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Telecommunications

Mostek has all the numbers for a
totally digital system

At Mostek you get a choice. Mostek
is the only company with a broad line
of telecommunications circuits aimed
at cost-effective solutions for big
systems or small. Tone dialers, pulse
dialers, repertory dialers, tone
decoders and codecs are available in
volume now.

Mostek made its commitment to
telecommunications products in 1974,

the year we built our first tone dialer.

Since then we've shipped over five
million. So, we've earned our
reputation as a dependable source for
reliable products. Our extensive testing
and quality control procedures all
assure reliable systems in the field.

A good example of Mostek’s
technology leadership is the recently
introduced switched capacitor PCM
filter. In an application where space
and power are the most critical
parameters, Mostek's codec and filter
offer industry’s smallest packages and
industry’s lowest power.
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ORDERING INFORMATION
TELECOMMUNICATION PRODUCTS

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

1.

Example: MK 5103(N)-5
1. Dash Number
2. Package

3. Device Number

4. Mostek Prefix

Dash Number

One or two numerical characters defining specific device performance characteristic.
Package

P - Gold side-brazed ceramic DIP

J - CER-DIP

N - Epoxy DIP (Plastic)

K - tin side-brazed ceramic DIP

T - Ceramic DIP with transparent lid
E - Ceramic leadless chip carrier

Device Number

1XXX or 1XXXX - Shift Register, ROM

2XXX or 2XXXX - ROM, EPROM

3XXX or 3IXXXX - ROM, EPROM

38XX - Microcomputer Components

4XXX or 4XXXX - RAM

5XXX or 5XXXX - Counters, Telecommunication and Industrial
XXX or 7XXXX - Microcomputer Systems

Mostek Prefix

MK-Standard Prefix

MKB-100% 883B screening, with final electrical test at low, room and high-rated temperatures.

H-iv



MOSTEK

TELECOMMUNICATION PRODUCTS

Package Descriptions

Plastic Dual-In-Line Package (N)
16 Pin

(INCLUDING END FLABHI

Plastic Dual-In-Line Package (N)
18 Pin

otve

Plastic Dual-In-Line Package (N)
24 Pin
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Plastic Dual-In-Line Package (N)
28 Pin

odAgH D ; i
J
P

Plastic Dual-In-Line Package (N)
40 Pin

NOTES:
1. Thet e-post spacing is 0.100 between centerlines, Each pin centerline
Iocldwlh +0010 ||s( se longituding lposm relative to pins 1 and 40,
- -
Ceramic Dual-In-Line Package (P)

16 Pin

800 * 010

s

e e

.01

i
L_ 7 EQUAL SPACES @ .100-
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Ceramic Dual-In-Line Package (P) . N

18 Pin | “ / / | Ir

oooooo

Ceramic Dual-In-Line Package (P)
24 Pin
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Ceramic Dual-In-Line Package (P)

28 Pin 2 E oo ——
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Ceramic Dual-In-Line Package (P)
40 Pin '
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Mostek - Technology For Today And Tomorrow

|

TECHNOLOGY

From the beginning, Mostek has been
recognized as an innovator. In 1970, Mostek
developed the MK4006 1K dynamic RAM
and the world’s first single-chip calculator
circuit, the MK6010. These technical
breakthroughs proved the benefits of ion-
implantation and cost-effectiveness of
MOS. Now, Mostek represents one of the
industry’s most productive bases of
MOS/LSI technology. Each innovation -
in memories, microcomputers and
telecommunications - adds to that
technological capability.

QUALITY

The worth of a Mostek product is
measured by its quality. How well it's
designed, manufactured and tested. How
well it works in your system.

In design, production and testing, our
goal is meeting the spec every time. This
goal requires a strict discipline, both from
the company and from the individual. This
discipline, coupled with a very personal
pride, has driven Mostek to build in quality
at every level, until every product we take to
the market is as well-engineered as can be
found in the industry.

PRODUCTION CAPABILITY

Mostek’s commitment to increasing

production capability has made us the
world’s largest manufacturer of dynamic
RAMs. In 1979 we shipped 25 million 4K
and 16K dynamic RAMs. We built our first
telecommunication tone dialer in 1974;
since then, we've shipped over 5 million
telecom circuits. The MK3870 single-chip
microprocessor is also a large volume
product with over two million in application
around the world. To meet the demand for
our products, production capability must be
constantly increased. To accomplish this,
Mostek has been in a constant process of
expanding and refining our production
capabilities.

THE PRODUCTS

Telecommunications and Industrial
Products

Mostek has made a solid commitment to
telecommunications with a new generation
of products, such as Integrated Pulse
Dialers, Tone Dialers, CODECs, monolithic
filters, tone receivers, A/D converters and
counter time-base circuits.

Since 1974 over five million telecom
circuits have been shipped, making Mostek
the leading supplier of tone/pulse dialers
and CODECs.

Memory Products

Through innovations in both circuit
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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
RAMSs now feature access times as low as
55 nanoseconds. With high density ROMs
and PROMSs, static RAMs, dynamic RAMs
and pseudostatic RAMs, Mostek now offers
one of industry’s broadest and most
versatile memory families.

Microcomputer Components

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

Our Z80 family is the highest perfor-
mance 8-bit microcomputer available today.
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 MK3874 EPROM version
supports and prototypes the entire family.

Microcomputer Systems

Supporting the entire component product

1-iv

line is the powerful MATRIX™ micro-
computer 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
function, reducing system cost because the
designer buys only the specific functional
modules his system requires. All MDX
boards are STD-Z80 BUS compatible.

The STD-Z80 BUS is a multi-sourced
motherboard interconnect system designed
to handle any MDX card in any card slot. -

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.



U.S. AND CANADIAN SALES OFFICES

CORPORATE HEADQUARTERS

Mostek Corporation
1215 W. Crosby Rd.
P.0.Box 1

Carroliton, Texas 75006

REGIONAL OFFICES

Eastern U.S./Canada
Mostek

34 W. Putnam, 2nd Floor
Greenwich, Conn, 06830
203/622-0956

TWX 710-679-2928

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
125 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

Central U.S.

Mostek
701 E. Irving Park Road
Suite 206
Roselle, lIl. 60172
312/629-3993
TWX 910-291-1207

North Central U.S.

Mostek

6125 Blue Circle Drive, Suite A
Minnetonka, Mn. 556343

612/935-4020

TWX 910-576-2802

South Central U.S.
Mostek

228 Byers Road

Suite 1

Miamisburg, Ohio 45342
513/866-3405

TWX 810-473-2976

Michigan

Mostek

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

TWX 810-242-2978
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Southwest U.S.
Mostek

4100 McEwen Road
Suite 237

Dallas, Texas 76234
214/386-9141

TWX 910-860-5437

Nnnhum California

tek
2025 Gateway Place
Suite 268

San Jose, Calif. 956110
408/287-5081

TWX 910-338-7338
Soutmm California

Mostek
17870 Skypark Circle
uite 107

e
Irvine, Calif. 92714
714/649-0397
TWX 910-5695-2613

Rocky Mountains
Mostek

8686 N Cen(ral Ave.
Suite 1

Phoenu( Arlz 86020
602/997-757

TWX 810-967-4581

Northwest

Mostek

1107 Norlh East 45th Street

Suite 411

Seullle Wa. 98105
06/632-0245

TWX 910-444-4030

0
w
8}
e
w
o




U.S. AND CANADIAN REPRESENTATIVES

ALABAMA

Beacon Elect. Assoc., Inc.
11309 S. Memorial Pkwy.
Suite G

Humsvnﬂe, AL 35803
2065/881-5031

TWX 810-726-2136

ARIZONA

Summit Sales

7336 E. Shoeman Lane
Suite 116E

Scottsdale, AZ 85251
602/994-4587

TWX 910-950-1283

ARKANSAS

Beacon Elect. Assoc., Inc.
P.O. Box 5382, Brady Station
Little Rock, AK 72215
501/224-5449

TWX 910-722-7310

CALIFORNIA
Harvey King, Inc.
8124 Miramar goad

TWX 910 335-1231

COLORADO

Waugaman Associates
Van Gordon

Wheat Rudge, CO 80033

303/423-1020

TWX 910-938-0750

CONNECTICUT

New England Technical Sales
240 Pomeroy Aye.

Meriden, CT 06450
203/237-8827

FLORIDA
Beacon Elect Avsoc Inc.
6842 N.

Ft. Luudavdals FL 33309
305/971-7320
TWX 510 955-9834

Beacon Elect. Assoc., Inc.
235 Maitland Ave.
P.0.Box 1278

Mamand FL 32751
305/647-3498

TWX 810 853-6038

Beacon Elect. Assoc., Inc.
316 Laurie

Melbouma, Fl. 32935
306/259-06-

TWX 510- 950 7261

Beacon Elect. Assoc., Inc.
2280 U.S. Hwy 19 North
Suite 163

Clearwater, FL 33615
813/725-4714

TWX 810-866-9739

*Home Office

GEORGIA
Beacon Elect. Assoc., inc.*
6135 Barfield Rd.

256-9640
TWX 810-751-3165
ILLINOIS
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 810-260-263!

Rich Electronic Marketing
3448 West Taylor St.

Fort Wayne, IN 46804
219/432-5553

TWX 810-332-1404

IOWA

Cahill, Schmitz & Cahill, Inc.

208 Collins Rd. N.E. Suite K
Cedar Rapids, IA 52402
319/377-8219

TWX 910-525-1363

Carlson Electronic Sales

204 Collins Rd. N.E.
Cedar Rapids, |A 52402

319/377-6341 -

KANS&AS

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

TWX 910-749-6404

KENTUCKY

Rich Electronic Marketing
5910 Bardstown Road
P.0.Box 91147
Louisville, KY 40291
502/239-2747

TWX 810-535-3767

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

APJ Associates, Inc.
9880 E. Grand River Ave.
Brighton, M1 48116
313/229-6550

TWX 810-242-1510

MINNESOTA
Cahill, Schmitz & Cahill, Inc.
316 N. Pierce

TWX 910-563-3737

MISSOURI

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

NEW JERSEY

Tritek Sales, Inc.

21E Euclid Ave.
Haddon'letd NJ 08033

609/429-1651
215/627-0149 (Philadelphia Line)
TWX 710- 896-0881

NEW MEXICO
Waugaman Associates
9004 Menaul N.E.

Suite 7

P. 0. Box 14894
Albuquarque, NM 87112
605/294-1437

NORTH CAROLINA
Beacon Elect. Assoc., Inc.
1207 West Bessemer Ave.
Suite 112

Greensboro, NC 27408
919/275-9997

TWX 610-926-1119

Beacon Elect. Assoc., Inc.
3901 Barrett Dr. 3rd Floor
Raleigh, NC 27611
919/787-0330

NEW YORK

ERA (Engrg. Rep. Assoc.)
One DuPont Street
Plainview, NY 11803
616/349-1190

TWX 510-221-1849
Precision Sales Corp.

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

Precision Sales Corp.*
1 Commerce Blvd.

I
316/451-3480
TWX 710-545-0250

Precision Sales Corp.
3694 Monroe Avenue
Rochester, NY 14534
716/381-2820

OHIO

Rich Electronic Marketing

7221 Taylorsville Road
Dayton, Ohio 456424

513/237-9422

TWX 810-459-1767

Rich Electronic Marketing
141 E. Aurora Road
Northfieid, Ohio 44067
216/468-0683

TWX 810-427-9210
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OREGON

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

Suite 124

Egnland OR 97225

TELEX 36- 0465 (AMAPORT PTL)

PENNSYLVANIA
CMS Marketing

121A Lorraine Avenue
P.0. Box 300
Orelnnd PA 19075
215/885-5106

TWX 510-665-0161

TENNESSEE

Beacon Elect. Assoc., Inc.
103 Sequoyan Dr.
Suite #2

Jol hmon cny, TN 37681
615/282

TWX 810- 575 8556

Rich Electronic Markenng
1128 Tusculum Bivd.

Suite

Greanvnlle, TN 37743
615/639-3139

TWX 810-576-4697

TEXAS

Southern States Marketing, Inc.
14330 Midway Road, Suite 226
Dallas, Texas 76234
214/387-2489

TWX 910-860-56732

Southern States Marketing, Inc.
Town Park Drive, Suite 1

Houston, Texas 77036

713/988-0991

TWX 910-881-1630

UTAH
Waugaman Associates
2222 S. State Street

#

Salt Lake City, UT 84115
801/467-4263

TWX 910-926-4026

WASHINGTON

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

Bellevue, WA 98005
206/455-5846

TWX 910-443-2445

WISCONSIN

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

Milwaukee, W1 53226
414/476-2790

TWX 910-222-1819

CANADA

Cantec Representatives Inc.*
1673 Laperriere Ave.
Ottawa, Ontario

TWX 610-562-8967

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

Toronto, Canada MOW 5X6
416/675-2460

TWX 610-492-2655



U.S. AND CANADIAN DISTRIBUTORS

ARIZONA

Kierulff Electronics
4134 E. Wood St.
Phoenix, AZ 85040
602/243-4104

TWX 910/961-1550
Wyle Distribution Group
8155 North 24th Avenue
Phoenix, Anzona 85021
602/249.

TWX 9!0/951 -4282

CALIFORNIA

Bell Industries

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

TWX 910/339-9378
Arrow Electronics

720 Palomar Avenue
Sunnyvala, CA 94086

TWX 910/339 9371
Kierulff Electronics
2585 Commerce Way
Los Angeles, CA 90040
213/725-0325

TWX 910/680-3106
Kierulff Electronics
8797 Balboa Avenue

TWX 910/335 1182
Kierulff Electronics
14101 Franklin Avenue
Orange County, CA 92680
714/731-6711

TWX 910/695-2699
Schweber Electronics
17811 Gillette Avenue
Irvine, CA 92714
714/656-3880

TWX 910/695-1720
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 910/335-1590
Wyle Distribution Group

TWX 910/348-7111
Wyle Distribution Group
3000 Bowers Ave.
Santa Clara, CA 95051
-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
6777 East 50th Ave.
Commerce City, CO 80022
303/287-9611

CONNECTICUT

Arrow Electronics

12 Beaumont Rd.
Wallingford, CT 06492
203/266-7741

TWX 710/476-0162
Schwaeber Electronics
Finance Drive

Commerce Industnal Park

TWX 710/456-9405

FLORIDA

Arrow Electronics

1001 N.W. 62nd St.
Suite 108

Ft. Lauderdale, FL 33309

TWX 51 0/ 955-9456
Arrow Electronics

115 Palm Bay Road, N.W.
200

Suite 10 Bidg.

Palm Bay, FL 32905

305/725-1480

TWX 510/959-6337

Diplomat Southland

2120 Calumet

Clearwater, FL 33515

813/443-4514

TWX 810/866-0436

Klefum Electronics
3247 Tech Drive

St. Petersburg, FL 33702

813/576-1966

TWX 810/863-5625

GEORGIA

Arrow Electronics

2979 Pacific Ave.

Norcross, GA 30071
/44

404, -

TWX 810/766-0439
Schweber Electronics
4126 Pleasantdale Road
Atlanta, GA 30340
404/449-9170

ILLINOIS

Arrow Electronics

492 Lunt Avenue

P. O. Box 842
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
Kierulff Electronics
1536 Lanmeier

Elk Grove V:llage, 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

TWX 8!0/332 1562

Pioneer/Indiana

6408 Castleplace Drive

lndmnapolls, IN 46250
9-7300

TWX 810/260-1794

10WA

Advent Electronics

682 58th Avenue
Court South West
Cedar Rapids, IA 62404
319/363-0221

TWX 910/525-1337

MASSACHUSETTES
Kierulff Electromcs

13 Fortu

Blllefn:a MA 0|821
617/935-6134
TWX 710/390-1449
Lconex Corpovanon

Aves

Burlmgton, MA 01803
617/272-9400
TWX 710/332-1387
Schweber Electronics
25 Wiggins Avenue

rd, MA 01730
617/275-5100
TWX 710/326-0268
Arrow Electronics
96D Commerce Way
Woburn, MA 01801
617/933-8130
TWX 710/393-6770

Hl-v

MARYLAND

Arrow Electronics

4801 Benson Avenue

Baltimore, MD 21227

301/247-5200

TWX 710/236-9005

Schweber Electronics

218 Gaither Rd.

Gaithersburg, MD 20760
1/840-5900

TWX 710/828-9749

MICHIGAN
Arrow Electronics

TWX 810/223-6020

Schweber Electronics
33540 Schoolcraft Road

TWX 810/242 2983

MINNESOTA

Arrow Electronics

5251 W. 73rd Street

Edina, MN 55435
612/830-1800

TWX 910/576-3125

Industrial Components

5229 Edina Industrial Bivd.

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
6/452-3900

TWX 910/771-2114

NEW HAMPSHIRE
Arrow Electronics

1 Perimeter Rd.
Manchester, NH 03103
603/668-8968

TWX 710/220-1684

NEW JERSEY

Arrow Electronics

Pleasant Valley Avenue

Morrestown, NJ 57

609/235-1900

TWX 710/897-0829

Arrow Electronics

285 Midland Avenue

Saddlebrook, NJ 07662

201/797-5800

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
111';/28 v N'EM 87123
ue,
75927700

TWX 910/989-0625
Arrow Electronics

2460 Alamo Ave. S.E.
Albuquerque, NM 87106
505/243-4566

TWX 910/989-1679

NEW YORK

Arrow Electronics

900 Broad Hollow Rd.
Farmmgdale. L1, NY 11735
516/694-6800

TWX 510/224-6494
Arrow Electronics
7705 Mattage Drive
P. 0. Box 370
Liverpool, NY 13088
315/652-1000

TWX 710/545-0230
Arrow Electronics
3000 S. Winton Road

TWX 610/263-4766
Arrow Electronics

20 Oser Ave.

Hauppauge, NY 11787
516/231-1000

TWX 610/227- 8623
Lionex Corporatio!

415 Crossway Pavk Drive
Woodbury, LI, NY 11797
516/921-4414

TWX §10/221-2196
Schweber Electronics

2 Twin Line Circle
Rochester, NY 14623
716/424-2222
Schweber Electronics
Jericho Turnpike

TWX 610/222-3660

NORTH CAROLINA
Arrow Electronics

938 Burke St.

Winston Salem, NC 27102
919/725-8711

TWX 510/931-3169
Hammond Electronics
2923 Pacific Avenue

TWX 510/926-1094

OHIO

Arrow Electronics
3100 Plainfield Road
Ketmigg, OH 46432
513/263-9176
TWX 810/459 161 1
Arrow Electro

10 Knoll Crost Drlve
Raadu , OH 45237
513/761-5432
TWX 810/-1614670

TWX 810/427-9409
hweber Electronics
23850 Commerce Park Road
Beachwood, OH 44122
216/464-2970
TWX 810/427-9441
Pioneer/Cleveland
4800 East 131st Street
Cleveland, OH 44106
215/687-3600
TWX 810/422-2211
Pioneer/Dayton-Industrial
1900 Troy Street
Dayton, OH 45404
513/236-9900
TWX 810/459-1622
OREGON
Kierulff Electronics
4273 NW Science Park
Portland, OR 97227
603/641-9160
TWX 910/467-8753

PENNSYLVANIA
%Mebef1 Electronics
Horsham, PA 19044
215/441-0600
Arrow Electronics
4297 Greensburg Pike
Suite 311

Pmsburg. PA 15221
412/351-4000
Pioneer/Pittsburgh
560 Alpha Drive
Pittsburgh, PA 16328
412/782-2300

TWX 710/795-3122

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

TWX 810/281-2233

TEXAS
Arrow Electronics
13715 Gamma Road

TWX 910/860-5377

Quality Components
10201 McKalla

Suite

Ausnn, TX 78768
512/836-0220
TWX 910/874-1377

Quality Components
4303 Road

Dallas, TX 76240
214/387-4949
TWX 910/860-5459
Quality Components
61 28 Westline
on, TX 77036

n 3/ 772-71 00

ronics

Schweber Electr
7420 Harwin Drive
Houston, TX 77036

713/784-3600
TWX 910/881-1109

i-vi

UTAH
Bell Industries
3339W 2150 South 2

Sait Lake City,
801/972-6969
TWX 910/926-5686
Kierulff Electronics

Sait Lake
801/973-6913

WASHINGTON

Kierulff Electronics

1 Andover Park East

Tukwila, WA 98188
/576-44

TWX 910/444-2034

Wyle Distribution Group

1750 132nd Avenue N E.

Bellevue, Washington 98005

206/45.
TWX 910/443-2626

WISCONSIN
Arrow Electronics

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

TWX 910/262-3653

CANADA

Preico Electronics

2767 Thames Gate Drive

Mississauga, Ontario

Toronto LAT 1G6

416/678-0401

TWX 610/492-8974

Preico Elsmromes

480 Port R St. W.

Montreal 367 P Q. H3L 289

514/389-80!

TWX 610/421 3616

Preico Electronics

1770 Woodward Drive
Ottowa, Ontario K2C OP8

613/226-3491

Telex 05-34301

R.AE. industrial

TWX 610/929-3065
Zentronics

141 Catherine Street
Ottawa, Ontario

K2P 1
613/238-6411

Telex 05-33636

Zentronics

1355 Meyerside Drive
Mississauga, Ontario

(Toronto) LT 1C9

416/676-8000

Telex 068-983657

Zentronics

5010 Rue Pare

Montreal, Que

M4P 1P3

514/736-5361

Telex 05-827636

St. James, Manitoba
(Winnipeg) R2H OR4
204/775-8661

Zentronics

N2L 4C6
519/884-5700



INTERNATIONAL MARKETING OFFICES

EUROPEAN HEAD OFFICE
Mostek International

150 Chaussee de la Hulpe
B-1170 Brussels

JAPAN

Sanyo Bldg 3F

1-2-7 Kita-Aoyama
Minato-Ku, Tokyo 107

GERMANY
Mostek GmbH
Talstrasse 172
7024 Filderstadt 1

Mostek GmbH
Zaunkoenlgstrasse 18
D-8021 Ottobrunn
(49) 89 6091017-19

UNITED KINGDOM
Mostek U.K. Ltd.
Masons House,

1-3 Valley Drive,

Belgium (Bernhausen) Telex - 841 5216516 MKMU D (81) 34047261 Kingsbury Road,
(32) 2 6606924 (49) 711 701045 *Telex 781 23686 J23686 MOSJAQY London, NW9
Telex - 846 62011 MKBRU B Telex - 841 7255792 MKD ITALY (44) 1 2049322

Mostek Italia S.P.A. SWEDEN Telex - 851 25940 MOSTEK G

FRANCE Mostek GmbH Via G. da Procida, 10 Mostek Scandinavia AB
Mostek France S.A.R.L. Friedlandstrasse 1 1-20149 Milano Magnusvagen 1

30, Rue de Morvan 2085 Quickborn/Hamburg (39) 2 3185337 or §-175 31 Jarfalla

Silic 5056 (49) 40 41062077/2078 3492696 (46) 768-343-38

94623 Rungis Cedex Telex - 841 1213685 MKHA D Telex - B43 333601 MOSTEK | Telex - 854 12997 MOSTEK S

(33)1 6873414
Telex - 842 204049 MKFRANF F

INTERNATIONAL SALES REPRESENTATIVES/DISTRIBUTORS

ARGENTINA

Rayo Electronics S.R.L.
Belgrano 990, Pisos 6y2
1092 Buenos Aires
(38)-1779, 37-9476
Telex - 122163

AUSTRALIA

Amtron Tyree Pty.Ltd.
176 Botany Street
Waterloo, N.S.W. 2017
(61) 69-89.666

Telex - 25643

AUSTRIA
Transistor-Vertriebs GmbH
Auhofstrasse 41 A
A-1130 Vienna
(43)222-829.45.12

Telex - 13738

BRASIL

Cosele, Ltd.

Rua da Consolacao, 867

Conj. 31

01301 Sao Paulo

(565) 11-257.35.35/258.43.25
Telex - 1130869

BELGIUM

Sotronic

14, Rue Pere de Deken
B-1040 Brussels

(32) 2-736.10.07
Telex - 25141

DENMARK

Semicap APS

Gammel Kongevej 184.5
DK-1850 Copenhagen
(45)1-22.16.10

Telex - 15987

FINLAND

S.W. Instruments
Karstulantie 4 B
SF-00550 Helsinki 55
(358)-0-73.82.65
Telex - 122411

FRANCE

E.P.

4, Rue Barthelemy
F-92120 Montrouge

(33) 1-735.33.20
Telex - 204534

SCAIB

80, Rue d"Arcuil

SILIC 137

F-94150 Rungis Cedex
(33)1-687.23.12
Telex - 204674

GERMANY

Neue Enatechnik GmbH
Schillerstrasse 14
D-2085 Quickborn
(49)4106-61.22.95
Telex - 213.590

Dr Dohrenberg
Bayreuther Strasse 3
D-1 Berlin 30
(49)30-213.80.43
Telex - 184860

Raffel-Electronic GmbH
Lochnerstrasse 1
D-4030 Ratingen

(49) 2102-280.24
Telex - 8585180

Siegfried Ecker
Konigsberger Strasse 2
D-6120 Michelstadt
(49) 6061-2233

Telex - 4191630

Matronic GmbH
Lichtenberger Weg 3
D-7400 Tubingen
(49) 7071-24.43.31
Telex - 726.28.79

Dema-Electronic GmbH
Blutenstrasse 21

D-8 Munchen 40

(49) 89-288018

Telex - 28345

HONG KONG
Cet Limited
1402 Tung Wah

THE NETHERLANDS
Nijkerk Elektronika BV
D 7

199-203 Hennessy Road
Wanchai, Hong Kong
(5)-72.93.76

Telex - 85148

ISRAEL

Telsys Limited

54 Jabotinsky Road

Ramat-Gan 52462

(972) 73.98.65
72.23.62

Telex - 32392

ITALY

Comprel S.r.L.

Viale Romagna, 1

1-20092 Ciniselio Balsamo
(39) 2-928.08.09/928.03.45
Telex - 332484

JAPAN

Systems Marketing, Inc.
4th Floor, Shindo Bldg.
3-12-5 Uchikanda,
Chiyoda-Ku,

Tokyo, 100

(81) 3-254.27 51

Telex - 25761

Teijin Advanced Products Corp.
1-1 Uchisaiwai-Cho

2-Chome Chiyoda-Ku

Tokyo, 100

(81) 3-506.46.73

Telex - 23548

KOREA

Vine Overseas Trading Corp.
Room 303-Tae Sung Bidg.
199-1 Jangsa-Dong
Jongro-Ku

Seoul

(26)-1663, 25-9875

Telex - 24154

Hl-ix

1083 HK Amsterdam
(020.)428. 933
Telex - 11625

NEW ZEALAND

E.C.S. Div. of Airspares
P.O. Box 1048

Airport Palmerston North
(77)-047

Telex - 3766

NORWAY

Hefro Tekniska A/S
Postboks 65696
Rodelkka

Oslo 5

(47) 2-38.02.86
Telex - 16205

SOUTH AFRICA
Radiokom

P.O. Box 56310
Pinegowrie

2123,

Transvaal
789-1400

Telex - 8-0838 SA

SWEDEN

Interelko AB
Strandbergsg. 47
$-11251 Stockholm
(46)8-13.21.60
Telex - 10689

SPAIN

Comelta S.A.

Cia Electronica Tecnicas Aplicadas
Consejo de Ciento, 204

Entlo 3A.

Barcelona 11

(34) 3-254.66.07/08

Telex - 51934

SWITZERLAND
Memotec AG
CH-4932 Lotzwil
(41)63-28.11.22
Telex - 68636
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TAIWAN

Dynamar Taiwan Limited
P.0. Box 67-445

2nd Floor, No. 14, Lane 164
Sung-Chiang Road

Taipei

5418251

Telex - 11064

UNITED KINGDOM
Celdis Limited

37-39 Loverock Road
Reading

Berks RG 31 ED
(44)734-58.51.71
Telex - 848370

Distronic Limited

50-51 Burnt Mill
Elizabeth Way,

Harlow

Essex CM 202 HU
(44)279-32.497/39.701
Telex - 81387

A.M. Lock Co,, Ltd.
Neville Street,
Chadderton,
Oldham, Lancashire
(44) 61-652.04.31
Telex - 669971

Pronto Electronic Systems Ltd.
645 High Road,

Seven Kings,

liford,

Essex IG 38 RA
(44)1-599.30.41

Telex - 24507

YUGOSLAVIA
Chemcolor

Inozemma Zastupstva
Proleterskih brigada 37-a
41001 Zagreb
(41)-513.911

Telex - 21236
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MOSTEK.

INTEGRATED TONE DIALER

MK5087(N)

FEATURES

O Pin-for-Pin compatible with MK5085N with
improved performance

O Low Standby Power

O Auxiliary Switching Functions on Chip

O Minimum External Parts Count

O Uses Inexpensive 3.579545 MHz Television
Color-Burst Crystal to Provide High Accuracy

Tones

O On-Chip-Regulation of Dual and Single Tone
Amplitudes
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I Interfaces Easily in Electronic or uP Dialing

Applications tor. D-to-A conversion is accomplished on-chip

by a conventional R-2R ladder network. The tone

O Multiple Key Entry Pin Selectable to Either CUtPUt.is a stairstep approximation to a sine wave

Single Tone or No Tone and requires little or no fulterlqg for low-distortion

applications. The same operational amplifier that

DESCRIPTION accomplishes the current-to-voltage transformation

necessary for the D-to-A”converter also mixes the

low and high-group signals. Frequency stability of

this type of tone generator is such that no frequency

adjustment is needed to meet standard DTMF
specifications.

The MK 5087 is a monolithic integrated circuit
fabricated using the complementary-symmetry
MOS (CMOS) process. A member of the TONE
11* family of integrated tone-dialers, the MK5087
uses an inexpensive crystal reference to provide
eight different audio sinusoidal frequencies, which ~ PIN OUT
are mixed to provide tones suitable for Dual-Tone-

Multi-Frequency (DTMF) telephone dialing. v+ 1 16{ TONE OUT

The MK 5087 was designed specifically for integrated XMTR SWITCH | 2 15| SINGLE TONE
. .. . . TNHIBIT

tone-dialer applications that require the following:

wide - supply operation with regulated output, COLUMN 1) 3 14|ROW1

opposite-polarity logic outputs,(one with push-pull coLumn 2| 4 13| ROW 2

output and one with open emitter output), single

contact static keyboard inputs, and single tone COLUMN 3|5 12|ROW 3

inhibit option. v-l6 11lrow e

Keyboard entries to the TONE [I* family of inte-

grated tone-dialers cause the selection of the proper b 10| MUTE OUT

divide ratio to obtain the required two audio 0SC ouT|8 9 |COLUMN 4

frequencies from the 3.5679545 MHz reference oscilla-

* Trademark of Mostek Corporation
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*ABSOLUTE MAXIMUM RATINGS

Supply Voltage V+. ............ +10.5 Volts
Voltage on any pin relative to V-.. -0.3 Volts
Voltage on any pin relative to V+.. +0.3 Volts

Operating temperature, T 5 (ambient)

Storage Temperature (ambient)
Maximum Circuit Power Dissipation

-30°C to +60°C
-65°C to +150°C

500mW @25°C. See Derating Curve

60
Ta 404

°c 204

SAFE OPERATING RANGE**

Il
100 200

}
300

400

1
500

W
SUM OF ALL POWER BISSIPATION POINTS.

*QOperation Above Absolute Maximum Ratings May Damage the Device
**Derating Curve |s Based On Device Operation Soldered Into Printed Circuit Board

DC Operating Conditions; —30°C < T < +60°C

Parameter Symbol Min. Typ. Max. Units Notes
Supply Voltage V+ 3.5 10.0 Volts 1
Inputs:
Single Tone Inhibit
Input High (Logic 1) VIH IV+ v+ Volts 1
Input Low (Logic 0) VIiL 0.0 3V+ Volts 1
Columns (1-4)
Input High (Column On) IV+ V+ Volts 1
Input Low (Column Off) 0.0 aAV+ Volts 1
Rows (1-4)
Input High (Row Off) OV+ V+ Volts 1
Input Low (Row On) 0.0 3V+ Volts 1
Electrical Characteristics -30°C <T 5 < +60°C;3.5V< V+ < 10.0V
Parameter Symbol Min | Typ |Max| Units Notes
Output Voltage
Row Tone (R|_=1k) 317 | 400 [504| mVRMS 1,3,6
Column Tone (R = 1k) 396 | 500 {630 mVRMS 1,3,6
Tone Output External
Load Impedance
V+=3.5Vdc 620 Q
V+=10.0Vdc Rp 330 Q




Electrical Characteristics (Cont.)

