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Information furnished by AMI in this catalog is believed to be accurate and reliable. Devices
sold by AMI are covered by the warranty and patent indemnification provisions appearing in
its Terms of Sale. AMI makes no warranty, express, statutory, implied, or by description
regarding the information set forth herein or regarding the freedom of the described devices
from patent infringement. AMI reserves the right to change specifications and prices at any
time and without notice. Advanced Product Desription means that this product has not been
produced in volume, the specifications are preliminary and subject to change, and device
characterization has not been done. Therefore, prior to designing any product into a system, it
is necessary to check with AMI for current information.
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MOS/LSI is the Business of AMI

...and MOS/LSI is AMI’s only business. The first company to produce commercial quantities of MOS circuits
starting in 1966, AMI has ever since been among the leaders in circuit design, process technology and new
product and market development. Today, the company is a major producer of standard products for the elec-
tronic data processing, telecommunications, and consumer product industries.

DESIGN EXPERIENCE — Many areas of applications in which MOS is used today were pioneered with an
AMI-designed device. This accumulated experience results in a line of high performance standard products
and imaginatively designed, cost-effective custom circuits.

PROCESS VERSATILITY — AMTI's head start in the industry gives it a mature capability in every one of
the major production processes: P-channel — high voltage and ion implanted metal gate, and silicon gate;
N-channel — silicon gate, ion implanted silicon gate with depletion loads, high density and narrow geometry
“H” MOS; and CMOS — metal and silicon gate, and high density, isoplanar silicon gate. AMI's new patented
process, VMOS, is already producing high speed, low power state-of-the-art memory products.

PRODUCTION CAPABILITY — AMI has three major facilities worldwide. Headquarters in Santa Clara,
California has 327,000 square feet of office and manufacturing space and about 1,000 employees. Administra-
tion, R&D, the majority of the engineering staff, one of the company’s two wafer fabrication facilities, pilot
assembly and a final test facility are located there. The other major fabrication facility is at Pocatello, Idaho
with 103,000 square feet and about 600 employees. The plant includes an engineering group, four fabricating
lines and some final test activity. Located at Inchon, Korea is KMI, the company’s major circuit assembly
plant. It covers 116,000 square feet, employs about 1,300 persons. This combination of facilities can produce
over 2,000,000 LSI circuits per month using the latest production equipment to maximize yields in today’s
more complex circuits.

PRODUCT RELIABILITY — By designing reliability into the product — a standard procedure for AMI, the
most experienced designer of custom MOS circuits — problems are minimized or eliminated. Process control
(and we run more processes than any other MOS manufacturer) is the second most important step in maintain-
ing our reputation for reliability. Design and process control are buttressed by a closed feedback loop that
continually collects AMI internal data and field data from our customers to analyze and solve design, layout
and process problems. These activities are further supported by accelerated tests to determine failure rates
and the activation energies for observed failure modes.

IT’'S STANDARD AT AMI — The company'’s dedication to the design and manufacture of high performance
MOS/LSI produets is reflected in the variety of products listed in this catalog.

AMI and Made-to-Order MOS

Since 1966, AMI has designed and manufactured over 1,000 custom MOS circuits. The largest design engi-
neering staff in the industry has helped to keep AMI in the number-one position among custom MOS producers.

If your product can be controlled by an MOS circuit, and you plan to manufacture it in high volume, you should
contact your nearest AMI Sales Office or the main office in Santa Clara, California. AMI will be happy to
discuss the possibility of designing a custom circuit for your application, or manufacturing such a circuit from
your tooling.
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Sales Offices

Western Area

100 East Wardlow Rd., Suite 203
Long Beach, California 90807
Tel: (213) 595-4768

TWX: 910-341-7668

3800 Homestead Road
.Santa Clara, California 95051
Tel: (408) 249-4550

TWX: 910-338-0018

20709 N.E. 232nd Avenue

Battleground, Washington 98604
Tel: (206) 687-3101

Central Area

500 Higgins Road, Suite 210
Elk Grove Village, Illinois 60007
Tel: (312) 437-6496

TWX: 910-222-2853

Suite Number 204

408 South 9th Street
Noblesville, Indiana 46060
Tel: (317) 773-6330

TWX: 810-260-1753

29200 Vassar Ave., Suite 303
Livonia, Michigan 48152

Tel: (313) 478-9339

TWX: 810-242-2903

England

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

Tel: (793) 31345 or 25445
TLX: 851-449349

France

AMI Microsystems, S.A.R.L.
124 Avenue de Paris

94300 Vincennes ,France
Tel: (01) 374 00 90

TLX: 842-670500

Holland

AMI Microsystems, Ltd.
Calandstraat 62
Rotterdam, Holland
Tel: 010-36 14 83

TLX: 844-27402

DOMESTIC

INTERNATIONAL
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725 So. Central Expressway, Suite A-9
Richardson, Texas 75080
Tel: (214) 231-5721
(214) 231-5285
TWX: 910-867-4766

Eastern Area

237 Whooping Loop

Altamonte Springs, Florida 32701
Tel: (305) 830-8889

TWX: 810-853-0269

1420 Providence Turnpike, Suite 220
Norwood, Massachusetts 02062

Tel: (617) 762-0726

TWX: 710-336-0073

20 Robert Pitt Drive, Room 212
Monsey, New York 10952

Tel: (914) 352-5333

TWX: 710-577-2827

Axe Wood East

Butler & Skippack Pikes, Suite 230
Ambler Pennsylvania 19002

Tel: (215) 643-0217

TWX: 510-661-3878

Italy

AMI Microsystems, S.p.A.
Via Pascoli 60

20133 Milano

Tel: 29 37 45 or 2360154
TLX: 843 32644

Japan

AMI Japan Ltd.

502 Nikko Sanno Building
2-5-3, Akasaka

Minato-ku, Tokyo 107
Tel: Tokyo 586-8131
TLX: 781-242-2180 AMI J

West Germany

AMI Microsystems, GmbH
Rosenheimer Strasse 30/32, Suite 237
8000 Munich 80, West Germany

Tel: (89) 483081

TLX: 841-522743

Rapifax: (89) 486591



Domestic Distributors

Irvine
Schweber Electronics (213) 537-4320 or
(714) 556-3880
Los Angeles
Kierulff (213) 685-5511
Palo Alto
Kierulff (415) 968-6292
R.V. Weatherford Co. (415) 493-5373
Pomona
R.V. Weatherford Co. (714) 623-1261 or
(213) 966-8461
San Diego
Intermark Electronies (714) 279-5200
Kierulff (714) 278-2112
R.V. Weatherford Co. (714) 278-7400
Santa Ana
Intermark Electronics (714) 540-1322 or
(213) 436-5275
Sunnyvale
Intermark Electronies (408) 738-1111
Western Microtechnology (408) 737-1660
Tustin
Kierulff (714) 781-5711
COLORADO
Denver
Kierulff (303) 371-6500
Englewood
R.V. Weatherford Co. (303) 770-9762
Wheatridge
Century Electronies (303) 424-1985
CONNECTICUT
Danbury
Schweber Electronies (203) 792-3500
Hamden
Arrow Electronics (203) 248-3801
FLORIDA
Ft. Lauderdale
Arrow Electronics (305) 776-7790
Hollywood
Schweber Electronics (305) 927-0511
Palm Bay
Arrow Electronies (305) 725-1480
St. Petersburg
Kierulff Electronics (813) 576-1966
GEORGIA
Atlanta
Schweber Electronics (404) 449-9170
Doraville
Arrow Electronics (404) 455-4054
ILLINOIS
Elk Grove Village
Kierulff (312) 640-0200
Schweber Electronics (312) 593-2740
Schaumburg
Arrow Electronies (312) 893-9420
Westmont
R/M Electronics (312) 323-9670

Future Electronies Corp. (617) 237-6340
Waltham

Schweber Electronics (617) 890-8484

Sterling Electronics (617) 894-6200
Woburn

Arrow Electronics (617) 933-8130
MICHIGAN
Ann Arbor

Arrow Electronics (313) 971-8220
Livonia

Schweber Electronics (313) 525-8100
Wyoming

R/M Electronics (616) 531-9300
MINNESOTA
Bloomington

Arrow Electronics (612) 887-6400
Eden Prairie

Schweber Electronics (612) 941-5280
NEW HAMPSHIRE
Manchester

Arrow Electronics (603) 668-6968
NEW JERSEY
Moorestown

Arrow Electronies (609) 235-1900
Perth Amboy

Sterling Electronics (201) 442-8000
Saddlebrook

Arrow Electronies (201) 797-5800
Somerset

Schweber Electronies (201)469-6008
NEW MEXICO
Albuquerque

Century Electronies (505) 292-2700

Sterling Electronics (505) 345-6601
NEW YORK
Farmingdale

Arrow Electronics (516) 694-6800
Fishkill

Arrow Electronies (914) 896-7530
Rochester

Schweber Electronics (716) 424-2222
Westbury

Schweber Electronies (516) 334-7474
NORTH CAROLINA
Kernersville

Arrow Electronics (919) 996-2039
OHIO
Beechwood

Schweber Electronics (216) 464-2970
Kettering

Arrow Electronics (513) 253-9176
Solon

Arrow Electronics (216) 248-3990
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R ——————
ALABAMA INDIANA OREGON
Huntsville Indianapolis Beaverton
Resistacap (205) 881-9270 R/M Electronies (317) 247-9701 Parrott (503) 641-3355
ARIZONA LOUISIANA PENNSYLVANIA
Phoenix Metairie Horsham
Kierulff (602) 243-4101 Sterling Electronics (504) 887-7610 Schweber Electronics (215) 441-0600
Sterling Electronics (602) 258-4531 MARYLAND TEXAS
R.V. Weatherford Co. (602) 272-7144 Baltimore Dallas
CALIFORNIA Arrow Electronies (301) 247-5200 Component Specialities, Inc.
Anaheim Gaithersburg (214) 357-6511
R.V. Weatherford Co. (714) 634-9600 Schweber Electronics (301) 840-5900 Schweber Electronics (214) 661-5010
Glendale MASSACHUSETTS Sterling Electronics (214) 357-9131
R.V. Weatherford Co. (213) 849-3451 Natick R.V. Weatherford Co. (214) 243-1571

Houston
Component Specialities, Inc.
(713) 771-7237
Schweber Electronics (713) 784-3600
Sterling Electronics (713) 627-9800
R.V. Weatherford Co. (713) 688-7406
UTAH
Salt Lake City
Century Electronics (801) 972-6969
Kierulff (801) 973-6913
VIRGINIA
Richmond
Sterling Electronics (804) 226-2190
WASHINGTON
Seattle
Kierulff (206) 575-4420
R.V. Weatherford Co. (206) 575-1340
WISCONSIN
Oak Creek
Arrow Electronics (414) 764-6600

CANADA
Alberta
Edmonton
Bowtek Electric Co. (403) 452-9050
British Columbia
Vancouver
Bowtek Electric Co. (604) 736-1141
Manitoba
Winnepeg
Bowtek Electric Co. (204) 633-9525
Ontario
Downsview
Cesco Electronics, Litd. (416) 661-0220
Future Electronics Corp. (416) 663-5563
Ottawa
Cesco Electronics, Ltd. (613) 729-5118
Future Electronics Corp. (613) 820-9471
Quebec
Montreal
Cesco Electronics, Ltd. (514) 735-5511
Future Electronics, Corp. (514) 735-5775
Quebec
Cesco Electronics, Ltd. (418) 524-4641
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Domestic Reps

ALABAMA
Huntsville
Rep, Ine.
Tel: (205) 881-9270
TWX: 810-726-2101
ARIZONA
Phoenix
Hecht, Henschen & Assoc., Inc.
Tel: (602) 275-4411
TWX:910-951-0635
CALIFORNIA
Long Beach
Application Representatives
Tel: (213) 594-6608
TWX: 910-341-6599
Mt. View
Thresum Associates, Inc.
Tel: (415) 9659180
TWX:910-379-6617
San Diego
Hadden Associates
Tel: (714) 565-9445
TWX:910-335-2057
COLORADO
Parker
RZMarketing
Tel: (303) 841-5822
CONNECTICUT
Orange
CPS Corp.
Tel: (203) 795-3515
GEORGIA
Tucker
Rep, Inc.
Tel: (404) 938-4358
ILLINOIS
Elk Grove Village
Oasis Sales Tel: (312) 640-1850
TWX: 910-222-2170
INDIANA
Ft. Wayne

Technical Representatives, Inc.

Tel: (219) 484-1432
Indianapolis
Technical Representatives
Tel: (317) 849-6454
TWX: 810-260-1792
IOWA
Cedar Rapids
Comstrand, Inc.
Tel: (319) 377-1575
KENTUCKY
Louisville

Technical Representatives, Inc.

Tel: (502) 451-9818
MARYLAND
Baltimore
Coulbourn DeGreif, Inc.
Tel: (301) 247-4646
TWX: 710-236-9011

MASSACHUSETTS
Lexington
Circuit Sales Company
Tel: (617) 861-0567
MINNESOTA
Minneapolis
Comstrand, Inc.
Tel: (612) 7889234
TWX:910-576-0924
MISSOURI
Grandview
Beneke & McCaul
Tel: (816) 765-2998
St. Louis
Beneke & McCaul
Tel: (314) 434-6242
NEW YORK
Clinton
Advanced Components
Tel: (315) 853-6438
Endicott
Advanced Components
Tel: (607) 785-3191
Melville
Astrorep, Inc.
Tel: (516) 423-2266
TWX:510-226-6147
NEW YORK
North Syracuse
Advanced Components
Tel: (315) 699-2671
TWX: 710-541-0439
Scottsville
Advanced Components
Tel: (716) 889-1429
NORTH CAROLINA
Raleigh
Rep, Inc.
Tel: (919) 851-3007
OHIO
Centerville
S.A.I. Marketing
Tel:(513) 435-3181
TWX: 810-459-1647
Shaker Heights
S.A.I Marketing
Tel: (216) 751-3633
TWX: 810-421-8289
Zanesville
S.A.I. Marketing
Tel: (614) 454-8942
OKLAHOMA
Oklahoma City
Ammon & Rizzos
Tel: (405) 942-2552
OREGON
Portland
SD-R? Products & Sales
Tel: (503) 246-9305
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PENNSYLVANIA
Pittsburgh
S.A.IL Marketing
Tel: (412) 782-5120
TEXAS
Austin
Ammon & Rizos
Tel: (512) 454-5131
Dallas
Ammon & Rizos
Tel: (214) 233-5591
TWX:910-860-5137
Houston
Ammon & Rizos
Tel: (713) 781-6240
TWX:910-881-6382
TENNESSEE
Jefferson City
Rep, Inc.
Tel: (615) 475-4105
TWX: 810-570-4203
UTAH
Salt Lake City
R? Marketing
Tel: (801) 972-5646
TWX: 910-925-5607
VIRGINIA
Charlottesville
Coulbourn DeGreif, Inc.
Tel: (804) 977-0031
WASHINGTON
Bellevue
SD-RZ Products & Sales
Tel: (206) 747-9424 or (206) 624-2621
TWX: 810-443-2483
WISCONSIN
Menomonee Falls
Oasis Sales
Tel: (414) 2519431

CANADA

Ottowa, Ontario
Cantec Reps, Inc.
Tel: (613)225-0363
TWX: 610-562-8967

Point Claire, Quebec
Cantec Reps, Inc.
Tel: (514) 694-4049
Tlx: 58-22790

Toronto, Ontario
Cantec Reps, Inc.
Tel: (416) 675-2460 or 2461
TWX:610-492-2655



International Reps

AUSTRALIA

Rifa Pty. Ltd.

202 Bell Street

Preston, Victoria 3072

Tel: (03)480 1211
TLX: AA31001
BRAZIL

Datronix Electronica Ltda.

Av.Pacaembu, 746 - Conj. 11

Sao Paulo

Tel: 209-0134

TLX: 391-1122372
CENTRAL AMERICA

ROW, Inc.

3421 Lariat

Shingle Springs, Calif. 95682

Tel: (916) 677-2827
ENGLAND

Ritro Electronics (U.K.)

Grefell Place

Maidenhead

Berkshire

Tel: (0628) 36227
FINLAND

OY Atomica AB

PL 22

02171 Espoo 17

Tel: 80-423533

TLX: 12-1080
FRANCE

Produits Electronique

Professionals S.A.R.L.

2 -4 Rue Barthelemy

92120 Montrouge

Tel: 8353320

TLX: 204534
HOLLAND

AMI Microsystems, Inc.

Calandstraat 62

Rotterdam

Tel: 010-36 14 83

TLX: 844-27402
HONG KONG

Apcom Systems, Ltd.

1201 Kimberly Center
‘35 Kimberly Road

Kowloon

Tel: 3-694659

TLX: 64095
INDIA

ROW International

149 Kimble Rd.

Los Gatos, Calif.

Tel: (408) 354-7698
ISRAEL

CVS Technologies (1974} Ltd.

9 Jobotinsky St.
Box 946 Bnei Brak
Tel: 799156

TLX: 341109

ITALY
Paolo Meoni & Associates
Giovanni Pascoli 60
20133 Milano
Tel: 29 37 45
TLX: 843-32644
JAPAN
Micro-Systems, Inc.
15-29 Mita 4-Chome
Minato-ku, Tokyo 108
Tel: (03) 452-4994
Matsushita Electric
Trading Company, Ltd.
71, 5-Chome, Kawaramachi
Higashi-ku
Osaka
Tel: (06) 204-5510
TLX: 781-63417
MALAYSIA
Dynamar International Ltd.

208 Shaw House, Orchard Rd.

Singapore 9,
Tel: 2351139
TLX: RS26283
MEXICO
ROW, Inc.
3421 Lariat
Shingle Springs, Calif. 95682
Tel: (916) 677-2827
NEW ZEALAND
David P. Reid (NZ) Ltd.
Box 2630, Auckland 1
Tel: 492-189
TLX: 791 2612
SINGAPORE
Dynamar International Ltd.

208 Shaw House, Orchard Rd.

Singapore 9 Tel: 2351139
TLX: RS 26283
SOUTH AFRICA
Tecnetics
P.0O. Box 56310
Pinegowrie 2123, Transvaal
Johannesburg
Tel: 48-5712
TLX: 960-80838
SOUTH AMERICA
ROW, Inc.
3421 Lariat
Shingle Springs, Calif. 95682
Tel: (916) 677-2827
SWEDEN
A.B. Rifa
Fack, S-16300 Spanga
Tel: (08) 751 00 20
TLX: 13690
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SWITZERLAND

W. Moor AG
Bahnstrasse 58,
8105 Regensdorf
Zurich

Tel: (01) 8406644
TLX: 52042

TAIWAN

Dynamar (Taiwan) Ltd.

2nd Flr., No. 14, Lane 164

Sung Chiang Road
Taipei, 104

Tel: 541-8252 thru 54
TLX: 785-11064

WEST GERMANY

Aktiv Electronics GmbH
Leonorenstrasse 49
D-1000 Berlin 46

Tel: (030) 771 4408
TLX: 185327

Gustav Beck KG
Eltersdorfer Strasse 7
8500 Nurnberg 15

Tel: (0911) 34966

TLX: 622334
Ultratronik
Munchenerstr. 6

D-8031 Oberalting-Seefeld

Tel: (08152) 7696
TLX: 526459
Ditronic, GmbH
Im Asemwald 48
D-7000 Stuttgart 70
Tel: (0711) 724844
TLX: 7255638
Miktrotec, GmbH
Johannesstr. 91
D-7000 Stuttgart 1
Tel: (0711) 22807
TLX: 722818

YUGOSLAVIA

Iskra Standard
Celovska 122

61000 Ljubljana

Tel: (061) 551093

TLX: 31300 YU-ISKRA
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Ordering Information

Any product in this MOS Products Catalog can be or-
dered using the simple system described below. With
this system it is possible to completely specify any
standard device in this catalog in a manner that is
compatible with AMI’s order processing methods.
The example below shows how this ordering system
works and will help you to order your parts in a man-
ner that can be expedited rapidly and accurately.

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-

S 6 8 2

triticy damage under all normal handling conditions.
Either container is compatible with standard auto-
matic IC handling equipment.

Any device described in this catalog is an AMI Stan-
dard 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.

Device Number — prefix S, followed by four (or five*)
numeric digits that define the basic device type. If
there are versions to the basic device, the numeric
digits will be followed by additional alphanumeric
digits, in this example A-1. The last digit should always
be followed by a space.

*Qrgan Circuits

Package Type — a single letter designation which iden-

“tifies the basic package type. The letters are coded as

follows:

P — Plastic package

E — Cer-DIP package

S — SLAM package

C — Ceramic (three-layer) package

T — TO type package



Packaging

PLASTIC PACKAGE

The AMI plastic dual-in-line package is the equiva-
lent of the widely accepted industry standard, refined by AMI
for MOS/LSI applications. The package consists of a plastic
body, transfer-molded directly onto the assembled lead frame
and die. The lead frame is Kovar or Alloy 42, with external
pins tin plated. Internally, there is a 5Ouin. gold spot on the
die attach pad and on each bonding fingertip. Gold bonding
wire is attached with the thermocompression gold ball bonding
technique.

Materials of the lead frame, the package body, and the
die attach are all closely matched in thermal expansion coef-
ficients, 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.

Avaliable in: 8, 14, 16, 18, 22, 24, 28 and 40 pin
configurations.

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 corrosion problems of earlier Cer-DIP
processes.

The package consists of an Alumina (A1,0;) base and
the same material lid, hermetically fused onto the base with
low temperature solder glass. Inert gasses are sealed inside the
die cavity.

Available in: 16, 18, 22,24,28 and 40 pin configurations.
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Packaging

SLAM PACKAGE

The SLAM (single layer metallization) dual-in-line pack-
age is an AMI innovation that offers a lower cost alternative
to three-layer ceramic packages, without sacrifice of perfor-
mance 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 an Alumina pass-
ivation layer, and brazed-on Kovar leads. The leads are suitable
for either socket insertion or soldering. Either a ceramic or a
Kovar lid is used to hermetically seal the package. The ceramic
lid is attached with an epoxy resin sealant, but a gold -silicon
eutectic solder is used for Kovar lids.

Avaliable in: various 14 to 40 pin configurations.

DOWN BONDED WIRES ) -
GLAZED CERAMIC LID /— EPOXY SEALANT

PLATED
KOVAR DIE Al O, PASSIVATION
LEADS
AIZO3 CERAMIC
Ni PLATING Au
REFRACTORY PLATING
METAL
EPOXY SEAL PACKAGE

CERAMIC PACKAGE

Industry standard high performance, high reliability
package, made of three layers of A1,0; ceramic and nickel-
plated refractory metal. Either a low temperature glass sealed
ceramic lid or a gold tin eutectic sealer Kovar lid is used to form
the hermetic cavity of this package. Package leads are available
with gold over nickle or tin plating for socket insertion or
soldering.

KOVAR OR CERAMIC LID —

PLATED KOVAR LEADS

Ni
PLATING
REFRACTORY
METALLIZATION

LEVEL OR UP
BONDED WIRES GLASS OR AuSn SOLDER SEAL|
o~ Ni AND Au

—REFRACTORY METAL

1st Al,O; CERAMIC LAYER

Ni AND Au
PLATING
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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. Ali 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 soid or sold hereunder. Prices for the items described above and acknowledged

hereby are finm and not subject to audit, price revision, or price redetermination.

PAYMENT:

(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 shipments
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 outstand-

ing and shall receive reimbursement for its cancellation charges.

{c) Each shipment shall be considered a separate and independent transaction,

and payment therefor shall be made accordingly. If shipments 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.

TAXES: Unless otherwise provided herein, the amount of any present or future
sales, revenue, excise or other taxes, fees, or other charges of any nature, imposed
by any public authority, (national, state, local or other) applicable to the
products covered by this order, or the manufacturer 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 a tax exemption certificate acceptabie to
the taxing authority.

F.0.B. POINT: All sales are made F.0.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
receipt from Buyer of all necessary information. In no event will Seller be liable
for any re-procurement costs, nor for delay or non-delivery, due to causes beyond
its reasonable control including, but not limited to, acts of God, acts of civil or
military authority, priorities, fires, strikes, lock-outs, slow-downs, shortages,
factory or labor conditions, errors in manufacture, 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 deferrea for a period equal to the time lost
by reason of the delay.

In the event Seller’s production is curtailed for any of the above reasons so that
Seller cannot deliver the full amount released hereunder, Seller may allocate
production deliveries among its various customers then under contract for similar

goods. The allocation will be made in a commercially fair and reasonable manner.

When allocation has been made, Buyer will be notified of the estimated quota
made available,

PATENTS: The Buyer shall hold the Seller harmless against any expense or loss
resulting from infringement of patents, trademarks, or unfair competition arising
from compliance with Buyer’s designs, specifications, or instructions. The sale

of products by the Seller does not convey any license, by imptlication, estoppel,

or otherwise, under patent claims covering combinations of said products with
other devices or elements.

Except as otherwise provided in the preceding paragraph, 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
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 is enjoined, the
Selter 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
50 it becomes non-infringing, or remove said product and refund the purchase
price and the transportation and installation costs thereof. In no event shall
Seller’s tota! liability to the Buyer under or as a result of compliance with the
provisions of this paragraph exceed the aggregate sum paid by the Buyer for the
allegedly infringing product. The foregoing states the entire liability of the
Seller for patent infringement by the said products or any part thereof. THIS
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PROVISION 1S 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
furnished under this order shall be subject to the Selier’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 the material. Notwithstanding the foregoing, if, upon receipt of such material
by Buyer, the same shali 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.  Seller's Return Material Authorization form must accompany
such returned material.

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
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, AND OF ALL OTHER OBLIGATIONS OR LIABILITIES ON
THE SELLER'S PART, AND IT NEITHER ASSUMES NOR AUTHORIZES
ANY OTHER "ERSON TO ASSUME FOR THE SELLER ANY OTHER LIA-
BILITIES 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.

It is understood that if this order calls for the delivery of semiconductor devices
which are not finished and fully encapsulated, that no warranty, statutory,
expressed or implied, inciuding the implied warranty of merchantability and fit-
ness for a particular purpose, shall apply. All such devices are sold as is where is.

GENERAL:

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

(b) The Seller represents that with respect to the production of articles and/
or 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, Williams-

Steiger Occupational Safety and Health Act of 1970, Executive Orders 11375
and 11246, Section 202 and 204.

{c)  In no event shall Seller 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 fumished 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.

(f)  Buyer acknowledges that all or part of the products purchased hereunder
may be manufactured and/or assembled at any of Seller’s facilities, domestic or
foreign.

{g) In the event that the cost of the products are increased as a result of
increases in materials, labor costs, or duties, Seller may raise the price of the
products to cover the cost increases.

(h) If Buyer is in breach of its obligations under this order, Buyer shall
remain liable for all unpaid charges and sums due to Seller and will reimburse

Seller for all damages suffered or incurred by Seller as a result of Buyer's breach.

The remedies provided herein shall be in addition to all other legal means and
remedies available to Seller.

GOVERNMENT CONTRACT PROVISIONS: If Buyer’s original purchase order
indicates by contract number, that it is placed under a government contract, only
the following provisions of the current Armed Services Procurement Regulation
are applicable in accordance with the terms thereof, with an appropriate sub-
stitution 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; 7-103.8, Assignment of Claims; 7-103.9, Additional
Bond Security; 7-103.13, Renegotiation; 7-103.15, Rhodesia
and Certain Communist Areas; 7-103.16, Contract Work Hours
and Safety Standards Act — Overtime Compensation; 7-103.17,
Walsh-Healey Public Contracts Act; 7-103.18, Equal Oppor-
tunity Clause; 7-103.19, Officiais Not to Benefit; 7-103.20,
Covenant Against Contingent Fees; 7-103.21, Termination for
Convenience of the Government (only to the 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; 7-103.24,
Responsibitity for Inspection; 7-103.25, Commercial Bills of
Lading Covering Shipments Under FOB Origin Contracts;
7-103.27, Listing of Employment Openings; 7-104.4, Notice
to the Government of Labor Disputes; 7-104.11, Excess
Profit; 7-104.15, Examination of Records by Comptrolier
General; 7-104.20, Utilization of Labor Surplus Area.Concerns.

©
=
[
c
[}
o




Product Assurance Program

INTRODUCTION

Quality is one of the most used, least understood, and
variously defined assets of the semiconductor industry. At
AMI we have always known just how important effective
quality assurance, quality control, and reliability monitoring
are in the ability to deliver a repeatably reliable product.
Particularly, through the manufacture of custom MOS/LSI,
experience has proved that one of the most important tasks
of quality assurance is the effective control and monitoring of
manufacturing processes. Such control and monitoring has a
twofold purpose: to-assure a consistently 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 deve-
loped a Product Assurance Program consisting of three major
functions:

® Quality Control
® Quality Assurance
® 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 manu-
factures highest quality MOS devices for all segments of
the commercial and industrial market and, under special adap-
tations 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 Reliability —
have been developed as a result of many years of experience
in MOS device design and manufacture.

Quality Control establishes that every method meets, or
fails to meet, product parameters — QA checks results.

Quality Control establishes that every  method meest, or
fails to meet, processing or production standards — QC checks
methods.

Reliability establishes that QA and QC are effective —
Reliability checks device performance.

One indication that the AMI Product Assurance Program
has been effective, is that NASA has endorsed AMI products
for flight quality hardware since 1967. The Lunar Landers and
Mars Landers all have incorporated AMI circuits, and AMI
circuits have also been utilized in the Viking and Vinson
programs, as well as many other military airborne and recon-
naissance hardware programs.
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QUALITY CONTROL

The Quality Control function in AMI’s Product Assur-
ance Program involves constant monitoring of all aspects of
materials and production, starting with the raw materials
purchased, through all processing steps, to device shipment.
There are three major areas of Quality Control:

® 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 ensure that all items required
for the production of AMI MOS circuits meet such standards
as are required for the production of high quality, high reli-
ability devices.

Incoming inspection is performed to specifications agreed
to by suppliers of all materials. The Quality Control group
continuously analyzes supplier performance, performs comp-
arative analysis of different suppliers, and qualifies the suppliers.

Tests are performed on all direct material, including
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 illustrate
the thoroughness of AMI Quality Control:

e Purchased packages are first inspected visually. Then, dimen-
sional inspections are performed, followed by a full func-
tional inspection, which subjects the packages to an entire
production run simulation. Finally, a full electrical evalua-
tion 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.

® Raw silicon must also pass visual and dimensional checks.
In addition, a preferential etch quality inspection is per-
formed. For this inspection, the underlayers of bulk silicon
are examined for potential 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 pattern or artwork generation, photo-
reduction, and the actual printing of the working plates.
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Pattern generation now is the most common practice
at AMI. The circuit layout is digitized and stored on a tape,
which then is read into an automated pattern generator, which
prints a highly accurate 10x reticle directly.

In cases where the more traditional method of artwork
generation is used whether Rubylith, Gerber Plots, AMI gen-
erated or customer generated — the artwork is thoroughly in-
spected. It is checked for level-to-level registration and dimen-
sional tolerances. Also, a close visual inspection of the work-
manship is made. AMI artwork is hsually produced 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 requirements.

Acceptable artwork is photographically reduced to a 20x
magnification, and then further to a 10x magnification. The
resulting 10x reticles are then used for producing 1x masters.
The masters undergo severe registration comparisons to a regis-
tration master and all dimensions are checked to insure that
reductions have been precise. During this step, image and geo-
metry are scrutinized for missing or faded portions and other
possible photographic omissions.

For a typical P-channel silicon gate device, master sets
are checked at all six geometry levels in various combinations
against each other and against a proven master 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 manufacturing on each 30-
plate lot and the entire lot is returned to Quality Control for
final acceptance. Quality Control performs audits on each
manufacturing inspector daily, by sample inspection techniques.

The plates can be rejected first by manufacturing, when
the 30-plate lots are inspected, or by Quality Control when
the Jots 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
undergo 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 Program — the
analysis and monitoring of virtually all production processes,
equipment, and devices.

Process controls are performed in the fabrication area, by
the Quality Control Fabrication Group, to assure adherence to
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specifications. This involves checks on operators, equipment
and environment. Operators are tested for familiarity with
equipment and adherence to procedure. Equipment is closely
checked both through calibration and maintenance audits.
Environmental 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 possiblity of contamina-
tion or adverse effects due to temperature or humidity excesses.

Experience has proven that such close control of the
operators, equipment, and environment is highly effective to-
wards 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 pro-
cess, but generally, oxidation, diffusion, masking, and evapori-
zation are the most closely monitored steps.

Results are supplied both to manufacturing and engine-
ering. When evidence of a problem occurs, QC provides recom-
mendations for corrections and follows up the corrective
action taken.

Optical inspections are performed at several steps;
quality control limits are based on a 10% LTPD. The chartin
Figure 1 shows process steps and process control points.

QUALITY ASSURANCE

The Quality Assurance function in the Product Assur-
ance Program involves checking the ability of manufactured
parts to meet specifications. In addition, the QA group also
is responsible for calibration of all equipment, and for the
maintenance of AMI internal product specifications, to assure
that they are always in conformance with customer specifica-
tions, 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 or 10%, or less, if the specification re-
quires 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 elevated temp-
erature. In addition, a number of other special temperature
tests may be performed, if required by the specification.
Generally, high temperature tests are at 125°C.

To perform the tests, QA uses AMI PAFT test systems,
ROM test systems, Macrodata testers, Fairchild Sentry systems,
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Figure 1. Flowchart of Product Assurance Program
Implementation
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Western Digital Spartan systems, Impact testers, and various
bench test units. In special instances a part may also be tested
in a real life environment, 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 is identified as a resub-
mitted lot. If it fails again, it is discarded and corrective action
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in engineering is initiated. As evidence of the problem is detec-
ted, 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 finished 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, including QA acceptance, special customer
specifications, certificates of compliance, etc. Only. after this
last check are devices considered ready for plant clearance.

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 qualification, pack-
age qualification, reliability program qualification, and failure
analysis. To perform these functions AMI Reliability group is
organized into two major areas:

® Reliability Laboratory
® Failure Analysis

Reliability Laboratory

AMI Reliability Laboratory is responsible for the follow-
ing functions:

New Process Qualification
Process Change Qualification
Process Monitoring

New Device Qualification
Device Change Qualification
New Package Qualification
Device Monitoring

Package Change Qualification
Package Monitoring

High Reliability Programs

There are various closely interrelated and interactive phases
involved in the development of a new process, device, pack-
age, or reliability program. A process change may affect
device performance, a device change may affect process repea-
tability, and a package change may affect both device per-
formance and process repeatability. To be effective, the
Reliability Laboratory must monitor and analyze all aspects
of new or changed processes, devices, and packages. It must
be determined what the final effect is on product reliability,
and then evaluate the merits of the innovation or change.
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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 improvement. The
Reliability Laboratory then performs appropriate environ-
mental and electrical evaluations of new process. 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 comparisons between diffusion
runs. The following is an example of what is included on a
typical rel chip:

® A discrete inverter and an MOS capacitor
® A large P-N junction covered by an MOS capacitor

® A large P-N junction area (identical to the junction
area above, but without the MOS capacitor)
® A large area MOS capacitor over substrate
® Several long contact strings with different contact
geometries.

Several long conductor geometries, which cross a series
of eight deeply etched areas.

Each circuit element of a rel chip allows a specific test
to be performed. As an example, the discrete inverter and
MOS load device accommodate power life tests. As a conse-
quence, any type of parameter drift can be observed. The MOS
capacitor, covering the large P-N junction, can serve to in-
dicate the presence of contamination 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 junction
area. The metal conductor interconnecting contacts 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 high currents are readily identified and provide a quanti-
tative measure of metal quality.

If the Reliability Laboratory determines that a recom-
mended new process or process change is viable for manu-
facturing purposes, further analysis is necessary to determine
that production devices can be manufactured in high volume,
in a repeatable and reliable manner.
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Process Monitoring

In addition to process qualification, the Reliability group
also conducts ongoing process monitoring programs. 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, accord-
ing to which the new package and an established package (used
for control) are tested concurrently. The test matrix consists
of a full spectrum of electrical and environmental stress tests,
in accordance 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 devices submitted
from various sources. It is the function of the Reliability group
to determine the cause of failure and recommend corrective
action.

The Reliability group provides a failure anlaysis service
for the previously mentioned in-house programs and for the
evaluation of customer returns. All AMI customers are pro-
vided 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 evaluation of
devices. The Program consists of three major functions:
Quality Control, Quality Assurance, and Reliability. Constant
monitoring of all phases of production, with information feed-
back at all levels, allows fast and efficient detection of prob-
lems, evaluation and analysis, correction, and verification of
the correction. The overall result is a line of products which
are highly repeatable and reliable, with a very low reject level.
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PROCESS DESCRIPTIONS

Each of the major MOS processes is described on the
following pages. First, the established production proven pro-
cesses are described, followed by those advanced processes,
which are starting to go into volume production now. In each
case, the basic processes is described first, followed by an ex-
planation of its advantages, applications, etc.

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 versions of this process have

evolved since its earliest days. A thin slice (8 to 10 mils) of
lightly doped N-type silicon wafer serves as the substrate or
body of the MOS transistor. Two closely spaced, heavily doped
P-type regions, the source and 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 between the source
and drain regions, butiselectrically 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
current 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-

FIGURE 10-1. SUMMARY OF MOS PROCESS CHARACTERISTICS

P-CHANNEL METAL GATE

Variations:

1. High Threshold (Hi V)
2. Low Threshold (Lo V)

ION IMPLANTED P-CHAN. METAL GATE

Materials: N-Silicon substrate — (111} for high V., <100} for low V7.

Aluminum gate, source, and drain contacts.
Performance: Poor speed-power product: V[V tradeoff.
Complexity: Typically 15 or less process steps.

Variations:

1. With enhancement and depletion mode
devices on same chip

SILICON GATE
(Usually with fon Implantation)

Variations:
1. With buried interconnect layer
2. With enhancement and depletion mode devices
on same chip

CMOS

Variations: .
(Both commonly use ion

1. Silicon Gate implantation)

2. Metal Gate

VMOS

Static RAM, ROM and General Logic

Materials: Same as above, always 111} silicon.

Performance: Lower V by altering Qp term; high
Vg of {111} silicon; enhancement and
depletion mode transistors possible.

Complexity: Over 15, less than 20 process steps.

Materials: {111) substrate, doped polycrystalline silicon gate

Performance: Lower Vy through ®g term, but high Vyg of
(1D silicon

Complexity: 15-20 process steps, but over 25 with combined
enhancement and depletion mode devices.

P-CHANNEL

Materials: 100 P-silicon substrate, doping polysilicon gate, ion implanted field
Performance: Fast circuits, through high mobility () of electrons
Complexity: Same as P-channel Si-gate

N-CHANNEL

Materials: <100} P-silicon substrate, doped polysilicon gate
DOUBLE POLY Per Al N-ch 1 Si-Gate ad plus
Complexity: Over 30 process steps

Materials: N-silicon substrate, either polysilicon or aluminum gate
Performance: Low power, high speed
Complexity: Over 25 process steps

Materials: (100} m epitaxial layer on an N* doped substrate,
Polysilicon gates and resistors
Performance: N-channel silicon gate, extremely compact through
use of vertical direction
Complexity: Complex, over 30 process steps
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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 Vy required to turn a transistor on.
The high threshold Vi is typically -3 to -5 volts and the low
threshold V. is typically -1.5 to -2.5 volts.

The original technique used to achieve the difference in
threshold voltages was by the use of substrates with different
crystalline structures. The high Vi process used (111) silicon,
whereas the low Vg process used {100) silicon. The difference
in the silicon structure causes the surface charge between the
substrate and the silicon dioxide to change in such a manner
that it lowers the threshold voltages.

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 disadvantage also.
Just as the surface layer of the (100) silicon can be inverted
by a lower Vp, so it also can be inverted at other random
locations — through the thick oxide layers — by large voltages
that may appear in the metal interconnections between circuit
components. This is undesirable because it creates parasitic
transistors, which interfere with circuit operation. The maxi-
mum voltage that can be carried in the interconnections is
called the parasitic field oxide threshold voltage Vg, and gen-
erally limits the overall voltage at which a circuit can operate.
This, then, is the main factor that limits the use of the low Vg
process. A drop in Vpg between a high V and low Vp process
may, for example, be from 28V to -17V. -

The low Vi process, because of its lower operating volt-
ages, usually produces circuits with a lower operating speed
than the high V. process, but is easier to interface with other
circuits, consumes less power, and thérefore 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 processes require two power supplies in most circuit
designs, but the high Vi process, because it operates at a high
threshold voltage, has excellent noise immunity.

ION IMPLANTED P-CHANNEL METAL GATE PROCESS

The P-channel Ion Implanted process uses essentially the
same geometrical structure and the same materials as the high
Vr 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 changing the characteristics of the substrate in
the gate area, it is possible to lower the threshold voltage Vi
of the transistor, without influencing any other of its properties.

Figure 10-2 shows the ion implantation step in a dia-
grammatic manner. It is performed after the gate oxide is
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deposited, but before the source, gate, and drain metallization
deposition. The wafer is exposed to an ion beam which pene-
trates through the thin gate oxide layer and implants ions
into the silicon substrate. Other areas of the substrate are
protected both by the thicker oxide layer and sometimes also
by other masking means. lon implantation can be used with
any process and, therefore could, except for the custom of
the industry, be considered a special technique, rather than
a process in itself.

The implantation of P-type ions into the substrate, in
effect, reduces the effective concentration of N-type ions in
the channel area and thus lowers the V. 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 parasitic field oxide threshold voltage Vi (a

FIGURE 10-2. DIAGRAM OF ION IMPLANTATION STEP

Boron (P-type) ions from Implanter Accelerator
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Note: Implantation step is performed after gate oxidation.

problem with the low Vy 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 depletion mode device. In
any circuit some transistors can be made enhancement type,
while others are depletion type, and the combination is a
very useful circuit 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 performance and thus
is the logical choice for many common circuits, such as memory
devices, data handling (communication) circuits, and others.
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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 im-
plement clock generating and gating circuits on the chip. In
most circuit designs only a single power‘supply voltage is
required.

N-CHANNEL PROCESS

Historically, N-channel process and its advantages were
known well at the time when the first P-channel devices were
successfully manufactured, however it was much more difficult
to produce N-channel. One of the main reasons 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 Vy of only a
few tenths of a volt (positive). Thus, the transistor operated as
a marginal depletion mode device, without a well-defined
onfoff biasing range. Attempts to raise Vr by varying gate
oxide thickness, increasing the substrate doping, and back
biasing the substrate, created other objectionable results and it
was not until research into materials, along with ion implanta-
tion, silicon gates, and other improvements came about that N-
channe! became practical for high density circuits.

The N-channel process gained its strength only after
the P-channel process, ion implantation, and silicon gate all
were already well developed. N-channel went into volume
productions with advent of the 4K dynamic RAM and the
microprocessor, both of which required speed and high den-
sity. Because P-channel processes were nearing their limits in
both of these respects, N-channel became the logical answer.

The N-channel process 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-channel 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 there-
fore N-channel transistors can be made smaller. The positive
gate voltage allows an N-channel transistor to be completely
compatible with TTL.

Although metal gate N-channel processes have been used,
the predominant N-channel process is a silicon gate process.
Among the advantages of 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
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and often allows the reduction of the total chip size. Because
the polysilicon gate electrode is deposited in a separate step,
after the thick oxide layer is in place, the simultaneous deposi-
tion of additional polysilicon interconnect lines is only a mat-
ter of masking. These interconnect lines are buried by later
steps, as shown in Figure 10-3.

FIGURE 10-3. CROSSECTION OF A SILICON GATE
MOS TRANSISTOR

Interconnect deposit (to be
buried by next vxide diffusion]

(a) Transistor Ready for Source and Drain Diffusions
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(b) Finished Transistor

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 deposited [see (a)
of Figure 10-3] the interconnect lines cannot be located
over these diffusion regions.

A second 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 capacitance at each
location and improves speed, as well as power consumption
characteristics. Whereas in the metal gate process, the P
region source and drain diffusion must be done prior to de-
position of the gate electrode, in silicon gate process, the
electrode is in place during diffusion, see (a) of Figure 10-3.
Therefore, no planned overlap for manufacturing tolerance
purposes need exist and the gate is said to be self-aligned. The
only overlap that occurs is due to the normal lateral 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 because 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. ’
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Because N-channel is relatively new, however, its produc-
tion techniques and variations in applications still are under-
going development. However, the combination of high speed,
TTL compatibility, low power requirements, and compactness
have already made N-channel the most widely used process.
The cost of N-channel has been coming down also.

In addition to its use in large memory chips and micro-
processors, N-channel has become a good general purpose
process for circuits in which compactness and high speed are
important. The addition of a second layer of polysilicon to
this process has allowed the formation of overlappingelectrodes
making possible charge coupled devices for very compact dy-
namic memory cells, for filters, and for analog/digital conversion.

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 10-4. The two are fabricated
on the same substrate, which can be either N or P type.

The CMOS inverter in Figure 10-4 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
0 level, its negative voltage biases only the P-channel transis-
tor on and the output is near the drain voltage +Vp. 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 consump-
tion. Only during the transition from one logic level to the
other are both transistors on and current flow increases
momentarily.

Silicon Gate CMOS is also fast, approaching speeds of
bipolar TTL circuits. On the other hand, the use of two
transistors in every device makes CMOS slightly more complex,

FIGURE 10-4. CROSSECTION AND SCHEMATIC DIAGRAM OF A CMOS INVERTER
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costly, and requires more chip size. For these reasons, the
original popularity of CMOS was in SSI logic elements and
MSI circuits — logic gates, inverters, small shift registers,
counters, etc. These CMOS devices constitute a logic family
in the same way at TTL, ECL, and other bipolar circuits do
and in the areas of very low power consumption, high noise
immunity, and simplicity of operation, are still widely accepted
by discrete logic circuit designers.

Low power CMOS circuits made the watch circuit pos-
sible and also have been used in space exploration, battery
operated consumer products, and automotive control devices.
As experience was gained with CMOS, tighter design rules and
reduced device sizes have been implemented and now LSI
circuits, such as 1K RAM memories and microprocessors, are
being manufactured in volume.

CMOS circuits can be operated on a single power supply
voltage, which can be varied from +3 to about +18 volts, with
a higher voltage giving more speed and higher noise immunity.

VMOS

AMT’s patented VMOS process is a significant departure
from the other processes described so far. The VMOS transis-
tor is constructed along the sides of a V-shaped groove, that
has been etched into the silicon, as shown in the simplified
diagram of Figure 10-5(a). (A distinction arises between the
VMOS transistor and the planar transistor, whose source, gate,
and drain are laid out in the usual manner, along the surface
plane of the substrate.)

The source is a heavily N doped region, diffused into
the substrate (heavy doping is denoted by + after the N).
An epitaxially grown layer over the source constitutes the
channel. The lower part of this layer is more heavily P-doped
and its depth determines the effective channel length. The
upper part, designated =, is very lightly P-doped and is used
as an isolating layer, to improve device performance charac-
teristics (as described below). The drain is a heavily N-doped
diffusion on the surface of the structure.

The gate oxide and gate electrode are deposited all along
the bias surfaces of the V-groove, as shown in the crossection
(b), and a field oxide layer extends over the drain. On the
surface of a die, the VMOS transistor appears as in (c).
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In producing a VMOS device, the source diffusion,
epitaxial growth of the channel layer, drain diffusions and
insulating oxide all are completed first and only then the
V-groove is etched. The precise V shape of the groove results
because of the interaction of the etchant with the anisotropic
crystal structure.

The VMOS process has several significant advantages:

Because it uses the sides of the V-groove for device
construction, the VMOS transistor requires a much
smaller chip surface area than any planar transistor. For
this reason, very high density circuits can be built
with VMOS.

Devices with very short channels and large W/¢ ratios can
be built, making possible the design of very high speed
circuits, that can carry large currents. In any planar
process the channel length can be no smaller than the
physical limits of photolithographic masks, whereas in
VMOS the effective channel length is controlled only
by diffusion and epitaxial thickness, and can be 2 um
or less. On the other hand, channel width is the perimeter
distance around all four sides of the V-groove (at the
channel elevation) and this clearly is an advantage in
getting a high W/® ratio without using up a large surface
area. (The perimeter distance is 2-3 times that of a cor-
responding chip surface area planar device.)

The 7 type epitaxial layer isolates the heavily doped N*
drain from the P channel and thus reduces substrate-
to-drain capacitance and increases drain breakdown vol-
tage. Other parasitic capacitances are also typically
smaller than those of planar devices and so the overall
power consumption at a given operating speed is smaller
than that of other processes (with the exception of
CMOS).

On the strength of its density and speed advantages,
VMOS appears to be most promising for next generation
memories — the 16K and larger RAMs. However, various other
device configurations, besides the floating source transistor
shown in Figure 10-5, are possible and thus VMOS can be-
come a good all-purpose process — usable on ROMs, EPROMs,
microprocessors, and random logic. For example, in a ROM
the NT source diffusion is eliminated and instead, the entire
substrate is N type. In this manner all the cells have a common
grounded source and a very simple straightforward structure
results.



MOS Processes

FIGURE 10-5. THE VYMOS TRANSISTOR

P SUBSTRATE

a. The V-groove of a Floating Source
VMOS Transistor

POLYSILICON
GATE ELECTRODE
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b. Crossection of a Completed Floating Source
VMOS Transistor

¢. Photograph of Two Parallel VMOS Transistors with
Surface V-Groove Dimensions of 6um x 23um

FIGURE 10-6. COMPARATIVE DATA ON MAJOR MOS PROCESSES
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A‘M’l o MEMORY PRODUCTS

MOS STATIC RANDOM ACCESS MEMORIES

PART NO.  ORGANZATION PROCESS MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER PACKAGE
TIME (ns) POWER (mW) POWER (mW) SUPPLIES
568810 128x8 NMOS 250 420 N/A +5V 24 PIN
S68A10 1288 NMOS 360 420 N/A +5V 24 PIN
$4015-2 1024 x 1 VMOS 60 660 N/A +5V | 16 PIN
54025-2 1024 x 1 VMOS 60 660 N/A 5V 16 PIN
S2114HP 1024 x 4 YMOS 70 790 N/A +5V 18 PIN
$2114A-1 1024 x 4 VMOS 150 265 N/A +5V 18 PIN
S2114L-1 1024 x 4 VMOS 150 370 N/A +5V 18 PIN
S2114-1 1024 x 4 VMOS 150 525 N/A +5V 18 PIN
S2114A-2 1024 x 4 VMOS 200 265 N/A +5V 18 PIN
S2114L-2 1024 x 4 VMOS 200 370 N/A +5V 18 PIN
$2114-2 1024 x 4 VMOS 200 525 N/A +5V 18 PIN
S2114A-3 1024 x 4 VMOS 300 265 N/A +5V 18 PIN
$2114L-3 1024 x 4 VMOS 300 370 N/A +5V 18 PIN
52114-3 1024 x 4 VMOS 300 525 N/A +5V 18 PIN
S4017-3 4096 x 1 VMOS 55 660 N/A +5V 18 PIN
54017 4096 X 1 VMOS 70 660 N/A +5V 18 PIN
52147-3° 4096 x 1 VMOS 55 945 160 +5V 18 PIN
52147 4096 x 1 VMOS 70 840 105 45V 18 PIN
54028° 2048 x 8 VMOS 200 525 N/A +5V 24 PIN

CMOS STATIC RANDOM ACCESS MEMORIES

PART NO. ORGANIZATION MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER PACKAGE
TIME (ns) POWER (mW) POWER (mW) SUPPLIES
$2222! 512 x 1 350 25 .05 +10V 16 PIN
$2222A! 512 x 1 700 25 .25 +10V 16 PIN
S5101L-1 256 x 4 450 115 .055 +5V 22 PIN
$5101L 256 x 4 650 115 .055 +5V 22 PIN
$5101L-3 256 x 4 650 115 735 +5V 22 PIN
$5101L-8 256 X 4 800 115 2.7 +5V 22 PIN
$5101-8 256 x 4 800 115 2.7 +5V 22 PIN
$6508-1 1024 x 1 300 13 055 +5V 16 PIN
$6508 1024 x 1 460 13 .55 +5V 16 PIN
S6508A-1 1024 x 1 275/115° 12.5/50° 1.1 +4V to +11V 16 PIN
S6508A 1024 x 1 460/185° 12.5/502 5.5 +4V to +11V 16 PIN
$6518-1 1024 x 1 300 13 .055 +5V 18 PIN
$6518 1024 x 1 460 13 .55 +5V 18 PIN
$6518A-1 1024 x 1 275/115 12.5/50° 1.1 +4V 10 +11V 18 PIN
$6518A 1024 x 1 460/1852 12.5/50° 5.5 +4V to +11V 18 PIN
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VEMORY PRODUCTS

MOS DYNAMIC RANDOM ACCESS MEMORIES

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER
PART NO. ORGANIZATION PROCESS TIME (ns) POWER (mW) POWER (mW) SUPPLIES PACKAGE
S1103A! 1024 x 1 PMOS 205 425 2.0 +16/ +19 18 PIN
S4006' 1024 x 1 PMOS 400 450 50 -12/+5 16 PIN
$4008-9' 1024 x 1 PMOS 800 450 50 ~12/+5 16 PIN

UV ERASABLE ELECTRICALLY PROGRAMMABLE READ ONLY MEMORIES

MAX. ACCESS MAX. ACTIVE MAX. STANDBY POWER
PART NO. ORGANIZATION PROCESS TIME (ns) POWER (mW) POWER (mW) SUPPLIES PACKAGE
S6834 512x 8 PMOS 575 750 N/A +5/—12 24 PIN
56834-1 512 x 8 PMOS 750 750 - N/A +5/-12 24 PIN
S5204A 512 x 8 PMQS 750 750 N/A +5/—-12 24 PIN
S4716° 2048 x 8 VMOS 250 525 132 +5 24 PIN
54532° 4096 x 8 VMOS 250 525 132 +5 24 PIN

MOS READ ONLY MEMORIES

MAX. ACCESS ~ MAX. ACTIVE POWER

PART NO.  DESCRIPTION ORGANIZATION PROCESS TIME (ns) POWER (mW) SUPPLIES PACKAGE
S8773" 2560 Bit Static ROM 256 x 10 or 512 x 5 PMOS 600 600 +5/-12 24/28 PIN
58564 64 x 7x9 Charac. Gen. 64 Words PMOS 450 1100 +5/—12 28 PIN
§3514! 4096 Bit Static ROM 512 x 8 or 1024 x 4 PMOS 1000 500 +5/ =12 24 PIN
$5232" 4096 Bit Static ROM 512 x 8 or 1024 x 4 PMOS 1000 500 +5/ =12 24 PIN
S8771! 5120 Bit Static ROM 512 x 10 or 1024 x 5 PMOS 450 1000 +5/-12 28 PIN
56830 8192 Bit Static ROM 1024 x 8 NMOS 575 680 +5 24 PIN
58865 8192 Bit Dynamic ROM 1024 x 8 PMOS 1700 635 +5/—12 24 PIN
S4216B 16,384 Bit Static ROM 2048 x 8 VMOS 250 500 +5 24 PIN
56831" 16,384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN
S6831A 16,384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN
S6831B 16,384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN
56831C! 16,384 Bit Static ROM 2048 x 8 NMOS 450 420 +5 24 PIN
58996' 16,384 Bit Dynamic ROM 4096 x 4 PMOS 1800 370 +5/—-12 24 PIN
58996' 16,384 Bit Dynamic ROM 2048 x 8 PMOS 1800 370 +5/-12 24 PIN
568332 32,768 Bit Static ROM 4096 x 8 NMOS 450 630 +5 24 PIN
54264 65,536 Bit Static ROM 8192 x 8 VMOS 350 800 +5 24 PIN

! NOT RECOMMENDED FOR NEW DESIGNS
?  FIRST NUMBER IS AT +5V, SECOND IS AT +10V
* 70 BE ANNOUNCED
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S214

Features

[0 High Speed Operation:

Access Time: 150ns Maximum (-1)

High Density 18 Pin Package
Single +5 Volt Power Supply

Completely Static Operation:
No Clocks Required

Completely TTL Compatible

Common Data I/O:
Three-State Outputs

Fan-Out of 5 TTL: Ior, = 8mA @ 0.4V

4096 BIT (1024x4)
STATIC VMOS RAM

General Description

The AMI S2114 is a 4096 bit fully static RAM organ-
ized as 1024 words by 4 bits. The device is fully TTL
compatible on all inputs and outputs and has a single
+5V supply. The common data input/output pins fa-
cilitate interface with systems utilizing a bidirectional
data bus. The stored dataisread out non-destructively
and is the same polarity as the original input data.

The S2114 is fully static requiring no clocks or refresh-
ing for operation. This simplifies device operation as no
address setup times are required. The chip select func-
tion facilitates memory system expansion by allowing
the input/output pins to be OR-tied to other devices.

The S2114 is fabricated using AMI’s proprietary
VMOS technology. This process permits the manufac-
ture of high performance memory devices suitable for
high volume production.

Block Diagram

Ay |

Ag_ ]
ADDRESS

Ag—— 64 X 64
A DECODER

’ ORIVER ARRAY
Ag
Ag

4

Ay——
o ADDRESS
DECODER [—3»

COLUMN
1/0 CIRCUITS

A—

Ay——

ORIVER

Ay——

Y

Logic Symbol Pin Configuration
]

ap — s 18 [] vee
Y pp— Ag [ 2 " :IA7
Az —— 1oy Ag [ 3 16 :'Aa
A3 af] e 15 1] Ag
Ay — —— 1/02

AGH 5 14 [ 1o
Ap —]
Ag —— 1/03 At ] 13 I/Og
A7 _{ s mfl 12 [J vy
Ag —rr 5|8 " ]l/m
ay— aunf] s 10 []we

WE c

877309 877310

Truth Table
WE OUTPUT ENABLE
o _ _!:l_puts Qutputs Mode
CS | WE DIN DouT
H X X Hi-Z Not Selected
Pin Names L| L L Hi-Z | Write“0”
Ag-A11 Address Inputs L L H Hi-Z Write <17
CS Chip Select L H X DouT Read

1/01-1/04 Data Input/Qutput




S2114

Absolute Maximum Ratings*

Ambient Temperature Under Bias ... .. ... ... ..ttt ennnn -10°C to 80°C
Storage TEMPEIatUIe . . ... ..ot it ittt et ettt ettt et et e -65°Cto 150°C
Voltage on Any Pin With Respect to Ground ......... ... ... . . .t -0.5Vto 7V
Power DissSIpation .. .. . e e e 1w

*COMMENT: Stresses above those listed under “Absolute Maximum Rating’’ may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or at any other condition above those indicated in the opera-
‘tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
effect device reliability.

D.C. Operating Conditions (Vcc = 5V £5%; Ta = 0°C to 70°C)

S2114A-1 S$2114L-1 $2114-1
S2114A-2 $2114L-2 $2114-2
S2114A-3 S$2114L-3 S$2114-3
Symbol Parameter Min. Max. | Min. | Max. Min. Max. | Units Conditions
LI Input Leakage Current 10 10 10 MA VIN = 0V to 5.25V
Io! | 1/0 Leakage Current 10 10 10 BA CS=24V,;
Vo = 0.4V to Vcc
45 65 95 mA VIN = 5.025V;
Icc Power Supply Current Ta=25C
50 70 100 mA VIN = 5.25V;
Ta=0°C
VIL Input LOW Voltage -0.5 0.8 -0.5 0.8 -0.5 0.8 \
VIiH Input HIGH Voltage 2.0 Vee 2.0 Vee 2.0 Vee \%
VoL Output LOW Voltage 0.4 0.4 0.4 \% IoL = SmA
VoH Output HIGH Voltage 2.4 Vee 2.4 Vee 2.4 Vee \% IoH =-1mA
Ios Output Short Circuit Current 100 100 100 mA Duration not to
exceed 30 sec.
Capacitance (T = 25°C; f = 1.0MHz)
Symbol Parameter Min. Typ. | Max. | Units Conditions
Cr/o Input/Output Capacitance 10 pF Vo =0V
CIN Input Capacitance 5 pF VIN =0V
A.C. Characteristics (Vog = 5V +5%; Ta = 0°C to 70°C)
Read Cycle
S2114A-1 S2114A-2 S2114A-3
S2114L-1 S2114L-2 S2114L-3
S2114.1 $2114-2 $2114-3
Symbol | Parameter Min. |Max. | Min. |Max. | Min. |Max. | Units { Conditions
trc |Read Cycle Time 150 200 300 ns
tA Access Time 150 200 300 ns S
ee
tco | Chip Selection to Output Valid 70 70 100 ns Test
tcx | Chip Selection to Output Active 15 15 15 ns Circuit
toTp | Output 3-State from 40 60 80 ns and
Deselection Waveforms
toHA { Output Hold from 30 30 30 ns
Address Change
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S2114

A.C. Characteristics (Continued)

Write Cycle
S2114A-1 | S2114A.2 S2114A-3
S2114L-1 S$2114L-2 $2114L-3
S2114-1 S2114-2 S2114L-3
Symbol| Parameter Min. | Max. | Min. | Max. [ Min. [ Max. |Units | Conditions
twc | Write Cycle Time 150 200 300 ns
tw | Write Time 90 120 150 ns See
. . Test
twr | Write Release Time 0 0 0 ns Gireuit
toTw | Output 3-State from Write 40 60 80 ns and
tpw | Data to Write Time Overlap 90 120 150 ns Waveforms
tpy | Data Hold from Write Time 0 0 0 ns
Read Cycle (note 1) Write Cycle (note 2)

Propagation Delay From Address inputs

o X X K ]

@ twe @

m@_SL—\ "o —

N N

M

Doyt

877312

Propagation Delay From Chip Select

totw
0 A R
= j ot ] o
] tox toto
)/ O
. v2ug \
our LN . 877314
tco

877313

NOTES:

. A read occurs during the overlap of a LOW CS and a HIGH WE.
. A write occurs during the overlap of a LOW CS and a LOW WE,
. tWR is referenced to the positive transition of WE.

. WE must be HIGH during all address transitions.

. If the CS LOW transition occurs simultaneously with the WE LOW transition, then the output buffers remain in the high
impedance state.

T W N

A.C. Test Conditions A.C. Test Load
+5V
5100
Input Pulse Levels ........ 0.8V to 2.4V
s2114
Input Rise & Fall Times ....... ... 10ns _L
Input and Output Timing Level ... .. 1.5V I 10057 80
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ADVANCED PRODUCT DESCRIPTION
S2114H

4096 BIT (1024x4)

HIGH SPEED STATIC VMOS RAM

Features

O

High Speed Operation:
Access Time: 70ns Maximum

High Density 18 Pin Package
Single +5 Volt Power Supply

Completely Static Operation:
No Clocks Required

Completely TTL Compatible

Common Data I/0:
Three-State Outputs

Fan-Out of 5 TTL: Ig;,= 8mA @0.45V

General Description

The AMI S2114H is a 4096 bit fully static RAM organ-
ized as 1024 words by 4 bits. The device is fully TTL
compatible on all inputs and outputs and has a single
+5V supply. The common data input/output pins fa-
cilitate interface with systems utilizing a bidirectional
data bus. The stored data is read out non-destructively
and is the same polarity as the original input data.

The S2114H is fully static requiring no clocks or re-
freshing for operation. This simplifies device opera-
tion as no address setup times are required. The chip
select function facilitates memory system expansion
by allowing the input/output pins to be OR-tied to
other devices.

The S2114H is fabricated using AMI’s proprietary
VMOS technology. This process permits the manu-

facture of high performance memory devices suitable
for high volume production.

