 peripherals. Complete software compatibility GND (20 21[] RESET
with the 80C86, 8086 and 8088 microprocessors allows use of existing software in new
designs. “LCC/PLCC Pinout on Page 3-47

Functional Diagram

EXECUTION UNIT BUS INTERFACE UNIT

1 [ ®meLocation |
REGISTER FILE REGISTER FILE
AEGISTER FILE REGISTER FILE

SEGMENT
DATA, REGISTERS MEMORY INTERFACE
PoiNTER, AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)

—» SS0/HIGH

16-81T ALY :J._l>"“9’36
Ate/S3

INSTRUCTION
STREAM BYTE
QUEUE

FLAGS ‘°7"“’° ES
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CAUTION: These devices are sensitive to electrostatic discharge. Proper |. C. handling procedures should be followed.
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Pin Description

Thq following pin functioq descriptions are for 80C88 systems descriptions is the direct multiplexed bus interface connection
in either minimum or maximum mode. The “local bus” in these to the 80C88 (without regard to additional bus buffers).

PIN
SYMBOL | NUMBER | TYPE DESCRIPTION

AD7-ADO 9-16 Vo) ADDRESS DATA BUS: These lines constitute the time multiplexed memory/I0 address (T1) and data (T2, T3,
Tw, and T4) bus. These lines are active HIGH and are held at high impedance to the last valid logic level dur-
ing interrupt acknowledge and local bus “hold acknowledge” or “‘grant sequence”.

A15-A8 2-8, 39 (o] ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4). These lines
do not have to be latched by ALE to remain valid. A15-A8 are active HIGH and are held at high impedance
tothe last valid logic level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”.

ADDRESS/STATUS: During T1, these are the four most
significant address lines for memory operations. During
1/0 operations, these lines are LOW. During memory and
1/0 operations, status information is available on these
lines during T2, T3, Tw, and T4. S6is always low. The status
oftheinterrupt enable flag bit (S5) is updated at the begin-
ning of each clock cycle. S4 and S3 are encoded as
shown.

A19/86, 35
A18/S5, 36
A17/S4, 37
A16/S3 38

0000

S4 | S3 | CHARACTERISTICS

Alternate Data
Stack
Code or None
Data

a=a0O0
—0=0

This information indicates which segment register is
presently being used for data accessing.

These lines are held at high impedance to the last valid
logic level during local bus “hold acknowledge” or
“grant sequence”.

READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depending on
the state of the IO/M pin or S2. This signal is used to read devices which reside on the 80C88 local bus. RD
isactive LOWduring T2, T3and Tw of any read cycle, and is guaranteed to remain HIGH in T2 untii the 80C88
local bus has floated.

This line is held at a high impedance logic one state during "hold acknowledge” or “‘grant sequence”.

READY 22 | READY: is the acknowledgment from the addressed memory or I/O device that it will complete the data
transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to form READY.
This signalis active HIGH. The 80C88 READY input is not synchronized. Correct operation is not guaranteed
if the set up and hold times are not met.

INTR 18 | INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle of each
instruction to determine if the processor should enterinto an interrupt acknowledge operation. A subroutine
is vectored to via an interrupt vector lookup table located in system memory. It can be internally masked by
software resetting the interrupt enable bit. INTR is internally synchronized. This signal is active HIGH.

TEST 23 | TEST: input is examined by the “wait for test” instruction. If the TEST input is LOW, execution continues,
otherwise the processor waits in an “idle” state. This input is synchronized internally during each clock cycle
on the leading edge of CLK.

NMI 17 i NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A subroutine is
vectored to via an interrupt vector lookup table located in system memory. NMI is not maskable internally by
software. A transition from a LOW to HIGH initiates the interrupt at the end of the current instruction. This
input is internally synchronized.

RESET 21 1 RESET: causes the processor to immediately terminate its present activity. The signal must transition LOW to
HIGH and remain active HIGH for at least four clock cycles. It restarts execution, as described in the
instruction set description, when RESET returns LOW. RESET is internally synchronized.

CLK 19 | CLOCK: provides the basic timing for the processor and bus controller. it is asymmetric with a 33% duty
cycle to provide optimized internal timing.

Vee 40 Vec. isthe +5V power supply pin. A 0.1 4F capacitor between pins 20 and 40 is recommended for decoupling.

GND: are the ground pins (both pins must be connected to system ground). A 0.1 4F capacitor between pins
GND 1,20 1 and 20 is recommended for decoupling.

MN/MX 33 1 MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are discuss-
ed in the following sections. :
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Pin Description o
N - Q
The 'followung pin descriptions are for the 80085 system in which are unique to maximum mode are described; all other <
maximum mode (i.e., MN/MX = GND). Only the pin functions pin functions are as described above.
MAX MODE SYSTEM
PIN
SYMBOL | NUMBER | TYPE DESCRIPTION
$0 26 O | swaTUS:isactive during clock high of T4, T1, and T2, and &1 8 | 5
31 27 : : 9 9 1 ’ S2 | S1 | SO | CHARACTERISTICS
5 28 is returned to the passive state (1,1,1) dunng T3 or dur-
ing Twwhen READY is HIGH. This status is used by the 0 0 0 | Interrupt Acknowledge
82C88 bus controller to generate all memory and 1/0 0 0 1 | Read /O port
access control signals. Any change by S2, 5T, or S0 dur- 0 1 0 | Write VO port
ing T4 is used to indicate the beginning of a bus cycle, po
andthe return to the passive state in T3 or Tw is used to 0 1 1| Hatt
indicate the end of a bus cycle. 1 0 0 | Codeaccess
™ onal held at a hich imped oai 1 0 1 | Readmemory
ese signals are held at a high impedance logic one ;
state during “‘grant sequence”. 1 ! 0 Wntgmemory
1 1 1 | Passive
RQ/GTO, 31 10 REQUEST/GRANT. pins are used by other local bus masters to force the processor to release the local bus
RQ/GT1 30 atthe end of the processor’s current bus cycle. Each pin is bidirectional with RQ/GTO having higher priority
than RQ/GT1. RQ/GT has internal bus-hold high circuitry and, if unused, may be left unconnected. The 8
request/grant sequence is as follows (see RQ/GT Timing Sequence): 25
=
=
1. Apulse of one CLK wide from another local bus master indicates a local bus request (“hold”) to the 80C88 I =
(pulse 1). =
2. Duringa T4 or Tl clock cycle, a pulse one clock wide from the 80C88 to the requesting master (pulse 2),
indicates that the 80C88 has allowed the local bus to float and that it will enter the “‘grantsequence” state
at the next CLK. The CPU’s bus interface unit is disconnected logically from the local bus during “grant
sequence'.
3. A pulse one CLK wide from the requesting master indicates to the 80C88 (pulse 3) that the “hold”
request is about to end and that the 80C88 can reclaim the local bus at the the next CLK. The CPU then
enters T4 (or Tl if no bus cycles pending).
Each master-master exchange of the local bus is a sequence of three pulses. There must be one idie CLK
cycle after each bus exchange. Pulses are active LOW.
If the request is made while the CPU is performing a memory cycle, it will release the local bus during T4 of
the cycle when all the following conditions are met:
1. Request occurs on or before T2.
2. Current cycle is not the low bit of a word.
3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.
4. A locked instruction is not currently executing.
If the local bus is idle when the request is made the two possible events will follow:
1. Local bus will be released during the next clock.
2. Amemory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply with
condition number 1 already satisfied.
LOCK 29 LOCK: indicates that other system bus masters are not to gain control of the system bus while LOCKis active
(0] (LOW). The LOCK signal is activated by the “LOCK” prefix instruction and remains active until the comple-
tion of the next instruction. This signal is active LOW, and is held at a high impedance logic one state during
“grant sequence”. In Max mode, LOCK is automatically generated during T2 of the first INTA cycle and removed
during T2 of the second INTA cycle.
Qs1, 24,25 o} QUEUE STATUS: provide status to allow external track- as1| QS0 | CHARACTERISTICS
Qso ing of the internal 80C88 instruction queue.
0 0 No operation
The queue status is valid during the CLK cycle after 0 1 First byte of opcode from queue
which the queue operation is performed. Note that the 1 0 Emply the queue
queue status never goes to a high impedance state 1 1 Sub ibyef
(floated). ubsequent byte from queue
-- 34 [¢] Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during a “grant
sequence”.
L _
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Pin Description

The following pin function descnptlons are for the 80C88  which are unique to the minimum mode are described; all
minimum mode (i.e., MN/MX = V). Only the pin functions  other pin functions are as described above.
MINIMUM MODE SYSTEM

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

10/M

28

o

STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a memory access from an 1/0
access. I0/M becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the cycle
(11O =HIGH, M = LOW). I0/M is held to a high impedance logic zero during local bus*hold acknowledge”.

29

WRITE: strobe indicates that the processor is performing a write memory or write I/0 cycle, depending on
the state of the IO/M signal. WR is active for T2, T3, and Tw of any write cycle. It is active LOW, and is held
to high impedance logic one during local bus “hold acknowledge’.

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3, and Tw of
each interrupt acknowledge cycle. Note that INTA is never floated.

25

ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 82C82/82C83 address
latch. It is a HIGH pulse active during clock low of T1 of any bus cycie. Note that ALE is never floated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 data bus
transceiver. It is used to contro! the direction of data flow through the transceiver. Loglcally, DT/Ris equivalent
to ST in the maximum mode, and its timing is the same as for IO/M (T = HIGH, R = LOW). This signal is
held to a high impedance logic one during local bus “hold acknowledge”.

[w]
m
b4

26

DATA ENABLE: is provided as an output enable for the 82C86/82C87 in a minimum system which uses the
trasceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. For a read or INTA
cycle, itis active from the middle of T2 until the middle of T4, while for a write cycle, it is active from the begin-
ning of T2 until the middie of T4. DEN is held to high impedance logic one during local bus “hold acknowledge'

HOLD,
HLDA

31
30

HOLD: indicates that another master is requesting a local bus “hold”. To be acknowledged, HOLD must be
active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an acknowledgment,
in the middle of a T4 or T clock cycle. Simultaneous with the issuance of HLDA the processor will float the
local bus and control lines. After HOLD is detected as being LOW, the processor lowers HLDA, and when
the processor needs to run another cycle, it will again drive the local bus and control lines.

Hoid is not an asynchronous input. External synchronization should be provided if the system cannot
otherwise guarantee the set up time.

34

STATUS LINE: is logically equivalent to §0 in the max- —
imum mode. The combination of 80, }O/M, and I0M
DT/Rallows the system to completely decode the current
bus cycle status. SSOis held to highimpedance logic one
during local bus "hold acknowledge”.

CHARACTERISTICS

Interrupt Acknowledge
Read I/0 port

Write I/0 port

Halt

Code access

Read memory

Write memory

Passive

=]
=
Bl

romoao o §|

OO OO — — -
—_—_, OO0 = 20O
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Functional Description

Static Operation

AlI'80C88 circuitry is static in design. Internal registers, counters
and latches are static and require no refresh as with dynamic cir-
cuit design. This eliminates the minimum operating frequency
restriction placed on other microprocessors. The CMOS 80C88
can operate from DC to the specified upper frequency limit. The
processor clock may be stopped in either state (high/low) and
held there indefinitely. This type of operation is especially useful
for system debug or power critical applications.

The 80C88 can be single stepped using only the CPU clock.
This state can be maintained as long as is necessary. Single
step clock operation allows simple interface circuitry to pro-
vide critical information for start-up.

Static design also allows very low frequency operation (as low
as DC). In a power critical situation, this can provide extremely
low power operation since 80C88 power dissipation is directly
related to operating frequency. As the system frequency is
reduced, so is the operating power until, at a DC input fre-
quency, the power requirement is the 80C88 standby current.

Internal Architecture

The internal functions of the 80C88 processor are partitioned
logically into two processing units. The first is the Bus Inter-
face Unit (BIU) and the second is the Execution Unit (EU) as
shown in the CPU block diagram.

These units can interact directly but for the most part perform
as separate asynchronous operational processors. The bus
interface unit provides the functions related to instruction
fetching and queuing, operand fetch and store, and address
relocation. This unit aiso provides the basic bus control. The
overlap of instruction pre-fetching provided by this unit serves
to increase processor performance through improved bus
bandwidth utilization. Up to 4 bytes of the instruction stream
can be queued while waiting for decoding and execution.

The instruction stream queuing mechanism allows the BIU to
keep the memory utilized very efficiently. Whenever there is
space for at least 1 byte in the queue, the BIU will attempt a
byte fetch memory cycle. This greatly reduces “dead time” on
the memory bus. The queue acts as a First-In-First-Out (FIFO)
buffer, from which the EU extracts instruction bytes as re-
quired. If the queue is empty (following a branch instruction,
for example), the first byte into the queue immediately be-
comes available to the EU.

The execution unit receives pre-fetched instructions from the
BIU queue and provides un-relocated operand addresses to
the BIU. Memory operands are passed through the BIU for
processing by the EU, which passes results to the BIU for
storage. i

7 0
=y FFFFFH

64 KB CODE SEGMENT

XXXXOH

STACK SEGMENT
+ OFIFSET

\
\—

BYTE
S! e
25, MSB

DS
-ES . i 1

EXTRA SEGMENT

SEGMENT
REGISTER FILE
fr—
N
s WORD{ LSB DATA SEGMENT

€T 00000H

Figure 1. Memory Organization

Memory Organization

The processor provides a 20-bit address to memory which
locates the byte being referenced. The memory is organized
as a linear array of up to 1 million bytes, addressed as
00000(H) to FFFFF(H). The memory is logically divided into
code, data, extra, and stack segments of up to 64K bytes
each, with each segment falling on 16-byte boundaries. (See
FIGURE 1).

All memory references are made relative to base addresses con-
tained in high speed segment registers. The segment types were
chosen based on the addressing needs of programs. The seg-
ment register to the selected is automatically chosen according
to specific rules as shown in Table 2. All information in one seg-
menttype share the same logical attributes (e.g., code or data).
By structuring memory into relocatable areas of similar
characteristics and by automatically selecting segment registers,
programs are shorter, faster, and more structured.

Word (16-bit) operands can be located on even or odd ad-
dress boundaries. For address and data operands, the least
significant byte of the word is stored in the lower valued
address location and the most significant byte in the next
higher address location.
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Table 2.
Memory Segment Register Segment
Reference Need Used Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack STACK (8S) All stack pushes and pops. Memory references relative to BP
base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
operation, or explicitly overridden.
External (Global) Data | EXTRA (ES) Destination of string operations: Explicitly selected using a
segment override.

FFFFFH
FFFFOH

RESET BOOTSTRAP _|
PROGRAM SUMP

IFFH
e[

TYPE 255 POINTER
(AVAILABLE)

AVAILABLE
INTERRUPT
POINTERS
(224)

TYPE 33 POINTER
(AVAILABLE)

TYPE 32 POINTER
{AVAILABLE)

TYPE 31 POINTER
{RESERVED)

084H

080H
07FH

RESERVED
INTERRUPT
POINTERS
{27

TYPE 5 POINTER
(RESERVED)
TYPE4 POINTER
OVERFLOW
| rveesromter |
1-BYTE INT INSTRUCTION
TYPE 2POINYER
NON-MASKABLE
TYPE 1 POINTER
SINGLE-STEP
TYPE 0 POINTER
DIVIDE ERROR

o —

014H

oon [

DEDICATED
INTERRUPT
POINTERS
(]

oocH

0041

"F soecomes
P OFFSET

Q00H

Figure 2. Reserved Memory Locations

The BIU will automatically execute two fetch or write cycles for
16-bit operands.

Certain locations in memory are reserved for specific CPU
operations. (See FIGURE 2). Locations from addresses
FFFFOH through FFFFFH are reserved for operations in-
cluding a jump to the initial system initialization routine. Fol-
lowing RESET, the CPU will always begin execution at
location FFFFOH where the jump must be located. Locations

00000H through 003FFH are reserved for interrupt operations.
Each of the 256 possible interrupt service routines is accessed
through its own pair of 16-bit pointers — segment address pointer
and offset address pointer. The first pointer, used as the offset
address, is loaded into the IP, and the second pointer, which
designates the base address, is loaded into the CS. At this point
program control is transferred to the interrupt routine. The pointer
elements are assumed to have been stored at their respective
places in reserved memory prior to the occurrence of interrupts.

Minimum and Maximum Modes

The requirements for supporting minimum and maximum
80C88 systems are sufficiently different that they cannot be
done efficiently with 40 uniquely defined pins. Consequently,
the 80C88 is equipped with a strap pin (MN/MX) which defines
the system configuration. The definition of a certain subset of
the pins changes, dependent on the condition of the strap pin.
When the MN/MX pin is strapped to GND, the 80C88 defines
pins_24 through 31 and 34 in maximum mode. When the
MN/MX pin is strapped to VCC, the 80C88 generates bus
control signals itself on pins 24 through 31 and 34.

The minimum mode 80C88 can be used with either a multi-
plexed or demultiplexed bus. This architecture provides the
80C88 processing power in a highly integrated form.

The demultiplexed mode requires one latch (for 64K addressabil-
ity) or two latches (for a full megabyte of addressing). An 82C86
or 82C87 transceiver can aiso be used if data bus bufferingis
required. (See FIGURE 3.) The 80C88 provides DEN and DT/R
to control the transceiver, and ALE to latch the addresses. This
configuration of the minimum mode provides the standard
demultiplexed bus structure with heavy bus buffering and relaxed
bus timing requirements.

The maximum mode employs the 82C88 bus controller (See
FIGURE 4). The 82C88 decodes status lines S0, S1, and S2,
and provides the system with all bus control signals. Moving
the bus control to the 82C88 provides better source and sink
current capability to the control lines, and frees the 80C88 pins
for extended large system features. Hardware lock, queue
status, and two request/grant interfaces are provided by the
80C88 in maximum mode. These features allow co-
processors in local bus and remote bus configurations.
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Bus Operation

The 80C88 address/data bus is broken into three parts — the
lower eight address/data bits (AD0-AD7), the middle eight
address bits (A8-A15), and the upper four address bits
(A16-A19). The address/data bits and the highest four ad-
dress bits are time multiplexed. This technique provides the
most efficient use of pins on the processor, permitting the use
of a standard 40 lead package. The middle eight address bits
are not multiplexed, i.e. they remain valid throughout each bus
cycle. In addition, the bus can be demuitiplexed at the proc-
essor with a single address latch if a standard, non-
multiplexed bus is desired for the system.

Each processor bus cycle consists of at least four CLK cycles.
These are referredto as T1, T2, T3, and T4. (See FIGURE 5).
The address is emitted from the processor during T1 and data
transfer occurs on the bus during T3 and T4. T2 is used
primarily for changing the direction of the bus during read
operations. In the event that a “NOT READY” indication is
given by the addressed device, “wait” states (Tw) are inserted
between T3 and T4. Each inserted “wait” state is of the same
duration as a CLK cycle. Periods can occur between 80C88
driven bus cycles. These are referred to as “idle” states (Ti), or
inactive CLK cycles. The processor uses these cycles for
internal housekeeping.

I-——(4+Nw..'>=rcv
ST IR U

|-r,

I (4+qu7)=ch——>|
v 1n 1o o 1w

GOES INACTIVE IN THE STATE
JUSTFRIORTO T,

[\ _—

[\

=\ i}

\ Jy [

ADDR/STATUS

S6-S3

S6-S3

X=X X_

ADDR Ais-Ag

N~

.

Ars-As

X A

ADDR/DATA

BUS RESERVED' D,-D,
( Arho > { FOR DATA nX v&uB)

NS

( ArAo X DATA OUT (D;-Do) > m

READY

READY
O

WAIT

WAIT

[¢—— MEMORY ACCESS TIME ——»]

Figure 5. Basic System Timing
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During T1 of any bus cycle, the ALE (address latch en-
able) signal is emitted (by either the processor or the
82C88 bus controller, depending on the MN/MX strap). At
the trailing edge of this pulse, a valid address and certain
status information for the cycle may be latched.

