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ORDERING INFORMATION

Factory orders for parts described in this book should include a four-part number as explained below:

Example: MK[L3870|L -T
[. 1. Dash Number

2. Package

3. Device Number
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4. Mostek Prefix

1. Dash Number
One or two numerical characters defining specific device performance characteristic.
2. Package

- Gold side-brazed ceramic DIP

- CER-DIP

- Epoxy DIP (Plastic)

P-PROM

- Tin side-brazed ceramic DIP

- Ceramic DIP with transparent lid
- Ceramic leadless chip carrier

m-4X>D=Z2¢T
'

3. Device number

IXXX or IXXXX - Shift Register, ROM

2XXX or 2XXXX - ROM, EPROM

3XXX or 3XXXX - ROM, EPROM

38XX - Microcomputer Components
4XXX or 4XXXX - RAM

BXXX or 5XXXX - Telecommunication and Industrial
TXXX or 7XXXX - Microcomputer Systems

4. Mostek Prefix
MK-Standard Prefix

MKB-100% 883B screening, with final electrical test at low, room and high-rated temperatures.
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Mostek - Technology For Today And Tomorrow

TECHNOLOGY

From its beginning, Mostek has been an
innovator. From the developments of the 1K
dynamic RAM and the single-chip calculator
in 1970 to the current 64K dynamic RAM,
Mostek technological breakthroughs have
proved the benefits and cost-effectiveness of
metal oxide semiconductors. Today, Mostek
represents one of the industry’s most
productive bases of MOS/LSI technology,
including Direct-Step-on-Wafer processing
and ion-implantation techniques.

The addition of the Microelectronics
Research Center in Colorado Springs adds a
new dimension to Mostek circuit design
capabilities. Using the latest computer-aided
design techniques, center engineers will be
keeping ahead of the future with new
technologies and processes.

QUALITY

The worth of a product is measured by
how well it is designed, manufactured and
tested and by how well it works in your

v

system.

In design, production and testing, the
Mostek goal is meeting specifications the
first time on every product. This goal requires
strict discipline from the company and from
its individual employees. Discipline, coupled
with very personal pride, has enabled
Mostek to build in quality at every level of
production.

PRODUCTION CAPABILITY

The commitment to increasing production
capability has made Mostek the world's
largest manufacturer of dynamic RAMs. We
entered the telecommunications market in
1974 with a tone dialer, and have shipped
millions of telecom circuits since then. More
than two million of our MK3870 single-chip
microprocessors are in use throughout the
world. To meet the demand, production
capability is being constantly increased.
Recent construction in Dallas, Ireland and
Colorado Springs has added some 50
percent to the Mostek manufacturing
capacity.

4
-4
w
z
w
o

INFORMATION




THE PRODUCTS

Telecommunications Products

Mostek is the leading supplier of tone
dialers, pulse dialers, and CODEC devices.
As each new generation of telecom-
munications systems emerges, Mostek is
ready with new generation components,
including PCM filters, tone receivers,
repertory dialers, new integrated tone
dialers, and pulse dialers.

These products, many of them using
CMOS technology, represent the most
modern advancements in telecom-
munications component design.

Industrial Products

Mostek’s line of Industrial Products offers
a high degree of versatility per device. This
family of components includes various
microprocessor-compatible A/D converters,
a counter/time-base circuit for the division
of clock signals, and combined
counter/display decoders. As a result of the
low parts count involved, an economical

1-vi

alternative to discrete logic systems is
provided.

Memory Products

Through innovations.in both circuit design,
wafer processing and production, Mostek
has become the industry’s leading supplier
of memory products.

An example of Mostek leadership is our
new BYTEWYDE™ family of static RAMs,
ROMs, and EPROMSs. All provide high
performance, N words x 8-bit organization
and common pin configurations to allow
easy system upgrades in density and
performance. Another important product
area is fast static RAMs. With major
advances in technology, Mostek static RAMs
now feature access times as low as 55
nanoseconds. With high density ROMs and
PROMs, static RAMs, dynamic RAMs and
pseudostatic RAMs, Mostek now offers one
of industry’s broadest and most versatile
memory product lines.

Microcomputer Components

Mostek’s microcomputer components are
designed for a wide range of applications.

Our Z80 family is today’s industry
standard 8-bit microcomputer. The MK3870
family is one of the industry's most popular
8-bit single-chip microcomputers, offering
upgrade options in ROM, RAM and 1/0, all
in the same socket. The 38P7X EPROM
versions support and prototype the entire
family.



Microcomputer Systems

Complementing the component product
line is the powerful MATRIX™
microcomputer development system, a Z80-
based, dual floppy-disk system that is used to
develop and debug software and hardware
for all Mostek microcomputers.

A software operating system, FLP-80DOS,
speeds and eases the design cycle with
powerful commands. BASIC, FORTRAN, and
PASCAL are also available for use on the
MATRIX.

Mostek’'s MD Series™ features both
stand-alone microcomputer boards and
expandable microcomputer boards. The
expandable boards are modularized by

N-vii

function, reducing system cost because the
designer buys only the specific functional
modules his system requires. All MDX
boards are STD-Z80 BUS compatible.

Memory Systems

Taking full advantage of our leadership in
memory components technology, Mostek
Memory Systems offers a broad line of
products, all with the performance and
reliability to match our industry-standard
circuits. Mostek Memory Systems offers add-
in memory boards for popular DEC and Data
General minicomputers.

Mostek also offers special purpose and
custom memory boards for special
applications.
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U.S. AND CANADIAN SALES OFFICES

CORPORATE HEADQUARTERS

Mostek Corporation
1215 W. Crosby Rd.

P. 0. Box 169
Carroliton, Texas 75006

REGIONAL OFFICES

Eastern U.S./Canada
Mostek

49 W. Putnam, 3rd Floor
Greenwich, Conn. 06830
203/622-0955

TWX 710-579-2928

Northeast U.S.

Mostek

29 Cummings Park, Suite #426
Woburn, Mass. 01801
617/935-0635

TWX 710-348-0459

Mid-Atlantic U.S.

Mostek

East Gate Business Center
126 Gaither Drive, Suite D
Mt. Laurel, New Jersey 08054
609/235-4112

TWX 710-897-0723

Southeast U.S.

Mostek

Exchange Bank Bldg.
1111 N. Westshore Blvd.
Suite 414

Tampa, Florida 33607
813/876-1304

TWX 810-876-4611

Atlanta Region

2 Exchange Place

2300 Peachford Rd. #2105
Atlanta, GA 30338
404/458-7922

TWX 810-757-4231

Upstate NY Region
Mostek
4651 Crossroads Park Dr., Suite 201
Liverpool, NY 13088
315/457-2160
Florida Region
Mostek
22521 Southwest 66th Ave
t. A211

Boca Raton, FL 33433

Chicago Region
Mostek

701 E. Irving Park Road
Suite 206

Roselle, lll. 60172
312/529-3993

TWX 910-291-1207

North Central U.S.
Mostek

6101 Green Valiey Dr.
Bloomington, Mn. 55438
612/831-2322

TWX 910-576-2802

South Central U.S.
Mostek

3400 S. Dixie Ave.
Suite 101

Kettering, Ohio 45439
513/299-3405

TWX 810-459-1625
Michigan

Mostek

Livonia Pavitlion East
29200 Vassar, Suite 520
Livonia, Mich. 48152
313/478-1470

TWX 810-242-2978

-ix

Central U.S.
Mostek

4100 McEwen Road
Suite 151

Dallas, Texas 75234
214/386-9340

Southwest Region
Mostek

4100 McEwen Road
Suite 237

Dallas, Texas 75234
214/386-9141
TWX 910-860-5437

Chevy Chase #4

7715 Chevy Chase Dr., #116
Austin, TX 78752
6512/458-5226

TWX 810-874-2007

Western Region
Northern California
Mostek

1762 Technology Drive
Suite 126

San Jose, Calif. 95110

Seattle Region

Mostel

1107 North East 45th St.
Suite 411

Seattle, WA 98105
206/632-0245

TWX 910-444-4030

Southern California
Mostek

18004 Skypark Bivd.
Suite 140

Irvine, Calif. 92714
714/549-0397
TWX 910-595-2513

Arizona Region

Mostek

2150 East Highland Ave.
Suite 101

Phoenix, AZ 85016
602/954-6260

TWX 910-967-4581

Denver Region

3333 Quebec Street, #3090
Denver, CO 80207
303/321-6545

TWX 910-931-2583
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U.S. AND CANADIAN REPRESENTATIVES

11309 S. Memorial Pkwy.
Suite G
Huntsville, AL 36803

/881-5031
TWX 810-726-2136
ARIZONA
Summit Sales
7826 E. Redfield Rd.
Scottsdale, AZ 85260

602/998-4850
TWX 910-950-1283

ARKANSAS

Beacon Elect. Assoc., Inc.
P.O. Box 5382, Brady Station
Little Rock, AK 72215
501/224-544

TWX 910-722-7310

CALIFONNIA
Harvey King,

81 24 eramar Road
San Diego, CA 92126
714/566-5252

TWX 910-335-1231

COLORADO
Waugaman Associates
4800 Van Gordon

TWX 910-938-0750

CONNECTICUT

New England Technical Sales
240 Pomeroy Ave.

Meriden. CT 06450
203/237-8827

TWX 710-461-1126

FLORIDA

Conley & Associates, Inc.
P.O. 8ox 309

236 S. Central

Oviedo, FL 32765
305/365-3283

TWX 810-856-3520

Conley & Assoclales, Inc.
4021 W. Waters

Suite2

Tampa, FL 33614
813/885-7658

TWX 810-876-3136

Conley & Associates, Inc.
P.O. Box 700

1512 NW. 2nd Avenue
Boca Raton, FL 33432
305/395-6108

TWX 510-953-7548

*Home Office

GEORGIA

ey & Associates, Inc.
3951 Pleasantdale Road
Suite 201
Doraville, GA 30340
404/447-6992
TWX 810-766-0488

ILLNOIS

Carlson Electronic Sales*
600 East Higgins Road

Elk Grove Village, IL 60007
312/956-8240

TWX 910-222-1819

INDIANA

Rich Electronic Marketing*
599 Industrial Drive
Carmel, IN 46032
317/844-8462

TWX 810-260-2631

Rich Electronic Marketing
West Taylor St.

Fort Wayne, IN 46804

219/672-3329

TWX 810-332-1404

1OWA

Cahill, Schmitz & Cahill, Inc.
208 Collins Rd. N.E. Suite K
Cedar Rapids, A 52402
319/377-8219

TWX 910-525-1363

Carlson Electronic Sales
204 Collins Rd. NE

TWX 910-222-1819

KANSAS

Rush & West Associates*
107 N. Chester Street
Olathe, KN 66061
913/764-2700

TWX 910-749-6404

KENTUCKY

Rich Electronic Markemng
5910 Bardstown R

P. 0. Box 91147
Louisville, KY 40291
602/239-2747

TWX 810-535-3757

MARYLAND

Arbotek Associates
3600 St. Johns Lane
Ellicott City, MD 21043
301/461-1323

TWX 710-862-1874

MASSACHUSETTS

New England Technical Sales”
135 Cambridge Street
Burlington, MA 01803
617/272-0434

TWX 710-332-0435

MICHIGAN

Action Components
19547 Coachwood Rd.
Riverview, Mi 48192
313/479-1242

MINNESOTA

Cahill, Schmitz & Cahill, Inc.
315 N. Pierce

St. Paul, MN 55104
612/646-7217

TWX 910-563-3737

MISSOURI

Rush & West Associates
481 Melanie Meadows Lane
Ballwin, MO 63011
314/394-7271

NORTH CAROLINA
Conley & Associates, Inc.
3301 Womans Club Drive
Suite 130

Raleigh, NC 27616
919/787-8090

TWX 510-928-1829

1-x

NEW JERSEY

Tritek Sales, Inc.

21 €. Euclid Ave.

Haddontfield, NJ 08033
609/429-1551

215/627-0149 (Philadelphia Line)
TWX 710-896-0881

NEW MEXICO
Waugaman Associates
P.O. Box 14894
Albuquerque, NM 87111

or
9004 Menaul NE

Suite 7

Albwquerque NM 87112
505/294. 7

505/294 1436 (Ans. Service)

NEW YORK

ERA Inc.

354 Veterans Memorial Highway
Commack, NY 11725
516/543-0510

TWX 510-226-1485

(New Jersey Phone #
800/645-5500, 5501)

Precision Sales Corp.

5 Arbustus Ln.. MR-97
Binghamton, NY 13901
607/648-3686

Precision Sales Corp.*
1 Commerce Bivd,

TWX 710-545-0250

Precision Sales Corp.
3594 Monroe Avenue
Pittsford, NY 14534
716/381-2820

Precision Sales Corp.
Drake Road

Pleasant Valley, NY 12569
914/635-3233

OHIO

Rich Electronic Marketing
7221 Taylorsville Road
Dayton, Ohio 45424
513/237-9422

TWX 810-459-1767

Rich Electronic Marketing
141 E. Aurora Road
Northfield, Ohio 44067
216/468-0583

TWX 810-427-9210

OREGON

Northwest Marketing Assoc.
9999 S.W. Wilshire St.

Suite 124

Portland OR 97225
503/297-2681

TELEX 36-0465 {AMAPORT PTL)

TEXAS
Southern States Marketing, inc.
8000

910 860-5138

Southern States Marketing, Inc.
7745 Chewy Chase

Suite 219

Austin, TX 78762
512/452-9459

Southern States Marketing, Inc.
9730 Town Park Drive, Suite 104
Houston, Texas 77036
713/988-0991

TWX 910-881-1630

UTAH

Waugaman Associates
5520 S. State Street
Sait Lake Cﬂy, UT 84115
801/467-4;

TWX 910- 9254073

WASHINGTON

Northwest Marketing Assoc.
12835 Bellevue-Redmond Rd.
Suite 203E

TWX 910-443 2445

WISCONSIN

Carlson Electronic Sales
Northbrook Executive Ctr.
10701 West North Ave.
Suite 209

Milwaukee, Wi 53226
414/476-2790

TWX 910-222-1819

CANADA

Cantec Representatives Inc.*
1573 Laperriere Ave.
Ottawa, Ontario

Canada K12 773
613/725-3704

TWX 610-562-8967

Cantec Representatives Inc.
83 Galaxy Bivd., Unit 1A
(Rexdae)

Toronto, Canada MOW 5X6
416/675-2460

TWX 610-492-2655

Cantec Representatives Inc.
15737 rue Pierrefonds St.
Ste-Genevieve, P. Q.
(Montreal) HSH 1G3
514/620-6313

TWX 610-422-3985



U.S. AND CANADIAN DISTRIBUTORS

ARIZONA
Kierulff Electronics

602/243-4101

TWX 910/951-1550
Wyle Distribution Group
8155 North 24th Avenue
Phoenix, Arizona 85021
602/249-2232

TWX 910/951-4282

CALIFORNIA

Bell Industries

1161 N. Fair Oaks Avenue
Sunnyvale, CA 94086
408/734-8570

TWX 910/339-9378
Arrow Electronics

521 Weddelt Dr.

5
TWX 910/339-9371
Kierulff Electronics
2585 Commerce Way
Los Angeles, CA 90040
213/725-0326
TWX 910/580 3106
Kierulff Electronics
8797 Balboa Avenue
San Diego, CA 92123
714/278-2112
TWX 910/335-1182
Kierulff Electronics
14101 Franklin Avenue
Tustin CA 92680
714/731-5711
TWX 910/595-2699
Schweber Electronics
17811 Gillette Avenue
Irvine, CA 82714
714/556-3880
TWX 910/596-1720
Wyle Distribution Group
124 Maryland Street
El Segundo, CA 90245
213/322-8100
TWX 910/348-7111
Wyle Distribution Group
9525 Chesapeake Drive
San Diego, CA 92123
714/565-9171
TWX 910/3356-1530
Wyle Distribution Group
17872 Cowan Ave.
Irvine, CA 92714
714/641-1600
TWX 910/348-7111
Wyle Distribution Group
3000 Bowers Ave.
Santa Clara, CA 95051
408/727-2500
TWX 910/338-0296

COLORADO

Kierulff Electronics
10890 E. 47th Avenue
Denver, CO 80239
303/371-6500

TWX 910/932-0169
Wyle Distribution Group
451 E. 124th Ave.
Thornton, CO 80241
303/457-9953

TWX 910/936-0770

CONNECTICUT
Arrow Electronics

12 Beaumont Rd.
Wallingford, CT 06492
203/265-7741

TWX 710/476-0162
Schweber Electronics
Finance Drive
Commerce Industrial Park
Danbury, CT 06810
203/792-3500

TWX 710/456-9405

FLORIDA

Arrow Electronics

1001 N.W. 62nd St.
Suite 108

Ft. Lsuderdale FL 33309
305/776-7°

TWX 510/955 9456
Arrow Electronics

115 Palm Bay Road, N.W.
Suite 10 Bldg. 200

Paim Bay, FL 32905
305/725-1480

TWX 610/959-6337
Diplomat Southland
2120 Calumet
Clearwater, FL 33516
813/443-4514

TWX 810/866-0436
Kierulff Electronics

3247 Tech Drive

St. Petershurg, FL 33702
813/676-1966

TWX 810/863-5625

GEORGIA
Arrow Electronics
2979 Pacific Ave.

TWX 81 0/766 0439
Schweber Electronics
4126 Pleasantdale Road
Atlanta, GA 30340
404/449-9170

ILLINOIS

Arrow Electronics

492 Lunt Avenue

P. 0. Box 94248
Schaumburg, IL 60193
312/893-9420

TWX 910/291-3544
Bell Industries

3422 W. Touhy Avenue
Chicago, IL 60645
312/982-9210

TWX 910/223-4519
Kieruiff Electronics
1536 Lanmeier

Elk Grove Viltage, IL 60007

312/640-0200
TWX 910/222-0351

INDIANA

Advent Electronics
8446 Moller
Indianapolis, IN 46268
317/297-4910

TWX 810/341-3228
Ft. Wayne Electronics
3606 E. Maumee

Ft. Wayne, IN 46803
219/423-3422

TWX 810/332-1562
Pioneer/Indiana

6408 Castleplace Drive
Indianapolis, IN 46250
317/849-7300

TWX 810/260-1794

IOWA

Advent Electronics

682 58th Avenue
Court South West
Cedar Rapids, IA 52404
319/363-0221

TWX 910/525-1337

MASSACHUSETTES
Kierulff Electronics

13 Fortune Drive
Billerica, MA 01821
617/935-5134

TWX 710/390-1449
Lionex Corporation

1 North Avenue
Burlington, MA 01803
617/272-9400

TWX 710/332-1387
Schweber Electronics
25 Wiggins Avenue

TWX 710/326 0268
Arrow Electronics
98D Commerce Way
Woburn, MA 01801
617/933-8130
TWX 710/393-6770

11-xi

MARYLAND

Arrow Electronics
4801 Benson Avenue
Baltimore, MD 21227
301/247-5200

TWX 710/236-9005
Schweber Electronics
9218 Gaither Rd.
Gaithersburg, MD 20760
301/840-5800

TWX 710/828-9749

MICHIGAN
Arrow Electronics
3810 Varsity Drive

TWX 810/223 6020
Schweber Electronics
33540 Schoolcraft Road
Livonia, MI 48150
313/525-8100

TWX 810/242-2983

MINNESOTA
Arrow Electronics
5251 W. 73rd Street
Edina, MN 55435
612/830-1800
TWX 910/576-3125

Industriat Components

5229 Edina Industrial Blvd.

Minneapolis, MN 55435
612/831-2666
TWX 910/576-3153

MISSOURI
Olive Electronics

TWX 91 0/763-0720
Semiconductor Spec
3805 N. Oak Trafficway
Kansas City, MO 64116
816/452-3900

TWX 910/771-2114

NEW HAMPSHIRE
Asrow Electronics

1 Perimeter Rd.
Manchester, NH 03103
603/668-6968

TWX 710/220-1684

NEW JERSEY

Arrow Electronics
Pleasant Valley Avenue
Morrestown, NJ 08057
609/235-1900

TWX 710/897-0829
Asrow Electronics

285 Midland Avenue

TWX 710/988 2206
Kierulff Electronics
3 Edison Place
Fairfield, NJ 07006
201/575-6750
TWX 710/734-4372
Schweber Electronics
18 Madison Road
Fairfield, NJ 07006
201/227-7880

TWX 710/734-4305
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U.S. AND CANADIAN DISTRIBUTORS

NEW MEXICO

Bell Industries

11728 Linn N.E.
Albuquerque NM 87123
505/292-2700

TWX 91 0/989 -0625
Arrow Electronics

2480 Alamo Ave. S.E.
Albuguerque, NM 87106
505/243-4566

TWX 910/989-1679

NEW YORK

Arrow Electronics
900 Broad Hollow Rd.
Farmingdale, L.t NY 11735
516/694-6800

TWX 510/224-6494
Arrow Electronics
7705 Maltlage Orive
P.0.Box3

Liverpool, NV 13088
315/652-1

TWX 710/645-0230
Arrow Electronics
3000 S. Winton Road
Rochester, NY 14623
716/275-0300

TWX 510/253-4766
Arrow Electronics

20 Oser Ave.
Hauppauge, NY 11787
516/231-1000

TWX 510/227-6623
Lionex Corporation
400 Oser Ave.
Hauppauge, NY 11787
516/273-1660

TWX 510/221-2196
Schweber Electronics
2 Twin Line Circle
Rochester, NY 14623
716/424.2222
Schweber Electronics
Jericho Turnpike
Westbury, NY 11580
516/334-7474

TWX 510/222-3660

NORTH CAROLINA
Arrow Electronics

938 Burke St.

Winston Salem, NC 27102
919/725-8711

TWX 510/931-3169
Hammond Electronics
2923 Pacific Avenue
Greensboro, NC 27406
919/276-6391

TWX 510/925-1094

OHIO

Arrow Electronics
7620 McEwen Road
Centervilie, OH 45459
513/435.-5563

TWX 810/458-1611
Arrow Electronics

10 Knolt Crest Drive
Reading, OH 45237
513/761-5432

TWX 810/461-2670
Arrow Electronics
6238 Cochran Road
Solon, OH 44139
216/248-3990

TWX 810/427-9409
Schweber Electronics
23880 Commerce Park Road
Beachwood, OH 44122
216/464-2970

TWX 810/427-9441
Pioneer/Cleveland
4800 East 131st Street
Cleveland, OH 44105
215/587-3600

TWX 810/422-2211
Pioneer/Dayton-Industrial
4433 Interpoint Bivd.
Dayton, OH 45424
513/236-9900

TWX 810/459-1622

OREGON

Kierulff Electronics
14273 NW Science Park
Portiand, OR 97229
503/641-9150

TWX 910/467-8753

PENNSYLVANIA
Schweber Electronics
101 Rock Road
Horsham, PA 19044
215/441-0600
Arrow Electronics
660 Seco Rd.
Monroeville, PA 15146
412/856-7000
Pioneer/Pittsburgh
560 Alpha Drive
Pittsburgh, PA 15238
412/782-2300

TWX 710/795-3122

SOUTH CAROLINA
Hammond Electronics
1035 Lown Des Hili Rd.
Greenville, SC 29602
803/233-4121

TWX 810/281-2233

TEXAS
Arrow Eiectronics
13715 Gamma Road
P.O. Box 401068
Dallas, TX 75240
214,/386-7500
TWX 910/860-5377
Quality Components
10201 McKalla
Suite D
Austin, TX 78758
512/835-0220
TWX 910/874-1377
Quality Components
4257 Kellway Circle
1]

TWX 91 0/860 5459
Quality Components
6126 Westline
Houston, TX 77036
713/772-7100
Schweber Electronics
7420 Harwin Drive
Houston, TX 77036
713/784-3600

TWX 910/881-1109
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UTAH

Bell Industries

3639 W. 2150 South
Sait Lake City, UT 84120
801/972-6969

TWX 910/925-5686
Kierulff Electronics

2121 South 3600 West
Salt Lake City, UT 84104
801/973-6913

WASHINGTON

Kierulff Electronics

1005 Andover Park East
Tukwita, WA 98188
206/575-4420

TWX 910/444-2034
Wyle Distribution Group
1750 132nd Avenue N.E.
Bellevue, Washington 98005
206/453-8300

TWX 910/443-2526

WISCONSIN

Arrow Electronics
434 Rawson Avenue
Qak Creek, WI 53164
414/764-6600

TWX 910/262-1193
Kierulff Electronics
2212 £. Moreland Bivd
Waukesha, WI 53186
414/784-8160

TWX 910/262-3653

CANADA

Prelco Electronics

2767 Thames Gate Drive

Mississauga, Ontario

Toronto L4T 1G5

416/678-0401

TWX 610/492-8974

Prelco Electronics

480 Port Royal St. W.

Montreal 357 P.Q. H3L 289

514/389-8051

TWX 610/421-3616

Prelco Electronics

1770 Woodward Drive

Ottowa, Ontario K2C 0P8

613/226-3491

Telex 05-34301

R.A.E. Industrial

3455 Gardner Court

Burnaby, B.C. VSG a7

604/291-8866

TWX 610/929-3065

Zentronics

141 Catherine Street

Ottawa, Ontario

K2P 1C3

613/238-6411

Telex 05-33636

Zentronics

1355 Meyerside Drive

Mississauga, Ontario

(Toronto) L5T 1C9
16/676-9000

Telex 06-983657

Zentronics

5010 Rue Pare

Montreal, Quebec

M4P 1P3

614/735-5361

Telex 05-827535

Zentronics

690 Berry Street

St. James, Manitoba

(Winnipeg) R2H OR4

204/775-8661

Zentronics

480A Dutton Drive

Waterloo, Ontario

619/884-5700
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1.0

INTRODUCTION

The MK3870 Family of Single Chip Microcomputers are complete, 8 bit microcomputers implemented on a
single MOS integrated circuit. These microcomputers are ideal for use as logic replacement elements in a
variety of control applications. Features which are common among devices in the MK3870 Family are listed
listed below:

O Common instruction set consisting of over 70 instruction types.
O Versions with various combinations of ROM and executable RAM.
O Up to 32 bits (4 ports) TTL compatible 1/0.

O Programmable binary timer
Interval Timer Mode
Pulse Width Measurement Mode
Event Counter Mode

0O External interrupt input.

O Crystal, LC, RC, or External time base options available

O EPROM compatible versions available for development, prototyping, and low-volume production.
O Pinout compatibility {In Socket Expandibility)

O Low power dissipation.

O Single +5 volt power supply.

Members in the MK3870 Family require only a single +5V power supply and dissipate very little power.
Utilizing ion-implanted, N-channel silicon gate technology and advanced circuit design techiques, MK3870
Family devices offer maximum cost effectiveness in a wide range of applications.

All MK3870 Family microcomputers execute a common set of more than 70 instructions. These devices
are available in a wide range of memory sizes and types so that a designer can choose a device with the
right combination of ROM and RAM to suit his system requirements. In addition, MK3870 Family devices
are available with special types of I/0, such as the 3873 with an on chip, sixteen bit serial I/0 port. All
devices in the family are pin compatible, a feature which allows easy system upgrade by replacing a
MK3870 device in an existing design with another in the family with greater amounts of ROM and/or RAM
or special /0 functions.

This ease of system upgrade is a concept known as In Socket Expandibility. In Socket Expandibility provides
the designer with a new concept in system expansion. With In Socket Expandability, microcomputer based
systems can be enhanced or expanded in many different ways without affecting the printed circuit board,
the enclosure, or power supply requirements for the system. The Mostek MK3870 Microcomputer Family
implements the concept of In Socket Expandibility to provide low design costs. Manufacturers who have
used the MK3870 in product designs can extend the products capability simply by removing the MK3870
microcomputer from its socket and replacing it with another member of the MK3870 Microcomputer
Family.

Mostek supplies a complete line of development equipment and associated software support packages
which can be used as tools for writing and debugging MK3870 programs. For the user who requires a
sophisticated development system, the MATRIX (TM) dual floppy disk based development system is
available which is based on the powerful Mostek Z80 chip set. A macro cross-assembler for the MK3870
instruction set, called MACRO-70, is available which runs under FLP-80DOS, the operating system for the
MATRIX. MACRO-70 is the most powerful macro assembler on the microcomputer market, and features a
number of macro definitions on diskette which can be used to extend the base instruction set of the 3870.
Use of MACRO-70 can result in quicker generation of MK3870 programs. The AIM-73E Application
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Interface Module is a systems product which is directly interfaced with the MATRIX and provides real time
in-circuit-emulation for all devices in the MK3870 Family. The AIM-73E standard features include
breakpoint, single step, and display and modification of the contents of any memory location, register, or
170 port. In addition, the AIM-73E has a 1048 x 48 history trace memory which can be used to capture up to
1048 cycles of program execution.

The Mostek MK3870 Family of single chip microcomputers is recognized as an industry standard in logic
replacement. The MK3870 has been designed into and successively used in a wide range of applications
which require some type of intelligent control. The MK3870 has made possible a whole new technology
that can create cost effective system solutions to manufacturers of automobiles, major appliances,
industrial controls, computer peripherals, and more. New and more powerful products have been added to
the MK3870 Family, making even more applications practical and affordable.
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2.0 PART IDENTIFICATION

2.1 USING THE TECHNICAL MANUAL

The MK3870 Family Technical Manual is provided as an overall user’s guide to the operation and
application of MK3870 Family products. It is intended to provide detailed technical information on
those features which are common to all (or several) devices in the family. Additional information is
provided which covers briefly features that apply to a specific group of devices in the 3870 Family.
For example, an overview of the MK3873’s serial /O port logic is given in the technical manual, but
the MK3873 data sheet should be consulted for detailed operation and programming of the serial
170 port. in some sections of the technical manual, certain electrical and timing specifications are
referred to in the discussion of a subject such as the selection of a crystal. Again, the user should still
consult the appropriate device data sheet for exact specifications.

“ 2.2 PART NUMBERING SYSTEM

Since a number of new devices are continually being added to the 3870 Family, a new part
numbering system has been implemented by Mostek. This part numbering system uses a generic
number to designate a particular pin configuration and technology of a 3870 Family device, foliowed
by a slash number which represents the amount and type of memory implemented on that device.
An example of this part numbering system is illustrated in Figure 2-1.

3870 PART NUMBERING EXAMPLE
Figure 2-1
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32
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35

MK3870/22
GENERIC ROM SIZE EXECUTABLE
PART TYPE 1K INCREMENTS RAM SIZE

32 BYTE INCREMENTS

The two digit slash number specifies the size of ROM and RAM on the chip. The left digit represents the
amount of ROM on chip in increments of 1K bytes. The right digit represents the amount of executable
RAM on chip in increments of 32 bytes. Note that all 3870 devices have 64 bytes of scratchpad RAM which
is not included in the slash number designation, since it is not addressed as main memory. Only the RAM
memory which is addressed in the same memory space as ROM is indicated by the slash number.

At present, there are three generic types of 3870 Family devices which are available in various
combinations of ROM and RAM as specified in the two-digit slash number suffix. These three types of
devices are listed below:

MK3870/XX - 32 bits of bidirectional, parallel |/0
MK3873/XX - Serial /0 port microcomputer
MK3875/XX - Battery backup microcomputer

Mostek also offers a full line of EPROM compatible 3870's. A special packaging technology has been
developed which allows a standard 24 pin or 28 pin EPROM memory to be plugged directly into the back of
the 40 pin package. This special type of package has been termed the Piggyback PROM or P-PROM (TM)
package. The Mostek part numbering system specifies a P-PROM device with the designation 38P7X
where the X" represents the generic part type being emulated. For example, the P-PROM device which
can be used to emulate a 3870 mask ROM microcomputer would be a 38P70. All P-PROM devices have an
identical pinout as the mask ROM device they emulate.

A product which has recently been announced by MOSTEK is a CMOS version of the 3870 which will be
designated as the MK38C70. The first CMOS device which is intended to be made available isthe P-PROM
equivalent which is called the MK38CP70. The 38CP70 will allow exact emulation of the mask ROM
device.
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Since many users are probably familiar with the old part numbering system of 3870 Family single chip
microcomputers, the following cross reference guide shown in Table 2-1 is provided as an aid in
determining the new part number from the old designation. Also, the list shown in Table 2-2 is provided as a
summary of devices which are now available or soon to be available in the MK3870 single chip
microcomputer family.

3870 FAMILY PART NUMBER CROSS REFERENCE

Table 2-1
Old Part New Part Executable Parallel Special
Number Number ROM RAM 170 170 Technology
MK3870 MK3870/20 2K O bytes 32 bits - NMOS
MK3872 MK3870/42 4K 64 bytes 32 bits - NMOS
MK3872 MK3875/42 4K 64 bytes 30 bits Vgg Vas NMOS
w/ standby
MK3873 MK3873/20 2K O bytes 29 bits S1,S0, NMOS
SRCLK
MK3874 MK38P70/02 Ext. 64 bytes 32 bits - NMOS
MK97400, P-PROM pkg.
MK97401
MK3876 MK3870/22 2K 64 bytes 32 bits - NMOS
MK3876 MK3875/22 2K 64 bytes 30 bits Vsg Veg NMOS
w/ standby
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3870 SINGLE CHIP MICROCOMPUTER FAMILY

Table 2-2
ROM Scratchpad Executable Parallel Special
Device (bytes) RAM RAM 170 170 Technology
MK3870/10 1K 64 bytes 0 bytes 32 bits - NMOS
MK3870/12 1K 64 bytes 64 bytes 32 bits - NMOS
MK3870/20 2K 64 bytes 0 bytes 32 bits - NMOS
MK3870/22 2K 64 bytes 64 bytes 32 bits - NMOS
MK3870/30 3K 64 bytes O bytes 32 bits - NMOS
MK3870/32 3K 64 bytes 64 bytes 32 bits - NMOS
MK3870/40 4K 64 bytes O bytes 32 bits - NMOS
MK3870/42 4K 64 bytes 64 bytes 32 bits - NMOS
MK3873/10 1K 64 bytes 0 bytes 29 bits SI,S0O NMOS
SRCLK
MK3873/12 1K 64 bytes 64 bytes 29 bits SISO NMOS
SRCLK
MK3873/20 2K 64 bytes O bytes 29 bits SI,SO NMOS
SRCLK
MK3873/22 2K 64 bytes 64 bytes 29 bits SI,S0 NMOS
SRCLK
MK3875/22 2K 64 bytes 64 bytes 30 bits Vs Ver NMOS —
MK3875/42 4K 64 bytes 64 bytes 30 bits Vsg Vee NMOS ze
MK38C70/10 1K 64 bytes O bytes 32 bits - CMOS 3%%
MK38C70/20 2K 64 bytes 0 bytes 32 bits - CMOS 733
MK38P70/02 Ext. 64 bytes 64 bytes 32 bits - NMOS §§>
P-PROM pkg.
MK38P73/02 Ext. 64 bytes 64 bytes 29 bits SI,SO P-PROM pkg.
SRCLK
MK38CP70/02 Ext. 64 bytes 64 bytes 32 bits - CMOS
P-PROM pkg.

n-11



112



3.0 FUNCTIONAL PiN DESCRIPTION

The chart shown in Figure 3-1 pictures the pin configuration for the three generic part types currently
available in the 3870 Family. MK3870 Family microcomputers exhibit the feature of universal pin
compatibility. All devices in the Family are complete, 8-bit microcomputer systems implemented on a single
integrated circuit chip so that the majority of pins are dedicated to I/ Q. Some devices differ slightly in terms
of pin functions in cases where special I/0 functions have been implemented.

The pin designation shown in the chart for devices with the generic part number “3870" represent those
which have a full 32 bits of bidirectional, parallel |/O which are addressed as four 8 bit ports. The “3873"
number represents those devices which have 3 lines dedicated to a serial |/ O function along with 29 bits of
parallel 1/0. "3875" devices have two pins which serve as the standby power option lines for saving the
contents of executable RAM in a low power standby mode.

3870 FAMILY PIN COMPATIBILITY CHART
Figure 3-1

3873 |3875 38C70 |3870 3870 |38C70 [3875 3873
X1 1 140 {vee
X2 2 39 |RsT
VgB P0O-0 3 38 |INT
Vsg PO-1 4 37 [P0 1]
P0O-2 5 36 P11 SRCLK °2.
P03 6 35 [P1-2 S1 g2
S1B 7 34 [F13 SO 782
P40 8 33 [P50 4]
P41 9 32 [P51 ik
P42 10 31 [P5-2
] P43 11 30 [P5-3
[ P4-4 12 29 [P5-4
P45 13 28 [P55
P46 14 27 |P56
P47 15 26 {P5-7
PO-7 16 25 [P1-7
PG-6 17 24 [P16
PO-5 18 23 [P15
PO-4 19 22 (P14
GND 20 21 [TEST

The following is a description of the function of each pin associated with the MK3870, the base 3870
Family part type:

PIN FUNCTION SUMMARY

Table 3-1

PIN NAME DESCRIPTION TYPE

PO-0 - PO-7 170 Port O Bidirectional
P1-0 - P1- 170 Port 1 Bidirectional
P4-0 - P4-7 1/0 Port 4 Bidirectional
P5-0 - P5-7 170 Port 5 Bidirectional
STROBE Ready Strobe Output

EXT INT External Interrupt Input
RESET External Reset Input
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PIN FUNCTION SUMMARY
Table 3-1 (Continued)

PIN NAME DESCRIPTION TYPE

TEST Test Line ) Input

XTL 1, XTL2 Time Base Input

Sl Serial Input Input

SO Serial Qutput Output
SRCLK Serial Clock Bidirectional
Vgg Standby Power Input

Vas Substrate Decoupling Input

Ve GND Power Supply Lines ~ Input

PO-0—PO-7, P1-0—P1-7, P4-0—P4-7, and P5-0—P5-7 are 32 lines which can be individually used as
either TTL compatible inputs or as latch outputs.

STROBE is a ready strobe associated with 1/0 Port 4. This pin which is normally high provides a single low
pulse after valid data is present on the P4-0—P4-7 pins during an output instruction.

RESET may be used to externally reset the 3870. When pulled low the 3870 will reset. When then allowed
to go high the 3870 will begin program execution at program location H "000".

EXT INT is the external interrupt input. lts active state is software programmable. This input is also used in
conjunction with the timer for pulse width measurement and event counting.

XTL 1 and XTL 2 are the time base inputs to which a crystal, LC network, RC network, or an external
single-phase clock may be connected.

TESTis an input, used only in testing the 3870. For normal circuit functionality this pin is left unconnected
or may be grounded.

Sl is a serial input line and exists only on MK3873/XX devices. It is the data input to the serial port of the
MK3873.

SOis aserial output line and exists only on MK3873/XX devices. It is the data output of the serial I/0 port of
the MK3873.

SRCLK is the clock for the serial port and exists only on MK3873/XX devices. It can be programmed by
software as an input or an output so that the serial port may be driven from the internal baud rate generator
or from an external source.

Vgg is the auxilliary power supply input used only on MK3875/XX devices.

Vpgg is the substrate decoupling pin used only on MK3875/ XX devices. A capacitor is required to be tied
from Vgg to ground.

V¢ is the power supply input.
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4.0 MK3870 ARCHITECTURE
4.1 INTRODUCTION

All members of the MK3870 Single Chip Microcomputer Family share acommon architecture. This
section describes the basic functional elements of the 3870 Family architecture. Elements of the
architecture which are common to all 3870 Family devices are discussed in sections 4.2-4.9. A block
diagram which depicts the MK3870 is shown in Figure 4-1, along with a programming model which
is pictured in Figure 4-3. Section4.10 contains a brief description of the MK3873 serial IO port, and
Section 4.11 briefly describes the battery backup feature of the MK3875.

4.2 MAIN CONTROL LOGIC

The Instruction Register (IR) receives the operation code (OP code) of the instruction to be executed
from the program ROM via the data bus. The OP code is loaded into the instruction register from the
internal data bus at the end of the execution sequence for the previous instruction.

OP codes in the 3870 are either 4 or 8 bits long. In those instructions in which the OP code is 4 bits
long, the lower 4 bits are either used as an immediate address to an |/0 port or scratchpad location
or as an immediate 4 bit operand. Once latched into the IR the main control logic decodes the
instruction and provides the necessary gating signals to all circuit elements.

4.3 ARITHMETIC AND LOGIC UNIT (ALU)

[N 4
. . . . . . :w
After receiving commands from the main control logic, the ALU performs the required arithmetic or 3;3:)
) . . . . 13
logic operations (using the data presented on the two input busses) and provides the result on the 2 § s
. . . . . . s
result bus. The arithmetic operations that can be performed in the ALU are binary add, decimal 2Q%
=9
MK3870 FAMILY BLOCK DIAGRAM 35
Figure 4-1
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y
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MEMORY ADDRESS BUS U e
i i -
c
IR 1S c
64x8 o C:J
MEMORY SCRATCHPAD i
ADDER ADDRESS |} 64 x8 > REGISTERS L
7/ N REGISTERS D EXECUTABLE A
INC PO P W RAM 2
DC, DC1 o
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MAIN @ T E
CONTROL A G
LOGIC T =
ROM Y s
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TEST RESET &
LOGIC PORT 0 PORT 1 PORT 4 PORT 5 POWER ON
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ﬁ Y ﬁ T
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4.4

4.5

adjust, add with carry, decrement, and increment. The logic operations that can be performed are
AND, OR, EXCLUSIVE OR, 1's complement, shiftright, and shift left. Besides providing the result on
the result bus, the ALU also provides four signals representing the status of the resuit. These
signals, stored in the Status Register (W), represent CARRY, OVERFLOW, SIGN, and ZERO
condition of the resuit of the operation.

ACCUMULATOR (A)

The Accumulator (A} is the principal register for data manipulation within the 3870. The A serves as
one input to the ALU for arithmetic or logical operations. The result of ALU operations are stored in
the Accumulator.

THE STATUS REGISTER (W)
The Status Register (also called the W register) holds five status flags as shown below in Figure 4-2.
45.1 SIGN (S BIT)
When the results of an ALU operation are being interpreted as a signed binary number, (2's
complement representation) the high order bit (bit 7) represents the sign of the number. At

the conclusion of instructions that may modify the Accumulator most significant bit, (bit 7)
the S bit is set to the complement of the result of the operation.

STATUS REGISTER

Figure 4-2

2 1 0 <«—BIT NO.

STATUS REGISTER (W)

[ A#L

L—CARRY

-ZERO

—»|wo-|a
(=]
N
o
w

- OVERFLOW

INTERRUPT MASTER
ENABLE

45.2 CARRY (CBIT)

The C bit may be visualized as an extension of an 8-bit data unit, i.e., the ninth bit of a 9-bit
data unit. When two bytes are added, and the sum is greater than 255, then the carry out of
the high order bit appears in the C bit. Here are some examples:

C 7 6 5 4 3 2 1 0 <- Bit Number
Accumulator contents : 0 1 1 0 0 1 0 1
Value added : 0 1 1 1 0 1 1 0
Sum: O 1 1 [¢] 1 1 0 1 1
There is no carry, so C is reset to 0.
C 7 6 5 4 3 2 1 0 <- Bit Number
Accumulator contents : 1 0 0 1 1 1 0 1
Value added : 1 1 0 1 0 ¢} [¢] 1
Sum: 1 0 1 1 0 1 1 1 0

There isa carry, so Cissetto 1.
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45.3 ZERO (ZBIT)

The Z bitis set whenever an arithmeic or logical operation generates a zero result. The Z bit
is reset to O when an arithmetic of logical operation could have generated a zero resulit, but
did not.

454 OVERFLOW (O BIT)

When the results of an ALU operation are being interpreted as a signed binary number (2's
complement representation), some method must be provided for indicating carries out of
the highest numeric bit (bit 6). This is done using the O bit. After arithmetic operations, the O
bitis set to the Exclusive-OR of carries out of bits 6 and 7. The fact that this simplifies signed
binary arithmetic is described in the MK3870 Family Programming Manual. Here are some

examples:
7 6 5 4 3 2 1 0 <- Bit Number
Accumulator contents : 1 0 1 1 0] 0 1 1
Value added : 0 1 1 1 0O 0 ©° 1
Sum: 0O 0 1 0o O 1 o o

1

There is a carry out of bit 6 and out of bit 7, so the O bitisresetto O (1 + 1 = 0). The Cbitis set

to1.
it
7 6 5 4 3 2 1 0 < BitNumber ug>
Accumulator contents : o 1 1 0 0 1 1 1 255
Value added : 0O 0 1 0 0 1 o0 o0 og”
Sum : Tt 0 0o o0 1 0 1 1 35

There is a carry out of bit 6, but no carry out of bit 7; the Obitissetto 1(1 +0 = 1). The Cbitis
reset to 0.

4.5.5 INTERRUPTS (ICB BIT)
External logic can alter program execution sequence within the CPU by interrupting

ongoing operations, as described in Section 5; however, interrupts are allowed only when
the ICB bit is set to 1; interrupts are disallowed when the ICB bit is reset to 0.

A SUMMARY OF STATUS BITS

Table 4-1

OVERFLOW = CARRY + CARRY o
ZERO = ALU ® ALU ® ALU © ALU ® ALU © ALU ® ALU @ ALU
CARRY = CARRY,

SIGN = ALU
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3870 FAMILY PROGRAMMING MODEL
Figure 4-3
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4.6

4.7

MAIN MEMORY AND MAIN MEMORY ADDRESSING

The Main Memory section of the 3870 consists of a combination of ROM and executable RAM.
There are four registers associated with the Main Memory Array. These are the Program Counter
(PO), the Stack Register (P), the Data Counter (DC) and the Auxiliary Data Counter (DC1). The
Program Counter is used to address instructions during program execution. P is used to save the
contents of PO during an interrupt or subroutine call. Thus, P contains the return address at which
processing is to resume upon completion of the subroutine or the interrupt routine.

The Data Counter (DC)is used to address data tables. This register is auto-incrementing. Of the two
data counters only DC can access the ROM. However, the XDC instruction allows DC and DC1 to be
exchanged.

Associated with the address registers is an Adder/Incrementer. This logic element is used to
increment PO or DC when required and is also used to add displacements to PO on relative branches
or to add the data bus contents to DC in the ADC (Add Data Counter) instruction.

The amount of on chip ROM currently available on 3870 Family devices ranges from O bytes on
P-PROM emulator parts to 4096 bytes on the MK3870/40. The microcomputer program and data
constants may be stored in the program ROM. When a ROM access is required, the appropriate
address register (PO or DC) is gated onto the ROM address bus and the ROM ouput is gated onto the
main data bus. On the P-PROM devices, external EPROM memeory is addressed and used as
program memory since there is no on chip ROM on these devices.

Some 3870 single chip microcomputers, such as the MK3870/22, have RAM which is addressable
in the main memory map in addition to the 64 bytes of scratchpad RAM which exists on all 3870
Family devices. This extra RAM can be used for additional storage of variables, or since it is
addressed the same as program memory, it is conceivabie that software routines can be loaded into
this RAM memory and executed. It is for this reason that additional RAM on 3870 microcomputers is
termed executable RAM.

SCRATCHPAD AND IS

The scratchpad provides 64 8-bit registers which may be used as general purpose RAM memory.
The Iindirect Scratchpad Address Register (IS} is a 6 bit register used to address the 64 registers. All
64 registers may be accessed using IS. In addition, the lower order 12 registers may also be directly
addressed.

IS can be visualized as holding two octal digits as illustrated in Figure 4-4. This visualization of IS is
importantsince a number of instructions increment or decrement only the least significant 3 bits of
IS when referencing scratchpad bytes via IS. This makes it easy to reference a buffer consisting of
contiguous scratchpad bytes. For example, when the low order octal digit is incremented or
decremented IS is incremented from octal 27 (0 '27')to 0 20’ or is decremented from 0 20" to 0 27"
(The notation O'nn’ is used to specify an octal number.)

THE ISAR REGISTER

Figure 4-4

5 4 3 2 1 I} ~— BIT NO.

ISAR
IsU ISL
NOT INCREMENTEDJ L INCREMENTED AND
OR DECREMENTED DECREMENTED
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This feature of the IS is very usefu! in many program sequences. All six bits of IS may be loaded at
one time or either half may be loaded independently.

Scratchpad registers 9-15 (decimal)are given mnemonic names (J,H,K, and Q) because of special
linkages between these registers and other registers such as the Stack Register. These special
linkages facilitate the implementation of multi-level interrupts and subroutine nesting. For example,
the instruction LR K,P stores the lower eight bits of the Stack Register into. 13 (K lower or KL) and
stores the upper three bits of P into register 12 (K upper or KU).