Block Diagram

Ay

A,
E!
Ag ADDRESS 64 X 64

A DECODER ’——-»

DRIVER ARRAY

5 ——f

Ag

Ag

i

10,
A ADDRESS COLUMN o
A DECODER |—m 2
z:‘ DRIVER 1/0 CIRCUITS ! 1103
Ay 10,

hoiod

Logic Symbol Pin Configuration
Ap Ag il ~/ 18 ]Vcc
pyp— Ag U 2 17 :lA7
Az — L 0 AaD 3 16 [] A8
A3 a3l a 15 ]Ag
Ay —] l— 1o

agfls 1 :]lm
A5 ]
a l— 103 afle 13 [] o,
A7 —] s AzU 7 12 [] o3
Aa__1 555 8 n [ vos
Ag GnD (] @ 10 ]vTE

wE cs

877309 877310

Truth Table
WE OUTPUT ENABLE t
877308 e Epll L OUtputs Mode
CS | WE DIN Doyt

A H X X Hi-Z Not Selected
Pin Names . L L L Hi-Z Write “0”

Ap-Anq Address Inputs WE Write Enable L L H Hi-Z Write <17

Ccs Chip Select vVee +5V Power Ll H X DoUT Read

I/O1 -1/O4  Data Input/Output
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S2114H

Absolute Maximum Ratings*

Ambient Temperature Under Bias ... ........ouitinitninnnneneonenneneneneennns -10°C to 80°C
Storage Temperature . . ... ... ......uutvt ittt et -65°C to 150°C
Voltage on Any Pin With Respectto Ground .......... ...ttt iiennnnn -0.5Vto7V
Power Dissipation ........ N 1w

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

D.C. Operating Characteristic (Voc = 5V = 5%, Ta = 0°C to 70°C)

Symbol | Parameter Min. | Typ. | Max. | Units | Conditions
IL1 Input Leakage Current 10 wA VIN =0V to 5.25V
o) 1/O Leakage Current 10 vA CS=2.4V;Vyo = 0.4V to Vco
Icc Power Supply Current 150 mA VIN = 5.25V, Tp =0°C
V1L Input LOW Voltage -0.5 0.8 A%
ViH Input HIGH Voltage 2.0 Vce \'
VoL Output LOW Voltage 0.45 v Ior, = 8mA
Vou Output HIGH Voltage 2.4 Vee A" Iog = -1mA
Ios Output Short Circuit Current 100 mA Duration not to exceed 30 sec.

Capacitance (Ta = 25°C; £ = 1.0 MHz)

Symbol | Parameter Min. | Typ. | Max. | Units Conditions
Cio Input/Output Capacitance 10 pF Vijo = 0V
CIN Input Capacitance 5 pF iy = 0V
A.C. Characteristics (Voc = 5V + 5%, Ta = 0°C to 70°C)
Symbol |Parameter Min. | Typ. { Max. | Units | Conditions
Read Cycle
trC Read Cycle Time 70 ns
ta Address Access Time 70 ns See A.C. Test
tOHA Output Hold from Address 0 ns Conditions
tco Chip Select Access Time 40 ns &
tex Chip Select to Output Active 0 ns Load
toTD Output H-Z from Chip Select 30 ns
Write Cycle
twe Write Cycle Time 70 ns
tw Write Time 50 ns See A.C. Test
twr Write Release Time 0 ns Conditions
toTw Output H-Z from Write Enable 30 ns &
tpw Data to Write Time Overlap 40 ns Load
tpH Data Hold Time 0 ns
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S2114H

Read Cycle (note 1)
Propagation Delay From Address Inputs Propagation Delay From Chip Select

K f
7 . =

fex
V4 -
NN /

Dgyr

Oour

877312 877313

Write Cycle (note 2)

@ wa @

toTw

877314

NOTES: . -
1. A read occurs during the overlap of a LOW CS and a HIGH WE.

2. A write occurs during the overlap of a LOW CS and a LOW WE.
3. tWR is referenced to the positive transition of WE.
4. WE must be HIGH during all address transitions.
5. If the CS LOW transition occurs simultaneously with the WE LOW transition, then the output buffers remain in the high
impedance state.
A.C. Test Conditions A.C. Test Load
+5V
5100
Input Pulse Levels ........ 0.8Vto 24V .
$2114H
Input Rise & Fall Times .......... 10ns l
Input and Output Timing Level . .... 1.5V I 30aF 300
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- ADVANCED PRODUCT DESCRIPTION

S$2147

4096 BIT (4096x1)

HIGH SPEED STATIC VMOS RAM

Features

O High Speed Operation:
Aécess Time: 55ns Max. (-3)

O Automatic Power-Down

[J High Density 18 Pin Package

O Single +5V Power Supply

O Completely Stitic Operation

O Completely TTL Compatible Inputs

O Three-State TTL Compatible Output

[ Fan-Out of 5 TTL: Iop, = 8mA @ 0.45V

General Description

The AMI S2147 is a high speed 4096 bit fully static
RAM organized as 4096 one-bit words. The device is
fully TTL compatible and has a single +5V power
supply. It has separate data input and output pins for
maximum design flexibility. The three-state output
facilitates memory éxpansion by allowing the output
to be OR-tied to other devices. The stored data is
read out non-destructively and is the same polarity as
the input data.

The automatic power down feature offers significant
system power savings. This feature causes no perfor-
mance degradation, as chip enable access and address
access are equal. The S2147 is fully static eliminating
the need for clocks or address set up and hold times as
well as maximizing data rates since access times and
cycle times are equal.

The S2147 is fabricated using AMI’s proprietary
VMOS technology. The process permits the manufac-
ture of high performance memory devices suitable for
high volume production.

Block Diagram Logic Symbol Pin Configuration
A—— — —
:L_— sooress ar 2?: a1 18] Jvec
A3———  DRIVER A E 2 17 ]Aa
A Az— 0
As—— Ag—| AzE 3 16 :]A1

Age] A3 [ a 15[ ]ne
::— Aa[ 5 1] ]a

A ‘ Ay — As[ L] 13 :]A“]

o A8 — ——>0our ogur |7 12[]an
ADDRESS .

:; S oS Al::: We [ B 1 ]Dm
A1D —
Aty A ——o] Gun[ 9 10 ],:E
DIN oeur WE CE

877311 877312
ey Truth Table
WRITE
. -

877281 WE— OUTPUT ENABLE C_E h;;;;ts DIN (;‘:)tz: Mode Power
Pin Names H| X X H-Z Deselected | Standby
Ap- A11 Address Inputs Dyy  Data Input L L L H-Z | Write “0” | Active
CT : H H-Z Write “1” | Active
CE Chip Enable Doyt Data Output L L rite chiv
- : L H X Doyt |Read Active
WE Write Enable Vgc  +5V Power




S$2147

Absolute Maximum Ratings*

Ambient Temperature Under Bias . ... ... ...ttt i -10°C to 80°C
Storage Temperature .. .... ... ... ... ittt -65°C to 150°C
Voltage on Any Pin With Respect to Ground ... ...... ... .o -0.5Vto 7V
Power Dissipation ... ... ... 1w

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

D.C. Characteristics: Vi, = 5V £ 5%, T, = 0°C to 70°C

Symbol | Parameter Min. Typ. Max. { Units Conditions
Vor | Output LOW Voltage 0.45 \' IoL = 8mA
Vou Output HIGH Voltage 24 v Iog =-4.0mA
ViL, Input LOW Voltage 0.8 v
Vig Input HIGH Voltage 2.1 \%
Iig Input Leakage Current 10 UA Vec = Max., Viy = 0 to Ve
HLo! | Output Leakage Current 50 UA CS = 2.1V, Vge = Max.
VOUT =0.4 to 4.5V
Ios Output Current Short Vee =Max., for not more than
Circuit to Ground -100 mA one second.
. $2147 160 mA Vee = Max., CE = Vi,
Icc Operating Current S9147.3 180 mA Ta = 0°C, Outputs Open
52147 20 mA -
by C t Vee =Max., CE=V
Isp Standby Curren S21473 30 A cc H

Capacitance: Ty = 25°C, f = 1.0MHz

Symbol | Parameter Min. Typ. Max. Units Conditions
Cinv Input Capacitance 5 pF Vin =0V
CouyT | Output Capacitance 10 pF Vourt =0V

A.C. Characteristics: Tp = 0°C to 75°C, Vge = +5V *+ 5%

Read Cycle
$2147-3 52147

Symbol | Parameter Min. | Max. | Min. | Max, | Units | Conditions
tre Read Cycle Time 55 70 ns
taAA | Address Access Time 55 70 ns See A.C. Test
tac Chip Enable Access Time 55 70 ns Conditions
ton Output Hold from Address Change 10 10 ns and
trz | Chip Enable to Output LZ 10 10 ns Waveform
tuz Chip Enable to Output HZ 30 30 ns
tpy [ Chip Enable to Power Up Time 0 0 ns
tpp Chip Disable to Power Down Time 40 50 ns
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$2147

Write Cycle
52147-3 52147
Symbol | Parameter Min. | Max. | Min. | Max. | Units Conditions
twe Write Cycle Time 55 70 ns
tow Chip Enable to End of Write 45 55 ns
taAw Address Valid to End of Write 45 55 ns See A.C. Test
tas Address-Setup Time 5 5 ns Conditions
twp Write Pulse Width 35 40 ns and
twr Write Recovery Time 10 15 ns Waveforms
tpw Data Valid to End of Write 25 30 ns
tpH Data Hold Time 10 10 ns
twz Write Enable to Output HZ 0 25 0 | 30 ns
tow Output Active from End of Write 0 25 0 30 ns
READ CYCLE WRITE CYCLE
Propogation Delay From Address Inputs
- tRC - e — we
ADDRESS X apoRess X
| - AR D f— o
- g ——| _ o
DATA OUT -PREVIOUS DATA VALID e DATA VALID ce W t
' ~-—— 1AS >‘Aw - WP —-—— | " @
Propagation Delay From Chip Enable L RS £
- 0w td
‘:_E_\Mt JK———— DATAIN * DATA IN VALID k_‘
At P - W2 —>| ~— 1OW —|
- ‘im‘iz—’i-x Y e " ! — DATA OUT DATA UNDEFINED I E3 j DATA OUT - DATA IN
) —— tppy —— |
sumey ST y ‘!L‘
CURRENT 15— ]
NOTES: __ —
1. Aread occurs during the overlap of a LOW CE and a HIGH WE.
2. A write occurs during the overlap of a LOW CE and a LOW WE.
3. twr is referenced to the positive transition of WE.
4. WE must be HIGH during all address transitions. -
5. If the CE LOW transition occurs simultaneously with the WE LOW transition, then output buffers remain in the high

impedance state.

A.C. Test Load A.C. Test Conditions

ALLINPUT PULSES

<
o
a

5100

Dout

>
3000 $ 30pF
>

GND

I

877307

877308
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S4015/54025

AML

1024 BIT (1024x1)

HIGH SPEED STATIC VMOS RAM

Features

O Pin Compatible with 93415 (S4015) and
93425 (S4025)

Single +5V Power Supply
Completely TTL Compatible
Open Collector Output — S4015

Three-State Output — S4025

o o o o o

Fan-Out of 10 TTL — Ip;, = 16mA @0.45V

g

Completely Static — no Clocks or Refreshing

General Description

The AMI S4015/54025 family of 1024x1 bit high speed
VMOS RAMs offers fully static operation with a single
5V supply. The device is completely TTL compatible
on inputs and output. The family is available in two
output configurations. The S4015 has an open collector
(open drain) output and the S4025 has a three-state out-
put. The stored data is read out nondestructively and
is the same polarity as the original input data.

The family is completely static requiring no clocks
or refreshing for operation. Chip Select (CS) controls
the output and simplifies memory system expan-sion.
The fast chip select time allows decoding the chip
select from the address without increasing address
access time.

Block Diagram

A —
A, — ADDRESS 32X 32
A DECODER >
2
Ay ::] DRIVER ARRAY
Ay

A
A Y
Ag —1 ADDRESS COLUMN 1/0
A, —— DECODER CIRCUITS
A, ——{ DRIVER
A

DO uT

——————

1
|
|
|

| _S40250NLY |

877236

Logic Symbol Pin Configuration
€S Dy WE
Aﬂ—l 514 sl Vls bvcc
Ay —J 3 A 15 1 B
A, — 4 —
A; 1. A 3 1 [Jwe
A — s A, 4 1B A
As —1 9 Ay 5 12 [ A
= i
2? 1 :‘: A, 6 n A
Ay —1 2 Sour [ 7 10 17 4
Ay — B, eno [ 8 9 [ A
“ar1249 Doyr 877250
Pin Names
Cs Chip Select D Data Input
Ag —Ag Address Inputs Dgyr Data Output
WE Write Enable
Truth Table
Inputs Output (DoyT)
=T = Mode
C WE | Diy | S4015 | 84025
H| XX H | H—Z | Not selected
L L L H H—Z | Write <“0”
L L H H H—7Z | Write “1”
L H X | Dour | Dour | Read
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S4015/S4025

General Description (Continued)

The S4015/84025 is fabricated using AMI’s proprietary VMOS process, thus allowing the production of high
speed MOS RAMs that are fully compatible with bipolar RAMs but offering the advantage of lower power
dissipation.

Absolute Maximum Ratings*

Ambient Temperature Under Bias -10°C to +85°C
Storage Temperature - 65°Cto +150°C
Output or Supply Voltages - 0.5Vto+7V
Input Voltages - 0.5V to + 55V
Power Dissipation 1 Watt

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

D. C. Characteristics: Voo = 5V +' 5%, Ty = 0°C to 75°C

Symbol | Parameter Min. | Typ. | Max. | Units | Conditions
VoL Output LOW Voltage 0.45 \% Vce=Min, Ipr,=16mA
Vou Output HIGH Voltage (S4025 Family) | 2.4 \Y% Vce=Min, Iog=-5.2mA
ViL Input LOW Voltage 0.8 v
Vig Input HIGH Voltage 2.1 v
I, Input LOW Current -40 MA | Voc=Max, Vy=0.4V
I Input HIGH Current 40 uA | Voe=Max, Viy=4.5V

Output Leakage Current - -
Icex (S4015 Family) 50 | mA | Voo=Max, Vour=4.5V
Io Output Current (High Z) - 50 uA | Vge=Max, Voyr=2.4V

FF (84025 Family) -50 #A | Vee=Max, Voyr=0.5V

Output Current Short Circuit to Vce=Max, for not more
Tos o : -100 | ma | °©

Ground (S4025 Family) than 1 second

‘ Veo=Max
Icc 1;°‘”er Supply 125 | mA | All Inputs Grounded
urrent
Output Open

Capacitance
Symbol | Parameter Min. | Typ. | Max. | Units | Conditions
CmN Input Capacitance 5 pF | All inputs=0V
CouT Output Capacitance 8 pF | Output=0V
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A.C. Characteristics: Vog = 5V £5%, Tp = 0°C to 75°C

$4015/54025

Read Cycle
S4015(25) - 2
Symbol Parameter Min. Typ. Max. | Units Conditions
tACS Chip Select Time 40 ns See Test
tRCS Chip Select Recovery Time 40 ns Circuit &
tAA Address Access Time 60 ns Waveforms
Write Cycle
tws Write Disable Time [ 40 ns |
tWR Write Recovery Time 0 40 ns
tw Write Pulse Width 40 ns
twsD Data Set-up Time Prior to Write 5 ns See Test
twHD | Data Hold Time After Write 5 ns Circuit &
tWSA Address Set-up Time 5 hs Waveforms
twHA Address Hold Time 5 ns
twscs Chip Select Set-up Time | 5 ns
tWHCS Chip Select Hold Time 5 ns
Read Cycle Write Cycle

Propagation Delay From Address Inputs

Ag —Ag

Doyt

:‘ an
DATA
UNDEFINED J\ VALID DATA

[
Ywscs >

877303

Propagation Delay From Chip Select

%‘I‘A*} | KWHA%_—‘

[
< tacs '—" 'RCS””1

Dyyr (54015)

Dy 184025)

877304

VALID DATA

—

VALID DATA

877305

i

Dyr (54015)

Doyt (84025)

DATA
UNDEFINED

DATA
UNDEFINED

A.C, Test Load

Ry

Dour

877307

p—— =

R Ry

B, S 30 pF -
R 4 $4015 | 2700 | 6000
$4025 | 2200 | 1500

A.C. Test Conditions

ALL INPUT PULSES

= —90%
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PRELIMINARY

S4017

AMIL

4096 BIT (4096x1)

HIGH SPEED STATIC VMOS RAM

Features

O

High Speed Operation:
Address Access Time: 55ns Maximum

Chip Select Access Time: 30ns Maximum

General Description

The AMI S4017 is a high speed 4096 bit fully static
RAM organized as 4096 one-bit words. The device is
fully TTL compatible and has a single + 5V power
supply. It has separate data input and output pins for
maximum design flexibility. The three-state output
facilitates memory expansion by allowing the output

O Fast Chip Select Optimizes Access Time to be OR-tied to other devices. The stored data is read
. . . out non-destructively and is the same polarity as the
O High Density 18 Pin Package original input data.
O Single +5V Power Supply The fast chip select access time offers a significant
performance advantage. As the chip select is normally
O Completely Static Operation decoded from the address, the time required to decode
the chip select will not impact the overall access time.
U Completely TTL Compatible Inputs The S4017 is fabricated using AMI’s proprietary
O] Three-State TTL Compatible Output VMOS technology. The process permits the manufac-
ture of high performance memory devices suitable for
[0 Fan-Out of 5 TTL: Igy, = 8mA @ 0.45V high volume production.
Block Diagram Logic Symbol Pin Configuration
Ag: Ag ——
A'j ADDRESS A‘:__
| ogmooen kY 22— —om
i ]
Y y—
Ap—
3 A7 ——
A6 Ag—o| —oout
I ADDRESS A9—
E: oecoozn || o omcurs ]
| Il
o Dout
877311 877312
] WRITE Truth Table
I Output
. WE—d OUTPUT ENABLE HPUtS wpu Mode
e CS | WE Dy DouTt
Pin Names H X X H-Z NOt Sil;(,:,ted
Ag-Aqq Address Inputs Dyy  Data Input L L ; E; erte q»
CS Chip Select Doyt Data Output L L < i ert;:
WE  Write Enable Vge  +5V Power L) H Dour |Rea
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$4017

Absolute Maximum Ratings*

Ambient Temperature Under Bias . ... ........vuuuiutn ettt -10°C to 80°C
Storage Temperature . . .. ... ... vt it ettt it e e -65°C to 150°C
Voltage on Any Pin With Respectto Ground .............. ... .. ... .. rinnnnn. -0.5Vto 7V
Power Dissipation . ... ...t 1w

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

D.C. Characteristics: Vo = 5V + 5%, T, = 0°Cto 70°C

Symbol | Parameter Min. | Typ. Max. | Units Conditions
Vor, | Output LOW Voltage 045 \'/ IoL = 8mA
Vou Output HIGH Voltage 24 v Iog = -4.0mA
viL Input LOW Voltage 0.8 \
Vi Input HIGH Voltage 21 | A%
Iy Input Leakage Current 10 HA Voe = Max., iy = 0 to Ve
10! Output Leakage Current 50 MA CS = 2.1V, Ve = Max..
Vour =0.4 to 4.5V
Ios Output Current Short Ve = Max., for not more than
Circuit to Ground -100 mA one second.
Ioc Power Supply 195 A Ve = Max., CS = Vg,
Current Output Open
Capacitance: Ty = 25°C, f = 1.0MHz
Symbol | Parameter Min. Typ. Max. Units Conditions
Cn Input Capacitance 5 pF Viy =0V
Cout | Output Capacitance 8 pF Vout =0V

A.C. Characteristics: Ty = 0°C to 75°C, Vog = +5V £ 5%

Read Cycle

$4017-3 54017
Symbol | Parameter Min. | Max. | Min. | Max. | Units Conditions
trRC Read Cycle Time 55 70 ns
taa Address Access Time 55 70 ns See A.C. Test
tacs Chip Select Access Time 30 40 ns Condition
toH Output Hold from Address Change 10 10 ns and
trLz Chip Select to Output L —Z 10 10 ns Waveform
thz Chip Select to Output H — Z 30 30 ns
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S$4017

Write Cycle
S4017-3 S4017
Symbol | Parameter Min. | Max. | Min. | Max. | Units Conditions
twe Write Cycle Time 55 70 ns
tow Chip Select to End of Write 40 50 ns
taAw Address Valid to End of Write 45 55 ns See A.C. Test
tas Address Setup Time 5 5 ns Conditions
twp Write Pulse Width 35 40 ns and
twr Write Recovery Time 10 15 ns Waveforms
tpw Data Valid to End of Write 25 30 ns
tpu Data Hold Time 10 10 ns
twz Write Enable to Output HZ 0 25 0 30 ns
tow Output Active from End of Write 0 25 0 30 ns
Write Cycle Read Cycle
Propagation Delay from Chip Enable - e
the aDDRESS ¥ P
[ @ -t —————————— |
< o 7 T
DATA 0UT DATAVALID [ wz e —w— <-|wn>|®
R i v MO
Propogation Delay From Chip Select T <
-—— R —— DATAIN * DATA IN VALID
apoRess_ Y- Y < Wz | <—|nw—>|
[~ 10K L DATA GUT DATA UNDEFINED | HI Z * DATA OUT = DATAIN
DATA DUT  PREVIOUS DATA VALID ! DATA VALID
NOTES:
1. A read occurs during the overlap of a LOW CS and a HIGH @
2. A write occurs during the overlap of a LOW C—Sﬂld a LOW WE.
3. twR is referenced to the positive transition of WE.
4. WE must be HIGH during all address transitions. .
5. If the CS LOW transition occurs simultaneously with the WE LOW transition, then the output buffers remain in the high

impedance state.

A.C. Test Load

5100

Dout

w00 3
<
3 30F

i——

877307

877306

A.C. Test Conditions

ALLINPUT PULSES
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ADVANCED PRODUCT DESCRIPTION

S4028

AMIL

Features

a

o 0O o o g

High Speed Operation:
Access Time: 200ns Max.

Sihgle +5V Power Supply

Pin Compatible with 16K EPROM/ROM
Fully Static Operation

Completely TTL Compatible

Common Data Input/OQutput:
Three-State Outputs

Output Enable Function for Easy Control of
Data Output

16,384 BIT (2048 X 8)
STATIC VMOS RAM

General Description

The AMI S4028 is a 16,384 bit fully static VMOS random

access memory organized as 2048 words by 8 bits. The
device is fully TTL compatible on all inputs and out-
puts and has a single +5V power supply. The common
data input/output pins and output enable function
facilitate interface with systems utilizing a bi-direc-
tional data bus. Data is read out non-destructively and
is the same polarity as the input data.

The S4028 is fully static requiring no clocks or refresh-
ing for operation. This simplifies device operation as
no address setup or hold times are required. The chip
select and output enable functions facilitate memory
expansion by allowing the input/output pins to be OR-
tied to other devices.

The S4028 is fabricated using AMI's proprietary
VMOS technology. This permits the manufacture of
high performance memory devices suitable for high
volume production.

Block Diagram Logic Symbol Pin Configuration
Ay — Cs WE OE ]
Ay — l l [N 24
, v
A, ————| ADDRESS 16,384 BIT l ’:) .
A; ———| DECODER fa —] % [ z 4
A, —— DRIVERS ARRAY M — — 1o, A q 3 2 b‘s
L rg—
n 2 L— o, 8 e 21 []we
Ay —— Ay — — o, 1:1 -
A — o Ay 5 20 [J0E
A . 4
5 ] N A e 8 A
T :s — TN A 7 18 ]
A, —— 7 -
ADDRESS i,
Ay —— DECODER m:/';')w M — 10, il v D,
Ay —— DRIVERS CIRCUITS Ay —f [— oy []s 16 110,
A — A
- 10 va, [0 15 [J o,
. , oy 1 18 J o,
z D\ 10, GND []12 13 110,
—— |/03
WE ] 110,
s 10
1o, Truth Table
NN 110,
™ 110,
[H OUTPUT ENABLE m— e g—
MODE CS | OE | WE | Data In | Data Out]
. Desels i—
Pln Names eselected H X X X Hi—-2Z
Read L L H Hi—2 | Data Out|
— Write L | H| L |Datal i-
Ao — Ay Address Inputs OE  Output Enable o N o :' z
i rite ata In i—
10, — I Data i
10, 0 Inputs/Outputs WE Write Enable Setocted, Outpat i—z| L | H | H A iz

Ccs Chip Select Veo +5V Power Supply




S$5101

AMI

Features

Ultra Low Standby Power

1024 BIT (256x4)
STATIC CMOS RAM

General Description

The AMI 85101 family of 256 x 4-bit ultra low power
CMOS RAMs offers fully static operation with a single

O Data Retention at 2V (L Version) + 5 volt power supply. All inputs and outputs are
: directly TTL compatible. With data inputs and out-
O Single +5 Volt Power Supply puts on adjacent pins, either separate or common data
I/O operations can easily be implemented for max-
O Completely Static Operation imum design flexibility. The three-state outputs will
drive one full TTL load and are disabled (high imped-
O Completely TTL Compatible Inputs ance state) by output disable (OD), either chip enable
(CE1 or CE2), or in a write cycle (R/W = LOW). This
0 Three-State TTL Compatible Outputs facilitates the control of common data I/O systems.
Block Diagram Logic Symbol Pin Configuration
A — — J—
Ay surreRs - 2x32 I A 22 [] Ve
N 0ECODER ARRAY 3— A A [ 2 21 [1 4,
3 —1a
~ ?__.Az A s 20 [ rw
20— A, A s 19 [] CE1
t 5 —d Ag A 15 18 t]an
. couuny :II;II‘Z ‘;"‘ 25 As[] s 17 (] ce2
Ag AND 1/0 CONTROL oI ™
A, DECODER l:mj 9 —J DI, 00, |— 10 I 16 [] 004
| 1 —] DI, 00, —1 eno[] s 15 [] 01y
3 —{ DL D04 =14
¢ z—-l >0—4 : ] Dlj D(J: _ :s 0, []s 14 [] 00,
. 0o, 18— 0D . 00, [] 10 13 {] 0l
Lo, Riw ciz c? o1 12 [J00,
00 0 7 19
RW:
__k_no,
77;:8 877302 877301
Truth Table Pin Names
CE1| CE2 | OD | R/W | DIN Output | Mode Ap- A7 Address Inputs CE1  Chip Enable
H| x| x| x|x HighZ | Not selected DIy -DI4  Data Inputs CE2  Chip Enable
X L X X X HighZ | Not Se}ected DOj -DO4  Data Outputs R/W Read/Write Input
X X H H X High Z | Output Disabled oD Output Disable Vee +5 Volt Power Supply
L|H|H L | x HighZ | Write
L|H|L L | x High Z | Write
L H L H X Dout Read
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General Description (Continued)

The stored data is read out nondestructively and is
the same polarity as the original input data. The S5101
is totally static, making clocks unnecessary for a new
address to be accepted. The device hastwo chip enable
inputs (CE1 and CEZ2) allowing easy system expansion.
CE2 disables the entire device but CE1 does not dis-
able the address buffers and decoders. Thus, minimum
power dissipation is achieved when CE2 is low.

Absolute Maximum Ratings*

$5101

The L version of the S5101 has the additional feature
of guaranteed data retention with the power supply
as low as 2 volts. This makes the device an ideal choice
when battery augmented non-volatile RAM storage is
mandatory.

The S5101 is fabricated using a silicon gate CMOS
process suitable for high volume production of ultra
low power, high performance memories.

Ambient Temperature Under Bias . .........cciiuiiniint e tinnrnenenneenennnn -10°C to 80°C
Storage TemPeratlre . .. ..o vt veit ittt it e ettt iiee it easeaensannanans -65°C to 150°C
Voltage on Any Pin with Respect to Ground ............. .. iinenennn. -0.3V to Vg +0.3V
Maximum Power Supply Voltage . ....... .. ittt et ettt 11V
Power PSS pation . ..ottt i e e e e e e et e 1w

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

D.C. Characteristics: T, = 0°C to 70°C, Voo = 5V £ 5% (Unless otherwise specified)

Limits
Symbol | Parameter Min. [ Max. | Units | Conditions
IL1 Input Leakage Current 1 uA Vv =0V to Voo
CEl = Vi
ILo Output Leakage Current 1 uA Vour = 0V to Ve
. Outputs = Open,
Icc Operating Supply Current 22 mA Vin = Vi, to Voe
S5101L1, S5101L 10 uA Viv =0V to Ve
IccL Standby Supply Current | S5101L3 140 | uA except
S5101L8, S5101-8 500 | uA CE2 <0.2V
Vi, Input Low Voltage -0.3 1065 |V
Vig Input High Voltage 22 Vg |V
VoL Output Low Voltage 04 \Y IoL =2 mA
Vou Output High Voltage 24 v Iog =-1mA
Capacitance
Limits
Symbol | Parameter Min. | Max. | Units | Conditions
CIN Input Capacitance 8 pF Vinv = 0V, on all Input Pins
Co Output Capacitance 12 pF Vo =0V
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$5101

A.C. Characteristics for Read Cycle: Tp = 0°C to 70°C, Ve = 5V * 5% (Unless otherwise specified)

S5101L S5101L8
S$5101L1 S5101L3 $5101-8
Symbol Parameter Limits Limits Limits Units Conditions
Min. Max. Min. Max. Min. Max,
Tre Read Cycle Time 450 650 800 ns
TACC Access Time 450 650 800 ns
Tco1 CE1 to Output Delay 400 600 800 ns
Tco2 CE2 to Output Delay 500 700 850 | ns See A.C.
Top Output Disable to Enabled Conditions
Output Delay 250 850 450 | ms of Test and
Tpr Output Disable to Output A.C. Test
H-Z State Delay 0 130 0 150 0 200 ns Load
ToH1 Output Data Valid Into Next
: Cycle with respect to 0 0 0 ns
Address
TOH2 Output Data Valid Into
Next Cycle with respect 0 0 0 ns
to Chip Enable
Read Cycle
TFlC 7NI. ,
ADDRESS ’K ( ‘X
[¥31 .lh Teor [—Ton1-—
Tono —=1

Ce2

V Teoz
1/

DATAQUT

— - —— e ———————

DATA QUT
VALID

X

1076145

Note:
1.
2.

OD may be tied low for seaprate 1/O information.
The output will go into a high impedance state if either CE1 is high, CE2 is low, OD is high or R/W is low.

Tace

DATA QUT VALID
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A.C. Characteristics for Write Cycle — Separate or Common Data 1/0 Using Output Disable
T, = 0°C to 70°C, Ve = 5V £ 5% ( Unless otherwise specified)

S$5101

85101L S5101L8
S$5101L1 S5101L3 S$5101-8
Symbol Parameter Limits Limits Limits Units Conditions
Min. Max. Min. Max. Min. Max.
Twe Write Cycle Time 450 650 800 ns
Taw Address To Write Delay 130 150 200 ns
Tewl CE1 to Write Delay 350 550 650 ns See A.C.
Tcw2 CE2 to Write Delay’ 350 550 650 ns Conditions
Tpw Data Set-Up to End of of Test
Write Time 250 400 450 ns and A.C.
TpH Data Hold After End of Test Load
Write Time 50 100 100 ns
Twp Write Pulse Width 250 400 450 ns
TwR End of Write to New ]
Address Recovery Time 50 50 100 ns
Tps Output Disable to
Data-In Set-Up Time 130 150 200 ns
Write Cycle — For Separate or Common Data 1/0
ADDRESS >< )(
CET N TCWI
te2 ;I[ Tew2
an /[__TDS__._ \
(Y —— ——
DATAIN DATA IN STABLE
l T[JW
RW Taw Twp Twr
Ty ]

DATA OUT ’l

1076147

HI Z STATE




S$5101

Low Vcc Data Retention Characteristics for S5101L, S5101L1, S5101L3 and S5101L8 [
Ta =0°Cto 70°C )

Limits
Symbel | Parameter Min. Max. Units Conditions
Vpr Ve for Data Retention 2.0 \'/ CE2=<0.2V
Data Retention $5101L1, S5101L 10 wA Vee = Vor
Iccpr Supply Current S5101L3 140 uA Tgr = Tr = 20ns
S5101L8 500 pA CE2=0.2V
Tcrp Chip Deselect to Data Retention Time 0 ns
Tgr Operation Recovery Time Trcl2l ns
Notes:
[1] For guaranteed low Vo Data Retention @ 2.0V, order must specify S5101L, S5101L1, S510113 or S5101L8.
[2] TR = Read Cycle Time.
Low V.. Data Retention Wave Form
DATA RETENTION >
MODE
Vee
O, ®
CE2 <« Tcor - -— T, —
9 5 i ®
® ®
1. 475y
2. VpR
3 ViH
4. 0.zv
471215
A.C. Test Load
L__ 1.13v
$5101 — 66002
ouT — A.C. Conditions of Test
Input Levels 0.65V to 2.2V
Input Rise and Fall Time 20ns
Timing Measurement Reference Level 1.5V
I 100 pF
1076146

2.24



S6508/S6508A

AMIL

Features

Ultra Low Standby Power

$6508 Completely TTL Compatible
S6508A Completely CMOS Compatible
4V to 11V Operation (S65084)

Data Retention at 2V

Three-State Output

Low Operating Power: 10mW @ 1MHz (5V)

O o aoooo o g

Fast Access Time: 115ns @ 10V

1024 BIT (1024 x 1)
STATIC CMOS RAM

General Description

The AMI S6508 family of 1024x1 bit static CMOS
RAMs offers ultra low power dissipation with a single
power supply. The device is available in two versions.
The basic part (S6508) operates on 5V and is directly
TTL compatible on all inputs and the three-state out-
put. The S6508 ‘A’ operates from 4V to 11V and is
fully CMOS compatible. The data is stored in ultra
low power CMOS static RAM cells (six transistor).
The stored data is read out nondestructively and is
the same polarity as the original input data. The
address is buffered by on-chip address registers. These
internal registers are latched by the HIGH to LOW
transition of chip enable (CE). The write enable and
chip enable functions are designed such that either
separate or common data I/O operations can be easily
implemented for maximum design flexibility.

Block Diagram

Ay ———
Al

ROW
A ADDRESS
LATCH &

DECODER

32x32
ARRAY

Ag COLUMN
A ADDRESS

LATCH &
A DECODER

A
VAN
Dout

m—&-—Dﬂ

COLUMN
1/0 CIRCUITS

Logic Symbol Pin Configuration
CE Dy WE
1o ]
At — 2 CE |: 1 16 j Vee
[ o []2 15 [] oy
A2 — 4 —
m—ds ar(]s 16 [] WE
Ab N a2 f]a 13{] A9
as— s as[ls 12 [ a8
::::? a[ls nlm
a8 — 12 oour [ 7 10 [] 46
a9 — 13 , GNDEB afJas |
Oout
Pin Names
A0-A9  Address Inputs CE Chip Enable
DiN Data Input WE Write Enable
Doyt  Data Output Vee Power Supply
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$6508/S6508A

General Description (Continued)

The S6508 is fabricated using a silicon gate CMOS offers guaranteed data retention with the power
process suitable for high volume production of high supply as low as 2 volts. This process makes the device
performance, ultra low power memories. When an ideal choice where battery augmented nonvolatile
deselected (CE = HIGH), the S6508-1 draws less than RAM storage is mandatory.

10 microamps from the 5V supply. In addition, it

CMOS to TTL — S6508/S6508-1
Absolute Maximum Ratings

SUPPLY Voltage . . it e e e e e e e e e e e 8.0V
Input or Output Voltage Supplied ........ ...ttt nnenn.. GND - 0.5V to Vg + 0.5V
Storage Temperature Range .. ........ .ttt ittt rnnneanns -65°C to 150°C
Operating Temperature Range, Commercial . .......... ...ttt erennernennnennnnn. 0°C to 70°C

D.C. Characteristics (Ve = 5.0V £ 10%, TA = 0°C to 70°C)

Symbol | Parameter Min. Max. Units Conditions
Vig Logical “1” Input Voltage Vee- 2.0 \'
Vi1, Logical “0”’ Input Voltage 0.8 \'%
I, Input Leakage -1.0 1.0 kA oV VN < Ve
Voue | Logical “1” Output Voltage Vge-0.01 A% IouT=0
Vom1 | Logical “1” Output Voltage 2.4 \Y% Iog=-0.2mA
Vore | Logical “0” Output Voltage GND+0.01] Vv IoyT=0
VoL1 | Logical “0” Output Voltage 0.45 v Ior, = 2.0mA
Io Output Leakage -1.0 1.0 uA 0V< Vo< Vge, CE= Vig
IccL | Standby Supply Current gggggl 11000 Zﬁ VIN = Vee
Icc Supply Current S6508/S6508-1 2.5 mA f=1MHz
CiN Input Capacitance 7.0 pF
Co Output Capacitance 10.0 pF

A.C. Characteristics (VoG = 5.0V = 10%, CL, = 50pF (One TTL Load), TA = 0°C to 70°C)

Symbol Parameter MiSnG.E’o?\;ix. Mi:.e’ml?lax. Units | Conditions

tACC Access Time from CE 300 460 ns

tEN Output Enable Time 180 285 ns

tDIS Output Disable Time 180 285 ns

tCEH CE HIGH 200 300 ns

tCEL CE LOW 300 460 ns See A.C. conditions of
twp Write Pulse Width (LOW) 200 300 ns test and A.C. test load.
tAS Address Setup Time 7 15 ns

tAH Address Hold Time 90 130 ns

tDS Data Setup Time 200 300 ns

tDH Data Hold Time 0 0 ns

tMOD Data Modify Time 0 0 ns
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CMOS to CMOS — S6508A/S6508A-1

Absolute Maximum Ratings

S6508/S6508A

Supply Voltage

................................................................... 12.0V
Input or Output Voltage Applied
Storage Temperature Range
Operating Temperature Range, Commercial

-0.5V to Vo + 0.5V

................................................. -65°C to 150°C
........................................ 0°C to 70°C

D.C. Characteristics (Voo = 4V to 11V, Tp = 0°C to 70°C)

Symbol | Parameter Min. Max. Units Conditions
Vin Logical “1”’ Input Voltage 70% Ve v
ViL Logical ““0”” Input Voltage 20% Voo \%
Iy, Input Leakage 1 -1.0 1.0 uA OV VIN< Vo
VoH | Logical “1” Output Voltage Vee-0.01 v IopyT=0
VoL Logical “0”’ Output Voltage GND+0.01 \" IoyT=0
Ip Output Leakage -1.0 1.0 nA 0V<Vp<Veo, CE=Vy
S6508A 500 wA _
Iccr | Standby Supply Current S6508A1 100 uA VIN=Vce
Supply Current Vee=5V 2.5 mA -
Icc | (s6508A/965084-1)  [Voo=10V 5.0 ma | [T IMHz
CIN Input Capacitance 7.0 pF
Co Output Capacitance 10.0 pF
A.C. Characteristics (VoC = Voe + 10%, Ta = 0°C to 70°C)
S6508A-1 S6508A . i.
Symbol | Parameter vece Min. | Max. | Min. | Max. Units Conditions
. = 5V 275 460 ns
tAcc | Access Time from CE 10V 115 185 s
. 5V 165 285 ns
tEN Output Enable Time 0V 75 190 s
. . 5V 165 285 ns
tDIS Output Disable Time 10V 75 120 s
= 5V | 175 300 ns
tCEH | CE HIGH 10V | 80 125 ns
= 5V | 275 460 ns
fCEL | CE LOW 10V | 115 185 ns
. . 5V 175 300 ns See A.C. conditions
twp Write Pulse Width (LOW) 10V 80 125 ns of test and A.C. test
. 5V 7 15 ns load.
tAS Address Setup Time 10V 7 15 s
- 5V 80 130 ns
tAH Address Hold Time 10V 40 60 s
. 5V | 175 300 ns
tDS Data Setup Time 10V 20 195 s
. 5V 0 0 ns
tDH Data Hold Time 10V 0 0 s
. . 5V 0 0 ns
tMoD | Data Modify Time 10V 0 ) S




$6508/S6508A

Read Cycle
®
X A
1S <7‘AH CEL tCEH
AD-A3 x
. tACC |
DI
N | -
Sour ( X VALID >
Write Cycle

AD-A9

Oin

las

CEL

Read Modify Write Cycle

TE

AD-A9

Bout

Oin

'CEL

wp

tacc

i —

N

— X F

l é

MOD I tos

oH |

X

X

NOTES:

1. The write operation is terminated on any positive edge of Chip Enable (CE) or Write Enable (WE).
2. The data output will be in the high impedance state whenever WE is LOW.
3. WE is HIGH during a read operation.

4. Rise and fall times of VCC equal 20ns.
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$6508/S6508A

Low Ve Data Retention Characteristics (T 4 = 0°C to 70°C)

Symbol | Parameter Min. | Max. | Units Conditions
VDR Ve for Data Retention 2.0 \% CE = 2.0V
I Data Retention 56508, S6508A 10 A Vce = VDR Min.
CCDR | gupply Current S6508-1, S6508A-1 1.0 uA VIN = Ve
tCDR Deselect Setup Time tCcEH ns
tR Recovery Time tcEH ns

Low V¢ Data Retention Waveform (note 4)

0] OF
@ ®/
tgpr — > |-—— — R 1vgo MIN
2 20v
3ViH
4 v
f@ ®
877243
A.C. Test Load
2.217v
A.C. Test Conditions
S e Input Levels .................... Vi1, to Vg
InputRise & Fall ....................... 20ns

Timing Measurement Reference Level

ouTRUT C’ﬂ S6508/S6508-1 .« .ot ee.. 15V
S6508A/S6508-1 o vvvie e 50% Voo

50pF
b P

v

877244
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AMIL

S6518/S6518A

Features

o 0o o o o o o o

Ultra Low Standby Power

S6518 Completely TTL Compatible
S6518A Completely CMOS Compatible

4V to 11V Operation (S6518A)

Data Retention at 2V

Three-State Output

Low Operating Power: 10mW @1MHz (5V)

Fast Access Time: 115ns @10V

1024 BIT (1024x1)
STATIC CMOS RAM

General Description

The AMI S6518 family of 1024x1 bit static CMOS
RAMs offers ultra low power dissipation with a single
power supply. The device is available in two versions.
The basic part (S6518) operates on +5V and is directly
TTL compatible on all inputs and the three-state out-
put. The S6518 ‘A’ operates from +4V to +11V and
is fully CMOS compatible. The data is stored in ultra
low power CMOS six transistor static RAM cells. The
data is read out non-destructively (into a data latch)
and is the same polarity as the original input data.
The address is buffered by on-chip address registers.
These internal registers are latched by the HIGH to
LOW transition of chip enable (CE). In addition,
there are two chip selects (CS1 and CS2) which
facilitate memory expansion. The write enable, chip
enable and chip select functions are designed such
that either separate or common data I/O operations
can be easily implemented.

Block Diagram Logic Symbol Pin- Configuration
cs1 €2
A ——————{ Row
Al ———— laDDRESS 32x32 & WE d—'—\’_ﬂ
A2 ——— | LATCHE
(4] 8 v,
A3 DECODER ARRAY L L ! ks
[ 2 15 T[] 2 n e
A 3
a— T AD [: 3 16 [ Joy
a2 —s ar [ e 5 [JWE
A5 COLUMN
6 ADDRESS a— az ] s  [a
A7 LATCHE COLUMN M7 a ] s 15[ a
A8 DECODER as —410 -
a8 110 CIRCUITS. A6 —11 A4 C 7 12 ’_‘]m
. AT ——12 8 |— Dgyr Oour (] ® 1 [as
a8 —413
Gno ] 9 n []as
o, oot a9 —J14
CE ——0—
Truth Table
wE
Inputs Output
B P Mode
5l CE|{CS1|{CS2! WE | DIy DouT
ts2 L L L L L Hi-Z Write **0"
L L L L H Hi-Z Write ‘1"
Pin Names L{ L | L]H | X | Doyr | Read
o X | H X X X Hi-Z | Deselected
Ag — Ag Address Inputs CS1, Cs2 Chip Selects X X H X X Hi-Z Deselected
Dy Data Input WE Write Enable H X X L X Hi-Z Deselected
EUT Data Output Vee Power Supply H L L H X Doyt | Output Latched
CE Chip Enable To Last Data
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AMI

S6518/S6518A

General Description {(Continued)

The S6518 is fabricated using a silicon gate CMOS
process suitable for high volume production of high
performance, ultra low power memories. When de-

supply. In addition, the S6518 family offers guaran-
teed data retention with the power supply as low as
2 volts. This makes the device an ideal choice when

selected (CE = HIGH, CS1 or CS2 = HIGH), the battery augmented non-volatile RAM storage is
S6518-1 draws less than 10 microamps from the +5V  mandatory.

CMOS to TTL — S6518/S6518-1

Absolute Maximum Ratings

SUPPLY Voltage ... e e e e 8.0V

Input or Output Voltage Supplied
Storage Temperature Range

Operating Temperature Range, Commercial

GND - 0.5V to Voo + 0.5V

-65°C to 150°C
0°C to 70°C

D.C. Characteristics (VoC = 0.5V + 10%, TA = 0°C to 70°C)

Symbol| Parameter Min. Max [ Units { Conditions
VIH Logical *“1” Input Voltage Vee-2.0 j \% l
ViL | Logical “0” Input Voltage | | o8 | v | T
I1L Input Leakage B o -10 | 10 | uAﬁTWZVﬂ\} < Veeo
VoHe | Logical “1”” Output Voltage Vce-0.01 \Y% IouT=0
VonH1 | Logical “1” Output Voltage 1 2.4 [ \% IoH =-0.2mA
Vor2 | Logical “0” Output Voltage | |GND +0.01] V IouT=0
VoL1 | Logical “0” Output Voltage ’ } 0.45 V | 1oL =2.0mA
Io Output Leakage -1.0 1.0 MA 0V < Vo < Ve, CS1 or CS2=V]H
ooy | Stndby $6518 100 [ pA | VN = Voo
Supply Current $6518-1 10 | pA | e
Icc Supply Current S6518/S6518-1 2.5 mA | f=1MHz
CIN Input Capacitance 70 T;ﬂ pk
Co Output Capacitance 100 | pF o

A.C. Characteristics (Vo = 5.0V + 10%, CL, = 50pF (One TTL Load), Ta = 0°C to 70°C)

S6518-1 $6518 . "

Symbol Parameter Min. | Max. | Min. | Max. Units | Conditions

tacc Access Time from CE 300 460 | ns

tEN Output Enable Time 180 285 ns

tDIS Output Disable Time 180 285 ns

tCEH CE HIGH 200 300 ns

tCEL CE LOW 300 460 ns See A.C. conditions of
twp Write Pulse Width (LOW) 200 300 ns test and A.C. test load.
tAS Address Setup Time 7 15 ns

tAH Address Hold Time 90 130 ns

tDS Data Setup Time 200 300 ns

tDH Data Hold Time 0 0 ns

tMOD Data Modify Time 0 0 ns
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AMI

S$6518/S6518A
CMOS to CMOS — S6518A/S6518A-1
Absolute Maximum Ratings
SUpPPlY Voltage ... i e i i e e e 12.0V

Input or

Storage Temperature Range
Operating Temperature Range, Commercial

Output Voltage Applied

-0.5V to Ve + 0.5V
-65°C to 150°C
0°C to 70°C

D.C. Characteristics (Vo = 4V to 11V, T = 0°C to 70°C)

Symbol | Parameter Min. Max. Units | Conditions
VIH Logical “1” Input Voltage 70% Vce \%
VIL Logical “0” Input Voltage 20% Voo A%
111, Input Leakage _ -1.0 1.0 uA OV<VIN<VCC
VOH | Logical “1” Voltage Voe-0.01 v | Ioyr=0
VoL Logical “0” Voltage GND+0.01 \% Ioyr=0
Io Output Leakage -1.0 1.0 uA ovV<Vp <V, CSlor CS2= VIH
I Standby S6518A 500 A Vin = Vi
CCL | Supply Current S6518A-1 100 uA IN=Vee
Supply Current Vee =5V 2.5 mA _
IeC | (s6518A/365184-1)[VoC = 10V 5.0 mA | [T 1MHz
CIN Input Capacitance 7.0 pF
Co Output Capacitance 100 pF
A.C. Characteristics (Vce = VCC * 10%, Ta = 0°C to 70°C)
S6518A-1 S6518A . .
Symbol | Parameter vce Min. | Max. | Min. | Max. Units Conditions
. = 5V 275 460 ns
tAcC | Access Time from CE 10V 115 185 ns
. 5V 165 285 ns
tEN Output Enable Time 10V 75 120 s
. . 5V 165 285 ns
tDIS Output Disable Time 10V 75 120 s
= 5V 175 300 ns
tCEH | CE HIGH 10V _| 80 125 ns
== 5V 275 460 ns
{CEL | CE LOW Tov | 115 185 ns
. . ‘ 5V | 175 300 ns See A.C. conditions
twp Write Pulse Width (LOW) 10V 80 1925 ns of test and A.C. test
. 5V 7 15 ns load.
tAS Address Setup Time 10V 7 i5 s
. 5V 80 130 ns
tAH Address Hold Time Tov 40 60 ns
. 5V | 175 300 ns
tDS Data Setup Time 10V 30 195 s
. 5V 0 0 ns
tDH Data Hold Time 10V 0 0 s
. . 5V 0 0 ns
tMOD | Data Modify Time 10V 0 0 s
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AIM‘I S6518/S6518A

Read Cycle
Ay~ Ry * VALID *ﬁ
(43 'T———*——*‘Cfl m
pt———tacc -
uuur—————-k ACTIVE % vALID g_,
Write Cycle
Ro= e * VALID j
L‘—‘As—b—q—« Ak
= Yo __74—3\_
== \\NVNVANA\\Y L7777/
- %74’
3\ -
}<*-’os — gy ——
O * VALID
Read Modify
Write Cycle Ao "s:{ vaLio *
2 __-\r —leee Teen-—
WE
Ogyr —-———:kihcnvz 4}
DIN

Notes:

1. The write operation occurs when CE = CSI = CS2 = WE = LOW. The write operation is terminated on any
positive edge of CS1, CS2, CE or WE.

The data output will be in the high impedance state whenever WE is LOW.

WE is HIGH during a read operation.

Rise and fall times of V¢ equal 20ns.

LS
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AMI1

S6518/S6518A
Low V¢ Data Retention Characteristics (T 5 = 0°C to 70°C)
Symbol | Parameter Min. | Max. | Units Conditions
VDR Ve for Data Retention 2.0 \Y CE=2.0V
Lo Data Retention 56518, S6518A 10 uA Vee = VDR Min.
CCDR | gsupply Current $6518-1, S6518A-1 1.0 HA VIN = V¢e
tcpr | Deselect Setup Time tCEH ns
tR Recovery Time tCEH ns
Low V¢ Data Retention Waveform (note 4)
Vee
® OF =
@ ®
IcoR — P . — R 1 vee MIN
220v
3viy
4y
® ®
: ® ®
817243
A.C. Test Load
PAARAY
A.C. Test Conditions
90902 Input Levels ....... ... ... ....... VIL to VIH
Input Rise & Fall ... ... ... ........... 20ns
Timing Measurement Reference Level
outeuT f*———l SB518/S6518-1 o ovveeeee 1.5V
S6518A/S6518A-1 ".............. 50% Vee

— 50pF

A4

877244
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PRELIMINARY

AMIL 42168

16,384 BIT (2048 x 8)
STATIC VMOS ROM

Features General Description
O Fast Access Time: 250ns Maximum The AMI S4216B is a 16,384 bit static mask program-
mable VMOS ROM organized as 2048 words by 8 bits.
O Fully Static Operation The device is fully TTL compatible on all inputs and
outputs and has single + 5V power suply. The three-
O Single +5V = 10% Power Supply state outputs facilitate memory expansion by allowing
the outputs to be OR-tied to other devices.
O Directly TTL Compatible Inputs The S4216B is fully compatible with 16K UV EPROMs
(+ 5V version)making system development much easier
[0 Three-State TTL Compatible Outputs and more cost effective. It is fully static, requiring no
clocks for operation. The three chip selects are mask
O Three Programmable Chip Selects programmable, the active level for each being specified
by the user.
O EPROM Pin Compatible The S4216B is fabricated using AMI's proprietary N-
Channel VMOS technology. This permits the manufac-
O Fan-Out of 5 TTL: Iof, = SmA @ 0.4V ture of very high density, high performance mask pro-
grammable ROMs.
Block Diagram Logic Symbol Pin Configuration
£$y cs2 CS3
N —
| I l A7 [ 1 2 hvcg
Ag [ 2 23 ]Ae
] HE 2 JAB
Ag Af —]
2 | . Ay [ 4 2 jcsa
A I A [l w[]cs
s v I "B
2; 24— o At ﬁ 7 18 ﬂ €S2
:_— —— 05 An[a 17:]05
:: | o o1 []s 18 ]] o
A7 J ,: - 07 02 [ 10 5 :I 0g
8 —
Ag ——t  ADDRESS | 03[ 11 14 ]0
::0— DDE;:R/DEERR _->] g%%%w‘s AS—T " GNU[ 12 13 ] Oj
l A0 ——
€8 __* cHp 877298 877300
2~ seLeer ] ouTPUT
ts;_| DECODER® BUFFERS ]
Pin Names
!Y L L L L L L L Ap-Ajp  Address Inputs
01-0Og Data Outputs
PROGRAMMABLE CHIP SELECTS CSl _Css Chip Select Inputs
e Vee +5V Power Supply
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S4216B

Absolute Maximum Ratings*

Ambient Temperature Under Bias .. ... .....vvurtiniintinenenerneaeneneneennnaens -10°C to 80°C
StOrage TemMPETatULE . . .. v vt vttt te et et e et e e e te e teneeerneasieenanaenens -65°C to 150°C
Output or Supply Voltage . .... ...t i ettt et -0.5Vto 7V
INnput Volbage ...t i it e e e e e -0.5V to 5.5V
Power Dissipation ... ... ... i e e e 1w
*Comment:

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

D.C. Characteristics: T, = 0°C to 70°C, Vo = 5V £ 10%

Symbol Parameter Min. Typ. Max., Units Conditions

VoL Output LOW Voltage 04 v Ior, =8 mA

Vou Output HIGH Voltage 24 v Tou = -800uA

VL Input LOW Voltage -0.3 0.8 \'%

Vi Input HIGH Voltage 2.2 Ve \Y

It Input Leakage Current 10 MA Vin = 0to 5.5V

ILo Output Leakage Current 10 MA Vo = 0.4 to 5.5V, Chip
Deselected

Icc Power Supply Current 90 mA Vce = Max., Ta = 0°C,

OQutputs Open

Capacitance: T, = 25°C, f = 1Mhz

Symbol Parameter Min. Typ. Max. Units Conditions
CiN Input Capacitance 8 pF Vin = 0V
CouTt Output Capacitance i0 pF Vourt = OV

A.C. Characteristics: T, = 0 to 70°C, V¢ = BV = 10%

Symbol Parameter Min. Typ. Max. Units Conditions
taa Address Access Time 250 ns See A.C. Test
tacs Chip Select Access Time 100 ns Conditions
torr Chip Select Turn-off & Waveforms
Time 100 - ns
Waveforms
£51-C8 f VALID % Ag-Aqg
tacs toFF A
0,-0g - VALID DATA — 0y-0g % VALID DATA
1077320 1077318
Propagation From Chip Select Propagation From Address
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S4216B

A.C. Test Conditions A.C. Test Load
Vi
Input Pulse Levels 0.8V to 2.2V &
Input Rise and Fall Times 10ns $ma
Input/Output Timing Levels 1.5V X [

$4216 l <
100pF :

>
I > 30002

=

1077318

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMI.

Position Description
1 Start of record (Letter S)
2 Type of record
0 — Header record (comments)
1 — Data record
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
5,6,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.
9,..,N Data
Each data byte is represented by two hex characters. Most significant character first.
N+1,N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.
Example: S113000049E9F10320F0493139F72000F5E0F00126
S9030000FC
wp &
88 € ¢
20 B [ g
g § 3
G Q )
3T 8 3 . .
a 8
SEE 3 ; ;
LA A— s \ N
S113000049E9F10320F0493139F72000F5E0F00126
NOTES:

1. Only positive logic formats for Eg, E1, Eg are accepted. 1 = VHIGH;0 = VLOW
2. A ‘‘0” indicates the chip is enabled by a logic 0.
A ““1” indicates the chip is enabled by a logic 1.
3. Paper tape format is the same as the card format above except:
a. The record should be a maximum of 80 characters.
b. Carriage return and line feed after each record followed by another record.
c¢. There should NOT be any extra line feed between records at all.
d. After the last record, four (4) $8$$ (dollar) signs should be punched with carriage return and line feed indicating end of file.
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AMIL

PRELIMINARY
S4264

Features

OO Single +5V * 10% Power Supply

[0 High Performance:
Maximum Access Time: 350ns

EPROM Compatible for Cost Effective
System Development

d

Completely Static Operation

Directly TTL Compatible Inputs
Three-State TTL Compatible Outputs
Fan-out of 5 TTL: Ig;, = 8mA @0.4V

O oaoao

65,536 BIT (8192 x 8)
STATIC VMOS ROM

General Description

The AMI 84264 is a 65,536 bit fully static VMOS mask
programmable ROM organized as 8192 words by 8
bits. The device is fully TTL compatible on all inputs
and outputs and has a single + 5V power supply. The
three-state outputs facilitate memory expansion by
allowing the outputs to be OR-tied to other devices.

The S4264 is fully static requiring no clocks for opera-
tion. Data access is simple as no address setup times
are required. The byte organization of the S4264
makes it ideal for microprocessor applications.

The S4264 is fabricated using AMI’s proprietary VMOS
technology. This permits the manufacture of very
high density, high performance mask programmable
ROMs.

Block Diagram

AD____{

A2
A3
A
As

ADDRESS
DECODER o]
DRIVER

65,536 BIT
ARRAY

[y g—

Ag I
A :
9 ADDRESS

MO ———  DECODER  f—in] COLUMN
An ORIVER OUTPUT CIRCUITS

A1 ———f l

s> ouTRUT BuFFERS
T

01 07 03 0a 05 0g 07 Og

877282

Pin Names

Ag - Ajg  Address Inputs CS Chip Select
0O; - Og  Data Outputs Vce +5V Power

Logic Symbol Pin Configuration
I
Ay —— A [1 1 ~ 2% ] Vee
Al —o] . ag [[ 2 1{] %
Ay —— I As |]3 2 ] A3
A3 —] ., g fla 2 :| A12
M ’ a3 ]s % ] [
2] L—_ﬂa A2 C 6 18] A0
Ag —— 05
A ——i , Ay [ 7 18 j Any
rg —] 0 Ag [ 8 17 D 0g
Ay —— " o1 []s 16 ]] o
Ao — o 0[] 15 ;l 0
2" _( 03 [ 1 14 |] o5
R oo [] 12 13[] 04
817297 877298
Truth Table
Input Outputs

P P Mode

Cs 0,-0g

L Dour Read

H Hi-Z Deselected
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S4264

Absolute Maximum Ratings*

Ambient Temperature Under Bils . ... ... ...uuetuteiunnne e, -10°C to 80°C
Storage TEMPEIALULE . .. . ..o vv et e et e e e e e e e e e e e e e e e -65°C to 150°C
Output or Supply Voltages ... ... i i -0.5Vto 7V
Input Voltages . ... oot i e e e e e e e e e -0.5V to 5.5V
Power Dissipation . .. ... it e e e e e e e e e 1w

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

D.C. Characteristics: T, = 0°C to 70°C, Ve = +5V + 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

VoL Output LOW Voltage 0.4 \% Ior, =8 mA

Vou Output HIGH Voltage 24 v IoH = -400uA

Vi, Input LOW Voltage -0.3 0.8 v

Vi Input HIGH Voltage 2.2 Vee v

In1 Input Leakage Current 10 MA Viy = 0to 5.5V

ILo Output Leakage Current 50 | wA | CS >24V, Vg =0.4V to 5.5V

Icc Power Supply Current 145 mA Vee = Max., Ta = 0°C, Outputs
: Open

Capacitance: T, = 25°C, f = 1 MHz.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

CiN Input Capacitance 8 pF Viy =0V

Cour Output Capacitance 10 pF Vour =0V

A.C. Characteristics: Ty = 0°C to 70°C, Vgc = +5V + 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

taA Address Access Time 350 ns See Test Circuit
tacs Chip Select Access Time 150 ns &

toFF Chip Deselect Time 0 150 ns Waveforms
Wave Forms

 Propagation Delay From Address Propagation Delay From Chip Select

Ag-Aq2 s
toFF
) tACS

0;-0g VALID DATA 005 —————————F VALID DATA )—
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S4264

A.C. Test Conditions A.C. Test Load
Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10ns o, 200
Input/Qutput Timing Levels 1.5V s =

$ 100pF

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMI.

Position
1
2

Description

Start of record (Letter S)

Type of record

0 — Header record (comments)

1 — Data record

9 — End of file record

Byte Count

Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
Address Value

The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.

Data

Each data byte is represented by two hex characters. Most significant character first.
Checksum

The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.

Example:

E9F10320F0493139F72000F5E0F00126

w ®w
©
(=)

S o
oo
S o

49
FC

O
W w

—Data
}— Check Sum

>—Byte Count (Hex)
\—Start Address

th«——Start of Record
[

N

<)

s «—Type of Record

\ /
049E9F10320F0493139F72000F5EO0F00

g
w
o
o
o

NOTES:

1. Paper tape format is the same as the card format above except:
a. The record should be a maximum of 80 characters.
b. Carriage return and line feed after each record followed by another record.
c. There should NOT be any extra line feed between records at all.
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file.
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S6831A/B

AMIL

Features

Single +5V Power Supply

Directly TTL Compatible Inputs
Three-State TTL Compatible Outputs
Three Programmable Enables

Access Time: 450ns Maximum
S6831A: Intel 2316A Pin Compatible
S6831B: 2716 EPROM Pin Compatible

000 Dooooao

Low Power: Supply Current is 80mA Maximum

16,384 BIT (2048x8)
STATIC NMOS ROM

General Description

The AMI 6831 family of 16,384 bit mask program-
mable Read-Only-Memories offers fully static opera-
tion with a single + 5V power supply. The device is
fully TTL compatible on all inputs and three-state
outputs. The three enables are mask programmable,
the active level is specified by the user.

The S6831 family is available in two pin configurations.
One of these, the S6813A, is the pin configuration of
a popular ROM: the Intel 2316A. The second pin
configuration, the S6813B, is pin compatible with the
2708 and 2716 EPROMs. Software developed in
EPROMs can be put inlow cost ROM for high volume
production.

The device is organized as 2048 words by 8 bits, a con-
figuration particularly suitable for microprocessors.
The S6831 family is manufactured with an N-channel
silicon gate depletion load technology.

Block Diagram

£

Logic Symbol

|

Pin Configurations

E
)

jz

Ag ro—

Ay —

o]
A3 —|

Ag

ADDRESS
DECODER
DRIVER

16.384
ARRAY

Ay —

Ag —

A7—.‘

Ag

. 1

ADORESS
DECODER
DRIVER

COLUMN
CIRCUITS

!

ag —]

AlQ T

Pin Compatible with:

AMD AM9217
EA EA2316A/8316A
[eld 3-8316
[ G INTEL 2316A/8316A
o MOSTEK  MK31000
F— 0 NATIONAL MM2316A
NEC uPD2316A
0 SYNERTEK SY2316A
0y
Dl
0
DB

Pin Compatible with:

AM9218
EA2316E/8316E

€ CHIP

68316E

ouTPUT y
v ——  setect Gl RO-3:9316
[ DECODER" BUFFERS INTEL 2316E/8316E
Pin Names MOTOROLA  MCMG8316E
MOSTEK MK 34000
NATIONAL  MM2316E
NEC «PD2316E
An— Ad In SIGNETICS 2616
D 0, 0, 0; 0, O O O, 0~ A0 dress Inputs SYNERTEK ~ SY2316B
Dg—Dgq Data Outputs
*PROGRAMMABLE CHIP SELECTS
Ey—Eg Chip Select Inputs
Vee +5V Power Supply
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S6831A/B

Absolute Maximum Ratings*

Ambient Temperature Under Bias ............... Ot -10°C to 80°C
Storage TemMPEIatUIe . . . .. ..ot ovte et e et e e e et et e et e et e e e s -65°C to 150°C
Output or Supply Voltage . ... ... i e e e -05Vto7V
Input Voltage . ..o i e e e e e e -0.5V to 5.5V

Power Dissipation . ...... .. ... e e e e 1w

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

D.C. Characteristics: Voo = +5V £ 5%; Ty = 0°C to +70°C

Symbol Parameter Min. Typ. Max. Units Conditions
VoL Output LOW Voltage 0.4 \Y% Ip;, =2.1mA
Vou Output HIGH Voltage 24 v Iog =-100pA
Vi Input LOW Voltage -0.5 0.8 \'%
Vg Input HIGH Voltage 2.0 Vee v
I11 Input Leakage Current 10 HA Vin =0 to 5.256V
ILo Output Leakage Current 10 LA Vourt = 0.4 to 2.4V,
Chip Deselected
70 mA Vec = Max. Ty = 25°C
P 1 t ;)
fec ower Supply Curren 80 mA Voc = Max. Ty = 0°C

Capacitance: f = 1.0 MHz; T4 = 25°C

Symbol Parameter Min. Typ. Max. Units Conditions
CiN Input Capacitance 7.5 pF Viy =0V
CouTt Output Capacitance 10 pF VouT = OV

A.C. Characteristics: Vog = +5V £ 5%; Tp = 0°C to +70°C

Symbol Parameter Min. Typ. Max. Units Conditions

tcyc Read Cycle Time 450 ns

tAA Address Access Time 450 ns See Test Circuit

tAE Enable Access Time 1 200 ns & Waveforms

torF Output Disable Time 10 150 ns

Propagation Delay From Chip Enable Propagation Delay from Address Inputs
| _ 2

|e————— ey ————

‘Az—>4 OFF [——taa——|
0p-Dy ————< VALID DATA Dg-Dy VALID
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S6831A/B

A.C. Test Conditions

Output Load .. .ot e 1 TTL Gate and Ci, = 100 pF
Input Pulse Levels ... ..ottt ittt ittt it i i e e 0.8 to 2.4V
Input Rise and Fall Times (10% t0 90%) . .. ..ottt it e e e et 20 ns

Timing Measurement Reference Level

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMIL

Position Description
1 Start of record (Letter S)
2 Type of record

0 — Header record (comments)
1 — Data record
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
5,6,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.
9,..,N Data
Each data byte is represented by two hex characters. Most significant character first.
N+1, N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.

