GENERAL

MICROWAVE

Phase Shifters

Full
Line
Component/MIC
Catalog

&G 36




Ordering Information

1:

1

-

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

Telephone orders for standard catalog products will be accepted and
processed immediately. However, shipment cannct be made until a
confirming written order is received, either by means of a standard
purchase order form or a FAX containing the following information as a
minimum.

Purchase order number.

Ship to and bill to addresses.

Description, model number and unit price.

Name of authorized representative of purchasing department.
Method of shipment.

Amount of insurance on shipment.

Sales/Use tax status of order.

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

. Address all purchase orders to:

General Microwave Corporation (GMC)
5500 New Horizons Blvd.
Amityville, N.Y. 11701-1156

or in care of our Engineering-Sales Representative in your area.
Determination of prices, terms and conditions of sale, and final acceptance
of orders are made only at the GMC factory.

Terms of payment for domestic orders are Net 30 days, subject to approval
of credit. If credit has not been established, please provide payment in full
or authorization to ship C.O.D. (certified or bank check only). All prices are
FOB Amityville, New York and include packing to good commercial prac-
tice. If desired, payment can be made using a VISA or MasterCard credit
card. Please advise credit card number and expiration date when placing
order. The credit card voucher will not be processed until shipment is made.

NOTE: Title and risk of loss and damage pass to the purchaser when the
shipment is accepted by a commeon carrier.

Our export terms are prepayment or irrevocable sight letter of credit
confirmed, engaged and accepted by Key Bank of New York, 1377 Motor
Parkway, Islandia, N.Y. 11788.

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

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

Unless specific instructions accompany the order, shipment is made via
uninsured UPS or Parcel Post. Air freight shipments will be made FOB
origin, freight charges collect.

Unless otherwise specified on the face of the order, overseas shipment will
be made via air freight using a freight forwarder selected by GMC, with all
charges, including forwarder, inland freight, air freight, insurance, consular
and banking fees charged to the buyer's account.

Units returned for repair must be returned freight prepaid, FOB GMC
factory. If warranty repair is applicable, the unit will be repaired and
returned freight prepaid. If warranty repair is not applicable, the customer
will be advised of the repair charges and his authorization to proceed
awaited before any costs are incurred. Non-warranty repairs will 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
from the GMC factory, collect shipments will not be accepted by our
receiving department.

. 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 included on
advance and confirming purchase orders.

. Standard instruments or components returned for credit in a new and

unused condition within 80 days after shipment will be accepted subject to
a restocking charge of 15% of the selling price ($350 minimum).

=

12.
13.

Deliveries quoted are subject to prior sale.

Prices quoted are based on inspection at destination. If source inspection
is desired, add $500/inspection day or 3% of the hardware price,
whichever is greater.

14. Each unit will be accompanied by one copy of our standard operating

15.

instructions and will be tested in accordance with GMC's standard
acceptance lest procedure for the particular item. Unless specified in the
schedule of items or services, no other data or special testing will

be provided.

Quoted price is based on production and shipment in accord with GMC's
most economical rate including accelerated and/or earlier delivery. GMC
reserves the right to make partial shipments on a line item or quantity
basis.

16. GMC will make its best efforts to ship on/before the promised delivery date.

However, failure to do so will not be considered cause for cancelfation or
for claims arising therefrom.

. Many of the products manufactured 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 purchaser or purchaser’s
agent, or if purchaser transfers litle to anyone else who will export the
products from the U.S. purchaser is hereby advised that a U.S.
Government Export License may be required prior to shipment. All sales
by General Microwave assume that the proper licenses are obtained by
purchaser, purchaser's agent or transferee before the products

are exported.

18. GMC is only authorized to collect taxes for the States of California and New

York, and will automatically add the appropriate sales/use taxes to our
invoices unless advised to the contrary. In all other states, it is understood
that the buyer will pay any applicable taxes directly from his facility.

. All inventions conceived or first reduced to practice during the course of

any contract or order placed with General Microwave are the property of
General Microwave, and no rights by way of license or otherwise to such
inventions are granted by General Microwave, notwithstanding any
clauses to the contrary included or referred to in the solicitation, contract
or order.

20. The following warranty applies:

EQUIPMENT WARRANTY

General Microwave Corporation warranties all parts of equipment of its
manufacture to be free from defects caused by faulty malerial or poor
workmanship. This warranty excludes electronic tubes, batteries, natural
rubber and material normally consumed in operation uniess such except-
ed items fail as a result of improper application 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 under normal use and
service within the time periods shown below, provided:

(1) General Microwave Corporalion |s-promptly_n6nlied 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 after
delivery.

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

The period of warranty is one year after delivery of the instrument or
component to the original purchaser.

The warranty period shall not include any period of time the unit or part fails
to perform satisfactorily due to such defect, and any unit, part or
component repaired or replaced by General Microwave pursuant to this
warranty shall itself be guaranteed as specified above.




Specification Update (cont’d)

Page 109:

Page 109:

Page 109:

Page 111:

Page 130:

Page 138:
Pages 155-171:

Page 158:

In the Option 27 entry in the AVAILABLE OPTIONS table, change “(Not
applicable to Series 91/92)” to “(Not applicable to the Driverless Units,
Series 91/92)”.

The “.55 (14,0)” dimension shown to the right of connector J1 is
incorrectly shown as extending to the center of the mounting hole. It
should extend to the side of the unit on which connector J2 is mounted.
The “.13 (3, 3)” dimension shown to the left is incorrectly shown as
extending to the mounting surface. It should extend to the surface closest
to the ground pin.

In the Power Supply Requirements section, change “-12 to +£5%” to
“12 V5%,

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

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

F9180 From 3.8 t0o 4.0 dB
Fo180W From 4.2 to 4.4 dB

In footnote (1), change “see page 86" to “see page 142"

Replace with the attached 20 page document.

TEST METHOD CONDITION
Internal Visual 2017.3 -
Temperature Cycle 1010.5 B
Mechanical Shock 2002.3 A
Burn-In * 1015.4 -

Leak 1014.2/.9 Al & A2

* Burn-in temperature is + 110°C.

GENERAL (@ MICROWAVE 5/o8

5500 New Horizons Blvd., Amityville, NY 11701

TEL: 516-226-8900 * FAX: 516-226-8966




Specification Update

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

Page O:

Replace with the attached version.

Page 16 and all pages containing outline drawings:

Add “TYPICAL” next to SMA Connector protrusion dimensions.

Page 22:

Page 22:

Page 27:

Page 30:

Page 30:

Pages 33
and 44:

Page 38:

In the D1950A Flatness tabulation, change “2.2" to “2.5".

In the Power Supply Requirement specification, change -12 V current from
“25mA” to “50mA”.

Add the following to one of the four mounting holes in the outline drawing:
.120 (3,0) DIA THRU X 4
In the outline drawing, change the thickness from “.24 (6,1)” to “.27 (6, 9)”.

Change Table 1 to the following:

TEST METHOD CONDITION
Internal Visual 2017.3 -
Temperature Cycle  1010.5 B
Mechanical Shock 2002.3 B
Bumn-In * 10154 -

Leak 1014.2/.9 Al & A2

* Burn-in temperature is + 110°C.

In the outline drawings, change “4 X .120 (3,0)” to “4-40 THD THRU 4 X”.

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

* Consult factory for impact on other specifications, i.e., VSWR and
Insertion loss.




Specification Update

Rf RADIATION HAZARD METERS BROCHURE UPDATE

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

Page 23, SPECIFICATIONS Table

CHARACTERISTIC SPECIFICATIONS

Frequency Sensitivity Change “£1 dB 10 to 800 MHz”
To “t1 dB 3 to 800 MHZ”

Change “+2 dB 10 to 1000 MHz”

To “+2 dB 3 to 1000 MHz”

Calibration Frequencies Add 700 and 800 MHz

Isotropy Change “+£2 dB 10 to 1000 MHz”

To “+2 dB 3 to 1000 MHz”

GENERAL |f@d]| MICROWAVE _—

5500 New Horizons Blvd., Amityville, NY 11701
TEL: 516-226-8900 *» FAX: 516-226-8966
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Octave-band, broadband, or ultra-broadband
Attenuators/Modulators Current and voltage controlled 8-53
Digitally programmable
Phase Shifters/ High Speed
Frequency Translatas, Digitally Programmable 54-82
Bi-Phase Modulators, Voltage Controlled
1.Q. Vector Modulators
SPST thru SP8T and SP16T
With or without drivers
Switches Reflective or non-reflective 83-142
Octave-band, broadband, or ultra-broadband
Transfer switches
Millimeter Wave SPST and SP2T switches
Components Current, voltage and digitally controlled attenuators 143-154
(18-40 GHz) 3 dB quadrature coupler
Digitally Tuned
Oscillators Voltage Controlled 155-171
Dielectric Resonator
Power
Measuring Integrated power monitors 172175
Equipment
Radiation Hazard Isotropic and anisotropic units
Measuring Systems High performance and economy models 176
(RAHAM) Broadband and ultra-broadband units
Products RF/microwave radiation badges

K Connector is the registered mark of Wiltron Company.

The products included in this catalog may be covered by one or more of the following U.S. patents: 3,384,819, 3,713,037, 3,812,438, 3,931,573,

4,009,458, 4,207,518, 4,288,761, 4,288,763, 4,392,108, 4,438,415 and Canada patent 1,183,942. Other patents are pending.
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New Products

0.05 - 18 GHz 2 -18 GHz
10 Bit Digital PIN Diode 8 Bit Digital/ Analog
Attenuators Attenuators

NERAL = A
MIROWAYE

Series 346C Series 348 and 348H
(see page 39) (see page 45)

0.75 - 18 GHz 11 Bit Digital/Analog
Attenuators

BLE
pROGRAMMA
AF ATTENUATOR

Series 349/349H
(see page 50)




New Products

2 - 24 GHz
Digital and Analog
I/Q Vector Modulators

Series 73 & 74
(see page 65)

Bt A A N i R A S A S B A S O 5 AR WA 0 o o e AL 255
0.5-18 GHz
10 Bit Digital and Analog
360° Phase Shifter &
Frequency Translators

Series 77 & 78
(see page 76)
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Solid State Control
Components

The introduction of the PIN diode more than 35 years
ago has led to the development of a large family of

rf and microwave control components, including
switches, attenuators, 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 dicde 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 | 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 % as

5
o “2nt

where T is the minority carrier lifetime,

then for frequencies significantly below %, the PIN
diode will behave as a P-N junction, rectifying the ap-
plied a-c signal. For frequencies well above %, the
diode will behave as a linear resistor. The range of t
varies from as low as 10 nsec to as high as 5 usec,
and correspondingly % varies from about 16 MHz to
32 kHz.

(1) The reader interested in more information on this subject should consuit one or more of the following references:
“Microwave Semiconductor Engineering”, J.F. White, Van Nostrand Reinfhold Company, 1982.
“Microwave Semiconductor Control Devices”, K.E. Mortenson, Microwave Journal, May 1964, pp 49-57.
“Fundamental Limitations in RF Switching and Phase Shifting Using Semiconductor Diodes”, M.E. 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.

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 d-c 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 002 to 008 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 ohmin 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.




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 muiti-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.

Fig. 2-Balanced attenuator

BIAS

Fig. 1-Shunt mobntad reflective attenuator

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.

ARRAY ATTENUATOR

With the addition of terminating 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 attenuator

@
(O]

T-PAD AND TI-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 comprising the pads in
a manner that assures constant impedance at all
levels. Fig. 4 shows the basic configurations of both
circuits. Only the T-pad configuration is used by GMC
due to the difficulties in realizing sufficiently 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 frequency range from 0.2 to 18.0 GHz with ex-
cellent attenuation flatness and moderate

switching speed.




Attenuators

T-pad attenuator T-pad attenuator

T 'SERIES T 'SHUNT

LR

Fig. 4-Attenuator configurations

SWITCHED BIT ATTENUATORS 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, i.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.

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 PHASE INVARIANT ATTENUATORS

used. In addition, it offers higher power handling This specialized class of attenuators has the property
capacity since the RF power is absorbed in the fixed that the insertion phase variation is minimized as the
attenuator(s), and not in the PIN diodes. 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
BIAS CONTROL

ATTENUATION PATH 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

[EfIfNEAT_OR_ND attenuators are available with eight-bit TTL control

i which, for an attenuator with a nominal attenuation
| % ‘I range of 60 dB, will provide a resolution of 0.25 dB.
& L B ) 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.

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

The driver circuit includes compensating elements
BIAS CONTROL to minimize the variation of attenuator with
THRU PATH temperature. It also provides the proper source
Fig. 5-Switched bit attenuator impedance and switching waveforms to optimize
switching speed.

(1) “Broadband Phase Invariant Attenuator”, D. Adler and P. Maritato; 1988 IEEE MTTS Digest, pp 673-676. 5 :
= To obtain a copy of this paper, please write to g
Dept. C., General Microwave Corporation, 5500 New Horizons Bivd., Amityville, NY 11701. =
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Attenuators

MONOTONICITY

In most applications it is imperative that the atten-
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 attenuators 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
attenuation level (AM/PM modulation). Fig. 6 shows
typical phase shift variation as a function of attenua-
tion for a number of GMC attenuator models. The
phase shift is attributable to both the stray 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 Attenuators describ-
ed above should be considered.

HARMONICS AND INTERMODULATION
PRODUCTS

All PIN diode control devices (i.e. attenuators, switches
and phase shifters) will generate harmonics

and 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 attenuator are greatly dependent
upon its design, the operating frequency, attenuation
setting and input power level. Typical performance for
a moderately fast attenuator i.e. 500 nsec switching
speed, follows:

TYPICAL ATTENUATOR INTERCEPT POINTS

2nd ORDER 3rd ORDER

FREQUENCY INTERCEPT INTERCEPT
2.0GHz +35dBm +30dBm
8.0 GHz +40dBm +35dBm

150, 180.0
100.0 100.0}
g . g
o
= [=}
500/ 4048 £ so0
% //%_/; 3048 |
3 = 2048 %
u 1048 o
2 o 0d8 § oo
b =4
a t{ -
~300) -s0.0}
o -100.0
o 2 3 4 4 6 8
FREQUENCY (GHz) FREQUENCY (GHz2)
Model D1952 Model D1954
800
150.0 700 s56
8099
500
100.0 50 dB 135/
g 048 s00} 5008 " —
8 80,08 8 ws 5008 8 ”
E 0.0 20 dB a ™ = E - 0 o8
X 10 dB Lk 2001 e L o
2 oo 0eB S B s
g 2 @t 2008 @ 2008
3 2 2048 3 ks
.50.0 < 100 T 0
L o 1048
. a8
-100.0 G s
8 12 18 -10.0 2 10 18
FREQUENCY (GHz) 2004 FREQUENGY (GH2)
i 050 4.00
FREQUENCY (GHz)
Model D1958 Model D1960B Model D19688B

Fig. 6 Typical Phase vs. Attenuation




Attenuators

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. This catalog specifies
both the maximum operating and the maximum
survival levels. Maximum operating level is defined as
that which will cause either a one dB compression of
attenuation level or an out of 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 of the 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°C.
|
/
i 3
T
|
|

|
ATTENUATION
} FLATNESS
o MEANATTEHUATION 7~
PROGRAMMED ATTENUATIONVALUE
|

L artenuarion
| ACCURACY
|
1 1
fi f2

FREQUENCY

ATTENUATION (dB)

Fig. 7-Total accuracy

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 the attenuator is driven by an appropriately shaped switching waveform.

|
1
1
1
il |
1
I
i

i
RISE | FALL 1
TIME | TIME.
(Tp) | (T¢)

-

7

I
"ON" SWITCHING —= |- "OFF" SWITCHING
TIME TIME
(Ton) (Torr)

RF QUTPUT ENVELOPE

Fig. 8-Switching speed

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 transition 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.

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/°C. Note that
the attenuator temperature coefficient may vary with
both temperature and programmed attenuation level.

11



Attenuator

Selection Guide

ATTENUATORS AND MODULATORS

FREQUENCY RANGE (GHz)

02 05 10 20 40 8.0

124

18.0

ATTENUATION
RANGE (dB)

MODEL

PAGE COMMENTS

CONTINUQUSLY VARIABLE, CURRENT CONTROLLED, ABSORPTIVE ATTENUATORS

0.5 e 1 80 1950A
1 e— 2 60 1951 .
F—) 60 1852
26 5.2 60 1953
A 60 1954 17 Single control
5 m— 10 60 1955
6 m— 12 60 1956
8 18 60 1958
18 — 40 50 1959 144
CONTINUQUSLY VARIABLE, VOLTAGE CONTROLLED, LINEARIZED ABSORPTIVE ATTENUATORS
05 4 60 D1960B
05 8 60 D1961B
2 8 60 D1962B 25
2 18 60 D1968B
[ [ T— | 80 D1950A
— b Dy Integrated driver
2 e 4 60 D1952 and rf section
26 m— 5.2 60 D1953
4 s 8 60 D1954 21
5 em—— 10 60 D1955
5 — 12 60 D1956
8 18 60 D1958
18 — a0 50 D1959 144

VOLTAGE CONTROLLED, HERMETICALLY SEALED, LINEARIZED ABSORPTIVE ATTENUATOR

2

18

60

H1968

28 Integrated driver
and rf section

VOLTAGE CONTROLLED, PHASE INVARIANT, LINEARIZED ATTENUATORS

2 6 32 D1g972

4 11 32 D1974 31 Integrated driver

& 18 32 D1978 and rf section

HIGH SPEED ABSORPTIVE PULSE MODULATORS

Integrated driver

- ” e e 14 and rf section
Integrated driver

02 18 80 HM192 136 and rf section,

miniaturized,
hermetically sealed




Attenuator

Selection Guide (Con't)

ATTENUATORS AND MODULATORS (con't)

FREQUENCY RANGE (GHz) T
ATTENUATION STEP MODEL PAGE COMMENTS
02 05 10 20 40 80 124 18o| RANGE(dB) | SIZE(dB)
DIGITALLY PROGRAMMABLE, HERMETICALLY SEALED, ABSORPTIVE ATTENUATORS
05 5 63 1.0 H1980 Integrated driver
P it | 63 10 H1982 34 and rf section
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, ULTRA-BROADBAND
02 w | 60 e ey 3250A 86 i e ailedidriver
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, MULTI-OCTAVE BAND
05 4 60 0.06 dB 3460C
05 4 60 Aode SHGHE 39 Integrated driver
P 60 0.06 dB 3462C s
2 18 60 0.06 dB 3468C
DIGITALLY PROGRAMMABLE, PHASE INVARIANT ATTENUATORS, MULTI-OCTAVE BAND
2 5 32 0.125 3472
s i 32 0.125 3474 42 Integrated driver
§ i, a2 0125 3478 A secton

DIGITALLY PROGRAMMABLE, MINIATURIZED

, ABSORPTIVE ATTENUATORS, OCTAVE BAND

o Je— 860 0.25 3482, 3482H
2.6 m— 5.2 60 0.25 3483, 3483H Integrated
4 cm— 8 60 0.25 3484, 3484H 45 driver z_a.nd
Pp— 60 025 | 3486, 3486H ff sedtion
8 18 60 0.25 3488, 3488H
MINIATURE, DIGITALLY CONTROLLED,PIN DIODE ATTENUATOR Integrated driver
2 w 50 | 05 ] 1761 | 48 and rf section
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, OCTAVE BAND
| — 2 80 0.03 3491, 3491H §
2 e 80 0.03 3492, 3492H
25 e 5.2 80 0.03 3493, 3493H
4 m— 8 80 0.03 3494, 3494H 50 Integrated
5 em— 10 80 0.03 3495, 3495H ?fr l;ggt?gr?
6 em— 12 80 0.03 3496, 3496H
8 18 64 0.03 3498, 3498H
15 e 4 50 0.03 3499 146
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Model F192A Non-Reflective

Ultra-Broadband High-Speed Pulse Modulator

e High speed

e 0.2 to 18 GHz frequency range
¢ 80 dB isolation

* Low VSWR and insertion loss
e Small size, light weight

+5v -1

F192
WODEL 2oy

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.

BIAS
FROM
DRIVER
l +V
:
RF INJOUT RF INJOUT
| J J2
500 50Q
=) '
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.

14




Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)
0.2 0.5 2.0 8.0 12.4
CHARACTERISTIC to to to to to
0.5 2.0 8.0 12.4 18.0
Min Isolation (dB) 70 80 80 80 80
Max Insertion Loss (dB) 2.0 2.0 25 3.0 3.5
VSWR (ON and OFF) 15 1.5 1.75 2.0 2.0
Switching Speed Power Supply Requirements
Rise TIME. . =smiss 05220 s B T 10 nsec. max. +5V +5%, 90 mA
Fall Tmes o .amamisenss s e 10 nsec. max. —12V +50%. 75 mA
ON TS & & & curan v v s 75 0 mse 30 nsec. max.
OFF Time.................. 15 nsec. max. Control Characteristics
: - Control Input
Power Handling Capability Impedance . . .. TTL, advanced Schottky, one-unit
Without Performance load. (A unit load is 0.6 mA sink
Degradation . ............. 500 mW cw current and 20upA source current.)
or peak Control Logic . . . . Logic “0" (-0.3 to +0.8V) for
Survival Power. .. .. ......... 1W average, switch ON and logic ™1” (+2.0 to
10W peakg +5.0V) for switch OFF.
(1 usec max.
pulse width)

15



Model F192A
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature

Range ... .............. -65°C to +110°C
Non-Operating Temperature
RaBge ... sz oon e gwa 5 -65°C to +125°C
HOmidiy. . <50 2 500 0 0 2 50 MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
SHOCK o sse.s 365 & i5s piims MIL-STD-202F, Method 2138,
Cond. B (75G, 6 msec)
b1 T7- 1 {01 [P MIL-STD-202F, Method 204D,
Cond. B (.06" double amplitude
or 15G, whichever is less)
Altitude. .. - oon sean wiea s MIL-STD-202F, Method 105C,
Cond: B (50,000 ft.)
Temp. Cycling. .......... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

AVAILABLE OPTIONS

Option No. Description
3 SMA female control connector
7 Two SMA male rf connectors
9 Inverse control logic; logic 1"
for switch ON and logic “0" for
switch OFF
10 One SMA male (J1) and one SMA
female (J2) rf connector
33 EMI filter solder-type control
terminal
48 +5, —15V operation
64A SMB male control connector

DIMENSIONS AND WEIGHT

— -50
(12,7)
.09
(2,3) ’
L ;
T T? i
1.00 .820
(25,4) (20,8)
= — i r "
.820
(20,8)
1.00 a
(25,4)

53 o
(13,5)
15
(3,8)
CONN SMA
FEMALE
2x
‘ +V
|
| GND
T
@ ™ mra
SURFACE

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

i A

=

CONTROL
SMC MALE

MODEL F192A
Wt: 0.7 oz (20 gm) approx.
2 x ¢ .104(2,6)

Dimensional Tolerances, unless otherwise indicated: .XX = .02: XXX = 005
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Series 195 Octave-Band

PIN Diode Attenuator/Modulators

SERIES 185

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 figures 1 and 2 below, the rf circuit
employed in all models except the Model 1950A"
uses two shunt arrays of PIN diodes and two
quadrature hybrid couplers. The quadrature hybrids
are of a unique GMC microstrip 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 circuits.

RF INJOUT

500
RF INJOUT

L
SOQ/;E /'7‘;

BIAS

T
& H

Fig. 1-Models 1951-1958, rf schematic diagram

BIAS

RF INJOUT ;; RF INJOUT
i
!

Fig. 2-Model 1950A; rf schematic diagram

‘Model 1950A is a special-order product. Consult factory before ordering.

o Absorptive

s Current controlled

» 0.5 to 18 GHz frequency range

e High performance MIC
quadrature hybrid design

¢ High speed

1T




Series 195

Specifications

MAX. FLATNESS (+dB)
FREQUENCY |INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.

MODEL (GHz) (dB) VSWR 10dB | 20dB | 40dB | 60dB | 80dB

1950A° 05—-10 14 20 0.3 0.8 17 0 3.2

1951 1.0—20 1.3 1.5 0.3 0.8 15 16
0.75-2.25 1.4 20 0.5 1.4 3.0 3.5

1952 2.0-4.0 1.5 1.5 0.3 0.8 15 1.6
15—45 16 2.0 05 1.4 3.0 35

1953 2.6 s 52 1,7 1.6 0.3 OAB 1'5 1.6
1.95-5.85 1.8 21 05 1.4 30 35

1954 40—80 20 1.7 0.3 0.8 15 16
30—-90 21 22 0.5 14 3.0 35

1955 5.0 —10.0 29 17 0.5 09 15 16
3.75-11.25 23 22 07 14 30 35

1956 6.0 —12.0 23 1.8 0.7 1.0 1.5 16
45—-135 2.4 2.2 09 15 30 35

1958 8.0 —18.0 250 1.80 0.7 1.0 1.5 16
6.0 —18.0 250 1.8 09 1.5 3.0 35

Monotonicity

All units. ..

All other units. ... ..

Phase Shift......
Temperature Effects . . . ..
Power Handling Capability

Without Performance Degradation
1950A] 1951 .. .

All other units. ... ..

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

PERFORMANCE CHARACTERISTICS
Mean Attenuation Range

60 dB
Guaranteed
See page 10
See Fig. 3

10 mW cw or peak
100 mW cw or peak

1 W average

25W peak (1 usec max
pulse width)

*Model 1950A is a special-order product. Consult factory before ordering.

Note: Specifications for the extended frequency ranges are typical.

Switching Speed

Fall Time
g 121570 ) 50 nsec max®
All other units . . .. .. .. 20 nsec max®@
Rise Time
TOBOA® ;i viviciss 25 5 i 250 nsec max

125 nsec max

Bias Current for Maximum Attenuation
51to 35 mA
15 to 70 mA

% OF
RATING
AT +25°C 3p

-85°C

+25°C
TEMPERATURE

+125°C

Fig. 4-Series 195 power derating factor

(1) Except from 16 - 18 GHz where insertion loss is 35 dB max and VSWR is 2.0 max.
(2) For attenuation steps of 10 dB or more.
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Series 195

Specifications

70 [ ‘ . | | ;
| !
- | ! -50°C __+250C,_,—2H00°C
m 50 ] | |
= | . /// I | |
= 40 /, - I | ]
= P { | |
S i J
230 7 E ‘ |
w ,{’ ‘ !
E 4 ‘ i
< &9 /# 1 l - | |
o if | —
V S O O O O
0O 02 04 06 08 1O 12 14 L6 L8 20 =22
RELATIVE BIAS CURRENT
Fig. 3-Series 195, typical effects of temperature on attenuation
ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range ............... —54°Cto +125°C 3 SMA female bias connector
Non-Operating 7 Two SMA male rf connectors
Temperature Range.. . . . . —65°Cto +125°C 10 One SMA male (J1) and one SMA
" female (J2) rf connector
H 7 P -STD-
Hedity !:AASBSTgoigZ; (f\élgtsgcvj 64 SMC male bias connector
at 95%) 64A SMB male bias connector
ShoeK: cosmsnuns 2 onias MIL-STD-202F, Method
213B, Cond. B
(75G, 6 msec)
Vibration .. ........... MIL-STD-202F, Method
204D, Cond. B (.06"
double amplitude or
15G, whichever is less)
Altitude . . ... ......... MIL-STD-202F, Method

Temp. Cycling. ... ...

105C, Cond. B (50,000
ft.)

.. MIL-STD-202F, Methad
107D, Cond. A, 5
cycles
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Series 195
Specifications

DIMENSIONS AND WEIGHTS
.38 (9,7) FOR SMA FEMALE
.50 (12.7) FOR SMA MALE
p—. .38(9.7) FOR SMA FEMALE
BIAS
S G SURFACE

N

.50(12,7) FOR SMA MALE

/ SMA FEMALE & BIAS MTG
P RF CONN SURFACE
2x$.130 (3.3) m \ SMA FEMALE
2X
J2 5}4 T T J2 i}
4 | bo200 @ 1475 ! T hae
(10.9) - ? T 140 (s0.8) |' (37.5) | 123 (42,4
}_ H 3 | 1.00] (355 5 ol i ©1.2)
‘] t25.4% | - t
1 ] I [}
b2 2350 13 | 10 L 1.200 G 12
(3,01-[ l— (59.7) 33977 L[ 25 (:;os)- (30.5) (112 (a3
260 | el '(:34, e 180 30
68.0) ' (45.7) 2% 6.104(2.6) 7:6)
MODELS 1950A'AND 1951 MODELS 1952 AND 1953
Wi: 3 oz. (85 gm) approx. Wt: 2 0z. (57 gm) approx.
“Model 1950A is a special-order product. Consult factory belore ordering.
BIAS .38(3,7) FOR SMA FEMALE
GND :50(12,7) FOR SMA MALE GND o ‘.ﬁ?‘i’{?&sﬁfﬁ'ﬁ&e
RF CONN y
SMATEMALE MTG g;fgg:fALE e
/ = / SURFACE SURFACE
—p g | 8
800 1 f 1.40 }
(20.3) l i 85 (35.6)
r 3 —% s e :
30(7.6) Hi i (2.7 l | |
f f il
'{2"0,—- ol '(;33)-— (3.3)—= ‘.t,
! (29,0) : B — 20
# $.104(2.5) 7.6)
1.30 2 6.104(2.6) 30 @Le) &
@y L“ms)
MODELS 1954, 1955 AND 1956 MODEL 1958
Wt: 1 oz. (28 gm) approx.

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

Wt: 1 oz. (28 gm) approx.
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Series D195 Octave-Band
PIN Diode Attenuator/Modulators

With Infegrated Drivers

SERIES D195

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

+V =y

L]

INPUT DRIVER
CIRCUIT
(Vi CONVERTER)

BIAS

RF INJOUT RF INJOUT

SERIES 195
PIN DIODE

ATTENUATOR

J1 J2

Fig. 1-Series D195, 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
usec max for attenuation steps of 10 dB or more.

For smaller excursions, the 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 usec max, respectively.
Options 58 and 59 are not available for this model.

*Model D1950A is a special-crder product. Consult factory before ordering.

¢ Absorptive

e Linearized

* Frequency range: 0.5 to 18 GHz

* High performance MIC quadrature
hybrid design

¢ High speed

@ GNOCONT ¥,

pEL D1952
':gsommvE
MODULATOR
24GHE

SERNO. =T

GENERAL.
[ microwave

MADE i US A

ALL UNITS

IN THIS SERIES
ARE EQUIPPED
WITH INTEGRATED DRIVERS
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Series D195
Specifications

*Model 1950A is a special-order product.
Consult factory before ordering.

