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Ordering Information

1. Please order by model number, option number (where applicable),
and product name .

Telephone orde rs for stand ard catalog products will be accepted and
processed immed iately. However. shipment cannot be made until a
confirming written order is received. eithe r by means of a standard
purchase order form or a FAX con taining the following information as a
mnumum.

Purchase order number.
Ship to and bill 10 addresses.
Descr ipt ion. model number and uni t price .
Name 01authorized rep resentative of purchasing departmen t.
Met hod 01ship ment.
Amo unt of insu rance on shipment.
Sales/Use lax status 01order.

An order lor special or mOdified ca talog products cannot be processed
prior 10 rece ipt o f w ritten au thorization.

2. Address all purchase orders to:

General Microwave Corporation (GMC)
5500 New Horizons Blvd.
Am ityvi lle. N.Y. 11701 - 1156

or in care of our Engi nee ring-Sales Representat ive in you r area .
Determination of prices. terms and condillons of sale, and final acceptance
of orders are made only at the GMC factory.

3. Terms of paymen t lor domestic orders are Net 30 days. subject to app roval
01 credit. If credit has not been established. please provide paym ent in full
or authorization to ship C.O.D. (cennec or bank check only) . All prices are
FOB Ami tyville. New York and include packing to good co mm ercial prac ­
tice. If desi red . payment can be made using a VISA or MasterCard credi t
card. Please advise credi t ca rd number and expiration date when placi ng
order.The credit card voucher will no t be processed until shipment is made.

NOTE : Tille and risk of loss and damage pass to the pu rchaser when the
sh ipm ent is accepted by a com mon ca rrier .

4. Our expo rt terms are prepayment or irrevocable siqntletter of credit
co nfi rmed. engaged and accepted by Key Bank of New York. 13n Motor
Parkway, Islandia . N.Y. 11788.

5. The right to disco ntinue any item and to ch ange specifications or prices at
any lime without notice is reserved

6. The mi nimu m oroeris $100. unless prepayment is received. The minimum
line item cha rge is $ 10.

7. Unless specific esuucrons accompany the order. shipment is made via
uninsured UPS or Parcel Pos t. Air fre ight shipments will be made FO B
origin. freight cha rges collect.

8. Unless otherw ise specified on the face 01the order , overseas shipment will
be made via air freight using a freight forwa rde r selected by GMC . with all
charges. iocluding forwa rder, inland freigh!, air freigh t. insurance. consula r
and ba nking fees charged to the buyer's account.

9. Units returned lor repair must be re turned freight prepaid , FOB GMC
factory. If warran ty repair is applicable, the unit will be repaired and
returned freight prepaid. If wa rran ty repair is not applicable, the cus tomer
will be advised of the repair charges and his authorizat ion to proceed
awaited befo re any costs are incu rred. Non-warranty repairs WIll be
returned FOB Amityville. N.Y.

Returns from outs ide the Uni ted States mus t be made Free HouseJFree
Domicile. Note that except where prior au thorization has been received
from the GMC factory. collect sh ipm ents will not be accepted by ou r
rece iv ing department.

10. GMC is obligated to process all orders based on the ir relative Defense
Departme nt priori ties. Accordingly, all DO or OX ratings , as well as
applicable government con tract number(s) . should be included on
advance and con firming purchase orders.

11. Standa rd ins truments or components re turned lor credi t in a new and
unused conoiuon withi n 60 days after Shipment wilt be accepted subject to
a restocking charge of 15~/o of the selling price ($350 minimum).

o

12. Deliveries quoted are subj ect to prio r sale.

, 3. Prices quoted are based on inspection at destination. If sou rce inspection
is desired. add $500linspection day or 3% of the hardwa re price,
whichever is greater.

14. Each unit wi ll be accompanied by one copy of ou r sta ndard operating
instructions and will be tested in accordance with GMC's standard
acceptance test procedure lor the particular item. Unless Specified In the
schedule 01items or services. no other da ta or specia l testing will
be provided,

15. Ouoted price is based on produ ction and shipmen t in accord with GMC's
mos t economical rate including accelerated and/or earlier delivery. GMC
reserves the right 10make partial shipments on a line Item or quantity
basis.

16, GMC will make ils best efforts to ship onlbefore the promised delivery date.
However, failure to do so will no t be consid ered ca use for cancellation or
for clai ms arising the refrom.

17. Many of the products man ufact ured by Gen eral Microwave requi re U.S.
Government Expo rt Licenses prior to shipment abroad. The refore. il the
products are to be exported from the U-S. by purc haser or purchaser's
agen t, or if purch ase r trans fers title to anyone else who wi ll expo rt the
prod uc ts from the U.S. purchaser is hereby advised that a U.S.
Government Export Lice nse may be req uired poor to shipment. All sales
by General Microwave assume mattne pro per licenses are obtained by
pu rchaser. purchaser's agent or transferee before lhe products
are exported.

18. GMC is only author ized to conecttaxes for the States 01California and New
York. and will automatically add the app ropriate sales/use taxes to our
invoices unless advised to the contrary. In all o ther states, it is understood
tha t the buyer Will pay any applicable taxes directly from his faCIlity.

19 . All ewennons con ceived or first reduced to pract ice during the course 01
any co ntract or order placed with General Microwave are the property of
General Microw ave. and no righ ts by way of license or otherwise to such
inventions are granted by General Microwave, notwithstanding any
clauses to the contrary inc luded or referred to in the solictation. con tract
or order.

20. The followi ng warran ty applies:

EQU IPMENT WA RRAN TY

General Microwave Corporatio n warranties all parts 01equ ipment 01its
man ufacture to be free from defects caused by faulty mate ria l or poor
wo rkmanship. Th is warranty excludes electronic tubes. bartenes. natura l
rubber and materia l normally consumed in operation unless such except­
ed items fail as a resul t of improper application by General Microwave.

Liabi lity under this warranty is limited to the obligation to repa ir, or, at
Gen era l Microwave's sale option. to replace without cha rge . FOB General
Microw ave's Plant. any part found to be defective under norma l use and
service wi thin the time periods shown below. provided:

(1) Ge neral Microwave Corporation is' promptly nOtIfied within the warranty
period in writing upon discovery of such defects;

(2) The original parts or equipment are returned to General Microwave
Co rpo ration. transportation charges prepaid;

(3) General Microwave Co rporation's examination shall disclose to its
sa tisfaction that suc h defects have not been caused by abuse after
de livery.

War ran ties sha ll not apply to items which have been repa ired or altered by
others than Ge neral Microwave Corpo ration or its authorized agency.

The period 01wa rranty is one year after delivery 01the insuu ment or
component to the original purcha ser.

The warranty period shall not inc lude any period 01time the uot or part fails
to perlo rm satis factorily due to such defect, and any unit, part or
co mponent repaired or replaced by General Microwave pursuant 10 this
warranty shalt itself be guaranteed as specified above.



Specification Update (cont'd)

Page 109:

Page 109:

Page 109:

Page Ill:

Page 130:

In the Option 27 entry in the AVAILABLE OPTIONS table, change "(No t
applicable to Series 91/92)" to "(Not applicable to the Driverless Units,
Series 91/92)" .·

The ".55 (14,0)" dimension shown to the right of connector J1 is
incorrectly shown as extending to the center of the mounting hole. It
should extend to the side of the unit on which connector 12 is mounted.

The " .13 (3, 3)" dimension shown to the left is incorrectly shown as
extend ing to the mounting surface. It should extend to the surface closest
to the ground pin.

In the Power Supply Requirements section, change "- 12 to ±5%" to
"-12 V ±5%" .

In the Available Options section, add "Option 48 +5V, -15V Operation" .

Change the Insertion loss specification in the 12.4 - 18 GHz column to the
following:

F9180
F9180W

From 3.8 to 4.0 dB
From 4.2 to 4.4 dB

Page 138:

Pages 155-171:

In footn ote ( I) , change "see page 86" to "see page 142" .

Replace with the attached 20 page document.

Page 158: TEST

Internal Visual
Temperature Cycle
Mechanical Shock
Burn-In •
Leak

METHOD

2017 .3
1010.5
2002.3
1015.4
1014.2/.9

CONDITION

B
A

A l & A2

• Burn-in temperature is + 110°C.

GENERAllI MICROWAVE
5500 New Horizons Blvd., Amityville, NY 11701

TEL: 516-226-8900 • FAX: 516-226-8966
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Specification Update

Please annotate your copy of General Microwave's Catalog G36 in some convenient manner to
reflect the following:

Page 0: Replace with the attached version.

Page 16 and all pages containing outline drawings:

Add "TYPICAL" next to SMA Connector protrusion dimensions.

Page 22 :

Page 22:

Page 27:

Page 30 :

Page 30:

In the D1950A Flatness tabulation, change "2 .2" to "2.5".

In the Power Supply Requirement specification, change -12 V current from
"25mA" to "SOmA".

Add the following to one of the four mount ing holes in the outline drawing:

.120 (3,0) DIA THRU X 4

In the outline drawing, change the thickness from " .24 (6,1)" to ".27 (6, 9)".

Change Table 1 to the following :

TEST

Internal Visual
Temperature Cycle
Mechanical Shock
Bum-In •
Leak

METHOD

2017.3
1010.5
2002 .3
1015.4
1014.2/.9

CONDITION

B
B

Al &A2

Pages 33
and 44:

Page 38:

• Bum-in temperature is + 110°C.

In the outline drawings, change "4 X .120 (3,0)" to "4-40 THO THRU 4 X" .

In the AVAILABLE OPTIONS table , add • after the Option 5002 description and
add the following:

• Consult facto ry for impact on other specifications, i.e., VSWR and
Insertion loss.



Specification Update

Rf RADIATION HAZARD METERS BROCHURE UPDATE

Please annotate your copy of General Microwave's 36 page RAHAM brochure in some
convenient manner to reflect the following:

Page 23, SPECIFICATIONS Table

CHARACTERISTIC

Frequency Sensitivity

Calibration Frequencies

Isotropy

SPECIFICATIONS

Change "± 1 dB 1ato 800 MHz"

To "±l dB 3 to 800 MHz"

Change "±2 dB 1a to 1000 MHz"

To "±2 dB 3 to 1000 MHz"

Add 700 and 800 MHz

Change "±2 dB 1ato 1000 MHz"

To "±2 dB 3 to 1000 MHz"

GENE RA LIII M ICROWAVE
5500 New Horizons Blvd ., Amityville, NY 11701

TEL: 516-226-8900 • FAX: 516-226-8966
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Description

Contents
I Page Nos.

Ordering Information . ...................... . ....... . . .... ... . . . . . . . . ... . . .. • . ... .. .. 0
New Products 2-3
Model Numb er Index 4-5
Product Index . . .. . . . . • . . . . . . . .. . .. .. . . ... . . . . . . . . . . . . . ... . . . •. . . . . . . . . ... . . . .. . . . . . 6
About General Microwave 177

Octave-band, broadband, or ultra-broadband
Attenuators/Modulators Current and voltage controlled 8·53

Digitally programmable

Phase Shiftersl High Speed
Frequency Translators, Digitally Programmable 54-82
Bi-Phase Modulators, Voltage Controlled
1.0. Vector Modulators

SPST thru SP8T and SP16T
With or without drivers

Switches Reflective or non-reflective 83-142
Octave-band, broadband, or ultra-broadband
Transfer switches

Millimeter Wave SPST and SP2T switches
Components Current, voltage and digitally controlled attenuators 143-154
(18-40 GHz) 3 dB quadrature coupler

Digitally Tuned
Oscillators Voltage Controlled 155-171

Dielectric Resonator

Power
Measuring Integrated power monitors 172-175
Equipment

Radiat ion Hazard Isotropic and anisotropic units
Measuring Systems High performance and economy models

176(RAHAM) Broadband and ultra-broadband units
Products RF/m icrowave radiation badges

K Connector is the registered mark of Wiltron Company.

The products included in this catalog may becovered by one or more ot ihe following U.S. patents: 3,384,819,3,713,037,3,812,438,3 ,931,573, 1 ~Il!nt
4,009,456.4 ,207,518.4 ,288,761 , 4.288,763, 4,392. 108. 4,438,415 and Canada patent 1,183.942. Other patents arepending.



New Products

0.05 - 18 GHz
10 Bit Digital PIN Diode

Attenuators

Series 346C
(see page 39)

2-18GHz
8 Bit Digital/ Analog

Attenuators

Series 348 and 348H
(see page 45)

0.75 - 18 GHz 11 Bit Digital/Analog
Attenuators

.~

Series 349/349H
(see page 50)
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2 - 24 GHz
Digital and Analog

1/0 Vector Modulators

New Products

Series 73 & 74
(see page 65)

0.5 - 18 GHz
10 Bit Digital and Analog

360 0 Phase Shifter &
Frequency Translators

Series 77 & 78
(see page 76)
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Model Number Index

MODEL PAGE MODEL PAGE MODEL PAGE

30 176
40 176
60 176
65-1 176
65-5 176
1761 .48
1744 132
1950A 17
1951 17

·1952 17
1953 17
1954 17
1955 17
1956 17
1958 17
1959 144
3250A 36
3460C 39
3461C 39
3462C 39
3468C 39
3472 42
3474 .42
3478 .42
3482 .45
3482H .45
3483 45
3483H .45
3484 .45
3484H .45
3486 .45
3486H .45
3488 45
3488H .45
3491-64 50
3491H-64 50
3491-80 50
3492-64 .50
3492H-64 50
3492-80 50
3493-64 50
3493H-64 50
3493-80 50
3494-64 50
3494H-64 50
3494-80 50
3495-64 50
3495H-64 50
3495-80 50
3496-64 50
3496H-64 50
3496-80 50
3498-64 50

3498H-64 50
3499 146
7050 153
7120 60
7122 60
7124 60
7128 60
7220 60
7222 60
7224 60
7228 60
7322 65
7328 65
7329 65
7422 65
7428 65
7429 65
7720A 76
7722A 76
7724A 76
7728A 16
7820 76
7822 76
7824 76
7828 76
7928 80
9012 149
9013 149
9014 149
9112 96
9114 96
9120-500 105
9120AH-500 105
9120AHT-500 105
9120T-500 105
9120W-500 105
9130-500 112
9130AH-500 112
9130AHT-500 112
9130T-500 112
9130W·500 112
9140-500 116
9140AH-5OO 116
9140AHT-500 116
9140T-500 116
9140W-500 116
9150-500 120
9150T-500 120
9150W-500 120
9160-500 123
9160T-500 123
9160W-500 123
9170-500 126

4

9170T-500 126
9170W-500 126
9214 96
9220-500 105
9220T-5oo 105
9230-500 112
9230T-500 112
9240-500 116
9240T-500 116
9250-500 120
9250T-500 120
9260-500 123
9260T-500 123
9270-500 126
9270T-500 126
01 950A 21
01 951 21
01952 21
0 1953 21
01954 21
01 955 21
01956 21
0 1958 21
0 1959 144
019606 25
0 19616 25
01 9626 25
0 19686 25
0 1972 31
0 1974 31
0 1978 31
06020C 163
06026C 163
0 6040C 163
06052 165
06080C 163
06120C 163
0 6206 165
06218 165
06618 165
OM862C 93
OM862CH 93
OM864C 93
OM864CH .93
OM870 99
F192A 14.90
F940H 110
F1938 57
F5080 .1 70
F5120 170
F5180 170
F8922 .1 02
F8924 .1 02



Model Number Index (Cont)

I MODEL PAGE MODEL PAGE MODEL PAGE

~~8 1~

F9012 149
F9013 . 149
F9014 ..... .•. . . . .. . •149
F9021 . •. . .. . .. ... ... .151
F9022 151
F9023 151
F9112A .. . . ... • .. .. ...96
F9114A . 96
F9120 105
F9120AH 105
F9120AHT .. ... ... .. . .•105
F9120T 105
F9120W 105
F9130 112
F9130AH 112
F9130AHT 112
F9130T 112
F9130W 112
F9140 116
F9140AH 116
F9140AHT 116
F9140T 116
F9140W 116
F9150 . ... .. . . . . . . . .. •120
F9150T 120
F9150W 120
F9160 123
F9160T 123
F9160W 123
F9170 126
F9170T 126
F9170W 126
F9180 129
F9180W 129
F9214A 96
F9220 105
F9220T 105
F9230 112
F9230T 112
F9240 116
F9240T 116
F9250 120
F9250T 120
F9260 123
F9260T 123
F9270 126
F9270T 126
F940H . . ... • . . . ... •.. . . . 111
FM862C 93
FM862CH 93
FM864C 93
FM864C H 93

G9120 105
G9120T 105
G9120W 105
G9130 .• ... .. ... ... . . . .112
G9130T . ... .. . ....• ... .112
G9130W 112
G9140 116
G9140T . 116
G9140W 116
G9150 120
G9150T 120
G9150W 120
G9160 123
G9160T 123
G9160W 123
G9170 126
G9170T 126
G9170W 126
G9220 105
G9220T 105
G9230 112
G9230T 112
G9240 116
G9240T 116
G9250 120
G9250T 120
G9260 123
G9260T 123
G9270 126
G9270T 126
H1968B 28
H1980 34
H1982 34
H500 176
H600 176
H7522 70
H7524 73
H9114 138
H9120H 139
H9120HT 139
H9130H 140
H9130HT 140
H9140H 141
H9140HT 141
HM192 136
HM9114 138
HM9120H 139
HM9120HT 139
HM9130H 140
HM9130HT 140
HM9140H 141
HM9140HT 141
M862B 93
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M862BH 93
M864B 93
M864BH 93
M870 99
M5080 170
M51m 1M
M5180 .• ... .. . .. ... ..•.170
N425D 173
N426D 173
N427D 173
N445B 173
N446B 173
V6020 . 158
V6020·952C 160
V6020·953C 160
V6020·954C 160
V6020·955C 160
V6026 158
V6040 158
V6080 158
V6120 158



Product Index
Product Page No . Product Page No.

Attenuators
Current·Co ntrolled 17
DigitaL 34.36.39.42.45.48
Hermetically Sealed 28.34.136
Linear 21.25.28.31.144
Millimeter Wave 144
Miniature 48
Multi-Octave Band 25.28.39,42.

48. 148
Octave Band 17,21.146
Phase Invarient... 31,42
Step See Digital
Switched Bit. 34
Ultra-Broadband .36
Voltage·Controlled 2 1.25,28,31,

45. 144
Bi-Phase Modulato r .57
Coupler. Quadrature .153
Digital

Attenuator 34,36.39.4 2.45.48
50.146

Frequency Translator ..73.76,80
Oscillator. 155
Phase Shilt er. 73.76.80

Frequency Tran sl ator s 60.70.73.76.80
Hermetically Sea led

Attenuato rs 34, 136
Switches

Low Prolile 138
Drop-In Modul e 138

Phase Shifters 73.80
Millimeter Wave

Attenuators 144
Coupler 153
Switches 149

Modulators
Amplitude See Attenuator
Bi-Phase 57
10 Vector. 60,65
Millime ter Wave 144
Pulse 14,136

Monitors
Power. 175

Oscillators
Dielectric Resonator.. 169
Digitally Tuned 162
Voltage Controlled 157

Phase Shifters 70.73.76.80
Power Measuring Instruments 172
Prob es, RF

Anisotropic 176
Isotropic 176

Pulse Modulators 14, 136
Quadrature Coup ler 153
Radiation Haza rd Meters

Anisotropic , 176
Isotropic 176

Radiat ion Badges 176

Selection Gui de
Attenuators 12
10 Modulators 56
Modulators 12
Oscillators 155
Phase Shifters 56
Switches .87

Switches
Drop-In Module 136,138
Hermetically Sealed I 36.138
Low Protile 136. 138
Millimeter Wave 149,152

Switches. Cu rrent Con to tted
or TIL-Campatible

Broadba nd 90.93,96,99.105.
110. 112, 116,120,
123,126,136,138

SPST. 90.93,96 .136.
138,145

SP2T... 99,I 02,105,139,151
SP3T 112.140
SP4T 116,141
SP5T. 120
SP6T. 123
SP7T 126
SP8T 129
SP16T.. 132

High Spee d
SPST... 93,96.136.

138,149
SP2T 102,105.110.

139.151
SP3T 112,140
SP4T 116.141

Non·Reflect ive
SpST. 90,136
SP2T... 105,139
SP3T 112,140
SP4T.. 116,141
SP5T. 120
SP6T. 123
SP7T. 126
SP8T 129
SP16T.. 132

Reflective
SPST 93, 96, 136,138,149
SP2T. 99,102,105,139 151
SP3T 1'2,' 40
SP4T 116,141
SP5T. 120
SP6T. 123
SP7T 126
SP8T. 129

Transf er ,., , 110
Ult ra-B roadband

SPST.. 90.93,136
SP2T 99

Translator. Frequency 60.70.73,76.80
I

g],---- ------- - --'-- - - - - - - - --- - - - -'
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The introduction of the PIN diode more than 35 years
ago has led to the development of a large family of
rf and microwave control components, including
switches, atlenuators, modulators, and phase shifters
that have become essential elements of most modern
microwave systems. Today, the types of PIN diodes
available to the component designer is quite exten­
sive and permits a choice of electrical characteristics
such as junction capacitance, minority carrier lifetime,
reverse voltage breakdown, saturation resistance and
resistance vs. current law as well as mechanical
format when selecting a diode for a particular applica­
tion. While a complete treatment of the PIN diode will
not be presented here, some of the more important
relationships in diode characterist ics are descri bed
below.'

The unique property of the PIN diode that makes it
particularly suitable for control component use is that,
in its useful operating frequency range, it behaves as
a current variable resistor in its forward biased state.
Depending upon the diode construction, this
resistance can vary from as low as a few tenths of an
ohm when the diode is fully ON to as high as 10,000
ohms with zero bias current applied. The PIN diode
displays this behavior because, unlike P-N junction
diodes, a thin layer of Intrinsic material is inserted
between heavily doped layers of P and N material.
When dc current flows through the diode, a stored
charge is created in the I layer which establishes the
conductance of the diode. The charge is in the form of
holes and elect rons which have a finite recombination
time. As long as the period of any time-varying current
is sufficiently short compared to this recombination
time, there is effect ively no modulation of the diode
conductance and, ignoring parasitic reactances, the
diode behaves as a pure resistor.

If we define a transit ion frequency fo as

1{o = -,
2nT

where T is the minority carrier lifetime,

then for frequencies significantly below fo , the PIN
diode will behave as a P-N junction, rectifying the ap­
plied a-c signal. For frequencies well above fo , the
diode will behave as a linea r resistor. The range of T

varies from as low as 10 nsec to as high as 51'sec,
and correspondingly fo varies from about 16 MHz to
32 kHz.

Solid State Control
Components

The degree to which the PIN diode will rectify the a-c
signal and thereby generate harmonic power depends
not only on the minority carrier lifetime but upon the
ratio of the a-c current to the applied doc current. In
general, as the applied signal power rises and the
operating frequency decreases, diodes with long
minority carrier lifetimes and high bias current are re­
quired for satisfactory operation. Unfortunately, such
diodes exhibit relatively long switching time and low
modulatio n rates.

When one uses a PIN diode in the microwave
frequency range, parasitic reactances will have first
order effects. The most important of these is the diode
junction capacitance which limits the diode im­
pedance in its back biased state. For low frequency
diodes in chip format, employing relatively large
junction areas, the junction capac itance is of the order
of 0.2 to 1.0 pf. At the other extreme, beam lead
diodes exhibit the lowest available junction capacity,
ranging from 0.02 to 0.08 pf. For high frequency
mult i-throw switches, beam lead diodes are frequently
employed at the commo n junction because of their
small physical size and low junction capacity. Even
with a capacitance as low as 0.02 pf, at a frequency
of 18 GHz, the diode will have an impedance of only
about 450 ohms in its back biased state due to this
reactance . In similar manner, the intrinsic diode
inductance as well as that of the connecting ribbons
have a significant effect upon the frequency related
behavior of the PIN diode.

The diode saturation resistance presents a loss
mechanism in the rf and microwave circuit. This
resistance can vary from a few tenths of an ohm in a
chip diode, to as high as 5 ohms in a low-capacity
beam lead diode. In general , there is an inverse
relationsh ip between diode junction capacity and
saturation resistance. Therefore, in high frequency
applications, where low capacity is generally required
for best isolation and/or impedance match, higher in­
sertio n loss generally arises due to the loss attributed
to the diodes.

In the sections that follow more detailed discussions
are presented of the circuit topologies, design trade­
offs and performance characteristi cs of GMC 's
families of control components. GMC's large number
of custom designs, which have evolved from these
products , have not been included because of space
limitations. Consultation with the factory is recom­
mended for such requirements.

(1) Thereader interested in more information on thisSUbject shouldconsult oneor moreof the following references:
"Microwave Semiconductor Engineering': J.F.White. Van Nostrand Reinhold Company. 1982.
"Microwave SemiconductorControl Devices': K.E. Mortenson, Microwave Journal. May 1964, pp 49-5 Z
"Fundamental Limitationsin RF SwitchingandPhaseShifting Using Semiconductor Diodes': M.E. Hines," Proceedingsof the IEEE. vol. 52, PP697·708.
"BiaSing and DrivingConsiderations for PIN Diode RF Switches and Modulators" Hewlett-PackardApplications Note 914, Jan. 1967.

'----- 11
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Attenuators
General Microwave PIN diode altenuators cover the
frequency range from 200 MHz to 40 GHz and are
availab le in numerous configurations to permit the
user to optimize system perfo rmance. Most designs
are available wit h either analog or digital contro l,
operati ng over octave or multi-octave bands with high
or moderate switching speed characte ristics.

ATTENUATORTOPOLOGY
GMC PIN diode attenuators are designed with several
different topologies, each of which has been selected
to optimize certain performance characterist ics. A
brief discussion of these various topologies is pre­
sented below including a treatment of performance
trade-offs.

SHUNT-MOUNTED REFLECTIVE
ATTENUATOR
The simplest version of a PIN diode alte nuator con­
sists of one or more PIN diodes in shunt with a
transmission line as shown in Fig. 1. This design pro­
vides a broadband reflec tive attenuator that can
reach very high levels of attenuation, depending upon
the number and electrical spacing of the diodes.
While it generally has very low insertion loss and can
operate at high switching rates, its usefulness is
limited by the very large mismatch it presents in the
attenuation state.

8 lAS

Fig. t -Stumt mountedreflective attenuatar

BALANCED ATT ENUATOR

By placing identical shunt-mounted reflective
attenuators between an appropriately connected
pair of 3 dB quadrature hybrid couplers, a balanced
attenu ator is realized (see Fig. 2). The balanced
altenuator has all the simplicity of the shunt-mou nted
reflective attenuato r with the added feature of prov id­
ing low VSWR under all conditions of attenuat ion. In
addit ion, power handling is improved by 3 dB due to
the power split of the input hybrid. This style of PIN
diode attenuator offers simplicity, up to 3 to 1 band­
width, moderately fast speed , and excellent linearity.
Balanced attenuators are available from GMC cover­
ing the frequency range of 0.5 to 40.0 GHz.

,o n

BlAS

Fig. 2~Balanced attenuatar

ARRAY ATTENUATOR
With the addit ion of terminating diode elements to the
shunt-mounted reflective attenuators of Fig. 1, an
altenuator can be realized with low VSWR that can
operate over an octave band (see Fig . 3). By tapering
the diode and transmission line impedance and
adding multiple transformer sections it is possib le to
obtain good VSWR and altenuation characteristics
over severa l octaves.

GMC employs array attenuators in a number of
custo m designs.

BI AS

@-1 I-@

L son :J
, ,

Fig. 3-Array attenuatar

T-PAD AND IT-PAD ATTENUATORS
The broadest frequency coverage available is obtained
with some form of T-pad or n-pad attenuator. These
are lumped element circuits which function in the
microwave frequency range in essentially the same
manner as they do at DC. Altenuation variation is
obtained by simultaneously changing the bias curre nt
of the series and shunt diodes comprising the pads in
a manner that assures constant impedance at all
levels . Fig . 4 shows the basic configurations of both
circuits . Only the T-pad conf iguration is used by GMC
due to the difficult ies in realizing suffic iently low stray
reactan ces and short transmission line lengths in
n-pad circuits for operation at higher microwave
frequencies. Models of these attenuators cover the
full frequency range from 0.2 to 18.0 GHz with ex­
cellent attenuation flatness and moderate
switch ing speed.

11 --'
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Attenuators

T-pad attenuatar I 'SERIES
11 · pad attenuatar r I SHU NT

~
~ I SERIES

c ~ ~ " ~, " ~
~

<- ,
• SHUNT

1 " n "

Fig. 4-Attenuator configurations

SWITCHED BIT ATTENUATORS
When an attenuator with a fast switching speed and
high power handling capacity is required, the only
option is to utilize a switched-bit attenuator. This at­
tenuator combi nes one or more tandem pairs of SP2T
switches with a zero loss connect ion between one
pair of outp uts and a fixed attenuator inserted in the
other (see Fig. 5). In this configurat ion the PIN diodes
are not used as variab le resistors, but are switched
between their forward and reve rsed biased states .
This allows for much faster switching speed since
high speed PIN diodes and drive circu itry can be
used. In addition, it offers higher power handling
capacity since the RF power is absorbed in the fixed
attenuator(s), and not in the PIN diodes.

There are some disadvantages to this approach that
may limit its usefulness. First, the minimum pract ical
attenuation step size at microwave frequencies is

BIA S CONTROL
ATTENUATI ON PATH

ATTENUATOR e o, - - - -l

niL .J

BIAS CONTROL
THRU PATH

Fig. S·Switched bit attenuatar

about 0.5 dB due to interacting VSWR's as the bits are
switched. These interactio ns may lead to
a non-monotonic response as the attenuation is

. changed in increments of one LSB, i.e., the attenuation
level may actually decrease when an increasing at­
tenuation step is calle d for. Second, because of the
RF circuit complexity, the cost of this attenuator is
usually higher than other approaches. Finally, the
incorporation of high speed switches may lead to
excess video leakage.

PHASE INVARIANT ATTENUATORS
This specialized class of attenuators has the property
that the insert ion phase variation is minimized as the
atte nuation level is changed. A unique topology is
employed by GMC to obtain this performance which
is described in detail in a separate technical paper. '
In all other respects they perform in a manner similar
to the balanced attenuators desc ribed above .

DRIVER CONSIDERATIONS
All attenuato rs except for the switched bit variety are
avai lable with linearizing driver circuits with either
analog or digital contro l inputs. In add ition , many
attenuators are available with out the driver for those
who choose to prov ide their own. Most digital
attenuators are avai lable with eight-bit TIL control
which, for an atte nuator wit h a nomin al attenuation
range of 60 dB, will provide a resolution of 0.25 dB.
Some attenuators are available with a resolution of as
low as 0.05 dB. Except for switched-bit designs, all
PIN diode attenuators are analog in nature and thus
their resolution is essentially limited by the DAC used
in the driver ci rcuit.

The driver circuit includes compensating elements
to minimize the variation of attenuator with
temperature. It also provides the proper source
impedance and switching waveforms to optimize
switchi ng speed .

(1) "Broadband Phase Invariant Attenuata,", D. Adler and P. Maritato; 1988 IEEE MTTS Digest. pp 673-876. ·
- To obtain a copy of this paper, please write to

Dept. C., General Microwave Corporation, 5500 New Horizons Blvd.. Amityville. N'( 1t701.

9



Attenuators

MONOTONICITY

In most applications it is imperative that the atten­
uator displays monotonic behav ior as a function of
the control input. Non-monotonic performance can
occur in switched bit attenu ators when interacting
VSWR's are not properly compensated , or in digitally
controlled analog attenuators when a non-monotonic
condition exists in the MSB of the DAC. All GMC's
attenuators are guaranteed monotonic.

PHASE SHIFT V5. ATTENUATION

All attenuators exhibit a variation in phase shift with
attenuation level (AM/PM modulation). Fig. 6 shows
typical phase shift variation as a function of attenua­
tion for a number of GMC attenuator models. The
phase shift is attributable to both the stray reacta nce
of the PIN diodes as well as the lengths of transmission
line interconnecting the diodes. While it is possible to
minimize the AM/PM by careful design, it is not possi­
ble to eliminate it ent ireiy. Where minimum change of
phase with attenuation is a critical parameter, the use
of GMC's line of Phase Invariant Attenuators describ­
ed above should be considered.

HARMONICS AND INTERMODULATION
PRODUCTS

All PIN diode control devices (i.e. attenuators, switches
and phase shifters) will generate harmonics
and intermodulat ion products to some degree since
PIN diodes are non-linear devices. When compared
to digital switched-bit designs, analog PIN diode
attenuators are more prone to generate spurious
signals since the diodes function as current variable
resistors and are typically operated at resistance
levels where significant RF power is absorbed by
the diode.

The levels of harmonic and intermodulation products
generated by an attenuator are greatly dependent
upon its design, the operating frequency, attenuatio n
setti ng and input power level. Typical perfo rmance for
a moderately fast attenuator i.e. 500 nsec switching
speed, follows :

TYPICAL ATTENUATOR INTERCEPT POINTS
2nd ORDER 3rd ORDER

FREQUENCY INTERCEPT INTERCEPT

2.0 GHz + 35dBm +30 dBm
8.0 GHz +40dBm +35dBm
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"':1 0.0 _

il' ~

ec.0

· 000 - ' 0.0
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Fig. 6 TypicalPhase vs. Attenuation
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POWER HANDLING
The power handling of a PIN diode attenuator is
dependent on its topology, biasing levels, and
switchinq speed . The faster the attenuator, the lower
the power handling capability. This catalog specifies
both the maximum operating and the maximum
survival levels. Maximum operating level is defined as
that which will cause either a one dB compression of
attenuation level or an out of spec ification condition.
The survival levels are generally dependent on the
maximum ratings of the semiconductors in the
attenuator. Please consult the factory for spec ial
applications requir ing higher operational power
levels than those listed in this catalog.

DEFINITION OF PARAMETERS
MEAN ATTENUAnON is the average of the max­
imum and minimum values of the attenuation over the
specified frequency range for a given contro l signal.

ATTENUATION FLATNESS is the variation from the
mean attenuation level over the specified frequency
range. This is usually a function of the attenuation
level, and is expressed in ± dB.

ATTENUATION ACCURACY is the maximum devia­
tion of the mean atte nuation from the programmed
attenuation value expressed in dB when measured at
+23 ±5°C.

~I\l V ATT ENUATION
- 1 Fl ATNESS;;: l- MEAN ATTENUATION il
~ ~~M~~T-;E-;;U-:;;;;~
, I r ;
~ I L ATTENUATION
:: I ACCURACY

• I I,

Attenuators

6:~~-7-_ -L
=:ov I I, ,

I INPUT CONTROL PULS E, ., ,
O"4RF !lSOLATlON) I 1, '

: 10%1'11" I
, I ,I I:
: : I : 1
I --- 9O% RF - - 1

IOO"4RFULlt" - -~ I I r I
I I I I I I
I I, RISE,FALl l l
1 --t t-- TIME I TIME.....-j I-
: I ITRI I ITFI I

~ONN SW I TCH I NG ...., r- .-eoj t-- MOFF" S\lllTCHIIolG
~E TIME

(TONI (TO FF'
RF OUTPUT ENVELOP(

Fig. a-Switching speed

On Time is the transit ion time between 50% of the
input control signal to the 90% point of the square-law
detected RF power when the unit is switched from full
OFF to full ON.

Off Time is the transit ion time between 50% of the
input contro l signal to the 10% point of the square-law
detected RF power when the unit is switched from full
ON to full OFF.

Note: Depending on the attenuator topology, there
are differences in the behavior of the switching
characteristics that may affect system perter­
mance. SWitching speed is only specified to the
90% or 10% points of the detected RF signal,
but the time the attenuator takes to reach final
attenuation value or switch between different
attenuation levels may be significantly longer.

t ,
FREOUENCY

ta
MODULATION BANDWIDTH

Fig. 7-TotaJaccuracy

TOTAL ACCURACY is the sum of all the effects which
contribute to the deviation from the programmed at­
tenuation value. It includes the effects of attenuation
accuracy, frequency variation and temperature, as
shown in Fig. 7.

SWITCHING SPEED'

The following are the standard definitions of switching
speed, as shown in Fig 8:

Rise Time is the transition time between the 10% and
90% points of the square-law detected RF power
when the unit is switched from full OFF to full ON.

Fall Time is the transition between the 90% and 10%
points of the square-law detected RF power when the
unit is switched from full ON to full OFF.
(2) For units without integrated drivers. the specifications apply toconditions

when the attenuatar 1$ driven by anappropriately shaped sWltchmg waveform.

11

Small Signal Bandwidth: With reference to a
modulation frequency of 100 Hz and a modulation
depth of ± 3 dB at a quiescent level of - 6 dB, the
frequency at which the modulation depth decreases
by 50% as measured with a square-law detecto r.

Large Signal Bandwidth: With reference to a
modulation frequency of 100 Hz and a 100% modu la­
tion depth at a quiescent level of - 6 dB, the frequency
at which the modulation depth dec reases by 50% as
measured with a square-law detector.

TEMPERATURE COEFFICIENT is defined as the
average rate of change of attenuation over the full
operating temperature range of the unit under fixed
bias conditions. It is expressed in dB/oC. Note that
the attenuator temperature coeff icient may vary with
both temperature and programmed attenuation level.

~



Attenuator
Se lection Guide

ATTENUATORS AND MODULATORS

FREQUENCY RANGE (GHz) ATTENUATION MODEL PAGE COMMENTS
0.2 0.5 1.0 2.0 4.0 8.0 12.4 18.0

RANG E (dB)

CONTIN UOUSLY VARIABLE, CURRENT CONTROLLED, ABSO RPTIVE ATIENUATORS
0.5_1 80 1950A

1_2 60 1951

2_4 60 1952
2.6__ " 60 1953

4_8 60 1954 17 Singlecontrol

5 _10 60 1955

6 _12 60 1956

8 ta 60 1958

18-40 50 1959 144

CONTINUOUSLY VARIABLE , VOLTAGE CONTROLLED, LINEARIZED ABSOR PTIVE ATIENUATORS
05 4 60 019608

05 8 60 0 19618

2 8 60 0 19628 25

2 ta 60 019688

0.5_1 80 0 1950A

1_2 60 01951 Integrated driver2 __4
60 01952 and rf section

2.6_5.2 60 01953
4__ 8

60 01954 21

5__ 10 60 01955
6 __ 12 60 0 1956

8 " 60 01958

18-40 50 01959 144

VOLTAGE CONTRO LLED, HERMETICA LLY SEALED, LINEARIZED ABSOR PTIVE ATIENUATOR

2 " 60 H1968 28 Integrated driver
and r1 section

VOLTAGE CONTRO LLED, PHASE INVARIANT, LINEARIZED ATIENUATORS
2 6 32 0 1972

4 \I 32 01974 31 Integrateddriver

6 " 32 01978
and rf section

HIGH SPEED ABSORPTIVE PULSE MODULATORS

0.2 " 80 F192A 14
Integrated driver

andrfsection

Integrated driver
0.2 " 80 HM192 136 andrf section,

miniaturized,
hermetically sealed

I ~!i!rt
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Attenuator
Selection Guide (Can't)

ATTENUATORS AN D MODU LATORS (can't)

FREQUE NCY RANGE (GHz) MIN
ATTENUATION STEP MODEL PAGE COMMENTS

0.2 0.5 1.0 2.0 4.0 8.0 12.4 18.0 RANGE (dB) SIZE (dB)

DIGITALLY PROGRAMM ABLE . HERME TICALLY SEALED. ABSORPTIVE ATTENUATORS
0> 6 I 63 1.0 H1980 I Integrated driver

I 63 1.0 H1982 I 34 and rt section2 6

DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS. ULTRA-BROADBAND

60 1 3250A 36
Integrated driver

0 2 18 and rf section

DIGITALLY PROGR AMM ABLE ABSORPTIVE ATTENUATORS. MU LTI-OCTAVE BAND
os , 60 0.06 dB 3460C

os • 60 0.06 dB 346 1C

60 0.06 dB 3462C
39 Integrated driver

2 • and rf section
2 18 60 0.06 dB 3466C

DIGITALLY PROGRA MMABLE. PHASE INVARIANT ATT ENUATORS, MULTI-OCTAVE BAND
2 6 32 0.125 3472

,
" 32 0.125 3474 42 Integrated driver

32 0.125 3478
and rf section

6 18

DIGITALLY PROGRAMMABLE . MINIATURIZED. ABSORPTIVE ATTENUATORS. OCTAVE BAND
2 __ ' 60 0.25 3482. 3482H
26 __ 52

60 0.25 3483 . 3483H
Integrated' __ a

60 0.25 3484. 3484H 45 driver and

0.25 3466. 3466H
rf section

6 _ 12 60

• 18 60 0.25 3488. 3488H

MIN IATURE. DIGITALLY CONTROLLED.PIN DIODE ATTENUATOR Integrated driver
2 ie I 60 0.5 I 1761 48 ana rf section

DIG ITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS . OCTAVE BAND
t __ 2

80 0 03 3491.3491H
2 __ ' 80 0.03 3492. 3492H
26 __ 52

80 0.03 3493. 3493H
, _ a 80 0.03 3494 . 3494H 50 Integrated

5 '0 0.03 3495. 3495H
driver and

80 rf section
6 _12 80 0.03 3496 . 3496H

e 18 64 0.03 3498, 3498H

"- - ,, 50 0.03 3499 146

~III
,
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Model F192A Non-Reflective
Ultra-Broadband High-Speed Pulse Modulator

• High speed
• 0.2 to 18 GHz frequency range
• 80 dB isolation
• Low VSWR and insert ion 1055
• Small size , light weight

The Model F192A is a high-speed non-reflective
PIN diode pulse modulator with integrated driver.
Operating over the instantaneous frequenc y
range from 0.2 to 18 GHz, it provides a minimum
isolation of 80 dB from 0.5 to 18 GHz, and 70 dB
below 0.5 GHz. The rf design consists of an ar­
rangement of shunt and series diodes in a
microstrip integrated circuit transmission line as
shown in the schematic diagram below.

RF rNIOUT

I-B
J2

BIAS
FROM
DRIVER

·7

I I
I I

n r.7 r.7 r.

RF lNIOUT

@--1
J l

50

-v ·v

Model F192A RF Schematic Diag ram

The currents required to switch the unit ON or OFF
and simultaneously maintain a bilateral 50-ohm
impedance match in both states areprovided by the
integrated driver, which is controlled by an external
logic signal.

II----------------J
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Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

0.2 0.5 2.0 8.0 12.4
CHARACTERISTIC to to to to to

0.5 2.0 8.0 12.4 18.0

Min Isolation (dB) 70 80 80 80 80
Max Insertion Loss (dB) 2.0 2.0 2.5 3.0 3.5
VSWR (ON and OFF) 1.5 1.5 1.75 2.0 2.0

Switching Speed
Rise Time 10 nsec. max.
Fall Time 10 nsec. max.

ON Time 30 nsec. max.
OFF Time 15 nsec. max.

Power Handl ing Capabili ty
Without Performance

Degradation . . . . . . . . . . . . . . 500 mW cw
or peak

Survival Power . . . . . . . . . . . . . lWaverage,
lOW peak
(1 flSec max.
pulse width)

Power Supply Requ iremen ts

+5V ±5% ,90 rnA
-12V ± 5% ,75 rnA

Control Characteristics

Control Input
Impedance .. .. TTL, advanced Schottky, one-unit

load. (A unit load is 0.6 mA sink
current and 20f'A source current.)

Control Logic .. . . Logic "0" (- 0.3 to +0.8V) for
switch ON and logic "1" (+2.0 to
+5.0V) for switch OFF.

L ~
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Model F192A
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Description

SMA female control connector
Two SMA male Ii connectors
Inverse control logic; logic "t "
for switch ON and logic "0" for
switch OFF
One SMA male (J1) and one SMA
fema le (J2) rf connector
EMI filler SOlder-type control
terminal

+5. - 15Voperation

8 MB male control connector

48

64A

33

10

Opt ion No.

3
7
9

.. MIL-STO-202F, Method 105C,
Cond : 6 (50,000 ft.)

... MIL-STO-202F, Method 1070 ,
CondoA, 5 cycles

Temp. Cycling .

Alt itude .

Shock .

Operating Temperatur e
Rang e - 65°C to + 110° C

Non -Operatinq Temperature
Range . . . . . .. ... - 65°C to + 125°C

Humidity . . .. MIL-STO-202F, Method 1036 ,
Condo 6 (96 hrs, at 95%)

.. MIL-STO-202F, Method 2136 ,
Condo6 (75G, 6 msec)

Vibration MIL-STO-202F, Method 2040 ,
CondoB (.06" double amplitude
or 15G. whichever is less)

+V

MTG
SURFACE

MODEL F192A
WI: 0.7 oz (20 gm) app rox.

.38(9.7) FOR SMA FEMALE

.50(12.7) FOR SMA MALE

GND

.f-L~-t-- -v

CONTROL
SMC MALE

CONNS~FEMALE~~
2X

2 x Q .104(2.6)

Dimensional Tolerances. unless o therwi se indicated .XX :t .02: .XXX ~ .005

JI

DIMENSIONS AND WEIGHT
. 5 3

( 13,5)

. 15
(3,81

. o~(2,3 ),
•
I I I

1,00 .820 L( 2 5,4 ) (20 ,8 )

LJ_ J2-

B------ - --- - ------,-----,----,----,----:-:---:=--:::::----J
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Series 195 Octave-Band
PIN Diode Attenuator/ Modulators

SERIES 195

Fig. t .uoaets 1951·1958. (I schematic diagram

• Absorptive
• Current controlled
• 0,5 to 18 GHz frequency range
• High performance MIC

quadrature hybrid design
• High speed

so o

RF IN!OUT

f-@
J2

BIAS

J l

SOO
RF INfQUT

@1

BIAS

RF IN/OUT ';t; RF INlOUT

@--1 f-@
J l SOO

J 2
SO O

Series 195 current-controlled attenuator/modulators
provide small size with greater than octave­
bandwidth performance at low cost. All models ex­
cept the 1950A' provide a minimum of 60 dB of at­
tenuation with fall times of 20 nsec max, and rise
times ranging from 25 nsec max for the 1951 and
1952 to 125 nsec max for the 1956 and 1958. The
1950A' provides a minimum of 80 dB of attenuation
with a fall time of 50 nsec max and a rise time of
250 nsec max. These characteristics make this
series suitable for a wide range of applications in­
cluding level setting, complex amplitude modula­
tion, pulse modulation and high-speed switching.
The eight models in the Series 195 encompass a fre­

.quency range from 0.5 to 18 GHz. All mode ls except
the 1950A'are capab le of extended bandwid th opera­
tion, typically 3:1, with only moderate deg radation in
performance at the band edges.

