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Ordering Information
1. Pleaseorderby model number,optionnumber (where applicable),

and product name.

Telephoneorders forstandardcatalog products will be accepted and
processed immediately. However, shipment cannot be made until
a confirming written order is received, either by means of a stan­
dard purchase order form or a TWX or FAX containing the follow­
ing information as a minimum.

Purchase order number.
Ship to and bill to addresses.
Description, model number and unit price.
Nameofauthorized representative ofpurchasingdepartment.
Method of shipment.
Amount of insurance on shipment.
Sales/Use tax status of order.

An order for special or modified catalog products cannot be proc­
essed prior to receipt of written authorization.

2.Address all purchase orders to:

General Microwave Corporation (GMC)
5500 New Horizons Blvd.
Amityville, N.Y. 11701-1130

or in care of our Engineerir,g-Sales Representative in your area.
Determinationof prices, terms and conditions of sale,and final ac­
ceptance of orders are made only at the GMC factory.

3.Terms of payment for domestic orders are Net 30 days, subject to
approval of credit. If credit has not been established, please pro­
vide payment in full or authorization toship C.O.D. (certified or bank
check only). All prices are FOB Amityville, New York and include
packing to good commercial practice.

NOTE: Title and riskoflossand damage pass tothe purchaserwhen
the shipment is accepted by a common carrier.

4.Our export terms arc prepaymentor irrevocablesight letterofcredit
confirmed, engaged and accepted by any prime New York City
bank.

5.The right to discontinue any item and to change specifications or
prices at any time without notice is reserved.

6. The minimum order is $100, unless prepayment is received.
The minimum line item charge is $10.

7. Unless specific instructions accompany theorder, shipmentismade
viauninsured UPS orParcel Post. Ai r freightshipments will be made
FOB origin, freight charges collect.

8. Unless otherwisespecifiedon the face of the order, overseas ship­
ment will be madevia airfreight using afreight forwarder selected
by GMC, with all charges. including forwarder, inland freight, ai r
freight, insurance,consular and banking feescharged tothe buyer's
account.

9. Units returned for repairmust bereturned freight prepaid,FOBGMC
factory. If warranty repair is applicable, theunit wi ll be repaired and
returned freight prepaid. If warranty repair is not applicable, the
customer will be advised of the repair charges and his authoriza­
tion to proceedawaited before anycosts are incurred.Non-warranty
repairs wi ll be returned FOB Amityville, N.Y.

Returns from outside the United States must be made free
House/Free Domicile. Note that except where prior authorization
has been received fromtheGMC factory, collect shipments wi ll not
be accepted by our receiving department.

10. GMC is obligated to process all orders based on their relative
Defense Department priorities. Accordingly, all DO or DX ratings.
as well as applicable government contract number(s), should be in­
eluded on advance and confirming purchase orders.

11. Standard instruments or components returned for credit in a new
and unused conditionwithin60days after shipment will be accepted
subject to a restocking charge of 15% of the selling price ($350
minimum).

-

12. Deliveries quoted are subject to prior sale.

13. Prices quoted are based on inspection at destination. If source in­
spection isdesired, add $500/inspectiondayor3% olthehardware
price, whichever is greater.

14. Each unit will be accompanied by one copy of our standard
operating instructionsand will betested inaccordancewithGMC's
standard acceptancetest procedure forthe particular item. Unless
specified in the schedule of items or services, no other data or
special testing will be provided.

15. Quoted price is based on production and shipment in accord with
GMC's most economical rate including accelerated and/o r earlier
delivery.GMCreserves the rightto make partial shipments ona line
item or quantity basis.

16. GMC wi ll make its best efforts to ship on/before the promised
delivery date. However, failure todoso will not be considered cause
for cancellation or for claims arising therefrom.

17. Manyof theproductsmanufactured by General Microwave require
U.S. Government Export Licenses prior to shipment abroad.
Therefore, if the products are to be exported from the U.S. by pur­
chaser or purchaser'S agent, or if purchasertransferstitle toanyone
elsewhowill export the products from the U.S., purchaser is hereby
advised that a U.S. Government Export License may be required
prior toshipment. All salesbyGeneral Microwaveassumethatthe
proper licenses are obtained by purchaser, purchaser's agent or
transferee before the products are exported.

18. GMC isonly authorized to collect taxes tor the States ofCalifornia,
New York and Missouri. and will automatically add the appropriate
sales/use taxes to our invoices unless advised to thecontrary. Inall
otherstates, it isunderstood that buyerwi ll payanyapplicable taxes
directly from his facility.

19. The following warranty applies:

EQUIPMENT WARRANTY
General Microwave Corporation warranties all partsof equipment

of its manufacture to be free fromdefects caused by faulty material
or poorworkmanship. This warranty excludes electronic tubes, bat­
teries, natural rubber and material normallyconsumed in operation
unlesssuch excepted itemsfail asa result of improperapplication
by General Microwave.

Liability under this warranty is limited to the obligation to repair,
or, at General Microwave's sole option. to replace without charge,
FOB General Microwave's Plant, any part found to be defective
undernormal use andservice within thetime periods shown below,
provided:

(1) General 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 Corporation, transportation charges prepaid;

(3) General Microwave Corporation's examination shall disclose
to its satisfaction that such defects have not been caused by
abuse aher delivery.

Warranties shall not apply to items which have been repaired
or altered by others than General Microwave Corporation or its
authorized agency.

The periodof warranty isoneyear after deliveryof the instrument
or component to the original purchaser.

The warranty period shall not include anyperiod oftimethe unit
or part fails to perform satisfactorilyduetosuch defect, and anyunit,
partorcomponent repairedor replaced by General Microwavepur­
suant tothiswarranty shall itselfbeguaranteed as specified above.
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Octave-band and broadband units .

Attenuators/Modulators Current and voltage controlled 10-66
Digitally programmable

Phase Shlftersl High Speed
Frequency Translators, Digitally Programmable • 67-86
BI·Phase Modulators, Voltage Controlled
1.0. Vector Modulators

SPST thru SP7T
With or without drivers

Switches Reflective or non-reflective 87-141
Octave-banti, broadband, or ultra-broadband
Transfer switches

Millimeter Wave SPST and SP2T switches
Components Current and voltage controlled attenuators 142-150
(18-40 GHz) 3 dB quadrature coupler

Limiters
Low power
Medium power 151 , 152

Digitally Tuned
Oscillators Voltage Controlled 153-162

Dielectric Resonator

Power Peak power meters
Measuring 163·177Integrated power monitors
Equipment

Radiation Hazard
Measuring Systems

(RAHAM)
Products

Isotropic and anisotropic units
High performance and economy models
Broadband and ultra-broadband units
RF/microwave radiation badges

178·191

K Connector is the registered mark orWiltron Company.

The products included in thiscatalog may be cevered by one or more of thelollowing patents: 3,384,819. 3.713,037. 3,812,438, 3,831,573, 4,llO9.456.
4,207,518, 4,288,761, 4,288,763, 4,392,108 and 4,438,415- Other patents are pending.
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New Products

Oscillators 2-18 GHz

OTO's
Series 6000

(see page 158)

ORO's
Series 5000

(see page 161)

vcoe
Series 6000

(see page 159)

These high performance oscillators feature
high speed. excellent frequency stability and superior phase-noise.

Microwave Radiation Hazard Meters

Six Different
Models

HAND-HELD
Survey Models
200 kHz-40 GHz

Model 65
Factory Preset
1 mW/cm' and
5 mW/cm' Models

(see page 184)

POCKET-SIZED
Personal Warning Models

1-18 GHz

Model 60
User Adjustable Alarm
With Digital Readout
0-20 mW/cm'

Featuring:
- Isotropic and Antisotropic Probes
- Wide Dynamic Range: 40 dB
- One Hand Operation

(see page 187)

• -
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New Products

ANALOG AND DIGITAL
I-Q Vector
Modulators
0.5-18 GHz

Featuring independent control of
amplitude (20 dB) and phase (360°)

71 Series 12-bit Digital Control
72 Series Analog Control

(see page 73)

BROADBAND
Millimeter Wave

Components
18-40 GHz

• F90 Series SPST and SP2T Switches
• 7050 Quadrature Coupler

• 1959 Current Controlled Attenuator
• 01959 Voltage Controlled Attenuator

(see page 142)

ANALOG AND DIGITAL
Phase Invariant

Attenuators
2-18 GHz

Series 0197, Analog Control
Series 347, 8·Bit Digital Control

(see pages 37 and 61)

ANALOG AND DIGITAL
Multi-Octave Band
60 dB Attenuators

0.5-18 GHz

Series 01 96, Analog Control
Series 346, 8·Bit Digital Control

(see pages 31 and 58)
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New Products HIGH REL HERMETICALLY-SEALED COMPONENTS

HIGH SPEED
0.5-6 GHz

63 dB Digital Attenuators
Switching Time: 30 nsec

MINIA TURIZED
2-18 GHz

Voltage Controlled
Attenuator

60 dB

•

•,

Linear Control 10 dBNolt

" l,J..

-
.. '

6-Bit Control

". ,.

Model H1980, 0.5-6 GHz Model H1968
Model H1982, 2-6 GHz (see page 34)

(see page 40)
These models are provided with removable SMA connectors.

BROADBAND
Power Limiters

1-18 GHz

MINIA TURIZED
6-18 GHz

60 dB Attenuators

s-Btt Digital Control and Analog Control

Model 725, 10 mW Limiting
Model 726, 100 mW Limiting

(see page 151)

Model 3488, 500 nsec
Model 3488H, 200 nsec

(see page 64)

These models are provided with removable SMA connectors.
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HIGH REL HERMETICALLY-SEALED COMPONENTS New Products

0.2-18 GHz
Nonreflective SPST Switch

and Pulse Modulator

1-18 GHz
SPST-SP4T Switches

I) .y•• 1 1 I I;)

Jl 12
• GINU/\l
• "'K~q\·I.WI

tnA• J:) Jt) II -

• f) #I •
I

".....~ ~ ."

Model HM192, 10 nsec
(see page 135)

Series Hand HM, 10 nsec
Reflective and Nonreflective Models

(see pages 137-141)

These parts are furnished as drop-in modules or provided with removable SMA connectors.

MINIA TURIZED
360 0 Phase Shifters & Frequency Translators

4-8 GHz
a-au Control

6-18 GHz
8-Bit Control

• "'Ootl '"a
,~fiWtltr;• • " Ooq

,....
'"

\

,tV-V"
2 3 4 EcoUP.

I II L MICIWW/N J2
(JENEI ' 24
MODEL H7\ /N
"",,, r"i'" )/GIN , '/y .ll I
us.Jo ~

.-

Model H7524, 25 nsec
(see page 78)

Model 7928
(see page 84)

These parts provided with removable SMA connectors.
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Model Number Index

MODEL PAGE MODEL PAGE MODEL PAGE

1 • • • • • • · • • • • • • • • • • • • • 190 3294-120 . • • • • • • • • • • • · . 45 91 12 • • • • • • • • • • • • • · . · • 99
2 • • • • • • · · • • • • • • • • • • • • 190 3295-80 . • • • • • • • • • • • • • · 45 9114 • • • • • • • • • • • • • • • • • 99
3 • • • • • · · · . • • • • • • • • • • • 190 3295-120 .. • • • • • • • • • • • • 45 9120-500 . • • • • • • • • • • • • • 108
4C . • • • • • • • • • • • • • • • • • • 190 3296-80 . • • • • · • • • • • • • • • 45 9120AH-500 · • • • • • • • • • • 108
7 • • • • • • • • • • • • • · - • • 190 3296-120 . • • • • • • • • • • • - 45 9120AHT-500 • • • • • • • · • 108
10 • • • · · · • • • • • • • • • • • • 187 3298-60 . • • • • • • • • • • • · 45 9120T-500 • • • • • • • • · · • 108
12 • • • • • • · • • • • • • • · • • • • 190 3298-120 . • • • · · · • • • • • • • 45 9120W·500 • • · • • • • • • • • • 108
20 • • • • • • • • • • • · - • · • • • • 187 3450 • • • • • • • - - · • • • • • • • 50 9130-500 . ·- · · • • • • • • • • • 11 6
30 • • • • • • • • • • • • · · · - . • • 187 3451 • • • • • • • -- • • • • • • • • 50 9130AH-5oo · · • • • • • • • • • 116
40 • • • • • • • • • • • · - · · . . • • 187 3451H • • • • • • - - - • • • • • • • 54 9130AHT-500 • • • • • • • • • • 116
50 • • • • • • • • • • • ·-. · • • • • 187 3452 - . • • • • • • • • • • • • • • · 50 9130T-500 • • • • • • • • • • • · 116
60 • • • • • · · • • • • • • • • • • • • 184 3452Hl • • • • • • • • • • • • • - · 54 9130W-500 • • • • • • • • · - · • 116
65 • • • • • · • • • • • • • • • • • • 184 3453 · • • • • • • • • • • • • • • 50 9140-500 . • • • • • • • • • • • • 120
70 • • • • • • • • • • , • • • • • • • 187 3453H • • • • • • • • • • • .. • • 54 9140AH-500 • • • • • • • • • 120
81A • • • • • • • • • • • • • • • • • • 190 3454 · • • .. • • • • • • • • • • · · 50 9140AHT-500 · · • • • • • • • • 120
82 • • • • • • .. • • • .. • • .. • • 190 3454H • • .. • • • • • • • .. • • - 54 9140T-5oo • • • .. • • • • • · • 120
83A • .. • • .. • • • .. • • .. • • 190 3455 - • • • • • • • .. • • • • • · · 50 9140W-500 • • • .. • • • • · · • 120
84C . • .. . • .. • • • • • · · • • • 190 3455H • • • .. • .. - • • ... • • 54 9150-500 . ... • • • • • • • - • • 124
87 • • • .. • • .. • • • • · • • • • • 190 3456 .. • • .. • .. - . • • .. • • 50 9150T-500 • • • • • • • • · - . • 124
9 1 • • • ·- · · • • • • • • • • • • • • 187 3456H • • • .. · · · - . • • • • • • 54 9150W·500 • · · · • • • • • • • • 124
92 • • • • • • • • • • • • • · • • • • 187 3458 • • • • • • • • • • • • • • • • 50 9160-500 . • • • • • • • • • • • • 127
93 • • • • • • • • • • · • • • • 187 3458H • • • • • • • • • , , • • • 54 9160T-500 • • • • • • • · · 127
94 • • • • • • • • • • • • • · · · • • • 187 34608 • • • • • • · • · • • • • • • • 58 9160W-500 - • • • • • • • • • • • 127
95 • • • • • • .. • • • · - · · • • • • 187 3461 8 • • • • • • .. • • • • • • • • 58 9170-500 . · - · • • • • • • • • • • 130
97 • • • • • • • .. • • · - · • · • • • 187 34628 • • .. • • .. . • • .. • • • 58 9170T-5oo - • • • .. • • .. • • 130
309 • • • - · · • • .. • • • • • .. • 188 34688 • • • • • • • · .. • • .. • • 58 9170W-500 · - • • • • • • • • • • 130
311 • • • · - · • • • • • .. • • • • • 17 3472 .. • • .. • · · .. • • .. • • 61 9214 • • • • • · - · • .. • • • .. • 99
478A • • - • · · • • • • • • • • .. • 171 3474 - • • · .. • • • .. • • .. • • 81 9220-500 . · - - • • • • • • • • • • 108
4818 • • • • • • • • • · • • • • 190 3478 • • • • • • · • • • • • • • • • 61 9220T-500 • • • • • • • • · · · · 108
484 • • • • • • • • • · • · • • 190 3488 • • • • • • • · • • • • • • 64 9230-500 . · • • • • • • • • 11 6
490 • • • • • · · • • • • • • • • • • 166 3488H • • • • • • • • • • • • • • • · 64 9230T-500 • • • • • • • • • • • 118
495 • • .. • • .. • • • .. • • .. • 187 7050 - • • • .. • • .. • • • • • • · 149 9240-500. • .. • • • • • • · .. • 120
725 • • .. • • • • • • • - · · · .. • 151 7120 • • • • .. • • • .. • • • • • • 73 9240T-5oo .. • • • • • • · .. • 120
726 • • .. . • • • • • • .. • • • .. 151 7122 .. . • • .. · . -.. • .. . • 73 9250-500 . • • • • • • • • · • · .. 124
1950A • .. • • ... • • • • • • • • 23 71 24 • • • • • .. • • .. • • • .. · 73 9250T-5OO · - · • • • • • • • .. 124
1951 • • • • • • • • • • • • • • • • • 23 71 28 .. • • • • • • • • • • • • • · · 73 9260-500 . · - • • • • • • • • .. • 127
1952 • • • • • • • • • • • • • • .. • 23 7220 · • • • • • • • • • • • • • · · 73 9260T-500 · · • • • • • • • • • • 127
1953 • • • • • • • • • • • • 23 7222 • • • • • • • • • • • • • · 73 9270-500 . • • • • • • • • • • • • • 130
1954 • • .. • • • • • • • • • • • • • 23 7224 • • • • • • • • • • • • • , • • • 73 9270T-500 • • • • • • • • • .. • 130
1955 • • - - · • • • • • • • • • • • • 23 7228 .. • • .. • • • • • • • .. • • 73 A439 • .. • • • • • • • • • • · - - • 169
1958 • • .. · • .. • • .. • • .. • 23 7720 • • • • • • • · .. • • • .. • · 80 D1950A . • • • • • • • • • • · • • • 27
1958 • • - - · • ... • .. . .. .. 23 7722 .. . • .. · · · - • • • • .. • 80 01 951 .. • • ... .. .. • • .. • 27
1959 • • .. • • .. . • • • • • .. • 143 7724 .. • • .. • • ... • • • • • • 80 01952 .. • • • • • • • .. • • - - • 27
3250A • .. • • • • • • • - · • .. • 42 7728 .. • • .. • • • .. • • .. • • 80 0 1953 .. • · · - · • • • • • • .. • 27
3290A-80 • .. • • • .. · • • • • 45 7820 · • • • • • • • • • • • .. • • · 80 01954 • • · · • • • • • • • • • • • • 27
3291-80 , • • • • • • • • • • • • 45 7822 • • • · • · • • • • • • • 80 01955 • • • • • • • • • • • • 27
3291-120 . • • • • • • • • • • • • • 45 7824 .. • • , • • · • - • • • • • • • 80 01956 . • • • • • • • • • • • • • • 27
3292-80 . • • • • • • • • • • • • • • 45 7828 • • • • .. • • - • • • • • • • • 80 01958 . • • • .. • • • • • • • .. • 27
3292-120 . • • • • • .. • · .. • • 45 7928 • • • • .. • • • • • • • • • • • 84 01959 • • • • • • • • • .. · · · • • 143
3293-80 . • • • • • • .. • · -.. • 45 9012 - • • .. . • .. . • • • .. • • 146 01 9608 . • .. .. ... • • · · · · 31
3293-1 20 . ... • • • - · · • • • • 45 9013 - • • • • • • .. • • • • .. • · 146 0 19618 . • • .. • • • .. • • .. • 31
3294-80 . • • • • • • • • • · .. • • 45 9014 - • • • • • • ... • • • • • • · 146

fill
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Model Number Index (Cont)

MODEL PAGE MODEL PAGE MODEL PAGE

D1 962B . . . . . . . . . . . . . . . 31
01 968B . . . . . . . . . . •• . . . 31
0 1972 . . . . . . . . •• . . .. . . 37
01 974 . . . . . . . . .. . . .. . . 37
01 978 . . . . . . . . •. . . . . . . 37
06020 . . . • • . . . . . . . . . . . 158
0 6026 . . . . • . • . . . . . . . . . 158
06040 . . . . . . . . • . . . . . . . 158
06080 . . . . . • . . • . . . . . . . 158
0 61 20 . . . •• . . . . . . . . . . . 158
OM862C . . . . . . . . . . • . • . 96
OM862CH . • • . . . • . . . . . . 96
OM864C . . . • . . . . . . . . • . 96
OM864CH . . . . . . . • . . . . . 96
OM870 102
F192A 20,93
F940H 113
F1938 . . . . . . . . . . . . . . • . 70
F5080 . • . . . . .. . . . • . . . . 161
F51 20 . . . . . . .. . . . . . . . . 161
F5180 . . . . . . .. . . .. . . . . 161
F8922 . . . . . . . . . . . • . . . . 105
F8924 . . . . . . • • . . . . . . . . 105
F8928 . . . • . . • • . . . . . . . . 105
F901 2 . • • • . . . • . . . . . . . • 146
F9013 . . . . . . . .. . . •. . . . 146
F9014 . . . . . . ••• . . .. . . . 146
F9021 .. • •. .. .. . .. . ... 148
F9022 . . . . . . . . . . . • • . . . 148
F9023 . . . . . . . . . . • • . . . . 148
F911 2A. .. . . ••• . • .. . . . 99
F9114A . . . . . . . . . . . . . . . 99
F9120 • . . • . . . . . . . .. . . • 108
F9120AH 108
F91 20T . . . . . . . • . . . • . . . 108
F9120AHT . . . ... .. • . .. 108
F91 20W . • . .... . .. . . . . 108
F9130 . . . . 116
F9130AH 116
F9130T . . . . . . . . . . . . . . . 116
F9130AHT 116
F9130W 116
F9140 . . . .. . . . . . . . . . . . 120
F9140AH ..... . .. • •. .. 120
F9140T . . .. . . . • . . •• . . . 120
F9140AHT .. . . •..... .. 120
F9140W 120
F9150 . . • . . . .• . . . . 124
F9150T . • . . . • . . . . . . . . . 124
F91 50W 124
F9160 . . . . . •••• . •• . . . . 127
F91 60T .. . . . •• . . . . . . . . 127
F91 60W • . . . . . . . . . . . . . 127

F9170 130
F9170T .... .... .. . .. • • 130
F9170W ... .... . . . •.. • 130
F9214A . .. . . . . .. . • . . . . 99
F9220 . . . . . . . . . . . • . . . . 108
F9220T . . . . . . . • . . . . . . . 108
F923O.. . . . . . . . .. . . .. . 116
F9230T . . . . . .. . . . .• . • . 116
F9240 . . . . . . . . . . . • • . . . 120
F9240T . . . . . . . • . . • . . .. 120
F9250 . . . . . . . . . . . . . . . . 124
F9250T . . . . . . . . . . . • • . . 124
F9260 . . . . . . . . . • . . . . . . 127
F9260T . . . . . . . . . . . . . . . 127
F9270 . . . . . . . . . . . . • . . . 130
F9270T . . . . . . . . . . . . . . . 130
FM862C . . . . . . • . . . . . . . 96
FM862CH . . . . . . . . . . . . . 96
FM864C .. . . . . • . . . . . . . 96
FM864CH . . • . . . . . . . . . . 96
G91 20 . . . . . . . . . . . . . .• . 108
G91 20T .. . . • . . . . . . . . . . 108
G9120W . . .. . . . .. . . •• . 108
G913O .... . . ... . ... • . . 116
G91 3OT . . .. .... • • • ... . 116
G9130W . . . .. • . •. . . . . . 116
G914O . . . . . . .. . . .. . . .. 120
G914OT . . . . . . . . . • . . • . . 120
G9140W . . . . • . •• . . . 120
G9150 . . . . . .. . . . . . . 124
G9150T . . . . . . . . . . . . 124
G9150W . . . . . . . . . . . . • . 124
G9160 . . . . . . . . . . . • . . .. 127
G91 60T .. .. . . . . . • . . . . . 127
G91 60W . . . . . . . . . . . 127
G9170 130
G91 70T . . . . . . . . . . . . . . . 130
G9170W . . .. .. .. . ... . . 130
G9220 . . . . . . . . . . . . . . . . 108
G9220T . . . . . . • . . . . . . .. 108
G9230 ... .. • • . . . . . . . . . 116
G9230T . . . . . . . .. . . . . . . 116
G9240 . . . . . . . . . . . . . . • • 120
G9240T . . . . . . . . . . . . . . • 120
G9250 . . . . . . . . . . . . . . • . 124
G9250T . . . . . . . . . • . . . . . 124
G9260 . . . . . . . . . • . . . . .. 127
G9260T . . . . . . . . . . . . . . . 127
G9270 . . . . . . . . • . . . . . . . 130
G9270T . . . • • . . . . • . . . . . 130
H1968B . .. . . .. . . . . . . . . 34
H1980 . . . . .. . . . . . . . .. . 40
H1982 . . . . .. . . . • • . . .. . 40

7

H7524 . . . . . . . . . . . . . . . . 78
H9114 . . . . . . . •. . . . . . . . 137
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HM91 20HT ••.. . •. . .. . . 138
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LM1 89C 17
LM190C .. . . . . . ..... •. 17
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M190C ..... .. ... .. •.. 16
M438A 171
M439. . . . . . .• . . . . . . . .. 169
M862B •• . . . . . . . . . . . .• 96
M862BH • . . . . . . . . . . . . • 96
M864B 96
M864BH . . . . • . . . . . . . . . 96
M870 . .. •.. ..... .. . ... 102
M5080 . •• . . . . . . . . . . . .. 161
M5120 .•.... .. . .. ... . • 161
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MK439 169
N4250 ... . .•. . ..... .. 175
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N436A . . . . . . . . . . . . . . .. 171
N439 . . . . . . . . . . . • . . . .. 169
N445B 175
N446B .. •. . .... .... . .. 175
TK-l 175
TL-DB 176
TL-1B .. •. . ... . ....... 176
TL-2B 176
TL-4A . . . . . . .. . ... •. • • 176
TL-5 176
V6020 . . . . . . . . . . . . . . •• 159
V6026 . . . . . . . . . . . . . . .. 159
V6040 . . . . . . . . . . . . . . . . 159
V6080 . . . . . . . . . . • . . . . . 159
V6120 . . . . . . . . . . . . . . . . 159
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The introduction of the PIN diode more than 30 years
ago has led to the development of a large family of
rf and microwave control components, including
switches, altenuators, 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 characteristics are described
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 electrons 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 effectively no modulation of the diode
conductance and, ignoring parasitic reactances, the
diode behaves as a pure resistor.

If we define a transition frequency fo as

fo =21 ,nT

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 linear resistor. The range of T

varies from as low as 10 nsec to as high as 5l'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
modulation 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 capacitance 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
multi-throw switches, beam lead diodes are frequently
employed at the common 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
relationship 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
sertion 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 characteristics 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) The reader interested in mere information on this SUbject should consun one or more of the following references:
"Microwave Semiconductor Engineering ': J.F. White, Van Nostrand Reinhold Company, 1982.
"Microwave Ssmiconductor Control Devices ' : K.E. Mortenson, Microwave Journal, May 1964. pp 49-57.
"Fundamental Limitations in RF Switching and Phase Shifting Using Semiconductor Diodes ' ; ME Hines," Proceedings of the IEEE. vol. 52, pp 697-708.
"Biasing and Driving Considerations for PIN Diode RF Switches and Modulators" Hewlett-Packard Applications Note 914, Jan. 1967.
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Attenuators
General Microwave PIN diode attenuators cover the
frequency range from 200 MHz to 40 GHz and are
available in numerous configurations to permit the
user to optimize system performance. Most designs
are available with either analog or digital control ,
operating over octave or multt-octave bands with high
or moderate switching speed characteristics.

ATTENUATOR TOPOLOGY

GMC PIN diode attenuators are designed with several
different topologies, each of which has been selected
to optimize certain performance characteristics. 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 attenuator 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 reflective 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.

BIAS

@-;,f-r-'--r- - --r-!,If-@

• • • •

Fig. 1·Shunt mounted reflective attenuatar

BALANCED ATTENUATOR
By placing identical shunt-mounted reflective
attenuators between an appropriately connected
pair of 3 dB quadrature hybrid couplers, a balanced
attenuator is realized (see Fig. 2). The balanced
attenuator has all the simplicity of the shunt-mounted
reflective attenuator with the added feature of provid­
ing low VSWR under all conditions of attenuation. In
addition, 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.

fill
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BIAS

Fig. 2-Bafanced attenuatar

ARRAY ATTENUATOR

With the addition of terminati ng diode elements to the
shunt-mounted reflective attenuators of Fig. 1, an
attenuator 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 possible to
obtain good VSWR and attenuation characteristics
over several octaves.

GMC employs array attenuators in a number of
custom designs.

BIAS

Fig. 3·Array attenuatar

T·PAD AND Tt-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. Attenuation variation is
obtained by simultaneously changing the bias current
of the series and shunt diodes com prising 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 configuration is used by GMC
due to the difficulties in realizing suffic iently low stray
reactances and short transmission line lengths in
n-pad circuits for operation at higher microwave
frequencies. Models of these attenuators cover the
full freq uency range from 0.2 to 18.0 GHz with ex­
cellent attenuation flatness and moderate
switching speed.



Attenuators

T-pad ettenuetor
' SER IES

n-oaa ettenuetor
I SHUNT

I SERIES

'"
,- ~ , "

Ir
,

• SHUNT
f- f-

± r. ,

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 combines one or more tandem pairs of SP2T
switches with a zero loss connection between one
pair of outputs and a fixed attenuator inserted in the
other (see Fig. 5). In this configuration the PIN diodes
are not used as variable resistors, but are switched
between their forward and reversed biased states.
This allows for much faster switching speed since
high speed PIN diodes and drive circuitry 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 practical
attenuation step size at microwave frequencies is

BIAS CONTROL
ATTENUATION PAT H

AT TENUATOR PAD, - -- - 1
I

I I
L --.J

BIAS CONTROL
THRU PATH

Fig. 5-Switched bit attenuatar

about 0.5 dB due to interacting VSWR's as the bits are
switched. These interactions may lead to
a non-monotonic response as the attenuation is
changed in increments of one LSB, l.e. , the attenuation
level may actually decrease when an increasing at­
tenuation step is called 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 insertion phase variation is minimized as the
attenuation 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 described above.

DRIVER CONSIDERATIONS
All attenuators except for the switched bit variety are
available with linearizing driver circuits with either
analog or digital control inputs. In addition, many
attenuators are available without the driver for those
who choose to provide their own. Most digital
attenuators are available with eight-bit TIL control
which, for an attenuator with a nominal 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 circuit.

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
switching speed.

(1) "Broadband Phase InvariantAttenuato, ", D. Adler andP. Maritato; 1988 /EEE MTTS Dig9St. pp 673-676.
Toobtain a copy of th is paper, please write to

Dept. C.• General Microwave Corporation, 5500 New Horizons BlVd., Amityville, NY "70' .
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Attenuators

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

PHASE SHIFT vs. ATTENUATION
All attenuators exhibit a variation in phase shift with
allenuation level (AM/PM modulation). Fig. 6 shows
typical phase shift variation as a function of altenua­
tion for a number of GMC altenuator models. The
phase shift is allributable to both the stray reactance
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 entirely. Where minimum change of
phase with attenuation is a critical parameter, the use
of GMC's line of Phase Invariant Altenuators describ­
ed above should be considered.

HARMONICS AND INTERMODULATION
PRODUCTS
All PIN diode control devices (i.e, attenuators, switches,
phase shifters, and limiters) will generate harmonics
and intermodulation 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 altenuator are greatly dependent
upon its design, the operating frequency, altenuation
selting and input power level. Typical performance for
a moderately fast allenuator t.e. 500 nsec switching
speed, follows:

TYPICAL ATTENUATOR INTERCEPT POINTS
2nd ORDER 3rdORDER

FREQUENCY INTERCEPT INTERCEPT

2.0 GHz +35dBm +30dBm
8.0 GHz + 40dBm + 35 dBm
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Attenuators

Fig. 7-Total accuracy

Fig. 8-Switching speed

MODULATION BANDWIDTH

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 detector.

Large Signal Bandwidth: With reference to a
modulation frequency of 100 Hz and a 100% modula­
tion depth at a quiescent level of - 6 dB, the frequency
at which the modulation depth decreases 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/oe. Note that
the attenuator temperature coefficient may vary with
both temperature and programmed attenuation level.

':::'- ~-r -\
",ov . I I L._, ,
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,! '
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: I ITA I I Ilrl I

"ON· SWITCMING ...... ~ -1 t- "ort" SWITCHING
TIME TIME

ITONI {TOFrl
RF OUTPUT ENVELOPE

On Time is the transition 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 control 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 perfor­
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.

I ,
FREOUENCY

eec ATTENUATlO

MEAN ATTENUATION- - - ------ -
-•0-
z
0

", 1z
~

1~

~• I

I,

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 to conditions
when tne attenuatar is driven by an appropriately shaped switching waveform.

POWER HANDLING
The power handling of a PIN diode attenuator is
dependent on its topology, biasing levels, and
switching speed. The faster the attenuator, the lower
the power handling capability. Th is catalog specifies
both the maximum operating and the maximum
survival levels. Maximum operating level is defined as
that which wil l cause either a one dB compression of
attenuation level or an out of specification condition.
The survival levels are generally dependent on the
maximum ratings of the semiconductors in the
attenuator. Please consult the factory for special
applications requiring higher operational power
levels than those listed in this catalog.

DEFINITION OF PARAMETERS

MEAN ATTENUATION is the average olthe max­
imum and minimum values of the attenuation over the
specified frequency range for a given control 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 attenuation from the programmed
attenuation value expressed in dB when measured at
+23 ±5°e.
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ATTENUATORS AND MODULATORS

FREQUENCY RANGE (GHz) ATTENUATION MODEL PAGE COMMENTS
RANGE (dB)

0.2 0.5 1.0 2.0 4.0 8.0 12.4 18.0

CONTINUOUSLY VARIABLE, CURRENT CONTROLLED, ABSORPTIVE ATIENUATORS
35 M190C

'2 18 45 M186C 16
Dual control ,

low power
65 M189C

35 LM190C

.2 12 .4 40 LM186C 17
Dual control .

low power
65 LM189C

05 1 80 1950A

1 2 60 1951
2 4 60 1952

as 52 60 1953

4 8 60 1954 23 Single control

5 10 60 1955

8 12 60 1956

8 18 60 1958
18 -40 60 1959 143

CONTINUOUSLY VARIABLE, VOLTAGE CONTROLLED, LINEARIZED ABSORPTIVE ATTENUATORS
35 M190C/311 Separate driver

02 18 45 M186C/311 16 and rf section,
65 M189C/311 low power

35 LM190C/311 Separate driver
0.2 12.4 40 LM186C1311 17 and rf section.

65 LM189CI311 medium power

05 4 60 01960B

05 8 60 01961B
2 8 60 01962B 31

2 18 60 01968B

05 1 80 01950A

1 2 60 01951 Integrated driver
2 4 60 01952 and rf section
2.6 5.2 60 01953

4 8 60 01954 27

5 10 60 01955

6 12 60 01956

8 18 60 01958

18 -40 50 01959 143

VOLTAGE CONTROLLED, HERMETICALLY SEALED, LINEARIZED ABSORPTIVE ATIENUATOR

2 18 60 H1968 34 Integrated driver
and rf section

VOLTAGE CONTROLLED, PHASE INVARIANT, LINEARIZED ATTENUATORS
2 6 32 01972

4 12 32 01974 37 Integrated driver

32 01978
and rf section

8 18

HIGH SPEED ABSORPTIVE PULSE MODULATORS

. 2 18 60 F192A 20
Integrated driver

and rf section

Integrated driver
0.2 18 80 HM192 135 and rf section,

miniaturized,
hermetically sealed

fill
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Selection Guide (Con't)

ATTENUATORS AND MODULATORS (con't)

FREQUENCY 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 PROGRAMMABLE, HERMETICALLY SEALED, ABSORPTIVE AITENUATORS
IL5 s 63 1.0 H1980 Integrated driver

2 e 63 1.0 H1982 40 and rf section

DIGITALLY PROGRAMMABLE ABSORPTIVE AITENUATORS, ULTRA·BROADBAND

0.2 60 1 3250A 42
Integrated driver

18 and rf section

DIGITALLY PROGRAMMABLE ABSORPTIVE AITENUATORS, MULTI-OCTAVE BAND
IL5 , 60 0.25 3460B

IL5 8 60 0.25 3461 B
Integrated driver

60 0.25 34628
58

2 8 and rf section
2 18 60 0.25 34688

DIGITALLY PROGRAMMABLE, PHASE INVARIANT AITENUATORS, MULTI·OCTAVE BAND
2 s 32 0.125 3472

, 12 32 0.125 3474 61 Integrated driver

32 0.125 3478
and rf section

8 18

DIGITALLY PROGRAMMABLE ABSORPTIVE AITENUATORS, OCTAVE BAND
80 0.05 3290A-80 45

IL5 1
80 0.25 3450 50

120 0.1 3291-1 20
45

1 2 80 0.05 3291·80

60 0.25 3451 ,3451H 50,54

120 0.1 3292-120
2 , 80 0.05 3292·80

45

60 0.25 3452, 3452H 50,54

120 0.1 3293-120
2 . ., 80 0.05 3293-80

45

60 0.25 3453,3453H 50,54 Integrated

120 0.1 3294-120
driver and
rf section

4 8 80 0.05 3294-80
45

60 0.25 3454,3454H 50,54

120 0.1 3295-120
5 10 80 0.05 3295-80

45

60 0.25 3455,3455H 50, 54

120 O.1 3296-120
e 12 80 0.05 3296-80

45

60 0.25 3456,3456H 50,54

120 0.1 3298-120
8 18 60 0.05 3298-60

45

60 0.25 3458, 3458H 50, 54

DIGITALLY PROGRAMMABLE, MINIATURIZED, ABSOPTIVE AITENUATORS, OCTAVE BAND

8 18 60 0.25 3488,3488H 64 integrated driver
and rf section

fill
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Models M186C, M189C and M190C Ultra-Broadband
PIN Diode Attenuator/Modulators

• Absorptive
• 0.2 to 18 GHz frequency range
• Attenuation range up to 65 dB
• Flatness as low as ± 0.5 dB

-,

•

MODELS M186C, M189C AND M190C
This family of absorptive PIN diode attenuatorl
modulators operates over the instantaneous fre­
quency range of 0.2 to 18 GHz. Their multi-octave
bandwidth makes tham highly suitable for wideband
ECM and measurement systems.
The rf circuit consists of a T-pad arrangement of
shunt and series diodes in a microstrip integrated
circuit transmission line, as shown in figures 1 and 2
below, and a resistive low-loss bias line. The arrange­
ment permits operation as a bilaterally-matched
device at all attenuation levels by separately control­
ling the bias currents through the series and shunt
diodes.

•

IItWIQ I[: N IE fit A. L
III4iII M I C fit 0 W #II, V E .

,,,, .. MIN GDA\.ll: , N ." .
MAOI; IN U. II<

J2

lrOTAL

BIAS

J l

'eeees

AF INfOUT RF IN/OUT

@---II-"---I' - -t- >t--~ ---1@

.. , .. ... , II " U . IIIII ;~

~cj

•

..... '0 '

Fig. f·Model M 190C, schematic diagram
(Model M 18ge consists of two such sections)

J2

TOTAL

BIAS

Jl

I SERIES

RF IN/OUT RF IN/OUT

@f-----~1< -.~"--.- >I-~ -----<@

Fig. 2·ModeJM186C, schematic diagram
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Models M186C, M189C and M190C Ultra-Broadband
PIN Diode Attenuator/Modulators

Attenuation Levels be provided by either the user's circuitry, or by the

The Models M190C and M186C are rated for attenuation GMC Model 311 Driver. (See Fig. 4 on page 18 for

levels up to 35 and 45 dB, respectively. The typical Bias Current/Attenuation transfer curves.) The
Model 311 provides voltage controlled linear attenua-Model M189C, which consists of the equivalent of
tion with a nominal transfer function of 10 dB per volttwo independently-controlled M190C attenuators in
for the Models M186C and M190C. For the Modelsa single rf assembly, is rated up to 65 dB.
M1 89C or LM189C, two Model 311 drivers are re-
quired and the transfer function is 20 dB per volt.

Power Ratings When attenuators are ordered with drivers, the

Although all three models will survive input powers assemblies are adjusted for optimum accuracy at
2 GHz. Optimization at customer-specified frequenciesup to 2 watts from -65°C to +25°C, the maximum

power levels at which they operate without perform- is available on special order.

ance degradation is limited to those shown in
Fig. 5 on page 19. For higher power applicat ions,

For use As Reflective Switchesthe narrower band LM186C, LM189C and LM190C
models are available. By reducing the series diode current to zero in the

isolation state, these units can be operated as high-

Drivers isolation reflective switches for low frequency ap-
plications. A typical response curve of the Model

The proper levels of series and shunt diode currents M816C operating in this mode is shown in Fig. 3
required for operation as a matched attenuator can on page 18.

Specifications
FREQUENCY FREQUENCY

(GHz) (GHz)
MODEL CHARACTERISTIC MODEL CHARACTERISTIC

NO. 0.2 8.0 12.4 NO. 0.2 8.0
to to to to to
8.0 12.4 18.0 8.0 12.4

Max Insertion Loss (dB) 1.8 2.2 3.0 Max Insertion Loss (dB) 1.5 2.6
M186C Max VSWR 1.5 1.75 2.0 LM186C MaxVSWR 1.5 1.75

Min Attenuation dB 45<') 45 45 Min Attenuation dB 4(){2) 40
Max Insertion Loss (dB) 3.0 3.5 5.0 Max Insertion Loss (dB) 2.5 3.5

M189C Max VSWR 1.75 2.0 2.0 LM189C MaxVSWR 1.75 2.0
Min Attenuation (dB) 65 65 55 Min Attenuation (dB) 60 55

Max Insertion Loss (dB) 1.8 2.2 3.0 Max Insertion Loss (dB) 1.7 2.0
M190C MaxVSWR 1.5 1.6 2.0 LM190C Max VSWR 1.75 2.0

Min Attenuation (dB) 35 35 30 Min Attenuation (dB) 32 27

FLATNESS ± dB
FREQUENCY (GHz)

ATTEN. 0.2 to 8.0 0.2 to 12.4 12.4 to 18.0
(dB) M190C M189C LM190C LM189C M190C M189C LM190C LM189C M190C M189C

10 0.5 0.5 0.5 0.5 0.7 0.7 0.7 0.7 1.0 1.0
20 0.5 0.5 0.5 0.5 1.0 1.0 1.2 1.2 1.0 1.0
30 0.7 0.7 1.0 1.0 1.5 1.5 2.0 2.0 1.0 1.5
40 - 1.0 - 1.0 - 1.5 - 2.0 - 1.5
50 - 1.0 - 1.5 - 1.5 - 2.0 - 1.5
60 - 1.0 - 2.0 - 1.5 - 2.5 - 1.5

(1) Except 40 dB up to 2 GHz.

III(2) Except 35 dB up to 2 GHz.
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Models M186C, M189C and M190C
Specifications

'00

90

m60 l~l~cT 'VE
MODE .'0

~

- 70 .....J .,
- 6~
~5 1

.,.
V44

z , .,.
w I -, /~ IT~~ 20
4 I .,

I ••
IL 2 .,

I dB) b
0 2 0.5 1.0 20 .,4.0 ao 12 4 18.0

FREQUENCY (GHz) -•REFLECTIVE MODE •- .,
~

~ . , ,.
" " • '"m 7 ~ -I

~ f::; 60 ,- u
w 50 -,
g40t- ISE.R IES

: i r:1
-,

4 ' I I -s 30j I I I I

tJJ
•

~ 2, ~) I
/

- ~,;~ ) ! I h - I

0 2 0.5 1.0 2.0 4.0 8 012,4 18.0 -ac
FREQUENCY (GHz) -'fABSORPTIVE MODE

· 00

Fig. 3·Typical response curves of Model M 186C Fig . 4-Typicaf Models M186C and M 190C bias
current/attenuation transfer curves

PERFORMANCE CHARACTERISTICS Humidity .. . . . . . . . . . . . . MIL-STD-202F.

Power Handling Capability Method 103B. Condo B

Without Performance Degradation (96 hrs. at 9S%)

M186C. M189C, Shock ... . .. . . ... .. . . . MIL-STD-202F.
M190C • • • • • • • • • • • Up to 100 mW cw or Method 213B. Condo B

LM186C. LM189C,
peak (see figure S) (lSG. 6 msec)

Vibration .. . . . . . . . . . .. . MIL-STD-202F.LM190C 100 mW cw or peak• • • • • • • • • • Method 204D. Condo B
Survival Power (from -6SoC to +2SoC; see (.06" double amplitude or

figure 6 for higher temperatures) lSG. whichever is less)

All units . . .. . . ... . 2W average or peak (1Jl sec Altitude . . .. ... . .. . .. . . MIL-STD-202F,

max pu lse width) Method 10SC, Condo B
(SO.OOO ft.)

Phase Shift . ..... .. .... See page 12

Typical Small Signal Bandwidth
Temp. Cycling . .. .. . . . . MIL-STD-202F.

Method 10lD. CondoA.
M186C. M189C . S cycles
M190C . .. . . . ... . . 500 kHz MODEL 311 CHARACTERISTICS ")
LM186C. LM189C. Nominal Transfer
LM190C 50 kHz• • • • • • • • • • Function . . . . .... .. • .. 10 d B/volt

Bias Current Requirements (see figure 4) Accuracy at Calibration
M189C. LM189C .. .. ± 100 rnA max. Frequency (2 GHz) . . . . . ± 1 dB starting from S dB

M186C. LM186C. above insertion loss

M190C. LM190C . . . . . ± 50 rnA max. Typical Small Signal Bandwidth When Used With:

ENVIRONMENTAL RATINGS (RF UNIT) M1B6C. M1B9C.
M190C . ... . .. . ... . 500 kHz

Operating LM1 B6C, LM189C.
Temperature Range . . . -6S "Cto + 8S'C

LM190C . . . . . . .. . .. 50kHz
Non-Operating Control Signal Input

Temperature Range .. . - 6S"C to + 12S "C Voltage Range .. . . . . . oto + S vo lts dc

fill
Control Signal Input

(1 ) Specifica tions listed are l or each Model 3 11 Driver Impedance . . •... ... . 3 kohms (nominal)
m use.
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Models M186C, M189C and M190C
Specifications

(1) Specifications listed are for each Mode/3f1 Driver in use.