MAX. FLATNESS {+dB)
FREQUENCY [INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR | 10dB | 20dB | 40dB | 60dB | 80dB
D1950A" | 0.5 —1.0 1.4 20 0.3 0.8 1.7 22 32
D1951 1.0-20 1.6 15 0.3 0.8 155 1.6
0.75-2.25 1.7 20 0.5 14 3.0 35
D1952 20—-40 1.8 15 0.3 0.8 15 16
15—45 1.9 20 0.5 14 3.0 S
D1953 26—52 2.0 1.6 0.3 0.8 1.5 1.6
1.95-5.85 2.1 2.1 0.5 14 3.0 35
D1954 40-80 24 1.7 0.3 0.8 15 1.6
30-90 25 22 05 1.4 3.0 35
D1955 50 —-10.0 26 g7 0.5 0.9 1.5 1.6
3.75-11.25 27 22 0.7 1.4 3.0 35
D1956 6.0 —12.0 2.7 1.8 0.7 1.0 1.5 1.6
45 —135 2.8 a2 09 15 3.0 315
D1958 8.0 —18.0 3.00 \1.80 0.7 1.0 1.5 1.6
6.0 —18.0 3.00 1.80) 0.9 1.5 3.0 35
Note: Specifications for the extended frequency ranges are typical.
PERFORMANCE CHARACTERISTICS On Time .
Mean Attenuation Range D1950A". .. ........... 10“590 max
D1GS0A . . .. . 80 dB All other units . .. ..... 1.6usec max
All other units. ..... 60 dB Fall Time
Accuracy of Attenuation DISBOA. - . o miss 500 nsec max
G130 dB. « + e v +05dB All otherunits. ... .. 20 nsec max
>30to50dB....... +1.0dB Rise Time
>50to60dB....... +15dB DIBBOAT: cass 355 sas 10 usec max
>60to80dB....... +20dB All other units. . .. .. 1.5 sec max
) (D1950A only) Nominal Control Voltage Characteristics
Monotonicity .. ........ Guaranteed o i Maxi
Phase Shift............ See page 10 Range pETe el
Temperature D1950A". .......... Oto +8V +15V
Coefficient . .. .. ... ... +0.025 dB/°C All other units. . .. .. 0to +6V +15V
Power Handling Capability Transfer Function . ... 10 dB/volt
Without Performance Degradation Input Impedance .... 10 Kohms
D1950A4, D1951..... 10 mW cw or peak Modulation Bandwidth
All otherunits. ... .. 100 mW cw or peak Small Signal
Survival Power (from —85°C to +25°C; see D1950A". ........ 25 kHz
figure 2 for higher temperatures) All other units. ... 500 kHz
All units. ......... 1 W average Large Signal
25 W peak (14 sec max D1950A". .. ...... 5 kHz
pulse width) All Other Units... 50kHz
s iz 5ooax Power Supply
Svg:;:?-!ng “haaecianelicy Requirements......... +12V £5%, 100 mA
UaEE ~12V 5%, 25mA
[ {2510 . 600 nsec max Power Supply
O RIS .5 o iae TOR inaen: et Rejection . ... ........ Less than 0.1 dBivolt

change in either supply

(1) Except from 16 - 18 GHz where insertion loss is
4.0 dB max and VSWR is 2.0 max.
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Series D195
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range.............. —54°C to +110°C 3 SMA female control connector
Non-Operating y Two SMA male rf connectors
Temperature Range.. —65°Cto +125°C 10 One SMA male (J1) and one
Humidity . o005 0000 MIL-STD-202F, SMA female (J2) rf connector
Method 103B, 58 Internally-generated reset to
Cond. B (96 hrs. at 95%) insertion loss (not available on
Shock................ MIL-STD-202F, D1950A)"
Method 2138, 59 Externally-triggered reset to
Cond. B (75G, 6 msec) insertion loss (not available on
Vibration ............. MIL-STD-202F, D1950A*)@ @
Method 204D, 61 20 dB/volt transfer function with
Cond. B (.06” double 0to +3V control signal input
amplitude or 15G, (+4V for the D1950A*)
whichever is less) 62 + 15 volt operation
Altitude . . ......... ... MIL-STD-202F, 64 SMC male control connector
Method 105C, 64A SMB male control connector

Cond. B (50,000 ft.)
Temp. Cycling. ........ MIL-STD-202F,

Method 107D,

Cond. A, 5 cycles

(1) Where use of an Option 59 external reset puise (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 within 200

nsec for a step of 50 dB or more.

(2) An external terminal is provided for the user to apply a fast (10 nsec max rise time) positive-going 3-volt pulse at least 0.5
usec wide to accelerate the return of the attenuator lo the insertion loss 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 is a circuit equivalent to approximately 50 pF in series with a

parallel combination of 100 pF and 1000 ohms.

.

100
% OF
RATING
AT +25°C

O —————

-65°C +25°C +110°C
TEMPERATURE
Fig. 2-Series D195, power derating factor

"Model D1950A is a special-order preduct. Consult factory before ordering.
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Series D195
Specifications

|
| CONTROL
‘ RF CONN
SMA FEMALE
2x

+V OPTION 59
TERMINAL

50 (12.7) FOR SMA MALE

T MTG
. i SURFACE
43 (50,8) S
(10.9) = { 1.40 |
[ 1.00 (35,6)
1T 254) |
| AU B |
i = \ L_ 13
‘ (59.7) ——» \ (3.3)
12 A 2 x 9,130 (3,3) .
(3.0) (66,0). ke
\ .38 (9,7) FOR SMA FEMALE | MODEL | DIM “A”

D1950A | .70 (17.8)
D1951 .50 (12,7

MODELS D1950A'AND D1951
Wi: 3 oz. (85 gm) approx.

"Model 1950A is a special-crder product. Consult factory before ordering.

DIMENSIONS AND WEIGHTS

.38(9.7) FOR SMA FEMALE

CONTROL .50(12.7) FOR SMA MALE
RF CONN OPTION 59
( SMA FEMALE TERMINAL
MTG
[ i SURFACE
1.475 I 167
(37.5) 1. 3 (429 |-
a %u—-——* 21 |
¥
‘\
10 J .30 1.200 {(1‘:42, i;33) L
@5 (7.6)™ (30,5 ' '
2 x £.104(2.8)
1.80 50 g
(45.7) (12, 71

MODELS D1952 AND D1953
Wt: 2 oz. (57 gm) approx.

.38(9,7) FOR SMA FEMALE

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

GND \ ~V

MTG
" }@m % B b e
800 i 958 (556)
| (20.3) Ji— 24.1)

RF CONN
SMA FEMALE
2X

| 30(7.6) 9]

\ — '
% L
08 L{'zg‘(% J (12 7 (a 3) -4

(2,0) =
‘ 2x08.10428) | soly
j (33 0) {12,7)

| -—

MODELS D1954, D1955 AND D1956
Wt: 1 oz. (28 gm) approx.

OPTICN 59
TERMINAL

.38(9,7) FOR SMA FEMALE

+V  50(12,7) FOR SMA MALE
BRREEEE, OPTION 59

TERMINAL

RF CONN
-T I... SMA FEMALE
| MTG

“5 2 K SURFACE
i 1.25
J" === 75 (31,8)
30(7 6) (19 0) |'r
! 1 .050 5‘0 L
(25 7) e (3 L
(31 a) 2 x 6.104(2,6) 50(12,7)

MODEL D1958
Wt: 1 oz. (28 gm) approx.

Dimensional Tolerances, unless otherwise indicated: XX = .02; XXX + .005
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D196 Series Multi-Octave

PIN Diode Aftenuators

With Integrated Drivers (0.5-18 GHz)

The D196 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 dBivolt.

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.

Iseries

[

o =L

* *
RF INJOUT RF IN/OUT
Ji J2

& &

Lsyunt
Fig. 1-Series D196, rf schematic diagram

+V =y
CONTROL T T
INPUT
DRIVER
(€ — CIRCUIT
1]
<
@
RF RF
SERIES 196
PIN DIODE ———f)
AT
INIOUT TENUATOR INOUT

Fig. 2-Series D196 block 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




D196 Series
Specifications

PERFORMANCE CHARACTERISTICS

MODEL MODEL MODEL MODEL

EHARACTERISTIC D1960B D1961B D19628 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) 25 = gg;g"éﬁgz) 3.0 45
VSWR (max) 1.8 1.8 1.8 2.0

Flatness up to 20 dB +05 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 S s [ +3.0 dB

Mean Attenuation Range 60 dB

Accuracy of Attenuation
020dB ............. +1.0dB
POAQAB 5z 5 5 55 vk maien +15dB
A0:60.dB 05 505 nimes +2.0dB
Monotonicity .......... Guaranteed
Phase Shift ........... See page 10

Temperature Coefficient . +0.02 dB/°C

Power Handling Capability
Without Performance Degradation:
All Units Up to 100 mW cw or
peak (see Fig 3).

Survival Power
U Y 171 I —— 2 W average or peak,
from -65°C to +25°C
(see Fig. 4 for higher

temperatures).

Switching Characteristics
ON TimMe: ..cummn ¢ 2 w0 1.0 pusec max.
OFF Time ........... 05 psec max.

Nominal Control Voltage Characteristics

Range
Operating ......... Oto +6V
Maximum ......... + 15V
Transfer Function . ... 10 dB/volt
Input Impedance . . . .. 10 kohms
Modulation Bandwidth
Small Signal . ...... 20 kHz
Large Signal ....... 5kHz

Power Supply
Requirements . . . .. +12V to +15V, 70 mA

—12V to =15V, 50 mA

Power Supply
Rejection Less than 0.1 dBivolt

change in either supply

+20 dBm (100 mVW)-w
+10 dBm (10 mW)+

0 dBm (1.0 mW)

INPUT POWER

|
I
I
I
|
1
-10 dBm (0.1 mW) !

05 1.5
FREQUENCY (GHz)

18.0

Fig. 3-Series D196, maximum peak and average
operating power without performance degradation

100

% OF
RATING
AT +25°C 40

-65°C

+25°C
TEMPERATURE

+110°C

Fig. 4-Power derating factor
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Series D196
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature

Range
Non-Operating

Temperature Range. . . ..

Humidity

Altitude

......

Temp. Cycling.

—54°C to +110°C

-65°C to +125°C
MIL-STD-202F, Method
103B, Cond. B (96 hrs.

at 95%)

MIL-STD-202F, Method
213B, Cond. B (75G,

6 msec)

MIL-STD-202F, Method
204D, Cond. B

(.06” double amplitude or
15G, whichever is less)
MIL-STD-202F, Method
105C, Cond. B (50,000 ft.)
MIL-STD-202F, Method
107D, Cond. A, 5 cycles

AVAILABLE OPTIONS

Option No. Description
3 SMA female control connectors
7 Two SMA male rf connectors
10 One SMA male (J1) and one SMA
female (J2) rf connector
33 EMI filter solder-type control
terminal
61 20 dB/volt transfer function with
0to +3V control signal input
64A SMB male control connector
DIMENSIONS AND WEIGHT
CONTHOL—\
SMC MALE 30103 o o
il {GND (7,6) ’]
r— T -V o+V —? |
1.050 .25 ! K
(26,7) (6,4) 1.81 £.08
' i ) (46,0)
.66 B i
(16,8) =TI J2 e T
' 1.800 i 44
i R— RF CONN E
R | 200+03 SMA FEMALE g
(50,8) 2x 24
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

SERIES D196
Wt: 3 oz. (85 gm) approx.

Dimensional Tolerances, uniess otherwise indicated: .XX =.02; . XXX =+ 005
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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

e Linear control: 10 dB/Volt

* Removeable SMA connectors: can
be used as a drop-in module

H19688B is a 2 to 18 GHz voltage-controlled PIN
diode attenuator, with an attenuation range of 60
dB, in a 0.24” thick 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
simultaneously maintaining a bilateral match.
See Fig. 1.

HERMETIC SEALING

The H1968B sealed assembly meets a 1 x 107
atm cc/sec He leak rate specification.

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

+V =V

CONTROL i__L

INEUT DRIVER

— CIRCUIT

(V/l CONVERTER)

w
<
@
RF RF
PIN DIODE
ATTENUATOR [
INJOUT INOUT

Fig. 1-Model H19688B block diagram.
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H1968B
Specifications

PERFORMANCE CHARACTERISTICS

Specifications
Frequency Range (GHz) 2to 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
Mean Attenuation Range . 60 dB ENVIRONMENTAL
Accuracy of Attenuation RATINGS
zg‘ig gg ------------- f 1 g gg Temperature Range
IO sl ST Sk : Operating .. ..« s coves as -65°C to +110°C
40-60dB ............. £2.0d8 Sl
Monotonicity ........... Guaranteed AVAILABLE OPTIONS
Phase Shift ............ See page 10 Option No.  Description
Temperature Coefficient. +0.02 dB/°C 7 Two SMA male rf
. - connectors
Power Handling Capability 10 One SMA male (J2) and one SMA
Without Performance female rf connector
Degradation......... 100 mW cw or peak 49 High rel screening
Survival Power. ....... 2W average or peak (See Table 1 on page 30)
(1 usec max pulse 62 + 15V operation

Switching Time
O VM®e s sewwniow vucomivn &

Nominal Control Voltage

Characteristic Range
Dperating.... « «ouws o sems
Maximum.............

Transfer Function

Input Impedance

Power Supply
Requirements

Power Supply
Rejection ............

width) from -65°C to
+25°C (see Fig. 2 for
higher temperatures)

1.0 usec
0.5 usec

Oto +6V
+15V

10 dB/volt
10 kohms

+12V £5% @ 70 mA
-12V £5% @ 50 mA

Less than 0.1 dB/volt
change in either supply.

AVAILABLE ACCESSORIES

Model Spacer Plates
H1968B 19177-P3
100 |
% OF
RATING

AT +25°C 50

-65°C

«25°C s110°C

TEMPERATURE

Fig. 2-Power derating factor
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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, aititude, humidity, and salt
atmosphere. All hermetically-sealed parts may be ordered, if desired, with 100% screening in accord with

the following:
Test Method Condition
Internal Visual 2017.3 —
Stabilization Bake 1008.2 C
Temperature Cycle 1010.5 C
Mechanical Shock 2002.3 B /.
Burn-In 1015.4 - /
Leak 1014.2/.9 Al & A2
DIMENSIONS AND WEIGHT
.08(1,5) —= ; ‘;‘g‘?‘?) —o =—.05(1,3)
RF CONN
g)hcAA FEMALE — | 1 4% 6 .018(05)

MTG SURFACE

YT /

r T
1.10 .9510 ' g:f +¥
iy

5

(27.9) — (@) —— GND
|~ conT.
L LY i
i
.38(9,7) FOR SMA FEMALE o
50(12,7) FOR SMA MALE : S LS ~
LB R 10(2,5) MIN NUT
41 15 =.03 —™ —GLEARANCE
—= (104) =+ Ul REQD.
~10@2.5
- ;4207) e .12(3,0) R (2.5)
y - 24(6,1)

Weight: 3.5 oz. (99 gm) approx.

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

The Series D197 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

e Attenuator range: to 45 dB
» Linearized control: 10 dB/V
* High speed

L1

i1

RF INJOUT

>

)
i—x

><

s

25

X
X

Fig. 1-RF schematic diagram

©

J2

TYPICAL PERFORMANCE

ATTENUATION VS.FREQUENCY

ATTENUATION (dB)
A
w

+
12

FREQUENCY (GHz)

PHASE VS. FREQUENCY

+61 ATTENUATION

3% LEVEL
@ 30 dB
a +2 0ds 3
W o 20 dB
4 10 ds
T —e

-4

= } 4

SS 12 8

FREQUENCY (GHz)
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Series D197
Specifications

PERFORMANCE CHARACTERISTICS

MODEL D1972 D1974 D1978
Frequency Range (GHz) 2-6 4-11 6-18
Mean Attenuation Range 32dB
Insertion Loss (Max) 4dB 5dB 55dB
VSWR (Max) 20
Accuracy of Attenuation 0to 20dB +1.0dB
> 20t032dB +2.0dB
Amplitude Flatness 0to20dB +04 dB +04dB +08dB"
>20to32dB +06dB +08dB +1.3dB"
Monotonicity Guaranteed
Phase Shift 0to20dB +4° +4° +5°
>20t032dB +8° +8° £-10°
Control Voltage 0-32V
Control Input Impedance 10 kohms
Transfer Function 10 dB/V
On Time, Off Time 250 nsec
Temperature Coefficient 0-20 dB .01 dB/°C
> 20-32dB .03dB/°C
Max. RF Power Input (Operating) 100 mW
Max. RF Power Input (Survival) 05 W
Harmonic Distortion @ Pin = +10 dBm —40 dBc -50dBc -50dBc
: +15V £5% @ 200 mA
Power Supply Requirements _15V +5% @ 120 mA
SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)
Mean Attenuation Range 45dB
Accuracy of Attenuation 0-20 dB +1.0dB
>20-32dB +20dB
>32dB +35dB
Amplitude Flatness 0to 20dB +04dB +04 dB +0.8 dB"
>20to32dB +0.6dB +0.8dB +1.3dB"
>32dB +15dB +15dB +20dB
Phase Variation 0to20dB +4° +4° +5°
>20to 32dB +8° +8° +10°
>32dB 15 +:20° +30°

(1) Except from 8-18 GHz, flatness is + 0.5 dB up to 20 dB, + 1.0 dB up to 32 dB.
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Series D197
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature . L
Range ................ -54°C to +110°C Option No. Description
Temperature Range. . ... -65°C to +125°C connectors
Humidity . ............... MIL-STD-202F, Method 1038, 10 One SMA male (J1)
Cond. B (96 hrs. at 95%) and one SMA female
Shock . ... MIL-STD-202F, Method 2138, (J2) rf connector
Cond. B (75G, 6 msec) 45 Extended attenuation
Vibration................ MIL-STD-202F, Method 204D, range to 45dB .
Cond. B (.06” double amplitude 65 +12V operation
or 15G, whichever is less)
Altitude . .. .............. MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling........... MIL-STD-202F, Method 107D, f
Cond. A, 5 cycles
DIMENSIONS AND WEIGHT ‘
.38(9,7) FOR SMA FEMLE ‘
.50(12,5) FOR SMA MALE
B ——a RF CONN
5 —o le— .12(3.0) SMA FEMALE 2X
*"'*1 r' T r.12(3,o;
MOUNTING
SUHFACE\
X @ : a J2 440 I
} ?éfs) (©8.9 i
c o
CONTROL l
SMC MALE
AT /
.34
— e
=T AT
™ ey T 2
e
4 x 6.120(3.0)
SERIES D197
Wt: 5 oz. (142 gm) approx.
MODEL A B (& D E < F G H
D1972 | 2.5(63,5) | 2.26 (57,4) | 2.28 (57,9) | 0.22(5,6) | 0.91 (23,1) | 1.25 (31,7) | 1.5(38,1) | 1.7 (43,2
D1974 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)
D1978 2.0 (50,8) | 1.76 (44,7) | 2.58 (65,5) | 0.18 (4,6) | 0.66 (16,8) | 1.0(25,4) | 1.25(31,7) | 1.50 (38,1)

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx *.005
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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
e Guaranteed monotonic

The Series H198 are hermetically sealed, high
speed, digitally controlled switched bit attenuators.
Attenuation changes are guaranteed to be monotonic
over the entire frequency band and operating
temperature range. Employing removabile 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. S i

+5V -12v

CONTROL
LOGIC

T

L DRIVER

RF INJOUT

9 Y., .. 53 \2
S el B

RF INFQUT

____”_?2

DRIVER

|

Fig. 1-Series H198 schematic diagram
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Series H198

Specifico’rion§

—
PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS
Temperature Range
CHARACTERISTIC H1980 H1982 Operating ....... -65°Cto +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 31.5dB range, 0.5 dB LSB
VSWR (Max) 2.0:1 (H1982 only)
7 Two SMA male rf Connectors
Number of Bits 6 9 Inverse Control Logic
Montonicity Guaranteed 10 One SMA male and one SMA
Accuracy of Mean +0.5dB: 0to31dB id ﬁ_mﬁl; r{ CEnnecion
Attenuation +1.0dB: >31t063dB gL nevac meling
(see Table 1, page 30) l
Attenuation Flatness +0.5dB; Oto14dB .
+0.75dB: >14t032dB [
N s e AVAILABLE ACCESSORIES .
Power Handling +23 dBm cw Model Spacer Plates
Switching Time 30 nsec. (50% TTL to H1980 19177-P2
1 dB of final value) H1982 19177-P2 :
| Rise and Fall Time <10 nsec i
Switch Rate 10 MHz (1 i
Control Logic Logic ‘0" = Bit Off PIN DESIGNATIONS
Lomers Fu = HitC PIN [ FUNCTION
Control Input At Logic “O’": —0.3t0 +0.8V 1 16dB
@ 1.2mA 5 8dB
At Logic "“1": +2.0to +5.0V
3 2dB
il 4 4dB
Power Supply +5V £5% @ 175 mA@ 5 1dB
-12V £5% @ 150 mA 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 mA,
-12V @ 250 mA at 10 MHz.
DIMENSIONS AND WEIGHT i
9 x 4 .020(0.5) '
.38(9.7) FOR SMA FEMALE 2.00 |
.50(12,7) FOR SMA MALE (50,8) —= pe— 24(6,1)
— [ { 07(1.8)
i |
] 2
y 1 2 3 4 5 4V @ BQ )
61 | - .75(19,1) ‘
(15.5) J J2 -
{ i \ / .38(9.7)
. Q\ e '
= 0 4 x $.079(2,0) -
e (8™ RF CONN
1.86 A3 o
(47,2) SMA FEMALE @.3)
2x
SERIES H198
Wt: 0.8 0z (23 gm) approx
Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx*.005
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Model 3250A Ulira-Broadband
6 Bit Digital PIN Diode Attenuator

* Frequency range: 0.2 to 18 GHz
* Attenuation range: Up to 60 dB

* 6 Bit Binary or BCD programming
¢ Absorptive

¢ Guaranteed Monotonicity

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

The unit is an integrated assembly of a dual T-pad
PIN diode attenuator and a driver consisting of a
D/A and an I/V 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.

+V -V

[ ]

DIGITAL DRIVER CIRCUIT
CONTROL
INPUT DIA
CONVERTER
W
CONVERTER
RF INJOUT RF INJOUT
PIN DIODE @
2 ATTENUATOR
J2

Fig. 1-Model 32504, block diagram

BIAS
| S |

lsgries | | hrota

RF IN/OUT

Ji

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 Power Handling Capability
Without Performance
Mean Attenuation Range Degradation........... Up to 100mW cw or
O2W018GHZ o o0 o rvi voim s sws 5es .0 60 dB peak (see Figure 3)
. Survival Power. .. ...... 2W average or peak
Insertion Loss (max.) (from —65°C to +25°C;
0210 BGHZ ... oo« covn siis baie i - 35 dB see Figure 4 for
810124GHz............. PR S 40dB higher temperatures)
1241018 GHzo v vnm s wos suns wsim 50 dB Switching Time. ... ..... 2 usec max.
VSWR (max.) Programming........... Positive true binary standard
0210 BIGHE . .0 e cxisie miminsivins sinin s 1.75 or BCD (Option 1). For
B 10 WBGHZ.. o e cos wmis vavmsis 2.0 complementary code,
specify Option 2.
030 4B +05 dB Minimurm Attenuation Step 1.0 dB
31050dB......oovvean +0.75 dB Logic Input
SU B0 AR 2 cins son pams s aves +15 dB Logic “0" (Bit Off)...... -03to +0.8 V@500 pA max
Logic. "1 (Bit On): < .= +20to +50 V@100 pA max
Flatness of Attenuation
GHOB0AB! « s o ovas & vemy o ia +1.0dB Power Supply
g R R +1.5dB Requirements . . . ... ... +5V +5%, 250 mA
A1 080dB con s cinn s onnne - e 20dB +15V +5%, 75 mA
53 1 To 073 10| - S —— +3.0 dB —15V, £5%, 75 mA
Temperature Coefficient. . .. . . 0.02 dB/°C max

100
+20 dBm (100 mW) ;
!
« +10dBm (10 mW) 1 % OF
E ] RATING
Q2 0dBm (1.0 mwW) : AT +25°C 44
E
Z -10 dBm (0.1 mW) !
= i
-20 dBm (0.01 mW) 1
02 05 1.0 2.0 40 80 180 : -65°C +25°C +110°C
FREQUENCY (GHz) 1 TEMPERATURE
Fig. 3-Model 3250A, maximum peak and average Fig. 4-Model 3250A survival power
operating power without performance ' derating factor.

degradation.
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Model 3250A
Specifications

ENVIRONMENTAL RATINGS PIN FUNCTIONS
Operating Temperature PIN NO. BINARY BCD (Opt. 1)
RANGE.... . oo s srim w556 —54°C to 110°C 1 SPARE s
Non-Operating PARE
Temperature Range. . ... —65°C to +125°C 2 SPARE SPARE
Humidity ... . = MIL-STD-202F, Method 1038, 3 +5V +5V
Cond. B (96 hrs. at 95%) 4 DIGITAL & DIGITAL &
Shoelt...c o osoamvan; . ....MIL-STD-202F, Method 213B, 5 POWSSDGND st L
Cond. B (75G, 6 msec) 1dB
o 6 GND 2 dB
VRN «-o wua: 2vs 5o MIL-STD-202F, Method 204D, 7 1 dB 4 dB
Cond. B (.06” double amplitude 8
or 15G, whichever is less) 2dB 8 dB
Altitude MIL-STD-202F, Method 105C . +d5 s pis
................. -STD- , Metho :
Cond. B (50,000 ft.) i o S
11 16 dB 40 dB
Temp. Cycling. . ......... MIL-STD-202F, Method 107D, 12 32 dB OPEN (NO
Cond. A, 5 cycles CONNECTION)
13 +15V +15V
14 - 15V -15V
AVAILABLE OPTIONS 15 SPARE SPARE
Option No. Description
1 BDC programming
(Binary is standard) ACCESSORY FURNISHED
2 Complementary programming Mating power/logic connector

(positive true is standard)
Two SMA male rf connectors
10 One SMA male (J1) and one
SMA female (J2) rf connector
5002  8-Bit Resolution, 1 psec switching time

DIMENSIONS AND WEIGHT

ITT CANNON DA-15P OR EQUIV,
WITH D110551 JACKPOSTS.
MATING CONNECTOR FURNISHED. 4 x $.136(3.5)

200 .80
\ (50.8) (20.3)
. "1.80 10 40 £.03
*—(a5.7) "'/_[2.5) ™ (10.2)
.90 o - -
(22.9) L_

!
t a3 f
| 31
310
(87,8) MTG
3.25 i /- SURFACE
(825) 3.05
(77.5)

J2
Ut = a5
+ -

(8.9)

e, LN

(2.5) (3.6)

(8,4)
.38(9.7) FOR SMA FEMALE- RF CONN
.50{12,7) FOR SMA MALE SMA FEMALE
2X
MODEL 3250A

Wt: 4 oz. (113 gm) approx.

Dimensional Tolerances, unless otherwise indicated: . XX +.02; XXX +.005
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346C Series Multi-Octave
10 Bit Digital PIN Diode Attenuators

(0.5-18 GHz)

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

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

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

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

ey —v
DIGITAL DRIVER CIRCUIT
CONTROL
INPUT DIA
CONVERTER
i
CURRENT i |
CONTROL INPUT Vil
(ALTERNATE) CONVERTER
w
<
SHUNT | @ | SERIES
RF SERIES 196 } RF
@; PIN DIODE
INIOUT ATTENUATOR INIOUT
Fig. 1-Series 346C , block diagram

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

= Attenuation range: 60 dB

e Programming: 10-Bit binary

* LSB: 0.06 dB

* Monotonicity: guaranteed

=
NERAL
EROWAYE

39



Series 346C
Specifications

PERFORMANCE CHARACTERISTICS

Temperature Coefficient . +£0.02 dB/°C
Power Handling Capability

MODEL MODEL MODEL MODEL
CHARACTERISTIC 3460C 3461C 3462C 3468C
Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18
Mean Attenuation Range (dB) 60 60 60 60
- 2.5 (0.5-4 GHz)
Insertion Loss (dB) (max) 25 3.0 (4-8 GHz) 3.0 45
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
0-20dB ............. +1.0dB Step..qwc: covemgag e 0.06 dB
20-40dB ............ +15dB .
40-60dB ............ +20dB Logic Input
i Logic “0” (Bit off) .. .—0.3to +0.8V
Monotonicity .......... Guaranteed Logic “1” (Bit on) . ..+2.0to +5.0V
Phase Shift ... ...... . . See figure 2. Input Current . . .. .. 10 pA max.

Nominal Control Voltage Characteristics

: Range ............ 0to 2 mA
Without Performance Degradation 9
1 All Units ......... Up to 100 mW cw or Transfer Function . .30 dB/mA
peak (see figure 3).
Survival Power ;
Al Units . ...... .. 2 W average or peak, Input Impedance . . .3 kohms
from —65°C to +25°C Power Supply
fi 4 for higher
iﬁ?nepé?:fges)or = Requirements . . . . .. +12V to +15V, 80 mA
) —-12V to-15V, 60 mA
Switching Time
ONTime ............ 1.0 psec. max. Power Supply
OFF TIME: ; . .o vms conie 0.5 psec. max. Rejection ...... ... Less than 0.1 dBivolt
Programming .......... Positive true binary. change in either supply
For complementary
code, specify Option 2.
To interface with other
logic families, please
contact factory.
sura 80 dB = 60 a8
E 400 5048 13§
e - g s
£ 0 w008 8w
E? 200 p— E weB
% 100 2008 021 - 08
S ) 10 6B 3 008
0.0 3408 £ 1048
008 a 0
-10.0
moa'm == o0 : Fnsm;sz (GHY) .
FREQUENCY (GHz) ¢
Model 3460C Model 3468C

Fig. 2-Series 346C, lypical phase shift variation as a function of attenuation




Series 346C
Specifications

+20 dBm (100 mW) 168
|
x 1
g +10 dBm (10 mw) " o OF
o | RATING
'é 0 dBm (1.0 mW) | ATZE0
F3 I
-10 dBm (0.1 mw)4 )
0.5 1.5 18.0
FREQUENGY (GH2) -65°C +25°C +110°C
TEMPERATURE
Fig. 3-Series 346C, maximum peak and average
operating power without performance degradation Fig. 4-Series 346C, survival power derating factor
ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
o%etating Temperature By < A Option No. Description
BOHS o e vapu s ST = = 2 Complementary programming
Non-Operating - (logic 0" is bit on)
Temperature Range. . . .. -65°C to +125°C
Humidity .. .............. MIL-STD-202F, Method 7 Two SMA malie rf connectors
;?323;3)"""‘ B (96 hrs. 10 One SMA male (J1) and one SMA
e female (J2} rf connector
ShOtK ;o vsm sammn e wa MIL-8TD-202F, Method e
213B, Cond. B (75G, 6
msec)
Vibration. . .............. MIL-STD-202F, Method ACCESSORY FURNISHED
204D, Cond. B . =
(06" double amplitude or Mating powsr/logic connector
15G, whichever is less)
Altitude .. .. .............. MIL-STD-202F, Method
105C, Cond. B (50,000 ft.)
Temp. Cyeling........... MIL-STD-202F, Method
1070, Cond. A, 5 cycles
DIMENSIONS AND WEIGHT
ITT CANNON DA-15P OR EQUIV. WITH D110551
JACKPOSTS. MATING CONNECTOR FURNMISHED.
4 x 8.120(3.0) .30 £03 [
(7.6)
Ja } ..
' : 1.050 (1) Al unused logic inputs must be grounded.
(26.7) 1.81:03 (2) For normal programming control Pin 1 must be grounded or at logic
(48.0) “0". Application of logic “1” to Pin 1 overrides the digital input and
L J2! ‘-r“ sets the unit to insertion loss. For units with complementary program-
| A ming (Option 2), the application of a logic "1” to Pin 1 sets the unit to
.10 | 1.800 L. 66 44 high isolation (60 dB or greater).
2.5) (45,7) (16,8} (11,2 (3) Pin 2 is available to (a) monitor the D/A converter oulput, (b) apply a
25 modulation signal from a current source, or (¢) apply an independent
‘_fégosf‘m T (6.4) :g.: _ analog signal for turn-on, turn-off or vernier attenuation levels.
/ ’ RF CONN (22,4) (4) The Serigs 346C attenuators are 10-bit digital attenuators. In
38(9,7) FOR SMA FEMALE ~ SMA FEMALE order to use this device with a lesser number of bits (lower
.50(12,7) FOR SMA MALE 2x resolution), the user may simply ground the logic pins for the
lowest order unused bifs. For example, a Series 346C unit oper -
SERIES 346C ated as an 8-bit unit would have Pin 15 and Pin 3 connected to
Wt: 3 oz. (85 gm) approx. ground. All other parameters remain unchanged.
Dimensional Tolerances, unless otherwise indicated: XX x.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.

{0 i

RF RN/OUT X x RF INFOUT

< XX ©

J2

% 2%

Fig. i—RF schematic diagram

TYPICAL PERFORMANCE
ATTENUATION VS. FREQUENCY PHASE VS, FREQUERCY
0
+61 ATTENUATION
-5 L. LEVEL
=

—104~ 2 30 dB
= S 421 ods
= -5 @ o4 20 de

o

E_go>_ E ) o ds
£ -25p
S =41
Z 301~ s = ' {
Eo_agl e i2 18
a o FREQUENCY {GHz)

_40.-

-45 t —

3 12 18
FREQUENCY (GHz)
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Series 347
Specifications

PERFORMANCE CHARACTERISTICS

Temperature Coefﬂcle i

Max RF Power Input (Operatmg

= MaX ‘RE Power lnput (Survwal)

i Harmomc Dlstortlon @ Pm

“-_:fffContrOI :

"~ Power ::_Supplytﬁequiremen_tsr ‘

- Phase Variation -

(1) Except from 8-18 GHz, flatness is 0.5 dB up lo 20 dB, +1.0dB up to 32 dB.
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Series 347
Specifications

ENVIRONMENTAL RATINGS
Operating Temperature

Range ............... -54°Cto +110°C
Non-Operating Temperature
5 (L TR e— -65°Cto +125°C
Humidity............... MIL-STD-202F, Method 1038,
Cond. B (96 hrs. at 95%)
SHOCK.. e v snes s MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration............... MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
Altitude . . .. ............ MIL-STD-202F, Method 105C,

Cond. B (50,000 t.)

