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DESIGNERS’ HANDBOOK
AND CATALOG

The selection of the best PIN diode for a
given application is resolved, in many in-
stances, through some combination of tech-
nical knowledge, prior experience, and ‘“cut-
and-try” evaluation. The main purpose of the
PIN DIODE DESIGNERS’ HANDBOOK and
CATALOG is to help make this process more
efficient, through a better understanding of
now the performance of a given diode relates
to the requirements of a specific application.
To facilitate this selection process, this
handbook contains in addition to data
sheets, a condensed Selection Guide (Sec-
tion Il) plus information on PIN diode device
fundamentals and applications (Sections V
and Vi) that relate diode electrical, physical
and semiconductor characteristics to re-
quired circuit functions.

© 1984, by Unitrode Corporation. All rights reserved.

Unitrode Corporation makes no representation that the
use or interconnection of the circuits described herein
will not infringe on existing or future patent rights, nor
do the descriptions contained herein imply the granting
of licenses to make, use or sell equipment constructed
in accordance therewith.

NOTE: The information presented in this bulletin is
believed to be accurate and reliable. However, no
responsibility is assumed by Unitrode Corporation for
its use.
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UNITRODE PIN DIODES

Unitrode PIN Diodes....With Special
Features for Demanding Applications

Unitrode PIN diodes have been providing
solutions for difficult RF switching Applica-
tions for over 10 years. Our special diode
designs and “fused-in-glass” packaging pro-
vided the answers on Viking, Safeguard, Tri-
dent, F-16, DSCS and countless other military
programs requiring the high level of reliabil-
ity and performance that is inherent in
Unitrode PIN diodes.

High RF power handling and low distortion
have become synonymous with Unitrode. Uni-
trode, in fact, offers PIN diodes that control
power levels from milliwatts to tens of kilo-
watts, utilizing wide ranges of forward bias

current, and reverse bias voltage that can fre-
quently be as low as zero volts. Useful opera-
ting frequencies range from 500 kHz to well
above 1 GHz. Such performance is the result
of chip designs, semiconductor material and
processes all carefully controlled for resistiv-
ity, minority carrier lifetime, and “I”’ region
thickness.

Unitrode has developed specific diodes for
commercial and industrial as well as for
military applications. Manufacturing costs
have been reduced as a result of increased
usage in certain applications. The UM9401
and UM9415 switch diodes, and UM9301
attenuator diode are examples that offer
clear economic as well as performance ad-
vantages.

THE UNITRODE “FUSED-IN-GLASS” CONSTRUCTION

The proven ‘““fused-in-glass’ construction
of Unitrode diodes is responsible in large part
for their outstanding performance as PIN
diodes. The figure below shows the basic Uni-
trode PIN diode construction. Not only does
this construction result in /ow electrical
losses and low thermal impedance, with con-
sequently higher power capability, but it also
yields high reliability under adverse tempera-
ture, acceleration, shock, and vibration con-
ditions.

HARD GLASS
FUSED TO
SILICON SURFACE

TERMINAL PINS
METALLURGICALLY

BONDED
DIRECTLY TO SILICON

Fused-in-Glass Diode

The diodes are fabricated with full-faced
metallurgical bonds between the silicon PIN
UNITRODE CORPORATION ¢« 5 FORBES ROAD

LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064

chip and two metal pins. This bonding takes
place at a temperature of approximately
1000°C in a controlled atmosphere. Because
the pin metal is chosen to match the low ther-
mal coefficient of expansion of silicon, the
resultant bond is completely unstressed. The
metal-silicon assembly is then fused to a
sleeve of hard glass at approximately 800 °C.
Since no varnish, epoxy, or other passivation
is used, the silicon junction sees only this
hyper-pure compatible glass. By also match-
ing the thermal coefficient of expansion of
the glass to the silicon and pins, the com-
plete diode package can successfully with-
stand repeated temperature shocks and cy-
cling, from liquid nitrogen (—196°C) up to
+300°C. Subsequent bondings of the basic
Unitrode diode to mounting hardware such
as leads and studs, are all made at
temperatures in excess of 400°C. Thus the
diode package resulting from this process, is
a stress relieved, highly stable unit capable
of sustained operation under extreme power
and temperature conditions.
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ORDERING INFORMATION

Order Unitrode PIN diodes by specifying your
choice as follows:

Unitrode PIN diodes consist of the letters
UM followed by four digits and one or two let-
ters. The first two digits indicate the diode
series, while the next two digits specify the
voltage rating (V) in hundreds of volts. The
remaining letters denote the specific
package style. On non-symmetrical stud
mounted packages, reverse polarity (anode
on stud end) is available in C and D styles
and denoted by adding a second letter R.

For Example:

um 70 01
Series uwooo/ /

4
Vg (100 voits)

C R

\ Reverse Polarity
Packagé Style C

There are six other standard diodes that offer
a single package outline and single voltage
rating. These are ordered by their part num-
bers, without suffixes, as follows: UM9301,
UMB9401, UM9402, UM9415, 1N5767, 1N5957.

High Reliability Screening

Unitrode offers a standard high reliability
screening program called “HR201M Screen-
ing” for PIN DIODES. Parts with this screen-
ing can be ordered from the factory by so
indicating as part of your order. See page on
“Reliability Screening*, for futher informa-
tion and the Unitrode O.E.M. Price List for
costs.

Terms and Conditions

All factory orders are subject to a $250
minimum charge. Diodes with round axial
leads (suffix-B) are also available from your
local Unitrode distributor.

Orders are F.O.B. factory.

Terms: Net 30 days.

UNITRODE CORPORATION e 5FORBES ROAD e LEXINGTON, MA 02173 » TEL. (617) 861-6540 © TWX (710) 326-6509  TELEX 95-1064
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UNITRODE REGIONAL OFFICES

SALES OFFICES

Eastern Area Office, Door 7 — Lakeside Office Park, North Avenue, Wakefield, MA 01880, Tel. (617) 245-3010,

TWX 710-348-1733

Metropolitan New York Office, 351 Larkfield Road, Suite 4, East Northport, NY 11731, Tel. (516) 368-0956,

TWX 510-226-6997 .

Capitol Region, 10630 Little Patuxent Parkway, Suite 315, Columbia, MD 21044, Tel. (301) 995-0994, 0996

TWX 701-862-1911

Southeast Office, 8001 North Dale Mabry Highway, Suite 801D, Tampa, FL 33614, Tel. (813) 932-5807,

TWX 810-876-0886

Mid-America Area Office, 121 South Wilke Road, Suite 103, Arlington Heights, IL 60005, Tel. (312) 394-5240,

TWX 910-233-0168

South Central Office, 13999 Goldmark, Suite 460, Dallas, TX 75240, Tel. (214) 231-8700, TWX 910-867-4738
Rocky Mountain Area, 9200 W. Cross Drive, Suite 413, Littleton, CO 80123, Tel. (303) 972-2693, TWX 910-333-2905
Western Area Office, 5530 Corbin Avenue, Suite 328, Tarzana, CA 91356, Tel. (818) 705-8085, TWX 910-494-5964
Southwest Office, 1700 E. Dyer Road, Suite 190, Santa Ana, CA 92705, Tel. (714) 261-1546, TWX 910-595-1999
Northwest Office, 2444 Moorpark Avenue, Suite 319, San Jose, CA 95128, Tel. (408) 294-4210, TWX 910-338-0126

DOMESTIC REPRESENTATIVES

ALABAMA

Advanced Components Mktg.
Huntsville

205-881-5493

ARIZONA

Compass Mktg. & Sales, Inc.
Phoenix
602-996-0635

Compass Mktg. & Sales, Inc.
Tucson

602-293-1220

ARKANSAS

See Texas

CALIFORNIA — NORTHERN
12 Inc.

Santa Clara

408-988-3400

CALIFORNIA — SOUTHERN
Centaur Corp.

Irvine
714-261-2123

Centaur Corp.
San Diego
619-278-4950

Centaur Corp.
Woodland Hills
818-704-1655

COLORADO

Component Sales, Inc.
Denver (Englewood)
303-779-8060

CONNECTICUT

Kanan Associates
Brookfield
203-775-0494

DELAWARE
See Pennsylvania-Eastern

UNITRODE CORPORATION « 5 FORBES ROAD
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DISTRICT OF COLUMBIA
See Maryland

FLORIDA

Delmac Sales, Inc.
Orlando
305-898-4688

Delmac Sales, Inc.
Ft. Lauderdale
305-739-0016

Delmac Sales, Inc.
Clearwater
813-447-5192

Delmac Sales, Inc.
Palm Bay
305-724-8377
GEORGIA

See Alabama

IDAHO
See Washington

ILLINOIS — NORTHERN
Oasis Sales Corp.

Elk Grove Village
312-640-1850

ILLINOIS — SOUTHERN

See Missouri

INDIANA

Shamrock Associates
Carmel
317-848-5265

IOWA

Rush & West Associates
Davenport
319-326-3091

KANSAS

Rush & West Associates
Olathe
913-764-2700

KENTUCKY
See Ohio

LOUISIANA
See Texas

MAINE
See Massachusetts

MARYLAND

New Era Sales, Inc.
Severna Park
301-544-4100
MASSACHUSETTS

Kanan Associates
Needham
617-449-7400

Byrne Associates, (DEC only)
Maynard
617-897-3131

MICHIGAN
Miltimore Sales, Inc.
Novi

313-349-0260

Miltimore Sales, Inc.
Grand Rapids
616-942-9721

MINNESOTA

Aldridge Associates
Eden Prairie
612-944-8433

MISSISSIPPI
See Alabama

MISSOURI

Rush & West Associates
Ballwin
314-394-7271

MONTANA
See Colorado
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SALES OFFICES

DOMESTIC REPRESENTATIVES (Continued)

NEBRASKA
See Missouri

NEVADA — NORTHERN
See California — Northern

NEVADA — SOUTHERN
See Arizona

NEW HAMPSHIRE
See Massachusetts

NEW JERSEY — NORTHERN

TA.M,, Inc.

Cedar Knolls

201-285-9094

NEW JERSEY — SOUTHERN
See Pennsylvania — Eastern

NEW MEXICO

Compass Mktg. & Sales, Inc.
Aibuquerque

505-888-0800

NEW YORK — METROPOLITAN
AND LONG ISLAND

TAM., Inc.

South Hauppauge

EE A

JL0-345-UsUU

NEW YORK — UPSTATE
Reagan/Compar Albany, Inc.
Albany

518-489-7408
Reagan/Compar Albany, Inc.

New Hartford
315-732-3775

Reagan/Compar Albany, Inc.
Fairport
716-271-2230

Reagan/Compar Albany, Inc.
W. Henrietta
716-271-2230

Reagan/Compar Albany, Inc.

Endwell
607-723-8743

Reagan/Compar Albany, Inc.
Endwell

607-754-8946

NORTH CAROLINA

J & B Sales
Raleigh
919-878-8600

NORTH DAKOTA
See Minnesota

OHIO
Thompson and Associates

Dayton
513-435-7733

UNITRODE CORPORATION « 5 FORBES ROAD
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Thompson and Associates
Beachwood
216-831-6277

Thompson and Associates
Columbus
614-272-2086

OKLAHOMA
See Texas

OREGON

Jas. J. Backer Company
Portland

503-257-8744
PENNSYLVANIA — EASTERN

Omni Sales
Erdenheim
215-233-4600

PENNSYLVANIA — WESTERN
Thompson and Associates
Mars '
412-776-6495

RHODE ISLAND

See Massachusetts

SOUTH CAROLINA

See North Carolina

SOUTH DAKOTA
See Minnesota

TENNESSEE
See Alabama

TEXAS

Sundance Sales, Inc.
Dallas (Plano)
214-867-0592

Sundance Sales, Inc.
Austin
512-339-6611
Sundance Sales, Inc.

Houston
713-772-4988

UTAH

Component Sales, Inc.
Salt Lake City
801-268-8440

VERMONT
See Massachusetts

VIRGINIA
See Maryland

10

WASHINGTON

Jas. J. Backer Company
Seattle

206-285-1300

WEST VIRGINIA

See Western Pennsylvania

WISCONSIN
Oasis Sales Corp.
Brookfield
414-782-6660
WYOMING

See Colorado
CANADA

Kaytronics Limited
Quebec
514-367-0101

Kaytronics Limited
Concord, Ontario
416-669-2262

Kaytronics Limited
Surrey
604-581-5005
Kaytronics Limited

Kanata, Ontario
613-592-6606
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DOMESTIC DISTRIBUTORS

ALABAMA

Arrow Electronics/Huntsville
205-882-2730

Hall-Mark/Huntsville
205-837-8700

Hamilton/Avnet/Huntsville
205-837-7210
ARIZONA

Arrow Electronics/Phoenix
602-968-4800

Hall-Mark/Phoenix
602-243-6601

Hamilton/Avnet/Tempe
602-275-5100
CALIFORNIA — NORTHERN

Arrow Electronics/Sunnyvale
408-745-6600

Capsco Sales/Sunnyvale
408-734-3020

Hall-Mark/Sunnyvale
408-773-9990
Hall-Mark/Sacramento
916-722-8600
Hamilton/Avnet/Sacramento
916-925-2216

Hamilton/Avnet/Sunnyvale
408-743-3355

Zeus Components/Santa Clara
408-727-0714
CALIFORNIA — SOUTHERN

Arrow Electronics/Chatsworth
818-701-7500

Arrow Electronics/Newport Beach
714-838-5422

Arrow Electronics/San Diego
619-565-4800

Avnet Electronics/Chatsworth
818-700-2600

Avnet Electronics/Costa Mesa
714-754-6111

Avnet Electronics/Los Angeles
213-558-2345

Hamilton/Avnet/Ontario
714-989-4602

Hamilton/Avnet/San Diego
619-571-7510
Hall-Mark/West Los Angeles
213-643-9101

Hall-Mark/San Diego
619-268-1201

Hall-Mark/San Fernando Valley
818-716-7300

Hall-Mark/Qrange County
714-669-4700

Hamilton Electro Sales/Costa Mesa
714-641-4152

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 » TELEX 95-1064

Hamilton Electro Sales/Culver City
213-558-2121

Hamilton Electro Sales/S.F.V.
818-700-6500

Zeus Components/Anaheim
714-632-6880.
COLORADO

Arrow Electronics/Aurora
303-696-1111

Hall-Mark/Denver
303-790-1662

Hamilton/Avnet/Englewood
303-779-9998
CONNECTICUT

Arrow Electronics/Wallingford
203-265-7741

Hall-Mark/Wallingford
203-269-0100

Hamilton/Avnet/Danbury
203-797-2800
FLORIDA

Arrow Electronics/Clearwater
813-576-8995

Arrow Electronics/Palm Bay
305-725-1480

Arrow Electronics/Ft. Lauderdale
305-776-7790

Hall-Mark/Ft. Lauderdale
305-971-9280

Hall-Mark/Orlando
305-855-4020

Hall-Mark/Tampa-St. Petersburg
813-530-4543

Hamilton/Avnet/Ft. Lauderdale
305-971-2900

Hamilton/Avnet/Melbourne
305-725-2700

Hamilton/Avnet/St. Petersburg
813-576-3930

Hamilton/Avnet/Orlando
305-628-3888

Zeus Components/Oviedo
305-365-3000
GEORGIA

Arrow Electronics/Norcross
404-449-8252

Hall-Mark/Norcross
404-447-8000

Hamilton/Avnet/Norcross
404-447-7507

ILLINOIS

Arrow Electronics/Schaumburg
312-397-3440
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Hall-Mark/Bensenville
312-860-3800

Hamilton/Avnet/Bensenvilie
312-860-7700
INDIANA

Arrow Electronics/Indianapolis
317-243-9353

Hamilton/Avnet/Carmel
317-844-9333
IOWA

Arrow Electronics/Cedar Rapids
319-395-7230

Hamilton/Avnet/Cedar Rapids
319-362-4757
KANSAS

Hall-Mark/Lenexa
913-888-4747

Hamilton/Avnet/Overland Park
913-888-8900
MARYLAND

Arrow Electronics/Baltimore
301-995-0003

Hall-Mark/Columbia
301-988-9800

Hamilton/Avnet/Columbia
301-995-3500

Zeus Components/Columbia
301-997-1118
MASSACHUSETTS

Arrow Electronics/Woburn
617-533-8130

Hall-Mark/Billerica
617-935-9777

Hamilton/Avnet/Woburn
617-273-7500

Lionex Corporation/Burlington
617-272-9400

Zeus Components/Burlington
617-863-8800
MICHIGAN

Arrow Electronics/Grand Rapids
616-243-0912

Arrow Electronics/Ann Arbor
313-971-8220

Hamilton/Avnet/Grand Rapids
616-243-8805

Hamilton/Avnet/Livonia
313-522-4700

MINNESOTA

Arrow Electronics/Edina
612—830-1800
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SALES OFFICES

DOMESTIC DISTRIBUTORS (Continued)

Hall-Mark/Bloomington
612-854-3223

Hamilton/Avnet/Minnitonka
612-932-0600
MISSOURI

Arrow Electronics/St. Louis
314-567-6888

Hall-Mark/Earth City
314-291-5350

Hamilton/Avnet/Earth City
314-344-1200
NEW HAMPSHIRE

Arrow Electronics/Manchester
603-668-6968

Hamilton/Avnet/Manchester
603-624-9400
NEW JERSEY — NORTHERN

Arrow Electronics/Fairfield
201-575-5300

Hall-Mark/Fairfield
201-575-4415

Hamilton/Avnet/Fairfield
201-575-3390

Lionex Corporation/Fairfield
201-227-7960
NEW JERSEY — SOUTHERN

Arrow Electronics/Marlton
609-596-8000

Hall-Mark/Cherry Hill
609-424-7300

Hamilton/Avnet/Cherry Hill
609-424-0100
NEW MEXICO

Arrow Electronics/Albuquerque
505-243-4566

Hamilton/Avnet/Albuquerque
505-765-1500
NEW YORK

Arrow Electronics/Hauppauge
516-231-1000

Arrow Electronics/Liverpool
315-652-1000

Arrow Electronics/Rochester
716-427-0300

Hall-Mark/Ronkonkoma
516-737-0600

Hamilton/Avnet/Melville
516-231-9800

Hamilton/Avnet/Rochester
716-475-9130

Hamilton/Avnet/Syracuse
315-437-2641

Lionex Corporation/Hauppauge
516-273-1660
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Zeus Components/Port Chester
914-937-7400
NORTH CAROLINA

Arrow Electronics/Raleigh
919-876-3132

Arrow Electronics/Winston-Salem
919-725-8711

Hall-Mark/Raleigh
919-872-0712

Hamilton/Avnet/Raleigh
919-878-0810
OHIO0

Arrow Electronics/Centerville
513-435-5563

Arrow Electronics/Solon
216-248-3990

Hall-Mark/Cincinnati
513-563-5980

Hall-Mark/Cleveland
216-349-4632

Hall-Mark/Columbus
614-882-7004

Hamilton/Avnet/Cleveland
216-831-3500

Hamilton/Avnet/Dayton
513-433-0610

Hamilton/Avnet/Westerville
614-436-5851
OKLAHOMA

Arrow Electronics/Tulsa
918-665-7700

Hall-Mark/Tulsa
918-665-3200
OREGON

Hamilton/Avnet/Portland
503-635-8831

Arrow Electronics/Portland
503-684-1690
PENNSYLVANIA

Arrow Electronics/Pittsburgh
412-856-7000

Hall-Mark/Philadelphia
215-355-7300

Lionex/Horsham

215-443-5150

RHODE ISLAND

Arrow Electronics/E. Providence
101-431-0980

TEXAS

Arrow Electronics/Austin
512-835-4180

Arrow Electronics/Dallas
214-380-6464

12

Arrow Electronics/Houston
713-530-4700

Hall-Mark/Austin
512-258-8848

Hall-Mark/Dallas
214-341-1147

Hall-Mark/Houston
713-781-6100

Hamilton/Avnet/Austin
512-837-8911

Hamilton/Avnet/Houston
713-780-1771

Hamilton/Avnet/Irving
214-659-4111

Lenert Co., Inc./Houston
713-225-1465

Zeus Components/Dallas
214-783-7010
UTAH

Arrow Electronics/Salt Lake City
801-972-0404

Hamilton/Avnet/Salt Lake City
801-972-2800

VIRGINIA

Arrow Electronics/Richmond
804-282-0413

WASHINGTON

Arrow Electronics/Bellevue
206-643-4800

Hamilton/Avnet/Seattle
206-453-5844
WISCONSIN

Arrow Electronics/Oak Creek
414-764-6600
Hall-Mark/QOak Creek
414-761-3000

Hamilton/Avnet/New Berlin
414-784-4510

CANADA

Future Electronics/Downsview
416-663-5563

Future Electronics/Ottawa
613-820-8313

Future Electronics/Point Claire
514-694-7710

Future Electonics/Vancouver
604-438-5545
Hamilton/Avnet/Calgary
403-230-3586
Hamilton/Avnet/Montreal
514-335-1000
Hamilton/Avnet/Nepean
613-226-1700
Hamilton/Avnet/Toronto
416-677-7432

Hamilton/Avnet/Vancouver
604-272-4242
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UNITRODE SALES OFFICES

SALES OFFICES

Corporate International and Asian Regional Sales Office, 5 Forbes Road, Lexington, MA 02173 Tel. (617) 861-6540,

Telex 95-1064

Unitrode Electronics GmbH, Hauptstrasse 68, 8025 Unterhaching, West Germany Tel. 089/6190 04/05/06,

Telex 841-05-22-109

Unitrode (U.K.) Limited, 6 Cresswell Park, Blackheath, London SE3 9RD, United Kingdom Tel. 01-318-1431/4,

Telex 896270

Unitrode S.R.L., Via Dei Carracci, 5, 20149 Milano, ltaly Tel. 439-6831, 434 604, Telex 310085 UNITRD |
Unitrode-Ireland, Ltd., Industrial Estate, Shannon, County Clare, Ireland Tel. 353-61-62377, Telex 26233

INTERNATIONAL AGENTS — DISTRIBUTORS

AUSTRALIA

VSI Electronics (Australia) Pty. Ltd.
P.0. Box 578

Crows Nest N.S.W. 2056

Tel: 439-4655

TELEX: 22846

AUSTRIA

Dahms Elektronik
Wienerstrasse, 287
1-8051 Graz

Tel: (0316) 64.0.30
TELEX: 031099

BELGIUM

J.P. Lemaire
Limburg Stirum 243
1810 Wemmel

Tel: 478 73-08
TELEX: 846-24610

BRAZIL

Hi Tech Comercial & Industrial Ltda.

Av. Eng. Luiz Carlos Berrini,
801, Cj. 121

Cidade Moncors

04 571 Sao Paulo

Tel: (011) 533-9566

TELEX: 11-53288 HT HB BR

DENMARK

Ditz Schweitzer A/S
Vallensbaekvej 41
DK-2600 Glostrup
Tel: 2-45 30 44
TELEX: 855-33257

EASTERN EUROPE

Dahms Elektronik
Wienerstrasse, 287
1-8051 Graz

Tel: (0316) 64.0.30
TELEX: 031099

FINLAND

Turion Oy

P.0. Box 24

SF-00781 Helsinki

Tel: 3580 372144
TELEX: 124388 Eurio SF

UNITRODE CORPORATION » 5 FORBES ROAD
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FRANCE

Spetelec

Tour Europa, 111
94532 Rungis Cedex
Tel: (1) 686 5665
TELEX: 250 801 F

Spetelec

41, Av. Des Fréres Lumiere
69680 Chassieu

Tel: (7) 840 1006

TELEX: 375444 F

UniRep

Zone d'Activités ‘Les Godets'

CE No. 433

91374 Verrierés Le Buisson Cedex
Tel: (6) 920 0364

TELEX: 603 131

C.C.l.

