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Ordering Information

LS! Products Division

For Spacial Assistance
Call The TRW Sales
Office Nearest You:

North American Sales Offices

Alabama, TRW ECG
Huntsville

Arizona, TRW ECG
Scottsdale

S. California, TRW ECG
Los Angeles

Woodland Hills

Santa Ana

San Diego

N. California, Straube Assoc.
Mountain View

Colorado, Straube Assoc.
Westminster

Connecticut, TRW ECG
Rowayton

Florida, TRW ECG

Ft. Lauderdale

Orlando

Georgia, TRW ECG
Narcross

Illinois, TRW ECG
Chicago

Indiana, R.0. Whitesell
Ft. Wayne

Indianapolis

Kokomo

lowa, C.H. Hom

Cedar Rapids

Kansas, Midtec Assoc.
Desoto

Kentucky, R.0. Whitesell
Louisvilie

Maryland, TRW ECG
Columbia

Massachusetts, TRW ECG
Westborough
Massachusetts, Byrne Assoc.
Maynard

Michigan, R.0. Whitesell
Southfield

St. Joseph

Grand Rapids

Minnesota, TRW ECG
Minneapolis

Missouri, J.G. Macke Co.
St. Louis

New Mexico, SW Sales
Albuguerque

New York, TRW ECG
Fairport

Metro

North Carolina, TRW ECG
Greensbora

Ohio, R.0. Whitesall
Cincinnati

Cleveland

TRW Electronic Components Group

(205} 533-7600

(602) 994-0441

(213) 535-6178
1818) 703-1771
(714) 550-1101
(618} 278-3330

{415) 969-6060
1303) 4260830
1203) 853-4486

1305) 772-3000
(305) 867-3650

1404) 447-8154
(312) 693-7730

(218) 432-5591
(317) 359-9283
{317) 467-9127

(319) 393-8703
(913} 441-6565
(602) 426-7696
301} 964-8110
(617} 870-0745
617) 887-3131

(313} 559-5454
(616) 983-7337
{616) 942-5420

(612) 8546616
(314) 432-2830
(506} 883-1388

(718) 426-3775
(203) 853-4486

(819) 852-4676

(513) 521-2290
(218} 447-9020

Columbus {614) 888-9396
Dayton (513) 2989546
Oregon, TRW ECG

Tigard (503} 620-5032
E. Pennsylvania, TRW ECG

Bala Cynwyd 1215} 667-3400
W. Pennsylvania, R.0. Whitasall

Pittsburgh {412) 9636161
Puerto Rico, Electronic Sales Assoc.

Rio Piedras {609) 759-2911
Tennessee, R.0. Whitesell

Knoxvills (615) 634-9476
Texas Technology Sales Co.

Austin (512) 345-2331
Texas, TRW ECG

Dallas (214) 248-8000
Houston {7113) 772-5841
Texas, SW Sales

El Paso (915) 594-8259

Utah, Straube Assoc.
Salt Lake City
Virginia, TRW ECG

(801) 263-2640

Richmond (804) 288-8334
Washington, TRW ECG

Bellevue {206} 641-9936
Wisconsin, TRW ECG

Brookfield (414) 784-7773

Canada, Renmark Electronic Mkt.
Carleton Place
Toronto

1613) 257-1490
{416) 494-5445

All of our franchised distributors are stocking lacations
for TRW LS| Products.

International Distributors and Representatives

Australia, Total Electronics
Burwaood, Victoria
Austria, Transistor Vertriebs GmbH

{03) 679306

Wien 1222} 8294010
Brazl, TRW Mialbras, S.A.

Sao Paulo 2409211
Denmark, A/S Nordisk Elektronik

Herlev (02) 842000
Eire and Northern Ireland, Neltronic Ltd.

Dublin {001) 501845
Finland, OY Fintronic AB

Helsinki (80) 692-6022
France, Radio Equipements-Antares

Paris {01) 751-08-06
France, RTF

Paris {01) 6641101

Germany, TRW Elek Bauelemente Vertriebs GmbH
Muenchen (089} 7103-0
Germany, Jermyn GmbH

Bad Camberg (08434) 230

Duesseldorf (0211) 203094
Hamburg (040) 5224087
Herrenberg (07032} 20301
Heimstetten (089} 8032001

N3




N4

Hong Kong, Tektron Electronics

Kowloon 3-856199
India, Arrow Electronics International

Bangalore 812-566125
Italy, Exhibo Italiana S.P.A.

Monza (039} 360021
Japan, Nihon Teksel Co. Ltd.

Tokyo {03) 4615121
Korea, Tess-Ko

Seoul (02) 754-2454
Netherlands, Koning en Hartman Elek B.V.

Delft (015} 609306
New Zealand, AWA

Porirua 644375069
Norway, Nordisk Eektronik Norge A/S

Hvalstad (02) 846210
Singapore, Seamax Engineering Private Ltd.
Singapore 65-747-6155
Spain, Unitronics S.A.