MIL-STD-202F, Method 107D,
Cond. A, 5 cycles

AVAILABLE OPTIONS

Option No. Description
7 Two SMA male f
connectors
10 One SMA male (J1)
and one SMA female
(J2) rf connector
45 Extended attenuation
range to 45 dB
65 +12V operation
ACCESSORY FURNISHED

Mating power/logic connector

DIMENSIONS AND WEIGHT

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

n— RF CONN

! SMA FEMALE 2X
oo J3 PINFUNCTIONS - ~ D 12(3,0)
=PINNO. BN A-] r 12{3,0)
2 i ]
T }
o MOUNTING |
—_— SURFACE
S F Ji J2 o
& 3.25 (AS.Q,
7 {82,6)
¥ . c
= l 7
TR ':}45;3;255 ROt o “—[E_ i
St s - 12,4)
S BB =V N28 £ [ ™ 17r cannon Da-t5P
P 7 B A——m OR EQUIV. WITH
(24.5) 0110551 JACKPOSTS.
MATING CONNECTOR
4x8.12003.0) FURNISHED.
SERIES 347

Wt. 5 oz. (142 gm) approx.

|20(50,8) 1.7
2.0(50.8

Dimensional Tolerances, unless otherwise indicated: .xx +.02; xxx +.005
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Series 348 and 348H
8 Bit Digital/Analog Attenuators

SERIES 348 AND 348H

The Series 348 and 348H Digitally Programmable
Attenuators provide greater than octave band
performance in small hermetic packages ideally
suited for high reliability applications. The Series 348
offers moderate power handling capability (100 mW)
at switching speeds less than 500 nsec while the
348H Series offers 200 nsec switching speed at lower
power. Attenuation of all units is 60 dB with monotonic
0.25 dB step resolution.

The attenuator is an integrated assembly of a 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 primarily intended for use as
digital attenuators, they can also be used as analog
(voltage driven) attenuators.or as combination
analog/digital attenuators. {See note 4 on page 47.)

v -V
[ I -
DRIVER CIRCUIT Pl
DIGITAL [ A 50dB
INPUT on 1000k o
CONVERTER —_ T ol A6 dB
AT g | A T
M — - o al
S sa0b A ,/'/,../“/ -
-~ — B .~ 20d
= r e il ..-/’//’/ T
14V %3] - =5 __———— lod8
CONVERTER & 0oL = = =
@
o
Es 4
o
-300F
RF RF T'
IN/OUT IN/QUT
PIN DIODE S—7t -100.0g - - 3
ATTENUATOR
FREQUENCY (GH1)
Figure 2
Figure 1 Model 3488
Series 348/H block diagram Typical phase vs. attenuation
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Series 348 and 348H
Specifications

PERFORMANCE CHARACTERISTICS

Mean Attenuation Range.. 60 dB

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

Monotonicity .. .......... Guaranteed
Phase Shift............. See Fig. 2
Temperature Coefficient.. +0.02 dB/°C

Power Handling Capability
Without Performance

Survival Power (from
—65°C to +25°C. See
Figure 3 for Higher

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

Programming: 8 Bit TTL.. Positive true binary
Minimum Attenuation Step 0.25 dB

Logic Input Current:

10 pA max
Analog Input Characteristics
BENGE .. s« svssaoms o 0to 6V
Transfer Function....... 10 dB/V
Input Resistance........ 6 kohms
Power Supply
Requirements. . ........ +12 to +15V, 120 mA

-121t0 - 15V, 50 mA

Degradation............. 348 100 mW cw or peak
348H 10 mW cw or peak

Temperatures). . .......... 1W average, 25W peak

(1) For 3488H only: Except from 12-16 GHz where insertion loss is 3.5 dB max.
and from 16-18 GHz where insertion loss is 4.0 dB max. and VSWR is 2.0 max.
(2) Specifications for the extended frequency ranges are typical.

Logic Input. . ............ Logic "0”: -0.3 to +0.8V
Logic “1”: +2.0to +5.0V

ENVIRONMENTAL RATINGS

Operating Temperature

RAMNGS o 5ovn s g immasa -54°C to +110°C
Non-Operating Temperature
Renge ................ =65°C to +125°C

ACCESSORY FURNISHED

Mating power/logic connector

AVAILABLE OPTIONS

Option No. Description
7 Two SMA male rf connectors
10 One SMA male {(J1) and one
SMA female (J2) rf connector
49 High Rel screening
(see Table 1, page 30)
100

% OF
RATING
AT +25°C

a0

0

-54°C +10°C

+25°C
TEMPERATURE

Fig. 3-power derating factor
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Series 348 and 348H
Specifications

DIMENSIONS AND WEIGHT
.38{9,7} FOR SMA FEMALE
i ,50(12,7) FOR SMA MALE
O e L i wm———— VO o JE
(34,0) (2,7
10 g (R Lo " A5+ .01
{2, 5) (29,0} (11,4)
.10(2,5)
i = @ @
RF CONN, SMA FEMALE
/ 2X
134 1140 %/
(34,00 {29,0) o J2
éi MOUNTING
67 SURFACE
(17,0}
4% $.100(2,5)
CONN, 14 -PIN
1AW MIL-C-28748
_*_ — ] — 90090
.36 { —éoenuo“oo @ 30
(9.1} (7,861
$ i ¥
PINA
SERIES 348/H
Wi: 2.4 oz. (68 gm) approx.
Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xx +.005

Ja"Powsanoelc ccsNNEc 10N

: DlgrtalfPower GND- Laps

“:Logic: Control: (Note2) -
: “=12.to =15V
- 0:25 dB:(LSB
05 dB ;

: _kAnang lnput (Not&c 3&4)

1. All unused logic inputs must be grounded.

2. For normal TTL programming control, PIN B must be grounded or
at Logic 0. 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 & control
voltage of 0 to +B6V at PIN R. The slope of attenuation will be
nominally 10 dB/V. For & non-zero source resistance (Rg) of up to
500 chms, the attenuation error is approximately —.0017-Rq-Viy dB
and the slope will decrease by approximately 0.17 dB/V per 100 chms
of source resistance.

Using the 348/H Series attenuator as both a digital and analog control
attenuator, the total attenuation ATT =10 *Vyy+ programmed digital
attenuation. The maximum attainable mean attenuation is 60 dB.
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Model 1761 Multi-Octave Digitally Controlled
Miniature PIN Diode Attenuator

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

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

full 2 to 18 GHz operating band at all levels of atten-
uation and for any programmed attenuation step.

The Model 1761 weighs approximately 1.5 oz.

It is configured with SMA female RF connectors
and a multipin connector for logic and power. The
unit is powered by +12 to 15V DC and the logic
input is TTL compatible.
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Model 1761
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range . ............. 2to 18 GHz Power Supply
AttenuationRange . ............ 60 dB min Requirements .......... +12 to +15V,
Insertion Loss, max.. ........... 4.5dB . 100 mA
-12to -15V,
Flatness 100 mA
Untod0dB ... L1l o as Power Supply
Upto B0 dB oo +3.0 dB Rejection . ............. Less than 0.1 dB/volt

change in either supply
Accuracy of Attenuation

01020 EB .uwws v vass s @ aems 4 +1.0 dB
201040 dB] .z s sens s aEn sy +1.5 dB
40106008 ..., .. 2.0 dB ENVIRONMENTAL RATINGS
. Operating Temperature
Monotonicity ................. Guaranteed Range ................ -54°C 10 +110°C
Temperature Coefficient ........ +0.02 dB/°C Non-Operating
Power Handling Capability Temperature Range ..... -65°C to +125°C
Without Performance <
. : Humidity .......... MIL-STD-202F, Method 1038,
Degradation .................. Up to 100 mW cw Cond. B (96 hrs. at 95%)
or peak
Survival Power . ............... 2 W average or Shock ............. MIL-STD-202F, Method 2138,
peak from -65°C to Cond. B (75G, 6 msec)
25°C; d
Fmgaﬁ' o oy Vibration .......... MIL-STD-202F, Method 204D,
e} ozc Cond. B {0.6” double amplitude

. or 15G, whichever is less)
Switching Speed

50% TTLo 80% RF........... 1.0 psec Altitude ........... MIL-STD-202F, Method 105C,
Programming ................ 7-Bit TTL Binary Cond. B {50,000 ft.
Minimum Attenuation Temp. Cycling ...... MIL-STD-202F, Method 107D,

L T T, 0.5 dB . Cond. A, 5 cycles
Logic input

Logic *0" (Bit OFF) ............ -0.3 to +0.8V

Logic™1” (Bit ON) .. ........... +2.010 +5.0V ACCESSORY FURNISHED

Input Current . ............... 10pA max. Mating power/logic connector

DIMENSIONS AND WEIGHT
CAGTYR. =i - = (.36
2 X SMA PIN FUNCTIONS
FEMALE PIN. | FUNCTION
A GNDE T
_E&L“ MOUNTING B8] LSB0SdB -
/ SURFACE ,g’";:., :
¥ £
/jnnnmsL‘—st i
‘H:
TR
m;sfwggm1A I"|'_ 0.30 K-
134 — - ‘- (.50 Ih-‘
SQUARE ~ |~ PIN'A N
023 - / :4:';

MODEL 1761

JACKSOCKET

Wt 1.5 0Z. approx. (m'
Di ional Tolerances, unless otherwise indicated: XX + .02; XXX + .005 | &

49




Series 349 and 349H Octave-Band
11 Bit Digital PIN Diode Attenuators

The Series 349 and 348H programmable
attenuators provide greater than octave-band
performance and wide programming flexibility in
compact rugged packages. Attenuation ranges up
to 80 dB are available with aftenuation increments
as low as 0.03 dB.

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

SERIES 349

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

SERIES 349H

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

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

+v -y
DRIVER CIRCUIT
DIGITAL
INPUT oA
CONVERTER
ANALOG
INPUT
17V
CONVERTER
RF RF
IN/OUT iN/OUT
PIN DIODE
ATTENUATOR

Fig. 1-Series 349 and 348H block diagram
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Series 349 and 34%9H
Specifications

PERFORMANCE CHARACTERISTICS

- 3498H-64

*NOTE: Specifications for the extended frequency ranges are typical.
(1) Except from 16-18 GHz where insertion loss is 4.2 dB max. and VSWRis 2.2.
(2) Applicable only to 80 dB versions. i
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Series 349 and 349H
Specifications

Mean Attentuation Range Programming.......................Positive true binary
349(x)-64, 349(x)H-64. .............. 64 dB (standard) or BCD
2 LTy g3 ) IS SRPONRRRe . 1 1 ; (Option 1). For
complementary code,
Accuracy of Attenuation specify Option 2.
>3?)-.35?) ggf (1)2 gg Minimum Attenuation Step
""""" 0 Binary Units
>50-64 dB......... +1.5dB
64-80 GB...veeorrsovere +2.0d8 A4, SANxp +-Dd......05.00
349(X)-80....ccruierrannriairianes .04 dB
MONOLOMICIEY ....ovvveereireersonererisiensenn GUiAranteed BCD Units ..o 10dB
Temperature Coefficient ................. +0.025 dB/'C L°Ei° _'““Pc')':t —— g
Foser Hincing Capabilyy. ng:g “ %sn Ong'."""w:}z:o o +5.0V
Without Performance Degradation Logic Input Current ........... 1 A max.
BB . amrrrr s ssesanis 10 mW cw or peak Bl inpit
o 1mW cw or peak
Al OthET UNHS ......oooeeeeeerressnen 100 MW 349(x)-64, 349(x)H-64......010 6.4 ¥
Y o ek 349(x)-80-...rrr.. ..0t08V
Survival Power (from —40°C to +25°C; see figure 2 for Input Resistance................ 10 K ohms
higher temperatures) Power Supply
Al UNIES. .oovvvveeeeee e essenseneeneen ] W AVETAgE Requirements................. +12t0 +15V, 120 mA
25 W peak (1 psec —-12to ~1 SV, 50 mA
max. pulse width) Power Supply
Switching Time Rejection.........cccccccevieannn Less than 0.1 dB/volt
34900H-84.....cooeoneeriiieenrnnnn...300 NSEC MaAX. change in either supply

..500 nsec max.
e HSEC MAax.

349(x)-64 .....
FANOOED csmimsrensiiisission

AVAILABLE OPTIONS

ENVIRONMENTAL RATINGS Option No. Description
Operating Temperature 1 BCD programming (Binary is standard
Range ............. —40°C to +85°C 2 Complementary programming
(logic “0" is Bit On)
Non-Operating 4 Strobe latch for date input. Attenuator
Temperature Range .. -54°C to +100°C responds to data input when logic “0”
o is applied. Attenuator latched to data
Humidity ............. EALI;.}?TS (92%2::;3&::'1905(’0/:)038' input when logic “1” is applied.
7 Two SMA male rf connectors
Shock ............... MIL-STD-202F, Method 2138, 10 . One SMAmale rf connector (J1) and
Cond. B (75G, 6 msec) ~ ‘one SMA female rf connector (J2).
Vibration . ............ MIL-STD-202F, Method 204D,
Cond. B (.06" double amplitude
or 15G, whichever is less) s
Altitude . ............. MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.) woF 8
RATIN’G.
Temp. Cycling ... ... MIL-STD-202F, Method 107D, S
Cond. A, 5 cycles.

ACCESSORIES FURNISHED

Mating power/logic connector

-40°C

+25°C
TEMPERATURE

+85°C

Fig. 2-Series 349 and 349H, power derating factor
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Series 349 and 349H
Specifications

DIMENSIONS AND WEIGHTS

.82 +.03

,}_.“—* "'@ {20,8)

J

14— 2.720
38) | (69.1) 4x0.125(3.2)
] 3
[ | f
1.400 LT20 e
(35.6) B3 {43.7) G
TS 4 "
P /“5’ J
3.00 +.03 .38(9,7) FOR SMA
(76.2) ™ FEMALE
FIF Cab ¥ .50(12,7) FOR
SMA FEMALE Sinik Bl
2X

N e
B
e
/ ¥ {10.4)
MOUNTING SURFACE /

ITT CANNON DA-15P OR EQUIV. WITH
D110551 JACKPOSTS. MATING CONNECTOR FURNISHEL.

Series 349, 349H
Wt: 5.5 oz. (156 gm) approx.

NOTES

1. Normally supplied as an Analog input. Leave pin open if analog input is

not used. Optionally available as a strobe latch function for input data.

2. Pin 3 is available to apply a current or voltage to control the attenuatar
in a non-linear fashion.

3. The Series 349 attenuators are 11-bit digital attentuators. In order to use
this device with a lesser number of bits {lower resolution), the user may
simply ground the logic pins for the lowest order unused bits. For exam-
ple, a Series 349 unit operated as an 8-bit unit would have Pin 15, Pin 1
and Pin 2 connected to ground. All other parameters remain unchanged.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx *.006
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Phase Shifters and

- Modulators

General Microwave offers a complete line of broad-
band phase shifters and -Q medulators which span
the frequency range from 0.5 10 24.0 GHz. These
devices are available in several different topologies
that allow the designer to choose among varicus per-
formance characteristics that best suit his system
needs. This catalog describes only our standard line
of broadband phase shifter modeis. In addition to
these, there are numerous special designs, employing
a variety of phase shifter circuits, which GMC has
utilized in custorn 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 wiil be A{n)sin
{wt+ H(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
varacter 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 resclution. In
addition, a choice between analog and digitat control
must also be made.

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

SWITCHED BIT PHASE SHIFTERS

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

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

General Microwave has produced a number of
custom narrow and broadband swiiched bit phase
shifters. Recently it has introduced the Mods!

H752 series, a hroadband, high speed

switched bit phase shifter which utilizes a proprietary
“All-Pass” circuit as phase shift elements. A complete
description of this design is available in a separate
technical paper.! This tcpotogy achieves relatively
constant phase shift performance over octave and
greater bandwidths in a very compact format,
especially as compared to the distributed transmis-
sion line approaches. As a result, the H752 series
offers low insertion loss and high speed performance
in a low profile, hermetic housing which makes it
especially suitable for rugged military applications.

(1} "Broadband Switched-Bit Phase Shifter Using All-Pass Networks', D. Adler and R. Popovich, 1991 IEEE MTT-S Diges!, pp 265-268. To oblain a
copy of this paper, please write to Dept. €., General Microwave Corporation, 5500 New Horizons Boulevard, Amityville, N.Y. 11761,




Phase Shifters and
[-Q Modulators

ANALOG PHASE SHIFTERS

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
_ diedes, which act as current controlled variable
resistors. Schottky diodes and ferrite devices are aiso
used as variable elements in analog phase shifters
but the former suffer from limited power handiing
capabitity 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 empioy-
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 I-Q 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.

(2) Phase shifters-can be used to translate the frequency of an rf carrier by subjecting it to a linear time varying phase shift.

Speed:

DEFINITION OF PARAMETERS

Phase Shift: 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.

Temperature The average rate of change in phase

Coefficient: shift, as referenced to the zerc degree
phase state, over the full operating
temperature range of the unit. Express-
ed in degrees phase shift/°C.

PM/AM: The maximum peak-to-peak change in
insertion loss of the phase shifter at
any phase state over the full 360°

phase range.

Accuracy: The maximum deviation in phase shift
from the programmed phase shift over
the operating frequency range when

measured at room temperature.

Carrier When the phase shifter is operated as

Suppression: a frequency translator, the minimum
ratio of carrier output power to the
translated carrier output power.

Sideband When the phase shifter is operated as

Suppression: a frequency transiator, the minimum
ratio of any sideband output power to
the translated carrier output power.

Switching The time interval from the 50% point of
the TTL control signal fo within 10°-of
final phase shift. This appliesto a
change in either direction between any
two phase states which differ by more
than 22.5°




Phase Shifters and I-Q Modulators
Selection Guide

PHASE SHIFTERS/FREQUENCY TRANSLATORS
Bi-PHASE MODULATORS
1.Q. VECTOR MODULATORS

£ 7320/7429.
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Model F1938

Bi-Phase Modulator
With Integrated Driver

The Model F1938 is a high-speed 0° or 180°
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.

RF INNOUT SINGLE RF INFGUT

SINGLE

BI-PHASE
00 MODURATOR

Model F1938, block diagram




Model F1938
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range............. 610 18 GHz
Differential Phase Shift........ 180° +£10°
Switching Characteristics ()

ON TIMO. - oootcnimion v 20 nsec. max.

OFFTime.................. 20 nsec max.

RiseTime.................. 5 nsec. max.

Fall Time.................. 5 nsec. max.
Insertion Loss............... 3.0 dB max.
VSWR . ivvvoimmmmins i oo 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 . ............. 1W cw or peak

Survival Power.............. 2W average, 25W

pulse width)

(1) As measured with a phase bridge.

peak (1 usec max.

Power Supply
Requirements..............

Control Characteristics

Control input
Impedance

Control Logic................

+5V £5%, 65 mA
—-12to —-15V, 20 mA

Schottky TTL, two-
unit load. (A unit
load is 2 mA sink
current and 50 pA
source current.)

Alternate applica-
tions of logic “0”
(-031o0 +0.8V) and
logic “1” (+2.0 1o
+5.0V) switches
phase by 180°.
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Model F1938
Specifications

ENVIRONMENTAL RATINGS

Operating
Temperature
Range ........ —865° to +-110°C
Non-Operating
Temperature
Range ........ —-65°to +125°C
Humidity . ....... MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
Shock .......... MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration........ MIL-STD-202F, Method 204D,

Cond. B (.06” double amplitude
or 15G, whichever is less)

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

Temp. Cycling. .. MIL-STD-202F, Method 107D,
Cond. 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 cne SMA
female (J2) rf connector
33 EMI filter solder-type control
terminal
64A SMB male control connector
DIMENSIONS AND WEIGHT
RF CONN 50
SMA FEMALE 835 (12.7)
.13
2 x 4 .104(2,6) .' (33)™™
.
@ (3.0)
RV
R a
+V
1.13 .895 | l :BE g/
(28.7) (227 : 5 | —GND
J2—-$ ‘I j_
f 38(9,7) FOR SMA FEMALE
a2 50(12,7) FOR SMA MALE
3,0]
(3,0 - —T

MODEL F1938 (182) b CONTROL : -
Wt: 0.7 oz (20 gm) approx SMC MALE m

Dimensional tolerances, unless otherwise indicated: XX = .02; .XXX = .005
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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 1-Q Vector Modulators covering
the frequency range from 0.5 to 18 GHz in four
bands; 0.5 to 2 GHz, 2 to 6 GHz, 4 to 12 GHz
and 6 to 18 GHz. See Fig. 1.

All models provide a full 360° range of phase
shift and a minimum of 20 dB attenuation range
at any frequency.

3dB
audifye -
BI-PHASE B ASE
_[/V\N 0° “|” | MODULATOR
= RF OUTPUT
® 90° "Q"| BiPHASE
RF INPUT MODULATOR
I MsB o Q
T e S el wier
| vorhhee ! INPUT  — +
L ; —
; ! — ;
72 SERIES 1 - | LSB— :
ANALOG R ! 1 1
INPUT L 3
070 10 VOLTS e ) - l
R = wibes
| VOLTAGE ! INPUT m— P
} CONVERTOA e 1
-4 ey = .
1 1 — 1
! i s 1$8— :
e 3 1 \
e srems s s s Reie 4]
cmb, 5 Fig. 1-Series 71, 72 Block Diagram
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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 1-Q Vector Moduiator is
shown in Figure 1. An RF signal incident on a 3dB
quadrature hybrid is divided into two equal outputs,
with a 90° phase difference between them. The in-
phase, or 0°, channel is designated the | channel
and the Quadrature, or 90°, channel is designated
the Q channel. Each signal passes through a bi-
phase modulator which sets the 0° or 180° state
and the attenuation level for both the [ and Q
paths. The outputs of the | and Q path are combin-
ed to yield the resultant vector which may fall
anywhere within the bounded area shown in Figure
2. Any signal appiied to the |I-Q Vector Modulator
can be shifted in phase and adjusted in amplitude
by applying the following relationships:

1. Let the desired attenuation level = X dB and
the desired phase shift = 6° (with respectto 0
dB and O° reference states).

2. The normalized output voitage magnitude is
given by: |V] = 10-«20,

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

I =VcosB
and
Q =Vsin®.

Figure 3 shows the nominal value of | and Q vs.
- either digital word (Series 71) or analog voitage
(Series 72). Thus, to achieve an attenuation level of
3 dB with a phase offset of 112.5° (with respect to
0 dB and 0° reference states) the values of | and Q
can be calculated as foliows:

V =109 = 0.707
| = 0.707 cos (112.5°) =-.027
Q = 0.707 sin (112.5°) = +0.65

From Figure 3, the control inputs to yield the

desired amplitude and phase are approximately:

Analog Units (72 Series) Digital Units (71 Series)

| =5.78 volts 100101000000
Q =2.84 volts 010010001011
While these values for | and Q will yield an out-

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

Q

“Q" BI-PHASE
AT 0° STATE
PLANE OF
VECTOR
xdB CONTROL
R jRSIN® 048, 0°
e REFERENCE
[C—— \ !
“I” BI-PHASE o BLPH
AT 180° STATE RCOS ¢ AT OPSTATQSE

“Q" BI-PHASE
AT 180° STATE

Fig. 2-1-Q Phase Relationship

1 CONTROL CHARACTERISTICS
GMC 71 AND 72 SERIES VECTOR MODULATORS

0°

180°

VECTOR MAGNITUDGE

125 25 a7 S 625 75 875 10
(0000..) (0010..) {0100...) {0110..) (1000...) (1010..) (1160..) {1110..) {1$11..)
CONTROL VOLTAGE OR DIGITAL WORD

Fig. 3 - 1-Q vs. Control Input
(Typical)
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Series 71/72
Specifications

PERFORMANCE CHARACT ERISTICS

: -._BIPPLE (50 MHz} (MaX

 VARIATION OF PHASE VS.
| TEMPERATURE (WAX).

;,ATTENUATIO' RANGE (I

“VARIATION OF AMPLITUDE
VS.TEMPERATURE (MAX) _

| RESPONSETIME (MAX)
$ POWER SUPPLY :

A""CONTROL INPUT
. T1'SERIES
. ‘72 SERIES

- CONTROL INPUT
_IMPEDANCE .
. 71 SERIES

| 72SERES
ENVIRONMENTAL RATINGS
Operating Temperature
Range ............... —54°C to +100°C
Non-Operating Temperature
Range ............... —-65°C to +125°C
Humidity ............... MIL-STD-202F, Method 103B.
Cond. B (96 hrs. at 95%)
Shogk . ..coammiasioms MiL-STD-202F, Method 213B,
Cond. B (756G, 6 msec)
Vibration ............... MIL-STD-202F, Method 204D,

Cond. B (.06" double
amplitude or 15G, whichever is

less)

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

Temp.Cyeling ........... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

ACCESSORY FURNISHED

Mating power/control connector (Series 71 only)

AVAILABLE OPTIONS
Option No.
i Two SMA male rf connectors

Description

10 One SMA male (J2} and one
SMA female (J1)rf connector
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

m O O .

4-40 THD x .30 03 DEEP
LOCKING INSERT-

P PIN 1 s ITT GANNON DC-37P OR EQUIV.
B WITH D110S51 JACKPOSTS.
e " MATING CONNECTOR FURNISHED,
™ RF CONN SMA FEMALE 2X

_@'_ it%m)

% /%’J‘Qma EF{'H
| BT
ngh

upn
A2 !
3.0}
l o *
L N
et C e A -
2,9

.38(9,7) FOR SMA FEMALE —f
.50(12,7) FOR SMA MALE

J3 PIN; FUNCTIO|

Dimensional tolerances, unless otherwise indicated: XX = .02; XXX = .005 ; I ;
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

DI CONT ICFE;I{ (‘l\; GPIWD @
©00

- 1.66(42,2)

4-40 THO x .30 +.03 DEEP
LOCKING INSERT 4X

—d CONTROL
32(8,1) .58 SMC MALE
et (14,7) ™ 2X
; " H RF CONN SMA FEMALE 2X
1379 A Ahhr ,
T 1 T ]
[} - ]
MTG
s SURFACE
Ehi-a1
Jz2
“E“"B“
S g2 "F"
(3.0
I (1
J T
' 25 |g e

j r—
.38(9,7) FOR SMA FEMALE
50(12,7) FOR SMA MALE

-If Dimensianal tolerances, unless otherwise indicated: .XX = .02; XXX = .005
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Series 73 12 Bit Digital and Series 74 Analog
High Dynamic Range |-Q Vector Modulators

The new Series 73/74 represents the latest
addition to General Microwave’s existing line
of PIN Diode 1.Q. Vector Modulators. Their
performance has been enhanced to provide a
higher dynamic range of attenuation for
today’s more demanding system applications.

All models incorporate mulitiple bi-phase
modulator sections to provide in excess of

60 dB attenuation range at any frequency. All
models are also capable of a full 360° range
of phase shift. The series covers a frequency
range of 2 GHz to 24 GHz in three bands;

2 GHz to 6 GHz, 6 GHz to 18 GHz, and

16 GHz to 24 GHz. A simplified block diagram
is shown in Fig. 1.

0° 1

90° Q"
RF INPUT

74 SERIES
ANALOG

INPUT
0TO 10 VOLTS

73 SERIES

=)
(2]
3
e

BI-PHASE
MODULATOR

>60 dB

BI-PHASE

MODULATOR
>66-dB

MSB —

MSB —

IN-PHASE
COMBINER
RF OQUTPUT
e
|
= |
VO 1|'AGE
BUFFER
!
d

Fig. 1 — Series 73, 74 Block Diagram
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Series 73 12 Bit Digital and Series 74 Analog
High Dynamic Range I-Q Vector Modulators

THEORY OF OPERATION

The block diagram of the I-Q Vector Modulator is
shown in Figure 1. An RF signal incidentona 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 | channel @
and the Quadrature, or 90°, channel is designated “Q~ BLPHASE
the Q channel. Each signal passes through a bi- ACIPIAE P
phase modulator which sets the 0° or 180° state VECTOR
and the attenuation level for both the | and Q i S
paths. The outputs of the | and Q path are combin-
ed to yield the resultant vector which may fall
anywhere within the bounded area shown in Figure o el 0d8,¢°
2. Any signal applied to the I-Q Vector Modulator 9\ RERHRRE
can be shifted in phase and adjusted in amplitude
by applying the following relationships: ikl og s ACOS & o e EE
Let the desired attenuation level = X dB and
the desired phase shift = 8° (with respectto 0
dB and O° reference states).

2. The normalized output voitage magnitude is
given by: |V]=10-&=20,

3. The values of the | and Q attenuator control in-

!

puts areI thet\'ll exprgssed as: 0 STATE
= V cos
and
Q =Vsin®é.

Fig. 2-1-Q Phase Relationship

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

V =109 = 0.707

| = 0.707 cos (112.5°) = -.027

Q = 0.707 sin (112.5°) = +0.65 1Q CONTROL CHARACTERISTICS
From Figure 3, the control inputs to yield the A AL T I AL
desired amplitude and phase are approximately: .
Analog Units (74 Series) Digital Unils (73 Series)

I =7.81 volts 110010000000
Q = 1.50 volts 001010000000
While these values for | and Q will yield an out-
put signal whose amplitude and phase are close to
the nominal values over the entire operating fre-
quency range of the vector modulator, the use of
an iterative measurement procedure will determine
the | and Q inputs which exactly define the desired
parameter at any selected frequency.

0°

VECTOR MAGNITUDE
180°

0 125 235 375 5 8.25 75 875 10
(0000...) (0010..) {0%00...} {0110..) (1000...) (1010...) (1100...) (1110} (1191}

CONTROL VOLTAGE OR DIGITAL WORD

Fig. 3 — 1-Q vs. Control Input
(Typical)
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Series 73/74
Specifications

PERFORMANCE CHARACT ERISTICS

© FINE GRAIN PHASE
_RIPPLE (50 MHz) (MAX) _

_ VARIATION OF PHASE vs
TEMPERATURE (MAX)

i;:‘.:.ATTENUATION RANG :MIN)

“VARIATION OF AMPLiTUDE
‘VS.TEMPERATURE (MAX)

'RESPONSE TIME (MAX)

: POWER SUPPLY

,CONTROL INPUT
T 73 SERIES
74 SERIES

CONTROL INPUT ~
IMPEDANCE =~
73 SERIES
74 SERIES

ENVIRONMENTAL RATINGS

Operating Temperature

Range ............... -54°C to +100°C

Non-Operating Temperature

Range ............... -85°C to +125°C

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

Shack ................. MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)

Vibration .. ............. MIL-STD-202F, Method 204D,
Cond. B (.06” double
‘amplitude or 15G, whichever is
less)

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

Temp.Cycling ........... MIL-STD-202F, Methed 1070,

Cond. A, 5 cycles

ACCESSORY FURNISHED

Mating power/control connector {Series 73 only)

AVAILABLE OPTIONS
Option No. Description
7 Two SMA (Type K-Mode! 7X29) male f connectors

10 One SMA (Type K-Model 7X28) male (J2) and one
SMA (Type K-Model 7X29) female (J1} if connector
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Series 73/74
Specifications

DIMENSIONS AND WEIGHTS

5 a—
4-40 THD x .30 +.03 DEEP /
LOCKING
2 ¥ -PIN1 ITT CANNON DC-37° OR EQUIV.
@1 WITH D110551 JACKPOSTS.

MATING CONNECTOR FURNISHED.

| H
_'1 1 D RF CONN SMA FEMALE 2X
| 31(7.9) : m (TYPE K-MODEL 7329)
_@4 ——f 5 i
MTG.
% lo”" SURFAGE
-12 7 ! LTS
| _T 3
a2 "’l
@9
[N JLd
e e S—
e G — =« A B

\38(9,7) FOR SMA FEMALE J
50(12,7) FOR SMA MALE

Dimensional Tolerances, unless otherwise indicated: . XX = .02; XXX +.005
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Series 73/74
Specifications

DIMENSIONS AND WEIGHTS

CONT ICON\}- C!\-! GND
+V
01 l il

©©b00

r 1.66(42,2)

4-40 THD x .30 +.03 DEEP
LOCKING INSERT 4X

1.32(33.5)

——
32(8,1) 58 10e54) SMC MALE
e (14,7) ™ 2X
I =t RF GONN SMA FEMALE 2X
M| a1(7.9) A Kbk (TYPE K-MODEL 7429)
T ] ! 1 /
‘ A
MTG
SURFACE
i G-
. Jz_ k LIS 1 I|‘I
g g
G 1 ||F1I
l @0
, = g 4
4 K - L *p-
-1-:'C'-'—u nAu e

.38(9,7) FOR SMA FEMAIEj
.50{12,7) FOR SMA MALE

Dimensional tolerances, unieas otherwise Indicated: .XX = .02; XXX £ .005
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Model H7522 High Speed,
4 Bit Phase Shifter/Frequency Translator

The Model H7522 is a hermeticaily sealed, high
speed, digitally controiled switched bit phase shifter.
Broadband, constant, differential phase shift is obtained
by switching between two unbalanced all-pass filter
networks. See Figs. 1, 2 and 3.