Status bits S0, S, and S2 are used by the bus controller, in
maximum mode, to identify the type of bus transaction
according to the following table:

N
ol
o

CHARACTERISTICS

Interrupt Acknowledge
Read I/0

Write 110

Halt

instruction Fetch

Read Data from Memory
Write Data to Memory
Passive (no bus cycle)

“aswocooo |0

[N W = SN
-~ O0O—=20+0=0

Table 3.

Status bits S; through Sg are multiplexed with high order
address bits and are therefore valid during T2 through T4. S;
and S, indicate which segment register was used for this bus
cycle in forming the address according to the following table:

S, S; CHARACTERISTICS
0 0 Alternate Data (extra segment)
0 1 Stack
1 0 Code or None
1 1 Data
Table 4.

S is a reflection of the PSW interrupt enable bit. Sg is always
equal to 0.

OuUTPUT ° ° BOND | EXTERNAL
DRIVER PAD PIN

INPUT
PROTECTION
CIRCUITRY

Figure 6A. Bus hold circuitry pin 2-16, 35-39.

1/0 Addressing

In the 80C88, I/0 operations can address up to a maximum of
64K I/0 registers. The I/O address appears in the same format
as the memory address on bus lines A15-A0. The address
lines A19-A16 are zero in {/O operations. The variable O
instructions, which use register DX as.a pointer, have full
address capability, while the direct I/O instructions directly
address one or two of the 256 /O byte locations in page 0 of
the I/O address space. /O ports are addressed in the same
manner as memory locations.

Designers familiar with the 8085 or upgrading an 8085 design
should note that the 8085 address I/O with an 8-bit address on
both halves of the 16-bit address bus. The 80C88 uses a full
16-bit address on its lower 16 address lines.

External Interface
Processor Reset and Initialization

Processor initialization or start up is accomplished with activa-
tion (HIGH) of the RESET pin. The 80C88 RESET is required
to be HIGH for greater than four clock cycles. The 80C88 will
terminate operations on the high-going edge of RESET and
will remain dormant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset sequence for
approximately 7 clock cycles. After this interval the 80C88
operates normally, beginning with the instruction in absolute
location FFFFOH (see FIGURE 2). The RESET input is intern-
ally synchronized to the processor clock. At initialization, the
HIGH to LOW transition of RESET must occur no sooner than
50 ws after power up, to allow complete initialization of the
80C88.

NMI will not be recognized if asserted prior fo the second CLK
cycle following the end of RESET.

Bus Hold Circuitry

To avoid high current conditions caused by floating inputs to
CMOS devices and to eliminate the need for pull-up/down
resistors, “bus-hold” circuitry has been used on 80C88 pins
2-16, 26-32 and 34-39 (see FIGURE 6A, 6B). These circuits
maintain a valid logic state if no driving source is present (i.e.,

° BOND
PAD

EXTERNAL
PIN

INPUT
PROTECTION
CIRCUITRY

Figure 6B. Bus hold circuitry pin 26-32, 34.
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an unconnected pin or a driving source which goes to a high
impedance state).

To overdrive the “bus hold” circuits, an external driver must be
capable of supplying 400A minimum sink or source current
at valid input voltage levels. Since this “bus hold” circuitry is
active and not a “resistive” type element, the associated
power supply current is negligible. Power dissipation is sig-
nificantly reduced when compared to the use of passive
pull-up resistors.

Interrupt Operations

Interrupt operations fall into two classes: software or hardware
initiated. The software initiated interrupts and software as-
pects of hardware interrupts are specified in the instruction set
description. Hardware interrupts can be classified as non-
maskable or maskable.

Interrupts result in a transfer of control to a new program
location. A 256 element table containing address pointers to
the interrupt service program locations resides in absolute
locations 0 through 3FFH (see FIGURE 2), which are re-
served for this purpose. Each element in the table is 4 bytes in
size and corresponds to an interrupt “type.” An interrupting
device supplies an 8-bit type number, during the interrupt
acknowledge sequence, which is used to vector through the
appropriate element to the new interrupt service program
location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable interrupt
(NMI) pin which has higher priority than the maskable interrupt
request (INTR) pin. A typical use would be to activate a power
failure routine. The NMI is edge-triggered on a LOW to HIGH
transition. The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state of greater
than two clock cycles, but is not required to be synchronized to
the clock. Any high going transition of NMl is latched on-chip
and will be serviced at the end of the current instruction or
between whole moves (2 bytes in the case of word moves) of a
block type instruction. Worst case response to NMI would be
for multiply, divide; and variable shift instructions. There is no
specification on the occurrence of the low-going edge; it may

occur before, during, or after th. servicing of NMI. Another
high-going edge triggers another response if it occurs after the
start of the NMI procedure.

The signal must be free of logical spikesin general and be free
of bounces on the low-going edge to avoid triggering extra-
neous responses.

Maskable Interrupt (INTR)

The 80C88 provides a single interrupt request input (INTR)
which can be masked internally by software with the resetting
of the interrupt enable (IF) flag bit. The interrupt request signal
is level triggered. It is internally synchronized during each
clock cycle on the high-going edge of CLK.

To be responded to, INTR must be present (HIGH) during the
clock period preceding the end of the current instruction or the
end of a whole move for a block type instruction. INTR may be
removed anytime after the falling edge of the first INTA signal.
During interrupt response sequence, further interrupts are
disabled. The enable bit is reset as part of the response to any
interrupt (INTR, NMI, software interrupt, or singie step). The
FLAGS register, which is automatically pushed onto the stack,
reflects the state of the processor prior to the interrupt. The
enable bit will be zero until the old FLAGS register is restored,
unless specifically set by an instruction.

During the response sequence (see FIGURE 7), the proc-
essor executes two successive (back to back) interrupt ac-
knowledge cycles. The 80C88 emits the LOCK signal
(maximum mode only) from T2 of the first bus cycle until T2 of
the second. A local bus “hold” request will not be honored until
the end of the second bus cycle. In the second bus cycle, a
byte is fetched from the external interrupt system (e.g.,
82C59A PIC) which identifies the source (type) of the inter-
rupt. This byte is multiplied by four and used as a pointer into
the interrupt vector lookup table.

An INTR signal left HIGH will be continually responded to
within the limitations of the enable bit and sample period. INTR
may be removed anytime after the falling edge of the first
INTA signal. The interrupt return instruction includes a flags
pop which returns the status of the original interrupt enable bit
when it restores the flags.

Figure 7. Interrupt Acknowledge Sequence
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Hait

When a software HALT instruction is executed, the processor
indicates that it is entering the HALT state in one of two ways,
depending upon which mode is strapped. In minimum mode,
the processor issues ALE, delayed by one clock cycle, to allow
the system to latch the halt status. Halt status is available on
10/M, DT/R, and §S0. In maximum mode, the processor
issues appropriate HALT status on 52, §1, and S0, and the
82C88 bus controller issues one ALE. The 80C88 will not
leave the HALT state when a local bus hold is entered while in
HALT. In this case, the processor reissues the HALT indicator
atthe end of the local bus hold. Aninterrupt request or RESET
will force the 80C88 out of the HALT state.

Read/Modify/Write (Semaphore) Operations Via LOCK

The LOCK status information is provided by the processor
when consecutive bus cycles are required during the ex-
ecution of an instruction. This allows the processor to perform
read/modify/write operations on memory (via the “exchange
register with memory” instruction), without another system
bus master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to accomplish
“test and set lock” operations. The LOCK signal is activated
(LOW) in the clock cycle following decoding of the LOCK
prefix instruction. It is deactivated at the end of the last bus
cycle of the instruction following the LOCK prefix. While LOCK
is active, a request on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.

External Synchronization Via TEST

As an alternative to interrupts, the 80C88 provides a single
software-testable input pin (TEST). This input is utilized by
executing a WAIT instruction. The single WAIT instruction is
repeatedly executed until the TEST input goes active (LOW).
The execution of WAIT does not consume bus cycles once the
queue is full.

If alocal bus request occurs during WAIT execution, the 80C88
3-states all output drivers while inputs and |/O pins are held at
valid logic levels by internal bus-hold circuits. If interrupts are
enabled, the 80C88 will recognize interrupts and process them
when it regains control of the bus.

Basic System Timing

In minimum mode, the MN/MX pin is straj apped to V¢ and the
processor emits bus control signals (RD, WR, I0/M, etc.)
directly. In maximum mode, the MN/MX pin is strapped to
GND and the processor emits coded status information which
the 82C88 bus controller uses to generate MULTIBUS™ com-
patible bus control signals.

System Timing — Minimum System

The read cycle begins in T1 with the assertion of the address
latch enable (ALE) signal (See FIGURE 5). The trailing {(low
going) edge of this signal is used to latch the address infor-
mation, which is valid on the address/data bus (AD0-AD7) at
this time, into- the 82C82/82C83 latch. Address lines A8
through A15 do not need to be latched because they remain
valid throughout the bus cycle. From T1 to T4 the I0/M signal
indicates a memory or /O operation. At T2 the address is
removed from the address/data bus and the bus is held at the
last valid logic state by internal bus-hold devices. The read
control signal is also asserted at T2. The read (RD) signal
causes the addressed device to enable its data bus drivers to

MULTIBUS™ is a trademark of intel Corp.

the local bus. Some time later, valid data will be available on
the bus and the addressed device will drive the READY line
HIGH. When the processor returns the read signal to a HIGH
level, the addressed device will again 3-state its bus drivers. If
a transceiver (82C86/82C87) is required to buffer the local
bus, signals DT/R and DEN are provided by the 80C88.

A write cycle also begins with the assertion of ALE and the
emission of the address. The IQ/M signalis again asserted to
indicate a memory or I/O write operation. In T2, immediately
following the address emission, the processor emits the data
to be written into the addressed location. This data remains
valid until at least the middle of T4. During T2, T3, and Tw, the
processor asserts the write control signal. The write (WR)
signal becomes active at the beginning of T2, as opposed to
the read, which is delayed somewhat into T2 to provide time
for output drivers to become inactive.

The basic difference between the interrupt acknowledge cycle
and a read cycle is that the interrupt acknowledge (INTA)
signal is asserted in place of the read (RD) signal and the
address bus is held at the last valid logic state by internal
bus-hold devices (see FIGURE 6). In the second of two
successive INTA cycles, a byte of information is read from the
data bus, as supplied by the interrupt system logic (i.e.,
82C59A priority interrupt controller). This byte identifies the
source (type) of the interrupt. It is multiplied by four and used
as a pointer into the interrupt vector lookup table, as described
earlier.

Bus Timing — Medium Complexity Systems

For medium complexity systems, the MN/MX pin is connected
to GND and the 82C88 bus controller is added to the system,
as well as an 82C82/82C83 latch for latching the system
address, and an 82C86/82C87 transceiver to allow for bus
loading greater than the 80C88 is capable of handling (see
FIGURE 8). Signals ALE, DEN, and DT/R are generated by
the 82C88 instead of the processor in this configuration,
although their timing remains relatively the same. The 80C88
status outputs (S2, S1, and S0) provide type of cycle infor-
mation and become 82C88 inputs. This bus cycle information
specifies read (code, data, or [/O), write (data or I/O), interrupt
acknowledge, or software halt. The 82C88 thus issues control

. signals specifying memory read or write, I/O read or write, or

interrupt acknowledge. The 82C88 provides two types of write
strobes, normal and advanced, to be applied as required. The
normal write strobes have data valid at the leading edge of
write. The advanced write strobes have the same timing as
read strobes, and hence, data is not valid at the leading edge
of write. The 82C86/82C87 transceiver receives the usual T
and OE inputs from the 82C88 DT/R and DEN outputs.

The pointer into the interrupt vector table, which is passed
during the second INTA cycle, can derive from an 82C59A
located on either the local bus or the system bus. If the master
82C59A priority interrupt controller is positioned on the local
bus, the 82C86/82C87 transceiver must be disabled when
reading from the master 82C59A during the interrupt ac-
knowledge sequence and software “poll”.

The 80C88 Compared To The 80C86

The 80C88 CPU is an 8-bit processor designed around the
8086 internal structure. Most internal functions of the 80C88
are identical to the equivalent 80C86 functions. The 80C88
handles the external bus the same way the 80C86 does with
the distinction of handling only 8 bits at a time. Sixteen-bit
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operands are fetched or written in two consecutive bus cycles.
Both processors will appear identical to the software engineer,
with the exception of execution time. The internal register
structure is identical and all instructions have the same end
result. Internally, there are three differences between the
80C88 and the 80C86. All changes are related to the 8-bit bus
interface.

o The queue length is 4 bytes in the 80C88, whereas the
80C86 queue contains 6 bytes, or three words. The queue
was shortened to prevent overuse of the bus by the BIU
when prefetching instructions. This was required because
of the additional time necessary to fetch instructions 8 bits
at a time.

e To further optimize the queue, the prefetching algorithm
was changed. The 80C88 BIU will fetch a new instruction to
load into the queue each time there is a 1 byte space
available in the queue. The 80086 waits until a 2-byte
space is available.

e The internal execution time of the instruction set is affected
by the 8-bit interface. All 16-bit fetches and writes from/to
memory take an additional four clock cycles. The CPU is
also limited by the speed of instruction fetches. This latter
problem only occurs when a series of simple operations
occur. When the more sophisticated instructions of the
80C88 are being used, the queue has time to fill and the
execution proceeds as fast as the execution unit will allow.

The 80C88 and 80C86 are completely software compatible by
virtue of their identical execution units. Software that is system
dependent may not be completely transferable, but software
that is not system dependent will operate equally as well on an
80C88 or an 80C86.

The hardware interface of the 80C88 contains the major
differences between the two CPUs. The pin assignments are
nearly identical, however, with the following functional
changes:

® A8-A15 — These pins are only address outputs on the
80C88. These address lines are latched internally and
remain valid throughout a bus cycle in a manner similar to
the 8085 upper address lines.

e BHE has no meaning on the 80C88 and has been
eliminated.

o S350 provides the SO status information in the minimum

- mode. This output occurs on pin 34 in minimum mode onIy

DT/R, I0/M, and SS0 provide the complete bus status in
minimum mode.

® 10/M has been inverted to be compatible with the 8085 bus
structure.

® ALE is delayed by one clock cycle.in the minimum mode
when entering HALT, to allow the status to be latched with
ALE.

w_ N /*4# "
o= ~ e
aww C 77777 \

82C88 RDY 82C84 ’V X

— -
T I G2 ) s K G738 B o
soces 9 ats A8 X A t
RO /——
o 1\ —

Y - \

DEN / N .

Figure 8. Medium Complexity System Tiniing
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Specifications 80C88

Absolute Maximum Ratings

SUPPIY VORAGE....oiiiieiiiiieic sttt b b s sbear e
input, Output or I/0 Voltage Applied
Storage Temperature Range.................
Maximum Package Power Dissipation...

bjc ..160C/W (CERDIP Package), 210C/W (LCC Package)
bja 360C/W (CERDIP Package), 410C/W (LCC Package)
Gate Count 9750 Gates
Junction Temperature ..+1500C
Lead Temperature (Soldering, Ten SECONAS) .......c.coucviieiiiie it +2600C

CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress only rating and operation of the device at these or any other conditions above those indicated in the operation
section of this specification is not implied.

Operating Conditions

Operating Voltage RANGE .....ccvviiiiiiieiesiie ettt ane e seens s +4.5V to +5.5V
MBOCBB=2 ONIY oottt et sb ettt et raeebe s s sasane e +4.75V to +5.25V
Operating Temperature Range

....00C to +700C
.-400C to +850C
-550C to +1250C

D.C. Electrical Specifications Voc = 5.0V + 10%; T, = 00C to +709C (C80C88) (C80C88-2)

Voe =5.0V + 10%; Tp = -400C to +850C (180C88) (180C88-2)
Vce = 5.0V 4 10%; Tp = -550C to +1250C (M80C88)
Vce = 5.0V £ 5%; Ta =-550C to +1250C (M80C88-2)

symBoL | PARAMETER | wmn | max [ units | TEST conpiTions
VIH Logical One 2.0 v C80C88, 180C88
Input Voitage 2.2 \ M80C88
VIL Logical Zero Input Voltage 0.8 \
VIHC CLK Logical One Input Voltage VCC -0.8V "
VILC CLK Logical Zero Input Voltage 0.8 \
VOH Output High Voltage 3.0 \ I0H = -2.5mA
VCC -0.4 \ IOH = -100uA
VoL Output Low Voltage 0.4 " 10OL = +2.5mA
H Input Leakage Current -1.0 1.0 uA VIN =0V or VCC,DIP Pins
17-19, 21-23, 33
IBHH Input Current -40 -400 UA VIN = 3.0V
Bus Hold High (See Note 1)
IBHL Input current 40 400 UA VIN = 0.8V
Bus Hold Low (See Note 2)
10 Output Leakage -10.0 10.0 UA VO =0V or VCC
Current DiP Pins 24, 25
ICCSB Standby Power Supply 500 UA VCC = 5.5V
Current (See Note 3.)
ICCOP Operating Power 10 mA/MHz VCC = 5.5V
Supply Current Freq (MHz) = CLK Cycle
Time (TCLCL)
NOTES: 1. IBHH should be measured after raising VIN to VCC and then lowering to 3.0V on the following pins: 2-16, 26-32, 34-39.
2. IBHL should be measured after lowering VIN to GND and then raising to 0.8V on the following pins: 2-16, 35.

3.

ICCSB tested during clock high time after HALT instruction execution. VIN = VCC or GND VCC = 5.5V outputs unloaded.