Parameter Symbol Min | Typ | Max | Units Notes

Output Current Drive
XMTR Switch (No Keyboard Entry)

(V+=3.5, VoHx=2.5V) IOHX -15 | -25 mA
(V+=10.0V, VoHx=8.0V) lOHX -50 | -100 mA
XMTR Switch (Keyboard Entry)
(V+=10.0V, Output=0.0V) IXLEAK .1 110.0 | A
Mute Out (No Keyboard Entry)
(V+=3.5V, Vo =0.5V) loL 0.5 2.0 mA
(V+=10.0V, Vo =0.5V) loL 1.0 4.0 mA
Mute Out (Keyboard Entry)
(V+=3.5V, Vou=3.0V) IOH 0.5 2.0 mA
(V+=10.0V, VoH=9.5V) loH 1.0 | 4.0 mA
Standby Current (No Keyboard Entry)
(Pin 6, V+=3.5V) ISTBY .25 1100 | uA 2,7
(Pin 6, V+=10.0V) IsTBY 5 1200 | wA 2,7
Operating Current (Keyboard Entry)
(Pin 6, V+=3.5V) lop 1.0 | 2.0 | mA 2,6,89
(Pin 6, V+=10.V) lop 5.0 {10.0 | mA 26,89

Input Current Rows and Columns - SEE GRAPH 1
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Input Resistance

Single Tone inhibit RIN 20 100 | k&

Tone Output (No Keyboard Entry) -80 dBm

Tone Output Rise Time tg|gg t, 3 5.0 mscs 5,9
Pre-Emphasis 1.0 20 {30 dB

Output Distortion, measured in terms of —-20 | dB 4

Total Out-Of-Band power Relative to Sum
of Row & Column Fundamental Power

NOTES:

. All voltages referenced to V—

. All outputs unloaded

TA = 25°C

Any row plus any column at V+> 4 volts

. Time from a valid keystroke with no bounce to allow wave to go from
minimum to 90% of the final magnitude of either frequency.

. True RMS Readings

. Current Out Of Pin 6 No Key Depressed

. Current Out Of Pin 6 One Key Depressed

. Crystal parameters defined as Rg < 10092 Ly, =96mH, C;, =0.02pF, and
Ch =5pF, F = 3.679545MHz, C|_= 18pF

oaLN -
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Graph 1A & 1B - INPUT CURRENT VS. INPUT VOLTAGE

5001 8t TYPICAL INPUT CURRENT
PULL-UP RANGE
600 1 64 )
INPUT
400 ¢ CURRENT 41
INPUT uRRe
CURRENT
- HA  200; 24
25°c
123466780910 25 50 75 10 125 15
INPUT — VOLTS INPUT — VOLTS
Graph 1A Grgph 1B
OSCILLATOR

The network contains an on-board inverter with
sufficient loop-gain to provide oscillation when
working with a low cost television color-burst
crystal. The inverter’s input is OSC IN (pin 7) and
output is OSC OUT (pin 8). The circuit is designed
to work with a crystal cut to 3.579545 megahertz
to give the frequencies in Table 1.

Any crystal frequency deviation from 3.579545
MHz will be reflected in the tone output frequency.
Most crystals don’t vary more than + .02%.

OUTPUT FREQUENCY DEVIATION

TABLE 1
Standard DTMF Tone Output % Deviation
(Hz) Frequency Using From Standard
3.579545 MHz Crystal
f1 697 701.3 +0.62
f2 770 771.4 +0.19 Low
ROW GROUP
f3 852 867.2 +0.61
fa 941 935.1 -0.63
fs 1209 12159 +0.57
cotL
fe 1336 1331.7 -0.32 HIGH
GROUP
f7 1477 1471.9 -0.35
fg 1633 1645.0 +0.73

ROW AND COLUMN INPUTS

The MK 5087N features inputs compatible with
the standard 2-o0f-8 keyboard, the inexpensive
single- contact (form A) keyboard, and electronic
input. Figure 1 shows how to connect to the two
keyboard types and Figure 2 shows waveforms
for electronic input. The inputs are static, i.e.
there is no noise generation as occurs with scanned
or dynamic inputs.

The internal structure of the MK 5087N inputs is
shown in Figure 3. RRj and R pull in opposite
directions and hold their associated input sensing
circuit turned off. When one or more row or column
inputs are tied together, however, the input sensing
circuits sense the ‘% Level”” and deliver a logic
signal to the internal circuitry of the MK 5087N
and cause the proper tone or tones to be generated.

When operating with a keyboard, normal operation
is for dual-tone generation when any single button
is pushed, and single-tone operation when one or
more buttons in the same row or column is pushed.
Activation of diagonal buttons will result in no
tones being generated. .

When the inputs to the MK 5087N are electronically
activated, per Figure 2, input to a single row and
column will result in that dual tone digit’s being
generated. Input to a single column will result in that
column tone being generated. Input to multiple
columns will result in no tone being generated.

Activation of a single row is not sensed by the
internal circuitry of the MK 5087N. If a single
row tone is desired, two columns must be activ-
ated along with the desired row.

KEYBOARD CONFIGURATION
Figure 1
——
COL A A » ROW
CLASS A KEYBOARD
-A | A coL
a A ROW

2 OF 8 DTMF KEYBOARD
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ELECTRONIC INPUT
Figure 2

V+ Rows
Voo L

ROW AND COLUMN INPUTS

Figure 3
V+

Row Input

R
RI Sensing Circuit
S
Row Input | Static Pro i
V- /

Rey %

Column Input

\S;;sing Circuit
-

Column Input Static Protection

MK 5087 BLOCK DIAGRAM

Ry Ry R3 Ry

—_ e —
M e L
v V+
RR [
1 ”
I RR |
I KEYBOARD LOGIC vKks
l SINE MUTE OUT
WAVE D/A
COUNTER |—>{ CONVERTER
osc
out how v
] “ COUNTER I
l l_ VREF l
™ coLumn |
COUNTER |e ¢
) TONE
SINE N ouTPUT
&SC | WAVE D/A v+
COUNTER CONVERTER
KEYBOARD LOGIC VKB I
VKB
v+ |
1 e
W XMTR
l RC SWITCH
Rc . — SINGLE TONE
v INHIBIT
Rc
I__ VW~ V—
s ——t c—t c—— ca— — — —— S—— ——————— ———— —— —— — ——
C; € €3 Cq
V-

SINGLE TONE INHIBIT (PIN 15)

The Single Tone Inhibit input is used to inhibit
the generation of other than dual tones. It has a
pull up to the V+ supply and, when left floating
or tied to V+, single or dual-tones may be generated
as described in the paragraph under row-column
inputs. When forced to the V- supply, any input

situation that would normally result in a single-

tone will now result in no tone, with all other
chip functions operating normally.

XMTR SWITCH (PIN 2)

This pin is connected to the emitter of an on-chip
bipolar transistor whose collector is connected to
V+. With no keyboard input, this transistor is turned
on and pulls pin 2 up to the V+ supply. When a key-
board entry is sensed, this output goes open-circuit
(high impedance). The XMTR switch output switches
regardless of the state of the single tone inhibit
input.

Iv-7
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TONE OUTPUT (PIN 16)

The tone output pin is connected internally in the
MK 5087N. to the emitter of an NPN transistor
whose collector is tied to V+. The input to this
transistor is the on-chip operational amplifier
which mixes the row and column tones together
and provides output level regulation.

MUTE OUT (PIN 10)

The mute output is a conventional CMOS gate that

pulls to V- with no keyboard input and pulls to the
V+ supply when a keyboard entry is sensed. This
output is used to control auxiliary switching
functions that are required to actuate upon keyboard
input. The mute output switches regardless of the
state of the single tone inhibit input.

TYPICAL SINE WAVE
OUTPUT - ROW TONES
A
L lv
o ;
Ftu
— T
Figure 4 TIME —3»-
TYPICAL SINE WAVE
OUTPUT — COLUMN TONES N
LY -
)
v
—T
Figure 5 TIME —3=
OUTPUT WAVEFORM

The row and column output waveforms are shown
in figures 4 and 5. These waveforms are digitally-
synthesized using on-chip D-to-A converters. Dis-
tortion measurement of these unfiltered waveforms
will show a typical distortion of 7% or less.

The on-chip operational amplifier of the MK 5087
mixes the row and column tones to result in a dual-
tone waveform. Spectral analysis of this waveform
will show that typically all harmonic and inter-
modulation distortion components will be-30 dB
down when referenced to the strongest fundamental
(column tone).

Figures 6 and 7 show a typical dual tone waveform
and its spectral analysis.

DISTORTION MEASUREMENTS

Total Harmonic Distortion for the single tone case
(i.e. a single row or column) is defined by the classical

equation:

2 2 2 2
THD:<\//2f+V3f+V4f+"' Vs >x100%

Vfundamental
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Where vos . . . vnf are various Fourier components
of the waveform being measured.

Total Harmonic Distortion for the dual tone case
is defined by:

3 2,2 2.2 .2 2 2
THD‘(%;&*"3r+~~“’nr*"2c“'3c"“'"nc“’lMD)"‘OO

V! +v
row ‘col

Where vpow is the row fundamental amplitude,
Veol is the column fundamental amplitude,
v2r. . .Vpr are the amplitudes of all the Fourier
components of the column frequencies, and
vZyp is the sum of all the intermodulation com-
ponents represented by (V,+c)2 + (V- c)2+
(Vor +¢)2+ (V- 2¢)2 + (v2r -c)2+ (Vo - zc)2 + .
(Vnr+mc)2+(Vnr mc)?

Figure 6 - TYPICAL DUAL TONE WAVEFORM
(ROW 1, COL.1)

A commonly-quoted method of dual tone distortion
measurement is the comparison of total power in the
unwanted components (i.e. intermodulation and
harmonic components) with the total power in the
two fundamentals. For the MK 5087 dual tone
waveform, THD is —20dB maximum.

\%
TONE
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A simpler measurement may be made directly from
the screen of a spectrum analyzer by relating any
component to one of the fundamentals. The MK
5087 dual tone spectrum will show all individual

harmonic and IMD components are typically ~at Figure 7 - SPECTRAL ANALYSIS OF WAYEFORM
least 30dB down with respect to the column tone. :(I\II_‘F/ISV ? (Vert-10 dB/Div, Horizontal-1
Z [}

DTMF TONE GENERATOR - Fixed Supply Operation

VvV +
Y1
1 7
3 :_‘_j 3.579545
T MHZz
4
5
8
9
MKS5087N
l 14 16 TONE OUTPUT
| 13 22— RL
OREE e o
OB E E}—v—~ It
L_ 10

CLASS ‘A’ KEYBOARD

Figure 8
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APPLICATION.

The MK 5087 rﬁay be used for almost any application
where generation of the standard DTMF frequencies

is required.

Figure 8 shows the minimum parts count application
for fixed supply operation.

IvV-10



MOSTEK.

PRELIMINARY

INTEGRATED TONE DIALER

MK 5089 N

FEATURES
O Minimum external parts count
O High-accuracy tones

0O Digital divider logic, resistive ladder network and
CMOS operational amplifier on single chip

O Uses inexpensive 3.579545 MHz
color-burst crystal

television

O Invalid key entry can result in either single tone
or no tone

O Chip Disable allows any key down output to
function from keyboard input without generating
tones

DESCRIPTION

The MK 5089 is a monolithic integrated circuit
fabricated using the complementary-symmetry MOS
{CMOS) process. A member of the TONE [1* family
of integrated tone dialers, the MK 5089 uses an
inexpensive crystal reference to provide eight
different audio sinusoidal frequencies, which are
mixed to provide tones suitable for Dual-Tone Multi-
Frequency (DTMF) telephone dialing.”

The MK 5089 was designed specifically for integrated
tone-dialer applications that require the following:
fixed supply operation, negative-true keyboard-input,
chip disable input, stable-output tone level, and an
Any Key Down output that is open circuit when
no keyboard buttons are pushed and pulls to the
V- supply when a button is pushed.

* Trademark of Mostek Corporation

Keyboard entries to the TONE I1* family of
integrated tone dialers cause the selection of the
proper divide ratio to obtain the required two audio
frequencies from the 3.579545 MHz reference
oscillator. D-to-A conversion is accomplished on-chip
by a conventional R-2R ladder network. The tone
output is a stairstep approximation to a sine wave
and requires little filtering for low-distortion appli-
cations. The same operational amplifier that
accomplishes the current-to-voltage transformation
necessary for the D-to-A converter also mixes the low
and high group signals. Frequency-stability of this
type of tone generation is such that no frequency
adjustment is needed to meet standard DTMF specifi-
cations.

PIN OUT
v+ | 1 16 | TONE OUT
CHIP 2 15 SINGLE TONE
DISABLE INHIBIT
COLUMN 1 | 3 14 | ROW 1
COLUMN2 | 4 13 | ROW 2
COLUMN3 | 5 12 | ROW3
V- | 6 11 | ROW4
OSCIN | 7 10 | ANY KEY
DOWN
0OSCOUT | 8 9 | COLUMN 4

v-11




*ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage V+. . . . . .. . ... ... .... 10.5 Volts
Any input Relative to V+ (except Pin 10) . . . . . . .. +0.30 Volts
Any Input Relative to V- (except Pin 10) . . . . . ... -0.30 Volts

Operating

Storage Temperature .
Maximum Circuit Power Dissipation

Temperature . . . -30°C to +60°C
-55°C to 150°C

500 mW See derating curve.

60 P—————__
Ta
o 40 *OPERATION AROVE ABSOLUTE
€ 50 SAFE OPERATING MAXIMUM RATINGS MAY
0 RANGE DAMAGE THE DEVICE.
0 100 200 300 400 500
Mw

SUM OF ALL POWER DISIPATION POINTS.

Operating Characteristics

-30°C< Tp <60°C

PARAMETER SYM MIN TYP MAX UNITS

Supply Voltage V+ 3.0 10.0 Volts

Input "0 V- 3V+ Volts

Input 1" IV+ V+ Volts

Input Pull-Up Resistor Ry 20 100 K OHM

m) Disable CD V- 3V+ Volts See Note 4
Tone Output (R oap=100K2) Vout -10.0 -7.0 dBm See Note 1
Pre Emphasis, High Band 2.4 2.7 3 dB

Output distortion,

measured in terms of total out-of-band power relative to RMS sum of Row

and column fundamental power. -20 dB See Note 2

Rise Time Trise 2.8 5.0 ms See Note 3

Any Key Down Sink Currentto V-| IakD 500 LA@.5V

AKD Off Leakage IAKDO 2 LA @5V

Supply Current Operating Iso 2.0 mA@3.5V ;See Note 6
Supply Current Standby IssT 200 1uA@10.0V;See Noteb
Tone Output - No Key Down NKD r -80 dBm

NOTE 1:
NOTE 2:
NOTE 3:

Single-tone, low-group. Any V+ = between 3.4 and 3.6 V - OdBm -

775V
Any dual-tone. Any V+ = between 3.4 to 10.0V.

Time from a valid keystroke with no bounce to allow the waveform to go from min. to 90% of the

final magnitude of either frequency. Crystal parameters defined as Rg = 10082, L = 96mH, C = 0.02pF, and
Cp, = 5pF. V+:23.4V F=3.579545 MHz,

NOTE 4:

Only tones will be disabled when CD is taken to logical *’0”". Other chip functions may activate.

Pull-up resistor on CD mput will meet same spec as other inputs, Ry. Logic 0= V-,

NOTE 5:
NOTE 6:

Stand-by condition is defined as no keys activated, CD = Logical 1, Single Tone Disable = Logical 0.
One key depressed only. Qutputs unloaded.

v-12



OSCILLATOR

The network contains an on-board inverter with
sufficient loop gain to provide oscillation when
used with a low cost television color-burst crystal. The
inverter’'s input is OSC IN (pin 7) and output is
OSC OUT (pin 8). The circuit is designed to work
with a crystal cut to 3.579545 megahertz to give
the frequencies in Table 1.

Any crystal frequency deviation from 3.579545
MHz will be reflected in the tone output frequency.
Most crystals don’t vary more than .02%.

CRYSTAL FREQUENCY
TABLE 1

Standard DTMF Tone Output % Deviation

(Hz) Frequency Using From Standard
3.5,9545 MHz Crystal
'1 697 701.3 +0.62
f2 770 771.4 +0.19
f3 852 857.2 +0.61
f4 941 935.1 -0.63
f5 1209 12159 +0.57
'6 1336 1331.7 -0.32
f7 1477 1471.9 0.35
f8 1633 1645.0 +0.73
v+ coL
Vo o ——
v+ ROW
Vo — - —
ELECTRONIC INPUT
_.___A A coL
V- -] L

LA ‘.._.__-ROW

2 OF 8 DTMF KEYBOARD

KEYBOARD CONFIGURATION

Each keyboard input is standard CMOS with a
pull-up resistor to the V+ supply. These inputs may
be controlled by a keyboard or electronic means.
Open collector TTL or standerd CMOS (operated off
same supply as the MK 5089) may be used for
electronic control.

The switch contacts used in the keyboards may be
void of precious metals, due to the CMOS network’s
ability to recognize resistance up to 1kOHMS as a
valid key closure.

ROW-COLUMN INPUTS

With single tone inhibit at V+, connection of V- to
a single column will cause the generation of that
column tone. Connection of V- to more than one
column will result in no tones being generated. The
application of V- to only a row pin or pins has no
effect on the circuit. There must always be at least
one column connected to V- for row tones to be
generated. [f a single row tone is desired, it may be
generated by tying any two column pins and the
desired row pin to V-. Dual tones will be generated
if a single row pin and a single column pin arg
connected to V-

ANY KEY DOWN (PIN 10)

The any key down output is used for eiectronic
control of receiver and/or transmitter switching
and other desired functions. It switches to the V-
supply when a keyboard button is pushed, and is
open circuited when not. The AKD output switches
regardless of the chip disable and single tone disable
innuts

CHIP DISABLE (PIN 2)

The éh_|p disable input is used to defeat tone
generation ‘when the keyboard is used for other
functions besides DTMF signaling. It has a pull-up
to the V+ supply and when tied to the V- supply,
tones are inhibited. All other chip functions operate
normally.

SINGLE TONE INHIBIT (PIN 15)

The single tone inhibit input is used to inhibit the
generation of other than dual tones. It has a pull
down to the V- supply and when floating or tied to
V-, any input situation that would normally result
in a single tone will now result in no tone, with
all other chip functions operating normally.

When forced to the V+ supply, single or dual tones
may be generated as described in the paragraph under
Row-Column Inputs.

Iv-13
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TONE OUTPUT (PIN 16)

The tone output pin is connected internally in the
MK5089 to the emitter of an NPN transistor whose

TYPICAL SINE WAVE OUTPUT - SINGLE TONE, COLUMN

IR N |BOSSSuEE

collector is tied to V+. The input to this transistor =
is the on-chip operational amplifier which mixes L ~~~~~~~
the row and column tones together and provides :! :
output level regulation. Crrrer !
TIME ——3
MK5089N BLOCK DIAGRAM
R v+
1_Rz Rz Ry 1
] o, - 7
| RR I l
I RRI
R
I Ri,, v I
l KEYBOARD LOGIC e vKe ANY KEY
I ) Sonvenren pon
COUNTER |— T I
gfﬁ I ROW A
- .4 p—»] COUNTER | I
| [ 12V ]
osc | COLUMN |
N I COUNTER et TONE
:;2\5/5 »| b/a ouTPUT
| COUNTER CONVERTER
I KEYBOARD LOGIC PSS I
p——————3 VKB CHIP
CHIP
V- DISABLE
I Rl %
RC) N '
l | SINGLE TONE
Rci, ¢ | NHiBTT
I Rcl Ve
I N N N A ——— __J
€1 "C; C3 ¢4 T -
V-

v-14



MOSITEK.

PRODUCT PROFILE

INTEGRATED TONE DIALER

MK5387

FEATURES PIN CONNECTIONS

O Pin-for-pin compatible in keyboard applications with
MK5087 with improved performance.

O Direct telephone-line operation with no external

power supply

Low standby power

Minimum external parts count

Uses inexpensive 3.579545 MHz television color-

burst crystal to provide high-accuracy tones

O On-chip regulation of dual-and single-tone
amplitudes

O Improved loop compensation

O Improved distortion

O Lower voltage operation - 2.5 volt instantaneous in
loop applications

O Uses low-cost calculator-type keyboard (Form A
contact) or standard 2-of-8 keyboard

O Auxiliary switching functions on chip

O Multiple key entry pin-selectable to either single tone
or no tone

ooao

DESCRIPTION

The MK5387 is a monolithic integrated circuit
fabricated using the complementary - symmetry MOS
(CMOS) process. A member of the Tone HlI* family of
integrated tone-dialers, the MK5387 uses an inex-
pensive crystal reference to provide eight different
audio sinusoidal frequencies, which are mixed to
provide tones suitable for Dual-Tone-Multi-Frequency
(DTMF) telephone dialing.

* Trademark of Mostek Corporation

v+ =1 U16:}->T0NE0UT
XMTR str_c ]2 15[ f&ﬁﬁ;ﬁm_“

coL1 »>{|3 14 )= ROW 1
COL2.>(___‘4 13| J« ROW 2
coL3 5 12| 7« ROW 3
V‘jﬁ 11[J=« ROW 2

OSCIN »{]7 10| MUTE ouT
0SC OUT =8 9| e TOLF

The MK5387 was designed specifically for integrated-
tone-dialer applications that require the following:
wide-supply operation with regulated output, scanned
keyboard inputs which recognize either negative-true or
Class A closures, and auxiliary switching functions.
Keyboard entries to the MK5387 integrated tone-dialer
cause the selection of the proper divide ratio to obtain
the required two audio frequencies from the 3.579545
MHz reference oscillator.

IV-15
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PRODUCT PROFILE

MOSTEK.

INTEGRATED TONE DIALER

MK5389

DESCRIPTION

The MK5389 is a monolithic integrated circuit
fabricated using the complementary - symmetry MOS
(CMOS) process. A member of the Tone IlII* family of
integrated tone-dialers, the MK5389 uses an inex-
pensive crystal reference to provide eight different
audio sinusoidal frequencies, which are mixed to
provide tones suitable for Dual-Tone-Multi-Frequency
(DTMF) telephone dialing.

The MK5389 was designed specifically for integrated
tone-dialer applications that require the following:

* Trademark of Mostek Corporation

fixed - or regulated - supply operation where output is a
function of supply voltage, scanned keyboard inputs
which recognize either negative-true or Class A
closures, Tone Disable input, and an Any Key Down
output that is open circuit when no keyboard buttons are
pushed and pulls to the V- supply when a button is
pushed.

Keyboard entries to the MK5389 integrated tone-dialer
cause the selection of the proper divide ratio to obtain
the required two audio frequencies from the 3.5679545
MHz reference oscillator.

vV-17
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PRODUCT PROFILE

MOSTEK.

INTEGRATED TONE DIALER WITH REDIAL

MK5494

FEATURES

O Direct telephone-line operation with no external
power supply

0O Minimum external parts count

O Uses inexpensive 3.579545 MHz television color-
burst crystal to provide high-accuracy tones

O Improved loop compensation

O Improved distortion

O Lower voltage operation - 2.5 volt instantaneous in
loop applications

O Low standby power

O Uses low-cost calculator-type keyboard (Form A
contact) or standard 2-of-8 keyboard with common
V-

O Tone Disable allows Any Key Down output to

function from keyboard input without tone
generation

O On-chip regulation of dual- and single-tone amp-
litudes

0O 13-digit last number redial

0O Up to 2 PBX access digits may be dialed before using
last number redial function

O Off-hook store into memory without dialing

O On-chip power-up-clear and memory-loss-detect
circuitry

O Low on-hook memory retention current

DESCRIPTION

The MK5494 is a monolithic integrated circuit
fabricated using the complementary - symmetry MOS
(CMOS) process. A member of the Tone lII* family of
integrated tone-dialers, the MK5494 uses an in-
expensive crystal reference to provide eight different
audio sinusoidal frequencies, which are mixed to
provide tones suitable for Dual-Tone-Multi-Frequency
(DTMF) telephone dialing.

*Trademark of Mostek Corporation

PIN CONNECTIONS

vi—{] 1 ~ 16| ~TonE oUT
TONE DISABLE—»{] 2 15[ J«—TEST PIN
coLi—{]3 14 J=ROW 1
coL2—»]4 13[0<«ROW?2
_CO—L-3——>E 5 12 :]«m
v-—»{]6 11[J<ROW4
0SCIN—{1]7 10| ]—ANY KEY DOWN
0SC OUT=—(]38 9[J<~vm-

The MK5494 was designed specifically for integrated
tone-dialer applications that require the following:
wide-supply operation with regulated output, scanned
keyboard inputs which recognize either negative-true or
Class A closures, a Tone Disable input, and an Any Key
Down output that is open circuit when no keyboard
buttons are pushed and pulls to the V- supply when a
button is pushed.

The MK5494 will redial up to 13 digits. The redial
function may be employed immediately after going off-
hook, after dialing one PBX access digit, or after dialing
two PBX access digits. An “off-hook store” function
allows a number to be entered into the last number dial
memory for later use with no tones emitted during
entry.

On-chip power-up-clear circuitry and memory-loss-
detection circuitry ensure that no false numbers can be
redialed due to power loss.

vV-19
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PRELIMINARY

MOSTEK

INTEGRATED PULSE DIALER WITH REDIAL

MK50981(N)

FEATURES
O Direct telephone-line operation

O CMOS technology is used for low-voltage, low-
power operation

0O Uses standard 2-of-7 matrix with pos. true common
or the inexpensive Form A-type keyboard

O Ceramic resonator used as frequency reference for
guaranteed accuracy.

O Make/Break ratio pin-selectable
O Redial with either a * or # input
O Provision for rapid testing

0O On-chip voltage regulator

O Power-Up-Clear circuitry
DESCRIPTION

The MK50981 is a monolithic CMOS integrated circuit
which converts keyboard inputs into pulse signal
outputs simulating a rotary telephone dial. It is designed
to operate directly from the telephone line and can be
interfaced properly to meet telephone specifications in
systems utilizing loop-disconnect signalling. Two
outputs, one to pulse the telephone line and one to mute
the receiver, are provided to implement the pulse dialer
function. Accurate timing is accomplished by using a
ceramic resonator as the frequency reference for the
on-chip oscillator.

The MK50981 is in either the on-hook or off-hook mode
as determined by the input to the pin designated “On-
Hook/Test.”” In order to accept any key inputs, the
MK50981 must be in the off-hook state. Upon sensing a
key input, the normally static oscillator is enabled and
the row and column inputs are al rnately strobed to
verify that the keyboard input is valiu. The decoded input
is then entered into an on-chip memory. The memory
will store up to 17 digits and allows keystrokes to be
entered at rates comparable to tone dialing telephones.
Entering the first digit (except * or #) clears the memory
buffer and starts the outpulsing sequence. As additional
digits are entered, they are stored in the memory and
outpulsed in turn. The memory has a FIFO-(first-in-first-
out) type architecture and more than 17 digits may be
dialed in any number sequence. The limitation is that
there can never be more than 17 digits remaining to be
outpulsed.

PIN CONNECTIONS

-
-
[=2]

V+—>‘:
VREF <[ |
coL 11— ]
coL2—{ ]|
coL3—»{ |

V-]

| ]—-PULSE OUTPUT
15| J«—ON-HOOK/TEST
[ J~—Row 1
13| J=—ROW 2
| J«—rOW3
| J=—ROW4

H wWN
Y
S

(5]
-
N

=)
ey
-

oscIN —{ |7 10|_| —MUTE OUTPUT
0SC OUT=—[ |8 9 'gé‘\&%/TBR EAK

The MK50981 also features the redial function. Any 17-
digit number sequence may be redialed with an * or #
key input, providing that the circuit enters the on-hook
mode for a finite time, toy (refer to discussion on the
On-Hook/Test Pin).

An on-chip “Power-Up-Clear” circuit insures reliable
operation of the MK50981. If the supply to the circuit
should become insufficient to retain data in the memory
(see electrical specifications), a “Power-Up-Clear” will
occur upon regaining a proper supply level. This func-
tion will prevent the “Redial”’ or spontaneous out-
pulsing of incorrect data. A new number sequence may
be entered in normal fashion.

Functions of the individual pins are described below:
V+ (Pin 1)

This is the positive supply input to the part and is
measured relative to V- (pin 6). The voltage on this pin
must be regulated to less than 6 volts using either the
on-chip reference circuitry or an external form of
regulation.

VREF (Pin 2)

The VREF output provides a negative reference voltage
relative to the V+ supply. Its magnitude is a function of
the internal parameters which define the minimum
operating voltage of each part. In a typical application,

V-3

-
w3
we O
»ww
>33

<z
%3k
3




ABSOLUTE MAXIMUM RATINGS*

DC Supply VOoItage, V. ..ottt ittt it iet ittt tteaeansaneeaesessacsnniossnaenensannoncsss 6.2 Volts
Operating TEMPEFAtUIE ... .....utuutuenneetiarensensonsasennsasssssssosssescsntonensaneas -30°C to +60°C
StOrage TEMPEIAtUIE ... o.vuvnr ittt et eieaneteneneieneoesesasassssassescesenensesannnas -55°C to +150°C
Maximum Power Dissipation (25°C) .. ...t tuientiteitenronennearooaseesoneontsussnsanansanaensans 500mwW
Maximum Voltage on any Pin .......euenireiieneneeeneninrenenioroneiseesaenen: (V+) 40.3; (V—) —0.3 Volts

#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 notimplied. Exp to absolute i ratings
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
-30°C =Ta =60°C
DC CHARACTERISTICS

Symbol Parameter: Specific Conditions Minimum | Typical* | Maximum Units
V+ DC Supply Voltage 2.5 © 6.0 Volts
IMR Memory Retention Current: (Note 1) 0.7 nA
lop DC Operating Current: (Note 2) 100 150 pA
VREF Magnitude of (V+ - VREfp): IsyppLy - 150 wA 1.6 2.5 3.5 Volts
IMm Mute Sink Current: V+ = 2.5, Vo = 0.5V 0.5 20 mA
Ip Pulse Sink Current: V+ = 2.6V, Vo = 0.5V 1.0 4.0 mA
ILKG Mute and Pulse Leakage: V+ = 6.0V, Vo = 6.0V 0.001 1.0 uA
RK| Keyboard Contact Resistance 1.0 kQ
Ckj Keyboard Capacitance 30 pF
KiL “0" Logic Level V- 20% of V+ Volts
KiH “1" Logic Level 80% of V+ V+ Volts
KRuU Keyboard Pull-Up Resistance: (Note 3) 4.0 k)
KRD Keyboard Pull-Down Resistance: (Note 3) 100 k)
RoOH On-Hook Pull-Up Resistance 100 kQ
NOTES

*Typical values are to be used as a design aid and are not subject to production testing.

1. Current necessary for memory to be maintained. All outputs unloaded. On-Hook-mode.

5 Kevboard 1o bo scannea at S00H7 when osciltor anabled Row and Column 16 axormatety pull igh and low



AC CHARACTERISTICS* (The Timing Relationships are shown in Figure 3)

Symbol | Parameter: Specific Conditions Minimum Typical Maximum Units
fosc |Oscillator Frequency (antiresonant mode) 480 kHz
(Note 1)
tpB Keyboard debounce time 10 ms
tKD Time for Valid Key Entry 40 ms
tos Ogcillator Start-Up Time 6.0 ms
Pr Pulse Rate 10.0 pps
tB Break Time: Pin 9 tied to V+/ tied to V- 61.0/67.0 ms
tipP Interdigital Pause 800 ms
NOTES:

*Typical values are exact values with a nominal 480 kHz frequence reference (except for oscillator start-up time).
1. Ceramic resonator should have the following equivalent values: R < 20(), RA = 70k (2, Co < 500pF.

as shown in Figure 4, the VREF pin is simply tied to V-
(Pin 6). The internal circuit with its associated |-V
characteristic is shown in Figure 1.

KEYBOARD INPUTS (Pins 3,4,5,11,12,13,14)

The MK50981 incorporates an innovative keyboard

scheme that allows either the standard 2-of-7 keyboard
with positive common or the inexpensive single-contact
(Form A) keyboard to be used, as shown in Figure 2.

A valid key entry is defined by either a single row being
connected to a single column or V+ being
simultaneously presented to both a single row and
column.

When in the On-Hook mode, the row and column inputs
are held high and no keyboard inputs are accepted.
When Off Hook, the keyboard is completely static until
the initial valid key input is sensed. The oscillator is then
enabled and the rows and columns are alternately
scanned (pulled high, then low) to verify the input is
valid. The input must remain valid continuously for 10
ms of debounce time to be accepted.

V— (Pin 6)

This pin is the negative supply input.

OSCILLATOR IN, OUT (Pin 7,8)

The MK50981 contains an on-chip inverter with
sufficient gain to provide oscillation when working with

a low-cost 480kHz ceramic resonator (anti-resonant
mode). In addition to the resonator, two external

V-5

TYPICAL I-V CHARACTERISTICS
Figure 1

(Pin 1)

Vi

7.0

6.0

5.0
'reF

mA
4.0+

3.0

2,04 (Pin 2)

VREF

T T T
1 2 3 4 5

V+—Vgeg VOLTS

capacitors are required. Suggested equivalent values for
the resonator are given in the timing specification
section. These values will insure proper oscillator
operation in the specified voltage range. The MK50981
may be driven externally with a 480kHz signal on Pin 7.

