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

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

Purchase order number.

Ship to and bill to addresses.

Description, model number and unit price.

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 proc-
essed prior to receipt of written authorization.

2.Address all purchase orders to:

General Microwave Corporation (GMC)
5500 New Horizons Blvd.
Amityville, N.Y. 117011130

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

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

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

4. Qurexport terms are prepayment or irrevocable sight letter of credit
confirmed, engaged and accepted by any prime New York City
bank.

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

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

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

8. Unless otherwise specified on the face of the order, overseas ship-
ment 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.

9. 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 authoriza-
tion 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.

0. GMC is obligated to process all orders based on their relative
Defense Department priorities. Accordingly, all DO or DX ratings,
as well as applicable government contract number(s), should be in-
cluded 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.

Deliveries quoted are subject to prior sale.

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

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

15.

16.

17

8.

19.

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 aline
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 cancellation 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 pur-
chaser 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 thatthe
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,
New York and Missouri, and will automatically add the appropriate
sales/use taxes to ourinvoices unless advised to the contrary. In all
other states, it is understood that buyer will pay any applicable taxes
directly from his facility.

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, bat-
teries, natural rubber and material normally consumed in operation
unless such excepted items fail as a result of improper application
by General Microwave.

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

(1) General Microwave 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 component to the original purchaser.

The warranty period shall not include any period of time the unit
or part fails to perform satisfactorily due to such defect, and any unit,
part orcomponent repaired or replaced by General Microwave pur-
suant to this warranty shall itself be guaranteed as specified above.
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Octave-band and broadband units
Attenuators/Modulators Current and voltage controlled 10-66
Digitally programmable
Phase Shifters/ High Speed
Frequency Translators, Digitally Programmable 67-86
Bi-Phase Modulators, Voltage Controlled
1.Q. Vector Modulators
SPST thru SP7T
With or without drivers
Switches Reflective or non-reflective 87-141
Octave-bant, broadband, or ultra-broadband
Transfer switches
Millimeter Wave SPST and SP2T switches
Components Current and voltage controlled attenuators 142-150
(18-40 GHz) 3 dB quadrature coupler
_— Low power
Limiters Medium power 151, 152
Digitally Tuned
Oscillators Voltage Controlled 153-162
Dielectric Resonator
Power Peak power meters
Measuring Integrated power monitors o
Equipment
Radiation Hazard Isotropic and anisotropic units
Measuring Systems High performance and economy models 178-191
(RAHAM) Broadband and ultra-broadband units
Products RF/microwave radiation badges

K Connector is the registered mark of Wiltron Company.

The products included in this catalog may be covered by one or more of the following patents: 3384,819, 3713037, 3812,438, 3931573, 4,009,456,
4,207518, 4,288761, 4,288,763, 4,392,108 and 4,438415. Other patents are pending.
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New Products

Oscillators 2-18 GHz

DTO’s DRO’s VCO's
Series 6000 Series 5000 Series 6000
(see page 158) (see page 161) (see page 159)

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

Microwave Radiation Hazard Meters

HAND-HELD POCKET-SIZED
Survey Models Personal Warning Models
200 kHz-40 GHz 1-18 GHz

Six Different
Models

Featuring: Model 60 Model 65

— Isotropic and Antisotropic Probes User Adjustable Alarm Factory Preset
- Wide Dynamic Range: 40 dB With Digital Readout 1 mW/em? and
-~ One Hand Operation

0-20 mW/cm? 5 mW/cm? Models

(see page 187) (see page 184)




New Products

ANALOG AND DIGITAL BROADBAND
I-Q Vector Millimeter Wave
Modulators Components
0.5-18 GHz 18-40 GHz

GENERAL"
mcnnwm!

WA 14 S

Featuring independent control of e FO0 Series SPST and SP2T Switches
amplitude (20 dB) and phase (360°) e 7050 Quadrature Coupler
71 Series 12-bit Digital Control ¢ 1959 Current Controlled Attenuator
72 Series Analog Control ¢ D1959 Voltage Controlled Attenuator
(see page 73) (see page 142)
ANALOG AND DIGITAL ANALOG AND DIGITAL
Phase Invariant Multi-Octave Band
Attenuators 60 dB Attenuators
2.18 GHz 0.5-18 GHz

Series D197, Analog Control Series D196, Analog Control
Series 347, 8-Bit Digital Control Series 346, 8-Bit Digital Control
(see pages 37 and 61) (see pages 31 and 58)




New Produc!s HIGH REL HERMETICALLY-SEALED COMPONENTS

HIGH SPEED MINIATURIZED
0.5-6 GHz 2-18 GHz
63 dB Digital Attenuators Voltage Controlled
Switching Time: 30 nsec Attseon:;aBtor

6-Bit Control Linear Control 10 dB/Volt
Model H1980, 0.5-6 GHz Model H1968
Model H1982, 2-6 GHz (see page 34)

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

BROADBAND MINIATURIZED
Power Limiters 6-18 GHz
1-18 GHz 60 dB Attenuators

8-Bit Digital Control and Analog Control

Model 725, 10 mW Limiting Model 3488, 500 nsec
Model 726, 100 mW Limiting Model 3488H, 200 nsec
(see page 151) (see page 64)

These models are provided with removable SMA connectors.
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HIGH REL HERMETICALLY-SEALED COMPONENTS New Products
e S S e e e R S R N e s s e o s - oo L i

0.2-18 GHz S
Nonreflective SPST Switch ]
and Pulse Modulator SPST-SP4T Switches

Model HM192, 10 nsec Series H and HM, 10 nsec
(see page 135) Reflective and Nonreflective Models
(see pages 137-141)

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

MINIATURIZED
360° Phase Shifters & Frequency Translators
4-8 GHz 6-18 GHz
4-Bit Control 8-Bit Control

Model H7524, 25 nsec Model 7928
(see page 78) (see page 84)

These parts provided with removable SMA connectors.
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Solid State Control
Components

The introduction of the PIN diode more than 30 years
ago has led to the development of a large family of

rf and microwave control components, including
switches, attenuators, modulators, and phase shifters
that have become essential elements of most modern
microwave systems. Today, the types of PIN diodes
available to the component designer is quite exten-
sive and permits a choice of electrical characteristics
such as junction capacitance, minority carrier lifetime,
reverse voltage breakdown, saturation resistance and
resistance vs. current law as well as mechanical
format when selecting a diode for a particular applica-
tion. While a complete treatment of the PIN diode will
not be presented here, some of the more important
relationships in diode characteristics are described
below.’

The unique property of the PIN diode that makes it
particularly suitable for control component use is that,
in its useful operating frequency range, it behaves as
a current variable resistor in its forward biased state.
Depending upon the diode construction, this
resistance can vary from as low as a few tenths of an
ohm when the 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 f as

e

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 f varies from about 16 MHz to
32 kHz.

(1) The reader interested in more information on this subject shouid consult one or more of the following references:
“Mi Semiconductor Engineering’, J.F. White, Van Nostrand Reinhold Company, 1982.
“Microwave Semiconductor Control Devices”, K.E. Mortenson, Microwave Journal, May 1964, pp 49-57.
“Fundamental Limitations in RF Switching and Phase Shifting Using Semiconductor Diodes’, M.E. Hines,” Proceedings of the IEEE, vol. 52, pp 697-708.
“Biasing and Driving Considerations for PIN Diode RF Switches and Modulators™ Hewlett-Packard Applications Note 914, Jan. 1967.

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

When one uses a PIN diode in the microwave
frequency range, parasitic reactances will have first
order effects. The most important of these is the diode
junction capacitance which limits the diode im-
pedance in its back biased state. For low frequency
diodes in chip format, employing relatively large
junction areas, the junction capacitance is of the order
of 0.2 to 1.0 pf. At the other extreme, beam lead
diodes exhibit the lowest available junction capacity,
ranging from 0.02 to 0.08 pf. For high frequency
multi-throw switches, beam lead diodes are frequently
employed at the common junction because of their
small physical size and low junction capacity. Even
with a capacitance as low as 0.02 pf, at a frequency

of 18 GHz, the diode will have an impedance of only
about 450 ohms in its back biased state due to this
reactance. In similar manner, the intrinsic diode
inductance as well as that of the connecting ribbons
have a significant effect upon the frequency related
behavior of the PIN diode.

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

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




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 multi-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

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 3 to 1 band-
width, moderately fast speed, and excellent linearity.
Balanced attenuators are available from GMC cover-
ing the frequency range of 0.5 to 40.0 GHz.

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

50N

] i

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
a manner that assures constant impedance at all
levels. Fig. 4 shows the basic configurations of both
circuits. Only the T-pad configuration is used by GMC
due to the difficulties in realizing sufficiently low stray
reactances and short transmission line lengths in
n-pad circuits for operation at higher microwave
frequencies. Models of these attenuators cover the
full frequency range from 0.2 to 18.0 GHz with ex-
cellent attenuation flatness and moderate

switching speed.
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Attenuators

T-pad attenuator T o

E !

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
ATTENUATION PATH

BIAS CONTROL
THRU PATH

Fig. 5-Switched bit attenuator

£
| %
Cal T Y| o

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

about 0.5 dB due to interacting VSWR’s as the bits are
switched. These interactions may lead to

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

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.




Aftenuators

MONOTONICITY

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

PHASE SHIFT vs. ATTENUATION

All attenuators exhibit a variation in phase shift with
attenuation level (AM/PM modulation). Fig. 6 shows
typical phase shift variation as a function of attenua-
tion for a number of GMC attenuator models. The
phase shift is attributable to both the stray reactance
of the PIN diodes as well as the lengths of transmission
line interconnecting the diodes. While it is possible to

HARMONICS AND INTERMODULATION
PRODUCTS

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

the diode.

The levels of harmonic and intermodulation products
generated by an 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
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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.