Madrid (1) 2425204
Sweden, Nordisk Elektronik AB

Solna (08) 4587349770
Switzerland, Baerlocher AG

Zurich {01) 429900
Taiwan, Sea Union Eng.

Taipei 751-2062
United Kingdom, Hi-Tek Distribution, Ltd.
Cambridge {0223) 213333
Other Foreign Sales Offices not listed

us. (619) 224-3291
Europe {089 7103-0

TRW ECG European Marketing and Sales

Northern Region (U.K., Eire, Sweden, Norway,
Denmark, Finland)

Bedford, United Kingdom 10234 217711
Central Region {W. Germany, Austria, Netherlands,
Switzerland)

Lemgo, West Germany {05261) 12992
Maassluis, West Germany {1899) 20821
Munich, West Germany {089) 71030
Sindelfingen, West Germany (07031) 33011
Southern Region (France, Italy, Belgium, Spain,
Portugal)

Paris, France {01) 7510806

TRW LSI Products are available off the shelf
from the following distributors:

Alabama

Arrow Electronics

3611 Memorial Pkwy South (205} 882-2730
Huntsville, AL 35801

Hall-Mark Electronics

4900 Bradford Drive {205) 837-8700
Huntsville, AL 35807

Hamilton/Avnet

4940 Research Drive {205) 837-7210

Huntsville, AL 35805

Arizona

Arrow Electronics
2127 West 5th Place
Tempe, AZ 85281
Hall-Mark Electronics
4040 E. Raymond
Phoenix, AZ 85040
Hamilton/Avnet

505 S. Madison Drive
Tempe, AZ 85281

California

Arrow Electronics
19748 Dearborn Street
Chatsworth, CA 91311
30941 San Clemente Street
Hayward, CA 94544
1808 Tribute Road #C
Sacramento, CA 85815
9511 Ridgehaven Court
San Diego, CA 92123
521 Weddel Orive
Sunnyvale, CA 34086
2961 Dow Avenue
Tustin, CA 92680
Hall-Mark Electronics
8130 Remmet Avenue
Canoga Park, CA 91304
6341 Auburn Bivd.

Suite D

Citrus Heights, CA 95610
2221 E. Rosecrans Avenue
Suite 104

El Segundo, CA 90245
3878 Ruffin Road, Unit 10B
San Diego, CA 92123
1110 Ringwood Court
San Jose, CA 95131
14831 Franklin Avenue
Tustin, CA 92680

Avnet Inc.

20501 Plummer Street
Chatsworth, CA 91311
350 McCormick

Costa Mesa, CA 82628
Hamilton/Avnet

3002 E. "G" Street
Ontario, CA 91764

4103 Northgate Bivd.
Sacramento, CA 85834
4545 Viewridge Avenue
San Diego, CA 92123
1175 Bordeaux Drive
Sunnyvale, CA 94089
Hamilton Electro Sales
9650 De Soto Avenue
Chatswarth, CA 91311
3170 Pullman Street
Costa Mesa, CA 82626
10950 W. Washington Blvd.
Culver City, CA 90230

LS! Products Division

TRW Electronic Components Group

{602) 868-4800

{602) 437-1200

{602) 231-5142

{818) 701-7500

{415) 487-4300

{916) 925-7456

(619 565-4800

1408] 745-6600

(714 838-5422

1818 716-7300

(916} 722-8500

(213} 643-9101

(618} 268-1201

(408} 946-0300

{114) 669-4700

{818) 700-8666

{714) 7546111

(714) 889-8801

(916} 925-2216

1619 571-7523

{408) 743-3300

818) 700-6501

{714) 641-1410

1213) 558-2000



LS| Products Division
TRW Electronic Components Group

Colorado

Arrow Electronics
1390 S. Potomac Strest
Aurora, CO 80012
Hall-Mark Electronics
6950 S. Tucson Way
Englewaod CO 80112
Hamilton/Avnet

8765 E. Qrchard Road
Suite 708

Englewaood, CO 80111

Connecticut

Arrow Electronics

12 Beaumont Road
Wallingford, CT 06492
Hall-Mark Electronics
33 Village Lane
Wallingford, CT 08482
Hamilton/Avnet
Commerce Industrial Park
Commerce Drive
Danbury, CT 06810

Florida

Arrow Electronics
4902 Creekside Drive
Suite A

Clearwater, FL 33420
1001 N. W. 62nd Street
Suite 108

Ft. Lauderdale, FL 33309

1530 Bottlebrush N.E.

Palm Bay, FL 32905
Hall-Mark Electronics
15301 Roosevelt Blvd. #303
Clearwater, FL 33520

