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Introduction
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Among MOS integrated circuit manufacturers, American Microsystems enjoys a unique position.
Besides being the first successful volume producer of MOS integrated circuits (since 1966), AMI
today has the largest MOS/LSI design engineering staff in the industry, the most comprehensive
manufacturing and product testing facilities, and a more complete repertoire of in-production
MOS processes than any other manufacturer. The ability to design, manufacture, and test are the
three prerequisites that any manufacturer must have in depth, in order to ship reliable state-of-the-
art MOS/LSI products and support successful supplier-user relationships year after year. Because
at AMI we excel at all three, in 1974 alone, we shipped over 15,000,000 MOS integrated circuits.

This Guide to Standard MOS Products is the first single volume comprehensive catalog of standard
products issued by AMI. We have endeavored to incorporate the best features of organization and
content, so that all product data sections and indices are easy to identify by color, and are clearly
separated from other information in the catalog. Particular attention was given to the technical
data on products, so that it is comprehensive and makes the application of the products easy and
convenient for the circuit designer. The catalog also contains other informative technical data,
which makes it useful as a general reference to key parts of the MOS technology and its applica-
tions. Finally, with the sections on Custom Capabilities, Watches and Watch Products, and the
AMI Product Assurance Program, we also present a comprehensive profile of all AMI capabilities.

In the future, as in the past, AMI will be dedicated to serve the advanced MOS/LSI market. In the
years ahead, use of MOS will rapidly become more and more pervasive — both in the industrial
and consumer sectors — and AMI will commit its full capabilities toward being the Number One
producer of MOS products.



encoders and character
generators. Even liquid
crystal displays and drivers,
programmable processors,
digital clocks, calculator kits.
And if you’re looking for a
custom circuit, we can help
you there, too. We've already
designed more than 800 of
them. Unlike the other MOS
companies, we can use five

As the world’s largest and
most experienced exclusive
supplier of MOS/LS], it’s
hardly surprising that AMI
has produced the only defin-
itive work on the subject.
In it we describe the
theory, design, fabrication
and systems application of
MOS. It’s published by Van
Nostrand Reinhold, runs

474 pages and costs $18. R production processes:

If you'd like a list of We wrote R P-Channel, N-Channel,

bookstores that carry Van the book on it. Silicon Gate, Ion Implant

Nostrand books, contact the AMI sales and C-MOS.

office nearest you. We'll tell you the nearest So the next time you’re ordering MOS

place to pick up a copy. products, specify AMI. We not only make
And we certainly know how to turn the best circuits on the market. We've

theory into practice. AMI makes more MOS  also written the book that shows how we

devices than anyone else. Our standard make them that good.

product line includes RAMs, ROMs, shift American Microsystems, Inc.,

registers, multiplexers, timing circuits, 3800 Homestead Road, Santa Clara,

discretes, music circuits, UARTS, keyboard ~ California 95051.

'~ AMERICAN MICROSYSTEMS, INC.
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Industry Crossreference Guide

FAIRCHILD

. AMI
Device No. Replacement
3337 . . . . . S1685
3514 . . . . . S3514
35342 . . . . . Sl103
35345 . . . . . S1103-1
GENERAL INSTRUMENTS

. AMI
Device No. Replacement
AY-5-1013 . . . S1883
R03-16,382 . . . S8996
R05-8192 . . . S8865
INTEL

. AMI
Device No. Replacement
1103 . . . . . Sl103
1103-1. . . . . S1103-1
1103A. . . . . S1103A
1103A-1 . . . . S1103A-1
1103A-2 . . . . S1103A-2
2146 . . . . . Sl46
M.I.L.

. AMI
Device No. Replacement
1103 . . . . . S1103
1103-1. . . . . S1103-1
2146 . . . . . Sl46

NATIONAL SEMICONDUCTOR
AMI

Device No. Replacement
MMS5316 . . . . S1998
5232 . . . . . 85232
5233 . . . . . 83514
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. AMI
Device No. Replacement
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1103-1. . . . . S1103-1
2146 . . . . . Sl46
STANDARD MICROSYSTEMS

. AMI
Device No. Replacement
COM2017 . . . S1883
TEXAS INSTRUMENTS

. AMI
Device No. Replacement
TMS6011. . . . S1883
3113 . . . . . S2181A
3114 . . . . . S2181A
WESTERN DIGITAL

) AMI
Device No. Replacement
TR1602A . . . S1883
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MOSTEK MOTOROLA

Device No. Repl?clrrinent Davice No. Repl?c'rr:'lent
MK2400P . . . S8773 MC6800 . . . . S6800
2500 . . . . . S5232 MC6820 . . . . S6820
2600 . . . . . S3514 MC6850 . . . . S6850
4006 . . . . . S4006 MCM6810 . . . S6810
4008 . . . . . S4008 MCM6830 . . . S6830
4008-9. . . . . $S4008-9 6605L . . . . . S6605

6605L-1 . . . . S6605A
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SALES

OFFICES

Sales Offices

DOMESTIC

Western Area

1104 Highland Avenue, Suite I
Manhattan Beach, California 90266
Tel: (213) 379-2452

1928A Ol1d Middlefield Way
Mountain View, California 94040
Tel: (415) 969-0610

Central Area

500 Higgins Road
Elk Grove Village, Illinois 60007
Tel: (312) 437-6496

725 S. Central Expressway, Suite C-5
Richardson, Texas 75080
Tel: (214) 231-5721

29200 Vassar Avenue, Suite 214
Livonia, Michigan 48152
Tel: (313) 478-9339

Fox Meadows Office Building

3030 Harbor Lane North, Suite 101
Minneapolis, Minnesota 55441

Tel: (612) 546-3354

Eastern Area

20 Robert Pitt Drive, Room 212
Monsey, New York 10952
Tel: (914) 352-5333

1420 Providence Turnpike, Room #220A

Norwood, Massachusetts 02062
Tel: (617) 762-0726

Altamonte Centre

249 No. Maitland Avenue, Suite 317
Altamonte Springs, Florida 32701
Tel: (305) 830-8889

Axewood East

Butler & Skippack Pikes, Suite 3A
Ambler, Pennsylvania 19002

Tel: (215) 643-0217

INTERNATIONAL

England

AMI Microsystems, Ltd.
108A Commercial Road
Swindon, Wiltshire

Tel: Swindon (0793) 31345

France

AMI Microsystems S.A.R.L.
124, Avenue de Paris
F-94300 Vincennes

Tel: (01) 374-0090

Italy

AMI Microsystems, S.p.A.
via Giovanni Pascoli 60
1-20133 Milano

Tel: (02) 29 37 45

Japan

AMI Japan Ltd.

Daiwa Bank Building
1-6-21, Nishi Shimbashi
Minato-ku, Tokyo 105
Tel: (501) 2241

West Germany

AMI Microsystems GmbH

D-8000 Munchen 80

Rosenheimer Strasse 30, Suite 236
Tel: (089) 48 30 81



DOMESTIC
DISTRIBUTORS

Distributors

WESTERN AREA AND CANADA

R.V. Weatherford Company
1917 North 25th Drive
Carson Industrial Park
Phoenix, Arizona 85009
Tel: (602) 272-7144

1550 Babbit Avenue
Anaheim, California 92805
Tel: (714) 547-0891

6921 San Fernando Road
Glendale, California 91201
Tel: (213) 849-3451

3240 Hillview Avenue
Stanford Industrial Park
Palo Alto, California 94304
Tel: (415) 493-5373

1095 East Third Street
Pomona, California 91766
Tel: (714) 623-1261

7872 Raytheon Road
San Diego, California 92111
Tel: (714) 278-7400

3905 South Mariposa
Englewood, Colorado 80110
Tel: (303) 761-5432

2425 Alamo, S.E.

Albuquerque, New Mexico 87106
Tel: (505) 842-0868

TWX: 910-989-1673

541 Industry Drive
Seattle, Washington 98108
Tel: (206) 243-6340

Intermark Electronics
6301 6th Avenue, South
Seattle, Washington 98108
Tel: (206) 767-3160

Sterling Electronics

2001 East University Drive
Phoenix, Arizona 85034
Tel: (602) 258-4531

1061 Industrial Way
San Carlos, California 94070
Tel: (415) 592-2353

11614 Pendleton Street
Sun Valley, California 91352
Tel: (213) 767-5030

7405 Convoy Court
San Diego, California 92111
Tel: (714) 565-2441

3530 Pan American Freeway, N.E.
Albuquerque, New Mexico 87107
Tel: (505) 345-6601

5608 6th Avenue, South
Seattle, Washington 98108
Tel: (206) 762-9100

Alta Electronics
2280 South Main Street
Salt Lake City, Utah 84115
Tel: (801) 486-7227

Schweber Electronics

3000 Red Hill Avenue

Costa Mesa, California 92626

Tel: (714) 556-3880 or
(213) 924-5594

Schweber Electronics, Ltd.

2724 Rena Road
Mississauga, Ontario, Canada 1L4T3J9
Tel: (416) 678-9050
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DOMESTIC

DISTRIBUTORS
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CENTRAL AREA . Sterling Electronics (Cont’d.)

Schweber Electronics 4201 Southwest Freeway
1380 Jarvis Avenue Houston, Texas 77027
Elk Grove Villagge, Illinois 60007 Tel: (713) 627-9800

Tel: (312) 595-2740 R.V. Weatherford Company

10836 Grissom Lane
Dallas, Texas 75229
Tel: (214) 243-1571

Lorenz Sales

4403 First Avenue, S.E.
302 Executive Plaza
Cedar Rapids, Iowa 52402

Tel: (319) 393-0100 3500 West T.C. Jester Boulevard

Houston, Texas 77018

86 Executive Drive Tel: (713) 688-7406

Troy, Michigan 48084
Tel: (313) 583-9242

7015 Washington Avenue, South EASTERN AREA
Edina, Minnesota 55435 Schweber Electronics
Tel: (612) 941-5280 Finance Drive

Commerce Industrial Park
23880 Commerce Park Road Danbury, Connecticut 06810
Beachwood, Ohio 44122 Tel: (203) 792-3500

Tel: (216) 464-2970

5460 Fisher Lane
2628 Longhorn Boulevard Rockville, Maryland 20852
Austin, Texas 78758 Tel: (301) 881-3300

Tel: (512) 837-2890
213 Third Avenue

14177 Proton Road Waltham, Massachusetts 02154
Dallas, Texas 75240 Tel: (617) 890-8484
Tel: (214) 661-5010

43 Belmont Drive
7420 Harwin Drive Somerset, New Jersey 08873
Houston, Texas 77036 Tel: (201) 469-6008

Tel: (713) 784-3600
2 Town Line Circle

Arrow Electronics Rochester, New York 14623
9700 Newton Avenue, South Tel: (716) 461-4000
Bloomington, Minnesota 55431
Tel: (612) 888-5522 Jericho Turnpike
TWX: 910-576-3125 Westbury, L.I., New York 11590

Tel: (516) 334-7474
Sterling Electronics

4613 Fairfield 2830 North Terrace
Metairie, Louisiana 77002 Hollywood, Florida 33020
Tel: (504) 887-7610 Tel: (305) 927-0511

2875 Merrell Road 4126 Pleasantdale Road
Dallas, Texas 75229 Atlanta, Georgia 30340
Tel: (214) 357-9131 Tel: (404) 449-9170
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DOMESTIC
REPRESENTATIVES

Schweber Electronics (Cont’d.)

10 Sunnybrook Road
Raleigh, North Carolina 27610
Tel: (919) 832-8881

Sterling Electronics
20 Summer Street
Watertown, Massachusetts 02172
Tel: (617) 926-9720

774 Pfeiffer Boulevard
Perth Amboy, New Jersey 08861
Tel: (201) 442-8000

Meridian Electronics
1001 West Broad Street
Richmond, Virginia 23220
Tel: (804) 355-6521

Representatives

WESTERN AREA AND CANADA

Barnhill Five
7100 Broadway 3-1
Denver, Colorado 80221
(303) 426-0222
TWX. 910-938-2909

Arneson Associates
3800 S. W. Cedar Hills Blvd.
Beaverton, Oregon 97005
Tel: (503) 643-5754

5950 6th Ave. South
Seattle Washington 98108
Tel: (206) 762-7664

Hecht, Henschen & Associates, Inc.
P.O. Box 21166
Phoenix, Arizona
Tel: (602) 275-4411

CENTRAL AREA

Lowrey & Associates
9923 E. Grand River
Brighton, Michigan 48116
Tel: (313) 227-7067

Parvin Sales Company
P.O. Box 307
158000 Addison Road
Addison, Texas 75001
Tel: (214) 239-9148
TWX: 910-860-5132

6610 Harwin, Suite 158
Houston, Texas 77036
Tel: (713) 784-9900
TWX: 910-881-2774

Compu Graphs, Inc.
P.O. Box 15055
Pittsburgh, Pennsylvania 15237
Tel: (412) 366-5056

EASTERN AREA

Precision Sales Company
223 Taft Road
Syracuse, New York 13212
Tel: (315) 458-2223




INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

International Distributors and Representatives

AMI Microsystems Europe has Distributors and Representatives
in all major countries of Europe. Contact your nearest Sales Office
(see page 1-3) for a current list of their names and addresses.

FAR EAST

HONG KONG

Shanklin Company Ltd.
Room 503-5 KAM Chung Building
54, Jaffe Road
Hong Kong
Tel: 5-281521-3
Telex: 74269 JBSEL HX

Mr. Doug Pauling
Cable: “DIODES”

KOREA

Peninsula Industrial Company Ltd.
Room 803, Sam Yoon Building
63-2, 2-ka chung Mu-Ro, chung-Ku
Seoul
Tel: (28) 8486 (23) 0311-8 Ext 38
Telex: 2457S INEXINCO
C.P.O. 6687

Mr. Um Tae Hui, Managing Director

SINGAPORE

General Engineers Corp. Pte Ltd.
37 Hill St.
Singapore 6, Rep. of Singapore
Tel: 333641, 333651 and 321791
Cable: GENEERCORP Singapore

Mr. P.K. Sum, Gen. Mgr.

TAIWAN

General Industries
8th Floor Tahwa Building
75-1 Song Chiang Road
Taipei
Telex: 785 11603 GENTRONIX
Tel: 525584

Mr. George Wu
Mr. Frank Liu
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INTERNATIONAL

" DISTRIBUTORS/REPRESENTATIVES
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OTHERS

ARGENTINA

Ing. Arturo E. Vercesi
Lamadrid 3140
Olavarria, F.C.N.G.R.
Provincia de Buenos Aires
Tel: 284-2876
Cable to this address

AUSTRALIA

CEMA Distributors Pty Ltd.
G.P.O. Box 578
Crows Nest, N.S.W. 2065
Tel: 439-4655
Telex: CEMA AA790 22846,

Ray Adams, General Manager
Bryce Jarrett, Director

David Schollum, Sales Manager
John Lerosa

Philip Hart

Mr. Robert Hunt, CEMA Dist. Pty
543 King Street

Melbourne, Victoria

3000, Australia

Telex: CEMA AA790 32295

Mr. Rodney Champion
G.P.O. Box 1907
Adelaide, S.A.

5001, Australia

BRAZIL

Labo - Industria de Equipamentos
Eletronicos Ltda
Rua Maderia, 28
Canide - Sao Paulo - CEP 03033
Tel: 228-0224

Mr. Marko Lajovic, General Manager
Telex: 1122372 SAO PAULO

INDIA
Radiosound

42, Canady Bridge
Bombay 4, (BR) India
Tel: 353997

Cable: LOUDTONE

Mr. H.D. Desai
Home: 472785

ISRAEL

Tadiran Electronics

3, Hashalom Road

P.O. Box 648

Tel-Aviv

Tel: Sales 857121

Telex: TDIRN IL 922 33537+
Microel Plant: 855121-2-3

Mr. E. Benjamini, Mfg. Manager
Mr. E. Mendes, Marketing Manager

Tadiran- 58 Hapeled

Industrial Park Azor

Tel Aviv

Mr. Arie Goldstein, General Manager
Mr. E.H. Nuriel, Comp. Sales Manager

MEXICO ‘
Semiconductores California, S.A.

Pasaje Reforma #90 Altos
Mexicali, Baja California

Telex: 383056869 (SECSA MEJ.)
Tel: 2-5701-03

1215 Rockwood
Calexico, California
Tel: 357-1935 (714)




INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

NEW ZEALAND REPUBLIC OF SOUTH AFRICA
Professional Electronics Ltd. Radiokom (1969) Pty Ltd.
P.O. Box 3335 P.O. Box 56310 Pinegowrie Tvl
Auckland Johannesburg, South Africa
New Zealand Tel: 48-5712
Tel: 469450 Telex: 960 43-0838+SA
Cable: “PROTON” Mr. P.J. Moolman, Mgr. Dir.
Mr. Graham Reid, Mgr. Dir. Mr. Lionel DuToit, Sales Dir.




ORDERING
INFORMATION

Ordering Information

With the distribution of this Guide to Standard MOS Products, AMI is implementing a new simplified ordering
system. With this system, it is possible to completely specify any standard device in this catalog with a 7 to 9-digit
alphanumeric description, in a manner that is compatible with AMI’s automatic order processing system. The ex-
ample below shows how this ordering system works and will help you to order your parts in a manner that can

be expedited rapidly and accurately.

Device Pkg
I.0+1+2 3 4 5 617 slsl
|S|1|1l0I3|Xl |2lPl_’

Device Number — prefix S, followed by
up to six digits. Commonly there is only one
letter S, followed by four numeric digits; in

designation

PN

Package Type — a two digit alphanumeric

the basic package type and the letter desig-

Reserved for special usage;
leave blank unlessinstructed
otherwise on data sheet.

in which the number designates

this case positions 5 and 6 are left blank.
Any number exceeding a total of seven digits,
such as S1103A-1 is written abbreviated, as
S1103A1.

nates the pin count, along with other package
parameters. The numbers are coded as. fol-
lows:

1 — Plastic package

5-T0
(See page

2 — Cer-DIP package
3 — SLAM package

4 — Ceramic (three-layer) package

of all packages.)

type package
1-13 for envelope drawings

All orders (except those in sample quantities) are nor-
mally shipped in plastic carriers or aluminum tube
containers, which protect the devices from static elec-
tricity damage under all normal handling conditions.
Either container is compatible with standard automatic
IC handling equipment.

1-10

Any device described in this catalog is an AMI Stand-
ard Product. However, ROM devices that require mask
preparation or programming to the requirements of a
particular user, devices that must be tested to other
than AMI Quality Assurance standard procedures, or
other devices requiring ‘special masks are sold on a
negotiated price basis.



PACKAGES

Packages

PLASTIC PACKAGE

The AMI plastic dual-in-line package is the equiva-
lent of the widely accepted industry standard, re-
fined by AMI for MOS/LSI applications. The pack-
age consists of a silicone body, transfer-molded di-
rectly onto the assembled lead frame and die. The
lead frame is Kovar or Alloy 42, with external pins
tin plated. Internally, there is a 50 uin. gold spot on
each die attach pad and on bonding fingertips. Gold
bonding wire is attached with thermocompression
gold ball bonding technique.

Materials of the lead frame, the package body, and
the die attach are all closely matched in thermal ex-
pansion coefficients, to provide optimum response
to various thermal conditions. During manufacture
every step of the process is rigorously monitored to
assure maximum quality of the AMI plastic package.

Available in: 14, 16, 18, 22, 24, and 40 pin con-
figurations.

GOLD BONDING WIRE
GOLD PLATING \ -

TIN PLATING

Cer-DIP PACKAGE

The Cer-DIP dual-in-line package has the same high
performance characteristics as the standard three-
layer ceramic package, yet approaches plastic in
cost. It is a military approved type package, with
excellent reliability characteristics. Although the
Cer-DIP concept has been around for a number of
years, AMI leads the technology with this package,
having eliminated the device instability and corro-
sion problems of earlier Cer-DIP processes.

1. ALUMINUM WIRE TO

GROUND BOND AND
ALUMINUM
METALLIZATION
ON BONDING
FINGERS

CORNING 7583
SOLDER GLASS

96% ALUMINA
BASE

CAVITY METALLIZATION

The package consists of a 96% Alumina (Al, O;3)
base and the same material lid, hermetically fused
onto the base with Corning 7583 solder glass (at ap-
proximately 475°C). Inert gasses are sealed inside
the die cavity.

Available in: 16, 18, 22, 24, and 28 pin configura-
tions.

DIE

2. GOLD WIRE BETWEEN

96% ALUMINA
LID

42 NICKEL-IRON ALLOY
LEAD FRAME PLATED

200 MICROINCHES
ELECTRONIC GRADE & TIN




PACKAGES

SLAM PACKAGE

The SLAM (single layer metallization) dual-in-line
package is an AMI innovation that offers a lower
cost alternative to three-layer ceramic packages,
without sacrifice of performance or reliability.

The SLAM package uses the same basic materials as
ceramic, but is constructed in a simpler and thereby
more reliable manner. It uses a 96% Alumina base,
one basic refractory metallization layer, coated with

GLAZED CERAMIC
DOME LID

CERAMIC

/SUBSTRATE

REF RACTORY
METAL

ALUMINUM
DOWN-BONDED
WIRES

SPOT GOLD PLATED
BONDING FINGERS
AND DIE ATTACH PAD

KOVAR LEADS

an Alumina passivation layer, and brazed-on Kovar
leads. The leads are suitable for either socket inser-
tion or soldering. Either a glazed ceramic or a Kovar
lid is used to hermetically seal the package. The
glazed ceramic lid is attached with a low tempera-
ture controlled devitrified glass frit sealant, but a
gold-silicon eutectic solder is used for Kovar lids.

Available in: various 14 to 40 pin configurations.

DOWN BONDED WIRES
PLATED

GLAZED CERAMIC LID GLASS FRIT SEALANT

Al,0, PASSIVATION

DIE

A1,0, CERAMIC

Ni PLATING —//
REFRACTORY
METAL

Au
PLATING

GLASS SEAL PACKAGE

DOWN BONDED
PLATED KOVAR LID WIRES AuSn SOLDER

PLATED KOVAR LEADS —: RING

Ni PLATING —/
REFRACTORY
METAL

Al,0, PASSIVATION
DIE /_

Al,0, CERAMIC

Au
PLATING

METAL SEAL PACKAGE

CERAMIC PACKAGE

LEVEL OR UP

BONDED WIRES AuSn SOLDER

Ni AND Au
REFRACTORY METAL

GLAZED CERAMID LID ‘\L

PLATED KOVAR LEADS

1st Al,O, CERAMIC LAYER

Ni
PLATING
REFRACTORY
METALLIZATION

Au
PLATING

Industry standard high performance, high reliability
package, made of three layers of Al, 05 ceramic and
nickel-plated refractory metal. The cavity is sealed
with a glazed ceramic lid, using a controlled devitrified
low temperature glass sealant. Package leads are of
Kovar, nickel-plated and solder dipped for socket in-
sertion or soldering.

TO PACKAGE

Industry standard metal can package for small lead
count dies. The package consists of a Kovar body, a
pure nickel lid, and Kovar leads, brazed in with a glass
seal. The lid is sealed onto the body by cold welding,
which assures hermeticity of the package.

PURE NICKEL

LID (CAN) \

L Hoa g

\ ALUMINUM
BONDING
WIRES

KOVAR BODY
(HEADER)

KOVAR LEADS ]
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PACKAGE 1D — 14-PIN PLASTIC PACKAGE 4D — 14 PIN CERAMIC
PIN 1 IDENTIFIER - 0.290
PIN 1 IDENTIFIER [~ 0.245
MARKINGS
0.100 TYP %FL II.ID
S - s
0.100TYP. 0770 ax. ]—w— 0040 g
9020 ve | 0.065 1y, = YN o P 04z
0.016 — 0.050 0020, = R B o360
0016 TYP q b |
- “ , q h
i Tiv—* 70 hs
‘ 0.295
0.090 MIN“ I 0.200 max M 9202 0.0%0 "’”N‘1 r—0:200 MAX ™ 0.255
; 0.310
0310 0.020 MIN—=] BEND -
0.020 MIN l' BEND " 0.290 0.290
Ji .’,1 N
J
. 15° MAX\/ l_/
15°MAX
\/ \—/ ‘“~0010TYP *L-—o.omrvp
AMI Dwg, 6000002 AMI Dwg, 6000001
PACKAGE 1U — 16-PIN PLASTIC PACKAGE 2H — 16-PIN Cer-DIP
PIN TIDENTIFIER PIN 1 IDENTIFIER
0.100 TYP
; 1 0.100 TYP T e
0.770 MAX os10max O h
0.065 ©.065 p
0.050 0.040 g p
q 1]
0.020 — 0020
= TYP = q h
0.016 0014
0038 I q h
0,026 — 8 9 : 1 8 ho
0.090 M'N" ‘ 0.200 MAX o2 0.090 MIN" 200 MAX o2
0.020 MIN =} BEND 93 0.020 M|N~—l- 83 BEND
| —
4| N ! Y
15° MAX\/ JL 15°MAX\/ B
: et 0.010TYP te— —=f=—0.010TYP
AMI Dwg, 6000004 AMI Dwg. 6000022
PACKAGE 3H or 4H = 16-PIN SLAM (3H) PACKAGE 1P — 18-PIN PLASTIC
~16-PIN CERAMIC (4H) PIN T IDENTIFIER
PIN 1 IDENTIFIER
M}(X)RKINGS
N LID
' 1 6 SURFACE 0.100 TYP
ONLY 0.925 MAX
0.100 0.810 MAX ’
0.055 0,065
MAX 0.525 MAX 0050 TP
0020 Q) } l ggfg Tvp 4t
J—.: _? B t 8 9 —‘——'= 9
0.090 MIN ‘1 -—e{— 0.200 MAX o258 0.090 MIN .{ 0.200 MAX L.—L 0260
0295 ] |— 4
_.L_ 0.020 MIN BENDT_.L o2 0.020 MIN  BEND -To .300
) Dw
i h {l
15° MAX\~/ 15 MAX\/ Jl‘
AMI Dwg. 6000015 = —=i=-0.010 AMI Dwg. 6000006 = 0010TYP
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PACKAGE 2P — 18-PIN Cer-DIP PACKAGE 1C — 22-PIN PLASTIC

PIN 1 IDENTIFIER—\

PIN 1 IDENTIFIER
} 14 p22
g h
1d © his 0100 d b
0.920 MAX E ;’ : 1.130 MAX ] h
07160 c b h
0.065 h
0.040 g b gggg h
q b -
0.020 i b
20 —]
0,016 A—{ g P 007 ] g i
h X
{ I h
' 9 5 h1o 4= 14 h12
0,090 MIN J !-——L 0.200 MAX 9.2% ’ 0.365
- - 0.255 0.090 MIN—=| ~f—et— 0.200 MAX o368

—={[=—0.020 MIN  BEND 0310 L

0.290 0.020 MIN— BEND—}=—0 200 4‘
[ ] :
 —
{ *ﬂ 1 i
15° MAX\/ ©15°MAX
fe—  —el—0010 — o010

AMI Dwg. 6000021 AMI Dwg. 6000025

PACKAGE 2C — 22-PIN Cer-DIP PACKAGE 1W — 24-PIN PLASTIC

PIN 1 IDENTIFIER . PIN1 |DENTIFIER—\

J
i Y ha ' ; ;24
q h 3 o
h
E h 1250 MAX h
1110 MAX b [ b
6.100 q h
0.065 E g 0.100 oddo ] h
. 0.040 g d 0.050 q h
020 d h
W m Bt |
TJ: < 1 b2 r = . B
0.09 MIN J | 0.200 MAX L 0.395 J
0.355 0.080 MIN o200max  [-—2%%0
0,020 MIN '—— BEND —f=— 419 ‘l

0.610
—{}=—0.020 MIN BENDTOSQOA{
4" H'\
15°MAX\/L JL 4 15‘,MAX\/
0.010 0010

AMI Dwg. 6000026 AMI Dwg. 6000008
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PIN 1 IDENTIFIER

PACKAGE 2L — 24-PIN Cer-DIP

P24

OO OO OO

>

AMI Dwg. 6000027

1 WV
g
g
g
g
o 130 wAx g
0065
0.040 g
g
0020 1
0016
f g
= 124
0.090 MINJ —! 0.200 MAX L 3 so0
0.020 MIN—=|

y

15° MAX\/ L

]

Lo

PACKAGE 1Z — 28-PIN PLASTIC

PIN 1 IDENTIFIER

1 h2s
q 1]
q 1]
aq 1)
q 1]
g h
1.430 MAX (] b
0.100 E ;
0.065
0.050 g p
0.020 ) g p
0.016 = q p
I d b
—f—= 14 his
| | 0556
0.090 MIN J 0.200MAX  f=— 0258
e 0610
0.020 MiN —=| BEND—=— 2-240

AMI Dwg. 6000017

i
1
15°MAX\/ L

4
Lo

PIN 1 IDENTIFIER

PACKAGE 2I — 28-PIN Cer-DIP

AMI Dwg. 6000028

15°MAX\/ L

1 N hos

p

g 1]

g 1]

1520 4 P

q b

q !

0,100 T E b

0065

0.040 g p

0.020 i g b

016 T ¥ E g
% 14 c his

L
0.090 MIN —‘ ’ gigg
0.020 MIN

L——_o 200 MAX IVgg;g—TBEND

Lo

PACKAGE 3I — 28-PIN SLAM

PIN 1 IDENTIFIER

j= 1
=0 1.430 MAX
=
= A
= 0.480
0.320
0.100 TYP ‘
= ‘
==
0.020
0016 TYP == 0480 __|
== ~0.320
1 14 15
’l 0055.|.VP
0.590
0.090 MIN F—=t-0.200 MAX 0280
——L«aozo MIN l+—0.600—=— BEND

AMI Dwg. 6000009

28

MARKINGS

k]
1]

15°MAX
e —

=—0.010 TYP
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PACKAGE 1T — 40-PIN PLASTIC

PIN 1 IDENTIFIER —\

1o a0
g 1)
q 1
i b
g 1]
q 1]
g 1)
g h
[ b
2040 MAX g b
q 1]
[ i
g h
q 1]
0.065 E P
0.050 g p
i q p
g p
1 g 1]
201} h21
o,osomw-' — Lg %‘J
0,020 MIN a0 BEND

0.200 MAX ‘-—

=
I 1.

AMI Dwg, 6000012

PACKAGE 3M — 40-PIN SLAM

PIN 1 IDENTIFIER —

L 100 40
= 2,030 MAX
=
P MARKINGS
= ON LID
0 SURFACE
0 ONLY
3 ~
o 0570
U 0320
[ —
= | 1
0100TYP -] |
0570
=t 8333 TYp l“o 320
1
0.020 8
0016 TYP =7 ~4——?—
f J '
‘ 0590
0.090 MIN {0020 MIN 0590
0.200 MAX ~ BEND -=——0.600 —=
A L ] x
/| k)
15°MAX /
o~ l~—0.010 TYP

AMI Dwg. 6000011

PACKAGE SF — (SIMILAR TO TO-8)

| 0.515
DIA
: 4
0.454 | 0405

DIA 0.175
0.440 o. 1‘52
0.040
MAX
12 LEADS
oot P 0.500 MIN
0016
+ 0.300 BASIC
0.150 BASIC = [——
!
0.075 BASIC
0,067
0.057 DIATYP: 0.150 BASIC




AMERICAN MICROSYSTEMS, INC.

TERMS OF SALE

ACCEPTANCE: THE TERMS OF SALE CONTAINED HEREIN APPLY TO
ALL QUOTATIONS MADE AND PURCHASE ORDERS ENTERED INTO BY
THE SELLER. SOME OF THE TERMS SET OUT HERE MAY DIFFER FROM
THOSE IN BUYER'S PURCHASE ORDER AND SOME MAY BE NEW. THIS
ACCEPTANCE IS CONDITIONAL ON BUYER’S ASSENT TO THE TERMS
SET OUT HERE IN LIEU OF THOSE IN BUYER'S PURCHASE ORDER.
SELLER'S FAILURE TO OBJECT TO PROVISIONS CONTAINED IN ANY
COMMUNICATION FROM BUYER SHALL NOT BE DEEMED A WAIVER
OF THE PROVISIONS OF THIS ACCEPTANCE. ANY CHANGES IN THE
TERMS CONTAINED HEREIN MUST SPECIFICALLY BE AGREED TO IN
WRITING BY AN OFFICER OF THE SELLER BEFORE BECOMING BIND-
ING ON EITHER THE SELLER OR THE BUYER. All orders or contracts
must be approved and accepted by the Seller at its home office. These terms
shall be applicable whether or not they are attached to or enclosed with the
products to be sold or sold hereunder. Prices quoted for the items described
above and acknowledged hereby are firm and not subject to audit, price re-
vision, or price redetermination.

PAYMENTS:

(a) Unless otherwise agreed, all invoices are due and payable thirty (30) days
from date of invoice. No discounts are authorized. Shipments, deliveries and
performance of work shall at all times be subject to the approval of the Seller’s
credit department and the Seller may at any time decline to make any ship-
ments or deliveries or perform any work except upon receipt of payment or
upon terms and conditions or security satisfactory to such department.

(b) If, in the judgment of the Seller, the financial condition of the Buyer at any
time does not justify continuation of production or shipment on the terms of
payment originally specified, the Seller may require full or partial payment in
advance and, in the event of the bankruptcy or insolvency of the Buyer or in the
event any proceeding is brought by or against the Buyer under the bankruptcy
or insolvency laws, the Seller shall be entitled to cancel any order then out-
standing and shall receive reimbursement for its cancellation charges.

(c) Each ship shall be idered a and indep transaction,
and payment therefor shall be made dingly. If ship are delayed by
the Buyer, payments shall become due on the date when the Seller is prepared
to make shipment. If the work covered by the purchase order is delayed by the
Buyer, payments shall be made based on the purchase price and the percentage
of completion. Products held for the Buyer shall be at the risk and expense of
the Buyer. The Seller reserves the right to ship to its order and make collection
by sight draft with bill of lading attached.

TAXES: Unless otherwise specifically provided herein, the amount of any
present or future sales, revenue, excise or other tax applicable to the products
covered by this order or the manufacture or sale thereof, shall be added to the
purchase price and shall be paid by the Buyer or, in lieu thereof, the Buyer shall
provide the Seller with an appropriate tax exemption certificate.

F.0.B. POINT: All sales are made F.O.B. point of shipment. Seller’s title passes
to Buyer, and Seller’s liability as to delivery ceases upon making delivery of
material purchased hereunder to carrier at shipping point, the carrier acting as
Buyer’s agent. All claims for damages must be filed with the carrier. Shipments
will normally be made by Parcel Post, Railway Express, Air Express, or Air
Freight. Unless specific instructions from Buyer specify which of the foregoing
methods of shipment is to be used, the Seller will exercise his own discretion.

DELIVERY: Shipping dates are approximate and are based upon prompt re-
ceipt from Buyer of all necessary information. In no event will Seller be liable
for any re-p costs, or d of any kind arising out of delay or
non-delivery, due to causes beyond its ble control includi but not
limited to, acts of God, acts of civil or military authority, priorities, fire, strikes,
lockout, slow-downs, factory or lubor diti errors in f and
inability due to causes beyond the Seller’s reasonable control to obtain necessary
labor, materials, or manufacturing facilities. In the event of any such delay, the
date of delivery shall at the request of the Seller, be deferred for a period equal
to the time lost by reason of the delay.

PATENTS: The Buyer shall hold the Seller harmless against any expense or
loss resulting from infringement of patents or trademarks arising from com-
pliance with Buyer’s designs, specifications, or instructions. The sale of products
by the Seller does not convey any license, by implication, estoppel, or other-

wise, under patent claims covering binati of said prod with other
devices or elements.
Except as otherwise provided in the p ding paragraphs, the Seller shall defend

any suit or proceeding brought against the Buyer, so far as based on a claim that
any product, or any part thereof, furnished under this contract constitutes an
infringement of any patent of the United States, if notified promptly in writing

and given authority, information, and assistance (at the Seller’s expense) for the
defense of same, and the Seller shall pay all damages and costs awarded therein
against the Buyer. In case said product, or any part thereof, is, in such suit, held
to constitute infringement of patent, and the use of said product or part is en-
joined, the Seller shall, at its own expense, either procure for the Buyer the
right to continue using said product or part, replace same with non-infringing
product, modify it so it becomes non-infringing, or remove said product and
refund the purchase price and the transportation and installation costs thereof.
The foregoing states the entire liability of the Seller for patent infringement by
said products or any part thereof. THIS PROVISION IS STATED IN LIEU
OF ANY OTHER EXPRESSED, IMPLIED, OR STATUTORY WARRANTY
AGAINST INFRINGEMENT AND SHALL BE THE SOLE AND EXCLUSIVE
REMEDY FOR PATENT INFRINGEMENT OF ANY KIND.

. INSPECTION: Unless otherwise specified and agreed upon, the material to be

R4
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furnished under this order shall be subject to the Seller’s standard inspection at
the place of manufacture. If it has been agreed upon and specified in this order
that Buyer is to inspect or provide for inspection at place of manufacture such
inspection shall be so conducted as to not interfere unreasonably with Seller’s
operations and consequent approval or rejection shall be made before shipment
of material. Notwitt ding the foregoing, if, upon receipt of such material by
Buyer, the same shall appear not to conform to the contract, the Buyer shall
immediately notify the Seller of such conditions and afford the Seller a reason-
able opportunity to inspect the material. No material shall be returned without
Seller’s consent.

WARRANTY: The Seller warrants that the products to be delivered under this
purchase order will be free from defects in material and workmanship under
normal use and service. Seller’s obligations under this Warranty are limited to
replacing or repairing or giving credit for, at its option, at its factory, any of
said products which shall, within one (1) year after shipment, be returned to the
Seller’s factory of origin, transportation charges prepaid, and which are, after
examination, disclosed to the Seller’s satisfaction to be thus defective. THIS
WARRANTY IS EXPRESSED IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED, STATUTORY, OR IMPLIED, INCLUDING THE IMPLIED WAR-
RANTY OF FITNESS FOR A PARTICULAR PURPOSE, AND OF ALL
OTHER OBLIGATIONS OR LIABILITIES ON THE SELLER’S PART, AND
IT NEITHER ASSUMES NOR AUTHORIZES ANY OTHER PERSON TO
ASSUME FOR THE SELLER ANY OTHER LIABILITIES IN CONNECTION
WITH THE SALE OF THE SAID ARTICLES. This Warranty shall not apply to
any of such products which shall have been repaired or altered, except by the
Seller, or which shall have been subjected to misuse, negligence, or accident. The
aforementioned provisions do not extend the original warranty period of any
product which has either been repaired or replaced by Seller.

GENERAL:

(a) The validity, performance and construction of these terms and all sales
hereunder shall be governed by the laws of the State of California.

(b) The Seller represents that with respect to the production of articles and/or
the performance of the services covered by this order, it will fully comply with
all requirements of the Fair Labor Standards Act of 1938, as amended.

(c) In no event shall either party be liable for consequential or special damages.
(d) The Buyer may not unilaterally make changes in the drawings, designs or
specifications for the items to be furnished hereunder without Seller’s prior
consent.

(e) Except to the extent provided in Paragraph 10, below, this order is not
subject to cancellation or termination for convenience.

GOVERNMENT CONTRACT PROVISIONS: If Buyer's original purchase or-
der indicates by contract number, that it is placed under a government contract,
only the following provisions of the current Armed Services Procurement Regu-
lations are applicable in accordance with the terms thereof, with an appropriate
substitution of parties, as the case may be—i.e., “Contracting Officer” shall
mean “‘Buyer”; “Contractor” shall mean “Seller”; and the term *“Contract™
shall mean this order:

7-103.1, Definitions; 7-103.3, Extras; 7-103.4, Variation in Quantity;
7-103.7, Payments; 7-103.8, Assignment of Claims; 7-103.9, Additional
Bond Security; 7-103.13, Renegotiation; 7-103.15, Soviet Controlled
Areas; 7-103.16, Contract Work Hours Standards Act—Overtime Com-
pensation; 7-103.17, Walsh-Healey Public Contracts Act; 7-103.18, Equal
Opportunity; 7-103.19, Officials Not to Benefit; 7-103.20, Covenant
Against Contingent Fees; 8.706, Termination for Convenience of the
Government (only to extent that Buyer’s contract is terminated for the
convenience of the Government); 7-103.22, Authorization and Consent;
7-103.23, Notice and Assistance Regarding Patent Infringement; 7-104.4,
Notice to the Government of Labor Disputes; 7-104.11, Excess Profit;
7-104.14, Utilization of Small Business Concerns; 7-104.15, Examination
of Records; 7-104.20, Utilization of Concerns in Labor Surplus Areas.
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Figure 2-1. The Family of Major MOS Processes.

p-
CHANNEL METAL GATE Materials: N-silicon substrate — (111> for high Vi, <100} for low

Vo Aluminum gate, source and drain contacts.
Performance: Poor speed-power product; Vip/ Vg tradeoff.
Complexity: Typically 15 or less process steps.

Variations:
1. High Threshold (Hi V)
2. Low Threshold (Lo Vy)

Materials: Same as above, always 111) silicon.
Performance: Lower VT by altering Qp term; high
10N IMPLANTATION Vg of 111) silicon; enhancement

(P-CH. METAL GATE) and depletion mode transistors
possible.
Complexity: Qver 15, less than 20 process steps.

SILICON GATE

Variations:
1. Basic Si-gate (usually wfion implantation)
2. With buried interconnect layer
3. With enhancement and depletion mode devices
on same chip

Materials: {100) P-silicon substrate, doped polysilicon gate
Char. Performance: Lower VT through d>m term,
but high Vi of (111 silicon
Complexity: 15-20 proc. steps, but over 20 with combined
enhancement and depletion mode devices.

P-CHANNEL

Materials: (111) P-silicon substrate, doped polysilicon gate
N-CHANNEL Performance: Fast circuits, through high mobility (1) of electrons
Complexity: Same as P-channel Si-gate

cMos
Variath : N-silicon sub either polysilicon or alumir gate
jons: -
ar;f' Slili icon Gate Performance: Low power, high speed
2. Metal Gate Complexity: Most complex, over 20 process steps

(both commonly use ion
implantation)

Note: The Processes are grouped in the order of increasing complex-
ity, which also corresponds, with the exception of CMOS, to
their chronological evolution (see Figure 2-2).
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MOS Processes

INTRODUCTION

From the first attempts, less than a dozen years ago,
to manufacture MOS devices commercially, the MOS
integrated circuit industry has grown to be one of the
largest in electronics. Every major integrated circuit
manufacturer today has some type of MOS product
line, MOS/LSI has made possible the use of integrated
circuits in entirely new areas of our environment*, and
MOS is also likely to grow faster than any other elec-
tronics industry — both, by the expanding demand for
existing products and through innovative expansion
into new applications.

Manufacturing technologies in the MOS industry have
evolved from a single early MOS process into several
basic processes and many variations thereof, variously
developed and used by different manufacturers. It is
the purpose of this section to describe all the basic
MOS processes and provide a comparative overview.
This comparative description is preceded by a sum-
mary of the fundamental MOS theory, including a
specific discussion of the parameters by which the
comparisons are made.

EVOLUTION OF MOS

The earliest commercial MOS processes were developed
by trial and error to the point where a manufacturer
could produce a device that worked satisfactorily and
would give a reasonable yield. It made sense for the
manufacturer to stay with his process faithfully, for
fear of disturbing a working combination of process
steps and thus interrupting his entire production. This
was the only practical and profitable manner of pro-
ducing devices during the early years of MOS.

Out of this empirical heritage more understanding of
the technology developed — both as a result of the
accumulation of production experience, as well as
from research into the processing steps and proper-
ties of materials. As a result, the MOS industry in-

*Some examples: large computer memories, automobile control systems,
watches, clocks, home appli and entertai systems. The most
far reaching and dramatic effects, however, will almost certainly result
from the introduction of the MOS/LSI microprocessor.

creased its facility to predictably vary processing steps,
introduce entirely new processing techniques, and use
new materials. An example of the alteration of pro-
cess steps is the variation of oxide thickness; ion im-
plantation is an entirely new processing technique;
and the silicon gate electrode exemplifies the use of
a new material.

The earliest MOS process was the P-channel Metal Gate
(see Figure 2-2). Although there were prior unsuccess-
ful attempts by various manufacturers to develop a
process and become established in the MOS business,
not until 1967, when American Microsystems Inc.
began to manufacture and market its products, was it
proven that MOS integrated circuits are an economical-
ly and technologically viable product. Thus, the
P-channel Metal Gate process in a way became the
basis for an entire MOS industry and stimulated the
development of a multitude of other processes.

As the variations and innovations in MOS processes
appeared, they naturally grouped into categories and
were identified by different names. Each was favored
for applications in specific products or types of cir-
cuits. Today, when the MOS industry has greatly ma-
tured, there exists a family of basic processes and a
number of variations. To stay technologically current
and competitive, a manufacturer, instead of using a
single process, must make considered use of several
processes for different products. However, to gain an
overall understanding of the process, it is important
to keep in sight their basic evolutionary interrelation-
ship. It is in this context that the major MOS pro-
cesses are described in this section,

THE MOS TRANSISTOR

All MOS integrated circuits are based on the MOS
(metal-oxide-silicon) transistor, also called a MOSFET.
These transistors are based on early research done by
Sah, Thantola and Moll, Hofstein and Heiman, Heil,
as well as many others. Some of the work dates as far
back as 1930. The following four pages contain a
brief summary of the physiochemical and electronic
theory of MOS transistors, followed by a discussion
of some specific MOS transistor design considerations
and the differences between processes.
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Figure 2-2. Chronological Evolution of Major MOS Processes.

1967

METAL GATE

|
I
I
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P-CHANNEL I
I

1968

\ cmos
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1971
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IMPLANTATION

I\

SILICON GATE
(P-CHANNEL)

1973

|
|
|
I
|
I
I
I
|
I
I
1970 |
I
I
I
|
I
|
|

CMOS -
SILICON GATE

Note: The number adjacent to the blocks representing each process indicates the approximate year when it was first used in volume production.

I 1974

N-CHANNEL
(SILICON GATE)

TYPES OF TRANSISTORS

If an electrode is located near the surface of bulk
semiconductor material, a voltage applied to the elec-
trodes causes the conducting properties of the semi-
conductor surface to be altered. This is referred to as
the surface field effect and is the fundamental phe-
nomenon on which operation of the MOS transistor
is based.

The bulk semiconductor material, or substrate, can be
either P-type or N-type silicon. If P-type siliconis
used, as shown in Figure 2-3, two N regions are dif-
fused into the substrate. The electrode is positioned in
the area between the two N regions and insulated from
the substrate by a thin layer (1000 - 1500 &) of a di-
electric, such as silicon dioxide. Now, as long as the
voltage on the electrode is slightly negative with re-

2-4

spect to the substrate, it will cause the P-type silicon
near the surface to become accumulated with positive
charges, attracted by the negative electrical field of
the electrode. As the electrode voltage is changed to
be slightly positive with respect to the substrate, the
surface will begin to be depleted of mobile positive
charges and will cause a predominantly negative charge
to appear. And if the voltage is increased still further,
the surface becomes inverted and contains what may
be thought of as a continuous layer of mobile negative
charges — in the form of electrons. Thus, the surface
essentially becomes N-type silicon. It is this latter state
of inversion that is of prime interest, because it creates
a conducting N channel between the two N regions,
and thus allows current to flow. '
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Figure 2-3. Crossection of an N-Channel Transistor.

CONTACT

THIN OXIDE OVER
N-REGION

THICK OXIDE

CHANNEL

SOURCE GATE CONTACT

DRAIN N-REGIQN

P-TYPE SUBSTRATE (BODY)

GATE OXIDE

DRAIN CONTACT

THICK
OXIDE

In an MOS transistor the two P regions are known as
the souree and drain, whereas the electrode is referred
to as the gate. (The lamination in the gate area gives
rise to the name metal-oxide-silicon, or MOS.) The
electrode voltage required to create the conducting
channel is referred to as the threshold voltage V; and
is an important parameter in circuit design, because it
represents that gate voltage required to turn the tran-
sistor on. Threshold voltage is discussed in more detail
later.

The above structure is that of an N-channel MOS tran-
sistor operating in the enhancement mode. That is,
as the gate voltage is raised, it enhances the flow of
current in the N channel between the source and drain.
It is equally possible, however, to make a P-channel
enhancement mode transistor, by diffusing two P re-
gions in an N-type substrate and then increasing the
gate voltage in a negative direction, to accumulate
positive charge at the surface and thus create a
P channel between the source and drain. Figure 2-4
shows a P-channel transistor.

P-type and N-type Silicon

P-type silicon is made by doping pure silicon, during its crystal growth stages, with impurity (dopant) atoms, commonly
boron. The boron impurity causes the silicon to become a semiconductor, which conducts by virtue of mobile positive
charges dispersed throughout its structure. The positive charges are the absence of an electron in the outermost shell of
the silicon atoms, usually referred to as “holes”. In a similar manner, N-type silicon is made by doping pure silicon with
impurity atoms such as phosphorus, which leaves an “‘extra’ loosely bound electron in the outermost shell of the silicon
atoms. Thus, in N-type silicon conduction takes place by means of mobile negative charges.

Absence of electron —

readily accepts an

electron from an ad-
Jacent atom, causing
° / the hole to appear
to move.
o
00O

(a) Boron doped (P-type) Silicon

Loosely
bound

o / electron
IX
00O

(b) Phosphorus doped (N-type) Silicon
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In contrast to the enhancement mode transistor, there
can also be a depletion mode transistor — which sim-
ply refers to the fact that the transistor is in a con-
ducting state without any bias voltage on the gate; a
bias must be applied to decrease the current flow.

There are two ways in which a depletion mode tran-
sistor can be made. First, it is actually more char-
acteristic for an N-channel transistor device to operate
in depletion mode, rather than in enhancement. A
part of the reason is because the silicon dioxide in-
sulating layer between the gate electrode and the sub-
strate always has an internal positive charge, which
acts toward the formation of an N channel, in much
the same way as an applied positive gate bias does.
Therefore, an N-channel transistor may intrinsically
be a depletion mode device and special processing tech-
- niques are required to cause it to operate in enhance-
ment mode.

Another way to make depletion mode transistor is by
ion implantation. In the case of a P-channel transistor,
the N-type substrate is bombarded with P-type (ac-
ceptor) impurity ions, to actually convert the surface
of the substrate to P-type. Thus, a P channel is formed
and will conduct current between the source and
drain without any gate bias. Ion implantation is a
special technique, described and illustrated in more
detail later.

Figure 2-4. Crossection and Schematic Symbol of a P-channel

Transistor.
vD
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vy = 220V
(A typical P-channel
Ve _I (Vgg) threshold voltage)
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‘—’l L—— GATE/SOURCE OVERLAP
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VOLTAGE-CURRENT CHARACTERISTICS

The voltage-current relationships in an MOS transistor
can be considered by using the P-channel transistor
shown in Figure 2-4. If the gate voltage Vg becomes
more negative than the threshold voltage Vi (=2.0 volts
with respect to the substrate surface under the gate
electrode), a channel is formed and hole current can
flow between the source and the drain. The magnitude
of the channel current depends on the drain voltage
V,,- With the source at OV, current will flow any time
V,, is negative. There is a voltage drop along the
channel (the channel acts as a resistive element) and
because of this gradient, V is defined with respect
to one point in the channel. This point is where the
channel joins the source region, where the channel and
source voltage is the same. Thus, V, is actually defined
with respect to the source and the common expression
for it is:
VT =Ve- Vs

when the channel starts to form.

As Vj, is increased in the negative direction, current
increases in a linear manner, until the transistor is sat-
urated, at which time further increase in V,, does not
materially increase the current. The point of satura-
tion depends on the voltage applied to the gate, as
shown by the series of drain current curves in Figure
2-5. The gate voltage can be used to raise the upper

limit (saturation level) of current flow, and the maxi-

mum current is limited either by the dielectric break-
down between the gate electrode and the substrate, or
by other factors described below. The gate voltage V;
is related to the drain voltage at saturation, V;, ., by
the following equation:

Wosat= Vo~ Vi

The saturation point often is also referred to as pinch-
off, due to the fact that an inversion layer no longer
exists adjacent to the drain (channel current, however,
continues to flow).

When an MOS transistor is in a circuit, the drain may
be connected to a drain supply voltage, designated
VDD, or the drain connection may serve as the output
of the circuit. Both conditions are shown in the in-
verter circuit, Figure 2-6. The gate commonly serves
as the input connection, or it may also be connected
to a supply voltage, designated V. The source serves
as the reference against which V; and all other voltages
are measured. It is common to have the source tied to
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ground, but it may also be at a voltage other than
ground. If the source is tied to a supply voltage, that
voltage is designated Vg,

The substrate, or body, is also commonly tied to
ground, although back biasing the substrate is a spe-
cific technique for changing the effective V| value.
The influence of substrate back bias on V; is referred
to as the body effect and is, for example, used with N-
channel devices to raise the Vi to an operationally
more desirable value than the intrinsic V.

Considering the effects of both the source and sub-
strate bias on the gate threshold voltage, and using
the P-channel transistor in Figure 2-4 as an example,
their relationships are as follows. The V. is always -2V
with respect to the source. That means that if Vg 18,
for example, changed from O to +5V, V;; required to
turn the transistor on will change from -2V to +3V
— provided that the substrate voltage is also changed
to +5V, so that there is no substrate-to-source bias.
If the source now is returned to OV, while the substrate
remains at +5V, there is 5 volts back bias and this
causes the body effect to shift V by an amount
approximated by the formula:

AV, = —7\/—\735

Figure 2-5. Drain Characteristic Curves of an MOS Transistor.
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Figure 2-6. Typical Inverter Using Both Depletion and En-
hancement Mode Transistors.
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Where Vg is the substrate-to-source back bias the v is
the body effect term (a constant that typically varies
from 0.5 to 0.75, depending on the process and the
doping concentrations). Thus, the effective VT in this
example is -2 —(0.5 v/5) ~ -3.1 volts (using y = 0.5).

INPUT/QUTPUT VOLTAGES
LOGIC 1 = -9.0V to -10.0V
LOGIC 0 = -0.5V to OV

Note that there can never be any forward substrate-
to-source bias (of 0.6 volts or more), because it would
cause current flow between the substrate and the
source, the same as in a forward biased diode. By the
same token, if back bias is increased beyond the diode
breakdown voltage, conduction will occur also. This
is characteristically what happens when the drain volt-
age Vj is increased much beyond its value at channel

current saturation. In this case the drain-to-substrate

junction breaks down and avalanching of drain cur-
rent takes place.

In summary, the operating range of an MOS transistor,
is defined by the drain, source, substrate, or gate volt-
ages. The drain, source, and substrate voltages can be
between a forward bias condition of less than 0.6V
and a back bias up to the diode breakdown voltage of
the drain-substrate junction. Any time that the volt-
ages are outside this range there is conduction between
either the source or drain and the substrate, and the
transistor is not performing its proper function. The
gate voltage is limited by gate-to-substrate breakdown.

In addition, depending on the proximity of the drain
and source regions (i.e., the length of the channel),
another type of breakdown, known as punch-through
can also occur and become the limiting factor. In
punch-through the substrate in the area between the
drain and source becomes depleted and current flow
through it increases, until it is limited by the external
circuit.
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Implementing Logic With MOS Transistors
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MOS DESIGN CONSIDERATIONS

In the design and manufacture of an MOS integrated
circuit, there always are several main objectives of per-
formance, cost, manufacturing feasibility, etc. Such
objectives must be arranged in a priority and optimized.

This approach is equally true for an MOS manufacturer

who is planning a standard product, as for an end user

considering the design of a custom circuit. Some of the

essential objectives that must be considered are as fol-
lows:

e Speed — the slowest internal propagation delay

possible in the circuit and the output signal rise and

fall times.

Power — the amount of power consumed during
operation. It is related to junction temperature,
power dissipation, and chip size.

Type of Logic — is the circuit static or dynamic,
does it consist of all random logic or of repetitive

segments of logic, like in a shift register? These

considerations determine the basic approaches to
design and topological layout of the chip.

Application — refers to factors that depend on the
basic nature and environment of the equipment in
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which the circuit is to be used. Includes design con-
siderations related to temperature, humidity, elec-
trical noise, range of power consumption, and others.

Power Supplies — the number of different voltages
available to the circuit; their polarities and ranges.

Clock Signals — the amplitude and frequency of
necessary clock signals, as well as requirements to
gate or otherwise process the signals. (The ampli-
tudes and duration of clocking voltage levels are
critical to the design of conduction ratios and
coupler transistors.)

Interface Requirements — the requirements to re-
spond to certain voltage or current conditions at
input or output.

Packaging — the type of packages in which it is
possible to mount the finished chip (depending on
factors such as heat dissipation, size, etc.). Pack-
ages can be plastic, ceramic, Cer-DIP, or other types.

Final Cost — the cost of the finished packaged and
fully tested device. (Cost depends on the process,
manufacturing yields, testing and packaging costs,
etc.)
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The MOS design engineer can begin to achieve some of
these objectives during system design, partitioning, and
circuit design stages, but in integrated circuits the fun-
damental decisions occur at the atomic structure level
of materials and the microscopic dimensional level of
individual circuit elements. Here the design engineer
can fix performance characteristics of individual de-
vices (transistors, resistors, etc.) and thereby structure
the performance of the whole circuit. The specific de-
vice performance characteristics that the designer is
concerned with are exemplified by those described on
this and the following page, but to implement them he
makes certain process and device dimension oriented
decisions, listed below:

e Materials — the kind of substrate to be used, its dop-
ing concentrations, choice of silicon or aluminum
for the gate electrode, etc.

Process Techniques — the type of diffusion to be
used; its duration; use of ion implantation for alter-
ing the threshold voltages; or the use of any other
special steps or procedures.

(Note: a particular combination of Materials and
Process Techniques defines the MOS process.)

Device Configuration — the size and dimensional
proportions of the channel, drain, and source re-
gions of each transistor; spacing between circuit
elements and between interconnections; thickness
of oxide and metal deposits (most of these dimen-
sions are incorporated into the final masks used in
manufacturing).

Therefore, to fully appreciate the difference between
MOS processes, one must understand both the basic
device characteristics and how a designer optimizes
them with the choice of a particular material, process
steps, and device dimensions.

THRESHOLD VOLTAGE V,

One of the most basic device performance character-
istics is the threshold voltage V. The concept of V.
and its role as a current determinant in an MOS tran-
sistor was described above, but it is important to con-
sider the many different ways in which the Vj level can
be altered in a transistor.

The level of V. in an MOS transistor is very important
because, in addition to affecting the amount of current,
it affects the interface signal voltages, the level and
polarity of power supply voltages needed in the circuit
(thereby the power consumption), and indirectly also
the speed of the transistor. Generally, in enhancement

mode devices V, must be sufficiently above or below
OV to provide a definite on and off biasing range, but
not so much that it makes interfacing input signals dif-
ficult or causes high power consumption. A lower
threshold is particularly important when a clock signal
is used to turn the transistor on and off.

One fundamental determinant of V, is the doping level
of the substrate: the higher the dopant concentration
in the substrate the higher the threshold voltage. Dop-
ing level of the substrate is always determined at the
time when the crystal is grown, but can be altered by
ion implantation. Ion implantation consists of bom-
barding the surface of the substrate with dopant ions
to change the substrate characteristics in the surface
layer, where it interacts with the electric field of the
gate electrode.

Another determinant of V, is the gate insulator —both
its thickness and the material itself (commonly silicon
dioxide). A decrease in thickness lowers V,, but at the
same time increases the risk of capacitive shorting be-
tween the gate electrode and the substrate or diffused
regions. Different dielectric materials have been tried
by various manufacturers to overcome the shorting.

An intrinsic determinant of V, is the choice of gate
electrode and substrate materials. This relates to the
physics concept of work function, which represents
the binding energy of an electron in a particular ma-
terial. When polycrystalline doped silicon is used as a
gate electrode instead of aluminum, the work function
changes in such a way as to cause a lower V- This is
the basic difference between aluminum gate and silicon
gate processes.

In relation to substrate material, there are two basic
crystalline structures that can be used in MOS transis-
tors. One is known as {111) silicon and causes a rela-
tively higher Vp, the other is (100} silicon and causes a
lower V. There are, however, some tradeoffs between
the two, relating to a parasitic field oxide threshold
voltage Vi discussed later under the P-channel Metal
Gate process.

W/ RATIO

One of the very important dimension-related design
parameters is the width-to-length ratio of the transistor
channel. The W/® ratio determines the total resistance
of the channel, is one determinant of speed, and re-
lates to the overall size of thé transistor. Thus, it af-
fects the final chip size, which, in turn, relates to the
yield and thereby to final costs.
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It is a typical procedure for a designer to start out with
the basic speed requirements of a circuit, then calcu-
late the inherent capacitance of all transistors that are
used as loads in the circuit, and finally choose the W/

of all driving transistors to provide the needed drive .

current, corresponding to the speed requirements. Fig-
ure 2-7 shows how the speed of a typical pair of in-
verters relates to the W/& ratio of their transistors.

Another use of the W/% ratio is in calculating the volt-
age drop across a transistor. In an inverter, as in Figure
2-6, where two transistors are connected in series, the
relative voltage drop across each transistor is deter-
mined by choosing 'the two W/Q ratios, so that their
resistances are in the corresponding proportion.

CAPACITANCE

Another major concern in MOS transistor design is
capacitance. Capacitance usually is considered in sev-
eral parts. First, the gate electrode and the surface of
the silicon substrate form a parallel plate capacitor,
with the silicon oxide serving as the dielectric. Second,
both the source and drain region junctions with the
substrate constitute a capacitor, with the depletion re-
gion acting as the dielectric. Third, there is capacitance
between the gate electrode and both the source and
the drain.

This latter capacitance is particularly important in all
transistors in which the gate electrode overlaps the
source and drain regions and it does so in all except
those manufactured by the self-aligning gate processes,
see Figure 2-4. This overlap is necessary in manufac-
ture, to allow for mask tolerances: the gate electrode
metal deposit must always reach all the way from the
source to the drain and the only way to assure this is
to allow a positive (overlap) mask tolerance.

Capacitance, of course, affects the speed of a transis-
tor and also its power consumption. The more capaci-
tance loading a transistor presents to an input signal,
the more time is required to turn the transistor on.
Power consumption considerations become particu-
larly important at high operating frequencies.

In addition to having undesireable effects on circuit
performance, the intrinsic capacitances can also be
used beneficially in MOS circuit design. In dynamic
MOS circuits capacitance is very often used for tem-
porary storage of charge representing a logic level. In
a typical MOS shift register stage, Figure 2-8, the equiv-
alent capacitances Cl and C2 are used to store data
between clock pulses. Capacitance Cl1, for example,
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represents the sum of the drain-to-substrate capaci-
tance of Q3, gate capacitance of Q4, and also the capa-
citance of the interconnect line between Q3 and Q4.

Figure 2-7. Typical Inverter Pair Delay vs. W/? for Various
MOS Processes.
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MOBILITY

The term mobility (designated p) refers to the intrinsic
current carrying properties of N and P doped silicon.
In N-doped silicon the majority current carriers are
free electrons (see inset on page 2-5), whereas in P-
doped silicon current is carried by means of holes.
The mobility of electrons is approximately 2.5 times
that of holes and therefore N-channel transistors are
faster than P-channel. For the same channel size (or
W/® ratio) N-channel transistor can also carry more
current.

Figure 2-8. Typical P-channel Shift Register Stage.
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PROCESS DESCRIPTIONS

In the following pages each of the major processes is
described individually. In the descriptions the basic
process is described first, followed by an explanation
of its advantages, applications, etc. In each case only
the basic process is explained, without details of varia-
tions used by different manufacturers. Also, the less
common processes, such as MNOS (Metal-Nitride Ox-
ide-Silicon), or future processes, such as SOS (Silicon-
on-Sapphire) are not described separately.

At the end of the descriptions comparative data on
speed, power consumption, and cost is included.

P-CHANNEL METAL GATE PROCESS

Of all the basic MOS processes, P-channel Metal Gate
is the oldest and the most completely developed. It
has served as the foundation for the MOS/LSI industry
and still finds use today in some devices. Several ver-
sions of this process have evolved since its earliest days.
A crossection of a P-channel metal gate MOS transistor
is shown in Figure 2-4. A thin slice (8 to 10 mils) of
lightly doped N-type silicon wafer serves as the sup-
porting substrate or body of the MOS transistor. Two
closely spaced, heavily doped P-type regions, the
source and the drain, are formed within the substrate
by selective diffusion of an impurity that provides
holes as majority electrical carriers. A thin deposited
layer of aluminum metal, the gate, covers the area be-
tween the source and drain regions, but is electrically
insulated from the substrate by a thin layer (1000 -
1500 A) of silicon dioxide. The P-channel transistor is
turned on by a negative gate voltage and conducts cur-
rent between the source and the drain by means of
holes as the majority carriers.

The basic P-channel metal gate process can be sub-
divided in two general categories: high-threshold and
low-threshold. Various manufacturers use different
techniques (particularly so with the low threshold
process) to achieve similar results, but the difference
between them always rests in the threshold voltage V,
required to turn a transistor on. The high threshold V,
is typically -3 to -5 Volts and the low threshold V] is
typically -1.5 to -2.5 volts.

The most common manner in which the difference in
threshold voltages is achieved is by the use of substrates
with different crystalline structures. The high V. proc-
ess uses (111) silicon, whereas the low V. process uses
(100 silicon. The difference in the silicon structure

causes the inherent potential (work function) across
the interface between the substrate and the silicon di-
oxide gate dielectric to change in such a manner than
it Jowers the threshold voltage V.

One of the main advantages of lowering V; is the ability
to interface the device with TTL circuitry. However,
the use of (100) silicon carries with it a distinct disad-
vantage also. Just as the surface layer of the (100) sili-
con can be inverted by a lower Vi, so it also can be in-
verted at other random locations — through the thick
oxide layers — by large voltages that may appear in
the metal interconnections between circuit compo-
nents. This is undesirable because it creates parasitic
transistors, which interfere with circuit operation. The
maximum voltage that can be carried in the inter-
connections is called the parasitic field oxide threshold
voltage V ., and generally limits the overall voltage at
which a circuit can operate. This, then, is the main
factor that limits the use of the low V[ process. A drop
in Vi between a high V] and low V. process may, for

TF
example, be from -28V to ~17V.

The low VT process, because of its lower operating volt-
ages, usually produces circuits with a lower operating
speed than the high Vi process, but is easier to inter-
face with other circuits, consumes less power, and
therefore is more suitable for clocked circuits. Both
P-channel metal gate processes yield devices slower in
speed than those made by other MOS processes, and
have a relatively poor speed/power product. Both proc-
esses require two power supplies in most circuit de-
signs, but the high V; process, because it operates at a
high threshold voltage, has excellent noise immunity.

ION IMPLANTATION (P-ch. MET. GATE) PROCESS

The P-channel Ion Implant process uses essentially the
same geometrical structure and the same materials as
the high Vi P-channel process, but includes the ion
implantation step. The purpose of ion implantation is
to introduce P-type impurity ions into the substrate
in the limited area under the gate electrode. By chang-
ing the characteristics of the substrate in the gate area,
it is possible to lower the threshold voltage V| of the
transistor, without influencing any other properties
of the transistor.

Figure 2-9 shows the ion implantation step in a dia-
grammatic manner. It is performed in manufacture,
after the gate oxide is deposited, but before the source,
gate, and drain metallization deposition. The wafer is
exposed to an ion beam which penetrates through the
thin gate oxide layer and implants ions into the silicon
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substrate. Other areas of the substrate are protected
both by the thicker oxide layer and sometimes also by
other masking means. Ion implantation can be used
with any process and, therefore, could, except for the
custom of the industry, be considered a special tech-
nique, rather than a process in itself.

The implantation of P-type ionsinto the substrate, in
effect, reduces the effective concentration of N-type
ions in the channel area and thus lowers the Vi, required
to turn the transistor on. ‘At the same time, it does
not alter the N-type ion concentration elsewhere in
the substrate and therefore, does not reduce the para-
sitic field oxide threshold voltage Vi (a problem with
the low VT P-channel Metal Gate process, described
above). The (111) silicon usually is used in ion-
implanted transistors.

In fact, if the channel area is exposed to the ion beam
long enough, the substrate in the area can be turned
into P-type silicon (while the body of the substrate
still remains N-type) and the transistor becomes a de-
pletion mode device. In any circuit some transistors
can be made enhancement type, while others are de-
pletion type, and the combination is a very useful cir-
cuit design tool. :

The Ion-implanted P-channel Metal Gate process is
very much in use today. Among all the processes, it
represents a good optimization between cost and per-
formance and thus is the logical choice for many com-
mon circuits, such as memory devices, data handling
(communication) circuits, and others.

Figure 2-9. Diagram of Ion Implantation Step.
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Because of its low Vi, it offers the designer a choice
of using low power supply voltages to conserve power
or increase supply voltages to get more driving power
and thus increase speed. At low power levels it is more
feasible to implement clock generating and gating cir-
cuits on the chip. In most circuit designs only a single
power supply voltage is required.

P-CHANNEL SILICON GATE PROCESS

The Silicon Gate process is significantly different from
the metal gate processes, in that it uses a polysilicon
gate electrode material, rather than aluminum. Al-
though the process is more complex than metal gate,
several advantages arise from the basic. change in
materials, with the potential to add others.

Figure 2-10 shows the crossection of a typical silicon
gate P-channel transistor. The materials are the same
as for metal gate, -except the gate electrode is doped
polycrystalline silicon (in this instance P-doped), which
is deposited over the silicon oxide gate dielectric in an
epitaxial reactor.

The first advantage of a polysilicon gate electrode is
that it reduces the threshold voltage Vi, (by acting
through the work function, described previously).
Thus, the silicon gate gives the same advantage as either
ion implantation or the change of substrate in the low
Vr process. A typical Vy of a silicon gate P-channel
transistor is -1 to -2 volts.

Another aspect of the silicon gate is the possibility of
a buried layer of interconnect lines, in addition to the
normal aluminum interconnections deposited on the
surface of the chip. This gives the circuit designer more
latitude in layout and often allows the reduction of
the total chip size. Because the polysilicon gate elec-
trode is deposited in a separate step, after the thick
oxide layer is in place, the simultaneous deposition of
additional polysilicon interconnect lines is only a mat-
ter of masking. These interconnect lines are buried by
later steps, as shown in Figure 2-10.

One minor limitation associated with the buried inter-
connect lines is their location. Because the source and
drain diffusions are done after the polysilicon is de-
posited [see (a) of Figure 2-10] the interconnect lines
cannot be located over these diffusion regions.

A third advantage of a silicon gate is associated with
the reduction of overlap between the gate and both
the source and drain. This reduces the parasitic capaci-
tance at each location and thus improves speed, as well
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as power consumption characteristics. Whereas in the
metal gate process, the P region source and drain dif-
fusion must be done prior to deposition of the gate
electrode, in silicon gate process, the electrode is in
place during diffusion, see (a) of Figure 2-10. There-
fore, no planned overlap for manufacturing tolerance
purposes need exist (as described under Capacitance,
on page 2-10) and the gate is said to be self-aligned.
The only overlap that occurs is due to the normal lat-
eral extension of the source and drain regions during
the diffusion process.

The silicon-gate process produces devices that are more
compact than metal gate, and are slightly faster be-
cause of the reduced gate overlap capacitance. Because
the basic silicon gate process is relatively simple, it is
also economical. It is a versatile process that is used in
memory devices and most any other circuit.

N-CHANNEL PROCESS

The N-channel process is the latest of the major MOS
processes. It is structurally different from any of the
processes described so far, in that the source, drain,
and channel all are N-type silicon, whereas the body
of the substrate is P-type. Conduction in the N chan-
nel is by means of electrons, rather than holes.

The main advantage of the N-channel process is that
the mobility of electrons is about three times greater
than that of holes and, therefore, N-channel transistors
are faster than P-channel. In addition, the increased
mobility allows more current flow in a channel of any
given size, and therefore N-channel transistors can be
made smaller. The positive gate voltage allows an N-
channel transistor to be completely compatible with
TTL.

Figure 2-3 shows the crossection of an N-channel tran-
sistor. Because the N-channel process made its transi-
tion from the research laboratory into production after
the evolution of silicon gate and ion implantation,
most all N-channel devices use both, silicon gates and
ion implantation.

Because N-channel is relatively new, however, many
of its detailed production techniques still are under-
going development and evolutionary changes can be
expected. In the future, the combination of high speed,
TTL compatability, low power requirements, and com-
pactness is likely to make N-channel the most widely
used process. As manufacturing experience is gained,
the potential cost of N-channel is low also.

Figure 2-10. Crossection of a Silicon Gate MOS Transistor.
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N SUBSTRATE

(b) Finished Transistor

Historically, N-channel process and its advantages were
known well at the time when the first P-channel de-
vices were successfully manufactured, however it was
much more difficult to produce N-channel. One of the
main reasons (described previously on page 2-6) was
that the polarity of intrinsic charges in the materials
combined in such a way that a transistor was on at OV
and had a V; of only a few tenths of a volt (positive).
Thus, the transistor operated as a marginal depletion
mode device, without a well defined on/off biasing
range. Attempts to raise V by varying gate oxide thick-
ness and back biasing the substrate, created other ob-
jectionable results and it was not until research into
materials, along with ion implantation, silicon gates,
and other improvements came about that N-channel
became practical for high density circuits.

Presently, the N-channel process is used in large mem-
ory chips, microprocessors, and other devices in which
the circuit compactness and higher speed are of im-
portance. Most N-channel devices operate on a single
+5V power supply and their threshold voltages range
between +0.8 and +1.7. Higher voltages can be used
to increase operating speed and a second supply volt-
age is required on devices that use substrate back bias.
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Figure 2-11. Crossection and Schematic Diagram of a CMOS Inverter
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CMOS

The basic CMOS circuit is an inverter, which consists.

of two adjacent transistors — one an N-channel, the
other a P-channel, as shown in Figure 2-11. The two
are fabricated on the same substrate, which can be
either N or P type.

The CMOS inverter in Figure 2-11 is fabricated on an

N-type silicon substrate in which a P “tub” is diffused

to form the body for the N-channel transistor. All
other steps, including the use of silicon gates and ion
implantation, are much the same as for other processes.

The main advantage of CMOS is its extremely low
power consumption. When the common input to both
gate electrodes is at a logic 1 (a positive voltage) the
N-channel transistor is biased on, the P-channel is off,
and the output is near ground potential. Conversely,
when the input is at a logic O level, its negative voltage
biases only the P-channel transistor on and the output
is near the drain voltage +Vj;,. In either case, only one
of the two transistors is on at a time and thus, there is
virtually no current flow and no power consumption.
Only during the transition from one logic level to the
other are both transistors on and current flow in-
creases momentarily,

Compared to other MOS processes, CMOS also is con-
siderably faster. On the other hand, the use of two
transistors in one device makes any circuit more com-
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plex and costly. It requires more chip size and, there-
fore, CMOS is not suitable for such devices as large
(high number of bits) memories, microprocessors, or
other complex circuits. Instead, watch circuits and
other low power applications can benefit most from
CMOS, and, in fact, would be impossible" without
CMOS. Asa consequence, for MOS/LSI circuits CMOS
is somewhat of a special purpose process, used in ap-
plications where the higher power consumption proc-
esses are not suitable. k

The prime reason for the popularity of CMOS, how-
ever, is its use in manufacturing logic elements and
building block circuits — logic gates, inverters, small
shift registers, counters, etc. These CMOS devices con-
stitute a logic family in the same way as TTL, ECL,
and other bipolar circuits do. In the areas of very low
power consumption, high noise immunity (when oper-
ated at any but the lowest power supply voltages),
and simplicity of operation, CMOS compares favorably
with any of the bipolar families and has become widely
accepted by logic designers. In speed, however, CMOS
(or any other MOS process) cannot compete with the
fastest of bipolar.

CMOS circuits can be operated on a single power sup-
ply voltage, which can be varied from +3 to about +18

" volts, with a higher voltage giving more speed and

higher noise immunity.
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Figure 2-12. Comparative Data on Major MOS Processes
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Figure 2-13. Relative Cost Per Logic Function
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Custom Capabilities

AMI — FIRST IN CUSTOM

AMI is the world’s largest and most experienced
custom MOS circuit manufacturer. Following its
unique pioneering tradition in the MOS industry, AMI
has continuously maintained a position of leadership
— through evolution of superior circuit design en-
gineering expertise, use of thoroughly proven reliable
MOS manufacturing processes, and a solid research
and development program. Today AMI has the largest
design engineering staff in the world dedicated to
applying the MOS technology to custom requirements,
has the widest repertoire of MOS processes, and con-
tinues to expand vigorously, along with the increasing
acceptance of MOS/LSI in worldwide markets.

Over 1,000 integrated circuits have been developed
at AMI since the company implemented the first
reliably reproducible MOS manufacturing process in
1967. Circuits for display, printing, business, scien-
tific, and programmable calculators — circuits for
household ovens and ranges, washers and dryers, audio
entertainment systems, electronic organs — circuits
for auto seat belt interlocks, tachometers, fuel injec-
tion, anti-skid braking, automatic transmissions — cir-
cuits for computer memories, minicomputers, data
processors, microprocessors — circuits for point-of sale
networks, facsimile transceivers, line printers, modems,
keyboard scanners, code converters, character genera-
tors, meter readers, credit card systems, multiplexers,
computer terminals — circuits for timers, cash registers,
coin changers, gambling machines, vending machines,
DVMs, X-Y plotters, D/A converters — circuits for
government communications links, satellite systems,
lunar lander, and medical patient monitoring . . . all
this just for starters.