As shown in figures 1 and 2 below, the rf circuit
employed in all models except the Model 1950A'
uses two shunt arrays of PIN diodes and two
quadrature hybrid couplers. The quadrature hybrids
are of a unique GMC microstr ip design which are in­
tegrated with the diode arrays to yield a min imal
package size. The rf circuit employed in the Model
1950A'uses one shunt array of PIN diodes wi th input
and output impedance match ing circuits.

Fig. 2 ·Model 1950A: rt schematic diagram

'Mode1 1950A IS a special-order prccuct. Consull lac:orybeforeordering. L------------B
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Series 195
Specifications

MAX. FLATNESS (±dB)
FREQUENCY INSERTION AT MEAN ATIENUATION LEVELS UP TO

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10 dB 20 dB 40 dB 60 dB 80 dB

1950A' 0.5 - 1.0 1.4 2.0 0.3 0.8 1.7 2.2 3.2

1951 1.0 - 2.0 1.3 1.5 0.3 0.8 1.5 1.6
0.75- 2.25 1.4 2.0 0.5 1.4 3.0 3.5

\/1952 2.0-4.0 1.5 1.5 0.3 0.8 1.5 1.6
1.5 - 4.5 1.6 2.0 0.5 1.4 3.0 3.5

1953 2.6 -5.2 1.7 1.6 0.3 0.8 1.5 1.6
1.95-5.85 1.8 2.1 0.5 1.4 3.0 3.5

1954 4.0-8.0 2.0 1.7 0.3 0.8 1.5 1.6
3.0 9.0 2.1 2.2 0.5 1.4 3.0 3.5

1955 5.0 - 10.0 2.2 1.7 0.5 0.9 1.5 1.6

\
3.75 11 .25 2.3 2.2 0.7 1.4 3.0 3.5

1956 6.0 - 12.0 2.3 1.8 0.7 1.0 1.5 1.6
4.5 - 13.5 2.4 2.2 0.9 1.5 3.0 3.5

1958 8.0 - 18.0 2.511' 1.8"' 0.7 1.0 1.5 1.6
6.0 - 18.0 2.511' 1.811) 0.9 1.5 3.0 3.5

Note: Specifi cations for the extended frequency ranges are typical.

PERFORMANCE CHARACTERISTICS

Mean Atten uation Range
1950A' 80 dB

All other unit s . . . . . . 60 dB
Monoton ici ty . . . . . . . . . . Guaranteed

Phase Shift. . . . . . . . . . .. See page 10
Temperature Effects .. ... See Fig. 3

Power Handling Capabili ty

Without Performance Degradation
1950A', 1951 . . . . . . . . 10 mW cw or peak

All other units . . . . . . 100 mW cw or peak

Survival Power (from -65°C to +25°C;
see Fig. 4 for higher temperatures)

All unit s . . . . . . . . . . 1Waverage

25W peak (1 I'sec max
pulse width)

'Model 1950A IS a special-order product.Consult factory before ordering.

Swi tching Speed

Fall Time

1950A' 50 nsec max"

All other units 20 nsec max"

Rise Time

1950A' 250 nsec max

All other units 125 nsec max

Bias Current for Maxi mum Attenuat ion

1950A' 5 to 35 mA

All other units . . . . . . . . 15 to 70 mA

rn r--- - '"
I

~. OF I
RATING I
AT .2S"C 30 ~ _

I
I

6S'C .25 'C

TEMPERATURE

I~

Fig. 4-Series 195 power derating factor

(1) Except from 16· 18 GHz where insertion loss is 3.5 dB max and VSWR is 2 .0 max .
(2) For attenu ation steps of 10 dB or more.
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Series 195
Specifications

70

6 0

<D 50
"0
I

Z 4 0
o
~
:0 3 0z
w....
~ 20

10

o
o 0.2 0 .4 0 .6 O.B 1.0 1.2 1.4 1. 6 I.B 2.0 2.2

RELATIVE BIAS CURREN T

Fig.3-$eries 195, typical effects of temperature on attenuation

Desc ription

SMA female bias co nnector
Two SM A male rf connecto rs
One SMA male (J1) and one SMA
female (J2) rf connector
SMC male bias connector
5 MB male bias connector

64
64A

AVAILABLE OPTIONS
Option No.

3
7
10- 55·C to + 125·C

MIL-STO-202F, Method
103B, CondoB (96 hrs.
at 95%)

MIL-STO-202F, Method
213B, Condo B
(75G, 6 msec)

MIL-STO-202F , Method
2040, CondoB (.06"
dou ble amplitude or
15G, whicheve r is less)

MIL-STO-202F , Method
105C, CondoB (50,000
ft.)

MIL-STO-202F, Method
1070, CondoA, 5
cycle s

Altitude .

Temp. Cycling .

Vibration .

Shock .

ENVIRONMENTAL RATINGS
Operating Temperature

Range .

Non-Operating
Temperature Range .

Humidity .

IIL- _
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Series 195
Specifications

DIMENSIONS AND WEIGHTS

BOAS

DND

.43
. (IO.9)

L i
~~_2==Ji(3.01 (59 .7) -

2.60
166,0)

1.00 t
(25 ,4)

I

MTD
SURFA.CE

2.00
(50 .8)

I
.13 jlJ-
(3,3) L.33

(8 ,4)

.38(9.7) FOR SMA FEMALE

\

50112,7) FOR SMA MALE

BIAS MTG
GNO "\ SURFACE

r
1.475 I. .• 1.67
(37.5) I 1.23 (42.4) ,

J1-- : =:-:u I
1.11L1200~" . '3 JlL

(2,5) (~6~L (30·5) ( ; 1,2) (3.3) L
1.80 .30

(45,7) 2 l( •• 104{2.6) (7.G)

MODELS 1950A"ANO 1951
WI: 3 oz. (85 gm) aoorcx .

MODELS 1952 AND 1953
WI: 2 oz. (57 gm) app ro x.

°Mode1 195OA is a ececa-crcer pfOOuet. ConSUII!aClOfy beloreoroering.

BOAS BIAS 38{9.7) FOR SMA FEMALE
DND tr 5O(12.7} fOR SMA MALE

~
MTGMTD SMA f EMALE
SURFACE

SUAFACE 2X,
I.800

.650 1.25
(20.3)

(16.5) (3 1,8)

I I.30(7.6) I I .30{7 ,6)

t
.00 t="~j 13 J f
{2.0} 129.0)-- p .3) I

130 2 x • •104(2.6) L 30 2 ~ • .104(2,6)

(33 .0) - [7,6)

MODELS 1954, 1955 AND 1956
WI: 1 oz. (28 gm) accrcx .

MQOEl 1958
WI: 1 oz. (28 gm) approx.

Dim ensio nal To lerances. un less otherwise indicated: .XX e .02; .XXX :t .005
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Series D195 Octave-Band
PIN Diode Attenuator/ Modulators

Wrth Integrated Drivers

SERIES D195
The Series 0195 voltage-controlled linearized at­
tenuator/modulators are integrated assemblies con­
sisting of a Series 195 unit and a hybridized driver
circuit which provides a nominal transfer function of
10 dB per volt. (See figure 1 below.)

• Absorptive
• Linearized
• Frequency range: 0.5 to 18 GHz
• High performance MIC quad ratu re

hybrid design
• High speed

+V - v

•

•
WOOT

CONTROL
INPUT DRIVER

CIRCUIT
(VII CO NVERTER)

BIAS

F INlOUT SERIes 195 RF I

PIN OIODE
ATIENUATOR J 2Jl

R

Fig. t -Senes 0195. bloc k diagram

All of the Series 0195 units except the 01950A" ex­
hibit fall times of 20 nsec max and rise times of 1.5
I' sec max for attenuation steps of 10 dB or more.
For smaller excursions, til e fall l imes can increase to
several hund red nsec, while the rise times remain
essent ially unchanged. In applications where a rapid
return to insert ion loss from any level of attenuation
is required, Opti on 59 is available. With this option,
an external pulse is applied to trigg er a high-speed
reset circuit, and recovery times of 200 nsec max are ob­
tained. Where use of an externai reset pulse as
described above is not feasib le, an internal reset op­
tion (Opt ion 58) is available which will automatica lly
reset the unit to insertion loss within 200 nsec for a
step of 50 dB or more.

The fall and rise time speci ficatio ns for the 0 1950A"
are 500 nsec max and 10 ueec max, respect ively.
Options 58 and 59 are not available for this model. ALL UNITS

IN THIS SERIES
ARE EQUIPPED
WITH INTEGRATED DRIVERS

"MOdel 01950A is a specat-croer product. Consult factory before ordering.
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Series D195
Specifications

MAX. FLATNESS ( ± dB)
FREQUENCY INSERTION AT MEAN AITENUATION LEVELS UPTO

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10dB 20dB 40 dB 60 dB 80 dB

01950A' 0.5 -1.0 1.4 2.0 0.3 0.8 1.7 2.2 3.2

01951 1.0 - 2.0 1.6 1.5 0.3 0.8 1.5 1.6
0.75-2.25 1.7 2.0 0.5 1.4 3.0 3.5

01952 2.0 -4.0 1.8 1.5 0.3 0.8 1.5 1.6

1.5 - 4.5 1.9 2.0 0.5 1.4 3.0 3.5

01953 2.6 - 5.2 2.0 1.6 0.3 0.8 1.5 1.6
1.95-5.85 2.1 2.1 0.5 1.4 3.0 3.5

01954 4.0 - 8.0 2.4 1.7 0.3 0.8 1.5 1.6
3.0 9.0 2.5 2.2 0.5 1.4 3.0 3.5

01955 5.0 - 10.0 2.6 1.7 0.5 0.9 1.5 1.6

3.75 - 11.25 2.7 2.2 0.7 1.4 3.0 3.5

01956 6.0 -12.0 2.7 1.8 0.7 1.0 1.5 1.6

4.5 - 13.5 2.8 2.2 0.9 1.5 3.0 3.5

01958 8.0 - 18.0 ao» \ 1.8(1) 0.7 1.0 1.5 1.6

6.0 -18.0 3.0(1' 1.8(') 0.9 1.5 3.0 3.5

Maximum

± 15V
± 15V

On Time
D1950A' 10 ~sec max
All other units 1 . 6 ~sec max

Fall Time
D1950A· . . . . . . . . . . . 500 nsec max
All other units . . . . .. 20 nsec max

Rise Time
D1950A·. . . . . . . . . . . 10/' sec max
All ot her unit s 1.5/' sec max

Nominal Control Voltage Characteristic s

Range Operating
D1950A·.. . . .. .. . .. a to + 8V
All other uni ts . . . . . . a to + 6V

Transfer Function . . . . 10 dB/volt
Input Impedance . . . . 10 Kohms
Modulat ion Bandwidth

Small Signal
D1950A· . . . . . . . . . 25 kHz
All other uni ts . . . . 500 kHz

Large Signal
D1 950A·. . . . . . . . . 5 kHz
All Other Units . . . 50 kHz

Power Supply
Requirements . . . . . . . . . +12V ± 5% , 100 mA

- 12V ± 5% , 25 mA
Power Supply

Rejection . . . . . . . . . . . . Less than 0.1 dB/volt
change in either supply

Switching Characteristics
Off Time

D1950A' 600 nsec max
All other units 100 nsec max

Note: Specificatio ns for the extended frequency ranges are typical.

PERFORMANCE CHARACTERISTICS
Mean Allenuation Range

D1950A· . . . . . . . . . . . 80 dB
All other units . . . . . . 60 dB

Accuracy of Allenuation
Ot0 30d B . . . . . . . . . . ± 0.5 dB
>30t0 50dB ± 1.0dB
> 50t060dB . . . . . . . ± 1.5 dB
> 60 t080 dB ± 2.0dB

(D1950A'only)
Monotonicity . . . . . . . . . . Guaranteed
Phase Shift. . . . . . . . . . . . See page 10
Temperature

Coefficient . . . . . . . . . . . ± 0.025dBI ' C
Power Handling Capability

Without Performance Degradation
D1950A·. D1951 . . . . . 10 mW cw or peak
All other units . . . . . . 100 mW cw or peak

Survival Power (from - 65°C to + 25°C; see
figure 2 for higher temperatures)

All unit s . . . . . . . . . . 1Waverage
25 W peak (11< sec max
pulse width)

(1) Except from 16 · 18 GHz where insertion foss is
4.0 dB max and VSWR is 2.0 max.

'Model 1950A is a special-order product.
Consult factorybelore ordering.II, --J
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Series D195
Specifications

ENVIRONMENTAL RATI NGS AVAILABLE OPTIONS

Operating Temperature
Range . . . . . . . . . . . . . . -54°C to +110°C

Non-Operating
Temperature Range . . - 65°C to +125°C

Humidity . . . . . . . . . . . .. MIL-STO-202F,
Method 103B,
CondoB (96 hrs. at 95%)

Shock MIL-STO-202F,
Method 213B,
Cond oB (75G, 6 msec)

Vibrat ion . . . . . . . . . . . . . MIL-STO-202F,
Method 2040,
CondoB (.06" double
amplitude or 15G,
whichever is less)

Alt itude " . . . MIL-STO-202F,
Method 105C,
CondoB (50,000 ft.)

Temp. Cycling MIL-STO-202F,
Method 1070,
Cond oA, 5 cycles

Option No.
3
7
10

58

59

61

62
64
64A

Desc ript ion
SMA female control connector
Two SMA male rf connectors
One SMA male (J1) and one
SMA female (J2) rf connector
Internally-generated reset to
insertion loss (not avai lable on
01950A)I')
Externally-triggered reset to
insert ion loss (not available on
01950N )12)(3)
20 dB/volt transfer function with
oto +3V control signal input
(+ 4V for the 01950N )
± 15 volt operatio n
SMC male control connector
5MB male control connector

(1) Where use of an Option 59 external resetpulse (see note 2 below) is not feasible, this option is available which will
automatically sense the slopeand magnitude of the controlsignal and reset the unit to the insertion loss statewithin 200
nsee fora step of 50 dB or more.
(2) An external terminal is provided for the user to apply a fast (10 nsee max rise time) positive-going 3-volt pulse at least 0.5
usee wide to accelerate the returnof the attenuatar to the insertion lossstate with the simultaneous lowering of the control
signal to the zero voltagelevel. This reset can be accomplishedwithin 200 nsec.
(3) The input impedance of units equipped withOption S9 isa circuitequivalent to approximately 50 pF in series with a
parallel combinationof 100pF and 1000 ohms.

RATlNG
AT ...2S'"C

I "

I
I
I

40 - - - - - - - 1- - - - - ~

I
I
I

100 1------ - "
~''" OF

·6S'"C

TEMPERATU RE

Fig. 2-Series 0195. powerderating factor

"Model 0 1950Aisa special-order product. Consult factory beforeordering. IIL..- _
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Series 0195
Specifications

DIMENSIONS AND WEIGHTS

MTG
SURFACE

j
.38(9.7) FOR SMA FEMALE
.50(12.7) FOR SMA MALE

+v
_ \I RF CONN 0 PTI ON 59

SMA FEMALE TER M1NAL
2X

J,'- - -

GNO

CONTROL

I
1.475
(37,5)

I

-

OP TI O N 59
T ERMI NA L

/

MODEL DIM " A"

D '95DA ,70 117,8)
0 1951 ,50 1'2,7)

RF CONN
SMA FEMALE
2X

+v

-vGNO

I
J2 - 2.00

.43 (50.S)

(10,9) I
: I I 1.00 (35,6)
L..-- -- J l : (25.4) I

I
_ I 1 \1 , ,

t :L~5;';') -.l 1 \
,I2rrl 2 . 6~ 2 x D.130 (3,3)

(3.0) i·" (66,0)~

"" .38 (9.7) FOR SMA FEMALE
.50 (12.7) FOR SMA MALE

CONTROL

MOD ELS 0 ' 950,,"AND 0 ' 95'
Wt : 3 oz. (85 gm) acorox .

MODELS 0 ' 952 AND 0'953
Wt: 2 oz. (57 gm) aoprox.

"Model 1950A is a sceeer-ooer product.Consult factory betore ordenng.

.38(9,7) FOR SMA FEMALE

.5O{12,7) FOR SMA MALE

MTG
SURFACE

OPTION 59
Tf.R MIN AL

1.25
(31,8)

I

.~ .,: III
(12,7) (3,3)1.:L

2 x 0 104(2.6) .50 H2 ,] )

.38(9,7) FOR SMA FEMALE

+~;(.50('2'7) FOR SMA MALE

RF CONN
_ _ SMA FEMALE

I I 2X

GNO

CONTROL
OPTION 59
TE RMINAL

MTG
SURFACE

RF CONN
SM A FE MAL E
2X

I

,50 ,, 3 1Ll('2,7) (3,3)

2 x 0.104{2.6) _ .5 0

(12 ,7)

Dime nsional Tolerances. unless otherwise indicated: .XX ::!: .02; .XXX ::!: .005

MODELS 0 '954, 01955 AND 0'956
Wt: 1 oz. (28 gm) apprcx .

MODE L 019 58
Wt: 1 oz. (28 gm) approx .
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D196 Series Multi-Octave
PIN Diode Attenuators

With Integrated Drivers (0 .5-18 GHz)

The 0196 Series is a family of nonreflective
voltage variable 60 dB PIN Diode Attenuators cover­
ing the frequency range from 0.5 GHz to 18 GHz in
four overlapping multi-octave bands.

Each model in the Series is equipped with an ln­
tegrated driver which controls the attenuation level
at the rate of 10 dB/voll.

The RF circuit consists of two wide-band, T-pad
attenuator sections connected in tandem. The driver
circuit, which consists of a voltage-to-current con­
verter and linearizing network, furnishes the proper
series and shunt currents to control the attenuation
value at the specified rate while simultaneously
maintaining a bilateral match. See figs. 1 and 2.

'sEAlES

-;J;
RF IN/OUT

f---4--DH~>-H--<4:i--+--Io--+---1f-@
J2

• Frequency range: 0.5 GHz-18 GHz
in four overlapping bands

• Attenuation range: 60 dB
• Linear control: 10 dB/volt
• Low insertion loss
• Nonreflective

Fig . t -Senee D196, rf schematic diagram

All units in this
series are equipped
with integrated dr ivers

T

CONTROL
INPUT

'-' DRIVER

= CIRCUIT

on..
<Ii

RF RF

'-'
SERIES 19 6 ~
PIN DIODE

~UT ATTEN UATOR ~

IN/OU

Fig. 2- Series 0 196 block diagram
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D196 Series
Specifications

PERFORMAN CE CHARACTERIST ICS

CHARACTERISTIC MODEL MODEL MODEL MODEL
D1960B D1961B D1962B D1968B

Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18

Mean Attenuation Range (dB) 60 60 60 60

Insertion Loss (dB) (max) 2.5 2.5 (0.5-4 GHz) 3.0 4.53.0 (4-8 GHz)
VSWR (max) 1.8 1.8 1.8 2.0
Flatness up to 20 dB t o.5 dB to.75 dB to.75 dB t 1.0 dB

40 dB t o.75 dB t l .0 dB t 1.0 dB t 1.25 dB
60 dB t 1.0 dB t 1.5 dB t 1.5 dB t3.0 dB

Mean Attenuation Range 60dB Nominal Control Voltage Characteristics

Accuracy of Attenuation Range
~20dB . .. . . .. . . .. . . tl DdB Operating .. .. . .. . . 0 to +6V
20-40 dB . . . .. . . .. . .. t 1.5 dB Maximum . . . ... . . . t 15V
40-60 dB . . . . . . . . . . . . t 2.0 dB

Transfer Function . .. . 10dBlvolt
Monotonicity ...... .. . . Guaranteed
Phase Shift . . . . . . . . .. . See page 10 Input Impedance .. .. . 10 kohms

Temperature Coefficient . t o.02 dBloe Modulation Bandwidth

Power Handling Capability
Small Signal ... .. . . 20 kHz
Large Signal . . . . . . . 5 kHz

Without Performance Degradation:
All Units .. ... . . . . . Up to 100 mW cw or Power Supply

peak (see Fig 3). Requirements . .. . . +12V to +15V. 70 mA
Survival Power - 12V to -15V, 50 mA

All Units . .. . . . . . . . . 2 W average or peak,
from -65°e to +25°e Power Supply
(see Fig. 4 for higher Rejection ..... .. . . Less than 0.1 dBlvolt
temperatures). change in either suppiy

Switching Characteristics
ON Time . . ... . ..... . 1.0 /,sec max.
OFF Time .. . " .. .. .. . 0.5 usee max.

100 r
+20 dBm (100 mW) '1 I

I 1a: I % OFw +10 dBm (10 rnW) RA TING i'<
0 I AT +25" C f--- -- - -1- - - -- ~a.

I 40
l- I:> odBm (1.0 mW) Ia.
;: I I

- 10 dBm (0. 1 mW) I I

0.5 1.5 18 .0 -65"C +25"C +1100C

FREQU ENCY (GH z) TEMPERATURE

R g. z-senes 0 196, maximum peak and average Fig . 4-Power derating factor
operating power without performance degradation

1 ~!i!~1
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Series D196
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature
Range . . . . . . . . . . . . . . .. -54°C to +110°C

Non-Operating
Temperature Range .. . . . - 65°C to +125°C

Humidity . . • . • . . . . . . . . . . MIL-STO-202F, Method
103B, CondoB (96 hrs.
at 95%)

Shock . .• . . . . . .. . . . . . . . . MIL-STO-202F. Method
213B, CondoB (75G,
6 msec)

Vib ration MIL-STO-202F, Method
2040. CondoB
(.06" double amplitude or
15G, whichever is less)

Altitude ... • .... •... .. .. MIL-STO-202F, Method
105C. Condo B (50.000 ft.)

Temp. Cycling _. . .. MIL-STO-202F. Method
• 1070, CondoA, 5 cycles

AVAILABLE OPTIONS

I ~

Opt ion No.
3
7
10

33

61

64A

Descript ion
SMA female control connectors
Two SMA male rf connectors
One SMA male (J1) and one SMA
female (J2) rf connector
EMI filter solder-type control
terminal
20 dB/volt transfer function with
oto +3V control signal input
5M B male control connector

l RF CONN
SMA FEMALE
2X

DIMENSIONS AND WEIGHT
CONTROL~

SMC MALE

fGNO

818Jhl
• II' -V +V ----.

1.050 .25 II . I
(26.7) (6.4) II 1.81 ±.03

• I rt-- ___ (46.0)

.66 • ~ . . IL-

(16.8) ['-'" II J1 J2 I~

t +{t-1.800 =J.10 (45,7)---J

(2.5) 2.00 ±.03

\

(SO'8)

.38(9.7) FOR SMA FEMALE

.SO{12.7) FOR SMA MALE

. 30 t.0 31r(7,6)

it
I

-@-r-
.44 I
(1 1.2)--+.-+

1.88 ±.03
--(22,4) --

SERIES D1 96
WI: 3 oz. (85 gm) approx.

Dimensional Toleranc es, unless otherwise indicated: .XX .... .02; .XXX + .005
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Model H19688
Hermetic PIN Diode Attenuator (2 to 18 GHz)

DRIVER
CIRCUIT

(VI I CO NVERTER)

• High reliability: hermetically-sealed
• Frequency range: 2-18 GHz
• Attenuation range: 60 dB
• Linear control: 10 dBNolt
• Removeable SMA connectors: can

be used as a drop-In module

H1968B is a 2 to 18 GHz voltage-controlled PIN
diode attenuator, with an attenuation range of 60
dB, in a 0.24" thick hermet ically-sealed
configuration.

The RF circuit consists of two wide-band PIN
diode T-pad attenuator sections connected in
tandem. The integrated driver circuit provides the
proper series and shunt currents to control the
attenuation level at the rate of 10 dB/volt while
simultaneo usly maintaining a bilateral match .
See Fig. 1.

HERMETIC SEALING
The H1968B sealed assemb ly meets a 1 x 10"
atm cc/sec He leak rate specification.

The RF connectors may be replaced without com­
promising the integrit y of the seal or removed to
use the attenuator as a drop-in module.

... v -v

CONTAOL ,..--'-_ _ L--,
INPUT

AF
PIN DIODE

ATI ENUATOR
IN/OUT

AF

IN/OUT

~-------'
28

Fig. 1-Model H 19688 block diagram.



H1968B
Specifications

PERFORMANCE CHARACTERISTICS

Specifications

Frequency Range (GHz) 2 to 18

Insertion Loss (dB) (max) 4.5

. VSWR (max) 2.0

Flatness
Up to 20 dB ± 1.0 dB
Up to 40 dB ± 1.25 dB
Up to 60 dB ±3.0 dB

AVAILABLE OPTIONS

AVAILABLE ACCESSORIES

Temperature Range
Operating -65°C to + 110°C

ENVIRONMENTAL
RATINGS

Description
Two SMA male rf
connectors
One SMA male(J2) and one SMA
female rf connector
High rei screening
(See Table 1 on page 30)
± 15V operation

.1l 0"C

Spacer Plates
19177-P3

Fig. 2·Power derating factor

TEMPERA TURE

:
I
I

" - - - - - - -1- - - - - ~
I
I
I

'00 f-----...,...

62

49

10

'r. OF
RATING
AT ..2S"C

Model
H1968B

Option No.
7

Mean Attenuation Range . 60 dB

Accuracy of Attenuation
0-20 dB ± 1.0 dB

20·40 dB ±1 .5dB
40-60 dB , ±2.0 dB

Mono tonicity Guaranteed

Phase Shift -. See page 10

Temperature Coefficient. ±0.02 dB/oC

Power Handling Capability
Without Performance

Degradation . . . . . . . .. 100 mW cw or peak

Survival Power 2W average or peak
(1 usee max pulse
width) from - 65°C to
+25°C (see Fig. 2 for
higher temperatures)

Switching Time
On Time . . . . . . . . . . . . . . t .o esec
Off Time 0.5 usee

Nominal Control Voltage
Characteristic Range

Operating 0 to + 6V
Maximum ±15V

Transfer Function 10 dB/volt

Input Impedance 10 kohms

Power Supply
Requirements + 12V ± 5% @ 70 mA

- 12V ±5% @ 50 mA

Power Supply
Rejection . . . . . . . . . . . . Less than 0.1 dB/volt

change in either supply.

IBIl-.- _
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H1968B
Specifications

TABLE 1: OPTION 49 HIGH REL SCREENING
General Microwave's hermetically-sealed components utilize rugged construction techniques and hermetic
sealing to meet stringent military requirements for shock, vibration, temperature, altitude, humidity, and salt
atmosphere. All hermetically-sealed parts may be ordered, if desired, with 100% screening in accord with
the following:

Test Method Condition

Internai Visual 2017.3
Stabilization Bake ' 1008.2 C
Temperature Cycle 1010.5 C
Mechanical Shock 2002.3 B /
Burn-In 1015.4 !

Leak 1014.21.9 A1 & A2

DIMENSIONS AND WEIGHT

GND

-v

CONT.

MTG SURFACE

L. l 0(2 '5) MIN NUT
CLEARANCE
REO'D.

- .10(2.5)

.24(6.1)

--r·05
(1'3)

.12 (3,0)

4 , e .081(2, 1)

4 x Q .018(0,5)

/
i

.950
(24. 1)

I 1

.15 e .03J
(3,8 . 0.8)

J2

Jl

~ 1.80
(45,7)

RF CONN
SMA FEMALE - -+-+---..1
2X

1.670
.06(1,5) -- ~----(42, 4) - - --.,

r-
1.10
(27,9)

j-Fb;b--~j
.38(9.7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

t (OPT 10)

Weight: 3.5 oz. (99gm) approx.

Dimensional tolerances, unless otherwise indicated: .XX ± .02: .xxx± .0051_1 ----'
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Series D197 Voltage Controlled
Phase Invaria nt Attenua tors

The Series 0197 voltage controlled PIN diode
attenuators offer essentially phase free operation
over a wide dyna mic range in multi-octave
frequency bands between 2 and 18 GHz. The
attenuators utilize a unique double balanced
arrangement of diodes and quadratu re couplers
to achieve the phase independent attenuation
characteristic. Excellent temperat ure stability is
maintained by employing a self-compensating
biasing scheme. See Fig. 1.

RFiNIOUT \ Xr RF INIOUT

I}n 011
Fig. 1-RF schematic diagram

TYPICAL PERFORMANCE

18

o dB

12

FR EOUENCY ( GHz)

PHASE vs.FREQUENCY

- 61-- ---- ---;1:------ ----;:
6

+6 ATTENUATION
LEVEL

- ~4
~ 30 dB

~ -t2 f~~~~:::=:=s§;f~~?==~~20 de"-! 0
~ 10 dB
~ - 2

- 4

1812

FREaU ENCY (G Hz )

6

ATT EN UATIO N VS.FREQUENCY

o .

0

5

0

5

C- 4

- 4

~ - 15

~ - 2

~ -2

"z _,
w
~
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-I

o
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(1) Except from 8-18 GHz. flatness IS ± 0.5 d8 up to 20 dB. ± 1.0 dB up to 32 dB.

Series D197
Specifications

PERFORMANCE CHARACTERISTICS
MODEL 01972 01974 01978

Frequency Range (GHz) 2-6 4-1 1 6-18

Mean Attenuation Range 32 dB

Insertion Loss (Max) 4dB 5 dB 5.5 dB

VSWR (Max) 2.0

Accuracy of Attenuation oto 20 dB ± 1.0 dB
> 20to 32dB + 2.0 dB

Amplitude Flatness oto 20 dB ± 0.4 dB ± 0.4 dB ±0.8dB(1)

> 20 to 32 dB ±0.6 dB ±0.8dB ± 1.3 dB!')

Monotonicity Guaranteed

Phase Shift oto 20 dB ±4° ± 4° ± 5°
> 20 to 32 dB ±8° ± 8° ± 10°

Control Voltage 0-3.2 V

I Control Inpu t Impedance 10 kohms
I

Transfer Function 10dBN
I

On Time, Off Time 250 nsec

Temperature Coefficient 0-20 dB .01 dB/DC

> 20-32 dB .03 dB/DC

Max. RF Power Input (Operating) 100mW

Max. RF Power Input (Survival) 0.5W

Harmonic Distortion @ Pin = +10 dBm -40 dBc -50 dBc -50 dBc

Power Supply Requirements
+15V ±5% @ 200 rnA
- 15V ±5% @ 120 rnA

SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)

Mean Attenuation Range 45 dB

Accuracy of Attenuation 0-20 dB ± 1.0 dB
> 20-32 dB ±2.0 dB

> 32 dB ± 3.5dB -

Amplitude Flatness oto 20 dB ± 0.4 dB ±0.4 dB ± 0.8 dB(1)

> 20 to 32 dB ± 0.6 dB ±0.8dB ± 1.3 dB!!)

> 32 dB ± 1.5dB ± 1.5 dB ± 2.0dB

Phase Variation oto 20 dB ±4° ± 4° ±5° I
> 20 to 32 dB ±8° ± 8° ± 10°

> 32 dB ± 15° ± 200 ± 300

I

11 ---'
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Series D197
Specifications

AVAILABLE OPTIONSENVIRONMENTAL RATINGS
Operating Temperature

Range - 54°C to + 110°C
Non-Operating

Temperature Range -65°C to +125°C
Humidity MIL-STD-202F, Method 1038,

Condo8 (96 hrs, at 95%)
Shock MIL·STD·202F, Method 2138,

Condo8 (75G, 6 msec)
Vibration MIL·STD·202F, Method 204D,

CondoB (.06" double amplitude
or 15G, whichever is less)

Altitude MIL·STD-202F, Method 105C,
Condo8 (50,000 It.)

Temp. Cycling MIL·STD·202F, Method 107D,
CondoA, 5 cycles

Option No.
7

10

45

65

Description
Two SMA male rl
connectors

One SMA male (J1)
and one SMA lem ale
(J2) rI connector

Extended attenuation
range to 45dB

± 12V operation

DIMENSIONS AND WEIGHT

D

l r
I
~

.38(9,7) FOR SMA FEMLE

.50{12,5) r OA SMA MALE

~1213·;l r ~~;~~~ALE 2X

.---t"'-':JlI

1i
" .' r~'

t

l
3.25 3.50

C ~JjI82.5) (88.9)

I G;G;C
L-~ 'l " ~i§

F--.:=="...--"',

i~~) }'t I / ,L E "!1illr
_ 97 -- If~~

(24,6) I H A ----..J

4 x 0.120(3.0)

CONTROL
SMC MALE

MOUNTING
SURFACE

\

SERIES 0197
WI: 5 oz. (142 gm) approx .

MODEL A B C 0 E F G H

01972 2.5 (63 ,5) 2.26 (57 ,4) 2.28 (57,9) 0.22 (5,6) 0.91 (23,1) 1.25 (31,7) 1.5 (38,1) 1.7 (43,2)

01974 2.0 (50,8) 1.76 (44,7) 2.43 (61,7) 0.18 (4,6) 0.66 (16,8) 1.0 (25,4) 1.25 (31,7) 1.45 (36,8)

01978 2.0 (50 ,8) 1.76 (44,7) 2.58 (65,5) 0.18 (4,6) 0.66 (16,8) 1.0 (25,4) 1.25 (31,7) 1.50 (38,1)

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005 I~
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Series H198
6 Bit High Speed Digita l Attenuators,0.5-6 GHz

The Series H198 are hermetically sealed, high
speed , digitally controlled switched bit alten uators.
Atten uation changes are guaranteed to be monotonic
over the entire frequency band and operati ng
temperature range . Employing removable rf
connectors, their small size and construction make
these attenuators suitable for use as drop-in
compo nents for system integration or as conventional
connectori zed components.

Attenuation level is selected via six FAST TIL input
control pins. The attenuators are protected against
inadvertent power supply voltage reversals. S .

OOUC\
oRoER ?R oERING-

S?EC\~l 10R'< BEFORE OR

ONSUl, FP--C
-c

• 30 nSec switching time
• Up to 63 dB attenuation
• Hermetically-sealed; 0.24" thick
• Guaranteed monotonic

J 1

RF IN/our

- - -1j-@
J 2

Fig. t-Series H198 schematic diagram

_1 --'
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Series H198
Specifications

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS

AVAILABLE ACCESSORIES

AVAILABLE OPTIONS

Temperature Rang e
Operating - 65°C to + 110°C

Opt ion No.

6A

Spacer Plat es

19177-P2
19177·P2

Description

31.5 dB range, 0.5 dB LSB
(H1982 only)
Two SMA male rf Connectors
Inverse Control Logic
One SMA male and one SMA
female rf connector
High Rei screening
(see Table 1, page 30)

PIN DESIGNATIONS

PIN FUNCTION

1 16 dB
2 soa
3 2dB
4 4dB
5 1 dB
6 32dB

+ V + 5V
-V -12V

G Ground

49

7
9

10

Model

H1980
H1982

(1) Above 1 MHz. switching time will increase linearly
to 35 nsec at 10 MHz.

(2) Above 1 MHz, current will increase to +5V @ 300 mA,
-12V @250mAat 10 MHz.

CHARACTERISTIC H1980 . H1982

Frequency Range (GHz) 0.5-6.0 2.0-6.0

Att enuation Rang e 63dB

Insertion Loss (Max) 5.0 dB 4.0dB

VSWR (Max) 2.0:1

Number of Bits 6

Montonicity Guaranteed

Accuracy of Mean ± 0.5 dB: Ot031 dB
Attenuation ± 1.0 dB: >31 to 63 dB

Attenuation Flatness ± 0.5 dB; oto 14 dB
±0.75 dB: > 14 to 32dB
± 1.0 dB > 32to 63 dB

Power Handling + 23 dBm cw

Switching Time 30 nsec. (50% TTL to
1 dB of final value)

Rise and Fall Time < 10 nsec

Swi tch Rate 10 MHz 11)

Control Logic Logic " 0" = Bit Off -Logic "1 " = Bit On

Control Input At Logic " 0": - 0.3 to + 0.8V
@ 1.2 rnA

At Logic "1": +2.0 to +5.0V
@40 ~A

Power Supply + 5V ±5%@ 175 mA(2)
- 12V ±5%@150 mA

DIMENSIONS AND WEIGHT

2.00
r--'''-c-- - - (SO.8)- - - --

4 x ~ .079(2,0)

l F
·2 4(6. , )

..., .07(1.81

U L 04(1.0)

.13 ---J~l
(3.3)

RF CONN
SMA FEMALE
2X

t

• t.75(19.1)

.16(4 ,1)

J2

..... 1.86 -;

(47 .2)

07 J
(1.8)

9 x ¢I .020{O.5)

.38(9.7) FOR SMA FEMALE

.50{12.7) FOR SMA MALE

SERIES H198
Wt: 0.8 oz (23 gm) approx

Dimensional Tolerances. unless otherwise indicated: .xx ± .02; .XXX ± .005
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Model 3250A Ultra-Broadband
6 Bit Digital PIN Diode Attenuator

• Frequency range: 0.2 to 18 GHz
• Attenuation range: Up to 60 dB
• 6 Bit Binary or BCD programming
• Absorptive
• Guaranteed Monotonicity

The Model 3250A digitally programmable
attenuator provides excellent performance
characteristics over the frequency range of
0.2 to 18 GHz. Attenuation levels up to 60 dB
are programmable in increments of 1 dB.

The unit is an integrated assembly of a dual T-pad
PIN diode attenuator and a driver consisting of a
D/A and an IIV Converter. See figures 1 and 2. .

The Model 3250A operates as a bilaterally-matched
device at all attenuation levels. It is supplied in a
compact rugged package well-suited to military
applications.

D IGITAL ,
CO NTRO L
IN PUT

RF INIOUT

J1

+V -v

DRlVER CIRCUIT

PIN DIODE
ATIENUATOR

RF INIOUT

J2

. Fig. 1-Model 3250A, block diagram

BIAS,
Is EAIES I !rOTAL

l

AF IN/OUT I , I

@---1~r '--lO-r-+--t>l--+~ f-- - -
J 1

Fig. 2·Model 3250A, rf schematic diagram
(unit consists of two such sections)
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Model 3250A
Specifica tions

PERFORMANCE CHARACTERISTICS

Frequency Range 0.2 to 18 GHz

Mean Att enuation Range
0.2 to 18GHz 60 dB

Insertion Loss (max.)
0.2 to 8 GHz 3.5 dB
8 to 12.4 GHz .: 4.0 dB
12.4 to 18 GHz 5.0 dB

VSWR (max.)
0.2 to 8 GHz 1.75
8 to 18 GHz 2.0

Accuracy of Attenu ation
a to 30 dB ± 0.5 dB
31 to 50 dB ±0.75 dB
51 to 60 dB ± 1.5 dB

Flatness of Atte nuation
a to 30 dB ± 1.0 dB
31 to 40 dB ±1.5 dB
41 10 50 dB ±2.0 dB
51 to 60 dB ±3.0 dB

Tempe rature Coeffici ent 0.02 dBloe max

Power Handling Capability
Without Performance
Degradation .

Survival Power .
(from - 65°C to +2 5°C;
see Figure 4 for
higher temperatures)

SWitching Time .

Programming .

Minimum Attenuation Step

Logic Input
Logic "0" (Bit Off) .
Logic "1" (Bit On) .

Power Supply
Requirements . . _ .

Up to 100mW cw or
peak (see Figure 3)

2W average or peak

2~sec max.
Positive true binary standard
or BCD (Option 1).For
complementary code,
specify Option 2.

1.0dB

- 0.3 to +0.8 V@500JJA max
+2 .0 to +5.0 V@100JJA max

+5V ±5% , 250 rnA
+15V ±5%, 75 rnA
- 15V, ± SOlo , 75 rnA

+2S0C

TEMPERATURE

·6S"C

100 r--------,.,.,
;

% OF I
RATI NG I
AT +25°C 40 I- 1 ~

I
I
I

OC +:Od:(;::/ i
W I
~ ,
2. 0 dBm (1.0 mW) I
>- I
~ I
~ - 10 dBm (0.1 mW) I
- ,

-20 dBm (0.01 mW).'------''--_
0.2 0.5 1.0 2.0 4.0 8.0 18.0

FREQUENC Y (GHz)

R g. 3-Mode /3250A, maximum peak and average
operating power without performance
degradation.

Fig. 4-Modef3250A survivalpower
derating factor.
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Model3250A
Spec ifica tions

Temp. Cyc ling . .

ENVIRONMENTAL RATINGS

AVAILABLE OPTIONS

ACCESSORY FURNISHED
Mating power/logic connector

PIN FUNCTIONS

PIN NO. BINARY BCD (Opl. 1\

1 SPARE SPARE
2 SPARE SPARE
3 + 5V +5V
4 DIGITAL & DIGITAL &

POWER GND POWER GND
5 GND 1 d B
6 GND 2 dB
7 1 d B 4 d B
8 2 dB 8 dB
9 4 d B 10 d B

10 8 dB 20 dB
11 16 dB 40 d B
12 32 d B OPEN (NO

CONNECTION)
13 + 15V + 15V
14 - 15V - 15 V
15 SPARE SPARE

Descr ipt ion
60C programmi ng
(6 inary is standard)

Com plementa ry programming
(positive true is standard)
Two SMA male rf connectors

One SMA male (J1) and one
SMA female (J2) rf connector
8-Bit Resolution, 1 usee switching time

Range .. . . . -65°C to + 125°C

... MIL·STD-202F, Method 1036 ,
Condo6 (96 hrs. at 95%)

.. .. . . . .. . .... MIL-STD-202F, Method 2136,
Condo6 (75G, 6 msec)

. ...... MIL-STD-202F, Method 2040 ,
Condo6 (.06" double amplitude
or 15G, whichever is less)

2

5002

7
10

Option No.
1

Vibration .

Alt itude MIL-STO-202F, Method 105C,
Condo 6 (50,000 ft.)

. . . . MIL-STO-202F, Method 1070 ,
CondoA, 5 cycles

Shock .

Operating Temperature
Range - 54°C to 110°C

Non-Operating
Temperature

Humi dity .

DIMENSIONS AND WEIGHT

I r " TG
1.1 SURFACE

ITT CANNON OA-15P OR eourv.
W ITH 01 1055 1 JACKPOSTS.
MATING CONNECTOR FURNISHED . r4 l( • • 136(3.5}

\-~5~8)j / 10 - ;~g.3) r:
~:'~n~i~~51 - l--i~~.~i03

1\ ! i~mlY L ;,!:
1 , " I f
I I ." 0

I 18 7,8 1
3.25 i

(82lL'~f" , ,,' I'1I1.J. ~
LQ -. ...~ (8.9) L

- t..L"51 1~~L
_10 1\ t34.3) ......l ~ .14
(2 5) .33 (3.'3)

. 18, 4 )

.38(9,7) FOR SMA FEMALE· RF CONN

.50(12,7) FOR SMA MALE SMA FEMALE
2X

Dimensional Tole rances. unless otherwise Indicated. .XX ± .02• .XXX ±.DOS

MODEL 3250A
Wt: 4 oz. (113 gm) approx .

II-----..:.....---------:::--..,---;-::-:-=---:-:;:====-:-::;;;--;-;;:;:~~
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346C Series Multi-Octave
10 Bit Digital PIN Diode Attenuators

(0.5-18 8Hz)

The 346C Series is a family of nonreflective PIN
diode attenuators, each programmable to 60 dB in
attenuation steps as low as 0.06 dB, and covering
the frequency range from 0.5 GHz to 18 GHz in four
overlapping multi-octave bands.

Each model in the Series compr ises an integrated
assembly of a dual (current-controlled) PIN diode at­
tenuator, and a driver circuit consisting of a D/A
converter and a voltage-to-current converter (see
Figure 1 below).

The RF circuit consists of two wide-band, T-pad
attenuator sections in tandem. The levels of series
and shunt currents required to maintain a bilateral
match at all attenuation levels are provided by the
driver.

This arrangement assures monotonic ity over the
operating band at all levels of attenuation and for
any programmed attenuation step.

+v -v

• Frequency range: 0.5 GHz-18GHz
in four overlapping ranges

• Attenuation range: 60 dB
• Programming: ,10-Bit binary
• LSB: 0.06 dB
• Monotonici ty: guaranteed

T

I I
DIGI TA L DRIVER CIRCUIT
CONT ROL
IN PUT D/A

CO NVERTER

CURRENT
CONTROL INPLrT VII
(ALTERNATE) CONVERTER

'f)
-c

SHUNT iii SERIES
RF SERIES 196 RF

PIN DIODE

IN/OUT
ATIENUATOR IN/OU

Fig. t-Series 346C . block diagram

'-------------11
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Series 346C
Specifications

PERFORMANCE CHARACTERISTICS

CHARACTERISTIC MODEL MODEL MODEL MODEL
3460C 3461C 3462C 3468C

Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18 .
Mean Attenuation Range (dB) 60 60 60 60

Insertion Loss (dB) (max) 2.5 2.5 (0.5-4 GHz)
3.0 4.53.0 (4-8 GHz)

VSWR (max) 1.8 1.8 1.8 2.0
Flatness up to 20 dB t o.5 dB s o.zs dB s o.zs dB t 1.0 dB

40 dB ' t o.l 5 dB t1 .0 dB t 1.0 dB t 1.25 dB
60 dB +1 .0 dB +1 .5 dB +1.5 dB + 3.0 dB

Accuracy of Attenuation
0-20 dB t 1.0 dB
20-40 dB t 1.5 dB
40-60 dB t 2.0 dB

Monotonicity Guaranteed

Phase Shift See figure 2.

Temperature Coefficient . t 0.02 dB/DC

Minimum Attenuation
Step 0.06 dB

Logic Input
Logic ..a" (Bit off) - 0.3 to +0.8V
Logic "1" (Bit on) +2.0 to +5.0V
Input Current 10 jJA max.

Nominal Control Voltage Characterist ics

+ 12V to +15V. 80 mA
- 12V to -15V, 60 mA

Less than 0.1 dBlvolt
change in either supply

Range a to 2 mA

Input Impedance .. .3 kohms

Transfer Funct ion . . 30 dB/mA

Power Supply
Rejection . . . .

Power Supply
Requirements .

2 W average or peak,
from - 65' C to +25'C
(see figure 4 for higher
temperatures).

Survival Power
All Units .

Power Handling Capability
Without Performance Degradation

All Units Up to 100 mW cw or
peak (see figure 3).

Switching Time
ON Time 1.0 !,sec. max.
OFF Time 0.5 !,sec. max.

Programming . . . . . . . . . . Positive true binary.
For complementary
code, specify Option 2.
To interface with other
logic families, please
contact factory.

00.'
' 00

~. 00" 00 "

w, 00.. u s

~, 00.. ~"
00

00"roo ,,,.
M" .. »"".
lG aB ro"

" >0 • '0 dB

·'0.0
eee

_20. 0
,.,

o ~ '.00 <.00
,

" '.
FIl,(OUEOlCY 16 0<• •

F"EOUEHCY (GHli

Mode/ 3460C Mode/ 3468C

Fig. ~4Series 346C, typical phase shift variation as a function of attenuation
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Series 346C
Specifications

Fig. 3~Series 346C, maximum peak and average
operating power without perlormance degradation

o dBm (1 .0 mW)

FIg. 4-5eries 346C. survival power derating factor

+Il o-C. 25"C
TEMPERATURE

·...0

r
I
I
I

4O f- - - -- - -1 - - - --
I

!

