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Ordering Information

1.

1

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

Telephone orders for standard catalog products will be accepted and
processed immediately. However, shipment cannot 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
ar authorization to ship C.0.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 common carrier.

Qur export terms are prepayment or irrevacable 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 5100, unless prepayment is received. The minimum
line item charge is $10.

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

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

12.
13.

14,

15.

16.

18.

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,

Each unit will be accompanied by one copy of our standard operating
instructions and will be tested in accordance with GMC's standard
acceptance test 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.

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 title 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.

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 atherwise 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 material 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 Wwarranty 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 Corporation is-promptly notified within the warranty

period in writing upon discovery of such defects:

(2) The original parts or equipment are returned to General Microwave

Corporation, transportation charges prepaid;

(3) General Microwave Corporation’s examination shall disclose to its

satisfaction that such defects have not been caused by abuse 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
companent to the original purchaser.

The warranty period shall not include any period of time the unit or part fails
lo 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:

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 V £5%”.

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

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

F9180
Fo180wW

From3.8t0 4.0 dB
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.

Page 158: TEST METHOD CONDITION

Internal Visual 2017.3 -

Temperature Cycle  1010.5 B

Mechanical Shock  2002.3 A

Bumn-In * 1015.4 -

Leak 1014.2/.9 Al & A2

* Burn-in temperature is + 110°C.
GENERAL |{H| MICROWAVE 5/08

5500 New Horizons Blvd., Amityville, NY 11701
TEL: 516-226-8900 * FAX: 516-226-8966




Specification Update

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

Page 0: Replace with the attached version.
Page 16 and all pages containing outline drawings:

Add “TYPICAL” next to SMA Connector protrusion dimensions.

Page 22: In the D1950A Flatness tabulation, change “2.2" to “2.5".

Page 22: In the Power Supply Requirement specification, change -12 V current from
“25mA” to “50mA”.

Page 27: Add the following to one of the four mounting holes in the outline drawing:

.120 (3,0) DIA THRU X 4

Page 30: In the outline drawing, change the thickness from “ 24 (6,1)” to “.27 (6, 9)”.
Page 30: Change Table 1 to the following:

TEST METHOD CONDITION

Internal Visual 20173 -

Temperature Cycle  1010.5 B

Mechanical Shock  2002.3 B

Burn-In * 1015.4 -

Leak 1014.2/.9 Al & A2

* Burn-in temperature is + 110°C.

Pages 33 In the outline drawings, change “4 X .120 (3,0)” to “4-40 THD THRU 4 X
and 44:

Page 38: 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 “£1 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 [T MICROWAVE 298

5500 New Horizons Bivd.,, Amityville, NY 11701
TEL: 516-226-8900 » FAX: 516-226-8966
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Contents

Description Page Nos.
S 0
e LB 5 2. 44043 53 s B SAS Son e A 2-3
DAy RGN (55,122 22433433314 14w amwssen BTS2 4-5
NGB, e+ 42 2 5 S s St et 8 e et AR 6
About General Microwave ... L s 177

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

Phase Shifters/ High Speed

Frequency Translators, Diai
i gitally Programmable 54-82
Bi-Phase Modulators, Voltage Controlled

1.Q. Vector Modulators

T SPST thru SPST 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 SPZT switches
Components Current, voltage and digitally controlled attenuators 143-154
(18-40 GHz) 3 dB quadrature coupler

2

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 calalog 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,
4,009,456, 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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Ne Products

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

Series 346C

Series 348 and 348H
(see page 39)

(see page 45)

0.75 - 18 GHz 11 Bit Digital/Analog
Attenuators

: BLE §
 PROGRAMMABLE

Series 349/349H
(see page 50)




New Prducs

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

Series 73 & 74
(see page 65)
0.5-18 GHz

10 Bit Digital and Analog

360° Phase Shifter &
Frequency Translators

Series 77 & 78
(see page 76)
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The introduction of the PIN diode more than 35 years
ago has led to the development of a large family of

rf and microwave control components, including
switches, 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 unigue property of the PIN diode that makes it
particularly suitable for control component use is that,
in its useful operating frequency range, it behaves as
a current variable resistor in its forward biased state.
Depending upon the diode construction, this
resistance can vary from as low as a few tenths of an
ohm when the diode is fully ON to as high as 10,000
ohms with zero bias current applied. The PIN diode
displays this behavior because, unlike P-N junction
diodes, a thin layer of Intrinsic material is inserted
between heavily doped layers of P and N material.
When dc current flows through the diode, a stored
charge is created in the | 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

1
o T 2nT

where 1 is the minority carrier lifetime,

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

Solid State Control
Components

The degree to which the PIN diode will rectify the a-c
signal and thereby generate harmonic power depends
not only on the minority carrier lifetime byt 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 pt, 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 ohmina
chip diode, to as high as 5 ochms 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.

BIAS

.
g

Fig. 1-Shunt mounted 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 3to 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.

Fig. 2-Balanced attenuator

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

O ‘ )

Fig. 3-Array attenuator

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
amanner 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 IserIES

%

L

TT-pad attenuator

Fig. 4--Attenuator configurations
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SWITCHED BIT ATTENUATORS

When an attenuator with a fast switching speed and
high power handling capacity is required, the only
option is to utilize a switched-bit attenuator. This at-
tenuator combines one or more tandem pairs of SP2T
switches with a zero loss connection between one
pair of outputs and a fixed attenuator inserted in the
other (see Fig. 5). In this configuration the PIN diodes
are not used as variable resistors, but are switched
between their forward and reversed biased states.
This allows for much faster switching speed since
high speed PIN diodes and drive circuitry can be
used. In addition, it offers higher power handling
capacity since the RF power is absorbed in the fixed
attenuator(s), and not in the PIN diodes.

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

BIAS CONTROL
THRU PATH

Fig. 5-Switched bit attenuator

.
BIAS CONTROL
ATTENUATION PATH
AT TENUATOR PAD
r 7
|
I |
©H ] o

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

- changed in increments of one LSB, i.e., the attenuation

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

level may actually decrease when an increasing at-
tenuation step is called for. Second, because of the
RF circuit complexity, the cost of this attenuator is
usually higher than other approaches. Finally, the
incorporation of high speed switches may lead to
excess video leakage.

PHASE INVARIANT ATTENUATORS

This specialized class of attenuators has the property
that the insertion phase variation is minimized as the
attenuation level is changed. A unique topology is
employed by GMC to obtain this performance which
is described in detail in a separate technical paper.!
In all other respects they perform in a manner similar
to the balanced attenuators described above.

DRIVER CONSIDERATIONS

All attenuators except for the switched bit variety are
available with linearizing driver circuits with either
analog or digital control inputs. In addition, many
attenuators are available without the driver for those
who choose to provide their own. Most digital
attenuators are available with eight-bit TTL control
which, for an attenuator with a nominal attenuation
range of 60 dB, will provide a resolution of 0.25 dB.
Some attenuators are available with a resolution of as
low as 0.05 dB. Except for switched-bit designs, all
PIN diode attenuators are analog in nature and thus
their resolution is essentially limited by the DAC used
in the driver circuit.

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

g



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. Al 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

f 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

HARMONICS AND
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

INTERMODULATION

minimize the AM/PM by careful design, it is not possi-
. bleto eliminate it entiresl( Where mil?imum r:hari3 e of anclORDER SICORDER
- . JUEEAY. WV he g FREQUENCY INTERCEPT INTERCEPT
| phase with attenuation is a critical parameter, the use 30dB
. 0of GMC's line of Phase Invariant Attenuators describ. gg gl}:{lz +gg ggm i 33 dBrmn
i ed above should be considered. : 2 # i
J.'aD.Or
100.0F
g |
f;' 500 - rees
3t i 2008
%’ 0.0 / 10d8
2 = 0dB
E ==
-30.0k
40(102 3 54 IOO.““ F ‘—é
FREQUENCY (GHz) FREQUENCY (GHz)
Model D1952 Model D1954
80.0 I
150.0 [ 70.0 180y o
60.0 + - i
g o i wan | vt o
3 30 d8 o] 8T £6dn
E 50.0 20 dB g "o 5448 2 sof 4008 |
EEI i (I’Ddgﬂ té_: 30.0 4008 % 45: 3048
g 3 200 2048 g | 2048
& -50.0 2 100 2048 4 " 10 aB
) E 10d8 * 7
0.0 348 P
-100.0 . — 0dg _45 + —
8 13 18 -10.0 2 10 8
FREQUENCY (GHz) 200 g FREQUENCY (GHz)
“050 200 .00
FREQUENCY (GHz)
Model D1958 Model D19608 Model D19688
Fig. 6 Typical Phase vs. Attenuation
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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.
|
/ ATTENUATION
i_ AM_EAE&EE&U&TI_Q% FLATNESS
pno@uen ATTENUATIONVALUE |
—

|
ATTENUATION
| | accuracy
|
|

ATTENUATICN {dB)

|

i fz
FREQUENCY

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

|

i

|
I00%RF (IL) +- — —

RISE : FALL |
IME | TIME_py
I_FlfTRJ 1 () {-‘

1
|
1
!
1
"ON" SWITCHING —= - - f=-"0FF" SWITCHING
TIME TIME

(Ton) Torr)
RF OUTPUT 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 RE 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
depthof +3dBata quiescent level of - 6 dB, the 5
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

e N RANDE o) MTTENGATION MODEL PAGE COMMENTS
ORI 50 a0 aioh v a0h T ou iag RANGE (dB)
CONTINUOUSLY VARIABLE, CURRENT CONTROLLED, ABSORPTIVE ATTENUATORS
0.5 e 1 80 1950A
1 m— 2 60 1951 .
p ——1 60 1952
26 mem— 5.2 60 1953
4 s 60 1954 17 Single control
[S—T;! 60 1955
6 —— 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 — 60 D19628 25
2 18 60 D19688B
0.5 s 1 80 S D1950A
e o0 A Integrated driver
2 e 4 60 D1952 and rf section
26 s 5.2 60 D1953
4 s 8 60 D1954 21
5 sm— 10 60 D1955
6 e— 12 60 D1956
8 18 60 D1958
18 — 40 50 D1959 144
VOLTAGE CONTROLLED, HERMETICALLY SEALED, LINEARIZED ABSORPTIVE ATTENUATOR
> 18 60 H1968 28 Integrated driver
and rf section
VOLTAGE CONTROLLED, PHASE INVARIANT, LINEARIZED ATTENUATORS
2 6 32 D1972
4 m— 1 1 32 D1974 31 Integrated driver
§ mme—— 3 D1978 and rf section
HIGH SPEED ABSORPTIVE PU LSE MODULATORS
. . meok | s | i
Integrated driver
0.2 18 80 HM192 136 and rf section,
: miniaturized,
hermetically sealed

12



Attenuator

Selection Guide (Con't)

ATTENUATORS AND MODULATORS (con’t)

FREQUENCY RANGE (GHz) MIN
ATTENUATION STEP MODEL PAGE COMMENTS
02 05 10 20 40 80 124 1g0| RANGE(dB) SIZE (dB)

DIGITALLY PROGRAMMABLE, HERMETICALLY SEALED, ABSORPTIVE ATTENUATORS

5 63

1.0 H1980

2

6 63

Integrated driver

10 H1982 94 and rf section

DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, ULTRA-BROADBAND

0.2

Integrated driver

18 ; 80 i 1 3250A 36 and rf section
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, MULTI-OCTAVE BAND
05 4 60 0.06 dB 3460C
05 8 60 0.06 dB 3461C i Inisaratsaidriver
2 8 60 0.06 dB 3462C and rf section
2 18 60 0.06 dB 3468C
DIGITALLY PROGRAMMABLE, PHASE INVARIANT ATTENUATORS, MULTI-OCTAVE BAND
2 5 32 0125 3472
s N 32 0.125 3474 42 Integrated driver
5 8 32 0.125 3478 anduf section
DIGITALLY PROGRAMMABLE, MINIATURIZED, ABSORPTIVE ATTENUATORS, OCTAVE BAND

PR 60 025 | 3482, 3482H
26— 52 50 025 | 3483 34830 e
4 — § 80 0.25 3484, 3484H 45 driver and
5 12 60 025 | 3486, 3486H i Section
8 18 60 025 | 3488, 3488H

MINIATURE, DIGITALLY CONTROLLED,PIN DIODE ATTENUATOR |

Integrated driver

2 8| 60 1 05 I 1761 l 48 and rf section
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, OCTAVE BAND
2 80 0.03 3491, 3491H 1
2 s 4 80 0.03 3492, 3492H
26— 5.2 80 0.03 3493, 3493H
Si—— 80 0.03 3494, 3494H | 50 Integrated
:. § e 10 80 0.03 3495, 3495H ‘i{‘;’i&i“é‘f
6 e— 12 80 0.03 3496, 3496H
__"“_—iﬁi__s_:—___‘? 64 0.03 | 3498, 3498H
- P — 50 0.03 3499 146
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Model F192A Non-Reflective

Ultra-Broadband High-Speed Pulse Modulator

—

* High speed

* 0.2 to 18 GHz frequency range
* 80 dB isolation

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

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

BIAS

FROM

DRIVER
+V

i

|
' |
" - |
| f

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 1204
CHARACTERISTIC to to to - to to
0.5 2.0 8.0 12.4 18.0
Min Isolation (dB) 70 80 lofa it b 80 80
Max Insertion Loss (dB) 2.0 2.0 2.5 3.0 3.5
VSWR (ON and OFF) 15 15 1.75 20 )z
Switching Speed Power Supply Requirements
Rise Time.... . ... .. .. .. 10 nsec. max. +5V +5% 90 mA
Fall Time.... . ... . . 10 nsec. max. -12V +5%, 75 mA
ONTime.......... .. .. 30 nsec. max.
OFF Time.......... ... 15 nsec. max. Control Characteristics
Control Input

Power Handling Capability Impedance . . . . TTL, advanced Schottky, one-unit
Without Per_forrnance ‘oad. (A unit load is 0.6 mA sink
Degradation . .. ... . .. 500 mW cw current and 20uA source current.)
' or peak Control Logic . . . .Logic “0” (-03 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)
|
|
|
|
I
|
|
|
{
i
\
|
L_H

15



Model F192A
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range . . . s e s -65°C to +110°C 3 SMA female control connector
NFc;n-Operatmg Temperature 6500 7 Two SMA male rf connectors
ANGE ooonoviwvoan g, L, -65°C to +125°C C e Ty (U
9 Inverse control logic; logic *“1
Humidity .. ... .. .. MIL-STD-202F, Method 1038, for switch ON ang logie_ 0" for
Cond. B (96 hrs. at 95%) switch OFF
Shock...... ... ... . MIL-STD-202F, Method 2138, 10 One SMA male (J1) and one SMA
Cond. B (75G, 6 msec) femal_e (J2) rf connector
33 EMI filter solder-type control
Vibration. .. ... .. . . MIL-STD-202F, Method 204D, terminal
Cond. B (.06" double amplitude o ;
or 15G, whichever is less) 18 *5, ~15V operation
64A SMB male control connector
Altitude. .. ... ... . . MIL-STD-202F, Method 105C,
' Cond: B (50,000 ft.)
Temp. Cycling. ... ... . .. MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

DIMENSIONS AND WEIGHT
.53
— (13.5) e
15
.50 — e .
= (3,8)
(12,7) CONN SMA
.09 FEMALE
' 2X
(2',3) | : +V

A ) :
’ | GND

| [

LOC 820 @ﬁ
(25,4) (20,8)
' @ ™ wra
Ly SURFACE
.38(9,7) FOR SMA FEMALE
\ .50(12,7) FOR SMA MALE
- 820
(20,8) CONTROL
. 1.00 ; SMC MALE MODEL F192A
(25,4) Wt: 0.7 oz (20 gm) approx.

2x ¢ .104(2,6)

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

16



Series 195 Octave-Band
PIN Diode Altenuator/Modulators

SERIES 195 o

Series 195 current-controlled attenuator/modulators * Absorptive

provide small size with greater than octave- e Current controlled

bandwidth performance at low cost. All models ex- * 0.5 t0 18 GHz frequency range

eaton wih (4 1o of 35 mees e <ol | High performance MIG
times ranging from 25 nsec max for the 1951 and gl_.latcliraturt:jhybrld design
1952 to 125 nsec max for the 1956 and 1958. The * flgh spee

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- A
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 19504
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 INfOUT

BIAS

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

BIAS

RF IN/OUT RF INJOUT

O—t—1—1— ;%#@

J1

Fig. 2-Model 1950A! rf schematic diagram

.

‘Model 19504 is a special-order product. Consult factory before ordering. J_
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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 0.5—-1.0 T 2.0 0.3 0.8 157 2.2 3.2
1951 1.0—-2.0 1.3 15 0.3 0.8 1:5 1.6
0.75-225 1.4 2.0 0.5 1.4 3.0 3.5
1952 2.0-4.0 1.5 1.5 0.3 0.8 1.5 1.6
1.5—-45 1.6 20 0.5 1.4 3.0 3.8
1953 26—52 1.7 1.6 0.3 0.8 1.5 1.6
1.95-5.85 1.8 21 0.5 1.4 3.0 3.5
1954 40—80 2.0 1.7 0.3 0.8 1:5 1.6
3.0—-9.0 2.1 2.2 0.5 1.4 3.0 3.5
1955 5.0 —10.0 22 157 0.5 0.9 15 1.6
3.75-11.25 2.3 2.2 0.7 1.4 3.0 3.5
1956 6.0 —12.0 2.3 1.8 0.7 1.0 15 1.6
45—-135 24 2.2 0.9 1.5 3.0 3.5
1958 8.0 —18.0 2.50 1.80 0.7 1.0 1.5 1.6
6.0 —18.0 2.50 1.80 0.9 1.5 3.0 3.5

1950A". . . ..

Monotonicity
Phase Shift . . . .

1950A;, 1951
All other uni

All units. .

Temperature Effects . . . . .
Power Handling Capability
Without Performance Degradation
10 mW cw or peak
100 mW cw or peak

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

ts......

PERFORMANCE CHARACTERISTICS
Mean Attenuation Range

60 dB
Guaranteed
See page 10
See Fig. 3

1W average

25W peak (1 usec max
pulse width)

(1) Except from 16 - 18 GHz where in
(2) For attenuation steps of 10 dB or more.

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

Note: Specifications for the extended frequency ranges are typical.

Switching Speed

Fall Time
1960A° .. ... ... ... .. 50 nsec max®
All other units .. .. .. .. 20 nsec max®@
Rise Time
1950A" .. .. ... ... ... 250 nsec max

........ 125 nsec max
Bias Current for Maximum Attenuation
1950A" 5to 35 mA

15 to 70 mA

100

% OF
RATING
AT +25°C 34

-B5°C ¢-=2.5°C

+25°C
TEMPERATURE

Fig. 4-Series 195 power derating factor

sertion loss is 3.5 dB max and VSWA is 2.0 max.

18




Series 195
Specifications

|

=50°E +25°C + o)
- | , ____Hoowc
Y= i
e T, o
50 ——— | | : s, | !
|
/'/J:/L—F 1
40 — e
yrod |

ok | ]

> ¥ T I
74 |

20 | L |
| !
. % [ |
(] - ‘
0 0.2 04 06 08 |0 [:2 1.4 1.6 1.8 20 22
RELATIVE BIAS CURRENT

ATTENUATION —dB

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°C to +125°C 10 One SMA male (J1) and one SMA
Humidity .. ... .. . MIL-STD-202F, Method female (J2) rf connector
1038, Cond. B (96 hrs. 64 SMC male bias connector
at 95%) 64A SMB male bias connector
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, Methad
107D, Cond. A, 5
cycles
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Series 195
Specifications

.38 (9,7) FOR SMA FEMALE
50 (12. 7; FOR SMA MALE
ains uTG S0(127) FOR SA MALE
HE N SURFACE
SMA FEMALE GNG BIAS MTG
AF CONN SURFACE
2% $.130 (3,3) H é. SMA FEMALE
'.l 2x
J2 - T— HE}-
43 : T 2.00 @ 1,475 | 2 I 1.67
" (10,9) 5?-—— Q—f 140 (508 i (37.5) | 123 (424) |1
1 100 [ (35) 5 o
J1 (25,4‘)' | Y i U]
| 1 L] * )
. .13 .10 L 1.200 J 44 13 L
(3,00 (59 n @3y L_ (2.5) i?}‘ﬁ)" (30.5) 2y @y
2,60 ] 33 ’ 1.80 \ 30
54) r— ' — - e
(66,0) Bl (45.7) 2% 6.1042,6) (7.6)
MODELS 1950A'AND 1951 MODELS 1952 AND 1953
Wt: 3 oz. {85 gm) approx. Wt: 2 0z. (57 gm) approx.
Model 1950A is a special-order product. Consult factory before ordering.
BIAS .38(9,7) FOR SMA FEMALE .38(9,7) FOR SMA FEMALE
GND .50(12,7) FOR SMA MALE GND BUS .sozm,zn FOR SMA MALE
RF CONN .
RF CONN
\ _ g’:‘ FEMALE E MTG SMA FEMALE g‘JgF _
/ SURFACE |/ ax
a2l s P— f
isagoa) 11 (13206} 850 1 . e
S s - ; (16,5) - ¥ (31.8)
N ) . gy — 75
_‘_ LA 1 s0 24D | 1 []EE i Aﬂ 50 (19,0
.30(7.6) = (12,7 | 30(7.6) 41 N t2n Ty 1
f ! b s |1\ "
08 1.140 e L @5 | @87) (3.3) -
2.0) ™ (z; n} B.3) = o hi—cias e 30
31.8) 22 6.104(2.6) (7.6)
2 x 4.104(2,6) L 30 (
(33 0" = {7.6)
MODELS 1954, 1955 AND 1956 MODEL 1958
Wi: 1 oz. (28 gm) approx. Wt: 1 oz. (28 gm) approx.
Dimensional Tolerances, unless otherwise indicated: .XX +.02: XXX + .005
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Series D195 Octave-Band
PIN Diode Attenuator/Modulators

With Integrated 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 -V
CONTROL
INPUT DRIVER
(Or——- CIRCUIT

(VI CONVERTER)

BIAS

RF INOUT SERIES 195 RF INJOUT

PIN DIODE

ATTENUATOR

J 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
#sec max for attenuation steps 6f 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 fora
step of 50 dB or more.

The fall and rise time specifications for the D1950A
are 500 nsec max and 10 pusec max, respectively.
Options 58 and 59 are not available for this model.

"Model D1950A is a special-order product. Gonsult factory before ordering.

* Absorptive

¢ Linearized

* Frequency range: 0.5 to 18 GHz

* High performance MIC quadrature
hybrid design

* High speed

DEL D1952
HasoRPTIVE
MODULATOR

2.4 GHz S
SERNO. <7 T T

GENERAL
MICROWAVE
MADE 1N US4

ALL UNITS

IN THIS SERIES
ARE EQUIPPED
WITH INTEGRATED DRIVERS
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Series D195
Specifications

MAX. FLATNESS (+dB) -
FREQUENCY|INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10dB | 20dB | 40dB | 60dB | 80dB
D1950A° | 05 —1.0 1.4 20 0.3 0.8 157 2.2 3.2
D1951 1.0 -20 1.6 15 0.3 0.8 15 1.6
0.75-2.25 1.7 20 0.5 1.4 3.0 35
D1952 20—40 1.8 1.5 0.3 0.8 1.5 1.6
1.5—-45 1.9 2.0 0.5 1.4 3.0 35
D1953 26 —-52 2.0 1.6 0.3 0.8 15 16
1.95-5.85 2.1 2.1 05 1.4 3.0 35
D1954 4.0 -8.0 2.4 1.7 0.3 0.8 15 1.6
3.0-90 25 2.2 05 1.4 3.0 35
D1955 5.0 —-10.0 26 - 1.7 0.5 09 1:5 1.6
3.75-11.25 2.7 29 0.7 1.4 3.0 35
D1956 6.0 —12.0 2.7 1.8 0.7 1.0 15 1.6
45 —135 28 iliigaarigg 15 3.0 35
D1958 8.0—18.0 3.0m 1.8 0.7 1.0 1ih 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 Hange D1950A . . ... . ... ...... 1OILLSGC max
D1950A . . .. ... .. . 80 dB All other units .. . ... .. 1.6usec max
All other units. ... .. 60 dB Fall Time
Accuracy of Attenuation BT £21570 7 500 nsec max
010.30dB wosvisen w « 5 o +05dB All other units. .. ... 20 nsec max
>30t050dB. ... ... +1.0dB Rise Time
>50to60dB. . ... .. +1.5dB D1950A". . ....... .. 10 usec max
>60to80dB....... +2.0dB All other units. .. ... 1.5 8eCc max
(D1950A only) Nominal Control Voltage Characteristics
Monotonicity . ... ... ... Guaranteed . .
Phase Shift....... ... .. See page 10 Range Operating  Maximum
Temperature D1950A". .. ........ 0to +8V =15V
Coefficient . .. ... .. .. +0.025 dB/°C All other units. . .. .. Oto +6V +15V
Power Handling Capabﬂity Trahsfer Function .... 10 dB/volt
Without Performance Degradation Input Impedance . ... 10 Kohms
D1950A, D1951. .. .. 10 mW cw or peak Modulation Bandwidth
All other units. . . . .. 100 mW cw or peak Small Signal
Survival Power (from —65°C to +25°C; see DI950A". .. ... ... 25 kHz
figure 2 for higher temperatures) All other units . . .. 500 kHz
All units.......... 1 W average Large Signal
25 W peak (11 sec max DI1950A". . .... ... 5 kHz
pulse width) All Other Units... 50kHz
. - Power Suppl
s"g;fc_';;;ge Characteristics Requirenagr?ts ......... +12V +5%, 100 mA

) —-12V £5%, 25 mA
D1950A . . ........ .. 600 nsec max

All other units . . . . . .. 100 nsec max Power Supply

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

"Model 1950A is a special-order product. (1) Except from 16 - 18 GHz where insertion loss is
Consult factory before ordering. 4.0 dB max and VSWR is 2.0 max.
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Series D195
Specifications

Operating Temperature
Range...... .. ... . ..

Non-Operating
Temperature Range. .

Humidity ... ... . . .

(1) Where use of an Option 59 external rese
automatically sense the siope and magnitu
nsec for a step of 50 dB or more.