MAKE/BREAK SELECT (Pin 9)
The Make/Break ratio may be selected by connecting

the pin to either the V+ or V- supply. Table 1 indicates
the two popular ratios from which the user can choose.
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KEYBOARD CONFIGURATION

Figure 2
SINGLE-CONTACT APPLICATION
coL —A A ROW
FORM A KEYBOARD
—a a~ coL

-4 A ROW
2-OF-7 KEYBOARD

VOLTAGE — FED APPLICATION

A A coL

-A - ROW

kD

COLUMNS

ROWS

Table 1.
Make/ Break Ratio Selection

Input to Make/Break Pin Pulse Output

MAKE BREAK
V+ (Pin 1) 39% 61%
V- (Pin 6) 33% 67%

MUTE OUTPUT (Pin 10)

The Mute Output consists of an open-drain N-channel
transistor. It provides the logic necessary to mute the
receiver while the telephone line is being pulsed. A
typical way to interface this output is shown in the
application diagram in Figure 4. Figure 3 shows the
timing characteristics of the Mute Output.

ON-HOOK/TEST (Pin 15)

The ““Test” or “On-Hook"’ input of the MK50981 has a
100k pull-up to the positive supply. A V+ input or
allowing the pin to float sets the circuitin its On-Hook or
test mode, while a V- input sets it in the Off-Hook or
Normal Mode.

When Off-Hook, the MK50981 will accept key inputs
and outpulse the digits in normal fashion. Upon
completion of the last digit, the oscillator is disabled and
the circuit stands by for additional inputs.

Switching the MK50981 to On-Hook while it is
outpulsing causes the remaining digits to be outpulsed
at 100 x the normal rate (M/B ratio is then 50/50). This
feature provides a means of rapidly testing the device
and is also an efficient method by which the circuitry is
reset. When the outpulsing in this mode, which can take
up to 300ms, is completed, the circuit is deactivated and
will require only the current necessary to sustain the
memory and Power-Up-Clear detect circuitry (refer to
the electrical specifications).

Upon returning Off-Hook, if the first key entry is either *
or #, the number sequence stored on-chip will be
outpulsed. Any other valid entries will clear the memory
and outpulse the new number sequence.

PULSE OUTPUT(Pin 16)

The pulse output consists of an open-drain N-channel
transistor. This output provides the logic necessary to
pulse the telephone line with the correct Make/Break,
pulse rate, and interdigital pause timings. The timing
characteristics of the pulse output are shown in Figure
3.

TYPICAL APPLICATION

The schematic diagram in Figure 4 shows one method
which can be used to interface the pulse dialer with the
telephone line. In the approach shown, the pulse dialer
circuitry is in parallel with the speech network.

A current source of some type is desired to present a
high impedance to the telephone line while
guaranteeing sufficient current to power the MK50981
(= 150 pA). The current is sourced by the collector of
transistor Q2. Its magnitude is determined by the
voltage drop across R1, caused by the forward-biased
diodes, D1 and D2. Transistor Q1 provides the quiescent
current for the diodes and base drive for Q2.

When in the On-Hook mode, S1 and S2 are open. This
disables the current source and eliminates any excess
current flow through the base-emitter junction of Q1 by
allowing the emitter to be pulled to V+ through On-
Hook. A large-value resistor, R3, allows a small amount
of current to maintain the memory on the MK50981.

To return Off-Hook S1 and S2 are closed, thus tying the
On-Hook pin to V-.The pulse and mute outputs drive
external transistors to perform the outpulsing function.
The speech network is connected through transistor Q5
to the telephone line. Mute holds this transistor on until
outpulsing begins. The first break occurs when Mute
switches low and the speech network is removed from
the line. The pops caused by breaking the line are then
isolated from the receiver. The pulse output drives
darlington pair Q3 and Q4 to make and break the line
until the digit has been completely pulsed. Mute then
switches high, returning the speech network to the line.

Other implementations may consider a constant
current diode for the current source or muting the
network with a darlington. If your application requires
muting the network with arelay, request informationon
our MK50991 outpulser.
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TIMING CHARACTERISTICS
Figure 3
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TEST CIRCUIT
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PRELIMINARY

MOSTEK.

INTEGRATED PULSE DIALER WITH REDIAL

MK50982

FEATURES

O Direct telephone-line operation

O CMOS technology is used for low-voltage, low-power
operation

O Uses standard 2-of-7 matrix with pos. true common
or the inexpensive Form A-type keyboard

O Ceramic resonator used as frequency reference for
guaranteed accuracy

O Make/Break ratio pin-selectable
O Redial with either * or #

O Provision for rapid testing

O On-chip voltage regulator

0O Power-Up-Clear circuitry
DESCRIPTION

The MK50982 is a monolithic CMOS integrated circuit
which converts keyboard inputs into pulse signal outputs
simulating a rotary telephone dial. It is designed to
operate directly from the telephone line and can be
interfaced properly to meet telephone specifications in
systems utilizing loop-disconnect signalling. Two out-
puts, one to pulse the telephone line and one to mute
the receiver, are provided to implement the pulse dialer
function. Accurate timing is accomplished by using a
ceramic resonator as the frequency reference for the
on-chip oscillator.

The MK50982 is in either the on-hook or off-hook mode
as determined by the input to the pin designated, “On-
Hook/Test.” In order to accept any key inputs, the
MK50982 must be in the off-hook state.

Refer to Figure 1 for a block diagram. Upon sensing a key
input, the normally static oscillator is enabled and the
row and column inputs are alternately strobed to verify
that the keyboard input is valid. The decoded input is
then entered into an on-chip memory. The memory will
store up to 17 digits and allows keystrokes to be entered
atrates comparable to tone dialing telephones. Entering
the firstdigit(except* or #) clears the memory buffer and
starts the outpulsing sequence. As additional digits are
entered, they are stored in the memory and outpulsed in
turn. The memory has FIFO-(first-in-first-out) type

V-9

PIN CONNECTIONS

MK50982
Vieife 16— PULSE OUTPUT
VRep<20] ] 15« ON-HOOK/TEST
coL1—>3[] []14<«—ROW 1
COL 24 [] 113« ROW 2
COL3—>5[] [112<«~ROW 3
V-6 (] [111<—ROW 4
OSC IN—>7 [ [110->MUTE OUTPUT

|| 9« MAKE/BREAK
SELECT

OSC OUT=8 (]

architecture and more than 17 digits may be dialed in
any number sequence. The limitation is that there can
never be more than 17 digits remaining to be outpulsed.

The MK50982 also features the redial function. Any
17-digit number sequence may be redialed with an* or
# key input, providing that the circuit enters the on-hook
mode for a finite time, tgy (refer to discussion on the
On-Hook/Test Pin).

An on-chip “‘Power-Up-Clear’ circuit insures reliable
operation of the MK50982. If the supply to the circuit
should become insufficient to retain data in the memory
(see electrical specifications), a “Power-Up-Clear’ will
occur upon regaining a proper supply level. This
function will prevent the ““Redial”’ or spontaneous
outpulsing of incorrect data. A new number sequence
may be entered in normal fashion.

FUNCTIONAL DESCRIPTION
V+ (Pin 1)

This is the positive supply input to the part and is
measured relative to V- (pin 6). The voltage on this pin
must be regulated to less than 6 volts using either the
on-chip reference circuitry or an external form of
regulation.
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BLOCK DIAGRAM

Figure 1 v+ ov-
DEBOUNCE out- T2 _
PUT PULSE
K °
£ l —>| WRITEPOINTER | f NUTE
B o '
o9 c
f e > o
g & KEYBOARD [ MEMORY Y
e DECODER | N
Vo * ;
yo 1
s [ reap roinTER ]1-]
.- VREF
Veer osc. b» TIMING
11 |
|9 ¢
OSC. MAKE/BREAK  ON-HOOK
VREE (Pin 2)

The VRgF output provides a negative reference voltage
relative to the V+ supply. Its magnitude is a function of
the internal parameters which define the minimum
operating voltage of each part. In a typical application,
as shown in Figure 5, the VRgf pin is simply tied to
V-(Pin 6). The internal circuit with its associated I-V
characteristic is shown in Figure 2.

TYPICAL |-V CHARACTERISTICS

Figure 2
7.0 v+ (PINT)
6.0
5.0
'ReF
mA
4.0
3.0- -
2.0 © (PIN 2)
VRer
1.0
1 1 1 T 1
1 2 3 4 [
V+-Voge vouts

V- (Pin 6)

This is the negative supply pin to which VRgg is
normally tied (see VRgf paragraph).

KEYBOARD INPUTS (Pins 3,4,5,11,12,13,14)

The MK50982 incorporates an innovative keyboard
scheme that allows either the standard 2-of-7 keyboard
with positive common or the inexpensive single-contact
(Form A) keyboard to be used, as shown in Figure 3.

A valid key entry is defined by either a single row being
connected to a single column or V+ being simul-
taneously presented to both a single row and column.

When in the On-Hook mode, the row and column inputs
are held high and no keyboard inputs are accepted, thus
preventing any accidental key contacts from causing
excessive current flow.

When Off-Hook, the keyboard is completely static until
theinitial valid key input is sensed. The oscillator is then
enabled and the row and columns are alternately
scanned (pulled high, then low) to verify the input is
valid. The input must remain valid continuously for
10ms of debounce time to be accepted.

KEYBOARD CONFIGURATION
Figure 3
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OSCILLATOR IN, OUT (Pin 7.,8)

The MK50982 contains an on-chip inverter with suf-
ficient gain to provide oscillation when used with a
low-cost 480kHz ceramic resonator (anti-resonant mode).
In addition to the resonator, two external capacitors are
required. Suggested equivalent values for the resonator
are given in the timing specification section. These
values will insure proper oscillator operation in the
specified voltage range. The MK50982 may be driven
externally with a 480kHz signal on Pin 7.

MAKE/BREAK SELECT (Pin 9)

The Make/Break ratio may be selected by connecting
the pin to either the V+ or V- supply. Table 1 indicates
the two popular ratios from which the user can choose.

MAKE/BREAK RATIO SELECTION
Table 1

Input to Make/ Break Pin Pulse Output

MAKE BREAK
V+ (Pin 1) 39% 61%
V- (Pin 6) 33% 67%

MUTE OUTPUT (Pin 10)

The Mute output consists of an open-drain N-channel
transistor. It provides the logic necessary to mute the
receiver while the telephone line is being pulsed. A
typical method of interfacing this outputis shownin the
application diagram in Figure 5. Figure 6 shows the
timing characteristics of the Mute output.

ON-HOOK/TEST (Pin 15)

The “Test’ or “On-Hook’" input of the MK50982 has a
100kQ) puli-up to the positive supply. A V+ input or
allowing the pin to float sets the circuit in its On-Hook or
test mode, while a V- input sets it in the Off-Hook or
Normal Mode. Any digits to be tested in the “On-
Hook/Test”” mode must be entered while Off-Hook."”

When Off-Hook, the MK50982 will accept key inputs
and outpulse the digits in normal fashion. Upon
completion of the last digit, the oscillator is disabled and
the circuit stands by for additional inputs.

Switching the MK50982 to On-Hook while it is
outpulsing causes the remaining digits to be outpulsed
at 100 x the normal rate (M/B ratio is then 50/50). This
feature provides a means of rapidly testing the device
and is also an efficient method by which the circuitry is
reset. When the outpulsing in this mode, which can take
up to 300ms, is completed, the circuit is deactivated and
will require only the current necessary to sustain the
memory and Power-Up-Clear detect circuitry (refer to
the electrical specifications).

Upon returning Off-Hook, if the first key entry is either *
or #, the number sequence stored on-chip will be
outpulsed. Any other valid entries will clear the memory
and outpulse the new number sequence.

PULSE OUTPUT (Pin 16)

The Pulse output is an open-drain N-Channel transistor
designed to drive an external bipolar transistor. These
transistors would normally be used to pulse the
telephone line by controlling the loop current through
the network. The timing characteristics of the Pulse
output are shown in Figure 6.

TEST CIRCUIT

A test circuit is shown in Figure 4. This circuit can be
used to demonstrate the basic operation of the
MK50982.

TYPICAL APPLICATION

The schematic diagram in Figure 5 shows one method
which can be used to interface the pulse dialer with the
telephone line. In the approach shown, the pulse dialer
circuitry is in series with the speech network.

A current source of some type is desired to present a
high impedance to the telephone line while
guaranteeing sufficient current to power the MK50982
(= 150 nA). The current source shown is constructed
with two components, Q2 and R1. The current is
regulated by the negative feedback provided by R1 to the
gate of Q2. Several other implementations can be
considered, such as a constant current diode, or a
configuration using bipolar transistors.

The purpose of transistor Q1 is to take the place of an
additional hookswitch contact. When S1 closes, Q1 is
turned on and On-Hook (pin 156) is pulled to V-. This sets
the MK50982 in the normal mode, ready to accept key
inputs.

When going On-Hook, S1 is opened, causing Q1 to be
turned off. An on-chip resistor pulis pin 15toV+ and the
current source is disabled. The purpose of D1 is to limit
any reverse current flow through the current source. A
large-value resistor, R3, allows a small amount of
current to maintain the memory on MK50982.

To return Off-Hook, S1 is closed, causing Q1 to be
turned on thus tying the On-Hook pin to V-. The Pulse
and Mute outputs drive external transistors to perform
the outpulsing function. The receiver is connected
through transistor Q6 to the speech network. Mute
causes the transistor to be held on until outpulsing
begins. When Mute switches low, the receiver is
removed from the speech network. The pops caused by
breaking the line are then isolated from the receiver.
The Pulse output drives transistors Q3 and Q5 to make
and break the line until the digit has been completely out-
pulsed. Mute then switches high, returning the receiver
to the speech network.
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TEST CIRCUIT
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ABSOLUTE MAXIMUM RATINGS

DC Supply Volage, vVt . e e e ittt e et e e i 6.2 Volts
Operating TEMPEIAtUIE ...ttt ittt ittt et e ettt e et e et e e et et -30°C to +60°C
Storage TeMPEratUIE ...ttt ettt et ettt e -565°C to +150°C
Maximum Power Dissipation (25 C) ...ttt ittt e e 500mW
Maximum Voltage on any Pin ... e (V+) +0.3; (V-)-0.3 Volts

Stresses above those hsted 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 notimphed. Exposure to absolute maximum ratings
for extended periods may affect device reliability

ELECTRICAL CHARACTERISTICS
-30°C < Ta < 60°C
DC CHARACTERISTICS

SYM | PARAMETER: SPECIFIC CONDITIONS MIN TYP* MAX UNITS
V+ DC Supply Voltage 25 6.0 \Y

Imr Memory Retention Current: Note 1 0.7 uA
lop DC Operating Current. Note 2 100 150 uA
Vrer Magnitude of (V+ - Vrer): Isupery = 150 pA 156 25 35 \")

Im Mute Sink Current: V+ = 2.5, Vo = 0.5V 0.5 2.0 mA

lp Pulse Sink Current: V+ = 2.5V, Vo = 0.5V 1.0 4.0 mA
like Mute and Pulse Leakage: V+ = 6.0V, Vo = 6.0V 0.001 1.0 HA
Rki Keyboard Contact Resistance 1.0 k()
Cxi Keyboard Capacitance 30 pF

K “0" Logic Level V- 20% of V+ \)

Kin “1" Logic Level 80% of V+ V+ \"
Kru Keyboard Pull-Up Resistance: Note 3 4.0 k()
Krp Keyboard Pull-Down Resistance: Note 3 100 k()
Rown On-Hook Pull-Up Resistance 100 k()
NOTES 2. Current required for proper circuit function. Off- Hook mode:, Valid Key input,
*Typical values are to be used as a design aid and are not subject to production Veer tied to V-
testing. 3. Keyboard to be scanned at 500Hz when oscillator enabled. Row and Column
1. ﬁz;;e:‘tor;::essarv for memory to be maintained. All outputs unloaded.On- to alternately pull high and low

AC CHARACTERISTICS* (The timing Relationships are shown in Figure 6)

SYM PARAMETER: SPECIFIC CONDITIONS MIN TYP MAX UNITS
fosc Oscillator Frequency (antiresonant mode) : Note 1 480 kHz
tos Keyboard Debounce Time 10 ms
tko Time for Valid Key Entry 40 ms
tos Oscillator Start-Up Time 6.0 ms
Pa Pulse Rate 10.0 pps
ts Break Time: Pin 9 Tied to V+/Tied to V- 61.0/67.0 ms
tior Interdigital Pause 800 ms
NOTES: '

*Typical values are exact with a nominal 480 kHz frequence reference (except Ceramic resonator should have the following equivalent values: R <20}, Ra =
for oscillator start-up time). 70k (), Co < 500pF.
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TIMING CHARACTERISTICS
Figure 6
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PRELIMINARY

MOSTEK.

INTEGRATED PULSE DIALER WITH REDIAL

MK50991(N)

FEATURES
O Direct telephone-line operation

O CMOS technology is used for low-voltage,
low-power operation

O Uses either a standard 2-of-7 matrix keyboard
or the inexpensive Form A-type keyboard

O Inexpensive RC oscillator used as frequency
reference

O Redial with either a * or # input

o

Make/Break ratio and pulse rate are pin-selectable

(m}

Provision for rapid testing

On-chip voltage regulator

o O

Power-up-clear circuitry

DESCRIPTION

The MK50991 is a monolithic CMOS integrated circuit
which converts keyboard inputs into pulse signal
outputs simulating a rotary telephone dial. It is designed
to operate directly from the telephone line and can be
interfaced properly to meet telephone specifications in
systems utilizing loop-disconnect signalling. Two
outputs are provided to implement the pulse dialer
function, one to pulse the line and another to mute the
receiver. The mute output can be interfaced with a
bistable latching relay in applications with this
requirement.

The MK50991 is in either the on-hook or off-hook mode
as determined by the input to the pin designated “On-
Hook/Test.”” In order to accept any key inputs, the
MK50991 must be in the off-hook state. Upon sensing a
key input, the normally static oscillator is enabled and
the row and column inputs are alternately strobed to
verify that the keyboard input is valid. The decoded input
is then entered into an on-chip memory. The memory
will store up to 17 digits and allows keystrokes to be
entered at rates comparable to tone dialing telephones.
Entering the first digit (except * or #) clears the memory
buffer and starts the outpulsing sequence. As additional
digits are entered, they are stored in the memory and

PIN CONNECTIONS

v+—=[]1 18] J—> PULSE OUTPUT
VRer —[ ]2 17[ Ja—QNHOOK/
coL1i—[|3 16 ROW 1
coL2—{ |4 15[ J«—ROW 2
m—ﬂ: 5 14[ ]«—ROW 3
v-—=[ l6 13[ J«—ROW 4
RC1—]7 12[]—>MUTE OUTPUT
RC2<—[8 11[ J«—m/B SELECT
RC3<—[ |9 10|_J«—20/10 PPS SELECT

outpulsed in turn. The memory has a FIFO—(first-in-
first-out) type architecture and more than 17 digits may
be dialed in any number sequence. The limitation is that
there can never be more than 17 digits remaining to be
outpulsed.

The MK50991 also features the redial function. Any 17-
digit number sequence may be redialed with a * or # key
input, providing that the circuit enters the on-hook
mode for a finite time, tgy (refer to discussion on the
On-Hook/Test pin).

An on-chip “Power-Up-Clear’ circuit insures reliable
operation of the MK50991. If the supply to the circuit
should become insufficient to retain data in the memory
(see electrical specifications), a “‘Power-Up-Clear” will
occur upon regaining a proper supply level. This
function will prevent the ‘‘Redial” or spontaneous
outpulsing of incorrect data. A new number sequence
may then be entered in normal fashion.
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ABSOLUTE MAXIMUM RATINGS*

DC Supply Voltage, V4t oottt ittt et it teeenaeeassssnaeosssosassoanassosonns 6.2 Volts
Operating TemMPErature . ... .ouuuutt it ttiieneternnueeeeennsneeeeeaansosssennssasssanaasons -30°C to +60°C
StOrage TeMPEIAtUIE . ...ttt ittt teteetneeeenenneeesnnnnseeeenenesesoeeaesanseannaens -55°C to +150°C
Maximum Power Dissipation 25°%C ... . .iiiiiiiiiiiiiiii ittt ittt trea e 500mW
Maximum Voltage on any Pin ......c.iiiiiiiiiiiiiiiiiiiiiiiiiereennrennnnananns (V+) + 0.3; (V-) - 0.3 Volts

*Stresses above these 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.

ELECTRICAL CHARACTERISTICS
-30°C <TA <60°C

DC CHARACTERISTICS

Symbol Parameter: Specific Conditions Minimum | Typical* | Maximum Units
V+ DC Operating Voltage 25 6.0 Volts
IMR Memory Retention Current: (Note 1) 0.7 kA
lop DC Operating Current: (Note 2) 100 150 nA
VREF Magnitude of (V+ - Vref):
| supply = 150uA 1.5 25 3.5 Volts
IML Mute Sink Current: V+ = 2.5V, Vo = 0.5V 0.5 20 mA
IMH Mute Source Current: V+ = 2.5V, Vo =
2.0V 0.5 20 mA
Ip Pulse Sink Current: V+ = 2.5V, Vo = 0.5V 1.0 4.0 mA
ILKG Mute and Pulse Leakage: V+ = 6.0V, Vo =
6.0V 0.001 1.0 MA
RKi Keyboard Contact Resistance 10 kQ
Cki Keyboard Capacitance 30 pF
KiL Keyboard 0" Logic Level V- 20% of V+ Volts
KiH Keyboard ““1" Logic Level 80% of V+ V+ Volts
KRU Keyboard Pull-Up Resistance: (Note 3) 100 kQ
KRD Keyboard Pull-Down Resistance: (Note 3) 4.0 kQ
RoH On-Hook Pull-Up Resistance 100 kQ
Notes:
*Typical values are to be used as a design aid and are not subject to production testing.
1. Current necessary for memory to be maintained. All outputs unloaded. On-Hook mode. VREF tied to V-
2. Current required for proper circuit function. Off-Hook Mode, Valid key input, Vref tied to V-.
3. Keyboard to be scanned at 500Hz when oscillator enabled. Row and Column to alternately pull high and low.



AC CHARACTERISTICS
(The Timing Relationships are shown in Figure 4)

Symbol Parameter: Specific Conditions Minimum Typical Maximum Units
fosc Oscillator Frequency (Note 1) 40 kHz
Af 0sC1 Frequency Stability: 2.5 to 3.5V
(Note 2) 4 %
Af Frequency Stability: 3.5 to 6.0V
osc2 (Note 2) +4 %
Af 0sC3 Frequency Stability: 150—500 uA
(Note 3) +3 %
Pr Pulse Rate: Pin 10 tied to V+/V- 20/10 pps
tpg Keyboard Debounce Time 10 ms
tkp Time for Valid Key Entry 40 ms
tg Break Time: Pin 9 tied to V+/
tied to V- 66.0/60.0 ms
Interdigital Pause, Predigital Pause
tippP tPDP (Note 4) 9 800+ tyg ms
tmo Mute Overlap of Pulse 5 ms
NOTES:
“Typical” values are exact assuming a 4kHz frequency reference.
1. A change in the frequency will result in a proportional change in all circuit timing.
2. For stated voltages, the given “typical” Afosc holds from part to part over the stated operating temperature range.
3. Using Vref in conjunction with a current source results in the given “typical” Afosc from part to part over the stated operating temperature and current.
4 Time from last break to next break, ty; = 100ms-tg = make time

Functions of the individual pins are described below:
V+ (Pin 1)

This is the positive supply input to the part and is
measured relative to V- (pin 6). The voltage on this pin
must be regulated to less than 6 volts using either the
on-chip reference circuitry or an external form of
regulation.

VREF (Pin 2)

The VREF output provides a negative reference voltage
relative to the V+ supply. Its magnitude is a function of
the internal parameters which define the minimum
operating voltage of each part. In a typical application,
as shown in Figure 5, the VREF pin is simply tied to
V—-(Pin 6). The internal circuit with its associated |-V
characteristic is shown in Figure 1.

KEYBOARD INPUTS (Pins 3,4,5,13,14,15,16)

The MK50991 incorporates an innovative keyboard

VReF TYPICAL |-V CHARACTERISTICS

Figure 1
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scheme that allows either the standard 2-of-7 keyboard
with positive common or the inexpensive single contact
(Form A) keyboard to be used.

A valid key entry is defined by either a single row being
connected to a single column or V- being
simultaneously presented to both a single row and
column.

When in the On-Hook mode, the row and column inputs
are held high and no keyboard inputs are accepted.
When Off-Hook, the keyboard is completely static until
the initial valid key input is sensed. The oscillator is then
enabled and the rows and columns are alternately
scanned (pulled high, then low) to verify the input is
valid. The input must remain valid continuously for 10
ms of debounce time to be accepted.

KEYBOARD CONFIGURATIONS

Figure 2
' \——coL
V-

A ROW

2 of 7 Matrix Keyboard
Negative Common

v

. ROW V+ ROW
V— l l

Electronic Input

1

coL——4 \—Row
Form A Type Keyboard

2 of 7 Matrix Keyboard

RC OSCILLATOR (Pins 7,8,9)

The MK50991 contains on-chip inverters to provide an
oscillator which will operate with a minimum of
external components. Figure 3 shows the on-chip
configuration with the necessary external components.
Optimum stability occurs with the ratio K = Rg/R equal
to 10. The oscillator period is given by:

T=Rc [ 1.386+32KCe 2K

C K+ '“(1.5KK+0.5)]

where Cg is the stray capacitance on Pin 7. Accuracy
and stability will be enhanced with the capacitance
minimized.

OSCILLATOR CONFIGURATION

Figure 3
*external components
DISABLE
7 8 9
Cg Cc

'lH
P
“

T =

20/10 PPS SELECT (Pin 10)

Tying this input to either V+ (Pin 1) or V- (Pin 6) will
select a pulse rate of either 20 or 10 pps respectively.

MAKE/BREAK SELECT (Pin 11)

The Make/Break ratio may be selected by connecting
the pin to either the V+ or V- supply. The table below
indictates the two popular ratios from which the user
can choose.

MAKE/BREAK RATIO SELECTION
Table 1

INPUT TO
MAKE/BREAK PIN

PULSE OUTPUT

MAKE BREAK
V+ (Pin 1) 34% 66%
V— (Pin 6) 40% 60%

MUTE OUTPUT (Pin 12)

The Mute output consists of a complementary pair of
CMOS transistors. It provides the logic necessary to be
interfaced with a bistable latching relay to Mute the
speech network. Upon coming off-hook, a negative
transition on Mute will insure the speech network is
properly connected to the telephone line. When
outpulsing begins, a positive transition will switch the
relay, continuously muting the network until the entire
number sequence entered is outpulsed. Figure 4 shows,
in detail, the timing diagram of the Mute Output.

ON-HOOK/TEST (Pin 17)

The “Test” or “On-Hook"’ input of the MK50991 has a
100k pull-up to the positive supply. A V+ input or
allowing the pin to float sets the circuit in its On-Hook or
test mode while a V- input sets it in the Off-Hook or
Normal Mode.

When Off-Hook, the MK50991 will accept key inputs
and outpulse the digits in normal fashion. Upon
completion of the last digit, the oscillator is disabled and
the circuit stands by for additional inputs.

Switching the MK50991 to On-Hook while it is
outpulsing causes the remainingdigits to be outpulsed
at 100 x the normal rate (M/B ratio is then 50/50). This
feature provides a means of rapidly testing the device
and is also an efficient method by which the circuitry is
reset. When the outpulsing in this mode, which can take
up to 300ms, is completed, the circuit is deactivated and
will require only the current necessary to sustain the
memory and Power-Up-Clear detect circuitry (refer to
the electrical specifications).

Upon returning Off-Hook, a negative transistion on the
Mute Output will insure the speech network is
connected to the line. If the first key entry is eithera * or
#, the number sequence stored on-chip will be
outpulsed. Any other valid key entries will clear the
memory and outpulse the new number sequence.

V-18



TIMING CHARACTERISTICS

Figure 4
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PULSE OUTPUT (Pin 16)

The Pulse Output consists of an open-drain N-channel
transistor. This output provides the logic necessary to
pulse the telephone line with the correct Make/Break,
pulse rate, and interdigital pause timings. The timing
characteristic of the Pulse Output is shown in Figure 4
above.

TYPICAL APPLICATION

The schematic diagram in Figure 5 shows one method
which can be used to interface the MK50991 with the
telephone line. In this approach, the speech network is
connected directly to the telephone line through a
metallic relay contact. The pulse signalling circuitryisin
parallel with the speech network.

A current source of some type is desired to present a
high impedance to the telephone line while
guaranteeing sufficient current to power the MK50991
(>150uA). Transistor Qp provides the source current to
the device. The magnitude of this current is determined
by the voltage on R1 due to the forward-biased diodes
D1 and D3. Transistor Q1 provides a regulated bias
current to the diodes as well as Qp.

When in the On-Hook mode, S1 and S are open. The
current source is disabled in this manner and only a
small amount of current, supplied through R3, is needed
to maintain data in the memory. The relay is open,
thereby disconnecting the speech network from the
telephone line.

When coming Off-Hook, switches S1 and S2 close,
connecting the On-Hook input to V-. Immediately the
output of Mute switches low. This transition pulses the
relay through Qg and Qg, latching it in the closed
position. The speech network is now attached directly te
the telephone line for normal conversation. Diode D3
will hold the pulsing darlington composed of transistors
Q3 and Q4 off.

Upon receiving a valid key entry, Mute switches high.
This transition pulses the relay to its open state, thereby
muting the network. The loop current is still passed
through the darlington pair, Q3 and Qg4, for a predigital
pause time of approximately 840ms. (tppp). Break is
accomplished when the Pulse output switches low,
cutting the darlington off. During break, current flow is
limited to the current source and the Pulse pullup

! resistor R4, insuring a high impedence in this interval.

Pulsing of the complete digit continues in this manner.
Each digit in the number sequence dialed is separated
by standard interdigital pauses (tjpp).

After the final digit is outpulsed, the Mute Output
returns low and the speech network is connected back
to the telephone line through the relay contact for
normal conversation. Returning On-Hook causes Mute
to switch high, removing the network from the line.

Applications which do not require operation with a
bistable relay may use our MK50981 pulse dialer to
better advantage.
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TYPICAL APPLICATION
Figure 5
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PRELIMINARY

MOSTEK.

INTEGRATED PULSE DIALER WITH REDIAL

MK50992(N)

FEATURES
O Direct Telephone Line Operation
0O Uses Standard 2-of-7 Keyboard board

0O CMOS Technology for Low-Voltage, Low-Power
Operation

O Supply Voltage Range 2.5 to 6 volts
0O MAKE/BREAK Ratio Pin-Selectable
0O 20/10pps Pin-Selectable

O Redial with # or *

O Continuous Mute

O Inexpensive RC Oscillator
DESCRIPTION

The MK50992 is a monolithic CMOS integrated circuit
which uses an inexpensive RC oscillator for its
frequency reference and provides all the features
required for implementing a pulse dialer with redial. It
sperates directly off the telephone line supply and
sonverts 2-of-7 keyboard inputs into pulse signals
simulating a rotary telephone dial. When not
>utpulsing, the MK50992 consumes only
nicroamperes of current.

(eyboard logic is totally static so that the MK50992 will
1ot introduce noise into the telephone system. Two
yutputs, one to pulse the telephone line and one to mute
he receiver, are provided to implement the pulse dialer
unction.

Vhen off-hook, the MK50992 senses a key down
ondition, verifies that only one key is depressed and
hen enters the key's code into an on-chip memory.

PIN CONNECTIONS

v+ —>[ |1 18[_J—»= PULSE OUTPUT
v ON HOOK/
REF —[ |2 17[ J«—9RMH
coL 1—=[]3 16| J«—ROW 1
coL2—»[ |4 15[ |«—ROW 2
MK50992
COL3—»[ |5 14] J«—ROW 3
V-—=[16 13[ J=—ROW 4
RC1—[]7 12| ]—>MUTE OUTPUT
RC2<«—[g 11] J«—M/B SELECT
RC3=—["]9 10 ;H—« 20/10 PPS SELECT

The memory will store up to 17 digits, and allows
keystrokes to be entered at rates comparable to tone
dialing telephones. Entering the first digit starts a
predigital pause counter and clears the memory buffer.
At the end of the predigital pause, outpulsing begins. As
digits are entered during the outpulsing period they will
also be stored in the memory. Outpulsing will continue
until all entered digits have been dialed. The first 17
digits entered will be stored in the on-chip redial
memory and can be redialed by pressing either # or *,
provided that the receiver has gone on-hook for the
minimum tou (refer to the electrical specifications
section).