Phase shift changes are guaranteed to be monotonic
over the entire frequency band and operating
temperature range. Employing removable rf connectors,
the small size and construction of the Model H7522
make it suitable for use as a drop-in component for
system integration or as a conventional connectorized
component.

Phase shift is selected via four FAST TTL input
control pins. The unit is protected against in-
advertent power supply voltage reversals.

CONTROL
LOGIC

DRIVER

Fig 1. H7522 Schematic Diagram
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Model H7522
Specifications

PHASE SHIFTER SPECIFICATIONS

. CARRIER
| SUPPRESSION (Mm )
. %5dB

_VTH‘ANSLATION

T 0to2MHz

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS

Phase Shift: Operating Temperature
Range ................ 0° to 337.5° Range................ ~54°Cto +110°C
- ting T ature
Control Input ............ 4BItTTL NOFl"laSg:ra Ing emper ... =B65°C to +125°C
BitWeights .. .......... 22.5°, 45°,90° & 180° '
Logic* 0" ........... insertion Phase AVAILABLE OPTIONS
(-0.3t0 +0.8V@1.2 mA) ’ re
Logic “1” ........... Positive Phase Shift °"“;'" Mo, ?:’:’;;?-:\ate - connectore
! .oV
(H20R o Na A 9 Inverse logic
Switching Time .......... 25 nsec (max) 10 One SMA (J1) male and one SMA
; (J2) female rf connector
Hamonlcs .............. —45 dBC 49 ngh Re'l Screening (See tabie 1’ page
Power Handling 30)
Capability (CW)........ +23 dBm AVAILABLE ACCESSORY
Power Supply® .. ....... +5V +5%, 170 mA Model Spacer Plates
—-12V £5%, 130 mA H7522 19177-P3

\

—CARRIER SUPP — == SIDEBAND LEVEL----46TH HARM. |

@ -10
wi -
=] o .
b 1 =
g z : /
b 252 b
w a % e B G S 8
A
g 2 \\ ,/ 1
[ o -30 = — = A
=2 e ~
w
-40

1.5 20 2% 30 35 40 45 50 55
FREQUENCY (GHz}

Fig 2. Typical Phase Error At All Phase States Fig 3. Typical Carrier and Sideband Suppression

(1) Except 22 dBc for the 16th harmonic

(2) Above 1 MHz transiation rate (LSB @ 16 MHz rep rate) the power supply current will increase to +5.0V at 325mA,
—12V at 276mA, at 2 MHz.

(3) The unit will operate over the frequency range of 1.8 to 5,0 GHz with slight performance degradation, See figure 2,
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Model H7522
Specifications

DIMENSIONS AND WEIGHT

CONTROL ,POWER & GND PINS
7X ©.020(0,5}) 27

. 6.6
P — 2.00(49,0 )———-’ (6.6) ] _*‘ L 09
— ] 38(9/3) [t S { (2,3)

TYP. ! ﬂ 1] IU]“ N 16(3.9)TYR r
V ! 3 4 v 6 \@\—:——f

,_[- GENERAL MICROWAVE CORP -!_ o _—
- - g1 MODEL H7522 J2 -1 (33.3) (36.8)
S/N
D/C

Ao
.

07 _} \_SMA CONNECTOR, l
B 4X 0.079(1,9) 0.7 FEMALE, IAW e
R MiL-C-39012 16 et
(1.7) 1.856(45.5) 2 PLACES

(3.9)

-—| i*—.l2(2,9) TYR
@) (@)
O @]
MODEL H7522

Wit: 1.6 oz (46 gm) approx.

Dimensional Tolerances: unless otherwise indicated: .xx + .02; xox +.005
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Model H7524 High Speed,
4 Bit Phase Shifter/Frequency Translator

The Model H7524 is a hermetically sealed, high
speed, digitally controlled switched bit phase
shifter. Broadband, constant, differential phase shift
is obtained by switching between two unbalanced
all-pass filter networks. See Figs. 1, 2 and 3.

Phase shift changes are guaranteed to be
monotonic over the entire frequency band and
operating temperature range. Employing removabile
rf connectors, the small size and contruction of the
Model H7524 make it suitable for use as a drop-in
component for system integration or as a conven-
tional connectorized component.

Phase shift is selected via four FAST TTL input
control pins. The unit is protected against in-
advertent power supply voltage reversals.

ONTR
A8 ol “losic

\|&
e DER\NC: l Y

RF
INFOUT

O/

[ DRIVER

Fig 1. H7524 Schematic Diagram




Model H7524
Specifications

PHASE SH!FTER SPEC!FICAT!ONS

£t 8° PEAK

B cervel xg8° AMS - | *!

FREQUENCY TRANSLATOR (SERRODYNING) SPECIFICATIONS
TRANSLATION ~ “'CARRIER - ___SIDEBAND® | conveasuou Loss
o RATE suppnsssmn (Min) SUPPRESSION (Min) | %

Ot2MHz | = 25dB ‘25dB

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS

Phase Shift: Operating Temperature
Range ................ 0° tg 337.5° BANGE . oxoociiisin e -54°C to +110°C
’ Non-Operating Temperature
Controlinput ............ 4BitTTL _@ago o
Bit Weights . . ... ... 22.5°, 45°, 90° & 180° BANGS . .ooni i s timaee 65°C to +125°C
Logic 0" ........... Insertion Phase AVAILABLE OPTIONS
(~0.3t0 +0.8V@1.2mA)
Logic 1" ........ .. Positive Phase Shift Sptton Be: DaRcHtion
(+2.0t0 +5.0V@40 pA) 7 Two SMA male rf connectors
9 Inverse logic
Switching Time .......... 25 nsec (max) 10 One SMA (J1) male and one SMA
(J2) female rf connector
Harmonics .............. -30dBc 49 High Rel screening (See table 1,
Power Handling page.3t)
Capability (CW)........ +23 dBm AVAILABLE ACCESSORY
Power Supply® . ... ... .. +5V +£5%, 170 mA Model Spacer Plates
—-12V £5%, 130 mA H7524 19177-P2
i = Carrier Supp. - - Sideband Level - 16th Harm.
5
a 5=
i @ cernsadessnanmlmueccann= e e
g =
o § .
§ § o 7 ~ ”\.
3 5 /\ . o~ e ==
3 ) - -
. @ /
~20.0 Py : \/\/
g8 § 8 g 8 % g g 8 - T T T ;
< - W W @ 6w N ~ o 4.0 5.0 8.0 7.0 8.0
Frequency (GHz) 3 Frequency (GHz)
Fig 2. Typical Phase Error At All Phase States Fig 3. Typical Carrier And Sideband Suppression

{1} Except 22 dBc for the 16th harmonic

(2) Above 1 MHz translation rate (LSB @ 16 MHz rep rate) the power supply current will increase to + 5.0V at 325mA,
~ 12V at 275mA, at 2 MHz.
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Model H7524
Specifications

DIMENSIONS AND WEIGHT
38 (9,7) FOR SMA FEMALE 7x A
50 {12,7) FOR SMA MALE . 2 00 . 24
(50,8) > (6,17
\b- * —— 07
. (1.8)
I 1
T % 1234 VvV G
! Jajz[/ o
(15,5) 41 / — (18.0)
| . \ s 1\ ‘
38
} l I*— 4% @ 079 (2,0) l \ -
0 (1 a) 1.86 "
‘-3) (47,2) ﬁ' RF CONN
| |12 (2,99 TYP. SMA FEMALE
q O
Pl
O O
MODEL H7524

Wt: 0.8 oz (23gm) approx.

Dimensional Tolerances: unless otherwise indicated: .xx +.02; .xxx +.005 ' t
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Series 77, 10 Bit Digital and Series 78 Analog
360° Phase Shifters & Frequency Translators

Both Series, 77 and 78, comprise a family of eight
solid-state PIN diode phase shifters covering the
frequency range from 0.5 to 18 GHz in four bands; 0.5
‘to 2 GHz, 2 to 6 GHz, 4 to 12 GHz and 6 to 18 GHz.
All models provide a full 360° range of phase shift
and may also be used for frequency transiation
applications.

Each unit is an integrated assembly of an rf vector
modulator and a driver circuit, consisting of a 10-bit
D/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 converter in the Series 78 consists of
an A/D converter followed by an 10-bit D/A converter,
and converts a continuous analog input voltage into
discrete steps of 0.35°.

+V -V +V -V
DIGITAL
DIA VOLTAGE VOLTAGE
CONTROL—1  convERTER CONTROL ~|  CONVERTER
INPU INPUT
VOLTAGE VOLTAGE
BUFFER BUFFER
| {IN-PHASE Q (QUADRATURE | (IN-PHASE Q (QUADRATURE
DRIVE VOLTAGE) DRIVE VOLTAGE} DRIVE VOLTAGE) DRIVE VOLTAGE)
AF RF
AF @—— VECTOR —@ RE RE @_ VECTOR ——@ RF
MODULATOR MODULATOR
INJOUT IN/OUT INJOUT IN/OUT
Fig. 1A—-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
modulator approach shown in Fig. 2. The 3 dB
hybrid coupler divides the rf signal into two
quadrature components which are then modulated
in proportion to the sine and cosine of the desired
phase shift. The signals are then combined in-
phase to yield the phase-shifted output.

Excellent phase accuracy and PM/AM performance
(see Figs. 4 and 5) are achieved by using linearized
double balanced modulators. In their main operating
bands, phase accuracy is better than £10° upto

10 GHz and + 12° to 18 GHz. This phase accuracy
can be extended to cover the band edges by using a
built-in frequency correction circuit. Switching
speed is better than 500 nsec.

3¢B HYBRIO Q-MODULATOR

SIN (wt )
AF INPUT

Fig. 2-RF vector modulator

Frequency Translation (Serrodyning)

Special attention in the design of the units has been
paid to those characteristics which affect their perfor-
mance as frequency translators. 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 sup-
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
circuit is employed.

See Fig. 3 for input voltage control requirements for
Series 77 and 78 when used as a frequency translator.

On special order, frequency translators can be
provided for operation over reduced bandwidths with
suppression levels of up to-35 dB. Consult the factory
for special requirements.

PERFORMANCE CHARACTERISTICS

SERIES 77
Control ............... 10bit TTL
Logic Input
Logic 0"’ (Bit OFF)..... -0310 +0.8V @ 500 pA max
Logic “‘1'* (Bit ON)...... +2.0to +50V @ 100 pA max
Power Supply.......... +5V at 200mA

+12to +15V @ 100mA max
—-12 1o —15V @ 90mA max

Fig. 3-Series 77 and Series 78 input requirements
NEGATIVE FREQUENCY TRANSLATION
1111111111 6
/
1010101010 7 7 4
DIGITAL 4 VOLTAGE
INPUT 7 INPUT
0101010101 ,/ 2
f
0000000000 o
f—T—lb—Tgr
POSITIVE FREQUENCY TRANSLATION
111111111 6
\
\
1010101010 \\ 4
DIGITAL \ VOLTAGE
INPUT INPUT
A\
0101010101 \ 5 2
\
\
o]
fo—T—fle—Tg¢
NOTES:
Ter should be less than 1% of T to achieve Translation Rate =
specified carrier and sideband suppression. +Tor
SERIES 78
Control Voltage . . . ...... Oto +6V
Sensitivity. . ........... 5.9 mV/LSB
Resolution ............ 0.35°
Step Uncertainty....... 0.7° max, 0.3° typ.
Input Resistance....... 2K ohms
Power Supply.......... +5V at 300mA

+12to +15V at 125mA
-12to —15V at 50 mA

COMMON TO BOTH SERIES 77 & 78
Power Handling Capability
Without Performance

Degradation . . .. ......... +20 dBm {+7 dBm for
7720A, 7820)

Survival. . ...... 000004 +30dBm

Harmonics .............. -30dBc

Phase Variation.......... 0.19°C
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Series 77/78
Specifications

PHASE SHIFTER SPECIFICATIONS

| FT2BRETEE ' SiratohBand. 604800
OTHER SPECIFICATIONS

Switching Speed (50% TTL to within 10° of Final Phase Value): 500 nsec Max.
Minimum phase shift range:
Series 77: 360° in 1024 Steps (10-bit) Series 78: 360° @ 60°/ Voit

FREQUENCY TRANSLATOR SPECIFICATlONS

TRANSLATION i

RATE (Mm ) )

Maln Band'
25 dB
4 .Stretch Ba

o o 500 kHzm
: 1848 - -

NOTES:

(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 five or more most significant bits for 0 to 200 kHz translation rates. For 201-500 kHz transiation
rates, only the four most significant bits are used.

TYPICAL PERFORMANCE

L]

1 sl

-
-5
T

@ =
2 =}
a Zg
w
e8] 39
=z -4
o
=10 Zwo
@ = F
@, &
2 G
z

3 3. = i L il T W A, 1
5 § i 2 i is 8 S 8 0 2 a m T8
FREQUENCY (GHz) ; FREQUENCY (GHz)
PM/AM over the full operating band with frequency PM/AM with frequency comection set to Band Edge
correction set to Main Band (Logic “17). Figure 4 (Logic “0™).
+i180.0 1
+144.0 ———
HOS.O]
'—h—-h.—_—-sa—‘——-'-_-—“-_'_n_..-’_
+72.0
B aB i
(=]
; +0.0
2 -360 —
x
. 720
-108.0
-=144.0

-180.0 > . ' L =3
= S 8 10 i2 14 13 8
X % FREQUENCY (GHz)
: . Fig. 5-Mode! 7728A-Phase accuracy vs. frequency.
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Series 77/78
Specifications

ENVIRONMENTAL RATINGS ARtitude ................ MIL-STD-202F, Method 105C.
Cond. B (50,000 ft.)
Operating Temperature :
Bange .. .c:..00 ons o ~54°Cto +100°C Temp. Cycling .......... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
Non-Operating
Temperature
Range ............... -65°Cto +125°C ACCESSORY FURNISHED
Humidity ............... MIL-STD-202F, Method 103B.  Mating power/control connector
’ d. B (96 hrs. at 85%
L AVAILABLE OPTIONS
SHOCK < nviiie vniacnimmim MIL-STD-202F, Method 213B, )
Cond_ B (756’ 6 msec) Opﬂon No. Descflptlon
7 MIL-STD-202F, Method 204D, 7 Two SMA male rf connectors
! I ' Cond. B (.06” double 10 One SMA male (J2) and one
amplitude or 15G, whichever SMA female (J1) rf connector
is less)

" J3PINFUNCTIONS =
P PNCTOD. DIMENSIONS AND WEIGHTS
: 4-40Q THO X .30.= O3 DEEP — ITT CANNON DA~i5P OR EQUIV.
LOCKING INSERT 4X s WITH 0110551 JACKPOSTS.
\ MATING CONNECTOR FURNISHED.

RF CONN
K 5 " ———'] & SMAFEMALE
: 2%
4 o—"m
31{7,9} .

I 1/53;‘:‘,22“ 5 #
% o N
i E B
| H ;
ey 12
| il l
S .
H. . 4 . H
c —-j ’  ——"

38(9,7) FOR SMA FEMALE =
50{12,7]1 FOR SMA MALE

NOTE: -
(1) Unused logic bits must be grounded.

- MODEL| A | : || weiGHT (apRROX
77208 4.3 267|160 | 22 32 V3o (300 gm)

7820, | 11 61| (20| i | 150z s

T BT ) | ooz essom) -

300¢ 0v| 163 | (s0st | ' 25 |10 ozteeagm)

7 gt [ ;jf_s‘olz-:(zvsﬁgt.rl')'}"

) Vuss | ~10 0z {284 gm)

275407 f'trso; |ves | itk ﬁ‘éz-.(ﬁ'pé_}h):"

.'('ss;g)” o | e )| 8oz 2279m)

Dimensional tolerances, unless otherwise indicated: .xx £ .02, xxx .005 - J U
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Model 7928 Miniaturized 8 Bit
360° Phase Shifter/Frequency Translator

v

1]

DIGITAL D/A

CONTROL "
et CONVERTER

VOLTAGE
BUFFER

DRWE VOLTAGE}

T{iN-PHASE Q (QUADRATURE

DRIVE VOLTAGE}

RF

HE @—_ VECTOR

MODULATOR
INJOUT

___@aF

INjOUT

Fig. 1-Model 7928, block diagram

The Model 7928 is a miniaturized, hermetically
sealed PIN diode phase shifter covering the fre-
quency range from 6 to 18 GHz providing a full
360° range of variabie phase shift. It can also be
used to perform frequency transiation.

The unit is an integrated assembly of an rf vector
modulator and a driver circuit consisting of an 8-bit
DJA 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 speciai attention
has been paid to those characteristics which affect
its performance as a frequency translator. These
include minimizing PM-tc-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.

3a8 HYBRID 0. MODULATOR COMBINER

SIN twi « )

SN ten )
REINPUT 7 L o e o =

[-MopuLATOR

Figure 2. Rf Vector Modulator
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Model 7928
Specifications

PHASE SHIFTER SPECIFlCATIONS
:INSERTION-

Mam Band
- 25:dB:
: Stretch Band
S 8. dBL

(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 for transiation rates of 0 to 200kHz. For transiation rates
of 201 to 500 kHz, only 4 most significant bits are used.

PERFORMANCE CHARACTERISTICS

Phase Shift Power Handling Capability

Range ................ 360° in 256 steps Without Performance

Variation . ............. 0.1°/°C Degradation ........... +20 dBm
Control Input ............ 8 Bit TTL Survival Power......... +30 dBm
Switching Speed

T 5 Power Supply

(50% TTL to within 10 :
of Final Phase Value) . . ... 500 nsec max PO .o s L
Harmonics .............. ~30 dBe ~12to ~15V. 35mA

: 10101010"—'}

1% 1T / DAL \ \

CINPUT

£ 10101010°

01010101 01010101 \

Pl e
.7 NOTES: Ter should be-less: than 1% otho achme Translatlon Fiatar= = 2

specmed carrier and sideband: suppressnon : : _+T§=
Fig. 3-Model 7928 Controt input rsqmrements
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Model 7928
Specifications

ACCESSORY FURNISHED AVAILABLE OPTIONS
Mating power/logic connector Option No. Description
7 Two SMA male rf connectors

ENVIRONMENTAL RATINGS 10 One SMA male (J1), and one
Operating Temperature SMA female (J2) rf connector

Range ................ —-54°Cto +110°C 49 High Rel screening
Non-Operating Temperature (see Table 1, page 30)

Range ................ -65°Cto +1256°C

DIMENSIONS AND WEIGHT

RF Conn
SMA Female 2x
38 {9,7) for SMA Fi I .36
anaind (is) .50 212,).')?; SMA i’?ui” = @
1 $ D
F
| i
1.50 -
(38,1) [[F "%
1.75 L gy
44,5 - -
3] ::l 1.42 L PIN A
(I — |@38,1) f
.88 ==3
J3 88
22,
{ 4) 2(22““
l oo
L e—— )
r

\ MOUNTING

SURFACE
e—_22 (5,6)
e—,50 (12,7) max

4230 1.60
12(3,0) | ] (40,6) >

P 1.85

12(3.0) - (47.0)

CONN. 14 PIN
JAW MIL-C-28748

Model 7928 Wt. 3.0 oz (85g) approx.
Dimensional Tolerances: unless otherwise indicated: xx +.02; .xxx +.005
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Switches

General Microwave switches cover the frequency
range from 100 MHz to 40 GHz and are available in
various topologies ranging from single-pole single-
throw (SPST) to single-pole eight-throw (SP8T) in
both reflective and non-reflective configurations, and
a nonreflective SP16T unit.

SWITCH TOPOLOGY

There are two fundamental methods of connecting
PiN diodes to a transmission line to provide a switch-
ing function: in series with the transmission line so
that RF power is conducted when the PIN diode is
forward biased and reflected when reverse biased; or
in shunt with the transmission line so that the RF
power is conducted when the diode is reverse biased
and reflected when forward biased. A simple reflective
SPST switch can be designed utilizing one or more
PIN diodes in either configuration as shown in Fig. 1.
A multi-throw switch essentially consists of a
combination of SPST switches connected tc 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

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
muiti-throw switch common junction for optimum per-
formance over a broad frequency range. The first
employs series mounted PIN diodes cannected to
the common junction. A path is selected by forward
biasing its series diode and simuitaneously reverse
biasing all the other diodes. This provides the desired
low-loss path for the ON port with a minimum of
loading from the OFF ports. The second methed
utilizes shunt mounted PIN diodes located a quarter
wavelength from the junction. The diode(s) of the
selected ON port is reverse biased while the OFF
ports are forward biased to create a short circuit
across the transmission line. As a result of the quarter
wavelength spacing, the short circuits are transform-
ed to open circuits at the junction. By proper choice of
transmission line impedances and minimization of
stray reactance it is possible 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

SERIES SWITCH

BIAS

SHUNT SWITCH

Fig. 1-Reflective SPST swilch

COMMON

SERIES DIODES
AT COMMON JUNCTION

o ®
ol

COMMON

SHUNT DIODES LOCATED
QUARTER WAVELENGTH
FROM COMMON JUNCTION

Fig. 2-Schematic diagrams of muiti-throw switches
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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 502 terminations in each of the
output ports. Fig. 3 shows the schematic diagrams of
the two versions of absorptive (also known as non-
reflective or terminated) switches employed by GMC.
The shunt termination is used in GMC’s “all-series”

“configured absorptive switches which have a suffix
ending in *“T" or “W". This style of absorptive switch
offers the minimum penalty in insertion loss due to
the addition of the terminating elements. The series
termination is used in GMC’s high speed “series-
shunt” configured absorptive switches since it pro-
vides the optimum in switching performance.

The common port of the standard absorptive multi-
throw switches in the GMC catalog will be reflective in
the special circumstance when all ports are turned
OFF. If there is a need for this port to remain matched
under these conditions, this can be realized either by
employing an additional port to which an external
termination is connected or, in a custom design, by
providing automatic connection of an internal
terminaticon 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 witha “T",
“W”, or “HT"” suffix, the VSWR is also defined for
the OFF state.

handiling discussion on page 86.

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 dicdes.
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 -
filtters”’™ in the switch, but the high frequency energy
which falis within the passband of the switch can be
eliminated oniy 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 at 8 GHz will
have a second order intercept point of 70 dBm.
Typical performance is as follows:

TYPICAL SWITCH INTERCEPT POINTS

Since these levels vary significantly with frequency,
switching speed, and RF topology, please consult the
factory for specific needs in this area.

(1) For switches with internal video filters, specify Option 41, Option 42, or Option 43. These filters reduce the leakage as shown in the chart following the power
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BIAS 1 BIAS 2 BIAS | BIAS 2
o o b ] -
son 50N
50N son
COMMON COMMON
SHUNT TERMINATION SERIES TERMINATION
Fig. 3-Schematic diagrams of absorptive switches
SWITCHING SPEED®

Port-To-Port Switching is the interval from the time
the RF power level at the off-going port drops to 96%
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.

PORT A
QFF

PORT-TO-PORT
SWITCHING TIME

-

Fig. 4-Port-to-port switching speed definition

Rise Time is measured between the 10% and 90%
points of the square-law detected RF power when the
unit is switched from full OFF to full ON. See Fig. 5.

2,070 5.0\!—-“-'—

1 I
INE’U’I’ CONTROL PUITSE

0% RF {ISOLATION) ! !

— L -%-90%RF -
100% RF{ILH-— —+— : i
1
I} | RISE FALL | I
ot la-TIME |TINE
. 1 {TR 1 ilTF) -E'QFF" ——
"ON"SWITCHIN Swi
OISR = e TIME
(Ton! {Tore!

RF QUTPUT ENVELOPE

Fig. 5-Switching speed definition

(2) For a unit without an integrated driver, the specifications apply to conditions when it is driven by an appropriately shaped switching waveform.

Fail 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 fuil 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.

In addition to the above definitions, the following
information about switching performance may be
useful to the system designer.

Switching To Isolation - 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
iatter time is strongly dependent on the topology of
the switch. For all-shunt mounted or combination
series and shunt mounted topologies, the time to
reach final isolation is usually less than twice the fall
time. For an all-series topology, the time to reach final
isolation may be as much as ten times the fall time.

Switching To Insertion Loss - For multi-throw
switches, the ON time depends on whether the switch
is being operated in a commutating or single port
mode. In the former mode, switching speed is slower
than in the latter due to the loading effect at the junc-
tion of the port turning OFF. All switching speed
measurements at GMC are performed in the
commutating mode.
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PHASE AND AMPLITUDE MATCHING

Switches are available on a custom basis with phase
and/or amplitude matching. Matching can be either
between ports of a switch, between like ports on
different switches, or a combination of the two. The
uniformity of broadband catalog switches is quite
good and is usually better than £0.75dB and £ 15
degrees over the entire operating frequency of the
switch. Please consulit the factory for special
requirements.

POWER HANDLING
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
semiconductars in the switch. For special applica-
tions, significantly higher operational power levels
can be provided, particularly for narrow band
requirements. Piease consult the factory for specific
applications.

Video Leakage
with Video Filter Options:

Option
41 Common Port Cnly

Affected Poris

42 Qutput Ports Only

43 All Ports

Applicability: F91, G81, H91 and HM91 Switch Series

Option  Affected Ports
41,42,43 Al Ports

VIDEQ FILTER OPTIONS
Peak to Peak (mV) Bandwidth (MHz)
50 max 100
INSERTION LOSS DEGRADATION
Freguency Additional IL
1-12.4 GHz 0.1d8
12.4-18 GHz 0.2dB
1-12.4 GHz 0.1dB
12.4-18 GHz 0.2dB
1-12.4 GHz 0.2dB
12.4-18 GHz 0.4 dB
VSWR DEGRADATION

Frequency VSWR
1-4 GHz: 1.5:1
4-18 GHz No Change

with following specification changes:

EXTENDED FREQUENCIES
Any switch in our catalog that covers 1-18 GHz can be stretched to cover 0.5 to 18 GHz

1- Specification for insertion loss and isolation from 0.5 to 1.0 GHz is the same
as the 1-2 GHz specification. VSWR degrades to 2.0:1.

2- Insertion loss in the 12.4-18 GHz band increases by 0.3 dB.
Consult factory for cost.
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Selection Guide

SWiTCHES WITH INTEGRATED DRIVERS

NON-REFLECT 1

*See page 143 for General Microwave’s Millimeter Wave Switches.
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Selection Guide (Cont.)

SWITCHES WITH INTEGRATED DRIVERS (con’t)
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SWITCHES WITHOUT INTEGRATED DRIVERS
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Model F192A Non-Reflective
Ulira-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 05 to 18 GHz, and 70 dB below
0.5 GHz. The rf design consists of an arrangement
of shunt and series diodes in a microstrip integrated
circuit transmission line as shown in the schematic
diagram below.

BIAS
FROM
DRIVER
Vv
RF INFOUT RF INFOUT
J J2
500 Sk
By EY
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.




Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

Switching Speed Power Supply Requirements
RSO TIMG .. amarsgs 5 o sommoniis sins s 10 nsec. max. +5V +5%, 90 mA
Fall Time.................. A0nsec.max. . . . _42V 4504, 75 mA
ON TR wccoren e« v o romsidiaon s 5 30 nsec. max.
.82 T 111 - 15 nsec. max. Control Characteristics
. - Control Input
Power Handling Capability Impedance . . . . TTL, advanced Schottky, one-unit
Without Performance load. (A unit load is 0.6 mA sink
Degradation.............. 500 mW cw current and 20uA source current.)
or peak Control Logic . . . .Logic “0"” (-0.3 to +0.8V) for
Survival Power.............. 1W average, switch ON ang logic 1" (+20'10
10W po akg +5.0V) for switch OFF.
(1 psec max.
pulse width)

1




Model F192A
Speczifications

r

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range ................. -65°C to +110°C 3 SMA female control connector
Hio-Dparitig Tomperatins . 7 Two SMA male rf connectors
ange . ... .. 5 A BaREE §E -65°C to +125° 9 i trol logic: logic *1”
Humidity .. .............. MIL-STD-202F, Method 1038, Sl g gl s

for switch ON and logic "0 for

Cond. B (96 hrs. at 95%) switch OFF
SHOCK s n e st MIL-STD-202F, Method 2138, 10 One SMA male (J1) and one SMA
Cond. B (75G, 6 msec) female (J2) rf connector
33 EM filter solder-type control
Vibration. .. ... .......... MIL-STD-202F, Method 204D, terminal
Cond. B (.06" double amplitude 5004 Yideo Gilters, BF o :
3 : s perating
1 h I
o Fodl, etiichewr I ats) band restricted to 6-18 GHz.
Altitude . . .. ............. MIL—STD-202F. Method 1050, Leakage 50 mV P-Pinto a
Cond. B {50,000 ft. 300 MHz bandwidth.
Temp. Cycling ........... MIL-STD-202F, Method 107D, 893 Video Filters. RF band 2-

i 1; & Gyeins 18 GHz. Leakage 50 mV

P-P into 100 MHz bandwidth.

5037 Video Filters. RF band 0.5-
2 GHz. Leakage 100 mV
P-P into 100 MHz bandwidth.

DIMENSIONS AND WEIGHT
.53

azs [
15
.50 -
38
— (2,7} CONN SMA aa
.09 FEMALE 2
(2,3) 2X
s v
Y i | B
Va
T T AT Ji % /GND
-’
120 o &
254) (20,
| @\
J2 __..Q SURFACE
i .38(9,7) FOR SMA FEMALE
L-50(12.7) FOR SMA MALE
_3

.820
(20,8) CONTROL

- 100 -l SMC MALE MODEL F192A
(25,4) Wit: 0.7 0z (20 gm) approx.

2 x ¢ .104(2,6)

Dimensional Tolerances, unless otherwise indicaled: . XX = .02: XXX =.005
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Series 86

Ultra-Broadband SPST Switches

L UNITS WITH.
CINTEGRATED:

_SERIESDM86. 1
CUNBTS s

~ | is provided by the driver, which is controlled by an
-| external logic signal.

1 The Series M86 is a diverse group of high perfor-

| as well as a resistive bias line that contributes to the

| negative voltage at the bias terminal, the diodes are

| Models M8628 and M864B operate over the

| 18 GHz, respectively, with maximum rise and fall
: times of 50 nanoseconds.

| High Speed Models
| For higher speed requirements, Models M862BH
‘| and M864BH are available. These operate from 0.5

to 18 GHz and feature maximum rise and fall times
“{ of 10 nanoseconds. Optional Models M862BH-25

| maximum rise and fall times of 20 nanoseconds.

| SERIES DM86 AND FM86
41 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 +5and - 12to — 15 volt supplies. The

SERIES M86

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

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

biased to high resistances and the switch is ON.

RF INOUT

J

Rf Schematlic diagram

Low Insertion Loss Models

frequency range from 0.1 to 18 GHz. They exhibit
nominal isolation characteristics of 45 and 80 dB at

and M864BH-25 operate from 0.1 to 18 GHz with

proper current required to switch the unit ON or OFF
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Series 86
Specifications

PERFORMANCE CHARACTERISTICS

Switching Characteristics®
High Speed Low Loss

Models Models
Rise Time........ 10 nsec max. 20 nsec max.
Fall Time........ 10 nsec max. 20 nsec max.
ON Time®....... 30 nsec max. 50 nsec max.
OFF Time®. .. .... 30 nsec max. 40 nsec max.

Repetition Rate®. .20 MHz max. 10 MHz max.

Power Handling Capability
Without Performance Degradation
Without Integrated

Drivers................ 1W cw or peak®
With Integrated
Drvers. : ssmisin s s 5 & v s 1W cw or peak
Survival Power............. 2W average,
75W peak
(1 usec max

pulse width)

(1) Models shown operate from 0.5 to 18 GHz. The addition of Option 25 to these models permits operation from 0.1 to 18 GHz, with
max. rise and fall times of 20 nanoseconds.

(2) For driverless units, shaped current pulses must be pmw‘bed by the user.