The result is a track record no other company can
match — both in custom and standard products. The
extensive standard product line in this catalog is a
tribute to the background, experience, engineering
and manufacturing capability developed at AMI over
years of working with custom MOS/LSI. This section
explains what custom MOS is about, how you can de-
cide if custom MOS applies to your need and the two
methods of obtaining custom MOS/LSI circuits from
AMI.

WHAT IS CUSTOM MOS/LSI

Custom MOS/LSI circuits are complex large scale inte-
grated circuits designed specifically for a particular
application. Any of several MOS processes can be used
to manufacture such circuits, depending upon which
best matches the circuit requirement. These circuits
are designed from scratch — they are not modifications
of existing geometries. Each component is selected
and tailored for the most efficient performance of its
function. Because of such attention to detail, custom
MOS/LSI circuits can achieve the most function per
unit of silicon area and result in the lowest possible
cost per function. However, to obtain such optimiza-
tion in all these areas requires expertise in system def-
inition, logic and circuit design, topological layout,
and manufacturing processes.

THE CUSTOM MOS/LSI DECISION

How do you know if custom MOS/LSI is right for you?
Basically, there are three considerations involved when
deciding whether or not a custom MOS/LSI is appro-
priate for a given application.

e  (Circuit Complexity
o Economy
o  Digital Content

The first consideration in evaluating a custom MOS/
LSI for an application is circuit complexity. An appli-
cation suitable for custom circuitry is generally one re-
quiring a complex circuit function — typically on the
order of a minimum of 100 logic gates. This is because
extensive engineering, design, and manufacturing ef-
fort is required for custom circuit development.

Moderately complex functions can be implemented
economically with standard MSI and SSI components,
but with increasing complexity problems of space,
heat dissipation, power supply complexity, intercon-
nections, and. reliability usually develop. In such cases
custom designed circuits can offer performance, cost,
and reliability advantages.

Because of the extensive development costs necessary
to achieve a good cost/performance ratio in a custom
circuit, sufficient volume is required in order for a
custom MOS/LSI circuit to be competitive with stan-
dard MSI and SSI circuits. An annual volume of 50,000
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units is a typical rule of thumb for cost effectiveness.
In cases where the user designs his own circuit and
AMI manufactures it, much lower volumes become
cost effective.

Of course, there always are additional important con-
siderations affecting cost comparisons. One of the
most obvious, with custom MOS/LSI, is to determine
the total number of different components in a system
that are eliminated by the substitution of a single cus-
tom circuit. The reduction of components has a signif-
icant effect on the number of interconnections, with
an accompanying increase in reliability. This factor
has a beneficial effect on product quality — it reduces
troubleshooting problems at the board, subsystem, and
system levels, minimizes field repairs, and usually re-
duces warranty problems. The reduction of compo-
nents also decreases assembly and initial checkout
costs. So, even though the use of 50,000 units annually
is a good rule-of-thumb, as an application grows more
complex, more influences become apparent, and cus-
tom MOS/LSI can become cost competitive and more
reliable at much smaller volumes.

The last factor having an effect on the custom circuit
decision is the amount of digital function in the cir-
cuit. There should be a preponderance of digital func-
tion for an MOS/LSI custom circuit to be appropriate.
But, don’t limit your thinking to traditional decisions
between analog and digital activity. Many heretofore
analog functions are increasingly being performed with
digital MOS circuits.

THE CUSTOM MOS/LSI METHOD

Given that you have determined that you have the re-
quired circuit complexity, that your approach is eco-

3-4

monical, and that you have substantial digital function
content, how do you go about obtaining the best cus-
tom MOS/LSI circuit for your application? The follow-
ing steps are necessary:

System Definition

Electrical Feasibility Evaluation

System Design and Partitioning

Economic Analysis

e  Parameter Specification

e  Preliminary Logic Design and Stimulation
e  Final Logic Design

®  Chip Circuit Design

e  Prototype Production

o  Testing

e  Production

There are two approaches available from AMI for
custom MOS/LSI circuit development. The first is for
AMI to do the design and also produce the part. The
second approach is — “you design, we produce”. Both
involve AMI and the customer acting as a team.

Either way, you are going to experience a satisfying
realization that your device has the advantage of the
most appropriate MOS process, resulting in the highest
performance, best reliability and lowest production
cost possible. After all, you have formed a partnership
with the company that has been committed to MOS/
LSI exclusively for almost a decade.

In this partnership we will do our part by providing
you with personalized engineering assistance, often re-
sulting in a product with lower power dissipation, im-
proved functional capability, greater flexibility, and
reduced cost. You will also benefit from AMI’s series
of design checks for every step of the way in the pro-
gram, with the result that quality assurance will be
built-in. Checks and inspections will continue through-
out the design and production cycles, instead of being
an ‘“add-on’ at the end of the manufacturing process.

On your part, you can become involved, at almost any
point during the development cycle, from system def-
inition to wafer sort. Customer interface is a continu-
ing and highly adaptable facet of AMI’s custom circuit
capability. This interface flexibility is required, be-
cause we at AMI realize that each device requires solu-
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tions to different problems and may need working
with the customer at different levels.

The “Let AMI Do Everything” Approach

AMTI’s total custom circuit capability encompasses the
entire development sequence of a product. The services
which AMI provides to the customer start with five
conceptual planning steps:

° System Definition
(] System Design and Partitioning

Preliminary Logic Design and Simulation

Final Logic Design
e  Chip Circuit Design

First, system definition requires both full knowledge
of the customer’s requirements and MOS technological
expertise. The right combination assures the best appli-
cation of MOS/LSI. The user best knows system needs,
the MOS designer best knows circuit capability. Work-
ing as a team, they can develop a final system which
not only meets the needs, but optimizes performance
and economy.

Step two, system partitioning, follows the joint devel-
opment of the system definition. Partitioning involves
the cataloging of functions into MOS subfunctions
and then into chip functions. At this step of the pro-

gram, the best MOS process for tii2 application is se-
lected. Usually, functional flow charts and timing dia-
grams are generated at this time, as a preliminary step
in the logic design.

Once partitioning is accomplished, preliminary logic
design and simulation can be done. The chip functions,
as cataloged in step two, are translated into MOS logic
diagrams. Traditional breadboarding techniques are
quite often used to verify these logic designs. AMI also
uses proprietary computerized simulation programs
for verification. These programs check the design, func-
tional capability, and efficiency of the design, as well
as help reduce time and cost factors for design verifi-
cation.

Final logic design is next. First, errors discovered
through breadboarding or simulation are corrected.
Earlier partitioning may be refined if the final logic
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design indicates the need. During the final logic design
step, all system design objectives are analyzed again.
MOS logic diagrams are finalized, chip sizes are esti-
mated, and testing procedures are generated.

And then — chip circuit design. The topological chip
layout is a precise science. The exact dimensions and
placement for each transistor and other functions must
be determined. The list of factors affecting chip de-
sign is almost endless: the use of space, the economy
of functions, the versatility of functions, the power
requirements, the manufacturing processes, the inter-
connections, the packaging, the performance of the
circuit, the reliability of the design. All these and more
must be incorporated in the chip circuit design leading
to final topological definition. Here again, AMI uses
computerized circuit analysis programs to validate chip
design and verify that the design meets the perform-
ance objectives determined during system definition.
The computerized analysis not only substantiates the
logic, it is an integral part of the on-going quality assur-
ance program at AMI.

The “You Design, We Produce” Approach

This is an unique approach to custom MOS/LSI de-
sign, developed by AMI. You design the circuit and
thus control the design budgets, the design schedules,
the design changes prior to tooling, the logic and elec-
trical requirements of the device, as well as the possi-
bility of multiple sourcing the device. Another factor
of great importance is that the MOS/LSI circuit can
become cost effective in lower volume.

The actual device can be designed by you, or by your
design consultant, who can implement your require-
ments into a compatible MOS/LSI design. Then, AMI
will manufacture the device with the same high quality,
high volume production processes used for AMI’s own
custom and standard circuits. (AMI can also assist you
in locating a design consultant.)

Now, if you are going to investigate customer tooling
(our name for producing your design), how do you go
about it? Probably the best approach would be to be-
come familiar with the AMI Four Step system. Four
simple steps that work as follows:

Step One — Feasibility Study
Step Two — Prototypes

Step Three — Yield Evaluation
Step Four — Production

Step One is simply an investigation and analysis of your
requirements and their compatibility with our capa-
bility. There are many details to consider such as ques-
tions about process, design, packaging, testing, and
tooling. AMI supplies a complete package of informa-
tion to you or your design consultant containing all
the necessary process parameters, design rules, packag-
ing, testing, and tooling requirements to enable your
design to be completely compatible with AMI’s manu-
facturing standards. Upon completion of Step:One,
you are supplied on a no-charge basis a development
plan, a firm quotation for prototypes and yield evalu-
ation, and a budgetary estimate for production.

Step Two delivers to you sufficient optically inspected
assembled parts to check the functionality of your de-
sign. Although the prototype devices are not function-
ally tested, they are guaranteed to be within the speci-
fied process parameters and of high quality and work-
manship.
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Once Step Two devices are approved, Step Three starts
a multifaceted operation. Manufacturing documenta-
tion is generated, including test programs; wafer probe
cards and program boards for the testing equipment
are built; wafer reproducibility runs are made and then
evaluated for yield factors. When it’s all over, assem-
bled tested devices are delivered to you for your evalu-
ation. There is a charge for Step Three, based upon the
complexity of the test program and the number of
units delivered.

Step Four normally provides devices in production
quantities within ten to twelve weeks after your ap-
proval of preproduction units delivered during Step
Three.

Design Workshop

AMI offers still another service in the Customer Tool-
ing area — a design workshop. Design workshops are
offered to our customers on a continuing basis, for
MOS logic and circuit designers who would like to
become more familiar with the intricacies of AMI’s
requirements and manufacturing standards for custom
MOS/LSI designs.

The design workshop is recommended for those cus-
tomers planning to design circuits which will be manu-
factured by AMI. Generally a design workshop covers
your requirements, as related to selected processes,
suggested design ideas for the selected application, de-
sign rules, process parameters, possible tooling inter-
faces, and testing. Workshop programs are tailored to
individual customer requirements in such a manner
that the circuits which you design, as a result, can be
processed, tested, and produced in quantity, using
AMI’s standard processes and manufacturing proce-
dures.

AMI OFFERS MORE

When it comes to technologies, production facilities,
quality assurance and testing, AMI offers more. As an
MOS industry leader, the company is continuously in-
vestigating and researching new processes, production
developments and other techniques to improve prod-
uct capability, reliability, and cost effectiveness. Cur-
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rently, a total of six MOS processes are used at AMI.
Only those processes which prove reliably reproducible
in a production environment are used.

P-channel, high voltage metal gate is the most widely
used process in the industry. It is a relatively simple
process, with the lowest wafer production costs. In
addition to this cost advantage, P-channel metal gate
MOS provides high noise immunity, ideal in applica-
tions involving mechanical equipment which can gen-
erate rf noise. Because of the high voltage, however,
the circuits are a little more difficult to interface with
bipolar circuits. They are also less efficient in chip
area use, when compared to newer processes. As a re-
sult, chips are often larger, particularly for high speed
circuits, and they are less cost effective.

P-channel, low voltage metal gate process is almost
identical to the high voltage process with the signifi-
cant difference being the use of a different silicon start-
ing material. This provides a much lower threshold
voltage and makes the interface with bipolar circuits
much easier. This silicon material also reduces device
breakdown voltages, somewhat reducing operating
margins inside the chip. This process is quite suitable
for low cost, moderate speed circuit applications.

Comparison of AMI’s MOS Processes

Ion implantation (12) process adds one or two ion im-
plantation steps to the high voltage P-channel metal
gate process. The first step lowers the threshold voltage
of all transistors by a specified amount. The addition
of a second implantation step alters the threshold volt-
ages of selected transistors causing them to operate in
depletion mode. This provides several advantages: im-
proved speed, lower power, improved noise margins,
and easier bipolar interfaces. It also permits the use of
unregulated power supplied and allows on-chip genera-
tion of full amplitude signals, using only one power
supply. The full amplitude signal feature can be very
useful for circuit simplification by converting logic
into simpler forms, with a resulting decrease in chip
area. In addition, the high breakdown voltages of the
high voltage process are not disturbed. Therefore, I
metal gate processing is appropriate for chip applica-
tions where speed, noise immunity, and wide power
supply tolerances are important.

The P-channel silicon gate, or SiGate, process offers
two main features: a smaller transistor structure, re-
sulting from a self-aligning fabrication technique elim-
inating some masking tolerance considerations, and
the existence of a partial third layer of interconnect,
which can reduce both cell area and cell interconnec-

P Channel P Channel P Channel
Parameter Hi VT Lo VT I2 P Channel N (Ehannel Complementary

Metal Metal Metal Si Gate Si Gate MOS

Gate Gate Gate
Speed (per unit area) 5 6 3 4 2 1
Power Consumption (low speed) 6 4 2 5 2 1
Area (per logic function) 4 S 2 2 1 6
Noise Immunity 3 4 1 4 6 1
Logic Flexibility 3 3 1 3 3 2
On-Chip Clock Generation 4 3 2 5 S 1
Bipolar Compatibility 6 4 3 4 1 1
Power Supply Latitude 3 S 1 3 S 1
Process Simplicity 1 1 3 3 3 6
Process Maturity 1 1 3 3 6 S
Rankings are relative among the processes, with the lowest number being most desirable.
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tions. The self-aligning gate structure lowers the effec-
tive gate capacitance, providing faster circuits than
regular P-channel, although not as fast at ion implanted
circuits. The lower gate capacitance, however, does
make bootstrap techniques for generating full ampli-
tude signals a little harder to implement.

The N-channel silicon gate process produces devices
much faster than P-channel devices. N-channel SiGate
gives high speed and high device density with easier bi-
polar compatibility, since the transistors are more com-
parable to NPN, as opposed to PNP. Devices made with
N-channel SiGate process do tend to be more voltage
sensitive and exhibit an associated reduction in noise
immunity. At present, this process is used for high per-
formance applications, but is expected to be cost ef-
fective for a wide variety of applications as it matures.

The most complex MOS process, which receives much
attention, is Complementary MOS or CMOS. This pro-
cess produces circuits which draw no static power —
power dissipation occurs only when switching between
logic states in process. As the operating frequency in-
creases, though, power dissipation does approach that
of other MOS technologies. The CMOS process can
provide fast circuits with high noise immunity. Also,
CMOS circuits can work over wide power supply tol-
erances and require a single voltage supply.

At present, chip area use per logic function is rather
high with CMOS, but this can be expected to decrease
as design experience is gained. Circuits using CMOS
technology are used in extremely low power applica-
tions, such as in electronic watches, and in automotive

applications. Most applications encountered thus far
have been in battery-powered or telephone-line pow-
ered systems.

EQUIPMENT AND FACILITIES

All of the extensive automated equipment and the
modern facilities at AMI’s three main production loca-
tions are available for custom circuit production. Com-
bined with the unmatched design experience of the
largest MOS design engineering staff ever assembled,
these facilities provide an unprecedented MOS/LSI
circuit capability.

Advanced design tools at AMI include an on-site Bur-
roughs 6700 computer with terminals located at the
Santa Clara and Pocatello engineering facilities, two
Computervision interactive graphics systems for on-
line generation and editing of computerized composite
data bases; high speed and high resolution Electromask
pattern generators; high speed Calcomp plotting facil-
ities; Fairchild Sentry 600 LSI testers; AMI proprie-
tary PAFT and IMPACT testers; Macrodata MD-150
testers; and CAD software for logic and system simu-
lation, circuit analysis, automated design fule checking,
test pattern generation, and ROM masking. All these
support AMI’s engineering staff.

PRODUCTION

At the headquarters facility in Santa Clara, California,
approximately 30% of the nearly 200,000 square foot
production facility is clean room area. Each of the
modular manufacturing units for wafer production is
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dedicated to a single production process. There are
four such modules at Santa Clara, two for full-scale
production, one for engineering prototyping, and one
for research and development. The two production
modules can together produce in excess of one million
devices per month. A significant factor in AMI’s high
volume production capability is that all wafer fabrica-
tion facilities produce 3-inch diameter wafers.

Automation plays an important role with use of auto-
matic and semi-automatic equipment for spinning, bak-
ing, and photodeveloping. Automation also is used in
testing and wafer handling equipment.

The Pocatello, Idaho plant at present encompasses al-
most 100,000 square feet and is also using the modu-
lar wafer fabrication concept. Four fabrication mod-
ules with a combined monthly capacity in excess of
two million devices augment the Santa Clara produc-
tion capacity.

In Korea, a wholly-owned subsidiary, Korean Micro-
systems, Inc., near Seoul, performs the majority of
the assembly operations. Experienced personnel and
new equipment, including the latest lead-bonding ma-
chines, provide KMI with an assembly capability of
approximately three million devices per month, keep-
ing pace with the wafer production capacity of Santa
Clara and Pocatello. Over 1,200 employees work in
the 84,000 square foot facility of KMI.

PACKAGING

A wide range of standard packages and packaging ap-
proaches is available, providing cost effective solutions
for the majority of typical applications. Packages in-
clude TO cans, flat packs, and DIPs. All common lead
configurations are available in ceramic, Cer-DIP, SLAM
and plastic packages. (See Section 1 of this catalog.)
LID and other special packages are also available.

TESTING

As mentioned earlier, the automated testing facilities
available at AMI are extensive. A broad range of power-
ful testing units from Fairchild, Macrodata, and of
AMI’s own design, handle almost any testing require-
ment. For custom circuit devices it is preferable to sup-
ply test programs in formats suitable for one of the
tester types used. However, test programs can be writ-
ten, or rewritten, by AMI test group personnel. Infor-
3-10

mation on all test equipment available at AMI is avail-
able on request. Detailed information on the Fairchild
and Macrodata testers is available from the manufac-
turers.

QUALITY ASSURANCE

The AMI Quality Assurance program is an on-going
process — a part of the design and manufacturing pro-
cess. The following is a partial list of the quality con-
trol checkpoints in the creation of a custom circuit.
These steps include meticulous checks of both design
and workmanship.

o Final logic design (system objectives are reviewed)

e Chip circuit design (uses computerized circuit
analysis to verify that performance meets objec-
tives)

e Topological design

Artwork generation
Mask fabrication
Wafer fabrication

Wafer sort (functional requirements are checked)
Scribe and break with 100% optical inspection
e Die attach

® Lead bonding followed by 100% pre-seal optical
inspection

e Seal

e Final test

® Final electrical and environmental product assur-
ance tests

Only after the checks at all these steps have been com-
pleted is a device considered fully manufacturable. It
is then turned over-to production with its yield history.
The production facility continues its own quality con-
trol checks, starting from wafer fabrication on through
final quality assurance tests.

CUSTOM MOS/LSI FROM AMI

The information in this section has been presented to
show not only how and why custom can be used, but
also to explain the types of custom services available
at AMI, and the level of commitment at AMI to total
custom circuit development and to customer tooling
processing. If your application can benefit from high
quality custom MOS/LSI circuits, AMI is the place to
go for design, engineering, manufacturing, and testing
capability. To get in contact with AMI Custom, just
complete the inquiry card at the back of this catalog.
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Future Products

RAM — 256 x 4 bit Static, CMOS
RAM — 1024 x 1 bit Static, CMOS

RAM — 4096 x 1 bit Dynamic,
N-Channel, 16-pin Package




Selection Guide-RAMs and Shift Registers

Random Access Memory Standard Products

T R/W | Operating | Standby Suppli See
Part No. Organization Process Acc TC cle Power Power uppfies 1/0 Clocks | Package
(ns) Y (V) Page
S (ns) (mW) (mW)
$2222 512 Static CMOS 200 470 7.5 0.002 +10 [ MOS 0 | 2H,1U|4-4
S2222A 512 Static SiGate 400 940 7.5 0.01 +10 | MOS 0 | 2H,1U|4-4
S1103 1024 Dynamic | P-SiGate | 310 580 450 — +16,+19 | MOS/Sense A 3 | 2P, 1P | 4-8
S146 1024 Dynamic | P-SiGate | 210 390 550 - +19, +22 | MOS/Sense A 3 | 2P, 1P | 4-8
$1103-1 1024 Dynamic | P-SiGate | 180 360 550 - +19,+22 | MOS/Sense A 3 | 2P, 1P |4-8
S$1103X 1024 Dynamic | P-SiGate | 120 270 550 — +19, +22 | MOS/Sense A 3 | 2P, 1P | 4-8
S1103A 1024 Dynamic | P-SiGate | 205 580 425 2.0 +16,+19 | MOS/Sense A 3 [2P,1P | 4-23
S1103A-1 | 1024 Dynamic | P-SiGate | 145 340 660 0.2 +19, +22 | MOS/Sense A 3 |2P,1P (4-23
S1103A-2 | 1024 Dynamic | P-SiGate | 145 400 600 0.2 +19, +22 | MOS/Sense A 3 [2P,1P [4-23
S$4006 1024 Quasi- P12 400 650 450 50 -12,+5 | TTL 0 | 2H,4H|4-27
Static
$S4008 1024 Quasi- P12 500 900 450 50 -12,+5 | TTL 0 | 2H,4H|4-27
Static
$4008-9 1024 Quasi- P12 800 | 1000 450 50 -12,+5 | TTL 0 |2H,4H|4-27
Static
S$6605 4096 Dynamic | N-SiGate [ 210 490 335 4(1) +12,+5 | TTL 1 2C,1C| 4-32
S6605A 4096 Dynamic | N-SiGate [ 300 | 590 | 335 41 +12,+5 | TTL 1 | 2¢,1C| 432
S6605B 4096 Dynamic | N-SiGate | 600 880 335 4(1) +12,+5 | TTL 1 2C,1C| 4-32
S6810 1024 Static N-SiGate'| 1000 | 1000 650 N/A +5 | TTL 0 2L,1W| 440
S6810-1 1024 Static N-SiGate | 575 575 650 N/A +5 | TTL 0 2L,1W| 440
Shift Register Memory Standard Products
Max.
2 .
Part No. Organization Data Rate Power(? Supplies 1/0 Clocks Package See
(mw) (\) Page
(MHz)
S1685 Dual 480 Dynamic 1 120 +5, =12 TTL/MOS 2 5F *
S2181 Dual Var. 133 Static 1 400 +5, =12 TTL/MOS 1 2H *
S2181A Dual Var. 133 Static 2 400 +5,-12 TTL/MOS 1 2H *
S2182 Quad 80 Static 1 565 +5,-12 TTL/MOS 1 4H *
S2182A Quad 80 Static 2 565 +5,-12 TTL/MOS 1 4H *
S$2183 Quad 81 Static 1 565 +5, =12 TTL/MOS 1 4H *
S2183A Quad 81 Static 2 565 +5,-12 TTL/MOS 1 4H *
S2184 Quad 132 Static 1 565 +5, =12 TTL/MOS 1 4H *
S2184A Quad 132 Static 2 565 +5, =12 TTL/MOS 1 4H *
S2185 Quad 133 Static 1 565 +5,-12 TTL/MOS 1 4H *
S2185A Quad 133 Static 2 565 +5, =12 TTL/MOS 1 4H *

*Contact your nearest AMI Sales Office for additional data sheet information on this product (See Section 1)

Notes:

(1) With refresh

(2) Typical at 25° C ambient and maximum data rate.




$2222
$2222A

512 X 1 STATIC CMOS
RANDOM ACCESS MEMORY

AMERICAN MICROSYSTEMS, INC.

10F 32 MEMORY MATRIX

T
i
Ag o— |
Ay o—o ! 32 ROWS
Ay ——1 ROW '
BY
i
DECODER 1 16 COLUMNS
Ay o—rof Lol
Ay 10F 16 T
Ay o——1 MULTIPLEXER
[ Sppa— COLUMN

DECODER

CHIP ENABLE INPUT

e A [1] (76 ] +vee
A 2] (5] Ag
A, [E] [a] A
Ay 2] [15] ag
A, 5] 2] nc

READWRITE [ 6 | [171_] CAPENABLE

as [ (10 ] oaTaIN
ovo [ 9] oataour

.830 ——] .300
(MAX) (NOM)
! |

READMWRITE INPUT o 1/0 CONTROL ™ ooTeut W \
A}
15° \\‘\l
(MAX) |“J
090 010 —I
m‘o"a, (MIN) (NOM)
PIN/PACKAGE CONFIGURATION
B
LOCK DIAGRAM (Available in Pkgs. 2H, 1U - see Sec. 1)
FEATURES
L] Low Standby Power — 4/20 nW/bit Typ. ®  Wide Temperature Range
®  Fast Access Time — 200/400 nS Typ. 0° - 70°C (- 55°C to + 125°C soon)
° Fast Cycle Time — 470/940 nS Min. . Single Read/Write Control Line
L] Single Supply Voltage — +10 Volts L] Simple Memory Expansion — Chip Enable
[ Standby Supply for Non-volatility — 3.5 Volts Min. [ Silicon Gate Technology
L] Static Memory — No Refresh [ 16 Dual In-line Package
FUNCTIONAL DESCRIPTION High speed operation and nanowatt power dissipation

The AMI S2222 series are 512 word by one-bit random
access memory arrays, constructed with silicon gate CMOS
devices, integrated on a monolithic array. With full decoding
on the chip, this memory uses fully DC stable (static) storage
elements and requires no refresh to operate. The memory
matrix is organized as 32 rows by 16 columns. The $2222/A
series devices have a unique circuit design which allows Chip
enable to precharge the internal nodes resulting in minimum
power dissipation.
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features make this memory useful in applications where power
must be conserved or where battery operation is required.

TYPICAL APPLICATIONS
® Terminals ® Portable Calculators
® Low Power/High ® Time Clocks
Speed Buffer " @ Military Systems
® Battery Operated
Systems




————————————————————————————
S2222/82222A
RANDOM ACCESS MEMORY

ABSOLUTE MAXIMUM RATINGS COMMENT:

Ambient Temperature Under Bias ~55° t0 125°C Strgsses greater than those listed under “Absolu'te Maxi‘mfxm
Ratings” may cause permanent damage to the device. Thisisa
stress rating only and functional operation of the device at
these or any other conditions above those indicated in the

Storage Temperature -65° to 150°C
Voltage on any pin

with respect to the Ground Pin -.3Vto 12V operational sections of this specification is not implied.
Voltage on any pin Exposure to absolute maximum rating conditions for extended
with respect to the Voo Pin 3Vito-12V periods may affect device reliability.

D. C. CHARACTERISTICS
TA =0°C-70°C, VCC = 10V£5% unless otherwise specified

§2222 $2222A
LIMIT LIMIT
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDITIONS
lLl Input Load - - 1 - - 5 HA le =0to VCC
Currents (All Input Pins)
I on Output Leakage Current - - 10 - - 10 MA CE= Vees
VOUT =4V
Icct Standby Power Supply Current - 0.2 S - 1.0 25 MA All inputs = Voo
Icca Maximum Power Supply Current - 2.5 - - 2.5 - mA TeyeLk = Twe
Min
All inputs changing
ViL Input “Low” Voltage 0 - +0.6 0 - +0.6 v
Vig Input “High” Voltage Vee - 06 - Vee Vec-06 - Vee \%
IoL Output “Low” Current 1 2.5 - 1 2.5 - mA VoL = 045V
lOH Output “High” Current - — 10 — - 10 uA VOH = 4.0V
Vgp Standby Supply Voltage 3.5 - 10 35 - 10 v CE = Vgp
for Retention (See Note 7) All other inputs
at Vgp or ov
A. C. CHARACTERISTICS
Ty = 0°C - 70°C, Ve =+ 10V£5% unless otherwise specified
$2222 $2222A
LIMIT LIMIT
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS TEST CONDITIONS
tacc Access Time - 200 350 - 400 700 nS See Below
tre Read Cycle Time 470 - - 940 - - nS See Below
twe Write Cycle Time 470 - - 940 — - nS See Below
tcp CHIP ENABLE (CE), Delay Time 40 - - 80 - - nS See Below
tcr CE Release Time 40 - - 80 - - nS See Below
tcn CE Hold Time 120 - - 240 - - nS See Below
top Output Release Time - 30 70 - 60 140 nS See Below
CIn Input Capacitance (AN, DIN, CE, R/W) - 5* 10 - S 10 pF See Below

*Ay and R/W Cap = 5 pF typ. (1) t=t,<20nS
CE and Dpy = 8 pF typ. (2) Input Pulse Levels are 0.5V to VCC
(3) Output Logic “0” < 0.7V
(4) Output Logic “1”>0.7V
) top *tor = toy =120 nS min.
(6) Test for 0.1V rise in output level
(7)  tgp (fall and rise time to Vgp = 1 Sec

A.C.TEST CONDITIONS

o OUTPUT
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S2222/82222A
RANDOM ACCESS MEMORY

OPERATION

With the read/write input held at a logical “1” level, read-
ing is accomplished by bringing the Chip Enable input to a
logical “0” level. The address and read/write inputs must have
been stable for at least 40.nS prior to the Chip Enable transition.
Valid data will then occur at the output and remain for about
10 nS after the Chip Enable is returned to a logical “1” level.

The output will sink current for a stored logical “0” (low) level
and be disabled (floating) for a stored logical 1 (high).

With the read/write input at a logical “0”, writing is
accomplished by bringing the Chip Enable input to a logical “0”.
The address, data, and read/write inputs must have been stable
for at least 40 nS prior to the Chip Enable transition and held
for 40 nS after the completion of a write operation. During a
write cycle the output will follow the input data.

tre ,

ADDRESS INPUTS

READ/WRITE INPUT

s,

—» cr Z
[

CHIP ENABLE INPUT 7 t .
CH
- =

DATA INPUT

—.’

L——— tacc  ———

READ CYCLE

twe |

ADDRESS INPUTS

DATA INPUT

— tp  [—
CHIP ENABLE INPUT VW J
= ten

oy

DATA OUTPUT
g

WRITE CYCLE

Vec

[\_ % i Yoo
¢ TO CMOS '

HEX BUFFER/DRIVER
OPEN COLLECTOR

FIGURE 1 (2)
TTL TO CMOS INTERFACE

FIGURE 1 (b) CMOS TO TTL INTERFACE

3 Vo (TO DEVICE)

Vee

Ve (+5v)

TOTTL

TOTTL
(F.0.=20) (F.0.=1)

TTL
INPUT

¢

2 —

—._1_— “V,3
g I

FIGURE 2 STANDBY BATTERY CIRCUIT
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S2222 — S2222A
RANDOM ACCESS MEMORY

APPLICATIONS

Figure 3 shows a 2048 word by 8-bit static RAM memory
system. The memory system is organized in an array of 4 rows
by 8 columns. All data inputs and data outputs in a column
are connected together to form a memory of 2048 words of
8-bit each. Additional bits are attained by paralleling the
extra columns each made up of four, S2222/A. At the inputs
to the CMOS memory, TTL devices can interface directly if an
open-collector logic gate is used along with pull up resistor as
shown in Figure 1 (a). Driver circuits are not required since
the input capacitance is low (5.0 pF).

Figure 1 (b) shows methods of interfacing the memory

outputs to TTL logic. With the + 10V V( supply voltage to
a discrete transistor, or can fan out to a low power TTL gate
as shown. The discrete transistor circuit provides higher speed
and/or high fan-out.

Figure 2 shows an optional standby power supply circuit
for making a CMOS memory “non-volatile”. When the system
power fails, a battery is used to sustain operation and maintain
stored information. While the normal system power supply is
present, the battery is trickle-charged through a resistor which
sets the charging rate. Low-leakage diodes are recommended
to conserve battery power. VB is the sustaining voltage, and
V* is the normal system power supply voltage.

0, 0, o,
Vee Do Oy Oz Oy Oma s e Wy
HEX % Owmo '
BUFFER : s s s s s s
2 2
o.c | Y 2 — 2 2 — e
Ons. 2 2 2 2 2
— 2 2 2 2 2 — 2
2 2 2 2 2 2 I
i [ l l l I
% T ) |
e 3 : : : : = | !
Z;m 2 2 2 2 2 S
BUFFER 2 H H 2 2 2 2 I
oc a2 2 2 2 2 2 2
) A 2 2 2 2 2 2 l
7 I l ‘ [ I
1 cE, l
wex % : e = : = = |
e 2 2 2 2 2 L 112
BUFFER o 2 z H z 2 2 |
o.c I 2 2 2 2 2 +— 2 —
A 2 2 2 2 2 2 |
I l J [ l l
% ) — — — |
G wex EE” s _J s s s B B |
= : 2 - 2 - 2 - 2 - 2 .t 2
&2 urren o, - 2 2 H 2 : 2 2 __J
’ o 1 2 B — 2 2 2 — 2
e l 2 2 l 2 l 2 [ 2 l 2 |
CE, _,
\ 2 00, 00, 005 D05 00,

FIGURE 3 2K X 8 MEMORY SYSTEM ORGANIZATION
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S1103
S146
$1103-1
S1103X

1024 x 1 RANDOM ACCESS MEMORY

AMI

AMERICAN MICROSYSTEMS, INC.

w A 1 18 READ/
:l X 1R 32 x 32 ASE jV WRITE
Az—g| ADDRESS 32: w MEMORY o] 2 17[1Vss
:: DECODE 37 R ARRAY Ao[: 3 163CENAB LE
Al 4 15[JA,
PRECHARGE[] 5 14[]DATA OUT
Ag[: 6 13 :IAB
Al 7 12[JDATA IN
1——|32y1-y-32
REFRESH <_D\‘, As[] 8 " jVDD
CEN AMPLIFIERS | - A o 10 :lVBB
' ' o »| 300
(»'/?i?() r-(rllom)_"
|
|
.220
v v MAX) e
88 o3
xiio—> RIw T:.Degko?: (MAX)
PRECHARGEDO—>
Logic 0 = High Voltage T T T 1 T -.090 0.10
Logic1 = Low Voltage As Ac Ar As Ao fMiny
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2P, 1P - see Sec. 1)
. FEATURES
. Fast access time, 300/205/120ns . OR-tie capability
[ Performance options subject to power ° Chip enable provides low power dissipation
supply levels (] Simple memory expansion
. Fast cycle time, 580/390/270ns ®  Inputs protected against static charge
. Full internal decoding . Refresh period, 2ms @ 0 to 70°C

FUNCTIONAL DESCRIPTION

The AMI S1103 family of random access memories are
designed for applications where high performance, low cost and
large bit storage are desired, such as main memories. It isa
1024 word by 1 bit array fabricated with low threshold, silicon
gate technology. This high density process technology allows
the design and production of extremely high performance
memory devices.

The proven reliability of this process, and design, coupled
with an extremely reliable plastic package, provide an exception-
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al solution for many memory systems cost and performance
problems. The performance levels attainable are a function of
the power supply levels used.

* Some of the more important operational characteristics
are discussed on the following page.

TYPICAL APPLICATIONS
Mainframe Memories, Add-On Memories, Cache Mem-

ories, Buffer Memories, Minicomputer Memories, Mass Mem-
ories, Terminals.



S1103/S146/S1103-1/S1103X
1024x1 RANDOM ACCESS MEMORY

Operating Ambient Temperature
S1103 . . .
S146/S1103— l/Sl 103X

Storage Temperature

Supply Voltages Vpp and VSS
Power Dissipation. .

All Input or Output Voltages wnth respect to the most Posmve Supply, VBB C .. . . . . . . =25Vt003V

0° to +70°C
0° to +55°C
—65° to +150°C

-25Vto 0.3V
varies with device

Stresses above maximum ratings may cause permanent device
damage. This is a stress rating only; functional operation of
the device at any other condition above that indicated in this

OPERATION

The block diagram, schematic, and timing diagram, assist
in the understanding of the operation of the S1103 family.
Some important characteristics relative to system design are:

a)  Periodic refreshing is required due to dynamic operation.
The device must be cycled through the 32 addresses of
the A0 — A4 inputs at least every 2 ms.

b)  The memory precharge should be held positive on all but
the enabled chips to reduce power dissipation. If the
precharge input is negative and runs 30% duty cycle, at

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

©)

d

minimum cycle time, the dissipation is typically 350 mW
for the S1103 and 550 mW for the S146, S1103—1
or S1103X.

Cell readout is non-destructive so the read/write cycle
may be shortened for a read only or refresh only cycle,
as the read/write pulse is only required for entry of new
data. Thus a read only or refresh only cycle can be
shorter than a read/write or a write only cycle.

A high input (positive) is read as zero current out, and
a low input written into the memory is read as current
out.




S1103/S146/S1103-1/S1103X
1024X1 RANDOM ACCESS MEMORY

WRITE OR READ/WRITE CYCLE twe O tae N

v |
IH
ADDRESS SADDRESS NSADDRESS
V| .CAN CHANG \;<| ADDRESS STABLE IRCAN CHANGE
ViH P_tAC_"_’{tov H “tCA*
PRECHARGE V,_ /
1 }-—»tcp—»
ViH PC ﬂ{k ovm (50% Points)
CHIP ViL jl tew
ENABLE tow j tw-( t—
IH Ny
READ/ V| P
WRITE  V, [ ow o
DATAN
DATA o QATA GAN CHANGE W DATAFIME AN CHANGE!
IN ViL bl
SN i ~===7~_ DATAOUT
DATA  Vgu [ v "N p4 “\ _NOT VALID
ouT t REF
VoL ACC1 DATA OUT
¢ VALID
ACC2

*tDW and tDH are referenced to the rising edge of Chip Enable or Read/Write, whichever occurs first.

READ OR REFRESH CYCLE
v le tRC
IH
ESY
ADDRESS v, f AKNEC[jHﬁANgEa?( ADDRESS STABLE
V|H t '—’JtOV H
PRECHARGEV, \
v Toc——=toum toov
CHIP H f - (50% Points)
ENABLE
ViL *t‘ t
READ/ VIH
WRITE viL ___/ et
DATA VoH /—ﬁ ____________________ \ DATA OUT
ouT , Vagr—" \NOT VALID
oL tacct DATA OUT
thces VALID
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S1103/S146/S1103-1/S1103X
1024X1 RANDOM ACCESS MEMORY

CIRCUIT DIAGRAM

Ao| P | Ao
LiL|H
L H[H
HlL] L
H | H| VALUE OF
PREVIOUS STATE
*°¢‘0R b_°4—OF( R
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H=HIGH VOLTAGE R " DD "
<R <R Voo pop |2 Voo R
T J_l‘;] 0P’
P F'O—‘L1 a —oW
_ v,
Ao b oR ss
e M HI [‘T HI ['T L Yo
oo [ hx< ] >t .
& P A2 1 [ VSSJ; VSSI Vssl_\/§’( VSS XIB
A o—ﬁo—ol-\_ R ) o R
TR : A A A A Ve
A,o—bwlt | I A_T:o__“ l I
X3 Ao T Xy
< Ay °
3 R :
Y Vss Vss ' Vs g
_ . -
Aso—?o—oAs ‘f*[ljﬂﬂl]r Wous '—1{ W 04[1 - Wo|
— I J;I»w[ I]HH
Aso >0 T
? ) | \ l z
A HMA—
? P ’ Yisy. 1[1 ~Vss [ rJ —CE
— oy e | —0 A
Aso—?o—oAs Voo ; v s
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Ay o bc oRy Yo (Lrt. 11 -Vgg 6 Ves 1o 3
S CE
¥ Vgs -
| o 1
I o l )
b s o 008
AAAAA, ——A, AsheAr ARy A AR

T
Lz, P

T VYss

i CEo>ooTE cso-ﬁowp
P = PRECHARGE CE|P |P
CE = CENABLE L |LIH
w = READ/WRITE L |H|H
LOGIC O = HIGH VOLTAGE (H) HlL L
LOGIC 1 = LOW VOLTAGE (L) H | H |[VALUE OF
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S1103/S146/S1103-1/S1103X
1024%x1 RANDOM ACCESS MEMORY

OPERATING, AC AND DC CHARACTERISTICS

OPERATING CHARACTERISTICS S1103 S146 S1103-1 S1103X UNITS

SYMBOL TEST DESCRIPTION

Ta Ambient Temperature 0 to 70 0 to 55 0to 55 0 to SS °C

Vpp Negative Supply 0 0 0 0 A\

Vgss Positive Supply (1) 16 £ 0.8 191 191 191 v

Vgp -Vgg  Substrate Supply (2) 35+0.5 3.5t0 0.5 3.5+0.5 35105 v

Cr Load Capacitance 100 100 50 50 pF

Ry Load Resistance (3) 100 100 100 100 Q

VREF Output Reference Voltage 40 80 80 80 mV

S1103 S146 $1103-1 S$1103X UNIT:

AC CHARACTERISTICS MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. s
READ, WRITE AND
READ/WRITE CYCLE

tREF Time between Refresh 2 2 2 2 ms
Cycles

taC Address to Chip Enable 115 65 30 30 ns
Setup Time

tcA Chip Enable to Address 10 10 10 10 ns
Hold Time

tpc Precharge to Chip 125 70 60 35 ns
Enable Delay

tovM Precharge and Chip 45 95 25 65 25 50 13 35 ns
Enable Overlap

tovH Precharge and Chip 140 85 85 85 ns
Enable Overlap

tcp Chip Enable to Precharge 85 50 40 40 ns
Delay
READ CYCLE

tRC Read Cycle (4, 5) 480 330 300 238 ns

tpov Precharge to end of 165 500 130 500 115 500 114 500 ns
Chip Enable

tpo Precharge to Output 120 100 75 65 ns
Delay

tACC1 Address to Output 300 205 150 120 ns
Access (4, 6)

taCC2 Precharge to Output 310 210 180 125 ns
Access (4,7)
WRITE OR READ/ MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. UNITS
WRITE CYCLE

twe Write Cycle (4, 8) 580 390 360 270 ns

tRWC Read/Write Cycle (4, 9) 580 390 360 270 ns

tpw Precharge to Write Delay 165 500 130 500 115 500 114 500 ns

twp Write Pulse Width 50 40 40 20 ns

tw Write Setup Time 80 40 40 20 ns

tpw Data Setup Time (10) 105 40 40 25 ns

tpH Data Hold Time (11) 10 10 10 10 ns

tpo Precharge to Output 120 100 75 60 65 ns
Delay

tp Time to Next Precharge 0 0 0 0 ns

tow Chip Enable to Write 15 15 15 15 ns




S1103/S146/S1103-1/S1103X
1024X1 RANDOM ACCESS MEMORY

AC CHARACTERISTICS (Cont’d)

TYP. MAX. UNITS CONDITIONS
CAPACITANCE (12)
CAD Address 5 7 pF VIN=Vss
Cpr Precharge 15 18 pF VIN = Vss
CCE Chip Enable 15 18 pF VIN = Vss
CRW Read/Write 12 15 pF VIN = Vss
CiN1 Data Input 5 7 pF Enable = Vpp, All Unused Pins @
VIN = Vss AC GND
CIN2 Data Input 3 5 pF Enable = Vgg, fo=1MHz; Vgg=
VIN = Vss 3.0v
Cout Data Output 3 4 pF Vour = VDp
S1103 $146/S1103-1/S1103X
DC CHARACTERISTICS MIN. MAX. MIN. MAX. | UNITS CONDITIONS
Ipx Input Leakage Current 1 1 MA VIN=VDD; All Unused
ILo Output Leakage Current 1 1 MA VouT=Vpp;Pins at Vgg
IgB Substrate Supply Current 100 100 MA
Ipp1 Supply Current During 56 75 mA Address Prechg=Vpp;
Tpc CE=Vgg Tp =25°C
IpD2 Supply Current During 59 80 mA Address=Prechg=CE=
Tov VDp; TA =25°C
IpD3 Supply Current During 11 13 mA Address=CE=Vpp;
TpovV Prechg=R/W=Vgg;
Ta =25C
IpD4 Supply Current During 4.2 N mA Address=Vpp;
Tcp Prechg=CE=R/W=Vgg;
Ta=25C
IDDAVG Average Supply 25 33 mA All Timing Parameters @
Min. Condition;T A=25°C
IoH Output High Current 500 4000 850 5000 MA Over Temperature Range
IoL Qutput Low Current 400 800 MA Over Temperature Range
ViL1 Input Low Voltage (14) VbD Vpp+1.8 A%)))) Vpptl v Over Temperature Range
(All Add/Data In)
ViL2 Input Low Voltage VpD Vpptl.3 VDD Vppt+l v Over Temperature Range
(Precharge, Ce, RW)
VIH Input High Voltage Vgs-1 Vss+l Vgs—-1 Vsst+l v Over Temperature Range
VoH Output High Voltage 50 400 85 500 mV Over Temperature Range
VoL Output Low Voltage 40 80 mV Over Temperature Range
NOTES:
1. Vggs current drain is equal to (Ipp + IoH) or (Ipp + IQL) 10. tpw is referenced to the 90% (negative) point of the
2. (VBB — Vss) supply should be applied before Vggs. rising edge of Chip Enable or Read/Write whichever
3. Rp, of 100 §2is chosen for convenience. In application,Ry, occurs first.
may range from 100 to 1000 £2. 11. tpy is referenced to the 10% (positive) point of the
4. tyis defined as the time between the 10% and 90% point tising edge of Chip Enable or Read/Write whichever
ot any voltige transf:ion 1~ 20nf ; 12 (;chlfl;;gl:istt:;nces are periodically sampled and not 100%
g :igatzct ACt g‘t]g\,Mt l:_()t}lo" -:%; 3 tested: Capacitance values are for either plastic or
7. tACC2 = tPC * tOVM * tPO * tT ceramic packages. .
8. twC = tpc * tovM * tpw * tw + top + 4t 13. This parameter is penf)dmally §ampled am.i is not 100% tested.
9. trwc = tpc+ tovM * tpw + tw + top + };T 14. 'V, Max. and Vg Min. are a linear function of Tp between

0°C to 70°C. Interim values may be calculated accordingly.
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S1103/S146/S1103-1/S1103X
1024 X 1 RANDOM ACCESS MEMORY

$1103 SYSTEMS ORGANIZATION

Figure 1 shows a 4096 x 9 bit self contained asynchronous
memory system. It communicates to the mainframe with three
control signals.

Cycle Request is a signal which is generated by the main-
frame demanding action by the memory.

Read/Write is also generated by the mainframe in associa-
tion with the request signal and indicates whether a read
or write operation is requested.

Ready is generated by the memory system in response to
the request signal issued by the mainframe. The memory
system goes busy (not ready) at the receipt of the request.
At the conclusion of the memory cycle, the ready line

again becomes true, and additional requests may be

accepted. The cycle length for a read cycle may be
made shorter than for a write cycle.

The mainframe also supplies addresses and data for writ-
ing and accepts data read from the memory.

The organization shown in Figure 1 uses common pre-
charge and read/write drivers. By decoding precharge as well
as cenable, the memory power consumption may be significant-
ly reduced. For a 4096 word memory, full decoding of pre-
charge can reduce DC power dissipation and clock driver losses

by a factor of about 3. However, the extra level-shift circuits
needed may offset some of these power savings. The decoding
of precharge also reduces the noise coupled to the sense lines.

Dynamic MOS storage requires periodic refreshing of
data. For the S1103, this refreshing may be accomplished by
cycling through the 32 possible states of address lines Ag—A4
in every 2 ms period.

To guarantee this condition for a random access memory,
special refresh cycles may be executed by the controller. For
a 600 ns cycle the refresh operation requires less than one
percent of available memory cycles.

To permit a memory with S1103 to interface with TTL
logic and provide this simple mode of operation, certain
peripheral circuits are required. These circuits are shown as
blocks in Figure 1.

Data Input Level-Shift. Converts data supplied for
writing at TTL levels to MOS levels. These circuits need
drive only the light capacitive load represented by four
(for this memory) data input leads.

Sense Amplifiers and Latches. These circuits convert
the currents read from the device to TTL levels and
provide storage for subsequent use by the computer.

With a system such as shown in Figure 1 a certain amount
of noise may be introduced by capacitive coupling of precharge,

$1103 MEMORY SYSTEM BLOCK DIAGRAM (4096, 9-BIT BYTES) - FIGURE 1

Ay ADDRESS INPUT
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$1103 SYSTEMS ORGANIZATION (Cont’d)

and cenable signals to the sense lines. This noise may be
reduced by running a dummy sense line in parallel and using a
differential input sense amplifier. The transitions are then
coupled equally into the sense line and the dummy line.

CONTROL CIRCUITS

The controller shown in Figure 2 is used to generate the
timing and refresh control signals for an S1103 memory. The
upper flip-flop (normal-cycle control flip-flop) acknowledges
requests for memory cycles by entering the busy state (Q out-
put a logic 1) the lower flip-flop (refresh cycle control flip-flop)
and single shot (multivibrator) perform refresh cycle control.
Any cycle executed with the lower flip-flop on is considered a
refresh cycle.

The multivibrator requests a refresh cycle every 60us.
Refresh cycles can only be initiated when the normal cycle
control flip-flop is in the ready state (Q output a logic 1).
Execution of either type of cycle is accomplished by sending
a signal down the delay line. The cycle timing signals are then
derived from taps along the delay line. To maintain suitable

BASIC TIMING GENERATOR FOR S1103 MEMORY - FIGURE 2

Address Latches and Clock Drivers. These circuits accept
and store the address. Clock drivers convert the TTL
levels to MOS levels, providing sufficient capability to
drive the capacitance represented by the full array of
devices.

delay to rise-time ratios, two delay lines with a buffer stage in
between them have been used. The signal from the buffer
stage which is fed back to the driving stage of the first delay
line establishes the minimum cycle length. The read/write
pulse timing signal is used to clear the flip-flops and allow the
start of another cycle.

The circuit provides immediate acknowledgement of a
normal cycle request. However, if the request occurs during
execution of a refresh cycle, the normal cycle flip-flop goes on
and remains on, thereby requesting a normal cycle immediately
upon completion of the refresh cycle. In this way refresh
cycles are invisible to the memory requestor except for the
effective increase in cycle time. A five stage refresh address
counter and a 5 bit wide multiplexer must be provided for
refresh address generation and switching.

CYCLE

REQUEST

+5V +5V

DELAY LINE

DELAY LINE

~ PRECHARGE

| TIMING (PCT)
) CENABLE

TIMING (CENT)
READ/WRITE
PULSE TIMING (WGT)

REF REF

TO REFRESH ADDRESS COUNTER
AND ADDRESS MULTIPLEXER

ED READ STROBE
TIMING (RDS)
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CENABLE DECODE CIRCUITS

Figure 3 shows a suggested circuit for controlling the
cenable circuits. Address bits 10 and 11 are decoded by the
left-most gates. This decoding is overridden when refresh is
true (REF is low). The CENT input supplies

CENABLE DECODE CIRCUIT - FIGURE 3

true (REF is low). The CENT input supplies timing for the
array. :

Similar decoders may also be used for decoding pre-
charge and read/write.

CENT

TO LEVEL
SHIFTER/CLOCK
DRIVERS

DRIVE AND SENSE CIRCUITS

Figure 4 shows a line receiver used as a sense amplifier
with strobing included. The 75108 has an open collector out-
put and hence is ideal for large systems where several modules
are tied to a common data bus.

BALANCED LINE SENSING - FIGURE 4

The sense line and the optional dummy line run parallel
through the array with only the sense line connected to the
device. This organization is used to minimize noise due to
capacitative coupling to the sense line. The voltage divider
consisting of a 2002 and an 18K resistor is used to establish
the logic 1/logic O detection level threshold.

Vg =+5V
18K
SENSE
LINE
DUMMY
- —
LINE
(OPTIONAL) \
20052

1/2 SN75107/SN75108

OUTPUT

STROBE
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Figure 5 shows how the devices in the memory array are The circuits shown in Figure 6 are examples of drivers
connected. For a 4K x 9 memory, the number of rows N is 9, which can be used when interfacing TTL to S1103 levels. The
and the number of columns is 5. In each row, data input leads driver shown in Figure 6A can be used to drive address and
are connected in common. Similarly, data output leads in each data lines. A more rugged driver is shown in Figure 6B and
row are connected. In each column, cenable leads are can be used to drive address and data lines in very large arrays.
connected. Unless precharge and read/write decoding is used, An inexpensive driver for precharge, cenable and read/write is
the remaining terminals are bussed so that corresponding pins shown in Figure 6C.

of all packages are connected.

S1103 MEMORY EXPANSION - FIGURE 5

R/W | [CENABLE R/W||CENABLE R/W||CENABLE R/W|| CENABLE
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INTERFACE CIRCUITS — TYPICAL OUTPUT CHARACTERISTICS (25°C)

Driver (@) Driver  (® Driver ©
Low Voltage (V1)
No Load 0.25vV ~0V 0.04Vv
Sinking 3 - mA — +0.97V 0.14V
High Voltage (Vop)
No load Vgg t0.65V Vgg+ 0.01V Vgg £ 0.01V
Source - 3 mA - VSS -0.05V VSS -0.12vV
Sink x 0.5 mA - Vgg+0.010 Vgg + 0.450
Rise Time (tR)(Z)
10pF 25 ns 25 ns 10 ns
SOpF 90 ns 25ns 15 ns
100pF — 25 ns 20 ns
200pF - 25 ns 25 ns
470pF - 40 ns 50 ns
Fall Time (tF)(z)
10pF 12 ns 6 ns 6 ns
50pF 20 ns 8 ns 9 ns
100pF - 10 ns 12 ns
200pF ' - 14 ns 20 ns
470pF - 24 ns 35ns
NOTES:
1. This voltage level is a function of transistor reverse gain. ‘A diode clamp to Vgg is recommended.
2. These values are measured between the 10% and 90% points.

The address bits in excess of the first ten are decoded and

drive cenable for each column. This decoded cenable signal permits substitution of the refresh address for the address in
acts as a column select within the memory array. Block the latches during refresh cycles. Only five bits are required.
drivers are required for these signals also. The multiplexer The cenable decoding is also overridden during refresh cycles.
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POWER DISSIPATION CONSIDERATIONS -
To estimate power consumption of an $1103 memory, three sources of dissipation must be considered:

L] Memory DC Power. Memory DC power is approximately given by the product of the number of packages selected at
one time, times the sum of the power dissipated during each portion of the cycle, added to the power dissipated by the
unselected packages. For a 4K x 9 memory with precharge decoding the DC memory power is as follows:

9 Devices x [0.056 x 0.3 + 0.059 x 0.095 + 0.011 x 0.385 + 0.004 x 0.22] x 1678 +27x0.004 x 16.8 ~ 6.0W
N~ S N~ N~ V. e —— N ———

Precharge Overlap Cenable Cenable to Next Unselected Devices
(tpe) (tOVL) (tpoy) Precharge (t-p)

L] Clock Power. Clock power is associated with current drawn from the power supplies to charge precharge, cenable, read/
write, and address line capacitances. The worst case may be found by taking the product of memory frequency times
total effective capacitance times the square of the clock drive voltage supply. For decoded precharge, read/write and
cenable capacitances times the number of devices driven.

For a 4K x 9 memory with precharge decoding:

Cgr = 10 Address Lines x 7 pF x 36 Devices + ~ 60 pF x 9 Devices = 3000 pF

Worst case power = 10° x 3000 x 102 x 16.82= 1.5W

L Level Shift Power. Worst case is derived from the total number of level shifters times maximum dissipation per level
shifter. For the level shifter shown with 47082 load resistor and 17V supply, dissipation is approximately 0.6W. The
4K x 9 array required 31 circuits. Worst case power would be about 18.5W.

These power dissipation figures may be higher' than actually observed for the following reasons:

L] Not all level shifters will operate at maximum dissipation. The four used for precharge will typically dissipate only
40 — 60% of the maximum value. The four used for read/write have very low duty cycles. Address and data level
shifters dissipate the maximum values only for certain conditions.

. Capacitive charging dissipation may also be less than the computed values if few address bits change.

®  When level shifters are added for precharge decoding, the duty cycle is reduced in proportion to the number of drivers
added.

Precharge duty cycle should be a minimum to reduce the power dissipation.
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LOW POWER DATA RETENTION

Low power data retention mode is an operating mode
for a dynamic MOS memory in which power consumption is
reduced to the minimum value possible while still maintaining
data in the memory. For most dynamic MOS memories the
power consumption level in this mode is in the range of from
1 to 10W per million bits. These low power levels make it
possible to maintain the data within the memory with small

-battery packs. Many of the problems associated with the
normal volatility of semiconductor memory systems can be
eliminated using this mode of operation.

In the low power data retention mode of an S1103, the

memory is operated such that only refresh cycles are executed.

Power dissipation in the memory array is then reduced to a
minimum value. To ensure low power dissipation elsewhere in
the memory system, it is usually most desirable to execute the
refresh cycles in bursts of 32 every 2 ms, which eliminates the
need for retaining information about which locations were
refreshed and which were not. The entire memory is refreshed
every 2 ms.

The S1103 has a potential current flow form VS to Vpp
during the period between refresh bursts. However, this
current can be minimized by ensuring that address line A4 is
low (VIL) during the last cycle of the refresh burst, then
returns high (VIH) after the last cycle.

A typical implementation of low power data retention
uses a time-out circuit which establishes when 2 ms have

elapsed. Power is then switched on to the TTL controller and
the memory is forced into burst (i.e.; burst of 32 refresh cycles)
refresh mode. Upon completion of the burst of refresh cycles,
controller power is shut off and the time-out circuit reset. This
sequence is repeated until main system power is applied. Then
upon completion of the burst of refresh cycles, the memory
switches to the normal operating mode. Three power supplies
must always be present: VBB, VSS and a supply for use by
the TTL logic in the controller. The TTL logic supply is
switched on to the control logic only during the execution of
refresh bursts or during normal operation. The VBB and Vsg§
supplies must be maintained at the memory array at all times.
The memory array draws significant current from the Vg
supply only during the execution of memory cycles. To mini-
mize power consumption in the system, level shifters should be
designed such that with the VSS supply maintained on the
level shifters, and the TTL controller supply off, the level
shifter output is at + V§§ with no (or insignificant) power
drawn from the Vgg or VBB supplies.

The power supplies for a memory with low power data
retention mode are usually backed up by some form of storage
battery. For the best results, the batteries are located on the
unregulated side of the power supply regulators. During
normal operation of the system, the batteries are trickle charged.
Whenever the unregulated voltage falls below the battery
voltage, the batteries deliver current. The voltages to the
memory experience no switching transients, and proper regula-
tion of all memory voltages is maintained. -
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TEMPERATURE (°C)
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Vgg = Vss +3.0V
33% DUTY CYCLE
ON PRECHARGE

CONDITIONS: Ta = 25°C, Vg = Vss + 3V
Vss = Vpp + 16.8V(51103)
Vss = Vpp +20.0V-(S146/51103-1)
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AMI

AMERICAN MICROSYSTEMS., INC.

ADVANCED PRODUCT DESCRIPTION

A w
A 1R
A;‘— ADDRESS i e A, O 18[] READ/WRITE
Aa DECODE 32w ARRAY A, O 2 17 Vgs
A 32R A, O3 16[7] CENABLE
A O 4 151 A,
ne [ s 14[ DATAOUT
A, [ 6 130 A
A, O 7 12[] DATAIN
A, O 8 13 Vpp
1|——|32y1-y-32 A O 1081 oy
CEN REFRESH <_D'"
AMPLIFIERS
% Dour
065
e s le 300 = - 8END
mr ‘
_';i,L /
v .
R/W . oll.010 TYP)
e I FRRPC- oA L
PRECHARGE o— Tve 026 TP 157 MAX
Logic 0 = High Voltage T 1 1 1 ?
Logic 1 = Low Voltage As As Ar As Ao
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
(Available in Pkgs. 2P, 1P - see Sec. 1)
FEATURES
Fast access time, 205/145/145 ns ° Low standby power dissipation — 0.2 uW/bit
Performance options subject to power typical
supply levels L] Address registers incorporated on the chip
. L] Simple memory expansion — cenable
o Fast cycle time 580/340/400 ns input lead
No precharge required — critical precharge L] Inputs protected against static charge
timing is eliminated [ Refresh period, 2 ms @ 0 to 70°C

FUNCTIONAL DESCRIPTION

The AMI S1103A family of random access memories are
designed for applications where high performance, low cost and
large bit storage are desired, such as main memories. It is a
1024 word by 1 bit array fabricated with low threshold, silicon
gate technology. This high density process technology allows
the design and production of extremely high performance
memory devices.

S1103A systems may be simplified due to the elimina-
tion of the precharge clock, its associated circuitry, and critical

timing. Only one external clock, CENABLE, is required.

Information stored in the memory is non destructively
read. Refreshing of all 1024 bits is accomplished in 32 read
cycles (addressing Ag to Ay4) and is required every 2 milli-
seconds. The memory may be used in a low power standby
mode by having cenable at Vgg potential.

TYPICAL APPLICATIONS

Mainframe Memories, Cache Memories, Buffer Memories,
Minicomputer Memories, Mass Memories, Terminals:
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WRITE CYCLE OR READ/WRITE CYCLE

Timing illustrated for minimum cycle.

twey OR tawc
v, | tac
H
@
ADDRESS @ ADDRESS STABLE ADDRESS CAN CHANGE j :?B;EESS
Vie :
— tac |[@— [ tw— tec
|ty ——=|
Vin
CENABLE \
Vie
twe +| |-
t [ twp —|
Vin
READ/WRITE \ /
[pe—
[ oy 13— | |,
VIN
DATA IN DATA CAN CHANGE X DATA CAN CHANGE
Vie
¢
Vou et —————
[y J— N,
Bout Vaer ’\ Doyt NOT VALID \\
Vo emm—
— |+— Bour VALID
tacc
the
Vi
" ®
ADDRESS ; ADDRESS STABLE ADDRESS CAN CHANGE e
A\ —
! tac |- > tac |
|—— tay —>| tee
Vin
CENABLE \ N\
ie
twe vb] P
tev
Vin
READWRITE /
[ p—
[ tco
Vou = =\
/ \, ~
Bour Vaer \ \\
Vo, s
E | [+ Dour VALID
acc
NOTES:
(1) 90% Point
. tt is defined as ransiti he: i
10% Point, T isd the transition between these two points

3. tpw is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first.
4 tpH is referenced to point 2 of the rising edge of cenable or Read/Write, whichever occurs first.
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OPERATING, AC AND DC CHARACTERISTICS

OPERATING CHARACTERISTICS S1103A S1103A -1 S1103A -2 UNITS
SYMBOL TEST DESCRIPTION
T, Ambient Temperature 0to 70 0to5s 0to 55 °c
VDD Negative Supply 0 0 1] \%
Vss Positive Supply (8) 16 £0.8 191 191 \%
VpB — Vss Substrate Supply (9) 3.5%0.5 3.5%0.5 3.5%0.5 v
cL Load Capacitance 100 50 50 pF
RL Load Resistance (10) 100 100 100 Q
VREF Output Reference Voltage 40 80 80 mV
S1103A S1103A —1 S1103A —2
AC CHARACTERISTICS MIN MAX MIN MAX MIN MAX UNITS
READ, WRITE AND READ/WRITE CYCLE
tREF Time between Refresh Cycles 2 1 1 ms
tac Address to Chip Enable Setup
Time 0 0 0 ns

tAH Address Hold Time 100 50 50 ns
tce Cenable Off Time 230 120 180 ns
READ CYCLE
trRC (5) Read Cycle 480 300 360 ns
tcv Cenable on time 210 500 140 500 140 500 ns
tco Cenable Output Delay 185 125 125 ns
tacc (6) Address to Output Access 205 145 145 ns
WRITE OR READ/WRITE CYCLE
twey (1) Write Cycle 580 340 400 ns
tRWC (7) Read/Write Cycle 580 340 400 ns
tew Cenable to Read/Write Delay 210 500 140 500 140 500 ns
twp Read/Write Pulse Width 50 20 20 ns
tw Read/Write Setup Time 80 20 20 ns
tbw Data Setup Time 105 40 40 ns
tDH Data Hold Time 10 10 10 ns
fco Output Delay 185 125 125 ns
twe Read/Write to Cenable 0 0 0

NOTES:

5. trc=tcy ttcc+t2tr

6. tacc=tac ttco t i1

7. twcy “tRwC “tcw ttw ttcc + 3 tT

8. Vgg current drain is equal to (Ipp + lgK) or (ipp + o)

9. (Vg - Vgg) supply should be applied before Vgs.

10. R of 100?_2 is chosen for convenience. In application, R|_ may range from 100 to 1000 Q.
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AC CHARACTERISTICS (Cont’d)

PLASTIC CERAMIC
) TYP MAX MAX UNIT CONDITIONS
CAPACITANCE (12
CAD Address 5 7 12 pF VIN = Vss
CCE Chip Enable 22 25 28 pF VIN = Vss
Crw Read/Write 11 15 20 pF Vin = Vss
CIN1 Data Input 4 S 8 pF Cenable = 0V All Unused Pins
VIN = Vss @ AC GND
CIN2 Data Input 2 4 7 pF  Cenable=Vgg, \ fo=1MHz; V=
Cout Data Output 2 3 7 pF  VIN=Vss 3.0V, Tp = 25°C
Vour =0V
S1103A S1103A — 1/-2
DC CHARACTERISTICS MIN MAX MIN MAX UNIT CONDITIONS
Ipx Input Leakage Current 1 10 MA ViN=0V
(All Input Pins)
Lo Output Leakage Current 1 10 HA VouT = 0V
IgB Substrate Supply Current 100 100 MA
IpDp1 Supply Current During
Cenable On 11 11 mA Cenable = 0V,
Tpo=25C
IDD2 Supply Current During Cenable = Vgg,
Cenable Off 4 0.5 mA Tp=25°C
]DD AVG Average Supply Current 25 33 mA Cycle Tilne = 580ns
Tpa=25C
ViL Input Low Voltage Vpp-1 Vpp*! | VDp-1 Vpp+1 v
v i - -
H Input High Voltage VSs 1 VSS+ 1 Vgs -1 Vgg+1 v .
IoH1 Output High Current. 600 4000 | 1150 7000 MA Ta=25C
loH2 Output High Current 500 4000 900 7000 MA Tp = R (10) =
Ior Output Low Current See Note 4 See Note 4 Max Temp 1;“0 Q
VOH1 Output High Voltage 60 400 115 700 mV TA = 25°C
VOH2 Output High Voltage 50 400 90 700 mV Tp =
VOL Output Low Voltage See Note 4 See Note 4 Max Temp
NOTES:

11.1g = leakage current of the 1103A plus external noise coupled with the output line from the clocks. VoL = loL across the

load resistor.

12. All capacitances are periodically sampled at worst case operating conditions and are not 100% tested.
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$4006
$4008
$4008-9

1024X1 DYNAMIC
MOS RANDOM ACCESS MEMORY

Vss Voo I S A o 0 [ <
P ¢ P e e e e o 20 Hs <
[ DFCODFR DRIVTR ] rw 5[0 mETRIEA
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Dy ot— BUFFER -] COLUMN REFRESH AMPLIFIERS |-BUFFER|-> Doyt Ry o] I ETRN
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R/W  o4—#{ BUFFER
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@ CELL MATRIX
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s =) € ' !
R, § 2 1024 BITS .
il 20 \
R a (MAX) N
s » 15° \\\\4’
y max) U W
L.090 .010
(MIN) (NOM)
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
Available in Pkg. 2H, 4H — see Sec. 1
g
FEATURES
[ Pin Compatible with 2102 Static 1K RAM L] 16 Pin DIP — High Packing Density
(] Fast Access Time — 400/500/800 nsec. max. . Static Internal Decoding and Sensing
L] No Clocks Required [ TTL Compatible Inputs
L] Low Standby Power — 50 mw typ. [ Pin-for-Pin Replacement —
L] Supply Voltage —+ 5V and — 12V Mostek’s MK4006 Family

FUNCTIONAL DESCRIPTION

The S4006, S4008 and S4008-9 are a family of MOS dynamic

1024 x 1 random access memories designed to meet a wide

variety of memory applications where performance, low cost,
large bit storage, and simple interfacing are important design

objectives. These memories are fully decoded internally.
Information is read out nondestructively (NDRO) and has the

same polarity as the input data.

All inputs are TTL compatible allowing the design of both
small and large main-memory systems economically. No
special interface circuitry is needed. The standard 16 pin dual-
in-line package and low standby power dissipation make the
S4006 family desirable for applications where packing density

and low power consumption are critical.

Periodically the capacitor storage elements must be refreshed
by cycling through all 32 Row addresses (R; — Rs) (TIMING
CHARACTERISTICS). Since no other clocking is necessary,
the S4006 family can be treated like a static RAM except dur-
ing the refresh cycle. In use, all memory controlling, address-
ing and sensing functions are static. These devices produce
negligible power supply current transients, therefore, standard
TTL noise suppression techniques are sufficient. With input
capacitances of less than 10 pF coupled with low input volt-
age swings, the need for high peak current driving circuitry is
totally eliminated.
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1024X1 DYNAMIC MOS RANDOM ACCESS MEMORY
]

FUNCTIONAL DESCRIPTION (Con’t.)

The memory provides a data output that is single-ended to

minimize interface circuitry and simplify memory expansion.

Output current is sourced from Vgg (+5V), and readily sensed
by using available components. A low logic level output
appears as an open circuit and a high logic level source current
through a 5000 Ohm resistor to +5V.

the same chip. By replacing conventional MOS load resistors
with near constant current depletion load transistors, an 12
memory can have faster access times, higher density and lower
power dissipation than competitive non-12 memory devices.

TYPICAL APPLICATIONS

L] 2102 Replacement at a Lower Cost
Ion-implantation processing assures the performance of these ®  Video Terminal Refresh Memories
devices. The AMI 12 TM process makes possible the low ®  Peripheral Equipment Memory Storage
threshold voltages and in combination with P-channel metal ® Programmable Calculator Memories
gate processing allows both enhancement (normally OFF) and ®  Data Entry Systems
depletion (normally ON) MOS transistors to be combined on [ Buffer Memory
ABSOLUTE MAXIMUM RATINGS
Voltage on any pin relative to Vg +0.3 to - 20V
Operating Temperature . 0°C to + 70°C
Storage Temperature . —55°C to+150°C
D. C. OPERATING CHARACTERISTICS
- © o - -
TA~0 Cto 70 C,VSS—+5Vi5%,VDD =-12V+5%
$4006 $4008 $4008-9
SYMBOL | PARAMETER MIN MAX MIN MAX MIN MAX UNITS TEST CONDITIONS
Iss & Supply Cugrent Output Open
IpD AtTA=0C 32 32 32 mA
At Tp =70°C 27 27 27 mA
Ponpy Standby Power 50 50 — mW Vpp = *0.95V
Note 1
I Input Current, -5 +5 -5 +5 -5 +5 HA Vi = Ve = 1.5V
H HIGH Level IN- 7SS
Any Input
IIL Input Current -5 +5 -5 +5 -5 +5 MA VIN =0.8V
LOW Level
Any Input
Ion Output Current, 1.0 0.8 0.6 mA Note 2
HIGH Level
IOL Output Current, 5 5 5 MA Note 2
LOW Level
VIL Input Voltage +0.8 +0.8 +0.8 \'%
LOW Level
V. Input Voltage Voo-1.5 Veo-1.5 Veo-1.5] v
H HIGH Level 55 ss ss




$4006/54008/S4008-9
1024x1 DYNAMIC MOS RANDOM ACCESS MEMORY

A. C. OPERATING CHARACTERISTICS

- Nn° O - =
T, =0Cto70 C,VSS—+5Vi5%,VDD——12VtS%

$4006 54008 S4008-9
SYMBOL | PARAMETER Min Max Min Max Min Max | UNITS TEST CONDITIONS
tace Access Time 400 500 800 | ns Note 4 and Figure 6
tRe Read Cycle Time 400 500 800 ns
twe Write Cycle Time 650 900 1000 ns
twp Write Pulse Width 250 400 450 ns
t AW Address to Write Delay 400 500 550 ns
thLD Data to Write 300 400 500 ns
Set-Up Time
tbH Data to Write 0 0 0 ns
Hold Time
tRDLY Refresh Time 2 2 1 ms Note 3
tcopp Chip — Disable — to — | 200 200 ns
Power—Down Delay
tCE Chip Enable Time 350 450 750 ns Note 4
tep Chip Disable Time 350 450 750 ns
Cin Input Capacitance 5 5 5 pF T,=25°C
Vin=Vss
Cour Output Capacitance 10 10 10 pF T,=25°C
Vour=Vss —5V
Cpp Vpp Capacitance 75 75 75 pF T, =25C
GND To -12V

NOTES:

(1)  Applies to S4006L and S4008L only
(2)  Steady state values with RL =200
3) tRDLY is the time between refresh cycles for a given row address

“) See the access time measurement
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S4006/S4008/S4008-9
1024X1 DYNAMIC MOS RANDOM ACCESS MEMORY

TIMING CHARACTERISTICS
READ OPERATION . — <50ns
Ch
Enal:ll)e \|<_
R/W

———— tRC
Address >0
: l«— facc i
Data
Output

Figure 1 Read Cycle

With the Read/Write input HIGH and Chip Enable input LOW, the stored logic level appears at the output directly following the application of an
address. The output data will remain valid until the next refresh operation. As soon as the output data is valid, the address can be changed. If period-
ically the memory is completely refreshed, any address can be applied repetitively without degrading the stored data.

WRITE OPERATION
Chi —» Iq,_ <50 ns
Enatlyil’e N

le—— WCc —»

i 777777777
RIW — taw —le—twp >
— d R

T oo
Du ~A——

Figure 2 Write Cycle

With the Read/Write input LOW and the Chip Enable input LOW, data present at the data input will be stored in the addressed bit location. New
addresses and data can be written following the return of the Read/Write input to a HIGH level. Valid data will appear at the data output within one
read access time interval following the rising edge of the write pulse, if a read after write operation is desired. A read-modify-write operation is per-
formed by delaying the write pulse until the address bit location has been read.

REFRESH OPERATION

—» <« S50ns
Chip
Enable S

> twe

. /o

RIW " ~ L

Figure 3 Refresh Operation

The capacitive storage cells of the S4006 family will not store data indefinitely. Periodically (see Refresh Time specification) the stored data must be
written back into each storage cell. This refresh operation is done during both the Write and Refresh cycles. If all 32 Row addresses (R1 — RS5) are
continually addressed during normal write operations in less than the Refresh Time requirement, no refresh operation is necessary. However, if this
normal write operation refresh does not occur, a separate refresh operation is also available.

The refresh and write operations are identical except that the Chip Enable is held HIGH disabling the chip while pulsing the Read/Write input and
cycling through the 32 Row address.

Disabling the chip removes data from the output and prevents data at the data input from being written into the memory. The total time to entirely
refresh the memory is 32 times the Write Cycle Time. This is 32usec for the 4008-9.
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54006/S4008/S4008-9
1024X1 DYNAMIC MOS RANDOM ACCESS MEMORY

TIMING CHARACTERISTICS (CONT.)

STANDBY MODE to
o _’, DPDt_— <tRpLY — >0.
CHIP L L5y
ENABLE _ _j¢ 1.5 27 .
"’{‘ v Vgg (+5V)
5 § <+0.95v
t 50ns_>/F— te 50 ns—S=IN_ [—
r f
v -11.4V Vpp (-12V) N -114V
DD —»]| le—=20ns
RIW 1.5V A 77
< POWER DOWN PERIOD >
Figure 4 Standby Mode

By lowering the Vpp supply voltage to system ground (Vgs —5V), power dissipation can be reduced to about 50 mW without loss of stored data. The
VDD supply should be returned to —12V and a refresh operation initiated, if the standby mode is maintained as long as 2 ms. Following the return of

VDD to— 12V, read or write operations may commence. tACC and tAW for the first bit after power up are 100 nsec longer than in normal operation.
Add “L” to the model number when ordering this feature, i.e., S4006L, S4008L. Option not available in the S4008-9.

CHIP ENABLE

CHIP le—— tcg —»
ENABLE ———__
DATA —_——
OUTPUT =--- .
CHIP +«— o — .
ENABLE — 1"
DATA

- —-—_-—_-=C ~— .
OUTPUT

Figure 5 Chip Enabling Mode

A LOW logic level on the CE enables the chip. Output data becomes valid within tcg time. Return of the CE input to logic HIGH disables the chip;
data remains for tep time.

ACCESS TIME
MEASUREMENT Vot o
200X IOH
90% ERSRPE. W
| D.
! Dour
| u.
1
R | - 100 pF Ry
10% |ecc—— e I =200
200X lOL ' i e (1) All Inputs —0.8V toVSS -1.
igvgkﬁss tacc: -+ t —> TVE = @ =t <20ns
- (3) All times are referenced to
Figure 6 Access Time Measurements g:: (1505;’“1; ‘{:i;::‘gﬁ:;:?:

@) t; =200 ns

Figure 6 — Illustrates the measurement of access time after application of new address.
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$6605
S6605A

'$6605B

4096x1 RANDOM ACCESS MEMORY

- AMI

AMERICAN MICROSYSTEMS, INC.

ADVANCED PRODUCT DESCRIPTION

Y-DECODER AND ADD. BUFFER

T T TT]

As A Ay Ay Ao A

() MEANSINTERNALLY GENERATED SIGNALS

*NOTE: THE FUNCTION OF THE PRESET SIGNAL IS TO RESET THE DATA CONTROL REGISTER TO A KNOWN STATE.

IN NORMAL OPERATION, THIS PIN MUST BE GROUNDED.