When on-hook, key inputs will not be recognized
because the oscillator is disabled. This oscillator inhibit
prevents the circuit from drawing excessive current
when on-hook.
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ABSOLUTE MAXIMUM RATINGS*

DC SUPPlYy VORAGE, V-t .ottt ettt et ettt it en et eanenaseeeaaeeaeeenenans 6.2 Volts

Operating TeMPEIAtUNE . ...ttt ettt ettt etenreeneneeeseseseeeeeessosonnnnnnns -30° to +60°C
S10rage TEMPEIATUIE ..ttt vttt teinee et eteeeeennneeesonnnsesesonnsaeeeennaseans -55°C to +150°C
Maximum Power Dissipation @ 25°%C ... .. tutuiiiittiitieetitieetetrnreteerneterasannnss PN 500mW
Maximum Voltage on any Pin Relative to V- ... .o ittt ittt iiiiie i eenans -0.3 Volts
Maximum Voltage on any Pin Relative to0 V. ... ittt ittt iiiiiiitteerennneeeenns +0.3 Volts

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

ELECTRICAL CHARACTERISTICS
-30° < TA < 60°C

DC CHARACTERISTICS

SYM PARAMETER MIN TYP MAX UNITS NOTES
V+ DC Supply Voltage 25 6.0 \Y

Key Input (R1 - 4R, C1 - C3)
Rk1 Contact Resistance 1 kQ
Cxi Keyboard Capacitance 30 pF
KiL Key Input Level (R1 - R4, C1 - C3) V- 20% of V+ Vv
Kin 2-of-7 input mode and all

electronic switching 80% of V+ | V+ \
Kiru PU"-Up 100 kQ
Kirp Pull-Down Input Resistance @

Vin = 4.8V, V+ = 6.0V 100 kQ

Im Mute Sink Current

@ Vo = 0.5V, V+ = 2.5V 500 uA
lp Pulse Output Sink Current

@ Vo = 0.5V, V+ = 2.5V 1.0 mA
Imr Memory Retention Current 0.7 pA 7
lop Operating Current 100 150 nA 1
lLkG Mute or Pulse Off Leakage

V+ = 6.0V

Vo = 6.0V .001 1 uA
IREF Vrer Output Source Current

(Vrer = -6.0V REF to V+) 1 7 mA 8

Functions of the individual pins are described below: negative voltage reference to the V+ supply. Its
magnitude will be approximately 0.6 volt greater than
the minimum operating voltage of each particular

MK50992.

V+ (Pin 1)

This is the positive supply pin. The voltage on this pin is

measured relative to V- and is supplied from a 150uA
current source. This voltage must be regulated to less
than 6.0 volts.

Vrer (Pin 2)

The Vrer output provides a reference voltage that tracks
internal paramters of the MK50992. Vrer provides a

The typical application would be to connect the Vggr pin
to the V- pin (pin 6). The supply to the V+ pin (pin 1)
should then be regulated to 150uA (lop max). With this
amount of supply current, operation of the MK50992 is
guaranteed.

The internal circuit of the Vrer function is shown in
Figure 1 with its associated |-V characteristic.
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\C CHARACTERISTICS

SYM PARAMETER MIN TYP MAX UNITS NOTES
Fosc Oscillator Frequency 4 kHz 4
tos Key Input Debounce Time 10 ms 3,6
tkp Key Down Time for Valid Entry 40 ms 2,3
tkr Key Down Time During Two-Key

Roll Over 5 ms 3
tos Oscillator Start-Up Time

(V+ = 2.5V) 1 ms
tmo Mute Valid After Last Outpulse 5 ms 3,6
Pr Pulse Output Pulse Rate 10 pps 5
ton On-Hook Time Required to

Clear Memory 300 ms 3
trop Pre-Digital Pause 800 ms 3,6
tive Inter-Digital Pause 800 ms 3,6
Af Frequency Stability (2.5V - 3.5V) t4 %
Af Frequency Stability (3.5V - 6.0V) t4 %
Af Frequency Stability (with Vrer used)

(lrer = 250uA - 500pA) +25 %
OTES:

. Output and Vrer unloaded.

. Debounce plus oscillator startup time < 40ms.

. These times are directly proportional to the oscillator frequency.
. Ry = 2MQ), R = 220K}, C = 390pF. See oscillator paragraph.

5. If pin 10 is tied to V+, the Pulse Output Pulse Rate wili be 20pps.

6. If the 20pps option is selected, the time will be 2 these shown.

7. Current necessary for memory to be maintained. All outputs unloaded.
8. Refer to Figure 1

'rer TYPICAL |-V CHARACTERISTICS

igure 1
7.0 V¥ PN
6.0
°
5.0
IREF
MA N
4.04
3.0
2.0 PIN2
VReF
1.0
T T U T T
1.0 20 3.0 4.0 5.0
(V+—VREer voLTs

KEYBOARD INPUTS (Pins 3, 4, 5, 13, 14, 15, 16)

The MK50992 incorporates an innovative keyboard
scheme that allows either the standard 2-of-7 keyboard
with negative common or the inexpensive single
contact (Form A) keyboard to be used.

A valid key entry is defined by either a single row being
connected to a single column or V- being
simultaneously presented to both a single row and
column.

When in the On-Hook mode, the row and column inputs
are held high and no keyboard inputs are accepted.
When Off-Hook, the keyboard is completely static until
the initial valid key input is sensed. The oscillator is then
enabled and the rows and columns are alternately
scanned (pulled high, then low) to verify the input is
valid. The input must remain valid continuously for
10ms of debounce time to be accepted.
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KEYBOARD CONFIGURATIONS

Figure 2
1

coL——4 A Row

Form A Type Keyboard 2 of 7 Matrix Keyboard
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Electronic Input

OSCILLATOR CONFIGURATION
Figure 3

2 of 7 Matrix Keyboard

*external components

DISABLE

99
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OSCILLATOR (Pins 7, 8, 9)

The MK50992 contains on-chip inverters to provide an
oscillator which will operate with a minimum of
external components. Figure 3 shows the on-chip
configuration with the necessary external components.
Optimum stability occurs with the ratio K = Rs/R equal
to 10. The oscillator period is given by:

T=RC[1.386+(3.5KCs)/C- (2K/(K+1))In (K/(1.5K+0.5))]
where Cs is the stray capacitance on Pin 7. Accuracy and
stability will be enhanced with this capacitance
minimized.

V- (Pin 6)

This is the nfgative supply pin and is normally tied to
Vrer (see Vrer paragraph).

20/10 PPS (Pin 10)

Tying this pin to V- will select an Output Pulse Rate of
10pps. Tying the pin to V+ will select an Output Pulse
Rate of 20pps.

MAKE/BREAK (Pin 11)

The MAKE/BREAK pin controls the MAKE/BREAK
ratio of the puise output. The MAKE/BREAK ratio is

controlled by connecting V+ or V-to this pin as shown in
the following table.

MAKE/BREAK RATIO SELECTION

Table 1
INPUT TO PULSE OUTPUT
MAKE/BREAK PIN
MAKE BREAK
V+ (Pin 1) 34% 66%
V- (Pin 6) 40% 60%

MUTE OUTPUT (Pin 12)

The Mute output is an open-drain N-channel transistor
designed to drive an external bipolar transistor. This
circuitry is usually used to mute the receiver during
outpulsing.

As shown in Figure 4, the MK50992 Mute output turns
on (pulls to the V- supply) at the beginning of the
predigital pause and turns off (goes to an open circuit)
following the last break. The delay from the end of the
last break until the Mute output turns off is mute overlap
and is specified as tmo.

TEST/ON HOOK (Pin 17)

The “Test” or “On-Hook" input of the MK50992 has a
100k pull-up to the positive supply. A V+ input or
allowing the pin to float sets the circuit in its On-Hook or
test mode while a V- input sets it in the Off-Hook or
Normal Mode.

When Off-Hook, the MK50992 will accept key inputs
and outpulse the digits in normal fashion. Upon
completion of the last digit, the oscillator is disabled and
the circuit stands by for additional inputs.

Switching the MK50992 to On-Hook while it is
outpulsing causes the remaining digits to be outpulsed
at 100 x the normal rate (M/B ratio is then 50/50). This
feature provides a means of rapidly testing the device
and is also an efficient method by which the circuitry is
reset. When the outpulsing in this mode, which can take
up to 300ms, is completed, the circuit is deactivated and
will require only the current necessary to sustain the
memory and Power-Up-Clear detect circuitry (refer to
the electrical specifications).

Upon returning Off-Hook, a negative transistion on the
Mute Output will insure the speech network is
connected to the line. If the first key entry is eithera * or
#, the number sequence stored on-chip will be
outpulsed. Any other valid key entries will clear the
memory and outpulse the new number sequence.
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PULSE OUTPUT (Pin 18) The MK50992 Pulse output is an open circuit during
make and pulls to the V- supply during break.

The Pulse output is an open drain N-channel tranistor

designed to drive an external bipolar transistor. These As shown in Figure 4, outpulsing starts with a make

transistors would normally be used to pulse the before break.

telephone line by disconnecting and connecting the

network. A typical application is shown in Figure 6. This circuit
will produce the timing shown in Figure 4.

TIMING CHARACTERISTICS

Figure 4
DIGIT DIGIT REDIAL
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TYPICAL APPLICATION

Figure 6

R1 = 560K(}
R2 = 1.4KQ
R3 = 470KQ
R4 = 330K()
R5 = 2M()

R6 = 220K(}

TIP

RING

R7 = 100K}
R8 = 3K()

R9 = 3K()
R10 = 100K}
R11 = 10MQ

Q1 = 2N5401
Q2 = 2N5550
Q3 = 2N5550
Q4 = 2N5401
Q5 = 2N5401

D1 = IN4004
D2 = IN4004
D3 = IN4004
D4 = IN4004
D5 =IN914
D6 = IN914
D7 = IN40O4

C1 = 68uF

C2 = 390pF

S1 = HOOK SWITCH
S§2 = HOOK SWITCH
Z1 = 120-volt, 1-watt
zener
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PRELIMINARY

MOSTEK.

INTEGRATED TONE RECEIVER

MK5102(N)-5

FEATURES

O Detects all 16 standard DTMF digits

O Requires minimum external parts count for
minimum system cost

O Uses inexpensive 3.579545 MHz crystal for
reference

O Digital counter detection with period averaging
insures minimum false response

O 16-pin package for high system density

O Single supply 5 Volts + 10%

O Output in either 4-bit binary code or dual 2-bit
row/column code

O Latched outputs

DESCRIPTION

The MK5102 is a monolithic integrated circuit
fabricated using the complementary-symmetry MOS
(CMOS) process. Using an inexpensive 3.579545 MHz
television colorburst crystal for reference, the
MK5102 detects and decodes the 8 standard DTMF
frequencies used in telephone dialing. The require-
ment of only a single supply and its construction in a
16-pin package make the MK5102 ideal for appli-
cations requiring minimum size and external parts
count.

MK5102 PIN OUT
v+ (N 16 [J1/c
0sC IN O 2 15 [ 1/c
oscout []3 14 [J /e
STROBE d s 1B3[Jic
FORMAT HIGH-GROUP
contROL L[] 12 ] INPUT
- LOW-GROUP
v Oe " D NPUT
D1 (v 10 [ ] D4
D2 s 9 b3

The MK5102 detects the high and low group DTMF
tones after band splitting using a digital counting
method. The zero crossings of the incoming tones
are counted over several periods and the results
averaged over a longer period. When a minimum of
33 milliseconds of a valid DTMF digit is detected,
the proper data is latched into the outputs and the
output strobe goes high. When a valid digit is no
longer detected, the strobe will return low and the
data will remain latched into the outputs. Minimum
interdigit time is 35 milliseconds.

The MK5102 is designed to interface with the
MK5099 Integrated Pulse Dialer with only one addi-
tional DIP Package. These two parts working toge-
ther form a DTMF-to-Pulse converter that meets the
recognized telephone standards.
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ABSOLUTE MAXIMUM RATINGS*

DC Supply Voltage V+ (Referencedto V=) . ..........ccviivnvnt. +6.0 Volts
Operating TeMPEIAtUIE . « . . oo v v ettt ian e iiia e e iaanaeennns 0°C to 70°C
Storage TeMPEratUre. . . v v v vt eenee et eeeanein e —55°C to 100°C
Maximum Circuit Power Dissipation. . ..........coit it iirnnnns 300 mW
Voltage on any pin, withrespectto V— ... ... oo —-0.3 Volt
Voltage on any pin, withrespect to V4 . ... ..o oo +0.3 Volt
*Operation Above Absolute Maximum Ratings Mgy Damage The Device
ELECTRICAL CHARACTERISTICS
0°C<TA<70°C V-—=0Volts
PARAMETER CONDITIONS MIN TYP MAX UNITS NOTES
Supply Voltage (V+) (V—=0) 45 5.5 Volts
Lo Group & Hi Group 50% Duty Cycle 0.9 Ve Volts . 12
Inputs Square Wave Peak-to-Pea !
STROBE D1, D2, D3, D4 “0" Level 0.0 0.4 Volt @.1.6 mA
OUTPUTS “1"" Level (V+)—1 V+ | Volts @ 0.1 mA
FORMAT CONTROL 0" Level 0.0 0.5 Volt @ 700uA
Input “1" Level (V+)-0.5 V+ Volt @ 700uA
Frequency Detect £20 +25| 29 % of fo
Band Width
Tone Coincidence 33
Duration ms 4
Interdigit Interval 35 ms
Signal to Noise Ratio 18 dB 3
Supply Current @ 5.5V b"&%ﬁiﬁ“&nomed 5 10 mA

NOTES:

1. Due to internal biasing, this input must be capacitively coupled with
a low leakage .05 U F capacitor.

2. No coupling capacitor is needed if the DTMF square wave meets
the following criteria:
a. Logic ‘0’ level = 1 Volt (max)

e
I"O" | | b. Logic 1" level = 4 Volts (min)

3. Signal-To-Noise Ratio is defined as:
SN = 20 log SA
where SA = RMS Amplitude of single tone being detected.
NA = RMS white noise in the band from 300Hz to 3.4KHz.
4. Tone coincidence duration and interdigit interval measured at High-

and Low-group inputs. Filter and/or limiter or comparator charac-
teristics will affect the overall detect time.

OSCILLATOR

The MK5102 contains an on-board inverter with
sufficient gain to provide oscillation when working
with a low cost television ‘‘color burst” crystal.
The inverter input is OSC IN (pin 2) and output is
OSC OUT (pin 3). The circuit is designed to work
with a crystal cut to 3.5679545 MHz to give detection
of the standard DTMF frequencies.

FORMAT CONTROL (PIN 5)

The Control pin is used to control the output format
of Pins D1 through D4. This three-state input selects

a 4-Bit Binary Code, a Dual 2-Bit Row/Column code.
or high-impedance output for use with bus-structured
circuitry. This three-state input is‘ controlled as
follows:

FORMAT OUTPUT
CONTROL INPUT DATA FORMAT
V— High Impedance
V+ 4-Bit Binary
Floating Dual 2-Bit Row/Column
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FORMAT CONTROL (continued)
The followina table describes the two output codes.

Table 1 Dual 2-Bit Row/Column
4-Bit Binary Row Column
Digit| D1 D2 D3 D4| D1 D2 D3 D4
1 o 0 o 1 0 1 0 1
2 o 0 1 0] O 1 1 0
3 o o0 1 1 0 1 1 1
4 0 1 0 O 1 0 0] 1
5 0 1 0 1 1 0 1 0]
6 0 1 1 0 1 0 1 1
7 0 1T 1 1 1 1 0 1.
8 1 0O 0 O 1 1 1 0
9 1 0o 0 1 1 1 1 1
0 1 0 1 o0} O 0 1 0
* 1 o 1 1 0 0] 0 1
# 1 1 0 O 0 0 1 1
A 1 1 0 1 0 1 0 0
B 1 1 1 O 1 0 0 0
(o 1 11 1 1 1 0 0
D 0O 0 0O OO 0 0 0

Figure 1 shows the relationship between the data
output code shown in Table 1 and the standard
DTMF keyboard.

DTMF DIALING MATRIX
Figure 1

Col 1 Col 2 Col 3 Col 4

o @ B G
we @ B G
g
s [ (] G

Note: Column 4 is for special applications and is not .
normally used in telephone dialing.

DETECTION FREQUENCY
Table 2

Low Group fo High Group fo

Row 1 =697 Hz Column 1= 1209 Hz
Row 2=770 Hz Column 2 = 1336 Hz
Row 3 =852 Hz Column 3 = 1477 Hz
Row 4 = 941 Hz Column 4 = 1633 Hz

SUGGESTED INPUT LIMITER CIRCUIT

Figure 2

100KS2
IN914

] IN914
+
> 4015;(F 0

LAY
= 100KS2

HIGH KL
GROUP
FILTER

l IN914 MK5102
IN914

——
L

DTMF
IN

Low 1K
GROUP
FILTER

OUTPUTS D1 THRU D4
(PINS 7 THRU 10)

Outputs D1 thru D4 are CMOS push-pull when
enabled and open-circuited (high impedance) when
disabled by the format control pin.

D1 thru D4 are the data out lines. The output data
can be in two formats as described in the section
about the format control pin (pin 5).

The Dual 2-Bit Row/Column code decodes with D1
and D2 indicating the row selected, and D3 and D4
indicating the column selected.

The two output codes allow the user to obtain either
1-0f-16 or 2-of-8 output data by using only a single
additional package.

1/C (PINS 13 THRU 16)

Pins 13 thru 16 are internally connected and are
intended to be left floating.

STROBE (Pin 4)

The STROBE output goes to a ‘1’ when 33 mili-
seconds of a valid DTMF signal is detected and re-
mains at a ‘1" until an interdigit interval has been
detected. The data at D1-D4 are already valid when
STROBE goes to a /1" and will remain unchanged
until the next DTMF digit is detected.

LOW-GROUP INPUT (Pin 11) and HIGH-GROUP
INPUT (Pin 12)

The low- and high-group inputs are comparators that
can detect capacitively-coupled square-wave signals as
small as 0.9 volts peak-to-peak. The circuitry driving
these inputs would typically use back-to-back silicon
diodes as symmetrical limiters to regulate this level.

These inputs are biased to the midpoint of the
supply with a resistive divider. Nominal input imped-
ience is 100K ..
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INPUT BAND SPLIT REQUIREMENTS

697Hz 941 Hz 1209 Hz 1633 Hz

ods
saed-
-10d8-4
L
£ 1548
v . Low HIGH
E GROUP GROUP
L FILTER FILTER
2008+
peara B
3oded
i 1 il 4
L r—r T T T T
500 1000 2000 3000
Hz Hz Hz Hz
FREQUENCY
RELATIVE INPUT LEVEL VS FREQUENCY
NOTES:

1. Dial tone notch filter adequate to maintain S/N ratio of > 18dB
in above pass bands.

2. Filter response described above will normally result in operation to
6dB of twist with 18dB S/N.

MK5102 BLOCK DIAGRAM

HIGH GROUP >—

LOW GROUP >—1

osc

out

o T

| SENTER
AMPLIFIER AND
AVERAGER

N > 3579545 MHz
OSCILLATOR DIVIDER
0SC < CIRCUITRY

AMPLIFIER

Vi > —
Ve >t

SYSTEM CLOCK

PERIOD
COUNTER

AND
AVERAGER

| COINCIDENCE TIMER/
INTERDIGIT TIMER

CONTROL LOGIC AND
CODE CONVERTER

|
|
|
|
|

. nn

FORMAT  88ih,; STROBE
CONTROL
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MOSTEK.

DESIGN CONSIDERATIONS FOR A DTMF RECEIVER SYSTEM

Application Note

This application note will describe all of the require-
ments for building a high-quality DTMF receiver
using the MK5102N-5 and hybrid filters. The follow-
ing topics will be discussed:

Power supply requirements

Band separation filter requirements

Squaring circuit requirements

Squaring circuit-to-decoder coupling requirements
Receiver testing

Output formatting

Other system considerations

NoohswN~

Since the MK5102N-5 is intended to be a portion of a
tone receiver SYSTEM, SYSTEM requirements must
be met before a satisfactory decoder can be con-
structed. A block diagram of a typical system is
shown in Figure 1. Each portion of the block diagram
is discussed in succeeding paragraphs.

TYPICAL DTMF RECEIVER

Figure 1
HIGH GROUP [y
CIRCUIT l 1
FROM
TELEPHONE gm?‘ ouTPUT
LINE FILTER CIRCUIT
INTERFACE ="
SQUARING L
pu— |LOWGROUP lcireurt || |

POWER
SUPPLY

I

POWER SUPPLY REQUIREMENTS

For proper operation of the MK5102N-5, the V+

power supply must be between 4.5 VDC and 5.5

VDC, with V- grounded. A power supply decoupling
capacitor (typically .1uF) should be connected be-
tween V+ and V- to insure that no high-frequency
noise is present on the V+ supply. Typically, a 1-volt
peak-to-peak signal may be applied to V+ and the
MK5102N-5 will function properly.

FILTER REQUIREMENTS

For proper operation of the MK5102N-5, an external
band separation filter must be provided to split the
DTMF signal into its high-group and low-group
components. However, the band separation require-

VI-7

ments are not as stringent for the MK5102N-5 as they
are for competing designs. As shown in figure 2, the
MK5102N-5 requires a band separation of only 33d8
in an average application. The 33dB requirement
allows for a S/N ratio of 18dB, 6dB of twist, and a
detection bandwidth of at least =+ 2%. A reduction of
twist margin or S/N requirements will result in a cor-
responding lower requirement for band separation.
For example, if there is not a requirement for twist
margin, the band separation can be reduced to 27dB.
In a system with no noise and no twist, the band
separation can be 22dB.

The plot shown in Figure 2 depicts corner frequencies
of 683Hz, 960Hz, 1184Hz and 1666Hz. These repre-
sent a 2% deviation from the DTMF frequencies of
697Hz, 941Hz, 1209Hz and 1633Hz, respectively.
This deviation is necessary because of the require-
ment that a DTMF receiver must detect frequencies
which are 2% higher or lower than the nominal
DTMF frequency. Table 1 lists the 8 DTMF frequen-
cies and the corresponding frequencies which a
DTMF decoder is required to detect.

BAND SEPARATION FILTER REQUIREMENTS
Figure 2

683 960 1184 1666
Hz Hz Hz '/ Hz
ous 4
1
N/
NOTE 1 | |
|
5 -10d8 ¢ !
El RV
z
I | |
(&
£ !
5 |
5
T -20089 Low- | HIGH:
w GROUP | GROUP
z FILTER | FILTER
<
@ |
@
¢ (N
-30d8 4= |
3308 4 +
!
[
[ S II'LLLIJI:|III4{X|A'I1I11
500 1000 2000 2500 3000

1500
Hz Hz Hz Hz Hz Hz
BAND SEPARATION FILTER REQUIREMENTS

NOTES:

1. Dial tone notch filter must maintain S/N ratio => 18dB
2. Filter response shown will allow operation to 6dB of twist with
18dB S/N.
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TABLE |

8 STANDARD DTMF FREQUENCIES AND COR-
RESPONDING UPPER AND LOWER REQUIRED
DETECTION FREQUENCIES

LOWER UPPER
DETECTION DETECTION
DTMF FREQUENCY FREQUENCY

FREQUENCY (HZ) LIMIT (HZ) LIMIT (HZ)
697 683 711
770 755 786
852 834 869
941 922 960
1209 1184 1233
1336 1309 1363
1477 1447 1507
1633 1600 1666

DETECTION ALGORITHM

The detection approach used in the MK5102N-5 utili-
zes zero-crossing detection and digital period-count-
ing. To increase the rejection of random noise and the
residue from out-of-band components, an averaging
scheme is used. Figure 3(a) shows nine cycles of a
symmetrical sine wave. If zero-crossings were the only
detection criteria, and if the average period-count ob-
tained over nine periods were acceptable, then the sig-
nal in Figure 3(a) represents a valid tone. The jitter of
the zero-crossings is integrated out by the nine-period
average. However, based on the simple nine-period
average, the signal shown in Figure 3(b) would be
accepted as a valid tone. To improve rejection of this
speech-type waveform, the nine-period detection time
can be broken into three period-averaged sub-groups
as indicated by the dashed lines in Figure 3(b). By
combining the nine-period average and the sub-group
average criteria, 200 false hits are obtained on 30
minutes of a standard speech tape. Figure 3(c) repre-
sents a type of waveform that would produce a hit
based on the nine-period and sub-group average algor-
ithm. To improve rejection of this waveform, require-
ments must be placed on every single period in addi-
tion to the nine-period average and the sub-group
average. However, the waveform of Figure 3(d) will
be detected using only these three criteria. Therefore
an additional requirement must be placed on each
half-period of the waveform. Figure 3(e) shows the
only type of signal which will be accepted by a de-
tection algorithm which requires the following:

Valid nine-period average
Three valid sub-group averages
Valid single-period

Valid half-period

P

Using these four criteria, the number of hits on a
standard speech tape can be reduced to less than six.

POSSIBLE INPUT WAVEFORMS
Figure 3

(a) 1/\2/\3/.\4 /\5/-\6/\7/\8/.\9
VAV VIV VIR VIAVY.
DA NN NAN NN
VAN AR VA VATRVAT
A AW N AWANA
VAVAVIAVERRVI/ VIRV,
LALAAAA AN
VAVAVAVAYAvAY v
AN
(VA VEVEVEVEVEVEY

VALID

REJECT

REJECT

REJECT

VALID

INPUT SQUARING CIRCUITS

As described above, to minimize the number of false
hits, a detection algorithm must place stringent re-
qguirements on each half-period of the input wave-
form (high group or low group). To successfully meet
these requirements, the duty cycle of the input wave-
form must be between 49% and 51%. The input
squaring circuit must therefore provide an output
which accurately tracks the input without adversely
affecting the duty cycle. Such a circuit, an inverting
comparator with hysteresis, is illustrated in Figure 4.

INPUT SQUARING CIRCUIT
Figure 4

FROM
FILTER

TO MK5102N-6

470§ R3

470§ Rg

C1 is used to ac couple the filter output to the squar-
ing circuit so that DC bias present at the filter output
will not affect the performance of the squaring cir-
cuit. R3, R4, and Rg establish a bias level at about
2.5 Volts, and Rg is used to provide the same bias
level at the inverting input of the comparator used in
the squaring circuit. The maximum input bias current
for the LM2901 is 500nA, so the DC bias level at the
inverting input is effectively the same as the voltage
at the wiper of Rg. Rg must be adjusted so that, for
an input signal level of -28dBm, the output duty
cycle will be 50%. This adjustment compensates for
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the input offset voltage of the LM2901. Ry is the
pullup resistor for the open-collector output of the
comparator. R1 and R2 set the hysteresis level. Their
values are determined by the following approximate
relationships:

(2.5) (R1)

Vyur=25+
(R1 +Ro + RL)

where VyT is
the upper

threshold

where VLT is
the lower

threshold and
VoL is the
output satura-
tion voitage

VLT = (2(.5-Vo|_) (R2)
R1 +R2)

In both cases, any variation due to the current in Rg
is ignored.

For central office applications, the tone receiver sys-
tem must operate over an input signal level range of
-26dBm to +6dBm. The squaring circuit, therefore,
must respond to signal levels of -26dBm or greater
but is not required to respond to lower signal levels.

To allow for signal attenuation through the band sep-
aration filter, the squaring circuit should be set to re-
spond to signal levels of -28dBm or greater. The
-28dBm cutoff point corresponds to a peak-to-peak
voltage of 87.1mV. For a 50% duty-cycle output
waveform, VyT should be set 43.5mV above and
VLT should be set 43.5mV below the DC bias point.
The passive components for the squaring circuit are
then selected as follows:

RL =1k Chosen value.
R2 = 680k$2 Chosen value.
R1 =12k Calculated value.

R3=R4=4702 Chosen value for DC bias.

Chosen value. Tradeoff effect on
DC bias vs. drop across Rg due
to 2901 input bias current.
Chosen value. Must be low impe-
dance over frequency range of
683Hz to 1666Hz.

R5 = 100kS2

C1=1uF

To achieve proper operation at low signal levels, Rq
must be 10k§2. The discrepancy between the calcu-
lated value and the actual required value results from
component tolerances.

Since many commercially-available filters exhibit a
ringing characteristic at their output, as shown in Fig-
ure 5 and Figure 6, additional circuitry is required to
detect the beginning of ringing and squelch the out-
put of the squaring circuit. The required circuitry, an
envelope detector, is shown in Figure 7. The detector
consists of two precision rectifiers, two sample-and-
hold circuits, and a comparator. C3 is used to couple
the low-group filter output to the envelope detector.
Z1a, D1, C1, R2, and R3 then rectify the incoming
signal and store a peak value. The R2/R3/C1 time
constant is set for 20ms so that the voltage at the in-
verting input of Z2 will represent % the peak value of
the incoming signal. Z1b, D2, R1 and C2 also rectify
the incoming signal and store a peak value, but the
time constant is set for 1.4msso that the voltage at
the non-inverting input of Z2 will represent the
instantaneous peak value of the incoming waveform.
As long as the instantaneous value is greater than % of
the peak value, the comparator output will be high.
However, as soon as the instantaneous value decreases
to less than % the peak value (this will occur as ring-
ing begins), the comparator output will go low and
inhibit the output of the squaring circuit. It is neces-
sary to provide only one envelope detector since the
MK5102N-5 will treat the absence of a valid low-
group/high-group tone combination as interdigit time.

LOW-GROUP FILTER RESPONSE (3044)
Figure 5

B BB

L e T Vs TR T S

EACH TIME DIVISION = 10 MS

DTMF INPUT TO FILTER (5V/DIV.)

LOW-GROUP
FILTER OUTPUT (IV/DIV.)

SQUARING CIRCUIT
OUTPUT (5V/DIV.)

STROBE FROM MK5102N-5
(5V/DIV.)
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HIGH-GROUP FILTER RESPONSE (3045)

Figure 6

EACH TIME DIVISION = 10 ms

DTMF INPUT TO FILTER (5V/DIV.)

LOW-GROUP
FILTER OUTPUT (IV/DIV.)

SQUARING CIRCUIT
OUTPUT (5V/DIV.)

STROBE FROM MK5102N-5
(5V/DIV.)

ENVELOPE DECAY DETECTOR

Figure 7
C3
FROM 01uF
LOW-GROUP €
FILTER
Ra

100K

2= 1458
Ry 2, = 2901
18K

L _L°1 R3 Al

I 1uE 315K s
= -+ Z2
' + 12

=

TO SQUARING
CIRCUIT

ENVELOPE DETECTOR OPERATION

Figure 8

LOW-GROUP
FILTER OUTPUT (IV/DIV.)

INSTANTANEOUS PEAK
DETECTOR (IV/DIV.)

AVERAGE PEAK
DETECTOR (IV/DIV.)

LOW-GROUP INPUT
TO 5102N-5 (5V/DIV.)
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SQUARING CIRCUIT-TO-DECODER COUPLING

The output of the squaring circuit may be tied di-
rectly to the MK5102N-5 if it meets the following re-
quirements:

Logic 1> 4 volts
Logic 0 < 1 volt

A squaring circuit with an output that does not meet
these requirements must be capacitively coupled to
the MK5102N-5 with a 0.05uF capacitor. The value
of the coupling capacitor is critical because of the
impedance of the bias circuit at the high-group or
low-group input. As shown in Figure 9, the sudden
appearance of a tone burst causes the DC bias point
to shift upward. Until the DC bias returns to its nor-
mal level, the input comparator will not switch and
the input signal will be ignored, causing an increase in
the dual-tone detection time. Using a 0.05uF capac-
itor will minimize the effect of this DC level shift.

The peak-to-peak value of the coupled signal must be
greater than .9 volts but less than V+ volts.

OUTPUT SIGNALS

D1, D2, D3, and D4 are the data output lines. The
output format present on these pins is determined by
the format control (pin 5) as shown in Table 2.

FORMAT CONTROL FUNCTIONS
TABLE 2

Data
Output Format

Format
Control Input

V- High Impedance
V+ 4-Bit Binary
Floating Dual 2-Bit Row/Column

SHIFT IN DC BIAS LEVEL CAUSED BY
APPLICATION OF TONE BURST

Figure 9

A 8 3

R i

HIGH-GROUP INPUT (IV/DIV.)
COUPLING CAP. = 1uF

SQUARING CIRCUIT
OUTPUT (IV/DIV.)

Table 3 describes the two output codes available.