(2) An external terminal is provided for the us
usec wide to accelerate the return of the atte
signal to the zero voltage level. This reset ca
(3) The input impedance of units equipped with Option 59 is a circuit equivalent to approximately 50 pF in series with a
paraltel combination of 100 pF and 1000 ohms.

ENVIRONMENTAL RATINGS

-54°C to +110°C

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

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 connector
7 Two SMA male rf connectors
10 One SMA male (J1) and one
SMA female (J2) rf connector
58 Internally-generated reset to
insertion loss (not available on
D1950A)"
59 Externally-triggered reset to
insertion loss (not available on
D1950A*)@ @
61 20 dB/volt transfer function with
0to +3V control signal input
_ (+4V for the D1950A*)
62 * 15 volt operation
64 SMC male control connector
64A SMB male control connector

t puise (see note 2 below) is not feasible, this option is available which will
de of the control signal and reset the unit to the insertion loss state within 200

er to apply a fast (10 nsec max rise time) positive-going 3-volt pulse at least 0.5
nuator to the insertion loss state with the simultaneous lowering of the control
n be accomplished within 200 nsec.

100 —
% OF
RATING
AT +25°C

40— — = — — —

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

L “Model D1950A is a special-order product. Consuit factory before ordering.

|
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Series D195
Specifications

DIMENSIONS AND WEIGHTS

MODELS D1954, D1955 AND D1956

Wt: 1 0z. (28 gm) approx.

CONTROL P OPTION 59
RF CONN TERMINAL .38(9.7) FOR SMA FEMALE
GND -V SMA FEMALE CONTROL 50(12,7) FOR SMA MALE
2x
\L P{ GND _y | RFCONN OPTION 59
¥ MTG SMA FEMALE TERMINAL
SUR T
. e URFACE -
43 ) (50,8) e = MTG
(10,9) e *ﬁ T 140 Il ! 1 * SURFACE
| : |
| 5 f (‘é‘;°4) (35.6) ‘ 1.475 | 1.67
: (37.5) 1.23 (424) |:
| R * { 1@:~11—~—r~-——i @12) ‘
f ‘ 2.350 A3 U i
(59,7) — - \ (3.3 Y
i oo 2 x6.130 (3.3) ) 10 4 a0 ‘ - {(”2 L
(3.0) == 66,0 - A= @3) (7.6 = (30,5 e
\ (66,0). 2% 6.104(2,6)
.38 (9.7) FOR SMA FEMALE  [[MODEL | Dim A~ o 50 kg
.50 (12.7) FOR SMA MALE {45.7) (12,7)
D1950A | .70 (17.8)
D1951 | .50 (12,7)
MODELS D1950A"AND D1951 MODELS D1952 AND D1953
Wt: 3 oz. (85 gm) approx. Wt: 2 oz. (57 gm) approx.
“Model 1950A is a special-order product. Consult factory before ordering.
.38(9,7) FOR SMA FEMALE
v .50(12,7) FOR SMA MALE
SONERDL * .38(9,7) FOR SMA FEMALE
g -V A4F co OPTION 59 . 50(12 7) FOR SMA MALE
SMA FEMALE TERMINAL ONTROL OPTION 59
MTG I !
\ & i ]ﬂj{ 'ilo o SURFACE (15 5 r MTG 5
800 ! T 1 14 SURFACE I
(20.3) (T '2?” (35.6) | T 1 25 ‘
30(7,6) 1 e 7 | ‘ .J1 == 75 (31,8) !
' f L - 3 30(7.6) (19.0) 4
50 13
o8 1.140_| \_1 L L1 oso.J L
27)  (3,3) = 50 13
(2,0) = =-(29.0) (127 @3 —- (26,7) 33
G i 127 @3
1.30 x 8.104(2,6) 50|
e - - 1.25 .50(12,7)
(33,0 (12,7 ) (31,8) 2 x ﬁ.104(2,5)

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 05 GHz to 18 GHz in
four overlapping multi-octave bands.

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

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

lsepies
s T L
an &+
AF IN/OUT RF IN/OUT
Ji J2

& &

Lsunt
Fig. 1-Series D196, rf schematic diagram

+V -V
CONTROL T T
INPUT
DRIVER
©——  cireurr
w
=
m
RF RF
SERIES 196
PIN DIODE —)
i ATTENUATOR ¥ A

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
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D196 Series
Specifications

PERFORMANCE CHARACTERISTICS

e MODEL MODEL MODEL MODEL
CHARACTERISTIC D19608 D1961B D1962B D1968B |
Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18
Mean Attenuation Range (dB) 60 60 60 60
3 2.5 (0.5-4 GHz)

Insertion Loss (dB) (max) 2.5 0 (4-8 GHz) 3.0 4.5
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 +15 dB +1.5 dB +3.0 dB

Mean Attenuation Range 60dB
Accuracy of Attenuation

0-20dB ......... .. .. +1.0dB

2040dB ....... . .. .. +1.5dB

4060dB ....... .. ... +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
All Units ....... .. .. 2 W average or peak,
from -65°C to +25°C
(see Fig. 4 for higher
temperatures).

Switching Characteristics
1.0 pusec max.
05 usec max.

+20 dBm (100 mW) 4

+10 dBm (10 mW)-

0 dBm (1.0 mw)-

INPUT POWER

|
|
i
|
I
|
-10 dBm (0.1 mw) I

0.5 1.5
FREQUENCY (GHz)

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

|

Nominal Control Voltage Characteristics

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

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

—-12V to -15V, 50 mA

Power Supply
Rejection .. .. . . . Less than 0.1 dB/volt
change in either supply
100
% OF
RATING
AT +25°C

-65°C +25°C +110°C

TEMPERATURE

Fig. 4-Power derating factor
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Series D196
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature
Range

Non-Operating
Temperature Range. . . . .

Humidity

................ —-54°C to +110°C

—-65°C to +125°C
MIL-STD-202F, Method
1038, Cond. B (96 hrs.

at 95%)

MIL-STD-202F, Methad
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

CONTROL
SMC MALE | ,301.03
31 7 @ [T
-V 4V ¢ |
1.050 25 .
(26,7) (6,4) 1.81 +.03
| B ) s (46,0)
.66 ! |
(16,8) iE TJT J2 FW 9,
II [} 1.800 A4
10 (45,7) — s (11,2) —rao
2,5 88 .
@3) 200£03__ |  SMA FEMALE i bemy
(50,8) ox (22,4)

-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 fo 18 GHz)

* High reliability: hermetically-sealed

* Frequency range: 2-18 GHz

* Attenuation range: 60 dB

* Linear control: 10 dB/Volt

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

H1968B is a 2 to 18 GHz voltage-controlled PIN
diode attenuator, with an attenuation range of 60
dB, in a 0.24" thick 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 10-7
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 T T
INEUT. DRIVER
&—A CIRCUIT
(V/I CONVERTER)
o
<
[o¢]
RF RF
PIN DIODE
ATTENUATOR @
INJOUT INJOUT
Fig. 1-Model H19688 block diagram.

28




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 J
Mean Attenuation Range . 60 B ENVIRONMENTAL
Accuracy of Attenuation RATINGS
02008 . xuiminn s +1.0dB Temperature Range
2040EB . . . i 5 -+ *1.5dB Operating.......... ... -65°C to +110°C
4060dB .. e o o £2.0dB peraling
Monotonicity .. ... .. . Guaranteed AVAILABLE OPTIONS
Phase Shift W33 B ¥ s v wo See page 10 Option No_ Description
Temperature Coefficient. +0.02 dB/°C 7 Two SMA male rf
. L 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
; le 1 on page 30)
Survival Power. .. . ... . 2W average or peak (See Table 1
(1 usec max pulse 62 * 15V operation

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

OnTime....... . .. .. 1.0 usec
Off Time........... .. . 0.5 usec

Nominal Control Voltage
Characteristic Range

Operating....... ... ... 0to +6V
Maximum. ... .. . . . . .. 15V
Transfer Function ... . . 10 dB/volt
Input Impedance ... .. . 10 kohms
Power Supply
Requirements. . . . . . +12V +£5% @ 70 mA
=12V +5% @ 50 mA
Power Supply
Rejection .. .. .. . . . . Less than 0.1 dB/volt

change in either supply.

AVAILABLE ACCESSORIES

Model Spacer Plates
H19688B 19177-P3

% OF
RATING
AT +25°C

-65°C +25°C
TEMPERATURE

+110°C

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, altitude, humidity, and salt
atmosphere. All hermetically-sealed parts may be ordered, if desired, with 100% screening in accord with

the following:
Test Method Condition
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 7
06(1,5) = 2 427‘3 —> e 05(1,3)
g; COESALE =
bl S ‘ 4x 6 .018(0,5) ,
J MTG SURFACE

EY T

-

7T

1 +V

10 = 950 g
(27.9) = (24,1) T‘H

.0

.38(9,7) FOR SMA FEMALE |_r'::‘l_l }2211

.50(12,7) FOR SMA MALE : '

~— GND
|
| ™ ConT.

4x0.081(2,1
Y (OPT 10) = " 1) 5 .10(2,5) MIN NUT
41 15 .03 ~™ M CLEARANCE
— (10,4) ~ (3,8 £ 0,8) —== _.J REQD.
180 o e 1230 ~-10(2.5)
(45,7)
— ] 24(6,1)

Weight: 3.5 oz. (99 gm) approx.

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

The Series D197 voltage controlled PIN diode [T
attenuators offer essentially phase free operation
over a wide dynamic range in multi-octave * Low phase shift

frequency bands between 2 and 18 GHz. The * Frequency range: 2-18 GHz
attenuators utilize a unique double balanced

arrangement of diodes and quadrature couplers * Nonreflective
to achieve the phase independent attenuation * Attenuator range: to 45 dB

characteristic. Excellent temperature stability is 3 L[nearized control: 10 dB/V
maintained by employing a self-compensating = [alispoed PRODU CT
biasing scheme. See Fig. 1. AL ORDER DER\NG_
=
C

[ 5

RF IN/OUT >< X RF INIQUT

><

J1 >< >< Jz
X ﬂx
| _

Fig. 1-RF schematic diagram

TYPICAL PERFORMANCE

e ,_
ATTENUATION VS, FREQUENCY PHASE VS. FREQUENCY
0

_5 L

_]0 L
) e
© ~I5 f—r— +6 ATTENUATION
P S —_ LEVEL
E sl N 1 30 dB
< Q +2 /O dB M :
& —30% s w 2 /N ~~_ 20 0B
= 2 OV H N—"—"—"10 d8
ES T _p
< a ;

—4:|— -4

i + i - ! —

6 12 18 s 12 8
FREQUENCY (GHz ) FREQUENCY (GHz)
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Series D197
Speciﬁcctions

PERFORMANCE CHARACTERISTICS

MODEL D1972 D1974 D1978
Frequency Range (GHz) 2-6 4-11 6-18
Mean Attenuation Range 32 dB
Insertion Loss (Max) 4dB 5dB 55dB
VSWR (Max) 20
Accuracy of Attenuation  0to 20 dB +1.0dB
> 20to 32dB +2.0dB
Amplitude Flatness 0 to 20 dB +0.4 dB +04 dB +0.8dB"
>20t032dB +06dB +08dB +1.3dB"
Monotonicity Guaranteed
Phase Shift Oto20dB +4° +4° +5°
>20to 32dB +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 .03 dB/°C
Max. RF Power Input (Operating) 100 mwW
Max. RF Power Input (Survival) 05w
Harmonic Distortion @ Pin = +10 dBm —40dBc -50 dBc -50dBc
; +15V £5% @ 200mA
Power Supply Requirements 16V £5% & 120/miA
SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)
—
Mean Attenuation Range 45 dB
Accuracy of Attenuation 0-20 dB +1.0dB
: >20-32dB +2.0dB
>32dB +35dB
Amplitude Flatness 0to 20 dB +04dB +04 dB +0.8dB"
>20to32dB +06dB +08dB +1.3dB"
>32dB +15d8B +15dB +2.0dB
Phase Variation ' 0to20dB +4° +4° 59
>20to 32dB +8° +8° +10°
>32dB +15° +20° +30°

(1) Except from 8-18 GHz, flatness is + 0.5 dB upto20dB, + 1.0 dB up to 32 dB.
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Series D197
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature . o
Range ........... . . .. -54°C to +110°C Option No. Description
Non.Operating 7 Two SMA male rf
Temperature Range. . . .. -65°C to +125°C connectors
Humidity . ...... .. .. . . MIL-STD-202F, Method 103B, 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,
Cond. A, 5 cycles
DIMENSIONS AND WEIGHT
.38(9,7) FOR SMA FEMLE
.50(12,5) FOR SMA MALE
B RF CONN
\ e 12(3.0) SMA FEMALE 2X
D
ﬁ'] F‘ r.fz(a,c))
' k2
-
]
\ -; J1 J2
&2 305 350 ’
(82,5 (88.9)
C
CONTROL l
SMC MALE z3a
- e
SETE g
34 i T"’W
o E
ol ARE
(24,6) T
- A —
4 x 6.120(3,0)
SERIES D197
Wt: 5 oz. (142 gm) approx.
MODEL A B C D E iaensd G H
D1872 | 2.5(63,5) | 2.26 (57,4) | 2.28 (57,9) | 0.22 (5.6) | 091(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 (254) | 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 (254) | 1.25(31,7) | 1.50 (38,1)
Dimensional Tolerances, unless otl-;erwise indicated: .xx +.02; .xxx +.005
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Series H198
6 Bit High Speed Digital Attenuators, 0.5-6 GHz

-

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

The Series H198 are hermetically sealed, high
Speed, digitally controlled switched bit atten uators.
Attenuation changes are guaranteed to be monotonic
over the entire frequency band and operating
temperature range. Employing removable rf
connectors, their small size and construction make
these attenuators suitable for use as drop-in
components for system integration or as conventional
connectorized components.

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

-12v Lr/ LoGiC

CONTROL

RF IN/OUT
Rl
2\

J

DRIVER —’
1 I TT 2
ATT 1 A RF IN/OUT
’ X 1
/X
A J2
DRIVER

Fig. 1-Series H198 schematic diagram
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Series H198
Specifications

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 +0.5 dB: 0to31dB i I S
Attenuation +1.0dB:  >31t063dB iah Hiel sureening
(see Table 1, page 30)
Attenuation Flatness +0.5dB; Oto14dB
+0.75dB:  >141032dB AVAILABLE ACCESSORIES
+1.0dB > 32t063dB A
Power Handling +23 dBm cw Model Spacer Plates
Switching Time 30 nsec. (50% TTL to H1980 19177-P2
1 dB of final value) H1082 19177-P2
Rise and Fall Time <10 nsec
Switch Rate 10 MHz
Control Logic Logic “'O” = Bit Off PIN DESIGNATIONS
Logic 1" = BitOn PIN FUNCTION
Control Input At Logic “O”: —0.3t0 +0.8V 1 16 dB
@ 1.2mA 5 8 dB
At Logic “‘1": +2.0to +5.0V
@40 pA 3 2dB
4 4 dB
Power Supply +5V £5% @ 175 mA®@ 5 1dB
-12V £5% @ 150 mA 5 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
9 x ¢ .020(0,5)
.38(9.7) FOR SMA FEMALE 2.00 !
.50(12,7) FOR SMA MALE (50,8) - = 24(6,1)
il -.1 la—.07(1,8)
ﬂ I 000 0 1 e I
5 +V G GQ ) Ig
- ’ / .75(19,1) T
(15.5) \;i;‘
Pl AT a
! Nk 6 .079(2,0) ‘
07 o7 || =—.04(1,0)
(1.8) (1’3) 1.86 RF CONN 13 e
(47,2) SMA FEMALE (3.3)
2X
SERIES H198
Wt: 0.8 oz (23 gm) approx
Dimensional Tolerances, uniess otherwise indicated: .xx +.02; .xxx *.005
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Model 3250A Ulirag-Broadband
6 Bit Digital PIN Diode Atftenuator

* 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 1/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 D/A
CONVERTER
Y
CONVERTER
RF INJOUT RF IN/OUT
@ PIN DIODE __@)
= ATTENUATOR e

Fig. 1-Model 32504, block diagram

BIAS
 E—

lseries | | Frorau

RF INJOUT

J1

Fig. 2-Model 32504, rf schematic diagram
(unit consists of two such sections)
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Model 3250A
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range . ........ .. 0.2t0 18 GHz Power Handling Capability
Without Performance
Mean Attenuation Range Degradation........... Up to 100mW cw or
021018GHz . ............ .. ... .. 60 dB peak (see Figure 3)
Survival Power. . . ... ... 2W average or peak
Insertion Loss (max.) (from —65°C to +25°C:
02t08GHz............. .. .. . .. . 35dB see Figure 4 for
8t0124GHz....... ... .. s waw % 3 40dB higher temperatures)
AL BHZ o w o ios s 50w v 5048 Switching Time. ... . ... 2 usec max.
VSWR (max.) Programming. ... .... ... Positive true binary standard
02108GHz................. .. .. 1.75 or BCD (Option 1). For
B 10 18 BHZ. « o v 5 i 355 2 e o 20 complementary code,
specify Option 2.
Accuracy of Attenuation o s .
0080 aB. .. +05 dB Minimum Attenuation Step 1.0d8
3M1050dB................ ... +0.75 dB Logic Input
51t060dB............. ... ... +15dB Logic 0" (Bit Off). . .. .. -031t0 +0.8 V@500 pA max
Logic *1” (Bit On). .. ... +2.0t0 +5.0 V@100 pA max

Flatness of Attenuation

B 30dB -« v i v v e v v e o +1.0dB Power Supply

A IOATEB s v puin § 8m 1 v o £1.5dB Requirements . . . ... ... +5V +5%, 250 mA

A IB000B oo o v = o s 3 8000 +2.0 dB +15V +£5%, 75 mA

STto60dB ... ... .. ..... .. +3.0 dB —15V, £ 5%, 75 mA
Temperature Coefficient. . . . .. 0.02 dB/°C max

+20 dBm (100 mw)

]
|
o +10dBm (10 mw) I % OF
E: | ; RATING
Q  0dBm (1.0 mw) | | AT#25°C g9 | _
- 1
€ -10 dBm (0.1 mw) :
4 i
~20 dBm (0.01 mw) L ;
02 05 1.0 20 40 80 180 | -65°C +25°C +110°C
FREQUENCY (GHz) | TEMPERATURE
1
| .
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
O%erating Temperature T — PIN NO. BINARY BCD (Opt. 1)
................ -54°C t
ange ... ° 1 SPARE SPARE
Non-Operating 2 SPARE SPARE
Temperature Range. . . .. —-65°C to +125°C
Humidity . . . MIL-STD-202F, Method 1038, 3 +5V +5V
Cond. B (96 hrs. at 95%) 4 DIGITAL & DIGITAL &
Shock...... ... ... ... . .. MIL-STD-202F, Method 2138, 5 POWEI\TDGND POWERBGND
Cond. B (75G, 6 msec) G 1d
Vibrati MIL-STD-202F, Method 204D, 2 @ aos
loration .. .. ... . ... . etho
Cond. B (.06” double amphtude ; hdn edB
or 15G, whichever is less) 2dB 8 dB
) 9 4 dB 10 dB
Altitude . . .. ... . g(;lr_]dSTBD (%%Egooﬂteght)d 1050 10 8 dB 20 dB
11 16 dB 40 dB
Temp. Cycling. . ... . .. . MIL-STD-202F, Method 107D, 12 32 dB OPEN (NO
Cond. A, 5 cycles CONNECT‘ON)
13 + 15V +15V
14 - 15V - 15V
AVAILABLE OPTIONS " 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% 5.136(3.5)
2.00 a 80
(50.8) (20,3)

.y, ;i 40 £,

~— (42?7) 7‘(;}5) ™ (:00.2303
90 '.

[ —-] (22,9) F /i L

S D 4 P l
; {g;?g) MTG
|

3.25 / SURFAGE
(825) 305
(77.5)

oy ey b
e T i

(343 [+ el 14
5 33 (3.6)
(2 ) (8 ,4)
-38(8,7) 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/A
converter and a voltage-to-current converter (see
Figure 1 below).

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

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

+V Sy
DIGITAL DRIVER CIRCUIT
CONTROL —
INPUT D/A
CONVERTER

CURRENT ]
CONTROL INPUT Vil
(ALTERNATE) CONVERTER

(%3]

<<

SHUNT | @ | SERIES
AF SERIES 196 RF
@— PIN DIODE
ol ATTENUATOR NG I
Fig. 1-Series 346C., block diagram

— —

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

* Attenuation range: 60 dB

* Programming: 10-Bit binary

* LSB: 0.06 dB

* Monotonicity: guaranteed

NERAL
Brna
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Series 346C
Specifications

PERFORMANCE CHARACTERISTICS

from —65°C to +25°C
(see figure 4 for higher

temperatures).

Switching Time
ON Time ............ 1.0 usec. max.
OFF Time . ...vuin... 0.5 psec. max.

Positive true binary.
For complementary

To interface with other
logic families, please
contact factory.

code, specify Option 2.

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 2.5 (0.5-4 GHz)
Insertion Loss (dB) (max) 25 3.0 (4-8 GHz) 3.0 4.5
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............... ... 0.06 dB
20-40dB ... ..... ... +15dB )
40-60dB ............ +2.0dB Logic Input
. Logic “0” (Bit off) .. .-0.3t0 +0.8V
Monotonicity ..... ... . . Guaranteed Logic “1” (Bit on) ... +2.0to +5.0V
Phase Shift ..... .. See figure 2. Input Current .. .. .. 10 pA max.
Temperature Coefficient . +0.02 dB/°C Nominal Control Voltage Characteristics
Power Handling Capability R 0to2mA
. Without Performance Degradation ARG e w2 0 0 s
All Units ... Up to 100 mW cw or Transfer Function . . 30 dB/mA
peak (see figure 3).
Survival Power :
All Units ... . 2 W average or peak, Input Impedance . . .3 kohms

Power Supply
Requirements . . . . .. +12V to +15V, 80 mA

—-12V to -15V, 60 mA

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

change in either supply

50.0
50.0 60 aB
\la-: 40.0 B
g o 504
E 300 4048
&
s 200
i 3008
g 0dB
£ 00
o 10 a8
00 Ja8
008
100
20,0 —
050 200 4.00
FREQUENCY (GHz)
Model 3460C

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

80 dB

g 3 2

PHASE-SHIFT (DEG)
&

535 8 &

g a a a

@ ® ® m

&
o
N

7

2

10 18
FREQUENCY (GHz)

Model 3468C

- 45
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Series 346C
Specifications

+20 dB (100 W) 120
|
1= !
@ +10 dBm (10 mw) % OF
§ i RATING
5 0dem (1.0mW) | AT+25C a0
a
F4 |
-10 dBm (0.1 mwW)4 |
0.5 15 18.0
FREQUENGY (GHz) B5°C +25°C +110°C
TEMPERATURE
Fig. 3-Serigs 346C, maximum peak and average
operating power without performance degradation Fig. 4-Series 346C, survival power derating factor
ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Oggafating Temperature 549G 10 +110°C Option No. Description
ange ................ -54°C to +110 2 Complementary programming
Non-Operating . (ogic “0” is bit on)
Temperature Range . . . .. -65°C to +125°C
Humidity . ............... MIL-STD-202F, Method 7 Two SMA male rf connectors
1?3?’0/0)%(1' B8 hrs. 10 One SMA male (J1) and one SMA
at <457 female (J2) rf connector
Shock .................. MIL-STD-202F, Method (2)
2138, Cond. B {75G, 6
msec)
Vibration................ MIL-STD-202F, Method ACCESSORY FURNISHED
2040, Cond. B ; ;
(06" double amplituds or Mating power/logic connector
158G, 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
DIMENSIONS AND WEIGHT
ITT CANNON DA-15P OR EQUIV. WITH D110551 4B
JACKPOSTS. MATING CONNECTOR FURNISHED.
4 x 3.120(3.0) .30 +.03 [—
(7.6} Q St
J3 l T ..
! i 1.050 (1} ANl unused logic Inputs must be grounded.
(26.7) 1.81 03 (2) For normal programming control Pin 1 must be grounded or at fogic
1 l (6.0) “0. Appiication of fogic “1" to Pin 1 overrides the digital input and
[ﬁ{ I g2t || % 3 sets the unit to insertion loss. For units with complementary prograrm-
| k ming (Option 2), the application of a fogic “1” to Pin 1 sets the unit to
10 1.800 L...66 R I high isolation (60 JB of greater).
(2.5) l— (45,7) (16,8) (11,2 (3) Pin 2 is available to (a) monitor the VA converter output, (b) apply a
25 modulation signal from a current source, or (¢) apply an independeant
~ (25.}(0}08?03 - (6.4) ‘_fg;' _ analog signal for turn-on, tum-off or vernier attenuation levels.
/ ) RF CONN 22,4 {4) The Series 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 2% resolution), the user may simply ground the logic pins for the
fowest order unused bits. For example, a Series 346C unit oper -
SERIES 346C ated as an 8-bit unit would have Pin 15 and Pin 3 connected lo
Wit 3 oz. {85 gm) approx. ground. Al other parameters remain unchanged.
Dimensional Tolerances, uniess otherwise indicated: XX %.02; XXX *.605
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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 seif-compensating
biasing scheme. See Fig. 1.

RF INOUT >< X RF IN/OUT
><

CONSULT FA

@X >< >< ©

J1 J2

X
% %

Fig. 1—AF schematic diagram

TYPICAL PERFORMANCE
ATTENUATION VS. FREQUENCY PHASE V8. FREQUENCY
)
+6r AT TENUATION
=5 o LEVEL

5 +41
_ 1O f— W ol ods N\r@o ds
S5 — w0 N a A 20 d8
— — A
§ —25p *
= =41
5 —301}_ b -6 } 4
o
-
L4

2
FREQUENCY (GHz)

t —
8 12 i8
FREQUENCY {GHz )
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Series 347
Specifications

PERFORMANCE CHARACTERISTICS

_ Max. RF Power input (Operating

Max. RF Power Input (Surviva

* Phase Variation

{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 347
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature . .
pFlangeg.. . p ......... -~54°Cto +110°C Option No. Description
Non-Operating Temperature 7 Two SMA male rf
Range............... -65°Cto +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 213B, (J2} rf connector
Cond. B (75G, & msec) 45 Extended attenuation
Vibration............... gl!L;jSE?-ZgZZ, Mb?thod 2|?4(|13, range to 45 dB
ond. B {.06” double amplitude .
or 15G, whichever is less) 65 12V operation
ARtitude . . .. ............ MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling........ .. MIL-STD-202F, Method 1070, ACCESSORY FURNISHED

Cond. A, 5 cycles Mating power/logic connector

DIMENSIONS AND WEIGHT

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

S RF CONN
SMA FEMALE 2X
- D 12(3,0)
A‘l r -12(3,0)
! & @
MOUNTING l
SURFAGE
\ LH o Jz
3.50
335 g
(82,6}
c
1 : B o

oy W0, |
49
12,4 l—— L—
(12,4) - E |~ 1rT cANNON DA-t5P
e 97 e e, ————— OR EQUIV. WITH
(24,5) 110551 JACKPOSTS.
NNECTOR
4x .120(3.0) i SN
SERIES 347

Wt. 5 oz. (142 gm) approx.