Z. 1. - Rue M. Berthelot
92160 Antony Cedex
Tel: (1) 666 2182
TELEX: 203 881 F

C.C.l

67, Rue Bataille
69008 Lyon

Tel. (7) 874 4456
TELEX: 375456 F

GERMANY

Unitrode Electronics GmbH
Hauptstrasse 68

8025 Unterhaching

Tel: 089/6190 04/05/06
TELEX: 841-05-22-109

EBV Elektronik GmbH
Oberweg 6

8025 Unterhaching
Tel: (089) 611051
TELEX: 524535

EBV Elektronik GmbH
Oststrasse 129

4000 Dusseldorf

Tel: 0211-84-84-6/7
TELEX: 08587267

EBV Elektronik GmbH
Schenckstrasse 90
6000 Frankfurt/Main 99
Tel: 069 785037

TELEX: 413590
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EBV Elektronik GmbH
Kibitzrain 18

3006 Burgwedel 1
Tel: 05139/5038
TELEX: 0923694

EBV Elektronik GmbH
Alexanderstrasse 42
7000 Stuttgart 1

Tel: 0711/24 74 81
TELEX: 0722271

Metronik GmbH
Kapellenstrasse 9
8025 Unterhaching
Tel: 089-6114063
TELEX: 0529524

Metronik GmbH
Siemenstr. 92
6803 Heddesheim
Tel: 06203-4701
TELEX: 465035

Metronik GmbH

Lauf am Holz Str. 11
8500 Ntirnberg

Tel: 0911/423037/38
TELEX: 626205

Metronik GmbH
Semerteich Str. 92
4600 Dortmund 30
Tel: 0231/423037-38
Telex: 8227082

Frehsdorf GmbH
Carl-Zeiss-Strasse 3
2085 Quickborn
Tel: 04106-71058
TELEX: 0213693

Frehsdorf GmbH
Herbststr. 1

8200 Rosenheim

Tel: 08031/37085-86
TELEX: 525865

Frehsdorf GmbH
Schluterstr. 30
1000 Berlin 12
Tel: 030-8839040
TELEX: 185418
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HONG KONG

CET, Ltd.

10/F, Hua Hsia Building
64-66 Gloucester Road
Tel: 5-200922

TELEX: 85148 CET HX

INDIA

Sujata Sales and
Exports Ltd.

112 Bajaj Bhavan
11th Floor
Nariman Point
Bombay 400 021
Tel: 234658
TELEX: 011-3855

IRELAND

New England Technical Sales Ltd.
Stonehaven, Dublin Road
Malahide, Co. Dublin

Tel: (01) 450-635

TELEX: 31407

New England Technical Sales Ltd.
Castle Roberts

Adare

Co. Limerick

Tel: 061-94301

ISRAEL

S.T.G. International, Ltd.
10 Huberman Street
P.O. Box 1276

Tel-Aviv 61012

Tel: 03-248231

TELEX: 922-342229

ITALY

Unitrode S.R.L.

Via Dei Carracci, 5
20149 Milano

Tel: 431-831

Tel: 434-604

TELEX: 310085 UNITRD 1

Eurelettronica S.R.L.
Via Mascheroni, 20

20145 Milano

Tel: (02) 498 1851

TELEX: 332102

Fanton Milano, S.R.L.

Via Melegnano, 20

20019 Settimo Milanese M
Tel: (02) 328 7312

TELEX: 350 8531

Dimac Elettronica S.R.L.

Via Santa Maria alle Selve, 4
20046 Biassono M|

Tel: (039) 491514

TELEX: 316518

Fanton Electronic System S.R.L.
Via Savelli, 1

35129 Padova

Tel: 049-77-5822

TELEX: 430192

Fanton Bologna S.R.L.

Via Machiavelli, 16

40069 Riale Di Zola Predosa BO
Tel: (051) 751710

TELEX: 216613

Fanton Torino S.R.L.
Via Cimabue, 5
10137 Torino TO
Tel: (011) 309 7347
TELEX: 224129

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064

C.F. SNC

Via Andrea del Castagno, 34
00142 Roma Eur RM

Tel: (6) 541 0947

TELEX: 620035

JAPAN

Rikei Corporation

Shinjuku Nomura Bldg.

1-26-2 Nishi-Shinjuku

Shinjuku-Ku

Tokyo 160

Tel: Tokyo (03) 345-1411

TELEX: J24208, J23772

Cable Address: “RIKEI-
GOOD"” Tokyo

KOREA R.O.K.

Duksung Trading Co.
P.0. Box 31 Nam-Seoul,
Room 301 Jinwon Bidg.
507-30 Sinrim 4-Dong.
Gwanak-Ku

Tel: 854-5047

TELEX: K23459 Duksung Seoul

NETHERLANDS

Koning en Hartman
Elektrotechniek B.V.
2544 En The Hague
30 Koperwerf

Tel: 70-210101
TELEX: 31528

NEW ZEALAND

Professional Electronics
22 A Milford Road
Auckland

Tel: 493-029, 499-048
TELEX: NZ21084

NORWAY

Neco A/S

Postboks 29-Lindeberg Gard
Jerikoveien 22-Oslo 10

Tel: 30 12 30

TELEX: 19247

SINGAPORE

Desner Electronic PTE, Ltd.
190 Middle Road, #16-07
Fortune Centre

Singapore 0718

Tel: 337-3188

TELEX: RS 39191

SOUTH AFRICA

Electrolink (Pty) Ltd.
Fleetway House

Martin Hammerschlag Way
Foreshore, Capetown

Tel: 215350

TELEX: 5-27320

SPAIN

Monolithic

Calle Fresser, 52
Barcelona - Y
Tel: (3) 347 4155
TELEX: 98 206 E
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SWEDEN

AB Betoma

Box 3005

S-171 03 Solna
Tel: 08 820280
TELEX: 854-19389

DISTRIBUTOR

Fertronic AB
Snoermakarvaegen 35
Box 56

161 26 Bromma

Tel: 08252610
TELEX: 11181

SWITZERLAND

Elkom AG
Dorfstrasse 30
CH-5624 Buenzen
Tel: 57-462191
TELEX: 57302

TAIWAN

Holy Stone Enterprise Co.

8-2 FI. 15 HSIN, 1 Road Section 2
Taipei 106

Tel: 341-2493

TELEX: 13867 HOLYSTON

UNITED KINGDOM

Unitrode (U.K.) Limited

6 Cresswell Park

Blackheath London SE3 9RD
Tel: 01-318-1431/4

TELEX: 896270

REPRESENTATIVE

Candy Electronic Components
Old Mill Lane

Aylesford

Maidstone, Kent ME20 TDT
Tel: 0622-70774/5

TELEX: 965998

DISTRIBUTORS

The House of Power
(Semiconductors)

Electron House

Cray Avenue, St. Mary Cray
Orpington, Kent BR5 3QJ
Tel: 0689 71531/7

TELEX: 896141

Thame Components Ltd.
(Semiconductors)
Thame Park Road
Thame, Oxon OX9 3XD
Tel: 084-421-4561
TELEX: 837917
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PACKAGE AND CHIP CONSIDERATIONS
WHEN SELECTING A PIN DIODE

As described on page 7 of the guide, Uni-
trode PIN diodes offer a unique highly reli-
able package due mainly to a voidless con-
struction and whiskerless metallurgically
bonded design. Aside from its mechanical in-
tegrity and high reliability, Unitrode PIN
diodes offer significant electrical and ther-
mal advantages in comparison to PIN diodes
manufactured by other suppliers. For the
same basic electrical characteristics of for-
ward resistance (Rg), and total capacitance
(C,), the Unitrode PIN diode is generally con-
structed using a PIN chip that has a thicker
l-region, larger cross sectional area and
longer carrier lifetime. This results in PIN

diodes that produce lower signal distortion
at all frequencies and power levels as well as
devices that are capable of handling greater
average and peak power than those manu-
factured by conventional techniques.

In addition, since there are no ribbons or
whiskers within the Unitrode diode package,
parasitic resistance and inductance are min-
imized. Although the forward resistance (Rs)
of Unitrode PIN diodes is specified at
100 mA, many diodes are employed at for-
ward currents of 1 ampere and beyond in
order to achieve significantly lower
resistance.

APPLICATION CHART

The Application Chart highlights the PIN
diodes generally recommended for RF and
microwave signal control applications. This
chart should be considered only as a general
guide for indicating the most likely standard
Unitrode diode to be considered for a par-
ticular application.

See Short Form Data Summary for quick
comparison of diode types. Consult the indi-
vidual data sheets for additional data. For
unusual or special purpose applications not
listed, the designer should consult his local
Unitrode representative or the factory.

APPLICATION

RECOMMENDED
PIN DIODE TYPES

Switches

High Average Power (> 100W)

High Peak Power (> 10KW)

High Power CW Duplexers (> 10KW)
Antenna Switching (> 100W)

High Frequency (> 1 GH2)

Low Frequency (< 10 MHz)

Low Reverse Voltage (< 28V)

Low Forward Current (< 20 mA)
Fast Speed (< 100 ns)

Low Distortion

UM4000, UM4900

UM4000, UM6000, UM7000
UM4000, UM4900

UM9401, UM9415, UM9601-UM9604
UM6000, UM7000, UM9601-UM9608
UM4300, uM7300

UM4300, UM7300

UM6200, UM7200, UM7100, UM9701
UM6200, UM7200

UM4000, UM4300, UM7300

Attenuators

High Power (> 1W)
CATV

AGC

Low Frequency

UM4000, UM4300

1N5767, 1N5957, UM9301

UM6601, UM9301, 1N5767
UM4300, UM7300, UM9301

UNITRODE CORPORATION ¢ 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064
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The Short Form Data Summary contains a listing of all standard Unitrode PIN diodes along with a summary of the
principal characteristic of each diode series. These listings should enable the designer to quickly select from among the
several diode series, those having the desired combination of resistance and capacitance for his specific application. The
primary distinction between each series results from the different cross-sectional areas and I-region geometries
employed in the manufacturing of the diode. It may be significant, therefore to note that the lowest cost diodes within any
series are those with the lowest specified voltage rating (generally 100 volts) mounted in an unleaded or round axial

leaded package (Style B).

SHORT FORM DATA SUMMARY

(Refer to Individual Data Sheets in Section Il for more detailed specifications)
HIGH POWER PIN DIODES

Forward Parallel
Resistance Resistance Average Carrier
Voltage Capacitance (100 mA. (100V, Power Lifetime I-Region
TYPE Rating (OV. 1 GHz) 1 GH2) 1 GH2) Dissipation Ig= 10 mA Width
Range Ct max Rg max Rp min Pa min min
(V) (pF) (Q) (KQ) (W) (uS) (um)
UM4000 | 100 - 1000 3.0 0.5 2 25 5.0 150
UM4900 | 100 - 600 3.0 0.5 2 37 5.0 150
UMB6000 | 100 - 1000 0.5 1.7 15 6 1.0 150
UM6200 | 100 - 400 1.1 0.4 10 6 0.6 40
UM6600 | 100 - 1000 0.4 2.5 10 4 1.0 150
UM7000 | 100 - 1000 0.9 1.0 10 10 25 150
UM7100 | 100 - 800 1.2 0.6 8 10 2.0 80
UM7200 | 100 - 400 2.2 0.25 7 10 1.5 40
HIGH POWER ATTENUATOR AND MODULATOR PIN DIODES
RF RF
Total Resistance Resistance Average Carrier
Voltage Capacitance (100 mA., (10 uA, Power Lifetime I-Region
TYPE Rating (OV. 1 GHz) 1 GHz) 1 GHz) Dissipation IF = 10 mA Width
Range Cr Rg Rg Pa max min min
V) (pF) (R) (RQ) (W) (us) (um)
UM4300 | 100 - 1000 2.2 1.5 max 1000 min 18 6.0 250
UM7300 | 100 - 1000 0.7 3.0 max 3000 min 7.5 4.0 250
LOW CAPACITANCE SWITCH AND ATTENUATOR PIN DIODE
RF RF RF Carrier
Voltage Total Resistance Resistance Resistance Lifetime
TYPE Rating Capacitance (10 wA, (20 mA, (100 mA, (IF = 10 mA)
(IR = 10 uA) (50V, 1 MHz) 100 MHz) 100 MH2) 100 MHz2) Min
Ct max
(V) (pF) (Q) (R) (R) (us)
1N5767 100 0.4 1000 min 8 max 2.5 max 1
(5082 - 3080)
LOW DISTORTION ATTENUATOR PIN DIODES
Total RF RF Forward
Capacitance Resistance Resistance Current Carrier
Voltage T max (100 mA (10 u A, S = 75Q Lifetime
TYPE Rating (v, 100 MHz) 100 MHz) F = 100 MH2) (IF = 10 mA)
(IR = 10 uA) (100 MHz) Max Min Typ Typ
V) (pF) ) Q) (mA) (min)
1N5957 100 0.4 3.5 1500 1.0 1.5
UM9301 75 0.8 3.0 3000 1.1 4

UNITRODE CORPORATION e 5FORBES ROAD ¢ LEXINGTON, MA 02173  TEL (617) 861-6540 ® TWX (710) 326-6509 ® TELEX 95-1064
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TWO WAY RADIO ANTENNA SWITCH PIN DIODES

IIl. PIN DIODE SELECTION GUIDE
(Refer to Individual Data Sheets in Section lll for more detailed specifications)

Receive
Third Order
Distortion
RF Transmit (PIN-10 mW,
Total Resistance Harmonic 0 Bias) Average
Voltage Capacitance 50 mA, Distortion Fa = 50 MHz Power
TYPE Rating (OV, 100 MHz) 100 MHz) F = 50 MHz Fg = 51 MHz Dissipation
(IR = 10 uA) Ct Max Rg Max | = 50 mA Max Pa Max
) (pF) Q (dB) (dB) W)
UM9401
50 15 1 - 80 -6 5.5
UM9402 0
UM9415 50 4.0 1 - 80 -60 10
LOW RESISTANCE ANTENNA SWITCHES
Forward Bias Reverse Bias
Third Order Third Order
Im Distortion Im Distortion
Voltage Total RF I =10 mA V =50V Average
Rating Capacitance Resistance Fa =43 MHz Fa = 43 MHz Power
TYPE (lr = 10 pA) (50V, 1 MHz) (10 mA, 100 MHz) Fp = 44 MHz Fp = 44 MHz Dissipation
Ct max Rs max max max Pa max
\2 (pF) (Q) (dB) (dB) (W)
UM9701 100 1.8 .8 —90 —90 25
MICROWAVE PIN DIODES (Mounted in Microstrip Packages)
Series Parallel Total Carrier
Voltage Resistance Resistance Capacitance Lifetime
TYPE Rating (100 mA, 1 GHyz) 0V, 1 GHz) (0V, 1 GHz) (lr = 10 mA)
(Ig = 10 uA) Rs Max Re Min Cr Max Min
V) Q) (KQ) (pF) (us)
UMBS601/04 100/400 .6 5 1.2 2
UM9605/08 100/400 1.7 7 5 1
VOLTAGE RATINGS
Series 100V 200V 400V 600V 800V 1000V
UM4000 P P ~ —
UM4300 e v~ , -
UM4900 v v v~
UM6000 / p P .~
UM6200 v v v
UM6600 - o ,, ~
UM7000 v v P ,
UM7100 v v v ,/
UM7200 v v~ v
UM7300 e p o ,,

UNITRODE CORPORATION ® 5FORBES ROAD o LEXINGTON, MA 02173 o TEL. (617) 861-6540 © TWX (710) 326-6509 * TELEX 95-1064
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STANDARD PACKAGING

Five package options, as shown on the
next page are offered for most of the PIN
diodes series. Generally, styles A and E and
the cartridge style C are recommended
where minimal lead inductance is a major
concern. The stud package style C and D

(insulated) are offered for high average
power handling. Either cathode or anode can
be oriented to ground, with equal power han-
dling. Axial leaded, style B, offers the lowest
cost alternative.

BASIC DIODE AXIAL LEADS
STYLE A STYLE B

UMA4000 SERIES
UM4300 SERIES
UM9415 (Axial leads only)

UMi4900 SERIES

UM6000 SERIES
UM6200 SERIES
UM6600 SERIES
1N5767 (Axial leads only)
1N5957 (Axial leads only)

UM7000 SERIES

UM7100 SERIES

UM7200 SERIES

UM7300 SERIES

UM9301 (Axial leads only)
UM9401 (See data sheet)
UM9600 SERIES (See data sheet)
UM9701 (Axial leads only)

UNITRODE CORPORATION e 5FORBES ROAD ® LEXINGTON, MA 02173 » TEL. (617) 861-6540 ® TWX (710) 326-6509 e TELEX 95-1064
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Ii. PIN DIODE SELECTION GUIDE

STUD/CARTRIDGE INSULATED STUD RIBBON LEADS
STYLEC STYLED STYLEE

I I
e

ses N/A

s emm——
*
.
——-a -

i 1t

UNITRODE CORPORATION ¢ 5FORBES ROAD e LEXINGTON, MA 02173 o TEL. (617) 861-6540 ® TWX (710) 326-6509 ® TELEX 95-1064
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While most microwave application require-
ments can be satisfied with one of the Uni-
trode standard package styles, the individual
nature of microwave circuits often demands
special package configurations. Unitrode
has developed a number of customized pack-

CUSTOM PACKAGING

age styles, as shown below, and stands ready
to assist you in the design and development
of diode packages to maximize your circuit
efficiency. Consult your Unitrode Sales Rep-
resentative or the factory regarding YOUR
custom requirements.

UM9271 (3.43) UM9273
313: (3.18)
(2.34) y 125
MAX. (.58) (.25)
(2.24) 023 MIN. DIA.
.092 }‘__ MIN. 2010
.088 ] 'y /_ANODE
DIA. ! T (3.48) 137 & (.25)
| (3.38).133 (2.41) .095 ') 010
? L2 4 TMIN
f T
(.74) .029 COPPER
(.71) .027
DIA. DIA.
ANODE  (6.68) .263 (2.03)
(6.53) .257 .080
8 FOR UM4000 SERIES X FOR UM6000 SERIES
UM9397 UM9398
(5.72).225 (2.29)
. e
:: gg; (5.21).205"  (2.41) .090
R (2.12) DIA.
: .095 MAX.
.060 — .083 (1.40)
055
l (1.63) piA.
. . R
(1.63) .64 ——_ (152 (3.61) .142 MAX.
(1.52) .060— j 64 (3.30) .130 4
DA 060 - CATHODE
(2.13) DIA. (.30) (3.10)
(g-;g) -122 (1.88) (.25) (3.25)
(2.92) .1 CATHODE .084 012 122
DIA. 074 .010 128
DIA.
Hes FOR UM7000 SERIES [ } FOR UM7000 SERIES

Dimensions — English/Metric
22
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PIN DIODE

Features

* Power dissipation to 37.5W

* Voltage ratings to 1000V

* Series resistance rated at 0.5Q
e Carrier lifetime greater than 5us

Description

The UM4000 and UM4900 series feature
high power PIN diodes with long carrier life-
times and thick l-regions. They are especially
suitable for use in low distortion switches
and attenuators, in the HF through S band
frequencies. While both series are electri-
cally equivalent, the UM4900 series have
higher power ratings due to a shorter thermal
path between chip and package. High charge
storage and long carrier lifetime enable high
RF levels to be controlled with relatively low

MAXIMUM RATINGS

UM4000 SERIES
UM4900 SERIES

bias current. Similarly, peak RF voltages can
be handled well in excess of applied reverse
bias voltage.

Both series have been fuily qualified in
high power UHF phase shifters and mega-
watt peak-power duplexers, accumulating
thousands of hours of proven performance.
Both types have been used in the design of
antenna selectors and couplers, where induc-
tive and capacitive elements are switched in
and out of filter or cavity networks.

Average Power Dissipation and Thermal Resistance Ratings

Package Condition UM4000 UM4900
Po 0 Py [

A 25°C Pin Temperature 25W 6°C/W | 37.5W 4°C/W
B&E (Axial Leads) | ¥2 in. (12.7mm) Overall Length

to 25°C Contact 12W | 12.5°C/W 12W | 12.5°C/W
B&E (Axial Leads) | Free Air 2.5W — 2.5W —
C (Studded) 25°C Stud Temperature 25W 6°C/W | 37.5W 4°C/W
D (Insulated Stud) [ 25°C Stud Temperature 18.75W 8°C/IW 25W 6°C/IW

Peak Power Dissipation Rating
All Packages 1 us Pulse (Single) 100 KW
at 25 °C Ambient

[?perating and Storage Temperature Range:

-65°Cto +175°C

L]

25 mm UNITRODE



Voltage Ratings (25 °C)

UM4000 UM4900

Reverse Voltage
(Vi) — Volts Types
(I = 10 u Amps)
100 UM4001 UM4901
200 UM4002 UM4902
400 — —
600 UM4006 UM4906
1000 UM4010 —
Electrical Specifications (25°C)
UM4000
Test Symbol UM4900 Conditions
Total Capacitance (Max) C; 3 pF oV, 1 GHz
Series Resistance (Max) Rg 0.5Q 100 mA, 1 GHz
Parallel Resistance (Min) Re 2 KQ 100V, 1 GHz
Carrier Lifetime (Min) T 5us Ir = 10 mA
Reverse Current (Max) I 10uA Vs = Rating
I-Region Width (Min) w 150um —

TYPICAL FORWARD RESISTANCE

Vs

FORWARD CURRENT

(F =100 MH2)

TYPICAL PARALLEL RESISTANCE CHARACTERISTIC

1000

1000

T

100 =

10.0

g s00

8 200

z

£ 100

@

@ 50

x

o 20

-

3 10

o

g s

|

2
1

Rg — FORWARD RESISTANCE ()

il

Il

.01

1A 10uA 100 uA TmA

10mA

Ig — FORWARD CURRENT

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 - TEL. (617) 861-6540
TWX (710) 326-6509 » TELEX 95-1064
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POWER RATING
AXIAL LEADED DIODE
16 ~ .
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UNITRODE CORPORATION « 5 FORBES ROAD
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UM4000 UM4900

POWER RATING
STUD MOUNTED DIODES
40

37.5W
35
UM4900C
£ \\ // |
> 3
2 UM4000C
é 25 20 UMagdoop
8
o
& 20]18.75W B
B \
o
E X \\\\
s
o 1 >\‘\\\
UM4000D
\\\\
5 AN \
g 25 50 75 100 125 150 175
STUD TEMPERATURE (°C)
DC CHARACTERISTICS
FORWARD VOLTAGE
Vs
FORWARD CURRENT (TYPICAL)
1A
100mA /
> li
2 ]
[:4
<
H
e ]
= 1mA ./
£
7
/
100 /
T
/
10uA /

0 0.2 0.4 0.6 0.8 1.0
Vg ~ FORWARD VOLTAGE (V)

ORDERING INSTRUCTIONS

Part numbers of Unitrode PIN Diodes consist of the
letters UM followed by four digits and one or two letters.
The first two digits indicate the diode series, the next
two digits specify the minimum breakdown voltage in
hundreds of volts. The remaining letters denote the
package style. Reverse polarity (anode large end cap) is
Iavailzat[;le for the C style and denoted by adding second
etter R.

For Example: UM|40]08{CR

Series 4000 700 Voita] [Style ClReverse Polarity |

PRINTED IN U.S. A



MECHANICAL SPECIFICATIONS

UM4000 Series

Dimensions — English/Metric

UM4000 UM4900

RIBBON LEADS

| s

l MIN,

090 , 017

080 ™ 015

(2.29) o (43)

YELLow  (203) 7 (38)

CATHODE MARK

STYLE A STYLE B
a7
155
(4.34)
(3.94), '835 YELLOW CATHODE BAND 139
BLACK .
CATHODE DOT (1.04) (3.30) Dia MAX.
(.99) .092 DiA MAX.
OIa [ (2.34)
130 (3.30) DIA MAX. 82;2 ggg)’ DIA _y“% fe—=3—
- : . i . 3
_ s = | ¥ {24.8) .300 A (égzg)
4 b (.053) .021 mMIN MIN. (7.62) MIN.
TO GLASS MAX.
TYP.
STYLEC STYLE D
STUD INSULATED STUD
159 053 60
1564 049 (15.2)
187 (4.04) (1.35) [ MINTYP. l
(4.75) HEX. (1409 | 1(1.24) £ =Y: —
- a8 hex 126 DIA. x .060 THK.
_ 076 [ T\ (3.18 DIA. x 1.52 THK.) | 590 974
1 .069 | |,BeO CERAMIC MAX. 264
(1.93) (3.02) .119 \ (7.42) (6.96)
275 (6.99) (1.75) (2.82) .111 MAX. (6.71)
245 (6.22) | i
T I 1
.187 | CU RIBBON CATHODE [ N B -190
177 | ! (2 PLACES) (b 89 max. 180
=4~75’ - (.89) MAX. TO 128 005 | 1 A TOFIRST (4.83)
4500 FIRST FULL THD. 121 X 008 THK | I\FULL THD 14.57)
(3.25) ,, (.13 4
(3.07) ™ (.20)
4-40NC-2
CATHODE 4-40NC-2
STYLEE

THK

UNITRODE CORPORATION + 5 FORBES ROAD

LEXINGTON, MA 02173 » TEL. (617) 861-6540
TWX (710) 326-6509 * TELEX 95-1064
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MECHANICAL SPECIFICATIONS (continued)

UM 4900 Series

Dimensions — English/Metric

UM4000 UM4900

RIBBON LEADS

(24 8)
MIN.

r—

.200

975
(5.08) (24.8)
-LMAX. MIN.