TABLE 3
OUTPUT FORMAT

4-Bit Binary Dual 2-Bit
Row/Column
Row Column
Key | Row | Col. {D1T D2 D3 D4| D1 D2 D3 D4

1 1 1 0 0 0 1 0 1 0 1
2 1 2 |0 0 1 0 0 11 0
3 1 3 |0 0 1 1 0 101 1
4 2 1 {0 1 0 0 1 0 0 1
5 2 2 {0 1 0 1 1 0 1 [o]
6 2 3 |0 1 1 0 1 o 1 1
7 3 1 10 1 1 1 1 1 0 1
8 3 2 |1 [o] 0 0 1 1 1 0
9 3 3 |1 0 0 1 1 11 1
0 4 2 |1 ] 1 0 0 0o 1 0
* 4 1 11 0 1 1 0 o 0 1
# 4 3 |1 1 0 0 0 0o 1 1
A 1 4 |1 1 0 1 0 10 0
B 2 4 |1 1 1 0 1 0 O 0
Cc 3 4 |1 1 1 1 1 1 0 0
D 4 4 10 0 0 0 0 0 0o 0

When all detection criteria are present, the MK-
5102N-5 will latch the proper data into its outputs
and strobe will go high. After an interdigit time has
been detected, strobe will go low, but the data will re-
main on D1 through D4.

The dual 2-bit row/column code is useful when inter-
facing a key-to-pulse converter, as shown in Figure
10. On this circuit, the MK5102N-5, CD4556 and MK
5099 combine to form a tone-to-pulse converter,
which allows the use of DTMF telephones in rotary
exchanges. The DTMF tones are detected by the MK
5102N-5, which then generates the corresponding
row/column code. Each CD4556 then uses this 2-bit
code to select 1 of 4 active-low outputs. The MK5099
then interprets these signals as a valid key closure and
generates a corresponding series of pulses.
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For simple remote-control applications, the circuit of
Figure 11 is useful. After a valid tone is detected,
strobe will go high and one of the 16 outputs on the

binary-to-1-of-16 encoder will go true. Thus, a DTMF

transmitter and 16-key keyboard can be used to con-
trol 1 of 16 functions in a DTMF receiver. Each con-
trol pulse will have its width controlled by Strobe.

TONE-TO-PULSE CONVERTER

Figure 10
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RECEIVER TESTING

Equipment connections for testing a DTMF receiver
are shown in Figure 12. The setup consists of a cas-
sette player (ideally with a speed adjustment), a digi-
tal frequency counter, and a voltmeter. A Mitel
CM7290 Tone Receiver Test Cassette was used in all
the receiver tests described below. This cassette
checks receiver detection bandwidth, maximum
acceptable amplitude ratio (twist), receiver guard
time, dynamic range and acceptable signal-to-noise
ratio. It also evaluates the receiver talk-off rate with a
condensed speech recording equivalent to many hours
of receiver exposure. The CM7290 is available from
Mitel at the locations listed.

Mitel International Mitel Corp.
Shannon Industrial Estate P.O. Box 13089 Kanata
Shannon, Ireland Ottawa, Ontario, Canada

Telephone. 061-61433 K2K1X3

Telex: 32208 Telephone: 613-592-2122
Telex: 053-4596
Cable Mitelcan

Mitel Inc. Twx: 610-562-8529

St. Lawrence Industrial Park
Ogdensburg, New York 13669
Telephone: 315-393-1212
Twx: 510-259-4071

EQUIPMENT CONNECTIONS FOR RECEIVER

EVALUATION
Figure 12
gl‘.‘:sVEE;TE FREQ. SET SPEED SO FREQUENCY
COUNTER OF CALIBRATION TONE = 1KHz

OUTPUT SPEED
LEVEL  ADJUST
ADJUST

==

= RMS
METER

SQUARING J_;Lmnanour
INPUT

CIRCUIT

ADJUST LEVEL OF CALIBRATION
TONE TO 2 VOLTS RMS

HIGH-GROUP
FILTER

MK5102N-6
srooae (| SYET

LOW-GROUP SQUARING 11JLOW-GROUP
FILTER CIRCUIT INPUT
2 OSC. IN

358MHz

|I|-\/3/§/‘

&

0SC. OUT

There are. several considerations in setting up a re-
ceiver test. First, the recorder should have a speed ad-
justment and an output level adjustment. Each side of
the CM7290 contains a 1kHz calibration tone. To set
up properly for the test, the speed of the recorder
should be adjusted so that the tone frequency is 1TkHz
and the cassette player output level should be ad-
justed to 2 volts RMS. The cassette player must be
able to provide the 2-volt output level without clip-
ping. If a speed adjustment is not available, printed
instructions included with the CM7290 provide a for-
mula for correcting some of the test results. Second,
the strobe output of the MK5102N-5 should be tied
to the input of the event counter and the counter’s
sensitivity input adjusted so as to prevent false trig-
gering. This can easily be done by repeating test 2a on
the CM7290 until consistent results are obtained.
Third, any sources of environmental noise (electric
motors, speed controls, etc) should be eliminated so
that they will not introduce count errors on the event
counter.

FILTER EVALUATION

Two commercially-available filters, the CH1295 and
CH1296 from Cermetek and the 3044 and 3045 from
ITT North Electric Microsystems, were evaluated.
The addresses of these two filter vendors are listed
below:

Cermetek, Inc.

660 National Avenue

Mt. View, CA 94043
Telephone: 415-969-9433
Twx: 910-379-6931

ITT North Microsystems Division
700 Hillsboro Plaza

Deerfield Beach, FL 33441
Telephone: 305-421-8450

Twx: 510-953-7523

Figure 13 and Table 5 show the test circuit and test
results for the Cermetek filters. The test circuit and
test results for the North Electric filters are shown in
Figure 13 and Table 4, The tests were performed
using the equipment setup shown in Figure 12. Fig
ures 14 through 17 show the spectral response of the
filters.
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TEST CIRCUIT FOR CERMETEK AND NORTH ELECTRIC FILTERS

Figure 13
+5
FROM 20, 16 1{;': <
RECORDER 5 (INPUT OUTPUT i€ * '\"( $ MK5102N-5
H12>— v+ +5 100K l 2001 12[RiGH.GROUP
~12 ) V- 5> {'/\'-:w
[ e 470 * 6,
== |cH1296 OR3045] < 10K 680K L 4 TO EVENT
HIGH.GROUP | 3777 e ©,| STROBE®counTeR
FILTER i‘”o 500 358 ——fosc.
MHz = _|IN
= 5y T3osc.
Zg INPUT OUTPUT 16 S(l)Jl:er
+12>? V+ 11|GROUP
600 3-12>— V- INPUT
Q _.[_—— GND
= = [CH1295 OR 3044
LOW-GROUP
FILTER
18K
L_ - IN914 l
01uF 1458 WwF 315K
¢ + I \
= L 2901
e T
l 100K :J]%m: 1.5K
TABLE 4 TABLE 5
MITEL TAPE TEST RESULTS FOR NORTH ELECTRIC FILTERS MITEL TAPE TEST RESULTS FOR CERMETEK FILTERS
TEST# RESULTS TEST# RESULTS
2a,b BW= 4.7 % of fo 2a, b BW= 5.6 % of fo
2c, d BW= 5.2 % of fo 2c,d BW = 5.7 % of fo
2e, f BW= 5.1 % of fo 2e, f BW = 5.0 % of fo
2g,h BW= 5.1 % of fo 29, h BW= 5.3 % of fo
2i,j BW= 5.1 % of fo 2i,j BW = 5.2 % of fo
2k, | BW= 4.9 % of fo 2k, | BW= 5.0 % of fo
2m, n BW= 5.5 % of fo 2m, n BW= 5.5 % of fo
20,p BW= 5.0 % of fo 20,p BW= 5.0% of fo
3 159 decodes 3 158 decodes
4 Acceptable Amplitude Ratio =13.1dB 4 Acceptable Amplitude Ratio = 12.6dB
5 Dynamic Range = 31.33 dB 5 Dynamic Range = 31.67 dB
6 Guard Time =34.23 m, 6 Guard Time = 33.4 ms
7 99.8 % Successful Decode at N/S Ratio 7 98.33% Successful Decode at N/S Ratio
of -12dbV of -12dbV
8 3 Hits on Talk-Off Test 8 3 Hits on Talk-Off Test
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SPECTRAL RESPONSE OF CH1295 LOW-GROUP ‘ SPECTRAL RESPONSE OF 3044 LOW-GROUP

FILTER FILTER
Figure 14 Figure 16
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250 350 450 550 650 750 850 950 1050 1150 1250 250 350 450 550 650 750 850 950 1050 1150 1250
FREQUENCY FREQUENCY
(H2) (HZ)
SPECTRAL RESPONSE OF CH1296 HIGH-GROUP SPECTRAL RESPONSE OF 3045 HIGH-GROUP
FILTER FILTER
Figure 15 Figure 17
FILTER O FILTER O
GAIN GAIN
(dB) (dB)

80 i 801 ; ; piies o
750 950 1150 1350 1550 1750 1950 2150 2350 2550 2750 750 950 1150 1350 1560 1750 1950 2150 2350 2650 2750

FREQUENCY
(HZ)

OTHER SYSTEM CONSIDERATIONS

System noise will affect the operation of the
MK5102N-5 by causing the detection bandwidth to
shrink. The instantaneous value of the low-group or
high-group waveform is represented by the following
approximate relationship, a = aT sin wrt + ap sin
wpt, where a is the instantaneous amplitude of the
overall waveform, aT is the amplitude of the high-
group or low-group component, and ay; is the ampli-
tude of the noise. If the highly-simplified noise term
(apy sin wpt) were removed, then the remaining term
woulid represent a pure sine wave and the zero cross-
ings of the waveform would be repeatable from cycle
to cycle. All detection criteria would be present and
the DTMF tone would be detected within a + 2.0% to

FREQUENCY
(HZ)

+ 2.9% bandwidth. However, adding the noise term
introduces instantaneous amplitude variations which
will effectively alter the duty cycle of the sine wave
by causing the zero crossing points to jitter. If 0.5%
jitter is caused by system noise, detection bandwidth
will be decreased by .5%. Therefore, as the system
noise level increases, the detection bandwidth will de-
crease.

As noted in the Filter Requirements paragraph, the
33dB band separation requirement allows for a S/N
ratio of 18dB, with 6dB of twist, which means that
the algorithm in the MK5102N-5 has been set up to
provide a + 2% minimum detection bandwidth in the
presence of noise which is 18dB below the signal
level and in the presence of high-group and low-group
signals with an amplitude difference of 6dB.
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SUMMARY

The MK5102N-5 provides a high-performance solu-
tion for DTMF detection at a lower cost than com-
peting approaches. Band separation requirements for
the MK5102N-5 are not as stringent as for competing
designs, and, as was seen in the test results of Table 4
and Table 5, the MK5102N-5 provides excellent talk-
off rejection. When used in conjunction with either
the Cermetek or the North Electric filters, the
MK5102N-5 will give the user a high-quality DTMF
receiver which may be used in myriad applications.
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PRELIMINARY

MOSTEK

INTEGRATED TONE DECODER

MK5103(N)-5

FEATURES

O Detects all 16 standard DTMF digits

O Requires minimum external parts count for
minimum system cost

O Uses inexpensive 3.5679545 MHz crystal for
reference

O Digital counter detection with period averaging
insures minimum false response

O 16-pin package for high system density
O Single supply: 5 volts £10%

O Output in either 4-bit binary code or dual 2-bit
row/column code

O Will operate at 14dB S/N ratio under worst-case
signal conditions

O Latched outputs

DESCRIPTION

The MK5103 is a monolithic integrated circuit
fabricated using the complementary-symmetry MOS
(CMOS) process. Using an inexpensive 3.5679545 MHz
televisioncolor-burstcrystal for reference, the MK5103
detects and decodes the 8 standard DTMF frequencies
used in telephone dialing. The requirement of only a
single supply and its construction in a 16-pin package
make the MK5103 ideal for applications requiring
minimum size and external parts count.

The MK5103 detects the high- and low-group DTMF
tones after band splitting using a digital counting
method. The zero crossings of the incoming tones are
counted over several periods and the results averaged

PIN CONNECTIONS

Figure 1

V+ 1 / 161 nN/C

OSC IN 2 15[ ] N/C

oscout []3 14 ] wn/c

STROBE [ 4 MK510313 j N/C

FORMAT (N)-5 HIGH-GROUP

conrtroL 15 12071 |npuT

v s 11[] LOW-GROUP
INPUT

D Oz 107 A

c e s[1 B

over a longer period. When a minimum of 30
milliseconds of a valid DTMF digit is detected, the
proper data is latched into the outputs and the output
strobe goes high. When a valid digit is no longer
detected, the strobe will return low and the data will
remain latched into the outputs. Minimum interdigit
time is 35 milliseconds.

The MK5103 is designed to interface with the MK5099
Integrated Pulse Dialer with only one additional DIP
package. These two parts working together form a
DTMF-to-Pulse converter that meets the recognized
telephone standards.

A block diagram of the MK5103 is shown in Figure 2.
Functions of the individual pins are described beginning
on page 2.

BLOCK DIAGRAM ¥
[—T il

Figure 2
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ABSOLUTE MAXIMUM RATINGS*

DC Supply Voltage V+ (Referencedto V-).............

Operating Temperature
Storage Temperature
Maximum Circuit Power Dissipation

Voltage on any pin, with respecttoV-................

Voltage on any pin, with respect to V+
* Stresses above those listed under ‘‘Absol

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

...........................................
......................................................................
.....................................................................
..............................................................

...........................................................

+6.0 Volts
0°C to 70°C
-55°C to 100°C
300mwW
-0.3 Voit
+0.3 Volt

gs’’ may cause permanent damage to the device. This is a stress ra(mg only and mnctlonal
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not imp

0°C <Ta <70°C V- =0 Volts
PARAMETER CONDITIONS MIN TYP | MAX [UNITS NOTES
Supply Voltage (V+) (V-=0) 4.5 5.5 | Volts
Lo Group & Hi Group 47% - 53% Duty 0.9 V+ | Volts 1.2
Inputs Cycle Rectangular Peak-to-Peak
Wave
STROBE, A, B,C, D “0" Level 0.0 04 |Volt@ 1.6 mA
OUTPUTS
“1" Level (V+)-1 V+ | Volts @ 0.1 mA
FORMAT CONTROL “0" Level 0.0 0.5 | Volt @ 700uA
INPUT
“1" Level (V+)-0.5 V+ | Volt @ 700uA
Frequency Detect Band Width +20 | £25 | £2.9| %of fg
Tone Coincidence Duration 30 ms 4
Interdigit Interval 35 ms 4
Signal-to-Noise Ratio 14 dB 3,5
Supply Current @ 5.5V Inputs and Outputs
Unloaded 2 5 mA
NOTES: Signal-To-Noise Ratio is defined as:
1. Due to internal biasing, (hls mput must be capacitively coupled with a SN = 20 log
low-leakage 0.05 uF . . .
2 Nocoupingcopctor s needed e DTM roctnguiarwavemeoisthe " 0= AR AT Anale one pono S, e
e 4. Tone coincit!ence dur_ation and intgrd}git interval measured at High- alnd
_.l_o_-l___L : tgg:g ? ::::: :l\\j:":s("“n:"rz) tﬁ;v;g‘;::& :;p:::.r ;:ltdeer‘:;dt/igefumner or comparator characteristics
5. Signal-To-Noise Ratio with 33db Filter Separation.

FUNCTIONAL DESCRIPTION
OSCILLATOR

The MK5103 contains an on-board inverter with
sufficient gain to provide oscillation when working with
a low-cost television ““color-burst” crystal. The inverter
input is OSC IN (pin 2) and output is OSC OUT (pin 3).
The circuit is designed to work with a crystal cut to

3.579545 MHz to give detection of the standard DTMF
frequencies.

FORMAT CONTROL (PIN 5)

The Control pin is used to control the output format of
Pins 7 through 10. This three-state input selects a 4-bit
Binary Code, a Dual 2-Bit Row/Column code, or high-
impedance output for use with bus-structured circuitry.
This three-state input is controlled as follows:
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"ORMAT CONTROL FUNCTIONS

Table 3 shows the detection frequency associated with
each row or column:

DETECTION FREQUENCY
Table 3

Low Group fo High Group fo

"able 1

FORMAT OUTPUT

CONTROL INPUT DATA FORMAT

V- High Impedance

!V+ 4-Bit Binary

Floating Dual 2-Bit Row/Column

|

"he following table describes the two output codes.

Fable 2
Dual 2-Bit

4-Bit Binary Row Column

Digit| D C B A| D C B A
1 (o] 0 0 1 0 1 0 1
2 (o] (o] 1 0 (o] 1 1 0
3 0 0 1 1 0 1 1 1
4 0 1 (o] 0 1 (o] 0 1
5 0 1 0 1 1 0 1 0
6 0 1 1 (o] 1 0 1 1
7 (o] 1 1 1 1 1 0 1
8 1 (0] (o] 0 1 1 1 0
9 1 0 (o] 1 1 1 1 1
0 1 0 1 0 0 [0} 1 0
* 1 0 1 1 0 0 0 1
# 1 1 (o] (¢} (o] (o] 1 1
A 1 1 0 1 0 1 0 0
B 1 1 1 0 1 0 0 0
Cc 1 1 1 1 1 1 0 0
D 0 0 [0] 0 [0} [0} (0] 0

‘igure 3 shows the relationship between the data
utput code shown in Table 2 and the standard DTMF
eyboard.

YTMF DIALING MATRIX
igure 3

Col 1 Col 2 Col 3 Col 4
rowt [1)
vz (4] 0
B
D ©

ote: Column 4 is for special applications and is not normally used in
telephone dialing.

] [ & &

Column 1 = 1209 Hz
Column 2 = 1336 Hz
Column 3 = 1477 Hz
Column 4 = 1633 Hz

Row 1 = 697 Hz
Row 2 = 770 Hz
Row 3 = 852 Hz
Row 4 = 941 Hz

OUTPUTS A THRU D
(PINS 7 THRU 10)

Outputs A thru D are CMOS push-pull when enabled
and open-circuited (high impedance) when disabled by
the format control pin.

Athru D are the data out lines. The output data can be in
in two formats as described in the section about the
format control pin (pin 5).

The Dual 2-Bit Row/Column code decodes with A and B
indicating the column selected, and C and D indicating
the row selected.

The two output codes allow the user to obtain either 1-
of-16 or 2-of-8 output data by using only a single
additional package.

N/C (PINS 13 THRU 16)

Pins 13 thru 16 are notinternally connected and may be
used as tie points.

STROBE (PIN 4)

The STROBE output goestoa“1’ when 30 milliseconds
of a valid DTMF signal is detected and remains ata 1"
until an interdigit interval has been detected. The data at
A-D are already valid when STROBE goes to a “1"" and
will remain unchanged until the next DTMF digit is
detected.

LOW-GROUP INPUT (PIN 11) AND HIGH-GROUP
INPUT (PIN 12)

The circuitry driving these inputs, as shown in Figure 4,
should be squaring circuits which use resistive dividers
to set the output duty cycle to 50%. The squaring circuit
shown was designed to provide hysteresis and allow the
circuit to respond to signal levels of -28dBm or greater,
where -28dBm corresponds to a peak-to-peak voltage
of 87.1mV. Any squaring circuit providing a 47% - 53%
duty cycle over the receiver and dynamic range is
sufficient.

The high-group and low-group signals are provided by
the high-group filter and the low-group filter, as shown
in Figure 4. These filters have the response
characteristics shown in Figure 5 and are used to
separate the DTMF signal into its high-group and low-
group components.
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SUGGESTED INPUT LIMITER CIRCUIT
Figure 4

FILTER

DTMF.

N MK 5103

Low
GROUP
FILTER

APPLICATIONS

Two possible applications of the MK5103 are shown in
Figure 6 and Figure 7. The dual 2-bit row/column code
is useful when interfacing a key-to-pulse converter, as
shown in Figure 6. On this circuit, the MK5103N-5,
CD4556 and MK5099 combine to form a tone-to-pulse
converter, which allows the use of DTMF telephones in
rotary exchanges. The DTMF tones are detected by the
MK5103N-5, which then generates the corresponding
row/column code. Each CD4556 then uses this 2-bit
code to select 1 of 4 active-low outputs. The MK5099
then interprets these signals as a valid key closure and
_generates a corresponding series of pulses.

INPUT BAN SEPARATION FILTER

Figure 5
683 Hz 960Hz 1185 Hz 1666 Hz
od8 1
-6dB —+
-10dB+
L
E . L
v 15d8B ~ Low HIGH
E GROUP GROULP
L FILTER FILTER
-20dB-~
-25dB -+
-30dB 1
33dB V] 1 ]
T T T T 11Tt T 1
500 1000 2000 3000
Hz Hz Hz Hz
FREQUENCY
NOTES: RELATIVE INPUT LEVEL VS FREQUENCY
1. Dial tone notch filter adequate to maintain S/N ratio of = 14dB in above
bands.

2. Filter response described above will normally result in operation to 6dB of
twist with 14dB S/N.

3. Filter separation is defined as either the rejection ratio of high group
frequencies to low group frequencies, or the rejection ratio of low-group
frequencies to high-group frequencies, whichever ratio is smaller.

4. Filter separation may be reduced to 28dB, resulting in operation to 6dB of
twist with an 18dB S/N ratio.

For simple remote-control applications, the circuit of
Figure 7 is useful. After a valid tone is detected, strobe
will go high and one of the 16 outputs on the binary-to-
1-0f-16 encoder will go true. Thus, a DTMF transmitter
and 16-key keyboard can be used to control 1 of 16
functions in a DTMF receiver.

TONE-TO-PULSE CONVERTER

. . V+ V+
Figure 6 CLASS A KEYBOARD \f \1{
N e B 2/
= =
13 gl—13.579545MHz 3}—J3.579545MHz
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16-CHANNEL REMOTE CONTROL
Figure 7 v+ Y v
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PRELIMINARY

“MOSTEK.

u-255 LAW COMPANDING CODEC

MK5116

FEATURES

O + 5-Volit Power Supplies

O Low Power Dissipation - 30mW (Typ)
O Follows the u-255 Companding Law

0O Exceeds D3 Channel Bank Transmission
Specifications

O Synchronous or Asynchronous Operation
0O On-Chip Sample and Hold

0O On-Chip Offset Null Circuit Eliminates Long-Term
Drift Errors and Need for Trimming

O Single 16-Pin Package
O Minimal External Circuitry Required

0O Serial Data Output of 64kb/s—2.1Mb/s at 8kHz
Sampling Rate

O Separate Analog and Digital Groundi‘ng Pins Reduce
System Noise Problems

DESCRIPTION

The MK5116 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic
conforming to the ©-255 companding law and (2) a
digital-to-analog converter which also conforms to the
1-255 law.

These two sections form a coder-decoder which is
designed to meet the needs of the telecommunications
industry for per-channel voice-frequency codecs used
in D3 Channel Bank and PBX systems. Digital input and
output are in serial format. Actual transmission and
reception of 8-bit data words containing the analog
information is done at a 64kb/s-2.1Mb/s rate with

analog signal sampling occuring at an 8kHzrate. A sync
pulse input is provided for synchronizing transmission
and reception of multi-channel information being
multiplexed over a single transmission line.

The pin configuration of the MK5116 is shown in
Figure 1.

PIN CONNECTIONS
Figure 1

N\

ANALOG INPUT —3 1] ® (116 <— +Vper

v+ —32 ] )15 ®— -VReg
V- —»3 ] []14 <€—ANALOG GROUND
N/C 4 [113 —>>ANALOG OUTPUT

MK5116
MASTER CLOCK —35 ]

XMIT SYNC —>»6 [
XMIT cCLOCK —3»7 ]
DIGITAL OUTPUT €— 8[]

112 <— DIGITAL INPUT
[]11<€— DIGITAL GROUND
[ ]10<— Rcv cLocK

[] 9 <— Rcv sYNC

A block diagram of a PCM system using the MK5116 is
shown in Figure 2. ~

PCM SYSTEM BLOCK DIAGRAM
Figure 2
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5116 BLOCK DIAGRAM

Figure 3
DIGITAL
ouTPUT
T TRANSMIT
XME SECTION
syne T
xmiT
cock ] BUFFER
ANALOG
INPUT
MASTER 8113 BIT
cLock CONTROLLER ENC/DEC CONVERTER
13- BIT LATCH
DIGITAL 1
FHR {__eurrer
RCV.
SYNC
RCv. ANALOG
—
erocx RECEIVE outeut
SECTION

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+Vrer and -Veger) Pins 16 and 15

These inputs provide the conversion references for the
digital-to-analog converters in the MK5116 +VRgf
and -Vger must maintain 100ppM/°C regulation over
the operating temperature range. Variation of the
reference directly affects system gain.

ANALOG INPUT, Pin 1

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are
then sampled at an 8kHz rate (Refer to Figure 4.). The
analog input must remain between +Vger and -Vger for
accurate conversion.

MASTER CLOCK, Pin 5

This signal provides the basic timing and control signals
required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

XMIT SYNC, Pin 6 (Refer to Figure 10 for the Timing
Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC may
remain high longer than 8 XMIT CLOCK cycles, but must
go low for at least 1 master clock prior to the
transmission of the next digital word(Refer to Figure 12).

XMIT CLOCK, Pin7 (Refer to Figure 10 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5116
is unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfersthe
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the positive
edge of XMIT SYNC.

RCV. SYNC, Pin 9 (Refer to Figure 11 for the Timing
diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV.
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV. SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital word is
to be received (Refer to Figure 13).

RCV CLOCK, Pin 10 (Refer to Figure 11 for Timing
Diagram)

The on-chip 8-bit shift register for the MK5116 is
loaded at the clock rate present on this pin. Clock rates
of 64kHz-2.1MHz can be used for RCV. CLOCK. Valid
data should be applied to the digital input before the
positive edge of the internal clock (Refer to Figure 5).
This set up time, tros, allows the data to be transferred
into the MASTER of a master-slave flip-flop. The
positive edge of the INTERNAL CLOCK transfers the
data to the SLAVE of the master-slave flip-flop. A hold
time, tppn, is required to complete this transfer. If the
rising edge of RCV. SYNC occurs after the first rising
edge of RCV. CLOCK, RCV. SYNC will determine when
the first positive edge of INTERNAL CLOCK will occur. In
this event, the set up and hold times for the first clock
pulse should be measured from the positive edge of
RCV. SYNC.
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A/D, D/A CONVERSION TIMING
Figure 4
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DIGITAL OUTPUT, Pin 8

The MK5116 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.
The Sign Bit indicates the polarity of the analog input
while the Chord and Step Bits indicate the magnitude. In
the first Chord, the Step Bit has a value of 0.6mV. In the
second Chord, the Step Bit has a value of 1.2mV. This

doubling of the step value continues for each of the six
successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value
(Refer to Table 1). Thus the output, which follows the
u-255 law, has resolution that is proportional to the
input level rather than to full scale. This provides the
resolution of a 12-bit A/D converter at low input levels
and that of a 6-bit converter as the input approaches full
scale. The transfer characteristic of the A/D converter
(u-law Encoder) is shown in Figure 6.
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DIGITAL OUTPUT CODE n-LAW

Table 1
Chord Code Chord Value Step Value
1. 000 0.0mV 0.613mV
2. 001 10.11mV 1.226mV
3. 010 30.3mV 2.45mV
4. 011 70.8mV 4.90mV
5. 100 151.7mV 9.81mV
6. 101 313mV 19.61mV
7. 110 637mV 39.2mV
8. 111 1.284V 78.4mV
EXAMPLE: )
1 011 0010 = + 70.8mV + (2 x 4.90mV)
Sign Bit Chord Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (u-Law Encoder) TRANSFER
CHARACTERISTIC

Figure 6 1111 111 T >
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1011 0000
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=1 0000 0000
g 0001 0000
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0011 0000
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DIGITAL INPUT, Pin 12

The MK5116 input register accepts the 8-bit sample
of an analog value and loads it under control of RCV.
SYNC and RCV. CLOCK. The timing diagram is shown in
Figure 11. When RCV. SYNC goes high, the MK5116
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the DIGITAL OUTPUT. The
transfer characteristic of the D/A converter (u-law
Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 13

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal.

OPERATION OF CODEC WITH 64kHz XMIT/RCV
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic 1" state. XMIT SYNC is required to be at a logic
0" state for 1 master clock period (min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic “0" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
12 and 13).

OFFSET NULL

The offset null feature of the MK5116 eliminates
long-term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Voerser/o)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 8 can be
used to evaluate the performance of the MK5116. An
analog signal provided by the HP3551A Transmission
Test Set is connected to the Analog Input (Pin 1) of the
MK5116. The Digital Output of the CODEC is tied
back to the Digital Input and the Analog Output is fed
through a low-pass filter to the HP3551A. Remaining
pins of the MK5116 are connected as follows:

(1) RCV. SYNC is tied to XMIT SYNC
(2) XMIT CLOCK is tiedto MASTER CLOCK. The signal
is inverted and tied to RCV. CLOCK.
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The following timing signals are required:

(1) 'MASTER CLOCK = 1.544MHz
(2) XMIT SYNC repetition rate = 8kHz
(3) XMIT SYNC width = 8 XMIT CLOCK periods

When all the above requirements are met, the setup of
Figure 8 permits the measurement of synchronous
system performance over a wide range of analog inputs.
The data register and ideal decoder provide a means of
checking the encoder portion of the MK5116
independently of the decoder section. Totest the system
in the asynchronous mode, MASTER CLOCK should be

separated from XMIT CLOCK and MASTER CLOCK
should be separated from RCV. CLOCK. XMIT and RCV.
CLOCKS are separated also.

Some experimental results obtained with the
MK5116 are shown in Figure 14 and Figure 15. In
each case, both the measured results and the
corresponding D3 Channel Bank specifications are
shown. The MK5116 exceeds the requirements for
Signal-to-Distortion ratio (Figure 14) and for Gain
Tracking (Figure 15).

SYSTEM CHARACTERISTICS TEST

CONFIGURATION
Figure 8
lore T— DaTa > ioeAL
_—— - — mmr IGITAL/ REGISTER -
[—‘ "‘] ouTPUT DECODER
| 1 008Kt | ,| Mxsne
SIGNAL | ANALOG
| SOURCE | INPUT
ANALOG 13
ouTPUT
| | SYSTEM ENCODER
| ONLY
' L
| 1.004kHz
NouT NOTCH - FILTER
I FILTER
HP3551A
Sout * Nour

NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.

ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage, V+ ..o oiveiiiiiiiiiniiienennnnnnnes

DC Supply Voltage, V-
Operating Temperature
Storage Temperature

Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB)
Digital Input.....ooiiiiiiiiii ittt ittt

Analog Input

FV REF ¢ e vt eveeenneenneeeoseanceneensesnssoncsnnesnnnns

................................................

................................

...............................

.................................

.........................................

.......................................

500mW
.................................. -0.5V< Vin< V+
..................................... V-<VinS VH+
................................ -0. 5V< +Veer < V+
V- < -Vger < +0.5V

............................

...............................