Dimensional Tolarances, 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 handiing 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 controlied viaa
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.))

Y -v
T T 150.0r
DRIVER CIRCUIT 01 o 40 dB
DIGITAL r .,/" /,’,, s0dR
INPUT o ook L P
CONVERTER — - T ‘0dn
ANALOG ? " P
INPUT P s 3048
2 a0} Ve /__,/'//_,--"/ o s0ab
= P P R d
= ~ '_/.x-'—"’ P T
17y 3] ye e -~ l04B
=" B
CONVERTER ® a0 008
&N
o
B A
o-
-20.0}
AF RE
IN /QUT INJOUT
PIN OLODE @ -loo.c;8 5 )
ATTENUATOR
FREQUENCY iGHI)
Figure 2
Figure 1 Model 3488
Series 348/H block diagram Typical phase vs. aftenuation
g ¥ p
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Series 348 and 348H
Specifications

PERFORMANCE CHARACTERISTICS

(2) Specifications for the extended frequency ranges are typical.

Mean Attenuation Range.. 60 dB

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

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

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

Temperature Coefficient.. +0.02 dB/°C

Power Handling Capability

Without Performance

Degradation............. 348 100 mW cw or peak
34BH 10 mW cw or peak

Survival Power (from

—865°C to +25°C. See

Figure 3 for Higher

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

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

Programming: 8 Bit TTL.. Positive true binary

Minimum Attenuation Step 0.25 dB

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

10 A max
Analog input Characteristics
Range ................ 0 to 8v
Transfer Function....... 10 dB/NV
Input Resistance........ 6 kohms
Power Supply
Requirements....... ... +12 to + 15V, 120 mA

—-12 to - 15V, 50 mA

{1) For 3488H only: Except from 12-16 GHz where ingertion 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.

ENVIRONMENTAL RATINGS

Qperating Temperature

Range ................ -54°C to +110°C
Non-Operating Temperature
Range ................ =B5°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)

160

e OF
RATNG
AT +23°C

a0

—545C $D8C +10°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
.50{12,7) FOR SMA MALE

WP P, Y. S ——— S0
134,00 2,7
10 _l M40 PLEXY
2.5) (29,0} (11,4
10{2,5)
D D
RF CONN, SMA FEMALE
/Zx
L34 1140

MOUNTING
SURFACE

(34,00 {290 f
BT
(17,0}

m {

] o

\ 4% $.10012,5)

CONN,14-PIN
1AW MIL-C~28748

L —_— — Qoo oo o i . % i
.36 '@' ono°o°u° '@- ) 30
{9,) (7,61
} ¥
\— PINA

SERIES 348/H
Wit: 2.4 oz. (68 gm) approx.

Dimensicnal Tolerances, unless otherwise indicated: xx +.02; sox £.005

J3 POWER/LOGIC CONNECTIONS

NOTES:
1. Alt unused logic inputs must be grounded.

2. For normal TTL. programming control, PIN B must be grounded or
at Lagic 0. Application of Logic 1 to PIN B overrides the digital input
and sets the unit o insertion loss. To interface with ather logic
families {e.g., CMOS, MTL , NMOS, etc...) contact factory.

3. For digital operation only, connect PIN R to PIN P.

4, To use the unit as a voltage controlled attenuator, apply a control
voltage of 0 to +6V at PIN R. The slope of attenuation will be
nominally 10 dB/V. For d non-zero source resistance (Rg) of up to
500 chms, the attenuation error is approximately —.0017-Rg-Vjy dB
and the slope will decrease by approximately 0.17 dB/V per 100 ohms
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 aitenuation is 60 dB.
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Model 1761 Multi-Octave Digitally Controlled
Miniature PIN Diode Aftenuator

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 dicde 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 {0 15V DC and the logic

input is TTL compatible.
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Model 1761
Specifications

PERFORMANCE CHARACTERISTICS

Frequency Range . ............. 210 18 GHz Power Supply
Attenuation Range .. ........... €0 dB min Requirements .......... +12 1o +15V,
Insertion Loss, max.. ........... 4.5dB8 . 100 mA
-12 to -15V,
Flatness 100 mA
D e Power Supply
Upt0 60 dB .. ovoeeneen +3.0 dB Rejection . ............. Less than 0.1 dB/volt

change in either supply
Accuracy of Attenuation

Dto20dB . ... +1.0dB
20t040dB ... +1.5dB
4010 B0 B v £2.0 dB ENVIRONMENTAL RATINGS
L. Operating Temperature
Monotonicity . ................ Guaranteed RANGE .. .ovvvraenn - -54°C to +110°C
Temperature Coefficient ........ +0.02 dB/°C Non-Operating
Power Mandling Capability Temperature Range ..... -65°C to +125°C
Without Performance Py
: : Humidity .......... MIL-STD-202F, Method 103B,
Degradation ...............c.. 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 1o Cond. B (75@, 6 mseC)
25°C; derat S
e 20800 mW vibration .......... MIL-STD-202F, Method 204D,
at 110°C Cond. B (0.6" double amplitude

- or 15G, whichever is less)
Switching Speed

50% TTLW 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,

SteP. ... 05dB . Cond. A, 5 cycles
Logic Input

Logic "0" (BitOFF) ............ -0.3 to +0.8V

Logic"1" (BItON) ............. +2.0 to +5.0V ACCESSORY FURNISHED

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

DIMENSIONS AND WEIGHT

1.140 4%
0.10TYR. -~y rTYP‘..\ . @00 - - .16
2 X SMA [ PIN'FUNCTIONS: =

& FEMALE '
5 52
_E{{- MOUNTING
SURFACE
0.67
J3 j
0.25

SFEEFEEER PR

MATESWITH  w”
M28748/8-CO0S1A ‘—E—- 0.30
1.34 = 0.50
*SQUARE |~ PIN"A"
023 ™ %
Vi MCDEL 1761

SACKSDGKET Wi: 1.5 0zZ. approx.

Dimensional Tolerances, unless otherwise indicated: .XX £ .02; XXX £ 005
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Series 349 and 349H Octave-Band
11 Bit Digital PIN Diode Attenuators

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

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/iatch or a non-linear current or voltage
controlled attenuation capability. Refer to the
Available Options table and the Notes following the
Pin Functions table.

*V b
DRIVER CIRCUIT
DIGITAL
INPUT oA
GONVERTER
ANALOG
INPUT
v
CONVERTER
RF RF
IN/OUT IN/QUT
PIN DIGDE
ATTENUATOR

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

PERFORMANCE CHARACTERISTICS

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

Mean Attentuation Range Programming.........cc.ccooceeeee Positive frue binary
349(x)-64, 349(x)H-64. .............. 64 dB {standard) or BCD
490080 cevrrereeirrrmceeimssesern e 80 dB (Option 1). For

complementary code,

Accuracy of Attenuation specify Option 2.

>3(())-35% t‘éBBi ?g gg Minimum Attenuation Step
50 B, RTOTUTRURRINIPNE. . Binary Units
:22_23 zgi 123 gg 349(x)-64, 349()H-64..... 03 dB
"""""""""""" 349(x)-80....ucvrvveneereinss 04 B
MONOLONICIEY .cvvvrereeereenrercarrrisessncnens Guaranteed BCD UNits ..ovvcrvvecenrecnrnne 10 dB
Temperature Coefficient ..........c........ +£0.025 dB/'C L°E'° 'In!‘){;l”t(B‘t of 0310 408V
. - ogic it Off) e -0.3 10 +0.
Power Handiing Capability Logic “1” (Bit On)...coccmr... +2.010 +5.0 V
ngz]:g);t;t Performance Degradation 10 mW " Logic input Current ........... 1 PA max.
rererresarneseeeeseeneeirenseneneeneens 10 YW CW OF pe@
Analog Input
B491TH Lo 1mW cw or peak
: 349(x)-64, 349(x)H-64.......0 10 6.4 V
All other UNils ...covieveceniniiinneeenes 100 mW
mW cw or peak 3490080 ocrrererrerarrrerre 0to 8V
Survival Power (from —40°C to +25°C; see figure 2 for Input RESISEANCE -.ovccevecvooo. 10 K ohms
higher temperatures) Power Supply
AN UNIS.ccvovseeeseemer s eemseesennneenns 1 W average Requirements ................+ 12to +15V, 120 mA
25 W peak (1 usec - 12 tO ""1 SV, 50 mA
max. pulse width) Power Supply

Switching Time Rejection...........c..cr..r.r....L€8S than 0.1 dB/volt
BAG(OHB4 . reeeeeeereriresirncesras 300 nsec max. change in either supply
B49(X}B4 ..o 500 NSEC MAX.
349(X)-B0 ..cerrrirenen e 2 ysec max.

AVAILABLE OPTIONS

ENVIRONMENTAL RATINGS Option No. Description

Qperating Temperature 1 BCD programming (Binary is standard

Range ............. -40°C o +85°C 2 Complementary programming
. {logic "0” is Bit On)
Non-Operating 4 Strobe latch for date input. Attenuator
Temperature Range .. -54°Cto +100°C responds to data input when logic “0”
‘o is applied. Attenuator latched to data
Humidity ............. MIL-STD-202F . C aqn s .
Y C:)I;m? g (29% h;SM::hQO;/:)OSB' 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 2040,
Cond. B (.06" double ampiitude
or 15@, whichever is less) he
Altitude . ............. MIL-STD-202F, Method 105C, '
Cond. B (50,000 t.) woF 80
AT sz
Temp. Cycling ........ MIL-STD-202F, Method 107D,
Cond. A, 5 cycles.
—_a0°C +25%C +85C
TEMPERATURE
ACCESSORI ES FU RNISHED Fig. 2-Series 348 and 349H, powerderatingfactor
Mating power/logic connector
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Series 349 and 349H
Specifications

DIMENSIONS AND WEIGHTS

1

. 82£.03
=8 e
b o }

14— 2,720
(3.8 (68, 1) 4x6.1253.2)

Ji 2
P b
1.400 1720 L
(35.8) Bl ey S
A & J2 B} -
3.00 +.03 .38(9.7) FOR SMA
RF CONN —/ (76.2) = FEMALE
50{12,7) FOR
3";”‘ FEMALE SMA MALE

I
G .

l 1.0.4
T F / * ( )
MOUNTING SURFACE

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

Series 349, 349H
Wt: 5.5 oz. {158 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 funclion for input data.

2, Pin 3 is available to apply a current or veltage to contrel the attenuator
in a non-finear fashion.

3. The Series 349 attenuators are 11-bit digital aitentuators. n ovder to use
this device with a tesser 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 oparated as an 8-bit unit would have Pin 15, Pin 1
and Pin 2 connected {o ground. All other parameters remain unchanged.

Dimensional Tolerances, unless otherwise indicated: .Xx £.02; .xxx +.005
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Phase Shifters and

- Modulators

General Microwave offers a complete line of broad-
band phase shifters and -Q modulators which span
the frequency range from 05 t0 240 GHz. These
devices are available in several different topologies
that allow the designer to choose among various per-
formance characteristics that best suit his system
needs. This catalog describes only our standard line
of broadband phase shifter modeis. In addition to
these, there are numerous special designs, employing
a variety of phase shifter circuits, which GMC has
utilized in custom applications.

PHASE SHIFTER FUNDAMENTALS

A variable phase shifter can be characterized as a
linear two port device which alters the phase of its
output signal in response to an external electrical
command. (Mechanical phase shifters such as line
stretchers or rotary waveguide phase shifters are not
considered here.) Expressing this mathematically,
with an input signai sin(wt), the output will be A{n)sin
(wi+ B{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-
piications, the controlling elements have been
semiconductor devices such as PIN, Schotiky and
varactor diodes, whereas for high power require-
ments, when slower switching speed can be tolerated,
ferrites are frequently empioyed. 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 digital control
must also be made.

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

SWITCHED BIT PHASE SHIFTERS

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

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

H752 series, a broadband, high speed

switched bit phase shifter which utilizes a proprietary
“All-Pass” circuit as phase shift elements. A complete
description of this design is available in a separate
technical paper.' This topology achieves relatively
constant phase shift performance over octave and
greater bandwidths in a very compact format,
especiaily 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 Ali-Pass Networks', D. Adier and R. Popovich, 1991 IEEE MTT-5 Digest, pp 265-268. To obtain a
copy of this paper, pleasewrite to Dapt. C., General Microwave Corporation, 5500 New Horizons Boulevard, Amityvilie, N.Y. 11701.
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Phase Shifters and

- Modulators

ANALOG PHASE SHIFTERS

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

Among the more usefui topologies for analog phase
shifters are the loaded line design using lumped or
distributed elements and the reflective design employ-
ing quadrature hybrids. One of the variants of the
reflective phase shifter is the vector modulator, which
in the particular embodiment used by General
Microwave shows excellent performance over 3:1
pandwidths. This capability is especially useful in the
design of frequency translators® and high resolution
phase shifters for EW systems as well as in broad-
hand simulators as 1-Q modulators, where separate
control of the quadrature components of the signal
aliow 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 suitabie 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 transiate the frequency of an rf carrier by subjecting it o & linear time varying phase shift.

DEFINITION OF PARAMETERS

Phase Shift:

Temperature
Coefficient:

PM/AM:

Accuracy:

Carrier
Suppression:

Sideband
Suppression:

Switching

Speed:

The difference in phase angle of the
exiting rf signal at a given frequency
and phase shift setting referenced to
the exiting signal at the same frequen-
cy with the phase shifter set 1o zero
degree phase shift.

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

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

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

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

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

The time interval from the 50% point of
the TTL control signal to within 10°-of
final phase shift. This appliesto a
change in either direction between any
two phase states which differ by more
than 22.5°
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Phase Shifters and I-Q Modulators
Seleciion Guide

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

RAF INOUT SINGLE RF NOUT
- BALANGED
@—‘ BLPHASE l_@
MOBULATOR
+

SINGLE
BALANCED
BI-PHASE

500 MODULATOR s6Q

Mode! F1938, block diagram
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Model F1938
Specifico’rions

PERFORMANCE CHARACTERISTICS

Frequency Range............. 6to 18 GHz Power Supply
Differential Phase Shift. ....... 180° +10° Requirements.............. +15;fti5‘;/g,\16§omAA
Switching Characteristics —l2to ~iov Som
ONTime..........cocovvne 20 nsec. max.
OFFTime....... .o 20 nsec max. Control Characteristics
RiseTime.................- 5 nsec. max. Control Input
Fall Time.................. 5 nsec. max. Impedance .. .............. Schottky TTL, two-
Insettion Loss............... 3.0 dB max. unit load. (A unit
VSWR ... . i 2.0 max. load is 2 mA sink
Change of Insertion Loss current and 5{: A
With Phase Shift............ 1.0 dB max. _ source current.)
Carrier Suppression.......... 20 dB min. Control LogiC...............- ﬁ‘:ﬁgn;tﬁ)g!;’cpﬂgf'
Modulation Rate. . . ........... 10 MHz max. _ (_03 to +08V) and
Power Handling Capability logic *1” (+2.0 t0
Without Performance +5.0V) switches
Degradation . ............. 1W cw or peak phase by 180°
Survival Power. . ............ 2W average, 25W
peak (1 usec max.
pulse width)

{1) As measured with a phase bridge.
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Model F1938
Specifications

ENVIRONMENTAL RATINGS
Operating
Temperature
Range ........ —65°to +110°C
Non-Operating
Temperature
Range ........ —-85°to +125°C
Humidity . ..... .. MIL-STD-202F, Method 1038,
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.)

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

Temp. Cycling. ..

AVAILABLE OPTIONS
Option No. Description
3 SMA female control connector
7 Two SMA male tf connectors
10 One SMA (J1) male and one SMA
female (J2) rf connector
a3 EMI filter solder-type control
terminal
84A SMB male controi connector
DIMENSIONS AND WEIGHT
50
S:JSEEI:ALE 895 (12.7)
2 AN 2
A3
24 .104(2,6) 39"
12
i \,
T = | o
+Y
1.13  .895 ! ] /_
{287 (27 ! G oD
& L‘L ‘Ja——'$ © 3
{ .38(9,7) FOR SMA FEMALE
a2 50(12,7) FOR SMA MALE
oo 56 _T
MODEL F1938 {142) te— GONTROL
Wt: 0.7 oz {20 gm) approx SMC MALE

Dimensional toterances,

uniess otherwise indicated: XX = .02; XXX = 005
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Series 71, 12 Bit Digital and Series 72 Analog
l-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 fo 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.

3d8
QUADRATURE
HYBRID IN-PHASE
BI-PHASE COMBINER
MODULATOR
RF GUTPUT
80° "Q"1 pipHasE
RE INPUT MODULATOR
MSB —
rm———- -== = a Q
R =R Qb
! vOLTAGE | INPUT - ] > |
Q- CONVERTER e m =y = :
i ) ! ] '
72 SERIES ' ! | LSB— i
ANALOG . ot 1 !
INPUT - Lttt J
oTofovoTs . MSB ] :
= \QuacE
| YOLTAGE ! INPUT  ——] -
1 “__{ l.‘,ClN\l'ERTOFll ——n e "r
i i ! — f
; ! | LsB—] H
. J 1 !
Lo e e e - — - = J

. 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 I-Q Vector Modutator is
shown in Figure 1. An RF signal incident on a 3 dB
quadrature hybrid is divided into two equal outputs,
with a 90° phase difference between them. The in-
phase, or 0°, channel is designated the | channel 9
and the Quadrature, or 90°, channel is designated “Q" BI-FHASE
the Q channel. Each signal passes through a bi- AT STATE PLANE OF
phase moduiator which sets the 0° or 180° state VECTOR
and the attenuation level for both the | and Q xd8 CONTROL
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 R ARSING 08, 0°
2. Any signal applied to the I-Q Vector Modulator "9\ HEFERENGE
can be shifted in phase and adjusted in amplitude r—
by applying the following relationships: AT 180 ST RCOS o I BLPHASE
1. 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 voltage magnitude is
given by: |V| = 10-t20,

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

7

puts are; the% expressed as: 1005 STE
=V Ccos 0
and
Q =Vsinb.

. , Fig. 2-1-Q Phase Relationshi
Figure 3 shows the nominal value of | and Q vs, P

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 follows:

V =100 = 0,707

| = 0.707 cos (112.5°) = -.027 I CONTROL GHARACTERISTICS

Q = 0.707 sin (112.5°) = +0.65 GMC 71 AND 72 SERIES VECTOR MODULATORS
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. 08

08 |oennen ] i S S boveeennad A N SO L

0.8

0.4

0.2

o

0

0.2
-0.4

180°

-0.6

VECTOR MAGNITUDE

-1

0 1.25 25 3.75 S 625 75 8.75 10
(6000..) {0010..) (2100..) {0110...} (1000...) {1010..) (1100,.) {1110, (1111}

CONTROL VOLTAGE OR DIGITAL WORD

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

PERFORMANCE CHARACTERISTICS

ENVIRONMENTAL RATINGS ACCESSORY FURNISHED

Operating Temperature Mating power/control connector (Series 71 only)
Range .............-- —54°C to +100°C
Non-Operating Temperature AVAILABLE OPTIONS
Range ............... -65°C to +125°C o Ny
" _ -
HUMIGLY - o oove e MIL-STD-202F, Method 103B. prion e Description
Cond. B (96 hrs. at 95%) 7 Two SMA male rf connectors
Shoek ........covvnnn-s MIL-STD-202F Method 2138, _
Cond. B (75G, 6 msec) 10  One SMA male {J2}-and one

SMA female (J1) rf connector
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
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS
il I
Sy —

4-40 THD x .20 +.03 DEEP

LOGKING INSERT. .
4 PIN 1 3 ITT GANNON DGC-37P OR EQUIV.

'32, WITH D110551 JACKPOSTS.
" nyom MATING CONNECTOR FURNISHED.

)
..] ‘;t — ¥ _'_’] /'RF COMN SMA FEMALE 2X
Ei ._31}(_7,9) -

G,

o SURFACE
Eﬁ - i
e

92 ~

B
a2 l
(3,0
i_¢ y ‘
" Tl e ] L
] 10 = A
2,9 —f

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

Dimensional tolerances, unless otherwise indicated: . XX = .02; .xxx'z 005
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Series 71/72
Specifications

DIMENSIONS AND WEIGHTS

[

CONT|| A oY GND l:]
FRT I

© © 600

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

- 1.66(42,2)

1.32(33,5) CONTROL

—
32(8,1) 58 SMG MALE
[ (14,7 ™ 2X
R | H RF CONN SMA FEMALE 2X
I-NETD A Kby ,
' 4 U -&4— Y
, e
SURFACE
- I
J2 |
“E“ IIB"
& 12 ng
1 (3,0)
: * - sy
LJ—. A0 - L nDu '_J
hat—"C e (2,5}

J—y "A 1 j h—
.38(9,7) FOR SMA FEMALE
50{12,7) FOR SMA MALE

Dlmensioﬁai tolerances, uniess 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 axisting line
of PIN Diode 1.Q). Vector Modulators. Their
petformance has been enhanced to provide a
higher dynamic range of attenuation for
today’s more demanding system applications.

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

60 dB attenuation range at any frequency. All
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 8 GHz, 6 GHz to 18 GHz, and

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

3dB
QUADRATURE
HYBRID BI-PHASE ' IN-PHASE
_E'vv\f —— MODULATOR COMBINER
0° " >60 dB
= RF QUTPUT
ggpe Q" BI-PHASE
® MODULATOR
RF INPUT >60:dB
e MSB—{ Q
! | 73 SERIES — 12BIT VOLTAGE
1o 1 DIGITAL —] DAC _ BUFFER
Q... comvERTER | INPUT —] * —
-———— — 1
i ; ! — '
74 SERIES ' ! | LsB—] i
ANALOG i d H 1
INPUT oo - | a
0TO 10 VOLTS e MSB ;
! ! 73SERIES ——] 12817 VOLIAGE
: 1 ot | DIGITAL — DAC BUFFER
| corragn 1 INPUT =] : |
b--— fo e = 1 = I
; : — :
:l i | L8B— :
P - 3 1
I |
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 Moduliators

THEOCRY OF OPERATION

The block diagram of the I-Q Vector Modulator is
shown in Figure 1. An RF signal incidenton a 3 dB
quadrature hybrid is divided into two eqgual outputs,
with a 90° phase difference between them. The in-
phase, or 0°, channel is designated the | channel Q
and the Quadrature, or 90°, channel is designated “g BLPHASE
the Q channel. Each signal passes through a bi- AT 07 STATE PLANE OF
phase modulator which sets the 0° or 180° state VECTOR
and the attenuation level for both the | and Q X8 CONTROL
paths. The outputs of the | and Q path are combin-
ed to yield the resuliant vector which may fall
anywhere within the bounded area shown in Figure 7 jnsine 0dB, o°
2. Any signal applied to the I-Q Vector Modulator 9\ REFERENCE
can be shifted in phase and adjusted in amplitude
by applying the following reiationships: A 1800 STATE RGOS o 1 BLpASE
Let the desired attenuation level = X dB and
the desired phase shift = §° (with respectto 0
dB and O° reference states).

2. The normalized output voltage magnitude is
given by: [V]=10%20,

3. Thevalues of the | and Q attenuator control in- N
puts are then expressed as: A7 1905 STATE.

| =Vcos0

i

and
Q =Vsing.

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
¢ 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 GMC 73 AND 74 SERIES VECTOR MODULATORS
desired amplitude and phase are approximately: ! : g
Analog Units (74 Series) Digital Units (73 Series) e e

I =7.81volts 110010000000 L] R
Q = 1.50 volts 001010000000 L
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-
guency range of the vector modulator, the use of
an iterative measurement procedure wil! determine
the | and Q inputs which exactly define the desired

parameter at any selected frequency. 08
-1

Fig. 2-1-Q Phase Relationship

0.2

o°

[

L e R

180°

04 e

VECTOR MAGNITUDE

06 [

0 125 25 378 5 625 75 875 10
(0000..) (0010...) {0100..) {0110...) (1000...) (1010...) (1100..) (1110} (1151,

CONTROL VOLTAGE OR DIGITAL WORD

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

PERFORMANCE CHARACTERISTICS

;j?.j__:sunvaL POWER (M

- .ABSOLUTE INSERTIO
- PHASE ACCURACY \
;'i‘?FREQUENCY (MAX .