F((

(@

STYLE A STYLE B
094
088
(2.39) :200
(2.24) (5.08)
Tve i | 975 MAX. 975
r '1 (24.8)  — (24.8)
014 (38)MIN. || ¢ MIN. = MIN.
. TO GLASS .
125 (@8 "‘H" i | - I ‘
MAX. BLACK —)
* [[:H'_CABS?DE 041 (1.04) J . N ¥ -
. . .095 (2.41) ]’
039 (.99) DIA. I(sw) 125
(2.32) pia. DIA. MAX. DA \CATHO%EO BAND
(2.27) MAX.
0915
0895
STYLEC STYLED
STUD INSULATED STUD
600
.159
164 053 (15.2)
(4.04) | 049 MIN. TYP
(3.91) 4 (1.35) 187
187 oia. | (124 | (475} HEX. Ji3.18) x (1.62) THK 1,
(4.75) HEX. 125 DIA. oneo 196. (5.64)
035 T— (3.02).119 BeO CERAMIC (5 ygiMAX.
(.89) MAX. TO (5.00) .197 (2.82).111 l (4.98) l
FIRST FULL THD. {1.93) (4.50) .177 r —.035 —y—
1 “i,m I CATHODE [ : (.89) MAX. TO (4.83).190
.076 RI | FIRST FULL
T T 08 1475187 cu (322)0»:2%)&%55» L | Tho (4.57).180
A1 (4.50) .177 x THK
1] 44oNc2 .07) 7 (.13)
CATHODE ity B 128 .008 2-40 NC-2
121 005
STYLEE

-
(32905 (43) r 925 (3.18)
(2.03) (.38) A
030 017 . YELLOW
MAX, CATHODE
080 015
MARK
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PIN DIODE

For Attenuator Applications

Features
e Extremely low distortion performance

UM4300 SERIES
UM7300 SERIES

¢ Useful frequency range extends below 500 KHz

e Power dissipation to 20W (UM4300)
e Capacitance as low as 0.7 pF (UM7300)
e Voltage ratings to 1000V

Description

The UM4300 and UM7300 series combine a
diode chip of extremely thick intrinsic region
with a low thermal resistance construction.
This results in diodes uniquely applicable to
very low distortion linear attenuators and
specialized switching functions. The UM4300
series, with large cross-sectional chip area
offers the highest power capability, of the
two series. The UM7300 series offers lower
capacitance.

MAXIMUM RATINGS

Both diode series are intended for use in
linear attenuators operating from HF to
beyond 1 GHz. Low distortion at low frequen-
cies is a result of transit time frequencies
below 5 MHz.

Operated as RF switches, either diode
series can be operated at low dc reverse bias
voltages, to hold off much higher RF voltage
levels.

Average Power Dissipation and Thermal Resistance Ratings

Package Condition UM4300 UM7300
Py 6 Py ]
A 25°C Pin Temperature 20W 7.5°C/W | 7.5W  20°C/W
B&E (Axial Leads) Y2 in. Total Length to 10w 15°C/IW 4W 37.5°C/W
25°C Contact
B&E (Axial Leads)| Free Air 2.5W —_ 1.5W —
C (Studded) 25°C Stud 20W 7.5°C/W | 7.5W  20°C/W
D (Insulated Stud)| 25°C Stud 15W  10°C/W 6W  25°C/W
Peak Power Dissipation Rating
All packages 1us Pulse (Single) 500 KW 100 KW
at 25°C Ambient
Operating and Storage Temperature Range: -65°C to +175°C J
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Voltage Ratings (25 °C)

UM4300 UM7300

Reverse Voltage
(Vg) — Volts Types
(I = 10 pA)
100V UM4301 UM7301
200V UM4302 UM7302
600V UM4306 UM7306
1000V UM4310 UM7310
Electrical Specifications (25°C)
Test Symbol UM4300 UM7300 Conditions
Total Capacitance (Max) C; 2.2 pF 0.7 pF 0V, 1 GHz
Series Resistance (Max) Rs 1.5Q 3.0Q 100 mA, 1 GHz
Series Resistance (Min) Rs 1000Q 30009 10 pA, 100 MHz
Carrier Lifetime (Min) T 6us 4.0uS lg = 10 MA
Leakage Current (Max) s 104A 10uA Vs = Rating
I-Region Width (Min) w 250um 250um -
TYPICAL DC CHARACTERISTIC
TYPICAL FORWARD RESISTANCE FORWARD VOLTAGE
VS FORWARD CURRENT (F = 100 MHz) VS FORWARD CURRENT
1A
i i
10K B I /
5 100mA / /
%1000 | E: | L] E /' [l’
z S : < /
& i a ™
I N L, UM7300 _| < 1: y
g £ UMa300 ::E 2 g % UMA300=m] ll; UM7300
£ il 5
2100 b £ ima —_—
< - ’,'
S /7
1.0 3
=2 it 1001.A
o 1T i
1HA 104A 1004 A 1TmA 10mA 100mA 1A
IF — FORWARD CURRENT 10UA / I
0 0.2 04 0.6 0.8 1.0 1.2
Vg - FORWARD VOLTAGE
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UM4300 UM7300

PARALLEL RESISTANCE VS REVERSE VOLTAGE

UM4300 UM7300
T 0 100K (= '
i = 1o
_ SR s— = 0.5GHz
i § oK F 1.0 GHz T[]
= I~ 3.0GHz
% 100K OOMHz_ / 5 10K AR "
= $s b
2 g sk
w
o A S00MH, g
) -l A ] 2K
W = &
2 10k =1 g
o FHH GHzE Iy
= : o« 50
|
3 200
K 100
12 5 10 20 50 100 200 1000
1 10 100 1000 10,000
Ve— REVERSE VOLTAGE (V) VR ~REVERSE VOLTAGE (V)
‘TOTAL CAPACITANCE VS REVERSE VOLTAGE
UM4300 UM7300
6.0 6
s \\IMHZ g 5
w N s} :
= F~ z 4 AN 1 MHz
Z 40 £
g \ ; 3
% 5MH, | \ ; Ay
; TN S L0 S
= 10MH, AN T 10MHz | | [T |
S 20 N S s LI
=~ 11 S © 1 " I ——
L > 100MH ~§:.§ >100 MHz i
(&) - 0 I [ I I
12 5 10 20 50 100 200 500 1000
0 Vg —REVERSE VOLTAGE (V)
1 2 5 10 20 50 100 200 500 1000
Vg — REVERSE BIAS VOLTAGE (V)
POWER RATING AXIAL LEADED DIODE
UM4300 UM7300
16 T T 14 | |
_ o 10 s |
= 141 L =3/8"(9.525mm)— I P 1 -—
P-4 L m— N o T T
9 L=1/2" - - - ; - -
= o2 LN — g 10 L - —
§ (12.7 mm) \ =
8 N\ \ 2 [ Lt=veieamm |
2 :'1;,:/78;“@\ \ E ]L = 3/8" l4.525mlmi
g 8 [L=3/a"\ :\ \ % s {_ L=1/2" (12.7mm)
8 (19.05 mmi\ \\\ ; 4 Ll= 5/8" (15.87mm)
:? 6 \\ <§( 4 ><
= \\\ 1
:3 a ’\\ \\ e, \§\
[ 7
\\ L= 347 (10.05mm) |
2 0 1 | I
\ 0 25 50 75 100 125 150 175
o

0 25 50 75 100 125 150 175 T, — LEAD TEMPERATURE °c)
T — LEAD TEMPERATURE °c)
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UM4300 UM7300

UM4300/UM7300
POWER RATING
STUD MOUNTED DIODES NORMALIZED Rs VS TEMPERATURE
20 .
18W
AN . 1.2
= ET] UM4300C o
©
5 B 14
) B 1.
= R SANEAN 2 /
S N i
g AN 3 1.0
S 10 N\ a
g kel
g ~ N 2 9 ,/
x N © .
g = ~uM7300 N g /
S 5 z /
UM7300D SN \ 8 7
1 N\
N ,
\ .
-60 —40 —-20 0 +20 +40 +60 +80 +100 +120
0

0 25 50 75 100 125 150 175 Temperature (°C)
STUD TEMPERATURE (°C)

PULSE THERMAL IMPEDANCE VS PULSE WIDTH ORDERING INSTRUCTIONS

g

Part numbers of Unitrode PIN Diodes consist of the
f letters UM followed by four digits and one or two letters.
FH The first two digits indicate the diode series, the next
T two digits specify the minimum breakdown voltage in
{4 144 hundreds of volts. The remaining letters denote the
package style. Reverse polarity (anode on stud end) is
available in C or D Styles and denoted by adding second
letter R.

I
I

—

[=
Z
8
3

For Example: um|73jo1iC|

-

['Series 73001 [100 voltsl ['Style Cl

6 — PULSE THERMAL IMPEDANCE (°C/W)

=}
=

Reverse polarity available in C style. Part number
designated by adding R.

oo1 L4 |
10 e 100 100 100 1

._.
e

PULSE WIDTH (sec)
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MECHANICAL SPECIFICATIONS
UMA4300 SERIES

Dimensions — English/Metric

UM4300 UM7300

| MIN.

S

(3.30) DIA gogz)
MAX. MAX.

1090
080 X
(2.29)

YELLOW (209

CATHODE MARK

.017
.015
(.43)
(.38)

STYLE A STYLE B
71
158
14.34)
(3.94)
BLACK 041 YELLOW CATHODE BAND 139
CATHODE DOT e (3.30) DIA MAX.
N .092 DIA MAX.
(.99) l (
2.34)
DIA
130 (3.30) DIA MAX. 'gggg (2.32) 5 e e (pe—
. (2.27) -
| : : 350 975
e (.053) 021 MIN (24.8) - (24.8)
) y A MIN. (7.62) MIN,
TO GLASS MAX
TYP.
STYLEC STYLED
STUD INSULATED STUD
159 0
154 o (52)
187 (4.04) (1.35) b M TP,
(4.75) HEX. (@091 | 1(124) . |
- 187 125 DIA. x 060 THK
(4.75) HEX. . ' T .
. 076 l | \ [-'_l (3.18 DIA. x 1.52 THK.) | 292 274
! (iogg) 7,890 CERAMIC w?x._264
: (3.02) 119 1 (7.42) (6.96)
275 (6.99) (1.75) MAX. (6.71
25 (622) | (2.82) 111 | . (6.71)
Py B A i T \ 1
187 T T CU RIBBON  CATHODE o 5 190
@75 | } (891 max. TO (2 PLACES) L (89 max (.‘1%%)
450 4 | FIRST FULL THD 128, .005 (I N (4.57)
¥ - 121 X ‘008 THK | | FULL THD 1
(3.25) _ (13)
(3.07) % (.20)
4-40NC-2
CATHODE L AONC.2
STYLE E
RIBBON LEADS
975 975 l
l (24.8) | | (24.8)
MIN.

THK
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MECHANICAL SPECIFICATIONS (continued)

UM7300 Series

Dimensions — English/Metric

UM4300 UM7300

STYLE A STYLE B
125
140
TYP (3.18) 975 -250 975
020 (51 MIN.) (3.58) (24.8) _| (6.35) (24.8)
TO GLASS [‘— MIN. MAX. MIN.
441 _L JE
(1.18) .055 YELLOW
090 (2.29)  (113) P& 037 (7 {1.40) 090 . CATHODE BAND
DIA. 165 BLACK DIA. DIA. (2.29)
MAX. ‘445 CATHODE DOT MAX. DIA,
. MAX.
STYLEC STYLE D
STUD 100 INSULATED STUD
.096, 043
(2.54) .039 F__us.z) .600
(2.44)—— (1.00) MIN. TYP.
DIA. (.99) — :
i A ,(318) (152 THE 16.60)
4.7 . 4. x .
( 5)HE\X 1 (4.75) HEX. 55 DIA % 060 I.ZGO
(6.10) .240 BeO CERAMIC MAX.
035 (5.46) .215 .119 (3.02) .241 (6.12)
(89) Max. TO \ (2.44) 096 | 11 (2.82) | 23115.87)
FIRST FULL TH'D. {2.29) .090
T - I T (4.83).190
— CATHODE .035(.89)MAX. TO 4.57) ‘180
(6.35) 250 CU RIBBON (2 PLACES) FIRST FULL THD. L
(6.97) .235 (0.13) .005 "
4-40NC-2 (0.15) .006 THK- 4-40NC-2
-
CATHODE
STYLEE
RIBBON LEADS
975 -250 975
{24.8) (6.35) (24.8)
MIN. MAX. MIN.
A
YELLOW
2.29) .090
(1.78) o (2.8) L\ 'om?) % CATHODE MARK
(1.52) ~ (.23) MAX.
.070 011
.060 .009
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PIN DIODE

Features

UM6000 SERIES
UM6200 SERIES
UM6600 SERIES

e Capacitance specified as low as 0.4 pF (UM6600)
e Resistance specified as low as 0.4Q (UM6200)

e Voltage ratings to 1000V
e Power dissipation to 6W

Description

These series of PIN diodes are designed
for applications requiring small package size
and moderate average power handling capa-
bility. The low capacitance of the UM6000
and UM6600 allows them to be used as series
switching elements to 1 GHz. The low resis-
tance of the UM6200 is useful in applications
where forward bias current must be mini-
mized.

Because of its thick I-region width and
long lifetime the UM6000 and UM6600 have
been used in distortion sensitive and high
peak power applications, including receiver
protectors, TACAN, and IFF equipment. Their
low capacitance allows them to be usefu! as
attenuator diodes at frequencies greater
than 1 GHz. The UM6200 has been used suc--

MAXIMUM RATINGS

cessfully in switches in which low insertion
loss at low bias current is required.

The “A’ style package for this series is the
smaiiest Unitrode PIN diode package. it has
been used successfully in many microwave
applications using coaxial, microstrip, and
stripline techniques at frequencies beyond
X-Band. The “B” and “E” style, leaded pack-
ages offer the highest available power dissi-
pation for a package this small. They have
been used extensively as series switch ele-
ments in microstrip circuits. The “C” style
package duplicates the physical outline
available in conventional ceramic-metal
packages but incorporates the many reliabil-
ity advantages of the Unitrode construction.

Average Power Dissipation and Thermal Resistance Ratings

UM6000
Package Condition UM6200 UME600
Py 6 P, 6
A&C 25°C Pin Temperature 6W | 25°C/W 4W [37.5°C/W
B&E (Axial Leads)| V2 in. Total Lead Length to 25W | 60°C/W | 2.0W | 75°CIW
(12.7mm) to 25°C Contact
B&E (Axial Leads) | Free Air 0.5W — 0.5W —

Peak Power Dissipation Rating

1 us Pulse (Single)
at 25°C Ambient

All Packages

UM6000 - 25 KW [ UM6600 - 13 KW

UM6200 - 10 KW

Operating and Storage Temperature Range:

-65°Cto +175°C
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Voltage Ratings (25 °C)

UM6000 UM6200 UM6600

Reverse Voltage

(Vi) — Volts Types

(la = 10 UA)
100V UMB001 UMe6201 UM6601
200V UM6002 UM6202 UM6602
400V —_ Uume6204 —
600V UM6006 — UM6606

1000V UM6010 — UM6610
Electrical Specifications (25°C)

Test Symbol UM6600 UM6000 UM6200 Conditions
Total Capacitance (Max) C 0.4 pF 0.5 pF 1.1 pF oV, 1 GHz
Series Resistance (Max) Rs 2.5Q 1.7Q 0.4Q 100 mA, 1 GHz
Parallel Resistance (Min) Re 10 KQ 15 KQ 10 KQ 100V, 1 GHz
Carrier Lifetime (Min) T 1.0 us 1.0 us 0.6 us le = 10 MA
Reverse Current (Max) Ia 10 WA 10 LA 10 pA Vs = Rating
I-Region Width (Min) W 150 um 150 um 40 yum —

TYPICAL SERIES RESISTANCE
FORWAR;SCURRENT DC CHARACTERISTICS
(F = 100MH2) FORWARD VOLTAGE VS CURRENT
1A o
7
Il 7
10,000
= 100 mA l 9
1000 % ll I/
HHHIE GMss00 g ] /
— L &}
z 0o UM6000 = g 10mA 6200 : 2= 16600
g ! = H
= o 4
10.0 UM6200 'LL 1/
- 1mA
1.0 ," f
= 7
i ]
o TuA 10uA 100 uA TMA 10MA 100MA 1A 100ua :r:r
FORWARD CURRENT 1
11
10HA
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UM6000 UM6200 UM6600

TYPICAL R VS VOLTAGE & FREQUENCY

UM6000/UM6600 UM6200
1000 100! ! =
7 i —HHHH
B " 100MH
1
i I\ 5
g // 100MHz =
o 100 L
S 100 iz:  S00MHz FEEH
z 500MHz HH 5 Iz
z ZT 17 2
@ 1 it
2 H 'l z ]
5 ] 1G%HZ% g /’ 1GH>
- | _’—"—— 3GHz é 10 1 7
< =111 a
o 10 .
< a
: “ .
ECL
3GHz
r—"'- ] ]
1 e 10 100 1000
1 10 100 1000 Vg —REVERSE VOLTAGE (V)
Vg - REVERSE VOLTAGE (V)
TYPICAL CAPACITANCE VS VOLTAGE AND FREQUENCY
UMG6000 SERIES UM6200 SERIES
| LT
— = 1 MHz
5§ KNiwHz 5 \'\\%10 MHz
Z 10 z 10
= 5 MH2 ) g = [ | 100 Mz
E \'\I\\ "N 2 500 MHz
o 10 MHz ~\_:\ <
o =TT [3)
a \\ ) 5
g5 ay s
o 2100 MHz - o
[= =
I |
— U"‘
o 0
1 2 5 10 20 50 100
1 2 5 10 20 50 100 200 500 V, — REVERSE VOLTAGE (V)
V; — REVERSE VOLTAGE (V)
UMG6600 SERIES
ORDERING INSTRUCTIONS .8
Part numbers of Unitrode PIN diodes consist of the letters § 7
UM followed by four digits and one or two letters. The first w
two digits indicate the diode series, the next two digits S s N
specify the minimum breakdown voltage in hundreds of E \
volts. The remaining letters denote the package style. Q 5
Reverse polarity (anode large end cap) is available for P 1 MH2N
the C style and denoted by adding second letter R. o l
-
4
g s mHz~] [ ]
For Example: UM |60]06 |CR L L TN
P |60]06 |CR} T 3 [To M
|Series 6055] [ 600 Volts] [ Style ClReverse Polarity] & 100 MAz
2 [ 1
1 2 5 10 20 50 100

Ve — REVERSE VOLTAGE (V)
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UM6000 UM6200 UM6600

POWER RATING — AXIAL LEADED DIODE

UM6000/UM6200 UM6600
5 5 | 1
- L =1/4" (6.35mm) T, 7 ﬂiﬁ T
: ’ - ER To T
Y e ———=R =
E 5]
= <]
g 5 L = 3/8" (9.525mm) \ E 5 L =1/4" (6.35mm)
17} @a L=3/8"
5 L=172 (1% ~N 2 |9525mm) \
& L=5/8" z L=1/2" \
§ ) (15.875mm) - g 2 (12.7mm)
x L= 3 TS > [
< (19.05mm) x L = 5/8” (15.875mmJ™
7 = \\\ % I \\\
L 1 \ \ L (1905mm) \.; A
o 0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
T| - LEAD TEMPERATURE (°C) T, - LEAD TEMPERATURE (°C)
POWER RATING
& s 6.0W
5%
o5 5 20w UM6000 and
62 4 ' UMB200 Series
=< 3
57, » UM6600 N
@ S~
o
|< 1 =
o. 0
—50 —25 0 25 50 75 100 125 150 175
TEMPERATURE (°C) (of one metal pin)
PULSE THERMAL IMPEDANCE VS PULSE WIDTH
Z 100
O 50 ;
o |
w
Lz’ 20 H
z Y EgEred
w 5 AT = 11'”“ £
s 2 UM6200 SER|IF° < 4
- 1 ,é UM6000 SERIES
< - + =
= 5 e UM6600 SERIES ]
i 11
T 2
e
W 1
9% 05 T
2
o 02
[ o
@ 1076 1075 10—+ 1073 1072 10~! 1

PULSE WIDTH (SEC)
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MECHANICAL SPECIFICATIONS

STYLE A

STYLEB

UM6000 UM6200 UM6600

-008 (.20) MIN.
TO GLASS

170 (1.78) (.80)

975 (5.08) 975

(24.8) (.200) {24.8)

r MIN. —+MAX. MIN,
LR

1
—
040 [ —y—
(1.02) 070
DIA.

(1.78) YELLOW CATHODE BAND
MAX. DIA.
MAX.
BLACK
DIA. (.75) .019-.021
MAX. 0315 CATHODE DOT (.482-.530)
10295
STYLEC STYLE E
CARTRIDGE RIBBON LEADS
225
205
004 (5.72) 975 e 978
(1.63) (5217 095 (24.8) MAX (24.8)
(:A52) 083 MIN. MIN.
: (2.41)
(2.12) |
I i A B ( ]
1064 (1.63) (1.65) .064 070
060 (152)—] (1.52) .060 (1 .78W
DIA. === DIA. (1.27) + (.23) 1 DIA.
(2.13).084 ‘ggg’ e MAX. YELLOW
125 (3.18) 188).074 . X
.115 (3.92) (DIA. 040 007
DiA. CATHODE

CATHODE MARK
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UM7000 SERIES
UM7100 SERIES
UM7200 SERIES

PIN DIODE

Features

e Voltage ratings to 1000V (UM7000)

¢ Wide variety of package styles

® Rated average power dissipation to 10W
e Cost effective in volume applications

Description

The UM7000 and UM7100 series offer mod-
erately high power handling in combination
with reasonably low levels of both series
resistance and capacitance. The UM7200
series offers the lowest series resistance,
but the highest capacitance of the group.
The differences in specified performance, for

MAXIMUM RATINGS

each of the series, results from different
I-region thicknesses. The three series have
broad applicability in many RF and micro-
wave switch and attenuator circuits. Addi-
tionally, the UM7100 in leaded versions, is
usually the most cost-effective diode choice
in high volume usage.

Average Power Dissipation and Thermal Resistance Ratings

Package Condition Po 0
A 25°C Pin Temperature 10W 15°C/W
B&E (Axial Leads)| %2 in.(12.7mm) Lead Length to 5.5W 27.5°C/W
25°C Contact
B&E (Axial Leads)| Free Air 1.5W —
C (Studded) 25°C Stud Temperature 10W 15°C/IW
D (Insulated Stud)| 25°C Stud Temperature 7.5W 20°C/IW

Peak Power Dissipation Rating

All Packages 1 us Pulse (Single)
at 25°C Ambient

UM7000 - 60 KW
UM7100 - 35 KW
UM7200 - 20 KW

Operating and Storage Temperature Range:

-65°C to +175°C
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Voltage Ratings (25°C)

UM7000 UM7100 UM7200

Reverse Voltage

(Ve) — Volts Types

(Il = 10 pA)
100V UM7001 UM7101 UM7201
200V UM7002 UM7102 UM7202
400V — UM7104 UM7204
600V UM7006 — —
800V — UM7108 —

1000V UM7010 — —
Electrical Specifications (25°C)

Test Symbol UM7000 UM7100 UM7200 Conditions
Total Capacitance (Max) C; 0.9 pF 1.2 pF 2.2 pF 0V, 1 GHz
Series Resistance (Max) Rs 1.0Q 0.6Q 0.25Q 100 mA, 1 GHz
Parallel Resistance (Min) R: 10 KQ 8 KQ 7 KQ 100V, 1 GHz
Carrier Lifetime (Min) T 2.5 us 2.0 us 1.5 us le = 10 mA
Reverse Current (Max) Ig 10 uA 10 LA 10 LA Vs = Rating
I-Region Width (Min) W 150 um 80 um 40 um —

TYPICAL FORWARD RESISTANCE TYPICAL DC CHARACTERISTIC
VS FORWARD CURRENT FORWARD VOLTAGE
(F = 100 MHz) VS FORWARD CURRENT
UM7000/UM7100/UM7200
St " e
f A —um7100 3
10000 B : Iy /- ——
i UM7000

_ i hl]l 100mA
<] 1000 H == ==z
5] um7000 1H H
z i 7
E UM7100 =
2 - N AN 3 ¥
% o UM7200 N § :
g < :
! il 1N i Q f
<& 10 h N . 1mA :

1 1S h i

7
0.1 IS /
WA 10uA 100A 1mA 10mA 100mA 1A /
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TYPICAL Rp CHARACTERISTIC

UM 7000 SERIES
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UM7000 UM7100 UM7200

TYPICAL Ct CHARACTERISTIC

UM 7000 SERIES
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10

Pp — MAX POWER DISSIPATION (W)

UNITRODE CORPORATION « 5 FORBES ROAD

POWER RATING STUD MOUNTED DIODES

UM7000 UM7100 UM7200

POWER RATING — AXIAL LEADED DIODES

PULSE THERMAL IMPEDANCE (°C/W)

LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064
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T — LEAD TEMPERATURE (°C)

PULSE THERMAL IMPEDANCE VS PULSE WIDTH

0, = 15°C/W MAX.