Stresses above those listed under ““Absolute Maximum Raungs may cause permanent damage to the device. This is a stress rating only and functional operation of

condiions for exiended peiods my ftot doice reliamity. | ot i pociicatonts notimpled Exposuretosheo e
ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS
SYM PARAMETER MIN TYP MAX [UNITS [NOTES
V+ Positive Supply Voltage 4.75 5.0 5.25 \
V- Negative Supply Voltage -5.25 -5.0 -4.75 Vv
+VRer Positive Reference Voltage 2.375 25 2.625 \ 1
-Vrer Negative Reference Voltage -2.625 | -25 -2.375 \ 1
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TEST CONDITIONS: V+ = 5.0V, V- = -5.0V, + Veer = 2.6V, -Vger = -2.5V
DC CHARACTERISTICS

SYM PARAMETER MIN | TYP MAX |JUNITS |NOTES
Rinas Analog Input Resistance During Sampling 2 k) 2
Rinans Analog Input Resistance Non-Sampling 100 MQ
Cina Analog Input Capacitance 150 250 pF
Vorrsern | Analog Input Offset Voltage *1 +8 mV
Routa Analog Output Resistance 20 50 [0}
louta Analog Output Current 0.25 0.5 mA
Vorrsero | Analog Output Offset Voltage -200 |[+850 | mv
lincow Logic Input Low Current (Vin = 0.8V)
Digital Input, Clock Input, Sync Input +0.1 +10 nA 3
linHiGH Logic Input High Current (Vin = 2.4V)
Digital Input, Clock Input, Sync Input -0.25 -0.8 mA 3
Coo Digital Output Capacitance 12 pF
looL Digital Output Leakage Current +0.1 *+10 uA
VourLow Digital Output Low Voltage 04 4
Vournigh | Digital Output High Voltage 3.9 4
1+ Positive Supply Current 4 10 mA
- Negative Supply Current 2 6 mA
|reF+ Positive Reference Current 4 20 uA
|rer- Negative Reference Current 4 20 A
AC CHARACTERISTICS (Refer to Figure 10 and Figure 11)
SYM PARAMETER MIN | TYP MAX |UNITS |NOTES
Fm Master Clock Frequency 1.5 1.544 2.1 MHz
Fr, Fx XMIT, RCV. Clock Frequency 0.064 |1.544 2.1 MHz
PWewk Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns
tac.tre Clock Rise, Fall Time(MASTER, XMIT, RCV.) 25% of
PWewk ns
trs, trs Sync Rise, Fall Time (XMIT, RCV.) 25% of
PWewk ns
tor, toir Data Input Rise, Fall Time 25% of
cLk ns
_8
twsx, twsr | Sync Pulse Width (XMIT RCV.) Fx(Fr) us
tes Sync Pulse Period (XMIT, RCV.) 125 us
txcs XMIT Clock-to-XMIT Sync Delay 50% of ns 6
trc (trs)
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AC CHARACTERISTICS (Refer to Figure 10 and Figure 11)

SYM PARAMETER MIN TYP MAX UNITS |NOTES
txcsn XMIT Clock-to-XMIT Sync (Negative Edge) Delay| 200 ns
txss XMIT Sync Set-Up Time 200 ns
txop XMIT Data Delay 0 200 ns 4
txop XMIT Data Present (] 200 ns 4
txor XMIT Data Three State 150 ns 4
toor Digital Output Fall Time 50 ns 4
toor Digital Output Rise Time 50 ns 4
tsrc RCV. Sync-to-RCV. Clock Delay 50% of
tre (trs) ns 6
tros RCV. Data Set-Up Time 50 ns 5
tRoH RCV. Data Hold Time 200 ns 5
trcs RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 5
tsao RCV. Sync-to-Analog Output Delay 7 us
SLEW+ Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP | Analog Output Droop Rate 25 pV/ us
SYSTEM CHARACTERISTICS (Refer to Figures 14 and 15)
SYM PARAMETER MIN | TYP | MAX | UNITS| TEST COND.
S/D Signal-to-Distortion Ratio 35 39 dB | Analog Input=0 to ~-30dBm0O
29 34 dB | Analog Input=—40dBmO
24 29 dB | Analog Input=-45dm0
GT Gain Tracking -0.4 +0.1 +0.4 dB | Analog Input=+3 to -37dBm0O
-0.8 +0.1 +0.8 dB | Analog Input=-37 to -50dBmO
-2.5 +0.2 +2.5° dB | Analog Input=-50 to ~-565dBmO)|
Nic Idle Channel Noise 10 18 dBrncO| Analog Input=0 Volts
TLP Transmission Level Point +4 dB | 6000
NOTES: EQUIVALENT INPUT RESISTANCE CIRCUIT
1. +Vger and -Vrer must be matched within + 1% in order to meet system DURING SAMPLING
requirements. Figure 9 CoDEC
2. Sampling is accomplished by charging the internal capacitor to within 2
LSB (< 300uV)in 20us. Therefore, the | source resi: mustbe
3k or less. The equivalent circuit during sampling is shown in Figure 9. sﬁ”"‘e"lﬁ
3. The MK5116 will source current through an internal 6k} resistor to SOURCE RESISTANCE
help pull up the TTL output. When a transition from a “'1"" to a "'0" takes RESISTANCE s sk
place, the user must sink the “1* current until reaching the “0” level. < 3K O _E
4.  Driving one 74L or 74LS TTL load plus 30pF with lon = -100uA, lo. = .
500uA. T 150
5.  The first bit of data is loaded when the Sync and Clock are both ““1** during = eF

bit time 1 as shown on RCV. timing diagram.
6. This delay is necessary to avoid overlapping CLOCK and SYNC.
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TRANSMITTER SECTION TIMING
Figure 10

. 2.4V
1.4v
XMIT SYNC .
s

tRC‘I le-tEC ‘l |‘PWCLK 0‘ LPWCLK

txDD tXxDD IXDT—>
tXDpﬂ‘—I;’| -—l l“DOF -»I I——toon
\\\\ NN CHORD BIT CHORD 8IT CHORD 811 - STEP BIT step B rer o
THREE STATE SIGN BIT MSB OF 2ND LSB OF LSB OF MS8 OF 3RD LSB OF 2ND 188 OF ste
\ \\\\ \ vee CHORD CHORD CHORD STEP STEP STEP

INITIAL DATAZ N
NOT VALID PCM DATA PRESENT

NOTE: All rise ;nd fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

RECEIVER SECTION TIMING
Figure 11

-----

2.4vif

: R
RCV SYNC 0144\)/:’ &
—4 [*-tRS

| — tSRC
tRSS tRCS e

RCV 1 2 3

4 5 6 7 8
CLOCK A] L ‘l l‘
tncJ - Lt;c ) PWCLK PWcLK

tRDH
RDS
DIGITAL INPUT

ANALOG OUTPUT \—

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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64kHz OPERATION, TRANSMITTER SECTION TIMING
Figure 12

125usec

XMIT SYNC

] 1 masTER

—»l le— PWeLk —ﬁ 'q—-CLOCK
e PERIOD
:LOCK 1' Izl ls |4I |5| Iel |7| la, II‘M'M

— I-d-—— XDD
THREE CHORD 8IT CHORD BIT CHORD 8IT STEP BIT STEP BIT STEP BIT STEP THREE/ IGN BIT

\ SIGN BIT MSB OF 2ND LSB OF LSB OF MSB OF 3RD LSB OF 2ND LSB OF BIT
STATE ms8 CHORD CHORD CHORD STEP STEP STEP Ls8 /5"‘"5\»:5)0 WORD)

~N
PCM DATA PRESENT

NOTE: Ali rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

64kHz OPERATION, RECEIVER SECTION TIMING
Figure 13

125 usec ;{

RCV SYNC 17 MASTER
CLOCK

PW PERIODS
l‘—— CLK — (MIN)

Efécn_ll_IUULJI_JUU_J‘*

[<¢——tRDH

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

MK5116 S/D RATIO VS: INPUT LEVEL MK5116 GAIN TRACKING PERFORMANCE
Figure 14 Figure 15
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PRELIMINARY

MOSTEK.

u-255 LAW COMPANDING CODEC

MK5151

FEATURES

0O +5-Volt Power Supplies

O Low Power Dissipation - 30mW (Typ)
O Follows the u-255 Companding Law

0O Exceeds D3 Specifications - Zero Code Suppression
and Sign-Magnitude Data Format

0O On-Chip Sample and Hold

O On-Chip Offset Null Circuit Eliminates Long-Term
Drift Errors and Need for Trimming

O Single 24-Pin Package
O Minimal External Circuitry Required

O Serial Data Output of 64kb/s - 2.1Mb/s at 8kHz
Sampling Rate

O Separate Analog and Digital Grounding Pins Reduce
System Noise Problems

DESCRIPTION

The MK5151 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic
conforming to the u-255 companding law and (2) a
digital-to-analog converter which also conforms to the
u-255 law.

These two sections form a coder-decoder which is
designed to meet the needs of the telecommunications
industry for per-channel voice-frequency codecs used
in D3 Channel Bank and PBX systems. Digital input and
output are in serial format. Actual transmission and
reception of 8-bit data words containing the analog
information is done at a 64kb/s-2.1Mb/s rate with

analog signal sampling occuring at an 8kHzrate. Async
pulse input is provided for synchronizing transmission
and reception of multi-channelinformation being multi-

plexed over a single transmission line.

The pin configuration of the MK5151 is shown in Figure

1.

PIN CONNECTIONS
Figure 1

DIGITAL OUTPUT=— 1]
XMIT CLOCK —»2 ]
A/B SEL (XMIT)—»3 ]
B SIGNAL IN—3-4 (]

A SIGNAL IN—»5 ]
RCV. SYNC—»6 ]}

RCV. CLOCK—»7 ]
A/B SEL. (RCV.)—»8 ]
A SIGNAL OUT-—9(]

B SIGNAL OUT<e—10(]
DIGITAL INPUT—3-11(]
DIGITAL GROUND —»12[7]

[124—N/C

[ 23— XMIT SYNC

[ 22-«—MASTER CLOCK
[ 21— V+

) 20— ANALOG INPUT

MK5151 |- 19<€—+VRgF

[ 184—-VREF

[} 17— ANALOG GROUND
[~ 16—N/C

[115—N/C

- 14—-ANALOG OUTPUT
[] 13—V-

A block diagram of a PCM system using the MK5151 is

shown in Figure 2.

PCM SYSTEM BLOCK DIAGRAM

Figure 2

MKB181

TRANSMITTER AL
(A7D) wux [ Zhia

RECEIVER
(D/A)

GITALL L DIGITAL
Mux TAUNK

10
OTHER
CHANNELS|
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5151 BLOCK DIAGRAM
Figure 3

DIGITAL
OUTPUT

A SIG.
IN

BSIG.
IN

TRANSMIT

XmIT SECTION

A/Z

cLocK BUFFER

A/B SEL.
(XMIT)

|

SEQUENCE
CONTROLLER

MASTER
CLOCK

8/13-BIT
CONVERTER

ENC/DEC

A/B SEL
(RCV.)

DIGITAL F l
INPUT — BUFFER

RCV.
e
LATCHB

13- BIT LATCH

ANALOG
QUTPUT
—>
RECEIVE
SECTION

KB

BSIG. ASIG.
ourt out

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+VRgf and -VREgF) Pins 19 and 18

These inputs provide the conversion references for the
digital-to-analog convertersinthe MK51561. +VRgg and
-VREF must maintain 100ppM/°C regulation over the
operating temperature range. Variation of the reference
directly affects system gain.

ANALOG INPUT, Pin 20

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are
then sampled at an 8kHz rate (Refer to Figure 4.). The
analog input must remain between +VRgfr and -VRgg
for accurate conversion.

MASTER CLOCK, Pin 22

This signal provides the basic timing and control signals
required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

XMIT SYNC, Pin 23 (Refer to Figure 12 for the
Timing Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC must
go low for at least 1 master clock prior to the
transmission of the next digital word. (Refer to Figure
14).

XMIT CLOCK, Pin 2 (Refer to Figure 12 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5151 is
unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfers the
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the positive
edge of XMIT SYNC.

RCV. SYNC, Pin 6 (Refer to Figure 13 for the timing
diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV.
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV. SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital word is
to be received (Refer to Figure 15).

RCV CLOCK, Pin 7 (Refer to Figure 13 for Timing
Diagram)

The on-chip 8-bit shift register for the MK5151 is loaded
at the clock rate present on this pin. Clock rates of
64kHz-2.1MHz can be usedfor RCV. CLOCK. Valid data
should be applied to the digital input before the positive
edge of the internal clock (Refer to Figure 5). This set up
time, trps, allows the data to be transferred into the
MASTER of a master-slave flip-flop. The positive edge of
the INTERNAL CLOCK transfers the data to the SLAVE
of the master-slave flip-flop. A hold time, trou, is
required to complete this transfer. If the rising edge of
RCV. SYNC occurs after the first rising edge of RCV.
CLOCK, RCV. SYNC will determine when the first
positive edge of INTERNAL CLOCK will occur. In this
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A/D, D/A CONVERSION TIMING
Figure 4

I,‘ 126,s6c )'
7‘ XMITSYNC  \ 7
I-‘—~1 5-20usec —)I
SAMPLE AND HOLD /
___..( SAMPLE TIME \
~ 32 MASTER CLOCKS /| \
~80puc-————’-l
[ ENABLE SAR o/ SAR \fUPDATE \
\ o
"\ 128 e BLCKS X"x CONTINUES Ancorsren

/ 5 =7 usec
RCV. SYNC

/ANALOG OUTPUT UPDATED:

DATA INPUT/OUTPUT TIMING

Figure 5
200ns Required For Data To Transter
XMIT I‘—'"l From Master to Slave
Internal
Clock
X Valid Data
Required To Transfer Data
RCV. —»l |« 200ns From Master to Slave
Internal
Clock

—>| l#+—50ns Required to Load Master

X Valid Incoming Data

MK5151
DIGITAL
ouT
< ___[S/MIS/M s/MIS/MIS/M[S/M S/MIS/MI‘
XMIT SYNC
XMIT
XMIT CLOCK Internal Clock
DIGITAL
IN M/%M/s M/S M/sl m/s{M/s{m/s|m/s|
RCV SYNC
RCV CLOCK Rev
_e—:@_lr-\:rlnal Clock

event, the set-up and hold times for the first clock pulse
should be measured from the positive edge of RCV.
SYNC.

DIGITAL OUTPUT, Pin 1

The MK5151 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.
The Sign Bit indicates the polarity of the analog input

while the Chord and Step Bits indicate the magnitude. In
the first Chord, the Step Bit has a value of 0.6mV. Inthe
second Chord, the Step Bit has a value of 1.2mV. This
doubling of the step value continues for each of the six
successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value
(Refer to Table 1). Thus the output, which follows the
u-255 law, has resolution that is proportional to the
input level rather than to full scale. This provides the
resolution of a 12-bit A/D converter at low input levels
and that of a 6-bit converter as the input approaches full
scale. The transfer characteristic of the A/D converter
(u-law Encoder) is shown in Figure 6.
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DIGITAL OUTPUT CODE p-LAW

Table 1
Chord Code Chord Value | Step Value

1.]11 0.0mV 0.613mV
2.1110 10.11mV 1.226mV
3.]101 30.3mV 2.45mV
4.1100 70.8mV 4.90mV
5.1011 1561.7mV 9.81mV
6.] 010 313mV 19.61mV
7.1001 637mV 39.2mV
8.1 000 1.284V 78.4mV
EXAMPLE:
1 100 1101 = +70.8mV + (2 x 4.90mV)
Sign Bit Chord Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (u-Law Encoder) TRANSFER

Figure 6
1000 0000 T
1000 1111
1001 1111 e
1010 1111
1011 111
» 1100 1111
5
2 1101 1111
5 M6 11
D111 111
Fonmum o
= 0110 1111
)
2 101
2 0101 1111
0100 1111
0011 1111
0010 1111
0001 1111 L
0000 1111
_0000 00XX
SIGNALING =1, XX = 01 v -v W Y
SIGNALING = 0, XX = 10 REF REF VREE *VREF

A 2.
NO SIGNALLING. Xx =10 ANALOG INPUT (VOLTS)

D/A CONVERTER (u-Law Decoder) TRANSFER

CHARACTERISTIC
Figure 7
+VREF
+VREF
2
ANALOG OUTPUT
(VOLTS) o
VBEE'
2

———————

——————

- -
e =
e -
RS o i - =
g5 2r8s52 |2358 ¢
8888555 lrrr-e
e
-
SIGNALING - 1, XX 01 ==
SIGNALING 0, XX - 10 patiad
NO SIGNALLING, XX 10 5—
DIGITAL INPUTS
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DIGITAL INPUT, Pin 11

The MK5151 input register accepts the 8-bit sample of
an analog value and loads it under control of RCV. SYNC
and RCV. CLOCK. The timing diagram is shown in
Figure 13. When RCV. SYNC goes high, the MK5151
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the SERIAL OUTPUT. The
transfer characteristic of the D/A converter (u-law
Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 14

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal. When the 8th bit of
the word is a signalling bit, it is assigned a value of 2
step. This results in a lower system quantization error
rate than would result if the bit were arbitarily set to O
(no step) or 1 (full step). .

OPERATION OF CODEC WITH 64kHz XMIT/RCV.
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic 1" state. XMIT SYNC is required to be at a logic
Q" state for 1 master clock period (min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic “0" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
14 and 15).

A/B SIGNAL IN, Pins 4 and 5

These two pins allow insertion of signalling information
into the transmitted data stream. The inserted
information occurs as the 8th bit (LSB) in the
transmitted word. A positive transition occuringon A/B
SEL (XMIT) selects A SIGNAL IN while a negative
transition selects B SIGNAL IN.

A/B SIGNAL OUT, Pins 9 and 10

These two pins are provided to output received
signalling information. A positive transitionon A/B SEL
(RCV) routes the signal bit to A SIGNAL OUT while a
negative transition routes the signal bit (bit 8) to B
SIGNAL OUT. Refer to Figure 8.

A/B SEL (XMIT), Pin 3

This input selects either A SIGNAL IN or BSIGNAL IN as
described in the A/B SIGNAL IN paragraph above, and
should be changed only at the start of the 6th and 12th
frames as shown in Figure 9.



A/B SELECT TIMING
Figure 8

XMIT SYNC,

e,
\Z
TIME SLOT 24 1.4V
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A/B SELECT XMIT

A/BIN ] 1.4v
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SIGNALLING TIMING REQUIREMENTS FOR
PERFORMANCE EVALUATION
Figure 9
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(XmiT) m
A/B SEL. (RCV)

ASIGNALIN [ 1 |

B SIGNAL IN I

A/B SEL (RCV.), Pin 8

This input routes the signalling bit, bit 8, either to A
SIGNAL OUT or to B SIGNAL OUT as described in the
A/B SIGNAL OUT paragraph above, and should be
changed only at the start of the 6th and 12th frames as
shown in Figure 9.

OFFSET NULL

The offset null feature of the MK5151 eliminates long-
term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Vorrsero)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 10 can be
used to evaluate the performance of the MK5151. An
analog signal provided by the HP3551A Transmission
Test Set is connected to the Analog Input (Pin 20) of the
MK5151. The Digital Output of the CODEC is tied back
to the Digital Input and the Analog Output is fed through
a low-pass filter to the HP3551A. Remaining pins of the
MK5151 are connected as follows:

(1) A/B SEL. (RCV) is tied to A/B SEL. (XMIT).

(2) RCV. SYNC is tied to XMIT SYNC.

(3) XMIT CLOCK is tiedto MASTER CLOCK. The signal
is inverted and tied to RCV. CLOCK.

The following timing signals are required:

(1) MASTER CLOCK = 1.544MHz
(2) XMIT SYNC repetition rate = 8kHz
(3) XMIT SYNC width = 8 MASTER CLOCK periods

Additional timing signals are shown in Figure 9.

When all the above requirements are met, the setup of
Figure 10 permits the measurement of synchronous
system performance over a wide range of analog inputs.
The data register and ideal decoder provide a means of
checking the encoder portion of the MK5151
independently of the decoder section. To test the system
in the asynchronous mode, MASTER CLOCK should be
separated from XMIT CLOCK and MASTER CLOCK
should be separated from RCV. CLOCK. XMIT CLOCK
and RCV. CLOCK are separated also.

Some experimental results obtained with the MK5151
are shown in Figure 16 and Figure 17. In each case, both
the measured results and the corresponding D3
Channel Bank specifications are shown. The MK5151
exceeds the requirements for Signal-to-Distortion ratio
(Figure 17) and for Gain Tracking (Figure 16).
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SYSTEM CHARACTERISTICS TEST

CONFIGURATION
Figure 10
" 1 DATA o
M TP e e [T R
| 1.004 kHz | 20 'MKS5151
SIGNAL -1 ANALOG
SOURCE | INPUT
I anacoc |14 7o)
| et SYSTEM ENCODER
| ONLY
| |
! L
| - 1
| 1.004 kHz |
Nout €— NOTCH * FILTER
I FILTER |
HP3551A
Sout * Nout
NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
ABSOLUTE MAXIMUM RATINGS
DC Supply Volage, V4 .ottt ittt ittt ittt eeeeatasnaneasasneusnsnessseecaseseasenens +6V
DC Supply Volage, V- ..ttt ittt ittt tseaoteaennsnsnssaansonessseassasoscasasacans -6V
Operating TeMPEratUre ... ...t tereeeseeeeennnnsosssusenenssessnssonsessonsonansansnans 0°C to 70°C
StOrage TemMPErature ... ....uuuuneinnineeenenunsaeeesesosscessnssssnsssesssnsasenseses -55°C to +125°C
Package Dissipation at 25°C (Derated 9mW/°C when soldered intoPCB) ...............ccvviinnn.. 500mW
Digital INpUL. L. e e e e e -05V=sV|y=sV+
Y T 1T T LT o V-<+V|Ny S V+
B V4~ = -0.5V < +VRgg =V+
SV REF v vvvrerereneaneneaseeananeneoteneasusnsnsnsnsnsonaransosasonsatsssnsassssssnns V- <-VRgg <0.5V
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. Exp e to absol imum rating
conditions for extended periods may affect device reliability.
ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS
SYM PARAMETER MIN TYP MAX UNITS | NOTES
V+ Positive Supply Voltage 475 5.0 5.25 \
V- Negative Supply Voltage -5.25 -5.0 -4.75 \)
+VREF Positive Reference Voltage 2.375 25 2.625 Vv 1
~-VREF Negative Reference Voltage -2.625 | -25 -2.375 Vv 1
TEST CONDITIONS: V+ =5.0V, V- =-5.0V, + Vggr = 2.5V, -Vger = -2.6V
DC CHARACTERISTICS
SYM PARAMETER MIN | TYP MAX UNITS | NOTES
Rinas Analog Input Resistance During Sampling 2 kQ 2
Rinans Analog Input Resistance Non-Sampling 100 MQ
Cina Analog Input Capacitance 160 250 pF
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DC CHARACTERISTICS CONTINUED

SYM PARAMETER MIN TYP MAX | UNITS °| NOTES
Vorrsetn | Analog Input Offset Voltage *1 +8 mV
Roura Analog Output Resistance 20 50 QO
louta Analog Output Current 0.25 0.5 mA
Vorrserio| Analog Output Offset Voltage -200 + 850 mV
o AT it Clock Input, Syno input +01| 10 | A 3
I Lg?gi;(i:t;?';l’#;t)Sigglo%llj(rmgﬁt(,v B ncimpot 025 | -08 mA 3
Cpoo Digital Output Capacitance 8 12 pF
IpoL Digital Output Leakage Current +0.1 +10 uA
Vourow | LB Cripu A8 Signal Out 04 v 4
Voummion LB?;?tg %%Ltj;tﬁfgx/\éogiagg:al Out 3.9 v 4
I+ Positive Supply Current 4 10 mA
I- Negative Supply Current 2 6 mA
IREF+ Positive Reference Current 4 20 MA
IREF- Negative Reference Current 4 20 uA
AC CHARACTERISTICS (Refer to Figure 12 and Figure 13)
SYM PARAMETER MIN TYP MAX | UNITS | NOTES
Fum Master Clock Frequency 1.5 1.544 2.1 MHz
Fr, Fx Receive, Transmit Clock Frequency 0.064 1.544 2.1 MHz
PWcLk Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns
trc Clock Rise Time (MASTER, XMIT, RCV.) 25% of
PWcLk ns
trs, tes Sync Fall, Rise Time (XMIT, RCV.) 25% of
PWcLk ns
toirtoir Digital Input Rise, Fall Time 25% of
PWeLk ns
twsx, twse]  Sync Pulse Width (XMIT, RCV.) E(SF_R_) us .
tes Sync Pulse Period (XMIT, RCV.) 125 us ié
txcs XMIT Clock-to-XMIT Sync Delay ?F%fsf) ns 6
txcsN XMIT Clock-to-XMIT Sync (Negative Edge) Delay | 200 ns
txss XMIT Sync Set-Up Time 200 ns
txpp XMIT Data Delay 0 200 ns 4
txpp XMIT Data Present (0} 200 ns 4
txpr XMIT Data Three State 150 ns 4
toor Digital Output Fall Time 50 ns 4
toor Digital Output Rise Time 50 ns 4
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AC CHARACTERISTICS CONTINUED_(Refer to Figure 12 and Figure 13)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
tsre RCV. Sync-to-RCV. Clock Delay 50% of

tre (tes) ns 6
tros RCV. Data Set-Up Time 50 ns 5
tRou RCV. Data Hold Time 200 ns 5
tres RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 5
tsao RCV. Sync-to-Analog Output Delay 7 us
tasl A/B Signalling Input Setup Time 200 ns
ta/ssh A/B Select Hold Time 200 ns
ta/pss A/B Select Setup Time 400 ns
taso A/B Signalling Output Delay 200 300 ns
SLEW+ | Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP Analog Output Droop Rate 25 uV/ us

SYSTEM CHARACTERISTICS (Refer to Figures 16 and 17)

SYM PARAMETER MIN TYP MAX UNITS | TEST COND.
S/D Signal-to-Distortion Ratio 35 39 dB | Analog Input=0 to -30dBmO
29 34 dB | Analog Input=-40dBm0O
24 29 dB | Analog Input=-45dm0
GT Gain Tracking -0.4 +0.1 +0.4 dB | Analog Input=+3 to -37dBmO
-0.8 +0.1 +0.8 dB | Analog Input=-37to -50dBmO
-2.5 +0.2 +2.5 dB | Analog Input=-50 to -565dBm0
Nic Idle Channel Noise 10 18 dBrncO | Analog Input=0 Volts
TLP Transmission Level Point +4 dB | 6000
NOTES:
1 :e\c/;?nEri .:Zix;v““ must be matched within £ 1% in order to meet system Equivalent Input Resistance CODEC
2. Sampling is accomplished by charging the internal capacitor to within %2 Circuit Du'ir'g samplmg
LSB (< 300uV)in 20us. Therefore, the external source resistance must be Fig ure 11 AV
3k or less. The equivalent circuit during sampling is shown in Figure 11. Aovigance 20| TEpiRTANCE
3. The MK5151 will source current through an internal 6k {1 resistor to help —'s"g'r"—'é“"’r
puil up the TTL output. When a transistion from a "'1" to a "0’ takes place,
the user must sink the 1" current until reaching the "0 level. —-;-_p'?"
4. Drivingone 74L or 74LS TTL load plus 30pF with oy =-100uA, loL =600uA.
6.  Thefirstbit of data is loaded when Sync and Clock are both '1*'during
bit time 1 as shown on RCV-timing diagram.

6. This delay 1s necessary to avoid overlapping CLOCK and SYNC.
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TRANSMITTER
SECTION TIMING
Figure 12

twsx l

2.4v
1.4v
XMIT SYNC 0.4VJ
—»I tRS

XMIT

5
(RC‘.‘ Lth I‘PWCLK ’l LPWCLK
txXDD

tXDD
‘DOF - tDOR
xop> |= l I'_
N CHORD BIT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT
THREE-STATE / e MS8 OF 2ND LSB OF LSB OF MSB OF 3RD LSB OF 2ND LSB OF syepem
CHORD CHORD CHORD step STEP sTER
A /

INITIAL DATAZ
NOT VALID

XDT:

PCM DATA PRESENT

NOTE: All nse and fall tmes are measured from 0.4V and 2.4V
All delay times are measured trom 1.4V.

RECEIVER SECTION TIMING
Figure 13

-----

i

RCV SYNC 0.4Vj
tRS

tROH

A\

-
\

ANALOG OUTPUT

NOTE: All rise & fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.
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64kHz OPERATION, TRANSMITTER SECTION TIMING
Figure 14

125;.«3«:———-—————————-—-4

XMIT SYNC
1 MASTER
CLOCK

o I PERIOD
sl L LR L PR L
A

-—>| txoo
STEP BIT STEP BIT STEP BIT STEP ‘I’JH ZE\ SIGN BIT
MSB OF 3RD LSB OF 2ND LSB OF BIT S ATE MSB
STEP STEP STEP LS8 (NE)ﬂ WORD)

| CHORD BIT CHORD BIT CHORD BIT
\;:§$E SIGN B! MS8 OF 2ND LSB OF LS8 OF
mss CHORD CHORD CHORD
PCM DATA PRESENT

'

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.

64kHz OPERATION, RECEIVER SECTION TIMING

Figure 15
-t 125usec —;{
RCV SYNC 17 '(V:':\OS(T:.ER
¢ PERIODS
| PWcLk [-—— (MIN)

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are
measured from 1.4V.
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MK5151 GAIN TRACKING PERFORMANCE MK5151 S/D RATIO VS. INPUT LEVEL
Figure 16 Figure 17
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PRELIMINARY

MOSTEK.

A-LAW COMPANDING CODEC

MK5156

FEATURES

0O £5-Volt Power Supplies

O Low Power Dissipation - 30mW (Typ)
O Follows the A-Law Companding Code

O Exceeds CCITT Specifications, Includes Even-Order-
Bit Inversion

O Synchronous or Asynchronous Operation
0O On-Chip Sample and Hold

0O On-Chip Offset Null Circuit Eliminates Long-Term
Drift Errors and Need for Trimming

O Single 16-Pin Package
O Minimal External Circuitry Required

O Serial Data Output of 64kb/s-2.1 Mb/s at 8kHz
Sampling Rate

O Separate Analog and Digital Grounding Pins Reduce
System Noise Problems

DESCRIPTION

The MK51566 is a monolithic CMOS companding
CODEC which contains two sections: (1) An analog-to-
digital converter which has a transfer characteristic
conforming to the A-law companding code and (2) a
digital-to-analog converter which also conforms to the
A-law code.

These two sections form a coder-decoder which is
designed to meet the needs of the telecommunications
industry for per-channel voice-frequency codecs used
in PCM systems. Digital input and output are in serial
format. Actual transmission and reception of 8-bit data
words containing the analog information is done at a
64kb/s-2.1Mb/s rate with analog signal sampling
occuring at an 8kHz rate. A sync pulse input is provided

for synchronizing transmission and reception of multi-
channel information being multiplexed over a single
transmission line.

The pin configuration of the MK5156 is shown in
Figure 1.

PIN CONNECTIONS
Figure 1

A\
ANALOG INPUT —3 1 []® [116 €— -vgee
V+ —32 [: [ 115 *€— Vgee
V- —=3 ] ]14 <—ANALOG GROUND
ne — 4 —3 ANALOG OUTPUT
Ymks1se} '3

MASTER CLOCK —»5 []
XMIT SYNC —3»6 []
XMIT CLOCK —3» 7 [

[]12 <— DIGITAL INPUT
:] 11<— DIGITAL GROUND
110 <— Rcv cLOCK

DIGITAL QUTPUT €— 8 [] ] 9 <«— Rcv SYNC

A block diagram of a PCM system using the MK5156 is
shown in Figure 2.

PCM SYSTEM BLOCK DIAGRAM
Figure 2

MKS156

TRANSMITTER | 5 o), DIGITAL
(A/D) TRUNK

2 WIRE CABLE"

RECEIVER
[LYZY P

nnnnnnn

OTHER
CHANNELS| gt
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FUNCTIONAL DESCRIPTION: (Refer to Figure 3 for
a Block Diagram)

MK5156 BLOCK DIAGRAM
Figure 3

ouTPUT

TRANSMIT
SECTION

BUFFER |

ANALOG
INPUT

|

SEQUENCE
CONTROLLER

¥

MASTER
cLocK

2N13-8IT
CONVERTER

ENC/DEC

13 BIT LATCH

DIGITAL

RCV.
SYNC

RCv.

cLock ANALOG

QUTPUT
RECEIVE
SECTION

POSITIVE AND NEGATIVE REFERENCE
VOLTAGES (+VREgf and -VREgf) Pins 16 and 15

These inputs provide the conversion references for the
digital-to-analog converters in the MK5156. +VRgg
and -VRgg must maintain 100ppM/°C regulation over
the operating temperature range. Variation of the
reference directly affects system gain.

ANALOG INPUT, Pin 1

Voice-frequency analog signals which are bandwidth-
limited to 4kHz are input at this pin. Typically, they are
then sampled at an 8kHz rate (Refer to Figure 4.). The
analog input must remain between +VRgg and -VRgg
for accurate conversion.

MASTER CLOCK, Pin 56

This signal provides the basic timing and control signals
required for all internal conversions. It does not have to
be synchronized with RCV. SYNC, RCV. CLOCK, XMIT
SYNC or XMIT CLOCK and is not internally related to
them.

DIGITAL

XMIT SYNC, Pin 6 (Refer to Figure 10 for the Timing
Diagram)

This input is synchronized with XMIT CLOCK. When
XMIT SYNC goes high, the digital output is activated and
the A/D conversion begins on the next positive edge of
MASTER CLOCK. The conversion by MASTER CLOCK
can be asynchronous with XMIT CLOCK. The serial
output data is clocked out by the positive edges of XMIT
CLOCK. The negative edge of XMIT SYNC causes the
digital output to become three-state. XMIT SYNC must
go low for at least 1 master clock prior to the
transmission of the next digital word (Refer to Figure
12).

XMIT CLOCK, Pin 7 (Refer to Figure 10 for the Timing
Diagram)

The on-chip 8-bit output shift register of the MK5156
is unloaded at the clock rate present on this pin. Clock
rates of 64kHz-2.1MHz can be used for XMIT CLOCK.
The positive edge of the INTERNAL CLOCK transfers the
data from the master to the slave of a master-slave flip-
flop (Refer to Figure 5). If the positive edge of XMIT SYNC
occurs after the positive edge of XMIT CLOCK, XMIT
SYNC will determine when the first positive edge of
INTERNAL CLOCK will occur. Inthis event, the hold time
for the first clock pulse is measured from the positive
edge of XMIT SYNC.

RCV. SYNC, Pin 9 (Refer to Figure 11 for the timing
diagram)

This input is synchronized with RCV. CLOCK and serial
data is clocked in by RCV. CLOCK. Duration of the RCV
SYNC pulse is approximately 8 RCV. CLOCK periods.
The conversion from digital-to-analog starts after the
negative edge of the RCV. SYNC pulse (Refer to Figure
4). The negative edge of RCV. SYNC should occur before
the 9th positive clock edge to insure that only eight bits
are clocked in. RCV. SYNC must stay low for 17
MASTER CLOCKS (min.) before the next digital word is
to be received (Refer to Figure 13).