Capacitance Tp - 250C; VCC = GND = 0V; VIN = +5V or GND

SYMBOL PARAMETER TYPICAL | UNITS [ TEST CONDITIONS
CIN Input Capacitance 20 pF FREQ = 1MHz
Unmeasured Pins Returned
to GND
couT Output Capacitance 20 pF Ta =250C
Cl/0 1/0 Capacitance 20 pF ViN or VoyT = VCC or GND
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Specifications 80C88

A.C. Electrical Specifications Vg = 5.0V + 10%; Ta = 00C to +700C (C80C88) (C80C88-2)
Vee = 5.0V + 10%; Tp = -400C to +850C (180C88) (180C88-2)
Vce = 5.0V £ 10%; Tp = -550C to +1250C (M80C88)
Vog = 5.0V £ 5%; Tp =-550C to +1250C (M80OC88-2)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

80C88-2 80C8s
SYMBOL PARAMETER MIN | MAX | MIN | MAX UNITS TEST CONDITIONS
TCLCL CLK Cycle Period 125 200 ns
TCLCH CLK Low Time 68 118 ns
TCHCL CLK High Time 44 69 ns
TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CLA CLK Fall Time 10 10 ‘ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 30 ns
TCLDX1 Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 35 35 ns
82CB84A (See Notes 1, 2)
TCLR1X RDY Hold Time into 0 0 ns
82CB84A (See Notes 1, 2)
\
TRYHCH READY Setup Time 68 118 ns
into 80C88
TCHRYX READY Hold Time 20 30 ns
into 80C88
TRYLCL READY Inactive to -8 -8 ns
CLK (See Note 3)
THVCH HOLD Setup Time 20 35 ns
TINVCH INTR, NMI, TEST 15 30 ns
Setup Time (See
Note 2)
TiLIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK)
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Specifications 80C88

A.C. Electrical Specifications vVcc = 5.0V + 10%; Ta = 00C to +709C (C80C88) (C80C88-2)
Vo = 5.0V £ 10%; Ta =-400C to +850C (180C88) (I180C88-2)
Ve = 5.0V £ 10%; Ta = -550C to +1250C (M80C88)
VCe = 5.0V £ 5%; Tp =-550C to +1250C (M80C88-2)

©
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O
(=4
©

MINIMUM COMPLEXITY SYSTEM TIMING RESPONSES

80C88-2 80C88
SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS
TCLAV Address Valid Delay 10 60 10 110 ‘ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 50 TCLAX 80 ns
TCHSZ Status Float Delay 50 80 ns
TLHLL ALE Width TCLCH-10 TCLCH-20 ns
TCLLH ALE Active Delay 50 80 ns
TCHLL ALE Inactive Delay 55 85 ns
TLLAX Address Hold Time TCHCL-10 TCHCL-10 ns ©
to ALE inactive § -
—
TCLDV Data Valid Delay 10 60 10 110 ns C_ = 100 pF for all : =
TCLDX2 Data Hold Time 10 10 ns 80C88 Outputs in =
TWHDX Data Hold Time TCLCL-30 TCLCL-30 ns addition to internal loads e
After WR ]
TCVCTV Control Active 10 70 ] 10 110 ns
Delay 1
TCHCTV Control Active 10 60 10 110 ns
Delay 2
TCVCTX Control Inactive 10 70 10 110 ns
Delay
TAZRL Address Float to 0 0 ns
READ Active
TCLRL RD Active Delay 10 100 10 165 ns
TCLRH RD Inactive Delay 10 80 10 150 ns
TRHAV D Inactive to Next TCLCL-40 TCLCL-45 ns
Address Active :
TCLHAV HLDA Valid Delay 10 100 10 160 ns
TRLRH RD Width 2TCLCL-50 2TCLCL-75 ns
TWLWH WR Width 2TCLCL-40 2TCLCL-60 ns
TAVAL Address Valid to TCLCH-40 TCLCH-60 ns
ALE Low
TOLOH Output Rise Time 15 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 15 ns From 2.0V to 0.8V
TCHSV Status Active Delay 10 60 10 110 ns

NOTES: 1. Signal at 82C84A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next clock.
3. Applies only to T2 state (8 nanoseconds into T3).
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Waveforms
BUS TIMING — MINIMUM MODE SYSTEM
T, T, T, Tw Ta
|¢———TCLCL ———»{ TCHICH2 > |&— TCL2CLY J
CLK (82C84A Output) 7l !‘ 1! i Z S; jl i;
TCHCTV | . " » TCHEL '—Tct.cu_-: le— | TCHCTV
10M  §S0
— TCLAV
Ays-Ag )‘ A;s5-Ag (Float during INTA)
—»| TCLDV
TCLAV ] — |rcLaxsl —>| TCLAV
A19/Se-A16'S3 )L AgAg S¢-S;
TCLLH -] —TLHLL TLLAX
ALE /
TCHLL—» — I — le—TR1VCL
: - M Vin
RDY (82C84A Input) F—
SEE NOTE 4 TAVAL vl \ \
|'L = Je—ToLRIX
Tmm%F -
READY (80C88 Input) > TCHRYX
—:fi(— .
—> _Id—TCLAZ | ¢——TDVCL ——>leTCLDX 1
( AD,-AD, )( AD,-AD, L( DATA IN )
TAZRL o TCLRH—| < TRHAV
m f
READ CYCLE [
— —(NOTE 1) < — TCHCTV TCLRL |« < TRLRH > - TCHCTV
(WR. INTA = Vo) oH CLAL |
DTR
TCVCTV—> TCVCTX ] /—
DEN
~
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Waveforms

80C88

BUS TIMING — MINIMUM MODE SYSTEM

T T2 Ts Tw Ta
TCHICH2 F q TeLacLt /
CLK (82C84A OUTPUT) _j‘ '\ ]‘ \ f .\ }F "k
TCLDX2
TCLAV | — Igt::: - - -~
AD; - ADg AD;-ADo DATA OUT . *
[— TWHOX
TCVCTV—+| = — TCVCTX
WRITE CYCLE —
NOTE 1 DEN \L J
TCVCTV—=f Io—
TWLWH
WA 4 ©
S >
TCVCTX — fe— 8=
—f -TCLAZ n =
] +—TDVCL— -— TCLDX1 § =
—_— - — o ————— — =
AD; - ADp | POINTER
— ——— e e ] e e —_—r——
— - TCHCTV — TCHCTY
DT
INTA CYCLE -
—
NOTES 1,3 )
RD, WR = v JR—
{ =Vou) NTA
TCVCTV—~ TeveTX—
DEN

SOFTWARE HALT -
OEN,AD,WR,INTA = vou AD; - ADy | INVALID ADDRESS SOFTWARE HALT

TCLAV -—

TCLLH — = FTCHLL
ALE |

— r—‘ TCVCTX

1o/ M i |
B L b

TCHCTV

NOTES: 1. All signals switch between Vo and Vo unless otherwise specified.

2. RDY is sampled near the end of Tp, T3, Tyy to determine if Tyy machines
states are to be inserted.

3. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus
is floating during both INTA cycles. Control Signals are shown for the
second INTA cycle.

4. Signals at 82C84A are shown for reference only.

5. All timing measurements are made at 1.5V unless otherwise noted.
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Specifications 80C88

A.C. Electrical Specifications Vg = 5.0V = 10%; Ta = 09C to +700C (C80C88) (C80C88-2)
VCe = 5.0V £ 10%; Ta = -400C to +850C (180C88) (180C88-2)
Vee = 5.0V £ 10%; Ta = -550C to +1250C (M80C88)
Ve = 5.0V £ 5%; Ty =-550C to +1250C (MBOC88-2)

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING REQUIREMENTS

80C88-2 80C88
SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS
TCLCL CLK Cycle Period 125 200 ns
TCLCH CLK Low Time 68 118 ns
TCHCL CLK High Time 44 69 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 10 ns From 3.5V to 1.0V
TDVCL Data in Setup Time 20 30 ns
TCLDX1 Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 35 35 ns
82C84 (See Notes 1, 2)
TCLR1X RDY Hold Time into 0 0 ns
82C84 (See Notes 1, 2)
TRYHCH READY Setup Time 68 118 ns
into 80C88
TCHRYX | READY Hold Time 20 30 ns
into 80C88
TRYLCL READY Inactive to -8 -8 ns
CLK (See Note 3)
TINVCH Setup Time for 15 30 ns
Recognition (INTR,
NMI, TEST) (See
Note 2)
TGVCH RQ/GT Setup Time 15 30 ns
TCHGX 'RQ Hold Time into 30 TCHCL +10 40 TCHCL +10 ns
80C88 (See Note 4)
TILIH Input Rise Time 15 15 ns From 0.8V to 2.0V
(Except CLK)
TIHIL Input Fall Time 15 15 ns From 2.0V to 0.8V
(Except CLK)
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Specifications 80C88

A.C. Electrical Specifications vcc = 5.0V £ 10%; Ta = 00C to +700C (C80C88) (C80C88-2)
VGG = 5.0V £ 10%; Ta =-400C to +850C (180C88) (180C88-2)

VGC = 5.0V £ 10%; T =-550C to +1250C (M80C88)
Ve = 5.0V = 5%; Tp =-550C to +1250C (M8B0C88-2)

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) TIMING RESPONSES

80C88-2 80C88
SYMBOL PARAMETER MIN MAX MIN MAX UNITS TEST CONDITIONS
TCLML Command Active 5 35 5 35 ns
Delay (See Note 1)
TCLMH Command Inactive 5 35 5 35 ns
Delay (See Note 1)
TRYHSH READY Active to Status 65 110 ns
Passive (See Notes 3, 5)
TCHSV Status Active Delay 10 60 10 110 ns
TCLSH Status Inactive Delay 10 130 10 130 ns
(See Note 5)
TCLAV Address Valid Delay 10 110 10 110 ns
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 80 ns
TCHSZ Status Float Delay 50 80 ns
TSVLH Status Valid to ALE 20 20 ns
High (See Note 1)
TSVMCH Status Valid to MCE 30 30 ns
High (See Note 1)
TCLLH CLK Low to ALE Valid 20 20 ns
(See Note 1)
TCLMCH CLK Low to MCE High 25 25 ns
(See Note 1)
TCHLL ALE Inactive Delay 4 18 4 18 ns
(See Note 1)
TCLMCL MCE Inactive Delay 15 15 ns C, = 100 pF for all
(See Note 1) 80C88 Outputs in
TCLDV Data Valid Delay 10 60 10 110 ns addition to internal loads,
TCLDX2 Data Hold Time 10 10 ns
TCVNV Controf Active Delay 5 45 5 45 ns
(See Note 1)
TCVNX Control Inactive 10 45 10 45 ns
Delay (See Note 1)
TAZRL Address Float to 0 0 ns
Read Active
TCLRL RD Active Delay 10 100 10 165 ns
TCLRH RD Inactive Delay 10 80 10 150 ns
TRHAV RD Inactive to Next TCLCL-40 TCLCL-45 ns
Address Active
TCHDTL Direction Control 50 50 ns
Active Delay (See
Note 1)
TCHDTH Direction Control 30 30 ns
Inactive Delay
(See Note 1)
TCLGL GT Active Delay 10 50 10 85 ns
TCLGH GT Inactive Delay 10 50 10 85 ns
TRLRH RD Width 2TCLCL-50 2TCLCL-75 ns
TOLOH Output Rise Time 15 15 ns From 0.8V to 2.0V
TOHOL Output Fall Time 15 15 ns From 2.0V t0 0.8V

NOTES: 1. Signal at 82C84A or 82C88 shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next clock.
3. Applies only to T2 state (8 nanoseconds into T3).
4. The 80C88 actively pulls the RQ/GT pin to a logic one on the following clock low time.
5. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high.
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Waveforms

BUS TIMING — MAXIMUM MODE

CLK

Qas,, @s,

'$2. 51, Sg (EXCEPT HALT)

Ais-Ag

A19Sg-A15 Sy

ALE ( 82C88 OUTPUT)

SEE NOTE 5
RDY (82C84 INPUT)

READY (80C88 INPUT)

READ CYCLE
AD,-AD,
RD
DTR
82C88 OUTPUTS

SEE NOTES 5, 6§ MRDC OR IORC

DEN

Ta
TCLAV TCHCL TCLCH
CLAY | FeHet | TCLCH |
le—»{ TCHSV —»  |eTCLSH
TA———
\ ][ /// / [ (SEE NOTE 8) \
e e o
AIS_AB
TCLDV
TCLAV |- ToLax, (¢ TCLW'
Ayg-Asg Se-Sa
TSVLH— - L roHLL
TCLLH—
r—
/
— I
TRIVCL —»I -«
AL
A
—» TCLR1X
TRYLCL —:gﬁ le—
— TCHRYX
TRYHSH - and
TCLAX, TRYHCH |e—
TCLAV —>] TCLAZ | |l¢——ToveL —— e ToLOX1
AD,-AD, DATA IN
—_— o ———
TAZRL TCLRH le TRHAV
1 mrem—
TCLAL
TCHDTL—» —p > TCHDTH
- TRLRH > '
TCLML— { TCLMH —»
TCYNV —
TCVNX —b|
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[
Waveforms 8
BUS TIMING — MAXIMUM MODE SYSTEM (USING 82C88) o
[ ]
| T T2 T3 Ta
| Tw
S 2 S 2n NS 2 AN an WV an U
TCHSV
3 —_——
S, Sy, So (EXCEPT HALT) I \ W (see note 8)
v TCLOV- TCLSH Towox2 | 1
WRITE CYCLE TCLAV |<— ToLAYXA) —» -
AD,-AD, | DATA
— — [ TCVNX
- DEN TCVNV
o™ TCLMH —p|
82C88 OUTPUTS J
SEE NOTES 5, 6 J AMWC OR AIOWG ]
TCLML N S
TCLMH 8=
=
o gz
MWTC OR IOWC g
\
INTA CYCLE
] e —_— e e e —
AusA, RESERVED FOR
(SEE NOTES 3, 4) CASCADE ADDR
] e ey op— — e — ] S— — ——
—» TCLDX1
— o — — — — —
AD,-AD, | <
— e A\ ———— e —
i TCLMCL—]
tsvmcr®l T /-—
mee 1
POEN reLmen—s| - TCHDTL —» TCHDTH
DTR l
62C88 OUTPUTS | TCLML—] J
SEE NOTES 5.6 | NTa
TOVYNY—— —»] /—TCLMH
| DEN
— TCVYNX
SOFTWARE __ R
HALT - RD, MRDC. TORC. MWTC, AMWC, TOWC, AJOWC, INTA, SO, 51 = Vou
AD7-AD,, Ass-Ag L .
INVALID ADDRESS
. — TCLAV
S$2.81,S0 -
— —t e
TCHSV TCLSH

NOTES:
1. All signals switch between Vo and Vg unless otherwise specified.
2. RDY is sampled near the end of Tp, T3, Ty to determine if Ty machine states are to be inserted.
3. Cascade address is valid between first and second INTA cycles.
4. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer address is
shown for second INTA cycle.
Signals at 82C84A or 82C88 are shown for reference only.
6. The issuance of the 82C88 command and controt signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active high
82C88 CEN.
7. All timing measurements are made at 1.5V uniess otherwise noted.
8. Status inactive in state just prior to Ty4.

o
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Waveforms

REQUEST/GRANT SEQUENCE TIMIN

G (MAXIMUM MODE ONLY)

R A

ipl

TeLGH ~ToLGL~ TCLGH
Fad | PULSE 2
Ra/GT PULSE 1 X
COPR
RQ

MSE 3
COPROCESSC
RELEASE

Previous grant ‘I'cLAZ
ArsAs { e
ADrAD, 80C88 COPROCESSOR
i
D, To0K IC.’IS.Z__ _ SEENGTEN. . sy
Ars/Se-Are/S;
Sz S1, So -

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE

THE REGION SHOWN

WITHOUT RISKING CONTENTION

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

>>1 CLK CYCLE - 1 OR 2 CYCLES:
G J \—-q J x
THveH (SEENOTE 1) THVCH
HOLD
—| TCLMAV TCLHAV
HLDA
s .
Aefte TCLAZ N -
80C88 COPROCESSOR )F (aocea
AD,-AD, I i o = =
TCHSZ g_..‘ —_— TCHSV
A19/Se-A16/Sa >——---_——_——-____—_-—
RD, WR, 10/M, DT/R, DEN, $50 S
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK.

ASYNCHRONOUS
SIGNAL RECOGNITION
CLK
NMmi —-I TINVCH (see note 1)
INTR 4, signal j
TEST

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK.

BUS LOCK SIGNAL TIMING
(MAXIMUM MODE ONLY)

Any CLK Cycle-—'

Any CLK Cycle-ul

CLK

—+'TCLAV <~ = TCLAV -+

LoCcK
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80C88

Reset Timing

'_—— 2> 50usec —m

vce /

CLK —\-
TCLDX -
TDVCL
RESET S
24 CLK CYCLES
A.C. Test Circuit A.C. Testing Input, Output Waveforms
OUTPUT FROM TEST POINT INPUT OUTPUT
DEVICE UNDER TEST VIH + 0.4V VOH
I . 1.5\>< ><1A5v
I CL VIL - 0.4V voL
A.C. Testing: All input signals (other than CLK) must switch
between ViLmax -0.4V and VIHgyi, +0.4V. CLK
must switch between 0.4V and VCC -0.4V. Input
*Includes stray and jig capacitance rise and fall times are driven at ins/V.
LCC/PLCC Pinout
cepzfe ey B8
] EEEEEEszzze
S
&
¢ EEEfgesgill
Q@:’@ 2233 =>23z3
R
1 aonnom
a2 41 4
AD10 apto Q7 NG NC
ADY aps s A19/S6 A19/55
AD8 aps 0o §50 (HIGH)
AD7 ar MN/EX | MNX
ADG A [ RD RO
ADS as  ( HOLD RO/6TD
AD3 ana [ HLDA RO/GTT
AD3 LU WR LOCK
AD2 a2z [ /M 5
U] apt [ DT/ §
ADO a0 O DEN 50
T
0y
= 5 sl w & &
sEfsgediEE: Y
< N
S
. ‘t‘v%@
= = o
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- T A _
80C88
INSTRUCTION SET SUMMARY
DATA TRANSFER
Y - Move: 78543210 16543210 78543210 1654232010 OEC  Decremen: 76543210 76543210 76543210 78543210
Register/memory to/trom register 1000100 w|mod reg o/m Register/memory 111411 1w mod001 c/m |
Immediate to register/memory 110001 twimd000 o/m data daadw | | Register 0V001 reg
Immedtate lo register 1011w reg dala datafw 1 NEE Change sign 11110 1w mod0dtt rim ]
Memory to accumulator 1010000w 20dr low 2ddr-high
CMP  Compans:
Accumulator to memory 1010001 w adds-low addi-hgh
Ragister/memory to segment regster (10001110 [mod0reg t/m Register/memory ang cegister 0011100 w mod reg 1im
Seqment reguster 10 register/memory [ 10001100 [moa0ieg rim Immediate with registerimemory 100000sw[mgi1t oim data | dawitsw 01
immediate with accumulator 001 1110w data datariw 1|
PUSH = Push: AAS ASCH adjust for sublract [TEEEEER]
Register/memory 11111111 Jmod 110 vm ] 0AS Decimal adjusi for subtract 00101111
Register 01010 reg MUL Multiply (unsigned) 111101 1w mod1 00 1'm
Segment register 000reg 110 INUL Integec muitiply isigned) 111101 1w mod1 0! 1'm
0P - Poy: AAM ASCH agjust for myltiply 110106100 (00001010
DIV Divige (unsigned) 111101 1w|modt 10 i'm
Pegister/memory 10001 11) mdboo vm 101V Integer Gwide Isignedi 11101 1w medt 11 um
Register 01013 e AAD ASCH adjust for dwide 11010101 00001010
Segment registes 000reg 1t COW Convert byte 10 word 10011000
XCHE - Exchange: i CWD Convert word lo doubleword /10011001 |
Register/memory with register
Register with accumulator )
W=Input trom
Fixed port
Varable port [ io110w]
LOGIC
0T = Qutput ta: CNOT tnvent 111101 1w mos010 im
Fued port 111001 . bon ] | SHL/SAL Sht logicat.arhmenc tent [ 1 10 100 v w |moa 100 1im
Variable port 111011 1w SHA Shutt logical right 110100vw|modl 0t iim
BUT-Translate byte to AL 11010111 SAR Shitt anthmenc ight 1101000 w]moal 11 iim
LEA=Load EA to register 10001101 |mod reg rim ROL Rotate left 110100y w mod000 rim
8-Load pointer to 05 11000101 [mog reg r/m 20N Rotate vign IR T TR
LEB=Load potnter to €S 11000100 [mog reg c/m ACL Rotate (hrough carry flag feft 110100vw{modd10 1im
UANF=Load AH with flags 1001111 ACA Rotate thiough carty nght 110100 vw|moa0 1 rim
SANF -Siore AH into tlags 10011110
PUSHE-Push flags 10011100 AND  And:
PPF-Pop flags 10011101 Reg /memory and register toeither [0 01000 d w |mod reg tim
Immediale to register /memory 1000000w [mod? 00 t/m data | dmadwi |
Immegate 10 accumulator 0010010w dana dataitw 1|
TEST  And functien to Nags. no resutt:
ANTHMETIC Registes /memory and register’ 1000010w |mod reg /m
ADD - Age: Immediate data and register-memory [1 111011 w [mod0 00 r/m data__ | dataidw 1 |
Reg./mamory with register fo ether |0 000000d w|mod reg r/m Immediate data and accumulator 1010100w data dataitw ! ]
Immediate to regrster /memory 100000S w|mad000 r/m gata | datatswo1]
Immediate to accumulator 0000010w oata datadw i) OR Or:
Reg /memory and register 1o enher (0000 10d w [mod reg _r/im
AN - Add with carry: Immediate 10 regisier/memary 1000000 w [mog0 01 rim cata | daadwt
Rag./memoty with register to exther (0001000 w mod reg c/im Immediate fo accumulator 00001 10w data daatw 1|
Immediate to register /memory 1000005 w[mod010 r/m dala | cataviswol]
Immediate to accumolator 0001010w G daadw | XOR  Exclusive or
Req /memory and register toether |00 11000 w [mod reg tim
10 = Incroment: Immediate 10 register/memory 1000000w [mod! 10 r/m data__ | caadw 1
Ragister/memory 1111111 w[mod000 iim | Immediate to accumulator 0011010w data dataitw t |
Ragister 01000 reg
AM=ASCII adjust for add 00110111
BAR-Decimal adjust for add 00100111
SUD = Sublrect:
Reg./memory and regrster loither (00 10 10dw [mod reg ¢/m
Immediate from regisier/memory 100000sw[mod1 01 o/m data | datadsw:01] STRING MANIPULATION
Immadiate trom sccumulator 00101 10w qan Gatanw 1| REP=Aepeat 11130012
MOVS=Move byte/word 1010010w
$80 - Subiract with berrew CMPS=Compare byte/word 101001 1w
Reg./memory and register to sither [0 001 10d w Imod reg /m SCAS=Scan byte/word 101011 1w
Immediate from register/memory 100000 sw|mod0tt o/m data | catadsw0r] LODS=Load byte/wd 10 AL/AX 1010110w
Immediate from accumulator 0001110 w data datadw 1 ] STOS=Stor byie/wd from AL/A 1010101 w