106

10-
PULSE WIDTH (SEC)

102

102

10~ 1

ORDERING INSTRUCTIONS

Part numbers of Unitrode PIN Diodes consist of the
letters UM followed by four digits and one or two letters.
The first two digits indicate the diode series, the next
two digits specify the minimum breakdown voltage in
hundreds of volts. The remaining letters denote the
package style. Reverse polarity (anode on stud end) is
available in C or D Styles and denoted by adding second

letter R.

For

Example: UM I70l01jC

[series 7000]

|100 volts|

]Style C|

44
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MECHANICAL SPECIFICATIONS

UM7000 UM7100 UM7200

Dimensions — English/Metric

STYLE A STYLE B
125
140
TYP. (3.18)
020 (51MIN.) , (368) 975 .(25;)5) 975
TO GLASS (24.8) 3 (24.8)
r‘ MIN. TmAX. MIN.
il _L 1l
—
090 (2.29) e 029 (74) YELLOW
: ¢ (1.13) BLACK 027 ( (1 ao) .090 CATHODE BAND
DIA.  naes CATHODE DOT AN (2.29)
MAX.  Gase DIA.
. DIA.
MAX.
STYLEC STYLE D
STUD INSULATED STUD
1100
096, .043
(2.54) 039
(2.44) (1.00) (15.2) 600
D1A. (.99) MIN. TYP.
187 [ |
187 T
(4.75) HEX
(4.75) HEX. (3.18) x (1.562) THK (6.60)
(6.10 240 L i @ 425 Bl x oo 2
035 {5.46) 215 119 (3.02) - 2m 1602 |
(.89) MAX. TO (2.44) .096 | 111 (2.82) l 231 (5.87)
FIRST FULLTHD. | - (229) .090 +
¥
I I CATHODE .035(89)MAX. TO :g'?g; ‘133
:ggg; ggg CU RIBBON (2 PLACES) \F'“ST FULL THD. \
4.40NC2 10.19) 008 THK. 4—40NC-2
CATHODE B
STYLEE
RIBBON LEADS
975 .250 975
(24.8) _} (6.35) ) (24.8) __
MIN. MAX. MIN.
(2.29) .090 YELLOW
(1.78) o (2.8) 1. DIA. CATHODE MARK
(1.62) 7 (.23) MAX.
070 011
060 009
UNITRODE CORPORATION + 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540
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PIN DIODE

COMMERCIAL ATTENUATOR DIODE

Features
* Specified low distortion

UM9301 SERIES

* Low rectification properties at low reverse bias

* Resistance specified at 3 current points
® High reliability fused-in-glass construction

Description

The UM9301 PIN Diode utilizes a special
overall chip geometry with an extremely
thick intrinsic “I” region, to offer unique
capabilities in both RF switch and attenuator
applications. Volume production also makes
the diode an economical choice suitable for
many commercial low power equipments.

The UM9301 has been designed for use in
bridged TEE attenuator circuits commonly

MAXIMUM RATINGS

utilized for gain and slope control in CATV
amplifiers. Low distortion and high dynamic
range are characteristic of the diodes’
outstanding performance.

The UM9301 is also appropriate for switch
applications, when little or no bias voltage is
available. Frequent applications occur in
portable 12 volt-powered communications
equipments, operating at frequencies as low
as 2 MHz.

Reverse Voltage
(V:) — Volts

(I. = 10 pA)

75V

Average Power Dissipation @ (P,)
Leads 'z in. overall to 25°C Contact

1.0W (Derate linearly to 175°C)

Operating and Storage Temperature Range

—-65°Cto +175°C
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Diode Resistance (Ohms)

Electrical Specifications (25°C)

UM9301

Test Min | Typ | Max | Units | Conditions
Diode Resistance Rg 1.7 3.0 Q | = 100 mA, f = 100 MHz
80 150 Q | = 1mA, f = 100 MHz
3000 | 5000 Q | = 0.01 mA, f = 100 MHz
Current for Rg = 75Q 0.5 1.1 2.0 mA f = 100 MHz
Capacitance 0.8 pF vV = 0V, f = 100 MHz
Return Loss 25 dB Frequency Range: 10 - 300MHz
Ry = 75Q @ 100 MHz
Diode Terminates 752 line
Second Order Distortion 55 50 -dB | f, = 10 MHz, f, = 13 MHz
P = 50 dBmV, See Test Circuit
70 -dB F, = 67 MHz, F, = 77 MHz
P = 50 dBmV, See Test Circuit
Third Order Distortion 75 65 -dB F, = 10 MHz, F, = 13 MHz
P = 50 dBmV, See Test Circuit
95 -dB Triple Beat; 205 + 67 — 77 MHz
P = 50 dBmV, See Test Circuit
Cross Modulation .
Distortion 75 -dB 12 Channel Test
P =50 dBmV, See Test Circuit
Dix Hills Test Set
Reverse Current 10 pA V = 75V
Carrier Lifetime 4.0 uS I = 10 mA
DIODE RESISTANCE FORWARD CURRENT VS
VS DIODE CURRENT FORWARD VOLTAGE
(TYPICAL) (TYPICAL)
100K - - 1000
V.
10K = 100 /
N E ra
Ny by 4
1000 z =
= & -
Tt 5 10 S,
M1 o &7
UM9307 || ° S
100 Hit +— g 7
\‘ E
Sy 1
10 — '
1 A
01 A 1 10 100 5 6 7 8 9 10 11
Diode Current (mA) Forward Voltage (Volts)
UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540 PRINTED IN US A
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UM9301

NORMALIZED Rg VS TEMPERATURE TEST CIRCUIT FOR DISTORTION
MEASUREMENTS
1.3
o 2 D.UT.
e 1
2 14 N
g . / 6600 pF 6600 pF
: o—HFAAA——AAAH o
[
310 750 750 To 750
2 F;OS, % Output
] 5¢ 33uH
LI Input 3§ 33uHy 34.70 Ky
E / o Diode
5 Current
z 5000 pF —— Supply
8 o o}
Note: Diode Current adjusted
7 for 10dB Attenuation

—60 —40 —20 O +20 +40 +60 +80 +100 +120
Temperature (°C)

TYPICAL BRIDGED TEE ATTENUATOR PERFORMANCE

DIODE CURRENT DISTORTION
VS ATTENUATION UM9301 ATTENUATION
100 30
1
40
\ second order )4
= | " distortion AT T
€ 10 o - 50 LA
ot PO 3 o
o © \ third order
5 a g & distortion | ||
o N 1 i
o 1 3
©
° 3 7
a @
= @
g 4 s ® e
3 | %bd\ | | Input Power = +60 dBmV
L= === iy Input Frequencies = 10 MHz
90 & 13 MHZ
LIl dr el
100 LLLLTT T T
.01 0 2 4 6 8 1012 14 16 18 20

02 4 6 81012141618202224 Attenuation (dB)
Attenuation (dB)

MECHANICAL SPECIFICATIONS

975" 6§5°" 975"
24.8mm .35mm 24.8mm .
l MIN, MAX. MIN. .029 DIA. 74mm
{ "
1

_[ 027 68mm

I

.090” LCATHODE
2.29mm BAND
MAX.

UNITRODE CORPORATION 5 FORBES ROAD PRINTED IN U.S.A
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PIN DIODE

COMMERCIAL TWO-WAY RADIO
ANTENNA SWITCH DIODES

Features

e Specified low distortion

e Unitrode ruggedness and reliability
e | ow bias current requirements

e Priced for high quantity applications

Description:

Unitrode offers a series of PIN diodes spe-
cifically designed and characterized for solid
state antenna switches in commercial two-
way radios. Antenna switches using the
UM9401 and UM9415 series PIN diodes pro-
vide high isolation, low loss and low distor-
tion characteristics formerly possible only
with electromechanical relay type switches.

The UM9401 and UM9402 diodes can
handle above 100W of transmitter power,

MAXIMUM RATINGS

UM9401 SERIES
UM9402 SERIES
UM9415 SERIES

while the UM9415 will handle over 1000W.
The extensive characterization of these PIN
diodes in antenna switch applications has
resulted in guaranteed low distortion specifi-
cations under transmit and receive
conditions. These diodes also feature low
forward bias resistance and high zero bias
impedance which are required for low loss,
high isolation and wide bandwidth antenna
switch performance.

UM9401 UM9402 UM9415

Reverse Voltage

(Vg) — Volts

(I = 10 pA) 50V 50V 50V
Average Power Dissipation (Pa)

Leads - Y2in. Overall to 25°C 5.5W — 10W

Heat Sink
25°C (Package Flange) Temperature — 10w —

Free Air 1.5W 2.5W

Operating and Storage Tempserature Range

-65°Cto +175°C

L
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Electrical Specifications (at 25°C)

UM9401 UM9402 UM9415

UM9401/UM9402 UM9415
Test Symbol| Min|Typ|Max [Min|Typ [Max |Units| Conditions

Series Resistance Rs 0.75( 1.0 0.75(1.0 Q |f = 100MHz typical

I = 50 mA
Diode Capacitance C; 11115 4 pF |f = 100 MHz

vV =0V
Parallel Resistance Re 5K [10K 1K | 2K Q |f = 100 MHz

vV =0V
Carrier Lifetime T 1.0120 5 uS [l = 10 mA
Transmit Harmonic Distortion Raa, Raal 80 80 |-dB|P, = 50W

A A f = 50 MHz, | = 50 mA
Receive Third Order Distortion Ross 60 60 |[-dB|[P, = 10 mW, 0OV Bias
A fa = 50 MHz, f; = 51 MHz

Reverse Leakage Current Iq 10 10 uA |V = 50V
Forward Voltage Ve 1.0 1.0 V |l = 50 mA

TYPICAL FORWARD RESISTANCE TYPICAL DC CHARACTERISTIC

VS " —_—
FORWARD CURRENT =
(F = 100 MH2z) f
100mA
1000
va
J 4
1 1 I/
% 100 é 10mA
¢ B H : . EumeasH
b i g N L A
2 i il ] UMO401/UM9402
s Es UM9401, UM9402 S5 g ™ -
E ] = 1T
z UM9415 = 17
2 W
a0 1004A
: 7
s 7
' ioua  100mA 1mA 10mA  100mA 1A R Y IR
'F — FORWARD CURRENT Vg — FORWARD VOLTAGE (V)
TYPICAL Ry CHARACTERISTICS
1000
TYPICAL CAPACITANCE CHARACTERISTIC
AN
10 N\
R 8 _ N
= ¢ N | UM9401/UM9402
w VR =0V w100 VR =
z o = R = 50V
f—( 4 \ <Z( AN vd
5 ] UM9415 5 N —~
\ ¢ P =
i VR = 50V < T TN N
& 2 w ~ N \
VR =0V cH NN fuMss15
Vg = 50V 2 VR = 50V
T, : =
10MHz 100MHz 1000MHz ;‘L ~ UM9401/9402
H VR =0V
FREQUENCY
T T
. ffuMa41s VR = OV
TOMHz 00MHz 1GHz
FREQUENCY

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 - TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064
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UM9401 UM9402 UM9415

POWER RATING POWER RATING
UM9415 UM9401/9402
16
14 | T | UM9401]
L %” L - 5 ¥ a— 1 —\
— = = - ——
z T, T s Tlr A= R TL
Z L= o
c — £ " L L= v
§ o=\ < 2
© @ [UM9402 (6.35 mm)
k=3 L=%" @ 10 1
2 O a . | uMg402
a 8 |L=% \ \\ g 8 77777
= L=3%" HEAT SINK
5 )
g NN 2 (9525 m}\ L= %" (127 mm)
<) 6 ™ ~ x \ \ /- 1
o N < 6 + :
% \\\ 3 NS L=%"
‘2" 4 AN L, - (15.875 mm)_|
l \
a® 2 2 — \\R
L=%"
0 (19.05 mm)
0 25 50 75 100 125 150 175 %o 25 50 75 100 125 180 175
T, — Lead Temperature (°C) T — HEAT SINK TEMPERATURE (°C)

MAXIMUM TRANSMITTER POWER

UM9415 UM9401/UM9402
s 2, = 502 °|— m L= S |Z=50L=%"(127mm)]
= 1000 — /f T Jo=T] ! f
g ; ’4 g 1
o lg = 200 mA
& :;"L e t—LF .
8 ~<3 200, T o0 e Ig = 100 MA
= k= > F
[ — | ) & ~ Ig = 50mA
2 /f = I ‘é’ P AN F
@ ~20m, ™ s [ s 70 NN
= "< o N E L~ [
£ 10 maq Ay £ e~
g E ~INN
= ~ < ! o
s K g N F = 20mA
| AN | N
£ D z Ig = 10mA
= =
o Q-
10 10
25 50 75 100 125 150 25 50 75 100 125 150
T, — Lead Temperature (°C) T. — Lead Temperature (°C)
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Maximum Transmitter Power

The maximum CW transmitter power,
Prmaxy @ PIN diode antenna switch can han-
dle depends on the diode resistance, Rq,
power dissipation, P, antenna SWR, o, and
nominal impedance, Z,. The expression
relating these parameters is as follows:

Ro 20

PT(max) =

Characteristic curves are shown in the
data section which give both the maximum
and typical diode resistance, R as a
function of forward current. The maximum
power dissipation rating of the PIN diode
depends both on the length of the diode
leads and the temperature of the contacts to
which the leads are connected. A graph
defining the maximum power dissipation at
various combinations of overall lead length
(L) and lead temperature (T) is given in the
data section. From these curves and the
above equation, the power handling
capability of the PIN diode may be computed
for a specific appiication.

Curves are also presented which show the
maximum transmitter power that an antenna

DC SUPPLY

DcB

UM9401 UM9402 UM9415

switch using UM9401s and UM9415s can
safely handle for various forward currents
and lead temperatures. These curves are
based on a typical design condition of a 2
in. total overall lead length, 50Q line
impedance and a totally mismatched
antenna (0 = ). For the case of a perfectly
matched antenna, the maximum transmitter
power can be increased by a factor of 4.

Design Information

A circuit configuration for a two-way radio
antenna switch using PIN diodes consists of
a diode placed in series with the transmitter
and a shunt diode placed a quarter wave-
length from the antenna in the direction of
the receiver as shown. For low frequency
operation, the quarter wave line may be
simulated by lumped elements. Typical per-
formance of antenna switches using PIN
diodes forward biased at 100 mA is less than
0.2 dB insertion loss and 30 dB isolation
during transmit; at zero bias the receive
insertion loss is less than 0.3 dB. This perfor-
mance is achievable across a +20% band-
width at center frequencies ranging from 10
to 500 MHz.

:7 ANTENNA

a4 oce

TRANSMITTER

D2 RECEIVER

®

DC SUPPLY

RFC

DCB

D1
TRANSMITTER

‘7ANTENNA

T

L = Zy/2nf,
C = 1/2152,

L DCB

D2 RECEIVER

®

UNITRODE CORPORATION + 5 FORBES ROAD
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UM9401 UM9402 UM9415

um9401

029 (.74)
027 (.711)
Dia.

r

[ S

YELLOW CATHODE BAND

.090 (2.29) Dia. max
—‘E .055 Dia. max
Y (1.40)

[ 3¢ ]
_T_f

uM9402

.128 (3.25)
1122 (3.10)

020 (.51)
—&f je— Min.
.055
(1.40) CATHODE
Dia.
max

T 1
.090 (2.29) l—

Dia. ‘—f‘ - —
max

¢ T—*

-
Lo

975 975
(24.8) ——dte—— 250 Max.——sle—— (24.8) le— 142 —af
Min. (6.35) Min. 130
(3.61) 012 (.30)
(3.30) .010 (.25)
UM9415
YELLOW CATHODE BAND
.041 (1.04) 1.30 Dia. max
.039 (.99) (3.30)
Dia.
[ e & < puy - — — - ¢ .}
| . 7K X L J
T b
975 .300 975
Min. Max. Min.
(24.8) (7.62) (24.8)

Dimensions: inches (millimeters)
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PIN DIODE

For Microstrip 900MHz Antenna Switches
and Microwave Applications

Features

Low Inductance Shunt Mount Package
Characterized for Microstrip

Unitrode Ruggedness and Reliability

High Power Handling Capability

Low Bias Current Requirement

Excellent Distortion Properties

Cost Effective in High Quantity Applications

Description

The UM9601-UM9608 series of PIN diodes was
developed for shunt mount applications in
microstrip circuits. Good switch performance is
demonstrated at frequencies from UHF to 4GHz
and higher. This performance is achieved using
discrete low inductance Unitrode PIN diodes
assembled with special hardware to permit good
electrical and mechanical compatibility with
microstrip transmission lines.

Design information is presented for prepara-
tion of microstrip circuit boards to accommodate
these PIN diodes. A detailed design for a S00MHz
quarter-wave antenna switch is given. This
switch which employs a low cost UM9401 axial
leaded PIN diode in conjunction with a UM9601,
performs with 30dB receiver isolation over a
100MHz bandwidth and with transmitter
insertion loss of less than 0.4dB. This switch can
safely handle transmitter power levels up to 100
watts at infinite antenna SWR.

Typical Microwave Performance

UM9601-UM9608

The Unitrode UM9601 series PIN diodes are
constructed using a fused-in-glass process
which results in a highly reliable, hermetic
package. The process utilizes symmetrical, full
faced metallurgical bonds to both surfaces of the
silicon chip. This construction greatly minimizes
the normal parasitic inductance and capacitance
found in conventional glass or ceramic packaged
diodes which employ straps, springs or whiskers.

The use of discrete UM9601-UM9608 diodes
greatly minimizes handling problems commonly
associated with passivated PIN diode chips while
maintaining good microwave performance. In
addition the power handling capibility of the
UM9601-UM9608 series is considerably higher
than PIN diode chips can provide.

Environmentally, the UM9601-UM9608 series
PIN diodes can withstand thermal cycling from
—195°C to +300°C and exceed all military
environmental specification for shock, vibration,
acceleration, and moisture resistance.

UM9601-UM9604 UM9605-UM9608

SPST SPST SPNT* SPST SPST SPNT*

Insertion Loss | Isolation Isolation | Insertion Loss | Isolation Isolation

Frequency 0 Bias 100mA 100mA 0 Bias 100mA 100mA
GHz dB dB dB dB dB dB
0.5 0.20 30 36 0.20 25 31
1.0 0.25 26 32 0.20 22 28
15 0.35 22 28 0.20 20 26
2.0 0.50 18 24 0.25 17 22
3.0 1.00 15 21 0.25 15 21
4.0 1.50 13 19 0.40 14 20

* Performance based on SPST Measurements
In 0.025" (.635mm) Microstrip Test Circuit.

Note: All dimensions in inches and (millimeters).
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UM9601-UM9608

Reverse Voltage
Maximum Ratings Ratings @ 10uA

UM9601 - UM9604 | UM9605 - UM9608 100V 400V

Po 4 Po 4 UM9601 | UM9602
Flange at 25°C 75W | 20°C/W | 4W | 37.5°C/w UM9603 | UM9604

- UM9605 | UM9606
Free Air 1.5W — 0.5W — UM9607 UM9608

Peak Power
1uS Single Pulse 25KW 10KW
at 25°C Ambient

Operating and

Storage Temperature —65°C to +175°C

Electrical Specifications (at 25°C)

UM9601-UM9604 | UM9605-UM9608

Test Symbol | Min | Typ | Max | Min | Typ | Max | Units | Condition
pere e Rs | — |04 |06 | — |15 |17 | o [LZ'00mA
;Z;?gtzlnce Re oK o o K - - Q gir?(? '1'5;3
gztp?allcitance Cr - - 1.2 - - 0.5 pF Ee:?cg:azs
Sﬁéz:ﬁ]’e r 20 | — | — [ 10| — | — | us |le=10mA
\';glrtgggd Ve | — |08 | — | — |095 | — | v |iIr=100mA
hogien W 80 | — | — | 150 | — | — | um

UNITRODE CORPORATION + 5 FORBES ROAD
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UM9601-UM9608

Typical Series Resistance
vs Forward Current (F = 100MHz)
100.000

10.000

1000

H 1
100 ¥

UM9605 - UM9608 TT7

T

100

Rs (ohms)

2t

UM9601 - UM9604
10.0

1
1)

0.1 I
A 10uA 1004A TmA 10mA  100mA 1A

FORWARD CURRENT
Typical R, vs Voltage and Frequency Typical R. vs Voltage and Frequency

UMS601 - UM9604 UMS605 - UM9608
1000 1000

100MHz

100MHz

N\

100

100

500MHz

/ / 500MHz
/// 1GHz

sistance (KQ)

R, - Parallel Resistance (KQ)

4 S
o _// 1GHz
]
3 3GHz
g 10 _// 10
ID.
o gy
3GHz
/____—._-—
1 1
1 10 100 1000 1 10 100 1000
Va - Reverse Voltage (V) V, - Reverse Voltage (V)
Power Rating Pulse Thermal Impedance
12
g 10
K 3
: J
1] 8 N
17} w
E \ % 100
5 N\UM9601 - UM9604 g
3 ° \ o _—
e S 100 UM9605 - uwsﬁ/
< 2
z \ 2 —
s N s /
2( \ \ T 10 A
2 2 I PUM960T - UM9604
o® ’\\ w /
UM9605 - UM9608 u
0 3 0.10 yd
0 25 50 75 100 125 150 175 o /
HEAT SINK TEMPERATURE
01
107 107° 107 107 107° 107 1.0
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Mechanical Specifications

UM9601-UM9608

e 130" (3.30mm)
= 120" (3.05mm) ]

UM9601 UM9602

+.047" (1.19mm) REF.

UM9603 UM9604

119~ (3. 02mm)

131" (3.33mm)

020" (0.51mm)
.016" (0.41mm)

.020"” MIN. __|
\ (0.51mm) | r
@ 29mm) | I R _122,, {323"""} (Zasa%m)
.145" (3.68mm '
MAX S8 L] (2.03mm)
8:22 ﬂ :gmm; .0468" $1A17mm) B
mm : .0440” (1.12mm) 077" (REF.
.060' DIA. (1.95mm) )
— ™ (1.52mm) [ —=  |= 020" (0.51mm)
084" (2.13mm) M
.084" (2.13mm
.072" (1.83mm) CATHODE
.096" (2.44mm) .096" (2.44mm)
084" (2.13mm)[* 084" (2.13mm)
S5 5
.040" (1.
UM9605 UM9606 (1.02mm) 045" REF. UM9607  UM9608 — 02 gg %m:;
(1.14mm)
Dzomm
mm T B f
Iv " .069"" (1.75mm)
T———— 0857 (1.65mm) | - 065" (1.65mm)
085 (1.65mm) @. 94mm) DIA. MAX. DiA.
DIA. MAX. B
(3. 6Smm)
.0310” (0.79mm) .057" (1.45mm)
.0290"" (0.74mm) (REF.)
.0310” (0.79mm) DIA.
0290 (0.74mm) — 0.008"" MIN.
DIA. (0.20mm)

Selection Guide

The following chart serves as a general
guide for indicating the most likely diode from
the series for a given application.

Applications

Recommended Types

1. High isolation switches to 2GHz at low dc drive
2. Quarter-wave antenna switches to 100 watts.
3. Priced for high volume commercial applications.

UM9601 (Affixes to microstrip
ground plane.)

UM9603 (Affixes to microstrip
backing plate.)

High volitage rating version of UM9601 and UM9603
respectively for peak power handling to 3KW.