ATTENUATIUN
FLATNES:
__MEAN ATI'ENUATIO
ED ATTENUATEO

AY'IEN UA‘I’!ON

ATTENUATION (dB)

fi f2
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.

SWITC EED?
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

HING SP

when the attenuator is driven by an appropriately shaped switching waveform.
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Fig. 8-Switching speed

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

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

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

MODULATION BANDWIDTH

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

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

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

LS
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Attenuator
Selection Guide

ATTENUATORS AND MODULATORS
FREQUENCY RANGE (GH
qu o) ol MODEL PAGE COMMENTS
02 05 10 200 40 80 . 124 180
CONTINUOUSLY VARIABLE, CURRENT CONTROLLED, ABSORPTIVE ATTENUATORS
35 Mi90C e
ual control,
02 18 45 M186C 16 low power
65 M1i89C
35 LM190C Ol Gttt
ual control,
02 124 40 LM186C 17 low power
65 LM189C
0.5 w1 80 1950A
1 — 2 60 1951
2 s 60 1952
26 5.2 60 1953
¢ " 60 1954 23 Singie control
5 emm—10 60 1955
6 e— 12 60 1956
8 18 60 1958
18 — 40 50 1959 143
CONTINUQUSLY VARIABLE, VOLTAGE CONTROLLED, LINEARIZED ABSORPTIVE ATTENUATORS
35 M190C/311 Separate driver
02 18 45 M186C/311 16 and rf section,
65 M189C/311 low power
35 LM190G/311 Separate driver
02 124 40 LM186C/311 17 and rf section,
65 LM189C/311 medium power
05 4 60 D1960B
05, 8 60 D1961B
R 60 D1962B 31
2 18 60 D1968B
0.5 m— 1 80 D1950A
—(2 60 D1951 Integrated driver
2 o 4 60 D1952 and rf section
2.6 mm— 5.2 60 D1953
5 e— 10 60 D1955
6 — 12 60 D1956
8 18 60 D1958
18—40 50 D1959 143
VOLTAGE CONTROLLED, HERMETICALLY SEALED, LINEARIZED ABSORPTIVE ATTENUATOR
4 & 60 Hig68 34 Integrated d _river
and rf section
VOLTAGE CONTROLLED, PHASE INVARIANT, LINEARIZED ATTENUATORS
2 6 32 D1972
4 12 32 D1974 37 Integrated d_river
8 " 32 Di978 8K Hgecten
HIGH SPEED ABSORPTIVE PULSE MODULATORS
02 18 80 F192A 20 '“:‘grﬂg‘;g;‘f'
Integrated driver
02 18 80 HM192 135 and rf section,
miniaturized,
hermetically sealed
Idﬂ!%‘l
|
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Selection Guide (Con't)

ATTENUATORS AND MODULATORS (con’t)

FREQUENCY RANGE (GHz)

ATTENUATION | sTEP MODEL PAGE COMMENTS
02 05 10 20 40 80 124 180 | RANGE(dB) | SIZE(dB)
DIGITALLY PROGRAMMABLE, HERMETICALLY SEALED, ABSORPTIVE ATTENUATORS
05 5 63 10 H1980 Integrated driver
2 s 63 10 H1982 40 and rf section
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, ULTRA-BROADBAND
02 " 60 1 3250A A Mk s
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, MULTI-OCTAVE BAND
05 P 60 0.25 34608
L = & g sl 58 Integrated driver
[ ——— 60 0.25 3462B andrtsaction
2 18 60 0.25 34688
DIGITALLY PROGRAMMABLE, PHASE INVARIANT ATTENUATORS, MULTI-OCTAVE BAND
2 6 32 0.125 3472
4 12 32 0.125 3474 61 Integrated driver
PVES—————y 32 0125 3478 AR ooiop
DIGITALLY PROGRAMMABLE ABSORPTIVE ATTENUATORS, OCTAVE BAND
80 005 3290A-80 45
05 s} 80 0.25 3450 50
120 0.1 3291120 .
P 80 005 3291-80
60 0.25 3451,3451H | 50, 54
120 01 3292-120
Y — 80 005 3292-80 9
60 0.25 3452, 3452H | 50,54
120 0.1 3293-120
26 e 5.2 80 005 3293-80 45
60 0.25 3453,3453H | 5054 Integrated
120 0.1 3294-120 H BN
4 e 8 80 005 3294-80 3
60 0.25 34543454H | 50,54
120 01 3295120
6 e 0 80 005 3295-80 22
60 0.25 3455, 3455H | 50,54
120 04 3206-120
P 80 005 3296-80 1
60 0.25 3456, 3456H | 50,54
120 0.1 3298-120
8 1 80 005 3298-60 43
60 0.25 3458, 3458H | 50,54

DIGITALLY PROGRAMMABLE, MINIATURIZED, ABSOPTIVE ATTENUATORS, OCTAVE BAND

8

18

60

0.25

3488, 3488H

integrated driver

04 and rf section
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Models M186C, M189C and M190C Ulira-Broadband
PIN Diode Attenuator/Modulators

Absorptive

0.2 to 18 GHz frequency range
Attenuation range up to 65 dB
Flatness as low as +0.5 dB

MODELS M186C, M189C AND M190C

This family of absorptive PIN diode attenuator/
modulators operates over the instantaneous fre-
quency range of 0.2 to 18 GHz. Their multi-octave
bandwidth makes tham highly suitable for wideband
ECM and measurement systems.

The rf circuit consists of a T-pad arrangement of
shunt and series diodes in a microstrip integrated
circuit transmission line, as shown in figures 1 and 2
below, and a resistive low-loss bias line. The arrange-
ment permits operation as a bilaterally-matched
device at all attenuation levels by separately control-
ling the bias currents through the series and shunt
diodes.

BIAS
| e .

5 J2
Lemies hotaL

RF INJOUT RF INJOUT

Fig. 1-Model M190C, schematic diagram
(Model M189C consists of two such sections)

BIAS
Fe — =23

J1 J2
Isenies I roTAL

RF INJOUT RF IN/OUT

&— o

Fig. 2-Model M186C, schematic diagram
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Models M186C, M189C and M190C Ulira-Broadiband

Attenuation Levels

The Models M190C and M186C are rated for attenuation
levels up to 35 and 45 dB, respectively. The

Model M189C, which consists of the equivalent of

two independently-controlled M190C attenuators in

a single rf assembly, is rated up to 65 dB.

Power Ratings

Although all three models will survive input powers
up to 2 watts from —65°C to +25°C, the maximum
power levels at which they operate without perform-
ance degradation is limited to those shown in

Fig. 5 on page 19. For higher power applications,
the narrower band LM186C, LM189C and LM190C
models are available.

Drivers

The proper levels of series and shunt diode currents
required for operation as a matched attenuator can

_ PIN Diode Attenuator/Modulators

be provided by either the user’s circuitry, or by the
GMC Model 311 Driver. (See Fig. 4 on page 18 for
typical Bias Current/Attenuation transfer curves.) The
Model 311 provides voltage controlled linear attenua-
tion with a nominal transfer function of 10 dB per volt
for the Models M186C and M190C. For the Models
M189C or LM189C, two Model 311 drivers are re-
quired and the transfer function is 20 dB per volt.
When attenuators are ordered with drivers, the
assemblies are adjusted for optimum accuracy at

2 GHz. Optimization at customer-specified frequencies
is available on special order.

For use As Reflective Switches

By reducing the series diode current to zero in the
isolation state, these units can be operated as high-
isolation reflective switches for low frequency ap-
plications. A typical response curve of the Model
M816C operating in this mode is shown in Fig. 3

on page 18.

Specifications

FREQUENCY FREQUENCY
(GHz) (GHz2)
MODEL | CHARACTERISTIC MODEL CHARACTERISTIC
NO. 02 | 80 | 124] NoO. 0.2 8.0
to to to to to
8.0 | 124 | 18.0 8.0 12.4
Max Insertion Loss (dB) | 1.8 2.2 30 Max Insertion Loss (dB) 15 26
Mi186C Max VSWR 15 1.75 2.0 LM186C Max VSWR 15 1.75
Min Attenuation (dB) 4500 | 45 45 Min Attenuation (dB) 40 40
Max Insertion Loss (dB) | 3.0 35 50 Max Insertion Loss (dB) 25 35
M189C Max VSWR 1575 20 2.0 LM189C Max VSWR 1.75 2.0
Min Attenuation (dB) 65 65 55 Min Attenuation (dB) 60 55
Max Insertion Loss (dB) | 1.8 2.2 3.0 Max Insertion Loss (dB) 1.7 2.0
M130C Max VSWR 15 1.6 20 | LM190C Max VSWR 1.75 2.0
Min Attenuation (dB) 35 35 30 Min Attenuation (dB) 32 27
FLATNESS (+ dB)
FREQUENCY (GHz)
ATTEN. 0.2t0 8.0 0.210 12.4 12.4 to 18.0
(dB)  "M1goc [ m18ac [LMi90C|LM189C| M190C | M18aC [LM190C|LM189C| M1s0C | MisaC
10 05 05 05 05 0.7 0.7 0.7 0.7 1.0 1.0
20 05 05 05 05 1.0 1.0 1.2 1.2 1.0 10
30 0.7 0.7 1.0 1.0 15 15 2.0 2.0 1.0 15
40 — 1.0 — 1.0 — 15 — 20 — 15
50 - 10 — 15 — 15 — 20 = 15
’ 60 = 10 = 20 — 15 iy 25 & 15

(1) Except 40 dB up to 2 GHz.
(2) Except 35 dB up to 2 GHz.
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Models M186C, M189C and M190C

Specifications
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Fig. 3-Typical response curves of Model M186C
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Fig. 4-Typical Models M186C and M190C bias
current/attenuation transfer curves

' PERFORMANCE CHARACTERISTICS
Power Handling Capability
Without Performance Degradation
M186C, M189C,
M190C ........... Up to 100 mW cw or
k fi 5
LM186C, LMigec, ook (see figure 5)

LM190C .......... 100 mW cw or peak

Survival Power (from —65°C to +25°C; see
figure 6 for higher temperatures)

All units.......... 2W average or peak (1psec
max pulse width)
Phase Shift............ See page 12

Typical Small Signal Bandwidth
M186C, M189C,

MIBC i s s s 500 kHz
LM186C, LM189C,
EMI90E <vivn v os o 50 kHz

Bias Current Requirements (see figure 4)
M189C, LM189C . ... =100 mA max.
M186C, LM186C,

M190C, LM190C ... .. + 50 mA max.
ENVIRONMENTAL RATINGS (RF UNIT)
Operating

Temperature Range... —65°Cto +85°C
Non-Operating
Temperature Range... —65°Cto +125°C

(1) Specifications listed are for each Model 311 Driver

in use.