Figure 4-5 identifies the data transfers which may take place by executing a single 3870 instruction.
For example, the illustration: W register «» J means that a single instruction can move the
contents of the W (or status) register to scratchpad register 9 (also called the J register). Another
single instruction can move data in the opposite direction. Some linkages exist in only one direction,
eg. PO= Q.

SCRATCHPAD REGISTER MAP

Figure 4-5
SCRATCHPAD
BYTE ADDRESS
SCRATCHPAD  DECIMAL OCTAL
¢} o
1 1
2 2
| |
1 |
|
STATUS REGISTER W ———pp J 9 11
H HU 10 12
DATA COUNTER DC 4—»% HL 1 13
K KU 12 14
STACK REGISTER P —»{ KL 13 15
PROGRAM COUNTER PO
a (au 14 16
DATA COUNTER DC —»- aL 15 17
PROGRAM COUNTER PO 4_{_ 16 20
58 72
59 73
60 74
61 75
62 76
63 77
4.8 1/0 PORTS
The 3870 provices four complete bidirectional Input/Output ports. These are ports 0, 1,4, and 5.1n
addition, the Interrupt Control Port is addressed as port 6 and the binary timer is addressed as port 7.
An outputinstruction (OUT or OUTS) causes the contents of A to be latched into the addressed port.
Aninputinstruction (IN or INS) transfers the contents of the port to A (port 6 is an exception which is
described in Chapter 5).
4.9 EXTERNAL RESET

When RESET is taken low the content of the Program Counter is pushed to the Stack Register and
then the Program Counter and the ICB bit of the W Status Register are cleared. The original Stack
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Register content is lost. Ports 4,5,6 and 7 are loaded with H ‘00°. The contents of all other registers
and ports are unchanged or undefined. When RESET is taken high the first program instruction is
fetched from ROM location 0000 Hex. When an external reset of the 3870 occurs, PO is pushed into
P and the old contents of P are iost. It must be noted that an external reset is recognized at the start of
a machine cycle and not necessarily at the end of an instruction. Thus if the 3870 is executing a
muiti-cycle instruction, that instruction is not completed and the contents of P upon reset may not
necessarily be the address of the instruction that would have been executed next. It may, for
example, point to an immediate operand if the reset occurred during the second cycle of a Li or Cl
instruction. Additionally, several instructions (JMP, Pl,PK, LR PO,Q) as well as the interrupt
acknowledge sequence modify PO in parts. That is, they alter POby first loading one partand then the
other and the entire operation takes more than one cycle. Should reset occur during this
modification process the value pushed into P will be part of the old PO (the as yet unmodified part)
and part of the new PO (already modified part). Thus care should be taken (perhaps by external
gating) to insure that reset does not occur at an undesirable time if any significance is to be given to
the contents of P after a reset occurs.

4.10 SERIALI/O

The MK3873 features an on-chip serial I/0 port which is addressed as additional 1/0 within the
device. This serial port is capable of either synchronous or asychronous serial data transfers. The
heart of the serial port is a 16-bit Shift Register that is double buffered on transmit and receive. The
Shift Register clock source may be either the internal baud rate generator or an external clock. An
end-of-word vectored interrupt is generated for both the transmit and receive mode so that the CPU
overhead is only at the word rate and not at the serial bit rate. This serial channel can be used to

provide a low-cost data channe! for communicating between 3873 microcomputers or between a éé
. . 5 . . 2
3873 and another host computer. The serial port is also very flexible so that it could be used for other wE>
- . . . . O& s
purposes such as an interface to external serial logic or serial memory devices. ggé
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The architecture of the MK3873 is identical to that of the rest of the devices in the 3870 Family, with
the exception of the serial port logic. The block diagram of the MK3873 is shown in Figure 4-6.
Addressing of the serial port logic is accomplished through /0 instructions. A programming model
of the MK3873 is shown in Figure 4-7. Operation and programming of the serial port is thoroughly
discussed in the MK3873 Data Sheet.

MK3873 PROGRAMMING MODEL
Figure 4-7
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4.11 STANDBY POWER

The MK3875 offers the addition of a Low Power Standby mode of operation on its 64 bytes of
Executable RAM. The Low Power Standby feature provides a means of retaining data in the
Executable RAM on the MK3875 while the main power supply line (V) is at O volts and the rest of
the MK3875 microcomputer is shutdown. The Executable RAM is powered from an auxiliary power
supply input (Vgg) while operating in the Low Power Standby mode. When Vgg is maintained at or
above its minimum level, data is retained in the executable RAM memory with a very low power
dissipation.

The block diagram of the MK3875 single chip microcomputer is shown in Figure 4-8. The
architecture is identical with that of the MK3870 with the exception of the auxiliary power supply,
Vgg. The user is referred to the MK3875 Data Sheet for a detailed description of the operation of the
MK3875 in the Low Power Standby mode.

MK3875 BLOCK DIAGRAM

Figure 4-8
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5.0 TIMER AND EXTERNAL INTERRUPT OPERATION

5.1

5.2

INTRODUCTION

The Timer is an 8-bit binary counter which is software programmable to operate in one of three
modes: the Interval Timer Mode, the Pulse Width Measurement Mode, or the Event Counter Mode.
As shown in Figure 5-1, associated with the Timer are an 8-bit register called the Interrupt Control
Port, a programmble prescaler, and an 8-bit modulo-N register. A functional logic diagram is shown
in Figure 5-2.

INTERRUPT CONTROL PORT

The desired timer mode, prescale value, starting and stopping the timer, active level of the EXT INT
pin, and local enabling or disabling of interrupts are selected by outputting the proper bit
configuration from the Accumulator to the Interrupt Control Port (port 6) with an OUT or OUTS
instruction. Bits within the Interrupt Control Port are defined as follows:

INTERRUPT CONTROL PORT (PORT 6)

Bit O - External Interrupt Enable
Bit 1 - Timer Interrupt Enable

Bit 2 - EXT INT Active Level

Bit 3 - Start/Stop Timer

Bit 4 - Pulse Width/Interval Timer
Bit 5 - +2 Prescale

Bit 6 - =5 Prescale

Bit 7 - +20 Prescale

A special situation exists when reading the interrupt Control Port (with an IN or INS instruction). The
Accumulator is not loaded with the content of the ICP; instead, Accumulator bits O through 6 are
loaded with O’s while bit 7 is loaded with the logic level being applied to the EXT INT pin, thus

‘allowing the status of EXT INT to be determined without the necessity of servicing an external

interrupt request. When reading the Interrupt Control Port (port 6) bit 7 of the Accumulator is loaded
with the actual logic level being applied to the EXT INT pin, regardless of the status of ICP bit 2 (the
EXT INT Active Level bit); that is, if EXT INT is at +5V, bit 7 of the Accumulator is set to a logic 1, but if
EXT INT is at GND then Accumuilator bit 7 is reset to logic O. This capability is useful in establishing a
high speed polled handshake procedure or for using EXT INT as an extra input pin if external
interrupts are not required and the Timer is used only in the Interval Timer Mode. However, if it is
desirable to read the contents of the ICP then one of the 64 scratchpad registers or one byte of RAM
may be used to save a copy of whatever is written to the ICP.

The rate at which the timer is clocked in the Interval Timer Mode is determined by the frequency of
the internal @ clock and by the division value selected for the prescaler. (The internal & clock
operates at one-half the external time base frequency.) If ICP bit5 is set and bits 6 and 7 are cleared,
the prescaler divides ® by 2. Likewise, if bit 6 or 7 is individually set the prescaler divides ®by 5 or 20
respectively. Combinations of bits 5, 6, and 7 may also be selected. For example, if bits 5 and 7 are
set while 6 is cleared the prescaler will divide by 40. Thus possible prescaler values are divided by 2,
5, 10, 20, 40, 100, and 200.

Any of three conditions will cause the prescaler to be reset. whenever the timer is stopped by
clearing ICP bit 3, execution of an output instruction to port 7, (the timer is assigned portaddress 7),
or on the trailing edge transition of the EXT INT pin when in the Pulse Width Measurement Mode.
These last two conditions are explained in more detail below. '

An OUT or OUTS instruction to Port 7 will load the content of the Accumulator to both the Timer and
the 8-bit time constant register, reset the prescaler, and clear any previously stored timer interrupt
request. As previously noted; the Timer is an 8-bit down counter which is clocked by the prescaler in
the Interval Timer Mode and in the Pulse Width Measurement Mode. The prescaler is not used in
the Event Counter Mode. The Modulo-N register is a buffer whose function is to save the value
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5.3

which was most recently output to Port 7. The Time Constant register is used in all three timer
modes.

INTERVAL TIMER MODE

The operation of the Interval Timer Mode is graphically depicted in Figure 5-3a. When ICP bit 4 is
cleared (logic 0) and at least one prescale bit is set the Timer operates in the Interval Timer Mode.
When bit 3 of the ICP is set the Timer will start counting down from the time constant value
(abbreviated as TC in Figure 5-3a). After counting down to 01 Hex, the Timer returns to the time
constant value at the next count. On the transition from 01 Hex to N Hex the Timer sets a timer
interrupt request latch. Note that the interrupt request latch is set by the transition to N Hex and not
be the presence of N Hex in the Timer, thus allowing a full 256 counts if the Time Constant register is
preset to 00 Hex. If bit 1 of the ICP is set, the interrupt request is passed on to the CPU section of the
3870. However, if bit 1 of the ICP is a logic O the interrupt request is not passed on to the CPU section
but the interrupt request latch remains set. If ICP bit 1 is subsequently set, the interrupt request will
then be passed on to the CPU section. (Recall from the discussion of the Status Register’s Interrupt
Control Bit that the interrupt request will be acknowledged by the CPU section only if ICB is set.) Only
two events can reset the timer interrupt request latch; when the timer interrupt request latch is
acknowledged by the CPU section, or when a new load of the Time Constant register is performed.

Consider an example in which the Time Constant register is loaded with 064 Hex (decimal 100). The
timer interrupt request latch will be set at the 100th count following the timer start and the timer
interrupt request latch will repeatedly be set on precise 100 count intervals. If the prescaler is set at
divided by 40 the timer interrupt request latch will be set every 4000 & clock periods. For a 2MHz ¢
clock (4MHz time base frequency) this will produce 2 millisecond intervals.

The range of possible intervals is from 2 to 51,200 ® clock periods (1us to 25.6ms for a 2MHz &
clock). However, approximately 50 & periods is a practical minimum because the time between
setting the interrupt request latch and the execution of the first instruction of the interrupt service
routine is at least 29 & periods (the response time is dependent upon how many priviledged
instructions are encountered when the request occurs); 29 is based on the timer interrupt occurring
at the beginning of a non-priviledged short instruction. To establish time intervals greater than
51,200 ¢ clock periods is a simple matter of using the timer interrupt service routine to count the

number of interrupts, saving the result in one or more of the scratchpad registers until the desired

interval is achieved. With this technique virtually any time interval, or several time intervals, may be
generated.

The Timer may be read atany time and in any mode using an inputinstruction (IN 7 of INS 7)and may
take place “on the fly” without interfering with normal timer operation. Also, the Timer may be
stopped at any time by clearing bit 3 of the ICP. The Timer will hold its current contents indefinitely
and will resume counting when bit 3 is again set. Recall however that the prescaler is reset
whenever the Timer is stopped; thus a series of starting and stopping will result in a cumulative
truncation error.

A summary of other timer errors is given in the timing section of this specification. For a free running
timer in the Interval Timer Mode the time interval between any two interrupt requests may be in
error by & 6 ® clock periods although the cumulative error over many intervals is zero. The prescaler
and Timet generate precise intervals for setting the timer interrupt request latch but the time out
may occur at any time within a machine cycle. (There are two types of machine cycles; short cycles
which consist of 4 ® clock periods and long cycles which consist of 6 @ clock periods.) Interrupt
requests are synchronized with the start of a machine cycle thus giving rise to the possible +6 ¢
error. Additional errors may arise due to the interrupt request occuring while a priviledged
instruction or multicycle instruction is being executed. Nevertheless, for most applications all of the
above errors are negligible, especially if the desired time interval is greater than 1 ms.
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5.4

PULSE WIDTH MEASUREMENT MODE

When ICP bit 4 is set (logic 1) and at least one prescale bit is set, the Timer operates in the Pulse
Width Measurement Mode. This mode is used for accurately measuring the duration of a pulse
appliedto the EXT INT pin. The Timer is stopped and the prescaler is reset whenever EXT INT is at its
inactive level. The active level of EXT INT is defined by ICP bit 2; if cleared, EXT INT is active low; if set
EXT INT is active high. If ICP bit 3 is set, the prescaler and Timer will start counting when EXT INT
transitions to the active level. When EXT INT returns to the inactive level the Timer then stops, the
prescaler resets, and if ICP bit O is set an external interrupt request latch is set. (Unlike timer
interrupts, external interrupts are not latched if the ICP Interrupt Enable bit is not set.) The operation
of the Pulse Width Measurement Mode of Operation is depicted in Figure 5-3b.

As in the Interval Timer Mode, the Timer may be read at any time, may be stopped at any time by
clearing ICP bit 3, the prescaler and ICP bit 1 function as previously described, and the Timer still
functions as an 8-bit binary down counter with the timer interrupt request latch being set on the
Timer’s transition from 01 Hex to N Hex. Note that the EXT INT pin has nothing to do with loading the
Timer; its action is that of automatically starting and stopping the Timer and of generating external
interrupts. Pulse widths longer than the prescale value times the time constant value are easily
measured by using the timer interrupt service routine to store the number of timer interrupts in one
or more scratchpad registers.

As for accuracy, the actual pulse duration is typically slightly longer than the measured value
because the status of the prescaler is not readable and is reset when the Timer is stopped. Thus for
maximum accuracy it is advisable to use a small division setting for the pre-scaler.

TIMER OPERATING MODES

Figure 5-3
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c. EVENT COUNTER MODE
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5.7

EVENT COUNTER MODE

When ICP bit 4 is cleared and all prescale bits (ICP bits 5, 6, and 7) are cleared the Timer operates in
the Event Counter Mode. This mode is used for counting pulses applied to the EXT INT pin. If ICP bit is
set the Timer will decrement on each transition from the inactive level to the active level of the EXT
INT pin. The prescaler is not used in this mode; but as in the other two timer modes, the Timer may
be read at any time, may be stopped at any time by clearing ICP bit 3 ICP bit 1 functions previously
described, and the timer interrupt request latch is set on the Timer’s transition from 01 Hex to N Hex.

Normally ICPbit O should be kept cleared in the Event Counter Mode otherwise, external interrupts
will be generated on the transition from the inactive level to the active level of the EXT INT pin.

For the Event Counter Mode the minimum pulse width required on EXT INT is 2 ¢ clock periods and
the minimum inactive time is 2 ® clock periods; therefore, the maximum repetition rate is 500 KHz.

EXTERNAL INTERRUPTS

When the timer is in the Interval Timer Mode the EXT INT pin is available for non-timer related
interrupts. If ICP bit O is set, an external interrupt request latch is set when there is a transition from
the inactive level to the active level of EXT INT. (EXT INT is an edge-triggered input). The interrupt
request is latched until either acknowledged by the CPU section or until ICP bit O is cleared {unlike
timer interrupt requests which remain latched even when ICP bit 1 is cleared). External interrupts
are handled in the same fashion when the Timer is in the Pulse Width Measurement Mode or in the
Event Counter Mode, except that only in the Pulse Width Measurement Mode is the external
interrupt request latch set on the trailing edge of EXT INT; that is, on the transition from the active
leve! to the inactive level.

INTERRUPT HANDLING

When either a timer or an external interrupt request is communicated to the CPU section of the
3870, it will be acknowledged and processed at the completion of the first non-priviledged
instruction if the Interrupt Control Bit of the Status Register is set. If the Interrupt Control Bit is not
set, the interrupt request will continue until either the Interrupt Control Bit is set and the CPU section
acknowledges the interrupt or until the interrupt request is cleared as previously described.

If there is both a timer interrupt request and an external interrupt request when the CPU section
starts to process the requests, the timer interrupt is handled first.

When an interrupt is allowed the CPU section will request that the interrupting element pass its
interrupt vector address to the Program Counter via the data bus. The vector address for a timer
interrupt is 020 Hex. The vector address for external interrupts is OAQ Hex. After the vector address
is passed to the Program Counter, the CPU section sends an acknowledge signal to the appropriate

1-30



interrupt request latch which clears that latch. The execution of the interrupt service routine will
then commence. The return address of the original program is automatically saved in the Stack
Register, P.

The Interrupt Control Bit of W (Status Register) is automatically reset when an interrupt request is
acknowledged. It is then the programmer’s responsibility to determine when ICB will again be set (by
executing an El instruction). This action prevents an interrupt service routine from being interrupted
unless the programmer so desires.

The interrupt sequence which occurs within the 3870 when an interrupt is processed isdescribed in
Section 6, “TIMING".
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6.0 TIMING
6.1  TIMING SIGNALS

There are two principal signals within all 3870 Family devices which are used to generate all the
timing signals within the microcomputer. These two timing signals are ® and WRITE. The execution
sequence for each 3870 instruction is timed with these signals. The external time base frequency of
the 3870 is divided by two to produce the internal ® clock. The falling edge of WRITE is used to mark
the beginning of a new machine cycle. The WRITE signal has a high-going pulse which is one &
period in- width. A machine cycle is either 4 or 6 ¢ periods long, with all instructions requiring
between 1 and 5 machine cycles to complete their execution. Figure 6-1 illustrates the timing of the
short cycle and the long cycle, along with that of the internal & clock.

6.2 INSTRUCTION EXECUTION

The simplest instructions of the 3870 instruction set execute in one short cycle while the most
complex instruction (Pl) requires two short cycles plus three long cycles. Every instruction
execution sequence ends with the next instruction OP code being fetched from memory. The OP
code is loaded into the Instruction Register where it is decoded by the Control Logic.

The only instructions which may be executed in a single cycle are those which do not require the use
of the Data Bus. This permits the Data Bus to be used to fetch the next instruction OP code
simultaneously with the performance of the operation indicated by the current OP code.

Other instructions require more than one cycle to execute. Different operations, specified by the
particular instruction, are performed during each of the additionally required long or short cycle(s). In
general, CPU operations which do not require the use of the Data Bus can be executed using only a
short cycle. ‘
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For example, an operation in which the ALU is used to combine two 8-bit words of source data into
an 8-bit result may take place without the use of the Data Bus. The source data could come from a
scratchpad register and the Accumulator. The last cycle, however, will always be an OP code fetch
cycle. In all instructions except the Decrement Scratchpad instruction, the OP code fetch cycle is
executed with a short cycle. Following an instruction fetch, CPU logic decodes the fetched
instruction code and executes the specified instruction.

There are many operations which can take place during a machine cycle. Of these various
operations, there are three which are of interest to the user:

1) Main Memory Access in P-PROM devices
2) 170 Port Access
3) Interrupt Acknowledge

The timing of these operations is discussed in the following sections.
WRITE CYCLE TIMING

BASE
' CLOCK
- S\ TS

WRITE
(SHORT CYCLE)

WRITE
(LONG CYCLE)
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6.3 MAIN MEMORY ACCESS CYCLE

Data may be transferred from one of the 3870°’s CPU registers and Main Memory. In mask ROM
3870 single chip microcomputers, detailed timing of how a access from Main Memory takes place is
of no concern to the user. However, in P-PROM 38P7X devices, program and data memory is
contained in an external EPROM. An access of external EPROM memory may take place during a
short cycle or a long cycle. The timing diagrams for these two types of machine cycles are shownin
Figure 6-2a and b. The worst case memory cycle is the short cycle, during which time an OP code
fetch may be performed. After a delay from the falling edge of the WRITE clock, the address lines
become stable. Data must be valid at the data output lines of the EPROM memory prior to the next
falling edge of the WRITE pulse. The total access time available for the MK38P7X is shown ast,,; or
the time when address is stable until data must be valid on the data bus lines. The equation for
calculating available memory access time along with some calculated access times based on the
listed time base frequencies is also shown in Table 6-1.

38P7X EXTERNAL MEMORY ACCESS CYCLE
Figure 6-2

a. SHORT CYCLE MAIN MEMORY ACCESS (OP CODE FETCH)
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MEMORY ACCESS TIME FROM ADDRESS STABLE

Table 6-1
toas = 6 -850 NS
TIME BASE FREQ.
(FROM ADDRESS STABLE)
4 MHz 3.58 MHz 3 MHz 2.5 MHz 2 MHz
ACCESS 650 ns 825 ns 1.15 us 1.55 us 2.15 us
TIME
6.4 1/0 PORT ACCESS CYCLE

Data may be transferred between the Accumulator and one of the 3870’s /0 port locations. The
timing for this instruction cycle is described in Figure 6-3.

170 operations involving ports O and 1 execute in two machine cycles. During the first cycle, the
fetched instruction is decoded and data is either sent from the Accumulator to the 1/0 latch or
enabled from the 1/0 pin to the Accumulator, depending on whether the instruction is an ouput or
an input. At the falling edge of WRITE (marking the end of the first cycle and beginning of the second
cycle) the data is strobed into either the latch (OUTS) or the Accumulator (INS) respectively. The
second cycle is then used by the CPU for its next instruction fetch. The setup time required for data at
the 170 port pin(s) to be stable is shown as tg) o and the delay time for output data to be stable at the
170 portpinsisgivenastp), . Both tg;, o and tp /| are specified in the appropriate 3870device data
sheet. Figure 6-3c and d illustrate timing for an I/0 operation to Ports O and 1.

For 1/0 operations performed at other 1/0 port locations, three cycles are required to execute the
instruction. During the first cycle, the instruction is decoded, and the port address is placed on the
internal Data Bus. This firstcycle is a long cycle. Then, data is transferred between the Accumulator
and the |I/0 port location during the second (long) cycle. The setup and delay times, tg ;o and tp /o,
also apply to these |/ 0 operations. The timing for these |/ QO operations is pictured in Figures 6-3a
and b.

When an output instruction is performed at Port 4, an output ready strobe (STROBE) is issued
automatically. STROBE provides a single low pulse which stays low for two WRITE cycles following
the OP code fetch cycle which terminates the OUT 04 or OUTS 4 instruction. Since STROBE is timed
from the WRITE clock, the length of the pulse shown as tg_is dependant on the timing of the
instruction following the output operation to Port 4. Thus, tg will be a minimum of two short cycles
and a maximum of two long cycles in length, minus some delay. STROBE pulse length, tg is
specified in the appropriate 3870 device data sheet. Likewise, the delay to falling edge of STROBE,
t,0.5 is specified in the appropriate device data sheet.
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INPUT/OUTPUT AC TIMING

Figure 6-3
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6.5

INTERRUPT TIMING

This section describes the timing associated with an interrupt acknowledge cycle occuring in the
3870. Figure 6-4 details the interrupt sequence which occurs whether the interrupt requestis from
an external source via EXT INT or from the 3870’s internal timer. Events are labeled with the letters
Athrough G and are described below. Programming of the Timer and External Interruptisdiscussed
in Section 5.

EVENTA

An interrupt request must satisfy a set up time requirement prior to the rising edge of the WRITE
clock to guarantee that it will be recognized during that machine cycle. Otherwise, it might be one
machine cycle later before it is recognized.

EVENT B

Event B represents the instruction being executed when the interrupt occurs. The last cycle of B is
normally the instruction fetch for the next cycle. However, if B is not a priviledged instruction and the
CPU’s Interrupt Control Bit is set, then the last cycle becomes a “freeze” cycle rather thana fetch. At
the end of the freeze cycle the interrupt request latches are inhibited from altering the interrupt
daisy-chain so that sufficient time will be allowed for the daisy-chain to settle. (If B is a priviledged
instruction, the instruction fetch is not replaced by a freeze cycle; instead, the fetch is performed and
the next instruction is executed.) Aithough unlikely to be encountered, a series of priviledged
instructions will be sequentially executed without interrupt. One more instruction, called a
‘protected’ instruction, will always be executed after the last priviledged instruction. The last cycle of
the protected instruction then performs the freeze.

The dashed lines on EXT INT illustrate the last opportunity for EXT INT to cause the last cycle of a
non-protected instruction to become a freeze cycle.

The freeze cycle is a short cycle (4 @ clock periods) in all cases except where B is the Decrement
Scratchpad instruction, in which case the freeze cycle is a long cycle (6 @ clock periods).

INT REQ goes low on the next negative edge of WRITE if both PRO IN is low and the appropriate
interrupt enable bit of the Interrupt Control Part is set. Both INT REQand WRITE are internal signals.

EVENTC

A NO-OP long cycle to allow time for the internal priority chain to settle.

EVENT D

The program counter (PO) is pushed to the stack register (P)in order to save the return address. The
interrupt circuitry places the lower 8 bits of the interrupt vector address onto the data bus. This is
always a long cycle.

EVENTE

A long cycle in which the interrupt circuitry places the upper 8 bits of the interrupt vector address
onto the data bus.

EVENTF

A short cycle in which the interrupting interrupt request latch is cleared. Also, the CPU’s Interrupt
Control Bit is cleared, thus disabling interrupts until an El instruction is performed. The fetch of the
next instruction from the interrupt address.

EVENT G

Begin execution of the first instruction of the interrupt service routine.
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6.6

SUMMARY OF INTERRUPT SEQUENCE

For the MK3870 the interrupt response time is defined as the time elapsed between the occurence
of EXT INT going active (or the Timer transitioning to H ‘N’yand the beginning of execution of the first
instruction of the interrupt service routine. The interrupt response time is a variable dependent upon
what the microprocessor is doing when the interrupt request occurs. As shown in Figure 6-4 the
minimum interrupt response time is 3 long cycles plus 2 short cycles plus one WRITE clock pulse
width plus a setup time of EXT INT prior to the leading edge of the WRITE pulse--a total of 27 & clock
periods plus the setup time. At a 2 MHz & this is 14.25 us. Although the maximum could
theoretically be infinite, a practical maximum is 35 us (based on the interrupt request occuring near
the beginning of a Pl and LR K, P sequence).

INTERRUPT SEQUENCE

Figure 6-4
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WRITE I l I l ¢ ‘—I L/SJ_l |. IJ—-[ Lr-l s]_—l

EXT INT OR 551
TIMER INTERRUPT I
——|—gs-d

_———L:/— - =1 [—
¢ 1
(INTERNAL) T

6.7

EXTERNAL INTERRUPT TIMING

The External Interrupt pin is an edge-sensitive interrupt which may be programmed to be active on
either a positive going or a negative going edge. In order to guarantee that the internal External
interrupt request latch be set, the pulse on the External Interrupt line must meet a minimum hold
time which is shown as tg, in Figure 6-5, below. The appropriate 3870 device data sheet specifies
the minimum value for tgy,.

EXTERNAL INTERRUPT TIMING

Figure 6-5

ICP BIT m( /S

EXT INT e« t,,— »

ICPBIT2=1
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RESET HOLD TIME
Figure 6-6

ft——— tpy ——

6.8 RESET TIMING
In order for a proper reset operation to take place, RESET on the 3870 must be held low for a

minimum hold time which is shown as tgpy in Figure 6-6 below. The appropriate device data sheet
specifies the minimum hold time required for RESET.

6.9 TIMER ERRORS
Definitions:
Error = Indicated time value - actual time value

tpsc = t @ x Prescale Value

ax
Interval Timer Mode: 3
Single interval error, free running(Note 3) ......... ... . i +6 tP 3]
Cumulative interval error, free running(Note 3) . ........ .o i 0 §§
Error between two Timerreads(Note 2) .........ovireinniieiiinnnnnn, *tpsc + td) '
Start Timer to stop Timer error (Notes 1,4) . .............cooiii... +t® to —(tpsc + tP)
Start Timer to read Timer error(Notes 1, 2) . .........ccvveviinn.. —b5td to —(tpsc + 7tP
Start Timer to interrupt request error{Notes 1, 3). .............co.... —2t® to —8tP
Load Timer to stop Timererror(Note 1) .......... ..o, +td to —{(tpsc + 2tP)
Load Timer to read Timer error(Notes 1,2)...................... —5tP to —(tpsc +8td)
Load Timer to interrupt request error (Notes 1, 3)..............counan.. —2td to —9tP

Pulse Width Measurement Mode:

Measurement accuracy (Note 4) ... ...t iiie i +5® to —(tpsc + 2tP)
Minimum pulse width of EXT INT pin. ...ttt c it 2t

Event Counter Mode:

Minimum active time of EXTINT pin ...t it iiiias 2td
Minimum inactive time of EXT INT pin .. ... .o i i i it 2t
Notes:

1. All times which entail loading, starting , or stopping the Timer are referenced from the end
of the last machine cycle of the OUT or QUTS instruction.

2. All times which entail reading the Timer are referenced from the end of the last machine
cycle of the IN or INS instruction.

3. Alltimes which entail the generation of an interrupt request are referenced from the start of
the machine cycle in which the appropriate interrupt request latch is set. Additional time
may elapse if the interrupt request occurs during a privileged or multicycle instruction.

4. Error may be cumulative if operation is repetitively performed.
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7.0 MK3870 HARDWARE IMPLEMENTATION

71

7.2

INTRODUCTION

This section discusses some of the external hardware which is required in a system using an
MK3870 Family Device. The following subjects are covered:

1) Power On Clear circuitry
2) V¢ Decoupling

3) Test Logic

4) 3870 Time Base Options

POWER-ON CLEAR

The intent of the Power-On-Reset circuitry on the 3870 is to automatically reset the device following
a typical power-up situation, thus saving external reset circuitry in many applications. This circuitry
is not guaranteed to sense a “Brown Out” (low voltage) condition nor is it guaranteed to operate
under all possible power-on situations.

Two conditions are required before the 3870 will leave the reset state and begin operation. Refer to
Figure 7-1 as an aid to the following description. The On-Chip V¢ detector senses a minimum value
of V¢ before it will allow the 3870 to operate. The threshold of this detector is set by analog circuitry.
Because a stable voltage reference is not available with MOS processing, processing variations will
cause this threshold to vary from a low of 3.0 volts to a high near 4.3 volts with 3.5 volts being typical.

The second condition required is that the clocks of the 3870 must be functioning. Typically the clocks
will start to function at V¢ equal to 3 to 3.5 volts but Mostek cannot guarantee any operation below
Ve minimum. The output of the delay circuit in Figure 7-1 will stay low until the clocks start to
function. If the input to the delay circuit is high, typically after 100 cycles of the WRITE clock (800
cycles of the external clock) the output of the delay circuit will go high allowing the 3870 to begin
execution.

If V¢ falls to ground for at least a few hundred nanoseconds the output of the delay circuit will go
low immediately and the 3870 will reset.
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MK3870 POWER ON CLEAR BLOCK DIAGRAM

Figure 7-1
SCHMITT
TRIGGER
RESET N
PIN 1>°

WRITE WRITE

DELAY .—__D.,__ED_
- CIRCUIT
1=V UP

V,
DETECTOR N
FORCE
Q RESET TO INTERNAL
WRITE c ﬁggITCRO'- — 3870 LOGIC
R RESET STATE=1

L

The internal logic may detect a valid V¢ and clocks at V¢ less than Ve minimum and allow the
3870 to start execution after the time delay. With a slowly rising power supply the part may start
running before V¢ is within the guaranteed range. When power-on-clear is required with a slowly
rising power supply, an external capacitor must be used on the RESET pin to hold itbelow V) z until
V¢ above Ve minimum. (Note: The option to disconnect the internal pull-up resistor on RESET is
available which allows the use of a larger external pull-up resistor and a small capacitor on RESET).

In many applications, it is desirable if the unit does an automatic power-on-clear, but not mandatory.
The unit will have a RESET push button and if the unit does not power-up correctly or malfunctions
because of some disturbance on the V¢ line, the operator will simply press RESET and restore
normal operation. If is for these applications that the internal power-on-clear circuitry was designed.

Figure 7-2 shows a schematic of an RC network which can be tied to the RESET pin of the 3870.
Figure 7-3 shows the desired response of the RC network.

RECOMMENDED RC NETWORK FOR RESET
Figure 7-2

MASK
PROGRAMMABLE
R OPTIONAL
' R
{
’5
<\
’>
<\
>
( RESET
[
c '\ PUSH BUTTON
RESET
MK387X
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DESIRED RESPONSE OF RC NETWORK +- vourts
Figure 7-3

Vo d e e —

MIN

VCC

VOLTS

Vigdofm e e ==

EXT. RESET

t=50 ms TIME

In some applications it is required that the microcomputer continue to run properly without operator
intervention after brown-outs, power line disturbances, electrical noise, computer malfunction due
to a programming bug or any other disturbance except a catastrophic failure of some component.

One concept used to keep computers running is that of the “WATCHDOG TIMER". The computer is
programmed to periodically reset the watchdog timer during the normal execution of its program
(this is easily done in the 3870 as its normal application is in some control function which is typically
periodic). As long as the computer continues to execute its program the watchdog timer is
continually reset and never times out. Should the computer stop executing its program for whatever
reason, the watchdog timer will time out producing a RESET pulse to the CPU restarting execution.
This is a very positive way to assure that the computer is doing its job, i.e., executing the program. It is
important that the software driving the watchdog timer test as many functional blocks (timer, ALU,
scratchpad RAM, and Ports) of the 3870 as possible before reseting the watchdog timer. This is
because operation of the 3870 with an out of spec power supply may allow some of the functions to
operate correctly while other functions are not operable.
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Mostek can guarantee correct operation of the 3870 only while the V. voltage remains within its
specified limits. If proper operation of the 3870 must be guaranteed after a distrubance on the V¢
line, then an external circuit must be used to monitor the V¢ line and produce a RESET to the 3870
whenever V. is out of the specified limits. :

A related characteristic to power-on-clear is the Startup time of the basic timing element. When
using the LC and RC time base modes, the time base network begins to function almost immediately
once V¢ is high enough to allow the on-chip oscillator to operate (V¢ typically < Ve min.)
Operation with a crystal is partly mechanical and some start time is required to get the mass of the
crystal into vibrational motion. This time is basically dependent on the frequency (mass) of the.
crystal. Crystals within the frequency range used by the 3870 typically require about 2 to 50 msec to
start oscillating. Of course, this time may vary greatly from crystal to crystal and is also a function of
the power supply rise time characteristic. However, higher frequency crystals typically start faster
than lower frequencies.

The condition of the port pins during the power-on-clear sequence is often asked. The port pins or
the STROBE line cannot be specified until V¢ reaches minimum operating voltage and the 3870
enters the RESET state. Before this, the port pins may stay at Vgg, may track V¢ as it rises, or they
may track V¢ part way up then return to Vgg (Ports 4 & 5 will go to V- once the clocks are tunning
and the 3870 has sufficient V. to properly operate the internal control logic and /0 ports).

7.3 VCC DECOUPLING
The 3870 family devices have dynamic circuitry internally which requires a good high frequency
decoupling capacitor to surpress noise on the Vi line. A.O1 uF or .1 uF ceramic capacitor should be

placed between V. and ground, located physically close to the 3870 device. This will reduce noise
generated by the 3870 to about 70-100 millivolts on the V¢ line.
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7.4

7.5

TEST LOGIC
Special test logic is implemented to allow access to the internal main data bus for test purposes.

In normal operation, the TEST pin may be left unconnected, but it is recommended that TEST be
grounded. When TEST is placed at about V/2, port 4 becomes an output of the internal data bus
and port 5 becomes a wired-OR input to the internal data bus. The data appearing on the port 4 pins
is logically true whereas input data forced on port 5 must be logically false. When TEST is placed ata
high voltage, the ports act as above and additionally the 2K x 8 program ROM is prevented from
driving the data bus. In this mode operands and instructions may be forced externally through port 5
instead of being accessed from the program ROM. When TEST is either the first state or the high
state, STROBE ceases its normal function and becomes a machine cycle clock (identical to the
inverse of the internal WRITE clock).

Timing complexities render the capabilities associated with the TEST pin impractical for use in a
user’s application, but these capabilities are thoroughly sufficient to provide a rapid method for
thoroughly testing the 3870.

3870 TIME BASE OPTIONS

This section describes the selection of a time base for NMOS MK3870 Family single chip
microcomputers. The 3870 contains an on-chip oscillator circuit which provides an intefnal clock.
The frequency of the oscillator circuit is set from the external time base network. The time base for
the 3870 may originate from one of four sources:

1) Crystal

2) LC Network
3) RC Network
4) External Clock

The four configurations are described in the following sections. There is an internal capacitor
between XTL 1 and GND and an internal capacitor between XTL 2 and GND. Thus external
capacitors are not neccessarily required. In all external clock modes the external time base
frequently is divided by two to form the internal @ clock.

7.5.1 CRYSTAL SELECTION
The use of a crystal as the time base is highly récommended as the frequency stability and

reproducability from' system to system is unsurpassed. The Crystal Mode time base
conflguratlon is shown in Figure 7-4.

CRYSTAL MODE CONNECTION

Figure 7-4

XTL1 XTL2

AT - Cut
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7.5.2

Through careful buffering of the XTL1 pin, it may be possible to amplify this waveform and
distribute it to other devices. However, Mostek recommends that a separate active device
(such as a 7400 series TTL gate) be used to oscillate the crystal and the waveform from that
ocillator be buffered and supplied to all devices, including the 3870, in the event that a
single crystal is to provide the time base for more than just a single 3870.

While a ceramic resonator may work with the 3870 crystal oscillator, it was not designed
specifically to support the use of this component. Thus, Mostek does not support the use of
a ceramic resonator either through proper testing, parametric specification, or applications

support.
LC NETWORK

The LC time base configuration can be used to provide a less expensive time base for the
3870 than can be provided with a crystal. However, the LC configuration is much less
accurate than is the crystal configuration. The LC time base configuration is shown in
Figure 7-5. Also shown in the figure are the specified parameters for the LC components,
along with the formula for calculating the resulting time base frequency.

LC MODE CONNECTION

Figure 7-5

= =3 PN T

. Cexternal : 1
~ (Optional)

753

Variation in time base frequency with the LC network can arise from one of four sources: 1)
Variation in the value of the inductor. 2) Variation in the value of the external capacitor. 3)
Variation in the value of the internal capacitance of the 3870 at XTL1 and XTL2 and 4)
Variation in the amount of stray capacitance which exists in the circuit. Therefore, the actual
frequency which is generated by the LC circuit is within a range of possible frequencies,
where the range of frequencies is determined by the worst case variation in circuit
parameters. The designer must select component values such that the range of possible
frequencies with-the LC mode does not go outside of the specified operating frequency
range for the appropriate device.

RC CLOCK CONFIGURATION

The time base for the 3870 may be provided from an RC network tied to the XTL 2 pin, when
XTL 1 is grounded. A schematic picturing the RC clock configuration is shown in Figure 7-6.
The RC time base configuration is intended to provide an inexpensive time base source for
applications in which timing is not critical. Some users have elected to tune each unit using
a variable resistor or external capacitor thus reducing the variation in frequency. However,
for increased time base accuracy Mostek recommends the use of the Crystal or LC time
base configuration.
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RC MODE CONNECTION

Figure 7-6
RC MODE
XTL 1 XTL 2
VCC
% R
U —
= —1
1 cexternaL
{OPTIONAL)
MINIMUM R = 4K O ‘ | S
|
C =265 pF * 2.6 pF + CEXTERNAL L

The designer must select the RC product such that a frequency of less than the minimum
time base freugency specified for the appropriate MK3870 Family device. Also, the RC
product must not allow a frequency greater than the maximum time base frequency
specified for the appropriate device. Temperature induced variations in the external
components should be considered in calculating the RC product.

7.5.4 EXTERNAL CLOCK CONFIGURATION

The connection for the external clock time base configuration is shown in Figure 7-7. Refer
to the DC Characteristics section in the appropriate 3870 Family device data sheet for
proper input levels and current requirements.

Refer to the Capacitance section of the appropriate 3870 Family device data sheet for input
capacitance.

EXTERNAL MODE CONNECTION
Figure 7-7

XTL1 XTL2
NO CONNECTION *
EXTERNAL
CLOCK
INPUT
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8.0 MK3870 INSTRUCTION SET

8.1

8.2

INTRODUCTION

This section describes the execution and timing of the MK3870 Family instruction set. The 3870
instruction set is compatible with that of the multi-chip F8 Family.

3870 ADDRESSING MODES

Most of the 3870 instructions operate on data stored in internal CPU registers, in main memory, in
scratchpad memory, or in the /0O ports. The term “addressing mode”’ refers to how the address of
this data is generated. This section gives a summary of the types of addressing usedin the 3870.

8.2.1

8.2.2

8.2.3

IMMEDIATE ADDRESSING

In this mode of addressing, the operand is contained in memory following the OP code of
the instruction. Immediate addressing can be used in one byte, two byte, and three byte
instructions. For a one byte instruction which uses immediate addressing the 3870 uses a
special short form instruction format. The OP code is contained in the most significant four
bits (D7-D4) of a byte in memory while a four bit operand is specified in the least significant
four bits as shown below:

[_op copEe | OPERAND |
D7 D4 D3 DO

A two byte instruction which uses immediate addressing contains an 8-bit OP code which
is specified in the first byte of the instruction and an 8-bit immediate operand in the second
byte.

OP CODE
OPERAND
D7 DO

For certain instructions requiring greater than an 8 bit immediate operand, two bytes are
required to specify an immediate operand. An example would be the DCl instruction, which
loads an immediate value into the Data Counter. These instructions are three bytes long as
shown below:

OP CODE
OPERAND
OPERAND
D7 DO

IMPLIED ADDRESSING

Instructions which use Implied addressing are instructions which are one byte long in
which the operand or operands are implicitly specified in the instruction OP code itself. For
example, an instruction which uses Implied addressing would be the ‘LR Q,DC’ instruction.
The result of this instruction would be the contents of the Data Counter register loaded into
the Q Linkage register.

[ OP CODE ]
D7 DO

RELATIVE ADDRESSING
Relative addressing is used exclusively by the Branch instructions in the 3870. Relative

addressing uses one byte of data following the OP code to specify a displacement from the
current Program Counter location to which a program jump can occur. This displacement is
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8.2.4

8.25

a signed two's complement number that is added to the address of the byte containing the
displacement:

addr OP CODE
addr+1 OPERAND -t 8-bittwo’'s complement
displacement added to
D7 DO addr+1

Relative addressing allows program jumps to locations within the range from -127 bytes
backward to +128 bytes forward relative to the memory location containing the branch
instruction op code. Relative addressing requires only two bytes of memory space to
implement. For most programs relative branches are by far the most prevalent type of jump
due to the proximity of related program segments. Thus, these instructions can significantly
reduce memory space requirements.

EXTENDED ADDRESSING

Extended addressing provides for up to two bytes (16 bits) of address to be included in the
instruction. This data can be an address to which a program can jump or it can be an
address where a subroutine may be called:

OP CODE
HIGH ORDER ADDRESS BYTE
LOW ORDER ADDRESS BYTE
D7 DO

SCRATCHPAD ADDRESSING

Scratchpad addressing is utilized by instructions which access the Scratchpad Register
Array. These instructions utilize the 3870's short form instruction format and are therefore
only one byte long, with the instruction OP code specified in the most significant four bits:

{ OP CODEJREG. ADDR. __|
D7 DO

The least sigificant four bits are used as an address to designate the scratchpad register
whose contents are to be used as the operand in the instruction. The Scratchpad Register
array contains 64 bytes of RAM. When the value of the four bit operand field is inthe range
of O through OB (Hex) then the corresponding scratchpad location is accessed directly.
When the operand value isOC, 0D, or OE (Hex), then the Indirect Scratchpad Register (IS) is
used to point to the scratchpad location which is to be accessed. Note that the IS register
can be used to point to any location in the scratchpad register array. Scratchpad locations
OCH, ODH, OEH, and OFH are actually Linkage Registers K and Q, and, as such, may be
directly accessed through instructions which use implied addressing.

The IS register is six bits wide which is divided into two halves, called IS Upper (ISU)and IS
Lower (ISL). The Scratchpad registers may be thought of as an 8 x 8 array, with ISU pointing
to arow of registers in the array and ISL pointing to a column of registers. This is illustrated
below in Figure 8-1.
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OCTAL REPRESENTATION OF SCRATCHPAD REGISTER ARRAY

Figure 8-1

IS upper >

0 1 2 3 4 5 6 7

00 01 02 03 04 05 06 07

IS 10 11 12 13 14 15 16 17
lower 20 21 22 23 24 25 26 27

30 31 32 33 34 35 36 37
40 4 42 43 44 45 46 47
50 51 52 53 54 55 56 57
60 61 62 63 64 65 66 67
70 7 72 73 74 75 76 77

Noo,r,wnNnm-—=0

8.2.6

8.2.7

This figure illustrates how the 2 octal digits of the IS register can be visualized as pointing to
a scratchpad register in an 8 x 8 matrix.

When the IS register is used to point to a register during the execution of an instruction
which uses Scratchpad Addressing, the lower three bits of IS are modified according to the

value specified in the operand as shown below:

OPERAND IS LOWER

OCH Unmodified

ODH Incremented
OEH Decremented
OFH lllegal OP code

Thus, the lower half of the IS register can be automatically incremented, decremented, or
left unmodified. When the IS is incremented or decremented during the execution of an
instruction, only the lower half of the IS register is modified. As an example, suppose that
the IS contains the octal value 27. If an instruction is executed which automatically
increments the IS, the value will be changed to an octal 20 so that IS Upper is left
unmodified.

-INDIRECT MEMORY ADDRESSING

Instructions which operate on data contained in a location in Main Memory must access

‘that data through the Data Counter Register (DC). These instructions are 1 byte in length.

The one byte OP code specifies the implicit use of the Data Counter to perform an indirect
access of main memory to fetch the 8-bit operand:

[ OP CODE |
D7 DO

The value of the Data Counter is automatically incremented by one after the access is
complete.

170 PORT ADDRESSING

The 3870 can use one of two forms of the |/0 Port Address mode to transfer data between
the Accumulator and an /0 port location. Instructions using this type of addressing may be
two bytes long with the port address specified in the 8-bit operand field following the OP
code, as shown below:

OP CODE
PORT ADDRESS -

D7 DO
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Alternatively, the instruction may use the short form to specify ene of the first 16 1/0 port
locations with a single byte:

OP CODE PORT ADDRESS

D7

8.3 MK3870 INSTRUCTION TYPES

The 3870 instruction set consists of 76 different types of instructions. They can be classified into
seven separate groups by function:

1) Arithmetic and Logical Group

2) Branch and Jump Group

3) Address Register Group

4) Accumulator Data Movement Group
5) Input/Output Group

6) CPU Control Group

The operation of the executable instructions in the 3870 is summarized in Table 8-3. An overview of
the instruction set operation by group accompanies the summary. Notation used in this table is
described in “Notes” at the end of this section.

8.3.1

8.3.2

ARITHMETIC AND LOGICAL GROUP

The Arithmetic and Logical Group of instructions allow the 3870 to perform various
operations on data contained in the Accumulator and/or data from one of four sources
within the device as listed below:

1) A Scratchpad Register

2) A location in Main Memory
3) An immediate value

4) The Data Counter Register

Data in a Scratchpad iocation may be added, added with decimal adjust, logically AND’ed, or
Exclusive OR’ed with data contained in the Accumulator. Additionally, a scratchpad register
may be decremented. Instructions in the Arithmetic and Logical group which operate on the
Scratchpad utilize Scratchpad Addressing. The contents of the Accumulator may be added,
added with decimal adjust, AND’ed, compared, OR’ed or exclusive OR’ed with a location in
Main Memory. A location in Main Memory is accessed indirectly through the use of the
Data Counter (Indirect Memory Addressing). The contents of the Accumulator may be
complemented, incremented, shifted left or right, or AND’ed, OR’ed, Exclusive ORed, or
compared with an immediate value. These types of instructions use either Implied or
Immediate addressing. Finally, the contents of the Data Counter Register may be added
with the contents of the Accumulator, which is treated as a signed binary (two's
complement) number, with the result in the Data Counter. This instruction also uses
Implied addressing.

BRANCH, JUMP, CALL, AND RETURN GROUP

The Branch, Jump, Call, and Return Group include all of those instructions which can be
used to transfer program control in the 3870.

Branch instructions which are conditional on the state of one or more of the bits in the
Status register (W) are actually one of two basic instructions: Branch on True and Branch on
False. The Branch on True instruction is a two byte instruction, with the branch condition
contained in a field in the first byte of the instruction along with the OP code, and the second
byte containing the relative offset pointing to the branch destination. The form of the Branch
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on True instruction is shown below:

( orcobE | o] ¢ OFFSET ]
57 D4 D3 02 DO D7 DO

The three bitfield 't is actually a mask field for three of the bits which are to be tested in the
Status Register. This three bit field is shown in detail below:

ZERO CARRY SIGN | <« Test bit in W
D2 D1 DO << Bit no.