7648 Southland Blvd.

Suite 100

Orlando, FL 32808

3161 S.W. 15th Street
Pompano Beach, FL 33069-4806
Hamilton/Avnet

6801 N.W. 15th Way

Fort Lauderdale, FL 33309
3197 Tech Orive North

St. Petersburg, FL 33702
6347 University Blvd.
Winter Park, FL 32792

Georgia

Arrow Electronics
3155 Northwoods Pkwy
Suite A

Norcross, GA 30071
Hall-Mark Electronics
6410 Atlantic Bivd
Suite 115

Norcrass, GA 30071
Hamilton/Avnet

58250 PeachTree Corners E.
Norcross, GA 30092

{llinois

Arrow Electronics
2000 Algonquin Road
Schaumburg, IL 60195

(303 896-1111

(303) 790-1662

(303) 740-1018

1203} 265-7741

(203) 269-0100

1203) 797-2600

(813) 576-8395

{305) 776-7790

1305) 725-1480

(813) 530-4543

{301) 855-4020

(305} 971-9280

(305} 944-2080
(813) 576-3930

(305) 626-3688

(404) 449-8252

{404) 447-8000

(404} 447-7500

{312) 397-3440

Hall-Mark Electronics
1177 Industrial Drive
Bensenville, IL 60106
Hamilton/Avnet

1130 Thorndale Avenue
Bensenville, IL 60108

Indiana

Arrow Electronics
2718 Rand Road
Indianapolis, IN 46241
Hamilton/Avnet

485 North Grandle Drive
Camel, IN 46032

lowa

Arrow Electronics
375 Collins Road N.E.
Cedar Rapids, A 52402
Hamilton/Avnet

915 33rd Avenue SW.
Cedar Rapids, IA 52404

Kansas

Hall-Mark Electronics
10815 Lakeview Drive
Lenexa, KS 66219
Hamilton/Avnet

9219 Quivira Road
Overland Park, KS 66215

Maryland

Arrow Electronics
6610 Rockledge Drive
Suite 100

Bethesda, MD 20817

8300 Guildford Road
Suite H

Columbia, MD 21046
Hall-Mark Electronics
10240 Old Columbia Road
Columbia, MD 21046
Hamilton/Avnet

6822 Dak Hall Lane
Columbia, MD 21045

Massachusetts
Arrow Electronics
Arrow Drive

Woburn, MA 01801
Hall-Mark Electronics
6 Cook Street
Pinehurst Park
Billerica, MA 01821
Hamilton/Avnet

50 Tower Office Park
Waburn, MA 01801

Michigan

Arrow Electronics
3810 Varsity Drive
Ann Arbor, M! 48104

3510 Roger Chaffee Blvd. S.E.

Grand Rapids, M} 43508
Hamilton/Avnet

2215 28th Street S.E.
Space AS

Grand Rapids, MI 43508
32487 Schoolcraft Road
Livonia, M} 48150

(312) 860-3800

(312) 860-7780

(317) 243-8353

(317) 844-9333

(319 395-7230

(319) 362-4767

1813) 888-4747

1913} 541-7922

(301) 564-3000

1301) 955-0003

1301} 988-3800

1301) 995-3623

1817) 933-8130

1617) 667-0302

(617) 273-7500

(313) 971-8220

(616) 243-0912

(B16) 243-8805

(313) 522-4700
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Minnesota

Arrow Electronics
5230 73rd Street

Edina, MN 55435
Hall-Mark Electronics
7838 12th Avenue South
Bloomington, MN 55420
Hamilton/Avnet

10300 Bren Road East
Minnetonka, MN 55343
Missouri

Arrow Elsctronics
2380 Schuetz Road

St. Louis, MO 63146
Hall-Mark Electronics
13750 Shoreline Drive
Earth City, MO 83045
Hamilton/Avnet

13743 Shoreline Court East
Earth City, MO 63045

New Hampshire

Arrow Elgctronics

1 Perimeter Road
Manchester, NH 03103
Hamilton/Avnet

444 E. Industrial Park Drive
Manchester, NH 03103

New Jersey

Arrow Electronics

2 Industrial Road
Fairfield, NJ 07006
6000 Lincoln Drive East
Marlton, NJ 08053
Hall-Mark Electronics
2091 Springdale Road
Cherry Hill, NJ 08003
107 Fairfield Road
Fairfield, NJ 07008
Hamilton/Avnet

1 Keystone Avenue
Building #36

Cherry Hill, NJ 08003
10 Industrial Road
Fairfield, NJ 07006

New Mexico

Arrow Electronics
2480 Alamo Avenue S.E.
Albuguerque, NM 87108
Hamilton/Avnet

2524 Baylor SE.
Albuguerque, NM 87106

New York

Arrow Electronics
165 Sherwood Avenue
Farmingdale, NY 11735
20 Oser Avenue
Hauppauge, NY 11788
7705 Maltlage Drive
Liverpool, NY 13088
25 Hub Drive