BLOCK DIAGRAM

Vss Voo Ves & Rw v o P ‘oo
l l L [30] A3 2 21 g A
#2) ook ce PRESET 43 2053 A
W- GEN @3 GEN'S om0 =S
L w t Al s 18 As
Ag —» CHIP ENABLE [ 6 17/ A
At~ X-DECODER [ T:SI«A nrglse DATAOUT 7 16 As
D. . -
A —f A:&ﬁ:n i 32X 128 ARRAY con | con. © s by == éiw
fa REG. | REG. VI = ) 14/
A =1 [E] =™
——————————————— i | Vee 1 127 Vss

w)
DATA INPUT

Vee le—— 1100 400
wax) NOM)

TTL i |

PIN/PACKAGE CONFIGURATION
(Available in Pkgs. 2C, 1C - see Sec. 1)

FEATURES

L] Fast Access Time 210 — 300 — 600 ns L] Output — 3 State TTL

L] Fast Read Cycle Time 370 — 470 — 900 ns L Easy Refresh — Only 32 Cycles every 2.0 ms

o Fast Read/Write Cycle Time — [ Address and data input latches on Chip

490 — 590 — 1100 ns ° TTL compatible Inputs except

®  Low Power Dissipation Chip Enable Clock
Active 335 mW Typ. . Simple Memory Expansion — Chip Select
Standby with Refresh 4 mW Typ. ° 22 Pin Dual In-Line Package

FUNCTIONAL DESCRIPTION swings result in a system with low noise and easy interface.

The AMI S6605 series of dynamic read/write memories
are designed for applications where high performance, low cost
and large bit storage are desired in mainframe, add-on, and
‘buffer memories and peripheral storage. The S6605 is a 4096
word by 1 bit array fabricated with selective oxidation N-
Channel silicon gate technology. All decoding is done on the
chip using ratioless techniques.

All addresses and control inputs are TTL/DTL compat-
ible except for a single high voltage chip enable (CE) clock.

The single + 12 volt CE clock lowers system cost. Low voltage
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For standard interface, the S6605 provides a three state
TTL output. The information read-out is nondestructive
(NDRO). Refresh of the entire memory is accomplished by
sequentially cycling each of the 32 row addresses (AQ - A4)
every 2 ms.

TYPICAL APPLICATIONS
o Main Frame Memory L]

. Buffer Memory .
L] Add-on Memory

Peripheral Storage
Terminals, etc.




5 S —
S6605/S6605A/S6605B

4096 X1 RANDOM ACCESS MEMORY

D EEEEREEREREREREREREREREREREREREREREREREREREEEEEEE e ———————————————————————————————————————

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin Operating Temperature Range: 0°C to + 70°C
relative to substrate: -0.3Vto+20V Storage Temperature: -65° to+150°C

COMMENT:

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

D. C. AND OPERATING CHARACTERISTICS

Ta = 0° to 70°C, VDD = + 12V * 5%, Ve = +°5V + 10%
VBB = - 5V + 5%, V§s = OV, unless otherwise noted.

LIMIT
SYMBOL PARAMETERS MIN TYP MAX UNIT TEST CONDITIONS
VCEH Chip Enable, CE, High Level Vpp-1 Vpp+1 v
VCEL Chip Enable, CE, Low Level - 1.0 0.8 \Y
Vig* Addresses, CS, R/W, Data Input
) and Preset High Levels 3.0 Vpp +1.0 v @1ty = 20 ns
ViL Addresses, CS, R/W, Data Input
and Preset Low Levels -1.0 0.8 \4
VOH Output High Level 24 Vce v At 100 MA Current Sourcing
VoL Output Low Level Vss 0.45 \4 At 2.0 mA Current Sinking
IL Input to Substrate Leakage VIN =0V to Vpp + 1 Volt
Current (All inputs except CE) .01 10 MA VpD = 12.6 with respect to Vgg
Icpp CE Leakage Current .01 20 LA CE=Vepy
IoL Output to Substrate Leakage CS=ViH
Current -01 10 A VOuT = 0.45V to Vc¢
IppL Leakage Current Vpypy to VSS’
Inactive Mode 1 50 UA CE=Vgp,
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S6605/S6605A/S6605B
4096X1 RANDOM ACCESS MEMORY

D. C. AND OPERATING CHARACTERISTICS (Cont’d)

LIMIT
SYMBOL PARAMETERS MIN TYP MAX | UNIT TEST CONDITIONS
ICC A Average VSS current when CS is
Low, Active Mode 0.1 1.0 mA
Average Viyn to V. = Mi
1 DD SS T = Min. R/W Cycle
DDA Current, Active Mode 28 36 mA cxe i
IBB A VBB Supply Current, Active
Mode 1.0 100 UA
lDDS VDD Supply Current Flow to
Vgg when CE is Low, 1.0 500 MA
Standby Mode with Refresh
Iecs Vee to Vgg Current_\i/_hen CE=Vipy
either CE is Low or CS .01 10 MA _—
J— * CS= VIH
is High
[BBS VBB Supply Current, Standby 1.0 20 MA
Mode with Refresh
*NOTE: For S6605B VIH = 3.5 MIN.
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.)
OPERATING MODES
CONTROL STATES
MODE RIW cs OUTPUT
Active (CE = High)
Read Only H L Valid
Read/Write H-L L Valid
Write Only L L Valid
Read Refresh H-L L—>H Valid —>Floating
Refresh Only L H Floating
Chip Disabled H H Floating
(Unselected)
Standby (CE = Low) X X Floating
X = Don’t Care




S6605/S6605A/S6605B
4096 X1 RANDOM ACCESS MEMORY

AC AND OPERATING CHARACTERISTICS
T =0° to 70°C, Vppy =+ 12V £ 5%, Voo = 5V £ 10%
VBB =-5V+ 5%, VSS = OV, VCEH = VDD 1V

TTL OUTPUT VERSION
DEVICES

SYMBOL PARAMETERS 56605 S6605A | S6605B | UNITS
TACC ACCESS TIME 210 300 600 nsec
TCYCLE CYCLE TIMES | READ ONLY CYCLE 370 470 900 nsec
READ/WRITE CYCLE 490 590 1100 nsec
WRITE OR REFRESH CYCLE 490 590 1100 nsec
READ REFRESH CYCLE 530 670 1200 nsec
TCE CHIP ENABLE | READ ONLY CYCLE 210 310 610 nsec
PULSE READ WRITE CYCLE 330 430 810 nsec
WIDTH WRITE OR REFRESH CYCLE 330 430 810 nsec
READ REFRESH CYCLE 370 510 910 nsec
Tco CHIP ENABLE TO OUTPUT TIME 190 280 580 nsec
Tw WRITE PULSE WIDTH 160 210 300 nsec
TsB CHIP ENABLE OFF TIME 120 120 250 nsec

NOTE: The numbers shown for Access Times are Maximum Values.
The numbers shown for Cycle Times, TCE, TcO, Tw and Tgp are Minimum values.
All timings with tT = 20 nsec
Output Load = 1 TTL Gate and 50 pF (effective).

TABLE 2
SYMBOL | PARAMETER MIN MAX UNIT
tas Address Set Up Time 0 - nsec
tAH Address Hold Time 60 - nsec
tr CE Pulse Transition Time 20 100 nsec
tcsp Chip Select (CS) Delay Time - 70 nsec
tcsH CS Hold Time 0 - nsec
tRWD Read Write (R/W) Delay Time - 70 nsec
tRWH R/W Hold Time 0 - nsec
tRWR R/W Release Time Min tcg | 2000 nsec
tps Data Set-Up Time 0 - nsec
tDH Data Hold Time 0 nsec
twp CS to Write Pulse Delay 0 nsec
tREF Time Between Refresh - 2 msec
trRe R/W to Chip Enable Delay 0 nsec
CAPACITANCE
SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
ClN Input Capacitance
(An, DIN’ R/W, CS) - 4.0 5.0 pF Measured at VBB =-5V
CCE Chip Enable Capacitance - 25 30 pF Note: These parmeters are
periodically sampled and are not
COUT Output Capacitance - 4.0 5.0 pF 100% tested. They are measured at
worst case operating conditions.




S6605/S6605A/S6605B
4096x1 RANDOM ACCESS MEMORY

OPERATION

Device operation can be understood by referring to logic
diagram of Figure 1. The device has an internal timing
generator which produces three pulses: ¢1, ¢2, and ¢3. Pulse
¢1 is for preconditioning the internal nodes; pulse ¢2 is for
reading data, and pulse ¢3 initiates the refresh activity. Under
the supervision of control signals CS, and Read/Write, $3 also
triggers a write pulse (W) which enables the write operation.

The S6605 series of dynamic random access memories
use the three-transistor memory cell. When chip enable (CE) is
low, all dynamic nodes and bit lines (columns) are precondi-
tioned. Input addresses must be stable before CE goes positive.
At the positive going edge of CE, the addresses are sampled, and
internally controlled delay is initiated. At the end of this
delay, the selected address decoders are set up, and a read
pulse is generated. The X-decoders select one of 32 rows, and
the Y-decoders select one of 128 columns. If a “one” is
stored in the memory cell, the associated bit line is discharged
to a “Zero”; if a “Zero” is stored, the associated bit line
remains charged at a “One”. The stored information is there-
fore transferred from the cell to the bit line in inverted form,
and will be sensed by the output buffer. When a write pulse
occurs, the storage cell of the selected cell is forced to take the
bit line voltage established by the input buffer. The state of
the other bit lines are transferred to storage nodes of the select-

OPERATION MODES AND INTERNAL CIRCUIT ACTIVITIES
(Full Operating Voltage and Temperature Unless Otherwise Noted)

ed row. Thus, the stored data is refreshed in inverted form.
Thirty two control cells provide information as to whether the
row is in non-inverted or inverted form.

A pin PRESET is provided for initialization of the control
cells to a logic zero. One 200 nsec, 12V pulse will set all 32
cells to a logic zero. In system use, this good logic level will
come naturally after the first few refresh cycles. For a system
«iagnosis Preset input signal provides a known state for the
storage node. For normal operation, however, this pin must be
held at a logic zero level.

The write pulse can be disabled by the read-write control
(R/W) making the read-only cycle possible. The availability of
the read-only cycle possible. The availability of the read-only
cycle can improve system speed, because it requires a shorter
cycle time.

The TTL output version provides data comparison and a
three state output buffer on chip. Signals from both the data
control cell and the selected memory cell are compared and
provide correct data to the output buffer. The output is
disabled (floating) when either CE is low or CS is high. Output
data is inverted with respect to data input.

When CE is low, power dissipation of the device is mini-
mized. In this condition, the device is said to be in standby
mode. However standby mode cannot be maintained more
than 2 ms; CE must be returned high for a refresh operation.

MODE CONTROL SIGNAL
@¢2 — TIME @¢3 — TIME INTERNAL CIRCUIT ACTIVITIES
CS=*0 CS=*0 OUTPUT BUFFER ACTIVE.
Read-Only R/W: Don’t Care RW="1’ 63 Inhibited.
CS=“0 cS=°1 OUTPUT VALID @ ¢2-time.
Read-Refresh R/W: Don’t Care R/W=‘0’ OUTPUT FLOAT @ ¢3-time.
¢3 exists. W inhibited.
CS=°0 CS=0 OUTPUT VALID at ¢2 and ¢ 3-times.
Read-Modify-Write R/W: Don’t Care R/W="‘0 63 exists. W exists.
C . cla 6?___ 40: ]
Write-Only R/W: Don’t Care R/W="0
CS=°1 CS=°1r OUTPUT FLOATS at ¢2 and ¢ 3 times.
Refresh-Only R/W: Don’t Care R/W =0 ¢3 exists. W. inhibited.

436




S6605/S6605A/S6605B
4096 X1 RANDOM ACCESS MEMORY
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FIGURE 1 — LOGIC DIAGRAM OF 4096-BIT RAM

4-37



S6605/S6605A/S6605B
4096x1 RANDOM ACCESS MEMORY

READ ONLY CYCLE TIMING

teve (R)

v
;H - STABLE
ADDRESS 75y_ __ ADDRESS

taH

Vi,
READ/WRITE

ViL

Ve |

DATAOUT _ <*—FLOATING

1

READ/WRITE CYCLE TIMING
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IH.
26V - STABLE |
ADDRESS 5y _ ADDRESS
v
v L — o] tas Fefe—tan —] —l
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I ! tee
CHIP ENABLE |
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4096X1 RANDOM ACCESS MEMORY

REFRESH
TRI- |
TIMER o
STATE
DATA |=—=
RE- [
CEIVER
DMA o 32K X 9 MEMORY MATRIX
INTERFACE DRIVER e (72 — S6605)
FOR -
REFRESH
CYCLE
STEAL
REF. ADDS QUAD QUAD
ADDS COUNTER CLK DRIVER CLK DRIVER
MULTI—
BOARD
PLEXER ADDRESS
SELECTOR
ADDRESS, R/W, CS BUFFERS
DECODER
FOR
LOW P. D.

BLOCK DIAGRAM OF 32 x 9 MEMORY BOARD
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S$6810

128 X 8 STATIC
READ/WRITE MEMORY

AMI

AMERICAN MICROSYSTEMS, INC.

ADVANCED PRODUCT DESCRIPTION

ano[]1 20 vee
oo[]2 [ Ja0
(2) D0 nds 2 m
A0 (23) |- 3)D1 o2« 2w
A1 (22) —— | —» - (4) D2 o3[]s o[
A2 (21)——] —] MEMORY posTaTe (5) D3 s swo  wfm
A3 20) oo e "axs T surrens 604 ]’ w0
A4 (19) |—] & (7) D5 os[]s 17 as
A5 (18) | o] (8) D6 o7[]e 16 Jaw
A6 (17)——] | o] (9) D7 eo []10 il m:]
s m
o0 o000 0 51w L] ISPE!
i -
E3 (13)—
S
E5 (15)—
£ (14)—| S _
E_% (12)— R Y
E1(11)— | i ;g_ -
(MIN)
1 090 010
6(1\11:) ‘(/Zgé o) o MiN) mom)’”‘
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
V FEATURES
®  Organized as 128 Bytes of 8 Bits . Single 5-Volt Power Supply
®  Static Operation e  TTL Compatible*
° Bi-Directipnal Three-State Data Input/Output ° Maximum Access Time = 1.0us for S6810
e  Six Chip Enable Inputs (Four Active Low, Two 575 ns for S6810-1
Active High)
FUNCTIONAL DESCRIPTION Control line, and six Chip Enable lines, four negative and two

The S6810 is a static 128 x 8 Read/Write Memory de-
signed and organized to be compatible with the S6800 Micro-
processor. Interfacing to the S6810 consists of an 8 Bit Bi-
directional Data Bus, Seven Address Lines, a single Read/Write

For a Complete Data Sheet See Page 6-34

positive.

For ease of use, the S6810 is a totally static memory
requiring no clocks or cell refresh. The S6810 is fabricated
with N channel silicon gate technology to be fully DTL/TTL
compatible with only a single +5 volt power supply required.
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Future Products

ROM — 2048 x 8 bit Static, 5V N-Channel,
TTL Compatible

ROM — 4096 x 4, 5V N-Channel,
TTL Compatible

PROM — 512 x 8 bit Erasable PROM



Selection Guide -ROMs

Max.
Max.
Part No. Description Organization i Power | Supplies Access | Process Package See
i Dissip. V) | Time Page
* (mWw)
S3514 4096 Bit Static ROM 512x8 500 +5,-12 1 us P2 2L,1W 5-4 i
S5232 4096 Bit Static ROM 512 x 8 or 500 +5,-12 1 us P12 2L,1W 5-4 ﬁ
1024 x 4 :
S8564 9 x 7 Charac. Gen./ROM 64 Word 1100. | +5,-12 450 ns P12 21,1Z *
S8771 5120 Bit ROM 512x 10 1000 +5,-12 450 ns P2 21,1Z * |
S8773 | 2560 Bit ROM 256 x 10 625 | +5,-12 450ns | PP 20,1Z «
. 2L,1W(24)
8865 81 - 12 > * 1
5886 92 Bit ROM 2048 x 4 635 +5,-12 1.3 us Pl 21,17(28) |
: 2 I
S$8996 16,384 Bit ROM 4096 x 4 368 +5,-12 1.8 us P-I 2L,1W(24) 5-10 ?
$9996 16,384 Bit ROM 2048 x 8 368 | +5,-12 1.8 us P12 21,1Z(28) | 5-10 ¢
!
S6830 8192 Bit Static ROM 1024 x 8 683 +5 575 ns |N-SiGate 2L,1W 5-14 |
Character Generators
]
S8564A | 9 x 7 Horizontal Scan 64 Word i 1100 l +5,-12 |l 450 ns ’ P2 1 21,12 | |
Ascll
S8564B | 9 x 7 Horizontal Scan 64 Word 1100 +5,-12 450 ns P12 21,12 *
Katakana Alphabet ‘
S8771D | 9 x 7 Vertical Scan 64 Word 1100 +5,-12 450 ns P12 2I,1Z *
ASCII l i
S8773B | 7 x 5 Horizontal Scan 64 Word 625 | +5,-12 450ns | PI? 2,1z | x|
ASCII ~ |
ROM Code Converters !
S8771A | Sine/Cosine Lookup S12x10 | 1100 | +5,-12 450ns | P2 | 21z | o+
Table | ! g
i i
S8771B | Arc Tangent Lookup 512x 10 {1100 +5,-12 450 ns P2 21,12 P i
Table |
S8771C | Sine/Cosine Lookup 512x8 1100 +5,-12 450 ns PI? 2L,1Z * "
Table i
S8773A | Sine/Cosine Lookup 256 x 10 | 625 +5,-12 450 ns P2 21,12 P ﬁ
Table 1 |

*Contact your nearest AMI Sales Office for additional data sheet information on this product (See Section 1)

Notes: (1) All ROMs are mask-programmable for custom patterns to meet customer requirements,



$3514
$5232

4096 BIT STATIC
MOS READ ONLY MEMORY

AMI

AMERICAN MICROSYSTEMS, INC.

ADVANCED PRODUCT DESCRIPTION

Bp By B2 B3 By Bs Bg By

st OUTPUT SENSE
CHIP

©s2 SELECT [
W AMPLIFIERS & DRIVERS

cs3 AAA
R

1 IBEEREREC:

(2)
€s3/A10

)

a
CSO/ag o

MEMORY
MATRIX

T

X DECODE I

A7

1 P
_/

As

Mode  ——f
Control (2)

(OPTIONAL) |

As A4 A3 A2 A1 Ao

Vss Vee

(1) s3514 BLOCKDIAGRAM

(2) s5232

BLOCK DIAGRAM

v @ o4

vee [1]

CHIP SELECT 2 [Z]

q vss
CHIP SELECT 1

CcHIP SELECT3 [3] CHIP SELECT 0/Ag

e 0o [4] Ao LS
o [5] q A
o2 [g] s3514 A2
o [7] A3

MODE CONTROL
CHIP SELECT 1
CHIP SELECT 2

CHIP SELECT 3/A10

L8 A1

FlE S EFFEFEFFE

FEATURES

L Static Operation — No Clocks Required
High-speed —600 ns Typical Access Time
Bus ORable Outputs — Three States
Multiple ROM Control — 4 Chip Selects
Standard Supplies — +5V, 0V, =12V
$3514 Replaces FAIRCHILD 3514
S5232 Replaces National MM 5232

15" | VA
Max) o -

~080 010
MIN) (NOM)

-100-
(NOMm)
PIN/PACKAGE CONFIGURATION
(Available in Pkgs. 2L, 1W - see Sec. 1)

FUNCTIONAL DESCRIPTION

The AMI S3514 and S5232 are TTL compatible MOS
read-only memories (ROM) designed to store 4096 bits of
information by programming one mask pattern. The word and
bit organizations of these ROMs are either 512 x 8 or
1024 x 4. Both ROMs have push-pull outputs that can be in
one of three states: HIGH, LOW or open (unselected state).
This, plus the programmable- Chip Selects, enables the use of
several ROMs in parallel with no external components.
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Since the ROM is a static device, no clocks are required,
making these ROMs both versatile and easy to use.

Low threshold-voltage processing, utilizing AMI’s 12T™™
is used with P-channel, depletion-mode MOS technology to pro-
vide direct output interfacing with TTL and DTL logic families.
All inputs are protected to prevent damage from static charge
accumulation.

TYPICAL APPLICATIONS

Code Conversion, Table Lookup, Microprogramming,
Control Logic.
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S3514/S85232

‘ 4096 STATIC ROM
e~~~ ————————————————E——_——————————_——— —————— e

ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relative t0 Vgg (EXCePt VIGG)- « « « v v e v e v eveeevunnnnnnennnnninneenennnns + 0.3V to =10V
Voltage on VGG Terminal Relative t0 Vigg « v v v v vttt et eiiiiiiiii e + 0.3V to =20V
Operating Temperature Range (Ambient) . . ... ..ounttetne eyt e e, 0°C to + 70°C
Storage Temperature Range (AMbIient). . .. ..o ettt e ettt ei e -55°C to + 150°C

RECOMMENDED OPERATING CONDITIONS

(0°C<TA <70°C)
Parameter Min. Max. Units Notes (Page 5-8)

Vss Supply Voltage +4.75 +5.25 v
VDD Supply Voltage 0 0 A% Note 1
VGG Supply Voltage -11.4 -12.6 v
VLL Output Load Voltage 0 -12.6 \% Note 2, 7
ViL Input Voltage, LOW Level 0 Vss—4.0
VIH Input Voltage, HIGH Level Vss—1.5 Vss \% Note 3
VIH Input Voltage, HIGH Level Vss—2.0 Vss v Note 4

ELECTRICAL CHARACTERISTICS
(V§§ = +5.0V £ 5%; VDD = 0V; VGG = =12V £ 5%; VL = =12V  5%; 0°C < TA < 70°C unless noted otherwise)

Parameter Min. Max. Units Notes (Page 5-8)
Iss Supply Current, VS§ 28.0 mA Note 5
IcG Supply Current, VGG 28.0 mA Note 5
RLL Output Load Resistor 500 2000 Q Note 7
Iy Input Leakage Current, - 1.0 uA VI = Vs§s —6.0V. Note 3
ITL Input Current, LOW Level 0 -150 HA V1 = Vgs —4.0V. Note 4
IIH Input Current, HIGH Level -200 -700 MA Vi =Vgs -2.0V. Note 4
VoL Output Voltage, LOW Level 0.4 A% IoL = 1.6mA
VOH ‘Output Voltage, HIGH Level 24 \% I0H = -100uA
Io(L) Output Leakage Current +10 MA Outputs disabled

(Vo =Vss -6V)

CIN Input Capacitance : 10 pF Note 6
Co Output Capacitance 10 pF Note 6
tACCESS Address to Output Access Time 1000 nsec Note 8, See Timing
tCS Chip Select to Output Delay 800 nsec
tCD Chip Deselect to Output Delay 800 nsec
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S3514/85232

4096 STATIC ROM
e —— R S T T i i ————————a———— s ]

NOTES: 1. Not available on $5232

Not available on S3514

This parameter is for inputs without active pull-ups (programmable).

This parameter is for inputs with active pull-ups (programmable) for TTL interfaces. As the TTL driver goes to a HIGH level it

must only provide Vgg-2.0V (this voltage must not be clamped) and the input circuit pulls the output of the TTL device to

Vgs. See Optional Input Pull-up Characteristics.

S. Inputs at Vgg, outputs unloaded. Vpp current comes only from the output loads.

6. VBjas — Vss = 0V; f =1 MHz.

7. This option available only on S5232 with 1024 x 4 organization. For 512 x 8 organization, V1| = OV. For 1024 x 4 organiza-
tion, VL = OV if Rpy is not programmed in; and Vp1 = —12V £5%, if Ry, is programmed in. See output stage circuit

hwn

options.
8. Outputs sinking 1.6mA or sourcing —100uA and total load capacitance = 75pF.
TIMING CHARACTERISTICS OPTIONAL INPUT PULL-UP CHARACTERISTICS
1000
800
<
€
I 600
S eaTESS
% TA=0°Cto70°C
5 a00
tacc |<— €D tcs %
(o ;T
oaTa o% coARANTEED
T mmm== OFF - 200 = 'ow LEVELS

0
Vss-5 Vss—4 Vss-3 Vss—2 Vss-1 Vss

INPUT VOLTAGE-VOLT

OUTPUT STAGE CIRCUIT OPTIONS

$3514 $§5232
OUTPUT STAGES OUTPUT STAGES WITH OPTIONAL RLL SHORT
Vss

oo [ B1 BN

Voo OPTIONAL RLL = 5009 TO 2KQ

RLL SHORT

Vi
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S3514/85232
4096 STATIC ROM

TYPICAL CHARACTERISTICS

ACCESS TIME VGG CURRENT
VERSUS VERSUS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
1000 ' l 22 | I
V66 = —11.4v =—
900 ‘éfs = ;5:4’: 75v — 2 ¥§§ Z %
\
\ 800 S e N~ .
| I Yp
w [ S~
2 700 E —
g e L —T | s ~~
3( 600 ] §
8 —] o 1
g o
500
12
400
300 10
0 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70
TA — AMBIENT TEMPERATURE — °c Ta — AMBIENT TEMPERATURE — °c
OPERATING MODE
S3514 $5232
Function 512x 8 1024 x 4 Function 512x 8 1024 x 4
Chip Select 0/A9 lor0 A9 Mode Control 1 0
Chip Select 1 lor0 lor0 Chip Select 1 lor0 lor0
Chip Select 2 lor0Q lor0O Chip Select 2 lor0 lor0Q
Chip Select 3 lor0 lor0 Chip Select 3/A10 lor0 address
Al0

1 = Most Positive = High Level Voltage

1 = Most Positive = High Level Voltage

512x 8:  Chip Select 0/A9 operates as Chip Select 0. 512x 8: Mode Control — High
Chip Select 3/A10 operates as Chip Select 3.
1024 x 4. Mode Control — Low
1024 x 4: *A9 — Low enables odd outputs (O1, O3, Os, *A10 — High enables even outputs (B2, B4, Bg,
07) Bg)
A9 — High enables even outputs (Og, 02, O4, A10 — Low enables odd outputs (Bj, B3, Bs,
06) B7)

*See note 9 on page 5-8.

Chip Selects: Four programmable chip selects provide control

over 16-S3514 ROMS with no external de-

coding.

*See note 8 on page 5-8.

Chip Selects: Three programmable chip selects provide con-
trol over 8-S5232 ROMs with no external

decoding.

5-7




S3514/85232
4096 STATIC ROM

AMI ROM PUNCHED—CARD CODING FORMAT?

S3514
First Card
Cols. Information Field
1-30 Customer
31-50 Customer Part Number
60-72 AMI Part Number 2
Second Card
1 Organization3
3 csgyal
5 cs34
7 Cs24
9 csi4
11 Active Pull-ups5

Data Cards/512 x 8 Organization

1-4
6-13
15-17

Decimal Address
Output 07 — 00 (MSB thru LSB)

Octal Equivalent of output data’

Data Cards/1024 x 4 Organization

1-4
6—9
11-12
50-53
55-58
60—61

NOTES:

NonRwRE

Decimal Address (0—1022) even addresses
Output (MSB—LSB)

Octal Equivalent of output data’
Decimal Address (1—1023) odd addresses
Output (MSB—LSB)

Octal Equivalent of output data 7

Positive logic formats accepted only.
Assigned by Marketing Department; may be left blank.
A “0” indicates 512 x 8;a “1” indicates 1024 x 4.

$5232
First Card
Cols. Information Field
1-30 Customer
31-50 Customer Part Number
60—72  AMI Part Number 2
Second Card
1 0rganization3
4,,.9
3 CS3/A10
5 cs24
7 csi4
9 Active Pull-ups>
11 Series resistor to VL 1.6

Data Cards/512 x 8 Organization

1-4
6-13

15-17

Decimal Address
Output B8—B1 (MSB thru LSB)

Octal Equivalent of output data”

Data Cards/1024 x 4 Organization

1-4
6-9
11-12
50-53
55-58
60—61

Decimal Address (0—1022) even addresses
Output (MSB—LSB)

Octal Equivalent of output data”

Decimal Address (1—1023) odd addresses
Output (MSB—LSB)

Octal Equivalent of output data’

A “0” indicates the chip is enabled by a logic 0, a “1” indicates it is enabled by a logic 1, and a *“2” indicates a “Don’t Care” condition.

A “1” indicates active pull-ups; a “0” indicates no pull-ups.

A “0” indicates an internal resistor, a “1”” indicates no internal resistor. Available only with 1024 x 4 organization.

The octal parity check is created by breaking up the output word into groups of three from right to left and creating a base 8 (octal)
number in place of these groups. For example the output word 10011110 would be separated into groups 10/011/110 and the resulting

octal equivalent number is 236.

. For 1024 x 4 organization, CSO/A9 input acts as A9 address. A9 LOW enables odd outputs; A9 HIGH enables even outputs.

For this case, a “0” is required in this field. However, if it is required that A9 HIGH should enable odd outputs and A9 LOW should

enable even outputs, a “1” may be punched in this field.

. For 1024 x 4 organization, CS3/A10 acts as A10 address. A10 LOW enables odd outputs; and A10 HIGH enables even outputs.

For this case, a “0” is required in this field. However,.if it is required that A10 HIGH should enable odd outputs and A10 LOW should

enable even outputs, a *“1”” may be punched in this field.




S3514/S85232
4096 STATIC ROM

TYPICAL APPLICATION

TTL/MOS Interface

TTL/MOS Interface

Vgg = +5V
Vee SS

Vgs = +5V
Vce 8
Vee

$3514 OUTPUT
DTL/TTL

$5232 OUTPUT
DTL/TTL DTL/TTL

DTL/TTL
l l \
\
Vpp =0 66

Vi
—12v
Vgg = — 12V
680
*NO INTERNAL
RLL
S3514 S$5232
*For applications where VGG is connected to V

, where low power dissipation is required on outputs and where a constant external resistance
is preferred, the internal resistor can be programmed out and an external 68052 resistor can be connected as shown.
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$8996
$9996

16, 384-BIT
READ-ONLY MEMORY

AMI

AMERICAN MICROSYSTEMS, INC.

EEERR

By By B3B4Bs By By Bg
*for synchronous Chip Select option only

BLOCK DIAGRAM

Ao ——]
Ay |
Ag |
A§ ROW 16,384-BIT
A4 | DECODE MATRIX <—READ
A5 '
As —» <+—Vss
+—— READ K) <+—Vpp

A7 ) -—Vgg
Ag_5! COLUMN COLUMN
:K—-» DECODE SWITCHES

10—
An

*iREAD (onlONAw $READ
cst
CS2—_] CHIP SELECT OUTPUT
CS3—»| DECODE STATIC BUFFERS
Ve

CS4—»p] ss == - Vpp

$8996 (4K x 4) 59996 (2K x 8)

Vss [ 24 Vpp vss 1 24[Jvpp
READ[] 2 23[Jcst READ[ |2 23[J cst
csa 3 2 cs2 A O 22[ 85
0 e 21[Jcs3 A ¢ 21[7 8g
A [Os 20[] A1 Ay [Os 20[] 84
A2 s 19[7 B Ay s 197 82
A3 7 18] 8, Ay 7 18] B3
Ay [Os 17[] 85 As [s 17[] 84
As -9 16[78, As o 16[J Vac
As [0 1w80vgg A7 O 15[ Arg
A, On 14%;;‘0 Ag On 14[] Ag
Ag [O12 13[] A Ag 12 13(] B7

PIN/PACKAGE CONFIGURATION
(Available in Pkgs. 2L, 1W (24 pins)
21, 1Z (28 pins) - see Sec. 1)

FEATURES
L] Output holding registers (] Low power drain for battery operation
L] Direct TTL (Tri-state) outputs ° +5V, — 12V power supplies
L] Asynchronous Chip Select for memory expansion L] 24-pin DIP package with 28-pin DIP option
L] Synchronous Chip Select optional ° Alternate to AMI-S8865 & SIG-2580
(] Static Operation

FUNCTIONAL DESCRIPTION

The S8996 and S9996 are 16, 384-bit MOS read-only
memories. The S8996 is organized as a 4096 x 4 ROM and
the $S9996 as a 2048 x 8 ROM respectively. A Read Input
controls the entry of data from the ROM into thestatus out-
put latches. Tri-state outputs allow OR-tying for implemen-
tation of larger memories. The outputs of the S8996 are
enabled by a programmable 4-bit Chip Select code. The $9996
has one Chip Select in a 24-pin package and two Chip Selects

5-10

available in a 28-pin package option.

The ROMs are fabricated with AMI’S 12TM Joy vT
process. Custom patterns may be specified by sending a
computer card deck containing the desired memory pattern to
AMI. Card deck information is included in this data sheet.

7

TYPICAL APPLICATIONS: /

Portable Low Power Equipment, Microprogramming,
Look-up Tables, Random Logic Replacement.
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$8996/$9996

16, 384-BIT READ-ONLY MEMORY

L S e T Y Y WP T R

ABSOLUTE MAXIMUM RATINGS

Positive Voltage on any Pin Vgs + 0.3V Storage Chip Temperature -55°C to 150°C
Negative Voltage on any Pin Vgs — 20V Operating Ambient Temperature 0°C to + 70°C

OPERATING CHARACTERISTICS

TA = 0° to +70°C, Vgg = + 5V 5%, Vpp = 0V, VGG = — 12V + 5%

SYMBOL PARAMETERS MIN. MAX. UNITS CONDITIONS
VIH Input High Level Vss—1.0 Vss \'
ViL Input Low Level Vss —4.1 v
VOH Output High Level Vgs—1.0 \% I = 400uA Source
VoL Output Low Level +0.6 \Y I1 = 1.6mA Sink
tcyc Cycle Time 2.3 us Note 1
trRPw Read Pulse Width 500 ns Test Conditions are
tas Address Set Up Time 300 ns tr, tf <25 ns on All
tag Address Hold Time 200 ns Inputs
top Output Propagation 1800 ns Load=TTL Test Load
tess " Chip Select Stable Time 100 ns Note 2, TTL Test Load
tesH Chip Select Hold Time 100 ns Note 2, TTL Test Load
tes Chip Select Output Delay 500 ns Note 3, TTL Test Load
tps Chip De-Select Output Delay 500 ns Note 3, TTL Test Load
CIN Input Capacitance 7.5 pF VIN = Vss, 25°C
CouT Output Capacitance 10 pF Vourt = Vss, 25°C

Outputs disabled
IDD VDD Supply Current 2 mA Output Terminals
IGG VGG Supply Current 20 mA Open

NOTE 1: tcyc Min.™ 'RPW Min. TTOD Max.
2: Applies only to synchronous Chip Select operation with the synchronous option.
3: Applies only to asynchronous Chip Select operation.




$8996/59996
16, 384-BIT READ-ONLY MEMORY

ADDRESS, READ TIMING

[ 1 YC

—teow— j
READ_/__—\ J—
I-—tAS_—"_tAH_—l

Ag = A1
ADDRESS .
INPUTS DON'T CARE X VALID X DON'T CARE 42( ABE)—‘:Vess
—"oo—
B,---8
1 8
OUTPUT DATA____OLD DATA XinvaLio paTaX NEW DATA
CHIP SELECT TIMING CHIP SELECT TIMING
SYNCHRONOUS OPTION OPERATION* ASYNCHRONOUS OPERATION*
SELECT
CHIP SELECT X X ‘X X CHIP SELECT *!NTERVAL
I A
e [ vva o DESELECT seLECT X DESELECT
— ha e
ataD e /ERPWA, OUTPUT = HIGH O OUTPUT = HIGH
gy b IMPEDANCE 2
fadng HEN |*\35*‘ oyTEYT IMPEDANCE
OUTPUT ( VALID *VALID OUTPUT * > ouTPUT B, -8B
OUTPUTS —ioH IMPEDANCE SRIPA”’ DATA men 1 8
*Chip Select stored on falling edge of READ pulse. *Chip Select continuously operational
TYPICAL CHARACTERISTIC CURVES
TYPICAL POWER DISSIPATION TYPICAL OUTPUT DELAY (tgp) TTLTESTLOAD o Vgs=4.75V
vs. TEMPERATURE vs. TEMPERATURE
N 22K
Z 500 TOD.U.T.
% Vgg = + 5.25V 7 Vgg = * 4.75V
= - 2 164 Vop =0V
z - Vpp =0V N ob =
o 40 Vgg = — 12.6V| % Vgg = — 11.4V] |
2 g o T
= 300 e CAPACITANCE
0 —_— =
2] S~ 2 1.2
o
° 20 — E
14 hd o) (
w ° 1.0 ]
H | L
o 100 1 =
o 0o 20 40 60 80 0 20 40 60 80
ELECTRICAL CONNECTION OPTIONAL 28 PIN , v y
+B5V 0V -12V CONFIGURATION ReAD 2 2 cor
4 (S9996 - 2K x 8) cs2 3 2 8y
5k * Ag a 25 8y
1 A‘l 5 24 N/C
A VssVooVae Ay & = 8,
b ; o AG 7 22 82
| A A 8 21 B,
]

S TTL *3111 AMI TTL A: o 20 Bj
1| ssooe/segge A 0 8 veg
lcsa o A7 1 18 Ao

maxy LS Ag 12 17 Ay

Now N/C 13 16 B

(NOM) B 7

*ONE PER INPUT — NOT REQUIRED IF TTL OUTPUT Ne  ta s N
HIGH LEVEL IS GREATER THAN Vgg— 1.5V. 8
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$8996/59996
16, 384-BIT READ-ONLY MEMORY

CUSTOM PATTERN PROGRAMMING FORMAT (1)

DATA CARDS
$8996 (4-Bit Output) $9996 (8-Bit Output)
FIRST CARD FIRST CARD
COLS. INFORMATION FIELD COLS. INFORMATION FIELD
1 Output By Corr 1 Output By
2 Output By Corresponds 2 Output By Corresponds
3 Output B3 to Address 0 3 Output B3 to Address 0
4 Output B4 AjA1Ap =000 4 Output B4 A2A1A0 =000
5 Blank 5 Output Bs
6 Output By 6 Output Bg
7 Output By Corresponds to Address 1 7 Output B7
8 Output B3 ApA1A( =001 8 Output Bg
9 Output B4 9 Blank
10 Blank 10 Output Bq Corresponds
. to Address 1
AjA1Ap =001
. Corresponds . Corresponds
39 Output By to Address 7 36 Output Bg to Address 3
. AjA1Ap =111 . A2A1Ap=011
40-72 Blank 37-72 Blank
73 -.76 Customer Part Number (4) 73 ~’76 Customer Part Number (4)
77 Blank 77 Blank
78 - 80 Card Reference No. 78 - 80 Card Reference No.
First Card — 001 First Card — 001
SECOND CARD THRU 512th CARD SECOND CARD THRU 512th CARD
Same as First Card for Addresses Same as First Card for Addresses
8 thru 4095 in Sequential Order 4 thru 2047 in Sequential Order
513th CARD 513th CARD
1 CS1(2) 1 CS1(2,3)
2 CS1(2) 2 CS2(2)
3 CS3 (2)
4 CS4 (2)
15 Qutput Driver (5) 15 Output Driver (§)
26 Chip Select Timing (6) 26 Chip Select Timing (6)
73-76 Customer Part Number 73-176 Customer Part Number
NOTES:

1. Only positive logic formats are accepted. 1 = VHIGH, 0 = VLOw

2. A @ indicates the chip is enabled by a logic 0; A “1” indicates it is enabled by a logic 1; and a “2” indicates a Don’t Care Con-
dition. The outputs are held in the high resistance state for all other codes on these inputs.

3. Four Chip Selects (CS1 thru CS4) are available on the $S8996. Two Chip Selects (CS1 and CS2) are available on the $9996 in
28-pin packages. One Chip Select (CS1) is available on the $9996 in 24-pin packages.

4, Assigned by AMI Marketing.

5. A “P” indicates Push-Pull Output; the letter O, not ¢ indicates Open Drain Output to Vggs.

6. An “A” indicates the Chip Select inputs are to be entered synchronously (see synchronous Chip Select timing, page 5-12); A “D” in-

dicates asynchronous Chip Selects. (see asynchronous Chip Select timing, page 5-12).
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AMERICAN MICROSYSTEMS. INC.

ADVANCE PRODUCT DESCRIPTION

eno[]1 24[J a0
po[]2 2] A
o1[]3 2[] a2
pz2[]4 21[] a3
A0 24 .
A1 23 2 DO ps E & 2 j as
a2 22 3D1 oa[}e $6830 19 Jas
A3 21 402 os []7 18[]ae
ADD MEMORY 38T,
e SRedse o oo s wbw
A6 18 705 o7 []e 16 [ ] a8
AT 808 eo []10 15[ a0
D
2: :: ’ e [n 14[Jes
vee [} 12 13[Je2
EO* 10
E1* 1
Hi=H s
(NOM)
Ve =Pin 12 1
*Active level defined by the customer. Gnd = Pin 1 !
L f i
o
AX|
e b el
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
FEATURES
L] Organized as 1024-Bytes of 8 Bits ® ' Single 5-Volt Power Supply
. Static Operation e  TTL Compatible Input/Output
L] Three-State Data Output L] Maximum Access Time = 575 ns
. Four Chip Enable Inputs (Mask Programmable)
FUNCTIONAL DESCRIPTION of an 8 bit three-state data bus, four mask programmable chip

selects and ten address lines.
The S6830 is a totally static memory requiring no
The S6830 is a mask programmable read only memory clocks. Access time is compatible with maximum data rates in
organized 1024 words x 8 bits for application in byte a S6800 microprocessor system. The device operates from a
organized systems. The S6830 is totally bus compatible with single +5 volt power supply and is fabricated with N channel
the S6800 microprocessor. Interfacing to the S6830 consists silicon gate technology.
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S6830

1024 X 8 READ ONLY MEMORY
55—~~~ E—————————————~22EPEPZ. S ——————— S —T—————————————————————————

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Supply Voltage Vcc -0.3 to +7.0V
Input Voltage Vip -0.3 to +7.0V
Operating Temperature Range T A 0to +70°C
Storage Temperature Range Tstg -55 to +150°C

NOTE: 1. ‘Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceded. Functional operation should be restricted to
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could
affect device reliability.

DC (STATIC) CHARACTERISTICS
(Ve = +5 Volt £5%; Tp = 0°C to +70°C)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min. Max. Unit

Input High Voltage (Norm. Op. Levels) VIH 24 525 Vde

Input Low Voltage (Norm. Op. Levels) VIL -0.3 04 Vdc

Input Current lin — 2.5 nAde
(Vin=0t0 5.25V)

Input High Threshold Voltage VIHT 2.0 - Vde

Input Low Threshold Voltage VILT — 0.65 Vde

Output High Voltage VOH 2.4 — Vdce
(IoH = -100 pA)

Output Low Voltage VoL - 045 Vdce
(IoL = 1.6 mA)

Output Leakage Current ILOH - 10 uAdc
(Vog=24V,E=04V,E=24V)

Output Leakage Current ILoL - 10 uAdc
(Vog=04V,E=04V,E=24V)

Supply Current Icc - 130 mAdc
(Voo =525V, Ta = 0°C)

CAPACITANCE

Characteristic Symbol Min. Typ. Max. Unit Conditions
Input Capacitance Cin - — 7.5 pF f=1.0MHz
Output Capacitance Cout - — 15 pF TA =25°C




56830
1024 X 8 READ ONLY MEMORY

AC (DYNAMIC) CHARACTERISTICS
Ve =+5 Volt + 5%; TA = 0°C to +70°C

READ CYCLE (All timing with t; = tf = 20 ns, Load of Figure 1)

Characteristic Symbol Min. Max. Unit
Read Cycle Time leye (R) 575 - ns
Output Enable Delay Time tED - 300 ns
Output Disable Delay Time tDD 10 150 ns
Read Access Time tace - 575 ns
READ CYCLE TIMING

ADDRESS 2.4V .

0.4y &

ENABLE
0.4v
2.4

ENABLE

< tED DD |e—s
2.4v ——Id—tacc—b
N 2.0V
- -
Dout FLOATING 0.8V FLOATING
0.45V
DON'T CARE
FIGURE 1 — AC TEST LOAD
5.0V
RL =25k
MMD6150
TEST POINT OREQUIV
130 pF* 25k
MMD7000
OR EQUIV

*Includes Jig Capacitande

5-16



6

Nlicroprocessors



A R A A P S e P L P S R

R AR

f ! . i Input/ ! Power i See
“ Part No. | Description | Qutput Supply ; Process Package Page
iz | .
| S6800 | Processor (8-bit) CTIL +5V N-SiGate 3M 6-16
S6810 | RAM (128 x 8) TIL +5V . NSiGate 2L,1W L 634
S6830 ' ROM (1024 x 8) . TTL ; +5V . NSiGate 2L,1W 6-38
$6820 Peripheral Inter- . TTL - +5V § N-SiGate 3MLIT | 6-41
face Adapter f 5 |
S6850 Asynchronous Com- . TTL ; +5V : N-SiGate 2L, 1W ‘ 6-53
munications Interface ! ‘ !
$2350 Synchronous Receiv- . TTL +5V i N-SiGate 3M,IT . 6-63
er/Transmitter ‘ ; | i ‘
S6605 RAM (4096x 1) TTL ©45V,+12V N-SiGate 2¢C,1C " 672
9209 Mlcroprogrammable Dlsplay Processor
}‘ . Input/ . Power See
Part No. Description ~ Qutput ‘ Supply Process Package Page
f (V) :
9209 Processor (4-bit) | MOS -15V P-SiGate IT é 673
$2299 Keyboard Buffer - Kbd/MOS | -15V f P12 1T 7 680
Future Products

6-2

S6860 — a 0-600 baud Bell Series 100 Com-
patible modem that can connect directly to the
S6850 ACIA. It is packaged in a 24-pin DIP.

Read Only Memory, 2048 x 8 — a mask program-
mable MOS memory, organized to be compatible
with the S6800 MPU. The data, address, and con-
trol lines match those of the MPU, all signal levels
are TTL compatible and it operates on a +5V power

supply.

PROM — 512 x 8 bit Erasable PROM

i



S6800
MICROCOMPUTER SYSTEMS

$6800 Microprocessing Family

S$6800 Microprocessor (MPU) — an 8-bit parallel
processor, with the ability to address up to 65K
bytes of memory, and execute instructions in 2
microseconds. It is manufactured using N-channel
MOS technology and operates on a single +5V power
supply. All inputs and outputs are TTL compatible.

The MPU has six internal registers, four types of

vectored interrupts and 72 basic instructions. The
basic instructions can be used in different address-
ing modes to save instruction execution time and
memory space.

$6810 Static Read/Write Memory, 128 x 8 — an
N-channel MOS memory designed and organized to
be compatible with the S6800 MPU. Its data, ad-
dress and control line organization and functions
match those of the MPU, all signal levels are TTL
compatible ‘and no clocks or refreshing are needed.
There are two versions of this memory: S6810 with
1.0 psec maximum access time, and S6810-1 with
575 nsec. maximum access time.

S$6830 Read Only Memory, 1024 x 8 — an N-chan-
nel MOS mask programmable read only memory
that is used for storing the S6800 MPU operating
programs. Like the S6810 RAM, this ROM has data,
address, and control line organization that is com-
patible with that of the MPU. Its signal levels are
TTL compatible and it can be accessed in a maxi-
mum of 575 nsec.

S$6820 Peripheral Interface Adapter (PIA) — a gen-
eral purpose programmable interface circuit that
provides the means for most any kind of peripheral
device or circuit to communicate with the S6800
MPU. The PIA has two 8-bit input/output ports for
communicating with the peripherals and the MPU
can program either port to send or receive data.
Each port has two control lines associated with it.
These also can be programmed by the MPU to han-
dle interrupt and handshake routines with the per-
ipherals.

S6850 Asynchronous Communication Interface
Adapter (ACIA) — a general purpose communica-
tions interface that allows an asynchronous serial
communications device to transmit data to and re-
ceive data from a S6800 microcomputer system.
The ACIA can be programmed for handling different
word lengths at various data rates; it also has parity
generation and checking capability. For interfacing
with the S6860 modem, the ACIA provides three
status and command lines.

S6800 SYSTEM COMPATIBLE COMPONENTS

S$2350 Universal Synchronous Receiver/Transmitter
(USRT) — a general purpose communications inter-
face that allows a high speed synchronous communi-
cations device to transmit data to and receive data
from a S6800 microcomputer system. It connects
to the peripheral device via separate serial transmit
and receive lines and to the S6800 system data and
address bus through a S6820 PIA. '

The USRT has separate internal receiver and trans-
mitter sections, which can be clocked by two sep-
arate clocks. It has the capability to handle different
word lengths, generate and check parity and other
conditions, detect sync during receive, and send a
fill character during transmit operation.

S6605 Random Access Memory, 4096 x 1 — an
N-channel Si-gate dynamic RAM for large volume
low cost read/write storage. This memory has TTL
compatible inputs and outputs, that can be easily
interfaced to the S6800 system bus, access times as
low as 230 nsec, and it operates on a single clock/
chip-enable signal.
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S$6800 Microcomputer Systems

LSI FAMILY

The AMI S6800 Microprocessing Family is a series of
matched MOS large scale integrated circuits for build-
ing microcomputer systems. In the same way as in-
dividual logic elements and subsystem functions in
SSI and MSI* families are building blocks for random
logic circuits, so the AMI S6800 LSI circuits are a
family of building blocks for microcomputer systems.

The LSI family, however, is also very different from
SSI/MSI. With LSI, the hardware designer can deal
with whole subsystems, instead of individual logic ele-
ments: his design task is much simpler and faster; the
functional complexity of the final system can be
greatly increased, while its physical size is reduced.

Another difference relates to applications. Because a
microcomputer system can be programmed, whereas
a random logic circuit generally cannot, the LSI fam-
ily is primarily used for different applications than
those of SSI/MSI. It certainly overlaps the SSI/MSI ap-
plications, because LSI microcomputers can be used
advantageously in direct replacement of random logic
circuits (they can be programmed to perform the same
functions), but the most important applications of
microcomputers are in the areas where random logic
circuits cease to be practical. A microcomputer can
typically perform tasks that would require extremely
complex and space consuming random logic circuits,
because programming gives the microcomputer a whole
order of added capability.

AMI S6800

The AMI $6800 Microprocessing Family hardware in-
cludes ‘a microprocessor, ROM and RAM memories,
and  data input/output circuits. These components
may be assembled in a building block manner into a
very simple microcomputer system, or into any of
progressively more complex systems, which can be
used in many general or special purpose applications.
The important feature of the S6800 family is that
within any system all components are directly com-
patible in signal functions, circuit performance char-
acteristics, and logic levels. All operate on a single +5V
power supply.

*SSI and MSI — small scale and medium scale integration.
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It remains to the user to integrate the microcomputer
into his own large system and to program it for a spec-
ific task. The task may be either simple or complex
and either general in purpose or highly specialized for
one application: : 4 :

To facilitate system design and programming, AMI will
provide a comprehensive set of reference documents,
design and programming aids, a program library, and
other applications support. For example, AMI will
make available a comprehensive hardware and soft-
ware reference manual, a S6800 program assembler,
and a simulator. Such design and programming sup-
port is a continuing and expanding effort at AMI.

BASIC S6800 MICROCOMPUTER SYSTEM

A basic system built. with the S6800 components is -
shown in Figure 1. In this system the S6800 Micro-

processor (MPU) is supported by over. 1K bytes. of

memory and controls one input/output interface cir-

cuit. The 1024-byte ROM is used to store the operat-

ing program, the 128-byte RAM provides working

storage for the MPU, and the Peripheral Interface

Adapter (PIA) provides two independently program-

mable 8-bit input/output ports for communicating

with two peripheral devices.

The S6800 system is bus oriented. Eight lines form
the ‘data bus and 16 more lines make up the address
bus. The MPU controls the bus and all other devices —
the memories and the PIA — attach to the busses and
wait for instructions from the MPU to supply or re-
ceive data. In the basic system, Figure 1, the MPU uses
address lines A2, A13, and Al4 to select one of the
three devices on the bus and the Read/Write and Valid
Memory Address lines toinstruct the devices to receive
or send data to the MPU. When communicating with
the PIA, address lines AO and A1l are used to select
among the two peripheral devices A and B; the CAl,
CA2, CBI, and CB2 lines can be used to send out con-
trol signals to the peripherals, or receive interrupts.

The basic system is a complete microcomputer, which
can be used for a large variety of applications. It is
simple but versatile, because it can be easily repro-
grammed by changing the ROM. The user must pro- -
vide only the two-phase clock signal source, a power-
up/restart circuit, and a single +5V power supply to
complete the hardware. L



EXPANDING THE S6800 SYSTEM

The basic system can be altered or expanded in many
different ways. For example, the S6850 Asynchronous
Communication Interface Adapter (ACIA) can be sub-
stituted for the PIA, to enable the microcomputer to
interface with a telecommunications modem. Or, addi-
tional memory can be added — either RAM or ROM —
to expand the processing capability of the MPU. In
general, the system can be expanded in a modular
manner, by adding onto the bus as many as ten devices
out of the S6800 family. These can be any combina-
tion of memory or input/output interface circuits. In
this manner a system of nearly any complexity and
configuration can be assembled. (Systems with more
than ten devices on the bus require the addition of
address and data bus buffers to operate at full speed.)

By building your microcomputer from the S6800
family of devices, you take advantage of the compati-
bility of the devices. They all conform to the bus dis-
cipline, all are compatible in load levels, and the entire

Figure 1 Basic S6800 Microcomputer System

S6800
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system runs on a common system clock. In effect, you
eliminate most all circuit design, save for the simple
clock and power-up/restart circuits. Because you are
dealing with only a small number of integrated circuits,
circuit layout is simple and the entire microcomputer
can be located on a single circuit card.

In some special purpose applications you may need to
attach your own interface devices to the bus. As a re-
sult, more circuit design will be required, but you will
find the S6800 MPU easy to work with. It has features
that allow it to be used in many different systems. For
example, by using the Halt, Three State Control, and
Data Bus Enable lines you can easily design a direct
memory access system, in which either the MPU or a
peripheral device can read or write into the RAM and
utilize the bus on a priority basis. You can also design
a multiprocessor system, in which several MPUs can be
attached to the same bus and share processing assign-
ments, as well as memory space.
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S6800- INPUT/OUTPUT

One of the most important advantages that any S6800
system has to offer is its input/output versatility. In
any computer system, large or small, the CPU internal
functions are determined by the architecture of the
computer and the user usually has little opportunity
or need to alter them. On the other hand, the I/O con-
figuration is almost always determined by the user and
subject to change as peripherals are added or other sys-
tem alterations are introduced. The I/O configuration
is important to the user because it can affect the effi-
ciency of the CPU itself, it determines the ease and
speed with which peripherals can interact with the sys-
tem, and determines the thruput rate of the system.

Therefore, the efficiency and versatility with which a
CPU can handle its I/O — both in hardware and soft-
ware — is an important criteria and is of particular
concern to the user. It is in this area of I/O that the
S6800 MPU excels.

® In a S6800 system, the MPU relegates most of
the I/O control to such I/O interfaces as the PIA or
ACIA. Each of these circuits is programmable and
can interface with peripheral devices without di-
rectly involving the MPU. For example, the MPU
can preprogram a PIA to either output data to the

Figure 2 Expanding the S6800 System

MPU or to receive it.-Thereafter, the PIA circuits
assume all functions of interfacing with the periph-
erals and the MPU never has to look at the interface
until service is required. It must service interrupts
from the PIA, but never needs to wait for input
data to become available or for output data to be
accepted. This relieves the MPU of its I/O functions,
makes it more efficient in its primary task of data
processing, and significantly increases system thru-
put.

e The I/O interfaces and memory are both located
in the same address space within the S6800 system.
The MPU can access any I/O device the same as a
memory location — with address lines, instead of
separate I/O control lines. Therefore, it can manip-
ulate data in the I/O interface registers with the
same programmed instructions as it uses for mem-
ory locations. This adds flexibility and increases
system efficiency.

® The S6800 Instruction Set complements the
above 1/O addressing capability with specific in-
structions that can be used to access memory as
well as I/O circuit registers and perform directly
various manipulations on the data.

RAM
$6810

RAM
$6810

CONTROL LINES

MPU i ADDRESS BUS

$6800

DATA BUS

ROM
§6830

ROM
$6830

OTHER S6800 FAM-
ILY DEVICES OR
CUSTOM INTER- |
FACE CIRCUITS

ACIA
$6850

PT0 TEN
. S6800 FAMILY DEVICES
CAN BE ATTACHED
WITHOUT BUFFERING

PIA
$6820
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S6800 INSTRUCTION SET

The S6800 MPU has a set of 72 basic instructions, listed
in alphabetical order in Table 1. These include binary
and decimal arithmetic functions, as well as logical,
shift, rotate, load, store, branch, interrupt, and stack
manipulation functions. Most of the instructions have
several variations and most can be used with several
memory addressing modes (see Table 2). Thus, the
total complex of instructions available to the program-
mer actually is 197.

An instruction can be from one to three bytes long,
depending on the addressing mode used with the in-
struction. The first byte always contains the operation
code, which designates the kind of operation the MPU
will perform. In single byte instructions no memory
address is required, because the operation is performed
on one of the internal MPU registers. In multiple byte
instructions the second and third byte can be the oper-

Table 1 S6800 Microprocessor Instruction Set

S6800
MICROCOMPUTER SYSTEMS

and, or a memory address for the operand. Formats
for multiple byte instructions are shown in Table 2.

A noteworthy feature of the S6800 MPU is that some
of the instructions can operate directly on any mem-
ory location. In other computer systems it is common
that the processor fetches an operand from memory,
stores it in the accumulator, then executes the opera-
tion in the ALU, and finally writes the result back into
the memory. The S6800 is able to accomplish the same
with only a single instruction, because it operates with
any external location in the same manner as with an
internal register. For example, it can directly incre-
ment or decrement the contents of a memory location.
Because the MPU addresses I/O devices just like a mem-
ory location, it can do the same with registers inside
the PIA or ACIA. The ASL, ASR, LSR, and ROL are
other examples of instructions which operate in this
manner.

ABA  Add Accumulators
ADC Add with Carry

ADD Add

AND Logical And

ASL  Arithmetic Shift Left
ASR  Arithmetic Shift Right

BCC  Branch if Carry Clear

BCS  Branch if Carry Set

BEQ Branch if Equal to Zero
BGE  Branch if Greater or Equal Zero
BGT  Branch if Greater than Zero
BHI  Branch if Higher

BIT  Bit Test

BLE  Branch if Less or Equal

BLS  Branch if Lower or Same
BLT  Branch if Less than Zero
BMI  Branch if Minus

BNE  Branch if Not Equal to Zero
BPL  Branch if Plus

BRA  Branch Always

BSR  Branch to Subroutine

BVC  Branch if Overflow Clear
BVS  Branch if Overflow Set

CBA  Compare Accumulators
CLC  Clear Carry

CLI  Clear Interrupt Mask
CLR  Clear

CLV  Clear Overflow

CMP  Compare

COM Complement

CPX  Compare Index Register

DAA  Decimal Adjust

DEC  Decrement

DES  Decrement Stack Pointer
DEX Decrement Index Register

EOR  Exclusive OR

INC  Increment
INS  Increment Stack Pointer
INX  Increment Index Register

JMP  Jump
JSR  Jump to Subroutine

LDA  Load Accumulator
LDS Load Stack Pointer
LDX Load Index Register
LSR  Logical Shift Right

NEG Negate
NOP  No Operation

ORA Inclusive OR Accumulator

PSH  Push Data
PUL  Pull Data

ROL Rotate Left

ROR Rotate Right

RTI  Return from Interrupt
RTS Return from Subroutine

SBA  Subtract Accumulators
SBC  Subtract with Carry
SEC  Set Carry

SEI Set Interrupt Mask
SEV  Set Overflow

STA  Store Accumulator
STS  Store Stack Register
STX  Store Index Register
SUB  Subtract

SWI  Software Interrupt

TAB  Transfer Accumulators

TAP  Transfer Accumulators to Condition Code Reg.
TBA  Transfer Accumulators

TPA  Transfer Condition Code Reg. to Accumulator
TST  Test

TSX  Transfer Stack Pointer to Index Register

TXS  Transfer Index Register to Stack Pointer

WAI  Wait for Interrupt
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Figure 3 Program Aécessible Registers

MPU REGISTERS:

Accumulators A and B — Two separate 8-bit ac-
cumulators that are used to hold operands and
results of operations in the ALU.

Index Register — A 16-bit register used for mem-
ory address storage in Indexed Addressing opera-

T tions.

' ACCUMULATOR A (ACCA Program Counter — A 16-bit register that holds
7 0 : the current program instruction address. Once the
e m—— initial program starting address is loaded into the
i/ ACCUMULATOR B (ACCB) 3 ; Sps s
g program counter, it is incremented under control
15 ‘ ’ 0 ‘ of the MPU hardware. ‘

INDEX REGISTER (X) Stack Pointer — A 16-bit register used forstorage
11'5 T u of the next available location in an external push-
poee S i e down/pop-up stack.

PROGRAM COUNTER (PC) i
i o Condition Code Register — An 8-bit register that

: ‘ stores certain results of operations in the ALU.

STACK POINTER (SP) ; These bits are used as testable cornditions for the

; conditional branch instructions. In addition, one
bit position stores the interrupt mask bit and the

| N . .
1 1 ‘u N z v’c ) CONDITION CODE two high order bits are unused.

17 0

S prroufontt - MEMORY REGISTER:
' ; Zero

" Nogatie EXTERNAL STACK

- Interrupt Mask Bit
«e Half Carry (from bit 3)

The MPU uses a push-down/pop-up stack that
can be located anywhere in RAM and be of any
convenient size. It is accessed with the stack
pointer address and has several uses. First, it al-
ways stores the MPU register contents following
an interrupt and return addresses during sub-
routine execution. Second, it can also be used by
the programmer to store data during program
execution.
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Table 2 Memory Reference Instruction Formats*
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Immediate Addressing

0P CODE OPERAND

0P CODE OPERAND (HI) | OPERAND (LO)

Instruction in which the operand immediately
follows the op code. The operand is one byte for
all accumulator operations and two bytes for in-
dex register or stack register operations.

Direct Addressing

ADDRESS

0P CODE 0255

A two byte instruction in which the address of
the operand is contained in the second byte of
the instruction. This instruction allows direct ad-
dressing of operands within the first 256 memory
locations (usually a RAM location).

Extended Addressing

0P CODE ADDRESS (HI) | ADDRESS (LO)

A three byte instruction in which the op code is
followed by two bytes containing the full 16-bit
memory address. This instruction can be used for
addressing all 65,536 memory locations.

Indexed Addressing

0P CODE INDEX

ADDRESS

A two byte instruction whose second byte is an
unsigned number, which is added to the contents
of the index register. The resulting 16-bit address
is then used to address the memory. The contents
of the index register remain unaltered after the
addition.

Relative Addressing

RELATIVE

0P CODE ADDRESS

A two byte instruction whose second byte is a
signed 2’s complement number which is added to
the program counter. The resulting address is used
to access the memory. This instruction allows the
addressing of any memory location within a range
of 129 bytes forward and 125 bytes back of the
address contained in the program counter at the
start of the instruction.

(Accumulator and Implied Addressing — These
instructions operate directly on an MPU internal
register and therefore are not concerned with
memory addressing. They always are single by te
instructions.)

* Instructions listed in Table I represent the operation codes only; in most cases they are followed by an operand or

address, in the format shown in this table.
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S6800 MICROPROCESSOR

The S6800 Microprocessor (MPU) is an 8-bit parallel
processor. It contains an 8-bit arithmetic unit (ALU),
two 8-bit accumulators, one condition code register,
and three 16-bit address storage registers, all of which
are available for program use (see Figure 4). In addi-
tion, there are the following non-accessible registers:
a 16-bit address incrementer/decrementer, an 8-bit
temporary register and an 8-bit instruction register.
There is also an instruction decode ROM and cycle
control logic, interrupt and restart logic, bus control
and halt logic, and a timing generator.

Within the MPU all data and address transfers between
the registers, as well as to and from the ALU, are made
across three internal 8-bit busses. The first is a data
bus, the second is an address bus for the low order bits,
and the third is an address bus for high order bits.

The MPU communicates with its external memory and
all I/O devices across an 8-bit bidirectional data bus,
DO through D7, and 16 address lines, AO through A15.
The MPU can be disconnected from either bus by two
control signals DBE and TSC.

MPU Operating Cycle. Instructions are executed with-
in the MPU in incremental time periods (MPU cycles),
each consisting of one ¢1 clock period and one ¢2
clock period. When the MPU is operating on a 1 MHz
input clock, each MPU cycle is 1 microsecond long. It
takes a minimum of two MPU cycles to execute an in-
struction.

During the ¢1 period the MPU typically outputs a
memory address to access (fetch) one 8-bit program
instruction or data byte and then, during ¢2, loads the
byte into an internal register. During the next ¢1 period
the MPU executes the associated internal operation
with the ALU and the registers. With this fetch-execute
sequence an instruction may be completed in only two
MPU cycles, or may require as many as 12. While the
MPU is executing successive cycles, it is also common

Table 3 Hardware Registers (not accessible by program)
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for it to overlap functions. For example, during any
given clock period the MPU may be executing one in-
struction in the ALU or registers, while at the same
time a fetch is being performed with the address in the
program counter.

These internal operations of the MPU, as well as the
output of address, data, and control signals, are all
managed by the instruction decode and control logic.
For example, to perform the execute part of any in-
struction, the control logic circuits generate signals
that cause the ALU to perform addition, subtraction,
or some Boolean logic function. These signals can also
cause the contents of one register to be transferred in-
to another, a register to be simply incremented or dec-
remented, or some other similar function to occur.
Such ALU and register operations are used to execute
all of the S6800 instructions.

Memory Addressing Modes. During the fetch part of
any MPU cycle a memory address is required in order
to access a particular location in the external memory.
This address is normally stored in the program counter.
The program counter is 16 bits wide and therefore,
can address any one of a maximum of 65,536 bytes.

At the beginning of a program sequence the MPU is
initialized and the beginning address is loaded into the
program counter. From there on the program counter
is incremented automatically, so that at the end of any
instruction cycle it stores the next instruction address.
If the program contains an instruction to branch or
jump to a different memory location, the op code
must be followed by two bytes which load the new
address into the program counter. There are, however,
addressing techniques with which the jump can be
accomplished by fetching only one new address byte
out of the memory. These are related to the memory
addressing instructions listed in Table 2.

Instruction Register — 8-bit register used to re-
ceive and store all program instructions input into
the MPU (via the data bus lines DO-D7).

Temporary Register — 8-bit register typically used
to store the high order address bits prior to their
output from the MPU onto the external address
bus lines A8-A15.

Incrementer — 16-bit auxiliary ‘address register,
used by the MPU internal control logic, in con-
junction with the program counter, to maintain
and output the current program address.
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Figure 4

Block Diagram of S6800 Microprocessor
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For example, if the destination of a branch is within
129 locations forward of 125 locations back of the
current program counter contents, Relative Address-
ing can be used. In this mode only the op code and
one signed 8-bit byte is fetched from the memory and
is added to the program counter contents.

In Indexed Addressing, a single byte is added to the
contents of the index register and the result is trans-

Table 4 S6800 Interrupts

ferred into the program counter. Thus, the above ad-
dressing variations can be used to reduce the number
of bytes that need be fetched to generate a new ad-
dress. This reduces the number of MPU cycles and
speeds up program execution.

The various addressing modes can also be used in a
similar manner to generate the source or destination
addresses for data.

Nonmaskable Interrupt (NMI) — initiated by a
low-going signal on the NMI line to the MPU;
always interrupts the MPU — even while another
interrupt is being processed and the interrupt
- mask bit is set. Therefore, NMI can be considered
to the highest priority interrupt. It causes the
following sequence of events:
1. At the completion of the instruction being
executed, the contents of the program accessi-
ble registers (Figure 3) are stored in the stack.

2. The interrupt mask bit is set.

3. Starting with its next cycle, the MPU ac-
cesses locations FFFC and FFFD in the mem-
ory and loads the contents into the program
counter.

Interrupt Request (IRQ) — initiated by a logic
low signal on the IRQ line; interrupts the MPU
as long as the interrupt mask bit is not set. It
causes the following sequence of events:

1. At the completion of the instruction being

executed, the interrupt mask bit is tested. If

the bit is set the interrupt must wait; if it isnot

set, contents of the program accessible registers
are stored in the stack.

2. The interrupt mask bit is set.

3. Starting with the next cycle, the MPU ac-
cesses locations FFF8 and FFF9 in the mem-
ory and loads the contents into the program
counter. ‘

Software Interrupt (SWI) — initiated by the SWI
instruction and causes the following sequence of
events:
1. Contents of the program accessible registers
are stored in the stack.

2. The interrupt mask bit is set.

3. Starting with the next cycle, the MPU ac-
cesses locations FFFA and FFFB in the mem-
ory and loads the contents into the program
counter.

Reset — initiated by a positive going edge on the
RESET line to the MPU. It causes the following
sequence of events:
1. All program accessible registers are cleared
and other circuits in the MPU are initialized.

2. The interrupt mask bit is set.

3. Starting with the next cycle, the MPU ac-
cesses locations FFFE and FFFF in the mem-
ory and loads the contents into the program
counter.

Wait (WAI) — an instruction that causes the MPU
to stop all processing and wait for a hardware in-
terrupt. This instruction is not an interrupt in it-
self because it does not cause branching to any
memory address, however, it does cause contents
of the program accessible registers to be stored
into the stack, in preparation for an interrupt.
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Interrupts. The S6800 MPU can be interrupted by
any of several signals and program instructions, each
of which initiates a different sequence in the MPU. In-
cluding the Reset signal, there are four interrupts —
three hardware interrupts (signal lines connectcd to
the MPU) and one software interrupt (SWI instruction).
Each is described separately in Table 4.

All interrupts are vectored — they cause the MPU to
automatically access a predetermined location in the
memory and fetch a branch address of the routine or
program to which the MPU is to go to service the inter-
rupt. All interrupts except Reset also cause the con-
tents of each program accessible MPU register (with
the exception of the stack pointer) to be transferred
to the external stack and thus be saved for later proc-

Figure 5 Data Communications System

S6800
MICROCOMPUTER SYSTEMS

essing. The IRQ interrupt is also maskable — it cannot
interrupt the MPU as long as bit 4 in the condition
code register is set.

APPLICATIONS

The following five figures show various S6800
applications and system interconnections. Because the
specific applications of microcomputers are so many
and diverse, the figures are intended as general models
for systems, in which the particular combination of
devices, details of their interconnections, and control
line utilization are left up to the user. Refer to the
following data sheets for details about each device in
the S6800 family.

CLOCK

RAM
$6810

ACIA
TELETYPEWRITER 6850

ADDRESS BUS

MODEM ACIA

$6860 $6850 DATA BUS

MPU
$6800

ROM
$6830

KEYBOARD
CRT
CONTROL PANEL
PIA CASSETTE
56820 NC MACHINE
PRINTER
RECORDER
1/0 CHANNEL
DATASAMPLER
ACIA LINE DRIVER/

$6850 RECEIVER
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Figure 7 Traffic Control System
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Figure 8 CRT Display System
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$6820 CARD READER
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ADDRESS BUS
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Figure 9 Schematic Diagram for Interconnecting S2350 USRT to the S6800 MPU
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$6800

8-BIT
MICROPROCESSOR : 2 ®
AMERICAN MICROSYSTEMS, INC.
ADVANCED PRODUCT DESCRIPTION
GND —{1 @ 40f— RESET
HALT —2 39f— Tsc
1 —3 38—
TRQ —4 37— 92
DATA VMA —5 36}— DBE
@ i —{e 3s}—
;jﬁg o L F 1436) o BA —{7 34— RW
Gnp —21) Veec —8 33— DO
INSTRUCTION ACCUM A (33) A0 —19 32— D1
ACCUM B (32) A1 —{10 $6800 31— D2
(31) b2 A2 —411 304— D3
STACK PTR HR | STACK PTR LR (300 A3 —12 29}— D4
DECoDE (::> BorreR (29 zf A4 —13 28— D5
INDEX HR INDEX LR 28) o A5 —{14 27— D6
——  (a0) PROGRAM PROGRAM @7 o A6 —{15 26— D7
RESET ” —— CTRHR CTR LR @) A7 —16 25f— A15
Ay INTERRUPT A8 —17 24— A4
i CONTROL A9 —118 23— A13
o1 (S; TIING AN ADDRESS LO A10 —19 22— A12
02 CONTROL \DOR T DATA A1l —120 21— GND
A B
wr 2 2 e
vma —& .
" o |
- < [ (;:‘x) t‘_(u.:ab_.‘
ADDRESS BUFFER I ADDRESS BUFFER J | |
g iyl gy Sy A\) 2
(39)| (25) 19)[a (12| efas)|aa| sz anfao] © -+ A 3
o k!
TSC A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 .020 15° ~o ‘:;"
(MIN) (MAX)
100 (m, fry
(NOM)
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM B / . K
(Available in Pkg. 3M - see Sec. 1)
FEATURES
Eight-Bit Parallel Processing ®  Maskable Interrupt Vector
L] Bi-Directional Data Bus [ Separate Non-Maskable Interrupt — Internal
. Sixteen-Bit Address Bus — 65 k Bytes of Registers Saved in Stack
Addressing L] Six Internal Registers — Two Accumulators,
° 72 Instructions — Variable Length Inc%ex Register, Pr'o.gram Counterf Stack
. . . Pointer and Condition Code Register
° Seven Addressing Modes — Direct, Relative, X .
Immediate, Indexed, Extended, Implied and ¢ Direct Memory {\;cess (DMA) and Multiple
Accumulator Processor Capability
° Variable Length Stack ° Clock Rates as High as 1 MHz
° Vectored Restart Simple Bus Interface Without TTL
° 2 Microsecond Instruction Execution Halt and Single Instruction Execution Capability
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S6800

8-BIT MICROPROCESSOR
ABSOLUTE MAXIMUM RATINGS
Supply Voltage Vcc -0.3 to +7.0V
Input Voltage Vip -0.3 to +7.0V
Operating Temperature Range TA 0to +70°C
Storage Temperature Range Tstg -55 to +150°C

DC (STATIC) CHARACTERISTICS
(Vee = 5.0V £ 5% = 25°C unless otherwise noted.)

Characteristic Symbol Min. Typ. Max. Unit
Input High Voltage (Normal Operating Levels) VIH Vde
Logic +24 - vVce
1,92 Vcc -0.20 - Vce +0.25
Input Low Voltage (Normal Operating Levels) ViL Vde
Logic -0.3 - +0.4
1,92 -0.3 — +0.2
Input High Threshold Voltage - VIHT Vdc
Reset, NMI, Halt, IRQ, Data +2.0 — —
Input Low Threshold Voltage o VILT Vdc
Reset, NMI, Halt, IRQ, Data — — +0.8
Input Leakage Current lin uAdc
(Vin=0t05.25V,Vcc=0) Logic* - - 2.5
1,92 - - 100
Three-State (Off State) Input Current ITSI uAdc
(Vin=041t024V,Vcc=max) Data — - 10
AO0-A15,R/W - - 100
Output High Voltage VOH Vde
(ILoad = -100 pAdc, V¢ = min) +2.4 - -
Output Low. Voltage VoL Vde
(ILoad = 1.6 mAdc, VC(C = min) — - +0.4
Power Dissipation Pp - 0.600 1.2 \
Capacitance ‘ Cin pF
(Vin=0,TA =25°C,f= 1.0 MHz) Logic - - 10
Data, TSC - — 15
¢1,02 - - 200
AO-A15, R/W Cout - - 12 pF

*Except iR_Q and NMI, which require 3 k€2 pullup load resistors for wire-OR capability at optimum operation.
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8-BIT MICROPROCESSOR
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AC (DYNAMIC) CHARACTERISTICS
(Ve = 5.0 volt + 5%, TA = 25°C unless otherwise noted.)

Characteristic Symbol Min. Typ Max. Unit
Frequency of Operation f 0.1 — 1.0 MHz
Clock Timing for 1-MHz Operation (Figure 1)
(Cclock = 200 pF)
Cycle Time teye 1.0 - - Ms
Clock Pulse Width PWgH
(Measured at Vcc -0.2 V) ¢1 430 - 5000 ns
92 470 — 5000
Rise and Fall Times 01,02 tr, tf — — 25 ns
(Measured between 0.2V and
Vce -0.2V)
Delay Time or Clock Overlap td 0 - 1000 ns
(Measured at 0.2 V)
READ/WRITE TIMING
Figures 2 and 3, f = 1.0 MHz, Loading = 130 pF and one TTL Load except VMA and BA Loading = 30 pF and one
Characteristic Symbol Min. Typ Max. Unit
Read/Write Setup Time from MPU TASR — 100 300 ns
Address Setup Time from MPU TASC - 200 300 ns
Memory Read Access Time TACC - - 575 ns
teyc — (TASC + TDSU * tr)
Data Setup Time Tpsu 100 - - ns
Address Setup Time from MPU for VMA Tvsc - 150 300 ns
Data Hold Time TH 10 30 — ns
*%nable High Time for DBE Input TEH 470 — - ns
Data Setup Time from MPU TASD - 150 200 ns

FIGURE 1 — CLOCK TIMING WAVEFORM

il

y—e| [ m—.{ j-—
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S6800
8-BIT MICROPROCESSOR

FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS

/-START OF CYCLE
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$ i - | 0.2 V
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6 \ / 0.2 v\,___
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FIGURE 3 — WRITE DATA IN MEMORY OR PERIPHERALS
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S6800

8-BIT MICROPROCESSOR

INTERFACE DESCRIPTION

Label

91
#2
RESET

FIGURE 4

Pin Function

3) Clocks Phase One and Phase Two — Two pins are used for a two-phase non-overlapping
(37) clock that runs at the V¢ voltage level.