(3) Modeis prefixed with “DM" or “"FM" are equipped with integrated TTL-compatible drivers; models prefixed with “M" only are current-
controlied units and are furnished without drivers.

(4) 5W cw or peak with —20V back bias.
(5) On and Off time and repetition rate specifications are only applicable to Series DM86 and FM86 units.
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Series 86
Specifications

Power Supply Requirements ENVIRONMENTAL RATINGS (Con’t)
. . Non-Operating Temperature
Driverless Units Range:................ -65°C.to +125°C
For rated isolation: +35 mA Humidity ....... ... .. ..., MIL-STD-202F, Method 103B,
For rated insertion loss: — 10V Cond. B (96 hrs. at 95%})
Shock............... ... MIL-STD-
Units With Integrated Drivers s ccl,la: Tg (%%EF’ é\d ;?:; S,
ses Vibration... ... ... ... .. MIL-STD-202F, Method 204D
All DM86 Units: + 15V £2%, 70 mA : !
v L ol Cond. B (.06” double ampliitude
15 R0, Sma or 15G, whichever is less
All FM86 Units: +5VDC 2%, 65 mA ' )
~12 to —=15V, 20 mA Altitude . . ... ... . ... . ... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Control Characterisiics Temp. Cycling. . ......... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles
AVAILABLE OPTIONS

Units With Integrated Drivers

Control Input

Impedance. . . : ... . TTL, two-unit load. (A unitload is 1.8 Sptian:No. Hsecrption
mA sink current and 40 pA source 3 SMA female bias/control connector
current.) 7 Two SMA male rf connectors
. 9 Inverse control logic
Control Logic ; -
. - [ . {Not applicable to Series M86)
SeriesDM86. . . . .. Logic “0 (0._3 t“o"+0.7V) for switch 10 One SMA male and one SMA female
OFF and logic “1" (+2.5 to +5.0V) for v connector
switch ON. 20* One unit load control input impedance
Series FM86. .. . .. Logic “0”" (-0.3 to +0.7V) for switch 25 0.1 to 18 GHz range, 20 nsec rise and
ON and logic “1” (+2.5 to +5.0V) for fall times (available oniy on high-speed
switch OFF. modeis) ]
33 EMI filter solder-type bias/control
terminal
ENVIRONMENTAL RATINGS 64A SMB male bias/control connector
Operating Temperature Range: *Not applicable to Series MB6; standard in Series FM86 (need
Series M86 —-65°C to +125°C not be specified when ordering); ail Series DMB86 units are
G - = furnished with this option uniess otherwise specified by customer.
Series DM86. . . .. -85°C to +85°C Other options, such as 50 ohms to ground, are available on
Series FM86... ... -65°C to +110°C special order.
DIMENSIONS AND WEIGHTS
CONTROL =0 "zn__.so i
SMC MALE r (20,9)
0 2x $.101(26) BIAS ‘ \ﬂ:[
— _-1I102) . SMC MALE - @ W 2% 8.106(27)
SMA FEMALE /
2% .50({12,7) MAX aND 1
= poum e b
[ | . D & H L
. J1_?; = (21.4) et _ 438 tﬁr
(11,9) / 1 @
(6.8) ; \ v ® - 43_ b
- e 1 M i
/ '(2';‘5 SMA MALE FOR 51 @ (1.2 ﬁ . f £ B ?
OPTION 10 3.0 ¥ 7 68
.38(9,7) FOR SMA FEMALE m 5 L
.50{12,7) FOR SMA MALE - fas - 102)
RF CONN \
SMA FEMALE SMA MALE FOR .38{9,7) FOR SMA FEMALE
2X OPTION 10 .50(12.7) FOR SMA MALE
SERIES M86 SERIES DM86 AND FM86 :
Wt: 1 oz, (28 gm) approx. Wt: 2 oz. (57 gm) approx.
Dimensional Tolerances, uniess 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 oniy
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.

BIAS
RF INFOUT RF INOUT
@ ‘ 1 - . % &
[ T L4 |
3 1 1 J2
J a
r
I
7 /717
Af schematic diagram

Application of a positive current to the bias terminal
switches the unit OFF since the diodes are biased to
a low resistance value. With zero or negative voltage
at the bias terminal, the diodes are biased to high
resistances and the unit is switched ON. Maximum
rise and fall times are less than 10 nsec.

SERIES F91 AND F92

The Series F31 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 which re-
quires +5and —12to — 15 volt power supplies and is
controllied by an external logic signal.
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Series 91 and 92 SPST Switches

Specifications

9112, F9112A
9114, F9114A

Switching Speed?®
Rise Time....ocoeeevnieecennnn, 10 nsec max
Fall Time............... vreeeenes 10 NSEC Max
OnTime®".... ....20 nsec max
Off Time®.......................20 nsec max
Repitition Rate™.............20 MHz max

9214,F9214A

Switching Speed®
Rise Time.......................10 nsec max
Fall Time.......ccecemeennveennns 10 nsec max
On 1Ime™ai s 40 nsec max
Off Time®.......ccvvveieeaen, 40 nsec max
Repitition Rate'.............10 MHz max

Power Supply Requirements

Driveriess Units
For rated isolation: +35 mA
For rated insertion loss: — 10V

Units With Integrated Drivers
+5V £5%, 65 mA
-12 to ~15V, 20 mA

. Power Handling Capability

Without Performance Degradation
Without integrated drivers
1W cw or peak®

With integrated drivers
1W cw or peak

Survival Power...... 2W average,
75W peak
(1 usec max.
pulse width)
Control Characteristics
Control input
Impedance ....... TTL, two-unit load. (A uriit load is

1.8 mA sink current and 40 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.

(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.

(4) On and Off time and repetition rate specifications are only applicable to Series F91 and F92 units.
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Series 91 and 92 SPST Switches
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature Range:
Series 91 and 92... -65°C to +125°C
Series F91 and F92. -65°C to +110°C
Non-Operating Temperature

Range............. -65°C to +125°C
Humidity . .......... MIL-STD-202F, Methad 103B,
Cond. B (96 hrs. at 95%)
ShOeK .« coiae cimiin MIL-STD-202F, Method 2138,
Cond. B (75G, 6 msec)
Vibration........... MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
Altitude . . ... ....... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling...... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
3 SMA female bias/control connector
7 Two SMA male rf connectors
9 Inverse control logic; logic "'0” for
switch OFF, logic *'1" for switch ON
(Not applicable to Series 91/92)
10 One SMA male (J1) and one SMA female (J2)
rf connector
33 EMI filter solder-type bias/control terminal
41 Internal video filter, port J1 only
42" Internal video fiiter, port J2 only
43" Internal video filter, both ports
64A SMB male bias/control connector

“‘Not applicable to Models 9214 and F9214, See chart following the power handling discussion on page 86.

DIMENSIONS AND WEIGHTS
RF CONN
CONTROL
SHA FRMALE GND SMC MALE — SMA FEMALE
SMC MALE {OPTION 33) Sk o
—t— +V X
50(12,7) / S
MAX
3 50012.7)
’ e ?L?EJF\'ATS’SG MAX MOUNTING
[ : / . SURFACE
.69 49 i 5 | 4 [ Y ;
(17,5) (12,4) ~‘ J 75 i
y Y & | (a I) ) e a2 191

= s {14,5) ; 32 {9
T 23 / 13(3,3) : B0
iy BT Pl e } ’j ¥l

(2,5) -300 (9 7)4"" .09 (372 (33)
(7,6) {2,3) T
L 75 (5 ) et (9,7)
(9, 2% % 104(2,6)
2Xg 104 (2,6 75
g 38 (9,7) FOR SMA FEMALE e
.50(12,7) FOR SMA MALE .38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
SERIES 91 AND 92 SERIES F91 AND F92
Wt .39 cz. (11 gm) approx. Wt: .43 oz. (12 gm) approx.

Dimensional Talerances, unless otherwise indicated: XX +.02; XXX +.005
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Models M870 and DM870
Ultra-Broadband SP2T Switches

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 circuit assembly of PIN
diodes mounted in a microstrip transmission line as
well as a resistive bias line that contributes to the
broadband low-loss performance. The circuit con-
figuration of the Model M870 is shown below.

BIAS

RF NOUT

»

RF COM
BIAS
A

RF INOUT

L i

Rf schematic diagram

By applying positive current to a bias terminal, the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current at
the bias terminal, the converse conditions are
established and the port is ON. Since bias terminals
are individually available for both ports, the user has
the option of operating with either or both ports ON
or OFF.

MODEL DM870

The Model DMB870 is the same as the Model M870 ex-
cept it is equipped with an integrated driver that is
powered by +15and —12to — 15 volit supplies. The
proper currents required to switch the ports ON or
OFF are provided by the driver, which is controlled by
external logic signals. Standard units are wired so that
one port is biased ON and the other GFF at all times.
See AVAILABLE OPTIONS for independent port con-
trol.
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Models M870 and DM870
Specifications

PERFORMANCE CHARACTERISTICS Control Characteristics
Switching Speed (port to port) .. ... 2 usec max. MODEL DM870
Power Handling Capability: Control Input Impedance. . TTL, low power
Without Performance Degradation .. 1W cw or Schottky, two unit load.
peak (A unit load is 0.8 mA
Survival Power . ................ 1W average, sink current and 40 pA
75W peak source current.)
(1 usec max. . Control Logic.......... One port ON and one
pulse width) port OFF. Logic “0"

(-0.3 to +0.8V) con-
nects J1 to J3. Logic
Power Supply Requirements “1” (+2.0 to +5.0V)
MODEL M870 connects J1 to J2.
Bias current required at each port for rated
isolation and insertion loss®

MODEL DM870 (For one port ON)
+15V +2%, 65 mA
-12to - 15V, 65 mA

(1) Switching speed, defined as the interval between the instant the rf power level in the port-switched OFF drops to 90% of its original
value and the instant the rf power level in the port switched ON rises to 90% of its final.value, is rated for ports driven by shaped
current pulses. For the Model DMB870, the pulses are provided by the integrated driver. For the Mode! M870, the puises must be
provided by the user.

{2} DM870 is equipped with an iniegrated TTL compatible driver; M870 is a current-controlied unit that is furnished without a driver.

(3) For operation of Models M870 with more than one port ON, total negative current must be limited to —40 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

(1) Not applicable to Model M870. All Models DM870 are furnished with this option unless otherwise specified by-customer. Other op-

ENVIRONMENTAL RATINGS
Operating Temperature Range

Model M870............ -85°Cto +125°C
ModelDM870. .......... -85°Cto +110°C
Non-Operating Temperature
RANGD .- oo v iae s v —-65°Cto +125°C
[T 1L S ——— MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
SHOEBK. © 5 v v s = snwan s MIL-STD-202F, Method 2138,
Cond. B (75G, 6 msec)
Vibration................. MIL-STD-202F, Method 204D,
Cond. B {.06" double amplitude
or 15G, whichever is less)
Altitude. .. . ............. MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling.......... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
Ir3 SMA male rf connectors
7A J1 SMA male; J2 and J3 SMA female
7B 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)
20 Two unit load control input impedance
22 Individual port controt (DM 870 only — one
unit load); logic “0” for port OFF and logic “1"
for pert ON. Also available with logic “0" for
port ON and logic “1” for port OFF (Specify
Option 9)
33 EMI Filter solder-type bias/control terminal
64A SMB male bias/control connector

tions, such as 50 ohms to ground, are available on special order.

DIMENSIONS AND WEIGHTS

RF CONN .38(8,7) FOR SMA FEMALE
SMA FEMALE .50{12,7) FOR SMA MALE
3x
RF CONN .97
SMA FEMALE \ s ™ \ 2% 6.125(32)
3x .38(9,7) FOR SMA FEMALE le 28
BIAS .50{12,7) FOR SMA MALE -I @n )
SMG MALE 2% 8.125(3,2) @ : ﬂ ED
42 J1 T i
\E‘Cﬂ J3 ! _(457) ! I (10,7) @ s ]j:ﬁ ;
640 107) 84 v ’ 10
Jt h:n +—@— | —* )
(16,3) 213 J (25)
Q' 42 q;.__*_“.’! = T | v . | 180
Fes s oo e
.10 5 / J4 @ | l
.- --(25,_. ) g — ( 6.4) GND :
.50012,7) Az o7 ot CONTROL le— .10
= 72 (10,7) (24,6) - SMC MALE 2.5)
(18,3 640
50(12.7) (16,3)
& ™
(21.3)
MODEL M870 MODEL DM870
Wt: 1.5 oz. (43 gm) approx. Wt: 2.5 oz (71 gm) approx.

Dimensional Tolerances, uniess otherwise indicated: XX = .02; XXX =.005
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Series F892
High-Speed Octave-Band SP2T Switches

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 desligners for fast switching devices in
small packages.

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), Mode! F8924 (4-8 GHz) and
Model F8928 (8-18 GHz). Each model is capabie
of extended bandwidth operation, typically 3:1,
with oniy moderate degradation in performance at
the band edges, as shown in the spacifications
on page 103.

Fast Switching Shunt Design

All models are optimally designed, with respect to
their size, for low VSWR and insertion loss. As
shown in the schematic below, a pure shunt
design is used for the most practical realization of
fast switching action. Although the use of a pure
shunt mode imposes certain bandwidth limita-
tions, frequency coverage in excess of octave
bands has been maintained.

DRIVER
AF INOUT RF INNOUT
J3
“2 !J:
RF COM
RF schematic diagram

The proper currents required to switch ports
ON or OFF are provided by the integrated drivers
which are controlied by external logic signals.




Series F892
Specifications

PERFORMANCE CHARACTERISTICS

Switching Characteristics

Rise Time.................... 10 nsec max.
FAll T8 «comwmma 5 & = wesatsms 54 4 10 nsec max.
ONTime.......covvvvinneenn 35 nsec max.
OFF Time.................... 30 nsec max.
Repetitionrate. . ............... 10 MHz max.
Power Handling Capability
Without Performance
Degradation. . ............... 2Wew
or peak()
Survival Power................ 2W average,
75W peak
(1 usec max
pulse width)
Control Characteristics
Control Input
Impedance. ....... Schottky TTL, one-unit load.
(A unit load is 2.0 mA sink
current and 50 pA source
current.)
Control Logic....... Logic “0” (-0.3 to +0.8V) for

port ON and logic “1” (+2.0
to +5.0V) for port OFF

Power Supply Requirements

(For one port ON). .. +5V +50%, 65 mA
—12t0 —15Vm, 2 mA

(1) With —15V power supply. Reduces to 1.5W with —12V powsr supply. Units can be operated at higher input power levels
some increase in switching time when —30V power supply is used.

(2) Isolation 40 dB above 16 GHz.

ENVIRONMENTAL RATINGS
Operating Temperature
Range............ -65°C to +110°C
Non-Operating Temperature
Range............ ~-85°Cto +125°C
Humidity ........... MIL-STD-202F, Method 1038,
Cond. B (96 hrs. at 95%)
SHocK. .. ..ccimnnn- MIL-STD-202F, Method 2138,
Cond. B (75G, 6msec)
Vibration ........... MIL-STD-202F, Method 204D,

Cond. B {.06” doubie
amplitude or 15G, whichever

is less)
Altitude . .. ......... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling....... MIL-STD-202F, Method 107D,
Cond. A, 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
7B J1 SMA female; J2 and J3 SMA
male
Inverse control logic; logic “0” for
port OFF and logic “1” for port ON
27 Single-port toggle control; logic
“Q" connects J1 to J2
62 + 15V operation
64 SMC male control connectors
64A SMB male control connectors
65 + 12V operation
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Series F892
Specifications

CONTROL FOR J2
MODEL Fgg22 (NOT USED IN OPTION 27)
Wt: 1.5 0z. (43 gm) approx. CONTROL
4V FOR J3
RF CONN -y
SMA FEMALE
3X ’ GND
L /_ MTG
E——: —* SURFACE
I 3% 132
1100 92 4 T (33,5
(27,9 s
l {218)
i Ji .Q‘ )
At l
2.8 A
1, 780 a2
(19,1} (3,01
.38
19, 1.500 ton
(4,8) - (38,1) 38(9,7)FOR SMA FEMALE
. 50 (12,7)FOR SMA MALE
vy — 3X 9104 (2,8)
L)
CONTROL FOR J2
MODEL F8924 (NOT USED IN OPTION 27)
Wt: 1 0z. (28 gm) approx. v
RF CONN F/' v
SMA FEMALE
>4
GND
CONTROL
{‘ FOR J3
MTG
SURFACE
2 T L
iles) tﬁ[ I 43 el @
52 l (218
38
S & 4 + (s7) 4
}
.09 !
(2,3 5
465 - L
{ “‘msso (3,00
3 S .38
(238 (Co
1.84 .38(9,7) FOR SMA FEMALE
IS 104(2,6) (48,7} .50(12,7)FOR SMA MALE
* 4
CONTROL FOR J2
MODEL F8928 [NOT USED IN OPTION 27}
’ RF CONN
Wt: 1 0z. (28 gm) approx. BT +v
x
=¥ GND
CONTROL
b FOR J3
18,3) —
—? ﬁuauce
| (2B ¥ )
Jz Js i 1,6
32
L - .:l,l (8,1)
f y ! '
Nt .20
@s @
o
. 3X 8.104(2,6) .38
590 Lol o
(17,5)
10 'i%‘(?éq TFo! N SUAALE
L _— .
240 '
Dimensional Tolerances, unless otherwise indicated: .xx *.02; .xxx £.005
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Series 91 and 92

Miniature Broadband SP2T Switches

MODELS 9120-500 AND 9220-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9120-500 covers the frequency range of 1 to 18
GHz; Model 9220-500 covers the frequency range of
0.2 to 4 GHz. Both models use an integrated circuit
assembly of a series-shunt configuration of PIN
diodes mounted in a microstrip transmission line as
shown below.

MODELS 9120T-500, 9120W-500
AND 9220T-500

These switches are non-reflective versions of the switches
described above. They are constructed in the configuration
shown below.

(1}SERIES 9IW UNITS ARE CONSTRUCTED
WITH THREE SERIES DIODES.

Series 91T, 92T and 91W schematic ‘diagram

When positive current is applied, the port is OFF
since the associated series diodes are back-biased to
a high resistance. At the same time, the correspon-
ding shunt diode is biased to a low resistance, and
the impedance at the port is then effectively that of
the 50 ohm resistor in series with the shunt diode.
When applying negative current, the converse condi—
tions are established and the port is ON.

Note that when all output ports are OFF, a high VSWR
will be present at the common port.

MODEL 9120AH-500

This switch has the same circuit topology as the
9120-500 except it is equipped with high-speed
diodes to achieve rise and fall times of 10 nsec.

MODEL 9120AHT-500

This switch is similar to the 9120AH-500 except it
includes a terminating network as shown below.

Bas
RF bour
&
z
AF CoM ’
Coan
5
RF MOUT
Lo e e )
=

RE
NPT

]
i |
|
I

re

Series 91 and 92 schematic diagram

Port Control

By applying positive current to a bias terminal, the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current at
the bias terminal, the converse conditions are
established and the port is ON. Since bias terminals
are individuaily available for both ports, the user

has the option of any combination of ports

ON or OFF. ’

Model 9120AHT-500 schematic diagram

SERIES F91/F92

The Series F91/F92 units are the same as the
Series 91/92 units except they are equipped with
integrated drivers that are powered by +5 and
~12to —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 muiti-
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 diocdes 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 TTL logic signals.

RFCOM

(E)SERIES GIIW UNITS ARECONSTRUCTED WITH THREE SERIES DIODES.
(2)DELETE FOR UNITS WITHOUT “T"OR"W" SUFFIX.

Model G9120( ), 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

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 cr peak
Input to any “ON" port: 1W cw or peak
Input to common port: 1W cw or peak

(1) Models prefixed with “F" or “G" are equipped with integrated TTL-compatible drivers; models without the “F" or “G"”
prefix are current-controfled units and are furnished without drivers; models suffixed with “T" or “W" are non-refiective
except a high VSWR wiil be present at the common port if all other ports are OFF; models suffixed with “H" are high-

speed units.

Survival Power
Units without “T" or “W" suffix: 1W average,
75W peak (1 pusec max. pulse width)
Units with “T" or "W" suffix
Input to any “OFF" port : 1W average,
10W peak (1 max. pulse width)
Input to any “ON" port: 1W average,
75W peak (1 psec max. pulse width)
input to common port: 1W average,
75W peak (1 pusec max. pulse width)




Series 91 and 92 SP2T Switches
Specifications

Switching Characteristicsn Control Characteristics
SERIES 91/92/F91/F92 SERIES 91/92/F91/F92
Units without “H” suffix Units With Integrated Drivers
ON time............. 250'nsec max. Control Input Impedance
OFF fime.. ... coa s oma s 250 nsec max. Units without “H" suffix. . . TTL, low power Schottky, one
Units with “H” suffi unit load. (A unit load is 0.8 mA
R?sgl ey DL 10 Ae G sink current and 40 pA source
Fall time............. 10 nsec max. corment)
ON time............. 25 nsec max. Units with "H"” suffix. .. .. TTL, advanced Schottky, one
OFF time. .. sonivnas 20 nsec max. unit load. (A unitload is 0.6 mA
Repetition rate. ....... 20 MHz max. sink current and 20 uA source
SERIES G91/G92 : G
ON M. <oz asms 250 nsec max. Control Logic............ Logic “0" (-0.3to +08 V) for
OFF WM. cvusvaauieas 250 nsec max. port ON and logic “1” (+2.0 to
Power Supply Requirements 30V} for port OFF:
SERIES 91/92/F91/F92 SERIES G81/G92

Driverless Units

Control Input Impedance. . Schottky TTL, one unit load.
Bias current required at each port for rated isolation and in- #

(A uniit load is 2.0 mA sink

sertion loss current and 50 pA source
PORT OFF current.)
Units without “H" suffix. . . +50mA s = Fenid
S b h Control Logic............ Logic “0" (~031t0 +08V)
Units with *“H"” suffix..... +30mA for port ON and logic “1”
PORT ON (+2.0to +5.0 V) for port OFF.
Units without “H” suffix. . . -50mA
Units with "H” suffix. .. .. ~-35mA
Units With Integrated Drivers

(For one port ON)

SERIES G91/G92

(For one Port ON)
+5V +5%, 100 mA
+15V +59%, 30 mA

(1) For driverless units, shaped current pulses must be provided by user. ‘
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Series 21 and 92 SP2T Switches

Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Temperature Range Option No. Description
Units wltﬁ Integrated Drivers 3 SMA female bias/control connectors
Operating . ............ ~65°C to +110°C 7 J1, J2 and J3 SMA male
Non-Operating . .. ... ... -65°C to +125°C 7A J1 SMA male; J2 and J3 SMA
Driverless Units female
Operating and 7B J1 SMA female; J2 and J3
Non-Operating . .. ...... —-65°C to +125°C SMA male
Humidity .. ............... MIL-STD-202F, Method 103B, 9 inverse control logic; logic “0" for
Cond. B (96 hrs. at 95%) port OFF and logic ''1" for port ON
SHOCK. ..o MIL-STD-202F, Method 2138, {Notepplioabls 1o Giariee. 81752)
Cond. B (756G, 6 msec) 27 Single-port toggle controf; logic “0"
connects J1 to J2 (Not applicable to
Vibration................. MIL-STD-202F, Method 204D, Serles 91/92)
Cond. B (.06” double amplitude X .
or 15G, whichever is less) 33 EMI filter solder-type bias/contrai terminals
Altitude . ... .......... ... MIL-STD-202F, Method 105C, s MRSl yhager e, Sommon portiefly
Cond. B (50,000 ft.) 42* Internal video filter, output ports only
Temp. Cycling........... MIL-STD-202F, Method 107D, d InRaal videor fitar, alt ports
Cond. A, 5 cycles 64A SMB male bias/control connectors

‘Not applicable to Series 92/F92/G92. See chart following the power handling discussion on page 86.

DIMENSIONS AND WEIGHT

{ {)USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G91/G92 SERIES
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

SERIES 91/92/F91/F92/GS1/G9S2
Wt: .75 oz. (21 gm} approx.

RF CONN
SMA FEMALE
BIAS/CONTROL 3x
MTG SMC MALE
SURFACE 2% 1
\ g i 2X 5 .104(2,6)
—v(m;z)\.1 o ¥ 3
FV(— of co}f— 4 229 110
. : (?3 = l (27.9)
- b2 —
1R
.10
SE o B G -1
ey~ 4?.9)
— (9,7) e 2™
85 -
{21,6)

\.33(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

Dimensional Tolerances, unless otherwise indicated: .XX =.02; XXX =.005
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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
of 0.5to 18 GHz with ON and OFF times of 30 nsec. Design
features include an integrated circuit assembly of PIN
diodes mounted in a microstrip transmission line as well
as a resistive bias line that contributes to the broadband
low-loss performance. The circuit configuration of the
Model F940H is shown below.

RF INOQUT

RF INFOUT fF INOUT

J1

BIAS
FROM
DRIVER

BlAS
FROM
CRIVER

4
RF IOUT

Model F940H Schematic Diagram

The Model F940H is equipped with an integrated driver
thatis powered by + 5 and — 12 volt supplies. The proper
currents required to switch the ports ON or OFF are pro-
vided by the driver, which is controlied by external logic
signals.
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Model F?40H
Specifications

PERFORMANCE CHARACTERISTICS

‘Switching Time
O TIME. . oo 0006 S b
OFF TIN@. .o pavn varasites see s s

Power Handling Capability
Without Performance Degradation

Survival Power

ENVIRONMENTAL RATINGS

Operating Temperature
Range

Non-Operating Temperature
Range...........c0.c0n-

Humidity

Cond. B (96

Cond. B (75

30 nsec max
30 nsec max

.500 mW cw

or peak

1W average,

75W peak

(1 usec max
pulse width)

-65°C to +110°C

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

hrs. at 95%)

G, 6 msec)

MIL-STD-202F, Method 2138,

MIL-STD-202F, Method 204D,

Cond. B (.06” double amplitude
or 15G, whichever is less)

Altitude

Cond. B (50
Temp. Cycling

,000 ft.)

Cond. A, 5 cycles

MIL-STD-202F, Method 105C,

MIL-STD-202F, Method 107D,

Power Supply Requirements

+5V £5%, 60 mA
-12 to £5%, 75 mA

Control Characteristics

Control Input
Impedance Schottky TTL, two unit loads.

(A unit load is 2 mA sink current
and 50 pA source current.)
Logic “O” (-0.3to +0.8V)
connects J1to J2 and J3to J4.
Logic 1" (+2.0to +5.0V)
connects J1to J4 and J2 to J3.

Control Logic

AVAILABLE OPTIONS
Option No. Description
7 SMA male rf connectors
9 Inverse control logic; logic
0" connects J1 t0 J4 and J2 to
J3, and logic “1"” connects J1 to
J2 and J3 to J4
33 EMI filter solder-type control
terminal
64A SMB male control connector

DIMENSIONS AND WEIGHT
1.00 RF CONN 7%
e 0 “_tj;g:)—" /f;m e {19.1)~]
{FAR SIDE) 2.5) — - A3
@5 ] (10.2) ; MTG
S e / SURFACE
N ] P A — Q
4) (20, !
i 50 CONTROL
__$‘ (127 5 SMC MALE
J1° [
y. Ij MODEL F940H
3 S Wt: 1.1 oz (31 gm) approx.
{9.4) +V vV
38(9.7) FOR SMA FEMALE
.50{12,7) FOR SMA MALE

Dimensional Tolerances, unless otherwise indicated: . xx +.02; .Jox +.005
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Series 91 and 92

Miniature Broadband SP3T Switches

MODELS 9130-500 AND 9230-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 8130-500 covers the 1 to 18 GHz frequency
range while the Model 9230-500 covers the 0.2t0 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

MODELS 9130T-500, 9130W-500
AND 9230T-500

These switches are non-reflective versions of the
switches described above.

MODELS 9130AH-500 AND 9130AHT-500

These switches are the same as the 9120AH-500 and
9120AHT-500 except for the number of ports,

SERIES F91 AND F92

The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models, exceptthe
units are equipped with integrated drivers.

SERIES G91 AND G92

These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.
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Series 91 and 92 SP3T Switches
Specifications

( Min Isolation:(dB; 3
-F9T Max: Insertion Lass.{dB)-
'G9130T

Max VSWR (ON or OF
'9230T-500 Min Isolation (dB}: i - _
-F9230T Max Insertion Loss. (dB) =
-G9230T Max:VSWR (ON- or_OF ]

B
4}

Max VSWR (ON or OFF
“Min Isolation: (dB) - ;
- Max Insertion Loss: (dB)

“|"Max VSWR (ON) =
’_9130AHT-500 “‘Min Isolation (dB) = =
‘F9130AHT - | Max Insertion Loss(dB)

‘Max VSWR (ON)-- - o
& ~ Max VSWR (OFF).

9130AH-500
FS130AH"

NROaNNe PN
wowlomlomn

PERFORMANCE CHARACTERISTICS
Power Handling Capability

3
Without Performance Degradation Survival Power
Units without “T" or “W” suffix: 1W cw or peak Units without “T" or “W" suffix: 1W average,
Units with “T" or "W suffix 75W peak (1 usec max. pulse width)
Input to any ““OFF” port: 100 mW cw or peak Units with “T" or “W*' suffix
input to any “ON" port: 1W cw or peak

Input to any “OFF” port : 1W aver
Input to common port: 1W cw or peak EEOW pea‘i: [\ psecpmax pulse wlng)

Input to any "ON" port: 1W average,
75W peak (1 usec max. pulse width)

Input to common port: 1W average,
75W peak (1 psec max. pulse width)

(1) Models prefixed with “F” or “G" are equipped with integrated TTL-compatible drivers; models without the "F" or “G"
prefix are current-controlied 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" suffix

ON time............. 250nsec max.

OFF 1im@:. . swmi st s 250 nsec max.
Units with “H™ suffix

Rise tme............ 10 nsec max.

Falltime............. 10 nsec max.

ONtime.,............ 28 nsec max.

OFF tIme..c.«.owsmwan 20 nsec max.

Repetition rate. .. . .. .. 20 MHz max.
SERIES G91/G92

ONtime............. 250 nsec max.

OFF time............ 250 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92

Driveriess Units
Bias current required at each port for rated isolation and in-
sertion loss

Port OFF

Units without “H" suffix

Units with “H” suffix
Port ON

Units with “H” suffix

Units without "H" sufffix. . .................

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

Units With Integrated Drivers
{For one port ON)

+5V £5% | -

" Units Without . | -
W' Suffix |
Units With.-.
el Suffix -

-“Units With- |-
“SHT Suffix |

SERIES G91/G82

(For one port ON)
+5V +5%, 100 mA
+15V +5%, 40 mA

(1) For driveriess units, shaped current puises must be provided
by user.

Control Characteristics
SERIES 91/92/F91/F92
Units With Integrated Drivers

Control Input Impedance
Units without “H" suffix. . . TTL, low power Schottky, one
unit load. (A unitload is 0.8 mA
sink current and 40 vA source
current.)

Units with “H" suffix. . ... TTL, advanced Schottky, one
unit load. (A unit load is 0.6 mA
sink current and 20 pA source
current.)

Control Logic............ Logic “0” (-03to +0.8 V) for
port ON and logic “1” (+2.0 to
+5.0 V) for port OFF.

SERIES G91/G92

Control Input Impedance. . Schottky TTL, one unit load.
(A unit load is 2.0 mA sink
current and 50 A source
current.)

Controi Logic............ Logic “0” (-03to +08 V)
for port ON and logic “1”
{(+2.0to +5.0 V) for port OFF.
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Series 921 and 92 SP3T Switches
Specifications

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers
Operating -65°C to +110°C
Non-Operating ~65°C 10 +125°C
Driverless Units
Operating and
Non-Operating

-65°C to +125°C

Humidity . .............. MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
SROCK. o5 o000 i ith St win MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration............... MIL-STD-202F, Method 204D,
Cond. B {.06” double amplitude
or 15G, whichever is less)
Altitude. . ... ... ...... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling......... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
3 SMA female bias/control connectors
4 SMA male tf connectors
9 Inverse control logic; logic “0” for
port OFF and logic “1" for port ON (Not
applicable to Series 91/92)
33 EMI-filter solder-type
bias/contro! terminals
41~ internal video filter, common port only
42" Internal video filter, output ports only
43~ Internal video filter, all ports
64A SMB male bias/control connectors

*Not applicable to Series 92/F92/G92. See chart following the power handling discussion on page 86.