Melville, NY 11747

3375 Brigton-Henritta Town Line Road

Rochester, NY 14623

1612} 830-1800

(612) 854-3223

1612) 932-0600

(314) 567-6888

(314) 291-5350

(314) 3441200

(B03) 668-6968

(603) 624-9400

(201} 575-5300

(609) 595-8000

1609) 424-7300

(201) 575-4415

(608) 424-0100

(207) 575-3390

(505} 243-4566

(505) 765-1500

{516} 293-6363

(516) 231-1000

1318) 652-1000

{516) 634-5800

{716} 427-0300

Hall-Mark Electronics
Building #4, Unit 1A2
One Conac Loop
Ronkonkoma, NY 11779
Hamilton/Avnet

16 Corporate Circle
East Syracuse, NY 13057
933 Motor Parkway
Hauppauge, NY 11768
333 Metro Park
Rochester, NY 14623

North Carolina

Arrow Elsctronics
5240 Greens Dairy Road
Raleigh, NC 27601

938 Burke Street
Winston-Salem, NC 27101
Hall-Mark Electronics
5237 North Boulevard
Raleigh, NC 27604
Hamilton/Avnet

3510 Spring Farest Road
Raleigh, NC 27604

Ohio

Arrow Electronics
7620 McEwen Road
Centerville, OH 45453
6238 Cochran Road
Solon, OH 44139
Hall-Mark Electronics
4460 Lake Forest Drive
Suite 202

Cincinnati, OH 45242
5821 Harper Road
Solon, OH 44139

6130 Sunbury Road, Suite B
Westerville, OH 43081
Hamilton/Avnet

4588 Emery Industrial Pkwy
Cleveland, OH 44128
954 Senate Drive
Dayton, OH 45459

777 Brooksedge Blvd.
Westerville, OH 43081

Oklahoma

Arrow Electronics

4719 South Memorial Drive
Tulsa, OK 74145
Hafl-Mark Electronics
5460 S. 103 E. Avenus
Tulsa, OK 74145

Oregon

Arrow Electronics

10160 S.W. Nimbus Avenue
Suite M3

Tigard, OR 97223
Hamilton/Avnet

6024 SW Jean Road
Building C, Suite 10

Lake Oswego, OR 97034

LS| Products Division

TRW Electronic Components Group

(516) 737-0600

(315) 437-2681

(516} 231-9800

(716] 475-9140

{918) 876-3132

919) 7258711

(819) 872:0712

(819) 878-0810

{513) 4355563

{216} 248-3990

(613) 563-5980

{216} 349-4632

(614) 8914565

(216) 831-3500
1513) 4396700

(614) 882-7004

1818} 665-7700

(818) 665-3200

(503) 684-1690

(503) 635-8157



LS| Products Division

Pennsylvania

Arrow Electronics
650 Seco Road
Monroeville, PA 15146
Hamilton/Avnet

2800 Liberty Avenue
Building E

Pittshurgh, PA 15222

Texas

Arrow Electronics
10125 Metropolitan Drive
Austin, TX 78758

3220 Commander Drive
Carroliton, TX 75008
10899 Kinghurst Drive
Suite 100

Houston, TX 77093
Hall-Mark Electronics
12211 Technology Blvd.
Austin, TX 78727
11333 Pagemill Road
Dallas, TX 75243

8000 Westglen
Houston, TX 77063
Hamilton/Avnet

2401 Rutland Drive
Austin, TX 76758

8750 Westpark Drive
Houston, TX 77063
2111 West Walnut Hill Lane
Irving, TX 75062

Utah

Arrow Electronics

4980 Amelia Earhart Drive
Salt Lake City, UT 84116
Hall-Mark Electronics
302 West 5400 South
Suite 109

Murray, UT 84107

TRW Electronic Components Group

{412) 856-7000

1412) 281-4150

{512) 8354160

(214) 380-6484

(113) 5304700

(512) 258-8848

(214) 343-5000

(113) 781-6100

(512) 837-8911

(713) 7801771

(214) 659-4100

(807} 538-1135

1801) 2683778

Hamilton/Avnet

1585 West 2100 South
Salt Lake City, UT 84119
Virginia

Arrow Electronics
8002 Discovery Orive
Richmond, VA 23288

Waghington

Arrow Electronics
14320 N.E. 21st Strest
Bellevus, WA 98007
Hamilton/Avnet
14212 N.E. 21st Street
Bellevue, WA 98007

Wisconsin

Arrow Electronics

430 W. Rawson Avenue
0Oak Creek, Wi 53154
Hall-Mark Electronics
16265 Lincoln West Avenue
New Berlin, WI 53151
Hamilton/Avnet

2875 Moorland Road

New Berlin, WI 53151

Canada
Hamilton/Avnet
105-2550 Boundary Road
Burnaby, B.C. VAM 323
2816 21st N.E.