UM9602, UM9604

1. Low insertion loss switches to 4GHz.
2. Low distortion antenuator applications.

UM9605 (Affixes to microstrip
ground plane.)

UM9607 (Affixes to microstrip
backing plate.)

High voltage version of UM9605 and UM9607
for peak power handling to 10KW.

UM9606, UM9608

UNITRODE CORPORATION « 5 FORBES ROAD
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Microwave Characterization

The UM9601-UM9608 series has been
designed and characterized as shunt switch
elements at frequencies to 4GHz in microstrip
circuits. Performance curves are given which
demonstrate switch performance in 0.025"
(.635mm) alumina microstrip.

The performance data were derived by
evaluating externally biased microstrip
circuits in which a UM9601 diode was installed.
Each circuit consisted of a 1 inch length of 50
ohm nominal impedance 0.025" (.635mm)
thick alumina microstrip and two SMA
connectors. The data shown include the board
and connector loss. Measurements performed
using 0.050" (1.27mm) alumina substrates
show similar performance at frequencies to
1.5GHz.

Bias Supply

i

.

UM9601-UM9608

These circuits simulate simple SPST
switches. Many designs require multithrow
switches. It is important to recognize that a
multithrow switch will have 6dB higher
isolation than indicated for SPST switches.
Also, a multithrow switch using shunt mounted
PIN diodes require the diodes be placed a
quarter-wavelength from the common port.

A further improvement in switch perform-
ance may be achieved by using 2 shunt PIN
diodes in each arm spaced a quarter-wave-
length from each other. In this case the
isolation of each section will be twice the dB
value of a SPST switch. The insertion loss due
to the diodes should be less than twice the
insertion loss of an SPST section due to the
transforming effect of the quarter-wave line on
the capacitance of a single diode.

|
1

50Q Bias Tee

Vg

-

DUT 500

Microwave Test Circuit
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UM9601-UM9608

Typical Insertion Loss vs Frequency
0.025" (0.635mm) Alumina Microstrip SPST Switch

16 Diode at Zero Bias

1.4 /

/

g 10 Typical Isolation vs Frequency
o 0.025" (0.635mm) Alumina Microstrip SPST Switch
3 Diode Current = 100mA
z 8 30
o UM9601 - UM9604
S/
@
£ / 25 A
) / AN
2 /{,/um_seos - UM9608 20 \ UM9601 - UMS604

N

UMB9605 - UM9608

0 1 2 3 4 5 6
FREQUENCY (GHz)

ISOLATION (dB)
&

Isolation vs Freduency and Diode Current
0.025" (0.635mm) Alumina Microstrip SPST Switch

28 0
0 1 2 3 4
26 UM9601 - UM9604—] FREQUENCY (GHz)
24 1GHz
» L
— /
@ g _~TUM9605 - UMZ608
i /
z . [UM96Q1,- UMD604 |
——
= . 3GHz
<
3 UM9605 - UM9608
9) 14 ]

10 20 50 100 200

DIODE CURRENT (mA)
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Installation in Microstrip

The cup type flange on the UM9601,
UM9602, UM9605 and UM9606 is designed to
be affixed to the ground plane surface of a
microstrip board as shown. The UM9603,
UM9604, UM9607 and UM9608 were designed
to be affixed to a backing plate as shown. It was
experimentally determined that at frequencies
greater than 2GHz the anode of the diode
should be approximately 0.010” (.254mm)
above the top surface of the microstrip for
lowest insertion loss.

UMS601/UM9602
UMS605/UM9606

Microstrip Mount
I A
] S

)
i‘(—E.SBmm) BACKING PLATE |{

}__.200” Typ
(5.08mm)
Design Example - 900MHz Antenna Switch

An example of a practical circuit design
using a UM9601 diode is a quarter-wave
antenna switch covering the frequency of 800-
900MHz. The circuit design for this switch is
shown and was constructed using 0.025"
(0.645mm) alumina microstrip.

This antenna switch uses a series mounted
diode and a shunt mounted diode. The
UM9601 was selected for the shunt mounted
device (SPST performance at 1GHz: 0.2dB
insertion loss and 25dB isolation) and because
it is the lowest cost diode in the UM9601-
UM9608 series. A UM9401 axial lead diode
was chosen for the series mounted device.

The performance of this switch is displayed
in the graphs and in the following table. It
should be noted that the loss values are actual
measured numbers including losses due to the
capacitors, bias networks, connectors as well
as the board. In a typical radio application
where the antenna switch circuit board is
integrated in the same microstrip board that
contains transmitter and receiver elements the
connector loss is eliminated. This will resultin
lower overall insertion loss values than
indicated here.

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 « TEL. (617) 861-6540
TWX (710) 326-6509 » TELEX 95-1064
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UM9601-UM9608

For solder adhesion the microstrip may be
heated to solder melting temperature (up to
300°C) with no damage to the diode.
Conductive epoxy may also be employed. The
thermal resistance of solder mounted
UM9601-UM9604 in their test boards was less
than 20° C/W; for the UM9605-UM9608 thermal
resistance was less than 30°C/W.

UM9603/UM9604 Microstrip Mount
UM9607/UM9608 010" (nom)
025" X 002" RIBBON 1

(0.635mm) (.051mm)
025" (0.635mm) MICROSTRIP

D

The CW power handling capacity is
determined by the allowable power dissipation
of the series mounted UM9401. Usingagap in
the line of 0.190” (4.82mm) and lead soldered
attached spacing of 0.250" (0.635mm) the
power rating of the UM9401 is 6 wattsata 25°C
ambient. This was determined by performing a
thermal resistance measurement on the circuit

mounted UM9401. The relationship that
derives the maximum transmitter power, Pr, is:

.Zo(0+1>2
20

where o = maximum antenna SWR

|
BACKING PLATE

Poiss
PT =
RS

Using resistance values for the UM9401 and
UM9601 the maximum transmitter power curve
is given and shows that this circuit is able to
handle 100 watts of transmitter power at
100mA forward biased and totally mismatched
antenna at an ambient temperature of 60°C.
For a perfectly matched antenna the power
handling increases to 400 watts under the
same bias and ambient temperature
conditions.
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Distortion is an important consideration in
the selection of a PIN diode antenna switch
design. The UM9401 and UM9601 PIN diodes
are designed for low distortion applications.
The level of distortion producedby this 900MHz
antenna switch when operated in the transmit

Maximum Transmitter Power
vs Forward Current for UM9601/UM9401
900MHz Microstrip Antenna Switch

UM9601-UMS9608

state (forward bias of 100mA) is expected to be
at least 90dB below the carrier for a 50 watt
transmitter level. In the receiver state (zero
bias) the intermodulation distortion caused by
two in-band signals at 0dBm are estimated to
be at least 100dB below this level.

T POWER SUPPLY
Zo = 50Q)
SWR = = 5000pF | |—¢
£ rq I ANT
3 L_lr = 200mA 30pF 300F
g i T
z F = m ~
S 100 \!\ — ) 4 @ 850MHz
Ir = 50mA == <
& —~= ~ Zo 800
= — X
E I = 20mA AN A 4 @850MHz
§ ~J1 N\ 30pF Zo - 500 30pF
= —m——
z e T TOmAP—| N TX @—— | 7S | —e@Rx
s — ~ \ UM9401
s UM9601
= \\
2 100 N
< ~ p . & o
<§( \X o hd @ 2 d
E I
& Circuit Diagram
1.0

25 50 75 100 125 150 175
AMBIENT TEMPERATURE (°C)

Antenna Switch Performance

Frequency Range 800-900MHz
I. Transmit State
(I =100mA, Ta=60°C)

A. Maximum Transmitter Power - 100 watts
(antenna SWR = )

B. Maximum Transmitter Power - 400 watts

(antenna SWR = 1)

Transmitter Insertion Loss - 0.4dB

Receiver Isolation - 31dB

Harmonic Distortion - —90dB

(Pr = 100 watts)

moo

UNITRODE CORPORATION « 5 FORBES ROAD
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Il. Receive State
(Zero Bias)

A. Receiver Insertion Loss - 0.6-0.7dB
B. Intermodulation Distortion - —100dB
Pi» = 0dBm
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Antenna Switch Insertion Loss

10 /
RECEIVER INSERTION 4

0.8 LOSS (I = 0)
@ //
2 N~ te=20ma ]
g °e \ /
-l
% \‘\—‘A}SOmA/
£ o4 ] /!/
u TRANSMITTER
2 INSERTION LOSS

(le = 100mA)
0.2
0 750 800 850 900 950 1000

FREQUENCY (MHz)

ISOLATION (dB)

35

30

25

20

UM9601-UM9608

Receiver Isolation vs Frequency

and Diode Current

100mA

50mA——— |
P S —— —

10mA

750

800 850 900
FREQUENCY (MHz)

Photograph of 800-900MHz antenna switch test module using
UM9401 and UM9601 PIN Diodes. In typical transceiver
applications, the antenna switch circuit board is integrated.
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375"
(9.52mm)
7
v U
A — 400"
L? 0203 (10.16mm)
| (Lfnmm)1 —-—-——}{
025"
oIy |« N 093" DIA.
(2.36mm)
200" | —» "
(50.8mm) :%os ) (3: f12$5mm)
A3mm
.190"
(4.13mm)
lol-» l
_q |4_| -§| %-— .020" (.51mm)
.020" (.51mm)
|

o
(25.4mm)

Substrate Drawing

Parts List

UM9601-UM9608

[
«w

RX

F1

Cc3

NaN

> (o3} D1 c2

Assembly Drawing

F1 5000pF Feed through Filter Erie 1270-016
C1-C4 30pF Chip Capacitor Vitramon VJ0805A300KF
D1 PIN Diode Unitrode UM9401
D2 PIN Diode Unitrode UM9601
J1-J3 SMA Connector Cablewave 971-028
e M
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PIN DIODE

UM9701

Low Resistance, Low Distortion, RF Switching Diode

Features

e Low Forward Resistance

e High Reverse Resistance

e Specified Low Distortion

® High Voltage Capability

® Good Power Handling

e Unitrode Ruggedness and Reliability

Description

The UMS701 PIN diode was designed forlow
resistance at low forward bias current and low
reverse bias capacitance. This unique
Unitrode design results in both forward and
reverse bias.

These PIN diodes are characterized for low
current drain RF and microwave switch appli-
cations particularly for digital filter switch
designs. The construction and geometry of
these devices provide good voltage and power
handling capability.

Maximum Ratings

These devices are constructed using a
metallurgical full face bond to both surfaces of
the silicon chip. A glass enclosure houses this
bond in a reliable and hermetic package. The
axial leads are attached to the refractory pins
and do not touch the glass enclosure.

Environmentally these, and all Unitrode PIN
diodes, can withstand thermal cycling from
—195°C to +300°C and exceed all military
environmental specifications for shock, vibra-
tion, acceleration, and moisture resistance.

Reverse Voitage 100v
Average Power Dissipation Free Air at 25°C 500mW (Derate linearly to 175°C)
Average Power Dissipation 1,"” Total . o
Lead Length to 25° C Contacts 2.5W (Derate linearly to 175°C)
Operating and Storage Temperature —65°C to +175°C
Electrical Specifications
Test Symbol UM9701 Condition
Series Resistance (MAX) Rs 0.80 F = 100MHz, | = 10mA
Total Capacitanc_e (MAX) Cr 1.8pF F = 1MHz, | = 50V
Parallel Resistance (MIN) Re 100kQ2 F = 100MHz, V = 50V
Carrier Lifetime (MIN) T 1.5us I = 10mA
Reverse Current (MAX) Ir 10uA VvV =100V
Forward Voltage (MAX) Ve 0.8v I =10mA
: . 2ab I =10mA
o yard Bias (Th;‘;{i)orde’ R=— -90dB Pa = Pb = +20dBm
Fa = 43MHz, Fb = 44MHz
; ; 2ab I =50V
I Dreorton taa | R EZ | —sods | Pa=Po ra0dem
a Fa = 43MHz, Fb = 44MHz
7/83 M
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Typical Series Resistance vs
Forward Current (F = 100MHz)
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FORWARD CURRENT (mA)
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UM9701

Typical DC Characteristic
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DISTORTION BELOW CARRIER (dB)

DISTORTION BELOW CARRIER (dB)
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Typical Third Order 2ab
Intermodulation Distortion (R a )
vs Forward Bias Current
at 20dBm per Channel
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UMS701

Forward Bias Distortion Test Set

1%25'—:»

i

DC
CURRENT
SUPPLY
OSCILLATOR
AT
Fa T 3RFC
QUADRATURE 1} SPECTRUM
ANALYZER
HYBRID oUT
OSCILLATOR RFC
AT
Fb =
Reverse Bias Distortion Test Set
DC
VOLTAGE
SUPPLY
OSCILLATOR
AT
Fa :L: RFC
1l 1} SPECTRUM
QUQBSQ,T[‘,’ RE 1 T ANALYZER
DUT
OSCILLATOR
AT =
Fb
Mechanical Specifications
YELLOW CATHODE BAND
.029 (.74) .090 (2.29) DIA. MAX.
.027 (.71) ___E

.055 (1.40) DIA. MAX.
i (1.40)

975 250 975
(24.8) b (6.35) (24.8)
MIN. MAX. MIN.
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PIN DIODE

Features

e Useful attenuation from 1 uA to 100 mA bias.

e Capacitance below 0.4 pF.

e | ow distortion in switches and attenuators.

* Rugged Unitrode construction.

Description

The 1N5767 and 1N5957 PIN diodes are
based upon low capacitance PIN chips
designed with long minority carrier lifetime,
and thick intrinsic width. Thus operation as
low as 1 MHz is possible with low distortion.
Additionally, the low diode capacitance
allows useful operation well into the micro-
wave frequency range.

The 1N5767 (5082-3080) is a general pur-
pose low power PIN diode designed for both

MAXIMUM RATINGS

1N5767 (5082 - 3080)SERIES
1N5957 SERIES

switch and attenuator applications.

The 1N5957 is primarily used as an attenu-
ator PIN diode and is particularly suitable
wherever current controlled, wide dynamic
range resistance elements are required. The
1N5957 has also been characterized for the
75Q attenuator, commonly employed in CATV
systems.

Reverse Voltage
(Vg) — Volts
(I = 10 uA)

100V

Average Power Dissipation: (25<C)
Free Air (Pp)

400 mW (Derate linearly to 175<C)

Operating and Storage Temperature Range

-65°Cto +175°C

68
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Electrical Specifications (25°C)

1N5767 (5082-3080) 1N5957

Test Symbol 1N5767 1N5957 Conditions
(5082-
3080)
Total Capacitance (Max) C; 0.4 pF 0.4 pF 50V, 1 MHz
Series Resistance Rs 100092(min) 1500Q(min)
2000Qtyp) 3000Qtyp) 10 uA, 100 MHz
Series Resistance Rs 8Q(max) 8Q(max)
4Q(typ) 6%typ) 20 mA, 100 MHz
Series Resistance Rs 2.5Q(max) 3.5Q(max)
1.5Q(typ) 2.0Q(typ) 100 mA, 100 MHz
Carrier Lifetime (Min) T 1.0 1S 1.5(min)
2(typ) Ile = 10 mA
Reverse Current (Max) Ig 10 A 10 pA Ve = Rating
Current for Ry = 75Q l7s 0.8 mA-
(typ) 0.7 mA 1.2 mA R, = 759
Return Loss (typ) — 30dB 30 dB Diode terminates
75Q line
Second Order Distortion
(typ) — —-40dB —-50dB Bridged tee attenuator
atten. = 10 dB
Third Order Distortion (typ) —_— —-60dB —65dB P, = 50dBmV
F, = 10 MHz,
F, = 13 MHz
RESISTANCE FORWARD VOLTAGE
VS FORWARD CURRENT VS FORWARD CURRENT
(TYPICAL) (TYPICAL)
N ] 100 = —F—7
10K = 1N5767 v
T AN
I A -
1;; N alini g
g 1000 IL1N=.3957 10.0 . :1N59§7§
8 I _ F
3 N ' < -+
g 100 P —+— g ==sas =
& f q =N _.}
L PN ]
N 1N5767 /] TR > f
(8]
- (3080) 1= a
o«
N <
= 0.10 £
o« y &
1 o i
0.001 0.01 0.10 1.0 10.0 100.0 uw.
Diode Current (mA)
0.01 il
/
0.001 I
0 2 4 6 .8 1.0
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1N5767 (5082-3080) 1N5957

TOTAL CAPACITANCE VS
REVERSE VOLTAGE

6
1MH
5MHz [N
4 N
10 MHz TN

Cr1— Total Capacitance (pF)
(%]

|
3 [100MHZ T

1 2 5 10 20 50 100 200 500 1000

Vr— Reverse Voltage (V)

PARALLEL RESISTANCE VS REVERSE VOLTAGE
100

1 i

V1
- 100 MHz T AT =~
g | Id
by 500 MHz{[1.0 GHz
° 50 -
< 1
] |11
2 r 1] 3.0GHz
<
s T
® LT
5 20 ]
o
|
o«

10
1 2 5 10 20 50 100 200 500 1000

Vr — Reverse Voltage (V)

MECHANICAL SPECIFICATIONS

ATHODE BAND

LT

Sy L 4 .
b 021 (530)
076 e 170 e 014 (.356)
DIA. e 975 __ o1 MAX. . 975 ___ ] DiA.
MAX. MIN. (4.3) MIN.
(1.93) (24.7) (24.7)
Dimensions: Inches (Millimeters)
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CIRCUIT MOUNTING CONSIDERATIONS

Unitrode offers a wide variety of package
styles for each diode series, permitting vir-
tually any circuit mounting requirement to be
accommodated. Some precautions should
be taken when mounting the various types.
Guidelines are outlined as follows:

Stud Packages

Withstanding compression forces of up to
40 pounds, Unitrode pressure contact diodes
(styles C and D) can be mechanically
mounted without the need for unusual pre-
cautions. Each package is designed to pro-
vide excellent mechanical, thermal and elec-
trical continuity for a variety of microwave
circuit configurations.

A maximum torque of 28 inch-ounces is
specified when instailing either C or D style
stud mounted packages. This torque is to be
applied between the hex flats on the metallic
flange of the diode package and any associ-
ated mounting hardware.

UNITRODE CORPORATION « 5 FORBES ROAD
LEXINGTON, MA 02173 - TEL. (617) 861-6540
TWX (710) 326-6509 » TELEX 95-1064
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Solder Contacts

Bonding of the basic Unitrode fused-in-
glass diode to leads or studs is made at
temperatures in excess of 400°C during
manufacturing. This high temperature fabri-
cation permits great latitude in the soldering
of Unitrode diodes to various circuit media.
All exposed metallic surfaces are solderable.
Temperatures up to 400°C may be applied to
the diode mounting terminal within the
following guidelines:

1. For solder contacts, soldering iron
tips up to 200°C may be used without
special precautions.

2. At temperatures between 200°C and
400°C, the heating and cooling rates
should not exceed 20°C per minute.

3. At temperatures between 200°C and
400°C, it is important to keep both
ends of the diode at equal tempera-
tures. A hot plate can be used to
maintain uniform diode temperature.
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PIN DIODE FUNDAMENTALS

GENERAL DESCRIPTION

A PIN diode is a semiconductor device
that operates as a variable resistor at RF and
microwave frequencies. The resistance value
of the PIN diode is determined only by its dc
excitation. In switch and attenuator applica-
tions, the PIN diode should ideally control
the RF signal level without introducing dis-
tortion which might change the shape of the
RF signal. An important additional feature of
the PIN diode is its ability to control large RF
signals while using much smaller levels of
dc excitation.

A model of a Unitrode PIN diode chip is
shown in Figure 5-1. The chip is prepared by
starting with a wafer of almost intrinsically
pure silicon, having high resistivity and long
lifetime. A P-region is then diffused into one
diode surface and an N-region is diffused
into the other surface. The resulting intrinsic
or |-region thickness (W) is a function of the
thickness of the original silicon wafer, while
the area of the chip (A) depends upon how
many small sections are cut from the original

thickness l-regions having long carrier life-
times and high resistivity. These characteris-
tics enhance this ability to control RF sig-
nals with a minimum of distortion while re-
quiring low dc supply.

FORWARD BIASED PIN DIODES

When a PIN diode is forward biased, holes
and electrons are injected from the P and N
regions into the I-region. These charges do
not immediately completely recombine.
Instead, a finite quantity of charge
always remains stored and effectively results
in a lowering of the resistivity of the I-region.
The quantity of stored charge, Q, depends on
the recombination time, T (commonly called
the carrier lifetime), and the level of forward
bias current, I, as follows:

Q = lgTt [coulombs] (1)
The resistance of the I|-region under for-
ward bias, Rg is inversely proportional to Q

and may be expressed as:

wafer. . . R = ow [ohms] 2)
The performance of the PIN diode primar- (un + 1p)Q
ily depends on chip geometry and the nature
of the semiconductor material in the finished  where: W = I-region width
diode, particularly in the I-region. Character- un = electron mobility
istic of Unitrode PIN diodes are controlled ur = hole mobility
AREA - A

N

\P_,/T

Figure 5-1
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Combining Equations 1 and 2, the expres-
sion for Rg as an inverse function of current
is shown as:

2
R W

ST (un + po) I, [ohms]

3)

Typically, PIN diodes display a resistance
characteristic consistant with this model as
shown in Figure 5-2. Resistances of the order
of 0.1Q at 1A forward bias increasing to
about 10,000Q at 1 uA forward bias represent
a realistic range for a Unitrode PIN diode.

100.04

50.0

10.0

5.0+

= DIODE RESISTANCE (ohms)

Rs

0.5

.

1
1000

0.1 T T
1.0 10 100
i — FORWARD BIAS CURRENT (mA)

Figure 5-2 Rg vs Forward Current for
UM4000 PIN Diode

The maximum forward resistance, Rggay,
of a PIN diode is generally specified at 100
mA forward bias current. For some PIN
diodes, Unitrode specifies not only the Rgay
but also the Ry, at a lower forward bias
current (10 pA). These specifications ensure
a wide range of diode resistance which is
particularly important in attenuator
applications.

The results obtained from Equation 3 are
valid over an extremely broad frequency
range when Unitrode PIN diodes are used in
a circuit. The practical low resistance limita-
tions result from package parasitic induc-
tances and junction contact resistances,
both of which are minimized in the construc-
tion of Unitrode diodes. The high resistance

range of PIN diodes is usually limited by the
effect of the diode capacitance, C+. In order
to realize the maximum dynamic range of the
PIN diode at high frequencies, this diode
reactance may have to be tuned out.

It should be noted that ‘“skin effect” is
much less pronounced in relatively poor con-
ductors such as silicon, than with good
metallic conductors. This is due to the fact
that the ‘‘skin depth” is proportional to the
square root of the resistivity of the conduct-
ing material. Thus, RF signals penetrate
deeply into the semiconductor and ‘‘skin
effect” is not a significant factor in PIN
diodes below X-Band frequencies.

At dc and very low frequencies, the PIN
diode is similar to a PN diode; the diode
resistance is described by the dynamic resis-
tance of the | - V characteristics at any quies-
cent bias point. The dc dynamic resistance
point is not, however, valid in PIN diodes at
frequencies above which the period is
shorter than the transit time of the I-region.
The frequency at which this occurs, f;, is
called the transit time frequency and may be
considered the lower frequency limit for
which Equation 3 applies. This lower fre-
quency limit is primarily a function of W, the
I-region thickness and can be expressed as:

[MHZ]

fT=

where W is the I-region thickness in microns.
For Unitrode PIN diodes, this low frequency
limit ranges from approximately 20 KHz for
the thickest diodes (UM4300 and UM7300
series) to approximately 1 MHz for the
thinnest diodes (UM6200, UM7200).

REVERSE BIASED PIN DIODES

At high RF frequencies when a PIN diode
is at zero or reverse bias, it appears as a par-
allel plate capacitor, essentially independent
of reverse voltage, having a value of:

€A

C=W

[farads] (5)

UNITRODE CORPORATION e 5FORBES ROAD e LEXINGTON,MA 02173 e TEL. (617) 861-6540 » TWX (710) 326-6509 e TELEX 95-1064

78



where: € = silicondielectric constant
A = junction area
W = I-region thickness

The lowest frequency at which this effect
begins to predominate is related to the die-
lectric relaxation frequency of the I-region, f,,
which may be computed as:

1

"= Zmpe

[HZ] (6)

where: P = l-region resistivity

For Unitrode PIN diodes, this dielectric
relaxation frequency occurs below 100 MHz
and the total packaged capacitance, C;, is
specified for most Unitrode diodes when
zero biased at 1 GHz. Additional data is
supplied in the form of typical curves
showing the capacitance variation as a
function of reverse bias at lower frequencies.