100 1-- - - - --..

'" OF
RATING
AT +25'"C

18.0

",,
I
I
I

~
1.5

FREQUENCY (GHz)

. 20 dBm (100 rnW)

ffi +10 dBm (10 mW)

~
~-

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS

DIMENSIONS AND WEIGHT

SERIES 346C
Wt: 3 oz. (85 gm) approx.

Description
Complementary programming
(logic "0" is bit on)

Two SMA male rl connectors

One SMA male (J1) and one SMA
female (J2) rl connector

7

10

(1) All unused logic inputs must be grounded.
(2) For normal programming control Pin t must be grounded or at logic

V . Application of logic . ,. to Pin 1 overrides the d;gital input and
sets the unit to inseroon loss. For units with complementary program­
ming (Option 2), the application of a logic "t " to Pin 1 sets the unit to
high isolalion (60 dB or grealer).

(3) Pin 2 is ava#able to (a) monitor the DlA convel1er output, (b) apply a
modulation signal from a currant source, or (c) apply an independent
analog signal for tum-on. turn-off or vernier attenuation levels.

(4)The Series 346C attenuators are 1o-bit digital attenuators. In
order to use this device with a lesser number of bits (lower
resolution), the user may simply ground the logic pins for the
lowest order unused bits. For example, a Series 346C unit ope: ­
ated as an 8-bit unit would have Pin 15and Pin :3 connected to
ground. All other parameters remain unchanged.

::PIN",NO~.i. :j,'J3;'P IN:F1JNCTIONSf\~';'~~'~;,
, ~ " .... .,do,. _,.. _ ." ",., .,,, .' ,
;';':GN(Y,(Npte'2)d\~~_?~,'O;f~\~?,.J;-
.,<:ANAtO(nNPu:t;· '~' -~ 'c~' :'." (_.-,-:';:" . ' '__ " L_~_._, . _ -,;, ·.._\:::it:.i~, >~_,:

~~!d~i~i~~~~~~
'-'0'25 dBv --"'.-,,' ". -.,-",~, -.,--.'~- - ' -,av- _, "",-",,~'Y;S:';;:k;;-,,::¥~;~~:

.'1,6~F'~'';: ' ' ..,
'< 0:'5 dB c" """"·', ..,.:-.-,-~ --'1:')-~'\ " ~" .