Calgary, Alberta

Canada, T2E 622

6845 Rexwood Road, Units 3:5
Mississaugua, Ontario
Canada, L4V 1R2

210 Colonnade Road
Nepean, Ontario
Canada, K2E 7L5

2670 Sabourin Street
St. Laurent, Montreal
Quebec, Can. H4S 1M2

(801) 972-2800

(804) 262.0413

(208) 6424800

(206) 643-3850

1414) 764-6600

1414} 797-7844

{414) 7844510

(604) 437-6667

1403) 230-3586

(416) 677-7432

{613) 2261700

{514) 331-6443
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Application Notes

LS! Products Division

TP-1 “Multiplier-Accumulator Application
Notes” by L. Schirm IV.

Covers the use of multiplier-
accumulators including an explanation
of the clock, input and output controls.
Other discussions include: larger word
accumulations, multiplication plus a
constant, operation with
microprocessors, digital filters and
complex multiplication.

TP-2 “Monolithic Bipolar Circuits for Video
Speed Data Conversion” by W. Bucklen.
Describes the “‘flash’’ A/D converter,
TDC1007J, and the TDC1016J, D/A
converter. Also included are
approaches for extending the
performance of the TDC1007].

TP-4 “Digital Signal Processing for Radar
Systems” by W. Finn.

Describes how VLSI multipliers and
multiplier-accumulators can be used in
a radar signal processor to achieve data
rate reduction, by means of predictive
mechanization; pulse compression,
utilizing an FIR matched filter;
maximum computational capabilities,
via pipelining; and high-speed
convolution, using 2-point DFTs and a
complete FFT processor.

TP-5 “An LSI Approach to Digital Signal
Processing Enhances Telemetry Systems” by
W. Finn.

All aspects of Telemetry have one thing
in common: an increasing need for
high-speed digital signal processing.
The impact of large scale integrated
(LSI) circuitry on telemetry systems is
a topic of increasing importance.
Dependency of real-time digital signal
processors on LSI circuitry is largely
due to the advantages they afford:
smaller size, faster speed, lower power
consumption, more reliability and less
cost. These advantages are over and
above those which can be achieved by
SSI, MIS, or even analog circuitry.

TP-6 “Introduction to the Z-Transform and its
Derivation” by R. Karwoski.

A tutorial discussion of LaPlace and
Z-transforms and their use in sampled
data systems. Application of the
Z-transform to filter synthesis is also
treated.

TRW Electronic Components Group

TP-7A “Hardware Development for a General
Purpose Digital Filter Computing Machine” by
R. Karwoski.

This paper describes the hardware for a
flexible, fast, digital filter computing
machine that can be easily
programmed. Emphasis is on real-time
signal processing, particularly in the
area of digital filtering.

TP-8 “Second Order Recursive Digital Filter
Design with the TRW Multiplier-Accumulators”
by R. Kerwoski,

Develops the fundamental concepts for
second order recursive digital filters
and describes some efficient hardware
implementations using the TDC1010J
multiplier-accumulator.

TP-9 “A Four-Cycle Butterfly Arithmetic
Architecture” by R. Karwoski.

Explains the background of the FFT
and the computational element called
the butterfly. A block diagram of the
FFT processor is presented and the
DAU (Data Arithmetic Unit)
architecture is described in detail. The
text’s description of the four FFT
instructions is supplemented by
computational diagram, block diagrams,
a data flowchart and a timing diagram.

TP-10 “An Introduction to Digital Spectrum
Analysis Including a High-Speed FFT Processor
Design” by R. Karwoski.

Develops the DFT using well-known
continuous Fourier Transform and
series concepts. Common spectrum
analysis terms are defined with respect
to the DFT, and the decimation in time
FFT is derived in detail. Describes the
design of a high-speed FFT processor,
particularly the architecture and address
generation. Also included is an
explanation of the use of bit-slice
microprocessors as FFT sequencers.

TP-16 “An LSI Digital Signal Processor for
Airborne Applications” by L. Schirm IV.
Discusses the background of digital
signal processing with emphasis on
radar processors. Described is a digital
signal processing board, employing a
multiplier-accumulator IC, which
includes the basic processor, address
generators, controller and system
interface.
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TP-17 “Correlation—~A Powerful Technique for
Digital Signal Processing” by J. Eldon.
Correlation techniques find use in
communications, instrumentation,
computers, telemetry, sonar, radar,
medical, and other signal processing
systems. Electronic systems that
perform correlation have been around
for years, but they have been bulky and
inefficient. The development of a new
VLSI chip from TRW LSI Products has
changed this; now correlation can be
performed efficiently with a minimum
number of components.

TP-18 “LSI Multipliers Application Notes.”
Describes larger and smaller word
multiplication, higher speed
multiplication and division using
multiplication.

TP-19 “Non-Linear AID Conversion” by B.
Friend.