(40) Reset — This input is used to reset and start the MPU from a power down condition, result-
ing from a power failure or an initial start-up of the processor. If a positive edge is detected
on the input, this will signal the MPU to begin the restart sequence. This will start execution
of a routine to initialize the processor from its reset condition. All the higher order address
lines will be forced high. For the restart, the last two (FFFE, FFFF) locations in memory
will be used to load the program that is addressed by the program counter. During the re-
start routine, the interrupt mask bit is set and must be reset before the MPU can be inter-
rupted by IRQ.

Reset must be held low for at least eight clock periods after Vo reaches 4.75 volts
(Figure 4). If Reset goes high prior to the leading edge of 2, on the next 1 the first restart
memory vector address (FFFE) will appear on the address lines. This location should contain
the higher order eight bits to be stored into the program counter. Following, the next
address FFFF should contain the lower order eight bits to be stored into the program counter.

INITIALIZATION OF MPU AFTER RESTART

_—~"|a1V
Vee
[ A
g2 __FLJLH_H_FI_H_H_H_H_IJL_FI_FI_HLH_J'I_J'LJ'L_J—L
| 1
Reset 4 Il
- > 8 Clock Times ———————=| —>|||<— First Instruction Loaded into MPU
1
VMA AT
Address Out Address Out = Contents of
= FFFE FFFE + FFFF
Address Out
= FFFF
VMA ) Valid Memory Address — This output indicates to peripheral devices that there is a valid

address on the address bus. In normal operation, this signal should be utilized for enabling
peripheral interfaces such as the PIA and ACIA. This signal is not three-state. One standard
TTL load and 30 pF may be directly driven by this active high signal.
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Label
A0

AlS
TSC

DO

D7
DBE

R/W

HALT

BA

Pin
©)

(25)
(39)

(33)

(26)
(36)

(34)

(@)

Q)

S6800
8-BIT MICROPROCESSOR

Function

Address ﬁus — Sixteen pins are used for the address bus. The outputs are three-state bus
drivers capable of driving one standard TTL load and 130 pF. When the output is turned
off, it is essentially an open circuit. This permits the MPU to be used in DMA applications.

Three-State Control — This input causes all of the address lines and the Read/Write line to
go into the off or high impedance state. This state will occur 500 ns after TSC = 2.4 V.
The Valid Memory Address and Bus Available signals will be forced low. The data bus is not
affected by TSC and has its own enable (Data Bus Enable). In DMA applications, the Three-
State Control line should be brought high on the leading edge of the Phase One Clock. The
¢1 clock must be held in the high state and the ¢2 in the low state for this function to
operate properly. The address bus will then be available for other devices to directly address
memory. Since the MPU is a dynamic device, it can be held in this state for only 5.0 us or
destruction of data will occur in the MPU.

Data Bus — Eight pins are used for the data bus. It is bi-directional, transferring data to and
from the memory and peripheral devices. It also has three-state output buffers capable of
driving one standard TTL load at 130 pF.

Data Bus Enable — This input is the three-state control signal for the MPU data bus and will
enable the bus drivers when in the high state. This input is TTL compatible; however in
normal operation, it can be driven by the phase two clock. During an MPU read cycle, the
data bus drivers will be disabled internally. When it is desired that another device control
the data bus such as in Direct Memory Access (DMA) applications, DBE should be held low.

Read/Write — This TTL compatible output signals the peripherals and memory devices
whether the MPU is in a Read (high) or Write (low) state. The normal standby state of this
signal is Read (high). Three-State Control going high will turn Read/Write to the off (high-
impedance) state. Also, when the processor is halted, it will be in the off state. This output
is capable of driving one standard TTL load and 130 pF.

Halt — When this input is in the low state, all activity in the machine will be halted. This
input is level sensitive. In the halt mode, the machine will stop at the end of an instruction,
Bus Available will be at a one level, Valid Memory Address will be at a zero, and all other
three-state lines will be in the three-state mode.

Transition of the Halt line must not occur during the last 250 ns of phase one. To insure
single instruction operation, the Halt line must go high for one Phase One Clock cycle.

Bus Available — The Bus Available signal will normally be in the low state; when activated, it
will go to the high state indicating that the microprocessor has stopped and that.the address
bus is available. This will occur if the Halt line is in the low state or the processor is in the
WAIT state as a result of the execution of a WAIT instruction. At such time, all three-state
output drivers will go to their off state and other outputs to their normally inactive level.
The processor is removed from the WAIT state by the occurrence of a maskable (mask bit
I = 0)or nonmaskable interrupt. This output is capable of driving one standard TTL load
and 30 pF.
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Label Pin Function

IRQ 4) Interrupt Request — This level sensitive input requests that an interrupt sequence be gener-
ated within the machine. The processor will wait until it completes the current instruction
that is being executed before it recognizes the request. At that time, if the interrupt mask
bit in the Condition Code Register is not set, the machine will begin an interrupt sequence.
The Index Register, Program Counter, Accumulators, and Condition Code Register are
stored away on the stack. Next the MPU will respond to the interrupt request by setting the
interrupt mask bit high so that no further interrupts may occur. At the end of the cycle,
a 16-bit address will be loaded that points to a vectoring address which is located in memory
locations FFF8 and FFF9. An address loaded at these locations causes the MPU to branch
to an interrupt routine in memory.

The Halt line must be in the high state for interrupts to be recognized.
The IRQ has a high impedance pullup device internal to the chip; however a 3 kS external
resistor to V( should be used for wire-OR and optimum control of interrupts.

NMI (6) Non-Maskable Interrupt — A low-going edge on this input requests that a non-mask interrupt
sequence be generated within the processor. As with the Interrupt Request signal, the
processor will complete the current instruction that is being executed before it recognizes
the NMI signal. The interrupt mask bit in the Condition Code Register has no effect on NMI.
The Index Register, Program Counter, Accumulators, and Condition Code Register are
stored away in the stack. At the end of the cycle, a 16-bit address will be loaded that
points to a vectoring address which is located in memory locations FFFC and FFFD. An
address loaded at these locations causes the MPU to branch to a non-maskable interrupt
routine in memory.

NMI has a high impedance pullup resistor internal to the chip; however a 3 k{2 external
resistor to Vc should be used for wire-OR and optimum control of interrupts.
Inputs IRQ and NMI are hardware interrupt lines that are acknowledged during ¢2 and will
start the interrupt routine on the ¢1 following the completion of an instruction.
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INTERRUPTS — As outlined in the interface description the S6800 requires a 16-bit vector”
address to indicate the location of routines for Restart, Non-maskable Interrupt, and
Maskable Interrupt. Additionally an address is required for the Software Interrupt Instruction
(SWI). The processor assumes the uppermost eight memory locations, FFF8 — FFFF, are
assigned as interrupt vector addresses as defined in Figure 5.

After completing the current instruction execution the processor checks for an
allowable interrupt request via the IRQ or NMI inputs as shown by the simplified flow
chart in Figure 6. Recognition of either external interrupt request or a Wait for Interrupt
(WAI) or Software Interrupt (SWI) instruction causes the contents of the Index Register,
Program Counter, Accumulators and Condition Code Register to be transferred to the stack
as shown in Figure 7.

FIGURE 5 MEMORY MAP FOR INTERRUPT VECTORS
Vector L
MS LS Description
FFFE FFFF Restart
FFFC FFFD Non-maskable Interrupt
FFFA FFFB Software Interrupt
FFF? FFF9 Interrupt Request
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FIGURE 6 — MPU FLOW CHART

START SEQUENCE

FFFE, FFFF

MACHINE
ON HALT

FETCH INSTRUCTION

EXECUTE
INSTRUCTION

MASK NO

NMI

FFFC
FFFD

EXECUTE
INTERRUPT ROUTINE

1IRQ

FFF8
FFF9

!

FIGURE 7 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer

CC = Condition Codes (Also called the Processor Status Byte)

ACCB = Accumulator B

ACCA = Accumulator A
IXH = Index Register, Higher Order 8 Bits
IXL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order 8 Bits )
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MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit regis-
ters available for use by the programmer.

Program Counter — The program counter is a two byte (16-
bits) register that points to the current program address.

Stack Pointer — The stack pointer is a two byte register that
contains the address of the next available location in an ex-
ternal push-down/pop-up stack. This stack is normally a
random access Read/Write memory that may have any loca-
tion (address) that is convenient. In those applications that
require storage of information in the stack when power is lost,
the stack must be non-volatile.

Index Register — The index register is a two byte register
that is used to store data or a sixteen bit memory address for
the Indexed mode of memory addressing.

Accumulators — The MPU contains two 8-bit-accumulators

that are used to hold operands and results from the arithmetic |

logic unit (ALU).

Condition Code Register — The condition code register indi-
cates the results of an Arithmetic Logic Unit operation:
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 (C),
and half carry from bit 3 (H). These bits of the Condition
Code Register are used as testable conditions for the condi-
tional branch instructions. Bit 4 is the interrupt mask bit (I).
The unused bits of the Condition Code Register (b6 and b7)
are ones.

S6800

8-BIT MICROPROCESSOR

FIGURE 8 — PROGRAMMING MODEL OF THE

MICROPROCESSOR
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8-BIT MICROPROCESSOR

MPU ADDRESSING MODES

The S6800 eight-bit microprocessing unit has seven
address modes that can be used by a programmer, with the
addressing mode a function of both the type of instruction
and the coding within the instruction. A summary of the
addressing modes for a particular instruction can be found
in Figure 9 along with the associated instruction execution
time that is given in machine cycles. With a clock frequency
of 1 MHz, these times would be microseconds.

ACCUMULATOR ADDRESSING (ACCX)

OP CODE

A sihgle byte instruction addressing operands only in
accumulator A or accumulator B.

IMPLIED ADDRESSING

OP CODE

Single byte instruction where the operand address is im-
plied by the instruction definition (i.e., Stack Pointer, Index
Register or Condition Register).

IMMEDIATE ADDRESSING
IMMEDIATE
OP CODE OPERAND
IMMEDIATE | IMMEDIATE
OP CODE OPERAND OPERAND
HIGHER LOWER

Two or three byte instructions with an eight or sixteen
bit operand respectively. For accumulator operations the eight
bit operand is contained in the second byte of a two byte
instruction. For Index Register operations (e.g. LDX) sixteen
bit operand is contained in the second and third byte of a three
byte instruction.

R D N T A TR

DIRECT ADDRESSING
ADDRESS
OP CODE 0255

Two byte instructions with the address of the operand
contained in the second byte of the instruction. This format
allows direct addressing of operands within the first 256
memory locations.

EXTENDED ADDRESSING
ADDRESS | ADDRESS
OPCODE | piGHER LOWER

Three byte instructions with the higher eight bits of the
operand address contained in the second byte and the lower
eight bits of address contained in the third byte of the instruc-
tion. This format allows direct addressing of all 65,536
memory locations.

INDEXED ADDRESSING
INDEX
OP CODE ADDRESS

Two byte instructions where the 8 bit unsigned address
contained in the second byte of the instruction is added to
the sixteen bit Index Register resulting in a sixteen bit
effective address. The effective address is stored in a temporary
register and the contents of the Index Register are-unchanged.

RELATIVE ADDRESSING
RELATIVE
OP CODE ADDRESS

Two byte instructions where the relative address con-
tained in the second byte of the instruction is added to the
sixteen bit program counter plus two. The relative address is
interpreted as a two’s complement number allowing relative
addressing within a range of =125 to +129 bytes of the present
instruction.




FIGURE 9 — S6800 INSTRUCTION SET

Addressing Mode

S6800
8-BIT MICROPROCESSOR

Condition Reg

Implied Immediate Direct Extended Indexed Relative Boolean/Arith Sl 4| 3' ZI 1 |0
Instruction Mnemonic OP MC PB OP MC PB OP MC PB OopP MC PB OP MC PB OP MC PB Operation HII lNlIlVl(‘
Load accumulator LDAA 8 2 2 9% 3 2 Bo 4 3 AG S 2 M A o o| I| I| R|e
LDAB co 2 2 Do 3 2 Fo 4 3 6 5 2 M- B o of I| i| R|e
Load stack pointer LDS sk 3 3 o 4 2 BE S 3 AE 6 2 M = SPpj. (M + 1) o| o| | 1| R|®
-spp,
Load index LDX CE 303 DE 4 27 FE S 3 EE 6 2 M = Xpp (M + 1) of o of I Rfe
register - X1
Store accumulator STAA 97 4 2 B7 5 3 AT 6 2 A->M o| o] I| I|R|e
STAB D7 4 2 F7 5 3 E7 6 2 B->M o of I I[R]|®
Store stack STS 9F 52 BF 6 3 AF 7 2 SPyp -+ M. SPp, o| of 0} 1] R|®
pointer M+1)
Store index STX DF 5 2 FF 6 3 EF 7 2 Xp1 M. X ol el0) I[R] e
register M+ 1)
Transfer accumu-
lators TAB 16 2 1 A-B o I I[R|e®
TBA 17 2 1 B> A ol of 1| 1R|e
Transfer Acc. to
cond. reg. TAP 06 2 1 A - CCR Note 12
Transfer cond. reg.
to Acc. TPA 07 2 1 CCR ~ A ole|e|e]|e|e
Transfer stck ptr to
index TSX 30 4 1 SP+1->X o|e|o|efe|e
Transfer index to
stek ptr TXS 35 4 1 X 18P olefofofe]e
Pull data PULA 32 4 1 SP + 1 - SP, Mgp ole|o[efe]e
> A
PULB 33 4 1 SP +1 - SP, olelofe]e|e
Mgp—~ B
Push data PSHA 36 4 1 A ->Mgp,SP 1 olejo|e]e|e
- SpP
PSHB 37 4 1 B—-Mgp,SP 1 ololofofo]e
- Sp |
Add accumulators ABA 1B 2 1 A+B+>A e[ttt
Add ADDA 88 2 2 9B 3 2 BB 4 3 AB S 2 A+M=>A dleftfr(t
ADDB CB 2 2 DB 3 2 FB 4 3 EB 5§ 2 B+M-B teltft]t |t
Add with carry ADCA 89 2 2 9 3 2 BY 4 3 AY 5 2 A+M+C—A ettt |t
ADCB c 2 2 Dy 3 2 F9 4 3 E9 5 2 B+M+C—>B Tle|t|t|t g
Subtract .
accumulators SBA 100 2 1 A-B-A ole|t $
Subtract SUBA 80 2 2 9 3 2 BO 4 3 A0 5 2 A-M-=A ofefl t
SUBB co 2 2 Do 3 2 FO 4 3 EO 5 2 B-M->B ofeft
Subtract with
carry SBCA 82 2 92 3 2 B2 4 3 A2 5 2 A-M-C->A ele| ittt
SBCB C2 2 D2 3 2 F2 4 3 E2 5 2 B-M -C-B ele|l|t|t |t
Increment INCA 4C 2 1 A+1->A ofe|t{t]5 |e
INCB sC 2 1 B+1-8B ele|ift]S|e
INC 7 6 3 6C 7 2 M+1->M ele|tlt|S|e
Increment stack
pointer INS 31 4 1 SP+ 1 - SP ole|ofofe e
Increment index
reg. INX 08 4 1 X+1=-X ol oo
Decrement DECA 4A 2 1 A-1-A tit|4]e
DECB SA 2 1 B-1-B Hi)dle
DEC TA 6 3 6A 7 2 M-1-M [ A E
Decrement stack
pointer DES 34 4 1 SP -1 - SP elefojelefe
Decrement index
register DEX 09 4 1 X-1-X oleje|t oo
Complement (1s) COMA 43 2 1 A-A ele|t|tIRIS
COMB 53 2 1 B->B ofe |t |1 |RIS
COM 736 3 63 7 2 MM ofe|t|t[R]S
Complement (2’s) NEGA 40 2 1 00 -A-A eltlth 2
NEGB 50 2 1 00-B—B ety |2
NEG 70 6 3 60 7 2 00 -M-M ofefiftfi2
Decimal adjust
accumulator DAA 19 21 ele|tt I3

OP = Operation Code

MC = Number of MPU Cycles

PB = Number of Program Bytes
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Addressing Mode . Condition Reg
Implied Immediate Direct Extended Indexed Relative Boolean/Arith 5 |4 |3 |2 || l()
Instruction Mnemonic OP MC PB OP MC PB OP MC PB OP MC PB OP MC PB OP MC PB Operation Hll IN’ZlVl(‘
Logical and ANDA 84 2 2 94 3 2 B4 4 3 A4 5 2 AeONM—=A ole|t|t{R|e
ANDB ca 2 2 D4 3 2 F4 4 3 E4 5 2 BeM-—B ole|t|t|R|e
Inclusive or ORAA A 2 2 9A 3 2 BA 4 3 AA 5 2 AtM-—=A ole|t|t|R]|e
ORAB CA 2 2 DA 3 2 FA 4 3 EA 5 2 B+M~—B ole|t|t|R|e
Exclusive or EORA 88 2 2 98 3 2 B8 4 3 A8 5 2 ADM->A eole[t|t[R|e
EORB g 2 2 Dg 3 2 F8 4 3 E8 5 2 BOM-B eolo|t|3]|R|e®
Shift left arithmetic ASLA 48 2 1 A -— eleltitioft
ASLB 58 2 1 B} O =— O -0 eoleft|t]6]¢
ASL %6 3 |68 7 2 my € b0 ole]t|t|6]s
Shift right
arithmetic ASRA 47 2 1 A efelt|t|6]t
ASRB 572 1 piCekmmm —o | ofeft|t|o]t
ASR 76 3 |61 7 2 M) 7 b0 ofet]tfofs
Shift right logical LSRA 44 2 1 A . ele|RIt6]
LSRB 54 2 1 B ¢ 0— OO —=0 ele|RIt16]
LSR 74 6 3 64 7 2 M) b7 b0 € glglR[tfoft
Rotate left ROLA 49 2 1 A eleliitlofd
ROLB 59 2 1 B - efet|tl6]t
ROL 79 6 3 69 7 2 M) € b7="b0 eleftitloft
Rotate right RORA 46 2 1 A elet|t]6]t
RORB 56 2 1 B eole|t|t|6]t
ROL 76 6 3 |66 7 2 M) € b7TR0 ole|t]t]6ft
Compare accumu-
lators CBA 2 1 A-B ole 4
Compare CMPA 81 2 2 91 3 2 Bl 4 3 Al 5 2 A-M ofleft]|t|t]s
CMPB cr 2 2 DI 3 2 FI 4 3 El 5 2 B-M eleft|t[s]e
Compare index
register CPX 8C 3 3 9C 4 2 BC 5 3 AC 6 2 XH M, XL - (M+1) | e|ef8|t|7]®
Test (zero or
minus) TSTA 4D 2 1 A -- 00 o|e|t|¢|RIR
TSTB sSD 2 1 B - 00 o[e|l[$[R|R
TST 6 3 6D 7 2 M — 00 ole|t|t[R[R
Bit test BITA 85 2 2 95 3 2 BS 4 3 A5 5 2 AeM ole|t|t|R|e
. BITB cs 2 2 D6 3 2 FS 4 3 ES 5 2 Be M o|e|t|t|R|e
TEST
Branch BRA 20 4 2 oleje|e|e]e
Branch if carry
clear BCC 24 4 2 Cc=0 olofejojofe
Branch if carry
set BCS 25 4 2 C=1 olo(e]ofo|e
Branch if overflow
clear BVC 28 4 2 V=0 ojlo(ojofefe
Branch if overflow
set BVS 29 4 2 V=1 olejejo]ele
Branch if equal to
zero - BEQ 27 4 2 z=1 olefejo]e|e
Branch if greater
or equal to zero BGE 2 4 2 N®V=0 o|e|o|o]e|e
Branch if greater
than zero BGT 2E 4 2 Z+(N®V)=0 olejela|e]e
Branch if less
than zero BLT 2D 4 2 N®V=1 olejoje]efe
Branch if less than
or equal to zero BLE 2F 4 2 Z+(N@V)=1 olefejefefe
Branch if not equal
to zero BNE 26 4 2 Z=0 .
Branch if minus BMI 2B 4 2 N=1 L]
Branch if plus BPL 2A 4 2 N=0 3
Branch if higher BHI 2 4 2 C+Z=0 L
Branch if lower .
or same BLS 23 4 2 C+Z= ole|e|e|e|e
OP = Operation Code MC = Number of MPU Cycles PB = Number of Program Bytes
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S6800
8-BIT MICROPROCESSOR

Addressing Modes Condition Reg.
Impli Di i ati 2
mplied irect Immediate Extended Indexed Relative Boolean/Arith 5' 4' 3| .I II 0
Instruction Mnemonic | OP MC PB OP MC PB OP MC PB OP MC PB OP MC PB OP MC PB Operation H'l 'NIZ'V'C
Branch to
subroutine BSR 8D 8 2 ole|olo|ele
Jump to Sce
subroutine JSR BD 9 3 AD 8 2 Special ojo|e|o|e|e
Jump Mp 7E 33 OE 4 2 Operations olelofofefe
Return from
subroutine RTS 39 5 1 ojefojojele
Return from
interrupt RTI 3B 10 1 Note 10
Software interrupt SWI 3F 12 1 e|S|e|e(e|e
Wait for interrupt WAI 3E 9 1 ofiljefojo]e
No operation NOP 02 2 1 PC+1->PC olojofofo]e
Clear CLRA 4F 2 1 00— A ®|®|RISIRIR
CLRB SF 2 1 00~ B o (®|RISIR|R
CLR 7F 6 3 6F 7 2 00->M o (e|RISIR{R
Clear carry CLC oc 2 1 0-C ole|o|ele(R
Clear interrupt
mask CLI OE 2 1 01 elele
Clear overflow CLV 0A 2 1 0>V ®|R(e
Set carry SEC ob 2 1 1-C e|S
Set interrupt
mask SEI OF 2 1 1->1 e(S(e|efe]e
Set overflow SEV 0B 2 |1 1=V efelefe|S|e
CONDITION CODE SYMBOLS: LEGEND:
H Half-carry from bit 3; OP  Operation Code (Hexadecimal):
I Interrupt mask MC  Number of MPU Cycles;
N Negative (sign bit) PB  Number of Program Bytes;
VA Zero (byte) + Arithmetic Plus;
v Overflow, 2’s complement - Arithmetic Minus;
C Carry from bit 7 . Boolean AND;
R Reset Always Mgp Contents of memory location pointed to by Stack Pointer;
S Set Always + Boolean Inclusive OR;
$ Test and set if true, cleared otherwise @ Boolean Exclusive OR;
. Not Affected M Complement of M;
- Transfer Into;
0 Bit = Zero;
00 Byte = Zero;

Note — Accumulator addressing mode instructions are included in the IMPLIED addressing.

CONDITION CODE REGISTER NOTES:

(Bit set if test is true and cleared otherwise)

1 (Bit V) Test: Result = 100000007

2 (Bit C) Test: Result = 000000007

3 (Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set.)
4 (Bit V) Test: Operand = 10000000 prior to execution?

5 (Bit V) Test: Operand = 01111111 prior to execution?

6 (Bit V) Test: Set equal to result of N @ C after shift has occurred.

7 (Bit N) Test: Sign bit of most significant (MS) byte = 1?

8 (Bit V) Test: 2’s complement overflow from subtraction of MS bytes?

9 (Bit N) Test: Result less than zero? (Bit 15 =1)

10 (AlD) Load Condition Code Register from Stack. (See Special Operations)

11 (Bit I) Set when interrupt occurs, if previously set, a Non-Maskable Interrupt is required to exit the wait state.
12 (ALL) Set according to the contents of Accumulator A
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i

8-BIT MICROPROCESSOR
FRAT Z e A
SPECIAL OPERATIONS

JMP, JUMP;

PC  MAIN PROGRAM PC  MAIN PROGRAM
n 6E = JMP n 7E = JMP
INnoxp { " *1 K = OFFSET EXTENDED { n+1| KH=NEXT ADDRESS
: n+2| KL=NEXT ADDRESS

X+ K| NEXT INSTRUCTION

JSR, JUMP TO SUBROUTINE:

INDXD

EXTND

PC MAIN PROGRAM
n AD = JSR
n+1 K =OFFSET*
n+2 NEXT MAIN INSTR.

MAIN PROGRAM

BD = JSR

SH = SUBR. ADDR.

SL = SUBR. ADDR.
NEXT MAIN INSTR.

BSR, BRANCH TO SUBROUTINE:

PC
n
n+1

n+2

MAIN PROGRAM

8D = BSR
+ K=OFFSET*
NEXT MAIN INSTR.
*K =7-BIT SIGNED VALUE;

*K = 8-BIT UNSIGNED VALUE

sp STACK
— SP -2
SP—1 (n+2)H
SP (n+2)L
(n+2) y AND (n+2) | FORM n + 2
sp STACK
— SP -2
SP—1 (n+3)H
SP (n+3)L

—= = STACK POINTER

AFTER EXECUTION.

STACK

(n+2)H

(n+2)L

n+2 FORMED FROM (n +2)H4

AND (n +2)p

PC

SUBROUTINE

INX + K

1st SUBR. INSTR.

o I3

SUBROUTINE

1st SUBR. INSTR.

(S FORMED FROM SH AND S )

n+21K

SUBROUTINE

1st SUBR. INSTR.

CEEETE
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SPECIAL OPERATIONS

56800
8 BIT MICROPROCESSOR

RTS, RETURN FROM SUBROUTINE:
PC SUBROUTINE

S 39 = RTS

SWI, SOFTWARE INTERRUPT
PC MAIN PROGRAM

"_

WAL, WAIT FOR INTERRUPT
PC MAIN PROGRAM

RTI, RETURN FROM INTERRUPT:
PC INTERRUPT PROGRAM
S 3B=RTI

n 3E =WAI

sp

— SP-7
SP—6
SP—5
SP—4

SP -3

SP -2

SP -1

18

SP
SP+1
SP+2
SP+3
SP+4
SP+5
SP+6

—» SP+7

STACK

"H

e

STACK

cc

ACCB

ACCA

XH

XL

(n+1)H

(n+1)L

STACK

cc

ACCB

ACCA

XH

XL

(n+1)H

(n+ 1)L

STACK

cc

ACCA

ACCB

XH

XL

"H

L

PC MAIN PROGRAM
NEXT MAIN INSTR.

E]

PC INTERRUPT PROGRAM
m INT. ROUTINE

mH = (H — 0005)

m = (H — 0004)

H = ADDRESS WITH
ALL ADDRESS LINES
IN HIGH STATE

PC INTERRUPT PROGRAM
m INT. ROUTINE

mH = (H — 0007)

m = (H — 0006)

H = ADDRESS WITH
ALL ADDRESS LINES
IN HIGH STATE

PROGRAM PROCEEDS AT m ONLY AFTER
EXTERNAL INTERRUPT REQUEST

PC MAIN PROGRAM

E]

NEXT MAIN INSTR.
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8-BIT MICROPROCESSOR

G

SYSTEMS OPERATION

To demonstrate the great versatility of the functional
building block concept, a typical system configuration is
shiown. This configuration will demonstrate how easily a basic
system may be upgraded and expanded for a number of
different applications.

The Microprocessing Unit (MPU) may be configured
with a Read Only Memory (ROM), Random Access Memory
(RAM), a Peripheral Interface Adapter (PIA), restart circuitry
and clock circuitry to form a minimum functional system
(Figure 10). Such a system can easily be adapted for a number
of small scale applications by simply changing the content of
the ROM.

TWO-PHASE CLOCK CIRCUITRY AND TIMING—The
MPU requires a two-phase non-overlapping clock which has a
frequency range as high as 1 MHz. In addition to the two
phases, this circuit should also generate an enable signal E,
and its complement E, to enable ROMs, RAMs, PIAs and
ACIAs. This Enable signal and its complement is obtained by
ANDing ¢2 and VMA (Valid Memory Address).

CHIP SELECTION AND ADDRESSING—The minimum
system configuration permits direct selection of the ROM,
RAM, ACIA and PIA without the use of special TTL select
logic. This is accomplished by simply wiring the address lines
Al3 and Al4 to the Enable or chip select lines on the
memories and PIA. This permits the devices to be addressed
as follows:
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Device Al4 Al3 Hex Addresses
RAM 0 0 0000—-007F
PIA 0 1 2004—2007 (Registers)
ROM 1 1 6000—63FF

Other addressing schemes can be utilized which use any
combination of two of the lines A10 through A14 for chip
selection.

PERIPHERAL CONTROL-AIll control and timing for
the peripherals that are connected to the PIA is accomplished
by software routines under the control of the MPU.

RESTART AND NON-MASKABLE INTERRUPT-Since
this basic system does not have a nonvolatile RAM, special
circuitry to handle loss of power using NMI is not required.
Circuitry is, however, required to insure proper initialization
of the MPU when power is turned on. This circuit should
insure that the Restart signal is held low for eight ¢1 clock
cycles after the Vgoc power supply reaches a voltage of
approximately 4.75 volts DC. Also, in order to insure that a
PIA or ACIA is not inadvertently selected during the power-on
sequence, Three-State Control (TSC) should be held high until
the positive transition of Restart.

HALT-The Halt line is tied to Ve and will auto-
matically place the MPU in the run state when power is turned
on. This signal may be used to halt the MPU if a switch is
used to tie the line to ground for HALT and to V¢ for
RUN.




S6800

8-BIT MICROPROCESSOR
FIGURE 10 — MINIMUM SYSTEM CONFIGURATION
TWO-PHASE | VMA @02
cLock
[
3
ROM
01 02 VMA 56830 E RES
AC-A0 | ACAY AO-A9> A0-A9 D0-D7K _DO-D7 CA1 0
cAz PERIPHERAL
A3 e
DBE £ ) PAO-PA7
A4 E E
RESTART REs A
TSC $6820
N
MP ~ ACAT RSO-RS1
$6800
A2 cso
| 3 po-07 - o
" A4 =
cc
O— HALT RW R/W
PBO-PB7
10
RW e PERII:I;ERAL
_A0AG_ Y Ao-ae D0D7K DOD7 DOD7  CB2
- RAM RGE
o M ef—oVee TROA [RGB
vee E E
3 E

DATA BUS D0-D7
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$6810

128 X 8 STATIC
READ/WRITE MEMORY

ADVANCED PRODUCT DESCRIPTION

A0 (23)—':
A1 (22) —
A2 (21)——

_( ADDRESS
A3 (20) DECODE

A4 (19)
AS (18)

MEMORY 3STATE
MATRIX BI-DIRECTIONAL
128 X8 TTL BUFFERS

IREEEER]

“A6 (17)——

READ/
wriTe (1817

E3 (13)—

MEMORY CONTROL

EO (10)—

E5 (15) ———0|
£3 (14) ———0|
E2 (12)————0|
E1(11)—

ano[]1 24[Jvee

oo[]2 23[] A0

(2) DO o[gs 27

& (3) D1 o024 21
(4) D2 oa[]s [ ]as
(5) D3 os[]s 56810 19 ]ae
(6).D4 os[7 185
& (7) D5 os [ 17[]as
(8) D6 o7[]e 16 [T am
(9) D7 €0 []10 L
an u[]&

e[ 13[Jes

(1) (24)
GND Vcc (+5V)

BLOCK DIAGRAM

PIN/PACKAGE CONFIGURATION

(Available in Pkgs. 2L, 1W - see Sec. 1)

FEATURES

L] Organized as 128 Bytes of 8 Bits L] Single 5-Volt Power Supply
e  Static Operation TTL Compatible
. Bi-Directional Three-State Data Input/Output Maximum Access Time = 1.0us for S6810
e  Six Chip Enable Inputs (Four Active Low, Two 575 ns for S6810-1
Active High)
FUNCTIONAL DESCRIPTION Control line, and six Chip Enable lines, four negative and two

The S6810 is a static 128 x 8 Read/Write Memory de-
signed and organized to be compatible with the S6800 Micro-
processor. Interfacing to the S6810 consists of an 8 Bit Bi-
directional Data Bus, Seven Address Lines, a single Read/Write
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positive.

For ease of use, the S6810 is a totally static memory
requiring no clocks or cell refresh. The S6810 is fabricated
with N channel silicon gate technology to be fully DTL/TTL
compatible with only a single +5 volt power supply required.



S6810
128 X 8 STATIC READ/WRITE MEMORY

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Vcc -0.3 to +7.0V
Input Voltage Vip -0.3 to +7.0V
Operating Temperature Range TA 0 to +70°C
Storage Temperature Range Tstg -55 to +150°C

DC (STATIC) CHARACTERISTICS
(Ve = 5.0 Volt + 5%; Ty = 0°C to +70° C)

Characteristic Symbol | Min. | Typ. | Max. | Unit Condition

Input High Voltage(NormalOperatingLevels) VIH 2.4 - 5.25 v

Input Low Voltage(NormalOperating Levels) VIL -0.3 - 0.4 \'

Input Current (Ap, R/W, Ep, Ep) lin — — 2.5 MA

(Vin=01t05.25V) .

Input High Threshold Voltage VIHT 2.0 - - v

Input Low Threshold Voltage VILT — — 0.8 \%

Output High Voltage (I0H = =100 uA) VOH 2.4 — - \%

Output Low Voltage (IQL = 1.6 mA) VoL - — 0.4 A%

Output Leakage Current (DO — D7) ILIH - - 10 | pA
(Vp=24V,E=04V,E=24V)

Output Leakage Current (DO — D7) ILoL - — 10 | pwA
(Vp=04V,E=04V,E=24V)

Supply Current (Vgc = 5.25 V, TA = 0°C) Icc ~ - 130 | mA

Input Capacitance CIN - — 7.5 pF | f=1.0MHz, Tp =25°C

Output Capacitance CouT - — 15 pF

AC (DYNAMIC) CHARACTERISTICS
(Vee = 5.0 Volt ¥ 5%, Tp = 0°C to + 70°C)

Characteristic Symbol Min. Max. Unit
Address Setup Time tAS 30 - ns
Address Hold Time tAH 0 — ns
Chip Enable Pulse Width S6810 tcs 800 — ns
S6810-1 400
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S6810 :
128 X 8 STATIC READ/WRITE MEMORY

READ CYCLE
(All timing with t; = tf = 20 ns, Load of Figure 1)

Characteristic Symbol Min. Max. Unit
Read Cycle Time S6810 teye(R) 1000 - ns
S6810-1 575 - ns
Output Enable Delay Time S6810 tED — 400 ns
S6810-1 - 300 ns
Output Disable Delay Time S6810 tDD 10 200 ns
S6810-1 10 150 ns
Read Access Time S6810 tace - 1000 | ns
S6810-1 - 575 ns

WRITE CYCLE
(All timing with t; = tf = 20 ns, Load of Figure 1)

Characteristic Symbol Min. Max. Unit

Write Cycle Time . S6810 teyc(W) 1000 - ns

- S6810-1 500 — ns

Write Pulse Width S6810 twp 800 - ns

S6810-1 400 — ns

Write Pulse Hold Time S6810 tWH 1000 - ns

S6810-1 500 — ns

Data Setup Time S6810 tDS 500 - ns

S6810-1 300 - ns

Data Hold Time S6810 tDH 0 — ns
S6810-1 0
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S6810

128 X 8 STATIC READ/WRITE MEMORY

TIMING CHARACTERISTICS
READ CYCLE TIMING WRITE CYCLE TIMING
2.4v f foyothn
ADDRESS ADDRESS 20v
S Aosv
0.4v
[— tAS — le— tAH
24V ——
CHIP SELECT CHIP SELECT 7‘2.ov oo
0.4V |
2.0V ——d
CHIP SELECT CHIP SELECT \ 20v

READ/WRITE

Dout

DD
FLOATING

DON'T CARE

DON'T CARE

FIGURE 1 — AC TEST LOAD

TEST POINT

130 pF*

25k

*Includes Jig Capacitance

5.0V

RL = 2.5k

MMD6150
OR EQUIV

MMD7000
OR EQUIV
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$6830

1024 X 8
READ ONLY MEMORY
ADVANCE PRODUCT DESCRIPTION
ano[]1 4[] a0
oo ]2 23] a
o1[]s 2[JA2
D2 E 4 21[ ] a3
A0 24
Al 23 2 DO o3 s » j s
A2 22 3D1 osa[]s 56830 19[Jas
A3 21 o 4 D2 s []7 18[J a6
A4 20 ADDRESS MEMORY 3STATE 5D3
A5 19 pecope fifotins TT?_":LFFE:ER 6 D4 o e [
A6 18 705 o7 []e 16 [ ] As
A7 17 808 €0 [J1o 15[ J a9
:z :: 07 e [ 14[Jes
Vee E 12 13 Je2
E0* 10
=D e
(NOMm)
Vce =Pin 12 |
*Active level defined by the customer. Gnd = Pin 1 !
L 9 \
15° < l‘:‘.l
MAx) 1 v
-090 010
(NOM] (MiN) (NOM)
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
FEATURES
L] Organized as 1024-Bytes of 8 Bits (] Single 5-Volt Power Supply
®  Static Operation e  TTL Compatible Input/Output
° Three-State Data Output L] Maximum Access Time = 575 ns
. Four Chip Enable Inputs (Mask Programmable)
FUNCTIONAL DESCRIPTION of an 8 bit three-state data bus, four mask programmable chip

selects and ten address lines.
The S6830 is a totally static memory requiring no
The S6830 is a mask programmable read only memory clocks. Access time is compatible with maximum data rates in
organized 1024 words x 8 bits for application in byte a S6800 microprocessor system. The device operates from a
organized systems. The S6830 is totally bus compatible with single +5 volt power supply and is fabricated with N chanrrel
the S6800 microprocessor. Interfacing to the S6830 consists silicon gate technology.
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S6830
1024 X 8 READ ONLY MEMORY

B

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Supply Voltage Vcc -0.3 to +7.0V
Input Voltage Vi -0.3 to +7.0V
Operating Temperature Range T A 0to +70°C
Storage Temperature Range Tstg -55to +150°C

NOTE: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceded. Functional operation should be restricted to
RECOMMENDED OPERATING CONDITIONS. Exposure to higher than recommended voltages for extended periods of time could
affect device reliability.

DC (STATIC) CHARACTERISTICS
(Ve = +5 Volt £5%; Ty =0°C to +70°C)

RECOMMENDED DC OPERATING CONDITICNS

Parameter Symbol Min. Max. Unit

Input High Voltage (Norm. Op. Levels) VIH 24 525 Vde

Input Low Voltage (Norm. Op. Levels) VIL -0.3 0.4 Vdc

Input Current Lin - 2.5 uAdc
(Vin=0t05.25V)

Input High Threshold Voltage VIHT 2.0 - Vdc

Input Low Threshold Voltage VILT — 0.65 Vdc

Output High Voltage VOH 24 — Vdc
(IoH = -100 pA)

Output Low Voltage VoL - 0.45 Vdc
(IoL=1.6 mA)

Output Leakage Current ILOH — 10 MAdc
(Vog=24V,E=04V,E=24 V)

Output Leakage Current ILoL — 10 nAdc
(VoH=04V,E=04V,E=24V)

Supply Current Icc - 130 mAdc
(Voo =5.25V, TA = 0°C)

CAPACITANCE

Characteristic Symbol Min. Typ. Max. Unit Conditions
Input Capacitance Cin — - 7.5 pF f=1.0 MHz
Output Capacitance Cout - — 15 pF Ta =25°C
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S6830
1024 X 8 READ ONLY MEMORY
@

PR S e e B

AC (DYNAMIC) CHARACTERISTICS
Ve = +5 Volt +5%; TA = 0°C to +70°C

READ CYCLE (All timing with t; = tf = 20 ns, Load of Figure 1)

Characteristic Symbol Min. Max. Unit
Read Cycle Time teye (R) 575 — ns
Output Enable Delay Time tED — 300 ns
Output Disable Delay Time tDD 10 150 ns
Read Access Time tace — 575 ns

READ CYCLE TIMING

ADDRESS 2.4V

0.4v

ENABLE

0.8V
0.4v
2.4V
2.0v
ENABLE

*—e tED DD | a—e]
—_— tacc—am|
24v - 2.0V
- -
Dout FLOATING 0.8V FLOATING
\ 0.45V
DON'T CARE

FIGURE 1 — AC TEST LOAD

5.0V

RL =25k
MMD6150
TEST POINT. oR Eauy
130 pF* 25k

MMD7000
OR EQUIV

*Includes Jig Capacitance
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$6820

PERIPHERAL INTERFACE
- ADAPTER (PIA)
ADVANCED PRODUCT DESCRIPTION
ROA 38 — 40 CA1
e [ e oo —{1 @ aof— can
f ™1 PA0 —2 39— cA2
o0 —N oo pa1 —|3 38| TROA
D1 32 ] (CRA) pa2 —4 37 TRGE
D2 31 ~a—tad |_-V _l N PA3 —15 36 RSO
03 -afef DATABUS ) B pAs —6 35— Rs1
D4 29 et (08B) 4__|______I [ (DDRA) PA5 — 7 34— RESET
D5 28 <—am ¥ OUTPUT BUS PA6 — 8 33— DO -
D8 2 e g PA7 —9 32— ;1
07 26 <ol lele2 Pa0 PBO —{10 S6820 31— D2
RE?‘SZ%}:%;A :; let-o- 3 PA1 pB1 — 11 30— D3
i S PA2
PB2 —12 29 D4
- N Wi [T " pe3 —13 28|—ps
@ 1 6 PA4
%'é(f;i?jé’{ - |2 B D PB4 —14 27} D6
) § {5 PAG pe5 —15 26— D7
oo o PB6 —116 251—E
pB7 —17 24 — cS1
cB1 —|18 23— CS2
Vce = PIN 20
o = PIN 1 DD cB2 —{19 22} cso
B N lat o 12 PB2 Vee —20 21 F‘ R/W
™ (oR8! v PERIPHERAL <+ 13 PB3
S0 22 — INTERFACE
CS1 24 —omf B - 14 PB4
Cs2 23 —1e CHIP — :-’ 15 PBS
RSO 36— o] SELECT —— e 16 P86
RS1 35 —toe] COI\.?'I/’VI:OL jet-o 17 PB7
RW 21— ir o P wiom
ENABLE 25 —f=] N | |
A L T I e QI ARy ooy ity E—
CONTROL (DDRB) i (i ] .
—] & Ea v
(MIN) (MAX)
|18 cB1 100 (3?3) im?m’n‘
INTERRUPT STATUS (NOM)
TROB 37 - CONTROL B et 19 cB2
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 3M, 1T - see Sec. 1)
FEATURES
L] 8-Bit Bidirectional Data Bus for Communication L] Handshake Control Logic for Input and Output
with the MPU Peripheral Operation
(] Two Bidirectional 8-Bit Buses for Interface to L] High-Impedance 3-State and Direct
Peripherals Transistor Drive Peripheral Lines
(] Two Programmable Control Registers (] Program Controlled Interrupt and Interrupt
¢ Two Programmable Data Direction Registers Disable Capability
L] CMOS Compatible Peripheral Lines

(] Four Individually-Controlled Interrupt Input
Lines; Two Usable as Peripheral Control
Outputs
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86820
PERIPHERAL INTERFACE ADAPTER (PIA)

FUNCTIONAL DESCRIPTION

The S6820 Peripheral Interface Adapter provides the
universal mieans of interfacing peripheral equipment to the
S6800 Microprocessing Unit (MPU). This device is capable of
interfacing the MPU to peripherals through two 8-bit bidirec-
tional peripheral data buses and four control lines. No external
logic is required for interfacing to most peripheral devices.

The functional configuration of the PIA is programmed
by the MPU during system initialization. Each of the peripheral
data lines can be programmed to act as an input or output, and

ABSOLUTE MAXIMUM RATINGS

each of the four control/interrupt lines may be programmed
for one of several control modes. This allows a high degree of
flexibility in the over-all operation of the interface.

The PIA interfaces to the S6800 MPU with an eight-bit
bidirectional data bus, three chip select lines, two register
select lines, two interrupt request lines, read/write line,
enable line and reset line. These signals, in conjunction with
the S6800 VMA output, permit the MPU to have complete
control over the PIA. VMA may be utilized to gate the input
signals to the PIA.

Supply Voltage V¢

Input Voltage Vin

Operating Temperature Range TA
Storage Temperature Range Tstg

-0.3 to +7.0V
-0.3 to +7.0V

0 to +70°C
-55 to +150°C

NOTE:

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is advised

that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance

circuit.
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DC (STATIC) CHARACTERISTICS
Ve = 50V£5%,Ty = 25°C unless otherwise noted.)

Characteristic Symbol Min. Typ. Max. Unit
Input High Voltage (Normal Operating Levels) VIH +2.4 — vce Vdc
Input Low Voltage (Normal Operating Levels) VIL -0.3 — +0.4 Vdc
Input High Threshold Voltage VIHT +2.0 - — Vdce
All Inputs Except Enable
Input Low Threshold Voltage VILT — - +0.8 Vdc
All Inputs Except Enable
Input Leakage Current Iin HAdc
(Vin = 0 t0 5.0 Vdc) o — 1.0 2.5
R/W, Reset, RS0, RS1, CSO, CS1, CS2, CAl, CB1, Enable
Three-State (Off State) Input Current ITsI — 2.0 10 nAdc
(Vin = 0.4 to 2.4 Vdc, V¢ = max) D0-D7, PBO-PB7, CB2
Input High Current PAO-PA7, CA2 IIH 100 250 — nAdc
(VIH = 2.4 Vdc)
Input Low Current PAO-PA7, CA2 IIL - 1.0 1.6 mAdc
(VL = 0.4 Vdc)
Output High Voltage Vod 2.4 - - Vdc

(Ve = min, I gad = =100 pAdc,
Enable Pulse Width <25 us)

Output Low Voltage VoL — ~ 04 Vio
(Ve = min, I oad = 1.6 mAdc)

Output High Current (Sourcing) Ion
(VOH = 2.4 Vdc) -100 -1000 - nAdc
(Vog = 1.5 Vdc, the current for driving other than TTL, e.g.,
Darlington Base) PBO-PB7, CB2 -1.0 -2.5 - mAdc
Output Low Current (Sinking) IoL 1.6 — - mAdc
(VoL = 0.4 Vdc)
Output Leakage Current (Off State) IRQA, IRQB Ioff — 1.0 10 nAdc
Power Dissipation Pp — 300 600 mW
Input Capacitance Cin pF
(Vin =0, Tp =25°C, f= 1.0 MHz)
D0-D7, PAO-PA7, PBO-PB7, CA2, CB2 — - 10
R/W, Reset, RS0, RS1, CSO, CS1, CS2, CAl, CB1 — - 7.0
Enable — — 20
Output Capacitance Cout — - 10 pF

(Vin =0, TA = 25°C, f = 1.0 MHz)
mn
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i

AC (DYNAMIC) CHARACTERISTICS Loading = 30 pF and one TTL load for PAO-PA7, PB0-PB7, CA2, CB2
=130 pF and one TTL load for DO-D7, IRQA, IRQB

READ TIMING CHARACTERISTICS (Figure 1)

Characteristic Symbol Min. | Typ. Max. Unit
Delay Time, Address valid to Enable positive transition TAEW 180 — - ns
Delay Time, Enable positive transition to Data valid on bus TEDR — - 395 ns
Peripheral Data Setup Time TPDSU 300 - - ns
Data Bus Hold Time THR 10 - - ns
Delay Time, Enable negative transition to CA2 negative transition Tca2 — - 1.0 us
Delay Time, Enable negative transition to CA2 positive transition TRS1 - - 1.0 us
Rise and Fall Time for CA1 and CA2 input signals tr, tf - - 1.0 us
Delay Time from CAl active transition to CA2 positive transition TRS?2 — — 2.0 us
Rise and Fall Time for Enable input trE, tfE - — 25 us

FIGURE 1 — READ TIMING CHARACTERISTICS

—  Taew f-—

+2.4 :
ENABLE J WE 0.4V A

—>| -! | |—
——| TEDR |[@—

= 2.0v
ADDRESS
Lol 0.4v

PERIPHERAL
DATA

/ — |<a—— THR

DATA BUS >< z:ov ->

;‘_;o = 0.4v
—{ Tcaz — |<— Trs1
caz 24v
(CRA6 =CRA-3=1,CRA-4 = 0) - 20v
0.8V
2.0v Y
cA1 .
0.8V

tr, tf ———t TRS2
e 24y
(CRA5 =1,CRA3=CRA4=0) \
. 0.av
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WRITE TIMING CHARACTERISTICS (Figure 2)

S68

20

PERIPHERAL INTERFACE ADAPTER (PIA)

Characteristic Symbol Min. Typ. Max. Unit
Enable Pulse Width TE 0.470 - 25 us
Delay Time, Address valid to Enable positive transition TAEW 180 — - ns
Delay Time, Data valid to Enable negative transition TDSU 300 - - ns
Delay Time, Read/Write negative transition to Enable positive transition TWE 130 — - ns
Data Bus Hold Time. "THW 10 = - ns
Delay Time, Enable negative transition to Peripheral Data valid TPDW - — 1.0 us
Delay Time, Enable negative transition to Peripheral Data valid, CMOS TcMOS - — 2.0 us

(Vee - 30%) PAO-PA7, CA2

Delay Time, Enable positive transition to CB2 negative transition TCcB2 - - 1.0 us
Delay Time, Peripheral Data valid to CB2 negative transition TDC 0 - 1.5 us
Delay Time, Enable positive transition to CB2 positive transition TRS1 - - 1.0 us
Rise and Fall Time for CB1 and CB2 input signals tr, tf - - 1.0 us
Delay Time, CB1 active transition to CB2 positive transition TRS2 — - 2.0 us

FIGURE 2 — WRITE TIMING CHARACTERISTICS

TAEW —on! | (a— TDSU

+2.4v .
ENABLE meeeo 24V

2.0v
ADDRESS
0.8V

[—
READ/WRITE —— Twe
0.8V

DATA BUS

PERIPHERAL DATA

cB2
(CRB-5=CRB-3=1,CRB-4=0)

[— Tce2 —

CB2
(CRB5=1,CRB-3=CRB-4=0) Qv
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MPU/PIA INTERFACE

Pin
(33)
(32)
(€2))
(30)
(29)
(28)
(27
(26)

(25)

@1

(34)

(22)
(24
(23)

(36)
(3%

Label

DO
D1
D2
D3
D4
D5
D6
D7

R/W

Cso
cst
CS2

RSO
RS1

INTERFACE DESCRIPTION

Function

Bi-Directional Data — The bi-directional data lines (D0-D7) allow the transfer of data
between the MPU and the PIA. The data bus output drivers are three-state devices that
remain in the high-impedance (off) state except when the MPU performs a PIA read opera-
tion. The Read/Write line is in the Read (high) state when the PIA is selected for a Read
operation.

Enable — The enable pulse, E, is the only timing signal that is supplied to the PIA.
Timing of all other signals is referenced to the leading and trailing edges of the E pulse. This
signal will normally be a derivative of the S6800 ¢2 Clock.

The E pulse is used to condition the interrupt/control lines CA1, CA2, CB1, and CB2. At
least one E pulse must occur from the inactive edge to the active edge of the input signal to
set the interrupt flag, when the lines are used as inputs.

Read/Write — This signal is generated by the MPU to control the direction of data transfers
on the Data Bus. A low state on the PIA Read/Write line enables the input buffers and
data is transferred from the MPU to the PIA on the E signal if the device has been selected.
A high on the Read/Write line sets up the PIA for a transfer of data to the bus. The PIA
output buffers are enabled when the proper address and the enable pulse E are present.

Reset — The active low Reset line is used to reset all register bits in the PIA to a logical zero
(low). This line can be used as a power-on reset and as a master reset during system
operation.

Chip Select — These three input signals are used to select the PIA. CSO and CS1 must be
high and CS2 must be low for selection of the device. Data transfers are then performed
under the control of the Enable and Read/Write signals. The chip select lines must be stable
for the duration of the E pulse.

PIA Register Select — The two register select lines are used to select the various registers
inside the PIA. These two-lines are used in conjunction with internal Control Registers to
select a particular register that is to be written or read.

The Register select lines should be stable for the duration of the E pulsé while in the read or
write cycle.




(38)
(37

Pin
@
(3)
€
)
©)
)
®)
&)

(10)
1)
(12)
(13)
(14
(1s)
16)
an

IRQA
IRQB

Label

PAO
PAl
PA2
PA3
PA4
PAS
PA6
PA7

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

S6820
PERIPHERAL INTERFACE ADAPTER (PIA)

Interrupt Request — The active low Interrupt Request lines (IRQA and IRQB) act to
interrupt the MPU either directly or through interrupt priority circuitry. These lines
are “open source” (no load device on the chip) and are capable of sinking a current of
1.6 mA from an external source. This permits all interrupt request lines to be tied together
in a wire-OR configuration.

Each Interrupt Request line has two internal interrupt flag bits that will cause the Interrupt
Request line to go low. Each flag bit is associated with a particular peripheral interrupt line.
Also four interrupt enable bits are provided in the PIA which may be used to inhibit a
particular interrupt from a peripheral device.

Servicing an interrupt by the MPU is accomplished by a software routine that, on a priori-
tized basis, sequentially reads and tests the two control registers in each PIA for interrupt
flag bits that are set.

The Interrupt Flag is cleared (zeroed) as a result of an MPU Read Peripheral Data Operation.

PIA/PERIPHERAL INTERFACE

Function

Section A Peripheral Data — Each of the peripheral data lines can be programmed
to act as an input or output. This is accomplished by setting a *“1” in the corresponding
Data Direction Register bit for those lines which are to be outputs. A “0” in a bit of the
Data Direction Register causes the corresponding peripheral data line to act as an input.
During an MPU Read Peripheral Data Operation, the data on peripheral lines programmed to
act as inputs appears directly on the corresponding MPU Data Bus lines. In the input mode
the internal pullup resistor on these lines represents a maximum of one standard TTL load.

The data in Output Register A will appear on the data lines that are programmed to be out-
puts. A logical “1” written into the register will cause a “high” on the corresponding data
line while a “0” results in a “low”. Data in Output Register A may be read by an MPU
“Read Peripheral Data A” operation when the corresponding lines are programmed as out-
puts. This data will be read properly if the voltage on the peripheral data lines is greater than
2.0 volts for a logic “1” output and less than 0.8 volt for a logic “0” output. Loading the
output lines such that the voltage on these lines does not reach full voltage causes the data
transferred into the MPU on a Read operation to differ from that contained in the respective
bit of Output Register A.

Section B Peripheral Data — The peripheral data lines in the B Section of the PIA can
be programmed to act as either inputs or outputs in a similar manner to PAO-PA7. How-
ever, the output buffers driving these lines differ from those driving lines PAO-PA7. They
have three-state capability, allowing them to enter a high impedance state when the peripher-
al data line is used as an input. In addition, data on the peripheral data lines PBO-PB7 will
be read properly from those lines programmed as outputs even if the voltages are below 2.0
volts for a “high”. As outputs, these lines are compatible with standard TTL and may also be
used as a source of up to 1 milliampere at 1.5 volts to directly drive the base of a transistor
_switch.
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Pin

(40)
(18)

(39

(19)

(6]
(20

Label

CAl
CB1

CA2

CB2

GND
Vee

R AT

Function

Interrupt Input — Peripheral Input lines CAl and CBI1 are input-only lines that set the
interrupt flags of the control registers. The active transition for these signals is also
programmed by the two control registers.

Peripheral Control — The peripheral control line CA2 can be programmed to act as an
interrupt input or as a peripheral control output. As an output, this line is compatible with
standard TTL; as an input the internal pullup resistor on this line represents one standard
TTL load. The function of this signal line is programmed with Control Register A.

Peripheral Control — Peripheral Control line CB2 may also be programmed to act as
an interrupt input or peripheral control output. As an input, this line has high input imped-
ance and is compatible with standard TTL. As an output it is compatible with standard TTL
and may also be used as a source of up to 1 milliampere at 1.5 volts to directly drive the base

“of a transistor switch. This line is programmed by Control Register B.

Ground
+5 Volts + 5%




S6820
PERIPHERAL INTERFACE ADAPTER (PIA)

APPLICATION INFORMATION

INITIALIZATION

A low reset line has the effect of zeroing all PIA regis-
ters. This will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs,
and all interrupts disabled. The PIA must be configured during
the restart program which follows the reset.

REGISTER ADDRESSING

There are six locations within the PIA accessible to the
MPU data bus; two Peripheral Registers, two Data Direction
Registers, and two.Control Registers, Selection of these loca-
tions is controlled by the RSO and RS inputs together with
bit 2 in the Control Register, as shown in Table 1.

TABLE 1 — INTERNAL ADDRESSING

Control
Register Bit
RS1 RSO | CRA-2 | CRB-2 Location Selected

0 0 1 . X Peripheral Register A

0 0 0 X Data Direction Register A
0 1 X X Control Register A

1 0 X 1 Peripheral Register B

1 0 X 0 Data Direction Register B
1 1 X X Control Register B

X = Don’t Care

DATA DIRECTION REGISTERS (DDRA and DDRB)

The two Data Direction Registers allow the MPU to
control the direction of data through each corresponding
peripheral data line. All Data Direction Register bits set at “0”
configure the corresponding peripheral data line as an input;
all “1s” result in an output.

CONTROL REGISTERS (CRA and CRB)

The two Control Registers (CRA and CRB) allow the
MPU to control the operation of the four peripheral control
lines CAl, CA2, CB1 and CB2. In addition they allow the
MPU to enable the interrupt lines and monitor the status of
the interrupt flags. Bits O through 5 of the two registers may
be written or read by the MPU when the proper chip select
and register select signals are applied. Bits 6 and 7 of the two
registers are read only and are modified by external interrupts
occurring on control lines CAl, CA2, CB1 or CB2. The for-
mat of the control words is shown in Table 2.

TABLE 2 — CONTROL WORD FORMAT

7 [ 6 [slals[2 [1]o
CRA|IRQAI1|IRQA2|CA2 Control [DDRA|CA1 Control
Access
7 6 [ s]a]3]2 1] o
CRB|IRQB1|{IRQB2|CB2 Control{DDRB |CB1 Control
Access

Data Direction Access Control Bit (CRA-2 and CRB-2)
— Bit 2 in each Control register (CRA and CRB) allows selec-
tion of either a Peripheral Interface Register or the Data Direc-
tion Register when the proper register select signals are applied
to RSO and RS1.

Control of CAl and CBI Interrupt Input Lines (CRA-0,
CRB-0, CRA-1, and CRB-1) — The two lowest order bits of
the control registers are used to control the interrupt input
lines CAl and CB1. Bits CRA-0 and CRB-0 are used to enable
the MPU interrupt signals IRQA and IRQB, respectively.
Bits CRA-1 and CRB-1 determine the active transition of the
interrupt input signals CA1 and CBI1 (Table 3).
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TABLE 3 — CONTROL OF INTERRUPT INPUTS CA1 AND CB1

) MPU Interrupt
CRA-1 CRA-0 Interrupt Input Interrupt Flag Request
(CRB-1) (CRB-0) CAl (CB1) CRA-7 (CRB-7) IRQA (IRQB)
0 0 | Active Set high on | of CAl Disabled — IRQ remains high
(CB1)
0 1 { Active Set high on | of CA1 Goes low when the interrupt flag bit CRA-7
(CB1) (CRB-7) goes high
1 0 1 Active Set high on 1 of CA1 Disabled — IRQ remains high
(CB1)
1 1 1 Active Set high on 1 of CAl Goes low when the interrupt flag bit CRA-7
(CB1) (CRB-7) goes high
NOTES: 1. t indicates positive transition (low to high)

1

{ indicates negative transition (high to low)

3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register, and CRB-7 is cleared by an MPU Read of the B Data

Register.

4. If CRA-0 (CRB-0) is low when an interrupt occurs (Interrupt disabled) and is later brought high, IRQA (IRQB) occurs on the positive

transition of CRA-0 (CRB-0).

Control of CA2 and CB2 Peripheral Control Lines
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits
3, 4, and 5 of the two control registers are used to control the
CA2 and CB2 Peripheral Control lines. These bits determine 1f
the control lines will be an interrupt input or an output con-
trol signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an

interrupt input line similar to CA1 (CB1) (Table 4). When
CRA-5 (CRB-5) is high, CA2 (CB2) becomes an output signal
that may be used to control peripheral data transfers.. When in
the output mode, CA2 and CB2 have slightly different charac-
teristics (Tables 5 and 6).

TABLE 4 — CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS

CRAS (CRBS) is low
MPU Interrupt
CRA-5 CRA-4 CRA-3 | Interrupt Input Interrupt Flag Request
(CRB-5) | (CRB-4) | (CRB-3) CA2 (CB2) CRA-6 (CRB-6) IRQA (IRQB)
0 0 0 { Active Set high on | of CA2 | Disabled — IRQ remains high
(CB2)
0 0 1 | Active Set high on § of CA2 | Goes low when the interrupt flag bit CRA-6
(CB2) (CRB-6) goes high
0 1 0 1 Active Set high on 1 of CA2 | Disabled — IRQ remains high
' (CB2)
0 1 1 1 Active Set high on 1 of CA2 | Goes low when the interrupt flag bit CRA-6
: (CB2) (CRB-6) goes high
NOTES: 1. 1 indicates positive transition (low to high)

2. | indicates negative transition (high to low)

3. The Interrupt flag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6 is cleared by an MPU Read of the B Data

Register.

4. If CRA-3 (CRB-3) is low when an interrupt occurs (Interrupt disabled) and is later brought high, IRQA (IRQB) occurs on the positive

transition of CRA-3 (CRB-3).
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TABLE 5 — CONTROL OF CA2 AS AN OUTPUT

CRA-5 is high

CA2
CRA-S CRA-4 CRA-3 Cleared Set

1 0 0 Low on negative transition of E after an High on an active transition of the CA1l
MPU Read ““A” Data operation. signal

1 0 1 Low immediately after an MPU Read High on the negative edge of the next
“A” Data operation. “E” pulse.

1 1 0 Low when CRA-3 goes low as a result Always low as long as CRA-3 is low.
of an MPU Write in Control Register “A”.

1 1 1 Always high as long as CRA-3 is high High when CRA-3 goes high as a result of

a Write in Control Register “A”.
TABLE 6 — CONTROL OF CB2 AS AN OUTPUT
CRB-5 is high
CB2
CRB-5 CRB-4 CRB-3 Cleared Set

1 0 0 Low on the positive transition of the first | High when the interrupt flag bit CRB-7
E pulse following an MPU Write “B” is set by an active transition of the CB1
Data Register operation. signal

1 0 1 Low on the positive transition of the first | High on the positive transition of the
E pulse following an MPU Write “B” next “E” pulse.

Data Register operation.

1 1 0 Low when CRB-3 goes low as a result of Always low as long as CRB-3 is low. Will

an MPU Write in Control Register “B”. go high on an MPU Write in Control
Register “B” that changes CRB-3 to
“one”.

1 1 1 Always high as long as CRB-3 is high. High when CRB-3 goes high as a result
Will be cleared when an MPU Write Con- of an MPU write into control register “B”.
trol Register ““B” results in clearing
CRB-3 to “zero”.

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) —
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Status lines

when those lines are programmed to be interrupt inputs. These

bits cannot be set directly from the MPU Data Bus and are
reset indirectly by a Read Peripheral Data Operation on the
appropriate section.
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BASIC SYSTEM CONFIGURATION

The Microprocessing Unit (MPU) may be configured
with a Read Only Memory (ROM), Random Access Memory
(RAM), a Peripheral Interface Adapter (PIA), restart circuitry
and clock circuitry to form a minimum functional system
(Figure 3). Such a system can easily be adapted for a number
of small scale applications by simply changing the content of
the ROM.

TWO-PHASE CLOCK CIRCUITRY AND TIMING—The MPU
requires a two-phase non-overlapping clock which has a fre-
quency range as high as 1 MHz. In addition to the two phases,
this circuit should also generate an enable Signal E, and its
complement E, to enable ROMs, RAMs, PIAs and ACIAs.
This Enable signal and its complement is obtained by ANDing
¢ 2 and VMA (Valid Memory Address).

CHIP SELECTION AND ADDRESSING—The Minimum sys-
tem configuration permits direct selection of the ROM, RAM,

FIGURE 3. MINIMUM SYSTEM IMPLEMENTATION

ACIA and PIA without the use of special TTL select logic.
This is accomplished by simply wiring .the address lines A13
Al14 to the Enable or chip select lines on the memories and
PIA. This permits the devices to be addressed as follows:

Device Al4 Al3 Hex Addresses
RAM 0 0 0000—007F
PIA 0 1 20042007 (Registers)
ROM 1 1 6000—63FF

Other addressing schemes can be utilized which use any
combination of two of the lines A10 through A14 for chip
selection.

PERIPHERAL CONTROL-AIll control and timing for the

peripherals that are connected to the PIA is accomplished by
software routines under the control of the MPU.
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ADVANCE PRODUCT DESCRIPTION

@) I CLOCK PARITY
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(10) REGISTER
CS1—1—  SELECT { ? 5
o2 B R%v TRANSMIT (24) ™ E
rs L} CONTROL CONTROL — CTS b [§]
rw' 2] wma [7]
— cso E
STATUS
REGISTER [y oz [9]
LOGH
(22) cs1 IE
Do = T @ 55
o120 [ rs 1]
0220 |1 AT
53(19) N ,:> CONTROL vee [
DATA REGISTER
ps18L | Bus
5('|7) BUFFERS 1.250 600
D5 ——§ - R
s ] S e [
o719 ! '
_____ . -
~— RECEIVE RsElglEFl“lYE I (2) RXD ! (ﬁﬂ, T T \
REGISTER REGISTER W
020 15° | A
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100- =090 010 ¥
& lo]
CRX 3) Cé?,ﬁ" Eggl% (NOM) (MIN) (NOM)
Yegemniz PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
FEATURES
L] 8 Bit Bidirectional Data Bus for L] Eight and nine-bit transmission with
Communication with MPU. optional even and odd parity.
L] False start bit deletion. [ Parity, overrun and framing error checking.
L] Peripheral/modem control functions. (] Programmable control register.
L] Double buffered Receiver and Transmitter ° Optional +1, +16, and +64 clock modes.
L] One or two stop bit operation. L] Up to 500,000 bps transmission.

FUNCTIONAL DESCRIPTION

The S6850 Asynchronous Communications Interface
Adapter (ACIA) provides the data formatting and control to
interface serial asynchronous data communications to bus
organized systems such as the S6800 Microprocessing Unit.

The S6850 includes select enable, read/write, interrupt
and bus interface logic to allow data transfer over an eight bit

bi-directional data bus. The parallel data of the bus system is
serially transmitted and received by the asynchronous data
interface, with proper formatting and error checking. The
functional configuration of the ACIA is programmed via the
data bus during system initialization. Word lengths, clock divi-
sion ratios and transmit control through the Request to Send
output may be programmed. For modem operation three
control lines are provided. These lines allow the ACIA to
interface directly with the S6860 0-600 bps digital modem.

6-53



S6850

ASYNCHRONOUS COMMUNICATION INTERFACE ADAPTER (ACIA) -

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Ve —-0.3 to +7.0V Operating Temperature Range TA

Input Voltage Vip -0.3to +7.0V Storage Temperature Range Tstg

0 to +70°C

—55 to +150°C

NOTE: This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is advised
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance

circuit.

DC (STATIC) CHARACTERISTICS
(Ve = 5.0V £ 5%, TA = 25°C unless otherwise noted.)

Characteristic Symbol Min. Typ.| Max. | Unit
Input High Voltage (Normal Operating Levels) VIH +2.4 - Vee | Vde
Input Low Voltage (Normal Operating Levels) ViL -0.3 - +0.4 Vdc
Input High Threshold Voltage VIHT +2.0 - - Vdc
All Inputs Except Enable
Input Low Threshold Voltage VILT - — +0.8 Vde
All Inputs Except Enable
Input Leakage Current Iin - 1.0 2.5  |mAdc
(Vin=0to 5.0 Vdc)
R/W, RS, €S0, CS1, CS2, Enable
Three-State (Off State) Input Current ITSI1 — 2.0 10 uAde
(Vin = 0.4 to 2.4 Vdc, Vec = max)  DO0-D7,
Output High Voltage VOH +2.4 — — Vdc
(ILoad = —100 pAdc,
Enable Pulse Width <25 us)
Output Low Voltage VoL - - +0.4 Vdc
(ILoad = 1.6 mAdc)
Enable Pulse Width <25 us
Output Leakage Current (Off State) IRQ ILoH - 1.0 10 |uAde
Power Dissipation Pp — 300 525 mW
Input Capacitance Cin pF
(Vin =0, TA =25°C, f= 1.0 MHz)
Do-D7,CTS,DCD — - 10
R/W, RS, CS0, CS1, CS2, RXD - - 7.0
Enable, CTX, CRX - - 20
Output Capacitance Cout — - 10 pF
(Vin=0,TA =25°C,f= 1.0 MHz)
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AC (DYNAMIC) CHARACTERISTICS

Loading = 130 pF and one TTL load for D0-D7 = 20pF and 1 TTL load for RTS and TXD = 100pF and 3K to V¢ for IRQ.

READ TIMING CHARACTERISTICS (Figure 1)

Characteristic Symbol Min. |Typ.[ Max. |Unit
Setup Time, Address valid to Enable positive transition TAEW 180 — - ns
Setup Time, Enable positive transition to Data valid on bus TEDR - — 395 ns
Data Bus Hold Time THR 10 - - ns
Rise and Fall Time for Enable input tE, tfE — — 25 us

FIGURE 1 — READ TIMING CHARACTERISTICS

—  TAEW -—

+2.4
1 .
ENABLE e L
— <—J —| |—

———| TEDR |[w—

/N

24v

<20V
ADDRESS
0.8V
|<— THR

0.4v

—_—
L 2.0v
DATA BUS i
0.8V
T

WRITE TIMING CHARACTERISTICS (Figure 2)

Characteristic Symbol Min. Typ.| Max. Unit
Enable Pulse Width TE 0.470 — 25 us
Setup Time, Address valid to Enable positive transition TAEW 180 — — ns
Setup Time, Data valid to Enable netative transition TpSuU 300 - — ns
Setup time, Read/Write negative transition to Enable positive transition TwWE 130 — — ns
Data Bus Hold Time THW 10 - - ns

FIGURE 2 — WRITE TIMING CHARACTERISTICS

TAEW —— |-a— TDSU

-— TE —o|
+2.4V -
/ 0.4V
ENABLE

© 2.0v
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0.8V
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08V
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AR

TRANSMIT/RECEIVE CHARACTERISTICS (Figure 3)

Characteristic Symbol Min. Typ.| Max. [Unit

Clock Frequency
+ 1 mode 500 KHz
+ 16 mode 800 KHz
+ 64 mode 800 KHz
Clock Pulse Width, Low State PWCL 600 nsec
Clock Pulse Width, High State PWCH 600 nsec
Delay Time, Transmit Clock to Data Out TTDD 1.0 usec
Set up Time, Receive Data TRDSU 500 nsec
Hold Time, Receive Data TRDH 500 nsec
Delay Time, Enable to IRQ Reset TIRQ 1.2 usec
Delay Time, Enable to RTS TRTS 1.0 usec

FIGURE 3 — TRANSMIT/RECEIVE TIMING
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MPU/ACIA INTERFACE
Pin Label

22) DO
1) D1
(20) D2
(19) D3
(18) D4
a7 D5
(16) D6
15) D7
(14) E
(13) R/W
(©)) €S0
(10) csl
) Cs2
11) RS
@) IRQ

S6850
ASYNCHRONOUS COMMUNICATION INTERFACE ADAPTER (ACIA)

FUNCTION

ACIA BI-DIRECTIONAL DATA LINES-The bi-directional data lines (D0-D7) allow for
data transfer between the ACIA and the MPU. The data bus output drivers are three-state
devices that remain in the high-impedance (off) state except when the MPU performs an
ACIA read operation. The Read/Write line is in the read (high) state when the ACIA is
selected for a read operation.

ACIA ENABLE SIGNAL-The Enable signal, E, is a high impedance TTL compatible input
that enables the bus input/output data buffers and clocks data to and from the ACIA.
This signal will normally be a derivative of the S6800 ¢2 clock.

READ/WRITE CONTROL SIGNAL-The Read/Write line is a high impedance input that is
TTL compatible and is used to control the direction of data flow through the ACIA’s
input/output data bus interface. When Read/Write is high (MPU Read cycle), the ACIA
output driver is turned on and a selected register is read. When it is low, the ACIA output
driver is turned off and the MPU writes into a selected register. Thus, the Read/Write signal
is used to select the Read only or Write only registers within the ACIA.

CHIP SELECT SIGNALS—These three high impedance TTL compatible input lines are used
to address an ACIA. A particular ACIA is selected when CSO and CS1 are high and CS2 is
low. Transfers of data to and from ACIA are then performed under the control of Enable,
Read/Write, and Register Select.

REGISTER SELECT SIGNAL-The Register Select line is a high impedance input that is
TTL compatible and is used to select the Transmit/Receive Data or Control/Status registers
in the ACIA. The Read/Write signal line is used in conjunction with Register Select to select
the Read Only or Write Only register in each register pair.

INTERRUPT REQUEST SIGNAL-Interrupt request is a TTL compatible, open drain active
low output that is used to interrupt the MPU. The Interrupt Request remains low as long
as the cause of the interrupt is present and the appropriate interrupt enable within the
ACIA is set.

ACIA/MODEM OR PERIPHERAL INTERFACE

Pin
4)

Label
CTX

FUNCTION

TRANSMIT CLOCK—The Transmit Clock is a high impedance TTL compatible input
used for the clocking of transmitted data. The transmitter initiates data on the negative
transition of the clock. Clock frequency of 1, 16, or 64 times the data rate may be selected.
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AN SN

Pin Label FUNCTION

3) CRX RECEIVE CLOCK-The Receive Clock is a high impedance TTL compatible input used
for synchronization of received data. (In the + 1 mode, the clock and data must be
synchronized externally.) The receiver strobes the data on the positive transition of the
clock. Clock frequency of 1, 16, or 64 times the data rate may be selected.

2) RXD RECEIVED DATA-The Received Data line is a high impedance TTL compatible input
through which data is received in a serial NRZ(Non Return to Zero) format. Synchronization
with a clock for detection of data is accomplished internally when clock rates of 16 or 64
times the bit rate are used. Data rates are in the range of 0 to 500 Kbps when external
synchronization is utilized.

(6) TXD TRANSMIT DATA-The Transmit Data output line transfers serial NRZ data to a modem or
other peripheral device. Data rates are in the range of 0 to 500Kbps when external
synchronization is utilized.

(24) CTS CLEAR-TO-SEND-This high impedance TTL compatible input provides automatic control
of the transmitting end of a communications link via the modem’s “clear-to-send” active low
output by inhibiting the Transmitter Data Register Empty status bit (TDRE).

(5) RTS REQUEST-TO-SEND—The Request-to-Send output enables the MPU to control a peripheral
or modem via the data bus. The active state is low. The Request-to-Send output is controlled
by the contents of the ACIA control register.

(23) DCD * DATA CARRIER DETECTED-This high impedance TTL compatible input provides
automatic control of the receiving end of a communications link by means of the modem
“Data-Carrier-Detect” or “Received-Line-Signal Detect” output. The DCD input inhibits and
initializes the receiver section of the ACIA when high. A low to high transition of the Data
Carrier Detect initiates an interrupt to the MPU to indicate the occurrence of a loss of carrier
when the Receiver Interrupt Enable (RIE) is set.

(12) vee +5 volts + 5%
(1) GND GROUND
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APPLICATION INFORMATION

INTERNAL REGISTERS—The ACIA has four internal registers
utilized for status, control, receiving data, and transmitting
data. The register addressing by the R/W and RS lines and the
bit definitions for each register are shown in Figure 4.

FIGURE 4 — DEFINITION OF ACIA REGISTERS

BUFFER ADDRESS
RS  R/W RS o R/W RSeR/W RSeR/W
Data Bus Transmit Receiver
Line Data Date Control Status
Number Register Register Register Register
(Write Only) (Read Only) (Write Only) (Read Only)
0 Data Bit 0% Data Bit 0* Clk. Divide Rx Data Reg.
Sel. (CRO) Full (RDRF)
1 Data Bit 1 Data Bit 1 Clk. Divide Tx Data Reg.
Sel. (CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Sel. 1 Data Carrier
(CR2) Det. loss (DCD)
3 Data Bit 3 Data Bit 3 Word Sel. 2 Clear-to-Send
(CR3) (CTS)
4 Data Bit 4 Data Bit 4 Word Sel. 3 Framing Error
(CR4) (FE)
5 Data Bit 5 Data Bit 5 Tx Control 1 Overrun (OVRN)
(CRY)
6 Data Bit 6 Data Bit 6 Tx Control 2 Parity Error (PE)
(CR6)
7 Data Bit 7%** Data Bit 7** Rx Interrupt Interrupt Request
Enable (CR7) (IRQ)

Notes:

* Leading bit = LSB = Bit 0

*%*  Unused data bits in received character will be “0’s.”
#%% Unused data bits for transmission are “don’t care’s.”
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ACIA STATUS REGISTER—Information on the status of the
ACIA is available to the MPU by reading the ACIA Status
Register. This Read Only register is selected when RS is low
and R/W is high. Information stored in this register indicates
the status of: transmitting data register, the receiving data
register and error status and the modem status inputs of the
ACIA.

Receiver Data Register Full (RDRF) [Bit 0] — Receiver
Data Register Full indicates that received data has been
transferred to the Receiver Data Register. RDRF is cleared
after an MPU read of the Receiver Data Register or by a
Master Reset. The cleared or empty state indicates that the
contents of the Receiver Data Register are not current. Data
Carrier Detect being high also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE) [Bit 1] —The
Transmit Data Register Empty bit being set high indicates that
the Transmit Data Register contents have been transferred and
that new data maj/ be entered. The low state indicates that the
register is full and that transmission of a new character has not
begun since the last write data command.