AVAILABLE OPTIONS (RF UNIT)MODEL 311 CHARACTERISTICS(')(cont)
SwitchingTime 100/,sec max

Power Supply
Requirements . . . . . . . . . + 15V + 0.1% , 125 mA

-15V ± 0.1% , 125mA

Operating Temperature
Range - 55 ·C \0 + 75 ·C

Non·Operating
Temperature Range . . . . - 55 ·C \0 + 85 ·C

Opt ion No.
7
10

33
64A

Description
Two SMA male rf connectors
One SMA male and one SMA female rf
connector
EMI filter solder-type bias terminals
5 MB male control connector

0.5 1.0 2.0 .0 8.0 la o

FREQUENCY 10Hz) . 8S· C-6S' C

I
I

70 f-- - ---- - L - --~
(

I
I
I

,oor-- - - - -,

% 0 '
RATING
AT . 25· C

. 2S· C

TEMPERATUAE

Fig. 6-ModBis M186C, LMI86C. MI89C, LM I89C.
Ml90C and LMI90C. survival power derating factor

·20 dBm (0.0 1 mW)'---- --'-- ­•.,
Fig.S-ModeJs M IB6C. M 190Gand M189C, maximum peak and
average operating power without performance degradation

. 20 cJ8m (100 mW)

a: . 10dBmIIOrnW)
w

~ 0 dElm (1.0 mW)

~ · 10 ,,8m (0.1 mW)
z

DIMENSIONS AND WEIGHTS

,OS
SMC FEMALE

"(6.6)

l ~
•

"" "'""SMA FEMALE
ex

,OS BOAS
SMC fE MAlE r SMC MALE ( 2 ••.101(2.6)

" ~

SMA MALE FDA rJ.." ,.l,A ITTI I
OPTION 10 ~ n ~ / .50 1l27 l

LJ Eo _ ssI
58 I I=0 (24.4)

'''_~ ,3<.0)-
(2.01 1 50

(38.1) t
.38(9.7) FOR SUA FEMAlE
.50(12,7) FOR SUA MALE

/ " 1·,,,.,." l8f"
S " (9.4)MA MALE FOR ., ~_ _ . GND TERMINAL __

OPTk)N \0 1=.1 :: _ .50 (1 2 ,71 FOR OPTION 33 ~

I , I "
" n'r ~I ' -1-n i::., i'j" ~

(14.7/ iU I -U -l
t j _ . ,-";[.,,,-1 25~ L

RF CONN (2.0) (16.71 (6.41

SMA FEUALE 2X .8 \ ---- 1- j~,7) _
(2(l.61 L .38(9.7) FOR SUA FEMAlE

.50(12.7) FOA SUA MALE

MODELS M186C, LM186C, M190C AND LM190C
Wt. 1 oz (28 gm) approx.

MODElS M189C AND l M189C
W1. 2 oz. (57 gm) approx.

3.10±C.3 ::
(78,7) _

~

J] m ~ .. ~ N -- ...
l~

.-
J] l~j l~ IN

J] J] J]
~ z ~ c,.. ~

J].. + •- -J] ~ ~

~ Ci < o
e z

J] 0 0 em • ....... ~ ~

/

ifI
e

+
~
@,
@
I

.rr ,1 88 DIA (4,8) ACCESS HOLE
(19.6)

J :'-.38 ±.ll4
(9. 7)

MODEL 311
WI: 4 oz. (1 13 gm) approx.

.24 M1N l
(6.1)

'=

" """'''"
L .0400 ±'OO15 (1,0) DIA.

GOLD PLATED PIN
9 PLACES

1-- 3.25 ±.03
(82.6) I- ,1.57 ' .03 •

(39,9)

- J-- .2GRID
I (5.')

T

.19 ±O.3
(4,8)

Dimensional Tolerances, unless otherwise indicated: .XX + .02; .XXX ± .005
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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 insertion loss
• Small size, light weight

The Model F192A is a high-speed non-reflective
PIN diode pulse modulator 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 ar­
rangement of shunt and series diodes in a
microstrip integrated circuit transmission line as
shown in the schematic diagram below.

RF IN/OUT

@
J2

BIAS
FRO M
DRIVER

,v
I

,
I

I , I

- -f- l- t-
a r." m r."50

RF INlOUT

@---1
J1

S£R,NO.

-v -v

Model F192A RF Schematic Diagram

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

20



Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

CHARACTERISTIC

Min Isolation (dB)
Max Insertion Loss (dB)
VSWR (ON and OFF)

0.2
to
0.5

70
2.0
1.5

0.5 2.0 8.0
to to to
2.0 8.0 12.4

80 80 80
2.0 2.5 3.0
1.5 1.75 2.0

12.4
to

18.0

80
3.5
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 Handling Capability
Without Performance

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

Survival Power 1Waverage,
10W peak
(1 !'Sec max.
pulse width)

21

Power Supply Requirements

+5V ± 5%,90 mA
-12V±5% ,75mA

Control Characteristics

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

load. (A unit load is 0.6 mA sink
current and 20"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.

fill



Model F192A
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operaling Temperalure

Range - 65°C to + 110°C
Non-Operaling Temperalure

Range - 65°C to + 125°C
Humidily MIL·STD-202F, Method 1038 ,

Condo 8 (96 hrs , at 95%)

Shock MIL·STD-202F, Method 2138,
Condo 8 (75G, 6 msec)

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

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

Temp. Cycling MIL·STD-202F, Method 1070,
Condo A, 5 cyc les

Option No.

3
7
9

10

33

48

64A

Descrlpllon

SMA female control connector
Two SMA male rf connectors
Inverse control logic; logic "1"
for switch ON and logic " 0" for
switch OFF
One SMA male (Jl) and one SMA
female (J2) rf connector
EMI filter solder-type control
terminal
+5, - 15V operation

SM8 male conlrol connector

MODEL F192A
Wt: 0.7 oz (20 gm) approx.

j ~ v GND

~ ·v

& i'MTG
~ SURFACE

~~T..38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

_ L.-

CONN SMA
FEMALE

CONTROL
SMC MALE

~ x $ .104(2,6)

,

Dimensional Tolerances, unless otherwise indi cated: .XX -+- .02: .XXX ± .005

DIMENSIONS AND WEIGHT
. 53

(1 3 ,5)

... 15
(3,8)

.50
(1 2,7)

+-- J 2

JI

1--.8 20 --I
(20,8)

1------: I.0 0
(25,4 )

1,00 .820
(25,4) (20,8)
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Series 195 Octave-Band
PIN Diode Attenuator/Modulators

SERIES 195

•

• Absorptive
• Current controlled
• 0.5 to 18 GHz frequency range
• High performance MIC

quadrature hybrid design
• High speed

so c

RF IN1QUT

f-®
J2

BIAS

SOC
RF INIOUT

@1H-¥ '-;---.--~- - -{
Jl 3dB

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 models except
the 1950A are capable of extended bandwidth opera­
tion, typically 3:1, with only moderate degradation in
performance at the band edges.

As shown in fi gures 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 hybri d couplers. The quadrature hybrids
are of a unique GMC microstri p design which are in­
tegrated with the diode arrays to yield a minimal
package size. The rf circuit employed in the Model
1950A uses one shunt array of PIN diodes with input
and output impedance matching circui ts.

Fig. t .ssoaet« 1951-1958, rf schematic diagram

BIAS

Fig. 2-Mode/ 1950A, rt schema tic diagram

RF INIOUT

f-@
J2

( ~

UT i,
I I

son so c

f- j c

r; 7 I, I fi7I /

RF INIO

@
Jt
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Series 195
Specifications

MAX. FLATNESS (±dB)
FREQUENCY INSERTION AT MEAN ATIENUATION LEVELS UP T0

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10dB 20dB 40 dB GOdB 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 2.5(1' 1.811' 0.7 1.0 1.5 1.6
6.0 -18.0 2.5(1' 1.811' 0.9 1.5 3.0 3.5

Note: Specifications for the extended frequency ranges are typical.

roc t-- - - ---,....
I
I

%0'
RAT ING I
AT . 2'5"C 10 f- ._ - -1 .:l

I

!

Switching Speed

Fall Time

1950A 50 nsec maxl~

All other units 20 nsec maxl~

Rise Time

1950A 250 nsec max

All other units . . . . . . . . 125 nsec max

Bias Current for Maximum Attenuation

1950A 5 to 35 rnA

All other units 15 to 70 rnA

PERFORMANCE CHARACTERISTICS
Mean Attenuation Range

1950A . . . . . . . . . . .. 80 dB

All other units . . . . .. 60 dB

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

Phase Shill . . . . . . . . . . .. See page 12

Temperature Ellects . . . . . See Fig. 3

Power Handling Capability

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 units . . ... . . .. . 1 W average

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

-65"C . :>S"C

TEMPERATU RE

. 12S· C

Fig. 4-$eries 195 power derating factor

,~I (1) Except from 16 • 18 GHz where insertion toss is 3,5 dB max and VSWR is 2.0 max.IIIi1liII (2) For attenuation steps of 10 dB or more.
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Series 195
Specifications

---c.--
60

70

a> 50
"0
I

Z 4 0
o
~
:> 3 0z
w

::: 20 (1\-+---1- --+- -+- -+-- -1-- +---1- --+- -+- --1

'" 10 tnlUr--' -+-- +--I:----t- -+- + - -+-- +--I:----t--IIII

o
o 0.2 0 .4 0.6 O.B 1.0 1.2 1.4 1.6 1.8 2.0 2.2

RELATIVE BIAS CURRENT

Fig. 3-Series 195. typical effects of temperature on attenuation

Description

SMA female bias connector
Two SMA male rf connectors
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

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 54"Cto + 125 "C
Non-Operating .

Temperature Range . . .. . - 65"C to + 125 "C

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

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

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

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

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

fill
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Series 195
Specifications •

DIMENSIONS AND WEIGHTS

MTO
SUHFACf:

30
(7.6)

RF CONN
S MA FEMALE
2X

., ...,
1.20 (42.4 )

(30.5)

40 .13
(10,2) (3,3)

2 .0.104(2,6)

J 2

.38(9] ) FOR SMA FEMALE

'\

50(12.7) FOR SMA MALE

BIAS
GND

r

.! L1.200 J
(25) .30 (30,5)

. (7,6)
1--_ '60 _ .

(45.7)

1.475
(37,5)

2.00
(SO,8)1.40

(35,6)

J 2

.38 (9,7) FOR S MA FE MALE

.50 (12.7) FOR SMA MALE

BIAS
AF CONN

n 2X

J '

.43
(10,9)

L
c---~---,---~' __'---'--J

I i :~wll.-:::=:J i :~3j t33
166.0) (8,4)

MODElS 1950A AND 1951
WI: 3 oz. (85 gm) approx.

MODELS 1952 AND 1953
WI: 2 oz. (57 grn) approx .

" TG
SURFACE

1--- .30
(7.6)

ta
(3.3)

' .25
(31.8)

.38(9.7) FOR SMA FEM ALE

.50(12,7) FOR SMA MALE

AF CONN
SMA FEMALE
2x

2 ~ 0.104(2,6)

BIASGND

I J2 ~ ,
J ' --- - -+1 .75

L _ -'='+I+--_ .50 (19.01
.30(7.6) I 112'f-i_ ...r

t .rc -c~ ' 050
(2,5) (26.7)

1.25 - .J
(31,8).3.

(7,6)

MTO
SURFACE

. ' 3
(3,3)

2:t Q. l04(2,6)

.38(9,7) FOR SMA FEMALE

.50( 12,7) FOR S MA MAlE

RF CONN
SMA FEMALE
2X

J2 Hl1--1f

BIAS

•

I
J,,

L 11 40 ---...:
(29,0)

1.-_ 1.30 - ....J
(33,0)

GND

.08
(2,0)

•

, .--. ,.4.
.800 [

(20.••3)~!~U~==~4J-~ .95 (35,6)*.: .50 (24,1)

.30(7,6) ! ' 2,7)

I

MODELS 1954, 1955 AND 1956
Wt : 1 oz. (28 gm) approx.

MODEL 1958
Wt: 1 oz. (28 gm) approx.

Dimensional Tolerances. unless otherwise indicated: .XX :!: .02; .XXX :!: .005
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Series D195 Octave-Band
PIN Diode Attenuator/Modulators

Wrth Integrated Drivers

SERIES 0195
The Series D195 voltage-controlled linearized at­
tenuator/modulators are integrated assemblies con­
sisting of a Series 195 unit and a hybridized driver
circuit wh ich 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 quadrature

hybrid design
• High speed

+V - v

­•

•

G,.DCONl · V _ "

UT

CONTROL
~ INPUT DRIVER

-..:::7 cecurr
(VII CONVERTER)

BIAS

INlOUT SERIES 195 RF~

PIN DIODE

~J1
ATIENUATOA

RF

Fig. 1-Series 0 195, block diagram

All of the Series D195 units except the D1950A ex­
hibit fall times of 20 nsec max and rise times of 1.5
usee max for attenuation steps of 10 dB or more.
For smaller excursions, ti le fall times can increase to
several hundred nsec, while the rise times remain
essentially unchanged. In applications where a rapid
return to insertion loss from any level of attenuation
is required, Option 59 is available. With this option,
an external pulse is applied to trigger a high-speed
reset circuit, and recovery times of 200 nsec max are ob­
tained. Where use of an external reset pulse as
described above is not feasible, an internal reset op­
tion (Option 58) is available which will automatically
reset the unit to insertion loss within 200 nsec for a
step of 50 dB or more.

The fall and rise time specifications for the D1950A
are 500 nsec max and 10 J1. sec max, respect ively.
Options 58 and 59 are not available for this model.

i ,

ALL UNITS
IN THIS SERIES
ARE EQUIPPED
WITH INTEGRATED DRIVERS

27

-



Series D195
Specifications

MAX. FLATNESS(±dB)
FREQUENCY INSERTION AT MEAN ATTENUATION LEVELS UP T0

RANGE LOSS MAX.
MOOEL (GHz) (dB) VSWR 10dB 20dB 40dB 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

0 1955 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

0 1958 8.0 - 18.0 3.0(1) 1.8(1) 0.7 1.0 1.5 1.6

6.0 - 18.0 3.()<1) 1.8(1) 0.9 1.5 3.0 3.5

Note: Spec ificat ions for the extended frequency ranges are typical.

PERFORMANCE CHARACTERISTICS On Time

Mean Attenuation Range D1950A . . . . . . . . . .. . .. 1Ol'sec max

D1 950A . . .. . . . . . . . 80 dB All other units . . . . . . . . 1.6l'sec max

All other units . .. .. . 60dB Fall Time
Accuracy of Attenuation D1950A . . . . . . . . . . . 500 nsec max

Ot030dB . . .. . .. ... + 0.5 dB All other units . . . .. . 20 nsec max
> 30 t050dB .. .. . .. ± 1.0 dB Rise Time
> 50 t060 dB .. .. . . . ± 1.5 dB D1 950A .. . . . .. . .. . 10!'sec max
> 60 t0 80 dB . . . ... . ± 2.0 dB All other units . . . . . . 1.5!, sec max

(D1950A only) Nominal Control Voltage Characteristics
Monotonicity . .. .. .. . . . Guaranteed

Operating Maximum
Phase Shift. . .. .. ... .. . See page 12 Range

Temperature D1 950A . .. . .. . . . . . oto +8V ± 15V

Coefficient . . . . . . . . . . . ± 0.025 dB/ ·C All other un its . . . . . . oto +6V + 15V

Power Handling Capability Transfer Function . .. . 10 dB/volt

Without Performance Degradation Input Impedance . .. . 10 Kohms(2)

D1 950A, D1951 . . .. . 10 mW cw or peak Modulation Bandwidth

All other uni ts . . .. .. 100 mW cw or peak Small Sig nal

Survival Power (from - 65°C to + 25°C; see D1 950A . . .. . . . . . 25 kHz

figu re 2 for higher temperatures) A ll other units . . . . 500 kHz

Ai l units . . . . .. . . .. 1 W average Large Signal

25 W peak (1!, sec max D1 950A . . . . . . . .. 5 kHz
pulse width) A ll Other Units .. . 50 kHz

SWitching Characteristics
Power Supply

Requirements . . . . . . .. . +12V + 5% , 100 mA
Off Time - 12V + 5% , 25 mA

D1950A .. . . . . . . . ___600 nsec max
Power Supply

All other units _. . . . . . 100 nsec max Rejection . . . . .. . ___ . _ Less than 0.1 dB/volt
change in either suppiy

IB
(1 ) Except from 16 - 18 GHz where insertion foss is

4.0 dB max and VSWR is 2.0 max.
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Series D195
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS

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

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

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

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

Vibration . . . . . . . . . . . . . MIL-STD-202F,
Method 204D,
CondoB (.06" double
amplitude or 15G,
whichever is less)

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

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

Option No.
3
7
10

58

59

61

62
64
64A

Description
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 available on
D1950A)(')
Externally-triggered reset to
insertion loss (not available on
D1950A)(2) (3l
20 dB/volt transfer function with
oto +3V control signal input
(+4V for the D1950A)
± 15 volt operation
SMC male control connector
5MB male control connector

(1) Where use ofan Option 59 external reset pulse (see note 2 below) is not feasible, this option is available which will
automatically sense the slope and magnitude of the control signal and reset the unit to the insertion loss state within200
nsee for a step of50 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 05
pSBCwide toaccelerate the return ofthe attenuatar to the insertion toss state with the simultaneous lowering of the control
signal to the zero voltage level. This reset can be accomplished within 200 nsec.
(3) The input impedance of units equipped with Option 59 isa circuit equivalent to approximately 50 pF in series with a
parallel combination of 100 pF and 1000 ohms.

r
I
I
i

40 ..... - - - - - - 1- - - --
I
I
(

' 00 1--- - - - - --,.,.

%OF
RATING
AT +25°C

+110"C

TEMPERATURE

Fig.e-sonoe0 195, power derating factor
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Series D195
Specifications

DIMENSIONS AND WEIGHTS

MTG
SURFACE

. 50 '­
112,7)

r.38(9 .7) FOR SMA FEMALE
I .50(12.7) FOR SMA MALE

+ V
_ V AF CONN 0 PTION 59

SMA FEMALE TERMINAL
2X

1.80
(45,7)

1.200
(30,5)

I
1.67

1.20 (42,4)

J l - - - - -t--' (3~~ I
~ ,13 hL---j

(10 ,2) (3,3)

2 x el.l04(2.6)

GND

CO NTROL

DIM "A "

,70 (17,81
.50 02,7)

D1950A
0 1951

MODEL

OPTI ON 59
RF CONN T ERMI NAL
SMA FEMALE
2X

.38 (9,7) FOR SMA FEMALE

.50 (12 .7) FOR SMA MALE

GND

MTG
SURFACE

J 2 - 2.00
.43 (SO,6)

4 _

(10,9) ~ 1.40,, I J 1
1.00 (35,6)

1
1.475

I (25,4) I (37,5)

\ ' t tI 2.350 L ,131
(59.7) (3,3)

.12 2 x 11.1 30 (3.3) , 10 ,30
2 .60 "A" - (2,5) (7,6)(3,0) (66,0) .

CO NTRO L

MODELS D1 950A AN D 01 951
Wt: 3 oz. (85 gm) apprc x.

MODELS 01 952 AN D 0 1953
W t: 2 oz. (57 gm) approx .

OPTION 59
TF. RM INA l

MTG
SURFACE

.38(9:1) FOR SMA FEMALE
+ V .50(12,7) FOR SMA MALE

- v / RFcorm
l f ;~A FEMALE

P'\

.
Jl

GND

.650
(16,5)

t-#- _ . j U+:;s' 1.25
,_~ ----l .75 (31.8)

.30(7,6) (19,~ ~.~

~ J L 1.050 J I ,~ 4 ' 3 I II
-C:(26,7) ] (12,7) (3,3)TI

:3~~8l 2 x 0.104(2.6) .5 0 11 2 ,7 )

CONTROL
OPTION 59
TERMINAL

MTG
SURFACE,

1.40
(35,6)

I

.38(9.7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE+V

1.140
(29,0)

1.30
(33,0)

CONTROL

,06
(2,0)

GND

.600 j.;t
(20.3)L--.:'Qj~=:.=~--' (24, ' )

,30(7,61-) ----, "-~--''--'

I L,13
(12 ,7) (3,3)

2 J. 0 .104(2.6) .50 <.-
(l2l)

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

MODELS 01 954, 0 1955 AND 0 1956
W I: 1 oz. (28 gm) approx.

MODEL 01 958
Wt; 1 oz. (28 gm) a pprox.
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0196 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 in­
tegrated driver which controls the attenuation level
at the rate of 10 dB/volt.

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.

-'sERIES

j; ,.p r-r

~: rh
RF IN/ OUT RF I N/ OUT

@- -f ,- II 'f-@-, , -, ,
J' " I J2-

i %
'sHuNT

Fig. t -Seties 0 196, rt schematic diagram

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

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

All units in this
series are equipped
with integrated drivers

+v -v

T

CONTRO L
INPUT
~ DRIVER

"" CIRC UIT

'"«
'"

RF RF
SERIES 19 6

-'='PIN DIODE
'0AT TEN UATOR

IN/OUT IN/OU

Fig. 2- Series 0196 block diagram
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D196 Series
Specifications

PERFORMANCE CHARACTERISTICS

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 ±0.5 dB ± 0.75 dB ± 0.75 dB ± 1.0 dB
40 dB ± 0.75 dB ± 1.0 dB ± 1.0 dB + 1.25 dB
60 dB ± 1.0 dB ± 1.5 dB ± 1.5 dB +3.0 dB

Mean Attenuation Range 60 dB Nominal Cont rol Voltage Characteristics

Accuracy of Attenuation Range
0-20 dB . .. . . . . . .. . .. + 1.0 dB Operating . . . ... ... 0 to +6V
20-40 dB . . . .. .. .. . .. + 1.5 dB Maximum . . .. . . . . . + 15V
40-60 dB . . . .. . .. . . .. + 2.0 dB

Transfer Function .. . . 10 dB/volt
Monotonlclty . . .. .. . . . . Guaranteed
Phase Shift . .. . . . . . . .. See page 12 Input Impedance . . . . . 10 kohms

Temperature Coefficient . + 0.02 dB/DC Modulation Bandwidth

Power Handling Capabili ty
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 +5% ,70 mA
Survival Power - 12V ±5% , 50 mA

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

Switching Characteristics
ON Time . . . . . . . . . . . . 1.0 f'sec max.
OFF Time . . . . ... .. . . 0.5 usee max.

100 I .

+20 dBm (100 mW) I
I I

ix I %OFw +10 dBm (10 mW) RATING I"0 I AT +25°C f--- -- - -1- - ---0-
I 40

l- I~ od Bm (1.0 mW) I0-
Z I I-

·10 dBm (0.1 mW)
, I

+110°C0.5 1.5 18 .0 _65°C +25°C

FREQUENCY (GHz) TEMPERATURE

Fig. 3-Series 0196, maximum peak and average Fig. 4-Power derating factor
operating power without performance degradation

B
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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·STD·202F. Method
103B, CondoB (96 hrs.
at 95%)

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

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

Alt it ud e .. .. •. .. • •.. •.. • MIL·STO·202F, Method
105C, Condo B (50,000 ft .)

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

AVAILABLE OPTIONS
Option No.

3
7
10

33

61

62
64A

Description
SMA female control connectors
Two SMA male rf connectors
On e SMA male (J1) and one SMA
female (J2) rf connector
EMI filter solder-type control
terminal
20 dBNolt transfer function with
o to + 3V control signal input
± 15V operation
5MB male control connector

DIMENSIONS AND WEIGHT
CONTROL
SMC MALE -.

1
7, 6)

I

0

.88 ±.03
(22,4)

.30 +03
(

.44
(11,2)

RF CONN
SMA FEMALE
2X

GNO

r
1.81 ±.03
(46,0)

.38(9,7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

J1

L 1.800 ---J
.10 ...-+--J (45,7)
(2,5)

~01-_2.00 ±.03 -<-.I
(50,8)

•1.050 .25
(26,7) (6,4)

.66
(1 6,8)

SERIES 0196
WI: 3 oz. (859m) approx.

Dimensional Tolerances, unless otherwise ind icated : .XX e .02; .XXX ~ .OO,s_-'-_ _ ..J
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Model H1968B
Hermetic PIN Diode Attenuator (2 to 18 GHz)

• High reliability: hermetically-sealed
• Frequency range: 2·18 GHz
• Attenuation range: 60 dB
• Linear control: 10 dBlVolt
• 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" th ick hermetically-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
sim ultaneously maintaining a bilateral match.
See Fig. 1.

HERMETIC SEALING
The H1968B sealed assembly meets a 1 x 10·'
atm cc/sec leak rate specification.

The RF connectors may be replaced without com­
prom ising the integrity of the seal or removed to
use the attenuator as a drop-in module.

+ V - y

UT

CONTROL
INPUT

DRIVER~
~

CIRCUIT
(VI I CONVERTER)

'"-c
tn

RF RF

'"'" PIN DIODE '"'"
l;;foUT

AITENUATOR
INf~

Fig. 1-Model H1968B block diagram.
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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

Temperature Range
Operating - 65°G to + 11 OOG

ENVIRONMENTAL
RATINGS

AVAILABLE ACCESSORIES
Model Spacer Plates
H1968B 19177-P3

. 11 0· C. 2S"C

TEMPERATURE

Description
Two SMA male rf
connectors
One SMA male and one SMA
female rf connector
High rei screening
(See Table 1 on page 36)
± 15V operation

Fig. 2·Power derating factor

.ss-c

;.
I
I

" - - - - - - -1- - - --
I
I,

100 1-- - - - --.-..

62

49

10

-.OF
RATING
AT .2500c

Option No.
7

Power Supply
Rejection . . . . . . . . . . . . Less than 0.1 dBlvolt

change in either supply.

Switching Time
On Time. . . . . . . . . . . . . . 1.0 !'sec
Off Time 0.5!,sec

Nominal Control Voltage
Characteristic Range

Operating 0 to + 6V
Maximum. . . . . . . . . . . .. + 15V

Transfer Function 10 dB/voll

Input Impedance . . . . . . . . 10 kohms

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

- 12V ± 5% @ 50 rnA

Mean Attenuation Range . 60 dB

Accuracy of Attenuation
0-20 dB ± 1.0 dB

20-40 dB ± 1.5 dB
40-60 dB ± 2.0 dB

Monotonlcity Guaranteed

Phase Shift See page 12

Temperature Coefficient. ± 0.02 dB/oG

Power Handling Capability
Without Performance

Degradation 100 mW cw or peak

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

Internal Visual
Stabilization Bake
Temperature Cycle
Mechanical Shock
Burn-In
Leak

Method

2017.3
1008.2
1010.5
2002.3
1015.4
1014.21.9

Condition

C
C
B

Al & A2

DIMENSIONS AND WEIGHT

MTG SURFACE

v

10(2,5) MIN NUT
CLEARANCE
REO'D.

(2,5)

(6,1)

V

GND

CONT.

r ·05(1.3)

• I -
,

•
+

• I,,

I
,

•

_-.10

.24

¢ .079(2,0)

$ .018(0,5)

(4,1)

I)

2(3,0)
(45,7)

1670
.06(1,5) • .16(42,4)

N
MALE ! 4 x

/
~ Jl ~-

/
0 .950
,9) (24.

1 J2

~
MA FEMALE

~xSMA MALE ,
•

t
.41

.12(3.0)(10,4)

1.80 .1

1.1
(27

RF CON
SMA FE
2X

.38(9,7) FOR S

.50(12,7) FOR

Weight: 3.5 oz. (99 gm) approx.

Dimensional tolerances, unless otherwise indicated: .xx± .02; .xxx± .005
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Series D197 Voltage Controlled
Phase Invariant Attenuators

The Series 0197 voltage controlled PIN diode
attenuators offer essentially phase free operation
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.

• Low phase shift
• Frequency range: 2·18 GHz
• Nonreflective
• Attenuator range: to 45 dB
• Linearized control: 10 dBN
• High speed

RF INIOUT X X RF INIOUT

X X X X
J1 J 2

X X
/ ,7 , , r."

Fig. 1·RF schematic diagram

TYPICAL PERFORMANCE

18

ATTENUATION
LEVEL

30 dB

:::~S;:::=:: 20 da
10 dB

12

F REQUENCY (GHZ)

PHASE vs.FREQUENCY

- 4

-6L - - - - ---;i;- - - - ----;j
6

+6

- + 4
""'o + 2

::: 0

1 - 2
<L

1812

FREQUENCY(G Hz)

ATTE NUATI ON vs.FREQUENCY

0 -
s
(

s
0

'j

o-.
-,

a>
" -r- l

z -2o
!:i -2
~z _,

"'...
"' -35..

- 4

-4
6
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Series D197
Specifications

PERFORMANCE CHARACTERISTICS
MODEL 01972 01974 01978

Frequency Range (GHz) 2-6 4-11 6-18

Mean Attenuation Range 32dB

Insertion Loss (Max) 4dB 5dB 5.5 dB

VSWR(Max) 2.0

Accuracy of Attenuation oto 20 dB ± 1.0 dB

> 20to 32 dB ± 2.0 dB

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

> 20t032 dB ±0.6 dB ± 0.8 dB ± 1.3 dBII)

Monotonicity Guaranteed

Phase Shift oto 20 dB ± 4° ±4° ± 5°

> 20 to 32 dB ±8° ±8° ±100

Control Voltage 0-3.2 V

Control Input Impedance 10 kohms

Transfer Function 10dBN

On Time, Off Time 250 nsec

Temperature Coefficient 0-20 dB .01 dBfoC

> 20-32 dB .03 dBfoC

Max. RF Power Input (Operating) 100mW

Max. RF Power Input (Survival) 0.5 W

Harmonic Distortion @ Pin = +10dBm -40dBc - 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 45dB

Accuracy of Attenuation 0-20 dB ± 1.0 dB

> 20-32 dB ±2.0 dB

> 32 dB ±3.5 dB

Amplitude Flatness oto 20 dB ± 0.4 dB ±OA dB ± 0.8 dBII)

> 20to 32dB ± 0.6 dB ± 0.8 dB ± 1.3 dB(1)

> 32 dB ± 1.5 dB ± 1.5 dB ±2.0 dB

Phase Variation Oto 20 dB ±4° ±4° ± 5°

> 20 to 32 dB ±8° ±8° ± 10°

> 32 dB ± 15° ±200 ±300

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

fill
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Series D197
Specifications

AVAILABLE OPTIONSENVIRONMENTAL RATINGS
Operating Temperature

Range -S4·C to +1 10·C
Non·Operating

Temperature Range - 6S·C to +12S·C
Humidity MIL-STD-202F, Method 103B,

CondoB (96 hrs. at 95%)
Shock MIL-5TO-202F, Method 213B,

CondoB (7SG, 6 msec)
Vibration MIL-STD-202F, Method 2040,

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

Altitude MIL-STD-202F, Method 10SC,
CondoB (50,000 ft ,)

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

Option No.
7

10

45

65

Descript ion
Two SMA male rf
connectors
One SMA male (J 1)
and one SMA female
(J2) rf connector
Extended attenuation
range to 45dB
± 12V operation

DIMENSIONS AND WEIGHT

c

3.50
(88.9)

.12(3.0)

3.25
(82,5)

AF CONN
SMA FEMALE 2X

J2J1

r---B-~

.12(3,0)
o

~r

.38(9.7) FOR SMA FEMLE

.50(12.5) FOR SMA MALE

MOUNTING
SURFACE

CONTROL
SMC MAlE

.3'
(8.6)

.97
(24,6)

A

4 x ~.120(3.0)

SERIES D1 97
WI: 5 oz. (142 9m) approx.

MODEL A B C 0 E F ' G H

01972 2.5 (63,S) 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,S) 0.18 (4,6) 0.66 (1 6,8) 1.0 (25,4) 1.25 (31,7) 1.50 (38,1)

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

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

+5V -12V

The Series H1 98 are hermetically sealed, high
speed, digitally controlled switched bit attenuators.
Attenuation changes are guaranteed to be monotonic
over the entire frequency band and operating
tem perature range. Employing removable rf
connectors, their small size and construction make
these attenuators suitable for use as drop-in
components for system integration or as conventional
connectorized components.

Attenuation level is selected via six FAST TTL input
control pins. The attenuators are protected against
inadvertent power supply voltage reversals. See Fig. 1.

CONTROL
LOGIC

DRIVER

AF INICUT

@-l~

J I

An 1 An 2
RF IN/OUT

- - -1\-@
J2

DRIVER

Fig. t -Seties H198 schematic diagram
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Series H198
Specifications

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS
Temperature Range

CHARACTERISTIC H1980 H1982 Operating . . . . . . . - 65°C to +110°C

Frequency Range (GHz) 0.5-6.0 2.0-6.0 AVAILABLE OPTIONS
Attenuation Range 63 dB Option No. Description
Insertion Loss (Max) 5.0dB 4.0dB 6A 31.5 dB range , 0.5 dB LSB
VSWR (Max) 2.0:1 (H19B2 only)

Number of Bits 6
7 Two SMA male rf Connectors
9 Inverse Control Logic

Montonlclty Guaranteed 10 One SMA male and one SMA

Accuracy of Mean ± 0.5 dB: Ot031 dB female rf connector
49 High Rei screeningAttenuation ± 1.0 dB: >31 to 63 dB

(see Table 1, page 36)
Attenuation Flatness ± 0.5 dB; oto 14 dB

± 0.75 dB: > 14 to 32 dB AVAILABLE ACCESSORIES
± 1.0 dB > 32 to 63dB

Power Handling + 23 dBm cw Model Spacer Plates

Switching Time 30 nsec. (50% TIL to H 19BO 19177-P2
1 dB of final value) H19B2 19177-P2

Rise and Fall Time < 10 nsec

Switch Rate 10 MHz 11)

Control Logic Logic " 0" = Bit Off PIN DESIGNATIONS
Logic " 1" = Bit On PIN FUNCTION

Control Input At Logic " 0 " : - 0.3 to + O.BV 1 16 dB
@ 1.2 rnA

2 a dB
At Logic " 1": +2.0to + 5.0V

3 2 dB@40 mA
4 4dB

Power Supply +5V ± 5% @ 175 mAI2l 5 1 dB
- 12V ±5% @ 150 rnA

6 32 dB
+V +5V

(1) Above 1 MHz, switching time will increase linearly -V -12V
to 35 nsec at 10 MHz. G Ground

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

DIMENSIONS AND WEIGHT
9 x 0 .020(0.5)

.38(9.7) FOR S MA FEMALE .~ 2.00

.50{12,7) FOR SMA MALE

-,
(SO.8)

~ I
--. .24(6.1)

..., .07(1.8)
t

I .16(4.1)

I ~
1 2 3 4-~V G 6~ + f fW( -V

.61 .75(19.1)

i
(15.5) J1 J 2 -

~ILt I'
~ .38(: .7)

I~

1
07 J "-- 4 x (l .079(2,0)

.07
f- ..... .04(1.0)

(1.8) (1.8) L Af CONN .131.86
(47.2) SMA FEMALE (3.3)

2X

S ERIES H198
Wt: 0.8 oz (23 gm) approx

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

UT

D IGITAL ORIVER CIRCUIT
CONT ROL
I NPUT OIA

CONVERTER

I
IN

CONVERTER

RF IN/ORFI~UT
PIN DIODE '";)

~ ATIENUATOR 'J2

+V -v

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.

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

Fig. t-tsoaot 3250A, block diagram

BIAS
•

RF IN/OUT

@---j
J l

IsERIES lroTAL

l
•

r o-

r . ,

'"""
r ~

~ --

Fig. 2-Model 3250A, rf schematic diagram
(unit consists of two such sections)
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Model 3250A
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range 0.2 to 18 GHz

Mean Attenuation Range
0.2 to 18 GHz 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
8t018GHz 2.0

Accuracy 01 Attenuation
o to 30 dB ± 0.5 dB
31 to 50 dB ± 0.75 dB
51 to 60 dB ± 1.5 dB

Power Handling Capability
Without Performance
Degradation . . . . . . . . . . . Up to 100mW cw or

peak (see Figure 3)

Survival Power . . . . . . . . . 2W average or peak
(from -65°C to +25°C;
see Figure 4 for
higher temperatures)

Switching Time . . . . . . . .. 2 ~sec max.

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

Minimum Attenuation Step 1.0 dB

logic Input
Logic " 0" (Bit Off) . . . . . . -0.3 to +0.8 V@500~ max
Logic "1" (Bit On) . . . . . . +2.0 to +5.0 V@100~ max

Flatness of Attenuation
Ot030dB ± 1.0 dB
31 to 50 dB ± 1.5 dB
51 to 60 dB ± 3.0 dB

Temperature Coefficient 0.02 dB/oC max

Power Supply
Requirements . . . . . . . . . +5V ±5010 , 250 rnA

+ 15V ± 5010,75 rnA
- 15V, ± 5010 ,75 rnA

+110" C+25°C

TEMPERATURE

100 1-- --- -'"r-
I

% OF I
RATING J
AT +2~C 4 0 - - - -1 ~

I

!

,
I
I
I,
I
I
I
I
I

0.5 1.0 2.0 4.0 8.0 18.0

FREQUENCY (GHz)

+20 dBrn (100 mW)

a:: . 10 dBm (10mW)

~2 0 d Bm (1.0 mW)

~ - 10 dBm {O.l rnW)

-20 dBm (0.01 rnW)L- --'- _

0.2

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

Fig. 4·ModeI3250A sutV;val power
derating factor.
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Model3250A
Specifications

ENVIRONMENTAL RATINGS

AVAILABLE OPTIONS

Operating Temperature
Range -54°C to 110"C

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,
CondoB (75G, 6 msec)

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

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

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

Option No,

1

2

7
10

Description

BCD programming
(Binary is standard)
Complementary programming
(positive true is standard)
Two SMA male rf connectors
One SMA male (J1) and one
SMA female (J2) rf connector

PIN FUNCTIONS

PIN NO. BINARY BCD (OPt. 11

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

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

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

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

ACCESSORY FURNISHED
Mating powerliogic connector

•

DIMENSIONS AND WEIGHT

.. ~ 0 .136(3.5)

MTG
SURFACE

... r:(20.3)

...- .40 %.03
(10,21

L _
r

. 3 10
18 1,S )

.10
I (2.5'

1-_ 2.00 - .
(50."

t-- ,.ec ,-+j
(45.7)

--1 .90
, I (22.9)

rT!
3_~ I
(82,5) 3_05

(n,S)

In CANNON OA-15P OR EQUIV.
WITH 0110551 JACKPOST$ .
MATING CONNECTOR FURNIStIEO.

1.35
(34.3)

RF CONN
SMA FEMALE
2X

.35

'(""J L'
.14
(3,1;)

~1O ,t--
(2.5) \

.38(9,7) FOR SMA f EMALE ·

.50(12,7) FOR SMA MALE

MODEL 3250A
WI: 4 oz. (1139m) approx.

Dimensional Tolerances, unless otherwise indicated: .XX ± ,02; .XXX ±.ooS
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Series 329 Octave-Band
11 Bit Digital PIN Diode Attenuators

"

••..

ri ,' , "'0

. ' ,

• Frequency range: 0.5 to 18 GHz
• Attenuation range: up to 120 dB
• Control: 11 bit binary or BCD
• Guaranteed monotoniclty
• LSB: 0.05 dB
• Absorptive

UT

(

DIGITAL
DRIVER CIRCUIT

CONTROL
INPUT O/A

CONVERTER

PRECISION
vn

CONVERTER

RF I~UT SERIES 195
RF INIO

6 PIN DIODE
ATTENUATOR(S)

+y -y

Each Series 329 unit is an integrated assembly of
Series 195 units, and a driver circuit consisting of a
D/A Converter and a precision VII Converter (see
page 23 and figure 1 below). This arrangement
preserves the speed, reliability and monotonicity of
the PIN diode attenuator and adds an extremely high
degree of accuracy and design flexibility that permits
selection of a virtually unlimited combination of
dynamic range and attenuation interval. The rf
characteristics of the Series 329 (e.g. - insertion loss,
VSWR and flatness) are similar to the corresponding
characteristics of the Series 195 unit employed.

SERIES 329
The Series 329 programmable attenuators provide
octave-band performance characteristics and wide
programming flexibility. Attenuation ranges up to
120 dB and attenuation increments as low as
0.05 dB are available.

Fig. t-Series 329, block diagram
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Series 329
Specifications

60/80 dB Series

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

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 1DdB 20dB 40dB 60dB 80 dB

3290A·80 0.5 - 1.0 1.4 2.0 0.3 0.8 1.7 2.2 3.2

3291·80 1.0 - 2.0 1.6 1.5 0.3 0.8 1.5 1.6 1.7

0.75-2.25 1.7 2.0 0.5 1.4 3.0 3.5 3.6

3292·80 2.0 - 4.0 1.9 1.6 0.3 0.8 1.5 1.6 1.7

1.5 - 4.5 2.0 2.2 0.5 1.4 3.0 3.5 3.6

3293·80 2.6 - 5.2 2.2 1.7 0.3 0.8 1.5 1.6 1.7

1.95-5.85 2.3 2.3 0.5 1.4 3.0 3.5 3.6

3294·80 4.0-8.0 2.7 1.8 0.3 0.8 1.5 1.6 1.7

3.0 - 9.0 2.8 2.4 0.5 1.4 3.0 3.5 3.6

3295·80 5.0 - 10.0 2.9 1.8 0.5 0.9 1.5 1.6 1.7
3.75 - 11.25 3.0 2.4 0.7 1.4 3.0 3.5 3.6

3296·80 6.0 - 12.0 3.0 1.9 0.7 1.0 1.5 1.6 1.7

4.5 - 13.5 3.1 2.4 0.9 1.5 3.0 3.5 3.6

3298·60 8.0 -18.0 3.3(1) 1.9'" 0.7 1.0 1.5 1.6 -
6.0 - 18.0 3.3") 1.9'" 0.9 1.5 3.0 3.5 -

Note: Speci fications for the extended frequency ranges are typical.

120 dB Series

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

RANGE LOSS MAX.
MODEL'" (GHzl (dBI VSWR 10 dB 20dB 40dB 60 dB 80dB l00dB 120dB

3291·120 1.0 - 2.0 3.5 2.0 0.5 0.8 1.6 2.4 3.0 3.1 3.2

0.75 - 2.25 3.7 2.5 0.7 1.4 3.0 4.5 6.0 6.7 7.0

3292·120 2.0 - 4.0 3.9 2.0 0.5 0.8 1.6 2.4 3.0 3.1 3.2
1.5 - 4.5 4.1 2.5 0.7 1.4 3.0 4.5 6.0 6.7 7.0

3293·120 2.6 - 5.2 4.3 2.2 0.5 0.8 1.6 2.4 3.0 3.1 3.2

1.95-5.85 4.5 2.6 0.7 1.4 3.0 4.5 6.0 6.7 7.0

3294·120 4.0 - 8.0 5.2 2.3 0.5 0.8 1.7 2.5 3.2 3.3 3.4

3.0 - 9.0 5.4 2.7 0.7 1.4 3.0 4.6 6.2 6.9 7.2

3295·120 5.0 -10.0 5.6 2.4 0.7 1.1 1.9 2.7 3.2 3.3 3.4

3.75-11.25 5.8 2.8 1.2 1.7 3.2 4.8 6.3 7.0 7.2

3296-120 6.0 - 12.0 5.9 2.5 0.9 1.4 2.1 2.8 3.3 3.4 3.5

4.5 - 13.5 6.1 2.9 1.5 2.0 3.5 5.0 6.4 7.0 7.2

3298·120 8.0- 18.0 6.6(3) 2.5(3) 1.0 1.5 2.2 3.0 3.4 3.5 3.6

6.0 - 18.0 6.6'~ 2.5(3) 1.5 2.0 3.5 5.0 6.4 7.1 7.4

Note: Specifi cations for 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.

I_
(2) Maxim um attenuation in units with BCD option is 119 dB.

(3) Except from 16· 18 GHz where insertion foss is 8.6 dB max and VSWR is 2.7.
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Series 329
Specifications

PERFORMANCE CHARACTERISTICS
Power Supply Requirements

r+-'1"'S::-V'-+-=S""oj,7"o'---:-1S=V-;-+""S"'oj,"'o'+----=S"'V""+----=S"'%"

120 dB units

0.1 dB

1.0 dB

Less than 0.1 dB/volt
change in any supply

200 mA 100 mA 50 mA

100 mA 50 mA 50 mA

Power Supply
Rejection .

60/80 dB units

120 dB units

3298-60 . . . . . . . . . . . . . . . 2 flsec max
3298-120 . . . . . . . . . . . . . . 3 flsec max
All other units . . . . . . . . .. 10 flsec max

Programming . . . . . . . . . . Positive true binary
(standard) or BCD (Op­
tion 1). For complemen­
tary code, spec ify
Option ,2.

Minimum Attenuation Step

60/80 dB units

Binary Units . .. . . . . 0.05 dB

BCD Units . . . . . . . . . 0.2 dB

Logic Input

Log ic "0" (Bit Off) . . - 0.3 to + 0.8V @ - 1.6 mA
Logic "1 " (Bit On) .. + 2.0 to + 5.0V @ + 40 flA

Switching Time

1 W average, 25 W peak,
1 flsec max pu lse width ,
from - 25°C to + 25°C,
(see Fig. 2 for higher
temperatures)

± 0.02 dB/ "C

+ 0.05 dB/ "C

+ 0.1 dB/"C

+ (0.35 dB + 0.01 dB/dB)

± (0.5 dB + 0.02 dB/dB)

Guaranteed

See page 12

Refer to model number
suff ix (e.g. - mean at­
tenuation ranges of
3298-60 and 3298-120 are
60 dB and 120 dB,
respectively)

Accuracy of Attenuation

60/80 dB units .

120 dB un its .

Monotonicity .

Phase Shift .

Temperature Coefficient

60/80 dB units
Ot0 10 dB +0.01 dB/ "C

> 10 t0 30 dB ± 0.025 dBJ"C

> 30 to max
attenuation . . . . . . ± 0.05 dB/ "C

120 dB units

Ot020dB .

> 20 t0 60 dB .

> 60 t0 120 dB .

Power Handling Capability

Without Performance Degradation
3290A and 3291 10 mW cw or peak

A ll other units. . . . .. 100 mW cw or peak
Survival Power

All units .

Mean Attenuation Range .

100 t-----------".

% OF 60 - - - - - -
RATING
AT +25"C

I
I

- 1- - - ­
I
I
I
I

TEMPERATURE

Fig. 2-Series 329, power derating factor

fill
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Series 329
Specifications

Description

BCD programming (Binary is
standard)

Complementary programming
(Logic " 0" is Bit On)

Two SMA male rf connectors
(availab le only on 3290A·80, 3291 ·80
and all 120 dB units)

One SMA male and
SMA female rt connector

2

7

10

AVAILABLE OPTIONS
Option No.

1

ACCESSORY FURNISHED
Mating power/log ic connec tor

ENVIRONMENTAL RATINGS
Operating Temperature

Range . . . . . . . . . . . . . . . - 25 ·C to + 85 ·C

Non-Operating
Temperature Range . . . - 54°C to + 100°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 204D, Condo B
(.06" double amplitude
or 15G, whi chever is
less)

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

Temp. Cycling . . . . . . . . MIL-STD-202F, Method
107D, CondoA, 5 cycles
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Series 329
Specifications

DIMENSIONS AND WEIGHTS
PIN FUNCTIONS-6018O dB SERIES
PIN NO. BINARY'" BCD(1)

1 0.1 dB 0.2dB / .25 , .04(5.4) FOR SMA FEMA LE
.38 1.04(9,7) FOR SMA MALE

2 0.2dB O.BdB
2.75 ~ ;27 t .06 _3 +5V +5V (69.9) (6.9) F 30(7·0)

4 GND GND .31 12 - .12
(3.0)

5 0.4dB l dB
I 1>- . .6 O.BdB 2dB I MALE ON,

• !