Mnemonics ©Imel, 1978
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80C88

INSTRUCTION SET SUMMARY
CONTROL TRANSFER
CALL - Call: 76543210 76543210 76543210 78543210 76543210
Direct within segment 11101000 disp-low aisp-high | NB/IAE dump on not beiow/above [ 1110011 aisp
Indirect within segment 11111111 [mod010 r/im J"'U“e:z:‘lga"b’wg' below o 01110111 disp
Direct intersegment 10011010 offsel-low offset-high | JNP/IPO-Jump on not par/par odd 01111011 aisp
seg-low seg-high | JNO: Jump on not overtlow 01110001 disp
Indirect intersegment [1 1111411 |mog0t 1 ¢/m JNS Jump on not sign 01111001 aisp
L00P Loop CX times 11100010 disp
JMP - Uncanditional Jump: LOOP2/LOOPE Loop while 2ero/equal |1 110000 1 disp
Direct within segment 11101001 aisp-low disp-hign | LOOPNZ/LOOPNE Loop while not 00000 s
Direct within segment-short 11101011 disp o Ju:‘;"o’:"c“;'"m s e
Indirect within segment 11111111 |{med 100 ¢/m
Direct intersegment 11101010 offset-low offset-mgh 'J INT  Intereupt
seg-low seg-high ] Type specilied 11001101 type
Indirect intersegment 1t1 11111 {mod 101 rim Type 3 11001100
INTO Interrupt on overflow 11001110
RET - Return from CALL: IRET Interrupt return 11001111
Within segment 11000011
Within seg adding immed to SP 11000010 datalow | datahign |
Intersegment 11001011
Intersegment. adding immediate to SP |1 1001010 data-low data-high ] PROCESSOR CONTROL g
JE/JZ=Jump on equal/zero 01110100 disp CLC Clear carry 11111000 S >
JL/NBE - Jump an less not greater 1100 disp CMC Complement carr 11110101 = =
JL[/JIE?Jueraga;n less or equal/not CRER ’ Y ”.:’ =<
greater 0rti11110 disp STC Set carry 11111001 =
JB/INAE dump on below/not above [ 1 110010 disp CL8 Clear durection 11111100 &
"“““;‘.’,‘:': 'ﬂbe'” orequal/  [g1110110 disp STD Set direction IEEEEEEX]
JP/JPE=Jump on panty/panty even 01111010 disp CL! Clear interrupt 11111010
J0=Jump on overflow 01110000 disp ] $TI Set interrupt 11111011
J8=Jump on sign 01111000 disp W WLY Hait 11110100
JNE/INZ-Jump on not equal/not zero |0 1110101 aisp WAIT wait 10011011
INL/JGE Jump on not less/greater 5157 1191 aisp ESC Escape (10 external device) V1011 x x x[modx x x t/m]
INLE/JGJump on not less or equall [oy 7 71 1 aisp LOCK Bus lock prefix 11110000
Footnotes:
AL = 8-bit accumulator it s:w =01 then 16 bits of immediate data form the operand.
AX = 16-bit accumulator if s:w =11 then an immediate data byte is sign extended to
CX = Count register form the 16-bit operand.
DS = Data segment " R . .
ES - Extra segment ifv= o‘then count’’ =1: it v=1 then "“count’’ in (CL)
Above/below refers to unsigned value. x = don’l care
Greater = more positive; z is used for string primitives for comparison with Z.F FLAG.
Less = less positive (more negative) signed values SEGMENT OVERRIDE PREFIX
if d = 1 then "“to” reg; if d = 0 then “from” reg
if w = 1 then word instruction; if w = 0 then byte instruction
it mod = 11 then r/m is treated as a REG field REG is assigned according to the following table:
it mod = 00 then DISP = 0°. disp-low and disp-high are absent
if mod = 01 then DISP = disp-low sign-extended to 16-bits. disp-high is absent 168it jw - 1) BBt w - 0) Sgment
it mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES
it r/m - 000 then EA = (BX) « (SI) + DISP oo o o o e
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011 8L 11 DS
if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH
itr/m = 011 then EA = (BP) + (DV) + DISP 101 BP 101 CH
i r/m = 100 then EA = (SI) + DISP 1o si 110 DH
if r/m = 101 then EA = (0I) + DISP m oo ™ BH
it r/m = 110 then EA = (BP) + DISP*
it r/m = 111 then EA = (BX) + DISP
DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use
the symbol FLAGS to represent the file:
“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF):(DF):(iF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)
Mnemonics © Intel, 1978
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B HARRIS 82C37A

CMOS High Performance
Programmable DMA Controller

Features Pinouts

¢ Compatible with the NMOS 8237A
* Four Independent Maskable Channels with Autoinitialization Capability
¢ Expandable to any Number of Channeis
¢ Memory-to-memory Transfers
¢ Static CMOS Design Permits Low Power Operation

» ICCOP = 2 mA/MHz Maximum

» ICCSB = 10 A Maximum
* Fully TTL/CMOS Compatible 82C47A
¢ High Speed Data Transfers up to 4 MBytes/sec with 8 MHz Clock
* Upgraded Capabilities Allow Software Read of Internal Registers

Description

The 82C37A is an enhanced version of the industry standard 8237A (DMA) Direct
Memory Access) controller, fabricated using Harris’ advanced SAJI (self aligned
junction isolated) CMOS process. Pin compatible with NMOS designs, the
82C37A offers increased functionality, improved performance, and dramatically
reduced power consumption. The fully static design permits gated clock opera-

tion for even further reduction of power. Lcc/pLce
TOP VIEW

TOP VIEW

The 82C37A controller can improve system performance by allowing external de-
vices to transfer data directly to or from system memory. Memory-to-memory
transfer capability is also provided, along with a memory block initialization
feature. DMA requests may be generated by either hardware or software, and
each channel is independently programmable with a variety of features for flex-
ible operation.

The 82C37A is designed to be used with an external address latch, such as the
82C82 CMOS to demultiplex the most significant 8 bits. The 82C37A can be used
with industry standard microprocessors such as 80C86, 80C88, 8088, 8085, 8086,
Z80, NSC800, 80186 and others.

Multimode programmability allows the user to select from three basic types of
DMA services, and reconfiguration under program control is possible even with
the clock to the controller stopped. Each channel has a full 64K address and word
count range, and may be programmed to autoinitialize these registers following
DMA termination (end of process).

“-EEIEIE!%

< [JREADY

Block Diagram

—_— R —
DECREMENTOR INC DECREMENTOR Ava3

= |0 BUFFER

E0P -« TEMP WORD TEMP ADDRESS
RESET et COUNT REG{16) REG (16)

08 -G L 168IT BUS:
READY = 16BITBUS Ad-AT
CLOCK  emmei} Tima I 1 gg};g;
AN READ BUFFER READ WRITE BUFFER

AEN <——~1  CONTROL

ADSTB =] BASE i current 1 CURRENT B
ADDRESS Puipd ADDRESS COUNT B

MENR ~—] (16) 06) (16) (16) =
VENW-~——(]

[ COMMAND

Lo CONTROL

10W ~=—a=C}

WRITE BUFFER READ BUFFER 0601

DREQD- 4 - > A A DB0-0B7 ,
DREQ3 =1  poioairy COMMAND (8) INTERNAL DATA BUS ) 1oBuFFER F )

HLDA ——pf E“Egg‘" ¥ 1’\ v

HRQ <——] ROTATING

PRIORITY MASK (4) <7

DACK(D- <l LOGIC |
DACK3 mﬂsi’ I STATUS (8) ] Iteuponm(sy]

REQUEST (4)

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.

3-50



- v v - - y—

82C37A

Pin Description

" TABLE 1.

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

VCC

31

VCC: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is
recommended for decoupling.

GND

20

Ground

CLK

12

CLOCK INPUT: The Clock Input is used to generate the timing signals which
control 82C37A operations. This input may be driven from DC to 8MHz for the
82C37A, or from DC to 5 MHz for the 82C37A-5. The Clock may be stopped in either
state for standby operation.

CHIP SELECT: Chip Select is an active low input used to enable the controller onto
the data bus for CPU communications.

RESET

RESET: This is an active high input which clears the command, status, request, and
temporary registers, the first/last flip-flop, and the mode register counter. The mask
register is set to ignore requests. Following a Reset, the controller is in anidle cycle.

READY

READY: This signal can be used to extend the memory read and write pulses from
the 82C37A to accommodate slow memories or 1/0 devices. Ready must not make
transitions during its specified set-up and hold times. Ready is ignored in verify
transfer mode.

HLDA

HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU
indicates that it has relinquished control of the system busses.

DREQO-
DREQ3

16-
19

DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous
channel request inputs used by peripheral circuits to obtain DMA service. in Fixed
Priority, DREQO has the highest priority and DREQS3 has the lowest priority. A
request is generated by activating the DREQ line of a channel. DACK will
acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable.
Reset initializes these lines to active high. DREQ must be maintained until the
corresponding DACK goes active. DREQ will not be recognized while the clock is
stopped. Unused DREQ inputs should be pulled High or Low (inactive) and the
corresponding mask bit set.

D80-
DB7

21-23
26-30

1/0

DATA BUS: The Data Bus lines are bidirectional three-state signals connected to
the system data bus. The outputs are enabled in the Program condition during the
1/0 Read to output the contents of a register to the CPU. The outputs are disabled
and the inputs are read during an I/O Write cycle when the CPU is programming the
82C37A control registers. During DMA cycles, the most significant 8 bits of the
address are output onto the data bus to be strobed into an external latch by ADSTB.
In memory-to-memory operations, data from the memory enters 82C37A on the
data bus during the read-from-memory transfer, then during the write-to-memory
transfer, the data bus outputs write the data into the new memory location.

)

1/0

I/0 READ: 1/0 Read is a bidirectional active low three-state line. Inthe Idle cycle, itis
an input control signal used by the CPU to read the control registers. In the Active
cycle, it is an output control signal used by the 82C37A to access data from a
peripheral during a DMA Write transfer.

3

1/0

170 WRITE: I/0 Write is a bidirectional active low three-state line. In the Idle cycle, it
is an input control signal used by the CPU to load information into the 82C37A. In
the Active cycle, it is an output control signal used by the 82C37A to load datato the
peripheral during a DMA Read transfer.
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82C37A

Pin Description

TABLE 1.

SYMBOL

PIN
NUMBER

TYPE

DESCRIPTION

EOP

36

1/0

END OF PROCESS: End of Process (EOP) is an active low bidirectional signal.
Information concerning the completion of DMA services is available at the
bidirectional EOP pin.

The 82C37A allows an external signal to terminate an active DMA service by pulling
the EOP pin low. A pulse is generated by the 82C37A when terminal count (TC) for
any channel is reached, except for channel 0 in memory-to-memory mode. During
memory-to-memory transfers, EOP will be output when the TC for channel 1 occurs.

The EOP pin is driven by an open drain transistor on-chip, and requires an external
pull-up resistor. '

When an EOP pulse occurs, whether internally or externally generated, the 82C37A
will terminate the service, and if autoinitialize is enabled, the base registers will be
written to the current registers of that channel. The mask bit and TC bitin the status
word will be set for the currently active channel by EOP unless the channel is
programmed for autoinitialize. In that case,the mask bit remains clear.

A0-A3

32-35

1/0

Address: The four least significant address lines are bidirectional three-state
signals. In the Idle cycle, they are inputs and are used by the 82C37A to address the
control register to be loaded or read. In the Active cycle, they are outputs and
provide the lower 4 bits of the output address. ‘

A4-AT

37-40

Address: The four most significant address lines are three-state outputs and provide
4 bits of address. These lines are enabled only during the DMA service.

HRQ

Hold Request: The Hold Request (HRQ) output is used to request control of the
system bus. When a DREQ occurs and the corresponding mask bit is clear, or a
software DMA request .is made, the 82C37A issues HRQ. The HLDA signal then
informs the controller when access to the system busses is permitted. For
stand-alone operation where the 82C37A always controls the busses, HRQ may be
tied to HLDA. This will result in one SO state before the transfer.

DACKO-
DACK 3

14,15
24,25

DMA Acknowledge: DMA acknowvledge is used to notify the individual peripherals
when one has been granted a DMA cycle. The sense of these lines is programmabile.
Reset initializes them to active low.

AEN

Address Enable: Address Enable enables the 8-bit latch containing the upper 8
address bits onto the system address bus. AEN can also be used to disable other
system bus drivers during DMA transfers. AEN is active HIGH.

ADSTB

Address Strobe: This is an active high signal used to control latching of the upper
address byte. It will drive directly the strobe input of external transparent octal
latches, such as the 82C82. During block operations, ADSTB will only be issued
when the upper address byte must be updated, thus speeding operation through
elimination of S1 states.

MEMR

Memory Read: The memory Read signal is an active low three-state output used to
access data from the selected memory location during a DMA Read or a
memory-to-memory transfer.

Mémory Write: The Memory Write is an active low three-state output used to write
data to the selected memory location during a DMA Write or a memory-to-memory
transfer. :

NC

No connect. Pin 5 is open and should not be tested for continuity.
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82C37A

Functional Description

The 82C37A direct memory access controller is designed
to improve the data transfer rate in systems which must
transfer data from an 1/0 device to memory, or move a
block memory to an I/O device. It will also perform
memory-to-memory block moves, or fill a block of
memory with data from a single location. Operating
modes are provided to handle single byte transfers a well
as discontinuous data streams, which allows the 82C37A
to control data movement with software transparency.

The DMA controller is a state-driven address and control
signal generator, which permits data to be transferred
directly from an 1/0 device to memory or vice versa
without ever being stored in a temporary register. This
can greatly increase the data transfer rate for sequential
operations, compared with processor move or repeated
string instructions. Memory-to-memory operations re-
quire temporary internal storage of the data byte between
generation of the source and destination addresses, so
memory-to-memory transfers take place at less than half
the rate of I/0O operations, but still much faster than with
central processor techniques. The -maximum data
transfer rate obtainable with the 82C37A is approximately
4 Mbytes/second, for an I/O operation using the com-
pressed timing option and 8 MHz clock.

The block diagram of the 82C37A is shown onpage 1. The
timing and control block, priority block, and internal
registers are the main components. Figure 1 lists the
name and size of the internal registers. The timing and
control block derives internal timing from the clock input,
and generates external control signals. The Priority
Encoder block resolves priority contention between DMA
channels requesting service simultaneously.

NAME SIZE. NUMBER
Base Address Registers 16 Bits 4
Base Word Count Registers 16 Bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Registers 4 bits 1
Request Register 4 bits 1

FIGURE 1, 82C37A INTERNAL REGISTERS

DMA Operation

In a system, the 82C37A address and control outputs and
data bus pins are basically connected in parallel with the
system busses. An external latch is required for the upper
address byte. While inactive, the controller's outputs are
in a high impedence state. When activated by a DMA

request and bus control is relinquished by the host, the
82C37A drives the busses and generates the control
signals to perform the data transfer. The operation per-
formed by activating one of the four DMA request inputs
has previously been programmed into the controller via
the command, mode, address, and word count registers.

For example, if a block of data is to be transferred from
RAM to an I/0 device, the starting address of the data is
loaded into the 82C37A current and base address re-
gisters for a particular channel, and the length of the block
is loaded into that channel's word count register. The
corresponding mode register is programmed for a
memory-to-1/0 operation (read transfer), and various op-
tions are selected by the command register and other
mode register bits. The channel’s mask bit is cleared to
enable recognition of a DMA request (DREQ). The DREQ
can either be a hardware signal or a software command.

Once initiated, the block DMA transfer will proceed as the .

controller outputs the data address, simultaneous MEMR
and TOW pulses, and selects an /0 device via the DMA
acknowledge (DACK) outputs. The data byte flows
directly from the RAM to the I/O device. After each byte is
transferred, the address is automatically incremented (or
decremented) and the word count is decremented. The
operation is then repeated for the next byte. The control-
ler stops transferring data when the word count register
underflows, or an external EOP is applied.

To further understand 82C37A operation, the states
generated by each clock cycle must be considered. The
DMA controtler operates in two major cycles, active and
idle. After being programmed, the controller is normally
idle until a DMA request occurs on an unmasked channel,
or a software request is given. The 82C37A will then re-
quest control of the system busses and enter the active
cycle. The active cycle is composed of several internal
states, depending on what options have been selected
and what type of operation has been requested.

The 82C37A can assume seven separate states, each
composed of one full clock period. State | (Sl) is.the idle
state. It is entered when the 82C37A has no valid DMA re-
quests pending, at the end of a transfer sequence, or when
a Reset or Master Clear has occurred. While in Si, the
DMA controller is inactive but may be in the Program
Condition (being programmed by the processor.)

State 0 (S0) is the first state of a DMA service. The 82C37A
has requested a hold but the processor has not yet
returned an acknowledge. The 82C37A may still be
programmed until it has received HLDA from the CPU. An
acknowledge from the CPU wilt signal that DMA transfers
may begin. 81, S2, S3 and S4 are the working states of the
DMA service. If more time is needed to complete a transfer
than is available with normal timing, wait states (SW) can
be inserted between S2 or S3 and S4 by the use of the
Ready line on the 82C37A.
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Note that the data is transferred directly from the 1/O
device to memory (or vice versa) with TOR and MEMW (or
MEMR and FO-VV') being active atthe same time. The datais
not read into or driven out of the 82C37A in I/O-to-mem-
ory or memory-to-I/O DMA transfers.

Memory-to-memory transfers require a read-from and a
write-to-memory to complete each transfer. The states,
which resemble the normal working states, use two-digit
numbers for identification. Eight states are required for a
single transfer. The first four states (S11,512,S13, S14are
used for the read-from-memory half and the last four
states (S21, S22, S23, S24) for the write-to-memory half of
the transfer. '

Idle Cycle

When no channel is requesting service, the 82C37A will
enter the Idle cycle and perform “SI” states. In this cycle,
the 82C37A will sample the DREQ lines on the falling edge
of every clock cycle to determine if any channel is re-
questing a DMA service.

Note that for standby operation where the clock has been
stopped, DMA requests will be ignored. The device will
respond to CS (chip select), in case of an attempt by the
microprocessor to write or read the internal registers of
the 82C37A. When CS is low and HLDA is low, the 82C37A
enters the Program Condition. The CPU can now estab-
lish, change or inspect the internal definition of the part by
reading from or writing to the internal registers.

The 82C37A may be programmed with the clock stopped,
provided that HLDA is low and at least one rising clock
edge has occurred after HLDA was driven low, so the
controller is in an Sl state. Address lines A0-A3 are inputs
to the devicé and select which registers will be read or
written. The TOR and TOW lines are used to selectand time
the read or write operations. Due to the number and size
of the internal registers, an internal flip-flop is used to
generate an additional bit of address. The bitis used to de-
termine the upper or lower byte of the 16-bit Address and
Word Count registers. The flip-flop is reset by Master
Clear or Reset. Separate software commands can also set
or reset this flip-flop.

Special software commands can be executed by the
82C37A in the Program Condition. These commands are
decoded as sets of addresses with CS, TOR, and TOW. The
commands do not make use of the data bus. Instructions
include Set and Clear First/Last Flip-Flop, Master Clear,
Clear Mode Register Counter, and Clear Mask Register.

Active Cyt;[e

When the 82C37A is'in the Idle cycle, and a software re-
quest or-an unmasked channel requests a DMA service,
the device will output an HRQ to the microprocessor and
enterthe Active cycle. Itis in this cycle that the DMA ser-
vice will take place, in one of four modes:

Single Transfer Mode - In single transfer Mode, the device

is programmed to make one transfer only. The word count
will be decremented and the address decremented or
incremented following each transfer. When the word
count “rolls over” from zero to FFFFH, aterminal count bit
in the status register is set, an EOP pulse is generated, and
the channel will autoinitialize if this option has been
selected. If not programmed to autoinitialize, the mask bit
will be set, along with the TC bit and EOP pulse.