Data Carrier Detect (DCD) [Bit 2] — The Data Carrier
Detect bit will be high when the DCD input from a modem
has gone high to indicate that a carrier is not present.
This bit going high causes an Interrupt Request to be generated
if the Receiver Interrupt Enable (RIE) is set. It remains high
until the interrupt is cleared by reading the Status Register and
the data register or a Master Reset occurs. If the DCD input
remains high after Read Status and Read Data or Master Reset
have occurred, the DCD Status bit remains high and will follow
the DCD input.

Clear-to-Send (CTS) [Bit 3] — The Clear-to-Send bit
indicates the state of the Clear-to-Send input from a modem.
A low CTS indicates that there is a Clear-to-Send from the
modem. In the high state, the Transmit Data Register Empty
bit is inhibited and the Clear-to-Send status bit will be high.
Master Reset does not affect the Clear-to-Send status bit.

Framing Error (FE) [Bit 4] — Framing error indicates
that the received character is improperly framed by the start
and stop bit and is detected by the absence of the 1st stop bit.
This error indicates a synchronization error, faulty transmission,
or a break condition. The framing error flag is set or reset
during the receiver data transfer time. Therefore, this error
indicator is present throughout the time that the associated
character is available.

Receiver Overrun (OVRN) [Bit 5] — Overrun is an error
flag that indicates that one or more characters in the data
stream were lost. That is, a character or a number of characters
were received but not read from the Receiver Data Register

(RDR) prior to subsequent characters being received. The
overrun condition begins at the midpoint of the last bit of the
second character received in succession without a read of the
RDR having occurred. The Overrun does not occur in the
Status Register until the valid character prior to Overrun has
been read. The RDRF bit remains set until Overrun is reset.
Character synchronization is maintained during the Overrun
condition. The overrun indication is reset after the reading of
data from the Receive Data Register. Overrun is also reset by
the Master Reset.

Parity Error (PE) [Bit 6] —The parity error flag indicates
that the number of highs (ones) in the character does not agree
with the preselected odd or even parity. Odd parity is defined
to be when the total number of ones is odd. The parity error
indication will be present as long as the data character is in the
RDR. If no parity is selected, then both the transmitter parity
generator output and the receiver parity check results are
inhibited.

Interrupt Request (TRQ) [Bit 7] —The IRQ bit indicates
the state of the IRQ output. Any interrupt that is set and
enabled will be indicated in the status register. Any time the
IRQ output is low the IRQ bit will be high to indicate the
interrupt or sefvice request status.

CONTROL REGISTER-The ACIA control Register consists
of eight bits of write only buffer that are selected when RS
and R/W are low. This register controls the function of the
receiver, transmitter, interrupt enables, and the Request-to-
Send modem control output.

Counter Divide Select Bits (CRO and CR1)—The Counter
Divide Select Bits (CRO and CR1) determine the divide ratios
utilized in both the transmitter and receiver sections of the
ACIA. Additionally, these bits are used to provide a Master
Reset for the ACIA which clears the Status Register and
initializes both the receiver and transmitter. Note that after a
power-on or a power-fail restart, these bits must be set High to
reset the ACIA. After resetting, the clock divide ratio may be
selected. These counter select bits provide for the following
clock divide ratios:

CR1 CRO Function
0 0 +1
0 1 +16
1 0 +64
1 1 Master Reset
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Word Select Bits (CR2, CR3, and CR4)—The Word Select bits
are used to select word length, parity, and the number of stop
bits. The encoding format is as follows:

CR4 CR3 CR2 Function
0 0 0 7 Bits + Even Parity + 2 Stop Bits
0 0 1 7 Bits + Odd Parity + 2 Stop Bit
0 1 0 7 Bits + Even Parity + 1 Stop Bit
0 1 1 7 Bits + Odd Parity + 1 Stop Bit
1 0 0 8 Bits + 2 Stop Bits
1 0 1 8 Bits + 1 Stop Bit
1 1 0 8 Bits + Even Parity + 1 Stop Bit
1 1 1 8 Bits + Odd Parity + 1 Stop Bit

Word length, Parity Select, and Stop Bit changes are not
double-buffered and therefore become effective immediately.

Transmitter Control Bits (CR5 and CR6)—Two Trans-
mitter Control bits provide for the control of the Transmitter
Buffer Empty interrupt output, the Request-to-Send output
and the transmission of a BREAK level (space). The following
encoding format is used:

CR6 CRS Function
0 0 RTS = low, Transmitting Interrupt Dis-
abled
0 1 RTS = low, Transmitting Interrupt Enabled
1 0 RTS = high, Transmitting Interrupt Disabled
1 1 RTS = low, Transmitting Interrupt Disabled

and Transmits a BREAK level on the Trans-
mit Data Output.

Receiver Interrupt Enable Bit (RIE) (CR7)—Interrupts will be
enabled by a high level in bit position 7 of the Control
Register (CR7). Interrupts caused by the Receiver Data
Register Full being high or by a low to high transition on the
Data Carrier Detect signal line are enabled or disabled by the
Receiver Interrupt Enable Bit.

TRANSMIT DATA REGISTER (TDR)—Data is written in the
Transthit Data Register during the peripheral enable time (E)
when the ACIA has been addressed and RS - R/W is selected.
Writing data into the register causes the Transmit Data
Register Empty bit in the status register to go low. Data can
then be transmitted. If the transmitter is idling and no

character is being transmitted, then the transfer will take place
within one bit time of the trailing edge of the Write command.
If a character is being transmitted, the new data character will
commence as soon as the previous character is complete. The
transfer of data causes the Transmit Data Register Empty
(TDRE) bit to indicate empty.

RECEIVE DATA REGISTER (RDR)—Data is automatically
transferred to the empty Receive Data Register (RDR) from
the receiver deserializer (a shift register) upon receiving a
complete character. This event causes the Receiver Data
Register Full bit (RDRF) (in the status buffer) to go high
(full). Data may then be read through the bus by addressing
the ACIA and selecting the Receiver Data Register with RS
and R/W high when the ACIA is enabled. The non-destructive
read cycle causes the RDRF bit to be cleared to empty
although the data is retained in the RDR. The status is
maintained by RDRF as to whether or not the data is current.
When the Receiver Data Register is full, the automatic transfer
of data from the Receiver Shift Register to the Data Register is
inhibited and the RDR contents remain valid with its current
status stored in the Status Register.

OPERATIONAL DESCRIPTION

From the MPU Bus interface the ACIA appears as two
addressable RAM memory locations. Internally, there are four
registers; two read-only and two write-only registers. The
read-only registers are status and receive data, and the write
only registers are control and transmit data. The serial
interface consists of serial transmit and receive lines and three
modem/peripheral control lines.

During a power-on sequence, the ACIA is internally
latched in a reset condition to prevent erroneous output
transitions. This power-on reset latch can only be released by
the master reset function via the control register; bits bg and
bj are set “high” for a master reset. After master resetting the
ACIA, the programmable control register can be set for a
number of options such as variable clock divider ratios,
variable word length, one or two stop bits, parity (even, odd,
or none) and etc.

TRANSMITTER—A typical transmitting sequence consists of
reading the ACIA status register either as a result of an
interrupt or in the ACIA’s turn in a polling sequence. A
character may be written into the Transmitter Data Register if
the status read operation has indicated that the Transmit Data
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Register is empty. This character is transferred to a shift
register where it is serialized and transmitted from the Tx Data
output preceded by a start bit and followed by one or two
stop bits. Internal parity (odd or even) can be optionally
added to the character and will occur between the last data bit
and the first stop bit. After the first character is written in the
data register, the status register can be read again to check for
a Transmit Data Register Empty condition and current
peripheral status. If the register is empty, another character
can be loaded for transmission even though the first character
is in the process of being transmitted. This second character
will be automatically transferred into the shift register when
the first character transmission is completed. The above
sequence continues until all the characters have been trans-
mitted. :

RECEIVER-Data is received from a peripheral by means of
the Rx Data input. A divide by one clock ratio is provided for
an externally synchronized clock (to its data) while the divide
by 16 and 64 ratios are provided for internal synchronization.

Bit synchronization in the divide by 16 and 64 modes is
obtained by the detection of the leading mark-to-space
transition of the start bit. False start bit deletion capability
insures that a full half bit of a start bit has been received
before the internal clock is synchronized to the bit time. As a
character is being received, parity (odd or even) will be
checked and the error indication will be available in the status
register along with framing error, overrun error, and receiver
data register full. In a typical receiving sequence, the status
register is read to determine if a character has been received
from a peripheral. If the receiver data register is full, the
character is placed on the 8-bit ACIA bus when a Read Data
command is received from the MPU. The status register can be
read again to determine if another character is available in the
receiver data register. The receiver is also double buffered so
that a character can be read from the data register as another
character is being received in the shift register. The above
sequence continues until all characters have been

- received.
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ADVANCED PRODUCT DESCRIPTION
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PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 3M, IT - see Sec. 1)

500 KHz Data Rates

Internal Sync Detection

Fill Character Register

Double Buffered Input/Output
Bus Oriented Outputs

FEATURES

5—8 Bit Characters

Odd/Even or No Parity

Error Status Flags

Single Power Supply (+5v)
Input/Output TTL Compatible

FUNCTIONAL DESCRIPTION

The S2350 Universal Synchronous Receiver Transmitter
(USRT) is a single chip MOS/LSI device that totally replaces
the serial to parallel and parallel to serial conversion logic
required to interface a word parallel controller or data terminal
to a bit-serial, synchronous communication network.

The USRT consists of separate receiver and transmitter
sections with independent clocks, data lines and status.
Common with the transmitter and receiver are word length and
parity mode. Data is transmitted and received in a NRZ format
at a rate equal to the respective input clock frequency.

Data messages are transmitted as a contiguous character
stream, bit synchronous with respect to a clock and character
synchronous with respect to framing or “sync” characters
initializing each message. The USRT receiver compares the
contents of the internal Receiver Sync Register with the in-
coming data stream in a bit transparent mode. When a compare
is made, the receiver becomes character synchronous for-
matting a 5, 6, 7, or 8 bit character for output each character
time. The receiver has an output buffer register allowing a full
character time to transfer the data out. The receiver status
outputs indicate received data available (RDA), receiver over-
run (ROR), receive parity error (RPE) and sync character
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received (SCR). Status bits are available on individual output
lines and can also be multiplexed onto the output data lines
for bus organized systems. The data lines have tri-state
outputs.

The USRT transmitter outputs 5, 6, 7, or 8 bit charac-

respond to a transmitter buffer empty (TBMT) request for
data. Data is transmitted in a NRZ format changing on the
positive transition of the transmitter clock (TCP). The char-
acter in the transmitter fill register is inserted into the data
message if a data character is not loaded into the transmitter

ters with correct parity at the transmitter serial output (TSO).  after a TBMT request.
The transmitter is buffered to allow a full character time to
TYPICAL APPLICATIONS
. Computer Peripherals (] High Speed Terminals
L] Communication Concentrators (] Time Division Multiplexing

. Integrated Modems

ABSOLUTE MAXIMUM RATINGS

. Industrial Data Transmission

Ambient temperature under bias
Storage temperature

—-65°C to +150°C

0°C to+ 70°C

Positive voltage on any pin with respect to GROUND +7 volt
Negative voltage on any pin with respect to GROUND -0.5 volt
Power dissipation 0.75 watt
DC (STATIC) CHARACTERISTICS*
Ta =0° —+70°C. Ve = +5 volts £5%
Symbol Parameter Min. Max. Unit Condition
VIH Input High Voltage 2.0 Vee Volt
ViL Input Low Voltage -0.5 +0.8 Volt
IIL Input Leakage Current 10 Ma VIN = OTO VCC
Volts
VOH Output High Voltage 24 Volts IoH = -100pa
VoL Output Low Voltage +0.4 Volts IoL = 1.6ma
CIN Input Capacitance 10 pf }V[N =0 Volt
Cour Output Capacitance 12 pf f=1.0 MHZ
Icc VCC Supply Current 100 ma No Load

*Electrical characteristics included in this advanced product description are objective specifications and may be subject to qhange.
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AC (DYNAMIC) CHARACTERISTICS
Ta = 0°C — +70°C, Vo= +5 volts 5%
Symbol Parameter Min. Max. Unit Condition
Tcp, Rcp Clock Frequency DC 500 KHz
Input Pulse Widths
Prcp Transmit Clock 900 nsec C1, = 20pf
Prcp Receive Clock 900 nsec ITTL Load
PRST Reset 500 nsec
PTDS Transmit Data Strobe 200 nsec
PTES Transmit Fill Strobe 200 nsec
PRSS Receive Sync Strobe 200 nsec
Pcs Control Strobe 200 nsec
PRDE Receive Data Enable 400 nsec Note 1
PSWE Status Word Enable 400 nsec Note 1
PRR Receiver Restart 500 nsec
Switching Characteristics
TTSO Delay, TCP Clock to Serial Data Qut 700 nsec
TTBMT Delay, TCP Clock to TBMT Output 1.4 usec
TTBMT Delay, TDS to TBMT 700 nsec
TSTS Delay, SWE to Status Reset 700 nsec
TRDO Delay, SWE, RDE to Data Outputs 400 nsec ITTL Load
THRDO Hold Time SWE, RDE to Off State 400 nsec Cp =130 pf
TDTS Data Set Up Time TDS, TFS, RSS, CS 0 nsec
TDTH Data Hold Timé TDS 700 nsec
TDTI Data Hold Time TFS, RSS 200 nsec
TCNS Control Set Up Time NDB1, NDB2, NPB, POE 0 nsec
TCNH Control Hold Time NDB1, NDB2, NPB, POE 200 nsec
TRDA Delay RDE to RDA Output 700 nsec

NOTE 1: Required to reset status and flags.
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TIMING WAVEFORMS
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TRANSMITTER TIMING DIAGRAM

S2350
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PIN DEFINITIONS
Pin Label Function
1) - GND Ground

2) Vee +5 VOLTS £5%

(14) RESET MASTER RESET A VIH initializes both the receiver and transmitter. The Transmitter
Shift Register is set to output a character of all logic 1’s. FCT is reset to VQL and TBMT set
to VOH indicating the Transmitter Holding Register is empty.

The receiver status is initialized to a VoL, on RPE, ROR, SCR, and RDA. The transmitter
and receiver shift registers are reset to logic “0”’s. The sync character detect logic is inhibited
until a RR pulse is received.

(15) DO DATA INPUTS Data on the eight data lines is loaded into the Transmitter Holding Register

(16) D1 by TDS, the Transmitter Fill Register by TFS, and the Receiver Sync Register by RSS. Data

a7 D2 is right jusitifed with the LSB at DO. For word lengths less than 8 bits, the unused inputs are

(18) D3 ignored. Data is transmitted LSB first.

(19) D4

(20) D5

21) De

(22) D7

(38) TDS TRANSMIT DATA STROBE A Vij, loads data on D0-D7 into the Transmitter Holding
Register and resets TBMT to a VQL..

(24) TFS TRAMSMIT FILL STROBE A VL, loads data on DO-D7 into the Transmitter Fill Register.
The character in the Transmitter Fill Register is transmitted whenever a new character is not
loaded in the allotted time after the TBMT is set to VQH.

23) RSS RECEIVER SYNC STROBE A Vi loads data on DO-D7 into the Receiver Sync Register.
SCR is set to VQH whenever data in the Receiver Shift Register compares with the character
in the Receiver Sync Register.

) TBMT TRANSMIT BUFFER EMPTY A V(QH indicates the data in the Transmitter Holding
Register has been transferred to the Transmitter Shift Register and new data may be loaded.
TBMT is reset to Vop, by a Vi on TDS. A Vi on RESET sets TBMT to a Vgy.

TBMT is also multiplexed onto the RD7 output (26) when SWE is at V][ and RDE is at
VIH.

6) TSO TRANSMITTER SERIAL OUTPUT Data entered on D0O-D7 are transmitted serially, least
significant bit first, on TSO at a rate equal to the Transmit Clock frequency, TCP. Source of
the data to the transmitter shift register is the Transmitter Holding Register or Transmitter
Fill Register.

(36) TCP TRANSMIT CLOCK Data is transmitted on TSO at the frequency of the TCP input in a
NRZ format. A new data bit is started on each negative to positive transition (VIL to VIH)
of TCP.
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Pin

(26)
@7
(28)
(29)
(30)
(€3]
(32)
(33)

(39%)

(N

(25)

(37

Label

RD7
RD6
RD5
RD4
RD3
RD2
RD1
RDO

FCT

RSI

RCP

S2350
USRT

Function

RECEIVED DATA OUTPUTS RDO-RD7 contain data from the Receiver Output Register
or selective status conditions depending on the state of SWE and RDE per the following
table:

G4 (35 (33) (32) (G GO (€9 (28 (27 (20
SWE RDE RDO RDI RD2 RD3 RD4 RD5 RD6 RD7

VIL VIiL X X X X X X X X
VIL VIH RDA  ROR RPE SCR Vpr VoL FCT TBMT
VIH VIL DBO  DBI DB2  DB3 DB4  DBS DB6  DB7
VIH VIH X X X X X X X X

X Output is in the OFF or Tri-State condition

DBO LSB of Receiver Output Register

DB7 MSB of Receiver Output Register

The two unused outputs are held at VQL, in the output status condition.

RECEIVE DATA ENABLE A V], enables the data in the Receiver Qutput Register onto
the output data lines RDO—RD7. The trailing edge (V[L to VIH transition) of RDE resets
RDA to the VQL condition.

FILL CHARACTER TRANSMITTED A VQH on FCT indicates data from the Transmitter
Fill Register has been transferred to the Transmitter Shift Register.

FCT is reset to VQL when data is transferred from the Transmitter Holding Register to the
Transmitter Shift Register, or on the trailing edge (V[ to VIH) of the SWE pulse, or when
RESET is VIH.

FCT is multiplexed onto the RD6 output (27) when SWE is at VI and RDE is at V[{.

RECEIVER SERIAL INPUT Serial data is clocked into the Receiver Shift Register, least
significant bit first, on RSI at a rate equal to the Receive Clock frequency RCP.

RECEIVE CLOCK Data is transferred from RSIinput to the Receiver Shift Register at the
frequency of the RCP input. Each data bit is entered on the positive to negative transition
(VIH to VIL) of RCP.
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S2350
USRT

R A

Pin ) Label Function

(12) RDA RECEIVED DATA AVAILABLE A V(QH indicates a character has been transferred from
the Receiver Shift Register to the Receiver Output Register.
RDA is reset to VQL, on the trailing edge (V[ to VIH transition) of RDE, by a VI, on RR
or a VI on RESET.
RDA is multiplexed onto the RDO output (33) when SWE is VI and RDE is V.

®) SCR SYNC CHARACTER RECEIVED A V(QH indicates the data in the Receiver Shift Register
is identical to the data in the Receiver Sync Register.
SCR is reset to a VQI, when the character in the Receiver Shift Register does not compare
to the Receiver Sync Register, on the trailing edge (V][ to VIH transition) of SWE, by a V[,
on RR or a V[ on RESET.
SCR is multiplexed onto the RD3 output (30) when SWE is a V[ and RDE is V.

(34) SWE STATUS WORD ENABLE A V][ enables the internal status conditions onto the output
data lines RDO—RD?7.

The trailing edge of SWE pulse resets FCT, ROR, RPE, and SCR to VQr..

an ROR RECEIVER OVERRUN A VQH indicates data has been transferred from the Receiver
Shift Register to the Receiver Output Register when RDA was still set to VQH. The last data
in the Output Register is lost.
ROR is reset by a VI on RDE by the trailing edge (V1L to VIH) of SWE, a V[, on RR or a
VIH on RESET.
ROR is multiplexed onto the RD1 output (32) when SWE is V1L and RDE is Vyg.

(10) RPE RECEIVER PARITY ERROR A V(QH indicates the accumulated parity on the received
character transferred to the Output Register does not agree with the parity selected by POE.
RPE is reset with the next received character with correct parity, the trailing edge (VL to
VIH) of SWE, a VIL on RR or a VI on RESET.
RPE is multiplexed onto the RD2 output (31) when SWE is Vi, and RDE is VIH.

(13) RR RECEIVER RESTART A V] resets the receiver section by clearing the status RDA, SCR,
ROR, and RPE to VQL. The trailing edge of RR (VL to VIH) also puts the receiver in a bit
transparent mode to search for a comparison, each bit time, between the contents of the
Receiver Shift Register and the Receiver Sync Register. The number of data bits per
character for the comparison is set by NDB1 and NDB2. After a compare is made SCR is set
to VOH, the sync character is transferred to the Receiver Output Register, and the receiver
enters a word synchronous mode framing an input character each word time.

NOTE: Parity is not checked on the first sync character but is enabled for every succeeding
character.
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Pin

(39

3

(C))

)

Label

NDB1

POE

T
S2350
USRT

Function

NUMBER DATA BITS The number of Data Bits per character are determined by NDBI
and NDB2. The number of data bits does not include the parity bit.

NDB2 NDBI1 CHARACTER LENGTH
VIL VIL 5 Bits
VIL VIH 6 Bits
VIH ViL 7 Bits
VIH VIH 8 Bits

For character lengths less than 8 bits, unused inputs are ignored and unused outputs are held
to VOL . Data is always right justified with DO and RDO being the least significant bits.

NO PARITY BIT A V]IH eliminates generation of a parity bit in the transmitter and
checking of parity in the receiver. With parity disabled, the' RPE status bit is held at VQL.

PARITY ODD/EVEN A V[H directs both the transmitter and receiver to operate with even
parity. A V[T, forces odd parity operation. NPB must be VIL for parity to be enabled.

CONTROL STROBE A VJ loads the control inputs NDB1, NDB2, POE, and NPB into the
Control Register. For static operation, CS can be tied directly to ground.
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$6605
S6605A

S6605B

4096X1 RANDOM ACCESS MEMORY

. .
AMERICAN MICROSY

ADVANCED PRODUCT DESCRIPTION

S 1

R
Vss Voo Ves & w Ves 5 1 22 3 Voo
l l g A3 2 23 A
(@2) CcE PRESET [—]3 20 [ Ao
m (#3) DATAIN [{a 191 Ag
w) An s 18] As
Ag CHIP ENABLE []6 17 Ay
Ay —{ X-DECODER ; DATA [TIMING DATAOUT 7 16 [ As
A, »| AND ADD. | 128 ARRAY CON- | CON- o3 8 15 As
A 2 BUFFER | | 3zx TROL | TROL = 9 1o B RIW
3 —* e REG. | REG. A
Ay ——— A2 o 13 Ao
v 1 12 \%
b e eeser ce ss

Y-DECODER AND ADD. BUFFER

Frrrtt

A Ag A Ag Ay Ag Ay

() MEANS INTERNALLY GENERATED SIGNALS

*NOTE: THE FUNCTION OF THE PRESET SIGNAL IS TO RESET THE DATA CONTROL REGISTER TO A KNOWN STATE.

IN NORMAL OPERATION, THIS PIN MUST BE GROUNDED,

BLOCK DIAGRAM

w)
DATAINPUT -

PIN/PACKAGE CONFIGURATION
(Available in Pkgs. 2C, 1C - see Sec. 1)

FEATURES
®  Fast Access Time 210 — 300 — 600 ns ®  OQutput — 3 State TTL
L Fast Read Cycle Time 370 — 470 — 900 ns ®  Easy Refresh — Only 32 Cycles every 2.0 ms
L Fast Read/Write Cycle Time — ®  Address and data input latches on Chip
490 — 590 — 1100 ns [ TTL compatible Inputs except
®  Low Power Dissipation Chip Enable Clock
Active 335 mW Typ. o Simple Memory Expansion — Chip Select
Standby with Refresh 4 mW Typ. ° 22 Pin Dual In-Line Package
FUNCTIONAL DESCRIPTION swings result in a system with low noise and easy interface.

The AMI S6605 series of dynamic read/write memories
are designed for applications where high performance, low cost
and large bit storage are desired in mainframe, add-on, and
buffer memories and peripheral storage. The S6605 is a 4096
word by 1 bit array fabricated with selective oxidation N-
Channel silicon gate technology. All decoding is done on the
chip using ratioless techniques.

All addresses and control inputs are TTL/DTL compat-
ible except for a single high voltage chip enable (CE) clock.
The single + 12 volt CE clock lowers system cost. Low voltage

6-72 For a Complete Data Sheet See Page 4-32

For standard interface, the S6605 provides a three state
TTL output. The information read-out is nondestructive
(NDRO). Refresh of the entire memory is accomplished by
sequentially cycling each of the 32 row addresses (AQ - A4)
every 2 ms.

TYPICAL APPLICATIONS
®  Main Frame Memory (] Peripheral Storage
(] Buffer Memory ° Terminals, etc.

[ Add-on Memory




9209

MICROPROGRAMMABLE
DISPLAY PROCESSOR

ADVANCED PRODUCT DESCRIPTION

vgs 1@ 40— SEGG
SEGF —2 39} SEGH
SEGE —3 38— op
SEGD —]4 37— FLo
SEGC — : 36|—
SEGB —] 3B KA
ROM > ADDRESS <> RAM SEG A —78 3\ KA;
DECODE STROBE O — 33— KA,
STROBE 1 —{9 32— Kag
stroe2 —10 9209 :}— 1esy
STROBE 3 —{11 30— 1,
STROBE 4 —}12 290 1,
A ) STROBES —]13 281 1,
Y Yy STROBE 6 —]14 27— g
STROBE 7 j 15 26— poR
STROBE8 —]16 B cLk
STROBE 9 — 1; i; — sLI
INSTRUCTION || ADDRESS 4BIT e e 2| ‘o0
DECODE CONTROL ALU sTROBE 12 —| 20 2=
————>
e e 2,040 MAX o ]
- ! 240 600
L “ ; MAX BEND
T i i
, 3 R ——
KEYBOARD/DATA OUTPUT DATA & o Eio ‘ii‘.sa MAX Lo
iNPUT INTERFACE INSTR. INTERFACE MIN
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
(Available in Pkg. 1T - see Sec. 1)
FEATURES
L 6048 bit internal ROM ®  Programmable keyboard matrix and debounce
[ ] 256 bit internal RAM ) Progxammable output
L] Two Accumulators [ Automatic power-on clear or initialization
[ Microinstruction decoding and control logic ° Outputs drive LED segments or flourescent
®  Clock generator integral to the chip displays directly
®  Separate Input/Output Circuits
FUNCTIONAL DESCRIPTION handle numeric input/output and display of up to 12 digits,

The 9209 Microprogrammable Display Processor (MDP)
provides a flexible method of creating a variety of calculator
and display-oriented microprocessor circuits. Designed to

the MDP contains all the essential elements of a micro-
processor on one MOS chip (see block diagram).

These elements—combined with an unusually versatile
instruction set—allow the MDP to be used in a wide variety of
calculator and non-calculator fixed program applications.
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9209
MICROPROGRAMMABLE DISPLAY PROCESSOR
P B 3 s o B s R T s WS
TYPICAL APPLICATIONS
The relatively low cost of the MDP combined with its The MDP can be used by itself or, with a small amount
on-chip ROM and RAM functions permits its use in a wide of external hardware, several may be connected in tandem for
variety of specialized systems requiring a nominal amount of applications requiring increased capability. The figure below
data processing and data manipulation capability. Its area of shows a typical multichip application for a high-end printing
application lies between special purpose (custom) LSI chips calculator using a 9209, a peripheral interface chip and a $2299
and standard high performance microprocessors. keyboard buffer chip.
TYPICAL KEYBOARD
DECIMAL SET
' F01234567
d : :
MEMORY
CA CE 7 8 9 +/— - *1 *II +[II
EX % 4 5 6 Ol# X (2 oIl <11l
ITEM | Avg 1 2 3 — -1 ~1I -1
COUNT
*/=
MARK %
up DIEF 0 00 ° + +1 +II +II1

BLOCK DIAGRAM OF A TYPICAL 12 DIGIT PRINTING CALCULATOR SYSTEM

$ 2299 PRINTER
KEYBOARD KEE??@:D —| DRIVERS

-
9209 PERIPHERAL PRINTER
(mDP) || INTERFACE

|l

12 DIGITS +2 CHARACTERS
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TYPICAL APPLICATIONS (Cont’d.)

The following figure shows the use of the 9209, a UART
(Universal Asynchronous Receiver/Transmitter), and some
TTL devices to implement a small terminal, used for the verifi-
cation of credit sales and similar applications. All terminals
in this network are periodically interrogated by the CPU and
when a terminal receives its ID code (which is read in from the
ID jumper matrix), it responds with “no transaction,” or with
the data which has been keyed in by the operator. In the latter
case, the CPU responds with a discrete (OK, HOLD, WAIT, etc.)
a credit limit, or other data such as a phone number to call, or
a number sequence which must be given by the customer.
Other applications include order entry and billing terminals.

CREDIT VERIFICATION TERMINAL APPLICATION

9209
MICROPROGRAMMABLE DISPLAY PROCESSOR

* A third application shown is the use of the 9209 MDP as
the controller for a digital FM tuner. The system is capable of
storing ten station frequencies and includes automatic and
manual search modes. Preselected stations are called up by
depressing a single pushbutton.

As station entries are made, they are checked to assure
that a valid frequency entry has been made. The preselected
frequencies can be stored in the MDP’s internal RAM, but
normally are stored in a CMOS shift register with a separate
battery supply to prevent loss of station data in the event of
power failure.

UART «—s| MODEM |+ cPU
FUNCTION 9209
SWITCHES [™] iNneuT [ MICRO-
MULTI- PROGRAMMABLE j¢—
PLEXER DISPLAY
KEYBOARD & -— PROCESSOR
TERMINAL ID j * +
JUMPERS NUMERIC | |DISCRETE
DISPLAY DISPLAY
DIGITAL TUNER APPLICATION
I——-||||———|
CMOS SHIFT
Foverion || 222 ["|_RecisTER —l
SWITCHES PROGRAMMABLE[™
DISPLAY Y
KEYBOARD > PROCESSOR PROGRAMMABLE o
=1 " DIVIDER > sereoror | FiLTER oveo >
TO RF
Y CRYSTAL f
STATION AND OSCILLATOR
MODE DISPLAY
Lock
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9209

MICROPROGRAMMABLE DISPLAY PROCESSOR
S S B B D M

TYPICAL APPLICATIONS (Cont’d.)

In addition to the preceding, the main use of the MDP

is in single and multichip calculator and counting systems. AMI

" offers as standard products the following calculators which use
the MDP-chip:

S9412 8 digit, five function display calculator with
memory, metric/English conversions, square root,
Pi, exchange, mark-up and percent change.

$9412 EIGHT DIGIT DISPLAY CALCULATOR

S$9413 — 10 digit, five function display calculator with
memory, square root and exchange.
S$9414 — 12 digit, five function display calculator with
memory, item count, average and mark-up.
$9651 — 10 digit, 7 function “slide-rule” with scientific
notation and memory, square root and recipro-
cals.
Examples of two of these are shown below, as a guide to the
functional complexity possible with this chip.

FEATURES
$9412
Minimum external components.
Low power.
Five Function (+, —, X, +, %) eight digit display.
Percent discount and percent add-on.
Memory in-use indication.
Algebraic keyboard with full-chaining.
Automatic constant factor on five functions.
Floating decimal mode.
Add mode.
Square root.
mentry.
Percentage mark-up.
Percentage difference.
Constant percentage mark-up and percentage difference.
Register exchange.
Change sign.
Fixed decimal point with 5/4 rounding. )
Conversion of liters/gallons, kilograms/pounds, and
centimeters/inches.
Constant conversion modes.

e 00 eeoec o eoocooo o0

TYPICAL KEYBOARD
-poyein
alololslc
olofojsic
piojolsls

$9651 SLIDERULE CALCULATOR

KEYBOARD
Ami i
- 59651 o
DIGIT DRIVERS
LED DISPLAY

BLOCK DIAGRAM

VAR

cElg

][]

<

CICIEEIE

4

x2

[-]
CIOIEILE]

aan
][]
(11 EIEE]

ﬁ

TYPICAL KEYBOARD
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DETAILED FUNCTIONAL DESCRIPTION

The detailed block diagram shows the major functional
parts of the MDP. These are:

L] A 6048-bit ROM containing microinstructions (12 x 63
x 8 organization).

A 256-bit RAM memory for storing information (4 x 16
X 4 organization).

A 4-bit parallel binary adder.

Two 4-bit accumulators.

A 6-bit RAM address register.

A 10-bit ROM address register.

Microinstruction decoding and control logic.

A polynominal counter for incrementing the ROM
address register.

9209 MDP DETAILED BLOCK DIAGRAM

9209
MICROPROGRAMMABLE DISPLAY PROCESSOR

[ Two 10-bit address save registers.
(] Input and output circuits.

The MDP is programmed by using microinstructions
coded into the ROM. The ROM is organized into twelvé
“blocks™ or ‘“‘pages” each containing 63 words, which are
addressed by the upper four bits of the address register. The
lower 6 bits address the specific 8-bit word in each block.

The ROM addressing system consists of the P, S and T
registers, each composed of an upper four bits and a lower six
bits, a 6-bit polynomial counter, and two address control
flip-flops. Normally, the polynomial counter is incremented
once each instruction cycle and its contents transferred to the
PL register to address the next ROM instruction. The counter
can also be set to a specific starting address. The S and T
registers form a stack used for storing return addresses when
calling subroutines. The “pushing” and “popping” of the stack
is controlled by the program.

TEST ! 2 48 2 4 8 Vss VDD sLI POR
| MICRO- cLOCK |
INsTRUCTION o AccumuLaTOR RAM OSCILLATOR &
| ROM DECODER PHASE GEN. |
I 12x63x8 4x16 x4
| [ POWER—ON |
L | ) RESET CIRCUIT I
| ADDER
: P REGISTER B |
l__‘% t REGISTER E)
! c 13 |
FLIP-FLOP
l S, T REGISTERS SEGVENT |
l { DECODE l
L" OUTPUT STROBE ’
| L - SELECT DECODER
| TEST LOGIC '
| [ KQ) Y ® (13) |
L IIIIIIIIIIﬂllllIIIllIl[]_!
| YyYveyvy | | |
SEG PABCDEFGH  Y012345677 889101112 STB
FLO
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MICROPROGRAMMABLE DISPLAY PROCESSOR

DETAILED FUNCTIONAL DESCRIPTION (Cont’d.)

The RAM is used for storage of information in the
processor. It is organized as four registers each containing
sixteen 4-bit words. Data in the RAM can be loaded into the
accumulator, exchanged with the accumulator, added to the
accumulator or compared to the accumulator. Individual bits
of the RAM can also be set, reset, and tested.

The adder is a parallel 4-bit binary adder having a carry
input from the C flip-flop and two data inputs. The sum

. output is stored in the accumulator. The carry output can be
stored in the C flip-flop and can be used by the control logic
to skip microinstructions.

The main accumulator is a 4-bit register which can be
loaded from the RAM, from the data input lines, from the
ROM, from the adder or from the second accumulator. The
latter is also a 4-bit register which can be loaded from the
RAM.

The MDP also contains thirteen strobe outputs, which
are under program timing and control. These outputs can be
used for sampling a keyboard and/or driving a display.
Segment data outputs for a display, four discrete data inputs,
and an input for BCD data into the accumulator are also
available. Optionally, data can be output in BCD, together
with a data sampling pulse (FLO) for external use.

Also included are an internal oscillator, clock generators,
and a power-on initializing circuit.

INSTRUCTION SET

The MDP operation is programmed by use of instruc-
tions stored in the ROM. The instruction set includes
arithmetic, load, test and flag, addressing, and miscellaneous
groups, and is summarized in the table below. The instructions
operate on digits (4 bits) or individual bits of the data stored
in the RAM. Register handling instructions can be imple-
mented by the use of subroutines.

The nominal instruction cycle time is 15 usec. All
instructions are executed in one cycle, with the exception of
transfer and return instructions, which require two cycles.

There are also several mask programmed options which
control the operation of hardware portions of the chip and
which define parameters for the instructions. These include
coding of the segment ROM and specifying the register length
for register operations.

“

9209 INSTRUCTION SET SUMMARY

ARITHMETIC

ADD

ADD WITH CARRY
ADD IMMEDIATE
COMPLEMENT

LOAD A

LOAD IMMEDIATE

LOAD FROM RAM

EXCHANGE

EXCHANGE AND INCREMENT POINTER
EXCHANGE AND DECREMENT POINTER
LOAD FROM K INPUTS

LOAD FROM POINTER

LOAD FROM A2

TEST AND FLAG

SET, RESET, TEST C

SET, RESET, TEST BIT OF RAM
TEST A EQUAL RAM

TEST DISCRETE INPUTS

TEST KEY DOWN

ADDRESSING

JUMP

JUMP TO SUBROUTINE
JUMP TO MACROROUTINE
RETURN

RETURN AND SKIP

LOAD PAGE REGISTER

MISCELLANEOUS

SET POINTER

LOAD POINTER FROM A

LOAD STROBE OUTPUT

LOAD SEGMENT OUTPUTS FROM DECODE ROM
LOAD SEGMENT OUTPUTS FROM A AND RAM




PROGRAMMING SUPPORT

The following aids are available to assist in micropro-
gram development for the MDP:

L] Detailed hardware description and programming guide.
L] Computer simulator running on AMI’s internal time-
share network.

SPECIFICATIONS

9209

MICROPROGRAMMABLE DISPLAY PROCESSOR

o B A

Assembler.
Hardware simulator.
Sentry test program generator.

The hardware and software simulators both include

diagnostic capabilities to assist the debugging of micropro-
grams.

ABSOLUTE MAXIMUM RATINGS (All voltages measured with respect to Vgg)

Storage Temperature

Operating Temperature

Maximum Positive Voltage (any pin)
Maximum Negative Voltage (any pin)
Maximum Output Current (Segments)

Maximum Output Current (Strobes)

Min. Max. Units
=55 +125 °C
0 +70 °C
+0.3 A%
-30 v
11 mA
5 mA

ELECTRICAL CHARACTERISTICS: VDD =-1521V,T, =0 -55°C (All voltages measured with respect to Vgg)

Input High Level (Note 1)

Input Low Level (Note 1)
Output High Level:
Seg A - Seg H,DP; 1 =6.5 mA
SO -S12,1-2.8 mA; FLO, SL1,1=1.0 mA
Output Low Current; Vg = — 10V
Supply Current
Power Dissipatjon (Note 2)
Power Reset Capacitor (Note 3)
Oscillator Timing Resistor (Note 4)
Oscillator Timing Capacitor (Note 5)

Min. Typ. Max. Units
-1.8 Vss \V4
VDD -4.6V A%
-30 Vss \%
-15 Vss \Y%
25 uA
6.6 10.0 mA
100 160 MW
100 pF
24 KQ
100 pF

NOTE 1. Inputs I1 — I8, KAj — KAg. Each of these inputs has an
internal resistor to Vpp. RMIN = 125 K.

NOTE 2. Does not include power dissipated in digit and segment
drivers.

NOTE 3. Connected between POR pin and Vggs.
NOTE 4. Connected between CLK pin and Vpp.
NOTE §. Connected between CLK pin and Vgg.
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$2299

KEYBOARD BUFFER P - ®
AMERICAN MICROSYSTEMS. INC.
PIN ASSIGNMENT 1- PIN 1 IDENTIFIER
wATAIX P heo
KEYBOARD ’_ I.VSS 40. FLO | E p
2.% 39.C2 ‘ q b
s0-s7 ﬂ 8 LINES Siines z.CD;O gg,”\[’ST | g
. .Vpp | [
[ | 5ix 36.% ‘ g
su1
li.l COUNTER 6. % 35.% 2.040 MAX
7.EX0 34.KR6 |
2 LINES 8.DB1 33.KRS |
N nconen 9.EX1 32.KR4 I‘
— . 10.MTEE 31.KR3 -
" I N 11.CS 30.KR2 1
o Cook b 12.EX2 29.KR1 b w .
T e w | amxs 2780
b 14.E. . o300
s oes | 15.DB3 26, s
08B0 16.% 25.% -.240 MAX “—5'2&%”
[ | 17.% 24.51 ! |
reser 18.57 23.52 /:)\
19.S6 22.83 d
SEGMENT ENABLE v
w P | 20.85 21.84 ol 5o ax =010
* NO CONNECTION
b — All signals, except MTEE, are inveited.
EX1 SWITCH
EXO0
$2299 KEYBOARD BUFFER
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
(Available in Pkg. 1T - see Sec. 1)

(] 7 Key Buffer Storage
° 2 Key Rollover
L] 48 Position Keyboard Matrix

FEATURES

(] Key Bounce Protection
. 4 Line Data Bus

FUNCTIONAL DESCRIPTION
Interface Capabilities

The Keyboard Buffer chip interfaces with a keyboard

6-80

matrix of up to 8 x 6 keys via a 4-bit parallel data bus. In addi-
tion, the chip provides a straight through data path from four
separate input pins onto the data bus. All multiplexing control

is compatible with a specially programmed 9209 chip.

Contact your AMI Sales Office or fill out the Business Reply Card in this Catalog for additional
" information on this Product.
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Communications Circuits



Part No.

S1757

$1883

$2350

$6850

S9544

7-2

Selection Guide—Communications Circuits

Description

Asynchronous
Receiver/ Trans-
mitter

Asynchronous
Receiver/Trans-
mitter

Synchronous
Receiver/Trans-
mitter

Asynchronous
~ Receiver/Trans-
mitter

CRC Encoder/
Decoder

Word
Length
(Bits)
5,6,7,8
‘ 5,6,7,8
5,6,7,8

7,8

N/A

Max.
Clock
Freq.
(KHz2)

160

200

500

800

1000

Input/
Output

MOS

TTL

TTL

TTL

TTL

Power

Supply

(v)

-12, 5

-12,+5

+5

+5

-12,+5

Process

PI?

PI?

N-SiGate

N-SiGate

p1?

Package

3M,IT
3M,IT
3M,1T
2L,1W

4D,1D

See
Page

7-3

7-16

7-19

7-20



S1757

UARTTM
UNIVERSAL ASYNCHRONOUS
RECEIVER/TRANSMITTER

Vss —{ 1 40 f— 1rcp
VGG — 2 39 |— lpg
Vop —3 38— Ingq
'RDE —{4 37— Ing2
RD8 —{ 5 36 1
Orp7 — 6 35— 238
1258 INP 1S INB2 INB1 1088 0Bt 168 ORrD6 —{ 7 31— i0¢
(36) (35) (39) (37) (38) (33) (32) (31) (30) (20) (28) (27) (26} 23) :gg —; g-’; — D88
— — |,
i il i e i 0 $1757 DB7
RD3 — 31—
cs l clmalm mlrs 1 l\ l l- 1_ l l l- i oro2 —| :? o] :322
o -——-L HOLOING REGISTER I DATA INPUT HOLDING REGISTER og;z.]n AD1 —12 gg — 1054
[ S ore 113 27}— loB3
[
Ve DATA, PARITY AND. Oor —|15 26— 'Dgf
i STOP BITS STEERING LOGIC ‘(’25;)) "sws —16 25— d)so
Voo - RCP —117 24— 0
I %8 e B
1rep TRAN || LOAD, Oeoc bA — 19 22 -
o — TIME TRANSMITTER S.R. s — 20 21 |
o SEN SHIFT R
PAR
Y
TRANSMITTER GEN TRANSMITTER
RECEIVER RIGHT RECEIVER (18
RECEIVER S.R. S e | '(':;“
p-s LA, _D_.Dm
PARITY
CHECK B | 3
LOAD - — ~-2.040 MAX - 200
Isi START BIT DATA OUTPUT [ERROR STATUS WORD) 3 reRE
(20) HOLDING REGISTER REGISTER ‘ '“;X BEND
IXR [
— - : g
@ TOALL REGISTERS p;) o2y Mg @0 (4) s 4 (3 (18 ] ' _0‘7? ]
IRDE Rm(e) @ (0) (12) Oor ROR OFE OPE  ISWE _%‘;g 'lf' I | 090 MIN = <50 wax == 010
ORD1 : 065 ol to0ef fem MN
BLOCK DIAGRAM (Available in Pkgs. 3M, 1T - see Sec. 1)

FUNCTIONAL DESCRIPTION

UART — AMI’s Universal Asynchronous Receiver/Transmitter
— can simultaneously convert asynchronous serial binary
characters to a parallel format and parallel binary charac-
ters to a serial asynchronous output with start and stop bits
added.

General Description

The S1757 UART is a full duplex MOS digital data transmit-
ter/receiver featuring TTL compatibility, asynchronous data
transmission and a 10 kHz maximum baud rate. External
controls select data word length, parity mode, and number of
stop bits. The baud rate is established by the input clock
frequency.

Packaged in a 40-pin dual inline package, the S1757 is a single
TTL compatible LSI chip which functionally replaces approxi-
mately 25 TTL/MSI packages — including shift registers,
latches and counters.

All UART characters contain a start bit, 5, 6, 7 or 8 data bits,
an odd or even (or none at all) parity bit, and one or two stop
bits.

Transmitting: The transmitting section is capable of operating
in the dc to 10,000 baud range. Its unique front-end design
includes TTL compatible clock inputs which eliminate the
need for addition circuitry. In addition to the usual informa-
tion bits the UART provides flag outputs that signal the end of
transmission and that the buffer is empty.
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UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

Included in the transmitter section is an input holding register,
a parallel to serial shift register, and the control logic necessary
to convert parallel input data into a serial asynchronous
communication format, adding start, stop and parity bits. The
buffer register permits loading of the next character during the
transmission of the present character.

Receiving: A unique start bit detection scheme in the receiver
section of UART rejects input noise pulses and allows for
errorless capture of data with up to 42% input distortion.
Error-checking features include parity, framing and overrun
checks, which provide flag outputs when an error is detected.
Until the next character is received, the flag outputs and

ABSOLUTE MAXIMUM RATINGS

received data are stored internally. These outputs are wire-
ORable and are provided with separate enable inputs for use in
bus-organized system applications.

The receiver section contains a serial to parallel shift register,
an output holding register, and the control logic necessary to
receive an asynchronous serial data stream, check for parity
and frame timing, and convert the data bits to a parallel
format.

The S1757 array is fabricated with AMI’s low VT process.
Inputs are directly TTL compatible — with an external resistor
required to establish an adequate V[ — and output interface -
is achieved with external pulldown resistors.

Ambient Temperature Under Bias . . . . . . o o 0 v e v it e e e e e e e 0°C to +70°C
Storage TEMPETAtUIE . . . . . v v o v v e e e e e e e e e e e e —-65°C to +150°C
Positive Voltage on Any Pin with Respect toVgg . . . . . . . . . .. ... . +.3 Volt
Negative Voltage on Any Pinwith Respectto VS . . . . . . . .. .. .. . . o —19.0 Volt

NOTE: Stresses greater than those listed as Maximum Ratings may cause permanent damage to the device. Functional operation of the device at
these or any other conditions above those indicated in the operation section of this specification are not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

DC (STATIC) CHARACTERISTICS
TA = 0°C to +70°C; Vs = +5 Volt +5%; VGG = —12 Volt £5%; Vpp = —5 Volt +5%

Symbol Min Typ Max Units Conditions
VIiH Vss—1.0 Vgs +0.3 Volts
VIL \Yele +0.5 Volts
Load = 20pF, 6.8KQ2 to VGG and
+
VOH 2.5 Volts 1 TTL input
Load = 20pF, 6.8KQ to VGG and
VoL +0.4 Volts | TTL input
CIN 10 pF VIN = Vss
Cout - 10 pF Vourt = Vss
Iss 40 mA ISWE = IRDE = VIL
IpD 10 mA Load = 20pF, 6.8KS) to VGG and
Icg 10 mA 1 TTL input
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AC (DYNAMIC) CHARACTERISTICS
TA = 0°C to +70°C; Vg = +5 Volt +5%; VGG = —12 Volt +5%; Vpp = =5 Volt +5%

S1757 UARTIM

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

Symbol Min Typ Max Unit Condition
Clock Frequency e 160 KHz
(TCPp, IRCP)
P. W. (Clock) 3 us
P.W. (Ics) 500 ns
P.W.(DS) 250 ns
P.W.(IxR) 2 us
P. W. (ISWE, IRDA, X s
(IRDE)
Data lead time. The time before the Ics (IDS)
DL 200 ns pulse during which the data must be valid.
The time after the Icg (IDS) pulse during which
'DH 200 ns the data must remain valid.
Output enable time. The time elapse between the
tOE 2 us leading edge of the ISWE (IRDE) pulse and valid
output data.
Output disable time. The time elapse between the
tOD 2 s trailing edge of the ISWE (IRDE) pulse and the
output becoming invalid.
Data sample time. The time during which data
tDS must be valid to be properly sampled. tp§ = tpy, +

Ics (IDS)PW + tDH.

ViH

ics r ————— j
it 1cs pw [———

Vin ;——— tdl

Ips, INB. 128, INP
it —/]

tds
TRANSMITTER CONTROL WORD LOADING

ViH

163

viL —_———— -
tdl 158 W

tdh

VIH
‘oB
ViL

TRANSMITTER DATA LOADING

ViH

viL
VoH
ORrD
VoL

ViH
ISWE
ViL

Vou
OpE, OFE, OOR

VoL

“— IRDE PW tod
toe:

RECEIVER DATA UNLOADING

RECEIVER STATUS WORD UNLOADING
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APPLICATION DATA
Operational Description

The UART block diagram is shown on the facing page. The
UART transmitter asynchronously accepts 5 to 8 parallel data
bits, which are temporarily stored in a holding register. The
status of the transmitter is then checked to determine whether
it is in the active or idle mode. If in idle (previously loaded
character has been transmitted), the parallel data is transferred
to a serial shift register together with start bit, parity, and stop
bits in accordance with the settings of the control bit registers
INB2, INB1, I28B, Ips and INp. The data is then shifted out
serially, start bit first, at rates up to 10K baud. Each
bit transmitted is 16 ITcp clock periods long. The transfer of
data from the parallel register to the serial register is internally
synchronized to eliminate possible variations of start pulse
width due to asynchronous loading of input data. If the input
register is loaded during transmission of a character, the next
start bit will immediately follow the last stop bit of the
previous character. This feature eliminates the need for any
precise external timing by allowing up to one full character
time for the loading of the next character.

The S1757 as a Data Receiver

UART functions as a data receiver by detecting a start bit on a
serial input and shifting the data bits following into a serial
register. The receiver detects a start bit by looking for a mark
to space transition and sampling the input during the following

Example: TRANSMISSION SEQUENCE
(8 BIT, PARITY, 2 STOP BITS MODE)

8 clock periods. If the input line returns to mark (noise spike)
during any of the 8 clock periods, the receiver returns to idle.
If a valid start bit is received (V], for 8 clock periods), the
receiver enters the data entry mode. The data word is shifted
in by sampling the input at each succeeding 16th clock period
after the 8 clock period start bit validation. After receiving the
data bits, the control logic checks for parity and framing
errors. During sampling of the first stop bit, the state of the
data available register is checked. If the register has not been
reset (indicating previous data has not been read out), an
overrun error flag is generated. One clock period later, the data
bits and transmission error flag signals are shifted in parallel to
the output holding register and the data available (OpA)
register is set. The data and flags are held until receipt of the
next character. All outputs can be bussed with the outputs of
other UARTs with selection of data controlled by the ISWE
and IRDE enable lines.

The S1757 Universal Asynchronous Receiver/Transmitter is
now available from American Micro-Systems, Inc. The UART
is ideally suited for a wide variety of data communication
applications — including time division multiplexers, data
concentrators, modems, communications processors, data
terminals and various types of computer communications.
UART’s universal programming feature allows interfacing with
the vast majority of communications devices, including Model
28, 32, 33, 37 and Inktronic Teletypes, IBM 2741, all popular
CRT terminals, and many other peripherals.

129

DB8 ‘ PARITY STOP STOP

|

oLk 1 _ 17 33 145 61 1
:I_r - - AR ¥ i U i W R R N
oso | START | IpB1 - | ‘

PIN DEFINITIONS
Pin Label
) Vss +5 Volt 5%.
) VGG —12 Volt +5%.
3) VDD =5 Volt £5%.
12)-(®) ORrRD

length.
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PIN DEFINITIONS (Continued)

“
(13)
(14
(15)

(16)

a7
(18)
19)

(20)
ey
(22)
(23)

@4

(25)
(26) - (33)
(34)

(3%

(36)

(37
(38)

IRDE
OPE
OFE
OoR

ISWE
IRCP
IRDA
OpaA
Ist
IXR
OTBMT
IDS

OEOC

0so

IpB

Ics

INP

I>sB

INB2
INB1

S1757 UARTIM
UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

RECEIVED DATA ENABLE. V|1, enables the received data output lines.

RECEIVER PARITY ERROR. Gogs to VQOH if received data word has a parity error.
RECEIVER FRAMING ERROR. Goes to Vo if stop bit (mark) is not detected.
RECEIVER OVERRUN. Goes to VY if previously received character is not read out (OpA
not reset) before present character is ready to be transferred to output holding register.
RECEIVER STATUS WORD ENABLE. Vi, enables the status word signals (Opg, OpA,
OTBMT; OFE, OOR)-

RECEIVER CLOCK LINE. Frequency = 16 X baud rate.

RESET DATA AVAILABLE. V][, resets output OpA.

RECEIVED DATA AVAILABLE. VQH indicates a character has been received and
transferred to the output holding register.

RECEIVER SERIAL INPUT. Accepts transmitted data. When data is not being transmitted,
this line must be held high.

EXTERNAL RESET. VIH resets all registers and sets transmitter serial output to VQH.
Should be pulsed after power turn on.

TRANSMITTER INPUT HOLDING REGISTER EMPTY. Goes to VQH when a new data
word may be loaded into transmitter.

TRANSMITTER DATA WORD INPUT STROBE. Vi, enters data into the input holding’
register. Transition to VIH causes start bit on Og(Q at next negative clock transition.

TRANSMITTER END OF CHARACTER FLAG. A VQL to VQH transition indicates
transmission of a character and stop bits has been completed. VQH is maintained until the
mark to space transition of the start bit of a new character transmission.

SERIAL TRANSMITTER OUTPUT. Character to be transmitted is shifted out serially on
this output. Returns to VOH during idle time.

TRANSMITTER DATA INPUTS. VIH causes mark to be transmitted. Ipgj is LSB
regardless of length of data word.

TRANSMITTER MODE CONTROL STROBE. Viy enters Ips, INB1, INB2, I2SB, INP data
into the control bits holding register. Can be strobed or hard wired to ViH.
TRANSMITTER/RECEIVER NO PARITY CONTROL. Vi eliminates parity bit from
transmitted data and disables the receiver parity check. Stop bits directly follow the data
bits. VIH forces OpPE to VIL. :
TRANSMITTER STOP BIT CONTROL. V][, causes 1 stop bit to be transmitted. VIH causes
2 stop bits to be transmitted.

TRANSMITTER/RECEIVER DATA BITS PER CHARACTER CONTROL. Selects. char-
acter length per the following table.

INB2 INBI BITS/CHARACTER
VIL VIL 5
VIL VIH 6
VIH VIL 7
VIH VIH 8
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PIN DEFINITIONS (Continued)

(39) Ips TRANSMITTER/RECEIVER PARITY SELECT. Determines transmitted parity and ex-

pected parity of receiver. Parity bit follows data bits in transmission. V][ inserts and checks
odd parity. VIH inserts and checks even parity.

(40) ITCP TRANSMITTER CLOCK LINE. Frequency = 16 X baud rate.
+5V -5V -12v
Vss VbD VGG
Vvss

6.8
TTL** AMI KQ % TTL**
§1757 L

-12v

**1/16 9N04/7404 OR EQUIVALENT
*REQUIRED TO ESTABLISH Vi

TTL CONNECTION

T2/

JK TO FIFO

1T

y

NOT REQ'D FOR
OPERATION BELOW
~100kHz

ODA
IRCP
UART R
s1757 | !RDA +—1y
IRDE JK

s
- ORDBF__lORIN —
IR1
-] —404—0
OUTPUTS FIFO

$1709
-] e— Igo

bt

01 02

TYPICAL UART———=FIFO INTERFACE
TO BUFFER DATA OUTPUTS
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UART
NSB NPB POE NDB2 NDB1 DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1 m™s
(36) (35) (39) (37) (38) (33) (32) (31) (30) (29) (28) (27) (26) {23)
Vss —{ @1 | — Tce
VGG — [— poE
\(lgsas; Hoi%’tﬁg?alég:gw ‘é%g — [— xgg;
e =
‘% i [ ooe
o Abs —] [ 087
RD3 — $1883 — DB6
g — RD2 — |— oB5
(40} RD1 ~——1p }— DB4
RPE —p — DB3
RFE et — DB2
1 ROR — DB1
TRANSMITTER SWE — — TSO
1| RCP — — TEOC
1 | RDA wed — TDS
T - - - - - - ~ T ODA il — TBMT
il RS| —f — RESET
RECEIVER RECEIVER  (18)
1 RECEIVER S.R. s T A
| = D
: iy l
EJSP—— i o
: LOAD l : (rf{Ax) |‘_<n'153:u_'|
RSI [J DATA OUTPUT [ERROR STATUS WORD) !
(20 HOLDING REGISTE! REGISTER | oo
| ML T | o
) JD Sy v r 1 1l __ - -
an (8) 4 (7) ¢ (9) J(31) e 115~ (14 (13) 16) 020
RESET rce  rps TrosYRoa¥RD: ADE  ROR RFE RPE  SWE MIN) ""Ax’
{21) ——* TO ALL REGISTERS ® (@ (10 (12) 100 .090 .“.
RD7 RD5 RD3 AD1 (NoM) Y
PIN/PACKAGE CONFIGURATION
S$1883 BLOCK DIAGRAM / R
(Available in Pkgs. 3M, 1T - see Sec. 1)
FEATURES
° 12.5 Baud Data Rates o Double Buffered Input/Output
o 5-8 Bit Word Length L] Independent Transmit/Receive Rates
®  Parity Generation/Checking Odd, Even, None L] Start and Stop Bits Generated and Detected
L] Framing and Overflow Error Detection L] Interchangeable with TMS6011, COM2017,
e 1,1.5, or 2 Stop Bits TR1602, AY-5-1013
° Tri-State Outputs
FUNCTIONAL DESCRIPTION

The S1883 Universal Asynchronous Receiver Transmitter
(UART) is a single chip MOS/LSI device that totally replaces
the asynchronous parallel to serial and serial to parallel
conversion logic required to interface a word parallel con-
troller or data terminal to a bit serial communication network.

For asynchronous data transmission with a non-contiguous
data bit stream, the UART automatically inserts a START bit

preceding each character and under program control 1, 1.5, or
2 stop bits at the end of each character. To detect incoming
characters in a noisy environment the UART employs a
START bit detection network and allows errorless recovery of
data with up to 42% distortion.

The UART will transmit or receive data characters of 5, 6, 7,
or 8 bit length. Options allow the generation and checking of
odd, even parity or no parity. The odd or even parity bit is
automatically added to the character length for transmission.
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The parity bit is removed, checked and an error flag set if
.incorrectly received.

The data or baud rate at the receiver input and transmitter
output are determined independently by external clock inputs.
The clock inputs must be 16 times the data rate required at
the serial input and output. The independent clocks allow for
either half or full duplex operation.

The UART provides a buffer register in both the transmitter
and receiver to allow a full character time for responding to a
received data ready or transmit data request signal. The UART
generates a MARK signal if the transmit register is not loaded
with a data character and also indicates an overflow error if
two characters are received without a RDA input.

TYPICAL APPLICATIONS

o  Computer Peripherals
° Communication Concentrators

o Integrated Modems

ABSOLUTE MAXIMUM RATINGS

° Industrial Data Transmission
o TTY Terminals

L] Time Division Multiplexing

Ambient Temperature Under Bias
Storage Temperature
Positive Voltage on Any Pin with Respect to Vs

Negative Voltage on Any Pin with Respect toVgg . . . . . .

NOTE: Stresses greater than those listed as Maximum Ratings may cause permanent damage to the device. Functional operation of the device ai
these or any other conditions above those indicated in the operation section of this specification are not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

DC (STATIC) CHARACTERISTICS
TA = 0° —+70°C, Vs = +5 Volt +5%, VGG = —12 Volt £5%

Symbol Parameter Min Max Unit Condition
VIH Input High Voltage Vss -1.0 Vgg +0.3 Volt Internal Pull-up
VIL Input Low Voltage VGG 0.8 Volt Resistor Provided
I Input Load Current -1.2 mamp VIN = 0 Volt
VoH Output High Voltage 24 Volt IoH = - 100 uamp
VoL Output Low Voltage 4 Volt IoL = 1.6 mamp
CIN Input Capacitance 20 pf VIN = Vss
CouTt Output Capacitance 10 pf VouTt = Vss
Iss Vgs Supply Current 30 mamp SWE = RDE = V[,
IcG VGG Supply Current 40 mamp ITTL Load
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AC (DYNAMIC) CHARACTERISTICS
TA = 0°C — +70°C; Vgg = +5 Volt £5%; VGG = —12 Volt +5%
Symbol Parameter Min Max Unit Condition
TCP, RCP Clock Frequency DC 200 KHz
Input Pulse Widths
PWTCP Transmit Clock 2.5 usec Cp, = 20pf
PWRCP Receive Clock 2.5 usec 1 TTL Load
PWCS Control Strobe 250 nsec
PWTDS Transmit Data Strobe 250 nsec
PWRST RESET 1.0 usec
PWSWE Status Word Enable 500 nsec
PWRDA Reset Data Available 500 nsec
PWRDE Receive Data Enable 250 nsec
Switching Characteristics
tCDS Control Set Up Time 0 nsec Figure 1
tCDH Control Hold Time 20 nsec Figure 1
tOE Output Enable Time 500 - nsec
tOD Output Disable Time 500 nsec
TIMING WAVE FORMS (Figure 1)
DATA IN%‘_ ___________ 4
( Ko
CLOCK INPUTS I A e
e L3 e N A N A S
RCP
RESET__:’m‘— ™ tops > 0 nsec ‘—:cou > 20 nsec
CONTROL INPUTS DATA A’;;E STATUS OUTPUTS
V— T\
O ==l 0
s I RrE /
RPE
™ teps > 0 nsec ‘—;cou > 20 nsec oA ——| tOEN*+— f
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PIN DEFINITIONS

Pin
(€))
@)
3
(21

(3%)
(37
(36)

(3%
(39

(34

(26)
27
(28
(29)

(30)

7-12

Label
Vss
VGG
VDD
RESET

NDB1
NDB2
NSB

NPB

POE

CS

DB1
DB2
DB3
DB4

DBS5

Function
+5 Volt 5%
—12 Volt + 5%
Ground
A [H resets all internal registers and counters. The transmitter status outputs TBMT and
TEOC are set to VQH indicating the input transmitter buffer register is empty. The TSO
output generates VOH or MARK until a valid data character has been loaded into the

transmitter and valid data transmission begins. The receiver status output ODA, is reset to
the VQL state.

Number Data Bits/Character
Number Data Bits/Character

Number Stop Bits

The bit length of each data character and the number of stop bits added to each transmitted
character are defined by these three inputs.

The character word length does not include the parity bit and is common to both the
transmitter and receiver if operating in the full duplex mode.

NSB NDB2 NDBI BITS/CHARACTER STOP BITS
VIL VIL VIL 5 1

VIL VIL VIH 6 1

VIL VIH VIL 7 1

VIL VIH VIH 8 1
VIH VIiL VIL 5 1.5
VIH VIL VIH 6 2
VIH VIH ViL 7 2
VIH VIH VIH 8 2

NO PARITY BIT. A VIH eliminates the PARITY bit from being transmitted causing the
STOP bit(s) to immediately follow the last data bit. The receiver assumes the bit(s) following
the last data bit to be STOP bits. The RPE output is also forced to a VQT, condition.

PARITY ODD/EVEN. If the NPB input is VL, the parity mode is ODD if POE is V][ and
EVEN if POE is VIH.

The parity mode is the same for both the transmitter and receiver.

CONTROL STROBE. A VIH loads POE, NDB1, NDB2, NPB, NSB into the CONTROL
HOLDING REGISTER.

To load the control inputs for static operation CS can be hard-wired to V.

TRANSMITTER DATA BITS. Input data on DB1-DB8 are strobed into the DATA INPUT
HOLDING REGISTER by TDS.
Input data is assumed right justified so DB1 is always the least significant bit and is the bit



€D
(32
(33)
(23)

(25)

(22)

29

(40)
an

(20)

(12)
(1
(10)
(9
(®
()]
(6
(&)

(4

19

DB6
DB7
DB8

TDS

TSO

TBMT

TEOC

TCP

RCP

RSI

RD1
RD2
RD3
RD4
RDS5
RD6
RD7
RD8

RDE

ODA

51883
UART

transmitted following the START bit. For data words less than eight bits, the unused bits are
don’t care inputs.

TRANSMITTER DATA STROBE:. A VJL enters data on the DB1-DBS8 inputs into the
INPUT HOLDING REGISTER. If the transmitter is in the idle state with both TBMT and
TEOC at VoY, the START bit will be generated on the first negative transition of the input
clock TCP following the return of TDS to a V[ state.

TRANSMITTER SERIAL OUTPUT. Data entered on DB1-DB8 are serially transmitted on
TSO. A START (SPACE) bit precedes each character. A PARITY bit, if selected, and the
correct number of STOP bits follow the last valid data bit.

The TSO output is VOH (MARK) when a valid character is not being transmitted.

TRANSMITTER BUFFER EMPTY. A VQy indicates .the character in the INPUT
HOLDING REGISTER has been transferred into the transmitter and a new character may be
loaded into the INPUT HOLDING REGISTER. One complete character time (START BIT,
DATA BITS, PARITY BIT, AND STOP BIT(S)) is available to load the next character. If a
TDS is not generated within the time allotted, the TSO output will go into an idle state of
VOH or a MARK condition. TBMT will remain in the tri state mode unless SWE is a Uz[ .
TRANSMITTER END OF CHARACTER. A V(1 to VQQ transition indicates the
transmission of the character and stop bits have been completed. The VOH is maintained
until the leading edge of the next START bit (MARK to SPACE transition) is generated.
TRANSMITTER CLOCK PULSE. The transmitter input clock must be 16 times faster than
the desired baud rate at TSO.

RECEIVER CLOCK PULSE. The receiver input clock must be 16 times the baud rate of
data received on RSI.

RECEIVER SERIAL INPUT. Serial input data is received on RSI at a baud rate 1/16th the
rate of RCP. The VIH to VIL (MARK to SPACE) transition beginning each START bit
synchronizes the receiver to the incoming data. Data is assumed to be received least
significant bit first.

RECEIVER DATA. Data outputs from the DATA OUTPUT HOLDING REGISTER are
active only when RDE is a V. The eight data outputs are in a tri-state mode if RDE isa
VIH. Data is presented at the outputs right justified with RDI the least significant bit. For
data word lengths less than 8 bits the unused bits will appear as VQ1..

RECEIVER DATA ENABLE. A VjL enables data in the DATA OUTPUT HOLDING
REGISTER to the RECEIVER DATA output pins.

For an output coﬁfiguration not requiring a tri-state condition for RD1-RD8 the RDE input
can be tied directly to ground enabling the data outputs at all times.

OUTPUT DATA AVAILABLE. A VQH indicates a complete character has been received
and transferred to the DATA OUTPUT HOLDING REGISTER. The ODA output will be in
the tri-state mode unless SWE is a VL.
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For contiguous data inputs on RSI data will remain in the holding register one character

RESET DATA AVAILABLE. A Vjp, resets the ODA to a VQL. If ODA is not reset by RDA
the ROR will be set when the next complete character is received and transferred to the

RECEIVER OVERRUN. A V(QH indicates a second character has been received and
transferred to the DATA OUTPUT HOLDING REGISTER without an intervening RDA. If
the previously received character has not been unloaded from the register the next character
will be loaded and the first character lost. ROR will remain in the tri-state mode unless SWE

RECEIVER FRAMING ERROR. A VQH indicates a correct STOP bit was not received
following the START bit and correct number of data bits. RFE will remain in the tri-state

RECEIVER PARITY ERROR. A VQH indicates the accumulated parity on the received
character does not compare with the parity mode set by POE. RPE will remain in the

UART
time before being lost.
(18) RDA
DATA OUTPUT HOLDING REGISTER.
(15) ROR
isa VIL.
(14) RFE
mode unless SWE isa VL.
(13) RPE
tri-state mode unless SWE is a V]I..
(16) SWE

STATUS WORD ENABLE. A V][ enables the status outputs ODA, ROR, RFE, RPE and

TBMT on the respective output lines. When SWE is VY all status outputs are in the tri-state

mode.

For output configurations not requiring a tri-state condition for the status outputs, SWE
may be tied directly to ground.

APPLICATION DATA

Asynchronous data communications is typified by low data
rates, non-contiguous data messages, and a MARK condition
on the line between characters. As a result, each data character
must be framed for recognition by START and STOP bits. The
S1883 UART provides all the logic required to provide a
complete full-duplex (transmit and receive simultaneously)
asynchronous communication channel for baud rates up to
9600 bps. Included in the S1883 capabilities are; automatic
START and STOP bit generation and detection; PARITY
generation and detection on variable length characters; tri-state
outputs for data and status for data bus configurations, double
buffering for less critical timing, and a receiver allowing
acceptance of data with up to 42% distortion.

RECEIVER OPERATION

Asynchronous communication line discipline dictates that
each character, regardless of width, must be preceded by a
START bit. The receiver input logic detects the V[{ to VIL
(MARK to SPACE) transition on the RSI line that is the
Lo
’ D
!
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leading edge of the START bit. For one half bit time after the
leading edge, RSI is sampled for a Vpy, to insure a proper
START bit was present. The following data bits are then
clocked into the receiver in the center of each bit period. If
RSI returns to the VIH condition before the mid-point of the
START bit, the receiver returns to a search for a MARK to
SPACE transition.

If at the time of transfer ODA has not been reset by a RDA,
indicating the previous character has not beén read, the ROR
error flag is set to VQH. The previous data character and status
will be lost as the new character is loaded. One full character
time is available, assuming contiguous data input at RSI, after
ODA is set to read the output character. The data is available
at the outputs RD1-RD8 right justified with RD1 the least
significant bit. For character widths less than 8 bits the unused
outputs are forced to VQL.

For data bus configurations the output data and status are
tri-state lines enabled by RDE and SWE respectively. For
polled systems SWE can be strobed for detection of ODA and
error conditions prior to reading data. For interrupt driven
systems SWE can be tied directly to ground and ODA used as a
data ready interrupt input. A minimum of one character time




is available to test the remaining error status bits and input the
data character. Typically the same signal can be used for RDE
and RDA.

TRANSMITTER OPERATION

The transmit section of the S1883 is reset to a MARK
condition with VOH on TSO after receiving a pulse on
RESET. Additionally, the transmitter is reset to a character
request mode with TBMT and TEOC both at VoH. If the
character format is not static, the word length NDB1 and
NDB2, parity mode NPB and POE, and number of stop bits
NSB should be strobed into the UART with CS.

TYPICAL DATA FORMAT

S1883
UART

If both the DATA INPUT HOLDING REGISTER and the
TRANSMITTER SHIFT REGISTER are empty the trans-
mitter is in the idle state with TSO, TBMT and TEOC all at
VOH. The START bit for a data character loaded with a TDS
pulse during the idle state is generated at the first negative
transition of the TCP following the trailing edge of TDS.
TBMT goes to VQop, with the first TDS. As soon as the
character is transferred from the INPUT HOLDING
REGISTER to the SHIFT REGISTER, TBMT returns to a
VOH and a second character can be loaded. Each character is
transmitted with a START bit and 1, 1.5 or 2 stop bits
controlled by the respective inputs.

The TEOC is set to VQH after the generation of the last STOP
bit indicating the complete character has been transmitted.

MODE: 7 BIT CHARACTERS
2STOP BI
1PARITY BIT (EVEN)

MARKING

MODE: 5 BIT CHARACTERS
. 1.5 STOP BITS*
1PARITY BIT (ODD)
MARKING
]

1 ]
START DB1 DB2 DB3 DB4 DBS5 DB6 DB7 PARITY STOP STOP
BIT

NDB1=NPB=V
NDB2 = NSB = POE = V|H

MARKING
1

BIT BIT BIT

NDB1 = NDB2 = NPB = POE = V|
NSB = VI|H

*1.5 stop bits generated only in the § bit/character mode.

1 1 1
START DB1 DB2 DB3 DB4 DB5 PARITY STOP 1/2 START
BIT

BIT  BITSTOP BIT
BIT
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UNIVERSAL SYNCHRONOUS

RECEIVER/TRANSMITTER (USRT)

ADVANCED PRODUCT DESCRIPTION

GND Vgg
D; Dg Dy Dy D3 D, Dy Dy —
O (2 (221 123) J20) | (19) [018) [17) 11610150 i A 40p— NDB;
vee —2 39— NDB,q
NPB —13 38— TDS
pPoE —{4 37} Rep
INPUT DATA BUS ts —5 36— TCP.
20 Tso —{€ 35— RDE
Tos % l; l ! s FcT —7 34| Swe
® N SCR —|8 e I RDo
o3 podl| TRANSMITTER TRANSMITTER TBMT —{ 9 32— RD"
NDB1(39-1 :gGL'rs);ré(; RE(E:;]I:ER RPE —110 §2350 31f— RD,
nogg 2] conTROL ROR —{ 11 30} roj
REGISTER RDA —{12 20| RD,
O @ MULTIPLEXER 1 RR —{13 28— RDg
NPB -
@ RESET —]14 27~ RDg
i} Do —{15 26— RD;
rep B8] TRANSMITTER | ©. Dy —{16 25|~ Rsi_
gt SHIFT_REGISTER J so D, —17 24 }— TFS
aep L D3z —18 23— RSS
uis Dg —19 22— D
RECEIVER < 7
© ThNG RESGVIQ"::ER (23) s 2 i
TemMT ol AND COMPARATOR AsS
FCT ~4—q CONTROL
® [ ] 1T 2040 600
SRl ] T MAX) [ o1
Rpe o] { SHIFT REGISTER ] | |
ror 11
(2) J L ———————— -
"~ T RECEIVER OUTPUT REGISTER :2‘5: SWE #_ N
RESET ] _[_ OUTPUT TRI-STATE DRIVERS RBE 020 15° ‘\\A’
(MIN) (MA)()’”‘
@) (26l 27l 28l 29l 3oi (3] (32)] (33) -090 010
RSI RDy RDg RDs RD4 RD3 RDz RDj RDp (,‘Jg&, (MIN) (NOM)
TBMT FCT SCR RPE ROR RDA
PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 3M, 1T - see Sec. 1)
FEATURES
. 500 KHz Data Rates (] 5—8 Bit Characters
° Internal Sync Detection ° 0dd/Even or No Parity
. Fill Character Register . Error Status Flags
e  Double Buffered Input/Output ®  Single Power Supply (+5v)
®  Bus Oriented Outputs e  Input/Output TTL Compatible
FUNCTIONAL DESCRIPTION Data messages are transmitted as 2 contiguous character

The S2350 Universal Synchronous Receiver Transmitter
(USRT) is a single chip MOS/LSI device that totally replaces
the serial to parallel and parallel to serial conversion logic
required to interface a word parallel controller or data terminal
to a bit-serial, synchronous communication network.

The USRT consists of separate receiver and transmitter
sections with independent clocks, data lines and status.
Common with the transmitter and receiver are word length and
parity mode. Data is transmitted and received in a NRZ format
at a rate equal to the respective input clock frequency.
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stream, bit synchronous with respect to a clock and character
synchronous with respect to framing or “sync” characters
initializing each message. The USRT receiver compares the
contents of the internal Receiver Sync Register with the in-
coming data stream in a bit transparent mode. When a compare
is made, the receiver becomes character synchronous for-
matting a 5, 6, 7, or 8 bit character for output each character
time. The receiver has an output buffer register allowing a full
character time to transfer the data out. The receiver status
outputs indicate received data available (RDA), receiver over-
run (ROR), receive parity error (RPE) and sync’ character



received (SCR). Status bits are available on individual output
lines and can also be multiplexed onto the output data lines
for bus organized systems. The data lines have tri-state
outputs.

The USRT transmitter outputs 5, 6, 7, or 8 bit charac-
ters with correct parity at the transmitter serial output (TSO).
The transmitter is buffered to allow a full character time to

S2350
USRT

respond to a transmitter buffer empty (TBMT) request for
data. Data is transmitted in a NRZ format changing on the
positive transition of the transmitter clock (TCP). The char-
acter in the transmitter fill register is inserted into the data
message if a data character is not loaded into the transmitter
after a TBMT request.

TYPICAL APPLICATIONS

(] Computer Peripherals

High Speed Terminals

L] Communication Concentrators L] Time Division Multiplexing
o Integrated Modems L] Industrial Data Transmission
ABSOLUTE MAXIMUM RATINGS
Ambient temperature under bias 0°C to+ 70°C
Storage temperature -65°C to +150°C
Positive voltage on any pin with respect to GROUND +7 volt
Negative voltage on any pin with respect to GROUND -0.5 volt
Power dissipation 0.75 watt
DC (STATIC) CHARACTERISTICS*
Ta =0° —+70°C.VCC = +5 volts 5%
Symbol Parameter Min. Max. Unit Condition
VIH Input High Voltage 2.0 Vce Volt
ViL Input Low Voltage -0.5 +0.8 Volt
IIL Input Leakage Current 10 ua VIN = OTO VCC
Volts
VoH Output High Voltage 2.4 Volts IoH = -100ua
VoL Output Low Voltage +0.4 Volts IpoL = 1.6ma
CIN Input Capacitance 10 pf }VIN =0 Volt
Cout Output Capacitance 12 pf f=1.0 MHZ
Icc V¢ Supply Current 100 ma No Load

*Electrical characteristics included in this advanced product description are objective specifications and may be subject to change.