When a bit in the “t” field is set to a “1”, the corresponding bit in the Status Register is
tested during the execution of the Branch on True instruction. When a bit in the “t” field is
set to a “0", the state of the corresponding bit in the Status Register is ignored. The
operation of the Branch on True instruction is such that the branch to the branch
destination address is taken if any of the unmasked bits in the Status Register are true.
There are a total of 8 combinations of conditions which can be specified with the Branch on
True instruction. Four of these conditions are often used in programming and given unigue
mnemonic names which are recognized by all 3870 cross assembler programs. These four
forms of the Branch on True instruction are Branch on Carry (BC), Branch on Positive (BP)
and Branch on Zero (BC). All of the possible branch conditions which exist for the Branch if
True instructions are summarized in Table 8-1.

BRANCH CONDITIONS FOl"-'R BT INSTRUCTION
Table 8-1

3
I
s}
w
]
9
E4
w
o
R
@
&

OPERAND STATUS FLAGS TESTED

t [ ZERO | CARRY [ SIGN | DEFINITION COMMENTS
0 0 0 0 Non-Functional An effective
3 cycle NOP

1 0 0 1 Branch if Positive Same as BP
2 0 1 0] Branch on Carry Same as BC
3 0 1 1 Branch if Positive

or on Carry
4 1 0 0 Branch if Zero Same as BZ
5 1 o] 1 Branch if Positive Same as t=1
6 1 1 0 Branch if Zero or

on Carry
7 1 1 1 Branch if Positive Same as t=3

or on Carry
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BRANCH CONDITIONS FOR BF INSTRUCTION

Table 8-2
OPERAND STATUS FLAGS TESTED

t [ovF | ZERO | CARRY [ SIGN | DEFINITION COMMENTS
0 0 0 0 0 Unconditional Branch Relative
1 0 0 0 1 Branch on Negative Same as BM
2 0 0 1 0 Branch if no Carry Same as BNC
3 0 0 1 1 Branch if no Carry and Negative
4 0 1 (] 0] Branch if not Zero Same as BZ
5 0 1 0 1 Same as t=1
6 0 1 1 0 Branch if no Carry and result is

no Zero
7 0 1 1 1 Same as t=3
8 1 0 0 0 Branch if there is no Overflow Same as BNO
9 1 0 0 1 Branch if Negative and no

Overflow
A 1 0 1 0 Branchv if no Overflow and no

Carry
B 1 [0] 1 . 1 Branch if no Overflow, no

Carry and Negative
C 1 1 o] 0] Branch if no Overflow and not

Zero
D 1 1 0 1 Same as t=9
E 1 1 1 1 Branch if no Overflow,

no Carry, and not Zero
F 1 1 1 1 Same as t=B

The BranchifIS not = 7 instruction is used indicate whether or not Similarly, the Branch on
False instruction consists of two bytes: The first byte specifies the OP code along with a four
bit mask field for the OVERFLOW, ZERO, CARRY, AND SIGN bits in the Status Register. The
form of the Branch on False instruction is illustrated below:

(o] 4
CODE

OFFSET

D7 D4

D3

DO D7 DO

The mask field for the Branch on False instruction is:

OVERFLOW

ZERO

CARRY SIGN | <= Status Bitin W

D3

D2

D1 DO < Bit no.
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8.3.3

8.3.4

The mask word selectively enables or disables the test on the bits in the Status Register as
in the case of the Branch on True instruction. The operation of the Branch on False
instruction is such that the branch to the destination address is taken if all of the unmasked
bits in the Status Register are false (logic 0). Special forms of the Branch on False
instruction which are given special mnemonic names include the Branch on Minus (BM),
Branch on No Carry (BNC), Branch on Not Zero (BNZ), Branch if No Overflow (BNO), and
Branch Relative (BR) instructions. All of the possible branch conditions which exist for the
Branch if False instructions are summarized in Table 8-2. The branch condition for the BR7
instruction is true when ISC # 7. The branch is not not taken when ISC = 7, or when the
lower half of the IS register is pointing to the end byte of an 8 byte block in the Scratchpad
Register array. It is useful in many program sequences since only the lower half of the IS
register can be auto-incremented or auto-decremented.

The Jump instruction allows program control to be transferred to any location within the

3870's internal Main Memory map. This is accomplished through the use of Extended
Addressing. The user should take note of the fact that the contents of the Accumulator are
modified during the execution of the Jump instruction. The Accumulator is used as a
holding register for the most significant 8 bits of the destination address specified in the two
byte operand field following the Jump OP code. Thus, this value results in the Accumulator
when the Jump instruction is completed. The Jump indirect (LR PO,Q) instruction can be
used to transfer program control to the address in Main Memory which is pointed to by the
contents of the Q Linkage Register.

Subroutines may be called either directly using the Call to Subroutine (Pl} instruction or
indirectly using the Call to Subroutine Indirect (PK) instruction. In either case the return
address is placed in the Program Counter Stack Register during the execution of the
instruction. The P register facilitates one level of subroutine calls or interrupts. Additional
levels of subroutine and/or interrupts are possible by utilizing those instructions which
transfer data between the PO and P registers and the Linkage registers in the Scratchpad
Array. These instructions are discussed in the Address Register Instruction description. For
a detailed description of multiple level subroutine and interrupt implementation in the
3870, the user should refer to the Mostek application note ““Muiti-Level Subroutine and
Interrupt Handling in the 3870". The user should note that the Pl instruction modifies the
contents of the Accumulator during the course of its execution. Like the Jump instruction,
the Accumulator is used the hold the most significant portion of the destination address, or
that portion of the address which is greater than the least significant 8 bits. Thus, this is the
value which results in the Accumulator on completion of the instruction.

ACCUMULATOR DATA MOVEMENT GROUP

Instructions in the Accumulator Data Movement Group allow data to be moved between
the Accumulator and either a scratchpad register or a location in Main Memory. An
immediate 8 bit value may be moved into the Accumulator from the location in Main
Memory following the instruction OP code. Data may be: transferred between the
Accumulator and any location in Main Memory by using the Load Memory (LM) and Store
Memory (ST) instructions. The LM and ST instruction utilize Indirect Memory Addressing by
pointing to the source/destination memory location with the Data Counter Register.

Data may also be transferred between the Accumulator and any Scratchpad location with
instructions in the Accumulator Data Movement Group which use Scratchpad Addressing.

ADDRESS REGISTER GROUP

Intructions in the Address Register Group are used to manipulate the contents of registers
within the 3870 which are used to address either the Scratchpad registers or Main
Memory. The Indirect Scratchpad Address Register (IS) is used to address a location in the
Scratchpad. The Program Counter Stack Register (P) is associated with the Program
Counter and is primarily used for saving the return address during subroutine calls. The
Data Counter (DC) and Auxiliary Data Counter (DC1) are used in address data constants in
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Main Memory.

The Load IS Upper (LISU) and Load IS Lower (LISL) instructions can be used to selectively
load either the upper three bits or the lower three bits of the IS Register. These instructions
cause an immediate three bit value which is contained in the same byte as the OP code to
be transferred into the appropriate half of the IS register. The contents of the IS register may
be transferred to the Accumutor, or the contents of the Accumulator may be transferred
into the IS register, by using the LR A/IS or LR IS A instructions, respectively.

Data may be transferred between the P, DC, and DC1 registers and special register pairs
which reside in the Scratchpad Register Array and are known as Linkage Registers. The
Linkage registers are given special mnemonic names: H designates the register pair at
locations 10 and 11, K designates the register pair atlocations 12 and 13, and Qdesignates
the register pair at locations 14 and 1. Figure 8-2 summarizes the data transfers which are
possible between the Linkage Registers and the Address registers. For every such transfer
shown in the diagram, there exists a corresponding instruction in the Address Register
Group which facilitates that transfer, except for the LR PO,Q instruction, which is discussed
with the Branch, Jump, Call, and Return instructions.

3870 ADDRESS REGISTER LINKAGES

Figure 8-2
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» KU KL 5
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8.35

8.3.6

INPUT/OUTPUT GROUP:

There are four types of instructions in the Input/Output group which can access any /0
port location within the 3870. They are the Input (IN), Output (OUT), input Short (INS), and
Qutput Short (OUTS) instructions. The short form instructions can access any of the lower
sixteen 1/0 port locations in the 38701/ 0 port map and require only one byte. The long form
instructions require two bytes; one for the OP code and the other to specify a port address
from 0-255. In all existing 3870 devices, the short form instructions are sufficient to access
all I/0 port locations.

CPU CONTROL GROUP

The Enable Interrupts and Disable Interrupts instructions are included in the CPU Control
Group. Also included are the instructions which transfer data between the Status Register

W and Linkage Register J. These are the LR W,J and LR J,W instructions, which are

primarily used to save and restore the status of the 3870 during interrupt subroutines. A No
Operation instruction is included in the CPU Control Group.
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MK3870 INSTRUCTION SET SUMMARY
Table 8-3

ARITHMETIC AND LOGICAL GROUP

MNEMONIC- ADDR.
OPERATION OPERAND MODE DESCRIPTION

Add Carry LNK IMP Add the Carry bit to the contents of the
Accumulator

Add Immediate Al ii IMM Add 8-bit immediate operand to the

Add to Data ADC IND Add the contents of the

Counter Accumulator to the Data Counter DC; result is
in
the Data Counter the contents of the Ac-
cumulator

Add Memory AM IND Add the contents of memory location [DC] to
the contents of the Accumulator

Add Memory Decimal AMD IND Add the contents of memory location [DC] to
the Accumulator with decimal adjust

Add Scratchpad ASr SCR The contents of Scratchpad Register ‘r* are
added to the Accumulator

Add Scratchpad ASDr SCR The contents of Scratchpad Register r’ are

Decimal added to the Accumulator with decimal adjust

And Immediate Nt ii IMM Perform the logical AND of the 8-bitimmediate
operand and the contents of the Accumulator

And Memory NM IND Perform the logical AND between memory
location [DC] and the Accumulator

And Scratchpad NSr SCR Scratchpad location ‘r’ is logically
ANDed with the contents of the Accumulator

Compare Immediate Clii IMM Non-destructive subtraction of the Accumu-
lator from the immediate operand

Compare Memory CM INC Non-destructive subtraction of the Accumu-
lator from the contents of memory location
[DC]

Complement COM IMP Performs a one’s complement operation on the
contents of the Accumulator

Decrement Scratchpad DSr SCR The contents of Scratchpad Register are
decremented by 1

Exclusive OR Immediate Xiii IMM Performs a logical Exclusive OR operation of
the 8 bit immediate operand and the
Accumulator

Exclusive OR Memory XM IND Perform a logical Exclusive OR operation

between the Accumulator and memory
location [DC]
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ARITHMETIC AND LOGICAL GROUP (Continued)

MNEMONIC- ADDR.

OPERATION OPERAND MODE DESCRIPTION

Exclusive OR Scratchpad XSr SCR Scratchpad location ' is logically exclusive
OR’ed with the contents of the Accumulator

Increment INC IMP Add the value of 1 to the Accumulator

OR Immediate Olii IMM Perform a logical OR of the 8-bit immediate
operand and the Accumulator

OR Memory oM IND Perform a logical OR operation between the
Accumulator and memory location [DC])

Shift Left 1 SL 1 IMP Shift the contents of the Accumulator left by
one

Shift Left 4 SL 4 IMP Shift the contents of the Accumulator left by
four

Shift Right 1 SR 1 IMP Shift the contents of the Accumulator right by
one

Shift Right 4 SR 4 IMP Shift the contents of the Accumulator right by
four

BRANCH, JUMP, CALL, AND RETURN GROUP

MNEMONIC- ADDR.

OPERATION OPERAND MODE DESCRIPTION

Branch Relative BR aa REL Branch unconditionally

Branch if Faise BF taa REL Branch if all of the unmasked Status bits = O

Branch-if Minus BM aa REL Branch if the Sign bit = 0

Branch if No Carry BNC aa REL Branch if the Carry bit = 0

Branch if No Overfloyv BNO aa REL Branch if the Overflow bit = O

Branch:if Not Zero BNZ aa REL Branch if the Zero bit = 0

Branch if ISL not = 7 BR7 aa REL Branch if the value of the lower half of the IS

: register is not = 7 :

Branch on Carry BC aa REL Branch if Carry bit = 1

Branch on Positive BP aa REL Branch if the Sign bit = 1

Branch on True BT taa REL Branch if any unmasked Status bit = 1

Branch on Zero BZ aa REL Branch if the Zero bit = 1

Jump EXT Program Counter is loaded with the immediate

JMP aaaa

value ‘aaaa’, the Accumulator is loaded with
upper half of aaaa
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BRANCH, JUMP, CALL,

AND RETURN GROUP

MNEMONIC- ADDR.
OPERATION OPERAND MODE DESCRIPTION
Jump Indirect LR PO,Q IMP The Program Counter is loaded with the
i contents of Linkage Register Q

Call to Subroutine Pl iiii EXT The Program Counter is loaded with the value
‘iiii"; the return address is saved in P; A is
destroyed

Call to Subroutine Indirect PK IND The Program Counter is loaded with  the
contents of Linkage Register K; the return
address is saved in P

Return from Subroutine POP IMP Swap the contents of the Program Counter
with the Stack Register P

ACCUMULATOR DATA MOVEMENT GROUP

MNEMONIC- ADDR.

OPERATION OPERAND MODE DESCRIPTION

Clear CLR IMM Load Accumulator immediate with zero

Load LR A KU IMP The Accumulator is loaded with the contents of
the upper half of Linkage Register K

Load LR A KL IMP The Accumulator is loaded with the contents of
the lower half of Linkage Register K

Load LR KU,A IMP The upper half of Linkage register K is loaded
with the contents of the Accumulator

Load LR KLA IMP The lower half of Linkage register K is loaded
with the contents of the Accumulator

Load LR A,QU IMP The Accumulator is loaded with the contents of
the upper half of Linkage Register Q

Load LR A,QL IMP The Accumulator is loaded with the contents of
the lower half of Linkage Register Q

Load LR QU A IMP The upper half of Linkage register Q is loaded
with the contents of the Accumulator

Load LR QLA IMP The upper half of Linkage register Q is loaded
with the contents of the Accumulator

Load k LR Ar SCR The Accumulator is loaded with the contents of
Scratchpad Register r’

Load LRrA SCR Scratchpad Register ‘r' is loaded with the
contents of the Accumulator

Load immediate Liii IMM Load the value of the 8-bit immediate operand

to the Accumulator
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ACCUMULATOR DATA MOVEMENT GROUP (Continued)

MNEMONIC- ADDR.

OPERATION ) OPERAND MODE DESCRIPTION

Load Immediate Short LIS Oi IMM Load the value of the 8-bit immediate operand
to the Accumulator

Load Memory LM IND Load Accumulator with the contents of
memory location [DC]

Store Memory ST IND Store the value of the Accumulator in memory
location [DC)

ADDRESS REGISTER GROUP

MNEMONIC- ADDR.

OPERATION OPERAND MODE DESCRIPTION

Load Data Counter Immediate DCl iiii IMM The Data Counter is loaded with the immediate
value ‘iiii’

Exchange DC XDC IMP Swap the contents of DC with DC1

Load Data Counter LR DC,Q IMP The Data Counter is loaded with the contents
of linkage register Q

Store Data Counter LR Q.DC IMP Linkage Register Qis loaded with the contents
of the Data Counter

Load Data Counter LR DCH IMP The Data Counter is loaded with the contents
of Linkage Register H

Store Data Counter LR H,DC IMP Linkage Register H is loaded with the contents
of the Data Counter

Load IS Lower LISL bbb IMM Load the lower half of the IS register with the
immediate value ‘bbb’

Load IS Upper LISU bbb IMM Load the upper half of the IS register with the
immediate value ‘bbb’

Load IS LR IS A IMP Load the IS register with the contents of the
Accumulator

Store IS LR AIS IMP The Accumulator is loaded with the contents of
the IS register

Load Stack Register LR P.K IMP The Stack Register P is loaded with the
contents of Linkage Register K

Store Stack Register LRKP IMP Linkage Register K is loaded with the contents

of the Stack Register
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INPUT/OUTPUT GROUP

MNEMONIC- ADDR.
OPERATION OPERAND MODE DESCRIPTION
Input IN aa I0P The contents of Port ‘aa’ are loaded (04-FF) into
the Accumulator
Input Short INS a I0P The contents of Port ‘a’ are loaded into the
(O-F) Accumulator
Output OUT aa I0P The contents of the Accumulator are output
(04-FF) to Port ‘aa’
Output Short OUTS a 0P The contents of the Accumulator are output
(00-04) to Port ‘a’
CPU CONTROL GROUP
MNEMONIC- ADDR.
OPERATION OPERAND MODE DESCRIPTION -
Disable Interrupts DI IMP Interrupts to the 3870 are disabled; ICB is reset
to 0 £34
5%
Enable Interrupts El IMP Interrupts are enabled to the 3870; ICB is set §§§
to 1 o
eH
Load Status Register LRW,J IMP The Status Register is loaded with the contents
of Linkage Register J
No Operation NOP IMP The contents of the Program Counter are
incremented
Store Status Register LR JW IMP Linkage Register J is loaded with the contents

of the Status Register
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8.4 INSTRUCTION EXECUTION AND TIMING

A detailed summary of the timing and execution of the 3870 instruction set is included in Table 8-4.
This table provides OP codes, instruction cycle sequence, effect on Status flags, and operation
information for each and every 3870 instruction. The information contained in each of the columns
contained in the table is described below;

OP CODE:

OPER:

OBJECT CODE:

CYCLE:

uS:

STATUS FLAGS:

INT:

FUNCTION:

The mnemonic name for the instruction is contained in this column.

The symbolic name for the operand(s) used in the instruction appear in this
column.

The hexadecimal equivalent of the machine code to which the instruction
translates.

The sequence of machine cycles which occur during the course of execution of
the instruction. A Long cycle is symbolized with an “L” and a Short cycle is
symbolized with an “S”. The order in which these cycles occur during
instruction execution appear downward in this column. e.g: The instruction LM
is executed with a Long cycle (L), then a Short cycle (S).

The execution time of the instruction is indicated in this column in units of
microseconds. This execution time is based on using a time base frequency of 4
MHz, yielding an internal ® clock frequency of 2 MHz. Execution time which
results from a different time base frequency may be calculated by multiplying
this time by the value of (time base freq.)/4 MHz.

The effect which the instruction has on the four flags in the Status register is
shown in this column. (See notes for terminology explanation.)

If the instruction is privileged, it is denoted with the letter “p” in this column.

The operation of the instruction is described symbollicaly in this column. (See
Notes for explanation of terminology).

INSTRUCTION TIMING AND EXECUTION

Table 8-4

ARITHMETIC AND LOGICAL GROUP

OP OBJ.
CODE OPER. CODE
ADC 8E
Al ii 24
AM 88
AMD 89
AS r Cr
ASD r Dr
Cl ii 25ii

STATUS
FLAGS
CYC. S O Z C S INT FUNCTION
L 5 - - - C«DC+A
S
L 5 § ¥ 4 ) AeA+ii
S
L 5 b b A <A +[DC]
S
L 5 4+ 4 4 4 A«A+[DC]
S w/BCD adjust
S 2 I A A€A+r
S N A®A+r
S w/BCD adjust
L 5 [ i-A
s
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ARITHMETIC AND LOGICAL GROUP (Continued)

STATUS
op OBJ. FLAGS
CODE OPER. CODE CYC. S O Z C S _INT FUNCTION
™ 8D L 5 3 4 4 [DC] - A
S
CoM 18 S 2 0 0 A €A
DS r 3r L E I R B reer-1
INC 1F S 2 4 oy AeA+1
LNK 19 S 2 4 v b A «A + CRY
NI i 21ii L 5 0o 4+ o A®ACji
S
NM 8A L 5 o } o 4 A«A©[DC]
S
NS r Fr s 2 o § o # A€AOr
ol i 22ii L 5 0 4 o A €Avii
S
oM 88 L 5 0 ¢ o A «Av[DC]
S
SL 1 13 S 2 o 4 o } Shift ‘A’ left by 1
LSB «0
SL 4 15 S 2 o 4 o Shift ‘A" left by 4
LS nibble <0000
SR 1 12 S 2 0 4 o 1 Shift ‘A" right by 1 '
MSB 4«0 S2»
SR 4 14 S 2 0o 4§ o 1 Shift ‘A’ right by 4 EEH
MS nibble 4= 0000 e2”
XI i 23ii L 5 o 4§ o }% A €A (+) ii EH
S
XM 8C L 5 0 4 o } A «A(+)[DC]
S
XS r Er s 2 o § o }§ A®A(H)r

BRANCH, JUMP, CALL, AND RETURN GROUP

STATUS
oP OBJ. FLAGS
CODE OPER. CODE CYC. uS 0O zZ C S INT FUNCTION
BC aa 82aa S 6/7 - - - - Branch if C = 1
S/L
S
BF aa 9taa S 6/7 - - - - Branch if unmasked
S/L status it is false
S
BM aa 91aa S 6/7 - - - - Branch if S=0
S/L
S
BNC aa 92aa S 6/7 - - - - Branch if C=0
S/L
S
BNO aa 98aa S 6/7 - - - - Branchif 0 =0
S/L
S
BNZ aa 94aa - 8 6/7 - - - - Branch ifZ=0
S/L
S
BP aa 81laa S 6/7 - - - - Branch if S=1
S/L
S
BR aa 90aa S 7 - - - - Branch always
L
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BRANCH, JUMP, CALL, AND RETURN GROUP (Continued)

STATUS
orP OBJ. FLAGS
CODE OPER. CODE CYC. uS O 2 C s INT FUNCTION
S
S
BT aa 8taa S 6/7 - - - - Branch if any
S/L unmasked status it
S is true
BZ aa 84aa S 6/7 - - - - Branch if Z=1
S/L
S
JMP aaaa 29aaaa L 11 - - - - p PO <aaaa;
L A 4 PO upper
L
S
LR PO,Q oD L 8 - - - - PO<«Q
L
S
Pl iiii 28iiii L 13 - - - - p PePO;
S PO #iiii
L
L
S
PK oc L 8 - - - - p PePO;
L ) PO «K
S
POP 1C ) 4 - - - - p PO<=>P
S
NOTE:

In all conditional branch instructions, two possible execution times are given. The shorter time corresponds to the
execution time which results when the branch is not taken. This corresponds to the fact that a short cycle is
executed in this case. When the branch is taken, a long cycle is executed, and the execution time is longer.

ACCUMULATOR DATA MOVEMENT GROUP

STATUS
oP OBJ. FLAGS
CODE OPER. CODE CYC. uS 0O Z C s INT FUNCTION

CLR 70 70 ) 2 - - - - A «00
LR AKU 00 S 2 - - - - A «KU
LR AKL 01 S 2 - - - - A €KL
LR KUA 04 S 2 - - - - KU & A
LR KLA 05 S 2 - - - - KL <A
LR A,QU 02 S 2 - - - - A€ QU
LR AQL 03 S 2 - - - - A<«QL
LR QUA 06 S 2 - - - - QU €A
LR QLA 07 S 2 - - - - QL e A
LR Ar 4r S 2 - - - - Aer
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ACCUMULATOR DATA MOVEMENT GROUP (Continued)
2 . .

LR r,A br S - - reA
LI ii 20ii L 5 - - - - A &ii
S
LIS i 7i S 2 - - - - Ae7i
LM 16 L 5 - - - - A <« [DC]
S
ST 17 L 5 - - - - [DC] €« A
S
ADDRESS REGISTER GROUP
STATUS
oP OBJ. FLAGS
CODE OPER. CODE CYC. uS O Z C S INT FUNCTION
DCI iiii 2Aiiii L 12 - - - - DC @ iiii
S
L
S
S
XDC 2C S 4 - - - - DC <=> DC1
S
LR DC,Q OF L 8 - - - - DC«Q -
L 55
S 352
LR Qe OE L 8 - - Q«DC £33
L RE
S »S
LR DCH 10 L 8 - - - - DC «H
L
S
LR H,DC 11 L 8 - - - - H «DC
L
S
LISL 6(0Obbb) ) 2 - - - - ISL <= bbb
Lisu 6(1bbb) S 2 - - - - ISU 4= bbb
LR AIS 0A S 2 - - - - Ae®IS
LR IS, A 0B S 2 - - - - ISeA
LR K,P 08 L 8 - - - KeP
L
S
LR PK 09 L 8 - - - - P &«K
L
S
INPUT/OUTPUT GROUP
STATUS
oP OBJ. FLAGS
CODE OPER. CODE CYC. uS O Z C s INT FUNCTION
IN pp 26pp L 8 0 0 A €pp
L
S .
INS 0.1 AOQ,A1 ) 4 0 0 A€[01]
S
INS p Ap L 8 0 0 Aeplp>1
L
S
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INPUT/OUTPUT GROUP (Continued) v
8 - - - - p ppeA

out pp 27pp L
L
S
OuTS 01 BO,B1 S 4 - - - - p pOpleA
S
OouTsS 2-15 B2-BF L 8 - - - - p pO-pF €A
L
S
CPU CONTROL GROUP
STATUS
oP OBJ. FLAGS i
CODE OPER. CODE CYC. uS 0O Z C s INT FUNCTION
DI 1A S 2 - - - - Clear ICB
El 1B S 2 - - - - p SetiCB
LR Jw 1E S 2 - - - - Jew
LR w,J 1D S 4 - - - - p WeJ
NOP 2B S 2 - - - - PO 4 PO + 1
NOTES
p Denotes privileges instruction
Status legend:
m = test and modify according to result
? = unknown
- = not altered
0 = resetto O
1 = setto 1

Function symbology

L ] is loaded with
- is exchanged with
[] the contents of the location pointed to by
© logical AND
v logical OR
a
a Address variable (four bits)
A Accumulator
b One bit immediate operand
DC Data Counter (Indirect Memory Address Register)
DC1 Auxiliary Data Counter B
H Scratchpad register pair 10 and 11 (Linkage Register)
i Immediate operand (four bits)
ICB Interrupt Control Bit
IS Indirect Scratchpad Address Register .
ISL Least significant 3 bits of IS
1SU Most significant 3 bits of IS
J Scratchpad Register 9
K Scratchpad Register pair 12 and 13 (Linkage Register)
KL Scratchpad Register 13 (K Lower)
KU Scratchpad Register 12 (K Upper)
PO Program Counter
P Program Counter Stack Register
pi/0 Port location
Q Scratchpad Register pair 14 and 15 (Linkage Register)
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QL Scratchpad Register 15 (Q Lower)

Qu Scratchpad Register 14 (Q Upper)
r Scratchpad Register (any address O thru b; see below)
W Status Register

3870 Addressing Modes (Abbreviations)

IMM Immediate Addressing

IMP Implied Addressing

REL Relative Addressing

EXT Extended Addressing

SCR Scratchpad Addressing (see below)
INM Indirect Memory Addressing

0P 1/0 Port Addressing

Scratchpad Addressing Using IS (r not = O thru B)
= C (Hex) Register Addressed by IS (IS is unmodified)
Register Addressed by IS (IS is incremented)
Register Addressed by IS (IS is decremented)
Register Legal OP Code

I
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9.0 PROGRAMMING EXAMPLES

9.1

INTRODUCTION

This section contains a number of programming examples which are useful in almost all
applications. They can be used in programming any 3870 device, since all 3870 Family devices
share acommon instruction set. The programming examples are shown in the form of an assembly
listing output produced by the Mostek MACRO-70 3870 macro cross assembler. Please refer to the
MACRQ-70 Operations Manual for explanation of the assembly listing output.

9.1.1 SCRATCHPAD OPERATIONS

As described in Section 8, the internal Scratchpad Register array may be thought of as an
array which contains 8 rows of registers, where each row contains 8 registers. This is a

- convienient visualization of the Scratchpad since the IS register, which is used as an
indirect address pointer to the Scratchpad, is split into two 3-bit halves. The upper half of the
IS register (ISU) may be thought of as selecting a particular row of Scratchpad registers,
while the lower half of the IS register may be thought of as selecting a column of Scratchpad
registers.

A simple example which illustrates manipulating a row of Scratchpad registersis shown in
the following sequence, which sets all 8 bytes in a row of Scratchpad registers to zero:

CLEAR REGISTER ROUTINE .

Figure 9-1
F8/3870 MACRO CROSS ASSM. v2.2
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 INIT INIT INIT REL
1 NAME INIT

* THIS ROUTINE CLEARS A ROW OF SCRATCHPAD REGISTERS
0000 70 3 START CLR * CLEAR THE ACCUMULATOR
0001 62 4 LISU 2 * POINT TO ROW 2 (R16 - R23)
0002 6F 5 LISL 7 * POINT TO LAST REG IN ROW
0003 5E 6 LOOP LR DA * CLEAR AND DECREMENT
0004 8FFE 7 BR7 LOOP * LOOP UNTIL ISL = 7

For register locations with addresses greater than OB Hex, the IS register must be used to
perform any operation on those locations. In the routine called “INIT” shown above, the
Accumulator is first cleared with the CLR instruction, and then the IS is loaded with the
address of the first Scratchpad location to be cleared in the loop. Each half of the IS register
is loaded with the individual instructions LISU and LISL. The LR D,A instruction loads the
Scratchpad register with the contents of the Accumulator, and then automatically
decrements the lower half of the IS register. The BR7 instruction will branch back to the
program location signified by the label “LOOP’" until the value of the lower half of the IS
register again equals.7. Note that when this operation is complete, the value of the IS
register will again equal 27 Octal since only ISL is auto-decremented.

9.1.2 DOUBLE PRECISION BINARY ADDITION

This example illustrates how two double precision, or sixteen bit, numbers can be added
together in the 3870. The contents of register RO and R1 are treated as a sixteen bit value
with RO representing the most significant eight bits and R1 representing the least
significant eight bits. A similar value is contained in registers R2 and R3. Figure 9-2 shows
the source listing for this routine.
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DOUBLE PRECISION BINARY ADD ROUTINE

Figure 9-2
F8/3870 MACRO CROSS ASSM. V2.2
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 ADD ADD ADD ' REL
' 1 ’ NAME ADD

* THIS ROUTINE ILLUSTRATES A DOUBLE PRECISION BINARY

* ADDITION OPERATION. THE CONTENTS OF RO,R1T ARE ADDED

* R2,R3 WITH THE RESULT IN RO,R1.
000043 5 START LR A3 * GET LS BYTE OF R2,R3 (R3)
0001 C1 6 AS 1 * ADD TO LS BYTE OF RO,R1
0002 51 7 LR 1A * SAVE RESULT IN R1
0003 42 8 LR A2 * GET MS BYTE OF R2,R3 (R2)
000419 9 " LNK * * ADD CARRY-FROM LS BYTE ADD
0005 CO : 10 AS 0 * ADD TO LS BYTE OF RO,R1
0006 50 19 ' ’ LR 0,A * SAVE RESULT IN RO
0007 : 12 END ’

First, the least significant bytes (LS byte) of each number are added together by loading R3
into the Accumulator and adding it to R1. The result of this operation is then saved in R1.
Note that the Carry flag represents any carry bit which-may have propagated through bit 7
during this operation. The contents of R2 (MS byte) are loaded into the Accumulator, and
the Carry flag resulting from the addition of the two least significant bytes is added to the
Accumulator by using the LNK, or Add Carry, instruction. Note the instructions which
simply move data between the Accumulator and the Scratchpad(LR 1,A and LR A,2) do not
affect any of the bits in the Status Register (W). Finally, the value in the Accumulator, (R2 +
Carry) is added to RO and the result is placed in RO.

9.1.3 DOUBLE PRECISION BINARY NEGATE

Since there are no subtraction instructions in the 3870 instruction set, a two’s complement
subtraction operation must be accomplished by negating the minuend and performing a
binary addition with the subtrahend. An 8 bit binary minuend may be negated by
performing a one’s complement operation and then adding the value of “1” to the
complemented value. if the minuend was in the Accumulator this would be equivalent to
performing a COM, INC instruction sequence. The following example illustrates how a
double precision, or sixteen bit number, contained in Scratchpad RAM, may be negated. A
double precision subtraction could then be performed by adding the negated value to the
double precision subtrahend, using the double precision addition routine described above.

DOUBLE PRECISION NEGATE ROUTINE

Figure 9-3 -
F8/3870 MACRO CROSS ASSM. V2.2
LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 NEGD ‘ NEGD NEGD REL
1 © NAME °©  NEGD e

* A’ DOUBLE PRECISION NEGATE OPERATION IS PERFORMED

* ON THE CONTENTS OF THE SIXTEEN BIT VALUE CONTAINED

* [N RO AND R1.

=0000" 5 NEGD EQU $

0000 40 6 LR AQ * GET LS BYTE
0001 18 7 ' com S * NEGATE IT
0002 1F 8 : INC <+ . T*NEGATEIT -
000350 - 9 LR OA '~ *RESTORE LS BYTE NEGATED
0004 1E 10 LR - 4w * SAVE CARRY
0005 41 1 LR A1 * GET MS BYTE
0006 18 12 com * COMPLEMENT IT (CARRY <- 0)
0007 1D 13 LR W,J * RESTORE CARRY
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Figure 9-3 Cont.

0008 19 14 LNK * ADD IT TO MS BYTE
0009 51 15 LR 1A * RESTORE MS BYTE NEGATED
000A 16 END

In this example, the double precision value is contained in registers RO and R1. Register R1,
the least significant byte is negated by using the COM, INC instruction sequence. The value
of the Carry flag resulting from this operation must be saved so that it may be added to the
complemented value of the most significant byte.

The Carry flag must be saved prior to the subsequent complement operation of the contents
of R1 since the COM instruction clears the Carry flag in the Status Register W. In this
example, the LR J,W instruction is used to save the contents of Win the J Linkage Register
while the most significant byte is complemented. Once the complement operation is
performed the Carry flag is restored in the Status Register by executing the LR W.,J
instruction, and it is added to the one’s complement of the most significant byte with the
LNK, or Add Carry, instruction.

9.1.4 SHIFT LEFT DOUBLE

This routine illustrates how a shift left of a double precision number in the Scratchpad RAM
may be accomplished. The most significant bit of the sixteen bit value is shifted into the
carry flag and a zero is shifted into the least significant bit. The assembly listing for this
routine is given below:

SHIFT LEFT DOUBLE ROUTINE

FAMILY
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MICROCOMPUTER

Figure 9-4
F8/3870 MACRO CROSS ASSM. v2.2

LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 SHLD SHLD SHLD REL

1 NAME SHLD

*-A DOUBLE SHIFT LEFT OPERATION IS PERFORMED ON THE

* CONTENTS OF R6,R7. A ZERO IS SHIFTED INTO THE LSB A

ND
* THE MSB IS LEFT IN THE CARRY BIT.
* CARRY <-R6,R7 <-0
= " 7 SHLD EQU $

0000 46 8 LR A7 * GET THE CONTENTS OF R6
0001 C6 9 AS 7 * SHIFT LS BYTE BY ADDING
0002 56 10 LR 7.A * R6 <- RESULT
0003 47 11 LR A6 * GET MS BYTE FROM R7
0004 19 12 LNK * |[F CARRY SET ADD TO MS BYTE
0005 C7 13 AS 6 .
0006 57 14 LR 6,A * R7 <- R7 + R7 + R6 MSB

0007 15 END

In this operation, bit 7 of the least significant byte (R6) must be shifted into the least
significant bit of R7. Therefore the Shift Left 1 (SL 1) instruction cannot be used since the
most significant bit of the shifted value is lost. An alternative way is to add the value of R6 to
itself, which effectively shifts the value of R6 to the left in the Accumulator, with the most
significant bit resulting in the carry flag. Similarly, the most significant bit of R7 is to be
shifted into the Carry flag. However, adding the value of R7 to itself would destroy the value
of the Carry flag resulting from shifting R6 left by one. The Carry flag can be added to the
value of R7 in the Accumulator and then the value of R7 can be added to the result. The net
result is the same since the order of addition for R7 doesn’t matter:

R6 + R6 + Carry = R6 + Carry + R7 MSB
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9.1.5 LOOP COUNTERS

There are several methods which can be used to create loop counters within the 3870.
Usually the goal in using loop counters is to keep the overhead on the resources of the
machine at a minimum. Three examples are discussed below which require little overhead

in terms of program memory and execution time.

LOOP COUNTER ROUTINES

Figure 9-5

LOC OBJ.CODE

0000 6F

0001 4€
0002 8FFE

0004 2010
0006 50

0007 30
0008 94FE

000A 2010
000C 50

000D 30
OOOE 82FE
0010

F8,/3870 MACRO CROSS ASSM. V2.2

STMT-NR SOURCE-STMT PASS2 LOOP
1 NAME

* THIS ROUTINE DEMONSTRATES SOME
TECHNIQUES FOR

* HANDLING LOOP COUNTERS IN THE 3870.

LOOP:

LOOP LOOP REL

=0010 5 COUNT EQU 10H
=0000" 6 LOOP EQU $
* LOOP USING ISL
9 LISL 7 * LOOP COUNT FOR EIGHT TIMES
=0001" 10 LOOP1 EQU $ * LOOP CODE CONTAINED HERE
¥ * LOOP CODE CONTAINED HERE
* * LOOP CODE CONTAINED HERE
13 LR AD * DECREMENT ISAR
14 BR7 LOOP1 *IF ISL NOT = 7 CONT. LOOP
*
* LOOP USING ‘DS’ INSTRUCTION
* TRANSVERSE LOOP 'COUNT’ TIMES
18 LI COUNT * GET LOOP COUNT INITIAL VAL
19 LR 0.A * INITIALZE COUNTER REGISTER
=0007° 20 LOOP2 EQU $ * LOOP CODE CONTAINED HERE
* * LOOP CODE CONTAINED HERE
* * LOOP CODE CONTAINED HERE
23 DS 0 * CONTINUE LOOPING
24 BNZ LOOP2 *UNTIL RO = 0.
* LOOP USING ‘DS’ INSTRUCTION
* TRANSVERSE LOOP ‘COUNT + 1" TIMES
28 LI COUNT * GET LOOP COUNT INITIAL VAL
29 LR 0.A * INITIALIZE COUNTER REGISTER
=000D" 30 LOOP3 EQU $ * LOOP CODE CONTAINED HERE
* * LOOP CODE CONTAINED HERE
* * LOOP CODE CONTAINED HERE
33 DS 0 * CONTINUE LOOPING '
34 BC LOOP3 *UNTILRO = -1
35 END

For loop counters which require transversing a block of code no more than eight times, the
lower half of the 1S register provides a convienient loop counter. This is because of the
auto-decrementing or auto-incrementing feature of the ISL register. In the part of the
example which is labeled “LOOP1”, the ISL register is loaded with an initial value of 7 with
the single byte LISL instruction. ISL is decremented each time the loop is executed by the LR
A,D instruction which does a dummy read of the Scratchpad RAM. When the loop has been
transversed eight times, the ISL register rolls over to the value of 7 and the program will fall
through the BR7 instruction. A restriction in using this approach is that the code contained
within the loop cannot modify ISL.

-70



9.1.6

“LOOP2"” and “LOOP3" illustrate the implementation of loops which require executing a
block of code more than eight times. These routines use a register in the Scratchpad RAM
as a loop counter. “LOOP2" executes a block of code ‘COUNT’ number of times. The
Decrement Scratchpad, or DS, instruction is used to decrement the loop counter register
(RO) without the use of the Accumulator. “LOOP3" executes a block of code ‘COUNT + 1’
number of times since the DS instruction does essentially an add with OFF Hex; hence the
Carry flag is always set unless the loop counter register (RO) equals zero already.

SINGLE PRECISION MULTIPLICATION ROUTINE

The routine shown in Figure 9-7 performs a single precision (8 unsigned bit) binary
multiplication operation. The contents of RO and R1 are multiplied together and the sixteen
bit result is placed in the register pair R6,R7. The general algorithm which is used is shown
below:

1) Initialize R6 and R7 to O and set the loop count = 8.

2) Shift the partial product R6,R7 left by one.

3) Shift the multiplicand left by one (Carry <- MSB).

4) If the Carry flag = 1, then add the multiplier to the partial product R6,R7.
5) Decrement the loop counter and go to step 2 if not zero.

The effect of this algorithm can be visualized in Figure 9-6 shown below:

MULTIPLICATION ALGORITHM EXAMPLE

Figure 9-6

Decimal

54
165
8910

00

Binary

<- Multiplier

<- Multiplicand

<- Partial Product #8
< - Partial Product #7
<- Partial Product #6
< - Partial Product #5
<- Partial Product #4
<- Partial Product #3
<- Partial Product #2
<- Partial Product #1

[oNe}
- 00
000
o =00
—O0O—=000
el eXeoNo¥eoXo)
Co-—~00-=00-=0
O—~00—~,000O0O
COO0OO0OQ = = —
CO-_20=0 -
oO-=000O0C
OO ===
O =0-=
o =0

100010110011 10 <- Product = 022CE Hex

Each partial product is calculated and added to the value of R6,R7. Since the double
precision shift left of R6,R7 takes place prior to the addition of the next partial product, the
partial products are calculated starting with the most significant bit of the multiplicand.
Partial Product #1 as shown in Figure 9-6 is then effectively shifted to the left the proper
number of times, or eight times.

The execution time of this routine is:

Maximum = 379 uS (Muitiplicand = OFFH)
Average = 331 uS (Multiplicand = OAAH})
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MULTIPLICATION ROUTINE

Figure 9-7
F8/3870 MACRO CROSS ASSM. V2.2

LOC OBJ.CODE STMT-NR SOURCE-STMT PASS2 MULT MULT MULT REL

1 ) NAME MULT

* THIS ROUTINE PERFORMS A SINGLE PRECISION (8 BIT)

* MULTIPLICATION OF RO AND R1 AND PLACES THE RESULT

* IN REGISTER PAIR R6,R7.

=0000" 5 MULT EQU $

0000 6F 6 LISL 7 * USE ISL AS A LOOP COUNTER
0001 70 7 - LS 0 *INIT R6,R7 WITH O
0002 56 8 LR 6.A * INIT R6, R7 WITH O
0003 57 9 LR 7.A *INIT R6, R7WITH O

*

* SHIFT PRODUCT LEFT (R6,R7)
0004'47 12 MULT10 LR A7 * GET PRODUCT LS BYTE
0005 C7 13 AS 7 * SHIFT LEFT* CARRY <- MSB
0006 57 14 LR 7.A * REPLACE R7 WITH SHIFT VAL
0007 46 15 LR A6 * GET PRODUCT MS BYTE
0008 19 16 LNK * ADD CARRY FROM R7
0009 C6 17 AS 6 * SHIFT LEFT
000A 56 18 LR 6.A * REPLACE R6 WITH SHIFT VAL

* SHIFT MULTIPLIER LEFT (RO)
0008 40 21 LR AQ * GET MULTIPLIER
000C CO 22 AS 0 * SHIFT MULTIPLIER LEFT
000D 50 23 LR 0A * REPLACE RO WITH SHIFT VALU
000E 9207 24 BNC MULT50 *{F NEXT MULTIPLIER BIT =0

* DO NOT ADD MULTIPLICAND

* ADD MULTIPLICAND TO PRODUCT
001041 28 LR A1 * GET MULTIPLICAND
0011 C7 29 AS 7 * ADD TO PARTIAL PRODUCT
001257 30 LR 7.A : * UPDATE PARTIAL PROD LS BYTE
001346 31 LR A6 * GET PARTIAL PRODUCT MS BYTE
0014 19 32 LNK * ADD CARRY FROM R1 + R7
0015 56 33 LR 6,A * UPDATE PARTIAL PROD MS BYTE

* CHECK FOR COMPLETION
0016'4E 36 MULT50 LR AD * DECREMENT ISAR COUNTER
0017 8FEC 37 BR7 MULT10 * REPEAT IF NOT DONE
0019 38 END

9.1.7 MAGNITUDE COMPARISONS

By testing the appropriate status bit(s) of the MK3870’s Status register, you can make
magnitude comparisons without altering the contents of the device's Accumulator or
memory.

The MK3870's instruction set provides two comparison instructions which do not store a
result: Cl (compare immediate) and CM (compare memory). These instructions add the
two's complement value of the Accumulator to the immediate byte (Cl) or to the memory
byte (CM) referenced by the data counter. Although a comparison’s result is discarded, the
operation alters the status register according to the rules of two’s complement addition.

For two numbers, A and B (signed or unsigned numbers), Table 9-1 indicates the status
conditions necessary for each comparison. The routines shown in Figures 9-8 and 9-9 test
for each condition and perform a branch if the relation is true. Although these routines use
Cl, CM can be substituted for memory comparison.
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UNSIGNED MAGNITUDE COMPARISON EXAMPLES

Figure 9-8

LOC OBJ. CODE

0000 2580
0002 8405

0004 2580
0006 94FD

0008 2580
000A 9205

000C 2580
OOOE 82FD

0010 2580
0012 9203
0014 9405

0016 92FF
0018 84FD

001A

=0080

=0004'

=0008’

=000C’

=0010’

=0016’

=001A’

F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMTPASS2UMAG =~ . UMAG UMAG  REL
1 - NAME UMAG ‘
* UNSIGNED MAGNITUDE COMPARISONS
* THESE EXAMPLES COMPARE THE CONTENTS OF THE
* ACCUMULATOR AGAINST A CONSTANT ‘B’, AND BRANCH
* ACCORDING TO THE STATUS SET BY THE RESULT

*

7B EQU 80TH * ASSIGN B TO SOME VALUE

*

*EXAMPLE (A)A=B

11 cl B
12 BZ EQUA *ZFLAG SETIFA=B

13 NEQU EQU $ * ELSE NOT EQUAL

*

* EXAMPLE (B) A<»B )
16 cl B :

17 BNZ NEQU * 7 FLAG CLEAR IF A<>B
19 EQUA EQU $ * ELSE EQUAL

* EXAMPLE (C)

2 cl B

23 : BNC AGTB * CARRY CLEAR IF A >B

24 ALEB EQU s *ELSEA<=B

* EXAMPLE (D) A <= B '

27 cl B

28 BC ALEB * *CARRYSETIFA>=B

29 AGTB EQUS *ELSEA>B

* EXAMPLE (E)A<B

32 o B ,

33 BNC AGEB * CARRY CLEAR IF A >= B
34 BNZ ALTB *Z CLEAR AND C SETIFA<B
35 AGEB EQU $ *ELSEA>B

*

* EXAMPLE (F) A >= B

38 ‘ BNC AGEB * CARRY CLEARIF A >B
3 BZ AGEB *Z SETAND CSETIFA =B
40 ALTB ' EQU $ *ELSEA< B

*

*

43 END
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SIGNED MAGNITUDE COMPARISON EXAMPLES

Figure 9-9

LOC OBJ. CODE

0000 2580
0002 990D
004 9803

0006 8109

0008 2580
0O00A 9905
000C 98FB
OOOE 91F9

0010 2580
0012 9905
0014 9COB
0016 9109

0018 2580
001A 99FB
001C 9C03
OO1E81F9

0020

=0080

=0008’

=0010’

=0018’

=0020’

1

* THIS SET OF EXAMPLES DEMONSTRATE THE USE

F8/3870 MACRO CROSS ASSM. V2.2
STMT-NR SOURCE-STMT.PASS2 SMAG

NAME

SMAG

SMAG SMAG REL

* OF THE STATUS FLAGS SET DURING THE EXECUTION
* OF THE Cl INSTRUCTION IN DETERMINING
* MAGNITUDE COMPARISONS FOR SIGNED BINARY NUMBERS.

7B

* EXAMPLE (A)A = B

*

* EXAMPLE (B) A=»B

*

*EXAMPLE (C)A>B
16

17

18

19

20 ALEB

*

*EXAMPLE (D)A <= B
23

24

25

26

27 AGTB

*

*EXAMPLE (E)A<B
30

31

32

33

34 AGEB

*

*

* EXAMPLE (F)A>=B
38

39

40

41 .