DREQ must be held active until DACK becomes active. If
DREQ is held active throughout the single transfer, HRQ
will go inactive and release the bus to the system. It will
again go active and, upon receipt of a new HLDA, another
single transfer will be performed, uniess a higher priority
channel takes over. In 8080A, 8085A, 80C88, or 80C86
systems, this will ensure one full machine cycle execution
between DMA transfers. Details of timing between the
82C37A and other bus control protocols will depend upon
the characteristics of the microprocessor involved.

Block Transfer Mode — In Block Transfer mode, the de-

vice is activated by DREQ or software request and.

continues making transfers during the service untila TC,
caused by word count going to FFFFH, or an external End
of Process (EOP) is encountered. DREQ need only be
held active until DACK becomes active. Again, an Auto-
initialization will occur at the end of the service if the
channel has been programmed for that option.

Demand Transfer Mode — In Demand Transfer mode the
device continues making transfers until a TC or external
EOP is encountered, or until DREQ goes inactive. Thus,
transfers may continue until the 1/0 device has exhausted
its data capacity. After the I/0 device has had a chance to
catch up, the DMA service is reestablished by means of a
DREQ. During the time between services when the micro-
processor is allowed to operate, the intermediate values
of address and word count are stored in the 82C37A Cur-
rent Address and Current Word Count registers. Higher
priority channels may intervene in the_ggf_nand process,
once DREQ has gone inactive. Only an EOP can cause an
Autoinitialization at the end of the service. EOP is
generated either by TC or by an external signal.

Cascade Mode — This mode is used to cascade more than
one 82C37A for simple system expansion. The HRQ and
HLDA signals from the additional 82C37A are connected
to the DREQ and DACK signals respectively of a channel
for the initial 82C37A. This allows the DMA requests of the
additional device to propagate through the priority net-
work circuitry of the preceding device. The priority chain
is preserved and the new device must wait for its turn to
acknowledge requests. Since the cascade channel of the
initial 82C37A is used only for prioritizing the additional
device, it does not output an address or control signals of
its own. These could conflict with the outputs of the active
channel in the added device. The 82C37A will respond to
DREQ and generate DACK but all other outputs except
HRQ will be disabled. An external EOP will be ignored by
the initial device, but will have the usual effect on the
added device.
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Figure 2 shows two additional devices cascaded with an
initial device using two of the previous channels. This
forms a two-level DMA system. More 82C37As couid be
added at the second ievel by using the remaining chan-
nels of the first level. Additional devices canalso be added
by cascading into the channels of the second level
devices, forming a third level.

2ND LEVEL
80C86/88 82C37A
MICRO-
PROCESSOR 18T LEVEL
HRQ  DREQ HRQ
HLOA  DACK[—2={ HLDA

82C37A
DREQ HRQ
DACK HLDA
INITIAL DEVICE
82C37A
ADDITIONAL
DEVICES

FIGURE 2. CASCADED 82C37As

When programming cascaded controllers, start with the
first level (closest to the microprocessor). After RESET,
the DACK outputs are programmed to be active low and
are held in the high state. If they are used to drive HLDA
directly, the second level device(s) cannot be pro-
grammed until DACK polarity is selected as active high on
the initial device. Also, the initial device’s mask bits func-
tion normally on cascaded channels, so they may be used
to inhibit second-level services.

Transfer Types

Each of the three active transfer modes can perform three
different types of transfers. These are Read, Write and
Verify. Write transfers move data from an /O device to the
memory by activating MEMW and TOR. Read transfers
move data from memory to an 1/O device by activating
MEMR and 10W.

Verify transfers are pseuda-transfers. The 82C37A oper-
ates as in Read or Write transfers generating addresses
and responding to EOP, etc., however the memory and
1/0 control lines all remain inactive. Verify mode is not
permitted for memory-to-memory operation. Ready is
ignored during verify transfers.

Autoinitialize — By programming a bit in the mode regis-
ter, a channel may be set up as an Autoinitialize channel.
During Autoinitialization, the original values of the
Current Address and Current Word Count registers are

automatically restored from the Base Address and Base
Word count registers of that channel following EOP. The
base registers are loaded simuitaneously with the current
registers by the microprocessor and remain unchanged
throughout the DMA service. The mask bit is not setwhen
the channel is in Autoinitialize. Following Autoinitializa-
tion, the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid
DREQ is detected, or software request is made.

Memory-to-Memory — To perform block moves of data
from one memory address space to another with mini-
mum of program effort and time, the 82C37A includes a
memory-to-memory transfer feature. Programming a bit
in the Command register selects channels 0 and 1to oper-
ate as memory-to-memory transfer channels.

The transfer is initiated by setting the software or hard-
ware DREQ for channel 0. The 82C37A requests a DMA
service in the normal manner. After HLDA is true, the
device, using four-state transfers in Block Transfer mode,
reads data from the memory. The channel 0 Current
Address register is the source for the address used and is
decremented or incremented in the normal manner. The
data byte read from the memory is stored in the 82C37A
internal Temporary register. Another four-state transfer
moves the data to memory using the address in channel
one’s Current Address register and incrementing or
decrementing it in the normal manner. The channel 1
Current Word Count is decremented.

When the word count of channel 1 goesto FFFFH,a TC is
generated causing an EOP output terminating the ser-
vice. Channel 0 word count decrementing to FFFFH will
not set the channel 0 TC bit in the status register or gener-
ate an EOP in this mode. It will cause an autoinitialization
of channel 0O, if that option has been selected.

If full Autoinitialization for a memory-to-memory opera-
tion is desired, the channel 0 and channel 1 word counts
must be set equal before the transfer begins. Otherwise, if
channel 0 underflows before channel 1, it will autoinitial-
ize and set the data source address back to the beginning
of the block. If the channel 1 word count underflows
before channel 0, the memory-to-memory DMA service
will terminate, and channel 1 will autoinitialize but chan-
nel 0 will not.

In memory-to-memory mode, Channel 0 may be pro-
grammed to retain the same address for all transfers. This
allows a single byte to be written to a block of memory.
This channel 0 address hold feature is selected by bit 1in
the command register.

The 82C37A will respond to external EOP signals during
memory-to-memory transfers, but will only relinquish the
system busses after the transfer is complete (i.e., after an
S24 state). Data comparators in block search schemes
may use this input to terminate the service when a match
is found. The timing of memory-to-memory transfers is
found in Figure 9. Memory-to-memory operations can be
detected as an active AEN with no DACK outputs.
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Priority — The 82C37A has two types of priority encoding
available as software selectable options. The first is Fixed
Priority which fixes the channels in priority order based
upon the descending value of their numbers. The channel
with the lowest priority is 3 followed by 2, 1 and the
highest priority channel, 0. After the recognition of any
one channel for service, the other channels are prevented
from interferring with the service until it is completed.

The second scheme is Rotating Priority. The last channel
to get service becomes the lowest priority channel with
the others rotating accordingly. The next lower.channel
from the channel serviced has highest priority on the fol-
lowing request: Priority rotates every time control of the
system busses is returned to the processor.

Rotating Priority

1st 2nd 3rd
Service Service Service
highest 0 2 —-—service 3 —-=—service
1--—service 3 —-w—request 0
2 0 1
lowest 3 1 2

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recognized
after no more than three higher priority services have oc-
curred. This prevents any one channel from monopolizing
the system.

Regardless of which priority scheme is chosen, priority is
evaluated every time a HLDA is returned to the 82C37A.

Compressed Timing — In order to achieve even greater
throughput where system characteristics permit, the
82C37A can compress the transfer time to two clock
cycles. From Figure 8 it can be seenthat state S3is used to
extend the access time of the read pulse. By removing
state S3, the read pulse width is made equal to the write
pulse width and a transfer consists only of state S2 to
change the address and state S4 to perform the
read/write. S1 states will still occur when A8-A15 need up-
dating (see Address Generation). Timing for compressed
transfers is found in Figure 11. EOP will be output in S2 if
compressed timing is selected. Compressed timing is not
allowed for memory-to-memory transfers.

Address Generation — In order to reduce pin count, the
82C37A multiplexes the eight higher order address bits on
the data lines. State S1 is used to output the higher order
address bits to an external latch from which they may be
placed on the address bus. The falling edge of Address
Strobe (ADSTB) is used to load these bits from the data
lines to the latch. Address Enable (AEN) is used to enable

the bits onto the address bus through a three-state
enable. The lower order address bits are output by the
82C37A directly. Lines A0-A7 should be connected to the
address bus. Figure 8 shows the time relationships be-
tween CLK, AEN, ADSTB, DB0-DB7 and AQ-A7.

During Block and Demand Transfer mode service, which
include muitiple transfers, the addresses generated will
be sequential. For many transfers the data held in the ex-
ternal address latch will remain the same. This data need
only change when a carry or borrow from A7 to A8 takes
place in the normal sequence of addresses. To save time
and speed transfers, the 82C37A executes S1 states only
when updating of A8-A15 in the latch is necessary. This
means for long services, S1 states and Address Strobes
may ocur only once every 256 transfers, a savings of 255
clock cycles for each 256 transfers.

Programming

The 82C37A will accept programming from the host
processor anytime that HLDA is inactive, and at least one
rising clock edge has occurred after HLDA went low. Itis
the responsibility of the host processor to assure that pro-
gramming and HLDA are mutually exclusive.

Note that a problem can occur if a DMA request occurs on
an unmasked channel while the 82C37A is being
programmed. For instance, the CPU may be starting to re-
program the two byte address register of channel 1 when
channel 1 receives a DMA request. If the 82C37A is
enabled (bit 2 in the command register is 0), and channel 1
is unmasked, a DMA service will occur after only one byte
of the Address register has been reprogrammed. This
condition can be avoided by disabling the controller
(setting bit 2 in the command register) or masking the
channel before programming any of its registers. Once
the programming is complete, the controller can be
enabled/unmasked.

After power-up it is suggested that all internal locations
be loaded with some known value, even if some channels
are unused. This will aid in debugging.

Register Description

Current Address Register — Each channel has a 16-bit
Current Address register. This register holds the value of
the address used during DMA transfers. The address is
automatically incremented or decremented after each
transfer and the values of the address are stored in the
Current Address register during the transfer. This regis-
ter is written or read by the microprocessor in successive
8-bit bytes. It may also be reinitialized by an Autoinitialize
back to its original value. Autoinitialize takes place only
after an EOP. In memory-to-memory mode, the channel 0
current address register can be prevented from incre-
menting or decrementing by setting the address hold bit
in the command register.
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Current Word Register — Each channel has a 16-Bit Cur-
rent Word Count register. This register determines the
number of transfers to be performed. The actual number
of transfers will be one more than the number
programmed in the Current Word Count register (i.e., pro-
gramming a count of 100 will result in 101 transfers). The
word count is decremented after each transfer. When the
value in the register goes from zero to FFFFH, a TC will be
generated. This register is loaded or read in successive
8-bit bytes by the microprocessor in the Program Condi-
tion. Following the end of a DMA service it may also be
reinitialized by an Autinitialization back to its original
value. Autoinitialization can occur only when an EOP
occurs. If it is not Autoinitialized, this register will have a
count of FFFFH after TC.

Base Address and Base Word Count Registers —Each
channel has a pair of Base Address and Base Word Count
registers. These 16-bit registers store the original value of
their associated current registers. During Autoinitialize
these values are used to restore the current registers to
their original values. The base registers are written
simultaneously with their corresponding current register
in 8-bit bytes in the Program Condition by the
microprocessor. These registers cannot be read by the
microprocessor.

Command Register — This 8-bit register controls the
operation of the 82C37A. It is programmed by the micro-
processor and is cleared by Reset or a Master Clear
instruction. The following table lists the function of the
command bits. See Figure 3 for Read and Write
addresses.

Command Register

7 s|5|4|3|2|1|o| Bit Number

0 Memory-to-memory disabie
1 Memory-to-memory enable

0 Channel 0 address hold disable
1 Channel 0 address hold enable
X Ifbit0d=0

0 Controller enable
Controller disable

0 Normal timing
1 Compressed timing
If bit 0 =1

b

Fixed priority
Rotating priority

0 Late write selection
1 Extended write selection
X Ifbit3=1

DREQ sense active high
DREQ sense active low

[0 DACK sense active low
|1 DACK sense active high

Mode Register — Each channel has a 6-bit mode register
associated with it. When the register is being written to by
the microprocessor in the Program Condition, bits 0 and 1
determine which channel Mode register is to be written.
When the processor reads a mode register, bits 0 and 1
will both be ones. See the following table and Figure 3 for
mode register functions and addresses.

Mode Register

[7]e{s[ala]2]1]o]
L S— Ny

rd 00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select
XX  Readback

[00 Verify transfer

Bit Number

01  Write transfer

0 Read transfer
1 lilegal
XX if bitsBand 7= 11

0 Autoinitialization disable
1 Autoinitialization enable

1} Address increment select
1

Address decrement select

Ioo Demand mode select
01  Single mode select
lw Block mode select
1 Cascade mode select

Request Register — The 82C37A can respond to requests
for DMA service which are initiated by software as well as
by a DREQ. Each channel has a request bit associated
with it in the 4-bit Request register. These are non-mask-
able and subject to prioritization by the priority Encoder
network. Each register bit is set or reset separately under
software control. The entire register is cleared by a Reset.
To set or reset a bit, the software loads the proper form of
the data word. See Figure 3 for register address coding,
and the following table for request register format. A soft-
ware request for DMA operation can be made in block or
single modes. For memory-to-memory transfers, the soft-
ware request for channel 0 should be set. When reading
the request register, bits 4-7 will always read as ones, and
bits 0-3 will display the request bits of channels 0-3
respectively.

Request Register

FBLEEER]
[lelsle]s

Bit Number

Don't Care,
Write 00 Select channel 0
Bits 4-7 o1 Select channel 1
All Ones, Read 10 Select channel 2

11 Select channel 3

Reset request bit
Set request bit
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Mask Register — Each channel has associated with it a
mask bit which can be set to disable an incoming DREQ.
Each mask bit is set when its associated channel
produces an EOP if the channel is not programmed to
Autoinitialize. Each bit of the 4-bit Mask register may also
be set or cleared separately or simultaneously under soft-
ware control. The entire register is also set by a Reset or
Master Clear. This disables all hardware DMA requests
until a clear Mask register instruction allows them to
occur. The instruction to separately set or clear the mask
bits is similar in form to that used with the Request regis-
ter. Refer to the following table and Figure 3 for details.
When reading the mask register, bits 4-7 will always read
as logical ones, and bits 0-3 will display the mask bits of
channel 0-3, respectively. The 4 bits of the mask register
may be cleared simultaneously by using the Clear Mask
Register command (see software commands section).

Mask Register

[7]e[s]a]3]2]1T0] Bit Number
B e
Don’t Care 00 Select channel 0 mask bit

01  Select channel 1 mask bit
10  Select channel 2 mask bit
11 Select channel 3 mask bit

Clear mask bit
Set mask bit

All four bits of the Mask register may also be written with a single
command.

[7][s]s]a]a[2]1]0] Bit Number
_—

Don't Care, 0 Clear channel 0 mask bit
Write 1 Set channel 0 mask bit
All Ones,
Read 0 Clear channel 1 mask bit

1 Set channel 1 mask bit

Clear channel 2 mask bit
Set channel 2 mask bit

0 Clear channel 3 mask bit
1 Set channel 3 mask bit

L[

Status Register — The Status register is available to be
read out of the 82C37A by the microprocessor. It contains
information about the status of the devices at this point.
This information includes which channels have reached a
terminal count and which channels have pending DMA re-
quests. Bits 0-3 are set every time a TC is reached by that
channel or an external EOP is applied. These bits are
cleared upon Reset, Master Clear, and on each Status
Read. Bits 4-7 are set whenever their corresponding chan-
nel is requesting service, regardless of the mask bit state.
If the mask bits are set, software can poll the. status re-
gister to determine which channels have DREQs, and
selectively clear a mask bit, thus allowing user defined
service priority. Status bits 4-7 are updated while the
clock is high, and latched on the falling edge. Status Bits
4-7 are cleared upon Reset or Master Clear.

Status Register

[FTe[5]a[2[2[7J0]  BitNumber

1 Channel 0 has reached TC
Channet 1 has reached TC
1 Channel 2 has reached TC
1 Channel 3 has reached TC

— 1

1 Channel 0 request

1 Channel 1 request

1 Channel 2 request

1 Channel 3 request

Temporary Register — The Temporary register is used to
hold data during memory-to-memory transfers. Follow-
ing the completion of the transfers, the last word moved
can be read by the microprocessor. The Temporary
register always contains the last byte transferred in the
previous memory-to-memory operation, unless cleared
by a Reset or Master Clear.

OPERATION A3 A2 Al A0 TOR iow
Read Status Register 1 0 0 0 0 1
Write Command Register 1 0 0 0 1 0
Read Request Register 1 0 0 1 0 1
Write Request Register 1 0 0 1 1 0
Read Command Register 1 0 1 0 0 1
Write Single Mask Bit 1 .0 1 0 1 o]
Read Mode Register 1 0 1 1 0 1
Write Mode Register 1 0 1 1 1 0
Set Byte Pointer F/F 1 1 0 0 0 1
Clear Byte Pointer F/F 1 1 0 ¢] 1 0
Read Temporary Register 1 1 0 1 0 1
Master Clear 1 1 0 1 1 ~0
Clear Mode Reg. Counter 1 1 1 0 0 1
Clear Mask Register 1 1 1 0 1 ¢]
Read All Mask Bits 1 1 1 1 0 1
Write All Mask Bits 1 1 1 1 1 0

FIGURE 3. SOFTWARE COMMAND CODES AND REGISTER CODES
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Software Commands

There are special software commands which can be
executed by reading or writing to the 82C37A. These com-
mands do not depend on the specific data pattern on the
data bus, but are activated by the 1/0 operation itself. On
read type commands, the data value is not guaranteed.
These commands are:

Clear First/Last Flip-Flop: This command is executed
prior to writing or reading new address or word countin-
formation to the 82C37A. This initializes the flip-flop to a
known state so that subsequent accesses to register con-
tents by the microprocessor will address upper and lower
bytes in the correct sequence.

Set First/Last Flip-Flop: This command will set the flip-
flop to select the high byte first on read and write
operations to address and word count registers.

Master Clear: This software instruction has the same
effect as the hardware Reset. The Command, Status,
Request, and Temporary registers, and Internal First/Last
Flip-Flop and mode register counter are cleared and the
Mask register is set. The 82C37A will enter the Idle cycle.

Clear Mask Register: This command clears the mask bits

of all four channels, enabling them to accept DMA re-
quests.

Clear Mode Register Counter: Since only one address
location is available for reading the mode registers, an in-
ternal two-bit counter has been included to select mode
registers during read operations. To read the mode
registers, first execute the clear mode register counter
command, then do consecutive reads until the desired
channel is read. Read order is channel O first, channel 3
last. The lower two bits on all mode registers will read as
ones.