I
7 1.6dB 4dB OPTION

10 UNITS
B 3.2 dB BdB
9 6.4dB toes 3.97

fL
J l

(100,8) I 300
10 12.B dB 20dB • ' .03

@\3.53 • (76 .2)- J2 l--11 25.6 dB 40dB (89,7)
' A' .49

12 51 .2 dB 80 dB (' I

J

t .05

13 +15V + 15V (12.4)
J3

14 - 15V - 15V + - - ~.~ '
15 0.05 dB OAdB T L. 2.69 t .03

1.56 t.03 .1(68,3)
.22(5,6)

(38,6)(1) Mode/ 3298-60 euenuetton range is limited
to 60 dB. Ground pin 12 in BCD version. .44 i .03

(11.2) V RF CONN SMA FEMAlE
MODEL APPROX. WT. DIM " A" DIM " 8" + 2X

3290A-BO 9 oz. (255 gm) 2.43 ± .03 (61 .7) .97 (24.6)
U

! I~CANNON DA·1SP OR EQUIV. WITH 0 110551

3291 ·80 9 oz. (255 gm) 2.43 t .03 (61 .7) .97 (24 ,6)
3292-80 7 oz. (198 gm) 2.33 ± .03 (59.2) .80 (20,3)

1.38 .l.OS3293·80 7 oz. (198 gm) 2.33 ± .03 (59.2) 80 (20,3)
(35, t ) JACKPO$TS. MATING CONNECTOR FURNISHED.

3294-80 6 oz. (170 gm) 2.33 ± .03 (59.2) .80 (20.3)
3295-80 6 oz. (H O gm) 2.33 t .03 (59,2) .80 (20.3)
3296·80 6 oz. (170 gm) 2 .33 ± .03 (59,2) .80 (20.3)
3298·60 6 oz. (170 gm) 2.33 ±.03 (59,2) .80 (20.3)

h 29 '.06 (7.4) FOR SMA FEMA LE
PIN FUNCTIONS-120 dB SERIES .41 i .06 (10,4) f OR SMA MALE

PIN NO, BINARY BC[)Ql 0.09

1 0.2dB N/C
(154,7)F 0.04 '.05 i J2 (MALE ON OPTION 10 UNITS)2 OAdB 100dB "I3 +5V +5V
(153,4)

-
4 GND GND /

~
- - -

5 0.8 dB 1dB
J l J2 f-

6 1.6 dB 2dB
3 06 2.56 3.00 i.057 3.2 dB 4dB (n,7) (65,0)

, ,
(76,2)

B 6.4 dB BdB
'A'

•

24 t.069 12.B dB 10dB (5,3j
10 25.6 dB 20 dB • - - ~ I --.l.25(6,4) J3
11 51.2 dB 40 dB t ~ Loo~.

I ~ ~~32 UNC·2BMTG HOLES IN L: -I.. f
12 102.4dB BOdB 4.09

(103,9)
BASE1.20 DEEP MAX SCREW ..;

(25,4) INSERTION INTO BASE) .30 ±..OO13 +15V +15V

! (7,G)RF CONN14 - 15V - 15V SMA f EMALE -..
15 O. ldB N/C 2X 1.56 i .03

U ~[
.i (30.0)

\ '=2,.
(2) MaXImum allenuariQn in units with BCD

!op tion is '79 CiB.
4.00 i .06

.12 (101,6) (11,2)
(3,0)

ITT CANNON DA-15P OR EQUIV. WITHMODEl APPROX. WT. DIM " A"
01 10551 JACKPOSTS. MATING CON·

329 1-120 12 oz . (340 gm) 1.9 1 :!: _06 (48.5) NECTOR FURNISHED.

3292· 120 9 oz . (255 g m) 1.84 :!: .06 (46.7)
3293- 120 9 oz . (255 gml 1.8 4 :!: .06 (46.7)
3294·120 8 oz. (227 gm) 1.84 ± .06 (46.7)
3295·120 8 oz. (227 gm) ' .84 ± ,06 (46 .7)

fill3296· 120 8 oz . (227 gm) 1.84 :!: .06 (46.7)
3298- 120 8 oz. (22 7 gm) 1.84 :!: .06 (46 .7)

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Series 345 Miniature Octave-Band
8 Bit Digital PIN Diode Attenuators

• Absorptive
• 8 Bit binary or BCD programming
• Guaranteed monotonicity
• Frequency range: 0.5 to 18 GHz

SERIES 345
The Series 345 programmable attenuators provide
octave-band performance and wide programming
flexibility in compact rugged packages well-suited to
mili tary appl ications. Attenuation ranges up to 60 dB
are available (80 dB in the Model 3450) with attenua­
tion increments as low as 0.25 dB.

Ii

Each Series 345 unit is an integrated assembly 01 one
Series 195 attenuator and a driver circuit consisting
01 an 8-bit D/A Converter and a hybridized VII Con­
verter. This arrangement preserves the speed and
reliability 01 the PIN diode attenuator and guarantees
monotonicity and a high degree 01 accuracy. The rl
characteristics 01the Series 345 (e.g. - insertion loss,
VSWR and flatness) are similar to the corresponding
characteristics of the Series 195 attenuator employed.
See Fig. 1.

Although the Series 345 units are intended lor use as
diqitally-proqrarnmable attenuators, they can also be
used as current-controlled attenuator/modulators.
Refer to the Notes following the Pin Functions table.

~V -v

t

DIGITA L DRIV ER CIRCUIT
PROGRAMMING
INPUT DIA

CONVERTER
CURRENT
CONTROL INPUT
(ALTERNATE)

VII
CONVERTER

@ SERIES 19 5 R~
PIN DI ODE

ATTENUATOR
~

InlOut InlOu

Fig. t -Senee 345. block diagram
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Series 345
Specifications

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

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10 dB 20dB 40 dB SOdB 80 dB
3450 0.5 -1.0 1.4 2.0 0.3 0.8 1.7 2.2 3.2

3451 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

3452 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

3453 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

3454 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

3455 5.0 - 10.0 2.6 1.7 0.5 0.9 1.5 1.6

3.75-1 1.25 2.7 2.2 0.7 1.4 3.0 3.5

3456 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

3458 8.0 - 18.0 3.()<') 1.8(') 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

Note: Spec ifications for the extended frequency ranges are typ ical.

Fig. 2·Series 345H, Power derating factor

TEMPERATURE

+11O" C
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1
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I
I

' 00 1-------"

% QF
RATING
AT .25"C

PERFORMANCE CHARACTERISTICS
Mean Attenuation Range

3450 80 dB'"

All other units. . . . .. 60 dB

Accuracy of Attenuation
0-30 dB . . . . . . . . . . . ± 0.5 dB
> 30-50 dB ± 1.0 dB
> 50-60 dB ± 1.5dB
> 60·80 dB . .. . . . . . . ± 2.0 dB

(3450 only)

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

Phase Shift . . . . . . . . . . . . See page 12

Temperature Coefficient. + 0.03 dB/'C

Power Handling Capability

Without Performance Degradat ion
3450,3451 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 units. .... . . . . . 1 W average
25 W peak (1 /,sec max
pulse width)

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

(2) Programmable range for 3450 Option 1 BCD units is 79 dB.
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Series 345
Specifications

ACCESSORY FURNISHED
Mating powerllogi c connector

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 65·C to + l l 0 ·C·

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,
CondoB (75G, 6 msec)

Vibration MIL-STD·202F, Method 204D,
CondoB (.06" double amplitude
or 15G, whichever is less)

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

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

0.5 dB
0.25 dB
0.25 dB
1.0 dB

10 ~sec max
2 ~sec max

Positive true binary
(standard) or BCD
(Option 1). For
complementary code,
specify Option 2. To
interface with other
logic famili es, please
contact factory.

- 0.3 to + 0.8V
+ 2.0 to + 5.0V
10 ~A max

Minimum Attenuation Step
Binary Units

3450 .
3450 Option 5 .
Ail other binary units .

BCD Units .
Logic Input

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

PERFORMANCE CHARACTERISTICS (cont)
Switching Time

3450 .
Ail other units .

Programming .

Description

BCD programming (Binary is standard)'
Complementary programming (logic
" 0" is Bit On)
3450 with mean attenuation range 01
60 dB and minimum attenuation step
of 0.25 dB
Two SMA male rl connectors (not
available on 3458)
One SMA maie (Jl) and one SMA
female (J2) rf connector (not available
on 3458)

+ 15V operation

7

62

10

Option No.

1

2

5

AVAILABLE OPTIONS

*Operating Temperatu re range of BCD units is limited to DOG to + 70 °C.

+ 12V + 5%, 120 mA
- 12V + 5% ,35 mA

Less than 0.1 dB/volt
change in either supply

Nominal Control Current Characteristics
Range

Binary Units
Standard 3450 . . . . . . . . a 10 1.28 mA
Ail other binary units . .. a 10 2 mA

BCD Units
Standard 3450 . . . . . . . . a 10 1.63 mA
Ail other BCD units . . . . a to 1.2 mA

Transfer Function
Binary Units

Standard 3450 . . . . . . . . 62.5 dB/mA
All other binary units . .. 30 dB/mA

BCD Units
Standard 3450 . . . . . . . . 48.5 dB/mA
Ail other BCD units . . . . 50 dB/mA

Input Impedance
Binary Units

Standard 3450 . . . . . . .. 6. 25 Kohms
Ail other binary units . . . 3 Kohms

BCD Units
Standard 3450 . . . . . . . . 4.85 Kohms
All other BCD units . . . . 5 Kohms

Power Supply
Requirements .

Power Supply
Rejection .

19
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Series 345
Specifications

J3 PIN FUNCTIONS Notes:

PIN NO BINARY (Note 5) BCD 1. All unused logic inputs must be grounded.

1 GND (Note 2) GND (Note 2) 2. For normal programming control , Pin 1 must

2 ANALOG INPUT ANALOG INPUT be grounded or at logic "0. " Appl ication of

(Note 3) (Note 3) logic "1" to Pin 1 overrides the digital input

3 NOT USED NOT USED and sets the unit to insertion loss. For units

4 GND GND with complementary programming (Option 2),

5 0.25 dB (LSB) 1 dB (LSB) the application of a logic " 1" to Pin 1 sets the

6 0.5 dB 2 dB unit to high isolation (60 dB or greater).

7 1 dB 4 dB 3. Pin 2 is available to (a) monitor the D/A con-
8 2dB 8 dB verter output, (b) apply a modulation signal
9 4dB 10 dB from a current source, or (c) apply an indepen-

10 8dB 20 dB dent analog signal for turn-on, turn-off or vernier
11 16 dB 40 dB (MSB) attenuation levels.
12 32 dB (MSB) (Note 4) 4. For standard Option 1 BCD units, Pin 12 must
13 + V + V be open or at logic " 1." For units with com-
14 - V - V plementary BCD programming (Options 1 and
15 NOT USED NOT USED 2), Pin 12 must be grounded or at logic " 0."

5. For standard Model 3450, LSB is 0.5 dB and
MSB is 64 dB.

DIMENSIONS AND WEIGHTS
I

·}.-I-~ ~ .2tO' 2,~.9}1 ~ ~"'03(20. S) (20,3)

'l2J \
'-Lj'5 .120 :1: .010 {3.0} DIA(19.1)

.14 _ ~2.720
TH RU CSK NEARSIDE

14 2.720 100" x .235 (6,0) OIA
(3,6) (69,1) 1;-4x 0.125(3.2) (3.61 1 ~ (69, \ ) "I 4 PLACES

4t- J ' hl\J1

hl ,\- $- I
1 2 .00 t .03

1.400 1.720 (SO.8)
1.400 1.720

, J

1
(43,7)

J' ·c· ('5.8) =~(35,6 ) (43.7) IL ~'B'~ f
J2 - - -\ll

' A' J2 ~ t::l I .25(6,4)

r ~ ..,o, j
I 18 L tf (4 ,1) 3.00 :1: .03 .1'

(76.2) t 3,61
.38(9,7) FOR SMA I ."

RF CONN ~ (76,2)
FEMALE (25,4)
.50(12.7) FOR RF CON N

SMA FEMALE /~~A F EMA L~2X
SMA MALE

LI I ·E·...,
' F' :tJ

.27(6,9) - --4 .38 ±_03(9.7)

f -
t, . ,

~

.38 :1.04
(9,7) ITT CANNON DA· 15P OR EQUI". WITH

0 11 0551 JACKPOSTS. MATING CON·
ITT CANNON DA-15P OR EQUIV, WITH NECTOR FURNISHED.
0110551 JACKPOSTS. MAT ING CONNECTOR FURNISHED.

MODEL DIM " A" DIM " S" O(M -c- DIM " 0" DIM Ol E" DIM " Fit

3450 .58 .42 2.56± .03 .56 1.53 .31
(14.7) (10.7) (85,01 (14,2) (38.91 (7.9)

3451 .58 .42 2.56 ± .03 .58 1.53 .29
(1 4.7) (10,7) (65.0) (14.2) (38.9) (7.41

3452,53 .30 . '4 2.00 ± .03 .50 1.29 .34
(7,6) (3,6) (50,8) (12,7) (32,8) (8,BI

3454,55,56 .30 .,. 2.00 ±R~ .75" 1.19 .,,:,
.B) (3.6) (50.B (19,1 (30,2) (' ,6

MODELS 3450 THRU 3456 MODEL 3458
WI: 4 oz. (113 gm) approx. WI: 4 oz. (113 gm) approx. fill

•
Dimensional Tolerances, unless otherwise indicated: .XX + .02; .XXX ± ,005
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Series 345H Miniature Octave-Band High-Speed
8 Bit Digital PIN Diode Attenuators

• High speed
• Absorptive
• 8 Bit binary or BCD programming
• Monotonlcity guaranteed
• Frequency range: 1 to 18 GHz

,.~r.)

..•.• ""f"J

',' .

-
-- .•

i

54

SERIES 345H
The Series 345H programmable attenuators provide
octave-band performance and wide programming flexi­
bil ity incompact rugged packages well-suited to military
applications.Attenuation rangesup to60 dBare available
with attenuation increments as low as 0.25 dB.

Each Series 345H unit is an integrated assemblyof one
GMC Series 195 attenuatorand a driver circuitconsisting
of an B-blt D/AConverter and a hybridized VII Converter.
This arrangement preserves the speed and reliability of
the PIN diode attenuator and guarantees monotonicity
and a high degree of accuracy.

The Series 345H unitsare similar to the GMC Series345
attenuators.The high-speed performance of the Series
345H units is achieved with some sacrifice of insertion
loss. The other rf characteristics of the Series 345H
(e.gNSWR and flatness) are similar to the corresponding
characteristics of the Series 195 attenuator employed .
See fig. 1.

Although the Series 345H units are intended for use as
digitally-programmable attenuators, they can also be
used as current-controlled attenuator/modulators. Refer
to the Notes following the Pin Functions table.

i V -v

DIGITAL DRIV ER CIRCUIT

PROGRAMM ING
INPUT DIA

CURREN T
CONVERT ER

CONTROL INPUT
(ALTERNAT E I

vir
CONVERT ER

@
GMC

%SERIES 195
PIN DIODE v

In/Out ATIEN UATOR In/Oul

Fig. t-senee 345H, block diagram



Series 345H
Specifications

PERFORMANCE CHARACTERISTICS

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

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

3451H 1.0 - 2.0 2.6 1.5 0.3 0.8 1.5 1.6
0.75-2.25 2.7 2.0 0.5 1.4 3.0 3.5

3452H 2.0 - 4.0 2.8 1.5 0.3 0.8 1.5 1.6
1.5 -4.5 2.9 2.0 0.5 1.4 3.0 3.5

3453H 2.6 - 5.2 3.0 1.6 0.3 0.8 1.5 1.6

1.95-5.85 3.1 2.1 0.5 1.4 3.0 3.5
3454H 4.0 - 8.0 3.4 1.7 0.3 0.8 1.5 1.6

3.0 - 9.0 3.5 2.2 0.5 1.4 3.0 3.5

3455H 5.0 -10.0 3.6 1.7 0.5 0.9 1.5 1.6

3.75-11.25 3.7 2.2 0.7 1.4 3.0 3.5

3456H 6.0 - 12.0 3.7 1.8 0.7 1.0 1.5 1.6

4.5 - 13.5 3.8 2.2 0.9 1.5 3.0 3.5

3458H 8.0 - 18.0 4.01') 1.81') 0.7 1.0 1.5 1.6

6.0 - 18.0 4.0(1) 1.8(1) 0.9 1.5 3.0 3.5

Note: Specifications for the extended frequency ranges are typical.

. 11()<' C+25"C

TEMPERATURE

-6S"C

r
I
I
I

40 I- - - - - - -1- - - -­
I
I
I

Fig. 2-$eries 345, Power derating factor

' 00 1------ --...

%OF
RATING
AT +25°CMonotonicity . . . . . . . . . . Guaranteed

Phase Shift. . . . . . . . . . .. See page 12

Temperature Coefficient. ± 0.03 dB/ oC

Power Handling Capability

Without Performance Degradation
3451H 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 temperatu res)

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

Mean Attenuation Range 60dB

Accuracy of Attenuation

0·10dB + 0.75dB
> 10·30 dB . . . . . . .. ± 0.5 dB
> 30·50 dB ± 1.0 dB
> 50·60 dB + 1.5dB

( 1) Except from 16 - 18 GHz where insertion loss;s 5.0 dB max and VSWR is 2.0 max.
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Series 345H
Specifications

PERFORMANCE CHARACTERISTICS (coni)
Switching Time. . . . . . . .. 500 nsec max.

Programming . . . . . . . . . . Posit ive true binary
(standard) or BCD (Op­
t ion 1). For complemen­
tary code, specify Op­
tion 2. To interface with
other logic families,
please contact factory.

Minimum Attenuation Step

Binary Units 0.25 dB

BCD Units 1.0 dB

Logic Input

Logic " 0" (Bit Off) . . - 0.3 to + O.BV
Logic " 1" (Bit On) . . + 2.0 to + 5.0V
Logic Input Current . 10 fl A max

•

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 65°C to + 11 0°C ·
Non-Operating Temperature

Range - 65°C 10 + 125°C
Humidity MIL-STO-202F. Method 103B ,

Cond oB (96 hrs. at 95% )

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

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

Alt itude MIL-STO·202F. Melhod 105C,
CondoB (50.000 fl. )

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

AVAILABLE OPTIONS

ACCESSORY FURNISHED
Mating powerllog ic connector

Nominal Control Current Characteristics
Range

Binary Units 0 to 4 rnA
BCD Units . . . . . . . . . 0 to 1.2 rnA

Transfer Function
Binary Units . . . . . . . 15 dB/rnA
BCD Units 50 dB/rnA

Input Impedance
Binary Units . . . . . . . 1.5 Kohms
BCD Units . . . . . . . .. 5 Kohms

Power Supply
Requirements . . . . . . . . + 12V ± 5%, 120 rnA

- 12V ±5%, 45 rnA
Power Supply

Reject ion . . . . . . . . . . . Less than 0.1 dB/volt
change in either supply

•

Option No.

1
2

7

10

62

Description

BCD programming (Binary is standard)"
Complementary programming (logic
" 0" is Bit On)
Two SMA male rf connectors (not
available on 345BH)
One SMA male (J1) and one SMA
female (J2) rf connector (not avai lable
on 345BH)

+ 15V operation

56

· Operating Temperature range of BCD units is limited
to O· C to + 70 D e.



Series 345H
Specifications

J3 PIN FUNCTIONS

PIN NO

1
2

3
4
5
6
7
8
9

10
11
12
13
14
15

BINARY

GND (Note 2)
ANALOG INPUT
(Note 3)
NOT USED
GND
0.25 dB (LSB)
0.5 dB
1 dB
2 dB
4 dB
8 dB
16 dB
32 dB (MSB)
+v
-v
NOT USED

BCD

GND (Note 2)
ANALOG INPUT
(Note 3)
NOT USED
GND
1 dB (LSB)
2 dB
4 dB
8 dB
10 dB
20 dB
40 dB (MSB)
(Note 4)
+v
- V
NOT USED

Notes:
1. All unused logic inputs must be grounded.
2. For normal programming control , Pin 1 must be

grounded or at logic " 0" . Application of
logic " 1" to Pin 1 overrides the digital input
and sets the unit to insertion loss. For units
with complementary programming (Option 2),
the application of a logic "1" to Pin 1 sets the
unit to high isolation (60 dB or greater).

3. Pin 2 is available to (a) monitor the D/A con­
verter output, (b) apply a modulation signal from
a current source, or (c) apply an independent
analog signal for turn-on, turn-off or vernier at­
tenuation levels.

4. For standard Option 1 BCD units, Pin 12 must
be open or at logic "1". For units with com­
plementary BCD programming (Options 1 and 2),
Pin must be grounded or at logic " 0".

1.00
(25,4)

... ..., RF CON N

L I I / ~~AFEMA L~
.2~(6. 9) _~ _ 1-., .38 ±.03( 9,7)

I' I

.__ 3.00 ±.03 _ _ .I
(76.2)

.120 e.otc (3.0) OIA
TH RU csx NEARSIDE
IO~ Il .235 {6.0) DIA
4 PLACES

.14
(3,6J

~.8Ot.03
~(20.3)

J2

M

27kl--+
TI--.I.75

(19.1)

. ' 4 _ .--_2720: _
13.61 Ei (69.1 1

J l

DIMENSIONS AND WEIGHTS

•
.lL.-I-~ ~ 1~:i"3
r l2j-'D"'T. I=-----_.-J \

.14 _ 1---2.720 --~

(3.6) ~ (69 .1) V 4x 0.125(3,2)

,- $. J . ~hf 1
1.400 J3 1.720 ·C·
(35,6) (43,7)

.}- ~ J2 4>~'B'

f I 30Ot.03j ~(9.7JORSMA
RF CONN / (76,2) FEMALE
SMA FEMALE J .50(12,7) fOR
2X SMA MALE

Lr·E· ...,

CI
.38 :t.04
(9,7)

rrr CANNON OA· 15P OR EQUIV. WITH
0 110551 JACKPOSTS . MATING CONNECTOR FURNISHED.

MODELS 3451H THRU 3456H
WI: 4 oz. (1 13 gm) acorox .

MODEL

3451H

DIM " A" DIM " 8"

, ;~a" li~2_14, 10 ,11

DIM " COl

2 .~6 '_,03
<65.0.

DIM " 0 " DIM "E" DIM "F"

ITT C/.NNON DA· 1SP OR EOUIV. WITH
0 110551 JACKPOSTS. MATING CON·
NECTOR FURNISHED.

MODEL 3458H
WI: 4 oz. (113 gm) approx.

3452H,53H 1 ,3~, ,,'~ .7,6 3,61
2.00. >. ,03

150 ,81

3454H.5SH,56H 2·()(),c.o3
150,Sl

.:751.19 .34
119.11 130.2\ 18.6\

Dimensional r cterances.untess otherwise indica ted: .XX e .02: .XXX ± .005
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346 Series Multi-Octave
8 Bit Digital PIN Diode Attenuators
(0.5·18 GHz)

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

• Attenuation range: 60 dB
• Programming: 8-Bit binary or BCD
• LSB: 0.25 dB
• Monotonicity: guaranteed

The 346 Series is a family of nonreflective PIN
diode attenuators, each programmable to 60 dB in
attenuation steps as low as 0.25 dB, and covering
the frequency range from 0.5 GHz to 18 GHz in four
overlapping multi-octave bands.

Each model in the Series comprises 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 con sists of two wide-band, T-pad
attenuator sect ions 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 monotonicity over the
operating band at all levels of attenuation and for
any programmed attenuation step.

+v - v

T

DIGI TAL DRIVER CIRCUIT
CO N TRO L
IN PU T D/A

CONVERTER

CURRENT
CONTROL INPUT VI I
(ALTERNATE) CONVERTER

SHUNT
~

SERIESeo- RF SERIES 196 RF
~

~•

~ PIN DIODE
AITENUATOR IN/OuIN/OUT

Fig. 1-Series 346, block diagram
,

•
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Series 346
Specifications

PERFORMANCE CHARACTERISTICS

CHARACTERISTIC MODEL MODEL MODEL MODEL
3460B 3461B 3462B 3468B

Frequency Range (GHz) 0.5-4 0.5·8 2-8 2-1 8
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 ±0.5 dB ± 0.75 dB ±0.75 dB ± 1.0 dB
40 dB ± 0.75 dB ± 1.0 dB ± 1.0 dB ± 1.25 dB
60 dB ± 1.0 dB ± 1.5 dB ± 1.5 dB ± 3.0 dB

Accuracy of Attenuation Minimum Attenuation Step
0-20 dB . . . . . .. . .. . . . ± 1.0 dB Binary Units .. ... .. 0.25 dB
20-40 dB .. . . .. ... . .. ± 1.5 dB BCD Units .. . .. . .. 1.0 dB
40-60 dB . . . . .. .. . . .. +2.0 dB

Logic Input
Monotonicity . . . . .... . . Guaranteed Logic "0" (Bit off) . . . - 0.3 to +0.8V

Logic "1" (Bit on) . . . + 2.0 to + 5.0V
Phase Shift . . .. . ... . .. . See page 12 Input Current ... .. . 10 JAA max.

Temperature Coefficient . + 0.02 dB/DC Nominal Control Voltage Characteristics

Power Handling Capability
RangeWithout Performance Degradation

All Units . . . . . . . . . . Up to 100 mW cw or Binary Units . ...... 0 to 2 mA
BCD Units . . .. . . . . 0 to 1.2 mApeak (see figure 2).

Survival Power
All Units . . . ... . ... 2 W average or peak, Transfer Function

Binary Units . . . . . . . 30 dB/mAfrom -65°C to +25°C
(see figure 3 for higher BCD Units . .. .. ... 50 dB/mA

temperatures).
Input Impedance

Switching Time Binary Units . . ..... .. 3 kohms
ON Time . . . . . . . . . . . . 1.0 !,sec. max. BCD Units ..... . ... . . 3 kohms
OFF Time . .. . . . . . . . . 0.5 !,sec. max.

Power Supply
Programming . .. . ... . . . Posit ive true binary Requirements . .. . .. +1 2V ±5% , 80 mA

(standard) or BCD - 12V ±5% , 60 rnA
(Option 1). For corn-
plementary code, Power Supply
specify Option 2. Rejection • • • • • • • • • Less than 0.1 dB/Volt
To interface with other change in either supply
logic famil ies, please
contact factory.

-
+20 dBm (100 rnW)

100 r
' 1

II
rr

. IOdBm (10mW) I 1w -, "IQ OF
~ I I0 RATING
c, I AT ..25°C ~ - - - - - -1 - - - - -~ odBm (1.0 mW) I

4.
~ Ie,

I •z •
·10 dBm (0.1 rnW) I I

o,s I .' 18.0
,

FREQUENCY (GHz)
·65°C +25°C -uo-c

TEMPERATURE

Fig. 2-Series 346, maximum peak and average
operating power without performance degradation Fig. 3-Series 346. survival power derating factor

fill
. •, .
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Series 346
Specifications

ENVIRONMENTAL RATINGS

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

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

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

Shock MIL·STD-202F, Method
213B, Condo B (75G, 6
msec)

Vibration MIL·STD·202F, Method
2040, Condo B
(.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

J3 PIN FUNCTIONS

PIN NO. BINARY BCD

1 GND (Note 2) GND (Note 2)
2 ANALOG INPUT ANALOG INPUT

(Note 3) (Note 3)
3 NOT USED NOT USED
4 GND GND
5 0.25 dB (LSB) 1 dB (LSB)
6 0.5 dB 2dB
7 1 dB 4dB
a 2dB aea
9 4dB 10dB
10 adB 20dB
11 16dB 40dB (MSB)
12 32 dB (MSB) (Note 4)
13 +V +V
14 -V - V
15 NOT USED NOT USED

AVAILABLE OPTIONS

Option No.
1

2

7
10
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Description
BCD programming (Binary is
standard)"
Complementary programming
(logic "0" is bit on)
Two SMA male rf connectors
One SMA male (J1) and one SMA
female (J2) rf connector
± 15V operation

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

logic "O' ~ Application of logic "1 " to Pin 1 overrides the digital
input and sets the unit to insertion loss. For units with com­
plementary programming (Option 2), the application of a logic "1"
to Pin 1sets the unit to high isolation (60 dB or 9reater).

(3) Pin 2 is available to (a) monitor the D/A converter output,
(b) apply a modulation signal from a current source, or (a) apply
an independent analog signal for turn-on, turn-off or vernier
attenuation levels.

(4) For standard Option 1 BCD units, Pin 12 must be open or at logic
"1 ' ~ For units with complementary BCD programming (Options 1
and 2), Pin 12 must be grounded or at logic "0 ';

•Operating temperature range of BCD units is limited to
GOG to +7OOC.

ACCESSORY FURNISHED
Mating power/logic connector

DIMENSIONS AND WEIGHT
rrr CANNON OA· 15P OR EQUIV. WITH 0110551
JACKPOST$ . MATING CONNECTOR FURNlSHED.

4 x 0.120(3.0) .30 ±-03~ r
(7,6)

J3 l.at f
(26,7) 1.81 ±-03

(46.0)

J2J l•

SERIES 346
WI: 3 oz. (85 gm) approx.

i~.2)t J
.88
±.03
(22,4)

.66
(16,8)

.25
(6.4)

RF CONN
SMA FEMALE
2X

i~~5)+-L ;~ :1
~....- 2.00 ±-03L (50,8)

.38(9.7) FOR SMA FEMALE

.50(12.7) FOR SMA MALE

C = =:.J. Oimensional Tolerances unless otherwi se indicated: .XX :!: .02; .XXX ± .005
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Series 347, 8 Bit Digital
Phase Invariant Attenuators

The Series 347 digitally controlled PIN diode
attenuators offer essentially phase free operation
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.

RF INIOUT X X RF INlOUT

X X X X
J l J2

~\. o;y\1"l

X X " NO """""9:~t-£'( G\-\l
f~ , 0

Fig. 1-RF schematic diagram
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Series 347
Specifications

PERFORMANCE CHARACTERISTICS
MODEL 3472 3474 3478

Frequency Range (GHz)

Mean Attenuation Range

Insertion Loss (Max)

VSWR(Max)

Accuracy of Attenuation

Amplitude Flatness 0 to 20 dB

> 20 to 32 dB

Monotonlclty

Phase Shift 0 to 20 dB

> 20 to 32 dB

On Time, Off Time

Temperature Coefficient

Max. RF Power Input (Operating)

Max. RF Power Input (Survival)

Harmonic Distortion @ Pin = +10 dBm

Control

2-6

4dB

±0.4 dB
± 0.6 dB

±4°
±8°

- 40 dBc

4-11

32dB

5dB

2.0

±0.5 dB

±O.4dB

±0.8 dB

Guaranteed

±4°
±8°

350 nsec

.02 dBfoC

100mW

0.5W

-50 dBc

8 bit TIL, 0.125 dB LSB

6·18

5.5 dB

± 0.8 dBI')
± 1.3 dBI')

±5°
± 100

-50dBc

Control Input Impedance

Logic Input

Power Supply Requirements

@ Logic "0" (-0.3 to +0.8 V), 500!JA max.
@ Logic "1" (+2.0 to +5.0 V), 100!JA max.

Logic "0" = Bit OFF; Logic " 1" = Bit ON

+5V ±5% @ 325 mA
+15V±5% @ 15mA
-15V ±5% @ 70mA

SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)

Mean Attenuation Range 45 dB

Accuracy of Attenuation

Amplitude Flatness 0 to 20 dB

> 20 to 32 dB

> 32 dB

Phase Variation

Control

oto 20 dB

> 20 to 32 dB
> 32 dB

± 1.0 dB

± 0.4 dB ±0.4 dB ± 0.8 dBll)

± 0.6 dB ±0.8 dB ± 1.3 dBI')

± 1.5 dB ± 1.5 dB ± 2.0 dB

±4° ±4° ±5°
±8° ±8° ±100

± 15° ±200 ±300

8 bit TIL, 0.176 dB LSB

(1) Except from 8·18 GHz, flatness is ± 05 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·Cto +110·C

Non-Operating 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

Shock . ....... . . .... ... MIL-STD-202F, Method 213B, (J2) rf connector
Condo B (75G, 6 msec) 45 Extended attenuation

Vibration .. . .. .. .. . .. . .. MIL-STD-202F, Method 204D, range to 45 dB
CondoB (.06" double arnplituce

65 ±12V operationor 15G, whichever is less)
Altitude . . . . .. . . . . . . . .. . MIL-STD-202F, Method 105C,

Condo B(50,000 ft.)
ACCESSORY FURNISHED

Temp. Cycling . . . ... .... MIL-STD-202F, Method 107D,
CondoA, 5 cycles Mating power/logic connector

DIMENSIONS AND WEIGHT

.38(9.7) FOR SMA FEMALE

.50(12,7) FO A SMA MALE

B r- RF CONN
SMA FEMALE 2X

J3 PIN FUNCTIONS - r o - I-- .1' (3.0)

PIN NO. BINARY - 10- r .12(3,0)

1 • -15V
I~ ••a +1 5V •

I3 InternalConn.
MOUNTING

O.1 25dB fLSBI4
SURFAC~ i ~5 O.5dB ~iOIt- Jl J'

4dB 3.506 3.26
16dB MSB\ (88.9)7 (82.6)

6 BdB C
9 GROUND

10 NOT USED
11 aee n ~3 JUiC e" 0.25 dB

1m[13 , dB

14 NOT USED .49
<; E i-(1' .4) _

i'--. lTI CANNON DA·15P15 .5V
.97 I+- A OR EQUIV. WITH
(24,6) 0 110551 JACKPOSTS.

4 x 0.1 20(3,0) MATING CONNECTOR
FURNISHED.

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

MODEL A B C D E

3472 2.5 (63,5) 2.26 (57,4) 2.28 (57,9) 0.22 (5,6) 1.25(31,7)

3474 2.0 (50,8) 1.76(44,7) 2.43 (61.7) 0.18 (4,6) 1.0 (25,4)

3478 2.0 (50,8) 1.76 (44,7) 2.58 (65,5) 0.18 (4,6) 1.0 (25,4)

IIDimensional Tolerances, unless otherwise indicated: .xx ±.02; .xxx ± .005
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Models 3488 and 3488H
8 Bit Digital/Analog Attenuators

• 6 to 18 GHz
• Digital/Analog
• 8 Bit TTL
• Hermetically sealed
• Miniature

. """,
rtrrr I

MODELS 3488 AND 3488H
The Models 3488 and 3488H Digitally Programmable
Attenuators provide greater than octave band
performance In small hermetic packages ideally
suited for high reliability applications. The 3488 offers
moderate power handling capabil ity (100 mW) at
switching speeds less than 500 nsec while the 3488H
offers 200 nsec switching speed at lower power.
Attenuation of both series is 60 dB with monotonic
0.25 dB step resolution.

The attenuator is an integrated assembly of a sealed
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 primari ly 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.)

+v - v

T

DRIVER CI RCUIT

DIGITAL
IN PUT I>'A

CONV ERTER

ANALOG
INPUT

I/V
CONVERTER

RF RF
I N~UT I N/ QU

PIN DIOD E
~ ATTENUATO R

Fig. I - Model 3488/H block diagram
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0 • •

20dB
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Figure 2
Typical phase V5. attenuation
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100.

100.0
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Models 3488 and 3488H
Specifications

PERFORMANCE CHARACTERISTICS

FLATNESS ( ±dB)
AT MEAN ATTENUATION LEVELS

UP TO
FREQUENCY

RANGE
(GHz)

MAX. INSERTION
LOSSl')
(dB)

MAX
VSWR(1) 10dB 20dB 40dB 60dB

8.0 - 18.0 3.0 1.8 0.7 1.0 1.5 1.6

6.0 - 18.(){2J 3.0 1.8 os 1.5 3.0 3.5

(1) Except from 16-18 GHz where insertion loss is 4.0 dB max. and VSWR is 2.0 max.
(2) Specifications for the 6.D-18.o GHz frequency range are typical.

AVAILABLE OPTIONS

ENVIRONMENTAL RATINGS
Operating Temperature

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

Range - 65°C to +125°C

ACCESSORY FURNISHED
Mating power /logic connector

49

Description
Two SMA male rf connectors
One SMA male (J1), and one
SMA female (J2) rf connector
High Rei screening
(see Table 1, page 36)

,
I
I
I
I

40 - ----------r - - - - - --- -,
I
I,

Fig. 3-Power derating factor

-ee-c
T[ "'PERATURE

100 f-- - - - ---.-.

'J" or
q ATlfltG
AT .2~·C

Option No.
7
10

Mean Attenuation Range .. 60 dB

Accuracy of Attenuation . . . 0-30 dB ± 0.5 dB
> 30-50 dB ±1.0dB
> 50-60 dB ± 1.5 dB

Monotonlclty Guaranteed

Phase Shift See Fig. 2

Temperature Coefficient . . . ± 0.02 dBI"C

Power Handling Capability
Without Performance
Degradation . . . . . . . . . . . .. 3488 100 mW cw or peak

3488H 10 mW cw or peak

Survival Power(from -65°C
to +25°C, See Figure 3 for
Higher Temperatures) 1W average, 25W peak

Switching Time (3488) 500 nsec max
(3488H) 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 +5.0V
Logic Input Current:
10 fA max

Analog Input Characteristics
Range . . . . . . . . . . . . . . . . 0 to 6V
Transfer Function 10 dBN
Input Resistance 6 Kohms

Power Supply
Requirements . . . . . . . . .. + 12 to + 15V, ± 5%, 120 mA

- 12 to - 15V, ±5%,50mA

fill
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Models 3488 and 3488H
Specifications

DIMENSIONS AND WEIGHT

MOUNTING
SUR FACE

RFCONN, SMA FEMAL E
2X

x ¢ .IOO( Z,5 )

. 38 (9,7 ) FOR SMA FEMALE
0(12.71FOR SMA MALE

. 50
(1 2,71

{6,61

1. 3 4 r ·5
134,m

.10. :- 1.14 0
(2,51 129,0 1

.!Olt,5)

$ $

-,. 1.140
,01 ( 29,0) f "':" " J2

~~r:Ol
$ J3 ~

1 !

linrmrm
•

•- .2. -

I.
(,

L
.as
(9 , II

0 0 0 0 0 $A 0000 _.. -1=
'+' 0 00 0

CO NN , l 4 - PIN
lAW MIL - C - 2 874 8

.' 0
11,6 J

P IN A

MODEL 34881H
WI: 2.4 oz. (68 gm) approx.

J3 POWER/LOGIC CONNECTIONS

PIN FUNCTIONS

A Digital/Power GND
B Log ic Control (NOte 2)
C - 1210 - 15V
D 0.25 dB (LSB)
E 0.5 dB
F 1 dB
H 4dB
J 2 dB
K 16 dB
L 32 dB (MSB)
M + 12 to + 15V
N 8dB
P GND
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 attenuator, apply a control

voltage of a to +SVat 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 - .0017·RoVIN dB
and the slope will decrease by approximately 0.17 dBN per 100 ohms
of source resistance.
Using the 348 Series attenuator as both a digital and analog control
attenuator, the total attenuation ATI 10 ,VIN+ programmed digital
attenuation. The maximum attainable mean attenuation is SO dB.

Dimensional Tolerances. unless otherwise indicated: .xx t .02; .XXX ± .005
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General Microwave offers a complete line of broad­
band phase shifters and l-O modulators which span
the frequency range from 0.5 to 18.0 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+~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 element will 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.

Phase Shifters and
I-Q Modulators

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, l.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-monotontc 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 limits 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 as catalog items
the Model H752 series, a broadband, high speed
switched bit phase shifter which utilizes a proprietary
"AII·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 Shiher UsingAll-Pass Networks': D. Adler andR. Popovich. 1991 1£ £ £ MTT-S Digest. pp 265·268. To obtain a
copy of this paper. please write to Dept. c.. General Microwave Corporation. 5SOO NewHorizons Boulevard, Amityville. N.Y. 11 701.
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Phase Shifters and
I-Q Modulator

ANALOG PHASE SHIFTERS 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 l-O 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 , 77 and
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 shift/oC.

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 TIL control signal to within 10° 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 translate the frequencyof an rl carrier bysubjecting it to a linear time varying phase shin.
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Phase Shifters and I-Q Modulators
Selection Guide

PHASE SHIFTERS/FREQUENCY TRANSLATORS
BI-PHASE MODULATORS

I.Q. VECTOR MODULATORS

FREQUENCY RANGE (GHz)
MODEL PAGE COMMENTS

0.5 2.0 4.0 6.0 ao 12.0 18.0

cs 2" n2017820 Phase shifter/Frequency translator,
digital/analog

2. 6.0 n2217822 Phase shifter/Frequency translator,
digital/analog

80

'" 12" 7724/7824 Phase shifter/Frequency translator,
digital/analog

o. '". 7728/7828 Phase shifter/Frequency translator,
digital/analog

6.0 16.0 7928 a4 Miniature Phase shifter/Frequency
translator, Hermetically sealed, digital

'" o. H7524 78 Phase shifter/Frequency translator,
Hermetically sealed, digital

o. 18.0 F1938 70 Bl-Phase modulator

.s 2. 712017220 1.0 . Vector modulator, digital/analog

2. o. 7122/7222 1.0 . Vector modulator, digital/analog

73

,. 12" 7124/7224 1.0. Vector modulator, digital/analog

o. 16.0 7128/7228 1.0. Vector modulator, digital/analog

fill
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Model F1938
Bi-Phase Modulator
With Integrated Driver

• Frequency range: 6-18 GHz
• Differental phase shift: 180· ±10·
• High speed: 5 nsec (10-900/0 rf)
• Low VSWR and insertion loss
• Small size, light weight

I

i\; ii; ~ ~., . " 8
MODEL F1 938

81.PHASEMODULATOR
6· 18 GHZ

SER .

n CENERAl '
~Y I CRO WAVE

.. , 'OJ~_
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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.

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.

~""'"

r1h ""-"'CEO,........,
MODULATOR

I-
l>RIVER

1-
SINGLE
BALANCED
a t·PHASE

,. 0 MODULATOR

/ 17 /

Model F1938. block diagram



PERFORMANCE CHARACTERISTICS

Frequency Range 6 to lB GHz

Differential Phase Shift lBOo ± 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 (1 I'sec max.
pulse width)

(1) As measured with a phase bridge.

----

Model F1938
Specifications

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 I'A
source current. )

Control Logic Alternate applica­
tions of logic "0"
(-0.3 to +O.BV) and
logic " 1" (+2.0 to
+ 5.0V) switches
phase by 1BOo.
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Model F1938
Specifications

ENVIRONMENTAL RATINGS
Operating

Temperature
Range 000 • • • 00 - 65' to + 110'C

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

Humidity 0 • •• • 0 0 0 MIL-STD-202F, Method 103B,
Cond oB (96 hrs, at 95%)

Shock . 0 •• • 0 • • • • MIL-STD-202F, Method 213B,
CondoB (75G, 6 msec)

Vibration . 0 0 • • • • • MIL-STD-202F, Method 204D,
Cond oB (.06" double amplitude
or 15G, whichever is less),

Alt itude ... 0 •• 0 •• MIL-STD-202F, Method 105C,
CondoB (50,000 f1.)

Temp. Cycling .. . MIL-STD-202F, Method 107D,
Condo A, 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 connector

DIMENSIONS AND WEIGHT
RF CONN

S2J(MA FEMALE" t"~.895 ~
'\ (22,7)

.50
(12 ,7)

Drmensronat Tolerances. unless o therwise indicated _XX:!: ,02; .XXX ~ .005

r
~~.38~(9.71 FOR SMA FEMALE
~ .50(12,7) FOR SMA MALE

CONTROL
S MC MALE

Jl

.56
(1 4,2)

,

J2- '~

.13
(3.3)

;:=:~~-tiri~~O)

.12
(3,0)

MODEL F1938
Wt: 0.7 oz (20 gm) approx

2 Jl 0 .104(2,61
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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 l-Q Vector Modulators covering
the frequency range from 0.5 to 18 GHz in fou r
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 360· range of phase
shift and a minimum of 20 dB attenuation range
at any frequency.

• Simultaneous control of amplitude
and phase

• 0.5 to 18 GHz in four bands: 0.5 to
2 GHz; 2 to 6 GHz; 4 to 12 GHz;
6 to 18 GHz

• 12 Bit digitally programmable
(Series 71)

• Analog control (Series 72)
• High speed
• Guaranteed monotonicity

.. ' .
~ ..

' ,.

OUTPUT

71 SERIES
DIGITAL

INPUT

R

I ,
L J

Fig. t -Beties 71. 72 Block Diagram

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

HYBRID IN-PHASEBI-PHASE. A A COMBINEv v o· "I" MODULATOR
~:- • RF- >

90· "a" BI-PHASE• MODULATORRF INPUT

MSB a a~- - --- - - ..., , 71 SERIES 12 BIT VOLTAGE, ,
DIG ITAL DAC BUFFER, a ,, ,

I VOLTAGE I INPUT
Q • _ _ ~ CONVERTER 1_ _ _ _ , ,,, , I ,, ,

I lSB
,

72 SERIES
, , ,, , I

ANALOG , ,
I I

INPUT
.... _- ----_ ... 1.. __ _ __ _ _ __ _ _ .J

o TO 10 VOLTS
MSB... - - - - - - - -, I I, , 71 SERIES 12 BIT VOLTAGE, ,

DIGITAL DAC BUFFE R, , ,, VOLTAGE ,
INPUT

~ CONVERTOR I
~1 · - - - - - ,, , , ,, ,

I ,, , LSB, , I ,

3 dB
QUADRATURE
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•

Series 71 12 Bit Digital and Series 72 Analog
I·Q Vector Modulators

THEORY OF OPERATION
The block diagram of the I-a 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 Q

and the auadrature, or 90° , channel is designated "Q" BI·PHASE

the a channel. Each signal passes through a bi- ATO" STATE

r---------------- PLANE OF

phase modulator which sets the 0° or 180° state -----------------,
/' V VECOA

: CONTROL
and the attenuation level for both the I and a .,B

\
,

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 RSIN 9 ,,
I OdB, O"

2 . Any signal applied to the l-O Vector Modulator !f '\ "\ '/ AEFERENCE

can be shifted in phase and adjusted in amplitude ,
by applying the following relationships: -r BI·PHASE

ACOS e
." ,. BI·PHASE

AT 180" STATE AT 180" STATE,
1. Let the desired attenuation level = X dB and ,,,

the desired phase shift = eo(with respect to 0
,,,

dB and 0 ° reference states).
,,,

2. The normalized output voltage magnitude is
,,
I

given by: IVI =10,,><1201.
, ,, ,L _ _____ __ _ _ _ _ _ _ _ _ _

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

" Q" BI·PHASE
AT 160" STATE

I = V cos e
and

a =V sin e. Fig . 2-1-0 Phase Relationship
Figure 3 shows the nominal value of I and a vs.

either digital word (Series 71) or analog voltage
(Series 72). Thus, to achieve an attenuation level of
3 dB with a phase offset of 112.5° (with respect of
odB and 0° reference states) the values of I and a " Q

can be calculated as follows: . 1.0

V = 10,,3f2<) =0.707 "-••• <,
I = 0.707 cos (11 2.5°) = -0.27 .~ -,
a = 0.707 sin (11 2.5°) = + 0.65 • .7

\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

' .3

While these values for I and a will yield an out-
• .2

VOLTAGE

put signal whose amplitude and phase are close to • •1 ,. 2 0 n . "-.bo ~ s 7.50 8. s ,0.00
the nominal values over the entire operating Ire- eeee., 0010_ 0190_ 01 e, 10 _ 10 o_ Il o_ Il n, II ,-
quency range of the vector modulator, the use of -.1 DIGITAL

an iterative measurement procedure will determine - .2 WORD

the I and a inputs which exactly define the desired - .3
\parameter at any selected frequency. -.'