Example: S113000049E9F10320F0493139F72000F5E0Q0F00126
S9030000FC
s 5
E5
o 5]
2= § 5 g
Gy Sl (e} T W
o0 O <« %
- QO +> <
2 3 H < )
35 2 3 g
VEA A/ ~
S113000049E9F10320F04931839F72000F5E0F00126
NOTES:

1. Only positive logic formats for Eg, E1, E9 are accepted. 1 = VHIGH; 0 = VLOW
2. A ‘““0” indicates the chip is enabled by a logic 0.
A ““1” indicates the chip is enabled by a logic 1.
3. Paper tape format is the same as the card format above except:
a. The record should be a maximum of 80 characters.
b. Carriage return and line feed after each record followed by another record.
¢. There should NOT be any extra line feed between records at all.
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file.
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PRELIMINARY

S68332

Features

0

O

Fast Access Time: 450ns Maximum

Fully Static Operation

Single +5V + 10% Power Supply

Directly TTL Compatible Inputs

Three-State TTL Compatible Outputs

Two Programmable Chip Selects

EPROM Pin Compatible

32,768 BIT (4096x8)
STATIC NMOS ROM

General Description

The AMI S68332 is a 32,768 bit static mask program-
mable NMOS ROM organized as 4096 words by 8 bits.
The device is fully TTL compatible on all inputs and
outputs and has a single +5V power supply. The three
state outputs facilitate memory expansion by allowing
the outputs to be OR-tied to other devices.

The S68332 is pin compatible with UV EPROMs
making system development much easier and more
cost effective. It is fully static, requiring no clocks for
operation. The two chip selects are mask program-
mable, the active level for each being specified by the
user.

The S68332 is fabricated using AMI’s N-Channel
MOS technology. This permits the manufacture of
very high density, high performance mask program-
mable ROMs.

Block Diagram

Ao
Ay
A2
A3
Ag
Ag
Ag

ADDRESS
DECODER || 32768
ORIVER ARRAY

Ap —

A2 — 0 A5[

A3 :] 0 mf] e 2 [Jese
ag — | — o3 A ]
A5 — l— 04 Az []

o] !

A7 — — 06 AnE

Ag

ADDRESS

LUMN

Ag-—l DECODER [ g«%cu'fm
DRIVER

5
6

Ag ———] |-— 05 m[] 18 [Jan
8
9

Ag — — 015

Ag — ’—* 0 02

M1 — J

Al —

o e ouTPUT
SELECT —
52 DECODER® BUFFERS

10—
10 o3[ 1 %05

877299 877300

Logic Symbol Pin Configuration

cs csy

||

14
<
<
i3]

A7[

Asl: 2 23 [1ag

ono [ 12 13
=

T

01 02 03 04 05 0 07 Og

*PROGRAMMABLE CHIP SELECTS

817213

Pin Names

Ao - A1n Address Inputs

04 - Og Data Outputs

CS1 -CS2 Chip Select Inputs
Vee +5V Power Supply
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Absolute Maximum Ratings*

Ambient Temperature Under Bias ......... e -10°C to 80°C
Storage TeIMPETALUYE . .. oo vttt et e et e te e s te et e ae e e ne e eeanaeaenaenanas -65°C to 150°C
Output or Supply Voltages . ... ...ttt ittt ittt -0.5Vto 7V
INPUE VOIbageS & o v vttt ittt et et ettt -0.5V to 5.5V
Power DissiPation . . ..ot e e e e e e e e e e 1w

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

D.C. Characteristics: T, = 0°Cto 70°C, V5o = +5V * 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

VoL Output LOW Voltage 04 \% Ior =2.1mA

Von Output HIGH Voltage 2.4 v Ton = - 200uA

ViL Input LOW Voltage -0.5 08 | V

Viu Input HIGH Voltage 2.0 Vee v

Ip1 Input Leakage Current 10 MA Viy =0 to 5.5V

ILo Output Leakage Current 50 MA Vo =0.4V to 5.5V, Chip Deselected
Icc Power Supply Current 100 | mA Vee =Max, Ta =0°C

Capacitance: T, = 25°C, f =1 MHz.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions
CiN Input Capacitance 7 pF Viy =0V
Cout Output Capacitance 10 pF Vouyr = 0V

A.C. Characteristics: Ty = 0°C to 70°C, Vg¢ = +5V + 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

taa Address Access Time 450 ns See Test Circuit

tacs Chip Select Access Time 150 ns &

toFF Chip Deselect Time 0 150 ns Waveforms
Waveforms

5y - €S VALID Ag- Ay
; toFF
tacs AR

04-0g —-——————-—-—‘( VALID DATA 7*—-—— 01-0g VALID DATA

1077320 1077319 .

Propagation From Chip Select Propagation From Address:
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A.C. Test Conditions

Input Pulse Levels . ... ...ttt i ittt ettt e e 0.8V to 2.0V
Input Rise and Fall Times ... ...t ittt e et ettt et e ettt et e 10ns
Input/Output Timing Levels . ... ...ttt ittt ettt et et ettt eeeeannns 1.5V
Output Load . ... e et e e 1 TTL Load and 100pF

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AML

Position Description
1 Start of record (Letter S)
2 Type of record

0 — Header record (comments)
1 — Data record
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
5,6,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.
9,..,N Data
Each data byte is represented by two hex characters. Most significant character first.
N+1, N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,

and the byte count.
Example: S113000049E9F10320F0493139F72000F5E0F00126
S9030000FC
¥
L,
32 ¢ g
pee § 48 @
et O 9
00 O <« P -
e +
g 3 2
5F 2 2 5
| I | |
Vs A~ 7 \ N
S113000049E9F10320F0493139F72000F5E0F00126
NOTES:

1. Only positive logic formats for CS3 and CSg are accepted. 1 = VHIGH; 0 = VLOW
2. A ““0” indicates the chip is enabled by a logic 0.
A ““1” indicates the chip is enabled by a logic 1.
3. Paper tape format is the same as the card format above except:
a. The record should be a maximum of 80 characters.
b. Carriage return and line feed after each record followed by another record.
c. There should NOT be any extra line feed between records at all.
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carriage return and line feed indicating end of file.
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ADVANCED PRODUCT DESCRIPTION

S4532

32, 768 BIT (4096 X 8)

UV ERASABLE VMOS EPROM

Features General Description
[0 Single +5 Volt Power Supply The S4532 is a 32,768 bit ultraviolet light erasable,
electrically programmable read-only memory (EPROM)
3 Fast Access Time: 250ns Maximum organized as 4096 words by 8 bits. It is fabricated using
AMTI’s proprietary N-channel VMOS technology. The
0 Automatic Power Down device is fully static requiring no clocks for operation.
All the inputs and outputs are fully TTL compatible
O Pin Compatible with AMI’s 32K ROM: S68332 during both the read and, program modes. The S4532
operates from a single +5V supply (read mode) and has
[0 Fully TTL Compatible During Read and a static power down feature that significantly reduces
Program power dissipation.
. The S4532 is pin compatible with AMI’s 32K ROM, the
[0 +15V Programming Power Su?ply: S68332. Thus for volume production, the user can
Easy On-Board Programming switch to lower cost ROM.
The S4532 requires a +15V supply for programming
but all the programming signals are TTL compatible.
This considerably eases on-board programming.
Block Diagram Logic Symbol Pin Configuration
:S : PO/PGN AL i 2 ] Ve,
A, — ADDRESS 32,768 BIT A E 2 23 D Ay
Ay —]  DECODER > ] ad s nbia
A, —  oRivER ARRAY v s s
A — ii ] . A e 2 ;~v,,,
Ag A; : - [,l A s 20 [] Po/PeM
A, —] T :4 — :ga Az: 6 wgl\m
Ay —  ADDRESS oo e A: . B u: A, ; 7 18 b Ay
Ay —] DECODER CIRCUITS A, — — 06 A8 0
:w ——-‘ DRIVER Ay — — 0, 0, d 9 16}o0,
" :9 ] s 0, 10 1517 05
POWER A:T ] o, dn 14 g 0
PO/FEM —— ngﬁgfm Enuu::;uﬁ'rs enp (] 12 1370,
LOGIC
Vg =
G\Z: 0, 0, 03 0, 0505 0, Og
Truth Table
. "M; PD/PGM Vee Ver Outputs
Pin Names [ Read Vi | +5V | +5V | DataOut
| Power Down Vi 45V | +5V | Highz
Ay — Ay Address Inputs vee +5V Power Supply Program Pulsed Vit to | +5V | +15V | Dataln
0, — Og Data Qutputs Vep +15V Power Supply Vi to Vix - -
PD/PGM Power Down Program Y:}?ﬁ;tm Vi +V | +18V ) HighZ
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ADVANCED PRODUCT DESCRIPTION

S4716

AMIL

16,384 BIT (2048 X 8)

UV ERASABLE VMOS EPROM

Features
O Single +5 Volt Power Supply
[J Fast Access Time: 250ns Maximum

O Pin Compatible with AMI's 16K, 32K and
64K ROMs

O Low Power Dissipation

525mA Maximum Active Power
132mW Maximum Standby Power

O Fully TTL Compatible During Read and
Program

O +15V Programming Power Supply: Easy On-
Board Programming

General Description

The S4716 is a 16,384 bit ultraviolet light erasable, elec-
trically programmable read-only memory (EPROM)
organized as 2048 words by 8 bits. It is fabricated using
AMTI'’s proprietary N-Channel VMOS technology. The
device is fully static requiring no clocks for operation.
Allthe inputs and outputs are fully TTL compatible dur-
ing both the read and program modes. The S4716
operates from a single +5V power supply and has a
static power down feature that significantly reduces
power dissipation.

The S4716 is fully pin compatible with the S4216B and
S6831B 16K ROMs, the S68332 32K ROM and the S4264
64K ROM. Thus for volume production, the user can
switch to a lower cost ROM.

The S4716 requires a + 15V supply for programming
but all the programming signals are TTL. This consider-
ably eases on-board programming.

Block Diagram

ADDRESS
16,384 81T

A3 DECODER  fmmton] -
DRIVER ARRAY

. !

Ag —— ADDRESS COLUMN
DECODER L—’ 1/
I DRIVER CIRCUITS

!

QUTPUT
BUFFERS

T

Op 0y 0 03 04 05 0O 0;

- CHIP SELECT
POWER DOWN
AND
PROGRAM

i
Fo/PGH LOGIC

Ve —
GND —
Vpp ——

Logic Symbol Pin Configuration
s PD/PGM

A7 [: ' ~ 2 nvcc
g — Ag [ 2 23 DAx
1 — ., A5[3 2[]ae
P A f)a 2] ver
A3 —— — N A3 ]: 5 20 Jis
Ag ——] " a2 []s 19 [] A
A5 ——| % m [l 18 [ ] poream
[ry— 0 n[]s s
A7 __{ — % % [ 9 1 rJus
g — % o, [0 15 []og
g ——] — o [ o
P ano [] 12 13 ]Ua

Pin Names

Ay — Ayp Addresses PD/PGM  Power Down Program
Op — 07 Data Outputs CS Chip Select

Truth Table

- pui—
MODE PDIPGM [ Ve | Vep | OUTPUTS
Read Vi Vi +5V | +5V | Data Out
Deselect Don't Care Ve [ +5V | +5V | Highg
P
ower Vig Don't Care | +5V | +5V | HighZ

Down

Pulsed

P
T | Vit to Vi to Vi

Vin +5V | +15V Data In

Program

Verify Vi Vi, | +5V | +15V | Data Out

Program

Inhibit Vi Vi +5V [ +15V High 2
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AMIL  ss2

512 x 8 BIT ERASABLE AND
ELECTRICALLY REPROGRAMMABLE
READ ONLY MEMORY

Features General Description
O On-Board Programmability The S5204A is a high speed, static, 512x8 bit, eras-
O Fast Access Time — 750ns Max. able and electrically programmable read only memory
O High Speed Programming — Less than 1 Minute designed for use in bus-organized systems. Both input
for all 4096 Bits and output are TTL compatible during both read and
O Programmed with R/W, CS and Vpr Pins write modes. Packaged in a 24 -pin hermetically sealed
O Completely TTL Compatible — Excluding the dual in-line package, the bit pattern can be erased by
VpRrog Pin during Read or Write exposing the chip to an ultraviolet light source through
O Ultraviolet Light Erasable — Less than the transparent lid, after which a new pattern can be
10 Minutes written.

O Static Operation — No Clocks Required
[0 Three-State Data I/O
O Standard Power Supplies —+5V and - 12V
O Mature P-Channel Process
Block Diagram Pin Configuration
vee [J1 2 [Jeno
rw ] 2 23 []ves
ES 3 22 [Jo7
vee oND Ves VeroG [ 4 21 []os
l J A0 [j 5 20 ’]ns
arfls 19 Pm
S5204A
21‘1 azfl7 18 {03
2; X DECODER Ty afls 17 o2
Ad A4 q 9 C 16 D1
A5
A6 As q 10 15 [] oo
»:: . Y DECODER q Y -GATING w1 w ]
SENSE AMPLIFIERS Vcc[ 12 3 []“
[ CONTROL 3-STATE
RW OR C§1 Logic INPUT/OUTPUT
BUFFERS 877254

I

VPROG ]

Typical Applications

D0D1D02D3040D50607
ROM Program Debugging
Code Translation
Microprogramming
Look-up Tables

Random Logic Replacement
Programmable Waveforms
Character Generation
Electronic Keyboards

71675

oooooooo
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ABSOLUTE MAXIMUM RATINGS

S§5204A

Voltage on any pin relative to Vgg except the Vprog pin . .
Voltage on the Vprg pin relative to VSS o
Operating Temperature .

Storage Temperature (programmed)

Storage Temperature (unprogrammed)

+0.3 to —20V
+0.3 to —60V
0°C to +70°C
—55°C to +85°C
—55°C 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%, Vg = —12.0V£5% Tp =0 — 70°C unless otherwise noted).

SYMBOL CHARACTERISTIC MIN MAX UNIT
ViL INPUT VOLTAGE LOW 08 \%
ViH INPUT VOLTAGE HIGH Vee -2.25 Voo +3 \Y%
VoL OUTPUT VOLTAGE LOW 04 \Y

IopL=1.6 ma
VoH OUTPUT VOLTAGE HIGH 24 \Y
IoH = 200uA
I INPUT LEAKAGE CURRENT 10 ua
ILo OUTPUT LEAKAGE CURRENT 20 pa
CS =5V
Igg VGG SUPPLY CURRENT 45 ma
Ice Ve SUPPLY CURRENT 50 ma
Pp POWER DISSIPATION 750 mw
NOTE: Program input VprQg may be tied to V¢ during the Read.
AC (DYNAMIC) CHARACTERISTICS (Loading is as shown in Figure 1 unless otherwise noted).
SYMBOL CHARACTERISTIC MIN MAX UNIT
Tacc ACCESS TIME 750 ns
Tco CHIP SELECT TO 400 ns
OUTPUT DELAY
Tpp CHIP DESELECT TO ns
OUTPUT DELAY
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FIGURE 1 —TEST CONDITIONS

FIGURE 2 —READ CYCLE TIMING WAVEFORMS

S5204A

TYPE1 ss
INPUT
v,

'y

IN914

ADDRESS mmm o e oo s

16K

—
7 vin

1¢

[EAREY

—e—ie¢

PROGRAM CHARACTERISTICS (R/W G, 4. Program pulse rise and fall time (10% to 90%) are both at 1us max).

SYMBOL CHARACTERISTICS MIN MAX UNIT
Tas ADDRESS SET UP TIME 10 s
Tess CHIP SELECT SET UP TIME 10 s
Tps DATA SET UP TIME 10 s
TAH ADDRESS HOLD TIME 10 s
TesH CHIP SELECT HOLD TIME 10 s
TDH DATA HOLD TIME 10 s
TpwL PROGRAM PULSE WIDTH 3 5 ms
LOW
TPwH PROGRAM PULSE WIDTH 500 s
HIGH
VPROG* PROGRAM AMPLITUDE -s5 50 v
IPROG PROGRAM CURRENT 35 ma
Tws WRITE SET UP TIME 10 s
TwH WRITE HOLD TIME 5 s
TRs READ SET UP TIME 10 bs

*Note that in the WRITE mode the MIN value of Vpg o should not be exceeded and that chip select, address, and data lines may remain at TTL
level, as in the READ mode
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FIGURE 3 —PROGRAMMING CYCLE TIMING WAVEFORMS

i L
Vin 27
RIW
| tAS e
——————— — —— f-— tAH—a]
=
ADDRESS mm e am oo o e o oL - f L

_—.—__\<—tcss—o- <a-TggH-e]

& Vig o £ ViL
| LW | t DGt <a—TDH—
e .,rf.._.-_vmﬂ'_
DATA M3 - S MIE | S p— -—
tPWH ——] -
ViH ViH - Vin
- —— PWL |
VrRoG L VPROG VeroG —f
FIRST PULSE LAST PULSE
FIGURE 4 —READ/PROGRAM/READ CYCLE TIMING WAVEFORM
[ L
ViH ViH
V
AW ST
L———tws——— WH L'
————— [——=——-
\ /

& = -

et AS—e]

____N._______._______ff_ _______ _——r————— e e —————
Vv
ADDRESS mmm o omm s =

4 [t ACC—w]
-

I R S I
n -~
2——-—4 -
ViL .
DATA —f
T |<e———t DH ——a—
VPROG
READ READ
MODE PROGRAM MODE MODE
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S5204A

INTERFACE DESCRIPTION

Pin Label Function

(15) | DO Data Lines — with the R/W line selected for Read (V11,), the Data Lines (DO through D7) are

(16) D1 set to reflect the contents of the selected memory location. When the R/W line is set for-

(17) D2 Write (VIy), the Data Lines are stored at the addressed location of the 5204A when VPROG

(18) D3 is present. The Data Bus output drivers are three-state devices that remain in the high im-

(19) D4 pedance (off) state whenever CS is in the VIH state or when R/W is in the V][, state.

(20) D5

(21) D6

(22) D7

) R/W Read/Write — When this input line is set to Vyyy, the device is in the Write mode, a low (V)
signal puts it into the Read mode.

3) CS Chip Select — This input line must be set to Vi for a Read or Write operation to be per-
formed. When it is High (Viy) the output data bus is set to a high-impedance three-state
condition.

) VPROG Program — In the Write mode, a 50Volt programming pulse at this input causes the data at
the Data Lines to be stored in the selected address location. This pin should be tied to Voc
for normal Read operations.

E5; A0 Address Lines — These lines select the 8 bit word in memory for Read or Write operation.

6 Al

7 A2

8) A3

9) A4

(10) AS

(11) A6

(13) A7

(14) A8
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CONTROL FUNCTION TRUTH TABLE

S5204A

CS R/W VPROG MODE OUTPUTS
0 1 ‘'VPROG Write Active Data Inputs
0 0 Vee Read Active
1 X X Standby Floating
OPERATION of the chip select input as during read operations.

Initially, and after each erasure, all bits of the 5204A are
in the LOW state (output 0 volts). Data is stored by selectively
programming a HIGH into the desired bit locations. The R/W
input (pin 2) is used to select the desired mode of operation.
When the R/W input is HIGH the chip is in the write enable
mode of operation. The outputs (Dg — D7) are disabled (float-
ing) with the corresponding pins becoming the data inputs.
The word address is selected in the same manner as in the Read
mode. Data to be programmed is presented 8 bits in parallel
and after the address and data are set up a programming pulse
(Vp = - 50 volts) is applied. Vprog electrically writes the data
into the memory array. Writing may be inhibited by deselecting
the chip with the CS input at a HIGH during the write cycle.
This feature allows true “on board” programming in bus
organized systems where the R/W and Vprog inputs are
common and the device to be programmed is selected by means

2.54

The amount of program energy required to insure
memory retention may be defined as a function of the number
of program pulses (N) times the program pulse width (tpw)
(N x tpw = 60 msec). This means if a 3 ms pulse is used, 20
program pulses are required, and if a 5 ms pulse is used 12
program pulses are required.

The read operation is accomplished by a LOW at the
R/W input with the program input connected to Vgg potential.
True data (data out= date in) is valid after the address is stable.
The CS input will disable (float) the outputs when HIGH to
allow capability with bus organized systems. .

Erasure is accomplished by exposing the array toa 2537A
ultra-violet light source (such as Ultra-Violet Products, Inc.
Lamp Model S52 or UVS-54, Tumer Designs PROM Eraser,
Model 30 or equivalent) for a period of 7 to 10 minutes. The
clear optical lid should be approximately one inch away from
the lamp tubes.
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ERASABLE AND
ELECTRICALLY REPROGRAMMABLE
READ ONLY MEMORY

Features General Description
O On-Board Programmability The S6834 is a high speed, static, 512 x 8 bit, erasable
O Fast Access Time — 575ns Typ. and electrically programmable read only memory de-
0O Pin Configuration Similar to the S6830 1K x signed for use in bus-organized systems. Both input
8 Bit ROM and output are TTL compatible during both read and
[0 High Speed Programming — Less than 1 Minute write modes. Packaged in a 24 pin hermetically sealed
for All 4096 Bits dual in-line package the bit pattern can be erased by
O Programmed with R/W, CS and Vprog Pins exposing the chip to an ultra-violet light source through
O Completely TTL Compatible — Excluding the the transparent lid, after which a new pattern can be
VProG Pin written.
O Ultraviolet Light Erasable — Less than
10 Minutes
O Static Operation — No Clocks Required
O Three-State Data I/O
O Standard Power Supplies +5V and -12V
[0 Mature P-Channel Process
Block Diagram Pin Configuration
ano [ 1 ~ u j Ay
vee 6ND Ve o [] 2 B[] m
’ I J n[]s 2 (] A
[ s 2 % As
" e 2] A
:2 5464 BIT 04[ 6 19 [] a5
:j X DECODER PROM ARRAY 05 [ 7 18 % Ag
A5 ‘ 0[] 8 7 D Az
25 Y DECODER Y-GATING o E ° 1 % A
A8 vee [ 10 5[]
T e ] [l
AW O C51 Losic NPUTIOUTPUT Vee D 12 13 ] ves
VPRUG_—J
00D1D2D3D4D506D7 Typ|ca| Applications
0 ROM Program Debugging
[0 Code Translation
O Microprogramming
O Look-up Tables
O Random Logic Replacement
00 Programmable Waveforms
O Character Generation
[0 Electronic Keyboards
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ABSOLUTE MAXIMUM RATINGS

S6834

Voltage on any pin relative to Vgg except the Vprog pin -
Voltage on the Vpr( pin relative to VSS .
Operating Temperature

Storage Temperature (programmed)
Storage Temperature (unprogrammed)

+0.3 to —20V
+0.3 to —60V
0°C to +70°C

—55°C to +85°C

—55°C 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 (Vo =450V 5%, Vg = —12.0V£5% Ty =0 — 70°C unless otherwise noted).

SYMBOL CHARACTERISTIC MIN MAX UNIT
VIiL INPUT VOLTAGE LOW 08 \%
VIiH INPUT VOLTAGE HIGH Vee -2.25 Vee +3 \%
VoL OUTPUT VOLTAGE LOW 04 v

Iop, = 1.6 ma
VoH OUTPUT VOLTAGE HIGH 24 \%
IoH = 200nA
Ity INPUT LEAKAGE CURRENT 10 ua
Iio OUTPUT LEAKAGE CURRENT 20 ua
CS=5V
felel VG SUPPLY CURRENT 45 ma
Icc Ve SUPPLY CURRENT 50 ma
Pp POWER DISSIPATION 750 mw
NOTE: Program input Vprgg may be tied to Vo during the Read.
AC (DYNAMIC) CHARACTERISTICS (Loading is as shown in Figure 1 unless otherwise noted).
MAX
SYMBOL CHARACTERISTIC MIN (6834) | (6834_1) UNIT
TacC ACCESS TIME 575 750 ns
Tco CHIP SELECT TO 300 400 ns
OUTPUT DELAY
Tpp CHIP DESELECT TO 250 325 ns
OUTPUT DELAY
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FIGURE 1—TEST CONDITIONS

FIGURE 2 —READ CYCLE TIMING WAVEFORMS

S6834

+5V 5%

$ 10K ADDRESS wvem o o e s

TYPE 1 cc
INPYT ‘—J

)
z
©

12V 5%

22 pF

i —

IN914

) 4 THREE STATE
(HIGH Z)

=

DATA

E—

PROGRAM CHARACTERISTICS (R/W Gy, 4, Program pulse rise and fall time (10% to 90%) are both at 1us max).

SYMBOL CHARACTERISTICS MIN MAX UNIT
Tas ADDRESS SET UP TIME 10 us
Tess CHIP SELECT SET UP TIME 10 s
Tps DATA SET UP TIME 10 ps
TAH ADDRESS HOLD TIME 10 ps
TesH CHIP SELECT HOLD TIME 10 ps
TpH DATA HOLD TIME 10 ps
TpwL PROGRAM PULSE WIDTH 3 5 ms
LOW
TpwH PROGRAM PULSE WIDTH 500 s
HIGH
VPROG* PROGRAM AMPLITUDE 55 50 \'%
IPROG PROGRAM CURRENT 35 ma
Tws WRITE SET UP TIME 10 bs
Twh WRITE HOLD TIME 5 bs
TRs READ SET UP TIME 10 ps

*Note that in the WRITE mode the MIN value of Vpg o should not be exceeded and that chip select, address, and data lines may remain at TTL

level, as in the READ mode
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FIGURE 3 —PROGRAMMING CYCLE TIMING WAVEFORMS

S6834
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S6834

INTERFACE DESCRIPTION

Pin Label Function

) DO Data Lines — with the R/W line selected for Read (Vi ), the Data Lines (DO through D7)

3) D1 are set to reflect the contents of the selected memory location. When the R/W line is set

4) D2 for Write (Vi ), the Data Lines are stored at the addressed location of the 5204A when

%) D3 Vprog is present. The Data Bus output drivers are three-state devices that remain in the

(6) D4 high impedance (off) state whenever CS is in the Vi state or when R/W is in the Vi

@) D5 state.

®) D6

©) D7

(14) { R/W Read/Write — When this input line is set to Vg, the device is in the Read mode, a low (V1)
signal puts it into the Write mode.

(15) CS Chip Select — This input line must be set to V][, for a Read or Write operation to be per-
formed. When it is HIGH (V[H) the output data bus is set to a high-impedance three-state
condition and disables the Write operation.

(1) | Vprog Program — In the Write mode, a —S0V programming pulse at this input causes the data at
the Data Lines to be stored in the selected address location. This pin should be tied to V¢
for normal Read operations.

(24) | A0 Address Lines — These lines select the 8 bit word in memory for Read or Write operation.

(23) | Al

@) | a2

1) | A3

0) | A4

(19) | As

(18) | as

an | A7

(16) | A8
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CONTROL FUNCTION TRUTH TABLE

S6834

CS R/W VPROG MODE OUTPUTS
0 0 VPROG Write Active Data Inputs
0 1 Vee Read Active
X X Standby Floating
OPERATION

Initially, and after each erasure, all bits of the 6834 are
in the LOW state (output 0 volts) Data is stored by selectively
programming a HIGH into the desired bit locations. The R/W
input pin 14 is used to select the desired mode of operation.
When the R/W input is LOW, the chip is in the write enable
mode of operation. The outputs (0] — 0g) are disabled (float-
ing) with the corresponding pins becoming the data inputs
(01 = DN 1 etc.). The word address is selected in the same
manner as in the read mode. Data to be programmed is pre-
sented 8 bits in parallel and after the address and data are set
up a programming pulse (Vp = — 50 volts) is applied. VPROG
writes the datainto the memory array. Writing may be inhibited
by deselecting the chip with the CS input at a LOW during the
write cycle. This feature allows true “on board” programming
in bus organized systems where the R/W and VPRQG inputs
are common and the device to be programmed is selected by

means of the chip select input as during read operations.

The amount of program energy required to insure
memory retention may be defined as a function of the number
of program pulses (N) times the program pulse width (tpw)
(N x tow = 60 msec). This means if a 3 ms pulse is used, 20
program pulses are required, and if a 5 ms pulse is used 12
program pulses are required.

The read operation is accomplished by a HIGH at the
R/W input with the program input connected to Vs§ potential.
True data(data out= data in) is valid after the address is stable.
The CS input will disable (float) with the outputs when HIGH
to allow capability with bus organized systems.

Erasure is accomplished by exposing the array to a high
intensity ultra-violet light source (such as, Ultra-Violet
Products, Inc. Lamp Model S52 or UVS-54) for a period of 7
to 10 minutes. The clear optical lid should be approximately
one inch away from the lamp tubes.
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A‘M‘l ® Selection Guide

THE AMI S6800 MICROCOMPUTER SYSTEMS FAMILY

PART NO. DESCRIPTION POWER SUPPLIES INPUT/OUTPUT PACKAGES
$S6800 8-Bit Microprocessor (1.0MHz Clock Rate) +5V TTL 40 Pin
S68A00 8-Bit Microprocessor (1.5MHz Clock Rate) +5V TTL 40 Pin
$S68800 8-Bit Microprocessor (2.0MHz Clock Rate) +5V TTL 40 Pin
$6801 8-Bit Microcomputer +5V T7L TBA
S6802 1024 Bit (128x8) Microprocessor TTL 40 Pin
S6809 High Performance Monolithic Microprocessor +5V TTL TBA
S6810A 1024 Bit (128x8) Static Read/Write Memory 24 Pin

{450ns Access Time) +5V DIL/TTL 40 Pin
S6180A-1 1024 Bit (128x8) Static Read/Write Memory

(350ns Access Time) +5V TTL/CMOS 24 Pin
S68A10 1024 Bit (128x8) Static Read/Write Memory

(360ns Access Time) +5V TTL/CMOS 24 Pin
S68B10 1024 Bit (128x8) Static Read/Write Memory

(250ns Access Time) +5V TTL 24 Pin
$6820 Peripheral Interface Adapter (PIA) +5V TTL 40 Pin
56821 Peripheral Interface Adapter (PIA) +5V TTL 40 Pin
S68A21 Peripheral Interface Adapter (PIA) +5V TTL/CMOS 40 Pin
S68B21 Peripheral Interface Adapter (PIA) +5V TTL/CMOS 40 Pin
S6831A 16,384 Bit (2048x8) ROM +5V TTL 24 Pin
568318 16,384 Bit (2048x8) ROM +5V TTL 24 Pin
$6834 4096 Bit (512x8) EPROM +5V, —12v Three-State 24 Pin
$6840 Programmable Timer +5V TTL 28 Pin
56846 NMOS Combination ROM, 1/0, Timer +5V TTL 40 Pin
S6850 Asynchronous Communication Interface Adapter +5V TTL 24 Pin
S68A50 Asynchronous Communication Interface Adapter +5V TTL 24 Pin
$S68850 Asynchronous Communication Interface Adapter +5V TTL 24 Pin
56852 Synchronous Serial Data Adapter (SSDA) +5V TTL 24 Pin
$6854 Advanced Data Link Controller +5V TTL 24 Pin
S68A54 Advanced Data Link Controlier +5V TTL 24 Pin
$S68047 Video Display Generator +5V TTL 40 Pin
568488 General Purpose Interface Adapter (GPIA) +5V TTL 40 Pin
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S6800/S68A00/S68B00

——— e ——
8-BIT
MICROPROCESSOR
DATA
8)
Zﬁg iy J ;: 18 pge GND 1@ 40}~ RESET
anp 21 HALT —2 39— Tsc
INSTRUCTION ACCUM A 33
o n 3 aF
ACCUM B G2 5, RQ —4 37— 62
BV 5, vMA 5 36— DBE
INSTRUCTION STACK PTR HR | STACK PTR LR GAta wo Wi —l6 pest I
DECODE BUFFER 129 BA —7 34— RW
INDEX HR INDEX LR (28) o Vee 8 33— DO
R h PROGRAM PROGRAM 2N e A0 9 S6800 32— D1
RESET %1 CTR HR CTR LR 28 ., A1 —]10 S68A00 3 r__ D2
S — ™ rennueT l I Az {11 $68B00 30| D3
NMI CONTROL
3) A3 —112 29}4— D4
M TG Aano — y S—— A4 13 28— D5
w2 CONTROL SoRT ol by 2 oe
x x A6 —415 26— D7
" 8US ARITHMETIC A7 —16 25— A15
HALT CONTROL UNIT A8 —117 24— A4
A9 —{18 23}~ a3
s —& a10 —f19 22}— a2
" % A1l —{20 21— GND
R/W
< b <
ADDRESS BUFFER 17 ADDRESS BUFFER J
(39)' {25) (22)f(20){(19){(18) [(17) | (16){ (15} [ (14} (13)[(12){ (11)f(10)| (9),
TSC  A15 A14 A13 A12 A11 AT0 A9 A8 A7 A6 A5 A4 A3 A2 Al AD
BLOCK DIAGRAM PIN CONFIGURATION
FEATURES
L] Eight-Bit Parallel Processing Separate Non-Maskable Interrupt — Internal
L] Bi-Directional Data Bus Registers Saved in Stack
L] Sixteen-Bit Address Bus — 65536 Bytes Six Internal Registers — Two Accumulators,
of Addressing Index Register, Program Counter, Stack Pointer
L] 72 Instructions — Variable Length and Condition Code Register
L] Seven Addressing Modes — Direct, Relative, Direct Memory Access (DMA) and Multiple
Immediate, Indexed, Extended, Implied and Processor Capability
Accumulator Clock Rates — S6800 —1.0 MHz
L Variable Length Stack S68A00 — 1.5 MHz
e Vectored Restart S68B00 — 2.0 MHz
L] 2 Microsecond Instruction Execution Simple Bus Interface Without TTL
L] Maskable Interrupt Vector Halt and Single Instruction Execution Capability
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S6800/S68A00/S68B00

ABSOLUTE MAXIMUM RATINGS
Supply Voltage Ve Operating Temperature Range Tp 0°Cto +70°C
Input Voltage VIN -03to+7.0V Industrial Temperature Range -40°C to +85°C
Military Temperature Range -55°C to +125°C
Storage Temperature Range Tstg  ~55°C to +150°C
ELECTRICAL CHARACTERISTICS
(Voo =5.0V, 5%, Vgs = 0, TA unless otherwise noted.)
SYMBOL CHARACTERISTICS MIN TYP MAX UNIT
VIH Input High Voltage (Normal Operating Levels) Logic Vsg +2.0 - Vce Vdc
VIHC 81,92 Vce-06 - vee +0.3
VIL Input Low Voltage (Normal Operating Levels) Logic Vgg - 0.3 — Vgg +0.8 Vdc
VILC ?1,92 Vsg ~0.3 - Vg +0.4
IIN Input Leakage Current nAdc
(VIN =0 to 525V, V¢ = Max) Logic* - 10 2.5
(VIN =0 to 5.25V, Voc =0.0V) 91,92 — - 100
ITSI Three-State (Off State) Input Current DO — D7 - 20 10 pAdc
VIN =04 to 2.4V, V¢ = Max A0 — A15,R/W - - 100
VOH Output High Voltage Vdce
(ILOAD = - 205uAdc, Vo = Min) DO - D7 Vsg+2.4 — -
(ILOAD = - 145uAdc, V¢ = Min) AQ - Al3,
R/W, VMA Vs +2.4 - =
(ILOAD = - 100uAdc, Vec = Min) BA Vgg +24
VoL Output Low Voltage — — Vgs + 04 Vdc
(ILOAD = 1.6mAdc, VeC = Min) ‘
Pp Power Dissipation — 0.5 10 w
CIN Capacitance # pF
(VIN =0, Tp =25°C, f = 1.0 MHz) o1 - - 35
92 - — 70
D0 — D7 — 10 12.5
Logic Inputs — 6.5 10
CouT AQ — A15, R/W, VMA - - 12 pF
f Frequency of Operation S68A00 0.1 1.5 MHz
S68B00 0.1 — 20
Clock Timing (Figure 1) S68A00 0.666 - 10
tCYC Cycle Time S68B00 0.50 - 10 us
PWoH Clock Pulse Width $1,92 — S68A00 230 - 9500 ns
Measured at VcC - 0.6V $1,92 — S68B00 180° - 9500
tuT Total ¢1 and ¢2 Up Time S68A00 600 - - ns
S68B00 440 - —
tor, tof ‘ Rise and Fall Times 50 - 100 ns
Measured between V§§ + 0.4 and Vcc - 0.6
td Delay Time or Clock separation 0 — 9100 ns
Measured at VQy = V§g + 0.6V

*Except IRQ and NMI, which require KS2 pullup load resistor for wire-OR capability at optimum operation.
#Capacitances are periodically sampled rather than 100% tested.
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S6800/S68A00/S68B00

READ/WRITE TIMING
$6800 S68A00 S68B00
Symbol Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
tap Address Delay ns
C = 90pF 100 300 180 150
C = 30pF 165 135
tace Peripheral Read Access Time 575 360 250 ns
tac = tur = {tap + tpsg)
tpsr Data Setup Time (Read) 100 60 40 ns
ty Input Data Hold Time 10 30 10 10 ns
ty OQutput Data Hold Time 10 25 10 25 10 25 ns
tan Address Hold Time
(Address, R/W, VMA) 10 75 10 75 ns
tgn Enable High Time for
DBE Input 470 280 220 ns
tppw Data Delay Time (Write) 165 200 160 ns
Processor Controls
tpcs Processor Control
Setup Time 200 200 200 ns
e
tpe,i tpeg Processor Control 8
Rise and Fall Time 100 100 ns A
tga Bus Available Delay 270 270 ns
trse Three-State Enable 40 40 ns
trsp Three-State Delay 270 270 ns
tDBE Data Bus Enable Down
Time During ¢1 Up Time 150 70 ns
tpBE,, Data Bus Enable 25 25 ns
tppe, Rise and Fall Times

| Measurement point for ¢1 and ¢2 are shown below.
Other measurements are the same as for MC6800.

{ Start of Cycle

S
91 Vee -06V /
.4V 04V
v N

tr

Vee-06V
92
04V

FIGURE1 CLOCK TIMING WAVEFORM . FIGURE2 READ/WRITE TIMING WAVEFORM

11229 877235

1

or Pl — lot
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S6800/S68A00/S68B00
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INTERFACE DESCRIPTION
Label Pin
91 3)
#2 (37)
RESET (40)
FIGURE 5

S6800/S68A00/S68B00

Function

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

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 Vc 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

a5V
Vee

1 -

, 4 nnnnnnnlnnnmnnnnnrn.

¢ J, ',l
Reset H

[ ————————— > 8Clock Times ——-'] —| f«#— First Instruction Loaded into MPU
]
vMA AT
Address Out Address Out = Contents of
= FFFE FFFE + FFFF
Address Out
= FFFF
VMA 5) 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)

()

™

S6800/S68A00/S68B00

Function

Address Bus — 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
4)

(6)

S6800/S68A00/S68B00

Function

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 k€2 external
resistor to V. should be used for wire-OR and optimum control of interrupts.

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 VO 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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S6800/S68A00/S68B00

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 Mask-
able 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 6.

After completing the current instruction execution the processor checks for an allow-
able interrupt request via the IRQor NMI inputs as shown by the simplified flow chart in
Figure 7. 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 tranferred to the stack as shown

in Figure 8.
FIGURE 6 MEMORY MAP FOR INTERRUPT VECTORS
MS Vector LS Description
FFFE FFFF . - Restart
FFFC FFFD Non-maskable Interrupt
FFFA FFFB Software Interrupt
FFF8 FFF9 Interrupt Request
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FIGURE 7 MPU FLOW CHART

S6800/S68A00/S68B00
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MASK No
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EXECUTE
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FIGURE 8 SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer

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

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

m-—-9
m-—8
m—-7 e——— SP
m-6[_cc
m—5| acce
m—4] acca
m-3 IXH
m-—2 m-—2 IXL 5
m-—1 m—1 PCH ,f
m le—sp m PoL @
m+1 m+1
m+2 ] m+2
) ]
| | l l |
BEFORE AFTER
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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.

S$6800/S68A00/S68B00

FIGURE 9 PROGRAMMING MODEL OF THE
MICROPROCESSOR

ACCA ACCUMULATOR A

ACCB ACCUMULATOR B

INDEX REGISTER

pPC PROGRAM COUNTER

sP STACK POINTER

Qa

CONDITION CODES
I

11HINZVCREGSTER

L OVERFLOW

L zero

NEGATIVE

CARRY (FROM BIT 7)

INTERRUPT MASK BIT

HALF CARRY {FROM BIT 3)
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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 single 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

HIGHER OPERAND

LOWER

OPERAND

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.

S6800/S68A00/S68B00

DIRECT ADDRESSING
ADDRESS
OPCODE | 5

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
OP CODE HIGHER 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
OPCODE 1 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 —126 to +129 bytes of the present
instruction.




FIGURE 10 S6800 INSTRUCTION SET

S6800/S68A00/S68B00

Addressing Mode

Condition Reg

Implied Immediate Direct Extended Indexed Relative Boolean/Arith 5| 4| 3[ Zl 1 ‘0
Instruction Mnemonic OP MC PB OP MC PB OP MC PB OP MC PB OP MC PB OP MC. PB Operation Hll |N|ZIV|C
Load accumulator LDAA %6 2 2 9% 31 2 B6 4 3 A6 S 2 M—A o of I[ 1} Rle
LDAB co 2 2 Do 3 2 Fo 4 3 E6 S 2 M-B of of 1| i| R|®
Load stack pointer LDS 8E 3 3 9E 4 2 BE § 3 AE 6 2 M= SPH.(M+1) o| o] o 1| R|e
-~ SPL
Load index LDX CE 3 3 DE 4 2 FE S 3 EE 6 2 M= XH M+ 1) of o| o] t| Rfe
register -~ XL .‘
Store accumulator STAA 97 4 2 B7 5 3 AT 6 2 A->M of 1] 1| R|e
STAB D7 4 2 F7 5 3 E7 6 2 B—~M of o t| t{ Rfe
Store stack STS 9F 5 2 BF 6 2 AF 7 2 SPy ~ M, SPL ~ ol 0| 0] {[R]|e
pointer M+ 1)
Store index STX DF 5 2 FF 6 3 EF 7 2 XH =M. X~ ol ofl 1[R]®
register M+1)
Transfer accumu-
lators TAB 6 2 1 A->B o of 1 1| Rje
TBA 17 2 1 B—~A o of 3| t[R|e®
Transfer Acc. to
cond. reg. TAP 06 2 ) A~ CCR Note 12
Transfer cond. reg.
to Acc. TPA 07 2 1 CCR ~ A ojojsjojeie
Transfer stck ptr to
index TSX 30 4 ) SP+1-X olejojee|e
Transfer index to
stek ptr TXS 35 4 X- 1->SP olelojolele
Pull data PULA 32 4 1 SP+ 1~ SP.Mgp o|lo|e|e]e]e
-A
PULB 33 4 1 SP+ 1 —SP, o|e|o|o|e]e
Msp— B
Push data PSHA 36 4 1 A~ Mgp,SP -1 oleeje]e|e
- SP
PSHB 37 4 B—~Mgp,SP - | olelefele]e
- SP
Add accumulators ABA 1B 2 1 . A+B+A Hefr]t)t gt
Add ADDA 8B 2 2 9B 3 2 BB 4 3 AB 5 2 A+M—A telt]it ]t
ADDB CB 2 2 DB 3 2 FB 4 3 EB 5 2 B+tM-B MU ERER
Add with carry ADCA 89 2 2 9 3 2 B9 4 3 A9 5 2 AtM+C-A ettt
ADCB cy 2 2 D9 3 2 F9 4 3 E9 5§ 2 B+M+C—-B ettt
Subtract
accumulators SBA 10 2 1 A-B-A eoleititft]t
Subtract SUBA 80 2 90 2 BO 4 A0 S 2 A-M-A eleltlt)d|t
) SUBB co 2 2 Do 3 2 FO 4 3 E0O 5 2 B-M-B efeftitit(t
Subtract with
carry SBCA 82 2 2 92 3 2 B2 4 3 A2 5 2 A-M-C~>A oleft]tit|t
SBCB c2 2 2 D2 3 2 F2 4 3 E2 5 2 B-M-C~B sjeltitt]t
Increment INCA 4ac 2 1 A+1—-A oftit|s|e
INCB sC 2 1 B+1-B efet|tiS e
INC € 6 3 6 71 2 M+1->M ole|tit]ste
Increment stack
pointer INS 31 4 1 SP+1-SP slojejefele
Increment index
reg. INX 08 4 1 X+i-X oltlele
Decrement DECA 4A 2 1 A-1-A tltlale
DECB SA 2 1 B-1-B 14 e
DEC TA 6 3 6A 7 2 M-1-M e
Decrement stack.
pointer DES 34 4 1 SP—1-SP olojojolele
Decrement index |
register DEX 09 4 1 X-1-X elefe|tlefle
Complement (1's) COMA 43 2 1 A~A o|t[tIR]S
COMB 53 2 1 B-B o[+)H (RIS
CoM 73 6 3 63 7 2 M->M elelt |t R[S
Complement (2's) NEGA 4 2 1 0W—-A—A oftithi 2
NEGB 50 2 1 00-B-B eltithif2
NEG 7 6 3 60 7 2 00 -M->M eleft|tfi2
Decimal adjust .
accumulator DAA 19 2 1 eleft|tjs 3

OP = Operation Code

MC = Number of MPU Cycles

3.14
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$6800/S68A00/S68B00

FIGURE 10 S6800 INSTRUCTION SET (CONT’D.)

» Addressing Mode Condition Reg
Implied Immediate Direct Extended Indexed Relative Boolean/Arith 5 |4 |3 |2 II |0
Instruction Mnemonic | OP MC PB | OP MC PB | OP MC PB | OP MC PB | OP MC PB | OP MC PB Operation H[1 |N|z|v|c
Logical and ANDA 84 2 2 94 3 2 B4 4 3 A4 5 2 AeM—A ofo]t]|¢]Rje
ANDB c4 2 2 D4 3 2 F4 4 3 E4 5 2 BeM~B eole|t|t[R|®
Inclusive or ORAA KA 2 2 9A 3 2 BA 4 3 AA 5 2 A+M->A ejo}t|t|R|®
ORAB CA 2 2 DA 3 2 FA 4 3 EA 5 2 B+M-B elot|t|R|e
Exclusive or EORA 8 2 2 98 3 2 B8 4 3 A8 5 2 A@®M~-A oje|t]t|R|e
EORB cg 2 2 Dg 3 2 Fg 4 3 E§ 5 2 BO®M-B ole|t|t|R]e
Shift left arithmetic ASLA a8 2 ot A -— t|tj6
ASLB 8 2 1 B ‘E_‘- gmrbno‘-o elojt|tl6]t
ASL 8 6 3 68 7 2 M ole|tit]|6
Shift right
arithmetic ASRA 47 2 1 A . efetlt]|o]t
ASRB 57 2 1 B -0 eleft[t|6]?
ASR 76 3 |61 7 2 M) P70 C ) eleft]t]st
Shift right logical LSRA 44 2 A — o|e|RItI6[¢
LSRB 54 2 1 B} 0— OO0 —=0 o{e[RIt|6]|¢
LSR 76 3 |ea 7 2 M) b7 b0 € --erst
Rotate left ROLA 49 2 A ojeit|t|6]t
ROLB 59 2 1 B - efe|t]t|6ft
ROL 79 6 3 69 7 2 ‘M) € b7= b0 elelt|t|6]?
Rotate right RORA 46 2 1 A sio|t]t|6]t
RORB 56 2 1 B - sleftitio]t
ROR 6 6 3 |66 7 2 I AL B R E R
Compare accumu-
lators CBA mnmo2 1 A-B olelt]t[t
Compare CMPA 81 2 2 91 3 2 Bl 4 3 Al S 2 A-M oloft|t| S|t
CMPB cr 22 DI 3 2 FI 4 3 El 5 2 B-M oleft[t]t]s
Compare index
register CPX 8C 3 3 9C 4 2 BC 5 3 AC 6 2 XH - M, XL — (M+1) olel7{tI8]®
Test (zero or
minus) TSTA 4D 2 1 A-00 efolt|+{RIR
TSTB SD 2 1 B-00 ofe|t1t[RIR
TST D 6 3 6D 7 2 M- 00 oleit1t{RIR
Bit test BITA 85 2 2 95 3 2 BS 4 3 A5 5 2 AeM ole|tit|R|e
BITB cs 2 2 D5 3 2 F5 4 3 ES 5 2 BeM eje|t]lt|R]e
TEST
Branch BRA 20 4 2 olelelojo]e
Branch if carry
clear BCC 24 4 2 c=0 elejojojele
Branch if carry
set BCS 25 4 2 C=1 o|e|ojo|ele
Branch if overflow
clear BVC 28 4 2 V=0 olo|e|efe]e
Branch if overflow
set BVS 29 4 2 V=1 ole|e|e]|ofe
Branch if equal to
zero BEQ 27 4 2 z=1 olelo]e|e]e
Branch if greater
or equal to zero BGE 2C 4 2 N®V=0 olele|e|e]e
Branch if greater
than zero BGT 2E 4 2 Z+(N®V)=0 olefe]ele}e
Branch if less
than zero BLT 2D 4 2 N®V=1 ole
Branch if less than
or equal to zero BLE 2F 4 2 Z+(N@V)=1 ole|ejofe]e
Branch if not equal
to zero "BNE 26 4 2 =0 olefe]e
Branch if minus BMI 2B 4 2 N=1 elelele
Branch if plus BPL 2A 4 2 N=0 olejele
Branch if higher BHI 22 4 2 C+Z2=0 olejeje
Branch if lower
or same BLS 23 4 2 C+Z=1 ] ole
OP = Operation Code MC = Number of MPU Cycles PB = Number of Program Bytes ,
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S6800/S68A00/S68B00

FIGURE 10 $S6800 INSTRUCTION SET (CONT’D.)

Addressing Modes Condition Reg.
i i i X i 3210
Implied Direct Immediate Extended Indexed Relative Boolean/Arith 5|4| | I l
Instruction Mnemonic | OP MC PB | OP MC PB | OP MC PB | OP MC PB | OP MC PB | OP MC PB Operation Hl1[Nz|v|c
Branch to
subroutine BSR 8 8 2 ele|ejo|e|e
Jump to See
subroutine ISR BD 0 3 AD 8 2 Special olefojo]e]e
Jump IMP . TE 33 oF 4 2 Operations olejojelele
Return from
subroutine RTS RO | olejo|e|e|e
Return from
interrupt RTI B 101
Software interrupt SWI 3F 32
Wait for interrupt WAL A9
No operation NOP 0 2 1 PC+1 - PC
Clear CLRA 421 00~ A o [e|RIS|R[R
CLRB SFEo2 00~B o e RIS[RIR
CLR 63 oF 72 00-M olo|RIS|R[R
Clear carry CLC o2 0-C o(o(ofefeR
Clear interrupt
mask cul o 2 1 01
Clear overflow CLV oA 2 0=V
Set carry SEC o 2 1 1-C
Set interrupt
mask SE1 oF 2 1 I =1
Set overflow SEV oB 2 1=V
CONDITION CODE SYMBOLS: LEGEND:
H Half-carry from bit 3; OP  Operation Code (Hexadecimal):
1 Interrupt mask MC  Number of MPU Cycles;
N Negative (sign bit) PB Number of Program Bytes;
YA 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 = 10000000?

2 (Bit C) Test: Result = 00000000?

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 tytes?

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

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

11 (BitI) 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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S6800/S68A00/S68B00

SPECIAL OPERATIONS
JMP, JUMP;
PC MAIN PROGRAM PC MAIN PROGRAM
n 6E = JMP n 7E = JMP
INDXD n+1 K = OFFSET EXTENDED n+ 1| KH=NEXT ADDRESS
. n+2| KL=NEXT ADDRESS

X+ K} NEXTINSTRUCTION

JSR, JUMP TO SUBROUTINE:

PC MAIN PROGRAM spP STACK PC SUBROUTINE
n AD = JSR — SP-2 INX + K 1st SUBR. INSTR.
INDXD n+1 K = OFFSET* SP—1 (n+2)H
n+2| NEXT MAIN INSTR. sp h+2)L
*K = 8-BIT UNSIGNED VALUE (n+2) 4y AND (n+4 2) | FORM n+2
PC  MAIN PROGRAM sp STACK PC SUBROUTINE
n BD = JSR — SP—2 s 1st SUBR. INSTR.
EXTND n+1| SH=SUBR.ADDR. SP—1 (n+3}H
n+2[ SL=SUBR.ADDR. sp h+3)L (S FORMED FROM SH AND St}
n+3| NEXTMAIN INSTR. ——= = STACK POINTER
AFTER EXECUTION.

BSR, BRANCH TO SUBROUTINE:

PC  MAIN PROGRAM sp STACK rc SUBROUTINE
n 8D = BSR —» SP-2 n+21K 1st SUBR. INSTR.
n+1 + K = OFFSET* |:I‘> sP—1 (h+2}H
n+2| NEXT MAIN INSTR. P n+2)L
*K = 7-BIT SIGNED VALUE; n + 2 FORMED FROM {n + 2)H
AND (n +2)p
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SPECIAL OPERATIONS

$6800/S68A00/S68B00

RTS, RETURN FROM SUBROUTINE:
PC SUBROUTINE

S

39 = RTS

SWI, SOFTWARE INTERRUPT
PC MAIN PROGRAM

n

WAL, WAIT FOR INTERRUPT
PC  MAIN PROGRAM

RTI, RETURN FROM INTERRUPT:
PC INTERRUPT PROGRAM

S

38=RTI

SP
SP+1
SP+2

SP—7
SP-6
SP—5
sP—4
SP-3
SP—2
SP—1

SP

sp
SP—7
SP -6
SP—5
SP—4
sP -3
SP—2
SP—1

sp

STACK

"H

"L

STACK

cc

ACCB

ACCA

XH

XL

(n+ Ny

(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)

mL = (H — 0004}

H = ADDRESS WITH
ALL ADDRESS LINES
IN HIGH STATE

PC INTERRUPT PROGRAM

m INT. ROUTINE

my = (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

El

NEXT MAIN INSTR.
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SYSTEMS OPERATION

To demonstrate the great versatility of the functional
building block concept, a typical system configuration is
shown. This configuration will demonstrate how easily a basic
systein 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 for the S6800, 1.5 MHz for
the S68A00, and 2.0 MHz for the S68B00. 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
Al13 and Al4 to the Enable or chip select lines on the
memories and PIA. This permits the devices to be addressed
as follows:

S6800/S68A00/S68B00

Device Al4 Al3 Hex Addr(_esses
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 Al14 for chip
selection.

PERIPHERAL CONTROL—AIl 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 VoC 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 Contro! (TSC) should be held high until
the positive transition of Restart.

HALT-The Halt line is tied to Vee 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.
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FIGURE 11 MINIMUM SYSTEM CONFIGURATION

S6800/S68A00/S68B00

RESTART

TWO-PHASE | VMA e 02
CLOCK
K LR
ROM
01 02 VMA $6831 E RES
A0-A9 |AOAS AO-Aﬁy A0-A9 D0-D7K DO-D?7
A13 e 13 E
DBE Al —»|E E
RES PIA
TSC $6820
MP AO-A1 RSO0-RS1
56800
A2 cso
DO-D7 L cs1
Al4 =
HALT  RW RW
I PBO-PB7
Rw cB1
_ADAB 1A0~A6 po-07 K DO-D7 D0D7  CB2
o oz BAM TRGA [RGB
E Ep—OV
iRQ E seso © cc
} Vee E E
E E

cAl f*—
CA2 p—o

PAO-PA7 @

DATA BUS D0-D7

TO
PERIPHERAL
"

TO0
PERIPHERAL
“gr
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ADVANCED PRODUCT DESCRIPTION
S6801

Features

Expanded S6800 instruction set

Object code compatible with S6800
Single chip or expandable to 65K words.
2K bytes of ROM

128 bytes of RAM (64 bytes retainable)
31 parallel IO lines

Internal Clock/Divide-by-Four mask option
(S6801)

External Clock/Divide-by-One mask option
(S6801E)

TTL compatible inputs and outputs
Interrupt capability
Hardware Multiply

MICROCOMPUTER
UNIT (MCU)*

General Description

The "S6801 MCU is an 8-bit microcomputer system
which is expandable, using the S6800 microprocessor
family. The S6801 MCU is object code compatible with
the S6800 instruction set with improved execution
times of key instructions plus several new 16-bit and
8-bit instructions. The S6801 MCU can operate single
chip or be expanded to 656K words. The S6801 MCU is
TTL compatible and requires one + 5.0 volt power sup-
ply. The S6801 MCU has 2K bytes of ROM and 128
bytes of RAM on board. In addition, the S6801 MCU
has on board serial and parallel I/O and three 16 stage
timer function.

*Available 1st Quarter 1979

Block Diagram

Voo CRYSTAL

bEd

RESET__ NMI

Lyid

6800
CENTRAL PROCESSING UNIT

A7 D71/0 28— A

i

| &———— |/0 0 TIN

Ag Dg 1/027 ]

- 1/0 1TOUT

MULTI-
PLEXER

Ag D5 1026 -~
AgDq 1025 ~a——— 3]
Ag Dy 1/0 24 ~e————m| /O PORT
2021023 —pf 02
Ay D 1/0 22~
Ag Dg 1/0 21 -]

=

1/0 PORT
NO.2

e

o 1/02T/R
= 1/0 3SCLK
k‘ 1/0 3st0

b A A

s

RAW QS ~t———ri

ASTS ] N

A5 1/0 20 ~———]
A131/019 ~———]
Aral/0 18 ~——3
A121/0 17 ~e———]
A111/0 16 ~———]

1/0 PORT
ND.4

I

TIMER

Aq01/0 15 ~——I

(=

Ag 1/014 —
Ag 1/013 <———

Vpp STANDBY ~———3»]

POWER DOWN)

LN seriar ¢
——y/| i [
ADDRESS [—— 10 5
f———— 1/0 6
| 1/0 7
DATA N| 1/0 poRT f——— 108
V] N0l f——— 109
| ——— 1/0 10
[—— 10 11
128-8V-8BIT - > 01
RAM 2,048-BY-8-BIT 4
(64 BYTES ROM
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ADVANCED PRODUCT DESCRIPTION

$6802

Features

On-Chip Clock Circuit

128 x 8 Bit On-Chip RAM

32 Bytes of RAM Are Retainable
Software-Compatible with the S6800
Expandable to 65K Words

8-Bit Word Size
16-Bit Memory Addressing
Interrupt Capability

Ooooocoboobooao

Standard TTL-Compatible Inputs and Outputs

MICROPROCESSOR
WITH CLOCK AND RAM

General Description

The S6802 is a monolithic 8-bit microprocessor that
contains all the registers and accumulators of the
present S6800 plus an internal clock oscillator and
driver on the same chip. In addition, the S6802 has
128 bytes of RAM on board located at hex addresses
0000 to O07F. The first 32 bytes of RAM, at hex
addresses 0000 to O01F, may be retained in a low
power mode by utilizing Ve standby, thus facilita-
ting memory retention during a power-down situation.

The S6802 is completely software compatible with the
S6800 as well as the entire S6800 family of parts.
Hence, the S6802 is expandable to 65K words. When
the S6802 is interfaced with the S6846 ROM — 1/O —
Timer chip, as shown in the Block Diagram below, a
basic 2-chip microcomputer system is realized.

Typical Microcomputer Block Diagram Pin Configuration
Vee
v, S
Vee Voo Vec STANDBY cc v O] 1 a0 ] RESET
7 RALT [ 2 El =R
- ] 38 [ EXTAL
B!
$ F Ll ) I =l
couNTER/ | 56846 A RES A [ 5 36 7 BE
TIMER1D | T ROM, 1/0, TIMER I - 56802 L 35 [ Vi STANDBY
vMA MPU, RAM - T L I BA 4 2 A
RESET ~ ——>] CS0 j~ VMA cLock = H -
CLOCK ¢ somwey Ve O] @ 33 [ oo
-] 2K BYTES ROM RAW . 128 BYTES RAM = 2 3 0
101/0 LINES 0N BOARD CLOCK
- e
’ 3 LINES TIMER M f— At 10 31 3 02
ARALLEL | <—] a2 n 30 3 o3
1 | <——] 00-07 D0 - 07
< , BA A 12 n [ oo
-] AL If 13 28 [ o5
XTAL f———— =
B | a0 AT0 — A5 [ 4 27 06
——>1 CP2
CONTROL { ot cst A0 - A1S AD - A5 EXTAL | T a O 15 % P o
a1 ] 1 =
J- f—l as ] 17 % 'FI Ata
"
s m O] w» 23 [3 a3
- = Ao ] 19 2 1 an
A1t 2 u I ovwg
BLOCK DIAGRAM OF A TYPICAL COST EFFECTIVE MICROCOMPUTER. THE MPU IS THE CENTER OF THE MICROCOMPUTER SYSTEM AND IS
SHOWN'IN A MINIMUM SYSTEM INTERFACING WITH A ROM COMBINATION CHIP, IT IS NOT INTENDED THAT THIS SYSTEM BE LIMITED TO
THIS FUNCTION BUT THAT IT BE EXPANDABLE WITH OTHER PARTS IN THE S6800 MICROCOMPUTER FAMILY.

This is advance information and specifications are subject to change without notice
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Absolute Maximum Ratings

Supply Voltage . ... ... e -0.3V to + 7.0V
Input Voltage ... ..o -0.3V to + 7.0V
Operating Temperature Range ... ....... ... ...ttt e, 0°C to + 70°C
Storage Temperature Range . .................ouiuirineananuunananene..,... ~55°Cto+150°C

Thermal Resistance .. .. ... . 70°C/W

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

D.C. Electrical Characteristics (Voc = 5.0V * 5%, Vgg = 0, Ty = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter Min. Typ. Max. Unit

Vin Input High Voltage Logic, gi‘s‘ftl 32: :421:8 - zgg v

Vi, Input Leakage Voltage Logic, EXtal, Reset Vgs - 0.3 — |Vgg+0.8{ V

I Input Leakage Current Logic* — 10 2.5 HA
(Viy =0 to 5.25V, Voo = Max)

Vou Output High Voltage v
(Iroap = - 205uA, Vo =Min) DO —D7 Vss +24 — — A%
(I,oaDp =~ 145uA, Voo = Min)  A0—A15, R/W, VMA,E  |Vgg +2.4 — - v
(ILoap =-100uA, Voc =Min) BA Vgs +2.4 — — \Y%

VoL Output Low Voltage — — |Vgg+04 v
(Ir.oap = 1.6mA, Vg = Min)

Pp ** Power Dissipation — 0.600 1.2 W

Cin Capacitance # pF
(Vin = 0,To=25°C, f=1.0MHz DO — D7 — 10 12.5

Logic Inputs, EXtal — 6.5 10

CouT A0 — Al15, R/W, VMA — — 12 pF

Clock Timing (Vog = 5.0V + 5%, Vgg = 0, Ta = 0°C to +70°C unless otherwise noted)

Symbol | Parameter Min. Typ. Max. Unit

f Frequency of Operation Input Clock+4 0.1 — 1.0 MHz

fxtal Crystal Frequency 1.0 — 4.0

teye Cycle Time 1.0 — 10 us

PWgns | Clock Pulse Width 450 — 4500 ns

PWyr, Measured at 2.4V )

1) Fall Time — — 25 ns
Measured between Vgg + 0.4V and Vgg -2.4V

*Except IRQ and WI, which require 3KS2 pullup load resistors for wire-OR capability at optimum operation. Does not include
EXtal and Xtal, which are crystal inputs.

**In power-down mode, maximum power dissipation is less than 40mW.

## Capacitances are periodically sampled rather than 100% tested.
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Read/Write Timing (Figures 1 through 5; Load Circuit of Figure 3).
(Vee = 5.0V £ 5%, Vgg = 0, To = 0°C to + 70°C unless otherwise noted.)