HUmIdRY.. . - - . - < cvcmm MIL-STD-202F.
Method 103B. Cond. B
(96 hrs. at 95%)

SHOBK - 5.« - ¢ untectionamtn MIL-STD-202F,
Method 213B, Cond. B
(75G, 6 msec)

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

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

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

MODEL 311 CHARACTERISTICS"

Nominal Transfer

Function............. 10 dB/volt
Accuracy at Calibration
Frequency (2 GHz2). . . .. + 1 dB starting from 5 dB

above insertion loss
Typical Small Signal Bandwidth When Used With:
M186C, M189C,

MIGOC. -« corir smmimnms 500 kHz
LM186C, LM189C,
LMIS0C. - . ... . cncee 50 kHz
Control Signal Input
Voltage Range....... Oto +5volts dc
Control Signal Input
Impedance .......... 3 kohms (nominal)




Models M186C, M189C and M190C
Specifications

MODEL 311 CHARACTERISTICS" (cont)

AVAILABLE OPTIONS (RF UNIT)

SwitchingTime......... 100 usec max
. # Option No. Description

Power Supply

Requirements. .. ...... +15V £0.1%, 125 mA L Two SMA male rf connectors

—15V +£0.1%, 125 mA 10 One SMA male and one SMA female rf
i connector

Operating Temperature

g::;;;ng Y (-e- perau ... —55°Cto +75°C 33 EMI filter solder-type bias terminals
Non-Operating 64A SMB male control connector

Temperature Range. . ..

+20 dBm (100 mW)
+10 dBm (10 mW)

0 dBm (1.0 mW)

INPUT POWER

1

1

1

1

I

i

|

~10 dBm (0.1 mW) s

1

20 6B (0.01 mW) L
02 05 10 20 40 80 180

FREQUENCY (GHz)

Fig. 5-Models M186C, M130C and M189C, maximum peak and
average operating power without performance degradation

—-55°Cto +85°C

(1) Specifications listed are for each Model 311 Driver in use.

100

% OF
RATING
AT +25°C

-65°C

+25°C

+85°C
TEMPERATURE

Fig. 6-Models M186C, LM186C, M189C, LM189C,

M190C and LM190C, survival power derating factor
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(4 | m _(21"' %Y (147) I ‘ @
il ¥ Vol e Y L
14 656 25 ke -lg% r (34.0) (6.4) >
20 | ten ' : &2
RF CONN (6.4) 1.50
SMA FEMALE 2X Bl —b ey i?s.n L_ ——3.1) [ ==l 57
206) :33(9.7) FOR SMA FEMALE RF CONN 38(9.7) FOR SMA FEMALE
150(12,7) FOR SMA MALE SMA FEMALE 50(12.7) FOR SMA MALE
2x
MODELS M186C, LM186C, M190C AND LM190C MODELS M189C AND LM189C
Wt. 1 oz (28 gm) approx. W1. 2 0z. (57 gm) approx.
e iy
e 77 188 DIA (4,8) ACCESS HOLE
82,6) 157 .03 A
(22.9) 24 MIN :
19103 il é ?)F“D @1
(4.8) 1
| —
I o o O A LN =
T @ = e4e o490 ode
2 lgf 1] [5]
&3 o} ol lo
2 3 3 3
310103 @ & £ 5
787) =5 e £.q
® 2220
] 2 888
: D e egs
@w o
|
— .38 +04

.0400 +.0015 (1,0) DIA.
GOLD PLATED PIN
9 PLACES

9.7)
MODEL 311

Wt: 4 oz. (113 gm) approx.

Dimensional Tol

es, unless otherwise indicated: .XX *.02; . XXX *.005
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Model F192A Non-R
Ultra-B

roadband Hi

=)

Ol

eflective
yh-Speed Pulse Modulat

The Model F192A is a high-speed non-reflective

« High speed PIN diode pulse modulator with integrated driver.

* 0.2 to 18 GHz frequency range Operating over the instantaneous frequency
e 80 dB isolation range from 0.2 to 18 GHz, it provides a minimum
e Low VSWR and insertion loss isolation of 80 dB from 0.5 to 18 GHz, and 70 dB
e Small size, light weight 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
{
RF INJOUT RF INJOUT
J J2
50Q 500
-V v
Model F192A RF Schematic Diagram

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

20




Model F192A

PERFORMANCE CHARACTERISTICS
FREQUENCY (GHz)
0.2 0.5 2.0 8.0 124
CHARACTERISTIC to to to to to
0.5 2.0 8.0 12.4 18.0
Min Isolation (dB) 70 80 80 80 80
Max Insertion Loss (dB) 20 2.0 25 3.0 3.5
VSWR (ON and OFF) 1.5 1.5 1.75 2.0 2.0
Switching Speed Power Supply Requirements
IS8 TIMB, .iv o vmanitirir s o s 10 nsec. max. +5V +5%, 90 mA
Fall, TiMSrus 52 5 6.0 00z msmsmas 10 nsec. max. —12V +5%, 75 mA
ONTING-: 25555 455 8 d5rmm smn == 30 nsec. max.
OFF TiM8:.o: « 5 ¢ samasmems 5 54 15 nsec. max. Control Characteristics

Control Input

Power Handling Capability Impedance . . .. TTL, advanced Schottky, one-unit

Without Performance load. (A unit load is 0.6 mA sink
Dogradation;..c;« s s 5 - ses 500 mW cw current and 20uA source current.)
or peak Control Logic . . . . Logic “0"” (-0.3 to +0.8V) for
i switch ON and logic “1” (+2.0 to
Survival Power. ............. }nga;g:é]e, +50V) for sitch % e (
(1 psec max.
pulse width)

21



Model F192A
Specifications

ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
Range . .. wro e e &g £ 5 -65°C to +110°C 3 SMA female control connector
N;n-Operatlng Temperature AT 7 Two SMA male rf connectors
Z T T - 0 + 9 \ivarsie panitrel loaie: leaks =™
Humidity .. .............. MIL-STD-202F, Method 103B, for switch ON and lagic. 0" for
Cond. B (96 hrs. at 95“/0) switch OFF
Shock .................. MIL-STD-202F, Method 213B, 10 One SMA male (J1) and one SMA
Cond. B (75G, 6 msec) female (J2) rf connector
33 EMI filter solder-type control
Vibratton. - o s 50 s e MIL-STD-202F, Method 204D, terminal
Cond. B (.06” double amplitude 48 +5. 15V 0 :
: . , — peration
G $E5, WA 1 10as) 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

u3s [~
15
.50
™ 12,7 ~(3,8)

CONN SMA

.09 FEMALE
2X
(263) ']! 3 +V
T T € gl % _GND
Y
100 .820 @@:
(25,4) (20,8) @
l L.. J2 _Q SURFACE

W .38(9,7) FOR SMA FEMALE
'50(12,7) FOR SMA MALE
=¥

P

.820
™ (20,8) CONTROL
.00 SMC MALE MODEL F192A

. (25,4) Wt: 0.7 0z (20 gm) approx.
! @H ‘ 2 x ¢ .104(2,6)

Dimensional Tolerances, unless otherwise indicated: .XX +.02: XXX = .005
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Series 195 Octave-Band
PIN Diode Attenuator/Modulators

SERIES 195 |
Series 195 current-controlled attenuator/modulators * Absorptive

provide small size with greater than octave- ¢ Current controlled

bandwidth performance at low cost. All models ex- » 0.5 to 18 GHz frequency range

cept the 1950A provide a minimum of 60 dB of at- « High performance MIC
tenuation with fall times of 20 nsec max, and rise uadrature hybrid design |
times ranging from 25 nsec max for the 1951 and ﬂ h

1952 to 125 nsec max for the 1956 and 1958. The * High speed ‘
1950A provides a minimum of 80 dB of attenuation |
with a fall time of 50 nsec max and a rise time of
250 nsec max. These characteristics make this
series suitable for a wide range of applications in-
cluding level setting, complex amplitude modula-
tion, pulse modulation and high-speed switching.
The eight models in the Series 195 encompass a fre-
quency range from 0.5 to 18 GHz. All models except
the 1950A are capable of extended bandwidth opera-
tion, typically 3:1, with only moderate degradation in
performance at the band edges.

As shown in figures 1 and 2 below, the rf circuit
employed in all models except the Model 1950A
uses two shunt arrays of PIN diodes and two
quadrature hybrid couplers. The quadrature hybrids
are of a unigue 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 INOUT

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

BIAS

RF INJOUT ;}; ; RF INJOUT
|

Fig. 2-Model 1950A, rf schematic diagram
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Series 195

— I S
‘ MAX. FLATNESS (+dB)
FREQUENCY |INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL (GHz2) (dB) VSWR | 10dB | 20dB | 40dB | 60dB | 80dB
1950A | 05—1.0 14 20 0.3 08 1.7 22 3.2
1951 1.0—2.0 1.3 15 0.3 08 15 1.6
0.75-2.25 14 20 05 14 30 35
1952 2.0-4.0 15 15 0.3 0.8 15 1.6
15—45 16 20 05 14 30 35
1953 26—52 7 16 0.3 0.8 15 1.6
1.95-5.85 18 2.1 05 14 30 35
1954 40—80 20 1.7 0.3 0.8 15 16
30—90 2.1 22 05 14 30 35
| 3.75—11.25 23 22 0.7 14 30 35
1956 6.0 — 12.0 23 18 0.7 1.0 15 16
| 45—135 2.4 22 0.9 15 30 35
1958 8.0 —18.0 2.50) 1.8 0.7 1.0 1.5 16
6.0 — 18.0 2,50 1.8 0.9 15 30 35

Note: Specifications for the extended frequency ranges are typical.