Describes the quantization process
necessary to produce a non-linear
transfer function. TRW LSI Products
offers A/D converters which can be
used in place of more expensive or
impractical methods to achieve this
result with a minimum of cost and
effort.

A discussion of a typical TRW A/D
converter includes information on the
internal circuitry of the device and
provides diagrams of circuit
modifications to use with the A/D
converter to improve performance.

TP-22 “A Guide to the Use of the TDC1028;
a Digital Filter Building Block” by F. Williams.
Discusses word and length sizing of
Finite Impulse Response (FIR) digital
filters, and implementation of filters
with different lengths and word sizes.
A circuit to autoload coefficients in
stand-alone applications is also
provided.

TP-23 “A 22-Bit Floating Point Registered
Arithmetic Logic Unit” by J. Eldon.
Introduces the TDC1022, a registered
arithmetic logic unit (RALU), built
with TRW’s dual layer metal, one
micron bipolar Process

(OMICRON-B ™y, Emphasis is on
RALU architecture, and the instruction
microcode. Block diagrams and ALU
function control chart are provided.

TP-24 “A Single Board Floating Point Signal
Processor” by G. Winter and B. Yamashita.
Floating point arithmetic offers many
advantages to the field of digital signal
processing (DSP). This article describes
the realization of a Finite Impulse
Response (FIR) filter using a family of
floating point devices; the TDC1022
Floating Point Adder, the TDC1033
Floating Point Registered ALU, and the
TDC1042 Floating Point Multiplier.

TP-25 “Floating Point Hardware for Digital
Signal Processing” by J. Haight.

Recent advances in VLSI circuitry
make high-speed digital signal
processing (DSP) with wide dynamic
range possible without significant
penalties in cost or hardware overhead.
The architectures of the TDC1022,
TDC1033 and TDC1042 are discussed,
as well as their applications in some
designs.

TP-26 “Floating Point, the Second Generation
for Digital Signal Processing” by J. Haight.
High-speed digital signal processing
(DSP) has recently progressed to a
widely used real or near real-time field.
Today, a new generation of 22-bit
floating point integrated circuits
(TDC1022, TDC1033 and TDC1042)
makes it possible to build circuitry to
handle signals with wide dynamic range
at high speeds and reasonable cost.
This article discusses the architecture of
these ICs and the motivations behind
them. -

TP-27 "Components For Instruments That
Employ Digital Signal Processing Techniques”
by D. Watson.

Applications of fast analog-to-digital
(A/D) converters are expanding into the
measurement and analytical instrument
marketplace. This article discusses A/D
converters as they are used in digital
instruments, reviews ‘‘flash’’ A/D
technology, and presents future
directions of A/D design.

TP-28 “A Floating Point ALU for Digital
Signal Processing” by R. Sierra and G. Covert.
Discusses applications of the TRW LSI
TDC1022, Floating Point Arithmetic
Unit. The architecture of the TDC1022
is discussed, together with several
application examples in the areas of
filtering and spectrum analysis.
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TP-29 “The Use of Floating Point Arithmetic
in Digital Filters and Equalizers” by

F. Williams,

Digital Audio, a high-performance
technology, has undergone rapid
growth during the last few years. This
article describes TRW LSI floating
point processors and how they are used
in digital audio systems to provide
noise control, accurate response
control, and maintenance of effective
SNR. Frequency response high and low
filter graphs are provided.

TP-30 “Understanding Flash A/D Converter
Terminology"” by M. Sauerwald.

A comprehensive list of parameter
definitions that TRW LSI Products uses
in flash A/D converter data sheets.

TP-31 “An Introduction To Two Different
Finite Impulse Response Structures by

F. Wilkiams.

Digital filtering is a rapidly expanding
field, and the design process is not
dramatically different from design
techniques for high-performance analog
filters. However, due to the flexibility
of the digital approach, additional
design decisions are necessary. This
application note presents two different
forms for Finite Impulse Response
(FIR) digital filters. Theoretical
discussion is included.

TP-32 “The TDC1048, A New Low Power
8-Bit A/D Converter” by Dr. D. Packard.

For video speed flash converters,
significant improvements in packaging,
cost, and ease of use can be obtained
by emphasizing low power in the
converter design rather than ultimate
speed. The TRW TDC1048 8-bit flash
converter uses TRW’s OMICRON-B ™
1-micron bipolar process to create a
20MSPS device with dynamic
performance equal to or better than any
comparable speed converter with low
enough power to allow a compact easy-
to-use package. Discussion includes
design and process features as well as
performance characteristics.

TRW Electronic Components Group

TP-33 “Using the TDC1018 and TDC1034 in a
TTL Environment” by D. Watson.

The TDC1018 and TDC1034 digital-to-
analog converters (D/A) were designed
for operation in systems that employ
ECL logic families. However, there are
many TTL systems that require the use
of high-speed D/A converters but have
only +5 Volt power supplies available.
The TDC1018 and TDC1034 can easily
be used in 2 TTL environment; this
application note discusses practical
circuits and clarifies some of the

issues.