RCV CLOCK, Pin 10 (Refer to Figure 11 for Timing
Diagram)

The on-chip 8-bit shift register for the MK5156 is
loaded at the clock rate present on this pin. Clock rates
of 64kHz-2.1MHz can be used for RCV. CLOCK. Valid
data should be applied to the digital input before the
positive edge of the internal clock (Refer to Figure 5).
This set up time, tros, allows the data to be transferred
into the MASTER of a master-slave flip-flop. The
positive edge of the INTERNAL CLOCK transfers the
data to the SLAVE of the master-slave flip-flop. A hold
time, tron, is required to complete this transfer. If the
rising edge of RCV. SYNC occurs after the first rising
edge of RCV. CLOCK, RCV. SYNC will determine when
the first positive edge of INTERNAL CLOCK will occur. In
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A/D, D/A CONVERSION TIMING
Figure 4

125usec

r-
—

=~15-20usec
SAMPLE AND HOLD \
SAMPLE TIME

~ 32 MASTER CLOCKS /|

ST

= 8Ousec

|-

ENABLE SAR o/a SAR g::;:;i
AW ~128 MASTER CLOCKS \"""*"/\ CONTINUES Arcaisten

RCV. SYNC

~7 usec

/ANALOG OUTPUT UPDATED

DATA INPUT/OUTPUT TIMING

Figure § 200ns | Re -
:quired For Data To Transfer
XMIT "‘_‘_’l From Master to Slave MK5156
Internal
Clock DIGITAL o e
out IS/M iS/MlS/M S/MTS-/MTS/MI S/MI s/m l
XMIT SYNC
XVahd Data
XMIT CLOCK XMIT
Required To Transfer Data — internal Clock
RCV —! |« 200ns From Master to Slave DIGITAL
Internal I—'!_"_-‘—IHM/Sl M/s] M/sTM;rM/sI M/SI M/SI m/s |
Clock RCV. SYNC
l«—50ns Required to Load Master RCV. CLOCK eV
XValld Incoming Data Internal Clock

this event, the set-up and hold times for the first clock
pulse should be measured from the positive edge of
RCV. SYNC.

DIGITAL OUTPUT, Pin 8

The MK5156 output register stores the 8-bit encoded
sample of the analog input. This 8-bit word is shifted out
under control of XMIT SYNC and XMIT CLOCK. When
XMIT SYNC is low, the DIGITAL OUTPUT is an open
circuit. When XMIT SYNC is high, the state of the
DIGITAL OUTPUT is determined by the value of the
output bit in the serial shift register. The output is
composed of a Sign Bit, 3 Chord Bits, and 4 Step Bits.
The Sign Bit indicates the polarity of the analog input
while the Chord and Step Bits indicate the magnitude. In
the first two Chords, the Step Bit has a value of 1.2mV.

In the third Chord, the Step Bit has a value of 2.4mV.
This doubling of the step value continues for each of the
five successive Chords.

Each Chord has a specific value and the Step Bits, 16 in
each Chord, specify the displacement from that value
(Refer to Table 1). Thus the output, which follows the A
law, has resolution that is proportional to the input level
rather than to full scale. This provides the resolution of a
12-bit A/D converter at low input levels and that of a 6-
bit converter as the input approaches full scale. The
transfer characteristic of the A/D converter (A-law
Encoder) is shown in Figure 6.

DIGITAL INPUT, Pin 12

The MK5156 input register accepts the 8-bit sample
of an analog value and loads it under control of RCV.
SYNC and RCV. CLOCK. The timing diagram is shown in
Figure 11. When RCV. SYNC goes high, the MK5156
uses RCV. CLOCK to clock the serial data into its input
register. RCV. SYNC goes low to indicate the end of
serial input data. The 8 bits of the input data have the
same functions described for the DIGITAL OUTPUT. The
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DIGITAL OUTPUT CODE: A LAW

Table 1

Chord Code Chord Value Step Value
1. 101 0.0mV 1.221mV
2. 100 20.1mV 1.221mV
3. 11 40.3mV 2.44mV
4. 110 80.6mV 4.88mV
5. 001 161.1mV 9.77mV
6. 000 332mV 19.63mV
7. 011 645mV 39.1mV
8. 010 1.289V 78.1mV
EXAMPLE: )
1 110 0111= +80.6mV+ (2 x 4.88mV)
Sign Bit Chord Step Bits

If the sign bit were a zero, then both plus signs would be
changed to minus signs.

A/D CONVERTER (A-Law Encoder) TRANSFER
CHARACTERISTIC

Figure 6 1010 1010
1010 0101
1011 0101
1000 0101
1001 0101
11100101
1111 0101
1100 0101

1101 0101]
0101 0101

0100 0101
01110101
0110 0101
0001 0101
0000 0101 L4
0011 0101
0010 0101
0010 1010

DIGITAL OUTPUTS

-VREF -VREF 0 +VREF *VREF

:'NALOG INPUT (\%LTS)
D/A CONVERTER (A-Law Decoder) TRANSFER
CHARACTERISTIC

Figure 7

+VREF

+VREF
2 [

ANALOG OUTPUT

(VOLTS) A
~vage A
2
~VREF
b - - - =)
25555555 165885588
25555555 |[©5550%0806+-
ee-g8gec-8|8-eg8z2e
e e | e = © 00
88888555 |c--8%888%¢8
A,
55
1%
35
22
Qo -

DIGITAL INPUTS

transfer characteristic of the D/A converter (A-law
Decoder) is shown in Figure 7.

ANALOG OUTPUT, Pin 13

The analog output is in the form of voltage steps (100%
duty cycle) having amplitude equal to the analog sample
which was encoded. This waveform is then filtered with
an external low-pass filter with sinx/x correction to
recreate the sampled voice signal.

OPERATION OF CODEC WITH 64kHz XMIT/RCV.
CLOCK FREQUENCIES

XMIT/RCV. SYNC must not be allowed to remain at a
logic “1"" state. XMIT SYNC is required to be at a logic
0" state for 1 master clock period (min.) before the next
digital word is transmitted. RCV. SYNC is required to be
at a logic “O" state for 17 master clock periods (min.)
before the next digital word is received (Refer to Figures
12 and 13).

OFFSET NULL

The offset null feature of the MK5156 eliminates
long-term drift errors and conversion errors due to
temperature changes by going through an offset
adjustment cycle before every conversion, thus
guaranteeing accurate A/D conversion for inputs near
ground. There is no offset adjust of the output amplifier
because, since the output is intended to be AC - coupled
to the external filter, the resultant DC error (Vorrser/o)
will have no effect. The sign bit is not used to null the
analog input. Therefore, for an analog input of O volts,
the sign bit will be stable.

PERFORMANCE EVALUATION

The equipment connections shown in Figure 8 can be

used to evaluate the performance of the MK5156. An
analog signal provided by the HP3552A Transmission
Test Set is connected to the Analog Input (Pin 1) of the
MK5156. The Digital Output of the CODEC is tied
back to the Digital Input and the Analog Output is fed
through a low-pass filter to the HP3552A. Remaining

pins of the MK5156 are connected as follows:

(1) RCV. SYNC is tied to XMIT SYNC
(2) XMIT CLOCK istiedto MASTER CLOCK. The signal
is inverted and tied to RCV. CLOCK.

The following timing signals are required:

(1) MASTER CLOCK = 2.048MHz
(2) XMIT SYNC repetition rate = 8kHz
(3) XMIT SYNC width = 8 XMIT CLOCK periods

When all the above requirements are met, the setup of
Figure 8 permits the measurement of synchronous

system performance over a wide range of analog inputs.
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The data register and ideal decoder provide a means of should be separated from RCV. CLOCK. XMIT CLOCK
checking the encoder portion of the MK5156 and RCV. CLOCK are separated also. Some
independently of the decoder section. To test the system experimental results obtained with the MK5156 are
in the asynchronous mode, MASTER CLOCK should be shown in Figures 14 and 15.

separated from XMIT CLOCK and MASTER CLOCK

SYSTEM CHARACTERISTICS TEST

CONFIGURATION
Figure 8
12 8 DATA
DIGITAL .
l__ —_— = — _I INPUT " DIGITAL REGISTER > LZZ%;ER
| 1.020kHz I 1| MKs1se
SIGNAL —3»| ANALOG
| SOURCE | INPUT 13
sunese o—J
| [ ° SYSTEM ENCODER
l ONLY

! L

| )

| 1.020 kHz |

NouT —— NOTCH <@ FILTER
I FILTER I
HP3552A
Sout * Nout

NOTE: The ideal decoder consists of a digital decompander and a 13-bit precision DAC.
ABSOLUTE MAXIMUM RATINGS
DC SUPPIY Volage, Vot .ottt ittt ettt et et tieae e e enanneesessnnssesasosnnenennnns +6V
DC SUPPIY VoA, Vo ottt et ettt ettt et aeeeesaeeeeeesoasasananansnan -6V
Operating TeMPEIAtUIE ..ottt ittt it e e et ettt e e et et e ee e e eaasesennnasenenesanns 0°C to 70°C
StOrage TEMPEIAtUIE . ...t uuii ittt ittt taneeeenennesoaanneeeossonneesossoanaesonnns -55°C to +125°C
Package Dissipation at 25°C (Derated 9mW/°C when soldered into PCB) ........coviiiiiiiiiinnnnnn. 500mw
Digital INPUL . . ..o e -0.5V SV|y =V+
ANElog INPUL L. e e i V-=sV|NsSV+
=T =1 = -0.5V < +VRgp s V+
SV REF + v+ v v et e et ey V- <-VRgg =+0.5V

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.

ELECTRICAL OPERATING CHARACTERISTICS
POWER SUPPLY REQUIREMENTS

SYM PARAMETER MIN TYP MAX | UNITS | NOTES
V+ Positive Supply Voltage 4.75 5.0 5.25 \)

V- Negative Supply Voltage -5.25 -5.0 -4.75 \"

+VReF Positive Reference Voltage 2.375 2.5 2.625 \%) 1
-VReF Negative Reference Voltage -2.625 | -2.5 -2.375 \% 1
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TEST CONDITIONS: V+ =50V, V- = -5.0V,+ Vger = 2.5V, -Vger = -2.5V
DC CHARACTERISTICS

SYM PARAMETER MIN TYP MAX | UNITS | NOTES
Rinas Analog Input Resistance During Sampling 2 kQ 2
Rinans Analog Input Resistance Non-Sampling 100 MQ
Cina Analog Input Capacitance 150 250 pF
Vorrsetn | Analog Input Offset Voltage +1 +8 mV
Roura Analog Output Resistance 20 50 Q
louta Analog Output €urrent 0.25 0.5 mA
(Vorrsero)| Analog Output Offset Voltage -200 + 850 mV
linLow Logic Input Low Current (V| = 0.8V)
Digital Input, Clock Input, Sync Input +0.1 +10 wA 3
linniGH Logic Input High Current (Vin = 2.4V)
Digital Input, Clock Input, Sync Input -0.25 -0.8 mA 3
Cpo Digital Output Capacitance 12 pF
IpoL Digital Output Leakage Current +01 *+10 pA
VourLow Digital Output Low Voltage 0.4 \Y
Vournign | Digital Output High Voltage 3.9 Y]
I+‘ Positive Supply Current 4 10 mA
- Negative Supply Current 2 6 mA
IREF+ Positive Reference Current 4 20 uA
IREE- Negative Reference Current 4 20 pA
AC CHARACTERISTICS (Refer to Figure 10 and Figure 11)
SYM PARAMETER MIN TYP MAX | UNITS | NOTES
Fum Master Clock Frequency 15 2.048 21 MHz
Fr, Fx XMIT, RCV. Clock Frequency 0.064 |2.048 2.1 MHz
PWcwLk Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns
tre, trc Clock Rise, Fall Time (MASTER, XMIT, RCV.) 25% of
PWcLk ns
trs, trs Sync Rise, Fall Time (XMIT, RCV.) 25% of
PWcik ns
toir, toiF Data Input Rise, Fall Time 25% of
PWewLk ns
twsx, twsr [ Sync Pulse Width (XMIT, RCV.) Fx(iFE us
tps Sync Pulse Period (XMIT, RCV.) 125 us
txcs XMIT Clock-to-XMIT Sync Delay 50% of
trc(trs) ns 6
txcsn XMIT Clock-to-XMIT Sync (Negative Edge) Delay | 200 ns
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AC CHARACTERISTICS CONTINUED (Refer to Figure 10 and Figure 11)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
txss XMIT Sync Set-Up Time 200 ns
txpp XMIT Data Delay 0 200 ns 4
txpp XMIT Data Present 0 200 ns 4
txor XMIT Data Three State 150 ns 4
toor Digital Output Fall Time 50 ns 4
toor Digital Output Rise Time 50 ns 4
tsre RCV. Sync-to-RCV. Clock Delay ?Rc%’t :5 ns 6
trDS RCV. Data Set-Up Time 50 ns 5
trou RCV. Data Hold Time 200 ns 5
tres RCV. Clock-to-RCV. Sync Delay 200 ns
trss RCV. Sync Set-Up Time 200 ns 5
tsao RCV. Sync-to-Analog Output Delay 7 us
SLEW+ Analog Output Positive Slew Rate 1 V/us
SLEW- Analog Output Negative Slew Rate 1 V/us
DROOP Analog Output Droop Rate 25 uV/ us
SYSTEM CHARACTERISTICS (Refer to Figures 14 and 15)
SYM PARAMETER MIN TYP MAX | UNITS|TEST COND.
S/D Signal-to-Distortion Ratio 35 39 dB | Analog Input=0 to -30dBmO
29 34 dB | Analog Input=-40dBmO
24 29 dB | Analog Input=-45dm0
GT Gain Tracking -0.4 +0.1 +0.4 dB | Analog Input=+3 to -37dBm0O
-0.8 | *0.1 +0.8 dB | Analog Input=-37 to -50dBmO
-2.5 +0.2 +2.5 dB | Analog Input=-50 to ~55dBm0)|
Nic Idle Channel Noise -80 -72 dBmOp | Analog Input=0 Volts
TLP Transmission Level Point +4 dB | 6000
YT, s o s i 25 v e T INEUT RESISTANGE

requirements.

2. Sampling is accomplished by charging the internal capacitor to within ¥z F'gure 9
LSB (<300uV) in 20us. Therefore, the external source resistance must be 3k CODEC
or less. The equivalent circuit during sampling is shown in Figure 9.
3. The MK5156 will source current through an internal 6k(} resistor to help SAMPLE
pull up the TTL output. When a transition froma “1"'toa ‘0" takes place, the GATE
user must sink the 1" current until reaching the 0" level. RESISTANCE
4. Drivingone 74L or 74LS TTL load plus 30pF with lon = -100uA, loL = 500 A. SOURCE
5. The first bit of data is loaded when Sync and Clock are both 1"’ during bit RES'fTANCE }— <6k
time 1 as shown on RCV. timing diagram. <3k o !
6. This delay is necessary to avoid overlapping Clock and Sync. _L
Lo
. = oF
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TRANSMITTER SECTION TIMING
Figure 10

2.4V

1.4v
XMIT SYNC 0. AVJ

XMIT

\ncvl
tXDD
tDOF = tDOR
tXDP = r ! I‘
. IR cuonu a1 CHORD BIT CHORD 811 STEP BIT STEP BIT STEP BIT .
THREE-STATE "\ S'GN 817 MSB OF 2ND LSB OF LSB OF MS8 OF 3RD LSB OF 2ND LSB OF "’;’ 8
S ;»\ cnonu CHORD CHORD STEP STEP STEP LS|

INITIAL DATAZ N /
NOT VALID

PCM DATA PRESENT

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

RECEIVER SECTION TIMING
Section 11

| CWSR |
WSR

RCV SYNC

DIGITAL INPUT

VALID
DATA )

tSAO—»]

ANALOG OUTPUT \_

NOTE: Alfl rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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64kHz OPERATION, TRANSMITTER SECTION TIMING
Figure 12

<€ 125 usec

XMIT SYNC J
1 MASTER

—->| l<—— PWcik —>»| l«—cLock

cLock Tl : | [_3] ﬂ J"l ['6‘] H JTI rTl—Eim?o
A

XDD
STEP BIT STEP BIT STEP BIT STEP ‘ :‘/SIGN 8IT
MSB OF 3RD 0SB OF 2ND LSB OF 8IT MS8
STEP sTep STEP Ls8 "“E mexv WORD)

CHORD BIT CHORD BIT CHORD BIT
E
\;'::T: i‘:: 8 MSB OF 2ND LSB OF LS8 OF
CHORD CHORD CHORD
PCM DATA PRESENT

o

'

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.

64kHz OPERATION, RECEIVER SECTION TIMING

Figure 13
125usec %‘l
RCV SYNC 17 MASTER
e W CLOCK PERIODS
’*—— CLK je— min)
RCV 1
CLOCK
tRDS —>| | ‘RDH

NOTE: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V.
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MK5156 S/D RATIO VS. INPUT LEVEL M5156. GAIN TRACKING ‘PERFORMANCE

Figure 14 Figure 15

2 o
o] .

g ol ‘ “

H ] CCITT SPECIFICATIONS ]

£ g L : .

e © 08

8 2

8 204 1 o 3o -10 2 -30 - 40" 50 -56  -60

2 g ———— - : S —"

2 3 - 05 01 01 -0.1 YT -0

5 z 05

@ 104 g INPUT LEVEL (dBmO} /1 MK6166
- 1

INPUT LEVEL (dBm0)
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MOSTEK.

u-255 LAW COMPANDING CODEC AND FILTERS

MK5300

DESCRIPTION

The MK5300 is a monolithic device containing both transmit
and receive filters and a u-255 companding CODEC on a
single chip. The transmit section of the MK5300 is composed
of an input op amp, a band-pass filter, and an A/D converter.
The receive section of the MK5300 is composed of a D/A
converter, a low-pass filter, and power driver amplifiers.

The MK5300 features a microcomputer mode which provides
on-chip time slot computation. A direct mode is also provided
in order to directly control the CODEC by control data input.
The transmit, receive, and control sections may be operated
synchronously or asynchronously. The MK5300 also features
a stable on-chip voltage reference to provide accurate A/D
and D/A conversions.

VII-35

vil
CODECs




VII-36



MOSTEK.

INTEGRATED PCM CODEC

Technology Update

INTRODUCTION

A general trend towards the conversion of voice sig-
nals to digital information is currently occurring.
TDM PCM is the most popular form of digital trans-
mission.

Today there are several important applications for

this TDM scheme:

1. A high speed digital data link between central
offices to pass many conversations over one pair
of wires.

2. The electronic connection of two different circuit
paths.

3. Concentrators

Traditionally this connection had been done by
electromechanical crossreed switches. Very low “on”
resistance, low crosstalk, and immunity from the
large ringing or transient voltages were required. Since
the electromechanical technique was deemed to be of
lower reliability, an all electronic approach was
desired. Electronic cross point switches were designed
and built, but because the electrical requirements
mentioned above are extremely difficult to meet, the
results were not entirely satisfying.

The digital approach obviates the analog switch pro-
blem by first performing an A to D conversion, then
assigning a time slot for each voice channel. For the
D3 channel bank, 24 channels of digital data of 8 bits

per word are transmitted in a serial bit stream at
1.544 Mbits/sec. Each voice channel is sampled at an
8kHz rate so this signal must be bandlimited to less
than 4kHz in order to prevent undesirable aliasing.

Figure 1 shows how a 1kHz input signal is sampled
every 125 usec. At each of these sampling times, the
analog information is converted into an eight-bit
digital word that is later sent out in serial format at
the 1.544 Mbits/sec rate.

Figure 2 shows how the 24 voice channels are time
division multiplexed onto one wire (for simplicity
only simplex operation is shown).

Channel 1 analog information is first bandlimited to
less than 4kHz, then sampled and converted to a com-
panded digital code. This 8 bit word is serially trans-
mitted to a multiplexer where digital information
from all the other channels are assimalated. The final
bit stream of 1.544mbit/sec is sent to the demulti-
plexer where the appropriate alphanumeric channel is
connected to numeric channel. This control (se-
lection) is done by the main computer or processor.
One may see that any numeric channel could be con-
nected to any alphanumeric channel by means of a
different time slot assignment. This completes the
switching in a completely digital manner.

8kHz SAMPLING SYSTEM
Figure 1
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24 CHANNEL MULTIPLEXING

Figure 2 ANALOG " DIGITAL
ANALOG v
1 XMt | (xMIT)
HILTER SECTION
ANALOSIT ANALOG=55ee DIGITAL
2 |)F(ILTER XM
SECTION] mm_n.
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x * |FRIf.¥ER } (RCV
SECTION)

For T1 carrier systems, the digital PCM information
might be transmitted between central offices. For
PBX applications, the PCM technique is used to allow
the switching to be done digitally. The accuracy of
i the subsequent D-A conversion preserves the voice
quality so that insertion loss is not a problem.

' We selected the metal gate CMOS process for several
reasons. First it is extremely low power, which is of
great concern. Secondly, it allows for high-quality,
matched capacitors in a minimum of chip size. Criti-
cal analog circuit design is done well in CMOS: for
example, high gain amplifiers and comparators. Also,
the metal gate CMOS process is one that is well
proven in high volume production.

By using the CMOS process, only two supplies are
necessary, plus and minus five volts. To minimize
power, all the digital logic is run from the plus 5V
supply to ground, and only the analog section ope-
rates from + 5 volts.

CHIP ARCHITECTURE

Figure 3 shows the block diagram representation of
the CODEC chip. The important features of the
scheme used are listed below:

1. Two independent DAC's for encode and decode

functions provide system isolation not achievable

using shared DAC approach. The capacitive two

DAC approach also eliminates external sample/

hold capacitors as well as an external filter for offset

which isrequired inthe shared DAC approach. This
minimizes the external components required.

Complete signalling compatibility with D3 chan-

nel bank requirements.

3. Since the companding law is implemented using 8
to 13 bit converter, the DAC is a linear DAC thus
minimizing the number of analog components to
only the minimum required for system implemen-
tation, namely two: one comparator and only one
op-amp on the entire chip. Minimizing the linear

VIi-38



CODEC BLOCK DIAGRAM

Figure 3
¢ ASIG > . DIGITAL
IN o » outpuT
BSIG 3
IN OF/NUL
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\
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cLock > BUFFER =
A
ANALOG S&H DAC
INPUT
A/B SEL
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) Y
MASTER ___ SEQUENCE ENCODE 8/13-BIT
cLock CONTROLLER BECODE CONVERTER
* A
A/B SEL '
Rcy) > l13-an LATCHl
DIGITAL — 34 BUFFER DAC
INPUT
RCV
sYNe — |
'
—> ANALOG
CLOCK 3
RECEIVE OUTPUT
SECTION
Y
BSIG ASIG
ouT ouT

components helps reduce system operating power
which was the overriding consideration in chip de-
sign. Using the CMOS process, the digital portions
dissipate power only during transitions. The linear
sections consume power continuously.

4, The digital companding section allows easy con-
version from mu-law to A-law. The CODEC allows
data input/output rates from 64kHz to 2.1MHz.

5. Asynchronous or synchronous operation.

MODES OF OPERATION

The XMIT and Receive function are completely inde-
pendent of each other and of the master clock. Thus
the chip can operate in synchronous/asynchronous
mode at various input/output clock rates. The chip
timing diagram is shown in Figure 4 and the Receive
and XMIT modes of operation are described in detail
below:

(a) Receive Mode of Operation
In the receive mode of operation, the serial input
data is shifted into the input buffer at the receive
‘clock rate during the period receive sync. is high.

ViI-39

The encode process is halted after the falling edge
of receive sync pulse) for about 5 to 7us, and the
translated data from 8 to 13 bit converter is latched
into the 13 bit receive latch which updates the
output of the receive DAC with 100% duty cycle. The
receive DAC acts as a sample and hold and is
buffered by the unity gain op amp to the output.
During the signalling frame a 7 bit decode is per-
formed and the 8th data bit is latched into the
SigA/SigB output latch as selected by the A/B Se-
lect (RCV) input. When the eight bit of a word is
a signalling bit, it is assigned the value of % step.
This results in a lower S/D ratio than if it were
arbitrarily set to either a one or zero.

(b) Transmit Mode of Operation:

In this mode of operation the analog signal is
sampled in the input sample/hold which performs
the offset-null function simultaneously as described
in the circuit operation section. Following the hold
mode, the encoding process is completed using
successive approximation technique. The operation
of the XMIT DAC is similar to the operation of the
receive DAC as described earlier. After the encode




A/D AND D/A CONVERSION TIMING
Figure 4

I‘
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XMIT SYC

e

= 80 us -————-—)’
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I OF/NUL & S/H SAR

I
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SAR

REGISTER

'UPDATE OUTPUT]

PE——

RCV SYNC

-—-)f;ﬂ usl<—-—-
=

RECEIVE NEXT SAMPLE

! UPDATE
| ANALOG OUTPUT

process is completed, the output of the SAR is
loaded into the output buffer. The data is trans-
mitted serially at the output clock rate during the
period the XMIT SYNC is high. During the signalling
frame, signalling information (SigA/SigB) is in-
serted into the output bit stream in place of the 8th
data bit as selected by the A/B select (SMIT) input.

CIRCUIT DESCRIPTION

The system timing is controlled by the sequence con-
troller which operates at master clock rate of 1.5 - 2.1

MHz. All necessary signals, e.g. and S&H, SAR clock
Encode/Decode control, etc; are generated in this
section. To insure proper encode operation, decode
interrupt is allowed only when the internal SAR clock is

low thus resulting in a variable (5-7 us) decode interrupt
interval.

The 8 to 13 bit converter gives a one-to-one transla-
tion between 8 bit companded code at its input to a
13 bit linear code at its output thus allowing the use
of a linear DAC in the digital-to-analog conversion
process.

The 13-bit linear DAC operates on the charge distri-
bution principal of a binary weighted capacitor
ladder.

As shown in Figure 5, the capacitor ladder has two
sections of 7 bits (7 most significant bits) and 6 bits
(6 least significant bits) connected by a 64:1 capac-
itor divider. The equivalent circuit of the two sections
can be drawn as shown in Figure 6.

CAPACITOR LADDER

oy Q‘L U1 Jg Jg Ul
IOl T I Ty

-Vref O

]
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CAPACITOR LADDER EQUIVALENT CIRCUIT
Figure 6

1.016pt
“ - » DAC OUTPUT
sapo 127pl
1 7
w,,c v S WnCn Vr
n=1 127

WHERE Wp = 0 or 1 for the n th bit.
Cp = n th bit capacitor.

r = Reference Voltage (+Vyef or -Vyef)

The output of the DAC can be written as:

128 T WnhCh + =
n=1 n=8

Wn (Cn/64)

which is equivalent to the output of a 13 bit DAC
with an equivalent output capacitance of 128pF.

In the encode section this equivalent capacitor of
128pF is also employed to perform the additional
function of offset-null and sample-hold as shown in
Figure 7.

OFFSET NULL/SAMPLE HOLD
Figure 7 S2

Vin—0 128pf

Initially Sq is connected to Vjp and S2 is closed. The
op. amp. is operating as a unity gain follower and its
offset voltage (V ¢f), along with the analog input voltage,
is stored on the capacitor.

Then switch S2 is opened and S1 is switched to ana-
log ground. The voltage at the inverting input of the
op-amp is now Voff-Vin. Thus when the amplifier
operates with S2 open it acts as a comparator with
effectively zero offset and -Vin applied on its
inverting input. The other end of the capacitor can
now be operated as a DAC. Thus the capacitor ladder
performs all the necessary functions of offset-null
sample-hold as well as a DAC in the encode section of
the chip.

EXPERIMENTAL RESULTS

The set up of Figure 8 was used to evaluate the chip
performance.

CHIP PERFORMANCE

Figure 8
Unit #1 Unit #2
Mt XMIT 2
RCV 1 :::><: RCV 2

The MK5151 CODEC performance exceeds the AT&
T D3 channel bank specifications. Figure 9 shows the
signal-to-quantizing distortion as a function of input
level.

Idle channel noise of 13-14dBrnCO is better than the
D3 spec by 9-10dB. Gain tracking is shown in Figure
10.

SIGNAL-TO-NOISE RATIO

Figure 9
42 42
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GAIN TRACKING

Figure 10 ;
3 3,4
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Operating power measured at room temperature typi- version of the CODEC is also available and is simply a
cally is 30mW. This is low enough that a stand-by metal mask variation of this product. Chip size is 170

mode is not deemed necessary. The European A-law  x 184 mils.
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PRODUCT PROFILE

MOSTEK.

PCM TRANSMIT/RECEIVE FILTERS

MK5912

FEATURES

O Monolithic device includes both transmit and receive
filters

0O CCITT G712 and AT&T D3/D4 compatible
O Transmit filter includes 50/60Hz rejection
O Receive filter includes sin x/x compensation

O External gain adjustment, both transmit and receive
filters

O Lower power consumption

O Direct interface with transformer or electronic
telephone hybrids

O + 5% power supplies; +5V, -5V
0O Standard 16-pin package.

O Pin-for-pin compatible with the Intel 2912 PCM filter

DESCRIPTION

The MK5912 is a monolithic device containing the two
filters of a PCM line or trunk termination and is designed
to minimize power dissipation, maximize reliability and
provide a low-cost alternative to hybrid filters. The pin
connections are shown above.

The device consists of two switched-capacitor filters,

PIN CONNECTIONS

A\
Vixlt—={] 1 16 [ vExO0
VFxI-—»{] 2 15 [ = GRDA

Gsxy<_] 3 14 [} cLOCK
VFRO <] 4 13 [}« PDWN
PWRI—>»{] 5 12 [J= CLK

PWRO- <] 6 11 [J«— GRDD

PWRO- <] 7 10 [l VFgl

Ve —>{] 8 9 [ Vcc

transmit and receive, and power amplifiers which may
be used to drive a transformer hybrid (2-to-4-wire
converter)or an electronic hybrid (SLIC). If an electronic
hybrid is used, the power amplifiers are not needed and
may be deactivated to minimize power dissipation. The
transmit filter is a band-pass filter which will pass
frequencies between 300Hz and 3200Hz and provides
rejection of the 50/60Hz power line frequency as well
as the anti-aliasing needed in an 8kHz sampling system.
The receive filter is a low-pass filter which smooths the
voltage steps present in the CODEC output waveform
and provides the sin x/x correction necessary to give
unity gain in the passband for the CODEC-decoder-and-
receive-filter pair. A typical line termination is shown
below.

The MK5912 is designed to be used with the Mostek
family of CODECS.

r——=- 1 ]
| I I
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: PASS
'()A : 2W/ AW b 2 FILTER B
2 |
2 WIRE S N MK5151
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_ PRELIMINARY

MOSTEK.

REPERTORY DIALER

MK5170

FEATURES
O Repertory of 10, 24, 50, or 100 20-digit call numbers

O Repertory size determined automatically by the
amount of memory installed

O Speed dialing of the desired call number

O Repertory easily updated by user

0O Each call number has an associated address code.
Display drive is provided to display the address code

and the 20-digit call number

0O When a phone number is manually dialed, the digits
will be displayed as they are entered

O Any number in the repertory can be displayed

O The last number dialed is retained in an internal dial
buffer for redialing

O Single-button dialing, with up to 32 numbers in two
16-number groups

0O Controls either a tone dialer or a pulse dialer

0O On-chip segment encoding

0O Will interface 2102 or MK4104 static memory

0O Digital real-time, 12/24-hour, 50/60 Hz clock

0O 100-hour timer

O Two keyboard options

O Operates on an inexpensive TV color-burst crystal

O Single +5 volt = 5% power supply

DESCRIPTION

The MK5170 is a multi-function Repertory Dialer circuit
utilizing ion-implanted, N-channel silicon gate
technology and advanced circuit design techniques to
provide maximum cost-effectiveness and flexibility. Pin

connections are shown in Figure 1, and a block diagram -

is shown in Figure 2.