External EOP Operation

The EOP pin is a bidirectional, open drain pin which may
be driven by external signals to terminate DMA operation.
Because EOP is an open drain pin an external pull-up re-
sistor is required. The value of the external pull-up resis-
tor used should guarantee a rise time of less than 125ns. It
is important to note that the 82C37A will not accept exter-
nal EOP signals when itisinan Sl (Idle) state. The control-
ler must be active to latch EXT EOP. Once latched, the
EXT EOP will be acted upon during the next S2 state,
unless the 82C37A enters an idie state first. In the latter

Channel Register Operation| ________Signals Internal Flip-Flop| Data Bus DB0-DB7
CS IOR IOW A3 A2 A1 A0
0 Base and Current Address Write 0 1 0 0 0 0 0 0 AQ-A7
0 1 (V] 0 0 0 0 1 A8-A15
Current Address Read 0 0 1 0 0 0 0 0 AO-A7
0 0 1 0 0 0 0 1 A8-A15
Base and Current Word Count|  Write 0 1 0 0 0 1] 1 0 WO0-W7
0 1 0 0 0 0 1 1 W8-W15
Current Word Count Read 0 0 1 0 0 0 1 0 WOo-W7
0 0 1 0 0 0 1 1 W8-W15
1 Base and Current Address Write 0 1 0 0 0 1 0 0 AO-A7
0 1 0 0 0 1 0 1 A8-A15
Current Address Read 0 0 1 0 0 1 0 0 AO-A7
[¢] 0 1 0 [ 1 0 1 A8-A15
Base and Current Word Count|  Write 0 1 0 0 [¢] 1 1 0 WO0-w7
o] 1 0 0 0 1 1 1 W8-W1i5
Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7
0 0 1 0 0 1 1 1 W8-W15
2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7
0 1 0 0 1 0 0 1 A8-A15
Current Address Read 0 0 1 0 1 0 0 0 AO-A7
[o] 0 1 0 1 0 0 1 A8-A15
Base and Current Word Count|  Write 0 1 0 0 1 0 1 0 WO-W7
0 1 0 0 1 0 1 1 W8-W15
Current Word Count Read 0 0 1 0 1 0 1 0 WO-w7
0 0 1 0 1 0 1 1 W8-W15
3 Base and Current Address Write 0 1 0 0 1 1 0 0 A0-A7
o 1 0 0 1 1 0 1 A8-A15
Current Address Read 0 0 1 0 1 1 0 0 AO-A7
0 0 1 0 1 1 0 1 AB-A15
Base and Current Word Count| ~ Write 0 1 0 0 1 1 1 0 Wo-w7
0 1 0 0 1 1 1 1 W8-W15
Current Word Count Read 0 0 1 0 1 1 1 0 WO-w7
0 0 1 0 1 1 1 1 W8-W15

FIGURE 4. WORD COUNT AND ADDRESS REGISTER COMMAND CODES.
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case, the latched EOP is cleared. External EOP pulses oc-
curring between active DMA transfers in demand mode
will not be recognized, since the 82C37A is in an Sl state.

Application Information

Figure 5 shows an application for a DMA system utilizing
the 82C37A DMA controller and the 80C88 Micro-
processor. In this application, the 82C37A DMA control-
ler is used to improve system performance by allowing an
1/O device to transfer data directly to or from system
memory.

Components

The system clock is generated by the 82C84A clock driver
and is inverted to meet the clock high and low times
required by the 82C37A DMA controller. The four OR
gates are used to support the 80C88 Microprocessor in
minimum mode by producing the control signals used by
the processor to access memory or /0. A decoder is used
to generate chip select for the DMA controller and mem

ory. The most significant bits of the address are output on
the address/data bus. Therefore, the 82C82 octal latch is
used to demultiplex the address. Hold Acknowledge
(HLDA) and Address Enable (AEN) are “ORed” together
to insure that the DMA controller does not have bus con-
tention with the microprocessor.

Operation

A DMA request (DREQ) is generated by the 1/0 device.
After receiving the DMA request, the DMA controller will
issue a Hold request (HRQ) to the processor. The system
busses are not released to the DMA controller until a Hold
Acknowledge signal is returned to the DMA controller
from the 80C88 processor. After the Hold Acknowledge
has been received, addresses and control signals are
generated by the DMA controller to accomplish the DMA
transfers. Data is transferred directly from the 1/0 device
to memory (or vice versa) with IOR and MEMW (or MEMR
and IOW) being active. Note that data is not read into or
driven out of the DMA controller in I/0O-to-memory or me-
mory-to-1/0O data transfers.

De- MEMCS = |
— o~ HLDA L
1o DECODER
VGe
820844 820374
0 Mpzzz7227727277) ok
82085 jwon e 1T g ¢ — e £
et L, —1878 9 ADDRESS BUS| | TE[1 o3 ] AOSTS o -
CLK . 44/// 77 Vs L)L iR
: ’ 0R
— vee MEMA [
M/i0 [l sse % a 82082 —
= & 4 an,  TENW o
L—— V) oAt Bus coersgreqbor el
WR MN/MX 77 7777 77777727 7770807 DREQO
DACK
80C88 ¢
g
ool - WEWR e [
MEMW A
47K P ADDRESS BUS =
. i0R TV 7T T L7 7777 Z77Z 77777777
- DREQ
W —— | MEMORY % 1/0
MEMCS —f % DEVICE —
MEMA —= DATA BUS 1% = 108
MEMW —a! TI77 777 y4 777 [~— 10W

NQTE: The address lines need puli-up resistors

FIGURE 5. APPLICATION FOR DMA SYSTEM
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Specifications 82C37A

Absolute Maximum Ratings 5
m
SUPPIY VOIAGE ...ttt ettt ettt enasnne +8.0 Volts (&)
Input, Output or I/O Voltage Applied .. GND -0.5V to VCC +0.5V g
Storage Temperature RANGE .......c.ccccoiiiviiiiiteieies ettt eeeb ettt -650C to +1500C

Maximum Package PoOwer DiSSiPation.........cccciviioiiiieiieiiie et 1 Watt

B¢ v . 160C/W (Cerdip Package), 219C/W (LCC Package)
Oja..coeo.: .430C/W (Cerdip Package), 480°C/W (LCC Package)
GALE COUNT...iiiiiiiii e ettt bttt b bbbt bbb 2,325 Gates

Junction Temperature .......ccoovveceeeiieenecnnn, .
Lead Temperature (Soldering, Ten SECONAS) ......ccuurveriiireiirrienieiiir ettt +2600C

CAUTION: Stresses above those listed in the "Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress only rating and operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied.

Operating Conditions

Operating Volage RANGE ......coiiiiiiri ittt s +4.5 to +5.5V
Operating Temperature Ranges
............................................................................................................................. 00C to +700C
..~400C to +850C
-550C to +1250C

=3
(==}
€ >
D.C. Electrical Specifications VvCC =5.0v £10%, TA =00C to +700C (C82C37A) §§
TA =-400C to +850C (182C37A), TA =-550C to +1250C (M82C37A) =] =
=]
SYMBOL | PARAMETER [ min | wmax | units | TEST coNDITIONS
VIH Logical One 2.0 \ CB82C37A 182C37A,
Input Voltage 2.2 \ M82C37A
VIL Logical Zero 0.8 \
Input Voltage
VOH Output High Voitage 3.0 \ IOH = -25mA
VCC -0.4 \ IOH = -100pA
VoL Output Low Voltage 0.4 \ IOL = +25mA
1l Input Leakage Current -1.0 +1.0 MA VIN = GND or VCC
pins 11, 12, 13, 6, 7,
16-19
10 1/0 and Output -10.0 +10.0 UA VO = GND or VCC pins

21-23, 26-30, 1, 2, 36,
32-35, 37-40, 3, 4
ICCSB Standby Power Supply Current 10 UA VCC =55V

VIN = VCC or GND
Outputs Open

ICCOP Operating Power Supply Current 2 mA/mHz VCC =55V

CLK FREQ = 5MHz
VIN =VCC or GND
Outputs Open

Capacitance TA =250C; VCC = GND = OV; VIN = +5V or GND
SYMBOL | PARAMETER TYP 1 UNITS TEST CONDITIONS

CIN* Input Capacitance 5 pF FREQ = 1MHz
Unmeasured pins
returned to GND

couTt* Output Capacitance 15 pF
Cl/0* I/0 Capacitance 20 pF

* Guaranteed and sampled, but not 100% tested.
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Specifications 82C37A

A.C. Electrical Specifications

DMA (Master) Mode

VCC = +5V £10%, GND = 0V
TA = 00C to +700C (C82C37A) (C82C37A-5)
TA = -400C to +850C (182C37A) (I182C37A-5)

TA = -550C to +1250C (M82C37A) (M82C37A-5)

82C37A-5 82C37A
SYMBOL PARAMETER MIN MAX MIN MAX. | UNITS

TAEL AEN HIGH from CLK LOW (S1) Delay Time 175 105 ns
TAET AEN LOW from CLK HIGH (St) Delay Time 130 80 ns
TAFAB | ADR Active to Float Delay from CLK HIGH 90 55 ns
TAFC READ or WRITE Float Delay from CLK HIGH 120 75 ns
TAFDB | DB Active to Fioat Delay from CLK HIGH 170 135 ns
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-75 ns
TAHS DB from ADSTB LOW Hold Time TCL-18 TCL-18 ns
TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 ns
DACK Valid from CLK LOW Delay Time 170 105 ns
TAK EOP HIGH from CLK HIGH Delay Time 170 105 ns
EOP LOW to CLK HIGH Delay Time 100 60 ns
TASM ADR Stable from CLK HIGH 110 60 ns
TASS DB to ADSTB LOW Setup Time TCH+*10 TCH*+10 ns
TCH Clock High Time (Transitions 10ns) 70 55 ns
TCL Clock LOW Time (Transitions 10ns) 50 43 ns
TCY CLK Cycle Time 200 125 ns
TDCL CLK HIGH to READ or WRITE LOW Delay 190 120 ns
TDCTR | READ HIGH from CLK HIGH (S4) Delay Time 190 115 ns
TDCTW | WRITE HIGH from CLK HIGH (S4) Delay Time 130 80 ns
TDQ1 120 75 ns
1DQ2 HRQ Valid from CLK HIGH Delay Time 20 - -
TEPS EOP LOW from CLK LOW Setup Time 40 25 ns
TEPW EOP Puise Width 220 135 ns
TFAAB ADR Float to Active Delay from CLK HIGH 110 60 ns
TFAC READ or WRITE Active from CLK HIGH 150 90 ns

TFADB DB Float to Active Delay from CLK HIGH 110 60 ns -
THS HLDA Valid to CLK HIGH Setup Time 75 45 ns
TIDH Input Data from MEMR HIGH Hold Time 0 0 ns
TIDS Input Data to MEMR HIGH Setup Time 155 90 ns
TODH Output Data from MEMW HI_GH Hold. Time 15 15 ns
TODV Output Data Valid to MEMW HIGH TCY-35 TCY-35 ns
TQs DREQ to CLK LOW (S!, S4) Setup Time 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 ns
TRS READY to CLK LOW Setup Time 60 35 ns
TCLSH ADSTB HIGH from CLK LOW Delay Time 80 50 ns
TCLSL ADSTB LOW from CLK LOW Delay Time 120 120 ns
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Specifications 82C37A |
A.C. Electrical Specifications ls
DMA Master Mode 82C37A-5 82C37A 2‘:)
SYMBOL PARAMETER MIN MAX MIN MAX | UNITS ©
TWRRD | READ HIGH Delay from WRITE HIGH 0 0 ns
TRLRH READ Pulse Width, Normal Timing 2TCY-50 2TCY-50 ns
TSHSL | ADSTB Pulse Width TCY-80 TCY-50 ns
TWLWHA { Extended WRITE Pulse Width 2TCY-100 2TCY-75 ns
TWLWH | WRITE Pulse Width TCY-100 TCY-75 ns
TRLRHC | READ Pulse Width, Compressed TCY-50 TCY-50 ns
Peripheral (Slave) Mode
TAR ADR Valid or CS LOW to READ LOW 10 10 ns
TAWL | ADR Valid to WRITE LOW Setup Time 0 0 ns
TCWL | CS LOW to WRITE LOW Setup Time 0 0 ns P
TDW Data Valid to WRITE HIGH Setup Time 150 100 ns %%
TRA ADR or CS Hold from READ HIGH 0 0 ns E
TRDE Data Access from READ 140 120 ns
TRDF | DB Float Delay from READ HIGH 10 85 10 85 ns
TRSTD Power Supply HIGH to RESET LOW Setup Time 500 500 ns
TRSTS | RESET to First IOWR 2TCY 2TCY ns
TRSTW | RESET Pulse Width 300 300 ns
TRW READ Width 200 155 ns
TWA ADR from WRITE HIGH Hold Time 0 0 ns
TWC CS HIGH from WRITE HIGH Hold Time 0 0 ns
TWD Data from WRITE HIGH Hold Time 10 10 ns
TWWS | WRITE Width 150 100 ns
Waveforms

Slave Mode Write Timing

- TOWL ™we
\ = TWWS —

-
= =

oW
—», TAW

TWA
AQ-A3 * INPUT VALID
DBO0-DB7 INPUT VALID X

FIGURE 6. SLAVE MODE TIMING

NOTE: Successive WRITE accesses to the 82C37A must allow at least TCY as recovery time between accesses.
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Waveforms

Slave Mode Read Timing

s s
AO-A3 ADDRESS MUST BE VALID X
l—Tan -’ ‘ —— |~ TRA
o ! TRW ,jt
TRDE TRDF
DBO-0B7 DATA OUT VALID =

NOTE: Successive READ accesses to the 82C37A must allow at least TCY as recovery time between accesses.

DMA Transfer Timing

FIGURE 7. SLAVE MODE READ

8l 8l 80 S0 St 32 83 84 54 St 8 §i
oK 7 J 7 N
08 08 oY TCH
DRE ?
Za AV AAVARN
Tog! —-1 1002 |4
HAQ \
THs > fe=
o LLL7 ANARRRRRRANY
; me «1 TAET q
AEN i
TeLsL
TOLSH <—:| —{ = TEPS
TSHSL
ADSTE " -
Lot TaSS TAK
TFADB - TaHs e
- * il ,"m TASM —a | —TaArA
TFAAR | TAHW et | TAHW
el 4 ADORESS VALID ADDRESS VALID e ——
T |' TAHR [e1>  TAHR
DACK .
15 TocL TocL
TFAC e—] TOOTR [Pt L] TOCTR f—p{ > |—TAFC
TWARD —— = et — TRLRH +—]
. -
READ 45 i \ zc \ A
ToCL
ke TOCTW TOCTW -]
TWLWH
—_— Y
WRITE —y f X X _._\ 7
TWLWHA — BLY '.'__|‘K
Enp + _ 1
INT E0P h {FOR EXTENDED WRITE)
TEPW ™
P
EXT EGP 1F

AN

FIGURE 8. DMA TRANSFER
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Waveforms
Memory-to-Memory Transfer Timing
S0 s s12 S13 - S14 s21 8§22 823 8§24 N
CLK
TCLSH TeLSL Tous ToLst
ADSTB =
TAHS TASM TAKS TAFAB — -
TFARB
A0-A7 —_i__( ADDRESS VALID ADDRESS VALID
TAFDB { TAFIB
TFADB * S\ e
DB0-0B7 AB-ATS N AB-ATS ouT p———
| N\ 7 -
TFADB
TRAG I _— ToBH
Tioy >
—_ TAFC
MEMR
meTW = [
TFAC TooL | 7ozt
TAFC
MEMW 4 /\\ ,r
EXTENDED TL" T
WhiTe TAK ™
0P
TEPS ——-] l-‘—
TEPW [<—
EXT €0

[

Ready Timing

FIGURE 9. MEMORY-TO-MEMORY TRANSFER

CLK

READ

ToCL qr

“]jr

TocL

WRITE
_J/’:
EXTENDED

\

WRITE

W 54
-/
TOCT
TocL TOCTW —>
™ -~ ThH

TRH —leq__ —]

B LARARRRNANY

’

FIGURE 10. READY

o
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Waveforms
Compressed Transfer Timing
82 $4 82 84
/]
TASM TASM
AQ-A7 VALID ): VALID
TOCTR ToCL
TocL — TOCTR
READ \ TRLRHC F——ﬂ\
— — TOCTW
TOCTW
e N N
> [T —> | Thn
TRS——>| L‘._ TRS-—" |
READY f \ j \
FIGURE 11. COMPRESSED TRANSFER
Reset Timing
J)
AL g
vee / = TRSTD
TRSTW >
RESET / N
)
TRSTS
J)
AR
10R OR iOW

FIGURE 12. RESET
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A. C. Test Circuits

Vi

<
N~
™
O
N
-9

OUTPUT FROM
DEVICE UNDER TEST

TEST POINT
c1*

H H—~www

* Includes STRAY and JIG Capacitance

TEST CONDITION DEFINITION TABLE

w3
=]
PINS Vi | R1 c1 2=
=
P S ﬁ
All Outputs Except EOP 1.7V 5200 100pF =
EOP VCC 1.6KQ 50pF

A. C. Testing Input, Output Waveforms

INPUT 0UTPUT
VIH +0.4V VOH
>< 1.5 15V }{
VIL-0.4V VoL
OUTPUT OUTPUT
Z—LorH Lori—1Z
VOH VOH
20V v0-0.45
0.8V 0.45 —~<
VoL voL

A. C. Testing: All A. C. Parameters tested as per test circuits. input RISE and FALL times are driven at Ins/V.
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82C50A

CMOS Asynchronous
Communications Element

Pinouts

Features TOP VIEW LCC/PLCC
¢ Single Chip UART/BRG w TOP VIEW
¢ DC to 10 MHz Operation, (DC to 625K Baud) ngi 40 pvee
¢ Crystal or External Clock Input R 333%] sanczee8=IBIEE
¢ On Chip Baud Rate Generator 0 e 37 TSh T

1 to 65535 Divisor Generates 16X Clock pot= K ol S w07 upm
* Prioritized Interrupt Mode w7 b T e b el
¢ Fully TTL/CMOS Compatible 07gs n Jaij rekd 0 s it
¢ Microprocessor Bus Oriented Interface "“;:E?u : 3 T g segourz
* 80C86/80C88 Compatible swrefn whwmer  TH s Dt
* Scaled SAJI IV CMOS Process prek: 14 P w0 1a ey
¢ Low Power - 1 mA/MHz Typical e 2 Al R e
¢ Modem Interface “l;"TTﬂE :: ;:g A‘% sanouT (] 17 nhw
¢ Line Break Generation and Detection xmaz g 17 241 cSoUT U UOUTD
¢ Loopback and Echo Modes 05TR ] 18 2p oois AR IRl
* Doubled Buffered Transmitter and Receiver ROt I ot oL TREE ®
¢ Single 5V Supply

Description

The 82C50A Asynchronous Communication Element (ACE) is a
high performance programmable Universal Asynchronous Re-
ceiver/Transmitter (UART) and Baud Rate Generator (BRG)ona
single chip. Using Harris Semiconductor's advanced Scaled
SAJI IV CMOS Process, the ACE will support data rates from DC
to 625K baud (0-10 MHz clock). :

The ACE's receiver circuitry converts start, data, stop, and parity
bits into a parallel data word. The transmitter circuitry converts a
parallel data word into serial form and appends the start, parity,
and stop bits. The word length is programmable to 5, 6, 7, or 8
data bits. Stop bit selection provides a choice of 1, 1.5, or 2 stop
bits.

The Baud Rate Generator divides the clock by a divisor
programmable from 1 to 216-1 to provide standard RS-232C
baud rates when using any one of three industry standard baud
rate crystals (1.8432 MHz, 24576 MHz, or 3.072 MHz). A
programmable buffered clock output (BAUDOUT) provides
either a buffered oscillator or 16X (16 times the data rate) baud
rate clock for general purpose system use.,

To meet the system requirements of a CPU interfacing to an
asynchronous channel, the modem control signals RTS, CTS,
DSR, DTR, RI, DCD are provided. Inputs and outputs have been
designed with full TTL/CMOS compatability in order to facilitate
mixed TTL/NMOS/CMOS system design.

Functional Diagram

MICROPROCESSOR INTERFACE
£80 12 29 €souT
cs) 13
53 14 23 ooi§
ADS %
INTERRUPT 0 INTRPT
ENABLE, | ELNL L S
A ] D, & CONTROL
Al 21
a2 2% UART
10 SIN
RECEIVER 9 RCLK
A 35
™ 15 BAUDOUT
LINE STATUS mvnsz:umcn
bsTR_ 22 AND CONTROL BAUD RATE XTALI
DISTR 2t GENERATOR 17 XTALZ
00STR 18 L u oyt
ST TRANSMITTER — =
MODEM
00 1 |2 WS,
-0 L (T
-2 3 MODEM GONTROL 34 uml
-l 4] 3 @m
04 5 _

05 3 3 et
-l LI e 37 OSH
0 s MODEM STATUS a8 o

I

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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82C50A

Pin Description

SYMBOL

PIN
NUMBER

TYPE

ACTIVE
LEVEL

DESCRIPTION

22
21

H
L

DATA IN STROBE, DATA IN STROBE: DISTR, DISTR are read inputs
which cause the 82C50A to output data to the data bus (D0-D7). The
data output depends upon the register selected by the address inputs
A0, A1, A2. The chip select inputs CS0, CS1, CS2 enable the DISTR,
DISTR inputs.