TP-35 “High-Speed Color Palette Memory For
The TDC1034 Graphics Ready DAC” by Dan
Watson.

Design of a Color-Palette Memory for
4 and 8-bit ‘‘Graphics-Ready’’ A/D
converters is described herein. Included
are a block diagram and detailed
schematic for 3 x 256 x 4 Color-
Palette. Other related information is
given for CRT graphics applications.

Article Reprints

R-1 ‘‘Packing a Signal Processor onto a
Single Digital Board,’” by L. Schirm
IV, Electronics, December 20, 1979.

Discusses general applications of
multiplier-accumulators and the design
of a single-board FFT processor.

R-2 ‘‘Microprocessor Compatible
Recursive Digital Filters,”’ by Ford,
Youseff-Digaleh and Current

(UC Davis); Proceedings of the IEEE,
April 1979.

Describes the implementation of
recursive digital filters through time-
shared use of a single
multiplier-accumulator.
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R3 “‘A Radix-4 FFT Processor for
Application in a 60-Channel
Transmultiplexer Using TTL
Technology,”’ by Roste, Haaberg and
Ramstad; IEEE Transactions on Acoustics,
Speech and Signal Processing, Vol.
ASSP-27, No. 6, December 1979.

Presents a hardware solution for the
two 128-point DFT processors with a
transform time of 125 sec needed in
a 60-channel transmultiplexer for
conversion between FDM and TDM
signals.

‘‘Design of a 24-Channel
Transmultiplexer,”’ by M. Narashima;
|EEE Transactions on Acoustics, Speech and
Signal Processing; Vol. ASSP-27, No. 6,
December 1979.

Discusses the design of a
transmultiplexer capable of performing
the bilateral conversion between 1544
kbits/sec digital signal and two analog
group signals.

Note: Both articles are included in the
same reprint.

R4 *‘Television Gathers Speed On its
Way from A to D,”’ Broadcast
Communications, September 1979,

Explains the ways in which the TV
broadcast studio is evolving towards
digital implementations. Discusses the
advantages of the digital vs the analog
approach.

R-5 ‘‘Get to know the FFT and take
advantage of speedy LSI building
blocks,”’ by L. Schirm IV; Electronic
Design, April 26, 1979.

Explains the use of the FFT (Fast
Fourier Transform) and how to
implement an FFT processor board
using a multiplier-accumulator.

R6 *‘On the Use of Windows for
Harmonic Analysis with the Discrete
Fourier Transform,”” by F. Harris,
Proceedings of the IEEE, January 1978.

A comprehensive discussion of data
windows and their effect on the
spectrum analysis problem. Key
parameters are identified, and window
options are compared. Applications are
discussed in detail.

R-7 “‘Floating-point chips carve out
FFT systems,‘* by J. Eldon and G.
Winter; Electronic Design, August 4,
1983.

Describes the implementation of real-
time signal processing using a set of
three floating point ICs: the TDC1033,
an arithmetic logic unit with registers;
the TDC1042, a floating point
multiplier; and the TDC1022, a floating
point arithmetic unit.

R-8 ‘‘Quantization Effects on
Differential Phase and Gain
Measurements,’’ by F. Williams and R.
Olsen; SMPTE Journal, November, 1982.

Discusses absolute performance
standards as a means of characterizing
television systems. Equations are
provided which are used to obtain
Differential Phase and Differential Gain
limits for use in the evaluation and
diagnosis of television equipment.

R-9 ‘“‘High speed FIFO memory: theory
and applications,”’ by E. Chocheles and
R. Sierra, Electronic Products, March 28,
1983.

A comprehensive study of the
TDC1030, a First-In First-Out (FIFO)
memory buffer (fixed or variable-length
storage) used in data transfer elements.
Extensive timing analysis is covered in
the article.

R-10 ‘‘One-chip DAC delivers
composite video signal,’”’ by R.
Castleberry and C. Robertson; Electronic
Design, September 1, 1983.

Describes the TDC1018, a low-cost,
digital-to-analog converter that delivers
a composite video signal, capable of
driving high-resolution graphics
displays. Device architecture and
performance specifications are included.

R-11 “‘Single-chip Flash A/D
Converters With Evaluation Boards,”’
by J. Eldon and R. Olsen; Proceedings
|EEE 1982 Region 6 Conference.

Describes TRW LSI Products’ A/D
Converters and optional evaluation

boards. The boards may be used to
evaluate the ICs, or as models for

individual circuit design effects.
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R-12 *“6-bit a-d chip steps up the pace
of signal processing,”” by J. Muramatsu
and R. Olsen; Electronic Design,
September 16, 1982.