“FINE GRAIN PHASE'
RIPPLE (50 MHz) (MAX

' VARIATION OF PHASE
2 ._:TEMPERATURE (MAX)

‘:=,";ATTENUAT10N RANGE.

i;; VARIATION OF AMPLITUDE
_'VS.TEMPERATURE:(MAX)

RESPONSE TIME (MAX)

,_ ffPOWEn SUPPL"‘:

,CONTROL INPUT
: 73 SERIES
74 SERIES

 CONTROL INPUT -
- IMPEDANCE

ENVIRONMENTAL RATINGS
Operating Temperatiire
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%)

Shock ................. MIL-STD-202F, Method 213B,
Cond. B (756G, 6 msec}

Vibration .. ............. MIL-STD-202F, Method 204D,
Cond. B (.08 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

ACCESSORY FURNISHED

Mating power/control connector {Series 73 only)

AVAILABLE OPTIONS

Option No. Description

7 Two SMA (Type K-Model 7X29) male f connectors

10 One SMA (Type K-Modet 7X29) male (J2) and one
SMA {Type K-Model 7X29) female (J1) rf connector
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Series 73/74
Specifications

DIMENSIONS AND WEIGHTS

m____lg_@o] &

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

¥ SPIN1 ITT CANNON DG-37P OR EQUIV.
) WITH D110551 JACKPOSTS.
@ . g MATING-CONNECTOR FURNISHED.
_-1 _t RF CONN SMA FEMALE 2X
] e , [ (TYPE K-MODEL 7329)
f f J2 : '
MTG.
" SURFACE
Jz T r " 1}
ik
ngh g
a2 I
l 3.0 ‘
| 6
oy 4 oo i
o ™ e
rettea (G — ot " A -

\38(9,7) FOR SMA FEMALE —f
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

[DI CONT ECFT;’I‘ QVI' GII\ID Iﬂ]
i
OO0 ©

= 1.66(42,2)

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

CONTROL
32(8,1) SMC MALE
- 2X
*{ t RE CONN SMA FEMALE 2X
n&ﬂ 0.9 (T‘;;PE K-MODEL 7429)
' [ |A—
L, MTG
SURFACE
. -0
i 0 J2
ng g
L1] AL
& a2 "t
1 3.0}
*—? . 4|4
-l W - L ¥pt —|
ht— ' e

LY ‘--f o
.38(9,7) FOR SMA FEMALE
50{12,7) FOR SMA MALE

Dimensicnal toterances, unleas stherwise indigated: XX = .02; XXX % .005
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Model H7522 High Speed,
4 Bit Phase Shifter/Frequency Translator

The Model H7522 is a hermeticatly sealed, high
speed, digitally controfled 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
+5V -2V [Welelln

RF
INFQUT

P DAVER ] _CONSU\J .

Fig 1. H7522 Schematic Diagram
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Model H7522
Specifications

PHASE SHIFTER SPECIFICATIONS

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS

Phase Shift: Operating Temperature
Range ................ Q° to 337.5° _Range................ -54°Cto +110°C
Controilnput ............ 4Bt TTL No;a-ggz rating .'I"empe.ratuTe ~65°C to +125°C
BitWeights . . . ... ... ... 22.5°,45°,90° &180 T T oottt
Logic*“0"” ........... Insertion Phase AVAILABLE OPTIONS
(~0.310 +0.8V@1.2mA) . o
Logic “1" ........... Positive Phase Shift Option No. Description
(+2.010 +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 connuctor
Harmonics .............. —45 dBc 49 H!gh Rel Screening (See table 1, page
Power Handling 30)
Capability (CW)........ +23 dBm AVAILABLE ACCESSORY
Power Supply® .. .. .. ... +5V +50%, 170 mA Model Spacer Plates
-2V +£5%, 130 mA H7522 19177-P3
0 !.;-—CARR;!ER SUPP ——— SIDEBAND LEVEL----46TH HARM. |
g — -0
] 2 ‘
$ z \
i 220 S S S S E 77
& a i \
Z g—ac \‘ - — == < ',///!
3 RE \/
ST TS S e S 1 s 3 3 S 20 25 30 35 40 45 80 55
s T - O - FREQUENCY (GHz)
FREQUENCY (GHz)
Fig 2. Typical Phase Error At All Phase States Fig 3. Typical Carrier and Sideband Suppréssion

(1) Except 22 dBc for the 16th harmonic

(2) Above 1 MHz translation rate (LSB @ 16 MRz rep rate) the power supply current will increase to +5.0V at 325mA,
—~12V at 275mA, 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
-/ 2.00{49,0}— (6.6)
| le .09
] .38(9,3) [t — v (2,3)
YR H ﬂ ﬂ ' 1 16(3.91TYR

L

|2 4 $V -V 6 \\OJ[\-——_~——,F |

j _I- GENERAL MICROWAVE CORP -]_ sko 15 0)
- —i_ y MODEL HTg?;i g2 J_ -7 (33.3) (36.8)

D/C
E}g\ f ; H:
il , L l
\_ 07 A \sma CONNECTOR, | 040
07 —» 4X 8.079(1,9) (1.7} FEMALE"A‘;"a *l {10}
(1,7) 1.856(45,5) MIL-C- 290 16

2 PLACES (3.9)

()

e

—-| fq—.mz,g) TYR
0 0]
o) o
MODEL H7522

Wt: 1.8 oz (46 gm) approx.

Dimensional Tolerances: untess otherwise indicated: .xx 1.02'; XXX +.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 removable
rf connectors, the small size and contruction of the
Model H7524 make it suitable for use as a drop-in
component for system integration or as a conven-
tional connectorized component.

Phase shift is selected via four FAST TTL input

control pins. The unit is protected against in-
advertent power supply voltage reversals.

CONTROL
+5V -2y LOGIC

L

II

IF&E'OUT
: N 2
4 [
]I

I DRIVER ]

Fig 1. H7524 Schematic Diagram

any
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Model H7524
Specifications

PHASE SHIFTER SPEC]FICATIONS

‘INSERTION
Loss (Max ¥

%RANSLAT:O&

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS

Phase Shitt: Operating Temperature
Range ................ 0° to 337.5° Range ................ -54°C to +110°C
. Non-Operating Temperature
Controlinput ............ 4BItTTL _ace o
Bt Weights .. .......... 22,50, 45°, 90° & 180° Range................ 85°C to +125°C
Logic* 0" ........... Insertion Phase AVAILABLE OPTIONS
(~0.3tc +0.8V@1.2mA)
Logic 1" .. ........, Positive Phase Shift Option No. Description
(+2.0t0 +5.0V@40 uA) 7 Two SMA male rf connectors
9 Inverse logic
Switching Time ... ... .... 25 nsec (max} 10 One SMA (J1) male and one SMA
(J2) femaie rf connector
Harmonlcs .............. "30 dBC 49 High Rel screening (See table 1,
Power Handling page 30)
Capability (CW)........ +23 dBm AVAILABLE ACCESSORY
Power Supply® ... ... ... +5V +5%, 170 mA Model Spacer Plates
—12V +£5%, 130 mA H7524 19177-P2
~""T= Carrier Supp. - - Sideband Lavel - 16t Harm.
)
8 5 -20
= M | c~ecnsaceccccsnm|unccnn - - mEmesan
g il
& s
8 -
g U PN /’\‘
~ & . b - - Y - "
~20.0 ; — 4 .
&€ 8 8 8 3 8 g 3 8 w4 : : T ;
-+ - “ w & w ~ n~ @ 40 5.0 8.0 7.0 8.0
Frequency (GHz) . 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 T MHz transtation 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@ .020 (9.5)
50 (12,7} FOR SMA MALE - 500 - 4
\_. - / (50,8) (B 1)
. . - 07
SR [ I

1 18 (1)
1234

. 57 WV G b
.81 75 CE
(15.5) o1 32 — de (&)
M PN AR N

N

A
4 S 4 B 079 (2,0) 38 i s
07 9.7 - 10
07 QA 8)_- - 186 (1.0
(1.8 ' - 472 =i
(47.2) RF CONN - 13
]| |- 12 (2,04) TYP. SMA FEMALE 3.3
5 2X
N:DESIGNATION
T FUNCTION|
@ 0
MODEL M7524

Wt: 0.8 oz (23gm) approx.

Dimensional Tolerances: unless otherwise indicated: .xx & .02; .xxx % .005
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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 o 18 GHz in four bands; 0.5
'to 2 GHz, 2 to 6 GHz, 4 to 12 GHz and 6 to 18 GHz.
All models provide a full 360° range of phase shift
and may also be used for frequency translation
applications.

Each unit is an integrated assembly of an rf vector
modulator and a driver circuit, consisting of 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
Din YOLTAGE VOLTAGE
CONTROL — CONVERTER CONTROL ]  CONVERTER
INPUT INPUT
VOLTAGE VOLTAGE
BUFFER BUFFER
| {IN-PHASE G (QUADRATURE I (IN-PHASE Q {QUADRATURE
DRIVE VOLTAGE) ORIVE VOLTAGE) DRIVE VOLTAGE) DRIVE VOLTAGE)
AF RF
RF @——-— VECTOR ———@ AF RE @— VECTOR ——-@ RF
MODULATOR MODULATOR
INFOUT INFOUT INJOUT INFOUT
Fig. 1A—Series 77, Block Diagram Fig. 18—Serjes 78, Block Diagram
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Series 77/78
Specifications

Phase Shift

Phase shiit 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 {0 yieid 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° up to

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.

3dB HYBRID Q-MODULATOR

X 45N ot COMBINER

SN (w1 + 0}
RF QUTPUT

SN twr)

RF NPUT XC050)

{«MODULATOR

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 siew
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 voitage 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 ............... 10 bit TIL
Logic Input
Logic ‘0" (Bit OFF). . . .. -03to +0.8V @ 500 uA max
Logic **1"" (Bit ON)...... +201t0 +50V @ 100 uA max
Power Supply.......... +5V at 200mA

+12 fo +15V @ 100mA max
—~12 to —15V @ 90mA max

Fig. 3-Series 77 and Series 76 input requirernents
NEGATIVE FREQUENCY TRANSLATION
111111119 I ]
/
/.*
101010101
Q10101010 7 _ / 4
DIGITAL A VOLTAGE
INPUT : 7 INPUT
0101010161 / ,/ 2
/ /
y
000000C000 o
Tl Ter
POSITIVE FREQUENCY TRANSLATION
11111111 i 6
N\
\\ \
1
1010101010 \ \ 4
DIGITAL \ VOLTAGE
INPUT \ iNPUT
\
¢101010101 X N 2
) N
\
0000000000 0
T —|l—Tg¢
NOTES: ;
Ter should be less than 1% of T o achieve  Translation Rate =
spacified carrier and sideband suppression. T+T

SERIES 78
Control Voitage . .. .. .. .. 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

+12 10 +15V at 125mA
-1210 —15V at 50 mA

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

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

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

Harmonics .............. -30dBc¢

Phase Variation.......... 0.1%°C
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Series 77/78
Specifications

PHASE SHIFTER SPECIFICATIONS
NSERTION | VW

OTHER SPECIFICATIONS

Switching Speed (50% TTL to withinn 10° of Final Phase Value): 500 nsec Max.
Minimum phase shift range:

Series 77: 360° in 1024 Steps (10-bit) Serigs 78: 360° @ 60°/ Voit

FREQUENCY TRANSLATOR SPECIFICATIONS

NOTES:

(1) Main band specifications apply if 1 pit 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 transiation rates. For 201-500 kHz translation
rates, only the four most significant bits are used.

TYPICAL PERFORMANCE

-

2 @
o8 =
w W
Q [
a9 3
=
< z
5’0 o
=
Zu &
E w0
z

il
6

L L L L
8 10 12 14 [ 13
FREQUENCY (GHz)

PM/AM over the full operating band with frequency PM/AM with frequency correction set 1o Band Edge
correction set fo Main Band {Logic “1”). Figure 4 {Logic 0"},

FREQUENCY (GHz)

+180.0
+144.0 l;

e

+|Oa‘o —‘._-—__-_-_‘._‘_-———-"———-—-‘___._._

+72.0
+36.0

+0.¢
-360 ¢
-720
-1¢8.¢

J—
~144,0

PHASE (DEG)

-18C.0

g 0 2 ” TR
FREQUENCY (GHz)
Fig. §-Model 7728A-Phase accuracy vs. frequency.
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Series 77/78
Specifications

ENVIRONMENTAL RATINGS Altitude ............ ... MIL-STD-202F, Method 105C.
Cond. B (50,000 ft.)
Operating Temperature :
Range ............... ~54°C to +100°C Temp. Cycling .......... MIL-STD-202F, Methed 107D,
. Cond. A, 5 cycles
Non-Operating
Temperature
Range ............... -85°C 1o + 125°C ACCESSORY FURNISHED
Humidity ..... ... . .. .. MIL-STD-202F, Method 1038, Mating power/control connector
d. B (96 hrs. at 95%
Cond. B (96 hrs. at 95%) AVAILABLE OPTIONS
Shoek ................. MIL-STD-202F, Method 213B, .
Cond. B (75G, 6 msec) Option No. Description
Vibration ........... ... MIL-STD-202F, Method 204D, 7 Two SMA male rf connectors
oration .. Conds. TB (.08” dou?ﬁe{)d 2 10 One SMA male (J2) and one
amplitude or 15G, whichever SMA female (J1) rf connector
is less)
DIMENSIONS AND WEIGHTS
4-40 THC X .3Q. = 03 DEEP — ITT CANNON DA-i5P QR EQUIV.
LOCKING INSERT 4X - WITH DNHOSS] JACKPOSTS.
MATING CONNECTOR FURNISHED.
K pa— \_\[v H —'] v J%EA%’%':MLE
Nl 37,9} JUE-T_’:IER
T downe T —3
Ja
l £ 8
| 1 ;
. 12
| e I
o eyt
E J .|01j. L ] -j
28
G — A
38(9,7) FOR SMA FEMALE -
50{12,7)1 FOR SMA MALE

NOTE:
(1) Unused togic bits must be grounded.

IGHT. (APPROX

9 o_iz: {255.gm).

110,02 (284 gimy

1250:4:03| 300 03[ 2

o | :4{63:5._)_,:.:‘ (752)

LB sorrogmy |

| Bozzargmy

Dimensional

tolerances, unless otherwise indicated: xx .02, xxxt .005

7
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Model 7928 Miniaturized 8 Bit
360° Phase Shifter/Frequency Translator

+

1 1

DIGITAL
CONTROL
NPUT

Dia
CONVERTER

VOLTAGE
BUFFER

[{IN-PHASE
DRIWE VOLTAGE}

Q (QUADRATURE

DRIVE VOLTAGE)

RF@——

IN/QUT

RF
VECTOR
MODULATOR

_.@ap

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 variable 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
D/A converter and a voltage buffer. See Figure 1.

PHASE SHIFT

Phase shifting is achieved utilizing the rf vector
modulator approach shown in Figure 2. The 3-dB
hybrid coupler divides the rf signal into two
quadrature components which are then biased in
proportion to the sine and cosine of the desired
phase shift. The signals are then combined
in-phase to yield desired output.

ACCURACY

Improved phase accuracy and PM/AM performance
are achieved by using double-balanced bi-phase
linear amplitude modulators. In the main operating
band, overall phase accuracy is better than 12°.
The same phase accuracy can be achieved at the
band edges by using a built-in frequency correction
circuit.

Switching speed is better than 500 nsec.

FREQUENCY TRANSLATION
(SERRODYNING)

In the design of the Model 7928 special attention
has been paid to those characteristics which affect
its performance as a frequency translator. These
include minimizing PM-to-AM conversion, use of
high slew rate drivers, and optimizing phase shift
linearity with appiied signal. As a result, carrier and
sideband suppression levels of over 25 and 20 dB,
respectively, are otrtained 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:

348 HYBRID Q.MODULATCR COMEBINER

H
1 SIN twt + 1)
| AF QUTPYT
SIN tvar ) | « 2
RF INPUT | I cosm

[-MODULATOR

Figure 2. Rf Vector Modulator
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Model 7928
Specifications

(1) Main band specifications apply it 1 bit TTL logic signal is brovided indicating whether input if 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 translation 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 . ...... .. . . . .. 0.19/°C Degradation ..... ... .. +20 dBm
Controt Input ., ..... .. .. 8 Bit TTL Survival Power. ... .. .. +30 dBm
Switching Speed

ithi o Power Supply
(50% TTL to within 10 .
of Final Phase Value) . . . .. 500 nsec max Requirements... ... ..., +5V £5%, 250mA
; +12 to + 15V, 50mA

Harmonics ....... . ... .. —-30 dBe

~-12to -~ 15V, 35mA

- NOTES: Tar'should bé less thar _ fo-géhieve
SRE spsci_fiedgcarri'er_andisidelqéhd"sUppreSsibn;,

L Figs 3-Mode! 7928 Control Input requirements "
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Model 7928
Specifications

ACCESSORY FURNISHED AVAILABLE OPTIONS
Mating power/logic connector Option No. Description
7 Two SMA male rf connectors
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 ................ ~-B65°Cto +125°C

DIMENSIONS AND WEIGHT

MA Female 2x
.38 (9,7) for SMA Female —gl leg— - 36
Ix¢140 (3.6) 50 (12,7} tor SMA Male (9.1)
e i
J2 11 ;—
1.75
(44,5
) ] 142 IL- PN A
= [ (36,1)
-
ez
l =
| L k \
.12{3,0) 1.60 MOUNTING
A2E0 e (40,6} — ] SURFACE
- (1.;!3} - e 22 (5,6)
12(3.0) -— ’ CONN. 14 PIN 50 (12,7
1AW MIL-C-28748 <90 {12,7) max

Model 7928 Wt. 3.0 oz (85g) approx.
Dimensional Tolerances: uniess 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 (S5P8T) in
both reflective and non-reflective configurations, and
a nonreflective SP16T unit.

SWITCH TOPOLOGY
Thers are two fundamental methods of connecting
-PIN diodes to a transmission line to provide a switch-
ing function: in series with the transmission line so
that RF power is conducted when the PIN diode is
forward biased and reflected when reverse biased:; or
in shunt with the transmission line so that the RF
power is conducted when the diode is reverse biased
and reflected when forward biased. A simple reflective
SPST switch can be designed utilizing one or more
PIN diodes in either configuration as shown in Fig. 1.
A multi-throw switch essentially consists of a
combination of SPST switches connected to a
common junction and biased so that each switch port
can be enabled individually. The common junction of
the switch must be designed to minimize the resistive

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 connected to
the common junction. A path is selected by forward
biasing its series diode and simultaneously reverse
biasing all the other diodes. This provides the desired
low-loss path for the ON port with a minimum of
toading from the OFF ports. The second method
utilizes shunt mounted PIN diodes located a quarter
wavelength from the junction. The diode(s) of the
selected ON port is reverse biased while the OFF
ports are forward biased to create a short circuit
across the transmission line. As a result of the quarter
wavelength spacing, the short circuits are transform-
ed to open circuits at the junction. By proper choice of
transmission line impedances and minimization of
stray reactance it is possible 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.

BI1AS

SERIES SWITCH

BIAS

SHUNT SWITCH

Fig. 1-Reflective SPST switch

e

COMMON

SERIES DIODES
AT COMMON JUNCTION

Fig. 2-8chematic diagrams of muiti-throw switches

SaNZa3

COMMON

SHUNT DIODES LOCATED
QUARTER WAVELENGTH
FROM COMMON JUNCTION
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Switches

ABSORPTIVE SWITCHES

Itis 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 refiective 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 sither by
employing an additional port to which an external
termination is connected or, in a custom design, by
providing automatic connection of an internal
termination to the common port.

DEFINITION OF PARAMETERS

INSERTION LOSS is the maximum loss measured in
a 50 ohm system when only a single port of the switch
is in the ON state, '

ISOLATION is the ratio of the power level when the
switch port is ON to the power level measured when
the switch port is OFF. In a multi-throw switch the
isolation is measured with one of the other ports
turned ON and terminated in 50 ohms.

VSWR is defined for the input and output ports of the
selected ON path. For those switches with a “T”,
“W”, or “HT” suffix, the VSWR is also defined for
the OFF state.

handling 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 diodes.
When measured in a 50 ohm system, the magnitude
of the video leakage can be as much as several volts.
The frequency content is concentrated in the band
below 200 MHz aithough measurabie levels for high
speed switches are observed as high as 6.0 GHz. The
magnitude of the video leakage can be reduced
significantly by the inclusion of high pass or “‘video
filters’™ in the switch, but the high frequency energy
which falls within the passband of the switch can be
eliminated only by using a slower speed switch.

HARMONIC AND INTERMODULATION
PRODUCTS

All PIN diode switches generate harmonics and inter-
modulation products since the PIN diodes are fun-
damentally non-linear devices. The magnitude of
these spurious signals is typically small in a switch
since the diodes are usuaily either in their saturated
forward biased state or in their reversed biased state.
The physics of the PIN diode cause a cut-off frequen-
¢y 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 sfow switch operating at 8 GHz will
have a second order intercept point of 70 dBm.
Typical performance is as follows:

TYPICAL SWITCH lN'i'ERCEPT POINTS

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

(1) For switches with internal video filters, specify Option 41, Option 42, or Cption 43. These filters reduce the leakage as shown in the chart following the power
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Switches

8IAS ) BlAS 2 RIAS | BIAS 2"
—K—
o~ o ot o
son son
500 son
COMMON COMMON
SHUNT TERMINATION SERIES TERMINATION
Fig. 3-Schematic diagrams of absorplive switches

SWITCHING SPEED®
Port-To-Port Switching is the intervai from the time Fall Time is the time between the 90% and 10%
the RF power level at the off-going port drops to 90% points of the square-law detected RF power when the
of its original value to the time the RF power level in unit is switched from fuli ON to full OFF.
the on-going port rises to 90% of its finai value. On Time is measured from the 50% level of the
See Fig. 4. input control signal to the 90% point of the square-law

PORT A detected RF power when the unit is switched from full

OFF OFF OFF to full ON.

Off Time is measured from the 50% level of the input
control signal to the 10% point of the square-law
detected RF power when the unit is switched from full
ON to full OFF.

~y i
PORT-TO-PORT e . .
~ [‘_swwcmns TIME In addition to the above definitions, the following
Fig. 4-Port-to-port switching speed definition information about sw;tch_mg performance may be
useful to the system designer.

Rise Time is measured between the 10% and 90%

points of the square-law detected RF power when the Switching To Isolation - Although catalog switching
unit is switched from full OFF to full ON. See Fig. 5. 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 isoiation. This
latter time is strongly dependent on the topology of
the switch. For ail-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.

1
I
I
I
!
t
100% RF{|L}+—

Switching To Insertion Loss - For muiti-throw

v T E;’?h'é_..; ' switches, the ON time depends on whether the switch
| TR} (TF) [ . is being operated in a commutating or single port
TON'SHATCHING — - OFF e CHine mode. In the former mode, switching speed is slower
Uon! {Torr) than in the latter due to the loading effect at the junc-
RF QUTPUT ENVELOPE tion of the port turning OFF. All switching speed
Fig. 5-Switching speed definition measurements at GMC are performed in the

commutating mode.

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

PHASE AND AMPLITUDE MATCHING

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

POWER HANDLING
The power handling of PIN diode switches is depen-

‘denton 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,
VBWR, or isolation of the switch. The survival power
limits are based on the maximum ratings of the
semiconductors in the switch. For special applica-
tions, significantly higher operational power levels
can be provided, particularly for narrow band
requirements. Please consult the factory for specific
applications.

Video Leakage

Applicability: F91, G91, H91 and HM91 Switch Series

with Video Filter Options:

Option  Afiected Ports

41 Common Port Only

42 Output Ports Only

43 All Ports

Option Affected Ports
41,42,43 All Ports

VIDEQO FILTER OPTIONS
Peak to Peak (mV) Bandwidth (MHz)
50 max 100
INSERTION LOSS DEGRADATION
Frequency Additional IL
1-12.4 GHz 0.1dB
12.4-18 GHz 0.2 dB
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

EXTENDED FREQUENCIES

Any switch in our catalog that covers 1-18 GHz can be stretched to cover 0.5 1o 18 GHz
with following specification changes:

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 lNTEGRATED DRIVERS

NON-REFLECTIVE SPST SWITCHES

“See page 143 for General Microwave's Millimeter Wave Switches.
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SWITCHES WITH INTEGRATED DRIVERS (con’t)
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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 isclation
of 80 dB from 05 to 18 GHz, and 70 dB below
0.5 GHz. The rf design consists of an arrangement
of shuntand series diodesina microstrip integrated
circuit transmission line as shown in the schematic
diagram below.

BIAS

FROM

DRIVER
+V

l

AF INFOUT RF INFOUT
cH -
3 J2
500 500
By

-V

Model F192A RF Schematic Diagram

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




Model F192A
Specifications

Switching Speed Power Supply Requirements
RiseTime............. ... . 10 nsec. max. +5V +£5%. 90 mA
Fall Time.............. ... A0nsec.max. . . _qoy +5%, 75 mA
ONTime................ ... 30 nsec. max.
OFF Time.................. 15 nsec. max. Control Characteristics
. . Control Input
Power Handling Capabitity Impedance . ... TTL, advanced Schottky, one-unit
Without Performance load. {A unit load is 06 mA sink
Degradation. . ....... .. ... 500 mW cw current and 20uA source current.)
or peak Control Logic . . . . Logic “0” (-03 to +0.8V) for
Survival Power. ... . ... ... . .. 1W average, switch ON and logic "1” (+2.0 to
10W po o +5.0V} for switch OFF,
(1 psec max.
pulse width)

N




‘Model F192A
Specifications

r

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range . .. AR -65°Cto +110°C 3 SMA female control connector
Ngn-Operatmg Temperature 65°C 10 4 1259G 7 Two SMA male rf connectors
ange...... RREEREEEE " o+ 9 Inverse control logic; logic “1”
Humidity .. ......... ... MIL-STD-202F, Method 1038, for switch ON and logie 0" for
Cond. B (96 hrs. at 95%) switch OFF
Shock.................. MIL-STD-202F, Method 2138, 10 One SMA male (J1) and one SMA
Cond. B (75G, 6 msec) fema[e (J2) rf connector
33 EMI filter solder-type control
Vibration. .. ... ... ... .. .. MIL-STD-202F, Method 204D, terminal

Cond. B (.06” double amplitude

: ; 5004 Video Filters. RF operating
1 |
or 15G, whichever is less) band restricted to 6-18 GHz.
Aititude ................. M“..‘STD'202F, Method 1050, Leakage 50 mV P-P ]nto a
Cond. B (50,000 ft) 300 MHz bandwidth,
Temp. Cycllng ........... M”_-STD‘202F, Method 107D, 893 Video Filters. RF band 2-

Cond. A, 5 cycles 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
™ 3 [
15
.50 —p |
1 uzn CONN SMA (3.8)
.09 FEMALE
2X ——n
i ; N
T T C> Jl % _GND
Y
(253) (559 @@
254) (20,
l @ ™ mra
J2 —@ SURFACE
N 38(9,7) FOR SMA FEMALE
50(12,7) FOR SMA MALE
X
.820
(20,8) CONTROL
. .00 . SMC MALE MODEL F1924
{25,4) Wit: 0.7 0z (20 gm) approx.

2 x ¢ .104(2,6)

Dimensional Tolerances, unless otherwise indicated: XX +.02: XXX £.005
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Series 86

Ultra-Broadband SPST Switches

| SERIES M86

| The Series M86 is a diverse group of high perfor-
mance broadband SPST switches. Included are two
low insertion loss models and four high speed models,
all of which operate up to 18 GHz, Each model| -
features an integrated circuit assembly of up to four
PIN diodes mounted in a microstrip transmission fine
as well as a resistive bias line that contributes to the
broadband low-loss performance. The circuit con-
figuration is shown below. By applying positive cur-
rent to the bias terminal, the diodes are biased to low
resistances and the switch is OFF. With zero or
negative voltage at the bias terminal, the diodes are
biased to high resistances and the switch is ON.