~i', :r:,;: f~ft~;;4§~~'-;::::-3{?3!'

~~~~f~fifr
~",1'-dB _~~'~':~:'.--··.,.0.'·,.[' s.> :;q,;-" ~,,,,~~t .
~r~ ~~~::-('.'3-.;;.£0.".:;;,"~~i'JJ:':';"Z'!-
~ ?: dEt<;:c.;.,'~-;'<:~'r,"'&<~ ...~-- <J'•. " ';l' ·'.t.'

. ' ~ --.- .~. .s.: ~dB.~ "~' ~::i '!'~~·'o.-::y:,<,~..r~,,,,~:. ,

~~.~}~1~: .~~~~dBJ,~\W~i~i.fj~~~~~~f:~i~~'
. .' ,. .... " ~~.,.. _'~"' "' ''' ....-, "? I t"- ... " '<~--- , .....' . ~.....,.,.. '. -" .-

' ~; t1 L'~;'n",:,,: ·..·',1&da< '"'-·';'~""'C··_ ;'. .' :('<"",. >'~,''-'i,'.....' .....~~-c.·cO .' ''' ·.,i-. · ,,: " " ;'~' '''\_C
:,~.. .<-." --" ''', ;'''3z'dB(MS'B)15-i :' ''';:~~/j£;'};---:: ('f '·....·12.;..·....';, ·,~
) : . ::' :'; '" ,..'. '.- ..._., ..... ,........ ... ,.>'
:).: :1 3'-~, ; ,;,~ : .~+V5: -r!;:}f~7·:J:1;{(:'0~yh~.,1.
·:=:o ,' :.-!~'*,..

:~W~~}~?;j;_;;;~2~~t;2~~~::·~?~\i;14;::;;,;..,:
'·"':15--:--"::'\,'~ '·,0-,06 .d~tS8V"'·r.~{~ :': ' ':'..'-?' :' -::;;~ ~ ';" - ':.' ,'. ';0', ..:':':''<' ;;; ,' , . ·"h".·_<:·,·,·, ...•','-'... '

Option No.
2

ACCESSORY FURNISHED
Mating power/logic connector

.30 ..03 ...., r
(7,6)

i~'2)t j-
.GS
• .03
(22,4)

f
1.81 ±..03
(46,0)

.66
(16,8)

.25
(6,4)

RF CONN
SMA FEMALE
2X

ITT CANNON DA-15P OR EOUIV. WITH D110551
JACKPO$TS. MATING CONNECTOR FURNISHED.

4 x £1'. 120(3.0)

Operating Temperature
Range - 54°C to +110°C

Non-Operating
Temperature Range . . . . . -65°C to +125°C

Humidity . . . . . . . . . . . . . . . . MIL-STO-202F, Method
1038, Condo8 (96 hrs.
at 95%)

Shock MIL-STO-202F, Method
2138, Cond. 8 (75G, 6
msec)

Vibration MIL·STD·202F, Method
2040, Condo8
(.06" double amplitude or
15G, whichever is less)

Altitude MIL-STO·202F, Method
105C, Condo8 (50,000 ft.)

Temp. Cycling . . . . . . . . . . . MIL·STO·202F, Method
1070, CondoA, 5 cycles

J 1 J2I ,

J3

(~5)~,L;~ :1
~4-- 2.00 ..03L (SO.8)

.3B{9,7) FOR SMA FEMALE

.50(12.7) FOR SMA MALE

Dimensional Tolerances, unless otherwise indicated: .XX ± .02; .XXX e .005
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Series 347, 8 Bit Digital
Phase Invariant Attenuators

- .. '< '." '.,.-

Li/

c: ; !-

RF INIOUT X X RF IN/OUT
(

X X X X
Jt J2

X X

The Series 347 digitally controlled PIN diode

attenuators offer essentially phase free operatio~J~~~~~~~~~~:R~over a wide dynamic range in multi-octave
frequency bands between 2 and 18 GHz. The
attenuators utilize a unique double balanced
arrangement of diodes and quadrature couplers
to achieve the phase independent attenuation
characteristic. Excellent temperature stability is
maintained by employing a self-compensating
biasing scheme. See Fig. 1.

Fig. l-RF scnemeuc diagram

TYPICAL PERFORMANCE

PHASE YS. FREQUENCY

+. ATTEN UATION
LEVEL- +4

C> 30 dew
0- 20 dew 0
'"" 10 ee
I
c,

-4

- .
6 12 18

F REQUENCY (GHz )

1812

FREOUENCY{GHz l
s

ATTENUATION VS.FREQUENCY

5

10

5

"5
0

I( •

-4

z - 2o
~ -2

z -3w...
"'-35
" - 4

o

42
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Series 347
Specifications

On Time; Off Time " ".';', . 3S0 "sec.:: :: ,', "

" - -
,

,
, '" ,.02 dBfoC

,

, ' .' -
- - --,

Max. RF Power Input (Operating) ,'" "" . '

, Temperature Coefficient '

Max. RF Power Input (Survival) '" " ,
" '.

':',."- '..' '-.- ' ->.'
O.S W ",' ," •. ' "

'.', - ;'- " .-: ....."' :. . / "

, . Harmonic Distortion @ Pin "'- ,+10 dBm', .' 40 dBc

, ,

, , • -SOd.Bc, • ,.',: .' 'SOdBc' "
,

S bit TIL, 0.125 dB'LSB:, ". ..' " , "
. , . . . . . -'.- .-.'.

" ·@[,,··';'O"(:O'3t·0'S'V)·SOO·\d'"'.·'". oglc -. 0, +. , tA" ma,x•.'" : '," .
" 'L ·"1"(20'SOV)'100:·d' ",' " ".@ oqrc ,+' to +. " 'tA" max... .: : : • ",

.

•

,

,

, - - ,' -

Control

Control Input Impedance ' , ,

Logic Input
,

, Logic "0" Bit OFF; Log]c ''1'' - Bit ON ...•

,- , -

Power Supply Requirements

,.
. ,,' ',' ' . ' ,-

+SV ±S% @'32SmA . '.' ",,'
+lSV±S%@ lSniA ,.;

, ' -lSV,±S% @ 70mA .', ','

- -, ,'.-

•

- ', ..
: .. " .-

,- .',

SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)

';'-

-. - ',..' -<,.
-.._'--- ->~ ..

+1.0 dB",' ,
- -- - -;

- .- ". - .
, -, - .:- -

-,' " ',', ,,' - ::", .'-: "'''"

+4°' + So'
"',". ';,', -",- " ",,', - -/-' _.'

'. +So , ±100

±200 +30°

, , ±4°
+So'_. ."

+lSo

, ',',., " " - .".--.-.• - -,,'-';'--,,:.'.--<--.,':._,'
+04dB . +_0.4'dB ., ·+_0.8dBll),.' :. -'
',," - -C','>,',' ",','. ---.",

" '±0." dB .j. OS dB ': . , + 13''dBll)' " :" -' -",

" , +1 S dB '+1 S dB , '" ,+2'.0:dB· ',". ".- .. ,- . '

,. "

Oto 20 dB
>20 to 32dB

>32dB

", " -

- '" \. - -'" -_. ,'... ,-.-.",,, .'....','. ,-",'.'",
Mean'Attenuation Range'" . '.

- - " . - - . - - .' - -

Phase Variation, .- '"

AmplitUde Flatness 0 to 20 dB ,

>20t032dB... " .: '.

> 32 dB "

, , Accuracy of Attenuation. "

Control
./- ."

, . S bitTIL, 0.176 dBLSB
' - , -

'" " '

(1) Exceptfrom 8·18 GHz, flatness is ±0.5 dB up to 20 dB, ± 1.0 dB up to 32 dB.
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Series 347
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature

Option No. DescriptionRange -54°C to + 110°C• • • • • • • • • • • • • • •

Non.Qperatlng Temperature 7 Two SMA male rf
Range • • • • • • • • • • • • • • • -65°C to + 125°C connectors

Humidity • • • • • • • • • • • • • • • MIL-STD-202F, Method 103B, 10 One SMA male (J1)
CondoB (96 hrs. at 95%) and one SMA female

.'

(J2) rf, Shock MIL-STD-202F, Method 213B, connector. • • • • • • • • • • • • • • • • •

• CondoB (75G, 6 msec) 45 Extended attenuation."'.,,,-
Vibration MIL-STD-202F, Method 2040 , to 45 dB

~;
• • • • • • • • • • • • • • • range

CondoB (.06" double amplitude.,
65 ± 12V operationor 15G, whichever is less)

Altitude • • • • • • • • • • • • • • • • MIL-STD-202F, Method 105C,
Condo B (50,000 ft.)

ACCESSORY FURNISHED
Temp. Cycling MIL-STO-202F, Method 1070,• • • • • • • • • •

Condo A, 5 cycles Mating powerllogic connector
.

DIMENSIONS AND WEIGHT
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

"'
rRF CONN

S MA FEMALE 2X
'-'<;'.,-.'- -~; ~;~"'';...J3 PIN FUNCTIONS-·· -~-":-~-:'_);-".! 'X~ -

r
0: .J_;-" ' -~.;_-r",~ (o~t·_ _.. : .. ' , '.:,_":~;;.:-,~.""",~~,,

-·:; PIN NO."- '-'-;" ' 8 INARY J..:: ~~ ••OPTION' 45-~_ - r . 12(3.0)
.';"" '0- 1 "'.~.~ - .~-,<::.;:,. q 5V ;",; i ;;;, :.~t ".'<_ ';1 5V,,';"~ -.. - - _.. ..

' '' ;:.~;>2 .:, ','c." .. ",:; ;.'·+'15 V; ,;i~ "j .•:.... .... 15'V"" ,i '-" e

I
•_'-'· ....0·+ .._..~ .'."

I' ,~;., ,,',-3 -t ..~, ; < --;- lntemal _CoM;': ~ ~' · l ntematCorni~,·'. J. ' . ~ ',' ___~

.:.c','.:' ', 4 ~~:i:.'~ .:0.-125 dB' (tsar :-~~'.-:, 0_t S::d8 -:·"';~ ,
MOUNTING

SURFAC\ t,:,;" ..~ ; 5 .::<!:. ,",''-.' :t: :.'.;' 05-dB ''¢~: '.'" ':.'.;:' O.70-.~B ,,- T; ;; ro Jl J2 )
;: ')< ',,~ 6,: (,y : - ~:;--. ' ;~;,-: 4 :dB'7;~ -";- ;'t i ' ~, '.~ .~i5.6ZdlS·,:,.';:~~ 3.50

3.25 (88. 9)> • ."'Z ,;:r:,;''i , t \ ·'16,dS;'(MSB):;·::: .,....' 2ZS'dB"',:'; '
182.6,,':'-".'.":' ' " " ,',, -,

, ,':S' "':':",:,~: : ,':; .; i'<: :::a·'dBt" ,,::/': C' 'r :-'1'1'-:25--dB',: j- ','--' ,-,', ' .. - '''' '',

C
", ::,'-'9,::'- '.,, ~ ~,, 'GR00NO' , ' ;l ,' : " GROUND" •· " " ' " , ' '",";","''- ,:'::>,h __ " __ ,,'.: -<',:::

L
: , .:: . , ,,i} '1 ffi' h~ ;, '> ' >,""'Nor USEO"'-)!: :':::NOTJJSED:',"( ',"',- ' . , ,',-- ",' -,

, . ' " . , ',' :,::>;»~.2. dB',:, ;,;: f:: ,'; '.,<~ 2.6,l dB';'-,:~ ",,;: "" ~ " ~ t ~'.;;' , ,,_

~ ~
" ,,, , , , "

::'~~-- 0,25'<:18. '.,:' :',- ." :/':0,35'd8 '~?< .'.'.';-" ;<~1,2 ,'.'.", : ,

T P..' " 13 ' . " . ";:~.~':' ,.1·dB·, ;.•.~.• ~ " '~"-':;-:' 1',~1; dB:·.-,; -s, . ,
. '.~,'. -: .,.,' "

.49
" Y--.": ; 14 ~ ~ " '; : f'~' NOT USEo-"!~' ,..::-,:; NOT USED ::':; (12,4) _ L I-- I"---- ITT" : :'~" . 1 5 ,''",.-,-. ~;~~ :'_' ,,~+5V",:','" : ~;:" '" ."'.·'''':--+'5V,.:, -: :',';: ._ I. E CANNON DA· 1SP

.97 A OR EOUIV. WITH
(24,5) 0 110551 JACKPOSTS.

4 x f1.12O{3.0) MATING CONNECTOR
FURNISHED.

SERIES 347
WI. 5 oz. (142 gm) approx.

;~t·~}:;:",.t;~J:;~- ::.,,;'i;.... :; ,-~, ; ; , ; ~ , ,;:., -~;."/t.""~~"" " ;,·/Ji.;?->:.ctj;'ff,O;:-;'· .:", . ,·K.. ..· ,k'r;litr;j.~>¥.2:i""" -",:;0."' --;:"'_,>, c:
r;{/~"-'"'~ '~"'"

itJl~ClttiJ
"'!. J"' ~ " 'Y' - ' ,.0:-"

::.f~'MA·J;~1, .,". ,~o'~ ' ".' ' ,,~~~, ~, ,__Cc,,:"4_ "",f " {,"',~ ,;-~4."':.~

MODEL ":;;';v.'J. B'~;: ,r'--'-);"D''h;~: " E " "{""'~~ ~".:.\,:~:
:: '::;-::... .. 'j-:,;:-j '~·o.- f ' " ~ ""= ":~~.%' .;j''O'"E!; )'itJ", . 'f'K:;;

- ,C ' c" " " _' , ' , : ' -;:-",:,;':", - ". ~ <-T "",;;-~< ,. 0; " ' " : ,",,,, ' ~':' ;'-';" ', i ''' , Z-->,c'
.
'3472; 2:5'(63,51.:26(57,4)

-' .•" ,>,. ,,,, ,, ..

0;22(5;6) ... ;' . ... : ' --.• ..
2:28(57;9) 1,2SJ~J..m~:-'''' __ ''" ",_' '··'r , <,,' " '.-" "-. . " ' . ,---.:"," ,- ' ,"' ;~c " " ''''' . " " ,., .

.... 3474; i .a(50;aj'.. i)6'(44;i) 2:4:3(61 ~7)' O~18 (4;!lt
.. . '. . "

1::0 (25:4)-, . ,
• ;'347a'> 2.0 (Sa,ay r;!~J#m .. 2:58(55;5) 1'0:1!J(f ;6); 'r;O(2S;4)'.'" ' , ,\~"",'.-, ' _.,... .. "'..' ,.:, . ," ., :' :. '. c--'.' ,'C'. :" . ::' -,<.; __ ', ,, ;,. ,, ',: ., - "" ;'- ' " ' ~'''' " ,'~" .-, :- ; .'-ii:-'{'.,". .:'

mil Dimensional Tolerances. unless otherwiseindicated: .xx ±.02; .X'" ±.OOS
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Series 348 and 348H
8 Bit Digital/Analog Attenuators

SERIES 348 AND 348H
The Series 348 and 348H Digitally Programmable
Attenuators provide greater than octave band
performance in small hermetic packages ideally
suited for high reliability applications. The Series 348
offers moderate power handling capability (100 mW)
at switching speeds less than 500 nsec while the
348H Series offers 200 nsec switching speed at lower
power. Attenuation of all units is 60 dB with monotonic
0.25 dB step resolution.
The attenuator is an integrated assembly of a seaied
RF Microwave Integrated Circuit assembly and a
sealed hybrid driver. Attenuation is controlled via a
miniature 14 pin connector. See Fig. 1.
Although these units are primarily intended for use as
digital attenuators, they can also be used as analog
(voltage driven) attenuators or as combination
analog/digital attenuators. (See note 4 on page 47.)

,v - v

40dB

rose
0 ••

20dB

~Od8

,.,••

60dB

,.

,.-.­.'

12
FR[QuEHCY IGHI)

0.0

''''.
100.0

· iOO.oL - __~

•

s:
(/)

<I)

'"'"s:
0..

'"<I)

o---

T

DRIVER CIRCUIT

DIGITAL
INPUT

"'"CONVERTefi

ANALOG
INPUT

I/ V
CONVERTER

. F .F
IN l OUT IN/ OU

PIN DiODE
ATTENUATOR

Figure I
Series 348/H block diagram

Figure 2
Model 3488

Typical phase V$ . attenuation
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Series 348 and 348H
Specifications

-,

PERFORMANCE CHARACTERISTICS

Mating powerI logic connector

AVAILABLE OPTIONS

ACCESSORY FURNISHED

ENVIRONMENTAL RATINGS
Operating Temperature

Range . . . . . . . . . . . . . . . . - 54°C to + 110°C
Non-Qperating Temperature

Range. . . . . . . . . . . . .. .. = 65°C to + 125°C

I

!
-es-c

TE"'P(IUTURE

Description
Two SMA male If connectors
One SMA male (J1) and one
SMA female (J2) If connector
High Rei screening
(see Table 1, page 30)

Ag. 3-power derating factor

r
I
1
I
I

40 -----------1-------- _,,:::::

100 f-----"

"T. 0 '
'l",T l "'G
"T . 2 ~·C

49

Option No.
7

10

Mean Attenuation Range . . 60 dB

Accuracy of Attenuation .. 0-30 dB ± 0.5 dB
>30-50 dB +1 .0 dB
>- 50-60 dB + 1.5 dB

Monotonicity . . . . . . . . . . . . Guaranteed

Phase Shift . . .. . . . .. . . . . See Fig. 2

Temperature Coefficient . . + 0.02 dBfoC

Power Handling Capability
Without Performance
Degradation . . . . . . . . . . . .. 348 100 mW cw or peak

348H 10 mW cw or peak

Survival Power (from
- 65° C to +2SoC. See
Figure 3 for Higher
Temperatures) lW average, 25W peak

Switching Time (348) 500 nsec max
(348H) 200 nsec max

Programming: 8 Bit TTL . . Positive true binary

Minimum Attenuation Step 0.25 dB

Logic Input. Logic " 0" : - 0.3 to + 0.8V
Logic " 1": + 2.0 to + S.OV
Logic Input Current:
10 ,..A max

Analog Input Characteristics
Range . . .. .. .. .. .. a to 6V
Transfer Function 10 dBN
Input Resistance . _ 6 kohms

Power Supply
Requirements +12 to +15V, 120 mA

- 12 to -15V, 50 mA

fill
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Series 348 and 348H
Specifications

DIMENSIONS AND WEIGHT

•

RF CONN, SMA FEMALE
.ax

~MOUNTlNG
SURFACE

JZJ '

...-l .26
(6,61

.38 ( 9,7 ) FOR SMA FEMALE

.50( 12,7 ) FOR SMA MAl.Er-- 1. 34 __~;--..L-I .50...J~ (34,0 1 (12 ,7)
.10 1.1 40 __+-_ .45± .01
(2,5) (29,0 ) (11 ,4)

.10 (2 ,5 )

I

1.34
( 34,0)

CONN , 14 - PI N
lAW MIL ~ C - Z8148

..L nr-f==;;~~ ~..'Tt~~,
' 4 00 0 ¥ -F,'," ,) LJl.....j .' 0

• l ---.l,,-_ J t7.6}., ----"

P IN A

SER'ES 348/H
Wt: 2.4 oz. (68 gm) approx.

Dimensional TOlerances, unless otherwise indicated: .XX ± .02; .XXX ± .005

.""Ja: POWER/LOGIC·CONNECTION& ' ·· ·, ,- " ," " . ' ... . .. .. " " " . . .. .. \',

:.: PI ,". ,~.•• :,: ••, .;.;.,, .:t"" ~ " '. - - ', .." N :; .. ::" " ';':! l:" ~''; 'N . .. . ....''' FUNCTIO 5·· ,.. .. ,,·, ,,,;:r, _~._- :_C<-.____" ___ '-"', ':.' ." ' . -.-' , -- ~'.~ ." ' ,', - ,"

~;~t~_~~!l~e
.. ' . ··;..··' O·g·tallPower GNO ••.•.•,••.
':.~-~/~:'<~-~<:.- ; ;. ' . '.- - ... .. - '. ..~ -_.~ -~~~;.\::-;~
~,:" '.;: Log,,,, Control (Note:2)'.'.:",.".",

· / :·: :CJ.~··; '.-: ';:"" ";'.,\:""'';' ' ' ~ ' " '·:1 2' to ,'..,: 15V' :.'~ , .,,:',"';' ~i', '"

;d ~;1:
f',~-:~::~c·\ ;f;/~':, ,~ ' " """ : '? ,,;\~ihi';.:-::
" ,"";" "', -t. 0.25 .dB·(l SB}"" ;.. .. ,;-;.;..

:';H"::"i~~if}: .Oi
5
~1B1~;';~;~:}~:~~:Yt::D';F, : :,~.~"~: ~:

;:,~:i :
' . :' _ : ' ;:' ",!:'~ ~' !: ' :i':' . " :·2 :dB: ";; " >:':,' :, ' :" ~ ' ( :;',: !>.',:, , ,:::,<· - '

.; . K·'·:· ;' : ,: <, :.: ,. :;ji,~ ';'~ :;}\:, ! ~:?;- {:-:·: : j'&, :dBr ·;,:,::,' ,:" :,:::~>:{}:~Hi~X:: ': : '
L ';;;-" "

,--,;: ".',' ....c·>':, .. "., " .32 dB.(MSB).....> , 'C." ...;...-
~t~·M·~~:{

~ui;fft~i;~;2~::i~i,l,~j:~(E,f~~~0..."~::;;,:. N';,,- ;
..- __ .. ,I,"',.

' , ..... ' .,', .
'-'.:}::P:5:tf
. ': R ;· . '. . Analog Input (Notes 3&4) ' . '
',' ,.' '.:{" " '~~~" ~ ":"' .~

NOTES:
1. All unused logic inputs must be grounded.
2. For normal TIL programming control, PIN B must be grounded or

at Logic O. Application of Logic 1 to PIN B overrides the digital input
and sets the unit to insertion loss. To interface with other logic
families (e.g., CMOS, MTL , NMOS, etc...) contact factory.

3. For digital operation only, connect PIN R to PIN P.
4. To use the unit as a voltage controlled attenuatcr, apply a control

voltage of 0 to + 6Y at PIN R. The slope of attenuation will be
nominally 10 dBN. For a: non-zero source resistance (Ro) of up to
500 ohms, the attenuation error is approximately - .OO17·Ro ·VIN d B
and the slope will decrease by approximately 0.17 dBN per 100 ohms
of source resistance.
Using the 3481H Series attenuator as both a digital and analog control
attenuatcr, the total attenuation ATT Ill: 10 - YIN + programmed digital
anenuauon. The maximum attainable mean attenuation is 60 dB.
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Model 1761 Multi-Octave Digitally
Miniature PIN Diode Attenuator

Controlled

Model 1761 is a miniaturized, digitally controlled
PIN diode attenuator covering the instantaneous
frequency range of 2 GHz to 18 GHz. This model,
measuring only 1.34" square and 0.5" thick,
provides a monotonic attenuation range of 60 dB
with 7-bit (0.5 dB LSB) resolution and 1 micro­
second switchlnq speed.

The Model 1761 is an integrated assembly of a
dual PIN diode attenuator and a driver circuit
consisting of a D/A converter and voltage-to-current
converter. The unit is fully temperature compensated.
The RF circuit consists of two wide band, T-pad
attenuator sections in tandem. The levels of series
and shunt currents required to maintain bilateral
match at all frequencies is provided by the driver.
This arrangement assures monotonicity over the
full 2 to 18 GHz operating band at all levels of atten­
uation and for any programmed attenuation step.

The Model 1761 weighs approximately 1.5 oz.
It is configured with SMA female RF connectors
and a multipin connector for logic and power. The
unit is powered by ±12 to 15V DC and the logic
input is TIL compatible.

.: :

{ '.
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Model 1761
Specifications

PERFORMANCE CHARACTERISTICS
Frequency Range 2 to 18 GHz
Attenuation Range . . • . . . .. . . . . .60 dB min
Insertion Loss, max 4.5 dB

Flatness
Up to 20 dB . . . . . . . . . . . . . • . . . :1:1.0 dB
Up to 40 dB :1:1 .25 dB
Up to 60 dB :1:3.0 dB

Power Supply
Requirements +12 to +15V,

· 100 rnA
-1 2 to -15V,
100 rnA

Power Supply
Rejection . . . . . . . . . .• . . . Less than 0.1 dB/volt

change in either supply

Accuracy of Attenuation

oto 20 dB :1:1 .0 dB
20 to 40 dB ..• . . . . . . . . . . . . .. :1:1.5 dB

40 to 60 dB .. . . . • . . .. .. . . . . . :1:2.0 dB

Monotonicity Guaranteed

Temperature Coefficient :1:0.02 dBr C

Power Handling Capability

Without Performance
Degradation Up to 100 mW cw

or peak

Survival Power 2 W average or
peak from -65°C to
+25°C; derate
linearly to 800 mW
at 110°C

Switching Speed

50% TILto 90% RF 1.0 usee

Programming . . .. . ..• . . . . . .. • 7-Bit TIL Binary

Minimum Attenuation
Step 0.5 dB

Logic Input

Logic "0" (Bit OFF) -0.3 to +C.8V
Logic"r (Bit ON) +2.0 to +5.0V
Input Current 1O~A max.

ENVIRONMENTAL RATINGS
Operating Temperature

Range -54°C to +110°C

Non-Operating
Temperature Range . .. . . -65°C to +125°C

Humid ity MIL-STD-202F, Method 103B,
Condo B (96 hrs. at 95%)

Shock MIL-STD-202F, Method 21 3B,
CondoB (75G, 6 msec)

Vibration MIL-STD-202F, Method 2040 ,
CondoB (0.6" double amplitude
or 15G, whichever is less)

A ltitude MIL-STO-202F, Method 10SC,
CondoB (50,000 It)

Temp. Cycling MiL-STD-202F, Method 1070 ,
CondoA, 5 cycles

ACCESSORY FURNISHED
Mating power/logic connector

DIMENSIONS AND WEIGHT

• '. P,I< FUNCTlONS .,,

PIN. ' " FUNCTION ' I· ;

A , ,. ,.GNO.:'_, • ,

•'::A, '·:',-LS8 0;5 eo c': -
C.• -~· , :+V '--. " ~_ c_ ·

.~· • ·
0 /' • ••N.C. • • .

• •

E .";' ~'- , r dB :'.'- •'" · --,; ••·
F • • • .~V:· .' •• • •
H • ,•N.C,,•·
~.... ~....· .

.co,-,,_, "'.2 - :'- 'f.· ~' .' .:i; ·,

\-t'- , ,,, , , ."._ ,-, "OM-

:,16 dB""" ,~ ' '' ' ,,
~"
N:' ; ' S;dB · • ."."·· . •
p ';-.-" · GNO;: :-.,' ; ' ",~....
R~,': • -" '32- OB _; . ->- ' : ~ ••

MODEL 1761
Wt: 1.5 oz. approx.

Dimensional Tolerances. unless ctberwee indicated: .XX :t .02: .xxx :t .005

JACKSOCKET

4X
O. 10 n'P. ~ 0 .100 - 0.36

2 X SMA
FEMALE

Jl- MOUNTING
SURFACE

J3

0.25

fJ'.ATES WITH
M2874818-COOSlA 0.30

1.34 - 0.50
SQUARE PIN "A"
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Series 349 and 349H Octave-Band
11 Bit Digital PIN Diode Attenuators

All the attenuators are available with either a
strobe/latch or a non-linear current or voltage
controlled attenuation capability. Refer to the
Available Options table and the Notes folloWing the
Pin Functions table.

The Series 349 and 349H programmable
attenuators provide greater than octave-band
performance and wide programming flexibility in
compact rugged packages. Attenuation ranges up
to 80 dB are available with attenuation increments
as low as 0.03 dB.

•

lIT

-v+v

Fig. t-eenee 349 and 349H block diagram

DRIVER CIRCUIT

DIGITAL
INPUT ...

CONVERl£R

ANAt.OG
INPUT

IIV
CONVERTER

'F 'F
lNI OUT INIO

PIN DIODE
ATTENUATOR

•

SERIES 349H
If even faster SWitching of 64 dB units is required,
GMC offers its Series 349H attenuators. These
units switch in 300 nsec with the same
performance specifications as the 64 dB Series 349
units, albeit at somewhat higher cost.

SERIES 349
The maximum programmable attenuation range in
every band except the 8.0 - 18.0 GHz frequency
range is 80 dB. Attenuators limited in range to 64
dB exhibit switching times less than 500 nsec while
the 80 dB units switch in less than 2 usee.

Each Series 349 and 349H unit is an integrated
assembly of a balanced PIN diode attenuator and a
driver circu it consisting of a PROM, a D/A converter
and a current-to-voltage converter. See Figure 1.
This arrangement provides a high degree of accu­
racy and repeatabi lity and preserves the inherent
monotonicity of the attenuator.

50
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Series 349 and 349H
Specifications

PERFORMANCE CHARACTERISTICS

'NOTE: SpecHicalions tor the extended frequency ranges are typical.
(1) Except from 16·18 GHz where insertion loss is 4.2 dB max. and VSWR is 2.2.
(2) Applicable only to 80 dB versions.

,

,
•

' .'
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Series 349 and 349H
Specifications

>64-80 dB ± 2.0 dB

Mean Attentuation Range
349(x)-64, 349(x)H-64 64 dB
:3419(x)'61l 61l dB

Accuracy of Attenuation
1l-31l dB ± 1l.5 dB

>:31l-51l dB ± 1.1l dB
>51l-641 dB ± 1.5 dB

1
I

'\Ia OF 80 1- -- - - - - 1- - - ­
RAn N<;
Af . 25-C I

I
I
I

' OO I-----~

Programming Positive true binary
(standard) or BCD
(Option 1). For
complementary code,
specify Option 2.

Minimum Attenuation Step
Binary Units

349(x)-641, 349(x)H-641 1l:3 dB

349(x)-61l 1l41 dB
BCD Units 1Il dB

Logic Input
Logic "Il" (Bit Off) -o.s to +Il.6 V
Logic "1" (Bit On) +2.1l to +5.1l V
Logic Input Current 1 ~A max.

Analog Input
:349(x) -641, :349(x)H-64 1l to 6.41 V
:3419(x)-60 1l to 6 V
Input RElsistance 10 K ohms

Power Supply
Requirements + 12to +15V, 121l mA

-12to - 15V, 51l rnA

Power Supply
Rejection Less than 1l.1 dB/volt

change in either supply

AVAILABLE OPTIONS
Option No. Description

1 BCD programming (Binary is standard
2 Complementary programming

(logic "O" is Bit On)
41 Strobe latch for date input. Attenuator

responds to data input when logic "Il"
is applied. Attenuator latched to data
input when logic "1' is applied.

7 Two SMA male rf connectors
11l •. One SMA male rf connector (J1) and

. .one SMA female rf connector (J2).

• • • • • • • • • • • • •Humidity MIL-STD-2Il2F, Method 11l:3B,
Condo B (96 hrs. at 950/0)

Shock , , . .. MIL-STD-21l2F, Method 213B,
Condo B (75G, 6 msec)

Vibration MIL-STD-21l2F, Method 20410,
Condo B (.00" double amplituda
or 15G, whichever is less)

Altitude MIL-STD-21l2F, Method 11l5C,
Cond oB (51l,CIIlIl ft.)

Temp. Cycling MIL·STD-21l2F, Method 11l7D,
Condo A, 5 cycles.

Monotonicity Guaranteed

Temperature Coefficlent ± 1l.1l25 dB!"C

Power Handling Capability
Without Performance Degradation

:34191 11l mW ow or peak
:3491H 1mW cw or peak
All other units 1Illl mW cw or peak

Survival Power (from -41l'C to +25'C; see figure 2 for

higher temperatures)

All units 1 W average
25 W peak (1 usee
max. pulse width)

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 4ICI°C to + 65°C

Non·Operating
Temperature Range. . - 541°C to + 11llloC

Switching Time
:3419(x)H-64 :31l1l nsec max.
:3419(x)·Ei41 ...............••.•...........•....51l1l nsec max.
:3419(x)'61l 2 usee max.

- 40· C +85"C

-TEI,4 PERATUAE

•
ACCESSORIES FURNISHED

Maling powerllogic connector

Ag. 2- seoos 349and349H, powerderating factor
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Series 349 and 349H
Specifications

DIMENSIONS AND WEIGHTS

' · " '.'· P'· ~fl'KV ".i . '" " . - ~ --"" ,,-,. , 's;?'·'·.. ·:t,',·,·".. :·
·.'Ii;l..;:I ~, ";'S",t;J3rP,It{dJ,UtjCTION ~:i,A, "'~;~,~\~i~
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NOTES
t . Normally supplied as an Analog input. Leave pin open if analog input is

not used. Optionally available as a strobe latch function for input data.. .
2. Pin 3 is available 10 apply a current or voltage to control the attenuatar

in a ron-jnear tast aon.
3. The Series 349 attenuators are 11 ·bit digital attentuators. In order to use

this device with a lesser numberof bits (lower resolution). the user may
simply ground the logic pins lor the lowest order unused bits. For exam­
pie. a Series 349 unil operated as an S·bit unit would have Pin 15, Pin 1
and Pin 2 connected to ground. All other parameters remain unchanged.

Dimensional Tolerances. unless otherwise indicated: .xx ±.02; .xxx ±.005
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Phase Shifters and
I-Q Modulators

General Microwave offers a complete line of broad­
band phase shifters and I-Q modulators which span
the frequency range from 0.5 to 24.0 GHz. These .
devices are available in several different topologies
that allow the designer to choose among various per­
formance characteristics that best suit his system
needs. This catalog describes only our standard line
of broadband phase shifter models. In addition to
these, there are numerous special designs, employing
a variety of phase shifter circuits, which GMC has
utilized in custom applications.

PHASE SHIFTER FUNDAMENTALS

A variable phase shifter can be characterized as a
linear two port device which alters the phase of its
output signal in response to an external electrical
command. (Mechanical phase shifters such as line
stretchers or rotary waveguide phase shifters are not
considered here.) Expressing this mathematically,
with an input signal sin(wt), the output will be A(n)sin
(wt+ <l>(n)), where n is the programmed phase and A(n)
is the insertion loss. The difference between the input
phase and the output phase is the sum of the phase
shift due to the propagation through the phase shifter
plus the programmed phase shift.

The relative simplicity of the idea that any reactance
placed in series or shunt with a transmission line will
produce a phase shift has given rise to many different
circuits over the years for use as phase shifters at
microwave frequencies. Usually, for high speed ap­
plications, the controlling elements have been
semiconductor devices such as PIN, Schottky and
varactor diodes, whereas for high power require­
ments, when slower SWitching speed can be tolerated,
ferrites are frequently employed. The final choice of a
phase shifter network and control elementwill depend
on the required bandwidth, insertion loss, SWitching
speed, power handling, accuracy and resolution. In
addition, a choice between analog and digital control
must also be made.

A brief description of several of the more widely used
phase shifter circuits follows.

SWITCHED BIT PHASE SHIFTERS

As the name implies, switched bit phase shifters are
digitally controlled components. They are generally
used where there are requirements for very high
switching speed and moderate to high power handling
capability. These attributes derive from the use of PIN
diodes as switching elements which, for each bit, are
used to select between one of two fixed networks
which differ in phase shift by a predetermined
amount. Typically an n-bit phase shifter will consist of
n such elements in a tandem array, with the specific
topology of each bit selected for optimum perform­
ance for its phase magnitude.

All switched bit phase shifters suffer from a common
problem, i.e. varying VSWR interaction between the
bits as the phase shift states are changed. These
mismatch effects limit the phase resolution and
accuracy of the phase shifter since they give rise to
non-monotonic performance as the bit size begins to
approach the interaction phase error. This problem
becomes significantly more difficult for wide band and
high frequency designs and usually iimits practical
phase shifters to a maximum of four bits.

General Microwave has produced a number of
custom narrow and broadband switched bit phase
shifters. Recently it has introduced the Model
H752 series, a broadband, high speed
switched bit phase shifter which utilizes a proprietary
"All-Pass" circuit as phase shift elements. A complete
description of this design is available in a separate
technical paper.' This topology achieves relatively
constant phase shift performance over octave and
greater bandwidths in a very compact format,
especially as compared to the distributed transmis­
sion line approaches. As a result, the H752 series
offers low insertion loss and high speed performance
in a low profile, hermetic housing which makes it
especially suitable for rugged military applications.

(1) "Broadband Switched·Bit Phase Shifter Using AII·Pass Networks': D. Adler and R. Popovich, 1991 IEEE MTT-S Digest, PP 265-268. To obtain a
copyof this paper, please-write to Dept. C., General Microwave Corporation, 5500 New Horizons Boulevard, Amityvilfe, N.Y. 11701.
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ANALOG PHASE SHIFTERS

Phase Shifters and
I-Q Modulators

DEFINITION OF PARAMETERS

Analog phase shifters are devices whose phase shift
changes continuously as the control input is varied
and therefore offer almost unlimited resolution with
monotonic performance. The most commonly used
semiconductor control devices used in analog
microwave phase shifters are varactor diodes, which
act as voltage controlled variable capacitors, and PIN
diodes, which act as current controlled variable
resistors. Schottky diodes and ferrite devices are also
used as variable elements in analog phase shifters
but the former suffer from limited power handling
capability and matching difficulty in broadband net­
works whereas the latter are generally larger, require
more bias power, and are relatively slow compared to
semiconductor designs.

Among the more useful topologies for analog phase
shifters are the loaded line design using lumped or
distributed elements and the reflective design employ­
Ing quadrature hybrids. One of the variants of the
reflective phase shifter is the vector modulator, which
in the particular embodiment used by General
Microwave shows excellent performance over 3:1
bandwidths. This capability is especially useful in the
design of frequency translators' and high resolution
phase shifters for EW systems as well as in broad­
band simulators as 1-0 modulators, where separate
control of the quadrature components of the signal
allow for independent adjustment of both phase and
amplitude. General Microwave's Series 72 and 78
phase control components employ this design.

Analog phase shifters are readily convertible to digital
control by the addition of suitable D/A converters and
appropriate linearizing circuits. The Series 71 , nand
79 digital phase shifters use this approach.

Phase Shift:

Temperature
Coefficient:

PM/AM:

Accuracy:

Carrier
Suppression:

Sideband
Suppression:

Switching
Speed:

The difference in phase angle of the
exiting rf signal at a given frequency
and phase shift setting referenced to
the exiting signal at the same frequen­
cy with the phase shifter set to zero
degree phase shift.

The average rate of change in phase
shift, as referenced to the zero degree
phase state, over the full operating
temperature range of the unit. Express­
ed in degrees phase shiftl °C.

The maximum peak-to-peak change in
insertion loss of the phase shifter at
any phase state over the full 360°
phase range.

The maximum deviation in phase shift
from the programmed phase shift over
the operating frequency range when
measured at room temperature,

When the phase shifter is operated as
a frequency translator, the minimum
ratio of carrier output power to the
translated carrier output power.

When the phase shifter is operated as
a frequency translator, the minimum
ratio of any sideband output power to
the translated carrier output power.

The time interval from the 50% point of
the TTL control signal to within lO°,of
final phase shift. This applies to a
change in either direction between any
two phase states which differ by more
than 22.5°,

(2) Phase shifters-can be used to translale the frequency ofan rfcarrier by subjechng it 10 a linear time varying phase shin.
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Phase Shifters and I-Q Modulators
Selection Guide
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Model F1938
Bi-Phase Modulator

With Inte grated Driver

The rf design is shown below. The currents re­
quired to switch the unit between states are pro­
vided by the integrated driver, which is controlled
by an external logic signal.

The Model F1938 is a high-speed 00 or 1800

phase shifter that operates over the 6 to 18 GHz
frequency range. It features a double-balanced
design that provides excellent phase accuracy
over its entire frequency range.

RF lNtOUT

I-@

".

Model F193B. block diagram

1,.
SINGLE

rI"""""'"...........
""""LA"'"

+

OAMA

J-
S,"""
""-"""., ........e

" . UOOl.lt.ATOR

r I f,

RF INIOIJT

@-I
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Model F1938
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range . . .. . . ... ..• . 6 to 18 GHz

Differential Phase Shift 180° + 10°

Switching Characteristics (1)

ON Time 20 nsec. max.
OFF Time 20 nsec max.

Rise Time 5 nsec. max.
Fall Time 5 nsec. max.

Insertion Loss 3.0 dB max.

VSWR . . . . . . . . . . . . . . . . . . . . .. 2.0 max.

Change of Insertion Loss
With Phase Shift. . . . . . . . . . . . 1.0 dB max.

Carrier Suppression 20 dB min.

Modulation Rate 10 MHz max.

Power Handling Capability
Without Performance

Degradation. . . . . . . . . . . . . . lW cw or peak
Survival Power 2W average, 25W

peak (ll'sec max.
pulse width)

(1) As measured with a phase bridge.

Power Supply
Requirements . . . . . . . . . . . . .. +5V ±5%, 65 rnA

-12 to -15V, 20 rnA

Control Characteristics
Control Input

Impedance. . . . . . . . . . . . . . . . Schottky TIL, two­
unit load. (A unit
load is 2 rnA sink
current and 50 p.A
source current.)

Control Logic Alternate applica­
tions of logic "0"
(- 0.3 to + 0.8V) and
logic " 1" (+2.0 to
+ 5.0V) switches
phase by 180°.

... .
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Model F1938
Specifications

ENVIRONMENTAL RATINGS
Operating

Temperature
Range -65° to + 110°C

Non-Operating
Temperature
Range - 65° to +125°C

Humidity MIL-STO-202F, Method 1038,
Condo 8 (96 hrs. at 95%)

Shock MIL-STO-202F, Method 2138,
Condo8 (75G, 6 msec)

Vibration MIL-STO-202F, Method 2040,
Condo8 (.06" double amplitude
or 15G, whichever is less)

Altitude MIL-STO-202F, Method 105C,
. CondoB (50,000 ft .)

Temp. Cycling . .. MIL-STO-202F, Method 1070 ,
CondoA, 5 cycles

AVAILABLE OPTIONS

Option No. Description

3 SMA female control connector

7 Two SMA male rf connectors

10 One SMA (J1) male and one SMA
female (J2) rf connector

33 EMI filter solder-type control
terminal

64A 5MB male control con nector

DIMENSIONS AND WEIGHT

+V

·v

Q "t--GND

.5O
(t2 .7)

e
~~,3S(~t7} FOR SMA FEMALE
~ .50(12,7) FOA SMA MALE

r
CONTROL
SMC MALE

.56
(14,2)

DImensional tolerances, unless othetwise indicated: .xx :I:: .02; .XXX ::!: .OOS

J l

' bd=I
•

J2-'~

-, r-_.89S
(22·1)1

.12
(3.0)

RF CONN
SMA FEMALE
2X

2 x • •104(2,6)

MODEL F1938
Wt: 0.7 oz (20 gm) approx
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,Series 71 12 Bit Digital and Series 72 Analog
I-Q Vector Modulators

Both Series comprise a family of four solid­
state PIN diode I-Q Vector Modulators covering
the frequency range from 0.5 to 18 GHz in four
bands; 0.5 to 2 GHz, 2 to 6 GHz, 4 to 12 GHz
and 6 to 18 GHz. See Fig. 1.

All models provide a full 3600 range of phase
shift and a minimum of 20 dB attenuation range
at any frequency.

A. A A
V

- 0° "I"
BI-PHASE

MODULATOR

IN-PHASE
COMBINER

~ ~RFOUTPUT

BI-PHASE
MODULATOR

90· "Q"r-:=:::-l--W
RF INPUT

et)-------'

o
VOLTAGE
BUFFER

f--I
•,,,,
I

- -~

o
12 BIT
DAC

------

MSB

DIGITAL
INPUT

,.. -------..,, ,, ,
, Q '
, VOLTAGE I
, COHVEATER I

Q---i 1-- --,
, , I
, , I• , LSB, , I
, , I
..._- ----.-> ..... - - -

12 SERIES
ANAlOG

INPUT
oro 10VOLTS

Fig. t-eenes 71, 72 Block Diagram
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Series 71, 12 Bit Digital and Series 72 Analog
I-Q Vector Modulators

Q

" Q" BI·PHASE
ATO" STATE

~- - -- -, PlANE OF
t

/" V VECTOA,dB I CONTROl.

••,,,
••

'\ RSINe •• oea, 0"

e \ :/ flEFERENCE
\

I
-r- Br-PHASE

RCOS .
-r: BI-PHASE

AT 180" STATE ATO" STATE••,,,,
••
I .
•
I
•••L.___ ---- - ---- -~

-c- BI.PHASE
AT 1800 STATE

Ag. 2-1.0 Phase Relationship

IQ CONTROL CHARACTERISTICS
GMC 71 AND 72 SERIESVECTOR MODULATORS

0 8
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and
a = V sin e.

Figure 3 shows the nominal value of I and Q vs.
either digital word (Series 71) or analog voltage
(Series 72). Thus. to achieve an attenuation ievel of
3 dB with a phase offset of 11 2.5° (With respect to
odB and 0° reference states) the values of I and a
can be calculated as follows:

V =1O-<=> =0 .707
I =0.707 cos (112.5") =- .027
a = 0.707 sin (1 12.5") = +0.65

From Figure 3. the control inputs to yield the
desired amplitude and phase are approximately:
Analog Units (72 Series) Digital Units (71 Series)

I = 5.78 volts 100101000000
a = 2 .84 volts 010010001011

While these values for I and a will yield an out­
put signal whose amplitude and phase are close to
the nominal values over the entire operating fre­
quency range of the vector modulator. the use of
an iterative measurement procedure will determine
the I and a inputs which exactly define the desired
parameter at any selected frequency.

THEORY OF OPERATION
• •

The block diagram of the 1:0 Vector Modulator is
shown in Figure 1. An RF signal incident on a 3 dB
quadrature hybrid is divided into two equal outputs,
with a 90· phase difference between them. The in­
phase. or 0·, channel is designated the I channel
and the Ouadrature, or 90· , channel is designated
the Q channel. Each signal passes through a bi­
phase modulator which sets the O· or 180· state
and the attenuation level for both the I and a
paths. The outputs of the I and a path are combin­
ed to yield the resultant vector which may fall
anywhere within the bounded area shown in Figure
2. Any signal applied to the l-O Vector Modulator
can be shifted in phase and adjusted in amplitude
by applying the following relationships:
1. Let the desired attenuation level = X dB and

the desired phase shift = eo (with respect to 0
dB and O· reference states).

2. The normalized output voltage magnitude is
given by: IVI = 10-{""'1.

3. The values of the I and a attenuator control in­
puts are then expressed as:

I = v cos e

o 1.25 2.5 3.75 5 625 7.5 6.15 10
(OOOO...) (0010...) (Ol oo...) (Oll 0...) (1000...) (1010 ...) (1100...) (11l 0 ...) (1111...)

CONTROL VOLTAGE OR DIGITAL WORO

•

Fig. 3 - /.Q V$. Control Input
(Typical)
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Series 71/72
Specifications

PERFORMANCE CHARACTERISTICS

,.'0

( VARIATION OF:'AMPLlTUDEc,,+
\ VS:T EMPERATURE'(MAX) , ,'\:i

:~ivARiATiciN'6F PHASE'Vs:;~}';":
," . , ' . - ":, . "',,,," ",,'

,:T EMPERAT,UREJrulAX): ,'(' ,. ;'
._ "'." c. __.., - """ ' : -'-" - .' :".'_',: -' :" '.' . , ,", _ ' ,,- .--" -' . -'.,c._ '~

ENVIRONMENTAL RATINGS ACCESSORY FURNISHED

7 Two SMA male rf connectors

10 One SMA male(J2)'and one
SMA female (Jl) rt connector

Option No. Description

Mating power/control connector (Series 71only)

AVAILABLE OPTIONS
-65°C to +125°C

_54°C to +100°C

MIL·STO·202F. Method 1038.
Condo 8 (96 hrs. at 95%)

MIL·STO·202F. Method 2138,
Condo 8 (750, 6 msec)

MIL-STO-202F, Method 2040,
Condo 8 (,06" double
amplitude or 15G. whichever is
less)

MIL·STO-202F, Method 105C,
Cond. 8 (50,000 ft.)

MIL·STO-202F. Method 1070,
Condo A, 5 cycles

• • • • • • • • • • •

• • • • • • • • • • • • • • •

• • • • • • • • • • • • • • •

• • • • • • • • • • • • • • •

• • • • • • • • • • • •

• • • • • • • • • • • • • • • •

• • • • • • • • • • • • • • • • •

Altitude

Temp. Cycling

Vibration

Shock

Operating Temperature
Range

Non-Operating Temperature
Range

Humidity
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

"B"
" "J2

,

J3,

"I

)PIN 1

J1

----C!"A" "0" :1L
.38(9,7) f OR SMA FEMALE J
.50(12,7) FOR SMA MALE

ITr CANNON OC-37P OR eoulV.
WITH 0110551 JACKPOSTS.

r
" HIt-;;;;;;;;j;;;;;;;;M;;;ATING CONNECTOR FURNISHED.

= RF CONN SMA FEMALE 2X

"G"

4·40 THD x .3O + 03 DEEP
LOCK!NG INSERT
4X

(2,91

.32
(8. 1)

,--', 'h!(7,9)
t

MfG,
SURFACE
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Dimensional tolerances, unless otherwise indicated: .XX :. ,02; .XXX 11: .005
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS
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' .~ " '~" ·..·.)" c.'-'-:,·.__ ,; ,.·r~" ·>g,,. "'II'\.,'.,';S.:,........,.." ''''' ' ...., ... .. .'~.., ""~" " '.-- o.~.-., ... . I" _-' .""""";'.~" :.' .t. ..-.t,..,,:''- <.' ,1"" -''-.0:•.. ;.'••"~';'" « "-
~' ;;'::.,, _;~~;:";:(;.;~)i';~~,~~; '''~ :.!'~' "-~;.~_;.'. ~>-"' ~":'~ j "}'~'-f:-'.;krI!.:s:':s,':"~.iZJ:.'o~:'.~ ,',---<,~ f~1',~- ~:_:y

~~f.::-..>,;,~ ;722a-:l';:<5::~'i:';'
....r""".~ ~..~.~. , ~,. ~.v "·'f-" ~. .. _ ~ . ~~ .. ...." <;'''~'-c'''~~ __"' .'_:

"'. ' "" """ ""9" " (255 ) "'<-2 " ,', .' Jj/i. '~':'-~ ·'.' ....0""",;,:,. ,;. i.·j.p-p .....,.· 'i.~"""'~ ,OZ; ,' , m ;v--~: ...t"' ~~· ~;

i~< .1f::;~.-h7;~·~~ ~t:~~!~~l- "'iY.'-,·" j:.;, <~ "'I~?' ..... ~. c';;' ., '.,. ,g '.,' .--,-:;..re;~", .'l~~.~ ""
. j _.;'-- ....· '·.....~l : " ., .""<'; """ ' •. C',; '. "~o.,, , . "'.'-: .- ,.... ';'~:' ,...-.,'->';.." .-)'.

•

Dimensional tolerances. unless otherwise indicated: .xx :t .02; .xxx :t .005
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Series 73 12 Bit Digital and Series 74 Analog
High Dynamic Range I-Q Vector Modulators

The new Series 73/74 represents the latest
addition to General Microwave's existing line
of PIN Diode \.Q. Vector Modulators. Their
performance has been enhanced to provide a
higher dynamic range of attenuation for
today's more demanding system applications.

All models incorporate multiple bi·phase
modulator sections to provide in excess of
60 dB attenuation range at any frequency. All
modeis are also capable of a full 3600 range
of phase shift. The series covers a frequency
range of 2 GHz to 24 GHz in three bands;
2 GHz to 6 GHz, 6 GHz to 18 GHz, and
16 GHz to 24 GHz. A simplified block diagram
is shown in Fig. 1.

3dB
QUADRATURE

OUTPUT

R••
HYBRID BI·PHASE IN·PHASE

·vv MODULATOR ~OMBINE
00 "I" >60 dB •> -- .

•~/ -!- RF-
•

- 900 "0" BI·PHASE
• MODULATOR
= RF INPUT >6U.dB

MSB
a

Va~AGE
......-----,, ,

73 SEAlES 12 BI T, ,,
0

, DIGITAL DAC BU FER,
VOLTAGE

,
INPUT,

CONVERTER
,

a - -_~ 1- - -- ,
,,, ,

I
,, ,

I ,
74 SERIES , , LSll ,, , IANALOG , ,

I I
INPUT '---------' L __ _ _ J- - - - - - -

oro 10 VOlTS
MSB,..------ .... I I, , 73 SERIES 12 BIT VQiiAGE, ,, , , DIGITAL DAC BU FER

I YOl.TAG E ' INPUT, COtM!RTOR I T"--i 1- - - , ,, , , ,, , ,, , LSB
,, , I ,

Fig. 1 - Series 73, 74 Btock Diagram

, ,
'-- - ---- --'

L •• -_.. - -
,

-"
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Series 73 12 Bit Digital and Series 74 Analog
High Dynamic Range I-Q Vector Modulators

Q

"".

"Q- Bl·PHASE
AT 0" STATE

"Q" BI·PHASE
AT 1800 STATE

~ RSINe

\ \
RCO$e

-t- Bt-PHASE
AT 180" STATE ,

THEORY OF OPERATION
The block diagram of the I-Q Vector Modulator is

shown in Figure 1. An RF signal incident on a 3 dB
quadrature hybrid is divided into two equal outputs,
with a 90· phase difference between them. The in­
phase, or 0·, channel is designated the I channel
and the Quadrature, or 90· , channel is designated
the Q channel. Each signal passes through a bl­
phase modulator which sets the a· or 180· state
and the attenuation level for both the I and Q
paths. The outputs of the I and Q path are combin­
ed to yield the resullant vector which may fall
anywhere within the bounded area shown in Figure
2. Any signal applied to the I-Q Vector Modulator
can be shilled in phase and adjusted in amplitude
by applying the following relationships:
1. Let the desired attenuation level = X dB and

the desired phase shift = e· (with respect to a
dB and O· reference states).

2. The normalized output voltage magnitude is
given by: IVI = 10-j>l20J.

3. The values of the I and Q attenuator control in­
puts are then expressed as:

I = v cos e
and

Fig. 2-I-Q Phase Relationship

1Q CONTROL CHARACTERlsnCS
GMC 73 AND 74 SERIES VECTOR MODULATORS

•••· " .0 .8 _. . . . . . -:- ~ : - -:- •. -•••• -t- •. ••... . ~ ": •.•. . . . .
• • • • •· . . ..· . . . . .

0.6 - - ·· · .;.· ··· · _ ··!· · · · · · · · · ; · · · · · · · · ·~ · · · · · · · · ~· · · · · · · · · l · · .
: :.'. " . '. '. ; . . :

0.4 •. .. . . . . . • . . . . . . . . . . . . . . . . ; . . . . . . . . •~ •• ••• ••. ":'" ••••• ••• 'I' •• •••••• : .• • • •• -.-
• • • • • • •• • • • • •• • • • •0 2 --- ~ -:- . . - ! - - .~ .•••.• - ••} .• ••. •• • ~•• •• • • • •• ! . . . . . . • . .
• • • • • • •" .' . .: . .
· "; " .:· .

..0.2 - .- - .. ""! --: ""! : : .. ····t········:-········
• • • • • • •· . . . . . .

-(l.4 . . . ------;. ••••••••~. -. -. - - - : . •---- - . ":'" •••••••• ":'"........ •• •••• •• -: •.••••.•
• • • • • • •• • • • • • •• • • • • • •

.. 6 . •---- ---~ - - - - - - - -~ - - - - - - - -; ----- .. --~ •••••••• .:.••• • -•.• ~ . . . . . ..;•••••••• -
• • • • • • • •

~ : : : : : '
.o.a ---------1"---------:---------:-----.- ..~- -:- :- ~. . .

. , .
: : : :
• • • • • •. . . .

w
c
=>... .
- 0z
~

"", 'oil
. ... -o

w
>

Q = V sin e.
Figure 3 shows the nominal value of I and Q vs.

either digital word (Series 73) or analog voltage
(Series 74).Thus, to achieve an attenuation level of
3 dB with a phase offset of 112.5° (with respect to
o dB and 0° reference states) the values of I and Q
can be calculated as follows:

V =10-- =0.707
I =0.707 cos (112.5°) =- .027

Q = 0.707 sin (112.5") = +0.65
From Figure 3, the control inputs to yield the
desired amplitude and phase are approximately:
Analog Units (74 Series) Digital Units (73 Series)

I = 7.81 volts 110010000000
Q = 1.50 volts 001010000000

While these values for I and Q will yield an out­
put signal whose amplitude and phase are close to
the nominal values over the entire operating fre­
quency range of the vector modulator, the use of
an iterative measurement procedure will determine
the I and Q inputs which exactly define the desired
parameter at any selected frequency.

o ' 25 2.5 3.75 5 6.2$ 7.5 8.~ 10
(0000...) (0010...) (0' 00...) (Ol tO...) 110m..) 1' 0' 0...) tt too...)(1110 ._11111 1...)

CONTROL VOLTAGE OR OIGITAL. WORD

Fig. 3 - I~Q vs. Control Input
(Typical)
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Series 73/74
Specifications

PERFORMANCE CHARACTERISTICS

, :> ,:i ~ 2 bit.TILfor b6;hl ~nd Q:i~~uts ·. ",: 'i . '. ;':':;
, .f;: :.' b to .+1OV de for both I and Q .inputs .>.:.,·.••.·· ...:·., '.' .',,~,:. i
• , " " " -, - ,,' ," -. -• • • ' ". - • -," ' • . . -,-. ' c -

, '," ,,"-, ,',
, -,"

..", .'" ,
' .. :,: :;. -,,"

.;::
" -,,' ,

. ,,"
".,. '. ,",

,,,., ,~:; "'" .•
:';:', .-

, '

.' CONTFJ~} ~~~YJs .'.. ,'.
:." .... .;' 74 SERIES ':,' . " '. ',.". •.

<-FINE GRAIN PHASEo.' ";;2(;;;:;'"
:;' RIPPLE (50 MHz) (MAXr » :;-{)j,
_;/""-"'.-0'. ' ",-.",,",:''-'' < • •;- _: ,.-'.:}'• •' -~:.-- -' .....,.:::';., . ' .

,,:' VARIATION OF PHASE V.S,') : ::
.;,TEMPERATURE (MAX)",'>.';;: -;' .

,, : -:. '.- :-:.'. -. -. ' ." ' ,'. :,: _.' --._,. ~ .. ,:: "- ' ',:. --. ;....~; ;', ,.

',:VARIATION OF AMPLITUDE :,;"
:<VS. TEMPERATURE (MAX) ,'::) -;

ENVIRONMENTAL RATINGS ACCESSORY FURNISHED

Option No. Description

7 Two SMA [Type K,ModeI7X(9) male rl connectors

10 One SMA (Type K-ModeI 7X29) male (J2) and one
SMA (Type K-ModeI7X(9) female (J1) IT connector

AVAILABLE OPTIONS

Mating power/control connector (Saries 73 only)

- 6S'C to +12S' C

- S4' C to +100'C.. ,

• • • • • • • • • • •

• • • • • • • • • • • • • •

• • • • • • • • • • • • • • •

• • • • • • • • • • • • • • •

• • • • • • • • • • • •

• • • • • • • • • • • • • • • • •

Vibration

MIL-sm-202F. Method 103a
Condo8 (96 hrs, at 950Al)

MIL-STO-202F. Method 2138,
Cond. 8 (7SG, 6 msec)

MIL-STO-202F. Method 2040,
Condo8 (.06" double
'amplitude or 1SG, whichever is
less)

Altitude , , , . , . ' , . , . , , ' " MIL-sT0-202F, Method iosc
Condo8 (50,000 ft.)

MIL-STO-202F, Method 1070,
Condo A, 5 cycles

Temp, Cycling

Shock

Operating Temperature
Range

Non·Operating Temperature
Range

Humidity
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Series 73/74
Specifications

"9"

" F"

l

" "-'tn_

~I

r nT CANNON DC-37P OR EOUIV•
WITH 0 110551 JACKPOST$.
MATING CONNECTOR FURNISHED.

r RF CONN SMA FEMALE 2X
(TYPE K,MODEL 7329)

=1=;,.

J1

r: "Ij
,

~ J3,

,12
(3,0)

.I • ::::l='=..J
'd::.--- ----'"." "0 " :1L

.38(9,7) FOR SMA FEMALE J

.50(12,7) FOR SMA MALE

" G"

4 -40 THO x .30 :t.03 DeEP
l.0CKING INSERT
.x

IW
k~~

.32
(8.1)

r-<1 'h!~'9)
t

1 / ,'lTG,
~ SURFACE ~

I '

DIMENSIONS AND WEIGHTS

1

I

i .' :~ :;: :P;';~' p'.:'i;',(;-:'J3.PIttFLJNCTI0NSo;>' . ,« \j'~{~',i ;,,"~1.

;:'PIN;: , ,~~ FUNetloi\r~_:;~ P I~t" //FUNCTIQW:",

_' :'8":>, : : ,!i,' +:1 2 ' t(),~1 5V::>- {.21.....\: ; kAi';<NIC:-;}~~ih';:'

,;:,9:" ',' '; : :y<t,r;GND}: <)')~ iJ ~;: ; 26" ::' : ::~:l",/, ;6NO\":~ ~ :;\i'; .

N;1o~~·; : ,;;·; ::!t::·, ,': 'G~Oi'<:;): ~+ ;:)29:":;> Y'·}:·:'_i;::J~IQ::!.;\\~':<~

:~:1 ,1;:} :~-\{,;.;1 2~to"2l5X1}f~l '·;;~30:,~: ,:~:" ,: ; ~tik.NlC,g::i:;', ,,,~ -

' : : 1 S-~~' : '~;~ ~.~"~.a-5 ;'/J:,~~- ~~':34'~ ':;';':",r':1,-WC}f!>; 'r ':

:;:..16A- ~>: :' : ;': Q-6>;:R;~~; ; :~~'35::: 4-:0·~,1Z-{MSBh',l.,

::;;::'7.'(~° O:=U'~';~"

,-~f.:t"~o:10-';f.~;::"

1& ,

Dimensional Tolerances, unless otherw ise Indicated: .XX ± .02: .XXX ± .005
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Series 73/74
Specifications

•

DIMENSI0 NS AND WEIGHTS

CONT Q

I/JI CQNT I I .Y .y GND
!OJ@ I I I

@ @@ c

~1 .66(42,2) •

4-40 THO x ,30 ±-03 DEEP \
LOCKING INSERT 4X 1,32(33 ,5)

/~ONTROL
.32(8,1) .58 \ _

1.0(25,4)
SMC MALE

l r t
(14,7) [vV' 2X

" " '~~'.

H AF CONN SMA FEMALE 2X 1 :;,~<'J;>

..Jfh:1 .31(7 ,9) k~ ~ )!,
' ) ~

,,/I\,.
(TYPE K-MODEL 7429) .::J '

c: ," )'
I r~>'• , ,', .

;,-i?:;'
'......'.:i

V ,MTG
SURFACE

•

I
J 1,, • J2 -

"E" "a"

"G"
12

,,
F"•

(3,0)

, L im. -
'J" I J"K" - " 0 "•

~'c " I-"A"

j
.38(9.7) FOR SMA FEMALE
.50(12,7) FOA SMA MALE

""""M " ' ,e.)"'-~ ~"' .... , -~. :, ,,,,:-.., ~, ' , .- .-_• .,-........ ..;,'.r'.
1·~,trj;,-t~· '*~'j.''*:~'i':. ' ·¥<'4'r.~fj~!h

. ,'..- " .,~ ~",-~

~'::!9-;:~it~~1>::C: x!R';,\r;~~I¥j " ... .. '1' c' "-~":<;~-~ .""" •.,; ..:~$_,,~:- ,c rJ" , -! ' \ .-., " "~,,,"""'{;r~ " f4i?'-f!*'1i-;~~i ',. -.. " -~..; ~~""':~~'t..;;)..'4'

l\!r"C"d'" ·"~b" '''<'Wt
c"'_ ~ ~~.~. 'J&\~r. ,j'} t?;Pi '""'" " ,, ~ ,.~iMODElE ~~:,W,A\'it~r ')<-~"'; B~" '" ,:1. '"!$i'. ...~ . ·\>.~t· E 'J.;·,.".:. , .;.f:':' KL',,,",:

' ;~!',{F , t~ , \'; - ''' '~g!; · ,'\:"-... "'~ ~~. ",.. .e~
~~.~ ,.Z,iJ:"~i :1!'t"";· G''. "ott ' '''~'; H;~' ~ "" ~;~..j J ";':f!.;'" '-,,":_" !? . • 1.>,(·

~t5.'''~- . ; ~1: • e ,~. '·WrJ ,h :<$<;'<- ' :~ ''''kt ' 1 •r' ,."'<;;<"": ~l'- ~" -,:r:N~t i~ .<.' " , ' ..H..,
'~--"'r,,~Y~"-~~-'''''.}- ;{ ' .:{t~;ik<.;,:~X ':~:-8?;.~:'-1;~~1: ~';)Z;:" ~;:~J:e.,;<. :j"~7 -..•.""::t-!t. ~ 'U '. '.', '-'-~"': ,':t·"'.mrJ},~':~; . ..,..... \'<'l$ ,. - ' -"',V -;01: '. '~ ;'f:}.,':~: ":'s:'..;(~ ;-.;;tt';'~ k;;,~;> .·:,-~,0F.;;" ' ... ",- " . . · ...,·r:·..."'9..-· ... :1" " I? ·';.~'- .,,_ ~;,,~, . " . .-*0' '.,. !.-' "'. " ", '<;,!: ;:.';' .~,

..'."';;~,~',' ·'i ,~: x i4'dlt '''03 " ,' ",,_ ..~ . ' .
; k:" '£;8&':'F~~; '-" " ',.. """.. .,, ",'," .1',_~~.>....

:lil'::§9E:~: ;~1:" " 1 9(f"'::";:;:- "'5"1 28"'"'" ~tS'* 68' ''i~b'
,.'-~." ...-' , .',
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Model H7522 High Speed,
4 Bit Phase Shifter/Frequency Translator
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Fig 1. H7522 Schematic Diagram

R'
IN/OUT

0-if-r<':

The Model H7522 is a hermetically sealed, high
speed, digitally controlled switched b~ phase shifter.
Broadband,constant,differential phase shift is obtained
by sw~ching between two unbalanced all-pass fitter
networks. see Figs. 1, 2 and 3.

Phase shift changes are guaranteed to be monotonic
over the entire frequency band and operating
temperature range. Employing removable If connectors,
the small size and construction of the Model H7522
make it suitable for use as a drop-in component for
system integration or as a conventional connectorized
component.

Phase shift is selected via four FAST TIL input
control pins. The unit is protected against in­
advertent power supply voltage reversals.
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Model H7522
Specifications

PHASE SHIFTER SPECIFICATIONS
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PERFORMANCE CHARACTERISTICS
Phase Shift:

Range ... . , , , , , . , ' , . , , 0° to 337,5°

Control Input . " , , , , , ' , . , 4 Bit TTL
Bit Weights . , , , , , , . , , . . 22,5° ,45°,90° & 180°

Logic "0" " " ", . . ,. Insertion Phase
( - 0,3 to + 0 ..8V@1,2 mA)

Logic " 1" " ,. , Positive Phase Shift
(+2,O to + 5 ,OV@40,.A)

SWitching Time ., .. , .. ... 25 nsec (max)

Harmonics . , , , , , , , , . , . . , -45 dBc

AVAILABLE OPTIONS

ENVIRONMENTAL RATINGS
Operating Temperature

Range " .. " .. " . " " , -54°C to +110°C

Non-Operating Temperature
Range .. " " " .. . " .. " -65°C to + 125°C

Spacer Plates
19177·P:f
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Descript ion
•

Two SMA male rt connectors
Inverse logic
One SMA (J l) male and one SMA
(J2) female Ii connector
High Rei screening (See lable 1, page
30)

AVAILABLE ACCESSORY
Model
H7522

Option No.

7
9
10

+23 dBm

+ 5V +5%,170 rnA
- 12V ± 5%, 130 rnA

Power Handling
Capability (CW) " . , . . . .

. J' )Power Supply ." , . , ...

,

+20.0 , ., , .. , ..
,

- CARRIER SUP? - SIDEBAND I.EVEL· - - - -1 6TH HARM.

0
iI,

I
,,, I

,,
. + - ---- -- -- ....T ···· .-_ .. _. _ .~ .

\\ ,
• / ,-- , , ,-. - 1/ \j /

,- I,
,. 4<)

I~ 2D 2.5 ~.O 3,5 4.0 4~ 5D ~5

FREQUENCY (Gli t)

o
'. '"

-- . . '

. '

~ ~ g ~ ~ ~ ~ g
N (',I (',I ,,; I") '" • 4' on

f R£QUENCY IGHz)

o
c

-I ~ . ... " . .

-20-0

+I~ .O

(; +10.0 -.w .
o
- +~.O

~ +0.0
~ "

::: - 0.0 ·1·':· '-".,""" ;.. . .~~w ' ~
c ,
~ - 10.0 :

Ag 2. Typical Phase Error At All Phase States Ftg 3, Typical Carrier and Sideband Suppression

•

(1) Except 22 dBc for the 16th harmonic
(2) Above 1 MHz translation rate (LSa @ 16 MHz rep rate) the power supply current will increase to +5.0V at 325mA,

-12V at 275mA, at 2 MHz.
(3) The unff will operate o\{er the frequency range of 1.8 to 5.0 GHz with slight performance degradation. See figure 2.
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Model H7522
Specifications

DIMENSIONS AND WEIGHT

-Ht·0 40

-1 ,16 (I,Q)

(3 ,91

.27
(6.6 1

8)

CTOR,

2

PIN.OESIGNAT,1.0N.
'- ''' ' < '~' - - .• -. -,..... <" .,. " . .. ,.

• PI t>!' >,,<." ·~~ .1 ,-<'>; ' ,Y':'.~•.:.e- :"
~1;U NC.rON'.~t _ " ... .-,

·'t·N<r~ ':'i'';;' :~·,i,i~\::f.-~~f;.:t;;
;:j.-,:,,! r~>&' ,c ·' -2 2'-·5o ·n~ ..
" "," " " ', te-;"'" .'. -.•.k;:._,.
-},.-,;~ 2:" v», 'J\?l4 5a<-- ' i"" !X'"
~ ,;., , !;;. , .- ,~?:, ~ .< )

"«'.""-'3 ~;:;.:- .-t. '9O,~~;:·~~~I~-.,c
,Y;"" .

".~ ";c'"

--~:::: ;'~ 'i~i.' (9'\" 8 O-o'/'-'I 'f'~ !'
-" '- " " '\ -~ ,-'>" '~ • -,-." .>:y.-: " ..'."-" ". ' .

--" ''+V 'J" -', :j;'~1{t5:w.i~W~~{.~,,', ' ,'.-: , ,,....,

. V-- . ~t"H2V,j&~"V.; {-; ,~ ,~.~,

'-~';"~ G" . ;/i,1 GNmr;.N~,::;:: ·, ' ;. ,,~

o

CONT E GO

--j 1--.12(2 ,9) TYP.

o

" ROL,POW R II N PINS
, 7X 0 .020 (0,51

r - 2.00(49,0) -,j
.38(9,3 ) t LI I

TYP, j

I I .I6(3,9lTYP.
'-- -

tv I 2 3 4 T V -V G ~ '-::»

GENERAL MICROWAVE CORP.
1.360 1.50

J I MODEL H7522 J2- - (33,3 ) (36,
DS/N

DIC
.

~
/.,/ t- , ,.

.Q7J ~4X 0 .079(1,9)
,0 7 J LSMA CONNE
u.n FEMALE,IAW

MIL-C-3901(1,7) 1.856(45,5) 2 PLACES

o o

MODELH7522
Wt 1.6oz (46 gm) approx.

• . .
Dimensional Tolerances:unless otherwise indicated: .XX ± .02; .xxx ± .005
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Model H7524 High Speed,
4 Bit Phase Shifter/Frequency Translator

Fig 1. H7524 Schematic Diagram

RF
IN/OUT

-----11-0

CONTROL
LOGIC

DRIVER

DRIVER

- 12V-sv

The Model H7524 is a hermetically sealed, high
speed, digitally controlled switched bit phase
shifter. Broadband, constant, differential phase shift
is obtained by sWitching between two unbalanced
all-pass filter networks. See Figs. 1, 2 and 3.
Phase shift changes are guaranteed to be
monotonic over the entire frequency band and
operating temperature range. Employing removable
rf connectors, the small size and contruction of the
Model H7524 make it suitable for use as a drop-in
component for system integration or as a conven­
tional connectorized component.
Phase shift is selected via four FAST TTL input
control pins. The unit is protected against in­
advertent power supply voltage reversals.
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Model H7524
Specifications

PHASE SHIFTER SPECIFICATIONS

FREQUENCY TRANSLATOR (SERRODYNING) SPECIFICATIONS
• _ ~ , _ ._ ...... "', ' , - .... __.. c:_,."-,,-, , , ,'. ' ,' ..-, _ :_:~ '." . . " .-," . - '," .." -,,' • " , ','.'-' . ', -:'.,. _ _,',. ., -",- -__ . ".,..•.• - ','." - __ ,. -.. -. " .~ .• : . ,,-" .• • - ·c, _~ - __

:'TRANSLATION ' \e>;~ 'fCARRJER;<, Y/; ;" ;';C\'; :'; SIDEBAND!') ':» ', (c'(CONVERSION LOSS:' ",
" ; ' .; RATE , ' '.{ 'SUPPRESSION (Mh1.r i"SUPPRESSIONlMlnS'; " ; ;;;~ ;:i);;· S > (Max,). , ; , ,;,!,,/\,j ;

' O't'; .'2 MH ",,",:: , , 2'S 'd'B"' ; . I " ,,'." '2S'dS' :",:; , ' , , ,' ,',: ',',;,:,":,',,' .' 6.0 dS :: ;" · '
a Z " ::, ' .... .' '" , '" • ' " , ' . :,' ,

49

Option No.
7
9
10

PERFORMANCE CHARACTERISTICS
Phase Shift:

Range O· to 337.5·

Control Input 4 Bit TTL
Bit Welghta 22.5· ,45·,90· & 180·

Logic "0" Insertion Phase
( - 0.3 to +0.8V@1 .2 rnA)

Logic "1" Positive Phase Shift
(+ 2.0 to + 5.0V@40 ~A)

SWitching Time 25 nsec (max)

Harmonics - 30 dBc

Power Handling
Capability ICW) + 23 dBm

Power Supplyt') + 5V ± SOlo , 170 rnA
-12V ±5% , 130 rnA

ENVIRONMENTAL RATINGS
Operating Temperature

Range -54°C to +110·C
Non-Operating Temperature

Range .. .. .. .. .. . .. .. . - 65·C to + 125· C

AVAILABLE OPTIONS
Description
Two SMA male rf connectors
Inverse logic
One SMA (Jl) male and one SMA
(J2) femaie rf connector
High Rei screening (See table 1,
page 30)

AVAILABLE ACCESSORY
Model Spacer Plates

H7524 19177-P2

+20 .0 .. . . . . . ", " .. , -

-20.0 -l-__-'----<_--<--_~__~~
~ ~ ~~ g::il g'::il g
• • .., vi <D .0 ,.,: ,.,: cO

Frequency (GHz) .

Fig 2. Typical Phase Error At Aii Phase States

,
- Carrier Supp.•• Sideband Level ..· 16th Harm.

------ -.... --... --.... ----_. - .-..
•

~--
......,.. , .. ..}1..

....,
, , ,-"

4.0 5.0 e.o 7,0 '.0
Frequency (GHz)

Fig 3. Typicai Carrier And Sideband Suppression

-10

. . . . - . - . . - . . . . . . .

. . . . . . . .- . . . - . . . . . . . . . - . .

... . . . . . ." .
.. . . ~ - . . . . . . ' . ' . . . . . . . . . . . . . . . . - . . .

. . , . .. , . . , .~-5.0

+ 15.0

+10.0

-15.0

~ .5.0
C-g
w
~
~ -10.0
n,

(1) Excep r22 dBc for the 16th harmonic
(2) Above t MHz translation rate (LSB @ 16 MHz lep rate) the power suppty current will increase to +5.DVat 325mA,

- 12V at 275mA. at 2 MHz.
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Model H7524
Specifications

DIMENSIONS AND WEIGHT

__ .13
(3,3)

~
~

I <P )

~
_~I .. .04

(1,0)

.24
-- (6,1 --

h ~ .07
(1,8)

,,

.38
(9,7)

t

'-RFCONN
SMA FEMALE
2X

.16(4,1)

t
.75

/lJ-..,-r-' (19,1)

~

•

•

, 7X 0 .020 (0,5)

,..---+ 2.00 - - - - -oo·1
(50,8)

do/' 1 2 3 4 .V·V G ~
J1 J2

~~
t;

j~

4X 0 .079 (2,0)
.07~

(1,8) 1.. 1.86 I
(47,2)

--I 1- .12 (2,94) TYP.

t
.07

(1,8)

+.61
(15,5) ­t '"L-J'L

.38 (9,7) FOR SMA FEMALE

.50 (12,7) FOR SMA MALE

o

MODELH7524
Wt: 0.8 oz (239m) approx.

Dimensional Tolerances: unless otherwise indicated: .XX t .02; .XXX ± .005
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Series 77, 10 Bit Digital and Series 78 Analog
360 0 Phase Shifters & Frequency Translators

Both Series, 77 and 78, comprise a family of eight
solid-state PIN diode phase shifters covering the
frequency range from 0.5 to 18 GHz in four bands; 0.5

·to 2 GHz, 2 to 6 GHz, 4 to 12 GHz and 6 to 18 GHz.
All models provide a full 3600 range of phase shift
and may also be used for frequency trans lat ion
applications.

Each unit is an integrated assembly of an rf vector
modulator and a driver circuit, consisting of a la-bit
01A converter and a voltage buffer in the Series 77
digital units (see Fig. 1A) and a voltage converter
and buffer in the Series 78 analog configuration
(see Fig. 1B).

The voltage converter in the Series 78 consists of
an NO converter followed by an l a-bit 01A converter,
and converts a continuous analog input voltage into
discrete steps of 0.350

•

.v - v . v -v

AF

UT

OLTAGE _ VOLTAGE
QNTROl CONVERTER

NPUl

VOLTAGE
BUFFER

I (IN.PHASE Q(QUAOAATURE
DRIVE VOLTAGE) DRive VOLTAGE)

...." AF
VECTOR ...... l....... MODULATOR

lOUT INIO

v
C
I

IN

AFAF

UT

( (

tGITAL
01'QNTAOL - CONvERTERpuT

VOLTAGE
BuFFER

I (IN·PHASE Q(QUAORATUAE
DRivE VOLTAGE) DRIVE VOLTAGE)

AF ~

.0 VECTOR
~ MODULATOR ~

lOUT INIO

o
C
IN

IN

AF

Fig. lA-Series 77. Block Diagram Ag. lB-Series 78, Block Diagram
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Series 77/78
Specifications

Phase Shift
Phase shift is achieved utilizing the rf vector

Fig. 3-Series 77 and Series 78 input requirementsmodulator approach shown in Rg. 2. The 3 dB
hybrid coupler divides the rf signal into two
quadrature components which are then modulated
in proportion to the sine and cosine of the desired '. NEGATIVEFREQUENCY TRANSLATION

phase shift. The signals are then combined in- 1111 11 111 1 6
phase to yield the phase-shifted output.

I
Excellent phase accuracy and PM/AM performance
(see Rgs. 4 and 5) are achieved by using linearized 1010101010 41/double balanced modulators. In their main operating DIGITAL VOLTAGEbands, phase accuracy is better than + 10· up to INPUT INPUT
10 GHz and ± 12° to 18 GHz. This phase accuracy ..
can be extended to cover the band edges by using a 0101010101 2 -•

c- ',< ,'

\';
built-in frequency correction circuit. Switching ," >.c,"

speed is better than 500 nsec.
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Frequency Translation (Serrodyning) i\
Special attention in the design of the units has been
paid to those characteristics which affect their perter- oooooooooo 0mance as frequency translators. These include ,. T- ·.11.- TBf
minimizing PM-to-AM conversion, use of high slew NOTES:
rate drivers, and optimizing phase shift linearity with ' R 1TBF should be less than 1% of T to achieve Translation ate· T+ T...
applied signal. As a result, carrier and sideband sup- specified carrier and stdeband suppression.

pression levels of over 25 and 20 dB, respectively, are
obtained in the main bands. The same carrier and
sideband performance can be realized over the full
stretch band when the internal frequency correction SERIES 78
circuit is employed. Control Voltage . . .. . , . .. 0 to +0'1

Sensitivity . . . , . .. . , , .. ,5,9 mV/LSB
See Fig. 3 for input voltage control requirements for Resolution . . . . .. . .. . . . 0.35·
Series n and 78 when used as a frequency translator. Step Uncertainty.", . . .0.7" max, 0.3° typo
On special order, frequency translators can be Input Resistance . . . .. .. 2Kohms
provided for operation over reduced bandwidths with Power Supply .. . . . , . . . . +5V at 300mA
suppression levels of up to 35 dB. Consult the factory +12 to +15V at 125mA

- 12 to - 15V at 50 mAfor special requirements.

PERFORMANCE CHARACTERISTICS COMMON TO BOTH SERIES 77 & 78
Power Handling Capability

SERIES 77 Without Performance
Control . . . . . . . .. . .. . . . 10 bitTIl Degradation . .. , . .. ' . . . . ' +20 dBm(+7 dBm for
Logic Input 7720A,7820)
Logic " 0" (Bit OFF) . . .. , -0.3 to +0.0'1 @ 500~ max Survival. . . .. . ' . , . . ' . , . . . +30 dBm
Logic " 1" (Bit ON) . . . . . , +2.0 to +5.0V @ 100~ max Harmonics, . . .. , . . . , . . .. -30 dBc
Power Supply .. . . .. . . .. +5Vat 200mA Phase Variation . . . . .. . . . . 0.1°I"C

+12 to +15V@ 100mAmax
-12 to -1 5V@SOmA max
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Series 77/78
Specifications

PHASE SHIFTER SPECIFICATIONS
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OTHER SPECIFICATIONS
Switching Speed (50% TTL to within to' of Final Phase Value): 500 nsec Max.
Minimum phase shift range:

Series 77: 360 0 in 1024 Steps ( l D-bff) Series 78: 3S0° @ SO' /Voit

FREQUENCY TRANSLATOR SPECIFICATIONS

:~:C~:::',~:/~;~~:U~)~:tU';~'::~;;'::'!'A~ ?~:~::~3{;~t}\~\~ti~)i~:;F" f.::?;:i{~"}'Y:~> /:;;.::?&, '{0;';1J:;~i:1~t~"/U!!~ii;{!Pi~}@:~!?} ,'~~~~: IN,SERTION.to;~1~~:~:
.•i TR'ANSl A,.IO!f . 'ii'' / CARRIER(~) ' : :<6; i'i ..;'J2i' SIDE.BAND I~)pJ;;i':J ;WVWARI)\TION (Max;)h~l;;
",':'RATE (Min:) ';,( ;·'SUPPRESSIClN(Min.y · \ ,SUPPRESSION (Min.F J'?' with translatlon rate:'/

,~ ;jd t~ iG(tkdf(~i;i~ ~~i\.::~~2~~~~·~~~gf~~lf·iJ'j" i~f\*.;.·f],~r~~~~;~} j[i~"~1.~d~~~;f;jti~tgf~~~1:1;il{~~~1
;:.>'..'.....•..~...::p ' (;';. ,, : ~.~~1~"d~~"C.~., . ;' :::: :':::;t;y:~t.r:e1~d~and~;/,'$', ; ·mt;'?jTf;~~g~~::; ;;Pl::;;' :f;;)" \

NOTES:
(1) Main rend specifications apply if 1bft TTL logic signal ts providedindicating whether input tt signal is in main-band or band~edge.

(2) All specifications are met using five or more most significant bits for 0 to 200 kHz translation rates. For 201-500 kHz translation
rates, only the four most significant bits are used.

TYPICAL' PERFORMANCE

PM/AM over the full operating band with frequency
correction set to Main Band (Logic "I ').
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Series 77/78
Specifications

ACCESSORY FURNISHED
Mating power/control connector

AVAILABLE OPTIONS

Altitude . . ... . . • . .. . . .. • MIL·STD-202F, Method 105C.
Condo6 (50,000 ft.)

.

Temp. Cycling MIL·STD-202F, Method 1070 ,
CondoA, 5 cycles

Description

Two SMA male rf connectors
One SMA male (J2) and one
SMA female (J1) rf connector

Option No.

7
10

Operating Temperature
Range - 54°C to + 100°C

Non·Operating
Temperature

Range .. . . .. . ... . .• . . -650Cto + 125°C

Humidity . . .• . .. ... . . . . . MIL·STD-202F, Method 1036.
• CondoB (96 hrs. at 95%)

Shock . . . . . . . . . . . . . . . . . MIL-5TD-202F, Method 2136,
Condo6 (75G, 6 msec)

Vibration MIL·STD·202F, Method 2040,
Condo B (.06" double
amplitude or 15G, whichever
is less)

ENVIRONMENTAL RATINGS

DIMENSIONS AND WEIGHTS
r- ITT CAN"'O N OA-I~P OR EQU IV.

-' WITH OllO'51 JA, CKPOSTS.
, UAT."'G CONNECTOR FURfrU $ HEO.

RF CONPC
I SMA FEMA LE

ax

•,
,

"{3 ,0 1

L .. < _ _

( ;i.j ~'--· ---~ .!~
3819.,1 ) FOR SMA F(MALE -\
~(l2,1 1 FOR S MA MALE

\~ _ 40 THO X .3 0 . • .0 3 OE EP
" OCKING INSERT 4X

~:r \ " ·1. "
SURFACE

~. 1 3 " "

I G

I
lj,L
Lc-J

NOTE:
(1 ) Unused logic bits most be gfOlJlK1ed.

•

Dimensional tolerances, unless otherwise indicated: .XX ± .02. xxx± .005
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Model 7928 Miniaturized 8 Bit
3600 Phase Shifter/Frequency Translator

'" OUI..., '

I
1
I
I

;,......----:r-r-, - - - -;-f' "',,{~:J-[

The Model 7928 is a miniaturized, hermetically
sealed PIN diode phase shifter covering the fre­
quency range from 6 to 18 GHz providing a full
360· range of variable phase shift. It can also be
used to perform frequency translation.

The unit is an integrated assembly of an rf vector
modulator and a driver circuit consisting of an 8-bit
D/A converter and a voltage buffer. See Figure 1.

PHASE SHIFT
Phase shifting is achieved utilizing the rf vector
modulator approach shown in Figure 2. The 3-dB
hybr id coupler divides the rf signal into two
quadrature components which are then biased in
proportion to the sine and cosine of the desired
phase shift. The signals are then combined
in-phase to yield desired output.

ACCURACY
Improved phase accuracy and PM/AM performance
are achieved by using double-balanced bi-phase
linear amplitude modulators, In the main operating
band, overall phase accuracy is better than 12° ,
The same phase accuracy can be achieved at the
band edges by using a built-in frequency correction
circuit.

Switching speed is better than 500 nsec.

FREQUENCY TRANSLATION
(SERRODYNINGj
In the design of the Model 7928 special attention
has been paid to those characteristics which affect
its performance as a frequency translator. These
include minimizing PM-to-AM conversion , use of
high slew rate drivers, and optirn izinq phase shift
linearity with applied signal. As a result, carrier and
sideband suppression levels of over 25 and 20 dB,
respectively, are obtained in the main band, The
same carrier and sideband performance can be
realized over the full stretch band when the internal
frequency correction circuit is employed. See Fig. 3
for input control requirements.

On special order, frequency translators can be
provided for operation over reduced bandwidths
with suppression levels of up to 40dB. Consult the
factory for such requirements.

RF

I

UT

AL DIA
ROL

CONVER TE R
T

VOLTAGE
SU FFER

fUN ,PHASE QIOUAOAATURE
D RIVE VO LTAG E} DRIVE VOLTAGE

- RF -VECTOR
<; MODULATOR '-'

N/OOT IH/D

RF

DIG IT
CONT
INPU

Fig. I - Model 7928, block diagram
[-MO OIJl ArOil

Figure 2. Rt Vector Modulator
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Model 7928
Specifications

PHASE SHIFTER SPECIFICATIONS

FREQUENCY TRANSLATOR SPECIFICATIONS

(1) Main band specifications apply if 1 bit TTL logic signal is provided indicating whether input rf signal is in main band or
band edge.

(2) All specifica tions are met using only the five most significant bits for translation rates of 0 to 200kHz. For translation rates
of 20 1 to 500 kHz. only 4 most significant bits are used.

600 nsec max

-30 dBc

360· in 256 steps
0.1 .jOC

8 Bit TTL

Power Handling Capability

Without Performance
Degradation .

Survival Power .

PERFORMANCE CHARACTERISTICS
Phase Shift

Range .
Variation .

Control Input .

SWitching Speed
(500/0 TTL to within 1D·
of Final Phase Value) .

Harmonics .

Power Supply
Requirements . • • • • • • • • •

+ 20 dBm

+30 dBm

+5V ±50/0, 250mA
+ 12 to + 15V, 50mA
- 12 to -15V,35mA

• •

•
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Model 7928
Specifications

AVAILABLE OPTIONSACCESSORY FURNISHED
Mating power/logic connector

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 54°C to + 11 00C
Non-Operating Temperature

Range - 65°C to + 125°C

Option No.
7
10

49

Description
Two SMA male rf connectors
One SMA male (J 1), and one
SMA female (J2) rf con nector
High Rei screening
(see Table 1, page 30)

•

DIMENSIONS AND WEIGHT

;MODE~7928,Fi'LPJNfffUNCTION,S2j;\
':{..~~·~·~··PIN'0;-t;.;S~ J" " '~" fUNCTIOt.t ' /"·':', ';-;:,. \; ., ",f,,:-);-

'{; , . i '"!'-'M ' ·i:·~ '" -,'.
~\tGr~~nd ~'(i6l!{~4!~ '.~ ."" .;$.~:" ',"' r; - . .,~,-,. ~

~Jf ·,Bt,--",@ · ~· ·+5'it-;"f<~~1~i':·,:·t~.,:• <"'"'~

,~~~~gB" ~~}1Z'tQ!'"~i1 s:V·;t·d:.... ·.h11:~ ' 'a~
. .... . - . ',_ . ;. .~ ' 'l.

.~ .o:,"",,?:~~ ·t-t~'t;-4"''-\iiS6~.!if,
~.~ , 9'<~£~ .~.. -< '"' ' , ,

:i;. "~E?1'7'$' '::;'JPZ8~~IW'm:~i'1f;:., ,'.> " ,' ,_.~ " ~;;t<,. .
~i~<"'~~'" (l~~6~~i~':J::fx.~,:.~i.' 'ii~';' " "",:,·rt~" r "H"·"" '·." ~~{.~~,;~~~~ft~\~}t~- ' )..~ >~,~ " ,,· ,;.><.V "' ,
0, -"<',:1:; ,,"d" '\-~" 1'

1}\ff"i" ~XJ'(;- 'S ~" {,~~
"~. " ." ~~ :,:,; , / , 00,'l , .' ":"· : '!:. ;;~ J,?/t,l':'j ' '':>t) .IC'k''>I~t " rJ~ -~O_ -" fl1X~}\ :;';~,+':h

>¥t£it1;tift~~!@~i " '.l-};';\f 80'o,",( , $ 87<: ':'''';';'''
,).t~~~Mfu,'iV.: '.t ' (J;tJ+;:f,atd~:4Ll sv1:{;Ztt~;j
-- ' <:"" r'"W""';';;" "~.! t:<t~t~4'5~'£~:1";'it:t~?:;gE~"{"~' -~~. ',',j:l.... . , '>' ~.!.~ ,'..~ ,>,v" :;.r",.,,;,'~~. t" -'t ~ " "-:P.' ~'.·t:~ti'i P?:;":;""h ' ~'~"',~GND-r\ "'«~·.,,~-e.f;;..... ...~'i~"'" .~~ ".,'" ..~ ,.....~'l'" , .:,''\
W~5f £~W~: ·frv;~F.req:· Cor}'~:,,i!,"--"'&:•.;.d'.~, ,, e.

'~ "':: "- -- , :>,-~._-~ % -;,Circuit Select¥<;,:'}!
,~ ::'~lP:1t;.:.-> .~WJ'''''''O: ''" Band'E~-"'!. ' . ~:"" ,"'s" :"',"- - "-....,-~. -- '.. , ' .

MOUNTING
SURFACE

, .22 (5,6)

.50 (12 .7) max

-$ PINA

°.·0
O ~ Q
c ••

"$

RF Conn
SMA Female 2xr- .36I (9 ,1)

-k----

I
-I

CONN .1 4 PIN
lAW Mll-C·28748

.38 (9.7) for SMA Female

.50 (1 2,7) tor SMA Male

-$- ------ - --- ---

.12 (3.0)
.12 (3.0)

3x? .140 (3.6)

1.601- (40.6) -+1
1+.- - - - 1.85 - - --'-0-1

.12 (3.0) ,..- (47.0)

J 2

1.50
(38.1)

1.75
(44.5) J ,

.88 J 3(22 ,4)

Medel 7928 WI. 3.0 ez (85g) approx.
Dimensional Tolerances: unless otherwise indicated: xx ± .02j .xxx ± .005
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Switches
General Microwave switches cover the frequency
range from 100 MHz to 40 GHz and are available in
various topologies ranging from single-pole single­
throw (SPST) to single-pole eight-throw (SP8T) in
both reflective and non-reflective configurations, and
a nonreflective SP16T unit.

SWITCH TOPOLOGY
There are two fundamental methods of connecting

. PIN diodes to a transmission line to provide a switch­
ing function: in series with the transmission line so
that RF power is conducted when the PIN diode is
forward biased and reflected when reverse biased; or
in shunt with the transmission line so that the RF
power is conducted when the diode is reverse biased
and reflected when forward biased. A simple reflective
SPST switch can be designed utilizing one or more
PIN diodes in either configuration as shown in Fig . 1.
A multi-throw switch essentially consists of a
combination of SPST switches connected to a
common junction and biased so that each switch port
can be enabled individually. The common junction of
the switch must be designed to minimize the resistive

BIAS

and reactive loading presented by the OFF ports in
order to obtain low insertion loss and VSWR for the
ON port. There are two basic methods of realizing a
multi-throw switch common junction for optimum per­
formance over a broad frequency range. The first
employs series mounted PIN diodes connected to
the common junction. A path is selected by forward
biasing its series diode and simultaneously reverse
biasing all the other diodes. This provides the desired
low-loss path for the ON port with a minimum of
loading from the OFF ports. The second method
utilizes shunt mounted PIN diodes located a quarter
wavelength from the junction. The diode(s) of the
selected ON port is reverse biased while the OFF
ports are forward biased to create a short circuit
across the transmission line. As a result of the quarter
wavelength spacing, the short circuits are transform­
ed to open circuits at the junction. By proper choice of
transmission line impedances and minimization of
stray reactance it is possible toconstruct a switch of
this type with low insertion loss and VSWR over a
three to one bandwidth. The schematic diagrams for
both switches are shown in Fig. 2.

BIAS

SERI ES SWITCH SHUNT SWITCH

Fig. '.-Reflective SPST switch

COMMON

SERI ES DIODES
AT CO MMON JUNCTION

COMMON

SHU NT DIDOES LOCATED
QUARTER WAVELENGTH
FROM COMMON JU NCTION

Fig. 2-8ch8matic diagrams of multi-throw switches
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Switches

ABSORPTIVE SWITCHES

It is often desirable to have a PIN diode switch
present a low VSWR in its OFF position as well as in
its ON state in order to maintain desired system
performance. General Microwave offers a complete
line of single and multi-throw absorptive switches
which incorporate 50Q terminations in each of the
output ports. Fig. 3 shows the schematic diagrams of
the two versions of absorptive (also known as non­
reflective or terminated) switches employed by GMC.
The shunt termination is used in GMC's "all-series"

. configured absorptive switches which have a suffix
ending in "T" or "W". This style of absorptive switch
offers the minimum penalty in insertion loss due to
the addition of the terminating elements. The series
termination is used in GMC's high speed "series­
shunt" configured absorptive switches since it pro­
vides the optimum in switching performance.

The common port of the standard absorptive multi­
throw switches in the GMC catalog will be reflective in
the special circumstance when all ports are turned
OFF. If there is a need for this port to remain matched
under these conditions, this can be realized either by
employing an additional port to which an external
termination is connected or, in a custom design, by
providing automatic connection of an internal
termination to the common port.

DEFINITION OF PARAMETERS

INSERTION LOSS is the maximum loss measured in
a 50 ohm system when only a single port of the switch
is in the ON state. .

ISOLATION is the ratio of the power level when the
switch port is ON to the power level measured when
the switch port is OFF. In a multi-throw switch the
isolation is measured with one of the other ports
turned ON and terminated in 50 ohms.

VSWR is defined for the input and output ports of the
selected ON path. For those switches with a "T",
" W" , or " HT" suffix, the VSWR is also defined for
the OFF state.

VIDEO LEAKAGE
Video leakage refers to the spurious signals present
at the RF ports of the switch when it is switched
without an RF signal present. These signals arise
from the waveforms generated by the switch driver
and, in particular, from the leading edge voltage spike
required for high speed swltchinq of PIN diodes.
When measured in a 50 ohm system, the magnitude
of the video leakage can be as much as several volts.
The frequency content is concentrated in the band
below 200 MHz although measurable levels for high
speed switches are observed as high as 6.0 GHz. The
magnitude of the video leakage can be reduced
significantly by the inclusion of high pass or "video .
filters"(1) in the switch, but the high frequency energy
which falls within the passband of the switch can be
eliminated only by using a slower speed switch.

HARMONIC AND INTERMODULATION
PRODUCTS
All PIN diode switches generate harmonics and inter­
modulation products since the PIN diodes are fun­
damentally non-linear devices. The maqnitude of
these spurious signals is typically small in a switch
since the diodesa re usually either in their saturated
forward biased state or in their reversed biased state.
The physics of the PIN diode cause a cut-off frequen­
cy phenomena such that the level of harmonics and
intermods greatly increase at low frequencies. These
levels will vary with the minority carrier lifetime of the
diode. Thus, a high speed switch operating below
500 MHz may have a second order intercept point of
35 dBm, while a slow switch operating at 8 GHz will
have a second order intercept point of 70 dBm.
Typical performance is as follows:

TYPICAL SWITCH INTERCEPT POINTS

Since these levels vary significantly with frequency,
switching speed, and RF topology, please consult the
factory for specific needs in this area.

(1) For switches with internal video filters. speCify Option 41, Option 42. or Option 43. These filters reduce the leakage as shown in the chart following the power
handling discussion on page 86.
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Fig. :J.Schematic diagrams of absorptive switches
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SWITCHING SPEED!2'
.-

Fig. 4-PorHo-port switching speed definition

PORTS sgo%.
_ _ O~ .../ : I ON

I !.-PORT-TO-PORT
-, SWITCHINGTIME

Port-To-Port Switching is the interval from the time
the RF power level at the off-going port drops to 90%
of its original value to the time the RF power level in
the on-going port rises to 90% of its final value.
See Fig. 4.

In addition to the above definitions. the following
information about switching performance may be
useful to the system designer.

Fall Time is the time between the 90% and 10%
points of the square-law detected RF power when the
unit is switched from full ON to full OFF.

On Time is measured from the 50% level of the
input control signal to the 90% point of the square-law
detected RF power when the unit is switched from full
OFF to full ON.

Off Time is measured from the 50% level of the input
control signal to the 10% point of the square-law
detected RF power when the unit is switched from full
ON to full OFF.

OFF------,,,
/

I

PORT A
OFF

•

(2) For a unit without an integrated driVflr. the specifications apply to conditions when it ;s driven by an appropriately shaped sWitching waveform.

Rise Time is measured between the 10% and 90%
points of the square-law detected RF power when the
unit is switched from full OFF to full ON. See Fig . 5.

2.0 TO 5.0V- --,/r-- - "
50-/.--- -- _.~

- 0.3 TO C.8V I 1'---, ,
INPUT CONTROL PULSE. ,

0% Rf USOLAT{ON) I ~
I 1__ loo'oRF I - t: -
I I I
I I I I
I I I I
I I I I
I -!"'-\-90'7oRF -,1 -1

100"loRFtILP- - -f -1 I 1
I J I ! I I
I I I RISE ,f ALL I I
, -"! ~T1ME ITIME-1 t.
I tTR ) I(TF l

"ON·SWlTCHING-I -: ·OFF"SWITCHING
TIME TIME

(TO NI (TOFF)

RF OUTPUT ENVELOPE

Fig. 5-Switching speea definition

Switching To Isclatlon- Although catalog switching
speed specifications are usually defined to the 10%
level of detected RF (equivalent to 10 dB isolation).
the user of a switch may be more interested in the
time the switch requires to reach rated isolation. This
latter time is strongly dependent on the topology of
the switch. For all-shunt mounted or combination
series and shunt mounted topologies. the time to
reach final isolation is usually less than twice the fall
time. For an all-series topology, the time to reach final
isolation may be as much as ten times the fall time.

Switching To Insertion Loss- For multi-throw
switches, the ON time depends on whether the switch
is being operated in a commutating or single port
mode. In the former mode. switching speed is slower
than in the latter due to the loading effect at the junc­
tion of the port turning OFF. All SWitching speed
measurements at GMC are performed in the
commutating mode.
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Switches
PHASE AND AMPLITUDE MATCHING
Switches are available on a custom basis with phase
and/or amplitude matching. Matching can be either
between ports of a switch, between like ports on
different switches, or a combination of the two. The
uniformity of broadband catalog switches is quite
good and is usually better than ±0.75 dB and ± 15
degrees over the entire operating frequency of the
switch. Please consult the factory for special
requirements.

POWER HANDLING
The power handling of PIN diode switches is depen-

dent on the AF topology, forward and reverse biasing
levels, and speed of the switch. This catalog
addresses both the maximum operating power levels
and the survival limits of the components. Maximum
operating limits are usually set at the power level
which will cause the reversed biased diodes to begin
conduction and thereby degrade the insertion loss,
VSWA, or isolation of the switch. The survival power
limits are based on the maximum ratings of the
semiconductors in the switch. For special applica­
tions, significantly higher operational power levels
can be provided, particularly for narrow band
requirements. Please consult the factory for specific
applications.

"

VIDEO FILTER OPTIONS

Applicability: F91, G91 , H91 and HM91 Switch Series

Video Leakage Pea.k to Peak (mV) Bandwidth (MHz)
with Video Filter Options: 50 max 100

INSERTION LOSS DEGRADATION
Qption Affected Ports Frequency AdditionallL

41 Common Port Only 1-1 2.4 GHz 0.1 dB
12.4·1 8 GHz 0.2 dB

42 Output Ports Only 1-12.4 GHz 0.1 dB
12.4-18 GHz 0.2 dB

43 Ali Ports 1-1 2.4 GHz 0.2 dB
12.4-18 GHz 0.4 dB

VSWR DEGRADATION

Qption Affected Ports Frequency VSWR

41 ,42,43 All Ports 1·4 GHz: 1.5:1
4-1 8 GHz No Change

EXTENDED FREQUENCIES. -
Any switch in our catalog that covers 1-18 GHz can be stretched to cover 0.5 to 18 GHz
with following specification changes:

1- Specification for insertion ioss and isolation from 0.5 to 1.0 GHz is the same
as the 1-2 GHz specification. VSWA degrades to 2.0:1.

2- Insertion loss in the 12.4-1 8 GHz band increases by 0.3 dB.
Consult factory for cost.
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SWITCHES WITH INTEGRATED DRIVERS
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Model F192A Non-Reflective
Ultra-Broadband High-Speed SPST Switch

Model F192A RF Schematic Diagram

The currents required toswitch the unitON orOFF
and simultaneously maintain a bilateral 50-ohm
impedance match in both slates are providedbythe
integrated driver, which iscontrolled byan external
logic signal.

RF INIOUT

@
J2

·v

BIAS
FROM
DRIVER

·v

+~

I I
I , I

-~ c: " -f-
a r;7 r;7

AI' IWOUT

@-1
J1

so

The Model F192A is a high-speed non-reflective
PIN diode SPST switch with integrated driver.
Operating over the instantaneous frequency range
from 0.2 to 18 GHz, it provides a minimum isolation
of 80 dB from 0.5 to 18 GHz, and 70 dB below
0.5 GHz. The rf design consists of an arrangement
ofshuntand series diodesin a microstrip integrated
circuit transmission iine asshown in the schematic
diagram below.
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Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

Switching Speed
Rise Time 10 nsec. max.
Fall T ime 10 nsec. max.

ON Time 30 nsec. max.
OFF Time 15 nsec. max.

Power Handling Capability
Without Performance

Degradation . . . . . . . . . . . . . . 500 mW cw
or peak

Survival Power 1Waverage,
10W peak
(1 )<Sec max.
pulse width)

Power Supply Requirements

+5V + 5%,90 rnA
-12V ±5%, 75 rnA

Control Characteristics

Control Input
Impedance .. . . TIL, advanced Schottky, one-unit

load. (A unit load is 0.6 mA sink
current and 20jA source current.)

Control Logic . .. . Logic "0" (-0.3 to +0.8V) for
switch ON and logic "1 " (+ 2.0 to
+ 5.0V) for switch OFF.
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Model F192A
Specificafions

r

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS

Operating Temperature
Range - 65°C to + 110°C

Non-Operating T emperature
Range , - 65°C to + 125°C

Humidity MIL·STO·202F, Method 103B,
Condo B (96 hrs. at 950/0)

Shock MIL·STO·202F, Method 213B,
Condo B (75G, 6 msec)

Vibration MIL·STO·202F, Method 2040,
Condo8 (.06" double amplitude
or 15G, whichever is less)

Altitude MIL·STO·202F, Method lOSe,
Condo 8 (50,000 ft .)

Temp. Cycling MIL·STO·202F, Method 1070,
Condo A, 5 cycles

Option No.

3
7
9

10

33

5004

893

5037

Description

SMA female control connector
Two SMA male rf connectors
Inverse control logic ; logic "1"
for switch ON and log ic " 0" for
switch OFF
One SMA male (Jl) and one SMA
female (J2) rf connector
EMI filter solder-type control
terminal

Video Fillers. RF operating

band restricted to 6-18 GHz.
Leakage 50 mV p.p into a

300 MHz bandwidth.

Video Filters. RF band 2-

18 GHz. Leakage 50 mV
pop into 100 MHz bandwidth.

Video Filters. RF band 0.5-
2 GHz. Leakage 100 mV
pop into 100 MHz bandwidth.

A i'MTG
~ SURFACE

CONN SMA
FEMALE lEE.
2X r I I

~-v
J I

DIMENSIONS AND WEIGHT
. 5 3

( 13,5)

1+, 15
(3,8)

. 50
(12,7)

M=

....
~ .!-lJ-'ll.,

+--J2 - ffi

1.00 .820
(25,4) ( 20 ,8)

MODELF192A
Wt: 0.7 oz (20 gm) approx.

.38(9,7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE
r _L.

CONTROL
SMC MALE

2 x $ .104(2,6)

..,

Dimensional Tolerances. unless otherwise ind icated: .XX .:!: .02: .XXX e .005
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(20,8)

1--_ 1,0 0 -~
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Series 86
Ultra-Broadband SPST Switches
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SERIES M86
The Series M86 is a diverse group of high perfor­
mance broadband SPST switches. Included are two
low insertion loss models and four high speed models,
all of which operate up to 18 GHz. Each model '
features an integrated circuit assembly of up to four
PIN diodes mounted in a microstrip transmission line.-.
as well as a resistive bias line that contributes to the
broadband low-loss performance. The circuit con­
figuration is shown below. By applying positive cur­
rent to the bias terminal, the diodes are biased to low
resistances and the switch is OFF. With zero or
negative voltage at the bias terminal, the diodes are
biased to high resistances and the switch is ON.

......

"" """'" Ii iI "" wour@ : @
"

,
J2

J , .',. ." ....,
,-},/ 17

RI Schematic diagram

Low Insertion Loss Models
Models M862B and M864B operate over the
frequency range from 0.1 to 18 GHz. They exhibit
nominal isolation characteristics of 45 and 80 dB at
18 GHz, respectively, with maximum rise and fall
times of 50 nanoseconds.

High Speed Models
For higher speed requirements, Models M862BH
and M864BH are available . These operate from 0.5
to 18 GHz and feature maximum rise and fall times
of 10 nanoseconds. Optional Models M862BH-25
and M864BH-25 operate from 0.1 to 18 GHz with
maximum rise and fall times of 20 nanoseconds.

SERIES DM86 AND FM86
The Series DM86 and FM86 switches are the same as
the corresponding Series M86 models except the
units are equipped with integrated drivers. DM86
switches are powered by + 15 volt supplies; FM86 units
are powered by + 5 and - 12to - 15 volt supplies. The
proper current required to switch the unit ON or OFF
is provided by the driver, which is controlled by an
external logic signal.
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Series 86
Specifications

PERFORMANCE CHARACTERISTICS

Switching Characterlstics(2)
High Speed

Models
Rise Time 10 nsec max.
Fall Time 10 nsec max.
ON Time'~' 30 nsec max.
OFF Time(~l 30 nsec max.
Repetition . Rate(~' .. 20 MHz max.

Low Loss
Models

20 nsec max.
20 nsec max.
50 nsec max.
40 nsec max.
10 MHz max.

Power Handling Capability
Without Performance Degradation

Without Integrated
Drivers 1W ow or peakl4)

With Integrated
Drivers 1W cw .or peak

Survival Power 2W average,
75W peak
(1 !'sec max
pulse width)

(1) .Models shown operata from 0.5 to 18 GHz. The addition of Option 25 to these models permits operation from 0.1 to 18 GHz, with
max. rise and fall times of 20 nanoseconds. .

(2) For driverless units. shaped current pulses must be provided by the user.
(3) Models prefixed with "OM" or "FM" are equipped with integrated TTL-compatible drivers; mode's prefixed with "M " only are current·

controlled units and are furnished without drivers. -
(4) 5W cw or peak with - 20V back bias.

(5) On and Off time and repetition rate specifications are only applicable to Series DM86 and FM86 units.
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Series 86
Specifications

10

33

20'
25

Description

SMA femaie bias/control connector
Two SMA male rf connectors
Inverse control logic
(Not applicable to Series M86)
One SMA male and one SMA female
rf connector
One unit load control input impedance
0.1 to 18 GHz range, 20 nsec rise and
fall times (available only on high-speed
models)
EMI fil ter solder-type bias/control
terminal

64A 5MB male bias/control connector

'Not applicable to Series M86; standard in Series FM86 (need
not be specified when ordering); all Series DM88 units are
furnished with this option unless othelWise specified by customer.
Other options, such 85 50 ohms 10 ground, are avajfable on
special order.

Option No.

3
7
9

ENVIRONMENTAL RATINGS (Con't)

Non·Operating Temperature
Range: . . . • . . . . . . . . . . . • - 65°C .to + 125°C

Humidity MIL-STD-202F, Method 103B,
CondoB (96 hrs. at 95%)

Shock , , , , , , , MIL·STD-202F, Method 213B,
Condo B (75G, 6 msec)

Vibration MIL·STD·202F, Method 2040,
Cond. B (.06" double amplitude
or 15G, whichever is less)

Altitude .. . , . .. , . . .. , . . .. MIL-STD-202F, Method 105C,
Condo B (50,000 ft .)

Temp. Cycling MIL-STO-202F, Method 1070,
Condo A, 5 cycles

AVAILABLE OPTIONS

For rated isolation: + 35 rnA
For rated insertion loss: - 10V

Operating Temperature Range:
Series M86 - 65°C to + 125°C
Series OM86 - 65°C to + 85°C
Series FM86 - 65°C to + 110°C

ENVIRONMENTAL RATINGS

All OM86 Units: + 15V ± 2%, 70 rnA
- 15V + 5% , 20 rnA

All FM86 Units: + 5VOC ± 2% , 65 mA
-1 2 to -1 5V, 20 mA

Units With Integrated Drivers

Control Input
Impedance , . . , .' , . TIL, two-unit load. (A unit load is 1.6

mA sink current and 40 ~A source
current.)

Control Logic
Series DM86 . . . . . •Logic "0" (-0.3 to +0.7V) for switch

OFF and logic "1" (+2.5 to +5.0V) for
switch ON.

Series FM86 Logic "0" (-0.3 to +0.7V) for switch
ON and logic "1" (-1-2.5 to +5.0V) for
switch OFF.

Control Characteristics

Power Supply Requirements

Units With Integrated Drivers

Driverless Units

DIMENSIONS AND WEIGHTS

2:11 • .106(2.11

.438 1.010
(11.1)

.38{9.7) FOR SMA FEt.lALE

.50(12.1} FOA SMA MALE

J 1 I J2

J ..
(10,2)

.1~r-- f- ltA=~ ,,.
1_ _ , (6.61

...
(11;1)

1.97
(50.0)

CONTROt.
$ MC MALE

o

RFCONN
SMA FEtAAlE SMA MALE FOR
2X OPTION 10

., (~.51 L
,50
(13.0)

BlAS
sac MALE

\•

2)l ..101l2.6j

sw, MALE FOR
OPTION 10

.437 :t.01S

(" ",'ll-=--!
.4.
(11.4)

I
L -~-

.26 . JI - J2

(6,61 J I

U ooJI (20.2)

.38(9,7) FOR SMA FEMALE

.50(12.1) FOR SMA MALE

RF CONN
SMA FE.......
2X

SER(ES M86
Wt: 1 oz. (28 gm) approx.

SERIES DM86 AND FM86
Wt: 2 oz. (57 gm) approx.

Dimensional Tolerances. unless ?therw.ise indicated: .XX ± .02; .XXX ± .005
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Series 91 and 92
Miniature Broadband SPST Switches

Both series use an integrated ci rcuit assembly of up
to fou r PIN diodes mounted in a microstrip transmis­
sion line. The circuit configuration is shown below.

RF INlOUT

:If--@
J2

,
I
.',.....
,+,

;
J,
-':­,
rr:

Rf schematic diagram

Rf INfOUT II

@--11
J1

SERIES F91 AND F92
The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models except the
units are equipped with lnteqrated drivers, and the
dimensions of the uni ts are 0.75 x 0.75 x 0.38
inches. The proper current requi red to switch the unit
ON or OFF is provided by the integral driver which reo
qui res + 5 and -1 2 to - 15 volt power supplies and is
controlled by an external logic signal.

Application of a positive current to the bias terminal
switches the unit OFF since the diodes are biased to
a low resistance value. With zero or negative voltage
at the bias terminal, the diodes are biased to high
resistances and the unit is switched ON. Maximum
rise and fall times are less than 10 nsec.

SERIES 91 AND 92
Series 91 and 92 switches provide high performance
characteristics over a multi-octave range. Series 91
models cover the frequency range of 1 to 18 GHz,
while Series 92 models cover the range from 0.2 to
4.0 GHz. These.miniature switches measure only
0.75 x 0.69 x 0.38 inches.

96

' .



Series"91 and 92 SPST Switches-- . . .. ..

Specifications
PERFORMANCE CHARACTERISTICS
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Control Characteristics

Power Handling Capability

Without Performance Degradation
Without integrated drivers

1W ew or peai«3)

With integrated drivers
1W ew or peak

Control Input
Impedance . . .. . " TIL, two-unit load. (A unit load is

1.6 rnA sink current and 40 I'A
source current'.)

Control Lagle. , . .. . . Logic " 0" ( - O.S to + 0.8V) for
switch ON and logic " 1H (+ 2.0 to
+5.0V) for switch OFF.

2Waverage,
75W peak
(1 I'see max.
pulse width)

Survival Power ... .

9214,F9214A

Switching Speed(2}
Rise Time 10 nsee max
Fall Time 10 nsee max
On Time'·' .40 nsee max
Off Time'·'...•.......... .........40 nsec max
Repitition Rate" ' 10 MHz max

Power Supply Requirements
Driverless Units
For rated isolation: + 35 mA
For rated insertion loss: - 10V

Units With Integrated Drivers
+ 5V ±50f0, 65 rnA
-12 to - 15V. 20 rnA

9112, F9112A
911 4, F9114A

Switching Speed'"
Rise Time 10 nsee max
Fall Time 10 nsee max
On T ime'" 20 nsee max
Off Tirne''' 20 nsee max
Repitit ion Rate '·' 20 MHz max

(1) Models prefixed with uF" are equipped with integrated TTL-compatible drivelS; models without the "F" prefix aTe
current-control1ed units and are furnished without drivers,

(2) For driverless units, shaped current pulses must be provided by the user,
(3) 2W cw or peak with - 20V back bias,
(4) On and Off time and repetition rate specifications ale only applicable to Series F91 and F92 units.
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Series 91 and 92 SPST Switches
Specifications

ENVIRONMENTAL RATINGS
Operating Temperature Range:

Series 91 and 92 . . . - 65°C to +125°C
Series F91 and F92 . - 65°C to + 110°C

Non-Operating Temperature
Range .. .. .. .. .. ... -65°C to + 125°C

Humidity. . . . . . . . . .. MIL-STD-202F, Method 1036,
Condo6 (96 hrs, at 950,\,)

Shock . . . . . . . . . . . .. MIL-STD-202F. Method 2136.
Condo 6 (75G, 6 msec)

Vibration . . . . . . . . . .. MIL-STD-202F, Method 2040,
Condo B (.06" double amplitude
or 15G, whichever is less)

Altitude. . . . . . . . . . . . MIL-STO-202F, Method 105C,
Co ndo B (50,000 ft.)

Temp. Cycling MIL-STO-202F. Method 1070 .
Condo A, 5 cycles

AVAILABLE OPTIONS
Option No.

3
7
9

10

33
41 ­
42 ­
43­
64A

Description

SMA female bias/control connector
Two SMA male rf connectors
Inverse control logic ; logic "a" for
switch OFF, logic " 1" for switch ON
(Not applicable to Series 91/92)
One SMA male (J1) and one SMA female (J2)
rf conneclor
EMI filter solder-type bias/control terminal
Internal video filter, port J1 only
Internal video filter, port J2 only
Internal video filter. both ports
5MB male bias/control connector

'Not applicable to Models 9214 and F92 t 4. See chart (o/Towing the power handling discussion on page 86.

DIMENSIONS AND WEIGHTS

MOUNTING
SURFACE

---.-l .38 t-­
19,71

RFCONN
SMA FEMALE
2 X

. 13 --I
{ 3,31

.32
{8,11

- v

. 3 8 (9 ,7 ) FOR SMA FEMALE
.50(12,71 FOR SMA MALE

tf-l..375
(9,5

. 20
( 5,1)

.75
119,11

CONTROL
SMC MALE

GNO

+ v

f
. 0 9

12,31

.-nj'- "t
. 570 J I 'IJ 2
{l4 ,51

~=1-;

2x II .l04 ( 2,6)

MOUNTING
SURFACE

GNO
OPTION 33 )

j l...+- .131 3,3)

.38 L
(9)7)

...L
.5 0 (1 2,71

MAX

T

.38 19,71 FOR SMA FEMAL E

.50 112 ,71FOR SMA MALE

RF' CONN
SMA FEMALE
2X

.75 ........
119,11

.2 3
15, 91

. 3 0 0
17,6 )

BIAS
SMC MAL E

f
. 10
12,5 )

2Xl!l .1 0 4 12,6

SERIES 91 AND 92
Wt: .39 oz. (11 gm) approx.

SERIES F91 AND F92
Wt: .43 oz. (12 gm) approx.

Dimens iona l Tolerances, unl ess otherwise ind ica ted: .XX ± .02; .XXX ::!:: .005
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Models M870 and DM870
Ultra-Broadband SP2T Switches

",AS

RF COM

@-j1-1-....
"

By applying positive current to a bias terminal , the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current at
the bias terminal, the converse conditions are
established and the port is ON. Since bias terminals
are individually available for both ports, the user has
the option of operating with either or both ports ON
or OFF.

Rf schematic diagram

MODEL DM870
The Model DM870 is the same as the Model M870 ex­
cept it is equipped with an integrated driver that is
powered by + 15 and - 12 to -15 volt supplies. The
proper currents requ ired to switch the ports ON or
OFF are provided by the driver, which is controlled by
extemallogic signals. Standard units are wired so that
one port is biased ON and the other OFF at all times.
See AVAILABLE OPTIONS for independent port con­
trol.

MODEL M870
Model M870 is a hlqh-perforrnance broadband slnqle­
pole two-throw switch that operates over the full ln­
stantaneous bandwidth of 0.2 to 18 GHz. Design
features include an integrated circuit assembly of PIN
diodes mounted in a microstrip transmission line as
well as a resistive bias line that contributes to the
broadband low-loss performance. The circuit con­
figuration of the Model M870 is shown below.
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Models M870 and DM870
Specifications
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PERFORMANCE CHARACTERISTICS Control Characteristics
MODEL DM870
Control Input Impedance . .TIL, low power

Schottky, two unit load.
(A unit load is 0.8 rnA
sink current and 40 J'A
source current)

Control Logic One port ON and one
port OFF. Logic " 0"
( - 0.3 to + 0.8V) con­
nects J1 to J3. Logic
"1 " (+ 2.0 to + 5.0V)
connects J1 to J2.

1W cw or
peak
1Waverage,
75W peak
(1 ,..sec max.
pulse width)

• • • • • • • • • • • • • • • • •Survival Power

Power Supply ReqUirements
MODEL M870
Bias current required at each port for rated
isolation and insertion 10s$l3)

Port OFF + 30 rnA
Port ON - 30 rnA

MODEL DM870 (For one port ON)
+15V ±2% , 65 rnA
-12 to -15V, 65 rnA

Switching Speed (port to port) ..... 2 ,..sec max.oi
Power Handling Capability
Without Performance Degradation . .

(1) Switching speed, defined as the interval between the instant the rf power level in the port -switched OFF drops to 90% of its original
value and the instant the rf power level in the port switched ON rises to 90% of its final .value, is rated for ports driven by shaped
current pulses. For the Model DM870, the pulses are provided by the integrated driver. For the Model M870, the pulses must be
provided by the user.

(2) DM870 is equipped with an integrated TTL compatible driver; M8 lO is a cuaent-contronea unit that is furnished without a driver.

(3) For operation of Models M870 with more than one port ON, total negative current must be limited to - 40 mAo Do not apply mof9 than
75 rnA to any OFF port Of more than - 40 rnA to any ON port.
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Models M870 and DM870
Specifications

ENVIRONMENTAL RATINGS
Operating Temperature Range

Model M870 . . . . . . . . . . •. - 65·C to + 125·C
Model DM870. . . . . . . . . .. - 65 ·C to + ,10 ·C

Non·Operating Temperature
Range . . . . . . . . . . . . . . . . - 65·C to + 125 ·C

Humidity . . . . . . . . . . . . . . . . . MIL·STD·202F, Method 103B,
CondoB (96 hrs. al 95%)

Shock . . . . . . . . . . . . . . . . . . . MIL·STD·202F, Method 213B,
Cond. B (75G, 6 msec)

Vibration. . . . . . . . . . . . . . . . . MIL·STD·202F, Method 204D,
Condo B (.06" double amplitude
or 15G, whichever is less)

Altitude. . . . . . . . . . . . . . . . . MIL·STO·202F, Method 105C,
CondoB (50,000 ft.)

Temp. Cycling . . . . . .. . . . MIL·STO·202F, Method 107D,
Condo A, 5 cycles

201t)

22

AVAILABLE OPTIONS
Option No.

7
7A
78
9

Description
SMA male rf connectors
J1 SMA male; J2 and J3 SMA female
J1 SMA female; J2 and J3 SMA male
Inverse control logic; logic "a" lor port ON and
logic "1 " for port OFF (available only In con­
junction with Option 22)
Two unit load control input impedance
Individual port control (OM 870 only - one
unit load); logic "a" for port OFF and logic "t"
for port ON. Also available with logic "0" for
port ON and logic "1" for port OFF (Specify
Option 9)

33 EMI Filter solder-type bias/control terminal
64A 5 MB male bias/control connector

(1) Not applicable tc? Model M870. All Models DM870 sre furnished with this option unless otherwise specified by-customer. Other op­
tions, such as 50 ohms to ground, are available on specia l order.

DIMENSIONS AND WEIGHTS

2 x •.125(3.2)

.' 0
(2.5)

.38{9,7) FOR SMA FEMALE

,5O(1\ OR SMA MALE

.v
f

.10
(2.5)

1.60
(40.6)

#'-L :t-H--i
~~~