DIMENSIONS AND WEIGHT
RF CONN
gfm“"'- SMA FEMALE

ax

4x

2x4.104(2,8)

=~ MTG
1 0?17 } / SURFACE
. 4 g%
i
(254) (21,3)- 50
% 3 “2,?)‘ T
A =
@% o8
(2.0) P, S '
-840 13 L
Fe—(21,3) ™ \ 33 ™
GND(3)
fecF00.
+v{l) (25.4) P
~vi(2) {16.0)
(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS .38(3,7) FOR SMA FEMALE
(2) +15V FOR G91/G92 SERIES 50(12,7) FOR SMA MALE

{3) NOT USED ON DRIVERLESS UNITS EXGEPT WITH OPTION 33

MODELS 91/92/F21/F82/G91/G92

Wit: 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 SP4T Switches

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 82 models except
the units are equipped with integrated drivers.

SERIES G91 AND G92

These switches are the same as the Series G91 and
(92 SP2T switches except for the number of ports.
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Series 91 and 92 SPAT Switches
Specifications

- @8
ax:Insertion Loss (dB).
“Max VSWH (ON) ;

‘_.Mln lsolat:on (dB)

F9140AHT < Insertion Loss
ax VSWR.(ON) '
ax VSWR (OFF)

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: 1W average,
Units with “T"" or "W suffix 75W peak (1 usec max. pulse width)
Input to any “OFF" port: 100 mW cw or peak Units with “T" or “W” 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 usec max. pulse width)

Input o any “ON" port: 1W average,
75W peak {1 psec max. pulse width)

Input to common port: 1W average,
75W peak (1 usec max. pulse width)

(1) Models prefixed with “F" or “G" are equipped with integrated TTL-compatible drivers; models without the “F” or “G"
prefix are current-controfled 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 SPAT Switches

Specifications

Switching Characteristics®

SERIES 91/92/F91/F92
Units without “H” suffix

ON Me.: coni wa san 250 nsec max.

OFF time............ 250 nsec max.
Units with “H” suffix

Rise time............ 10 nsec max.

Falitime............. 10 nsec max.

ONtime............. 25 nsec max.

OFF time. .. cvouesins 20 nsec max.
SERIES G91/G92

ONtime............. 250 nsec max.

OFF time.....: Rm— 250 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92
Driverless Units

Bias current required at each port for rated isolation and in-

sertion loss
Port OFF
Units without “H" suffix

Unitswith*H"suffix......................

Port ON
Units without “H” suffix

Unitswith“H"suffix......................

Units With Integrated D

Control Characteristics
SERIES 91/92/F31/F92

Units With Integrated Drivers
Control input Impedance

Units without “H” suffix. . . TTL, low power Schottky, one

{For one port ON)

- SHT Suffix

SERIES G91/G92

(For one port ON)
+5V +5%, 150 mA
+15V +5%, 50 mA

(1) For driverless units, spiked current pulses must be provided

by user.

Units with "H" suffix. . . ..

Control Logic............

SERIES G91/G92
Control Input Impedance. .

Control Logic............

unit load. (A unitload is 0.8 mA
sink current and 40 A source
current.)

TTL, advanced Schottky, one
unitload. (A unitload isC.6 mA
sink current and 20 pA source
current.)

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

Schottky TTL, one unit load.
{A unit load is 2.0 mA sink
current and 50 pA source
current.)

Logic “0” (-03to +08 V)
for port ON and logic “1” (+2.0
to +5.0 V) for port OFF.
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Series 91 and 92 SP4T Switches
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Temperature Range Option No. Description
Units With integrated Drivers 3 SMA female bias/control connectors
Operating ............. ~85°C to +110°C 4 SMA male rf connectors
Non-Operating ......... -65°C to +125°C 9 Inverse control logic; logic “0” for
Driveriess Units port OFF and logic 1" for port ON
Operating and (Not applicable to Series 91, 92)
Non-Operating . ........ -65°C to +125°C 33 EMifilter solder-type
Humidity . ................ MIL-STD-202F, Method 103B, . bias/control terminals
Cond. B (96 hrs. at 95%) 4 lnt:arnai video filter, common port
omy
Shoek.................... MIL-STD-202F, Method 2138, 42* Internal video filter, output ports
Cond. B {75G, 6 msec) only
e 43 internal video filter, all ports
Vibration................. MIL-STD-202F, Method 204D, 2 :
Cond. B {.08" double amplitude 64A SMB male bias/control connectors
or 15G, whichever is less)
Altitude. .. ........... -. .. MIL-STD-202F, Methed 105C,
Cond. B (50,000 ft.)
Temp. Cycling........... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

“Not applicable to Series 92/F92/G92. See chart following the power handling discussion on page 86.

DIMENSIONS AND WEIGHT

RF CONN

SMA FEMALE 2 x ¢ .104(2.6) 21

5x ON A 5.3 ~

/ /‘ 1.000(25,4) DIA BC 5
BIAS CONTROL
T SMC MALE
_ 4X
; \_ MTG
@ @ SURFACE
[ Vi)
GND(3)—|
v 2)
63
{16,0)
.88
2y
125
(31.8) .38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G91/G92 SERIES
{3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTICN 33
MODELS 91/92/F91/F92/G81/G92
Wi. 2 oz. (57 gm) approx.

Dimensional Tolerances, unless otherwise indicated: . XX +.02; XXX +.005
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Series 91 and 92
Miniature Broadband SP5T Switches

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 0.2to 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

"F9150W - ax: Insertion 'Loss‘(da) :
“GO150W. | Max VSWR (ON or OFF) - .

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: W average,
Units with “T"" or "W’ suffix 75W peak (1 psec max. pulse width)
Input to any "OFF” port: 100 mW cw or peak Units with “T" or “W" suffix
Input to any “ON” port: 1W cw or peak Input fo any “OFF” port : 1W average,
Input to common port: TW ow or peak 10W peak (1 usec max. pulse width)

input to any “ON" port: 1W average,
78W peak {1 psec max, pulse width)

Input to common port: 1W average,
75W peak (1 usec max. pulse width)

Switching Time®

SERIES 91/92/F91/F92 SERIES G91/Go2
ON time............. 250 nsec max. ON time............. 250 nsec max.
OFF time............ 250 nsec. max. QOFF time............ 250 nsec max.

(1) Models prefixed with "F” or “G” are equipped with integrated TTl-compatible drivers; models without the “F” or *G"
prefix are current-controfied 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 ail other ports are OFF.

() For driveriess units, shaped current pulses must be provided by the user.
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Series 21 and 92 SP5T Swiiches

Specifications

Power Supply Requirements
SERIES 91/92/F91/F92
Driverless Units

Bias current required at each port for rated isolation and
insertion loss

POROPE ...« e vimim o siamsss s wieeimsind + 50 mA
POt 1OM o 2o v e si5eis o ssiesio o miarapniva -50 mA
Units With Integrated Drivers
(For ene port ON})........ +5V 5%, 250 mA
-12to -15V, 60 mA
SERIES G91/G92
(For one port ON). ....... +5V £ 5%, 150 mA

+15V £5%, 60 mA

Control Characteristics

SERIES 91/92/F91/F92

Units With Integrated Drivers

Control Input Impedance . . TTL, low power Schottky,
one unit load. (A unit
load is 0.8 mA sink current
and 40 pA source current.)

Control Logic. .......... Logic “O” {(-0.3 to +0.8V)
for port ON and logic “1”
(+2.0to +5.0V) for port OFF.

SERIES G91/G92

Control Input Impedance . . Schottky TTL, one unit load.
(A unit load is 2.0 mA sink

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers
Operating ............ -65°C to +110°C
Non-Operating . ... .. .. —85°Cto +125°C
Driverless Units
Operating and

Non-Operating. . .. .. .. -65°C to +125°C
Humidity .. .............. MIL-STD-202F, Method 103B,
Cond. B (86 hrs. at 95%)
Shock................... MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec}
Vibration .. .............. MIL-STD-202F, Method 204D,

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

Altitude. . . ............. MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling.......... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles
AVAILABLE OPTIONS

Option No. Description
3 SMA female bias/control connectors
7 SMA male rf connectors
9 Inverse control logic; logic 0" for

port OFF and logic 1" for port ON
(Not applicable to Series 91, 92)

current and 50 uA source 33 EMI filter soider-type
current.) bias/control terminals
Control Logic........... Logic “O” (03 to +0.8V) 41* Internal video filter, common port
for port ON and logic “1"” only
(+2.0 to +5.0V) for port OFF. 42 Internal video filter, output ports
only
*Not applicable to Series 92/F92/G92. See chart following the power handling 43" Internal video filter, afl ports
discussion on page 86. 64A SMB male bias/control connectors

DIMENSIONS AND WEIGHT

RF CONN

SMA FEMALE 2 x & .104(2,6)

6X ONA 20 BIAS/CONTROL
1.000(25,4) DIA BC "I SMC MALE

(5,3} 5X
B .fUHFACE
GND(3~—__

T v(1}(2)
v

——l i
| 38(9,7) FOR SMA FEMALE [~ (16.0) [+~
.50{12,7) FOR SMA MALE

125 88
(31,8) ez

(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2} +15V FOR G91/G92 SERIES
{3} NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

MODELS 91/92/F91/F92/G91/G92
Wt: 2 oz. (57 gm) approx.

Dimensional Tolerances, unless otherwise indicated: XX +.02; XXX +.005
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Series 91 and 92
Miniature Broadband SP6T Switches

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 0.2to 4
GHz range. Their description and operation are the
same as that for the Models 9120-500 and 9220-500
SPZT switches.

MODELS 9160T-500, 9160W-500
AND 9260T-500

These switches are non-refiective 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 madels, except the
units are equipped with integrated drivers.

SERIES G91 AND G92

These switches are the same as the Series G91 and
(G92 SPZT switches except for the number of ports.
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Series 91 and 92 SP6T Switches
Specifications

FREQUENCY:(GHz

‘Max VSWR (ON) -

Min_Isolation:(dB):
‘Max' Insertion; Loss dB
Max-VSWR:(ON):

-9260-500

‘Min_Isofation (dB):
. F9260 -

‘Max Insertion' Loss (dB
Max VSWR.(ON)

i Min Isolation (dB}:
G9260 - | -Max insertion Loss (dB
; o 'Max VSWR:(ON)-

9160T-500 . | Min'isolation (dB) "

"F9160T ' - | Max Insertion: Loss'(dB
G9160T ““Max VSWR (ON or. OFF):
‘92607-500 - | ‘Min isolation. (dB). = - .~
-F9260T -~ - | :Max Insertion Loss dB) S
|GO260T [ Max VSWR (ON-or OFF). " -
9160W-500 “Min Isolation (dB)- - - -
F9160W Max Insertion Loss (dB) S
G9160W - Max VSWR-(ON or OFF)

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without “T"* or “W" suffix: 1W cw or peak
Units with “T"" or "W suffix
Input to any “OFF” port: 100 mW cw or peak
Input to any “ON" port: 1W cw or peak
Input to common port: 1W ¢w or peak

Switching Time®

SERIES 91/92/F91/F92

ON Bme...... sossaes 250 nsec max.
OFF time............ 250 nsec max.

{1) Models prefixed with “F" or

Survival Power
Units without “T" or “W" suffix: 1W average,
75W peak (1 usec max. pulse width)
Units with “T” or “W"" suffix
Input to any “OFF” port: 1W average,
10W peak (1 Klsec max. puise width})
Input to any “ON” port: 1W average,
75W peak (1 pusec max. pulse width)
Input to common port: 1W average,
75W peak (1 psec pulse width)

SERIES G81/G92

ON BB convven avass 250 nsec max.
OFF time............ 250 nsec max.

“G" are equipped with integrated TTL-compatible drivers; models without the “F" or “G"
prefix are current-controlfed units and are furnished without drivers; modeis suffixed with “T" or

“W” are non-reflective

except a high VSWR will be present at the common port if alf 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 SP6T Switches

Specifications

Power Supply Requirements

SERIES 91/92/F91/F92

Driverless Units

Bias current required at each port for rated isolation and in-
sertion loss

Units With Integrated Drivers
(Forone port ON). ....... +5V 5%, 3156 mA
—12to -15V, 60 mA

SERIES G91/G92

(For one port ON)........ +5V 15%, 150 mA

+15V +5%, 70 mA
Control Characteristics

Series 91/92/F91/F92
Units With integrated Drivers
Controf Logic........... Logic “O" (-0.3 to +0.8V)

for port ON and logic 1"
(+2.0to +5.0V) for port OFF.

Control Input

Impedance .......... ... TTL, low power Schottky one
unit load. (A unit load is 0.8 mA
sink current and 40 pA source
current).

Series G91/G92

Control Logic........... Logic “O” (-03 to +0.8V)
for port ON and logic “1”
(+2.0 to +5.0V) for port OFF.

Control input

Impedance ............. Schottky TTL, one unit load
{A unit load is 2.0 mA sink
current and 50 pA source
current).

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers
Operating .. ........... -865°C to +110°C
Non-Operating ......... -85°C to +125°C
Driverless Units
Operating and

Nor-Operating ... ...... -65°C to +125°C
Humidity . . ............... MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
Shock....... 8 g ks s 5 MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration. .. ...... ........ MIL-STD-202F, Method 204D,

Cond. B (.06” double amplitude
or 15G, whichever is less)

Alitude. ... ....oc0 e oo MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling........... MiL-STD-202F, Method 107D,

Cond. A, 5 cycles

AVAILABLE OPTIONS

Option No. Description
3 SMA female bias/control connectors
7 SMA male rf connectors
9 Inverse control togic; logic “0” for

port OFF and logic “1" for port ON
{Not applicable to Series 91/92)

33 EMI filter solder-type
bias/control terminais

41" Internal video filter, common port
only

42 internal video filter, output ports
only

43" Internal video filter, all ports

64A SMB male bias/control connectors

“Not applicable to Series 92/F92/G92. See chart following the power handling discussion on page 86.

RF CONN
SMA FEMALE =
7

{1TUSED ONLY ON UNITS WITH INTEGRATED DRIVERS
{2) +15V FOR G91/G92 SERIES
{3)NCT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

2% ¢ .104(2.6)
ON A
/" 1.470(37.3) DA BC

N i :- .
g J 60 o
—= (60
+v(1) 2 o
1.50 - 2.~

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

MODELS 91/92/F91/F92/G91/G92
Wit: 2.9 oz. (82 gm) approx.

’ DIMENSIONS AND WEIGHT

(5.3 SMC MALE
6%

-
@ / ::E:Ace
Ole

21 _.l re— BIAS/CONTROL

/ GND{3)

/—V(I!(Z)

Dimensional Tolerances, unless otherwise indicated: . XX =.02; XXX %.005
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Series 21 and 92 -

Miniature Broadband SP7T Switches

MODELS 9170-500 AND 9270-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9170-500 covers the 1 to 18 GHz frequency
range while the Mode! 9270-500 covers the 0.2 to 4
GHz range. Their description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

MODELS 9170T-500, 9170W-500
AND 9270T-500

These switches are non-reflective versions of the
switches described above.

SERIES F91 AND F92

The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92

These switches are the same as the Series G91 and
G92 SPZT switches except for the number of ports.
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Series 91 and 92 SP7T Switches
Specifications

CHARACTERISTIC
Min Isclation (dB)

. ‘Max Insertion Loss (dB
Max VSWR: (ON) -

Min:Isofation . (dB

Max:Insertion’

Max VSWR: (O
Min: Isolation: (dB
Max:Insertion: Loss. d
| Max VSWR (ON)-

s e b Mine Isolation: (dB):
 G9270. - | Max Insertion Loss (dB) _

TS - :
NN OImoC
N
n

"o | Max VSWR (ON)- ey
-91707-500 - | Min Isolation:(dB) = ; 50 40
F9170T | ‘Max insertion Loss (dB) 3 1.5 Ao
G9170T - Max VSWR (ON or OFF) - T 4
92707-500 Min Isolation (dB) -~ - -~ 60 :
F9270T Max Insertion Loss (dB) =~ - L5415
G9270T : -} Max VSWR (ON or OFF) - g Mo
S170W-500 Min:Isolation (dB) -~ 0 o 60
FOI70W -Max Insertion Loss (dB) Gk S 2.2
Go170W " Max VSWR (ON or OFF) . - = | Fp F

PERFORMANCE CHARACTERISTICS
Power Handling Capability

Without Performance Degradation
Units without "'T" or “W" suffix: 1W cw or peak
Units with “T” or “W" suffix
Input to any “OFF" port: 100 mW cw or peak
Input to any “ON"" port: 1W cw or peak
Input to common port: 1W cw or peak

Switching Time®

SERIES 91/92/F91/F92

ON M@ « v v caeass o 250 nsec max.
OFF time............ 250 nsec max.

Survival Power
Units without T or "W suffix: 1W average,
75W peak (1 usec max. pulse width)
Units with T or “W" suffix
Input to any "OFF” port : 1W average,
10W peak (1 usec max. pulse width)
Input to any “ON” port: 1W average,
75W peak (1 usec max. pulse width)
Input to common port: 1W average,
75W peak (1 pusec max. pulse width)

SERIES G91/G92

313 [l Ty ————— 250 nsec max.
OFF timecus oo v 250 nsec max.

(1) Models prefixed with “F" or “G" are equipped with integrated TTL-compatible drivers; models without the “F”" or "G"
prefix are current-controlied 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.

(2) For driverless units, shaped current pulses must be provided by the user.
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Series 91 and 92 SP7T Switches

Specifications

Power Supply Requirements
SERIES 91/92/F91/F92
Driverless Units

Bias current required at each port for rated isolation and in-
sertion loss

POREOFF : occonimsases samg s e +50 mA
PortON- . ... i —-50 mA
Units With Integrated Drivers

{For one port ON) +5V 15%, 375 mA

~12to -15V, 60 mA

SERIES G91/G92

(For one port ON)........ +5V 5%, 190 mA

+15V £5%, 70 mA

Control Characteristics
SERIES 91/92/F91/F92
Units With integrated Drivers

Control Input impedance . . TTL, low power Schottky,
one unit load. (A unit

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers
Operating
Non-Operating
Driverless Units
Operating and
Non-Operating

—-65°C to +110°C
—-65°C to +125°C

-85°C to +125°C

Humidity . . .............. MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
13515 11 R MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration................ MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
Altitude . . .............. MIL-STD-202F, Method 105C,

-Cond. B (50,000 ft.)

MIL-STD-202F, Method 107D,
Cond. A, 5 cycles

AVAILABLE OPTIONS

Temp. Cycling..........

load is 0.8 mA sink current ~ Option No. Description
and 40u A source current.) 3 SMA female bias/control connectors
Control Logic........... Logic “0” (0310 +0. i SMA male ff connaciors
°g forg;;ort ON( and lgg?c(}‘ﬁl\::) 9 Inverse control logic; logic 0" for
(+20 to +5.0V) for port OFF port OFF and |Oglc "1’: for poﬂ ON
SERIES G91/G92 (Not applicable to Series 91, 92)
. 33 EMI filter solder-type
Control Input Impedance . . Schottky TTL, one unit load. bias/controi terminals
A unit load is 2.0 mA sink : ;
E:urrent and 50 pA source a1 Internal video filter, common port
only
current.) 42* internal video filter, output ports
Control Logic........... Logic “O” (-0.3 to +0.8V) only
for port ON and logic 1" 43* Internal video filter, all ports
(+2.0 to +5.0V) for port OFF. 64A SMB male bias/control connectors

“‘Not applicable to Series 92/F92/G92. See chart following the power handling discussion on page 86.

DIMENSIONS AND WEIGHT

2% 6.104 (2.6)
1.470{37,3) DIA BC
AF CONN
SMA FEMALE

.21

4

/

63
(16.0)

88 |
(22.4)
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
MODELS 91/92/F91/F92/G91/G92
Wit: 2.9 oz. (82 gm) approx.

s —

i
MTG
/ SURFACE
i

[ (5.3) BIAS/ICONTROL

SMC MALE
7X

GND (3)

=v{1}2)

{1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
{2) #15V FOR G91/G%2 SERIES
{3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTICN 33

Dimensional Tolerances, unless otherwise indicated: XX %.02; . XXX = .005
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Models FQ180 and F9180W
Low-Cost Broadband SP8T Switches

General Microwave's latest addition to its extensive
line of PIN diode switches, the Models F3180 and
F9180W, operate over a frequency range of 1 to 18
GHz. They are low-cost state-of-the-art, high
isolation, low insertion loss units. For the Madel
F9180, the reflective design, insertion loss varies
from 1.5dB at 1 GHz to 3.8 dB at 18 GHz. The
corresponding values for the Model F9180W, the
non-reflective design, are 2.0 dB and 4.2 dB,
respectively. Isolation varies from 60 dB at 1 GHz to
50 dB at 18 GHz. The VSWR limit for both designs
ranges from 1.7 to 2.0, depending on frequency.
These units switch in under 200 nanoseconds. They
operate over temperature ranges as wide as —55°C
to +110 "C and withstand RF power levels as high
as 75 watts peak, 1 watt average.

Each model weighs 8.5 ounces and measures
4.65 x 1.5 x 0.75". They are powered by +5V DC
and -12 to -15V DC (standard) or by +5V DC
(Option11). Individual port TTL logic control and
power supply connections are made by means of a
DA15P connector.
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Models F?180 and F2180W

Specifications

PERFORMANCE CHARACTERISTICS

Power Handling Capability
Without Performance Degradation
L 0.5 W CW or peak
F180W:
Input to any "OFF” port:.....100 mW CW or peak
Input to any “ON" port:....... 0.5 W CW or peak
Input to common port.........0.5 W CW or peak
Survival Power
FO180: i cvciiirienene.. 1 W Average, 75 W peak
(1 psec max. pulse width)

F9180W:

Input to any “OFF” port:.....1 W Average, 10 W peak
(1 psec max. pulse width)

Input to any "ON” port: ....... 1 W Average, 75 peak
(1 psec max. pulse width)

Input to common port:........ 1 W Average, 75 W peak
(1 psec max. pulse width)

]

-mt * See page 85 for deﬁni'tion.

Switching Time *

ON Time .....ccccevvercnnrrnrnaner....200 NSEC Max.

OFF TIMe wcveveeerece e 200 nsec max.
Power Supply

Requirements .........................+5V+5% @ 100 mA

-1210 -15V @ 50 mA

CONTROL CHARACTERISTICS

CONTROL LOGIC
Logic “0” (~0.3 to +0.8V) for port ON
Logic “1” (+2.0 to +5.0V) for port OFF
CONTROL INPUT IMPEDANCE
0.6 mA sink current, max.
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Models F?180 and F9180W
Specifications

ENVIRONMENTAL RATINGS ACCESSORIES FURNISHED
TEMPERATURE RANGE Mating power/logic connector
Operating....ccorvviinrannnn=55°C 10 +110°C
Non-Operating ........occeevens -85'C 1o +125°C
HUMIDITY ......ooovrieecirinneen o MIL-STD-202F, Method 103B,
Cond. B (96 Hrs. at 95%)
SHOCK ... e MIL-STD-202F, Method 213B,
Cand., B (756, 6 msec) 4 AVAILABLE OPTIONS
VIBRATION.....cccooo e MIL-STD-202F, Method 204D, Option No. Description
Cond. B (.08" double amplitude 7 SMA Male RF Connectors
or 15G, whichever is less). 9 Inverse Control logic; logic “O” for
ALTITUDE...oooverorrorooo MIL-STD-202F, Method 105C, part GFF and logie"i* forpert N
Cond. B {50,000 ft) 11 =5V QOperation
R ! : 417 Internal video filter, common port only
TEMP. CYCLING ... MIL-STD-202F, Method 107D, 42* Internal video filter, output ports only
Cond. A, 5 cycles 43" Internal video filter, all ports

*See Chart following the Power Handling Discussion on page 86.

DIMENSIONS AND WEIGHT

75 L50 25TYP
“lsor| 09 (384) (6,3)
PN {23 1.320

CONN.D-35UB / {03tz {35.5) ¥

ITT/CANNON DAISP -

OR EQUIV. B .40¢(10:1)

O Tiche
o B 550401TYP
-l e : 232 T \
(59.0) B CONN.SMA FEMALE
3-8 IAW MIL-C-390t2
O :
465 L L35
@ {te.4) {%_ '_§3'45
4470 i
g0t 2
g k/ﬁ‘“mnxms
SURFACE
b J3 MOUNTING
SURFACE

| S

4% 6125(3/2)

DIMENSIONAL TOLERANCES,UNLESS OTHERWISE
INDICATED:.XX+.02; . XXX +.005

MODELS F9180 and F9180W
8.5 oz. (240 gm) approx.

Dimension tolérances, uniess otherwise indicated: .xx + .02; xxx = .005
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Model 1744
SP16T PIN Diode Switch

General Microwave Corporation’s SP16T PIN Diode
Switch, Model 1744, covers the 2 to 18 GHz fre-
guency band. The switch exhibits a maximum inser-
tion loss of 6.0 dB and an isolation of 60 dB to 14
GHz and 50 dB to 18 GHz. The switching speed is
500 nsec maximum. This compact unit measures
4.5 x 4.0 x 0.75". Power supply voitages are +5 V
and +15 VDC, and it is controlled by 7-bit TTL bina-
ry logic. The switch operates over the temperature
range of -40°C to +85°C.
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Model 1744
Specifications

PERFORMANCE CHARACTERISTICS

FrEQUEBCY . . o o oo o s s s o ga s o6 o 2.0to 18.0 GHz

Insettion LOSS . ... vosnamarsmssmmse vmse s ews b e 6.0 dB max

VSWRIONOTOHY o600 dimie 57608 6 a3 K9 2 2.0:1 max

7170772 | 5] S U A S 60 dB min to 14 GHz,
’ 50 dB min to 18 GHz

SWHEBING SPEEd & ou i imm e e b Eae s R 500 nsec max

Power Handling Capability

Without Performance Degradation
Input to any OFF port
Input to any ON port
Input to common port

Survival Power
Input fo any OFF port

Input to any ON port

Input to common port

Power Supply

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

Control Input Impedance

Control Logic

100mW cw or peak
1 W cw or peak
1 W cw or peak

1 W average, 10 W peak (1 usec max
pulse width)

1 W average, 75 W peak (1 usec max
puise width)

1 W average, 75 W peak (1 usec max
pulse width)

+5 VDC at 250 mA and

+15VDC at 100 mA

TTL, two unit load. (A unit load is 0.8 mA
sink current and 40 uA source current.)

................................ 5-bit TTL (Decoded Input)
CONRRCION o cisniossid s S ami ey s s asamessys DA-15P Multipin
OperatingTemperature . ....................... 0°to +70° C
DIMENSIONS AND WEIGHT
= @

—— J8TYP

OF=ETO)

MARKING
SURFACE
1.
DA-15P
WITH JACKPOSTS
1AW MIL-C-24308

TE-2(LSB+1)-

NOT.USED: . ]
'CTL=1:{LSB):
OT. USE!

—13X 68

56

MOUNTING SURFACE —/

14 —J

TYP

MODEL 1744
Wt. 15 oz. (426 gm.)

.

17X CONN. SMA, FEMALE
1AW MIL-C-39012

Dimensional Tolerances, unless otherwise indicatad: XX = .02; XXX +.005

133




H?1 Series, HM921 Series Hermetically-Sealed
SPST Thru SP4T Switches

Both H91 and HM91 Series consist of a family

of high-speed high-isolation hermetically sealed
switches with integrated drivers that operate over
the frequency range from 1 to 18 GHz.

These switches employ sealed glass-to-metal feed-
thrus and are designed to mest 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 SPZT, SP3T, SP4T switches in both
reflective and nonreflective configurations.

On ali 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.

SPST SWITCH

The modeils H9114 and HM9114 SPST switch consists
of a shunt array of four PIN digdes 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 swiiches the
unit OFF. When the diodes are reverse biasedto a
high resistance, the unit is switched ON.
REFLECTIVE MULT-THROW SWITCHES

All modeis 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
¢onverse conditions are established and the port

is ON.
CONT
+5V
-12v
RF INOUT
RE INFOUT AF NOUT J§1
Il |
JO J RF COM o @
y J0
Fig. 1-Single throw swit.ch schematic diagram. Fig. 2-Raftective muiti-throw switch schematic diagram.
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H91 Series, HM91 Series Hermetically-Sealed
SPST Thru SPAT 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 80% and
10% of the RF power.

ON time, the time from 50% point of the TTL com-
mand to the 80% level of the detected RF, is less than
25 nanosecends for all models; OFF time, from the
50% point of the TTL command to the 10% level of
the detected RF, is less than 20 nanoseconds.

HERMETIC SEALING

All switches are housed in enclosures using sealed
glass-to-metat “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 10-7 atm ¢¢fsec He.

MOUNTING

To facilitate mounting the H Series switches on a flat
surface, 0.060” spacers are available to provide
clearance for the SMA coupling nut.

Connector kits enabling the user to mount SMA
female connectors on the HM Series switches for use
in that configuration, or to verify performance, are
available as optional accessories.

Each kit also includes an appropriate mounting
spacer which permits the switch module to be
mounted on a flat surface, while providing proper
clearance for mating SMA male connectors,

RF IN/OUT

AF COM

Jo

Fig. 3-Non-reflective multi-throw switch schematic diagram.

UNIQUE CONFIGURATION

The HM@21 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 hoiles are located is
only 0.18”, minimizing mounting hardware protrusion.

EXTRA MOUNTING HOLES:

Ali 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 ouiput ports.
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Model HM192 Non-Reflective
Ulira-Broadband High-Speed SPST Switch Module

The Model HM192 is a hermetically sealed, high
speed, non-reflective SPST PIN diode switch with
integrated driver. The switch is designed for use
as a drop-in module but can be used as a conven-
tional connectorized component when equipped
with removable SMA connectors. Operating over
the instantaneous frequency range from 0.2 to

18 GHz, it provides a minimum isclaticn 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.

CONT.
+5V =
-12 TO-15V

RF
INJQUT

Fig. 1 — Model HM192 Schematic Diagram
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Model HM192
Specifications

PERFORMANCE CHARACTERISTICS

on:Loss;(dB)
VSWR (ON ‘and OFF

Switching Characteristics

I8 TR « o vonmnwns ag o4 e 10 nsec. max
FallTime .................. 10 nsec. max
ONTime................... 30 nsec. max
OFFTime........... e — 15 nsec. max
Power Handling Capability
Without Performance
Degradation .............. 500 mW cw
or peak
Survival Power.............. 1W average,
10 W peak
{1 usec max
pulse width)
Control Characteristics
Control Input
Impedance ................. TTL, Advanced

Schottky, Two-unit

load. (A unit load

is 0.6 mA sink cur-

rent and 20 pA

source current)
Control Logic

Power Supply
Requirementsm. .. ... ....... +5V +5%, 50mA

-12to - 15V
+5%, 50 mA

ENVIRONMENTAL RATINGS

Operating Temperature

RANGE..... - - v vimine = 5« mimmimons -65°Cto +125°C

AVAILABLE OPTIONS

Option No. Description

9 Inverse control logic; logic ““1’' for
switch ON and logic *'O”" for switch OFF.

49 High Rel screening (see Table 1 page 30) |.

AVAILABLE ACCESSORIES

CK-1 Connector Kit:

Two female connectors, spacers and mounting
hardware.

Eogie-" O ioisincany = on cois (-0.3to +0.8V) for (1) Up to 1 MHz switching rate. At 10 MHz, +V and -V @ 125 mA each.
switch ON
EOGIC™ 1™ o vnvcmmamn vag s o (+2.0to +5.0V)
for switch OFF.
DIMENSIONS AND WEIGHT
4 x ¢ .020(0,5)
r— 24(6,)
06 01 140 ;
.5 (27.9) / —‘ ‘ i e— .16(4,1)
ﬂ ” ﬂ " 16(4,1) . “ #1-64 UNC
x.11 0P 4X
220(5.6) + =~ 6 | .
31 B 1
]__; : -1 O 7.9) 63 ! ! 400
21028 || 4 o (16.0) i @F 200 (10.2)
' 5.1
i & (51) i
1
—_-! le—.10{2,5)
06(1,5) —w= 2x4$.012 (0,3)
12(3.0) _l o] e 03(1,0)
4x ¢ .079(2,0)
MODEL HM192 e 16(4,1)

Wt: 0.5 oz. (14 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx *.02; .xxx +.005
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Models H?114, HM9114%®
Hermetically Sealed SPST Switches

Max VSWH (f)n posmon)

(1) For Smrchmg Speed, Power Handling and other specifications, see page 86.
(2) HM9114 is a special order product; consult factory before ordering.