\-.'
-.' I

\-.7
-,

-~

I-,
-.' I"- 1.0

Fig. 3- /-0 vs Contro/ lnput

19
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Series 71/72
Specifications

PERFORMANCE CHARACTERISTICS

MODEL

FREQUENCY

INSERTION LOSS (MAX)

VSWR(MAX)

7120/7220 712217222 7124/7224 7128/7228

0.5-2.0 GHz 2.0-6.0 GHz 4.0-12.0 GHz 6.0-18.0 GHz

13dB 11 dB 12dB 12dB

1.6:1 1.8:1 1.8:1 2.0:1

POWER HANDLING
WITHOUT PERFORMANCE
DEGRADATION

SURVIVAL POWER (MAX)

ABSOLUTE INSERTION
PHASE ACCURACY
VS. FREQUENCY (MAX)

+ 7 d Brn +20dBrn

lW

+20dBrn +20dBrn

FINE GRAIN PHASE
RIPPLE (50 MHz) (MAX)

VARIATION OF PHASE
VS. TEMPERATURE (MAX)

VARIATION OF
AMPLITUDE VS.
TEMPERATURE (MAX)

RESPONSE TIME (MAX)

POWER SUPPLY

CONTROL INPUT
71 SERIES
72 SERIES

CONTROL INPUT IMPEDANCE
71 SERIES
72 SERIES

ENVIRONMENTAL RATINGS

2° pk-pk

±0.1 deg .l°e

0.02 dB/oe

0.5l'see

-12 to -15V @ 70 rnA
+12to +15V @ 70 rnA

12 bit TTL for both I and Q inputs
oto + 10V de for both I and Q inputs

40~rnax

10Kohms

ACCESSORY FUNISHED
Mating power/control connector (Series 71 only)

AVAILABLE OPTIONS
Operating Temperature

Range -54°C to + 100°C

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

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

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

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

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

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

75

Option No.

7
10

Description

Two SMA male rf connectors
One SMA male (Jl) and one
SMA female (J2) rf connector

fill



Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

IJ:
PI 10 1

m

4 -40 THO x .30 ±.03 DEEP
LOCKING INSERT
4X r !TI CANNON OG-37P OR EQUIV,

.32 WITH 0 110551 JACKPOSTS.
(8,1) MATING CONNECTOR FURN ISHED.

1h.*~..) r; "I,I
r RF CONN

SMA FEMALE
• 2X

t • •
J3
•

•
",. MIG.

SURFACE
~

I
J1 .. ..

J2
~ "8"

"G.. " F"
.12

l(3,0)

t • •

l~ , rl: " 0" :1LI "e" .10 "A"
(2,91

.38(9,7) fOR SMA FEMALE JI .50(12.7) FOR SMA MALE

MODEL A B C D E F G H J

7120 4.95 ± .03 3.38± .03 1.02 4.75 ± .01 3.12±.01 2.62 1.69 2.48 .73
(125,7) (85 ,9) (25 ,9) (120,7) (79 .2) (66,5) (42,9) (62,9) (18,5)

71 22
1.99

3.25 ± .03 3.25 ± .03 .85 3.05 ± .01 3.00 ± .01 1.63 (50,5) 1.63 .68

7124 (82,6) (82,6) (21.6) (77,5) (76,2) (41,4) 1.83 (41,4) (17.3)
(46,5)

7128 3'~iO±2~3 3'~iO±2~3 d
96

4\
2.~0 ±1.~ 1 2·it5\~1 (~ .5?\ (] .6~) (r5

?1
.76

76,2 76,2 24,4 71 ,1 69,9 38,1 41,4 38,1 (19 ,3\

J3 PIN FUNCTIONS

P'N f UNCTION P'N FUNCTION
MODEL WEIGHT (APPROX)

I·S 20 1-41
2 \ . , 21 1·7 7120 9 oz. (255 gm)
3 1·. 22 1·3
4 I·' 23 \·2 7122 6 oz. (170 gm)
S 1-1 0 24 l · , ll SBI

2S ' ·12 IM$81 7124 6 oz. (170 gm)• 1-11

7 NIC 2. NIC

• + 12 10 + 15V 27 Nle 7128 5 oz. (142 gm)
s GND 2. GN D

I. GND 2' NIC
11 - 12 to - 15V 30 NIC
12 0-3 31 NIC
13 0-2 32 Q.4

14 Q.1 nssi 33 NIC
\S 0-5 34 NIC

"
0 ·6 35 0 -12 fMSBI

17 0-7 36 a·"
1. c-e 37 0-1.
\. M

a Dimensional tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005

---
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

1.66(42.2)

4·40 THO x .30 t .03 DEEP
LOCKING INSERT 4X

.32(8.1)

1 r +
1.31(7.9)

MTG
SURFACE

Jl

1.32(33.5)

.58 ---11.0(25.4).-.1,

(14.7) [

CONTROL
SMC MALE
2X

J 2 -

RF CONN
SMA FEMALE 2X

"E" "8"

'JII

"c.""-' .J

.12
(3.0)

L

.10
(2.5)

"F"

oo__- - - ----"" 0 ·'--· - - - - _

~---------'''A''--' --------.01

.38(9.7) FOR SMA FEMALE J

.50(12.7) FOR SMA MALE

MODEL A B C 0 E F G H J

7220 4.95± .03 3.38± .03 1.02 4.75± .01 3.12± .01 2.62 1.69 1.75 .73
1125.7\ (85.91 (25,91 (120,61 179,21 166,5\ 142,9\ 144,51 (18,51

7222
1.99

3.25± .03 3.25 ± .03 .85 3 .05 ± .01 3.00± .01 1.63 (50,5) .90 .68

7224
(82,6) (82,6) (21,6) (77,5) (76,2) (41,4) 1.83 (22,9) (17,3)

(46,4)

7228 3.00± .03 3.00± .03 .96 2.80± .0 1 2.75± .01 1.50 1.63 .78 .76
(76,2\ (76,2\ 124,41 171 ,1\ 169,91 138,1\ 141,4\ 119,81 119,3\

MODEL WEIGHT (APPRDX)

7220 10 oz. (283gm)

7222 70z. (198 gm)

7224 702. (198 gm)

7228 60l. (170 gm)

Dimensional tolerances, unless otherwise indicated: .xx± .02; .xxx± .005
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Model H7524 High Speed,
4 Bit Phase Shifter/Frequency Translator

• 4-8 GHz
• 25 nsec switching speed
• 4·Bit, 0-337.5° phase shift range
• 0.24" thick
• Hermetically sealed
• Guaranteed monotonicity

The Model H7524 is a hermetically sealed, high
speed, digitally controlled switched bit phase
shifter. Broadband, constant, differential phase sh ift
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 TIL input
control pins. The unit is protected against in­
advertent power supply voltage reversals.

4 +v-V6
I 2 3MICilOWINE coll i'.

6ENEll"L J 2
MOIlEl H7524

~) JI W'1 Si N
~~IE LIN::J I)/ C
U.S I•

. -

+ 20 .0 . . . . - . . . . . . - . - . . . . . . . - . . . . . . . . . . .

+ 15.0

+ 10.0

5r + 5.0o-
- 5.0

- 15 .0

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

. . - .. . . . . . . . . . . . . .. .

. .. . . . . .

. .. . . . ." . . . . " .

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

- 20.0 4--~-~--+-~----i----+-~-~
g~g~g~gs:: g
.. ... ... "'lQ ... ,..; ...

Frequency (GHz)

Fig 2. Typical Phase Error At All Phase States

- Carrier Supp. - . Sideband Level ··· 16th Harm.

------ - - - - - - - --.. . - - . _-- -- --
.... ....' ,, , "

V <, , "

K ')-- ,
./

", , , ,

c
a
••!!:' - 30
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Fig 3. Typical Carrier And Sideband Suppression
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Fig 1. H7524 Schematic Diagram
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Model H7524
Specifications

PHASE SHIFTER SPECIFICATIONS

INSERTION VSWR ACCURACY PM/AM
FREQUENCY RANGE (GHz) LOSS (Max.) (Max.) (Max.) (Max.)

4t08 7dB 2.0:1
± 18° PEAK

± 1.0 dB
±8° RMS

FREQUENCY TRANSLATOR (SERRODYNING) SPECIFICATIONS

TRANSLATION CARRIER SIDEBAND(') CONVERSION LOSS
RATE SUPPRESSION (Min.) SUPPRESSION (Min.) (Max.)

Oto 2 MHz 25dB 25dB 6.0dB

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS
Phase Shift: Operating Temperature

Range . . ... . .... ...... 0° to 337.5° Range . . . .. . . .. . . . .. . . - 54°C to +1100C

Controllnput . . . .... . . _.. 4 Bit TIL
Non-Operating Temperature

Range .. . . .... . . . . .... - 65°C to + 125°C
Bit Weights . . . . ... . . . . . 22.5° . 45°, 90° & 180°

Logic " 0" ..... ... . . . Insertion Phase AVAILABLE OPTIONS
( - 0.3 to + 0.8V@1.2 rnA) Option No. Description

Logic "1 " .. ... . . ... . Positive Phase Shift
7 Two SMA male rf connectors( + 2.0 to + 5.0V@40 ~A)
9 Inverse logic

Switching Time .... . ..... 25 nsec (max) 10 One SMA (J1) male and one SMA

Harmonics .. . . . .... ... . . -30 dBc
(J2) female rf connector

49 High Rei screening (See table 1.

Power Handling
page 36)

AVAILABLE ACCESSORYCapability (CW) .. ... . .. + 23 dBm
(2)

+5V ±5% , 170 rnA Model Spacer PlatesPower Supply . . .. ... . .
-12V ± 5%, 130 rnA H7524 19177·P2

(1) Excep t 22dBc for the 16th harmonic
(2) Above 1 MHz translation rate (lSa @ 16 MHz rep rate) the power supply current will increase to +5.DVat 325mA,

- 12V at 275mA. at 2 MHz.

DIMENSIONS AND WEIGHT

.38 (9,7) FOR SMA FEMALE r 7X~.020(O,5).50 (12,7) FOR SMA MALE
2.00

.24I (50,81
(6,11

l -i _ ;07 PIN DESIGNATION(1. 8)
.1 6(4,1) PIN FUNCTIONS

rv I 2 3 4 -W -V G

~ + f
1 22.50

r
2 45°'y 3 90°-

J2 .75 ( ~ ~ 4 180°
• JI -

---. 09,1105,51 s, A + V +5V

+
,

.38 l O. - V - 12V

~ ~ G GND(171

t J "'--4X ~ .079 (2 ,0 ).07 -J--I -- i~l( 1,81 .07
(1,8 ) L RF CONN

.131. 86 SMA FEMALE
(47,2) 2X 13, 31

MODEL H7524 WI: 0.8 oz (239m) approx.

illDimensional Tolerances: unless otherwise indicated: .xx ± .02; .xxx ± .005
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Series 77,8 Bit Digital And Series 78 Analog
3600 Phase Shifters & Frequency Translators

• 0.5 to 18 GHz In four bands: 0.5 to 2 GHz;
2 to 6 GHz; 4 to 12 GHz; 6 to 18 GHz

• 8 Bit digitally programmable (Series 77)
• Analog control (Series 77)
• High speed
• Guaranteed monotonicity

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 360· range of phase shift
and may also be used for frequency translation
applications.

Each unit is an integrated assembly of an rf vector
modulator and a driver circuit, consisting of an B-bit
O/A 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 buffer in the Series 78 consists of an
NO converter followed by a O/A converter and con­
verts a continuous analog input voltage into discrete
steps of 1.41• .

- v - v

RF

UT

( (

Dl TAGE VOLTAG E
ONT RQl - CONVEATER

NPU T

VOLTAGE
BUFFER

(IN·PHASE o (QUADRATURE
RIVE VOLTAGE) DRIVE VOLTAGE)

~
RF ~

VECTOR
~ MODULATOR ~

lOUT INfO

I
o

IN

RF

v
C
I

RF

UT

IGlTAl
DI'ONTROl - CONVERTERNPUl

VOLTAGE
BUFFER

I liN·PHASE o (QUADRATURE
DRIVE VOLTAGE ) DRIVE VOLTAGE)

~ RF :;)VECTOR
~~ MODULATOR

NfOUT INfO

o
C
I

RF

Fig. lA-Series 77, Block Diagram Fig. 1B- 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 n and Series 78 input requirementsmodulator approach shown in Fig. 2. The 3 dB
hybrid coupler divides the rf signal into two
quadrature components which are then modulated

NEGATIVE FREQUENCY TRANSLATIONin proportion to the sine and cosine of the desired
phase shift. The signals are then combined ln- 111 11111 6
phase to yield the phase-shifted output.

Excellent phase accuracy and PM/AM performance
(see Figs. 4 and 5) are achieved by using linearized 10101010 4
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 01010101 II 2

built-in frequency correction circuit. Switching
speed is better than 500 nsec. I

00000000 V 0

3 <l/1 HYBR ID O - MODUlAlOR I- T--.j I-- TeF

.- - - - - -' 900 CO"'B, Nl R
POSITIVE FREQUENCYTRANSLATION

)( lS' N'1

I I ~ $' ''4", _"
11111111 -J- 6

I I --It\
I 1 V

flO OUT PUT 1\
$'" I...., . 1 I ,.
Rf ""'UT

L __ __ _ J ll leos . ,

10101010
\

4
I-OMlOVlATOR

DIGITAL 1\ VOLTAGE
Fig. 2·RF vectormodulator INPUT INPUT

,

01010101
\

2
Frequency Translation (Serrodyning) IVSpecial attention in the design of the units has been 1\
paid to those characteristics which affect their perfor- oooooooo 0mance as frequency translators. These include

.

~ T--.j I---Ter
minimizing PM-to-AM conversion, use of high slew NOTES:
rate drivers, and optimizing phase shift linearity with TBF should be less than l OA> of T 10 achieve Translation Rate . 1
applied signal. As a result, carrier and sideband SUp- specified carr ier ..nd sideband suppression . T+T..

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 . . . ... . .. Dto +6V

Sensitivity .. . .. . . . . . . . .23.4 mVlLSB
See Fig. 3 for input voltage control requirements for Resolution . ....... . . .. 1.41°
Series 77 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 . ... . .. 2K ohms
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 . ..... .. .. . . .. . 8 bit TIL Degradation . . .... . .. .... +20 dBm (+7 dBm for
logic Input 7720,7820)
logic "0" (Bit OF'F) . . . .. -0.3 to +0.8V @500 jJA max Survival .. . .. . . . .. . . . . . .. +30 dBm
Logic "1" (Bit ON) ... . .. +2.0 to +5.0V @100jJA max Harmonics . . ... . . ... .... - 30 dBc
Power Supply . . . . . .. . . . +5V at 250mA Phase Variation . . . . .. . . • O.1°I"C

+12 to +15V @50 mA max
- 12 to - 15V @35mA max

fill
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Series 77/78
Specifications

PHASE SHIFTER SPECIFICATIONS

MODEL INSERTION VSWR ACCURACyl') PM/AM
NOS. FREQUENCY RANGE (GHz) LOSS (Max.) (Max.) (Max.) (Max.)

7720& Main Band 0.7-1.6 11.5 dB
1.75

±10· ± 1.1 dB
7820 Stretch Band 0.5-2.0 13.0 dB ± 15· ±2.5 dB
7722& Main Band 2.6-5.2 10.0 dB

1.6
±10· ± 1.1 dB

7822 Stretch Band 2.0-6.0 11.0 dB ± 15· ± 1.5 dB
7724& Main Band 4.5-10.5 10.5 dB

1.8
± 10· ± 1.1 dB

7824 Stretch Band 4.0-12.0 12.0 dB ± 15· ±2.0 dB
7728& Main Band 8.0-18.0

12.0 dB 2.0
± 12· ± 1.1 dB

7828 Stretch Band 6.0-18.0 ±15· ±2.0 dB

OTHER SPECIFICATIONS
Switching Speed (50% TTL to within 10° of Final Phase Value): 500 nsee Max.
Minimum phase shift range:

Series 77:360° in 256 Steps (S-bit) Series 78:360° @ GOo/Volt

FREQUENCY TRANSLATOR SPECIFICATIONS

INSERTION LOSS
TRANSLATION CARRIERI') SIDE BANDI') VARIATION (Max.)

RATE (Min.) SUPPRESSION (Min.) SUPPRESSION (Min.) with translation rate:

Main Band: Main Band: 200 kHz:

oto 500 kHzl' ) 25dB 20dB 1 dB
Stretch Band: Stretch Band: 500 kHz:

18dB 15dB 3dB

NOTES:
(1) Main band specifications apply if 1bit TTL logic signal is provided indicating whether input rf signal is

in main-band or band-edge.
(2) All speciticstions are met using only the five most significant bits on the 77 series.

TYPICAL PERFORMANCE

,.,.10 12 14

f REOUENCY tGHzl
•

7

•

"~.-~,----:n---:o--~--~--;-,

•" .m
~ s-
~ 10

"•""m
z

12

,.,.10 12 14
FREaUE NCY IGH, I

•
7-m

~-.m
m
g .
z
0
i= 10
•"~ II

12

u • •
PM/AM over the full operating band. Figure 4 PM/AM with frequency correction circuit selected.

1'180.0

-+ 144 .0 1--- - - - - _

+10 8.0 f------- - --- ­
-+72.0

~ -+36.0 t-- - - - - - ---- ­
o
- +00
~ .
m1: -36.0 }------ - - - ---

Q. - 72 .0 f-- - - - --- - - - ­
- 10 8 .0

- 144.0 j----- - - -----

,.,.'0
- 180,0 !-.----c';;-- --OC- ---c;----OC-----7.

12 14

fR EQU ENCY \GHz)

Fig, 5·ModeJ7728-Phase accuracy vs. frequency.
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Series 77/78
Specifications

ENVIRONMENTAL RATINGS Altitude .. ... . . ... . .. . . . MIL·STD-202F, Method 105C.

Operating Temperature
Cond oB (50,000 ft.)

Range . . . .. . .. .. ... . . - 54°C to + 100°C Tem p . Cycling . .. .. .. ... M IL·STD-202F, Method 107D,

Non-Operating
CondoA, 5 cycles

Temperature
ACCESSORY FURNISHEDRange . . . . . . . . . . . . . . . - 65°C to + 125°C

Humidity . . . . . .. .. .. . . .. MIL-STD-202F, Method 103B. Mating power/contro l connector
Cond oB (96 hrs, at 95%)

AVAILABLE OPTIONS
Shock . . . . .. . . . . . . . . . . . MIL-STD-202F, Method 213B,

Option No. Descr iptio nCondoB (75G , 6 msec)

Vib ratio n .. . . . . . .... . ... MIL-STD-202F, Method 204D, 7 Two SMA male rf connectors

Cond oB (.06" double 10 One SMA male (J 1) and one

amplitude or 15G, whichever SMA female (J2) rf connector

is less)

J3 PIN FUNCTIONS DIMENSIONS AND WEIGHTS
Function

Pin Series Series 4 _4 0 THO X . 3 0 • .03 DEEP ITT CANNO N OA-I~P OR [ QUIV
LOCI(ING INSERT 4 X WITH 0 11055 ' JACKPOSTS.

No. rr 78 ..Al ING CONNECTOft f URNISHEO

-,~ RF eONN

" "I , SMA FEMALE
1 -12Vto -15V -12Vto -15V

JJ!I £ 7,91 "2 t12Vto t15V t12Vto t15V ' ;J!!.
3 Freq.Correction Freq.Correction I[/;UN"NG I

SURFACE
Circuit Select Circuit Select

~. ""0" =Band Edge "0" = Band Edge "4 1.4' (LSB) Not Used " ll-

S 5.60 Not Used
6 45.0° Not Used

, •G
7 180.0' (MSB) Not Used ,
6 90.00 Not Used • ".

9 Ground Ground (Sig) I 13,01

L10 Not Used Ground (Pwr) ~ -
11 22.50 Not Used r j -- ,;i,j: ,I12 2.80 Not Used D ~
13 11 .3° Not Used •14 Not Used Control Voltage
15 t 5V t5V .38 (9,11 FOR SMA FEMALE

_ ~I I Z .7 I FO R SMA MALE

MODEL A B C D E F G H J K WEIGHT (APPROX)

n20 4.95± .03 3.38± .03
1.02

4.75 ± .01 3.12± .01 2.62 1.69 2.48 .73 .32
(25,9) (18,5) (8,1) 13 oz. (369 gm)

7820 (125,7) (85,9)
1.48

(120,7) (79.2) (66,5) (42,9) (62,9) 1.18 .78 15 oz. (425 gm)
(37,6) (30,0) (19.8)

n22
.80

1.99
.66 ,32

6 oz. (170 gm)(20,3) (16,8) (8,1)

7822 3.25± .03 3.25± .03
1.21

3.05 ± .01 3.00 ± .01 1.63 (SO,S) 1.63 1.07 .72 7 oz. (198 9m)
(30,7) (27,2) (18,3)

n24 (82,6) (82,6)
.80

(77,5) (76,2) (41 ,4) 1.83 (41 ,4) .66 .32 60z.(170gm)
(20,3) (16,8) (8,1)

7824
1.21

(46,5) 1.07 .72 7 oz. (198 gm)
(30,7) (27,2) (18,3)

n28 2.50± .03 3.oo± .03
.88

2.30 ± .01 2.75± .01 1.50 1,63 1.25 .71 .39 40z.(1 139m)
(22,4) (18,0) (9,9)

7828 (63,5) (76,2)
1.19

(58,4) (69,9) (38,1) (41,4) (31,8) 1.02 .69 7 .5 oz. (213 gm)
(30,2) (25,9) (17,6)

Dimension tolerances, unless otherwise indicated: .xx ± .02; xxx ± .005 lEI
83



Model 7928 Miniaturized 8 Bit
3600 Phase Shifter/Frequency Translator

• 6 to 18 GHz
• 360 0 range
• High speed
• Digitally programmable (8 Bits)
• Guaranteed monotonicity
• Hermetically Sealed
• Miniaturized: less than 1.5 in'

3aa HYBR ID c MODUl ATOR CO.,aI MA

r - - - -- ' ''00

" 'S '''OI
I I
I I S'N h'd ' " '

I I
RI OUT PUT

SI " 1.. ' I I I ~
" ' COS O,Rf INoUT --- - -

The Model 7928 is a miniaturized, hermetically
sealed PIN diode phase shifter covering the fre­
quency range from 6 to 18 GHz provid ing a full
360 0 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
hybrid 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
(SERRODYNING)
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 optimizing 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

UT

-v·v

AL DiA
RDL CONVERTER

VOLTAGE
BUFF ER

(IN·PHASE a (QU AD RA TU RE
DR IVE VOL TAG E) DR IVE VOLTAGE

- RF -
-.:: VECTO R -.::MODU LATOR

N/ OUT IN/ O

I

RF

DI GIT
CONT
INPU T

Fig. I-Model 7928, block diagram
I_ MODUl ATO R

Figure 2. Rf Vector Modulator
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Model 7928
Specifications

PHASE SHIFTER SPECIFICATIONS

INSERTION VSWR ACCURACYl') PM/AM
FREQUENCY RANGE (GHz) LOSS (Max.) (Max.) (Max.) (Max.)

Main Band 8.0-18.0
12.0 dB 2.0:1 ±12° ± 1.1dB

Stretch Band 6.0-18.0 ± 15 0 ± 2.0dB

FREQUENCY TRANSLATOR SPECIFICATIONS

INSERTION LOSS
TRANSLATlON CARRIERl') SIDE BAND VARIATION (Max.)

RATE (Min.) SUPPRESSION (Min.) SUPPRESSION
(Min.) with translation rate:

Main Band: Main Band: 200 kHz:

o to 500 kHzl21
25 dB 20 dB 1 dB

Stretch Band Stretch Band: 500 kHz:
18 dB 15 dB 3 dB

(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 specifications are met using only the five most significant bits on the Model 7928.

PERFORMANCE CHARACTERISTICS
Phase Shift Power Handling Capability

Range .. . . .. . . . . . . . . . . 3600 in 256 steps Without Performance
Variation ... .... . . .. . .. O.l % C Degradation .. . . . . . . .. . +20 dBm

Control Input . . . .. . . . . . . . 8 Bit TIL Survival Power .. .. . . . . . +30 dBm

Switching Speed
Power Supply(50% TIL to within 100

Requirements . . . . . . . . . . + 5V ± 5%, 250mAof Final Phase Value) . . . . . 500 nsec max
+12 to +15V±5%, 50rnA

Harmonics .. .... .. .. . .. . - 30 dBc -1 2 to - 15V ± 5%, 35mA

Negative Frequency Translation Positive Frequency Translation

11111111 11111111

-l1- It\.
11\

-1\
10101010 10101 010

I
DIGITAl DIGITAL
INPUT INPUT

01 010101 0 101 0 101
\1,-

~Itt \toooooooo IVI oooooooo
I' T '1 1- TO' I T ·11--TO'

NOTES: T.. should be less than 1% 01T 10 achieve Translation Rate « 1
speci fied carrier and sideband suppression. T+ T""

Fig. 3-Model 7928 Control input requirements

fill

-- --
85

--



Model7928
Specifications

AVAILABLE OPTIONSACCESSORY FURNISHED
Mating power/logic connector

ENVIRONMENTAL RATINGS
Operating Temperature

Range -54°Cto+110°C
Non-Operating Temperature

Range -65°Cto +125°C

Option No.
7
10

49

Description
Two SMA male rf connectors
One SMA male (J1 ), and one
SMA female (J2) rf connector
High Rei screening
(see Table 1, page 36)

DIMENSIONS AND WEIGHT

FUNCTION
Ground

. 5V
- 12 to -15V

1.4" (lSB)
2.80

5.6"
22.5"
11.3"
90"
180" (MSB

+ 12to +1 5V
45"
oND
Freq. Correction
Circuit Select
"0" .. Band Edge

PIN FUNCTIONS

A
B
C
D
E
F
H
J
K
l
M
N
P
R

PIN
MODEL 7928

~ PIN A

MOUNTING
SURFACE

1-.22 (5,6)

1-.50 (12,7)

:::::J 1.4 2
(36 .1)

.88
122 ,41

RF Conn
.,..- SMA Female 2x

I- .36I (9,1)

D WtIlc:1~~
-I- - - r ~

~ Ir©

J 3

J 2

CONN.14 PIN
lAW MIL-C-28748

.38 (9.7) for SMA Female --I

.50 (12,7) for SMA Male
3x., .140 (3,6)

T ~
1.50 •a
(3~ -fj-J1

.88 a
(22 ,4)

.12 13.0)--I

--'--1-$ --------- -- --- I-' -l=b-'-
- '--'---Cot,r-

.12 (3,0) 1.60 I
,' 2 13.O)-j.j 1-- (40 .6) . 1

... 1.85 ~

(47.0)

1.75
(44 ,5)

Model 7928 Wt. 3.0 02 (85g) approx.
Dimensional Tolerances: unless otherwise Indicated: xx ± .02; .xxx ± .005

fill
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General Microwave switches cover the frequency
range from 100 MHz to 40 GHz and are available in
various topologies ranging from sing le-pole single­
throw (SPST) to single-pole seven-throw (SP7T) in
both reflective and non-reflective configurations.

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 reflec­
t ive SPST switch can be designed util izing 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

Switches
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 desi red
low-loss path for the ON port with a minimum of
loading from the OFF ports. The second method
util izes 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 to construct 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 BIAS

~, ~, ~ ,
- - - --v v v

.- - . -- {-

SERIES SWITCH SHU NT SWITCH

Fig. t-Rettecuve SPST switch

COMMON

SERIES DIODE S
AT COMMON J UNCTION

COMMON

SHUNT DIODES LOCATED
QUARTER WAVELENGTH
FROM COMMON JUNCTION

Fig. 2·Schematic diagrams of tmnu-uvow 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 min imum 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 switching 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" (!) 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 magnitude of
these spurious signals is typically small in a switch
since the diodes are 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 atB GHz will
have a second order intercept point of 70 dBm.
Typical performance is as follows:

TYPICAL SWITCH INTERCEPT POINTS

2nd ORDER 3rd ORDER
SWITCH FREQUENCY INTERCEPT INTERCEPT

HIGH SPEED 2.0 GHz +50 dBm +40 dBm
LOWSPEED 2.0 GHZ +65 dBm +50dBm
Since these levels vary significantly with freq uency,
switching speed, and RF topology, please consult the
factory for specific needs in this area.

(1) For switches with internal video filters, specify Option 4 f . or Option 42. O( Option 43. These filters reduce the leakage to less than 100 mV peak-lo-peak.
measured looking into a 100 MHz bandwidth in a 50-0hm system.

BIAS I BIAS 2 BIAS I BIAS 2

son
son

COMMON
T

SERIES TERMI NATION

sont ')'
COMMON

SHUNT T ERMINATION

, N
JL

fill Fig. 3-Schematic diagrams of absorptive switches
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Switches

Fig . 4-Port-to-port switching speed definition

SWITCHING SPEEDI"

POWER HANDLING

PHASE AND AMPLITUDE MATCHING

Switches are avai lable 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.

In addition to the above definitions, the following
information about switching performance may be
useful to the system designer.

Switching To lsolatlon- 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.

ON

OF F- - - - -,
/,

r
/

/

, ' ' . t:- \ - - IO% RF I,
I I, , , ,, I , ,,, , , ,

I - L \;-90''IoRF .~ -,
% RF lILl--l- - -+-1 , I

PORT A
OFF

PORT B 90% _ -¥
ON '1 ,- ----- - _. ', ,'----=

~ ~PORT-TO·PORT
SWITCHI NG TIME

10 0 ,,
I
I

"ON"SWITCHING -I
TIME

(TO N )

2 .0 TO ~::'=_~L _\
-O.3TOO .8V~ - I '~, ,

INPUT CONTROL PULSE, ,
0-/. RF USOLAT!ONl I I

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.

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.

RF OUT PUT ENVELOPE

Fig. 5-Switching speed definition

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.

The power handling of PIN diode switches is depen­
dent on the RF 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,
VSWR, or isolation of the switch. The survival power
limits are based on the maximum ratings of the
semiconductors in ttie 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.

(2) For a unjt without an integrated driver, the specifications apply to conditions when it is driven by an appropriately shaped switching waveform.
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Switch
Selection Guide

SWITCHES WITH INTEGRATED DRIVERS

FREQUENCY RANGE (GHz) MODEL OR

0.1 0.2 0.5 1 2 4 8 12.4 18 SERIES PAGE COMMENTS

REFLECTIVE SPST SWITCHES
DM86. FM86 Ultra-broadband, low insertion loss

0.1 18 DM86H. FM86H
96

Ultra-broadband, high-speed

1 I. F91 99 Minature broadband
0 .2 4 F9214A

1 ,. H9114 Hermetically sealed, low profile, ,. HM9114 137 Hermetically sealed, crop-in module

NON·REFLECTIVE SPST SWITCHES
0.2 ,. HM192 135 Hermetically sealed. ultra-broadband
0.2 ,. F192A 93 Ultra-broadband

REFLECTIVE SP2T SWITCHES
02 I. DM870 102 Ultra-broadband

• F91. G91 Miniature broadband
1 ,.

108F91H Miniature broadband, high-speed
0.2 4 F92, G92 Miniature broadband

15 ..
3 • F892 105 Octave-brand, high-speed

• I•

1 I. H9120H Hermetically sealed, low profile
1 I. HM9120H 138 Hermetically sealed, drop-in module

NON-REFLECTIVE SP2T AND TRANSFER SWITCHES
F91T. F91W, G91T, G91W Miniature broadband, ,.

F91HT 108 Miniature broadband, high-speed

0.2 4 F92T. G92T Miniature broadband

as I. F940H 113 Broadband transfer switch

Hermetically sealed, low profile1 ,. H9120HT, ,. HM9120HT 138 Hermetically sealed, drop-in module

REFLECTIVE SP3T SWITCHES
F91, G91, Miniature broadband

1 I.
F91H 116 Miniature broadband, high-speed

n2 4 F92, G92 Miniature broadband
, ,. H9130H Hermetically sealed, low profile, I. HM9130H 139 Hermetically sealed, drop-in module

NON·REFLECTIVE SP3T SWITCHES
F91T, F91W. G91T, G92W Miniature broadband

1 I.
F91 HT 116 Miniature broadband, high-speed

n2 4 F92T. G92T Miniature broadband
, I. H9130HT Hermetically sealed, low profile
I I. HM9130HT 139 Hermetically sealed, drop-in module

REFLECTIVE SP4T SWITCHES
F91. G91 , Miniature broadband, ,.

F91 H 120 Miniature broadband, high-speed

n 2 4 F92.G92 Miniature broadband

I I. H9140H Hermetically sealed, low profile

1 18 HM9140H 140 Hermetically sealed, drop-in module

fill
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Switch
Selection Guide (Cont.)

SWITCHES WITH INTEGRATED DRIVERS (con't)
FREQUENCY RANGE (GHz) MODEL OR

0.1 0.2 0.5 1 2 4 8 12.4 18 SERIES PAGE COMMENTS

NON·REFLECTIVE SP4T SWITCHES
F9lT. F91W. G9lT, G91W Miniature broadband

1 ,.
F91HT 120 Miniature broadband. high-speed

.2 4 F92T. G92T Miniature broadband

1 ,. H9140HT Hermetically sealed, low profile

1 ,. HM9140HT 140 Hermetically sealed, drop-in module

REFLECTIVE SP5T SWITCHES
1 ,.

F91. G91 .
124 Miniature broadband

.2 4 F92. G92

NON·REFLECTIVE SP5T SWITCHES
1 ,. F9lT. F91W. G9lT. G91W

124 Miniature broadband
• .2 4 F92T, G92T

REFLECTIVE SP6T SWITCHES
1 ,. F91 , G91.

127 Miniature broadband
.2 4 F92. G92

NON·REFLECTIVE SP6T SWITCHES
1 ,. F9lT, F91W. G9lT. G91W

127 Miniature broadband
F92T. G92T0.2 4

REFLECTIVE SP7T SWITCHES
,.1 F91. G91,

130 Miniature broadband
0.2 4 F92, G92

NON·REFLECTIVE SP7T SWITCHES
1 ,. F9lT. F91W. G9lT. G91W

130 Miniature broadband
02 4 F92T, G92T

fill

91



Switch
Selection Guide (Cont.)

SWITCHES WITHOUT INTEGRATED DRIVERS

FREQUENCY RANGE (GHz) MODEL OR

SERIES
PAGE COMMENTS

0.1 0.2 0.5 1 2 4 8 12.4 18

REFLECTIVE SPST SWITCHES
M86 Ultra-broadband, low insertion loss

0.1 1. Ma6H 96 Ultra-broadband, high-speed
1 I. 91 99 Minature broadband

0.2 4 9214

REFLECTIVE SP2T SWITCHES
0.2 18 M670 102 Ultra-broadband

91 Miniature broadband
1 I.

91H 108 Miniature broadband. high-speed

02 4 92 Miniature broadband

NON-REFLECTIVE SP2T SWITCHES
91T,91W Miniature broadband

1 ,.
91HT 108 Miniature broadband, high-speed

02 4 9ZT Miniature broadband

REFLECTIVE SP3T SWITCHES
91 Miniature broadband

1 I.
91H 116 Miniature broadband, high-speed

0.2 4 92 Miniature broadband

NON-REFLECTIVE SP3T SWITCHES
91T,91W Miniature broadband

1 I.
91HT 116 Miniature broadband. high-speed

02 4 9ZT Miniature broadband

REFLECTIVE SP4T SWITCHES
91 Miniature broadband

1 ,.
91H 120 Miniature broadband, high-speed

02 4 92 Miniature broadband

NON·REFLECTIVE SP4T SWITCHES
91T,91W Miniature broadband

1 I.
91HT 120 Miniature broadband. high-speed

0 2 4 9ZT Miniature broadband

REFLECTIVE SP5T SWITCHES
1 I. 91 124 Minalure broadband

0.2 4 92

NON·REFLECTIVE SP5T SWITCHES
1 ,. 91T,91W

124 Mlnature broadband
0.2 4 9ZT

REFLECTIVE SP6T SWITCHES
1 I. 91

127 Minature broadband
0.2 4 92

NON-REFLECTIVE SP6T SWITCHES
1 I. 91T,91W

127 Minature broadband
0 .2 4 9ZT

REFLECTIVE SP7T SWITCHES
1 I. 91

130 Minature broadband
0.2 4 92

NON-REFLECTIVE SPTT SWITCHES
1 I. 91T,91W

130 Minature broadband
0.2 4 9ZT

lEI
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Model F192A Non-Reflective
Ultra-Broadband High-Speed SPST Switch

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 diodes in a microstrip integrated
circuit transmission line as shown in the schematic
diagram below.

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

RF INIOUT

f-@
J2

BIAS
FROM
DRIVER

.v
I

I
I ' I

(- L -t:

0 r. '-; 7 r.

Jl

50

RFIN!OUT

@-j

·v ·v

Model F1 92A RF Schematic Diagram

The currents required toswitch the unitON or OFF
and simultaneously maintain a bilateral 50-ohm
impedance match in both states are provided by the
integrated driver, which iscontrolled byan external
logic signal.

-- - ---
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Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

CHARACTERISTIC

Min Isolation (dB)
Max Insertion Loss (dB)
VSWR (ON and OFF)

0.2
to

0.5

70
2.0
1.5

0.5 2.0 8.0
to to to
2.0 8.0 12.4

80 80 80
2.0 2.5 3.0
1.5 1.75 2.0

12.4
to

18.0

80
3.5
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 Handling Capability
Without Performance

Degradation 500 mW cw
or peak

Survival Power 1Waverage,
10W peak
(1 f'Sec max.
pulse width)

I.
----

94

Power Supply Requirements

+5V ± 5%, 90 mA
-12V + 5%, 75 mA

Control Characteristics

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

load. (A unit load is 0.6 rnA sink
current and 20f'l\ source current.)

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



Model F192A
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature

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

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

Condo 8 (96 hrs. at 95%)

Shock MIL-STD-202F, Method 2138,
Co ndo 8 (75G, 6 msec)

Vibration MIL-STD-202F, Method 204D,
Condo8 (.06" double amplitude
or 15G , whichever is less)

Altitude MIL-STD-202F, Method 105C,
Condo 8 (50,000 ft .)

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

Option No.

3
7
9

10

33

48

64A

Description

SMA female control connector
Two SMA male rf connectors
Inverse co ntrol logic; logic " 1"
for switch ON and logic "0" for
switch OFF
One SMA male (J1) and one SMA
female (J2) rf connector
EMI filte r SOlder-type control
terminal
+5, - 15Voperation

SM8 male co ntrol connector

CONN SMA

DIMENSIONS AND WEIGHT
. 5 3

(13,5)

~.15
(3,8)

.50
02,7)

.0 9

(L
-,----

+y

1,00
( 25 ,4 )

J

. 820
(20,8)

JI

t---- J 2~

l-

I
j ~~vGND
~ -y,

" " MTG
~ SURFACE

.38(9,7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

1-- .8 20 ­
(20,8)

1--_ . 1.0 0
(25,4 )

CONTROL
SMC MALE

2 x ~ .104(2,6)

MODEL F192A
Wt: 0.7 oz (209m) approx.

Dimens ional Tolerances, unless o therwise indicated: .XX ... .02: .XXX ....005
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Series 86
Ultra-Broadband SPST Switches

• Frequency range: 0.1 to 18 GHz
• Low VSWR and insertion loss
• Up to 80 dB isolation
• As fast as 10 nsec rise and fall times
• Small size , light weight

...

DRIVERLESS
UNITS

•.,

M8628

SERIES M86
The Series M86 is a diverse group of high perter­
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.

M8648

,
J,
-':-

r; r, 1,.-!-:

Rf 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.

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 - 12 to - 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.

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
UNITS

•

•
•

SERIES
FM86
UNITS

.~

: ~

r~-, ~

UNITS WITH
INTEGRATED

DRIVERS

---
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series 86
Specifications

FREQUENCY (GHz)

MODEL NO.1') CHARACTERISTIC 0.1 1.0 2.0 4.0 8.0 12.4
to to to to to to
1.0 2.0 4.0 8.0 12.4 18.0

M862B Min Isolation (dB) 30 36 40 45 45 45

LOW OM862C Max Insertion Loss (dB) 1.0 1.0 1.0 1.0 1.5 2.0

INSERTION FM862C Max VSWR (ON) 1.3 1.3 1.3 1.6 1.75 1.75

LOSS M864B Min Isolation (dB) 37 60 74 80 80 80
MODELS DM864C Max Insertion Loss (d B) 1.0 1.0 1.0 1.3 1.8 2.5

FM864C Max VSWR (ON) 1.4 1.4 1.4 1.7 1.75 2.2

M862BH Min Isolation (dB) 30 36 40 45 45 45

HIGH DM862CH Max Insertion Loss (dB) 1.0 1.0 1.0 1.0 1.5 2.3

SPEED FM862CH Max VSWR (ON) 1.3 1.3 1.5 1.7 2.0 2.2

MODELSI' ) M864BH Min Isolation (dB) 37 60 74 80 80 80
DM864CH Max Insertion Loss (dB) 1.0 1.0 1.0 1.3 1.8 2.8
FM864CH Max VSWR (ON) 1.4 1.4 1.5 1.7 2.0 2.2

PERFORMANCE CHARACTERISTICS

Sw itch ing Characteristics!')

High Speed
Models

Rise Time 10 nsec max.
Fall T ime 10 nsec max.

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

Repetit ion Rate 20 MHz max.

Low Loss
Models

20 nsec max.
20 nsec max.

50 nsec max.
30 nsec max.

10 MHz max.

Power Handling Capab ility
Without Performance Degradation

Without Integrated
Drivers 1W cw or peak!' )

With Integrated
Drivers 1W cw or peak

Survival Power 2W average.
75W peak
(1 ",sec max
pulse width)

(1) Models shown operate from 0.5 to 186Hz. 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; models prefixed with "M" only are current­

controlled units and are furnished without drivers.
(4) 5W cw or peak with - 20V back bias.

fill
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series 86
Specifications

10

33

20·
25

Option No.

3
7
9

Description

SMA female 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 filter solder-type bias/control
terminal

64A 5MB male bias/control connector

'Not applicable to Series M8G; standard in Series FM86 (need
not be specified when ordering),' all Series DM86 units are
furn ished with this option unless otherwise specified by customer.
Other options, such as 50 ohms to ground. are available on
special order.

ENVIRONMENTAL RATINGS (Con '!)

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,
CondoB (75G, 6 msec)

Vibration MIL-STD-202F, Method 204D,
CondoB (.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 107D,
CondoA, 5 cycles

AVAILABLE OPTIONS

ENVIRONMENTAL RATINGS

Operating Temperature Range:
Series M86 - 65°C to + 125° C
Series DM86 - 65°C to + 85°C
Series FM86 - 65°C to + 110° C

All DM86 Units: + 15V ±2% , 70 rnA
- 15V ±5%, 20 rnA

All FM86 Units: + 5VDC ± 5%, 65 rnA
- 12 to -15V, 20 rnA

For rated isolation: + 35 rnA
For rated insert ion loss: - 10V

Units With Integrated Drivers

Control Characteristics

Control Input
Impedance TIL, advanced Schottky one-unit

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

Control Logic current.)
Series DM86 Logic " 0" (- 0.3 to + O.BV) for

switch OFF and logic " 1" ( + 2.0
to + 5.0V) for switch ON.

Series FM86 Logic "0" ( - 0.3 to + 0.8V) for
switch ON and logic " I " (+ 2.0
to + 5.0V) for switch OFF.

Power Supply Requirements

Units With Integrated Drivers

Driverless Units

DIMENSIONS AND WEIGHTS

2 x ~, 106(2,1)

.438 i .010
( l UI

.38{9,1) FOR SMA FEMALE

.50(12,1) f OR SMA MALE

J l ' J 2

J"(10.2) ,..

.50 f12.7j
1'"--:' ••_.80 -..,

120.3) I

SMA MAlE FOR
OPTO N 10

1__...
(11,2)

1.97
{SO,O}

CONffiOl.
SMC MAlE

o
J i~,51 L

RF CONN
SMA FfMAlE
2J(

.51
113,0)

.'AS
$ MC MALE

']-,_--,1
ti .50(12,7) MAX

I ..
I':."t. (24.4)

9 ~

U

OI l( • . 101 (2.6)

•

SMA MALE FOR
OPTION 10

.437 t .OIS
(I l , t)

.<5
It 1 ,~)

I
-e,

J I - J2

LJ...aoJI (20,2)

", L
(6.') I

RF CONN
SMA FEMALE
2J(

.38(9,1) FOR S MA FEMALE

.50(12,1) FOR SMA MALE

SERIES M86
WI: 1 oz. (28 gm) approx.

SERIES DM86 AND FM86
WI: 2 oz. (57 9m) approx.

Dimensional Tolerances. unless otherwise indicated: .XX ± .02; .XXX ± .005
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Series 91 and 92
Miniature Broadband SPST Switches

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.

Both series use an integrated circuit assembly of up
to four PIN diodes mounted in a microstrip transmis­
sion line. The circuit configuration is shown below.

• Frequency range (Series 91):
1 to 18GHz

• Frequency range (Series 92):
0.2 to 4 GHz

• Low VSWR and insertion loss
• Up to 80 dB isolation
• Less than 10 nsec rise and fall time
• Miniature size, light weight

;
J,
-':'­

I
rr:

:
.',
->-
,-h

:I

Rf schematic diagram

Appli cation 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
ri se and fall limes are less than 10 nsec.

UNITS WITH
INTEGRATED

DRIVERS

F9214A

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, and the
dimensions of the units are 0.75 x 0.75 x 0.38
inches. The proper current required to switch the unit
ON or OFF is provided by the integral driver whi ch re­
quires + 5 and - 12 to - 15 volt power supplies and is
controlled by an external logic signal.

9112

DRIVERLESS
UNITS

99
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series 91 and 92 SPST Switches
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

0.2 0.5 1.0 2.0 4.0 8.0 12.4
MODEL NO.II) CHARACTERISTIC to to to to to to to

0.5 1.0 2.0 4.0 8.0 12.4 18.0

Min Isolation (dB) 36 40 45 45 45
9112, F9112A Max Insertion Loss (dB) 0.8 0.8 0.9 1.1 1.8

Max VSWR (ON) 1.3 1.3 1.6 1.75 1.75

Min Isolation (dB) 60 74 80 80 80
9114, F9114A Max Insertion Loss (dB) 0.9 0.9 1.0 1.6 2.5

Max VSWR (ON) 1.4 1.4 1.75 1.75 2.0

Min Isolation (dB) 40 45 50 50 -
9214, F9214A Max Insertion Loss (dB) 1.0 1.0 1.0 1.0

Max VSWR (ON) 1.5 1.5 1.5 1.5

Switching Speedl' )
Rise Time. . . . . . . . .. 10 nsec max.
Fall Time . . . . . . . . . . . 10 nsec max.
On Time .. . . . .. . . .. 20 nsec max.
Off Time . ... ...... . 20 nsec max.
Repetition Rate. ... . 20 MHz max.