7-17




S2350
USRT

AC (DYNAMIC) CHARACTERISTICS
TA = 0°C — 4+70°C, VCC = +5 volts 5%

Symbol Parameter Min. Max. Unit Condition
Tcp, Rcp Clock Frequency DC 500 KHz

Input Pulse Widths

Ptcp Transmit Clock 900 nsec Cy, = 20pf
PrcCP Receive Clock 900 nsec ITTL Load
PRST Reset 500 nsec

PTDS Transmit Data Strobe 200 nsec

PTES Transmit Fill Strobe 200 nsec

PRSS Receive Sync Strobe 200 nsec

PCs Control Strobe 200 nsec

PRDE Receive Data Enable 400 nsec Note 1
PSWE Status Word Enable 400 nsec Note 1
PRR Receiver Restart 500 nsec

Switching Characteristics

TTSO Delay, TCP Clock to Serial Data Out 700 nsec

TTBMT Delay, TCP Clock to TBMT Output 1.4 usec

TTBMT Delay, TDS to TBMT 700 nsec

TSTS Delay, SWE to Status Reset 700 nsec

TRDO Delay, SWE, RDE to Data Outputs 400 nsec 1TTL Load
THRDO Hold Time SWE, RDE to Off State 400 nsec | Cp=130pf
TDTS Data Set Up Time TDS, TFS, RSS, CS 0 nsec

TDTH Data Hold Time TDS 700 nsec

TpTI Data Hold Time TFS, RSS 200 nsec

TCNS Control Set Up Time NDB1, NDB2, NPB, POE 0 nsec

TCNH Control Hold Time NDB1, NDB2, NPB, POE 200 nsec

TRDA Delay RDE to RDA Output 700 nsec

NOTE 1: Required to reset status and flags.

7-18 For a Complete Data Sheet See Page 6-63
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ASYNCHRONOUS COMMUNICATION
INTERFACE ADAPTER (ACIA)

ADVANCE PRODUCT DESCRIPTION

° 8 Bit Bidirectional Data Bus for
Communication with MPU.

False start bit deletion.
Peripheral/modem control functions.

Double buffered Receiver and Transmitter

One or two stop bit operation.

@ | crock PARITY
e S I I GEN ] oo [1] eTs
l ;—' RXD [Z Beh
g4 | \__-> TRANSMIT @ CRX |3 Do
g SHIFT ™D
cso 8 | 7 m;ffr” REGISTER crx [4] D1
(0) REGISTER
CS1—— SELECT {} RTS E D2
o 2 o 28)
1 TRANSMIT
rs ]| CONTROL CONTROL — T8 ™o [6] D3
Aw' B3| ma [} D4
cso [B] D5
STATUS
REGISTER csz 3 D6
LoGIC
(22) cs1 19 D7
DO —1 (23) 5o
o120 |} 5 __ rs [11] E
022 | Lt\ TS
—— vee [17) Rw
(19) N ] conrro
o3 DATA REGISTER
oa®] | eus
. BUFFERS
b5
RECEIVE PARITY
o618 | CONTROL CHECK
o7t 1
L— Receive RECEIVE @
DATA <: SHIFT RXD ) J 3
REGISTER REGISTER :2— Mo
020 S
[} Min)
(3} CLOCK SYNC
cRX GeN |*] ocic
Ve PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
FEATURES

L] Eight and nine-bit transmission with
optional even and odd parity.

Parity, overrun and framing error checking.
Programmable control register.

Optional +1, +16, and +64 clock modes.
Up to 500,000 bps transmission.

FUNCTIONAL DESCRIPTION

The S6850 Asynchronous Communications Interface
Adapter (ACIA) provides the data formatting and control to
interface serial asynchronous data communications to bus
organized systems such as the S6800 Microprocessing Unit.

The S6850 includes select enable, read/write, interrupt
and bus interface logic to allow data transfer over an eight bit

bi-directional data bus. The parallel data of the bus system is
serially transmitted and received by the asynchronous data
interface, with proper formatting and error checking. The
functional configuration of the ACIA is programmed via the
data bus during system initialization. Word lengths, clock divi-
sion ratios and transmit control through the Request to Send
output may be programmed. For modem operation three
control lines are provided. These lines allow the ACIA to
interface directly with the S6860 0-600 bps digital modem.

For a Complete Data Sheet See Page 6-53 7-19
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CRC ENCODER/DECODER
ADVANCED PRODUCT DESCRIPTION
“ERROR E Ew
Vss GND VGG
(13)| 2) I(lz) E 3 "
cLock -2 cLOCK ,—m I | | - E sostt E -
cLock @ o crockmmisrr [ ] ] &
INHISIT DATAIN E EI a2
Al an DATA OUT E E] A3
AZ(IO) FEEDBACK .
o NETWORK Ne E El DECODE
1
RESET 1) CRC REGISTER cRe18
[
|

DATA IN

s D
7
DECODE &

cRC1 o == X \
CRC 16:!:D'——__— ERHOR [ 15 v’
——l T~ ® I (max) U
DATA
_J Vv ouI'r iOMg,‘,)\,, (i\%&)
PIN/PACKAGE CONFIGURATION
S9544 BLOCK DIAGRAM (Available in Pkgs. 4D, 1D - see Sec. 1)
FEATURES
(] Encoder or Decoder L] Eight Generating Polynomials
e  Fast Data Rates — 1.0 MHz Including  CRC 12 SDLC
. CRC 16 LRC
° TTL Compatible — All Inputs and Outputs CCITT SO
° 14 Lead Dual In-Line Package
FUNCTIONAL DESCRIPTION As an encoder, the S9544 divides the output data by the

The S9544 can perform either Cyclic Redundancy Checking
(CRC) or Longitudinal Redundancy Checking (LRC) for error
detection with a selection of eight generating polynomials on
serially transmitted digital data. The polynomial selection is
accomplished with three programmable inputs. Operation as
an encoder or decoder is selected by a single control input.

selected polynomial and transmits the remainder as the lower
order bits of the message. As a decoder, the S9544 divides the
serial data by the selected polynomial and indicates a zero
remainder if no transmission error has occured.

The S9544 is fully TTL compatible at all inputs and outputs
and will provide error detection at data rates to 1.0 MHz.

TYPICAL APPLICATIONS

° Tape Cassettes
. Floppy Discs

7-20
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S9544
CRC ENCODER/DECODER

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature Under Bias . . . . . . . . . .. L e 0°C to +70°C
Storage Temperature . . . . . . . . . . L. e e e e e —65°C to +150°C
Positive Voltage on Any Pin with Respectto V§S . . . . . . .. . . . ... +.3 Volt
Negative Voltage on Any Pin with Respectto Vgg . . . . . . . . . .. .. ... .. —-20.0 Volt

NOTE: Stresses greater than those listed as Maximum Ratings may cause permanent damage to the device. Functional operation of the device at
these or any other conditions above those indicated in the operation section of this specification are not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

DC (STATIC) CHARACTERISTICS
Vgs = +5 Volt £5%; VGG = —12 volt £5%; TA = 0°C to +70°C

Symbol Parameter Min Max Unit Condition

VIL Input Low Voltage 0 +.8 Volt Internal Pull-up Resistor

VIH Input High Voltage Vss -1.0 Vss +.3 Volt Provided

Ip Input Load Current -1.2 mA ViL =0 Volt

VoL Output Low Voltage 4 Volt IoL = 1.6ma

VOH Output High Voltage 2.4 - Volt IoH = -40ua

Iss Power Supply Current 45 mA Pin (3) (4) (14) @ VGG.
All other inputs @ Vgs.

IGG Power Supply Current 45 mA Vss =5.25 Volt, VGG =
-12.6 Volt.

AC (DYNAMIC) CHARACTERISTICS
Vs = +5.0V * 5%; VGG = -12.0 Volt £ 5%; TA = 0°C to +70°C

Symbol Parameter Min Max Unit Condition
tpw0, tpw! Clock Pulse Width 500 DC nsec CLOAD = 20pf
tSCI1 Set Up Time for Clock Inhibit 200 nsec and 1 TTL input.
tSC10 Set Up Time for Clock Inhibit 200 nsec
tSDI Set Up Time for Data Input 350 nsec
tHDI Hold Time for Data Input 150 nsec
tpDO0 Propagation Delay Clock to Data Output 100 300 nsec
tpDO1 Propagation Delay Clock to Data Output 200 nsec
tPEO1 Propagation Delay Clock to Error Output 300 nsec
tPWRS Reset Pulse Width 500 nsec
tHRD Hold Time for Decode/Remainder 200 nsec
tPRD Propagation Delay Remainder Output 600 nsec
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CRC ENCODER/DECODER

TIMING CHARACTERISTICS
cLock
ViH
cLock / Ptscn-b viL
INHIBIT. = [e—1SCI0—8>
ViH
DATA tSDI —#= viL
N = |e—tHDI —]
VoH
DATA I ﬁd_— VoL
out l—tPDO®.
pEO1
VOH VoL
ERROR
DECODE
\( viL
le— tHRD—#>]
tPRD )
REMAINDER f

OUTPUT

RESET

\_——— tpwRS _7/_—

APPLICATION DATA

Pin Number, Label
13) Vss
) GND
(12) VGe

3) Clock

) Clock Inhibit

(14) Reset
1) Error

(8) Decode
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Function
+5.0 £ 5% Volts
Ground
—12.0 £ 5% Volts
Input clock. Generates two phase non-overlapping internal clock. A V[ generates 01; VIH
generates 02.
A VIH inhibits internal clock change regardless of CLOCK inputs. Input state is held in @1.
A VJ allows generation of internal clock.
A V]L causes the CRC register to reset to the all zero condition.
A VoL is indicated if any stage of the CRC register is not a logic zero; e.g., a non-zero
remainder as the result of a decode operation.

A VIH causes the input data to be routed through the CRC register and divided by the
selected generating polynomial in either the encode or decode mode.

At the end of the message, a V][, causes the CRC register feedback to be inhibited and the
CRC register content, remainder, to be clocked out. After clocking the remainder out, the
CRC is left in the reset state; i.e., all logic zero.



APPLICATION DATA (Cont.)

S9544

CRC ENCODER/DECODER

Pin Number Label Function

(11) Al The three address inputs allow selection of one of eight generating polynomials.

(10) A2 Al A2 A3

©) A3 Vi | viL | viL | x16+x15+x2+ 1 CRI16
Vi | viL | vim | X160+ X124+ X5+ CCITT
ViL | Vig | viL | XT6+ XI5+ X104+ X6 + X5+ CCITT
VIL | ViH | vin | X160+ XIS+ XI3+ X7 + X4+ X2+ X +1
ViH | viL | viL | Xx14+x2+X+1 1SO
VIH | ViL | viH | X8+X7+X?+1
VIH | ViH | viL | X12+xIT+x3+X2+ X +1 CRI2
VIH | VIH | ViH | X8+1 BCC

OPERATION

To ensure reliable transmission of binary data over communica-
tion facilities or from magnetic storage media, it is necessary
to transmit redundant checking information. The redundant

check bits added at the transmission source are compared to
similarly derived check bits at the receiving end to determine if
errors have occured in the data storage transmission.

A binary sequence of data can be represented in polynomial form, e.g.

The binary sequence

10110011101

could represent the polynomial

G(x)=1-X104+0:X9+ 1-X8+ 1-X7+0-X6 4+ 0-X5 + 1-X4+ 1-X3 + 1-X2 + 0-X + 1

G =X10+x8+X7T+x4+x3+x2+1

The check bits added to the transmitted data are the
coefficients of the remainder obtained when the binary
transmitted data are divided, modulo 2, by the generating
polynomial selected. The total message transmitted is again

ENCODING OPERATION

The S9544 with a VIH applied to the DECODE input operates
in an encoding mode by dividing the input data by the selécted
generating polynomial. The check character is transmitted as
the remainder by bringing DECODE to ViL at end of the
message.

To initiate the correct data transmission, a V[[ is applied to
CLOCK INHIBIT during the negative duration (internal (1) of
the clock. A VyL is then applied to the RESET during the
succeeding positive clock duration (internal (2) to reset the
CRC register to the all zeroes condition.

divided at the receiver by the same generating polynomial, a
non-zero remainder at the receiver indicates a transmission
error has occurred and retransmission of the data is required.

The first data bit is entered at DATA IN during the first
negative clock (@1) following the RESET pulse and appears at
DATA OUT following the positive transition of the clock.
Input data continue to be divided Modulo 2 by the selected
generating polynomial and also presented at the output. When
the last data bit has been entered the DECODE input should
be lowered to transmit the accumulated remainder.

The Vy is applied to the DECODE input during the positive
clock (@2) following the last data bit entry. After sixteen
clock periods the CRC register will be in the all zeroes state
and the 16 bit check character will have been transmitted.
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CRC ENCODER/DECODER

TIMING DIAGRAM
cLock
[ O I I O O I
cLock 01 02 01n  O2n
INHIBIT —-]
RESET I I
DATAm—-—-—-I 80 l—m—QZJ B L
B0 B1 Bn RB1 RB2
DATA OUT
MESSAGE REMAINDER
out out
DECODE
l
DECODING OPERATION message, the ERROR output will indicate a VQL if any bit in

The S9544 is used for error detection with the same control
and timing as in the encoding mode. The serial data input is
applied at DATA IN after bringing DECODE to Vi{ and a
RESET pulse to VL. After entering the last data bit in the
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the CRC register is non-zero. This is an indication that the
received message is not evenly divisible by the selected
polynomial and an error has occurred in the transmission of
data.
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Part No. Digits ?:'tt Memory | % E;:::;tr' ::") t I\l? :c?e Tli/':nde I\g:g;o é;t‘l Process | Package I:I?é:f Psa :Z
okite (OB TIPSR R | es | Yes | Yes | Yes |Alg/Bus| Yes Hlyp |30313M |82 |
CK114P 14  |Print lor2 | Yes | Yes Yes | No Bus. | Yes HI VT 3H,31,3M 7 *
CK115P | .12  |Print | lor2 | Yes | -Yes | Yes | Yes | Bus. | Yes Hiyp |3H3I3M} 7 | *
S2144 8 |iDisp. 0 No Yes No No |Alg/Bus| No HI yp 1Z 1 *
$9411 8 |Disp. 0 Yes | Yes No | Yes Alg. | Yes | Yes |P-SiGate 1Z 1 8-3
S9412A 8 |Disp. 1 Yes | Yes | No | Yes Alg. | Yes | Yes |P-SiGate 1T 1 8-14
$9412B1) 8 |Disp. 1 | Yes| Yes | Yes | Yes | Alg | Yes | Yes |PSiGate| IT 1 | 814
$9412c(®)| 8 |Disp. 1 | Yes! Yes | Yes | Yes | Alg | Yes | Yes |PSiGate| IT 1| 814
59413 10 © |Disp. 1 Yes | Yes No No Alg. | Yes | Yes |P-SiGate 1T 1 *
S9414A 12 |Disp. 1 Yes | Yes | No | Yes Bus. | Yes | Yes |P-SiGate 1T 1 8-15
$9414B(*)| 12 Disp. 1 Yes | Yes No | Yes Bus. | Yes | Yes |P-SiGate 1T 1 8-15
$9651%) | 1005)|Disp. 1 |No | Yes | Yes | No | Alg. | Yes | Yes |PSiGate | 1T 1 | 816
$2299(¢) | N/A |BCD 0 |NA | NA | NA | NA | Prog. | Yes | No | Hlyp 1T 1 | 680
9209 8-12 |Disp. 1 @ | (™ (1) | () Prog. | Yes | Yes |P-SiGate 1T 1 6-73

*Contact your nearest AMI Sales Office for additional data sheet information en this product (See Section 1)

Notes: (1)
(2)
(3)
(4
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Additional features — Mark-up, Percentage Differ-

ence, Exchange, Change sign, and Pi (=).
Additional features — All of S9412B, plus Metric

Conversions.
Additional features — Mark-up, Percentage Differ-
ence, Item count and average.

Additional features — Pi (=), Change sign, Square

root, Reciprocal, Square, Register exchange, Memory

exchange — Scientific notation or floating input
and output.
(5) Scientific notation — 8 Digit mantissa, 2 Digit
exponent.
(6) Keyboard buffer — 7-key buffer for use with S9xxx

devices above.

(7)  Number of digits, features, and keyboard are all
microprogrammable.

The following Application Notes are available from your nearest AMI Sales Office:

AP75-4A

AP74-5

AP74-6

Eight-digit, 5-function Calculator, with LED Display, Using S9411.

Eight-digit Multifunction Calculator, with LED Display, Using S9412.

Eight-digit Multifunction Calculator, with Fluorescent Display,
Using S9412.
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CALCULATOR
1
.
Vss {ADDMODE $
g HEC
; F
o AM' KEYBOARD
7 8 9 +
$9411
] 4 5 6 X
DIGIT DRIVERS
{ i
1 2 3 -
LED DISPLAY
J C 0 . +

BLOCK DIAGRAM

‘TYPICAL KEYBOARD

FEATURES

° Five function (+, —, x,+, %), 8 digit display. [ Decimal wraparound on overflow.

(] Percent discount and percent add-on. (] Automatic power-on clear.

] Automatic constant factor on all five functions. L] Leading zero suppression.

[ Algebraic keyboard with full chaining. [ True credit balance format.

° Floating decimal mode. ° Outputs drive LED segments directly.

o Add mode. [ Clock generator is integral to chip.

L] Change sign key. [ Suitable for use with LED or

fluorescent displays

FUNCTIONAL DESCRIPTION
The AMI S9411 Calculator chip is a five function eight digit switch matrix with internal encoding and debouncing. The
display calculator constructed on a single MOS/LSI chip. display outputs consist of seven segment outputs, decimal
Inputs to the S9411 are received from a 10 x 2 keyboard point, nine digit select signals.



S9411
CALCULATOR

KEYBOARD DESCRIPTION
Equals Key (=)

Perform previous operation and displays result.

Establishes constant factor mode with stored multiplicand,
divisor, addend or subtrahend.

Performs constant factor operation if in constant factor mode.
Conditions calculator for new problem.

Multiplication Key (x)

Enters multiplicand.
Performs previous operation and displays result.
Conditions machine to multiply.

Division Key (+)

Enters dividend.
Performs previous operation and displays result.
Conditions machine to divide.

Addition Key (+)

Performs previous operation and displays resuit.

Conditions machine for an addition.

If the ‘““+" immediately follows a “%'’ (no digit entry in
between), the stored muitiplicand of the percent operation will
be added to the result of the percent operation and the sum
will be displayed. The machine is conditioned for a new
problem.

Subtraction Key (-)

Performs previous operation and displays resuit.

Conditions machine for a subtraction.

If the “_" immediately follows a “%" (no digit entry in
between), the resuit of the percent operation will be sub-
tracted from the stored muitiplicand and the difference will
be displayed. The machine is conditioned for a new problem.

Percent Key (%)

If conditioned for multiplication, it will perform a percentage
multiplication and condition the calculator for constant multi-
plication.

If conditioned for division, it will cause the quotient to be
displayed as a percentage and it will condition the calculator
for constant division.

If conditioned for addition or subtraction acts as an “=" key.

Change Sign Key (+/-)

During digit entry changes the sign of the entered factor.
After “’=", changes the sign of the answer.

Clear Key (C)

If in the middle of a digit entry, clears the keyboard and the
display.

If the error condition is on, clears the error condition only.

At any other time, it clears the keyboard, the display and all
chain conditions.

Decimal Mode Switch (F or $)

When in the “F" position, all entries will be displayed as
entered. All results will be displayed right justified and
floating.

When in the “$" position (Add Mode), the decimal point will
be automatically placed between the second and third digits of
the display, counting from the right, at the time the first digit
is entered. All results will be treated as if there was a decimal
point control that was set to “2"". Depression of the decimal
point key will override the add mode on entry.

8-4
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OPERATIONAL FEATURES

Automatic Constant

The first factor in a multiplication calculation or the second
factor in a division, addition or subtraction calculation is
retained as a constant when calculation is terminated by an
“=""key or %" key, except if it is followed by an add-on
or discount calculation. Subsequent calculations using the
stored constant are performed by following each entry with
an”’="" or "% respectively. Repeat add or subtract
calculations are performed by depressing ‘=" after the
constant is established.

Power-on Clear
An internal power on clear circuit clears all registers and all

constant conditions.

CALCULATION EXAMPLES

Overflow and Underflow

Overflow locks out all keys except C. Results which can-
not be aligned to the decimal setting ($ mode) will cause the
fixed decimal setting to be over-ridden and the decimal
point will be positioned to accommodate the result (under-
flow). If the result exceeds the display capacity, the over-
flow indicator will be illuminated and the decimal point
will be positioned to indicate the correct result when the
display is multiplied by 108. Depression of the C key will

extinguish the overflow symbol and allow the result to be

used for further calculations.

Calculation Time

Maximum calculation time is 400 milliseconds (LED).

The following examples illustrate the operation of the S9411 chip.

PROBLEM DP KEY SEQUENCE DISPLAY
ADDITION AND SUBTRACTION 123 1.23
+ 123 F + 123
+ 25 25 25
- 1232 - 3.73
+ 123.456789 1.2326 1.2325
- 2 * 2.4975
+ 123 123.456789 123.45678
¥ 102.184289 - 125.95428
25 25.
+ 100.95428
123 123
- 102.18428
MULTIPLICATION 1.23 123
F X 1.23
(1.23)(0.456)(7) = 3.92616 456 0.456
X 0.56088
7 7.
= 3.92616
DIVISION 62.25 62.25
F + 62.25
62.25  _ 34683333 6 6.
(6)(3) + 10.375
3 3.
= 34583333
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PROBLEM DP KEY SEQUENCE DISPLAY

CONSTANT MULTIPLICATION

3x4=12 F 3 3.

3x7=2t X 3.
4 4.
= 12.
7 7.
= 21.

CONSTANT DIVISION

12+3=4 F 12 12.

16+3=5 + 12.
3 3.
= 4,
15 15.
= 5.

CONSTANT ADDITION

2+3=5 F 2 2.

6+3=9 + 2.

8+3+3+3=17 3 3.
= 5.
6 6.
= 9.
8 8.
= 1.
= 14.
= 17.

CONSTANT SUBTRACTION

10-4=6 F 10 10.

16-4=12 - 10.

9-4-4-4=-3 4 4,

’ = 6.

16 16.
= 12.
9 9.
= 5.
= 1.
= - 3.

CHANGE SIGN

2 x(-12) =24 F 2 2.
X 2.
12 12
+/— - 12.
= - 24,
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PROBLEM DP KEY SEQUENCE DISPLAY

CHANGE SIGN 9 9.

—(2+3)x4=-20 + 2.
3 3.
= 5.
+/- 5.
X 5.
4 4.
= 20.

POWER

(2%=16 2 2.
X 2.
= 4.

8.

- 16.

SQUARING

((3)2)2 = 81 3 3.
X 3.
= 9.
X 9.
= 81.

MIXED CALCULATION

(5.5 x 3.25) + 10.7 _ 5.5 55

e 33226744 x ee
3.25 3.25
+ 17.875
10.7 10.7
+ 28.575
8.6 8.6
= 3.3226744

PERCENT

120 x 5% = 6.00 120 120.

120 x 12% = 14.00 X 120.
5 5.
% 6.
12 12.
% 14.4

ADD-ON

150 + 5.5% of 150 = 158.25 150 150.
X 150.
5.5 5.5
% 8.25
+ 158.25
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PROBLEM DP KEY SEQUENCE DISPLAY

DISCOUNT

150 — 5.5% of 150= 141.75 F 150 150.
X 150.
5.5 5.5
% 8.25
- 141.75

ADD MODE 125 1.25

1.25 $ + 1.25

3.65 :

. 365 3.65
-_23 + 4.90
5.1 28 0.28

- 5.18

UNDERFLOW ]
123456.78 $ 12345678 123456.78
919191.91 + 123456.78
1042648.69 91919191 919191.91
= 1042648.6

OVERFLOW

12345 x 10000 F 12345 12345,

= 123450000 X 12345,

10000 10000.
= C 1.2345000
c 1.2345000
X 1.2345000
3 3.
= 3.7035
OVERFLOW
12345678, F 12345678 12345678.
12.25 + 12345678.

98769876 12.25 12.25

111115566.25 + 12345690.
98769876 98769876.
= C 11111556
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ELECTRICAL PARAMETERS

NOTE: All voltages are measured with respect to VSS

Absolute Maximum Ratings

MIN MAX UNIT
Storage Temperature -55 +125 °c
Operating Temperature 0 + 55 °c
Maximum Positive Voltage (any pin) +0.3 Volts
Maximum Negative Voltage (any pin) -30 Volts
Maximum allowable output current (any pin) 20 mA
Electrical Characteristics
- _ O o
Vop =~ 15.0£15V, To=0 to 55°C
MIN TYP MAX UNIT
Input High Level
NUM, FUN -2.0 Vgs Volts
ADD MODE -0.8 Vgs Volts
Input Low Level
NUM, FUN Voo -4.6 Volts
ADD MODE Voo -8.0 Volts
Clock Input (LED Display)
CAPACITOR 100 pF
RESISTOR 100 K
Output High Level
DIGITS (I = 2.8 mA) -1.5 Vss Volts
SEGMENTS (I = 8.0 mA) -2.0 Vgs Volts
Supply Current 7 12.0 mA

KEYBOARD CHARACTERISTICS

Key contact resistance must be less than 1 K.

Maximum allowable key bounce is 6 ms.
Maximum allowable load capacitance on the keyboard return lines NUM, FUN is 75 pF.
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CALCULATOR

DESCRIPTION OF OUTPUTS

The outputs of the S9411 are designed to drive a 7 segment directly when using LED displays such as Litronix
display of 9 digit positions. This provides eight numeric DL-95 or Hewlett-Packard 5082-7449.

digits and a ninth digit for display of minus (-), positive

overflow (C ) and negative overflow (E). The display outputs are in the Vo state (low impedance

to Vgg ) to indicate an ON segment or ON digit.
The segment outputs are designed to drive LED segments

'}_A
K

B — P77
bz} 772772 —
o1 v777272
| —bl Tg l<— ‘P' l‘——TB
SEG ave___ DA VA7) Ty = 1.28MSEC
Tp = 107 uSEC +33%
Tg = 100 uSEC
T, = 7uSEC
NOTE: D3 GOES TO KEYBOARD ONLY LED DISPLAY

D4 THRU D12 GO TO KEYBOARD AND DISPLAY
FOR OTHER THAN LED DISPLAY, TIMING IS
PROPORTIONAL TO THE VALUE OF THE
OSCILLATOR TIMING CAPACITOR
TIMING DIAGRAM
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A
Fl |8 sliEEIEEERE=
JE I
- D; D4 D12 D11 D10 D9 D8 D7 D6 D5
DISPLAY DIGIT INTERFACE
PIN FUNCTION PIN FUNCTION
PIN | IDENTIFIER
1 Vss 28 NUM = > T Thes
2 FUN 27 ADD MODE ' < I
3 0sC1 *26 DISP %
4 D12 25 SEG DP 20 %
5 D11 24 SEG A [ 23 )
6 D10 23 SEGB e h
7 D9 22 SEGC 0s0y 3
8 D8 21 SEGD = b :
9 D7 20 SEGE E p
10 D6 19 SEGF 4] E
1 D5 18 SEGG L —
12 D4 **17 N/C Mm%?
13 D3 *16 POR '
14 Voo *15 TEST
¥ No Connection — used for test only.
**  No Connection
PIN/PACKAGE CONFIGURATION
(Available in Pkg. 1Z — see Sec. 1)
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| 2 +
adll oy FUN /- . + X - c + % =
B |secs | 28
2 NUM 0 9 8 7 6 5 4 3 2 1

SEGC
21 . 13
SEGD am D3
—| 12
20 D4
SEGE o5 1
S9411
19 SEGE 56 10
9
'8 15EGG b7
2 08 |8
SEG DP b L7
27 6
ADD MODE
1 D11l 5
—IVgs il
b12
26

DISPI—=) USED FOR

TEST ——» TESTING

por |16 onLy

DIGIT DRIVERS
Voo 0sCy
14 3
100K -18V  —9v
—\\\——¢—0 4 1 1 1l 414 1L 41 . L
L o
100 pF Z -
-
o
. 2 o
o - O
F 2
____(/ -
$

SEGMENT

RESISTORS

r=— 771

] ]

7 YAA% "

: YAA% N

l«/\/\/‘l

: NW

—/ A\ ;

; v’\/\/‘I

R LV_W_I

SEG

THE VALUE FOR
Rgeg DEPENDS UPON
THE DISPLAY USED.

TYPICAL SCHEMATIC DIAGRAM
W/LED DISPLAY
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2 + -
J— N A : X - c + % B
%56 A UN ®
px] [
SEGB Nom |28 0 9 8 7 6 5 4 3 2 1
2| e (_‘
13
2se55  Ami 03 2 270 KQ
Dl seoe o
1
soa1 DS AN —
O secr 56 0 A
18l 566 o7 (-2 V\AN—
SEGG
o8 |8 ~AAA—
%) secop o L7 AANA
6
—27| ABD MODE V\NAN—
1 [opy] VAAN—
' 4 ~AAN—
o12
26
D'SPTS— }useo FOR
TEST=- 1esTinG
POR -‘G_—_L
100pF -
Voo 0scy P
100K ~ 15V . f
150 pF TYP D
i
-
>
) 2«
wa
3 5 —21v
L g2
-4
w
$ - 2av

3515823

TYPICAL SCHEMATIC DIAGRAM W/FLUORESCENT DISPLAY
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S9412A
S9412B

$9412C

AMI

CALCULATOR
AMERICAN MICROSYSTEMS, INC.
- s 5 A% MU
KEYBOARD
AMI e L [ |#]|=]]s
] $9412 > F LT/GAL EX
- 7 8 9 + M
-
KG/LB +/—
ADD MEM DIGIT DRIVERS 4 5 6 X Mo
MODE ACCUM =
L] ¥ CM/IN v
$ z
Fl————l—_\ LED DISPLAY ! 2 3 B M-
— 7y ™M SET g
C 0 L4 + M+
$9412C
BLOCK DIAGRAM TYPICAL KEYBOARD
FEATURES
S9412A S9412B
e Five function (+, —, X, +, %) cight digit display. (Features in addition to those of the S9412A)
® Percent discount and percent add-on. ® Square root.
® Memory with automatic accumulation. ® Tentry.
® Memory overflow protection. ® Percentage mark-up.
® Memory in-use indication. ® Percentage difference.
® Algebraic keyboard with full chaining. e Constant percentage mark-up and percentage difference.
® Automatic constant factor on five functions. ® Register exchange.
® Floating decimal mode. ® Change sign.
® Add mode. ® Memory clear without disturbing display.
® Decimal wraparound on overflow. ® Fixed decimal point with 5/4 rounding.
® Leading zero suppression. $9412C
® Automatic power-on clear. (Features in addition to those of the S9412B)
® Clock generator is integral to chip.
® Outputs drive LED segments directly. ® Conversion of liters/gallons, kilograms/pounds and centi-
® Suitable for use with LED, fluorescent or meters/ inches.
gas discharge displays. o Constant conversion modes.
FUNCTIONAL DESCRIPTION

The AMI S9412 Calculator chip is a five function, one memory,
eight digit display calculator constructed on a single MOS/
LSI chip. Inputs to the S9412 are received from a 10 x 4 key-
board switch matrix with internal encoding and debouncing.

8-14
information on this Product.

The display outputs consist of eight segment outputs, decimal
point, and nine digit select signals. Optional versions are avail-
able that include many extra functions and metric conversions.
(S9412 B, S9412C)

Contact your AMI Sales Office or fill out the Business Reply Card in this Catalog for additional



S9414A
$9414B

CALCULATOR

ADVANCED PRODUCT DESCRIPTION

SELECTION SWITCH.

= KEYBOARD ADD MODE RO RD
- F76543210 + OFF(5/4)
AMI > O | O ] 0O ]
1 S944 S c |ce 71819/ %|EX M »
DIGIT DRIVERS AVG|A % 415 (6| |~+ Mo
N (MU 11213 X M —
S ,. il
+/- | DS ] = M +
PANAPLEX |
DISPLAY .
SEGMENT CAN USE EITHER DECIMAL SET KEY,
DRIVERS t FOLLOWED BY A DIGIT KEY OR DECIMAL

S9414B
BLOCK DIAGRAM TYPICAL KEYBOARD
FEATURES

S9414A
®  Five function (+, —, X, +, %) 12 digit display. ®  Decimal setting by key or switch.
®  Percent discount and percent add-on. L] Change sign.
(] Memory. ° Register exchange.
o Memory overflow protection. [ Separate equals & accumulate keys.
(] Memory in-use indication. L] Output drives LED segments or
. Arithmetic keyboard with chaining on X and +. fluorescent display directly.
L] Automatic constant factor on X, +, and %. S9414B
L] Floating decimal input, floating or fixed out. (Features in addition to those of the S9414A)
o Add mode on all decimal settings.
[ Decimal wraparound on overflow. . Item count.
L] Leading zero suppression. L Averaging.
[ Automatic power-on clear. L] Percentage mark-up.
. Clock generator is integral to chip. L] Percentage difference.
L Floating minus in display. L] Constant percentage mark-up and percentage.
L] Selectable round off. difference.

FUNCTIONAL DESCRIPTION
The AMI S9414 Calculator chip is a five function, one

memory, 12 digit display calculator constructed on a single
MOS/LSI chip. Inputs to the S9414 are received from a 10 x

information on this Product.

4 keyboard switch matrix with internal encoding and

debouncing.

The display outputs consist of seven segment outputs,
decimal point, and 13 digit select signals. An optional version
is available that includes many extra functions. (9414B)

Contact your AMI Sales Office or fill out the Business Reply Card in this Catalog for additional
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$9651

CALCULATOR : o S an
AMERICAN MICROSYSTEMS, INC.
+_ T EE CE/c
\ - KEYBOARD x| | x? VX * XY
AMI -
- $9651
> 7 8 9 X XoM
DIGIT DRIVERS A 5 6 _ MR
Y \
| vieooiseay | 1 2 3 + mSs
- ‘
0 =
BLOCK DIAGRAM TYPICAL KEYBOARD

FEATURES
e  Seven function (+, -, X, +, X2,v/x, 1/x),12 ®  Outputs drive LED segments directly
digit display . i
. Scientific and floating notation ° Square root
®  Algebraic operation with full chaining ®  Square
®  Automatic four function constant factor ° Reciprocal
. Independent memory ° Memory and display exchange
. Leading zero suppression . Register exchange
° Automatic power-on clear . Change sign
. Clock generator is integral to chip . Low battery indicator
L] Display time out

FUNCTIONAL DESCRIPTION

received from a 10 x 4 keyboard switch matrix with internal
The AMI S9651 Calculator chip is a multi-function, one encoding and debouncing. The display outputs consist of
memory, scientific notation (12 digit), display calculator con- seven segment outputs, decimal point, and 12 digit select
structed on a single MOS/LSI chip. Inputs to the S9651 are signals.

8-16 Contact your AMI Sales Office or fill out the Business Reply Card in this Catalog for additional
information on this Product.
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Timing Circuits
(Watches/Clocks/ Organs/DVMs)
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Future Products

3 1/2 - digit Calendar LED Watch
4/6 - digit Line Clock
Single-chip Top Octave Synthesizer



Selection Guide-Timing Circuits

Power .

Part No. Description S?{)/;;Iy 1/0 PO{::"I'V)D s D?L?HIZ:;te Process Package g::e

Watch, Clock and DVM Circuits

$1400 LCD Watch +1.5 MOS 0.02 0.032 CMOS | (Special) 9-4

S1406 LCD Watch +1.5 MOS 0.02 0.032 CMOS | Chip Car. 9-9

S1407 LCD Watch +1.5 MOS 0.02 0.032 CMOS | PC Board *

S1410 LCD Time/Date/Second +1.5 MOS 0.01 0.032 CMOS | Chip 9-10
Watch(!) Carrier

S1411 LCD Time/Date/Second| ~ +1.5 MOS 0.01 0.032 CMOS | (Chip 9-10
Watch (1) only)

S1412 LCD Time/Date/Second +1.5 MOS 0.02 0.032 CMOS | PC Board *
Watch

S$1420 LCD Time/Date/Second +1.5 MOS 0.01 0.032 CMOS | Chip 9-14
Watch ) Carrier

S1421 LCD Time/Date/Second +1.5 MOS 0.01 0.032 CMOS | (Chip 9-14
Watch ) only)

S1422 LCD Time/Date/Second +1.5 MOS 0.02 0.032 CMOS | PC Board *
Watch

S1856 LED/LCD Auto CIk. +6 to +16 MOS 70 0.256 P2 1T 9-16

S1907A DVM Counter/Displ. +9,-9 MOS 50 0.5 P12 1T 9-28

$1998 50/60 Hz Line Clk. +8to+29 MOS 300 50x10°| P2 1T 9-21

Organ Circuits

S2193 7 Stage Freq. Div. -14,-28 MOS 300 0.1 P2 1D *

S2470 6 Stage Freq. Div. -10,-27 MOS 350 0.1 HI Vp 1D *

S2555 7 Out Freq. Synth. -15,-27 MOS 400 2.1 HI Vp 1D *

$2556 6 Out Freq. Synth. -15,-27 MOS 400 2.1 HI Vp 1D *

S2566 Rhythm Generator -15,-27 MOS 300 0.1 HI Vo 1w *

S2567 Rhythm Counter -15,-27 MOS 400 0.1 HI Vp 1U *

$8890 Rhythm Generator +12 MOS 400 P12 1T *

59660 Rhythm Generator +12 MOS 400 P12 12 *

*Contact your nearest AMI Sales Office for additional data sheet information on this product (See Section 1)

Notes: (1) Six-digit display
(2) Four-digit display



$1400

$1401

$1402

$1403

$1404

LCD WATCH DIVIDER/DRIVER

AM

12 :98

r————=—- "

| Vss I<— vss

| l DISPLAY DRIVERS I |

| f |+—o1
|

: I SEGMENT DECODE I RS

32 Hz

| T

l | TIME SET

I I SWITCHES

| M

| | °

BLOCK DIAGRAM

’4————- sa." 910 ———o‘ —o‘ 045 ’4—
32 1024 OSC 0SC

VH HZ VL Hz IN OUT Vss REG

N\ U777,

2
Z
; .
S
N

N\

7T TN

Ly
LA . / : \
A3 B3 €3 D3 E3 C2 D2 E2 CONTACT MADE:

ON EITHER SIDE

®

PIN/PACKAGE CONFIGURATION

FEATURES
o Single Chip CMOS Construction . 12 or 24 Hour Cycle
. 1024 Hz Upconverter Output ° Hours and Minutes Display
° Internal Voltage Regulator . Colon flashes at 1 Hz rate
° Up to 12 Voit Output ° 32 Khz Oscillator
. Operates from 1.5V Cell
FUNCTIONAL DESCRIPTION used to obtain very low operating power and small circuit size.

The S1400 is a single CMOS circuit that directly replaces
currently available two chip systems. The S1400 generates
drive signals to a 3% digit liquid crystal display from a 1.5 volt
battery. The circuit provides a 1024 Hz up-converter output
and a 32 Hz display output. A flashing colon output is also
provided with either a 24 hour or 12 hour display mode.
Silicon gate ion implanted complementary MOS technology is

94

The display drivers operate from a voltage up to 12 volts
generated from coil or transformer up-converter. The high
voltage supply can be regulated by an external zener diode
reference that gates the 1024 Hz output through the regulator
input. Time set logic is provided to advance either the hours or
minutes counters at 1 Hz rate. The circuit can be purchased in
several standard packages or in a customer supplied special
package.

AMERICAN MICROSYSTEMS. IN
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S1400 SERIES

LCD WATCH DIVIDER/DRIVER
_—___ .- - - - - ___—_—_———,m,,—,———e

FUNCTIONAL DESCRIPTION RS — Reset Connection to Vgg resets all counters
(normally held to V by internal resistor).

VSS — Positive power supply. DT — Display test input. Connection to Vggchanges
V. — Negative power supply for dividers and segment state of all segments (normally held by Viy by
L H
decode. Normally at —1.5 Volts. internal resistor).
Vg — Negative segment driver supply. Normally at BP — LCD back plane output.
=7.5 volts. K/C — Most significant digit output in 12 hour mode.
1024 Hz  — Up-converter driver output. Segment C of most significant digit in 24 hour
OSCIN  — Gate of N channel oscillator device. mode.
OSC OUT — Drain of N channel oscillator device. R1,R2 — Selects operating mode per the following table:
AM/B — AM segment drive in 12 hour mode. Segment B R1* R2* OPERATION
drive of MSD in 24 hour mode.
) Vgg Vgs Normal Mode.
PM/ADEG — PM segment drive in 12 hour mode. MSD seg-
ments A, D, E, and G drive in 24 hour mode. Vss  VH Advance Hours only at 1 hour/
second.
12/24 HR — 12 or 24 hour select. Connection to Vgg selects .
12 hour mode. Connection to Vi selects 24 hr. Vu VSS Hold — Hrs. and Minutes. Also
This input is wired internally in some package resets seconds to zero.
types. Display drive outputs are connected per Vu Vu Advance Minutes/Hrs. at 1 min/
the diagram below for 12 or 24 hour operation. second.
REG — May be deleted from circuit if tight voltage *R;, R, inputs bounce protected by internal latches. Double throw
regulation not required. switches are recommended on these inputs.

BP — BACK PLATE (DISPLAY COMMON)

s = UED Dﬂ e
1= L ) IS

ABSOLUTE MAXIMUM RATINGS

ADEG

 E— —
l:[:
l:ll:l
i:l:l
i:ll:l
[:Jl:l

Storage temperature . . . . . . v it i e e e e e e e e e e e —55°C to +150°C
Operating ambient teMpPerature . . . . . . . . o v v v it e e e e e e e —10°C to +70°C
Maximum supply voltages, VI, . . . . . . . . . . e e e e e -3V

VH o o o e e e e e e e e -12V
Positive voltage onany pin . . . . . . L ... e e e Vss +0.3V
Negative voltage on RS, OSC OUT, 1024 Hz,32 Hz, 12/24HR . . . . . . . . ... .. .. . ... ... Vi 0.3V
Negative voltage onany other pin . . . . . . . . . .. .. L e VH 0.3V

NOTE: Exceeding these voltages may forward bias some internal junctions. This is non-destructive if the current is limited to 0.1 mA.

R R N e A S S T R T T AT NS
9-5



S1400 SERIES
LCD WATCH DIVIDER/DRIVER

PACKAGE OPTIONS S1401 Special Substrate Package
24 Hour Cycle (Available
Available packages are listed by part number in the following by Special Order)
table. The S1400 package is mechanically compatible with the
S23560 LCD. Direct electrical contact between the S1400 and 51402 40 Pin Dip Package
the S23560 is achieved with a suitable connector (see parts 12 or 24 Hour Cycles
list). The S1404 package is particularly suited for modules
using a CMOS attached to a PC board. The S1404 can be flow S1403 Unpackaged (chip only)
soldered to a board area less than 0.5 inches square with version of the S1400
contact to the board made from either side. These features
provide maximum module design flexibility. $1404/S1404A/S1404B 36 Lead Chip Carrier
S$1400/S1400A/S1400B Special Substrate Package
12 Hour Cycle
$1400, S1401 PACKAGE
2t e—osclm B3 C3 D3 E3 C2 Dz E2 L Cqi Dy Eq K/C BP
O o S MUIUI LU0 UUUT
o + 1024 Hz
RS~ VIH
54+ .01
REF Rz ‘»P:;“SDS ;
CORNER 1 1 025 +.010 TYP m |_I l;ﬂ m D H [2| l—:I H ﬂ L—‘l DADEG
REG VL A3 F3 G3 By A2 F2 G2 B 1 F1
0010 ﬁ ozu 12;‘UAL s‘PAnTmM o J _ :%g i‘/" s"‘r ONY
@ 070 £ .002 = 540 = .006
040 ;oos [ | TOLERANCE NON-ACCUMULATIVE
$1402 PACKAGE
PIN FUNCTION PIN FUNCTION
1 Vss 40 F1
2 Al 39 G1 .
| | 6 A2 35 32Hz
7 B2 c o34 VL
_____ - r - 8 G3 33 12/24 HOUR (Vss FOR 12 HR.)
o | \ o2 3 =k
ey Pl el s z ot
(MIN) max) 1 13 03 2 RS
o0 o el s & % n
o MIN) - iNoM) 16 NOCONNECT 2 ot
17 D2 24 BP
18 E2 23 K/c*
19 L 22 E1
20 c1 21
*12 HR. CYCLE CONNECTION/24 HR CYCLE CONNECTION

9.6



S1400 SERIES
LCD WATCH DIVIDER/DRIVER
e ————————————————————————————————————————————————————————————————————————————————

STATIC CHARACTERISTICS
Ta =25°C, VL =-1.5V * 5%, VY = —=7.5V * 10%, Vs§ = Ground, 32768 Hz crystal
Symbol Parameter Min Typ Max Units Conditions
Vs Minimum starting voltage -1.4 -1.1 Volts
VHIGH High logic level, all inputs Vss Volts
VLOwW Low logic level:
RS, 1024 Hz, 32 Hz, 12/24 VL Volts
HR, DT, R1, R2 VH Volts
All display outputs VH Volts
VTH (REG) Regulator switching threshold 0.5 =75 -1.0 Volts
Segment output resistance, _
RO (SEG) both states 20 Kohm Ip=10uA
Back plate output resistance, _
Ro (BP) both states 6 Kohm Ip=10nA
1024 Hz pulse output _
Ro (1024) resistance, both states 2 ) 4 Kohm 10 = 10uA
IL VL supply current:
sxxx 25 23-0 HA Freq = 32768 Hz. In-
gxxiﬁg‘ 20 50 0 cludes OSC bias current.
I VH supply current:
SXXXX 0.3 1.0 MA Outputs open circuit.
SXXXXA 2.5
SXXXXB 2.5 25
Voltage regulator input -
IIN (REG) bias current 0.1 HA VIN =-0.75V
Oscillator transistor bias
losc current 1.0 KA
Oscillator transistor trans- _
gm OSC conductance 18 umho Iosc =1vA
DYNAMIC CHARACTERISTICS
Symbol Parameter Min Typ Max Units Conditions
FDISPLAY Display switching frequency 32 Hz
F32 Hz INPUT Test Frequency 10.0 kHz
PW (1024) 1024 Hz output pulse width 12 15 18 us




S1400 SERIES
LCD WATCH DIVIDER/DRIVER

FIELD EFFECT

s (2 s A H

LIQUID CRYSTAL

WATCH CIRCUIT | PARTS LIST P/N VENDOR
|
| 32 kHz Crystal TPEY 014-5013-0  CTS Knights
! SEGMENT DECODE R H ff
r—'———az Hz INPUT/OUTPUT eeves Holiman
| Time seT Display 823560 AMI
| 6220 ILIXCO
'—°/°_ 107 Beckman
Display Connector AMP
Chromerics
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AMI
® LCD DIVIDER/DRIVER

AMERICAN MICROSYSTEMS, INC.

| 00sa. 910 —l 4—‘ 045 }4—
ﬂ j o Z)’ﬂ T | 32 .41024 .0-.5?505(2 |
U D:; o D[] D VH HZ VL Hz IN OUT Vss REG
!
r T T e e z
| | ss |
I | I
I I I:mESSETTlNG
| " ]
| -
| Vss o J:J:]
| —or 0
| i
oo ] —ns ::J I
| |
osc -
N 32 Hz ;]
A3 B3 C3 D3 E3 C2 D2 E2 _C‘DNTACT MADE
ON BACK SIDE
BACK VIEW OF PACKAGE ONLY
103; REG
Note: Dot marks pin one on back of package.
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
FEATURES
®  Pinouts are a Mirror Image of $1404 L] Internal Resistors on Inputs
L] Single Chip CMOS Construction L] 12 or 24 Hour Cycle
[ 1024 Hz Upconverter Output L] Hours and Minutes Display
L] Internal Voltage Regulator L] Colon flashes at 1 Hz rate
L] Up to 12 Volt Output . 32 Khz Oscillator
L] Uses Single-throw Setting Switches (All other Features same as S1404)
FUNCTIONAL DESCRIPTION
The S1406 is a single CMOS circuit that directly replaces RI1* R2* OPERATION
currently available twvoA c}}ip 'systems. The S1406 generates e 7] Normal Mode.
drive signals to a 3% digit liquid crystal display from a 1.5 volt
battery. The circuit provides a 1024 Hz up-converter output Vi Vgs Advance Hours only at 1
and a 32 Hz display output. A flashing colon output is also hour/second.
provided with either a 24 hour' or 12 hour display mode. Vg vy Hold — Hrs. and Minutes.

Also resets seconds to zero.

Advance Minutes/Hrs. at 1
min/second.

The S1406 is identical to the S1404, except its pinouts
are a mirror image of those of the S1404, and internal re- Vss vSS
sistors are used on the time setting lines. These resistors‘allow
setting operations to be performed with single-throw push-

button switches. *R1, R2 normally held to VL by internal resistor.

!Not available in $1406 package.



S1410
Si1411

LCD TIME DATE SECOND
WATCH CIRCUIT

AMI

AMERICAN MICROSYSTEMS, INC.

I
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(32 Hz)

TDS BLOCK DIAGRAM

TST_F5_ A5 B5 G5 C5 D5 E5 C4_ E4 G4 F4

$1410 PIN/PACKAGE CONFIGURATION
(S1411 — UNPACKAGED CHIP)

FEATURES
[ Single Chip Construction ®  Utilizesa 1.5V Cell
. Switch Inputs Filtered ®  Date Sec Display
. Internal Voltage Doubler L] Hours and Minutes Display
®  Drives 5 - 1/2 Digit Display ® 32 KHz Oscillator
FUNCTIONAL DESCRIPTION: single 1.5V battery. The circuit provides a 512 Hz signal

The AMI LCD TDS circuit is a single chip, silicon gate
CMOS, watch circuit designed to drive a 5% digit, field effect,
liquid crystal display. When connected in a watch module, 3%

digits of the display show hours and minutes continuously.

The remaining two digits continuously display seconds or date
as selected by the user. Power for the circuit is furnished by a
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convenient for use in timing the oscillator. An internal voltage
doubler furnishes voltage to drive a low voltage liquid crystal
display. Only two external capacitors are required to operate
the doubler. A 32 Hz output drives the display backplane.
Time setting logic is provided to advance either hours, minutes,
or date at a one Hz rate. The time base is a 32.768 KHz
oscillator controlled by a quartz crystal.
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S1410/S1411

LCD TIME/DATE/SECOND WATCH CIRCUIT
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LCD TDS CIRCUIT ELECTRICAL TEST SPECIFICATION

ABSOLUTE MAXIMUM RATINGS

-55°C to +150°C

-10°Cto 70°C
Maximum Supply voltages VL -3V
Vu - 12V

Positive voltage on any pin Vgg t 0.3V
Negative voltage on (OSC D, 512 Hz, 32 Hz) V| - 0.3V
Negative voltage on all other pins Vg -03V

Storage chip temperature
Operating ambient temperature

Note: Exceeding these voltages may forward bias some internal junctions. This is non-destructive if the current is limited to
0.1 mA.

SPECIFICATIONS

(Ty =25°C, V= - 1.5V £ 5%, Viy=-3.2V * 10%, Vgg = 0V, 32768 Hz Crystal)

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
Vg Starting voltage -14 -1.1 Volts

RoL, (SEG) Segment low resistance 20 Kohm Iy=10ua

Ry (SEG) Segment high resistance 20 Kohm Iy=10ua

RoL (BP) Back plate low resistance 6 Kohm Iy =10ua

Rou (BP) Back plate high resistance 6 Kohm Ij=10ua

ROH-(512) 512 Hz HIGH resistance to Vgg 7 Kohm Io=lua

Roy (512) 512 Hz LOW resistance to Vy_ 7 Kohm Ip=1lua

PW (512) Pulse width 975 us Freq=32768 Hz
includes OSC bias

Iy - Vi, supply current 3.5 7.0 ua current

Iy =V supply current 0.3 1.5 ua Outputs open ckt

Iosc Oscillator transistor bias current 1.0 ua

8mye0 Oscillator transistor transconductance 18 umho I=1lua

VH Display Drive Voitage 2.8 Volts I display = 1uA
C3=Cy=.05uf

)
h—
—




S1410/S1411
LCD TIME/DATE/SECOND WATCH CIRCUIT

ELECTRICAL CONNECTION

J [ [ E; = COMPONENT LIST
(\ ‘ ‘ ‘ ‘ SYMBOL DESCRIPTION MIN TYP MAX UNITS
LCD’S TST S1 S2 D/s
C3 Doubler Capacitor .05 uf
Cy = Cy Doubler Capacitor .05 uf
+V R Oscillator bias resistor S Mohm
0scb + R4 Oscillator load resistor 750 Kohm
n Cy Oscillator output capacitor 33 pf
V| |BAT - .
CT 512 L C, Oscillator input capacitor 33 pf
0SCG CAP Hz Vy Cr Oscillator trimmer capacitor S 50 pf
Cy c3 1 ca -V Single cell battery L5 Volts
I~ .05uf XTAL 32.768 KHz quartz crystal
.05uf =
TST —  Resets all counters when input level S1,S2 —  Select function modes by Truth
isheld at Vgg Table levels
D/S —  Flips date or seconds mode by detecting
positive (Vgg) input transition
SETTING MODE TRUTH TABLE FUNCTION*
S1 S2 SEC DISPLAYED/DATE DISPLAYED
_ VL _ VL NORMAL / NORMAL
. VL + VSS ADV HRS / ADV DATE
+VSS _ VL HOLD / NORMAL
ADV MIN NORMAL
+Vgg +Vgg /

*$1, S2, D/S have internal resistors to — VL
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S1410/S1411

LCD TIME/DATE/SECOND WATCH CIRCUIT

LCD DISPLAY ELECTRICAL CONNECTIONS

(Drawing not to scale nor representative of display font)

(=01 0

DISPLAY MODES:

HOURS SET

MINUTES SET —

DATE SET

g

i
el

While selected, Hours will advance at a 1
Hz rate from the digit indicated. Colon,
Minutes and Seconds counters will con-
tinue normally. The Date counter is held
at its current value. The Colon display
will be “Flashing On” at a 1 Hz rate for
“AM” indication and be held off for “PM”
indication.

While selected, Minutes will advance at a
1 Hz rate from the digit indicated. Date,
and Hours counters are held at their
current value, the Seconds counter is reset
to zero, and the Colon is held On.

— While selected, Date will advance at a 1

§ =¥

HOLD

NORMAL

o

Q 1]

Hz rate from the digit indicated. All
other counters continue normally. No
time setting is possible during this mode.
While selected, the Seconds counter is
reset to zero seconds, and the D/S digits
are set to display zero seconds. Date,
Colon, Hours and Minutes counters are
automatically held at their current values.
The Colon display will be held “On”
independently of “AM” or “PM” condi-
tions.

While selected, all counters will function
normally. Date or Seconds will be
displayed continuously as selected by the
user.
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S1420
S1421

LCD CMOS WATCH CIRCUIT

AMI

AMERICAN MICROSYSTEMS, INC.

ADVANCED PRODUCT DESCRIPTION

(o :gnc'at

q D:\ o DD D
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(1 |(7) (1) (7) *(7)

[y i ey Ay S i |

I ¢—— SET
H L DECODE AND SEG DRIVE |

i r®—— DSA
I

1

I |

1 1

i ! VH
! 1

! -~ V|
!

I

512 Hz 256 Hz BP

‘ il
1177 - il
< 0np
X 0(ip
== il

ST
) N X g1
pIN ] N o [y
7YY it

A /[é]\

} a00s0." 90 ‘ —

ON EITHER SIDE

Drives Standard 3% Digit Display
Display and Setting with Two Push Buttons

Uses Single 1.5V Battery

32Hz CAP
SHUT
DOWN
BLOCK DIAGRAM $1420 PIN/PACKAGE CONFIGURATION
(S1421 — UNPACKAGED CHIP)
FEATURES

L] 12 Month Calendar L] Hours and Minutes Display
° 512 Hz Oscillator Frequency Setting Output [ Month and Date Display
L] Voltage Doubler or Up Converter Options . Seconds Display
. (] 32 kHz Oscillator
. .
.

Oscillator Shut Down Control

FUNCTIONAL DESCRIPTION
The AMI S1420 is a single chip, silicon gate CMOS watch

circuit designed to drive a 3% digit, field effect, liquid crystal
display. Hour and minutes or seconds can be displayed

9-14

continuously. Month and date are displayed on interrogation.
Only two single pole single throw switches are required to
accomplish all display and setting functions. The circuit
provides a full calendar function which needs to be reset only
once every four years.
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S1420/S1421

LCD CMOS WATCH CIRCUIT
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FUNCTIONAL DESCRIPTION (Continued)

Power for the circuit is furnished by a single 1.5 volt 256 Hz, 15.6 usec negative going pulse is available to drive an
battery. A 512 Hz output is provided for setting the oscillator up-converter for high voltage liquid crystal display applications.
frequency. An internal voltage doubler furnishes voltage to a 32 Hz output drives the display backplane. The time base is
drive a low voltage liquid crystal display. Only two external a 32.768 kHz oscillator controlled by a quartz crystal.
capacitors are required to operate the doubler. Additionally, a The S1421 is a unpackaged version of the S1420.
OPERATION

The circuit may display hours and minutes continuously (S1A), month and date when interrogated (S1B) or seconds
continuously (S1C) as shown in the table below:

STATE NAME DURATION DISPLAY COLON
S1A HR MIN Display Continuous HH:MM Flashing
S1B MO DATE Display Momentary MO DD Ooff
S1C SEC Display Continuous sS Off

The absence of a colon distinguishes the month-date inputs, the DSA (Date, Second, Advance) input and the Set
display from the hour-minute mode. The seconds mode is input. In Normal Operation only the DSA input is used. Both
obvious as only the last two digits are used and the display is inputs have an internal pulldown to - V[ so that a single pole,
incrementing once per second. single throw contact may be used.

All display and setting operations are controlled by two




SI1856

MOS DIGITAL CLOCK

AMI

AMERICAN MICROSYSTEMS, INC.

0
WRS. oecoven  f—— our
puts | |

Voo
Vss 1 |—40 02
A @1 2 |—39 TESTBYPASS
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e i > 650 : k
e NS
e e v PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM (Available in Pkg. 1T - see Sec. 1)

FEATURES

[ 262,144 External Quartz Crystal

e  Has 20 Hr. Resettable Elapsed Time Counter

[ Direct LCD Or Tung-sol DT1704
Tube Interface

. Electrically Selectable LED/MUX
Output

° Minute and Hour SET Controls

. Separate Display Supply Allows Display
Turn Off For Reduced Battery Current
Drain

° 1024 Hz Outputs For Voltage Doubler

®  Calendar Advancing or AM/PM Output

TYPICAL APPLICATIONS

° Automotive Clock

o Household Clock With Auxiliary
Battery for Accurate Time Keeping
During Power Interruptions
Appliance Timers

Industrial Timers

Photographic Timers

Avionics Timers

Portable Clock

FUNCTIONAL DESCRIPTION

The S1856 Digital Clock provides the circuitry to implement a
4 digit time keeper with separate elapsed time counter. It is an
MOS LSI circuit consisting of down counters, combinational
logic, BCD to 7-segment decoder and output buffer transistors
in a 40 pin DIP. The circuit has a separate output pin to drive
each segment of a Liquid Crystal Display directly. However if
the LED mode of operation is selected, only the HRS x 10 and
F3 through A3 outputs are used to provide segment drive
current. In this mode of operation segment drivers F3 through
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A3 are multiplexed at 25% duty cycle to provide MINUTES,
10’s of MINUTES and HOURS information.

The ELAPSED TIME COUNTER can be reset and displayed
separately without affecting the state of the time keeper. The
ELAPSED TIME COUNTER has the added feature of dis-
playing SECONDS, 10’s of SECONDS and MINUTES auto-
matically during the first 10 minutes after a reset has occurred.
The counter will then display MINUTES, 10’s of MINUTES,
HOURS and 10’s of HOURS for the remainder of its 20 hour
capacity.




51856
MOS DIGITAL CLOCK

OPERATIONAL DESCRIPTION

The clock circuit block diagram is shown on the previous page.
The input transistor of the circuit forms an oscillator circuit
with an external quartz crystal and a few other components
(see application drawings). The resultant 262.144 kHz signal is
amplified and clipped in the input stage. A chain of binary
down counters divides the square wave frequency by 256 to
supply two complementary outputs, §1 and @2 at 1024 Hz.
These low impedance outputs can drive an external voltage
doubler as well as allow an accurate frequency tuning on the
oscillator.

Next a divide by four stage produces a 64 Hz signal from
which the three strobes Sb1, Sb2, and Sb3 are generated. The
strobe generator also contains logic to synchronize the display
outputs with the external strobes as well as control the
segments for Liquid Crystal Display operation. The 64 Hz
signal also inputs to a divide by 64 stage to produce a 1 Hz
signal which inputs to both the TIME COUNTER and the
ELAPSED TIME COUNTER.

The TIME COUNTER contains the binary stages and the
decoding logic to generate the BCD code for MINUTES,
HOURS and HRS x 10. This data is strobed into the BCD to
7-segment DECODER and loaded into the output buffers in
synchronization with the appropriate strobe, Sb1, Sb2 or Sb3.

The ELAPSED TIME COUNTER functions similarly to the
TIME COUNTER with the additional decoding of SECONDS
and 10’s of SECONDS to the display instead of HRS and HRS
x 10 during the first 10 minutes after reset.

An internal connection to Vpp supply at pin 37 holds the
clock in the liquid crystal mode and the outputs are interfaced
directly with the LCD as shown in Figure 2 below.

To assure longevity of the LCD display, a 64 Hertz signal is
applied to the individual segments. When the applied segment
signal is in-phase with the 64 Hertz backplate (LCD common

Vi A
BACKPLATE ob 0D
VOLTAGE
| I | I l | SEGMENT BACKPLATE
LCD SEGMENT P VOLTAGE
OFF o}
[ I—l L — Lco
SEGMENT
ON A S

FIG.2 LCD OUTPUT DRIVE

terminal) voltage, no visibility occurs. When the applied signal
is 180° out of phase with the backplate voltage, visibility
occurs. The waveforms shown in Figure 2 represent these
conditions.

The backplate voltage is generated by buffering the signal
which drives the timing counters. This assures that visibility of
the display will not occur through synchronizing problems or
rise and fall time differences.

The phase of the segment outputs is generated from the
contents of data- latches and buffer circuits. This provides an
active pull-up or pull-down to both terminals of the segments
at all times, thus eliminating the effect of capacitive coupling
across the LCD segment. (See Figure 2)

When pin 37 is connected to Vgg the multiplexed mode of
operation is selected. An ON segment in this mode is driven by
a pull-down to V§g which is true during its appropriate strobe
time as shown in Figure 3 below.

Vss
MIN. SEGMENT ON

Vop

64Hz
MIN. STROBE vop 25%

Vss DUTY CYCLE
MIN. X 10 STROBE 2 2 2

Vss
HRS. STROBE vop H Ii‘ I 3 I

A typical LED interface circuit is shown below in Figure 4. In
this mode the HRS x 10 digit is a steady state DC output and
can be used at any of the 3 strobe times.

. SEG. | J
out
m our
ins
x10

b2 om

N
z

o—

von
sns out J
';|J c '7
Voo

FIG.4 MOS/LED INTERFACE




S1856
MOS DIGITAL CLOCK

FUNCTIONAL DESCRIPTION OF INPUTS ADV. HRS.
Vss Positive voltage supply return line for circuit.
Y Oscillator pull-up resistor connection. A 10K Q LED/LQ

resistor to Vg, from this pin serves as the
262.144 kHz oscillator load.

X Oscillator input pin. Provides amplification at
oscillation frequency of the output from the
external crystal and RC network.

CLR Master Clear. Resets all counters to zero when
connected to Vgs.

ADV.MIN. Sets MINUTES with carry to MINUTES x 10 at

\%

a one per second rate when connected to Vgs. DD
RST ET Displays contents of ELAPSED TIME

COUNTER when connected to Vsg, otherwise

time of day is displayed. TEST
VoD Negative power supply input for output buffers BYPASS

only. Allows display to be turned off while

internal clock counters continue to operate.
FUNCTIONAL DESCRIPTION OF OUTPUTS CM Sb2

¢1 Voltage doubler and frequency check output.
This supplies a 1024 Hz square wave signal CAL OUT
which swings between the Vgg and Vpp
voltage levels.

¢2 Same as ¢ 1 but 180° out of phase.

Sb3 Strobe signal for HRS digit. 64 Hz 25% duty CM Sbl
cycle with voltage swing from Vgs to VQpD.
Used only in LED mode.

Sets HRS with carry to HRS x 10, at a one per
second rate connected to Vgs.

Mode select pin. When connected to Vgg the
LED mode is selected. In this mode the three
strobe outputs are used to multiplex outputs
A3 through F3 to drive MINUTES, MINUTES
x 10 and HRS x 10 digits. This occurs at 64 Hz
25% duty rate. In this mode outputs Al
through F1 and A2 through F2 remain off at
negative supply level, VoD.

Negative power supply input for internal logic
can be connected to VQp .for single supply
operation.

When connected to Vgg time counters advance
at 1024 x normal rate. Used for automatic
testing of the clock circuitry.

Drives colon in Liquid Crystal mode and serves
as MIN x 10 digit strobe in LED mode. Voltage
swing Vgg to VOD.

Calendar advance output. This pin has internal
pulldown to Vgg only for stepping motor
interface. An external 30 kS resistor may be
connected to VQpD to drive an external latch
for AM-PM display.

Drives display back plan in LIQUID CRYSTAL
mode and serves as MINUTES digit strobe in
LED mode. Voltage swing V§§ to Vop.

F3 F2 F1
N/ N/ N/
E3 A3 . E2 A2 E1 Al
HRS X 10 G3 G2 G
<> < > < >
D3 B3 . Dz, B2 Dl’ B1
anN | ‘amN ‘s
C3 C2 Ci
CM Sb2
7 SEGMENT CALL OUT




S1856

MOS DIGITAL CLOCK
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ABSOLUTE MAXIMUM RATINGS:

Positive Voltage on any Pin
Negative Voltage on any Pin
Storage Temperature

Operating Temperature

DYNAMIC CHARACTERISTICS
(TA =—40°C to +70°C, Vsg = OV, VDD 6V to —16V, Vop -5V to ~28V)

Min Typ. Max. Units Conditions
VIL (OSC X) VDD Vss — 6 Volts An internal
VIH Vss —1 Vgs +0.3 Volts resistor of
ViH (Control) Vss — 0.5 Vgs + 0.3 Volts 700 K2 (typical)
VL VDD Vgs — 6 Volts to Vpp is
provided for all
control inputs.
VOH (Outputs) Vs —1 Volts Open circuit
VoL VDD Volts ‘Open circuit
IDD 10 15 mA VDD — 14V
IDD 10 mA VDD — 6V
TYPICAL PERFORMANCE CHARACTERISTICS
(T T
. [ mmwf/
L/ L7 T
"1z 17 il
/ / e o
s i os o —
A /
/ /

(VOLTS) Vss - VouT

*TOTAL AVG. CURRENT FOR
7 SEGMENTS <30mA

(VOLTS) Vss ~ Vout

9-19




S1856
MOS DIGITAL CLOCK

APPLICATION DATA

~12viN (BATTERY -}
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UEG biseLn s v [P .GMFTTZMF

4 x LeDha 37

ADV.HR. 36
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W
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(8PLS) 15 €3

B
L2 o oo
3 v
2621000
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o
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AMERICAN MICROSYSTEMS, INC.

AMI

S1998

DIGITAL ALARM CLOCK

AM OUTPUT 40 pm oureuT
10HRS b &c [ 1 1o oureUT
HRS  f 138 12/24 HR SELECT
HRS g [37 BLANKING INPUT
HRS 2 {36 50/60 Hz SELECT
HRS b 135 50/60 Hz INPUT
ouTPUT HRS [3¢ EAST SET INPUT
COMMON HRS ¢ [33 SLOW SET INPUT
SHOUR. HRS - ¢ [32 SECONDS DISPLAY INPUT
12/24 HOUR 10 MINS - f fn ALARM DISPLAY INPUT
SELE? 10MINS g [0 SLEEP DISPLAY INPUT
50{'33”; . Iuh::)N;:leil'k: : ::.:&:-)r?OUTI’Ur
SELECT o TouReF 1oMNs . ¢ B )\LAm 3[.?.'»5?”’
DIGIT i [24 $N60rEINPUT
MINS [ 23 OUTPUT COMMON SOURCE
|22 MINS ¢
:Il'rg : (21 Mins - 0
ALARM OUT
ALARM OFF o T0 HOURS
DIGIT
SNOOZE o
10 10%
SLEEP OUT % MINUTES
DRIVERS PIGIT
ez TO MINUTES T TLY'YY E—— 2o o
i MAx 7 aeno 7
DISPLAY !
SECONDS " i i
DISPLAY
BLANKING 37 LANKING] R
INPUT 55 Em"“ Sl
SLOWSET o—e — oo L i
FASTSET o——s 020 030 MIN o <150 ax i 010
28 “ot6 "I L0es M
Vss o> “05 :
VI)IJ o
BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
(Available in Pkg. 1T - see Sec. 1)
FEATURES
. 50 or 60 Hz inputs . AM/PM or 24 hour outputs
° Alarm with snooze ®  Power failure indicator
®  Presettable 59 minute count-down timer L] Blanking/brightness control
L] Direct LCD/LED/Tube drive ° Alternate to MM 5316
FUNCTIONAL DESCRIPTION

The S1998 digital alarm clock is a monolithic MOS integrated
circuit utilizing p-channel low-threshold, enhancement mode
and ion-implanted depletion mode devices. It provides all the
logic required to build several types of clocks and timers. Four
display modes (time, seconds, alarm and sleep) are provided to
optimize circuit utility. The circuit interfaces directly with
seven-segment fluorescent tubes or liquid crystal display, and
requires only a single power supply. The time-keeping function
operates from either a 50 or 60 Hz input, and the display
format may be either 12 hours (with leading-zero blanking and
AM/PM indication or 24 hours.

Outputs consist of display drives, sleep (e. g., timed radio turn-
off), and alarm enable. Power failure indication is provided to
inform the user that incorrect time is being displayed. Setting
the time cancels this indication. The device operates over a
power supply range of 8 to 29 volts and does not require a
regulated supply. The S1998 is packaged in a 40-lead dual-in-
line package.

TYPICAL APPLICATIONS

Alarm Clock, Clock Radio, Industrial Timer, Stop Watch,
Photography Timers, Desk Clocks, Appliance Timers.

921




51998
DIGITAL ALARM CLOCK

FUNCTIONAL DESCRIPTION

A block diagram of the S1998 digital alarm clock is shown on
page 1. The various display modes provided by this clock are
listed in Table 1. The functions of the setting controls are
listed in Table 2. The following discussions are based on the
Block Diagram.

50 or 60 Hz Input (pin 35): A shaping circuit is provided to
square the 50 or 60 Hz input. This circuit allows use of a
filtered sinewave input. The circuit is a Schmitt trigger that is
designed to provide about 6V of hysteresis. A simple RC filter
'should be used to remove possible line-voltage transients that
could either cause the clock to gain time or damage the device.
The input should swing between VSS and VDD. The shaper
output drives a counter chain which performs the timekeeping
function.

50 or 60 Hz Select Input (pin 38): A programmable prescale
counter divides the input line frequency by either 50 or 60 to
obtain a 1-pps time base. This counter is programmed to
divide by 60 simply by leaving pin 38 unconnected; pull-down
to VDD is provided by an internal 2.5 M resistor. Operation
at 50 Hz is programmed by connecting pin 38 to Vgg.

Display Mode Select Inputs (pins 30 thru 32): In the absence

of any of these three inputs, the display drivers present time-of-
day information to the appropriate display digits. Internal 2.5

MQ pull-down resistors allow use of simple SPST switches to

select the display mode. If more than one mode is selected, the

priorities are as noted in Table 1. Alternate display modes are

selected by applying Vg to the appropriate pin. As shown in

the Block Diagram the code converters receive time, seconds,
alarm and sleep information from appropriate points in the

clock circuitry. The display mode select inputs control the

gating of the desired data to the code converter inputs and

ultimately (via output drivers) to the display digits.

Time Setting Inputs (pins 33 and 34): Both fast and slow
setting inputs are provided. These inputs are applied either
singly or in combination to obtain the control functions listed
in Table 2. Again, internal 2.5 MQ pull-down resistors are
provided; application of Vgg to these pins effects the control
functions. Note that the control functions proper are depen-
dent on the selected display mode. For example, a hold-time
control function is obtained by selecting seconds display and
actuating the slow set input. As another example, the clock
time may be reset to 12:00:00 AM, in the 12-hour format
(00:00:00 in the 24-hour format), by selecting seconds display
and actuating both slow and fast set inputs.

Blanking Control Input (pin 37): Connecting this Schmitt
trigger input to Vpp places all display drivers in a non-
conducting, high-impedance state, thereby inhibiting the
display. See Figure 4. Conversely, Vgg applied to this input
enables the display.

Output Common Source Connection (pin 23): All display out-
put drivers are open-drain devices with all sources common to
pin 23 (Figure 4). When using fluorescent tube displays, V gg

or a display brightness control voltage is permanently connec-
ted to this pin. Since the brightness of a fluorescent tube

display is dependent on the anode (segment) voltage, applying
a variable voltage to pin 23 results in a display brightness
control. This control is shown in Figure 7. However, when
using liquid crystal displays, the lifetime of the display device
is optimized when AC drive voltages are provided. The
common source connection of the S1998 output drivers
facilitates generating AC drive voltages. An interface circuit
for driving liquid crystal display is shown in Figure 5.

When using low current LED- displays the S1998 is connected
as shown in Figure 3, to provide direct drive to the display.
The 20V supply insures low output on resistance. The zener
diode provides a 12V drop across output drivers which limits
internal power dissipation to less than 60 MW per driver.

12 or 24 Hour Select Input (pin 36): By leaving this pin
unconnected, the outputs for the most-significant display digit
(10’s of hours) are programmed to provide a 12-hour display
format. An internal 2.5 M pull-down resistor is again pro-
vided. Connecting this pin to Vsg programs the 24-hour
display format. Also, the output connections (pins 1, 2, 39
and 40) are different for each format. Figure 6 illustrates
these differences. In addition to displaying 10’s of hours, this
digit provides an AM/PM indication.(12-hour format only) and
the power failure indication. In the 12-hour format, AM
indication is provided by segment “f”; PM indication by
segment “e.” The power failure indication consists of a flash-
ing of the AM or PM indicator at a 1-Hz rate. A fast or slow
set input resets an internal power failure latch and returns the
display to normal. In the 24-hour format, the power failure
indication consists of flashing segments “‘c” and “f” for times
less than 10 hours, and of a flashing segment “c” for times
equal to or greater than 10 hours but less than 20 hours; and
a flashing segment “g” for times equal to or greater than
20 hours.




S1998
DIGITAL ALARM CLOCK

FUNCTIONAL DESCRIPTION (Con’t.)

Alarm Operation and Output (pin 25): The alarm comparator
(Figure 1) senses coincidence between the alarm counter (the
alarm setting) and the time counters (real time). The compar-
ator output is used to set a latch in the alarm and sleep circuits.
The latch output enables the alarm output driver (Figure 4), the
S1998 output that is used to control the external alarm sound
generator. The alarm latch remains set for 59 minutes, during
which the alarm will therefore sound if the latch output is not
temporarily inhibited by another latch set by the snooze alarm
input (pin 24) or reset by the alarm off input (pin 26).

Snooze Alarm Input (pin 24): Momentarily connecting pin 24
to Vgg inhibits the alarm output for between 8 and 9 minutes,
after which the alarm will again be sounded. This input is pulled-
down to Vpp by aninternal 2.5 M2 resistor. The snooze alarm
feature may be repeatedly used during the 59 minutes in which
the alarm latch remains set.

Alarm Off Input (pin 26): Momentarily connecting pin 26 to
Vs resets the alarm latch and thereby silences the alarm. This

input is also returned to Vpp by an internal 2.5 M resistor.
The momentary alarm off input also readies the alarm latch for
the next comparator output, and the alarm will automatically
sound again in 24 hours (or at a new alarm setting). If it is
desired to silence the alarm for a day or more, the alarm off
input should remain at Vgg.

Sleep Timer and Output (pin 27): The sleep output at pin 27
can be used to turn off a radio after a desired time interval of
up to 59 minutes. The time interval is chosen by selecting the
sleep display mode (Table 1) and setting the desired time
interval (Table 2). This automatically results in a current-
source output via pin 27, which can be used to turn on a radio
(or other appliance). When the sleep counter, which counts
downwards, reaches 00 minutes, a latch is reset and the sleep
output current drive is removed, thereby turning off the radio.
This turn-off may also be manually controlled (at any time in
the countdown) by a momentary Vgg connection to the snooze
input (pin 24). The output circuitry is the same as the other
outputs (Figure 4).