.07
.8

RF CONN 16 L

DIMENSIONS AND WEIGHTS

1.
{25.4)

856
{217

1kl

/ 4 x4 .079(2,0)

us )

05—
506 (1.3 [‘
|

4 x ¢ .020(0.5}

SXMA FEMALE @ r Y \ / MTG SURFACE
[ |
(19 0} ,
\\ i {9 7} ]
. '__ .05 (1.5) MIN
& .118 SCREW HEAD I NUT CLEARANCE
CLEARANCE . 07 REQD
le— .38(9,7) FOR SMA FEMALE (1.8}
.50{12,7) FOR SMA MALE G T
™ @8
Model H9114 L
Wt. 0.7 0z. (20gm) approx. 6.1)
4 % & .020{0,5)
—_— t— 24(6,1)
06 +£01 1.00
5 (25.4) _ L 16(4,1)
—— ———L _1 #1-64 UNC x .11 DP
220(5.6) (IR sl [ b
+#-G 1t B
-|© D é }
R EL Jo 53(13.5) 400(10,2)

110(2.8) Y

B| | 28567 4] 20En
| B!
\ 4 x & .079(2,0) \ —{— .j
.06(1,5)—»
2 x 6 .012(0,3) a—.10(2,5)
.12(3,0)

ol e 04(1,0)
Model HM8114® = .16(4,1)

Wt. 0.4 oz, (11gm) approx.

Dimensional Tolerances, uniess otherwise indicated: .xx +.02; .xxx *.005
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~ Models H9120H, HM9120H?H9120HT, HM9120HT®
Hermetically Sealed SP2T Switches

3

(1) For Switching Speed, Power Handling and other specifications, see page142.
(2) HM Switches are special order products; consuit factory before ordering.

DIMENSIONS AND WEIGHTS

a7

5 606
{1.8) Ea ['_ US.Q)‘.]
o l " ‘ 5 x 6.020(0.5)
SMA FEMALE — | ; | | o
o= 16(4,1)
MTG SURFACE 1
' d #1-64 UNC x 11 DP
290(7,4) 1 >
i .320(80) A
@ ; i
’ = L
. it T ~ L l
06 ' 3 =y I ok,
S x & .020{0.5)} {1.5) I E S “_!
7 : 190{2.8) 34 012 (03) ’ I
12 (3.0) - :J le—|— 220(5.6) 16(4, 1} -
-300
60C (17.6)
——
— spp 1152
— NUT CLEARANCE 127
:50{12.7) FOR SMA MALE e
Typical protrusion dime:

lor three connecis

Model H9120H, HT Model HM8120H, HT®#
Wt 0.8 oz. (23gm) approx. Wt. 0.4 oz. (11gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx %.005
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Models H?130H, HM92130H?H?130HT, HM9130HT¢
Hermetically Sealed SP3T Switches

PERFORMANCE CHARACT ERISTICS“’

Min: lsolatlon (dB)
Max Insertion Loss: (d
Max VSWR: (On positior

Min Isolation (dB).
Max Insertion Loss. (dB):
‘Max VSWR: Port ON -
| © Max VSWR: Port OFF

{1) For Switching Speed, Power Handling and other specifications, see page 142.
{2) HM Switches are special order products; consult factory before ordering.

DIMENSIONS AND WEIGHTS

o7 1168 o5
(05 T V] “ 03
RF CONN 06201 00
SMA FEMALE lLS‘lt ) - ;23 i —- e 24(6.1)
4 4x ¢ 0752,0) : : GND TERMINAL J Lo 16121}
s 110 i b /- NOT MARKED)
l MTG SURFACE 287 i 7 '8 .020{0,5)
3 220 16(,1) -
& ' = i —"
= o 34 +V-
R ! : l — 1 = B WEAGHY e’] #1564 UNG 2.1 DP
125 G ; ] x & .020(0.5) 2 3 10x
18 r £3b= (’2;",5, wbe ' i o coven
£2pF= 5.4y -550{15.0) D (4 * *
EiF= i25.4} 5
feo i | | ©) S 500 -123.0) T180(4.1)
VVilRRY M PP L Sl
= /Bl . L _=em NI t A
o7 } r \_ l
(1.8)
+.118 SCREW HEAD I 1xo.02f0z 0=y WIS st ] e
& 1 l " 06{1,5) MIN 12(3.0) = b Le 04{1.0}
4 e = (u; RUT CLEARANGE 50 60 L o
38(9.7) FOR SMA FEMALE = e | .1 FECO fom e 102:5)
'50{12.7) FOR SMA MALE M) ™ a8
Typical protrusion dimensions (23.9) i 2‘
o lone [ =5
Model H8130H, HT Modei HM9130H, HT®
: Wt. 1.4 oz. (40gm) approx. Wt. 0.85 oz. (18gm) approx.
; m i ¥ Dimensional Tolerances, unless otherwise indicated: .xx % 02; .xxx £.005
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Models H?2140H, HM92140H?H9140HT, HM9140HT®
Hermetically Sealed SPAT Switches

T Min Isolatlon (dB) :
“Max Insertion Loss (dB)
ax VSWR: (On posutlon)

_Min'Isolation (dB) -

‘Max Insertion Loss’ (dB)
‘Max VSWR: Port ON -
v Max VSWR: Port OFF

‘HO140H =
HM9140H®

(1) For Switching Speed Power Handling and other specifications, see page 142.
(2} HM Switches are special order products; consult factory before ordering.

DIMENSIONS AND WEIGHTS

a7 1.168
> 68 ™ T "”" i
gfanogg:nz L i 24(6.1;
X 06 .01 r— GND TERMINAL — -—
\ ] axs oo bod ws r @97 )/ woT MARKeD) J,.l L1640
— | , MTG SURFACE ) H
€ # \ 'd T i L-7xs 02008
135 L i s m— id
(31,8) P r 49 12340 g j B euRcEaTOR
s = |z AR
l e £4 == :z‘ao'f) - 7 x 6 .020(0.5) r ) o2 i @a—.‘ -20(5.6) @ I 10X
F_‘" f1= : 3 st i T #f  soen
! = A @54 SO ® 3 o
nso) & \ . » I | 4 0 89]_ S5 B e
1 : 2258 s 5 A% { oy . 5 [ )[
! A o} . oy -
1 {1.8) [ n, 06 14 %0 079201
SiEAanee == = - sxemiEey T “ 5‘ 16 R

: E L l 7 “ “ ; " N‘:ﬁl1 'g{::;.mcs ""f3 0) 4
/38(5.7) FOR SMA FEMALE
SO(1Z7) FOR SMA MALE = g"n l L +1a PRECD =5 -300(17.6) 0z
Typical protrusion dimensions T o4 2.6) 12,7}
for five connectors f-— m.a}—*"‘ ) 2

(6.1
iy~ o
Model H9140H, HT Model HM9140H, HT®
WA. 1.5 0z. (43gm) approx. Wt. 065 oz. (18gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +02; .xxx %.005
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H?1/HM®91 Series
Specifications

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
{1usec max pulse width)
Reflective Multi-Throw
Switches 1W average, 75W peak
(1usec max. pulse width)
Non Reflective Multi-Throw Switches
Inputtoany “OFF” port: 1W average, 10W peak (1 usec
max pulse width)
Input to any “ON” port; 1W average 75W peak (1usec
max pulse width)
Input to common port: 1W average 75W peak (1usec
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
OFFUMe < :::: vvpmauus 20 nsec max

Max Repetition Rate is 20 MHz.

Power Supply Requirements

* See chart following the power handling discussion on page 86.

CONTROL CHARACTERISTICS
Units With integrated Drivers

Control Input Impedance

TTL, advanced Schoitky, one unit load.
(A unit load is 0.6 mA sink current and 20 uA
source current).
Control Logic
Logic “0” (—-0.3 to +0.8 V) for port ON.
Logic “1” (+2.0to +5.0 V) for port OFF.

ENVIRONMENTAL RATINGS
Temperature Range
Operating . ................. -85°C to +125°C
AVAILABLE OPTIONS
Option No. Description
7 SMA male rf connectors (H series
only)
7A J1 SMA male; J2 and J3 SMA female
7B J1 SMA female; J2 and J3 SMA male
9 Inverse controi logic; logic “0”
for port OFF and logic “1” for port ON.
10 One SMA male (JO) and one
SMA female (J1) rf connector.
(H9114 only)
27 Single-port toggle control.

Logic 0" connects JO to J1.
Control can be applied to either
terminal 1 or 2. (SP2T models only)

41" Internal video filter, common port only
42 Internal video filter, output ports only
43* Internal video filter, all ports
49 High Rel screening
(see Table 1, page 30)
AVAILABLE ACCESSORIES
Model Spacer Plates
H9114 17244-P1
HS120H, HT 17244-P1
H9130H, HT 17244-P3
H9140H, HT 17244-P3
Model Model®
HMg9114 CKA1
HM9120H, HT CK-2
HM9130H, HT CK=3
HM8140H, HT Cik-4

() Each kit includes a set of mounting spacers, one
female connector for each RF port and mounting
hardware.
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Millimeter Wave Components, 18-40 GHz

SPST & SP2T F90 SERIES SWITCHES

General Microwave millimeter wave switches are
available in SPST and SP2T models in a variety of
topologies and configurations, e.g., with current-
controlled switching, or with integrated TTL--
compatible voltage drivers, and in both low insertion
loss and high isolation models.

Ali switch models in the series operate over the fre-
quency range from 18-40 GHz; each is capable of
handling cw or peak powers up to 1W without perfor-
mance degradation, and features rise and fail times of
less than 10 ns.

CURRENT, DIGITAL & VOLTAGE-
CONTROLLED ATTENUATORS

General Microwave wideband millimeter-wave
attenuators are available in three configurations.

Model 1959 is current-controlled, while the Model
D1959, which incorporates a hybrid driver, is
voltage-controlled with a linearized transfer function
of 10 dB per volt.

The digitally-controlled Model 3499 provides 0.03 dB
resolution (11 bits) and switching speed of less
than 500nsec.

Each of the three models operates over the full
frequency range from 18-40 GHz with a dynamic
attenuation range of 50 dB.

QUADRATURE COUPLER

The Modei 7050 3-dB Quadrature Coupler is a 4-port
single-section Hopfer coupler which operates over the
frequency range from 18-4¢ GHz. It features low in-
sertion loss, high isolation, and excelient amplitude
and phase balance.

E
aGR AMMABL
22 ATTENUATOR
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Models 1959, D1959 |
Millimeter Wave PIN Diode Attenuator/Modulator

MODEL 1959

The Model 1959 is a current-controlled attenuator/
modulator that provides a minimum of 50 dB of
attenuation over the frequency range of 18 to 40 GHz.

As shown in figure 1 below, the rf circuit uses two
shunt arrays of PIN diodes and two quadrature hybrid
couplers. The quadrature hybrids are of a unique
GMC microstrip design which are integrated with the
diode arrays to yield a minimal package size.

MODEL D1959

The Model D1959 voltage-controlied linearized
attenuator/modulator is an integrated assembly of a
Model 195¢ and a hybridized driver circuit which
provides a nominal transfer function of 10 dB per
volt. (See figure 2 below.)

RF INOUT

Fig. 1—Model 1959, rf schematic diagram

v -v
= T |
-50°C |+28°C  |+100°C
60 e =
CONTROL /{/,— == —
INPUT DRIVER g Pl P ¥
(§> | CRcuImT 1 C -] -
(V" CONVERTER} Z 40 iP5 o1
Q 1,
T A
Blas g » ,J",
E oA
B PRy SERIES 195 RF INQUY o /
PIN DIODE .
l BT = 0 02 04 06 08 1.0 1.2 14 16 18 20 22
RELATIVE BIAS CURRENT
Fig. 3—Model 1958, typical effects of temperature on attenuation.
Fig. 2—Modsl D1959, block diagram
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Models 1959, D1959
Specifications

PEHFORMANCE CHARACTERISTICS

COMMON TO BOTH MODELS 1959 and D1959 MODEL D1959
Mean Attenuation Accuracy of Attenuation
Range..............50dB Oto30dB............. +0.5 dB
Monotonicity . ... ...... Guaranteed 0tosS0dB........... +1.0dB
Power Handling Temperature
Capab“ity e Coeﬂicienl ............ 10.025 dBI°C
Without Performance Switching Characteristics
Degradation. ... .. 10 mW cw or peak On Time.............. 300 nsec
Survival Power. .. .. 0.2W average, 5W peak Off Time.............. 30 nsec max™
(1 usec max pulse width) Nominal Control Voltage Characteristics
Operating . ............ 0to +5V
MODEL. 1959 Transfer Function........ 10 dBivolt
Rise and Fall Times Input Impedance......... 10 Kohms
Rise Time........... 75 nsec max Modulation Bandwidth
Fall Time........... 20 nsec max Smalt Signal........... 5 MHz
Bias Current for Maximum Large Signal. .......... 2 MHz
Attenuation ... ... . .. 15 to 70 mA Power Supply
Temperature Effects. .. See figure 3 Requirements...... .. .. +12V £5%, 100 mA

—-12V £5%, 20 mA
Power Supply

Rejection.............. Less than 0.1 dB/Volt
ENVIRONMENTAL RATINGS AND change in either supply

AVAILABLE OPTIONS
See page 154.
(1) For attenuation steps of 10 dB or more

DIMENSIONS AND WEIGHTS

316
38 1.070 L, co 59 — 1070 fe— 02
T @ I ] -_uwr-'_ifn I o 12
{43 (i7,8) ; =78
X g K3
|
w2 B 1 I = 2 B I
‘{ tlé?sa) Y 125
s 1 1070 1| @] controL <] (31,81
127,21 1.070
® mo\=ﬁ: - @ ono pal B
1 ¥ . [
MOUBTING _/ 2
SUHFACE MOUNTING 2x9 104126
2x @ 10428} —"‘ (-ggm SURFACE "gsm
RF CONN = 55; ; v
14, -
TYPE KFeMALE by {1407

RF CON
gg((?z":‘:‘.' ,Fggg ﬁﬂtLEE ‘al':’PE KNFEMALE jggi?é?,igﬁﬁfﬂ"e
MODEL 1959 MODEL D1859
Wt: .8 oz. (23 gm) approx. Wt: 1 oz. (28 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Model 3499 Octave-Band
11 Bit Digital PIN Diode Attenuator

The Model 3499 Millimeter Wave Digitally
Controlled Attenuator provides greater than
octave-band performance and wide programming
flexibility in a compact rugged package.

The Model 3499 is an integrated assembly of a
balanced PIN diode attenuator and a driver circuit
consisting of a PROM, a D/A converter and a
current-to-voltage converter, as shown in Figure 1.
This arrangement provides a high degree of
accuracy and repeatability and also preserves the
inherent monotonicity of the attenuator.

The Model 3499 offers a 50 dB attenuation range,
0.03 dB resolution and switching speed of no more
than 500 nanoseconds. It is available with either a
strobeflatch or a non-linear current or voltage
controiled attenuation capability. Refer to the
Available Options and the Notes on page 148.

+V -V

11

DRIVER CIRCUIT
DIGITAL
INPUT A
CONVERTER
ANALOG
INPUT
14y
CONVERTER
RF ' RE
W /QUT INJOUT
PIN DIODE
ATTENUATOR

Fig. 1 — Model 3499 block diagram
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Model 3499
Specificoﬁons

PERFORMANCE CHARACTERISTICS

Mean AttenuationRange .............. 50 dB Programming .................. Positive true binary.
For complementary code,

Accuracy of Attenuation specify Option 2. To interface

QRO OB oo st e i somsasere spasais 0.5 dB with other logic families,

30to50dB ... +1.0dB please contact factory.
Monotonicity .. ...................... Guaranteed Minimum Attenuation Step ...... 0.03 4B
Temperature Coefficient.............. +0.03 dB/°C Logic Input

Logic “0" (Bit Offy ............. -0.3 to +0.8V

Power Handling Capabitity Logic *1" (Bt On)ous s voavn +2.0 to +5.0V

Without Performance Degradation . . . .. 10 mW cw or peak Logic Input Current ............ 1 A max

Survival Power (from -40°C to +25°C;

see Figure 2 for higher temperatures) .. 0.2W average, 5W peak Analoglnput .................. 0to 6.4V

(1 usec max pulse width)
Power Supply Requirements .... +12V to +15V, 120 mA

SwitchingTime .................... .. 0.5 psec max -12Vto -15V, 50 mA
Power Supply Rejection........ Less than 0.1 dB/volt
ENVIRONMENTAL RATINGS change in either supply
Operating Temperature Range . . . . -40°C to +85°C
Non-Operating
Temperature Range ........... -54°C to +100°C
Humidity . ... ... MIL-STD-202F, Method 1038, e :
Cond. B (96 hrs. at 95%) |
SHOCK. .. evcaeasosanvmennmasnn MIL-STD-202F, Method 2138, OO M s
Cond. B (75G, 6 msec) antn | |
AT +25°C
Vibration ....................... MIL-STD-202F, Method 204D, '
Cond. B (.06” double amplitude !
or 15G, whichever is less) 1
MIL-STD-202F, Method 105C. e e e
AR . ccosrasasaimrreites -STD-202F, Method 105C,
Cond. B (50,000 ft) TEMPERATURE
Temp. chling .................. MIL-STD-202F, Method 1070, Fig. 2 - Model 3499 power derating factor
Cond. A, 5 cycles
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Model 3499
Specifications

" DIMENSIONS AND WEIGHTS

3.00
76.2
75 ITT CANNON DA-15P OR EQUIV
= WITH JACKPOSTS
a0 MATING CONNECTOR FURNISHED.
RF CONNECTOR
“K” FEMALE (JACK) — MOUNTING HOLES (x4)
2PL) 0.120 (3.01 THRU.
4 . |
B &
A e -lE
J1
ols ol ~ ol
o o ™~ 3
SERE: BHT+ 3B
Jz
a
y Y ’}I X
T
2|8 ==
LA IS <|D
e e
14 (2 PL) 2.720 (2PL)
3.6) 16911

.80
rlw.] NAMEPLATE \

M
T
g

MCUNTING SURFACE

MODEL 3499
WT: 5 oz. (142 gm) approx.

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

ACCESSORY FURNISHED —

Mating power/lagic connector . 3 - 3
1. MNormally supplied as an Analog input. Optionally avail

able as a strobe latch function for input data.

AVAILABLE OPTIONS
Option No. Description 2. Pin 3 is available to apply a current or voitage to control
the attenuator in a non-linear fashion. Leave pin cpen
2 Complementary programming circuited if not using.

(fogic “0" is Bit On)
3. The Model 3499 attenuator is an 11-bit digital attenuator.

A P gy diilta B, Atten‘ua"to“r In order to use this device with a lesser number of bils
eapands (o defe: pub when lag (0 (lower resolution), the user may simply ground the logic
P Sppied. A“"T‘ u?tfr T pins for the lowest order unused bits. For example, when
BpREaTia o1 appie operated as an 8-bit unit, the Model 3499 would have

7 Two type K male rf connectors Pin 15, Pin 1 and Pin 2 connected to ground. All other

parameters remain unchanged.

10 One type K male (J1) and one

type K female (J2) rf connector
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Series 90
Millimeter Wave SPST Switches

SERIES 90

Series 90 switches provide high performance
characteristics over the frequency range of 18 to
40 GHz. These miniature switches measure only
75" x 95" x 42",

The series uses an integrated circuit assembly of up to
four PIN diodes mounted in a microstrip transmission
line. The circuit configuration is shown in Fig. 1, below.

Application of a positive current to the bias terminal
switches the unit OFF since the diodes are biased to a
low resistance value. With zero or negative voltage at
the bias terminal, the diodes are biased to a high
resistance and the unit is switched ON.

SERIES F90

The Series FO0 switches are the same as the corres-
ponding Series 30 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 external logic signal. Maximum rise and
fall times are less than 10 nsec.

RF IN'OUT RF IN/OUT
4

C o o T ' ||'_@
- & &

* T

a4 4

Fig. 1-Series 90 SPST schematlic diagram.

CONT
+5V
12V
RF IVOUT RF INOUT
|
©—i t—r—j}—8
i 1 1 J2
¥ %
! 1
&

Fig. 2-Series F90 SPST schematic diagram.
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Series 90 SPST Switches
Specifications

PERFORMANCE CHARACTERISTICS

e HHiOR L
Max VSWH {ON)
Min:Isolation:(dB). ">
Max Insertion Loss (d!
i R ‘Max VSWR (ON): |
Rise and Fall Times. .. .. 10 nsec max CONTROL CHAHACTERISTICS
Switching Time........ 20 nsec max
Repetition Rate........ 20 MHz max
y Control Input
Power Handling Iimpedance ........ TTL, advanced Schottky,
Capability ' one unit load. (A unit lcad
Without Performance is 0.6 mA sink current and
De‘gl'adatlon ...... 1W cw or peak 20 P’A source cUrrent-)
Survival Power. . .. .. 2W average, 75W peak Control Logic Logic “0” (~0:3 to +08 V)
(e piies widty for switch ON and Logic
POWER SUPPLY REQUIREMENTS “1” (+2.01t0 +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
Integrated Drivers. . . . .. +5V +2%, 65 mA See page 154
-12to -15V,20 mA
(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.
DIMENSIONS & WEIGHT
RECONN e ™™ 23— tom
2X i .25
2%% 104(2,6) (6,4)
.350 i
(8,9)

MOUNTING

t %} . Lo~ SURFACE

75
(19,1 €’L»]1DD @
N N BIAS/CONTROL

22 | - ; SMC MALE
L < “—- +yl0
GND—/

(5,7) J2
a8 | !
L 122

('24,1) .38(9,7) FOR K FEMALE
.50{12,7) FOR KMALE

(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS

Series 80/F90
. Wi: .6 oz. (17 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005

150




Series 90

Millimeter Wave SP2T Switches

REFLECTIVE SP2T SWITCHES

Series 90 SP2T switches use an integrated
assembly of PIN diodes mounted in a microstrip
transmissicn 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 legic “0” con-
trol signal. Maximum rise and fall times are less
than 10 nsec.

DRIVER
RF INJOUT RF INJOUT
J1
RF COM
Fig. 1—8eries F90 SPDT schematic diagram

151




Series 90 SP2T Switches
Specifications

PERFORMANCE CHARACTERISTICS
FREQUENCY (G

Rise and Fall Times. . . .. 10 nsec max CONTROL CHARACTERISTICS

Switcl]ing Time........ 25 nsec max Codtisl ot

Repetition Rate........ 20 MHz max Impedar‘:ce .......... TTL, advanced Schottky,

Power Handling Capability one unit load. (A unit load
Without Performance is 0.6 mA sink current and

Degradation. .. ... 1W cw or peak 20 pA source current.)
Survival Power. ... .. 1W average, 75W peak Control Logic........ Logic “0” (-0.3to +08 V)
(1 psec max pulse width) for port ON and Logic “1”
Power Supply (+2.0to +5.0 V) for port
Requirements ....... +5V +2%, 75 mA OFE:

-12t0 —-15V, 50 mA

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS

See page 154

DIMENSIONS AND WEIGHT

09 _ IO e 46 g
(2,3) (19,8 (11,6}

f D vz A
60 N7
{15,2) 7
] GND—J
Jat
—

A ;
3B8(971FOR K FEMALE
.50{127) FORK MALE

2

—- \

(n,4)
.95
E8 &80 {24,3) 5 \
RF CONN

T SERI TYPE K FEMALE
% Wt: 1 oz. (28 gm) approx. 3x 2% $.104(2,8)
; Dimensional Tolerances, unless otherwise indicated: .xx £.02; .xxx +.005

(20,5)
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Model 7050 Millimeter Wave
3 dB Quadrature Coupler

The 3 dB Quadrature Coupter 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.

) C

3 dB8 Quadrature Hybrid

J

Fig. 1-Mode! 7050 schematic

‘Amplitude Balance (dB).
‘Phase Balance:(de
‘Power Handling, operating.and
--survival, cw or peak::

DIMENSIONS AND WEIGHT ¢

(7,1)

37 .

T_— (9.4) =— (3,00 o=

.38

(s,7)

[ MOUNTING
t & SURFACE
8 I
(20,9)
627 4
159 P
(1,2}
L] -
O RF CONN
09 _I L. 37 2x$.104(2,6) TYPE K FEMALE
(2,3) (9,4) ax
44 1|
11,2
.627‘ _'J .09
(15,9) m 2,3
: .81
120,6)
MODEL 7050

Wit: 1 oz (28gm) approx.
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 2138, Cond. B (75G,
With Drivers . ... ... -65°C to +110°C 6 msec)
Without Drivers . ... -85°Cto +125°C Vibration ..._..... MIL-STD-202F, Method
Model 1959 . ........ —-54°C to +125°C 204D, Cond. B
Model D1959........ —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 +125°C 105C, Cond. B (50,000 ft.)
Humidity ........ . ... MIL-STD-202F, Method Temp. Cycling MIL-STD-202F, Method
1038, Cond. B (96 hrs. 107D, Cond. A, 5 cycles
at 95%)
"AVAILABLE OPTIONS:

'K female *

-t typeremale JZand J3 saf
| typeKmale & e

 ;" inverse control IOQIC 1ogsc “0" A
~| for port: OFFand ioglc “1” for =
| ‘port ON®

- { Onetype K. Tl (1)andone | -
| type K female (J2)f connector |

“|:40™ connectsJito J2 <

Singie-port toggle control; logxc A e |

| EM! fitter solder-type- -
i biaslcdntro!-términélé T

- - 61 | 20 dB/volt transfer function with | =~ .
W oo Oto +3V controlsignal input

“:°82 7 . | +15volts operation

o B4 -'_SMCmaleblask'omrol 5 SR
.~ | connectors : 4. g

. 84A - | SMB male bias!control i S =il
s il conneetors: ERpI e R B

(1) Not appilicable for units without drivers.
(2) See page 147 for Model 3499 digital attenuator.
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Infroduction: Microwave Oscillators

General Microwave Corporation has been a leader in
the field of microwave PIN diode control components for
more than 30 years. A natural extension to its product
line, microwave osciliators, was launched in 1989. It
began with the introduction of an exiremely stable
(1PPM/°C) free running Dielectric Resonator Oscillator
and has subsequently expanded to high performance
Voltage Controlled and Digitally Tuned Oscillators. In this
relatively short time, General Microwave has once again
established itself as an industry leader. Its oscillator engi-
neering staff has been recognized as a dynamic, innova-
tive force who is willing and quite able to take on and
solve today’s most demanding problems.

Modern microwave oscillators utilize a solid state device,
such as a transistor or diode, together with a resonant
circuit and matching network, to convert dc power to
microwave power at a specified frequency. By appropri-
ate choice of these elements, oscillators may be
designed for an extremely wide range of applications. In
addition, low frequency digital and analog control circuit-
ry may be incorporated to provide further flexibility.

SELECTION GUIDE

General Microwave offers a broad line of high-perfor-
mance voltage-controlled oscillators (VCOs), digitally-
tuned oscillaters (DTOs), and dielectric resonator osciila-
tors (DROs) in the microwave frequency range. The
VCOs and DTOs feature fast-settling time, low post-tun-
ing drift and low phase noise. The DROs feature excellent
temperature stability and low phase noise. In addition to
General Microwave’s standard catalog products, a wide
variety of custom oscillators have been developed for
demanding airborne receiver, jamming and simulator
applications.

This section of the catalog is proof of General
Microwave’s success. It includes expanded versions of
catalog oscillator products and highiights many of the
custom oscillators, both military and commercial, that
have been successfully developed and manufactured. If
your system requirements demand a device which cannot
be found in this catalog, do not hesitate to contact
General Microwave directly. A sales engineer will be
happy to discuss your specific needs.

iniaturized Voltage: -
Controlled Osgillafor

. Custom Military and Cemmercial

- BO120

. Voltage Controlled Oscillators

- Single Band D;igitally.'l" uned Oscillators

Wl aapie el
AT - Multi-Band Digitally
e B e e A " Tuned Oscillators
2.0 et - A1 i S anetene By ,
* : i ; e . .Custom.Multi-Band "~ - -
20 : 1804 = 168 Digitally Tuned Oscillators -
[ R T, N [ R 169 - - ‘Dielectric Resonator Oscillators™ - ..
T 5080 HAE F5080 - e e BT
e T o ATt .- Fixed Tuned (F)and -
= 8.07--12;0 s 469171 * Mechanically Tuned (M). -
: 3‘0*'712':0 e o o P ielectric Resonator Oscillatol
201807 Rt b e L
T A0 B0
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Definition Of Parameters

Frequency Settling/Post-Tuning Drift: The
maximum deviation in frequency at a given time, following
a change in tuning command, relative to the frequency one
second after the change in tuning command. The worst-
case condition usually occurs for frequency steps from one
end of the band to the other. {(Results of a typical mea-
surement are shown in Fig. 1.) Settling time usually refers
to the response up to serveral hundred micoseconds, while
post-tuning-drift usually refers to the variation from server-
al hundred microseconds to as long as several hours.

Modulation Sensitivity Ratio: The ratio between
the maximum and minimum siopes of the frequency vs.
voltage tuning curve of a VCO over its frequency band. (For
a DTO, this is defined at the FM modulation port.)

Frequency Deviation Bandwidth: The peak-to-
peak frequency deviation obtained for a given peak-to-peak
voltage swing at the modulation port of a VCO or DTO.

Moduiation Bandwidth: The modulation frequency
at which the frequency deviation bandwidth of a VCQO or
DTO decreases by 3 dB relative to the deviation bandwidth
at low frequencies.

Phase Noise: The sideband noise level at a given devi-
ation, fm, from the oscillator frequency, relative to the carri-
er power level and normalized to a bandwidth of 1 Hz.
TypicalFmeasured DRO phase noise versus frequency devi-
ation is shown in Fig. 2. From 10 kHz to 100 kHz, the phase
noise of a VCO or DRO has a nominal 1/f;* dependence.
Thus, as shown in the figure, the phase noise at 100 kHz
is approximately 30 dB lower than that at 10 kHz.

Residual FM: The peak-to-peak frequency deviation
of an oscillator at its -3 dBc points, when measured on a
spectrum analyzer with a resolution bandwidth of 1 kHz.
(See Fig. 3.)

Temperature Stability: The total oscillator frequen-
cy variation over the rated operating temperature, usuaily
expressed in ppm/°C.

Pulling: The maximum variation in oscillator frequency
relative to its frequency when operating with a matched load,
when the output load is rotated through a full 360° phase
change. The peak-to-peak variation in oscillator frequency is
approximately twice the pulling figure defined above.

By using the following approximate formula; the pulling
figure may be scaled as a function of the VSWR:

fo
Af peak-to-peak= =—=—(S - 1/S
peak-to-peak= 5 —(S - 1/5)

where o is the oscillator frequency, Qexy is the external
Q of the circuit, and S is the load VSWR.

Pushing: The incremental change in oscillator fre-
quency that results from an incremental change in power
supply voltage.

5
4
3

2

1
4]

1

FREQUENCY DRIFT (MMz}

-5 Uj.l_

’s -5

-4 -3 -2 -1
TIME (10" Sec)

Fig. 1-Measured settling time of 8-12 GHz VCO
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Fig. 2-Measured phase noise of 12 GHz DRO
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Fig. 3-Residual FM
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VCOs

Broadband VCOs

General Microwave’s catalog line of broadband VCOs cov-
ers the 2-18 GHz frequency range in octave (2-4, 2.6-5.2
and 4-8 GHz) and haif-octave (8-12 and 12-18) GHz bands.
The major features of the VCOs are fast settling time, low
. phase noise and excellent frequency stability.

A simplified block diagram is shown in Fig. 4. For optimum
performance, the active element used is a silicon bipolar
transistor. (This is in lieu of GaAs FETs which typically
exhibit 10-20 dB poorer phase noise performance.
Although GaAs FETs have extremely low noise in amplifier
applications, they suffer from high 1/f noise, which is upcon-
verted in the non-linear oscillator to phase noise near the
carrier.) To vary the frequency of the oscillator, a high-Q
silicon hyperabrupt varactor is utilized. The capacitance-
voltage characteristic is specified to provide as nearly linear
frequency vs. voltage tuning curve as possible. In practice,
good linearity can only be realized over a small portion of
the tuning range because of parasitic reactances present in
the physical 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, aithough having higher Q's than silicon varactors,
suffer from long-term charging effects as well as relatively
poor thermal conductivity. Silicon varactors are therefore
mandatory in high-speed applications requiring settling
times of the order of several hundred nanoseconds and low
post-tuning-drift.