Power Supply Requirements
Driverless Units
For rated isolation: + 35 rnA
For rated insertion loss: - 10V

Units With Integrated Drivers
+5V ±5%, 65 rnA
-12 to -15V, 20 rnA

Power Handling Capability

Without Performance Degradation
Without integrated drivers

1W cw or peakl' )

With integrated drivers
1W cw or peak

Survival Power . . . ... 2W average,
75W peak
(1 !'sec max.
pulse width)

Control Characteristics

Control Input
Impedance TTL, two-unit load. (A unit load is

1.6 mA sink current and 40 I'A
source current.)

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

(1) Models prefixed with "F" are equipped with integrated TTL-compatible drivers; models without the " F" prefix are
current-controlled 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.
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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·STO·202F. Method 103B.
CondoB (96 hrs, at 95%)

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

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

Altitude MIL-STD·202F. Method 105C.
Condo B (50.000 It .)

Temp. Cycling . . . . . . MIL·STD·202F. Method 1070 .
Cond oA. 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 " 0" for
switch OFF. logic " 1" for switch ON
(Not applicable to Series 91/92)
One SMA male (J l) and one SMA female (J2)
rf connector
EMI filter solder-type bias/control terminal
Internal video filter, port J l only
Internal video fi lter. port J2 only
Internal video fil ter , both ports
5 MB male bias/control connector

DIMENSIONS AND WEIGHTS

MOUNTI NG
SURFACE

RF CONN
SMA FEMALE
2x

.38 ~
(9 ,71

. 13 -I
( 3 ,3)

- '-
.5 0 1I2,7I

MAX /dL

~ T
.7 5

.32 (19,1)
( 8 ,11

I

. 38 (9,71 FOR SMA FEMALE
.5 0 0 2 ,7 >FOR SMA MAL E

,+.1 .375
(9,5

.20
( 5, II

.7 5
( 19,11

CONTROL
$MC MALE

GNO

+v

f
. 0 9

(2 ,3 )

.----;=;f' _ .l'
. 5 70 J1 '[J 2
t14 ,5)

:=== '\1

2X 0 .104(2 ,61

MOUNTING
SURFAC E

GNO
( OPTION 33)

j !...+- .13 (3 , 3 )

. 38 L
19,71

_L
.50 11 2 ,71

MAX

T
I

I
.3 2
18, I!

f

RF CONN
SMA FE MALE
2X

.7 5 ....~.-'
119,1! \

.38 (9,71 FOR SMA FEMALE

.5 0 0 2 ,7 ) FOR SMA MALE

.23
(5,9 )~1I

. 30 0
{7,61

.49
0 2,41

BIA S
SMC MALE

f
. 10
(2 ,51

2X~ .1 0 4 (2 ,6 )

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

SERIES 91 AND 92
WI: .39 oz. (1 1 gm) approx.

SERIES F91 AND F92
WI: .43 oz. (12 gm) approx.
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Models M870 and DM870
Ultra-Broadband SP2T Switches

• Frequency range: 0.2 to 18 GHz
• Low VSWR and insertion loss
• Up to 60 dB isolation
• Small size , light weight

M870 (DRIVERLESS)

DM870
(WITH INTEGRATED

DRIVER)

102

MODEL M870
Model M870 is a high-performance broadband single­
pole two-throw switch that operates over the full in­
stantaneous bandwidth of 0.2 to 18 GHz. Design
features include an integrated ci rcuit 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.

"'"
RF IN'OUT

n

alAS

RFlNO.lT

@
n

Rf schematic diagram

By applyi ng positive current to a bias terminal, the
associated port is OFF si nce the correspond ing shunt
diodes are biased to a low resistance and the series
diode to a high resistance. Wi th negative current at
the bias terminal, the converse cond it ions are
established and the port is ON. Since bias terminals
are ind ividually avai lable for both ports, the user has
the option of operati ng with either or both ports ON
or OFF.

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 required to sw itch the ports ON or
OFF are provided by the driver, which is contro lled by
external logic signals. Standard units are wired so that
one port is biased ON and the other OFF at all t imes.
See AVAILABLE OPTIONS for independent port con­
trol.



Models M870 and DM870
Specifications

FREQUENCY (GHz)

MODEL NO.
(2)

M870
DM870

CHARACTERISTIC

Min Isolation (dB)
Max Insertion Loss (dB)
Max VSWR (ON)

0.2 4.0 8.0 12.4
to to to to
4.0 8.0 12.4 18.0
60 55 55 55
1.5 1.5 1.75 2.2
1.5 1.75 1.75 2.0

PERFORMANCE CHARACTERISTICS

Switching Speed (port to port) . . ... 2 I'sec max.oi
Power Handling Capability
Without Performance Degradation . . 1W cw or

peak
Survival Power 1W average,

75W peak
(1 I'sec max.
pulse width)

Power Supply Requirements
MODEL MB70
Bias current required at each port for rated
isolation and insertion tossoi

Port OFF + 30 rnA
Port ON - 30 rnA

MODEL DMB70 (For one port ON)
+ 5V +2% ,65 rnA
- 12 to- 15V, 65 mA

Control Characteristics
MODEL DMB70
Control Input Impedance . .TIL, low power

Schottky, two unit load.
(A unit load is O.B rnA
sink current and 40 y.A
source current.)

Control logic One port ON and one
port OFF. l ogic " 0"
( - 0.3 to + O.BV) con­
nects J1 to J3. l ogic
" 1" ( + 2.0 to + 5.0V)
connects J1 to J2.

(1) SWitching speed, defined as the interval between the instant the rt 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
p rovided by the user.

(2) DM870 is equipped with an integra ted TTL compatible driver; M870 is a current-controlled unit that is furnished without a driver.

(3) For operation of Models M870 with more than one pon ON, total negative current must be limited to - 40 mA. Do not apply more than
75 mA to any OFF port or more than - 40 mA to any ON port.
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Models M870 and DM870
Specifications

- 6S "C to + 12S ·C
MIL·STD·202F, Method 103B,
CondoB (96 hrs, at 95%)

MIL-STD·202F, Method 213B,
CondoB (7SG. 6 msec)

MIL·STD·202F. Method 2040 ,
CondoB (.06" double amplitude
or 1SG, whichever is less)

- 55·C to + 12S·C
- 6S· Cto +1 10·C

Vibration .

Shock .

ENVIRONMENTAL RATINGS
Operat ing Temperature Range

Model M870 .
Model OM870 .

Non-Operat ing Temperature
Range .

Humidity .

Alt itude . . . . . . . . . . . . . . . .. MIL·STO·202F, Method 10SC,
Cond oB (50,000 ft.)

Temp, Cyc ling . . . . . . . . . . MIL·STO-202F, Method 1070 ,
CondoA, 5 cycles

AVAILABLE OPTIONS
Option No, • Description

7 SMA male rf connectors
7A J1 SMA male; J2 and J3 SMA female
78 J1 SMA female; J2 and J3 SMA male
9 Inverse control logic; logic " 0" for port ON and

logic "1" for port OFF (available only in con­
junction with Option 22)

2011' Two unit load control input impedance
22 Individual port control (OM 870 only - one

unit load); logic "0" for port OFF and logic "1"
for port ON . Also available with log ic "a" for
port ON and logic "1" for port OFF (Specify
Option 9)

33 EMI Filter solder-type bias/control terminal
64A 5MB male bias/control connector

(1) Not applicable to Model M870. All Models OM870 are furnished with th is op tion un less otherwise specified by_customer. Other op­
tions. such as 50 ohms to ground. are available on special order.

DIMENSIONS AND WEIGHTS

f
.'0
(2,5)

2 l 0.125(3,2)

.1.
(2,5)

.38(9,7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

28
(7,1)

' .60
(40,6)

/14+-~,--~
~~=:'t~

.50 (12.7)

GNO

.' 2
11 0,7)

Rf CONN
SMA fE MALE
3X

<, _ .97
_________ r- (2' .51...,

.2'
(6 ,4)

.38{9.7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

.97
(24.6)

~+.
(IO.7) .84

H-'---r (21,3)

"----'-l I

RF CONN
SMA FEMALE
3x

BIAS
SMC MALE 2 x 0.125(3,21
2X

J3

JI

J 2

. ~
I "·(2,5)

.to
(2.5)

. 50 (12 ,7) .' 2
.72 (10,7)

( 16,3J

Dimens ional Tolerances. un less otherwise indicated: .XX ± .02; .XXX ± .005

MODEL M870
Wt: 1.5 02. (43 gm) approx.

MODEL DM870
Wt: 2.5 oz (71 gm) approx.

104



Series F892
High-Speed Octave-Band SP2T Switches

• low Cosl
• S, C and X·U band models
• 10 nsec rise and fall fimes
• Up 10 60 dB isolation
• As low as 1.0 dB insertion loss

,~.

,
"/ F8928

F8924

~':I' " , .. , R.a,
~ .." ..<> ... .. ~... .. .I

DRIVER

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 106.

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 pract ical realization of
fast switch ing action . Although the use of a pure
shunt mode imposes certain bandwidth limita­
tions, frequency coverage in excess of octave
bands has been maintained.

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.

F8922

.-"......" ....".....
!.~ -':" .......~
00::'" '::".,.o!'."~'
~..... -'

..
t'

RF IN!OUT

~f-@
J 3

RF INIOUT

@-1~-+
J2

The proper currents required to switch ports
ON or OFF are provided by the integrated drivers
which are controlled by external logic signals.

RF COM

RF schematic diagram

THE THREE UNITS
IN THIS SERIES

ARE EQUIPPED WITH
INTEGRATED DRIVERS
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Series F892
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY INSERTION ISOLATION VSWR
MODEL RANGE LOSS, MAX. MIN. MAX.

NO. (GHz) (dB) (dB) (ON)

F8922
2-4 1.0 60 1.5

1.5-4.5 2.0 55 2.0

F8924
4-8 1.4 50 1.5
3-9 2.3 45 2.2

F8928
8-18 2.3 45(2) 2.2

6·18 2.5 45(2) 2.5

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 Capabil ity
Without Performance

Degradation . . . . . . . . . . . . . . . . . 2W cw
or peakoi

Survival Power 2Waverage,
75Wpeak
(1 usee max
pulse width)

Control Characteristics
Control Input

Impedance Schottky TIL, one-unit load.
(A unit load is 2.0 rnA 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

Power Supply Requirements
(For one port ON) . . . +5V ±5% , 65 rnA

- 12 to - 15W ), 2 rnA

ENVIRONMENTAL RATINGS
Operating Temperature

Range - 65°C to + 110°C
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, 6msec)
Vibration MIL-STD-202F, Method 204D,

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

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

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

AVAILABLE OPTIONS

Option No. Description
3 SMA female control connectors
7 SMA male rf connectors
7A J1 SMA male; J2 and J3 SMA

female
78 J1 SMA female; J2 and J3 SMA

male
9 Inverse control logic; logic "0" for

port OFF and logic "1" for port ON
27 Single-port toggle control; logic

"0" connects J1 to J2
62 + 15V operation
64 SMC male control connectors
64A 5MB male control connectors
65 ± 12V operation

(1) With - 15V power supply. Reduces to 1.5W with -12V power supply. Units can be operated at higher input power levels with
some increase in switching time when - 30Vpower supply is used.
(2) Isolation 40 dB above 16 GHz.

106



Series F892
Specifications

DIMENSIONS AND WEIGHTS

MTG
SURFACE

.38 ...._
(',71

.3 8 (9 ,1 1FOR SMA FEMALE

.50 (lZlIFOR SMA MAlE
3)( 11.104 ( 2,6)

GNo

-v

CONT ROL FOR .,12
( NOT USED IN OPTION 27)

CO NTROL
FOR J3

.7 50
( 19, 1)

>.-_ .1.'00_~~
(38, 11

......__ 1.88 __.....
( 47,81

.is
(4,8)

RF CONN
S MA FEMALE
3x

f
._ + !,

1.32
1.1 0 0 J 2 J3 (33,51

12 7,'31 .es
j (21.6)

J'

.u J
(2,m

MOOEL F8922
WI: 1.5 oz. (43 gm) approx.

MTG
,.r::J.., / 'sa,u RFAeE

.3. 1-_
19,71

.38{9.71 FOR SMA FEMALE
.50(12,71 FOR SMA MALE

GNo
CONT ROL

·"--FOR .,13

-v

J3 hrJ-i.pr: .38
-<IT 19,7'-'.' -:

!

CONTROL FOR JZ
( NOl USED IN OPTION 27)

+ v

. _~
,

. 46 5
(11,8)

......_ . 93 0 ,_~'"
123 ,6 )

1.--,".' ,-_~
3X Ill.l04{Z.6) ( 46,7)

RF CONN
SM. FEMALE
3X

MODEL F8924
Wt: 1 oz. (28 gm) approx.

MODEL F8928
Wt: 1 oz. (28 gm) approx.

. 6 4 0
(16,31

!
. 10
( 2,5)

RF CONN
SMA FEMALE
3X

,
JZ I
~ J '

.20
15,11

.... - +-1
(8,8)

.69 0
(1 1,5)

1.10
12 e,O}

CO NTROL FOR J Z
( NOT USED IN OPTION 27)

-v
CON TROL

___- FOR J3

'-t· IZ
- , U ,O)

3)(' .104(2,6) .38 1.-
(9,7)

.38 19,11 FOR SMA FEMALE

.50 112,1) fOR SMA MALE

Dimensional Tolerances. unless otherwise indicated: .xx ± .02; .xxx ± .005
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Series 91 and 92
Miniature Broadband SP2T Switches

F9120
(WITH INTEGRATED

DRIVER)

~-,

---- @
~

,"
III S[ll,(S 90 " ....."s A"( CO..ST llUCTEO

.. ,n ' n . AH S( Il>E S 0 101)($

MODEL 9120AH·500
This switch has the same ci rcuit topology as the
9120-500 except it is equipped with high-speed
diodes to achieve rise and fall times of 10 nsec.

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 effect ively that of
the 50 ohm resistor in series with the shunt di ode.
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
w ill be present at the common port.

Series 91T, 92T and 91W schematic diagram

MODEL 9120AHT·500
This switch is similar to the 9120AH·500 except it
includes a terminating network as shown below.

MODELS 9120T·500, 9120W·500
AND 9220T·500
These switches are non-reflective versions of the switches
described above. They are constructed in the configuration
shown below.

9120·500
(DRIVERLESS)

• Frequency range (Series 91):
1 to 18 GHz

• Frequency range (Series 92):
0.2 to 4 GHz

• Rise and fall times as fast as 10 nsec
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Miniature size, light weight

MODELS 9120·500 AND 9220·500
These switches provide high-performance
characteri stics 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 configurat ion of PIN
diodes mounted in a microstrip transmission line as
shown below.

(jl~

.., .. cu ,

I @
•

.~'fj

r,

&-i -
"

Rf " llUT

n ------- 9
•

••·.. ..u·

"

m m
ko- - - -
,,
o,

.'ou· ..... •

"--- @

Series 91 and 92 scnemanc diagram Model 9120AHT·500 schematic diagram

Port Control
By applyi ng positive current to a bias terminal, the
assoc iated port is OFF since the correspond ing 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 condit ions are
established and the port is ON. Since bias terminals

are ind ividually available for both ports, the
user has the option of any combination of
ports ON or OFF.

SERIES F91/F92
The Series F911F92 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

SERIES G91 and G92

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.

• Frequency range (Series G91):
1 to 18 GHz

• Frequency range (Series G92):
0.2 to 4 GHz

• Rise times as fast as 75 nsec
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Up to 60 dB isolation
• Positive dc supplies only
• Miniature size, light weight

MODEL G91 20

RF INtOUT

f--@
J 3

)

~J I

DRIVER

LU

, (II , I II I, -, I

L·
l'-

» 50 n 50 n >12c'=
~ , .

I

Rf INIOUT

RF eo,..
(I ) SERIES G9lW UNITS ARECONSTRUCTED WITH THREE SE RIES DIODES .
(ZIOELETE FOR UNITS WITHOUT "T"Off'w " SUFFIX.

Model G9 120( ). rf schematic diagram

SERIES G91T/G92T and G91W

These switches are non-reflective versions of the
switches described above.
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Series 91 and 92 SP2T Switches
Specifications

MODEL
FREQUENCY (GHz)

NO. {II CHARACTERISTIC 0.2-1 1·2 2·4 4·8 8-12 .4 12.4-18

9120·500 Min Isolation (dB) 60 60 60 60 50
F9120 Max Insertion Loss (dB) - 1.1 1.1 1.4 2.0 2.5

Max VSWR (ON) 1.75 1.75 1.75 1.75 2.0

Min Isolation (dB) 60 60 60 60 50
G9120 Max Insertion Loss (dB) 1.8 1.8 1.8 2.2 2.5

Max VSWR (ON) 1.5 1.5 1.5 1.5 2.0

9220·500 Min Isolation (dB) 60 60 60
F9220 Max Insertion Loss (dB) 1.5 1.5 1.5

Max VSWR (ON) 1.5 1.5 1.5 - -
Min Isolation (dB) 60 60 60

G9220 Max Insertion Loss (dB) 1.8 1.8 1.8
Max VSWR (ON) 1.5 1.5 1.5

9120T·500 Min Isolation (dB) 50 50 50 45 40
F9120T Max Insertion Loss (dB~ - 1.2 1.2 1.5 1.5 2.2
G9120T Max VSWR (ON or OF ) 1.5 1.5 1.5 1.5 2.0

9220T·500 Min Isolation (dB) 60 60 60
F9220T Max Insertion Loss (dB

M
1.2 1.2 1.2 - -

G9220T Max VSWR (ON or OF 1.5 1.5 1.5

9120W·500 Min Isolation (dB) 60 60 60 60 55
F9120W Max Insertion Loss (dB

M
1.8 1.8 1.8 2.2 2.5

G9120W Max VSWR (ON or OF 1.5 1.5 1.5 1.5 2.0

9120AH·500 Min Isolation (dB) 60 60 60 60 50
F9120AH Max Insertion Loss (dB) 1.1 1.1 1.4 2.0 2.5

Max VSWR (ON) 1.75 1.75 1.75 1.75 2.0

9120AHT-500 Min Isolation (dB) 60 60 60 60 50
F9120AHT Max Insert ion Loss (dB) 1.3 1.3 1.7 2.5 3.0

Max VSWR O~h 1.75 1.75 1.9 2.0 2.0
Max VSWR OF 1.75 1.75 2.0 2.2 2.3

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without " T" or "W" suffix: 1W cw or peak
Units with " T" or lOW" suffix

Input to any " OFF" port: 100 mW cw or peak
Input to any " ON" port: lW 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 : lW average,
l OW peak (1 ~ec max. pulse width)

Input to any " ON" port: l W average,
75W peak (1 ~sec max. pulse width)

Input to common port: 1W average,
75W peak (1 ~sec max. pulse width)

(1) Models prefixed with "F" or "G" are equipped with integrated TTL-compatibfe 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; models suffixed with "H " are high­
speed units.

1&
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series 91 and 92 SP2T Switches
Specifications

Switching Characteristicsl1l
SERIES 91/F91/F92

Units without " H" suffix
ON time sao nsec max.
OFF time sao nsec max.

SERIES G91/G92

Control Input Impedance .. Schottky TIL, one unit load.
(A unit load is 2.0 rnA sink
current and SO jJA source
currenl.)

Control Logic _ Logic "a" (-0.3 to +0.8 V)
for port ON and logic "1"
(+2.0 to +S.OV) for port OFF.

Control Characteristics
SERIES 91192/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 rnA
sink current and 40 jJA source
current.)

Units with " H" suffix . . . .. TIL, advanced Schottky, one
unit load. (A unit load is 0.6 rnA
sink cu rrent and 20 jJA sou rce
current.)

Control logic Logic "a" (- 0.3 to + 0.8 V) for
port ON and logic "1" (+2.0 to
+S.O V) for port OFF.

6SmA6S mA

Units with "HOI suffix
Rise time 10 nsec max.
Fall time 10 nsec max.
ON time 2S 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/F911F92

Driveriess Units

Bias current required at each port for rated isolation and in­
sertion loss

PORT OFF
Units without " H" suffix +SOmA
Units with " H" suffix + 30mA

PORT ON
Units without " H" suffix -SOmA
Units with " H" suffix -3SmA

Units With Integrated Drivers
,..-----:::-:--'---::-:-.,-----,..----:-::-C-----::::-:-l(For on. pori ON) +SV ±S% -12to - 1SV

Units Without
" H" Suffix
Units With
" H" Suffix 60 rnA SOmA

Units With
" HT" Suffix 80 rnA SOmA

SERIES G91/G92
(For one Port ON)

+ SV ± S% , 100 rnA
+ 1SV ±S%, 30 rnA

,

(1) For driverlsss units,shapedcurrentpulses mustbe provided by user.
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Series 91 and 92 SP2T Switches
Specifications

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

Humid ity MIL·STO·202F, Method 1038.
Condo8 (96 hrs. at 95%)

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

Vibration MIL-STD-202F, Method 204D,
Condo8 (.06" double amplitude
or 15G, whichever is less)

Description

SMA female bias/control connectors
J 1, J2 and J3 SMA male
J 1 SMA male; J2 and J3 SMA
female
J 1 SMA female; J2 and J3
SMA male
Inverse control log ic; logic " 0" for
port OFF and logic "1" for port ON
(Not applicable to Series 91/92)
Single-port toggle control; log ic " 0"
connects J1 to J2 (Not applicable to
Series 91/92)
EMI filter SOlder-type bias/control terminals
Internal video filter, common port on ly
Internal video filter, output ports only
Internal video filter, all ports
5MB male bias/control connectors

33
41
42
43
64A

9

27

7B

Altitude MtL-STD-202F, Method 105C,
Condo8 (50,000 ft .)

Temp. Cycling MIL·STD·202F, Method 10lD,
CondoA, 5 cycles

AVAILABLE OPTIONS
Option No.

3
7
7A

DIMENSIONS AND WEIGHT

Dimensional Tolerances, unless otnerwtse indicated: .XX :!: .02; .XXX ± .005

RF CONN
SMA FEMALE

f 3X
~ ./' 2 X¢. 104{2,6)

MTG illT-"'i?:~F===;--
- v0::1';~~~~CE~

.13 14
(3.3) - . I-.t

.38
--' (9.7)1.-

,
-$ J2

t;S
-+,,1.35

_ 4~~9)-
(12.2) SERIES 91192/F9 11F92/G911G92

1-0-.e5 .~ WI: .75 oz. (21 gm) approx.
( I ) USED ONLY ON UNITS WITH INTEGRATED DRIVERS (21,6) \
(2) +15V fOR G911G92 SEAlES .38(9.7) FOR SMA FEMALE
(3 ) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33 .50(12,7) FOR SMA MALE

111-- - - - - - - - - - - - - - - - - - - - - ----- - - - - ---'
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Model F940H
Broadband Transfer Switch

With Integrated Driver

MODEL F940H

Model F940H is a high-performance broadband transfer
switch that operates over the full instantaneous bandwidth
of0.5 to 18GHzwith ON and OFFtimesof 30nsec. 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.

RF IN!()UT

"~
...
''''''''''''''A

Rf IWQU T

@--1f---+------<
"

• Frequency range: 0.5 to 18 GHz
• Low VSWR and insertion loss
• Isolation: up to 60 dB
• Small size, light weight

• " S
'RO"
DRIVER

~.."'"

...
"OM
DRIVER

Model F940H Schematic Diagram

The Model F940H is equipped with an integrated driver
that is powered by +5 and - 12volt supplies. The proper
currents required to switch the ports ON or OFF are pro­
vided by the driver, which is controlled by external logic
signals.
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Model F940H
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

CHARACTERISTIC

Min Isolation (dB)
Max Insertion Loss (d B)
MaxVSWR

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,
75Wpeak
(1 ~sec max

pulse width)

ENVIRONMENTAL RATINGS

0.5 8.0 12.4
to to to

8.0 12.4 18.0

60 55 50
2.0 2.5 3.0
1.75 1.75 2.0

Power Supply Requirements
+sv ±S% , 100mA
-12V ± SOlo , 60 mA

Control Characteristics
Control Input

Impedance . . . . . .. Schottky TIL, two unit loads.
(A uni t load is 2 mA sink current
and SO~ source current.)

Control Logic . . . . . . Logic " 0 " (- 0.3 to + O.BV)
connects J1 to J2 and J3 to J4.
Logic" 1" ( + 2.0 to + S.OV)
connects J1 to J4 and J2 to J3.

AVAILABLE OPTIONS

Operating Temperature
Range - 6SoC to + 11 0° C

Non-Operating Temperature
Range - 6SoC to + 12SoC

Humidity MIL-STD-202F, Method 1038 .
Condo8 (96 hrs. at 9S%)

Shock MIL-STD-202F, Method 2138 ,
Co ndo 8 (7SG, 6 msec)

Vibration MIL-STD-202F, Method 204D,
CondoB (.06" double amplitude
or l SG, wh ichever is less)

Altitude MIL-STD-202F, Method 10SC,
CondoB (SO,OOO It.)

Temp. Cycling MIL-STD-202F, Method 107D,
CondoA. S cycles

fili

Option No.

7
9

33

64A

Description

SMA male rf connectors

Inverse control logic ; logic
"0" connects J1 to J4 and J2 to
J3, and log ic " 1" connects J 1 to
J2 and J3 to J4
EMI filter solder-type control
terminal
5MB male control connector
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Model F940H
Specifications

DIMENSIONS AND WEIGHT

MTG
SURFACE

CONTROL
SMC MALE

o

.75
-(19,1)---.1

.13
(3,3)

.38(9,7) FOR SMA FEMALE

.50(12,7) FOR SMA MALE

50
(12,7)

t_~------l

RF CONN
SMA FEMALE1.00

DP .10
(25,4) / 4X
.800

DE) (2,5)
(20,3) ./ /'

.40.1
(2,5) - (10,2)

~
J3

t
.800

5,4) (20,3) J2 J4
•

~
, •

J 1 '~
•

~
J,f

.37 +/(9,4) -v

1.00
(2

#2-56 UNC
-2 8 x .30
(FAR SI

MODEL F940H
WI: 1.1 oz (31 gm) approx.

Dimensional Tolerances. unless otherwise indicated: . xx ± .02; .xxx ± .005
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Series 91 and 92
Miniature Broadband SP3T Switches

• Frequency range (Series 91): 1 to 18 GHz
• Frequency range (Series 92): 0.2 to 4 GHz
• Rise and fall times as fast as 10 nsec
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Isolation: up to 60 dB
• Miniature size, light weight

9130·500 (DRI VERLESS)

F9130
(WITH INTEGRATED

DRIVER)

116

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 91 30T-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.



Series 91 and 92 SP3T Switches
Specifications

MODEL
FREQUENCY (GHz)

NO. 1'1 CHARACTERISTIC 0.2·1 1·2 2·4 4·8 8·12.4 12.4·1 8

9130·500 Min Isolation (dB) 60 60 60 60 50
F9130 Max Insertion Loss (dB) - 1.5 1.5 1.5 2.0 2.5

Max VSWR (ON) 1.75 1.75 1.75 1.75 2.0

G9130 Min Isolation (dB) 60 60 60 60 50
Max Insertion Loss (dB) 1.8 1.8 2.0 2.5 2.8
Max VSWR (ON) 1.5 1.5 1.7 1.7 2.0

9230·500 Min Isolation (dB) 60 60 60 -
F9230 Max Insertion Loss (dB) 1.5 1.5 1.5

Max VSWR (ON) 1.5 1.5 1.5 -
G9230 Min Isolation (dB) 60 60 60

Max Insertion Loss (dB) 1.8 1.8 1.8
Max VSWR (ON) 1.5 1.5 1.5

9130T·500 Min Isolation (dB) 50 50 45 40 40
F9130T Max Insertion Loss (dB

M
1.4 1.4 1.6 1.8 2.5

G9130T Max VSWR (ON or OF 1.5 1.5 1.7 1.7 2.0

9230T·500 Min Isolation (dB) 60 60 50
F9230T Max Insertion Loss (dB

M
1.2 1.2 1.4

G9230T Max VSWR (ON or OF 1.5 1.5 1.5

9130W·500 Min Isolation (dB) 60 60 60 60 55
F9130W Max Insertion Loss (dB

M
1.8 1.8 2.0 2.5 2.8

G9130W Max VSWR (ON or OF 1.5 1.5 1.7 1.7 2.0

9130AH·500 Min Isolation (dB) 60 60 60 60 50
F9130AH Max Insertion Loss (dB) 1.2 1.2 1.5 2.0 2.6

Max VSWR (ON) 1.75 1.75 1.75 1.75 2.0

9130AHT·500 Min Isolation (dB) 60 60 60 60 50
F9130AHT Max Insertion Loss (dB) 1.6 1.6 1.8 2.5 3.3

Max VSWR !ON
M

- 1.75 1.75 1.9 2.0 2.0
Max VSWR OF 1.75 1.75 2.0 2.2 2.3

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without "T" or lOW" suffix: 1W cw or peak
Units with " T" or lOW" suffix

Input to any " OFF" port : 100 mW cw or peak
Input to any " ON" port: lW 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 lOW" 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 ~ec max. pulse width)

Input to common port: lW average.
75W peak (1 ~ec max. pulse width)

(1) Models prefixed with "F" or "Gil are equipped with integrated 1TL-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 port if all other ports are OFF; models suffixed with "H" are high·
speed units.
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Series 91 and 92 SP3T SWitches
Specifications

Switching Characteristics '"
SERIES 91/92/F91/F92

Units without " H" suHix

ON time . . . . . . . . . . . . . SOOnsec max.

OFF time . . . . . . . . . . . . SOO nsec max.

Units with "H" suHix

Rise ti me . . . . . . . . . . . . 10 nsec max.

Fall time . . . . . . . . . . . . . 10 nsec max.
ON time . . . . . . . . . . . . . 2S 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 91192/F91/F92

Control Characteristics
SERIES 91192/F911F92

Units With Integrated Drivers

Control Input Impedance
Units without "H" suHix .. .TIL, low power Schottky, one

unit load. (A unit load is 0.8 mA
sink current and 40 vA source
current.)

Units with "H" suHix ... . .TIL, advanced Schott ky, one
unit load. (A unit load is 0.6 mA
sink current and FO jJA source
current.)

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

SERIES G91/G92

Control Input Impedance . . Schottky TIL, one unit load.
(A unit load is 2.0 mA sink
current and SO jJA 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.

Units Without
" HI! Suffix

Units With
" H" Suffix
Units With

" HT" Suffix

SERIES G91/G92
(For one port ON)
+ SV ± SDk , 100 mA
+ 1SV ±S%,40 mA

+ SV ±S%

130mA

7SmA

10S mA

-12to -1SV

60 mA

SSmA

SSmA

(1) For driverless units, shaped current pulses mustbe provided
by user.
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Series 91 and 92 SP3T Switches
Specifications

ENVIRONMENTAL RATINGS
Temperature Range

Units With Integrated Drivers
Operating . . . . . . . . . . . . - 65°C 10 + ,'O° C
Non-Operating . . . . . . .. - 65°C 10 + 125°C

Driverl ess Units
Operating and
Non-Operat ing . . . . . . . . - 65°C 10 + 125°C

Humid ity . . . . . . . . . . . . .. . MIL·STD·202F. Melhod ' 038 ,
Condo8 (96 hrs. at 95%)

Shock . . . . . . . . .. . . . . . . . . MIL-STD·202F. Method 2138.
Condo8 (75G. 6 msec)

Vibration . . . . . . . . . . . . . . . MIL·STD-202F. Melhod 204D.
Condo8 (.06" double amplitude
or 15G. whichever is less)

Altitude . . . . . . . . . . . . . . . MIL·STD·202F. Melhod 105C,
Condo8 (50.000 fl .)

Temp. Cycl ing . . . . . . . . . MIL-STD-202F. Method 107D,
CondoA, 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" for port ON (Not
applicable to Series 91/92)
EMI-filter solder-type
bias/control terminals
Internal video filler, common port only
Internal video filter, output ports only
Internal video filter, all ports
SM8 male bias/control connectors

DIMENSIONS AND WEIGHT

MTG
SURFACE

.63
(16.0)

, - .38(9.n FOR SMA FEMAlE
.50(12,7) FOR SMA MALE

.13
(3,3)

@
1;;"'0+1

50f

lt2,7)L ~' TL:J1

2 x ~ .104(2.6)

-v (I }(2)

RF CONN
SMA FEMALE
4X

BIAS/CONTROL
SMC MALE
3X

l f J3

1.00 .840
(25,4) (21,3) J2 J4

*oj
COM

J l

(2.0) .08
(2.0)

.840
(21.3)

+V(I ) 1.00
(25,4)

( II USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2 ) t1 5V FOR G911G92 SERIES
( 3 ) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

MODELS 9 1192/F911F92/G911G92
Wt: 1.1 oz. (31 gm) approx .

Dimensional Tolerances, unless o therwise indicated : .XX ± .02; ,XXX ± .005
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Series 91 and 92
Miniature Broadband SP4T Switches

• Frequency range (Series 91): 1 to 18 GHz
• Frequency range (Series 92): 0.2 to 4 GHz
• Rise and fall times as fast as 10 nsec
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Isolation: up to 60 dB
• Miniature size, light weight

F9140
(WITH INTEGRATED DRIVER)

9140-500
(DRIVERLESS)

---- -
120

MODELS 9140·500 AND 9240·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9140-500 covers the 1 to 18 GHz frequency
range while the Model 9240-500 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 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-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.



Series 91 and 92 SP4T Switches
Specifications

MODEL
FREQUENCY (GHz)

NO.«, CHARACTERISTIC 0.2-1 1-2 2-4 4-8 8-12.4 12.4-18

9140-500 Min Isolation (dB) 60 60 60 60 50
F9140 Max Insertion Loss (dB) 1.4 1.4 1.5 2.0 2.8

Max VSWR (ON) 1.75 1.75 1.75 1.75 2.0
G9140 Min Isolation (dB) 60 60 60 60 50

Max Insertion Loss (dB) 2.0 2.0 2.2 2.7 3.0
Max VSWR (ON) - 1.5 1.5 1.7 1.7 2.0

9240-500 Min Isolation (dB) 60 60 60
F9240 Max Insertion Loss (dB) 1.5 1.5 1.5

Max VSWR (ON) 1.6 1.6 1.6

G9240 Min Isolation (dB) 60 60 60
Max Insertion Loss (dB) 2.0 2.0 2.0
Max VSWR (ON) 1.5 1.5 1.5

9140T-500 Min Isolation (dB) 50 50 45 40 40
F9140T Max Insertion Loss (dB) - 1.5 1.5 1.7 2.0 2.5
G9140T Max VSWR (ON or OFF) - 1.5 1.5 1.7 1.7 2.0

9240T-500 Min Isolation (dB) 60 60 50
F9240T Max Insertion Loss (dB~ 1.3 1.3 1.5
G9240T Max VSWR (ON or OF 1.5 1.5 1.5

9140W-500 Min Isolation (dB) 60 60 60 60 55
F9140W Max Insertion Loss (dB~ 2.0 2.0 2.2 2.7 3.0
G9140W Max VSWR (ON or OF 1.5 1.5 1.7 1.7 2.0

9140AH-500 Min Isolation (dB) - 60 60 60 60 50
F9140AH Max Insertion Loss (dB) 1.4 1.4 1.8 2.5 3.3

Max VSWR (ON) 1.75 1.75 1.75 2.0 2.0

9140AHT-500 Min Isolation (dB) 60 60 60 60 50
F9140AHT Max Insertion Loss (dB) 1.6 1.6 2.1 2.7 3.6

Max VSWR (ON) 1.75 1.75 1.9 2.0 2.0
Max VSWR (OFF) 1.75 1.75 2.0 2.2 2.3

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: lW cw or peak

Survival Power
Units without " T" or " W" suffix : 1W average,

75W peak (1 ~sec max. pulse width)
Units with " T" or "WOO suffix

Input to any " OFF" port : lW average,
lOW peak (1 ~ec 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 " F" or "G" are equipped with integrated TTL-compatib/e drivers; models without the "F" or "G"
prefix are current-eontrolled units and are fumished without drivers: models suffixed with "T" or " W' are nOJrreflective
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.
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Series 91 and 92 SP4T Switches
Specifications

SERIES G91/G92

ON time . . . . . . . . . . . . . 2S0 nsec max.
OFF time . . . . . . . . . . . . 2S0 nsec max.

Switching Characteristics!')
SERIES 91/92/F91/F92

Units without " H" suHix

ON time . . . . . . . . . . . .. SOO nsec max.
OFF time SOO nsec max.

Units with " H" suffix
Rise time . . . . . . . . . . . . 10 nsec max.
Fall time. . . . . . . . . . . . . 10 nsec max.
ON time . . . . . . . . . . . . . 2S nsec max.
OFF time . . . . . . . . . . . . 20 nsec max.

SERIES G91/G92

Control Input Impedance ..Schottky TIL, one unit load.
(A unit load is 2.0 rnA sink
current and SO "A source
current. )

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

..
Units With Integrated Drivers

Control Input Impedance
Units without "H" suff ix . . .TIL, low power Schottky, one

unit load. (A unit load is 0.8 rnA
sink current and 40 "A source
current.)

Units with "H" suffix . . . . .TIL, advanced Schottky, one
unit load. (A unit load is 0.6 rnA
sink current and 20 "A source
curr ent. )

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

Control Characteristics
SERIES 91/92/F911F92

60 rnA190 rnA

Power Supply Requirements
SERIES 91/92/F911F92

Driverless Units
Bias current required at each port for rated isolat ion and in­
sertion loss

Port OFF
Units wi thout " H" suffix + 50 rnA
Units with " H" suff ix + 30 rnA

Port ON
Units without " H" suffi x - 50 rnA
Units wi th " H" suffix - 35 rnA

Units With Integrated Drivers
(For one port ON) r-- +-S-V- t-S-OA-o-,----1-2-to---l-S-V-,

Units Without
OfH" Suffix

Units With
"HI'Suffix 9SmA 60mA

Units With
"HT" Suffix 13SmA 60 rnA

SERIES G91/G92
(For one port ON)

+SV +S% , lS0 rnA
+ I SV +5%, 50 rnA

(1) For driverless units, spikedcurrentpulses mustbeprovided
by user.

f111
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Series 91 and 92 SP4T SWitches
Specifications

ENVIRONMENTAL RATINGS
Temperature Range

Units With Integrated Drivers
Operating . . . . . . . . . . . .. - 6sOC to + 11 0°C
Non-Operating - 6SoC to + 12SoC

Driverless Units
Operating and
Non-Operating -6SoC to +12SoC

Humidity MIL-STD-202F, Method 103B,
CondoB (96 hrs. at 9S%)

Shock MIL-STD-202F, Method 213B,
CondoB (7sG, 6 msec)

Vibration MIL-STD-202F, Method 204D,
CondoB (.06" double amplitude
or 15G, whichever is less)

Altitude MIL-STD-202F, Method 10SC,
Condo B (SO,OOO ft.)

Temp. Cycling MIL-STD-202F, Method 107D,
CondoA, S 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" 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
5MB male bias/control connectors

DIMENSIONS AND WEIGHT

2 x 0 .104(2.6)
a N A
1.000(25,4) DIA Be

1.25 _ ..
(3 1.8)

____ BIAS CONTROL

t
~~-------~SMC MALE4X

MTG
SURFACE

.21 - "1
(5,3)

-i=ili~t :r--_.... -v1I)GNO(3) -­
-toV (I ) (2 )

.63
(16.01

.. J
(22,4)

.38(9.7) FOR SMA FEMALE

.50(12.7) FOR SMA MALE

J5J2

RF CONN
SMA FEMALE
5X

I J I USEe ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G911G92 SERIES
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

MODELS 91/921F91/F921G91/G92
WI. 2 oz. (57 9m) approx.

Dimensional Tolerances, unless otherwise indicated: .XX ± .02; .XXX ± .005
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Series 91 and 92
Miniature Broadband SP5T Switches

• Frequency range (Series 91): 1 to 18 GHz
• Frequency range (Series 92): 0.2 to 4 GHz
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Isolation: up to 60 dB
• Miniature size, light weight

\1ODEL t9150
ee GH· SIiVlTCH,
~ Gf \( ~AL

~ \' JC~O ,,\ A V £

F9150
(WITH INTEGRATED

DRIVER)

9150-500 (DRIVERLESS)

MODELS 9150-500 AND 9250·500
These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 9150-500 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.
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Series 91 and 92 SP5T SWitches
Specifications

MODEL
FREQUENCY (GHz)

NO. I"~ CHARACTERISTIC 0.2-1 1-2 2-4 4·8 8-12.4 12.4-18

9150-500 Min Isolation (dB) - 60 60 55 50 50
F9150 Max Insertion l oss (dB) - 1.5 1.5 1.5 2.0 3.0

Max VSWR (ON) - 1.5 1.5 1.75 1.75 2.0

Min Isolation (dB) - 60 60 60 60 50
G9150 Max Insertion Loss (dB) - 2.2 2.2 2.4 3.0 3.3

Max VSWR (ON) - 1.5 1.5 1.8 2.0 2.2

9250-500 Min Isolation (dB) 60 60 60 - - -
F9250 Max Insertion Loss (dB) 1.5 1.5 1.5 - - -

Max VSWR (ON) 1.6 1.6 1.6 - - -
Min Isolation (dB) 60 60 60 - - -

G9250 Max Insertion Loss (dB) 2.2 2.2 2.2 - - -
Max VSWR (ON) 1.5 1.5 1.5 - - -

9150T·500 Min Isolation (dB) - 50 50 45 40 40
F9150T Max Insertion Loss (dB) - 1.5 1.5 2.0 2.5 3.0
G9150T Max VSWR (ON or OFF) - 1.5 1.5 1.7 2.0 2.2

9250T-500 Min Isolation (dB) 60 60 50 - - -
F9250T Max Insertion Loss ~BM 1.4 1.4 1.5 - - -
G9250T Max VSWR (ON or F 1.5 1.5 1.5 - - -
9150W-500 Min Isolation (dB) - 60 60 60 60 55
F9150W Max Insertion Loss (dB) - 2.2 2.2 2.4 3.0 3.3
G9150W Max VSWR (ON or OFF) - 1.5 1.5 1.8 2.0 2.2

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation Survival Power
Units without "T" or " W" suffix: 1W cw or peak Units without " T" or "W" suffix: lW average,
Units with " T" or lOW" suffix 75W peak (1 usee max. pulse width)

Input to any " OFF" port: 100 mW cw or peak Units with "T" or lOW" suffix
Input to any " ON" port: 1W cw or peak Input to any " OFF" port : 1W average,
Input to common port: 1W cw or peak 10W peak \1 ~sec max. pulse width)

Input to any ' ON" port: 1W average,
75W peak (1 ~sec max. pulse width)

Input to common port: 1W average,
75W peak (1 ~ec max. pulse width)

Switching Timet')

SERIES 91/921F91/F92 SERIES G91/G92

ON time . .. .. . .. .. .. . 500 nsec max. ON time . . . .. . . . . . . . . 250 nsec max.
OFF time . . .. . .. . . . . . 500 nsec. max. OFF time . . . . . . . . . .. . 250 nsec max.

(1) Models prefixed with "F" or "G" are equipped with integrated ffi-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-retecuve
except a high VSWR will 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.

la,
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series 91 and 92 SP5T SWitches
Specifications

Power Supply Requirements
SERIES 91/92/F911F92
Driverless 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

-12 to -15V, 60 rnA

SERIES G91/G92
(For one port ON) . . . . . . . . +5V ± 5% , 1S0 rnA

+ 1SV ±S%, 60 rnA

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 rnA 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 + S.OV) for port OFF.

SERIES G91/G92
Control Input Impedance .. Schottky TIL, one unit load .

(A unit load is 2.0 rnA sink
current and SOI'A source
currenl.)

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

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,
CondoB (96 hrs. at 95%)

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

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

Altitude __ . . .. . __ .... MIL-STD-202F, Method 105C,
Cond. B (50,000 It.)

Temp. Cycling MIL-STD-202F. Method 1070,
CondoA, 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 appl icable to Series 91 , 92)

33 EMI 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 5 MB male bias/control connectors

DIMENSIONS AND WEIGHT

.88
(22,4)

GNOI3t---..j "'~'C ""llo---
-;;- -V (l1l 2)

1"-- -+V (I)

\ 1-1 ·63 I-
.38(9,7) FOR SMA FEMALE (16,0)
.50(12,7) FOR SMA MALE

2 x ~ .104(2.6)
ON A
1.000(25,4) OIA Be

22"30'

1--_1.25
(31 ,8)

RF CONN
SMA FEMALE
6X

( I ) USED ONLY ON UNITS WITH INTEGRATED DRivERS
(2) +15V FOR G911G92 SERIES
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

MODELS 91/921F91/F921G91 /G92
WI: 2 oz. (57 9m) approx.

Dimensional Tolerances, unless otherwise indicated: .XX 1; .02; .XXX ± .005
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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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• Frequency range (Series 91): 1 to 18 GHz
• Frequency range (Series 92): 0.2 to 4 GHz
• Reflective and nonreflective models
• Low VSWR and Insertion loss
• Isolation: up to 60 dB
• Miniature size, light weight

F9160
(WITH INTEGRATED

DRIVER)

9160-500 (DRIVERLESS)



Series 91 and 92 SP6T Switches
Specifications

MODEL
FREQUENCY (GHz)

NO. III CHARACTERISTIC 0.2·1 1·2 2-4 4-8 8-12.4 12.4-18

9160-500 Min Isolation (dB) - 60 60 55 50 50
F9160 Max Insertion Loss (dB) - 1.6 1.6 1.8 2.2 3.4

Max VSWR (ON) - 1.6 1.6 1.9 2.0 2.2

Min Isolation (dB) - 60 60 60 60 50
G9160 Max Insertion Loss (dB) - 2.2 2.2 2.6 3.2 3.5

Max VSWR (ON) - 1.6 1.6 2.0 2.2 2.3

9260-500 Min Isolation (dB) 60 60 60 - - -
F9260 Max Insertion Loss (dB) 1.5 1.5 1.5 - - -

Max VSWR (ON) 1.6 1.6 1.6 - - -
Min Isolation (dB) 60 60 60 - - -

G9260 Max Insertion Loss (dB) 2.2 2.2 2.2 - - -
Max VSWR (ON) 1.6 1.6 1.6 - - -

9160T·500 Min Isolation (dB) - 50 50 45 40 40
F9160T Max Insertion Loss (dB~ - 1.5 1.5 2.2 2.7 3.2
G9160T Max VSWR (ON or OF - 1.6 1.6 1.8 2.0 2.2

9260T-500 Min Isolation (dB) 60 60 50 - - -
F9260T Max Insertion Loss (dB) 1.5 1.5 1.5 - - -
G9260T Max VSWR (ON or OFF) 1.5 1.5 1.6 - - -
9160W·500 Min Isolation (dB) - 60 60 60 60 55
F9160W Max Insertion Loss (dB) - 2.2 2.2 2.6 3.2 3.5
G9160W Max VSWR (ON or OFF) - 1.6 1.6 2.0 2.2 2.3

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation Survival Power
Units without " T" or " W" suffix: l W cw or peak Units without 'T ' or " W" suffix: lW average,
Units with " T" or " N " suffix 75W peak (1 ~sec max. pulse width)

Input to any " OFF" port: 100 mW cw or peak Units with " T" or " W" suffix
Input to any "ON" port : lW cw or peak Input to any " OFF" port: 1W average,
Input to common port: lW cw or peak lOW peak (1 usee max. pulse width)

Input to any "ON" port: l W average,
75W peak (1 ~sec max. pulse width)

Input to common port: l W average,
Switching Time'" 75W peak (1 ~sec pulse width)

SERIES 91/92/F91/F92 SERIES G91/G92

ON time . . . .. ..... . . . 500 nsec max. ON time . . . . . . .. . . . . . 250 nsec max.
OFF time . . . ... . . . . . . 500 nsec max. OFF time . . . . . .. . . . . . 250 nsec max.