Describes the TRW LSI TDC1029, a
6-bit analog-to-digital converter that
samples broadband signals at 100
MegaSamples Per Second (MSPS).
This device increases the real-time
performance of military, medical and
industrial systems.

R-13 ‘‘Video-speed filtering gets its
own digital IC,”” by F. Williams;
Electronics, October 20, 1983.

Describes the TRW LSI TDC1028, a
single-chip filter that is paving the way
to video-speed fixed and adaptive filter
implementations in design processes.

R-14 ‘*‘One-Micron VLSI Chips for
Military Systems,”’ by Dr. J. Eldon,
M. Gagnon and F. Williams; Defense
Electronics, November 1983.

Describes TRW’s one-micron VLSI
chips and their applications for military
systems. The article also discusses the
bipolar 3-D process used in fabricating
the devices, VLSI reliability, and other
topics related to implementation of
these chips.

R-18 “‘Using high speed multipliers for
real time signal processing,’”’ by

R. Sierra; Electronic Products, February
7, 1984.

Complex signal processing can now be
implemented with the precision and
accuracy of digital arithmetic logic
components. This article describes
TRW LSI Multipliers and their
usefulness in filtering and spectrum
analysis.

R-16 ““CMOS comes to high speed
digital signal processing,’’ by

J. Haight; Elsctronic Products, February
1984.

Discusses the possibilities for CMOS:
as geometries continue to shrink, the
improved performance and reduced

power of CMOS make possible a much
greater number of devices on a chip.
This opens up many exciting
possibilities in the digital signal
processing market.

R-17 *‘Digital correlator defends signal
integrity with multibit precision’” by
Dr. J. Eldon; Electronic Design, May
1984.

Correlation serves as the most effective
means of measuring time delays or
detecting weak signals in the presence
of interference. Single-bit digital
correlator chips excel in applications
such as continuous-wave radar, but
often lack precision needed for
matching optical patterns or measuring
ultrasonic time delays. The demand for
greater quantization precision is
satisfied by TRW’s multibit TMC2220,
a general-purpose digital correlator.
Theory and practical applications
presented with applicable diagrams.

R-18 ‘‘High-speed video D/A
converters simplify graphics-display
designs”’ by R. Castleberry; Elactronic
Design News, May 1984.

This article discusses some of the main
features of a graphics-display system
and the resulting tradeoffs, design
parameters and architectures, with
special emphasis on the D/A
conversion process, and the use of the
TRW TDCI1018.

R-19 ‘‘Digital Signal Processing in
Radar” by J. Haight; Defense Electronics,
May 1984,

VLSI adds new dimensions to radar
and EW signal processing. Much of the
current work in radar consists of
implementing ideas formulated right
after World War II. As technology
grows, so does the potential
performance of radar, especially as
related to digital signal processing,
which has made the biggest difference
in radar performance in the last decade.
This article discusses the benefits of
using DSP components with respect to
radar. Detailed diagrams accompany
the text.
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R-21 ‘‘Multiplier-accumulator derives
high performance from 1-micron
CMOS”’ by F. Williams; Electranic
Dasign, October 1984.

This discussion of 1-micron CMOS
technology includes background
information on the TRW TMC2160, a
CMOS multiplier-accumulator. Topics
covered are: choosing a number
format, flexible control structure,
slowing down word growth, and
rounding for precision. In-depth
diagrams accompany the text.

R-22 “‘Digital correlators suit military
applications’’ by Dr. J. Eldon; Electronic
Design News, August 1984,

This article presents the theory behind
correlation and how it can serve
applications ranging from spread-
spectrum communications to optical
alignment. With the advent of high-
speed, low-power digital correlators
such as the TRW CMOS TMC2220,
which can overcome the calibration
drift that analog correlators can exhibit
when exposed to varying operating
temperatures and voltages, digital
correlators seem to be the direction of
the future.

The Application Notes and Article
Reprints listed above are available upon
request from TRW LSI Products.

R23 “DSP ICs — A Look Ahead’ by
Robert R. Yamashita; Integrated Circuits
Magazine, October 1984,

The author examines how the
evaluation of IC fabrication has brought
about changes in the field of DSP. The
advent of improved CMOS technology
coupled with substantially more
sophisticated CAE now affords
revolutionary new product designs for
DSP chips.

R-24 ‘‘Increased A/D Resolution
Improves Image Processing’’ by Ellen
Chocheles; Electronic Products Magazine
October 15, 1984.

The article describes the benefits of
utilizing a TDC1048 as a low-cost 8-bit
flash converter for improved systems
performance without extensive design
overhead.

R-25 ‘‘High-Speed D/A Converters
Yield Precision Graphics’’ by Randel
Castleberry; Computer Design November
1984,

Megasample-per-second chips improve
resolution, precision and flexibility of
computer system displays.

The Application Notes and Article
Reprints listed above are available upon
request from TRW LSI Products.
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