BIAS

RF INOUT RE INCUT

O =9
Al 1 J2
| % /% A “:_

Rf Schematic diagram

-

[

'~
1,
o'

3~

Low Insertion Loss Models

Modeis M862B and MB64B operate over the
frequency range from 0.1 to 18 GHz. They exhibit
nominal isolation characteristics of 45 and 80 dB at
18 GHz, respectively, with maximum rise and fali
times of 50 nanoseconds.

High Speed Models

For higher speed requirements, Models M862BH
| and M864BH are available. These operate from 0.5
4| 0 18 GHz and feature maximum rise and fall times
of 10 nanoseconds. Optional Models M862BH-25
: and M864BH-25 operate from 0.1 to 18 GHz with
NTeoRTH (2 W [ n0% : | maximum rise and fall times of 20 nanoseconds.

SERIES DM86 AND FM86

The Series DM86 and FM86 switches are the same as
the corresponding Series M86 models except the
units are equipped with integrated drivers. DM86

| switches are powered by + 15 volt supplies; FM86 units
| are powered by +5and -12to — 15 volt supplies. The
proper current required to switch the unit ON or OFF
| is provided by the driver, which is controlled by an

| external logic signai.
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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
Drivers. ............... W 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 falf times of 20 nanoseconds.

(2) For driverless units, shaped current pulses must be provfb'ed by the user,

(3) Models prefixed with “DM” or “FM" are equipped with integrated TTL-compatible drivers; models prefixed with “M" only are current-
controiled 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 FMB6 units.

94




Series 86
Specifications

Power Supply Requirements

Driveriess Units

For rated isolation: +35 mA
For rated insertion loss: - 10V

Units With Integrated Drivers

+15V £29%, 70 mA
~15V £5%, 20 mA
+5VDC +2%, 65 mA
-12 to —15V, 20 mA

All DM86 Units:

Ait FM86 Units:

Control Characteristics
Units With Integrated Drivers

Control Input

Range:................ -65°Cto +1256°C
Humidity ....... ... . MIL-STD-202F, Method 1038,

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 105G,

ENVIRONMENTAL RATINGS (Con't)
Non-Operating Temperature

Cond. B {50,000 it.)

MIL-STD-202_F, Methed 1070,
Cond. A, 5 cycles

AVAILABLE OPTIONS

Temp. Cycling

Impedance . . .. .... TTL, two-unit foad. (A unit load is 1.6~ OPtion Ne. Description
mA sink current and 40 pA source 3 SMA femaie bias/contral connector
current.) 7 Two SMA male rf connectors
Control Logic 9 Inverse control logic
. - . {Not applicable to Series M&6)
SeriesDM85. . . . .. Logic “0” { 0._3 t“o"+0.7V) for switch 10 One SMA male and one SMA female
OF_F and logic “1" (+2.5 to +5.0V) for ¥ 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
! - rang ;
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 G64A SMB male bias/control connector
Operating Temperature Range: *!\J;lo‘{j appifcq?; ttherfedeQB;)sral?%arc{ in gﬁggs F!g;fss {need
H ot De speciit wnen orgening); a eres units are
Ser!es M86...... - SSZC 0 + 12§°C furnished with this option unless otherwise specified by customer.
Series DMg6 . .. . . -85°C to +85°C Other options, such as 50 ohms to ground, are available on
Series FM86 . . . .. -85°C t0 +110°C special order.
DIMENSIONS AND WEIGHTS
CONTROL 50 h2.7) E
SMC MALE F‘ 203 ]
—-.‘:‘g‘z) Exbi0N2S SHG waLE O \t[[ 2% $.106(2.7)
: WV 9
2x f=t oM |
9 437 £.015 f 1.57
|® U 6 ) ‘@ {50.0) % ~
i_. T ) (e e 438 £.010
igsﬁ) 3= a2 ﬂ‘ (ﬁ,:;) / " 49 (“'1?_1
! BY —_— R
N w ol YT e
-(gg;,' SMA MALE FOR T 1.2) jﬂﬁ ! | * E -y
/ ) OPTION 10 (13.0) J 5.6
.38(9,7) FOR SMA FEMALE 88 an L
80{12,7) FOR SMA MALE — ] '(13‘5) ot ] {10.2)
RF CONN \
SMA FEMALE SMA MALE FOR .38{9,7) FOR SMA FEMALE
o 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, unless e_);herwise indicated: .XX +.02; XXX +.005
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Series 91 and 92
Miniature Broadband SPST Switches

SERIES 91 AND 92

Series 91 and 92 switches provide high performance
characteristics over a multi-octave range. Series 91
models cover the frequency range of 1 to 18 GHz,
while Series 92 models cover the range from 0.2 to
4.0 GHz. These miniature switches measure only
0.78 x 0.69 x 0.38 inches.

Both series use an integraied 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 IN/QUT
}; . |

J1 Jz

R 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 tigh
resistances and the unit is switched ON. Maximum
rise and fall times are less than 10 nsec.

SERIES F91 AND F92

The Series F91 and F92 switches are the same as the
corresponding Series 91 and 92 models except the
units are equipped with integrated drivers, and the
dimensions of the units are 0.75 x 0.75 x 0.38
inches. The proper current required to switch the unit
ON or OFF is provided by the integral driver which re-
quires +5and —~12to — 15 volt power supplies and is
controlied by an external logic signal.
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Series 91 and 92 SPST Switches
Specifications

9112, F9112A . Power Handling Capability
9114, F9114A Without Performance Degradation
Switching Speed® Without integrated drivers

Rise Time.......ccooovveeenn... 10 nsec max W cw or peak®

Fall Time........c.ccvvvvrunnne 10 nsec max With integrated drivers

...20 nsec max 1W cw or peak
20 nsec max
Repitition Rate™............. 20 MHz max Survival Power. .. ... 2W average,
75W peak

9214,F9214A (1 Iﬂlgseec _gg)c.
TP wi
Switching Speed® pu

Rise Time......ooveeveeenn.... 10 nsec max Control Characteristics

Falt Time....ooveeeeen. 10 nsec max Control Inout

On Time™......c.vceeveeeann. 40 nsec max ontrol inpu . ; )

Off Time®.. -~ .40 nsec max Impedance ....... TTL, two-unit load. (A unit load is

1.6 MA sink current and 40 A
source current.)

. Control Logic. ...... Logic “0" (- 0.3 to +0.8V) for
Power Supply Requirements switch ON and logic “1” (+2.0 to

Driveﬂess Uﬂits +50V) for switch OFF.
For rated isolation: +35 mA
For rated insertion loss: — 10V

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

Repitition Rate® 10 MHz max

(1) Modeis prefixed with *'F” are equipped with integrated TTL-compalible drivers; models without the “F"’ prefix are
current-controlied 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 F21 and Fa2 units.
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Series 91 and 92 SPST Switches
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature Range:
Series 91 and 92... -85°C to +125°C
Series F91 and F92. -65°C to +110°C
Non-Operating Temperature
Range........... .. -85°C to +125°C

Humidity . ....... ... MIL-STD-202F, Method 1038,
Cond. B (96 hrs. at 95%)
Shock ............. MIL-STD-202F, Method 2138,
Cond. B (75G, 6 msec)
Vibration. . ... ... ... MIL-STD-202F, Methad 204D,
Cond. B (.06” double amplitude
or 156G, whichever is less)
Altitude . .. .. ... ... MIL-STD-202F, Method 105C,
Cond. B (50,000 #t.)
Temp. Cycling... ... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
3 SMA female biasfcontrol connector
7 Two SMA male f 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" tnternal video fiiter, port J2 only
43* tnternal video filter, both ports
64A SMB male bias/control connector

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

DIMENSIONS AND WEIGHTS
RF CONN
GONTROL RF CONN
Sias g&;n FEMALE _GND SMC MALE - . SMA FEMALE
SMC MALE (OPTION 33) GND 2X
. +v A
50(12,7) \ / . N
MAX
50(127)
i i & T A i MAX MOUNTING
‘ ' ' URFACE SURFACE
.69 49 " MR, fiv " _
ams)  liz,4) U L 32 ' s70t +
‘ S | (8, \9 (14,5)' o
1 ’ ‘ 2
23 -l e 13(3,3)

(5,90 T } / f 13 e

.10 38 ™

N~ 375 (33)
{2,5) 300 . (9,7} 039
(7,8) ! {2,3) (9,5 18
.20 —— ?)..—..
75 g (5,1 ™ ,
(19,13 2X 9 104(2,6)
2%X%.104 (2,8) 75
' .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 Fo1 AND Fo2
Wt: .39 oz. (11 gm} approx. Wt: .43 oz, (12 gm) approx.

Dimensional Tolerances, 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 INOUT

J2
AF COM
BIAS
5

AF INQUT

J3

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 poris, the user has
the option of operating with either or both ports ON
or OFF.

MODEL DM870

The Model DM870 is the same as the Model M870 ex-
cept it is equipped with an integrated driver that is
powered by +15and ~12to — 15 volt supplies. The
proper carrents required to switch the ports ON or
OFF are provided by the driver, which is controlled by
external logic signais. Standard units are wired so that
cne port is biased ON and the other OFF 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.m 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
-121{0 -15VY, 65 mA

(1) Swiltching speed, defined as the interval between the instant the rf power level in the port-switched OFF drops o 90% of its ariginal
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 DMB70, the pulses are provided by the integrated driver. For the Model M870, the puises must be
provided by the user. .

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

(3) For operation of Models M870 with more than one 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

ENVIRONMENTAL RATINGS
Operating Temperature Range

Model M870............ -85°Cto +125°C
Model DM8B70......... .. -65°Cto +110°C
Non-Operating Temperature
Range ................ —85°Cto +125°C
Humidity .. ... ... . . . MIL-STD-202F, Method 103B,
Cond. B {96 hrs. at 95%)
Shoek................... MIL-STD-202F, Methed 213B,
Cond. B (75G, 6 msec)
Vibration .. .. ... . .. . . .. MIL-STD-202F, Methad 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
Altitude . ... ... ... ... . .. MIL-STD-202F, Method 105C,

Temp. Cycling

Cond. B (50,000 ft.)

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

AVAILABLE OPTIONS

Option No. Description
7 SMA male rf connectors
7A J1 8MA male; J2 and J3 SMA female
78 J1 SMA female; J2 and J3 SMA male
9 Inverse control lagic; logic “0" for port ON and
logic “1” for port OFF (available only in con-
junction with Option 22)
201 Two unit load contral input impedance
22 Individual port controt (DM 870 only — one
unit load); logic “0”" for port OFF and logic “1"
for port ON. Alsc availabie with logic “0" for
port ON and logic “1” for port OFE (Specity
Option 9)
33 EMI Filter solder-type bias/control terminal
64A SMB male bias/control connector

(1) Not applicable to Model M870. Alt Models DM870 are furnished with this option unless otherwise specified by-customer. Other op-
tions, such as 50 ohms to ground, are available an special order.

DIMENSIONS AND WEIGHTS
RF GONN -28(5,7) FOR SMA FEMALE
SMA FEMALE .50{12,7) FOR SMA MALE
ax
RF CONN 97
SMA FEMALE \ [ (24,6~ \
ax 38(9,7) FOR SMA FEMALE |28 2x9.12502.2)
BlAS -50(12,7) FOR SMA MALE _.] . .
g;nc MALE 2 x 4.125(3.2) ,@_ ' i ’_@_ ‘
] 42 ! Jl
SNef @ | ) ﬂji w
640 10.7) 84 v g2 10
Ji }]:D + I
(16,3) 21,3) [ (2.5)
EU' Jz Q—j_! I —f i v %l 1.60
IR - |
A 7
as -(2?5) - -25 J‘ /‘iﬂ: |
. (6.4) GND
50012,7) o2 o ]! GONTROL —ol la10
el 72 [ 0107 T (24,5) SMC MALE 25)
{18,3) .540
50(12,7) (16,3)
-— oy
(21.3)
MODEL M870 MODEL DM870
Wt: 1.5 oz. (43 gm) approx. Wt 2.5 oz (71 gm) approx.

Dimensionat Tolerances, unless otherwise indicated: .XX +.02; XXX +.,005
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Series F892
High-Speed Octave-Band SP2T Switches

SERIES F892

Series FB92 high speed switches with integrated
drivers are fow-cost units that have been
engineered to meet the need of microwave
system designers 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), Model F8924 (4-8 GHz) and
Model F8928 (8-18 GHz). Each model is capabie
of extended bandwidth operation, typically 3:1,
with only moderate degradation in performance at
the band edges, as shown in the specifications
on page 103,

el ENERAL
e

Fast Switching Shunt Design

All models are optimaily 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 INJOUT RBF INJOUT
[ J3
J2 "
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.
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Series F892
Specifications

PERFORMANCE CHARACTERISTICS

Switching Characteristics

Rise Time................. ... 10 nsec max.
Fall Time..................... 10 nsec max.
ON Time..................... 35 nsec max.
OFF Time.................... 30 nsec max.
Repetitionrate. . ......... ... .. 10 MMz max,
Power Handling Capability
Without Performance
Degradation. . ............ ... 2W cw
or peak®
Survival Power........... .. ... 2W average,
75W peak
(1 psec max
puise 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 +5%, 65 mA
-12to —15V®, 2 mA

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

(2} Isolation 40 dB above 16 GHz.

ENVIRONMENTAL RATINGS
Operating Temperature
Range....... .. ... ~85°C to +110°C
Non-Operating Temperature
Range............ ~85°C to +125°C
Humidity ... ... ... . MIL-STD-202F, Method 1038,
Cond. B (96 hrs. at 95%)
Shock.............. 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

B J1 SMA female; J2 and J3 SMA
male

g Inverse control logic; logic “0” for
port OFF and logic “1” for port ON

27 Single-port toggie control; logic
“0" 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

MODEL F8922
Wt: 1.5 oz, (43 gm) approx.

RF CONN

SMA FEMALE
3X ’

DIMENSIONS AND WEIGHTS

CONTROL FOR J2
{NOT USED IN OPTION 27)

FOR J3

]

CONTROL
+v
-V
F:(G‘ND
—
t

MTG
Ee— , /‘sunmcs
) 132
1100 92 93 F (33,5) @
(27,9 a5
‘ (28
- Ji e § * "
Ji _f 5
(2.8 2 P
750 A2
{ign (3,01
.38
19 1.500 e
(4,8} (38,10 238{9,71FOR SMA FEMALE
a8 50 {12,T)FOR SMA MALE
(li?aa — IX 3104 (2,6)
L)
CONTRQL FOR J2
MODEL F8924 (NOT USED IN OPTION 27)
Wt: 1 oz. (28 gm) approx. Y
RF CONN oy
SMA FEMALE
3X
GND
CONTROL
FOR J3
F({{f o
SURFACE
T 9
860 ! .86,
16,8 J2 J3 3s (218
> Ji & (3,7)
} 7). !
: o B )
465 2 L
e - ¥
v ——t] .38
(238 Y
.84 .38(9,7)FOR SMA FEMALE
3P 10426 (46.7) .50112,7)FOR SMA MALE

MODEL F8928

Wt: 1 oz. (28 gm) approx. RF CONN

CONTROL FOR J2
(NOT USED IN OPTION 27}

SMA FEMALE A
ax
-V GND
CONTROL
640 FOR 43
(16,3}
MTG
— ..? f SURFACE
J2 J3 1,6
32
¢ a ] (8,1 ¢
.10 .20
(2,5 s
345 —
{8,8) 3 @.104 (2,6)
2 590 l_
{I7.5)
.38({9,7) FOR SMA FEMALE
L0 S0(12,7) FOR SMA MALE

~ ol "
Dimensional Tolerances, unless otherwise indicated: .xx +.02; xxx +.008
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Series 91 and 92

Miniature Broadband SP2T Switches

H

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 3 microstrip transmission line as
shown below.

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 individually available for both ports, the user

has the option of any combination of ports

ON or OFF. )

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 helow.

RF COM o) AF INQUT
. ]
G| — D04 —©
il R4
500
tn “"%WT
43

(ITSERIES S UNITS ARE CONSTRUCTED
WITH THREE SERLES OIODES.

Series 91T, 92T and 11W 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 beiow.

fiE
INPUT

J

A+
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
~12t0 -15V supplies. The proper currents
required to switch the ports ON or OFF are
provided by the drivers, which are controlled by

externai control signals. Standard units are
wired so that a port is ON with the application
of a logic “0” control signal.




Series 91 and 92
Miniature Broadband SP2T Switches

SERIES G91 and G92

Operating from +5 and +15V power supplies oniy,
the G-series switches provide high performance
characteristics at relativeiy high speeds over muilti-
octave frequency ranges. The series includes low
insertion loss and high isotation modeis in both
reflective and non-reflective configurations, Serieg
G91 units cover the frequency range of 1 to 18 GHz:
Series G92 units cover the frequency range of

0.2 to 4 GHz. The design is based on an integrated
circuit assembly of PIN diodes mounted in a
microstrip transmission line as shown below. The
currents required to switch the ports ON or OFF
are provided by the integrated driver, which is
controlled by external TTL logic signals,

DRIVER-

AF IN/OUT

©—

2

RF INFOUT

43

+5V

Ll

RF COM
{L)SERIES G9IW UNITS ARECONSTRUCTED WITH THREE SERIES DIQDES.
(2}DELETE FOR UNITS WITHQUT “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 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 to any “ON" port: 1W average,
75W peak {1 usec 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 “For “G”

prefix are current-controfied units and are furnished without drivers; models suffixed with “T" or "W are non-reflective

oxcept a high VSWR will be present at the common port if alf other ports are OFF: models suffixad with “H" are high-
speed units.
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Series 91 and 92 SP2T Switches

Specifications

Switching Characteristicsm
SERIES 91/92/F91/F92

Units without “H” suffix

ON time............. 250°nsec max.

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

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

Fail time............. 10 nsec max.

ON time............, 25 nsec max.

OFF time..........., 20 nsec max.

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

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

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

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units

sertion loss
PORT OFF
Units without “H"” suffix. . . +50mA
Units with “H" suffix. .. .. +30mA

PORT ON
Units without “H’" suffix. . . —50mA
Units with "“H" suffix. .. .. -35mA
Units With Integrated Drivers

{For one port ON} 3

SERIES G91/G92

(For one Port ON)
+5V 1 5%, 100 mA
+15V +5%, 30 mA

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

(1) For driverless units, shaped current pulses must be provided by user.

Control Characteristics

SERIES 91/92/F91/Fg2

Units With Integrated Drivers

Control Input Impedance
Units without “H" suffix. . .

Units with “"H” suffix. .. ..

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

SERIES G91/Gg2
Control Input Impedance. .

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

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

TTL, advanced Schottky, one

unit load. (A uniticad is 0.6 mA
sink current and 20 uA source
current.)

Logic “0” (~0.3to +08 V) for
port ON and logic “1” (+2.0 to
+5.0 V) for port OFF.

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

Logic “0” (~03t0 +08 V)
for port ON and logic 1"
{+2.0to +50 V) for port OFF.
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Series 91 and 92 SP2T Switches
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Temperature Range Option No, Description
Units With integrated Drivers 3 SMA female bias/control connectors
Operating e ~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 78 J1 SMA fermale; J2 and J3
Non-Operating . ..., ... . -658°C to +1258°C SMA male
Humidity .. ..... ... .. . MIL-STD-202F, Method 1038, 9 Inverse control logic; lagic 0" for
Cond. B (96 hrs. at 95%) port OFF_and logic 1" for port ON
Shock. ... . .. ... MIL-STD-202F, Method 2138, (Not applicable to Series 91/92)
Cond. B (75G, 6 msec) 27 Single-port toggle contro!; logic ‘0"
connects J1 to J2 (Not appiicable to
Vibration. ... .. ... .. . . . MIL-STD-202F, Method 204D, Series 91/92)
Cond. B (.06” double amplitude . ) \
or 15G, whichever is less) 33 EMI filter solder-type bias/control terminals
Altitude ... ... ... MIL-STD-202F, Method 105G, 41 nternal video filter, common port only
Cond. B (50,000 ft.) 42* Internal video filter, output ports only
Temp. Cycling. ... ... . .. MIL-8TD-202F, Method 107D, 43 Internal video filter, all ports
Cond. A, 5 cycles T B4A SMB male bias/control connectors

“Not applicable to Serles 92/F52/G82. See chart following the power handling diseussion on page 86.

DIMENSIONS AND WEIGHT

RF CONN
SMA FEMALE
BIAS/CONTROL P
MTG SMC MALE
SURFACE 2X 1
2X 5 .104(2,6)
-vin@-_ |{@) s
e o
O % comlln
A A1) R 'y 1 229 119
- . , ﬁi 0 {27.9)
[:ﬂ: -2 —{—L
R
.10
a8 35 {2,5)
(3.3 (8,9
.38 .48
— (9,7) b 22
-85 -
{ [YUSED ONLY ON UNITS WITH INFEGRATED DRIVERS 21.8) \
(2) +15V FOR G91/G92 SERIES .38(9,7) FOR SMA FEMALE
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33 -50(12,7) FOR SMA MALE

SERIES 91/92/F91/F92/G81/G92
Wt .75 oz. (21 gm) approx.

Dimensional Tolerances, unless otherwise indicated: XX %.02; XXX +.005
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Model F940H
Broadband Transfer Switch

With Integrated Driver

MODEL F940H

Maodel 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 F240H is shown below.

RF iNOUT
Jz

BIAS
FACM

DAIVER DRIVEA

RF INOUT fF IvOuT

R 33

BIAS
FROM
DRIVER

BlIAS
FROM
DAIVER

Model F840H Schematic Diagram

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




Model F940H
Specifications

PERFORMANCE CHARACTERISTICS

‘Switching Time Power Supply Requirements
ONTime........................ .. 30 nsec max 5V +69
OFFTime......................... 30 nsec max "12 tiS ’;’gyegé“AA
Power Handling Capability O #3%, 7/5m
Without Performance Degradation. . . . . . 500 mW cw -
or peak Control Characteristics
Survival Power. . ................. .. 1W average, Control input
75W peak Impedance . ...... Schottky TTL, two unit loads.
(1 usec max {A unit load is 2 mA sink current
pulse width) and 50 uA source current.)
Control Logic. ... .. Logic “O" {(~0.3to +0.8V)
ENVIRONMENTAL RATINGS connects J1 to J2 and 3 to J4.
. Logic "“1” (+2.0t0 +5.0V)
Operating Temperature
Range........... .. .. .. -65°C to +110°C connects J110 J4 and J2 to J3.
Non-Operating Temperature AVAILABLE OPTIONS
Range ... .. .. .. ... .. . - 65°C to +125°C i L.
Humidity ...... ... . .. MIL-STD-202F, Method 1038, Option No. Description
Cond. B (96 hrs. at 85%) 7 SMA male rf connectors
Shock ........ ... ... .. MIL-STD-202F, Method 2138, 9 Inverse controt logic; logic
Cond. B (75G, 6 msec) “0" connects J1 t0 J4 and J2 to
. . J3, and logic 1" connects J1 to
Vibration . ... ... . .. .. MIL-STD-202F, Method 204D, J2 and J3 to J4
Cond. B (.06 double amplitude 33 EMI filter solder-type control

or 15G, whichever is less)

terminal
Altitude .. ... ... .. . MIL-STD-202F, Method 105G, 64A SMB male control connector
Cond. B (50,000 ft.)
Temp. Cycling. .. .. ... .. MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

DIMENSIONS AND WEIGHT

RF CONN
- 08 SMA FEMALE 75
#::f gg‘gp 10 (25,4 /4x = {18,1)—*

800
[FAR SIDE) (2,5) — e 13
~ r(zo 3) w iy
(2 5) (10, a) : MTG
I 1 | i / SURFAGE
% GONTAOL
SMC MALE

- o E
i 50
i i 127 -
_ '

! 5 MODEL Fo40H
3 Wt: 1.1 0z (31 gm) approx.
(CRHIY.

-38(9,7) FOR SMA FEMALE

(25.4) (20,3}
50{12,7) FOR SMA MALE

QJ
11_%

Dimensicnal Tolerances, unless otherwise indicated: . xx 4 .02; .xxx +.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 9130-500 covers the 1 to 18 GiHz 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, except the '
units are equipped with integrated drivers.

SERIES G91 AND G982

These switches are the same as the Series G981 and
(G92 SP2T switches except for the number of ports.
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Series 91 and 92 SP3T Switches
- Specifications

in Isolation (dB)
lax Insertion. Loss:(dB)
ax VSWR-(ONJ_

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 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: W cw or peak input to any “OFF" port : 1W average,
Input to common port: 1W cw or peak

10W peak (1 psec 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 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-controfied units and are furnished without drivers; maodels 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 unifs.
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Series 91 and 92 SP3T Switches

Specifications

Switching Characteristics®
SERIES 91/92/F31/F92

Uniis without “H” suffix

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

OfFF time............ 250 nsec max.
Units with “H" suffix

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

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

ON time............. 25 nsec max.

OFF time............ 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 1085

Port OFF
Units without “H”suffix. ............... ... + 50 mA
Unitswith“H”suffix. .. ................... +30mA
Port ON
Units without “H"suffix. ........... ... ... —-50mA
Units with SHUsuffiX . L ~35mA

Units With Iniegrated Drivers
{For cne port ON) ‘

CHT Suﬂlx

SERIES G91/G92
(For one port ON})
+5Y 5%, 100 mA
+15V + 5%, 40 mA-

{1) For driveriess units, shaped current pulses 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 unitload is 0.6 mA
sink current and 20 pA source
current.)