.50(12,7)

.28
(7.1)

....
(16.3)

.84
(21 ,3)

MODEL DM870
WI: 2.5 oz (71 gm) approx.

J4~

RF CONN
SMA FEMALE
3X

'-..... _ .97
'-..... r (2' .6)

'j

GNO

."
(10,7)

.2'
(6.4)

.38{9.7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

.97
(24,6)

.L...----"~-tt

-+--,(-r, o.7)84
(2 1,3)

;-----,"I!F!_t

Dimensional Tolerances, unless otherwise indicated: .XX =.02: .XXX ± .005

2 x .0t 25{3.2)

MODEL Me70
Wt: 1.5 oz. (43 gm) apprcx.

AF COlliN
SMA FEMALE
3X

J3

BIAS
$ MC MALE
2X
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Series F892
High-Speed Octave-Band SP2T Switches

The proper currents required to switch ports
ON or OFF are provided by the integrated drivers
which are controlled by external logic signals.

SERIES F892
Series F892 high speed switches with integrated
drivers are low-cost units that have been
engineered to meet the need of microwave
system designers for fast switching devices in
small packages.

•

DRIVER

~
~

RF INIOUT RF INJOUT

@-1 f-@
J2 J3

+ "~ J I + t;

fi 7 fi7 ( :;'\ "., r: 7

RF COM

RF schematic diagram

Fast Switching Shunt Design
All models are optimally designed, with respect to
their size, for low VSWR and insertion loss. As
shown in the schematic below, a pure shunt
design is used for the most practical realization of
fast switching action. Although the use of a pure
shunt mode imposes certain bandwidth limita­
tions, frequency coverage in excess of octave
bands has been maintained.

2 To 18 GHz Frequency Range
Frequency coverage from 2 to 18 GHz is provid­
ed by the three models in the Series: Model
F8922 (2-4 GHz), Model F8924 (4-8 GHz) and
Model F8928 (8-18 GHz). Each model is capable
of extended bandwidth operation, typically 3:1,
with only moderate degradation in performance at
the band edges, as shown in the specifications
on page 103.
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Series F892
Specifications

PERFORMANCE CHARACTERISTICS
• •

ENVIRONMENTAL RATINGS
Operating Temperature

Range -65°C to +110°C
Non-Operating Temperature

Range . . .. . • ... . .. -6SoC to +12SoC
Humidity MIL·STD·202F, Method 1038,

CondoB (96 hrs. at 9S%)
Shock MIL·STD·202F, Method 2138,

Condo 8 (75G, 6msec)
Vibration MIL-STD·202F, Method 204D,

CondoB (.06" double
amplitude or 1SG, whichever
IS less)

Altitude MIL·STD·202F, Method 10SC,
Condo B (50,000 ft.)

Temp. Cycling MIL·STD-202F, Method 107D,
Condo A, 5 cycles

AVAILABLE OPTIONS

Switching Characteristics

Rise Time..... ..• . .. . . ... . ... 10 nsec max.
Fall Time .. . ... . . .. .. . . . • . . .•. 10 nsec max.

ON Time 35 nsec max.
OFF Time 30 nsec max.

Repetition rate . . . . • . . . . . . . . . . . . 10 MHz max.

Power Handling Capability
Without Performance

Degradation. . . . . . . . . . . . . . . . . 2W cw
or peak(~

Survival Power 2Waverage,
75Wpeak
(t usec max
pulse width)

Control Characteristics
Control Input

Impedance Schottky TTL, one-unit load.
(A unit load is 2.0 rnA sink
current and 50 I'A source
current.)

Control Logic Logic "0" (-0.3 to +0.8V) for
port ON and logic "1" (+2.0
to +S.OV) for port OFF

Power Supply Requirements
(For one port ON) . .. +5V + 5%, 65 rnA

-12to -15W>, 2 rnA

Option No.
3
7
7A

78

9

27

62
64
64A
65

Description
SMA female control connectors
SMA male rf connectors
J1 SMA male; J2 and J3 SMA
female
J1 SMA female; J2 and J3 SMA
male
Inverse control logic; logic "0" for
port OFF and logic "1" for port ON
Single-port toggle control; logic
"0" connects J1 to J2
±15V operation
SMC male control connectors
5MB male control connectors
± 12V operation

(1) With -15Vpowersupply. Reduces to 1.5Wwith -12Vpowersupply. Units can be operated at higher input power levels
some increase in switching time when -30Vpowersupply is used. "I'll
(2) Isols/ion 40 dB aboVe 16GHz. .,
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Series F892
Specifications'

DIMENSIONS AND WEIGHTS

. 3...._
(9,7)

.38 (9,7) FOR SMA fEMAI.E

.50U2,7)FORSMA MALE

.I2

J{3,o1
. 38 ...._(,"

.38{9,71FOR SMA FEMALE

.50 (JZ,71FOR SMAMALE
3X Sf.104 ( 2,6)

.3.
( ',7",'_

I

GND
CONTROL
FOR J3

-v

CONTROL FOR J2
(NOT USEO IN OPTION 27 )

CONTROL. FOR J2
(NOT USED IN OPTION 27)

CONTROL
FOR J3

- -~,

, 4 6 5
01,81

1-_ .93o ._~01
123,&'

IITG

--+ t SURFACE

I 1.32
J 2 J> 1 (33,5 )

.B'
(21.6 )

JI

,750
{19,1 }

1-_,1.500_~~
'38. 1)

1..,--- 1.88 ---0-1
- (4 7,. '

,-__ 1. 84 , ~

3X '" .104(2 ,6 ) (46,71

l-~J~'=Tl.6...C~--~r
. 66 0 .86 .9
U6,8) ( 21,8)

t=== t
l "'-

, 09
( 2,3)

RF' CONN
SMA FEMALE
3x

f

,I '
(4 ,8 )

1.1 00
(21,9)

*

RF CONN
SMA FEMALE
3x

,II J
12.81

MODEL F8924
WI: 1oz. (28 gm) approx.

MODELF8922
WI: 1.5 oz. (43 gm) anprcx.

GND

1-1-.12
13,01

.3B 1-0--­
1',7l

.38 ( 9 ,7 l FOR SMA FEMALE

.50 (l2,7 1FOFl SMA MALE

DimensiOnal Tolerances, unless otherwise indicated: .xx ± .02: .XXX ± .005

r•••(2 1.6 )

,_-", -,--_I

CONTROL FOR J2
(NOT USED JNOPTION 27 1

-v
CONTROL

./-FOR J3

,
J2 I
~ JI

.69 0
( 17, 5 )

'-0-_ 1•10 ~~
- 128.0'-

. 20.~"ts.n
.345 - H
(B.Bl

RF CQNN
SMA FEMALE
3X

f
,10
(2,5)

.640
(16.'3 )

MODEL F8928
WI: 1 oz. (28 gm) approx.
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Series 91 and 92
Miniature Broadband SP2T Switches

MODELS 9120·500 AND 9220·500
These switches provide high·perfonnance
characteristics over a multi-octave frequency range.
Model 9120-500 covers the frequency range of 1 to 18
GHz; Model 9220-500 covers the frequency range of
0.2 to 4 GHz. Both models use an integrated circuit
assembly of a series-shunt configuration of PIN
diodes mounted in a microstrip transmission line as
shown below.

MODELS 9120T·500, 9120W·500
AND 9220T·500
These switches are non-reflective versions 01the switches
described above.They are constructed in the configuration
shown below.

I ' I SE~'U 9!WOIIln ~ClJf<SlRueH:O

...,ITHTHREE S~ fl:l!S OIOII £S .

Series 91T. 92T and 91W schemanc'oiegram
•

When positive current is applied, the port is OFF
since the associated series diodes are back-biased to
a high resistance. At the same time, the correspon­
ding shunt diode is biased to a low resistance, and
the impedance at the port is then effectively that of
the 50 ohm resistor in series with the shunt diode.
When applying negative current, the converse condi­
tions are established and the port is ON.
Note that when all output ports are OFF, a high VSWR
will be present at the common port.

MODEL 9120AH-500
This switch has the same circuit topology as the
9120-500 except it is equipped with high-speed
diodes to achieve rise and fall times of 10 nsec.

MODEL 9120AHT-500
This switch is similar to the 91 20AH·500 except it
includes a terminating network as shown below.

"--- -@

r-C<l~-r{:}j~ "'~

Model 9120AHT-SOO schemanc diagram

",.........,

".$

Senes 91 and 92 scnemanc ctaqram

@-

~_.

I-@
•

~~

,
(b-j,. "

~-,. - - - --- -@
•

• •

Port Control
By applying positive current to a bias terminal, the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current at
the bias terminal, the converse conditions are
estabi ished and the port is ON. Since bias terminals
are individually available for both ports, the user
has the option of any combination of ports
ON or OFF.

SERIES F91/F92
The Series F91/F92 units are the same as the
Series 91/92 units except they are equipped with
integrated drivers that are powered by +5 and
- 12 to - 15 V supplies. The proper currents
required to switch the ports ON or OFF are
provided by the drivers, which are controlled by
external control signals. Standard units are
wired so that a port is ON with the application
of a logic "0" control signal.
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Series 91 and 92
Miniature Broadband SP2T Switches

Model G91 20( ), rf schematic diagram

I

F1F INfOUT

I-@
J3

...

ORIVER -

W

r (I' {I' I
I I

2'< , 50 0
==

50 0 (2

-,

{

@-i
J2

RF INIOUT

RF COH
(I I SERIES G9lW UNITS ARECONSTRUCTEO WITH THREE SE:RI (S DIODES .
(2 ) OELETE FOA UNITS WITHOUT "T" OR" W" SUFFIX.

These switches are non-reflective versions of the
switches described above.

SERIES G91T/G92T and G91W

Operating from + 5 and + 15V power supplies only,
the G-series switches provide high performance
characteristics at relatively high speeds over multi­
octave frequency ranges. The series includes low
insertion loss and high isolation models in both
reflective and non-reflective configurations. Series
G91 units cover the frequency range of 1 to 18 GHz;
Series G92 units cover the frequency range of
0.2 to 4 GHz. The design is based on an integrated
circuit assembly of PIN diodes mounted in a
microstrip transmission line as shown below. The
currents required to switch the ports ON or OFF
are provided by the integrated driver, which is
controlled by external TIL logic signals.

SERIES G91 and G92
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Series 91 and 92 SP2T Switches
Specifications

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without "T" or "W" suffix: lW cw or peak
Units with "T" or "w" suffix

Input to any "OFF" port: 100 mW cw or peak
Input to any "ON" port: lW cw or peak
Input to common port: lW ow or peak

Survival Power
Units without "T" or "W" suffix: 1W average,

75W peak (1 ~sec max. pulse width)
Units with "T" or "W" suffix

Input to any "OFF" port : lW average.
lOW peak (1 usee max. pulse width)

Input to any "ON" port: lW average.
75W peak (1 usee max. pulse WIdth)

input to common port: lW average.
75W peak (1 ~sec max. pulse width)

,
•

(1) Models prefixed with "P' or "G" ere equipped with integrated m-compatib/e drivers; models without the "F" or "G"
prefix are cu"ent-cantrolled units and are furnished without drivers; models suffixed with "t" or "w" are non-reflective
except a high VSWR will be present at the common port if all other ports are OFF; models suffixed with "H" are high·
speed units.

107

"

"



Series 91 and 92 SP2T SWitches
Specifications

SWitching charactensttce»
SERIES 91/921F911F92

Units without "H" suffix
ON time zscnsec max.
OFF time 2S0 nsec max.

Units with "H" suffix
Rise time 10 nsec max.
Fall time. • . ... . . ....• 10 nsec max.
ON time 25 nsec max.
OFF time . •. . .. .. . ... 20 nsec max.
Repetition rate 20 MHz max.

SERIES G91/G92
ON time 2S0 nsec max.
OFF time . . . . .. • . . .. . 2S0 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92
Driverless Units
Bias current required at each port for rated isolation and in­
sertlon loss

PORT OFF
Units without "H" suffix +SOmA
Units with "H" suffix +30mA

PORT ON
Units without "H" suffix -SOmA
Units with " H" suffix -35mA

•

Units With Integrated Drivers
(For one port 0 N) r:::?"" ;"ii"'~' '':5'"y' ,,,,,,+7." ':'5' SO'''"·,''~;TC",''.!7p'''i''·''''''''?:';t''''''''j'· ''·:'?''5·=' y.,:,,""'"

,,~· .'t" ; '..,-r::, _" ,>,_ ._ ,,;11,0 ,,,,.,,, ;," ~~.."J' Il:;,.<. ~'L,:,::J ./~<

SERIES G91/G92
(For one Port ON)

+SY ± SOil>, 100 rnA
+1SY ±S%,30mA

(1) Fordriver/ess units, shapedcurrentpulsesmustbeprovIded by'user.

Control Characteristics
, .

SERIES 91192/F91/F92
Units With lnteqrated Drivers

Control Input Impedance
Units without "H" suffix . . .TIL, low power Schottky, one

unit load. (A unit load is 0.8 rnA
sink current and 40 IJA source
currenl.)

Units with "H" suffix . . . : .TIL, advanced Schottky, one
unit load. (A unit load is 0.6 rnA
sink current and 20 IJA source
currenl.)

Control Logic Logic "0" (- 0.3 to +0.8 V) for
port ON and logic "1" (+2.0 to
+5.0 V) for port OFF.

SERIES G91/G92

Control Input Impedance • .Scho!!ky TIL, One unit load.
• , , (A unit load is 2.0 rnA sink

current and SO IJA source
current.)