At frequencies much lower than f, the
capacitance characteristic of the PIN diode
resembles a varactor diode. Because of the
frequency limitations of common test equip-
ment, capacitance measurements are gener-
ally made at 1 MHz. At this frequency the
total capacitance, C;, is determined by
applying a sufficiently large reverse voltage
which fully depletes the I-region of carriers.

Associated with the diode capacitance is
a parallel resistance, Ry, which represents
the net dissipative resistance in the reverse
biased diode. At low reverse voltages, the
finite resistivity of the l-region results in a
lossy l-region capacitance. As the reverse
voltage is increased, carriers are depleted
from the I-region resulting in an essentially
lossiess silicon capacitor. The reverse
parallel resistance of the PIN diode, R, is
also affected by any series resistance in the
semiconductor or diode contacts.

The minimum reverse parallel resistance
-is specified for all Unitrode PIN diodes at
1GHz and 100 volts reverse bias. Curves
are also given which show the variation of Rp
as a function of frequency and voltage.

V. PIN DIODE FUNDAMENTALS

This data shows Ry to be proportional to re-
verse voltage and inversely proportional to
frequency.

EQUIVALENT CIRCUITS

Because of the unique construction of Uni-
trode diodes, the RF equivalent circuits are
generally different and actually more simpli-
fied than those associated with PIN diodes
constructed using conventional techniques.
These equivalent circuits for Unitrode diodes
are illustrated in Figure 5-3. Because of the
absence of small wires or ribbons, the pack-
age capacitance is directly in parallel with
the PIN chip, there is virtually no internal
package inductance to consider as is the
case with conventional PIN diodes. The full-
faced bond achieved between the silicon
chip and the metallic pins, combined with
the relatively large chip area, result in negli-
gible contact resistance. Hence, the
“residual series resistance” in conventional
diodes, is for all practical purposes, nonexis-
tent in Unitrode PIN diodes.

Any self-inductance presented by the Uni-
trode diode is external to the diode’s
capacitance and is similar to that of a
conducting cylinder having the same
mechanical outline as the diode chip and
pins. Calculations using self-inductance
equations show the Style A package induc-
tance to be on the order of 0.10 nHy for all
Unitrode PIN diode types. Additional self-
inductance is introduced by any lead
attached to the Style A package.

Thus, at frequencies below 1 GHz, Uni-
trode package parasitic effects are usually
negligible. At higher frequencies, the overall
dimensions and materials of the diode pack-
age should be considered in both the diode
selection and RF circuit design. For this pur-
pose, it should be noted that Unitrode glass
has a relative dielectric constant of 7.5
(nominal) and a loss tangent of less than
0.008 from dc through X-Band.
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Figure 5-3 PIN Diode Equivalent Circuits

THERMAL CONSIDERATIONS

As a PIN diode dissipates power, its junc-
tion temperature begins ito rise. The finai
temperature of the diode junction will de-
pend on the amount of power dissipated, Pp,
the ambient temperature, T,.,, and the ther-
mal resistance, 6,,, between the diode junc-
tion and the ambient temperature. The speci-
fied power rating of a PIN diode is the power
dissipation that will raise the junction temp-
erature from a specified ambient (typically
25°C) to its maximum allowable value, T,,,.
Unitrode conservatively rates its diodes for a
Timax ©f 175°C. The maximum allowable
power dissipation, Py.,, may then be
computed from the following expression:

- TAmb

6JA

T max [watts]

?)

PDmax =

The thermal properties of Unitrode PIN
diodes are specified for both pulse and CW
applications. For CW designs using stud
mounted diodes (C and D type packages),
thermal resistance between the diode junc-
tion and one surface of the diode package is
specified for each type package. For leaded
diodes (B and E type packages), power
ratings are also specified in the data section
for various lead lengths. In every case, the
circuit designer must determine what max-
imum temperature will occur at the circuit
contact to which the diode package is con-
nected, before he can establish the absolute
RF power capability for his application.

A practical approach to this problem is to
assume a maximum diode package contact

operating temperature of 100°C. Using the
information supplied in the data section for
the particular diode type, one can then deter-
mine the amount of RF power which can be
handled by the diode before its junction
reaches the maximum reliable operating
temperature. Use of either tell-tale crayon
temperature indicators, or the observation of
a small drop of water on the contact junction
during RF operation, should give the de-
signer strong confirmation regarding the
accuracy of his original estimates.

For pulsed RF applications, the total
power dissipation is determined by means of
a thermal impedance graph which displays
puised thermal resistance as a function of
pulse width. These graphs, which are given
for each diode type in the data section,
which appear exponential in shape are actu-
ally a composite of the thermal impedances
of the materials which comprise the thermal
path between the diode junction and the
package contact.

This thermal impedance graph may be
used to compute both the heat capacity and
the thermai time constant of the diode.
Because of their large physical mass, Uni-
trode PIN diodes have the ability to store
large amounts of heat. For example, the
UM4300 diode is rated capable of dissipating
a 500 KW peak power pulse of 1 microsecond
duration when connected to a heat sink of
25°C.

The peak junction temperature, Typ, re-
sulting from application of an RF pulse,
occurs at the end of the pulse as shown in
Figure 5-4. The diode junction temperature
rise, AT, caused by an RF pulse, may be com-
puted from the following equation:

AT =Ty — T

AT = Oett Pomax [oC] @)

effective thermal resistance
peak junction temperature
ambient junction temperature

o1
Ao @
i
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Figure 5-4 PIN Junction Temperature
During RF Puise Application

JUNCTION TEMPERATURE

The effective thermal resistance, 6,4, can
be computed from the pulse and average
thermal resistances of the PIN diode as
follows:

=
- 6 + 6 [CIW] 9)

Oert = ;TpeJA + (1 - t—p) B + 1)

where T is the inter-pulse period; t, is the
pulse width; 6, e,p, and G(THD, are the diode
thermal resistances at their respective puise
widths; and 6,, is the average thermal resis-
tance. For most pulse applications, where
the duty factor (DF) is much less than unity

(i-e., ¥L<< 1and 6 , ) = 6,
the effective thermal resistance equation
reduces to:

By = (DF)0,a + Btp [°C/W] (10)

The unique construction of Unitrode PIN
diodes is primarily responsible for their out-
standing power handling characteristics.
The full-face metallurgical bonds achieved

V. PIN DIODE FUNDAMENTALS

between the chip and pin result in extremely
low thermal resistance paths between the
diode junction and case, thereby permitting
higher diode power dissipation specifica-
tions. The UM4901C, for example, is rated to
dissipate 37.5 watts with a heat sink
temperature of 25°C. Under pulsed applica-
tions, this same diode is rated to handle 100
KW for pulse widths up to 1 microsecond
duration. The excellent peak pulse power
capability results from the large heat capac-
ity of the chip and the low thermal resistance
of its mounting structure.

Thermal ratings are conventionally speci-
fied for a device heat sinked at only one elec-
trode. Since Unitrode’s PIN diodes are ther-
mally symmetrical, the designer may choose
to heat sink either electrode. As a con-
sequence, the power handling capability
may be theoretically doubled by heat sinking
both electrodes in a high power application.

Another potential thermal limitation
imposed on most conventional PIN diodes is
one related to a maximum allowable current.
This rating is given if there is a possibility of
fuse action occurring within the diode pack-
age at a current level below the power rating
of the PIN chip. When a maximum current
rating is specified for the PIN diode, the
designer must ensure that the maximum RF
current, under the worst SWR stress, does
not exceed this value. Unitrode PIN diodes
do not have separate maximum current spec-
ifications because there are no thin, fuse-
able wires contained within the diode
packages.

SWITCHING SPEED

Since the PIN diode operates with differ-
ent quantities of charge stored in its I-region,
switching speed may be loosely defined as
the time required to change this level of
stored charge. In RF switching applications,
this would be the time required to either fill
up or remove the charge from the I-region. It
is difficult to define the absolute switching
speed of a PIN diode because there are no
standard criteria defining RF switching; in
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addition, the actual switching speed
achieved depends as much on the drive cir-
cuit as it does on the PIN diode.

When a PIN diode is forward biased to a
current, I, it results in a stored charge,
Q =I.1, which puts the diode in a low resis-
tance state. If the diode forward bias is sud-
denly removed, the negative and positive
charges in the diode will eventually recom-
bine. The time required for this recombina-
tion to occur is called T, the carrier lifetime.
If, however, a sufficiently large reverse volt-
age is applied to the forward conducting
diode which produces an initial reverse cur-
rent, Iz, the “forward to reverse” switching
time, Trg, may then be expressed as follows:

R

Tow = In (1 + :_F)T [sec] (11)

Figure 5-5 shows such a typical PIN diode
switching speed response. The shaded area
of the curve below the zero current line is
equal to the stored charge of the diode under
forward bias. The accompanying chart
shows how the speed of switching the diode
from forward to reverse bias is affected by
both the initial reverse current as well as the
forward current level.

f=-ren ]

DIODE CURRENT

Figure 5-5 PIN Diode Switching Speed

The driver which supplies the reverse bias,
ls, need only deliver this level of current for a
short period of time. In many practical appli-
cations, this current takes the form of an ini-
tial spike supplied by discharging a stored
capacitor. Thus, an important parameter in
high speed driver design is its maximum
transient current capability rather than the
level of voltage available from the driver
power supply.

The fastest switching speed that will
permit filling the |-region with stored charge
depends primarily on the transit time of the
I-region (i.e. the thickness of the diode) and
the levels of reverse voltage and forward
current which the driver circuit can supply.
For Unitrode PIN diodes, this ‘“‘reverse to for-
ward” switching time, Tgg, is usually slower
than the ‘‘turn-off”’ or Tz time. Typical values
for Ty are shown in Table 1.

TABLE 1
Typical PIN Diode Switching Speeds (T¢)
To 10 mA | To 50 mA | To 100 mA

from from from
Diode Type 100V 100V 100V
UM4000, 6000, 7000 | 5.0 uS 2.5uS 1.5 uS
UM7100 2.0 uS 0.8 uS 0.5 uS
UM6200, UM7200 0.4 uS 0.2 uS 0.1 uS

LARGE SIGNAL OPERATION
Forward Bias

When a PIN diode is forward biased, the
maximum RF current the diode can control
depends on the amount of stored charge
supplied by the dc forward bias relative to
the charge variations produced by the RF
signal.

Consider the example of a Unitrode
UM4001B operating at a forward bias of 100
mA. Since the specified minimum carrier life-
time for this diode is 5.0 uS, the stored
charge, calculated from Equation 1 is 500 x
10 coulombs. Let us now apply a 50 MHz
signal of sufficient size to produce a 1
ampere (peak) RF current in the diode. Figure
5-6 shows that the incremental stored
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For a half cycle:
T/2 T/2
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m

For a frequency of 50 MHz and a current A of 1 ampere,
q = 6.37 X 10-9 coulombs

Figure 5-6 RF Stored Charge

charge, “q”, introduced or removed by this
RF current, is only 6.37 x 10 coulombs or
almost two orders of magnitude lower than
the stored charge, Q.

From this it can be seen that the 100 mA
forward diode bias represents a larger signal
than the 1 ampere of RF current, from a
stored charge point of view.

In order to prevent the RF current from
drawing out the entire stored charge, the fol-
lowing inequality must hold:

Q>q

or

lre

loeT>
ot o

[coulombs] (12)

V. PIN DIODE FUNDAMENTALS

RF peak current

diode forward bias current
operating frequency

diode carrier lifetime

where: g

Ioc
f
T

This indicates that the dc stored charge in
the PIN diode will be able to withstand larger
RF currents as the frequency of the RF sig-
nal increases. It also shows that an instan-
taneous diode current excursion may occur
in the negative (reverse bias) direction with-
out adversely affecting the diode low resis-
tance state. In practical circuits, it is recom-
mended that the value of dc stored charge be
designed to be at least 10 times the RF
stored charge. This condition should be met
independent of the diode resistance required
to satisfy power dissipation constraints.

Reverse Bias

When a PIN diode is at zero or reverse
bias, there is essentially no charge stored
and the intrinsic region can be thought of as
a low loss dielectric. In order for this intrinsic
region to remain in a low loss state, the maxi-
mum instantaneous reverse or negative volit-
age must not exceed the diode breakdown
voltage and the positive voltage excursion
must not cause thermal losses to exceed the
diodes dissipation rating.

All Unitrode PIN diodes have a specified
minimum reverse voltage rating. This is the
voltage, Vi, measured at room temperature
(25°C) where it is guaranteed that no more
than 10 uA reverse current will flow. This cur-
rent is mainly due to surface conditions of
the semiconductor and is often referred to as
surface leakage current. The breakdown volt-
age of the diode, Vg, which also determines
the maximum allowable RF voltage swing,
depends primarily on the dielectric strength
of the I-region and is directly proportional to
the l-region thickness. At the actual break-
down point, diode current increases rapidly
as the applied voltage is increased and a
zener or avalanche effect occurs.

UNITRODE CORPORATION e 5FORBES ROAD e LEXINGTON, MA 02173 o TEL. (617) 861-6540 ¢ TWX (710) 326-6509 ® TELEX 95-1064

83



Figure 5-7 displays a typical dc voltage —
current relation for a PIN diode along with
one voltage cycle of a superimposed large
RF signal, V,. The approximate breakdown
voltage, Vg, and voltage ratings for various
Unitrode PIN diodes are shown below:

Voltage
Pin Diode Type Vs Ratings (Vg)
UM4300,UM7300 3000V | 100,200,600,1000 V
UM4000,UM6000, 2000V | 100,200,600,1000 V
UM7000
UM7100 1200V | 100,200,400,800 V
UM6200,UM7200 600V | 100,200,400 V

t

Figure 5-7 PIN Diode Voltage
Relationships Under Reverse Bias

It is virtually impossible to measure the
exact breakdown voltage of thick PIN diodes
because of the surface leakage current.
However, in specifying a PIN diode for large
signal applications, the voltage rating must
always exceed the applied dc reverse voltage
but it need not be as high as the maximum
RF voltage swing.

In addition to breakdown voltage, bias
voltage, peak RF voltage and circuit losses,
other parameters which must be considered
in the selection and operation of PIN diodes

under large signal conditions include the fol-
lowing: carrier lifetime, frequency, RF pulse
length, duty cycle, and ambient temperature.
Because of so many interacting parameters
in high-power applications, frequently the
only practical way to determine a proper bias
voltage is through actual test and
experimentation.

As a side effect of voltage excursions into
either positive conduction or beyond break-
down, it should be noted that the dc reverse-
bias power supply must deliver more than
the normal diode reverse leakage current.
Thus the normal reverse leakage will be less
than 10 A only when a diode is biased below
its rated breakdown voltage. Under high RF
signal power, this reverse leakage can
increase to as much as 1 mA depending
upon power level, bias voltage, frequency,
and ambient temperature. In RF pulse appli-
cations, this leakage is observed to vary dur-
ing the duration of the pulse and the maxi-
mum value obtained is generally called the
“pulse leakage current.” The level of this cur-
rent and its stability are good measures of
the adequacy of a given bias voitage for a
particular application.

In a previous section it was pointed out
that a diode with a long transit time will have
a slow reverse to forward switching speed,
Tee - Similarly these devices will react
slower to a rapidly changing RF signal. This
infers that there is more of a tendency in a
thick PIN diode to retain its quiescent level
of stored charge.

The lower transit time frequency of a thick
PIN diode also implies its ability to follow
the stored charge model for diode resis-
tance, per Equation 2, rather than the non-
linear V-1 characteristic at lower frequencies.
Thus the higher the frequency and the
smaller the signal the lower the effect of this
non-linearity.

Non-linear behavior is often desired in PIN
and other semiconductor diodes. Limiter
diodes are designed as thin Il-region PIN
diodes operating near the transit time fre-
quency of the devices. In a detector or mixer
diode it is the ability of the diode to produce
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distortion that is being exploited. In this
regard the term ‘‘square law detector”
applied to detector diodes implies a good
second order distortion generator.

Unitrode PIN diodes, on the other hand,
are characterized by wide intrinsic regions
containing stored charges whose levels are
primarily controlled by applied dc bias sig-
nals. It is primarily this feature which
enables these diodes to control strong RF
signals without adding significant amounts
of distortion to the desired signals. It may
also be concluded that Unitrode PIN diodes
do not perform well as self-biased limiter or
detector diodes.

The effect of carrier lifetime on switch dis-
tortion relates to the level of stored charge at
the operating forward bias current and the
ratio of this stored charge to the incremental
stored charge added or removed by the RF
signal. Equation 12 is repeated here to show
the conditions for low distortion switch
performance:

Q>q
or

Ire

DISTORTION

The prior sections devoted to large signal
operation and thermal considerations were
concerned with determining operating condi-
tions that would result in either significant
changes in diode performance or excessive
power dissipation in PIN diodes. A more
subtle but often significant operating char-
acteristic which we shall now consider, is
the distortion or change in signal shape
which is produced by a PIN diode in the sig-
nal it controls.

When an RF signal is applied to a PIN
diode, some degree of distortion is always
introduced in the signal. Such changes in
shape are usually indicated by changes in

the frequency content (or Fourier series) of -

the applied RF signal. The primary cause of

V. PIN DIODE FUNDAMENTALS

this distortion is the variation of the PIN
diode impedance during the period of the RF
signal. This level of distortion can range from
a low of better than 100 dB below the desired
signal up to levels that approach that of the
desired signal. Several specific methods for
selecting and operating PIN diodes to obtain
low distortion are discussed in the following
sections.

A common misconception is that minority
carrier lifetime is the only significant PIN
diode parameter that affects distortion. This
is indeed a factor, but another important
parameter is the width of the I-region, which
determines the transit time of the PIN diode.

Switch Distortion
Reduction Techniques

In a distortion sensitive RF switch circuit,
the PIN diode selected should have a wide
I-region (W) and a long carrier lifetime, T. The
diode should be both forward biased to as
high a current as feasible and reverse biased
at the highest voltage possible. Distortion
produced in the PIN diode circuit can be
reduced further by adding another PIN diode
in series with the first which increases the
effective I-region width of the diode. In addi-
tion, the diodes are connected in a back to
back orientation (cathode to cathode or
anode to anode), an additional decrease in
distortion will occur due to cancellation
effects of these distortion currents.

Figure 5-8 shows an antenna switch which
controls signal levels up to 100 watts CW at
frequencies of 10-100 MHz and all harmonic
distortion signals generated are better than

ANTENNA

TRANSMIT RECEIVE
BIAS BIAS

Rx

UmM43010

UM73068B

Figure 5-8 Low Distortion PIN Diode
Antenna Switch
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90 dB below the carrier level. The UM4301D
diodes in the transmitter arm are each for-
ward biased to 500 mA while the UM7306B
receiver diodes are reverse biased at 500V to
achieve this performance.

Attenuator Distortion
Reduction Techniques

In attenuator applications, distortion is
directly relatable to the ratio of RF to dc
stored charge. In such applications, PIN
diodes operate only in the forward bias state
and often at high resistance values where
the stored charge may be very low. Under
these operating conditions, distortion will
vary with changes in the attenuation level.
Thus, PIN diodes selected for use in attenu-
ator circuits need only be chosen for their
thick I-region width, since the stored charge
at any fixed diode resistance, Rs, is only
dependent on this dimension. This relation-
ship can be demonstrated by rewriting Equa-
tion 2 as follows:

Q= w2

W 13
(un + Hp) Rs (9)

[coulombs]

The thickest I-region width PIN diodes
manufactured by Unitrode are the UM4300
series, the UM7300 series and the UM9301.
Using series connected PIN diodes, the
effective l-region is increased which results
in reduced distortion. A further improvement
in distortion may be achieved by orienting
the series connected diodes back-to-back
which results in distortion signal cancella-
tion.

Figure 5-9 shows a bridged TEE attenuator
circuit which uses PIN diodes as variable
resistors. Typical distortion performance of
such a bridged TEE attenuator using UM9301
diodes is shown in Figure 5-10. The relative
polarity orientation of the series and shunt
diodes in Figure 5-9 results in partial cancel-
lation of second and third order distortion
terms except at 6 dB attenuation, where total
cancellation is achieved. A reversal of the

indicated relative diode polarities will result
in some degradation of the second order dis-
tortion shown.

Additional improvements in signal distor-
tion can be achieved by using two diodes in
series in both the shunt and series arms of a
bridged TEE attenuator. Typical results
should yield a 7 dB improvement in second
order and a 15 dB improvement in both third
order and cross modulation relative to that
achieved using a single diode in each posi-
tion. Orienting each diode pair back to back
will further improve second order distortion
by approximately 20 dB relative to the per-
formance obtained using a single diode in
each position.

UM9301

P

ZO ZO
UM9301

Figure 5-9 Bridged TEE Attenuator Circuit
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Figure 5-10 Distortion in Bridged
TEE Attenuator
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Distortion Measurement
Techniques

The Unitrode PIN diode design, which
enables low distortion performance, also
permits PIN operation at frequencies below
100 KHz provided the circuit employs devices
with long carrier lifetimes and thick effective
I-region widths. Since distortion is inversely
related to frequency, this parameter need
only be measured at the lowest frequency of
interest.

Because distortion levels are often 60 dB
or more below the desired signal, special
precautions are required in order to make
accurate second and third order distortion
measurements. One must first ensure that
the signal sources used are free of distortion
and that the dynamic range of the spectrum
analyzer employed is adequate to measure
the specified level of distortion. These
requirements often lead to the use of funda-
mental frequency band stop filters at the
device output as well as pre-selectors to
clean up the signal sources employed. In
order to establish the adequacy of the test
equipment and signal sources for making
the desired distortion measurements, the
test circuit should be initially evaluated by
removing the diodes and replacing them with
passive elements. This approach permits

V. PIN DIODE FUNDAMENTALS

one to optimize the test set-up and establish
basic measurement limitations.

Since harmonic distortion appears only at
multiples of the signal frequency, these sig-
nals may be filtered-out in narrow band
systems. Second order distortion, caused by
the mixing of two input signals, will appear
at the sum and difference of these frequen-
cies and may also be filtered. As an aid to
identifying the various distortion signals
seen on a spectrum analyzer, it should be
noted that the level of a second order distor-
tion signal will vary directly at the same rate
as any change of input signal level. Thus, a
10 dB signal increase will cause a corre-
sponding 10dB increase in second order
distortion.

Third order intermodulation distortion of
two input signals at frequencies F, and Fg
often produce in-band, nonfilterable distor-
tion components at frequencies of 2F, — Fg
and 2F3; — F,. This type of distortion is par-
ticularly troublesome in receivers located
nearby transmitters operating on equally
spaced channels. In identifying and mea-
suring such signals, it should be noted that
third order distortion signal levels vary at
twice the rate of change of the fundamental
signal frequency. Thus, a 10 dB change in
input signal power will result in a 20dB
change of the third order signal distortion
power observed on a spectrum analyzer.
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APPLICATIONS

SWITCHES

The most common usage of a PIN diode is
as a switching element to control RF signals.
In these applications, the diode can be con-
sidered as either a high or low impedance
device, depending on its dc bias condition.

A simple untuned single-pole, single-throw
(SPST) switch may be designed using either
a single series or shunt connected PIN diode
as shown in Figure 6-1. The series connected
diode is commonly used when a minimum
insertion loss is required over a broad fre-
quency range. This design is also easier to
physically realize using printed circuit tech-
niques, since no through holes are required
in the circuit board. A single shunt mounted
diode will, on the other hand, produce higher
isolation values across a wider frequency
range and will result in a design capable of
handling more power since it is easier to
heat sink the diode.

BIAS SUPPLY

. RFC g
e Bt
O
A. SERIES SPST SWITCH
BIAS SUPPLY
. RFC ;/E
[
()
Figure 6-1 SPST PIN Diode Switches

Multi-throw switches rather than single-
throw switches are more frequently required.
Simple multi-throw switch designs employ a
series PIN diode in each arm adjacent to the
common port. Improved performance may be
obtained using ‘‘compound switches,”
which are combinations of series and shunt
connected PIN diodes, into each arm.
UNITRODE CORPORATION « 5 FORBES ROAD

LEXINGTON, MA 02173 » TEL. (617) 861-6540
TWX (710) 326-6509 « TELEX 95-1064

For narrow-band applications, quarter-
wave spaced multiple diodes may also be
used in various switch designs to obtain
improved operation. In the following section,
we shall discuss each of these general types
of switches in some detail and present use-
ful design information for selecting PIN
diodes and predicting circuit performance.