PERFORMANCE CHARACTERISTICS
Mean Attenuation Range

T960A o5 s 6555 55 80dB

All other units. ... .. 60 dB
Monotonicity .. ........ Guaranteed
Phase Shift............ See page 12
Temperature Effects. . . . . See Fig. 3

Power Handling Capability

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

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

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

All units. . vesenvos 1 W average

25W peak (1 usec max
pulse width)

24

Switching Speed

Fall Time
19604 5 s smrommi s 50 nsec max@
All other units ........ 20 nsec max®@
Rise Time
POFOR. ., < o puc it zimniey o 250 nsec max
All other units .. ...... 125 nsec max
Bias Current for Maximum Attenuation
TOBOA: 5 555,500 mmms 5 to 35 mA
All other units . . . .. ... 15 to 70 mA

% OF
RATING
AT +25°C 3

-65°C +25°C +125°C
TEMPERATURE

Fig. 4-Series 195 power derating factor

(1) Except from 16 - 18 GHz where insertion loss is 35 dB max and VSWR is 2.0 max.

] i (2) For attenuation steps of 10 dB or more.
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Series 195

Specifications

T @
- -50°C +25°C +100°C
I e B o
s _“/
m 50 =1
¥ Ay
é » Pars
v o
S 30 7
2 ¥
& 20 é’/
10
0O 02 04 06 08 1O 12 14 16 I8 20 22
RELATIVE BIAS CURRENT
Fig. 3-Series 195, typical effects of temperature on attenuation
ENVIRONMENTAL RATINGS AVAILABLE OPTIONS
Operating Temperature Option No. Description
1 P —~54°Cto +125°C 3 SMA female bias connector
Non-Operating 7 Two SMA male rf connectors
Temperature Range. . . .. —65°Cto +125°C 10 One SMA male (J1) and one SMA
¢ it female (J2) rf connector
Humidity ............. MIL-STD-202F, .
sidisics 1 0388‘ Cong. B ggtg?: 64 SMC male bias connector
at 95%) 64A SMB male bias connector
SHOBK. . . v s cnniasrnina gt 3 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)
7\ ] (70 [ 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 195

Specifications

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

DIMENSIONS AND WEIGHTS

.38(9.7) FOR SMA FEMALE

MODELS 1954, 1955 AND 1956
Wit: 1 0z. (28 gm) approx.

BIAS / R gggncs 50(12,7) FOR SMA MALE
GND
SMA FEMALE Gk BiA% MTG
4 RAF CONN SURFACE
2% ¢.130 (3, 3) H SMA FEMALE
u s
N S i
E J2
g ? 2.00 1.475 ! 1.67
('° 9) - 140 (508) |7 (37.5) | 120 (42.4)
1.00
& I @5 (35.6) ‘ J =
' i =% L}
¥ 43 10 LIMJ 40
(3,0 L— (59.7) @3.3) - 25 2% (05 (10,2) t3 3)
260 L_ 38 (2.6} 1.80
8.4) :
(66.0) { = sy 2 % 6.104(2,6) ‘7 8
MODELS 1950A AND 1951 MODELS 1952 AND 1953
WI: 3 oz. (85 gm) approx. Wi: 2 oz. (57 gm) approx.
BIAS -38(9,7) FOR SMA FEMALE .38(9.7) FOR SMA FEMALE
150(12,7) FOR SMA MALE GND A 50(12.7) FOR SMA MALE
RF CONN RF CONN
:xw\ g MTG SMAFEMALE é hSﬂJgFACE
SURFACE 2x
.Boo 2 l f 1.40 650 ‘ J2 +—¥ 1.25
@3 mmll 1 o e (16.5) n— 1 4 @s
¢ O s @0 ' 1;4% 50 (190}
30(7.6) | - (127) | 30(7.6) s S :
b L N 2 1l Vo dl s N :
-08 1.140 ¥ @5 | X (3.3)
@0~ eas 0 i i i 128 ~— e
2x6.1042,6) 30 31,8) 2 % 9.104(2,6) (7.6)
(33 9 A |
MODEL 1958

Wt: 1 oz. (28 gm) approx.

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

Series D195 Octave-Band
PIN Diode Attenuator/Modulators

+ =y

[ ]

DRIVER
CIRCUIT
(V1 CONVERTER)

CONTROL
INPUT

BIAS

RF INJOUT RF INJOUT

SERIES 195
PIN DIODE

! ATTENUATOR 2

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
unsec max for attenuation steps of 10 dB or more.
For smaller excursions, the fall times can increase to
several hundred nsec, while the rise times remain
essentially unchanged. In applications where a rapid
return to insertion loss from any level of attenuation
is required, Option 59 is available. With this option,
an external pulse is applied to trigger a high-speed

reset circuit, and recovery times of 200 nsec max are ob-

tained. Where use of an external reset pulse as
described above is not feasible, an internal reset op-
tion (Option 58) is available which will automatically
reset the unit to insertion loss within 200 nsec for a
step of 50 dB or more.

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

e Absorptive

e Linearized

¢ Frequency range: 0.5 to 18 GHz

e High performance MIC quadrature
hybrid design

* High speed

ﬂ,
@ onocont v Y -
Jit

|

ODEL D1952
TasogP1IVE
HonuLATOR

2.4 GHr
sER WO,

GENERAL
@ MICROWAVE
a0E N UEA

[

ALL UNITS

IN THIS SERIES

ARE EQUIPPED

WITH INTEGRATED DRIVERS

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 (GH2) (dB) VSWR 10dB | 20dB | 40dB | 60dB | 80dB
D1950A | 0.5—-1.0 1.4 20 0.3 0.8 1.7 22 3.2
D1951 1.0 — 2.0 1.6 1.5 0.3 0.8 1:5 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
15—-45 1.9 2.0 05 1.4 3.0 3.5
D1953 26—5.2 2.0 1.6 0.3 0.8 15 1.6
1.95-5.85 2.1 2.1 0.5 1.4 3.0 3.5
D1954 40 -8.0 2.4 1.7 0.3 0.8 1.5 1.6
3.0-90 25 2.2 0.5 1.4 3.0 35
D1955 5.0 —10.0 26 1.7 0.5 09 1.5 16
3.75-11.25 2.7 22 0.7 1.4 3.0 3:5
D1956 6.0 —12.0 27 1.8 0.7 1.0 1.5 1.6
45 —13.5 2.8 22 0.9 1.5 3.0 3.5
D1958 8.0 —18.0 3.00 1.80 0.7 1.0 1.5 16
6.0 —18.0 3.0m 1.80 09 15 3.0 35
Note: Specifications for the extended frequency ranges are typical.
PERFORMANCE CHARACTERISTICS On Time
Mean Attenuation Range DAGBOA .. a6 5 5 5 5 v 10usec max
D1950A . ... . ... ... 80 dB All other units . . ... ... 1.6usec max
All other units. ... .. 60 dB Fall Time
Accuracy of Attenuation D 2570 P O 500 nsec max
0te30dB.. « =« <= x +0.5dB All other units. ... .. 20 nsec max
>30to50dB....... +1.0dB Rise Time
>50to60dB....... +15dB D1950A . .......... 10 seCc max
>60t080dB....... +20dB All other units. .. ... 1.5pusec max
(D1950A only) Nominal Control Voltage Characteristics
Monotonicity . ... ...... Guaranteed 0 i Maxi
Phase Shift............ See page 12 Range i e ey
Temperature DA9S0A : ssiivesi v s 5 Oto +8V +15V
Coefficient .. ......... +0.025 dB/°C All other units. ... .. Oto +6V +15V
Power Handling Capability Transfer Function . ... 10 dB/volt
Without Performance Degradation Input Impedance .... 10 Kohms®
D1950A, D1951. .. .. 10 mW cw or peak Modulation Bandwidth
All otherunits. ... .. 100 mW cw or peak Small Signal
Survival Power (from —65°C to +25°C; see D1950A . ........ 25 kHz
figure 2 for higher temperatures) All other units . ... 500 kHz
Al g o s s ous 1 W average Large Signal
25 W peak (14 sec max DASBOA & o s w 5 kHz
pulse width) All Other Units... 50kHz
A ke s Power Supply
ey Requirements.. . . .. . ... +12V 450, 100 mA
il —12V £5%, 25mA
DAGEDA . : ¢ o sasosn s s 5 600 nsec max Power Supply
All GBI MMS ; ¢ v:vi @ g m Rejection . ........... Less than 0.1 dBivolt

change in either supply

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

Operating Temperature

Range..............

Non-Operating
Temperature Range. .
Humidity .. ...........

Altitude . .............

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

-54°C to +110°C

—-65°C to +125°C
MIL-STD-202F,
Method 103B,

Cond. B (96 hrs. at 95%)
MIL-STD-202F,
Method 213B,

Cond. B (75G, 6 msec)
MIL-STD-202F,
Method 204D,

Cond. B (.06” double
amplitude or 15@G,
whichever is less)
MIL-STD-202F,
Method 105C,

Cond. B (50,000 ft.)
MIL-STD-202F,
Method 107D,

Cond. A, 5 cycles

Series D195

Specifications

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

(1) Where use of an Option 59 external reset pulse (see note 2 below) is not feasible, this option is available which will
automatically sense the slope and magnitude of the control signal and reset the unit to the insertion loss state within 200
nsec for a step of 50 dB or more.
(2) An external terminal is provided for the user to apply a fast (10 nsec max rise lime) positive-going 3-volt pulse at least 0.5
usec wide to accelerate the return of the attenuator to the insertion loss state with the simultaneous lowering of the control
signal to the zero voltage level. This reset can be accomplished within 200 nsec.
(3) The input impedance of units equipped with Option 59 is a circuit equivalent to approximately 50 pF in series with a
parallel combination of 100 pF and 1000 ohms.