Control Logic Logic "0" (-0.3 to +0.8 V)
for port ON and logic "1"
(+2.0 to +S.O V) for port OFF.

fill
•

( ,
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Series 91 and 92 SP2T Switches
Specifications

'Not applicablf1 to Series 921F92IG92. See chart following the power handling discussion on page 86.

Description

SMA femaie bias/control connectors
J1, J2 and J3 SMA male
J1 SMA male; J2 and J3 SMA
female
J 1 SMA female; J2 and J3
SMA male

Inverse control logic; logic " 0" for
port OFF and logic"1" for port ON
(Not applicable to Series 91/92)

Single-port toggle control; logic "0"
connects J1 to J2 (Not applicable to
Series 91/92)

EMI filter solder-type bias/control terminals

Internal video filter, common port only

Internal video filter, output ports only

Internal video filter, all ports

5 MB male blas/controi connectors

78

33
41'

42'

43'

64A

27

9

AVAILABLE OPTIONS
Option No.

3
7
7A

Altitude _ _MIL-STO-202F, Method 105C,
CondoB (50,000 ft.)

Temp. Cycling MIL-STO-202F, Method 1070,
Cond . A, 5 cycles

Temperature Range
Units With Integrated Drivers

Operating . ' , .. ' .. _.. .. - 65°C 10 +110°C
Non-Operating . _. , __. . _ - 65°C to + 125°C

Driverless Units
Operating and
Non-Operating . _... _. __ - 65'C 10 +125°C

Humidity . . __. __ . . _.. _.. _. MIL·STD-202F, Method 1036,
Condo6 (96 hrs, at 95%)

Shock . _ _. . __ .. _.. ' . MIL-STD-202F, Melhod 2136 ,
Condo6 (75G, 6 msec)

Vibration . .. _. . _. . _.. ... _. MIL-STD-202F, Method 204D,
Condo6 (.06" double amplitude
or 15G, whichever is less)

ENVIRONMENTAL RATINGS

DIMENSIONS AND WEIGHT

CO M I.n I -J,
J l ,,- ,-I 122.9) 1.10

r-' .55 127 9)
1 (1 4, 0) "[ .

I -$J2- t

1,35 L
-+'18.9)

48 I
~ "2.2) 1- 1

_ .85 ::J-.j
( I ) USED ONLY ON UNITS WITH INTEGRATED DRIVERS (21,6) \
(2) ...15V FOR 6 911092 SERIES .38(9,n FOR SMA FEMALE
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33 .50(12.7) FOR SMA MALE

SERIES 911921F91IF921G91/G92
Wt: .75 oz. (21 gm) approx.

......-----------'--------oc::'-m-. n-.':"o-n"'a':::r:-o':-.-ra-nc-.-.,-u-n-'.-"-O-'hC'.-nv"',-se""-nd-::;c-a""ed-"--;.x:::x::-,,:::.O::::2;"'.X:::X:::xC',,- .:::OO::::-5 II
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Model F940H
Broadband Transfer Switch
With Integrated Driver

'''''FROM
ORIVER

RFIWOUT

>-~f-@

"'"FROM
DRIVER

Model F940H Schematic Diagram

"

The Model F940H is equipped with an integrated driver
thatispowered by +5 and - 12voltsupplies.The proper
currents required to switch the ports ON or OFF are pro­
vided by the driver, which is controlled by externai logic
signals,

ws
' ROM

"""',.

Model F940H is a high-performance broadband transfer
switch that operates over the full instantaneous bandwidth
of0.5 to 18GHzwith ONand OFFtimes of 30 nsec. Design
features include an integrated circuit assembly of PIN
diodes mounted in a microstrip transmission line as well
as a resistive bias line that contributes to the broadband
low-loss performance. The circuit configuration of the
Model F940H is shown below.

MODEL F940H
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Model F940H
Specifications

PERFORMANCE CHARACTERISTICS
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AVAILABLE OPTIONS

Power Supply Requirements
+sv +S%, 60 mA
-12 to ±S%, 75 mA

,

Schottky TTL, two unit loads,
(A unit load is 2 mA sink current
and 50 "A source current)

Logic " 0 " (...Q,3'to +0,8V)
connects J1 to J2 and J3 to J4.
Logic "1"(+2,O to + 5,OV)
connects J1 to J4 and J2 to J3,

Description

SMA male rf connectors
Inverse control logic: logic
"0" connects J1 to J4 and J2 to
J3, and logic "1" connects J1 to
J2 and J3 to J4
EMI filter solder-type control
terminal
5 MB male control connector

33

64A

Option No.

7
9

Control Characteristics
Control Input

Impedance . , . . . , ,

Control Logic , . , . , ,

Operating Temperature
Range " " " . - 6So C to + 110°C

Non-Operating Temperature
Range , , - 6SoC to + 125° C

Humidity , MiL,STD-202F, Method 1038,
Cond. 8 (96 hrs. at 95%)

Shock , MIL-STO-202F, Method 2138,
Condo B (7SG, 6 msec)

Vibration MIL-STD-202F, Method 204D,
CondoB (.06" double amplitude
or lSG, whichever is less)

Altitude , . , . . , . , MIL,STO-202F, Method 10SC,
Cond oB (SO,OOO ft .)

Temp, Cycling . . . . . , . ... MIL~T[)"202F, Method 1070,
Cond . A, S cycles

ENVIRONMENTAL RATINGS

.Switching Time
ON Time . , , , , , " , . , , , . . " , , , , " , , ,30 nsec max
OFF Time , , . , . , , . , , , . , . , , . , . , , . , , ,30 nsec max

Power Handling Capability
Without Performance Degradation . . . . , .500 mW cw

or peak

Survival Power . " .. , . .. , " . . " , . . .. 1W average,
75W peak
(1 ~sec max

pulse Width)

DIMENSIONS AND WEIGHT

MODEL F940H
Wt: U oz (31 gm) apprcx.

MTG
SURFACE

o

.38(9,7) FOR SMA FEMALE

.50{12,7} FOR SMA MALE

.50
(12,7)

'- r:r---'

RF CONN
SMA FeMALE
,x

J4

J l '~

J3

J2

, 1.00 - -OJ
r- (25. 4)

.... ~1
(20.3)

+V

.10

"'''

.37
(9.4)

!
1.00 ,800
(25,4) {2O,31

I

-/12·56 UNC
-28 .. ,30 OF
(FAA- SlOE) ,

r~5)-:=== .b~~L1 i~.2'r

Dimensional Tolerances, unless otherwise indicated: •xx ± .02; .xxx e ,005

11 1

, ,.

(' -
••



Series 91 and 92
Miniature Broadband SP3T SWitches

MODELS 9130·500 AND 9230·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 9130-500 covers the 1 to 18 GHz frequency
range while the Model 9230-500 covers the 0.2 to 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

MODELS 9130T·500, 9130W-500
AND 9230T·500
These switches are non-reflective versions of the
switches described above.

MODELS 9130AH-500 AND 9130AHT-500
These switches are the same as the 9120AH-500 and
9120AHT-500 except for the number of ports.

SERIES F91 AND F92
The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.

.' .
•
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Series 91 and 92 SP3T Switches
Specifications

'. ~9t~3~0~W~~'5.•.0. 0 .:, : " "",:".M~i:n ' lvslno~la~trtiR9,ori(' o(.dLNBos)0~/(o"d' ·FB':~'::.·..': ,.,:. :,:.,::.>..:,.~ ; . : .1'<"""""1
6
.°8 . ; 60if; " 60 ~,';::: 60 > : '} ; 55,'" ," I,,:,:. '5" , 1.8 . ; . ,2.0 . , ", 2.5 " ,.,2-8 ·.

" "; ' ..- ' . "i' " , ' 1'.5 <·, : .. 1.7:: ' . ': ..,1.7 .: >.. 2,0 ..' ,'

PERFORMANCE CHARACTERISTICS
"

\
Power Handling Capability

Without Performance Degradation
Units without lOT" or "W" suffix: 1W cw or peak
Units with "T" or "w" suffix

Input to any " OFF" port: 100 mW cw or peak
Input to any " ON" port: 1W cw or peak
Input to common port: 1W cw or peak

Survival Power
Units without "T" or "W" suffix: 1W average,

75W peak (1 ~sec max. pulse width)
Units with "T" or "W" suffix

Input to any "OFF" port: 1W average,
10W peak \1 ~sec max. pulse width)

Input to any ' ON" port: 1W average,
75W peak (1 ~ec max. pulse width)

Input to common port: 1W average,
75W peak (1~ max, pulse width)

(1) Models prefixed with "F" or "G" are equipped with integrated TTL-compalible drivers: models without the "F" or "G"
prefix are current-eontrolled units and are furnished without drivers: mode's suffixed with '7" or "W" are non·f9ffective
except a high VSWR will be present at the common port if an other ports are OFF; models suffiXed with "H" are high­
speed units,

fl'l
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Series 91 and 92 SP3T Switches
Specifications

Switching characterlsttcev
SERIES 91/92/F91/F92

Units without " H" suffix

ON time. . . . . . . . . . . .. 250 nsec max.
OFF time . . . . . . . . . . . . 250 nsec max.

Units with "H" suffix
Rise time . . . . . . . . . . .. 10 nsee max.
Fall time. . . . . . . . . . . . . 10 nsec max.
ON time. . . . . . . . . . . .. 25 nsec max.
OFF time .. . . . . .. . . . . 20 nsec max.
Repetition rate. . . . . . . . 20 MHz max.

SERIES G91 /G92
ON lime 250 nsec max.
OFF time. . . . . . . . . . .. 250 nsec max.

Power Supply Requirements
SERIES 91192/F91 IF92

Driverless Units
Bias current required at each port for rated isolation and in­
sertion loss

Port OFF
Units without "H" suffix ' + 50 rnA
Units with "H" suffix + 30 rnA

Port ON
Units without "H" suffix ' - 50 rnA
Units with "H" suffix - 35 rnA. " .. .- ..

Units With Integrated Drivers
(For one pert ON) . '. , , ' " ,,' •

"', + 5V ± 5%;;"· <;'",12to ,.~15V ,,"

SERIES GS1/G92
(For one port ON)
+5V ±5%, 100 rnA
+15V + 5%, 40 rnA-

(1) Fordriverless unils, shapedcurrentpulsesmustbeprovided
by user.

Control Characteristics
SERIES 91/S2/FS1/FS2

Units With Integrated Drivers

Control Input Impedance
Unils without "H" suffix .. .TTL, low power Schottky, one

unit load. (A unit load is 0.8 mA
sink current and 40 vA source
current)

Units wilh "H" suffix . .. . .TTL, advanced Schottky, one
unit load. (A unilload is 0.6 rnA
sink current and 20 ,..A source
current.)

Control Logic .. . .. . . . . . .• Logic "0" (-0.310 +0.8 V) for
port ON and logic "1" (+ 2.0 to
+5.0 V) for port OFF.

SERIES G91/G92

Control Input Impedance . . Schottky TTL, one unilload.
(A unit load is 2.0 rnA sink
current and 50,..A source
current.)

Control Logic Logic "0" (-0.3 to +0.8 V)
for port ON and logic "I"
(+2.010 +5.0 V) for port OFF.

IB
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Series 91 and 92 SP3T Switches
Specifications

ENVIRONMENTAL RATINGS
Temperature Range

Units With Integrated Drivers
Operating , , , , ,. - 65°C to + 11 0°C
Non·Operating . . , , , , . . - 65°C to + 125°C

Driverless Units
Operating and
Non-Operatlnq - 65°C to +125°C

Humidity . . MIL-8TD·202F, Method 1038,
Cond. 8 (96 hrs. at 950Al)

shock . . , . . . . . . .. . . .. ... MIL·STD·202F, Method 2138,
Condo8 (75G, 6 msec)

Vibration . . . , , . . .. , " . , " MIL·STD·202F, Method 2040,
Condo8 (.06" double amplitude
or 15G, whichever is less)

Altitude . . . . . . . . . . . . . . . MIL·STD·202F, Method 105C,
Condo B (50,000 ft .)

Temp. Cycling MIL·STD·202F, Method 1070,
Condo A, 5 cycles

AVAILABLE OPTIONS
Option No,

3
7
9

33

41 "
42'
43"
64A

Description
SMA female bias/control connectors
SMA male rf connectors
Inverse control logic; logic "0" for
port OFF and logic "1" lor port ON (Not
applicable to Series 91/92)
EMI·fiIter solder-type
bias/control terminals
Internal video filter, common port only
Internal video filter, output ports only
Internal video filter, all ports
5MB male bias/control connectors

*Not applicable to Series 921F92/G92. See chart following the power handling discussion on psge 86.

DIMENSIONS AND WEIGHT

MTG
SURFACE

.63
(16.0)

'- ,38(9.7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

.13
(3,3)

@
r/Cf~r

.sot
lIZ,7IL ,2,1:rT-

2 x ~ .104(2,6}

-v (1)12)

RF CONN
SMA FEMALE
4 X

J4

.840
(21 ,3)

1--'.
00 --1\

(2S.4)

BIAS/CONTROl.
SMC MALE
3X

t l
1.00 .840
(25,4) (21 ,3).

t j~
,08
(2.0)

rn USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G911G92 SERIES
(31 NOT USED ON DRIVERLESS UNITS EXCEPT wITH OPTION 33,

MODELS 91/92/F91/F92/G91/G92
Wt: 1,1 oz. (31 gm) approx.

Dimensional To lerances. unless otherwise indicated: .XX :!: .02; .XXX ± .005
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Series 91 and 92
Miniature Broadband SP4T Switches

MODELS 9140·500 AND 9240·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9140·S00 covers the 1 to 18 GHz frequency
range while the Model 9240-S00 covers the 0.2 to 4
GHz range. Their description and operation are the
same as that for the Models 9120-S00 and 9220-S00
SP2T switches.

MODELS 9140T-500, 9140W-500
AND 9240T·500
These switches are nonreflective versions of the
switches described above.

MODELS 9140AH-500 AND 9140AHT-500
These switches are the same as the 9120AH-500
and the 9120AHT-SOO except for the number of ports.

SERIES F91 AND F92
The Series F91 and F92 switches are the same as
the corresponding Series 91 and 92 models except
the units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.

116
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Series 91 and 92 SP4T Switches
Specifications

, 9140AH-500 . . Min Isolation (dB)' ,: .,';":; ' ;.':._'"..,... "•..' , 60 . 60 ....· 60 -: ; /: 60[<:;::50" .
.F9140AH, , :· .-Max lnsertion Loss·(dB) i , ,'..:.'." ','.1 .4. 1.4' . 15 ·· ·,·2 0· 2 8 .
,: . :, . .;' " ; Max VSWR (ON) ". :"":,, '\; .,:.' - :', 1.75 1.75 ::1.75::' ,::,,: 2:0':,.: ',:' ;2;0",:.

I,', .

I
.. ,-.".,

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without "T" or "W" suffix: 1W cw or peak
Units with "T" or "w" suffix

Input to any "OFF" port: 100 mW cw or peak
Input to any "ON" port: 1W cw or peak
Input to common port: 1W cw or peak

Survival Power
Units without "T" or "W" suffix: 1W average,

75W peak (1 flSec max. pulse width)
.Units with "T" or "W" suffix

Input to any "OFF" port : l W average,
lOW peak (1 flSec max. pulse width)

Input to any " ON" pert: lW average,
75W peak (1 flSec max. pulse width)

Input to common port: lW average,
75W peak (1 flSec max. pulse width)

(1) Models prefixed with "P' or "G" are equipped with integrated TTL-compatible drivers; models without the "F" or "G"
prefix are currsnt-controlled units and are furnished without drivers; models suffixed with "T" or "W' are non-reffective
except a high VSWR will be present at the common port if all other ports are OFF; models suffixed with "H" are high­
speed units.

laB'----------------- ------------
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Series 91 and 92 SP4T Switches
Specifications

Switching Characteristicsl')

SERIES 91/92/F91/F92

Units without "H" suffix
ON time . .. . . . . • . . . . . 250 nsec max.
OFF time 250 nsec max.

Unils with "H" suffix
Rise time. . . . . . . . . . .. 10 nsec max.
Fall time. . . . . . . . . . . . . 10 nsec max.
ON time 25 nsec max.
OFF time. . . . . .. . . 20 nsec max.

SERIES G91/G92
ON time . . . . . . . . . . . . . 250 nsec max.
OFF time . . . .. : . . . . .. 250 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92

Driverless Units
Bias current required at each port for rated isolation and in­
sertion loss

Port OFF
Units without "H" suff ix + 50 mA
Units with "H" suffix +30mA

Port ON
Units without "H" suffix - 50 mA
Units with "H" suffix . . . .. ... . . . .. . . • . . • . .. - 35 mA

Units With Integrat.~(LDrivers

(For one port ON) r,~"'•.•c-r-5"''''''''':'''''''='5"''%'"-,"", .::t. ""·""",,,,""l'=""-'t "'""'''''''15'''"",,.''''.·
'~;~"':~_:+ ,"'.oL" , " " ,':;.l~ ?/!:.~~ '-, () ~.t.r _Y:~~;

SERIES G91/G92
(For one port ON)

+ 5V + 5%,150 mA
+ 15V ±5%, 50 mA

(1) For driverless units,spiked current pulsesmustbeprovided
by user.

Control Characteristics
SERIES 91/92/F91/F92

Units With Integrated Drivers
Control Input Impedance

Units without "H" suffix .. .TIL, low power Schottky, one
unit load. (A unit load is 0.8 mA
sink current and 40 pA source
current.)

Units with "H" suffix .. . . .TIL, advanced Schottky, one
unit load. (A unit load is 0.6 mA
sink current and 20 pA source
curren!. )

Control Logic Logic "0" (-0.3 to +0.8 V) lor
port ON.and logic "1" (+2.0 to
+5.0 V) lor port OFF.

SERIES G91/G92

Control Input Impedance . .Schottky TIL, one unit load.
(A unit load is 2.0 mA sink
current and 50 pA source
c urren !. )

Control Logic Logic "0" (- 0.3 to +0.8 V)
lor port ON and logic "1" (+2.0
to +5.0 V) lor port OFF.

11 8
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Series 91 and 92 SP4T Switches
Specifications

AVAILABLE OPTIONSENVIRONMENTAL RATINGS
Temperature Range

Units With Integrate<! Drivers
Operating _ -65°C to +110°C
Non-Operating - 65°C to + 125°C

Driverless Units
Operating and
Non-Operating - 65°C to + 125°C

Humidity MIL·STD-202F, Method 1038,
Condo8 (96 hrs. at 95%)

Shock MIL-STD-202F, Method 2138,
Condo8 (75G, 6 msec)

Vibration MIL-STO·202F, Method 2040,
Condo8 (.06" double amplitude
or 15G, whichever is less)

Altitude _ - MIL-STO-202F, Method 105C,
Condo8 (50,000 ft.)

Temp. Cycling MIL-STO-202F, Method 1070,
CondoA, 5 cycles

Option No.
3
7
9

33

43 '
64A

Description
SMA female blaslcontrol connectors
SMA male rl connectors
Inverse control logic; logic "0" for
port OFF and logic "I" for port ON
(Not applicable to Series 91, 92)
EMI-filter solder-type
biaslcontrol terminals
Internal video filter, common port
only
Internal video fiiter, output ports
only
Internal video filter, all ports
5MB male bias/control connectors

·Not applicable to Series 921~921G92. See ch8rt following the power handling discussion on page 86.