42 ALTB

*

*

46

EQU

80H

* ASSIGN B TO SOME VALUE

SAME AS EXAMPLE (A} IN UMAG

SAME AS EXAMPLE (B) IN UMAG

Cl
BF
BNO
BP
EQU

Cl
BF
BNC
BM
EQU

Cl
BF
BF
BM
EQU

BF
BF
BP
EQU

END

B
9,AGTB
ALEB
AGTB

$

9,AGTB
ALEB
ALEB

B
9,AGEB
12,ALTB
ALTB

$

9,AGEB
12,ALTB
AGEB

* COMPARE VALUES

* BRANCH IF OVF=S=0
*S=1 IF OVF=0

* BRANCH IF OVF=S=1
*A<=BIFOVF=1,8=0

* BRANCH IF OVF=S=0
*$=1 IF OVF=0
* BRANCH IF S «»-0

* BRANCH IF OVF=$=0
* BRANCH IF OVF=2Z=0

* BRANCH IF $=2=0

* CONTINUE HERE IF OVF=S OR
z=1

* BRANCH IF OVF=S=0
* BRANCH IF OVF=Z=0
* BRANCH IF S=1

* CONTINUE IF O-->»S
AND Z=0
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STATUS BIT RELATIONS FOR VARIOUS CONDITIONS

Table 9-1
UNSIGNED SIGNED
CONDITION 0o zZz ¢C S 0O zZ C s
A=8B - 1 - - - 1 - -
A=-p - 0 - - - 0 - -
A>B - - 0 - 0 - - 0
or 1 - - 1
A<=8B - - 1 - 0 - - 1
or 1 - - 0
A<B - 1 - 0 - - 1
or O O - 1
A>=B 0O 0 - 0 0 - - 0
or - 1 - - or 1 - - 1
or - 1 - -

9.1.8 ADDITIONAL PROGRAMMING EXAMPLES

For additional programming examples, the user is referred to the MACRO-70 Operations
Manual (Publication No. MK79658). This document is the operations manual for the macro
cross assembler program which runs on the Mostek MATRIX (TM) Development System
under FLP-80DOS V2.2. A number of macro definitions are included in this manual which
implement a higher level instruction set for the 3870. Listings of these definitions are
included in this operations manuat and can be used as examples for performing various
programming operations within the 3870. Examples of these operations include: stack
manipulation, rotates through carry, bit manipulation, logical OR with the scratchpad, and
arithmetic shifts.
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MOSTEK.

3870 SINGLE CHIP MICRO FAMILY

MK3870 and MK38P70

MK3870 FEATURES

O Available with 1K, 2K, 3K, or 4K bytes of mask
programmable ROM memory

O 64 bytes scratchpad RAM
O Available with 64 bytes executable RAM
O 32 bits (4 ports) TTL compatible 1/0
O Programmable binary timer
Interval timer mode

Pulse width measurement mode
Event counter mode

FAMILY

O External interrupt input %@&

3870 SINGLE CHIP
MICROCOMPUTER

O Crystal, LC, RC, or external time base options MK3870 PIN CONNECTIONS

X1 —= 1 ] [140 -— v,
T2 —= 2 [] [] 39 -— RESET
O Low power (275 mW typ.) s o E ) 36— o o
PO1 - 4 (137 == 53
O Single +5 volt supply w2 oD —j] iy %—;_
STROBE «— 75 (134 - P35
MK38P70 FEATURES a0 - BE (133 == #50
g7 - 9 - P
. W; < 100} mK3870 %27 -— .';5;
0O EPROM version of MK3870 P75 - 11[] B30 < 73
Fda <= 12[] [129 < pB3
. Fa5 - 137 (128 - P53
O Piggyback PROM (P-PROM)™ package T - NE 527 - 7
P37 - 15 126 «—» 557
O Accepts 24 pin or 28 pin EPROM memories 57 <= 160 (] 25 = 577
o6 - 17E %24 -— 5B
PO-5 =« 18 23 - %
0O Identical pinout as MK3870 557 - 197] 22 < 3
GND — 20 ] []21 «— TESTY
O In-Socket emulation of MK3870 MK38P70 PIN CONNECTIONS
X1 —= 1 [] [140 -— v
GENERAL DESCRIPTION R H % < meer
0 - 3 [ 38 «— exTinT
The MK3870 is a complete 8-bit microcomputer on a single PO~ 4[], 28 ofJ 37+ P10
MOS integrated circuit. The MK3870 can execute a set of s il -% o
more than 70 instructions, and is completely software STROBE <— 75: 3 26:334 -— 33
compatible with the rest of the devices in the 3870 family. :;? :: :E, .E 33 - FED
The MK3870 features 1-4K bytes of ROM and optional #12 + 100° w370 °D 2T :55;
additional executable RAM depending on the specific part 573 e 1 E: :j 0 -~ 3
type designated by a slash number suffix. The MK3870 also PR - 120 o 2 - 2
[z o Qe 13_. 28 -w T
features 64 bytes of scratchpad RAM, a programmable 5~ 1al]0 *F 27 - 2
binary timer, and 32 bits of /0. P - 5[] P -~
W7<——15C. .jzsc—-m
. . X . P06 < 170 ] 24« 5T
The programmable binary timer operates by itself in the 5% - 18(]° "* 15 08 23 v BB
interval timer mode or in conjunction with the external o4 = 19 [122 - T3
interrupt input in the pulse width measurement and the ND —= 20 321 «— TEsT
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MK3870 BLOCK DIAGRAM EXT INT
Figure 1 XTL1  XTL2 [
i o INTERRUPT
icp TIMER LOGIC
cLoCK
- MEMORY ADDRESS BUS e ]
U s 1¢
A
IR 1S €
™ eaxs g
SCRATCHPAD (VI —
MEMORY 64 x 8 - REGISTERS Y
L - v
ADDRESS I W EXECUTABLE ] A
REGISTER RAM t T
PO: P 2
DC, DC1
MAIN g8
CONTROL ach |
LOGIC
U
ROM SE ’
R
o RESULT BUS
TEST RESET &
LOGIC " PORTO PORT 1 PORT 4 PORT § POWER ON
. CLEAR
TEST 170 (8) 170 (8) 170 (8)357TRGEE 170 (8) RESET

event counter modes of operation. Two sources of vectored,
prioritized interrupt are provided with the binary timer and
the external interrupt input. The user has the option of
specifying one of four clock sources for the MK3870 and
MK38P70: Crystal, LC, RC, or external clock. In addition, the
user can specify either a 210% power supply tolerance or a
+5% power supply tolerance.

The MK38P70 microcomputer is the PROM based version
of the MK3870. It is called the piggyback PROM (P-PROM)™
because of its packaging concept. This concept allows a
standard 24-pin or 28 pin EPROM to be mounted directly on
top of the microcomputer itself. The EPROM can be
removed and reprogrammed as required with a standard
PROM programmer. The MK38P70 retains exactly the
same pinout and architectural features as other members
of the 3870 family. The MK38P70 is discussed in more
detail in a later section.

PIN NAME | DESCRIPTION TYPE

PO-0 -- PO-7 | 1/0 Port O Bidirectional
P1-0--P1-7 { 1/0 Port 1 Bidirectional

P40 --P4-7 | 1/0 Port 4 Bidirectional

P5-0 -- P5-7 | 1/0 Port 5 Bidirectional
STROBE Ready Strobe Output

EXTINT External Interrupt Input

RESET External Reset Input

TEST Test Line Input

XTL 1, XTL 2 | Time Base Input

Ve, GND Power Supply Lines | Input

FUNCTIONAL PIN DESCRIPTION

P0-0--P0-7, P1-0--P1-7, P4-0--P4-7, and P5-0--P5-7 are
32 lines which can be individually used as either TTL
compatible inputs or as latched outputs.

STROBE is a ready strobe associated with I/0 Port 4. This
pin, which is normally high, provides a single low pulse after
valid data is present on the P4-0--P4-7 pins during an
output instruction.

RESET may be used to externally reset the MK3870. When
pulled low the MK3870 will reset. When then allowed to go
high the MK3870 will begin program execution at program
location H "000°.

EXT INT is the external interrupt input. Its active state is
software programmable. This input is also used in
conjunction with the timer for pulse width measurement
and event counting. )

XTL 1 and XTL 2 are the time base inputs to which a crystal,
LC network, RC network, or an external single-phase clock
may be connected. The time base network must be
specified when ordering a mask ROM MK3870. The
MK38P70 will operate with any of the four conflguratlons

TEST is an input, used only in testing the MK3870. For
normal cireuit functionality this pin may be left
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unconnected, but it is recommended that TEST be architecture is common to all members of the 3870 family.

grounded. All 3870 devices are instruction set compatible and differ
only in amount and type of ROM, RAM, and /0. The unique
Vcc is the power supply input (single +5v). features of the MK3870 are discussed in the following
sections. The user is referred to the 3870 Family Technical
MK3870 ARCHITECTURE Manual for a thorough discussion of the architecture,

instruction set, and other features which are commonto all
The basic functional elements of the MK3870 are shown in 3870 family devices.
Figure 1. A programming model is shown in Figure 2. The

MK3870 PROGRAMMABLE REGISTERS, PORTS,
AND MEMORY MAP

Figure 2
1 O PORTS CPU REGISTERS SCRATCHPAD MEMORY
BINARY
TIMER ACCUMULATOR
PORT 7 E SCRATCHPAD DEC HEX oc1
0 0 [
7«—8BITS—» 0 7 <=8 BITSwwds O 1 P 1
! |
INTERRUPT
CONTROL PORT STATUS
REGISTER 2 9 8 ”
PORT 6 W) " HU 10 A 12
; HL " [:} 13
7 «—8 BITS—» 0 | o
c c:s « KU 12 c 14 Tw
B KL 13 D 15 o2 N
L ozcCs . 14 E =
NVEA | a ay 16 S H
TERRG QL 15 F 17 3¢
RRORN o
RO
PARALLEL CF ¥ 35
| 0 PORTS NL |
T 0
PORT 5 R W 61 30 75
L 62 3E 6
4 e 5BITS »0 63 p 7
INDIRECT 7
ADDRESS REGISTER
is
PORT 1 1SU _Ist
5 32 [
-—6 BITS —»
MAIN MEMORY
7 «—8BITS-—» 0 PROGRAM —_—
COUNTER
PO DEC HEX
POUY PoL [ [
" 87 0 ! !
-—— 12 BITS —»
=
STaCK 1022 g;ﬁ ROM Iopm
1023 MK3870/
REGISTER " MK3870/12
P x— . .
PU PL . .
2046 FE ROM TOP
1 87 0 ROM 2047 7FF MK3870/20
A——— 12 BITS e T MK3870/22
e - . )
. .
3070 & ROM TOP
DATA 3071 F MK3870/30
COUNTER - T MK3870/32
DC oc DCL ¥ E
v 4030 FBI
ROM TOP
1 87 0 403 Fer -«——— MK3870/42
e 17 BITS e RAM 4032 FCO
MK3870/12 4033 e
MK3870/22 & FRm— ¢ .
AUX DATA MK3870/32 M o
MK3870/42 4094 FFE ROM TOP
COUNTER 4095 FFF «—— MK3870/40
DC1 7 «—8 BITS—s 0
DClU DCIL
1" 87 0

S 12 BITS o
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MK3870 MAIN MEMORY
SIZES AND TYPES BY SLASH NUMBERS

Figure 3
Hex Dec
64 bytes
~ "FFF 4095
bl
RAM RAM (FAM ] feo 403 > oxecutable
[ I FBF 4031
| | | | 1
I | ] i ! C00 3072
0 : | i ~ BFF 3071
I | | !
I | | ! __ 800 2043
| | 7FF 2047
| |
__ 400 1024
3FF 1023
1K 1K 2K 2K 3K 3K 4K 4K
ROM ROM ROM ROM ROM ROM ROM ROM __ 0000 0000
3870/10 3870/12 3870/20 3870/22 3870/30 3870/32 3870/40 3870/42
\ /
\%
All devices contain 64 bytes of scratchpad RAM.
NOTE:
Data derived from addressing any locations other than
those within a part’s specified ROM space or RAM space
(if any) is not tested nor is it guaranteed. Users should
refrain from entering this area of the memory map.
Scratchpad Address ROM Executable
Device RAM Size Register Size Size RAM Size
(Decimal) (PO, P, DC, DC1) (Decimal)
MK3870/10 64 bytes ‘12 bits 1024 bytes O bytes
MK3870/12 64 bytes 12 bits 1024 bytes 64 bytes
MK3870/20* 64 bytes 12 bits 2048 bytes O bytes
MK3870/22 64 bytes 12 bits 2048 bytes 64 bytes
MK3870/30 64 bytes 12 bits 3072 bytes O bytes
MK3870/32 64 bytes 12 bits 3072 bytes 64 bytes
MK3870/40 64 bytes 12 bits 4096 bytes 0 bytes
MK3870/42 64 bytes 12 bits 4032 bytes 64 bytes

*The MK3870/20 is equivalent tothe original 3870 device in memory size; however, the original 3870 had an 11-bit
Address Register. The original 3870 with 11-bit Address Register is available where required. Consult the section
describing ROM Code Ordering Information for additional information.
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170 PIN CONCEPTUAL DIAGRAM WITH OUTPUT

BUFFER OPTIONS

Figure 4
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OUTPUT BUFFER OPTIONS
v (MASK PROGRAMMABLE) v
cc cc
6K TYP. 1KOTYP.
STANDARD OPEN DRAIN DIRECT DRIVE
OUTPUT ouTPUT OUTPUT

Ports 0 and 1 are Standard Output type only.

Ports 4 and 5 may both be any of the three output options (

mask programmable bit by bit)

The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads.

RESET and EXT INT may have standard 6K(} {typical) pull-

up or may have no pull-up (mask programmable).

ni-81



MK3870 MAIN MEMORY

There are four address registers used to access main
memory. These are the Program Counter (PO), the Stack
Register (P), the Data Counter (DC), and the Auxiliary Data
Counter (DC1). The Program Counter is used to address
instructions or immediate operands. The Stack Register is
used to save the contents of the Program Counter during an
interrupt or subroutine call. Thus, the Stack Register
contains the return address at which processing is to
resume upon completion of the subroutine or interrupt
routine. The Data Counter is used to address data tables.
This register is auto-incrementing. Of the two data
counters, only Data Counter (DC), can access the ROM.
However, the XDC instruction allows the Data Counter and
Auxiliary Data Counter to be exchanged.

The graph in Figure 3 shows the amounts of ROM and
executable RAM for every available slash number in the
MK3870 pin configuration.

EXECUTABLE RAM

The upper bytes of the address space in some of the
MK3870 devices is RAM memory. As with the ROM
memory, the RAM may be addressed by the PO and the DC
address registers. The executable RAM may be addressed
by all MK3870 instructions which address Main Memory.
Additionally, the MK3870 may execute an instruction
sequence which resides in the executable RAM. Note this
cannot be done with the scratchpad RAM memory, which is
the reason the term “executable RAM" is given to this
additional memory.

1/0 PORTS

The MK3870 provides four, 8 bit bidirectional iInput/Output
ports. These are ports O, 1, 4, 5. In addition, the Interrupt
Control Port is addressed as Port 6 and the binary timer is
addressed as Port 7. The programming of Ports 6 and 7 and
the bidirectional |/0 pin are covered in the 3870 Family
Technical Manual. The schematic of an I/0 pin and
available output drive options are shown in Figure 4.

An output ready strobe is associated with Port 4. This flag
may be used to signal a peripheral device that the MK3870
has just completed an output of new data to Port 4. The
strobe provides a single low pulse shortly after the output
operation is completely finished, so either edge may be used
to signal the peripheral. STROBE may also be used as an
input strobe to Port 4 after completing the input operation.

MK38P70 GENERAL DESCRIPTION

The MK38P70 is the EPROM version of the MK3870. It
retains an identical pinout with the MK3870, which is
documented in the section of this data sheet entitled
"FUNCTIONAL PIN DESCRIPTION”. The MK38P70 is
housed in the “R" package which incorporates a 28-pin
socket located directly on top of the package. A number of
standard EPROMs may be plugged into this socket.

The MK38P70 can act as an emulator for the purpose of
exact verification of user code prior to the ordering of mask
ROM MK3870 devices. Thus, the MK38P70 eliminates the
need for emulator board products. In addition, several
MK38P70s can be used in prototype systems in order to test
design concepts in field service before committing to high-
volume production with mask ROM MK3870s. The
compact size of the MK38P70/EPROM combination allows
the packaging of such prototype systems to be the same as
that used in production. Finally, in low-volume applications,
the MK38P70 can be used as the actual production device.

Most of the material which has been presented for the
MK3870 in this document applies to the MK38P70. This
includes the description of the pin configuration,
architecture, programming model, and |/ 0 ports. Additional
information is presented in the following sections.

MK38P70 MAIN MEMORY

As can be seen from the block diagram in Figure 5, the
MK38P70 contains executable RAM in the main memory
map. The MK38P70 contains no on-chip ROM. Instead, the
memory address lines are brought out to the 28 pin socket
located directly on top of the 40 pin package, so the external
EPROM memory is addressed as main memory.

There is one memory version of the MK38P70 and it is
designated as the MK38P70/02. The MK38P70/02
contains 64 bytes of on-chip executable RAM. The
MK38P70/02 can emulate the following devices.

MK3870/10
MK3870/12
MK3870/20
MK3870/22
MK3870/30
MK3870/32
MK3870/42
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MK38P70 BLOCK DIAGRAM

. EXTINT
Figure 5
g XTL1  XTL2 EXTERNAL [ L
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LOGIC
CLEAR
TEST 170 (8) 1/0(8) 1”0 B)gTrgee = VO (8 RESET

The MK38P70/02 cannot exactly emulate the MK3870/40
because of the 64 bytes of executable RAM which are
mapped into the upper 64 bytes of addressable main memory
space. The MK3870/40 contains ROM memory in these
locations.

Addressing of main memory on the MK38P70 is
accomplished in the same way as it is for the MK3870. See
Figure 6 for main memory addresses and for address
register size in the MK38P70.

MK38P70 EPROM SOCKET

A 28 pin EPROM socket is located on top of the MK38P70
“R" package. The socket and compatibie EPROM memories
are shown in Figure 7. When 24 pin memories are used in
the 28 pin socket, they should be inserted so that pin 1 of the
memory device is piugged into pin 3 of the socket {the 24 pin
memory should be lower justified in the 28-pin socket).

The 28-pin socket has been provided to allow use of both
24-pin and 28-pin memory devices. Minor pin-out
differences in the memory devices must be accommodated
by providing different versions of the MK38P70.

Initially, the MK38P70 that is compatible with the MK2716
is available. The MK38P70 designed to accomodate the
28-pin memory devices will be available at a later date.

MK38P70 I/0 PORTS

The MK38P70 is offered with two types of output buffer
options on Ports 4 and 5. These are the open drain output
buffer and the standard output buffer which are pictured in
Figure 4. The open drain version of the MK38P70 is
provided so that user-selected open drain port pins on the
MK3870 can be emulated prior to ordering those mask
ROM devices. Figure 7 lists which version(s) of the
MK38P70 has open drain output buffers and which has
standard output buffers in parentheses following the
specified MK38P70 part ordering number (MK97XXX).

MEMORY ACCESS TIMING

A timing diagram depicting the memory access timing of the
MK38P70 is shown in the next table. The & clock signal is
derived internally in the MK38P70 by dividing the time base
frequency by two and is used to establish all timing
frequencies. The WRITE signal is another internal signal to
the MK38P70 which corresponds to a machine cycle,
during which time a memory access may be performed.
Each machine cycle is either 4 ® clock periods or 6 & clock
periods long. These machine cycles are termed short cycles
and long cycles, respectively. The worst case memory cycle
is the short cycle, during which time an op code fetch is
performed. This is the cycle which is pictured in the timing
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MK38P70 MAIN MEMORY MAP

Figure 6
HEX DEC
- 64 BYTES
ARAM FFF 4095 INTERNAL

FCO 4032 EXECUTABLE
FBF 4031 RAM

| |

| |

| I

| I 800 ‘
8 2048

| [ 7FF 2047

I I

| EXTERNAL |

EPROM

| I

1 |

L | 000 0000

MK38P70/02
Scratchpad Address Register ROM Executable
Device RAM Size Size Size RAM
(Decimal) (PO, P, DC, DC1) (Decimal) Size
MK38P70/02 64 bytes 12 bits 0 bytes 64 bytes

diagram. After a delay from the falling edge of the WRITE ~ MK38P70 “R’* PACKAGE SOCKET PINOUT
clock, the address lines become stable. Data mustbevalidat  figure 7
the data out lines of the PROM for a setup time prior to the
next falling edge of the WRITE pulse. The total access time
available for the MK38P70 version is shown as tg4 or the
time when address is stable until data must be valid on the
data bus lines. The equation for calculating available
memory access time along with some calculated access

(

. . . BN . e 1 Vec Vecase
times based on the listed time base frequencies is shown in o2 Vss Voc27e
Figure 8. e 3 A7 Vecaee
e 4 Ag  Ag 256

e5 Ag Ay 24
e 6 Ay Vccasze
® 7 A3 Vgg22e
e 8 A2 %4021
® 9 Ay Ay 20e

[ ]
-
=3
bd
=3
o
~N

190
e11 Do Dg 1ge
®12 D1 D5 174
®13 D2 Dy 164
@14 Vss D3 154

OOOnO0nOOnnnnno
|8 N|S|8|E]S|R|R)B|N)E;

MK97400 (Standard Outputs) MK97410 (Open Drain)
Compatible Memories Compatible Memories
2758 2758
MK2716 . MK2716
2516 . 2516

2532 o 2532
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MEMORY ACCESS SHORT CYCLE OP CODE FETCH MK38P70

Figure 8
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3870 TIME BASE OPTIONS

The 3870 contains an on-chip oscillator circuit which
provides an internal clock. The frequency of the oscillator
circuit is set from the external time base network. The time
base for the 3870 may originate from one of four sources:

1) Crystal

2) LC Network
3) RC Network
4) External Clock

The type of network which is to be used with the mask ROM
MK3870 must be specified at the time when mask ROM
devices are ordered. However, the MK38P70 may operate
with any of the four configurations so that it may emulate
any configuration used with a mask ROM device.

The specifications for the four configurations are given in
the following text. There is an internal 26pF capacitor
between XTL 1 and GND and an internal 26pF capacitor
between XTL 2 and GND. Thus, external capacitors are not
necessarily required. In all external clock modes the
external time base frequently is divided by two to form the
internal PHI clock.

" CRYSTAL SELECTION

111-85

The use of a crystal as the time base is highly recommended
as the frequency stability and reproducability from system
to system is unsurpassed. The 3870 has an internal divide
by two to allow the use of inexpensive and widely available
TV Color Burst Crystals (3.68MHz). Figure 10 lists the
required crystal parameters for use with the 3870. The
Crystal Mode time base configuration is shown in Figure 9.
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CRYSTAL MODE CONNECTION

Figure 9
XTL1 XTL2
AT - CUT
CRYSTAL PARAMETERS
Figure 10
a) Parallel resonsnace, fundamental mode AT-Cut
b) Shunt capacitance (Cp) = 7 pf max.
c) Series resistance (Rg) = See table
d) Holder = See table below.
Frequency Series Resistance Holder
f=2-27 MHz Rs = 300 ohms max HC-6
HC-33
f=28-4 MHz Rs = 150 ohms max HC-6
HC-18*
HC-25*
HC-33

*This holder may not be available at frequencies near the lower end of this range.

Through careful buffering of the XTL1 pin it may be possible
to amplify this waveform and distribute it to other devices.
However, Mostek recommends that a separate active
device (such as a 7400 series TTL gate) be used to oscillate
the crystal and the waveform from that oscillator be
buffered and supplied to all devices, including the 3870, in
the event that a single crystal is to provide the time base for
more than just a single 3870.

While a ceramic resonator may work with the 3870 crystal
oscillator, it was designed specifically to support the use of
this component. Thus, Mostek does not support the use of a
ceramic resonator either through proper testing, parametric
specification, or applications support.

LC NETWORK

The LC time base configuration can be used to provide a less
expensive time base for the 3870 than can be provided with
a crystal. However, the LC configuration is much less
accurate than is the crystal configuration. The LC time base
configuration is shown in Figure 11. Also shown in the
figure are the specified parameters for the LC components,
along with the formula for calculating the resulting time
base frequency. The minimum value of the inductor which
is required for proper operation of the LC time base network
is 0.1 millihenries. The inductor must have a Q factor which
is no lessthan 40. The value of C is derived from C external,
the internal capacitance of the 3870, Cyy, and the stray
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LC MODE CONNECTION
Figure 11

XTL1 XTL2
e e
! )
|
e . ( ___________
CEXTERNAL
(OPTIONAL)
1
f= 2 = V Lc

capacitances, Cgy and Cg,. Cyy is the capacitance looking
into the internal two port network at XTL1 and XTL2. Cyy is
listed under the ““Capacitance” section of the Electrical
Specifications. Cgq and Cg, are stray capacitances from
XTL1 to ground and from XTL2 to ground, respectively. C
external should also include the stray shunt capacitance
across the inductor. This is typically in the 3 to 5 pf range
and significant error can result if it is not included in the
frequency caiculation.

Variation in time base frequency with the LC network can
arise from one of four sources: 1) Variation in the value of
the inductor. 2) Variation in the value of the external
capacitor. 3) Variation in the value of the internal
capacitance of the 3870 at XTL1 and XTL2 and 4) Variation
in the amount of stray capacitance which exists in the
circuit. Therefore, the actual frequency which is generated
by the LC circuit is within a range of possible frequencies,
where the range of frequencies is determined by the worst
case variation in circuit parameters. The designer must
select component values such that the range of possible
frequencies with the LC mode does not go outside of the
specified operating frequency range for the 3870.

RC CLOCK CONFIGURATION

The time base for the 3870 may be provided from an RC
network tied to the XTL2 pin, when XTL1 is grounded. A
schematic picturing the RC clock configuration is shown in
Figure 12. The RC time base configuration is intended to
provide an inexpensive time base source for applications in
which timing is not critical. Some users have elected to tune
each unit using a variable resistor or external capacitor thus
reducing the variation in frequency. However, for increased
time base accuracy Mostek recommends the use of the

Crystal or LC time base configuration. Figure 13 illustrates a
curve which gives the resulting operating frequency for a
particular RC value. The x-axis represents the product of the
value of the resistor times the value of the capacitor. Note
that three curves are actually shown. The curve in the
middle represents the nominal frequency obtained for a
given value of RC. A maximum curve and a minimum curve
for different types of 3870 devices are also shown in the
diagram.

The designer must select the RC product such that a
frequency of less than 2 MHz is not possible taking into
account the maximum possible RC product and using the
minimum curve shown in Figure 13 below. Also, the RC
product must not allow a frequency of more than 4 MHz
taking into account the minimum possible R and C and
using the Maximum curve shown below. Temperature
induced variations in the external components should be
considered in calculating the RC product.

Frequency variation from unit to unit due to switching speed
and level at constant temperature and Voo =+ or-5
percent.

Frequency variation due to V. with all other parameters
constant with respect to +5V = +7 percent to -4 percent on
all devices.

Frequency variation due to temperature with respect to 25
C (all other parameters constant) is as follows:

PART # VARIATION
387X-00, -05 +6 percent to — 9 percent
387X-10, -15 +9 percent to -12 percent
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RC MODE CONNECTION
Figure 12

RC MODE

XTL1

XTL2

MINIMUM R = 4K (2

C = 26.5 pF + 2.6pF + Cexternal

cc
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Figure 13
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Variations in frequency due to variations in RC components = -18 percent minus negative =-21 percent minus

may be calculated as follows: frequency variation due to negative frequency
RC components variation due to RC
Maximum RC = (R max) (C external max + Cyy_max) components
Minimum RC = (R min) (C external min + Cyy min) Total frequency variation due to V¢ and temperature of a

unit tuned to frequency at +6V V¢, 256 C
Typical RC = (R typ) (C external typ +

; 387X-00, -05 387X-10, -15
{CxrL "‘a; + Cyy min}) = + 13 percent = + 16 percent
Positive Freq. Variation = RC typical - RC minimum EXTERNAL CLOCK CONFIGURATION
RC typical
The connection for the external clock time base
Negative Freq. Variation = RC maximum - RC typical configuration is shown in Figure 14. Refer to the DC
due to RC Components RC typical Characteristics section for proper input levels and current

requirements.
Total frequency variation due to all factors:

Refer to the Capacitance section of the appropriate 3870

387X-00, -05 387X-10, -15 Family device data sheet for input capacitance.
= +18 percent plus positive = +21 percent plus positive

frequency variation due frequency variation due

to RC components to RC components

EXTERNAL MODE CONNECTION
Figure 14
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NO CONNECTION EXTERNAL
CLOCK
INPUT
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ELECTRICAL SPECIFICATIONS OPERATING VOLTAGES AND TEMPERATURES

MK3870, MK38P70 Dash ] Operating Operating
Number Voltage Temprature
Suffix Vee Ta
— 00 +5V + 10% 0°C - 70°C
— 05 +5V £ 5% 0°C - 70°C
—10 +6V + 10% -40°C - +85°C
—15 +5V + 5% -40°C - +85°C

See Ordering Information for explanation of part numbers.

ABSOLUTE MAXIMUM RATINGS*

-00, -05 -10, -15

TemperatureUnder Bias..........coveieiiiiiiineenennnnnns -20°C to +85°C -50°C to +100°C
Storage Temperature. . .......coveeiiinreeennnennnenenns -65°C to +150°C -65°C to +150°C
Voltage on any Pin With Respect to Ground

(Except open drain pins and TEST) ......................... -1.0V to +7V -1.0V to +7V
Voltage on TEST with Respectto Ground .................... -1.0V to +9V -1.0V to +9V
Voltage on Open Drain Pins With Respectto Ground .......... -1.0V to +13.5V -1.0V to +13.5V
Power Dissipation . ...........oiiiiiiiiiiiiiiiiiiiiaaa., 1.5W 1.5W
Power Dissipation by anyone l/0pin ..........ccovvvvnnnn.. 60mwW 60mw
Power Dissipation by all /O pins ............cooiiiviiia... 600mwW 600mwW

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

AC CHARACTERISTICS
Ta. Ve within specified operating range.
1/0 power dissipation < 100mW (Note 2)

-00,-05 -10,-15
SIGNAL | SYM |PARAMETER MIN | MAX | MIN | MAX | UNIT|NOTES
XTL1 to Time Base Period, all clock modes | 250 500 | 250 500 ns |4MHz-2MHz
XTL2
tex(H) |External clock pulse width high 90 400 | 100 | 390 ns
tex(L) |External clock pulse width low 100 400 | 110 390 ns
P te Internal ® clock 2tn 2t
WRITE tyw Internal WRITE Clock period 4td 4td Short Cycle
6t 6td Long Cycle
170 tdl/0 |Output delay from internal 0 1000 0 1200 ns | 50pF plus
WRITE clock one TTL load
ts170 |Input setup time to internal 1000 1200 ns
WRITE clock
STROBE | ti/p.g |Output valid to STROBE delay 3te¢ | 3t | 3t® | 3t ns |1/0 load =
-1000 | +250 |-1200 | +300 50pF + 1 TTL load
tsL STROBE low time 8td | 12td | 8td | 12t ns | STROBE load=
-250 | +250 | -300 | +300 50pF + 3TTL loads
REQET ; 6tP 61P
RESET tRH RESET hold time, low +750 +1000 ns
trpoc | RESET hold time, low for power | 20 Sooy
clear wme 01 ime - 1y ms
EXTINT | tgn EXT INT hold time in active and 61d 619 ns |To trigger
inactive state +750 +1000 interrupt
2t 2td ns |To trigger timer
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AC CHARACTERISTICS FOR MK38P70
(Signals brought out at socket)

Ta. Ve within specified operating range.
1/0 Power Dissipation < 100 mW. (Note 2)

-00, -05 -10, -15
SYMBOL | PARAMETER MIN [ MAX [ MIN | MAX [ UNIT|CONDITION
taas” Access time from
Address Aq1 - Ag’ stable 650 650 ns |{®=20MHz
until data must be valid at
D7-Do
*See Table in Figure 8.
CAPACITANCE
Ta =25°C
All Part Numbers
SYM PARAMETER MIN MAX UNIT|NOTES
CiN Input capacitance pF
Unmeasured
Pins Grounded
CxrL Input capacitance; XTL1, XTL2 235 295 pF
DC CHARACTERISTICS
Ta. Ve within specified operating range
170 power dissipation < 100mW (Note 2)
-00, -05 -10, -15
SYMBOL | PARAMETER MIN | MAX | MIN | MAX | UNIT|DEVICE
'CC Average Power Supply 85 110 mA [ MK3870/10
Current Outputs Open
94 125 mA | MK3870/12
Outputs Open
85 110 mA | MK3870/20
Outputs Open
94 125 mA [MK3870/22
Outputs Open
100 130 mA | MK3870/30
Outputs Open
100 130 mA | MK3870/32
Outputs Open
100 130 mA | MK3870/40
Outputs Open
100 130 mA | MK3870/42
Outputs Open
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DC CHARACTERISTICS (cont.)

-00, -05 -10, -15
SYMBOL | PARAMETER MIN | MAX | MIN | MAX | UNIT|DEVICE
Icc Average Power Supply Current 125 150 mA | MK38P70/02
No EPROM,
Outputs Open
Pp Power Dissipation }400 v525 mwW IMK3870/10
Outputs Open
440 575 mW |MK3870/12
Outputs Open
400 525 mwW [MK3870/20
Outputs Open
440 575 mwW [MK3870/22
Outputs Open
475 620 mwW |MK3870/30
Outputs Open
475 620 mW |MK3870/32
Outputs Open
475 620 mwW |MK3870/40
Outputs Open
475 620 mW |MK3870/42
Outputs Open
600 750 mwW |MK38P70/02
No EPROM,
Outputs Open
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DC CHARACTERISTICS (cont.)
Ta. Ve within specified operating range, 1/0 power dissipation < 100mW (Note 2)

-00,-05 -10,-15
SYM PARAMETER MIN | MAX |MIN [{MAX | UNIT|{CONDITIONS
VIHEX External Clock input high level 24 5.8 24 5.8 \Y
VILEX External Clock input low level -3 6 -3 6 \
hHEX External Clock input high current 100 130 HA IVIHEX=VCe
NLEX External Clock input low current -100 -130 | kA |VILEX=Vss
VIHI/0 Input high level, |/0 pins 20 5.8 20 58 V |Standard pull-up
20 13.2 20 13.2 V' |Open drain (1)
VIHR Input high level, RESET 20 5.8 22 58 V  [Standard pull-up
20 132 |22 132 V- {No Pull-up
VIHEI Input high level, EXT INT 20 58 22 58 V  |Standard pull-up
20 132 |22 13.2 V | No Pull-up -
ViL Input low level -3 8 -3 7 Vo) ié .
FEE
M Input low current, all pins with -16 -1.9 | mA |VjN=04V 583
standard pull-up resistor 22
I Input leakage current, open drain +10 +18 pA [VIN=13.2V
pins, and inputs with no pull-up resistor -5 -8 A | VIN=0.0V
loH Output high current pins with -100 -89 vA |VoH=2.4V
standard puli-up resistor
-30 -25 wA |VoH=3.9V
loHDD Output high current, -100 -80 pA [VoH=24V
direct drive pins -156 -13 mA | Von=1.5V
-85 -1 mA | Vonu=0.7V
loHs STROBE Output High current -300 -270 vA \VoH = 24V
loL Output low current 18 1.65 mA | Vg =04V
loLs STROBE Output Low current 5.0 45 mA | V=04V
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DC CHARACTERISTICS FOR MK38P70
(Signals brought out at socket)
Ta. Ve within specified operating range, 1/0 power dissipation < 100mW (Note 2}

-00, -05 -10, -15
SYM PARAMETER MIN | MAX | MIN | MAX | UNIT |CONDITION

lcce Power Supply Current -185 -185 mA
for EPROM

ViL Input Low Level Data bus in 03 { 08 | 03| 08

ViH Input High Level Data bus in 20 58 20 5.8

\%
\%

loH Output High Current -100 -90 vA [Voy=2.4V
kA |VoR=3.9V

oL Output Low Current 18 1.65 mA VoL=0.4V

e Input Leakage Current 10 10 pA |Data Bus in Float

1. RESET and EXT INT have internal Schmit triggers giving minimum .2V hysteresis.
2. Power dissipation for /0 pins is calculated by Z (Ve - ViLMIhLD = 2 (Vee - Vor! (lor) = Z (Voo llon)

TIMER AC CHARACTERISTICS

Definitions:
Error = Indicated time value - actual time value

tpsc = t® x Prescale Value
interval Timer Mode:

Single interval error, free running (NOte 3) . ...t e e e 6t
Cumulative interval error, free running(Note 3) .................... U PP 0
Error between two Timerreads (NOt€ 2) ... ...ttt ittt ittt i e innennennas =+ (tpsc + tP)
Start Timer to stop Timer error (Notes 1, 4) . . ... ... i it it iiaaaan +t® to - (tpsc + td)
Start Timer to read Timer error (Notes 1, 2). ...ttt i e iiieeenenas -5td to - (tpsc + 7td)
Start Timer to interrupt request error (Notes 1, 3) . ..ottt it i it e it ciiannns -2tP to -8td
Load Timer to stop Timer error (Note 1) .. ... irrt it i e it e iieetiaeiiaeeaannans + td to - (tpsc + 2tP)
Load Timer to read Timer error (Notes 1, 2) . ... oo v it i it iiie i iienenennannnn -5t® + to - {tpsc + 8tP)
Load Timer to interrupt request error (Notes 1, 3) ... .ot i ittt it -2t® to -9td

Pulse Width Measurement Mode:

Measurement accuracy (NOtE 4) .. ..ottt ittt ieieieraireenneeerenoananenanenns +t® to -(tpsc + 2tP)
Minimum pulse width of EXT INT pin. ... .o it it ittt et ttr e treeeetennnnnnnaennnanas 2td

Event Counter Mode:

Minimum active time of EXT INT pin ... ... i ettt e eeiaeiaaas 2t
Minimum inactive time of EXT INT Din. ... ou it it it it i it et iaia e srenanannaans 2td
Notes:
1. All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction.
2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction.

3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is set.
Additional time may elapse if the interrupt request occurs during a privileged or multicycte instruction.

4. Error may be cumulative if operation is repetitively performed.
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AC TIMING DIAGRAM
Figure 15

External Clock

Internal & Clock /S U/ S

1/0 Port Output

— |e—- Y/0-s.

STROBE \ /

e gL -

RESET /

le—— tRH ——
IcPBIT2=0 '\ /
EXTINT e— - EH ——

ICPBIT2 =1

Note: All AC measurements are referenced to V,, max., Vi min., V5, (.8v), or Vo, (2.0v).
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INPUT/OUTPUT AC TIMING

Figure 16
CYCLE TIMING
INTERNAL
DEPENDS ON INSTRUCTION
WRITE
CLOCK 2us* 3us* 3us* /_'\ 2us* /—
o TN OR
* CYCLE TIMING NS PORT ADDR. PORT DATA NEXT
ireone | PRGN | oot | orcooe
4MHz EXTERNAL FETCHED
cLOCK
PORT PINS
t
A. INPUT ON PORT 4 OR 5 }* S1/0—
CYCLE TIMING
INTERNAL DEPENDS ON INSTRUCTION
WRITE
cLock [z N3 wst [N\ s ] M N
gg;so" PORT ADDR. ACCUMULATOR = | NEXT
oF tope | onDATA CONTENTS OP CODE
FETCHED
Crton | BuUs ON DATA BUS
PORT PINS
STROBF 91/0 STAYS LOW [
{ACTIVE FOR PORT 4 ONLY) FOR TWO WRITE
CYCLES
B. OUTPUT ON PORT 4 OR 5
1/0-s
INTERNAL
WRITE
cLock [\ s 28t [\ _2ust [T\ [\ zest N 2st [\ s [
FORT NEXT NEXT
w50t | Bateon | oreuoe ourse 1 | accoa | BT,
! BUS FETCHED FETCHED
PORT PINS PORT PINS
a0
—{1SH/O |

C. INPUT ON PORTOOR 1

D. OUTPUT ON PORT 0, 1
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Figure 17. S
¢
€ -10
[
u
R
R
E
¥ -5
™~
R N
NN
N
I~
1 2 3 4 5
OUTPUT VOLTAGE
STROBE SINK CAPABILITY
(TYPICAL AT Ve = BV, Tp = 256°C)
Figure 18
s +100
N
K
c — |
u [
R w0 -
E >
N ax
T /1 H &
M SE >
" Z -
1 4 5 RS
a3
OUTPUT VOLTAGE
STANDARD 170 PORT SOURCE CAPABILITY 18
(TYPICAL AT Ve = BV, Tp = 25°C)
Figure 19 5
u N
R
c -1.0
E
S i ™
: >N
E
N - L
b y
M
A 1
T \‘
i
1 2 3 a
OUTPUT VOLTAGE
DIRECT DRIVE 1/0 PORT SOURCE CAPABILITY
(TYPICAL AT Ve =58V, Tp = 25°C)
Figure 20 s
[0
u -10
R
c
E
c
u Tt
s T
f‘ \ .y
T N
.
M
A
\\
1 2 3 4

OUTPUT VOLTAGE

1-97



1/0 PORT SINK CAPABILITY

(TYPICAL AT Vo = BV, Tp = 256°C)
Figure 21 s O
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ORDERING INFORMATION

There are two types of part numbers for the 3870 family of
devices. The generic part number describes the basic device
type, the amount of ROM and Executable RAM, the desired

package type, temperature range, and power supply
tolerance. For each customer specific code, additional

GENERIC PART NUMBER

An example of the generic part number is shown below.

MK3870/22P-10

M
Power Supply Tolerance
Operating Temperature Range

L5 Package type

———— Executable RAM Designator

-———— ROM Designator

L » Basic Device Type

An example of the generic part number for the EPROM
device is shown below.

MK38P70/02 R-05

DEVICE ORDER NUMBER

An example of the device order number is shown below.
MK 14007N - 0 5

Power Supply Tolerance

Operating Temperature Range

Package Types

f—————> Customer/Code Specific Number

The Customer/Code specific number defines the ROM bit
pattern, I/0 configuration, oscillator type, and generic part
type to be used to satisfy the requirements of a particular
customer purchase order. For further information on the
ordering of mask ROM devices, the customer should refer to
the 3870 Family Technical Manual.

information defining |/0 options and oscillator options will
be combined with the information described in the generic
part number to define a customer/code specific device
order number. Note: the specific device order number will
be used to differentiate between the MK3870/20 with
12-bit Address Registers and the original 3870 with 11-bit
Address Register, as mentioned in an earlier section.

0=5vVx10%

5=5V +5%

0=0°C- +70°C

1 = -40°C - +85°C

P = Ceramic

J = Cerdip

N = Plastic

0 = None

2 = 64 bytes

1 =1K Bytes 3 = 3K Bytes
2 = 2K bytes 4 = 4K Bytes
0=5V+10%

5=5V+5%

0 =0°C - +70°C

1 =-40°C - +85°C

P = Ceramic

J = Cerdip

N = Plastic
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MOSTEK

3870 SINGLE CHIP MICRO FAMILY

MK3873 and MK38P73

MK3873 FEATURES

O Available with 1K or 2K byte mask programmable ROM
O Software compatible with 3870 instruction set

O 64 byte scratchpad RAM

O Available with 64 byte Executable RAM

0O 29 bits (4 ports) TTL compatible parallel 1/0

O Serial Input/Output port

¢ External or Internal Serial Port Clock
¢ Transmit and Receive registers double buffered

>
H
g

ax
3
S5
S
“

232
Z20
50
ox
P
35

¢ |nternal Baud rate generator
® Synchronous or Asynchronous serial 1/0
¢ Data rates to 9600 bits per second (ASYNC) MK3873 PIN CONNECTIONS
¢ |/0 pins dedicated as SERIAL IN, SERIAL OUT, and X — 1 [ 40 «— vee
SERIAL CLOCK ’:,—'f, — § o D ;: by RESEY
¢ Variable duty cycle waveform generation BT —e 4 % D
FR 5E [] 36 «—» SRCLK
. . 5 e 6 [135 = s
O Vectored interrupts iy 75 SO
P30 - B[] []33 - 55
O Programmabile binary timer Pl - 9] 32 = 555
¢ Internal timer mode :_:__z - :‘:E MK3873 % n =
e Pulse width measurement mode F3d < 12[] B 26 < 53
¢ Event counter mode Pa5 - 13[] F) 28 = 23
P3B - 14(] [127 -> 5%
P37 - 15 | ] 26 - p53
O External Interrupt 567 - 16(] () 25 «— 57
Ee - 17(] ] 24 «—» 5
O Crystal, LC, RC or external time base options available iag :;E % e
GND — 20(] []21 e— TEST
O Low power (325 mW typ.) MK38P73 PIN CONNECTIONS
. X1t —» 1 [ [ 40 < v
O Single +5V power supply X2 —e 2 [ F 39 ~— eser
ﬁ_TD - 3] []38 «— gxvinT
O Pinout compatible with the 3870 Family members —_ E. 1 250% T
e e
MK38P73 FEATURES sm;_)gf -— ;E' .% 34 —» SO
0 - 33« P5D
. Fa1 - 9 C: *H32 = 751
O EPROM version of MK3873 P2 e 10(]0 Mk2eP73 CD) 51 e
a.__—a - 1] . . [130 «—= p53
O Piggyback PROM (P-PROM)™ package T ud. = haged
o . . :—-:E“:;E: :3270%.3
O Accepts 24 pin or 28 pin EPROM memories RS;' -~ wde . % ;: -~ P57
T — - pi7
. . PT-ac——WE:" 15::]244—.}73
O Identical pinout as MK3873 505 <> 18] 23« FE
P04 == 19[] 22 - PT3
GND —» 20 21 «— TEST

O In-Socket emulation of MK3873
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GENERAL DESCRIPTION

The MK3873 single chip microcomputer introduces a major
addition to the 3870 microcomputer family, a serial
input/output port. This serial port is capable of either
synchronous or asynchronous serial data transfers. The heart
of the serial port is a 16-bit Shift Register that is double-
buffered on transmit and receive. The Shift Register clock
source can be either the internal baud rate generator or an
external clock. An end-of-word vectored interrupt is
generated in either transmit or receive mode so that the CPU
overhead is only at the word rate and not at the serial bit rate.
This serial channel can be used to provide a low-cost data
channel for communicating between 3873 microcomputers
or between a 3873 and another host computer. The serial
port is also very flexible so that it could be used for other
purposes such as an interface to external serial logic or serial
memory devices.

The MK3873 retains commonality with the 3870 family of
single chip microcomputers. It has up to 2048 bytes of mask
ROM for program storage, and 64 bytes of scratchpad
random-access memory. Certain versions also include up to
64 bytes of Executable RAM. Also, the 3870's sophisticated
programmable binary timer is included which provides for
system flexibility by operating in 3 different modes. The
MK3873 has a large number of parallel | /0 lines available to
the user. Twenty nine pins of the MK3873 are dedicated to
parallel 170. In addition, three pins are dedicated to the serial
1/0 port. These pins provide input, output, and clock for the
serial port. The serial clock pin can be driven externally or
programmed to provide a 50% duty cycle TTL compatible
serial clock. No additional CPU instructions are necessary
for usewith the serial port. Thus, the MK3873 is instruction
set compatible with the rest of the 3870 family.

The MK38P73 microcomputer is the PROM based version of
the MK3873 single-chip microcomputer. The MK38P73 is
called the Piggyback PROM (P-PROM)™ microcomputer
because of a new packaging concept. This concept allows a
24 or 28 pin EPROM to be mounted directly on top of the
microcomputer itself. The EPROM can then be removed and
reprogrammed as required with a standard PROM
programmer. The MK38P73 retains exactly the same pinout
and architectural features as other members of the
MK3873 Family. The MK38P73 is discussed in more detail
in a later section of this document.

FUNCTIONAL PIN DESCRIPTION

PO-0 - PO7, P1-3 - P1-7, P4-0 - P4-7, P5-0 - P5-7 are 29
bidirectional 1/0 lines which can either be used as TTL
compatible inputs or latch outputs.

Sl - SERIAL IN is a TTL compatible Schmitt Trigger input pin
for either serial synchronous or asynchronous data.

SO - SERIAL OUT is an output line for either serial
synchronous or asynchronous data.

SRCLK is the clock for the serial port operations. It can be
configured by software to be an input or output depending
upon whether an internal baud rate or external clock is
desired. It has a Schmitt trigger input and can be used to drive
up to 3 TTL loads.

STROBE is a ready strobe associated with |/0 Port4. This pin
which is normally high provides a single low pulse after valid
data is present on the P4-0 - P4-7 pins during an output
instruction. STROBE can be used to drive up to 3 TTL loads.

RESET may be used to externally reset the MK3873. When
pulled low the MK3873 will reset. When allowed to go high
the MK3873 will begin program execution at program
location H'000'.