100
% OF
RATING
AT +25°C

Pp—— —— — —

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

DIMENSIONS AND WEIGHTS ]
CONTROL ) OPTION 59
RF CONN TERMINAL .38(9.7) FOR SMA FEMALE
GND -V SMA FEMALE / CONTROL [50(12.7) FOR SMA MALE
2X +V
\j P{ pd GND _y| RFCONN OPTION 59
f MTG SMA FEMALE TERMINAL
2
. _ SURFACE o X .
43 (50,8) o - MT
| (109) T % T 140 i k] | f SURFACE
I 1.00 4 1. J21
| 54 s (35.6) [ 1.475 1.67
| ; (37.5) 120 (424) |:
: 3. ¥ ‘ L I -l i (30,5)
[ 3 2.350 Y a3 b
e . (59.7) ——»- \ 3.3 ——
L ] P 2x 6130 (3.3) I( 4 104 a0 1200 :\ Lo s L
(3.0 ] A - (25 (7.6) (30,5) (10.2) (3 3)
(66.0). . 2 x 6.104(2,6)
38 (9,7) FOR SMA FEMALE [ MODEL | DIM “A" - 24'207)% (.-207 )
.50 (12.7) FOR SMA MALE . 12,
yy D1950A | .70 (17,8)
D1951 .50 (12,7)
| MODELS D1950A AND D1951 MODELS D1952 AND D1953
\ Wt: 3 oz. (85 gm) approx. Wt: 2 0z. (57 gm) approx.
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
R
e /38(9,7) FOR SMA FEMALE
GND RF CONN OPTION 59 5 .50(12,7) FOR SMA MALE
g;ﬂA FEMALE TERMINAL ONTROL OPTION 59
| GND RF CONN TERMINAL
MTG r SMA FEMALE
‘ : ! SURFACE 2 / MTG
a0 i 1.40 (‘5 ) SURFACE
| (20.3) -(2‘ 9 (35 6) |1 1. 25
30(7,6) 9 ¥ u—- ] 75 (31 8)
.30(7, L 30(7.6) (19 0)
08 1.140J \ L | 1 oso.J L
(2,0) > = (29.0) wn —={ = (26,7) 44
(12 7) (3.3)
1.30 2 x 0.104(2,6)
- R -t 1.25 50(12,7)
| (33,0) (12 7 ) (31.8) 2 x 0.104(2,6)
MODELS D1954, D1955 AND D1956 MODEL D1958
Wt: 1 0z. (28 gm) approx. Wi: 1 0z. (28 gm) approx.
. Dimensional Tolerances, unless otherwise indicated: .XX =.02; XXX +.005
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D196 Series Multi-Octave

The D196 Series is a family of nonreflective
voltage variable 60 dB PIN Diode Attenuators cover-
ing the frequency range from 0.5 GHz to 18 GHz in
four overlapping multi-octave bands.

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

Isenies
T e
RF IN/OUT RF IN/OUT
J J2

» &

Lshunt

Fig. 1-Series D196, rf schematic diagram

+V -v
CONTROL T T
INPUT
DRIVER
(O CIRCUIT
w
a
m
RF RF
SERIES 196
PIN DIODE —@
INOUT AFIEHDATOR INJOUT

Fig. 2-Series D196 block diagram

PIN Diode Attenuators

With Integrated Drivers (0.5-18 GHz)

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

- Attenuation range: 60 dB

- Linear control: 10 dB/volt

« Low insertion loss

« Nonreflective

All units in this
series are equipped
with integrated drivers




D196 Series
Specifications

|

PERFORMANCE CHARACTERISTICS

MODEL MODEL MODEL MODEL
k SHARAC TERIB T D1960B D1961B D1962B D1968B
| | Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18
| | Mean Attenuation Range (dB) 60 60 60 60
' = 2.5 (0.5-4 GHz)
Insertion Loss (dB) (max) 2.5 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 +15 dB +15 dB +3.0 dB
Mean Attenuation Range 60 dB Nominal Control Voltage Characteristics
Accuracy of Attenuation Range
020dB ............. +10dB Operating ......... 0to +6V
20040 OB ;. oo +15dB Maximum ......... + 15V
4060 dB: ; i oiommiii s +20dB
Transfer Function .... 10 dB/volt
Monotonicity .......... Guaranteed
Phase Shift ........... See page 12 Input Impedance . . . .. 10 kohms
Temperature Coefficient . +0.02 dB/°C Modulation Bandwidth
i - Small Signal . ...... 20 kHz
Power Handling Capability Large Signal .. .. ... 5kHz
Without Performance Degradation:
All Units . . ocoeswn Up to 100 mW cw or Power Supply
_ peak (see Fig 3). Requirements.. . . . .. +12V +5%, 70 mA
Survival Power —12V +5%, 50 mA
AllUnits . .......... 2 W average or peak, -

from —65°C to +25°C

(see Fig. 4 for higher

temperatures).

Switching Characteristics
ON'TIME . . . wosdpsums 10 usec max.
OFF TN « . s iimosdn s 05 pusec max.

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

+20 dBm (100 mW) A

+10 dBm (10 mW)+

0 dBm (1.0 mW)+

INPUT POWER

1
|
|
|
|
|
-10 dBm (0.1 mw) 1

0.5 1.5
FREQUENCY (GHz)

18.0

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

&

100

% OF
RATING
AT 425°C 4

-65°C +110°C

TEMPERATURE

Fig. 4-Power derating factor
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Series D196
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature

BB & s woibs s winrs —54°C to +110°C
Non-Operating
Temperature Range. .... —-65°C to +125°C
HUmMIIRY & o coc v o0am 0 i s MIL-STD-202F, Method
103B, Cond. B (96 hrs.
at 95%)
ShOCK:. + «i65 i1iscaress wimiocae MIL-STD-202F, Method
213B, Cond. B (75G,
6 msec)
Vibraton s <o s sin sian MIL-STD-202F, Method
204D, Cond. B
(.06"” double amplitude or
15@G, whichever is less)
ARDE oo i vvrvie 53 4 e 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 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
62 + 15V operation
64A SMB male control connector
DIMENSIONS AND WEIGHT
CONTROL
SMC MALE T o) JR
¢ sk ]
T-V +V [
1.050 .25 !
(26,7) (6.4) 1.81 £.03
1 i ) (46,0)
.66 il |
(16,8 ~CH[] Y1 J2 l -—FCSJ -+
b L 1.800 __I -
o i RF CONN e
25 y
2 2.00 +.03 SMA FEMALE i
(50,8) ox (22,9)
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

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

Dimensional Tolerances, unless otherwise indicated: XX +.02; . XXX +.005
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Model H1968B

Hermetic PIN Diode Attenuator (2 to 18 GHz)

¢ High reliability: hermetically-sealed

* Frequency range: 2-18 GHz

* Attenuation range: 60 dB

 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 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
INPUT DRIVER
— CIRCUIT
(V/l CONVERTER)
w)
<
m
RF RF
PIN DIODE
ATTENUATOR ©
IN/OUT INJOUT
Fig. 1-Model H1968B block diagram.
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H1968B
Specifications

PERFORMANCE CHARACTERISTICS

Specifications

Frequency Range (GHz) 2to 18
Insertion Loss (dB) (max) 45
VSWR (max) 2.0
Flatness

Up to 20 dB +1.0 dB

Up to 40 dB +1.25 dB

Up to 60 dB +3.0 dB

Mean Attenuation Range . 60 dB
Accuracy of Attenuation

E2OR: .. oo vt i o3 +1.0dB
2040AB 5o coma s ons +1.5dB
AOBOIOB <vcoves s 5505 vk +2.0dB

Monotonicity ........... Guaranteed
Phase Shift ............ See page 12

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

Without Performance
Degradation......... 100 mW cw or peak
Survival Power........ 2W average or peak
(1 psec max pulse
width) from -65°C to
+25°C (see Fig. 2 for
higher temperatures)
Switching Time
O TINGL. .~ wots « 5o 2 2 1.0 usec
OF TIME: 5 & yusw « vwws s 2 0.5 usec
Nominal Control Voltage
Characteristic Range
Oporaling: « was s s avsss » Oto +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.

ENVIRONMENTAL
RATINGS

Temperature Range
OPEratiNG .« «. o soans sants -65°C to + 110°C

AVAILABLE OPTIONS
Option No.  Description

[ § Two SMA male rf
connectors
10 One SMA male and one SMA
female rf connector
49 High rel screening
(See Table 1 on page 36)
62 + 15V operation

AVAILABLE ACCESSORIES

Model Spacer Plates
H1968B 19177-P3

% OF
RATING
AT 425°C 49

-B5°C +25°C +110°C
TEMPERATURE

Fig. 2-Power derating factor
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H1968B

Specifications

the following:

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

Test Method Condition
Internal Visual 2017.3 —
Stabilization Bake 1008.2 C
Temperature Cycle 1010.5 C
Mechanical Shock 2002.3 B
Burn-In 1015.4 —
Leak 1014.2/.9 Al & A2
DIMENSIONS AND WEIGHT
.08(1,5) 2427‘?) < 16(4,1) —o 1 05(1,3)
RF CONN
FEMALE —|
g)I:M b e MTG SURFACE
-d) Ji q} / ™
B I
. A
1.10 — 950 2
(27.9) — (24.1) —— GND
— o
T‘ | ~CoNT.
v - J2 - |
A =
.38(9,7) FOR SMA FEMALE [
.50(12,7) FOR SMA MALE : 3% 6 .079(2,0) [ '
’ E = .10(2,5) MIN NUT
41 —™ ™ CLEARANCE
— (10'4) e .12(3,0)—— REQ'D.
1.80 = = _10(2,5)
— ;
-—(45'7) t—.12(3,0)
e l— .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

The Series D197 voltage controlled PIN diode
attenuators offer essentially phase free operation
over a wide dynamic range in multi-octave
frequency bands between 2 and 18 GHz. The
attenuators utilize a unique double balanced
arrangement of diodes and quadrature couplers
to achieve the phase independent attenuation
characteristic. Excellent temperature stability is
maintained by employing a self-compensating
biasing scheme. See Fig. 1.