PIN CONNECTIONS
Figure 1

xtL1— 1]
XTL2— 2
SAMA 0-+— 3

SB/MA 1 <+—— 4

[ Ja0<—5v, 2 5%
| J39<«—Foc

[ ]38<— 50/60H:
[ )37 «—> Row 1
36 <—» Row 2
3354——> m
:1344——> m

[ J33<«—sCol
]32<—> Col 2

SC/MA2 -—— 5
SD/MA 3 <— §
ne — 7]
psoma g <— 8[|
0s1/MA 5<+— 9|

Ds2/MA 104——-10C MK5170 3314—» Col 3
os3mA 11<—11[_| [ Js0<—>TCol 4
0s4/RW-e—12[_] [ J29—»WEM. DATA OUT
ce 1+—13[_] [ )28« _#5
CE 2 +——14 E j 27<——KBD. SCAN IN
g —15[_| [ ]26 <— WEM DATA N
SP/MA 7 <— 16 [ )25 —» WH.DIAL
SG/MA 6<— 17| ) 24 «——ON—FGOK
sF/ma 5<—r1s[_| " ]23—»DIALING
sEma 4 «+—r19[_] | )22 ——BLANK DisPLAY

N/C

GND—> 20: :] 21

BLOCK DIAGRAM

Figure 2
50 60 Hz
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}—=1SD. MA3
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MK 5170

Several different modes of operation are possible. For
minimal component count, the system of Figure 3 can
be used with the keyboard configuration shown in
Figure 4. This configuration is ideally suited to a 10-
number repertory system and places the function
control buttons on column 4 of a standard telephone
keypad. For systems with more features, the system of
Figure 5 can be used with the input matrix shown in
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Figure 6. Note that the input matrix of Figure 6 permits:

the use of a calculator-type 1-of-N keyboard. The matrix
includes both push-buttons and diode-selectable
options. The options are selected by connecting a diode

scan input. Digit strobes are generated by an external
decoder which is driven by the MK5170 (See Figure 7).
Figure 8 provides two single-key dialing configurations.
Up to 32 individual dial entry keys (#0 - #31) are

between the appropriate digit strobe and the keyboard  possible.
BASIC REPERTORY DIALER SYSTEM
Figure 3
POWER
SUPPLY - BATTERIES
)|
A # Y \
2-OF-8
K B
Y ‘ﬁ' MK5170
8 E $>| REPERTORY |[ammmmempp| RAM
R R DIALER
D S
Y
» DIALER
PHONE LINE <t
BASIC SYSTEM KEYBOARD CONFIGURATION
Figure 4
ABC DEF |ENTER
1 2 3 | oA | ROW?
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4 5 6 ‘
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7 8 9 PAUSE
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‘ (o] (o] (o] o
L L L L
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FULL FEATURE REPERTORY DIALER SYSTEM

Figure 5
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DIGIT SELECT ENCODER
Figure 7
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Four types of functions are used to control the dialer: (1)
ENTER/DIAL allows entry and dialing of telephone
numbers, (2) STORE enables storage of entered
numbers, (3) CLEAR clears erroneous entries or begins
a data entry sequence and (4) PAUSE provides for inter-
group pauses while dialing. Note that one of three
lengths of pause may be selected:

(a.) Infinite pause which is terminated either by
pressing the ENTER/DIAL button or by pressing one of
the #0 through #31 keys; (b.) Short pause (1.5 seconds)
which is terminated either by a 1.5-second time-out or
by the means described in (a.); and (c.) Long pause (5
seconds) which is terminated either by a 5-second
timeout or by the means described in (a.).

Two additional buttons are used to control the clock and
the timer. DISP. TIME causes the MK5170 todisplay the
current time. If this button is pressed and held for more
than 3 seconds, then the MK5170 will enter the settime
mode. During the 3-second timeout, the colons will stop
flashing. At the conclusion of the timeout, the colons
will resume flashing and the time can be set via the
number keys. S/S TIMER provides for displaying the
timer as well as starting and stopping it. If S/S TIMER is
pressed and the timer is not being displayed, the display
will change to show the timer count. If the timer is being
displayed when S/S TIMER is pressed, the timer will
start if it is not running and will stop if it is running.

An additional feature of the MK5170 is that, once a
minute, the current time is stored in external RAM. The
storage occurs on the minute transition. For example, as
the time changes from 1:02 to 1:03, 1:02 will be stored.
If AC power is then lost between 1:03:00 and 1:03:59,
the clock will power up at 1:02:00 when AC power is
restored. To further explain the operation of the
Mk5170, a few examples are given below:

EXAMPLE 1: Storing a Number to be Dialed Later
Using ENTER/DIAL

1. With the phone on-hook, press the ENTER/DIAL key.
Digits 21 and 22 (See Figure 9), the address code, will
show only decimal points. The remainder of the
display will show the contents of the dial buffer. If the
dial buffer is empty, only decimal points will be
shown in digits 1 through 20.

2. Enter the address code. As the address code is
entered it will be displayed in digits 21 and 22. If only
1K of memory has been installed, the first digit will be
entered into digit 21 and digit 22 will be zero.
Otherwise, the first entry will be displayed in digit 22
and the second entry will be displayed in digit 21.
After a number has been entered in digit 21, the
memory contents referenced by the address code will
be shown on thedisplay. If nothing has been stored in
the referenced location, only decimal points will
show in digits 1 through 20.

3. If digits 1 through 20 are not blank, press the CLEAR
key. Enter the number to be dialed. As the digits are
entered, they will appear on the display beginning at
digit 20. If a pause is required, press the appropriate
pause key. The code corresponding to the key, as
shown in Figure 10, will appear on the display.

4. Press the STORE key. The telephone number shown
in digits 1 through 20 will be stored in the memory
location specified by the address code.

EXAMPLE 2: Dialing a Stored Number Using
ENTER/DIAL

1. Lift the receiver and press the ENTER/DIAL key.
Digits 21 and 22, the address code, will show only
decimal points.

2. Enter the address code. Entry will be as described in
Step 2 of Example 1. The dialing sequence will begin
when the number is recalled from memory.

3. If the call wasn't completed, hang up the receiver. To
redial the number, lift the receiver and press the
ENTER/DIAL key twice.

EXAMPLE 3: Storing a Dialed Number Using
ENTER/DIAL

1. Lift the receiver and dial the number. As the keys are
pressed their corresponding code will appear on the
display. The address code will show only decimal
points. If the keyboard of Figure 4 is used, * and # can
be dialed. If a pause key is pressed, its code will
appear on the display but the pause will not occur. If
the number is redialed or stored and recalled from
memory, the pause will be executed when it is
encountered.

2. Before going on-hook, press the ENTER/DIAL key
followed by the desired address code. Entry will be as
described in Step 2 of Example 1. After digit 21 is
entered, press the STORE key. The telephone
number will be stored in the location specified by the
address code.

EXAMPLE 4: Storing a Number to be Dialed Later
using #0 - #31

1. With the phone on-hook, press the button (#0 - #31)
corresponding to the desired number. The address
code will be two digits corresponding to the pressed
button.

2. Proceed as described in Steps 3 and 4 of Example 1.
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EXAMPLE 5: Dialing a Stored Number Using #0 -
#31

1. Lift the receiver and press the button (#0 - #31)
corresponding to the desired number. The address
code will be two digits corresponding to the pressed
button. As soon as the number is recalled from
memory, the dialing sequence will begin.

2. If the call was not completed, proceed as described in
Step 3 of Example 2.

EXAMPLE 6: Setting the Clock

1. Press the DISP. TIME button and hold for 3 seconds.
While the key is held, the colons will not flash. After
the 3-second timeout, the colons will resume
flashing.

2. Press the CLEAR key. The time will be resetto 1 a.m.

3. Enter the desired time via the number keys. lllegal
entries will be ignored. If an error is made, repeat step
2. Only the first 4 entries will be accepted.

4. After the correct data has been entered, press the
DISP. TIME key. Clock setting will then be disabled.

EXAMPLE 7: Displaying the Clock

1. Press the DISP. TIME button. The clock will be
displayed but cannot be set unless the sequence
shown in Example 6 is followed.

2. If the CLOCK ENABLE diode has been installed (see
Figure 6), the clock will automatically be displayed 10
seconds after dialing is completed.

EXAMPLE 8: Operating the Timer

1. Whenever it is desired to display the timer, press the
S/S TIMER button.

2. If the timer is being displayed when the S/S TIMER
button is pressed, one of the following actions will
result: a. If the timer is running, it will stop
b. If the timer is stopped, it will start

3. If the timer is being displayed when the CLEAR
button is pressed, it will be cleared to 00.00.00.

DISPLAY ORGANIZATION

Figure 9

[20]19]18]17] 161514 [13 J12]11]10]e]8] 7]6]5]a]3] 2] 1]

Digits 22 & 21 - Address Code (Rep Dialer Mode)

Digits 20 - 1 - Dial Buffer Contents (Rep Dialer
Mode)

Digits 20 - 15 - Real time - H.M.S. (Clock Mode)

Digits 20 - 15 - Elapsed Time - H.M.S. (Timer Mode)

Digits 19 & 17 - Decimal Points (Flashing in Clock

Mode; Fixed in Timer Mode)

CHARACTER FONT

Figure 10
Blank é
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00 5 5 Pound 8
11 6 b
2 3 73 Long Pause =]
35 8 g Short Pause =
4 g 9 g Infinite Pause B

FUNCTIONAL PIN DESCRIPTION
Pin 1, XTL1 and Pin 2, XTL2

These pins are the time-base inputs. With a crystal
connected between these pins, the MK5170 will
provide the Row/Column timing shown in the AC
characteristics section. No other oscillator components
are required.

Pin 3, SA/MAO

This output normally has segment A information for the
display. During memory access, this output drives the
LSB of the memory address.

Pin 4, SB/MA1

This output normally has segment B information for the
display. During memory access, this output drives the
2nd LSB of the memory address.

Pin 5, SC/MA2

This output normally has segment C information for the
display. During memory access, this output drives the
3rd LSB of the memory address. /

Pin 6, SD/MA3

This output normally has segment D information for the
display. During memory access, this output drives the
4th LSB of the memory address.

Pin7, N/C

This pin has no user-accessible function but it should
not be used as a tie point.
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Pin 8, DSO/MAS8

This output normally has the LSB of the digit select
code. During memory access, this output drives the 4th
MSB of the memory address.

Pin 9, DS1/MA9

This output normally has the 2nd LSB of the digit select
code. During memory access, this output drives the 3rd
MSB of the memory address.

Pin 10, DS2/MA10

This output normally has the 3rd LSB of the digit select
code. During memory access, this output drives the 2nd
MSB of the memory address.

Pin 11, DS3/MA11

This output normally has the 2nd MSB of the digit select
code. During memory access, this output drives the
MSB of the memory address.

Pin 12, DS4/R/W

This output normally has the MSD of the digit select
code. During memory access, this output drives the
memory read/write line. A low on this pin enables the
write mode; a high allows the memory to be read.

Pin 13, CE1

This output enables the least significant memory chip.
Pin 14, CE2

This output enables the most significant memory chip.
Pin 15, #16 - #31

This input is used to interrogate single-key
ENTER/DIAL keys 16 through 31. Asshown in Figure 8,
these keys are tied to digit strobes 1 through 16,
respectively.

Pin 16, SP/MA7

This output normally has segment P (decimal point)
information for the display. During memory access, the
output drives the 5th MSB of the memory address.
Pin 17, SG/MA6

This output normally has segment G information for the

display. During memory access, this output drives the
6th MSB of the memory address.

Pin 18, SF/MA5

This output normally has segment F information for the
display. During memory access, this output drives the
6th LSB of the memory address.

Pin 19, SE/MA4

This output normally has segment E information for the
display. During memory access, this output drives the
5th LSB of the memory address.

Pin 20, GND
This pin is logic and circuit ground.
Pin 21, N/C

This pin has no user-accessible function but it should
not be used as a tie point.

Pin 22, Blank Display

This signal goes low to blank the display by inhibiting an
external digit select decoder.

Pin 23, Dialing

This output goes low during a dialing cycle and is used to
disable the 2-of-8 keyboard.

Pin 24, On-Hook

If this pin is pulled low, the telephone is on-hook and the
ENTER/DIAL key functions as an ENTER key. If this
input goes low during dialing, dialing is terminated and
the dialer resorts to its normal scanning routine. If this
pin is high, the telephone is off-hook and dialing can
occur.

Pin 25, Inh. Dial

This pin goes low during data entry to inhibit the
MK5090 or MK5098 and prevent tones or pulses from
being generated.

Pin 26, MEM. DATA IN

The dialer uses this pin to read data from the external
memory.

Pin 27, KBD. SCAN IN

This is the input for the function keys, options and

number keys. The use of the options is described below:
50/60 Hz (D23) (See Figure 6)

If a diode is not installed, the MK5170 will require
a 60 Hz timebase for the clock and timer. Installing
a diode indicates that a 50Hz timebase is to be
used.
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12/24 HR (D22) (See Figure 6)

If a diode is not installed, the MK5170 will display
the clock in 12-hr format. Installing a diode will
cause the clock to be displayed in 24-hr format
with leading zeroes.

Enable Clock (D21) (See Figure 6)

10 seconds after the MK5170 completes a dialing
cycle, one of two actions will occur: (1) if the
Enable Clock diode is installed, the MK5170 will
display the clock or {2) If the diode is not installed,
the display will be blanked. Pressing any key wiil
unblank the display.

The use of the remaining keys is described in Table
1. State Contro! Sequence for the MK5170
Repertory Dialer.

Pin 28, #0 - #156

This input is used to interrogate single-key
ENTER/DIAL keys O through 15. As shown in Figure 8,
these keys are tied to digit strobes 1 through 16,
respectively.

Pin 29, MEM. DATA OUT

This output is used to transmit data to the external
memory.

Pin 30 through Pin 33, COL 4 through COL 1

These pins are used to interrogate the keyboard
columns and to drive the column inputs of the MK5090
tone dialer or MK5098 pulse dialer.

Pin 34 through Pin 37, ROW 4 through ROW 1

These pins are used to interrogate the keyboard rows
and to drive the row inputs of the MK5090 tone dialer or
MK5098 pulse dialer.

Pin 38, 50/60 Hz

This input provides the time base for the real time clock.
Pin 39, POC

This input can be used to force a power-on-clear.

Pin 40, Vcc

+5V, £ 5%

STATE CONTROL SEQUENCE FOR THE MK5170 REPERTORY DIALER

Table 1
LAST FUNCTION | PRESENT
STATE ENTERED FUNCTION RESULTS
Power Up None None Display ail decimal points; digits blanked
None Disp. Time Display clock. Will show 1.00.00 if memory powerj
has failed or if this is the first application of power.
Otherwise, it will show the time at which AC powerl
was lost.
None S/8 Timer Display timer. 00.00.00. Timer not running
None E/D Display phone number. Display will not change.
None Digits, * #, Display the symbol for each digit or function as it is|
Long/Short/Inf. is entered. Any entries above 20 digits are ignored.
Pause
None Clear No change
None Store No Change
None #O - #31 Show the number stored in the corresponding
memory location. If nothing has been stored, display|
all decimal points with digits blanked, except for
address code. If off-hook, dial the number.
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Table 1 Continued

Phone Number

LAST FUNCTION | PRESENT
STATE ENTERED FUNCTION RESULTS
Display Clock Disp. Time Disp. Time No change. Colons will not flash while Disp. Time|
switch is held. If switch is held for more than three)
seconds, the colons will start flashing and the
MK5170 will enter the set clock state.
S/S Timer Display timer. Colons not flashing.
E/D Blank address code, display phone number.
Long/Short/Inf. No change
Pause, Clear, Store
#0 - #31 Show the number stored in the corresponding
memory location. If off-hook, dial the number.
Digits, *, # Display the digit or function wheniitis entered. Start
manual entry sequence.
Display Timer S/S Timer S/S Timer If timer was running, stop. If timer was not running,
start.
Clear Clear timer.
Disp. Time Display clock.
Long/Short/Inf. No change
Pause, Store
Digits, #, * Display the digit or function when it is entered. Start
manual entry sequence.
E/D Blank address code, display phone number
#0 - #31 Show the number stored in the corresponding
memory location. If off-hook, dial the number.
Manual Entry Digits, *, # Digits, #, *, Display the symbol for each digit or function as itis
Long/Short/Inf. entered. Entries above 20 digits are ignored.
Pause
Clear Clear the display
Disp. Time Display clock
Store, E/D No change
#0 - #31 Display the number stored in the corresponding
memory location. If off-hook, dial the number
Display E/D None Blank address code, display phone number.
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Table 1 Continued

LAST FUNCTION | PRESENT
STATE ENTERED FUNCTION RESULTS
Display Digit Enter digit into address code. If 1K of memory is
Phone Number installed, enter digit into LSD and recall phone
Continued number from memory. If off-hook, dial the number |

S/S Timer Display timer

Disp. Time Display clock

Store, Long/ No change

Short/Inf.

Pause, *, #

Clear Clear display

#0 - #31 Display the number stored in the corresponding
memory location. If off-hook, dial the number.

Digit Digit If second digit and more than 1K of memory is
installed, store digit in LSD of address code and re-|
call phone number from memory. If off-hook, dial
number. If second digit and 1K of memory is
installed, store digit in MSD of phone number. If not|
second digit, store in next location in phone no.

*, #, Long/Short/ | If second digit and more than 1K of memory is

Inf. Pause installed, ignore. If not second digit, store in next
location in phone number.

Clear If address code is incomplete, clear address code
and phone number. If address code is complete,
clear only the phone number.

Store If address code is complete, store the phone
number. Otherwise, ignore.

#0 - #31 Display the number stored in the corresponding
memory location. If off-hook, dial the number.

E/D E/D Dial the number in the dial buffer (redial).

Digit S/S Timer Display timer

Disp. Time Display clock

Set Clock Disp. Time for Digit Legal digit will be entered into next location.
greater than 3 lllegal digit will be ignored.

seconds

Clear Set time to 1.00.00 a.m.
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Table 1 Continued

LAST FUNCTION | PRESENT
STATE ENTERED FUNCTION RESULTS

Set Clock Store, *, #, Long/ | No change

Continued Short/Inf. Pause
#0 - #31 Display the number stored in the corresponding

memory location. If off-hook, dial the number.

E/D Display phone number
S/S Timer Display timer
Disp. Time Display clock, leave set clock mode.

APPLICATION INFORMATION

The Basic Repertory Dialer System of Figure 3
represents the minimum number of components
required to implement a repertory dialer system using
MK5170. A 2-0f-8 keyboard, using the interface shown
in Figure 11, provides the system control functions of
number entry, Enter/Dial, Store, Inf. Pause and Clear. A
quad comparator, an LM2901 or equivalent, isusedas a
buffer between the keyboard and the MK5170. The non-
inverting input of each comparator is biased at 2 +56M
and the appropriate non-inverting inputs are tied to
their assigned row or column. Akey closure will pull two
of the non-inverting inputs within two diode drops of
ground, thus causing the associated comparator
outputs to go low. The MK5170 then senses these two
low levels and, after identifying the key, drives the
DIALING output low, which pulls the inverting inputs
within one diode drop of ground and causes all of the
comparator output transistors to turn off, thus isolating
the keyboard from the MK5170 so thatthe MK5170 can
apply row and column information to the dialer without
interference from the keyboard.

The dialer interfaces shown in Figure 12 and Figure 13
include level conversion circuitry as well as an Inhibit
Dial feature. The active - low row and column signals
(ROW 1 - COL 3) are applied to the bases of NPN
transistors. Because the power supply to the tone dialer
can vary between 3.4 volts and 10.5 volts and the power
supply to the pulse dialer can vary between 2.5 and 5
volts, level conversion is required betweenthe O -to 5 -
volt row and column signals and the corresponding
inputs to the MK5090 or MK5098. This required level
conversion is provided by the 7 NPN transistors. When
the MK5170 is required to isolate the dialer from the 2-
of-8 keyboard (i.e. during data entry), it does so by
driving the INH. DIAL line low. The INH. DIAL signal is
inverted and used to turn all of the NPN transistors on so
that the signals applied to the row and column inputs of

the MK5090 and MK5098 will be at their inactive level.
When the MK5170 starts a dialing cycle, the INH. DIAL
line will go high and the required sequence of row and
column signals will be applied to the bases of the NPN
level converters. The 4050 buffers and 4049 inverting
buffers shown in the dialer interface schematics are
powered from the phone line and provide the buffering
and logic inversion necessary to meet the input
requirements of the MK5090 and MK5098, as well as
permitting the use of 1 megohm pull up resistors at the
collectors of the NPN level converters. Using large -
value pullup resistors reduces the amount of current
that the buffer circuitry draws from the phone line.

The Fuli-Feature Repertory Dialer System of Figure 5
implements all the features provided by the MK5170 by
placing all of the keys and option diodes in a 3 x 24
matrix shown in Figure 6 and Figure 8. KBD. SCAN IN,
#0 - #15 and #16 - #31 are scanned by the MK5170.
When an active low level is detected on any of the three
scan lines, the MK5170 determines which key has been
pressed and takes appropriate action. Digit strobes for
scanning the input matrix are generated by the circuit
shown in Figure 7, which encodes the 5-bit digit select
code (DSO - DS4) into 1 of 23 digit strobes (D1 - D23).
These positive pulses are then used to drive the bipolar
digit drivers for the display as well as for scanning the
input matrix. A BLANK DISPLAY input is provided to
inhibit the generation of digit strobes during memory
access, since the segment and digit encoding lines are
shared by memory addresses and read/write control
(See Figure 7).

The Power Supply and Timebase Reference circuit
shown in Figure 14 provides two independent 5-volt
power supplies: (1) +5L which powers the MK5170 and
the display circuitry and (2) +5M which powers the
memory, the memory protect logic and the keyboard
buffers and is provided with a battery backup which
consists of 6 NiCd cells and a charging circuit. The

IX-13

>
o
9]
E
X
w
a
@

»
o4
u
g
o




Timebase Reference consists of a comparator with
hysteresis so that power line noise will not reach the
MK5170.

The Memory Protect Logic shown in Figure 15 provides
two functions: (1) The MK5170 will be reset whenever
its power supply dips to 4.75V and (2) on power up and
during a power supply dip to 4.75V, CE1 and CE2 willbe
forced high so that no memory chip selects can be
generated. This insures that data stored in the MK4104
will not be destroyed. If a 2102 memory is used, the
memory protect latch is not required. Note, however,
that CE1 and CE2 must still be inverted to enable the

memory. CE1 and CE2 will be enabled after POC is
removed from the MK5170 and CE1 goes high.

Repertory size is determined automatically by the
amount of memory installed so all that is required to
alter the size of the repertory is to install memory
devices as shown in Figure 16.

Figure 17 shows the suggested LED drive circuitry.

A special “on-hook’ circuit, Figure 18, is shown for use
with PBX systems. This circuit prevents the MK5170
from seeing the momentary line-disconnect exhibited
by a PBX system as it switches to out-of-plant lines.

2 OF 8 KEYBOARD TERMINAL
Figure 11
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TONE DIALER INTERFACE
Figure 12
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PULSE DIALER INTERFACE
Figure 13
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F—————————
e —H
|
J | 3
|
2500. -
| TypE NETWORK
RCVR | | G
L

X

~

I
»H
33

[

6.8
uF . *
5V
V+
V- = =
(IN751
OR EQUIV)
ROW 1
ROW 2 1003
2N
ROW 3 y p_rém
300K} 3K
ROW 4 S
MK5098 ')
16 2N
coL1 +
PULSE 2550
coL2
coL 3
0SC. IN
MUTE

NOTE: 4049 and 4050 Buffers are Powered From PHLIN+
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POWER SUPPLY AND TIMEBASE REFERENCE
Figure 14

IN4001
IN ouT +5L
5V REG.
e Laso
(OR EQUIV))

o l
1

IN OUTTom
2001
o 6V REG. O
IN4001 {y m340T
(OR EQUIV)|

§

120K
'\ LM2801 50/60 Hx
(OR EQUIV) (MKB170, PIN 38)
30K /
+5L -
1BM 620K
™
NOTE: COMPARATOR POWERED FROM +6M
MEMORY PROTECT LOGIC
Figure 15

8L *BM 5170 GND (MK6170, PIN 20)
3.3k
2N4401
10K 12K K - (OR EQUIV)
+

\ LM2901 (2X)
\
238v / (OR EQUIV)

26V (MKB170, PIN 38)
10K 10K WF

FROM
MK5170

CE2 #

T0
= [ MEMORY

——-—D CE2

% CE1 & CE2 must be inverted to enable memory.

NOTE: ALL ACTIVE DEVICES POWERED FROM +6M
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MEMORY CONNECTIONS TO MK5170

12 [ ——
F— MEM. DATA IN

Figure 16
a. 12- NUMBER REPERTORY
2102
+5m
DS3/MA11 Dour]
CET cs
SA/MAO A0
SB/MA1 Al
SC/MA2 A2
SD/MA3 A3
SE/MA4 A4
SF/MAS A5
SG/MAG %146
SP/MA7 =187
DSO/MAS a8
DS1/MA9 A9
DSARAW____ 1 n::
MEM. DATA OUT

*See Figure 15 for origin of CE1.
All other signals interface directly

with MK5170.

b. 24 - NUMBER REPERTORY

2102
10
+5M Vee 12
2
DS3/MATY ho _ﬁ Vss  Pourt
_ 10K 13| —
cer* 6
SA/MAO ;le
SB/MA1 = A1
SC/MA2 GJ“
SD/MA3 :z!AS
SE/MAG 7As
SFIMAS A5
SG/MAG a6
SPIMA7 A7
DSO/MAS 151a8
DS1/MA9 {0
DS4/RW R
WEM. DATA OUT Din
2102
N914 Vee 12
DS3/MA11 ers Dour
JE—y 10K ~131cs
=3 5
8ia0
n
1
—
8IA3
aa
1

ala)

=
>
3

1

MEM. DATA IN'

*See Figure 15 for origin of CE1 and CEZ. All other
signals interface directly with MK5170.

c. 50 - NUMBER REPERTORY

MK 4104
+5p >______‘:_ Vee
DSIMATY Vss Doyt
G =0l
SA/MAO Hao
SB/MA1 Al
SC/MA2 2 A2
SD/MA3 a3
SE/MA4 21A
SFIMAS 18
SG/MAG e
SP/MA7 5 A7

i nd
DS1/MA9 189
DS2/MA10 —— a0
DS3/MA11 — 2y
DSA/RAV_ WE
MEM. DATA OUT: oy

7—>MEM4 DATA IN

*See Figure 15 for origin of CE1.
All other signals interface directly

with MK5170.

d. 100 - NUMBER REPERTORY
MK 4104

5y

\

CE1¥*

18ly,
SVee

7
Vss  Dour

=10l=

SA/MAO

E

SB/MA1

A0
A1

SC/MA2

SD/MA3

A2

SE/MA4

SF/MAS

SG/MA6

SP/MA7

DSO/MA8

DS1/MA9
DS2/MA10

DS3/MA11

DS4/R/W

MEM. DATA OUT!

CEZ*

m
‘DIN

MEM. DATA IN

*See Figure 15 for origin of CE1 and CE2. All other
signals interface directly with MK5170.
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LED DRIVE CIRCUITRY
Figure 17

a. DIGIT DRIVE

b. SEGMENT DRIVE

221
o1 >——[>o——> DIGIT 1 - COMMON CATHODE a LoV
<
>
<
>
. C
02 -——i>o—-> DIGIT 2 - COMMON CATHODE sa,MAo
{MK5170, PIN 3}
03 DIGIT 3 - COMMON CATHODE SEGMENT A
. 224
04 »———{>o—-> DIGIT 4 - COMMON CATHODE Al
(’ll
<
os . < c
»—-Do———» DIGIT 6 - COMMON CATHODE 8 mat
(MK§170. PIN 4) E
D6 >————{>o—> DIGIT 6 - COMMON CATHODE SEGMENT B
221
o7 ———-{>o————> DIGIT 7 - COMMON CATHODE RAA—
QK
>
o8 DIGIT 8 - COMMON CATHODE 3 c
FROM SC MA2 ?
ot/ os >—{>o-————> DIGIT 9 - COMMON CATHODE (MKE170. PIN 8) SEGMENT C
ENCODER 2200
(FIG. 7) p1o DIGIT 10 - COMMON CATHODE A
Sk
on >—{>o———> DIGIT 11 - COMMON CATHODE b3 c
SD MA3 >~
012 >—-——Do—» DIGIT 12 - COMMON CATHODE (MK5170. PIN 6) £ o seamenTD
013 >—{>o——> DIGIT 13 - COMMON CATHODE By
‘:u(
D14 > DIGIT 14 - CATHODE 4 c
SE'MA4
o15 »—Do————» DIGIT 15 - COMMON CATHODE (MKS170. PIN.19) £ o sEcMENTE
016 »———'{>o—> DIGIT 16 - COMMON CATHODE 2
QK
017 >—{>o———> DIGIT 17 - COMMON CATHODE S <
SF MAS
MK5170. PIN 18 E
D18 >———-[>o—> DIGIT 18 - COMMON CATHODE 4 ) SEGMENT £
019 >—-Do__—> DIGIT 19 - COMMON CATHODE 222
W/
Q1K
020 DIGIT 20 - COMMON CATHODE S c
SG MA6
. (MK5170, PIN 17
021 DIGIT 21 - COMMON CATHODE ) e SEGMENTG
p22 >——{>O——> DIGIT 22 - COMMON CATHODE
754924 (22X)
SP: MA7
{MK5170. PIN 16) SEGMENT P
(COLON)
764914 (8X)
ON-HOOK CIRCUITRY
Figure 18
+5M
IN914 10K
(OR EQUIV) <
rn-—-# LM2901
(OR EQUIV)
—
— -
100K ON-HOOK
PHLIN+ I—-AAA—¢ 9 + (MK5170, PIN 24)
(See Fig. 12/13)
+
IN914(2X) 1= $;00k
(OR EQUIV) ¥ T~
2uF
 —
—
—

NOTE: Comparator is powered from +5M
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ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS*

Temperature UNAer bias. .. ..ottt ittt tiiteeeenteteenneeeeeeninsseeesnennnneennns 0°C to 70°C
Sy (T T T (=T 4 Vo= - (- -65°C to 150°C
Voltage on any pin With reSpect 10 GroUNG. ... viiut et ernnreneernneenneeenrsreneeenneenseens -1.0V to +7V
Power disSipation. . ... ...ttt i e i e s 1.0W
*Stresses above those listed under **Absolute Maximum Ratings’ may cause permanentdamage to the device. This is a stress rating only and function operation of the
device at these or any other condition above these indi d in the ope i i of this specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect device reliability.

DC CHARACTERISTICS
Ta = 0°C to 70°C, Ve = BV + 5%

SYMBOL PARAMETER MIN TYP MAX UNIT | TEST CONDITIONS
lee Power Supply Current 55 77 mA | Output Open
Py Power Dissipation 275 385 mW | Outputs Open
Vi Input High Level 20 5.8 \%
Vi Input Low Level -0.3 0.8 \
lin Input High Current 100 uA | Vin=2.4V
Internal Pull-Up
lie Input Low Current -1.6 mA | V,.=0.4V
lou Output High Current -100 uA | Vou=2.4V
low. Output Low Current 1.8 mA | Vo..=0.4V
Rip Internal Pdll-up Resistor 6 k() | Output transistor off

AC CHARACTERISTICS
Ta = 0°C to 70°C, Ve = BV £ 5%

SIGNAL SYMBOL PARAMETER MIN MAX UNIT | COMMENTS
to{XTL) Time base period, 250 ns | 4MHz crystal
Crystal mode 279 ns | 3.568 MHz crystal
0 t Internal O clock period 500 558 ns
POC tru POC hold time, Low 3.75 us | 4MHz crystal
4.10 us 3.58MHz crystal
50/60Hz | teu 50/60Hz hold time, 3.76 us | 4MHz crystal
High 4.10 us | 3.68MHz crystal
Row/Col tre Row/ Column output 68 ms | 4MHz crystal
duration & off time 76 ms | 3.568MHz crystal
tace Memory Access Time 10 us
top Digit Period 10.8 ms | 3.58MHz crystal
thon Digit On Time 490 us | 3.58MHz crystal
D.C. Display Duty Cycle 3.2 3.2 %
CAPACITANCE
Ta = 25°C, fxr. = 4MHz
SYMBOL PARAMETER MIN MAX UNIT | TEST CONDITIONS
Cin Input capacitance, 7 pF Unmeasured pins
all pins except XTL1, returned to ground
XTL2
Cx1L Input capacitance, 18 23 pF
XTL1, XTL2
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MOSTEK.

TEN NUMBER REPERTORY DIALER

MK5175

DESCRIPTION

The MK5175 is a monolithic integrated ten number repertory
dialer manufactured using Mostek’s Silicon Gate CMOS
process. The circuit accepts keyboard inputs and provides the
Pulse and Mute logic levels required for loop disconnect
signalling. For DTMF Signalling, the MK5175 may be
interfaced with Mostek’s Tone Generators.

The circuit will function in either Tone or Pulse mode,
dependent upon the logic level presented to pin 2, the “Mode
Select” pin. The interpretation of several inputs and outputs is
dependent upon the mode selected.

In Pulse mode, the time base for the circuit is a ceramic
resonator which is low cost but provides a guaranteed

accurate reference. In Tone mode, a single pin RC oscillator
provides the frequency reference for the circuit. This provides
the least expensive means to adequately control the tone
output rate.

An on-chip RAM is capable of storing 10 sixteen-digit
telephone numbers including the last number dialed. When
used in a PABX system, a pause (# key) may be stored in the
number sequence. The repertory dialer will recognize this
pause when automatically dialing and stop until a “continue”
(# key) input is received.

The MK5175 repertory dialer uses a standardized pinout
scheme common to all Mostek Tone and Pulse Dialers.This
will facilitate the design of a family of telephone products
using common PC boards and circuit components.
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