To minimize puliing 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 General Microwave'’s 8-12 GHz VCO,
which utilizes a high performance transistor operating in the
fundamental, rather than the doubling push-push mode. This
mode of operation eliminates all (2n + 1) fo/2 frequencies in
the output spectrum. The second harmonic signal is speci-
fied at -40 dBc maximum but is typically less than -50 dBc.

Because fundamental mode oscillation is not currently
achievable with available silicon devices in the 12-18 GHz
band, the doubling push-push approach, shown schemati-
cally in Fig. 5, is used. Thus, for example, for a 12 GHz out-
put frequency, each oscillator is designed to operate at 6
GHz. If the structure were perfectly symmetrical, ail odd
harmonics of 8 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 resuits
in fo/2 and 3fo/2 signals, which are filtered to the extent pos-
sible. (For the case of a 12 GHz output signal, the undesired
3fo/2 signal at 18 GHz cannot be filtered since it is within
the 12-18 GHz frequency range of the VCO.)

Detailed specifications are provided on Page 158.

MATCHING é

NETWORK 3
|
; z ;
o
AV
X
Xs

1

Fig. 4-Simplified VCO Block diagram

OUTPUT

OSCILLATOR A

OSCILLATOR B

Fig. 5-Schematic diagram of Push-Push Oscillator
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BROADBAND VCO SPECIFICATIONS

Output mm (dﬁrh)

i PHASE NOISE, max (dBc/Hz)
5 @100 kHz. offset -

Variation, Incl. temp.and freq. max (dB) B

'HAnmomcs, max (dBc)

2, 3172, max (dBc)

: i_spumous ‘max (dBc) -

- TEMPERATURE STABlL]TY typ (PPMI"C}:I :

“ PULLING, VSWR 2:1 max (MHZ)

_ PUSHING, max (kHz/V)

o “Millimeters

 CONNECTORS : R et S I B

-~ Powersupply 7t L s - Sdlderterminak -
~ Tuning voltage - -SMA female
- RFoutput - SMA female’ -

"~ POWER SUPPLY HEQUIREMENT G SR

" Voltage (Vdc) ¥15 £ 0:5 eTAE
- Current, max(mA)'r R TN [ e A T L e l 225
Tuning voltage (Vdc) S 0a0 4807 T L S L R 0le e

~ INPUT CAPACITANCE, nominat (pF) 30 '

~ ENVIRONMENTAL® & st e CE R I
- -Operating temperature (“C) L =5410 +85 . -

. Storage temperature (°C) —54to +125 -

- MECHANICAL DIMENSIONS et T i i T Py O o
Inches b S 179x1.10x 0450 2.19x1.10x0.45

| 455x279xM4 o | 556x279x114

(1) Af relative to f after 1 sec.
(2) Hermetically sealed.

Option No.
49A

Description

High Rel screening
(see Table 1 to the right}

Table 1. Option 49A High Rei Screening

General Microwave's hermetically-sealed oscillators utilize rugged construc-
tion techniques and hermetic sealing to meet stringent military requirements
for shock, vibration, temperature, aititude, humidity, and salt atmosphere. All
hermelicaily-seaied 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 CONDITION
20173 —
1008.2 C
10105 8
2002.3 A
10154 —
1014.2/9 Al & A2

158




VCOs

DIMENSIONS AND WEIGHTS

4X @.0961(2,4)
262
T .35
(6,7) ~8.5)
.08(2,0)
MTG
N 2] GND SURFACE
YTUNE [= + /
. ©
2.19 2.030
(55,6) (51,6)
.18
RF OUT e
1 ® @ j—ﬂ RF CONN
SMA FEMALE

[ 2x
] il
42
tiop)
l 55 22
(14,0 .
as

(5,8)

-

110 (1,4
{27,9) .38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
MODEL V6120 VCO
Wt: 1.84 oz. (55 gm) approx.

4% $.096(2,4) -262 35
pe. (67) TX
(2,0}
—% o
1 MTG
GND
VIUNE b= ® /SURFACE
+V
= ®
179 1630
(45,5} (41,4)
.18
A oUT (4,6
F
—i—-*' RF CONN
SMA FEMALE
l 2X
42 _
11o7}
.55 e .22
{14,0) i (5,6)
fe— 110 o ™

(27,9

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

MODELS V6020, V6026, V6040 AND V6080 VCOs
Wt: 1.27 oz. (36 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx = .02; xxx = .005
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VCOs

Miniaturized VCOs

General Microwave has developed a family of high-
speed, miniaturized VCOs covering the 2-6 GHz fre-
quency range. These VCOs have been utilized in air-
borne EW applications, as well as in ground-based sim-
ulators. The specifications are summarized below.

i ’Ase NOISE ) (d'
'ou kHz; oﬂset $

33§05H1NG :':ty;')':(l"illeN)s

POWER SUPPLY REQUIFIEMENT
Voltage (Vde):.

Current max (mA)

“Tuning (Vde)

TUNING PORT CAPACITANCE ‘max (pF) ;

ENVIRONMENTAL :
‘Operating Temperature ("C}:

" Storage Temperature (°C) <

e | 3 B4 0 #1257
MECHANICAL DIMENSIONS Sriatiat e e,
--Inches. -~ . Saee - -0.97.x0.50x 0.20
" Millimeters 246X 127%5,1

(1) Af relative to f after 1 millisec

[k 2] J

All Models: 0.15 oz; (4.34 gms) approx.

DIMENSIONS AND WEIGHTS
S7¢ -4
i (=X T f ? -::!q 2 1
R = % R D
2= 6 =o G gis $', -'- - llo . =K
v v i2v SIS : ; ;——3— 18 g5, o I e ey ——-113—:—!-2 g
2@ ufR RF 1 | L i am 1
W |~ & - | Tt
oo % 1L !|| } :
S = 220 2867

Cimensional Tolerances, unless otherwise indigated: 2o = .02; xxx + .006
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VCOs

Custom VCOs
Linear VCOs

For narrowband (<5%) applications, General Microwave has
developed proprietary techniques to achieve a high degree of
linearity without the use of external linearizers.

Linear X band Linear Ku band

An X-band VCO assembly with linearity of less than +1%is = The photo shows a Ku-band VCO with a typical linearity of
shown in the photo. The assembly includes two MMIC less than +5% for an airborne jamming application. The unit
amplifiers, a medium power MIC amplifier, two filters, a  is designed for high speed modulation and also includes
phase shifter and a MMIC SP2T switch. For specific ~ RFI/EM! filtering.

requirements, please consult the factory.

* Linear Ku band VCO

Commercial GaAs FET X band
For X- and Ku-band applications where very low post-tun-
ing drift and phase noise are not required, VCOs based
upon GaAs FETs provide a cost-effective solution. In the
photo, a GaAs FET X-band VCO, developed for a com-
mercial radar application, is shown.

cial GaAs FET X band vco 5
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DTOs

Single-Band DTOs

General Microwave offers a line of DTOs covering the 2-18
GHz frequency range based upon its catalog line of broad-
band VCOs. The DTQ provides the desired output frequen-
cy in response to a digital control signal. A block diagram of
the DTO is shown in Fig. 6. By appropriate design of the
electronic circuitry, settling times of less than 300 nanosec-
onds are achieved. To obtain a frequency accuracy of the
order of £1%, including the effects of temperature, a pro-
portionally-controlled heater is required for the VCQO and
the electronic circuitry is temperature-compensated. A
latch mode is provided as a standard feature.

To enable analog frequency modulation of the DTO for jam-
ming and other applications, a separate frequency modu-
lation port is provided. Since the slope of the frequency vs. —

voltage curve of the VCO varies over the band, compensa- Mo § e

tion is required to obtain a relatively constant deviation e

bandwidth. Compensation to within +5% is achieved N W i

(Option 2) by utilizihg a PROM to vary the attenuation Fliiat wo o m
applied to the modulating signal. The DTO may be fre- ‘*—E LN fac o b

quency modulated at rates of greater than 15 MHz.
PRADPORTIONAL
These units are designed primarily for simulator applica-
tions, although fully militarized units are available, as well, Fig. 6-Single Band DTQ Block diagram
The specifications are summarized on page 163.

DIMENSIONS AND WEIGHT

CONN ITT CANNGN
TR DBMM25PD OREQUIV. TYPax
.49 WITH DI10551 JACKPOSTS. X £.155(39) R.I8
Jiz3 MATING CONN FURNISHED \ .
RF CONN i / P
SMA FEMALE ™
N = FIN 1
MTG o : *
SURFACE a 2 ‘CONTROL/POWER CONNECTOR:
3238 P N [ Funcion: - = 21
FMMOD Z
Ja 82,23
SMC MALE = ; Y
2.59 Ty -y 338,
(a";z: ¥ A302
| 93 J2
; 123,5) |
g 2 e =
.40 18 5.36 ;-
e b 48 e s ol o i
B9 — 5.67 an Dighel ground .-
142,9) (144,17 g 75 | =15V {analog.. i,

(1) Logic 0" to laich
input word,

Logie “1" o untaich
input word.

MODELS D6020C, D6026C, D&040C, D6080C, D6120C DTOs
Wit: 23.1 oz. (6585 gm) approx.

Dimensional Tolerances, uniess otherwise indicated: .xx + .02; .xxx + .005
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SINGLE BAND DTO SPECIFICATIONS

. Output, min {dBm)
7 Variation, incl.temp- and freq. max (dB).. .
“RESIDUAL FM; P-P:@ -3.dBc; max (RHZ)
}:-HAFIMONI'CS max (dBc)
" ff2, 312; max (dBc)
: '-fspumaus max (dBc)
.-PULLING, VSWR 2:1 max (MHz)
. ~PUSHING, max {kHz/V) ~
- NOMINAL LSB" (MHz) .
~MONOTONICTY:
W TURN ON TIME (mlnutes)
to. specliled accuracy @ +25“

*-*Guaranteed’

~ CONNECTORS et
~Control/Power: © 25 pin; b_ftyiaé-ni'albf??.
“"RF Output: ‘- 'SMAfemale. -
~ FM Input . -ZsMcrnwe-*“

_POWER SUPPLY REQUIREMENT R :
" Voltage @ Current & +15V 05V @ 300 mA max ‘

B -..-;--15V+05V@.200mAma :
#5V'05V@ 160 mAmax-

+28V 4V, 42V, @ 1000 mA ma

: "'-Tum-On Current @ 28 volts. =~ -~ CrEET Dot R e SR PR L e L Samps fiax
“ENVIRONMENTAL® - ' : T P
- Operating Temperature (°C) . SEEE NSORE Dl e o Ry (e
.- StorageTemperature (°C) - . . - .- oo SR DY 2010 +1008
? MECHAN!CAL DIMENSIONS 2 ; ? . T :::" N SR
" Inches i ST 5BTX3.55% 169
" Millimeters 1480 % 90,2X42,9°
(1) Af refative to f after 1 sec. AVAILABLE OPTIONS
(2) Mating connector furnished . o
(3) RF section and driver Option No. Description
components hermetically sealed. 2 Reduced Modulation Sensitivity Variation

(4) 12 Bit TTL input
{5) 50 Ohm input impedancs.
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DTOs

Simulator Applications

To obtain broadband frequency coverage, as well as to
improve settling speed, two or more VCOs are combined,
as shown in Fig. 7. A high-isolation RF switch is required to
suppress all but the desired VCO. A switched lowpass filter
is inciuded in the output to reduce harmonic levels. The har-
monic level for catalog units is specific at -20 dBc. However,
-55 dBc suppression is available as an option.

General Microwave offers multi-band DTOs covering the
0.5-2, 2-6, 6-18 and 2 -18 GHz frequency ranges. The units
feature high speed, high accuracy and low phase noise. The
specifications are summarized on page 165. The modular
design of the DTOs enables the user to select narrower fre-
quency coverage if desired. Please consult the factory for
individual requirements.

- D6206 VCO Assembly

MULTI-BAND DTOs

. DB0520.5-2 GHz DTO -

D6052 RF Assembly - -

ENCY TAaefrIoN 5
:qnognfijl:..&'{'lon 1 OPTION 2
INPUT

VARIABLE
AT TENUAT IO

DIGITAL
TUHING
INPUT

= RF ™~ swircneo | pF
w - swrcH _"l;'“> FILTER | “our

Fig. 7-Multi-Band DTO Block Diagram
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MULTI-BAND DTO SPECIFICATIONS

t3412—18 GHz ]

Standard Umt ty_[L

~.Option 2 Unit; max :

Frequency Dewation Bandwfdth min' -

Qutput, min: (&Bm)

* Variation; incl. temp. and freq& max (dB)

"PHASE NOISE, max. ((SB:JHZ)
@ 100 kHz offset -

_RESIDUAL FM;, P-P @ -3 dBc, max (kHz)

HARMONICS, max: (dBc)
-“Standard Unit =

- .-Option 3 Unit

N/A-

: ?.. §12, 3f12, max (dBc)

'SPURIOUS, max (dBc): "

TONA

 PULLING, VSWR. 2:1, max-(MHz)

PUSHING; max (kHz/V)

NOMINAL LSB® (MHz)

BN - T L

o5

- MONOTONICITY.

Guaranteed

CONNECTORS:

Power 9F'm DType Malem ; e
" Control.- . 37Pin, D Type Maleg® - ;7 i
. REOutput -~ L SMA female
- Modulation Input SMC male =

. ,POWEFI SUPPLY:REQUIREMENT..

; ; Vonage @ Current

“$15V-20.5V- @ 350 mA max -’
-15V: 0.5V @ 250 mA max .
+BV-+0.5Y @ 150 mA max..
“+28V £2V° @ 1000 mA max:

+15V_ 5V -} 1000 mA- max_ 5
-15V.0.5@ 300 mA max.-

+5V-20.5V' @, ‘500 mA‘max’
“+28V: 22V @ 3000 mA méx

Turn-ON Current @ 28 volts

B6.amps max._ -

* ENVIRONMENTAL °,

““Operating Temperat\rre (°C)

3 amps max:

S Oto470

“ Storage Temperature (°C}-

MECHANICAL DIMENS[ONS
“Inches

2010+100°

5,70 % 480%250

6.48x623%200

~ Millimeters

144,8 x.121,9x.63,5

164,6x158,2x 50,8 - .

(1) af relative to f atter 1 sec.

{2) Mating connectors furnished

(3) 16 Bit TTL input, including VCO controi.
See page 166 and 167,

(4) 50 Ohm input impedance

AVAILABLE OPTIONS

Option No.
1
2
3

Description

Fast Frequency Settling

Reduced Modulation Sensitivity Variation
Improved Harmonic Suppression
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DTOs

MULTI-BAND DTOs
DIMENSIONS AND WEIGHT

|-——— 623(158.2)
_IF'—F:;'— i:

{
.

6.220 648
(158, 0) (I164.6)

4 e 49 1
13(3,3) Jat

200+ .04 69 -—-——@ T
{i75) £ s
© y a5z
7 Bl
i i 4 5.5

]

Mounting - | —l:—.35(8.9)

Screws e ; .80(22.9)

6-32 UNC 2B I 3.83(98.0)—»
(———————5.63{143,0}——

J3(33) 5.970(151.6) ————»]

NOTES: For Normal Operation of the DTO
1) PiN nos. 9,10 and 28 should be connected together.

2} PIN no. 11 should be grounded.
3) PIN nos, 12, 13, 14, 15, 16, 17, 19, 30, 31, 32, 33, 34, 35 and 36 are for FACTOAY PROGRAMMING ONLY and should not be used.

Model D6218 and D6618 W: 3.35 Ibs (1.52 kg) approx.

Dimensional Tolerances, uniess otherwise indicated: .xx = .02; .xxx = .005
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ik &5 e o DIMENSIONS AND WEIGHTS

L] 1] g (o
J1 g
Tl ™~
- q 3z 22
ik <

16 2 PL) 5.384
wo DaTS 6 (2 PLY
570 =
aa )
250
<6315
7504
assy
MOUNTING —
- S
=
H
e
.
voi J4
- H
3 22
= ae
& =
i e

1443.04

2.152.04
a5

NOTES: For Normal Operation of the DTO

1) PIN nos. 9,10 and 28 should be connected together.

2) PIN no. 11 should be grounded.

3) PN nos. 12, 13, 14, 15, 16, 17, 19, 30, 31, 32, 33, 34, 35 and 36 are for FACTORY PROGRAMMING ONLY and should not be used.

Model D6052 & D6206  Weight: 2.181bs (990 grams) approx.

Dimensional Tolerances, unless otherwise indicated: .xx = .02; .xxx = .005
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DTOs

CUSTOM MULTI-BAND DTOS

EW and ESM Applications

General Microwave has developed numerous multi-band
DTOs for demanding EW and ESM high-reliability applica-
tions, as shown in the photographs. The key requirements
for the EW Muiti-Band DTO shown are compact size, low

spurious and harmonic levels, and 45g rms endurance
vibration levels. The unit includes 3 VCOs, 3 MMIC ampli-
fiers, a switched lowpass filter, a custom hybrid electronic
circuit, and RFI/EMI filtering.

The C-Ku band DTO shown includes 3 fundamental
mode VCOs and 1 push-push VCO, 4 MMIC ampiifiers, a
SP4T switch, a switched lowpass filter, and associated

electronic circuitry. The key requirements are supression
of the unused VCOs and fast setiling tuning. The S-C
band DTO shown meets similar requirements.

~C-Ku Band DTO RF Assembl
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DROs

Catalog DROs

Over the past decade, the DRO has become the oscillator
of choice for fixed-frequency applications requiring high
stability and low phase noise. General Microwave offers a
high-performance line of DROs in the 5-18 GHz frequency
range featuring 1ppm/°C frequency stability over a wide
temperature range. A high-Q temperature-stable dielectric
resonator is used as the key element in the passive reso-
nant circuit.

The dielectric resonator is weakly coupled to maximize the
loaded Q of the circuit, thereby minimizing the frequency
variation over temperature, phase noise, and frequency
puliing and pushing. A series feedback topology is chosen
for best overall performance, as shown in Fig. 8. GaAs
FETs are used as the active device in the 8-18 GHz range,
and silicon bipolar transistors in the 5-8 GHz range. Buffer
amplifiers and voltage regulators are included as standard
features to further reduce the frequency variations due to
variations in the load and supply voltages, respectively.
General Microwave's “M” series of DROs includes a
mechanical tuning element which permits the user to vary
the frequency of the DRO over a narrow band. Complete
specifications are provided on page 170.

MATCHING

NETWORK

»

Fig. 8-Schematic diagram of DRO

O QUTPUT

Custom DROs

Based on General Microwave’s catalog line, custom DROs
have been developed for a variety of customers. A highly
stable DRO which exhibits very little degradation in phase
noise under vibration and a dual frequency DRO are
shown in photos to the right. Electronically tunable DROs
for X and Ku Band applications have also been developed.
Please consuit the factory for individual requirements.
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DROs

CATALOG DRO SPECIFICATIONS

(o BA10+125.

| 2.0061.500.07 | 2000154113 | 1771400075 | 177t 40091 [ 154118
| 53,1xa9,1x24,6. | 53,1x39,1x28,7 . [45,0435.619,1 | 45,035,623, [39,1330,0x

(1} Hermetically sealed.

HOW TO SPECIFY AVAILABLE OPTIONS

a. Select mechanically tuned (M) or fixed tuned (F) DRO Option No. Description

b. Specify Model, i.e., F5080 is a FIXED TUNED DRO 49A High Rel screening
¢. Specify desired operating frequency (can be specified to (See Table 1, page 158)

a resolution of 1 MHz, i.e., 6038 MHz)

*Note that minimum order quanities may be applicable to
these products. Consult factory before ordering.
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DROs

F5080 mMs5080 L340 L3
M 3a 07 12871 ]
1.340 35 Y 35
(32,0 "1(5.51{‘" = 5w [~ i
—5} [
NO@
MTG
) = G /snanxcs
-]
MTG 209 1930
209 1930 SURFACE (331} (49,00 [~p.5714,5)
(330) (49.0) 112
.18 {274 .18
(4,6 (4,6)
A s 0 "'_‘ RF CONN
= 2 9 RF CONN — /sn FEMALE
f SMA FEMALE
= _082,0),
.08 EF' i 8
2o o358 .23 SEE2 538 .23
262 13 i 5,8 {67} 10 f| e |“| 5,8)
&)™ | (2.5 e .97 2,57 . .57
ar ) (24.6] i (2457
(13,6 §X9.096(2,4) o ™|
68X §.006(2,4) . 134 _ .38(9,7) FOR SMA FEMALE f— 154 .38(9,7} FOR SMA FEMALE
(38,1} 50(12,7) FORSMA MALE 132, .50(12,7) FOR SMA MALE
Wt: 2.75 oz. (78 gm) approx. Wit: 2.93 oz. (83 gm) approx.
F5120 Ms5120
20 9
i (235
— (533 ('0”1}" 0%, 38
305 —'I 9 (165 (82
= ) I ¢
I I GNDG
= & = ‘: @ | /flReace
177 18I0 s 3
whor TS - W 501(40,9) 9.57(19,5)
(4,81 SURFACE 1.02 id
] J (28,9 e
RF CONN
suc?:":au =22 1/ SMA FEMALE
.08(2,0), . |
.23 .469
_'* (3.8 e (1,91 (52‘:,
L. TS P 75
(s 6x 9.096(2,4) 231 Tieai
6X §.096 (2,9) T
.38(9,7) FOR SMA FEMALE e—— 140 .38(9,71FOR SMA FEMALE
\50(12.7) FOR SMA MALE (33,8 /50(12,7) FOR SMA MALE
Wt: 1.94 oz. (55 gm) approx. Wt. 2,12 oz. (60 gm) approx.
F5180 M5180 .
980 3
la 280 .38 b (2a,97] {19.8)
124,9) 'iw.s)t’ P 23
o :ta,s
116.6) ]
5 - I
[GNo@ ha D [T o) MT6
L.54 1380 = + @ | /surFace SURFACE
(39,0 (35,) a8 / L v ® — +v0 "
(4.86) 3 E
i (33U)(35,1) g5 I™~g.s7aa5 18
i (23,2 {4,6)
AF CONN i
= ! SMA FEMALE 5 z RF CONN
| f - 2 © / SMA FEMALE
389 2 .08
2 =9
% B ) (2,01 o = .23
- o= 40 52 .262 et | dO (5,8)
> (28 - s 61 v | Y 3] (.Ig'zﬂ .
150 -
X g.o9s2,a) s 38(97)FOR SMA FEMALE 6X #.036{2,4) (s 0) F
0o .50{12,7)FOR SMA MALE I8 .38(9,7) FOR SMA FEMALE
30,01 (300" 50(12,7) FOR SMA MALE
Wt: 1.3 oz. {37 gm) approx. Wt: 1.48 oz. (42 gm) approx.
Dimensional Tolerances, unless otherwise indicated: .xx = .02; .xxx =.0005
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Power Measuring
Instruments

General Microwave has an extensive product line of
power measuring instruments including thermoelectric
average power monitors covering the frequency range
of 10 MHz to 40 GHz, in both coaxial and wavequide
configurations. Consult factory for other available power
measuring instruments.

POWER MONITORS

Power Menitors 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 fiexible
solutions to high accuracy and wide dynamic range
power measurements in reliable efficient packages.

The power head design uses thin-film metallic loads to
absorb incident rf power. By constructing the rf load as
a bi-metallic element, vacuum-deposited on a thin
dielectric substrate, pairs of thermoelectric junctions
are created. Half of the junctions are thermally
“*sinked” to the transmission line conductors, while the
others are located within the air space between. These
latter junctions constitute almost the entire calorimetric
mass, enabling high sensitivity and fast response time.

The absorption of rf power by the load creates a
temperature difference between the hot and cold
junctions that gives rise to a thermoelectric emf. By
keeping this temperature differential small, the load
acts as a true square-law (rms) device, producing a dc
output voltage directly proportional to the absorbed
power. This voltage is applied to the monitor amplifier
which provides a user-selectable current or voltage out-
put in three remotely selectable 10 dB ranges for a total
30 dB dynamic range.

The Models N425D, N426D, and N427D Power
Monitors cover the frequency range of 0.01 to 12.4
GHz with full scale powers of 10,100 and 1 mW
respectively. The Models N445B and N446B units
cover the range of 0.01 to 18 GHz with full scale pow-
ers of 10 and 100 mW respectively. Power monitors in
waveguide configurations covering the X, U, K and A
waveguide bands are also available,

ERRORS AND WHAT TO DO ABOUT THEM

The numerous sources of errors present in the
measurement of microwave power can make an
accurate measurement a somewhat daunting task.
The errors associated with a power measuring device
include its frequency response, mismatch, linearity,
square-law response and noise and drift. With respect
to the former, each GMC power monitor is furnished
with calibration data defining its CAL FACTOR () as a
function of frequency. (CAL FACTOR is the normalized

output voitages from the tft power head.

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 typicaily 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 carrection 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 avaitable mismatch charts
or tables.

The contribution of noise and drift to the measurement
accuracy is obviously a function of the power level
being measured. For GMC Power Monitors, noise and
drift are rated from 0.02% to 0.035% and 0.025%/°C to
0.035%/°C 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 10dB of the monitor’s range.

POWER MONITORS

“lo0r2.4
~[oi01-18.0°

(1) Cal factor, or calibration factor is the ratio of the substitution audio power lo the total incident rf power required to produce equal dc
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Models N445B, N446B, N425D, N426D, N427D
Integrated Thermoelectric Power Monitors

These power monitors are compact, integrated
assemblies ofthermuslettit P oWeroensors ant dd
*ﬁmﬁm specially designed for system power
momtormg 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, excelient 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 (1uW) and as high as + 20 dBm

(100 mW) can be measured. Provisions for remote
range selection and zero setting are included.

The monitor output is a dc analog signal which may
be connected to readouts in either a constant current
or constant voltage mode, directly scaleable in
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 appiications as sweep
generator leveling, the constant voltage mode of
operation is available.

The carefuily designed ampilifier 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 dc and signa! output connector mates with a
furnished MS3116E plug connector. Rugged
construction is featured throughout.

vModeIsN425[3 N426 'N427D 011612.4 GH
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Models N445B, N446B, N425D, N426D, N427D
Specifications

.Eiement Temperature Sensm\uty«
Field-Replaceable Elements:
‘CW Overload Rating® . -

,Max. Pulse Energy. at
: +25"C (Wusec)

Max. Puise Dﬁrahon at
1+25°C (ysec)("

‘Max. dc Voltage (volts)
Output' RO
“Current Mode
- Voltage Mode o
Power. Suppiy Requ;rements

Weight

R thiulI scaie each range ik
.,,.'-—10 volts full scale (maximum), each: range s

=6V 10 £18Y, 10mA, 1.0% reguiatlon '7- :
80z (227 gm.j - i

ENVIRONMENTAL RATINGS

Shock ............... MIL-STD-202F, Method Altitude ............. MIL-STD-202F, Method
213B, Cond. B (75G, : 105G, Cond. B (50,000 ft.)
6 msec) Temp. Cycling ........ MIL-STD-202F, Method
MIL-STD-202F, Method 107D, Cond. A, 5 cycles
204D, Cond. B (.06”

double amplitude or 15G,

whichever is less)

(1) Except in the range from 0010 to 0015 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 overioads 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 cccurrence,

(7) Derate at 0.2 mW/°C from +60°C to +85°C.

(8) Derate at 1.4 mW/°C from +50°C to +85°C.

(9) Derate at 0.02 mW/°C from +60°C to +85°C.
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Models N445B, N446B, N425D, N426D, N427D

MS3116E14-15S (FURNISHED)

Specifications
"4

____< A & o +15VDC, 10 mA PS
£ 25K, 10T

S ZERO

______< B8 < S —-15VDC, 10 mA PS 0

é‘ — |?:n§ :@--oa Red*
= = VOLTAGE OUTPUT
< )
i, L& i,
: & ,_. Least Sensitive B

Range Select

|

Most Sensitive

s
—— K€

* When voltage output is used, connect resistor (Red) between
pins C and D. Qutput between pins D and L will be -1 Volt per
1000 ohms of resistance of Red with a maximum value of -10V
(i.e.-10,000 ohms). Simultaneous use of voltage and current
modes is also possible.

** Any number of 1 mA meters may be connected in series pro-
vided total pins C-D loop resistance does not exceed 10,000 chms.

TYPICAL SET-UP FOR OPERATION

DIMENSICONS
2.03" (51,8) A
B
I
£,
1
L He

Dimensional Tolerances, uniess otherwise indicated: XX =.02; XXX +.005 -
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;..ﬁ-Protect yourself with the RF BADGETM....measuref.'_ |
radiation from RF/Microwave sources mcludmg,i -
- Cellular, Scﬂelhte and Radc:r | —

cenem MO
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- Send For A Free Copy Of Our Pocket Guide
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MODEL
30
40

H500

FREQ. RANGE

50-2500 MHz
1-40 GHz*

1-40 GHz*
1-40 GHz*

*1-18 GHz stondard, lo 40 GHz optional

' RAHAM = SURVEY:INSTRUMENTS=. ¢ 1~ > -

FREQ. RANGE
300 MHz-18 GHz
200 kHz-40 GHz
10 MHz-1 GHz

. REBADGE:- PERSONAL VONITORS: 4 4071 ]

ALARM LEVEL
USER ADJUSTABLE
0.2-20 mW/cm?
0.2-20 mW/cm?
FACT

1 mW/cm?

5 mW/cm?

POWER RANGE
0.2-200 mW/cm?
0.002-20 mwW/cm?
0.02-200 mW/cm?

PLEASE REQUEST OUR
RAHAM PRODUCTS CATALOG
FOR DETAILED INFORMATION ON
OUR EXTENSIVE PRODUCT LINE




About General Microwave

Since its inception in 1960, General Microwave Corporation
has been dedicated to the principle of designing and pro-
ducing high quality products that utilize and advance the
state of the art. A heavy emphasis on internal Research
and Development throughout its history has led to the cre-
ation of a broad line of catalog products that include instru-
mentation such as power and radiation meters and solid
state components such as control devices, phase shifters
and oscillators. Among the numerous innovative products it
has brought to market are: the first commercially available,
broadband, thin film thermoelectric power meter; the first
broadband microwave radiation hazard meters; the first
broadband coaxial solid state microwave attenuator; the
first digital peak power meter; and the first broadband solid
state vector modulators/phase shifters.

TODAY GENERAL MICROWAVE’'S CORE TECHNOL-
OGY REVOLVES AROUND COMPLEX INTEGRATED
MICROWAVE ASSEMBLIES FOR BOTH MILITARY
AND COMMERCIAL APPLICATIONS. GENERAL
MICROWAVE WORKS WITH YOU AND SUPPORTS
YOU WITH COST EFFECTIVE SOLUTIONS
THROUGHOUT THE LIFETIME OF YOUR PROJECT.
GENERAL MICROWAVE HAS RECEIVED BOTH SBA
AND CUSTOMER AWARDS FOR ON TIME DELIVERY,
QUALITY AND PERFORMANCE.

INTEGRATED MICROWAVE
ASSEMBLIES FOR EW SYSTEMS

RADIATION HAZARD METERS

Commercial Applications

Although the markets General Microwave has served over
most of its history have been defense related, during the
past several years it has increasingly devoted a large
share of its R&D and marketing efforts to commercial
applications of microwave technology. One of the resuits
of this diversification program has been the development
of a high precision short range radar which has found
applications in both commercial and military systems.
Among the former are obstacle detection systems for
automotive and other vehicular equipment and gauging
equipment for the petroleum and process control indus-
tries. For the latter, a terrain mapping system is under
development for a mine clearing combat vehicle and an
ice thickness measuring system has been developed for
the U.S. Army Cold Regions Laboratory.

Another unique equipment that has been developed in our
microwave laboratories is a system capable of on-line
measurement of the concentration of water in oil. Such
measurements are needed both at the well-head as well
as at refineries. The technique is also suitable for the mea-
surement of fluid concentrations and mixtures in other
industrial processes.

VEHICULAR OBSTACLE DETECTION AND WARNING SYSTEM
(AERIAL VIEW)

SEE

Facilities

General Microwave’s corporate headquarters is located on
a 10 acre site in Amityville, NY. General Microwave has a
fully owned subsidiary in Jerusalem, Israel, operating as
General Microwave Israel Corporation and a subsidiary in
Biillerica, MA, operating as General Microcircuits
Corporation, which manufactures thin film hybrid circuits in
a MIL-STD-1772 certified facility.
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Our Fourth Decade of Excellence

GENERAL MICROWAVE CORPORATION

5500 New Horizens Boulevard, Amityviile, New York 11701
TEL: 516-226-8900 * FAX: 516-226-8966
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