TABLE 1. $1998 Display Modes

*SELECTED

DISPLAY MODE DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT NO. 4
Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes
Seconds Display Blanked Minutes 10’s of Seconds Seconds
Alarm Display 10's of Hours & AM/PM Hours 10’s of Minutes Minutes
Sleep Display Blanked Blanked 10’s of Minutes Minutes

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others), Alarm, Seconds, Time (no other mode selected).

TABLE 2. S1998 Setting Control Functions

SELECTED CONTROL CONTROL FUNCTION
DISPLAY MODE INPUT
*Time Slow Minutes Advance at 2 Hz Rate

Fast Minutes Advance at 60 Hz Rate
Both Minutes Advance at 60 Hz Rate

Alarm Slow Alarm Minutes Advance at 2 Hz Rate
Fast Alarm Minutes Advance at 60 Hz Rate
Both Alarm Resets to 12:00 AM (12-hour format)
Both Alarm Resets to 00:00 (24-hour format)

Seconds Slow Input to Entire Time Counter is Inhibited (Hold)
Fast Seconds and 10's of Seconds Reset to Zero Without a Carry to Minutes
Both Time Resets to 12:00:00 AM (12-hour format)
Both Time Resets to 00:00:00 (24-hour format)

Sleep Slow Subtracts Count at 2 Hz
Fast Subtracts Count at 60 Hz
Both Subtracts Count at 60 Hz

*When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes (sleep counter will not recycle).
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DIGITAL ALARM CLOCK

ABSOLUTE MAXIMUM RATINGS

Positive Voltage on any Pin Vgg + 0.3V Storage and Operating Chip Temperature ~55°C to + 150°C
Negative Voltage on any Pin Vgg =30V Operating Ambient Temperature 0°Cto+ 70°C
STATIC CHARACTERISTICS

(TA =0"to+70°C, VSS =+8Vto+29V, VDD = GROUND

Min. Typ. Max. Units Conditions
Igg Power Supply Current: no output loads
2 5 mA VSS =+ 8V
3 15 mA VSs =+ 29V

50/60 Hz Input:
Frequency DC 50 or 60 30k Hz
Voltage

Vg Logical High Level Vg -1 A \% Internal 2.5 M2 on all inputs

Vi1, Logical Low Level Vbp Vpp F 1|V except CLOCK
Power Failure Detect Voltage: +8.5 +135 |V (VSS Voltage)
Output Currents: Vg =+21 t0 +29V, Vp,=0V
1 Hz Display

I oy Legical High Level 1500 MA Vou = Yss — 2V

Iy, Logical Low Level 1 HA Vot = Vop
10’s of Hours (b &c), 10’s of Minutes (a & d)

Iy Logical High Level 1000 HA Vou = Vgs — 2V

Iy, Logical Low Level 1 HA VoL = Vop
All Other Display, Alarm and Sleep Outputs

Ioy Logical High Level 500 MA Vou = Vsg -2V

Io;, Logical Low Level 1 LA VoL = Vop

924
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DIGITAL ALARM CLOCK
Vs
Imax: Vob = - 30V
16.0 ._I
—
14.0 Vour
12.0 /
lour /
10.0
(mA)
Imax, Vop = - 26V
8.0 / /77
6.0 /
4.0 / /
20 T/
-5 -10 -15 -20 -25 -30
VOUT (voLTS)
$1998 DISPLAY DRIVER
OUTPUT VOLTAGE VS OUTPUT CURRENT
Vpp = Vgs = GROUND
(Pins 2, 40, 12 CURRENT = 2X IouT)
BACKPLATE VOLTAGE m
*OUTPUT COMMON SOURCE BUS (PIN 23)
LCD SEGMENT OFF PIN 40 PIN 1 PIN 2 PIN4O  PIN2PIN1
m PM  AM NC b+c PM b+c AM
BLANKING LCD SEGMENT ON
sk — T
DRAIN) Voo F
\?Z Lco BACK
ss SEGMENT PLATE o
QUTPUT VOLTAGE 60 Hz A
*ALARM & SLEEP OUTPUT SOUCES ARE CONNECTED
TO Vgg BLANKING IS.NOT APPLIED TO THESE OUTPUTS. - A. 12-HOUR DISPLAY FORMAT  B. 24-HOUR DISPLAY FORMAT
Vg Vss

FIGURE 4. OUTPUT CIRCUITS

FIGURE 6. WIRING TEN’S-
DISPLAY INTERFACE OF-HOURS DIGIT
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DIGITAL ALARM CLOCK

100uA
100 pF

©0Ho 02HR) & 1 ) ) § I J )
NC .
N S A A S A S
al Vs SU6OHz 12124 HR SLOW FAST ALARM SECONDS SLEEP ALARM SNOOZE
' nsv,3|[¢sv o SELECT SELECT SET  SET  DISPLAY DISPLAY DISPLAY OFF BLANKING 27K'S
601 100K§ S0uF == 10KS
UTPUT COMMON SOURCE b plRy
BRIGHT: }50/60 Hz INPUT 47K DRIVE
& [ConTRO $1998 AI.AR.M 227K
- — VoD sutp
v 10'SOF HOURS  UNIT UNIT HOURS 10’ OF MINUTES UNIT MIN,  OUT boSLELD
P
THz PV AM PR del 2 h el el TRTI hgl def A hec DRIVE
e - T3
!
TURG $01
NC, T DT19059
N OR EOUIV.
NOTE 1
—o
FAST SET
L 22K
o—4—5
SLOW SET
R2 60 Hz 35
COMMON
100K c3 J_ crs 23| SOURCE BUS
W
c1 CcR1 Sg‘;T X wazsr
- > Vss 28
E D= 1( —]— 10uF 100K CRe T
200V
CR2 35V Naza7
IN4750 bp 20
R
CR3 i)
,! IN4750 W
» 7
CR4 10K
IN2070 DIGITAL
CLOCK CIRCUIT
AMI 51998
BACK
PLANE
CONNECTION
NOTE: WHEN SEGMENT DRIVE IS OFF,
DISPLAY SEGMENT FLOATS TO % OF THE
PEAK-TO-PEAK VOLTAGE ON PINS 23
AND DISPLAY BACK PLANE MUST BE LESS
THAN TWICE THE DISPLAY TURN ON
THRESHOLD VOLTAGE TO ALLOW SEGMENT
TO TURN OFF.

FIGURE 8 LCD DISPLAY CLOCK
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e —————————————————

115 - 130 26 — 30V PEAK (60Hz) (IZHR)
Vss 50/60 Hz 12/24 HR SLOW FAST ALARM SECONDS SLEEP ALARM smoozz
SELECT SELECT  SET SET DISPLAY DISPLAY DISPLAY OFF
COMMON SOURCE AL
22 M|
~
50/60 Hz INPUT SLEEP
’ our [¥
Vop 10%s uNIT 10's
— OF HOURS UNIT HOURS OF MINUTES __UNITMIN._
V, _ —
LED 1Hz _PM AM bac 2 boc e fakdboc Tdey 3 buc

f’ T
¢
1200 [ LJ I_N_
. ¥ 4 1LN§' '1L»f' v ¥
LA f
> —— -
FIGURE 9 LED CLOCK
OPERATING CONDITIONS

Common Source (Pin 23): Connect to Vgg (Pin 28)

LED Voltage Supply: Full Wave Rectified Sine Wave (Pulsating)

(VLED) LED Power Supply Voltage Peak: 30 Volts Max.

LED Segment Voltage: - 26 Volts DC Min, (2)
-30 Volts DC Max. (2)

Temperature: 40 Degrees C Max.

R LED: (1) 120 Ohms * 5%, 2 Watt

DEVICE CHARACTERISTICS

LED Segment Current: (22 Segments on) 2.9 mA Min. at VL gp = 26 Volts
(15 Segments on) 3.3 mA Min. at VLgp = 26 Volts(2)
(15 Segments on) 4.5 mA Max. at VL gp = 30 Volts (2)

Power Dissipation: 700 Millivolts Max. @ 40°C and - 30V

NOTES: 1. (RLED) resistor connected between LED cathodes and LED full wave rectified voltage supply. R Ep limits power on chip
to 700 MW.
2. These peak voltages correspond to 115V to 130V RMS AC supply voltage.
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S1907A

DVM COUNTER/DISPLAY DRIVER

AMI

AMERICAN MICROSYSTEMS. INC.

cLock

DISPLAY
MoDE®

sor

QUAD - 4BIT LATCH

[ ovso-sco vosevewseauenrosconen
| auro | T I |
pavowa [~ 4§ kK R N 2 -

DATA,
TRANSFER

DISPLAY HOLDING REGISTER

Garep|
LaTCH

Vss —e={

% 1 ] [
Voo—e| ]

Voo —e] AC PHASING LOGIC

—

i

1

40
[— POLARITY OUT

2

||

Vss
POLARITY IN — [— msB
CLOCK —§ — 1A/BLANK IN
DISPLAY MODE — 18
e over DATA XFER — — 1C/S.R.A
Vpp — — 1D/s.R.2
Vg — — 1E/S.R.3
OVERFLOW — — 1F/S.R.4
LCD COMMON — — 1G/S.R.5
Fe—y ARTY DEC POINT — 51607 —
46 — A — 28
4F — — 2C
4E — — 20
4D — — 26
4C — — 2F
48 — — 26
4A — — 3a
36 — — 38
3F — — 3c
e o
> Fomr
o 2.040 MAX—— &

.240 600

ot

||
i)

OVER smes
RANGE ouTPUT
ouTPUT

ANk —a]
NG

INPUT

Es

LK) ()

MS8  POLARITY
out

{

SEVEN SEGMENT OUTPUTS

OvER
FLOW
*DISPLAY MODE CONTROL INPUT CONTROLS THE 3% DIGIT OR 4% DIGIT OPERATION.

“*AVAILABLE ONLY FOR 3% DIGIT OPERATION.

WHEN BLANKING INPUT IS AT VL, EVERY OUTPUT WILL BE AT 50Hz EXCEPT EVERY CENTER SEGMENT WHICH WILL BE AT.
50Mz.

BLOCK DIAGRAM

‘ MAX [T BEND

i}
150 max =010

PIN/PACKAGE CONFIGURATION
(Available in Pkg. 1T - see Sec. 1)

FEATURES TYPICAL APPLICATIONS
. Drives Liquid Crystal Display Directly L] Portable DMM L] Digital Multimeter
L] Low Power Battery Operation ° Digital Voltmeter L] Power Supply Digital Readout
L] Provides Autoranging Drive Capability L] Event Counter ° Frequency Counter
° Maximum Clock Frequency 500 kHz [ Digital Panelmeter
FUNCTIONAL DESCRIPTION

The S1907 MOS Counter/Display provides the circuitry to
implement a 4% digit multimeter, an event counter, or a digital
voltmeter. The S1907 can be used in any commercial or
industrial application where event counting and display are
required. The S1907 contains COUNTER — DECODER —
DRIVER LOGIC and is driven by a burst of clock pulses from
an external A/D converter circuit. The Counter/Display counts
the incoming pulse train, decodes the count into a seven
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segment output and stores the output in a latch. Internal
output buffers provide direct interfacing capability to a liquid
crystal display.

A 3% digit output option which includes an autorange
function can be electrically selected.

Two or more S1907’s can be cascaded to obtain display
capability greater than 4% digits. AMI’s ion implanted low VT
process is used to achieve low power and high speed operation.



S1907A
DVM COUNTER/DISPLAY DRIVER

AUTO RANGING

This function is performed only in the 3% digit mode. It is
realized by shifting a one to the right, left, or by “store” in a
five bit shift register. One of the above conditions is selected
by underflow, overflow or neither. Underflow occurs when
there are no ones in the last decade, MSB or overrange register.
Overflow occurs when the overflow bit is a one. When the
power supply approaches the operating level, the auto range
shift register is initialized 1 0 0 0 0. In this condition, only a
right shift, corresponding to underflow, may occur. When the
register reaches the 0 0 0 0 1 state, only left shift may occur.
Auto range may occur only once per transition from “0” to
“1” of the data transfer line.

Each shift register output is brought out to a pin as described
in the attached pin list. Each shift register output is capable of
sinking 1.0 ma with the output at Vgg —1.0 volts (See Figure
6).

CLOCK INPUT

Clock input is used by the internal counter to count up to the
number to be displayed. Counting occurs on the negative
transition of the input clock signal.

DISPLAY MODE CONTROL INPUT

When the display mode control input is at Vjp,, the chip
functions in the 4% digit mode and when the display mode
control is at V[H, the chip functions in 3% digit mode.

DATA TRANSFER INPUT

This signal performs two control functions; transfer of data
from the counters to the display holding registers and reset of
the counters. The chip can be operated as an event timer or
counter with the data transfer Input at Vi . In this mode, the
output buffers will be continuously updated as the counters
are operating. Counting will occur with data transfer high or
low. A V[L to VY transition triggers a one shot with pulse
width ter which resets the counter.

*A revision denotes change in connection of output buffers from Vgg
to Vpp to eliminate DC component of output signal.

DIGIT SEGMENT OUTPUTS

This output signal can drive AMI’s Liquid Crystal Display or
TUNG-SOL DT-1704 display tubes (typical values only). Each
segment is driven at approximately 50 Hz which is generated
by an on-chip oscillator.

50 HZ output

This is the common line to the Liquid Crystal Display input
(GE Y1938).

OVERFLOW OUTPUT

This signal is not used to indicate an internal overflow
condition, but is used to drive another DVM chip. When more
than one DVM chip is used in a system, the overflow output of
the first chip should be tied to the clock input of the second
chip, and the data transfer signal should be tied to both chips.

BLANKING INPUT (3% Digits Only)

When the blanking input signal is at V[p, all LCD segment
outputs except a center bar on digits are extinguished. The
blanking input signal should be compatible with an over-range
output signal.

OVERRANGE OUTPUT (3% Digits Only)

The logic state of an overrange signal at Vyy, indicates an
overrange condition, and normally in a 3% digit system, this
output should be directly tied to the blanking input to
indicate an overrange condition.

SR OUTPUTS 1 TO 5 (3% Digits Only)

These outputs are used in conjunction with the autorange
function. They can be used to drive external circuitry to
provide control for the autorange function.
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DVM COUNTER/DISPLAY DRIVER
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ABSOLUTE MAXIMUM RATINGS

Positive voltage on any pin . . . . . . .. o i i i e e e e e e e e e e e e e e e e Vgs + 0.3V
Negative voltage on any pill . . . . . . . v v v vt i e e e e e e e e Vss —30.0V
Storage and operating chip temperature . . . . . . . . ... e e —-25°C to +150°C
Operating ambient temperature . . . . . . . . . . L. e e e e e e e e +0° to +70°C
SPECIFICATIONS
(TA =0° to +70°C, Vpp =—11 to =17V, Vg§ = GRD, VGG = —24 £ 1V)
Min. Typ. Max. Units Conditions
VIL (Clock, logic) VGG Vss — 6.0 Volts
VIH Vss — 1.0 Vss Volts
Clock Frequency DC 500 KHz
tpw (Data transfer) 400 s
tr, tf (Data transfer) 500 nS
tQD (Output Delay) 5 us
tCR (Counter Delay) 10 us
Input pull-up
resistor to V§§ 100 kQ VIN = VGG
(all inputs)
2.0 mA See Fig. 6
IosD (Segment Output
Current) 10 us See Fig. 7
3 mA LOAD A
I0s (50Hz Output Current) 50 MA LOAD B
10SOR (Overrange Current) 1.0 mA LOAD A
I0SAR (Autorange Current) 1.0 mA LOAD A
2.0 mA LOAD A
10 DEC (Decimal Current 25 MA LOAD B
0.6 mA- LOAD A
10 MSB (MSB Current) 10 uA LOAD B
0.6 mA LOAD A
Iop (Polarity Current 10 HA LOAD B
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TIMING DIAGRAM
DAT,
TRANSFER
COUNTER OUTPUTS /
(INTERNAL)
|<— tor—e
VIH
POLARITY IN
ViL
POLARITY OUT 90%
] ——l
tpw — Data Transfer Pulse Width
ter — Time to reset counters after data transfer makes a V|4
to V| transition.
tod — Delay time from polarity input transition to polarity
output transition.
TEST INFORMATION

LOGIC “0”
& Do

LOGIC “0" H
o—1>o—C |

Vss

OUTPUT BUFFER LOADING CONDITION B
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-1 710-17V
45
-2av
4.0 I -
Ves =3V vss * VGG VoD  Vss
35
Vour
30 _| 51907 out
25 Vpp =-13V Vi
K SINK TO VDD 9 11 Pz . 2425 . 3132 . 383940
T 20 |
\ Hz
15 WSB
\ qEEN Flelolcisla clela |clelelolclsla
o SOURCE FROM Vss 4B J N ™~ "N
05 < Y1938 v1938 }— vie38 j—{ vi1038
a1 L . WSB DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1
+14 12 +10 8 +6 4 +2 0 -2 -4 -6 -8 -10 -12 -14 POLARITY
vss
Vout
$1907 COUNTER/DISPLAY DISPLAY INTERFACE WITH TUBE DISPLAY
\
v 9\|/__ |
i |
|
|
39 |
POLARITY |
|
| A
-
——T . ’G , 8
[ -
. ' 1
ANAL piGITAL Ibm I -
PULSES Amt | b
CONVERSION | I:I
s1907 ) — I
CIRCUIT a l
| SEVEN SEGMENT
— ! OUTPUT DIAGRAM
*NOTE 1. U D |
—S— |
SAMPLING CLOCK :
*NOTE 1.) THIS CAN BE UQ |
ANY APPROPRIATE ANA- D |
LOG TO DIGITAL CON- | W—
VERSION CIRCUIT FOR — !
EXAMPLE THE INTEGRAT- /
ED CONVERSION TECHNO- 7
LOGY ADC 2001 oMz ————
COMMON

NOTE 2: OPERATION
FROM 9 VOLT BATTERIES

OF PUBLICATION
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Selection Guide=-LCDs

Device No. Description Application See Page

$23570 A 3%-digit, 3-volt display; most popular size and format for today’s Men’s Watch 10-7
watches. Standard reflector is silver. Special-order options available:
® Yellow/gold reflector
® “Light-pack”, for backlighting of display; allows
clear viewing under all light conditions (with
silver or yellow/gold reflector).

$23590 Same as above except smaller in size. Men’s Watch 109

$23600 Microminiature 3-volt display with no compromise in readability. Ladies’ Watch 10-11
Single-ended connector configuration for flexibility in module design.
Standard reflector is silver. Special-order option available:

® Yellow/gold reflector

$23610 A 6-digit, 3-volt display capable of presenting a continuous readout Time/Date/Second 10-13
of either hours - minutes - seconds, or hours - minutes - date. Stand- Watch
ard reflector is silver. Special-order options available:
® Yellow/gold reflector
® “Light-pack”, for backlighting of display; allows
clear viewing under all light conditions (with
silver or yellow/gold reflector).

$23620 A 6-digit, 3-volt display capable of presenting a continuous readout Time/Date/Second 10-15
of either hours - minutes - seconds (preceded by word “sec”), or Watch with
hours - minutes - date (preceded by “date”). Standard reflector is Annunciators

silver. Special-order options available:
® Yellow/gold reflector
® “Light-pack”, for backlighting of display; allows
clear viewing under all light conditions (with
silver or yellow/gold reflector).

Future Products

3%-digit Panel Meter Display Cell
12-hour Clock Display Cell
24-hour Clock Display Cell



LIQUID CRYSTAL
DISPLAYS

AMI Liquid Crystal DisPlays

QUALITY BASED ON EXPERIENCE

Until a few years ago, liquid crystals were a laboratory
curiosity with little commercial value. AMI was one of
the first companies to work on a practical liquid crys-
tal product, and in 1971 introduced LCD displays in
their calculator product line. Today, the Company
has grown to become one of the largest suppliers of
field-effect type LCDs, manufacturing displays for a
variety of OEM applications. AMI has full capability
to design, produce original artwork, and manufacture
field-effect liquid crystal displays of various configura-
tions. This enables AMI to control each and every oper-
ation, thus reducing costs and establishing rigid quality
assurance requirement standards, unsurpassed in the
industry.

VARIETY OF PRODUCTS

Presently AMI delivers large numbers of LCDs to watch
manufacturers throughout the world. These same dis-
plays are also being incorporated in complete watch
modules assembled by the Company. In addition to
watch products, further research and engineering is
continuing in many process and product areas to
meet ongoing commercial and industrial LCD needs
for miniaturization, larger area displays, improved
characteristics, extended life, and reduced operating
voltages. Though AMI is production oriented, a major
part of the Company’s continuing success is its com-
mitment to custom products.

AMI liquid crystal displays provide the high degree of
readability needed in digital applications — and with

Artwork for a Typical Watch Display.

only a fraction of the power required by other types
of displays. Liquid crystals exhibit effective readability
under almost all lighting conditions; diffused lighting
does not adversely affect the display, thus no washing
out occurs under direct sunlight.

BUILT-IN RELIABILITY

Each display is a plug-in type, able to interface directly
with MOS watch circuits, including the AMI S1400
CMOS series.

AMI LCDs feature glass-to-glass construction, assuring
mechanical durability and long life. In addition, the
use of the twisted nematic field-effect technique for
the LCDs (as opposed to dynamic scattering), allows
compact designs and lowest operating voltages. All
AMI watch displays are on at 3 volts and are com-
pletely turned off at 1 volt. During the off condition
a display draws no power.

Other outstanding features of AMI liquid crystal dis-
plays include stable liquid crystal materials, excellent
UV immunity, and extended life projections under
recommended input signal conditions.

QUALITY CONTROL OF LCDs

In order to ensure the highest degree of reliability of
AMI liquid crystal displays, there are two significant
test/failure programs conducted continuously in manu-
facturing: 1) Production Testing, and 2) Reliability
Testing.

Display Cells Ready for Filling with Liquid Crystal Material.
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The Viewing Angle is Checked on Display
Cells with a Digital Photometer.

Production Testing

Every display at AMI is tested for speed, operating
current, and given a thorough visual test for defects
in the viewing surfaces and general readability of the
display. Electromechanical tests consist of front-to-
back shorts failure, open segment, and segment-to-
segment shorts. Other tests include checking of each
display for the integrity of the liquid crystal seal at the
seal point, as well as the lifting or peeling of polarizer
material in the viewing area. Contrast ratio, response
time, and power consumption are also tested. In addi-
tion, each unit is inspected for seal contamination and
liquid crystal molecular misalignment (haze or frost).

The Materials for AMI Displays are Made
in Our Own Laboratories.

Reliability Testing

At AMI the manufacturing reliability programs for
field-effect liquid crystal displays are continuous and

are updated in ongoing weekly segments. All reliability
tests are conducted in accordance with MIL-STD-883.
Note: A quarterly Liquid Crystal Reliability Brochure is
available on request.

AMI RELIABILITY PROGRAM FOR LIQUID CRYSTALS

MIL-STD-883
TEST METHOD CONDITIONS

Accelerated Operating Life Test 1005 1000 hours. Every 4th lot 5000 hours; all displays are
tested with 7 volts (rms) at 32 Hz, applied to all seg-
ments (TA = 50°C).

Temperature Cycle 1010 20 cycles between ~20°C and 60°C. Dwell time 15
minutes at each extreme.

Humidity Cycling 1004 Initial conditioning not required. Two cycles, consist-
ing of +50°C/90% RH to 25°C/90% RH for 15 hours,
followed by 8 hours at +65°C.

Ultraviolet Test Special 300 hours of UV exposure (Blak-Ray Lamp, 3660A)
equivalent to normal sunlight.
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LCDs Are Changing!

The rapidly increasing acceptance of Liquid Crystal
Displays in watches and instruments, along with the
emergence of a stable LCD industry, points to a prom-
ising future, both for the manufacturers who are able
to deliver a quality product, and for the technology in
general. However, to reach this favored status, the LCD
industry has had to work for it.

When LCDs were first introduced in the early 1970s,
they started out fast, but sometimes were backed up
by very little technological knowhow. A large number
of would-be manufacturers appeared on the scene and
along with them came some inferior products — both
in reliability and appearance. As a result, many large
potential users pulled back and some misconceptions
about LCDs arose. (For example, the old wives’ tale
that “LCDs dry out after a while” still can be heard
from an occasional bystander.)

By now several years of experience have been accumu-
lated and a few stable high quality LCD manufacturers
have emerged as the industry leaders. Therefore, it is
time to look at the technology and its products again.
The development of LCDs is still advancing very rap-
idly, but trends in products and materials, as well as
some user experience, are established. Now, a user
needs to continuously update his information on spe-
cific characteristics of LCDs, follow new kinds of
products, recognize the widening range of applica-
tions of LCDs, and be familiar with general trends in
technology.

TYPES OF DISPLAYS

LCD operational modes are well known: excitation
applied to the crystalline material inside the display
changes its molecular orientation, thus modifying the
light passing through. The more common twisted-
nematic field-effect displays usually have a black or
dark image on a clear or light colored background,
however, the image may be reversed by rotating one
of the two polarizers 90 degrees. The less common dy-
namic scattering displays have a white image on a clear
or reflective mirrored background.

In field-effect displays, various color combinations of
digits and backgrounds can be obtained by varying the
tint or percent transmissiveness of the polarizers used.
For example, a black image is usually obtained by us-

ing 42% transmissive polarizers. Changing to higher
percentage transmissive polarizers (55%) gives blue
digits. The 42% to 46% transmissive polarizers are most
commonly used — mainly due to their wide availability,
and because black digits are usually preferred (they
yield a higher effective contrast ratio, when viewed
on a light background). By changing the color of the
rear reflector (reflective mode) some interesting color
combinations are possible.

Both field-effect and dynamic-scattering displays can
operate either in the reflective or transmissive mode.
Since the LCDs emit no light of their own, a reflective
mode LCD becomes less readable at very low light
levels. Transmissive-mode displays, properly back-
lighted by an external source, can provide low-ambient
performance equivalent to light-emitting displays, such
as gas-discharge displays or LEDs. The trade-off is the
increased power consumption of the light source,
which partially negates the LCD low power advantage.
The light source, of course, does not have to be oper-
ated continuously, and may be switched on only dur-
ing low ambient conditions, It is important to note
that an LCD is the only type of display available today
that can have a provision for nighttime viewing and
yet have increased readability in high ambient light.

Most liquid crystal displays are fabricated using screen-
ing or photo techniques, with Schiff Base, Esters, or
Bi-phenyls as the liquid crystal material inside the cell.
Field-effect LCDs have the liquid crystal material
sandwiched between two glass sheets, separated by
approximately one-half mil (12 microns), and sealed
at the perimeters. As with semiconductors, yield is
the most important factor in manufacturing. With
small displays, the major constraint on yield is line
resolution in the image displayed. Manufacturers using
screening techniques have design rules which limit
them to 5 - 7 mil lines and spaces, with reasonable
yields, but photo techniques allow tighter tolerances,
on the order of 2 to 4 mils.

OTHER ADVANTAGES

quuid crystal displays have a number of distinct ad-
vantages that explain why a great deal of effort is go-
ing into the technology.
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LIQUID CRYSTAL
DISPLAYS

Low Power Consumption. The power requirements of
LCDs are remarkably low. A twisted-nematic field-
effect display, as used in a digital watch, typically re-
quires less than one microwatt with all segments ener-
gized. In comparison, a four-digit LED watch display
typically consumes 50 milliwatts, when operated at 3
to 4 volts! The low voltage, low current requirements of
LCDs make them naturally compatible with CMOS
circuits. (A dynamic-scattering type liquid crystal dis-
play, operating at 12 to 20 volt levels, dissipates ap-
proximately 40 to 50 microwatts.)

Alphanumerics/Pictures/Symbols. The ability to mix
alphanumerics of any font, pictures, and symbols in a
single envelope is another advantage of LCDs. In es-
sence, any image that can be photographed can be pre-
sented as a liquid crystal display.

The advantages of LCDs are accompanied by some
operational trade-offs. These trade-offs are relatively
slow turn-on/turn-off times, and somewhat limited
operational temperature ranges, as compared to other
types of displays. However, advancements in materials,
packaging, and the understanding of failure modes
have resulted in continuous improvement of these
parameters.

LCDs are noted for their faster response times above
25°C, while becoming slower as they approach 0°C.
Response times (sometimes referred to as switching
times) are dependent also on drive levels, the liquid
crystal material, and the distance separating the front
and back plates of the display cell. Tighter spacing of
the plates results in faster switching times, but from a
manufacturing yield standpoint, the tighter tolerances
are more difficult to maintain, particularly in the
larger instrumentation type displays.

It is important to understand the terms used to de-
scribe switching time. Some data sheets specify switch-
ing time excluding the trigger signal. This kind of spec-
ification “hides” the trigger transition, which can of-
ten involve an additional 50- 100 ms! A realistic spec-
ification gives response times (200 ms turn-on, 350 ms
turn-off are typical) from the trigger signal to within
10% of full change of image (or to 95% on).

A designer does have some opportunity to choose a
trade-off for his particular application. For example,

for a given display configuration tighter tolerances be-
tween the glass plates may be possible, a different mix-
ture of LC material be used, or a higher drive voltage
might be applied. The trade-off might involve some
additional cost for the display, or display drive system.
Here again, all manufacturers are gradually reducing
the cost of LCDs, as better materials and methods de-
velop.

Field-effect LCDs generally have an operating range of
0° to 50°C (32°F to 122°F), and a storage range of
-40°C to 65°C (-40°F to 149°F). While other display
technologies may have broader operating ranges, 0°
to 50°C encompasses most of the range in which a de-
vice with a display might be viewed by an operator.

WHAT ABOUT LIFE PROJECTIONS?

When choosing a supplier of LCDs, the buyer should
not hesitate to request and review real-time life data.
The buyer should be cautious, however, when claims
for 20,000 or 30,000 plus hours of actual life are be-
ing presented. If an LCD manufacturer is keeping up
with technology, he is continually implementing new
or improved materials, life testing of these materials
must be started over again, and consequently, it is im-
possible to have any large number of test hours accu-
mulated. Instead, what is most important is to review
the trends in life data — is the manufacturer improv-
ing?

When dealing with a reputable manufacturer, you may
find a standard “one year from date of shipment” war-
ranty. This is not unusual among component com-
panies, and does not mean that the display is going to
fail immediately after the one year. Since valid life
data takes time to accumulate, you should be more
interested in the characteristics of the materials being
used, and what trends, if any, are showing up in actual
life testing. Also, you need to know what the design
goal is for projected life, and does the company have
the data to support advancements being made towards
that design goal? AMI, for example, guarantees dis-
plays for one year from date of shipment, however,
we have a 40,000 hour (5 years) design goal as a mini-
mum, and data from real-life testing leads us to believe
that projected life over 40,000 hours, when the dis-
play is properly driven, is certainly possible in the
future.



AMI

AMERICAN MICROSYSTEMS. INC.

$23570

LOW VOLTAGE FIELD EFFECT
LIQUID CRYSTAL
DIGITAL WATCH DISPLAY

820 FRONT
(VIEWING AREA) POLARIZER REFLECTOR
PIN 26 | 698 I PIN 14
"k
) T IS g’
25 (i OSC= TOZCH b 4“‘
1 L= " bt bt
o\
PIN 1 03 __”‘ 04 =] PIN 13
840 CONTACT
SURFACE
940 1 .040
95 .094 (MAX)
INCLUDING SEAL
MINIMUM VIEWING AREA: .820" x .295"
FEATURES
° Low Voltage [ Glass-to-glass seal
L] Field effect design . High contrast ratio
L] Direct MOS compatibility ° Wide viewing angle
o Exceptionally low power

FUNCTIONAL DESCRIPTION

The AMI S23570 Low Voltage Field Effect Liquid
Crystal Digital Watch display is designed to interface directly
with MOS watch circuits, including the AMI S-1400 CMOS
series. It is a high contrast, very low power, three and a half

digit display. The colon may be pulsed for seconds indication.
The display features glass-to-glass seal construction, assur-
ing a high degree of mechanical durability and a long lifetime.
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$23570 .
DIGITAL WATCH DISPLAY

SPECIFICATIONS

Electrical @ 25°C, 3 VAC Sq. wave, 32 Hz unless otherwise
specified.

Operating Voltage:
Current Drain:
Capacitance:

Frequency Range:

On 3 VAC Sq. Wave, 32 Hz

Off 1 VAC Sq. Wave, 32 Hz
<150 nA @ 3 VAC Sq. Wave,
32Hz

" <400 pF @ 1 kHz, all segments

operating
20Hz to 1 kHz

Electro-Optical @ 25°C, 3 VAC Sq. Wave, 32 Hz unless other-

wise specified.
Contrast Ratio:

Off Angle Viewing:

Response Time:

Mechanical:

Dimensional:

The dark digit against a silver
gray background presents a ratio
of at least 10:1 in contrast when
viewed at normal incidence. This
represents visual saturation to
the unaided eye.

Contrast ratio is reduced less
than 30% when viewed at 30°
from the 6 o’clock position.
Room Temperature

On Delay <300 ms to 90% on
Off Delay <400 ms to 10% on

The colon blink will be visible at
0°C when driven with a 32 Hz
0.5 sec on, 0.5 sec off signal.

See outline drawing. Character
height: .200".

Contact spacing:
26 equal contacts centered at

.070, tolerances non-cumulative.

CONTACT - SEGMENT IDENTIFICATION

CONTACT

NUMBER DESIGNATION
1 COMMON
2 HRS x 10
3 HRSE
4 HRS D
5 HRS C
6 COLON
7 MINx 10 E
8 MINx 10 D
9 MINx10C

Environmental

Operating temperature:
Storage temperature:
Humidity (including polarizer):

(excluding polarizer):

Lifetime
Continuous Operation: Minimum 10,000 hours under

Workmanship
Quality:
Marking:

CONTACT
NUMBER DESIGNATION

10 MINE

11 MIN D

12 MINC

13 MIN B

14 MIN A

15 MINF

16 MIN G

17 MINx10B

18 MINx 10 A

0°C to 50°C

-20°C to + 65°C
+50°C and 60% RH
for moderate periods
+50°C and 90% RH
for moderate periods

recommended CMOS signal con-
ditions. Beyond the minimum
lifetime it is expected that the
devices will continue to operate
indefinitely if not subjected to
unusual mechanical, environmen-
tal or electrical stresses.

The viewing area of the display
will be free from inclusions,
blemishes or non-uniformities in
color visible to the unaided eye
(<0.010"). The front polarized
surface will have no scratches or
blemishes that interfere with the
legibility of the display when
viewed at 10 inches under normal
ambient light. The display will
have no chips or scratches on
the external contacts that inter-
fere with the electrical operation.
Marking will consist of the AMI
logo, part number and manufac-
turing date code applied to the
back surface. This mark will be
sufficiently permanent to with-
stand normal handling.

CONTACT
NUMBER DESIGNATION
19 MINx 10 F
20 MINx 10G
21 HRS B
22 HRS A
23 HRS F
24 HRS G
25 SPARE
26 SPARE
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AMI

AMERICAN MICROSYSTEMS. INC.

$23590

LOW VOLTAGE FIELD EFFECT
LIQUID CRYSTAL
DIGITAL WATCH DISPLAY

FRONT REFLECTOR
(VIEWING AREA) POLARIZER
050
T -
73
170 q--— 375 .480 MAX

645

804
.818 (MAX).

CONTACT

INCLUDING SEAL

SURFACE

MINIMUM VIEWING AREA: .645" x .245"

FEATURES
o Low Voltage ° Glass-to-Glass Seal
(] Field Effect Design L] High Contrast Ratio
L] Direct MOS compatibility o Wide Viewing Angle
L] Exceptionally low power
FUNCTIONAL DESCRIPTION

The AMI 823590 Low Voltage Field Effect Liquid
Crystal Digital Watch display is designed to interface directly
with MOS watch circuits, including the AMI S-1400 CMOS

series. It is a high contrast, very low power, three and a half
digit display. The colon may be pulsed for seconds indication.

The display features glass-to-glass seal construction, assur-
ing a high degree of mechanical durability and a long lifetime.
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$23590

DIGITAL WATCH DISPLAY

SPECIFICATIONS

Electrical @ 25°C, 3 VAC sq. wave, 32 Hz unless otherwise

specified.
Operating Voltage:

Current Drain:
Capacitance:

Frequency Range:

On 3 VAC Sq. Wave, 32 Hz

Off 1 VAC Sq. Wave, 32 Hz

< 100 nA @ 3 VAC sq. Wave,
32 Hz

<400 pF @ 1 kHz, all segments
operating

20Hz to 1 kHz

Electro-Optical @ 25°C, 3 VAC sq. Wave, 32 Hz — unless other

wise specified.
Contrast Ratio:

Off Angle Viewing:

Response Time:

Mechanical:
Dimensional:

The dark digit against a silver
gray background presents a ratio

of at least 10:1 in contrast when

viewed at normal incidence. This
represents visual saturation to
the unaided eye. :
Contrast ratio is reduced less
than 30% when viewed -at 30°
from the 6 o’clock position.
Room Temperature

On Delay < 300 ms to 90% on
Off Delay < 400 ms to 10% on

The colon blink will be visible at
0°C when driven with a 32 Hz
0.5 sec on, 0.5 sec off signal.

See outline drawing. Character
height: .170".

Contact spacing:
26 equal contacts centered at
.050 tolerances non-cumulative.

CONTACT - SEGMENT IDENTIFICATION

A
F[ B
<>
E [}
‘j
D

CONTACT

NUMBER DESIGNATION
1 COMMON
2 HRS x 10
3 HRS E
4 HRS D
S HRS C
6 COLON
7 MIN x 10 E
8 MIN x 10 D
9 MIN x 10 C

Environmental

Operating temperature:
Storage temperature:
Humidity (including polarizer):

Lifetime
Continuous Operation: Minimum 10,000 hours under

(excluding polarizer):

Workmanship
Quality:

CONTACT
NUMBER DESIGNATION

10 MIN E

11 MIN D

12 MIN C

13 MIN B

14 MIN A

15 MIN F

16 MIN G

17 MIN x 10 B

18 MIN x 10 A

0° to 50°C

-20°C t0 65°C
+50°C and 60% RH
for moderate periods.

+ 50°C and 90% RH
for moderate periods.-

recommended CMOS signal con-
ditions. Beyond the minimum
lifetime it is expected that the
devices will continue to operate
indefinitely if not subjected to
unusual mechanical, environmen-
tal or electrical stresses.

The viewing area of the display
will be free from inclusions,
blemishes or non-uniformities in
color visible to the unaided eye
(<0.010”). The front polarized
surface will have no scratches or
blemishes that interfere with the
legibility of the display when
viewed at 10 inches under normal
ambient light. The display will
have no chips or scratches on the
external contacts that interfere
with the electrical operation.
Marking will consist of the AMI
logo, part number and manufac-
turing date code applied to the
back surface. This mark will be
sufficiently permanent to with-
stand normal handling.

CONTACT

NUMBER DESIGNATION
19 MIN x 10 F
20 MIN x 10 G
21 HRS B
22 HRS A
23 HRS F
24 HRS G
25 SPARE
26 SPARE
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AMERICAN MICROSYSTEMS, INC

LOW VOLTAGE FIELD EFFECT
LIQUID CRYSTAL
® LADIES DIGITAL WATCH DISPLAY

|92 Typ.
0,64
5151 goa
13,0810,10

23 EQUAL SPACES @ 020 =.460 TOL. NON-CUM. INDIUM PATTERN ONLY.
68

oosmax T

|
1~

common—]

— CONTACT SURFACE

036 % .004

0,912 0,102
+.007
-.006 | [,
+0.18 REFLECTIVE
-015 POLARIZER

| -T

.040 "4
.02 viEwInG
33t 1 DIRECTION
X004
8,51
*o,10 ;
195 i |§_‘|l ) H
Lo It 0T i 110 orir
MINIMUM [ I = G = | R a— Pard 6,99% 0,102
(VIEW AREA) E] LB @”E]LB @,Jha 6._
; |
™y | Tl
) 085,

Y, .00
—\_"_ . I 2,160,12
seaL ana ] POLARIZER +.009

— ;.003
SEAL AREAf‘T"» b :‘7‘; Tve ﬁ'?s"éﬁ’é SEAL o
.o L {1055 enc anea . 036004
2,29 1.4 0,911 0,102
420 MINIMUM (VIEWING AREA) 098 ner
MINIMUM VIEWING AREA: 420" x .195”
STANDARD FEATURES
. Microminiature Size (] Glass-to-Glass Seal
° Single-ended Connector Interface L] High Stability LC Materials
° Low Voltage Drive (] ‘Silvered” Reflector
[ Field Effect Design [ Wide Viewing Angle
[ Direct MOS Compatibility L] Exceptionally Low Power Consumption

OPTIONAL (SPECIAL-ORDER) FEATURE AVAILABLE

° Yellow/Gold Reflector

FUNCTIONAL DESCRIPTION

The AMI S23600 Ladies Low Voltage Field Effect
Liquid Crystal Digital Watch Display is designed to interface
directly with MOS watch circuits, including the AMI S1400

CMOS series. It is a high contrast, very low power, 3-1/2
digit display.

The display features glass-to-glass seal construction,
coupled with highly stable liquid crystal materials, to assure a
high degree of mechanical durability and long lifetime.
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S23600
LADIES DIGITAL WATCH DISPLAY

SPECIFICATIONS

Electrical: @ 25°C, 3 VAC Sq. Wave, 32 Hz unless otherwise
specified

>90% ‘on’ @3 VAC

<10% ‘on’ @ 1 VAC

200nA typical, 400nA maximum

200 pF typical, 300 pF maxi-

mum (all segments on)

20Hz to 1 kHz

Operating Voltage:

Current Drain:
Capacitance:

Frequency Range:

Electro-Optical: @ 25°C, 3 VAC Sq. Wave, 32 Hz unless
otherwise specified

Contrast Ratio:
Off-Angle Viewing:

20:1 Minimum

Contrast ratio is reduced less
than 30% when viewed at 30°
from six o’clock position

Response Time: From trigger signal to within
10% of full change (25°C)
TYPICAL MAXIMUM
On Delay 150 msec 250 msec
Off Delay 300 msec 500 msec
The colon blink will be visible @ 10°C
Mechanical :
Dimensional: See outline drawing
Character Height: 110"
Contact Spacing: 24 contacts total. 23 contacts,

.010” wide (typ), centered at
.020”, tolerances non-cumulative.
‘Common contact’ is .020" wide

(typ)

CONTACT — SEGMENT IDENTIFICATION

CONTACT CONTACT
NUMBER DESIGNATION NUMBER

1 COMMON 13

A 2 HRS x 10K 14

3 HRS x 1 UNIT E 15

FD ”B 4 HRS x 1 UNIT G 16

2 5 HRS x 1 UNIT F 17

6 HRS x 1 UNIT A 18

€ ¢ 7 HRS x 1 UNIT B 19

—\ 8 HRS x 1 UNIT C 20

3] 9 HRS x 1 UNIT D 21

10 COLON L 2

1 MIN x 10 E 23

12 MINx 10G 24

Environmental
Operating Temperature:
Storage Temperature:

Humidity (including polarizer):

(excluding po

Lifetime
Continuous Operation:

Workmanship
Quality:

Marking:

DESIGNATION

MINXx 10F
MIN x 10 A
MINx 10B
MIN x 10C
MINx 10D
MIN x 1 UNIT F
MIN x 1 UNIT A
MIN x 1 UNIT B
MIN x 1 UNIT G
MIN x 1 UNIT C
MIN x 1 UNIT D
MIN x 1 UNITE

0° to 50°C

-20°C to 65°C _
+50°C and 60% RH for
moderate periods
+50°C and 90% RH for
moderate periods

larizer):

Minimum 10,000 hours under
recommended CMOS signal con-
ditions. Beyond the minimum
lifetime it is expected that the
devices will continue to operate
indefinitely if not subjected to
unusual mechanical, environmen-
tal or electrical stresses.

The viewing area of the display
will be free from inclusions,
blemishes or non-uniformities in
color visible to the unaided eye
(<0.010"). The front polarized
surface will have no scratches or
blemishes that interfere with the
legibility of the display when
viewed at 10 inches under normal
ambient light. The display will
have no chips or scratches on
the external contacts that inter-
fere with the electrical operation.
Marking will consist of the AMI
logo, part number and manufac-
turing date code applied to the
back surface. This mark will be
sufficiently permanent to with-
stand normal handling.
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AMI

AMERICAN MICROSYSTEMS, INC.

$23610

LOW VOLTAGE FIELD EFFECT
SIX-DIGIT WATCH DISPLAY

TOL: NON-CUMULATIVE

*.032TYP L

35 TYP —|

800 MAX
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596 186 DETAIL"A" DETAIL 8" DETAIL“C
- 075 -L— < 745 MIN VIEWING AREA ] D\“/
18 EQUAL SPACES AT .040 = 720 .05 200 REF |

120 TYP

MINIMUM VIEWING AREA: 745" x 425"

“ i
027 TYP |- .020 TVP-'

080 TYP.

Low Voltage Drive

Field Effect Design

Direct MOS Compatibility
Exceptionally Low Power Consumption

STANDARD FEATURES

L] High Stability LC Materials
. Glass-to-Glass Seal
®  Wide Viewing Angle

° Yellow/Gold Reflector
e Backlighting “Light-Pack”

OPTIONAL (SPECIAL-ORDER) FEATURES AVAILABLE

FUNCTIONAL DESCRIPTION

The AMI S23610 Low Voltage Field-effect Liquid
Crystal Six Digit Watch Display is designed to interface
directly with MOS watch circuits, including the AMI S-1400
CMOS series. . It is a high contrast, very low power, six digit

display. This model provides for a continuous display of hours
and minutes, and either seconds or date.

The display cell features glass-to-glass seal construction,
coupled with highly stable liquid crystal materials, to assure a
high degree of mechanical durability and long lifetime.
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S23610
DIGITAL WATCH DISPLAY

——

SPECIFICATIONS . Environmental

Electrical: @ 25°C, 3 VAC Sq. Wave, 32 Hz, unless otherwise
specified.
Operating Voltage:

Storage temperature:

>90% “‘on’ @ 3 VAC

<10% ‘on’ @ 1 VAC

250nA typical, 500nA maximum
Capacitance: 400pF typical, 600pF maximum
Frequency Range: 20Hz to 1 kHz

Electro-Optical: @ 25°C, 3 VAC Sq. Wave, 32 Hz unless

otherwise specified

Contrast Ratio:
Off-Angle Viewing:

Current Drain:

Lifetime

20:1 Minimum

Contrast ratio is reduced less
than 30% when viewed at 30°
from the six o’clock position
From trigger signal to within {
10% of full change (25°C)

Response Time:

Operating temperature: _
Humidity (including polarizer):

(excluding polarizer):

0°C to0 50°C

-20°C to 65°C
+50°C and 60% RH
for moderate periods.
+50°C and 90% RH
for moderate periods.

Continuous Operation: Minimum 10,000 hours under

recommended CMOS signal con-
ditions. Beyond the minimum
lifetime it is expected that the
devices will continue to operate
indefinitely if not.subjected to
unusual mechanical, environmen-
tal or electrical stresses.

Workmanship
TYPICAL MAXIMUM Quality: The viewing area of the display
On Delay 200 msec 300 msec will be free from inclusions,
Off Delay 350 msec 550 msec blemishes or non-uniformities in
The colon blink will be visible @ 10°C color visible to the unaided eye
: (<0.010”). The front polarized
Mechanical: ) surface will have no scratches or
Dimensional: See outline drawing blemishes that interfere with the
Character Heights: legibility of the display when
Position: Hours Min Sec/Date viewed at 10 inches under normal
200" 170" 120" ambient light. The display will
Contact Spacing: 38 contacts total. 37 contacts, have no chips or scratches on the
.020" wide typ., centered at .040" external contacts that interfere
_Tolerances nor}-cumulative with the electrical operation.
¢ > : P Marking will consist of the AMI
Common’ contact is .040" wide
logo, part number and manufac-
(yp) turing date code applied to the
back surface. This mark will be
sufficiently permanent to with-
CONTACT - SEGMENT IDENTIFICATION stand normal handling.
CONTACT CONTACT CONTACT
NUMBER DESIGNATION NUMBER DESIGNATION NUMBER DESIGNATION
COMMON 14 BS 27 A2
@ ﬂ s 50 2 COLON 15 AS 28 12
e 2 £ B y
: 30
@ D = 5 ) F4 18 D3 31 1
(s 6 G4 19 C3 32 Bl
) (]::%Eg: 7 E4 20 G3 33 Al
o) e 8 D4 21 B3 34 F1
9 Cc4 22 A3 35 K
10 ES 23 F3 36 Gl
11 D5 24 D2 37 El
12 Cs 25 Cc2 38 D1
13 G5 26 B2
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AMI

AMERICAN MICROSYSTEMS. INC.

$23620

LOW VOLTAGE FIELD EFFECT
LIQUID CRYSTAL WATCH DISPLAY
SIX-DIGIT W/ANNUNCIATORS

ADVANCED PRODUCT DESCRIPTION

.080 MAX 795 MIN. VIEWING AREA
2,03 20,20
060 631 REF. 007/.006 .049/.037
1,52 | 16, 03 0,18 0,15 1, 24/(0:,09’:TACT SURFACE
IR RIS ERERRIEEIEI SRS 050 MAX. REF.
e e FLLL DL S e oI TP
/ -‘___"E =7 i
AN 8 B N @E @E@ ! 'tﬂ
U @ , @ H ﬁ 6 | 457 455 5601550
7=\ W) l 11,50 14, 22/13, 97
1046 /1,17| 660
SEC FhoEp ho |
e Ko =
DATE MODE ' DATE &9
005 TYP I e 11]-a-Joos T.1.R.
vy EEEIUETETETEETEETEEE L
010 maxPREF. oATE '51% |'— - 050 % 005 =3
02 140 SEC. ' 127
3,56 094 MAX
0.23 19 EQUAL SPACES @ .045 CENTERS = .855 240
O,T. TOL.NON-CUM @1, 14 CENTERS = 21,72 DIMENSIONS
.910/.900 GLASS MAX. INCHES
23,11/22, 86 ~TMETRIC
.920 MAX. TO INCLUDE SEAL
23,37
SECONDS MODE MINIMUM VIEWING AREA: .795” x 455"
STANDARD FEATURES
L] Low Voltage Drive L] Glass-to-Glass Seal
[ Field Effect Design . High-Stability L-C Materials
[ Direct MOS Compatibility L] ‘Silvered’ reflector
. Exceptionally Low Power Consumption L] Wide Viewing Angle
OPTIONAL (SPECIAL ORDER) FEATURES AVAILABLE
[ Yellow/Gold Reflector ° Thinner Glass Version
[ Backlighting ““Light-Pack” (.028” £ .004" Glass, Front
and Back Planes)

FUNCTIONAL DESCRIPTION

The AMI Model S23620 Watch Display is a Low Voltage
Field-effect type, designed to interface directly with CMOS
watch circuits. Unique to this six digit display, is the addition
of annunciators for the words Seconds (Sec) and Date (Date).
This model provides for a continuous display of hours and

minutes, and either seconds or date. The annunciators for
“Sec” or “Date” are energized for the appropriate function
displayed.

The display cell features glass-to-glass seal construction,
coupled with highly stable liquid crystal materials, to assure a
high degree of mechanical durability and long lifetime.
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$23620
DIGITAL WATCH DISPLAY

SPECIFICATIONS Environmental
Operating temperature:
" Storage temperature:

Electrical: @ 25°C, 3 VAC Sq. Wave, 32 Hz, unless otherwise

0°C t0 50°C
-20°C to 65°C

specified. Humidity (including polarizer): +50°C and 60% RH

Operating Voltage: >90% ‘on’ @ 3 VAC
<10% ‘on’ @ 1 VAC

Current Drain: 250nA typical, 500nA maximum
Capacitance: 400pF typical, 600pF maximum Lifetime
Frequency Range: 20 Hz to 1 kHz )

Electro-Optical: @ 25°C, 3 VAC Sq. Wave, 32 Hz unless
otherwise specified
Contrast Ratio: 20:1 Minimum
Off-Angle Viewing: Contrast ratio is reduced less
, than 30% when viewed at 30°
from the six o’clock position

Response Time: From trigger signal to within
10% of full change Workmanship
TYPICAL MAXIMUM Quality:
On Delay 200 msec 300 msec
Off Delay 350 msec 550 msec
The colon blink will be visible @ 10°C
Mechanical:
Dimensional: See outline drawing
Character Heights:
Position: Hours/Min  Sec/Date  Annunciators
180" .140” .060"
Contact Spacing: 40 equal contacts centered at

.045 = .004, tolerances
non-cumulative.

CONTACT - SEGMENT IDENTIFICATION

CONTACT CONTACT
NUMBER DESIGNATION NUMBER DESIGNATION
) CQMMON i
=) o =h 3 a_ 17
@ BGD@ @CD 4 SE(]J3 18
e = =0 s DATE 19
SBC 55 3 it 2
DATE & 9 4-E 2
10 4-D 24
11 4 -C 25
12 5-G 26
13 5-E 27
14 5-D

(9]
|

| T T T T A O AR
wOQTPWOQUm T

NN WWWWWWLWWKn

for moderate periods.

(excluding polarizer): 4 50°C and 90% RH

for moderate periods.

Continuous Operation: Minimum 10,000 hours under

recommended CMOS signal con-
ditions. Beyond the minimum
lifetime it is expected that the
devices will continue to operate
indefinitely if not subjected to
unusual mechanical, environmen-
tal or electrical stresses.

The viewing area of the display
will be free from inclusions,
blemishes or non-uniformities in
color visible to the unaided eye
(<0.010”). The front polarized
surface will have no scratches or
blemishes that interfere with the
legibility of the display when
viewed at 10 inches under normal
ambient light. The display will
have no chips or scratches on the
external contacts that interfere
with the electrical operation.
Marking will consist of the AMI
logo, part number and manufac-
turing date code applied to the
back surface. This mark will be
sufficiently permanent to with-
stand normal handling.

CONTACT

NUMBER DESIGNATION
28 2-A
29 2-F
30 2-G
31 2-F
32 COLON
33 2-D
34 1-C
35 1-B
36 1-4A
37 1-F
38 1-G
39’ 1-E
40 K

10-16



11

Watches and Watch Products




—
WATCHES AND * :

WATCH PRODUCTS :
]

TDS-4 Time/date/seconds Watch with Backlighted LCD
Display.

MTI’s Light Emitting Diode Display Watch.




WATCHES AND
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Watches and Watch Products

AMI is among the pioneers in the manufacture of mass
marketable digital electronic watches. Even though
the introduction of some forms of LED digital watches
occurred as early as 1967, not until 1972 or 1973 did
a digital type of watch turn from a high priced novelty
item into a widely marketable accurate timepiece. At
this time AMI took advantage of its MOS/LSI circuit
manufacturing capability and its microelectronics
product assembly and testing experience and intro-
duced its first watch — the HMM.

Since 1972 AMI has expanded all facets of its digital
watch manufacturing activities and has become one of
the largest suppliers of digital electronic watches and
watch components in the world. Today AMI hasa com-
plete second-generation product line of men’s and
ladies’ watches — using both LCDs and LEDs, and of-
fering backlighted displays, time/date/seconds capa-
bilities, and other sought after features.

The World’s Smallest — the Amité for Ladies.

A COMPLETE LINE OF WATCHES

The AMI product line consists of six basic models and
a number of versions. Among men’s watches, AMI
manufactures one LED model and four basic LCD
models — including 4 and 6-digit time/date/seconds
display watches. All LCD time/date/seconds models
have backlighted displays for easy nighttime reading.

One of the most notable watches introduced by AMI
is the world’s smallest digital electronic watch — the
petite Amité for ladies. This watch is built around an
extremely compact module, designated as the LWM.
In the case shown below, the complete watch measures
less than 1 in. in cross section (diameter) and less than
3/8 in. in height. As with all other AMI watches, the
Amité is sold as a complete assembled watch, in a pri-
vate label case, or the LWM module is available sep-
arately.

A Ladies’ Watch with Elegance — from AMI.
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AMI MAKES ITS OWN

The three basic components of any quartz crystal dig-
ital electronic watch are: 1) the integrated circuit, 2)
the display — either LCD or LED — and 3) the quartz
crystal oscillator. These components are assembled in-
to a watch module (also called a nest), along with a
battery, and placed into a case to complete the watch.
Because AMI manufactures all of the basic compo-
nents as well as the modules and finished cased goods,
the Company is in a unique position in the digital watch
industry. It can offer to any customer a complete
watch, mounted in a case of his choice, or any of a
number of standard (or custom) watch modules, and
also any of the basic components separately.

Other results of such vertically integrated structure
are that AMI can be self-sufficient in its manufactur-
ing and assembly activities — without depending on
other major sources for critical components — and
that AMI is able to closely control the quality of all
parts of the watch.

Manufacturing and marketing its products in this di-
versified manner, AMI keeps its volume up and can
take advantage of mass economies in the production
of all parts of a watch. This, in turn, allows the Com-
pany to maintain a position of leadership in the rapidly
changing economic environment of the digital watch

market and support the research and development |

needed in a rapidly advancing technology.

Integrated Circuits

It- was the advent of CMOS/LSI integrated circuits,
with their low power consumption feature, that
brought digital electronic watches into existence. AMI
manufactures a wide variety of CMOS and other types
of watch and clock circuits, for use in their own watch

TDS-6 Watch Module.

S

Liquid Crystal Display.

modules and for direct sale to other manufacturers of
timekeeping equipment. All watch circuits are com-
plete on a single IC chip and are variously available un-
mounted, mounted in a chip carrier, or on a miniature
circuit board, ready for insertion in men’s and ladies’
watch modules. Section 9 contains a complete descrip-
tion of the standard watch and clock circuits offered
by AMIL

Watch Displays

AMI is also one of the largest and most experienced
manufacturers of field-effect liquid crystal watch dis-
plays. As are the integrated circuits, so the liquid crys-
tal displays are used both in AMI produced watches
and sold to various other users. They are available in
different sizes, with various color reflectors, and with

Watch Chip Mounted in Carrier,

PC Boards Ready for Insertion into Modules.
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backlighting attachments. All displays operate on 3
volts, and require minute amounts of power, thus as-
suring maximum battery life in watches. See Section
10 for a description of LCD displays manufactured by
AMI.

Quartz Crystal Oscillators

The quartz crystal oscillator, which vibrates 32,768
times per second, provides the basic frequency used by
the watch circuit to keep time. Consequently, the ac-
curacy and consistency of the crystal frequency over
a long time period, and with variations in temperature
and other conditions, determines the timekeeping ac-
curacy of the watch. The quartz oscillators manufac-
tured by AMI are designed specifically for watch cir-
cuits and allow AMI to guarantee accuracies typically
around 5 seconds per month.

Watch Modules

The design and manufacturing expertise that goes into
the integrated circuits, displays, quartz crystals, and
other components, is realized in the final assembly of
the small presicion watch module. AMI builds a num-
ber of different modules, both for men’s and ladies’
watches, and with either LCD or LED type displays.
Standard modules fit into a variety of different cases

and AMI also designs and manufactures custom mod-
ules for individual watch manufacturers. To assure
ruggedness and reliability, the modules are built to
exacting standards and under rigid quality controls.

R & D KEEPS AMI AHEAD

One of the main reasons for the success of AMI in the
digital electronic watch market is its research and de-
velopment program. From the time when AMI began
to manufacture watches, the Company has maintained
a strong and independent research and development
organization, primarily oriented toward basic research
in technologies related to watch products.

With such orientation the R&D group has continuously
provided a strong technological basis for innovations
and new product development by design engineering.
For example, AMI was the first to introduce low-
voltage LCDs and the current second-generation men’s
watch product line is the most advanced in the indus-
try. Strength in R&D also enabled AMI to introduce
the remarkable ladies’ Amité.

This R&D tradition provides assurance to the consumer
of the continued excellence of AMI watch products
in the future.

The above photo shows all parts that make up the HMM and CWM watch modules. It demonstrates the dramatic simplifi-
cation of the second generation CWM (right) over the earlier HMM (left).
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Product Assurance Program

INTRODUCTION

Quality is possibly one of the most used, least under-
stood, and variously defined assets of the semiconduc-
tor industry. AMI learned early just how important
effective quality assurance, quality control, and reli-
ability monitoring can be in the ability of a manufac-
turer to deliver a repeatably reliable product. Particu-
larly through the manufacture of custom MOS/LSI,
much experience has been collected at AMI, indicating
that one of the most important tasks of quality assur-
ance is the effective control and monitoring of manu-
facturing processes. Such control and monitoring has
a twofold purpose: to assure a good product, and to
assure that the product can be manufactured at a later
date with the same degree of reliability.

To effectively achieve these objectives, AMI has devel-
oped a Product Assurance Program consisting of three
major functions: Quality Control, Quality Assurance,
and Reliability. Each function has a different area of
concern, but all share the responsibility for a reliable
product.

The AMI Product Assurance Program

The program is based on MIL-STD-883, MIL-M-38510,
and MIL-Q-9858A methods. Under this program, AMI
manufactures highest quality MOS devices for all seg-
ments of the commercial and industrial market and,
under special adaptations of the basic program, also
manufactures high reliability devices to full military
specifications for specific customers.

The three aspects of the AMI Product Assurance Pro-
gram — Quality Control, Quality Assurance, and Reli-
ability — have been developed as a result of many years
of experience in MOS device design and manufacture.
Quality Assurance establishes that the product meets,
or fails to meet, product parameters — QA checks re-
sults. Quality Control establishes that every method
meets, or fails to meet, processing or production stand-
ards — QC checks methods. Reliability establishes that
QA and QC are effective — Reliability checks device
performance.

As an indication that the AMI Product Assurance Pro-
gram has been effective, NASA has endorsed AMI
products for flight quality hardware since 1967, the

Mars Landers and Lunar Landers all have incorporated
AMI circuits, the Viking program utilizes AMI circuits,
and many military airborne and reconnaissance hard-
ware programs have depended on AMI devices.

QUALITY CONTROL

The Quality Control function in AMI’s Product Assur-
ance Program involves constant monitoring of all as-
pects of MOS devices and device production, from the
raw materials purchased, through all processing steps,
to device shipment. There are three major areas of
Quality Control:

e Incoming Materials Control
® Microlithography Control
® Process/Assembly Control

Incoming Materials Control

All purchased materials, including raw silicon, are
checked carefully to various test and sampling plans.
The purpose of incoming materials inspection is to en-
sure that all items required for the production of AMI
MOS circuits meet such standards as are required for
the production of high quality, high reliability devices.

Incoming inspection is performed to specifications
agreed to by suppliers of all materials. The Quality
Control group continuously analyzes supplier perform-
ance, performs comparative analysis of different sup-
pliers, and qualifies the suppliers.

Tests are also performed on all direct material, in-
cluding packages, wire, lids, eutectics, and lead frames.
These tests are performed using a basic sampling plan
in accordance with MIL-S-19500, generally to a Lot
Tolerance Percent Defective (LTPD) level of 10%. The
AQL must be below 1% overall.

Two incoming material inspection sequences serve as
examples of the thoroughness of AMI Quality Control.

e Purchased packages are first inspected visually.
Then, dimensional inspections are performed, fol-
lowed by a full functional inspection, which sub-
jects the packages to an entire production run simu-
lation. Finally, a full electrical evaluation is made,
including checks of the insulation, resistance, and
lead-to-lead isolation. A package lot which passes
these tests to an acceptable LTPD level is accepted.
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Raw silicon must also pass visual and dimensional
checks. In addition, a preferential etch quality in-
spection is performed. For this inspection, the
underlayers of bulk silicon are examined for poten-
tial anomalies such as dislocation, slippage, or etch
pits. Resistivity of the silicon is also tested.

Microlithography Control

Microlithography involves the processes which result
in finished working plates, used for the fabrication of
wafers. These processes are artwork generation, photo-
reduction, and the actual printing of the working
plates.

Artwork, whether Rubylith, Gerber Plots, AMI gen-
erated or customer generated, is thoroughly inspected.
It is checked for level-to-level registration and dimen-
sional tolerances. Also, a close visual inspection of the
workmanship is made. AMI artwork is usually pro-
duced at 200x magnification and must conform to
stringent design rules, which have been developed over
a period of years, as part of the process control re-
quirements.

Acceptable artwork is photographically reduced to a
20x magnification, and then further to a 10x magnifi-
cation. The resulting 10x reticles are then used for pro-
ducing 1x masters. The masters undergo severe regis-
tration comparisons to a registration master and all
dimensions are checked to insure that reductions have
been precise. During this step, image and geometry
are scrutinized for missing or faded portions and other
possible photographic omissions.

For typical P-channel silicon gate device, master sets
are checked at all six geometry levels in various com-
binations against each other and against a proven mas-
ter set. Allowable deviations within the die are limited
to 0.5 micron, deviations within a plate are limited
to 1 micron, and all plate deviations are considered
cumulatively.

Upon successful completion of a device master set, it
is released to manufacturing where the 1x plates are
printed. A sample inspection is performed by manu-
facturing on each 30-plate lot and the entire lot is re-
turned to Quality Control for final acceptance. In this
sequence, a sliding sampling plan is used, determined
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by the type of product and process, complexity, and
results experienced. The plates can be rejected first by
manufacturing, when the 30-plate lots are inspected,
or by Quality Control when the lots are submitted for
final acceptance. If either group rejects the plates, they
are rescreened and then undergo the same inspection
sequence. In the rescreening process, the plates under-
go registration checks; visual checks for pin holes, pro-
trusions, and faded or missing images, as well as all
critical dimension checks.

Process Control

Once device production has started in manufacturing,
AMI Quality Control becomes involved in one of the
most important aspects of the Product Assurance Pro-
gram — the analysis and monitoring of virtually all pro-
duction processes, equipment, and devices.

Process controls are performed in the fabrication area,
by the Quality Control Fabrication Group, to assure
adherence to specifications. This involves checks on
operators, equipment, and environment. Operators
are tested for familiarity with equipment and adher-
ence to procedure. Equipment is closely checked both
through calibration and maintenance audits. Environ-
mental control involves close monitoring of tempera-
ture, relative humidity, water resistivity and bacteria
content, as well as particle content in ambient air. All
parameters are accurately controlled to minimize the
possibility of contamination or adverse effects due to
temperature or humidity excesses.

Experience has proven that such close control of the
operators, equipment, and environment is highly effec-
tive towards improved quality and increased yields.

In addition to the specification adherence activities of
the QC Fabrication Group, a QC Laboratory performs
constant process monitoring of virtually every step of
all processes. Specimens are taken from all production
steps and. critically evaluated. Sampling frequency
varies, depending on the process, but generally, oxida-
tion, diffusion, masking, and evaporization are the
most closely monitored steps.

Results are supplied both to manufacturing and engi-
neering. When evidence of a problem occurs, QC pro-
vides recommendations for corrections and follows the
corrective action taken.
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Optical inspections are performed at several steps. For
example, during wafer sort visual inspection for probe
damage and alignment is performed; quality control
limits are based on a 10% LTPD. The chart in Figure 1
shows process steps and process control points.

Figure 1. Flowchart of Product Assurance Program
Implementation
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PLANT
CLEARANCE
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QUALITY ASSURANCE

The Quality Assurance function in the Product Assur-
ance Program involves checking the ability of manu-
factured parts to meet specifications. In addition, the
QA group also isresponsible for calibration of all equip-
ment, and for the maintainance of AMI internal prod-
uct specifications, to assure that they are always in
conformance with customer specifications, or other
AMI specifications.

After devices undergo 100% testing in manufacturing,
they are sent to Quality Assurance for acceptance.
Lots are defined, and using the product specifications,
sample sizes are determined, along with the types of
tests to be performed and the test equipment to be
used. Lots must pass QA testing either with an LTPD
of 10%, or less, if the specification requires tighter
limits.

Three types of tests are performed on the samples:
visual/mechanical, parametric, and functional. All tests
are performed both at room temperature and at ele-
vated temperature levels. In addition, a number of
other special temperature tests may be performed, if
required by the specification. Generally, high tempera-
ture tests are at 125°C.

To perform the tests, QA uses AMI PAFT test systems,
ROM test systems, Macrodata testers, Fairchild Sentry
systems, Western Digital Spartan systems, Impact
testers, and various bench test units, In special in-
stances a part may also be tested in a real life environ-
ment, in the equipment which is to finally utilize it.

If a lot is rejected during QA testing, it is returned to
the production source for an electrical rescreening. It
is then returned to QA for acceptance, but it is identi-
fied as a second-time lot. If it fails again, it is discarded
and corrective action in engineering is initiated. As
evidence of the problem is detected, the parts may
also be traced all the way back to the wafer run, to
analyze the cause.

When a lot is acceptable, it is sent to packaging and
then to finished goods. When parts are sent from fin-
ished goods, they are again checked by the QA group
to a 10% LTPD, with visual/mechanical tests. Also, all
supporting documentation for the parts is verified, in-
cluding QA acceptance, special, customer specifica-
tions, certificates of compliance, etc. Only after this
last check are devices considered ready for plant clear-
ance.
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If there are customer returns, they are first sample
tested by QA, to determine the cause of the return.
(Many times an invalid customer test will incorrectly
cause returns.) After QA evaluates all returns, they are
sent to Reliability for failure analysis.

RELIABILITY

The Reliability function in the Product Assurance Pro-
gram involves process qualification, device qualifica-
tion, package qualification, reliability program qualifi-
cation, and failure analysis. All are constantly moni-
tored. To perform these functions AMI Reliability
group is organized into two major areas:

e Reliability Laboratory
e Failure Analysis

Reliability Laboratory

AMI Reliability Laboratory is responsible for the fol-
lowing functions:

New Process Qualification
Process Change Qualification
Process Monitoring

New Device Qualification

Device Change Qualification

Device Monitoring
New Package Qualification
Package Change Qualification

Package Monitoring
e High Reliability Programs

There are various closely interrelated and interactive
phases involved in the development of a new process,
device, package, or reliability program. A process
change may affect device performance, a device change
may affect process repeatability, and a package change
may affect both device performance and process re-
peatability. To be effective, the Reliability Laboratory
must monitor and analyze all aspects of new or changed
processes, devices, and packages. It must be deter-
mined what the final effect is on product reliability,
and then evaluate the merits of the innovation or
change.

12-6

Process Qualification

For example, AMI Research and Development group
recommends a new process or process alteration when
it feels that the change can result in product improve-
ment. The Reliability Laboratory then performs ap-
propriate environmental and electrical evaluations of
new processes. Typically, a special test vehicle, or “rel
chip”, generated by R&D during process development,
is used to qualify the recommended new process or
process change.

The rel chip is composed of circuit elements similar

to those that may be required under worst-case circuit

design conditions. The rel chip elements are standard

for any given process, and thus allow precise compari-

sons between diffusion runs. The following is an ex-

ample of what may be included on a typical rel chip:
e A discrete inverter and an MOS capacitor

e A largeP-N junction covered by an MOS capacitor
® An additional MOS capacitor

e A large P-N junction area (identical to the junc-
tion area above, covered by the MOS capacitor)

e A long conductor, which crosses a significant
number of etched cutouts

e Several conductors, which cross a deeply etched
area

These parts of the rel chip each allows a specific test
to be performed. As an example, the discrete inverter
and MOS load device accommodate power life tests.
As a consequence, any type of parameter drift can be
observed. The MOS capacitor, covering the large P-N
junction, can serve to indicate the presence of contam-
ination in the oxide, under the oxide, or in the bulk
silicon. If unusual drift is evidenced, the location of
contamination can be determined through analysis of
the additional MOS capacitor and the large P-N junc-
tion area. The metal conductor crossing a number of
etched cutouts is useful for life testing under relatively
high current conditions. It facilitates the detection of
metal separation when moisture or other contaminants
are present.

The conductors crossing deeply etched areas allow the
checking of process control. Rather than depending
upon optical inspection of metal quality, burned out
areas caused by increased currents are readily identi-
fied and provide a quantitative measure of metal qual-
ity.
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If the Reliability Laboratory determines that a recom-
mended new process or process change is viable for
the manufacturing purposes, further analysis is neces-
sary to determine that production devices can be manu-
factured in high volume, in a repeatable and reliable
manner.

Process Monitoring

In addition to process qualification, the Reliability
group also conducts on-going process monitoring pro-
grams. Once every 90 days each major production
process is evaluated using rel chips as test vehicles. The
resulting test data is analyzed for parameter limits and
process stability. In this manner AMI can help assure
repeatability and high product quality.

Package Qualification

New packages are also qualified before they are
adopted. To analyze packages, a qualification matrix
is designed, according to which the new package and
an established package (used for control) are tested
concurrently. The test matrix consists of a full spec-
trum of electrical and environmental stress tests, in ac-
cordance with MIL-STD-883.

Failure Analysis

Another important function of the Reliability group
is failure analysis. Scanning electron microscopes, high
power optical microscopes, diagnostic probe stations,
and other equipment is used in failure analysis of de-
vices submitted from various sources. It is the function
of the Reliability group to determine the cause of fail-
ure and recommend corrective action.

The Reliability group provides a failure analysis service
for the previously mentioned in-house programs and
for the evaluation of customer returns. All AMI cus-
tomers are provided a failure analysis service for any
part that fails within one year from date of purchase
and the results of the analysis are returned in the form
of a written report.

SUMMARY

The Product Assurance Program at AMI is oriented to-
wards process control and monitoring, and the evalua-
tion of devices. The Program consists of three major
functions: Quality Control, Quality Assurance, and
Reliability. Constant monitoring of all phases of pro-
duction, with information feedback at all levels, allows
fast and efficient detection of problems, evaluation
and analysis, correction, and verification of the correc-
tion. The overall result is a line of products which are
highly repeatable and reliable, with a very low reject
level.

|
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Application Notes Available

AP74-3 S$2144 8-digit, 4-function Calculator

AP75-4A 89411 8-digit, 5-function Calculator (LED)

AP74-5 $9412 8-digit Multifunction Calculator (LED)

AP74-6 S$9412 8-digit Multifunction Calculator (Fluorescent Display)
AP75-8 Dynamic RAMs are Easy and Economical (See page 13-3)
AP75-9 Designing with 1103 Memories (See page 13-17)

AP75-10  MOS Circuits for Electronic Organs (See page 13-23)
AP75-11  Testing Dynamic RAMs (See page 13-31)

AP75-12  Digital Electronic Clock Circuits Using the S1998
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MARCH, 1975

Dynamic RAM:s are Easy and Economical

Les Brock

INTRODUCTION

Traditionally, dynamic read/write memories have
been held with some disdain by system designers, who
often undertake specific efforts to avoid using them.
The reason, of course, is that a dynamic RAM must
be periodically refreshed to maintain the information
stored in its capacitive storage cells while a static RAM
requires no refresh circuitry nor refresh time for the
device to operate totally asynchronously. The reason-
ing runs along these lines: “Why should I design with
a dynamic RAM since this requires that I cope with
the additional cost and design of refresh circuitry as
well as consider the time consumed by the refresh
cycle when this isn’t necessary in a static RAM?”
The answer to such a question is simply this: dynamic
RAMs cost much less than static RAMs, refresh
circuitry is very simple and inexpensive, and the
refresh cycle uses as little as 1% of the time a dynamic
RAM is used in a system. The system designer who'
takes the time to analyze just how easy it is to use
dynamic RAMs can realize significant cost and power
advantages with little or no loss in system speed.
With a little information, and a little work, a designer
can cut memory system cost in half. And let’s face it,
total system cost must be the primary design
consideration.

THE ECONOMICS OF DYNAMIC RAMs

Today, dynamic RAMs cost significantly less
than comparable static RAMs. In a system using
dynamic RAMs, the additional cost of refresh cir-
cuitry runs between $5 and $10, and this cost remains
the same whether two dynamic RAMs are used or two
hundred are required in a given system. For the sake
of comparison, assume a cost of $8 for refresh
circuitry and output sense amplifiers for a 1024-bit
dynamic RAM, such as the AMI S4006. Now, in a
small system using only two RAM circuits, ‘this
extra circuitry runs $4 per RAM, but in a system

using 16 RAM devices, this circuitry costs only
50 cents per RAM. Remembering that dynamic
RAMs can cost as little as half the cost of static
RAMs, the cost advantages even in a 16-device
memory system (2K-word x 8-bit) are significant.

Another important cost consideration involves
developments in the RAM field in the foreseeable
future. Present trends indicate that the 1024-bit
static RAMs will not be cost competitive with
1024-bit dynamic RAMs for at least another year to
year-and-a-half. Also, 4K dynamic RAMs are just
entering the marketplace, and they will be competitive
with 1024-bit dynamic RAMs almost immediately.
Static RAMs, on a cost basis, will probably never
be competitive with a 4K dynamic RAM. So, design
with easy to use dynamic 1024-bit RAMs now, and be
ready to work with the 4K dynamic RAMs with the
confidence of experience.

THE SIMPLICITY OF REFRESH

Dynamic RAMs such as the S4006 cannot store
data indefinitely unless the stored data is written
back into the capacitive storage cells periodically.
This writing back of stored data is called Refresh. The
Refresh operation can be performed either during the
Write operation, -or during a separate Refresh cycle.
In a 1024-bit memory such as the S4006, there are 32
Row and 32 Column addresses. If all Row addresses
are continually addressed during normal Write opera-
tions in less time than the Refresh operation requires,
no special Refresh cycle is necessary. When normal
Write operations do not provide this automatic re-
fresh, a separate Refresh cycle can be used. This
Refresh cycle is very simple. The only difference
between the Refresh and Write operations is that the
Chip Enable input is disabled (held HIGH). Disabling
the Chip Enable input removes data from the output
and prevents any new data at the input from being
stored. The time required for a separate Refresh
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operation with a 1024-bit memory is 32 times the
Write cycle time. A system providing transparent or
invisible Refresh for a 2K-word by n-bit memory
using S4006 family circuit is discussed in detail later
in this paper.