PIN NAME DESCRIPTION TYPE

PO-0, PO-7 1/0 Port O Bidirectional
P1-3-P1-7 1/0 Port 1 Bidirectional
P4-0 - P4-7 1/0 Port 4 Bidirectional
P5-0 - P5-7 1/0 Port 5 Bidirectional
STROBE Ready Strobe Output

EXT INT External Interrupt  Input
RESET External Reset Input

Sl Serial Input Input

SO . Serial Output Output
SRCLK Serial Clock Bidirectional
TEST Test Line Input
XTL1,XTL2 Time Base Input

Vee: GND Power Supply Input

Lines

EXT INT is the external interrupt input. Its active state is
software programmable as described in the 3870 Family
Technical Manual. This input is also used in conjunction with
the timer for pulse width measurement and event counting.

XTL 1 and XTL 2 are the time base inputs (2 MHz to 4 MHz) to
which a crystal, LC network, RC network, or an external
single-phase clock may be connected. The time base mode
must be specified when submitting an order for a mask ROM
MK3873. The MK38P73 will operate with any of the four
configurations.

MK3873 ARCHITECTURE

The architecture of the MK3873 is identical to that of the rest
of the devices in the 3870 family, with the exception of the
serial port logic. The serial port logic is shown in the block
diagram of the MK3873 (Figure 1). Addressing of the serial
port logic is accomplished through 1/0 instructions.
Operation and programming of the serial port is thoroughly
discusssed below. A programming-model of the MK3873 is
shown in Figure 2. For a more complete discussion of the
3870 family architecture, the user is referred to the 3870
Family Technical Manual.

11-102



MK3873 BLOCK DIAGRAM
Figure 1
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CLOCK
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LOGIC

[MEMORY
A |ADDRESS

64x8
Executable
RAM
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CONTROL

MAIN

LOGIC

64x8
[SCRATCHI
REGISTE
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TOoHAPrEZCOOD

STATUS |/
REGISTERS

PORT
CONTROL

SERIAL

f

SERIAL

AT 4 BAUD BAUD RATE MSB LSB

PORT 8 PORT 1 PO < loerc I D e | cevnaron e Les
SERIAL 16 BIT SHIFT REGISTER
CLK LOGIC

170(8) 1/0(5) 1/0(8) TEST 1/0(8)

STROBE
SERIAL SERIAL SERIAL
CLOCK INPUT (S)) OUTPUT (SO)
SRCLK
MAIN MEMORY
EXECUTABLE RAM

The main memory section on the MK3873 consists of a
combination of ROM and executable RAM.

There are four registers associated with the main memory
section. These are the Program Counter (PO), the Stack
Register (P), the Data Counter (DC), and the Auxiliary Data
Counter (DC1). The Program Counter is used to address
instructions during program execution. P is used to save the
contents of PO during an interrupt or subroutine call. Thus,
P contains the return address at which processing is to
resume upon completion of the subroutine or the interrupt
routine. The Data Counter (DC) is used to address data
tables. This register is auto-incrementing. Of the two data
counters, only DC can access memory directly. However,
the XDC instruction allows DC and DC1 to be exchanged.

The length of the PO, P, DC, and DC1 registers for all MK3873
devices is listed in the table shown in Figure 3. The graph and
table in Figure 3 also shows the amounts of ROM and
executable RAM for the different members of the MK3873
family.

The upper bytes of the total address space in certain
MK3873 devices is RAM memory. As with the ROM memory
the RAM may be addressed by the PO and DC address
registers. The executable RAM may be accessed by all 3870
instructions which address main memory indirectly through
the Data Counter (DC) register. Additionally, the MK3873
may execute an instruction sequence which resides in the
Executable RAM. Note that this cannot be done with the
scratchpad RAM memory, which is the reason the term
“Executable RAM" is given to this additional memory.

170 PORTS

On the MK3873, 29 lines are provided for bidirectional,
parallel 1/0. These lines are addressable as four parallel |/0

ports at locations O, 1,4, and 5. Note that Ports 0, 4, and 5 are |

8 bits wide, while Port 1 contains only 5 bits of 1/0 in bit
positions 3, 4, 5, 6, and 7. Bits 0-2 on Port 1 are not available
for use as 1/0 port pins or as storage elements. The
remaining three pins are used to provide the serial 1/0

11-103

&
I
S
-
o]
Q
z
@
)
I3
2




MK3873 PROGRAMMABLE REGISTERS, PORTS, AND MEMORY MAP

Figure 2
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MK3873 MAIN MEMORY SIZES AND TYPES
Figure 3

_ _ HEX DEC
FFF 4095 64 BYTES
RAM RAM EXECUTABLE
__ FCO 4032 RAM
FBF 4031
! ] 1 t
] § t ]
t ! ! ]
! ! ! !__ _ 800 2048
i ! TFF 2047
i :
_ ___ 400 1024
3FF 1023
1K 1K 2K 2K
ROM ROM ROM ROM
) 0000
\ 3873/10 3873/12 3873/20 3873/22

All devices contain 64‘f)ytes of Scratchpad RAM
Data derived from addressing any locations other than within the specified ROM and RAM space is not tested nor
is it guaranteed. Users should refrain from entering this area of the memory map.

Scratchpad Address Register ROM Executable

RAM Size Size Size RAM
Device (Decimal) PO, P, DC, DC1 (Decimal) Size
MK3873/10 64 bytes 12 bits 1024 bytes O bytes
MK3873/12* 64 bytes 12 bits 1024 bytes 64 bytes
MK3873/20 64 bytes 12 bits 2048 bytes 0 bytes
MK3873/22* 64 bytes 12 bits 2048 bytes 64 bytes

*The 3873/12 and 3873/22 wiill be available as future products.

function. A conceptual schematic of a bidirectional /0 port
pin and available output drive options are shown in Figure 4.

As in all other 3870 family devices, an output ready strobe is
associated with Port 4. This flag may be used to signal a
peripheral device that the 3873 has just completed an
‘output of new data to port 4. The strobe provides a single
low pulse shortly after the output operation is completely
finished, so either edge may be used to signal the
peripheral. STROBE may also be used as an input strobe by
doing a dummy output of H ‘00 to port 4 after completing
the input operation.

SERIAL I/0 OPERATION

The Serial Input/Output Port consists of a serial Shift
Register, baud rate generator and control logic as shown in
Figure 1. Together these elements provide the MK3873 with
a half duplex asynchronous, or a full duplex synchronous,
variable bit length serial port. Data is shifted into or out of the
shift register at a rate determined by the internal baud rate
generator or external clock. An end-of-word interrupt is
generated in transmit or receive mode so that the CPU
overhead is only at the word rate and not the serial bit rate.

SHIFT CLOCK

The internal clock is used to clock data transfers into and out
of the 16 bit Shift Register. It is also used as an input to an
internal counter which keeps track of the number of bits
which have been shifted into or out of the Shift Register. Input
data is sampled on the SERIAL INPUT, (Sl), line on the rising
edge of the SHIFT clock and is clocked into the most
significant bit of the shift register. Output data is gated to the
SERIAL OUTPUT line on the falling edge of the internal SHIFT
clock.

The clock is derived from the SRCLK pulse. The SRCLK pulse
may be generated from the internal baud rate generator or it
may be programmed as an input. The internal SHIFT clock
operates at the same frequency as the SRCLK pulse when
the Sync mode is selected, and at a ratewhich is divided by 16
(+16) from the SRCLK pulse when the Async mode is
selected.

SHIFT REGISTER
The Serial Port Shift Register is a 16-bit serial to parallel,

parallel to serial shift register. This register is addressed and
double-buffered by ports E and F as shown in Figure 5A.
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170 PIN CONCEPTUAL DIAGRAM WITH OUTPUT
BUFFER OPTIONS
Figure 4

Vee o0—Aann—e

OUTPUT
BUFFER

PORT
D Q 170
PIN

READ PORT
LOAD PORT
ol

L (T ——a}

DATA BUS (WIRED-OR CONFIGURATION)

OUTPUT BUFFER OPTIONS

v (MASK PROGRAMMABLE) v
cc cC
6KOTYP. ? 1KQTYP.
STANDARD OPEN DRAIN DIRECT DRIVE
OUTPUT OUTPUT OuUTPUT

Ports 0 and 1 are Standard Output type only.
Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit)
The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads.

RESET and EXT INT may have standard 6K(} (typical) pull-up or may have no pull-up (mask programmable). These two inputs have Schmitt trigger
inputs with a minimum of 0.2 volts of hysteresis.

Serial In is a Schmitt trigger input with a minimum of 0.2V hysterisis.

Serial Out (SO) is the Standard Output type.

SRCLK output is capable of driving 3 TTL loads.
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PORT D SERIAL PORT CONTROL REGISTER SERIAL PORT REGISTERS
Figure 5A

The Serial Port Control register is write only and is addressed

as Port D. The bit assignment is pictured in Figure 5C. The

function of each bit is described below. ‘ PORT E ‘ PORT F l

TRANSMIT BUFFER

WRITE WRITE

N2, N1, NO - WORD LENGTH SELECT I l

SERIAL SERIAL
IN B ouTt
16.BIT SHIFT REGISTER

These bits select one of the eight possible word lengths which
are available with the MK3873 serial port. The serial port will SR15 T sRg sR7 l sRo

shift the programmed number of bits through the Shift p:m coRTT

Register. If the Transmit mode is selected, data will be shifted ‘ READ ] READ l

out of the least significant bit(SRO) of the Shift Register to the RECEIVE BUFFER

Serial Out line (SO) while data is simultaneosly sampled at

the Serial Input (Sl) line and shifted into the most significant Figure 5B

bit (SR15) of the Shift Register. When the Receive mode is

selected, data will be sampled at Sl and shifted in, but the SO , SE:"AL iORTfTATUS REGISTER LBTNO
line will be disabled such that it remains in a marking PORT D T T ]

condition {Logic *1"). After the programmed number of bits REao I | [ J i -l

have been shifted, the serial port logic will generate an end- i r
of-word condition. This end-of-word condition will cause an ~— OVFL UNDFL OVERFLOW UNDERFLOW
interrupt if the serial port INTERRUPT ENABLE bit has been L READY
set.
Figure 5C e
It should be noted that the word values have been chosen so SERIAL PORT CONTROL REGISTER §§)
that the MK3873 can be programmed to send and receive a ’ 5 5 <2The §§§
wide variety of asynchronous serial codes with various RoRTD [ Ne | o T No g‘;m ssAacur'"c/ % 's”ﬂ ] 2§5
combinations of start and stop bits. Shown in Figure 6 is a ARG BEC 82
table which gives the word length. WORD'LENGTH
SELECT
Values which would be programmed into the MK3873 Serial N2 N1 NO WORD LENGTH
Port Register for Baudot, ASCIl and 8 bit binary codes in an 8 o ? ‘; g"s
asynchronous word format are shown in the table of Figure 6. 0 ? 0 8 B::Z
Shown in the table are word length values for various 0 1 1 9 Bits
combinations of data bits, start and stop bits, and parity. It can : 8 ‘1) :? g"s
be seen that the MK3873 serial port can accommodate many " 10 12 B::
different word lengths of asynchronous or synchronous data. 1 1 1 16 Bits
ASYNCHRONOUS WORD LENGTHS
Figure 6
DATA # OF START STOP WORD
WORD BITS BITS BITS PARITY LENGTH (BITS)
BAUDOT 5 1 1 No 7
5 1 2 No 8
5 1 1 Yes 8
5 1 2 Yes 9
ASCI | 7 1 1 No 9
7 1 2 No 10
7 1 1 Yes 10
7 1 2 Yes 1
8 Bit Binary 8 1 1 No 10
8 1 2 No 1
8 1 1 Yes 11
8 1 2 Yes 12
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START DETECT

When the START DETECT bit is enabled the serial port will
not shift data through the Shift Register until a valid start bit
is detected at the S| input pin. The Start Detect mode is
operative only when the Async mode has been selected by
programming bit 2 of the Serial Port Control Register to a
logic “0”. By selecting the Async mode, the internal SHIFT
clock frequency is divided by 16 from the clock frequency at
the SRCLK pin. (Recall that SRCLK can be an input or an
output depending on whether the internal baud rate
generator or the external clock is selected). When the
START DETECT bit is set, the serial port logic looks for a high
to low transition on the Sl input. Until this transition occurs,
the internal SHIFT clock is held low and no data is shifted in
through the shift register. Once the transition is sensed, the
St input will be sampled on every SRCLK puise for seven
clock periods. If the logic level remains at zero on the Si
input for each of the seven clock periods, the serial port logic
will begin shifting data into the Shift Register on the eighth
SRCLK pulse. Data will be shifted in at the =16 or SHIFT
clock rate until the number of bits which have been
programmed into the word length select have been shifted
in. Once the programmed number of bits have been shifted
in, the start detect circuitry will be rearmed and will begin
searching for the next high-to-low transition on SI. This
operation is pictured in the example shown in Figure 7.

When the START DETECT bit is disabled, data is
continuously shifted through the Shift Register. An end-of-
word condition will be generated each time the
programmed number of bits has been shifted into or out of
the Shift Register. A serial port interrupt will be generated
when the end of word condition occurs if it has been
enabled.

SEARCH

The SEARCH bit is enabled by programming it toa logic 1.
When enabled, the SEARCH bit causes the serial port logic
to generate an interrupt at every bit time if the serial port
interrupt has been enabled. This interrupt will occur
regardless of whether the Transmit or Receive mode has
been selected and whether the Synchronous or
Asynchronous mode has been selected. The Search mode
is usually used for recognition of a sync character in
synchronous serial data transmission. The MK3873 serial
port does not automatically detect sync characters.

SYNC/ASYNC

The SYNC/ASYNC bit is used to select either the
Synchronous mode of operation or the Asynchronous mode
of operation. In the Synchronous mode of operation data is
shifted through the Shift Register at a rate which is <1 the
rate of SRCLK. When the Synchronous mode is selected,
the start bit detect circuitry cannot be enabled, even if the
START DETECT bit is programmed to a “1”. In the
Asynchronous mode (SYNC/ASYNC = O) the internal SHIFT
clock operates at a rate which is <16 the rate of SRCLK.

XMIT/REC

The XMIT/REC bit is used to select either the Transmit or
Receive modes of operation. When programmed to a 1"
XMIT is selected and the serial port will shift data on the SO
line as well as shift data into the Slinput. Transmitted data will
be enabled on the SO output on the falling edge of the
internal SHIFT clock. When the Receive mode is selected(by
programming XMIT/REC = 0), data will be clocked into the
Shift Register on the rising edge of SHIFT, as it is when the

MK3873 SERIAL PORT START BIT DETECTION
Figure 7
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where N is the word length value selected by programming bits N2-NO in the serial port control register
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Transmit mode is enabled, but data will be disabled from
" being shifted out on Serial Out. Serial Out will be held at a
marking, or logic “1”, condition.

SERIAL PORT INTERRUPT ENABLE

By programming this bit to a 1", the serial port interrupt
will be enabled. A serial port interrupt may then occur when
an end-of-word condition is generated. Program control will
be vectored to one of two locations upon a serial port
interrupt, depending on the way the XM IT/REC bit has been
programmed. If the Transmit mode has been selected by
programming XMIT/REC bittoa “1”, then program control
will be vectored to location EO (Hex). For the Receive mode
(XMIT/REC = 0) program control will be vectored to 60 (Hex)
when the serial port interrupt occurs. With the addition of
the Serial Port Interrupt, the MK3873 has three sources of
interrupt. If these three interrupts were to occur
simultaneously, priority between them would be such that
they would be serviced in the following order:

1) Serial Port
2) Timer
3) External Interrupt

STATUS REGISTER

Reading port D of the MK3873 by performing an Input or
Input Short (IN or INS) instruction will load the contents of
the Serial Port Status Register into the Accumulator. The
two bits which make up the Status Register are shown in
Figure 5B. The operation of these two bits is described
below:

READY - The meaning of the READY flag depends on
whether the Transmit or Receive mode is selected. When
the Transmit mode has been selected, the READY flag is set
when a Transmit Buffer empty condition occurs. This
means that any previous data which may have been loaded
into the Transmit Buffer register pair has been transferred
into the Shift Register. Loading either byte of the Transmit
Buffer will clear the READY flag until the time that the
Transmit Buffer register pair is loaded into the Shift Register
during an end-of-word condition

In the Receive mode (XMIT/REC = 0), the READY flag is
used to indicate a Receive Buffer full condition. This means
that a word of the programmed length has been shifted in
and has been loaded into the receive buffer register pair.
Reading one of the ports E or F which make up the receive
buffer register pair will clear the READY flag. The READY
flag will remain a O until the next word is completely shifted
in and loaded into the receive buffer.

OVFL/UNDFL is like the READY flag; the meaning of
OVFL/UNDFL depends on the programming of the
XMIT/REC bit in the Serial Port Control Register. When the
Transmit mode has been selected OVFL/UNDFL is used to
indicate a transmitter underflow condition.

A transmitter underflow condition can occur as follows:
Assume that the Transmit mode is selected. Suppose that a
word is loaded into the Transmit Buffer register. The serial
port logic will load the contents of the Transmit Buffer into
the Shift Register and will begin to shift the word out on the
SO pin. When the contents of the Transmit Buffer are
loaded into the Shift Register, the serial port logic will signal
the Transmit Buffer empty condition by setting the READY
flag to a “1”. When the word in the Shift Register is
completely shifted out, an end-of-word condition will be
generated. The serial port logic will then check to see if new
data has been loaded into the Transmit Buffer. If it has not,
the OVFL/UNDFL flag will be set, indicating that the serial
port logic has run out of data to send. The OVFL/UNDFL flag
can be usedto signal an error condition to the firmware, or it
can be used to signal that all data has been cleared out of
the Shift Register for the purposes of line turnaround.

The OVFL/UNDFL flag which, in this case, represents a
transmitter underflow condition, is reset by reading the
Status Register.

When the Receive mode is programmed, OVFL/UNDFL is
used to signal that the Receive Buffer has overflowed. This
overflow condition can occur as follows: Suppose that a
serial word is shifted in, generating an end-of-word
condition. The serial port logic will load the contents of the
Shift Register into the Receive Buffer, and will set the
READY flag to a ““1” to indicate that the Receive Buffer is
full. When the next word being received is completely
shifted in, generating the next end-of-word condition, the
serial port logic will check to see if the Receive Buffer has
been read by examining the state of the READY flag. If the

“READY flag = O, then the previous word has already been

read from the Receive Buffer by the software and the serial
port logic will load the current word into the Receive Buffer
and will again set the READY flag. If the READY flag = 1,
then the previous word has not been read from the Receive
Buffer. The serial port logic will load the new word into the
Receive Buffer, destroying the previous word. This action is
signalled by the serial port logic setting the OVFL/UNDFL to
a 1" signalling a receive buffer overflow condition. In this
case reading the status register also clears the
OVFL/UNDFL flag.

BAUD RATE CONTROL REGISTER

Port C is designated as the Baud Rate Control register. Four
bits, 0-3, are used to select nine different internal baudrates
or an external clock. When an internal baud rate .is
programmed, the SRCLK output is generated at a frequency
which is divided from the MK3873's time base frequency.
The SRCLK frequency can be calculated by dividing the time
base frequency by the divide factor shown in Figure 8 for the
bit pattern which is programmed into bits C3-CO. Also
shown in Figure 7 is the programming of bits C3-CO to
obtain a set of standard baud rates when a 3.6864MHz
crystal is used as a time base.
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BAUD RATE CONTROL PORT
PORT C WRITE ONLY
Figure 8

PORT C WRITE Shift Clock Rate
76 5 4 3 2 1 0 BitNo. « 3.6864 MHz time base

SRCLK
Wcalozlmlcq Divide Factor 1

SYNC ASYNC
101 1 +24 153.6 kbs | 9600 bps
1010 +48 76.8 kbs 4800 bps
100 1 +96 38.4 kbs 2400 bps
1000 <192 19.2 kbs 1200 bps
o1 11 +384 9600 bps 600 bps
0110 +768 4800 bps 300 bps
010 1 +1636 2400 bps 150 bps
0 10 O +2096 | 1758.8 bps 110 bps
00 1 1 +3072 1200 bps 75 bps
0 00O

External Clock Mode

When any of the internal baud rates are selected, pin 36
becomes an output port pin. This pin is capable of driving
three standard TTL inputs and provides a square wave
output from the frequency selected in port C. The
SYNC/ASYNC bit in the Serial /0 Control register has no
effect on the output clock rate. The output will always be <1
directly from the baud rate generator.

If allzeros are loaded into this port, the External Clock mode
is selected. Pin 36 becomes an input. Any TTL compatible
square wave input can be used to generate the clock for the
serial port.

TRANSMIT AND RECEIVE BUFFERS

The Receive Buffer registers are two eight bit registers
which are addressed as ports E and F'(Hex) and are read
only. The Receive Buffer registers may be read at any time.
The Transmit Buffer registers are also two 8-bit registers
which are write only and addressed as ports E and F (Hex).

In the Receive mode, the contents of the 16 bit Shift
Register are transferred to the Receive Buffer Register pair
when a complete word has been shifted in. Bits SR15-SR8
of the Shift Register are loaded into bits 7-0 of port € while
bits SR7-SRO are loaded into bits 7-0 of Port F.

When entering the Transmit mode, the first data transfer
from the Transmit Buffer to the 16 bit Shift Register won't
occur until a 1 word time delay after entering Transmit
Mode.

In the Receive mode, no transfers between the Transmit
Buffer and the 16 bit Shift Register can occur.

The serial port does not automatically right justify incoming
data, not does it insert or strip start and stop bits from an
asynchronous data word. Therefore, it is usually necessary
to right justify incoming data read from the Receive Buffer
registers in software through shift instructions, as well as
strip start and stop bits if an asynchronous data format is
being used. Likewise, in transmitting an asynchronous data

word, it is usually necessary to insert start and stop bits in
software into the 16 bit word which is to be loaded in two
halves into the Transmit Buffer register.

RESET

The reset circuit on the MK3873 is used to initialize the
device to a known condition either during the course of
program execution or on a power on condition. This section
discusses the effect of RESET on the serial port logic. A
more complete description of RESET may be found in the
3870 Family Technical Manual.

Upon reset, both the serial port control register (port D) and
the Baud Rate Control register (port C) are loaded with
zeroes. This action sets the serial port control logic in the
following state:

N2, N1, NO (word length) = 4 bits
START DETECT disabled
SEARCH disabled

Asynchronous Receive mode
Serial port interrupt disabled
External Clock mode (SRCLK = 1).
Ports E and F are undefined

After the first control word is written to the Serial Port
Control Register which selects an internal clock mode, the
SRCLK will become an output and will remain high for
one-half of a clock period as programmed into port C. It will
then go low and produce a clock output waveform with the
selected frequency.

ASYNCHRONOUS RECEIVE OPERATION

Figure 7 illustrates the timing for an example using the
serial port in the Asynchronous mode. When operating in
this mode, the Serial Port Control Register should be
programmed for receive (XMIT/REC = 0) and the START
DETECT bit should be enabled. Also, the Async mode
should be selected, which allows the start detect circuitry to
operate and sets the internal SHIFT clock at a rate which is
divided by 16 (+16) from the SRCLK rate. Upon selecting the
Async mode and the START DETECT bit, the internal SHIFT
clock is held low until a negative transition occurs on the Si
pin. After a valid edge has been detected (see the START
DETECT bit operation section) the SHIFT clock will go high
and data will be shifted in at the middle of each bit time.
When the programmed number of bits have been shifted in,
an end-of-word condition is generated and a serial port
receive interrupt will occur if it has been enabled.

After the falling edge of SHIFT following the end-of-word
interrupt, the start detect circuitry will be enabled in
preparation for the next word. Thus, if a start bit is present
immediately following the time when the start detect
circuitry is enabled, SHIFT Clock will again go high
approximately one bit-time after the rising edge of SHIFT
which clocked in the last bit of the preceeding word and
caused the end-of-word interrupt. In other words, SHIFT
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SYNCHRONOUS TRANSMIT OR RECEIVE TIMING
Figure 9

SYNCHRONOUS
DATA STREAM

SHIFT

CcLOCK

BIT N l 00 01 02 ]
COUNT

can go high again on the eighth SRCLK pulse as soon as the
start detect circuitry is rearmed.

The Shift Register may be read before the next end-of-word
condition; otherwise, a receiver overrun error will occur. For
a 9600 bps data rate, this would require reading the Receive
Buffer within N x 104 us from the time that the end-of-word
condition is generated, where N is the number of bits in the
data word.

The example in Figure 7 shows the timing required for
asynchronous data reception from a device such as a
teletype. Within this data stream are start, data and stop
bits. A typical format requires 1 start bit, 8 data bits and 2
stop bits for a total of 11 bits. All of these bits will be residing
in the 16 bit Shift Register when the end-of-word interrupt
is generated. It is, therefore, necessary to strip the start and
stop bits from the data.

SYNCHRONOUS RECEIVE OPERATION

For synchronous operation, the START DETECT bit shouid
not be enabled and the XMIT/REC bit should be
programmed to a zero. Also the Sync mode should be
enabled so that the internal SHIFT clock is divided by 1, or is
equivalent to, SRCLK. Once a control word is written to port
D specifying START DETECT = O, Receive mode, and Sync
mode, then the Serial Port will continuously shift data into
the MSB of the upper half of the Shift Register at the SRCLK
rate and will generate an end-of-word condition when the
programmed number of bits have been shifted in.

An illustration of synchronous receive timing is shown in
Figure 9. This diagram is a synchronous receive sequence
for aword which is N bits in length, where N corresponds to
the number of bits which have been programmed into the
Serial Port Control Register. Note the relationship of SHIFT
clock, the synchronous data stream, and the bit count. Since
the START DETECT bit is not enabled, the serial port logic

will continuously shift data in and generate end-of-word
conditions at regular intervals. When the end-of-word

condition occurs, a serial port receive interrupt occurs if it §

has been enabled, and the contents of the Shift Register will
be loaded into the Receive Buffer. The serial port logic will
set the READY flag in the Serial Port Status Register,
indicating that the receive buffer is full. Since the serial port
is double-buffered on receive, the program has entire word
time to read the Receive Buffer. At 9600 bps this
corresponds to a word time of N x 104 us, where N is the
number of bits in a word. .

Note that if a new control word is written to port D during
the time that a serial word is shifted in, the bit count will be
reset.

When using the Synchronous Receive mode on the
MK3873, it is usually necessary to establish word
synchronization in the data stream. The SEARCH bit, when
enabled, causes the serial port logic to interrupt on each
rising edge of SHIFT so that the data stream can be
examined on a bit by bit basis. When the last bit of a sync
word is found, the Search mode can be disabled and the
serial port logic will shift in data and interrupt at the word
rate.

ASYNCHRONOUS TRANSMIT OPERATION

The Asynchronous Transmit mode of operation is initiated
by setting the XMIT/ REC bittoa 1", and by programming
the SYNC/ASYNC bit to a “0". Aiso, there must be an
SRCLK pulse by selecting an internal or external source for
SRCLK by programming port C. Upon setting XMIT/REC to
a ‘1", there will be a 1 word length delay prior to the actual
transfer of the first word from the Transmit Buffer to the 16
bit Shift Register. Serial data will then be shifted to the right
on each rising edge of the internal SHIFT clock, and each
new bit in the data stream will be enabled onto the SERIAL
OUTPUT pin (SO) at the time of the falling edge of the
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internal SHIFT clock.

As mentioned, one word time delay is generated between
the time that the Transmit mode is initiated by programming
XMIT/REC = 1 and the time that the contents of the
Transmit Buffer are transferred into the Shift Register. This
word time delay is generated internally to the MK3873 by
counting the number of SHIFT clock pulses which
correspond to the number of bits programmed into the word
length select section of the Serial Port Control Register (N2,
N1, NO). Therefore, the word time delay is equivalent to the
time it takes to shift a complete serial data word out of the
Shift Register. The same word time delay will result if data
had been loaded prior to programming the XMIT/REC bit to
a “1”. As mentioned in the “START DETECT” bit
description, the internal SHIFT clock is disabled when this
bitis programmedtoa ‘‘1". Since the serial port logic counts
SHIFT clock pulses to generate the word time delay, the
Transmit Buffer contents will never be transferred to the
Shift Register and shifted out when the START DETECT bit
is enabled. Also, the Transmit Buffer contents cannot be
loaded into the Shift Register when XMIT/REC bit = 0.

When the initial serial data word has been transferred into
the Shift Register, the READY flag is set in the Serial Port
Status Register which is used to indicate the Transmit
Buffer is empty. A transmit interrupt will be generated if the
INTERRUPT ENABLE bit has been set in the Serial Port
Control Register, and program control will be vectored to
location EO (hex). When operating the serial port in a polled
environment with the serial port interrupt disabled, the
READY bit can be used as a flag which indicates that new
data may be loaded into the Transmit Buffer. In an interrupt
driven software configuration, new data may be loaded into
the Transmit Buffer at the beginning of the serial port
interrupt service routine.

During the operation of the Transmit Mode the SERIAL
INPUT pin (Sl)is sampled and shifted into the Shift Register.
However, since the START DETECT bit must be disabled
during a transmit sequence, there is no way of establishing
bit synchronization on any incoming serial data. Therefore,
in the Asynchronous mode, the serial port can only be used
in a half-duplex configuration.

After a block of data has been sent, it is sometimes useful
for the program to know when the last serial word has been
shifted out of the shift register. This is especially useful
when operating the MK3873 with a bidirectional haif-
duplex transmission line. Once the block of serial data has
been completely shifted out of the port, then it is usually
desirable to reverse the direction of the line so that data may
be received.

One way of determining when the last word has been
shifted out of the Shift Register is through the use of the
OVFL/UNDFL status bit in the Serial Port Status Register.
The sequence would take place as follows: The program
loads the Transmit Buffer with the last serial data word
which is to be sent out either when the “READY "’ bit is set or

during a transmit interrupt service routine. Loading the
Transmit Buffer clears the READY flag. At the next end-of-
word condition, the last serial data word is transferred from
the Transmit Buffer into the Shift Register, which sets the
READY flag once again. At this point the program would not
load any more data into the Transmit Buffer and the READY
flag will remain set. When the last word is completely
shifted out of the Shift Register, the serial port logic will
check to see if any new data has been loaded into the
Transmit Buffer register pair. When it determines that there
is no new data in the Transmit Buffer, the serial port logic
will setthe OVFL/UNDFL bit in the serial port status register
and will return the SERIAL OUTPUT pin (SO) to a marking
condition (logic “1"). The SERIAL OUTPUT pin (SO) is
always returned to a marking condition on transmitter
underflow when the ASYNC mode is selected. Since the
OVFL/UNDFL bit is set when the last serial data word has
completely been sent out, it can be used as a signal to
indicate the end of transmission and that the direction of the
transmission line may be set for receive.

SYNCHRONOUS TRANSMIT OPERATION
The Synchronous Transmit mode of operation is selected by

programming bit 2 (XMIT/REC) of the Serial Port Control
register to a ‘1" and setting the SYNC/ASYNC bittoa “1".

Figure 9 illustrates serial output timing relationships in the
Synchronous mode. Data is shifted to the right on each
rising edge of the internal SHIFT clock. Output data is not
enabled to the SERIAL OUTPUT pin (SO) until the falling
edge of the SHIFT clock. In a 16 bit data word, SRO, the least
significant bit of the Shift Register is shifted out first, and
SR15, the most significant bit of the Shift Register, is shifted
out last. While the Shift Register contents are being output
on a bit by bit basis, data is simultaneously shifted in to the
Shift Register through the Sl pin.

As discussed in the “ASYNCHRONOUS TRANSMIT
OPERATION" section, a word time delay is generated
between the time that data is written to the Transmit Buffer
and the time that the contents of the Transmit Buffer are
loaded into the Shift Register once the XMIT/REC bit has
been programmed to a one (1).

Another way of loading the initial data word into the
Transmit Buffer requires the word synchronization having
been achieved through recognition of a received sync
character. Recall that in the Transmit mode, data is sampled
at Sl and shifted into the Shift Register at the same time that
data is shifted out through SO. Upon power up or reset, a
control word may ‘be written to Port D which specifies
Transmit and Synchronous modes. Word synchronization
can then be achieved through the use of the SEARCH bit as
described in the section which covers Synchronous Receive
mode. Once word synchronization is achieved, the SEARCH
bit is disabled and the serial port shifts in data and generates
an end-of-word condition at the word rate. )

Each time the end of word condition is reached, receive data
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is transferred from the shift register into the Receive Buffer.
At the same time, data is transferred from the Transmit
Buffer into the Shift Register.

Therefore, in the Synchronous Transmit mode, the serial
port may be used in a full duplex mode if word
synchronization is established. At each end of word
condition, output data is transferred to the Shift Register
from the Transmit Buffer. At the same time, an incoming
data word is transferred from the Shift register to the
Receive Buffer register pair. In this case, the End-of-Word
transmit routine would be used for sending data by loading
the Transmit Buffer register, and for receiving data by
reading the Receive Buffer register. Note that once word
synchronization is established, an amount of time which is
equal to one word time is available following the end-of-
word interrupt for loading data into the Transmit Buffer.

The serial port operates differently in the Transmit mode for
Synchronous operation than it does for Asynchronous
operation. In the Asynchronous mode, after a word has
been shifted out, the SO line is returned to a marking
condition if no new data has been loaded into the Transmit
Buffer.

In the Synchronous mode, after a word has been shifted
out, the contents of the Transmit Buffer are loaded into the
Shift Register regardless of whether or not new data was
loaded into the Transmit Buffer. If new data was not loaded
since the last time the transmit buffer was read, the
OVFL/UNDFL flag is set which signals a transmitter
underflow condition. This feature of always reloading the
Shift Register with the contents of the Transmit Buffer
when an end-of-word condition occurs allows a sync word
to be continuously generated without CPU intervention
when the transmitter is idle. This feature also allows
variable duty cycle, variable frequency waveforms to be
generated on the Serial Output line.

MK38P73 GENERAL DESCRIPTION

The MK38P73 is the EPROM version of the MK3873. It
retains an identical pinout with the MK3873. The MK38P73
is housed in the “R” package which incorporates a 28 pin
socket located directly on top of the package.

The MK38P73 can act as an emulator for the purpose of
verification of user code prior to the ordering of mask ROM
MK3870 devices. Thus, the MK38P73 eliminates the need
for emulator board products. In addition, several MK38P73s
can be used in prototype systems in order to test design
concepts in field service before committing to high-volume
production with mask ROM MK3873s. The compact size of
the MK38P73/EPROM combination allows the packaging of
such prototype systems to be the same as that used in
production.

Finally, in low-volume applications the MK38P73 can be
used as the actual production device.

Most of the material which has been presented for the
MK3873 applies to the MK38P73. The MK38P73 has the
same architecture and pinout as the MK3873. Additional
information is presented in the following sections.

MK38P73 MAIN MEMORY

As can be seen from the block diagram in Figure 10, the
MK38P73 contains no on-chip ROM. The memory address
and data lines are brought out to the 28 pin socket located
directly on top of the 40 pin package. The MK38P73 will
address up to 4096 bytes of external EPROM memory.

There is one memory version of the MK38P73 and it is
designated as the MK38P73/02. The MK38P73/02
contains 64 bytes of on-chip executable RAM. The
MK38P73/02 can emulate the following mask ROM
MK3873 devices:

MK3873/10
MK3873/12
MK3873/20
MK3873/22

Addressing of main memory on the MK38P73 is
accomplished in the same way as it is for the MK3873. See
Figure 12 for Main Memory addresses and for address
register size in the MK38P73.

MK38P73 EPROM SOCKET

A 28 pin EPROM socket is located on top of the MK38P73 “R"”
package. The socket and compatible EPROM memories is
shown in Figure 11. When 24 pin memories are used inthe
28 pin socket, they should be inserted so that pin 1 of the
memory device is plugged into pin 3 of the socket. (The
memory should be lower justified in the 28 pin socket.)

The 28-pin socket has been provided to allow use of both
24-pin and 28-pin memory devices. Minor pin-out
differences in the memory devices must be accommodated
by providing different versions of the MK38P73.

Initially, the MK38P73 that is compatible with the MK2716
is available. The MK38P73 designedto accommodate the 28-
pin memory devices will be available at a later date.

MK38P73 1/0 PORTS

The MK38P73 is offered with open drain type output buffers
on Ports 4 and 5. This open drain version is provided so that
user-selected open drain port pins on the mask ROM
MK38P73 can be emulated prior to ordering those mask
ROM parts. Figure 11 lists the part ordering number for an
MK38P73/02.

MEMORY ACCESS TIMING

A timing diagrém depicting the memory access timing of the
MK38P73 is shown in Figure 13. The ¢ clock signal is derived
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internally in the MK38P73 by dividing the time base
frequency by two and is used to establish all timing
frequencies. The WRITE signal is another internal signal to
the MK38P73 which corresponds to a machine cycle during
which time a memory access may be performed. Each
machine cycle is either 4 ® clock periods or 6 ® clock periods
long. These machine cycles are termed short cycles and long
cycles respectively. The worst case memory cycle is the short
cycle, during which time an op code fetch is performed. This is
the cycle which is pictured in the timing diagram. After a
delay from the falling edge of the WRITE clock, the address
lines Aqq - Ag become stable. Data must be valid at the data
out lines of the PROM for a setup time prior to the next falling
edge of the WRITE pulse. The total access time available for
the MK38P73 is shown as ty,g, or the time when address is
stable until data must be valid on the data bus lines.

An equation for calculating available memory access time
along with some calculated access times based on the listed
time base frequencies is also shown in Figure 13.

3873 TIME BASE OPTIONS
The 3873 contains an on-chip oscillator circuit which

provides an internal clock. The frequency of the oscillator
circuit is set from the external time base network. The time
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MK38P73 MAIN MEMORY MAP

Figure 12
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| ! FBF 4031 RAM
| |
| |
! !
: | _ 800 2048
I ] 7FF 2047
|
! [
! |
! |
| i
| EXTERNAL |
| EPROM |
| l____000 0000
97310
MK38P73/02
Scratchpad Address Register ROM Executable
RAM Size Size Size RAM
Device (Decimal) PO, P, DC, DC1) (Decimal) Size
MK38P73/02 64 bytes 12 bits 0 bytes 64 bytes
97310

base for the 3873 may originate from one of four sources:

1) Crystal

2) LC Network
3) RC Network
4) External Clock

The type of network which is to be used with the mask ROM
MK3873 must be specified at the time when mask ROM
devices are ordered. However, the MK38P73 may operate

with any of the four configurations so that it may emulate
any configuration used with a mask ROM device.

The specifications for the four configurations are given in
the following text. There is an internal 26pF capacitor
between XTL 1 and GND and an internal 26pF capacitor
between XTL 2 and GND. Thus, external capacitors are not
necessarily required. In all external clock modes the
external time base frequently is divided by two to form the
internal PHI clock.
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MEMORY ACCESS SHORT CYCLE OP CODE FETCH MK38P73

Figure 13

S R U B

L/

WRITE ’ \

[ il

Aqjq-Ag PREVIOUS ADDRESS

I

NEW ADDRESS

Signal is internal to the MK38P73

t = 6 ~850ns

aas = 2
as time base freq.

(FROM ADDRESS STABLE)

4MHz 3.58MHz | 3MHz 2.5MHz 2MHz
ACCESS 650ns 825ns 1.15us 1.65us 2.15us
TIME
CRYSTAL SELECTION

The use of a crystal as the time base is highly recommended
as the frequency stability and reproducability from system
to system is unsurpassed. The 3873 has an internal divide

by two to allow the use of inexpensive and widely available
TV Color Burst Crystals (3.68MHz). Figure 15 lists the
required crystal parameters for use with the 3873. The
Crystal Mode time base configuration is shown in Figure
14.

CRYSTAL MODE CONNECTION
Figure 14

AT -

Ccut
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CRYSTAL PARAMETERS

a) Parallel resonsnace, fundamental mode AT-Cut
b) Shunt capacitance (Cg) = 7 pf max.
c) Series resistance (Rg) = See table

d) Holder = See table below.

Frequency

Series Resistance

Holder

f=2-27MHz

f=2.8-4 MHz

Rs = 300 ohms max

Rs = 150 ohms max

HC-6
HC-33

HC-6
HC-18*
HC-25*
HC-33

*This holder may not be available at frequencies near the lower end of this range.

Through careful buffering of the XTL1 pin it may be possible
to amplify this waveform and distribute it to other devices.
However, Mostek recommends that a separate active
device (such as a 7400 series TTL gate) be used to oscillate
the crystal and the waveform from that oscillator be
buffered and supplied to all devices, including the 3873, in
the event that a single crystal is to provide the time base for
more than just a single 3873.

While a ceramic resonator may work with the 3873 crystal
oscillator, it was designed specifically to support the use of
this component. Thus, Mostek does not support the use of a
ceramic resonator either through proper testing, parametric
specification, or applications support.

LC NETWORK

The LC time base configuration can be used to provide a less
expensive time base for the 3873 than can be provided with

a crystal. However, the LC configuration is much less
accurate than is the crystal configuration. The LC time base
configuration is shown in Figure 16. Also shown in the
figure are the specified parameters for the LC components,
along with the formula for calculating the resulting time
base frequency. The minimum value of the inductor which
is required for proper operation of the LC time base network
is 0.1 millihenries. The inductor must have a Q factor which,
is no less than 40. The value of C is derived from C external,
the internal capacitance of the 3873, Cyy, and the stray
capacitances, Cgq and Cg,. Cyy is the capacitance looking
into the internal two port network at XTL1 and XTL2. Cyy is
listed under the “Capacitance” section of the Electrical
Specifications. Cgy and Cg, are stray capacitances from
XTL1 to ground and from XTL2 to ground, respectively. C
external should also include the stray shunt capacitance
across the inductor. This is typically in the 3 to 5 pf range
and significant error can result if it is not included in the
frequency calculation.

LC MODE CONNECTION
Figure 16

XTL1

oo

XTL2

4 ¢ '
CEXTERNAL
(OPTIONAL)
1
= 2 = Vic
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Variation in time-base frequency with the LC network can
arise from one of four sources: 1) Variation in the value of
the inductor. 2) Variation in the value of the external
capacitor. 3) Variation in the value of the internal
capacitance of the 3873 at XTL1 and XTL2 and 4) Variation
in the amount of stray capacitance which exists in the
circuit. Therefore, the actual frequency which is generated
by the LC circuit is within a range of possible frequencies,
where the range of frequencies is determined by the worst
case variation in circuit parameters. The designer must
select component values such that the range of possible
frequencies with the LC mode does not go outside of the
specified operating frequency range for the 3873.

RC CLOCK CONFIGURATION

The time base for the 3873 may be provided from an RC

network tied to the XTL2 pin, when XTL1 is grounded. A
schematic picturing the RC clock configuration is shown in
Figure 17. The RC time base configuration is intended to
provide an inexpensive time base source for applications in
which timing is not critical. Some users have elected to tune
each unit using a variable resistor or external capacitor thus
reducing the variation in frequency. However, for increased
time base accuracy Mostek recommends the use of the
Crystal or L.C time base configuration. Figure 18 illustrates a
curve which gives the resulting operating frequency for a
particular RC value. The x-axis represents the product of the
value of the resistor times the value of the capacitor. Note
that three curves are actually shown. The curve in the
middle represents the nominal frequency obtained for a
given value of RC. A maximum curve and a minimum curve
for different types of 3873 devices are aiso shown in the
diagram.

RC MODE CONNECTION
Figure 17

RC MODE

XTL1

MINIMUMR = 4K ()

C = 26.5 pF + 2.6pF + Cexternal

XTL2 Vee

—— cexrernac
~T~ (OPTIONAL)

|
=

The designer must select the RC product such that a
frequency of less than 2 MHz is not possible taking into
account the maximum possible RC product and using the
minimum curve shown in Figure 18. Also, the RC pro -

duct must not allow a frequency of more than 4 MHz
taking into account the minimum possible R and C
and using the Maximum curve shown . Temperature
induced variations in the external components should be
considered in calculating the RC product. :

Frequency variation from unit to unit due to switching speed
and level at constant temperature and Vo = + or - 5
percent.

Frequency variation due to V¢ with ali other parameters
constant with respect to +5V = +7 percent to -4 percent on

all devices.

Frequency variation due to temperature with respect to 25

C (all other parameters constant) is as follows:

PART # VARIATION
387X-00, -05 +6 percent to - 9 percent
387X-10, -15 +9 percent to -12 percent

Variations in frequency due to variations in RC components
may be calculated as follows:

Maximum RC = (R max) (C external max + Cyy_max)
Minimum RC = (R min) (C external min + Cyq min)

Typical RC = (R typ) (C external typ +
{Cyq max + Cyp min})

2
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FREQUENCY VS. RC

Figure 18
4 MHz
F
R
a
3MHz 4y
E
<
Y S IN,MUM
~— \ 387X-00, -05
§~~~.~
2MHz Ties
-
e ~~~~~:j 387X-10, -16
RC PRODUCT
3
1x107 2x107 25x1077 3x107 S5
Positive Freq. Variation = RC typical - RC minimum Total frequency variation due to V¢ and temperature of a Eg“
RC typical unit tuned to frequency at +5V V, 26 C 35
Negative Freq. Variation = RC maximum - RC typical 387X-00, -05 387X-10,-15
due to RC Components RC typical =+ 13 percent =+ 16 percent
Total frequency variation due to all factors: EXTERNAL CLOCK CONFIGURATION
387X-00, -05 387X-10, -15 The connection for the external clock time base
= +18 percent plus positive = +21 percent plus positive configuration is shown in Figure 19. Refer to the DC
frequency variation due frequency variation due Characteristics section for proper input levels and current
to RC components to RC components requirements.
=-18 percent minus negative =-21 percent minus Refer to the Capacitance section of the appropriate 3873
frequency variation due to  negative frequency variation Family device data sheet for input capacitance.
RC components due to RC components
EXTERNAL MODE CONNECTION
Figure 19
XTL1 XTL2
NO CONNECTION EXTERNAL
CLOCK
INPUT
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ELECTRICAL SPECIFICATIONS OPERATING VOLTAGES AND TEMPERATURES

MK3873/MK38P73 Dash Operating Operating
Number Voltage Temperature
Suffix Vee Ta
—00 +5V + 10% 0°C - 70°C
—05 +5V + 5% 0°C - 70°C
—10 +5V £+ 10% -40°C - +85°C
—15 +5V +5% . -40°C - +85°C

ABSOLUTE MAXIMUM RATINGS* -00.-05 -10.-15

TemperatureUnderBias . ..........c.ocooiiiiiiiiiiiian, -20°C to +85°C -50°C to +100°C

Storage Temperature -65°C to +150°C -65°C to +150°C

Voltage on any Pin With Respect to Ground - i

(Except open drain pinsand TEST) ..................... e -1.0V to +7V ‘ -1.0Vto +7V

Voltage on TEST with Respectto Ground ..................un. -1.0V to +9V -1.0V to +9V

Voltage on Open Drain Pins With Respect toGround ........... -1.0V to +13.5V -1.0Vto + 135V

Powver Dissipation.................... ettt e s 1.5W 1.5W

Power Dissipation by anyone I/0pin2 ..............cocunn... 60mwW 60mwW

Power Dissipation by all /O pins? ............c.ccveviiinnen.. 600mW 600mwW

*Stresses above those listed under “Absolute Maximum Ratings™ may cause permanent damage {fothe device. This is a stress rating only and functional operation of the device at
these or 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.