Series Connected Switches

Figure 6-2 shows two basic types of PIN
diode series switches (SPST and SPDT) com-
monly used in broad-band designs. In both
cases, the diode is in an “ON’” or ‘“pass
power” condition when it is forward biased
and presents a low forward resistance, Rg, to
the RF signal. For an “OFF” or ‘“‘stop power”
condition, the diode is at zero or reverse bias
such that it presents a high impedance to the
RF signal source. In series type switches,
the maximum isolation obtainable depends
primarily on the capacitance of the PIN
diode, while the insertion loss and power dis-
sipation are functions of the diode resis-
tance. The principal operating parameters of
a series switch may be obtained using the
equations in the following sections.

BIAS SUPPLY

A. Single Pole Single Throw (SPST)

BIAS 1 BIAS 2

RFC g

B. Single Pole Double Throw Switch (SPDT)

Figure 6-2 Series Connected PIN Switches
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Insertion Loss (Series Switch)

IL=20Iog(1 +297s> [dB]  (13)

0

1.0

18]

1.L.=20log 52, )

—

I
o

INSERTION LOSS (dB)

0.01

0.1 1.0

Rg (OHMS)

Figure 6-3 Insertion Loss
for Series Connected Switch

This equation applies for a SPST switch
and is graphically presented in Figure 6-3 for
a 50 ohm impedance design as a function of
Rs. For multi-throw switches, the insertion
loss is slightly higher due any mismatch
caused by the capacitance of PIN diodes in
the “off” arms. This additional insertion loss
can be determined from Figure 6-6 after first
computing the total shunt capacitance of all
“off” arms of the multi-throw switch.

Isolation (Series Switch)

| = 10 log [1 + 1 [dB] (14)

(4nchzo)2]

This equation applies for a SPST diode
switch. Add 6 dB for a SPNT switch to ac-
count for the 50% voltage reduction across
the “off”’ diode, due to the termination of the
generator in its characteristic impedance.
Figure 6-4 graphically presents isolation as a
function of capacitance for simple series

ISOLATION (dB)

switches.These curves are plotted for cir-
cuits terminated in 50Q loads. They may,
however, also be applied to circuits having
other characteristic impedances by follow-

ing the instructions accompanying the
graphs.
60
55\
N
AN
. ‘\\\‘\ L”\%
Q0
40 \\\‘ Q:‘q\a\: S
s SN INVENINNIN
N SN
0 NN SN
2 \{?\\\ N \\\\\\\\\\
ol NN \\\\‘ \‘\
15 N \ , ,\\\\\\\\h
10 MHz 100 MHz 1GHz 2
FREQUENCY
Figure 6-4 Isolation for Series Connected

SPST Switch
(Add 6 dB for Multithrow Switch)

Power Dissipation
(Series Switch in Forward Bias)

4RsZ,

(2Z, + Ry)?
For Z,>>Rg, this becomes:

P,=RsPy [watts] (16)

Z,
where the maximum available power
is given by:
vr2
Py = Y9 [watts] (17)

0
It should be noted that Equations 15 and
16 apply only for perfectly matched switches.
For SWR (0) values other than unity, multiply
these equations by [(20/(0 + 1)]? to obtain
the maximum required diode power dissipa-
tion.

Peak RF Current (Series Switch)

I = \/7%- (522 tamos)

o+ 1

(18)
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In the case of a 50Q system, this reduces to:

I =\/F§; (02;’ 1 ) [amps]  (19)
Peak RF Voltage (Series Switch)
SPST
Ve = \8Z,Py [volts] (20)
SPNT
Ve = V2Z,Py (;2:_7—1>
For a 50Q system, this becomes:
Ve = 20 \[Py [volts] (21)

Ve =10 \[ Py ( 2°1> [volts]

g+
BIAS
l
Yg;__+ RFC
|
11

Zo DCB

e ”

A. Single Pole Single Throw Switch (SPST)

1*17 ?I

N4 ‘44— L

| |—q ] -
1 LA

ZO
Z > * (’
og ° :: Z,

\
B. Single Pole Double Throw Switch (SPDT)

BIAS 1

Figure 6-5 Shunt Connected PIN Switch

VI. APPLICATIONS

Shunt Connected Switches

Figure 6-5 shows two typical shunt
connected PIN diode switches. These shunt
diode switches offer high isolation for many
applications and since the diode is electri-
cally grounded at one electrode, it is capable
of handling more RF power than a diode in a
series type switch.

In shunt switch designs, the isolation and
power dissipation are functions of the
diodes forward resistance, whereas the
insertion loss is primarily dependent on the
capacitance of the PIN diode. The principal
equations describing the operating param-
eters of shunt switches are given in the
following sections:

Insertion Loss (Shunt Switch)

IL = 10log[1 + (mfC;Z,)3] [dB] (22)

This equation applies for both SPST and
SPNT shunt switches and is graphically pre-
sented in Figure 6-6 for a 50 Q load impe-

dance design.

7—T7
7 /
AVAIV'A JAVAD &Y,
7/ ATy
R //// /C//////////
N2
g <ot/ 1/
E II o, II Il ra
2 1/ 17 ~Yd JAW AW 4
LTSS
VAATARYI 1T
/ / /1
/LA S

FREQUENCY

Figure 6-6 Insertion Loss for Shunt
Connected SPST Switch
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Figure 6-7 Isolation for Shunt Connected

SPST Switch (Add 6dB for Multithrow Switch)

Isolation (Shunt Switch)

Z,

2Rg
Equation 23, which is illustrated in Figure

6-7, applies to a SPST shunt switch. Add 6 dB

to these values to obtain the correct isola-
tion for a multi-throw switch.

[dB] (23

| = 20log (1 +

Power Dissipation
(Shunt Switch in Forward Bias)

Po=_—_2P% _ .p. waits] (24)
° T (2 + 2Rz !
For Z,>>Rg, this becomes:
po= 2Bs p [watts] (25)

0

where the maximum available power is given
by: )
\"
Pav = J

0

[watts]

Power Dissipation
(Shunt Switch in Reverse Bias)
Z,

P
where R; is the reverse biased diodes’ paral-
lel resistance.

Py = Py [watts] (26)

Peak RF Current (Shunt Switch)
SPST

lp = ,/ 8P,y [amps]
y4

0

SPNT

lp = , 2P, ( 20 ) 27)
Z, o+ 1
For a 50Q system, this becomes:
Ip = 0.4 \/ PAV [ampS]
(28)

lp = 024/Py (—20_\ [amps]
o+ 1

Peak RF Voltage (Shunt Switch)

Ve = \[2Z,Py, (__20_1_) [volts]  (29)
g +

in the case of a 50Q system, this reduces to:

Vp = 10\/PAV( 201) [volts]  (30)
+ 1)

a
\

Design Hints

In evaluating the performance of adiode in
a particular design, it is often desirable to
replace the forward biased diode by an
equivalent diameter solid metallic cylinder.
The isolation or loss obtained using this
equivalent diode should be representative of
the best achievable results from this circuit.
In actual switch designs, careful attention
must be paid to minimizing the inductance of
the shunt diode by keeping the physical
length of the diode and its contacting lead as
short as possible.

In practice, it usually is difficult to achieve
more than 40 dB isolation with a single diode
switch at UHF and higher frequencies, pri-
marily because of radiation effects in the
transmission medium. Better performance,
even in excess of 100 dB isolation, however,
is achievable using compound and tuned
diode switches which are discussed in the
following sections.
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Compound Switches

The two most common forms of com-
pound switches are PIN diodes mounted in
either ELL (series-shunt) or TEE type configu-
rations as shown in Figure 6-8. These switch
designs offer improved performance over
either of the single diode switches. Because
all diodes are not biased in one or the other
states (i.e. low loss or isolated), some
increase in bias circuit complexity results. A
summary of the formulas for calculating
both maximum isolation and minimum
insertion loss for SPST switches is given in
Table 6-1. These formulas should permit one
to compare the performance of simple single
diode switches with ELL and TEE compound
switch designs.

Figures 6-9 and 6-10 show the performance
of these compound switch circuits as a func-
tion of frequency when using UM4000 PIN

VI. APPLICATIONS

Dy 500

D4 D3

5002
D2

Figure 6-8 Compound Switches

TABLE 6-1
SUMMARY OF FORMULAS FOR SPST SWITCHES

TYPE ISOLATION (dB)* INSERTION LOSS (dB)
SERIES 10log [1+ 1 2010og (1 + Rs
(4TTfC 27 27,
SHUNT 201log (1 + %o 10 log [1 + (nchzo)Z]
2R,
SERIES-SHUNT 10 log (1 + LY 101og |1 + Bs¥
2R, 27,
_ 1 1+ %Y + (MfC2(Z, + Rg)?
e | Rs) P + RY
TEE 1010g |1 + ( 1\ 20 log (1 + RS)
2nfCyZ, 27,
+10log| {1+ LY +( 1 ¥ +10|og[1+(nfc=z +R=J
[( 2R5> \4nfCR; ) W&o + R

*For SPNT Switch, Add 6 dB
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D1 D2

series diodes. These diodes are rated at 3.0
pF total capacitance and have a series resis-
tance, Rg, of 0.5Q at 100 mA. Because of their
low thermal resistance rating of 6°C/W,
these diodes are used in many high power
switching applications.

UM4000D UM4000D
D3

UM4000C

502

Tuned Switches

Since many RF switch applications 7 » o P
operate over a limited frequency range, the 60 4/
advantages of distributed circuit techniques / 100 MHz T
can often be employed to obtain improved f= so >
performance. For example, if two series con- {. {‘/ 7
nected diodes are spaced a quarter wave- g 40 —— 300 MHz /,’
length apart as shown in Figure 6-11, the §30 / P
resulting value of isolation (in dB) is twice §~ P £ 1000 Mz
that obtainable using a single series diode. 20 _

- ADD 6 dlB FOFl SPTT SWITCl-Ii
3 2 3 4 6 810 20 30 40 60 80100

UM4000D
D3 BIAS CURRENT — mA

(D1 AND D2 IN REVERSE BIAS)

-
=]

g 0o 1 T
T
o 08 <O hlwoomuz‘
& LT
-
60 — Z 03 AN \\ 500 MHz
- 1 A 2 NN T
50 10 MHz ] £ 02
/ // » o <100 MHz-/\\ ~ 300 MHz
® soue 4171 LT | = L N
| 40 N
0.1
5 _—AT0omkz L4+ // 1 2 4 6 810 20 3040 60 80100
2 30 o+ \ ,/ D1 AND D2 BIAS CURRENT — mA
3 // 300 MHz S _LA (D3 IN REVERSE BIAS)
W
- 1000 MH N
? // . Figure 6-10 TEE Compound
ADD 6 dB FOR SPNT SWITCH . .
0 | I Switch Design
2 3 4 6 810 20 30 40 60 80100

D2 BIAS CURRENT — mA

10 .
T 81AS
2 0.8]% — 1000 MHz | suepLy
| 0.6
NS
g 4 \\ ™\
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Z 0.3
=} ‘\ \’\
£ o2 A =~ ,
< 4
] <100 MHz N 300 MHz °
0.1 I
L] T BJ
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Figure 6-9 Series-Shunt
Design Compound Switch Figure 6-11 Tuned Series Switch (SPST)
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The insertion loss for this switch can be
either calculated from the formulas in Table
6-1 or obtained from Figure 6-3. In either
case, one should use a total diode resis-
tance, Rg, which is equal to the sum of the
individual diode resistances. A further
increase in isolation can be obtained by add-
ing two or more quarter-wave sections to
these switch designs. Such tuned switch
techniques are effective in applications
having bandwidths on the order of 10% of
the center band frequency.

Quarter-wave spacing of series diodes
also reduces the maximum RF voltage stress
across each diode to half that imposed on a
single diode switch. Since the diode capaci-
tance now appears in series, this arrange-
ment also allows the use of high power
(higher capacitance) diodes for high fre-
quency applications.

If the diodes were connected directly in
series with no significant spacing between
units, some increase in isolation would
result since the effective diode capacitance
is reduced by a factor of two. This arrange-
ment, however, would only increase the iso-
-lation up to 6 dB above that obtained using a
single diode.

The performance of shunt diode switches
may also be improved by spacing multiple
diodes at quarter wavelength intervals. In
this case, the maximum isolation is also
improved to twice the dB value obtained
using a single diode switch. Figure 6-12
shows an example of a SPST shunt tuned
switch while Figure 6-5b shows a typical
multi-throw tuned shunt switch. The
capacitive reactance of one diode is
transformed by the quarter-wave spacing to
resonate the capacitance of the second
diode, thus, lower insertion loss can often be
obtained using these shunt tuned switch
circuits. While this technique also permits
the use of high power (large capacitance)
diodes at high frequencies, the effective
band width of the switch is narrowed as the
diode capacitance is increased.

VI. APPLICATIONS

BIAS
I SUPPLY

RFC

DCB

2

Figure 6-12 Tuned Shunt Switch (SPST)

N4

Quarter-wave techniques may also be
used effectively at low RF frequencies where
use of a length of transmission line may be
considered to be impractical because of its
bulk. In such cases, a lumped circuit equiva-
lent to the quarter-wave lines shown in
Figure 6-13, can be used. In practice this
network has been effective in simulating
quarter-wave lines at frequencies below
10 MHz.

(henries)

(farads)

Figure 6-13 Lumped Circuit Equivalent
of Quarter Wave Line
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Design Example

A simple, practical, high performance
SPDT switch design using series connected
PIN diodes using UM6601B diodes is shown
as follows:

BIAS 2

v

UM66018

INPUT
(50 ©2)

OUTPUT 1 OUTPUT 2

(50 Q) (50 §2)

UM66018

UM66018B UM66018

RFL

To operate the switch apply forward bias
at the bias port associated with the desired
low insertion loss path and zero bias at the
other bias port.

The insertion loss values shown in the
chart below are dependent only on forward
bias current and independent of frequency.

|/Diode Insertion Loss
(mA) (dB)
20 i.0
50 0.66
100 0.42
200 0.21

If broad-band switch performance is
required the diodes should be physically
placed close to each other.

If quarter wave spacing were used
between the diodes, higher isolation, cover-

ing about +10% band width, will be
achieved as shown in the foilowing chart:
ISOLATION
Frequency | No Spacing | V4 Spacing
(MH2) (dB) (dB)
20 58 110
50 50 94
100 44 82
200 38 70
500 30 54
1000 24 42
2000 18 30

Transmit—Receive Switches

There is a general class of switches used
in transceiver applications whose function is
to connect the antenna to either the trans-
mitter or the receiver during the appropriate
transmit and receive states. When PIN
diodes are used as switching elements in
these applications, higher reliability, better
mechanical ruggedness and faster switching
speeds are achieved relative to comparable
electro-mechanical designs. Unitrode PIN
diodes are uniquely suited for such
applications because of their high power
ratings and properties which result in low
distortion performance.

The basic circuit for this switch (see Fig-
ure 6-14a) consists of a PIN diode (D1), series

DC SUPPLY

DcB

TRANSMITTER

©

RECEIVER

DC SUPPLY
L = Zg/2nf,
C = 1218520
RFC

bce DCB

TRANSMITTER RECEIVER

®

Figure 6-14 Quarter Wave
Antenna Switches

connected in the transmitter line and a shunt
diode (D2) in the receive arm. This shunt
diode is connected a quarter-wavelength (/4)
away from the antenna terminal but ahead of
any input amplifier in the receiver. Figure
6-14b shows this same basic switch
employing lumped elements to simulate the
N4 section. It is preferable for transceivers
operating at long wavelengths.
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Blocking capacitors are included in the
transmitter and receiver lines, to isolate
these circuits from the main diode bias cir-
cuit. During transmission, a positive voltage
is applied to the dc supply terminal, and both
diodes are forward biased into a conducting
state. The series diode now appears as a low
impedance to the signal heading towards the
antenna, while the shunt diode effectively
shorts the receiver terminals and presents
an open circuit at the antenna terminal, a ¥4
away. In this circuit, both transmitter inser-
tion loss and receiver isolation depend on
the forward resistance, Rs, of the diodes
employed. Greater than 30 dB isolation and
less than 0.25 dB insertion loss can be
expected for a diode Rg of 1.0Q or less. This
performance is achievable over a 10%
bandwidth.

In the receive condition, both diodes are
either zero or reverse biased and each
appears to be essentially a small capaci-
tance, C;, which permits a direct, low-inser-
tion-loss path between the antenna and
receiver. The “off”’ transmitter is isolated
from the antenna by the high capacitive
reactance of the series diode.

The maximum amount of power, Py, which
this switch can handle, depends on the
power rating of the PIN diode, P, and the
forward biased diode resistance, Rs. This
relationship is given below for an antenna
having a maximum standing wave ratio
(SWR) of o.

@1

PAV =

PoZ, ("_iJ )2 [watts]
Rs 20

In a 50Q system, where the condition of a
totally mismatched antenna must be con-
sidered, this equation reduces to:

12.5P,

S

[watts] (32)

PAV=

Using Unitrode UM4901D and UM4901C
diodes forward biased at 1 ampere in this cir-
cuit, these equations show that a power level
of 25 KW may be safely controlled even

VI. APPLICATIONS

when the heat sink temperature is 50°C. The
insertion loss in both the receive and trans-
mit states is approximately 0.2 dB, due pri-
marily to the diode forward resistance, Rs.
This performance, along with typically 30 dB
receiver isolation, is achieved over a 10%
frequency band.

While it may not be readily apparent from
Figure 6-14, it may be shown that the RF cur-
rent in both the series and shunt diodes is
almost identical. Thus, the shunt diode of
this quarter-wave antenna switch dissipates
about as much power as the series diode.

Another example of a tuned antenna
switch is the balanced duplexer shown in
Figure 6-15 which employs quadrature type
hybrids. In this circuit, the transmitter signal
is connected to the antenna by forward
biasing the two shunt diodes located
between the two hybrids. Because of the
coupling and phase relationships of the
quadrature hybrid, half of the transmitter
power appears across each shunt diode.

ANTENNA

DIODE
BIAS
CIRCUIT

bDUMMY
LOAD

Tx Rx

90° HYBRID 90° HYBRID

Figure 6-15 Balanced Duplexer T-R Switch

These signals are then reflected back to the
input hybrid where their phase relations are
such that they recombine at the antenna
terminal. The final level of the transmitted
signal is reduced slightly both by the small
losses in the forward biased diodes and the
round trip losses through the input hybrid.
When the diodes are zero biased during the
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‘“receive’” period, the resulting high diode
impedances exert little effect on the receive
signals. These low level signals are then
coupled in the output hybrid and the
combined signals appear at the receiver
input terminal.

The power handling capacity of the
balanced duplexer switch is considerably
higher than the quarter-wave antenna design
for three significant reasons:

1. The transmitter power is split into two
equal paths.

2. The inherent isolation of the hybrid
reduces the effect of antenna mis-
match on the diodes.

3. Shunt diodes are employed exclu-
sively which results in better thermal

properties than achievable using
series connected diodes.
The maximum power, P, that a

balanced duplexer can ideally handle, when
working in a 50Q system with a matched
antenna, is expressed as follows:

Proa = 100 20 [watts]
Rs

(33)

Using UM4901C diodes operating at 1
ampere forward bias and a heat sink temp-
erature of 50°C, results in a power switch
capability exceeding 30 kW average. By
using parallel, instead of single diodes in
each arm, this rating can be muitiplied to a
point where the power is limited only by the
hybrid’s capability rather than by the PIN
diodes. in puised RF applications, practical
duplexer designs are capable of handling
megawatts of power using Unitrode PIN
diodes.

An important characteristic of the tuned
antenna switches discussed above is that all
the PIN diodes are forward biased under high
power conditions. Thus high RF voltages
need not be controlled by the PIN diodes,
and only low voltage rated PIN diodes need
be used. It should also be noted that during
the receive period, no dc bias need be
applied to either diode.

Broad-band antenna switches using PIN
diodes may also be designed using the
series connected diode circuit shown in
Figure 6-16. The upper frequency limitation
of this switch results primarily from the
capacitance of D2, which limits the maxi-
mum isolation obtainable (see Figure 6-4). In
this circuit, forward bias is applied either to
D1 during transmit or D2 during receive. In
high power applications (greater than 50W) it
is often necessary to apply a reverse voltage
on D2 during transmit. This bias may be
accomplished either by connecting a nega-
tive polarity power supply at bias terminal 2
or by having the forward bias current of D1
flow through resistor R to develop the
required negative voltage.

The operating band width of a broad-band
PIN diode switch is often primarily
dependent on the bias components,
particularly the bias chokes, rather than the
PIN diodes employed. It is suggested that
the frequency response be first checked with
all the bias components attached before
installing the PIN diodes.

BIAS 1 _—V BIAS 2

Txo—| p—orx

D1 D2

Figure 6-16 Broadband Antenna Switch

The selection of diode D1 is based primar-
ily on its power handling capability. Thus, the
UM4001 or UM4901, either in axial leaded or
insulated studs (B or D packages) are
recommended here because of their good
thermal impedance properties. Diode D2
does not pass high RF current and should
therefore be selected on the basis of its low
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capacitance and ability to handle high RF
voltages with low distortion. The 1N5767,
UM6600B, and UM7300B series are
recommended for diode D2, with the voltage
rating dependent on the reverse dc applied
during the transmit cycle.

If a UM9401 is used as diode D1 and an
1N5767 as diode D2 the receiver isolation at
50 MHz will be greater than 40 dB and greater
than 20 dB at 500 MHz. The transmitter and
receiver insertion loss at 50 mA forward
current will be 0.1 dB and 0.2 dB respectively.
This circuit had been evaluated at power
levels up to 50 watts.

An example of a high power broad-band
antenna switch covering the frequency range
of 10-100 MHz is shown in Figure 6-17. This
switch has controlled 1 KW signals with the
resulting harmonic distortion being greater
than 80 dB below the carrier. This operation
was achieved using a level of 1 ampere at
bias terminal 1 and 500 volts at bias termi-
nal 2.

UM73068

ocs uM73068

UM40010
RFL

Figure 6-17 High Power Broadband
Antenna Switch

PHASE SHIFTERS

PIN diodes are utilized as series or shunt
connected switches in phase shifter circuit
designs. In such cases, the elements
switched are either lengths of transmission
line or reactive elements. The criteria for
choosing PIN diodes for use in phase
shifters is similar to those used in selecting
diodes for other switching applications. One
additional factor, however, that must often be
considered, is the possibility of introducing
phase distortion particularly at high RF
power levels or low reverse bias voltages. Of
significant note is the fact that the

VI. APPLICATIONS

properties inherent in Unitrode PIN diodes
which yield low amplitude distortion, i.e., a
long carrier lifetime and thick l-regions, also
result in low phase distortion of the RF sig-
nal. Three of the most common types of
semiconductor phase shifter circuits,
namely: the switched line, loaded line and
hybrid coupled designs, are described in the
following sections.

Switched Line Phase Shifters

A basic example of a switched line phase
shifter circuit is shown in Figure 6-18. In this
design, two SPDT switches employing PIN
diodes are used to change the electrical
length of a transmission line by some length.
Al. The phase shift obtained from this circuit
varies with frequency and is a direct function
of this differential line length as shown
below:

Ad = 2nAL/L [radians] (34)

{

L+0 1

Figure 6-18 Switched Line Phase Shifter

The switched line phase shifter is inher-
ently a broad-band circuit producing true
time delay, with the actual phase shift
dependent only on Af. Because of PIN diode
capacitance limitations this design is most
frequently used at frequencies below 1 GHz.

The power capabilities and loss character-
istics of the switched line phase shifter are
the same as those of a series connected
SPDT switch. A unique characteristic of this
circuit is that the power and voltage stress
on each diode is independent of the amount
of differential phase shift produced by each
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phase shifter. Thus, four diodes are required
for each bit with all diodes having the same
power and voltage ratings.

Unitrode PIN diodes are especially well
suited for this application because of their
ability to dissipate considerable amounts of
power in a series mounted device. For such
applications, both the axial leaded (B and E
packages) and insulated stud (D-package)
designs should be considered.