RF INJOUT

@X X
eIy

Fig. 1-RF schematic diagram

RF IN/OUT

TYPICAL PERFORMANCE

e Low phase shift

* Frequency range: 2-18 GHz
¢ Nonreflective

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

ATTENUATION VS. FREQUENCY

ATTENUATION (d8)
b
wm

-4 —t |
6 | 18
FREQUENCY (GHz )

PHASE (DEG)

PHASE VS. FREQUENCY

+61 ATTENUATION
LEVEL
+4

30 dB
+2

20 dB
10 dB

oA
-2
-4

6 12 18
FREQUENCY (GHz)
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‘ PERFORMANCE CHARACTERISTICS
MODEL D1972 D1974 D1978
Frequency Range (GHz) 2-6 4-11 6-18
Mean Attenuation Range 32dB
Insertion Loss (Max) 4 dB 5dB 55dB
VSWR (Max) 20
Accuracy of Attenuation 0 to 20 dB +1.0dB
> 20 to 32 dB +20dB
Amplitude Flatness 0to 20 dB +04dB +04dB +0.8dB"
>20to32dB +06dB +08dB +1.3dB"
Monotonicity Guaranteed
Phase Shift 0to 20 dB 1 4° +4° +5°
>20to32dB +8° +8° +10°
Control Voltage 0-3.2V
Control Input Impedance 10 kohms
Transfer Function 10 dB/V
On Time, Off Time 250 nsec
Temperature Coefficient 0-20 dB .01 dB/°C
> 20-32 dB 03 dB/°C
Max. RF Power Input (Operating) 100 mwW
Max. RF Power Input (Survival) 05W
Harmonic Distortion @ Pin = +10 dBm —-40 dBc -50dBc -50dBc
; +15V £5% @ 200 mA
Power Supply Requirements 15V 5% @ 120 mA
SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)
Mean Attenuation Range 45dB
Accuracy of Attenuation 0-20 dB +1.0dB
>20-32dB +20dB
| >32dB +35dB
' | Amplitude Flatness 0 to 20 dB +0.4dB +04 dB +08 dB®
. >20to 32dB +06dB +08dB +1.3dB"
‘ >32dB +15dB +15dB +2.0dB
Phase Variation 0to20dB +4° +4° 158
‘ >20to32dB +8° +8° +10°
‘ >32dB +15° +20° +30°

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

ENVIRONMENTAL RATINGS

AVAILABLE OPTIONS

Operating Temperature . .
Range ................ -54°C to +110°C Option No. Description
Non.Opera“ng 7 Two SMA male rf
Temperature Range. . ... -65°C to +125°C connectors
Humidity ................ MIL-STD-202F, Method 1038, 10 One SMA male (J1)
Cond. B (96 hrs. at 95%) and one SMA female
Shock .................. MIL-STD-202F, Method 2138, (J2) rf connector
Cond. B (75G, 6 msec) 45 Extended attenuation
Vibration................ MIL-STD-202F, Method 204D, range to 45dB
Cond. B (.06" double amplitude 65 + 12V operation
or 15G, whichever is less)
Altitude . ................ MIL-STD-202F, Method 105C,
Cond. B (50,000 ft))
Temp. Cycling........... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
DIMENSIONS AND WEIGHT
.38(9,7) FOR SMA FEMLE
.50(12,5) FOR SMA MALE
B RF CONN
" 12(3,0) SMA FEMALE 2X
“l 12(3 0)
MOUNTING §‘
SURFACE
\ g
'g‘ H c b:é 3.50
w2s  ©89)
CONTROL
SMC MALE 229
83706
P "'El"‘fill
©6) - |lu- 1 E,
— T e
(24,6)
4 x $.120(3,0)
SERIES D197
Wt: 5 oz. (142 gm) approx.
MODEL A B C D E F G H
D1972 2.5 (63,5) | 2.26 (57,4) | 2.28 (57,9) | 0.22 (5,6) | 0.91 (23,1) | 1.25 (31,7) | 1.5 (38,1) 1.7 (43,2)
D1974 | 2.0 (50,8) | 1.76 (44,7) | 2.43 (61,7) | 0.18 (4,6) | 0.66 (16,8) | 1.0 (25,4) | 1.25 (31,7) | 1.45 (36,8)
D1978 | 2.0 (50,8) | 1.76 (44,7) | 2.58 (65,5) | 0.18 (4.6) | 0.66 (16,8) | 1.0 (25,4) | 1.25 (31,7) | 1.50 (38,1)

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

The Series H198 are hermetically sealed, high
speed, digitally controlled switched bit attenuators.
Attenuation changes are guaranteed to be monotonic
: ﬁo ?Sgg%gittiltllng “t'ine over the entire frequency band and operating

pto atienuation 3 temperature range. Employing removable rf
* Hermetically-sealed; 0.24" thick connectors, their small size and construction make
¢ Guaranteed monotonic these attenuators suitable for use as drop-in
components for system integration or as conventional
connectorized components.

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

CONTROL
+5V -12v /_r/ LOGIC

DRIVER

I ATT 2 I
RF INJOUT

=

RF IN/OUT

©H

Jl

l DRIVER

Fig. 1-Series H198 schematic diagram

40



PERFORMANCE CHARACTERISTICS

Series H198

~ Specifications

ENVIRONMENTAL RATINGS

Temperature Range

CHARACTERISTIC H1980 H1982 Qporating . - <x: ¢ e 000
Frequency Range (GHz) 0.5-6.0 2.0-6.0 AVAILABLE OPTIONS
Attenuation Range 63 dB Option No. Description
Insertion Loss (Max) 5.0dB 4.0dB 6A 31.5 dB range, 0.5 dB LSB
VSWR (Max) 2.0:1 (H1982 only)
N Bi @ Two SMA male rf Connectors
umber of Bits 6 9 Inverse Control Logic
Montonicity Guaranteed 10 One SMA male and one SMA
Accuracy of Mean +0.5dB: 0to31dB P Ei’g:';g ggrm?g
Attenuation +1.0dB: >31to63dB (see Table 1, page 36)
Attenuation Flatness +0.5dB; Oto14dB
+0.75dB: >14t032dB X
110dB =590 83dB AVAILABLE ACCESSORIES
Power Handling +23dBm cw Model Spacer Plates
Switching Time 30 nsec. (50% TTL to H1980 19177-P2
1 dB of final value) H1982 19177-P2
Rise and Fall Time <10 nsec
Switch Rate 10 MHz (0
Control Logic Logic “O" = Bit Off PIN DESIGNATIONS
Lhgi | =BROn PIN | FUNCTION
Control Input At Logic "O"": —=0.3to +0.8V 1 16 dB
@ 1.2mA > 8dB
At Logic "'1"": +2.0to +5.0V 3 2dB
340 b 4 4dB
Power Supply +5V £5% @ 175 mA@ 5 1dB
-12V £5% @ 150 mA 6 32 dB
+V +5V
(1) Above 1 MHz, switching time will increase linearly -V -12V
to 35 nsec at 10 MHz. G Ground
(2) Above 1 MHz, current will increase to +5V @ 300 mA,
-12V @ 250 mA at 10 MHz.
DIMENSIONS AND WEIGHT
9 x & .020(0.5)
.38(9.7) FOR SMA FEMALE 2.00
50(12,7) FOR SMA MALE (50,8) la— .24(6,1)
il = [ 07018)
| 16(4.1)
y 1 2 3 4 5 4V e W
&1 | .75(19,1)
(15,5) .
l I \ / 38(9,7)
" [} ]
o7 o7 || Sx0-07025 \ ’-.04(1.0)
(1.8) (1.8) 1.06 RF CONN 13
‘—(47'2)——_" SMA FEMALE (3.3)
SERIES H198
Wt: 0.8 oz (23 gm) approx

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

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

* 6 Bit Binary or BCD programming
¢ Absorptive

¢ Guaranteed Monotonicity

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

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

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

+V -V

[ ]

DIGITAL DRIVER CIRCUIT
CONTROL
INPUT D/A
CONVERTER
v
CONVERTER
BF NOUT RF INOUT
@ PIN DIODE _@
N ATTENUATOR 2

Fig. 1-Model 3250A, block diagram

BIAS
Pl

lseries | | Fromau

RF INJOUT

J1

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

PERFORMANCE CHARACTERISTICS
Frequency Range ............ 0.2 to 18 GHz Power Handling Capability
Without Performance
Mean Attenuation Range Degradation. .......... Up to 100mW cw or
OZIONBBHE s ot o saat Lot e g 60 dB peak (see Figure 3)
Survival Power. ........ 2W average or peak
Insertion Loss (max.) (from —65°C to +25°C;
B208GHZ. ;.o v ssniwsr v sasas 35dB see Figure 4 for
B 124 BT o= nus s ot 22 S ag 40 dB higher temperatures)
12418 GHZ:: o vivivias sns «ons - 50dB Switching Time......... 2 usec max.
VSWR (max.) Programming........... Paositive true binary standard
D20 BUTHR 5 e prorn s soioe o it 1.75 or BCD (Option 1). For
8 10 1818 HZ s s siin cosssaais soin 20 complementary code,
specify Option 2.
T £05 dB Minimum Attenuation Step 1.0 dB
31t050dB................... +0.75 dB Logic Input
51 AB B0 : svee 1502 mite & cots o o +15dB Logic 0" (Bit Off). ... .. -03to +0.8 V@500 pA max
Logic “1” (Bit On). ... .. +201to +50 V@100 pA max
Flatness of Attenuation
0 to 30 c;iBI.3 .................... +1.0dB Power Supply
S 1o BB ok ok o vast dehas +1.5dB Requirements _________ +5V +5%, 250 mA
5T 10 BEB.: o v s s s e o vs +3.0 dB +15V +5%, 75 mA
= 0,
Temperature Coefficient. ... .. 0.02 dB/°C max 15V, 566, 75 mA
100
+20 dBm (100 mW) .
x +10 dBm (10 mW) : % OF
2 | RATING
9  0dBm(1.0mW) I | AT +25°C 44
1 |
g ~10 dBm (0.1 mW) ;
-20 dBm (0.01 mW) |
02 05 10 20 40 80 180 -65°C +25°C +1 1'0°c
FREQUENCY (GHz) | TEMPERATURE
Fig. 3-Model 3250A, maximum peak and average Fig. 4-Model 3250A survival power
operating power without performance derating factor.
degradation.