(1) Mooels prefixed with "F" or "G" are equipped with integrated ITL-compatible drivers; models without the "F" or "G"
prefix are asrem-oonuouea 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 afl other ports are OFF.

(2) For driverless units. shaped current pulses must be provided by the user.

II
- --
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series 91 and 92 SP6T Switches
Specifications

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units
Bias current required at each port for rated isolation and in­
sert ion loss

Port OFF + 50 rnA
Port ON - 50 rnA

Units With Integrated Drivers
(For one port ON) . . . . . . .. + 5V ± 5% ,315 mA

-1 2 to -15V, 60 mA

SERIES G91/G92
(For one port ON) . . . . . . .. + SV + 5% , 150 rnA

+ 15V +5% , 70 rnA

Cont rol Characteristics

Series 91/92/F911F92
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.

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers

Operating . .. .. .. . . . . .. - 6SoC to + 110°C
Non·Operat ing -6SoC to + 12SoC

Driverless Units
Operating and
Non-Operatinq - 6SoC to + 12SoC

Humidity MIL·STD·202F, Method 103B,
Cond oB (96 hrs. at 9S%)

Shock MIL·STD·202F, Method 213B,
CondoB (7SG, 6 msec)

Vibration MIL·STO·202F, Method 2040 ,
CondoB (.06" double amplitude
or l SG, whichever is less)

Altitude MIL·STO·202F, Method 10SC,
CondoB (SO,OOO It.)

Temp. Cycling MIL·STO·202F, Melhod 1070 ,
Cond oA, S cyc les

AVAILABLE OPTIONSControl Input
Impedance . . . . . . . . . . . .. TIL, low power Schottky one

unit load. (A unit load is 0.8 rnA
sink current and 40 "A source
cu rrent).

Series G911G92

Control Logic . . . . . . . . . .. Logic "0" (-0.3 10 +0.8V)
for port ON and logic " 1"
(+2.0 to +5.0V) for port OFF.

Control Input
Impedance Schottky TIL, one unit load

(A unit load is 2.0 rnA sink
current and 50"A source
current) .

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" for port ON
(Not applicable to Series 91/92)
EMI fil ter solder-type
bias/control terminals
Internal video f iiter, common port
only
Internal video fil ter, output ports
only
Internal video fiiter, all ports
5MB male bias/control connectors

DIMENSIONS AN D WEIGHT

/ GND(3 1

.2 1 _ _

(5.31 I _ _ BIASlCONlROl

SMC MAlE

1/ 6X
MTG

l==~-=-~'~ SURF ACE

I I 63--+- - {16.0} ~-, I
\. (~. 4 ) ~\

, SO
(38,I )

J3 J6
\ C'-",

CO M\ J7 I

" '"
/

RF CONN
SMA FEMALE~" 7 2 x e 104(2.61

O N A
. ,/ ' 470(37 .3) DIA Be

/

t I IUSEO ONLY ON UNITS WITH INTEGRA TED OflIV(R$
(21 .ISV FOR G9 1,(;92 SERIES
( 3I NOT USED ON DRIVERLESS UNITS EkCEPT WITH OPTION 33

_38(9.7) FOR SMA f EMALE
.50( 12.7) FOR SMA MALE

MODELS 91 /92/F911F921G91 /G92
Wt: 2.9 oz. (82 gm) approx.

Dimensional Tolerances. unless otherwise indicated: .XX ± .02; .XXX ± .005
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Series 91 and 92
Miniature Broadband SP7T Switches

• Frequency range (Series 91): 1 to 18 GHz
• Frequency range (Series 92): 0.2 to 4 GHz
• Reflective and nonreflective models
• Low VSWR and insertion loss
• Isolation: up to 60 dB
• Miniature size, light weight

F91 70
(WITH INTEGRATED

DRIVER)

917050Q (DRIVERLESS)
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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 descript ion and operation are the
same as that for the Models 91 20-500 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.



Series 91 and 92 SP7T SWitches
Specifications

MODEL
FREQUENCY (GHz)

NO.II) CHARACTERISTIC 0.2-1 1-2 2-4 4-8 8-12.4 12.4-18

9170-500 Min Isolation (dB) - 60 60 55 50 50
F9170 Max Insertion Loss (dB) 1.75 1.75 2.0 2.6 3.8

Max VSWR (ON) 1.75 1.75 2.0 2.2 2.4

Min Isolation (dB) 60 60 60 60 50
G9170 Max Insertion Loss (dB) 2.2 2.2 2.8 3.5 3.8

Max VSWR (ON) 1.7 1.7 2.2 2.2 2.4

9270-500 Min Isolation (dB) 60 60 60
F9270 Max Insertion Loss (dB) 1.5 1.5 1.5

Max VSWR (ON) 1.6 1.6 1.6

Min Isolation (dB) 60 60 60
G9270 Max Insertion Loss (dB) 2.2 2.2 2.2

Max VSWR (ON) 1.7 1.7 1.7

9170T-500 Min Isolation (dB) 50 50 45 40 40
F9170T Max Insertion Loss (dB) 1.5 1.5 2.4 3.0 3.5
G9170T Max VSWR (ON or OFF) 1.7 1.7 2.0 2.2 2.4

9270T-500 Min Isolation (dB) 60 60 50 -
F9270T Max Insertion Loss (dB) 1.5 1.5 1.5
G9270T Max VSWR (ON or OFF) 1.5 1.5 1.7

9170W-500 Min Isolation (dB) 60 60 60 60 55
F9170W Max Insertion Loss (dB) 2.2 2.2 2.8 3.5 3.8
G9170W Max VSWR (ON or OFF) 1.7 1.7 2.2 2.2 2.4

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without " T" or " W" 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 : lW cw or peak
Input to common port: 1W cw or peak

Switching Time'"

SERIES 91/921F91 /F92

ON time . . . . . . . . . . . . . 500 nsec max.
OFF time _ 500 nsec max.

Survival Power
Units without " T" or " W" suff ix: lW average ,

75W peak (1 usee max. pulse width)
Units with "T" or "W" suffix

Input to any " OFF" port : lW average,
l OW peak (1 ~sec max. pulse width)

Input to any " ON" port: 1W average,
75W peak (1 ~sec max. pulse width)

Input to common port: 1W average,
75W peak (1 ~ec 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 7TL-compatibfe drivers; models without the "F" or "G"
prefix are current-controlfed units and are furnished without drivers; models suffixed with "T" or "W" are nOrH"effective
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 SP7T Switches
Specifications

ENVIRONMENTAL RATINGS

AVAILABLE OPTIONS

Temperature Range
Units With lnteqrated 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·STO·202F, Method 103B,
CondoB (96 hrs. at 95%)

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

Vibration . . . . . . . . . . . . . . .. MIL·STO·202F, Method 2040 ,
CondoB (.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

•

Power Supply Requirements
SERIES 91192/F91/F92
Driverless Units

Bias current required at each port for rated isolation and in­
sertion loss

Port OFF + 50 rnA
Port ON - 50 rnA

Units With Integrated Drivers
(For one port ON) . . . . . . . . +5V ± 5%, 375 rnA

-12to - 15V,60 mA

SERIES G91/G92
(For one port ON) . . . . . . .. +5V ± 5%, 190 rnA

+15V ± 5% , 70 rnA

Control Characterist ics
SERIES 91/92/F911F92
Units With Integrated Drivers
Control Input Impedance . . TIL, low power Schottky,

one unit load . (A unit
load is 0.8 rnA sink current
and 40 f'A source current.)

Contro l Logic . . . . . . . . . .. Logic "a" (-0.3 to + 0.8V)
for port ON and logic " 1"
(+2.0 to +5.0V) for port OFF.

SERIES G911G92
Control Input Impedance . . Schottky TTL, one unit load.

(A unit load is 2.0 rnA sink
current and 50 IlA source
current.)

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

Option No.
3
7
9

33

41

42

43
64A

Descript ion
SMA female bias/control connectors
SMA male rI 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 filter, output ports
only
Internal video filter, all ports
5 MB male bias/control connectors

BIAS/CONTROL
$ MC MALE
7X

MTG
SURFACE

( I ) USED O NLY ON UNITS WITH INTEGRAT ED DRIVERS
( 2 ) +1 5V FOR G9 1/G92 SE RIES
( 3 ) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

GND (3)

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

\. J
.63

\ . (16.0)

~
. 88 .

(22,4)

.38 (9.7) FOR SMA FEMALE

.50(12,7) FO R SMA MALE

MODELS 91/92/F91/F921G91/G92
WI: 2.9 oz. (829m) approx.

J7

DIMENSIONS AND WEIGHT
e x 0 .104 (2,6)
1.470(37,3) DIA Be

RF CONN
SMA FEMALE
8X

J3

. '
/ COMMON

.' -J ZZ030'

tV (I) ..../ L
__ 1.50 _ --'

(38. 1)
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H91 Series, HM91 Series Hermetically-Sealed
SPST Thru SP4T Switches
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HM91 - DROP-IN SWITCH MODULES

H91 - LOW PROFILE
CONNECTORIZED SWITCHES

• TTL-Compatible Driver: Built-in
• Effective Mounting Thickness 0.16"
• High Speed, High Isolation
• Nonreflective and Reflective Models
• Low Insertion Loss, Low VSWR

• Replaceable SMA Connectors
• Low Profile: 0.24" thickness with integrated

TTL-compatible driver
• High Speed, High Isolation
• Low VSWR, Low Insertion Loss
• Nonreflective and Reflective Models

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 removeable
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 dc 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 H911 4 and HM911 4 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.

AF JNIOUT

J 2

- --- @H>I-- - - -

JO

RF COM

CONT ---1

+
5v 1.,2V;::

RF IN!OUT RF INJOUT

@ I I---~~~~~---; --@
JO Jl

Fig. ' -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

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

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
qlass-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 veri fy 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.
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Fig. 3-Non-reflective mufti-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.



Model HM192 Non-Reflective
Ultra-Broadband High-Speed SPST Switch Module

111 •-
0(} ,. t?r j}

~-~ \J ' .
!JO Q(L~~ s ~u

~~r" A

1

• High speed; 10 nsec
• Frequency range: 0.2 to 18 GHz
• 80 dB isolation
• Low VSWR and insertion loss
• 0.24 inch thick
• Hermetically sealed

J,
L-= RF
~INIOUT

OQ

DRIVER

1.7
•

-

~ SOQ :>
• ~5

•
Jo \- -~

T@-! : " ' ,

? 7 ""
,

~ I-
/, " It"

•~
~•

;; I. ~

RF
IN/OU

CONT.
.5V

- 12 TO -15V

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
t ional 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.

Fig. 1 - Model HM 192 Schematic Diagram

--------
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Model HM192
Specifications

PERFORMANCE CHARACTERISTICS
FREQUENCY (GHz)

CHARACTERISTIC 0.2 0.5 2.0 8.0 12.4
to to to to to
0.5 2.0 8.0 12.4 18.0

Min Isolation (dB) 35 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 Characteristics Power Supply
Rise Time . .. . . .. . . . . . . . . . . . 10 nsec. max Requirements(1) . . . .. . . . . . . . . + 5V + 5% , 50 rnA
Fall Time . .... .. . . ...... ... 10 nsec. max - 12 to - 15V

ON Time . ... .. . ... . . . . .. . . .30 nsec. max +5% ,50mA

OFF Time . . . . . . . . . . . . . . . . . . 15 nsec. max

Power Handling Capability
Without Performance ENVIRONMENTAL RATINGS

Degradation .. . . . . . . . . .. . . 500 mW cw Operating Temperature
or peak Range ... .. . ... . . . . . . . . . . . . . - 65° C to + 125°C

Survival Power . . . ... . .. . ... . 1 W average,
10 W peak AVAILABLE OPTIONS
(1 f'sec max Option No. Description
pulse width) 9 Inverse controi logic ; logic " 1" for

Control Characteristics switch ON and logic " 0" for switch OFF.
Control Input 49 High Rei screening (see Table 1 page x)
Impedance . . . . . . . . .. . ... . . .TIL, Advanced

Schottky, Two-unit
AVAILABLE ACCESSORIESload. (A unit load

is 0.6 rnA sink cur- CK-1 Connector Kit:
rent and 20 fAA Two female connectors, spacers and mounting
source current) hardware.

Control Logic
Logic " 0" . . .. . ... . . . . . .. . . (-0.3 to +O.BV) for (1) Up to 1MHz switching rate. At 10 MHz, + V and -V @ 125 rnA each.

switch ON
Logic " 1" . .. . . . . . . . ... . .. . . ( + 2.0 to +5.0V)

for switch OFF.

DIMENSIONS AND WEIGHT

r 4 x (J .020(0.5)
[ - .24{6 ,1)

.06 t.Ot _ 1.10 /
(27,9) . /(1,5)

I
- . 16(4 .1)

I . 16(4,1) ___ 1t1 -64 UNC

+ - - G I .~
.0: .11 DP 4X

.220(5.6) I

I~ 0
.31 I ,
(J .9) .63 I ,

I . ~ I 400

. 110 (2,8) _~ JO
J1 (16.0) , .200 (10.2)

0 I •

~
,

-(I}
I I ,

\ I I
,
I_ _..._ .10(2,5)

DO!1.5) _ - 2 l( (J .0 12 (0.3)

- .. L -.04(I ,O). 12 13,OI ~ - 4 x Q ,079(2 ,0 ) L..16(4,I )MODEL HM192 -
f ill

WI: 0 .5 oz. (14 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Models H9114, HM9114
Hermetically Sealed SPST Switches

_ 1111 - 1-» 1r )- .r II , . W • •
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MI CROWAV E e It U -• IIlODU 119114 n (I d I" J
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'1l~
1I~ . 0 UM?l l -l.) .'.' .. ...

•

H9114 HM9114

PERFORMANCE CHARACTERISTICS(')

MODEL NO. CHARACTERISTIC
FREQUENCY (GHz)

1.0-2.0 2.0-4.0 4.0-8.0 8.0-12.4 12.4-18.0

H9114
Min Isolation (dB) 60 74 80 80 80
Max Insertion Loss (dB) 0.9 0.9 1.2 1.6 2.5

HM9114
Max VSWR: (On position) 1.4 1.4 1.75 1.75 2.0

(1) For Switching Speed, Power Handling and other specifications, see page 141.

DIMENSIONS AND WEIGHTS
1.00r (25,4)

.07 . •. .856 _ . 4 ~ 0 .079(2.0)
t l , 8)-~ - (21,7) -

.05 - r-
j r "'" (1,3) ~ 4 x 0 .020(0,5)

RF CONN .1. --onn (15,4) ,..
SMA FEMALE (4. I ) r; tY EIG4J+V I • MTG SURFACE
2X

I ,.
•• •

.75
,

• I- ~ . J O JI ~ - ~ -
(19.0) ,

• • •
•

~
.3S I •- (9.7) i I, ,

I-I ,

./ 1-· i-- .06 (1,5) MIN
0 ,118 SCREW HEAD ./ NUT CLEARANCE
CLEARANCE .07 REaD- 4 - .38(9.7) FOR SMA FEMALE (1,8)

.50(12,7) FOR SMA MALE - . _.14
(3,6)

Model H9114 -. 4 _ .24
WI. 0.7 oz. (209m) approx. (6 ,1)

/ 4 • ' 020(0.5) - _ .24(6, 1)

.06 .t.01_ _ _ 1.00- _ .16(4,1)
(1,5 ) (25.4) / I

L I
/ : 1-64 UNCx . l 1 DP

.220(5.6)
.16(4.1) 4X

;#G--Ell
• - G I

,-
Ell j I ' -- ,

I t .406(10 .2)t J 1 JO .53(13.5) @
! . ' ;ee2,B)_I, Ell .200(5. 1) I

.265(6.7}
~e t

I __ L t
[ ""- 4 • (I .079(2.0; ~

.06(1.5) J l- 2 x Q .012(0.3) - r-.1O(2.5)

.12(3,0) _ ..-
I- ..~ .04(1,0)

Model HM91 14 - ...- .16(4.1)

WI. 0.4 oz. (119m) approx. fill
Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Models H9120H, HM9120H, H9120HT, HM9120HT
Hermetically Sealed SP2T Switches

•

_-H H ! -

'" I . 0.... .. .... ' ...... .. .-~

J -
" G.l/lll ll.ll 8

II a 1IIIClt<l WAV (

MODEL IIt120

H9120H . HT HM9120H. HT

PERFORMANCE CHARACTERISTICS")

MODEL NO. CHARACTERISTIC
FREQUENCY (GHz)

1-4 4·8 8·12.4 12.4-18

H9120H Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.1 1.4 2.0 2.5HM9120H
Max VSWR: (On position) 1.75 1.75 1.75 2.0

H9120HT
Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.3 1.7 2.5 3.0HM9120HT .
Max VSWR: Port ON 1.75 1.9 2.0 2.0

(NONREFLECTIVE) Max VSWR: Port OFF 1.75 2.0 2.2 2.3

(1) For Switching Speed. Power Handling and other specifications, see page 141.

DIMENSIONS AND WEIGHTS

, . 1-64 UNC . l l 0 P

"

-_ ... 2416.1)
I I

- ~ __· 1614 .1)

•,- ,- I
, J j..J ~-.1012.5)

160(4.Q ll,I - ~04( I , O)

16 (4 . \) - - -

•
I •

.3 20 18 ,11 , -

06 so I / s . 0 020l0.51

II,S) i t-I~17-1 '
10 . 0019 (2,0) I ~ I

I 16 (4. ' )

~ Ill' t- G 2-'C,-noil - 1_.
OJ l , 29017,41
(1 6.01 II J 2 dO J l , -

t tf ltD iIl (il iLl I
06 I I ~ i W-i- -2315.81

(1 ,5) j l -J I 110 (2.8 ) 3 <0 0 12 (D,S)

12 (301 - ~- I±=+' 1-- "'--- 220(5.6)

~ - acel. 600 (17,61
~ ( l S.21--

C~71 1..- -
I ...! __06(1.5) MIN

I HUT CLEARANCE
Rmo

_ _ - 14t3.6)

124 I
- - (6.1)- -

•i/ MI G SU Rf ACE

•

l 07
p .e]

sss
(24,31

I
I

- '

rs-- --(4. 1)

'" CONN
SMA FEMALE ..... .. . 0 019(2.0'

';- - -\-'- ,~~ /
I \ ~i

,
I ~ ­

_~ 38 _ _

:s8t9.7) FO R SMA FEMAlE I (9. 7J, . . I
50( 12.7) FOR SMA UAl.E ""

~ - --p 9.IJ

Model H9120H. HT
WI. 0.8 oz. (239m) approx .

Model HM9120H. HT
Wt. 0.4 oz. (119m) apprcx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Models H9130H, HM9130H, H9130HT, HM9130HT
Hermetically Sealed SP3T Switches
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H9130H, HT HM9130H, HT

PERFORMANCE CHARACTERISTlCS,'1

MODEL NO. CHARACTERISTIC
FREQUENCY (GHz)

1-4 4-8 8-12.4 12.4-18

H9130H Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.2 1.5 2,0 2.6HM9130H Max VSWR: (On position) 1.75 1.75 1.75 2.0

H9130HT
Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.4 1.8 2.5 3.3

HM9130HT Max VSWR: Port ON 1.75 1.9 2.0 2.0
(NONREFLECTIVE) Max VSWR: Port OFF 1.75 2.0 2.2 2.3

(1) For Switching Speed, Power Handling and other specifications, see page 141.

DIMENSIONS AND WEIGHTS
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Model H9130H. HT

WI. 1.4 oz. (40gm) approx.

Model HM91 30H, HT

WI. 0.65 oz. (18gm) approx.

Dimensional Tolerances. unless otherwise indicated: .xx ± 02; .xxx ± .005
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Models H9140H, HM9140H, H9140HT, HM9140HT
Hermetically Sealed SP4T Switches

~y,~J 'll
I)-

JI U
Cl...... ,8 • O\fi1:t..'\". ",_00'1

MI~.lQW.W;

B • lnA_....... • II -n l'J' 10 .. . --~ ... t
:: : : .. :. } • b t>

I
H9140H, HT HM9140H , HT

PERFORMANCE CHARACTERISTlCSl')

MODEL NO. CHARACTERISTIC
FREQUENCY (GHz)

1-4 4-8 8-12.4 12.4-18

H9140H Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.4 1.5 2.0 2.8HM9140H Max VSWR: (On position) 1.75 1.75 1.75 2.0

H9140HT
Min Isolation (dB) 60 60 60 50
Max Insertion Loss (dB) 1.6 1.8 2.5 3.3HM9140HT Max VSWR : Port ON 1.75 1.9 2.0 2.0

(NONREFLECTIVE) Max VSWR : Port OFF 1.75 2.0 2.2 2.3

(1) For Switching Speed, Power Handling and other specifications, see page 141 .

DIMENSIONS AND WEIGHTS
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Model H9140H, HT
WI. 1.5 oz. (43g m) approx.

Model HM91 40H , HT
WI. 0.65 oz. (18gm) approx.

Dimensional Tolerances, unless otherwise tnofceted- o x ±02; .xxx ± .005
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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

Spacer Plates
17244·P1
17244·P1
17244-P3
17244·P3

Description
SMA male rf 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) rf connector.
(H9114 only)
Single-port toggle control.
Logic "0" connects JO to J1 .
Control can be applied to either
terminal 1 or 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, page36)

10

27

41
42
43
49

7A
7B

9

Model
HM9114
HM9120H, HT
HM9130H, HT
HM9140H, HT

AVAILABLE OPTIONS
Option No.

7

AVAILABLE ACCESSORIES
Model
H9114
H9120H, HT
H9130H, HT
H9140H, HT

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 flA
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

MODEL +5V ± 5% -12 to -15V
H9114 65 rnA 20 rnAHM9114

FOR ONE PORT ON
H9120H 60mA 50 rnAHM9120H
H9120HT 80 rnA 50 rnAHM9120HT
H9130H 75 rnA 55 rnAHM9130H
H9130HT 105 rnA 55 rnAHM9130HT
H9140H 95 rnA 60mAHM9140H
H9140HT 135 rnA 60 rnAHM9140HT

Power Supply Requirements

PERFORMANCE CHARACTERISTICS

Power Handling Capability
Without Performance Degradation

All Reflective
Switches 1W cw or peak

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 . ... 2W average, 75W peak

(1fl sec max pulse width)
Reflective Multi-Throw
Switches 1W average, 75W peak

(tusec max. pulse width)
Non Reflective Multi-Throw Switches

Inputto any "OFF" port: 1W average, 10W peak (1 usee
max pulse width)

Input to any "ON" port; 1W average 75W peak (1flsec
max pulse width)

Input to common port: 1W average 75W peak (1flsec
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 time 20 nsec max
Max Repetition Rate is 20 MHz.

fill
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Millimeter Wave Components, 18-40 GHz

•

SPST & SP2T F90 SERIES SWITCHES

07050

F9021

General Microwave mill imeter wave switches are
available in SPST and SPZT 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 perter­
mance degradation, and featu res rise and fall times of
less than 10 ns.

CURRENT· & VOLTAGE·CONTROLLED
ATTENUATORS

General Microwave wideband millimeter-wave at­
tenuators are available in two configurations.

Mode11959 is current-controlled, while the Model
D1959, which incorporates a hybrid driver, is voltage­
controlled with a linearized transfer function of 10 dB
per volt.

Each of the two models operates over the full fre­
quency range from 18-40 GHz with a dynamic at­
tenuation range of 50 dB.

QUADRATURE COUPLER

I­• • --

F9014

The Model 7050 3-dB Quadratu re 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.

01959
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Models 1959, D1959
Millimeter Wave PIN Diode Attenuator/Modulator

'"-a

GNOCONT.V - v
SIG

MODEL 01959
ABSORPTIVE
MODULATOR
18 -40 GHz

c...
~ SIN

~
GENERALe M ICROWAVE
~ .,..lSRAfl

...""

-- -

• Absorptive
• Current or voltage controlled
• 18 to 40 GHz frequency range
• High performance MIC quadrature

hybrid design
• High speed

500

RF IN!OUT

f--@
J2

50 0 J,

500
RF INIOUT

~H--7' '-i-__-r-rr-r-r: - -jI _
Jl 3dB

MODEL 01959
The Model D1 959 voltage-contro lled linearized

attenuator/modulator is an integrated assembly of a
Model 1959 and a hybridized driver circuit which
provides a nominal transfer function of 10 dB per
volt. (See figure 2 below.)

MODEL 1959
The Model 1959 is a current-controlled attenuatorl

modulator that provides a minimum of 50 dB of
attenuation over the frequency range of 18to 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.

BIAS

Fig. f -Model 1959, rfschemaricdiagram

+v - v
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- ~·c + 2!) C . 1C~·C
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Fig.3- Model r959.typical effectsof lemperature onattenuation.

~ 50,
00"'"'"
INPllT ORIVEA

CIRCUIT
(V/I CONVE RTE R)

8 ..,

"""" SERIES 195 '"PIN CODE

"
ATI EN UATOR

"

Fig.2-Model D 1959, block diagram
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Models 1959, D1959
Specifications

PERFORMANCE CHARACTERISTICS
MAX

FREQUENCY INSERTION
RANGE LOSS

MODEL (GHz) (dB)
MAX

VSWR

FLATNESS (t dB)
AT MEAN ATTENUATION LEVELS UP TO

10 dB 20 dB 40 dB 50 dB

18-26.5 3.6
1959 26.5-36 4.1

36·40 4.7

18-26.5 4.1

2.2

1.3 2.2 3.4 4.0

01959 26.5-36 4.6 2.2
36-40 5.2

COMMON TO BOTH MODELS 1959 and D1959

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 '"

Bias Current for Maximum
Attenuation 15 to 70 rnA

Temperature Effects See figure 3

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS
See page 150.

MODEL 01959
Accuracy of Attenuation

o to 30 dB ± 0.5 dB
30 to 50 dB ± 1.0 dB

Temperature
Coefficient ± 0.025 dB/oe

Switching Characteristics
On Time 300 nsec
Off Time 30 nsec max"

Nominal Control Voltage Characteristics
Operating 0 to + 5V

Transfer Function 10 dB/volt
Input Impedance 10 Kohms
Modulation Bandwidth

Small Signal. 5 MHz
Large Signal. 2 MHz

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

- 12V ±5'10 , 20 mA
Power Supply

Rejection Less than 0.1 dBN oII
change in either supply

(1 ) For attenuation steps of 10 dB or more

DIMENSIONS AND WEIGHTS
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MODEL 1959
Wt: .8 oz. (23 gm) approx.

MODEL 01 959
Wt: 1 oz. (28 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Series 90
Millimeter Wave SPST Switches

--

•
fv'JlF~ '

B .10 SWITCH
SN
P."!I G E N f: R 4.L

~ MI CR OWAVE

M ...nl IN C\J'-= . ...,_ c,HAt:l.

­."

• 18 to 40 GHz frequency range
• Low VSWR and insertion loss
• Up to 75 dB isolation
• Less than 10 nsec rise and fall times

SERIES F90
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 Fig. 2.

The proper current required to switch the unit ON or
OFF is provided by the integral driver which is con­
trolled by an externai logic signal. Maximum rise and
fall times are less than 10 nsec.

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
iine. The circuit configuration is shown in Fig. 1, below.
Appiication 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 .

Rf' lWOUT RF IWOUT

@ I:f-----+--.---r--.-----.---!'! @
JI " n

CONT_~
+5V -

DRIVER
· 12V -

rh
RF INIOUT

:I
'" 'WOUT

@ I: @
i

"
I ".- ,-

r -r- . j-
I

~ ," -•. ,./.,... ...
Fig.2-5eries F90 sestschematic diagram.
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Series 90 SPST Switches
Specifications

PERFORMANCE CHARACTERISTICS
FREQUENCY (GHz)

MODEL NO.('1 CHARACTERISTIC 18-26.5 26.5-40

Min Isolation (dB) 35 30
9012, F9012 Max Insertion Loss (dB) 2.2 2.7

Max VSWR (ON) 2.0 2.2
Min Isolation (dB) 55 50

9013, F9013 Max Insertion Loss (dB) 2.5 3.0
Max VSWR (ON) 2.0 2.2
Min Isolation (dB) 75 70

9014, F9014 Max Insertion Loss (dB) 2.8 3.5
Max VSWR (ON) 2.2 2.2

Rise and Fall Times .... . 10 nsec max CONTROL CHARACTERISTICS
Switching Time .. ... .. .20 nsec max
Repetit ion Rate.... .... 20 MHz max

Control Input
Power Handling Impedance . . . .. . . . TIL, advanced Schottky,

Capability one unit load. (A unit load
Without Performance is 0.6 mA sink current and

Degradation . ... . . 1W cw or peak 20)'A source current.)
Survival Power . . .. .. 2W average, 75W peak

Control Logic . .. . .. . .Logic "0" (-0.3 to +0.8 V)(1 J'Sec max pulse width)
for switch ON and Logic

POWER SUPPLY REQUIREMENTS "1" (+ 2.0 to +5.0 V) for
Driverless Units switch OFF.

For rated isolation . . . .. +35 mA
For rated insertion loss . -10V ENVIRONMENTAL RATINGS AND

AVAILABLE OPTIONS
Units With

See page 150Integrated Drivers . ... .. +5V ±2%, 65 mA
-12to -15V, 20 mA

(1)Mode/s prefixed with "F" are equipped with integrated TTL-compatible drivers; models without the
"F" prefix are current-controlled units and are furnished without drivers.

DIMENSIONS & WEIGHT
RF CONN . 7 70 .0 ' . 4 2 MAX

TYPE K FEMALE - 119,6) (2 ,3 ) (10,71

2X 1'--.- . 2 5

2X~ .I 04( 2,GI, (6 ,4 )
!

. 3~C?_ I I I I/-VU
)(B,9) ,

r
- • J I ~ M OUNTING:1-

't'
SURFAC E

.7' Ol11 9,11
C- .. j ';... BIAS/CONTR OL..

8MC MALE.22
(S,7 ) J2 (0) ' 0 Jlo - -+vOI

, GNO

! /
.48 /(I2~)

.s 5
(24 . 11 . 3 8 19 ,7 ) FO R K FEMAL E

. 50 1l?:,7) FOR K MALE

{II USED ONLY ON UNITS WITH INTEGRATED DRIVERS

Series SO/F9D

fill Wt: .6 oz. (17 gm) approx.

Dimensional Tolerances. unless otherwise indicated: .xx ±.02; .xxx ±.005
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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 the correspond­
ing shunt diodes are biased to a low resistance
and the series diode to a high resistance. With
negative current at the bias terminal converse
conditions are established 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.

-

-

N
~Gl \iP~ Al
~ ••l lt. R I" \.\ ,,,r

,

• 18 to 40 GHz frequency range
• Rise and fall times less than 10 nsec
• Low VSWR and insertion loss
• Up to 65 dB isolation

J3

RF iN/OUT

DRIVER

th

, l
I "" !=~'

"- -'(- -(- -(-
r. , ~I-, r ~ r~

@-j
J 2

RF IN/OUT

RFCOM

Fig. 1- Series F90 SPOT schematic diagram
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Series 90 SP2T Switches
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)

MODEL NO. CHARACTERISTIC 18·26.5 26.5·40

Min Isolation (dB) 30 20
F9021 Max Insertion Loss (dB) 3.0 3.6

Max VSWR (ON) 2.1 2.3

Min Isolation (dB) 45 40
F9022 Max Insertion Loss (dB) 3.2 4.0

Max VSWR (ON) 2.2 2.3

Min Isolation (dB) 65 55
F9023 Max Insertion Loss (dB) 3.5 4.5

Max VSWR (ON) 2.3 2.5

Rise and Fall Times 10 nsec max
Switching Time 25 nsec max
Repetition Rate 20 MHz max

Power Handling Capability
Without Performance

Degradation 1W cw or peak
Survival Power 1W average, 75W peak

(1 flSec max pulse width)

Power Supply
Requirements + 5V ±2%, 75 rnA

- 12 to -15V, 50 rnA

CONTROL CHARACTERISTICS

Control Input
Impedance TIL, advanced Schottky,

one unit load. (A unit load
is 0.6 rnA sink current and
20 jiA 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 150

DIMENSIONS AND WEIGHT
.0' -+j i4- ,7 7O'~-.I
(2 ,3) {l9,61

.4'
Ot ,6)

1. 2 0
(30 , 5 )

2 X 0 .1 0 4(2,61

>---..1--_ .2 •
( 7. ' )

~-v

GNO

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005

J

J 2

.45
{ 11 ,41

••5 ~(24,3 1
RF CONN
TYPE K FEMALE
3X

J I

1.020
( 2 5.9)

J~=~9

.0'
(2,31

r:~i
· 60

<15,2 )

L

,-r­
.3 8 (9.7 ) FOR K FEM,ALE
.SO{IZ,?) FOR K MALE

.1-1- -'9=".

SERIES F90

Wt: 1 oz. (28 gm) approx.
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Model 7050 Millimeter Wave
3 dB Quadrature Coupler

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.

• Frequency range: 18·40 GHz
• Low insertion loss
• High isolation
• Removable connectors

3 dB Ouacrature Hybrid

14

1.8
1.5

18-40

c)

SPECIFICATIONS

Max Insertion Loss dB
Max VSWR

Fre uenc GHz
Min Isolation dB

Fig. 1·Model 7050 schematic

I-_~A~m litude Balance dB
Phase Balance de

± 1.7
±10

Power Handling, operating and
survival, cw or eak 2W

DIMENSIONS AND WEIGHT .28
( 7, I)

RF CONN
TYPE K FEMALE
4,

MOUNTING
SURFACE

. 42.-t,~J13,01

4 (2,6 )

4
2 )

t

37

MODEL 7050
Wt: 1 oz (2Bgm) approx.

(2 0 ,61

•
{ 9,41

1 ,
.38
(9,71 I I

r r
+

.81
20,61 ,,--,. . h.627 1- .

(15,9) .4
ti l,

•. ..

.0 9 . _ L .37 ~2x {ll . IO
( 2,31 (9,4 )

1--,.44
62111,2~ .0 9

lI5,9) {2,31
. 8 1

(

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Millimeter Wave Component
Specifications

ENVIRONMENTAL AND OPTIONS

ENVIRONMENTAL RATINGS

Operating Temperature Range Shock .. . .. . . . . . .. . . . MIL-STD-202F, Method
Series 90 213B, Condo B (75G,

With Drivers . . .. . . . - 65°C to + 110°C 6 msec)
Without Drivers . . .. - 65°C to +125°C Vibration . . ... ... . ... MIL-STD-202F, Method

Model 1959 . . . . ... .. -54°C to +125°C 204D, Cond oB
Model 01959 .. .. . .. . -54°C to +110°C (.06" double amplitude or
Model 7050 .. ..... . . -65°C to + 125°C 15G, whichever is less)

Non-Operating Temperature Altitude .. .. .. ... . . .. MIL-STD-202F, Method
Range . .. .. . .. . . . .. - 65°C to +1 25°C 105C, CondoB (50,000 ft .)

Humidity . . . .. . . . . . . . MIL-STD-202F, Method Temp. Cycling . .. .. . . . MIL-STD-202F, Method
103B, Condo B (96 hrs. 107D, Cond oA, 5 cycles
at 95%)

AVAILABLE OPTIONS MODEL
1959 01959 9012, 9013, 9014 F9021, F9022,

Option No. Description Current-Controlled Voltage-Controlled F9012, F9013, F9014 F9023
Altenuator Altenuator SPST Switches SP2T Switches

3 SMA female bias/control
connectors t/ t/ t/ t/

7 Type K male rf connectors t/ t/ t/ t/
7A Jl type K male; J2 and J3 type

K female t/
78 J1 type K female: J2 and J3

type K male t/
9 Inverse control logic: logic "0"

for port OFF and logic "1" for
port ON(1) t/ t/

10 One type K male (J1) and one
type K female (J2) rf connector t/ t/ t/

27 Single-port toggle control; logic
"0" connects J1 to J2 t/

33 EMI filter solder-type
bias/control terminals t/ t/

61 20 dBlvolttransfer function with
o to +3V control signal input t/

62 ± 15 volts operation t/
64 SMC male bias/control

connectors t/ t/
64A 5MB male bias/control

connectors t/ t/ t/ t/

(1) Not applicable for units without drivers.

fill
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Models 725 and 726
Broadband Low and Medium Power Limiters

Models 725 and 726 broadband limiters are designed
for low and medium power applications. The low
power limiter Model 725 covers the frequency range
of 1 to 18 GHz and limits up to input power levels of 3
watts cw and 100 watts peak. The medium power
limiter Model 726 covers the frequency range of 2 to
18 GHz and provides limiting up to input power levels
of 10 watts cw and 200 watts peak.

Typical limiting curves for each model are shown in
figures 1 and 2. Both limiters are supplied in
hermetically sealed packages with removable SMA
connectors and are suitable for use as drop-in
modules.

PERFORMANCE CHARACTERISTICS

MODEL NO. CHARACTERISTICS FREQUENCY (GHz)
LOW POWER LIMITER 1-4 4-12.4 12.4-18

725 Max Insertion Loss (dBl 0.7 1.3 2.0
Max VSWR 1.75 2.0 2.0

MEDIUM POWER LI MITER 2-8 8-12.4 12.4-1 8
726 Max Insertion Loss (dB) 1.2 1.8 2.0

Max VSWR 1.6 2.0 2.0

CHARACTERISTICS MODEL 725 MODEL 726

@ Pin= 3 watt cwo90 mW @ Pin = 10 watts cwo 100 mW
Max Leakage Power

@ Pin= 100 watts oeak: 100 mW @ Pin = 200 watts eak: 100 mW

Limitln Threshold 10 mW min. (1dB Com ression) 10 mW min. (1 dB Comoressionl

Spike Leaka e 0.25 era max. 0.5 ere max.

Recovery Time 10 nsec. max to 1dB of J.L. 100 nsec. max. to 1dBof J.L.

100 W peak with 1usee, pulse width 200 W peak with 1~sec . pulse width
Peak Power Handlin and 0.01duty cycle and 0.02 duty cycle
CW Power Handling 3 watts 10 watts

AVAILABLE OPTIONS
Option No. Description

49 High Rei screening (see Table 1, page 36)

ENVIRONMENTAL RATINGS
Temperature Range
Operating - 65°e to + 11 oDe
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Models 725 and 726
Specifications

F .3GHz
• 30 f-f-f-f-f-!-!-!-!-+--+--+--+--+--+--~
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Fig_1- Mode/ 725 power in vs. power aUf Fig. 2- Model 726 power in V5. power ou l
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@-j :I @
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/;7 r,

soo
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1 I-
Fig. 3-Model 72~ Schematic

/ P

Fig. 4.Mode1 721 Schematic

DIMENSIONS AND WEIGHTS

4 x (I .079(2.0)

~
~. ,

4 x (I .079 (2.0)

•

RF CONN, SMA FEM.\ l £ 2X

rr
.110
(2,8)

t--__ ,1.36 __....,
.06 (34,3)

.220 (1.5) __ 1 1.23 ±.Ol -------j

(5.6) 1.38 (31.2) I
j I (9..7) 11I 'N Ii . I
t= _ ---.~ OUT : .-~

7 (7,4)
--

.75
- ( 1 9.1 1-~

.0 6 I I :RF CONN.
(l ,5L .63 ±.O!1 S MA FEMALE 2X

II (15.9) I
- .38 J..fi-=----- , m1_, (9.7). • I @

t_., IN.OUT . _i .ss +
29 (14,7)

.220 ] - ' 4.11'....l· 1__.J..j,,__ (7j'_)t "

(5.6) J I [, .12(3,0)
. 110 J
(2.8) .24(6, 1} _

MODEL 725
Weight: 0.5 oz. (14 gm) Approx.

MODEL 726
Weight: 0.7 oz (20 gm) Approx.

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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Modern microwave oscillators utilize a solid state
device, such as a transistor or diode, together with a
resonant circuit and matching network, to convert de
power to microwave power at a specified frequency.
A simplified block diagram of a microwave oscillator
is shown in Fig , -1 ~By appropriate choice of these
elements, oscillators may be designed for an ex­
tremely wide range of applications. In addition, low
frequency digital and analog control circuitry may be
incorporated to provide further flexibility.

General Microwave offers a catalog line of high­
performance voltage-controlled oscillators (VCO's),
digitally-tuned oscillators (DTO's) and dielectric
resonator oscillators (DRO's) in the 2-18 GHz fre­
quency range. In addition, many custom oscillators
have been developed for various applications.

vco-s
tr rJo.~ '. C rJ ~ U ir

The GMC line of VCO's covers 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 VCO's are fast settling time, low
phase noise and excellent frequency stabilty. A
simplified block diagram is shown in Fig."Z. For

•optimum performance, the active element used is a
silicon bipolar transistor. (This is in lieu of GaAs FETs
which typically exhibits 10-20 dB poorer phase noise
performance. Although GaAs FETs have extremely
low noise in amplifier applications, they suffer from

Solid State
Oscillators

high 1/1 noise, which is upconverted in the non-linear
oscillator to phase noise near the carrier.) To vary
the frequency of the oscillator, a high-O 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 circuit and 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, although having higher O'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 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 GMC's 8-12 GHz VCO, which
utilizes a high performance transistor operating in the
fundamental , rather than the doubling push-push

RES ONANT
CIRC UI T

,---j (FIXEO OR
VARIA B LE)

A CTI VE
OEVICE

(TRANS ISTOR
OR DI ODE)

MATCH ING
NET WORK

BUFFERING
EL E MENT

(AMPLIFIER
OR ISOLATOR)

OUT PUT
LOAD

Fig. 1-Block diagram of basic microwave oscillator

\ /

1-
Fig , 2-Block diagram 01 veo
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mode. This mode of operation eliminates all
(2n + 1)fo/2 frequencies in the output spectrum.
The second harmonic signal is filtered to less than
- 50 dBc typically, and - 40 dBc maximum.

Because fundamental mode oscillation is not current­
ly achievable with available solid state devices in the
12-18 GHz band,the doubll(lg push-push approach,
shown schematically in Fig.':>, is used. Thus, for ex­
ample, for a 12 GHz output 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 possible. (For the case of a 12 GHz output
signal, the undesired 3fo/2 signal at 18 GHz cannot
be filtered since it is within the 12-18 GHz frequency
range of the VCO.)

DTO's
GMC offers a line of DTO's covering the 2-) 8,mizJre­
quency range based upon its catalog line or.-VCO's .
The DTO provides the desired output frequency in
response to a digital control signal. A block diagram
of the DTO is shown in Fig .~4: By appropriate design
of the electronic circuitry, settling times of less than
300 nanoseconds are achieved. To obtain a fre­
quency accuracy of the order of ± 0.1 %, including
the effects of temperature. the VCO is proportionally­
heated and the electronic circuitry temperature­
compensated. A latch mode is provided as a standard
feat ure.

To enable analog frequency modulation of the DTO
for jamming and other applications, a separate
frequency modulation port is provided. Since the

FREQUEN CY
MODULATI ON
INPUT

slope of the frequency vs. voltage curve of the VCO
varies over the band, compensation is required to
obtain a relatively constant deviation bandwidth.
Compensation to within ±5% is achieved by util izing
a PROM to vary the allenuation applied to the
modulating signal. The DTO may be frequency
modulated at rates of greater than.f~MHz.

In general. DTO's tend to be tailored to the overall
~ requirements of the system in which they are used.

1 Among the custom designs GMC has developed are
high-speed multi-band units with frequency coverage
from C to Ku band.

ORO's
Over the past decade, the DRO has become the
oscillator of choice for fixed-frequency applications
requ iring high stabi lity and low phase noise. GMC

I') offers a high-performance line of DRO's in the
5-18 GHz frequency range featuring 1 ppm/oC
frequency stability over a wide temperature range. A
high-Q temperature-stable dielectric resonator is used
as the key element in the passive resonant circuit.

OSC IL L ATOR A OSCI L L ATOR B,---- - , , -- - - -,
I I I I
I '\ 1 I ".. ,
I /.)r'-~___t, -{.. r----, 1

I ,~ /: : ~ I :
: .'J{ CA LA : RL : LB ) ? \CB I
I [I I [ I
I I I I
L J L -.J

...
Fig-.:t-Schematic diagram of Push-Push Osciflator

.1
VARIABLE

~ATTENUATION

DIGITAL
TUNIN G
INPUT

• PROM LATCH OAC •

PRO PORTIONAL
HEATER,,

Fig.} :Block diagram oforo
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The dielectric resonator is weakly coupled to DEFINITION OF PARAMETERS
maximize the loaded Q of the circuit, thereby
minimizing the frequency variation over temperature, Frequency Settling/Post-Tuning Drift: The
phase noise, and frequency pullinq and pushing. A maximum deviation in frequency at a given time,
series feedback topology is chosen for best overall following a change in tuning command, relative to the
performance, as shown in Fig. 5. GaAs FETs are used frequency one second after the change in tuning
as the active device in the 8-18 GHz range, and silicon command. The worst-case condition usually occurs
bipolar transistors in the 5-8 GHz range. Buffer for frequency steps from one end of the band to the
amplifiers and voltage regulators are included as other. (Results of a typical measurement are shown in
standard features to further reduce the frequency Fig. 6.) Settling time usually refers to the response up
variations due to variations in the load and supply to several hundred microseconds, while post-tuning-
voltages, respectively. GMC's "M" series of DRO's drift usually refers to the variation from several
includes a mechanical tuning element which permits hundred microseconds to as long as several hours.
the user to vary the frequency of the DRO over a
narrow band.

8 ~<, MATCHING
~ OUTPUT

NETWORK V1.1

:>>>
1(, /

Fig. s-scnemeuc diagram of ORO

5

4
-N 3I
::;;:- 2
t-
IL- 10::
0

>- 0
0
Z
w - I
::::l
0
w -2
0::
IL

-3

-4

-5
- 5 - 4 -3 - 2 -I-6

TIME ( lO x sec.)
Fig. 6-Measured settling time of 8-12 6 Hz VCO
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Modulation Sensitivity Ratio: The ratio between the through a full 360 0 phase change. The peak-peak
maximum and minimum slopes of the frequency vs. variation in oscillator frequency is approximately
voltage tuning curve of a veo over its frequency twice the pulling figure defined above. By using
band. (For a OTO, this is defined at the FM modulation the following approximate formula, the pulling
port .) figure may be scaled as a function of the

Frequency Deviation Bandwidth: The peak-peak VSWR:

f tofrequency deviation obtained for a given peak-peak Ii. peak-peak = 2QexT (S - 1/S)
voltage swing at the modulation port of a veo or DTO.