Loaded Line Phase Shifters

The loaded line phase shifter design
shown in Figure 6-19 operates on a different
principle than the switched line phase
shifter. In this design the desired maximum
phase shift is divided into several smaller
phase shift sections, each containing a pair
of PIN diodes which do not completely
pertubate the main transmission line. A
major advantage of this phase shifter is its
extremely high power capability due partly to
the use of shunt mounted diodes plus the
fact that the PIN diodes are never in the
direct path of the full RF power.

vz

Figure 6-19 Loaded Line Phase Shifter

In loaded line phase shifters, a normalized
susceptance, B,, is switched in and out of
the transmission path by the PIN diodes. Typ-
ical circuits use values of B, much less than
unity, thus resuilting in considerable decoup-
ling of the transmitted RF power from the
PIN diode. The phase shift for a single sec-
tion is given as follows:

[radians] (35)

¢ = 2tan~ (

B
1- Bg/a)

The maximum phase shift obtainable from
a loaded line section is limited by both band-
width and diode power handling considera-
tions. The power constraint on obtainable
phase shift is shown as follows:

$.. = 2tan- (l’_;'_F) [radians] (36)

L

where:  ¢.., = maximum phase angle
P. = power transmitted
Ver = diode breakdown voltage

le = diode current rating

The above factors limit the maximum
phase shift angle in practical circuits to
about 45°. Thus, a 180° phase shift would
require the use of four 45° phase shift sec-
tions in its design.

The ability of the loaded line section to
control multikilowatt pulsed RF signals, was
one of the major reasons for its use in the
PAR and MSR phased array antennas of the
US Safeguard System. Unitrode PIN diodes
are especially well suited for use in high
power loaded line phase shifter circuits with
the result that Unitrode was the only manu-
facturer qualified for both phased array
radars of the Safeguard System.

Reflective Phase Shifters

A circuit design which handles both high,
RF power and large incremental phase shifts
with the fewest number of diodes is the
hybrid coupled phase shifter shown in Figure
6-20. The phase shift for this circuit is given
below:

Ad = 4n AL/ [radians] (37)
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Y

Figure 6-20 Hybrid Coupled Phase Shifter

The voltage stress on the shunt PIN diode
in this circuit also depends on the amount of
desired phase shift or ‘“bit” size. The
greatest voltage stress is associated with
the 180° bit and is reduced by the factor
(sin$/2)¥2 for other bit sizes. The relation-
ship between maximum phase shift, trans-
mitted power, and PIN diode ratings is as
follows:

4. = 2sin" ( %“P'—F) [radians]  (38)
L

In comparison to the loaded line phase
shifter, the hybrid design can handle up to
twice the average or peak power when using
the same diodes. In both hybrid and loaded
line designs, the power dependency of the
maximum bit size relates to the product of
the maximum RF current and peak RF volt-
tage the PIN diodes can handle. By judicious
choice of the nominal impedance in the
plane of the PIN diode, the current and volt-
tage stress can usually be adjusted to be
within the device ratings. In general, this
implies lowering the nominal impedance to
reduce the voltage stress in favor of higher
RF currents. For Unitrode PIN diodes, the
maximum current rating, in turn, depends on

VI. APPLICATIONS

the diode power dissipation rating while the
maximum voltage stress at RF frequencies is
dependent on I-region thickness.

ATTENUATORS

PIN diode attenuator circuits are used
extensively in automatic gain control (AGC)
and RF leveling applications as well as in
electronically controlled attenuators and
modulators. A typical configuration of an
AGC application is shown in Figure 6-21. The
PIN diode attenuator may take many forms
ranging from a simple series or shunt
mounted diode acting as a lossy reflective
switch or a more complex structure that
maintains a constant matched input imped-
ance across the full dynamic range of the
attenuator.

DIRECTIONAL
COUPLER

RF RF PIN | | 1 oRF
N AMPLIFIER ATTENUATOR [ [ ] out
REFERENCE | AGC | I

SIGNAL AMPLIFIER DETECTOR

Figure 6-21

RF AGC/Leveler Circuit

Although there are other methods for pro-
viding AGC functions, such as varying the
gain of the RF transistor amplifier, the PIN
diode approach generally results in lower
power drain, less frequency pulling, and
lower RF signal distortion. The latter results
are especially true, when Unitrode PIN
diodes such as the UM7301B and UM4301B,
with their thick I-regions and long carrier life-
times are used in the attenuator circuits.
Using this design approach, one can achieve
wide dynamic range attenuation with low
signal distortion at frequencies ranging from
below 1 MHz up to well over 1 GHz.
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Reflective Attenuators

An attenuator may be designed using
single series or shunt connected PIN diode
switch configurations (Figure 6-1). These
attenuator circuits utilize the current con-
trolled resistance characteristic of the PIN
diode not only in its low loss states (very
high or low resistance) but also at in-
between, finite resistance values. The atten-
uation value obtained using these circuits
may be computed from the following
equations:

Attenuation of Series Connected
PIN Diode Attenuator

R
A =20lo (1+_i) dB] (39
g 27, [dB] (39)
Attenuation of Shunt Connected
PIN Diode Attenuator
Z
A =20lo (1 + Lo )
o\"" 55 ) @B o

rigure 6-22 graphicaliy dispiays these
equations for series and shunt attenuators in
50Q systems and clearly shows the effect of
diode resistance (Rg) on attenuation. These
curves and equations assume the PIN diode
to be purely resistive. The reactance of the
PIN diode capacitance, however, must also
be taken into account at frequencies where
its value begins to approach the PIN diode
resistance value.

100.0

60.0 Z, = 508
w00 e z
SHUNT CONNECTED
20.0 — 7/~ PIN ATTENUATOR
g
< 100
4
S \ _
5 SERIES CONNECTED
g 4 PIN ATTENUATOR —
]
[ 2
< E g
1.0 r/ \
0.6 / \
0.4 / \
/ N
0.2 R
0.1 / \

0.1 1.0 10.0 100 1K 10K
Rg (ohms)

Figure 6-22 Attenuation
of Reflective Attenuators

Matched Attenuators

Attenuators built from switch design are
basically reflective devices which attenuate
the signal by producing a mismatch between
the source and the load. Matched PIN diode
attenuator designs are also available which
use either multiple PIN diodes biased at dif-
ferent resistance points or bandwidth-
limited circuits utilizing tuned elements.

Quadrature Hybrid Attenuators

Although a matched PIN attenuator may
be achieved by combining a ferrite circulator
with one of the previous simple reflective
devices, the more common approach makes
use of quadrature hybrid circuits. Quadrature
hybrids are commonly available at
frequencies from below 10 MHz to above
1 GHz, with bandwidth coverage often
exceeding a decade. Figures 6-23 and 6-24
show typical quadrature hybrid circuits
employing series and shunt connected PIN
diodes. The attenuation as a function of
diode resistance, using these circuits in a
50Q system, is given in Figure 6-25. The
following  equations summarize this
performance:

Quadrature Hybrid
(Series Connected PIN diodes)

A=mmg@+%é>-1wm (41)

S

Quadrature Hybrid
(Shunt Connected PIN diodes)

A = 20 log (1 + 2;S )—‘ [dB]  (42)

0

The quadrature hybrid design approach is
superior to the circulator coupled attenuator
from the standpoint of lower cost and the
achievement of lower frequency operation.
Because the incident power is divided into
two paths, the quadrature hybrid configura-
tion is also capable of handling twice the
power of the simple series and shunt diode
attenuators. It can be shown that the maxi-
mum power dissipated in each diode will be
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2o

Figure 6-23 Quadrature Hybrid Matched
Attenuator (Series Connected Diodes)

INPUT
o2

DC SUPPLY

JUTPUT

90 HYBRID 2z,

Figure 6-24 Quadrature Hybrid Matched
Attenuator (Shunt Connected PIN Diodes)

SERIES CONNECTED
PIN DIODE (FIG. 6-23)

SHUNT CONNECTED
PIN DIODE (FIG. 6-24)

ATTENUATION (dB)
o

01 2 4 610 10.0 100.0 1000.0 10,000

Rg {ohms)

Figure 6-25 Attenuation
of Quadrative Hybrid Attenuators

VI. APPLICATIONS

only one quarter of the incident power and
this occurs at the 6 dB attenuation point.
Each load resistor, however, must be capa-
ble of dissipating one half the total input
power at the time of maximum attenuation.

Both of the above types of hybrid attenua-
tors offer good dynamic range. The series
connected diode configuration is, however,
recommended for attenuators used primarily
at high attenuation levels (greater than 6 dB)
while the shunt mounted diode configuration
is better suited for low attenuation ranges.

Quadrature hybrid attenuators may also
be constructed without the load resistor
attached in series or parallel to the PIN diode
as shown. In these circuits the forward
current is increased from the 502, maximum
attenuation, Rs value to lower resistance
values. This results in increased stored
charge as the attenuation is lowered which
is desirable for lower distortion. The purpose
of the load resistor is both to make the atten-
uator less sensitive to individual diode differ-
ences and increase the power handling
capacity by a factor of two.

Quarter-Wave Attenuators

A matched attenuator may also be built
using quarter-wave techniques employing
either lumped or distributed elements. Fig-
ures 6-26 and 6-27 show examples of these
circuits which have performance features
equivalent to the previously discussed series
or shunt connected attenuators.

N4

INPUT 7 N OUTPUT

DC
SUPPLY

v

Figure 6-26 Quarter Wave Matched
Attenuator (Series Connected Diode)»

RFC
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The performance equations for these cir-
cuits are given below and are also plotted in
Figure 6-28 for a 50Q system:

Quarter-Wave Attenuator
(Series Connected Diode)

A = 20log (1 + % ) [dB] (43)
Rs
Quarter-Wave Attenuator
(Shunt Connected Diode)
(44)

A = 20log (1 + &) [dB]
Z,

INPUT OUTPUT

¢

N4 RFC

DC SUPPLY

T T

Figure 6-27 Quarter Wave Matched
Attenuator (Shunt Connected Diode)

100 :
601 2, = 509 F
a0

20+

10.01
SERIES CONNECTED
1 FIGURE (6-26) SHUNT CONNECTED [

FIGURE (6-27)

ATTENUATION (dB)

T T e T e T T T e T Toe

Rg (ohms)

Figure 6-28 Attenuation
of Quarter Wave Attenuators

A matched condition is achieved in these
circuits when both diodes are at the same
resistance. This condition should normally
occur when using similar diodes since they
are dc series connected, with the same for-
ward bias current flowing through each
diode. The series circuit of Figure 6-26 is rec-
ommended for use at high attenuation levels
while the shunt diode circuit of Figure 6-27 is
better suited for low attenuation circuits.

Bridged TEE and Pl Attenuators

For matched broadband applications,
especially those covering the low RF
(1 MHz) through UHF, attenuator designs
using multiple PIN diodes are employed. The
most commonly used of all the possible
attenuator configurations are the bridged
TEE and PI circuits shown in Figures 6-29
and 6-30. The upper useful frequency of
these circuits is often dependent on bias cir-
cuit isolation limitations rather than the PIN
diode characteristics.

D2 (Rs2)

Figure 6-29 Bridged TEE Attenuator

D3 (Rg3)
o ” 0

D1 (Rg1)

D2 (Rg2)

Figure 6-30 Pl Attenuator
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The attenuation obtained using a bridged
TEE circuit may be calculated from the
following:

A = 20 log (1 + g_o (45)

S1

) [dB]

where:

Z¢= Rg; X Rg; [ohms?] (46)

The relationship between the forward
resistances of the two diodes insures main-
tenance of a matched circuit at all attenu-
ation values. Figure 6-31 shows the resist-
ances of diodes D1 and D2 (Rg, and Rg,) for a
matched 50Q bridged TEE attenuator.

The expressions for attenuation and
matching conditions for the Pl attenuator are
given as follows:

A=2log PsitZe [4p] @7)
I:‘31 - Zo
where:
R 2R’ 48
s3 = Re2_ Zo? [ohms] (48)
Rsi = Rs: [ohms] (49)

Using these expressions, Figure 6-32 gives a
graphical display of diode resistance values
for a 50Q Pl attenuator. Note that the mini-
mum value for Rg, and Rg, is 50%.

In both the bridged TEE and Pl attenu-
ators, the PIN diodes are biased at two differ-
ent resistance points simultaneously which
must track in order to achieve proper attenu-
ator performance. A suggested voltage con-
trolled bias circuit for the bridged TEE circuit
is shown in Figure 6-33, while another bias
circuit for the PI attenuator is shown in Fig-
ure 6-34.

Distortion in PIN Diode Attenuators
Distortion may often become particularly
critical in PIN attenuator circuits. This

Vi. APPLICATIONS

results from the use of the PIN diodes oper-
ating at high resistance values where low or
even zero stored charge exists in the I-region.

100.0

60
20

F
°

ATTENUATION (dB) ~
o
=)

o

0.1

1 2 4 6 10 100 1000 10.000

DIODE RESISTANCE (Rg1OR Rgp) (ohms)
Figure 6-31 Attenuation
of Bridged TEE Attenuators

100.0

10.0 Rgq AND Rg2

ATTENUATION (dB)

1 10 100
DIODE RESISTANCE (ohms)

Figure 6-32 Attenuation
of Pl Attenuators
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Figure 6-33 Bias Circuit
for Bridged TEE Attenuator
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Figure 6-34 Bias Circuit
for Pl Attenuator

It was pointed out that, in an attenuator
application, the distortion levels can always
be reduced by increasing the effective
I-region width of the PIN diode. This may be
accomplished by using series connected
PIN diodes, having thick I-region widths.
Equation 13 indicated that stored charge at a
fixed resistance point was theoretically only
a function of W, the Il-region width and not
carrier lifetime. The basic distinction
between a long and short lifetime PIN diode
having the same l-region width is that the
shorter lifetime device will require higher
forward current to achieve the same
resistance value. However, the resulting

stored charge and the distortion generated
for both diodes will be essentially the same.

The effect on stored charge by using
series connected PIN diodes is
demonstrated in the following example:

Consider a Unitrode UM4301B PIN diode
used in an application where a resistance of
50Q is desired. The UM4300 datasheet indi-
cates that 1 mA is the typical diode current
at which this occurs. Since the carrier life-
time specification for this diode is 5uS
(minimum), the minimum stored charge for
the UM4300 diode at 50Q is 5 nC. If two
UM4300 PIN diodes, however, are inserted in
series, to achieve the same 50Q resistance
level, each diode must be biased at 20 mA.
This results in a stored charge of 10 nC per
diode or a net stored charge of 20 nC. Thus,
adding a second diode in series multiplies
the effective stored charge by a factor of 4.
This would have a significant positive impact
on reducing the distortion produced by atten-
uator circuits.

In some distortion sensitive attenuator
applications, circuits have been developed
which employ more than 10 PIN diodes in
series in order to adequately reduce distor-
tion. Obviously, this improved performance
is accompanied by increased bias require-
ments for the multiple PIN diodes over those
of a single diode. Additional improvements
in distortion may also be obtained by orient-
ing pairs of PIN diodes in a back-to-back
(cathode to cathode or anode to anode) con-
figuration. This further improvement is attrib-
uted to the cancellation effects of the
generated distortion currents.

Aside from the high stored charge of
series connected, thick I-region PIN diodes,
these devices also have long transit time
values. This is particularly important to pre-
vent distortion induced rectification at low
RF frequencies.

In the selection of PIN diodes for attenua-
tor applications, one must be concerned
with other factors beside optimizing the
I-width for distortion sensitive applications.
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Another major performance parameter, the
dynamic range of the attenuator, depends
essentially on the total resistance range of
the PIN diode used. This diode resistance
varies from a minimum value limited only by
the maximum level of forward bias, on the
one hand, to a maximum value, generally R,
obtained at low or zero current bias. This lat-
ter value is further reduced at higher fre-
quencies by the diode capacitance, which
adds a parallel reactance.

Although all Unitrode PIN diodes are suit-
able for attenuator applications, the thicker
I-region PIN diodes are recommended for

distortion sensitive circuits. These diodes
include the UMA4300, UM7300, UMA4000,
UM6000, UM7000, 1N5767, 1N5957 and
UM9301 series.

Modulator applications use basically the
same circuit configurations as attenuators.
For pulsed, square-wave and linear modula-
tors, the quadrature hybrid circuit shown in
Figure 6-24 has been found most appro-
priate. High power modulators frequently
employ studded packaged Unitrode diodes
(Styles C and D) for better power handling
capability.
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RELIABILITY

GENERAL

All Unitrode PIN diodes are fabricated
using a process which inherently results in a
high-rel device. This unique manufacturing
process and diode design eliminates most of
the common causes of diode failures which
are listed in Table 3.

Unitrode has performed reliability testing
on its devices for such diverse programs as
Safeguard/Sentinel, Patriot, Viking, Trident,
Minuteman, Mariner, Tow, Cruise, and
Poseidon. This imposing list of high reliabil-
ity programs includes virtually every major
military and space electronics program de-
veloped in the United States over the past
two decades. A summary of the results of
some typical MIL-STD-750 environmental
tests on Unitrode PIN diodes are given in
Table 4. :

PREDICTED RELIABILITY

The predicted failure rate is often a signifi-
cant design factor in the selection of a semi-
conductor component. Although PIN diodes
are used in many RF and microwave applica-
tions, they should not be considered in the
same reliability category as other high fre-
quency semiconductors such as varactors,
detectors, tunnel diodes, etc. This distinc-
tion results from the fact that most PIN
diodes are constructed with comparatively
much larger junction cross-sectional areas,
thereby permitting an inherently more reli-
able device. In addition, the unique construc-
tion of the Unitrode PIN diode results in a
device whose reliability is significantly
better than conventionally built PIN diodes.

Operating life tests are continually per-
formed at Unitrode, and the accumulated
test data may be used to establish diode fail-
ure rates. All Unitrode diodes, including PIN
diodes, are manufactured by the same fused-
in-glass techniques, and on the same pro-
duction lines. It follows therefore, that a
single overall reliability estimate can be

obtained, based upon a total accumulated
99.7 million device hours with only 3 cata-
strophic failures. This data results in a
0.0044% per thousand hours failure rate at a
60% confidence level, at maximum contin-
uous rated power. The best estimate of fail-
ure rate in actual usage is 0.00037% per
thousand hours.

Separate life tests on PIN diodes have
accumulated approximately 500,000 device
hours and resulted in no failures or degrada-
tions. In fact, no failures have ever been
experienced as a result of barometric
pressure (Method 1001), Hermetic Seal
(Method 1071), constant acceleration
(Method 2006) tests, or storage life (Methods
1031/1032).

MAJOR PROGRAM RESULTS

Extensive testing was performed by an
outside agency to qualify the Unitrode PIN
diode for the Missile Site Radar (MSR)
phased array portion of the Safeguard
Program. The diode specification called for a
maximum failure rate of 0.02% per thousand
hours when operated under the following
stress and environmental conditions in a
phase shifter design:

Junction Temperature 90°C
Peak Power 15 kW
Frequency S-Band
Pulse Width 120 uS
Duty Factor 0.03
Applied Reverse Voltage 250V

Using the most pessimistic data recorded
during this test program, which also
included diode failures induced by test
equipment malfunctions, the Unitrode PIN
diode performed within this reliability spec-
ification. By eliminating equipment induced
failures, a more realistic calculation of the
Unitrode PIN diode failure rates under these
operating conditions was found to be better
than 2 x 10-® % per thousand hours.
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Table 3

COMMON DIODE FAILURES
ELIMINATED BY UNITRODE DESIGN

Cause of Diode Failure

Unitrode Design Feature

Whisker or ribbon-to-post connection
failure. Whiskers or ribbon-to-die bond
failure. Broken whiskers or ribbon.
Insufficient whisker pressure.

No whisker, ribbons, or posts necessary. Terminal
pins are bonded to the die at approximately
1000°C.

Mechanical failure of the die bond.

A uniform, true metallurgical bond takes place
along both sides of the die. A fused glass seal
extending beyond both sides of the die-to-pin
bond gives added strength.

Lead fatigue.

Lead brazed directly to pin. Lead does not extend
into the glass-to-metal seal; hence, no glass edge
to cut into the lead. Lead bonding does not stress
glass seal. Statistical quality-control sampling is
performed to assure uniformity of braze.

Impurities in protective coating,
movement and change in character-
istics of coating (such as hardening
or cracking), pin holes in coating.

Glass is one of the most stable materials known.
A thick glass seal fused directly to the silicon
surface eliminates the need for other protective
coating.

Incomplete weld resulting in
imperfect seal.

No weld is used for hermetic seal. Glass sleeve is
remelted and fused around the silicon die to
permanently seal and passivate the surface.

Lack of hermeticity in plastic devices.

Fused-in-glass construction.

Corrosion of diode components.

N X . -
All components are inherently corrosion resistant.

Material content is verified by certifications and
by regular independent laboratory analyses.

Instability of paint used for
light shields.

All paint cured during bakeout at 200°C.

Mismatch of thermal coefficient of
expansion resulting in thermal
fatigue failures.

Terminal pins, silicon and glass seal are matched
for temperature coefficient of expansion. Material
content verified by certifications and regular
independent laboratory analyses.

Melting of eutectic compounds
at temperatures that exceed
diode ratings.

Lowest melting combinations of elements is 200°C
above maximum rated temperatures.

Entrapped flakes of copper oxide,
silver paste and gold, plus glass
chips or other conductive or
non-conductive particles.

No copper, silver paste, or gold used in device.
In addition, there is absolutely no void in which
particles may become entrapped. The metallurgi-
cal bond between die faces and both the terminal
pins and overall fused glass seal make Unitrode
diodes void free.

Weld splash residue contaminates
junction.

No welding performed inside hermetic
glass seal.

Voltage-activated ionic and molecular
migrations, including electromigration
of contact metals.

Migrations are restricted by virtue of the glass
adhering directly to the silicon. Power-stress
screening eliminates the remaining extremely
small percentages of devices in which such
changes occur.
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Table 4
EFFECT OF ENVIRONMENTAL TESTS ON
UNITRODE PIN DIODES

Mil-Std-750 e
Test Method Effect on Unitrode PIN Diodes
. Void free package has never failed
Barometric Pressure 1001 Mil-spec tests.
~ Moisture Resistance 1021 Glass seal is impervious to moisture.
Salt Atmosphere }83; No failures found to date
Temperature Cycling 1051 Samples have passed +300°C to. —196°C.
and Temperature Shock 1056 No failures in routine testing.
No failures to date at any.condition.
Hermetic Seal 1071 Condition E (dye penetrant) used as a
process control before painting.
Constant Acceleration 2006 No known failure modes at any G level.
.- Mechanical Shock gg;? Will pass to limits of most test equipment.
Terminal Strength 2036 No failures to Mil-spec testing.
Vibration gggg Will pass to limits of most test equipment.
No known failure modes.. One customer
Radiographic Exam 2076 tested over 100,000 devices without
detecting any failure. :
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SCREENING

variety of high-rel screening procedures on
its PIN diode product line. The screening
requirement may be called out on the individ-
ual PIN specification or purchase order.

dure for applications where certified high-rel
Unitrode is equipped to perform a wide parts are required but specific screening

any Unitrode PIN diode by adding HR201-M

Unitrode recommends a screening proce-  This specification is defined in Table 5.

Table 5
PIN DIODE SCREENING SPECIFICATION (HR201-M)

This specification, when required by purchase order agreement, outlines the screening operations
to which all devices shaii be subjected prior to shipment.

1.

Case Integrity — Submerge the diodes in a fluorescent dye, such as Zyglo ZL-1C, at 100 psi for one
half (1/2) hour. Rinse in clear water, allow to dry and examine each device under ultra-violet light
for evidence of defective seals.

Thermal Fatigue — Ten (10) cycles. Each cycle consists of a fifteen (15) minute exposure at
+200°C ambient temperature followed by an immediate transfer to —65°C ambient for a fifteen
(15) minute exposure. Start of the next cycle is immediate.

. Pre Burn-In Tests — Reverse current shall be read and recorded for all devices in the lot. Devices

will be handled and identified such that Delta End Points can be determed in step 5.

Reverse Bias Operation — 80% of voltage rating (max. 200V) for 168 hours at 125°C. Temperature
is then reduced to 25°C over a period of time not less than one (1) hour with full voltage
maintained.

Read and record each unit for Reverse Current as in Step 3.

L aria. (1) Any unit that exceeds specified catalog limits.
Rejection Criteria: o) A1, + 100% of initial value or 1 joA whishever is greater.
Room Temperature Measurements — All parameters shall be measured to ensure conformance
with the appropriate specification. Any unit exceeding the specified limits or exhibiting unusual
characteristics shall be removed from the lot.
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conditions are not defined. This PIN Diode
Screening Specification can be applied to

to the part number on the purchase order.
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