Model 3250A
Specifications

ENVIRONMENTAL RATINGS PIN FUNCTIONS
O;:‘erating Temperature N—— PIN NO. BINARY BCD (Opt. 1)
Nor:gr;ti.;{; """""" i 1 SPARE SPARE
Temperature Range..... —65°C to +125°C 2 SPARE SPARE
Humidity .. ............... MIL-STD-202F, Method 1038, 3 +5V +5V
Cond. B (96 hrs. at 95%) 4 DIGITAL & DIGITAL &
S p A SR e MIL-STD-202F, Method 2138, 5 POW(;E:!DGND POW_'E'ZBG ND
Cond. B (75G, 6 msec)
Vibratio MIL-STD-202F, Method 204D 8 GhHD o
(o] SO S S -STD- , Metho G
Cond. B (.06" double amplitude g UL B
or 15G, whichever is less) 2ds 8 dB
Altitude MIL-STD-202F, Method 105C 2 i T
AL, rorririm misursgn s i i ¢ A0 ] 10 8 dB 20 dB
Cond. B (50,000 ft.) 11 16 dB 40 dB
Temp. Cycling. .......... MIL-STD-202F, Method 107D, 1D 32 dB OPEN (NO
Cond. A, 5 cycles CONNECTION)
13 + 15V + 15V
14 - 15V -15V
AVAILABLE OPTIONS 15 SPARE SPARE
Option No. Description
1 BCD i
(Binary is standard) ACCESSORY FURNISHED
2 Complementary programming Mating power/logic connector
(positive true is standard)
7 Two SMA male rf connectors
10 One SMA male (J1) and one
SMA female (J2) rf connector
DIMENSIONS AND WEIGHT
ITT CANNON DA-15P OR EQUIV.
WITH D110551 JACKPOSTS.
MATING CONNECTOR FURNISHED. 4x¢.136(3.5)
- 200 i i
(50.8) (20,3)
- 1-80 .10 L4003
(45.7) / (2.5) (10,2)
A—’l tgzg‘s) L l]\
1 | 73 P
‘ ('g;ﬁs) WG
325 | SURFACE
(825) 305
(77.5)
Jz
lﬂfﬂ et
L . (8,9)
Rl f '
.1fo I“‘{‘é:?sr'l L_ P |
2.5) et (3.5)
.38(9.7) FOR SMA FEMALE- RF CONN
.50(12,7) FOR SMA MALE SMA FEMALE
2X
MODEL 3250A
Wi: 4 oz. (113 gm) approx.
Dimensional Tolerances, unless otherwise indicated: . XX +.02; XXX +.005
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| Series 329 Octave-Band
11 Bit Digital PIN Diode Attenuators

SERIES 329

The Series 329 programmable attenuators provide

octave-band performance characteristics and wide ¢ Frequency range: 0.5 to 18 GHz
programming flexibility. Attenuation ranges up to e Attenuation range: up to 120 dB
120 dB and attenuation increments as low as e Control: 11 bit binary or BCD
0.05 dB are available. * Guaranteed monotonicity

Each Series 329 unit is an integrated assembly of : :'“S)B: 0%5 dB

Series 195 units, and a driver circuit consisting of a Sorpuve

DJ/A Converter and a precision V/I Converter (see
page 23 and figure 1 below). This arrangement
preserves the speed, reliability and monotonicity of
the PIN diode attenuator and adds an extremely high
degree of accuracy and design flexibility that permits ‘
selection of a virtually unlimited combination of !
dynamic range and attenuation interval. The rf ' ' w

characteristics of the Series 329 (e.g. - insertion loss,
VSWR and flatness) are similar to the corresponding
characteristics of the Series 195 unit employed. S qm} GENERAL®
b MICROWAVE
+V =N: i PROGRAMMABLE
T T { RF ATTENUATOR
SR DRIVER CIRCUIT
CONTROL
INPUT DIA
CONVERTER
PRECISION
Vi
CONVERTER
RF IN/OUT P RF INJOUT
(©———  eiNDIoDE ——)
ATTENUATOR(S)
Fig. 1-Series 329, block diagram
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Series 329

Specifications
60/80 dB Series
MAX. FLATNESS (+dB)
FREQUENCY [INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL : (GHz) (dB) VSWR 10dB | 20dB | 40dB | 60dB | 80dB
3290A-80| 05 -1.0 14 20 0.3 0.8 1.7 2.2 3.2
3291.80 | 1.0 =20 16 15 0.3 0.8 15 1.6 1.7
0.75-2.25 1:F 2.0 0.5 1.4 3.0 35 3.6
3092.80 | 20 —4.0 1.9 1.6 0.3 08 15 16 17
15 =45 2.0 22 0.5 14 3.0 35 36
3293.80 | 26 —5.2 22 1.7 0.3 08 1.5 16 17
1.95-5.85 23 23 05 1.4 3.0 35 3.6
3294-80 4.0-8.0 25 1.8 0.3 0.8 155 1.6 1.7
3.0-90 28 2.4 0.5 1.4 3.0 3.5 3.6
3205.80 | 5.0 —10.0 29 1.8 05 0.9 15 1.6 1.7
3.75-11.25 3.0 2.4 0.7 1.4 3.0 35 3.6
3206.80 | 6.0 —12.0 30 1.9 0.7 1.0 15 1.6 1.7
45 =135 31 24 0.9 15 3.0 35 36
3298-60 8.0 —18.0 3.3 1.90 0.7 1.0 1.5 1.6 -
6.0 —18.0 3.30 1.90 0.9 15 3.0 3.5 —
Note: Specifications for the extended frequency ranges are typical.
120 dB Series
MAX. FLATNESS (+dB)
FREQUENCY | INSERTION AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL?|  (GH2) (dB) VSWR | 10dB | 20dB | 40dB | 60dB | 80dB | 100dB | 120 dB
2291.120 | 1.0 —20 35 20 05 08 16 24 30 3.1 32
0.75-2.25 3.7 25 0.7 1.4 3.0 45 6.0 6.7 7.0
3292120 | 2.0 —4.0 39 2.0 0.5 0.8 16 2.4 3.0 31 3.2
1.5 —-45 4.1 25 0.7 1.4 3.0 45 6.0 6.7 7.0
3093120 | 26 —5.2 43 22 05 0.8 16 24 3.0 3.1 3.2
1.95-5.85 45 26 0.7 1.4 30 45 6.0 6.7 7.0
| 3294.120 |_4.0 —8.0 5.2 23 05 0.8 17 25 3.2 33 34
' 3.0-90 5.4 27 0.7 1.4 3.0 46 6.2 6.9 7.2
3095120 | 5.0 —10.0 56 24 0.7 1.1 1.9 27 3.2 33 3.4
3.75-11.25 5.8 2.8 12 1.7 3.2 48 6.3 7.0 T2
3296-120 | 6.0 —12.0 5.9 25 0.9 1.4 2:1 28 33 34 35
45—-135 6.1 29 15 20 35 5.0 6.4 7.0 7.2
| | 3298120 | 8.0-18.0 6.6@ 2.50 1.0 15 2.2 3.0 3.4 35 3.6
6.0 —18.0 6.6@ 2.50 15 20 3.5 5.0 6.4 71 7.4

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) Maximum attenuation in units with BCD option is 119 dB.
(3) Except from 16 - 18 GHz where insertion loss is 8.6 dB max and VSWR is 2.7.
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Series 329
Specifications

PERFORMANCE CHARACTERISTICS

Mean Attenuation Range. Refer to model number
suffix (e.g. - mean at-
tenuation ranges of
3298-60 and 3298-120 are
60 dB and 120 dB,
respectively)

Accuracy of Attenuation

60/80 dB units...... +(0.35dB +0.01 dB/dB)
120 dB units....... +(0.5dB +0.02 dB/dB)
Monotonicity . ......... Guaranteed
Phase Shift. . .......... See page 12
Temperature Coefficient
60/80 dB units
Ot 10dB: . i vvvs + 5 +0.01dB/°C
>10t030dB....... +0.025 dB/°C
>30 to max
attenuation. ... .. +0.05dB/°C
120 dB units
0to20dB......... +0.02dB/°C
>20to60dB....... +0.05dB/°C
>60t0120dB. ... .. +0.1dB/°C

Power Handling Capability

Without Performance Degradation
3290A and 3291 10 mW cw or peak
All other units 100 mW cw or peak

Survival Power
All

1 W average, 25 W peal
1 usec max pulse width,
from —25°C to +25°C,
(see Fig. 2 for higher

Power Supply Requirements
+15V +5%
100 mA
200 mA

—15V +5%
50 mA
100 mA

+5V +5%
50 mA
50 mA

60/80 dB units
120 dB units

Power Supply
Rejection

Less than 0.1 dB/volt
change in any supply

Switching Time

3298-60...............
3298-120..............
All other units

2 usec max
3 usec max
10 psec max

Programming . .........