DIMENSIONS AND WEIGHT

1
it--- BIAS CONTROL

~~~~~~SMC MM£4X

MTG
SURFACE

.2' -.,
(5.3)

-1=;~~~'-------~ -v(I)
GND(3)-

+V (I) 12 l
.63
(16,0)

_88
(22.4)

.38(9.7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

~_ 1.25 ,_ .I
(3 1.8)

RF CONN
SMA FEMALE7 2 x • •104(2.6)
5X DN A

" / 1.000{25,4) DIA Be

II J USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) ...15V FOR G91fG92 SERIES
(3) NOT USED ON DRIVERLESS UNITS exCEPT WITH OPTION 33

MODELS 91/921F91/F921G91/G92
WI. 2 02. (57 gm) approx.

Dimensional Tolerances. unless otherwise Indicated: .XX ± .02: .XXX ± .005
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Series 91 and 92
Miniature Broadband SP5T Switches
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MODELS 9150·500 AND 9250·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 915Q-500 covers the 1 to 18 GHz frequency
range while the Model 9250-500 covers the 0.2 to 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

MODELS 9150T-500, 9150W-500
AND 9250T-500
These switches are non-reflective versions of the
switches described above.

SERIES F91 AND F92
The Series F91 and F92 switches.are the same as the
corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.

I
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Series 91 and 92 SP5T Switches
Specifications

, . .. : 'Min ·lsolation'(dB)·.. ·: '. :. 60 ' ,60 " '60' .. ."'.... . J.;, .
G92.50:" :~.MaX Insertion Loss (dB) ..··.\··2.2' . :2.i' 2~2<! '. ',:'
:. ..': ',' , Max. VSWR (ON) ',' , '.' '1.5., . 1.5 1:5 . ' ." ~.

9150T-500 " :,Minlsolatl9n (dB) " . '':" 50 50: 45; I, AO,Ji
i;

,.. 40';.
F9150T, ':.' Max Insertion Loss.(dB}. ,-' " 1.5 -: ',: 1.5« ,2.0, ,:2.5 ... ,;,3.0 .
G9150T, : I MaX'VSWR (ON or OFF) , I' - 1.5 1.5 1.7 ,2.0" ,,2.2 ,

9250T-500 Min Isolation (dB) ,'60, . 60 ' 50 " , ':-
,F9250T .. , Max Insertion Lo.ss (dB) . "1 ,1.4: .. , 1.4 ' 1.5:, s - - -
G9250T . Max VSWR (ON 'or OFF) . '1.5 1.5 1:.5 ' - • ,- '"

9150W·500· Min Isolation (dB) . ,. I -' 60" 60 60, 60 55

~~i~~~ ,, ~~ ~~~~o(O~o~~ ~~~ ..'. -, I ~:~ : ~:L tri I ~:g . ~:~

PERFORMANCE CHARACTERISTICS
Power Handling Capabillly

Without Performance Degradation
Units without "T" or "W" suffix: 1W cw or peak
Units with "T" or "W" suffix

Input to any "OFF" port: 100 mW cw or peak
Input to any "ON" port: 1W cw or peak
Input to common port: 1W cw or peak

SWitching Time·'

SERIES 91/921F91/F92

ON time. . . . . . . . . . . .. 250 nsec max.
OFF time. . . . . . . . . . .. 250 nsec. max.

Survival Power
Units without "T" or lOW" suffix: 1W average,

75W peak (1 ~sec max, pulse width)
Units with "T" or "w" suffix

Input to any "OFF" port: 1W average,
10W peak (1 ~sec max. pulse width)

Input to any "ON" port: 1W average,
75W peak (1 ~ec max. pulse width)

Input to common port: 1W average,
75W peak (1 ~sec max. pulse width)

SERIES G91/G92
ON time. . . . . . . . . . . .. 250 nsec max.
OFF time. . . . . . . . . . .. 250 nsec max.

(1) Models prefiXed with "F" or "G" are equipped with integrated TTL-compatible drivers; models without the "F" or "G"
prefix are current..controlled units and are furnished without drivers; models suffixed with "t" or "W" are non-reflective
except a high VSWR will be present at the common pon if all other ports are OFF.

(2) For driverless units, shaped current pulses must be provided by the user.
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Series 91 and 92 SP5T Switches
Specifications

Power Supply Requirements
SERIES 91/921F91/F92
Driveriess Units
Bias current required at each port for rated isolation and
insertion loss

Port OFF + 50 rnA
Port ON -50 rnA

Units With Integrated Drivers
(For one port ON) . . . . . . .. +5V ± 5%,250 rnA

-t2to -15V, 60 rnA

SERIES G91/G92
(For one port ON) . . . . . . . . +5V ± 5%, 150 rnA

+15V ±5% ,60 rnA

Control Characteristics
SERIES 91/921F91/F92
Units With Integrated Drivers
Control Input Impedance .. TTL, low power Schottky,

one unit load. (A unit
load is 0.8 rnA sink current
and 40 pA. source current.)

Control Logic .. ... _. . . . . Logic "0" (--0.3 to +0.8V)
for port ON and logic "1"
(+2.0 to +5.0V) for port OFF.

SERIES G91/G92
Control Input Impedance . . Schottky TTL, one unit load.

(A unit load is 2.0 rnA sink
curr.ent and 50 ,..A source
current.)

Control logic .. _.. . . . Logic "0" (--0.3 to +0.8V)
for port ON and logic "1"
(+2.0 to +5.0V) for port OFF.

'Not applicable to Series 921F921G92. See chart following the power handling
discussion on page 86.

ENVIRONMENTAL RATINGS
Temperature Range

Units With Integrated Drivers
Operating - 65°C to + 110°C
Non·Operating , , , ,. - 65°C to + 125°C

Driverless Units
Operating and
Non-Operating - 65°C to + 125°C

Humidity , , , , MIL-STD-202F. Method 103B.
Condo6 (96 hrs. at 95%)

Shock " " . . . . " " . . . . , ..MIL-STO·202F, Method 2136,
Condo 6 (75G, 6 msec)

Vibration , _. . _. _, MIL-STO·202F, Method 2040 ,
Condo6 (.06" double amplitude
or 15G, whichever is less)

Altitude _. . MIL-STO-202F, Method 105C,
CondoB (50,000 ft.)

Temp. Cycling , MIL-STD-202F, Method 1070 ,
Condo A, 5 cycles

AVAILABLE OPTIONS
Option No. Description

3 SMA female bias/control connectors
7 SMA male rf connectors
9 Inverse control logic; logic "0" for

port OFF and logic "1" for port ON
(Not applicable to Series 91 , 92)

33 EM! filter solder-type
bias/control terminals

41 ' Internal video filter, common port
only

42' Internal video filter, output ports
only

43 ' Internal video filter, all ports
64A 5MB male bias/control connectors

DIMENSIONS AND WEIGHT

>-----V(l )( 2 )

.,....-- ' v til

BIAS/CONTROL
---j r- .21 SMC MALE

I I ~ (5.3) 5X

MTG SURFACE

.88
(22,4)

GND(3'r---t~~

2 x t .104(2,6)
DNA
1.000(25,4) D1A BC

~ .63
'-::22'3~0~. 1 .38(9,7) FOR SMA FEMALE 1--' (16.0) I­

.50(12,7) FOR SMA MALE
1--_1.25 -~

(31,8)

RF CONN
SMA FEMALE
6X

Dimensional Tolerances. unless otherwise indlcated:.XX ± .02; .XXX ::!: .005

(f ) USED ONLY ON UNITS WTTli INTEGRATED DRIVERS
(2 ) +15V FOR G911G92 SERIES
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WTTli OPTION 33

MODELS 911921F91/F921G91/G92
Wt: 2 oz. (57 gm) approx.

111-------,....;.....------------------------'
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Series 91 and 92
Miniature Broadband SP6TSwitches

MODELS 9160-500 AND 9260-500
These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9160-500 covers the 1 to 18 GHz frequency
range while the Model 9260-500 covers the 0.2 to 4
GHz range. Their description and operation are the
same as that for the Models 9120-500 and 9220·500
SP2T switches.

MODELS 9160T-500, 9160W-500
AND 9260T-500
These switches are non-reflective versions of the
switches described above.

SERIES F91 AND F92
The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.
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Series 91 and 92 SP6TSwitches
Specifications

,

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without " T" or " W" suffix: lW cw or peak
Units with "T" or IlW" suffix

Input to any " OFF" port: 100 mW cw or peak
Input to any "ON" port: lW cw or peak
Input to common port: lW cw or peak

Switching Time'"

SERIES 91/92IF91/F92

ON time . . . . . .. . . . . . . 250 nsee max.
OFF time . . . . . . . . . . . . 250 nsee max.

Survival Power
Units without "T" or "W" suffix: 1W average,

75W peak (1 ~sec max. pulse width)
Units with "T" or "W" suffix

Input to any "OFP' port: lW average,
lOW peak (1 usee max. pulse Width)

Input to any " ON" port: lW average,
75W peak (1 ~ee max. pulse width)

Input to common port: 1W average,
75W peak (1 ~ec pulse width)

SERIES G91/G92

ON time . . .. . . . .. . . .. 250 nsee max.
OFF time . . . .. ... . . . . 250 nsec max.

(1) Models prefiXed with "P' or " G" are equipped with integrated m-compatibte drivers; models without the "F" or "G"
prefix are current-controlled units and are furnished without drivers; models suffixed w;!h "T" or lOW" are flOfNeflective
except a high VSWR will be present at the common port if all other ports are OFF.

(2) For driverless units, shaped current pufses must be provided by the user.
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Series 91 and 92 SP6TSwitches
Specifications

ENVIRONMENTAL RATINGS

" ,' .", ' ". . '

Description
SMA female bias/controi connectors
SMA male rf connectors
Inverse control logic; logic "0" for
port OFF and logic "1" for port ON
(Not applicable to Series 91/92)
EMI liiter solder-type
bias/control terminals
Internal video filter, common port
only
Internal video filter, output ports
only
Internal video Iilter, all ports
5MB male bias/control connectors

41 "

42"

43"
64A

33

Temperature Range
Units With Integrated Drivers

Operating . . .. .. .. .. - 65' C to + 11 O'C
Non-Operating , , - 65'C to + 125'C

Driverless Units
Operating and
Nor-Operating -65'C to +125'C

Humidity , MIL·STD-202F, Method 1036,
Condo6 (96 hrs. at 95%)

Shock - MIL·STD-202F, Method 2136,
Condo6 (75G, 6 msec)

Vibration MIL·STD-202F, Method 2040,
Condo6 (.06" double amplitude
or 15G, whichever is iess)

Altitude MIL·STO-202F, Method 106C,
Condo 6 (50,000 ft.)

Temp. Cycling MIL·STO-202F, Method 1070,
Condo A, 5 cycles

AVAILABLE OPTIONS
Option No.

3
7
9

Units With Integrated Drivers
(For one port ON) . . . . . . . . +5V + 5%. 315 mA

-jz tc -15V,60mA
SERIES G911G92
(For one port ON) +5V ±5%, 150 mA

+ 15V ±5%, 70 mA

Control Characteristics

Series 91/92/F91/F92
Units With Integrated Drivers
Control Logic Logic "0" (- 0.3 to +0.8V)

for port ON and logic "1"
(+ 2.0 to +5.0V) for port OFF.

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units
Bias current required at each port for rated isolation and in­
sertion loss

Port OFF + 50 mA
Port ON - 50 mA

Series G91/G92

Control Logic . . . . . . . . . . . Logic "0 " (- 0.3 to +0.8V)
for port ON and logic "1"
(+2.0 to +5.0V) for port OFF.

Control Input
Impedance .. . . , , ... , . .. TIL, iow power Schottky one

unit ioad. (A unit load is 0.8 mA
sink current and 40 jJA source
current).

Control Input
Impedance . . . . . . . . . . . .. Schottky TIL, one unit load

(A unit load is 2.0 mA sink
current and 50 jJA source
current).

' ttot applicable to Sefl9S 921F92/G92. See chart following the power handling discussion on page 86.

. DIMENSIONS AND WEIGHT

GNDI 3)

- v (1 HZ)

O @

at l l"-- BIAS/CONTROL
(5.3) , SMC MALE

I 6X

"T.
SURFACE

.63
-+-oll {16.0}

.88
{22,41

.38(9,7} FOR SMA FEMA.lE

.50(12,7) FOR SMA MALE

Dimensional Tolerances, unless otherwise Indicated: .XX :l: .02: .XXX =: .005

MODELS 91/921F91/F92/G91/G92
Wt: 2.9 oz. (82 9m) approx.

J3

,-- -.,,." _ ---I
~ ''''. ')-

RF CONN
SMA FEMALf: -
7X 7 2 ~ 9 .104(2 .6)

ON A
, / 1.470(37,3) DlA BC

I I I.USED ONLY ON UNliS WITH INTEGRATED DRIVERS
(Zl +15V FOR G911G92 SERIES
(31NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33
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Series 91 and 92
Miniature Broadband SP7T Switches

MODELS 9170·500 AND 9270·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9170-500 covers the 1 to 18 GHz frequency
range while the Model 9270-500 covers the 0.2 to 4
GHz range. Their description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches .

MODELS 9170T·500, 9170W·500
AND 9270T-500
These switches are non-reflective versions of the
switches described above.

SERIES F91 AND F92
The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.

'.
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Series 91 and 92 SP7T Switches
Specifications

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without "T" or lOW" suffix: l W cw or peak
Units with "T' or "w" suffix

Input to any "OFF" port: 100 mW cw or peak
Input to any "ON" port: 1W cw or peak
Input to common port: 1W cw or peak

Switching T imeP)

SERIES 91192/F91 /F92

ON time 250 nsec max.
OFF time .. .. . . . . .... 250 nsec max.

Survival Power
Units without "T" or IlW" suffix: lW average.

75W peak (1 ~sec max. pulse width)
Units with "T" or lOW" suffix

Input to any "OFF" port : 1W average,
lOW peak (1 ~ec max. pulse width)

Input to any ' ON" port: 1W average,
75W peak (1 ~ec max. pulse Width)

Input to common port: 1W average,
75W peak (1~ max. pulse width)

SERIES G91 /G92

ON time .. .. .. . .. . . .. 250 nsec max.
OFF time.. . . . . . . . . .. 250 nsec max.

...

(1) Models prefixed with "F" or "G" are equipped with integrated TTL-compatible drivers: models without the "F" or "G H

prefix are current-controlled units and are furnished without drivers; models suffixed with "T" or "W" are non-renecnve
except a high VSWR wilf be present at the common port if all other ports are OFF.

(2) For driverless units, shaped current pulses must be provided by the user.
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Series 91 and 92 SP7T Switches
Specifications

ENVIRONMENTAL RATINGS

AVAILABLE OPTIONS

Temperature Range
Units With Integrated Drivers

Operating - 65°C to + 110°C
Non-Operating - 65°C to +1 25°C

Driverless Units
Operating and
Non-Operating - 65°C to + 125°C

Humidity . . . . . . . . . . . . . . . . MIL-STD-202F. Method 1036,
Condo8 (96 hrs. at 95%)

Shock MIL·STD-202F, Method 2136,
Condo6 (75G. 6 msec)

Vibration . . . . . . . . . . . . . . . . MIL-STD-202F. Method 204D,
Condo 6 (.06" double amplitude
or 15G. whichever is less)

Altitude . . . . . . . . . . . . . . . . MIL·STD·202F. Method 105C,
.Condo 6 (50,000 ft.)

Temp. Cycling MIL-STD·202F, Method 107D,
CondoA, 5 cycles

Description
SMA female bias/control connectors
SMA male rf connectors
Inverse control logic; logic "0" for
port OFF and logic "1" for port ON
(Not applicable to Series 91 , 92)
EMI filter solder-type
bias/control terminals
Internal video filter, common port
only
Internal video filler, output ports
only
Internal video filter, all ports
SM6 male bias/control connectors

43 '
64A

42'

41'

33

Option No.
3
7
9

Units With Integrated Drivers
(For one port ON) . . . . . . .. +5V ± 5% ,375 mA

-12to -15V,60mA

SERIES G91/G92
(For one port ON) . . . . . . . . + 5V ±50/0, 190 mA

+ 15V ± 5%, 70 mA

SERIES G911G92
Control Input Impedance . . Schottky TIL, one unit load.

(A unit load is 2.0 mA sink
current and 50 ""A source
current.)

Control Logic , Logic "0" (- 0.3 to +0.8V)
for port ON and logic "1"
(+2.0 to +5.0V) for port OFF.

Control Characteristics
SERIES 91/92/F911F92
Units With Integrated Drivers
Control Input Impedance . . TIL, low power Schottky,

one unit load. (A unit
load is 0.8 mA sink current
and 40", A source current.)

Control Logic . . . . . . . . . . . Logic "0" (- 0.3 to +0.8V)
for port ON and logic "1"
(+ 2.0 to +5.OV) for port OFF.

Power Supply Requirements
SERIES 91/92/F911F92
Driverless Units

Bias current required at each port for rated isolation and in­
sertion loss

Port OFF +50 mA
Port ON -50 mA

·Not applicable to Series 92/F92/G92. See chart {of/owing the power handling discussion on page 86.

BIAS/CONTROL
SMC MALE
7X

Mr"
SURFACE

( I ) usee ONLY ON UNITS WITH INTEGRATED DRIVERS
( 21 +15V FOR G91JG92 SERIES
{3 1 NOT USED ON DRIVERlESS UNITS EXCEPT WITH OPTION 33

GND (3)

- \I (l )( 2:)

Dimensional Tolerances, unless otherwise indIcated: .XX -= .02; .XXX e .005

I

J .63
\ (16,0)

\ (~'I
\ .38(9.7) FOR SMA FEMALE
L .50(12,7) FOR SMA MALE

MODELS 911921F91/F921G91/G92
WI: 2.9 oz. (82 gm) approx.

DIMENSIONS ANDWEIGHT
2 x 9 .104 (2.6)
1.470(37,3) OIA Be

AF CONN
SMA FEMALE
ax
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Models F9180 and F9180W
Low-Cost Broadband SpaT Switches
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General Microwave's latest addition to its extensive
line of PIN diode switches, the Models F9180 and
F9180W, operate over a frequency range of 1 to 18
GHz. They are low-cost state-of-the-art, high
isolation, low insertion loss units, For the Model
F91 80, the reflective design, insertion loss varies
from 1,5 dB at 1 GHz to 3.8 dB at 18 GHz. The
corresponding values for the Model F9180W, the
non-reflective design, are 2.0 dB and 4,2 dB,
respectively. Isolation varies from 60 dB at 1 GHz to
50 dB at 18 GHz. The VSWR limit for both designs
ranges from 1.7 to 2.0, depending on frequency.
These units switch in under 200 nanoseconds. They
operate over temperature ranges as wide as -55'C
to +1 10 'C and withstand RF power levels as high
as 75 watts peak, 1 watt average.

Each model weighs 8.5 ounces and measures
4,65 x 1.5 x 0.75". They are powered by +5V DC
and - 12 to -1 5V DC (standard) or by :I:5V DC
(Option 11 ). Individual port TIL logic control and
power supply connections are made by means of a
DA15P connector.
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Models F9180 and
Specifications

F9180W

,.-'

.................... ...............1

Switching Time'
ON Time 200 nsee max.
OFF Time 200 nsec max.

Power Supply
Requirements +5V±5% @ 100 mA

- 12 to -15V @ 50 mA
W Average, 75 W peak

(1 usee max. pulse width)

Power Handling Capability
Without Performance Oeqradation

F91 80: ................•.........•.• ......0.5 W CW or peak
F9180W:

Input to any "OFF" port: 100 mW CW or peak
Input to any ·ON" port: 0.5 W CW or peak
Input to common port: 0.5 W CW or peak

Survival Power
F91 80:

PERFORMANCE CHARACTERISTICS

F9180W:
Input to any "OFF" port: .....1 W Average, lOW peak

(1 psec max. pulse width) CONTROL CHARACTERISTICS

Input to any "ON" port: .......1 W Average, 75 peak
(1 usee max. pulse width)

Input to common port:........1 W Average, 75 W peak
(1 usee max. pulse width)

CONTROL LOGIC

Logic "0" (-0.3 to +O.8V) for port ON
Logic "I" (+2.0 to +5.0V) for port OFF

CONTROL INPUT IMPEDANCE
0.5 mA sink current, max.

,

• See page 85 for definition.
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Models F9180 and F9180W
Specifications

ENVIRONMENTAL RATINGS ACCESSORIES FURNISHED

Mating power/logic connector

AVAILABLE OPTIONS

TEMPERATURE RANGE
Operating -SS·C to +11 O'C
Non-Operating -6S·C to +12S'C

HUMIDITY MIL-STD-202F, Method 103B,
Condo B (96 Hrs. at 9S%)

SHOCK MIL-STD-202F, Method 213B,
Condo B (7SG, 6 msec) .

VIBRATION MIL-STD-202F, Method 204D,
Condo B (.06" double amplitude
or 1SG, whichever is less).

ALTITUDE MIL-STD-202F, Method 1OSC,
Condo B (SO,OOO ft.)

TEMP. CYCLING MIL-STD-202F, Method 107D,
Condo A, S cycles

Option No.
7
9

11
41'
42'
43'

Description
SMA Male RF Connectors
Inverse Control logic; logic "0" for
port OFF and logic "1" for port ON
±SV Operation
Internal video filter, common port only
Internal video filter, output ports only
Internal video filter, all ports

* See Chart following the Power Handling Discussion on page 86.

DIMENSIONS AND WEIGHT

CONN.SMA FEMALE
lAW MIL-C-39012
19X)

MOUNTING
SURFACE

.25 TYP
(6,3)

__MARKING
SURFACE

4X 6.125(3,2)

DIMENSIONAL TOLERANCES.UNLESS OTHERWiSE
INDICATED: .XX±.02; .xxx ±.oms

1.50~.09~I38J)
(2,a 1--1.320

.0912,31 I (33.5} r--..!.
PIN I

4.65
(1(8.1)

4.470 JI
(113,5)

2.32
(59.0)

o

P
·75 iii

(19.0) I
CONN. O-SUB-~
ITT/CANNON DAI5P
OR EQUIV.

15. . ," N/C ' .. '

•

MODELS F9180 and F9180W
8.5 oz. (240 gm) approx.

Dimension tolerances, unless otherwise indicated: .XX:t .02; xxx e .005
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Model 1744
SP16T PIN Diode Switch

General Microwave Corporation's SP16T PIN Diode
Switch, Model 1744. covers the 2 to 18 GHz fre­
quency band. The switch exhibits a maximum inser­
tion loss of 6.0 dB and an isolation of 60 dB to 14
GHz and 50 dB to 18 GHz. The switching speed is
500 nsec maximum. This compact unit measures
4.5 x 4.0 x 0.75-. Power supply voltages are +5 V
and +15 VDC, and it is controlled by 7-bit TTL bina­
ry logic. The switch operates over the temperature
range of -40°C to +85°C.
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Model 1744
Specifications

PERFORMANCE CHARACTERISTICS

Frequency : 2.0 to 18.0 GHz
Insertion Loss ..•. . . . . .. . . . .... . . .. .. . . . ... . . 6.0 dB max
VSWR (on or off) • . . ....... . . ••.. .. .. . ... . . ... 2.0:1 max
Isolation . . . .• . . . .. .. . . . . . . . . . ... .. . . . . . .. . . 60 dB min to 14 GHz,

•
50 dB min to 18 GHz

SWitching Speed 500 nsec max

Power Handling Capability

Without Performance Degradation

Input to any OFF port 1OOmW cw or peak
Input to any ON port . .. .. . . ... . .. .. • . . .. .1 W cw or peak
Input to common port 1 W cw or peak

Survival Power
Input to any OFF port 1 W average, 10 W peak (1 usee max

pulse width)
Input to any ON port 1 W average, 75 W peak (1 usee max

pulse width)
Input to common port 1 W average, 75 W peak (1 usee max

pulse width)

Power Supply +5 VDC at 250 mA and
+15VDC at 100 mA

Control Input Impedance . . . ... .. .. .. ..... •....TIL, two unit load. (A unit load is 0.8 mA
. sink current and 40 uA source current.)

Control Logic 5-bit TIL (Decoded Input)

Connector . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . • . ..DA-15P Multipin

Operating Temperature 00 to +70 0 C

-._.-----._._---_.-

>,'JH iPIN FUNCTIONS,;.,':
.' ., ..•. ," -- ....., " .' .' ....• ,-" .

::t'- PlNj~- ~": FUNcnON~ I ''',:f ' '> . .' v _,~ .' .,__.
:',;.";1';;;';:; ·''' ,NOTtJSEOi~:>-;': ­

/"~:.' 2 '? ~· ':.rJ.i<'+.15W /,f,>".H:.-

...
4.50 _.02' .200

- .56

17)( CONN. SMA. FEMALE
JAW MIL-C-39012

J14 ~3 J121-.J~l e ~s
.65 TYP

JO

2.25

....
J-- - " OO .... - - --"'"1

DIMENSIONS AND WEIGHT

J17

MARKING
SURFACE

15- 3.700

'X020"" Jib JOb J3b "b '16
~_._ ._. _._ . _. _. _. _.

! .J§
I

i \-uz;1-'
•

!~
•I oW
•
I
•
I

i --: 111 _13X .68
I,

. 14 - ­
TYP

....
.75 '.02

~' .'.'.
~

P I" 1 -;/ 0
0A-15P

wmr JACkPOSTS
lAW MtL-e-24308

MOUNTING SURFACEJIL-H

MODEL 1744
WI. 15 oz. (426 gm.)

Oimensional Tolerances. unless otherwise indicated: .XX =.02: .xxx :t: .OO5

• ..
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H91 Series, HM91 Series Hermetically-Sealed
SPST Thru SP4T Switches

Both H91 and HM91 Series consist of a family
of high-speed high-isolation hermetically sealed
switches with integrated drivers that operate over
the frequency range from 1 to 18 GHz.
These switches employ sealed glass-to-metal feed­
thrus and are designed to meet stringent
environmental conditions.
The H Series switches are equipped with removeabie
SMA female RF connectors permitting field
replaceability or integration as drop-in modules,
Package area and volume are minimized and overall
thickness, with the built-in driver, is only 0.24".
The HM Series switches are supplied without
connectors and are primarily intended for use as
system drop-in modules. Additional mounting holes
around each RF connector ensure optimum
RF performance over the entire operating
frequency range.
The H91 and HM91 family consists of a reflective
SPST and SP2T, SP3T, SP4T switches in both
reflective and nonreflective configurations.
On all switches, the de and control ports are located in
line on one wall of the module above the RF
connection level. This makes the switches ideally
suitable for printed-circuit type mounting.
SPSTSWITCH
The models H9114 and HM9114 SPST switch consists
of a shunt array of four PIN diodes in a microstrip
transmission line (See Fig. 1).
Application of a positive current (by the driver) biases
the diodes to a low resistance value, and switches the
unit OFF. When the diodes are reverse biased to a
high resistance, the unit is switched ON.
REFLECTIVE MULTI-THROW SWITCHES
All models in this group use an integrated assembly of
PIN diodes mounted in a microstrip transmission line
in a series-shunt arrangement as shown in Fig. 2.
When positive current is applied by the driver, the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current, the
converse conditions are established and the port
is ON.

i;;f:i(~~~;:i:H;:'~;;':f)i~~W;i\~~;;~~'tf,:{t~:Z;i:~~}'~~ ~f~~0~i;f~~fffii*~:;;i~~¥ci~~\:~ ~1\~\'~;;H:L;;~~j::~y~~~:·jt,
~;";~Ae··:/-lac;eab·te~S-MI\:-'eoiinecto'rsLS~;':f~;,;k'4:Y; It{{;?;~,t0;,t':

:':'~lo~ Profile'o24VLtfilC'khesswfiil i~~~~~t~a~
:~-:;!:7]mg~;~~ro:p~~i,~I~-1~~i~Y~_~;;~~~l~f';:?~~~~?~i ;·~\~;~i~~JE~{~;I~:-s:;t~~~&~::::~~l
:".'H",·g'"'·S·pee·d'·H",gh·l·s·o·rat",'o"n"" ...... <. : ;..•••::.:.:.:: .;.. ;s:
.,/-,'"-'." ; d. - 1.•. -:· _, '" / ' ,',. ':'.,: c " •.' \. ',',' _ \!: ,'",'," .:..'<;,t,:;f;:?·;-,'c;>:i;~'.",'?" :i;~::;"»',<:}.,'.'>:

~'-.l.:owVSWRl:.Owjilsertion.loss' " ,t T. ,;:.; ";~';;;"

~'~;Nonreflect(ve arid'J;lefieciive;ModeIS';'¥4'\':;::i;
:;:." ;"<>.. ---'~.

" ";." " ;

RF INIOUT

J2

----@
JO

RFCOM

®

CONT-j
>5V ---j
-12V;=j

RF IN/OUT RF IN/OUT

® ll--~~~~r--if--@
JO J1

Fig. 1-Single throw switch schematic diagram. Fig. 2-Reflective multi·throw switch schematic diagram,
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H91 Series, HM91 Series Hermetically-Sealed
SPST Thru SP4T Switches

H>f----

NON REFLECTIVE MULTI·THROW
SWITCHES

The circuit arrangement for this series is shown in
Figure 3.
When positive current is applied the port is turned
OFF. All the series diodes in that port are reverse­
biased and the impedance at the output of the port is
then effectively that of the 50-ohm resistor.

SWITCHING SPEED

RFCOM

@--11--+-------"
JO

RF INfOUT

@
J1

J2

----@

All models exhibit transition times of less than 10
nanoseconds between 10% and 90% or 90% and
10% of the RF power.
ON time, the time from 50% point of the TIL com­
mand to the 90% level of the detected RF, is less than
25 nanoseconds for all models; OFF time, from the
50% point of the TIL command to the 10% level of
the detected RF, is less than 20 nanoseconds.

HERMETIC SEALING

All switches are housed in enclosures using sealed
glass-to-metal "feedthru" connectors for true
hermeticity.

Covers are welded to the main block in an inert
atmosphere, and the final assembly will not leak at a
rate in excess of 1 x 10-' atm cc/sec He.

MOUNTING

To facilitate mounting the H Series switches on a flat
surface, 0.060" spacers are available to provide
clearance for the SMA coupling nut.
Connector kits enabling the user to mount SMA
female connectors on the HM Series switches for use
in that configuration, or to verify performance, are
available as optional accessories.
Each kit also includes an appropriate mounting
spacer which permits the switch module to be
mounted on a flat surface, while providing proper
clearance for mating SMA male connectors.

Fig. 3·Non-reflective multi·throw switch schematic diagram.

UNIQUE CONFIGURATION

The HM91 Switch Module Series offers several
unique constructional features.

0.16" EFFECTIVE MOUNTING THICKNESS:
While the overall thickness of the modules is 0.24",
the thickness where the mounting holes are located is
only 0.16", minimizing mounting hardware protrusion.

EXTRA MOUNTING HOLES:
All switch modules are designed with mounting holes
on both sides of each RF port to assure good ground
continuity. In addition, four extra mounting holes are
provided so that the module can be mounted when
used with connectors.

RF AND CONTROL PORTS: The SP3T configura­
tions (HM9130H and HM9130HT), offer the user the
added flexibility of being able to specify the positions
of three output ports.
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Model HM192 Non-Reflective
Ultra-Broadband High-Speed SPST Switch Module

'.'-

.' ..

RF
rNIOUT

•

RF
IN/OUT

CONT.~~~~~>--l+5V
-12 TO-15V

Fig. 1 - Model HM192 Schematic Diagram

The Model HM192 is a hermetically sealed, high
speed, non-reflective SPST PIN diode switch with
integrated driver. The switch is designed for use
as a drop-in module but can be used as a conven­
tional connectorized component when equipped
with removable SMA connectors. Operating over
the instantaneous frequency range from 0.2 to
18 GHz, it provides a minimum isolation of 80 dB
from 0.5 to 18 GHz. The switch consists of an in­
ternal driver and an arrangement of shunt and
series diodes in a microstrip integrated circuit
transmission line as shown in Fig. 1.
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Models H9114, HM9114(2)
Hermetically Sealed SPST Switches

PERFORMANCE CHARACTERISTICS(')

(1 ) For Switching Speed. Power Handling and other speciticetions, see page 86.
(2) HM9114 is a special order product; consult factory before ordering.

DIMENSIONS AND WEIGHTS

MTG SURFACE

(1.5) MIN
T ClEARANCE
0 0

(6.1)

•

-W -r,- ,
I•, - •- ••

~ I
•• .06- \- NU

AE

i- :14
(3.6)

- 1- .24

.05 l r(1.3) Ir ~.,/- 4 x 9 .020(O.S}.606
(15.4)

/ 4 x ~ .079(2,0)

t l .75
I .38 (19.0)

~--J.~==iTl
.07
(1, 8)

~_ _ " OO _ _ ~
r- 125,4)

r-- .ess
121.1)

L.38(9.1) FOA SMA FEMALE
.50(12, 7) FOA SMA MALf

Model H9114
WI. 0.7 oz. (209m) approx.

.07
(1,8)

AF CONN
SMA FEMALE
2X

" .118 SCREW HEAD
ClEARANCE

.24(6,1)

.04(1.0)

.16(4,1)

.16(4,1)

.10(2,5)

.'-64 UNC x .11 OP
4X

IfB:'' .'
~ .-l .400(10,2)

.200(5,1)

J2 x t .012(0,3)

r
.53(13.5)

.265(6.7)

_~l
,16(4,1)

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005

/ ' , • .020{0.5)

JO

Model HM9114(2)
Wt. 0.4 oz. (119m) approx.

4 x .. .079(2,0)

1.00
(25.4) '

... - G 1

.12(3.0)

.06 (1,5)

.06 ±oOt
(' .5)

.220(5,6)

I , _E9----c J1
.110{2,m

rr
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Models H9120H, HM9120H ~)H9120HT, HM9120HT<2)
Hermetically Sealed SP2T Switches

PERFORMANCE CHARACTERISTICSI')

.,'

(1) For Switching Speed, Power Handling and other specifications, see page 142.
(2) HM Switches are special order products; consult factory before ordering.

DIMENSIONS AND WEIGHTS

.1~4 UNC '.1\ D?

"

i .24(6.1)

1-.16\4 ,1)

I

. l ZO{8 ,1 1

_.. J
I .\ 6 (4, lJ---,

"
' 0"

I
.63
11&.0)

1._ fi+f-
'"(1.5)

1213.ol

/
5 • $ .020(O,S)

ce 1<1.1 1 00 --i'-,
(1 .5) "li-(2.5.4).,

10 x • .079 \2.0) I i
""~ill,!-,!-

5 :r • .020(0.5)

•
..
..

MTG SUAFACE

•

-'r­
I

I!
',.'dl
II-iL .." , "~

j
' I "JT Cl.fAAANCE
! REao, '1-o.14{3.&)

2 ' L
(6.1)

es
(1,3)

l ..
1'.81

f

4 ••.07 9(2.0,\
RI' CONN
SMA FEMALE ~.

ax

"LlO "(27.9) . - JO G

l I
·v

,55 . v
114.0)

I

Model HS120H, HT
WI. 0.8 oz. (239m) approx.

Model HMS120H, HI'"
WI. 0.4 oz. (119m) approx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ±.005
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Models H9130H, HM9130H\2)H9130HT, HM9130Hr ~

Hermetically Sealed SP3T Switches

PERFORMANCE CHARACTERISTICS(1)

,
;
••

(1) For Switching Speed, Power Handling and other specifications, see page 142.
(2) HM Switches are special order products; consult factory before ordering.

• •' . .

DIMENSIONS AND WEIGHTS

f

. \6(4.1)

1 z • •00000.5J

r-- - e,,,,,.

.aee
(17.6)

.. "..

.1l0
\2,81

l r

cs
11 .31

., •., •
G

, • e•• .020(0.5)

"
1.1~ •

"
(23.11 •

E'
, • ,

I
I ,

'" I!,

l
"J(1.81 I... L .06(1.51MIM

(4. I ) NlJT a.EAP.M'C€
AEOO...

"'''"(6.11

'"•."

,.-_1.166 __.,..."

~J
!---(23.9}

1...
(16.0)

1-"
131.81

"(1.11

"" """"SMA FEMALE

"

, .118 SCAew tEAO

CUAAANC' ,
.38(9.7) fOR SMA fEMAl.E
.50( 12,7) fo,q S MA, MAlE

Typielll protrus ion dimensio" .
lor t-. conneclors

Dimensional Tolerances. unless otherwise indicated: .xx ±02; .XXX ±.oos

Model H91 30H, HT
WI. 1.4 oz. (40gm) approx.

, I
Model HM9130H, HT'"

WI. 0.65 oz. (l 8gm) apprcx.

"..

140
.'

. ' . -

.' .



"

Models H9140H, HM9140H ~2)H9140HT, HM9140HT<2)
Hermetically Sealed SP4T Switches

,
•

, ,

%~~;}f.~:j~H~i)~!~;\~~~~~~~?fgi~1~~~~~~1~}:
. "'-_' , --• • ..~ ,.. ~ • .•, •.. •.-... . i~ ·t .. ' ' {~ - " ~ -. -'.ok·-· "

r~;~{:~~~;~t\:~:~;;·,- ~- ., ,,' _: " - ;~;=~_~~~~lif{t
" . ., :1 , f: "'r :-< ',

': :,;. \.:". . ; »: .~,~-.• ,.,~ ., ~: ;" , ,: ,:- j

·?~..i~:~~f:~:.:,}E~:- -~~(;1Epr~~f,~·~~~;;)~1~~~~~I~-
' ,," " ' J . HM9140H ' HT(2) , " " c'

'_: ;~):?/~ ~':?;{;L.-"..,',_,~,,_ :,,;,.:~ --;,: ,::--: :i" ~: : ·/S:~'::;!;;'
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(1) For Switching Speed, Power Handling and other specifications, see page 142.
(2) HM Switches are special order products; consult factory before ordering.

DIMENSIONS AND WEIGHTS
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Dimensional Tolerances, unless otherwise indicated: .xx ± 02; .xxx ± .005

Model H9140H. HT
WI. 1,5 oz. (43gm) approx.

Model HM9140H. HT'"
WI. 0.65 oz. (18gm) approx.
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H91/HM91 Series
Specifications

., ,

(1) Each kit includes a set of mounting spacers, one
female connector for each RF port and mounting
hardware.

,

Modell')
CK-1
CK·2
CK·3
CK-4

27

10

41'
42'
43'
49

7A
78

9

Model
HM9114
HM9120H, HT
HM9130H, HT
HM9140H, HT

Description
SMA male rI connectors (H series
only)
J1 SMA male; J2 and J3 SMA female
J1 SMA female; J2 and J3 SMA male
Inverse control logic; logic "0"
for port OFF and logic "1" for port ON.
One SMA male (JO) and one
SMA female (J1) rI connector.
(H9114 only)
Single-port toggle control.
Logic "0" connects JO to J1.
Control can be applied to either
terminal 1or 2. (SP2T models only)
Internal video filter, common port only
Internal video filter, output ports only
Internal video filter, all ports
High Rei screening
(see Table 1, page30)

AVAILABLE ACCESSORIES
Model Spacer Plates
H9114 17244-P1
H9120H, HT 17244-P1
H9130H, HT 17244-P3
H9140H, HT 17244-P3

AVAILABLE OPTIONS
Option No.

7

CONTROL CHARACTERISTICS
Units With Integrated Drivers

Control Input Impedance
TIL, advanced Schottky, one unit load.

(A unit load is 0.6 rnA sink current and 20 f'A
source current).

Control Logic
Logic "0" (-0,3 to +0,8 V) for port ON.
Logic "1" (+2.0 to +5.0 V) for port OFF.

ENVIRONMENTAL RATINGS
Temperature Range

Operating. , . . , . . ' , , . , , , , , " -65°C to +125°C

Power Handling Capability
Without Performance Degradation

All Reflective
Switches , . " " . , . 1Wcworpeak

All Non Reflective Switches
Input to any "OFF" port: 100 mW cw or peak
Input to any "ON" port: 1W cw or peak
Input to common port: 1W cw or peak

Survival Power
SPST Switches . , . , ZN average, 75W peak

(1f' sec max pulse width)
Reflective MultFrhrow
Switches " " ,. " . 1W average, 75W peak

(1f'se9 max. pulse width)
Non Reflective Multi-Throw Switches

Input toany"OFF" port: 1Waverage, 10Wpeak (1f'sec
max pulse width)

Input to any "ON" port; 1W average 75W peak (1f'sec
max pulse width)

Input to common port: 1W average 75W peak (1f' sec
max pulse width)

Switching Speed (All Models)

Rise time " . "" . " " 10 nsec max
Fall time .. " " "" . " 10 nsec max
ON time . ' . , , . , , , , , , . 25 nsec max

Except SPST Switch . , 20 nsec max
OFF lime . . , . , , . ' . , , , , 20 nsec max
Max Repetition Rate is 20 MHz.

Power Supply Requirements

PERFORMANCE CHARACTERISTICS

. , " .

.".-.
- . ' ,

" ._,
, .- . '

* See chart fOIJowing the power handling discussion 011 page 86.

142

., .,

" .,

"



Millimeter Wave Components, 18-40 GHz

',", .'
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SPST & SP2T F90 SERIES SWITCHES

General Microwave millimeter wave switches are
available in SPST and SP2T models in a variety of
topologies and configurations, e.g., with current­
controlled switching, or with integrated TIL- '
compatible voltage drivers, and in both low insertion
loss and high isolation models.

All switch models in the series operate over the fre­
quency range from 18-40 GHz: each is capable of
handling cw or peak powers up to 1W without perfor­
mance degradation, and features rise and fall times of
less than 10 ns.

CURRENT, DIGITAL & VOLTAGE·
CONTROLLED ATTENUATORS

General Microwave wideband millimeter-wave
attenuators are available in three configurations.

Model 1959 is current-controlled, while the Model
01 959, which incorporates a hybrid driver, is
voltage-eontrolled with a linearized transfer function
of 10 dB per volt.

The digitally-controlled Model 3499 provides 0.03 dB
resolution (1 1 bits) and switching speed of less
than 500nsec.

Each of the three models operates over the full
frequency range from 18-40 GHz with a dynamic
attenuation range of 50 dB.

QUADRATURE COUPLER

The Model 7050 3-dB Quadrature Coupler is a 4-port
single-section Hopfer coupler which operates over the
frequency range from 18-40 GHz. It features low in­
sertion loss, high isolation, and excellent amplitude
and phase balance.

:,'. " , ," ' ;
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•

Models 1959, D1959
•

Millimeter Wave PIN Diode Attenuator/Modulator
'. ,.,

50 0

RF IN!OUT

f-@
J2

50 0 ;r,

50 Q I ,
RF INIOUT I I

@-!t-+.;" ':T'-~---:~~---:-l
J1

.Fig. I -Model '9?9, rf$Chematic diagram

MODEL 01959
The Model D1959 voltage-controlled linearized

altenuator/modulator is an integrated assembly of a
Model 1959 and a hybridized driver circuit which
provides a nominallransfer function of 10 dB per
volt. (See figure 2 below.)

MODEL 1959
The Model 1959 is a current-controlled attenuatorl

rnodutator that provides a minimum of 50 dB of
attenuation over the frequency range of 18 to 40 GHz.

As shown in figure 1 below, the rf circuit uses two
shunt arrays of PIN diodes and two quadrature hybrid
couplers. The quadrature hybrids are of a unique
GMC microstrip design which are integrated with the
diode arrays to yield a minimal package size.

.

.'

-, ' ."

+v - v

,
2.22.0""0.'02o

_sboc +2S·
1
C ~ lodoc

-
~ -:- --
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A '
~

o
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. 0
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60

0.6 0.8 1,0 1.2 1.4

RELATIVE BIAS CURRENT

Fig.3-Mode/1959, typical effectsof tempsrsture on attenuation.

~ 50,
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F lKIOUT SERIES 195 "'::=::PIN DIODE

'i'"
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Fig. 2-Model D1959. block diagram
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Models 1959, D1959
Specifications

' ..
PERFORMANCE CHARACTERISTICS
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COMMON TO BOTH MODELS 1959 and 01959
Mean Attenuation

Range ; . 50 dB
Monotonicity Guaranteed
Power Handling

Capability
Without Performance

Degradation 10 mW cw or peak
Survival Power 0.2W average, 5W peak

(1 usee max pulse width)

MODEL 1959
Rise and Fall Times

Rise Time 75 nsec max
Fall Time 20 nsec max 1'1

Bias Current for Maximum
Attenuation .. . , 15 to 70 rnA

Temperature Effects See figure 3

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS
See page 154.

MODEL 01959
Accuracy of Attenuation

o to 30 dB ± 0.5 dB
30 to 50 dB ± 1.0 dB

Temperature
Coefficient , ± 0.025 dBI'C

SWitching Characteristics
On Time 300 nsec
Off Time 30 nsec max"

Nominal Control Voltage Characteristics
Operating 0 to + 5V

Transfer Function 10 dBtvalt
Input Impedance 10 Kahms
Modulation Bandwidth

Small Signal. 5 MHz
Large Signal. 2 MHz

Power Supply
Requirements + 12V ± 5%, 100 mA

-12V ±50AJ , 20 mA
Power Supply

Rejection , . Less than 0.1 dBNalt
change in either supply

(1) For attenuation steps of 10 dB or more

DIMENSIONS AND WEIGHTS
...-_ L25~~-.,

~_ IO",OI.SI .09
r' . "I t2 ,~1

('j"5"" 70117.8)

J 2 ~ll

Ira
13t,81

1. 070 1

'r" . ~
1·09

.55 I{2.31
(14,Or­

. 38 {9,7 1 FOR K FEMAL.E

. 50 (l2,71FOR K MALE

- v

2~0 J0412,6

+v

CONT~O\.

'"0

RF CONN
TYPE: K FEMAL E

"

59

r ""'J-·"I ~ I l~.l)

MOU NTING
SURFACE

0.
(2,3)

I.J.
.L_ '''!·... .55 t,3J

{l'l ,OI
.3819,7 1FOR K f EMALE
.50 112 ,7 ] FOR K MALE

BIAS

RfCONH
TYPE k FEMALE

"

...
14J}

MOUttnttG
SURFACE

MODEL 1959
WI: .8 oz. (23 gm) approx.

MODEL 0 1959
Wt 1 oz. (28 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± ,005

145

•

'.
' .

.• • , ': .'.'.. ' .
.. ..



Model 3499 Octave-Band
11 Bit Digital PIN Diode Attenuator

The Model 3499 Millimeter Wave Digitally
Controlled Attenuator provides greater than
octave-band performance and wide programming
flexibility in a compact rugged package.

The Model 3499 is an integrated assembly of a
balanced PIN diode attenuator and a driver circuit
consisting of a PROM, a D/A converter and a
current-to-voltage converter, as shown in Figure 1
This arrangement provides a high degree of
accuracy and repeatability and also preserves the
inherent monotonicity of the attenuator.

" ,,'/

•

•" .

146

VT

-v+v

•

Fig. 1 - Model 3499 block diagram

DRIVER CIRCUIT

DIGITAL
I NPUT <vA

CONVERTER

ANALOG
INPuT

IIV
CONVERTER

R' R'
IN / OUT I NtO

PIN DIOOE
AlTENUATOR

The Model 3499 offers a 50 dB attenuation range,
0.03 dB resolution and switching speed of no more
than 500 nanoseconds. It is available with either a
strobellatch or a non-iinear current or voltage
controlled attenuation capabiiity. Refer to the
Available Options and the Notes on page 148.
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Model 3499
Specifications

PERFORMANCE CHARACTERISTICS

<-

Mean Allenuation Range SO dB

Accuracy of Attenuation
o10 30 dB . . . . . . . . . . . . . . . . . . . . . . . . . . O.S dB
30 to SO dB . . .. . . . . . . . .. . . . . .. . . . . . • 1.0 dB

Programming Positive true binary.
For complemenlary code,
specify Option2. To interface
with other iogic families,
please contact factory.

Monotonicity . . . . . . . . . . . . . . . . . . . . . . . . Guaranteed Minimum Attenuation Step 0.03 dB

Temperature Coefficient .0.03 dBl'C

Power Handling Capability
Without Pertormance Degradalion . . . . . 10 mW cw or peak
Survival Power (from ·40'C to +2S' C;
see Figure 2 for higher temperatures) . . 0.2Waverage, SW peak

(I useemax pulse width)

ENVIRONMENTAL RATINGS

Power Supply Requirements .. " +12V to +l SV, 120 rnA
·12V to -I SV, SOmA

Analog Input 0 to 6.4V

Power Supply Rejection Less than 0.1 dBivol1
change in either supply

Logic Input
Logic "0" (Bit Off) -0.3 to +0.8V
Logic " " (B~ On) , +2.0 10 +S.OV
Logic Input Currenl 1 ~A max

O.S usee max• • • • •• ••• • • • • • • • •• • •••
•

Switching Time

'.

·.':

'...

'. ,.
• .i '

•·'.
Operating Temperature Range . . .. ·40' C to +8S'C

Humidity . _ MIL·STO-202F, Melhod 103B,
Cond. B (96 hrs. at 9S%)

Shock . . .• . . . . . . . . . . . . . . . . . . . . MIL·STO-202F, Method 213B,
Cond. B (7SG, 6 msec)

Vibration MIL-STO·202F, Method 2040,
Condo B (.06" double amplitude
or 15G, whichever is less)

' 00 t---------,...
I
I

- I­
I
I
I
I

%OF 60 1-- - - - - -
RATING
AT ... 25ftC

-54'C 10 +l 00' C... ... -..-.
Non-Operating

Temperature Range

, ' . "
-.".

·.,-

- ." ,

.. Altitude MIL-STD-202F, Method 10SC,
Cond. B (SO,OOO ft.)

+ 2S"C

TEMPERATURE

Temp. Cycling MIL·STD-202F, Method 1070,
CondoA, Scycles

Fig. 2 - Model3499 power derating factor

' .
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Model 3499
Specifications

•

DIMENSIONS AND WEIGHTS
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AVAILABLE OPTIONS

ACCESSORY FURNISHED
Mating power/logic connector

Option No.

2

4

7

10

••..

Description

Complementary programming
(log~ "O' is Bit On)

Strobe latch for data input. Attenuatar
responds to data input when logic "0"
is applied. AttenuatOllatched to data
input when logic "1" isaopneo.

Twa type K male rf connectors

One Jype K mate (J1)and one
type K femate (J2) IT connector

• •

{ .

NOTES:

1. Normally supplied as an Analog input. Optionally avail
able as a strobe latch function for input data.

2, Pin 3 is available to apply a current or voltage to control
Ihe attenuator in a non-linear fashion. Leave pin open
circuited if not using,

3. The Model 3499 attenuator is an 11 -blt digital attenuator.
In order to use this device with a lesser number of bits
(lower resolution), the user may simply ground the logic
pins for the lowest order unused bits. For example, when
operated as an a-bit unit, the Model 3499 would have
Pin 15, Pin 1 and Pin 2 connected to ground. All other
parameters remain unchanged.
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Series 90
Millimeter Wave SPST Switches

•

SERIES F90

:1
I

";-
rI.• • •

f-
l. dr

Ag. 1--5eries 90 SPST schematic diagram.
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RF """""
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RF '""""

@ I: @
i

"
1 ..
" r..'. -l-, ,

I -~. ,.+.,... ...
Ag.2-8eries F90 SPSTschematicdiagram.

The Series F90 switches are the same as the corres­
ponding Series 90 models except the units are equip­
ped with integrated drivers as shown in FIQ. 2.
The proper current required to switch the unit ON or
OFF is provided by the integral driver which is con­
trolled by an external logic signal. Maximum rise and
fall times are less than 10 nsec.

@B.....

SERIES 90
Series 90 switches provide high performance
characteristics over the frequency range of 18 to
40 GHz. These miniature switches measure only
.75" x .95" x .42".
The series uses an integrated circuit assembly of up to
four PIN diodes mounted in a microstrip transmission
line. The circuit configuration is shown in Rg. 1, below.
Application of a positive current to the bias terminal
switches the unit OFF since the diodes are biased to a
low resistance value. With zero or negative voltage at
the bias terminal, the diodes are biased to a high
resistance and the unit is switched ON.

..
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• •
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Series 90
Millimeter Wave SP2T Switches

REFLECTIVE SP2T SWITCHES
Series 90 SP2T switches use an integrated
assembly of PIN diodes mounted in a microstrip
transmission line in a series-shunt arrangement
as shown in Figure 1.
When applying positive current (by the driver).
the associated port is OFF since Ihe correspond­
ing shunt diodes are biased 10 a low resistance
and the series diode to a high resistance. With
negative current at the bias terminal co~verse
conditions areestablished and the port IS ON.
All models are supplied with integrated drivers.
Standard units are supplied with logic that turns
a port ON with the application of a logic "0" con­
trol signal. Maximum rise and fall times are less
than 10 nsec.

DRIVER

RF IN!OUT RF IN/OUT

@ I: J, 'I @

, I J"

"J' J:l
- f- +

r; '7 r: '7 / ~ / '7

RF COM

Fig. 1-Series F90 SPDTschematic diagram

•
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Series 90 SP2T Switches
Specifications

PERFORMANCE CHARACTERISTICS
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Rise and Fall Times 10 nsec max
Switching Time . , 25 nsec max
Repetition Rate 20 MHz max

Power Handling Capability
Without Perlormance

Degradation 1W cw or peak
Survival Power 1W average, 75W peak

(1 /'Sec max pulse width)
Power Supply

Requirements , . . . . . • +SV ±2%. 75 mA
-12to - 15V, 50 mA

CONTROL CHARACTERISTICS

Control Input
Impedance TIL, advanced Schottky,

one unit load. (A unit load
is 0.6 mA sink current and
20 j.<A source current.)

Control Logic Logic "0" (-0.3 to +0.8 V)
for port ON and Logic "1"
(+ 2.0 to +5.0 V) for port
OFF.

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS

See page 154

DIMENSIONS AND WEIGHT
.09 -..., J---'770,:-,""
(2 ,3 l (1 9,6)

,46
(l 1,6)

1.2 0
(30.5l

~ +V

1-....._ .29
( 7,31

GN°1"0.:1;::

2 X 0 .10 4 (2,6)

Dimensional Tolerances, unless othelWise indicated: .xx ± .02; .xxx ± .005
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J 2

J I
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,40
( 11 ,4 )

'---'Z~~ I ~
RF CONN
TYPE K FEMALE
3 X

1.020
1 2 ~,9l

J"---;r=:~~

. 09
t 2, 3)

~===I~~~
· 6 0
t 15,2.)

L
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.38 (g]) FOR KFE""ALE
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SERIES F90

Wt: 1 02. (28 gm) approx.

•.' ...
..

; .
•

. .. -

.'



Model 7050 Millimeter Wave
3 dB Quadrature Coupler

ii,::
-- ~ , ',-

:;):

..... ' .'

- ;.'

J2

c)

3 dBOuadrature Hybrid
J

Ag. 1·Mode/ 7050 schematic

The 3 dB Quadrature Coupler is a four port
device covering the frequency range of 18 to
40 GHz. The coupler design is a single section
Hopfer coupler which has been optimized to
perform in the millimeter frequency range. See
Fig. 1. It offers excellent amplitude and phase
balance as well as low loss and high isolation.
The 3 dB Quadrature Coupler utilizes removable
connectors for easy integration into coaxial
millimeter wave systems.

DIMENSIONS AND WEIGHT

RF CONN
TYP E K FEMALE
4 >

MOUNTING
SURFACE

.2 8
( 7,Il

. 42 _t~~13,0)

4
2)

4(2,61

37

MODEL 7050
WI: t 0: (28gm) eocrox.

120,61

•

( 9,4)

-f
•

.38(y>
~

.81 -
,6) 1- _ .

.1.627 _ .
I--

(15,9)
{II,

. .. l~

.0 9 , _ _ .37 I I ,''-2 >1li .10

( 2,3) 19,4)
I I
h ·44

.621 11,221 .09
!l5 ,9 ) (2 .31,
. 81 ,

.. j

(20

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx t .005
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Millimeter Wave Component
Specifications

ENVIRONMENTAL AND OPTIONS

ENVIRONMENTAL RATINGS

-65°C to +110°C
-65°C to +125°C
-54°C to +125°C
-54°C to +110°C

• • • • • • • • • • • • • • •

Altitude

Vibration • • • • • • • • • • • •

• • • • • • • • • • • • •

MIL-STD-202F, Method
213B, Condo B (75G,
6 msec)
MIL-STD-202F, Method
204D, Cond. B
(.06" double amplitude or
15G, whichever is less)
MIL·STD-202F, Method
105C, Condo B (50,000 ft.)

Cycling MIL-STD-202F. Method
107D, Condo A, 5 cycles

Temp.

ShockOperating Temperature Range
Series 90 .

With Drivers .. .• ...
Without Drivers .

Model 1959 .
Model 01959 .
Model 7050 -65°C to +125°C

Non-Operating Temperature
Range . . . . . . . . . . . .. -65°C to +125°C

Humidity MIL-STD-202F, Method
103B, Condo B (96 hrs.
at 95%)
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.voltage-Controlled ,.F9012; F9013, F9014;· •-}' !· F9023·'~ .,:·>
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2OdBlvoit transfer function with
o to+3VcontroJ. signal input .
± 15 volts operation . .' ..' ' .. ".

One.type Kmale (Jl) and one ; :
type Kfemale (J2j rf connector

, lnverse controUogic; logic ~'O";: '

. for portOFFaridlogii: '~ '?Jor .F?
,port ON")" :'>''.'. ,'. ..'..:.-, .. .•;

..' - ..

.- \ ", '

',,'
• 64 ··· ·

/ 62.' .

' SMC male bias/control :.'.'..•.. ,... . '
; ~,;,-t~ ~ __C _C__ •• ~, ... . • connectors :... ".." :::-,,- 0" , -

", .; 64A .:..:" ;- .' ..

'.• •.' ·.1.;.·••.:.27;'•.:'.'.:.:,'..' Singie-port toggle control; logic.
: ' ''0'' connectsJ1to J2 " :. ' ;'"';

(1) Notapplicable tor units without drivers.
(2) Sea page 147 for Model 3499 digital ettenuetor.
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Introduction: Microwave Oscillators
General Microwave Corporation has been a leader In

the field of microwave PIN diode control components for
more than 30 years. A natural extension to its product
line, microwave oscillators, was launched in 1989. It
began with the introduction of an extremely stable
(1 PPM/oC) free runnmg Dielectric Resonator Oscillator
and has subsequently expanded to high performance
Voltage Controlled and Digitally Tuned Oscillators. In this
relatively short time, General Microwave has once again
established itself as an industry leader. Its oscillator engl­
neenng staff has been recognized as a dynamic, Innova­
tive force who is will ing and quite able to take on and
solve today's most demanding problems.

Modern microwave oscillators utilize a solid state device,
such as a transistor or diode, together with a resonant
circuit and matching network, to convert dc power to
microwave power at a specified frequency. By appropn­
ate choice of these elements, oscil lators may be
designed for an extremely wide range of applications. In
addition , low frequency digital and analog control circuit­
ry may be incorporated to provide further flexibility.

General Microwave offers a broad line of high-perfor­
mance voltage-controlled oscillators (VCOs), digitally­
tuned oscillators (OTOs), and dielectric resonator oscilla­
tors (DROs) in the microwave frequency range. The
VCOs and OTOs feature fast-settling time, low post-tun- I
mg drift and low phase noise,The OROs feature excellent
temperature stability and low phase noise. In addition to
General Microwave's standard catalog products, a wide
variety of custom oscillators have been developed for
demanding airborne receiver, jamming and simulator
applications.

This section of the catalog is proof of General
Microwave's success. It includes expanded versions of
catalog oscillator products and highlights many of the
custom oscillators, both military and commerciai, that
have been successfully developed and manufactured. If
your system requirements demand a device,which cannot
be found in this catalog, do not hesitate to contact
General Microwave directly. A sales engineer will be
happy to discuss your specific needs.

SELECTION GUIDE

- '.f , " , ·0. ;'.: ~- -_~__;.._ --'-'- " ~:'-": , _ , ; ; ,:.__"i _ ; ,-• .• -169 -' ", ..', -, .-;. ,. .,:,...-: Dielectric Resonator Oscillators'- . :,-:'Zt > ;
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Definition Of Parameters
Frequency Settling/Post-Tuning Drift: The
maximum deviation in frequency at a given time, following
a change in tuning command, relative to the frequency one
second after the change in tuning command. The worst­
case condition usually occurs for frequency steps from one
end of the band to the other. (Results of a typical mea­
surement are shown in Fig. 1.) Settling time usually refers
to the response up to serveral hundred micoseconds, while
post-tuning-drift usually refers to the variation from server­
al hundred microseconds to as long as several hours.

Modulation Sensitivity Ratio: The ratio between
the maximum and minimum slopes of the frequency vs.
voltage tuning curve of a veo over its frequency band. (For
a DTO, this is defined at the FM modulation port.)

Frequency Deviation Bandwidth: The peak-to­
peak frequency deviation obtained for a given peak-to-peak
voltage swing at the modulation port of a veo or DTO.

Modulation Bandwidth: The modulation frequency
at which the frequency deviation bandwidth of a VCO or
DTO decreases by 3 dB relative to the deviation bandwidth
at low frequencies.

By using the following approximate formula. the pulling
figure may be scaled as a function of the VSWR:

· to
6f peak-to-peak» 2 Q (S - liS)

EXT

where fo is the oscillator frequency, 0EXT is the external°of the circuit, and S is the load VSWR.

Pushing: The incremental change in oscillator fre­
quency that results from an incremental change in power
supply voltage.

' r-H-I+
ji ' H +ttt•- 2~$tUS ,f-
a
> oH+ttt
~
~ ·1J-H+H-Ittt--t-Ht
o
~ -e l-t-t-t-H
~

-' r-H-tt

,-J-Llll _. _.,.-J-Llll

l iME (lOll See)

SINGLE SIOESAND PHASE NOi Se:

H""'"'0'

.,e-•••
: .1(1e

Fig. 2-Measured phase noise on2 GHz ORO

Fig. I-Measured settling time of 8-12 GHz VCO

~',-----,------r---.---.--,--,---r-n

10
FREQUENCY

Fig. 3-Residual FM

. IU~---+-----+-+--+-+-+--++

Phase Noise: The sideband noise level at a given devi­
ation, fm, from the oscillator frequency, relative to the carri­
er power level and normalized to a bandwidth of 1 Hz.
Typical-measured ORO phase noise versus frequency devi­
ation is shown in Fig. 2. From 10kHz to 100 kHz, the phase
noise of a VCO or ORO has a nominal 111m' dependence.
Thus, as shown in the figure, the phase noise at 100 kHz
is approximately 30 dB lower than that at 10kHz.

Residual FM: The peak-to-peak frequency deviation
~tq~ of an oscillator at its -3 dBc points, when measured on a
.i!~ spectrum analyzer with a resolution bandwidth of 1 kHz.
f(~H~:.,.<" (See Fig. 3.)
'~~,~~~~
"'F.:f.~ ~

~; Temperature Stability: The total oscillator frequen­
cy variation over the rated operating temperature, usually
expressed in ppm/"C.

Pulling: The maximum variation in oscillator frequency
relative to its frequency when operating with a matched load,
when the output load is rotated through a full 3600 phase
change. The peak-to-peak variation in oscillator frequency is
approximately twice the pulling figure defined above.

..
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Broadband VCOs

General Microwave's catalog line of broadband veos cov­
ers the 2-18 GHz frequency range in octave (2-4, 2.6-5.2
and 4-8 GHz) and half-octave (8-12 and 12-18) GHz bands.
The major features of the v eos are fast settling time, low
phase noise and excellent frequency stability.

A simplified block diagram is shown in Fig. 4. For optimum
performance, the active element used is a silicon bipolar
transistor. (This is in lieu of GaAs FETs which typically
exhibit 10-20 dB poorer phase noise performance.
Although GaAs FETs have extremely low noise in amplifier
applications, they suffer from high l /f noise, which is upcon­
verted in the non-linear oscillator to phase noise near the
carrier.) To vary the frequency of the oscillator, a high-Q
silicon hyperabrupt varactor is utilized. The capacitance­
voltage characteristic is specified to provide as nearly linear
frequency vs. voltage tuning curve as possible. In practice,
good linearity can only be realized over a small portion of
the tuning range because of parasitic reactances present in
the physical circuitand the bipolar transistor. Typical ratios
of maximum to minimum frequency vs. voltage sensitivity
for an octave band are 2:1, and are specified at 3:1. GaAs
varactors, ailhough having higher Q's than silicon varactors,
suffer from long-term charging effects as well as relatively
poor thermal conductivity. Silicon varactors are therefore
mandatory in high-speed applications requiring settling
times of the order of several hundred nanoseconds and low
post-tuning-drift.

To minimize pulling effects on the oscillator frequency due
to variations in the external load, attenuator pads followed

~-I MATCHING 1-_"'; '- -,
'\ NETWORK ;-

\V

OU TPUT

Fig. 4-Simplified veo Block diagram

vee»

by buffer amplifiers are incorporated at the oscillator output.
Voltage regulators are also included to minimize the effect
of variations in the power supply voltage on both oscillator
frequency and power level. Finally, filtering is provided to
reduce the harmonic content of the output signal.

Of particular note is General Microwave's 8-12 GHz veo,
which utilizes a high performance transistor operating in the
fundamental, rather than the doubling push-push mode.This
mode of operation eliminates all (2n + 1) fo/2 frequencies in
the output spectrum. The second harmonic signal is speci­
fied at -40 dBc maximum but is typically less than -50 dBc.

Because fundamental mode oscillation is not currently
achievable with available silicon devices in the 12-18 GHz
band, the dOUbling push-push approach, shown schemati­
cally in Fig. 5, is used.Thus, for example, for a 12 GHz out­
put frequency, each oscillator is designed to operate at 6
GHz. If the structure were perfectly symmetrical, all odd
harmonics of 6 GHz would be suppressed, and only even
harmonics would be present in the output spectrum. By
suitable filtering, an essentially pure 12 GHz output signal
could be obtained. In practice, imperfect symmetry results
in fo/2 and 3fo/2 signals, which are filtered to the extent pos­
sible. (For the case of a 12 GHz output signal, the undesired
3f0/2 signal at 18 GHz cannot be filtered since it is within
the 12-18 GHz frequency range of the veo.)

Detailed specifications are provided on Page 158.

OSC ILL ATOR A OSCIL L ATOR 8
r - - - - - l r-----~

I I I I
I r 1/ ~ I
I \ / ),-1-, ~t-J('I ~ I I
I I , 1
I I I
I :;;\!' c. LA I RLI La .~Ca I
I I I r I
I I r I
L J L -.J

Fig. 5-Schematic diagram of Push-Push Oscillator
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veos
BROADBAND VCO SPECIFICATIONS
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,) " Operating temperature ('Cr- . ,, 'i..:.'f· ' :
;;f '.' Storage temperature loCF , ";" ' ,: "''''c': ; , , ,"',: ' "
~'.: . .
'" MECHANICAL DIMENSIONS .
« ,' Inches ': ... ... , ,, ' ... :: , ,,, ' .... ,,: .
'. \~,.;

.~ : ·:,>:-J M il l imeters ::.,

" PULLING, VSWR 2:1 riu,x (MHz) " ' ;' ,

i:,.FlUSHING; max (kHz/V) " > >i,' ,<, ', : .., '"

" ';SPURIOUS, max (dBc) ,, :,, '

cPHASE NOISE"riuix (dBc/Hzk '>"';":,,'; <i
(\;:;,;@';100 kHz offset",(;" ;:;; ",:",:; ",,":' i,:;
,',:'HARMONICS;' max (dBcF"",< ;< i ,'; : ' "',~,

~/~~1~ :~:'::';Y RE?UI~EMEN~ ': ; ' " ~i e'
,

i,;,; ,c urrent, max (mA) ",' ; ' ,~,,','<, .. '.

,;' Tuning volt!'!!.e (Vdc) , " ,co' ", "" ' ,' , ,

" INPUT CAPACITANCE, nominal(pF) ,'" '

,

', CONNECTORS, ':;>I::: Power supoly ,', ' : ,," ,

, ~:'} Tun ing volta e : ::"c,::--, ,: ,: > ,
;',:',',RF output ' , " ""; ";:, " ,."< ' ,,,

(1) /i.I relative 10 f alter 1 sec.
(2) Hermetically sealed.

Table 1. Option 49A High Rei Screening

C
8
A

A1 & A2

CONDITIONMETHOD
2017,3
1008.2
1010,5
2002,3
1015.4
1014,2/.9

General Microwave's hermetically-sealed oscillators utilizerugged construc­
tion techniques and hermetic sealing to meet stringent military requirements
for shock, vibration, temperature. altitude. humidity, and salt atmosphere. All
hermetically-sealed parts may be ordered, if desired. with 100% screening in
accord with the following:

TEST
Internal Visual
Stabilizat ion Bake
Temperature Cycle
Mechanical Shock
Burn-In
Leak

Description
High Rei screening
(see Table 1 to the right)

Option No.
49A
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veos

DIMENSIONS AND WEIGHTS

.35
t 8,9)

VlUNE

.262
16,71

MTS
SURFACE

2.19 2.0!O
155,61 (51,61

RF CONN
SMA FEMALE
2 X

RFOUT

II> <D

1-.22
15,6 )

-i ,45 I­
111,41

.38(9,71 FOR SMA FEMALE
.50 (12,7) FOR SMA MALE

MODEL V6120 veo
WI: 1.94 oz. (55 gm) approx.

1--_ 1.10
(27,91

RF CONN
SMA FEMALE
2x

MTG
SURfACE

SNO
e

+v
e

.262
(6,71

RFOUT

VlUNE

4X ~.09612,41--l

.08
( 2,01

I

1.79 1.630
145,51 (41,41

,42 1-.,.-1
\lOll'"

1- ,22
(5,61

.55
(14,0)

1-_1.10 ~-i
127,91

,45
(11,4)

.38(9.T1FOR SMA FEMALE

.sOUZ,7IFOR SMA MALE

MODELS V6020, V6026, V6040 AND V6060 vcos
WI: 1.27 oz. (36 gm) approx.

DimensionalTolerances, unless otherwise indicated: .xx 1: .02; .XXX 1: .005
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veos
Miniaturized VCOs

General Microwave has developed a family of high­
speed, miniaturized veos covering the 2-6 GHz fre­
quency range. These v eos have been utilized in air­
borne EW applications, as well as in ground-based sim­
ulators. The specifications are summarized below.

•

MINIATURIZED VCO SPECIFICATIONS
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' PUSHING;' typ (MHzIV) " .' . . '", .. ..

"TEMPERATURE STABILITY, lyp (MHz/°C)'
' '- """' -'" .'-".-

:;JUNING PORT CAPACITANCE; max (pFY

;PULLING: ItSWR' 3 :1, tYP'(MHz)
. ' ., ,.,. . ,

HARMONI~S. max (dBe)' , . .'
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DIMENSIONS AND WEIGHTS
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ravuv

(6)
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i
All Models: 0.15 oz:• (4.34 gms) approx.

Dimensional Tolerances, unless otherwise indicated; .xx ± .02; .xxx ± .005
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yeos
Custom VCOs

LinearVCOs
For narrowband «5%) applications, General Microwave has
developed proprietary techniques to achieve a high degree of
linearity without the use of external linearizers.

Linear X band
An X-band YCO assembly with linearity of less than ± t % is
shown in the photo. The assembly includes two MMIC
amplifiers. a medium power MIC amplifier. two filters. a
phase shifter and a MMIC SP2T switch. For specific
requirements, please consult the factory.

Linear Ku band
The photo shows a Ku-band YCO with a typical linearity of
less than ±5% for an airborne jamming application.The unit
is designed for high speed modulation and also includes
RFI/EMI fittering.

-'"•,.' .."" .

.. ' ','--
i;, '> ····;,,>; ',. Ccimmercial GiJMFET X band

•

..

~~~!~~~,1:~it:l_~1~~~l~:6~:~~~;~i~~~:D4~i~/~f(~~>~}£';-~~;t:~~\~{:~~;~O'~,~l~~~i~~,~~'~~j;:~~~.~:~'
;t:,;;_·~fr·~~'!';.~·1;;'7~,~i'< ;:~1i.~::-r.~(· ~~"·~'1~,!,?~;;tf.(,';"-:f;J:~~<~*'t-K'~/"i~"',.z:: %'.:".~,*.~.$" ;,1]:.:;;:. ­
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. ; '~" ', :;:..,
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.. ,.,.

Commercial GaAs FET X band
For X- and Ku-band applications where very low post-tun­
ing drift and phase noise are not required. YCOs based
upon GaAs FETs provide a cost-effective solution. In the
photo. a GaAs FET X-band VCO. developed for a com­
mercial radar application, is shown.
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DI0s
Single-Band DTOs
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General Microwave offers a line of DTOs covering the 2-18
GHz frequency range based upon its catalog line of broad­
band VCOs. The DTO provides the desired output frequen­
cy in response to a digital control signal. A block diagram of
the DTO is shown in Fig. 6. By appropriate design of the
electronic circuitry, settling times of less than 300 nanosec­
onds are achieved. To obtain a frequency accuracy of the
order of ±1%, including the effects of temperature, a pro­
portionally-controlled heater is required for the VCO and
the electronic circuitry is temperature-compensated. A
latch mode is provided as a standard feature.

To enable analog frequency modulation of the DTO for jam­
ming and other applications, a separate frequency modu­
lation port is provided. Since the slope of the frequency vs.
voltage curve of the VCO varies over the band, compensa­
tion is required to obtain a relatively constant deviation
bandwidth. Compensation to within +5% is achieved
(Option '2) by utilizing a PROM to vary the attenuation
applied to the modulating signal. The DTO may be fre­
quency modulated at rates of greater than 15 MHz.

These units are designed primarily for simulator applica­
tions, although fully militarized units are available, as well.
The specifications are summarized on page 163.

Fig. 6-Single Band oro Block diagram

DIMENSIONS AND WEIGHT

CONTROUPOWEA CONNECTOR:

'CONTROl/POWERCONNECTOR

T YP 4X
R.16
{4 ,11

3.236
18 2,21

3 .5~

{90,2l

-e

.I·,·• (4,11

4 X 1'S .155 (3,9 )

5. 36
1136.1) 5.67

(14 4, ' I

CONN ITT CANNON
o a MMZ5PO OREQUlV.
WITH 0 11055 1 JAC~POSTS .
lJ'A11....6 CONN FURNISHEO

J3

PIN 1

• ••

'.• •• •

J2

"T.
SURfACE

'"MOOSMC MALE

7..59
165,21

I .93
! (23,5)

l--L...!-1--~
.4O.J I- j

1l0, Z I ~ 1.69
(42,9 1

(1) Logic "0" IolMctl
iflpuf WOfd,

Logic "1" 10 unlatCh
inpull"lOfd.