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

SERIES G91/G92

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" (-03to +08 V)
for port ON and logic “1”
(+2.010 +5.0 V) for port OFF.
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Series 91 and 92 SP3T Switches
Specifications

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers
Operating ............ -65°C to +110°C
Non-Operating .. .. .. .. -65°C 1o +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%)
Shock.................. MIL-STD-202F, Methed 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 connectors
7 SMA mals rf connectors
9 Inverse control logic; logic “0” for

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

33 EMIfilter solder-type

bias/control terminals
41" Internal video filter, common port only
42 Internal video filter, output ports only
43" Internal video filter, all ports
64A SMB male bias/control connectors

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

DIMENSIONS AND WEIGHT

RF CONN
SMA FEMALE
4x

BIAS/CONTROL
SMC MALE
3x

2 x 4 .104(2,6)

= MTG
r i ' / SURFACE
100 - g4 D
(254) (21,3)- sob L1
L ¥ Me o 12,7 ]
P o
@0 o8 :
(2,0) —o' [t

ny

GND(3)
100 _y] I
v (25.4) \ 3
v {N2) {18,0)
{1} USED ONLY ON UNITS WITH INTEGRATED DRIVERS 38(9.7) FOR SMA FEMALE

(2) +15V FOR G91/392 SERIES MA MALE
{2) NOT USED ON DRIVERLESS UNFTS EXCEPT WITH OPTION 33 50(12,7) FOR 8

MODELS 91/92/F91/F92/G31/G92
Wi 1.1 oz. (31 gm) approx.

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

Miniature Broadband SPA4T Swiiches

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 9240T7-500

These switches are nonreflective versions of the
switches described above.

MODELS 9140AH-500 AND 9140AHT-500

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

SERIES F91 AND F92

The Series F91 and F92 switches are the same as
the corresponding Series 91 and 92 modeis 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 SPAT Switches
Specifications

jﬁ_91 40AHT-500

- Max 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 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 to any “OFF"” port : 1W average,
Input to common port: 1W cw or peak 10W peak (1 psec 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 usec max. pulse width)

(1) Models prefixed with "F* or “G" are equipped with integrated TTL-compatible drivers; modeis withaut the “F" or “G”
prefix are current-controlled units and are furnished without drivers; models suffixed with “T" or “W" are non-reflective
except a high VSWR will be present at the common port if all other ports are OFF; models suffixed with “H” are high-
speed units.
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Series 91 and 92 SPAT Switches

Specifications

Switching Characteristics®

SERIES 91/92/F91/F92
Units without “H” suffix
ON time............. 250 nsec max.
OFF time............ 250 nsec max.
Units with “H”" suffix
Rise time............ 10 nsec max.
Falitime............. 10 nsec max.
ONtime............. 25 nset max.
OFF time............ 20 nsec max.
SERIES G91/G92
ONtime............. 250 nsec max.
OFF time..... ...... 250 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92

Drivertess Units

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

Port OFF
Units without “H"suffix . . ................. +50mA
Unitswith“H"suffix . . ........... ... ..... +30mA
Port ON
Units without “H”suffix . .. ................ - 50 mA
Unitswith*H"suffix. . ............. .. .. ... -35mA
Units With integrated Drivers
{For one port ON) =

SERIES G91/G92

{For one port ON)
+5V +5%, 150 mA
+18V +5%, 50 mA

(1) For driverless units, spiked 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
unitload. (A unitioad is 0.8 mA
sink current and 40 pA source
current.)

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

Control Logic............ Logic “0” (-03 to +0.8 V) for
port ON and logic “1”" (+2.0to
+50V) for port OFF.

SERIES Go1/Go2

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 +0.8 V)
for port ON and logic 1" (+2.0
to +5.0 V) for port OFF.
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Series 91 and 92 SPAT Switches
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Temperature Range Option No. Description
Units With Integrated Drivers 3 SMA female bias/control connectors
Operatlng R ERRERE -B88°C to +110°C 7 SMA malerf connhectors
Non-Operating ......... -85°C to +125°C 9 Inverse control logic; logic “0” for
Driverless 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 EMi-filter solder-t_ype
Humidity . ............ .. .. MIL-STD-202F, Method 103B, . bias/control terminals
Cond. B (96 hrs. at 95%) M Int;arnai video filter, common port
only
Shoeck.................... MIL-STD-202F, Msthod 21 3B, 42* Internal video filter, output ports
Cond. B8 (75G, 6 msec) only
: : 43 internal video filter, all ports
Vibration. .. ... ... ..., . MIL-STD-202F, Method 204D, . :
Cond. B (.06" double amplitude 64A SMB male biasfcontrol connectars
or 15G, whichever is less)
Altitude. . . ... ... .. .. - .. MIL-8TD-202F, Method 105C,
Cond. B {50,000 ft.)
Temp. Cycling........... MIL-STD-202F, Method 1070,

Cond. A, 5 cycles

"Not applicable to Series 92/F92/G92. See chart foifowing the power handling discussion on page 88.

DIMENSIONS AND WEIGHT
RF GONN 2% b 10426
g;m FEMALE > 2x i 10402, 21 -

g / 1.000(25,4) DIA BC (5.3)

BIAS CONTROL

\\-SMC MALE
ad 4%

= e MTG

[]‘:[[ 52 \ Js ©) SURFACE
. g (3)—"1 v

GND(3
e SV 03 (2)

83
(16,09

88
I

Pt —

(318 [3B(9,7) FOR SMA FEMALE

50(12,7) FOR SMA MALE

{1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2} +15V FOR G31/G92 SERIES
(3} NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

MODELS 91/82/F91/F92/G91/Go2
Wt. 2 oz. (57 gm) approx,

Dimensional Toferances, untess otherwise indicated: .XX +.02; XXX +.005
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Series 91 and 92
Miniature Broadband SPST 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 0.2 to 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

MODELS 9150T-500, 9150W-500
AND 9250T-500

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

SERIES F91 AND F92

The Series F91 and F92 switches are the same as the
corresponding Series 91 and 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 SPST Switches
Specifications

: {
‘Max-VSWR (ON-6 OFF)

:Isolation: (dB)
tax:ingertion:Loss: (d )
“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 time............. 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 psec max. pulse width)
Input to common port: 1W average,
75W peak (1 usec max. pulse width)

SERIES G91/G92

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

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

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

Specifications

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers

Bias current required at each port for rated isolation and Operating ......... ... -B5°C to +110°C

insertion loss Non-Operating .. ... ... -85°C to +125°C
POr‘t OFF ........................... +50mA Driver]ess Units
Por ON........ . i, - 50 mA Operating and
Units With Integrated Drivers Non-Operating .. ...... -65°C to +125°C
{(For one port ON). .. ..... +58V £59%, 250 mA Humidity .. ........... ... MIL-STD-202F, Method 103B,
—-12to =15V, 60 mA Cond. B {96 hrs. at 95%)
SERIES G91/G92 Shock................... MIL-STD-202F, Method 213B,
(For one port ON).. ... ... +5V 1 5%, 150 mA Cond. B (75G, 6 msec}
1 0
+ISV £5%, 60 mA Vibration ... ........... .. MIL-STD-202F, Method 204D,

Cond. B {.06" double amplitude

Control Characteristics or 15G, whichever is less)

SERIES 91/92/F91/F92

Units With Integrated Drivers Altitude . .. .. .. ... ..., MIL-STD-202F, Method 105C,
Control Input Impedance .. TTL, low power Schottky, Cond. B (50,000 ft.)
one unit load. (A unit Temp. Cycling. .. ....... MIL-STD-202F, Method 107D,

load is 0.8 mA sink current

Cond. A, 5 cycles
and 40 A source current.) y

AVAILABLE OPTIONS

Control Logic........... Logic 0" {~03 to +0.8V) Option No. Desctription
for port ON and logic “1” 3 SMA female bias/control connectors
{+2.0to +5.0V) for port OFF 7 SMA male f connectors
SERIES G91/G82 i 9 Inverse control logic; logic “0” for
Control input Impedance . . Schot_tky TT!T, one unit Iload. port OFF and logic “1” for port ON
(A unit load is 2.0 mA sink {Not appiicable to Series 91, 92)
current and 50 pA source 33 EMI filter solder-type
current.) bias/contro! terminals
Control Logic........... Logic “O” (~0.3to +0.8V) ar 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 vide_o filter, al ports
discussion on page &6, 64A SMB male bias/control connectors
DIMENSIONS AND WEIGHT
RF CONN
g;m FEMALE ga ‘; -104(2,6) BIAS/CONTROL

21
1.000(25,4) DIA BC _’l “—(5'3) g}a{ac MALE

e MTG SURFACE
[ /

GND(3—~——___

T .v(1}(2)
v )

.38(9,7) FOR SMA FEMALE |—™ (16,0) ™

.50{12,7) FOR SMA MALE

1.25 a8
24

(-n

22°30°

!

(31,8

{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/FH/F92/GO1/Go2
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 cavers the 1 to 18 GHz frequency
range while the Model 9260-500 covers the 0.2t0 4
GHz range. Their description and operation are the
same as that for the Models 8120-500 and 9220-500
SPZT switches.

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

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

SERIES F91 AND F92

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

SERIES G91 AND G92

These switches are the same as the Series G21 and
G92 SPZT switches except for the number of ports.
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Series 21 and 92 SP6T Switches
Specifications

jax Insertion:Loss (d
ax: VSWR(ON)::

9160T-500

“Min:isolation (dB)-
" F9160T." % Ingertion: Loss:(d
:G9160T ‘Max VSWR(ON or. OF
-9260T-50! in fsolation(dB) .
“F9260T ax-Insertion Loss: (dB).
"G9260T | Max VSWR (ON or OFF) -

9160W-500 - | Min Isolation (dB). - .
' FO160W - -} "Max Insertion’Loss (dB)

GO160W - |- 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” sufifix
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 time............. 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 psec pulse width)

SERIES G91/Gs2

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

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

(2) For driverless units, shaped current puises must be pravided by the user.
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Series 91 and 92 SP6T Switches
Specifications

Power Supply Requirements ENVIRONMENTAL RATINGS
SERIES 91/92/F91/F92 Temperature Range
Drivertess Units Units With Integrated Drivers
Bias current required at each port for rated isolation and in- Operating ............. -85°C to +110°C
sertion loss Non-Operating .. ....... -85°C to +125°C
PortOFF. . ... e _+50mA Driverless Units
Port ON.... ... o s -~ 50mA Operating and
Nor-Operating . ... ... .. -65°C to +125°C
Units With integrated Drivers Humidity ... .............. MIL-STD-202F, Method 1038,
(Forone port ON). . ...... +5V £5%, 315 mA Cond. B (96 hrs. at 95%)

=12to -15V, 60 mA

SERIES G91/Go2 Shock. ... ... e I\CML-dSTg-%%g-',BMethod 213B,
(For one port ON)........ +5V 5%, 150 mA ond. B (75G, 6 msec)
+15V +5%, 70 mA Vibration................. MIL-STD-202F, Method 204D,
_ Cond. B (.06" double amplitude
Control Characteristics or 15G, whichever is less)
Series 91/92/F91/F92 Altitude . .. .............. MIL-STD-202F, Method 105C,
Units With integrated Drivers Cond. B (50,000 ft.)
Control Logic........... Logic “O” (-0.3 to +0.8V) Temp. Cycling. ........ .. MIL-STD-202F, Method 107D,
for port ON and logic 1" Cond. A, 5 cycles
(+2.0 to +5.0V) for port OFF.
Control Input AVAILABLE OPTIONS
Impedance . ..... ... ... TTL, low power Schottky cne
unit load. (A unit load is 08 ma  Option No. Description
sink current and 40 A source 3 SMA female bias/control connectors
current). 7 SMA male rf connectors
9 Inverse control logic; logic 0" for
Series G91/G92 port OFF and logic “1” for port ON
Control Logic........... Logic “O” (-03 to +0.8V) (Not applicabie to Series 91/92)
for port ON and logic “1" 33 EMI filter solder-type
(+2.0 to +5.0V) for port OFF. bias/control terminais
41" Internal video filter, common port
Controi Input only
Impedance ............. Schottky TTL, one unit load 42* Internal video filter, output ports
{A unit load is 2.0 mA sink only
current and 50 pA source 43" Internal video filter, all ports
current). 64A SMB male biasfcontrol connectors

*Not applicable to Series 92/F92/(392. See chart following the power handling discussion on page 86.

. DIMENSIONS AND WEIGHT

RF CGNN
SMA FEMALE =
A FE 2 6104251 21 e— BIAS/CONTROL
o ona 8.3} SMC MALE
7 1.470(37,3) DIA BS ‘ o
MTG
/ SURFAGE
GND{3)
Ar| - -v i
7 P
+v{1}
88
L“-:122.4)"‘

.38(8,7) FOR SMA FEMALE
.50{12,7) FOR SMA MALE

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

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

Dimensional Tolerances, uniess otherwise indicated: XX =.02; XXX %.005
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Series 91 and 92
Miniature Broadband SP7T Switches

MODELS 9170-500 AND 9270-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
Mode! 9170-500 covers the 1 to 18 GHz frequency
range while the Model 8270-500 covers the 0.2 10 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 92707-500

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
(92 SP2T switches except for the number of ports.
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Series 91 and 92 SP7T Switches
Specifications

:9270-500

ax VSWR (ON)

‘Min Isolation: {dB)
ax Insertion Loss (d
“Max-VSWR: (ON or OF.

.9270T-50

: “Min'Isolation. (dB) -

F92707T ‘ Max Ihsertion Loss’ (dB)‘_

- G9270T.~ ~Max VSWR (ON or OFF) :
9170W=-500. - | Min-isolation:(dB)
~FOT70W:- “Max Insertion Loss’ (dB) BRSEED
[GOITOW. - 17 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 commaon port: 1W cw or peak

Switching Time®

SERIES 91/92/F91/F92

ONtime............. 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 commen port: 1W average,
75W peak (1 pusec max. pulse width)

SERIES G91/G92

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

(1) Modeis prefixed with "F"" or “G” are equipped with integrated TTL-compatible drivers; models without the “F” or "G"
prefix are current-controlled units and are furnished without drivers; models suffixed with “T” or "W"' are non-reflective
except a high VSWR will be present at the common port jf 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

SERIES 91/92/F91/F92

(For one port ON)

SERIES G91/G92
(For one port ON)

SERIES 91/92/F91/F92

Control Input Impedance . .

Control Logic

SERIES G91/G92
Control input impedance . .

Control Logic

Power Supply Requirements

Control Characteristics

ENVIRONMENTAL RATINGS

Temperature Range

Non-Operating

Units With Integrated Drivers

Driverless Units Units With Integrated Drivers :
Bias current required at each port for rated isolation and in- Operating ............. -65°C to +110°C
sertion loss q P ! ion ancin Non-Operating ......... -65°C to +125°C
PortOFF ... .. +50 mA Driveriess Units
PortON- . ... .ot —50 mA Operating and

-65°C to +125°C

Humidity .. .............. MIL-STD-202F, Method 1038,
Cond. B (96 hrs. at 95%)

+5V £5%, 3756 mA ShocK.. ... ..coovvravnne MIL-STD-202F, Method 2138,
~121t0 -15V, 60 mA Cond. B (75G, 6 msec)

Vibration................ MIL-STD-202F, Method 204D,
+5Vvi+5°{§’, 190 mA Cond. B (06" double amplitude
+15V £5%, 70 mA or 15G, whichever is less)

Altitude . ... ........... MIL-STD-202F, Method 105C,

: .Cond. B (50,000 ft.}
Temp. Cycling.......... MIL-STD-202F, Method 107D,

Units With integrated Drivers

TTL, low power Schottky,
one unit foad. (A unit

load is 0.8 mA sink current  Option No.
and 40 A source current.) 3
Logic “O" (~0.3to +08V) 7
for port ON and logic “1” 9
(+2.01to +50V) for port OFF.

. 33
Schottky TTL, one unit load.
(A unit load is 2.0 mA sink 41"
current and 50 pA source
current.} 42*
Logic *O” (-0.310 +0.8V)
for port ON and logic *1” 43"
(+2.0to +50V) for port OFF. 64A

Cond. A, 5 cycles

AVAILABLE OPTIONS

Description
SMA female biasfcontrol connectors
SMA male rf connectors
Inverse control logic; logic “0” for
port OFF and logic “1” for port ON
{Not applicable to Series 91, 92)
EMI filter solder-type
bias/control terminals
Internal video filter, common port
only
Internai video filter, output ports
only
Internal video fiiter, all ports
SMB male bias/control connectors

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

DIMENSIONS AND WEIGHT

2% ¢ .104 (2.6)
1.470(37,3) DIA BC
RF CONN
SMA FEMALE

.36(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.

21
{5,3) BIASICONTROL

MTG
/ SURFACE

A b2
/— ¢

SMC MALE
7X

GND (3)

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

Dimensional Tolerances, unless ctherwise indicated: XX %.02; XXX +.008
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Models F@180 and F9180W
Low-Cost Broadband SP8T Switches

General Microwave’s latest addition to its extensive
line of PIN diode switches, the Models F2180 and
F9180W, operate over a frequency range of 1 to 18
GHz. They are low-cost state-of-the-art, high
isolation, low insertion loss units. For the Model
F9180, the reflective design, insertion loss varies
from1.5dB at1 GHzto 3.8 dB at 18 GHz. The
corresponding values for the Model FG180W, 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.

d non-reflective models

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
(Option 11}. 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 F?180W
Specifications

PERFORMANCE CHARACTERISTICS

Power Handling Capability Switching Time *

Without Performance Degradation ON Time ....... ceeereeennn-200 NSEC MAx.
FOTB0: e rrmeeeeir e 0.5 W CW or peak OFF TIMEe ...cvtveecirnenrcmerrmenns 200 nsec max.
FO180W:

Input to any “OFF” port; .....100 mW CW or peak
Input to any “ON" port:....... 0.5 W CW or peak Power Supply
Input to common port:........0.5 W CW or peak Requirements .............cceo......+5V£5% @ 100 mA

Survival Power -121t0-15V @ 50 mA

FOTB0: crvrrenreereerssrernennnenennn. ] W AvErage, 75 W peak
(1 psec max. pulse width)
FO180W:

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

input to any “ON” port: .......1 W Average, 75 peak CONTROL LOGIC
{1 ysec max. pulse width) Logic *0" (~0.3 to +0.8V) for port ON
Logic “1" {+2.0 to +5.0V) for port OFF
Input to common pott:........1 W Average, 75 W peak CONTROL INPUT IMPEDANCE
(1 psec max. pulse width) 0.5 mA sink current, max.

!

* Ses page 85 for defini'tion.
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Models F9180 and F9180W
Specifications

ENVIRONMENTAL RATINGS ACCESSORIES FURNISHED
TEMPERATURE RANGE Mating power/logic connector
OPerating ...cocoeeeeeeeereenss —55°C to +110°C
Non-Operating ......cooveeeennen. -65°C to +125°C
HUMIDITY ..o MIL-STD-202F, Method 1038,
Cond. B (96 Hrs. at 95%)
SHOCK ..o MIL-STD-202F, Method 2138,
Cond. B (75, 6 msec) AVAILABLE QPTIONS
VIBRATION oo MIL-STD-202F, Method 2040, Option No. Description
Cond. B {.06" double amplitude 7 SMA Male RF Connectors
or 15G, whichever is less). g Inverse Control logic; logic “O” for
ALTITUDE ..o MIL-STD-202F, Method 105C, port OFF and logic ™1 for port ON
Cond. B (50.000 ft 11 +5V Operation
ond. B {50, ) 41+ Internal video filter, common port only
TEMP. CYCLING .......coveenee 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 L.50 ¥
Moo ] 09 [T (384) . (%?31; i
: (232 pe—1.320

j 5504.0) TYP
232 53 7 : \
CONN.SMA FEMALE

PN

GONN. D-SUB 1320~

ITT/CANNON DAISP [ ‘ fm:z,a l'— ’

OR EQUIV. ‘ — g o)

{59.0) i
EEHLJG LAW MIL-C-39012
4,65 1 (9%
(8. ’ %345
4470 | (B, B2

(D
iz ™ 9% MARKING Bl
SURFACE
1 MOUNTING
: SURFACE
-E: ¥z

)
)
- }}.u X
¥l ﬁ\‘ W,
4% 6125(3:2)

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

MODELS F9180 and F3180W
8.5 oz. (240 gm) approx.

Dimension tolerances, unless 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-
quency band. The switch exhibits a maximum inser-
tion loss of 6.0 dB and an isolation of 60 dB to 14
GHz and 50 dB to 18 GHz. The switching speed is
500 nsec maximum. This compact unit measures
4.5 x 4,0 x 0.75". Power supply voltages are +5 V
and +15 VDC, and it is controlled by 7-bit TTL bina-
ry logic. The switch operates over the temperature
range of -40°C to +85°C.
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Model 1744
Specifications

PERFORMANCE CHARACTERISTICS

Frequency ........ s 2.0 to 18.0 GHz

Insertion LOSS . ... .. .. e 6.0 dB max

VSWR (onoroff) ...... . ... ..o 2.0:1 max

jsolation ..... e e e 60 dB min to 14 GHz,
' 50 dB min to 18 GHz

SwitchingSpeed . .......... ... Ll 500 nsec max

Power Handling Capability
Without Performance Degradation

Inputtoany OFFport .................... 100mW cw or peak
Inputtoany ONport . ....... ...t 1 W cw or peak
Input to common port ... ... ... 1 W cw or peak
Survival Power
Inputtoany OFF port ... ... ... ..ouWs 1 W average, 10 W peak (1 usec max
pulse width)
Inputtoany ONport . ..... ... ..ot 1 W average, 75 W peak (1 usec max
puise width)
Inputto common port ... ... . 1 W average, 75 W peak (1 usec max
pulse width)
Power Supply . ... ... ... +5 VDC at 250 mA and
+15VDC at 100 mA
Control Input Impedance ...................... TTL, two unit load. {A unit load is 0.8 mA
. sink current and 40 UA source current.)
Controllogic .. ........ ... .. . i it 5-bit TTL {Decoded Input)
Connector . ... ... ... ... e DA-15P Multipin
Operating Temperature .. ...................... 0° to +70° C
DIMENSIONS AND WEIGHT
s e so0 02
3.700

15—+

4% .20 i&LJZdJ JS; JQE :ﬂL .
E,?.;._.;._._._-_._-;. <"}3“

Jiz7

MARKING !
/_ SURFACE ¢!

e 38 TYP

OEETO

"z

DA-15P
WITH JAGKPOSTS
1AW MIL-C-24308

4,200

o8
!

i
i
i
i
1
i
i
i
i
1
MOUNTING SURFACE —/ -

Asass UG
— J1g K8 J4 N3 N2

14—
Tvp B5TYP 17X CONN. SMA, FEMALE
1AW MIL-G-39012

MODEL 1744

Wit. 15 oz. (426 gm.)

Dimensional Tolaerances, unless otherwise indicated: XX x.02; XXX =.005
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H91 Series, HM@?1 Series Hermetically-Sealed
SPST Thru SP4T Switches

Both H91 and HM91 Series consist of a family

of high-speed high-isclation 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 HM31 family consists of a reflective
SPST and SP2T, SP3T, SP4T switches in both
reflective and nonreflective configurations.

On all switches, the dc and control ports are located in
line on one wall of the module above the RF
connection level. This makes the switches ideally
suitable for printed-circuit type mounting.

SPST SWITCH

The models H2114 and HM9114 SPST switch consists
of a shunt array of four PIN diaodes in a microstrip
transmission line (See Fig. 1).

Application of a positive current {by the driver) biases
the dicdes to a low resistance value, and switches 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
dicdes are biased to a low resistance and the series
diode to a high resistance. With negative current, the
converse conditions are established and the port

is ON.

CONT

-12v

RF INQUT RF WNOUT

Fig. 1-Single throw switch schematic diagram.

AF INCUT

RF GOM

Jo

Fig. 2-Reflective multi-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 0% and
10% of the RF power.

ON time, the time from 50% point of the TTL com-
mand to the 90% level of the detected RF, is less than
25 nanoseconds for all models; OFF time, from the
50% point of the 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-metal “feedthru” connectors for true
hermeticity.

Covers are welded to the main block in an inert
atmosphere, and the final assembly will not leak at a
rate in excess of 1 x 10-7 atm cofsec He.

MOUNTING

To facilitate mounting the H Series switches on a flat
surface, 0.060" spacers are availabie 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.

AF COM

J0

Fig. 3-Non-reflective multi-throw swilch schernatic diagram.

UNIQUE CONFIGURATION

The HM31 Switch Module Series offers several
unigque constructional features.

0.16” EFFECTIVE MOUNTING THICKNESS:

While the overall thickness of the modules is 0.24”,
the thickness where the mounting hoies are located is
onty 0.16", minimizing mounting hardware protrusion.

EXTRA MOUNTING HOLES:

All switch modules are designed with mounting hotes
on both sides of each RF port to assure good ground
continuity. In addition, four extra mounting holes are
provided so that the module can be mounted when
used with connectors.

RF AND CONTROL PORTS: The SP3T configura-
tions (HM9130H and HM9130HT), offer the user the
added flexibility of being able to specify the positions
of three output ports.
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Model HM192 Non-Reflective
Ultra-Broadband High-Speed SPST Switch Module

The Model HM192is a hermetically sealed, high
speed, non-reflective SPST PIN dicde switch with
integrated driver. The switch is designed for use
as a drop-in module but can be used as a conven-
tional connectorized component when equipped
with removable SMA connectors. Operating over
the instantaneous frequency range from 0.2 to

18 GHz, it provides a minimum isolation of 80dB
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 iine as shown in Fig. 1.

CONT.

+5V = 4

RF
INIQUT

Fig. 1 — Model HM192 Schematic Diagram

136




Model HM192
Specifications

PERFORMANCE CHARACTERISTICS

51

Switching Characteristics Power Supply
RiseTime............... .. 10 nsec. max Requirementstm . ... . . . . +5V +5%, 50mA
FallTime .................. 10 nsec. max -12i0 18V
ONTime................... 30 nsec. max +5%, 50 mA
OFFTime................ .. 15 nsec. max
Power Handling Capability
Without Performance ENVIRONMENTAL RATINGS
Degradation ........ ... ... 500 kaV cw Opetating Temperature
or pea Range.................... .. -65°C to +125°C
Survival Power. ... ...... .. .. 1 W average,
10 W peak AVAILABLE OPTIONS
{1 usec max Obti _—
. ption No. Description
puise widith) 9 Inverse controt logic; logic *1"" for

Control Characteristics switch ON and logic *'O” for switch OFF.