$6802

Symbol Parameters Min. Typ. Max. Unit
tAD Address Delay — — 270 ns
tacc Peripheral Read Access Time  tacc = tut - tpsr) - — 530 ns
tpDSR Data Setup Time (Read) 100 — — ns
tH Input Data Hold Time 10 — — ns
taAl Address Hold Time (Address, R/W, VMA) 20 — — ns
tDDwW Data Delay Time (Write) — 165 225 ns
Processor Controls:
tpcs Processor Control Setup Time 200 — — ns
tpcr, tpef | Processor Control Rise and Fall Time - — 100 ns
(Measured between 0.8V and 2.0V)

Figure 1. Read Data From Memory or Periphérals

R 04T NOT vALID

£ \ 24V
0.4V f - 04V
tap
_20v
RW
o et
ADDRESS ~ 24V
FROMMPU _0.4V_ROSSS
tap
24V =
VMA ~
| ja—th A
tan tacc tosR —=|
DATAFROM 20V
MPU DATA VALID
OR PERIPHERALS 0.8V
NN PATA NOT VALID
Figure 2. Write Data In Memory or Peripherals_
24v-
E v L \ 04V
1
AD
W &
RIW
0.4V x\@
—| fe—tay
ADDRESS 24V
FROM MPU___ 0.4V
fe———tAD —
24V
VMA
r—‘w——v «—— oow —] | ety
DATA 24v e
FROM MPU ZM@ DATA VALI

Figure 3. Bus Timing Test Load

4.78V

Ry =2.2K

MMD6150

TEST POINT OR EQUIV.

MMD7000
OR EQUIV.

C = 130pF FOR DO - D7, E
= 90pF FOR AQ — A15, R/W, AND VMA
= 30pF FORBA
11.7KQ FOR DO - D7, E
= 16.5KS2FOR A0 — A15, R/W, AND VMA
= 24KQ FORBA

E
"
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Figure 4. Typical Data Bus Qutput Delay Figure 5. Typical Read/Write, VMA, and Address Output
Versus Capacitive Loading Delay Versus Capacitive Loading
600 r i L 600 U 1 ]
loy = -205 A MAX @24V Igy = - 145 48 MAX @ 2.4V
500 f— 2 _ | G X @ 04V s00— 2% g o
oL = - oL = 1.6mAMAX @04V
—vee = s0v — Ve =50V
z 4o0f—Ta = %€ - 400f—Ta =%
2 2
w w ADDRESS, VMA +——
g am 2
= =
— < =] w
2w ,4;/ 3 200 ]
i et
. T
100 100
0 l:l_ INCLUDES STRAY CAPACITANCE Dl. INCLUDES STRAY CAPACITANCE
. A 0 SRS
0 100 200 300 400 500 600 ] 100 200 300 400 500 600
¢, LOAD CAPACITANCE (pF) €, LOAD CAPACITANCE {pF)
Figure 6. S6802 Expanded Block Diagram
A5 A4 A13 A2 AI1 AT8 A9 A8 A7 AB A5 A4 A3 A2 Al AD
25 % 23 22 20 19 18 17 16 15 1 13 12 1n 10 9
0UTPUT OUTPUT
BUFFERS BUFFERS
RAM

CONTROL | 35 V¢ STANDBY

[

32 BYTES

9 BYTES  [*—— 36 RAM ENABLE

PROGRAM

COUNTER |
STACK
POINTER |

INDEX
REGISTER |
ACCUMULATOR
A
ACCUMULATOR
L]
CONDITION
CODE REGISTER

MEMORY READY 3 —

ENABLE 37 ~—]

FESET a0 PROGRAM
[ COUNTER 4
NON-MASKABLE INTERRUPT 6 —P'(

FATT 2 —»{  CLOCK,

STACK
INTERRUPT REQUEST 4 INSTRUCTION
POINTER |,
XTAL 39 DECODE
EXTAL 33 —=|  AND
BUSAVAILABLE 7 <—] CONTROL INDEX
REGISTER
VALID MEMORY ADDRESS 5 ~—1}

READMWRITE 34 —|

INSTRUCTION
REGISTER

DATA ALY
BUFFER

Vg = PINB, 35 25 27 28 29 30 n 32 33

Vgs = PINT, 21 D7 D& D& 04 03 D2 D1 DO
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Functional Description
MPU Registers

A general block diagram of the S6802 is shown in
Figure 6. As shown, the number and configuration of
the registers are the same as for the S6800. The 128
x 8 bit RAM has been added to the basic MPU. The
first 32 bytes may be operated in a low power mode
via a Vge standby. These 32 bytes can be retained
during power-up and power-down conditions via the
RE signal.

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 7).

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

Stack Pointer — The stack pointer is a two byte
register that contains the address of the next available
location in an external push-down/pop-up stack. This
stack is normally arandom access Read /Write memory
that may have any location (address) that is conven-

ient. In those applications that require storage of -

$6802

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 containstwo 8-bit accumu-
lators that are used to hold operands and results from
an arithmetic logic unit (ALU).

Condition Code Register — The condition code
register indicates 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 conditional branch instruc-
tions. Bit 4 is the interrupt mask bit (I). The used bits
of the Condition Code Register (b6 and b7) are ones.

Figure 8 shows the order of saving the microprocessor
status within the stack.

Figure 7. Programming Model of
the Microprocessing Unit

7 0
l ACCA
1

X

ACCUMULATOR A

ACCB ACCUMULATOR B

INDEX REGISTER

0
PC J PROGRAM COUNTER
15 0

HENE

STACK POINTER

| conpiTION CODES
1] 1]u|1|nz
VI®] recisten

L CARRY (FROM BIT 7)
OVERFLOW

ZERO

NEGATIVE

INTERRUPT

HALF CARRY (FROM BIT 3)

Figure 8. Saving the Status of
the Microprocessor in the Stack
. ]
'
|
m-9
m-8
m-1 +————Sp
mes] € | K
m—5] ACCB
m—4{ ACCA
m-3 IXH
m-2 m=2 IXL
m-1 m-1] PCH gl
m <«———SP m PCL 13
m+1 T3 m+1
m+2 éT m+2
=
P S
) I ' | |
BEFORE AFTER
SP = STACK POINTER
CC = CONDITION CODES (ALSO CALLED THE PROCESSOR STATUS BYTE)
ACC8 = ACCUMULATOR B
ACCA = ACCUMULATOR A
IXK = 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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56802 MPU Signal Description

Proper operation of the MPU requires that certain
control and timing signals be provided to accomplish
specific functions and that other signal lines be moni-
tored to determine the state of the processor. These
control and timing signals for the S6802 are identical
to those of the S6800 except that TSC, DBE, ¢1, ¢2
input, and two unused pins have been eliminated, and
the following signal and timing lines have been added:

RAM Enable (RE)
Crystal Connections EXtal and Xtal
Memory Ready (MR )
Vce Standby
Enable ¢2 Output (E)
The following is a summary of the S6802 MPU signals:

Address Bus (A0 — A15) — Sixteen pins are used for
the address bus. The outputs are capable of driving
one standard TTL load and 130pF.

$6802

Data Bus (DO — D7) — 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 and 130pF.

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
high state, Valid Memory Address will be at a low
state, and all other three-state lines will be in the
three-state mode. The address bus will display the
address of the next instruction.

To insure single instruction operation, transition of
the Halt line must not occur during the last 250ns of
E and the Halt line must go high for one Clock cycle.
Read/Write (R/W) — 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).

Figure 9. Power-up and Reset Timing

).

4.75V —& «
Voo

OPTION 1
(SEE NOTE BELOW)

OPTION 2
SEE FIGURE 10 FOR

70V «

0.8V

—| |- tPC'<100ns

POWER DOWN CONDITION

—]
/ W
VMA,

NOTE: IF OPTION 1 1S CHOSEN, RESE

AND RE PINS CAN BE TIED TOGETHER.
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When the processor is halted, it will be in the logical
one state. This output is capable of driving one stan-
dard TTL load and 90pF.

Valid Memory Address (VMA)— 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 90pF may be
directly driven by this active high signal.

Bus Available (BA) — 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 exe-
cution 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 non-
maskable interrupt. This output is capable of driving
one standard TTL load and 30pF.

Interrupt Request (IRQ) — This leve] sensitive input
requests that an interrupt sequence be generated
within the machine. The processor will wait until it
completes the current instruction that is being exe-
cuted 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 loca-
tions 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 serviced. Interrupts will be latched internally
while Halt is low.

The TRQ has a high impedance pull-up device internal
to the chip; however a 3kQ external resistor to V¢
should be used for wire-OR and optimum control of
interrrupts.

Reset — This input is used to reset and start the MPU
from a power down condition, resulting from a power
failure or an initial start-up of the processor. When
this line is low, the MPU is inactive and the informa-
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tion in the registers will be lost. If a high level is
detected on the input, this will signal the MPU fo
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 restart routine, the interrupt mask bit is
set and must be reset before the MPU can be inter-
rupted by TRQ. Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10,
respectively.

Figure 10. Power-Down Sequence

ce 1§ 475V
2.0V
f —————

150ns < >
toct <100ns |«
RE 2.0V i& <—3.D/¢s—J
0.8v

Non-Maskable Interrupt (NMI) — 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 exe-
cuted 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 on the

Vv,

-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 caused the MPU
to branch to a non-maskable interrupt routine in
memory.

NMI has a high impedance pull-up resistor internal to

the chip; however a 3k external resistor to Vgc¢

should be used for wire-OR and optimum control of
interrupts.

Inputs IRQ and NMI are hardware interrupt lines that-
are sampled when E is high and will start the interrupt
routine on a low E following the completion of an

instruction.
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Figure 11 is a flow chart describing the major decision
paths and interrupt vectors of the microprocessor.
Table 1 gives the memory map for interrupt vectors.

RAM Enable (RE) — A TTL-compatible RAM enable
input controls the on-chip RAM of the S6802. When
placed in the high state, the on-chip memory is
enabled to respond to the MPU controls. In the low
state, RAM is disabled. This pin may also be utilized
to disable reading and writing the on-chip RAM
during power-down situation. RAM enable must be
low three us before Vpe goes below 4.75V during
power-down.

EXtal and Xtal — The S6802 has an internal oscilla-
tor that may be crystal controlled. These connec-
tions are for a series resonant fundamental crystal.
(AT out.) A divide-by four circuit has been added to
the S6802 so that a 4MHz crystal may be used in lieu
of a 1MHz crystal for a more cost effective system.
Pin 38 of the S6802 may be driven externally by a
TTL input signal if a separate clock is required. Pin
39 is to be left open in this mode.

Memory Ready (MR) — MR is a TTL compatible
input control signal which allows stretching of E.
When MR is high, E will be in normal operation.

$6802

When MR is low, it may be stretched integral mult-
iples of half periods, thus allowing interface to slow
memories. Memory Ready timing is shown in
Figure 12.

Enable (E) — This pin supplies the clock for the MPU
and the rest of the system. This is a single phase, TTL
compatible clock. This clock may be conditioned by
a Memory Ready Signal. This is equivalent to ¢2 on
the S6800.

‘Vee Standby — This pin supplies the dc voltage to

the first 32 bytes of RAM as well as the RAM Enable
(RE) control logic. Thus retention of data in this
portion of the RAM on a power-up, power-down, or
standby condition is guaranteed. Maximum current
drain at 5.25V is 8mA.

Table 1. Memory Map for Interrupt Vectors

VECTOR DESCRIPTION
Ms LS
FFFE FFFF RESTART
FFFC FFFD NON-MASKABLE INTERRUPT
FFFA FFFB SOFTWARE INTERRUPT
FFF8 FFF9 INTERRUPT REQUEST
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Figure 11. MPU Flow Chart

START SEQUENCE

FFFE, FFFF

MACHINE
ON HALT

YES

A

\i

I FETCH INSTRUCTION

EXECUTE
INSTRUCTION

MASK NO
ON
Y

EXECUTE
INTERRUPT ROUTINE

NMT TRQ
FFFC FFF8
FFFD FFF9

Figure 12. Memory Ready Control Function

A —SETUP B — RELEASE
| N
24v A
E
0.4V
<200NS <——>300NS
— |l tpg <100NS —| |«—<t00ns
2.0V 2.0V
MR
0.8v N 0.8v

w

Contact AMI for complete product description.
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ADVANCED PRODUCT DESCRIPTION

_AlMll | | S6809

HIGH PERFORMANCE
MICROPROCESSOR*

Features
Block Diagram
® Upward source compatible with S6800 9
® Bus compatible with S6800 family A5 Ara Az Arz A1y Ago Ag Ag A7 Rg A5 A Ay Az Ay Ag
25 24 23 22 20 19 18 17 16 15 14 13 12 11 10 9
e Bus opematon I
® Pin-out compatible with S6800/S6802
OUTPUT BUFFERS — — OUTPUT BUFFERS
®  On-chip Oscillation/Clock Driver
8 TTL compatible I/O
L. PROGRAM — PROGRAM
® 3 priority Interrupts COUNTER — ]  counten
= Fast Interrupt — Cuts Response Time
B Interrupt acknowledge allows vectoring by device POINTER —— ’——1 FOINTER
® Memory Ready Signal for slow memory
® +5V Power Supply o — — o
POINTER POINTER
= Expandable to 64 K words
X-INDEX — L— X-INDEX
REGISTER ) REGISTER
Y-INDEX —! ] Y-INDEX
REGISTER 1 REGISTER
I DIRECT
— 1 PAGE
REGISTER
INSTRUCTION
DECODE
EO:"‘:I‘R)OL
ACEUM:LATOR
General Description J_L
The S6809 is a monolithic microprocessor that contains INSTRUGTION AcCUMULATOR
all the registers of the S6800 plus an additional clock
oscillator and driver on chip.
The S6809 gives the user 8- and 16-bit word capability, conorTion
while retaining software compatibility with the basic REGISTER
S6800 family. Four 8-bit-wide registers and five 16-bit-
wide ones process the data, with the 8-bit accumulators
supplying routing computation. DATA BUFFER [— AL
The S6809 is compatible with the complete set of S6800 ﬂ ’ ¢ ¢ ¢ ¢ ¢
peripheral and memory devices. It is designed for the
middle and high end of the microprocessor scale. A
PRELIMINARY PINOUTS
*Available 1st Quarter 1979
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S$6810/S6810A—1

Features

Organized as 128 Bytes of 8 Bits
Static Operation
Bi-Directional Three-State Data Input/Output

Six Chip Enable Inputs (Four Active Low,
Two Active High)

Single 5-Volt Power Supply
TTL Compatible

Maximum Access Time = 450ns for S6810A
350ns for S6810A — 1

ocoo

ooa

128x8 STATIC
READ/WRITE MEMORY

General Description

The S6810A is a static 128 x 8 Read/Write Memory
designed and organized to be compatible with the
S6800 Microprocessor. Interfacing to the S6810A
consists of an 8-Bit Bidirectional Data Bus, Seven
Address Lines, a single Read/Write Control line, and
six Chip Enable lines — four negative and two positive.

For ease of use, the S6810A is a totally static memory
requiring no clocks or cell refresh. The S6810A is
fabricated with N-channel silicon gate depletion mode
technology to be fully DTL/TTL compatible with
only a single +5 volt power supply required.

Block Diagram

Pin Configuration

A0 (23) ~—4+—

a1 (2 ——

A2{21)

MEMORY TRI-STATE
MATRIX BIDIRECTIONAL
128x8 TTLBUFFERS

ADDRESS
A3(20) DECODE

A4 (19)
A5 (18)

Phivey

A (17}

{2100

- (3101
o2 ono [ ] vee
{5103 uo[ 2 2 :] A0

604
0 E 3 2] a

> (1) 05
- (6 05 0[] a ]
w07 DJE 5 u[]a

READ/ (36—}
WRITE

eole 568108 1o []ae
os[[7 56810 =1 DA&
os[]s " DAS
D7 9 16 DR/W
Enlé 10 15 ]EE
3] [: n 14 :} 13
e‘z[ 12 13 ::153

m
GND Vg (+5V}
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Absolute Maximum Ratings

NOTES:

S6810A/S6810A—1

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

2. 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.

Supply Voltage Ve
Input Voltage ViN
Operating Temperature Range Ty
Storage Temperature Range Tstg

-0.3 to +7.0V
-0.3to +7.0V
0°C to +70°C

-55°C to +150°C

DC (Static) Characteristics
Vee = 5.0V £5%; T4 = 0°C to +70°C unless otherwise noted

Symbol | Parameter Min. Typ. Max. Unit Condition
Vig Input High Voltage 2.0 — 5.25 \Y
Vi Input Low Voltage -0.3 - 0.8 \%
I Input Current (Ap, R/W, Ep, En) — - 2.5 LA
‘ (Viy =0 to 5.25V)
Von | Output High Voltage (Iog = 205 pA)| 24 — — v
Vor, | Output Low Voltage (I, =1.6mA) — — 04 \
Iniy | Output Leakage Current (DO — D7) — — 10 MA
(Vo=24V,E=08V,E =2.0V)
Iror | Output Leakage Current (DO — D7) — — 10 MA
(Vo =04V,E=0.8V,E =2.0V)
Ice Supply Current
(VCC = 5.25V, TA = OOC)
S6810A — - 70 mA
S6810A —1 — — 80 mA
Cin | Input Capacitance* — — 7.5 pF f=1.0MHz,Tp=25°C
Coyr | Output Capacitance* — — — — f=1.0MHz,T5=25°C
*This parameter periodically sampled rather than 100% tested.
AC (Dynamic) Characteristics
Vee = 5.0V £ 5%, Ty = 0°C to +70°C
Symbol | Parameter Min. Max. Unit
tas Address Setup Time 20 - ns
tag | Address Hold Time 0 — ns
tcs Chip Enable Pulse Width S6810A 230 — ns
S6810A —1 180 — ns
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» Read Cycle
(All timing with low input pulse 0.8V, high input pulse 2.0V, ty = tf = 20ns, Load of Figure 1)
Symbol Parameter Min. Max. Unit
S6810A 450 — ns
) le Ti
tcye (r) Read Cycle Time S6810A — 1 350 _ ns
S6810A 10 — ns
isab .
tpp Output Disable Delay Time S6810A —1 10 i ns
. S6810A — 450 ns
tacc Read Access Time S6810A — 1 . 350 ns
. S6810A 0 — ns
trcs Read to Select Delay Time S6810A — 1 0 _ ns
Write Cycle
(All timing with low input pulse 0.80, high input pulse 2.0V, ty = tf = 20ns, Load of Figure 1)
Symbol Parameter Min. Max. Unit
. . $6810A 450 - ns
teye (w) Write Cycle Time S6810A —1 350 _ ns
. . S6810A 300 — ns
twp Write Pulse Width S6810A —1 950 _ ns
. S6810A 190 — ns
tps Data Setup Time S6810A — 1 150 _ ns
. . S6810A 0 — ns
twes Write to Select Delay Time S6810A — 1 0 _ ns
Figure 1. AC Test Load
5.0V
RL = 2.5k
TEST POINT e,
130 pF* 1.7k
MMD7000
OR EQUIV
1176162 = -
*Includes Jig Capacitance
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Timing Characteristics

Figure 2. Read Cycle Timing Figure 3. Write Cycle Timing
[ n——LLT
ADDRESS Q ' ADDRESS
fe— tas —]
20v
CHIP SELECT f \ 08Y CHIP SELECT
~——
}"T tes Y AV—
—
CHIP SELECT 7 20V CHIP SELECT
N
f—
X
READ/WRITE READ/WRITE
tep oo
o 2 T facc *1/70v FLOATING
out < FLOATING =] Ow
KO-
n.av
1176160 DON'T CARE 178161 DON'T CARE
Physical Dimensions Ordering Information
PIN 1 IDENTIFIER
065
o ey T 2 MARKINGS
Sﬁ:FLAIgE No. Temp. .
100 ! e Order No. Pins | FAckage Range Description
1310 MAX. p
o q ] S6810AP 40 | Plastic | 0—70°C | NMOS 128 x 8 Static
0T 3 I 1 1 RAM, Tp A =450ns Max
T ,;: 13 S6810A 24 Ceramic | 0—70°C | NMOS 128 x 8 Static
LU aowen | RAM, Ty 4 =450ns Max
090 MIN. -
R B e S6810A-1P 24 | Plastic | 0—70°C | NMOS 128 x 8 Static
e E10___ RAM, Tp o =350ns Max
0 S6810A-1 24 | Ceramic | 0—70°C | NMOS 128 x 8 Static
RAM, Ts o =350ns Max
i 1
I4 ol 012
008
i
! 15" MAX.
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S68A10/S68B10

Features

Organized as 128 Bytes of 8 Bits
Static Operation
Bidirectional Three-State Data Input/Output

O 0 aao

Six Chip Enable Inputs (Four Active Low,
Two Active High)

Single 5 Volt Power Supply
TTL Compatible

0O Maximum Access Time:
—360ns for S68A10
—250ns for S68B10

o o0

128 x 8 STATIC
READ/WRITE MEMORY

General Description

The S68A10 and S68B10 are static 128x8 Read/Write
Memories designed and organized to be compatible
with the S68A00 and S68B00 Microprocessors. Inter-
facing to the S68A10 and S68B10 consists of an 8-bit
bidirectional data bus, seven address lines, a single
Read/Write control line, and six chip enable lines,
four negative and two positive.

For ease of use, the S68A10 and S68B10 are a totally
static memory requiring no clocks or cell refresh. The
S68A10 and S68B10 are fabricated with N-channel
silicon gate depletion load technology to be fully
DTL/TTL compatible with only a single +5 volt power
supply[required.

Block Diagram

Pin Configuration

AD(23) gt

A1(22)

MEMORY
MATRIX
128x8

TRI-STATE
BIDIRECTIONAL
TTLBUFFERS

A2(2

ADDRESS
A3 0 DECOCE

A4 (19)
A5 (18)

REENER)

AB (17);

MEMORY CONTROL

READ/ (1) ]
WRITE
£3 (19—

E0 (10) —f

E5 (15—
2 (14)

B2a2
ﬁ(mj

GND| 1t 2 D vee

“"E 2 23 :| A0

01 [ 3 2 :I Al

@ o0 wl]s oD

G101 o] [

> (402 w[]s  SBBA10 s ] e

(5103 os[]7 SB8B10 15 []as

- 6) 04

- 705 wlfs v
> (81 06 07[]s 1 D o

©07 &[] ik

gfln 14 ] &

EE 12 1] es

AC Test Load
5.0V

m 4
GND Vg (+5V}

R =25k

MMDB150
OR EQUIV

TEST POINT
1300F* 25k

MMD7000
OR €QUIV

*Includes Jig Capacitance
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Absolute Maximum Ratings

Supply Voltage -0.3V to +7.0V
Input Voltage -0.3V to +7.0V
Operating Temperature Range 0°C to +70°C
Industrial Temperature Range -40°C to +85°C
Military Temperature Range -55°C to +125°C
Storage Temperature Range -55°C to +150°C

DC Characteristics (Vo = +5.0V £5%, Vgg = 0, Tp = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter Min. | Typ.| Max.| Units | Conditions

I Input Current 2.5 |uAde | VN =0V to 5.25V
(Ap, R/W, CSy, CSy)

Vor | Output High Voltage 2.4 Vde Ioyg = -205uA

Vo1, | Output Low Voltage 04 | Vdc | Ipr,=1.0mA

o Output Leakage Current 10 |pAde [ CS=0.8VorCS=2.0V, Vout = 0.4V
(Three-State) to 2.4V

Icc Supply Current 80 |mAdc | Vge = 5.25V, all other pins grounded,

TaA= 0°C

AC Characteristics
Read Cycle (Voo = +5.0V £5%, Vgg = 0, T = 0°C to +70° C unless otherwise noted.)

S68A10 S68B10
Symbol | Parameter Min. Max. Min. Max. Units
teye(R) | Read Cycle Time 360 250 ns
tace Access Time 360 250 ns
tAS Address Setup Time 20 20 ns
tAH Address Hold Time 0 0 ns
tppr | Data Delay Time (Read) 220 180 ns
tRCS Read to Select Delay Time 0 0 ns
tpHaA | Data Hold from Address 10 10 ns
tH Output Hold Time 10 10 ns
tpgw | Data Hold from Write 10 60 10 60 ns

Write Cycle (Voo = +5.0V +5%, Vgg = 0, T o = 0°C to +70°C unless otherwise noted.)

S68A10 S68B10
Symbol Parameter Min. Max. Min. Max. Units
teye(w) | Write Cycle Time 360 250 ns
tAS Address Setup Time 20 20 ns
tAH Address Hold Time 0 0 ns
tcs Chip Select Pulse Width 250 210 ns
twes Write to Chip Select Delay Time 0 0 ns
tpsw Data Setup Time (Write) 80 60 ns
ty Input Hold Time 10 10 ns
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Read Cycle Timing

ADDRESS

RIW

DATA QUT

Leyc(R)

tace

- 20v
0.8V

—{  tag  j—

0.8V

'DDR

| tggs et

— tAH

2.0V

(——— 'DHA ———=|

e 1DHW ———————

(M -

m OONT CARE

AN

X
1 038

DATAVALID

—

Note: CS and CS can be enabled for consecutive read cycles provided R/W remains at V.

Write Cycle Timing

ADDRESS

RW

DATAIN

- Teyew)
2V X
0.8V .
[— 1AS ——-{ cs -t TAH ——]
2.0V
0.8V <
20V K
0.8V
wes
0.8V

tosw

]

'4_

W
0.8V

DATA IN STABLE

m DON'T CARE

Note: CS and CS can be enabled for consecutive write cycles provided R/W is strobed to VIH before or
coincident with the Address change, and remains high for time tpg.

<
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S6821/S68A21/S68B21

Features

O

8-Bit Bidirectional Data Bus for
Communication with the MPU

Two Bidirectional 8-Bit Buses for Interface

to Peripherals

Two Programmable Control Registers

Two Programmable Data Direction Registers

Four Individually-Controlled Interrupt Input

Lines: Two Usable as Peripheral Control

Qutputs

Handshake Control Logic for Input and

Output Peripheral Operation

High-Impedance Three-State and Direct

Transistor Drive Peripheral Lines

Program Controlled Interrupf and
Interrupt Disable Capability

CMOS Compatible Peripheral Lines

PERIPHERAL INTERFACE
ADAPTER (PIA)

General Description

The S6821/S68A21/S68B21 are peripheral Interface
Adapters that provide the universal means of interfac-
ing peripheral equipment to the S6800, S68A00 and
S68B00 Microprocessing Units (MPU). This device is
capable of interfacing the MPU to peripherals through
two 8-bit bidirectional 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 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
overall operation of the interface.

The PIA interfaces to the S6800/S68A00/S68B00
MPUs with an eight-bit bidirectional data bus, three

Block Diagram

Pin Configuration

TRTA

00 33-a—t
01 32—
02 31—
03 30—
04 29—
D5 25—
06 27—

[EEEXENN]

07 26w

DATA BUS
BUEFERS
(o8B)

il

aUS vPUT
REGISTER
[

Ve *PIN 2D
GNO-PIN 1

cso 22—}
€51 22—
57 5—|
AS0 36—t
fs1 35
Riw 21—

ENABLE 25—

FESET 34—f

1
Vivivivy

CHIP
SELECT
AND

AW
CONTROL

e

[t—a0 ca1
INTERRUPT STATUS
; ONTROL f—-33 CA2
CONTROL ___L
REGISTER A
cna)
DATA DIRECTION ano [ 1@ a0 [Jear
REGISTER A
pa0 [ 2 33 [1caz
{DDRAY
— ra1 [ 2 3¢ [] TROA
TOTROT 80 —
i7" 2 []a 3 [] s
l:z *aa pa3 [ s 36 [] aso
REGISTER A N 3 ras O 6 35 [Jast
LI W E—»u A2 pas [ 7 3 jRE -
PERIPHERAL L s o
PA 33
. INTERFALE | oo oas 6 8 86821 11 0o
2 et s ear [ o 2 gm
g el e e o o S68A21T u [n:
Nl mOn 568821 * [lus
a2 [ 12 2 []o4
DD ee3 [ 13 28 []os
i
I\ pps [] 14 21 [ o6
e vemmenae L » [l
Y INTERFACE Fom13 703 ves [ 15 7
: - eas ves [ 16 s [le
— e e re7 [] 17 2 [J est
1 :1#"5 e cer[] 18 n [J&7
Lo oo
7T a2 [J 19 22 Peso
N vee [ 20 2 [] /W
0ATA BIRECTION
CONTADL {DORB)
ReGITER 8
CRB) 877255
ﬂbm m
INTERRUPT STATUS
CONTROL 8 )_’w 82
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S6821/S68A21/S68B21

General Description (Continued)
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/S68A00/S68B00 VMA output, permit the MPU to have complete
control over the PIA. VMA may be utilized to gate the input signals to the PIA.

Absolute Maximum Ratings

Supply Voltage -0.3V to +7.0V
Input Voltage -0.3V to +7.0V
Operating Temperature Range 0°C to +70°C
Industrial Temperature Range -40°C to +85°C
Military Temperature Range -55°C to +125°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.

Electrical Characteristics (Vo = +5.0V 5%, Vgg = 0, Tp = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter Min. |[Typ.| Max. | Units | Conditions
VIH Input High Voltage Vgg+2.0 Vee Vde
ViL Input Low Voltage Vgs-0.3 Vgg+0.8| Vde
Tin Input Leakage Current R/W, Reset, RSO, RS1, €S0, CS2, 1.0 2.5 wAde | Vi =0Vde to +5.25Vdce
CS1, CAl, CB1, Enable
ITs1 Three - State (Off State) Input Current D0-D7, PBO-PB7, CB2 2.0 10 uAde | Vi, =0.4Vdcto 2.4Vdc
I1n Input High Current PAO-PA7,CA2 | -200 [-400 uAde | Vg =2.4Vdc
I, Input Low Current PAO-PAT7, CA2 -1.3} -24 |mAdc| Vjyp,=04Vde
VOH Output High Voltage
DO0-D7 | Vgg+2.4 Vde ILoad = - 205uAdc
Other Outputs | Vgg+2.4 Vdce | Ipead =-200pAdc
VoL | Output Low Voltage
DO-D7 Vgg+0.4| Vde I,0ad = 1.6mAdc
Other Outputs Vgg+0.4( Vde IL0ad = 8-2mAdc
Iou Output High Current (Sourcing)
DO-D7 | -205 uAde | Voy = 2.4Vdc
Other Outputs | -100 uAde

PBO-PB7, CB2 -1.0 |-25 -10 mAdc | V@ = 1.5Vdc, the current
for driving other than TTL,
e.g., Darlington Base

I1,0H | Output Leakage Current (Off State) IRQA, IRQB 1.0 10 uAde | Vop =2.4Vde
Pp Power Dissipation 550 mW
Cin Capacitance
DO0-D7 12.5 pF Vin =0, Tp = +25°C,
PAO-PA7, PBO-PB7, CA2, CB2 10 pF f=1.0MHz
Enable, R/W, Reset, RS0, RS1, CS0, CS1, CS2, CAl, CB1 7.5 pF
Cout IRQA, IRQB 5.0 pF

Note: The PAO-PAT7 Peripheral Data lines and the CA2 Peripheral Control line can drive two standard TTL loads. In the input mode, the
internal pullup resistor on these lines represents a maximum of 1.5 standard TTL loads.
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A.C. (Dynamic) Characteristics Loading = 30pF and one TTL load for PAO-PA7, PBO-PB7, CA2, CB2
= 130pF and one TTL load for D0-D7, IRQA, TRQB
(Voo = +5.0V £5%, T A = 0°C to +70°C unless otherwise noted.)

Read Timing Characteristics (Figure 1)

Timing Characteristics (Voo = + 5.0V + 5%, Vgg=0, Tp =0°C to +70°C unless otherwise noted.)

56821 S68A21 S68B21
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units | Conditions
tppsu Peripheral Data Setup Time 200 135 100 ns
tpDH Peripheral Data Hold Time 0 0 0 ns
Delay Time, Enable Negative Transition
teaz to CA2 Negative Transition 10 0670 05 "
Delay Time, Enable Negative Transition
trs1 to CA2 Positive Transition 10 0670 05 "
th b Rise an('i Fall Times for CA1 and CA2 1.0 1.0 1.0 s
Input Signals
Delay Time from CA1l Active Transition
X 3 K
tRs2 to CA2 Positive Transition 20 135 Lo #S
Delay Time, Enable Negative Transition
trow to Peripheral Data Valid 10 0.670 0.5 "
Delay Time, Enable Negative Transition v 30% Ve
temos | to Peripheral CMOS PAO-PA7, CA2 2.0 1.35 10 | ps CC = 9V Ve
Data Valid Figure 6, Load C
Delay Time, Enable Positive Transition
topz to CB2 Negative Transition 10 0670 05 | ws
Delay Time, Peripheral Data Valid to
toe CB2 Negative Transition 20 20 20 ns
Delay Time, Enable Positive Transition
'RS1 | {o CB2 Positive Transition 10 0670 05 | s
Peripheral Control Output Pulse Width,
PWer CA2/CB2 550 550 550 ns
Rise and Fall Time for CB1 and CB2
te b Input Signals 1.0 1.0 1.0 | us
Delay Time, CB1 Active Transition to
t . R .
RS2 CB2 Positive Transition 2.0 1.35 10 rs
tir Interrupt Release Time, IRQA and IRQB 1.6 1.1 0.85 [ us
trss Interrupt Response Time 1.0 1.0 1.0 us
PW; Interrupt Input Pulse Width 500 500 500 ns
trL Reset Low Time* 1.0 0.66 0.5 us

*The Reset line must be high a minimum of 1.0us before addressing the PIA.
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Bus Timing Characteristics (Vog= + 5.0V £ 5%, Vgg =0V, Tp =0°C to +70°C unless otherwise noted.)

Read
$6821 S68A21 S68B21

Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
teyeE Enable Cycle Time 1.0 0.666 0.50 us
PWgy | Enable Pulse Width, High 0.45 0.280 0.22 us
PWgr, | Enable Pulse Width, Low 0.43 0.280 0.21 us
s |Sran T Mo s BV V00 o | w0 | | o :
tpDR Data Delay Time 320 220 180 ns
ty Data Hold Time 10 10 10 ns
tan Address Hold Time 10 10 10 ns
tgr tgt | Rise and Fall Time for Enable Input 25 25 25 ns

Write

S6821 S68A21 S68B21

Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
teyeR Enable Cycle Time 1.0 0.666 0.50 us
PWgy | Enable Pulse Width, High 0.45 0.280 0.22 us
PWgr, | Enable Pulse Width, Low 0.43 0.280 0.21 us
e T Aot Ve g | w0 | (| | w
tpsw Data Setup Time 195 80 60 ns
ty Data Hold Time 10 10 10 ns
tag | Address Hold Time 10 10 10 ns
tgr tgt | Rise and Fall Time for Enable Input 25 25 25 ns

Figure 1. Peripheral Data Setup Time
(Read Mode)

PAC-PAT 2.0v
PB) PB7 0.8V

—{ PDSU

ENABLE

877258

Figure 2. CA2 Delay Time
(Read Mode; CRA-5=CRA-3=1, CRA-4=0)

ENABLE 04y
tcaz | tRS1*

24V

caz 0av

*Assumes part was deselected during the previous E pulse.

877260
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Figure 3. CA2 Delay Time
(Read Mode; CRA-5=1, CRA-3=CRA-4=0)

ENABLE
04V )2
N — Tt
T e R VY
CAl
08V
— a——

j— (CA2 (RS2~
24v
CA2
0.4v

877261

Figure 4. Peripheral CMOS Data Delay Times
(Write Mode: CRA-5=CRA-3=1,CRA-4=0)

ENABLE
0.4v
1CMOS ]
PWO t /'TT— — — Vgo - 30% Vg
PAQ-PAT 24v
cA2 04V

871262

Figure 5. Peripheral Data and CB2 Delay Times
(Write Mode; CRB-5 = CRB-3=1,CRB-4=0)

ENABLE

P80 PB7

82 24v N\

CB2 Note:
CB2 goes low as a result of the positive transition of Enable.

877263

Figure 6. CB2 Delay Time
(Write Mode; CRB-5=CRB-3=1, CRB-4=0)

ENABLE

cB2

*Assumes part was deselected during the previous E pulse.

877264

Figure 7. CB2 Delay Time
{Write Mode; CRB-5 =1, CRB-3 = CRB-4 =0)

ENABLE

20V R
ca1 x
08v A X

- 1082 1RS2" —g]

0.4V

*Assumes part was deselected during any previous E pulse.
877265

Figure 8. 1RQ Release Time

24V

ENABLE

[——— U R

877266

Figure 9. RESET Low Time

RESET \_
0.8V

*The Reset line must be a V|4 for a minimum of 1.0us
before addressing the PIA,

877267

Figure 10. Bus Read Timing Characteristics
(Read Information from PIA)

[ lycE——————¥
TAS —3m]
PWEH
74V N | P~
ENABLE
04V
TEr —A tef
'DDR_ |- \
20V
RS, €S, AW
\ 0.8V
— TAH
— [ 1y
24V
DATA BUS oav

877268

3.43




$6821/S68A21/S68B21

Figure 11. Bus Write Timing Characteristics
(Write Information into PIA)

teyeE
[ PWey—3]  |e— PWEL
24V
ENABLE 04v
tEr [— | e tEf
'as '0sW -
20V
RS, CS,RIW 08 p
< e
. [ty
¢ 20v
DATABUS 08V

877268

Figure 12. Peripheral Data Hold Time

(Read Mode)
PAO-PAT 2.0v
PBU-PB7 08V
PDH
ENABLE 0.8V

817270

Figure 13. Peripheral Control Output Puise Width

Ld-— PWCT ———d

CA2
ca2

871271

Figure 14. Interrupt Pulse Width and |RQ Response

le—— Pt ———— 3]

CAl,CAZ 20v

©B1,CB2 08V

TROA, TRGB 0.4V
$3*

i

*Assumes Interrupt Enable Bits are set.

amn

Figure 15. Bus Timing Test Loads

LOAD A
(00-07)
5.0V
Ry = 25k
MMDE150
TEST POINT OR EQUIV.
c R
130 pF 1.7k
MMD7000
OR EQUIV.
LoAD C
(CMOS LOAD)
TEST POINT oﬁ
30pF

i—)

877257

L0AD S
(TRG ONLY)
50V
3k
TEST POINT
100pF
LOAD D

(PAC-PA7, PBO-PB7, CA2,C82)

MMDB150
OREQUIV.

TEST POINT

MMD7000
OR EQUIV.

C=40pF R =12k
ADJUST R SO THAT Iy = 3.2mA
WITH V)= 0.4V AND Vg = 5.25V
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Interface Description

MPU/PIA Interface

Pin Label Function

(33) DO Bidirectional Data — The bidirectional data lines (D0-D7) allow the transfer of data
(32) D1 between the MPU and the PIA. The data bus output drivers are three-state devices that
(31) D2 remain in the high-impedance (off) state except when the MPU performs a PIA read
(30) D3 operation. The Read/Write line is in the Read (high) state when the PIA is selected for
(29) D4 a Read operation.

(28) D5

27) D6

(26) D7

(25) E 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 CA1l, 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.

(21) R/W 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.

(34) RESET 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 sys-
tem operation.

(22) CS0 Chip Select — These three input signals are used to select the PIA. CSO and CS1 must

(24) CS1 be high and CS2 must be low for selection of the device. Data transfers are then per-

(23) CS2 formed under the control of the Enable and Read/Write signals. The chip select lines

must be stable for the duration of the E pulse.

(36) RSO PIA Register Select — The two register select lines are used to select the various registers
(35) RS1 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 pulse while in the
read or write-cycle.
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37)

$6821/S68A21/S68B21

Interrupt Request — The active low Interrupt Request lines (IRQA and IRQ@B) 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
1.6mA from an external source. This permits all interrupt request lines to be tied to-
gether in a wire-OR configuration.

Each Interrupt Request line has two internal interrupt flag bits that will cause the Inter-
rupt 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
prioritized 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.

P1A/Peripheral Interface

Pin
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)

Label

PAO
PAl
PA2
PA3
PA4
PA5
PA6
PA7

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

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 corresporiding 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 intemal pullup resistor on these lines represents a maxi-
mum of one standard TTL load.

The data in Output Register A will appear on the data lines that are programmed to be
outputs. 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 correspondinglines are programmed
as outputs. 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 volts 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-PAT.
However, the output buffers driving these lines differ from those driving lines PAO-PAT7.
They have three-state capability, allowing them to enter a high impedance state when
the peripheral 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
tk: 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. '

3.46



(40)
(18)

(39)

(19)

(e8]

(20)

CAl
CB1

CA2

CB2

GND

Vee

S6821/S68A21/S68B21

Interrupt Input — Peripheral Input lines CA1l and CB1 are input-only lines that set the
interrupt flags of the control registers. The active transition for these signals is also pro-
grammed 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 im-
pedance and is compatible with standard TTL. As an output, it is compatible with stan-
dard 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

+5Volts +5%
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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 fol-
lows 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. Selec-
tion of these locations is controlled by the RSO and
RS1 inputs together with bit 2in 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 correspond-
ing peripheral data line. All Data Direction Register
bits set at ““0”” configure the corresponding peripheral
data line as an input; all “1’s” 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 0 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 extemal interrupts
occurring on control lines CAl, CA2, CB1 or CB2.
The format of the control words is shown in Table 2.

S6821/S68A21/S68B21

Table 2. Control Word Format

7 6 5 |43 2 1{ o
CRA| IRQA1 | IRQA2 | CA2 Control | DDRA | CAl Control
Access
7 8 5413 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 selection of either a Peripheral
Interface Register or the Data Direction Register
when the proper register select signals are applied to
RSO and RS1.

Control of CAl and CBl 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 sig-
nals IRQA and IRQB, respectively. Bits CRA-1 and
CRB-1 determine the active transition of the interrupt
input signals CA1 and CB1 (Table 3).

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 if the control lines will be an
interrupt input or an output control signal. If bit
CRA-5 (CBR-5) is low, CA2 (CB2) is an interrupt
input line similar to CAl (CB1l) (Table 4). When
CRA-5 (CRB-5) is high, CA2 (CB2) becomes an out-
put signal that may be used to control peripheral
data transfers. When in the output mode, CA2 and
CB2 have slightly different characteristics (Tables 5
and 6).

Interrupt Flags (CRA-6, CRA-7, CRB-6 and CRB-7)
— The four interrupt flag bits are set by active transi-
tions 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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Table 3. Control of Interrupt Inputs CA1 and CB1
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CRA-1 | CRA-0 Interrupt Input CA1 Interrupt Flag CRA-7 MPU Interrupt Request
(CRB-1) |(CRB-0) (CB1) (CRB-7) IRQA (IRQB)
0 0 | Active Set high on { of CA1 (CB1) | Disabled — IRQ remains high
0 1 | Active Set high on | of CA1 (CB1) | Goeslow when the interrupt
flag bit CRA-7 (CRB-T) goes
high :
0 t Active Set high on t of CA1 (CB1) | Disabled — IRQ remains high
1 1 Active Set high on t of CA1 (CB1) | Goes low when the interrupt
flag bit CRA-7 (CRB-7) goes
high
Notes:

1. t indicates positive transition (low to high).
2. | indicates negative transition (high to low).
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.
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).

3.

4.

Table 4. Control of CA2 and CB2 as Interrupt Inputs
CRA-5 (CRB-5) is Low

CRA-5 | CRA-4 [ CRA-3 | Interrupt Input Interrupt Flag CRA -6 MPU Interrupt Request
(CRB-5) [(CRB-4)[(CRB-3) CA2 (CB2) (CRB-6) IRQA (IRQB)
0 0 0 { Active Set high on | of CA2 (CB2) [ Disabled — IRQ remains high
0 0 1 | Active Set high on | of CA2 (CB2) | Goes low when the interrupt
flag bit CRA-6 (CRB-6) goes
high
0 T Active Set high on t of CA2 (CB2) | Disabled — IRQ remains high
0 1 1 Active Set high on t of CA2 (CB2) | Goes low when the interrupt
flag bit CRA-6 (CRB-6) goes
high
Notes:
1. t 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
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CRA-5 is High
CA2
CRA-5 | CRA-4 | CRA-3 Cleared Set

1 0 0 Low on negative transition of E after | High on an active transition of the
an MPU Read “A” Data operation. CA1 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
66A.?’

1 1 1 Always high as long as CRA-3 is high. | Higch when CRA-3 goes high as aresult

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 | High when the interrupt flag bit CRB-7
first E pulse following an MPU Write | is set by an active transition of the
“B” Data Register operation. CB1 signal.

1 0 1 Low on the positive transition of the | High on the positive transition of the
first E pulse following an MPU Write | next “E” pulse.
“B” Data Register operation.

1 1 0 Low when CRB-3 goes low as a result | Always low as long as CRB-3 is low.
of an MPU Write in Control Register | Will go high on an MPU Write in
“B.” 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 aresult
Will be cleared when an MPU Write of an MPU write into Control Register
Control Register “B” results in “B.”
clearing CRB-3 to “zero.”
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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 mini-
mum functional system (Figure 16). Such a system can
easily be adapted for a number of small scale applica-
tions 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 1MHz. 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 are obtained by ANDing ¢2 and
VMA (Valid Memory Address).

Chip Selection and Addressing — The minimum system
configuration permits direct selection of the ROM,

S$6821/S68A21/S68B21

RAM, ACIA and PIA without the use of special TTL
select logic. This is accomplished by simply wiring the
address lines A13, Al4 to the Enable or chip select
lines on the memories and PIA. This permits the de-
vices to be addressed as follows:

Device Al4 A13 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 — All control and timing for the
peripherals that are connected to the PIA is accom-
plished by software routines under the control of the
MPU.

Figure 16. Minimum System Implementation
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S6821/S68A21/S68B21

Expanded Block Diagram
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ADVANCED PRODUCT DESCRIPTION

S6840

AMI

PROGRAMMABLE TIMER

Features

[0 Operates from a Single 5 Volt Power Supply

O Fully TTL Compatible

[0 Single System Clock Required (Enable)

[0 Selectable Prescaler on Timer 3 Capable of a
4MHz Input

[ Programmable Interrupts (TRQ) Output to
MPU

[0 Readable Down Counter Indicates Counts to
Go to Time-Out

[0 Selectable Gating for Frequency or Pulse-
Width Comparison

O RESET Input

O Three Asynchronous External Clock and Gate/
Trigger Inputs Internally Synchronized

O Three Maskable Outputs

General Description

The S6840 is a programmable subsystem component
of the S6800 family designed to provide variable
system time intervals.

The S6840 has three 16-bit binary counters, three
corresponding control registers and a status register.
These counters are under software control and may
be used to cause system interrupts and/or generate
output signals. The S6840 may be utilized for such
tasks as frequency measurements, event counting,
interval measuring and similar tasks. The device may
be used for square wave generation, gated delay sig-
nals, single pulses of controlled duration, and pulse
width modulation as well as system interrupts.

Block Diagram
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Absolute Maximum Ratings

Supply Voltage Vg - oo e e e e -03to+7.0V
Input Voltage VIN - -« oot e e e -0.3to+7.0V
Operating Temperature Range TA ... oottt ittt e e e e e e 0°C to +70°C
Storage Temperature Range Tgtg .. .. ... i -55°C to +150°C
Thermal Resistance O Ja - . .o it e e e e 82.5°C/W

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.

Electrical Characteristics (Vee = 5.0V £ 5%, Vgg = 0, TA = 0°C to +70°C unless otherwise noted)

Symbol Characteristic Min. Typ. Max. Unit | Condition
Vi Input High Voltage Vgs +2.0 Vee v
ViL Input Low Voltage Vss - 0.3 Vgg +0.8 | uA
I Input Leakage Current 1.0 2.5 MA | V=0 to 5.25V
Irst Three-State (Off State)
Input Current D0 —D7 2.0 10 A | Viy=0.4t024V
Vou Output High Voltage v
DO —D7 |Vgg +2.4 ILoap=-205upA
Other Outputs | Vgg +2.4 ILoaDp=-200uA
Voti Output Low Voltage \%
DO —D7 Vss +0.4 I1,0AD = 1.6mA
01 — 03, IRQ Vgg +0.4 I1,0AD = 3.2mA
ILon Output Leakage Current o
(Off State) IRQ 1.0 10 MA | Vou =24V
Pp Power Dissipation 550 mW
Civ Input Capacitance pF | Vin=0, TA=25°C,
DO —D7 125 f=1.0MHz
All Others 7.5
Cout | Output Capacitance - pF
IRQ 5.0 V=0, Ta=25°C,
01,02,03 10 f=1.0MHz

Bus Timing Characteristics
Read (See Figures 1 and 7)

Symbol | Characteristic Min. Max. Unit | Condition
tcyce | Enable Cycle Time . 1.0 1.0 us
PWgy | Enable Pulse Width, High 045 4.5 us
PWgi, | Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and R/W valid to enable
positive transition 160 ns
tppr | Data Delay Time 320 ns
ty Data Hold Time 10 ns
tay Address Hold Time 10 ns
tgr, tgf| Rise and Fall Time for Enable input 25 ns
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Bus Timing Characteristics (Continued)
Write (See Figures 2 and 7)

$6840

Symbol | Characteristic Min. Max. Unit | Condition
tcyce | Enable Cycle Time 1.0 10 us
PWgy |Enable Pulse Width, High 0.45 4.5 us
PWgp, |Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and R/W valid to enable
positive transition 160 ns
tpsw | Data Setup Time 195 ns
ty Data Hold Time 10 ns
tAn Address Hold Time 10 ns
tgr, tef | Rise and Fall Time for Enable input 25 ns
AC Operating Characteristics
Symbol | Characteristic Min. Max Unit | Condition
ty, tf Input Rise and Fall Times . §
C, G and Reset 1.0% us @
PWy, Input Pulse Width Low (Figure 3)
C, G and Reset tcyce +Htsutthd ns
PWy Input Pulse Width High (Figure 4)_ _
C,G | tcycEttsutthd ns
tsu Input Setup Time (Figure 5) o
(Synchronous Mode) C, G and Reset 200 ns
C3 (-8 Prescaler Mode only)
thd Input Hold Time (Figure 5) L
(Synchronous Mode) C, G and Reset 50 ns
CS (=8 Prescaler Mode only)
teo Load A TTL 700 ns Voug=24V
tem Load C MOS 450 ns Voug=2.4V
temos | Load C CMOS 2.0 us Vou=0.7Vpp
tr Interrupt Release Time 1.6 us

*t. and tp < 1 x Pulse Width or 1,0us, whichever is smaller.
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Figure 1. Bus Read Timing Characteristics Figure 2. Bus Write Timing Characteristics
(Read Information from PTM) (Write Information into PTM)
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Figure 7. TRQ Release Time
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Device Operation

The three timers in the S6840 may be independently
programmed to operate in modes which fit a wide
variety of applications. The device is fully bus compat-
ible with S6800 systems and is accessed by load and
store operations from the MPU in much the same
manner as a memory device. In a typical application,
a Timer will be loaded by first storing two bytes of
data into an associated Counter Latch. This data is
then transferred into the counter via a Counter
Initialization cycle. The counter decrements on each
subsequent clock period which may be an external
clock or Enable (System ¢ 2) until one of several
predetermined conditions causes it to halt or recycle.
The timers are thus programmable, cyclic in nature,
controllable by external inputs or the MPU program,
and accessible by the MPU at any time.

Bus Interface

The Programmable Timer Module (PTM) interfaces to
the S6800 Bus with an eight-bit bidirectional data bus,
two Chip Select lines, a Read/Write line, an Enable
(System ¢2) line, an Interrupt Request line, an exter-
nal Reset line, and three Register Select lines. These
signals, in conjunction with the S6800 VMA output,
permit the MPU to control the PTM. VMA should be
utilized in conjunction with an MPU address line into
a Chip Select of the PTM.

Bidirectional Data (D0 — D7) — The bidirectional data
lines (DO — D7) allow the transfer of data between
the MPU and PTM. The data bus output drivers are
three-state devices which remain in the high-impedance
(off) state except when the MPU performs a PTM
read operation (Read/Write and Enable lines high and
PTM Chip Selects activated).

Chip Select (CS0, CS1) —

These two signals are used

$6840

to activate the Data Bus interface and allow transfer
of data from the PTM. With CS0=0 and CS1=1, the
device is selected and data transfer will occur.

Read/Write (R/W) — This signal is generated by the
MPU to control the direction of data transfer on the
Data Bus. With the PTM selected, a low state on the
PTM R/W line enables the input buffers and data is
transferred from the MPU to the PTM on the trailing
edge of the Enable (System ¢2) signal. Alternately,
(under the same conditions) R/W = 1 and Enable
high allows data in the PTM to be read by the MPU.

Enable (System ¢ 2) — This signal synchronizes data
transfer between the MPU and the PTM. It also per-
forms an equivalent synchronization function on the
external clock, reset, and gate inputs of the PTM.

Interrupt Request (IRQ) — The active low Interrupt
Request signal is normally tied directly (or through
priority interrupt circuitry) to the IRQ input of the
MPU. This is an “open drain” output (no load device
on the chip) which permits other similar interrupt
request lines to be tied together in a wire-OR con-
figuration.

The TRQ line is activated if, and only if, the Compos-
ite Interrupt Flag (Bit 7 of the Internal Status Register)
is asserted. The conditions under which the IRQ line
is activated are discussed in conjunction with the
Status Register.

External Reset — A low level at this input is clocked
into the PTM by the Enable (System ¢2) input. Two
Enable pulses are required to synchronize and process
the signal. The PTM then recognizes the active “low”
or inactive ‘“high” on the third Enable pulse. If the
Reset signal is asynchronous, an additional Enable
period is required if setup times are not met. The
Reset input must be stable High /Low for the minimum
time stated in the AC Operating Characteristics.
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Register Select Lines (RS0, RS1, RS2) — These
inputs are used in conjunction with the R/W line to
select the internal registers, counters and latches as
shown in Table 1.

It has been previously stated that the PTM is accessed
b. All Control Register bits are cleared with the via MPU Load and Store operations in much the same

exception of CR10 (internal reset bit) which is manner as a memory device. The instructions avail-

set. able with the S6800 family of MPUs which perform
operations directly on memory should not be used
when the PTM is accessed. These instructions actually
fetch a byte from memory, perform an operation,
then restore it to the same address location. Since the

Recognition of a low level at this input by the PTM
causes the following action to occur:

a. All counter latches are preset to their maximal
count values.

c. All counters are preset to the contents of the
latches.

d. All counter outputs are reset and all counter

clocks are disabled. PTM used the R/W line as an additional register select
e. All Status Register bits (interrupt flags) are input, the modified data may not be restored to the
cleared. same register if these instructions are used.

Table 1. Register Selection

REGISTER OPERATIONS
SELECT INPUTS
RS2 RS1 RSO RMW=0 RW=1
0 0 0 CR20-0 _ WRITE CONTROL REGISTER #3 | NO OPERATION
CR20=1  WRITE CONTROL REGISTER #1
0 0 1 WRITE CONTROL REGISTER #2 READ STATUS REGISTER
0 1 0 "WRITE MSE BUFFER REGISTER READ TIMER #1 COUNTER
0 1 1 WRITE TIMER #1 LATCHES READ LSB BUFFER REGISTER
1 0 0 WRITE MSB BUFFER REGISTER READ TIMER #2 COUNTER
1 0 1 WRITE TIMER #2 LATCHES READ LSB BUFFER REGISTER
1 1 0 WRITE MSB BUFFER REGISTER READ TIMER #3 COUNTER
1 1 1 WRITE TIMER #3 LATCHES READ LSB BUFFER REGISTER
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Control Register

Three Write-Only registers in the S6840 are used to
modify timer operation to suit a variety of applica-
tions. Control Register #2 has a unique address space
(RSO = 1, RS1 = 0, RS2 = 0) and therefore may be
written into at any time. The remaining Control
Registers (# 1 and # 3) share the Address Space
selected by a logic zero on all Register Select inputs.
The least significant bit of Control -Register # 2
(CR20) is used as an additional -addressing bit for
Control Registers # 1 and # 3. Thus, with all Register
Selects and R/W inputs at logic zero, Control Register

Table 2. Control Register Bits

$6840

#1 will be written into if CR20 is a logic one. Under
the same conditions, Control Register # 3 will be
written into if CR20 is a logic zero. Control Register
# 3 can also be written into after a Reset low condi-
tion has occurred, since all control register bits
(except CR10) are cleared. Therefore, one may write
in the sequence CR3, CR2, CR1.

The least significant bit of Control Register # 1 is
used as an Internal Reset bit. When this bit is a logic
zero, all timers are allowed to operate in the modes
prescribed by the remaining bits of the control

CR10 INTERNAL RESET BIT

CR20 CONTROL REGISTER ADDRESS BIT

CR30 TIMER #3 CLOCK CONTROL

0 ALLTIMERS ALLOWED TQ OPERATE | 0
1 ALLTIMERS HELD IN PRESET STATE | 1

CR#3 MAY BE WRITTEN 0
CR#1MAY BE WRITTEN 1

T3 CLOCK 'S NOT PRESCALED
T3 CLOCK IS PRESCALED BY =+ 8

CRX1* TIMER #X CLOCK SOURCE
0 TX USES EXTERNAL CLOCK SOURCE ON CX INPUT
1 TX USES ENABLE CLOCK
CRX2 TIMER #X COUNTING MODE CONTROL
0 TX CONFIGURED FOR NORMAL (16-BIT) COUNTING MODE
1 TX CONFIGURED FOR DUAL 8-BIT COUNTING MODE

CRX3 CRX4 CRX5

TIMER #X COUNTER MODE AND INTERRUPT CONTROL (See Table 3)

CRX6 TIMER #X INTERRUPT ENABLE
0 INTERRUPT FLAG MASKED ON IRQ
1 INTERRUPT FLAG ENABLED TO IRQ
CRX7 TIMER #X COUNTER OUTPUT ENABLE
0 TX OUTPUT MASKED ON OUTPUT 0X
1 TX OUTPUT ENABLED ON OUTPUT 0X

*Control Register for Timer 1,2 or 3, Bit 1.
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Control Register {Continued)

registers. Writinga “one” into CR10 causes all counters
to be preset with the contents of the corresponding
counter latches, all counter clocks to be disabled, and
the timer outputs and interrupt flags (Status Register)
to be reset. Counter Latches and Control Registers
are undisturbed by an Internal Reset and may be
written into regardless of the state of CR10.

The least significant bit of Control Register # 3 is
used as a selector for a +— 8 prescaler which is avail-
able with Timer # 3 only. The prescaler, if selected,
is effectively placed between the clock input circuitry
and the input to Counter # 3. It can therefore be used
with either the internal clock (Enable) or an external
clock source.

The functions depicted in the foregoing discussions
are tabulated on the first row in Table 2 for ease of
reference.

Control Register Bits CR10, CR20, and CR30 are
unique in that each selects a different function. The
remaining bits (1 through 7) of each Control Register
select common functions, with a particular Control
Register affecting only its corresponding timer. For
example, Bit 1 of Control Register # 1 (CR11)
selects whether an internal or external clock source is
to be used with Timer # 1. Similarly, CR21 selects
the clock source for Timer # 2, and CR31 performs
this function for Timer # 3. The function of each bit
of Control Register “X” can therefore be defined as
shown in the remaining section of Table 2.

Control Register Bit 2 selects whether the binary
information contained in the Counter Latches (and
subsequently loaded into the Counter) is to be
treated as a single 16-bit word or two 8-bit bytes. In
the single 16-bit Counter Mode (CRX2 = 0) the
counter will decrement to zero after N+1 enabled
(G = 0) clock periods, where N is defined as the 16-bit
number in the Counter Latches. With CRX2 = 1, a
similar Time Out will occur after (L+1) ¢ (M+l)
enabled clock periods, where L and M respectively,
refer to the LSB and MSB bytes in the Counter
Latches.

Control Register Bits 3, 4, and 5 are explained in
detail in the Timer Operating Mode section. Bit 6 is
an interrupt mask bit which will be explained more
fully in conjunction with the Status Register, and bit
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7 is used to enable the corresponding Timer Output.

Status Register/Interrupt Flags

The S6840 has an internal Read-Only Status Register
which contains four Interrupt Flags. (The remaining
four bits of the register are not used, and default to
zeros when being read.) Bits 0, 1, and 2 are assigned
to Timers 1, 2, and 3, respectively, as individual flag
bits, while Bit 7 is a Composite Interrupt Flag. This
flag bit will be asserted if any of the individual flag
bits is set while Bit 6 of the corresponding Control
Register is at a logic one. The conditions for assert-
ing the Composite Interrupt Flag bit can therefore
be expressed as:

INT =11+ CR16 + 12+ CR26 + I3 * CR36
where INT = Composite Interrupt Flag (Bit 7)

I1 = Timer #1 Interrupt Flag (Bit 0)
I2 = Timer #2 Interrupt Flag (Bit 1)
I3 = Timer #3 Interrupt Flag (Bit 2)

An interrupt flag is cleared by a Timer Reset condition,
i.e., External Reset = 0 or Internal Reset Bit (CR10)
=1, It will also be cleared by a Read Timer Counter
Command provided that the Status Register has
previously been read while the interrupt flag was set.
This condition on the Read Status Register — Read
Timer Counter (RS — RT) sequence is designed to
prevent missing interrupts which might occur after
the status register is read, but prior to reading the
Timer Counter.

An individual Interrupt Flag is also cleared by a Write
Timer Latches (W) command or a Counter Initializa-
tion (CI) sequence, provided that W or CI affects the
Timer corresponding to the individual Interrupt Flag.

Counter Latch Initialization

Each of the three independent timers consists of a
16-bit addressable counter and 16 bits of address-
able latches. The counters are preset to the binary
numbers stored in the latches. Counter initialization
results in the transfer of the latch contents to the
counter. See notes in Table 4 regarding the binary
number N, L, or M placed into the Latches and their
relationship to the output waveforms and counter
Time-Outs.
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Counter Latch Initialization {Continued)

Since the PTM data bus is 8-bits wide and the counters
are 16-bits wide, a temporary register (MSB Buffer
Register) is provided. This “write only” register is for
the Most Significant Byte of the desired latch data.
Three addresses are provided for the MSB Buffer
Register (as indicated in Table 1), but they all lead to
the same Buffer. Data from the MSB Buffer will auto-
matically be transferred into the Most Significant Byte
of Timer # X when a Write Timer # X Latches Com-
mand is performed. So it can be seen that the S6840
has been designed to allow transfer of two bytes of
data into the counter latches provided that the MSB
is transferred first.

In many applications, the source of the data will be
an S6800 MPU. It should be noted that the 16-bit
store operations of the S6800 family microprocessors
(STS and STX) transfer data in the order required by
the PTM. A Store Index Register Instruction, for
example, results in the MSB of the X register being
transferred to the selected address, then the LSB of
the X register being written into the next higher loca-
tion. Thus, either the index register or stack pointer
may be transferred directly into a selected counter
latch with a single instruction.

A logic zero at the Reset input also initializes the
counter latches. In this case, all latches will assume a
maximum count of 65,536,, . It is important to note
that an Internal Reset (Bit zero of Control Register
1 Set) has no effect on the counter latches.

Counter Initialization

Counter Initialization is defined as the transfer of
data from the latches to the counter with subsequent
clearing of the Individual Interrupt Flag associated
with the counter. Counter Initialization always occurs
when a reset condition (Reset = 0 or CR10 = 1) is
recognized. It can also occur — depending on Timer
Mode — with a Write Timer Latches command or
recognition of a negative transition of the Gate input.

Counter recycling or re-initialization occurs when a
negative transition of the clock input is recognized
after the counter has reached an all-zero state. In
this case, data is transferred from the Latches to the
Counter.

Asynchronous Input/Output Lines

Each of the three timers within the PTM has external
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clock and gate inputs as well as a counter output line.
The inputs are high impedance, TTL compatible lines
and outputs are capable of driving two standard
TTL loads.

Clock Inputs (C1, G2, and C3) — Input pins C1, C2,
and C3 will accept asynchronous TTL voltage level
signals to decrement Timers 1, 2, and 3, respectively.
The high and low levels of the external clocks must
each be stable for at least one system clock period
plus the sum of the setup and hold times for the
inputs. The asynchronous clock rate can vary from dc
to the limit imposed by Enable (System ¢ 2) Setup,
and Hold time.