AC CHARACTERISTICS
Ta. Vee within specified operating range.
1/0 Power Dissipation < 100mW (Note 2)

-00,-05 -10,-15.
SIGNAL [ SYM {PARAMETER MIN | MAX | MIN | MAX | UNIT|NOTES
XTL1 to  |Time Base Period, all clock modes | 250 500 | 250 { 500 ns |4MHz-2MHz
XTL2
tex(H). |External /:lock pulse width high 90 | 400 {100 | 390 | ns
texiL) {Extérnal clock pulse width iow 100 | 400 | 110 | 390 ns
P te Internal @ clock : 2ty - 2t
WRITE tw Internal WRITE Clock period 4td 41 Short Cycle
) - 6t 6td Long Cycle
1/0 tdl/0 |Output delay from internal 0 [1000 [ 0 |1200 | ns [5OpF plus
WRITE clock »" | one TTL load
tsi/o Input setup time to internal 1000 1200 ns
WRITE clock
STROBE | tj,0-g |Output valid to STROBE delay 3td 3td 3td 3td ns |1/0 ioad =
-1000 | +250 [-1200 | +300 50pF + 1 TTL load
ts.  |[STROBE low time 8t [ 12td | 8td | 12td | ns |STROBE load =
-250 | +250 |-300 | +300 50pF+3TTL loads
RESET |tgy |RESET hold time, low S 3% ns
trpoc [ RESET hold time, iow for power ;aég'; g«zévé;
clear tlg\? »[bmfs ms
EXTINT tEH EXT INT hold time in active and 61d 6td ns |To trigger
inactive state +750 +1000 interrupt
2td 2td ns |To trigger timer
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CAPACITANCE

Ta =25°C
All Part Numbers
SYM PARAMETER MIN MAX UNIT | NOTES
CIN Input capacitance; /0, RESET, EXT INT, TEST 10 pF unmeasured
pins grounded
CxTL Input capacitance; XTL1, XTL2 235 295 pF
. g2z
AC CHARACTERISTICS FOR SERIAL 170 PINS 293
Ta. Ve Within specified operating range. g%
1/0 Power Dissipation < 100mW (Note 2)
-00, -05 -10, -16
SIGNAL SYM PARAMETER MIN | MAX [ MIN | MAX | UNIT|CONDITIONS
SRCLK tC(SRCLK) Serial Clock Period in 3.25 o 3.25 o us
External Clock Mode
tW(SRCLKH) | Serial Clock Pulse Width, High. - | 1.3 o0 1.3 o0 us
External Clock Mode
tw(SRCLKL) | Serial Clock Pulse Width, Low. 13 o 1.3 o us
External Clock Mode
t(SRCLK) Serial Clock Rise Time 60 100 ns [0.8V-2.0V
Internal Clock Mode Cp = 100pf
t{SRCLK) Serial Clock Fall Time 30 50 ns 24V -04V
Internal Clock Mode CL = 100pf
Sl tg(sy) Setup Time To Rising Edge 0 0 ns
of SRCLK (SYNC Mode)
R Hold Time From Rising 1500 1600 ns
Edge of SRCLK (SYNC Mode)
SO tp(so) Data Output Delay From 1190 1190 | ns
Falling Edge of SRCLK
(SYNC Mode)
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AC CHARACTERISTICS FOR MK38P73
(Signals brought out at socket)

Ta, Ve within specified operating range.
1/0 Power Dissipation < 100mW (Note 2)

-00, -05 -10, -15
SYMBOL PARAMETER MIN | MAX | MIN | MAX | UNIT | CONDITION
taas* Access time from
Address Aq1-Ag1 stable 650 650 ns | ®=20MHz
until data must be valid at
D7-Do
*See Table in Figure 13.
DC CHARACTERISTICS
Ta. Ve within specified operating range
1/0 Power Dissipation < 100mW (Note 2)
-00,-05 -10,-15
SYM PARAMETER MIN MAX | MIN | MAX | UNIT DEVICE
Icc Average Power Supply 935 121 mA MK3873/10
Current Outputs Open
103 138 mA MK3873/12
Outputs Open
935 121 mA MK3873/20
Outputs Open
103 138 mA MK3873/22
Outputs Open
MK38P73,/02
138 165 mA No EPROM,
Outputs Open
Pp Power Dissipation 440 570 mwW MK3873/10
Outputs Open
485 645 mw MK3873/12
Outputs Open
440 570 mwW MK3873/20
Outputs Open
MK3873/22
485 645 mW Outputs Open
MK38P73/02
646 778 | mW No EPROM,
Outputs Open
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DC CHARACTERISTICS
Ta. Ve within specified operating range
1/0 Power Dissipation < 100mW (Note 2)

-00,-05 -10,-15
SYM PARAMETER MIN | MAX | MIN [ MAX [ UNIT| CONDITIONS
VIHEX External Clock input high level 24 5.8 24 5.8 \
VILEX External Clock input low level -3 6 -3 ) \
HEX External Clock input high current 100 130 vA | VIHEX=VCe
lLEX External Clock input low current -100 -130 | wA |VILEX=Vss
ViHI,0] /0 input high level 20 5.8 20 5.8 V | standard pull-up (1)
20 132 20 13.2 V | open drain (1)
VIHR Input high level, RESET 20 58 22 5.8 V | standard pull-up (1)
. 20 | 132 | 22 | 132 V | No pull-up
VIHEI Input high level, EXT INT 20 5.8 22 5.8 V | standard pull-up (1)
20 | 132 | 22 | 132 V | No pull-up
ViL 1/0 ports, RESET', EXT INT' -3 8 -3 07 vom
input low level
L Input low current, standard -1.6 -1.9 | mA |V|y=04V
pull-up pins
I Input leakage current, open drain +10 +18 | A |Vjy=13.2V
pins RESET and EXT INT inputs -5 -8 MA | V=00V
With no pull-up resistor
loH Output high current, standard -100 -89 vA | Vou=2.4V
puil-up pins -30 -25 A | VoH=3.9V
loHpD| Output high current, -100 - -80 KA | VoH=24V
direct drive pins -15 -13 mA | Vou=1.5V
-85 -11 mA | Vou=0.7V
loL Output fow current, I/0 ports 18 1.65 mA | Vg =04V
loHS STROBE Output High current -300 -270 WA | Vou=2.4V
loLs STROBE output low current 50 45 mA | V=04V
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DC CHARACTERISTICS FOR MK38P73

(Signals brought out at socket)
Ta. Ve within specifiec operating range, I/0 Power Dissipation < 100mW. (Note 2) -

-00, -05 -10, -15
SYM | PARAMETER MIN MAX | MIN | MAX [ UNIT| CONDITION
'C‘CE Power Supply Current -185 -185 [ mA
for EPROM
ViL input Low Level Data bus in 03| 08 | -03 | 07 \
VIH Input High LeveliData bus in Z.Q 5.8 20 5.8 \%
loH Output High Current -100 -90 uA | VoH=24V
-30 -25 uA | VoH=3.9V
loL Output Low Current 1.8 1.65 mA | Vo =04V
TN Input Leakage Current 10 10 wA | Data Bus in Float
. DC CHARACTERISTICS FOR SERIAL PORT I/0 PINS
Ta. Ve within specified operating range
170 Power Dissipation < 100mW (Note 2)
| -00, -05 10, -15
SYM | PARAMETER MIN [ MAX | MIN | MAX | UNIT| TEST CONDITIONS
VIHS Input High for SI, SRCLK 20 58 20 58 \
ViLs Input Low level for SI, SRCLK -3 8 -3 0.7 \)
IiLs Input low current for SI, SRCLK -1.6 -19 | mA |V)L=04V
loHso | Output High Current SO -100 -90 A |VoH =24V
-30 -25 WA | VoL =39V
loLso | Output Low Current SO 18 1.65 mA | VgL =04V
loHsSR¢ | Output High Current SRCLK -300 -270 WA |VoH =24V
loLsre | Output Low Current 50 45 mA Vg =04V

1. RESET and EXT INT have internal Schmit triggers giving minimum .2V hysteresis.

2. Power dissipation for 1/0 pins is calculated by X (Voc - VLM INiL) ) + = (Vec - Vor) llond + 2 (Vou oL

TIMER AC CHARACTERISTICS

Definitions:

Error = Indicated time value - actual time value:

tpsc =t ® x Prescale Value
Interval Timer Mode:

Single interval error, free running (Note 3)
Cumulative interval error, free running (Note 3)
Error between two Timer reads (Note 2)
Start Timer to stop Timer error (Notes 1,4)
Start Timer to read Timer error (Notes 1,2)
Start Timer to interrupt request error (Notes 1,3)
Load Timer to stop Timer error (Note 1)
Load Timer to read Timer error (Notes 1,2)
Load Timer to interrupt request error (Notes 1,3)

Hi 421

.............................................. —5td to —(tpsc + 7td)
—5t® to —(tpsc + 8td)

..............................................

=+ (tpsc + t®
+t® to —(tpsc +tP)

—2td to —8td)
+t® to —(tpsc + 2tP)

—2t® to —9tP)




Pulse Width Measurement Mode:

Measurement accuracy (NOte d) . . ...ttt ittt ettt e innnnnnns +t & to —{tpsc +2t )
Minimum puise width of EXT INTpin............ e AP {

Event Counter Mode:

Minimum active time of EXT INT Pin ... uvv ittt ieie et te et ieaesseesennarinernnnnnnsnnes L 2td
o Minimum inactive time of EXT INTpin............... e e it re i raaeeee .. 2D

. Alltimes which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction.

. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction.

. Alltimes which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is set. Additional
time may elapse if the interrupt request occurs during a privileged or multicycle instruction.

4. Error may be cumulative if operation is repetitively performed.

AC TIMING DIAGRAM
Figure 20

W = z

External Clock

Internal ¢ Clock JV_—\_/F__-\_—/—\__/_

1/0 Port Output P.1

—— te— U/0-s.

STROBE \ 1

l«——— g —————f

RESET

l—— tRH ]

EXT INT R | T p——

ICPBIT2-0 /
.

ICPBIT2=1

Note: All AC measurements are referenced to V;, max., V,; min,, Vo (-8v), or Vg (2.0v).
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INPUT/OUTPUT AC TIMING

Figure 21
N R _ CYCLE TIMING
INTERNAL < > > ™ DEPENDS ON INSTRUCTION
WRITE . .
CLOCK 2ust ) 3ust M) 3us* [\ 2" [\
TN OR
* CYCLE TIMING INS PORT ADDR. PORT DATA NEXT
SHOWN FOR 0P CODE |  PLACED ON DRIVEN ON TO | OP CODE
4MHz EXTERNAL FETCHED DATA BUS DATA BUS FETCHED
cLOCK — < : »
PORT PINS
ts1/0
A. INPUT ON PORT40R 5
B | A CYCLE TIMING
INTERNAL n ™ DEPENDS ON INSTRUCTION
WRITE
cock [z MLM Az )\ NN
83130'2 PORT ADDR. ACCUMULATOR | NEXT
opCODE | ONDATA CONTENTS OP CODE
FETCHED
FeTchen| BUS | owpatasus ) 3
PORT PINS
STROBE ta1/0 STAYS LOW [
(ACTIVE FOR PORT 4 ONLY) FOR TWO WRITE
CYCLES
t1/0-s
B. OUTPUT ON PORT 4 OR 5
INTERNAL e e — - b
WRITE
cLock [N 2us* [T\ 2ust [ k ws* [\ [\ _ass /_MPS*I\ el |
PORT NEXT NEXT
S 0 | DATAON | OP CODE oSt orioaTA | op coe
FETCHED | oo FETCHED FETCHED
PORT PINS PORT PINS
a0
] le—1t51/0 -

C. INPUT ON PORTOOR 1

D. OUTPUT ON PORT 0, 1
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AC TIMING DIAGRAM FOR SERIAL 1/0 PINS.

Figure 22
'sish | tC(SRCLK) |
N YW(SRCLKH) -
SRCLK 1 W\ \
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STROBE SOURCE CAPABILITY 15

(TYPICAL AT Vg = BV, Tp = 26°C)
Figure 23 °
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STANDARD 1/0 PORT SOURCE CAPABILITY 15

(TYPICAL AT Vcc =5V, TA =25°C)
Figure 26 9
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ORDERING INFORMATION

There are two types of part numbers for the 3870 family of
devices. The generic part number describes the basic device
type, the amount of ROM and Executable RAM, the desired
package type, temperature range, and power supply

GENERIC PART NUMBER

An example of the generic part number is shown below.
MK 3873/20 P-10

Power Supply Tolerance
Operating Temperature Range

Package type

L Executable RAM Designator

L——> ROM Designator

L —» Basic Device Type

An example of the generic part number for the PPROM device
is shown below.

MK38P73/02 R-05
DEVICE ORDER NUMBER

An example of the device order number is shown below.

IMK 13002N -05
Power Supply Tolerance
Operating Temperature Range

Package Types

&—————— Customer/Code Specific Number

The Customer/Code specific number defines the ROM bit
pattern, 1/0 configuration, oscillator type, and generic part
type to be used to satisfy the requirements of a particular
customer purchase order. For further information on the
ordering of mask ROM devices, the customer should refer to
the 3870 Family Technical Manual.

tolerance. For each customer specific code, additional
information defining |/O options and oscillator options will be
combined with the information described in the generic part
number to define a customer/code specific device order
number.

0=5V+10%
5=56V+5%
0=0°C - +70°C
1 =-40°C - +85°C
P = Ceramic
J = Cerdip
N = Plastic
0 = None
2 = 64 bytes
1 = 1K Bytes
2 = 2K bytes
0=5V10%
5=56V+5%
0 =0°C - +70°C
1 =-40°C - +85°C
P = Ceramic
J = Cerdip
N = Plastic

n a9n
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MOSTEK.

3870 SINGLE CHIP MICRO FAMILY

MK3875

MK3875 FEATURES

O Available with 2K or 4K bytes of mask programmable
ROM memory.

O 64 bytes scratchpad RAM

O 64 bytes of Executable RAM

O Standby feature for low power data retention of
executable RAM including:
Low standby power,
Low standby supply voltage
No external components required to trickle charge
battery.

O Software compatible with 3870 family.
O 30 bits (4 ports) TTL compatible I/0

&
I
w
ot
[~
2

FAMILY

O Programmable Binary Timer GENERAL DESCRIPTION
Interval Timer Mode

Pulse Width Measurement Mode

Event Counter Mode The MK3875 Single Chip Microcomputer offers a Low

Power Standby mode of operation as an addition to the

O External Interrupt Input 3870 Family. The Low Power Standby feature provides a
O Crystal, LC, RC, or external time base options available. means of retaining data in the executable RAM on the
i e Pase opfions aval Bl \MK3875 while the main power supply line (Veo) is at 0
O Low power under normal operation (285 mW typ.) volts and the rest of the MK3875 microcomputer is shut
O +5 volt main power supply. down. The exgcutable RAM is powered from an auxiliary
. . . power supply input (Vgg) while operating in the Lower

O Pinout compatible with 3870 family.

Power Standby mode. When Vgg is maintained at or above

PIN CONNECTIONS

MK3875
PIN NAME | DESCRIPTION TYPE
XTLY —a 1 [ []40 «+— v
et SRDE PO2- P07 1/0 Port 0 Bidirectional
Veg —= 4 (] [137 =75 P1-0-P1- 170 Port 1 Bidirectional
kg f[ 5‘ gl P4-0 - P4-7 170 Port 4 Bidirectional
- - T —_ S
STROBE ~—— 701 H 3 w75 P5-0 - P5-7 1/0 Port 5 Bidirectional
a0 - B[] [133 == P50 STROBE Ready Strobe Output
e mkssrs BoTI EXT INT External Interrupt Input
55 - 111 B 30~ 72 RESET External Reset Input
Pad - 1123 9 [ 29 == 53 TEST Test Line Input
— o] BEN o= XTL1,XTL2 | Time Base Input
577 - 15[] []26 <= P57 Vee GND Power Supply Lines Input
7 - :‘;E [125 =577 Vsg Standby Power Input
Rt o 18] SBagL Vgg Substrate Decoupling | Input
03 == 19] 22 - PT3
GND — 20{ 21 «— TEST
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its minimum level, data is retained in the executable RAM
memory with a very low power dissipation.

The MK3875 retains commonality with the rest of the
industry standard 3870 family of single chip micro-
computers. It has the same central processing unit,
oscillator and clock circuits, and 64 byte scratchpad memory
array. Also, the 3870’s sophisticated programmable binary
timer is included which provides three different operating
modes. Two pins on the MK3875 are dedicated to the Low
Power Standby mode and are designated as Vgg and Vgg.
The RESET line serves to reset the MK3875 and place itina
protected state so that the contents of the Executable RAM
will remain unchanged when V¢ is being powered down
to O volts. All other pins on the MK3875 are identical in
function to corresponding pins on the MK3870, so that pin
compatibility is maintained. The MK3875 executes the
entire 3870 instruction set.

FUNCTIONAL PIN DESCRIPTION -

PO-2 - PO-7,P1-0 - P1-7, PA-0 - P4-7, and P5-0 - P5-7 are
30 lines which can be individually used as either TTL
compatible inputs or as latched outputs.

STROBE is a ready strobe associated with /0O Port 4. This
pin, which is normally high, provides a single low pulse after
valid data is present on the P4-0 - P4-7 pins during an
output instruction.

RESET - may be used to externally reset the MK3875.
When pulled low, the MK3875 will reset. When allowed to
go high the MK3875 will begin program execution at
program location H ‘000’. Additionally, when RESET is
brought low all accesses of the executable RAM are
prevented and the RAM is placed in a protected state for
powering down Ve without loss of data.

EXT INT is the external interrupt input. Its active state is
software programmable. This input is also used in
conjunction with the timer for pulse width measurement
and event counting.

XTL 1 and XTL 2 are the time base inputs to which a crystal
(2 to4MHz), LC network, RC network, or an external single-
phase clock may be connected. The time base network must
be specified when ordering an MK38765.

TEST is an input, used only in testing the MK3875. For
normal circuit functionality this pin may be left unconnected
but it is recommended that TEST be grounded.

Vcc is the power supply input +5V.

Vgpg is the RAM standby power supply input.

Vgg is the substrate decoupling pin. A .01 micro-Farad
capacitor is required which is tied between Vgg and GND.

MK3875 ARCHITECTURE

The basic functional elements of the mask ROM MK3875
single chip microcomputer are shown in the block diagram
in Figure 1. A programming model is shown in Figure 2.
Much of the MK3875 architecture is identical with the rest
of the devices in the 3870 family. The significant features of
the MK3875 are discussed in the following sections. The
user is referred to the 3870 Family Technical Manual for a
thorough discussion of the architecture, instruction set, and
other features which are common to the 3870 family.

MAIN MEMORY

The main memory section on the MK3875 consists of a
combination of ROM and executable RAM.

There are four registers associated with the main memory
section. These are the Program Counter (PO), the Stack
Register (P), the Data Counter (DC) and the Auxiliary Data
Counter (DC1). The Program Counter is used to address
instructions during program execution. P is used to save the
contents of PO during an interrupt or subroutine call. Thus, P
contains the return address at which processing is to
resume upon completion of the subroutine or the interrupt
routine.

The Data Counter (DC) is used to address data tables. This
register is auto-incrementing. Of the two data counters only
DC can access the memory. However, the XDC instruction
allows DC and DC1 to be exchanged.

The length of the PO, P, DC, and DC1 registers for all
MK3875 devices is 12 bits. Figure 3 shows the amounts of
ROM and Executable RAM for each device in the MK3875
family.

EXECUTABLE RAM

The upper bytes of the total address space in all MK3875
devices is RAM memory. As with the ROM memory, the
RAM may be addressed by the PO and DC address registers.
The executable RAM may be accessed by all 3870
instructions which address main memory indirectly
through the Data Counter (DC) register. Additionally, the
MK3875 may execute an instruction sequence which
resides in the executable RAM. Note that this cannot be
done with the scratchpad RAM memory, which is the
reason the term “executable RAM” is given to this
additional memory. The contents of the executable RAM
memory are preserved when the Low Power Standby mode
is in operation.

170 PORTS

The MK3875 provides 30 bits of bidirectional parallel I/0.
These lines are addressed as Ports O, 1, 4, and 5. In addition,
the Interrupt Control Port is addressed as Port 6 and the
binary timer is addressed as Port 7. The programming of
Ports 6 and 7 and the bidirectional |/0 pins are covered in
the 3870 Family Technical Manual. :
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MK3875 BLOCK DIAGRAM
Figure 1

EXT INT
XTL1  XTL2 [ ¢
‘ - INTERRUPT
icp »! TIMER gt
CLOCK ‘
MEMORY ADDRESS BUS e s |
| U "
| L I T é
] 'S 64x8 S
SCRATCHPAD M [—
MEMORY x8 : > REGISTERS Y
ADDRESS EXECUTABLE[ > : L
REGISTER RAM A
PO: P = g
DC. DC1 . 7
MAIN | §8
CONTROL A6
LOGIC f—
ROM Is 1
[3
R
2 RESULT BUS
oo PORT 4 PORT 5 R\ENSERTS'N
LOGIC PORT 0 PORT 1 POWE
CLEAR
TEST 170 (6} 170 (8) 170 (8)g7roBe /O (8) RESET

Since two pins are dedicated to serve the Standby Power
mode (Vg and V), port 0 has only the upper 6 bits, P0-2
-PO-7, available for use as general purpose |/0 pins. Ports
1,4, and 5 are all a full 8 bits wide.

The schematic of an 1/0 pin and available output drive
options are shown in Figure 4.

An output ready strobe is associated with Port 4. This flag
may be used to signal a peripheral device that the MK3875
has just completed an output of new data to Port 4. The
strobe provides a single low pulse shortly after the output
operation is completely finished, so either edge may be used
to signal the peripheral. STROBE may be used as an input
strobe simply by doing a dummy output of H ‘00" to Port 4
after completing the input operation.

STANDBY POWER MODE

On the MK3875, the contents of the on-chip executable
RAM can be saved when the Standby Power mode is
operative. The Standby Power mode allows the MK3875°s
main power supply to drop all the way down to O volts while
the on-chip executable RAM is powered from the auxilliary
low power supply input, Vgg. Thus, key variables may be
maintained within the MK3875 executable RAM during the
time that the rest of the microcomputer is powered down.

On the MK3875, two of the pins which are used as
bidirectional port pins on the MK3870 are used for the
Standby Power feature. Port O, Bit O (PO-0) remains
readable and writeable although it is not connected to a
package pin. The logic level being applied to the auxiliary

11-133

>
s
<
P

3870 SINGLE CHiP

a
o
e
>
a
=
9
o
<]
@
o
3



3875 PROGRAMMABLE REGISTERS, PORTS AND

MEMORY MAP
Figure 2
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BINARY
TIMER ACCUMULATOR
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MK3875 MAIN MEMORY

SIZES AND TYPES BY SLASH NUMBER HEX DEC

Figure 3 Ram ram ]~ FFF 4095 N eqmyTEs
_ ~_ _FCO 4032 EXECUTABLE RAM
! ! FBF 4031
[} [}

' ]
[ H
! 1
[ i
] ]
! H 800 2048
7FF 2047
2K aK
ROM ROM
0000 0000
3875/22 3875/42
\ /
\4

All devices contain 64 bytes of scratchpad RAM

‘Data derived from addressing any locations other than
within the specified ROM or RAM space is not tested nor is
it guaranteed. Users should refrain from entering this area

of the memory map.

Address
Scratchpad Register ROM Executable
Device RAM Size Size Size RAM
{Decimal) (PO,P,DC,DC1) {Decimal) Size
MK3875/22 64 bytes 12 bits 2048 bytes 64 bytes
MK3875/42 64 bytes 12 bits 4032 bytes 64 bytes

power supply input (Vgg) can be read at Port O, Bit 1 (PO-1).
Writing to PO-1 has no effect.

A capacitor (.01 microfarads) must be connected between
pin 3 (VgR) and ground. Vgg is bonded directly to the
substrate of the MK3875. The purpose of the capacitor is to
decouple noise on the substrate of the circuit when Ve is
switched on and off.

It is recommended that Nickel Cadmium batteries (typical
voltage of 3 series cells = 3.6V) be used for standby power,
since the MK3875 can automatically trickle charge the
three NiCads. If more than three cells in series are used, the
charging circuit must be provided outside the MK3875.

Whenever RESET is brought low, the executable RAM is
placed in a protected state. Also the RAM is switched from
Ve power to the Vgg power. When powering down, it may
be desirable to interrupt the MK3875 when an impending
power down condition is detected, so that the necessary
data can be saved before Vo falls below the minimum
level. After the save is completed, RESET can fall, which
prevents any further access of the RAM. The timing for this
power down sequence is illustrated in Figure 5A.

A second power down sequence is illustrated in Figure 5B,
and may be used if a special save data routine is not needed.
The EXT INT line need not be used. Note that for both cases
shown in Figures 5A and 5B, RESET must be low before
V¢ drops below the minimum specified operating voltage
for the MK3875. This is to insure that the contents of the
executable RAM is not altered during the power down
sequence.

There may be a set of variables stored in the RAM memory
which is continually updated during the time when the
MK3875 is in its normal operating mode. If a particular
variable occupies more than one byte of RAM, there can be
a problem if a reset occurs in response to an impending
power down condition during the time that the multi-byte
variable was being modified. If such a reset occurs, then
only part of the variable may contain the updated value,
while the rest contains the old value. An example of this
case would be when a double precision (2 byte) binary
number is being saved in the executable RAM. Suppose
that a new value of the number has been calculated in the
program, and that this new value is to replace the old value
contained in the executable RAM. Note that a reset could
occur just after the program wrote one byte of the new value
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1/0 PIN CONCEPTUAL DIAGRAM WITH OUTPUT BUFFER OPTIONS
Figure 4

Vee o—an—e

OUTPUT
BUFFER

PORT
D Q 1/0
PIN

READ PORT
LOAD PORT
ol

I R

DATA BUS (WIRED-OR CONFIGURATION)

OUTPUT BUFFER OPTIONS

v (MASK PROGRAMMABLE) v
cc cc
6KQTYP. 1KQTYP.
STANDARD OPEN DRAIN DIRECT DRIVE
ouTPUT . ~ ouTtPuT OuTPUT

Ports 0 and 1 are Standard Output type only.
f’orts 4 and 5 may both be any of the three output options (mask programmable bit by bit)
The STROBE output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads.

F‘E‘SET and EXT INT may have standard 6K() (typical) pull-up or may have no pull-up (mask programmable). These two inputs have Schmitt trigger
inputs with a minimum of 0.2 volts of hysteresis.
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into the RAM. When power is restored following the
Standby Power mode, the double precision variable would
contain an erroneous value.

This problem can be avoided if the external interrupt is used
to signal the MK3875 of an impending power down
condition. The user’s system should be designed so that the
MK3875 can properly save all variables between the time
that the external interrupt occurs and RESET falls. If multi-
byte variables must be saved during the Standby Power
mode and it is not desirable to use the external interrupt in
the manner described above, then each byte of a multi-byte
variable may be kept with an associated flag. The method of
updating a two byte variable would be as follows:

- Clear Flag Word 1
- Update Byte 1

- Set Flag Word 1

- Clear Flag Word 2
- Update Byte 2

- Set Flag Word 2

Now if RESET goes low during the update of a byte of a
variable, the flag word associated with that byte of data will
be reset. Any byte of the variable where the flag word is

"“set” is a good byte of data. While this method significantly
encumbers the data storage process, it eliminates the need
for a power fail interrupt which both reduces external
circuitry and leaves the external interrupt pin completely
free for other use.

Often it is necessary to distinguish between an initial
power-on condition wherein there is not valid data stored in
the RAM (or where Vgpg has dropped below the minimum
required stand-by level) and a re-application of power
wherein valid RAM data has been maintained during the
power outage. One method of distinguishing between
these two conditions is to reserve several memory locations
for key words and checksums. When V¢ is applied and
processor operation begins, these locations can be checked
for proper contents. However, this method may not be
perfectly accurate as those locations holding key codes may
be maintained even though Vgp drops below its minimum
required level while other RAM locations may lose data, or
they could power up with the exact data required to match
the key codes. Also, a checksum may be matched on
occasion even though RAM data has been corrupted. The
accuracy of this method is greatly increased by increasing
the number of memory locations used and the variety of key
codes and or checksums used.

SAVE ROUTINE REQUIRED, Vgg > 3.2 VOLTS
Figure 5a |
|

Vec SUSTAINED BY CAPACITOR OR
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A more reliable method is the external Vgg flip-flop. The
flip-flop is designed to power up in a known first state and
hold that first state until forced into a second state. As long
as Vgp is above the minimum operating level, the flip-flop
can hold the second state but if Vgg drops below the
minimum level, the flip-flop will flip back to the first state.
Thus when power is initially applied or if Vgg drops below
the minimum level during aV ¢ outage, the flip-flop will be
in the first state. The flip-flop output can be read through a
port pin by the processor when processor operation begins
to determine whether the RAM data is valid (second state)
or invalid (first state). If the flip-fiop is found to be in the first
state itcan be forced to the second state by the processor. If
it holds the second state that indicates that Vgp is above the
minimum level (batteries are charged).

A conceptual diagram is shown in Figure 6.

CONCEPTUAL DIAGRAM
Figure 6

FROM 3875
PORT40RS FROM
PIN 3876 RESET

TO 3876
PORT PIN

I Vss
L8,

LOW

D—+

3875 TIME BASE OPTIONS

The 3875 contains an on-chip oscillator circuit which
provides an internal clock. The frequency of the oscillator
circuit is set from the external time base network. The
time base for the 3875 may originate from one of four
sources:

1) Crystal

2) LC Network
3) RC Network
4) External Clock

The type of network which is to be used with the mask ROM
MK3875 must be specified at the time when mask ROM
devices are ordered. However, the MK38P75 may operate
with any of the four configurations so that it may emulate
any configuration used with a mask ROM device.

The specifications for the four configuiations are given in
the following text. There is an internal 26pF capacitor
between XTL 1 and GND and an internal 26pF capacitor
between XTL 2 and GND. Thus, external capacitors are not
necessarily required. In all external clock modes the
external time base frequently is divided by two to form the
internal PHI clock.

CRYSTAL SELECTION

The use of a crystal as the time base is highly recommended
as the frequency stability and reproducability from system
to system is unsurpassed. The 3875 has an internal divide
by two to allow the use of inexpensive and widely available
TV Color Burst Crystals (3.58MHz). Figure 8 lists the
required crystal parameters for use with the 3875. The
Crystal Mode time base configuration is shown in Figure 7.

CRYSTAL MODE CONNECTION
Figure 7

XTL1

XTL2

AT - CUT
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CRYSTAL PARAMETERS
Figure 8

a) Parallel resonsnace, fundamental mode AT-Cut
b) Shunt capacitance (Cy) = 7 pf max.
c) Series resistance (Rg) = See table

d) Holder = See table below.

Frequency

Series Resistance

Holder

f=2-27 MHz

f=28-4 MHz

Rs = 300 ohms max

Rs = 150 ohms max

HC-6
HC-33

HC-6
HC-18*
HC-25*
HC-33

*This holder may not be available at frequencies near the lower end of this range.

Through careful buffering of the XTL1 pin it may be possible
to amplify this waveform and distribute it to other devices.
However, Mostek recommends that a separate active
device (such as a 7400 series TTL gate} be used to oscillate
the crystal and the waveform from that oscillator be
buffered and supplied to all devices, including the 3875, in
the event that a single crystal is to provide the time base for
more than just a single 3875.

While a ceramic resonator may work with the 3875 crystal
oscillator, it was designed specifically to support the use of
this component. Thus, Mostek does not support the use of a
ceramic resonator either through proper testing, parametric
specification, or applications support.

LC NETWORK

The LC time base configuration can be used to provide a less
expensive time base for the 3875 than can be provided with

a crystal. However, the LC configuration is much less
accurate than is the crystal configuration. The LC time base
configuration is shown in Figure 9. Also shown in the figure
are the specified parameters for the LC components, along
with the formula for calculating the resulting time base
frequency. The minimum value of the inductor which is
required for proper operation of the LC time base network is
0.1 millihenries. The inductor must have a Q factor which is
no less than 40. The value of C is derived from C external,
the internal capacitance of the 3875, Cyy,, and the stray
capacitances, Cgq and Cg,. Cyp_ is the at XTL1 and
capacitance looking into the internal two port network
XTL2. Cy_ is listed under the “’Capacitance” section of the
Electrical Specifications. Cgy and Cg, are stray capaci-
tances from XTL1 to ground and from XTL2 to ground,
respectively. C external should also include the stray shunt
capacitance across the inductor. This is typically inthe 3to 5
pf range and significant error can resultif it is not included in
the frequency calculation.

LC MODE CONNECTION
Figure 9

XTL1

24—
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Variation in time base frequency with the LC network can
arise from one of four sources: 1) Variation in the value of
the inductor. 2) Variation in the value of the external
capacitor. 3) Variation in the value of the internal
capacitance of the 3875 at XTL1 and XTL.2 and 4) Variation
in the amount of stray capacitance which exists in the
circuit. Therefore, the actual frequency which is generated
by the LC circuit is within a range of possible frequencies,
where the range of frequencies is determined by the worst
case variation in circuit parameters. The designer must
select component values such that the range of possible
frequencies with the LC mode does not go outside of the
specified operating frequency range for the 3875.

RC CLOCK CONFIGURATION

The time base for the 3875 may be provided from an RC

network tied to the XTL2 pin, when XTL1 is-grounded. A
schematic picturing the RC clock configuration is shown in
Figure 10. The RC time base configuration is intended to
provide an inexpensive time base source for applications in
which timing is not critical. Some users have elected totune
each unit using a variable resistor or external capacitor thus
reducing the variation in frequency. However, for increased
time base accuracy Mostek recommends the use of the
Crystal or LC time base configuration. Figure 11 illustrates a
curve which gives the resulting operating frequency for a
particular RC value. The x-axis represents the product of the
value of the resistor times the value of the capacitor. Note
that three curves are actually shown. The curve in the
middle represents the nominal frequency obtained for a
given value of RC. A maximum curve and a minimum curve
for different types of 3875 devices are also shown in the
diagram.

RC MODE CONNECTION
Figure 10

XTL1
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The designer must select the RC product such that a
frequency of less than 2 MHz is not possible taking into
account the maximum possible RC product and using the
minimum curve shown in Figure 11 . Also, the RC product
must not allow a frequency of more than 4 MHz taking into
account the minimum possible R and C and using the
Maximum curve shown. Temperature induced variations in
the external components shouid be considered in
calculating the RC product.

Frequency variation from unit to unit due to switching speed
and level at constant temperature and Vo = + or ~ 5
percent.

Frequency variation due to V. with all other parameters
constant with respect to +5V = +7 percent to -4 percent on
all devices. )

Frequency variation due to temperature with respect to 25
C (all other parameters constant) is as follows:

PART # VARIATION
387X-00, -05 +6 percent to — 9 percent
387X-10, -15 +9 percent to —12 percent

Variations in frequency due to variations in RC components
may be calculated as follows:

Maximum RC = (R max) (C external max + Cyy max)
Minimum RC = (R min) (C external min + Cyy min)

Typical RC = (R typ) (C external typ +
{CXTL max + CXTL mln})

2

Positive Freq. Variation = RC typical - RC minimum
RC typical

Negative Freq. Variation = RC maximum - RC typical
due to RC Components RC typical

Total frequency variation due to all factors:

387X-00, -05

= +18 percent plus positive
frequency variation due
to RC components

387X-10,-15

= +21 percent plus positive
frequency variation due

to RC components

= -18 percent minus negative
frequency variation due to
RC components

=-21 percent minus
negative frequency

variation due to RC
components

Total frequency variation due to V. and temperature of a
unit tuned to frequency at +6V V¢, 25 C

387X-00, -05
=+ 13 percent

387X-10, -15
=+ 16 percent

EXTERNAL CLOCK CONFIGURATION

The connection for the external clock time base
configuration is shown in Figure 12. Refer to the DC
Characteristics section for proper input levels and current
requirements.

Refer to the Capacitance section of the appropriate 3875
Family device data sheet for input capacitance.

EXTERNAL MODE CONNECTION
Figure 12

NO CONNECTION

A

EXTERNAL
CLOCK
INPUT
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MK3875 OPERATING VOLTAGES AND TEMPERATURES

ELECTRICAL SPECIFICATIONS Dash Operating Operating
Number Voltage Temperature
Suffix Vee TA
-00 ' +5V + 10% 0°C - 70°C
-05 +5V + 5% 0°C - 70°C
-10 +5V + 10% -40°C - +85°C
-15 +5V 1 5% -40°C - +85°C
See order information for explanation of part numbers.
ABSOLUTE MAXIMUM RATINGS* : : -00, -05 -10, -15
TemperatureUnderBias ...........ccoviviiiiiiiinnnnnnnn. -20°C +85°C -50°C to 100°C
Storage TEMPErature . ........voveeieeienneeneeeeeanennnns -65°C +150°C -65°C to +150°C
Voltage on any Pin With Respect to Ground
(Except open drainpins and TEST) ............coovvevann.. -1.0V to +7V -1.0Vto +7V
Voltage on TEST with Respectto Ground .................... -1.0V to +9V -1.0V to +9V
Voltage on Open Drain Pins with Respect to Ground .......... -1.0V to +13.5V -1.0V to 13.5V
Power Dissipation ...ttt i, 1.5W 1.5W
Power Dissipation by anyone /O pin ....................... 60mwW 60mwW
Power Dissipation by all 1/0pins .................coaie.. 600mW 600mW

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

AC CHARACTERISTICS ~
Ta. Ve within specified operating range
170 Power Dissipation << 100mW (Note 4)

-00,-05 -10,-15
SIGNAL | SYM |[PARAMETER MIN | MAX | MIN |MAX [|UNIT |NOTES
XTL1 to Time Base Period, all clock modes| 250 500 | 2560 | 500 ns [4MHz-2MHz
XTL2
texH) | External clock pulse width high 90 400 | 100 | 390 ns
tex(L) | External clock pulse width iow 100 400 | 110 | 390 ns
L3 te Internal @ clock 2tg 2ty
WRITE tw Internatl WRITE Clock period 419 41d Short Cycle
6td 6t Long Cycle
170 tqi,0 |Output delay from internal 0 1000 0 1200 ns |50pF plus
WRITE clock one TTL load
tg170 | Input setup time to internal 1000 1200 ns
WRITE clock
STROBE | t,0.g | Output valid to STROBE delay 3td | 3td | 3t® | 3tP ns JI/0 load =
-1000 | +250 1-1200 | +300 50fF + 1 TTL load
| tsL STROBE low time 8td | 12td | 8td |[125% ns |STROBE load =
-2560 | +250 | -300 | +300 50pF + 3TTL loads
RESET tRH RESET hold time, iow 6tP 6t
+750 +1000 ns
trpoc | RESET hold time, low for power power power
clear tme 150 ime 185 ms
EXT INT tEH EXT INT hold time in active and 6t 6td ns |To trigger
inactive state +750 +1000 interrupt
2td 2td ns |To trigger timer
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CAPACITANCE
Ta = 256°C All Part Numbers

SYM PARAMETER MIN MAX UNIT |NOTES

CiN Input capacitance; /0 RESET, EXT INT, 10 pF |unmeasured
TEST pins grounded

CxTL Input capacitance; XTL1, XTL2 235 295 pF

DC CHARACTERISTICS
Ta, Ve within specified operating range
1/0 Power Dissipation < 100mW (Note 4)

-00,-05 -10,-15
SYM PARAMETER MIN | MAX | MIN | MAX | UNIT| NOTES
lcc Average Power Supply Current 94 125 mA | Outputs Open (5)
Pp Average Power Dissipation 440 575 | mW Outbuts Open (6)
VIHEX External Clock input high level 24 5.8 24 5.8 \
VILEX External Clock input low level -3 6 -3 .6 \%
IHEX External Clock input high current 100 130 BA \VIHEX=VCe rvs
lILEX External Clock input low current -100 -130 | “A |ViLEx=Vss §§;
202
VIHI O Input high level, 170 pins 20 5.8 20 5.8 V [Standard Pull-Up (1,2) g%s
20 (132 | 20 | 132 | V |Open Drain(1,3) E;
VIHR Input high level, RES 20 58 22 58 V |Standard Puli-Up{(1, 2)
20 13.2 22 13.2 V  [NoPull-Up (1,3)
VIHEI Input high level, EXT INT 20 5.8 22 3.8 V |Standard Pull-Up(1, 2}
20 132 22 13.2 V. |No Pull-Up (1,3)
ViL 170 ports, RESET, EXT INT input -3 8 -3 7 \
low level
VILRPT RESET input low level to protect B B
RAM during loss at Ve 8 4 3 4 v
T Input low current, standard pull-up -1.6 -19 mA |V|N=0.4V
pins 2)
IL Input leakage current, open drain pins +10 +18 HA |VIN=13.2V
RESET and EXT INT inputs -5 -8 A |VIN=0.0V
With no pull-up resistor
IoH Output high current, standard -100 -89 A |VoH=2.4V
Pull-Up pins -30 -25 HA IVoH=3.9V
loHDD Output high current -100 -80 HA |VoH=2.4V
Direct Drive pins -1.5 -1.3 mA [Vou=1.5V
-8.6 -1 mA (Vou=0.7V
loL Output low current, 1/0 ports 1.8 1.65 mA (Vor_=04V
loHs STROBE Output High current -300 -270 KA {Vou=24V
loLs STROBE output low current 50 45 mA |VoL=04V
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DC CHARACTERISTICS FOR STANDBY POWER PINS
Vce: Ta within operating range 1/0 Power Dissipation < 100 mW (Note 4)

-00, -05 -10,-15
SYMBOL | PARAMETER MIN | MAX | MIN | MAX | UNIT|NOTES
Vs Standby V¢ for RAM 3.2 Vee 3.2 Vee \)
MAX MAX
Isg Standby Current 6 7.5 mA |Vgg = Vgg MAX
3.7 5.0 mA [Vgg =Vgg MIN
IcHARGE | Trickle charge available on -8 -7 mA |Vgg = 3.8V
Vgpwith Vcc in operating -15 -T9 " mA |[Vgg =3.2V
range.

RESET and ET INT have internal Schmit triggers giving minimum .2V hysteresis.

RESET and EXT INT prgrammed with standard puli-up

RESET or EXT INT programmed without standard pull-up

Power dissipation for I/0 pins is calculated by X (Vg - ViU {Ih ) + Z (Vee - Von) (llguh + Z (Vo) (lou)

Icc exclusive of lgharge-

. Pp exclusive of battery charging power. Battery charging power dissipated inside the MK3875 = (V¢ - VsB) (Icharge)-

TIMER AC CHARACTERISTICS

[ o

Definitions:
Error = Indicated time value - actual time value
tpsc = t® x Prescale Value

Interval Timer Mode

Single interval error, free running (NOte 3) . .. .ottt e e iiiiie it en s 16td
Cumulative interval error, free runNING (NOtE 3) ..o euen et ettt tete et etenaaeeetanenarananns o]
Error between two Timerreads (Not€ 2) ........vviririineninnvennreeenrennens et *Htpsc + td)
Starttimertostop Timer error (Notes 1, 4) ... ..iiiiiiiie it ieiieetennereenneaaonanens +1® to - {tpsc + tP)
Start Timertoread Timer error (Notes 1, 2) ... ... ittt iiaeenann -5td to -(tpsc + 7tD)
Start Timer to interrupt request error (Notes 1, 3) ... ovviiireinn i iiie i iieeerenenrenneeannnsas -2td to -8tP
Load Timer tostopTimererror (Note 1) ......oiiiiiiiiiiiiriiiieeiinesserineesonnannnns +td to -(tpsc + 2tP)
Load Timer toread Timer error (Notes 1, 2) .....cvuiieriiieiinneietonasronensssennenaas -5td to -(tpsc + 8tP)
Load Timer to interrupt request error (Notes 1, 3) . ... .o i -2t® to -9td

Pulse Width Measurement Mode

Measurement accuracy (NOte 4) ... .iiiiurie et eunneseenoerosensreerosasensossansss +t ® to -(tpsc +2t @
Minimum pulse width of EXT INT pDin . ..ottt et ettt et enennananaanans 2t d

Event Counter Mode

Minimum active time of EXT INT pin .. ... i i ittt et iteaeteeeneeeranannns 2td
Minimum inactive time of EXT INT pin
Notes:
1. Alltimes which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction.
2. Alltimes which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction.

3. Alltimes which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request latch is set.
Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction.

4. Error may be cumulative if operation is repetitively performed.
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AC TIMING DIAGRAM

Figure 13
External Clock
Internal & Clock _/V'_\_/—\__/_\__/—
Input capacitance; 170, RESET, EXT INT,
1/0 Port Output
—— a—- Y/0.s.
STROBE \ {
fe——— 5L —
RESET \ 4
L, —— RH ——
ICPBIT2=0 /
EXT INT <~— - 'EH —>

ICPBIT2 -1 /

Note: All AC measurements are referenced to V) max., Vi min., Vi, (.8v), or Vg, (2.0v).
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INPUT/OUTPUT AC TIMING

Figure 14
P _ CYCLE TIMING

INTERNAL > > " DEPENDS ON INSTRUCTION
WRITE . ) x

CLOCK 2us \ 3us* 3us* /—\ 2uS /—\

IN OR

* CYCLE TIMING INS PORT ADDR. PORT DATA NEXT

SHOWN FOR OP CODE PLACED ON DRIVEN ON TO OP CODE

4AMHz EXTERNAL FETCHED| DATABUS DATA BUS FETCHED

CLOCK - >l > >

PORT PINS

ﬁ‘su/o»

A. INPUT ONPORT40ORS5

| _ CYCLE TIMING
INTERNAL o T DEPENDS ON INSTRUCTION
WRITE
Mles A\ s A e\ A N

ggISOR PORT ADDR. ACCUMULATOR | NEXT

Optope | OnDATA CONTENTS OP CODE

FETCHED
Peronen | BUS ONDATABUS
PORT PINS
STROBF ta1/0 STAYS LOW [
{ACTIVE FOR PORT 4 ONLY) FOR TWO WRITE
CYCLES
1/0-8
B. OUTPUT ON PORT 4 OR 5

INTERNAL ~ = - > - > -1 >
WRITE
cLock SN 2ust [N aust [\ 2ust [\ [N 2us* [\ 2ust [\ st f

INS 0, 1 EORT g?((:goe ouTso, 1 | accpata| NEXT

FeTcHep | DATAON FETCHED | ON BUS OP CODE

BUS FETCHED FETCHED
PORT PINS PORT PINS
ta1/0
— ts|/0 — -

C. INPUT ON PORTOOR 1 D. OUTPUT ON PORT 0, 1
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STROBE SOURCE CAPABILITY
(TYPICAL AT Vg = BV, Tp = 26°C) 5

Figure 15 "
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170 PORT SINK CAPABILITY
(TYPICAL AT Ve = 6V, Ty = 25°C)
Figure 19 ‘ )
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ORDERING INFORMATION
There are two types of part numbers for the 3870 family
of devices. The generic part number describes the basic

device type, the amount of ROM and executable RAM,
the desired package type, temperature range and power

GENERIC PART NUMBER
An example of the generic part number is shown below.
MK3875/ ,2 F;- 10

2
rw'ﬂ
LPower Supply Tolerance

Operating Temperature Range

5 Package type

———— Executable RAM Designator

——— ROM Designator

t—————» Basic Device Type

DEVICE ORDER NUMBER

An example of the device order number is shown below.
MK 18000 g\[l_ -05

L—V Power Supply Tolerance

Operating Temperature Range

L—-»F’ackage Types

> Customer/Code Specific Number

The customer/code specific number defines the ROM bit
pattern, i/0 configuration, oscillator type, and generic part
type to be used to satisfy the requirement of a particular
customer purchase order. For further information on the
ordering of mask ROM devices, the customer should refer to
the 3870 Family Technical Manual.

supply tolerance. For each customer specific code,
additional information defining |/O options and oscillator
options will be combined with the information described
in the generic part number to define a customer/code
specific device order number.

0=5V+10%
5=5V+t5%
0'=0°C - +70°C

1 =-40°C - +85°C
P = Ceramic

J = Cerdip

N = Plastic

2 = 64 Bytes

2 = 2K Bytes

4 = 4K Bytes

0 =+5V +10%

5=+5V 5%

0 =0°C - +70°C

1 =-40°C - +85°C
P = Ceramic

J = Cerdip

N = Plastic
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3870 SINGLE CHIP MICRO FAMILY

MK38C70 and MK38PC70

MK38C70 FEATURES

PHOTO

O Available with 2K bytes of mask programmable ROM
memory

O 64 bytes scratchpad RAM
O 32 bits (4 ports) TTL compatible I/0
O Programmable binary timer
Interval timer mode
Pulse width measurement mode
Event counter mode
0O External interrupt input

0O Crystal, LC, RC, or external time base options

0O Low power (60 mW typ.)