Control Input 49 High Rel screening (see Table 1 page 30)
Impedance . ............... . TTL, Advanced

Schottky, Two-unit

load. (A unit load AVAILABLE ACCESSORIES

CK-1 Connector Kit:
Two female connectors, spacers and mounting
hardware.

is 0.6 mA sink cur-

rent and 20 uA

source current)
Control Logic

Logic“O” .............. ... (-0.3tc +0.8V) for {1} Up to 1 MHz switching rate, At 10 MHz, 4V and -V @ 125 mA each,
switch ON
Logic ™1™ ... .............. (+2.0t0 +5.0V)

for switch OFF.

DIMENSIONS AND WEIGHT
4x ¢ .020(0,5)
. 24(6,1)
06 £,01 -— 110
{1.5) {27.9) : be— 16(4,1)
ﬂ ” ” [ [ .16{4,1) #1-64 UNC
X.11 DP 4X
.220(5.8) [+ - 6| L4
A %@
BranE Ol o g4 - P
¥ 11028 [l H o ¥ (160) 1 200 (102)
. l &6
Y ]
L ~-4| e 10{2,5)
06{1,5) —ael ba 2%4.012(0,3)
1280 o o |y YR
4% 6 .079(2,0)
MODEL HM192 —-I b .16(4,1)
Wt: 0.5 oz. (14 gm) approx.

Dimensional Tolarances, unless otherwise indicated: Lxx +.02; .xxx +.005
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Models H9114, HM9114®
Hermetically Sealed SPST Switches

(1) For Switching Speed, Power Handling and other specifications,
(2) HMS114 is a speciat order product; consult factory before ordering.

see page 86.

SMA FEMALE
2%

9 .118 SCREW HEAD _~]

8F CONN -

DIMENSIONS AND WEIGHTS

@54 ™
L7 856 4 x & ,078(2,0}
1.8 ™ e /_
506
16 S {15.4)
T [
D EIGVH N\ ¢ _ﬁf T
Jo a - —i o
38 1190
bS]

4% ¢ .020{0.5)

"/ MTG SURFACE
4

e 08 (1,5) MIN
NUT CLEARANCE

Wt. 0.4 oz. (11gm) approx.

CLEARANCE . 07 REQD
le _38(9,7) FOR SMA FEMALE  (1.B)
.50{12,7} FOR SMA MALE B - .;4
(3.8}
Model H9114 - e 24
Wit. 0.7 oz. (20gm) approx. (6.1}
4 % ¢ .020{0,5)
—- r— 2446,1)
06 +£.01 1o -
(1.8) (25.4) + _.l La— . 16{4,1)
#1-64 UNC x .11 DP
.220(5,6) n ﬂ ” -18{4,1) |~ ax
( +-G 1 &
= o Jo 53(13.5) 400{10.2)
1102,8) :
23] 265(8,7) . -200(5,1)
| Ry \@
L 4% ¢ .079(2,0) L J
.06(1,5) —
j 2x4.012(03) le—_1062,5)
.12(3,0) —
e 04(1,0)
Model HMg114® —-J la— 16(4,1)

Dimensional Tolerances, unless otherwise indicated: .xx +.02; xxx *.005
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Models H?120H, HM9120H?H9120HT, HM9120HT®
Hermetically Sealed SP2T Switches

7

PERFORMANCE CHARACTERISTICS®
‘REQUE

{1) For Switching Speed, Power Handling and other specifications, see page 142.
{2) HM Switches are spacial order products; consult factory before ordering.

DIMENSIONS AND WEIGHTS

o7 606 o5
s !“(15.4)"‘ I
RF GONN - |
SMA FEMALE - 1 ! 4x ¢.079(2.00 i 06 101 o /e 020(8.5) s
¥ | I/ 7 | 0a T s [ e
N \ . i _{ Y 36{4,1)
| Y | MTG SURFAGE |10 %0078 20~ || AN . :
\ f | / il 18 !
E2 == { o621 g I ; 1" 154 unc x 1100
;é;rog} B= : : o e o 290174} : | sx
A I * SE I e Ylz o W .azo(ag)
L 55 PRV : l ?Le ) 5 2/ W‘“‘ ]
i 0 \1|\‘ x4 .0200.5) o b e 1o~ I—— 02,5
| I s : . as=ih 1108 3xe oz oz 1S b ceon
! ' : 12 3.0) l.._:: s 1 :
4 .118 SCREW HEAD ! ! | 16(6.1y
CLEARANCE . 1 300
. : 6l {17.6
—H H
* s |_..E | 08(1,5) MIN '5‘;;‘(15.2;
48(9.7) FOR SMA FEMALE | (3.7) \ NUT CLEARANGE ten
'50{12.7) FOR SMA MALE i oy ﬁgcg;a
Typical protrusion dimensions e—- 750 -14{3,
tar three connectors ns.y L_
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 H9130H, H
Hermetically Seql

M9130H<,2’H9130HT, HM9130HT¢
ed SP3T Switches

{1} For Switching Speed, Power Handlin
(2) HM Switches are special order prod

g and other specifications, see page 142,
ucts; consuit factory before ordering.

o7

DIMENSIONS AND WEIGHTS

. 1.169 05
RF CONN oo w0 o
SMA FEMALE
o 4x ¢ 079(2,0)
MTG SURFACE
N
&
R =S ’ ° |
trE= i U exe.ozm
1.25 6= AL IR H * e oles
Jo Elfem N °
1.9
(31.8) 2= (23'~” - /
! N
ﬁﬁ ) E ==] | A
; 2 /5 *{ f ,
/ f : )
o7 _:f !
1.8) |
4 .118 SCAEW HEAD :
CLEARANCE
f ; | ol 16 -'?6“ -gi MIN
.1 UT CLEARANCE
-38(9.7) FOR SMA FEMALE e FEOR
-50(12.7) FOR SMA, MALE o - (.6}
Typical protrusion dimensions (23.9) 181 ;4
for tour connestors 33,3 1)

Meodel HO130H, HT
Wt. 1.4 oz, (40gm) approx,

06 £.01 . 1.00
24(6.1)
.5 H 5, 4]
(+.5) _.I; @54 GND TERMINAL N A8ta,
110 i | inoT marKED) '
20 _‘2’8’—| t ’f{i 84,1} 7 b 020{0,5)
5.6)
¢ i! fatang —
r ) ’ MB4UNC 2 11 OP
‘ 010 r—Jx P
(2'5“) .550{14.0) @,E
| T 160(4,7}
_ X &l 820 (8,1)
boen 7 efr-———
4xs.012f05 0015 -
.12(3,0) = oo
l 1012,5)

Model HM9130H, HT®
Wt. 0.65 oz. (18gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx + 02; .xxx +.005
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Models H9140H, HMQMOH‘,”HQMOHT, HM9140HT®
Hermeficclly Sealed SPA4T Switches

n Isolation (dB) -
lax insertion'Loss

(1) For Switching Speed, Power Handling and other specifications, see page 142,
(2} HM Switches are special order products; consuft factory before ordering.

DIMENSIONS AND WEIGHTS

AF CONN
SMA FEMALE
5%

: o —_— .05
ta ! 2.7} 1 " o
1

i 1.00 :
06 101 e -— ~—=  GND TERMINAL —
4x4.0792,0) r ns ot (25.9) I/ (NOT MARKED) i

| -18(4.1)
i

L7 x5 .020(0.5)

1 MTG SURFACE ) / ,
\ ﬂ/ L_ﬁ ] ’ 110(2,8) {'
125 N l e : I
131, 1106 | - gq #154 UNC x .11 DpP
) NE , . . ]| _10x
281 - 7% 6 .020(0.5) L
281 : l/ r M soun
- o ar $ A4 “‘j‘
A L L. . ®
4 I
x5 &

j 0
[ H §owen
o7 f |
4.118 SCREW HEAD" 8
CLEARANCE l’ . 1 Pt 04(1,0}
L e - . 06(1,5) MIN
-38(5.7) FOR SMA FEMALE 1) | NUT CLEARANGE e 102
-SO{12.7) FOR SMA MALE - igan ! 1 14 REGD 025
'ﬁrpi_cal Pratrusien dimensions ) 94 (2.6)
{or five connectors r—— (23,9 ——--i e 24
1.3 {6.7}
Ty
Model H9140H, HT Model HM9140H, HT®
WE. 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/HM91 Series
Specifications

PERFORMANCE CHARACTERISTICS

Power Handling Capability
Without Performance Degradation

All Reflective

Switches 1W ew or peak

All Non Reflective Switches

Input to any “OFF” port: 100 mW cw or peak
Input to any “ON” port: W cw or peak
Input to common port: 1W cw or peak

Surviva! Power

SPST Switches . ... 2w average, 75W peak
{(1usec max pulse width)
Reftective MultiThrow
Switches 1W average, 75W peak
(1usec max. pulse width)
Non Refiective Multi-Throw Switches
Inputto any “OFF” port: 1Waverage, 10W peak (1usec
max puise width)
Inputto 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
OFFtime ... ... .. . 20 nsec max

Max Repetition Rate is 20 MHz.

Power Supply Requirements

* See chart foitowing the power handling discussion on page 86.

CONTROL CHARACT ERISTICS
Units With Integrated Drivers

Control Input Impedance

TTL, advanced Schottky, one unit load.
(A unit load is 0.6 mA ‘sink current and 20 uA
source current).
Control Logic
Logic “0” (-0.3t0 +0.8 V) for port ON.
Logic “1” (+2.0to +5.0 V) for port OFF,

ENVIRONMENTAL RATINGS
Temperature Range
Operating ............. .. ... —-65°C to +125°C
AVAILABLE OPTIONS
Option No. Description
7 SMA maie 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 control logic; logic “g”
for port OFF and logic *“1”* for port ON.
10 One SMA male (JO) and one
SMA female (1) rf connector.
(H9114 only)
27 Single-port toggle control.

Logic “0” connects JO to J1.
Control can be applied to either
terminai 1 or 2. (SP2T models only)

41" Internal video fitter, common port only
42~ Internal video filter, output ports only
43 Internal video filter, all ports

49 High Rel screening
(see Table 1, page30)

AVAILABLE ACCESSORIES

Model Spacer Plates
H9114 17244-P1
H9120H, HT 17244-P1
H9130H, HT 17244-P3
H9140H, HT 17244-P3
Modei Model®
HMg114 CKk41
HMO120H, HT CK-2
HM9130H, HT CK-3
HMS140H, HT Ck-4

M Each kit inciudes 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.

Alf 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 Model 7050 3-dB Quadrature Coupler is'a 4-port
single-section Hopfer coupler which operates over the
frequency range from 18-40 GHz. It features low in-
sertion loss, high isolation, and excellent amplitude
and phase balance.

BENERAL ©
i MCROVWVE
 PROGRAMMABLE
o ATTENUATOR

MOBEL 3499
g suAind
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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 d8 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 1959 and a hybridized driver circuit which
provides a nominal transfer function of 10 dB per
volt. (See figure 2 below.)

RF INJOUT

BIAS

Fig. 1—~Model 15859, if schematic diagram

+V -y
70
| T 1
-50°C ]+25°C +100°C
% / —f "_ e
CONTROL P S el
INPUT DRIVER g 30 =TT
@——— CIRCUT i i =
{¥ CONVERTER} g w0 -
= b
2 o
. g 30 7
tAS
5
T 20
RF ouT SEREES 195 RF INOUT 10
(S FIN DIODE — ) ]
ATTENUATOR
! ° - 0 0.2 04 0.6 0.8 1.0 12 14 16 18 20 22
RELATIVE BIAS CURRENT
Fig. 3—Model 1959, typical effects of temperature on attenuation.
Fig. 2—Mode! D1959, biock diagram
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Models 1959, D1959
Specifications

PERFORMANCE CHARACTERISTICS

MAX:

COMMON TO BOTH MODELS 1959 and D1959
Mean Attenuation

Range..............50dB
Moneotonicity . ... ... ... Guaranteed
Power Handling

Capability

Without Performance
Degradation. ... .. 10 mW cw or peak

Survival Power. .. .. 0.2W average, 5W peak
(1 usec max pulse width)

MODEL. 1959
Rise and Fall Times
Rise Time......... .. 75 nsec max
Fall Time........... 20 nsec max
Bias Current for Maximum
Attenuation ... .. .. .. 15 to 70 mA

Temperature Effects. .. See figure 3

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS
See page 154.

MODEL D1959
Accuracy of Attenuation

Ote30dB............. +0.5 dB

0 to50dB........... +1.0 dB
Temperature

Coefficient . ........ ... 10.025 dB/°C
Switching Characteristics

On Time........... ... 300 nsec

Ooff Time.............. 30 nsec max™
Nominai Control Voltage Characteristics

Operating............. 0to +5V
Transfer Function...... .. 10 dB/volt
input Impedance. .. ... ... 10 Kohms
Madulation Bandwidth

Smalt Signal..... . ..... 5 MHz

Large Signal........... 2 MHz
Power Supply

Requirements........ .. +12V £5%, 100 mA

- 12V +5%, 20 mA

Power Supply
Rejection. ... ... ..... Less than 0.1 dBfVolt
change in either supply

(1) For attenuation steps of 10 dB or more

1.25
(31,8} 09
.38 1,O70 .

ter2) e

-%-—{lﬁ} ’v:gjm I
! i $7 ('é%'.%:
. ¢ \\E* “

SURFACE T ¥
2% 104(26) . 0%
i S .58 2,3
RF CON 14,00 ==

N
TYPE KFEMALE  / 35(9,7) FOR X FEMALE
2x "50(12,7) FOR K MALE

MODEL 1958
Wt: .8 oz. (23 gm) approx.

DIMENSIONS AND WEIGHTS
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(31,8}
52 r— 1070 09
nantEY- oy Y (2228 19 1| 123
- 30
% (@, (17,67
+ -y
! J2 — T
: v ! 1.25
@ | conTROL =@: (31,8
070
@ oo <] s
v w1
Leb. : .
MOUNTING 2x 104126 de
SURFACE el
e ] g
14,01
RF CONN .3619,7) FOR K FEMALE
;‘”’E K FEMALE .50(12,7)FOR K MALE
X

MODEL D1959

Wit: 1 oz. (28 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx #.02; .xxx +.008
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Model 3499 Octave-Band
11 Bit Digital PIN Diode Attenuator

The Model 3499 Millimeter Wave Digitaily
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 Modei 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
controlled attenuation capability. Refer to the
Available Options and the Notes on page 148.

+V -V

[T

DRIVER CIRCUIT
DIGITAL
INPUT o
CONVERTER
ANALOG
INPUT
14V
GONVERTER
RE ' RF
e rouT INFOUT
PIN DIODE
ATTENUATOR

Fig. 1 ~ Modet 3499 block diagram
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Model 3499

Specificoﬂons

PERFORMANCE CHARACTERISTICS

Mean Attenuation Range ........ ... . 50 dB Programming......... .. ... . Positive true binary.
For complementary code,

Accuracy of Attenuation specify Option 2, To interface

0to30dB......... .......... . .. 0.5 dB with other logic families,

0te50dB...... . ... ... +1.0dB please contact factory,
Monotonicity ........ ... ... . . Guaranteed Minimum Attenuation Step...... 0.03 dB
Temperature Coefficient. ... ... .. £0.03 dB/°C Logic Input

Logic “0" (Bt Offy ........... .. -0.3 to +0.8Y

Power Handling Capability Logic 1" (BRORY .......... ... +2.0 to +5.0V

Without Performance Degradation . . . _ . 10 mW cw or peak Logic Input Current ... .. .. ..., 1 A max

Survivat Power (from -40°C to +25°C;

see Figure 2 for higher temperatures) .. 0.2W average, 5W peak Analeginput... .. ... ... ... . .. 0to 6.4V

{1 usec max pulse width)
Power Supply Requirements .. .. +12V 1o +15V, 120 mA

SwitchingTime ... ...... ... ... . - 0.5 psec max -12V to -15V, 50 mA
Power Supply Rejection .. ... ... Less thajn 0:1 dBfvolt
ENVIRONMENTAL RATINGS change in either supply

Operating Temperature Range . ... -40°C to +85°C

Non-Operating

Temperature Range ..., ... .. . -54°C to +100°C
Rumidity ........ ... .. . . . . MIL-STD-202F, Method 1038, 1%
Cond. B (98 hrs. at 95%)
Shock ... MIL-STD-202F, Method 2138, o OF 60
Cond. B (75G, 6 msec) RATING
AT +25°C
Vibration...... ... ... .. ... MIL-STD-202F, Methad 204D,
Cond. B (.06" double amplitude
or 15G, whichever is less) _
STD-202F 0 e ~40°C +25°C +85°C
Alfitude ............. .. ... . . MIL-STD-202F, Method 105,
Cond. B (50,000 ) TEMPEAATURE
Temp. Cycling .................. MIL'STD"202F, Method 107D, ng 2 - Model 3499 power deraffng factor
Cond. A, 5 cycles
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Model 3499
Specifications

' DIMENSIONS AND WEIGHTS

3.00
N (76.2)
75 1T GANNON DA-15P OR EQUIV
19.0] WITH JACKPQSTS
9.0 MATING CONNECTOR FURNISHED.
RF CONNECTOR
“K” FEMALE (JACK) — MOUNTING HOLES (x4)
i Py 0,120 (3.00 THRU.
1 . N
A NP
5 6 E
J1
olg o= s
MER]F JaH- e
J2
r T _E
T' pa ot 4
a \JI
i i
ol _
A = ﬁ
14 2Py 2.720 2 PL) -
13.6) o 16911

90
7&7&‘] NAMEPLATE

—
:

{14.5}

MOUNYING SURFACE

57 (2 PL}

MODEL 3489
WT: 5 oz. {142 gm) approx.

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

ACCESSORY FURNISHED NOTES:

Mating powerflogic connector

AVAILABLE OPTIONS
2. Pin 3 is avaiiable to apply a current or voltage to control

Option No. Description ' A
the attenuator in a non-linear fashion. Leave pin open
2 Complementary programming circuited if not using.
{fogic “0" is Bit On)

1. Normally supplied as an Analog input. Optionally avail
able as a strobe latch function for input data.

3. The Model 3499 attenuator is an 11-bit digital attenuator.

4 Strobe laich for "*.“a input. Atten}: a”to“r In order to use this device with a lesser number of bits
_respon_ds to data input when logic "0 (lower resolution), the user may simply ground the logic
!S applied. Attep u‘?‘? g latchgd lo data pins for the lowest order unused bits. For example, when
input when logic ™1 is appiied. 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. Al other
parameters remain unchanged,
10 Cne type K male (J1) and one

type K female {J2) if connecior
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Series 90

Millimeter Wave SPST Swiiches

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 F90 switches are the same as the corres-
ponding Series 90 models except the units are equip-
ped with integrated drivers as shown in Fig. 2.

The proper current required to switch the unit ON or
OFF is provided by the integral driver which is con-
trolled by an external logic signal. Maximum rise and
fail times are less than 10 nsec,

BIAS

RF IN/OUT RF INOUT
@ —r—{—©
Jt 1 | J2
4y le
t [
A s

Fig. 1-Series 90 SPST schemalic diagram.

conT
W5
2
AF NVOUT RF INVOUT
IN/OU . |
©—i T —i—Q
J1 1 | J2

IS &

i ¥

¢ 1

& H

Fig. 2-Series FS0 SPST schemalic diagram.
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Series 90 SPST Switches
Specifications

PERFORMANCE CHAFIACTERISTIC”_SU _

Rise and Fall Times. . . .. 10 nsec max CONTROL CHARACT ERISTICS

Switching Time. ... ... 20 nsec max
Repetition Rate. . . ... .. 20 MHz max
. Control Input
Power Handling Impedance .. ... ... TTL, advanced Schottky,
Capability one unit load. (A unit load
Without Performance is 0.6 mA sink current and
Degradation . . .. ., 1W cw or peak 20 uA source current.)
Survival Power. . . . .. 2W average, 75W peak Control Logic Logic “0” (~03 to +08 V)
(1 isec max pulse width) for switch ON and Logic
POWER SUPPLY REQUIREMENTS “1” (+2.0t0 +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 Ses 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
RF CONN — 770 e 09 A2 MAX
119,6) {23) (i0,7)
TYPEK FEMALE ~| 2 28
2X% 104(2,6) {6,4)
350 ()
(8,9)
f - é I MOUNTING
SURFACE
75 }]]:[D
(18,1
h ? gLAcsﬁ:ngTROL
1 (.521.2” Jz2 }U " V“)

.48
{122}

- .95 »
(24,1} .38(9,7) FOR K FEMALE

.50{12,7) FOR K MALE
(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
Series 90/F90
Wi 6 oz. (17 gm) approx.

Dimensional Tolerances, uniess otherwise indicated: .xx +.02; .xxx +.005
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Series 90

Millimeter Wave SP2T Switches

REFLECTIVE SP2T SWITCHES

Series 90 SP2T switches use an integrated
assembly of PIN diodes mounted in a microstrip
transmission fine in a series-shunt arrangement
as shown in Figure 1.

When applying positive current (by the driver),
the associated port is OFF since the correspond-
ing shunt diodes are biased to a low resistance
and the series diode to a high resistance. With
negative current at the bias terminal converse
conditions are established and the port is ON.
All models are supplied with integrated drivers.
Standard units are supplied with logic that turns
a port ON with the application of a logic *“0” con-
trol signal. Maximum rise and fall times are less
than 10 nsec.

DRIVER

RF INFQUT RF IN/OUT
J2 J3
J1
RF COM

Fig. 1—Series F80 SPDT schematic diagram
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Series 90 SP2T Switches
Specifications

PERFORMANCE CHARACTERISTICS

Rise and Fall Times. . . .. 10 nsec max CONTROL CHARACTERISTICS

Switcl_ﬁ.ng Time.,....... 25 nsec max Controi Inout

Repetition Rate........ 20 MHz max Impedai':ce .......... TTL, advanced Schottky,

Power Handling Capability one unit load. (A unit load
Without Performance is 0.6 mA sink current and

Degradation . . . . .. W cw or peak 20 uA source current.)
Survival Power. . . . .. 1W average, 75W peak Control Logic...... .. Logic “0” (-0.3 to +0.8 V)
(1 isec max pulse width) for port ON and Logic “1”
Power Supply (+2.0t0 +5.0 V) for port
Requirements ... . . .. +5V +£2%, 75 mA OFF.,

—1210 -15V, 50 mA

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS

See page 154

DIMENSIONS AND WEIGHT

o}:] 770 = w 46

(2,3 ] (19,6) (s [

(éz; | g : / -v

= 3RE =N
f 6
('%02) :B}]:B] ‘\@'4
) GND— el
l RO .20
ot (30,5
1.020 P
(25,9) | @
; Im @
J3 BIAS ACONTROL
N N\, SMC MALE
-38(37)1FOR K FEMALE 2X
50012,7) FOR K MALE v
il '

45
{11,4)

. .95 29
SERIES F90 45t conn \ e
TYPE K FEMALFE
X

Wt: 1 oz. (28 gm) approx. . 2X $.104(2,6)

Dimensional Tolerances, unless otherwise indicated: .xx +.02; xxx +.005

—
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Model 7050 Millimeter Wave
3 dB Quadrature Coupler

The 3 dB Quadrature Coupier 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
The 3 dB Quadrature Coupl!
. connectors for easy integration into coaxial

millimeter wave systems.

and high isolation.
er utilizes removable

D

J

3 dB Quadrature Hybrid

Fig. 1-Model 7050 schematic

]

P

S B—

.38
(9,7}

37
(9,4) ™~—

L .37

09
(2,3} {94}

DIMENSIONS AND WEIGHT 28

(7.1

.42
(3,00

t,2)

.44

il
ez M2
(15,9]

.81
{20,8)

2x$.104(2,8)

:

/ SURFACE

MODEL 7050
Wt 1 oz (28gm) approx.

MOUNTING

RF CONN
TYPE K FEMALE
4 x

Dimensional Tolerances,

unless otherwise indicated: .xx .02; xxx *.005
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Millimeter Wave Component
Specifications

ENVIRONMENTAL AND OPTIONS

ENVIRONMENTAL RATINGS
Operating Temperature Range Shock ........... . . .. MIL-STD-202F, Method
Series 90 213B, Cond. B (75G,
With Drivers .. .. ... -65°C to +110°C 6 msec)
Without Drivers .. .. -85°C to +125°C Vibration ..... . .. . . MIL-STD-202F, Method
Model 1959 . .. .. ... —54°C to +125°C 204D, Cond. B
Model D1959 . ... . . .. =54°Cto +110°C (.06" double amplitude or
Model 7050 ... ..., . ~85°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%0)

Single-port toggle:control; logic |
‘0" connectsdito g2t
L EMI fiter. soldar-typs.
~bias/control terminals S
20 dB/volt transfer function with| -
~Oto +8V-control signalinput: " j-
".|-#15voitsoperation . .| .
* | -SMC.male biasicontrol -
cleonnectors’ T Y B
SMB male biasicontrol -

S - connectors..,

(1) Not applicable 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 osciilators, was launched in 1989. It
began with the introduction of an extremely stable
(1PPM/°C) free running Dielectric Resonator Oscillator
and has subsequently expanded to high performance
Voitage Controlled and Digitally Tuned Oscillators. In thig
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.

General Microwave offers a broad line of high-perfor-
mance voltage-controlled oscillators (VCOs), digitally-
tuned oscillators (DTOs}, and dielectric resonator oscilla-
tors (DROs) in the microwave frequency range. The
VCOs and DTOs feature fast-settling time, low post-tun-
ing drift and iow 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 recsiver, 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.

SELECTION GUIDE

nd Gommercia
ad-Oscillators

e Cusiofn_:_MuIti;Bénd.~_;_'
- Bigitally-Tuned ‘Ogcillators -

-+ "Dislectric Resorator Oscillators ..

. Fixed Toned {F) and
- ‘Mechanically Tuned (M),
Dielectric Resonator Osciliators




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 betwesn
the maximum and minimum slopes of the frequency vs.
voltage tuning curve of a VCO over its frequency band. (For
a DTO, this is defined at the FM moduiation 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 VGO or DTO.

Modulation Bandwidth: The modulation frequency
at which the frequency deviation bandwidth of a VCO or
DTO decreases by 3 dB relative to the deviation bandwidth
at low frequencies.

Phase Noise: The sideband noise level at a given devi-
ation, fy, from the oscillator frequency, relative to the carri-
er power level and normalized to a bandwidth of 1 Hz.
Typicalmeasured 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 DRQ has a nominal 1/fm® 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 osciltator frequen-
cy variation over the rated operating temperature, usually
expressed in ppm/°C.

Pu!ling: 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 twices the pulling figure defined above.