Only an active DISTR or DISTR, not both, is used to receive data from
the 82C50A during a read operation. If DISTR is used as the read input,
DISTR should be tied high. If DISTR is used as the active read input,
DISTR should be tied low.

DOSTR,
DOSTR

19
18

DATA OUT STROBE, DATA OUT STROBE: DOSTR, DOSTR are write
inputs which cause data from the data bus (D0-D7) to be input to the
82C50A. The data input depends upon the register selected by the
address inputs A0, A1, A2. The chip select inputs CS0, CS1, CS2 enable
the DOSTR, DOSTR inputs.

Only an active DOSTR or DOSTR, not both, is used to transmit data to
the 82C50A during a write operation. If DOSTR is used as the write
input, DOSTR should be tied high. If DOSTR is used as the write input,
DOSTR should be tied low.

D0-D7

1/0

DATA BITS 0-7: The Data Bus provides eight, 3-state input/output lines
for the transfer of data, control and status information between the
82C50A and the CPU. For character formats of less than 8 bits, D7, D6
and D5 are “don’t cares” for data write operations and 0 for data read
operations. These lines are normally in a high impedance state except
during read operations. DO is the Least Significant Bit (LSB) and is the
first serial data bit to be received or transmitted.

A0, A1,
A2

28, 27,
26

REGISTER SELECT: The address lines select the internal registers
during CPU bus operations. See Table 1.

XTAL1,
XTAL2

16
17

CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate
Generator. XTAL1 can also be used as an external clock input, in which
case XTAL2 should be left open.

SOouT

SERIAL DATA OUTPUT: Serial data output from the 82C50A
transmitter circuitry. A Mark (1) is a logic one (high) and Space (0) is a
logic zero (low). SOUT is held in the Mark condition when the
transmitter is disabled, MR is true, the Transmitter Register is empty, or
when in the Loop Mode. SOUT is not affected by the CTS input.

GND

20

GROUND: Power supply ground connection (VSS).

CTS

36

CLEAR TO SEND: The logical state of the CTS pin is reflected in the
CTS bit of the (MSR) Modem Status Register (CTS is bit 4 of the MSR,
written MSR(4)). A change of state in the CTS pin since the previous
reading of the MSR causes the setting of DCTS (MSR(0)) of the Modem
Status Register. When CTS pin is ACTIVE (low), the modem is
indicating that data on SOUT can be transmitted on the
communications link. If CTS pin goes INACTIVE (high), the 82C50A
should not be allowed to transmit data out of SOUT. CTS pin does not
affect Loop Mode operation.

DSR

37

DATA SET READY: The logical state of the DSR pin is reflected in
MSR(5) of the Modem Status Register. DDSR (MSR(1)) indicates
whether the DSR pin has changed state since the previous reading of
the MSR. When the DSR pin is ACTIVE (low), the modem is indicating
that it is ready to exchange data with the 82C50A, while the DSR Pin
INACTIVE (high) indicates that the modem is not ready for data
exchange. The ACTIVE condition indicates only the condition of the
local Data Communications Equipment (DCE), and does not imply that
a data circuit as been established with remote equipment.

3-69

FAMILY

2=
=3
[=]
=]
«©
1)
=1
=
o




82C50A

e -

Pin Description

SYMBOL

PIN
NUMBER

TYPE

ACTIVE
LEVEL

DESCRIPTION

DTR

33

L

DATA TERMINAL READY: The DTR pin can be set (low) by writing a
logic 1 to MCR(0), Modem Control Register bit 0. This signal is cleared
(high) by writing a logic 0 to the DTR bit (MCR(0)) or whenever a MR
ACTIVE (high) is applied to the 82C50A. When ACTIVE (low), DTR pin
indicates to the DCE that the 82C50A is ready to receive data. In some
instances, DTR pin is used as a power on indicator. The INACTIVE
(high) state causes the DCE to disconnect the modem from the
telecommunications circuit.

RTS

32

REQUEST TO SEND: The RTS signal is an output used to enable the
modem. The RTS pin is set low by writing a logic 1to MCR(1) bit 1 of the
Modem Control Register. The RTS pin is reset high by Master Reset.
When ACTIVE, the RTS pin indicates to the DCE that the 82C50A has
data ready to transmit. In half duplex operations, RTS is used to control
the direction of the line.

BAUDOUT

15

BAUDOUT: This output is a 16X clock out used for the transmitter
section (16X = 16 times the data rate). The BAUDOUT clock rate is equal
to the reference oscillator frequency divided by the specified divisor in

the Baud Rate Generator Divisor Latches DLL and DLM. BAUDOUT

may be used by the Receiver section by tying this output to RCLK.

OouT1

34

OUTPUT 1: This is a general purpose output that can be programmed
ACTIVE (low) by setting MCR(2) (OUT1) of the Modem Control
Register to a high level. The OUT1 pin is set high by Master Reset. The
OUT1 pin is INACTIVE (high) during loop mode operation.

ouT2

31

OUTPUT 2: This is a general purpose output that can be programmed
ACTIVE (low) by setting MCR(3) (OUT2) of the Modem Control
Register to a high level. The OUT2 pin is set high by Master Reset. The
OUT2 signal is INACTIVE (high) during loop mode operation.

39

RING INDICATOR: When low, Rl indicates that a telephone ringing

signal has been received by the modem or data set. The Rl signal is a
modem control input whose condition is tested by reading MSR(6) (RI).
The_Modem Status Register output TERI (MSR(2)) indicates whether
the Rl input has changed from a High to Low since the previous reading
of the MSR. If the interrupt is enabled (IER(3)=1) and RI changes from a
high to low, an interrupt is generated. The ACTIVE (low) state of RI
indicates that the DCE is receiving a ringing signal. Rl will appear
ACTIVE for approximately the same length of time as_the ACTIVE
segment of the ringing cycle. The INACTIVE state of Rl will occur
during the INACTIVE segments of the ringing cycle, or when ringing is
not detected by the DCE. This circuit is not disabled by the INACTIVE
condition of DTR.

DCD

38

DATA CARRIER DETECT: When ACTIVE (low), DCD indicates that the
data carrier has been detected by the modem or data set. DCD is a
modem input whose condition can be tested by the CPU by reading
MSR(7) (DCD) of the Modem Status Register. MSR(3) (DDCD) of the
Modem Status Register indicates whether the DCD input has changed
since the previous reading of the MSR. DCD has no effect on the
receiver. If the DCD changes state with the modem status interrupt
enabled, an interrupt is generated.

When DCD is ACTIVE (low), the received line signal from the remote
terminal is within the limits specified by the DCE manufacturer. The
INACTIVE (high) signal indicates that the signal is not within the
specified limits, or is not present.
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Pin Description

SYMBOL

PIN
NUMBER

TYPE

ACTIVE
LEVEL

DESCRIPTION

MR

35

H

MASTER RESET: The MR input forces the 82C50A intoan idle mode in
which all serial data activities are suspended. The Modem Control
Register (MCR) along with its associated outputs are cleared. The Line
Status Register (LSR) is cleared except for the THRE and TEMT bits,
which are set. The 82C50A remains in an idle state until programmed to
resume serial data activities. The MR input is a Schmitt trigger input.
See the D. C. Electrical Characteristics for Schmitt trigger logic input
voltage levels. See Table 7 for a summary of Master Reset’s effect on
82C50A operation.

INTRPT

30

INTERRUPT REQUEST: The INTRPT output goes ACTIVE (high) when
one of the following interrupts has an ACTIVE (high) condition and is
enabled by the Interrupt Enable Register: Receiver Error flag, Received
Data Available, Transmitter Holding Register Empty, and Modem
Status. The INTRPT is reset low upon appropriate service or a MR
operation. See Figure 1. Interrupt Control Structure.

SIN

10

SERIAL DATA INPUT: The SIN input is the serial data input from the
communication line or modem to the 82C50A receiver circuits. A mark
(1) is high, and a space (0) is low. Data inputs on SIN are disabled when
operating in the loop mode.

vCcC

40

VCC: +5 volt positive power supply pin. A 0.1uA decoupling capacitor
from VCC (pin 40) to GND (pin 20) is recommended.

©8Q, CS1
Cs2

12, 13,
14

CHIP SELECT: The Chip Select inputs acts as enable signals for the
write (DOSTR, DOSTR) and read (DISTR, DISTR) input signals. The
Chip Select inputs are latched by the ADS input.

NC

29

Do Not Connect

CSouT

24

CHIP SELECT OUT: When ACTIVE (high), this pin indicates that the
chip has been selected by active CS0, CS1, and CS2 inputs. No data
transfer can be initiated until CSOUT is a logic 1, ACTIVE (high).

DDIS

23

DRIVER DISABLE: This output is INACTIVE (ilow) when the CPU is
reading data from the 82C50A. An ACTIVE (high) DDIS output can be
used to disable an external transceiver when the CPU is reading data.

ADS

25

ADDRESS STROBE: When ACTIVE (low), ADS latches the Register
Select (A0,A1,A2) and Chip Select (CS0, CS1, CS2) inputs. An active
ADS is required when the Register Select pins are not stable for the
duration of the read or write operation, multiplexed mode. If not
required, the ADS input should be tied low, non-multiplexed mode.

RCLK

This input is the 16X Baud Rate Clock for the receiver section of the
82C50A. This input may be provided from the BAUDOUT output or an
external clock.
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Accessible Registers

The three types of internal registers in the 82C50A used in the
operation of the device are control, status, and data registers.
The control registers are the Bit Rate Select Register DLL and
DLM, Line Control Register, Interrupt Enable Register and
the Modem Control registers, while the status registers are
the Line Status Registers and the Modem Status Register.
The data registers are the Receiver Buffer Register and
Transmitter Holding Register. The Address, Read, and Write
inputs are used in conjunction with the Divisor Latch Access
Bitin the Line Control Register (LCR(7)) to select the register
to be written or read (see Table 1.). Individual bits within
these registers are referred to by the register mnemonic and
the bit number in parenthesis. An exampie, LCR(7) refers to
Line Control Register Bit 7.

TABLE 1. ACCESSING 82C50A INTERNAL REGISTERS
pLag a2 | a1 | o | mnemonic | REGISTER
0 0 0 0 RBR Receiver Buffer Register
(read only)
0 0 0 0 THR Transmitter Holding
Register (write only)
0 0 0 1 IER Interrupt Enable Register
X 0 1 0 R Interrupt identification
Register (read only)
X 0 1 1 LCR Line Control Register
X 1 0 0 MCR Modem Control Register
X 1 0 1 LSR Line Status Register
X 1 1 0 MSR Modem Status Register
X 1 1 1 SCR Scratch Register
1 0 0 0 DLL Divisor Latch (LSB)
1 0 0 1 DLM Divisor Latch (MSB)
X ="Don’t Care” O = Logic Low 1= Logic High

The Transmitter Buffer Register and Receiver Buffer
Register are data registers holding from 5-8 data bits. If
less than eight data bits are transmitted, data is right
justified to the LSB. Bit 0 of a data word is always the first
serial data bit received and transmitted. The 82C50A data

registers are double buffered so that read and write
operations can be performed at the same time the UART is
performing the parallel to serial and serial to parallel
conversion. This provides the microprocessor with
increased flexibility in its read and write timing.

LINE CONTROL REGISTER (LCR)

LCR [ LCR | LCR | LCR § LCR | LCA ) LCR [ LCA
i L] 5 4 3 2 1 0

WORD 0 O = 5DATABITS
LENGTH 0 1 = GDATABITS
SELECT 1 0 = 7OATABITS
1= BOATABIS
g STOP 0 = I STOPBIT
BIT I = 15STOPBITS
SELECT 1F 5 DATA BIT WORD
LENGTH IS SELECTED
2STOPBITS IF6.7.0RE
DATA BIT WORD LENGTH
1S SELECTED
PARITY O = PARITY DISABLED
B EMABLE 1 = PARITY ENABLED
(GENERATED & CHECKED)
EVEN 0 = DD PARITY WHEN
— e PARITY PARITY IS ENABLED

SELECT EVEN PARITY WHEN

PARITY 1S ENABLED

STCK 0 = STICK PARITY DISABLED
PARITY | = WHEN PARITY IS ENABLED

FORCES THE TRANSHISSION

AND CHECKING OF A PARITY

BIT OF & KNDWN STATE

PARITY BIT FORCED TO

A LOGIC | IF LCR (4) = 0 0R

T0 A LOGIC 0 IF LCR (4] = 1.
BREAK D = BREAK DISABLED
CONTROL 1 = BREAK ENABLED.

THE SERIAL OUTPUT (SOUT)

1S FORCED T0 THE SPACING

LOBIC 0] STATE
OVISOR O = MUST BE LOW TO
LATCH ACCESS THE RECEIVER BUFFER,
ACTESS TRANSMITTER HOLDING REGISTER. OR
BIT THE INTERRUPT ENABLE REGISTER

MUST BE MIGH T0 ACCESS THE DIVISOR
LATGHES DLL AND DLM OF THE BAUD RATE
GENERATOR DURING A READ OR WRITE
OPERATION
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Line Control Register (LCR)

The format of the data character is controlled by the Line
Control Register. The contents of the LCR may be read,
eliminating the need for separate storage of the line char-
acteristics in system memory. The contents of the LCR
are described below.

LCR Bits 0 thru 7

LCR (0) Word Length Select Bit 0 (WLSO0)
LCR (1) Word Length Select Bit 1 (WLS1)
LCR (2) Stop Bit Select (STB)

LCR (3) Parity Enable (PEN)

LCR (4) Even Parity Select (EPS)

LCR (5) Stick Parity

LCR (6) Set Break

LCR (7) Divisor Latch Access Bit (DLAB)

LCR(0) and LCR(1) word length select bit 0, word length
select bit 1: The number of bits in each transmitted or re-
ceived serial character is programmed as follows

LCR(1) LCR(0) WORD LENGTH
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

LCR(2) Stop Bit Select: LCR(2) specifies the number of
stop bits in each transmitted character. If LCR(2) isa logic
0, one stop bit is generated in the transmitted data. If
LCR(2) is a logic 1 when a 5 bitword length is selected, 1.5
stop bits are generated. If LCR(2) isa logic 1 when eithera
6-, 7-, or 8-bit word length is selected, two stop bits are
generated. The receiver checks for two stop bits if pro-
grammed.

LCR(3): Parity Enable: When LCR(3) is high, a parity bit
between the last data word bit and stop bit is generated
and checked.

LCR(4) Even Parity Select: When parity is enabled
(LCR(3)=1), LCR(4)=0 selects odd parity, and LCR(4)=1
selects even parity.

LCR(5) Stick Parity: When parity is enabled {LCR(3)=1),
LCR(5)=1 causes the transmission and reception of a par-
ity bit to be in the opposite state from that indicated by
LCR(4). This allows the user to force parity to a known
state and for the receiver to check the parity bitin a known
state.

LCR(6) Break Control: When LCR(6) is set to logic-1, the
serial output (SOUT) is forced to the spacing (logic 0)
state. The break is disabled by setting LCR(6) to alogic-0.
The Break Control bit acts only on SOUT and has no
effect on the transmitter logic. Break Control enables the

CPU to alert a terminal in a computer communications
system. If the following sequence is used, no erroneous or
extraneous characters will be transmitted because of the
break.

1. Load an all Os pad character in response to THRE.
2. Set break in response to the next THRE.

3. Wait for the transmitter to be idle, (TEMT=1), and
clear break when normal transmission has to be
restored.

During the break, the transmitter can be used asa charac-
ter timer to accurately establish the break duration.

LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must be
set high (logic 1) to access the Divisor Latches DLL and
DLM of the Baud Rate Generator during a read or write
operation. LCR(7) must be input low to access the
Receiver Buffer, the Transmitter Holding Register, or the
Interrupt Enable Register.

Line Status Register (LSR)

The LSR is a single register that provides status indica-
tions. The LSR is usually the first register read by the CPU
to determine the cause of an interrupt orto poll the status
of the 82C50A.

Three error flags OE, FE, and PE provide the status of any
error conditions detected in the receivercircuitry. During
reception of the stop bits, the error flags are set high by an
error condition. The error flags are not reset by the
absence of an error condition in the nextreceived charac-
ter. The flags reflect the last character only if no overrun
occured. The Overrun Error (OE) indicates that a charac-
ter in the Receiver Buffer Register has been overwritten by
a character from the Receiver Shift Register before being
read by the CPU. The character is lost. Framing Error (FE)
indicates that the last character received contained incor-
rect (low) stop bits. This is caused by the absence of the
required stop bit or by a stop bit too short to be detected.
Parity Error (PE) indicates that the last character received
contained a parity error based on the programmed and
calculated parity of the received character.

The Break Interrupt (Bl) status bit indicates that the last
character received was a break character. A break charac-
ter is an invalid data character, with the entire character,
including parity and stop bits, logic zero.

The Transmitter Holding Register Empty (THRE) bit indi-
cates that the THR register is empty and ready to receive
another character. The Transmission Shift Register
Empty (TEMT) bit indicates that the Transmitter Shift
Register is empty, and the 82C50A has completed trans-
mission of the last character. If the interrupt is enabled
(IER(1)), an active THRE causes an interrupt (INTRPT).
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The Data Ready (DR) bit indicates that the RBR has been
loaded with a received character (including Break) and
that the CPU may access this data.

Reading the LSR clears LSR(1)-LSR(4). (OE, PE, FE &
Bl)

LSR Bits 0 Thru 7

|Loaic1 | oaice
LSR (0) Data Ready (DR) Ready Not Ready
LSR (1) Overrun Error (OE) Error No Error
LSR (2) Parity Error (PE) Error No Error
LSR (3) Framing Error (FE) Error No Error
LSR (4) Break Interrupt (Bl) Break No Break
LSR (5) Transmitter Holding Empty Not Empty

Register Empty (THRE)

LSR (6) Transmitter Empty (TEMT)| Empty Not Empty
LSR (7) Not Used

The contents of the Line Status Register are indicated in
the above table and are described below.

LSR(0) Data Ready (DR): Data Ready is set high when an
incoming character has been received and transferred
into the Receiver Buffer Register. LSR(0) is reset low by a
CPU read of the data in the Receiver Buffer Register.

LSR(1) Overrun Error (OE): Overrun Error indicates that
data in the Receiver Buffer Register was not read by the
CPU before the next character was transferred into the
Receiver Buffer Register, overwriting the previous char-
acter. The OE indicator is reset whenever the CPU reads
the contents of the Line Status Register.

LSR(2) Parity Error (PE): Parity Error indicates that the re-
ceived data character does not have the correct even or
odd parity, as selected by the Even Parity Select bit
(LCR(4)). The PE bit is set high upon detection of a parity
error, and is reset low when the CPU reads the contents of
the LSR.

LSR(3) Framing Error (FE): Framing Error indicates that
the received character did not have a valid stop bit. LSR(3)
is set high when the stop bit following the last data bit or
parity bit is detected as a zero bit (spacing level). The FE
indicator is reset low when the CPU reads the contents of
the LSR.

LSR(4) Break Interrupt (Bl): Break Interrupt is set high
when the received data input is held in the spacing (logic
0) state for longer than a full word transmission time (start
bit + data bits + parity + stop bits). The Bl indicator is reset
when the CPU reads the contents of the Line Status
Register.

LSR(1) - LSR(4) are the error conditions that produce a
Receiver Line Status interrupt (priority 1 interrupt in the
Interrupt |dentification Register (1IR)) when any of the
conditions are detected. This interrupt is enabled by set-
ting IER(2)=1 in the Interrupt Enable Register.

LSR(5) Transmitter Holding Register Empty (THRE):
THRE indicates that the 82C50A is ready to accept a new
character for transmission. The THRE bit is set high when
a character is transferred from the Transmitter Holding
Register into the Transmitter Shift Register. LSR(5) is re-
set low by the loading of the Transmitter Holding Register
by the CPU. LSR(5) is not reset by a CPU read of the LSR.

When the THRE interrupt is enabled (IER(1)=1), THRE
causes a priority 3 interruptin the IIR. If THRE is the inter-
rupt source indicated in IR, INTRPT is cleared by a read
of the lIR.