The external clock inputs are clocked in by Enable
(System ¢ 2) pulses. Three Enable periods are used to
synchronize and process the external clock. The
fourth Enable pulse decrements the internal counter.
This does not affect the input frequency, it merely
creates a delay between a clock input transition and
internal recognition of that transition by the PTM.
All references to C inputs in this document relate to
internal recognition of the input transition. Note that
a clock high or low level which does not meet setup
and hold time specifications may require an additional
Enable pulse for recognition. When observing recurring
events, a lack of synchronization will result in “jitter”
being observed on the output of the PTM when using
asynchronous clocks and gate input signals. There are
two types of jitter. ‘“‘System jitter” is the result of the
input signals being out of synchronization with the
Enable (System? 2), permitting signals with marginal
setup and hold time to be recognized by either the
bit time nearest the input transition or the subse-
quent bit time.

eape —f L LM LI L L Lo
NPT ——y o —

RECOG 2
INPUT L_'t_i" =
EITHER OR HERE

HERE

—]

|<__ SYSTEM
BIT TIME

JITTER

OUTPUT <

—

“Input jitter” can be as great as the time between
input signal negative going transitions plus the system
jitter, if the first transition is recognized during one
system cycle, and not recognized the next cycle, or
vice versa.
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Asynchronous Input/OQutput Lines (Continued)
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External clock input C3 represents a special case
when Timer # 3 is programmed to utilize its optional
-+ 8 prescaler mode. The maximum input frequency
and allowable duty cycles for this case are specified
under the AC Operating Characteristics. The output
of the+ 8 prescaler is treated in the same manner as
the previously discussed clock inputs. That is, it is
clocked into the counter by Enable pulses, is recog-
nized on the fourth Enable pulse (provided setup and
hold time requirements are met), and must produce
an output pulse at least as wide as the sum of an
Enable period, setup, and hold times.

Gate Inputs (G1, G2, G3) — Input pins G1, G2, and
G3 accept asynchronous TTL-compatible signals which
are used as triggers or clock gating functions to
Timers 1, 2, and 3, respectively. The gating inputs are
clocked into the PTM by the Enable (System ¢2)
signal in the same manner as the previously discussed
clock inputs. That is, a Gate transition is recognized
by the PTM on the fourth Enable pulse (provided
setup and hold time requirements are met), and the
high or low levels of the Gate input must be stable for
at least one system clock period plus the sum of setup
and hold times. All references to G transition in this
document relate to internal recognition of the input
transition.

The Gate inputs of all timers directly affect the
internal 16-bit counter. The operation of G3 is there-
fore independent of the—=- 8 prescaler selection.

Timer Outputs (01, 02, O3) — Timer outputs O1,
02, and O3 are capable of driving up to two TTL
loads and produce a defined output waveform for
either Continuous or Single-Shot Timer modes. Out-
put waveform definition is accomplished by selecting
either Single 16-bit or Dual 8-bit operating modes.
The single 16-bit mode will produce a square-wave
output in the continuous timer mode and will
produce a single pulse in the Single-Shot Timer
mode. The Dual 8-bit mode will produce a variable
duty cycle pulse in both the continuous and single
shot Timer modes. One bit of each Control Register
(CRXT) is used to enable the corresponding output.
If this bit is cleared, the output will remain low
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(Vo1,) regardless of the operating mode.

The Continuous and Single-Shot Timer Modes are the
only ones for which output response is defined.
Signals appear at the outputs (unless CRX7 = 0)
during Frequency and Pulse Width comparison modes,
but the actual waveform is not predictable in typical
applications.

Timer Operating Modes

The S6840 has been designed to operate effectively
in a wide variety of applications. This is accomplished
by using three bits of each control register (CRX3,
CRX4, and CRX5) to define different operating
modes of the Timers. These modes are outlined in
Table 3.

Table 3. Operating Modes

CONTROL REGISTER

TIMER OPERATING MODE
CRX3 | CRX4 | CRX5
0 * 0 CONTINUOUS
0 * 1 SINGLE-SHOT
1 0 * FREQUENCY COMPARISON
1 1 * PULSE WIDTH COMPARISON

*Defines Additional Timer Functions

In addition to the four timer modes in Table 3, the
remaining control register bit is used to modify counter
initialization and enabling or interrupt conditions.

Continuous Operating Mode (Table 4) — Any of the
timers in the PTM may be programmed to operate in
a continuous mode by writing zeroes into bits 3 and 5
of the corresponding control register. Assuming that
the timer output is enabled (CRX7 = 1), either a
square wave or a variable duty cycle waveform will
be generated at the Timer Output, OX. The type of
output is selected via Control Register Bit 2.

Either a Timer Reset (CR10 = 1 or External Reset =
0) condition or internal recognition of a negative
transition of the Gate input results in Counter Intial-
ization. A Write Timer Latches command can be
selected as a Counter Initialization signal by clearing
CRX4.

In the dual 8-bit mode (CRX2 = 1)[Refer to the
example in Figure 10] the MSB decrements once for
every full countdown of the LSB + 1. When the LSB
= 0, the MSB is unchanged; on the next clock pulse
the LSB is reset to the count in the LSB Latches and
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Table 4. Continuous Operating Modes

CONTINUOUS MODE
(CRX3 =0, CRX5=0)
CONTROL REGISTER INITIALIZATION/OUTPUT WAVEFORMS
CRX2 CRX4 COUNTER INITIALIZATION *TIMER OUTPUT (0X) (CRX7=1)

(R+1)T) N+ 1)(T) — ot (N + 1)(T)
0 0 G{+W+R “— _.1‘_ . _’l_v.,..
L T |

0 1 Gl +R ! T0 T0 T

o
|<—(L +1)(M + DT) —— o ft—— (L + 1M+ 1)(T) ——

0 GI{+W+R —Vou

1 Gl +R v | — Lm T|D<— - wLum 1':_ Voo

—_

ey

‘n

NEGATIVE TRANSITION OF GATE INPUT.

WRITE TIMER LATCHES COMMAND.

TIMER RESET (CR10=10R EXTERNAL RESET = 0).
16-BIT NUMBER IN COUNTER LATCH.

8-BIT NUMBER IN LSB COUNTER LATCH.

8-BIT NUMBER IN MSB COUNTER LATCH.

CLOCK INPUT NEGATIVE TRANSITIONS TO COUNTER.
COUNTER INITIALIZATION CYCLE.

COUNTER TIME OUT (ALL ZERO CONDITION).

-

L S | Y T | N [ | B

StHErzxso

—
o

*All time intervals shown above assume that the Gate (G) and Clock (C) signals are synchronized to enable (System ¢2)
with the specified setup and hold time requirements.

Figure 9. Timer Output Waveform Example
(Continuous Dual 8-Bit Mode using Internal Enable)

.
EXAMPLE: CONTENTSOFMSB=03=M Er$
CONTENTS OF LSB = 04 = L ‘
ML+ 1) +1 | . »

ALGEBRAIC EXPRESSION

1304+ 1) +1=
— === 16 ENABLES
\ (T4
\ | | 24v
04V
COUNTER QUTPUT L H | -
|
|
|

s [T U yuuu gy

{ 1 1 Il
< 14l > 14l | 141 | L
5 ENABLE |‘ 5 ENABLE. l 5 ENABLE | 4 ENABLE
PULSES | PULSES | PULSES Pl PULSES
I I | 1+L — -
[ | | 5 ENABLE
| Pl | |1 ruises |
| o o I |
| [ wethier) L
- M+ 1L+ 1) —t > |
! Do I | Lo
(M+1)(L+1)=PERIOD
M(L +1) + 1= LOWPORTION OF PERIOD ALGEBRAIC EXPRESSION
L= PULSE WIDTH (04+ 1)(03 + 1) = 20 ENABLE OR
*PRESET LSB AND MSB TO RESPECTIVE LATCHES ON THE NEGATIVE TRANSITION OF THE ENABLE EXTERNAL CLOCK PULSES

**PRESET LSB T0 LSB LATCHES AND DECREMENT MSB BY ONE ON THE NEGATIVE TRANSITION OF THE ENABLE
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Timer Operating Modes (Continued)

the MSB is decremented by 1 (one). The output, if
enabled, remains low during and after initialization
and will remain low until the counter MSB is all zeroes.
The output remains high until both the LSB and MSB
of the counter are all zeroes. At the beginning of the
next clock pulse the defined Time Out (TO) will
occur and the output will golow. In the normal 16-bit
mode the period of the output of the example in
Figure 9 would span 1546 clock pulses as opposed to
the 20 clock pulses using the Dual 8-bit mode.

The counter is enabled by an absence of a Timer
Reset condition and a logic zero at the Gate input.
The counter will then decrement on the first clock
signal recognized during or after the counter initiali-
zation cycle. It continues to decrement on each clock
signal so long as G remains low and no reset condi-
tion exists. A Counter Time Out (the first clock after
all counter bits = 0) results in the Individual Interrupt
Flag being set and re-initialization of the counter.

A special condition exists for the dual 8-bit mode
(CRX2 = 1) if L = 0. In this case, the counter will
revert to a mode similar to the single 16-bit mode,
except Time Out occurs after M + 1 clock pulses. The
output, if enabled, goes low during the Counter Ini-
tialization cycle and reverses state at each Time Out.
The counter remains cyclical (is re-initialized at each
Time Out) and the Individual Interrupt Flag is set
when Time Out occurs. If M = L = 0, the internal
counters do not change, but the output toggles at a
rate of 1 the clock frequency.

The discussion of the Continuous Mode has assumed
that the application requires an output signal. It
should be noted that the Timer operates in the same
manner with the output disabled (CRX7 = 0). A
Read Timer Counter command is valid regardless of
the state of CRX7.

Single-Shot Timer Mode — This mode is identical to
the Continuous Mode with three exceptions. The
first of these is obvious from the name — the output
returns to a low level after the initial Time Out and
remains low until another Counter Initialization
cycle occurs. The waveforms available are shown in
Table 5.

As indicated in Table 5, the internal counting mecha-
nism remains cyclical in the Single-Shot Mode. Each
Time Out of the counter results in the setting of an
Individual Interrupt Flag and re-initialization of the
counter.

The second major difference between the Single-Shot
and Continuous modes is that the internal counter
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enable is not dependent on the Gate input level
remaining in the low state for the Single-Shot mode.

Another special condition is introduced in the Single-
Shot mode. If L =M = 0 (Dual 8-bit) or N = 0 (Single
16-bit), the output goes low on the first clock received
during or after Counter Initialization. The output
remains low until the Operating Mode is changed or
non-zero data is written into the Counter Latches.
Time Outs continue to occur at the end of each
clock period.

The three differences between Single-Shot and
Continuous Timer Modes can be summarized as
attributes of the Single-Shot mode:

1. Output is enabled for only one pulse until it
is reinitialized.

2. Counter Enable is independent of Gate.

3. L=M=0 or N =0 disables output.

Aside from these differences, the two modes are
identical.

Time Interval Modes — The Time Interval Modes are
provided for those applications which require more
flexibility of interrupt generation and Counter
Initialization. Individual Interrupt Flags are set in
these modes as a function of both Counter Time Out
and transitions of the Gate input. Counter Initial-
ization is also affected by Interrupt Flag status.

The output signal is not defined in any of these modes,
but the counter does operate in either Single 16-bit or
Dual 8-bit modes as programmed by CRX2. Other
features of the Time Interval Modes are outlined in
Table 6.

Frequency Comparison or Period Measurement Mode
(CRX3 =1, CRX4 = 0) — The Frequency Comparison
Mode with CRX5 = 1 is straightforward. If Time Out
occurs prior to the first negative transition of the
Gate input after a Counter Initialization cycle, an
Individual Interrupt Flag is set. The counter is disabled,
and a Counter Initialization cycle cannot begin until
the interrupt flag is cleared and a negative transition
on G is detected.

If CRX5 = 0, as shown in Table 6 and Table 7, an
interrupt is generated if Gate input returns low prior
to a Time Out. If Counter Time-Out occurs first, the
counter is recycled and continues to decrement. A
bit is set within the timer on the initial Time Out
which precludes further individual interrupt genera-
tion until a new Counter Initialization cycle has been
completed. When this internal bit is set, a negative
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Timer Operating Modes (Continued)

transition of the Gate input starts a new Counter
Initialization cycle. (The condition of G 4 * T « TO
is satisfied, since a Time Out has occurred and no
individual Interrupt has been generated.)

Any of the timers within the PTM may be programmed
to compare the period of a pulse (giving the frequency
after calculations) at the Gate input with the time
period required for Counter Time-Out. A negative
transition of the Gate input enables the counter and
starts a Counter Initialization cycle — provided that
other conditions as noted in Table 7 are satisfied.
The counter decrements on each clock signal recog-
nized during or after Counter Initialization until an
Interrupt is generated, a Write Timer Latches com-
mand is issued, or a Timer Reset condition occurs. It
can be seen from Table 7 that an interrupt condition
will be generated if CRX5 = 0 and the period of the
pulse (single pulse or measured separately repetitive
pulses) at the Gate input is less than the Counter
Time Out period. If CRX5 = 1, an interrupt is gene-
rated if the reverse is true.

Assume now with CRX5 = 1 that a Counter Initiali-
zation has occurred and that the Gate input has
returned low prior to Counter Time Out. Since there

Table 5. Single-Shot Operating Modes
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is no Individual Interrupt Flag generated, this auto-
matically starts a new Counter Initialization Cycle.
The process will continue with frequency comparison
being performed on each Gate input cycle until the
mode is changed, or a cycle is determined to be
above the predetermined limit.

Pulse Width Comparison Mode (CRX3 =1, CRX4=1)
This mode is similar to the Frequency Comparison
Mode except for a positive, rather than negative,
transition of the Gate input terminates the count.
With CRX5 = 0, an Individual Interrupt Flag will be
generated if the zero level pulse applied to the Gate
input is less than the time period required for Counter
Time Out. With CRX5 = 1, the interrupt is generated
when the reverse condition is true.

As can be seen in Table 8, a positive transition of the
Gate input disables the counter. With CRX5 = 0,
it is therefore possible to directly obtain the width of
any pulse causing an interrupt. Similar data for other
Time Interval Modes and conditions can be obtained,
if two sections of the PTM are dedicated to the
purpose.

SINGLE-SHOT OPERATING MODES
(CRX3=0,CRX7=1,CRX5=1)

CONTROL REGISTER INITIALIZATION/OUTPUT WAVEFORMS
CRX2 __ CRX4 | COUNTER INITIALIZATION TIMER OUTPUT (0X)
1 4 LN+
0 0 G +W+R } e a—a
] 1 Gl +R Y 0 T0
1 U Gi’ +W + R (L'ﬂ(l:;)r;;:r(lﬂI)(M*'NT)—’I
1 1 GJ+R J
t T0 0

Symboals are as defined in Table 4.
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Table 6. Time Interval Modes

CRX3=1
CRX4 | CRX5 | APPLICATION CONDITION FOR SETTING INDIVIDUAL INTERRUPT FLAG

0 0 FREQUENCY COMPARISON INTERRUPT GENERATED IF GATEINPUT PERIOD (1/F) IS LESS THAN
COUNTER TIME OUT (TO)

0 1 FREQUENCY COMPARISON INTERRUPT GENERATED IF GATE INPUT PERIOD (1/F) IS GREATER
THAN COUNTER TIME OUT (TO)

1 0 PULSE WIDTH COMPARISON INTERRUPT GENERATED IF GATEINPUT ““DOWN TIME” IS LESS
THAN COUNTER TIME OUT (TO}

1 1 PULSE WIDTH COMPARISON INTERRUPT GENERATED IF GATEINPUT “DOWN TIME” IS GREATER

THAN COUNTER TIME OUT (TO)

Table 7. Frequency Comparison Mode

CRX3=1,CRX4=0

CONTROL REG COUNTER COUNTER ENABLE COUNTER ENABLE INTERRUPT FLAG
BIT 5 (CRX5) INITIALIZATION FLIP-FLOP SET (CE) FLIP-FLOP RESET (CE) SET (1)
0 GJ*T+(CE+TOCE)+R Gl WeRT W+R+1 G { BEFORE TO
1 Gi*T+R GleWeR*T W+R+1 TOBEFOREG ¢

T represents the interrupt for a given timer.
Table 8. Pulse Width Comparison Mode

CRX3=1,CRX4=1

CONTROL REG COUNTER COUNTER ENABLE COUNTER ENABLE INTERRUPT FLAG
BIT 5 (CRXS) INITIALIZATION FLIP-FLOP SET (CE) FLIP-FLOP RESET (CE} SET (1)
0 GI-T+R Gl*WeR*T W+R+T+6G G 1 BEFORETO
1 GI*T+R Gi*We*R*T W+R+1+6 TOBEFOREG 1
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AMIL

ADVANCED PRODUCT DESCRIPTION
S6846

Features

O 2048x8-Bit Bytes of Mask-Programmable ROM

O 8-Bit Bidirectional Data Port for Parallel
Interface Plus Two Control Lines

O Programmable Interval Timer-Counter
Functions

O Programmable I/O Peripheral Data, Control
and Direction Registers

O Compatible with the Complete S6800 Micro-
computer Product Family

0O TTL-Compatible Data and Peripheral Lines
0 Single 5 Volt Power Supply

ROM-1/O-TIMER

General Description

The S6846 combination chip provides the means, in
conjunction with the S6802, to develop a basic 2-chip
microcomputer system. The S6846 consists of 2048
bytes of mask-programmable ROM, an 8-bit bidirec-
tional data port with control lines, and a 16-bit pro-
grammable timer-counter.

This device is capable of interfacing with the S6802
(basic S6800, clock and 128 bytes of RAM) as well as
the S6800 if desired. No external logic is required to
interface with most peripheral devices.

The S6846 combination chip may be partitioned into
three functional operating sections: programmed stor-
age, timer-counter functions, and a parallel I/O port.

Block Diagram
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General Description (Continued)

Programmed Storage

The mask-programmable ROM section is similar to
other AMI ROM products. The ROM is organized in
a 2048 by 8-bit array to provide read only storage
for a minimum microcomputer system. Two mask-
programmable chip selects are available for user
definition.

Address inputs A0-A10 allow any of the 2048 bytes
of ROM to be uniquely addressed. Internal registers
associated with the I/O functions may be selected
with A0, Al and A2. Bidirectional data lines (D0-D7)
allow the transfer of data between the MPU and the
S6846.

Timer-Counter Functions

Under software control this 16-bit binary counter
may be programmed to count events, measure fre-
quencies and time intervals, or similar tasks. It may
also be used for square wave generation, single pulses
of controlled duration, and gated delayed signals. In-
terrupts may be generated from a number of condi-
tions selectable by software programming.

The timer-counter control register allows control of

S6846

the interrupt enables, output enables, and selection of
an internal or external clock source. Input pin CTC
(counter-timer clock) will accept an asynchronous
pulse to be used as a clock to decrement the internal
register for the counter-timer. If the divide-by-8
prescaler is used, the maximum clock rate can be four
times the master clock frequency with a maximum of
4 MHz. Gate input (CTG) accepts an asynchronous
TTL-compatible signal which may be used as a trigger
or gating function to the counter-timer. A counter-
timer output (CTO) is also available and is under soft-
ware control viaselected bits in the timer-counter con-
trol register. This mode of operation is dependent on
the control register, the gate input, and the external
clock.

Parallel I/O Port

The parallel bidirectional I/O port has functional
operational characteristics similar to the B port on the
S6821 PIA. This includes 8 bidirectional data lines
and two handshake control signals. The control and
operation of these lines are completely software
programmable.

The interrupt input (CP1) will set the interrupt flags
of the peripheral control register. The peripheral con-
trol (CP2) may be programmed to act as an interrupt
input or as a peripheral control output.

Figure 1. Typical Microcomputer
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Figure 1 is a block diagram of a typicl cost effective microcomputer.
The MPU is the center of the, microcomputer system and is shown in a
minimum system interfacing with a ROM combination chip. It is not
intended that this system be fimited 1o this function but that it be
expandable with other parts in the S8800 Microcomputer fomily if

r
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Absolute Maximum Ratings

Supply Voltage ......... ..ot iiieiinnnnenn. e e -0.3Vdc to +7.0Vde
INPUL VOlbage . vt ittt et et e e e e -0.3Vdc to +7.0Vde
Operating Temperature Range ......... e e e e e e i i D°C O HT0°C
Storage Temperature Range . ..................coiuuinan.. G eeiiiiirainiaa... =DB°Cto+150°C
Thermal Resistance ................... Y { M 674"

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.

Electrical Characteristics (Voc = 5.0V * 5%, Vgg = 0, Tpo = 0°C to +70°C unless otherwise noted.)

Symbol Parameter Min. Typ. Max. Unit Conditions
VIH Input High Voltage All Inputs Vss + 2.0 Vee Vde
VIL Input Low Voltage All Inputs Vss -0.3 Vgs + 0.8 Vde
Vos Clock Overshoot/Undershoot — Input High Level Vce -0.5 Vee + 0.5 Vde
— Input Low Level Vss -0.5 Vss + 0.5
Iin Input Leakage Current R/W, Reset, CS0, CS1 1.0 2.5 uAde Vin = 0 to 5.25Vde
CP1, CTG, CTC, E, AD-Al1l 100
ITs1 Three-State (Off State) Input Current D0-D7 2.0 10 pAde
PPO-PP7, CR2 100 Vin 0.4 to 2.4Vdec
Vou Output High Voltage Vde
D0-D7 Vss + 2.4 ILoad = -205uAde,
CP2, PPO-PP7 Vgs + 2.4 Vde ILoad = ~145uAdc,
Other Outputs Vss + 2.4 ILoad = -100uAde
VoL Output Low Voltage Vde
DO0-D7 Vgs + 0.4 I1,0ad = 1.6mAde
Other Outputs Vgg + 0.4 I1,0ad = 3.2mAdc
IoH Output High Current (Sourcing) pAde
DO-D7 -205 VoH = 2.4Vdc
Other Outputs ~-200
CP2, PPO-PP7 -1.0 -10 mADC Vo = 1.5Vdeg, the current

for driving other than TTL,
e.g., Darlington Base

IoL Output Low Current (Sinking) mAdc
D0-D7 1.6 VoL = 0.4Vde
Other Outputs 3.2
ILOH Output Leakage Current (Off State) IRQ 10 uAde VoOH = 2.4Vdce
Pp Power Dissipation 1000 mW
Cin Capacitance 20 pF
D0-D7 125 Vin = 0, Ta = 25°C,
f=1.0MHz
_ PPO-PP7, CP2 10
A0-A10, R/W, Reset, CS0, CS1, CP1, CTC, CTG 7.5
1RQ
Cout PPO-PP7, CP2, CTO 5.0 pF
10
f Frequency of Operation 0.1 1.0 MHz
Clock Timing
teyeE Cycle Time 1.0 us
tRL Reset Low Time 2 us
tIR Interrupt Release 1.6 us
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Read/Write Timing

Symbol Parameter Min. Typ. | Max Unit Conditions
PWEgy, Enable Pulse Width, Low 430 ns
PWgy Enable Pulse Width, High 430 ns
tAs Set Up Time (Address CS0, CS1, R/W) 160 ns
tDDR Data Delay Time 320 ns
tH Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tEf, tEr Rise and Fall Time 25 ns
tDsw Data Set Up Time 195 ns
Bus Timing
Peripheral I/O Lines
Symbol Parameter Min. Typ. | Max. | Unit Conditions
tpDSU Peripheral Data Setup 200 ns
tpr, tre Rise and Fall Times CP1, CP2 1.0 s
tcpe Delay Time E to CP2 Fall 1.0 us
tpe Delay Time I/O Data CP2 Fall 20 us
trs1 Delay Time E to CP2 Rise 1.0 us
trs2 Delay Time CP1 to CP2 Rise 2.0 us
tpDW Peripheral Data Delay 1.0 us
Timer-Counter Lines
tcr,tcr | Input Rise and Fall Time CTC and CTG 100 ns
tpwH Input Pulse Width High teye + 250 ns
(Asynchronous Mode)
tpwi Input Pulse Width Low teye + 250 ns
(Asynchronous Mode)
tsu Input Setup Time 200 ns
(Synchronous Mode)
tha Input Hold Time 50 ns
(Synchronous Mode)
tcTo Output Delay 1.0 us
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Figure 2. Bus Read Timing
(Read Information from S6846)
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Figure 8. Input Pulse Widths
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Figure 11. Bus Timing Test Loads

OAD A
(D0-D7, CTO, CP2, PPO-PP7)

5.0V

_LOADB
Ry = 2.5k (IRQONLY)

TEST POI 5.0v
OINT $6150

OR EQUIV.

TEST POINT
§7000
OR EQUIV.

L e 100pF
€ - 130pF for 00-07
= 30pF for CTO, CP2, PPO-PPT

R =117k for DO-D7
= 24k for CTG, CP2, PPO-PP7

Signal Description

Bus Interface — The S6846 interfaces to the S6802 or
S6800 Bus via an eight-bit bidirectional data bus, two
Chip Select lines, a Read/Write line, and eleven address
lines. These signals, in conjunction with the S6800/
02 VMA output, permit the MPU to control the S6846.

Bidirectional Data Bus (D0-D7) — The bidirectional
data lines (DO-D7) allow the transfer of data between
the MPU and the S6846. The data bus output drivers
are three-state devices which remain in the high-im-
pedance (Off) state except when the MPU performs
an S6846 register or ROM read (R/W = 1 and I/O
Registers or ROM selected).

Chip Select (CSO, CS1) — The CSO and CS1 inputs
are-used to select the two major sections of the S6846.
They are mask programmed to be active high or active
low as chosen by the user.

Address Inputs (A0-A10) — The Address Inputs allow
any of the 2048 bytes of ROM to be uniquely selected
when the circuit is operating in the ROM mode. In
the I/O-Timer mode, address inputs AO, Al, and A2
select the proper I/O Register, while A3 through A10
(together with CS0 and CS1) can be used as additional
qualifiers in the I/O Select circuitry. (See the section
on I/O-Timer Select for additional details.)

Reset — The active low state of the Reset input is
used to initialize all register bits in the I/O section of
the device to their proper values. (See the section on
Initialization for Reset conditons for timer and peri-
pheral registers.)

Enable (¢2) — This signal synchronized data transfer
between the MPU and the S6846. It also performs an
equivalent synchronization function on the external
clock, reset, and gate inputs of the S6846 Timer
section.

Read/Write (R/W) — This signal is generated by the
MPU and is used to control the direction of data
transfer on the bidirectional data pins. A low level on
the R/W input enables the S6846 input buffers and
data is transferred to the circuit during the ¢2 pulse
when the part has been selected. A high level on the
R/W input enables the output buffers and data is
transferred to the MPU during ¢2 when the part is
selected.

Interrupt Request (IRQ) — The active low IRQ out-
put acts to interrupt the MPU through logic included
on the S6846. This output utilizes an open chain con-
figuration and permits other interrupt request outputs
from other circuits to be connected in a wire-OR
configuration.
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Peripheral Data (P0O-P7) — The peripheral data lines eration is dependent on the Timer control register,
can be individually programmed as either inputs or the gate input, and the external clock. The output is
outputs via the Data Direction Register. When pro- TTL compatible.

grammed as outputs, these lines will drive two standard

TTL loads (3.2 mA). They are also capable of sourcing External Clock Input (CTC) — Input pin CTC will ac-
up to 1.0 mA at 1.5 Volts (Logic “1” output.) cept asynchronous TTL voltage level signals to be
When programmed as inputs, the output drives asso- - used as a clock to decrement the Timer. The high and
ciated with these lines enter a three-state (high im- low levels of the external clock must be stable for at
pedance) mode. Since there is no internal pull-up for least one system clock period plus the sum of the
these lines, they represent a maximum 10u A load to setup and hold times for the inputs. The asynchronous

the circuitry driving them — regardless of logic state. clock rate can vary from dc to the limit imposed by

A logic zero at the Reset input forces the peripheral System ¢2, setup, and hold times.

data lines to the input configuration by clearing the The external clock input is clocked in by Enable (Sys-
Data Direction Register. This allows the system de- tem ¢2) pulses. Three Enable periods are used to
signer to preclude the possibility of having a peripheral synchronize and process the external clock. The fourth
data output connected to an external driver output Enable pulse decrements the internal counter. This
during power-up sequence. does not affect the input frequency; it merely creates
a delay between a clock input transition and internal
recognition of that transition by the S6846. All refer-

; ; L ° . ences to CTC inputs in this document relate to internal
Peripheral Control register. The active transition for recognition of the input transition. Note that a clock

this signal is programmed by the control register for yansition which does not meet setup and hold time

the parallel port. CP1 may also act as a strobe for the  gpecifications may require an additional Enable pulse
peripheral data register when it is used as an input g, recognition.

latch. Details for programming CP1 are in the section
on the parallel peripheral port.

Interrupt Input (CP1) — Peripheral input line CP1 is
an input-only that sets the Interrupt Flags of the

When observing recurring events, a lack of synchro-
. nization will result in either “System jitter” or “Input
Peripheral Control (CP2) — Peripheral Contro! line jitter” being observed on the output of the S6846
CP2 may be programmed to act as an Interrupt input  when using an asynchronous clock and gate input sig-
or Peripheral Control output. As an input, this line n,1 «System jitter” is the result of the input signals
has high impedance and is compatible with standard being out of synchronization with the system ¢2 clock
TT]EJ voltage levels. As an output, it is also TTL com- (Enable), permitting signals with marginal set-up and
patible and may be used as a source of 1 mA at 1.5V phold time to be recognized by either the bit time
to directly drive the base of a Darlington transistor pearest the input transition or subsequent bit time.
switch. This line is programmed by the Control Reg-  «pnpyt jitter” can be as great as the time between the
ister for the parallel port. negative going transitions of the input signal plus the
Counter Timer Output (CTO) — The Counter Timer system jitter if the first transition is recognized during
Output is software programmable by selected bits in one system cycle, and not recognized the next cycle
the timer counter control register. The mode of op- or vice-versa.

Figure 12.
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Gate Input (CTG) — The input pin CTG accepts as
asynchronous TTL-compatible signal which is used as
a trigger or a clock gating function to the Timer. The
gating input is clocked into the S6846 by the Enable
(System ¢ 2) signal in the same manner as the previously
discussed clock inputs. That is, a CTG transition is
recognized on the fourth Enable pulse (provided set-
up and hold time requirements are met), and the high
or low levels of the CTG input must be stable for at
least one system clock period plus the sum of setup
and hold times. All references to CTG transition in
this document relate to internal recognition of the
input transition.

The CTG input of the timer directly affects the internal
16-bit counter. The operation of CTG is therefore
independent of the + 8 prescaler selection.

Functional Select Circuitry

I/O Timer Select Circuitry — Two chip select inputs
are provided with the S6846, and are programmed ac-
tive high or low simultaneously with the ROM pattern.
The I/O-Timer selection can therefore be made to

S6846

correspond to any one of the four possible state com-
binations of the two chip select inputs. (CS0-CS1,
CS0-CS1, CS0-CS1, or CS0-CS1)

Address lines A3, A4, and A5 are also used as I/O-
Timer Select inputs. Specifically, these lines must be
at a logic zero (low) for the I/O-Timer section to be
selected. Address line A6 can also be used as a quali-
fier for I/O-Timer selection, as can any one of the
four high Address lines (A7 through A10). A6 is unique
among these selector inputs in that it is possible to
program either the high or low state of A6 as an I/O-
Timer select input.

The circuit of Figure 13 is representative of the I/O-
Timer select circuitry on the S6846. The mask pro-
grammable options are represented by switches.

Internal Addressing — Seven I/O Register locations
within the S6846 combination circuit are accessible
to the MPU data bus. Selection of these registers is
controlled by A0, Al, and A2 as shown in Table 1.
CS0 and CS1 must be in the I/O state and the proper
register address must be applied to access a particular
register. The combination status register is Read-only;
all other Registers are Read/Write.

+/0-TIMER
SELECT

*SWITCHES REPRESENT MASK PROGRAMMABLE INTERCONNECTS.

Figure 13. 1/O-Timer Select Circuitry
cs1 O Dc a‘\*
cso O >c Oy x
O
A0 .
Ay 0—0
A8 O—O *
A1 O——0
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[ P AN
A5 O
A4 O
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Table 1. Internal Register Addresses

Registered Selected A2 A1l A0
Combination Status Register 0 0 0
Peripheral Contro! Register ] 0 1
Data Direction Register 0 1 0
Peripheral Data Register 0 1 1
Combination Status Register 1 0 0
Timer Control Register 1 0 1
Timer MSB Register 1 1 0
Timer LSB Register 1 1 1
ROM Address X X X

Initialization — When the Reset input has accepted a
low signal, all registers are initialized to the Reset state.
The data direction and data registers are cleared. The
Peripheral Control Register is cleared except for bit 7
(the Reset bit). This forces the parallel port to the in-
put mode with Interrupts disabled. To remove the
Reset condition from a parallel port, an “0” must be
written into the Peripheral Control Register bit 7
(PCR7).

The counter latches are preset to their maximal count,
the Timer control register bits are reset to zero except
for Bit 0 (CCRO) (which is set), the counter ouput is
cleared, and the counter clock disabled. This state
forces the timer counter to remain in an inactive state.
The combination status register is cleared of all in-
terrupt flags. During timer initialization, the reset bit
(CCRO) must be cleared.

ROM — The Mask Programmable ROM section is sim-
ilar in operation to other AMI ROM products. The
ROM is organized as 2048 words of 8-bits to provide

read-only storage for a minimum microcomputer sys-.

tem. The ROM is active when selected by the unique
combination of the chip select inputs.

S6846

ROM Select — The active levels of CS0O and CS1 for
ROM and I/O select are a user programmable option.
Either CS0 or CS1 may be programmed active high or
active low, but different codes must be used for ROM
or I/O select. CSO and CS1 are mask programmed si-
multaneously with the ROM pattern. The ROM Select
Circuitry is shown in Figure 14. ‘

Timer Operation

The Timer may be programmed to operate in modes
which fit a wide variety of applications. The device is
fully bus compatible with the S6800 system, and is
accessed by Load and Store operations from the MPU.

In a typical application, the timer will be loaded by
storing two bytes of data into the counter latch. This
data is then transferred into the counter during a
Counter Initialization cycle. The counter decrements
on each subsequent clock cycle (which may be system
¢2 or an external clock) until one of several predeter-
mined conditions causes it to halt or recycle. Thus
‘the timer is programmable, cyclic in nature, control-
lable by external inputs or MPU program, and acces-
sible to the MPU at any time.

Counter Latch Initialization — The Timer consists of
a 16-Dbit addressable counter and 16 bits of addressable
latches. The function of the latches is to store a binary
equivalent of the desired count value minus one.
Counter initialization results in the transfer of the
latch contents of the counter. It should be noted that
data transfer to the counters is always accomplished
via the latches. Thus, the counter latches may be ac-
curately described as a 16-bit “counter initialization
data” storage register.

In some modes of operation, the initialization of the
latches will cause simultaneous counter initialization
(i.e., immediate transfer of the new latch data into
the counters). It is, therefore, necessary to insure that

Figure 14. ROM Select Circuitry
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E INTI TS..

*SWITCHES F

3.76



all 16 bits of the latches are updated simultaneously.
Since the S6846 data bus is 8 bits wide, a temporary
register (MSB Buffer Register) is provided for in the
Most Significant Byte of the desired latch data. This
is a ‘“‘write-only” register selected via address lines
A0, A1, and AZ2. Data is transferred directly from the
data bus to the MSB Buffer when the chip is selected,
R/W is low, and the timer MSB register is selected
(A0 = “07; Al= A2=*1").

The lower 8 bits of the counter latch can also be re-
ferred to as a ‘“‘write-only” register. Data Bus infor-
mation will be transferred directly to the LSB of a
counter latch when the chip is selected, R/W is low and
the Timer LSB Register is selected (A0 = Al = A2 =
“1”). Data from the MSB Buffer will automatically
be transferred into the Most Significant Byte of the
counter latches simultaneously with the transfer of
the Data Bus information to the Least Significant Byte
of the Counter Latch. For brevity, the conditions for
this operation will be referred to henceforth as a
“Write Timer Latches Command.”

The S6846 has been designed to allow transfer of two
bytes of data into the counter latches from any source,
provided the MSB is transferred first. In many appli-
cations, the source of data will be an S6802 or S6800
MPU. It should therefore be noted that the 16-bit
store operations of the S6800 family of microproces-
sors (STS and STX) transfer data in the order required
by the S6846. A Store Index Register instruction, for
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example, results in the MSB of the X register being
transferred to the selected address, then the LSB of
the X register being written into the next higher lo-
cation. Thus, either the index register or stack pointer
may be transferred directly into a selected counter
latch with a single instruction.

A logic zero at the Reset input also initializes the
counter latches. All latches will assume maximum
count (65, 536) values. It is important to note that
an internal Reset (Bit zero of the Timer Control Reg-
ister Set) has no effect on the counter latches.

Counter Initialization — Counter Initialization is de-
fined as the transfer of data from the latches to the
counter with attendant clearing of the Individual
Interrupt Flag associated with the counter. Counter
Initialization always occurs when a reset condition
(external Reset = 0 or TCRO = 1) is recognized. It
can also occur (dependent on the Timer Mode) with
a Write Timer Latches command or recognition of a
negative transition of the Gate input.

Counter recycling or reinitialization occurs when a
clock input is recognized after the counterhasreached
an all-zero state. In this case, data is transferred from
the Latches to the Counter, but the Interrupt Flag is
unaffected.

Timer Control Register — The Timer Control register
(see Table 2) in the S6846 is used to modify timer op-
eration to suit a variety of applications. The Control

Table 2. Format for Timer/Counter Contro! Register

c"“"""si':““i“e' State Bit Definition State Definition
TCRO 0 Internal Reset Timer Enabled
1 Timer in Preset State
TCR1 0 Clock Source Timer uses External Clock (CTC)
1 Timer uses ¢2 System Clock
TCR2 0 + 8 Prescaler Clock is not Prescaled
1 Enabler Clock is Prescaled by + 8 Counter
TCR3 X
TCR4 X Operating Mode Selection See Table 3
TCR5 X
TCR6 0 Timer Interrupt Enable TR Masked from Timer
1 RQ Enabled from Timer
TCR7 0 Timer Qutput Enable Counter Qutput (CTO) Set LOW
1 Counter Output Enabled
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Register has a unique address space (A0 =1, A1=0,
A2 = 1) and therefore may be written into at any time.
The least significant bit of the Control Register is used
as an Internal Reset bit. When this bit is a logic zero,
all timers are allowed to operate in the modes pre-
scribed by the remaining bits of the control registers.

1 2

Writing “‘one” into Timer Control Register Bit 0
(TCRO) causes the counter to be preset with the con-
tents of the counter latches, all counter clocks to be
disabled, and the timer output and interrupt flag
(Status Register) to be reset. The Counter Latch and
Control Register are undisturbed by an Internal Reset
and may be written into regardless of the state of
TCRO.

Timer Control Register Bit 1 (TCR1) is used to select
the clock source. When TCR1 = 0, the external clock
input CTC is selected, and when TCR1 = <17, the
timer uses system ¢ 2.

Timer Control Register Bit 2 (TCR2) enables the +
8 prescaler (TCR1 = “1”). In this mode, the clock
frequency is divided by eight before being applied to
the counter. When TCR2 = “0” the clock is applied
directly to the counter.

TCR3, 4, 5 select the Timer Operating Mode, and are
discussed in the next section.
Timer Control Register Bit 6 (TCR6) is used to mask

or enable the Timer Interrupt Request. When TCR6 =
0, the Interrupt Flag is masked from the timer. When
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TCR6 = 1, the Interrupt Flag is enabled into Bit 7 of
the Composite Status Register (Composite IRQ Bit),
which appears on the IRQ output pin.

Timer Control Register Bit 7 (TCR7) has a special
function when the timerisin the Cascaded Single Shot
mode. (This function is explained in detail in the sec-
tion describing the mode.) In all other modes, TCR7
merely acts as an output enable bit. If TCR7 = 0, the
Counter Timer Output (CTO) is forced low. Writing
a logic one into TCR7 enables CTO.

Timer Operating Modes — The S6846 has been de-
signed to operate effectively in a wide variety of
applications. This is accomplished by using three bits
of the control register (TCR3, TCR4, and TCR5) to
define different operating modes of the Timer, out-
lined in Table 3.

Continuous Operating Mode (TCR3 = 0, TCR5 = 0) —
The timer may be programmed to operate in a con-
tinuous counting mode by writing zeros into bits 3
and 5 of the timer control register. Assuming that the
timer output is enabled (TCR7 = 1), a square wave will
be generated at the Timer Output CTO (see Table 4).

Either a Timer Reset (TCRO = 1 or External Reset=0)
condition or internal recognition of a negative tran-
sition of the CTG input results in Counter Initialization.
A Write Timer Latches command can be selected as a
Counter Initialization signal by clearing TCR4.

Table 3. Operating Modes

TCR5 TCR4 TCR3 Timer Operating Mode Counter Initialization Interrupt Flag Set
0 0 0 Continuous CTG.+W+R T.0.
0 0 1 Cascaded Single Shot CTGL +R T.0.
0 1 0 Continuous CTGY+R T.0.
0 1 1 Normal Single Shot CTGL+R T.0.
1 0 0 Frequency Comparison CTGY - T- W+T.0.) +R CTG! Before T.0.
1 0 1 ‘ CTGY-T+R T.0. Before CTGY
1 1 0 Pulse Width Comparison CTG{ - T+R CTG* Before T.0.
1 1 1 T.0. Before CTG*

R = Reset Condition
W = Write Time Latches
T.0.= Counter Time Out

CTG{ = Negative Transition of Pin 17

T
CTG* = Positive Transition of Pin 17
T =Interrupt Flag (CSRO) =0
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Table 4. Continuous Operating Modes

Continuous Mode
(TCR3=0,TCR7=1,TCR5=10)

Control Register

Initialization/Output Waveforms

Register
TCR2 TCR4 Counter Timer Output (2X)
Initialization l ~(N+1)(T)~ | <(N+1)(T) - ] <N+ 1) (T}~ l
0 0 G+W+R l l L — VoH
_ | 1 [ 1 Vo
] 1 G+R to T.0. T.0. T.0.
G = Negative transition of mmput. T  =Period of Clock input to Counter.
W = Write Timer Latches Command. to = Counter initialization Cycle.

R = Timer Reset (TCRO = 1 or External RESET = 0)
N =16 Bit Number in Counter Latch.

The discussion of the Continuous Mode has assumed
the application requires an output signal. It should be
noted the Timer operates in the same manner with
the output disabled (TCR7 = 0). A Read Timer Counter
command is valid regardless of the state of TCR7.

Normal Single-Shot Timed Mode (TCR3 = 0, TCR4 =
1, TCR5 = 1) — This mode is identical to the Con-
tinuous Mode with two exceptions. The first of these
is obvious from the name — the output returns to a
low-level after the initial Time Out and remains low
until another Counter Initialization cycle occurs. The
output waveform (CTO) is shown in Figure 15.

As indicated in Figure 15, the internal counting mech-
anism remains cyclical in the Single-Shot Mode.
Each Time Out of the counter results in the setting
of an Individual Interrupt Flag and reinitialization
of the counter.

The second major difference between the Single-Shot
and Continuous modes is that the internal counter
enable is not dependent on the CTG input level re-
maining in the low state for the Single-Shot mode.
Aside from these differences, the two modes are
identical.
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T.0. = Counter Time Out (All Zero Condition).

Figure 15. Single-Shot Modes

{A) NORMAL SINGLE-SHOT MODE OUTPUT WAVEFORM
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T.0. T.0. T.0. T.0.

TCR = OUTPUT
AFTER TIMEOUT

‘+‘| +0 *1

* * *
(B) CASCADED SINGLE-SHOT MODE DUTPUT WAVEFORM

1=WRITE A “1” INTO TCR-7
0=WRITE A “0” INTO TCR-7

*POINT AT WHICH AN INTERRUPT MAY DCCUR
ote: All time intervals shown above assume the Gato (ETG) and

Clock (€TC) synchronized to system ¢2 with specified
setup and hold time ceuirements.




Time Interval Modes (TCR3 = 1) — The Time Interval
Modes are provided for applications requiring more
flexibility of interrupt generation and Counter Initial-
ization. Individual Interrupt Flags are set in these
modes as a function of both Counter Time Out and
transitions of the CTG input. Counter Initialization
is also affected by Interrupt Flag status. The output
signal is not defined in any of these modes. Other
features of the Time Interval Modes are outlined in
Table 5.

Cascaded Single-Shot Mode (TCR3 = 0, TCR4 - 0,
TCR5 = 1) — This mode is identical to the single-shot
mode with two exceptions. First, the output waveform
does not return to a low level and remain low after
timeout. Instead, the output level remains at its initial-
ized level until it is reprogrammed and changed by
timeout. The output level may be changed at any
timeout or may have any number of timeouts between
changes.
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The second difference is the method used to change
the output level. Timer Control Register Bit 7 (TCRT)
has a special function in this mode. The timer output
(CTO) is equal to TCR7 clocked by timeout. At every
timeout, the content of TCR7 is clocked to and held
at the CTO output. Thus, output pulses of length
greater than one timer cycle can be generated by cas-
cading timer cycles and counting timeouts with a
software program. (See Figure 15).

An interrupt is generated at each timeout. To cascade
timer cycles, the MPU would need an interrupt routine
to: 1) count each timeout and determine when to
change TCR7; 2) write into TCR7 the state corre-
sponding to the next desired state of the output wave-
form (only necessary during the last timer cycle before
the output is to change state); and 3) clear the inter-
rupt flag by reading the combination status register.
It is also possible, if desired, to change the length of the
timer cycle by reinitializing the timer latches. This
allows more flexibility for obtaining desired times.

Table 5. Time Interval Modes

TCR3=1
TCR4 TCRb5 Application Condition for Setting Individual Interrupt Flag
0 0 Frequency Interrupt Generated if CTG Input Period (1/F)
Comparison is Less Than Counter Time Out (T.0.)
0 1 Frequency Interrupt Generated if CTG Input Period (1/F)
] Comparison is Greater Than Counter Time Out (T.0.)
1 0 Pulse Width Interrupt Generated if CTG Input “Down Time”
Comparison is Less Than Counter Time Out (T.0.)
1 1 Pulse Width Interrupt Generated if CTG Input “Down Time”
Comparison is Greater Than Counter Time Qut (T.0.)
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Frequency Comparison Mode (TCR3=1, TCR4=0)—
The timer within the S6846 may be programmed to
compare the period of a pulse (giving the frequency
after calculations) at the CTG input with the time
period required for Counter Time Out. A negative of
the CTG input enables the counter and starts a Counter
Initialization cycle — provided that other conditions
as noted in Table 6 are satisfied. The counter decre-
ments on each clock signal recognized during or after
Counter Initialization until an Interrupt is generated,
a Write Timer Latches command is issued, or a Timer
Reset condition occurs. It can be seen from Table 6
that an interrupt condition will be generated if TCR5 =
0 and the period of the pulse (single pulse or measured
separately repetative pulses) at the CTG input is less
than the Counter Time Out period. If TCR5 = 1, an
interrupt is generated if the reverse is true.

Assume now with TCR5 = 1 that a Counter Initiali-
zation has occurred and that the CTG input has
returned low prior to Counter Time Out. Since there

S6846

is no individual Interrupt Flag generated, this auto-
matically starts a new Counter Initialization Cycle.
The process will continue with frequency comparison
being performed on each CTG input cycle until the
mode is changed, or a cycle is determined to be above
the predetermined limit.

Pulse Width Comparison Mode (TCR3 =1, TCR4=1) —
This mode is similar to the Frequency Comparison
Mode except for the limiting factor being a positive,
rather than negative, transition of the CTG input.
With TCR5 = 0, an Individual Interrupt Flag will be
generated if the zero level pulse applied to the CTG
input is less than the time period required for Counter
Time Out. With TCR5 = 1, the interrupt is generated
when the reverse condition is true.

As can be seen in Table 7, a positive transition of the
CTG input disables the counter. With TCR5 = 0, it is
therefore possible to directly obtain the width of any
pulse causing an interrupt.

Table 6. Frequency Comparison Mode

CRX3=1,CRX4=0
Control Reg Counter Counter Enable Counter Enable Interrupt Flag
Bit 5 (CRX5) Initialization Flip-Flop Set (CE) Flip-Flop Reset (CE) Set (1)
0 Gi-T-(CE+TO-CE) +R G4-W-R-T W+R+ G4 Before TO
1 GI-T+R GI-W-R-T W+R+ TO Before G4

| represents the interrupt for the timer.

Table 7. Pulse Width Comparison Mode

CRX3=1,CRX4=1
Control Reg Counter Counter Enable Counter Enable Interrupt Flag
Bit 5 (CRX5) Initialization Flip-Flop Set (CE) Flip-Flop Reset (CE) Set (1)
0 GI-1+R Gy-W-R-1 W+R+1+G G* Before TO
1 GI-T+R Gy-W-R-1 W+R+1+G TO Before G1
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Differences Between the S6840 and the S6846 Timers

1) Control registers 1 and 3 are buried (access
through control register 2 only) in the S6840
timer. In the S6846, all registers are directly
accessible.

2) The S6840 has a dual 8 bit continuous mode
for generating non-symmetrical waveforms. The
56846, instead, has a cascaded one shot mode
which can accomplish the same function, but
also allows the user to generate waveforms
longer than one timeout.

3) Because of the different modes, there is a dif-
ference in the control registers between the
$6840 and the S6846.

Control
Register
Bit $6840

2 16 bit or dual 8 bit
mode control

$6846
+8 prescale enable

7 output enable {all modes) | output next state
(cascaded one shot
mode only), output
enable all other modes

0 R1 internal reset

R2 control register select | internal reset

R3 timer 3 clock control

Composite Status Register — The Composite Status
Register (CSR) is a read-only register which is shared
by the Timer and the Peripheral Data Port (of the

- 56846

S6846.) Three individual interrupt flags in the register
are set directly via the appropriate conditions in the
timer or peripheral port. The composite interrupt flag
— and the TRQ Output — respond to these individual
interrupts only if corresponding enable bits are set in
the appropriate Control Registers. (See Figure 16).
The sequence of assertion is not detected. Setting
TCR6 while CSRO is high will cause CSR7 to be set,
for example.

The Composite Interrupt Flag (CSR7) is clear only if
all enabled Individual Interrupt Flags are clear. The
conditions for clearing CSR1 and CSR2 are detailed
in a later section. The Timer Interrupt Flag (CSRO)
is cleared under the following conditions:

1) Timer Reset — Internal Reset Bit (TCRO) = 1
or External Reset = 0.

2) Any Counter Initialization condition.

3) A Write Timer Latches command
Interval (TCR3 = 1) are being used.

4) A Read Timer Counter command, provided
this is preceded by a Read Composite Status
Register while CSRO is set. This latter condition
prevents missing an Interrupt Request generated
after reading the Status Register and prior to
reading the counter.

if Time

5) The remaining bits of the Composite Status
Register (CR3-CSR6) are unused. They default
to a logic zero when read.

Figure 16. Composite Status Register and Associated Logic

CSR2 CSR1

cpP2 cP1 Timer
IRQ IRQ 1RQ

CSRO are not used.

Note: Bits CSR3-CSR6

— ) T

D—— Pp—m

PCR3 PCRO TCRG

D

CSR7

Compasite
IRQ

ol
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I/0 Operation

Parallel Peripheral Port — The peripheral port of the
S6846 contains 8 Peripheral Data lines (PO-P7), two
Peripheral Control lines (CP1 and CP2), a Data Direc-
tion Register, a Peripheral Data Register, and a Periph-
eral Control Register. The port also directly affects
two bits (CSR1 and CSR2) of the Composite Status
Register.

The Peripheral Port is similar to the “B” side of a
PIA (S6820 or S6821) with the following exceptions:

1) All registers are directly accessible in the S6846.
Data Direction and Peripheral Data in the
S6820/6821 are located at the same address,
with Bit Two of the Control Register used for
register selection.

2) Peripheral Control Register Bit Two (PCR2)
of the S6846 is used to select an optional input
latch function. This option is not available with
S56820/6821 PIA’s.

3) Interrupt Flags are located in the S6846 com-
posite status register rather than Bits 6 and 7
of the Control Register as used in the S6820/
6821.

4) Interrupt Flags are cleared in the S6820/6821
by reading data from the Peripheral Data Reg-
ister. S6846 Interrupt Flags are cleared by either
reading or writing to the Peripheral Data Reg-
ister — provided that a sequence of a) Flag Set,
b) Read Composite Status Register, c) Read/
Write Peripheral Data Register is followed.

5) Bit 6 of the S6846 Peripheral Control Register
is not used. Bit 7 (PCR7) is an Internal Reset
Bit not available on the S6820/6821.

Table 8. Peripheral Control Register Format (Expanded)

S6846

6) The Peripheral Data lines (and CP2) of the
S6846 feature internal current limiting which
allows them to directly drive the base of Dar-
lington NPN transistors.

Data Direction Register — The MPU can write directly
to this eight-bit register to configure the Peripheral
Data lines as either inputs or outputs. A particular bit
within the register (DDRN) is used to control the cor-
responding Peripheral Data line (PN). With DDRN =0,
PN becomes an input; if DDRN = 1, PN is an output.
As an example, writing Hex SOF into the Data Direc-
tion Register results in PO through P3 becoming out-
puts and P4 through P7 being inputs. Hex S35 is the
Data Direction Register results in alternate outputs and
inputs at the parallel port.

Peripheral Data Register — This eight-bit register is
used for transferring data between the peripheral data
port and the MPU. Any bit corresponding to an out-
put line will be used to drive the output buffer
associated with that line. Data in these output bits is
normally provided by an MPU Write function (Input
bits — those associated with input lines — are un-
changed by a Write Command.) Any input bit will
reflect the state of the associated input line if the in-
put latch function is deselected. If the Control Register
is programmed to provide input latching, the input
bit will retain the state at the time CP1 was activated
until the Peripheral Data Register is read by the MPU.

Peripheral Control Register — This eight-bit register is
used to control the reset function as well as for selec-
tion of optional functions of the two peripheral control
lines (CP1 and CP2). The peripheral Control Register
functions are outlined in Table 8.

r PCR7 I

PCR6 L PCRS l PCR4

PCR3 I PCR2 1 PCR1

CP2 DIRECTION CONTROL
0= CP2is INPUT
1=CP2is OUTPUT

RESET (SET BY EXT. RESET = 0 OR WRITING
ONE INTO LOCATION: CLEARED BY
% WRITING ZERO TO THIS LOCATION)

0= NORMAL OPERATION
1=RESET CONDITION (CLEARS PERIPH
DATA & DATA DIRECTION REG + CSR1 & CSR2)

[ J S |

PCIRD J

CP1INT.ENABLE
0= CP1 INT. MASKED
1=CP1INT. ENABLED

CP1 ACTIVE EDGE SELECT
0= NEGATIVE (1) EDGE
1= POSITIVE (1) EDGE

CP1 INPUT LATCH CONTROL
0=INPUT DATA NOT LATCHED
1=INPUT DATA LATCHED ON ACTIVE CP1

[
CP2is INPUT (PCRS = 0)

1
CP2 15 OUTPUT (PCRS = 1)

PCR4 PCR3

PCRY [ PCR3 0 0 INTERRUPT ACKNOWLEDGE
i | 1] 1 INPUT/GUTPUT ACKNOWLEDGE
CP2 ACTIVE EDGE SELECT CP2 INT. ENABLE PROGRAMMABLE DUTPUT
0= NEGATIVE () EDGE 0= CP2 INT. MASKED 1 00R1 (CP2 REFLECTS DATA

1=POSITIVE (1) EDGE

1=CP2 INT. ENABLED

WRITTEN INTO PCR3)
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Peripheral Port Reset (PCR7) — Bit 7 of the Peripheral
Control Register (PCR7) may be used to initialize the
peripheral section of the S6846. When this bit is set
high, the peripheral data register, the peripheral data
direction register, and the interrupt flags associated
with the peripheral port (CSR1 and CSR2) are all
cleared. Other bits in the peripheral control register are
not affected by PCR7.

PCR7 is set by either a logic zero at the External RE-
SET input or under program control by writing a “one”
into the location. In any case, PCR7 may be cleared
only by writing a zero into the location while RESET
is high. The bit must be cleared to activate the port.

Control of CP1 Peripheral Control Line — CP1 may
be used as an interrupt request to the S6846, as a
strobe to allow latching of input data, or both. In
any case, the input can be programmed to be activated
by either a positive or negative transition of the signal.
These options are selected via Control Register Bits
PCRO, PCR1 & PCR2.

Control Register Bit 0 (PCRO) is used to enable the
interrupt transfer circuitry of the S6846. Regardless
of the state of PCRO, an active transition of CP1 causes
the Composite Status Register Bit One (CSR1) to
be set. If PCRO = 1, this interrupt will be reflected in
the Composite Interrupt Flag (CSR7), and thus at
the TRQ output. CSR1 is cleared by a Timer Reset
condition or by either reading or writing to the periph-
eral data register after the Composite Status Register
is read. The latter alternative is conditional — CSR1
must have been a logic one when the Composite
Status Register was last read. This precludes inad-
vertent clearing of interrupt flags generated between
the time the Status Register is read and the manipu-
lation of peripheral data.

Control Register Bit One (PCR1) is used to select
the edge which activates CP1. When PCR1 = 0, CP1
is active on negative transitions (high to low). Low to
High transitions are sensed by CP1 when PCR1 = 1.

In addition to its use as an interrupt input, CP1 can
be used as a strobe to capture input data in an internal
latch. This option is selected by writing a one into
Peripheral Control Register Bit Two (PCR2). In op-
eration, the data at the pins designated by the Data
Direction Register as inputs will be captured by an
active transition of CP1. An MPU Read of the Periph-
eral Data Register will result in the captured data
being transferred to the MPU — and it also releases
the latch to allow capture of new data. Note that suc-
cessive active transitions with no Read Peripheral Data

S6846

Command between does not update the input latch.
Also, it should be noted that use of the input latch
function (which can be deselected by writing a zero
into PCR2) has no effect on output data. It also does
not affect Interrupt function of CP1.

Control of CP2 Peripheral Control Line — CP2 may
be used as an input by writing a zero into PCR5. In
this configuration, CP2 becomes a dual of CP1 in re-
gard to generation of interrupts. An active transition
(as selected by PCR4) causes Bit Two of the Composite
Status Register to be set. PCR3 is then used to select
whether the CP2 transition is to cause CSR7 to be
set — and thereby cause IRQ to go low. CP2 has no
effect on the input latch function of the S6846.

Writing a one into PCR5 causes CP2 to function as an
output. PCR4 then determines whether CP2 is to be
used in a handshake or programmable output mode.
With PCR4 = 1, CP2 will merely reflect the data written
into PCR3. Since this can readily be changed under
program control, this mode allows CP2 to be a pro-
grammable output line in much the same manner as
those lines selected as outputs by the Data Direction
Register.

The handshaking mode (PCR5 = 1, PCR4 = 0) allows
CP2 to perform one of two functions as selected by
PCR3. With PCR3 = 1, CP2 will go low on the first
Enable (System ¢2) positive transition after a Read or
Write to the Peripheral Data Register. This Input/
Output Acknowledge signal is released (returns high)
on the next positive transition of the Enable signal.

In the Interrupt Acknowledge mode (PCR5=1, PCR4
=PCR3 = 0), CP2 is set when CSR1 is set by an active
transition of CP1. It is released (goes low) on the first
positive transition of Enable after CSR1 has been
cleared via an MPU Read or Write to the Peripheral
Data Register. (Note that the previously described
conditions for clearing CSR1 still apply.)

Restart Sequence — A typical restart sequence for
the S6846 will include initialization of both the Periph-
eral Control and Data Direction Registers of the paral-
lel port. It is necessary to set up the Peripheral Control
Register first, since PCR7 = 0 is a condition for writ-
ing data into the Data Direction Register. (A logic
zero at the external Reset input automatically sets
PCRT7.)

Summary — The S6846 has several optional modes
of operation which allow it to be used in a variety of
applications. The following tables are provided for
reference in selecting these modes.
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Table 9. S6846 Internal Register Addresses

A2 A1 A0 Register Selected

0 0 0 Combination Status Register
0 0 1 Peripheral Control Register
0 1 0 Data Direction Register

0 1 1 Peripheral Data Register

1 0 0 Combination Status. Register
1 0 1 Timer Control Register

1 1 0 Timer MSB Register

1 1 1 Timer LSB Register

X X X ROM Address

Table 10. Composite Status Register

CSR3-CSR6 NOT USED. DEFAULT
[ CsR? ' T0 ZERO WHEN READ ] CSR2 ] CSR1 l CSRO |

| | L |

COMPOSITE INTERRUPT FLAG
0=NO ENABLED INTERRUPT FLAG SET
1= ONE OR MORE ENABLED INTERRUPT FLAGS SET.

INVERSE OF THIS BIT APPEARS AT IRQ OUTPUT

STATUS OF THIS BIT CAN BE EXPRESSED AS:
CSR7 = CSRO - TCRG + CSR1 - PCRO+ CSR2 - PCR3

Table 11. Timer Control Register

CP2 INTERRUPT FLAG
0=NO INT REQ
1=INT REQUESTED

TIMER INTERRUPT FLAG
0=NO INTREQ
1= INT REQUESTED

CP1 INTERRUPT
0=NO INT REQ
1=INT REQUESTED

[ TCR7 ] TCRE | TCRS ] TCR4 l TCR3 l TCR2 TCRt l TCRO
INTERRUP ENABLE L INTERNAL RESET
0= IR0 MASKED 0=TIMER ENABLED
1=IRQ ENABLED 1=RESET STATE

TIMER OUTPUT ENABLE GLOCK SOURCE

0=0UTPUT DISABLED (LOW)
1=0UTPUT ENABLED

FOR CASCADED SINGLE SHOT

0= 0UTPUT GOES LOW AT TIME OUT
1=0UTPUT GOES HIGH AT TIME OUT

0=EXTERNAL CLOCK (CTC)
1=INTERNAL CLOCK (¢2)

+ 8 PRESCALE ENABLE
0=CLOCK NOT PRESCALED
t=CLOCK PRESCALED {= 8)

TCRs | TCR4 TCR3 TIMER OPERATING MODE COUNTER INITIALIZATION INTERRUPT FLAG SET
0 0 0 CONTINUOUS CTGL+W+R T.0.
0 0. 1 CASCADED SINGLE SHOT CTG4+R T.0.
0 i 0 CONTINUOUS CTGy+R TO.
0 1 1 NORMAL SINGLE SHOT CTG4+R T.0.
1 0 0 FREQUENCY COMPARISON CTGL-1- W+T.0)+R CTG4 BEFORE T.0.
1 0 1 CTG4- I+R T.0. BEFORE CTG4
1 1 0 PULSE WIDTH COMPARISON CTG4- I+R TGt BEFORE T.0.
! 1 1 T.0. BEFORE CRGt

R =RESET CONDITION CTG{ = NEG TRANSITIGN OF PIN 17
W =WRITE TIMER LATCHES CTGt = POS TRANSITION OF PIN 17
t

T.0. = COUNTER TIME OUT = INTERRUPT FLAG (CSR0) =0
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Table 12. Peripheral Control Register

S6846

l PCRY [ PCRE I PCRS I PCRA PCR3 l PCR2 [ PCRI | PCRO I
1 |
CP2 DIRECTION CONTROL CP1 INT. ENABLE
0= CP2is INPUT 0= CP1 INT. MASKED
1= CP2is OUTPUT 1=CP1 INT, ENABLED
RESET (SET BY EXT. RESET = 0 OR WRITING CP1 ACTIVE EDGE SELECT
ONE INTO LOCATION: CLEARED BY ?f L“g;’m‘fd”:nggf
WRITING ZERO TO THIS LOCATION) : !
0= NORMAL OPERATION
1 = RESET CONDITION (CLEARS PERIPH g'i',:““:,':,”,ruﬂf;,fng?ﬂ?gbm
DATA & DATA DIRECTION REG + CSR1 & CSR2) 1= INPUT DATA LATCHED ON ACTIVE CP1
I ]
CP2is INPUT (PCRS = 0) PCR4 | PCR3 P2 IS OUTPUT (PCRS = 1)
PCRa PR3 0 0 INTERRUPT ACKNOWLEDGE
T T 0 1 INPUT/QUTPUT ACKNOWLEDGE
CP2 ACTIVE EDGE SELECT CP2 INT. ENABLE PROGRAMMABLE OUTPUT
0= NEGATIVE (1) EDGE 0= CP2 INT. MASKED 1 00R1 |  (CP2 REFLECTS DATA
1=POSITIVE (1) EDGE 1=CP2INT. ENABLED WRITTEN INTO PCR3)
S6846 Custom Programming 9,..,N Data
The preferred method of pattern submission is the Each data byte is represented by two
AMI Hex format as described below with its built-in hex characters. Most significant char-
address space mapping and error checking. This is the acter first.
iormat proo}ucled by t(;le AN{)I Assembler/Loader. ihg N+1,N+2 Checksum
ormat is as follows and may be on paper tape, punche R e
card or other media readable by AMI. In addition the ’SI‘fe Ongsncz):vr}?&ei‘tenzri’;;};? zggg:;z
. . mma ithout c
value for Eq, E1, Eo* isrequired to program the mask.
0,21, 52 q progr bytes, the address, and the byte count.
ASCIT EXAMPLE:
Character Description S113000049E9F10320F0493139F72000F5EQF0011D
S9030000FC
1 Start of record (S) o =
cod o
2 Type of record 8 5= 8
Lx2 5 2
0 — Header record ° 58 ; . B
1 — Data record g5 2 = z
9 — End of file record AN IS
3_4 Bytecount S113000049E9F10320F0493139F72000F5E0F00126
Since each data byte is represented as ;‘N%tels-' tive losi ) B B E rod
two hex characters, the byte count 1};/510(3;11;1)3 :‘%’z Of“;ma s for Eg, By, Eg are accepled.
must be multiplied by two to get the o 4 <« jndicates the chip is enabled by a logic 0. A “1” in-
number of characters to the end of the dicates the chip is enabled by a logic 1.
record. (This includes checksum and 3 Paper tape format is the same as the card format above
except: '
address d?‘ta‘) R,ecorc,ls may be of any a. The record should be a maximum of 80 characters.
length being defined in each record by b. Carriage return and line feed after each record followed
the byte count. by another record. R _
¢. There should not be any extra line feed between records
5,6,7,8 Address Value at all.