There is an interesting comparison that can be
made between the Read/Write/Refresh operations of
an S4006 type dynamic RAM and the Read/Write
operations of a static RAM such as the 2102. As far
as the Address and Read functions are concerned, a
4006 dynamic RAM and 2102 static RAM are vir-
tually identical. From the point of view of the Write
function, however, a 4006 dynamic RAM performs
either the Write function, or the Refresh operation,
using only a single clock pulse. A static RAM such as
the 2102, on the other hand, has a special require-
ment for a Write operation. The 2102 requires an
advance notification of 50 ns before an address
change so that the Write pulse can go from a LOW to
a HIGH. No memory is capable of ESP, so the static
RAM must always be returned HIGH immediately
after a Write operation, waiting at least 50 ns for the
next Write address. This requires another clock, or
clock pulse, so the static RAM in effect requires one
more clock pulse than the dynamic RAM. In other
words, the S4006 requires only one clock to clock
the Write pulse from a HIGH to a LOW, and the
address change clocks the Write pulse back to a HIGH
level. The 2102, however, not only requires the one
clock to clock it from a HIGH to a LOW, but it must

be clocked back HIGH again after the Write pulse to
make sure that it is HIGH for at least 50 ns before the
next address.

The dynamic S4006 RAM requires a single clock
pulse while the static 2102 RAM requires two, and a
memory such as an 1103 1K dynamic RAM requires
three. And refreshing the S4006 only requires holding
CE. HIGH during the Write cycle for 32 Rows of
address, or 32 times the Write cycle. Since the refresh
circuitry can handle an almost unlimited number of
S4006 RAMs and utilizes only standard, off-the-shelf
TTL SSI and MSI components, obviously, the idea of
refresh can’t be that bad.

COMPATIBILITY

Dynamic RAMs are less expensive, consume less
power, and are as fast as static RAMs. The S4006
RAM family also offers the added advantage of pin-
for-pin compatibility with the 2102 1024-bit static
RAM. This means that when 2102 prices become
competitive with S4006, designers can convert from a
dynamic RAM system to a static RAM system by
merely leaving off the refresh circuitry.

A 2K-WORD X 8-BIT RAM USING THE S4006

The block diagram in Figure 1 shows the typical
organization of a 2K-work by 8-bit memory using
S4006 RAMs. This system incorporates input buffers
and output sense amplifiers for total TTL compati-
bility. Also, an invisible refresh circuit, described in

|
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)

Cn SLINES Cn'

Ry 5LINES

CE

vss

Rin*
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Rn’ 5 LINES
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CEo

DATA INPUTS

L

f———-O Vss
0 Voo
Vss = Vee

16 RAMs

CEq

RW

RW

INVISIBLE REFRESH CIRCUIT
INPUT BUFFER, IF REQUIRED

—J L

*The inouts of the S4006 family
VIH=VsS_-1.5V. With no dc load pulling down its
output, a TTL gate has a VOH>VsS ~1.6V. However,
since a TTL gate is only guaranteed to a VOH>2.4V,
a 56 KQ resistor should be connected between
Vss (VCe) and each 4006 input.

OUTPUT SENSE AMPLIFIERS

DATA OUTPUTS

FIGURE 1. TYPICAL ORGANIZATION OF A 2K-WORD X 8-BIT MEMORY USING S4006 RAMS.
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detail later, is included. Such a refresh circuit could
be built on a separate printed circuit board in order
to drive several S4006 RAM boards.

A memory system using S4006 devices can
accept asynchronous address changes only when the
R/W line to the chip is HIGH. Therefore, in a truly
asynchronous addressing system, the Write pulse must
be considered because the memory could be refresh-
ing when it is not being addresses. An interesting
feature of the Refresh circuitry, to be discussed next,
is that after the first Read or Write cycle time (which
for worst case includes one twp from the prior Re-
fresch cycle) the entire memory can be accessed at
the actual chip access time. If the time between two

address changes is longer than:tyc + tAw, memory
Refresh occurs, and the R/W line will go LOW and
not allow a new address to be entered until the end of
taw. However, as long as new address changes occur
within taw, they will be accepted and the memory
cycle time will be equivalent to the actual cycle time
of the RAM chip itself.

INVISIBLE REFRESH FOR A DYNAMIC
RAM SYSTEM

The refresh circuit shown in Figure 2 can be
used for a 2K-word by n-bit completely asynchronous
read/write memory system using S4006 family
RAMs. 1t is easily expandable to a 32K-word system

D

2
4-7475 QUAD LATCHES
4-8242 QUAD EX-NOR GATES

Ac
|
|
|
|
|
|
I
I
1
|
I
I
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|
I

USED FOR 16K WORD MEMORY ]

RV A
|sRo8E cHANGE

vee

3

1T

CEPU -t

=T e 500

i

tCEPU = tCDPD * 50ns = 250ns

FIGURE 2.INVISIBLE REFRESH AND POWER DOWN FOR A 8K WORD X N
BIT MEMORY USING THE 4006 FAMILY
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with the addition of only three TTL devices. Because
S4006 family device inputs are TTL compatible,
standard SSI and MSI TTL components can be used
producing the lowest cost high speed invisible refresh
system. The S4006 family only requires a low power
TTL gate or grounded emitter transistor for output
sensing.

This refresh system consists of three basic func-
tions; an Address Change Detector (ACD), a Multi-
plexer (MUX), and the Control Logic, Oscillator and
Refresh Address Counter (CLORAC).

Address Change Detector (ACD)

The refresh system control logic requires indica-
tion of an address change which is the function of the
ACD. The ACD uses three quad latches and three
quad Exclusive NOR gates to detect an address
change and asynchronously indicate this change to
the CLORAC. The address stored in the latches is
compared to any new address in the Exclusive NOR
gates. If the addresses are different, the appropriate
wired-OR Exclusive NOR gate output goes LOW pul-
ling the Address Change (AC) line LOW. Given the
condition that the Board Select input (BS) is LOW,
and that none of the RAMs is recieving a write pulse,
a new address can be strobed to the input latches.
Once this occurs, the addresses being compared by
the Exclusive NOR gates are the same, and all Exclu-
sive NOR outputs return HIGH.

Multiplexer (MUX)

In this refresh system, two quad 2-input multi-
plexers simply function as an 8-pole double throw
switch, multiplexing the Row Address, Chip Select
and Read/Write terminals of the RAM system be-
tween the system inputs and the refresh inputs.

Control Logic, Oscillator and Refresh Address Counter
(CLORAC)

All necessary control signals.for the multiplexer
and the address change detector are generated by the
CLORAC. Any address change detected by the
ACD is not accepted by the CLORAC unless the
Board Select input is LOW and a write pulse
is not being applied to the RAMs. If these con-
ditions are met, the new address is accepted
stored, the oscillator is synchronized, and the refresh
flip-flop is reset for memory Read or Write operation.
Immediately, a full oscillator cycle is also started

(tAw + twp).

In a Write operation, if a new address is not
applied at the end of the Write Cycle (toAw + twp),
then the refresh flip-flop is automatically clocked
into the refresh state (Qrgy = HIGH). This refresh
operation continues until an address change is detect-
ed and applied. If no address change occurs during a
time equal to 32 Write Cycle times, all RAM storage

|
ADDRESS
(
INPUTS
TO SYSTEM NO GHANGE X 1 J x
o 41 I I 0
TO CHIP L ' \ l ’ {
R/W I
INPUT TO SYSTEM l
R/W'
TOCHIP | \ ‘ '
READ | READ | READ
ﬂ——.l‘REF. WRITE’|'~0<-WR|TE’1'~REF #‘—WRITE’i‘- J
—) | REF.
BEGIN
A B REF. D
A — New Address is Not Accepted During WRITE PULSE (twp).
B — New Address is Accepted at End of WRITE PULSE.
C — Worst Case Cycle Time Must Include Waiting For Completion of WRITE PULSE.
D — Refresh May Be Aborted if the Address Changes Before R/W Goes LOW.
FIGURE 3. WAVEFORMS GENERATED BY THE INVISIBLE REFRESH CIRCUITRY




APPLICATION NOTE
AP75-8

elements are automatically refreshed. Refreshing is
accomplished with the Chip Select input disabled
(HIGH) while the synchronous binary refresh counter
increments through all 32 Row addresses simultane-
ously with a write pulse being applied to the Read/
Write input. If the RAM is not completely refreshed
due to continuous Read cycles, every 2 ms (for the
S4006 and S4008), address changes must be inhibited
to allow completion of the refresh. Any time a re-
fresh of a Row address is aborted due to the applica-
tion of a new input address for reading or writing, the
aborted refresh Row address will be re-applied to the
RAM when refresh resumes.

INPUT/OUTPUT BUFFERING
Input Buffering

All inputs to the S4006 family devices are TTL
compatible simply by using a pull up resistor. Some
users prefer not to buffer the inputs at all. However,
to provide input buffering, for example, for a
2K-word by 8-bit memory with each input at 5 pF,
the address lines would present 80 pF (16 x 5 pF).
This 80 pF capacitance can be easily buffered with a
standard 7404 hex inverter. In larger memory sys-
tems, a high current driver such the Signetics 8T90
quad bus driver should be used to provide adequate
buffering for the Address and Read/Write inputs.

Output Buffering

System access time is strongly influenced by the
type of interface circuit used to convert the memory
output signals to system logic levels. Several methods
are in common use, ranging from a simple transistor/
resistor combination to dual line receivers and 3-state
output buffers. Sense amplifiers vary in performance
specifications from very fast, high threshold types to
slower, low threshold circuits. The output sense
amplifier method selected depends on the particular
memory applications, again with speed and cost the
primary considerations.

The simplest output sense amplifier configura-
tion is just a transistor (2N2639 or equivalent) and a
resistor, Figure 4a. This current sourcing method
provides higher speeds because the propagation delay
through the output structure is minimal compared to

TO DATA BUS
54006 Do 2N2639 OR PULL-UP RESISTOR

FAMILY

5.6K

FIGURE 4a. SIMPLE SENSE AMP

other methods. It is also an inexpensive approach. A
possible disadvantage of this sense amplifier is that
since each column of the memory, regardless of the
number of rows, requires two discrete components,
this could represent substantial space on the printed-
circuit board.

Another method for converting small signal
MOS outputs to TTL logic levels uses a dual line
receiver such as the TI 75107 as the sense amplifier.
This circuit switches its output to a TTL logic HIGH
level when the 75107 non-inverting (or positive) in-
put is 25 mV more positive than the inverting (or
negative) input. Conversely, the 75107’s output
switches to a TTL logic LOW level when the non-
inverting input reaches a level 25 mV below the
inverting input reference voltage. This means there is
only a 50 mV window where the 75107 output is
undefined. This approach offers simplicity, economy
and adequate speed. It does, however, require one IC
package and two resistors for each column in the
memory, Figure 4b.

75107/8

|||-—

:;1203 TTL LEVELS
N

S4006
FAMILY

9
<

> 15KQ
b3

-12v

FIGURE 4b. 75107/8 DUAL SENSE AMP
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family devices. Typically, the powered down mode
results in a device power dissipation figure of 25 mW,
. MC3430/17213 compared to 350 mW in the full power mode. Worst
$4006 o

FAMILY h
18K 55mV
+

+5V O—AAA—9
o
2000 3 S 2002

TTL LEVELS

FIGURE 4c. MC3430/1/2/3 QUAD SENSE AMP

A third approach to output sense amplifiers for
the S4006 family utilizes a quad differential voltage
comparator such as the Motorola MC3403-33 devices.
These devices are high speed comparators with a
special specification called input Sensitivity, a
parameter derived by combining the effects of input
offset voltage, input offset current, voltage gain,
temperature variations, and input common mode
range. This parameter specifies the minimum differen-
tial input which guarantees a given logic level. One
quad comparator operates as a single package sense
amplifier for four columns of memory. Each column
is tied to one of the inverting inputs of the com-
parator and to ground through a 2002 resistor. The
only other components necessary are in 18 k&
resistor on the +5 V line, which feeds all the com-
parator non-inverting inputs and is also tied to ground
with another 20082 resistor. This approach provides
outputs compatible with standard TTL loads (10 UL)
with a propagation delay of 40 ns, all in a single IC
package for 4-bit memories. A 16-bit memory system
would only require four quad comparators, Figure 4c.

All of the output buffering approaches discussed
for the S4006 family devices can be driven by a 2102
static RAM. Even though these devices are directly
compatible, the fact that these output buffering
circuits can be driven by a 2102 makes a dynamic
RAM system designed for the S4006 family devices
readily adaptable to using 2102 static RAMs.

POWER DOWN OPERATION
Significant reductions in power requirements

and dissipation are possible by incorporating some
power down capability in a memory using S4006

case figures run at 50 mW in power down operation
versus 570 mW at full power.

As a practical example, a 16K-word x 8-bit
memory (a total of 120 RAMs) dissipates 44.8 W
(350 mW x 120). The same memory incorporating
power down circuitry which powers up only 1K
words at a time dissipates only 5.8W (2.8W for the
powered up words, 3W total for all 15 other RAMs).
This is a dissipation figure only 13% of that at full
power. More startingly put, the full power up system
dissipates 772% more power than the powered down
mode.

There are a few considerations that the system
designer must remember when adding a power down
mode to an S4006 family system.

® All RAMs should not be powered up
simultaneously

® R/W and CE must remain HIGH during the
power down mode and until the system is
powered up.

® R/W must be HIGH 20 ns prior and CE
must be HIGH 200 ns prior to reaching
95% of Vpp full power when Vpp is being
turned off.

®  Rise and fall time of Vpp must be greater
than 20 ns.

If all RAMs are powered up simultaneously,
there are obvious problems with a large power spike
and heat. The R/W line must remain HIGH (READ)
during power down, otherwise the memory would try
to write and there would be insufficient power to do
so. The CE line must remain HIGH (DISABLED)
during power down because the system would try a
READ operation (R/W HIGH). In both cases, it
would be possible for undetermined changes to occur
in the memory, a very undesirable possiblity, Figure
5. By lowering the Vpp supply voltage to system
ground (Vgs — 5 V), power dissipation can be
reduced to about 50 mW without loss of stored data.
The Vpp supply should be returned to =12V and a
refresh operation initiated if the standby mode is
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maintained for 2 ms. Following the return of Vpp to
—12V, Read or Write operations may commence. The
rise and fall times of Vpp must be greater than 20 ns.
tacc and taw for the first bit after power up
are 100 ns longer than in normal operation.

Assuming a requirement that both R/W and CE
be HIGH at least 200 ns (tcppp) prior to power
down (Vpp at 95%) creates two possibilities.

® A tcppp of 200 ns plus 50 ns for
power-up stabilization can be inserted
between new addresses permitting only
1024 words to be powered up at a time.
This adds 250 ns to the normal cycle time.

® An overlap of tcppp length when two
1024 words could be powered up simul
taneously would allow addressing at the
nominal cycle time of the memory.
However, this simultaneous powering up of
two 1024 words would create a power
supply current spike 250 ns long.

Figure 2 illustrates the first possibility for an
8K-word by n-bit memory. When an address change is
detected, Ds, and Dg, and D7 (the Chip Select lines)
are stored for 200 ns (tcppp) after the address

change. During this tcppp period (OS. 1), CEy and-

R/Wp are held HIGH. At the end of tcppp, PEn
changes to the new address, and CEp is held HIGH
for another 50 ns while the address is powered up.
Thus, CEp is held HIGH for a total of 250 ns, or
tCEPU = tCDPD + 50 ns (OS. 2). The write cycle
period, twC, is increased 250 ns to incorporate
the tcgpy period.

Power Bypass

There is another important aspect to power
down operation. In a power down mode, if VDD
turns on and off quickly, significant transients could
exist because the chip, from Vpp to Vgg, represents
a capacitance of 75 pF. A bypass capacitor is requried
to minimize Vgg line noise. This bypass capacitor
(CBp), in order to bypass a voltage transition on
VDD, must be equal to chip capacitance (Cpp) times
the ratio of delta change in Vpp (AVpp) and delta
change in Vgg (AVgsg).

For a sample calculation, assume Cpp = 75 pF,
AVpp = 12V, and AVgg = 0.5V, thus

Cro = 75 pF —2¥ = 1800 pF
BP = 7> PY 55y P

A system using eight S4006 RAMs would require a
bypass capacitor of approximately 0.019uF. For lower
transitions (AVgg), a .47 uF bypass capacitor would
still provide a AVgg of only 15 —17 mV.

Cgp=0.47 uF

75 pF

AVgq =
887 0.47 uF

X12V X8 RAMs=15mV

CARE AND FEEDING OF THE S4006 FAMILY

As with any MOS circuit, there is a certain
danger of input damage and electrostatic damage. In
addition with dynamic logic, there can be noise prob-
lems such as ringing and crosstalk. These areas pose
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no real problem, however, if some simple “preventive
medicine” is practiced when designing with MOS cir-
cuits.

Ringing and Crosstalk

In any dynamic system, any parasitic inductance
tends to cause ringing on the clock edges. Pull up
resistors on all inputs sometimes help to avoid such
ringing. However, the inputs should not be allowed to
go more than 0.3V above Vgg. In fact, if the input
diodes become forward biased, holes will be injected
in the substrate causing random loss of bits of the
memory. In effect, these holes cause a level change on
the storage node, so a HIGH, for example, would
change to a LOW, with resulting loss of information.
One very effective approach to solving this problem is
simply putting one diode drop below Vgg on the pull
up resistors. This only requires tying all input resis-
tors to one diode. This works quite well with S4006
devices because an input HIGH is guaranteed to be
greater than Vgg~ 1.5 V.

In a memory system using S4006 family devices,
crosstalk occurs primarily because of distributed
parasitic coupling capacitors. Parasitic coupling oc-
curs throughout a system—in the clock driver, on the
PC board, in the wiring, and in the MOS device itself.
As a result, the clock signals react to each other:
whenever one clock level changes, the other attempts
to change.

As far as coupling capacitors in the device itself,
only the selection of a circuit with minimized cross-
over capacitances can have any effect in reducing
crosstalk. The S4006 family devices exhibit very low
internal crossover capacitances. To avoid crosstalk
caused by other system connection, two simple pre-
cautions should be taken. Use separate clock drivers
for each phase in the system, and keep clock lines, on
the boards or in the wiring, away from each other.

Electrostatic Damage

MOS inputs can be damaged by an accumulated
static charge because they have a high dc impedance.
Typically, manufacturers provide protection against
such damage by incorporating an input structure to

drain off any excess accumulated charge to the sub-
strate before any damage is done to the gate of the
input transistor. There are circumstances, however,
which can still cause problems for the unwary. These
include unterminated inputs, careless soldering
methods, and handling the devices in a static charged
environment.

Unterminated, or floating, MOS inputs are not
necessarily HIGH or LOW. Assuming that they are at
a logic HIGH level, as in the case for TTL inputs, can
cause a non-catastrophic failure since a control input,
for example, could switch the device to an unexpect-
ed operating mode. This happens when the static
charge accumulation reaches the input switching
threshold. The device may not be damaged, but there
would be an apparent malfunction. MOS devices
mounted on a PC board should be considered just as
vulnerable, because an unterminated trace on the
board is still an open line. All traces on the board
connected to MOS inputs must therefore be termi-
nated somehow prior to the traces leaving the board.
A TTL buffer, a pull up resistor, or an MOS device
output all provide very satisfactory terminations.
Shipment and storage of MOS devices, alone and on
boards, must consider such input termination. The
device pins and board edge connectors for inputs
require some kind of protection; conducting foam or
tubes, or shunts.

Soldering MOS inputs requires grounded sol-
dering equipment. The use of an unisolated solding
iron can cause an excessive static charge.

When working with MOS devices, personnel
should not wear clothing which picks up static electric-
ity, such as silk or some of the nylon synthetics.
Enough of a static charge can be generated to damage
the MOS input transistors.

Obviously, a few simple precautions observed
when handling MOS devices can eliminate device fail-
ure, operation malfunction, and a lot of trouble-
shooting headaches.

CONCLUSION

Dynamic RAMs are not as difficult to design
with as is believed, and they offer significant cost

D ——————————————————————————————————————————————
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advantages over static RAMs. Presently, S4006 family
devices are more cost effective than comparable
1024-bit static RAMs such as the 2102 family. Also,
4096-bit dynamic RAMS will be even more cost
effective. As costs decline for 1024-bit static RAMs,
they may become competitive with 1024-bit dynamic
RAMs, but this is certainly not true of 4096-bit
dynamic RAMs.

Refresh circuitry is not difficult and uses a
negligible amount of time in a typical system (as little
as 1%). The refresh circuit described is automatic and
thus the term invisible. Except for the refresh
activity, the S4006 family dynamic RAMs, for all
practical systems considerations, functions exactly as
a static RAM.

As a matter of convenience, it is a much easier
design transition from work with S4006 family
dynamic RAMs to systems which will be using the
new 4096-bit dynamic RAMs. Also, by designing now
with dynamic RAMs, the system engineer will have
that much more experience and expertise when he is
faced with the 4K RAM devices.

APPENDIX I — TESTING THE S4006 FAMILY

The testing of an MOS/LSI dynamic RAM
includes several test methods which require some
explanation. Considerations such as the time which
would be required for all possible tests of a 1024-bit
memory, for example, indicate that selected tests for
worst cast conditions are desirable. Other factors,
such as access time and refresh are also reasons why
the testing of dynamic RAMs is somewhat different.

A dynamic RAM has a memory matrix, de-
coders, buffers, read/write circuits, and sense ampli-
fiers, all possible sources of either functional or
parametric failures. Effective test programs exercise
these internal systems thoroughly to detect internal
malfunction, usually by determining and using worst
cast test conditions. This appendix discusses some of
the factors concerning three areas of testing; pattern
sensitivity, access time, and refresh.

2 1 1815 14
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COLUMN DECODER CE AND COL
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12
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T onsvrrenJee o0

13
e— ce

3
READMWRITE
READ/WRITE 4[ vl

[ 0w seLect

COLUMN SENSE
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FIGURE 1. SIGNAL FLOW FOR SELECTED
ROW/COLUMN

PATTERN SENSITIVITY TESTING

Pattern sensitivity tests can be divided into four
categories.

Bit/Decoder Testing
Column Short Testing
Row Short Testing
Disturb Testing

An abbreviated listing of these tests and the test
sequence for each is shown in Table I. Table II illus-
trates the relationship between the physical arrange-
ment of the memory matrix and the external address
inputs. Both Row and Column addresses correspond
directly to the internal organization of the memory,
with the binary 00000 corresponding to Row or
Column 0, and 11111 corresponding to Row and
Column 31.

Bit/Decoder Test

The proper function of the individual memory
cells, as well as the row and column address decoders,
can be checked by one simple test. Parity of the
tester address bits determines the data pattern used,
Table III. The binary locations shown correspond to
the binary row and column locations listed in Table
IL .
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e SEQUENCE DATA
OPERATION | CE INPUT COMPARISON

BIT/DECODER* WRITE E PARITY

READ E PARITY
COLUMN SHORTS, WRITE E V BAR
NO WRITE DURING WRITE D V BAR
DISABLE READ E V-Bar
ROW SHORTS, WRITE E H-Bar
NO READ DURING READ D 1 0
DISABLE, MAXIMUM | READ E 0 H-Bar
POWER
DISTURB WRITE “ONES” | E 1

INTO ROW

WRITE E 0

“ZEROES" INTO

ADJACENT ROW

CONTINUE E 0

WRITE INTO

SAME ROW

READ FIRST E 1

ROW “ONES"”

*This test repeated with complemented data
TABLE I. PATTERN SENSITIVITY TESTING -

/
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coL 0 1 2 3 4 27 28 29 30 31

3) o - (=] - o - o - o -

ON o o - - o - o o - -

Om (=] o o o - (= - - - -

U’n o o o o o - - - - -

U’ o o o o o - - - - -

ROW R, R, | R, | R, | R,
0 0 0 0 0 0 1 3 5 7 9 55 57 59 61 63
1 0 0 0 0 1 65 67 69 71 73 119 121 | 123 | 125 |127
2 0 0 0 1 0 129 | 131 [ 133 | 135 | 137 183 [ 185 | 187 | 189 |191
3 0 0 0 1 1 193 | 195 | 197 | 199 | 201 247 | 249 | 251 | 253 (255
4 0 0 1 0 0 257 | 259 | 261 | 263 | 265 311 (313 | 315 | 317 |319
27 1 1 0 1 1 320 | 318 | 316 | 314 | 312 266 | 264 | 262 | 260 |258
28 1 1 1 0 0 256 | 254 | 252 | 250 | 248 202 | 200 | 198 | 196 | 194
29 1 1 1 0 1 192 | 190 | 188 | 186 | 184 138 [ 136 | 134 | 132 (130
30 1 1 1 1 0 128 | 126 | 124 | 122 | 120 74 72 70 68 66
31 1 1 1 1 1 64 62 60 58 56 10 8 6 4 2
— 1

TABLE II. Binary Location/Address Correspondence

Because the parity data pattern is not symme-
trical, it can be used for detecting decoder problems.
Also, this pattern is easy to generate and control. For
example, if one bit of the row decoder is not func-
tioning, only half of the 32 rows can be addressed.
With a symmetrical data pattern, this could go unde-
tected. Data would appear to be entering and leaving
the memory at all 1024 locations, but actually may
only be happening in 512 locations. The parity pat-
tern identifies data as wrong if it comes from the
wrong location. The error is detected by reading the

memory and comparing the data to the input data
pattern.

For example, using the data pattern shown in
Table III and attempting to write into Row 00001
and Column 00101 means a 1 should be written into
this location because the addresses are of different
parity. If the least significant bit in the column
decoder is inoperable and remains at a logic O, the
address accessed would actually be Row 00001 and
Column 00100. The 1 would be written into this
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TESTER TESTER DATA
ROW COoL. EN-
ADDRESS PARITY | ADDRESS | PARITY TERED

00000 0 00000 0 0

00000 0 00001 1 1

100000 0 00010 1 1

Row 0 00000 0 00011 0 0
00000 0 00100 1 1

00000 0 00101 0 0

00000 0 00110 0 0

00000 0 00111 1 1

L L 00000 L o L 01000 | 1 L1 I
] % 00001 7 1 7 00000 ] 0 ] 1 1

00001 1 00001 0 1

Row 1 00001 1 00010 1 0
00001 1 00011 0 1

00001 1 00100 1 0

00001 1 00101 0 1

00001 1 00110 0 1

00001 1 00111 1 0

00001 1 01000 1 0

Note that changing the row address bit by one changes the data pattern entered.
TABLE III. Parity Data Pattern for Bit/Decoder Test

location, which should have received a logic 0. Read-
out and comparison to the correct input data pattern
detects this error. Any decoder bit in error thus has
the effect of changing the address accessed by one bit

and always causes erroneous data to be written into

the accessed location.

This test is done twice, using complemented
data on the second test, so that both a 1 and a 0 are
written into every cell and read out of every cell. If a
cell fails in any of the four functions, it will be
detected in this test. However, shorts between
columns or rows can go undetected, so separate

checks must be made to check for row-to-row or
column-to-column shorts.

Column Shorts

Writing alternate columns of O and 1 detects
possible column-to-column shorts. Writing can not be
performed during this test and it is necessary to
prevent writing while the chip is disabled. For the full
address sequence of 1024 addresses, a complementary
V-Bar pattern is applied with the Write enabled and
the chip disabled. Then the chip is enabled and the
data is read and compared with the Vertical Bar pat-

13-14



APPLICATION NOTE
AP75-8

SEQUENCE
TEST DATA
INPUT COMPARISON
OPERATION CE
ACCESS TIME * WRITE E V_—Bar
WRITE E V — Bar
DELAY D 0
READ E V _ Bar

*This test is repeated with complemented data

TABLE IV. ACCESS TIME TESTING

tern. If any errors are detected, they are the result of
column-to-column shorts or failure of the chip
disable.

Row Shorts

Row shorts are detected by a similar test pro-
cedure, with alternate rows of 1 and O applied. So
that read does not occur during chip disable, the chip
is disabled, the read/write input is held HIGH (Read),
and a read operation is performed, comparing output
to input. The output should be 0 when the input is 1.
This detects the read disable as well as input-to-
output shorts. The outputs are then read with the
chip enabled, and the outputs comparing to the
Horizontal Bar pattern. Any error detected indicates
a row short.

A maximum power state occurs when all inputs
(Data, Read/Write, Chip Enable, Addresses) are at a
logic 1 during row short testing, with the row being
addressed containing a logic 1 in all cells.

Disturb Testing
Data can be disturbed or lost if the memory

node capacitance is discharged, and this can be the
result of adjacent write operations. This test checks

for this possibility by writing a row of 1 and then
writing a row of 0 in the adjacent row. After con-
stantly refreshing the row of O for a period equal to
maximum refresh delay, the original row of 1 is read
to determine if any 1 has turned to a logic 0. This test
is applied to all rows, and when Row 31 is reached,
Row 30 is used for continuously wiring a row of 0.

ACCESS TIME TESTING

The source of worst case access times is the
occurance of maximum delays in both the decoders
and the matrix. Decoder delay depends on the num-
ber of address bits which change from one address to
another. Matrix delay depends on the data being read,
the previous operation, the location of the memory
cell, and when a 1 is to be read, the elapsed time since
the last refresh or write operation. These delays are
also affected by temperature and supply voltage
variations.

The address sequence shown in Table II provides
worst case decoder delays. By using a vertical bar
pattern, it also provides worst case matrix delays.

Table IV illustrates that this test uses several
steps. The V-Bar pattern is first written into the
matrix, then the V-Bar pattern is written. Because of
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refresh during write, this creates maximum transis-
tions on the column sense lines. Then the chip is
disabled and the R/W input held HIGH (Read), for a
refresh delay. During this period, addresses are con-
tinually cycled to generate maximum internal noise.
After this delay, the data is sequentially read out
using the same address sequence as for the write
operation, and then compared to the last input. The
cycle is then repeated using complemented data.

Several objectives are accomplished by this test.
The ability of the matrix to maintain logic levels dur-
ing refresh is checked. The pattern and sequence used
assure worst cast access time. Charge leakage, which
can be detrimental to access time, is also checked by

reading a logic 1 in a cell after the maximum refresh
delay. The repeat of the cycle with complemented
data checks each cell for its ability to see both a logic
0 and logic 1, and also provides a worst cast test of
write capability during a maximum write cycle rate.

REFRESH TESTING

Temperature has an effect on various testing
activities, but this is particularly true of refresh
testing, because attempts at extrapolation from room
temperatures values generally yields inadequate
results. Refresh testing should utilize worst case data
sheet values at a test temperature of 70°C to obtain
reliable results.
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Designing with 1103 Memories

Dr. Eugene J. Swystun
Director of Memory Engineering

The popularity of 1103 type memory devices
has steadily increased as they have become readily
available in large volume, at prices which make them
competitive or even less expensive than core in com-
puter memory systems. The information in this appli-
cation note relates to parts made by AMI, as well as
most other manufacturers who offer 1103 type de-
vices. There are units available with worst-case access
times ranging from 120 ns to as much as 1 us, so it is
wise to become familiar with a particular device’s
specifications.

Since the original 1103 memories became general-
ly available, considerable experience has been gained
in the testing of these devices and their application in
memory systems. The information presented here is
intended for the memory system designer and for the
incoming inspection group.

TIMING

When working with an 1103 type device, it is
advisable to become familiar with the basic signal flow
through the device for both a Read and a Write oper-
ation. Refer to the device schematic in Figure 1 and
the timing waveforms in Figure 2.

Typical Read Cycle

In a normal Read cycle, the first thing that hap-
pens is a negative transition of the Precharge signal
(PREC). As a result, all Data In and Data Out lines
are precharged to the Vpp voltage (ON). Addresses
can change prior to this precharge operation, but they
must have changed and also settled early enough to
satisfy the minimum access time interval (t5 ). Pre-
charge provides the clock signal for two address func-

Figure 1. Timing Diagram of Write Cycle or Read/Write Cycle

e We O trwe |

v ADDRESS ADDRESS

aooness ARG ADDRESS STABLE CAN CHANGE
la— tac -] tovH e tcas]
ViH
v
PRECHARGE  VIL .
p [ cp —e

Vi [51— PC = |atoym (60% Points)

CHIP \ A F‘_cw
P
-l p —
ENABLE Vi ‘wp | 'W{
pw
READ/ Vi .
fo—tow —sfe—sf tOH
WRITE v
H X /7
DATA DATA CAN CHANGE /////////////m DATA CAN CHANGE
N ViL
............ ===, DATAOUT
DATA Vi A NOT VALID
out o1
tacct
v ke——DATA OUT:
oL tacc2 VALID

* o and tp, are referenced to the rising edge of Chip Enable or Read/Write, whichever occurs first,
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Figure 2. Schematic Diagram of 1103 Type Memory.

tions—one for the dynamic inversion of the address
inverters and one for the dynamic decoding of the
selected address decoders (both X and Y in the
diagram).

The second step in a Read Cycle is the negative
transition of the Chip Enable signal (CE). This turns
on the output circuitry and allows current to flow,
since the Data In line has already been precharged to
the Vpp or “ON” voltage. The CE signal also enables
the output transistors of all cells in the row selected
by the X decoder. Depending on the information
stored in each cell, its Data Out line is either dis-
charged to Vgg or left at Vpp- This conditional dis-
charge occurs during tov-

At the end of toy, the Precharge signal returns
to the Vgg level turning on both the refresh signal
(R) and the input transistors of all cells in the selected
row. When R (or R, depending on the state of Ag) is

turned on (changes from Vgg to Vpp), a condition-

al discharge of the Data In lines to Vgg occurs, based
on the state of each Data Out line. When the input
transistors in the selected row turn on, a refresh
voltage is applied to each cell.

As the Data In line conditionally discharges to
Vgg or “zero”, output current of the selected column
also falls from its previous level to “zero”, The time

- required from the 90% point of the second Precharge

transition to the point when the output current falls
below a specified “zero” level is called tpg. Total ac-
cess time for the device (t ACC) is determined by the
combination of these various time intervals and is
derived as follows:

tacc = tpc T2t T toy T YAtR *tpo
where T = CE negative transition time
tR = Precharge positive transition time
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Typical Write Cycle

A normal Write cycle always starts with the
typical Read cycle described above. This is necessary
for three reasons. First, the Y decoder must select the
proper Data In line in order to write into a cell.
Second, the input transistor of the cell must be on,
accomplished by CE. Third, the CE signal at the same
time also turns on all input transistors of all cells in
the selected row, requiring that the proper informa-
tion be present on each individual Data In line. The
only assurance that these three conditions have been
met is to start each Write cycle with a Read cycle.

Following the time interval (tpyy), data is written
into the addressed cell by enabling the Write Enable
input with a Vpp signal, while the data signal is
applied to the Data In terminal. Under these condi-
tions, the Data In connection offers a direct path to
the addressed cell. Upon the transition of the CE
signal to Vgg, all cells in the array are again isolated.

Minimum Overlap Time

There is a period of time when both the Precharge
and Chip Enable lines are at the Vpp level; this is
known as overlap time (tgy). An 1103 type memory
can enter a failure mode if minimum overlap time re-
quirements are not met. What actually happens in
such a failure mode is that the output signals tend to
degrade from “‘ones” (current present) to “zeros”
(current absent).

Early in a Read cycle, Data Out lines are pre-
charged to Vpp. For a good solid “one” to appear
on the Data Out line, the addressed cell must discharge
the line to VSS during the overlap time (toy)- When
toV is too short, the Data 'Out line remains partially
on. This tends to cause the Data In line to discharge
to Vgg through the refresh transistor in the sense
amplifier. The Data In line should, however, remain
at a solid Vpyy potential. If it does not, it results in a
weak current flow at Data Out, or a weak “one” level.
Specifications for minimum overlap times in 1103
type devices consider this chain of events and guard
against the occurrence of the condition.

Maximum Overlap Time

The reason for specifying a maximum overlap
time (toy Max) is not necessarily as obvious as the
need for tgy Min. However, if the maximum overlap
time is exceeded, the “zero” levels at Data Out
elongate into ‘““one” levels. The reason for this is that
the ““zero” levels stored in the cells are typically not
perfect. These imperfect “zero” levels are generally
the result of distributed stray capactiances throughout
the device.

A perfect “zero” level is the actual Vgg voltage.
A safety margin equal to one MOS threshold voltage
(V1) exists for each cell. If, however, the stored
voltage at an addressed cell is more negative than
Vss - VT, the cell’s output transistor is partially on,
instead of completely off. Consequently, the Data
Out line discharges toward Vgg through this partially
on transistor. Just how much the Data Out line dis-
charges is a function of the conductivity of the out-
put transistor and the duration of tgy. If a long toy
time is used, it is possible for the Data Out line to
leak sufficient voltage for a “zero” with a long time
constant (elongated) or even a ““one” to appear at the
Data Out terminal. This is because without a good
Vpp level on the Data Out line, the Data In line
cannot discharge quickly to Vgg.

tcw Timing Restrictions

There is another important aspect of timing with
most 1103 type devices. This is a parameter known
as toy and is normally specified on data sheets as
tow Max < 0 ns. The implication of this specification
is that during a Write cycle, the positive-going edge
of the CE signals must never occur prior to the
positive-going edge of the WE signal. If it does, errors
can occur in stored data and the refresh capability of
the device can be adversely affected. If WE straddles
the positive-going edge of CE, “ones” at the Data Out
terminals can change to “‘zeros”.

This type of failure is pattern dependent. That
is, a problem can exist only if a particular sequence’
of events occurs in a particular order. Refer to the
partial array schematic shown in Figure 2. During the
first half of a Write cycle, the Data Out line for the
column with a cell storing a “one” or Vpp discharges I
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to Vgg through that cell. With a WE pulse present the
Data In line discharges to Vgg. This turns off the re-
fresh amplifier path for the Data In line. This is the
point at which any cell in the column storing a “one”
faces a potential problem. The only separation be-
tween the stored “one” (Vpp) and Vgg on the Data
In line is the input transistor. The voltage on the gate
of this input transistor is also Vgg and it is only held
off by the threshold voltage (V), typically 2.0 V. If
the CE pulse makes a positive transition at this time,
some of the positive voltage will be coupled from the
gate of the CE control transistor to the Data In line.
At this point in time, the Data In line is floating. When
WE makes a positive transition, a relatively large posi-
itive voltage is coupled from the gate of the WE tran-
sistor to the floating Data In line. Such a ‘“‘charge
pumping’ effect raises the voltage of the Data Input
line above 'VSS + VT, turning on the input transistors
of the cells. Turning these input transistors on causes
the “one” levels to leak away.

VOLTAGE CONSIDERATIONS
Input Voltage HIGH

Transistor threshold voltages in MOS devices are
referenced to the Vgg power supply. Typical voltage
limit specifications for both clock and data input
signals to an MOS array are based on and governed
by the threshold voltage. With P-channel Si-gate devices
such as the 1103, the threshold voltage is approximate-
ly 2.0 V. However, this threshold voltage increases
with the application of positive substrate bias.

To be effective, a Clock or Data In line positive
transition must reach and maintain a Vi level at
least as positive as Vgg — V. If not, the associated in-
put transistors are not completely off, In order to pro-
vide some tolerance, most data sheet specifications
list the minimum allowable limit for Vy at 1.0 V
more negative than Vgg.

Maximum Vg limits are specified for reasons
which are just a little more subtle. Typically, the Vg
Max limit is specified at Vgg + 1.0 V, but some 1103
designs have problems with this limit.

One reason for the Viyg Max limit is based on
Data In circuit limitations imposed when a “zero”
(or Vgg) is written into a cell. In a column with at
least one cell storing a “one” (or Vpp), the storage
nodes of the “one” cells are isolated from the Data In
line only by input transistors. These input transistor
gates have a Vgg potential through the CE transistors
in the row decode circuits. If a “zero’ is written into
one of the cells in such a column, the positive voltage
applied to the Data In terminal appears on the Data In
line. This is a potentially dangerous situation for all
cells in the column storing a “one”. (Vpp is stored in
the cell, Vgg is right outside on the Data In line. Also,
Vgs is on the gate of the input transistor.) If the Data
In voltage level is raised one threshold voltage level
above Vgg, the input transistor is turned partially on
and the charge flows off the storage node. Therefore,
an input voltage HIGH which exceeds Vgg + VT
simply forward biases the input transistors of all cells
in that column. This causes the “ones” to leak toward
“zeros”, resulting in either a complete loss of the
“ones”’ or a decrease in refresh capability.

Another reason behind the Vg Max limit is that
if the input voltage becomes more positive than Vgp,
it forward biases the p-n junctions. The minority
carriers which appear in the substrate quickly destroy
“ones” stored in nearby cells, by drastically increasing
their leakage current.

REFRESH CAPABILITY

As discussed earlier, a “one” (Vpp potential) in
a storage cell is the unstable condition of 1103-type
memories. Because a portion of the storage node is a
p-type diffusion, inherent junction leakage tends to
discharge the node to the substrate potential, Vgpg.
In order to accomplish a successful refresh cycle, the
storage node must.maintain sufficiently high voltage
level over a specified period of leakage time, generally
listed as 2.0 ms. The refresh capability of most 1103
devices determined by leakage alone at 70°C usually
exceeds 40 ms. However, if electrical noise is present,
the refresh capability can be reduced to several milli-
seconds. This noise has two possible origins; it can be
externally applied through the power supplies, or it
can originate within the chip itself.
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Externally Applied Noise

In a situation with a ‘“‘zero” having been read
out of a cell, the Data In line is left floating at Vgg.
At this point, all cells in this column with stored
“ones” are susceptible to noise on both the Vggand
VBB power supplies. The danger here is that the Vpp
potential in these cells is only isolated from the Vgg
potential, so the only voltage margin keeping these
transistors in the off condition is the VT, approximate-
ly 2.0 V. If a negative noise spike on Vgg occurs that
is greater than VT, these transistors turn on and charge
is lost from their cells.

On the other hand, if a positive noise spike
occurs on VBB, it is capacitively coupled to the float-
ing Data In line. If this noise spike exceeds VT, the
cell input transistors are turned on momentarily,
again losing stored charge. The magnitudes of simul-
taneous positive and negative noise spikes is additive.
Thus, the algebraic sum of the two spikes need only
to exceed VT for the problem to exist. The amount
of charge lost in such noise spike situations is a func-
tion of the amplitude and duration of the noise.

Internally Generated Noise

A positive noise spike on a Data In line can cause
loss of data and can be generated in several areas.
One such source, capacitive coupling from the sub-
strate (VBR), was just discussed. Another source of
positive noise is the R or R transistor in the refresh
amplifier. A positive voltage transition on the gate of
one of these transistors will be coupled to the Data
In line. Because the A4 and A4 addresses participate
in deriving the R and R signals, toggling of the Agq
address causes a similar toggling of the refresh tran-
sistors. Thus, A4 address changes are a positive noise
source in the 1103.

A similar source of noise coupling is the WE
transistor at the end of each Data In line. This is a
large transistor, which compounds the problem. This
problem was described in the section on toy timing

restrictions. Many 1103 specifications neatly sidestep
this problem area simply by requiring the positive edge
of CE to occur last in a cycle (tow < 0). The AMI
solution to the problem was a design change, which
grounds Data In lines to Vgg at the end of each cycle.
In this manner, any excess voltage is drained away.

CONCLUSION

A system designer can be quite comfortable when
working with 1103 memory devices, and completely
successful too, by considering a few important factors.

® Familiarity with basic signal flow for both
Read and Write cycles.

® Awareness of the significance of various tim-
ing requirements.

® Consideration of the impact of power supply
noise, refresh capability, and the adverse ef-
fects of both internally and externally generat-
ed noise.

® How the above factors can cause loss of data,

~ erroneous data, or decreased refresh capability.

® The AMI 1103 device is far less susceptible to
these problems than all the others.

By working closely with users of 1103 memory
devices, AMI has gained an intimate knowledge of
problems associated with utilizing 1103s in memory
system manufacturing. Based on this experience and
on extensive studies, AMI is able to ship an improved
1103 device, which greatly eases system application
problems. The improvements can be translated direct-
ly into lower manufacturing costs and higher con-
fidence in using these devices.

Improvements in AMI’s 1103 have been accom-
plished by fine tuning of the layout and of circuit
details to overcome the sensitivities described in this
application note. The layout modifications have re-
duced stray capacitive coupling and minimized their
effect on device operating margins, and resulted in a
device which exhibits wider operating margins and
less pattern sensitivity.
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MOS Circuit for Electronic Organs

Ridge Cotton

INTRODUCTION

Music has always been a reflection of culture,
and strangely enough, a rather accurate indication of
the technological sophistication of a group, or period.
Most of the earliest music depended almost entirely
on rhythm, and it is not a coincidence that “primi-
tive” music used simple rhythm instruments. These
instruments were the only ones available.

With time, and accompanying sophistication,
techniques for producing string, woodwind, and brass
musical instruments developed and also with time,
have been improved. It is only natural that electronic
methods for the production of music would appear.
The electronic organ is probably one of the most
outstanding examples of electronically produced mu-
sic, and the development of the electronic organ
mirrors the developments that have occurred in
electrical technology.

Early vacuum tube organs were replaced by solid
state organs as transistors became available. Now, in-
tegrated circuits, specifically, MOS/LSI circuits, are
a dominant factor in electronic music. One reason is
the ability of MOS technology to produce circuits
for accurate tone generation, eliminating the need
for repeated tuning — and circuits for rhythm patterns,
enhancing the sound of the organ by simulating drums
and other basic percussion instruments.

At the present time, there are as many different
approaches to the design of an electronic organ as
there are organ manufacturers. However, there are
certain elements basic to almost any electronic organ
system.

TONE GENERATION

Musical tones occur in groups of twelve, called
octaves. Since the frequency of any tone in an octave

is exactly half the frequency of the corresponding
tone in the adjacent, higher octave, typical modern
electronic organs first generate the 12 frequencies in
the top octave. The remaining tones are obtained
easily with binary dividers. For example, an organ
producing 96 tones requires the 12 top octave fre-
quencies and 84 binary dividers. The block diagram
of a typical electronic organ in Figure 1 exhibits
this approach.
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FIGURE 1. TYPICAL ORGAN BLOCK DIAGRAM
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KEYING

‘Once the tones have been generated, some form
of keying is required to switch the appropriate tones
to the filters after the musician has selected the tone
at the manuals or pedals. One of two basic keying
approaches, ac or dc, is generally used.

FILTERING

Filters are used to shape the tone waveforms to

simulate the various voices of the organ — flute,
trumpet, etc. The signals are then mixed, amplified,
and routed to the organ speaker. Volume is controlled
by a swell pedal which attenuates the signals entering
the amplifier.

RHYTHM

In addition to these areas electronic rhythm
generators are becoming increasingly popular. Al-
though not essential to an electronic organ, they now
appear in varying degrees of complexity in most
electronic organs being produced. Rhythm generators
enhance the music by creating the illusion of a drum,
and also help the organist maintain tempo.

TOP OCTAVE GENERATOR

Because all musical frequencies are exactly half
of corresponding frequencies in the next highest
octave, it is beneficial to generate the 12 frequencies
of the highest, or top, octave. Generation of the top
12 frequencies in an electronic organ can be accom-
plished several different ways. The most obvious
method uses 12 independent oscillators. The major
disadvantage of this approach is high initial labor cost
for tuning. In addition, the oscillators can change
frequency with ‘time, requiring further organ tuning
at varying intervals. The AMI top octave generator
(S2555 and S2556) eliminates both of these difficul-
ties by dividing a single master frequency by 12
parallel divider chains; their outputs are the 12 top
octave frequencies Figure 2. This approach generates
the top octave with a high degree of accuracy (+1.1
cent error on all frequencies). In addition, an extra
C note is provided by the S2555 generator. The ad-
vantage of this extra note will become obvious during
discussion of tone dividers.

52655
1] 1 14{cs
2MHz 2 13| co
3 12|88
4 1] A8
-27v —1s 10 a8
-15v —f6 9| ass
-tov —17 8|8
2556
-
il i %
2 3
3 12
4 1
-2iv—s 10
-5V —1 6 9
VIBRATO ~tov—{ 7 8

OSCILLATOR

TOP OCTAVE
GENERATOR
10K $

3

26K 3

FIGURE 2. TOP OCTAVE GENERATOR
(S2555/6) WITH MASTER OSCILLATOR
AND VIBRATO GENERATOR

DIVIDER TONE GENERATOR

After the top octave frequencies have been
generated, the remaining octave tones are obtained
with binary dividers. Two AMI MOS divider circuits
are available for this function; the S2470 with six
dividers per package, and the S2193 with seven
dividers per package.

A typical organ, Figure 1, requires the generation
of seven octaves, or 84 frequencies, plus an extra C
frequency. This is because most organs need a low C
pedal and terminate the top octave with the highest
C, requiring the generation of one additional tone
beyond eight octaves. The organ shown in Figure 1
could use either 14 six-stage dividers (S2470) or 12
seven-stage dividers (S2193) with the extra C tone
being provided by the S2555 top octave generator. It
is also feasible to use the 12 top octave generator
frequencies in place of the 12 highest frequency divid-
er outputs. In this case, the organ could be built with
only 12 six-stage dividers.

Another typical divider application is shown later
in Figure 9. This three-octave “toy” organ uses S2193
dividers. It is relatively easy to build, requiring only
a low-current (<100 mA) power supply, a power
amplifier, and a speaker.
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With ac keying, Figure 3, frequencies from the
tone generator pass directly through the keyboard
switches to the bus outputs. As a result, annoying
“key clicks” occur when the key switch is closed
because the tone signal is applied instantly to the ac
bus. Also, with ac keying, desirable ““sustain’ of musi-
cal notes cannot be obtained because the tone signal
is removed instantly once the key switch is opened.
In other words, musical notes “click” on when select-
ed, and cannot linger unless the organist holds a finger
or a foot on the selected key or pedal.

However, ac keying is often desirable because of
lower costs. If the organ is a simpler, basic musical
instrument, ac keying is tolerable from both cost and
aesthetic viewpoints. As the organ develops sophistica-
tion, ac keying loses its advantage. Consider, for
example, the organ in Figure 3. This organ requires
more pitches, or “footages”, because the upper manual
supplies both 8" and 4' pitches. With ac keying, another
set of contacts is required for each additional footage.
if additional 16', 2', and 1’ pitch outputs were also
desired, the total number of contacts per key would
reach five. Obviously, the economic advantages of ac
keying decrease under these circumstances.

UPPER 4’ SQUAREWAVE
OUTPUT

]7 Ccla186Hz) —X m"m J
R1

C(2093HZ)

56 FREQUENCIES
FROM DIVIDERS

i l’—;’—-"-‘—-j;? m
7 O—WA—¢ | /04 R3
b
b R2 3
UPPER b R4
MANUAL
44 DOUBLE-CONTACT
SWITCHES =
UPPER 8' STAIRSTEP
ouTPUT
W— G(1046H2)
UPPER 8’
f R1 SQUAREWAVE
O-AAMA—

44 FREQUENCIES ouTPuT

FROM DIVIDERS LOWER 8’
OUTPUT —
SQUAREWAVE

R1~100R2

o F(87HZ)

< 44SINGLE | R3-2R4
R2S  CONTACT
J SWITCHES

C(131HZ) %)_ _____ /é
O 8'PITCH
BASS

26 FREQUENCIES OUTPUT

FROM DIVIDERS
16" PITCH
BASS
OUTPUT

R

13 PEDAL
Claznz) SWITCHES

FIGURE 3. ACKEYING SYSTEM

|[<e——— 56 TONES ——>]
IPPER M, AL
f— UPPER MANU [
o
. \ UPPER
. ® a4
D KEVER KEYER
* SWITCHES)|
L S
44 KEVERS 44 KEYERS 3
LOWER b3
14 MANUAL
00
5
* 4 SQUAREWAVES
. SWITCHES
e
(c A
le—e{ 44 TONES
O =\
T PEDALS UPPER
1 8 STAIRSTEPS
o SWITCHES
o
o
3 S L 44 KEVERS
-10v LOWER
8' SQUAREWAVES
FREQUENCY
s gy o1

13 KEVERS

[ m [] we R3
c1
SRS R4 KEVER
ouTPUT
R1<R4

KEVER

l} %
l‘oj
@

e
5l -"E
F
3
R
3 ?
z

FIGURE 4. DCKEYING SYSTEM

13-25



APPLICATION NOTE
AP75-10

With dc keying, a single contact key switch can
control any number of output pitches. Also, “key
click” is eliminated, and the desirable ‘‘sustain” fea-
ture is possible. Figure 4 shows a dc keying system. If
you check the keyer detail exploded view, you will
note that the appropriate frequency is applied con-
stantly to diode D1, normally back-biased. When the
key contactis closed, a negative potential is applied to
the key input, causing C1 to charge up relatively fast.
This forward biases D1 and applies the signal to the
bus. The charging time constant of C1 + R1 elimi-
nates “key click”, and when the key is released, C1
discharges through R4. This causes the ac signal to
decay slowly, obtaining “‘sustain”. If RS is grounded,
C1 discharges much faster, eliminating long sustain.

Many of the disadvantages of ac keying are more
than adequately eliminated by dc keying. However,
the addition of “footages™ or pitches requires an
additional set of diode keyers for each pitch when
using dc keying, much the same as ac keying requires
additional sets of contacts. But, with dc keying, there
is an attractive alternative. As shown in Figure 5, a
large number of dc keyers can be included on one
MOS/IC chip, significantly reducing the number of
components required for additional pitches. In addi-
tion, MOS dividers can be incorporated on the same
keyer chip, eliminating the need for separate divider
packages.

TOS INPUT (82655)

I Vbbp

———O KEYER OUTPUT

DC INPUT FROM KEY

- FIGURE 5. MOS KEYER

The result — an electronic organ keying system
which works with only one top octave generator
system, one key switch per key, and provides 16/, 8,
4',2', and 1' pitch outputs. Thus, it may prove cost-
effective in many electronic organ designs to replace
standard IC divider packages and discrete diode keyer
circuits with MOS/LSI systems. The high complexity
of such MOS divider-keyer systems, combined with
the widely varying musical requirements of the in-
creasingly large number of organ models available,
make the design of a standard MOS keyer product
impractical. Such an attempt could result in a new
“standard” product for each new organ model. The
solution is to obtain a custom MOS/LSI circuit de-
signed specifically for a particular organ model or
line of models. AMI has the ability to design such
custom MOS circuits to meet the exacting specifica-
tions required for musical keyer systems and the plant
capacity to produce these circuits in high volume.

FILTERING

After an electronic organ generates the required
frequencies and incorporates a keying system for selec-
tion of these tones, it must then offer a filtering
mechanism to simulate the various classes of musical
instrument sounds — strings, brass, flutes, etc. These
are known as “‘voices’ and are selected by activating
switches called “stops”. Three typical voice filters are
illustrated in Figure 6. The component values are not
listed because they depend on the specific voice to be
simulated. :

N O—WO out
T_E__T

FLUTE FILTER — (LOW PASS)

IN out

FORMANT (REED) FILTER

N O—‘VW—"—_L—-«N»—O out

i

STRING FIL;ER

FIGURE 6. TYPICAL FILTERS

13-26



APPLICATION NOTE
AP75-10

Of the many harmonics contained in the input
waveforms, the filters must pass only those which
are relevant to the voice desired, and certain wave-
forms are more suitable for filtering than others, de-
pending on the voice to be imitated. A low pass flute
filter, for example, attempts to pass only the funda-
‘mental sinewave. (Flutes actually possess more har-
monics, but, generally, electronic organs tend to have
flute voices made of sinewaves.) A squarewave is the
best type of waveform input for this filter, because
it contains no second harmonics, and the filter has
only to suppress third harmonics and above to achieve
the sine wave. The hollow sound produced by a
square waveform, and its odd harmonics, make it use-
ful for producing the clarinet voice, also.

Even though a squarewave is ideal for producing
flute and clarinet voices, it is useless for reed voices,
since these sounds require a full set of harmonics,
even as well as odd. A square wave input to a reed
filter produces an unpleasant, hollow musical result.
Stairstepping approaches are often used to generate
a waveform with all harmonics. Stairstepping is a pro-
cess which adds octaves of square waves to approxi-

mate a sawtooth waveform. The sawtooth waveform’
approximation improves with the addition of more
octaves. Referring back to Figures 3 and 4, a stair-
stepping method was used to add the 4’ and 8’ output
busses to obtain an 8' stairstep. An obvious advan-
tage of this method is the very small number of com-
ponents involved. The disadvantage lies in the musical
result since the 8' stairstepped output contains only
two octaves, whereas three or even four would be
musically superior. Further, the 4’ output is not stair-
stepped at all, and it would be impossible to obtain
a stairstepped 4' output without adding either an
additional set of contacts in an ac keying system, or
an additional set of diode keyers in a dc keying system.

There are, fortunately, other methods of obtain-
ing stairstepped waveforms, and Figure 7 illustrates an
approach which obtains these stairstepped waveforms
at the tone generation stage, prior to the keyer stage.
This method provides additional steps in the wave-
form and, hence improved sound quality. However,
it may require additional dividers and a large resistor
network.

B c
A +2 +2
R1 R2 R3
O D
%R4

R1=2R2=4R3> R4

FIGURE 7. STAIRSTEPPING AT GENERATOR OUTPUT
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RHYTHM

Rhythm generation adds to the music by simu-
lating percussion instruments and by maintaining
tempo for the organist. Relatively sophisticated
rhythm systems have become practical in moderately
priced organs because of the large storage capacity of
a single MOS chip.

Basically, a rhythm system requires a rhythm
generator device capable of producing several thythm
patterns for a given instrument and circuits which
simulate the sounds of various rhythm instruments,
see Figure 8. The production of rhythm patterns
often requires a minimum sequence length of 32 bits.
A sequence length of 64 bits provides almost all

BONGO DRUM

-12VOLTS

*r
MOS/LS! b
RHYTHM 36
GENERATOR 36 WOOD BLOCK

58890 34 e

33 TO ORGAN
32 AMPLIFIER
31 -

21— 30 cymBAL

CONTROL ‘\ l ! I ‘& t I

FIGURE 8. RHYTHM GENERATOR

ROCK

SWING
SLO ROCK

WALTZ

JAZZWALTZ
BALLAD

rhythm patterns desirable. Eight to ten outputs, each
capable of producing a 32 to 64-bit sequence, can
simulate most of the common rhythm patterns.

Control terminals for altering the sequence at the -
outputs make it possible to program a read only
memory in the generator, providing eight to ten
rhythm patterns such as waltz, fox trot, tango, etc.
If random access memory is used, other thythm pat-
terns could be selected from the organ keyboard. De-
tailed descriptions of rhythm generators are included
on AMI rhythm generator data sheets for the S8890,
S$2566, and S2567. In addition, custom MOS/LSI
rhythm generators can be developed to meet varying
organ design requirements.

OTHER MUSICAL FEATURES

Many of the basic requirements of an electronic
organ can be met by MOS/LSI circuits. Additionally,
very complex musical systems can be built with
standard read only and read/write MOS memories for
complex synthesis and storage functions. For example,
random access read/write memories (RAMs) can be
used to store patterns of organ stop selections. Stop
combinations could be made only once on the key-
board and stored in memory to be selected as desired
by the organist. Memory circuits are also quite useful
for storing musical chords, walking bass features, and
other “complex’” musical effects. Again, the system
specifications for each application vary widely, often
leading to a custom MOS/LSI circuit to accommodate
a particular manufacturer’s design.

CONCLUSION

Current electronic organs have gained much
sophistication while remaining popularly priced, pri-
marily due to developments in MOS/LSI circuits.
Several AMI standard organ circuits provide the basic
elements for an electronic organ. In addition, standard
MOS/LSI memory circuits can be combined to pro-
vide quite sophisticated musical effects such as walking
bass and chord production. Such effects have been
impractical, if not impossible, to achieve in the past.
When organ system designs require MOS circuits not
available as standard products, AMI has the ability to
design custom MOS circuits to meet a variety of
specifications for electronic musical instruments.
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Testing Dynamic RAMs

Jim Dodson and Mike Mattson

INTRODUCTION

Successful testing of dynamic MOS RAMs
requires knowledge of many factors which influence
the performance of the memory. When dealing with
dynamic devices, the slightest imperfection can affect
the speed of the devices, so it becomes very important
to adopt testing methods which can detect any such
imperfections. On the other hand, these testing
methods must lie within time constraints: too much
time devoted to testing, runs head-on into the
economic aspect. In the final analysis, economics is a
primary consideration. This is true for both the
manufacturer and the user.

There are several approaches to memory testing
which have evolved based on time/cost considerations.
One such approach is GALPAT, the well-known
galloping pattern. This method requires time, based
on the bit size of the memory, equivalent to 2n? + 2n,
where n = number of bits in the memory. For a
1024-bit memory, this is roughly 2 x 108 times the
device cycle time. A 1024-bit memory with a 400 ns
cycle time, for example, would require almost one full
second for a single voltage test. A memory such as
the 1103°, which uses eight combinations of voltage
and time for testing, requires almost 8 seconds of
testing for only one test pattern.

If the memory being tested is pattern sensitive,
more voltage/time combinations must be used in test-
ing. It is conceivable to use as many as 12 combina-
tions in a GALPAT test and this becomes quite costly.

Over the years AMI has learned much about
dynamic RAM production and testing. The ability to
produce a dynamic RAM with outstanding electrical
performance and high reliability characteristics stems
from a highly interactive combination of multiple
factors, and testing is a predominant influence. These
interactive factors are:

Conservative Topological Design
Production Process Control
Thorough Test/Characterization
Reliability Testing

Effective Failure Analysis
Accelerated Stress Testing

Rather than discuss testing in general terms, this
note uses data accumulated for the AMI S1103 1024
x 1 silicon gate MOS dynamic RAM. Accelerated test
data from a number of years is available for this part,
and a cumulative summary of AMI test results is
shown in Table I. It is evident from this data that the
device is not only reproducible with good yield results,
but also is highly stable with regard to performance.

Table 1. Cumulative Summary of Stress Test Data for the S1103 Dynamic RAM

JUNCTION
TEST TEMPERATURE NUMBER OF NUMBER OF NUMBER OF
Tj C DEVICES UNIT HOURS FAILURES

Operating Life 140 706 1,913,000 9

Back Bias 125 1,131 1,547,000 8

Back Bias — 85°C/85% R. H. 85 721 1,267,000 6
Storage . 150 588 1,556,000 0
Temperature Cycle -65to+ 150 461 69,200 1
Thermal Shock -65to+ 150 149 29,800 0’
Thermal Intermittents +25to+ 100 27,280 — 18
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THE 1103 DYNAMIC READ/WRITE RAM

AMI S1103 devices are manufactured using a
P-Channel low threshold silicon gate process developed
by AMI. This process, combined with conservative
topological design layout rules, produces a memory
circuit with outstanding performance.

The S1103 RAM offers fast access and cycle
times, internal decoding, and simple memory expan-
sion. . It is organized in 32 rows of 32 cells each,
Figure 1. Five Address lines (Ag — A4) are provided
for row selection. Signals on these address lines, once
decoded, select a row of cells. The contents of the
cells in the selected row are transferred to refresh
amplifiers, and during the cycle, these data bits are
rewritten into the selected row. Five additional
address inputs (A5 — Ag) are decoded into one
refresh amplifier, to allow communication with the
input and output lines. Three clocks are used: pre-
charge, chip enable, and read/write.

N w
A —»] M 1R 32 x 32
Az —puf ADDRESS | MEMORY
As—p| DECODE 32 W ARRAY
A 32R
.
1|——|32y1-y-32
REFRESH -0
CEN AMPLIFIERS w Ve
EL»Do
]
z"”—"“’ R/W —ai koovnsss
Ve DECODE
PRECHARGEDO—»
- Logic 0 = High Voltage T 1 1 1 1
Logic | = Low Voltage As As Ar As Ao
Figure 1. Block Diagram
of the S1103 Dynamic RAM

TESTING THE 1103 DYNAMIC RAM

Testing procedures used at AMI for the 1103
RAM are designed to accomplish several objectives.
First, the part must pass basic dc tests to prove that it
performs well electrically. If it passes these tests,
several levels of functional testing are used to further
categorize the device. The first level functional tests
are performed at approximately 3.2 MHz, and devices
passing these tests meet the S1103X specifications.
Because speed is the basis for the categorization of the
S1103 device family, subsequent functional tests are
performed at decreasing clock rate — first at 2.8
MHz, then at 2.5 MHz, and finally at 1.7 MHz. Devices
which pass these functional tests are identified as
S1103-1 at 2.8 MHz, S146 at 2.5 MHz, and S1103 at
1.7 MHz, Figure 2. '

Parts which fail to pass the initial dc test are
removed from the speed/functional test procedure
and subjected to relaxed dc testing. If they pass the
relaxed dc tests, they are functionally tested at the
1.7 MHz rate. All parts which fail to pass the 1.7
MHz functional test are rejected. The actual test
procedures used are described below; all are per-
formed under the same conditions, except for power
supply differences and timing changes.

Wafer Sort

The first tests, performed on all devices, occur"
in the wafer stage. These tests are performed at room
temperature and all failures are rejected prior to
further processing. Tests performed include continuity,
breakdown voltage, and function.

The continuity test is performed to check the
contact between the probes on the probe card and
pads on the chip Input breakdown voltage tests are
performed with Vgp at 3V. Each input is checked
for less than 10 pa leakage, when - 20V is applied and
all other inputs are grounded.

A simple functional test is performed at the
wafer stage, using a MARCH pattern, with the timing
and voltage values listed in Table II. This test checks
the ability of each cell to store a logic ““one” or ‘‘zero”.
The MARCH pattern writes a test bit into every
memory location. Then, the addresses are scanned
from location O to 1023, the test bit is read at each
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BASIC DC TESTS
20v

3.2MHz

FUNCTIONAL TESTS

2.5 MHz

FUNCTIONAL TESTS

REJECTS

GOOD §1103
PARTS

Figure 2. Qualification Test Sequence
for the S1103 RAM

address, and the complement is written into the
selected cell. Address scanning is then reversed, from
cell 1023 to cell 0, and at each address the comple-
ment isread and the original test bit is written in again.

Final Test

Final test occurs after the tested wafer dice have

been packaged. After assembly, the devices are sub-
jected to a series of dc and functional tests at ambient
and elevated temperature. The test includes a
continuity test, dc and functional stress tests, and
breakdown voltage and leakage tests on all inputs.
IDp power tests are also performed.

A continuity test is performed to check the
contacts between the package and test head mechan-
ism. The device is then subjected to high level dc
voltages to identify weak locations. Breakdown
voltage tests are made for all addresses, clocks and
data input. Each input is checked for less than 10 ua
leakage, when - 20V is applied and all other inputs
are grounded. Also, four different power measure-
ments are made under functional conditions (IDD1,
Ipp2, IDD3, IDD4), because with a dynamic circuit,
power consumption varies.

All packaged devices which pass the continuity,
dc stress, breakdown voltage/leakage, and supply
power tests are subjected to functional testing. These
functional tests use a variety of supply voltages,
clock levels, and timing combinations, which include:

®  HIGH clocks and inputs, HIGH Vsg
e HIGH clocks and inputs, LOW Vgg
®  LOW clocks and inputs, HIGH Vgg
®  LOW clocks and inputs, LOW Vgg

These four combinations are applied two times,
first for minimum Precharge/Chip Enable overlap
time (tov) and then for a maximum overlap time.
All other timing values are held at minimum, Table II.

Several test patterns are used, including the
MARCH pattern described above. Also, a CHECK-
ERBOARD, COMPLEMENTARY ADDRESS,
COLUMN BAR, and COLUMN DISTURB REFRESH
patterns are used for each device. The complement
of each pattern is also used. The CHECKERBOARD
pattern is useful for checking the ability of each cell
to hold a charge. The pattern writes a checkerboard
data pattern into all 1024 locations in sequence from
location O through location 1023, and then reads the
data in the same order. The COMPLEMENTARY
ADDRESS pattern also writes opposite data into
alternate rows of memory, but does it “ping-pong”
manner, writing first into location 0 and then into
location 1023, then into location 1, then into loca-
tion 1022, etc. Data is read in the same manner.
See Figure 3. I
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Table II. S1103 Timing Characteristics

S1103 S146 S1103-1 S1103X UNITS

AC CHARACTERISTICS MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. IT
READ, WRITE AND
READ/WRITE CYCLE

tREF Time between Refrésh 2 2 2 : 2 ms
Cycles

taC Address to Chip Enable 115 65 30 30 ns
Setup Time

tcA Chip Enable to Address 10 10 10 10 ns
Hold Time

tpe Precharge to Chip 125 70 60 35 ns
Enable Delay :

tov Precharge and Chip 45 95 25 65 25 50 13 35 ns
Enable Overlap

tOVH Precharge and Chip 140 85 85 85 ns
Enable Overlap

tcp Chip Enable to Precharge 85 50 40 40 ns
Delay

) READ CYCLE

tRC Read Cycle (4, 5) 480 330 300 238 ns

tpov Precharge to end of 165 500 130 500 115 500 114 500 ns
Chip Enable

tpo Precharge to Output 120 100 75 65 ns
Delay

taCCl Address to Output 300 205 150 120 ns
Access (4, 6)

tACC2 Precharge to Output 310 210 180 125 ns
Access (4,7)
WRITE OR READ/ MIN. MAX. | MIN. MAX. MIN. MAX. MIN. MAX. UNITS
WRITE CYCLE 7

twe Write Cycle (4, 8) 580 390 360 270 ns

tRWC Read/Write Cycle (4, 9) 580 390 360 270 ns

tpw Precharge to Write Delay 165 500 130 500 11§ 500 114 500 ns

twp Write Pulse Width 50 40 40 20 ns

tw Write Setup Time 80 40 40 20 ns

tpw Data Setup Time (10) 105 40 40 25 ns

tpy Data Hold Time (11) © 10 10 10 10 ns

tpo Precharge to Output 120 100 75 60 65 ns
[\)elay .

tp Time to Next Precharge 0o 0 0 0 . ns

tow Chip Enable to Write 15 15 15 15 ns

VDD = OV, VBp - Vs = 3.4V, Vgg = 16V + 5%, Tz =0 - 70°C (S1103), 0 - 55°C (S146 and S1103-1)
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1023 1022 1021 1020

Figure 3. Representation of Complementary Addressing (Ping-Pong) Test

The COLUMN BAR test writes alternate data
into adjacent columns in sequence from location 0 to
location 1023 and reads the data in the same order.
The COLUMN DISTURB REFRESH test is useful for
checking refresh capability of the RAM. First “ones”
are written into all cells of the selected column, then
a “zero” is written into the first cell of that column
for the refresh period, in this case, 2 ms. Then, a
“one” is written into this first cell and all cells in the
column are read for a “one™ level. The procedure is
repeated for all remaining 31 columns. Each test
described is repeated with complemented logic levels
to check every cell location for the ability to hold a
level, in spite of adjacent disturbances, for the full
specified refresh time,

RELIABILITY PROGRAMS

In the interest of reliability analysis, the perform-
ance range of 1103 devices as well as areas of potential
failure are examined and checked by a variety of

accelerated tests.
areas.

These tests include the following

Operating Life

Humidity

High Temperature Storage
Temperature Cycling
Thermal Shock
Solderability

Thermal Intermittents

Operating Life

The operating life, or steady state life test is
performed in accordance with MIL-STD-883, Method
1005. Test conditions used maximize stress condi-
tions. For the S1103 device, functional burn in and
back bias conditions are used with ambient tempera-
ture at 125°C. In an operating mode, the devices
dissipate approximately 290 mW, with a junction
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temperature approaching 140°C. Electrical perform-
ance of the devices is monitored at 0, 168, 500, and
1000 hours. Frequently, stress conditions are extend-

Table III. Life Test Data Summary for S1103 RAM

ed to 2000 hours.

Extensive life testing has been
performed over the past three years and Table III is.a
test summary for the S1103 device.

JUNCTION NUMBER OF | NUMBER OF

DATE PACKAGE TYPE OF | TEMPERATURE| SAMPLE HOURS REJECTS

BURN-IN T°C SIZE COMPLETED | DC FUN
Dec 71 Cer HTRB 125 30 2000 0 o0
Pl HTRB 125 25 2000 0 0
Apr 72 Cer HTRB 125 38 1000 0 0
May 72 Cer Dynamic 140 38 2000 0 o0
Aug 72 Cer Dynamic 140 38 1000 1 0
Oct 72 Cer Dynamic 140 25 4000 0 1
Pl Dynamic 140 100 4000 1 1
Cer Dynamic 140 25 4000 0 0
Pl Dynamic 140 75 4000 1 1
Nov 72 Cer HTRB 125 25 3000 0 0
Pl HTRB 125 100 3000 0 1
Cer Dynamic 140 25 3000 0 0
Pl Dynamic 140 75 3000 0 0
Cer Dynamic 140 38 1000 0o 0
Dec 72 Cer HTRB 125 38 1000 0 o0
Feb 73 Cer HTRB 125 38 2000 0 o0
April 73 Cer Dynamic 140 92 1000 0 0
May 73 Cer HTRB 125 38 1000 o o0
Oct 73 Cer Dynamic 140 38 1000 0 0
Dec 73 Cer Dynamic 140 39 1000 0 0
Jan 74 Cer HTRB 125 162 1000 0 o
Jan 74 Cer HTRB 125 73 2000 20
TFeb 74 Cer HTRB 125 114 1000 1 0
Mar 74 Cer HTRB 125 250 1000 1 1
May 74 Cer Dynamic 140 98 4000 2 1
July 74 Cer HTRB 125 38 1000 0o o0
July 74 Pl HTRB 125 162 1000 1 1
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In addition to S1103 device stress tests, extended

life tests have been performed using a test vehicle, or area, a large area gate oxide capacitor, a set of metal
“rel chip”. This test vehicle includes a number of strips crossing deeply etched steps, continuity strings
discrete devices for measuring individual device thres- of polysilicon to P+, P+ to metal, and provisions for
hold, field threshold, and conduction factor, k’. In sheet resistance measurements. Table IV shows a life
addition, the test vehicle also has a large p-n junction test data summary for the test vehicle.

Table IV. Test Vehicle Life Test Data Summary

JUNCTION NUMBER OF | NUMBER
) TYPE OF TEMPERATURE HOURS REJECTS
DATE PACKAGE BURN-IN Tj°C SAMPLE COMPLETED

Oct 71 Cer Op-Life 125 10 1000 0

Cer Op-Life 125 15 1000 0

Nov 71 Cer Op-Life 125 20 1000 0

Dec 71 Cer Op-Life 125 56 2000 0

Pl Op-Life 125 75 2000 0

Feb 72 Cer Op-Life 125 25 1000 0

May 72 Cer Op-Life 125 20 1000 0

Aug 72 Cer Op-Life 125 10 1000 1

Oct 72 Cer Op-Life 125 18 4000 0

P1 Op-Life 125 45 4000 1

Cer Op-Life 125 18 4000 1

Pl Op-Life 125 45 4000 1

Nov 72 Cer Op-Life 125 15 3000 1

P1 Op-Life 125 38 3000 0

Cer Op-Life 125 20 3000 0

P1 Op-Life 125 38 3000 1

Feb 73 Cer Op-Life 125 20 1000 0

May 73 Cer Op-Life 125 10 1000 0

Nov 73 Cer Op-Life 125 12 1000 0

Jan 74 Cer Op-Life 125 10 1000 0

May 74 Cer Op-Life 125 10 1000 0
Humidity no bias. During three years of humidity tests, both
dc and functional failures were almost non existent,
Humidity tests include back bias in an 85°C, and significantly, no evidence of moisture penetration
moisture resistance tests conducted in accordance with in plastic packages was discovered. There was no
MIL-STD-883, Method 1004. Devices are also exposed occurrence of corrosion in either ceramic or plastic

to pressure at 125°C, at 100% relative humidity, with packages.

‘
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High Temperature Storage

Extensive test data has been gathered about
temperature aging of both the S1103 devices and the
test vehicle. The results have shown no deteriorating
effects due to high temperature storage.

Temperature Cycling

Temperature cycling of parts is conducted accord-
ing to MIL-STD-883, Method 1010, Condition C, for
all S1103 types to evaluate bond and related failure
modes. Thousands of device cycles over a three year
period have resulted in only seven dc rejects. These
tests included both ceramic and plastic packages.

Thermal Shock

Thermal shock data has been gathered according
to MIL-STD-883, Method 1101, Condition C, for
both 1103 devices and the test vehicle. The reject
rate, again, has proven extremely low, often being
zero for an entire year.

Solderability and Thermal Intermittent Tests

Periodic solderability tests are performed on
S1103 devices, both in plastic and three layer
ceramic packages. Plastic packages are subjected to
thermal intermittent tests to monitor product quality.
Cumulative test results on almost 28,000 devices has
only shown 18 units showing opens, or only 0.07%
defects as a result of bond lifts.

CONCLUSION

The abbreviated S1103 family testing results
described here indicate the degree of reliability which
has been achieved at AMI in the production of
dynamic silicon gate RAMs. The combination of
conservative topological design rules, several in-line
process control inspections, thorough testing and
characterization, regular reliability testing, and a
strong failure analysis program results in a family of
dynamic MOS RAMs exhibiting high reliability and
outstanding performance. Detailed test descriptions
results, and reliability figures, including failure analysis,
are available from AMI for the S1103 family of
memory devices, in the form of a fully documented
engineering report.
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