LSR(6) Transmitter Empty (TEMT): TEMT is set high
when the Transmitter Holding Register (THR) and the
Transmitter Shift Register (TSR) are both empty. LSR(6)
is reset low when a character is loaded into the THR and
remains low until the character is transferred out of
SOUT. TEMT is not reset low by a CPU read of the LSR.

LSR(7): This bit is permanently set to togic 0.
Modem Control Register (MCR)
The MCR controls the interface with the modem or data

set as described below. The MCR can be written and read.
The RTS, DTR, OUT1,and OUT2 outputs are directly con-

trolled by their control bits in thisregister. A high input
asserts a low (true) at the output pins.
MCR Bits 0 thru 7
MCR BIT MCR BIT
LOGIC 1 LOGIC 0
MCR (0) Data Terminal Ready DTR DTR
(DTR) Output Low ] Output High
MCR (1) Request to Send RTS RTS
(RTS) Output Low | Output High
MCR (2) OUT1 OUTi OUTH
Output Low | Output High
MCR (3) OUT2 ouT2 ouT2
Output Low | Output High
MCR (4) LOOP LOOP LOOP
Enabled Disabled
MCR (5) 0
MCR (6) 0
MCR (7) 0

MGCR(0): When MCR(0) is set high, the DTR output is
forced low. When MCR(0) is reset low, the DTR output is
forced high. The DTR output of the 82C50A may be input
into an EIA inverting line driver as the 1488 to obtain the
proper polarity input at the modem or data set.

MCR(1): When MCR(1) is set high, the RTS output is
forced low. When MCR(1) is reset low, the RTS output is
forced high. The RTS output of the 82C50A may be input
into an EIA inverting line driver as the 1488 to obtain the
proper polarity input at the modem or data set.
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MCR(2): When MCR(2) is set high, the OUT1 output is
forced low. When MCR(2) is reset low, the OUT1 output is
forced high. OUT1 is an user designated output.

MCR(3): When MCR(3) is set high, the OUT2 output is
forced low. When MCR(3) is reset low, the OUT2 output is
forced high. OUT2 is an user designated output.

MCR(4): MCR(4) provides a local loopback feature for
diagnostic testing of the 82C50A. When MCR(4) is set
high, Serial Output (SOUT) is set to the marking (logic 1)
state, and the receiver data input Serial Input (SIN) is dis-
connected. The output of the Transmitter Shift Register is
looped back into the Receiver Shift Register input. The
four modem control inputs (CTS, DSR, DC, and Ri) are
disconnected. The four modem control outputs (DTR,
RTS, OUT1 and OUT2) are internally connected to the
four modem control inputs. The modem control output
pins are forced to their inactive state (high). in the diag-
nostic mode, data transmitted is immediately received.
This allows the processor to verify the transmit and
receive data paths of the 82C50A.

In the diagnostic mode, the receiver and transmitter inter-
rupts are fully operational. The modem control interrupts
are also operational, but the interrupt sources are now the
lower four bits of the MCR instead of the four modem
control inputs.’ The interrupts are still controlled by the
Interrupt Enable Register.

MCR(5) - MCR(7): These bits are permanently set to
logic 0.

MODEM CONTAOL REGISTER (MCA)

ARRARERR

DTH OUTPUT HIGH (INACTIVE)
DTR QUTPUT LOW (ACTIVE)

| E—— L__—

"o

DATA [}
TERMINAL 3
READY
REQUEST 0 =
Lee——1 1=
SEND
b= QT 1

TS OUTPUT HIGH (INACTIVE)
TS QUTPUT LOW (ACTIVE}

OUT | OUTPUT HIGH (INACTIVE)
OUT 1 QUTPUT LOW {ACTIVE)

QUT 2 QUTPUT HIGH (INACTIVE)
GUT 2 GUTPUT LOW (ACTIVE)

LOOP DISABLED
LOOP ENABLED,

Y SET TO A LOGIC 0.

0
1
— T2 13
1
—————— L00P 0

1

THESE BITS ARE

Modem Status Register (MSR)

The MSR provides the CPU with status of the modem in-
put lines from the modem or peripheral device. The MSR
allows the CPU to read the modem signal inputs by acces-
sing the data bus interface of the 82C50A. in addition to

the current status information, four bits of the MSR indi-
cate whether the modem inputs have changed since the
last reading of the MSR. The delta status bits are set high
when a control input from the modem changes state, and
reset low when the CPU reads the MSR.

The modem input lines are CTS (pin 36), D3R (pin 37), RI
(pin 39), and DCD (pin 38). MSR(4) - MSR(7) are status
indications of these lines. The status indications follow
the status of the input lines. If the modem status interrupt
in the interrupt Enable Register is enabled (IER(3)), a
change of state in a modem input signals will be reflected
by the modem status bits in the IIR register, and an
interrupt (INTRPT) is generated. The MSR is a priority 4
interrupt. The contents of the Modem Status Register are
described below:

Note that the state (high or low) of the status bits are in-
verted versions of the actual input pins.

MSR Bits 0 thru 7

MSR BIT | MNEMONIC| DESCRIPTION

MSR (1) DDSR Delta Data Set Ready

MSR (2) TERI Trailing Edge of Ring
Indicator

MSR (0) DCTS Delta Clear To Send

MSR (3) DDCD Delta Data Carrier Detect

MSR (4) cTS Clear To Send

MSR (5) DSR Data Set Ready

MSR (6) RI Ring Indicator

MSR (7) DCD Data Carrier Detect

MSR(0) Delta Clear to Send (DCTS): DCTS indicates that
the CTS input (Pin-36) to the 82C50A has changed state
since the iast time it was read by the CPU.

MSR(1) Delta Data Set Ready (DDSR): DDSR indicates
that the DSR input (Pin-37) to the 82C50A has changed
state since the last time it was read by the CPU.

MSR(2) Trailing Edge of Ring Indicator (TERI): TERI indi-
cates that the Ri input (Pin-39) to the 82C50A has
changed state from high to low since the last time it was
read by the CPU. Low to high transitions on Rl do not
activate TERI.

MSR(3) Delta Data Carrier Detect (DDCD): DDCD indi-
cates that the DCD input (Pin-38) to the 82C50A has
changed state since the last time it was read by the CPU.

MSR(4) Clear to Send (CTS): Clear to Send (CTS) is the
status of the CTS input (Pin-36) from the modem indicat-
ing to the 82C50A that the modem is ready to receive data
from the 82C50A transmitter output (SOUT). If the
82C50A is in the loop mode (MCR(4)=1), MSR(4) is
equivalent to RTS in the MCR.

MSR(5) Data Set Ready (DSR): Data SetReady (DSR) isa
status of the DSR input (Pin-37) from the modem to the
82C50A which indicates that the modem is ready to pro-
vide received data to the 82C50A receiver circuitry. If the
82C50A is in the loop mode (MCR(4)=1), MSR(5) is
equivalent to DTR in the MCR.
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MSR(6) Ring Indicator MSR(6): Indicates the status of the
Rl input (Pin-39). If the 82C50A is in the loop mode
(MCR(4)=1), MSR(6) is equivalent to OUT1 in the MCR.

MSR(7) Data Carrier Detect (MSR(7)): Data Carrier
Detect indicates the status of the Data Carrier Detect
(DCD) input (Pin-38). If the 82C50A is in the loop mode
(MCR(4)=1), MSR(4) is equivalent to OUT2 of the MCR.

The modem status inputs (Rl, DCD, DSR and CTS) reflect
the modem input lines with any change of status. Reading
the MSR register will clear the delta modem status indica-
tions but has no effect on the status bits. The status bits
reflect the state of the input pins regardless of the mask
control signals. If a DCTS, DDSR, TERI, or DDCD are true
and a state change occurs during a read operation
(DISTR, DISTR), the state change is not indicated in the
MSR. If DCTS, DDSR, TERI, or DDCD are false and a state
change occurs during a read operation, the state change
is indicated after the read operation.

For LSR and MSR, the setting of status bits is inhibited
during status register read (DISTR, DISTR) operations. If
a status condition is generated during a read (DISTR,
DISTR) operation, the status bit is not set until the trailing
edge of the read (DISTR, DISTR).

If a status bit is set during a read (DISTR, DISTR) opera-
tion, and the same status condition occurs, that status bit
will be cleared at the trailing edge of the read (DISTR,
DISTR) instead of being set again.

Baud Rate Select Register (BRSR)

The 82C50A contains a programmable Baud Rate Gener-
ator (BRG) that divides the clock (DC to 10 MHz) by any
divisor from 1 to 216-1 (see also BRG description). The
output frequency of the Baud Generator is 16X the data
rate [divisor # = frequency input + (baud rate x 16)]. Two
8-bit divisor latch registers store the divisor in a 16 bit
binary format. These Divisor Latch registers must be
loaded during initialization. Upon loading either of the
Divisor Latches, a 16-bit Baud counter is immediately
loaded. This prevents long counts on initial load.

Sample Divisor Number Calculation:

Given:  Desired Baud Rate 1200 Baud
Frequency Input 1.8432 MHz
Formula: Divisor # = Frequency Input <+ (Baud Rate x 16)
Divisor # = 1843200 + (1200 x 16)
Answer: Divisor # = 96 = 604gx ® DLL = 01100000
DLM = 00000000
Check: The Divisor # 96 will divide the input frequency

1.8432 MHz down to 19200 which is 16 times the
desired baud rate.

Divisor Latch Least Significant BYTE

DLL (0) Bit 0
DLL (1) Bit 1
DLL (2) Bit 2
DLL (3) Bit 3
DLL (4) Bit 4
DLL (5) Bit 5
DLL (6) Bit6
DLL (7) Bit 7

Divisor Latch Most Significant BYTE

DLM (0) Bit 8

DLM (1) Bit 9

DLM (2) Bit 10
DLM (3) Bit 11
DLM (4) Bit 12
DLM (5) Bit 13
DLM (6) Bit 14
DLM (7) Bit 15

Recelver Buffer Register (RBR)

The receiver circuitry in the 82C50A is programmable for
5, 6,7 or 8 data bits per character. For words of less than 8
bits, the data is right justified to the least significant bit
(LSB = Data Bit 0 (RBR (0)). Data Bit 0 of a data word (RBR
(0)) is the first data bit received. The unused bitsinachar-
acter less than 8 bits are output low to the parallel output
by the 82C50A.

Received data at the SIN input pin is shifted into the
Receiver Shift Register by the 16X clock provided at the
RCLK input. This clock is synchronized to the incoming
data based on the position of the start bit. When a
complete character is shifted into the Receiver Shift
Register, the assembled data bits are parallel loaded into
the Receiver Buffer Register. The DR flag in the LSR
register is set.

Double buffering of the received data permits continuous
reception of data without losing received data. While the
Receiver Shift Register is shifting a new character intothe
82C50A, the Receiver Buffer Register is holding a previ-
ously received character for the CPU to read. Failure to
read the data in the RBR before complete reception of the
next character result in the loss of the data in the Receiver
Register. The OE flag in the LSR register indicates the
overrun condition.

RBR Bits 0 thru 7

RBR (0) Data Bit 0
RBR (1) Data Bit 1
RBR (2) Data Bit 2
RBR (3) Data Bit 3
RBR (4) Data Bit 4
RBR (5) Data Bit 5
RBR (6) Data Bit 6
RBR (7) Data Bit 7
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Transmitter Holding Register (THR)

The Transmitter Holding Register (THR) holds paraliel
data from the data bus (D0-D7) until the Transmitter Shift
Register is empty and ready to accept a new character for
transmission. The transmitter and receiver word length
and number of stop bits are the same. If the character is
less than eight bits, unused bits at the microprocessor
data bus are ignored by the transmitter.

Data Bit 0 (THR (0)) is the first serial data bit transmitted.
The THRE flag (LSR (5)) reflect the status of the THR. The
TEMT flag (LSR (5)) indicates if boththe THR and TSR are
empty.

THR Bits 0 thru 7

THR (0) Data Bit 0
THR (1) Data Bit 1
THR (2) Data Bit 2
THR (3) Data Bit 3
THR (4) Data Bit 4
THR (5) Data Bit 5
THR (6) Data Bit 6
THR (7) Data Bit 7

Scratchpad Register (SCR)

This 8-bit Read/Write register has no effect on the
82C50A. It is intended as a scratchpad register to be used

by the programmer to hold data temporarily.

SCR Bits 0 thru 7

SCR (0) Data Bit 0
SCR (1) Data Bit 1
SCR (2) Data Bit 2
SCR (3) Data Bit 3
SCR (4) Data Bit 4
SCR (5) Data Bit 5
SCR (6) Data Bit 6
SCR (7) Data Bit 7

Interrupt Structure
Interrupt Identification Register (lIR)

The 82C50A has interrupt capability for interfacing to
current microprocessors. In order to minimize software
overhead during data character transfers, the 82C50A
prioritizes interrupts into four levels. The four levels of
interrupt conditions are as follows:

1. Receiver Line Status (priority 1)

2. Received Data Ready (priority 2)

3. Transmitter Holding Register Empty (priority 3)
4. Modem Status (priority 4).

Information indicating that a prioritized interrupt is
pending and the type of interrupt is stored in the Interrupt
Identification Register (IIR). When addressed during chip
select time, the IR indicates the highest priority interrupt
pending. No other interrupts are acknowledged until the
interrupt is serviced by the CPU. The contents of the IR
are indicated in Table 2 and are described below.

IIR(0): lIR(0) can be used in either a hardwired prioritized
or polled environment to indicate whether an interrupt is
pending. When 1IR(0) is low, an interrupt is pending, and
the 'IIR contents may be used as a pointer to the
appropriate interrupt service routine. When tIR(0) is high,
no interrupt is pending. ‘

1IR(1) and IR(2): 1IR(1) and IIR(2) are used to identify the
highest priority interrupt pending as indicated in Table 2.

1IR(3) - 1IR(7): These five bits of the IIR are logic 0.
Interrupt Enable Register (IER)

The Interrupt Enable Register (IER) is a Write register
used to independently enable the four 82C50A interrupts

which activate the interrupt (INTRPT) output. All
interrupts are disabled by resetting IER(0) - IER(3) of

TABLE 2. INTERRUPT IDENTIFICATION REGISTER

INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS
PRIORITY INTERRUPT INTERRUPT INTERRUPT
BIT 2 BIT 1 BITO LEVEL FLAG SOURCE RESET CONTROL
X X 1 None None
1 1 0 First Receiver OE, PE, LSR Read
Line Status FE, or BI
1 0 0 Second Received Receiver RBR Read
Data Data
Available Available
0 1 0 Third THRE THRE IIR Read if THRE is the
interrupt source or
THR Write
0 0 0 Fourth Modem CTS, DSR MSR Read
Status Rl, DCD

X = Not Defined, May Be 0 or 1
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the Interrupt Enable Register. Interrupts are enabled by
setting the appropriate bits of the IER high. Disabling the
interrupt system inhibits the Interrupt Identification
Register and the active (high) INTRPT output. All other
system functions operate in their normal manner,
including the setting of the Line Status and Modem Status
Registers. The contents of the Interrupt Enable Register
are indicated in Table 3 and are described below.

IER(0): When programmed high (IER(0)=Logic 1), IER(0)
enables Received Data Available interrupt.

IER(1): When programmed high (IER(1)=Logic 1), IER(1)
enables the Transmitter Holding Register Empty
interrupt.

IER(2): When programmed high (IER(2)=Logic 1), IER(2)
enables the Receiver Line Status interrupt.

IER(3): When programmed high (IER(3)=Logic 1), IER (3)
enables the Modem Status interrupt.

IER(4) - IER(7): These four bits of the IER are logic 0.
OR (LSR BIT 0) :«_—1 >_ '
ERBFI (IER BIT 0)

THRE (LSR BIT 5)
ETBEI (IER BIT 1)

OE (LSR BIT 1)
PE (LS BIT 2)

FE (LSR BIT 3)

BI (LSR BIT 4)

ELSI (IER BIT 1)
OCTS (MSR BIT 0]
DOSR (MSR BIT 1)
TERI (MSR BIT 2)
0DCD (MSR BIT 3)
EDSS! (IER BIT 3)

INTRPT
PIN 30

FIGURE 1. 82C50A INTERRUPT CONTROL STRUCTURE

TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY

(NOTE: See Table 1 for how to access these registers).

REGISTER BIT N
REGISTER GIs UMBER
MNEMONIC BIT 7 | BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
RBR Data Data Data Data Data Data Data Data
(Read Only) Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
. (MSB) (LSB)*
THR Data Data Data Data Data Data Data Data
(Write Only) Bit7 Bit 6 Bit5 . Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0
DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
IER 0 0 0 0 (EDSSI) (ELSH) (ETBEI) (ERBFI)
Enable Enable Enable Enable
Modem Receiver Transmitter Received
Status Line Holding Data
Interrupt Status Register Available
Interrupt Empty Interrupt
Interrupt
IR 0 0 0 0 0 Interrupt Interrupt “0" 1F
‘(Read Only) D D Interrupt
Bit (1) Bit (0) Pending
LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO)
Divisor Break Parity Even Parity Number Word Word
Latch Parity Enable of Stop Length Length
Access Select Bits Select Select
Bit Bit 1 Bit 0
MCR 0 0 0 Loop Out 2 Out 1 (RTS) (DTR)
Request Data
To Terminal
Send Ready
LSR 0 (TEMT) (THRE) (BI) (FE) (PE) (OE) (DR)
Transmitter | Transmitter Break Framing Parity Overrun Data
Empty Holding Interrupt Error Error Error Ready
Register
Empty
MSR (DCD) (RH) (DSR) (CTS) (DDCD) (TERY) (DDSR) (DCTS)
Data Ring Data Clear Delta Trailing Deita Delta
Carrier indicator Set to Data Edge Data Clear
Detect Ready Send Carrier Ring Set to
Detect Indicator Ready Send
SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

*

LSB, Data Bit 0 is the first bit transmitted or received.
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Transmitter

The serial transmitter section consists of a Transmitter
Holding Register (THR), Transmitter Shift Register
(TSR), and associated control logic. The Transmitter
Holding Register Empty (THRE) and Transmitter Shift
Register Empty (TEMT) are two bits in the Line Status
Register which indicate the status of THR and TSR. To
transmit a 5-8 bit word, the word is written through D0-D7
to the THR. The microprocessor should perform a write
operation only if THRE is high. The THRE is set high when
the word is automatically transferred from the THR to the
TSR during the transmission of the start bit.

When the transmitter is idle, both THRE and TEMT are
high. The first word written causes THRE to be reset to 0.
After completion of the transfer, THRE returns high.
TEMT remains low for at least the duration of the
transmission of the data word. If a second character is
transmitted to the THR, the THRE is reset low. Since the
data word cannot be transferred from the THR to the TSR
until the TSR is empty, THRE remains low until the TSR
has completed transmission of the word. When the last
word has been transmitted out of the TSR, TEMT is set
high. THRE is set high one THR to TSR transfer time later.

Receiver

Serial asynchronous data is input into the SIN pin. The
idle state of the line providing the input into SIN is high. A
start bit detect circuit continually searches for a high to
low transition from the idle state. When the transition is
detected, a counter is reset, and counts the 16X clock to 7
1/2, which is the center of the start bit. The start bit is valid
if the SIN is still low at the mid bit sample of the start bit.
Verifying the start bit prevents the receiver from assem-
bling an incorrect data character due to a low going noise
spike on the SIN input.

The Line Control Register determines the number of data
bits in a character (LCR(0), LCR(1)), number of stop bits
LCR(2), if parity is used LCR(3), and the polarity of parity
LCR(4). Status information for the receiver is provided in
the Line Status Register. When a character is transferred
from the Receiver Shift Register to the Receiver Buffer
Register, the Data Received indication in LSR(0) is set
high. The CPU reads the Reciver Buffer Register through
DO-D7. This read resets LSR(0). If DO-D7 are not read
prior to a new character transfer from the RSR to the RBR,
the overrun error status indication is set in LSR(1). The
parity check tests for even or odd parity on the parity bit,
which precedes the first stop bit. |f there is a parity error,
the parity error is set in LSR(2). There is circuitry which
tests whether 