The memory location where this record
is to be stored.

d. After the last record, four (4) $$$8$ (dollar) signs should
be punched with carriage return and line feed indicating
end of file.
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Package Dimensions

40-Pin Plastic 40-Pin Ceramic

PIN 1 IDENTIFIER
PIN 1 {DENTIFIER

146 hao
q 1] 1 40
g i
q
g
g
g p
b MARKINGS
p- ] 2.080MAX ON LID
2060 MAX 4 L~ SURFACE
q -1 ONLY
q h |
3 b 0.100 [ |
0.100 d
Ll 0.065 g h 0.065
T 0.040 d b o.tro
0,020 | t b 3
0015 __.__,, q s 0.020 i
{ ﬂ 0.015 .
T © 21 P 21

’ 0580 0.595

0.090 MIN —1‘]- L ey 0.090 MIN 0.200 MAX =e— 0202
4 0610

0.020 MIN 0.200 MAX 0.590 j BEND 0.020 MIN gg;g

\{ )

L L el L

T
—pith

Ordering Information (see note)

Order No. No. Pins Package Temp. Range Description
S6846P 40 Plastic 0°C—+70°C NMOS Combination ROM, 1/0, Timer
S6846 40 Ceramic 0°C—+70°C NMOS Combination ROM, I/0, Timer

Note: Because the 86846 has a ROM in chip for which the bit pattern is customer defined, the part marking will be S6846 — XXX
where 86846 is the basic die and XXX is the customer bit pattern identification number. This number is issued at the time of
ordering. Special part marking is also available upon request.
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S6850

ASYNCHRONOUS COMMUNICATION
INTERFACE ADAPTER (ACIA)

ADVANCE PRODUCT DESCRIPTION

o 8 Bit Bidirecticnal 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.

4) [ CLOCK PARITY
crx | | r GEN’ | GND
r—l rxp (7]
RX
g4 3 TRANSMIT . ¢ B
SHIFT ™D
cso 8 ] TR REGISTER ctx [4]
o) REGISTER
cst'—1{ secect j} rTs [E]
@ &
82 —— RMW
" CONTROL Pl 129 ers ™o [6]
RS —{—
A3 RO d
cso {8
STATUS
REGISTER
- " -
LOGIC
0022 = cs1 1@
@1 L 5¢o
D1 t: B ers Rs [11
20) 1 N
Dz(‘—w— N ] controu vee E;
P31 oata REGISTER ]
pat8l | BUs
0517 BUFFERS 1.250 600
RECEIVE PARITY : r— —»1
o618 ] CONTROL CHECK MAX) Nom)
I
o7t ] I '
L—{ Receve RECEIVE )
DATA SHIFT RxD . 40 as i n
REGISTER REGISTER 5 - 3
020 s vl
(MIN) Max) 2
100 ~090 010 JF
crx-2L cLOCK SYNC (NOM) (MIN} (NOM)
GEN LOGIC
YVee =PIN 12 PIN/PACKAGE CONFIGURATION
GROUND = PIN 1
BLOCK DIAGRAM (Available in Pkgs. 2L, 1W - see Sec. 1)
FEATURES

(] Eight and nine-bit transmission with
optional even and odd parity.

[ Parity, overrun and framing error checking.
L] Programmable control register.

[} Optional +1, +16, and +64 clock modes.

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.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage V¢ -0.3 to +7.0V Operating Temperature Range TA 0to +70°C

Input Voltage Vip -0.3 to +7.0V Storage Temperature Range Tyt —55 to +150°C
P g

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 tuken to avoid application of any voltage higher than maximum rated voltages to this high-impedance
circuit.

DC (STATIC) CHARACTERISTICS
(Vee = 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 Vdce

Input Low Voltage (Normal Operating Levels) ViL -0.3 — +0.4 Vde

Input High Threshold Voltage VIHT +2.0 - - Vdce
All Inputs Except Enable

Input Low Threshold Voltage VILT - — +0.8 Vde
All Inputs Except Enable

Input Leakage Current lin — 1.0 2.5 uAde

(Vi = 0to 5.0 Vdc) )
R/W_ RS.CS0.CS1, €S2, Enable

Three-State (OfT State) Input Current ITSI - 2.0 10 uAde -
(Vin =04 t0 2.4 Vde, Ve = max)  DO-D7,

Output High Voltage VOH +2.4 - - Vde
(ILoad = —100 pAdc, _
Enable Pulse Width < 25 us) All Outputs Except IRQ

Output Low Voltage VoL — — +0.4 Vdc

“Load = 1.6 mAdc)
Enable Pulse Width <25 us

Output Leakage Current (OfF State) IRQ lLoH - 1.0 10 |pAdce
Power Dissipation Pp - 300 525 mW
Input Capacitance Cin pF
(Vin=0,TA=25°C,f=1.0MHz)

DO-D7 o - - — 10

R/W, RS, CS0.CSI1,CS2, RXD, CTS,DCD, CTX, CRX — -

Enable. — . 10
Output Capacitance Cout - — 10 pF

(Vin=0,TA=25°C.f= 1.0 MHz)
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AC (DYNAMIC) CHARACTERISTICS L L
Loading = 130 pF and one TTL load for DO-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, th - — 25 us

FIGURE 1 — READ TIMING CHARACTERISTICS

— TAEW -

+2.4 ’ \
{ tE 0.4V -3
ENABLE

| |- HE

————| TEDR

2.0V ’
ADDRESS
o8v 0.4v

— i<— THR
£ Zov ’
DATA BUS
0.8V . 0av

WRITE TIMING CHARACTERISTICS (Figure 2)

Characteristic Symbol Min. Typ.| Max. Unit
Enable Pulse Width Tg 0.470 — 25 us
Setup Time, Address valid to Enable positive transition TAEW 180 — — ns
Setup Time, Data valid to Enable netative transition TDsu 300 — — ns
Setup time, Read/Write negative transition to Enable positive transition TWE 130 — — ns
Data Bus Hold Time THw 10 — - ns

FIGURE 2 — WRITE TIMING CHARACTERISTICS

- TE

o N\ S
0.4v
ENABLE

TAEW i f~a— TOSU

20V

ADDRESS

READ WRITE _W—TWE —’1 2.4V
.8V
0.8 0.4v

— [— THW

- 20v
DATA BUS
N2 A - 0.4v
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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 PWepL 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 TIRQR 1.2 usec
Delay Time, Enable to RTS TRTS 1.0 usec-

FIGURE 3 — TRANSMIT/RECEIVE TIMING

TRANSMIT CLOCK “ Pwel gV £ 2.0
(€TX) s

RECEIVE CLOCK 8v . |—— Pwey
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MPU/ACIA INTERFACE
Pin . Label

22) DO
(21) Dl
20) D2
(19) D3
(18) D4
(17) D5
(16) D6
(15) D7
(14) E
13) R/W
8) CSO
(10) sl
) CS2
(1) RS
M IRQ

$6850

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 arid the appropriate iriterrupt enable within the
ACIA is set.

ACIA/MODEM OR PERIPHERAL INTERFACE

Pin
)

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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Pin
(3)

)

(6)

(24)

5

(23)

(12)
.

Label

CRX

RXD

TXD

CTS

RTS

DCD

Vee
GND

S6850

FUNCTION

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.

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.

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.

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).

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.

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.

+5 volts + 5%

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

S6850

BUFFER ADDRESS
RS ® R/W RS o R/W RS e R/W RS eR/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. 1 (CRO) Full (RDRF)
1 Data Bit 1 Data Bit 1 Clk. Divide Tx Data Reg.
Sel. 2(CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Sel. 1 _ Data Carrier
(CR2) Det. (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 Receiver Overrun
(CRS) (OVRN)
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 may 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

3.95

S6850

(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 (IRQ) [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 service 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




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

7 Bits + Even Parity + 2 Stop Bits
7 Bits + Odd Parity + 2 Stop Bit
7 Bits + Even Parity + 1 Stop Bit
7 Bits + Odd Parity + 1 Stop Bit
8 Bits + 2 Stop Bits

8 Bits + 1 Stop Bit

8 Bits + Even Parity + 1 Stop Bit
8 Bits + Odd Parity + 1 Stop Bit

—_——— 0O 0O
—_O e O = O = O

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
Transmit 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
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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



Register is empty. This character is transferred to a shift
register where it is serialized and transmitted trom the Tx Data
output preceded by a start bit and tfollowed 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 transnussion 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.
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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.




ADVANCED PRODUCT DESCRIPTION

S68A50/S68B50

AMI

ASYNCHRONOUS COMMUNICATION

Features

O

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

Oo0oo0ooao

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

Ooo0ooad

IN

TERFACE ADAPTER (ACIA)

General Description

The S68A50/S68B50 Asynchronous Communications
Interface Adapter (ACIA) provides the data formatting
and control to interface serial asynchronous data com-
munications to bus organized systems such as the
S68A00/S68B00 Microprocessing Units.

The S68A50/S68B50 includes select enable, read/
write, interrupt and bus interface logic to allow data
transfer over an eight-bit bidirectional 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
division ratios and transmit control through the Re-
quest to Send output may be programmed. For modem
operation three control lines are provided.

Block Diagram Pin Configuration
(8} % CLOCK PARITY
- -
1 N TRANSHIT
£ ® TRANSMIT SHIFT il TXD
cso —} 1 1 DATA 14 REGISTER
oo REGISTER i .
cs1-—1—  seLECT ‘ ovo[]1 2 []o7s
= 9 & -
CSZ—J AW TRANSMIT 28 o5 axo[] 2 23 []6¢6
s 1 conThoL CONTROL
crx[] s 22 []oo
w12 ! i
:1'><]:1 a 21 [Jor
STATUS : _
REGISTER " s [] s 20 []o2
‘y INTERRUPT RUR T
Logic
(22 o f]s i pnz
] ! 3 g ° 56850
- — iRG 1
M ) vs maf] s [Jos
o2
) <: CONTROL o] s 1 []os
D3 E_ DATA REGISTER
08 1 Bus wz[] e 16 {Jos
unf | surres
s 244 RECEIVE PARITY
us”—s'—l CONTROL 1 CcHECK CS'[ 10 15 :]'"
a5
w ——r T rs[] 11 1 {Je
RECEIVE RECEIVE @ ~
B q o AXD 7 vee[] 12 13 ] R
REGISTER REGISTER
A 1 877253
CRX 3 CLOCK SYNC
cev [ Losic
Veg = PIN 12
7677 GROUND = PIN 1
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Absolute Maximum Ratings

Supply Voltage . .........c.ciiiii i e e .... -0.3Vto+7.0V
Input Voltage ......... e e BN e -0.3V to +7.0V
Operating Temperature RANge ... ... .ovuit ettt ittt iie e nnas 0°C to +70°C
Storage Temperature Range .................... e ceeiiiee.... =BB°Cto +150°C
Note:

This device contains circuitry to protect the inputs against damage due to high static voltages or electrical 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.

Electrical Characteristics (Voo = +5.0V +5%, Vgg = 0, Tp = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter I Min, |Typ.| Max. |Units | Conditions
VIH Input High Voltage (normal operating level) Vgg+2.0 Vee Vde
ViL Input Low Voltage (normal operating level) Vgg-0.3 Vgg+0.8 | Vde
IIN Input Leakage Current R/W,ES, CS0, CS1, CS2, Enable 1.0 2.5 uAdc | Vin = 0Vde to 5.25Vde
Itst Three-State (Off State) Input Current DO-D7 2.0 10 pAdc | VN =0.4Vdc to 2.4Vde
Vol | Output High Voltage (all outputs except IRQ)
DO0-D7 | Vgg+2.4 Vde I1,0AD = - 205u Adc,
Enable Pulse Width <25us
Tx Data, RTS | Vgg+2.4 Vde I,0AD = -100pAdc,
Enable Pulse Width <25us
VoL | Output Low Voltage (Enable pulse width < 25us) Vgg+0.4 | Vde IL,oAD = 1.6mAdc,
Enable Pulse Width <25us
1,04 |Output Leakage Current (Off State) 1IRQ 1.0 10 wAde | Vo = 2.4Vdc
Pp Power Dissipation 300 525 mW
CIN Input Capacitance
DO-D7 10 12.5 pF
E,Tx,CLK,Rx Clk,R/W,RS,Rx Data,
CS0,CS1,CS2,RXD,CTS,DCD,CTX,CRX 7.0 7.5 pF VIN=0, Ty = 25°C,
CouTt | Output Capacitance RTS,Tx Data 10 pF f=1.0MHz
IRQ 5.0 pF
PWer, Minimum Clock Pulse Width, Low +16, +64 Modes 600 ns
PWcy | Minimum Clock Pulse Width, High +16, +64 Modes 600 ns
fc Clock Frequency +1 Mode 500 kHz
+16, +64 Modes 800 kHz
tTpp | Clock-to-Data Delay for Transmitter 1.0 us
tRDSU | Receive Data Setup Time +1 Mode 500 ns
tRDH | Receive Data Hold Time ) +1 Mode 500 ns
iR Interrupt Request Release Time 1.2 us
tRTS | Request-to-Send Delay Time . 1.0 us
ty.te Input Transition Times (Except Enable) 1.0% us

*1,0u or 10% of the pulse width, whichever is smaller,
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Bus Timing Characteristics (Vo = +5.0V 5%, Vgg = 0, T = 0°C to +70°C unless otherwise noted.)

Read
S68A50 S68B50

Symbol | Parameter Min. Max. Min. Max. Units
teycF Enable Cycle Time 0.666 0.50 us
PWgp | Enable Pulse Width, High 0.28 25 0.22 25 us
PWgr, | Enable Pulse Width, Low 0.28 0.21 us
AS | o Eable Posiive Tramsition. 140 " ns
tDDR Data Delay Time 220 180 ns
tH Data Hold Time 10 10 ns
tAH Address Hold Time 10 10 ns
tEy, tgg | Rise and Fall Time for Enable Input 25 25 ns

Write

S68A50 S68B50

Symbol | Parameter Min. Max. Min. Max. Units
teycE | Enable Cycle Time ’ 0.666 0.50 us
PWgy | Enable Pulse Width, High . 0.28 25 0.22 25 us
PWg1, | Enable Pulse Width, Low 0.28 0.21 us
R ) Ve T .
tpsw | Data Setup Time 80 60 ns
tH Data Hold Time 10 10 ns
tAH Address Hold Time 10 10 ns
try, tgf | Rise and Fall Time for Enable Input 25 25 ns
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Figure 1. Clock Pulse Width, Low State

TxCLK
or
Rx CLK

[ PWCL

Figure 2. Clock Pulse Width, High State
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Figure 3. Transmit Data Output Delay
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Figure 4. Receive Data Setup Time
(+1 Mode}

20v
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0.8V
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Figure 5. Receive Data Hold Time

Figure 6. Request-to Send Delay and

(+1 Mode) Interrupt-Request Release Times
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Figure 7. Bus Read Timing Characteristics Figure 8. Bus Write Timing Characteristics
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S68A50/S68B50

Bus Timing Test Loads

o LOAD B
(D0-D7, RTS, Tx DATA) (TRQ ONLY)
5.0V
5.0V
RL =25k 3k
TEST POINT MMODGE150
R EQUIV
c R
TEST POINT
MMO7000
OR EQUIV.
I 100pF
C = 130pF FOR 00-D7 R=11.7kQ2FOR 00-D7
817254 = 30pF FOR RTS AND Tx DATA = 20kLFOR RTS AND Tx DATA
Expanded Block Diagram
TRANSMIT CLOCK 4 CLOCK PARITY
GEN 6
ENABLE 14 ——1 &
READ/WRITE 13—
CHIP
CHIPSELECTO 8 —=  (peer TRANSMIT TRANSMIT
CHIPSELECT 1 10— AND DATA X SHIFT [ § TRANSMIT DATA
THPSELECT 7 READ/WRITE REGISTER REGISTER
P
CHIPSELECTZ § —3el AEOOMAIT
REGISTER SELECT 11 ———m{ T
TRANSMIT
CONTROL —
<—r——— 24 TLEAR-TO-SEND

STATUS
REGISTER

INTERRUPT

TRTERRUPT REQUEST
LoBIC {——— 7 TNTERRUPT REQUEST

03 19 wt—p] DATA

BUS
04 18 ~—{ BUFFERS

f 23 DATA CARRIER DI

» 5 REQUEST-T0-SEND
D6 16 ~t—=] _—_——‘—J> 5 REQUEST-TO-SENI

D7 15 ] CONTROL
REGISTER Y
- RECEIVE - PARITY
CONTROL CHECK
‘ [
Vop = PIN 12 RECEIVE RECEIVE
Veg =PIN 1 DATA SHIFT 2 RECEIVE DATA
REGISTER REGISTER
€LOCK SYNC
GEN * LOGIC «
RECEIVE CLOCK 3

877252
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MPU/ACIA Interface

Pin Label Function

(22) DO ACIA Bidirectional Data Lines — The bidirectional data lines (D0-D7) allow for data
(21) D1 transfer between the ACIA and the MPU. The data bus output drivers are three-state
(20) D2 devices that remain in the high impedance (off) state except when the MPU performs
(19) D3 an ACIA read operation. The Read/Write line is in the read (high) state when the ACIA
(18) D4 is selected for a read operation.

17) D5

(16) D6

(15) D7

(14) E ACIA Enable Signal — The Enable signal (E) is a high impedance TTL compatible in-

put 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.

(13) R/W 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.
(8) CSO Chip Select Signals — These three high impedance TTL compatible input lines are used
(10) Cs1 to address an ACIA. A particular ACIA is selected when CS0O and CS1 are high and CS2
9) CS2 is low. Transfers of data to and from ACIA are then performed under the control of

Enable, Read/Write and Register Select.

(11) RS 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.

(7)

H
&

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 with-
in the ACIA is set.
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ACIA/Modem or Peripheral Interface

Pin

(4)

3)

(2)

(6)

(24)

(5)

(23)

(12)

1)

Label
CTX

CRX

RXD

TXD

DCD

Vee

GND

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. '

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.

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. Synchro-
nization 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 500Kbps
when external synchronization is utilized.

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.

Clear-to-Send — This high impedance TTL compatible input provides automatic con-
trol 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).

Request-to-Send — The Request-to-Send output enables the MPU to control a periph-
eral 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.

Data Carrier Detected — This high impedance TTL compatible input provides auto-
matic 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 in-
hibits and initializes the receiver section of the ACIA when high. A low to high tran-
sition of the Data Carrier Detect initiates an interrupt to the MPU to indicate the oc-
currence of a loss of carrier when the Receiver Interrupt Enable (RIE) is set.

+5volts +5%

Ground
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Application Information

Internal Registers — The ACIA has four internal regis-
ters 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

S68A50/S68B50

Buffer Address _
RSe R/W RSe R/W RS e R/W RS e R/W
Data Bus Transmit Received
Line Data Data 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)
(CR5)
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
*x 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] — Re-
ceiver 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 in-
dicates that the Transmit Data Register contents have
been transferred and that new data may 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 Re-
set 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 Trans-
mit 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.

S68A50/S68B50

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 synchroni-
zation error, faulty transmission, or a break condition.
The framing error flag is set or reset during the re-
ceiver 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 be-
gins 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 un-
til Overrun is reset. Character synchronization is main-
tained during the Overrun condition. The overrun in-
dication is reset after the reading of data from the Re-
ceiver Data Register. Overrun is also reset by the Master
Reset.

Parity Error (PE) [Bit 6] — The parity error flag in-
dicates 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 par-
ity is selected, then both the transmitter parity gener-
ator output and the receiver parity check results are
inhibited.

Interrupt Request (IRQ) [Bit 7] — The IRQ bit in-
dicates the state of the IRQ output. Any interrupt
that is set and enabled will be indicated in the status
register. Any time the TRQ output is low the IRQ bit
will be high to indicate the interrupt or service request
status.

3.106



Control Register — The ACIA Control Register con-
sists 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 re-
ceiver and transmitter. Note that after a power-on or
a power-fail restart, these bits must be set High to re-
set 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

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 Bits
0o 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
101 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.
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Transmitter Control Bits (CR5and CR6) —Two Trans-
mitter Control bits provide for the control of the
Transmitter Buffer Empty interrupt output, the Re-
quest-to-Send output and the transmission of a
BREAK level (space). The following encoding format
is used:

CR6 CR5 Function

0 0 RTS = low, Transmitting Interrupt Dis-
abled

0 1 RTS = low, Transmitting Interrupt En-
abled

1 0 RTS = high, Transmitting Interrupt Dis-
abled

1 1 RTS = low, Transmitting Interrupt Dis-

abled and Transmits a BREAK level on
the Transmit Data Output.

Receiver Interrupt Enable Bit (RIE) (CR7) — The In-
terrupts 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 Transmit Data Register during the peripheral en-
able time (E) when the ACIA has been addressed and
RS o 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 char-
acter 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.
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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 Re-
ceiver Data Register with RS and R/W high when the
ACIA isenabled. 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 out-
put transitions. This power-on reset latch can only be
released by the master reset function via the control
register: bits bg and b1 are set ‘“high” for a master re-
set. After master resetting the ACIA, the program-
mable control register can be set for a number of op-
tions 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 se-
quence. A character may be written into the Trans-
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mitter Data Register if the status read operation has
indicated that the Transmit Data Register is empty.
This character is transferred to a shift register where
it is serialized and transmitted from the Tx Data out-
put 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 be-
tween 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 char-
acter is in the process of being transmitted. This sec-
ond 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 transmitted.

Receiver — Data isreceived 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 de-
tection 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 re-
ceiving sequence, the status register is read to deter-
mine 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 com-
mand 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

S6852

Features

O

|
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O 0O

Programmable Interrupts from Transmitter,
Receiver, and Error Detection Logic

Character Synchronization on One or Two
Sync Codes

External Synchronization Available for
Parallel-Serial Operation

Programmable Sync Code Register
Up to 600kbps Transmission
Peripheral/Modem Control Functions

Three Bytes of FIFO Buffering on Both
Transmit and Receive

Seven, Eight, or Nine Bit Transmission
Optional Even and Odd Parity
Parity, Overrun, and Underflow Status

SYNCHRONOUS SERIAL
DATA ADAPTER (SSDA)

General Description

The S6852 Synchronous Serial Data Adapter provides
a bi-directional serial interface for synchronous data
information interchange. It contains interface logic for
simultaneously transmitting and receiving standard
synchronous communications characters in bus organ-
ized systems such as the S6800 Microprocessor
systems.

The bus interface of the S6852 includes select, enable,
read/write, interrupt, and bus interface logic to allow
data transfer over an 8-bit bi-directional data bus.
The parallel data of the bus system is serially trans-
mitted and received by the synchronous data interface
with synchronization, fill character insertion/deletion,
and error checking. The functional configuration of
the SSDA is programmed via the data bus during
system initialization. Programmable control registers
provide control for variable word lengths, transmit
control, receive control, synchronization control, and
interrupt control. Status, timing and control lines
provide peripheral or modem control.

Typical applications include floppy disk controllers,

cassette or cartridge tape controllers, data communica-
tions terminals, and numerical control systems.

Block Diagram
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SELECT AND CONTROL

.

-

I
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8[| ur os [
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Pin Configuration

———
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Maximum Ratings

$6852

Supply Voltage
Input Voltage
Operating Temperature Range

Storage Temperature Range .......

Thermal Resistance

-0.3V to +7.0V
-0.3V to +7.0V
.. 0°Cto +70°C
-55°C to +150°C
+70°C/W

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.

Electrical Characteristics (Vo = +5.0V 5%, Vgg = 0, Ta = 0°C to 70°C unless otherwise noted.)

Symbol Parameter Min. Typ. Max. Units Conditions
ViH Input High Voltage Vgs + 2.0 Vde
ViL Input Low Voltage Vgs +0.8 Vdc
Iin Input Leakage Current Tx Clk, Rx Clk, Rx Data, Enable, 1.0 2.5 uAde Vin = 0Vde to 5.25Vde
Reset, RS, R/W, TS, DCD, CTS
Ipsi Three -State (Off State) Input Current DO-D7 2.0 10 uAde Vin = 0.4Vdc to 2.4Vde,
Ve = 5.25Vde
VoH Output High Voltage DO0-D7 Vgs + 2.4 Vde I10ad = - 205uAde,
. Enable Pulse Width <25us
Tx Data, DTR, TUF Vss + 2.4 I1,0ad = —~100uAdc,
Enable Pulse Width <25us
VoL Output Low Voltage Vgs + 0.4 Vde ILoad = 1.6mAdc,
Enable Pulse Width <25us
ILoH Output Leakage Current (Off State) 1IRQ 1.0 10 pnAde VoH = 2.4Vde
Pp " Power Dissipation 300 525 mW
Cin Input Capacitance DO-D7 12.5 pF Vin=0,Tap = 25°C,
Other Inputs 7.5 f=1.0MHz
Cout Output Capacitance Tx Data, SM/DTR, TUF, IRQ 10 pF Vin =0, Ta = 25°C,
5.0 f=1.0MHz
PWcrL, Minimum Clock Pulse Width, Low 700 ns Figure 1
PWcH Minimum Clock Pulse Width, High 700 ns Figure 2
fc Clock Frequency 600 kHz
tRDSU Receive Data Setup Time 350 ns Figure 3,7
tRDH Receive Data Hold Time 350 ns Figure 3
tsm Sync Match Delay Time 1.0 us Figure 3
tTDD Clock-to-Data Delay for Transmitter 1.0 us Figure 4
tTUF Transmitter Underflow 1.0 us Figure 4, 6
tDTR DTR Delay Time 1.0 us Figure 5
IR _ Interrupt Request Release Time 1.2 us Figure 5
tRes Reset Minimum Pulse Width 1.0 us
tcTs CTS Setup Time 200 ns Figure 6
tpeop DCD Setup Time 500° ns Figure 7
tr, tf Input Rise and Fall Times (except Enable) 1.0* us 0.8V to 2.0V

*1.0us or 10% of the pulse width, whichever is smaller.

Figure 1. Clock Pulse Width, Low-State
MCL
Tx Cik

Rx Ok
0.3V

Figure 2. Clock Pulse Width, High-State"

Rx Clk

Py
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Bus Timing Characteristics

Read
Symbol Parameter Min. | Typ. | Max. | Unit Conditions
teycE Enable Cycle Time 1.0 us
PWEnh Enable Pulse Width, High 0.45 25 us
PWEL, Enable Pulse Width, Low 0.43 us
tAS Setup Time, Address and R/W valid 160 ns Figures
to Enable positive transition 8 and 10
tDDR Data Delay Time 320 ns
ty Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tEy, tEF Rise and Fall Time for Enable input 25 ns
Write
Symbol Parameter Min. | Typ. | Max. | Unit | Conditions
teycE Enable Cycle Time 1.0 us
PWEH Enable Pulse Width, High 0.45 25 us
PWgy, Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and R/W valid 160 ns Figures
to Enable positive transition 9and 10
tpsw Data Setup Time 195 ns
tH Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tEr, tEf Rise and Fall Time for Enable input 25 ns

Figure 3. Receive Data Setup and Hold Times and Sync
Delay Time )

Rx Clk - 7

tRDSU ———

A~ 20V
Rx DATA sV

Do

NI OQNNNNNX

n=NUMBER OF BITS IN CHARACTER
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=1 Rx Clk
R ——
PERIOD
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Figure 4. Transmit Data Output Delay and Transmitter
Underflow Delay Time
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Figure 10. Bus Timing Test Loads
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Expanded Block Diagram
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Device Operation

At the bus interface, the SSDA appears as two ad-
dressable memory locations. Internally, there are seven
registers: two read-only and five write-only registers.
The read-only registers are Status and Receive Data;
the write-only registers are Control 1, Control 2, Con-
trol 3, Sync Code and Transmit Data. The serial inter-
face consists of serial input and output lines with
independent clocks, and four peripheral/modem
control lines.

Data to be transmitted is transferred directly into the
3-byte Transmit Data First-In First-Out (FIFO)
Register from the data bus. Availability of the input
to the FIFO isindicated by a bit in the Status Register;
once data is entered, it moves through the FIFO to
the last empty location. Data at the output of the
FIFO is automatically transferred from the FIFO to
the Transmitter Shift Register as the shift register
becomes available to transmit the next character. If
data is not available from the FIFO (underflow con-
dition), the Transmitter Shift Register is automatically
loaded with either async code oran all ““1”’s character.
The transmit section may be programmed to append
loaded with either async code or an all <“1”’s character.
The transmit section may be programmed to append
even, odd, or no parity to the transmitted word. An
external control line (Clear-to-Send) is provided to
inhibit the transmitter without clearing the FIFO.

Serial data is accumulated in the receiver based on the
synchronization mode selected. In the external sync
mode, used for parallel-serial operation, the receiver
is synchronized by the DCD (Data Carrier Detect)
input and transfers successive bytes of data to the
input of the Receiver FIFO. The single-sync-character
mode requires that a match occur between the Sync
Code Register and one incoming character before data
transfer to the FIFO begins. The two-sync-character
mode requires that two sync codes be received in se-
quence to establish synchronization. Subsequent to
synchronization in any mode, data is accumulated in
the shift register, and parity is optionally checked. An
indication of parity error is carried through the
Receiver FIFO with each character to the last empty
location. Availability of a word at the FIFO output
is indicated by a bit in the Status Register, as is a
parity error.

The SSDA and its internal registers are selected. by
the address bus, Read/Write (R/W) and Enable control
lines. To configure the SSDA, Control Registers are
selected and the appropriate bits set. The Status Regis-
ter is addressable for reading status.

$6852

Other I/O lines, in addition to Clear-to-Send (C—TS)
and Data Carrier Detect (DCD), include SM/DTR
(Sync Match/Data Terminal Ready) and Transmitter
Underflow (TUF). The transmitter and receiver each
have individual clock inputs allowing simultaneous
operation under separate clock control. Signals to the
microprocessor are the Data bus and Interrupt
Request (IRQ).

Initialization

During a power-on sequence, the SSDA is reset via
the Reset input and internally latched in a reset con-
dition to prevent erroneous output transitions. The
Sync Code Register, Control Register 2, and Control
Register 3 should be programmed prior to the pro-
grammed release of the Transmitter and/or Receiver
Reset bits; these bits in Control Register 1 should be
cleared after the Reset line has gone high.

Transmitter Operation

Data is transferred to the transmitter section in parallel
form by means of the data bus and Transmit Data
FIFO. The Transmit Data FIFO is a 3-byte register
whose status is indicated by the Transmitter Data
Register Available status bit (TDRA) and its associated
interrupt enable bit. Data is transferred through the
FIFO on Enable (E) pulses. Two data transfer modes
are provided in the SSDA. The 1-byte transfer mode
provides for writing data to the transmitter section
(and reading from the receiver section) one byte at a
time. The 2-byte transfer mode provides for writing
two data characters in succession.

Data will automatically transfer from the last register
location in the Transmit Data FIFO (when it contains
data) to the Transmitter Shift Register during the last
half of the last bit of the previous character. A character
is transferred into the Shift Register by the Transmitter
Clock. Data is transmitted LSB first, and odd or even
parity can be optionally appended. The unused bit
positions in short word length characters from the
data bus are “don’t cares.” (Note: The data bus inputs
may be reversed for applications requiring the MSB
to be transferred first, e.g., IBM format for floppy
disks; however, care must be taken to properly program
the control registers — Table 1 will have its bit posi-
tions reversed.) ’

When the Shift Register becomes empty and data is

not available for transfer from the Transmit Data

FIFO, an “underflow” occurs, and a character is
inserted into the transmitter data stream to maintain
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character synchronization. The character transmitted
on underflow will be either a “Mark” (all “1”s) or
the contents of the Sync Code Register, depending
upon the state of the Transmit Sync Code on Under-
flow control bit. The underflow condition is indicated
by a pulse (=1 Tx Clk high period) on the Underflow
output (when in Tx Sync on underflow mode). The
Underflow output occurs coincident with the transfer
of the last half of the last bit preceding the underflow
character. The Underflow status bit is set until cleared
by means of the Clear Underflow control bit. This
output may be used in floppy disk systems to syn-
chronize write operations and for appending CRCC.

Transmission is initiated by clearing the Transmitter
Reset bit in Control Register 1. When the Transmitter
Reset bit is cleared, the first full positive half-cycle of
the Transmit Clock will initiate the transmit cycle,
with the transmission of data or underflow characters
beginning on the negative edge of the Transmit Clock
pulse which started the cycle. If the Transmit Data
FIFO was not loaded, an underflow character will be
transmitted (see Figure 4).

.The Clear-to-Send (CTS) input provides for automatic
control of the transmitter by means of external system
hardware; e.g., the modem CTS output provides the
control in a data communications system. The CTS
input resets and inhibits the transmitter section when
high, but does not reset the Transmit Data FIFO. The
TDRA status bit is inhibited by CTS being high in
either the one-sync-character or two-sync-character
mode of operation. In the external sync mode, TDRA
is unaffected by CTS in order to provide Transmit
Data FIFO status for preloading and operating the
transmitter under the control of the CTS input. When
the Transmitter Reset bit (Tx Rx) is set, the Transmit
Data FIFO becomes available for new data with
TDRA inhibited.

Receiver Operation

Data and a presynchronized clock are provided to the
SSDA receiver section by means of the Receive Data
(Rx Data) and Receive Clock (Rx Clk) inputs. The
datais a continuous stream of binary data bits without
means for identifying character boundaries within the
stream. It is, therefore, necessary to achieve character
synchronization for the data at the beginning of the
data block. Once synchronization is achieved, it is
assumed to be retained for all successive characters
within the block.

Data communications systems utilize the detection of
sync codes during the initial portion of the preamble
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to establish character synchronization. This requires
the detection of a single code or two successive sync
codes. Floppy disk and cartridge tape units require
sixteen bits of defined preamble and cassettes require
eight bits of preamble to establish the reference for
the start of record. All three are functionally equiva-
lent to the detection of sync codes. Systems which do
not utilize code detection techniques require custom
logic external to the SSDA for character synchroniza-
tion and use of the parallel-to-serial (external sync)
mode. (Note: The Receiver Shift Register is set to
ones when reset.)

Synchronization

The SSDA provides three operating modes with respect
to character synchronization: - one-sync-character
mode, two-sync-character mode, and external sync
mode. The external sync mode requires synchroniza-
tion and control of the receiving section through the
Data Carrier Detect (DCD) input (see Figure 7). This
external synchronization could consist of direct line
control from -the transmitting end of the serial data
link or from external logic designed to detect the start
of the message block. The one-sync-character mode
searches on a bit-by -bit basis until a match is achieved
between the data in the Shift Register and the Sync
Code Register. The match indicates character synchro-
nization is complete and will be retained for the
message block. In the two-sync-character mode, the
receiver searches for the first sync code match on a
bit -by -bit basis and then looks for a second successive
sync- code character prior to establishing character
synchronization. If the second sync code character is
not received, the bit-by-bit search for the first sync
code is resumed. i

Sync codes received prior to the completion of syn-
chronization (one or two character) are not transferred
to the Receive Data FIFO. Redundant sync codes
during the preamble or sync codes which occur as
“fill characters” can automatically be stripped from
the data, when the Strip Sync control bit is set, to
minimize system loading. The character synchroniza-
tion will be retained until cleared by means of the
Clear Sync bit, which also inhibits synchronization
search when set.

Receiving Data

Once synchronization has been achieved, subsequent
characters are automatically transferred into the Re-
ceive Data FIFO and clocked through the FIFO to
the last empty location by E pulses (MPU System ¢2).
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The Receiver Data Available status bit (RDA) indicates
when data is available to be read from the last FIFO
location (#3) when in the 1-byte transfer mode. The
2-byte transfer mode causes the RDA status bit to
indicate data is available when the last two FIFO regis-
ter locations are full. Data being available in the Receive
Data FIFO causes an interrupt request if the Receiver
Interrupt Enable (RIE) bit is set. The MPU will then
read the SSDA Status Register, which will indicate
that data is available for the MPU read from the Re-
ceive Data FIFO register. The IRQ and RDA status
bits are reset by a read from the FIFO. If more than
one character has been received and is resident in the
Receive Data FIFO, subsequent E clocks will cause
the FIFO to update and the RDA and IRQ status bits
will again be set. The read data operation for the
2-byte transfer mode requires an intervening E clock
between reads to allow the FIFO data to shift. Option-
al parity is automatically checked as data is received,
and the parity status condition is maintained with
each character until the data is read from the Receive
Data FIFO. Parity errors will cause an interrupt request
if the Error Interrupt Enable (EIE) has been set. The
parity bit is not transferred to the data bus but must
be checked in the Status Register. NOTE: In the
2-byte transfer mode, parity should be checked prior
to reading the second byte, since a FIFO read clears
the error bit.

Other status bits which pertain to the receiver section
are Receiver Overrun and Data Carrier Detect (DCD).
The Overrun status bit is automatically set when a
transfer of a character to the Receive Data FIFO
occurs and the first register of the Receive Data FIFO
is full. Overrun causes an interrupt if Error Interrupt
Enable (EIE) has been set. The transfer of the over-
running character into the FIFO causes the previous
character in the FIFO input register location to be lost
The Overrun status bit is cleared by reading the Status
Register (when the overrun condition is present), fol-
lowed by a Receive Data FIFO Register read. Overrun
cannot occur and be cleared without providing an
opportunity to detect its occurrence via the Status
Register.

A positive transition on the DCD input causes an
interrupt if the EIE control bit has been set. The
interrupt caused by DCD is cleared by reading the
Status Register when the DCD status bit is high, fol-
lowed by a Receive Data FIFO read. The DCD status
bit will subsequently follow the state of the DCD
input when it goes low.
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Input/Output Functions
SSDA Interface Signals for MPU

The SSDA interfaces to the S6800 MPU with an 8-bit
bi-directional data bus, a chip select line, a register
select line, an interrupt request line, read/write line,
an enable line, and a reset line. These signals, in con-
junction with the S6800 VMA output, permit the
MPU to have complete control over the SSDA.

SSDA Bi-Directional Data (D0-D7)—The bi-directional
data lines (D0-D7) allow for data transfer between
the SSDA and the MPU. The data bus output drivers
are three-state devices that remain in the high-impe-
dance (off) state except when the MPU performs an
SSDA read operation.

SSDA Enable (E) — The Enable signal, E, is a high
impedance TTL compatible.input that enables the
bus input/output data buffers, clocks data to and
from the SSDA, and moves data through the FIFO
Registers. This signal is normally the continuous S6800
System ¢2 clock, so that incoming data characters are
shifted through the FIFO.

Read/Write (R/W) — 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
SSDA’s input/output data bus interface. When Read/
Write is high (MPU read cycle), SSDA output drivers
are turned on if the chip is selected and a selected
register is read. When it is low, the SSDA output drivers
are turned off and the MPU writes into a selected
register. The Read/Write signal is also used to select
read-only or write-only registers within the SSDA.

Chip Select (CS) — This high impedance TTL compati-
ble input line is used to address the SSDA. The SSDA
is selected when CS is low. VMA should be used in
generating the CSinput to insure that false selects will
not occur. Transfers of data to and from the SSDA
are then performed under the control of the Enable
signal, Read/Write, and Register Select.

Register Select (RS) — The Register Select line is a
high impedance input that is TTL compatible. A high
level is used to select Control Registers C2 and C3,
the Sync Code Register, and the Transmit/Receive
Data Registers. A low level selects the Control 1 and
Status Registers (see Table 1).
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Table 1. SSDA Programming Model
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CONTROL | ADDRESS
REGISTER INPUTS | CONTROL REGISTER CONTENT
RS |RMW | AC2 [AC1 BIT7 BIT 6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
STATUS(S) | 0 | 1 X | X | INTERRUPT | RECEIVER | RECEIVER TRANS- CLEAR-TO- DATA TRANS- RECEIVER
REQUEST PARITY OVERRUN MITTER SEND CARRIER MITTER DATA
(IRQ) ERROR (Rx Ovrn) | UNDERFLOW [CTS) DETECT DATA AVAILABLE
{PE) (TUF) DCD REGISTER (RDA)
AVAILABLE
(TDRA)
CONTROL1 | 0 | 0 | X | X | ADDRESS | ADDRESS | RECEIVER TRANS- CLEAR STRIPSYNE | TRANS- RECEIVER
()] CONTROL 2 | CONTROL 1 | INTERRUPT | MITTER SYNC  |CHARACTERS| MITTER RESET
(AC2) (ACT) ENABLE | INTERRUPT (STRIPSYNC) | RESET (Rx Rs)
(RIE) ENABLE (Tx Rs)
(TIE)
RECEIVE 1 X | x D7 D6 D5 D4 D3 D2 01 Do
DATA FIFO
CONTROL2 | 1 | 0 0 0 ERROR TRANSMIT WORD WORD WORD 1-BYTE/  {PERIPHERAL | PERIPHERAL
(c2) INTERRUPT | SYNC CODE | LENGTH LENGTH LENGTH 2-BYTE CONTROL 2 | CONTROL 1
ENABLE ON SELECT3 | SELECT2 SELECT 1 | TRANSFER (PC2) {PC1)
(EIE) UNDERFLOW (ws3) (ws2) ws1) (1-BYTE/
(Tx Sync} 2-BYTE)
CONTROL3 | 1 | 0 0 1| NOTUSED | NOTUSED | NOTUSED | NOT USED CLEAR CLEARTTS | ONE-SYNC- | EXTERNAL/
(c3) TRANS- STATUS  [CHARACTER/| INTERNAL
MITTER | (CLEARCTS) | TWO-SYNC- | SYNC MODE
UNDERFLOW CHARACTER | CONTROL
STATUS MODE (E/I Sync)
(CTUF) CONTROL
(1 Sync/
2 Sync)
SYNC CODE 1 0 1 0 D7 D6 DS D4 D3 D2 D1 0o
TRANSMIT 110 1 1 D7 D6 il D4 D3 D2 D1 Do
DATA FIFO
X = DON'T CARE
Status Register RIE Bit 5 When “1”, enables interrupt on
IRQ Bit 7 The IRQ ﬂag is cleared when the source RDA (8 Bit 0).
of the IRQ is cleared. The source is de- TIE Bit 4 When “1”, enables interrupt on
termined by the enables in the Control TDRA (S Bit 1).
Registers: TIE, RIE, EIE. Clear Sync Bit 3 When “1”, clears receiver char-
Bits 6-0 indicate the SSDA status at a point in acter synchronization.
time, and can be reset as follows: Strip Sync Bit 2 When “1”, strips all sync codes
PE Bit 6 Read Rx Data FIFO, or a “1” from the received data stream.
into Rx Rs (C1 Bit 0). Tx Rs Bit 1 When “1”, resets and inhibits the
Rx Ovrn Bit 5 Read Status and then Rx Data transmitter section.
FIFO, or a “1” into Rx Rs (C1 Rx Rs Bit 0 When “1”, resets and inhibits the
Bit 0). receiver section.
TUF Bit4 A “1” into CTUF (C3 Bit 3) or .
into Tx Rs (C1 Bit 1). Control Register 3 ,
ora“l1” into Tx Rs (C1 Bit 1) an Q if enabled.
bcb Bit 2 Read Status and then Rx Data  Clear CTS Bit 2 W’;e}’R r ; °1e%‘is (?TS (S Bit 3),
FIFO or a “1” into Rx Rs (C1 and IRQ if enabled.
Bit 0) 1 Sync/2 Sync Bit 1 When “1”°, selects the one-sync-
TDRA Bit 1 Write into Tx Data FIFO. character mode; when “0”, se-
. lects the two-sync-character
RDA Bit 0 Read Rx Data FIFO. mode.
Control Register 1 E/I Sync Bit 0 When “1”, selects the external
AC2, AC1 Bits 7, 6 Used to access other registers, sync mode; when “0”, selects

as shown above.
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Control Register 2

EIE Bit 7 When “1”, enables the PE, Rx
Ovrn, TUF, CTS, and DCD in-
terrupt flags (S Bits 6 through 2).

When 17, allows sync code
contents to be transferred on
underflow, and enables the TUF
Status bit and output. When “0”’,
an all mark character is trans-
mitted on underflow.

Bits 5-3 Word Length Select

Tx Sync Bit 6

WwSs3, 2,1

BITS | BIT4 | BIT3
WS3 | Ws2 | wst

0 0 0

WORD LENGTH

6 BITS + EVEN PARITY
6 BITS + 0DD PARITY
7 BITS
8 BITS
7 BITS + EVEN PARITY
7 BITS + 0DD PARITY
8 BITS + EVEN PARITY

0
0
0
1
1
1
1 8 BITS+ 0DD PARITY

_ e OO e . O
_O = O e O =
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1-Byte/ Bit 2 When “1”, enables the TDRA
2-Byte and RDA bits to indicate when
a 1l-byte transfer can occur;
when €0, the TDRA and RDA
bits indicate when a 2-byte
transfer can occur.
PC2,PC1 Bits 1-0 SM/DTR Output Control
BIT1 | BITO T a)
PC2 PC1 SM/DTR OUTPUT ATPIN 5
0 0 1
0 1 PULSE _I" L_1-BITWIDE ON SM
1 0 0
1 1 SM INHIBITED, 0

Note: When the SSDA is used in applications
requiring the MSB of data to be received and
transmitted first, the data bus inputs to the
SSDA may be reversed (DO to D7, ete.) Caution
must be used when this is done since the bit
positions in this table will be reversed, and the
parity should not be selected.

Interrupt Request (IRQ) — Interrupt Request is a
TTL compatible, open-drain (no internal pullup),
active low output that is used to interrupt the MPU.
The Interrupt Request remains low until cleared by
the MPU.

Reset Input — The Reset input provides a means of
resetting the SSDA from an external source. In the
low state, the Reset input causes the following:

1. Receiver Reset (Rx Rs) and Transmitter Reset
(Tx Rs) bits are set causing both the receiver and
transmitter sections to be held in a reset condition.

2. Peripheral Control bits PC1 and PC2 are reset to
zero, causing the SM/DTR output to be high.

3. The Error Interrupt Enable (EIE) bit is reset.
4. An internal synchronization mode is selected.

5. The Transmitter Data Register Available (TDRA)
status bit is cleared and inhibited.

When Reset returns high (the inactive state), the trans-
mitter and receiver sections will remain in the reset
state until the Receiver Reset and Transmitter Reset
bits are cleared via the bus under software control.
The control Register bits affected by Reset (Rx Rs,
Tx Rs, PC1, PC2, EIE, and E/I Sync) cannot be
changed when Reset is low.

Clock Inputs

Separate high impedance TTL compatible inputs are
provided for clocking of transmitted and received data.

Transmit Clock (Tx Clk) — The Transmit Clock input
is used for the clocking of transmitted data. The trans-
mitter shifts data on the negative transition of the
clock.

Receive Clock (Rx Clk) — The Receive Clock input is
used for clocking in received data. The clock and data
must be synchronized externally. The receiver samples
the data on the positive transition of the clock.

Serial Input/Output Lines

Receive Data (Rx Data) — The Receive Datalineis a
high impedance T'TL compatible input through which
data is received in a serial format. Data rates are from
0 to 600 kbps.

Transmit Data (Tx Data) — The Transmit Data output
line transfers serial datd to a modem or other periph-
eral. Data rates are from 0 to 600 kbps.

Peripheral/Modem Control

The SSDA includes several functions that permit
limited control of a peripheral or modem. The func-
tions included are Clear-to-Send, Sync Match/Data
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Terminal Ready, Data Carrier Detect, and Transmitter
Underflow.

Clear-to-Send (CTS) — The CTS input provides a real-
time inhibit to the transmitter section (the Tx Data
FIFO is not disturbed). A positive CTS transition resets
the Tx Shift Register and inhibits the TDRA status
bit and its associated interrupt in both the one-sync-
character and two-sync-character modes of operation.
TDRA is not affected by the CTS input in the external
sync mode.

The positive transition of CTS is stored within the
SSDA to insure that its occurrence will be acknowl-
edged by the system. The stored CTS information
and its associated IRQ (if enabled) are cleared by
writing a ‘“1”” in the Clear CTS bit in Control Register
3 or in the Transmitter Reset bit. The CTS status bit
subsequently follows the CTS input when it goes low.

The CTS input provides character timing for trans-
mitter data when in the external sync mode. Trans-
mission is initiated on the negative transition of the
first full positive clock pulse of the transmitter clock
(Tx Clk) after the release of CTS (see Figure 6).

Data Carrier Detect (DCD) — The DCD input provides
a real-time inhibit to the receiver section (the Rx FIFO
is not disturbed). A positive DCD transition resets
and inhibits the receiver section except for the Receive
FIFO and the RDRA status bit and its associated IRQ.

The positive transition of DCD is stored within the
SSDA to insure that its occurrence will be acknowl-
edged by the system. The stored DCD information
and its associated IRQ (if enabled) are cleared by read-
ing the Status Register and then the Receiver FIFO,
or by writing a “1” into the Receiver Reset bit. The
DCD status bit subsequently follows the DCD input
when it goes low. The DCD input provides character
synchronization timing for the receiver during the ex-
ternal sync mode of operation. The receiver will be
initialized and data will be sampled on the positive
transition of the first full Receive Clock cycle after
release of DCD (see Figure 7).

Sync Match/Data Terminal Ready (SM/DTR) — The
SM/DTR output provides four functions (see Table 1)
depending on the state of the PC1 and PC2 control
bits. When the Sync Match mode is selected (PC1 =
“1”, PC2 = “0”), the output provides a one-bit-wide
pulse when a sync code is detected. The SM output is
inhibited when PC2 = “1”, The DTR mode (PC1 = “0”")
provides an output level corresponding to the comple-
ment of PC2 (DTR = “0” when PC2 = ““1”). (See
Table 1.)

Transmitter Underflow (TUF) — The Underflow out-
put indicates the occurrence of a transfer of a “fill
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character” to the Transmitter Shift Register when the
last location (#3) in the Transmit Data FIFO is empty.
The Underflow output pulse is approximately a Tx
Clk high period wide and occurs during the last half
of the last bit of the character preceding the “Under-
flow” (see Figure 4). The Underflow output does not
respond to underflow conditions when the Tx Sync
bit is in the reset state.

SSDA Registers

Seven registers in the SSDA can be accessed by means
of the bus. The registers are defined as read-only or
write-only according to the direction of information
flow. The Register Select input (RS) selects two regis-
ters in each state, one being read-only and the other
write-only. The Read/Write input (R/W) defines which
of the two selected registers will actually be accessed.
Four registers (two read-only and two write-only)
can be addressed via the bus at any particular time.
These registers and the required addressing are defined
in Table 1.

Control Register 1 (C1)

Control Register 1 is an 8-bit write-only register that
can be directly addressed from the data bus. Control
Register 1isaddressed when RS= 0"’ and R/W = ‘0",

Receiver Reset (Rx Rs), C1 Bit 0 — The Receiver
Reset control bit provides both a reset and inhibit
function to the receiver section. When Rx Rs is set, it
clears the receiver control logic, sync logic, error logic,
Rx Data FIFO, Parity Error status bit, and DCD in-
terrupt. The Receiver Shift Register is set to ones.
The Rx Rs bit must be cleared after the occurrence of
a low level on Reset in order to enable the receiver
section of the SSDA.

Transmitter Reset (Tx Rs), C1 Bit 1 — The Transmitter
Reset control bit provides both a reset and inhibit to
the transmitter section. When Tx Rs is set, it clears
the transmitter control section, Transmitter Shift
Register, Tx Data FIFO (which can be reloaded after
one E clock pulse), the Transmitter Underflow status
bit, and the CTS interrupt, and inhibits the TDRA
status bit (in the one-sync-character and two-sync-
character modes). The Tx Rs bit must be cleared after
the occurrence of a low level on Reset in order to
enable the transmitter section of the SSDA.

Strip Synchronization Characters (Strip Sync), C1
Bit 2 — If the Strip Sync bit is set, the SSDA will
automatically strip all received characters which match
the contents of the Sync Code Register. The characters
used for synchronization (one or two characters of
sync) are always stripped from the received data stream.
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Clear Synchronization (Clear Sync), C1 Bit 3 — The
Clear Sync control bit provides the capability of
dropping receiver character synchronization and in-
hibiting resynchronization. The Clear Sync bit is set
to clear and inhibit receiver synchronization in all
modes and is reset to zero to enable resynchronization.

Transmitter Interrupt Enable (TIE), C1 Bit 4 — TIE
enables both the Inferrupt Request output (IRQ) and
Interrupt Request status bit to indicate a transmitter
service request. When TIE is set and the TDRA status
bit is high, the TRQ output will go low (the active
state) and the TRQ status bit will go high.

Receiver Interrupt Enable (RIE), C1 Bit 5 — RIE en-
ables both the Interrupt Request output (IRQ) and
the Interrupt Request status bit to indicate a receiver
service request. When RIE is set and the RDA status
bit is high, the IRQ output will go low (the active
state) and the IRQ status bit will go high.

Address Control 1 (AC1l) and Address Control 2
(AC2), C1 Bits 6 and 7 — AC1 and AC2 select one of
the write-only registers — Control 2, Control 3, Sync
Code, or Tx Data FIFO — as shown in Table 1, when
RS = “1” and R/W = “0”.

Control Register 2 (C2)

Control Register 2 is an 8-bit write-only register
which can be programmed from the bus when the
Address Control bits in Control Register 1 (AC1 and
AC2) are reset, RS = “1” and R/W = “0”.

Peripheral Control 1 (PC1) and Peripheral Control 2
(PC2), C2 Bits 0 and 1 — Two control bits, PC1 and
PC2, determine the operating characteristics of the
Sync Match/DTR output. PC1, when high, selects
the Sync Match mode. PC2 provides the inhibit/enable
control for the SM/DTR output in the Sync Match
mode. A one-bit-wide pulse is generated at the output
when PC2 is “0”, and a match occurs between the
contents of the Sync Code Register and the incoming
data even if sync is inhibited (Clear Sync bit = “1”).
The Sync Match pulse is referenced to the negative
edge of Rx Clk pulse causing the match (see Figure 3).

The Data Terminal Ready (]ﬁ) mode is selected
when PC1 is low. When PC2 = “1” the SM/DTR
output = “0” and vice versa. The operation of PC2
and PC1 is summarized in Table 1.

1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 —
When 1-Byte/2-Byte is set, the TDRA and RDA
status bits will indicate the availability of their respec-
tive data FIFO registers for a single byte data transfer.
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Alternately, if 1-Byte/2-Byte is reset, the TDRA and
RDA status bits indicate when two bytes of data can
be moved without a second status read. An intervening
Enable puise must occur between data transfers.

Word Length Selects (WS1, WS2, WS3), C2Bits 3,4, 5
— Word Length Select bits WS1, WS2, and WS3 select
word length of 7, 8, or 9 bits including parity as shown
in Table 1.

Transmit Sync Code on Underflow (Tx Sync), C2 Bit
6 — When Tx Syncis set, the transmitter will automat-
ically send a sync character when data is not available
for transmission. If Tx Sync is reset, the transmitter
will transmit a Mark character (including the parity
bit position) on underflow. When the underflow is de-
tected, a pulse approximately a Tx Clk high period
wide will occur on the underflow output if the Tx
Sync bit is set. Internal parity generation is inhibited
during underflow except for sync code fill character
transmission in 8-bit plus parity word lengths.

Error Interrupt Enable (EIE), C2 Bit 7 — When EIE is
set, the IRQ status bit will go high and the IRQ out-
put will go low if:

1. A receiver overrun occurs. The interrupt is cleared
by reading the Status Register and reading the Rx
Data FIFO.

2. DCD input has gone to a “l1”. The interrupt is
cleared by reading the Status Register and reading
the Rx Data FIFO.

3. A parity error exists for the character in the last
location (#3) of the Rx Data FIFO. The interrupt
is cleared by reading the Rx Data FIFO.

4. The CTS input has gone to a “1”. The > interrupt is
cleared by writing a “1” in the Clear CTS bit, C3
bit 2, or by a TX Reset.

5. The transmitter has underflowed (in the Tx Sync
on Underflow mode). The interrupt is cleared by
writing a ““1”” into the Clear Underflow, C3 bit 3,
or Tx Reset.

When EIE is a “0”, the IRQ status bit and the IRQ
output are disabled for the above error conditions. A
low level on the Reset input resets EIE to “0”".

Control Register 3 (C3)

Control Register 3 is a 4 -bit write-only register which
can be programmed from the bus when RS = “1” and
R/W = “0” and Address Control bit AC1 = “1”” and
AC2 = 0",

3.120



External/Internal Sync Mode Control (E/I Sync), C3
Bit 0 — When the E/I Sync Mode bit is high, the
SSDA is in the external sync mode and the receiver
synchronization logic is disabled. Synchronization
can be achieved by means of the DCD input or by
starting Rx Clk at the midpoint of data bit O of a
character with DCD low. Both the transmitter and
receiver sections operate as parallel — serial converters
in the External Sync mode. The Clear Sync bit in
Control Register 1 acts as a receiver sync inhibit when
high to provide a bus controllable inhibit. The Sync
Code Register can serve as a transmitter fill character
register and a receiver match register in this mode. A
“low’” on the Reset input resets the E/I Sync Mode
bit placing the SSDA in the internal sync mode.

One-Sync-Character/Two-Sync-Character Mode Con-
trol (1 Sync/2 Sync), C3 Bit 1 — When the 1 Sync/
2 Sync bit is set, the SSDA will synchronize on a single
match between the received data and the contents of
the Sync Code Register. When the 1 Sync/2 Sync bit
isreset, two successive sync characters must be received
prior to receiver synchronization. If the second sync
character is not detected, the bit by bit search resumes
from the first bit in the second character. See the des-
cription of the Sync Code Register for more details.

Clear CTS Status (Clear CTS), C3 Bit 2 — When a “1”
is written into the Clear CTS bit, the stored status
and interrupt are cleared. Subsequently, the CTS
status bit reflects the state of the CTS input. The
Clear CTS control bit does not affect the CTS input
nor its inhibit of the transmitter section. The Clear
CTS command bit is self-clearing, and writing a “0”
into this bit is a nonfunctional operation.

Clear Transmit Underflow Status (CTUF), C3 Bit 3 —
When a “1” is written into the CTUF status bit, the
CTUF bit and its associated interrupt are reset. The
CTUF command bit is self-clearing and writing a “0”
into this bit is a nonfunctional operation.

Sync Code Register

The Sync Code Register is an 8-bit register for storing
the programmable sync code required for received data
character synchronization in the one-sync-character
and two-sync-character modes. The Sync Code Regis-
ter also provides for stripping the sync/fill characters
from the received data (a programmable option) as
well as automatic insertion of fill characters in the
transmitted data stream. The Sync Code Register is
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not utilized for receiver character synchronization in
the external sync mode; however, it provides storage
of receiver match and transmit fill characters.

The Sync Code Register can be loaded when AC2 and
AC1 are a “1” and ““0”, respectively, and R/W = “0”
and RS - “17,

The Sync Code Register may be changed after the de-
tection of a match with the received data (the first
sync code having been detected) to synchronize with
a double-word sync pattern. (This sync code change
must occur prior to the completion of the second
character.) The sync match (SM) output can be used
to interrupt the MPU system to indicate that the first
eight bits have matched. The service routine would
then change the sync match register to the second half
of the pattern. Alternately, the one-sync-character
mode can be used for sync codes for 16 or more bits
by using software to check the second and subsequent
bytes after reading them from the FIFO.

The detection of the sync code can be programmed
to appear on the Sync Match/DTR output by writing
a “1” in PC1 (C2 bit 0) and a “0” in PC2 (C2 bit 1).
The Sync Match output will go high for one bit time
beginning at the character interface between the sync
code and the next character (see Figure 3).

Receive Data First-In First-Out Register (Rx Data
FIFO)

The Receive Data FIFO Register consists of three
8-bit registers which are used for buffer storage of re-
ceived data. Each 8-bit register has an internal status
bit which monitors its full or empty condition. Data
is always transferred from a full register to an adjacent
empty register. The transfer from register to register
occurs on E pulses. The RDA status bit will be high
when data is available in the last location of the Rx
Data FIFO.

In an Overrun condition, the overrunning character
will be transferred into the full first stage of the FIFO
register and will cause the loss of that data character.
Successive overruns continue to overwrite the first
register of the FIFO. This destruction of data is in-
dicated by means of the Overrun status bit. The Over-
run bit will be set when the overrun occurs and
remains set until the Status Register is read, followed
by a read of the Rx Data FIFO.

Unused data bits for short word lengths (including the
parity bit) will appear as “0”’s on the data bus when
the Rx Data FIFO is read.
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Transmit Data First-in First-Out Register (Tx Data
FIFO)

The Transmit Data FIFO Register consists of three
8-bit registers which are used for buffer storage of
data to be transmitted. Each 8-bit register has an in-
ternal status bit which monitors its full or empty con-
dition. Data is always transferred from a full register
to an adjacent empty register. The transfer is clocked
by E pulses.

The TDRA status bit will be high if the Tx Data FIFO
is available for data.

Unused data bits for short word lengths will be han-
dled as “don’t cares’. The parity bit is not transferred
over the data bus since the SSDA generates parity at
transmission.

When an Underflow occurs, the Underflow character
will be either the contents of the Sync Code Register
or an all “1”’s character. The underflow will be stored
in the Status Register until cleared and will appear on
the Underflow output as a pulse approximately a Tx
Clk high period wide.

Statis Register

The Status Register is an 8-bit read-only register
which provides the real-time status of the SSDA and
the associated serial data channel. Reading the Status
Register is a non-destructive process. The method of
clearing status bits depends upon the function each bit
represents and is discussed for each bit in the register.

Receiver Data Available (RDA), S Bit 0 — The Re-
ceiver Data Available status bit indicates when receiver
data can be read from the Rx Data FIFO. The receiver
data being present in the last register (#3) of the
FIFO causes RDA to be high for the 1-byte transfer
mode. The RDA bit being high indicates that the last
two registers (#2 and #3) are full when in the 2-byte
transfer mode. The second character can be read with-
out a second status read (to determine that the char-
acter is available). An E pulse must occur between
reads of the Rx Data FIFO to allow the FIFO to shift.
Status must be read on a word-by-word basis if re-
ceiver data error checking is important. The RDA status
bit is reset automatically when data is not available.

Transmitter Data Register Available (TDRA), SBit 1 —
The TDRA status bit indicates that data can be loaded
into the Tx Data FIFO Register. The first register
(#1) of the Tx-Data FIFO being empty will be in-
dicated by a high level in the TDRA status bit in the
1-byte transfer mode. The first two registers (#1 and
#2) must be empty for TDRA to be high when in the
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2-byte transfer mode. The Tx Data FIFO can be
loaded with two bytes without an intervening status
read; however, one E pulse must occur between loads.
TDRA is inhibited by the Tx Reset or Reset. When
Tx Reset is set, the Tx Data FIFO is cleared and then
released on the next E clock pulse. The Tx Data
FIFO can then be loaded with up to three characters
of data, even though TDRA is inhibited. This feature
allows preloading data prior to the release of Tx Reset.
A high level on the CTS input inhibits the TDRA
status bit in either sync mode of operation (one-sync-
character or two-sync-character). CTS does not affect
TDRA in the external sync mode. This enables the
SSDA to operate under the control of the CTS input
with TDRA indicating the status of the Tx Data
FIFO. The CTS input does not clear the Tx Data
FIFO in any operating mode.

Data Carrier Detect (DCD), S Bit 2 — A positive tran-
sition on the DCD input is stored in the SSDA until
cleared by reading both Status and Rx Data FIFO.
A “1” written into Rx Rs also clears the stored DCD
status. The DCD status bit, when set, indicates that
the DCD input has gone high. The reading of both
Status and Receive Data FIFO allows Bit 2 of subse-
quent Status reads to indicate the state of the DCD
input until the next positive transition.