Modulation Bandwidth: The modulation frequency where fo is the oscillator frequency, Q eXT is the
at which the frequency deviation bandwidth of a veo external Q of the circuit, and S is the load VSWR.
or OTO decreases by 3 dB relative to the deviation Pushing: The incremental change in oscillator
bandwidth at low frequencies. frequency that results from an incremental change
Phase Noise: The sideband noise level at a given in power supply voltage.
deviation, fm, from the oscillator frequency, relative to
the carrier power level and normalized to a bandwidth
of 1 Hz. Typical measured ORO phase noise versus m

n
frequency deviation is shown in Fig. 7. From 10 kHz to -a:

~-- --100 kHz, the phase noise of a veo or ORO has a ur 0 - - -
;<

nominal1/fm3 dependence. Thus, as shown in the 0
0. - 3 - - - --

figure, the phase noise at 100 kHz is approximately ....
I RE~~uAl:>

30 dB lower than that at 10 kHz. 0..... I IResidual FM: The peak-peak frequency deviation of
:>
0

an oscillator at its -3 dBc points, when measured on w I I
>

a spectrum analyzer with a resolution bandwidth of .... i I

\
1 kHz. (See Fig. 8). «

..J

/ I Iw
Temperature Stability: The total oscillator frequency a:

I I
variation over the rated operating temperature, usually fa
expressed in ppm/DC.

FREQUENCY

Pulling : The maximum variation in oscillator
frequency, relative to its frequency when operating Fig. B-Residual FM
with a matched load, when the output load is rotated

SINGLE SIDEBAND PHASE NOIS E

-85

k "" .- 95

N
J::
'-- !l'u
m
"0 -105

r
- •

'I'

- 115

-125

10 K 20K 50K lOOK

OF FSET FREQUENCY IN Hz

4111
Fig . 7-Measuredphase noise of 12 GHz ORO
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Oscillator
Selection Guide

PERFORMANCE HIGHLIGHTS (at 18 GHz)'
DTO - DIGiTALLY TUNED OSCILLATORS

Accuracy: (Including
Temperature) . . . . . . . . ±12 MHz max

Wide Modulation
Bandwidth: 20 MHz min

STANDARD DTOs'

FREQUENCY RANGE (GHz)

High Speed: .

Low Post
Tuning Drift: .

MODEL

06020
06026
06040
06080
06120

± 12 MHz
within 300 nsec

±3MHz
within 1 "sec

2.0 to 4.0
2.6 to 5.2
4.0 to 8.0
8.0 to 12.0

12.0 to 18.0

2·18 GHz

Low Post
Tuning Drift: . . . . . . . . s ±3 MHz

within 1 " sec
SUPERIOR FREQUENCY STABILITY:

Over Temperature . . . . < 75 PPM/oC typ
Load Pulling
(VSWR=2:1) 1 MHz max

STANDARD VCOs'

Speed: . . . . . . . . . . s +10 MHz
within 50 nsec

High

MODEL

V6020
V6026
V6040
V6080
V6120

FREQUENCY RANGE (GHz)

2.0 to 4.0
2.6 to 5.2
4.0 to 8.0
8.0 to 12.0

12.0 to 18.0

VCO - VOLTAGE CONTROLLED OSCILLATORS

2·18 GHz

NOTES: 1. Specifications improve at lower frequency. 2.Custam designs available upon request.

EXCELLENT FREQUENCY STABILITY:
Over Temperature: . . . 1 PPM/oC max
Load Pulling . .. . . . . . 150 kHz max
Power Supply Pushing 4 kHz! V max

SUPERIOR PHASE NOISE: (d Bc/Hz)
at10 kHz Offset . . . . .. -85 dBc max
at 100 kHz Offset . . . . . -115 dBc typ

STANDARD DROs'

5-18 GHz

DRO - DIELECTRIC RESONATOR OSCILLATORS

5.000 to 7.999
5.000 to 7.999
8.000 to 11 .999
8.000 to 11.999

12.000 to 18.000
12.000 to 18.000

FREQUENCY RANGE (GHz)

F5080
M5080
F5120
M5120
F5180
M5180

MODEL
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Specifications

MODEL
PARAMETER 06020 06026 06040 06080 06120

FREQUENCY RANGE (GHz) 2-4 2.6-5.2 4-8 8-12 12-18
ACCURACY, Incl. temp. (MHz) ± 4 ±6 ± 8 ±12
FREQUENCY SETTLING"', max (MHz)

within 300 nsec ± 4 ± 6 ± 8 ±12
within t usee ±1 ± 2 ±3

MODULATION
Bandwidth, min (MHz) DC to 20
Sensitivity variation, max ±5OAJ
Frequency deviation bandwidth, min
@ 2V p.p (MHz) 200 260 400 600

RFPOWER
Output, min (dBm) +10
Variation, Incl. temp.and freq. max (dB) ± 1.5 ±2.0

RESIDUAL FM, p.p @ -3 dBc (kHz) 50 75 100 150
HARMONICS, max (dBc) -15 -40 -30

112, 3112, max (dBc) N/A -25
SPURIOUS, max (dBc) - 60
PULLING, VSWR 2:1 max (MHz) 1
PUSHING, max (kHzN) 250
NOMINAL LSB'" (MHz) 0.5 1.0 1.5
MONOTONICITY Guaranteed
TURN ON TIME, (minutes)

to specified accuracy @ +25°C 2
to specified accuracy @ -54°C 5

CONNECTORS
Control/Power 25 pin, D type male'.
RF output SMA female
FM Input SMC male

POWER SUPPLY REQUIREMENT
Voltage @ Current +15V ± 0.5V @ 200 rnA max

- 15V ± 0.5V @ 100 rnA max
+5V ± 0.5V @ 300 rnA max
+28V -4 V, +2V@ 1000 rnA max

'lurn-on current @ 28 volts 3 amps max
ENVIRONMENTALf3'

Operating temperature (OC) -54 to +85
Storage temperature (OC) -54 to +125

MECHANICAL DIMENSIONS
Inches 5.67 x 3.55 x 1.69
Millimeters 144.0 x 90.2 x 42.9

(1) At relative to f after 1 sec.
(2) Mating connector furnished
(3) RF section and driver

components hermetically sealed.
(4) 12 Bit TTL input

fill
•
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Specifications

MODEL
PARAMETER V6020 V6026 V6040 V60BO V6120

FREQUENCY RANGE (GHz) 2-4 2.6-5.2 4-8 8-12 12·18
·FREQUENCY SETTLING"', max (MHz)

within 50 nsec ±8 ± 10

within 200 nsec ±3 ±4 ±5

within t usec +1 ±2 ±3

MODULATION
Bandwidth, min (MHz) 100

Sensitivity ratio, max 3:1

RFPOWER
Output, min (dBm) +10
Variation, lncl, temp. and freq . max (dB) ±2.5 ± 3.0

PHASE NOISE, max (dBc/Hz)
- 3(@ 100 kHz offset - 95 -90 - 85

HARMONICS, max (dBc) - 15 -40 -30

1/2, 31/2, max (dBc) N/A - 25

SPURIOUS, max (dBc) -60

TEMPERATURE STABILITY, typ (PPM/DC) ..:ps- 10-0

PULLING, VSWR 2:1 max (MHz) 1

PUSHING, max (kHz/V) 250

CONNECTORS
Power supply Solder terminal

Tuning voltage SMA female

RF output SMA female

POWER SUPPLY REQUIREMENT
Voltage (Vdc) +15 ± 0.5

Current, max (mA) 150 . 200 /5"0 250

Tuning voltage (Vdc) oto +20 oto +15

INPUT CAPACITANCE, nominal (pF) -25" >0
ENVIRONMENTAL"'

Operating temperature (DC) -54 to +85

Storage temperature (OC) - 54 to +125

MECHANICAL DIMENSIONS
Inches 1.79x1.10xO.45 2.19x1.10 x O.45

Millimeters 45,5x 27,9x 11 ,4 55,6x 27,9x 11 ,4

(1) 111 relative to f after 1 sec.
(2) RF section and driver components hermetically sealed.

AVAILABLE OPTIONS TABLE 1: OPTION 49A HIGH REL SCREENING

Option No. Description GeneralMicrowave's hermetically-sealed components utilize ruggedconstrue-
tion techniques and hermetic sealing to meet stringent military requirements

2 Drop-In module configuration for shock, vibration, temperature, altitude,humidity, and salt atmosphere.All
49A High Rei screening hermetically-sealed parts may be ordered, if desired,with 1000" screening in

(see Table 1 to the right) accord with the following:
TEST METHOD CONDITION
Internal Visual 2017.3 -
Stabilization Bake 1008.2 C
Temperature Cycle 1010.5 B
Mechanical Shock 2002.3 A

fillBurn-In 1015.4 -
Leak 1014.2/.9 Al &A2
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MODEL V6120 veo
WI: 1.94 oz. (55 gm) approx.

t
.0 8 (2 ,0 )

2. 19 2 .030
(55,6) (51,61

4 X ~J.0 96 12 ,4 1

CONTROL/POWER CONNECTOR CONTROL/POWER CONNECTOR
Pin. No. Function Pin. No. Function

1 +28 V ,. +28 V (return)
2 +28 V 15 +28 V (return)
3 Temp. monitor Ihermistor (VeO) 16 Not used• Tuning WOld Bit 1 (LSB) '7 Tuning word Bit 2
5 • • Bit 3

18 • • Bit4
6 • 0 Bit 5 ,. 0 • Bil 67 • • Bit 7

2. 0 • Bit 88 0 0 Bit 9
21 • • Bit 10• • 0 Bit 11,. Not used 22 • • Bit 12 (MSB) (1) Logic "0" 10 tstct:

11 +5V (digital) 23 Latch'" input word.
'2 +15V (analog) 2' Digital ground Logic "1" '0 unlatch
13 Analog ground 25 - 15V (analog) input word.

3.238
182 ,2)

3 .55
190,2)

TY P4X
4 X ~ .I5513 ,9 ) / R .l 6

14 , I)

~~

Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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MODELS D6D20, D6D26 , D6040, D60BO AND D6120 DTOs
WI: 23.1 oz. (655 gm) approx.
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DRO
Specifications

MODEL

PARAMETER F5080 M5080 F5120 M5120 F5180 M5180

TYPE
Fixed Mechanically Fixed Mechanically Fixed Mechanically
Tuned Tuned Tuned Tuned Tuned Tuned

FREQUENCY RANGE (GHz)

MECHANICAL TUNING RANGE, min (MHz)

RF POWER OUTPUT, min (dBm)

With OPTION 1

5.000-7.999

None ±5 MHz

+13

+10

8.000-11 .999

None ±10 MHz

+13

12.000-18.000

None ± 15 MHz

+10

+10

Variation, incl. temp. and freq. max (dB)

PHASE NOISE (dBc/Hz)
at 10 kHz offset max

at 100 kHz offset typ

2nd HARMONIC, max (dBc)

SPURIOUS, max (dBc)

± 1.0

-105

- 130

- 25

- 70

± 1.5 ±1.0

- 90

- 120

-25

- 70

±1.5 ±1.0

- 85

- 115

- 25

- 70

±1.5

TEMPERATURE STABILITY, max (PPM/'C)

PULLING, VSWR 1.5:1 max (MHz)

With OPTION 1

1 2

0.05 0.075

0.75 1.000

1 2

0.1 0.15

1.0 1.50

1 2

0.15 0.2

1.50 2.0

PUSHING, max (kHzIV)

CONNECTORS
Power Supply

RF Output

POWER SUPPLY REQUIREMENT
Voltage (Vdc)

Current, max (rnA)

With OPTION 1

ENVIRONMENTAL'"

Operating temperature ('C)

Storage temperature ('C)

2

+1510 +18

75

2 4

Solder terminal

SMA female

+1210 +18

150

60

-54 to +85

-54 to +125

MECHANICAL DIMENSIONS
Inches

(Millimeters)

2.09xl.54xO.97 2.09x1.54x1.131.77x1.40 xO.75 1.77x1.40xO.91 1.54x1.18xO.62 1.54x1.18 xO.77

(53,1x39,1x24,6)1(53,1x39,1x28,7) (45,Ox35,6x19,1) 45,Ox35,6x23,1) (39,1x30,Ox15,7) (39,1x30,Ox19,6)

(1) RF section and deliver components hermetically sealed.

HOW TO SPECIFY
1. Specify frequency range.
2. Specify mechanically tuned (M) or fixed tuned (F)
3. Specify Model, i.e., F5080 is a FIXED TUNED ORO

with an operating frequency between 5 and 7.999 GHz
4. Specify desired operat ing frequency (can be speci fied

to a resolution of 1 MHz, i.e., 6038 MHz)
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AVAILABLE OPTIONS
Option No. Description

1 Lower cost model available with
reduced output power and
increased pullinq effect

2 Drop-in module configurat ion
49A High Rei screening

(see Table 1, page 159)
fill



DRO
Specifications

DIMENSIONS AND WEIGHTS
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SERIES 5000
Dimensional Tolerances, unless otherwise indicated: .xx ± .02; .xxx ± .005
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General Microwave has an extensive product line of
power measuring instruments including thermo­
electric average power monitors and crystal detector
peak power meters, covering the frequency range of
10 MHz to 40 GHz, in both coaxial and waveguide
configurations.

POWER MONITORS

Power Monitors are typically employed in fixed
installations for the continuous measurement of system
power. Incorporating both the rf detector and an instru­
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 N425, N426, and N427 Power Monitors
cover the frequency range of 0.01 to 12.4 GHz with full
scale powers of 1, 10 and 100 mW respectively. The
Models N445 and N446 units cover the range of 0.01 to
18 GHz with full scale powers 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

Power Measuring
Instruments

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% at 18 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 when
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 levei
being measured. For GMC Power Monitors, noise and
drift are rated from 0.02% 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 1OdB of the monitor's range.

PEAK POWER METERS

Although laboratory methods for the measurement of
peak power were developed many years ago, it is
only recently that practical commercial instrumenta­
tion for that purpose have become available. In the
absence of a direct reading peak power meter, it has
been the practice to use average power meters and
derive the peak power from the duty cycle. This pro­
cedure was subject to significant uncertainty not only
because of the variability of the pulse
repetit ion frequency but because the exact shape
of the pulse was difficult to characterize.

Using a combination of broadband Schottky detectors
and high speed digital signal processing, GMC
brought to market its Model 478, the first commercial
digital peak power meter. This instrument is a single
channel instrument capable of not only measuring the
peak power of a pulse at any point along its envelope,
but also can measure pulse width, rise and fall times
and pulse period. These data are all presented digitally
together with a CRT graphical presentation of the
pulse On a linear or logarithmic scale.

( 1) Cal factor, or calibration factor is the ratio of the substitution audio power to the total incident rf power required toproduce equal de
output voltages from the 1ft power head.

fill
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The two channel Model 490 performs the same
measurements with the further enhancements of full
color display, automatic parameter measurements,
multiple stored menus, and comparative measure­
ments between the two input channels. Both
instruments have fu1l 1EEE·488 bus compatibility.

The power heads employed with the Model 478 and
Model 490 Peak Power Meters employ low barrier
Schottky detectors which are subject to the same
sources of error as those described in the section
above, i.e. frequency response, square-law response,
linearity and temperature dependence. Whereas in
the case of the thermoelectric detectors used in the
power monitors, these characteristics are essentially
independent of each other, this is generally not the

lEi
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case with Schottky detectors. As a result, each peak
power detector used with the Models 478 and 490 is
individually calibrated for all parameters as a function
of frequency and the data are stored in an EEPROM
for use in the measurement process. Whenever a
power head is changed, the EEPROM, mounted
either in the power head or the instrument is
changed as well.

Diode detectors are inherently temperature
dependant, especially when resistively loaded to
achieve a wide video bandwidth. The Models 436,
438 and 439 power heads maintain their diode
detectors at constant temperatures to eliminate
the temperature drift error.



Power Measuring Instruments
Selection Guide

PEAK POWER METERS
MODEL DESCRIPTION PAGE

478A Single Channel, Automatic Peak Power Meter 171

490 Dual Channel, Automatic Peak Power Meter 166

POWER HEADS (for Model 478A)

MODEL FREQUENCY RANGEl') RISE/FALL TIME CONNECTOR PAGEGHz nsec RF
N436A 0.75-18.0 10 TYPEN
M438A 0.75-26.5 10 TYPEK 171
MK438A 0.75-40.0 10 TYPEK

POWER HEADS (for Model 490)

MODEL
FREQUENCY RANGEl') RISE/FALL TIME CONNECTOR PAGEGHz nsec RF

N439 0.75-18.0 10 TYPEN
M439 0.75-26.5 10 TYPEK
MK439 0.75-40.0 10 TYPEK 169

A439 26.5-40.0 10 UG-599U

POWER MONITORS

MODEL FREQUENCY RANGE POWER RANGE ACCURACY PAGE
GHz dBm mW

N425D 0.01-12.4 -10 to +10 0.1 to 10 ±1%

N426D 0.01·12.4 oto +20 1 to 100 ±1%

N427D 0.01·12.4 -20 to 0 0.Q1 to 1 ±1% 175

N445B 0.01-18.0 -20to+10 0.1 to 10 ±1%

N446B 0.01-18.0 oto +20 1 to 100 ±1%

(1) Optional/ower frequencies available.

lEI
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Model 490 Automatic Peak
MODEL 490 PEAK POWER METER
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HELP SCREENS PROVIDE
INFORMATION FOR ALL OF THE

MODEL 490 KEY FUNCTIONS
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Power Meter Features

1. Pulse parameter measurements can be made
without the need for manually positioning
cursors. The Model 490 Automatic Peak Power
Meter will calculate and display the pulse rise
time, fall time, pulse width or period, each with
single key command from the keyboard. If all
four parameters are desired, a single key
command is available for that as well. There is
also a manual cursor system available for
instances when nonstandard definitions of pulse
parameters are required. Pulse parameters are
per IEEE standard definitions.

2. Trigger delay: The trigger delay value in the 490
can be applied to each of the two traces
individually or to both simultaneously. This
allows individual alignment of pulses relative to
each other or delay measurements between
pulses. Delay values are displayed on the
screen for each input. Convenient delay
controls are provided using either left/right keys
or numeric input to adjust the trace position.
Desired changes in delay values may be
entered during measurements from the
keyboard.

3. Normalization: Pulse comparison is most
convenient to perform when the pulses to be
compared are displayed at the same amplitude.
The NORM key permits the operator to
normalize automatically the pulse selected to
the other pulse shown on the display.

4. Noise reduction: The 490 uses both digital and
analog noise reduction techniques, which can
be used either individually or together and can
be selectively applied to either or both of the
input signals. The digital averaging mode
permits selection through the keyboard of up to
999 sweeps of the trace to be averaged for
enhancement of the signal-ta-noise ratio. Where
the measured pulse response is such that the
10 nanosecond response of the 490 is not
required, the extended range function may be
used. This reduces the system video bandwidth
resulting in reduced noise and additional
dynamic range.

5. The computations and correction for frequency
and amplitude compensation for the power
head response are automatically applied by
entering the operating frequency into the
keyboard. The power meter receives the
frequency and amplitude profile of the power
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head from an EEPROM in the power head. If
the operating frequency is entered, the meter
will automatically compute and output the
corrected power values.

6. Pulse trace storage is another feature of the
490. A pulse can be measured and stored,
available to be displayed by a keyboard
command, for comparison to a new signal being
measured as a second trace. Adjustments can
then be made on the new pulse with easy
comparisons to the stored pulse.

7. Using the AlB mode makes gain or loss
measurements simple to perform in either linear
or logarithmic units. In the linear mode the 490
indicates the gainlloss as a ratio: in the
logarithmic mode it is indicated in + or - dB.

8. For hard copy data, the 490 contains an output
to a digital plotter. When the plotter key is
depressed, all of the data on the screen, which
includes the dual trace display and header
information, is fed to a digital plotter for a
permanent record of the measured data.

9. Short Sweep Cycle (SAMPLE key): The number
of sample points per sweep can be selected
from 1 to 201. Reducing the number of sample
points results in more rapid updating of the
display, thereby enabling higher speed system
operation. Using this feature together with an
external trigger and appropriate trigger delay
value will permit a measurement to be made on
a single pulse.

10. Provides a 1 GHz 10 mW CW signal at the front
panel for performance verification.

11. A Help Mode feature has been added to the
Model 490 Automatic Peak Power Meter. This
feature provides information for all the 490 key
functions. To access the Help Mode from the
490 Graph Mode, depress the Help/Delete key.
The Help Mode Index listing will then be
displayed. For additional listings, depress the
cursor arrow (~) key. Enter the desired index
number to the keyboard and depress the enter
key. The selected item will then be defined on
the 490 CRT. This feature permits the operator
to verify any 490 key function and quickly return
to the Graph Mode of operation without
disturbing previously set test parameters.



Model 490 Dual Input, Dual Trace
Automatic Peak Power Meter

No other power meter can offer you
these features:

• Help Mode:
A Help Mode feature has been added to the
Model 490 Automatic Peak Power Meter. This
feature provides information for all of the 490
key fun ctions.

• Automatic Operation:
Automatically selects optimal time base and
power rang e.

• Dual Trace Operation:
Presents pulse waveforms of two traces on a
calibrated graphic display.

o Power Measurements:
Automatically measures and digitally displays
peak and instantaneous power values on linear
or logarithmic scales.

o Automatic Pu lse Parameter Measurements:
Measures rise time, fall time, pu lse width and
period with a single command.

o 7 " Color CRT Display:
Utilizes 3 colors to provide a clear presentation
of both measured waveforms.

• Intell igent Power Head:
Supplies power meter with appropriate
frequency compensation and square law
correction values along with the measurement
data. May be field calibrated .

• Trace Storage:
Can store and display a pulse trace while
viewing a second incoming trace.

• GPIB Programmability:
All instrum ent functions may be contro lled via a
GPIB interface making completely automatic
signal acquisit ion and analysis available.

• Performance Verification:
Instrument is furnished with a built-in 1 GHz
reference oscil lator.

The Model 490 Automatic Peak Power Meter with its
associated Model N439, M439, MK439, or A439 Power
Head produces a flexible, powerful , versatile, accurate
and simple to use instru ment.

The capability of measuring peak power and
presenting on a CRT both the calibrated microwave
pulse and a digital display of measured power values
was an innovative design concept first introduced with
General Microwave's Model 478 Automatic Peak Power
Meter. This concept has been further enhanced in the
Model 490, to permit two pulses to be displayed on a
calibrated graph along with the measured values for an
analysis of each pulse. These units offer simultaneous
viewing and pulse analysis of two microwave signals
with pulse widths as small as 15 nanoseconds. The
pu lses may be derived from the dual power head inputs
or from one input and a stored reference.

The Model 490 is equipped with a three color CRT
display on which each pulse is displayed in a separate
color providing an unambiguous presentation of both
traces. Pulse parameterssuch as rise and fall time,
pulse width and period can be measured automat ically
with the touch of a single button eliminating the
uncertainty of manually selecting reference power
levels. Gain and loss measurements, in either linear or
logarithmic units, are performed automatically using
the N B ratio mode.

The instrument has the capability of storing user
programmed setup menus, which permit rapid access
to as many as eight frequentl y used, desired test
conditions. Total control of all of the features of the
instrument may be exercised via the keyboard or via
the IEEE-488 General Purpose Interface Bus (GPIB).

The power heads contain an EEPROM which
automatically supplies the power meter with the
appropriate linearity and frequency correction data.
The EEPROMs are fie ld programmable and permit
field calibration of the power heads through the power
meter keyboard or the GPIB.

•
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POWER RANGE:
Normal Range: . . . . - 20 to + 15 dBm with N439

-14to + 15 dBm with M439,
MK439, A439

Extended Range: . . -30 to + 15 dBm with N439
-24 to + 15 dBm with M439,

MK439, A439
PULSE WIDTH:
Normal Range: . . . . 15 nsec to 1 sec and CW
Extended Range: . . 1.5l'sec to 1 sec and CW

VIDEO BANDWIDTH AND RISE/FALL TIME
(10-90%/90-10%)(1):
Normal Range:.. . . 35 MHz, 10 nsec
Extended Range: . . 500 kHz, 700 nsec

FREQUENCY RANGE:
0.75 to 18 GHz with N439
0.75 to 40 GHz with MK 439
0.75 to 26.5 GHz with M439
26.5 to 40 GHz with A439

ACCURACY:
See figure 1

MAXIMUM SAFE INPUT POWER:
+ 20 dBm CW, + 30 dBm peak (tusec max pulse
width, 1% duty cycle)

FREQUENCY RESPONSE:
Compensated: . . . . + 0.1 dB to 18 GHz

+ 0.3 dB to 26.5 GHz (M439,
MK439)

+ 0.3 dB to 40 GHz (MK439)
+ 0.3 dB 26.5 to 40 GHz

(A439)
Uncompensated: . . + 0.3 dB to 8 GHz

+0.5 dB to 18 GHz
+ 1.0 dB to 26.5 GHz (M439,

MK439)
+ 1.5 dB to 40 GHz (MK439)
+ 1.8 dB 26.5 to 40 GHz

(A439)

INPUT IMPEDANCE:
Coaxial models 50 ohms nominal

VSWR:
N439 1.2:1 to 8 GHz

1.4:1 to 18 GHz

M439, MK439 . . ... 1.2:1 to 8 GHz
1:35:1 to 18 GHz
1.7:1 to 26.5GHz

MK439 2.0:1 to 40 GHz

A439 1.44:1 26.5 to 40 GHz
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Model 490
Specifications

POWER SCALE RANGE:
From 0.1 to 20 dBm (or dB)/d ivision or 11'W to
2 MW/division in a 1-2-5 sequence.

RELATIVE OFFSET RANGE:
From - 99.99 to + 99.99 dB

TIME BASE RANGE:
From 10 nsec/division to 100 msec/division in a 1-2-5
sequence

TIME MEASUREMENT ACCURACY:
Dependent on Ts (Ts = trigger to sample t ime)
When: 1 nanosec < Ts < 1 microsec
Then: Accuracy = .005% or 2 nsec, whichever

is greater
When: 1 microsec < Ts .$ 1 second
Then: Accuracy = .005% or 10 nsec, whichever

is greater

TRIGGER DELAY RANGE:
From 1 nsec to 1 sec with resolution of 1 nsec

EXTERNAL TRIGGER REQUIREMENTS:
50 ohm Input: . . ... + 1.5 V to + 5 V into 50 ohms

300 nsec rise time max
TTL Input: 10 un it load positive pulse

NOMINAL MEASUREMENT TIME:
2 sect' ) per trace

INTERNAL TRIGGER LEVEL RANGE:
Normal Range: . .. . - 10 to + 15 dBm (N439)

- 5 to + 15 dBm (M439,
MK439, A439)

Extended Range: . . -20 to + 15 dBm (N439)
- 15 to + 15 dBm (M439,

MK439, A439)

DISPLAY:
7" CRT with liquid crystal color shutter. Graph area
is 201 horizontal by 151 vertical cells which are
organized into 10 horizontal and 5 vertical major
divisions.

DISPLAY OFFSET RANGE:
Up to 2 MWor 0 to + 100 dBm (or dB)

DISPLAY MODES:
Single or Dual Alternate Trace. Input A, Input B,
Memory, NB or NMemory

(1) See description of Power Head Options.
(2) At 20 ' samples per sweep in Manual mode; faster a t lower number of
samples: slower in Automatic mode or with wide or low repetition rate pulses.
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Specifications

REFERENCE OSCILLATOR:
Frequency: . . . . . . . 1 GHz + 3%
Power Level : 10 mW + 1%
Connector: . . . . . . . Type N

SAMPLES:
Selectable up to 201 per sweep.

IEEE-488 GPIB:
Programmability: Unit is fully programmable via an
IEEE-488 GPIB data bus, to receive commands from
a controller and transmit measured data to other in­
struments on the bus.

Function Subsets: SR1 , SH1 , AH1, T6, TEO, L4,
LEO, RL1, PPO, OC1 and on are implemented.

PLOTTER OUTPUT:
Outputs all data on screen via the GPIB interface
using HPGL

SET UP MENUS:
Eight user defined set up menus

PRE-PROGRAMMED TIME PARAMETER
MEASUREMENT FUNCTIONS:
Rise time, fall time, pulse width and pulse period

VIDEO OUTPUT:
Real time buffered output: 750 mV full scale into
50 ohms.

OPERATING TEMPERATURE RANGE:
+ 15 to +35°C

POWER REQUIREMENTS:
100, 120,220 or 240 VAC, + 5% , - 10% ,
48 to 63 Hz; 150 Watts

POWER HEAD CONNECTOR:
N439 . . . . . . . . . . . . Type N, male
M439, MK439 . . . . . K CONNECTOR male

SMA compatible.
A439 . . . . . . . . . . .. UG-599/U

NOMINAL DIMENSIONS:
Model 490: 7.0" (177.8mm) High x 17.0"

(431.8mm) Wide x 18"
(457.2mm) Long excluding
projections

Model N439: 1.75" (44.5 mm) dia x 3.20"
(81.3mm) long (including RF
connector) and cable

Models
M439/MK439: . . . . . 1.75" (44.5mm) dia x 2.65"

(67.3mm) long (lncludinq RF
connector) and cable

Model A439: 2.00" (50.8mm) dia x 5.08"
(129.0mm) long (including
waveguides and isolator)
plus cable

WEIGHT:
Model 490 0.5 Ibs. (18.4 kg)
Models
M439/MK439 9.2 oz. (260 g)
Model N439 9.5 oz. (269 g)
Model A439 21 oz (594 g)

POWER METER OPTIONS:
Model 490R: 19" Rack Mount

Configuration
Option 01 : Rear Panel Power Head

Inputs
Option 05: Rear Panel Reference

Oscillator Output

POWER HEAD OPTIONS:

FREQ UENCY RANGE
START VIDEO RISE/FALL

OPTION FREQ. N439 M439 MK439 BANDWIDTH TIMES

02 100 MHz 186Hz 26.SGHz 400Hz 4.7 MHz 75_

03 SOO MHz 18 0Hz 26 .5GHz 40 0Hz 23 MHz 15_

15 70 MHz 18 0Hz 25.5GHz 400Hz 3.3 MHz 107 nsec

~ , ~ ~ , , , -, ,
.IS . 10 . S 0 - s - 10 _ 1!> - 20 - as _ 30

INPUT POWER l EVEL IN C1 Bm
INCLUDES fREQuENCV RESPONSE ' . SQUARE LAW DEVIATION AND NOIse · '

o l S o lO . S 0 - 5 _ 10 - IS _ 20 -1$ _ 30
INPUT POWER lEVEL IN Cl8m

e cruoes fREOUENCV RESPONSE ' , SOUARE LAw DEVIATION AND NOiSe ""

•0 ••••
« NORMAL _ EXTENDED0 RANGE -..« . 3 RANGE«
•
~

z .2• I>•«
0 .,
~
<•> o

_EXTENoeo
RANGE•NORMAl _~

RANG'

r

•0 0< .•
«
0

OJ ·««•
~ .2_z
•>•« .,.0
~
<•> •

fill
Fig. 1A·Mode14901N439 accuracy Fig . IB·ModeI490IM439. 4901MK439. 4901A439 accuracy

• Assumes that operating frequency has been entered into instrument •• In digital averaging mode with 100 averages
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Model 478A
Automatic Peak Power Meter

INTRODUCTION
Each power head is supplied with a customized ROM to
be installed in the Model 478A which then compensates
for the individual power head square-law deviation and
frequency response characteristics.

APPLICATIONS
In addition to the absolute measurement in linear (walts)
or logarithmic (dB) units of peak power, referred to the
input of the power head, the Model 478A can be used in
the following measurement procedures:

• Relative power measurements (in dB mode):
To make gain or loss measurements with respect
to an arbitrary reference.

• Measurement of transient and steady state
VSWR: To characterize system performance
under " hot switching" as well as "dwell "
intervals.

• Measurement of a selected pulse in a
repetitive burst: Trigger delay can be preset to
select any pu lse train for display with optimum
resolution.

• Measurement through directional couplers or
other lossy devices: By using the Relative
Offset feature, the de-coupling facto r is added to
the measured levels to provide a correctly
scaled power indication.

• Measurement of power versus frequency:
The unit can be configured in conjunction with
suitable external test equipment to display the
frequency response character istics of pulsed or
CW signals.

The Model 478A Automatic Peak Power Meter, with
its associated Model N436A, M438A or MK438A
Power Head, is a powerful and flexible instrument
designed to measure and display the character­
istics of pulsed microwave signals. In addition to
offering significant improvements in accuracy,
sensitivity and video bandwidth, the instrument
offers full programmabil ity via an IEEE-488 GPIB
data bus for use with computer based automatic
test systems.

POWER METER
Operating with a microprocessor-based sampled
data system, the power meter digitizes the detected
input signal and creates a composite represen­
tation of that signal. All operations may be
controlled locally th rough a front panel keyboard
with measurement parameters selected from an
initiating menu, or remotely via the GPIB interface.
In the Automatic mode of operation, the input is
displayed on a calibrated graph with machine­
selected time base and power scales. The Model
478A is designed to be calibrated and maintained
in the field. RF cal ibration can be verified using
CW standards. An internal test routine is included
to faci litate test and circuit calibration, and the time
base is automatically calibrated against a crystal­
controlled clock each time the power meter is
tu rned on .

POWER HEADS
The Models N436A, M438A and MK438A are
temperature-compensated power heads that
employ low-barrier Scholtky diode detectors
mounted on a thin-film substrate. A matching circuit
optimizes both the VSWR and frequency sensitivity.
The standard power head is furnished with a five
foot cable. Other lengths are available on special
order.
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Model478A
Features

o Automatic Operation:
The time base and power scale are
automatically selected to characterize and
obtain the best presentation of the pulse
being measured.

o Manual Operation:
The keyboard control permits selection of the
desired time base and power scale.

o Built-In Display:
A 7" CRT presents a calibrated display of the
detected signal as well as an alpha-numeric
readout of amplitude and time. Peak power and
instantaneous power values are digitally
displayed at up to three different selectable
times in either linear or logarithmic units by the
use of a novel three-cursor system. Pulse rise
and fall times, pulse width and pulse period
are also digitally displayed via a time inte rval
measurement between selectable pulse
power levels.

o Menu Mode:
A prompted menu permits selection of
Automatic or Manual operation, trigger source,
Trigger Delay, internal trigger level , time base,
power scale, Relative Offset, Display Offset,
Normal or Extended Range, local or remote
IEEE-488 GPIB operation, and operating
frequency for optimum accuracy
compensation.

o Frequency and Amplit ude Compensat ion :
The Model 478A automatically corrects for
square-law deviation and frequency response
characteristics of the power head at the
operating frequency.

o Short-Sweep Cycle:
The number of sample points per sweep can
be selected from 1 to 201 . Reducing the
number of sample points results in more rapid
updating of the display, thereby enabling
higher-speed system operation.

fill
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o Dig ital Averaging :
Enhances low level signal-to-noise ratio by a
factor of up to 10:1 .

o Relative Offset:
Automatically scales display to compensate for
external gain or loss.

o Display Offset :
Permits a vertical shifti ng of the display for
more detailed examination of the measured
pulse.

o Trigger Select :
Gives choice of intern al or exte rnal triggers or
CW operation in both Automatic and Manual
modes.

o Trigger Delay :
Delayed trigger capability provides pulse
sampling flexibility.

o Hold Mode:
Retains display for further analysis after signal
input has been removed.

o Video Output:
Provides real time-buffered output of the
detected waveform via rear BNC connector.

o X-Y Recorder Output:
Provides horizontal and vertical outputs and
pen lift command; associated switch
compensates for a variety of recorder
characteristics.

o IEEE-488 GPIB Programmability:
Permits use of unit as part of an IEEE-488
GPIB system to receive commands from a
controller and transmit measured data to other
instruments on the bus.

o Overload indication :
Automatically indicates that input to power
head has exceeded +15 dBm.



POWER RANGE:
Normal Range: .. . . -20 to + 15 dBm with N436A

-14 to + 15 dBm with M438A,
MK438A

Extended Range: . . -30 to + 15 dBm with N436A
-24 to + 15 dBm with M438A,

MK438A

PULSE WIDTH:
Normal Range:.. . . 15 nsec to 1 sec and CW
Extended Range: . . 1.5 I'sec to 1 sec and CW

VIDEO BANDWIDTH AND RISE/FALL
TIMES (10-900/0/190·10%)1'1
Normal Range: .. .. 35 MHz, 10 nsec
Extended Range: .. 500 kHz, 700 nsec

FREQUENCY RANGEl'):
0.75 to 18 GHz with N436A
0.75 to 26.5 GHz with M438A
0.75 to 40.0 GHz with MK438A

ACCURACY:
See Fig. 1

MAXIMUM SAFE INPUT POWER:
+ 20 dBm CW, + 30 dBm peak (1 I'sec max pulse
width , 1% duty cycle)

FREQUENCY RESPONSE
Compensated: . . .. ± 0.1 dB to 18 GHz

±0.3 dB to 26.5 GHz (M438A,
MK438A)

±0.3 dB to 40.0 GHz
(MK438A)

Uncompensated: . . + 0.3 dB to 8 GHz
± 0.5 dB to 18 GHz
± 1.0 dB to 26.5 GHz (M438A,

MK438A)
+ 1.5 dB to 40.0 GHz

(MK438A)

INPUT IMPEDANCE:
50 ohms nominal

VSWR
N436A: 1.2:1 to 8 GHz

1.4:1 to 18 GHz
M438A: 1.2:1 to 8 GHz
MK438A: 1.35:1 to 18 GHz

1.7:1 to 26.5 GHz
2.0:1 to 40.0 GHz

POWER SCALE RANGE:
From 0.1 to 20 dBm (or dB)/division of 1 I'W
to 2MW/division in a 1-2-5 sequence

1
1) See description of Options 02 and 03.
2) At 201 samples per sweep in Manual mode; faster at lower number of

samples; slower in Automatic mode or with wide or low repetition rare pulses.
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Specifications

RELATIVE OFFSET RANGE:
From - 99.99 to + 99.99 dB

TIME BASE RANGE:
From 10 nsec/division to 100 msec/division in a 1-2-5
sequence

TRIGGER DELAY RANGE:
From 1 nsec to 1 sec with resolution of 1 nsec

EXTERNAL TRIGGER REQUIREMENTS:
+ 1.5V to + 5V pulse into 50 ohms

TRIGGER DELAY UNCERTAINTY
For delays up to

1 I'sec: 2 nsec max.
For delays above

1 I'sec:......... 10 nsec max

INTERNAL TRIGGER LEVEL RANGE:
Normal Range: . ... -15to + 15 dBm with N436A

-10 to + 15 dBm with M438A,
MK438A

Extended Range: . . -25 to + 15 dBm with N436A
-20 to + 15 dBm with M438A,

MK438A

NOMINAL MEASUREMENT TIME:
2 seconds»

SELF-CONTAINED DISPLAY:
Built-in 7" CRT. Graph area is 201 horizontal
by 151 vertical cells, which are organized into
10 horizontal and 5 vertical major divisions

DISPLAY OFFSET RANGE:
Up to 2 MW or 0 to + 100 dBm (or dB).

SAMPLES:
Selectable up to 201 per sweep.

IEEE-488 GPIB

Progammability: Unit is fully programmable via an
IEEE-488 GPIB data bus to receive commands from
a controller and transmit measured data to other
instruments on the bus.

Function Subsets: SRI , SHI , AHI, T6, TEO, L4, LEO,
RLI , PPO, DCI and DTI are implemented

Video Output: Realtime buffered output; nominal
375 mV full scale into 50 ohms.

X-Y Recorder Output: Horizontal and vertical
outputs of + 1OV full scale and pen lift command via
contact closure.

OPERATING TEMPERATURE RANGE:
+ 15to +35°C



Model478A
Specifications

POWER REQUIREMENTS:
100, 120, 220 or 240 VAC, + 5%, - 10% ;
48 to 63 Hz; 150 watts

POWER HEAD CONNECTOR
N436A: . . . . . . . . . . Type N, male
M438A. MK438A: . . Type K, male

SMA compatible.

NOMINAL DIMENSIONS
Model 478A: 7.0" (l 77.8mm) H x 17.0"

(431.8mm) Wide x 18"
(457.2mm) Long excluding
projections

Model N436A: . . . . . 1.27" (32.3 mm) dia x 3.01 "
(76.5mm) long (including RF
connector) plus 5-foot
umbilical cable assembly.

Models
M438A. MK438A: . . 1.25" (31.8 mm) dia x 2.50"

(63.5 mm) long (including RF
connector) plus 5-foot
umbilical cable assembly.

WEIGHT:
Model 478A: 39.5 Ibs. (17.9 kg)
Model N436A: 9.0 oz. (255 gm)
Models

M438A/MK438A: .. 8.7 oz. (247 gm)

POWER METER OPTIONS

Model 478AR: . . . . . 19" Rack Mount
Configuration

Option 01 : Rear Panel Power Head Input

POWER HEAD OPTIONS

Option 02: Frequency range: 100 MHz
to 18 GHz for N436A, 26.5
GHz for M438A or 40 GHz for
MK438A
Video Bandwidth: 4.7 MHz
Rise/Fall Times: 75 nsec

Option 03 : Frequency range: 500 MHz
to 18 GHz for N436A, 26.5
GHz for M438A or 40 GHz for
MK438A
Video Bandwith: 23 MHz
Rise/Fall Times: 15 nsec
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Models N445B, N446B, N425D, N426D, N427D
Integrated Thermoelectric Power Monitors

These power monitors are compact, integrated
assemblies of thermoelectric power sensors and de
amplifiers 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 (1f1W) 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 de analog signal which may
be connected to readouts in either a constant current
or constant voltage mode, directly scaleable in
milliwatts. 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-39012,
and the de and signal output connector mates with a
furnished MS3116E plug connector. Rugged
construction is featured throughout.

ACCESSORIES

TOOL KIT MODEL TK-1

The Model TK·1 contains all the special tools
necessary for field replacement of tft elements in
all GMC integrated thermoelectric power monitors.
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• Amplifier and power sensor in a single,
compact package

• 0.01 to 18 GHz frequency range
• 30 dB dynamic power range
• ± 1% accuracy
• - 55°C to + 85°C temperature range
• 0.02% F.S. (p-p) noise
• 0.005% F.S.l°C drift

Models N445B, N446B : 0.Q1 to 16 GHz

Models N425D, N426D, N427D: 0.01 to 12.4 GHz

TK-1



Models N445B, N446B, N425D, N426D, N427D
Specifications

MODEL

Frequency Range

Full Scale Ranges:

Range 1
Range 2
Range 3

Input Impedance

Max. VSWR

AccuracY')

N445B N446B

0.01 to 18 GHz

dBm mW dBm mW

+10 10 +20 100
o 1 +10 10

- 10 0.1 0 1

1.35(1
) to 10 GHz;

1.6 from 10 GHz to 18 GHz

N425D

dBm mW

+10 10
o 1

- 10 0.1

50 ohms

±1% of full scale

N426D

0.01 to 12.4 GHz

dBm mW

+20 100
+10 10

o 1

N427D

dBm mW

o 1
-10 0.1
-20 0.01

Operating Temperature Range

Zero Driftl' )

Noisel' l

Element Temperature Sensitivity

-54'C to +85'C!" -54'C to +B5' c<'I -54'C to +B5' C!" -54'C to +85'c<'I -54'C to +85'c<'I

0.005% FS.fOC 0.01% FS.I'C
0.02% FS. (p-p) 0.035% F.S. (p-p)

O.l%fOC
Field·Replaceable Elements
CW Overload Ratingl' l

Max. Pulse Energy at
+25'C (W~sec)

Max. Pulse Power at
+25°C (W)

Max. Pulse Duration at
+25'C (Jlsec)IS)

Max. dc Voltage (volts)

TL-4A
300%

5

1

5

10

TL-5
200%

30

15

2

30

TL·OB

15

3

10

TL·1B
300%

150

30

5

30

TL-2B

1.5

0.3

3
Output:

Current Mode
Voltage Mode

Power Supply Requirements
Weight

ENVIRONMENTAL RATINGS
Shock MIL·STO-202F, Method

213B, CondoB (75G,
6 msec)

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

1 rnA full scale, each range
-10 volts full scale (maximum), each range

+ 6V to + 1BV, 10 rnA, 0.1% regulation
8 oz. (2Z7 gm.)

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

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

(1) Except in the range from 0.010 to 0.015 GHz, where VSWR may rise to 15.
(2) Except in the range from 0.010 to 0.015 GHz, where VSWR may rise to 1.75.
(3) Excluding RF calibration error.
(4) On least sensitive range. Proportionately more on lower power ranges.
(5) At maximum pulse power.
(6) While the units will take overloads for short periods of time, extended periods of operation at overload levels may result in permanent change

in the element characteristics or even burnout. Maximum care should be exercised to avoid such an occurrence.
(7) Derate at 0.2 mWJOC from +600C to +85°C.
(8) Derate at 1.4 mWJOC from +500c to +850(;.
(9) Derate at 0.02mWI"C from +6O"C to +85"(;.
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Models N445B, N446B, N425D, N426D, N427D
Specifications

MS311 6E14 15S (FURNISHED)

-?
-

+ 15 VDC, 10 rnA PS

./ , 25K, 10T
<, ZERO

./ - 15 VDC, 10 rnA PS
<,

< IMA- -:p' OR- - •

<
FS _ Red ,

VOLTAGE OUTPUT-- - /'

< -

<
Least Sensitive

G 0

H < 0
Range Select

J
Most Sensitive

K

-----« A

--------« F

- - ---« B

- ----« C

-----« D

- ----« L

-----«

- ---e(

----e<

- ---«

PIN N445B,N425D N446B, N426D N427D

G +10dBm + 20 dBm OdBm

H OdBm + 10dBm -10 dBm

J -10dBm OdBm -20dBm

• When voltageoutput is used, connect resistor (Red) between
pinsCand D. Output betweenpins 0 and L will be -1 Volt per
1000 ohmsof resistance of Redwith amaximum value of - 10V
(i.e. - 10,000 ohms). Simultaneous useof voltageand current
modes is also possible.

•• Any number of 1 mA metersmay beconnected in series pro­
vided total pinsC Oloop resistancedoes not exceed 10,000 ohms.

TYPICAL SET-UP FOR OPERATION

DIMENSIONS

2.03" (51,6) A

B

Dimensions

Unit A B

N445B, 3.60" 2.60"
N446B (91,4) (66,0)

N425D, 4 .34" 3.10"
N426D, (110,2) (78,7)
N427D
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Radiation Hazard Measuring Systems
INTRODUCTION

(1) A comprehensive review of these issues is presented in "Biological Effects andMedical Applications of Electromagnetic Energy': OM P. Gandhi. Editor.
Prentice-Half, 1990.

THE RELATIONSHIP OF ELECTRIC AND
MAGNETIC FIELDS TO POWER DENSITY

An electromagnetic field has a complex time-space
relationship between its electric and magnetic com­
ponents. Although it is beyond the scope of th is
tutorial to define thi s relationship generally, it
should be useful to present the specific case of
free space electromagnetic radiation, in which the
relationship reduces to a relatively simple form.