O Two Standby Hait Modes
Halt except timers (5mW)
Full Halt (500uW)

O Identical pinout as MK38C70
O Single +5 volt supply

O In-Socket emulation of MK38C70
MK38PC70 FEATURES

GENERAL DESCRIPTION
O EPROM version of MK38C70
The MK38C70 is a complete 8-bit microcomputer on a
single CMOS integrated circuit. The MK38C70 can execute
more than 70 instructions and is completely software

O Piggyback PROM package

O Accepts 24 pin or 28 pin EPROM memories

NK38C70 PIN CONNECTIONS MK38PC70 PIN CONNECTIONS

X1t —w 1 [] 140 -— v X1 — 1 [] |} 40 -— vee
X2 — 2 ] [ 39 -— RESEY xT2 —= 2 [] [1 39 -—— AESET
00 == 3[] []38 = exTinT P00 +— 3 (] 338<— EXTINT
P01 - 4[] [ 37 - 73 P01 - 4 [ ) 28 37 - P10
P02 - 5[] [ 36 - FT P02 - SE: :jseﬂw
73w 6] 35 - 717 m‘—’GE.g 26.'jas<—.m_"

STROBE =— 7 [] )34 = A3 STRoBE -— 70y PP
Peo - 8[] [)33 < /0 A0 - BL:. .:]33935—,5
a7 - 9] []32 == P57 Pal - 913 .:]32“5?1
F37 =« 10{] MK38C70 [131 < &2 P2 = 10[] S MK38PC70 {131 == 552
773« 11(] [ 30 = 753 pT:‘a-—-HL. o3 30 = 772
P&d = 12[] (7] 29 - pEY FTK-——‘ZE. .:]29<—>p5_4
pas - 137 28 - B3 FTS w—e 13010 .jzs'_.m
P36 =« 14(] [127 - 56 26 - MC. .:]27<-.g75
a7 - 15[] 1726 = 557 pay - 15[y P2~y
PO = 16 [] 25 == A7 57 <= 16y .:125“w
706 - 17[] []24 == 53 W5<_>17[.N 15.]24<—>¢T§
705 <> 18[] [123 =« T3 505 - 18]} [123 = FTB
63 = 190} 22 «= FT3 53 - 19(] 22 - FT3
GND —= 20 21 «— TEST GND ——= 20(] 21 «— TEST
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compatible with the 3870 family. The MK38C70 features
2K bytes of ROM with 64 bytes of scratchpad RAM, a
programmable binary timer, and 32 bits of 1/0.

The CMOS process used in manufacturing the MK38C70
gives this part exceptional power characteristics. Typical
operating power is 50mW at 5 volts. In addition, two power-
down sleep mode instructions give the MK38C70 the ability
to reduce power consumption until reactivated by external
interrupt. One of these modes allows the binary timer to
continue to operate while the processor sleeps.

The programmable binary timer operates by itself in the
interval timer mode or in conjunction with the external
interrupt input in pulse width measurement and the event
counter modes of operation. Two sources of vectored,
prioritized interrupt are provided with the binary timer and
the external interrupt. The user has the option of specifying
one of four clock sources for the MK38C70 and MK38PC70:
Crystal, LC, RC, or external clock.

The MK38PC70 microcomputer is the PROM based version
of the MK38C70. It is called the piggyback PROM (P-
PROM)™ because of its packaging concept. This allows a
standard 24-pin or 28-pin EPROM to be mounted directly
on top of the microcomputer itself. The EPROM can be
removed and reprogrammed as required with a standard
PROM programmer. The MK38PC70 retains exactly the
same pinout and architectural features as other members
of the 3870 family.

INSTRUCTION SET

The MK38C70 and the MK38PC70 are completely
instruction set compatible with the other 3870 family
members, with the addition of two special sleep mode
instructions described below.

SLEEP MODES

Two special sleep modes are provided on the MK38C70 and
the MK38PC70 in order to provide a way to reduce power
consumption during times of processor inactivity. These
two instructions are in addition to the full 3870 instruction
set supported by the MK38C70 and the MK38PC70.

HALT EXCEPT TIMER (HET) - This halt instruction causes
the MK38C70 to halt execution and enter a low power sleep
mode. The clocks and timer continue to operate in normal
fashion. The processor resumes execution upon receipt of
an interrupt. Execution begins at the address of the
interrupt vector if interrupts are enabled, or at the
instruction immediately following the HET if interrupts are
not enabled. Power consumption during HET sleep mode is
approximately 5mW.

HALT (HAL) - This halt instruction causes the MK38C70 to
halt execution and enter a low power sleep mode. In this
mode, both the processor and the clocks and timer stop.
Execution resumes upon receipt of an interrupt, either at
the address of the interrupt vector if interrupts are enabled,
or at the next instruction immediately following the HAL if
interrupts are not enabled. HAL is the lowest power mode,
consuming approximately 500uW.
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TEK.

MICROCOMPUTER COMPONENTS

Display Terminal Controller DTC 14004

FEATURES O Single +5 V; TTL compatible
O 16 lines of 64 characters O MK3870 based
O 5 x 8 dot matrix character format; upper and lower case The DTC 14004 is a preprogrammed MK3870, an n channel
ASCII MOS LSI chip in a 40 pin package. The DTC 14004
is a highly cost effective display terminal controller requiring
O Page Mode from top of screen minimal chip count (see Figure 1) for a fully integrated
display terminal capable of up to 300 baud data transfer
O Autoscroll after 16th (bottom) line rate. The chip performs serial transmission and reception,

keyboard scanning and cursor control functions.

O Up, down, right, left and home cursor control
GENERAL DESCRIPTION

O Carriage return
Figure 1 shows the fundamental building blocks of a typical

&a
O Screen clear terminal. DTC 14004 is outlined i the dotted box. The |8
keyboard scanner monitors the keyboard and when a key is [
O Erase to end of line and end of screen pressed, passes the corresponding code to the serial e
transmitter. The transmitter converts the parallel data from
O Direct cursor address - absolute or relative the keyboard into the appropriate serial format for the data
link. The serial receiver converts incoming serially
O Data transfer up to 300 baud formatted data into parallel data for processing. Cursor
control function decodes incoming characters into two
O Serial data line interface groups: printable and special. Printable characters are
written into the screen RAM and special characters are
O ASCII/BAUDOT conversion further decoded and their functions executed.
PIN FUNCTIONS PIN DESCRIPTION
NC ids / [ 40 Ve
CLK - 2 [} [ 39 RESET
HCO <€——— 3] ] 38— S|
HC1e-— 4 é [] 37 —VCO NAME DESCRIPTION
HC2 €—— 5 [ 36 ——»~VC1
1+C3 *—— 6 ] [ 35 ——-VC2 DO-D7 DATA
NC 70 [} 34 ———»VC3 HCO-HC5 HORIZONTAL CURSOR
DO <> 38 ] 133 NC VCO-VC3 VERTICAL CURSOR
D1 <> 9 [ 32 NC VS0-VS3 SCROLL
D2 €10 (] 14004 [] 31 ——»KSTB AB ASCIl/BAUDOT
D3 <—-11 ) 30 NC BRS BAUD RATE SELECT
D4 <—>12( ) 29 ——>AUX AUX AUXILIARY QUTPUT
gz DI E E’ ;‘7"‘—>:§s S0/8I SERIAL OUT/SERIAL IN
0 <—ist SP KSTs KEYBOARD STROEE
WR <—16 O [ 25 —»VS3 WR WRITE
FILC <—17 ] [ 24 ——VS2
HC5 <€——18 ] [ 23 ——mVS1
HC4 ~—— 19 (] 22 — 3 VSO
GND 200} B 21 GND(TEST)’
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BLOCK DIAGRAM

Figure 1
- SERIAL | _ KEYBOARD
- TRASMITTER SCANNER [®T{KEYBOARD
SERIAL
DATA DTC 14004 :
LINK !
SERIAL CURSOR
RECEIVER CONTROL
1
l -
y
SCREEN ASTER
MEMORY TIMING pydly
CHARACTER |  SHIFT
GENERATOR REGISTER

DTC 14004 replaces the SSI and MSI CRT terminal functions
outlined in the dotted box

Master oscillator and timing block generate ROM and RAM
addresses, composite sync, cursor compare and other
control signals. The character generator converts each
displayed character into a dot matrix, and the shift register
converts the matrices into a serial video, see Figure 2.

Addresses from the timing chain add to the vertical scroll
address to generate the physical RAM vertical address. This
allows the displaying of any physical line of the RAM as the
top line on the screen.

HARDWARE INTERFACE DESCRIPTION

DTC 14004 is TTL compatible. The UART interface (SO, S1)
is application dependent and may be driven with differential
or single ended, isolated or non-isolated current loop or
RS-232-C line drivers/receivers. For reliable reception, a
‘slice factor’ of 16, typically used in hardware UARTS (also
called 16 x clock) can be used in full duplex application
however the data rate will be slowed. For half duplex or
one-way-only reception a slice factor of 1 may be adequate.

DETAILED TERMINAL BLOCK DIAGRAM

Figure 2

+5 GND
¥
U MASTER
1 TIMING SYNC
CLOCK |- CLOCK
VERTICAL HORIZONTAL
" F COMPOSITE
T4 1 6| VIDEO
VERTICAL| 4 A
SCROLL [7 =
v
T =
VERTICAL| ,4 ol = le
1 CURSOR [ 7
4
S womizonTaL| 6 = +
a4 CURSOR 7
/4 //6 1
WRITE £ > Y
1
LINE CLEAR r—/——»g ADDRESS
£ =1D RAM
DATA 7 10w 1Kx7
D
//8 TT ‘,4
KEYBOARD f—£2 KEYBOARD ROM |« SHIFT
2 MK34000 »{ REGISTER
BAUDRATE L (2
SELECT
AUX —-—fi-——b
1
SERIAL OUT}—y LEVEL [ SERIAL
SERIAL IN [ttt SHIFTER CURRENT LOOP
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CLOCK RATES
Factors involved in clock rate consderations are:

1. DTC clock rate (f)

2. Data link Baud rate (B)
3. Slice factor (s)

4. Timer divisor factor (d)

1. DTC Clock Rate is often determined by factors not
relating to the software UART. For example, a 3.58 MHz
color TV crystal may be selected for availability and low
cost. Or an existing clock source may be used. Generally,
flexibility in the timer will allow great latitude in DTC
clock rate selection.

2. Baud Rate is often determined by the application. Factors
such as hardware limitations may influence maximum
practical Baud rate.

3. Slice Factor refers to the number of samples per bit time.
Hardware UARTSs typically use a Slice factor of 16 (also
referred to as 16 X clock). A large slice factor improves
receiver reliability at the cost of more CPU time spent in
the UART routine. A slice factor of 1 is entirely adequate
for transmitting, and for one-way-only or half-duplex
reception. Full duplex reception will generally require a
slice factor of 8 or greater.

4. Timer Divisor Factor is calculated from the preceding
factors according to the formula

d=f (1)
B

where f is the effective DTC cycle rate (or input to timer
prescaler). The value computed for d will seldom be an
integer value directly attainable from a timer (unless the
DTC clock rate is selected for the UART).

For example:

A given application requires a DTC cycle rate of 1.52064
MHz. A slice factor of 8 is selected.

Table 2 shows computed values of d for four baud rates,
along with nearest divisor attainable with the DTC and the

resultant baud rate error. Since a slice factor of 8 provides
for several percent of error margin, the results of Table 2 are
entirely adequate.

FUNCTIONAL DESCRIPTION
UART

The Serial Transmitter and receiver functional blocks
shown in Figure 1 compose the software UART. The UART
implements asynchronous serial data format, which is
widely used in low to medium speed data communication.
Once the software UART has been started, the overhead
software to pass data to and from it is actually less than if a
hardware UART had been used.

RXD/TXD FORMAT

Figure 3
7 6 5 4 3 2 1 (4]
N\ : /
HANDSHAKE DATA BYTE
BIT

STARTING THE UART

Initialization of the UART involves setting up the port bits,
timer, and UART registers.

Port bits: The serial out pin is initialized to a “MARK" state.
The other pins are cleared for use as inputs.

Timer presets are determined by the baud select pins. In the
example, one of the four baud rates listed in Table 1 is
selected by the 2 bit code, pins 26 and 27. From Table 2 the
prescaler and divisor values are selected and output to the
timer control and timer count ports, respectively.

All UART registers are set to FF;. RXD and TXD are thus
initialized to a “no data available” state, and the slice
counters are set to the idle state.

DIVISOR COMPUTATIONS TIMER SETUP
Table 1 Table 2
f s B d nearest error
integer d prescale | divisor Port 6 Port 7
1.52064M | 8 | 300 | 633.6 635 -0.22% 635 5 127 4A 7F
110 | 17280 | 1730 0.12% 1730 10 173 6A AD
74.2 | 2561.7 | 2560 +0.07% 2560 40 64 AA 40
45.45] 41818 | 4180 +0.04% 4180 20 209 8A D1
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THE RECEIVER

When no data is being received, the receiver is idle. The
receive counter contains FF, . Figure 4 shows the format of
the slice counters. At each slice time, the receiver detects
the idle FF;g and tests for a start bit. If a start bit is not
detected, the slice count is reset to FF4g and the receiver is
exited. When a start bit is received, the slice count is set to
B4,¢ (see Figure 5). At each subsequent slice time, the
count is incremented. Four slices later, when the count
becomes B8, ¢, the receiver again checks for a startbit. If the
start bit is no longer there, the receiver assumes a false start
bit and resets the counter to idle. If the start bit is still good,
the receive process is allowed to continue.

Atsubsequent slice times the counter is incremented. Each
time the low 3 bits are all O, the serial input line is sampled
and the new bit merged into the input byte register (IB). The
last bit is sampled when the counter equals F8, 5. Any code
conversion required is done at this time, and then the
received (converted) data byte is placed into RXD with
MSB=0. The counter is incremented toward FFyg at
subsequent slice times, and after FFyg is reached the
receiver becomes idle, ready for a new start bit. Note that
only slightly more than one half stop bit is required for
proper reception. This helps guarantee that the receiver can
keep up with the transmitter even if the transmitter is
operated a slightly faster than nominal baud rate, or in the
presence of data link distortion.

SLICE COUNTER FORMAT
Figure 4

L7 lels]e]e
\ /

1
COUNTS BIT POSITION

SLICE
2 l ! Lo COUNTER
/

|
COUNTS POSITION

WITHIN WORD WITHIN BIT
RECEIVE
Figure 5
START DATA STOP
BIT BITS BIT
of(n1 [2(3]ja|5]|6]|7
UL | I T T T i ] | ]
B4 88 CO c8 DO D8 EO E8 FO f8 FF HEX
TRANSMIT
Figure 6
START DATA STOP
BIT BITS BIT

I
l ol1]12|3|4|5]|6;7

| b
A8 BO B8 CO C8 DO D8 €EO E8 FO F8FF HEX

THE TRANSMITTER

When no data is being transmitted, the transmitter is idle,

-and the slice counter contains FFyg. At each slice time, the

transmitter checks TXD for data to send. If none is available,
the transmitter is exited. If data is available in TXD, any code
conversion required is completed, the data is copied into the
output byte register and the MSB of TXD is set to 1. A start
bit is output to the serial output port bit, and the slice counter
is set to A8 ¢ (see Figure 6). At subsequent slice times the
counter is incremented. Whenever the low three bits equal
zero (see also Figure 4) the LSB of the output byte is output
to the serial output. The byte is shifted toward the LSB, and
1 is placed into the upper bit.

After all eight data bits have been shifted out at bit times
BO,g through E8¢, two stop bits are output at FO44 and
F816. Those stop bits are simply the 1°s shifted into the MSB
of the output bit. At the end of the last stop the transmitter
becomes idle, ready for a new character. Note that two full
stop bits are transmitted. If the receiving end requires less
than two, the extra time is interpreted as idle time.

INSTRUCTION SET

The DTC 14004 performs the following tasks executed by
instructions stored in the on board ROM.

POWER UP ROUTINE

On power up the program automatically clears the screen
and places the cursor in the upper left corner. It then
transfers control to the basic READ Loop which reads one
character from the receiver and decodes it.

Steps

Set receiver and transmitter idle and no data ready
Set up timer ports for baud rate selected

Screen clear automatic on power up

Set cursor to bottom line

Set scroll to zero

Home cursor to upper left corner

Set cursor to top line

Carriage return

Set cursor to left margin

Read - outputs new cursor position and inputs one
character from serial receiver and decode it.

Decode: Printable

From feed screen clear
Home

Carriage return

Line feed

Vertical tab

Horizontal tab
Backspace

DC1 (set aux)

DC3 (clear aux)

Erase to end of screen
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Erase to end of line
Start of cursor sequence

SCAN ROUTINE

The scan routine alternately tests for receive data ready and
transmitter ready.

Steps

Test receiver for new character
Test transmitter for readiness
Test keyboard for key depressed
Test for first time down

Start transmission then loop

WRITE SCREEN

All printable characters are written and line clear performed
on the screen by doing the following.

Steps

Enable write on horizontal and vertical cursor match
Wait for one full screen scan period (1/60 sec)
Place code for blank on RAM data lines

Enable write on vertical cursor match

Turn off write and line clear

LINE FEED
Steps

® Increment vertical cursor (MOD 16)

* Ifresult zero cursor was on bottom line, so reset cursor to
bottom line

* Increment scroll

® (Clear new bottom line on screen

VERTICAL TAB AND HORIZONTAL TAB
Steps

* Decrement vertical cursor (MOD 16)

* |f result = 15, cursor was on top line, so reset cursor to
top line

® Decrement scroll

® Clear new top line on screen

* If horizontal cursor = 63 (right margin) do nothing
otherwise increment horizontal cursor

BACKSPACE
Steps

* If horizontal cursor = O(left margin)do nothing otherwise
decrement horizontal cursor

SPECIAL CHARACTERS

Special characters, erase to end of screen, starts at the
bottom of the screen and clears up to but not including the
current line. Erase to end of line starts at the right margin
and clears up to but not including the current character
position.

Steps

Erase to end of screen

Put code for “blank’ on data in lines to RAM

Save old cursor value

Set cursr to bottom line

If old cursor not eugal to new cursor, clear current line
Decrement new cursor and loop

Erase to end of line

Place code for “blank” on data in lines to RAM

Save old cursor value

Set cursor to right margin

If old cursor not equal to new cursor, write current
character position

® Decrement new cursor and loop

DC1, DC3

Sincethe DC1 and DC3 set and clear AUX pin on DTC 14004,
this pin can be used to control a tape drive, change character
sets and indicate status.

CURSOR CONTROL

Cursor control sequences provide for direct cursor
movement. For example, ESC = A, B moves the cursor to the
second line (ASCll value of AMOD 16 = 1, top line = 0), third
column (B MOD 64 = 2, left column = 0). Similarly, ESC +C,
D moves cursor down three and to the right four places.
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MOSTEK.

3870 SINGLE CHIP MICRO FAMILY

SCU 1

FEATURES

O Provides programmable remote I/0 functions as well as
network communications in a single 40 pin package

O Performs a specific preprogrammed function on
command including:
® Bit input or bit output
* Byte input or byte output
® Set, clear or toggle selected pins
¢ Interface to A/D converter D/A converter or 3% digit
DPM
® Monitor input pins for a specific bit pattern

O Over 20 preprogrammed functions

O Allows a user to communicate with multiple SCU’s over
a single communications channel

O Asynchronous serial data transmission

O 300 or 1200 Baud Data Transmission Rate with 3.6864
MHz Crystal Time Base

O Secure, error resistant data link protocol
® Parity generate and check
* L RC generate and check
e Efficient message format

O Modem Control Signals Provided
O Requires single +5 volt supply

O Low power (275 mW typ)

FUNCTIONAL PIN DESCRIPTION
XTL1,2: Time base inputs for a 3.6864MHz crystal.

ASO - AS7: SCU 1 Address(input). These 8 pinsdetermine
the address of the SCU 1, using positive logic. Internal
pullup resistors allow unconnected inputs to be a logic 1.
Grounded inputs are a logic 0. Address 'FF’ hex is not
allowed.

DOO - DO7: SCU 1 port O. These 8 pins may be TTL
compatible inputs or latched outputs. All have internal
pullup resistors.

PIN CONNECTIONS

Vee GND
1 8
. Xt DOO [
9
36864 MHz 1 DO [———p
2 10
XTL2 DO2 | t———>
11
DO3 fe—>
38 12 USER
—
SERIAL 170 34 s o4 13 1/0 PORT O
AND S0 D05 j———
- 23 14
MODEM RTS 506
CONTROL 22 “‘—>15
—=={CTS DO7 |——p
STROBE———»
24
BAUD S0
. RATE 25 33
SELECT s1 D10 [4———
D112 —»
3 | ASO D12}t
4 30 USER
——As1 D13 [———
5 29 170 PORT 1
[ ————
ADDRESS o AS2 D14 p”
SELECT AS3 D15 |22
PINS
19 lasa D16 a2y
2 _Jass D17 |2l
17
AS6
16 21
|AS7 TEST

D10 - D17: SCU 1 port 1. These' 8 pins may be TTL
compatible inputs or latched outputs. All have internal
pullup resistors.

STROBE: (Output, active low). This pin provided a single
low puise after valid data has been output to port O. It is
capable of driving 3 TTL loads.

SI: Serial Input. This Schmit trigger input receives serial,
asynchronous data from the host computer.

S0: Serial Qutput. The SCU 1 command response is
serially output through this pin, least significant bit first.
Between transmissions, SO remains ata logic 1 (marking or
idle line).

RTS: Request To Send (output, active high). Prior to
responding to a command, RTS becomes active indicating
the serial line should direct information from the SCU 1 to
the host.

CTS: Clear to Send (input, active high). An active input
indicates the SCU 1 may begin its response; thus it is an
indication that the serial link is now ready to transmit
information from the SCU 1 to the host.
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RESET: External Reset (input, active low). This input may
be used to guarantee the SCU 1 is held in a reset state until
V¢ reaches the minimum operating voltage or to reset the
device after a disturbance on the V. line.

SO, SI: Baud Rate Select (inputs). These inputs are
strapped to specify the serial Baud rate for transmit and
receive. Baud rate selection is made according to the
following chart.

S SO Baud Rate
0 0 300
0 1 1200
1 (] 1200
1 1 1200

EXT STATUS: External Status (input, active high). Used
for certain commands, EXT STATUS signals when an
operation is done. "

TEST: (input, active high). Test is used by Mostek to test the
SCU 1. For normal circuit functionality, this pin is left
unconnected or may be grounded.

NC: No Connect. These lines are undefined and should not
be connected to anything.

Vec: Power supply, +5V.
GND: Power supply ground.
GENERAL DESCRIPTION

The Serial Control Unit (SCU 1) is a pre-programmed
MK3870 single chip microcomputer. It acts as a complete,
remote input/output . controller, recognizing over 20
commands received from a host processor via a half-duplex
asynchronous serial link. After performing the specified
command, the SCU generally echoes the message back to
the host for acknowledgement and verification. The SCU 1
may be used for both monitoring and control systems where
remote intelligence is required as its 16 1/0 lines may be
configured to provide many different monitoring and
input/output functions. The device contains a complete
communications processor capable of both generating and
receiving asynchronous serial messages.

A flexible and expandable protocol has been designed to
allow up to 255 SCU 1's to be on a single communications
channel. Included in the message protocol are parity and
check sum redundancy to provide a highly error resistant
message interchange. The SCU 1 has modem signals
allowing easy interfacing with various serial line drivers and
receivers. All input and output pins are TTL compatible.

The SCU 1 is designed to communicate with a master
controller (host computer) via a half-duplex (or simplex)
multidrop serial link. The SCU 1 exists as a slave unit to the
master controller, and each SCU 1 on a serial link must have
a unique address, which identifies which SCU 1 is to

respond to a particular command or inquiry from the
master.

To prevent line contention, only the host may initiate
communication. The particular SCU 1 addressed by the host
will respond only after receiving a valid command. After the
particular SCU 1 receives a valid message (address +
command), it will perform the appropriate task and in most
cases, transmit a response to the host. While transmitting,
the SCU 1 will ignore any serial input.

A system configured as described above is generally
referred to as a serial polled communications network (or a
polled network). As indicated, a particular SCU 1 must be
polled by the host via a valid message before it may respond.
A typical system configuration is shown in Figure 1.

TYPICAL SYSTEM CONFIGURATION

Figure 1
MASTER
CONTROLLER
DIGITAL
[+>SCU I——— OUTPUTS
RELAYS, ETC.
DIGITAL { )

INPUTS ——iSCU 1 F-—
(SWITCHES, ETC.)

ANALOG
remSCU 1 DAC ouT
o
o

TO OTHER
SCU 1
UNITS

ANALOG

IN A/0 SCU 1}e—

AN:\'\:.OG_..__’ SCU e

The SCU 1 operates with a data communications protocol
defined for ease of use, high throughput, and data integrity.
The protocol, though bit serial in nature, is character
oriented, with 5 characters comprising a typical message.
Communications is comprised of a command or inquiry
message transmitted from the host to a particular SCU 1,
followed, in general, by a response message from the SCU 1
to the host.

The network communications protocol is character
oriented, with the character format as shown in Figure 2.

The format is consistent with industry standard.

Network communications is comprised of command or

H_1680



inquiry messages transmitted from the host to a particular
SCU 1 to the host. Figure 2 shows a typical message format.
In order of transmission, the characters are (1) Address, (2)
Command, (3) Data 1, (4) Data 2, and (5) Logitudinal
Redundancy Check Character.

Any SCU 1 mustreceive a complete message from the host
before it may respond. The SCU 1 will then perform the
appropriate task and, in most cases, transmit a response to
the host. There are 2 allowable message formats for polling
(transmitting a command or inquiry from the host to the
SCU 1) and 3 allowable message formats for SCU 1
response to the host.

*For additional information onthe SCU 1, refer to the SCU 1
Operations Manual.

POWER ON RESET

The SCU 1 contains Power-On-Reset circuitry to
automatically reset the device following a typical power-up
situation, thus saving external reset circuitry in many
applications. The internal Power-on-reset circuitry is
designed to keep the SCU 1 in a reset condition until the
crystal oscillator and internal clock circuitry is operational.

EXTERNAL RESET

In some applications it may be desirable to provide external
reset circuitry to accommodate particular power-on
conditions or to provide operator reset capability, such as
with a RESET push button. Figure 3 shows a possible

external reset circuit that may be used to control the power-
on reset and/or provide operator reset capability. Figure 4
shows the desired operation of the SCU 1 RESET input.

SCU 1 CLOCKS

The suggested time base for the SCU 1 is a 3.6864MHz
crystal. This frequency was chosen to provide proper serial
timing. Any frequency from 2 MHz to 4 MHz may be used,
however the serial Baud rates will be proportionally
affected. The following crystal parameters are
recommended for the SCU 1:

a) Parallel resonance, Fundamental Mode At-Cut
b) Shunt capacitance (CO) = 7pF maximum

¢) Series resistance (Rs) = See table

d) Holder = See table

FREQUENCY Rs HOLDER

2-2.7 MHz 300 Ohms max HC-6

HC-33

2.8-4 MHz 150 Ohms max HC-6
HC-18*
HC-25*

HC-33

*This holder may not be available at frequencies near the
lower end of this range.

Figure 2

SCU 1 CHARACTER FORMAT

8 DATA BITS

START + A
BIT EVEN START BIT
PARITY OR
MARK
TYPICAL MESSAGE FORMAT
CHARACTER 1 2 3 4

DDDRESS l COMMAND

DATA 1 [ DATA 2 I

5
LRC J
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EXTERNAL RESET CIRCUITRY
Figure 3

+6V
40
Vee
3
‘P
S R
L g RESET
RESET
PUSH BUTTON ke c SCu 1
l 20
l GND
1/0 GROUP COMMAND/RESPONSE SUMMARY
Table 1
CORRECT ERROR
COMMAND DESCRIPTION RESPONSE RESPONSE
4
Q.:;é? .
00 DESCRIPTION DATA 1 “DATA 2 DATA 2 DATA 2
00. -
79 - USER DEFINED >
Port Data Port Verified Port Data
80 |Byte Output to Port Select Out 80 Iselected |Data FB [Selected |Out
Port And Port Input Port LAnd
81 |Byte Input From Port Select Mask 81 |Selected |Data FB [Selected {Mask
. Port Or Port Verified Port Or
82 | SetBitIn Port Select Mask 82 |selected |Output FB | Selected |Mask
. Port And Port Verified Port And
83 | Clear BitIn Port Select Mask 83 |selected |Output FB |Selected |Mask
L Port XOR Port Verified Port XOR
84 | Toggle Bit(s) in Port Select Mask 84 |gelected |Output FB |Selected |Mask
Port 1 Port @ Port 1 Port @ Port @ Port 2
85 | Output Two Bytes Data Data 85 |pata Data FB 1Data Data
Port 1 Port @ Port 1 Port @ Port 1 Port @
86 | Input Two Bytes And Mask {And Mask| 86 |Input Input FB | And Mask |And Mask

H-162



MONITOR AND A/D GROUP COMMAND/RESPONSE SUMMARY

Table 2
CORRECT ERROR
COMMAND DESCRIPTION RESPONSE RESPONSE
\4
3+ O + & &>
00 DESCRIPTION DATA 1,/ DATA 2 (_.o ATA 1’/DATA 2 <..° DATA 1 / DATA 2
MPX MPX &
87 12 Bit A/D Conversion Channel | FF 87 Data Data | FB MPX FF
5 And
88 Monitor Port @ (=) Mask Pattern Reponds on Poll: N/A N/A N/A
. And
89 Monitor Port 1 (=) Mask Pattern Responds on Poll: N/A N/A N/A
And
8A Monitor Port @ (#) Mask Pattern Responds on Poll: N/A N/A N/A
And
8B Monitor Port 1 (#) Mask Pattern Responds on Pol! N/A N/A N/A
L 8C  _LReserved for 1 1 < 1 L L L 4

T F8 Euture Mostek Commands j’ T ‘T‘ ‘T T T T T

N/A = Not Applicable

SUPERVISORY GROUP COMMAND/RESPONSE SUMMARY

Table 3
ACTIVE RESPONSE INACTIVE RESPONSE
A\
O
4 & O 4 S
XY W X

00 DESCRIPTION DATA 1 DATA 2 C:o DATA 1/DATA 2 00 DATA 1 DATA 2
F9 | Short Poll Disable XX XX F9 XX XX N/A N/A N/A
FA | Short Poll Enable XX XX FA XX XX N/A N/A N/A
FB | Loop (Echo) XX XX FB8 XX XX N/A N/A N/A
FC | Reset Report/Task XX XX FC XX XX N/A N/A N/A
FD | Long Poll XX XX FD Mask Pattern | FD XX XX
FE | Short Poll None None FE Mask Pattern | FE None None
FF | Initialization FF FF - No Response ———

N/A = Not Applicable
X = Don’t Care
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RESET CIRCUIT OPERATION
Figure 4

VOLTS

Ve MIN

0.8v

t, TIME
t, + 50 msec typical
OPERATING VOLTAGES AND TEMPERATURES

Dash Operating Operating

Number Voltage Temperature

Suffix Vee Ta

— 00 +5V + 10% 0°C - 70°C

— 05 +6V £ 5% 0°C - 70°C

—10 . +5V + 10% -40°C - +85°C

— 15 +6V + 5% -40°C - +85°C

ABSOLUTE MAXIMUM RATINGS*
, z00.-05 Z10.-15
TemperatureUnder Bias .......covviviiiiiiannnnnnns -20°C to +85°C -50°C to +100°C
Storage Temperature .. .......ouieniiinienenaenaeenennn. -65°C to +150°C -65°C to +150°C
Voltage on any Pin With Respect to Ground
(Except opendrain pins and TEST) . ...............oon.... -1.0Vto +7V -1.0Vto +7V

Voltage on TEST with Respectto Ground . ................. -1.0V to +9V -1.0V to +9V
Voltage on Open Drain Pins With Respect to Ground ........ -1.0V to +13.5V -1.0Vto +13.5V
Power Dissipation . ...ttt 1.5W 1.5W
Power Dissipation by anyone I/Opin..................... 60mwW 60mw
Power Dissipation by all1/Opins............. ... ..., 600mwW 600mwW

*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 operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability. .
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AC CHARACTERISTICS
Ta. Ve within specified operating range. 170 power dissipation < 100mW (Note 2)

-00, -05 -10,-15
SIGNAL | SYM ;| PARAMETER MIN [MAX | MIN | MAX | UNIT|NOTES
XTL1 t, Time Base Period, all clock modes | 250 500 250 500 ns |4MHz-2MHz
XTL2 f = 3.6864MHz
tex) | External clock pulse width high 90 400 100 390 ns |for standard
texy | External clock pulse width low 100 | 400 | 110 | 390 ns |Baud rates
STROBE | 1,0 | Output valid to STROBE delay 3td  |td3td | 3td | 3td ns (170 load =
-1000 | +250 | -1200 | +300 50pF + 1 TTL load
toL STROBE low time 8td | 12td | 8td | 12td ns | STROBE load=
-250 | +250 | -300 | +300 50pF + 3TTL loads
RESET 6tP 6td
tRH RESET hold time, low +750 +1000 ns
trpoc | RESET hold time, low for power power Dower
Clear um:sfo,i limgsfl5 ms

DC CHARACTERISTICS
Ta V¢ within specified operating range |/0 power dissipation < 100mW (Note 2)

-00, -05 -10, -15
SYMBOL | PARAMETER MIN | MAX MIN MAX | UNIT DEVICE
lee Average Power Supply 85 110 mA Outputs Open
Current ;
Py Power Dissipation 400 525 mw Outputs Open
ViHEX External Clock input high level _ 24 | 58 24 58 \
ViLex External Clock input low level -3 6 -3 6 \Y
lHEX External Clock input high current 100 130 A I Vinex=Vee
(% External Clock input low current -100 -130 | wA |Viex=Vss
Viuivo Input high level, 170 pins 20 58 20 58 \Y
Viur Input high level, RESET 20 | 58 22 58 v
VikEel Input high level S| ] 20 58 22 58 \
Vi Input low level -3 .8 -3 7 \Y (i )y
n input low current, all pin with -1.6 -19 mA | V=04V
standard pull-up resistor

lon Output high current -100 -89 A V=24V

: -30 -25 A [Vou=3.9V
loHs STROBE Output High current ‘ -300 -270 A |V =24V
loL Output low current C 1 1.8 1.65 mA |V, =04V
loLs m Output Low current - 50 45 mA [V =04V

1. RESET and Sl have internal Schmit triggers giving minimum .2V hysteresis.
2. Power dissipation for 170 pins is calculated by = (Vec - Vi) ( il ) = Z(Vee - Vor! ( loH ) = Z (Vo) o)
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CAPACITANCE

T, =25°C
All Part Numbers
SYM PARAMETER MIN MAX UNIT | NOTES
Cin Input capacitance 10 pF
Unmeasured
Pins Grounded
Cxri Input capacitance;XTL1, XTL2 235 295 pF

AC TIMING DIAGRAM

Figure 5

External Clock

Internal < Clock

1/0 Port Output

STROBE

RESET

J— jti—— Y/0-s

e

tSl_ ————

/ |

e 'RH

NS S

Note: All AC measurements are referenced to V,, max., Vi min., Vg, (.8 V), or Vg, (2.0 V).

STROBE SOURCE CAPABILITY
(TYPICALTO V=5V, T, = 25°C)

Figure 6

=15

PE HAZMITICO MOICOM -

I~
~
e
1 2 3 4 5
© OUTPUT VOLTAGE
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STROBE SINK CAPABILITY

(TYPICAL AT Ve =5V, T = 25°C)
Figure 7 100
S
|
N
K "
—
o] +50
U
R ]
R
E
T y.
1 2 3 4 5
1/0 PORT SOURCE CAPABILITY MA
OUTPUT VOLTAGE
1/0 PORT SOURCE CAPABILITY -
(TYPICAL AT Ve =5V, Ty, = 25°C)
Figure 8 (s)
u
R N
c N
E -~
i -~
R aa
R -5 ™~ it
E ~ wa >
N 252
T S §§§
M s ;%
A 2
1 2 3 4
OUTPUT VOLTAGE
1/0 PORT SINK CAPABILITY
(TYPICALAT Voo =5V, T = 26°C)
Figure 9 ? +60
w +50;
C .40
[V}
R 30
R ot
E -1
N o
M 10 =
A
.
2 3 b
OUTPUT VOLTAGE
MAXIMUM OPERATING TEMPERATURE VS. I/0 POWER DISSIPATION
Figure 10
100
TA
o]
50 AL 4S7; : Cha =
—
100 200 300 400 50 600 1000
PDI/O MW
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ADVANCE INFORMATION TE ®

3870 MICROCOMPUTER COMPONENTS

Serial Control Unit SCU20

FEATURES

O Provides programmable remote |/0 functions, real time
operational capabilities, and standardized network
communications on a 40 pin chip.

0O Performs preprogrammed functions on command,
including:
® Byte input and output
¢ Bit input and output
® Set, clear, and toggle selected pins
¢ Data access from real time functions

O Performs real time preprogrammed functions, including:
¢ Data log on external interrupt, timer, or host control, up
to 63 bytes of data
* Five Event Counters driven from external interrupt,
timer or host control

3
3
c5
a
23z
[e]
Eug
DO
ox
~NQ
335

0O Up to 24 programmable [/0 pins

O Allows user to network up to 2564 SCUs on a single SCU20 PINOUT

communications channel Figure 1
O Asynchronous serial data transmission X1 1[]e 40 v,
XT2 2 ESET
O Selectable baud rate (300, 1200, 2400, or 9600 Baud) 4 [ 39 RESET
PO-0 3[] [ ]38 EXT.INT.
O Secure, Error resistant data link protocol PO-1 4 ] 37 SERADIN
_ PO-2 & ] 36 SRCLK
O Requires single +5 volt supply P0-3 &[] :J 35 sI
O Low power (275mW typ) st 7[] [134 so
P40 8[] )33
P41 9[] 132 P51
P4-2 10(] SCuU20 )31 P52
P4-3 11[] 130 P5-3
INTRODUCTION Pa.4 12[] F29 P54
The SCU20 serial control unit is a preprogrammed MK3873 P4-5 13 128 P5-5
single chip microcomputer. It is a general purpose remote P4-6 14 (] 127 P5-6
control/data acquisition unit, with 38 preprogrammed Pa-7 15[} 126 P5-7
functions available to the user. PO-7 16[] b 25 BO
Communications with the SCU20 takes place over an PO6 17 124 B1
asynchronous half duplex communications channel at 300, PO-5 18[] [ 123 RTS
1200, 2400, or 9600 Baud. The communications protocol is Po-4 19[] t] 22 CTS
efficient and error resistant, and yet easy to implement on GND 20[] 121 NC
the host system.
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The SCU20 can be used for both monitoring and control
systems where remote intelligence is required. It can be
configured to provide many different input/output and data
acquisition functions through its 24 /0O pins. Such
intelligent functions as Data Log and Event Counters allow
many different applications that will not burden the host
system with constant update requirements.

requirements.

FUNCTIONAL PIN DISCRIPTION

The SCU20 is housed in a plastic 40 pin dual in-line
package.

Figure 1 shows the location of each pin on the SCU20. The
following describes the function of each pin.

SCU20 PINOUT DEFINITION

XTL1, XTL2 - Time base inputs for 3.6864 MHz crystal.

PO-0 - PO-7 - SCU port 0. SCU address input or general
purpose data port (see SCU Address
section).

STB - Data available strobe for port 4.

P4-0 - P4-7 - SCU port 4. General purpose data port.

P5-0 - P5-7 - SCU port 5. General purpose data port.

SRCLK - Clock signal generated by internal Baud rate
generator.

Sl - Serial input. Receives serial asynchronous
data from the host.

SO - Serial output. Transmits serial asynchro-
nous data to the host.

RTS - Request to send.
CTS - Clear to send.
RESET - External reset.
EXT. INT. - External interrupt.

SERADIN - Serial address input/address mode (see
SCU Address section).

BO, B1 - Baud rate select.
Vee - Power supply, 5 volts.
GND - Power supply ground.

SCU2 NETWORK

The SCU2 Network is a serial linked network of devices in
the SCU2 family. All communications are via a common
serial link using the SCU2 family communications protocol.
In this way, a distributed control facility may be easily
implemented from standard parts, and controlled by the
host computer via the serial link.

Figure 2 illustrates the SCU2 Network.

SCU2 NETWORK
Figure 2

HOST

SCU2x SCU2x
#1 #2

SCU2x
#n
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Each SCU2x in the network has an individual address to
which it will respond. All SCU2x devices in the network are
slave processors to the host, and are unable to initiate
communications except in response to the host.

The operation of the SCU2 network procedes along the
following lines.

When the system is initialized, all SCU2x devices are in the
listen mode, and are performing no functions. The host will
issue an enquiry command to each of the SCUs, each of
which will respond. Once all SCUs have been queried, the
host will issue commands to each SCU to set up the
particular operational parameters required of it. When this
has been done, the host may then use the SCUs to control
equipment, measure values, etc., by issuing commands and
receiving responses.

Unless issuing a response, the SCU2x is always in the listen
mode. If acommand has been sent to an SCU2x, a response
is expected within a specific time period. If none is
forthcoming, it means that the command transmitted was
not successfully accumulated by the SCU. In this case, the
host must take steps to either notify the operator or to
retransmit the command to the SCU.

If a system error occurs in the host, it may suspend

operation of the entire network by outputing the network
reset command which causes all SCUs to be reset. This is
the only command that does not require a specific SCU
address as part of the command. It uses the system reset
address which is recognized by each SCU.

SCU ADDRESS

The address to which the SCU responds may be established
in one of two ways.

The first mode is the Direct Strapped Address mode, and is
enabled by tying the SERADIN pin directly to ground. In this
mode, the SCU address is strapped at port 0. Because of this,
port O is not available as a general purpose |/0 port.

The second mode is the Serial Address input mode. The
SERADIN pin is used to input the address as a serial 8-bit
stream from a shift register. SRCLK is used as a shift clock
for this operation. The STB signal is used at initialization
time to cause the address to be loaded into the shift register
before shifting begins. In the Serial Address mode, port O
becomes available for use as a general purpose data /0
port.

Figure 3 illustrates both methods of establishing the SCU
address.

SCU20 ADDRESS ESTABLISHMENT
Figure 3

DIRECT STRAPPED ADDRESS

———>»|16

SCU20

37|SERADIN

SERIAL ADDRESS INPUT

¢ ADDRESS ¢

SHIFT REGISTER

SCU20

LD SC

I

SERADIN | .,
SRCLK 36
STB
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SCU COMMUNICATIONS

The SCU20 communicates with the host computer over a
half duplex asynchronous serial link. The communications
protocol is simple, yet error resistant.

The general form of the communication message is as
follows:

|HDR | ADDR | CMD | DATA | DATA |e ¢ o o| LRC |

HDR - Message header.. Hex ‘01 indicates a command
message from the host; Hex ‘02’ indicates a
response from the SCU.

ADDR - SCU Address. Indicates which SCU the message is
for, or originates from.

CMD - Command. Indicates the function to be per-
formed.

DATA - Any data that may be required by the particular

command.
- LRC - Linear Redundancy Check.
>22 Bit Times
Msg. “A” | Message Separation Msg.| Msg. “B”
< 11 Bit Times
Byte m Byte Separation Byte m+1

Messages are to be transmitted in block mode, with a
message separation of at least 22 bit times. Interbyte
separations should be no more than 11 bit times.

A message from the host to the SCU will generate a
response if there is no transmission error. If any
transmission error is detected, no response will be made.

Possible transmission errors are LRC errors, parity errors,
interbyte separation errors, or intermessage separation
errors.

BAUD RATE SELECTION

The serial Baud rate is selected by a strapped option on the
SCU. Those options are listed below:

BAUD RATE BO (Pin 25) B1 (Pin 24)
300 0] 0
1200 0 1
2400 1 o)
9600 1 1

MODEM SIGNALS

RTS and CTS are provided to facilitate handshaking with
modems. Just prior to responding to a valid command, RTS
will go to logic 1, indicating that the SCU is ready to send
data back to the host. CTS is an input to the SCU that is
tested after RTS goes active to determine if the SCU may
begin transmitting data.

PARALLEL I/0 PORTS

The SCU has a minimum of 2 parallel I/0 ports and a
maximum of 3 available for general use, depending on the
address selection mode chosen. For each of these ports,
there exist 2 registers that control and modify the /O toand
from the ports. These are the Data Direction Register (DDR)
and the Mask Register(MR).

The Data Direction Register defines the usage of each pinin
the port. if a bit is set to O, then the corresponding pin is used
as input. If a bitis set to 1, then the corresponding bit is used
as an output. When a port is read, all bits are sampled for
input whether or not they are marked for input. When a port
is written to, however, only those pins declared as output
will be modified.

The Mask Register provides a data mask that may be applied
to the input data before transmission to the master. The
mask is established once and may be used repeatedly
before being changed by establishing a new mask value. If a
pinis to be available upon read, the corresponding bit in the
mask register is setto 1, while a pin that is to be masked out
will have its mask bit set to O.

SCU PREPROGRAMMED FUNCTIONS

The SCU20 has a variety of preprogrammed functions
available to the user. Each of these functions addresses a
different general area of application such that the SCU20is
truly a general purpose device.

PORT COMMANDS

There are several commands which allow the host to
manipulate the 8-bit general purpose |/0 ports. The host
may load data into any one or all of the ports, may read any
or all of the ports with or without a mask, may read with a
new mask, or may read using the last defined mask. When
data is loaded, the resulting port state is returned in the
response message.

LOGIC COMMANDS

In addition to performing data |/0 with the ports, the host
may perform logical operations with the ports and data from
the host. These commands allow the host to AND, OR, or
Exclusive OR (XOR) data with any or all of the ports, and
output the result to the ports. The resultant output is
returned in the command response message.
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BIT COMMANDS

These commands allow the host to SET, CLEAR, TEST, or
TOGGLE bits in the ports by specifying bit number (O - 24).
Any pin that is declared as an input will not be changed.

EVENT COUNTERS

There are 5 Event Counters defined in SCU20. They are 16
bit up counters, and are driven by the timer, the external
interrupt, or by host command. They may be used as simple
eventcounters, or may be used in conjunction with the Data
Log, and Pulse functions.

DATA LOG

The Data Log function allows the user to command the
SCU20to log data from the ports specified in the command,
and store the data in the on-board RAM. Up to 63 bytes of
data may be accumulated in the log, and may be captured
on external interrupt, timer, or host command through use
of an Event Counter.

Data from the Log is transmitted back to the host in a single
read command burst.

CONTROL COMMANDS *

There are several commands to control the SCU20 as well

as the entire SCU2 network. These commands provide the
host the ability to query each individual SCU on the network
for its type, the last message it sent, and for detailed error
codes. In addition, there are commands that allow the host
to reset an individual SCU, or to cause the entire SCU
network to reset with a single command.

ERROR PROCESSING

The SCU does not provide a “negative acknowledge”
response to command stream errors. Those errors are parity
errors, LRC errors, unidentifiable commands, overrun, or
violation of the separation specifications as described
earlier.

In some cases, the SCU will provide error response to
functional errors in commands that have been recognized.
This response will be either a "NAKO" or a "NAK3" as
specified for the command. “NAKO" is the hex value H'FB’,
and “NAK3" is the hex value H'FE".

|H2| ADDR | HFB" or  HFE' | LRC |

SCU COMMANDS

Figure 4 gives a complete list of the commands and
functions available to the SCU20.

SCU20 COMMANDS
Figure 4
FUNCTION COMMAND # DATA # DATA ERR
CODES BYTES BYTES COD
(CMD) (RESP) RET
** PORT COMMANDS **
Load Data Direction Registers 1E 3 0 -
Load Port (O, 4, 5) 00,01,02 1 1 -
Load All Ports 03 3 3 -
Read Port (0, 4, 5) 04,05,06 0 1 -
Read All Ports 07 0 3 -
Read Port Masked, Mask Provided 08,09,0A 1 1 -
Read All Ports, Masks Provided 0B 3 3 -
Read Port using Previous Mask 0C,0D,0E 0 1 -
Read All Ports using Previous Masks OF 0 3 -
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** PORT LOGIC COMMANDS **

AND Data to Port 10,1112 1 1 -
AND Data to All Ports 13 3 3 -
OR Data to Port 14,15,16 1 1 -
OR Data to All Ports 17 3 3 -
XOR Data to Port 18,19,1A 1 1 -
XOR Data to All Ports 1B 3 3 -
** BIT COMMANDS **
Set Bit in Port 1F 1 0 -
Clear Bit in Port 20 1 0 -
Toggle Bit in Port 21 1 1 -
Test Bit in Port 22 1 1 -
** EVENT COUNTERS **
Start Event Counter 80 1 0 -
Read Event Counter 81 1 2 NAKO
Clear Event Counter 82 1 0 NAKO
Stop Event Counter 83 1 0 NAKO
Step Event Counter 84 1 0] NAKO
** DATA LOG COMMANDS **
Start Data Log 85 3 0 NAKO
Stop and Read Data Log 86 0 var. -
Read Data Log Count 87 0 1 -
** SCU CONTROL COMMANDS **
Enquiry 1C 0 var. NAK3
Return SCU Type 1D 0 1 -
Read Error Code F7 0 1 -
Reset SCU (2 Command Sequence) F8/F9 0 0 -
General Reset (SCU Network) FF 0 - -
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MOSTEK.