Clear-to-Send (CTS), S Bit 3 — A positive transition
on the CTS input is stored in the SSDA until cleared
by writing a “1” into the Clear CTS control bit or the
Tx Rs bit. The CTS status bit, when set, indicates
that the CTS input has gone high. The Clear CTS com-
mand (a “1” into C3 Bit 2) allows Bit 3 of subsequent
Status reads to indicate the state of the CTS input
until the next positive transition.

Transmitter Underflow (TUF), S Bit 4 — When data is
not available for the transmitter, an underflow occurs
and is so indicated in the Status Register (in the Tx
Sync on underflow mode). The underflow status bit
is cleared by writing a “1” into the Clear Underflow
(CTUF) control bit or the Tx Rs bit. TUF indicates
that a sync character will be transmitted as the next
character. A TUF is indicated on the output only
when the contents of the Sync Code Register is to be
transferred (transmit sync code on underflow = ““1”’).

Receiver Overrun (Rx Ovrn), S Bit 5 — Overrun indi-
cates data has been received when the Rx Data FIFO
is full, resulting in data loss. The Rx Ovrn status bit
is set when Overrun occurs. The Rx Ovrn status bit
is cleared by reading Status followed by reading the
Rx Data FIFO or by setting the Rx Rs control bit.
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Receiver Parity Error (PE), S Bit 6 — The parity error
status bit indicates that parity for the character in the
last register of the Rx Data FIFO did not agree with
selected parity. The parity error is cleared when the
character to which it pertains is read from the Rx Data
FIFO or when Rx Rs occurs. The DCD input does
not clear the Parity Error or Rx Data FIFO status bits.

$6852.

Interrupt Request (IRQ), S Bit 7 — The Interrupt Re-
quest status bit indicates when the IRQ output is in
the active state (IRQ output = “0’’). The IRQ status
bit is subject to the same interrupt enables (RIE, TIE,
and EIE) as the IRQ output. The IRQ status bit sim-
plifies status inquiries for polling systems by providing
single bit indication of service requests.
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ADVANCED PRODUCT DESCRIPTION

@M‘I ® S6854/S68A54

ADVANCED DATA
LINK CONTROLLER

Features [0 Quad Data Buffers for Each Rx and Tx
0O Prioritized Status Register (Optional)
[J S6800 Compatible 0 MODEM/DMA/Loop Interface
O Protocol Features O MIL-STD-883, Class Band C Devices Available
O Automatic Flag Detection and
Synchronization
O Zero Insertion and Deletion General Description
O Extendable Address, Control and Logical
Control Fields (Optional) The S6854 ADLC performs the complex MPU/data
O Variable Word Length Info Field — 5,6, 7, communication link function for the “Advanced Data
or 8-bits Communication Control Procedure” (ADCCP). High
00 Automatic Frame Check Sequence Genera- Level Data Link Control (HDLC) and Synchronous
tion and Check Data Link Control (SDLC) standards. The ADLC pro-
O Abort Detection and Transmission vides key interface requirements with improved soft-
O Idle Detection and Transmission ware efficiency. The ADLC is designed to provide the
O Loop Mode Operation data communications interface for both primary and
O Loop Back Self-Test Mode secondary stations in stand-alone, polling, and loop
O NRZ/NRZI Modes configurations.
Block Diagram Pin Configuration
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565 ATS<—] 2 27 [+—DCB
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STATUS FLAG/ABORT/IDLE FLAG R 7 22 = D0
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Vo PIN 1 TDSR -—— < RESET
Vz PIN 14 RDSR
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Absolute Maximum Ratings*

S6854/S68A54

Supply Voltage . ... e et -0.3V to +7.0V
Input Voltage .. ..ot i i i e e e e -0.3V to +7.0V

Operating Temperature Range
Industrial Temperature Range

.................................................. 0°C to +70°C
................................................ ~-40°C to +85°C

Military Temperature Range ... ... ...uoueeneemtentennenneninienneaneeannnns -55°C to +125°C
Storage Temperature RAnge . ... ... ..c.unueneneeneneneneneneanneaneenniens -55°C to +150°C

Thermal Resistance

............................................................. +70°C/W

*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.

Electrical Characteristics (Vo = 5.0V + 5%, Vgs = 0, Ty = 0°C to70°C unless otherwise noted.)

Symbol | Parameter Min. Typ. Max. Unit Conditions
Vi Input High Voltage Vgs +2.0 Vdc
Vi1, Input Low Voltage Vgs+0.8 Vdc
In Input Leakage Current 1.0 2.5 uAdc Vin =0 to 5.25Vdc
All Inputs Except DO — D7
Irsy Three-State (Off State) 2.0 10 uAdc Vin=0.4 to 2.4Vdc
Input Current Vee = 5.25Vde
DO —D7
Vou | Output High Voltage Vdc
DO —D7 Vgg+2.4 ILoap =-205uAdc
All Others Vgs+2.4 ILoap =-100uAdc
VoL Output Low Voltage Vgs+0.4 Vdc I,0ap=1.6mAdc
It,og | Output Leakage Current 1.0 10 nAde Vog =2.4Vdce
(Off State) RQ
Pp Power Dissipation 850 mW
Cm Capacitance pF Viny = 0, T =25°C,
DO — D7 125 f = 1.0MHz
All Other Inputs 7.5
Cout pF
1IRQ 5.0
All Others 10
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S6854 S68A54
Symbol Parameter Min. Max. Min. Max. Unit Conditions
PWcr, | Minimum Clock Pulse Width, Low 700 450 ns
PWcH | Minimum Clock Pulse Width, High 700 450 ns
fc Clock Frequency 0.66 1.0 MHz
tRDSU { Receive Data Setup Time 250 200 ns
tRDH Receive Data Hold Time 120 100 ns
tRTS Request-to-Send Delay Time 680 460 ns
tTDD Clock-to-Data Delay for Transmitter 460 320 ns
tFD Flag Detect Delay Time 680 460 ns
tDTR DTR Delay Time 680 460 ns
) troc Loop On-Line Control Delay Time 680 460 ns
tRDSR | RDSR Delay Time 540 400 ns
tTDSR | TDSR Delay Time 540 400 ns
tIR Interrupt Request Release Time 1.2 0.9 s
tRES Reset Minimum Pulse Width 1.0 0.65 s
ty, tf Input Rise and Fall Times 1.0* 1.0% s 0.8V to 2.0V
Except Enable

*1.0us or 10% of the pulse width, whichever is smaller.

Bus Timing Characteristics (Voo = 5.0V £ 5%, Vgg = 0, To = 0°C to +70°C unless otherwise noted.)
Read

S6854 S68A54
Symbol Parameter Min. Max. Min. Max. Unit
tcyc Enable Cycle Time 1.0 0.666 us
PWEH Enable Pulse Width, High 0.45 0.28 s
PWgy, Enable Pulse Width, Low 0.43 0.28 s
tas Setup Time, Address and R/W Valid to Enable 160 140 ns
positive transition
tppr Data Delay Time 320 220 ns
ty Data Hold Time 10 10 ns
tal Address Hold Time 10 10 . ns
tgr, tEF Rise and Fall Time for Enable input 25 25 ns
Write
toycE Enable Cycle Time 1.0 0.666 s
PWEH Enable Pulse Width, High 0.45 0.28 us
PWEL, Enable Pulse Width, Low 0.43 0.28 Us
tas Setup Time, Address and R/W Valid to Enable 160 140 ns
positive transition
tpsw Data Setup Time 195 80 ns
ty Data Hold Time 10 10 ns
tal Address Hold Time 10 10 ns
tEr, tEf Rise and Fall Time for Enable input 25 25 ns
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Figure 1. Bus Timing Test Loads
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Figure 3.

PV

Transmit Data Output Delay and Request to Send Delay Timing

e 2.0v osv I/ \
<—-_Pwﬁl_ﬁv—:l

D
- trgg—| 24V

RTS

20V
3 /
0.8V
ATs \[
¢ [oav
R 4y
BTR
. 0.4V
g 24y
[ /
< ¢
" 24V,
TDSR
RDSR
— tRosr 0.4V
tvosk
Figure 5. Bus Read/Write Timing Characteristics
READ ty, — | | leg—| |
- — Wy~ | | PW —— |
. 20V
0.8v (™
’<—‘As—> tag— -— :
€3, RS0 20V
RW/RS1
08V
< "ooa——>, . | -
DATA BUS
- Toav
WRITE te—]  |-— tgp—i| | —
e 2.0V
08V
|t g ——|
€3, RSO 20V
RW, RS1
8V
0 - [ty
—>| tow T gy
DATA BUS
w 0.8V

3.128



Frame Format

The ADLC transmits and receives data (information
or control) in a format called a frame. All frames start
with an opening flag (F) and end with a closing flag

S6854/S68A54

(F). Between the opening flag and closing flag, a
frame contains an address field, control field, informa-
tion field, and frame check sequence field.

Figure 6. Data Format of a Frame

*EXTENDABLE (OPTIONAL)

I: A FRAME %I

01111110 8-BITS 8-BITS 8-BITS ‘ VARIABLE 16-BIT 01111110

PER BYTE PERBYTE PERBYTE | LENGTH

(5-8)

|
(OPENING) ADDRESS*  CONTROL* LOGICAL CONTROL FRAME CHECK  (CLOSING)
FLAG FIELD FIELD SUB-FIELD (OPTIONAL) SEQUENCE FLAG
FIELD

-«—INFORMATION FIELD—»

Flag (F) — The flag is the unique binary pattern
(01111110). It provides the frame boundary and a
reference for the position of each field of the frame.

The ADLC transmitter generates a flag pattern inter-
nally and the opening flag and closing flags are append-
ed to a frame automatically. Two successive frames
can share one flag for a closing flag of the first frame
and for the opening flag of the next frame, if the
“FF/F” control bit in the control register is reset.

The receiver searches for a flag on a bit by bit basis
and recognizes a flag at any time. The receiver estab-
lishes the frame synchronization with every flag. The
flags mark the frame boundary and reference for each
field but they are not transferred to the Rx FIFO.
The detection of a flag is indicated by the Flag Detect
output and by a status bit in the status register.

Order of Bit Transmission — Address, control and
information field bytes are transferred between the
MPU and the ADLC in parallel by means of the data
bus. The bit on DO (data bus bit 0, pin 22) is serially
transmitted first, and the first serially received bit is
transferred to the MPU on DO. The FCS field is
transmitted and receives MSB first.

Address (A) Field — The 8 bits following the opening
flag are the address (A) field. The A-field can be
extendable if the Auto-Address Extend Mode is
selected in control register # 3. In the Address Extend
Mode, the first bit (bit 0) in every address octet
becomes the extend control bit. When the bit is
“0”, the ADLC assumes another address octet will
follow, and when the bit is “1”, the address exten-
sion is terminated. A “null” address (all “0’s”’) does
not extend. In the receiver, the Address Present status

bit distinguishes the address field from other fields.
When an address byte is available to be read in the
receive FIFO register, the Address Present status bit
is set and causes an interrupt (if enabled). The Address
Present bit is set for every address octet when the
Address Extend Mode is used.

Control (C) Field — The 8 bits following the address
field is the control (link control) field. When the
Extended Control Field bit in control register #3 is
selected, the C-field is extended to 16 bits.

Information (I) Field — The I-field follows the C-field
and precedes the FCS field. The I-field contains
“data” to be transferred but is not always necessarily
contained in every frame. The word length of the I-
field can be selected from 5 to 8 bits per byte by
control bits in control register #4. The I-field will
continue until it is terminated by the FCS and closing
flag. The receiver has the capability to handle a
“partial” last byte. The last information byte can be
any word length between 1 and 8 bits. If the last
byte in the I-field is less than the selected word length,
the receiver will right justify the received bits, fill the
remaining bits of the receiver shift register with zeros,
and transfer a full byte to the Rx FIFO. Regardless
of selected byte length, the ADLC will transfer 8
bits of data to the data bus. Unused bits for word
lengths of 5, 6, and 7 will be zeroed.

Logical Control (LC) Field — When the Logical
control Field Select bit in control register #3 is
selected, the ADLC separates the I-field into two sub-
fields. The first sub-field is the Logical Control field
and the following sub-field is the ‘“data” portion of
the I-field. The logical control field is 8 bits and
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follows the C-field, which is extendable by octets, if

it is selected. The last bit (bit 7) is the extend control

bit, and if it is a “1”’, the LC-field is extended one
octet.

Note: Hereafter the word ‘Information Field” or
“I-field” is used as the data portion of the infor-
mation field, and excludes the logical control
field. This is done in order to keep the consist-
ency of the meaning of ‘“Information Field”
as specified in SDLC, HDLC, and ADCCP standards.

Frame Check Sequence (FCS) Field — The 16 bits
preceding the closing flag is the FCS field. The FCS
is the “cyclic redundancy check character (CRCC)”.
The poly-nomial x!°® +x!2 + x° +1 is used both for
the transmitter and receiver. Both the transmitter
and receiver poly-nominal registers are initialized to
all “1”’s prior to calculation of the FCS. The trans-
mitter calculates the FCS on all bits of the address,
control, logical control (if selected), and information
fields, and transmits the complement of the result-
ing remainder as FCS. The receiver performs the
similar computation on all bits of the address, control,
logical control (if selected), information, and received
FCS fields and compares the result to FOB8 (Hexa-
decimal). When the result matches FOB8, the Frame
Valid status bit is set in the status register. If the
result does not match, the Error status bit is set. The
FCS generation, transmission, and checking are per-
formed automatically by the ADLC transmitter and
receiver. The FCS field is not transferred to the Rx
FIFO.

Invalid Frame — Any valid frames should have at
least the A-field, C-field and FCS field between the
opening flag and the closing flag. When invalid frames
are received, the ADLC handles them as follows:

1) A short frame which has less than 25 bits be-
tween flags — The ADLC ignores the short
frame and its reception is not reported to the
MPU. :

2) A frame less than 32 bits between the flags, or
a frame 32 bits or more with an extended A-
field or C-field that is not completed. — This
frame is transferred into the Rx FIFO. The
FCS/IF Error status bit indicatés the reception
of the invalid frame at the end of the frame.

3) Aborted Frame— The frame which is aborted
by receiving an abort or DCD failure is also an
invalid frame. Refer to ‘“Abort” and “DCD
status bit.” ‘
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Zero Insertion and Zero Deletion — The Zero inser-
tion and deletion, which allows the content of the
frame to be transparent, are performed by the ADLC
automatically. A binary 0 is inserted by the trans-
mitter after any succession of 5 1’s within a frame
(A, C, LC, I, and FCS field). The receiver deletes a
binary 0 that follows successive 5 continuous 1’s
within a frame.

Abort — The function of prematurely terminating a
data link is called “abort”. The transmitter aborts a
frame by sending at least 8 consecutive 1’s immedi-
ately after the Tx Abort control bit in control register
#4 is set to a “1”. (Tx FIFO is also cleared by the
Tx Abort control bit at the same time.) The abort
can be extended up to (at least) 16 consecutive 1’s,
if the Abort Extend control bit in the control register
#4 is set when an abort is sent. This feature is useful
to force mark idle transmission. Reception of 7 or
more consecutive 1’s is interpreted as an abort by the
receiver. The receiver responds to a received abort as
follows:

1) An abort in an “out of frame” condition — An
abort during the idle or time fill has no meaning.
The abort reception is indicated in the status
register as long as the abort condition continues;
but neither an interrupt nor a stored condition
occurs. The abort indication is suppressed after
15 or more consecutive 1’s are received (Re-
ceived Idle status is set).

2) An abort ““in frame” after less than 26 bits are
received after an opening flag — Under this
condition, any field of the aborted frame has
not transferred to the MPU yet. The ADLC
clears the aborted frame data in the FIFO and
clears flag synchronization. Neither an interrupt
nor a stored status occurs. The status indica-
tion is the same as (1) above.

3) An abort “in frame” after 26 bits or more are
received after an opening flag — Under this
condition, some fields of the aborted frame
might have been transferred onto the data bus.
The abort status is stored in the receiver status
register and the data of the aborted frame in
the ADLC is cleared. The synchronization is
also cleared.

Idle and Time Fill — When the transmitter is in an
“out of frame” condition (the transmitter is not
transmitting a frame), it is in an idle state. Either a
series of contiguous flags (time fill) or a mark idle
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(consecutive 1’s on a bit by bit basis) is selected for
the transmission in an idle state by the Flag/Mark Idle
control bit. When the receiver receives 15 or more
consecutive 1’s, the Receive Idle status bit is set and
causes an interrupt. The flags and mark idle are not
transferred to the Rx FIFO.

Operation

Initialization — During a power-on sequence, the
ADLC is reset via the RESET input and internally
latched in a reset condition to prevent erroneous out-
put transitions. The four control registers must be
programmed prior to the release of the reset condi-
tion. The release of the reset condition is performed
via software by writing a “0” into the Rx RS control
bit (receiver) and/or Tx RS control bit (transmitter).
The release of the reset condition must be done after
the RESET input has gone high.

At any time during operation, writing a “1” into the
Rx RS control bit or TX RS control causes the reset
condition of the receiver or the transmitter.

Transmitter Operation — The Tx FIFO register cannot
be pre-loaded when the transmitter is in a reset state.
After the reset release, the Flag/Mark Idle control bit
selects either the mark idle state (inactive idle) or the
Flag “time fill’ (active idle) state.This active or in-
active mark idle state will continue until data is
loaded into the Tx FIFO.

The availability of the Tx FIFO is indicated by the
TDRA status bit under the control of the 2-Byte/
1-Byte control bit. TDRA status is inhibited by the
Tx RS bit or CTS input being high. When the 1-Byte
mode is selected, one byte of the FIFO is available
for data transfer when TDRA goes high. When the
2-Byte mode is selected, two successive bytes can be
transferred when TDRA goes high.

The first byte (Address field) should be written into
the Tx FIFO at the “Frame Continue” address. Then
the transmission of a frame automatically starts. If
the transmitter is in a mark idle state, the transfer of
an address causes an opening flag within two or three
transmitter clock cycles. If the transmitter has been
in a time fill state, the current time fill flag being
transmitted is assumed as an opening flag and the
address field will follow it.

A frame continues as long as data is written into the
Tx FIFO at the “Frame Continue” address. The
ADLC internally keeps track of the field sequence in
the frame. The frame' format is described in the
“FRAME FORMAT?” section.
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The frame is terminated by one of two methods.
The most efficient way to terminate the frames from
a software standpoint is to write the last data charac-
ter into the Transmit FIFO ‘“‘Frame Terminate”
address (RS1, RSO = 11) rather than the Transmit
FIFO “Frame Continue” address (RS1, RSO = 10).
An alternate method is to follow the last write of
data in the Tx FIFO “Frame Continue” address with
the setting of the Transmit Last Data control bit.
Either method causes the last character to be trans-
mitted and the FCS field to automatically be append-
ed along with a closing flag. Data for a new frame
can be loaded into the Tx FIFO immediately after
the old frame data, if TDRA is high. The closing Flag
can serve as the opening Flag of the next frame or
separate opening and closing Flags may be trans-
mitted. If a new frame is not ready to be transmitted,
the ADLC will automatically transmit the Active
(Flag) or Inactive (Mark) Idle condition.

If the Tx FIFO becomes empty at any time during
frame transmission (the FIFO has no data to transfer
into transmitter shift register during transmission of
the last half of the next to last bit of a word), an
underrun will occur and the transmitter automati-
cally terminates the frame by transmitting an abort.
The underrun state is indicated by the Tx Underrun
status bit.

Any time the Tx ABORT Control bit is set, the
transmitter immediately aborts the frame (trans-
mits at least 8 consecutive 1’s) and clears the Tx
FIFO. If the abort Extend Control bit is set at the
time, an idle (at least 16 consecutive 1’s) is trans-
mitted. An abort or idle in an “out of frame”’ condi-
tion can be useful to gain 8 or 16 bits of delay. (For
an example, see ‘‘Programming Considerations.’’)

The CTS (Clear-To-Send ) input and RTS (Request-
To-Send ) output are provided for a MODEM or other
hardware interface.

The TDRA/FC status bit (when selected to be Frame
Complete Status) can cause an interrupt upon frame
completion (i.e., a flag or abort completion).

Details regarding the inputs and outputs, status bits,
control bits, and FIFO operation are described in
their respective sections.

Receiver Operation — Data and a pre-synchronized
clock are provided to the ADLC receiver section by
means of the Receive Data (RxD) and Receive Clock
(RxC) inputs. The data is a continuous stream of
binary bits with the characteristic that a maximum of
five “1’”’ can occur in succession unless Abort, Flag,
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Figure 7A. ADLC Transmitter State Diagram
ClbI refers to control register bit
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Figure 7B. ADLC Receiver State Diagram
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Operation (Continued)

or Idling condition occurs. The receiver continuously
(on a bit-by-bit basis) searches for Flags and Aborts.

When a flag is detected, the receiver establishes frame
synchronization to the flag timing. If a series of flags
is received, the receiver resynchronizes to each flag.

If the frame is terminated before the internal buffer
time expires (the frame data is less than 25 bits after
an opening flag), the frame is simply ignored. Noise
on the data input (RxD) during time fill can cause
this kind of invalid frame.

Once synchronization has been achieved and the
internal buffer time (24 bit times) expires data will
automatically transfer to the Rx Data FIFO. The Rx
Data FIFO is clocked by E to cause received data to
move through the FIFO to the last empty register
location. The Receiver Data Available status bit
(RDA) indicates when data is present in the last
register (Reg. #3) for the 1 Byte Transfer Mode. The
2 Byte Transfer Mode causes the RDA status bit to
indicate data is available when the last two FIFO
register locations (Reg. #2 and #3) are full. If the
data character present in the FIFO is an address octet
the status register will exhibit an Address Present
status condition. Data being available in the Rx Data
FIFO causes an interrupt to be initiated (assuming
the receiver interrupt is enabled, RIE = “1”). The
MPU will read the ADLC Status Register as a result of
the interrupt or in its turn in a polling sequence. RDA
or Address Present will indicate that receiver data is
available and the MPU should subsequently read the
Rx Data FIFO register. The interrupt and status bit
will then be reset automatically. If more than one
character had been received and was resident in the
Rx Data FIFO, subsequent E clocks will cause the
FIFO to update and the RDA status bit and interrupt
will again be SET. In the two byte transfer mode
both data bytes may be read on consecutive E cycles.
Address Present provides for 1 byte transfers only.

The sequence of each field in the received frame is
automatically handled by the ADLC. The frame for-
mat is described in the “FRAME FORMAT” section.

When a closing flag is received, the frame is terminated.
The 16 bits preceding the closing flag are regarded as
the FCS and are not transferred to the MPU. What-
ever data is present in the most significant byte por-
tion of the receiver buffer register is right justified
and transferred to the Rx FIFO. The frame boundary
pointer, which is explained in the “Rx FIFO REGIS-
TER” section, is set simultaneously in the Rx FIFO.
The frame boundary pointer sets the Frame Valid
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status bit (when the frame was completed with no
error) or the FCS/IF Error Status bit (when the frame
was completed with error) when the last byte of the
frame appears at the last location of the Rx FIFO.
As long as the Frame Valid or FCS/IF Error status bit
is set, the data transfer from the second location of
the Rx FIFO to the last location of the Rx FIFO is
inhibited.

Any time the Frame Discontinue control bit is set,
the ADLC discards the current frame data in the
ADLC without dropping flag synchronization. This
feature can be used to ignore a frame which is addressed
to another station.

The reception of an abort or idle is explained in the
“FRAME FORMAT?” section. The details regarding
the inputs, outputs, status bits, control bits, and Rx
FIFO operation are described in their respective
sections.

Loop Mode Operation — The ADLC in the loop mode
not only performs the transmission and receiving of
data frames in the manner previously described but
also has additional features for gaining and relinquish-
ing loop control. In Figure 8a, a configuration is
shown which depicts loop mode operation. The
system configuration shows a primary station and
several secondary stations. The loop is always under
control of the primary station. When the primary
wants to receive data, it transmits a Poll sequence and
allows frame transmission to secondary stations on
the loop. Each secondary is in series and adds one bit
of delay to the loop. Secondary A in the figure
receives data from the primary via its Rx Data Input,
delays the data 1 bit, and transmits it to secondary B
via its Tx Data Output. Secondaries B, C, and D oper-
ate in a similar manner. Therefore, data passes through
each secondary and is received back by the primary
controller.

Certain protocol rules must be followed in the manner
by which the secondary station places itself on-loop
(connects its transmitter output to the loop), goes
active on the loop (starts transmitting its own stations’
data on the loop), and goes off the loop (disconnects
its transmitter output). Otherwise loop data to other
stations down loop would be interfered. The data
stream always flows the same way and the order in
which secondary terminals are serviced is determined
by the hardware configuration. The primary controller
times the delay through the loop. Should it exceed
n + 1 bit times, where n is the number of secondary
terminals on the loop, it will indicate a loop failure.
Control is transferred to a secondary by transmitting
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Figure 8A. Typical Loop Configuration
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Figure 8B. Example of External Loop Logic
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a “Go Ahead” signal following the closing Flag of a
polling frame (request for a response from the secon-
dary) from the primary station. The “Go Ahead”
from the primary is a “0” and 7 “1’s”” followed by
mark idling. The primary can abort its response
request by interrupting its idle with flags. The secon-
dary should immediately stop transmission and return
control back to the primary. When the secondary
completes its frame, a closing flag is transmitted
followed by all “1”’s. The primary detects the final
01111111 . . . (“Go Ahead” to the primary) and
control is given back to the primary. Note that, if a
down-loop secondary (e.g., station D) needs to insert

information following an up-loop station (e.g., station
A), the go ahead to station D is the last ““0” of the
closing flag from station A followed by “1’s”".

The ADLC in the primary station should operate in a
non-loop, full duplex mode. The ADLC in the secon-
daries should operate in a loop mode, monitoring up-
loop data on its receiver data input. The ADLC can
recognize the necessary sequences in the data stream
to automatically go on/off the loop and to insert its
own station data. The procedure is the following and
is summarized in Table 1.

3.134



Table 1. Summary of Loop Mode Operation
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Loor
STATE RX SECTION TXSECTION STATUS BIT
OFF-LOOP | Rx section receives data from loop and searches for Inactive “p”
7 "1's"" (when On-Loop Control bit set} to go ON- 1) NRZMODE
LOOP. Tx data output is maintained “high” {mark).
2) NRZI MODE
Tx data output reflects the Rx data input state
delayed by one bit time. (Not normallyconnected
to loop.) The NRZI data is internally decoded
to provide error-free transitions to On-Loop
mode.
ON-LOOP | 1) When Go-Active on poll bit is set, Rx section Inactive 1
searches for 01111111 pattern (the EOP or ‘Go 1) NRZ MODE
Ahead’) to become the active terminal on the Tx data output reflects Rx data input state
loap. delayed one bit time.
2) When On-Loop control bit is reset, Rx section 2) NRZiI MODE
searches of 8 “1's” to go OFF-LOOP. Tx data output reflects Rx data input state
delayed 2 bit times.
ACTIVE Rx section searches for flag (an interrupt fram the Tx data originates within ADLC until Go Active on “0”
loop controller) at Rx data input. Received flag Poll bit is reset and a flag or Abort is completed.
causes FD output to go low. IRQ is generated if Then returns to ON-LOOP state.
RTE and FDSE contral bits are set.

(1) Go On-loop — when the ADLC powers up, the
terminal station will be off line. The first task is to
become an active terminal on the loop. The ADLC
must be connected to a Loop Link via an external
switch as shown in Figure 8b. After hardware reset,
the ADLC LOC/DTR Output will be in the high state
and the up-loop receive data repeated through gate A
to the down Loop stations. Any Up-Loop transmis-
sion will be received by the ADLC. The Loop/
Non-Loop Mode Control bit (bit 5in Control Register
3) must be set to place the ADLC in the Loop Mode.
The ADLC now monitors its Rx Data input for a
string of seven consecutive ““1’s”” which will allow a
station to go on line. The Loop operation may be
monitored by use of the Loop Status bit in Status
Register 1. After power up and reset, this bit is a
zero. When seven consecutive ones are received by the
ADLC the LOC/DTR output will go to a low level,
disabling gate A (refer to Figure 8b), enabling gate B
and connecting the ADLC Tx Data output to the
down Loop stations. The up Loop data is now
repeated to the down Loop stations via the ADLC. A
one bit delay is inserted in the data (in NRZI mode,
there will be a 2 bit delay) as it circulates through the
ADLC. The ADLC is now on-line and the Loop
Status bit in Status Register 1 will be at a one.

(2) Go Active after Poll — The receiver section will
monitor the up link data for a general or addressed
poll command and the Tx FIFO should be loaded
with data so that when the go-ahead sequence of a
zero followed by seven ones (01111111 ---) is detec-
ted, transmission can be initiated immediately. When
the polling frame is detected, the Go-Active-On-Poll
control bit must be set (bit 6 in Control Register 3).
A minimum of seven bit times are available to set this
control bit after the closing flag of the poll. When the
Go-Ahead is detected by the receiver, the ADLC will
automatically change the seventh one to a zero so
that repeated sequence out gate B in Figure 8b is now
opening flag sequence (01111110). Transmission now
continues from the Tx FIFO with data (address,
control, etc.) as previously described. When the ADLC
has gone active-on-poll, the Loop Status bit in Status
Register 1 will go to a zero. The receiver searches for
a flag, which indicates that the primary station is
interrupting the current operation.

(38) Go Inactive when On-Loop — The Go-Active-On
Poll control bit may be RESET at any time during
transmission. When the frame is complete (the clos-
ing Flag or abort is transmitted), the Loop is auto-
matically released and the station reverts back to being
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just a one bit delay in the Loop, repeating up link
data. If the Go-Active-On-Poll control bit is not reset
by software and the final frame is transmitted (Flag/
Mark Idle bit = 0), then the transmitter will mark idle
and will not release the loop to up-loop data. A Tx
Abort command would have to be used in this case in
order to go inactive when on the loop. Also, if the Tx
FIFO was not preloaded with data (address, control,
etc.) prior to changing the “Go Ahead Character” to
a Flag, the ADLC will either transmit flags (active idle
character) until data is loaded (when Flag/Mark Idle
Control bit is high) or will go into an underrun condi-
tion and transmit an Abort (when Flag/Mark Idle
control bit is low). When an abort is transmitted, the
Go-Active-on-Poll control bit is reset automatically
and the ADLC reverts to its repeating mode, (TxD =
delayed RxD). When the ADLC transmitter lets go of
the loop, the Loop Status bit will return to a “1”,
indicating normal on-loop retransmission of up-loop
data.

4) Go Off-Loop — The ADLC can drop-off the Loop
(go off-line) similar to the way it went on-line. When
the Loop On-Line control bit is reset the ADLC
receiver section looks for 8 successive ‘“1’s”’ before
allowing the LOC/DTR output to return high (the
inactive state). Gate A in Figure 8b will be enabled
and Gate B disabled allowing the loop to maintain
continuity without disturbance. The Loop Status
bit will show an off-line condition (logical zero).

Input/Qutput Functions

All inputs of ADLC are high impedance and TTL
compatible level inputs. All outputs of the ADLC
are compatible with standard TTL. Interrupt Request
(IRQ), however, is an open drain output (no internal
pull-up).

Interface for MPU

DO-D7

Bidirectional Data Bus — These data bus I/O ports
allow the data transfer between ADLC and system
bus. The data bus drivers are three-state devices that
remain in the high impedance (off) state except when
the MPU performs an ADLC read operation.

E

Enable Clock — E activates the address inputs (CS,
RSO and RS1) and R/W input and enables the data
transfer on the data bus. E also move data through

the Tx FIFO and Rx FIFO. E should be a free run-
ning clock such as the S6800 MPU system clock.
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CcS
Chip Select — An ADLC read or write operation is

enabled only when the@ input is low and the E
clock input is high. (E *+ CS).

RSO

RS1

Register Selects — When the Register Select inputs are
enabled by (E ﬁ), they select internal registers in
conjunction with the Read/Write input and Address
Control bit (control register 1, bit 0). Register address-
ing is defined in Table 2.

R/W

Read/Write Control Line — The R/W input controls
the direction of data flow on the data bus when it is
enabled by (E - CS). When R/W is high, the I/O
Buffer acts as an output driver and as an input buffer
when low. It also selects the Read Only and Write
Only registers within the ADLC.

RESET

Reset Input — The RESET Input provides a means of
resetting the ADLC from a hardware source. In the
“low state,” the RESET Input causes the following:

O Rx Reset and Tx Reset are SET causing both the
Receiver and Transmitter sections to be held in a
reset condition.

O Resets the following control bits: Transmit Abort,
RTS, Loop Mode, and Loop On-Line/DTR.

O Clears all stored status condition of the status
registers.

[0 Outputs: RTS and LOC/DTR go high. TxD goes
to the mark state (‘“1’s” are transmitted ).

When RESET returns “‘high” (the inactive state) the
transmitter and receiver sections will remain in the
reset state until Tx Reset and Rx Reset are cleared via
the data bus under software control. The Control
Register bits affected by RESET cannot be changed
when RESET is “low”.

RQ

Interrupt Request Output — IRQ will be low if an
interrupt situation exists and the appropriate interrupt
enable has been set. The interrupt remains as long as

the cause for the interrupt is present and the enable is
set.

Clock and Data of Transmitter and Receiver
TxC
Transmitter Clock Input — The transmitter shifts data
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on the negative transition of the TxC clock input.
When the Loop Mode or Test Mode is selected, TxC
should be the same frequency and phase as the RxC
clock. The data rate of the transmitter should not
exceed the E frequency.

RxC

Receiver Clock Input — The receiver samples the data
on the positive transition of the TxC clock. RxC
should be synchronized with receive data externally.
TxD

Transmit Data Output — The serial data from the
transmitter is coded in NRZ or NRZI (Zero Comple-
ment) data format.

RxD

Receiver Data Input — The serial data to be received
by the ADLC can be coded in NRZ or NRZI (Zero
Complement) data format. The data rate of the
receiver should not exceed the E frequency. If a
partial byte reception is possible at the end of a frame,
the maximum data rate of the receiver is indicated
by the following relationship:

1

2tg + 300ns
where tg is the period of E.

frxc <

Peripheral/Modem Control

RTS

Request to Send Output — The Request-to-Send out-
put is controlled by the Request-to-Send control bit
in conjunction with the state of the transmitter sec-
tion. When the RTS bit goes high, the RTS output
is forced low. When the RTS bit returns low, the
RTS output remains low until the end of the frame.
The positive transition of RTS occurs after the
completion of a Flag, an Abort, or when the RTS
control bit is reset during a mark idling state. When
the RESET input is low, the RTS output goes high.

CTS

Clear to Send Input — The CTS input provides a real-
time inhibit to the TDRA status bit and its associated
interrupt. The positive transition of CTS is stored
within the ADLC to insure its occurrence will be ack-
nowledged by the system. The stored CTS informa-
tion and its associated IRQ (if enabled) are cleared
by writing a “1” in the Clear Tx Status bit or in the
Transmitter Reset bit.
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DCD

Data Carrier Detect Input — The DCD input provides
a real-time inhibit to the receiver section. A high level
on the DCD input resets and inhibits the receiver
register, but data in the Rx FIFO from a previous
frame is not disturbed. The positive transition of
DCD is stored within the ADLC to insure that its
occurrence will be acknowledged by the system. The
stored DCD information and its associated IRQ (if
enabled) are cleared by means of the Clear Rx Status
Control bit or by the Rx Reset bit.

LOC/DTR

Loop On Line Control/Data Terminal Ready output
— The LOC/DTR output serves as a DTR output in
the non-loop mode or as a Loop Control output in
the loop mode. When LOC/DTR output performs the
DTR function, it is turned on and off by means of the
LOC/DTR control bit. When the Loc/DTR control
bit is high the DTR output will be low. In the loop
mode the LOC/DTR output provides the means of
controlling the external loop interface hardware to
go On-line or Off-line. When the LOC/DTR control
bit is SET and the loop has ‘“‘idled” for 7 bit times
or more (RxD) = 01111111 .. .), the LOC/DTR out-
put will go low (on-line). When the LOC/DTR control
bit is low and the loop has “‘idled” for 8 bit times or
more, the LOC/DTR output will return high (off-line).
The RESET input being low will cause the LOC/DTR
output to be high.

FD

Flag Detect Output — An output to indicate the
reception of a flag and initiate an external time-out
counter for the loop mode operation. The FD output
goes low for one bit time beginning at the last bit of

the flag character, as sampled by the receiver clock
(RxC).

DMA Interface

RDSR

Receiver Data Service Request Output — The RDSR
Output is provided primarily for use in DMA Mode
operation and indicates (when high) that the Rx
FIFO requests service (RSDR output reflects the
RDA status bit). If the prioritized Status Mode is
selected, RDSR will be inhibited when any other
receiver status conditions are present. RDSR goes
low when the Rx FIFO is read.

TDSR

Transmitter Data Service Request Output — The
TDSR Output is proivded for DMA mode operation
and indicates (when high) that the Tx FIFO requests
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service (TDSR reflects the TDRA status bit). TDSR
goes low when the Tx FIFO is loaded. TDSR is
inhibited by: The Tx Rscontrol bit being SET, RESET
being low, or CTS being high. If the prioritized status
mode is used, Tx underrun also inhibits TDSR.

ADLC Registers

Eight registers in the ADLC can be accessed by means
of the MPU data and address buses. The registers are
defined as read only or write only according to the
direction of information flow. The addresses of these
registers are defined in Table 2. The transmitter FIFO
register can be accessed by two different addresses,
the “Frame Terminate’’ address and the “Frame Con-
tinue” address. (The function of these addresses are
discussed in the FIFO section.)

Table 2. Register Addressing

Address
Control Bit

Register Selected RMW | RS1| RSO (Cqbg)
Write Control Register #1 0 0 0 X
Write Control Register #2 | 0 | 0 | 1 0
Write Control Register #3 0 0 1 1
Write Transmit FIFO 0 1 1 0

(Frame Terminate)

Write Control Register #4 0 1 1 1
Read Status Register #1 1 0 0 X
Read Status Register #2 1 0 1 X
Read Receiver FIFQ 1 1 X X

Receiver Data First-In First-Out Register

Rx FIFO

The Rx FIFO consists of three 8-bit registers which
are used for the buffer storage of received data. Data
bytes are always transferred from a full register to an
adjacent empty register; and both phases of the E
input clock are used for the data transfer. Each reg-
ister has pointer bits which point the frame boundary.
When these pointers appear at the last FIFO location,
they update the Address Present, Frame Valid or FCS/
IF Error status bits.

The RDA status bit indicates the state of the Rx
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FIFO. When RDA status bit is “1°’, the Rx FIFO is
ready to be read. The RDA status is controlled by the
2 Byte/1 Byte control bit. When overrun occurs, the
data in the first byte of the Rx FIFO are no longer
valid.

Both the Rx Reset bit and Reset input clear the Rx
FIFO. Abort (“In Frame’’) and a high level on the
DCD input also clears the Rx FIFO, but the last bytes
of the previous frame, which are separated by the
frame boundary pointer, are not disturbed.

Transmitter Data First-In First-Out Register

Tx FIFO

The Tx FIFO consists of three 8-bit registers which
are used for buffer storage of data to be transmitted.
Data is always transferred from a full register to an
empty adjacent register; the transfer occurs on both
phases of the E input clock. The Tx FIFO can be
addressed by two different register addresses, the
“Frame Continue” address and the ‘“Frame Term-
inate” address. Each register has pointer bits which
point to the frame boundary. When a data byte is
written at the ‘“Frame Continue” address, the pointer
of the first FIFO register is set. When a data byte is
written at the ‘“Frame Terminate” address, the
pointer of the first FIFO register is reset. RxRs
control bit or Tx Abort control bit resets all pointers.
The pointer will shift through the FIFO. When posi-
tive transition is detected at the third location of
FIFO, the transmitter initiates a frame with an open
flag. When the negative transition is detected at the
third location of FIFO, the transmitter closes a
frame, appending the FCS and closing Flag to the last
byte.

The Tx last control bit can be used instead of using
the “Frame Terminate” address. When the Tx last
control bit is written by a ““1”, the logic searches the
last byte location in the FIFO and resets the pointer
in the FIFO register.

The status of Tx FIFO is indicated by the TDRA
status bit. When TDRA is ““1”, the Tx FIFO is avail-
able for loading data. The TDRA status is controlled
by the 2BYTE/1BYTE control bit. The Tx FIFO is
reset by both Tx Reset and RESET input. During this
reset condition or when CTS input is high, the TDRA
status bit is suppressed and data loading is inhibited.
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Table 3. ADLC Internal Register Structure

RS1 RS0 =00 RS1 RS0 =01 RS1RS0=10 RS1 RSO =11
Receiver Data
Bit# Status Register #1 Status Register #2 Register
0 RDA Address Present Bit0
2 1 Status #2 Frame Valid Bit 1
’é, Read Request
DE 2 Loop On Line Inactive Idle Received Bit 2
g 3 Flag Detected Abort Received Bit3
= (When Enabled) Not Used
< | 4 TS FCS Error Bit4
5 Tx Underrun DCD Bit5
6 TDRA/Frame Tx Overrun Bit 6
Complete
7 IRQ Present RDA (Receiver Data Available) Bit7
Transmitter Transmitter
Data Data
Control Register #1 [ Control Register #2 | Control Register #3 | (Continue Data) | (Last Data) | Control Register #4
Bit # (Cqbg =0} (Cibg=1) (C4bg =0) Cibp=1)
0 |Address Control (AC) [ Prioritized Status Logical Control Field Bit 0 Bit 0 Double Flag/Single
Enable Select Flag Interframe
Control
1 Receiver Interrupt 2 Byte/1 Byte Extended Control Bit 1 Bit 1 Word Length Select
Enable (RIE) Transfer Field Select Transmit #1
g 2 |Transmitter Interrupt | Flag/Mark Idle Auto, Address Bit2 Bit2 Word Length Select
g Enable (TIE) Extension Mode Transmit #2
o« 3 |RDSR Mode (DMA) | Frame Complete/ | 01/11 Idle Bit3 Bit 3 Word Length Select
z TDRA Select Receive # 1
3 4 | TDSR Mode (DMA) | Transmit Last Data | Flag Detected Bit4 Bit4 Word Length Select
g Status Enable Receive #2
5 |Rx Frame CLR Rx Status Loop/Non-Loop Bit5 Bit5 Transmit Abort
Discontinue Mode
6 |Rx RESET CLR Tx Status Go Active on Bit 6 Bit 6 Abort Extend
Poll/Test
7 |Tx RESET RTS Control Loop On-Line Bit7 Bit 7 NRZI/NRZ
Control DTR
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Control Registers

Control Register 1 (CR1)

bo

b1

b9

b3

b4

bs
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7 6 5 4 3 2 1 0
RS1 RSO R/W AC| TxRS RxRS | Discontinue TDSR RDSR TIE RIE | AC
0 0 0 X Mode Mode

Address Control (AC) — AC provides another RS
(Register Select) signal internally. The AC bit is
used in conjunction with RS0, RS1 and R/W inputs
to select particular registers, as shown in Table 2.
Receiver Interrupt Enable (RIE) — RIE enables/
disables the interrupt request caused by the re-
ceiver section. 1 ... enable, 0 ... disable.
Transmitter Interrupt Enable (TIE) — TIE enables/
disables the interrupt request caused by the trans-
mitter. 1 ... enable, 0. .. disable.

Receiver Data Service Request Mode (RDSR
Mode) — The RDSR Mode bit provides the capa-
bility of operation with a bus system in the DMA
mode when used in conjunction with the priori-
tized status mode. When RDSR MODE is set, and
interrupt request caused by RD A status is inhibited,
and the ADLC does not request data transfer via
the TRQ output. .
Transmitter Data Service Request Mode (TDSR
MODE) — The TDSR MODE bit provides the
capability of operation with a bus system in the
DMA mode when used in conjunction with the
prioritized status mode. When TDSR MODE is
set, and interrupt request caused by TDRA status
is inhibited, and the ADLC does not request a
data transfer via the IRQ output.

Rx Frame Discontinue (DISCONTINUE) — When
the DISCONTINUE bit is set, the currently re-

bg
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ceived frame is ignored and the ADLC discards
the data of the current frame. The DISCONTINUE
bit is automatically reset when the last byte of
the frame is discarded. When the ignored frame is
aborted by receiving an Abort or DCD failure, the
DISCONTINUE bit is also reset.

Receiver Reset (Rx Rs) — When the Rx Rs bit is
“1”, the receiver section stays in the reset condi-
tion. All receiver sections including the Rx FIFO
register and the receiver status bits in both status
registers, are reset. (During reset, the stored DCD
status is reset but the DCD status bit follows the
DCD input. Rx Rs is set by forcing a low level
on the RESET input or by writing a “1” into this
bit from the data bus. Rx Rs must be reset by
writing a “0” from the data bus after RESET has
gone high.

Transmitter Reset (Tx Rs) — when the Tx Rs bit
is “1”, the transmitter section stays in the reset
condition and transmits marks (“1’’’). All trans-
mitter sections, including the Tx FIFO and the
transmitter status bits in both status registers, are
reset (FIFO cannot be loaded). During reset, the
stored CTS status is reset but the CTS status bit
follows the CTS input. Tx Rsis set by forcing a low
level on the RESET input or by writinga “1”’ from
the data bus. It must be reset by writing a “0”
after RESET has gone high.




Control Register 2 (CR2)

bo

b1

b2

b3

by
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7 6 5 4 3 2 1 0
RS1 RSO R/W AC| RTS CLR CLR Tx FC/TDRA F/M 2/1 | PSE
0 1 0 0 TxST RxST Last Select 1dle Byte

Prioritized Status Enable (PSE) — When the PSE

bit is SET, the status bits in both status registers

are prioritized as defined in the Status Register
section. When PSE is low, the status bits indicate
current status without bit suppression by other
status bits. The exception to this rule is the CTS b5
status bit which always suppresses the TDRA
status.

2 Byte/1 Byte Transfer (2/1 Byte) — When the

2/1 Byte bit is RESET the TDRA and RDA status

bits then will indicate the availability of their
respective data FIFO registers for a single byte
data transfer. Similarly, if 2/1 Byte is set, the
TDRA and RDA status bits indicate when two
bytes of data can be moved without a second P6
status read.

Flag/Mark Idle Select (F/M Idle) — The F/M Idle

bit selects Flag characters or bit by bit Mark Idle

for the time fill or the idle state of the transmitter.
When Mark Idle is selected, Go-Ahead code can

be generated for loop operation in conjunction
with the 01/11 Idle control bit (Cgbg). 1... by
Flag time fill, 0 . . . Mark Idle.

Frame Complete/TDRA Select (FC/TDRA Select)

— The FC/TDRA Select bit selects TDRA status

or FC status for the TDRA/FC status bit indica-
tion. 1 ... FC status, 0 ... TDRA status.

Transmit Last Data (Tx Last) — Tx Last bit pro-
vides another method to terminate a frame. When

the Tx Last bit is set just after loading a data byte,
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the ADLC assumes the byte is the last byte and
terminates the frame by appending CRCC and a
closing Flag. This control bit is useful for DMA
operation. Tx Last bit automatically returns to
the “0” state.

Clear Receiver Status (CLR Rx ST) — When a
“1” is written into the CLR Rx ST bit, a reset
signal is generated for the receiver status bits in
status register # 1 and #2 (except AP and RDA
bits). The reset signal is enabled only for the bits
which have been present during the last “read
status” operation. The CLR Rx ST bit automat-
ically returns to the “0” state.

Clear Transmitter Status (CLR TxST) — When a
“1” is written into CLR TxST bit, a reset signal is
generated for the transmitter status bits in status
register # 1 (except TDRA). The reset signal is
enabled for the bits which have been present
during the last “‘read status’’ operation. The CLR
TxST bit automatically returns to the “0” state.

Request to Send Control (RTS) — The RTS bit
when high causes the RTS output to be low (the
active state). When the RTS bit returns low and
data is being transmitted, the RTS output remains
low until the last character of the frame (the
closing Flag or Abort) has been completed. If
the transmitter is idling when the RTS bit return
low, the RTS output will go high (the inactive
state) within two bit times.
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7 6 5 4 3 2 1 0
RS1 RSO R/W AC | LOC/ GAP/ Loop FDSE 01/11 AEX | CEX | LCF
0 1 0 1 DTR TST Idle

Logical Control Field Select (LCF) — The LCF bg
select bit causes the first byte(s) of data belonging

to the information field to remain 8 bit characters
until the logical control field is complete. The logi-

cal control field (when selected) is an automati-
cally extendable field which is extended when bit

7 of alogical control character is a “1”’. When the
LCF Select bit is reset the ADLC assumes no logi- bg
cal control field is present for either the transmit
or received data channels. When the logical control
field is terminated, the word length of the infor-
mation data is then defined by WLS1 and WLS9.
Extended Control Field Select (Cgx ) — When the
Cgx bitis a “1”, the control field is extended and
assumed to be 16 bits. When Cgx is “07, the
control field is assumed to be 8 bits.
Auto/Address Extend Mode (Agx) — The Agx
bit when ‘“low” allows full 8 bits of the address
octet to be utilized for addressing because address
extension is inhibited. When the Agx bitis “high”,
bit 0 of address octet equal to “0” causes the
Address field to be extended by one octet. The
exception to this automatic address field exten-
sion is when the first address octet is all “0’s”
(the Null Address).

01/11 Idle (01/11 Idle) — The 01/11 Idle Control
bit determines whether the inactive (Mark) idle
condition begins with a “0” or not. If the 01/11
Idle Control is SET, the closing flag (or Abort)
will be followed by a 011111 ... pattern. This is
required of the controller for the “Go Ahead”
character in the Loop Mode. When 01/11 is
RESET, the idling condition will be all*“1’s”".

Flag Detect Status Enable (FDSE) — The FDSE
bit enables the FD status bit in Status Register
# 1 to indicate the occurrence of a received Flag
character. The status indication will be accom-
panied by an interrupt if RIE is SET. Flag detec-
tion will cause the Flag Detect output to go low
for one bit time regardless of the state of FDSE.

b7

3.142

LOOP/NON-LOOP Mode (LOOP) — When the
LOOP bit is set, loop mode operation is selected
and the GAP/TST control bit, LOC/DTR control
bit and LOC/DTR output are selected to perform
the loop control functions. When LOOP is reset,
the ADLC operates in the point to point data
communications mode.

Go Active On Poll/Test (GAP/TST) — In the
Loop Mode — The GAP/TST bit is used to res-
pond to the poll sequence and to begin transmis-
sion. When GAP/TST is set, the receiver searches
for the “Go Ahead” (or End of Poll, EOP). The
receiver “Go Ahead” is converted to an opening
Flag and the ADLC starts its own transmission.
When GAP/TST is reset during the transmission;
the end of the frame (the completion of Flag or
Abort) causes the termination of the ‘“go-active-
on-poll” operation and the Rx Data to Tx Data
link is re-established. The ADLC then returns
to the “loop-on-line” state.

In the Non-loop Mode — The GAP/TST bit is
used for self-test purposes. If GAP/TST bit is
set, the TxD output is connected to the RxD
input internally, and provides a ‘loop-back”
feature. For normal operation, the GAP/TST bit
should be reset.

Loop On-Line Control/DTR Control (LOC/DTR)
— In the Loop Mode — The LOC/DTR bit is used
to go on-line or to go off-line. When LOC/DTR is
set, the ADLC goes to the on-line state after 7
consecutive “1’s” occur at the RxD input. When
LOC/DTR is reset, the ADLC goes to the ‘“‘off-
line” state after eight consecutive ““1’s’ occur at
the RxD input.

In the Non-Loop Mode — The LOC/DTR bit
directly controls the Loop On-Line/DTR output
state. 1...DTR output goes to low level. 0. ..
DTR output goes to high level.
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7 6

5 4 3 2 1 0

RS1 RSO R/W AC
1 1 0 1

NRZI/NRZ

ABTgx

ABT Rx Tx “FF”|F

WLS9 WLS7 | WLS2 WLS1

bo Double Flag/Single Flag Interframe Control (“FF”
[“F”) — The “FF”/“F” Control bit determines
whether the transmitter will transmit separate
closing and opening Flags when frames are trans-
mitted successively. When the “FF”/“F” control
bit is low, the closing flag of the first frame will
serve as the opening flag of the second frame.
When the bit is high, independent opening and
closing flags will be transmitted.

Transmitter Word Length Select (Tx WLS1 and
WLS2).

— Tx WLS1 and WLS2 are used to select the word
length of the transmitter information field. The
encoding format is shown in Table 4.

by

b2

Table 4. |-Field Character Length Select

WLSq WLS2 I-Field Character Length Length
0 0 5 bits
1 0 6 bits
0 1 7 bits
1 1 8 bits
bg Receiver Word Length Select (Rx WLS1 and WLS2)
b4 Rx WLS1 and WLS2 are used to select the word

length of the receiver information field. The en-
coding format is shown in Table 4.

Transmit Abort (ABT) — The ABT bit causes
an Abort (at least 8 bits of ‘“1” in succession) to
be transmitted. The Abort is initiated and the Tx
FIFO is cleared when the control bit goes high.
Once Abort begins, the Tx Abort control bit
assumes the low state.

Abort Extend (ABTgx) — If ABTgx is set, the
abort code initiated by ABT or the underrun
condition is extended up to at least 16 bits of

bs

bg

consecutive ‘“1’s”, the mark Idle State.

NRZI (Zero Complement)/NRZ Select (NRZI/
NRZ) — NRZI/NRZ bit selects the transmit/
receive data format to be NRZI or NRZ in both
Loop Mode or Non-Loop mode operation. When
the NRZI Mode is selected, a 1 bit delay is added
to the transmitted data (TxD) to allow for NRZI
encoding.1...NRZL 0...NRZ.

by

NOTE: NRZI coding — The serial data remains in the
same state to send a binary ‘1 and switches to the
opposite state to send a binary 0.

Status Register

The Status Register # 1 is the main status register.
The IRQ bit indicates whether the ADLC requests
service or not. The S2RQ bit indicates whether any
bits in status register # 2 request any service. TDRA
and RDA, because they are most often used, are
located in bit positions that are more convenient to
test, RDA reflects the state of the RDA bit in status
register #2.

The Status Register # 2 provides the detailed status
information contained in the S2RQ bit and these bits
reflect receiver status. The FD bit is the only receiver
status, which is not indicated in status register # 2.

The prioritized status mode provides maximum
efficiency in searching the status bits and indicates
only the most important action required to service
the ADLC. The priority trees of both status registers
are provided in Figure 9.

Reading the status register is a non-destructive pro-
cess. The method of clearing status depends upon the
bit’s function and is discussed for each bit in the
register.

3.143




Status Register 1 (SR1)

S6854/S68A54

7 ()

RS1 RSO R/W AC
0 0 1 X

IRQ

TDRA/FC

TXU | CTS FD |LOOP|S2RQ| RDA

Receiver Data Available (RDA) — The RDA status
bit reflects the state of the RDA status bit in
status Register # 2. It providesthe means of achiev-
ing data transfers of received data in the full
Duplex Mode without having to read both status
registers.

Status Register #2 Read Request (S2RQ) — All
the status bits (stored conditions) of status register
# 2 (except RDA bit) are logically OR-ed and indi-
cated at by the S2RQ status bit. Therefore S2RQ
indicated that status register # 2 needs to be read.
When S2RQ is ‘07, it is not necessary to read
status register #2. The bit is cleared when the
appropriate bits in Status Register #2 are cleared
or when Rx Reset is used.

Loop Status (LOOP) — The LOOP status bit is
used to monitor the loop operation of the ADLC.
This bit does not cause an IRQ. When Non-Loop
Mode is selected, LOOP bit stays “0”’, When Loop
Mode is selected, the LOOP status bit goes to “1”
during “On-Loop” condition. When ADLC is in
an “Off-Loop” condition or “Go-Active-On-Poll”
condition, the LOOP status bit is a “0”.

Flag Detected (FD) — the FD Status bit indicates
that a flag has been received if the Flag Detect
Enable control bit has been set. The bit goes high
at the last bit of the Flag Character received
(when the Flag Detect Output goes low) and is
stored until cleared by Clear Rx Status or Rx
Reset:

Clear To Send (CTS) — The CTS input positive

b0

b1

b2

b3

bg

bg Transmitter Data Register Available/Frame Com-
plete (TDRA/FC) — The TDRA Status bit serves
two purposes depending upon the state of the
Frame Complete/TDRA Select control bit. When
this bit serves as a TDRA status bit, it indicates
that data (to be transmitted) can be loaded into
the Tx Data FIFO register. The first register
(Reg. #1) of the Tx Data FIFO being empty
(TDRA = ¢1”’) will be indicated by the TDRA
Status bit in the “1-Byte Transfer Mode”. The
first two registers (Reg. #1 and #2) must be
empty for TDRZ to be high and when in the “2-
Byte Transfer Mode”. TDRA is inhibited by Tx
Reset, or CTS being high.

When the Frame Complete Mode of operation is
selected, the TDRA/FC status bit goes high when
a Flag or Abort has been transmitted. The bit
remains high until cleared by resetting the TDRA/
FC control bit or setting the Tx Reset bit.

Interrupt Request (IRQ) — The Interrupt Request
status bit indicates when the TRQ output is in the
active state (IRQ Output = “0”). The IRQ status
bit is subject to the same interrupt enables (RIE,
TIE) as the TRQ output. The IRQ status bit
simplifies status inquiries for polling systems by
providing single bit indication of service requests.

b7

Figure 9. Status Register Priority Tree (PSE = 1)

bs

transition is stored in the status register and causes
an IRQ (if Enabled). The stored CTS condition
and its IRQ are cleard by Clear Tx Status control
bit or Tx Reset bit. After the stored status is
reset, the CTS status bit reflects the state of the
CTS input.

Transmitter Underrun (TxU) — When the trans-
mitter runs out of data during a frame trans-
mission, an underrun occurs and the frame is

automatically terminated by transmitting an-

Abort. The underrun condition is indicated by

SR #1
DECREASING (Tx)  (Rx) SR #2 (Rx)
PRIORITY LT FD
Ve cis ERR, FV, DCD,
) ™>U S2R0Q OVRN, Rx ABT
i
Y 1) M
TDRA/FC  RDA Rx 'ELE
AP
'
RDA

the TxU status bit. TxU can be cleared by means
of the Clear Tx Status Control bit or by Tx Reset.

*Prioritized even when PSE = (
NOTE: Status bit above will inhibit one below it.
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7 6 5 4 3 2 1 0
RS1 RSO R/W AC RDA OVRN DCD | ERR | Rx Rx FV AP
0 1 1 X ABT | Idle

Address Present (AP)— The AP status bit provides
the frame boundary and indicates an Address octet
is available in the Rx Data FIFO register. In the
Extended Addressing Mode, the AP bit continues
to indicate addresses until the Address field is
complete. The Address present status bit is cleared
by reading data or by Rx Reset.

Frame Valid (FV) — The FV status bit provides
the frame boundary indication to the MPU and
also indicates that a frame is complete with no
error. The FV status bit is set when the last data
byte of a frame is transferred into the last loca-
tion of the Tx FIFO (available to be read by MPU).
Once FV status is set, the ADLC stops further
data transfer into the last location of the Rx
FIFO (in order to prevent the mixing of two
frames) until the status bit is cleared by the Clear
Rx Status bit or Rx Reset. .
Inactive Idle Received (Rx Idle) — The Rx Idle
status bit indicates that a minimum of 15 consecu-
tive ““1’s” have been received. The event is stored
within the status register and can cause an inter-
rupt. The interrupt and stored condition are
cleared by the Clear Rx Status Control bit. The
Status bit is the Logical OR of the receiver idling
detector (which continues to reflect idling until a
““0” is received ) and the stored inactive idle condi-
tion.

Abort Received (RxABT) — The RxABT status
bit indicates that 7 or more consecutive “1’s”
have been received. Abort has no meaning under
out-of-frame conditions; therefore, no interrupt
nor storing of the status will occur unless a Flag
has been detected prior to the Abort. An Abort
Received when “in frame” is stored in the status
register and causes an IRQ. The status bit is the
logical OR of the stored conditions and the Rx
Abort detect logic, which is cleared after 15
consecutive “1’s” have occurred. The stored

b4

b5

bg

b7
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Abort condition is cleared by the Clear Rx Status
Control bit or Rx Reset.

Frame Check Sequence/Invalid Frame Error
(ERR) — When a frame is complete with a cyclic
redundancy check (CRC) error or a short frame
error (the frame does not have complete Address
and Control fields), the ERR status bit is set
instead of the Frame Valid status bit. Other func-
tions, frame boundary indication and control
function, are exactly the same as for the Frame
Valid status bit. Refer to the FV status bit.

Data Carrier Detect (DCD) — A positive transi-
tion on the DCD input is stored in the status
register and causes an IRQ (if enabled). The
stored DCD condition and its IRQ are cleared by
the Clear Rx Status Control bit or RX Reset.
After stored status is reset, the DCD status bit
follows the state of the input. Both the stored
DCD condition and the DCD input cause the reset
of the receiver section when they are high.

Receiver Overrun (OVRN) — OVRN status indi-
cates that receiver data has been transferred into
the Rx FIFO when it is full, resulting in data loss.
The OVRN status is cleared by the Clear Rx
Status bit or Rx Reset. Continued overrunning
only destroys data in the first FIFO register.
Receiver Data Available (RDA) — The Receiver
Data Available status bit indicates when receiver
data can be read from the Rx Data FIFO. When
the prioritized status mode is used, the RDA bit
indicates that non-Address and non-last data are
available in the Rx FIFO. The receiver data being
present in the last register of the FIFO causes
RDA to be high for the “1 Byte Transfer Mode”.
The RDA bit being high indicates that the last
two registers are full when in the “2 Byte Trans-
fer Mode”. The RDA status bit is reset auto-
matically when data is not available.




Programming Considerations

1.

Status Priority — When the prioritized status mode
is used, it is best to test for the lowest priority
conditions first. The lowest priority conditions
typically occur more frequently and are the most
likely conditions to exist when the processor is
interrupted.

Stored vs Present Status — Certain status bits
(DCD, CTS, Rx Abort, and Rx Idle) indicate a
status which is the logical OR of a stored and a
present condition. It is the stored status that
causes an interrupt and which is cleared by a
Status Clear control bit. After being cleared, the
status register will reflect the present condition
of an input or a receiver input sequence.

Clearing Status Registers — In order to clear an
interrupt with the two Status Clear control bits, a
particular status condition must be read before it
can be cleared. In the prioritized mode, clearing a
higher priority condition might result in another
IRQ caused by a lower priority condition whose
status was suppressed when a status register was
first read. This guarantees that a status condition
is never inadvertently cleared.

Clearing the Rx FIFO — An Rx Reset will effect-
ively clear the contents of all 3 Rx FIFO bytes.
However, the FIFO may contain data from 2
different frames when an overrun, abort, or DCD
failure occurs. When this happens, the data from a
previously closed frame (a frame whose closing
flag has been received) will not be destroyed.
Servicing the Rx FIFO in a 2 Byte Mode — The
procedure for reading the last bytes of data is the
same, regardless of whether the frame contains
an even or an odd number of bytes. Continue to
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read 2 bytes until an interrupt occurs that is caused
by an end of frame status (FV or ERR). When
this occurs, indicating the last byte either has
been read or is ready to be read, switch tempo-
rarily to the 1-byte mode with no prioritized
status (control register 2). Test RDA to indicate
whether a 1-byte read should be performed: Then
clear the frame and status.

Frame Complete Status and RTS Release — In
many cases, a MODEM will require a delay for
releasing RTS. An 8-bit or 16-bit delay can be
added to the ADLC RTS output by using an
Abort. At the end of a transmission, frame
complete status will indicate the frame comple-
tion. After frame complete status goes high, write
“1” into the Abt control bit (and Abt Extend bit
if a 16-bit delay is required). After the Abt con-
trol bit is set, write “0” into the RTS control bit.
The transmitter will transmit eight or sixteen 1’s
and the RTS output will then go high (inactive).
Note to users not using the S6800 — (a) Care
should be taken when performing a write followed
by a read on successive E pulses at a high fre-
quency rate. Time must be allowed for status
changes to occur. If this is done, the time that E
is low between successive write/read E pulses
should be at least 500ns. (b) The ADLC is a
completely static part. However, the E fre-
quency should be high enough to move data
through the FIFO’s and to service the peripheral
requirements. Also, the period between successive
E pulses should be less than the period of RxC or
TxC in order to maintain synchronization between
the data bus and the peripherals.
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Features

VIDEO DISPLAY
GENERATOR

General Description

O

O

g oo O

32 x 16 (512 total) Alphanumeric Two Color
Display on Black Background with Intérnal
or External Character Generator ROM.