ANSI AND NRPB STANDARDS

Among the more widely accepted safety standards
are those established by the American National
Standards Institute ("ANSI"), C95.1 -1991 , and the
National Radiological Protect ion Board ("NRPB"),
NRPB-G11, of the United Kingdom. The current
E-field safety levels contained in these standards
are shown in Fig . 1 in terms of equivalent power
density in mW/cm' . Each of the two standards
establishes different safety limits for the general
public and industrial environments. Of particular
significance is the 10 to 300 MHz frequency range,
where the limits are most stringent, especially for
the general public, and are set to an equivalent
power density of 0.2 mW/cm' . At higher frequen­
cies, the limits are as high as 10 mW/cm' , whereas
at frequencies below 3 MHz, the limits are set to
100 mW/cm'.

For general applications, a radiation meter should
operate over a frequency bandwidth of many
decades and be capable of measu ring power densi­
ty levels from below 0.2 mW/cm' to above 100
mW/cm' . General Microwave produces a series of
broadband Radiation Hazard Meters, a number of
which span more than five decades of frequency
with 40 dB dynamic range. Other products are
designed for narrower ranges of operation to suit
specific applications more economically.

In most cases, to fully characterize electromagnetic
energy at lower frequencies l.e, below 1 GHz, both
E-field and H-field components need to be known.
Some standards below 300 MHz, have a separate
safety level for each field component. In such
instances, the E-field safety levels are the more
stringent of the two. Thus measuring E-field alone is
usually sufficient to determine if a safe radiation level
is present. However, there may exist conditions,
particularly in the proximity of large metal surfaces,
or within conducting coils, where the propagating
electromagnetic energy is stored predominantly in
the H-field.

General Microwave RAHAMTMRadiation Hazard
Meters detect and measure potentially hazardous
non-ionizing electromagnetic energy radiating from rf
and microwave sources. They are designed to monitor
a wide variety of systems - military, industrial and
commercial - which may expose personnel to such
conditions. Typical of these are microwave ovens,
medical equipment, radar installations, microwave
heaters and dryers, communication systems, and
electronic warfare systems.

This tutorial provides introductory material to
personnel with a working knowledge of elementary
electromagnetic theory. It contains an interpretation of
safety standards, reviews the meaning of different
units of measurement and outlines the design
concepts used in General Microwave instruments.

The determination of a safe electromagnetic radiation
level is a complex matter. During the past two
decades a number of U.S. and foreign governmental
and independent standardization committees have
promulgated such standards. Their diversity refiects
the complex nature of the problems involved. In
establishing safety levels, consideration must be
given to a large number of physical and biological
factors, including frequency of radiation , ratio of
energies stored in the local electric and magnetic
fie lds, polarization, relat ive location of grounded
surfaces, modulation characteristics of the field as
well as the exposure t ime. These efforts to establish
appropriate safety levels have spurred a whole field of
analytical tools and biological studies.'

The three common units of measurement for
characterizing electromagnetic energy are power
density in mW/cm' , electric field (" E-field") in Vim and
magnetic field (" H-fie ld") in Aim. At sufficiently large
distances from the source of radiation, the E-field and
H-field components have a fixed mathematical
relationship. Thus, the measurement of anyone of
these units in free space is sufficient to determine the
radiation level and derive the other two. At frequencies
nominally above 1 GHz, most radiation fields are of
thi s character, known as the free space condition.
The free space relationships are given in the
following table:

TABLE 1

To convert:
power density P in mW/cm' to electric
field E in Vim: E=61.4v'P
power density P in mW/cm' to
magnetic field H in Aim: H=0.163v' P

I. _ _ _ _ ______________________ _ ---.J
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Radiation Hazard Measuring Systems

-"","'''ll Frequency/Dynamic
Range

E-Field Standard
--9- ANSI - Public ..... ANSI - Indust ry

A- NRPB - Public ~ NRPB - Indust ry

Fig. 1-1991 ANSI (U.S.) and 1988 NRPB (U.K.) E·Field Safety Standards

The E-field and H-fieid vectors of a radiated elec­
tromagnetic wave in free space are perpend icular
with respect to each other in a plane transverse to
the direction of propagation, as illustrated in Fig. 2.

At any given lime, the magnitudes of both field
components vary sinusoidally along the direction of
propagation, with a periodicity corresponding to the
wavelength A, and are spatially invariant in the
transverse direct ion. Conversely, at a fixed position,
the amplitudes of the fie ld components vary
sinusoidally at the rate of the transmitting frequen­
cy f. The frequency f and the wavelength A are
related via the free space velocity Co of the pro­
pagating wave by

Co = AcmfGHz = 30cm/nsec

,.- W/I.VH ENGTH A - ~

All RAHAM instruments include a display calibrated
in units of incident power density. Historically, this
has been the most common method of def ining
potentially hazardous fields. However, RAHAM
probes do not measure this quantity directly, but
rather are designed to measure the magnitude of
the electric field and display the result in equivalent
incident power density using the free space
relationship described above. The E-field measure­
ment is preferred to an H-field measurement since
it permits the realizat ion of products with broader
frequency and dynamic ranges.

The magn itudes of the field components are related
through the free space impedance Z,p

I E I
Z'P= IH I=120 n

In general, the incident power density is derived by
integrating the magnitude of the E-field and H-field
vector product over a unit area in the transverse
plane. In the free space case, the magnitude of the
field components can be directly related to the inci­
dent power density P", by

JJ lEI' ,P,", = IEx H I dS = = IHI Z"
uansverse Z SP

plane

UNlTr: AR EA

-H-fDe.:I.:;R'.,cTl 0 N OF

PROPAGATI ON

SPEED QF PROPA GATIO N- -c= 30 ern/u see

I I•

TRAN SVERSE
DIRECTIO N[ - FIELD

Fig . 2·E- and H-Fie/d Relationships of an Electromagnetic
Wave in Free Space
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Radiation Hazard Measuring Systems
The relative significance of the E-field and H·field
as a biological hazard has been extensively studied
by many workers in the field. There is still con­
siderabie on-going research and investigation of
biological response to non-ionizing radiation ex­
posure. For further information, the reader can con­
sult the reference cited above as well as many
other sources .

SENSOR DESIGN
General Microwave radiation meters employ electric
field sensors, made of narrow conductive or resistive
strips. Conceptually, their theory of operation can
be analyzed by the " short dipole" method or " long
resistive strip" method, respectively. These are
illustrated in Fig . 3.

The former method, Fig. 3a, is employed at Ire­
quencies whose wavelength A is much greater than
the dipole length L. The key characteristic of this
method is that the magnitude of the induced cur­
rent has a triangular distribution along the dipole.
The peak current at the center of the dipole is
proportional to the frequency, w, of the elec­
tromagnetic signal. Since the phase of the E-field
lags the phase of the induced current by 90 0

, there
is, nominally, no absorbed energy by the dipole. In­
stead some of the incident energy is reflected
through the displacement current, whose distribu­
tion is complementary to that of the induced cur­
rent. RAHAM sensors of this type are designed to
reflect less than 5% of the incident power within
the capture area of the dipole (:::L' ). As long as the
dc resistance of the short dipole is lower then the
associated antenna reactance, the induced current
distribution is not affected. (A resistive strip that
meets this criterion wi ll also operate in this mode.)

The " long resistive strip" method, Fig. 3b, used at
frequencies where the strip length L is comparable
to or greater than the wavelength A, is characterized
by a virtually uniform distribution of the magnitude
of the induced current along the length of the strip.
This current is in phase with the E·field and conse­
quenly dissipates some energy along its length. All
RAHAM resistive strip sensors have been designed
to absorb about 5% of the incident power within
their capture area.

General Microwave has pioneered the resistive strip
antenna design. Additional details of this design
can be found in papers published by Hopfer' and
Hopfer and Adler".

DETECTION PROCESS
One important requ irement of a sensor design is that

it must minimally perturb the measured rf field. For
this reason the sensor is usually separated from the
instrumentation and connected via high resistance
feed lines. Because the rf currents cannot travel along
such feed lines efficiently, the induced current is con­
fined to the sensor where it is converted to a dc
voltage. General Microwave employs either a thermo­
couple array or a Schottky diode as detecting
elements. These are illustrated in Fig. 4.

The thermocouple array, shown in Fig. 4a, is
comprised of alternate thin fi lm segments of
thermoelectrically dissimilar metals, forming a long
resistive strip. The thin film array is mounted between
a pair of thermally conductive dielectric wafers to
enhance the detector sensitivity. As a result of the
power dissipated by the induced rf current, a thermal
gradient arises across each thermocouple junction .
By keeping the temperature ( '" ' ferential small , the
detector acts as a true rms device, thus producing a
dc output voltage directly proportional to the rms
value of the induced current which in turn is
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Fig. 3·Modes of Operations Used in RAHAM Probes

(2) " The Design of Broad-Band Resistive Radiation Probes'; S. Hopfer; Nov. 1972 /EEE tmns IM-21, pp 416-421.

(3) ':4n Ultra Broad-Band (200 KHz·26 GHz) High·Sensitivity Probe'; S. Hopfer and D. Adler; Dec. 1980 IEEE Trans. Vo11M-29, pp 445-451.

To obtain a copy of these papers, please write to Depr. C, General Microwave Corporation, 5500 New Horizons Blvd., Amityville, NY 11701.
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LINEARITY ISSUES
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Fig. a-oetecuon Schemes Used in RAHAM Probes

Useful dynamic range is limited by linearity errors
inherent in the detection process. The thermocouple
array displays a near-intrinsic square-law response up
to its burnout level. In addition, because of its
relatively slow response time, it is insensitive to
modulation including very low duty cycle signals such
as are found in many radar systems. Unfortunately, it
is limited in sensitivity and for practical purposes
cannot be operated at frequencies below 300 MHz.

Schottky diodes exhibit a significantiy more limited
square-law range and may give rise to substantial
errors when measuring fields with a low duty cycle.
RAHAM probes using Schottky diodes have been
designed to allow a maximum of 1 dB linearity error in
cw fields. However, in those cases where the
measured field is modulated, the rnaqnitude of this
error may increase considerably giving rise to an
indicated power density lower than the actual value.

LOW AND HIGH THER MOELECT RIC CONSTANTS

(0) THIN FIL M THERMOELECTR IC ARR AY

Ie
•Cs

DETECTED
VOLTAGE

( b ) SCHOTTK Y DIODE WITH SHUNT CAPAC ITANCE

~""Ic

c, Rs

proportional to the incident power density. This
scheme is applicable above 300 MHz and is used in
RAHAM probe Models 81 , 83, 91 and 93.
Models 82, 87, 92 and 97 use the short dipole method
of Fig. 3a. To compensate for the frequency
dependence of the induced current, a sufficiently
large capacitance C, is inserted at the dipole center,
parallel to the high impedance Schottky diode,
illustrated in Fig. 4b. Since the reactance across C, is
inversely proportional to w, the resulting rf voltage
across the diode remains constant. By keeping this rf
voltage within the square law range of the Schottky
diode, a frequency independent dc voltage
proportional to I E 12 is generated. Th is scheme
is useful only up to about 3 GHz.
Models 84, 94 and 95 employ a similar scheme,
except a resistance R, is added in series with
capacitance C, in the shunt network as seen in
Fig. 4c. The addition of the resistance R, provides
a frequency independent rf voltage at higher
frequencies, which is limited only by the parasitic
inductance and capacitance associated with the
detection circuit at high frequencies.

DIRECTIONAL RESPONSE
In a typical environment, information about the
polarization of the electric field is usually not
available. In an orthogonal x-y-z- system, the
magnitude of the electric fie ld E is related to its th ree
axial components E" Eyand E, by

1 E 1
2

= I EJ + 1 Ey1
2 + I E,12

An isotropic probe design empioyes a set of three
sensors arranged in an orthogonal x-y-z configuration.
Since each sensor produces a dc voltage proportionai
to the square of the magnitude of the projected
component, the sum of all three voltages resu lts in an
output proportional to 1E 1

2 and, therefore, to the
power density, P;"", regardless of the probe
orientation. All RAHAM probes employ this isotropic
arrangement except Models 81, 82, 91 and 92.
In those applications where the direction of
propagation is known, an orthogonal arrangement of
two sensors is sufficient to measure the field, as long
as the E-field is polarized in the plane of the sensors.
This is the design approach used in the anisotropic
Models 81, 82, 91 and 92.

Other factors may affect the directional response of a
multi-sensor probe, such as scattering due to the
sensors, the dc summing network, feed lines, the
mechanical arrangement housing the probe assembly
and linearity errors. In practice, the summing network,
feed line and housing are the most demanding
aspects of an effective probe design.
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Radiation Hazard Measuring Systems

(4) The dynamic range shown is from the maximum rated operating power to 10% of full sea/eot the most sensitive range.

FREQUENCY AND DYNAMIC RANGE

Both the frequency and dynamic range of broadband
RAHAM probes produced by General Microwave
make them suitable for a number of applications.
Some may require the measurement of high power
fields over a narrow frequency range, while in other
cases broad frequency range at low power level must
be monitored. To compare the capabilities of various
RAHAM probes to the most widely used safety
standards, the frequency and dynam ic ranges' of
each model are superimposed on the ANSI and
NRPB safety limit curves in Fig. 1.

The isotropic Models 83 and 93 and anisotropic
Models 81 and 91 , provide coverage from 300 MHz up
to 18 GHz from 0.2 to 200 mW/cm2• These models are
specifically suitable for low duty cycle fields and
environments with multiple sources such as
communication systems and electronic warfare
systems.

The anisotropic Models 82 and 92 are low cost units
covering 10 MHz to 3 GHz, which covers a number of
common applications such as medical equipment,
microwave heaters and dryers as well as microwave
ovens. In all these instances the source of the
radiation is known; thus the anisotropic design is
adequate.

Isotropic Models 84 and 94 cover over 17 octaves in
frequency range and are capable of measuring fields
as low as 0.002 mW/cm2• They are suitable for general
surveillance, safety verificat ion of general public and
industrial sites as well as measurement of low level
interference fields. Due to their high sensitivity, they
may also be suitable for EMI and EMC applications.

Model 95 is simi lar to Model 94, except its maximum
power range is extended 10 dB and its sensitivity is
reduced by 10 dB. The high level 200 mW/cm2 range
suits th is model for stronger fie ld applications that
may exist at industrial and military sites. As seen in
Fig . 1, this product is capable of measurements within
all ANSI and NRPB safety levels over its 200 KHz to
40 GHz frequency range.

Models 87 and 97 are low frequency, low cost versions
of Models 84 and 94 respectively. Their upper
frequency is limited to 1.2 GHz.

INSTRUMENTATION
All General Microwave RAHAMs consist of a power
density meter, one or more probes, an extension
cable, and a carrying case, and all are portable and
battery operated. The probe output is applied to a
high gain, low noise, solid-state amplifier which is

packaged in an instrument case with a self-contained
meter calibrated to read power density directl y.

In normal operation, the user has the option of
mounting the probe directly on the power density
meter or interconnecting the probe and meter with the
extension cable. While the directly connected probe
offers convenient one-hand operation, the extension
cable allows the operator greate r flex ibility in probing
for radiation fields in awkward or less accessib le
locations. It also permits him to more readily shield
himself in potentially hazardous radiation fields.

Models 1, 2, 3, and 12 util ize Meter 481B and Probes
81A, 82 and 83A. Models 4C and 7 util ize Meter 484
and Probes 84C and 87.

The RAHAM Models 10, 20, 30, 40, 50 and 70
comprise the latest line of Radiation Hazard
Measuring Systems. These units employ a new and
more versatile instrument, the Model 495, which is
capable of util izing both isotropic and anisotropic
probes over a wide dynamic range. All of these
systems are supplied with a battery charger and a
carrying case.

PERSONAL DOSIMETERS

The most recent addition to the radiation hazard
meter product line of General Microwave is a series of
battery-powered pocket size personal dosimeters, the
Models 60, 65-1 and 65-5 RF Badges. These units,
which are intended to be carried in a shirt or jacket
pocket or clipped to one's clothes or belt, continuously
monitor the area in which the user works and produce
an audible and visual alarm whenever the electro­
magn etic field exceeds a preset level.

The rf detector, which is the same in all three models
of the RF Badge, consists of an orthogonal pair of
thermocouple arrays simi lar to those used in the
isotropic Models 83 and 93. Anisotropy is limited to
E-fields with a component normal to the broad face of
the instruments, and should normally not prove to be
a limitation, especially if the user is in motion. The
instrumentation is housed within the assembly and is
well shielded to minimize interaction with the rf
detectors.

The Model 65 on ly provides an alarm level which is
factory preset to 1 mW/cm2 and 5 mW/cm2 for the
Model 65·1 and 65·5 respectively. The Model 60 not
only permits the user to set the alarm to any level
within the operating range of the instrument, but it
also provides a di rect readout of either instantaneous
power density or the power density averaged over the
preceding six minutes. All RF Badge models employ
continuous built-in self testing to warn the user of an
equipment malfunction.
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Radiation Hazard Measuring Systems
Selection Guide

RF BADGE: PERSONAL DOSIMETERS

MODEL FREQUENCY RANGE POWER RANGE
RESPONSEmW/cm2

60 1-18 GHz 0.1 to 20 Directional

65-1 1-18 GHz 1 Directional

65-5 1-18 GHz 5 Directional

HIGH PERFORMANCE MODELS

• Ultra-broad frequency range
• Instantaneous and 6 minute average measurements
• Hazard level alarms
• One hand operation
• Low weight, small size
• Batterylline operation

PAGE
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MODEL FREQUENCY RANGE POWER RANGE
RESPONSE PAGEmW/cm2

10 300 MHz - 18GHz 0.2 to 200 Directional

20 10 MHz - 3GHz 0.2 to 200 Directional

30 300 MHz - 18GHz 0.2 to 200 Isotropic

40 200 kHz - 40GHz 0.002 to 20 Isotropic
187

50 200 kHz - 40GHz 0.02 to 200 Isotropic

70 200 kHz - 1.2 GHz 0.002 to 20 Isotropic

ECONOMY MODELS

• Broad frequency range
• Instantaneous measurements
• Wide dynamic range: 40 dB
• One hand operation
• Small size, rugged construction
• Battery operated

MODEL FREQUENCY RANGE POWER RANGE
RESPONSE PAGE

mW/cm2

1 300 MHz - 18GHz 0.2 to 200 Directional

2 10 MHz - 3GHz 0.2 to 200 Directional

3 300 MHz - 18GHz 0.2 to 200 Isotropic

4C 200 kHz - 26GHz 0.002 to 20 Isotropic
190

7 200 kHz - 1.2 GHz 0.002 to 20 Isotropic

12 10 MHz - 18GHz 0.2 to 200 Directional
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Model 60 And Model 65
RF/Microwave Radiation Badges

MODEL 60

MODEL 65

The Model 60 and Model 65 RF Badges are battery
operated instruments, which instantaneously detect,
measure and warn the wearer of exposure to poten­
tially hazardous microwave radiation levels.

Coverage is continuous from 1 to 18 GHz. The units
feature built-in circuitry which runs a self-diagnostic
test everytime they are switched on. And , they con­
tinually self-test to maintain reliable performance. The
Badges are false alarm-free, regardless of the power
level set.

Both models are equipped with high intensity LED in­
dicators and audible alarms which turn on, latch , and
continue flashing and sounding to warn of excessive
radiation. All units are furnished with an earplug for
use in a high noise environment.

They are intended for use by personnei working at
installations purposefully broadcasting or capable of
accidentally leaking hazardous levels of
RF!Microwave radiation.

MODEL 60: USER ADJUSTABLE
The Model 60 enables the user to set the alarm warn­
ing level anywhere in the range from 0.2-20 mW!cm'.
In addition, the user can choose either of two
measurement modes: instantaneous exposure level
or a 6-minute average measurement. Both modes are
displayed on a 3-digit LCD panel along with a
10-segment bar graph normalized to the selected
alarm level.

MODEL 65: FACTORY PRESET
The Model 65 is available in two versions differing
only in their factory-preset warning levels:

Model 65-1 1 mW!cm'
Model 65-5 5 mW!cm'

TYPICAL APPLICATIONS:
• Radar Sites . Microwave Communications Towers
• Satellite Earth Terminal Uplinks. Airborne!
Shipborne!Ground-Based Installations with High
Power Microwave Systems.

Hands-free
~ operation_.

Furnished with ear plug
so you can hear alarm
in noisy environments.

Continuous
coverage

from 1-18 GHz.
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Rugged, J

drip-proof construction
for outdoor use.

,



Model 60 And Model 65
RF/Microwave Radiation Badges

• Light flashes when alarm level is exceeded
• Flash rate varies with intensity of exposure
• LCD display

• Indicates level to 20 mW/cm'
• Flashes when alarm level is exceeded
• Signals low battery
• Signals instrument fault

• Bar graph constantly indicates exposure as a
percent of preset alarm level

• Beeps when alarm level is exceeded
• Beep rate varies with intensity of exposure
• Beeps to indicate low battery
• Continuous signal indicates instrument fault

Audible
Signals

Measurement
Modes

Alarm
Levels

Visual
Displays

Built-In • Automatically self-tests when switched on
Test Functions • Signals whenever battery is low

• Signals whenever instrument is faulty

• Instantaneous exposure level
• 6-minute average exposure level

• User adjustable from 0.2 mW/cm' to 20 mW/cm'

MODEL 60

• Two factory preset models
• 1 mW/cm (Model 65-1)
• 5 mW/cm' (Model 65-5)

• Light flashes when alarm level is exceeded
• Flash rate varies with intensity of exposure
• Flashes to indicate low battery
• Continuous light indicates instrument fault

• Beeps when alarm level is exceeded
• Beep rate varies with intensity of exposure
• Beeps to indicate low battery
• Continuous signal indicates instrument fault

Audible
Signals

Visual
Displays

Built-In • Automatically self-tests when switched on
Test Functions • Signals whenever battery is low

• Signals whenever instrument is faulty

• Instantaneous exposure levelMeasurement
Mode

A larm
Levels

MODEL 65

Model 60 Display Features

POWER DENSITY

SIGNALS
INSTRUMENT
FAULT

SIGNALS
LOWBATIERY

M
CEEDED

ENT LARM BAT FAI

'NST o nom~
AVG 0.0'-', em'
01. 111..... .1...,I . ~

VEL
,

WARNING
LIGHT

MEASUREM
MODE
INDICATOR

FLASHES
WHEN ALAR
LEVEL IS EX

BAR GRAPH
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Model 60 and Model 65
Specifications

MODEL 60 SPECIFICATION
FREQUENCY RANGE: 1-18 GHz
POWER DENSITY RANGE: 0.01 to 20 mW/cm'
ALARM ACCURACy: ± 1.5 dB
HALF POWER BEAM WIDTH:

Horizontally Polarized 900

Vertically Polarized . .. . .. .. . 1800

RF DETEClDR: True RMS
AVERAGE POWER
OVERLOAD: 0.5W/cm'
PEAK POWER OVERLOAD: 30W/cm'
PULSE ENERGY
DENSITY OVERLOAD: 150W-~seclcm'

POWER DENSITY
INDICATORS: a) 3 digit LCD

b) BarGraph
MEASUREMENT MODES: . .. . aj Instantaneous Pwr Density

b) 6 Minute Average Power
Density

BAR GRAPH DiSPLAy: Percent of Set Alarm Level
ALARM LEVEL SETIING: 0.2 to 20 mW/cm'
ALARM SIGNALS: a) Flashing LCD Indicator

b) Flashing LED
c) Audible Beep

BUILT IN TEST: Continuous
BULT IN TEST FUNCTIONS: a) Detector Fault

b) Low Battery
TEMPERATURE RANGE:

Operating . . . . . . . . . . . . . . . . _lO°C to +50°C
Non-Operating . . . . . . . . . . .. - 4OOC to +65°C

BATIERY:
Type . . . . . . . . . . . . . . . . . . .. Dl2450B, Lithium
Life . . . . . . . . . . . . . . . . . . . .. 1000 hours

SIZE: inches 2.40 x 3.75 x 1.00
mm 61,0 x 95,3 x 25,4

WEIGHT: oz 6
gm . . . . . . . . . . . . . .. 170

ACCESSORIES: 1) Earphone
2) Carrying Case

DIMENSIONS

MODEL 65 SPECIFICATION
FREQUENCY RANGE: 1-18 GHz

ALARM LEVEL:
Model 65-1 1 mW/cm'
Model 65-5 5 mW/cm'

ALARM ACCURACy: ± 1.5 dB

HALF POWER BEAM WIDTH:
Horizontally Polarized 900
Vertically Polarized 1800

RF DETEClDR: True RMS

AVERAGE POWER
OVERLOAD: 0.5 W/cm'

PEAK POWER OVERLOAD: 30 W/cm'

PULSE ENERGY
DENSITY OVERLOAD: 150 W-~sec/cm'

ALARM SiGNALS: a) Flashing LED
b) Audible Beep

BUILT IN TEST: Continuous

BUILT IN TEST
FUNCTIONS: . . . . . . . . . . . . . . . . .. a) Detector Fault

b) Low Batlery

TEMPERATURE RANGE:
Operating -looC to +50°C
Non-Operating . . . . . . . . . . . . . . .. - 4OOC to +65°C

BATIERY (2 ea.)
Type DL2032B, Lithium
Life . . . . . . . . . . . . . . . . . . . . . . .. 1000 hours

SIZE: inches 2.40 x 3.75 x 1.00
mm . . . . . . . . . . . . . . . . . . . .. 61,0 x 95,3 x 25,4

WEIGHT: oz 6
gm 170

ACCESSORIES: . . . . . . . . . . . . . . .. 1) Earphone
2) Carrying Case

o
3.75

(95,3)

w.J!c\;:J 0 MODEL 60

2.40
(61,0)
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Models 10, 20, 30, 40, 50, 70
High Performance RAHAM®
Radiation Hazard Meters

• Ultra-broad frequency range in
a single probe: 200 kHz-40 GHz

• Wide dynamic range: 40 dB
• One hand operation
• Low weight: 2.1 Ibs. (meter

and probe)

The RAHAM Models 10, 20, 30, 40, 50 and 70
comprise the latest line of Radiation Hazard
Measuring Systems. These systems consist of a
probe. a power density meter. and an extension
cable. They are portable, battery operated
instruments that detect and measure potentially
hazardous electromagnetic radiation from rf and
microwave sources. These units employ a new
and more versatile power density meter, the
Model 495, which is capable of utilizing both
isotropic and anisotropic probes over a wide
dynamic range.

All RAHAM systems are supplied with a battery
charger and a carrying case.

In addition, an optional portable test source,
Model 309. is available for use with all of these
units (except Model 70) .

-
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Models 10, 20, 30, 40, 50, 70
High Performance RAHAM@
Radiation Hazard Meters

POWER DENSITY METER, MODEL 495
The Model 495 has a six minute power density
averaging function which automatically computes
and displays the average exposure measurement
over the six minute period required by safety
standards. In addition, it has built-in local and
remote alarms, a peak hold mode, probe
calibration factor control, normal and slow meter
response control and a recorder output for remote
measurements.

The following is a brief description of
instrument functions:
• Three operational modes

NORMAL - for direct reading of power density
PEAK - for recording the maximum power
density
AVERAGE - for automatically computing and
displaying the average power density over a six
minute period. This value is updated every
90 seconds.

• Range
40 dB with the Models 40, 50 or 70
30 dB with the Models 10, 20 or 30

• Built-in alarm system alerts operator when
power density exceeds the selected level
LOCAL - Audible alarm
REMOTE - Logic state signal change

• Cal. Factor control
When the frequency of the radiating source is
known, setting this control corrects for the
frequency response of the probe.

• Response t ime control
When the rf field is changing, this control
provides improved readability by adjusting the
instrument bandwidth.
NORMAL - 1.5 seconds
SLOW - 3 seconds

• Power source
PORTABLE - operates for 50 hours on
rechargeable batteries. The battery condition is
conveniently checked on the front panel meter.
STATIONARY - can be operated using
115/230 VAC. Instrument may be operated
continuously on the battery charger.

• Push To Zero
Zeroing the meter on the most sensitive range
assures a zero for all ranges.

• Recorder output
Provides a 100mV full scale signal for chart
recording or for interfacing with a digital
voltmeter.
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ISOTROPIC AND ANISOTROPIC PROBES,
MODELS 91,92,93,94,95 AND 97
Depending on which probe is utilized with the Model
495 Power Density Meter, the radiation hazard
measuring system can provide isotropic or anisotropic
response, up to 40 dB dynamic range, over a 200 kHz
to 40 GHz frequency range. The probes are color
coordinated with the meter range selector switch to
indicate applicable measurement range. Each probe is
calibrated over its frequency range and a frequency
response profile is supplied with the unit.

RAHAM POWER
DENSITY PROBESYSTEM METER

Model 10: 0.3 to 18 GHz
0.2 to 200 mW/cm2 Model 495 Model9t
anisotropic response

Model 20:0.01 to 3GHz
0.2 to 200 mW/cm 2 Model 495 Model 92
anisotropic response

Model 30: 0.3 to 18 GHz
0.2 to200 mW/cm' Model 495 Model 93
isotropic response

Model 40: 200 kHz to40GHz
0.002 to 20 mW/cm' Model 495 Model 94isotropic response,
Ultra Broadband. High Sensitivity

Model SO: 200 kHz to 40 GHz
0.02 to 200 mWlcm' Model 495 Modet 95isotropic response
Ultra Broadband, High Power

Model 70: 200 kHzto 1.2 GHz
0.002 to 20 mWlcm' Model 495 Model 97isotropic response
Broadband, High Sensitivity

MODEL 309 RAHAM TEST SOURCE
The Model 309 RAHAM Test Source provides a
convenient means for verifying the operational
performance of a RAHAM system. The Model 309
is portable, battery operated and can be
conveniently housed within the RAHAM
carrying case.'
The RAHAM Test source generates an X-band
field (approximately ~

10.5 GHz) within a
resonant chamber. At
the probe location, an
equivalent power
density of 1 mWICM'
is established.
•Models 10. 20, 30. 40 and 50 only.



Models 10, 20, 30, 40, 50, 70
Specifications

CHARACTERISTIC
FREQUENCY RANGE

POWER DENSITY RANGE

METER MODEL

FULL SCALE READING

MODEL 10
0.31018 GHz

MODEL 20
0.01 (03 GHz

30dB

495

2,20,200
rnWlcm2

MODEL 30
0.3 to 18 GHz

MODEL40
200 kHz 10 40 GHz

0.02D.2,2,2O
mWfcrnZ

MODEL 50
200 kHz 10 40 GHz

40dB

495

0.2,2,20,200
mWJcrrt2

MODEL 70
200 kHz to 1.2 GHz

OD2D.2.2,2O
mWlcm2

FREQUENCY SENSITIVITY
t25dB, 1 to 18GHz

- l IO- a dS,
O~ to 1GHz

t1.25 dB,
0.01 to 1.2 GHz
+2MB, -0 ea
1.2 to 3.0 GHz

t 1MB, 110 18 GHz
tOto - 3dB,
0.3 to 1GHz

±1.5dB, 200 kHz 10 26 GHz
+210 - 2dB,200 kHz 10 40 GHz

±ldB,3to300MHz
t2dB,

200 kHz to 1.2 GHz

PROBE MODEL 91 92 93 94 95

CALIBRATION
ACCURACY

CALIBRATION
FREQUENCIESl11

AVERAGE POWER
OVERLOAD'"

PEAK POWER
OVERLOAD<"

PULSE ENERGY
DENSITY OVERLOAD'"

0.3, 1.2, 2.4~ 3~
a 12, 18 GHz

0.01, 0.027,0.1 ,ca
1.2, 2.~ 3GHz

lWfcfTll2l

l5OW·psecJcm(2)

0.3 1.2, 2.4~ 3B,
a 12, 18 GHz

tOMB

0.2, 2, 27, 100, 300 MHz
1.2, 2.45,aa a 12, 1~ 20, 33 40 GHz

lWIem<'l

lDOWIem<"

.2, 2, 27, 100, 300 MHz
102GHz

POLARIZATION

ELLIPTICITY'"

ISOTROPY

ANISOTROPIC

to.75 dB

I ISOTROPIC
t o.S dB(4)

RESPONSEvaries ±1.0 dBmaximum for energy incident from any direction
except fromlthrough the handle.

NOISE (max)
MOST SENSITIVE
RANGE

RESPONSE TIME
(Nomln.I)
Normal:
Slow:

CAL FACTOR RANGE

l %p·P

1.5 Seconds
3Seconds

0.5 to 2.0

3%P·P 1%P.P 3%P·P

POWER DENSITY
AVERAGE

PEAK HOLD

ALARM

RECORDER OUTPUT

BATTERYIlINE
OPERATION

OPERATING
TEMPERATURE RANGE

SIZE:
POWER DENSITY METER
EACH PROBE
CABLE ASSEMBLY
CARRYING CASE
MODEL309

WEIGHT (APPROX)
METER &PROBE
CARRYING CASE &
ACCESSORIES

MODEL 309

MeIer indicates the power densityas averaged over a6minute interval. Thereading is updated at a90 second rate.

Meter indicates peak value of measured power density until manually reset.

Audible alarm sounds and remote alarm operates when meter reading exceeds alarm preset level.

0.100 volts fu ll scale into minimum resistance of100K ohms.

50 hours on built in rechargeable batteries.Operates from 1151230 VAC with supplied charger/adaptor.
Battery status checked on meter.

OOC 10 t550C

6" x4.75" x6.75" (152 x 121 x171mm)
14~ long x 2.75~ max. eta, (355x70mmJ

4' long (1.22m)
15.5 ~ x 12.25 ~ x6. 25~ (394x311 x159mm)

6.1" x3.4" x3.2" (155 x86 x81mm)

2.1 Ibs (ID kg)

8.0 Ibs (3.6 kg)

1.3 Ib' (0.6 kg)

(1) Special Calibration Frequencies Available Upon Request
(2) At 25°C
(3) Maximum change in sensitivity due to rotation about an axis through the handfe
(4) For models 40 and 50, above 18 GHz, ellipticity may rise to ± 0.75 dB

III
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Models 1, 2, 3, 4C, 7 and 12
RAHAM@Radiation Hazard Meters

General Microwave RAHAM Radiation Hazard
Meters detect and measure potentially hazardous
electromagnetic energy radiating from RF and
microwave sources. They are designed to monitor
a wide variety of systems-military, industrial and
commercial-which may expose personnel to
such conditions. Typical of these are microwave
ovens, medical equipment, radar installations,
microwave heaters and dryers, communication
systems, and electronic warfare systems.

All General Microwave RAHAMs consist of a
power density meter, one or more probes, an
extension cable, and a carrying case, and all are
portable and battery operated.

The probe output is applied to a battery powered,
high gain, low noise, solid-state amplifier. The
amplifier is packaged in an instrument case with a
self-contained meter which is calibrated to read
power density directly.

In normal operation, the user has the option of
mounting the proble directly on the power density
meter or interconnecting the probe and meter with
the extension cable. While the directly connected
probe offers convenient one-hand operation, the
extension cable allows the operator greater
flexibility in probing for radiation fields in awkward
or less accessible locations. It also permits him to
shield himself in potentially hazardous radiation
fields.

Models 1, 2, 3 and 12 utilize Meter 4818 and
Probes 81A, 82 and 83A.

Models 4C and 7 utilize Meter 484 and Probes
84C and 87.

In addition, an optional portable test source,
Model 309, is available for use with all of these
units (except Model 7).
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Models 1, 2, 3, 4C, 7 and 12
Specifications

CHARACTERISTIC MODEL 1 MODEL 2 MODEL 12 MODEL 3 MODEL4C MODEL 7

FREQUENCY RANGE 031018GHz 0.Q110 3GHz O.o110 18GHz 03 1018GHz 200 kHz 10 26 GHz 200 kHz10 1.2 GHz

POWER DENSITY RANGE JOdB 40 dB

METER MODEL 481B 484

FULL SCALE READING 2. 20, 200 mWJcm2 0.02,0.2,2,20 mW/cm'

i 25 dB, 110 18 GHz
±1.2Sea 0.01103 GHz

i 15 dB, 110 18GHz0.0110 1.2 GHz. (same a582) ±1.Sdb
ildB,3103OOMHz

- 1to -sea +010 - 3 dB. i2dB,FREQUENCY SENSITIVITY +25dB, - 0dB, 0.31018 GHz 200 kHz 10 26GHz
0.310 1GHz 0310 I GHz 200 kHz to 1.2 GHz1.2103.0GHz (sameas 81A)

PROBE MODEL

CALIBRATION
ACCURACY

81A 82 81A&82

i05 dB

84C

CALIBRATION
FREQUENCIES'"

AVERAGE POWER
OVERLOAD'"

03, 1.2, 2.4S,31\
B, 12. 18GHz

0.Q1 ,0.027,0.1. 0.3,
1.2, 2.4~ 3GHz

lWfcfTll2)

O.OI,O.027,O.I ,o.a
1.2, 2,4~ 30,3.8,

B, 12, 18 GHz

81A-o.5WlcmC21

82-1W/cml"

oa 1.2,2,4S,3B,
B, 12, 18 GHz

0.5W/cml21

0.2, 2, 27,
100,300 MHz .2,2,27, 100,300 MHz
1.2. 2.4~ 3.8, 1.2 GHz

B, 12. 18, 26 GHz

lWlcml2)

PEAK POWER
OVERLOAD(2)

PULSE ENERGY
DENSITY OVERLOAD'"

POLARIZATION

JOWlcmC21

ANISOTROPIC

l00wlcmC21

ISOTROPIC

ELlIPTlCITYl31

ISOTROPY

NOISE (max)
MOST SENSITIVE
RANGE

i 07SdB i05dB

I%P-P

same as 81A
same as 82

RESPONSEvaries ± 1.0dBmaximumfor energy incidenllrom
anydirection except fromlthrough the handle.

3%P-P

RESPONSE TIME
(Nominal)

BATTERY
OPERATION

SOO Hours
expendable

15 SECONDS

900 HOUfS

expendable

RECORDER
OUTPUT

OPERATING
TEMPERATURE RANGE

SIZE:
POWER DENSITY METER
EACH PROBE
CABLE ASSEMBLY
CARRY CASE

WEIGHT (APPROX)
METER & PROBE
PWS
CARRYING CASE &
ACCESSORIES

0.124 volt fuU scale into a minimumresistance of 100 K ohms

O'C 10SS'C

2.50- x1.63- x6.38- (64 x41 x162mm)
14.()(r max lengthx2.75- max diameter (356 x70mm)

4' long (1 .22m)
IS5" x12.2S" x4.7S"I394x311 x12Omm)

1.1 lbs(05 kg)

S.4 Ib,(2.4Skg)

(1) Special Calibration Frequencies Available Upon Request
(2) At 25°C
(3) Maximum change in sensitivity due to rotation about an axis through the handle
(4) For Model 4C, above 18 GHz, ellipticity may rise to ± 0.75 dB
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Domestic Sales Representatives
1. Saber Associates 9. Saber Associates 17. Herb Bass Associates

PO Box 5990 PO Box 826 2406 Wood Hollow Way
Hurusvilte. AL 35814 Clayton, NC 27520 Bountiful. UT 84010
Tel: 1-800-327-0853 Tel: ' ·800·327·0853 Tel: 801·295·7100
Fax: 407-n S-0578 Fa x: 407·725 -0578 ia KJS Marketing

2. RF Associates North. Inc. to. earn-renewCo. Ced ar Rapids. IA

800 San Antonio Road 223 SI. ?ierre Tel: 3 19-395-7500

Palo Alto, CA 94303 Worth ington, OH 43085 Fax: 314-245-6860
Tel: 415-494-3331 Tel: 614-436-3004

Fax: 41 5--857-0351 Fax: 614·436·3097 19. KJS Market ing
12131 Dorsett Road

a RF Associates Inc. 11 . Beta Sales Suite 124

2127A Sawtelle Blvd . 428 Pennsylvania Ave. Maryland Heights, MO 63043

l os Angeles. CA 90025 Ft. Washington, PA 19034 Tel: 314-770-1412
Tel: 213--478-1586 Tel: 215-643-6650 Fax : 314·77().1316

Fax : 213-478-1580 Fax: 215-643-6651
20. KJS Marketing

4 . Sab er Associates
12. Saber Associates 1211 7 west 76th Street

PO Box 1599
PO Box 563 Suite 101

Melbourne, Fl 32902
lawrenceville, GA 30246 l enexa , KS 66216

Tel: 1-800-432-6288
Tel: 1-800·327·0853 Tel : 913-962-1795

Fax : 407-725-0578
Fax : 407-725-0578 Fax: 913-962·9722

5. Cain-Forlaw Co., Inc.
13 Cain & Company 21. Technica l Component Sales

2750 Northaven Road
25517 Hillview Ct. Sui te 105

161 Frontenac Heights

Mundelein, Il 60060 Dallas, TX 75229
Rochester, NY 14617

Tel: 708-540-9962 Tel: 716-342·2406

Fax: 708-54()'9974
Tel: 21 4-247-3901 Fax: 716-266-1835
Fax: 214-243-4683

s, Microwave Market ing 14. Sattech 22. Blackhart Associates

655 Boston Road 10320 Route 99 6120 N. Desert Foothills Drive

Suite 28 Ellicott Ci ty, MD 21043
Tuscon, AZ 85743

Billerica, MA 01821 Tel: 301-461-7350 Tel : 602-579-0399

Tel: 508-667-1440 Fax: 301·461-1679 Fax: 602·579·0098

Fax : 508·667·1946
23. RF Associates Inc.15. Technical Con cepts Corp.

7. E. F. Techn ical Sales 8415 Datapoint Drive 10 Buccaneer Way

60 Nort hfie ld Ave. Suite 1060 Coron ado, CA 92118

W. Orange. NJ 07052 San Antonio. TX 78229 Tel: 619·575·9011

Tel: 201·731·7203 Tel: OOסס·616·512 Fax: 619-575·0257

Fax: 201-731·8058 Fax: 512-616-0001

a E.F. Technical Sales 16. Herb Bass Associates
79 Express Street 5225 N. 51st. Street
Plainview, NY 11803 Boulder, CO 80301
Tel: 516-942·7400 Tel: 303-530-7509
Fax : 516-942·7404 Fax : 303-530-7510

GEORGIA

12

9 CAROLINA

9 SOUTH
CAROLINA

10
OHIO

.'~ I
J'~ ALABAMA

~ 1

19

• Bexar County
Only

20
MISSOURI

IOWA

18

KANSAS

20

OKLAHOMA

TEXAS

13

SOUTH DAKar A

5

NORTH DAKOTA

5

22

NEW MEXICO

MON TANA

'---,- -JL -, NEBRASKA

~..::20~--'s:;_-=1

22

ARIZONA

IOAHO

2 3

WASHINGTON
2

OREGON

WYOMING

2 2

NEVADA

UTAH
) COLORADO

CALIFORNIA 17 16

)
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International Sales Representatives
To place orders and for informa­
tion about our microwave in­
struments and components,
pl eas e contact yo ur local
representative.

AUSTRALIA
Hawker de Havilland
PO Box 580
Salisbury SA 5108
Australia
Tel: 61-08-2583422
Fax: 61-08-2812529

BELGIUM
Heynen N.V.
De Koalen 6
8-3530 Houthalen
Belgium
Tel: 32-011·525575
Fax: 32.()11·525777

DENMARK
Visitron AS Electronics
Box 6063
$ ·16206 Vall ingby
Sweden
Tel: 46-08·380130
Fa x: 46-08·7392858

FINLAND
Visitron AB Electronics
Box 6063
5-16206 Val1ingby
Sweden
Tel : 46.Q8-380130
Fax: 46-08-7392858

FRANCE
Elexience
ZA Des Godets
9 Rue des Petits Ruisseaux
91370 Verrieres Ie Bulsson
France
Tel: 33-o16.Q119471
Fax: 33-016-0119809

GERMANY
EMCO Eleklronik GmbH (Instruments)
Einsteinstrasse 35
08033 Martinsried
Germany
Tel: 49-089·8562071
Fax: 49-089-8597785

Pro Nova Elektronik (Components)
Hindenburgslrasse 58
0.7141 ludwigsburg
Germany
Tel: 49-0'71-4183092
Fax: 49-071-4183984

Pour toute commande ou infor­
mation sur nos composants et
nos instrum ents de haute
qualite pour ondes centirnetri ­
ques , iteuillez contacter votre,
representant local.

GREECE
American Technical Enterprises
PO Box 3156
Athens 10310 Greece
Tel: 30-01-5240740
Fax: 30-01-5249995

HOLLAND
Heynen av .
PO Box 10
NL-6590 AA Gennep
Holland
Tel: 31-088-5196111
Fax: 31-088-5196200

INDIA
Radiosound
42 Canady Bridge
Bombay 400 004
India
Tel: 91-022·353997
Fax: 91-022-3879827

ISRAEL
General Microwave Israel (Components)
jl Pierre Koenig Street
PO Box8444
Jerusalem,lsraoI91083
Tet: 972-02-783925
Fax: 972·02-782460

ROT Electronics (Instruments)
PO Box 43137
Tel Aviv 61430 Israel
Tel: 972-03-5483737
Fax:972~92190

ITALY
Sematron SRL
Viale Marx 153/2
1-00137 Roma Italy
Tel: 39-06-8895015
Fax: 39-06-86802253

JAPAN
Seki Technotron Corp.
16-16 Nihonbashi
Koamicho, Chuo-Ku
Tokyo, 103 Japan
Tel: 81.Q3-6694121
Fax: 81-03-6683436

KOREA
Sejin Industries Inc.
C.P.O. Box 377
Seoul, Korea
Tel: 82-02-7808768
Fax: 82·02-7844453

193

Wenn si e bauteile und in­
strumente von hochster quali tat
fu r mikrowell en benot iqen,
wenden sie sich bitten an uns.

NORWAY
Visitron AB Electronics
Box 6063
5-16206 Vall ingby
Sweden
Tel: 46-08-380130
Fax: 46-08-7392858

SINGAPORE
Precision Components & Equipment
211 . Henderson Road #13-02
Henderson Industrial Park
Singapore 0315
Tel: 65-2134573
Fax: 65-2738898

SPAIN
lbercom
Iberica de Componentes, SA
Ramon Gomez de La Serna. 1. eSC-1 . 2"A
28035-Madrid (Spain)
Tel: 34-01-3736234
Fax: 34-01-3735464

SWEDEN
Visitron AS electronics
Box 6063
5-16206 Vallingby
Sweden
Tel: 46-08-380130
Fax:4~7392858

SWITZERLAND
ABE Alpha BetaElectronics
PO Box 1320
Renggerstrasse 3
8038 Zurich. Switzerland
Tel: 41.Q1-4817070
Fax: 41.Q1-4823032

TAIWAN
Ringline Corporation
3F-1, 314, Jan-Ai Road
Section 4
Taipe, Taiwan R.O.C.
Republic of China
Tel: 886-02-7094520
Fax: 886.Q2-7094523

UNITED KINGDOM
Walmore Electronics L1d_
Laser House
1321140 Goswel1 Road
london eC1V 7l E
Tel: 44-071-2515115
Fax: 44-071-2504143
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Our Fourth Decade of Excellence

GENERAL MICROWAVE CORPORATION

© 1991 General Microwave Corp.

5500 New Horizons Boulevard. Amityville, New York 11701
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