MICROCOMPUTER COMPONENTS

EPROM Programming Controller EPC1

FEATURES PINOUT CROSS REFERENCE
O Preprogrammed MK3873 single chip microcomputer for 3873 EPC1
use as a controller in a PROM programmer
XTL1 XTL1
O Controls programming sequence for 2758, 2716, 2516, XTL2 XTL2
2532, 2732, and 2764 type EPROMs directly PO-O AO
PO-T Al
O Operates in three modes of operation Po-2 A2
e Stand alone EPROM Programmer PO-3 A3
® Peripheral EPROM Programmer STROBE R/W
* EPROM copier P40 DO
P4-1 D1
O Performs the following functions: P42 D2 sz
® Program P43 D3 2t
e Duplicate PA-a D4 23z
* Verify P45 D5 ol
* Edit P46 D6 22
P4-7 D7
O Direct interface to ASCIl terminal or host computer via PO-7 A7
RS232 compatible serial link PO-6 A6
P05 A5
O Personality Module recognition PO-4 A4
GND GND
PIN FUNCTIONS Vee v
RESET RESET
\, EXT INT CMOD
XTLl — 1] 140 <— V¢ PT-3 S0
XTL2 —» 2[] 39 «— RESET SRCLK SRCLK
A0 - 3(] [] 38 <— CMOD Sl Sl
Alw— 4[] [ 37— SO SO SO
A2 < 5(] g364—>SRCLK P50 PPE
A3 <— 6(] F°¢ 35 €SI P51 COE
R/W w— 70 134 —S0 P5-2 CPCS
DO <> 8 33 —»PPE P5-3 Vece
D1 - 9 [132 —»COE P5-4 .RE
D2 -4-»10? ) 31 —»-CPCS P5-5 MS_
D3 <11 130 — -V, P58 PME
D4 <—»12(] 129 —»RS P5-7 AHLE
o5 <130 20 —oi7s Py coPY
D6 w—»14 ] (127 ——PME 1' FIE
D7 ~—»15[] [126 —-» AHLE P__A' sl
A7 -—16] 25— COPY TEST TEST
A6 -— 17 124 —VIE
A5 <— 181 EB _»QE All parallel port pins are TTL compatible and have standard
A4 ~— 1904 22 —»-Sl type output buffers as documented in the 3873 Data Sheet.
GND > 200 121 TEST RESET has no pull-up.
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PIN DESCRIPTION

A5 - Ay Multiplexed Address Bus Lines outputs, active
high. These eight pins are used to output a multiplexed 16
bit address bus. The state of the signals determine whether
a high order address (A5 - A7) or a low order address (Ag -
Ao) is present on these lines.

D5 - Do Data Bus Lines; bidirectional active high. The data
bus is used for exchanges between ROM, ERPOM or RAM
memory.

AHLE Address High Latch Enable output, active low. This
line is used to indicate that a valid high order memory
address is valid on the A; - Ay multiplexed address output
lines. This signal is normally used to latch this high order
address.

MS Master Select output, active low. This line is used to
signal that a valid memory address has been formed for a
memory read operation of the Master EPROM.

CS Copy ROM Chip Select output, active low. When
low, the COE output is used to enable the tri-state bus
driverson the memory device so that data will be gated onto
the bidirectional data bus.

PPE Programming Power Enable outputactive high. This
signal is used to enable the high voltage power supply
during the programming sequence.

COPY COPY input; active low. The copy signal is a
debounced pushbutton switch input which is used to
initiate a copy operation of the contents of the Master
EPROM onto a blank Copy EPROM.

S| - Serial Input input, active high. Serial Input is used to
receive asynchronous serial ASCli data.

SO - Serial Output output, active high. Serial Output is
used to transmit asynchronous serial ASCII data.

CMOD Copy Mode Input with internal pullup; active
low. When held low this pin is used to select the EPROM
copying mode of EPC1.

S$1. SO Baud rate select Input. Strapping of these pins
determines the baud rate for the EPC1.

XTL1, XTL2 Crystal Input Pins. These lines are tied directly
to an on board crystal oscillator circuit. A time base is
established by connecting a crystal directly to these pins. A
3.6864 MHz crystal must be used in order for standard Baud
rates to be achieved at the serial port.

VIE - Verify Indicator Enable, output, active high. This
signal is active when the PROM Programming Controller is
in the process of a PRO verification.

FIE - Failure Indicator Enable, output, active high. This
signal is active when the PROM Programming Controller
has encountered a programming failure during the
verification process.

RS - RAM buffer select; output, active low. RAM select is
used to signal that a valid memory address has been formed
for a memory read or memory write operation of the RAM
buffer.

R/W - Read/Write select; output, active high or fow.
Read/Write is used to designate either a read or a write
operation to the RAM buffer control circuitry.

V¢ and GND. Power Supply Lines. Ve = +5 V = 10%.

TEST - Test Input. Test is in input reserved for use by
Mostek for final testing of the PROM Programming
Controller. In normal circuit operation it should be left open
or grounded.

SRCCK - Serial Clock, output. SRCCK is the clock used to
shift data into or out of the PROM Programming Controller.

Vcce - Ve Enable, Output, active high. This signal is
used to enable V. power (+5 V) to the Vpp input of the
COPY PROM.

RESET - Reset line Input with no pull-up, active low.
RESET may be used to externally reset the PROM
programming Controller. When pulled low, the PPC wiill
reset. When then allowed to go high, the EPC 1 will begin its
initialization sequence.

GENERAL DESCRIPTION

The EPC1 is a pre-programmed MK3873 single chip
microcomputer. It has the ability to read and program the
+5V only MOS EPROMSs which are listed below in Table 1.
The on-chip serial /0 port of the MK3873 has been used to
implement a communications channel which allows the
EPC1 to interface directly to an RS232 driver/receiver pair
so that commands and data can be received from a standard
ASCIi terminal or from a host computer. A block diagram of
an EPROM programmer utilizing the EPC1 is shown in
Figure 1. The EPC1 operates in three different operating
modes:

1) Stand Alone Mode
2) Peripheral Mode
3) EPROM Copier Mode

The' system configuration for each of these modes is
described pictorially in Figure 2.
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EPROMs WHICH MAY BE PROGRAMMED BY
THE EPC1

Table 1

EPROM ORGANIZATION # OF PINS
2758 1Kx8 24

MK2716 2K x 8 24
2516 2K x 8 24
2532 4K x 8 24
2732 4K x 8 24

MK2764 8K x 8 28

A multiplexed 16 bit address bus appears on Port 4 of the
3873, and a bi-directional 8 bit data bus is implemented on
Port 5. The address and data bus are used to perform
memory access operations on the Master EPROM, the copy
EPROM, the RAM buffer, and the personality module ROM.
The 16 bit address facilitates access from memory device up
to 64K bytes long.

Six different control signals have been implemented on the
3873 to control memory access operations. Master Select
(MS) is used as a chip enable signal to the Master EPROM.
Copy Select (CPCS) and Copy Output Enable (COE) are used
as a chip enable signal and tri-state output buffer enable
signal, respectively, for the Copy EPROM. RAM Select (RS)
is used as a chip enable signal for the RAM buffer.
Read/Write is used to distinguish between read and write
operations to the RAM buffer.

On the EPC1, control signals are implemented for use
during a programming operation on the blank Copy ROM.
Programming Power is turned on by Programming Power
Enable (PPE). Programming Power Enable is used to turn on
the high voltage programming power supply at the
beginning of the programming sequence. CPCS or OE are
used to latch data into the Copy ROM.

The EPC1 provides a control signal which can be used as a
chip enable for an external personality module ROM. This
ROM contains encoded information which is used to
instruct the EPC 1 how to read and program an EPROM
which is not directly accommodated by the EPC 1. A
825123 256-bit bipolar PROM (32 x 8) may be used to serve
this function.

An on-chip serial |/0 port can be used to provide an RS232
interface between an ASCIl terminal or a remote host
computer. The Baud rate can be selected by strapping of
pins S1 and SO as shown below:

BAUD RATE S1 SO
300 0 0
1200 0 1
2400 1 0
9600 1 1

STAND ALONE MODE

In this operating mode, the EPC1 accepts commands
directly from an ASCIl terminal. A command received from
an ASCII terminal will cause the EPC1 to perform one of the
following functions:
Load - A block of locations - the Master
EPROM are loaded into the RAM
buffer.

Duplicate - The contentsof the copy EPROM are
programmed with the exact contents
of the Master EPROM.

Edit - The contents of the RAM buffer may
be examined and/or changed.
Program - A block of locations in the Copy
EPROM are programmed with the
contents of the RAM buffer. A blank
location check is performed prior to
programming.

Verify - A block of locations in the Copy
EPROM are checked against those of
the RAM buffer.

PERIPHERAL MODE

In this mode of operation, the EPC1 acts as an intelligent
peripheral to a central or-host computer. Commands and
data may be sent down from the host computer via the
RS232 interface. In the Peripheral Mode, the EPC1 can
perform all of the functions which were described in the
stand alone mode. Data which is to be programmed into an
EPROM may be transmitted to the EPC1 in Intel Hex
compatible object output format.

EPROM COPIER MODE

The EPC1 can also be used strictly as an EPROM copier in
an environment where one or more copies of a Master
EPROM need to be made as quickly as possible. An example
of this type of environment would be a system production
assembly area. The same hardware configuration as shown
in the block diagram in Figure 1 can be used to implement
the EPC1 in the EPROM copier mode. The presence of the
Personality Module ROM is required in this operating mode.
The copying sequence is started by depressing a
pushbutton switch tied directly to the COPY input line. This
switch input is automatically debounced in software.

There are four indicator lamps which can be driven by the
PROM Programming Controller. These are used to indicate
when the PROM Programming Power is applied, when
PROM Programming Power is off, when a verification
operation is in progress, and when a programming failure
has been detected.
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EPC1 SYSTEM CONFIGURATIONS
Figure 2
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ELECTRICAL SPECIFICATIONS OPERATING VOLTAGES AND TEMPERATURES

The EPC1 is a pre-programmed MK3873. Control signals on

EPC1 are functions assigned to parallel port pins, serial port Operating Voltage Operating Temperature
pins, and EXT INT line. Therefore, electrical specs for EPC1 Vee Ta
are identical with the MK3873.

+5V + 10% Q° -70°C
ABSOLUTE MAXIMUM RATINGS ' -00
Temperature UNGer Bias . . ... vv ittt ittt ettt e te e et e ie e te et te et e e -20°C to +856°C
Storage Temperature Voltage on any Pin With Respect to Ground
(Exceptopen drain pins @and TEST ). .. ..o iiit ittt ettt e e et aa s -10Vto+7V
Voltage on TEST with Respect 10 Ground. .. ... ittt it eeiat e itiieerneneannasennns -1.0Vto+9V
Voltage on Open Drain Pins With Respectto Ground ..........coiviiiiiiiiiiiiiiiiiiiiinnnn.. -1.0Vto+135V
{3 = T E=X =Y o 1) PP 156W
Power Dissipation by any 0ne 1/ 0 PinZ . ...ttt iii i ettt ie ittt in it it 60 mW
Powver Dissipation by all 1/0 pinsZ. .. ...ttt e e e e e 600 mW

*Stressesabove those listed under **Absolute Maximum Ratings’ may cause permanentdamage 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 operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

AC CHARACTERISTICS
Ta. V¢ within specified operating range.
170 Power Dissipation < 100 mW (Note 2)

SIGNAL | SYM PARAMETER MIN | MAX | UNIT|NOTES
XTL1 t, Time Base Period, all clock modes 250 | 500 ns |4 MHz - 2 MHz
XTL2 3.6864 required for
tox(H) External clock pulse width high 90 400 ns [standard baud
texil) External clock pulse width low 100 400 ns |frequencies
P te Internal @ clock 2ty
WRITE ty Internal WRITE Clock period 4t Short Cycle
6t> Long Cycle
170 ta/0 Output delay from internal WRITE clock 6] 1000 | ns |50 pF plus one TTL
load
ta/0 Input setup time to internal WRITE clock 1000 ns
STROBE | t,0. output valid to STROBE delay 3t | 3tP ns |1/0 load =
-1000 | +250 50 pF + 1 TTL load
ty STROBE low time 8t® | 12t® | ns [STROBE load =
-250 | +250 50 pF + 3TTL loads
RESET try RESET hold time, low 6t ns
+750
trpoC RESET hold time, low for power clear power ms
supply
rise
time
+0.1
EXTINT | tey EXT INT hold time in active and inactive 6td ns |To trigger interrupt
state +750
_2td ns |To trigger timer
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CAPACITANCE
Tp=25°C
All Part Numbers

SYM PARAMETER MIN | MAX | UNIT[NOTES

Cin Input capacitance; /0, RESET, EXT INT, TEST 10 pF |unmeasured pins
grounded

CyTL Input capacitance; XTL1, XTL2 235 | 295 pF

AC CHARACTERISTICS FOR SERIAL I/0 PINS
Ta, Ve within specified operating range.
/0 Power Dissipation < 100 mW (Note 2)

SIGNAL | SYM PARAMETER MIN | MAX | UNIT [CONDITIONS

SRCLK te(sReLK) Serial Clock Period in External Clock Mode 33 o us

tW(SRCLKH) Serial Clock Pulse Wldth, ngh 1.3 S us
External Clock Mode

3
tW(SRCLKL) Serial Clock Pulse Wldth, Low. 1.3 oo us éé)
External Clock Mode 322
58%
tySRCLK) Serial Clock Fall Time 60 ns |0.8V-20V 28
Internal Clock Mode C_ =100 pf b
YsReLK) Serial Clock Fall Time 30 ns [24V-04V
Internal Clock Mode C_ =100 pf
S ts(sh Setup Time To Rising Edge of SRCLK 0 ns
(SYNC Mode)
sy Hold Time From Rising Edge of SRCLK 1500 ns
(SYNC Mode)
SO ts0) Data Output Delay From Falling Edge of 1190 ns

SRCLK (SYNC Mode)

AC CHARACTERISTICS FOR MK38P73
(Signals brought out at socket)

Ta, Ve Within specified operating range.
1/0 Power Dissipation < 100 mW (Note 2)

SYMBOL | PARAMETER MIN | MAX | UNIT [CONDITION

Access time from Address A;4 - Aq: stable until data 650 ns |®=2.0MHz
must be valid at D; - Dg

taas*

*See Table in Figure 13.
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DC CHARACTERISTICS
Ta, Ve within specified operating range.
170 Power Dissipation < 100 mW (Note 2)

SYM PARAMETER MIN | MAX ( UNIT | DEVICE
lec Average Power Supply Current 138 mA | MK38P73/02
No EPROM,
Outputs Open
Pp Power Dissipation 646 mwW | MK38P73/02
No EPROM,
Outputs Open
DC CHARACTERISTICS
Ta Ve within specified operating range
1/0 Power Dissipation < 100 mW (Note 2}
SYM PARAMETER MIN MAX UNIT | CONDITIONS
ViHEX External Clock input high level 24 58 \
ViLEx External Clock input low level -3 6 \
lHEX External Clock input high current 100 MA | Vieex = Vee
liLex External Clock input low current -100 MA | Vieex = Vss
Vinivo 1/0 input high level 20 5.8 \ standard pull-up (1)
2.0 13.2 \ open drain (1)
Vivr Input high level, RESET 20 58 \ standard pull-up (1)
20 132 \% No pull-up
Ve Input high level, EXT INT 20 58 \% standard puil-up (1)
20 13.2 \% No pull-up
ViL 170 ports, RESET", EXT INT" input low level -3 8 \ (1)
I Input low current, standard pull-up pins -16 mA | V=04V
I Input leakage current, open drain pins +10 A V=132V
RESET and EXT INT inputs with no pull-up -5 KA | V=00V
resistor
low Output high current, standard -100 #A |Voy =24V
pull-up pins -30 BA | Voy=39V
loHDD Output high current, -100 pA | Voy=24V
direct drive pins -15 mA |Vgy=15V
-85 mA |Vou =07V
oL Output low current, I/0 ports 1.8 mA Vg =04V
lons STROBE Output High current -300 wA  |Vg =24V
lots STROBE output low current 50 mA Vg =04V
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DC CHARACTERISTICS FOR MK38P73
(Signals brought out at socket)
Ta, Ve within specific operating range, 170 Power Dissipation < 100 mW. (Note 2)

SYM PARAMETER MIN MAX UNIT | CONDITION
lece Power Supply Current for EPROM -185 mA
ViL Input Low Level Data bus in -03 0.8 \Y
V4 Input High Level Data bus in 20 58 \
loH Output High Current -100 MA | Vou =24V
-30 BA | Vou=39V
loL Output Low Current 1.8 mA | Vo =04V
n Input Leakage Current 10 uA | Data Bus in Float

DC CHARACTERISTICS FOR SERIAL PORT I/0 PINS
Ta Ve within specified operating range
1/0 Power Dissipation < 100 mW (Note 2)

SYM PARAMETER MIN MAX UNIT | TEST CONDITIONS Y
ViHs Inut High for SI, SRCLK 20 58 v 5%%
Vis Input Low level for SI, SRCLK -3 8 Y of
s Input low current for SI, SRCLK -16 mA |V, =04V n
lonso Output High Current SO -100 HA | Vou =24V

-30 A Vo =39V
loso Output Low Current SO 1.8 mA | Vg =04V
loHsRre Output High Current SRCLK -300 MA 1 Voy=24V
loLsre Output Low Current 50 mA | Vg =04V
NOTES

1. RESET and EXT INT have internal Schmitt triggers giving minimum .2 V hysteresis.
2. Power dissipation for 170 pins is calculated by XV - ViU ( i Y+ Ve - Vor! ( lon ) + Vo) lloy)

TIMER AC CHARACTERISTICS

Definitions:

Error = Indicated time value - actual time value
tpsc = t ® x Prescale Value

Interval Timer Mode:

Single interval error, free running (NOtE 3) . . ..ottt it ettt et eee et ae et iaaaaneaennnns +6td
Cumulative interval error, free running (NOtE 3) . ... .ottt ittt et ettt ettt et iiaa e aeennns 0
Error between two Timer reads (NOte 2) . ... ottt ittt et ettt ettt ittt et nennns +tpsc + tP)
Start Timer to stop Timer error (Notes 1,4) . . ..ot e et +td to —{(tpsc +tP)
Start Timer to read Timer error (Notes 1,2). ... ..ottt i et eiee e —b5tP to —(tpsc + 7tP)
Start Timer to interrupt request error (Notes 1,3) .. ... ittt i i i e i, —2td to —8td
Load Timertostop Timererror(Note 1) . ... it it et ein i eian e +tP to —(tpsc + 2td)
Load Timer to read Timer error (Notes 1,2). . .o iitt ittt it ettt etneeneeneanas —bt® to —(tpsc + 8tP)
Load Timer to interrupt request error (Notes 1,3) . ... ottt ittt iie et ciinaaeaeans —2td to —9tP



Pulse Width Measurement Mode:

Measurement accuracy (Note 4) ....... N PN e .. +td to —(tpsc + 2tP)
Minimum pulse width of EXT INT pin .. ..ot i ittt et ettt e et ettt tiaae e, 2td

Event Counter Mode:

Minimum active time of EXT INT pin. ..ot et e e et ittt e eeeeennns e .. e 2t
Minimum inactive time of EXT INT pin . .... e PN e e e, 2tP
NOTES

1. Alltimes which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction.

2. Alltimes which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction.

3. Alltimes which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt
request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction.

4. Error may be cumulative if operation is repetitively performed.

AC TIMING DIAGRAM
Figure 4

External Clock

Internal & Clock w

1/0 Port Output

— je«— U/0-s

STROBE \ 4

r<—-——‘5|_——>l

RESET /

la——— RH ——

ICPBIT2 0 T
EXT INT |e—— tEH ——
1

CPBIT2 1 /

Note: All AC measurements are referenced to V, max., Vig min., Vg (8 V), or Vg, (2.0 V).
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INPUT/OUTPUT AC TIMING

Figure 5
‘ o CYCLE TIMING

INTERNAL > > > DEPENDS ON INSTRUCTION
WRITE .

cLOCK 2us 3us* F\ 3us* )\ 2us \

IN OR

* CYCLE TIMING INS PORT ADDR. PORT DATA NEXT
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AMHz EXTERNAL reTcHED| DATABUS DATA BUS FETCHED

CLOCK - >l - - -

PORT PINS
ts1/0

A. INPUT ON PORT40OR5

- o ____ CYCLE TIMING
INTERNAL T T " DEPENDS ON INSTRUCTION
WRITE
* * * 2 *
CLOCK I\ 2uS /—\ 3us ’ \ 3us /—\__lis_/—\ , \ /_\— -
gb’ls‘m PORT ADDR. ACCUMULATOR NEXT é?)
OP CODE ON DATA CONTENTS OP CODE 32z
N DATA BUS FETCHED 28
FETCHED | BUS o | agid
Lag Lt RO
25
PORT PINS
STROBF tq1/0 STAYS LOW /
(ACTIVE FOR PORT 4 ONLY) | FOR TWO WRITE
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ti/0-s
B. OUTPUT ON PORT 40OR 5
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Az Nz s ) s s [z
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AC TIMING DIAGRAM FOR SERIAL I/0 PINS

Figure 6
'sish ‘ tC(SRCLK)
“W(SRCLKH)
SRCLK A 1\ \
— tH(sH)
'W(SRCLKL) o
]
| 'Diso)
SO
STROBE SOURCE CAPABILITY -15
(TYPICALTO Vo =5V, Ty = 25°C) s
Figure 7 o]
u
R
c -10
E
(o}
U
R
R -5 ~
E
N
T N
M
A
2 3
OUTPUT VOLTAGE
STROBE SINK CAPABILITY
(TYPICAL AT Vo =5V, T, = 26°C)
Figure 8 4100
s
I
N
K —t
C +50
u
R
R
E
N
T
2 3
MA
OUTPUT VOLTAGE

Hi-186




STANDARD 1/0 PORT SOURCE CAPABILITY -5
(TYPICALAT Vi =5V, Ty, = 25°C) s
Figure 9 o
U N,
RN
E
N
g IS
R
R =5 N
E ™ N
N
T
M \ N
A
1 2 3 4 5
OUTPUT VOLTAGE
DIRECT DRIVE I/ O PORT SOURCE CAPABILITY
(TYPICAL AT Ve =5V, Ty = 256°C) S
. [o]
Figure 10 U "
R
(o]
E
c P
u 5 ™~
R N
R
E
N
T A,
'X' 1 2 3 4
OUTPUT VOLTAGE
1/0 PORT SINK CAPABILITY
(TYPICALAT Vo =5V, Ty = 25°C) B
Figure 11 ? +60
o] +40
U
R n
E =
y o =
M ‘10 =
A
2 3 5
OUTPUT VOLTAGE
MAXIMUM OPERATING TEMPERATURE VS. I/0 POWER DISSIPATION
Figure 12
100
TA
c -
50 P‘%,C - o3
- RanTey
100 200 300 400 500 600 1000

PDI/O MW

11-187

%
s
-
g

ax
4
o5
u.)‘&
23
Z0
©wo
oa
~O
85



DEVICE ORDER NUMBER The Customer/Code specific number defines the ROM bit
pattern, 1/0 configuration, oscillator type, and generic part

An example of the device order number is shown below. type to be used to satisfy the requirements of a particular
customer purchase order. For further information on the
MK 13002N-05 ordering of mask ROM devices, the customer should refer to
‘ the 3870 Family Technical Manual.
Power Supply Tolerance 0=5V+10%
. 5=65V+5%
Operating Temperature Range 0 = 0°C - +70°C
= -40°C - +85°C
Package T .
ackage Types P = Ceramic
» Customer/Code Specific Number J= Cerd'!’
N = Plastic
ORDERING INFORMATION
NAME DESCRIPTION PART NO.
EPC1 EPC1 pre-programmed MK3873 single chip microcomputer
EPC1 OPS MANUAL EPC1 Operations Manual
EPC1 FIRMWARE Written description of EPC1 firmware with flowcharts and
DOCUMENTATION source listing.
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ACCUMULATOR GROUP INSTRUCTIONS

OPERATION MNEMONIC OPERAND DESCRIPTION

Add Carry LNK Add the Carry bit to the contents of the Accumulator.

Add Immediate Al i Add the 8 bit immediate operand to the contents of the
Accumulator.

AND Immediate NI i Perform logical AND of the 8 bitimmediate operand and
Accumulator.

Clear CLR Load Accumulator immediate with zero.

Compare Cl ii Non destructive subtraction of the Accumulator from
the immediate operand.

Complement COM Performs a one’s complement on the contents of the
Accumulator.

Exclusive OR X1 ji Performs a logical Exclusive OR operation of the 8 bit
immediate operand and the Accumulator.

Increment INC Add the value of one to the Accumulator.

Load LI ii Load the value of the 8 bit immediate operand into the
Accumulator.

Load LIS i Load the Accumulator with the value of the 8 bit
immediate operand.

OR Immediate Ol ii Performs a logical OR of the 8 bit immediate operand
and the Accumulator.

Shift Left SL 1 Shift the contents of the Accumulator left by one.

Shift Left SL 4 Shift the contents of the Accumulator left by four.

Shift Right SR 1 Shift the contents of the Accumulator right by one.

Shift Right SR 4 Shift the contents of the Accumulator right by four.
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SCRATCHPAD REGISTER INSTRUCTIONS

OPERATION MNEMONIC OPERAND DESCRIPTION
OP CODE

Add Scratchpad AS r The contents of Scratchpad register r are added to the
Accumulator.

Add Scratchpad ASD r The contents of Scratchpad register r are added to the

with Decimal Accumulator with decimal adjust.

adjust

Decrement DS r The contents of Scratchpad register r are decremented

Scratchpad by one.

Load LR Ar The Accumulator is loaded with the contents of
Scratchpad register r.

Load LR A KU The Accumulator is loaded with the upper half of the K
linkage register.

Load LR AKL The Accumulator is loaded with the lower half of the K
linkage register.

Load LR A,QU The Accumulator is loaded with the upper half of the Q
linkage register.

Load LR A,QL The Accumulator is loaded with the lower half of the Q
linkage register.

Load LR r.A Scratchpad register r is loaded with the contents of the
Accumulator.

Load LR KUA The upper half of linkage register K is loaded with the
contents of the Accumulator.

Load LR KLA The lower half of linkage register K is loaded with the
contents of the Accumulator.

Load LR QUA The upper half of linkage register Q is loaded with the
contents of the Accumulator.

Load LR QLA The lower half of linkage register Q is loaded with the
contents of the Accumulator.

AND NS r Scratchpad location r is logically ANDed with the

Scratchpad contents of the Accumulator.

Exclusive XS r Scratchpad location r is logically Exclusive OR’ed with

OR the contents Accumulator.

Scratchpad
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MISCELLANEOUS INSTRUCTIONS

OPERATION MNEMONIC OPERAND DESCRIPTION
OP CODE

Disable DI Interrupts are disabled to the 3870 CPU. ICB is reset to

Interrupts 0.

Enable El Interrupts are enabled to the 3870 CPU. ICB issetto 1.

Interrupts

Input IN 04-FF The contents of Port 'aa’ are loaded into the
Accumulator.

Input INS O-F The contents of Port O or 1 are loaded into the

Short Accumulator.

Load LR IS,A The ISAR register is loaded with the contents of the

ISAR Acccumulator.

Load ISAR LISL bbb The lower half of the ISAR register is loaded with the 3

Lower bit immediate operand ‘bbb’.

Load ISAR LISU bbb The upper half of the ISAR register is loaded with the 3

Upper bit immediate operand ‘bbb’.

Load Status LR w,J The Status Register is loaded with the contents of

Register * linkage register J.

No Operation NOP No Operation

Output * ouT 04-FF The contents of the Accumulator are output to Port ‘aa’.

Output Short OouTS 0.1 The contents of the Accumulator are output to Port O or

Output Short * OUTS 45,67 The contents of the Accumulator are output to Ports

Store ISAR LR AlS The Accumulator is Ioaded with the contents of the
ISAR register.

Store Status LR Jw Linkage register J is loaded with the contents of the
Status Register.

Register

* Privileged Instruction.
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ADDRESS REGISTER INSTRUCTION GROUP

OPERATION MNEMONIC OPERAND DESCRIPTION
OP CODE

Add to Data ADC Add the contents of the Accumulator to the Data

Counter Counter DC. Result is in the Data Counter.

Call to PK The Program Counter is loaded with the value

Subroutine* contained in linkage register K. The previous contents
of PO are saved in Stack Register P.

Call to Pl aaaa The Program Counter is loaded with the immediate

Subroutine* operand. The previous contents of PO are saved in the

Immediate Stack Register P. The Accumulator is loaded with the
upper byte of “aaaa”.

Exchange DC XDC The contents of DC are swapped with those of DC1.

Load Data LR DC.Q The Data Counter is loaded with the contents of linkage

Counter register Q.

Load Data LR DCH The Data Counter is loaded with the contents of linkage

Counter register H.

Load Data DCI aaaa The Data Counter is loaded with the immediate value

Counter “aaaa”.

Immediate

Load Program LR PO.Q The Program Counter is loaded with the contents of the

Counter Q linkage register

Load Stack LR PK The Stack Register is loaded with the contents of the K

Register linkage register.

Return from POP The contents of the Program Counter are swapped with

Subroutine* those of the Stack Register.

Store Data LR Q,DC Linkage register Q is loaded with the contents of the

Counter Data Counter.

Store Data LR H.DC Linkage register H is loaded with the contents of the

Counter Data Counter.

Store Data LR K,P Linkage register K is loaded with the contents of the

Counter Data Counter.

important: The contents of the Accumulator are modified during the execution of the P! instruction.

* Privileged Instruction
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JUMP AND BRANCH INSTRUCTION GROUP

OPERATION MNEMONIC OPERAND DESCRIPTION
OP CODE

Branch on Carry BC aa Branch if Carry bit = 1.

Branch on BP aa Branch if the Sign bit = 1.

Positive

Branch on Zero BZ aa Branch if the Zero bit = 1.

Branch on True** BT taa Branch if any unmasked Status bit is true

Branch if Minus BM aa Branch if the Sign bit = O.

Branch if No BNC aa Branch if the Carry bit = 0.

Carry

Branch if No BNO aa Branch if the Overflow bit = 0.

Overflow

Branch if Not BNZ aa Branch if the Zero bit = 0.

Zero

Branch if False** BF taa Branch if all of the unmasked Status bits are false.

Branch if ISARL BR7 aa Branch if the value of the lower half of the ISAR register P

#7 #7. § N
A=

Branch Relative BR aa Branch unconditionally §§§

Jump* JMP aaa Program Counter is loaded with the immediate value EH

‘aaaa’. The Accumulator is loaded with most significant
8 bits of aaaa.

IMPORTANT! Please be sure to take note of the above description of the execution of the JUMP instruction. The contents of the Accumulator are lost during its execution. The
reason for this is that the Accumulator is used to transfer the high order byte of the destination address into the Program Counter.

*Privileged Instruction

**See description of Status bit mask under “Notes"’.

MEMORY REFERENCE INSTRUCTIONS

OPERATION MNEMONIC OPERAND DESCRIPTION
OP CODE

Add Memory AM Add the contents of memory location [DC] to the
Accumulator.

Add Memory AMD Add the contents of memory location [DC] to the
Accumulator with decimal adjust.

AND Memory NM Performs the logical AND between memory location
[DC] and the Accumulator.

Compare CM ) Non-destructive subtraction of the Accumulator from
the contents of memory location [DC).

Exclusive XM Performs an Exclusive OR of the contents of memory

OR Memory location [DC] and the Accumulator.

Load Memory LM Load the Accumulator with the contents of memory
location [DC].

OR Memory oM Performs a logical OR of the contents of memory
location [DC] and the Accumulator.

Store ST Store the value of the Accumulator in memory location
[DC].

Note: In all Memory Reference Instructions, the Data Counter is incremented by one.

1-195



NOTES

Lower case denotes variables specified by programmer

Function Definitions

() the contents of

a Address Variable (four bits)

A Accumulator

b One bit immedaite operand

DC Data Counter {Indirect Address Register)

DC1 Data Counter 1 (Auxiliary Data Counter)

DCL Least significant 8 bits of Data Counter Addressed
DCU Most significant 8 bits of Data Counter Addressed
H Scratchpad Register 10 and 11 (Linkage Register)
i Immediate oprand (four bits)

ICB Interrupt Control Bit

IS Indirect Scratchpad Address Register

ISL Least Significant 3 bits of ISAR

ISU Most Significant 3 bits of ISAR

J Scratchpad Register 9

K Registers 12 and 13 (Linkage Register)

KL Register 13

KU Register 12

PO Program Couinter

POL Least Significant 8 bits of Program Counter

POU Most Significant 8 bits of Program Counter

P Stack Register

PL Least Significant 8 bits of Program Counter

PU Most Significant 8 bits of Active Stack Register

Q Registers 14 and 15 (Linkage Register)

QL Register 15

Qu Register 14

r Scratchpad Register (any address O thru B) (See Below)
wW Status Register

Scratchpad Addressing Modes Using IS. (R # O thru B)

Wi

IIIT
nmmoaQ

T B B |

Test Condition for “BT’’ and “’BF’’ Instructions

BT : Branch or True
mask word (t):

BF - Branch if False
mask word (t):

Register Addressed by IS is (Unmaodified)
Register Addressed by IS is Incremented
Register Addressed by IS is Decremented
Illegal OP Code

0 |e—psit#

X j<€— Mask Word ‘t’

SIGN [«— Status Bit

0 [e—Bit#

X  |«—— Mask Word ‘t’

3 2 1
(0] X X
OVF | ZERO | CRY
3 2 1
X X
OVF | ZERO| CRY

SIGN l<— Status Bit
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SECTION 1

GENERAL DESCRIPTION

1.1 INTRODUCTION

1.1.1 The Serial Control Unit (SCU 1) is a pre-programmed MK3870 single chip
microcomputer. It acts as a complete, remote input/output controller, recognizing
over 20 commands received from a host processor via a half-duplex asynchronous
serial Tink. After performing the specified command, the SCU generally echoes the
message back to the host for acknowledgement and verification. The SCU 1 may be
used for both monitoring and control systems where remote intelligence is required
as its 16 I/0 Tines may be configured to provide many different monitoring and
input/output functions. The device contains a complete communications processor
capable of both generating and receiving asynchronous messages.

1.1.2 A flexible and expandable protocol has been designed to allow up to 255 SCU
1's to be on a single communications channel. Included in the message protocol
are parity and checksum redundancy to provide a highly error resistant message
interchange. The SCU 1 has modem signals allowing easy interfacing with various
serial line drivers and receivers. All input and output pins are TTL compatible.

1.2 FEATURE SUMMARY

1.2.1 A summary of the SCU 1 features is given in Table 1-1.

1.3 TYPICAL SYSTEM CONFIGURATION

1.3.1 A conceptual drawing of what might be a typical system configuration is
shown in Figure 1-1.
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TABLE 1-1 SCU 1 FEATURES

Provides programmable remote I/0 functions as well as network communications on a
single 40 pin chip.
Performs a specific preprogrammed function on command, including:

.Bit input and bit output

.Byte input and byte output

.Set, clear and toggle selected pins

.Interface to A/D converter, D/A converter or 3 1/2 digit DPM

.Monitor input pins for a specific bit pattern

Over 20 preprogrammed functions

Allows a user to communicate with multiple SCU's over a single communications
channel

Asynchronous serial data transmission
300 or 1200 Baud Data Transmission Rate with 3.6864 MHz Crystal Time Base
Secure, error resistant data link protocol
.Parity generate and check
.LRC generate and check
Efficient message format
Modem Control Signals Provided

Requires single +5 volt supply

Low power (275mW typ)
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FIGURE 1-1 TYPICAL SYSTEM CONFIGURATION
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SECTION 2

FUNCTIONAL PIN DESCRIPTION

2.1 SCU 1 PIN DEFINITION

2.1.1. SCU 1 is packaged in a 40-pin dual-in-line package. Figure 2-1 shows the
location of each pin on SCU 1.

2.2 FUNCTIONAL PIN DESCRIPTION

2.2.1 Table 2-1 describes the function of each pin on SCU 1. Figure 2-2 shows a
pin-out of SCU 1 with the pins grouped by function.
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FIGURE 2-1 SCU 1 PIN DEFINITION
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TABLE 2-1 FUNCTIONAL PIN DESCRIPTION

XTL1,2: Time base inputs for a 3.6864MHz crystal.

ASO - AS7: SCU 1 Address (input). These 8 pins determine the address of the
SCU 1, using positive logic. Internal pullup resistors allow unconnected in-
puts to be a logic 1. Grounded inputs are a logic 0. Address 'FF' hex is not
allowed.

DOO - DO7: SCU 1 port O. These 8 pins may be TTL compatible inputs or latched
outputs. All have internal pullup resistors.

D10 - D17: SCU 1 port 1. These 8 pins may be TTL compatible inputs or latched
outputs. A1l have internal pullup resistors.

STROBE: (Output, active low). This pin provides a single low pulse after va-
1id data has been output to port O. It is capable of driving 3 TTL 1oads.

SI: Serial Input. This Schmitt trigger input receives serial, asynchronous
data from the host computer.

S0: Serial Output. The SCU 1 command response is serially output through this
pin, least significant bit first. Between transmissions, SO remains at a logic
1 (marking or idle Tine).

RTS: Request To Send (output, active high). Prior to responding to a command,
RTS becomes active indicating the serial line should direct information from
the SCU 1 to the host.

CTS: Clear to Send (input, active high). An active input indicates the SCU 1

may begin its response; thus it is an indication that the serial link is now
ready to transmit information from the SCU 1 to the host.
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RESET: External Reset (input, active low). This input may be used to guaran-
tee the SCU 1 is held in a reset state until Vcc reaches the minimum operating
voltage or to reset the device after a disturbance on the Vcc line.

S0,S1: Baud Rate Select (inputs). These inputs are strapped to specify the
serial baud rate for transmit and receive. Baud rate selection is made accord-
ing to the following chart.

S1 SO Baud Rate
0 0 300
0 1 1200
1 0 1200
1 1 1200

EXT STATUS: External Status (input, active high). Used for certain commands,
EXT STATUS signals when an operation is done.

TEST: (input, active high). Test is used by Mostek to test the SCU 1. For
normal circuit functionality, this pin is left unconnected or may be grounded.

NC: No Connect. These lines are undefined and should not be connected to any-
thing.

Vec:  Power supply, +5V.

GND: Power supply ground.
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FIGURE

2-2 SCU 1 FUNCTIONAL PIN DEFINITION

BV =
: Vec GND .
D00 S
[ XTL 1 °
3.6864 MHz [] D01 je———n
T2 Jxm2 D02 #—D
11
D03 |e——>
3Bl D04 je
381
SERIAL1/O 34 13
AND ———— SO0 D05 <-1———->
MODEM <22 Jgts D06 |t
CONTROL 22
—lcTs DO7 |t
1 7
STROBE f————>
2a_|so
BAUD RATE SELECT 25|, p10]<32
32
D11 |
—-3—> ASO D12 4—?—1——->
4 30
—3] AS1 D13 la—————
5 29
—2 3 as2 D14|=—
2
ADDRESS SELECT PINS —8 5ias3 D15 |2
9 27
—250 asa D16 | el
—1251 Ass D17 |28 »
—751 ase
16,0 as7 TESTR-21

i 241

USER 170 PORT O

USER I/0 PORT 1

Y
T

o5
wi
28
Zo
7o
oa
58
EH



nm.212



SECTION 3

SERIAL COMMUNICATIONS

3.1 SERIAL COMMUNICATIONS NETWORK

3.1.1 The SCU 1 is designed to communicate with a master controller (host com-
puter) via a half-duplex (or simplex) multidrop serial Tlink. The SCU 1 exists as
a slave unit to the master controiler, and each SCU 1 on a serial 1link must have a
unique address, which identifies which SCU 1 is to respond to a particular command
or inquiry from the master.

3.1.2 To prevent line connection, only the host may initiate communication. The
particular SCU 1 addressed by the host will respond only after receiving a valid
command. After the particular SCU 1 receives a valid message (address + command),
it will perform the appropriate task and, in most cases, transmit a response to
the host. While transmitting, the SCU 1 will ignore any serial input.

3.1.3 A system configured as described above is generally referred to as a serial
polled communications network {or a polled network). As indicated, a particular

SCU 1 must be polled by the host via a valid message before it may respond.

3.2 NETWORK PROTOCOL

3.2.1 The SCU 1 operates with a data communications protocol defined for ease of
use, high throughput, and data integrity. The protocol, though bit serial in
nature, 1is character oriented, with 5 characters comprising a typical message.
Communications is comprised of a command or inquiry message transmitted from the
host to a particular SCU 1 followed, in general, by a response message from the
SCU 1 to the host.

3.3 CHARACTER FORMAT

3.3.1 The network communications protocol is character oriented, with the charac-
ter format as shown in Figure 3-1. The format is consistent with industry stan-
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dard convention for serial asynchronous data transmission, with each character
composed of 1 start bit, 8 data bits (transmitted LSB first), 1 even parity bit,
and 1 stop bit. The stop bit may be followed by a start bit or by a continuous
mark, or idle 1line, condition that exists until the start bit of the next
character.

"m.214



FIGURE 3-1 SCU 1 CHARACTER FORMAT
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3.4 MESSAGE FORMAT

3.4.1 Network communications is comprised of command or inquiry messages trans-
mitted from the host to a particular SCU 1 followed, in general, by a response
message transmitted from the SCU 1 to the host. Figure 3-2 shows a typical mes-
sage format. In order of transmission, the characters are (1) Address, (2)
Command, (3) Data 1, (4) Data 2, and (5) Logitudinal Redundancy Check Character.

3.4.2 Any SCU 1 must receive a complete message from the host before it may re-
spond. The SCU 1 will then perform the appropriate task and, in most cases,
transmit a response to the host. There are 2 allowable message formats for poll-
ing (transmitting a command or inquiry from the host to the SCU 1) and 3 allowable
message formats for SCU 1 response to the host.
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FIGURE 3-2 TYPICAL MESSAGE FORMAT
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SECTION 4

MESSAGE CHARACTER DESCRIPTION

4.1 ADDRESS CHARACTER

4.1.1 The address character is used to specify which particular SCU 1 in a net-
work is being polled by the host. The address character is repeated by the
addressed SCU 1 in the response message. Each SCU 1 in a network should have a
unique address. The particular address is defined by the Address Select input
pins, AS0-AS7. Up to 255 unique addresses may be specified, from '00' to FE'.

4,1.2 Address 'FF' is the universal address, and it is recognized by all SCU 1
devices for system synchronization only. No SCU 1 should be wired for address

'FF'.

4.2 COMMAND CHARACTER

The command character is defined for system flexibility and future expandability.
The command allocations that presently exist are as follows.

1) '00' to '7F' - user defined commands
2) '80' to 'BF' - memory and I/0 group
3) 'C0' to 'FF' - supervisory and timer group

4.,2.1 The SCU 1 is a factory mask programmed device, so new commands cannot be
added to the SCU 1 by the user. The provision for user defined commands allows a
user to add SCU 1 - like devices to the network. Any command that is not defined
within a particular addressed SCU 1 will result in a "loop" response, 'FB', being
issued.

4.3 DATA CHARACTER
4,3.1 The characters DATA 1 and DATA 2 are multiple purpose characters used to

designate port or memory addresses, port or memory data, or logical data masks
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associated with particular commands. The exact function of the data characters in
a particular message is determined by the particular poll command in the message.

4.4 LRC CHARACTER

4.4.1 The LRC character is a vertical error detection character. Each bit of the
LRC is an even parity check of the four corresponding bits of the four preceding
characters. The LRC may be calculated by the host by performing a logical "exclu-
sive or" function on the four preceding characters. This vertical parity check,
combined with the parity of each character, provides a highly error resistant
interchange between the SCU 1 and host processor.

Figure 4-1 shows an example of the calculation of the LRC character in a typical
message.

FIGURE 4-1 EXAMPLE OF LRC CHARACTER

HEX BINARY PARITY

Address B2 1011 0010
Command 85 1000 0101
Data 1 c4 1100 0100
Data 2 0A 0000 1010
LRC F9 1111 1001

o O = = C
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SECTION 5

MESSAGE FORMAT DESCRIPTION

5.1 POLL MESSAGE FORMAT

5.1.1 There are 2 allowable poll message formats for messages transmitted from
the host to a particular SCU 1. The 2 poll message formats are designated as (1)
normal poll message and (2) short poll message.

5.2 NORMAL POLL MESSAGE

5.2.1 The normal poll message is used for most commands. It is composed of 5
characters which are, in order of transmission, (1) Address, (2) Command, (3) Data
1, (4) Data 2, and (5) LRC. '

5.3 SHORT POLL MESSAGE

5.3.1 The short poll message may be used under certain situations in order to re-
duce the number of characters that are transmitted in a poll and/or response mes-
sage. The short poll may be used in conjunction with the port monitor functions,
but it may be used only after the SCU 1 has been commanded to respond to a short
poll inquiry.

5.3.2 The short poll message is composed of 2 characters which are, in order of
transmission, (1) address and (2) command. Since no LRC character is included,

only the even parity bit of each character is available to provide data integrity.

5.4 RESPONSE MESSAGE FORMAT

5.4.1 There are 3 allowable response message formats for messages transmitted
from the SCU 1 to the host. The 3 response message formats are designated as (1)
normal response message, (2) short response message, and (3) no response.
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5.5 NORMAL RESPONSE MESSAGE

5.5.1 The normal response message is the response for most host poll messages.
It is composed of 5 characters which are, in order of transmission, (1) repeat ad-
dress, (2) repeat command/"loop", (3) data 1, (4) data 2, and (5) LRC.

5.5.2 The command word will be repeated unless an invalid command or an invalid
port address is received in the poll message. In this case, the "Toop" command,
'FB', will be issued as the response.

5.5.3 The data 1 and data 2 characters will reflect the appropriate response as
determined by the command character in the host poll message. The LRC is again

generated according to the 4 preceding characters.

5.6 SHORT RESPONSE MESSAGE

5.6.1 The short response message will be issued only in reply to a short poll
message when no activity has occurred since the previous poll. If an activity has
occurred, the SCU 1 will respond to the short poll message with a normal response
message.

5.6.2 The short response message is composed of 2 characters which are, in order
of transmission, (1) address and (2) command.

5.7 NO_RESPONSE

5.7.1 It is possible for the SCU 1 to echo no response. This condition will
occur after a system synchronization command or if the SCU 1 detects a parity or
LRC error. Thus, when expecting a reply, the host should always perform a check
for no response after a short time delay, and if this is the case, resynchronize
and retransmit the poll.
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SECTION 6

SYSTEM SYNCHRONIZATION

6.1 SYSTEM SYNCHRONIZATION

6.1.1 In order that each SCU 1 in a network determine which of the received
serial bytes are address, command, data and LRC, a means of synchronization is
required. A special address and command is reserved for this function. A message
of four bytes of 'FF' and the LRC character '00' perform the function.

6.1.2 After an SCU 1 powers up, it will be in the offline condition. While off-
line, the SCU 1 will not respond to any command but will wait for a system syn-
chronization message. Once synchronized, the SCU 1 will be online. Sending a
synchronization message will not interfere with any SCU 1 already online or reset
any task in progress, such as a monitor port task.

6.1.3 An SCU 1 will remain online until avparity or LRC error is detected. This
is done to prevent an SCU 1 from responding to what may be a false address, which
otherwise could cause a bus contention problem on the serial link. An SCU 1 may
also go offline if the power supply (Vcc) falls to ground temporarily or if the
external reset pin is taken low temporarily.

6.1.4 If an SCU 1 is commanded to perform a task such as monitor port 1 and it

then goes offline, the task will still be performed; however, system synchroni-
zation must occur before the SCU 1 can respond to a poll command.
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SECTION 7

MODEM SIGNALS

7.1 MODEM SIGNALS

7.1.1 Handshaking with line drivers/receivers, modems or other transceivers may
be accomplished with the modem signals, RTS (Request-To-Send) and CTS (Clear-To-
Send). These signals allow interfacing the SCU 1 to half-duplex serial links with
slow turnaround times. Just prior to responding to a valid command, RTS will go
to a logic 1, indicating the SCU 1 is ready to send data back to the host. For
half-duplex transmission lines, this signal should be used to direct the flow of
information from the SCU 1 to the host (i.e., "turning the line around").

7.1.2 CTS is an input tested by the SCU 1 after RTS goes active, to determine
when the SCU 1 may begin sending data. This signal should be an acknowledgement
that the serial link is ready for data from the SCU 1. CTS must go active within
approximately 2.3 seconds following RT