Two Semigraphics Modes with Display
Densities Ranging from 64 x 32 to 64 x 48 in
8 and 4 Color Sets Respectively, plus Black.
Full Graphics Modes with Display Densities
Ranging from 64 x 64 to 256 x 192 in 2 and
4 Colors.

Full NTSC Compatible Composite Video with
Choice of Interlaced and Non-interlaced
Display Versions.

Provides Microprocessor Compatible Interface
Signals.

Generates Display Refresh RAM Addresses.
NMOS Device, Single 5V Supply, TTL
Compatible Logic Levels.

Color Set Select Pin Can Give 8 Color Displays
in Full Graphics Mode.

The S68047 Video Display Generator (VDG) is de-
signed to produce composite video suitable for display
on a standard American NTSC compatible black/white
television or color televison or monitor.

There are three major types of display which the
S68047 can generate. These include an alphanumerics
mode of which there are two types, each with normal
or inverted video; a semigraphics mode of which there
are also two types; and full graphics mode of which
there are eight types.

Alphanumeric Modes

The alphanumeric modes, internal and external, enable
the S68047 to display a matrix of 32 x 16 (512 total)
characters. The internal mode utilizes an on-chip 64
ASCII character ROM to display each character in a
5 x 7 dot matrix font. In the external alphanumeric
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General Description (Continued)

mode, an external memory is required, either ROM or
RAM, which is used to display the 32 x 16 character
matrix with each character located within an 8 x 12 dot
matrix of customized font. Switching between internal
and external alphanumerics modes and normal and
inverted video can be accomplished on a character
by character basis.

Semigraphic Modes

The two semigraphic modes, semigraphic 4 (SG4)
and semigraphic 6 (SG6), subdivide each of the 512
(32 x 16) character blocks of 8 x 12 dots each into
2 x 2 and 2 x 3 smaller blocks respectively. In SG4
each block is created from 4 x 6 dots and in SG6 each
block consists of 4 x 4 dots. In addition the SG4 and
SG6 modes can each be displayed in 8 and 4 colors
plus black.

Display switching from alphanumerics to semigraphics
modes or vice versa during a raster display is called
minor mode switching and can take place on a charac-
ter basis.

Graphics Modes

The eight full graphics modes are divided into two
major groups, 4 color and 2 color. The 4 color graphics
provide 4 display densities ranging from 64 x 64 for
Graphics 0 through to 128 x 192 elements for Graphics
6. The 2 color graphics also provide 4 display densities
ranging from 128 x 64 for Graphics 1 through to 256
x 192 elements for Graphics 7. The latter display has
the highest density of the eight graphics modes. The
amount of display memory increases proportionately
with increasing density of display to a maximum of 6K
bytes for Graphics 7. Switching between either the
alphanumeric modes or semigraphics modes and any
of the full graphics modes is called major mode switch-
ing. Major mode switching can only occur at the end
of every twelfth raster line scan.

App! ications

Anywhere data can be more usefully presented graph-
ically on a CRT and for a minimum cost, the VDG in
conjunction with a microprocessor based controller

Electrical Specifications
Absolute Maximum Ratings

$68047

can utilize a standard American NTSC compatible TV
or monitor for such a purpose. Applications are ex-
tremely broad ranging from educational systems, video
games, small low cost business/home computers to pro-
cess control monitors and medical diagnostic displays.

The different modes of operation permit various cost/
display presentation tradeoffs. The alphanumerics
modes allow use of the TV screen as a video teletype
at the most limited level of operation. Only 512 bytes,
one for each character, need to be stored, each byte
being a minimum of six bits wide per the ASCII
code. If video inversion switching or alpha to semi-
graphics switching is required per character then two
extra bits are required in the display RAM as shown
in Fig.5. The semigraphics modes each offer an inter-
mediate range of graphics densities with tradeoffs in
density versus color. Typical semigraphics display
capabilities are bar graphs, charts, mini displays, etc.
which with minor mode switching to alphanumerics
modes allow annotation or captioning of the resultant
display. The various graphics modes provide greater
density displays with greater freedom of display pres-
entations. The tradeoffs in increasing density are with
increasing display memory size and color versus den-
sity. A minimum Graphics 0 provides a display density
of 64 x 64 (4096) elements, each element being com-
posed of a matrix of 12 (4 x 3) dots with a selection of
four colors per element. Since each of the even
numbered 4 color graphics modes map two bits of the
data word to one picture element, each data word of
memory provides four picture elements. Thus
Graphics 0 requires 4096/4 = 1024 bytes of display
RAM, Graphics 2 requires 8192/4 = 2048 and so on.
Graphics 1, like all the odd numbered 2 color graphics
modes, maps one bit of data word to one picture ele-
ment. Each data word therefore maps eight elements.
Graphics 1 density of 128 x 8 (8192) elements therefore
requires 8192/8 = 1024 bytes of display RAM and
Graphics 7, the densest display, requires 49, 152/8 =
6144 bytes of RAM. At the higher density graphics
displays, the rate of change of elements approaches the
maximum dot frequency of 6MHz. This video rate
taxes the capabilities of most commercially available
television sets and thus the quality of the display
system (television or monitor) should be commensurate
with the highest video rate to be used.

Supply Voltage
Input Voltage ..............................
Operating Temperature
Storage Temperature

.......................

7.0V
0.3V to +7.0V
0°C to 70°C
-65°C to 150°C
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DC (Static) Characteristics (Voc = 5.0V £ 5% ; T4 = 25°C, unless otherwise specified).

Symbol | Parameter Min. | Typ. | Max. Unit Conditions
Vi Input Voltage High 2.0 Vee \"
Vig Input Voltage High 4.0 Vee A\
(Color Clock only)
Vi, Input Voltage Low -0.3 +0.6 A%
I Input Leakage Current Viny =0 - 5.25V;
(all inputs) 1.0 2.5 MA Vee =0V
Iners) | Tri-State Output 10 LA Vee = 5.25V; MS = 0V;
Leakage Current (A0 — Al11) Vv = 0.4 -2.4V
Ito Output Leakage Current 10 uA VIN =2.4V; Voo =0V
(H—Sa FTS_, ﬁ)
Vou |Output Voltage High 2.4 Y Ion =-100uA (HS, FS, RP);
(A0 — Al11, HS, FS, RP) OuA (Ag - A11); CL = 30pF
VoL |Output Voltage Low 0.4 v IoL = 1.6mA (HS, FS, RP);
(A0 — A11, HS, FS, RP) OmA (Ag - Aj11); CL = 30pF
Icc Vee Supply Current 45 mA Vee =5V; Ta = 25°C
Cin Input Capacitance 10 pF ViN =0, Ta = 25°C;
f=1.0MHz
Coutr |Output Capacitance 12 pF VN =0, Ta = 25°C;
f=1.0MHz

AC Electrical Characteristics (Voc = 5.0V + 5%; Ta = 0 - 70°C except where noted).

Alpha Internal Mode (Figure 1)

Symbol Parameter Min. Typ. Max Unit Conditions
fyve Video Clock Frequency 5.6 6.0 6.4 MHz
tch Character Time 143 1.33 1.25 us
tacc Access-Time of External

Refresh RAM 0.7 us
tdot Dot Time 178 166 156 ns

Alpha External Mode (Figure 1)

NOTE: All parameters are the same as in Alpha Internal Mode except t 4 cc

Access-time of Refresh
tacc RAM + Access-time of 0.7 us
External ROM

Semigraphics Mode (Figure 1)

tpic Picture Element Duration 712 664 624 ns

NOTE: All other parameters are the same as in Alpha Internal Mode.
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Color Sub-carrier Input

Symbol Parameter Min. Typ. Max. Units Conditions
fceo Frequency 3.579545 MHz
+10 Hz

ty Rise Time 10 ns

tf Fall Time 10 ns

PWcc Pulse Width 140 ns

ViL, Zero Level 0.6 v

Vi One Level 4.0 \%

DR Duty Ratio 40% 50% 60%

Figure 1. Refresh RAM Interface Timing

H t
»| |='ooT
R (e
P v, | vt (]
T ldnr—y—:tQN-f—L—fN [
R [ 1
AD - AT1 R R 'X;"
L Lt ALl
A o [ 1
| | retaccE | | ol
[ T | | | [
DO - D7, €SS T NA A VALID |
A/S, INV, INT /EXT Vo i | DATA
T
[
[

LATCH DATA
(Internal to the chip)

i
| .
Y. R-Y, B greocccocecd
|
5 4:3}2}1 0|716]5 4{3}2 11076
1
DOT BEING P U
DISPLAYED |
(FULL ALPHA} < ONE cummnn.‘«-zmn CHARACTER
PICTURE ELEMENT oop EVEN
BEING DISPLAYED w
(SEMIGRAPHICS) pie
Composite Video Timing (Figure 2 )
Symbol Parameter Min. Typ. Max. Units Conditions
tsyNC Sync duration 4.888889 us
tfp Front Porch duration 1.536508 us
tBLANK Horizontal Blank Duration 11.44 us
tys, tfs Rise time and Fall time of
Horizontal Sync 250 ns
try, tov Rise time and Fall time of |
Horizontal Blank 340 ns

3.150



$68047

Figure 2. Composite Video Timing on Y Pin

Le——+Tgyne

Ty lje 1y
~—tg ank

Chroma R and Chroma B Output Timing; Cy, = 10pF; 1K Load (Figure 3.)

Symbol Parameter Min. Typ. Max. Units Conditions
trB, tiB Color Signals rise and Load = R-Y, B-Y
trr, tfR fall time 50 ns input of LM1889
tscB Color Burst to Sync lag 410 ns
tBURST Color Burst Duration 245 us
tfeB, treg | Color Burst rise and fall
times 175 ns
teL1, teLz | Video to color signals lag 75 ns

Voltage Levels

Video (Y) and Chroma (R—Y, B—Y) Output Levels (Figure 3.) C, = 10pF; Video Clock = 5.6MHz; Tp= 25°C;

Voo =5V £ 5%

Symbol B Parameter Min. | Typ. | Max. Units Conditions
Vsync Sync Voltage 0 0.1 0.5 \%
VBLANK Blanking Level 15 v
VBLACK | Black Level 1.7 v
VWHITE White level 2.4 4.0 Vee v
VB1, VR1 2.4 4.0 Vee A%
VB0, Vro | 2.0 \%
VB3, VR3 0 0.1 0.5 \Y
VBURST I 0.4 A\
VCHROMA BIAS 2.0 v
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Figure 3. Chroma Timing

CHROMA B By psr
(B-Y)

BORDERS VIDEO

CHROMA R
(R-Y)

"l I‘-‘m

Video Display Format Timing (Figure 4.)

Symbol Parameter Typ. Units Conditions
H Horizontal Scan Time 63.55557 Mus
v Field Time ’ 16.683337 ms
F Frame Time 33.366674 ms
v Field Rate 59.94004 sec !
tACTIVE Active Display Duration 41 us
tviDEO Active Display + Border
Duration 52.8 us
trp Row Preset Period 762.66684 us
(12 Horizontal Scans)

Figure 4. Video Display Format

BORDER

ACTIVE
DISPLAY
AREA

192 LINES

242 LINES

START
OF VERT.
BLANK

262.5 LINES
v

aCTIVE

|

tviDEO
H
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Pin Description (Figure 2.)

Vee +5V

Vss ov

CcC (Color Burst Clock 3.579545 MHz)

vC (Video Clock Oscillator = 6MHz)

A0 — All (Address Lines to Display Memory; high-impedance during MS low)

DO —D5 (Data from Display Memory RAM or ROM; D4 — D6 — Color Data in Semigraphics)

D6, D7 (Data from Display Memory in GRAPHIC Mode; Data also in ALPHANUMERIC Mode;

Color Data in ALPHA SEMIGRAPHIC — 6)

R—Y,B—Y,Y (Color and Composite Video)

CHB (Chroma Bias; References R — Y and B — Y Levels)

RP (Row Preset in any ALPHA Mode; goes low in all modes every 12 lines)

HS (Horizontal Sync)

INV (Inverts Video in all FULL ALPHA Modes; no effect in Semigraphics or Graphics Mode)

EXT/INT (Switches to External ROM in ALPHA Mode; between SEMIG — 4 and SEMIG — 6 in
Semigraphics; no effect in all Graphics Modes) ‘

A/S (Alpha/Semigraphics: Selects between FULL ALPHA and SEMIGRAPHICS in ALPHA
Modes; no effect in all Graphics Modes)

MS (Memory Select; forces VDG Address Buffers to high-impedance state; also used as a strobe
in TEST and RESET functions). The TV screen is forced black when MS = low

A/G (Switches between ALPHA and GRAPHIC Modes)

FS (Field Synchronization; LOW during vertical blanking time)

CSS (Color Set Select: Selects between two ALPHA Display Colors; between two Color Sets in
SEMIGRAPHICS — 6 and FULL GRAPHICS: selects Border Color in 8 Graphic Modes)

GM1, GM2 (Graphics Mode Select; select one of eight Graphic Modes; no affect in Alpha and Semi-

GM4 graphic Modes; GM1, GM2 select TEST and RESET mode when A/G = 0 and MS pin is

strobed low)

Internal Description

Internally the VDG is the combination of four inte-
grated subsystems (timing and control, MUX, address
buffers and shift registers to form the VDG function. A
block diagram of the VDG is shown on Page 1. Each
subsystem is described below.

Timing and Control

The timing and control subsystem of the VDG uses
the 3.58 MHz color frequency to generate timing infor-
mation. It accepts the color clock (generated off-chip)
(CC) input and generates timing for the horizontal
sync, horizontal blank, field sync, vertical blank and
row preset signal (RP) for external character generator
ROM. The video clock is generated on-chip by ex-

ternal RC and generates addresses A0 — All to ad-
dress the external refresh RAM.

The color-set-select (CSS) input to the Timing and
Control subsystem of the VDG is used to determine
the color-set of the display.

The EXT/INT input has two functions. In the full
alphanumeric mode, it is used to select either internal
ROM or external ROM. It is also used to select be-
tween semigraphic 4 and semigraphic 6 mode in semi-
graphic modes (A/S=1).

The INV input is utilized by the timing and control
subsystem to invert the display while in full alpha
mode.
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Internal Description (Continued)

A/G, AJS, GM1, GM2, GM4 inputs to the fiming and
control subsystem determine which of the fourteen
- VDG modes is to be used (Table 1).

MUX

The MUX provides the function of selecting the data
source to be displayed. The source can be either inter-
nal ROM or external ROM or RAM. For the internal
alphanumeric mode, the data source is the internal
ROM. For all other modes (semigraphic and graphics)
the data source is external ROM/RAM.

Address Buffers

The address buffers provide the buffering required
for external drive (ROM/RAM). The buffers are tri-
stated when the MS pin goes low and tri-states the
buffers so that VDG does not interfere with the MPU
operation. The ¥S pin (output) from the VDG
signals to the MPU that the TV is in the vertical re-
trace mode and the MPU can directly change the data
in the display memory during that time with no
interruption to displayed data.

Shift Registers

The two shift registers serialize bytes coming from
internal/external ROM/RAM for conversion to data

$68047

on the TV screen. The shift registers output also goes
to the chroma encoder circuitry to determine the
color of each individual dot. Each shift register has
4-bits.

VDG

The VDG has fourteen modes, grouped in three sets.
They are:

4 Alphanumerics Modes

00 Normal internal alpha
O Inverted internal alpha
O Normal external alpha
O Inverted external alpha

2 Semigraphics Modes

O Semigraphics 4
O Semigraphics 6

8 Full-graphics Modes

O 4 Graphics four-color modes
O 4 Graphics two-color modes

The six alphanumeric modes can be switched among
themselves on a character-by-character basis. Switch-
ing within the six alphanumeric modes is referred to
as minor-mode switching. All other mode switching is
referred to as major-mode switching.

The display can be major-mode switched on after
any multiple of twelve rows have been completed.
This is signalled to the MPU by RP output going low.
Switching among the full-graphics modes is permitted
at the end of every twelfth row just as in major-
mode switching.

Table 1 tabulates the modes of the VDG. The data structures for each mode are listed in Table 7. Table 2 and
Table 3 show the Alpha Select Mode and Graphic Select Mode configurations respectively. Table 4 gives the
Two-color Graphics and Full-alpha Color Spec1flcatlon Table 5 shows the semigraphics and Four-color

Graphics Color Specification.
Table 1. VDG Modes

Mode Description Memory
I ALPHA INTERNAL 32x 16 BOXES: 5x7 CHARACTER 512x7-8
il ALPHA INTERNAL INVERTED IN8x12B0OX
[[IN ALPHA EXTERNAL 32x 16 BOXES: 5x 70R 7x9 CHARACTERS 512x7-8
V. ALPHA EXTERNAL INVERTED IN8x 12BOX OR FULL 8 x 12 LIMITED GRAPHICS
V. ALPHA SEMIGRAPHICS 4 32 x 16 BOXES: 2 x 2 ELEMENTS PER BOX; 512x4 -7
EIGHT COLORS PLUS BLACK
VI. ALPHA SEMIGRAPHICS 6 32 x 16 BOXES 2 x 3 ELEMENTS PER BOX; 512x6 -8
FOUR COLORS PLUSBLACK
VIL. GRAPHICS 0 64 x 64 ELEMENTS: FOUR COLORS PER ELEMENT 1Kx8
VIIL. GRAPHICS 1 128 x 64 ELEMENTS: TWO COLORS PER ELEMENT 1K x 8
IX. GRAPHICS 2 128 x 64 ELEMENTS: FOUR COLORS PER ELEMENT 2K x 8
X. GRAPHICS 3 128 x 96 ELEMENTS: TWO COLORS PER ELEMENT 15K x 8
XL GRAPHICS 4 128 x 96 ELEMENTS: FOUR COLORS PER ELEMENT 3Kx8
XIl. GRAPHICS 5 256 x 96 ELEMENTS: TWO COLORS PER ELEMENT 3Kx8
Xl GRAPHICS 6 128 x 192 ELEMENTS: FOUR COLORS PER ELEMENT 6K x 8
XIV. GRAPHICS 7 256 x 192 ELEMENTS: TWO COLORS PER ELEMENT 6K x 8
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Table 7. Detailed Description of VDG Model
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VOG PINS coLon TV SCREEN
/6| A/s | INT/EXT | GM4|GM2{GM1] CSS | INV | CHARACTER| BACK- BORDER | DISPLAY MODE DETAIL VDG DATA 8US COMMENTS
COLOR GROUND
0 | 0 |Green Black Biack 32 Characters > soars x3 [E[]:D:ED ALPHANUMERIC INTERNAL mode uses internal
olo 0 xlolo 1} Biack Green in columns " m’s D e character generator with on-chip 64 ASCI) char-
e ———
1 0 | Blue Black Black 16 Characters [ T’ Ll ASCH INPUT acter ROM to display each character in 5x7 dot
1 ] Black < Blue in rows =] — USED matrix font
0 [ 0 [Green Black Black 32 Characters ALPHANUMERIC EXTERNAL mode uses external
olo 1 xlolo 1 ] Black Green in columns ROM or RAM to display 512 characters in cus-
| 0 | Green Black Black 16 Characters ONE ROW OF tom fonts each in 8x12 dot matrix.
T | Black Green 9K | in rows CUSTOM CHARACTERS
Ly €2 Cy Cg Color SEMIGRAPHICS 4 mode subdivides each of the
0 X X X Black 64 Display 512 (32x16) character blocks of 8x12 dots into
1.0 0 0 Green elements in four equal parts. The dominance of each block is
10 0 1 Yellow columns “ determined by the corresponding bit (L0-L3) on
0|1 0 X]0|Oo{X|X}{10 1 0 Cyan Black mm .mmm.mm the VDG data bus. Color of each block is deter-
10 1 1 Red EE NOT COLOR  LUMMENCE | mined by 3 bits (CO-C3).
1 1 0 0 Blue 32 Display [N
1t 1 0 1 Cyan/ elements in rows
Blue
1 1 0 Magental
1 1 1 1 Orange
Ly Cy Cg SEMIGRAPHICS 6 mode subdivides each of the
0 0 0 Black 512 (32x16) character blocks of 8x12 dots into
1 0 0 Green 64 Display six equal parts. The Juminance of each part is
1.0 1 VYelow elements in determined by the corresponding bits (LO-L5) on
i1 0 Cyan columns — the VDG bus. Color of each block is determined
01 1 X{ol|o 0 X 1 1 1 Red Black mmmmm by 2 bits (C0. C1)
. P——
1 0 0 Biue 48 Display COL0R
X 1.0 1 Cyan/ elements in rows LuMENCE
Blue
11 0 Magental
t 1 1 Orange
Gy Gy GRAPHICS 0 mode uses a maximum of 1024
0 0 Green 64 Display bytes of display RAM in which one pair-of bits
0 1 VYellow elements in {C0. C1) specifies on picture element. (Ex.}
0 1 0 Cyan columns
RS X 010)0 1_ X I de Green BRER [e1]co]er]coJcaco 1 co]
0 0 Blue Cyan/ 64 Display WHERE EX = C1C0
0 t Cyan/ |gjye elements in rows
Blue
1 0 Magenta
1 1 Orange
Ly Color 128 Display GRAPHICS 1 mode uses a maximum of 1024
0 Black elements in bytes of display RAM in which one bit (Lx)
o L Green _iGreen | Columns specifies one picture element.
1 X olol1|Tlx[0 Biack 64 Display L7[us{us [l 3f2{L]to - 16] 15| L4 13] L2[ 11] 0]
1 Cyan/ |Cyan/
Biue |Blue .
128 Display GRAPHICS 2 mode uses a maximum of 2048
0 Same color as elements in bytes of display RAM in which one pair of bits
_ Graphics 0 Green | columns £3] €2] E1] 0 u. c1{co]ca|co[c1[ca] | (CO. C1) specifies one picture element (Ex.).
11X X oj1]o 4 X Cyan/ | 64 Display
Blue elements in rows
1l x X AR 0 X Same color as 128 Display GRAPHICS 3 mode uses a maximum of 1536
1 Graphics 1 Green | elements in bytes of display RAM in which one bit (Lx)
columns L7)L6]L5[L4[ L8] L2]11[L0 L7ii6[L5(L4[L3|L2{L1{t0] | specifies one picture element.
Cyan/ | 96 Display
Blug elements in rows .
128 Display GRAPHICS 4 mode uses a maximum of 3072
Same color as Green elements in bytes of display RAM in which one pair of bits
1{X X 0| 1[0}0]X] Graphics0 columns E3| E2] E1] EO} C1{cojc1{Co[ C1{co[cr{CO} | (CO, C1 specifies one picture element (Ex.)
T Cyan/ | 96 Display
Blue elements in rows .
’ 1l x X ol 0 M Same color as 256 Display GRAPHICS 5 mode uses a maximum of 3072
e Graphics 1 Green | elements in bytes of display RAM in which one bit (Lx)
columns (][t ][] o] specifies one picture element.
Cyan/ | g6 Display
Blue | elements in rows
128 Display GRAPHICS 6 mode uses a maximum of 6144
0 Same color as g elements in bytes of display RAM in which one pair of bits
1| x X Vo (St | eraphics 0 een | columns PEEE IECEEECRE (CO. C1) specifies one picture element (Ex.)
Cyan/ .
Blue 192 Display
elements in rows
11 x X RERE 10 | X Same color as Green 256 Display GRAPHICS 7 mode uses a maximum of 6144
| Graphics 1 elements in . bytes of display RAM in which one bit (Lx)
columns L7) 16| 15| L4 13 L2f11[ Lo L7/16|L5]t4] L3j 2| 1] 1o} | specifies one picture element.
Cyan/ 1 192 Display
Blue | etements in rows
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Table 2. Alpha Mode Select
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GM2 GM1 A/G AlS INT/EXT INV mS MODE
X 0 0 0 0 0 INTERNAL ALPHANUMERICS
X 0 0 0 0 1 INTERNAL INV. ALPHA
X 0 0 0 1 0 EXTERNAL ALPHA
X 0 0 0 1 1 EXTERNAL INV. ALPHA
X 0 0 1 0 X SEMIGRAPHICS — 4
X 0 0 1 1 X SEMIGRAPHICS — 6
0 1 0 X X STROBED LOW TEST ROM
1 1 0 X X STROBED LOW RESET

NOTES: 1) GM4 pin has no effect when A/G = 0.
Invert pin has no effect except in Internal Alpha or External Alpha.

3) Under normal operation, care should be taken not to take GM1pin HIGH, when A/G pinis LOW. If this happens, any of the follow-
ing conditions will occur depending on the status of MS and GM2 pin:

2)

a) The VDG might go to TEST mode.
b) The VDG might be reset.

The VDG will not return to normal operation unless A/G and GM1 pins are returned to LOW level and MS pin is strobed.

4) X = Don't care.
Table 3. Graphic Mode Select

AlG GM4 GM2 M1 MODE
GRAPHICS 0 1 0 0 0 64 x 64 4 — COLOR
GRAPHICS 1 i 0 0 1 128 x 64 2 — COLOR
GRAPHICS 2 1 0 1 0 128 x 64 4 — COLOR
GRAPHICS 3 1 0 1 1 128 x96 2 — COLOR
GRAPHICS 4 1 1 0 0 128 x 96 4 —COLOR
GRAPHICS 5 1 1 0 1 256 x 96 2 — COLOR
GRAPHICS 6 1 i 1 0 128 x 192 4 — COLOR
GRAPHICS 7 1 1 1 1 256 x 192 2 — COLOR

NOTE: A/S, INT/EXT, INV pins have no effect when A/G = 1.

Table 4. Two-Color Graphics and Full-Alpha Color Specification

CSS PiN COLOR OF 'ON’ BOTS
0 GREEN
1 CYAN-BLUE
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Table 5. Semigraphics and Four-Color Graphics Color Specification

4-COLOR SEMI- SEMI-
GRAPHICS GRAPHICS -6 GRAPHICS — 4
EVEN BIT D6 D4
0DD BIT D7 D5 ]
CSS CSS D6 + l
COLOR 0060 GREEN
SET 001 YELLOW
1 0160 CYAN
011 RED
100 BLUE
COLOR 101 CYAN/BLUE
SET 110 MAGENTA
2 1T 11 ORANGE
NOTE: In Semigraphics — 6, if any bit DO — D5 is ‘0’, then picture element corresponding to that bit would be black. In Semigraphics — 4, if

any bit DO — D3 is zero, then the picture element correspanding to that dot will be black.

Table 6. Two-Color Graphics and Four-Color Graphics Border Color Specification

CSS PIN BORDER COLOR
0 GREEN
1 CYAN-BLUE

Typical System: A typical S6800 microprocessor based
S68047 system is shown on Figure 5. This system has
the capability of displaying internally and externally
generated characters, semigraphics 4 and 6 modes with
mode switching control from the microcomputer
input/output ports. A full graphics system configura-
tion would be similar in complexity with possibly
additional display RAM for the denser graphics modes.
The National Semiconductor LM1889 RF modulator
shown, has an on chip 3.58 MHz oscillator which can

Ordering Information

provide the microcomputer system clock as well as
the color burst reference for the S68047. Other RF
modulators are available through various commercial
channels. Only 512 bytes are needed to display the
512 character blocks on a TV screen. However, because
of current static RAM configurations (ie. 1Kx1 &
1Kx4) the extra 512 bytes available in the 1Kx9 RAM
shown can be used as scratchpad by the host micro-
. computer system.

Ordering No. No. Pins Package Temp. Range Description
568047 40 Ceramic 0-70°C VDG non-interlaced
S68047P 40 Plastic 0-70°C VDG non-interlaced
S68047Y 40 Ceramic 0-70°C VDG interlaced
S68047YP 40 Plastic 0-70°C VDG interlaced
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Figure 5. Typical System (Alphanumeric Internal/External & Semigraphics 4 and 6 Modes.)
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ADVANCED PRODUCT DESCRIPTION

$68488

Features

OO0 O0oogoogod

Single or Dual Primary Address Recognition
Secondary Address Capability

Complete Source and Acceptor Handshakes
Programmable Interrupts

RFD Holdoff to Prevent Data Overrun
Operates with DMA Controller

Serial and Parallel Polling Capability
Talk-Only or Listen-Only Capability
Selectable Automatic Features to Minimize
Software

Synchronization Trigger Output

S6800 Bus-Compatible

GENERAL PURPOSE
INTERFACE ADAPTER

General Description

The S68488 GPIA provides the means to interface be-
tween the IEEE488 standard instrument bus and the
S6800. The 488 instrument bus provides a means for
controlling and moving data from complex systems of
multiple instruments.

The S68488 will automatically handle all handshake
protocol needed on the instrument bus.

Block Diagram

Voo
*HANDSHAKE R
—_—

NOTE 1: I P

BUS
MGMT.

$68488
= GPIA

DATAID
DI101-0i08

T/R2

NOTE1:

»—T/R

TYP 16 PLACES

*The 3-wire handshake describéd is the subject
of patents owned by Hewlett-Packard Co.

Pin Configuration
Do
o1
02 . o
<%> aATABUS ves[] 1 af]ma
<g—:» oma GRanT [ 2 3| ]rs2
DG c‘sl: 3 aa:]rm
aso e[| ¢ 37:]nsn
:E R/WI: 5 36]E
| €fS2 a[]s 5[]
‘27 nn[ 7 a4]ﬁ
LB g af]iE
n2[] 3[]iea
ey 3| 1o 488 a[]iE
‘%u nnEn 508 2| ] e
[ DHAGRANT 05 [z 2|67
os []1a u[]A
97[14 21]7/?12
Vss oma reavest [ |15 25| ] AT
W[w za]m
oac [Ji7 2[] s
aro [1s D
RESET [ |19 2| |REN
Voo [0 a[]ire
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Functional Description

The IEEE 488 instrument bus standard is.a bit-parallel,
byte-serial bus structure designed for communiation
to and from intelligent instruments. Using this stand-
ard, many instruments may be interconnected and
remotely and automatically controlled or pro-
grammed. Data may be taken from, sent to, or trans-
ferred between instruments. A bus controller dictates
the role of each device by making the attention line
true and sending talk or listen addresses on the instru-
ment bus datalines; those devices which have matching
addresses are activated. Device addresses are set into
each GPIA from switches or jumpers on a PC board
by a microprocessor as a part of the initialization
sequence.

When the controller makes the attention line true,
instrument bus commands may also be sent to single
or multiple GPIAs. ’

Information is transmitted on the instrument bus
data lines under sequential control of the three hand-
shake lines. No step in the sequence can be initiated

$68488

until the previous step is completed. Information
transfer can proceed as fast as the devices can respond,
but no faster than the slowest device presently ad-
dressed as active. This permits several devices of dif-
ferent speeds to receive the same data concurrently.

The GPIA is designed to work with standard 488 bus
driver Ics (S3448As) to meet the complete electrical
specifications of the IEEE488 bus. Additionally, a
powered -off instrument may be powered-on without
disturbing the 488 bus. With some additional logic,
the GPIA could be used with other microprocessors.

The S68488 GPIA has been designed to interface be-
tween the S6800 microprocessor and the complex
protocol of the IEEE488 instrument bus. Many
instrument bus protocol functions are handled auto-
matically by the GPIA and require no additional MPU
action. Other functions require minimum MPU
response due to a large number of internal registers
conveying information on the state of the GPIA and
the instrument bus.

Figure 1.

DATABYTE
TRANSFER
CONTROL

DATA BUS
(8 LINES)

GENERAL
INTERFACE
MANAGEMENT — R

DI01-8 RFD |

S I

4

DEVICE A
ABLE TG TALK,
LISTEN, AND
CONTROL
e.g., CALCULATOR

DEVICE 8
ABLE TO TALK
AND LISTEN
eg., DIGITAL
MULTIMETER

DEVICE ¢
ONLY ABLE
TO LISTEN
e., SIGNAL
GENERATOR

DEVICE D
ABLETO TALK
AND LISTEN

568488

$6802
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Maximum Ratings

$68488

Supply Voltage
Input Voltage
Operating Temperature Range
Storage Temperature Range

Thermal Resistance

-0.3Vdc to +7.0Vdc
-0.3Vdc to +7.0Vdc
0°C to +70°C
-55°C to +150°C
+82.5°C/W

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.

" Electrical Characteristics (Vg = 5.0V 5%, Vsg = 0, T = 0°C to +70°C unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit Conditions
ViH Input High Voltage Vgs + 2.0 Vee Vdce
Vi Input Low Voltage Vgg - 0.3 Vgg + 0.8
IIN Input Leakage Current 1.0 2.5 1Ade Vin = 0to 5.256V
Itst Three-State (Off State)
Input Current DO-D7 2.0 10 nAdce ViN =0.4t0 2.4V
Vou Output High Voltage
D0O-D7 |Vgs+2.4 Vde Tijoad = - 205u A
VoL Output Low Voltage
D0-D7 Vgg + 0.4 Vde Iipad = 1.6mA
IRQ Vgg +0.4 Tjoad = 3.2mA
It,0H Output Leakage Current
(Off State) IRQ 1.0 10 wAde VoH = 2.4Vdc
Pp Power Dissipation 600 mW
CIN Input Capacitance D0-D7 12.5 pF ViN =0,
All Others 7.5 Ta = 25°C,
f=1.0MHz
Figure 2. Source and Acceptor Handshake
DID1>DI08 SOURCE
_ X X
DAV
SOURCE
VALID
SOME
. ALLRDY | | RDY_ ALL
| | RDY
I nowe | I | I ACCEPTOR
SOME RDY |
] ace ALL ACC
| ] ACCEPTOR
DAC } |
| I
DATA DATA
TRANSFER TRANSFER
BEGIN END
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Bus Timing Characteristics
Read (See Figure 3)
Symbol Parameter Min. Typ. Max. Unit Conditions
teycE Enable Cycle Time 1.0 us
PWEH Enable Pulse Width, High 0.45 s
PWEL Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and 160 ns
R/W valid to enable
positive transition - See 3
tDDR | Data Delay Time 320 ns lgure
ty Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tgr, tEr | Rise and Fall Time for 25 ns
Enable input
Write (See Figure 4)
teycE Enable Cycle Time 1.0 Hs
PWEH Enable Pulse Width, High 0.45 is
PWgL Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and 160 ns
R/W valid to enable S
itive transition ce
post Figure 4
tpsw Data Setup Time 195 ns
tH Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tgr, tEt | Rise and Fall Time for 25 ns
Enable input
Output (See Figure 5)
tup 400 ns DAV,DAC,RFD,
I Output Delay Time EOI, ATN valid
tT/R1, 2D 400 ns T/R1, T/R2 valid
Figure 3. Bus Read Timing Characteristics Figure 4. Bus Write Timing Characteristics

ENABLE

(Read Information from GPIA)

tas —

RS, G5, R/W

X

DATABUS

{Write Information into GPIA)

s —»‘

ENABLE

[4——— teycE

o— PWeL

RS, TS, R/W

DATA BUS

X
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Figure 5. Output Bus Timing

ENABLE 0.8V

JE——

[-€— tHD

OAV, DAC, RFD, EO}, ATN

20V
0.8V

TR, 20

T/R1, T/R2

X

A.C. Time Values

Symbol* Parameter Min. | Typ. | Max. | Unit Conditions
T1 Settling Time for Multiple Message SH >2 us¥*
to Response to ATN SH, AH, T, L <200 ns
T3 Interface Message Accept Time ¥ ) AH >0 $
t4 Response to IFC or REN False T, TE, L, LE <100 us
ts Response to ATN « EOI PP <200 ns

* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified
by an upper case T indicate the minimum time that a function must remain in a state before exiting.

#% If three-state drivers are used on the DIO — DAV and EOI lines, T1 may be:

(1) >1100ns

(2) Or =700ns if it is known that within the controller ATN is driven by a three-state driver.
(3) Or =500ns for all subsequent bytes following the first sent after each false transition of ATN [the first byte must be sent,

in accordance with (1) or (2)].

 Time required for interface functions to accept, not necessarily respond to interface messages.

¢ Implementation dependent.

MPU bus clock rate — The current 6800 bus clock is < 1MHz but part should operate at 1.5MHz (design goal), with appropriate

settling times (T1).

GPIA/MPU Interface Signals

The S68488 interfaces to the S6800 MPU with an
eight-bit bidirectional data bus, a chip select, Read/
Write line, reset line, three register select lines, an
interrupt request line, two DMA control lines, and an
address switch enable line.

Bidirectional Data (D0-D7) — The bidirectional data
lines allow the transfer of data between the MPU and
the GPIA. The data bus output drives are three-state
devices that remain in the high impedance (off) state
except when the MPU performs a GPIA read operation.

Chip Select (CS) — This input signal is used to select
the GPIA. CS must be low for selection of the device.
Chip select decoding is normally accomplished with
logic external to the chip.

Read/Write Line (R/W) — This signal is generated by
the MPU to control register access and direction of
data transfer on the data bus. A low state on the
GPIA Read/Write allows for the selection of one of
seven write-only registers when used in conjunction
with the register select lines RSO, RS1, RS2. A high
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state on the GPIA Read/Write allows for the selection
of one of eight read-only registers when used in con-
junction with register select lines RS0, RS1, RS2.

Register Select (RSO, RS1, RS2) — The three register
select lines are used to select the various registers
inside the GPIA. These three lines are used in con-
junction with the Read/Write line to select a particular
register that is to be written or read. Table 1 shows
the register select coding.

Table 1. Register Access

REGISTER
RS2 [ RS1 | RSO |R/W| REGISTER TITLE SYMBOL
0 0 0 | 1 |INTERRUPT STATUS ROR
0 0 0 | 0 |INTERRUPT MASK ROW
0 0 1 1 | COMMAND STATUS R1R
0 0 1 0 [UNUSED -
0 1 0 1 | ADDRESS STATUS R2R
0 1 0 | 0 | ADDRESS MODE R2W
0 1 1 1 | AUXILIARY COMMAND R3R
0 1 1 0 | AUXILIARY COMMAND R3W
1 0 0 [ 1 | ADDRESS SWITCH* R4R
1 0 0 | 0 [ADDRESS R4W
1 0 1 1 | SERIALPOLL R5R
1 0 1 0 [SERIALPOLL R5W
1 1 0 | 1 [COMMAND PASS-THROUGH R6R
1 1 0 | 0 | PARALLELPOLL R6W
1 1 1 1 | DATAIN R7R
1 1 1 0 [ DATAOUT RTW

*External to 68488

Interrupt Request (IRQ) — The IRQ output goes to
the common interrupt bus for the MPU. This is an
open drain output which is wire-ORed to the IRQ
bus. The IRQ is set false (low) when an enabled inter-
rupt occurs and stays false until the MPU reads from
the interrupt status register.

Reset — The active low Reset line is used to initialize
the chip during power on start up. Reset will be driven
by an external power-up reset circuit.

DMA Control Lines (DMA Grant, DMA Request) —
The DMA request line is used to signal waiting data
when Byte In (BI) or Byte Out (BO) is set high for a
DMA controller. The DMA request line is set high if
either the BI or BO interrupt flags are set in the Inter-
-rupt Status Register (ROW) and the corresponding
bits in the Interrupt Mask Register (ROR) are set true.

568488

The DMA request line is cleared when the DMA grant
is made true. The DMA grant line is used to signal the
GPIA that the DMA controller has control of the
MPU data and address lines.* DMA Grant must be
grounded when not in use!

Address Switch Enable (ASE) — The ASE output is
used to enable the device address switch three-state
buffers to allow the instrument address switch to be
read on the MPU bus.

Clock Input (Clk) — The clock input is normally a
derivative of the MPU ¢2 clock.

GPI1A/488 Interface Bus Signals

The GPIA provides a set of eighteen interface signal
lines between the S6800 and the IEEE Standard 488
bus.

Signal Lines (IBO-IB7) — These bidirectional lines
allow for the flow of seven bit ASCII interface mes-
sages and device-dependent messages. Data appears
on these lines in a bit-parallel byte-serial form. These
lines are buffered by the transceivers and applied to
the 488 but (DIO1-DIOS8).

Byte Transfer Lines (DAC, RFD, DAV) — These lines
allow for proper transfer of each data byte on the bus
between sources and acceptors. RFD goes passively
true, indicating that all acceptors are “ready for data.”
A source will indicate the “data is valid” by pulling
DAV low. Upon the reception of valid data by all
acceptors, DAC will go passively true, indicating that
the “data has been accepted” by all acceptors.

Bus Management Lines (ATN, IFC, SRQ, EOI, REN) —
These lines are used to manage an orderly flow of
information across the interface lines.

Attention (ATN) — This is sent true over the inter-
face to disable current talker and listeners, freeing
the signal lines (IBO-IB7). During the ATN, active
state devices monitor the DIO1 for addressing or an
interface command. Data flows on the DIO1 lines
when ATN is inactive (high).

Interface Clear (IFC) — This is used to put the inter-
face system into a known quiescent state.

Service Request (SRQ) — This is used to indicate a
need for attention in addition to requesting an inter-
ruption in the current sequence of events. This indi-
cates to the controller that a device on the bus is in
need of service.
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Remote Enable (REN) — This is used to select one of
two alternate sources of device programming data,
local or remote control.

End of Identify (EOI) — This is used to signal the end
of a multiple byte transfer sequence and, in conjunc-
tion with ATN, executes a parallel polling sequence.

Transmit/Receive Control Signals (T/R1, T/R2) —
These two signals are used to control the quad trans-
ceivers which drive the interface bus. It is assumed
that appropriate transceivers will be used where each
transceiver has a separate transmit/receive control pin.
These pins can support one TTL load each. The outputs
can then be grouped as shown in the Block Diagram
with SRQ hardwired high to transmit. The transmit/
receive inputs of REN, IFC, and ATN are hardwired
low to receive. ROI is controlled by T/R1 through
the S3448A (or an equivalent), allowing it to transmit
or receive. T/R1 operates exactly as T/R2 except dur-
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ing the parallel polling sequence. During parallel poll,
EOI will be made an input by T/R1 while DAV and
IBO-IB7 lines are outputs.

GPIA INTERNAL CONTROLS AND REGISTERS*

There are fifteen locations accessible to the MPU data
bus which are used for transferring data to control
the various functions on the chip and provide current
chip status. Seven of these registers are write only
and eight registers are read only. The various registers
are accessed according to the three least significant
bits of the MPU address bus and the status of the
Read/Write line. One of the fifteen registers is external
to the IC but an address switch register is provided
for reading the address switches. Table 2 shows actual
bit contents of each of the registers.

*Note: Upper and lower case type designations will be used with
the register bits to indicate remote orlocal messages, respectively.

Table 2

7 6 5 4 3 2 1 0
ROW IRQ BO GET APT CMD END Bi Interrupt “Mask’’ Reg.
ROR INT BO GET APT CMD END Bl Interrupt Status Reg.
R1R UACG REM LOK RLC SPAS | DCAS | UUCG Command Status Reg.
R1W Unused
R2R ma to lo ATN TACS LACS LPAS TPAS Address Status Reg.
R2wW dsel to lo hide hida apte Address Mode Reg.
R3R Reset DAC DAV RFD msa rtl ulpa fget Auxiliary Command Reg.
R3W rdr feoi dacr dacd
R4R ub3 ubD2 uD1 AD5 AD4 AD3 AD2 AD1 Address Switch Reg.
R4W Isbe dal dat AD5 AD4 AD3 AD2 AD1 Address Register
R5R SRQS .

S8 S6 S5 S4 S3 §2 S1 Serial Poll Reg.
R5W rsy
R6R B7 B6 B5 B4 B3 B2 B1 BO Command Pass-thru Reg.
R6W PPR8 PPR7 PPR6 PPR5 PPR4 PPR3 PPR2 PPR1 Parallel Poll Reg.
R7R D17 D16 D15 D14 D13 D12 D11 D10 Data In Register
R7W Doz D06 D05 D04 D03 D02 DO1 Doo Data Out Register

Data-In Register R7R — The data-in register is an
actual eight-bit storage register used to move data
from the interface bus when the chip is a listener.
Reading the register does not destroy information in
the data-out register. DAC (data accepted) will remain
low until the MPU removes the byte from the data-in

register. The chip will automatically finish the hand-
shake by allowing DAC to go high. In RFD (ready for
data) holdoff mode, a new handshake is not initiated
until a command is sent allowing the chip to release
holdoff. This will delay a talker until the available in-
formation has been processed.

3.165




Data-In Register (Read Only)
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Interrupt Mask Register {Write Only)

DI7 | DI6 | DI5 | DI4 | DI3 { D12 | DI1 | DIO

DI10-DI7 correspond to DI01-DI08 of the 488-1975 Standard and

I1B0-1B7 of the S68488.

Data Out Register R7W — The data-out register is an
actual eight-bit storage register used to move data out
of the chip onto the interface bus. Reading from the
data-in register has no effe~t on the information in
the data-out register. Writing to the data-out register
has no effect on the information in the data-in register.

Data Out Register (Write Only)

D07 { DO6 | DO5 | DO4 ( DO3 ( DO2 | DO1 | DOO

D00-DO7 correspond to the DIO1-DI08 of the 488-1975 Standard
and 1B0-1B7 of the S68488.

Interrupt Mask Register ROW — The Interrupt Mask
Register is a seven-bit storage register used to select
the particular events that will cause an interrupt to be
sent to the MPU. The seven control bits may be set
independently of each other. If dsel (bit 7 of the
Address Mode Register) is set high, CMD bit 2 will
interrupt on SPAS or RLC. If dsel is set low, CMD
will interrupt on UACG, UUCG, and DCAS in addition
to RLC and SPAS. The Command Status Register
R1R may then be used to determine which command
caused the interrupt. Setting GET bit 5 allows an in-
terrupt to occur on Group Execute Trigger Command.
END bit 1 allows an interrupt to occur if EOI is true
(low) and ATN is false (high). APT bit 3 allows an
interrupt to occur, indicating that a secondary address
is available to be examined by the MPU if apte (bit
0 of Address Mode Register) is enabled and listener
or talker primary address is received and a Secondary
Command Group is received. A typical response for a
valid secondary address would be to set msa (bit 3 of
Auxiliary Command  Register) true and dacr (bit 4
Auxiliary Command Register) true, releasing the DAC
handshake. BI indicates that a data byte is waiting in
the data-in register. BI is set high when data-in register
is full. BO indicates that a byte from the data-out
register has been accepted. BO is set when the data-out
register is empty. IRQ enabled high allows any inter-
rupt to be passed to the MPU.

IRQ | BO | GET X APT | CMD | END Bl
IRQ  — Mask bit for IRQ pin
BO — Interrupt on byte output
GET  — Interrupt on Group Execute Trigger
APT  — Interrupt on Secondary Address Pass-Through
CMD  — Interrupt on SPAS + RLC + dsel (DCAS + UUCG + UACG)
END - Interrupt on EOl'and ATN
Bl — Interrupt on byte input

Interrupt Status Register ROR — The Interrupt Status
Register is a seven-bit storage register which corre-
sponds to the interrupt mask register with an additional
bit INT bit 7. Except for the INT bit, the other bits
in the status register are set regardless of the state of
the interrupt mask register when the corresponding
event occurs. The TRQ (MPU interrupt) is cleared
when the MPU reads from the register. INT bit 7 is
the logical OR of the other six bits ANDed with the
respective bit of ROW.

Interrupt Status Register (Read Only)

INT | BO [ GET | X | APT | CMD | END Bl

INT  — Logical OR of all other bits in this register ANDed with the

respective bits in the interrupt mask register

BO — A byte of data has been output

GET — A Group Execute Trigger has occurred

APT  — An Address Pass-Through has occurred

CMD —SPAS+ RLC + dsel (DCAS +UUCG + UACG) has occurred
END - An EOI has occurred with ATN =0

B! — A byte has been received

Serial Poll Register R5R/W — The Serial Poll Register
is an eight-bit storage regiter which can be both
written into and read by the MPU. It is used for estab-
lishing the status byte that the chip sends out when it
is serial poll enabled. Status may be placed in bits 0
through 5 and bit 7. Bit 6 rsv (request for service) is
used to drive the logic which controls the SRQ line
on the bus telling the controller that service is needed.
This same logic generated the signal SRQS which is
substituted in bit 6 position when the status byte is
read by the MPU IBO-IB7. In order to initiate a rsv
(request for service), the MPU sets bit 6 true (generat-
ing rsv signal) and this in turn causes the chip to pull
down the SRQ line. SRQS is the same as rsv when
SPAS is false. Bit 6 as read by the MPU will be the
SPQS (Service Request State).
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Serial Poll Register (Read)

$68488

Address Mode Register (Write Only)

S8 [SRQS| S6 | S5 | S4 | S3 | S2 | &1

dsel | to lo X | hdle [ hdla | X | apte

S$1-S8 - Status bits
SRQS - Bus in Service Request State

Serial Poll Register (Write)

S8 | rsv | S6 | S5 | S4 | S3 | S2 | §1

S$1-8S8 — Status bits
rsv — Generate a service request

Paralle]l Poll Register R6W — This register will be loaded
by the MPU and the bits in this register will be delivered
to the instrument but IBO-IB7 during PPAS (Parallel
Poll Active State). This register powers up in the PPO
(Parallel Poll No Capability) state. The reset bit
(Auxiliary Command Register bit 7) will clear this
register to the PPO state.

The parallel poll interface function is executed by
this chip using the PP2 subset (Omit Controller Con-
figuration Capability). The controller cannot directly
configure the parallel poll output of this chip. This
must be done by the MPU. The controller will be able
to indirectly configure the parallel poll by issuing an
addressed command which has been defined in the
MPU software.

Parallel Poll Register (Write Only)

Prg | PP7 | PP6 | PP5 | PP4 [ PP3 | PP2 | PPI

Bits delivered to bus during Parallel-Poll Active State {PPAS)
Register powers up in the PP0 state
Parallel Poll is executed using the PP2 subset

Address Mode Register R2W — The address mode
register is a storage register with six bits for control:
to, lo, hlde, hlda, dsel, and apte. The to bit 6 selects
the talker/listener and addresses the chip to talk only.
The lo bit 5 selects the talker/listener and sets the
chip to listen only. The apte bit 0 is used to enable
the extended addressing mode. If apte is set low, the
device goes from the TPAS (Talker Primary Address
State) directly to the TADS (Talker Addressed State).
The hlda bit 2 holds off RFD (Ready for Data) on
ALL DATA until rfdr is set true. The hlde bit 3 holds
off RFD on EOI enabled (low) and ATN not enabled
(high). This allows the last byte in a block of data to
be continually read as needed. Writing rfdr true (high)
will allow the next handshake to proceed.

dsel - Configure for automatic completion of handshake sequence
on occurrence of GET, UACG, UUCG, SDC, or DCL com-
mands.

to — Set to talk-only mode.

lo — Set to listen-anly mode.

hdle - Hold-off RFD on end.

hdla — Hold-off RFD on all data.

apte  — Enable the address pass-through feature.

Address Status Register R2R — The address status
register is not a storage register but simply an eight-bit
port used to couple internal signal nodes to the MPU
bus. The status flags represented here are stored inter-
nally in the logic of the chip. These status bits indicate
the addressed state of the talker/listener as well as
flags that specify whether the chip is in the talk only
or listen only mode. The ATN, bit 4, contains the
condition of the Attention Line. The ma signal is true
when the chip is in:

TACS — Talker Active State
TADS — Talker Addressed State
LACS — Listener Active State
LADS — Listener Addressed State
SPAS  — Serial Poll Active State

Address Status Register (Read Only)

ma to lo ATN [ TACS |LACS|LPAS | TPAS
ma — My address has occurred.
to — The talk-only mode is enabled.
lo — The listen-only mode is enabled.
ATN — The Attention command is asserted.

TACS — GPIA is in the Talker Active State.

LACS — GPIA is in the Listener Active State.

LPAS — GPIA is in the Listener Primary Addressed State.
TPAS — GPIA is in the Talker Primary Addressed State.

Address Switch Register R4R — The address switch
register is external to the chip. There is an enable line
(ASE) to be used to enable three-state drivers con-
nected between the address switches and the MPU.
When the MPU addresses the address switch register,
the enable line directs the switch information to be
sent to the MPU. The five least significant bits of the
eight-bit register are used to specify the bus address
of the device, and the remaining three bits may be
used at the discretion of the user. The most probable
use of one or two of the bits is for controlling the
listener only or talk only functions.
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Address Switch Register (Read Only)

UD3 | UD2 | UD1 | AD5 | AD4 | AD3 | AD2 | AD1
AD1-AD5 — Device address.
UD1-UD3 — User definable bits.

When this “register” is addressed, the ASE pin is set, allowing external
address switch information from bus device to be read.

Address Register R4W — The Address Register is an
eight-bit storage register. The purpose of this register
is to carry the primary address of the device. The
primary address is placed in the five least significant
bits of the register. If external switches are used for
device addressing, these are normally read from the
Address Switch Register and then placed in the Address
Register by the MPU.

AD1 through ADS5 bits 0-5 are for the device’s address.
The lsbe bit 7 is set to enable the Dual Primary Ad-
dressing Mode. During this mode, the device will
respond to two consecutive addresses, one address
with AD1 equal to 0 and the other address with AD1
equal to 1. For example, if the device’s address is
HEX OF, the Dual Primary Addressing Mode would
allow the device to be addressed at both HEX OF and
HEX OE. The dal bit 6 is set to disable the listener
and the dat bit 5 is set to disable the talker.

This register is cleared by the Reset input only (not
by the reset bit of the Auxiliary Command Register
bit 7).

When ATN is enabled and the primary address is
received on the IBO-7 lines, the S68488 will set bit
7 of the address status register (ma). This places the
S68488 in the TPAS or LPAS.

When ATN is disabled, the GPIA may go to one of
three states: TACS, LACS or SPAS.

Address Register (Write Only)

Isbe | dal | dat | AD5 | AD4 | AD3 | AD2 | AD1

Ishe  — Enable dual primary addressing mode.

dal — Disable the listener.
dat — Disable the talker.
AD1-AD5 — Primary device address, usually read from address

switch register.
Register is cleared by the Reset input pin only.

Auxiliary Command Register R3R/W — Bit 7, reset,
initializes the chip to the following states: (Reset is
set true by external Reset input pin and by writing
into the register from the MPU.)
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SIDS — Source Idle State

AIDS  — Acceptor Idle State

TIDS  — Talker Idle State

LIDS  — Listener Idle State

LOCS — Local State

NPRS — Negative Poll Response State

PPIS — Parallel Poll Idle State

PUCS  — Parallel Poll Unaddressed to Configure
State

PPO — Parallel Poll No Capability

rfdr (release RFD handshake) bit 6 allows for comple-
tion of the handshake that was stopped by RFD
(Ready for Data) holdoff commands hlda and hlde.

fget (force group execute trigger) bit O has the same
effect as the GET (Group Execute Trigger) command
from the controller.

rt] (return to local) bit 2 allows the device to respond
to local controls and the associated device functions
are operative.

dacr (release DAC handshake) bit 4 is set high to allow
DAC to go passively true. This bit is set to indicate
that the MPU has examined a secondary address or an
undefined command.

ulpa (upper/lower primary address) bit 1 will indicate
the state of the LSB of the address received on the
DIO1-8 bus lines at the time the last Primary Address
was received. This bit can be read but not written by
the MPU.

msa (valid secondary address) bit 3 is set true (high)
when TPAS (Talker Primary Addressed State) or
LPAS (Listener Primary Addressed State) is true. The
chip will become addressed to listen or talk. The pri-
mary address must have been previously received.

RFD, DAV, DAC (Ready for Data, Data Valid, Data
Accepted) bits assume the same state as the corre-
sponding signal on the S68488 package pins. The
MPU may only read these bits. These signals are not
synchronized with the MPU clock.

dacd (data accept disable) bit 1 set high by the MPU
will prevent completion of the automatic handshake
on Addresses or Commands. dacr is used to com-
plete the handshake.

feoi (forced end or identify) bit 5 tells the chip to
send EOI low. The EOI line is then returned high after
the next byte is transmitted. NOTE: The following
signals are not stored but revert to a false {(low) level
one clock cycle (MPU¢2) after they are set true (high):

1. rfdr
2. feoi
3. dacr

These signals can be written but not read by the MPU.

3.168



Auxiliary Command Register

rfdr | feoi | dacr dacd WRITE
RESET e msa | rtl fget
DAC | DAV |RFE ulpa READ
reset — initialize the chip to the following status:

(1) all interrupts cleared

(2) following bus states are in effect: SIDS, A1DS, TIDS, LIDS,
LOCS, PPIS, PUCS, and PPO

(3) bit is set by Reset input pin

msa — if GPIA is in LPAS or TDAS, setting msa will force GPIA to
LADS or TADS

rtl  — return to local if local lockout is disabled

ulpa — state of LSB of bus at-last-primary-address receive time

fget — Force group execute trigger command from the MPU has
occurred

rfdr  — continue handshake stopped by RFD holdoff

feoi — set EOI true, clears after next byte transmitted

dacr — MPU has examined an undefined command or secondary
address

dacd — prevents completion of automatic handshake on Addresses or
Commands

Command Status Register R1R — The command
status register flags commands or states as they occur.
These flags or states are simply coupled onto the
MPU bus. There are five major address commands. REM
shows the remote/local state of the talker/listener.
RLC bit 3 isset when a change of state of the remote/
local flip-flop occurs and reset when the command
status register is read. DCAS bit 1 indicates that either
the device clear or selected device clear has been re-
ceived activating the device clear function. SPAS bit 2
indicates that the SPE command has been received
activating the device serial poll function. UACG bit 7
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indicates that an undefined address command has
been received and depending on programming the
MPU decides whether to execute or ignore it. UUCG
bit 0 indicates that an undefined universal command
has been received.

Command Status Register
(Read)

UACG | REM | LOK| X [RLC | SPAS | DCAS | UUCG

UACG — Undefined Addressed Command
REM — Remote Enabled

LOK — Local Lockout Enabled

RLC - Remote/Local State Changed

SPAS — Serial Poll Active State is in effect
DCAS — Device Clear Active State is in effect
UUCG — Undefined Universal Command

Command Pass-Through Register R6R — The com-
mand pass-through is an eight-bit port with no storage.
When this port is addressed by MPU it connects the
instrument. data bus (IBO-IB7) to the MPU data bus
DO0-D7. This port can be used to pass commands and
secondary addresses that aren’t automatically inter-
preted through to the MPU for inspection.

Command Pass- Through Register
(Read Only)

B7 | B6 | B5 { B4 | B3 | B2 | B1 BO

An eight-bit input portused to pass commands and secondary addresses
to MPU which are not automatically interpreted by the GPIA.
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PIN/PACKAGE CONFIGURATION
$1883 BLOCK DIAGRAM '/ .
(Available in Pkgs. 3M, 1T - see Sec. 1)
FEATURES
) 12.5 K Baud Data Rates [ Double Buffered Input/Output
L] 5-8 Bit Word Length L] Independent Transmit/Receive Rates
o Parity Generation/Checking Odd, Even, None L] Start and Stop Bits Generated and Detected
. Framing and Overflow Error Detection L] Interchangeable with TMS6011, COM2017,
L] 1, 1.5, or 2 Stop Bits TR1602, AY-5-1013
(] Tri-State Outputs
FUNCTIONAL DESCRIPTION preceding each character and under program control 1, 1.5, or

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

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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RECEIVER/TRANSMITTER
(USRT)
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BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
FEATURES
L4 500 KHz Data Rates L] 5—8 Bit Characters
L] Internal Sync Detection L] Odd/Even or No Parity
L] Fill Character Register . Error Status Flags
. Double Buffered Input/Output . Single Power Supply (+5v)
L] Bus Oriented Outputs . 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 parailel 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 S, 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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AMI MICROCOMPUTER SYSTEMS

MICROCOMPUTER DEVELOPMENT CENTER

An intelligent stand-alone software debugging station,
serving completely the combined needs of the design
engineer and the programmer. It consists of a S6800
based CRT/keyboard microcomputer terminal, a dual
drive floppy disk memory, and an optional hard copy
printer.

AMI Microcomputer
Development Center

A program in development (or in operation) can be
viewed on the CRT and edited on the keyboard. Pro-
gram files can be assembled and stored in the floppy
disk memory, under control of the disk memory
operating system software. The modular bus oriented
card cage in the CRT terminal provides versatile
facilities for developing and testing 6800 hardware.

CRT/Keyboard Terminal

[0 Capability for generating 256 unique ASCII input
characters

0 12-inch diagonal CRT display — 25 lines of 80
characters

0O 16K bytes of user available RAM, expandable to
48K

{0 Full cursor and editing controls
O Special function controls
00 Peripheral interconnects

Logic Analyzer

General-purpose logic analyzer
Plugs into MDC-100

Trace memory hold 1024 steps
All patterns 40 channels wide
Two separate event qualifiers

Data-dependent clock

oo gooooo

Outhound trigger

Floppy Disk Memory

0O IBM 3740 data format compatible
O Data sterage capacity of 256,256 hytes per
diskette

O Fully supported by FDOS-II Disk Operating and
File Management System software

Optional Matrix Printer
0 132 column
[J Det matrix, impact printing

[J 120 or 180 characters per second

$2000 Support

52000 Designers can use the DEV-2000 Development
Board to provide a direct link between the MDC and
the user’s prototype. As stand-alone systems, the
S2000 designer can use the capabilities of either the
low-cost SES-2000 hardware. emulator — which is a
pin-for-pin substitute for an S2000 microcomputer chip
and contains its own EPROM memory — or the
TES-82000 functional go/no-go tester.
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MDC Hardware Capabilities

The AMI MDC is a multifunction development center
that single-handedly satisfies your requirements for
software development, hardware development, and
prototype checkout. The MDC can also double as a
stand-alone communications terminal, a general pur-
pose data processing system, or as an incoming parts
tester.

Software Development — write, debug and operate
S6800 and S2000 programs on the CRT terminal, us-
ing its internal RAM and the dual drive floppy disk for
storage. The MDC comes with a full complement of
support software, including the FDOS-II Disk
Operating and File Management System, a Text
Editor, an Assembler, Debugger, Trace, Telecom-
munications and Utilities.

Hardware Development — breadboard such cicruitry
as interfaces or memories right on the MDC wirewrap
prototyping board and plug into the CRT terminal card
cage to operate with the MDC’s S6800-based central

MDC Software Capabilities

The AMI MDC offers total facilities for rapidly
developing applications and systems software. The en-
tire MDC software system is at the user’s instant
disposal — a few simple keystrokes are needed to in-
stantly access and execute any program. The FDOS-II
disk based operating system provides complete system
resource control to the programmer.

FDOS-II Disk Operating and File Management
System — contains a resident module for bootstrap-
ping the floppy disk memory and for disk I/0 handling.
It also contains an executive that performs all of the
disk memory command line interpretations, file
management and operational functions of the dual disk
system. In addition, there are utility I/O and EPROM
programming routines in FDOS-II. )

The Text Editor — program provides the means for
rapidly creating, examining and modifying stored files.
The total capability of MDC’s Text Editor exceeds that
of many large minicomputer systems, and includes
such features as storing searches and string substitu-
tions.

The Symbolic Assembler — translates assembler
language statements into executable machine
language code. In conjunction with FDOS-II Operating
and File Management Systems, assembling has been
reduced to a series of simple operator keystrokes.
Results of the assembly, automatically stored on disk,
are immediately available for reference or execution.

processor in solving development problems. Use the
control panel type functions of the CRT terminal for
single step, stop-on-address, display, alter, and other
similar program operations. The bus oriented card
cage, position interchangeable plug-in card modules,
and an extender card provide the flexibility to make
hardware development easy. There is also a complete
keyboard control led PROM programmer within the
CRT terminal.

Prototype Checkout — with the advantages of a real-
time test environment, rapid test program retrieval,
single or multiple step execution, and hardware as well
as software breakpoints, the checkout of prototype
S2000 and S6800 circuitry is easy and efficient.

Stand-alone Communications Terminal — the CRT ter-
minal has both RS-232 and current loop interfaces, sup-
ported by telecommunications firmware, for operation
as a general purpose stand-alone intelligent terminal.

MDC’s Extensive Debug Program — effectively

. automates the functions of a computer control panel.

Given control by simply pressing the DEBUG key or
via program traps, Debug immediately responds with
the display of machine and program status. Addition
functions include:

Register/data display and modification
Instruction/subroutine step

User definable debug macros

Snapshot debug data of a running program
Breakpoints (stop-on-address compare)
Comment and header line displays

MDC’s Trace Package — gives Debug the ability to
display a trace of machine register contents, instrue-
tion mnemonics and operands before execution of any
instruction or subroutine in the user’s program.
Microprocessor debugging has never been made
easier.

MDC’s Test Programs — are a set of seif-test and
diagnostics which verify that the hardware associated
with the MDC is operating correctly. The programs
are also helpful in isola