MODELS D602OC, 0 6026C, 0 604OC, D6OBOC. D6120C OTOs
Wt: 23.1 oz. (655 gm) aoprox.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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DTOs
SINGLE BAND DTO SPECIFICATIONS
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ENVIRONMENTAL'"
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_:.Operating Temperature (0C)
,. _.'

" Storage Temperature (OC) .

AVAILABLE OPTIONS(1) M relative to f after 1 sec.
(2) Mating connector furnished
(3) RF section anddrwer

components hermeticafly sealed.
(4) 12 Bit TTL input
(5) 50 Ohm input impedance.

Option No.
2

Description
Reduced Modulation Sensitivity Variation
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DTOs
MULTI-BAND DTOs

Simulator Applications

General Microwave offers multi-band OTOs covering the
0.5-2, 2-6, 6·18 and 2 ·18 GHz frequency ranges.The units
feature high speed, high accuracy and low phase noise.The
specifications are summarized on page 165. The modular
design of the OTOs enables the user to select narrower fre­
quency coverage if desired. Please consull the factory for
individual requirements.

----~.

.: - ;.---,-.'.'

To obtain broadband frequency coverage, as well as to
improve settl ing speed, two or more veos are combined,
as shown in Fig. 7. A high·isolation RF switch is required to
suppress all but the desired veo. A switched lowpass filter
is included in the output to reduce harmonic levels.The har­
monic level for catalog units is specific at ·20 dBc. However.
-55 dBc suppression is available as an option.
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Fig. 7-Multi·Band DTO Block Diagram
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DTOs
MULTI-BAND DTO SPECIFICATIONS
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(1 ) I1f relative to f after 1 sec.
(2) Mating connectors furnished
(3) 16 Bit TTL input, inclUding VCO control.

See page 166 f:md 167.
(4) 50 Ohm input impedance

Option No.
1
2

3

AVAILABLE OPTIONS
Description
Fast Frequency Settling
Reduced Modulation Sensitivity Variation

Improved Harmonic Suppression
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DTOs
MULTI-BAND DTOs

DIMENSIONS AND WEIGHT

:~ . ",J. " . ' ,. ~ .,..,' .- -. ,;JU
':- .>0 '- . -'x".' . ·'

-.",

0,
1.10$12)

I

J l

JIIl-- - -- <lID•
4 .69 I '

(17. 5)
I J2 0 J4
, $

-~
. 6 1J J I 15

- ,35 (8.9}":: • .90122.9 )" ,

1
3.83< 9aO

5.63(143..0
13,31 _ I• 5.970(151,6)

~ 6.23(1582 ) j
*"-- - -rI

.220 6.48
158. 0 ) (164.6)

I J2 I J: I-
~

I-, <;l If

•(

.13

.1 31 3.3)

I
2.00 ± .0

Mounting
Screws
6-32 UNC 28

;~-j,:~_;,~:;.~~;~;~&~~'~~~~;j:~~:!'b~~~~.~~!, ;:~fi;;~':~~~;:)~;t~~:~y:(~tUln)-\tW~t-;:::'

-12:-t~f/£J:\~;:(i~.1 _5¥)Wi-:~~i~':;~\:'J{i;' ;~~fl;:~J},f°F:~:~t::'{lSy (i~tl8n.Ji;~V,t~,\

:~~~~~~;~.H<i~~¥;:;(~+j_5V;¥#' :~\(>:,::\~:;':A '~~:; &i~i;i;'::c{,kl~:~~?_~V;~_~fUJ1+~:~

NOTES: For Normal Operation of the DTO
1) PIN nos. 9.10 and 28 should be coerected together.
2) PIN no. 11 should be grounded.
3) PIN nos. 12. 13, 14, 15, 16. 17, 19. 30, 31 , 32. 33. 34,35 and 36 aretor FACTORYPROGRAMMING ONLY and shoL1d notbe used.

Model 0 6218 and 06618 Wt: 3.35 Ibs (1.52 kg) approx.

Dimensional Tolerances, unless otherwise indicated: .XX j: .02; .xxx :t .005

166

r



DI0s

,:-;, :~v-~,7~ ' "';:~'i ;" 1 ,,~'i:" nnOD'EES?b6052:1" '!'"'"t(D626'Ef" :~ '!.Y.(f,,'C;','>:: "J," '~ :f.~; ;
":";'~J<:'{,i ":';:.,,~),,-:: lr ·'.' , .. _. ' -an i- \i\' ·,; .; '1. ".:£""~·'I , , \\';,: .\.,-,

·: ;:j~~i;;'~1."!:t-~Wi:'~"-'<;~Coi1tiorCcJnn'~ctot'{J4l';"}Xi~E:~':;t;~~~t2
),:~.,:, ~~:~:.; :;. ~:,: ", . , );(;."",~~ :, t ,_ :, .tc ., , :.;"':"..,ti'· ~;-"~·:; _":1:;'1'; 0-'\.~:

rse:-':;:.,;.P:~7. ~pit.iNo-" ~f;- -,~"~" ..~" , . "' , .. -". ', :,~;,(" '&;!V;. :.".;,·, ,'~l;l.;~' ';'f ·~::·',':·:·,i'l,,· "': ; :;:"'~" ; ' :' i\"
: _t:; ~·~~-:;~{.,,:;):,·, , : .,. " . ,:c.' ~,-Ji':'::;,fUNCTI(?~~;t: 't,<:·." :'/l:,l':h ?;~~'f~: " ?>~~::~I.:'i ;.:i,"!:~'.~ !!,'_~~'~I.
' .-• .•. - - " -y""""

r~~~A.'~+Tw]~)·~'~(M.,$I3[%-t.$titti;~4gli~\iff·,-', '.":"" ' :_f· :r ::;'~-T'---"'" '':1;'' ''''' ' J".. .' - - ; ",. <' ,.,. ,..... :' , ~. -;:.-~ ,";>',".;s':"";"" .~,t',

·; ~H]J;;;.'j;'::\:~;'i~; ti,:).;:~·~Af~f " '.' ." "A\:1V-J( ·· , ;w, ·reC·-·':·' "'.''- t ·,:..···...;,·,·. ·. ;c;' ;or ' :'..:~J' :" " " .- . '.'i)',;:1r ,; : :i:·W)f,ngi.: ,0, \.\,; ~:t~,;' ''~~'· ''l-\'i#f'~. 'i ;;i:-< ;* ;:'';~;£<i~;,, ' . ,,'.. . .' ,'" ,.... .,. .'. ,

.:.:~:'-i','..-';r ,:~--.y ·3i~iI~';:· ) ~;';.' " :';'';' A9 ;-' 'T~W' 'd'-=- "'~:~I'~~'~:!::'~\"; '~ " '.:'~ ',~'~''' '''<' \ '
,(."~...' "", .1" ','o,t .~ i " 'co" -:."'--1 ,,":.,~~~. "" l:it;;" ".- _,~, ,:;:-\.--;:",,,,,,:-~,N;:.:O·.'?~r~~.~~~ ' ',':0'(01 ;~ i.:

" . ' .. "- ' ' ..
.-?::;::~ .,ft. : 'U;~Y,~:~;( ;k',~:"~"'<~' >~;~!-PA1MATuii1li'g:W¢rdi~~~::;~<th~}:Jii~~~it>f,:'l'i;;;.tli~~0j'
~ ',.. ~ ~ '.~; ' " ' :;' -j.,~-- :~,..~t, ~,;,;.""-,, .-1""':'''''' '->-'' ' " " ".. " , ,-::.' ·..>l ' " ' --. ~~"\ :-,,,,':--.'" " ". ' , ~"

«;;;vr,~:~i:~5~\ "f',:·~t}': '.'~:"':A5;i!:ruriil\gWbl'(j!!~';it;!' "':P;;~i';'j~"';iii"'":5 '~f;<::
, ,,---,,~~,,, .:~ ~....." "" ~--"~ , .,.~,'. 4'*-...r-, -, ~'---"" . " . ' , " y.':of~i.j<:. ~'~.. .,ii~~:"'" , ~.:l;'s,;i¥:?5r ?:'~"," '
•... .,,;../ ,:,,;.:'/ '-'t>: '/ ,:--::.;.; ,'i<,'.,,'- ;~~;VAi::~):TUillhg:Worat:lt~;f} i:{;~"~~~>1:t:~7l";~,0!.<J;(h:}&.- ' ,' , -",~ ... '~;•..",'., ","" ,--,. ,.",....
' ;" :':;; \ '.\:,.:...,''- ":','. '... ,': ,"~~ '., I ',;: :- : ; ;:~~' , ,,,__ .. .. ' '. ., " .•, ' .,~.....- ,.p ~ y , ''''-.•7 ..~, :•• , , : ~ ''''-''' . ,.,,"~ '

, . ' " c"-,." .' _ ... . ... ,' ; ".-,"<:", '-•.'. 'At~:li' ;' :W ' rd' ~' .."""....:','"'-~''''' '~'" t·{-9:'..: --."'. ,,"...-s,~' l :1!.',§";r,~f...'t:.p ,·:fJ.")W, :iOff;\ ." ~~: ,~" 0 " ,mF:;~::~'\~~:';};'!:;~i ·#~,< ,.t;:~~:tr~:, ·.:.,'... .~w..-_ ' '.,. --,. ','_-~ ''''''''<'''.,

.- .;,p '.;,;'-~f.,;' r: ~\'8; ;''t·'),,, ;~ 1('~ i:i*,~Y&~W!Sg,t~~9';(~)S:f~M.X·*~:~{f1t¥.t*WJ,~¥/%'~,'7-''. <~~~': !<l'~·. ,', ~~ : -:.~~",,!-,;;'i.' . " . . ' .. ' . , '. ' ,

~~,~;::~,j~iJ~+{;;,~_~t{;:~;f..~ik;~, ~/·'t1,*, t:atcl{t(SlrOOe)$:l ii~!i~" ~{~:''-;-~-''~cjJ-lo!!''''-i--'':'f; . '
",:;:.r;.':;' . , ;':l~ ,. " . ', ... ., " , :'{<<" ·f, ·r,'f':.~~'~'?<;-·:·: ; ~' , :(£:;,'~'J: '" . ' ..

iI ,:;,!i"i :"; l : :, :<" '1'1() : ;,~<'.«,':':;';' ·~i~l:?1ftta,~~pi:£~~~&.~~~~~~;~n1M\*t.£~~~f&~·:P ;';?t~",~J:";6..~,· '_>";;" ;~, ,,, P.f ~
':~: f c":;" .'-';~!'r.s_n/'~::~'~~'> ~; ::*1(~~{_~~~ ,§a~}~1l1~~;~~Wm~;,\i(;~,~:·?« !fi'f.';.. ).," '\" . ." e<: ,.,,;;,. ,< ,~_,,:"

,,' :.; J: '.;:,',,! .';:~;,"12; {;l';,'.c.~;; : "'.,.;...',, -:-".',""'·tf'·"·:·'&$ f 'J',"'i ':0-\{~ .. ,t-' .. , ' .;, .~.•" ,. ...: , ', j " , .... .-:..
' ,,>~,-,~.~~,< '.;.,c ',';\< .A " ,_y.q' ;r ~{j;Ot';{'. ata: ; .t-i.~!;.:~.l&i(:-c,::,.~~,~,~ ~;;;.:t!¥:i-$'*-}';.
' .... -' . ..,.--.' .. -, ~ . ' , .. .. . '", r - ,',' " . ' . . ". ' ,'. , , " .' ,' , ' . ' , .. ' ."" ..> ~ ,

.,- :" ' -'.:" '. " ._ " . " ,,,;

~~,~g.1Jrt;~~::Bl#:~f!,@;tt~;¥~~r::~~<~t~1:,8!M1:fr~~t~:,;·f ;'E,{'~'''' <'-)~· · 13Y7<:;'j,Vo.'
, .,:,~",!"~~":ci~;? " ,::':--"':'.;' ,,~?

:~~~~,k:~SW?}.1~,~'f~~';"H
' ·:'·~tJ5-~ ,. ."'..BUS" :- '.'....",." " '" " '0-- ••" , ' •• , : '''~'''.,,' • " ~.
"~":J ' ~.:·Dala· ..' ';.I.:~ ' '''-' ."' , 'v.~>;,~..."c; ~- ---"'?" ' '''''- ."':;';1" ' "
, "','.. '" -- " . '''~ . , , ~~ . " ,,,~' ,";:;-'-" ; ~-, : '~;. :"'>;~ ~ '"'~'': ''-'{''' :;'-'' ' .,.~;:

'; ;;o} ,:"",'.'i .~;"]5 ;r~,"''''.",: ' ,' c,> ·01.<:,·,·t ) 'ta:'l3U$'" '~"-d"--"': :-o''-~r "-'-1 :;~ .--< ,, ~-,... ,'..~ ...« c.
.r·~';<: Yi~1;·'·f;\-" ~ .- -iff :;:.!'''::, :.:~!;!" " " ,,;kua .' , ,;r--:t/ r<:'·YTf-,.,·;{ ..>:::;-i,r;~,;.:.; ,:;.t~:1: :-';
,,' .:__ .c_.. . ~>. .- <.,,' ,' ...."':'. "''-' ._.•.- .-:. ,,'

~{~X:W2~';;v'nie'-2:1~i:,,~t{;,:£ti!k+}~~i,::1t~~;;~t:t'!;fi~'" , c , " ,. '/'~~A:'16 " ~ ":;;" ":~£'~,,~,c: ,-"' o.',.!,~,,- .,," . : ,.•.;;,, ' .•'7:- " . " . , ,, . -- ,~ . ,' , ' ''~ ' ' ' ' ' ''. . ''-... .... '- ' , -" ," -

!. :~;j~!>f:;;~}.'!::t~;2:~m ; ~t0~QETZ~1 ootiXirEriabie:-rra~sC8iver2,,;jP(~':6P?'{:
.,., ,,. . . ,.: ... " A ' .' , .. ',' " ' ''.:, ' . .', '. " , " ... "" . · · ,~ ,·" , . ·, C' " '_' '-.

·'",-,;:; "'i~' :;~{..~.", 'l tr '"~.;:- . :-;-":" o-;c,;':·,!,'(t~~<~':'GrOOOd'>J ;f2~~·~·-:"->~'·~;:-,{~~~'~~&%:':';:~~"'".:"!.;~\~J'.:-:.c.: .:, ,--C-""'~"''i\ '' ,. ;,~, . 'f.~,,;,: "" "" , ,, ': " \ , "",.,.::-:;..~ ,Y'O':" . I~ . ~ " : , .~ ,..~~..,. -,: '". ,~,~ .;<S""".

>r.'}~:0/)i~~:~1~~:",'11~~ ~:Yt~ - :'.,,''WE;"":,writ ",Ei' ' -bl' ~~ set~-,,;-~).d ,' ,B.;" " 'i' !.'y"." ~t ~" ,>;~ ;;
.,('>~; '. _ ':! '~~'; " __,E!" f¥l , ,~',' : :,<" :: " :":' ,::..; ,<:. :~,t'; :' : :; ::l ':':-':;" { ,1,\',',.'""'* ;,:" ,',-."" ,"~, '20'),';:-;" .~~;, ;~~~I~tItinilfu~~tf/!B~t;.~~;:~1~~t;~~d~i1W,~i·....',-",;, '.-,on"'.e;, .; .. " .-.¥~:.•:',?-,. " , ·~ , ~c·.- · ,/ ,_ ,:.~... -e -:

::(:it~~:::~·%;[t'52,r:~;t~; '~f,");:;} '...' . 'rd • - '.. .. • ., ". ".:<'- '.(:<1,Ato;5 un11)9'Wo z; ~;,:';;:-:;.:~,;/t) ;~.,~'. :;-\:J' :.~,; ;.,;"S'··',;::·t;~:; ;~."'. ., " " "...., ,-- " ':'. ' ', ..... .. ",. -- " ., .." '.<'" '. :,'.•... ., .. ..',

:~'{:/i:"t!:ii~f!22~~~:3:~j; '-.i';'\A.8'~'\ll - ' · ' · Woitj~·;'< - ·" '-,W'· ~f'·~... ,;:.:::t <",,;f~'
' '' : '~'' " UOVlQ. - ' \~ " '.""''' ''' · "!:i.ft"' · 'G~· ">'_ · :,.,''.-".;.... '.'-*', ' ,' . c>•••', ...... <'·,···H,u <,'''' ';' , ". " -"'.'.'~~

" '~-". " :" ,*, " zr ~' . C_ ' : '.;,' ,, ',\' ,<./l,6,,,'."'·-'Tt " ..'" 'W "0:"':';''- ':':'" "'·' ·-'.;"Y' " .• .•,'.,';"';."'-" ',', « "1' i"c-.-.r'" ." ~ ' ," '.., v ',': ,.; ..·.A ;'..",:•..:, ':>\?;: " ~'-i : F..u,n,lf,lQ ..'.Pt .;:!;2~:'.;?~'--:':}),;:?;;;;i-~ .;.-~,:;." 1;> .:8;:iii:/';':L',"".,.;.:.,;: c:'''''>:;' "__ " " \"~'.:;:·<?,c ·'

".:.' I'~ . , :---<, ;;·· ~24-''.,; '.;''..:'f ~: ~;,;...:A4: tiTUilirigWo'rd.-:: ::.;-,~,;:;;;, f." Z~.;h~~~il.:tJJ-'~':':;;l.'':':·::' ·;-';' : :,~' ~ ' 2;: ,_, .:,: ,, ;;.~ ,c;' ' .•. •, ,, .. , ,< ~"" _ ,. .:, ." , .:,7' <.. ·,-...,.. · .:" , • .9,<·...·.~~,• •: -" J:: . ' :>['
:,~ ~; ';; ":: :""'.'<2s :,;-~ j ~~;;;; '- ,;~~S:~;J~{~Utlit9:.W9~'~):, :i!.zt~:\:;i.:\:;;it~:it~:,iti:j:~\i~'~'i1i; '·'.-':i':\...,~'.>::_:: ~,' ;'i,' " i.: "~:"',;.;".,->
, ' . " ...o ~:-t: .. ·· '· 26'· · ·· v; I'.-'. , ~" .. ' .. ' ," .,,,- ' " - " ' ~ ' .' -- ; ' ,.' .. ~ '.,.,' ...... """... . .

,J ,'" ." . • ,,,.~ • ...,.~ .' . ,.. . .~<:... ' . , :>}:./,;~lttJu.rnng WOrd .(LS:B p."i{¥~i'-;::f';.:~:;l;-i1,:~-<'..<::': ''t~,--.l l~;.::7·'; :,.~ ;';i ~'.· ,~:·:.-? ·,,-t~:':\} ' , '- ~' . ,',' ." ..•. ,. ' ,..", .. ,', " ,: " '~" " ' >" . : ,~ , , ' , ...-< ... .- ;

',.. ,-::;.',' .,;.-;"';"'2i ''I·,,":'-'i ;;'-":~' !.',-.!.",; :,VO'·!;i;VCO:-Coriit Ot,(tS8}?9 " ;)Z; i:Y;:'c l " '; ~; ~': ;';A"': ; ':::" ;:1./ , ' !;:/~~~; , '; i :\:>. ' .p,;, """ ,' ,. : •.1' .. : . :' . _ ,.. ' __:. ,.,'<-",A·.,. " ••./,:._" ,:; :"~. ;",,,-.l<' :;

" ; ~":,'.;:. :~ ...-"'i::2a~'\,i.:.'\,{2 ,;j}" I..2:fi-:tatCn-?~;r12:'~~}~W~!~i,;>':~~·~~f~~~{~;t'.' >"" ,:-<." ';'.~~" ~ ,-, ,":,0, " ~o

; '~ :,,~~)j.i'J%~;t:;~::t:j~~::<V? ':~~!:'G.':H;G'r6li~~~~~§'~\:FW~~~;}~!~I§~:~~W~~f{-h:'h;~,;{~:~f

':~i~~;:;;:~~';f1:;~; 3OjU1*~\~
....00'\ nata: ·BiJS:;,:rl~" ';";5; N c~~: ,;':,;-;.; ;--;':;0/o~;~;;:::.;,~;" f' -" "' :<'_,''''- "'.__ .-' ':i ," ",,'.... ,.t ".~.'·'::!k':~7~::~·;::, ,:"~':~';c~ :' ;~;'c '." i't' ,v ·\

~" '''''.;<:: : "~:.:,.",,, 31,; '·:;>i~'·<t :/ ; , ' ~"; ' ; Dt-'t" oata;M"-· I ;:::: i ~ ':~ :; : ¢ " " " " ji;i \'; .~:';: :;A;' ;.-..,'-'i: 'X~:'::;:" ," ':','," ".•-r; ~,~' "A-S"",' '', "'; " "',,:,::.,. .',,;".' ~ .~·~-<I "" ':" _V'i."'~··".':,\'·¥ ;C'~'~':'''''''' ' ' -;;-:" "'~' ,__-

};::-/}~.:~V?~:~~::~.::t;N, ,: ~,;,'. ~D4 ::...':DaIal3oS'-(,~~i__ -,,''>::~'rD...'}t'; ~-;:.>~ ':~ ,":".,,; ,"':"",-,;'
. ~-r\ -,,': ~L " - , , ·c;"" - ' .'~':r::" ~'~ :'*" ;~/~ " "' · " \ ; ~' '-;,~, ,« ..!.~~ :,,

': : ,:~~; :,~· ~,:;.j}{!~)::~~4;}~'
'. ... ." ...' ...' .."., ".,.,.,..'.-- ,.,.,'-- .... ".__ '* ,..."'~ ' ..,.. .. , " " ,c
c;;~~ -,::D6; ;1:'DataBuS-' ~ .>••~•.,~ ,-,~!':'!' -" ";~>:1:'ii:"'''l',, ;f"j;~<~.....~-'-'"L ,,:, ;,.. ' ~ , . , ,. , , --,,~,1i1,~' U"';,",,,.:,.?;,,,;<C.'O'.f :<:~,~,~,~~ ,;.;-_.<,~

i~;;ii; ,~:\i.&34:S1~,jp;j~;~ ~~~f':WJ~,t;.Y~rit~_' 1~/;:'0:t·ti1Wl~f,f·~tW·;:·~::~·:~~t-:;~,: ~;.:~:;.;

;.,~;t7:S!,~;}~Q~;J~~~Y;i ">..OETH 00IputE~ij~~it~¥[i~~::~i:~¥:~;!' :'''''~ " . --,. ~<~" . -' .,

~;~;:':,:~ .:;Y;Ht36t'~.:.;0}·~:,'-:: , . ¢ET3 "'otrtp 8 abl ~ . > . ... .
,j;'./:," . , -'~1: .. ,,'" ~;' rI, 1';;.- ra,~,~,~:3, ~i1i :': ~: ::;(i::~ ;,:';;i"

~·~\;;/{;'\~;3~~;~r:);~'~~' ~r.;', ~,~ --~!;,~~!O,llild :~~tY~';-~* ~~:"~::;W!':H~:·i:i;i;t,'.-0:~:;'~~~

• •••...=

DIMENSIONS AND WEIGHTS
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• !:
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~.~ • ..
1.44±.o4

2 .19:1:.04
o~,

e
.16 <2 PL) "',. II<~ <&1~> .16 ( 2 PC>

". ".
Q .... .

J'

<w

J,-I-'"

lUG (" PL>

NOTES: For Normal Operation of the OTO
1)PIN flos. 9,10 and 28 shoulcl be connected together.
2) PIN no. 11 shouk:l be grounded.
3) PIN nos. 12, 13, 14, 15, 16, 17, 19, 30, 31 ,32,33,34,35 and 36 are lOt FACroRY PROGRAMMING ONLY and should not be used.

Model 06052 & 06206 Weight: 2. 181bs (990 grams) approx.

Dimensional To lerances, unless otherwise indicated: .xx :!:. .02; .xxx:!:. .005
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DI0s
CUSTOM MULTI-BAND DTOS

EW and ESM Applications

General Microwave has developed numerous multi-band
OTOs for demanding EW and ESM high-reliability applica­
tions, as shown in the photographs. The key requirements
for the EW Multi-Band OTO shown are compact size, low

spurious and harmonic levels, and 45g rms endurance
vibration levels. The unit includes 3 VCOs, 3 MMIC ampli­
fiers, a switched lowpass filter, a custom hybrid electronic
circuit, and RFIIEMI filtering.

','., .

The C-Ku band OTO shown includes 3 fundamental
mode VCOs and 1 push-push VCO, 4 MMIC amplifiers, a
SP4T switch, a switched lowpass filter, and associated

electronic circuitry. The key requirements are supression
of the unused VCOs and fast settling tuning. The SoC
band OTO shown meets similar requirements.
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Catalog OROs
Over the past decade, the ORO has become the oscillator
of choice for fixed-frequency applications requiring high
stability and low phase noise. General Microwave offers a
high-performance line of DROs in the 5-18 GHz frequency
range featuring 1ppml"C frequency stability over a wide
temperature range. A high-Q temperature-stable dielectric
resonator is used as the key element in the passive reso­
nant circuit.

The dielectric resonator is weakly coupled to maximize the
loaded Q of the circuit, thereby minimizing the frequency
variation over temperature, phase noise, and frequency
pulling and pushing. A series feedback topology is chosen
for best overall performance, as shown in Fig. 8. GaAs
FETs are used as the active device in the 8-18 GHz range,
and silicon bipclar transistors in the 5-8 GHz range. Buffer
amplifiers and voltage regulators are included as standard
features to further reduce the frequency variations due to
variations in the load and supply voltaqes, respectively.
General Microwave's "M" series of DROs includes a
mechanical tuning element which permits the user to vary
the frequency of the DRO over a narrow band. Complete
specifications are provided on page 170.

ORCs

DR

~MATCHI NG
NETWORK 7

C. !I ' ,
Fig, 8-Schematic diagram of DRO

OUTPUT

Custom OROs
Based on General Microwave's catalog line, custom DROs
have been developed for a variety of customers. A highly
stable DRO which exhibits very little degradation in phase
noise under vibration and a dual frequency DRO are
shown in photos to the right. Electronically tunable DROs
for X and Ku Band applications have also been developed.
Please consult the factory for individual requirements.

" ,
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DROs
CATALOG ORO SPECIFICATIONS

39,1'30,0'19,6 :'.;c.
., : ~'>.',.." " : ~ -:;~ ;.:<\6'

39;1"30,0'15,7"
' " .'- .• .' . ' -- ~,,- ~: ,,.:,- :-.,,' -.: . - _ . ' - ': _~:

...-"

:' 45,0' 35,6' 23,1
.: \ : -.:.[·-·'i>.', ' "

.--,
• •=','..,

.' 45.0, 35,6><19,1
.' .' ;• •

-- -" ~.' ....
...!.~.

53,1 ' 39,1 >28,7
•

-. .-.,' . -,
.. -', - "

-.: " -,",-.-.'-
" 'v" ,_. .

53:1'39,1x24,6.
,".":" ,:.". >:~..; :~,-/

f PULLING,VSWR 1:5:1 tVP (MHz)T c'::: :'.'>X'~
" " .',' • • • • < o w "'

- - ," .".,. . " " " - ,. - , ' . , - ,, . '- , .. . .- . , , - .
~;TEMPERATURE.STAB ILITY. iria£(PP.,;r.C); ; ;
" , " - . - • • - -- -~- - - -. ,', ' < - ," , '-' . ' , -.

..•.'..•...p.U· SHIN. G.'··m·····.·a..C·'.·(kHzN)· . ..•,.... • " .; '''',..•..••..,..•,...•'.••.. .•.".•, ..
, A ••.•..~•.. .t:..'...'."_;::'..'\ ..../"~ " • _ _•• ", ' ,' , _ .,. _ ", ' , ,'__ y • -_- .'~·_· •• ~ ·O~:,:- ~ ,

~ 9~N~~~:r9-R~_-;,:, '.~ ,-\~ ; :~~, '- r~~"} ':;.;.:':_::,<~:: t:_~·~'.'~.::,- ~

it::;G;~:~~~~s~'J~I~:i;~~~(~~~l~\:~·,:r:):';:~h:-;;~j;~~~{~::~1_~~;t:~~\

( f) Hermeticalfy sealed.

Description
High Rei screening

(See Table 1, page 158)

HOW TO SPECIFY
a. Select mechanically tuned (M) or fixed tuned (F) ORO
b. Specify Model, i.e., F5080 is a FIXED TUNED ORO
c. Specify desired operating frequency (can be specified to

a resolution of 1 MHz, I.e., 6038 MHz)

AVAILABLE OPTIONS
Option No.

49A

"Note that minimum order quanities may be applicable to
these products. Consult factory before ordering.
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DROs

DIMENSIONS AND WEIGHTS

F5080

,~_ U4Q---i
r'" 134,01 I

--.-= 1 ''' rlU I

M5080
;,,-_,1.]40'-...

13"',0

,"«s•.•1

.... ;J-12 8,71

-1."
1 (8,9)

.38 (9,111'OA 5 lolA FE "'ALE
.~U2 .71 FOR SMA MALE

AI' CONN
SMA FEMALE

.23
1'$,81L ..,,,,

1241'

. 1&
14 ,6 }
.1­,

.3819 .71 FOR SMA FEMALE
.50(l 2,7J FaA SMA MALE'

• e

2 .09 1.9 )(1
(03.1' (49,01

1.12
121,41

6X 9 .09512 ,41

.re
("',G)

L

I r.;" M TG
1/ SURI'A([

Rf CONH;i_I __Jl:t::tr:C1"1. SMA FEMALE

/ -,[}.23
.97 - j {5,al

1--(24,61

'.00
( ~3,11

WI: 2.75 oz. (78 gm) approx . Wt: 2.93 oz. (83 gm) approx.

F5120 M5120

. 38 \9 .7 IFOR SM'" FEWAt..E
. ~OllZ.1) FOR SMA MALE

WI. 2.12 oz. (60 gm) approx.

0--_ '-20,,_
13 0 ,5 1

,GO
116,$J

I
I

i --t i .469
• .10 ~ Il,9)

L
(2., ~ ) •

' 0 '
l i7,8 )~

1,4 0
13' ,61

I.n 1.610
14 !,Olt40,9 j

1.02
125,91

.,.
SURF.&C£

. !819 ,71fO R S lol ... n u.
.50 112.71 FOR SMA U

."( 4 , 6)

L

1.20
(:30 -')

Wt: 1.94 oz. (55 gm) approx.

r
1.71 1,610

( 4~,O I (40 ,91

.2>
t ~,11

RF'COHH
s..... FEMALE

.n ;j-0 9.lil

-l .!~

18.9

:....-7.-~ .. Io\T6
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.' 1l'l.n f OR ,..A F' [ M'E
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,..
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I." -.l
13 0.0 1

iX' .0 96(2 ,4 )

M5180

•'" ('l.1 ) FOR S"'" n MAl,E
. ~O (l 2.ll FOR S"",, MALE

1'';'1
. iOO@

1
e

·' 0 "'.SURFA CE e
. r 1.54 L380

(4 , 6) 13'JJ 1t~1) ... l!l .'$7M~ 1 .It

L 123,2) {",il, Af COMH L
I.

s..... FE.....L!

I
. 3 59 j-1 ,n , OG
19,11 (2.0 1 .,.,

( 3.8' e,»
'0 ~. '012,51 (l3.7) {Z.O}

I
__ .'9
- , {I ~,ol

. . ..

.900
124,91

F5180

. 2.lS2
16.71

U,.oMQ,4) L --11.18 ,_
(!O,OI

-1r-='rtC=:iL
' .54 1.380

(39,1l ee,n

WI: 1.3 oz. (37 gm) approx. Wt: 1.48 oz. (42 gm) approx.

OimensionalTolerances, unless otherwise indicated : .xx :!: .02; .xxx : .0005
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Power Measuring
Instruments

General Microwave has an extensive product line of
power measuring instruments including thermoelectric
average power monitors covering the frequency range
of 10 MHz to 40 GHz. in both coaxial and waveauide
configurations.Consult factory for other available power
measuring instruments.

POWER MONITORS
Power Monitors are typically employed in fixed
installations for the continuous measurement of system
power. Incorporating both the rf detector and an tnstru­
mentation amplifier, they offer cost-effective flexible
solutions to high accuracy and wide dynamic range
power measurements in reliable efficient packages.

The power head design uses thin·film metallic loads to
absorb incident rf power. By constructing the rf load as
a bi-metallic element, vacuum-deposited on a thin
dielectric substrate, pairs of thermoelectric junctions
are created. Half of the junctions are thermally
" sinked" to the transmission line conductors, while the
others are located within the air space between. These
latter junctions constitute almost the entire calorimetric
mass, enabling high sensitivity and fast response time.

The absorption of rf power by the load creates a
temperature difference between the hot and cold
junctions that gives rise to a thermoelectric emf. By
keeping this temperature differential small, the load
acts as a true square-law (rms) device, producing a dc
output voltage directly proportional to the absorbed
power. This voltage is applied to the monitor amplifier
which provides a user-selectable current or voltage out­
put in three remotely selectable 10 dB ranges for a total
30 dB dynamic range.

The Models N425D, N426D, and N427D Power
Monitors cover the frequency range of 0.01 to 12.4
GHz with full scale powers of 10,100 and 1 mW
respectively. The Models N445B and N446B units
cover the range of 0.01 to 18 GHz with full scale pow­
ers of 10 and 100 mW respectively. Power monitors in
waveguide configurations covering the X, U, K and A
waveguide bands are also available.

ERRORS AND WHAT TO DO ABOUT THEM
The numerous sources of errors present in the
measurement of microwave power can make an
accurate measurement a somewhat daunting task.
The errors associated with a power measuring device
include its frequency response, mismatch, linearity,
square-law response and noise and drift. With respect
to the former, each GMC power monitor is furnished
with calibration data defining its CAL FACTOR (1) as a
function of frequency. (CAL FACTOR is the normalized

response of the power monitor relative to its perfor­
mance at 1 GHz and includes the effects of detector
inefficiency as well as the mismatch loss when
operating with a matched source.) For GMC power
monitors CAL FACTORS typically run about 93% at
12 GHz and 91 Ok at18 GHz. Errors due to linearity and
square-law response for GMC power monitors are
usually less than 1% for the former and negligible for
the latter.

Another major contributor to the measurement
uncertainty is the mismatch error. As stated above,
the CAL FACTOR is a correction to be applied w!len
measuring a matched source. If the source is mis­
matched, inter-reflections between the source and the
power monitor produce an additional error whose
magnitude is a function of the complex impedance of
both the source and load. Because these data vary with
frequency and are usually not available, one usually
assumes the worst case condition Which can be
obtained from commonly available mismatch charts
or tables.

The contribution of noise and drift to the measurement
accuracy is obviously a function of the power level
being measured. For GMC Power Monitors, noise and
drift are rated from 0.02ok to 0.035% and 0.025%/oC to
0.035%/oC of full scale, respectively, on the least
sensitive range, increasing proportionally on the more
sensitive ranges. For most practical purposes, these ef­
fects can be ignored for measurements made over the
upper lOdB of the monitor's range.

POWER MONITORS

i----, (') Cal factor, orcalibration factor is the ratio of the substitution audio power to the total incident rf power required toproduce equalde
output voltages from the tft powerhead.

fill
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Models N445B, N446B, N425D, N426D, N427D
Integrated Thermoelectric Power Monitors

These power monitors are compact, integrated
assemblies of!ft~rrn(f~rErerfiC''fllJWe'l!'smsofS''irrrnJ.''d~

'a~!!1!.V~ specially designed for system power
monitoring at local or remote locations. Small size
and light weight make them ideal for difficult systems
packaging requirements, and choice of readout type
and location is flexible-all this is accomplished
without sacrificing high accuracy, excellent stability or
economy.

Modulated, pulsed, or cw signals from 0.01 to 18 GHz
are measured over a 30 dB dynamic range covered in
three convenient decade steps. Power levels as low
as - 30 dBm (11'W) and as high as + 20 dBm
(100 mW) can be measured. Provisions for remote
range selection and zero setting are included.

The monitor output is a dc analog signal which may
be connected to readouts in either a constant current
or constant voltage mode, directly scaleable in
milliwatls. The constant current output is
1 milliampere full scale, and the constant voltage
output is adjustable up to -10 volts full scale. For
remote readout distances up to many hundreds of
feet, the constant current connection provides a
stable reading free from errors caused by long wire
resistance values. Where the readout device is a
voltmeter, or for such applications as sweep
generator leveling, the constant voltage mode of
operation is available.

The carefully designed amplifier section, when
combined with the excellent stability of the
thermoelectric power sensor, assures exceptionally
low noise and drift. A wide operating temperature
range of - 55°C to + 85°C is also featured .

The Type N rf connector conforms to MIL-C-3901 2,
and the de and signal output connector mates with a
furnished MS3116E plug connector. Rugged
construction is featured throughout.

"

,
' ;
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Models N445B, N446B, N425D, N426D, N427D
Specifications

. - - " , , . '. (6) '" - , 'C" ' _ ".''' -;' , '".y ." " 0 ' ,, 'cw Overload Ratmg ,:"" ." ,:'.: ,." , ;.,.... ;3OO V. , " .. '

' - " " " , ' " ',' " ".' ,

" "" TL' 28," "",'. ,' :;.l . ' - • '" "
.. ". : .,., ' 1' 8' '.,.... ..

, ,,, . : ' ,.', " , ~ , ' bL.- '; '_ i , ~ :' :, ' " , --
, , , - .' '' ' 'TL~08 ' , ,-.': '

. . --. ' ,";"

' ±6V to ±18V.1 OmA. :1.0% regulatioi1-~ .:,.' ,, ",\ ::" :A\ .,' '';, :

30" ....,,"
:" ,,-- .,/

,".:.. - -,.;; ' ~'

,,'. ,..... 200°" .."__ ,~_ .. .•,::: 1"'. ::0 -

___ . '..t ··

". '
,, ' -,..; .. ~

. ,.-,..

"Max;de Voltage (volts)

ElemeritTempeiature 'Sensitivify '

Power Supply Requirements

."
..-

' .; '

MIL·STO-202F, Method
105C, COndoB(50.000 ft.)
MIL·STO·202F, Method
1070. CondoA, 5 cycles

• • • • • • • •

• • • • • • • • • • • • •

CyclingTemp.

Altitude

• • • • • • • • • • • •

• • • • • • • • • • • • • • •

Vibration

Shock
ENVIRONMENTAL RATINGS

MIL·STD-202F, Method
213B, Cond, B (75G.
6 msec)
MIL·STD-202F. Method
2040. Cond. B (,06"
double amplitude or 15G,
whichever is less)

(1) Except in the range from 0.010 to 0,015 GHz, where \lSWRmay rise 10 15,
(2) Excepl in the range from 0.010 10 0,015 GHz, where \lSWR may rise 10 1.75. "
(3) Excluding RF calibration error.
(4) On leasl sensitive range. Proportionately more on lowerpower ranges.
(5) AI maximum pulse power.
(6) While the units wiJJ take overloads for short periods of time, extendedperiods ofoperation at overload levels may result in permanent change

in the element characteristics oreven burnout. Maximum care should be exercised to avoid such an occurrenCB.
(7) Derale at 0.2 mWf'C from +60°C 10 +85°C,
(8) Deraleat 1.4 mWI"C from +5fY'C to +85OC.
(9) Derate at 0J)2 mWI"C from +5fY'C 10 +85"C.
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Models N445B, N446B, N425D, N426D, N427D
Specifications

--

MS3116E1415S(FURNISHED)

,;
•

+ 15 VDC, 10 rnA PS

, 25K,10T
ZERO

-15 VDC, 10 rnA PS

< l MA--:¥ oOR-- 0

<
FS_ Red ,

VOLTAGE OUTPUT-- - -

< -<>

<
Least Sensitive

G 0

H < 0
Range Select

J
Most Sensitive

K

-------« A

----« F

-------« B

-------« C

--_( 0

---( L

----«

----«

----«

----«

:,;i'<-'"" _',..\': .. . ;'N445B;/(4250 ~ :> " " ..."" ':".- ,. -;;'c:-___,, _, ~ ., .....: '.; , ~~~(";- . : -;. di; '"
-- PIN ' ;iN4461J;'N426D': ····,.N427D ,,>''.1.;:" .. ','f ~,- , - • .--:t .'

'.'c '<3 ' ",. ,.,. ",_.~ . - '- " ' - - : :''' '~'.,._.:-

~t':h+-20'dBr;. ':~t:
_'~ ' ~ ~" -::;-.:!,,:,i .:,

. ,'.," '-~''' ''''+1odBm'''''' ~.,..;,;ro dBm,',:;;' -~ .~., -~,~ ,-" , - '" .. .., ··..· if c':.;;.~;·.;, . ... , ..~"' -•..~.. " - ~-' ~., , .• ..."
- ,~. :-~" . .' ".: ~"'-

.- ~,",-"." ,. " . ~ ~ , :;y..,.-..• ~~~7" ,,~ ,,__ ,;.,"" _',"~'I~ ~. I{i;:"" ,",> ~-,- :-~,,}:';;;, . H·" ,' 'i::f';~~~~ "I)dBm:1~~~ " """ ""10 dBm" , . "d O·dBm..~, ..,,~t:ic- _·" .. ' ,;>" '''':
-~-.:; ... " , ~" _,;~ . "" ._ ', . . ,_ - .1:,"":"- -. «. ," ,..,'

;: {;' ; : '~ J ';;, ;fl -i, " ':. '- ', " .,, -- ····c.··," c" :--'."" ',':
~j\£:; ~h{JjtdfdB:ffi{f:\,i:!: ,:-, 20"dBm :(1-';,':':,'.':10-aBrris,'?)::t,..;--"". . .. .....',. '

o When voltage output is usad,ccnnect resistor (Red) between
pins Cand D. Output between pins Dand Lwill be - 1Vail per
1000 ohms of resistance ofRed with amaximumvalue of - 1OV
O.e.-10,000 ohms). Simultaneoususe01 voltage and current
modes isalso possible.

• 0 Any number of 1 rnA melersmay be connected in series pro­
vided total pins CO loop resistance does not excaed 10,OOOohms.

TYPICAL SET·UP FOR OPERATION

Dimensional Tolerances, unless otherwise indlcated: .XX :!: .02; .XXX :!: .005

;):~::i!-%;;:" ~'~;; \:;..t';~:' Dimension~'F'-:~'W~;' 'k'' .'.. "'. - Y1; . ,
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"{66 oj "s;N446B' ;.; (9MV'· ~:;: , -- j . ,~~~!
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N425D~

." ,,,..' "l , ':-i :. "'.." ... :~:;{~J';;::~'i\ (~j,\;

·'~{i2¥Af~ff. ':i~ -a' 1 0""'<
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POWER RANGE

0.2-200 mW/crri'
0.002-2fJ mW/cm'
0.02-200 mW/crri'

ALARM LEVEL

~MDJUSTABLE

0.2-2fJ mW/cm'
0.2-2fJ mW/cm'

~
I mW/cm2

SmW/cm'

" ' . .' ..,', -- -,"~ ' " ,

-. , ',
.-- '

' I,IA GXlllor-dOO1lQ «JGtu opIO"d

1-40 GHz·
1-40 GHz·

FREQ. RANGE

300 MHz-1 8 GHz
200 kHz-40 GHz
10 MHz-l GHz

50-2500 MHz
1-40 GHz·

FREQ. RANGE

, " .- ' "

..,
' " ,.. '.

65-1
65-5

, : . '

H600
60

'" t .·,' . '. . . RAHAM," SURVEY.INSlRUMENm·- ' . : ' "... . :

MODEL

30
40

H500

MODEL

' . .'

"

.-
.. ' " ,' .

', ' ~" " "" - ' "

, " '. ' , ," '. :
" ,' < ' '

, - ,'

'. ,

,, ',
. -

" '.. ' "

, ,.,

' 0,.,'.,

PLEASE REQUEST OUR
RAHAM PRODUCTS CATALOG

FOR DETAILED INFORMATION ON
OUR EXTENSIVE PRODUCT LINE
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About General Microwave

TODAY GENERAL MICROWAVE'S CORETECHNOL­

OGY REVOLVES AROUND COMPLEX INTEGRATED
MICROWAVE ASSEMBLIES FOR BOTH MILITARY

AND COMMERCIAL APPLICATIONS. GENERAL
MICROWAVE WORKS WITH YOU AND SUPPORTS

YOU WITH COST EFFECTIVE SOLUTIONS

THROUGHOUTTHE LIFETIME OFYOUR PROJECT.
GENERAL MICROWAVE HAS RECEIVED BOTH SBA

AND CUSTOMER AWARDS FOR ONTIME DELIVERY,

QUALITY AND PERFORMANCE.

Facilities
General Microwave's corporate headquarters is located on
a 10 acre site in Amityville, NY. General Microwave has a
fully owned subsidiary in Jerusalem, Israel, operating as
General Microwave Israel Corporation and a SUbsidiary in
Billerica, MA, operating as General Microcircuits
Corporation, which manufactures thin film hybrid circuits in
a MIL-STD-1772 certified facility.

Commercial Applications
Although the markets General Microwave has served over
most of its history have been defense related, during the
past several years it has increasingly devoted a large
share of its R&D and marketing efforts to commercial
applications of microwave technology. One of the results
of this diversification program has been the development
of a high precision short range radar which has found
applications in both commercial and military systems.
Among the former are obstacle detection systems for
automotive and other vehicular equipment and gauging
equipment for the petroleum and process control indus­
tries. For the latter, a terrain mapping system is under
development for a mine clearing combat vehicle and an
ice thickness measuring system has been developed for
the U.S. Army Cold Regions Laboratory.

Another unique equipment that has been developed in our
microwave laboratories is a system capable of on-line
measurement of the concentration of water in oil. Such
measurements are needed both at the well-head as well
as at refineries. The technique is also suitable for the mea­
surement of lIuid concentrations and mixtures in other
industrial processes.

VEHICULAR OBSTACLE DETECTION AND WARNING SYSTEM
(AERIAL VIEW)

======

RADIATION HAZARD METERSINTEGRATED MICROWAVE
ASSEMBLIES FOR EW SYSTEMS

Since its inception in 1960, General Microwave Corporation
has been dedicated to the principle of designing and pro­
ducing high quality products that utilize and advance the
state of the art. A heavy emphasis on internal Research
and Development throughout its history has led to the cre­
ation of a broad line of catalog products that include instru­
mentation such as power and radiation meters and solid
state components such as control devices, phase shifte rs
and oscillators. Among the numerous Innovative products it
has brought to market are: the first commercially available,
broadband, thin film thermoelectric power meter; the first
broadband microwave radiation hazard meters; the first
broadband coaxial solid state microwave attenuator; the
first digital peak power meter; and the first broadband solid
state vector modulators/phase shifters.
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