By using the following approximate formula; the pulling
figure may be scaled as a function of the VSWR:

fo
S-1/8
2 VO

where fo is the oscillator frequency, Qgyr is the external
Q of the circuit, and S is the load VSWR.,

Af peak-to-peak=

Pushing: The incremental change in' osciliator fre-
quency that results from an incremental change in power
supply voltage.

FREQUENCY DRIFT (MHz}

25 . -4 -3 -2 -l
FIME {10% Sec)

Fig. 1-Measured settling time of 8-12 GHz VCO

SINGLE SIDEBAND PHASE NOISE

-85

osl M
.

dBcsHz

=115 %

g

10K 20K 50K 190K
OFFSET FREQUENCY N Hz

Fig. 2-Measured phase noise of 12 GHz DRO

1
[ =]

RELATIVE QUTPUT POWER (0B}

¥

FREQUENCY

Fig. 3-Hesidual FM
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VCOs

Broadband VCOs

General Microwave's catalog fine 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 12-1 8) 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 smail 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 pulling effects on the oscillator frequency due
to variations in the external load, attenuator pads followed

MATCHING é
NETWORK ?
|
:. z ;
h
o— 1
OUTPUT X

Fig. 4-Simplified VCO Block diagram

by butfer amplifiers are incorporated at the oscillator output.
Voltage regulators are also inciuded 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 doubfing 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 syrmetrical, all odd
harmonics of 6 GHz would be suppressed, and only even
harmonics would be present in the output spectrum. By
suitable filtering, an essentially pure 12 GHz output signal
could be obtained. In practice, imperfect symmetry 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 VCQ)

Detailed specifications are provided on Page 158.

OSCILLATOR B
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Fig. 5-Schematic diagram of Push-Push Oscillator




BROADBAND VCO SPECIFICATIONS

Variation, Incl: temp..

‘ASE NOISE; hax (dBcl )i
@100 kHz offset

HAHMONICS,max.{dBc)

T332, E‘nax {dBc) -

 SPURIOUS, max (dBc) -

TEMPEHATURE STABILITY.‘typ (PPM/°C)}_:

" PULLING, VSWR 2:1 max (MHz) '

' PUSHING; max (kHle)

. CONNECTORS. -
- Power supply

un_i'ng-voltage: S

" “SMA female ;

:RF output

... POWER SUPPLY REQUIREMENT
- Voltage (Vdc) e

7 8MA female

Current max {mA)

Tunmg voltage (Vdc)

" INPUT CAPACITANCE, nommai (pF) R

L eto420 -

.- ENVIRONMENTAL® - - At
= -Operating: temperature (°C)

10485

_'_54(}
- .Storage’ temperature {°Cy: ~54t0: 4125 7
MECHANICAL DIMENSIONS G
Inches S 79x1.10x0.45
Mtl[lmeters 455%279%11,4

556><279x11 &

(1) &f relative to £ after 1 sec.
(2) Hermetically sealed.

Option No.
494

Description
High Ret screening
(see Table 1 to the right)

Table 1. Option

49A High Rel Screening

General Microwave's hermetically-sealed oscillators utilize rugged consiruc-

tion techniques and hermetic seaii
for shock, vibration, temperature,
hermeticaHy sealed parts may be
accord with the following:

TEST

Internal Visual
Stabilization Bake
Temperature Cycle
Mechanical Shock
Burn-In

Leak

Nng to meet stringent military requirements

aititude, humidity, and salt atmosphere. All
ordered, if desired, with 10094 screening in

METHOD

20173
1008.2
10105
20023
10154
1014.219

CONDITION

| »m0 |

Al & A2

158




VCOs

DIMENSIONS AND WEIGHTS

AX 2,096 (2,4)

.262

(8,9
.08(2,0) e '

MTG
] —8& 8 ono| SURFace
VTUNE [ & /

2,19 2,030
(58,6) {51,8)

RF OUT

RE CONN
[ 9 0 L] | / SMAFEMALE
2x

42
(o7

. . ] .55 o 22
(14,00 '

as | (58
L0 (4™

(27,9) .38(3,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

MODEL V6120 vCO
Wt: 1.64 oz, (5§ gm) approx.

262
4X #.096(2,4) I" &3 35

.08 {8,9)
(2,0} F"
‘ =
} GND MTG

VTUNE =

=] ®
179 1630
(45,5} (41,4}

18
RF OU (4,8)
F OUT
i RF CONN

. ——t SMA FEMALE
: | 2X
y L
'42 o —
flon [~
.55 le— .22
(r4.0)

(5,6}

a5
I. IO ——lnl r e
TS ¥ (114

.38(8,7)FOR SMA FEMALE
S0(12,7) FOR SMA MALE

MODELS V6020, V6026, V6040 AND V8080 VCQs
Wt 1.27 oz, (36 am) approx,

Dimensionaf Tolerances, unless otherwise indicated: .xx = .02: xxx + 005

159




VCOs

Miniaturized VCOs

General Microwave has developed a family of high-
speed, mintaturized 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.

Current max (mA)
Tunlng (Vdc)
}:TUNING PORT. CAPACITANCE ax (pF)

'}_iENVtHONMENTAL -
s Operatmg Temperature:(‘c :

3 -Storage Temperature {fC

i MECHAN[CAL BIMENSIONS'
lnches

Mulhmeters -5 .

{1} Af relative to f after 1 millisec

DIMENSIONS AND WEIGHTS
570 -4
; {2461 i[ ? ? ?I? T !
Ala i 891 alz ! i i
g5 S | e : %’..!g ] : T :
S 4 o @n ) ‘?’]$ ” ” U ” u ” ” “ = ++ +ls oo -y
' 2AZ - 2
v 1av v ‘ I ! ; — 12 — —i — —@——ﬁla—a—i =
@@ wln RE ot H s o - .
O l [ t—-— RS .
GND ! ' T
. =/ ! 770 ;Ia 1:1 N ‘L é ;

[£:1: ]

All Models: 0.15 oz; (4.34 gms) approx.

Dimensional Tolerances, unless otherwise indigated: .xx + .02; xxx + .005
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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 VC
shown in the photo. The assembly includes two MMIC less than +5%
amplifiers, a medium power MIC amplifier, two filters, a

O with a typica! linearity of
foran airborne jamming application. The unit

is designed for high speed modulation and also includes
phase shifter and a MMIC SP2T switch. For specific RFIVEM! filteri
requirements, please consult the factory.

ng.

Commercial GaAs FET X band
For X- and Ku-band applications whers 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.
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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 fine of broad-
band VCOs. The DTO provides the desired output frequen-
¢y in response to a digital controf signal. A block diagram of
the DTO is shown in Fig. 6. By appropriate design of the
electronic circuitry, settling times of less than 300 nanosec-
onds are achieved. To obtain a frequency accuracy of the
order of £1%, including the effects of temperature, a pro-
portionally-controlled heater is required for the VCO and
the electronic circuitry is temperature-compensated. A
latch mode is provided as a standard feature,

To enable analog frequency modulation of the DTO for jam-
ming and other applications, a separate frequency modu-

lation port is provided. Since the slope of the frequency vs.
voltage curve of the VCO varies over the band, compensa- MG A { OPTION 2
tion is required to obtain a refatively constant deviation - ; Ar"r“éi:tﬂhiuf—‘i
bandwidth. Compensation to within +5% is achieved P i

(Option 2) by utilizing a PROM to vary the attenuation i
applied to the modulating signal. The DTO may be fre- _’l_"—m—
quency modulated at rates of greater than 15 MHz.

PROPORTIONAL
HEATER

These units are designed primarily for simulator applica-
tions, although fully militarized units are available, as well, Fig. 6-Single Band DTO Biock diagram
The specifications are summarized on page 163,

DIMENSIONS AND WEIGHT

CONTROL/POWER CONNECTOR:
CONN ITT CANNON
" DBMM25PD OREQUIV. TYP4x
.49 WITH 0110551 JACKPOSTS. X 8135(3.9) .16
_'I : MATING CONN FURNISHED \ (9,3
AF CONN 52 )&
SMA FEMALE
R | PIN 1
MTG ' _
SURFACE ™y { CONTROL/POWER.CONNECTOR.
! 3.238 Piriz No| Funciian:
FM hoD ;
SMC MALE (82,2} :
2.5% (3'0552)
165,.2) f '
i .93 )
23,5
i 5 (%] ]
]
.40 18 5,36
10,21 -]
10,2} 169 an™ {ELX] g ifasn
(42,9} {194,177 5

{1) Logic “0" to fatch
input werd,

Logic “1" o uniatch
input word.

MODELS D6020C, D8026C, DB040C, DB08CC, Ds120C DTOs
Wt: 23.1 0z. (655 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx = .02; xxx + .005
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SINGLE BAND DTO SPECIFICATIONS

'#i2, 32; max (dBa) -

. SPURIOUS; max {dBe)-

-+~ PULLING, VSWR 2:1 maik (MHz)

" PUSHING; miax (KHz/V)
| NOMINAL LSB® (MHZ)~. :

: "_Z"MONOTONICTY

_URN ON TIME (mlnutes)

+ ‘CONNECTORS -

't speclhed accuracy @ +25°C. “

Co_ntroIlPo_wer o

"RF Output:. . -7
TEM dnput’

; SMA female

-Voltage @"Current o

. ‘POWER SUPPLY: REQUIREMENT_._

SME male -

Turn-On Current @ 28 volts

:,":Z'ENVIFIONMENTAL"’ e
S Operatmg 'E‘emperature {“C)

~ Storage Temperature ey

i MECHAN!CAL DlMENSiONS
Inches :

TR0 41005 ¢

X355 169"

’ Mi_illmet_ers-z- S

21440 90,2 X429

(1} Af refative to £ after 1 sec.

(2) Mating connector furnished

(3) AF section and driver
components hermatically sealed,

(4) 12 Bit TTL input

(5} 50 Ohm input impedance.

AVAILABLE OPTIONS

Option No, Description

2 Reduced Modulation Sensitivity Variation

163




DTOs

MULTI-BAND 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 included in the output to reduce harmonic levels. The har-
monic level for catalog units is specific at -20 dBc. However,
-55 dBc suppression is available as an option.

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.

L DB218
mplifier Assembl

D6206 VCO Assembl,

FREQUENCY Toetion 2.~ 71
FnEQUENCY J OPTION 2 !
INPUT .
o [ VARIABLE l
P |
. —_— | VCoA1
DIGITAL - - velinz
TURING P~
MPUT . RF
o—-‘PRohu‘}———{ LATCH DAC - sSwHTCH _.MI./ME' S:;E’_‘CSLED "g:T
:
VoM
© |—

Fig. 7-Muiti-Band DTQ Block Diagram
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Vatiation; incl. temp. nd: freq:, m‘ax-;'(d_B)-

: PHASE NOISE, max: (dBcle)
@100 kHz offset 4

"F12; 8f/2, max: (dBc)

SPURIOUS max; (dBc)

% PULLING, VSWR. 2; 1, max: (MHZ)

" PUSHING, max {kHz/Y)

= U NOMINAL LSBs (MHz)

“ MONOTONICITY:

_:._.CONNECTOHS
- Power : "

L Controi -

37 Pin; D Type Male®

F Quiput’ .

: Modulation: !nput :

- 'SMA femate:

. .POWER SUPPLY REQUIREMENT
oltage @ Current :

%0.5V. @ 350'miA mia

Turh-ON- Current @ 28 voits-b ;

3 amps max

" _ENVIRONMENTAL
‘Operatmg Temperature (°C)

“ Storage. Temperature: (°C)

; MECHANICAL DIMENS[ONS
" inches. . "

" Millimeters

44,8 x121,9 % 63,5

1646x1582x508

(1) Af relative to f after 1 sec.

(2} Mating conneclors furnished

(3) 18 Bit TTL input, including VCO control.
See page 166 and 1567,

(4) 50 Ohm input impedance

Option No.
1
2
3

AVAILABLE OPTIONS
Deseription
Fast Frequency Settiing
Reduced Modulation Sensitivity Variation
Improved Harmonic Suppression
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DTOs

6.220 643
(158.0) (164.6}

MULTI-BAND DTOs

DIMENSIONS AND WEIGHT

k\ 6.230158.2)

I

[ —
T

5.63(143.0
L‘\S.BTO(JSI.S)

UM
13(3.3) J
-
200+ 04 69 ]
s 170
| ¥ (43,2}
BT
15.5
g,fcol':::;ng .90(22,9)
6-32 UNC 28 3:83(98.0)——”
333

1) PiN nos. 9,10 and 28 sh

NOTES: For Normai

Operation of the DTO

ould 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 aze for FACTORY PROGRAMMING ONLY ang should not be used.

Model D6218 and D6618 Wt: 3.35 Ibs (1.52 Kg) approx,

Dimensicnal Tolerances, unless otherwise indicated: XX % .02; xxx = .005

166




. DIMENSIONS AND WEIGHTS
s 4% B.153-HTG. HOLES
Q84> (SCREW 6-32 UNCH
L L2 &
N
g |8
J3
1) ® L.
16 @ PL) 5384 [
“D I WRTE 16 <2 PL)
570 ] “»
T -]
250
16335
e
e
J
\
@ =
o 2 __,@ 3
v~ J4
2. i
BiE 3 ® |::
i H :
B
&
K .J..h.,t..
L442.04
I¥3)
24904
[EE+5]

NOTES: For Normal Operation of the DTO
1) PIN ros. 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 FACTORY PROGRAMMING ONLY and should not be used.

Modef D052 & D6206 Weight: 2.18Ibs (990 grams) approx.

Dimensiona!Tolerances, uniess otherwise indjcated: XX 02; 000 = 005
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DTOs

CUSTOM MULTI-BAND DTOS
EW and ESM Applications

General Microwave has developed numerous multi-band spurious and harmonic levels, and 45¢ rms endurance
DTOs for demanding EW and ESM high-reliability applica- vibration levels. The unit includes 3 VCOs, 3 MMIC ampli-
tions, as shown in the photographs. The key requirements fiers, a switched lowpass filter, a custom hybrid electronic

for the EW Multi-Band DTQ shown are compact size, low circuit, and RFI/EM! filtering.

The C-Ku band DTO shown includes 3 fundamental
mode VCOs and 1 push-push VCO, 4 MMIC amplifiers, a
SP4T switch, a switched lowpass filter, and associated

electronic circuitry. The key requirements are supression
of the unused VCOs and fast settling tuning. The S8-C
band DTO shown meets similar requirements,
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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
pulling and pushing. A series feedback topology is chosen
for best overall performance, as shown in Fig. 8. GaAs
FETs are used as the active device in the 8-18 GHz range,
and silicon 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

il

Fig. 8-Schermatic 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 applicaticns have also been developed.
Please consulf the factory for individual requirements.
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DROs

CATALOG DRO SPECIFICATIONS N

035,6¢19,1

(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 1 58)

a resolution of 1 MMz, i.e,, 6038 MHz)

“Note that minimum order quanities may be applicable to
these products. Consuit factory before ordering.
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DIMENSIONS AND WEIGHTS

F5080 M5080
1340 113
- [ idaor— 12877 ™
R 35 B3 .35
e s N e
P —D P ;Lﬂ
SND®
“+ F=a MTG
= ve 5 /SURFACE
MTG 2.09 (930 j
209 1930 SURFACE (531} (48,03 ~p.57(14,5)
(33) (49,0) LIz
18 {27.4) .18
(4,8} (4,63
- e e - RF CONN I ® i A CoNN
I SMA FEMALE ! T SMa FEMALE
-08(2,0)
.08 EF
{20) ez | (-1-':,,3% 23 .2624 .539 3
. b 10 (5.8) 167} .10 bz.7) (5,81
167 L o e A TA @sT e A
. - 119,61 6X #.096(2,4) (',Z,:'G,"'
sx goesizal, 134 38(9,7) FOR SMA FEMALE 54
. —= R LT} Fi A
(39,4} S0{12,7) FORSMA MALE (39,1) _gg((?z,;) 2gRS§M:EJ~;‘tléE
Wt: 2,75 oz. (78 gm) approx. Wt: 2.93 0z. (83 .gm} approx.
F5120 M5120
51
L20 (23,
2’,’-— o s 38
(8.9 . .
~', (16,5 (3,9
’—_| ] 2]
GNDE) -
+V MTG
© = SURFAcE
L7 L&lo L7? Lsio
(45,00 {403 m MTG (45,01{40,9) ~2.57 (14,5}
14,6} L SURFACE Loz 8
J (239 4,61
. l RF CONN 'L"_ RF CONN
f |~ SMAFEMALE SMA FEMALE
.08(2,0) — o
23 (2,01 H
"l (5,8 ! .23
. (5,8)
~iiay) 6x 97096(2,4) . 75
6% 9.096 {2,4) ' ' : LX)

Wt 1.94 oz. (55 gm) approx.

.38(9,7} FOR SWA FEMALE
S0{12,71FOR SMA MALE

i
{17.8)
L4qQ
(33,6}

-38(3,7)1FOR SWA FEMALE
SS0U2,7) FOR SMA MALE

Wt. 2,12 oz. (80 gm) approx.
F5180 M5180
.580 TT
o 980 __, 35 b e, o71 (19,67
124,3) 18,9}
‘1 r— e 68 ] 35
& {16,8)
GNOE ] )
. v@ | T8 SURFACE
L34 1380 + SURFACE
(38,0 (35,13 m . 154 1380 f ‘&F s
4.6 (390 )(35,1) 2 [~ 5704.5) &
® 8 < '_[ RF CONR
y SMA FEMALE RFCONN
R e 0 SMA FEMALE
08(2,0)
359 23 .08
. |1 (80} ™58 2,0 4 = 23
I] le- 10 2 .24z 2 (5.8
262 s |23 - (s~ &7 e 62
167) tisg [* ' s | (s ™
6XF.0962,4) Lis \38(9,7}FOR SMA FEMALE 6X #.096(2,4} {150
(20,00 -S0U2,THOR SMA MALE e 118 ] .3B(9,7) FOR SMA FEMALE
(200 S0012,7) FOR SMA MALE
Wt 1.3 oz. (37 gm) approx. Wt: 1.48 0z, {42 gm) approx.

Dimensional Tolerances,

unless otherwise indicated: XX 2 .02; xxx =.0005
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Power Measuring
Instruments

General Microwave has an extensive product line of response of the power monitor relative to its perfor-
Power measuring instruments including thermoelectric mance at 1 GHz and includes the effects of detector
average power monitors covering the frequency range inefficiency as well as the mismatch loss when

of 10 MHz to 40 GHz. in both coaxial and waveguide operating with a matched source.} For GMC power
configurations. Consult factory for other avajlable power  monitors CAL FACTORS typically run about 93% at

measuring instruments, 12 GHz and 91% at 18 GHz. Errors due to linearity and

Square-law response for GMC power monitors are
POWER MONITORS o usually less than 19% for the former and negligible for
Power Monitors are typically employed in fixed the latter.

installations for the continuous measurement of system . .
power. Incorporating both the rf detector and an instry-  Another major contributor to the measurement

mentation amplifier, they offer cost-effective fiexible uncertainty is the mismatch error. As stated above,
solutions to high accuracy and wide dynamic range the CAL FACTOR is a correction to be applied when
power measurements in reliable efficient packages. meacuring a matched source. if the source is mis-

) L . matched, inter-reflections between the source and the
The power head deSlgﬂ uses thin-fiim metallic loads to Power monitor produce an additional error whose

absorb incident rf power. By constructing the rf Ioad as magnitude is a function of the compiex impedance of

a bi-metallic element, vacuum-deposited on a thin both the source and load. Because these data vary with
dielectric substrate, pairs of thermoelectric junctions frequency and are usually not available, one usually
are created. Half of the junctions are thermally assumes the worst case condition which can be

“sinked” to the transmission line conductors, while the obtained from commonly avaitable mismatch charts
others are located within the air Space between. These or tabies.

latter junctions constitute almost the entire calorimetric _ , )
mass, enabling high sensitivity and fast response time. The contribution of noise and drift to the measurement
’ accuracy is obviously a function of the power level

The absorption of rf power by the load creates a being measured. For GMC Power Monitors, noise and
temperature diifference between the hot and cold drift are rated from 0.0296 to 0.035% anq 0.025%/°C to
junctions that givesrise to g thermoelectric emf. By 0.035%/°C of full scale, respectively, on the least
keeping this temperature differential small, the load sensitive range, increasing proportionally on the more
acls as a true square-law (rms) device, producing a dc sensitive ranges. For most practical purposes, these ef-
output voltage directly proportional to the absorbed fects can be ignored for measurements made over the
power. This voltage is applied to the monitor amplifier upper 10dB of the monitor’s range.

which provides a user-selectable current or voltage out-
put in three remotely selectable 10 dB ranges for a totai
30 dB dynamic range. POWER MONITORS

The Models N4250, 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 N4458 and N4468B 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 avajlable.

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 & power measuring device
include its frequency response, mismatch, linearity,
Square-law response and noise and drift. With respect
to the former, each GMC power monitor is furnished
with calibration data defining its CAL FACTOR (1) asa
function of frequency. (CAL FACTOR is the normalized

{1) Caffactor, or callbration factor is the ratio of the substitution audip Power to the total incident rf power required o produyce equal de
output voltages from the ift power head.

172




Models N445B, N446B, N425D, N426D, N427D

Integrated Thermoelectric Power Monitors
>

These power monitors are compact, integrated
assemblies oﬁﬁféﬁﬁﬁé?é‘éfﬁiﬁ*ﬁmé%%ﬁd&dé
amplifie™ specially designed for system power
monitoring at local or remote locations. Small size
and light weight make them ideal for difficuit systems
packaging requirements, and choice of readout type
and location is flexible-—ail 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 dynarmic range covered in
three convenient decade steps. Power levels as jow
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 de analog signal which may
be connected to readouts in either a constant current
or constant voltage mode, directly scaleable in
milliwatts. The constant current output is

1 milliampere full scale, and the constant voltage
output is adjustabie up to — 10 volts full scaie. 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
voitmeter, or for such applications as sweep
generator leveling, the constant voltage mode of
Operation is available.

The carefuily designed amplifier section, when
combined with the excellent stability of the
thermoelectric power sensor, assures exceptionaily
low noise and drift. A wide operating temperature
fange 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 SRR
furnished MS3116E plug connector. Rugged BN ke
construction is featured throughout, N R
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Models N445B, N446B, N425D, N426D, N427D
Specifications

1 mA-}u_iI scale, eachrange " -
=10 volts full scale (maximum); each'range -
- *6V o £18V, 10mA, 1.0% regulation:

ENVIRONMENTAL RATINGS

Shock ............ ... MIL-STD-202F, Method Altitude ....... .. . . .. MIL-STD-202F, Method
213B, Cond. B (75G, : 105C, Cond. 8 (50,000 f1.)
6 msec) Temp. Cycling .. ...... MIL-STD-202F, Method
MIL-STD-202F, Method 1070, Cond. A, 5 cycles

204D, Cond. B (06"
double amplitude or 15G,
whichever is less)

{1} Except in the range from 0.010 to 0.015 GHz, where YSWR may rise to 1.5.

{2) Except in the range from 0010 to 0.015 GHz, where VSWA may rise to 1.75. -
(3) Excluding RF calibration error.

(4} On least sensitive range. Proportionately more on lower power ranges,

(5} At maximum pulse power.

(6) While the units will take overloads for short periods of lime, extended periods of operation at overioad levels may resuit in permanent change

in the element characteristics or even burnout. Maxirum care should be exercised to avoid such an occurrence.
1) Derate at 0.2 mWPC from +60°C to +85°C.

(8) Derate at 1.4 mWFRC from +50°C to +85°C,
(9) Derate at 002 mWI°C from +60°C to +85°C,
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Models N445B, N446B, N425D, N426D, N427D

Specifications
MS3116E14-155 (FURNISHED)
e

—— A& o +15 VDC, 10 mA PS
e 25K, 10T

< ZERO

—< B & e —~15VDC, 10 mA PS -'_Jf‘

< |rt\:nSAJE,5'OH Red*
—< D &¥— s - VOLTAGE OUTPUT

: E Least Sensitive =
G

Range Select

" When voltags 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

DIMENSICNS
2.08" (51,6) A
B
|
‘@’ ™y
, e I
T

Dimensicnal Tolerances, unless otherwise indicated: . XX +.02; XXX %.005
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Prote cfyourse |f WlfhfheRF BADGE TM measu re
~ radiation fro m RF/Microwave sources ‘including
CellulqrSatell:teqndquqr LT T T

. REBADGE: PERSONAL MONITORSS 5.7 oo
FREQ. RANGE ALARM LEVEL

USER ADJUSTABLE
H&00 £0-2500 MHz 0.2-20 mW/cm?
&0 1-40 GHz* 0.2-20 mW/crm?
FACTORY PRESET
65-1 i-40 GHz* 1 mW/crm?
65-5 1-40 GHz" 5 mW/cm?

“1+18 Gz woncard, o 40 GHz optional

B RAHANZ SURVEY: INSTRUMENTS .
MODEL  FREQ. RANGE POWER RANGE
30 300 MHz-18 GHz  0.2-200 mW/cr?

40 200 kHz-40 GHz 0.002-20 mW/cm?
HE500 16 MHz-1 GHz 0.02-200 mW/cm?

PLEASE REQUEST OUR
RAHAM PRODUCTS CATALOG
FOR DETAILED INFORMATION ON
OUR EXTENSIVE PRODUCT LINE

" Send For A Free Copy Of Our Pdckequic!e_
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About Generql 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 instry-
mentation such as power and radiation meters and soiid
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
irst 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 results
of this diversification program has been the development
of a high precision short range radar which has found
applications in both commerciaj 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
deveiopment 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 deveioped 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)

Facilities

General Microwave's corporate headquarters is located on
a 10 acre site in Amityville, NY. Generai Microwave has a
fully owned subsidiary in Jerusalem, lsraei, operating as
General Microwave Israel Corporation and a subsidiary in
Billerica, MA, Operating as General Microcircuits
Corporation, which manufactures thin film hybrid circuits in
a MIL-STD-1772 certified facility,

g
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Our Fourth Decade of Excellence
GENERAL MICROWAVE CORPORATION

: 5500 New Horizons Boulevard, Amityviile, New York 11701

{ TEL: 516-226-8900 » FAX; 516-226-8966

© 1296 General Microwave Corp. | Specifications subject te change without notice

Litho in U.5.A.
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