Positive true binary
(standard) or BCD (Op-
tion 1). For complemen-
tary code, specify
Option2.

Minimum Attenuation Step

60/80 dB units 120 dB units

Binary Units....... 0.05dB 0.1dB
BCD Units. ........ 0.2dB 1.0dB
Logic Input

Logic 0" (Bit Off). .
Logic “1’* (Bit On)..

-03t0 +0.8V@ -1.6 mA
+2.0to +5.0V @ +40 A

k,

temperatures)
100

I
I

% OF o8 Satele Sk S R RS |

RATING I

AT +25°C
|
|

—-25°C +256°C +85°C
TEMPERATURE
Fig. 2-Series 329, power derating factor
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Series 329

Specifications

Non-Operating

Temperature Range. ..

Humidity . . ..........

Altitude . .. .. ... ...

Temp. Cycling......

ENVIRONMENTAL RATINGS

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

—-25°Cto +85°C

-54°C to +100°C

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

Method 213B,

Cond. B (75G, 6 msec)

MIL-STD-202F,

Method 204D, Cond. B
(.08" 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

ACCESSORY FURNISHED

Mating power/logic connector
AVAILABLE OPTIONS

Option No. Description
1 BCD programming (Binary is
standard)
2 Complementary programming
(Logic ‘0" is Bit On)
7 Two SMA male rf connectors

(available only on 3290A-80, 3291-80
and all 120 dB units)

10 One SMA male and
SMA female rf connector
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Series 329
Specifications

DIMENSIONS AND WEIGHTS
PIN FUNCTIONS —60/80 dB SERIES
PIN NO. | BINARY®™ BCD®
25 +.04(6,4) FOR SMA FEMALE
1 0.1dB 0.2dB .38 +.04(9,7) FOR SMA MALE
2 0.2dB 0.8dB S5 p—
- +
3 +5V +5V - 699 ™ 69) — 30(7,6)
4 GND GND : le—2.12 | [e—-t2
5 04dB 1dB i< Lo L AsER (L
6 08dB 2d8 T i N —
7 16d8B 4dB i oeedl 1]
8 3.2dB 8dB ’
9 6.40B 10dB &t
10 128 dB 20dB , £ =
11 256 dB 40dB S .
12 51.2dB 80 dB" o
13 +15V + 15V (12.4)
14 - 15V — 15V L) S— 11 €+ —I]III'L
15 0.05dB 0.4dB 769103 L _]—L
1.56+.03
(1) Model 3298-60 attenuation range is limited (38.6)
to 60 dB. Ground pin 12 in BCD version.
RF CONN SMA FEMALE
MODEL | APPROX. WT. DIM “A" DIM “B™" 2X
3290A-80 | 9 0z. (255 gm) | 2.43 +.03 (61,7)| .97 (24.6)
3291-80 | 9 0z (255 gm) | 2.43 +.03 (61,7)| .97 (24.6)
329280 | 7 0z. (198 gm) | 2.33 +.03 (59,2) | .80 (20.3) ITT CANNON DA-15P OR EQUIV. WITH D110551
3293-80 gg: g?g gm; ggg igl; ggg)) :g :gg; JACKPOSTS. MATING CONNECTOR FURNISHED.
329580 | 6oz (170 gm) | 2.33 + .03 (59.2)| .80 (20.3)
329680 | 6oz (170 gm) | 2.33 +.03 (59,2)| .80 (20,3)
3298-60 6 0z. (170 gm) | 2.33 +.03 (59,2)| .80 (20,3)
.29 +.06 (7,4) FOR SMA FEMALE
PIN FUNCTIONS —120 dB SERIES .41 +.06 (10,4) FOR SMA MALE
PIN NO. | BINARY BCD@ 61.09 .
1 02dB NIC oy PR
2 0.4dB 10048 :;1.0543;;95 | J2 (MALE ON OPTION 10 UNITS)
3 +5V +5V X j
4 GND GND ?_ - L
5 0.8dB 1dB H I =
6 1.6 dB 2dB |
306 256 3.00 .05
7 32dB 4dB 717 6500 | : i 76.2)
8 6.4 dB 8dB i .
9 128 dB 1048 ‘ a
10 256 dB 20dB 25(6.4) | ) B ] I
" 21248 4048 § MW T\ s-62 nc-28MTG HOLES N ri—|—
12 102.4dB 80dB l-mo ";gg o ™|  BASE(20 DEEP MAX SCREW .
13 +15V +15V (25.4) (163.9) INSERTION INTO BASE) 3006
14 —15v —15V SRk o
SMA FEMALE
15 0.1dB NIC 2% 1.56 +.03
m § (@08
(2) Maximum altenuation in units with BCD L— ;.k ] l
option is 119 dB. f S f_“ 08
i;au) (101.6) 1.2)
AT : ITT CANNON DA-15P OR EQUIV. WITH
MODEL APPROX. WT. DIM “A D110551 JACKPOSTS. MATING CON-
3291-120 12 0z. (340 gm) | 1.91 = .06 (48.5) NECTOR FURNISHED.
3292120 90z . (255gm) | 1.84 + .06 (46.7)
3293-120 90z (255gm) | 1.84 + .06 (46.7)
3294-120 | 8oz.(227gm) | 1.84 = .06 (46.7)
3285-120 8oz (227 gm) | 1.84 = 06 (46.7)
3296-120 80z (227 gm) | 1.84 + .06 (46.7) (%,
3298-120 8oz (227gm) | 1.84 = 06 (46.7)

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Series 345 Miniature Octave-Band

SERIES 345

The Series 345 programmable attenuators provide \
octave-band performance and wide programming
flexibility in compact rugged packages well-suited to

e Absorptive military applications. Attenuation ranges up to 60 dB
* 8 Bit binary or BCD programming are available (80 dB in the Model 3450) with attenua-
* Guaranteed monotonicity tion increments as low as 0.25 dB.

* Frequency range: 0.5 to 18 GHz

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

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

+V Y
DIGITAL DRIVER CIRCUIT
PROGRAMM ING
INPUT D/A
CONVERTER
CURRENT
CONTROL INPUT
(ALTERNATE) ‘
/1
CONVERTER
HE SERIES 195 RF
(@®——  PIN DIODE S—
In/Out ATTENUATOR wiiat | |
Fig. 1-Series 345, block diagram i
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Series 345

Specifications
ORI . it
MAX. FLATNESS (dB) ‘
FREQUENCY [INSERTION| AT MEAN ATTENUATION LEVELS UP TO
RANGE LOSS MAX.
MODEL (GH2) (dB) VSWR 10dB | 20dB | 40dB | 60dB | 80dB ‘
3450 05 -1.0 14 2.0 0.3 0.8 111 22 3.2 ‘
3451 1.0 -20 1.6 15 0.3 0.8 1.5 1.6 |
0.75-2.25 1.7 20 0.5 1.4 3.0 35 '
3452 20 -40 1.8 15 0.3 08 15 1.6
15 —-45 1.9 2.0 0.5 1.4 3.0 3.5
3453 26 52 20 1.6 0.3 0.8 15 16 |
1.95-5.85 21 2.0 05 1.4 3.0 39
3454 4.0 -8.0 2.4 1.7 0.3 0.8 15 1.6 ‘
3.0 -9.0 25 2.2 0.5 1.4 3.0 35 \
3455 5.0 —10.0 2.6 1.7 0.5 0.9 1.5 1.6
3.75-11.25 27 2.2 0.7 1.4 3.0 35
3456 6.0 —12.0 2.7 1.8 0.7 1.0 1.5 1.6
45 —-135 28 22 09 15 3.0 35
3458 8.0—18.0 3.0t 1.80 0.7 1.0 1.5 1.6
6.0 —18.0 3.0M 1.8M 0.9 1.5 3.0 35

Note: Specifications for the extended frequency ranges are typical.

PERFORMANCE CHARACTERISTICS

Mean Attenuation Range
) e R 80 dB®
All otherunits . ... .. 60 dB J
Accuracy of Attenuation o,
0:30 dB icicrnins & 556k +0.5dB
23050 @dB.iiasei s +1.0dB |
ZH060 dB. oo s 5 s +1.5dB e
>60-80 dB......... +20dB CATING
(3450 only) AT +25°C 40
Monotonicity . ......... Guaranteed
Phase Shift. ........... See page 12
Temperature Coefficient. +0.03dB/°C e — i
Power Handling Capability o ——— ‘
Without Performance Degradation
BA50. 34851 . . . . paces 10 mW cw or peak
PRI VI o Aoy o el Fig. 2-Series 345H, Power derating factor ‘
Survival Power (from —65°C to +25°C; see

figure 2 for higher temperatures)
Al TS e s o s 1 W average ’
25 W peak (1 usec max
pulse width)

(1) Except from 16 - 18 GHz where insertion loss is 4.0 dB max and VSWR is 2.0 max.
(2) Programmable range for 3450 Option 1 BCD units is 79 dB.
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Series 345

Specifications

Switching Time

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

Power Supply
Rejection

PERFORMANCE CHARACTERISTICS (cont) = ENVIRONMENTAL RATINGS

Operating Temperature
BB a2 o g 10 psec max o o*
Al GHheE HailE. . 2 isee MaX Range . elve el —65°C to +110°C
Programming......... ... Positive true binary Hon-Opevating 5
(standard) or BCD Temperature Range . .... —65°C.to +125°C
(Option 1). For FUTARY oo v o 0 st MIL-STD-202F, Method 1038,
complementary code, Cond. B (96 hrs. at 95%)
specify Option 2. To
interface with other ShOCK . wa s s i i ss MIL-STD-202F, Method 213B,
logic families, please Cond. B (75G, 6 msec)
contact factory. Vibration ... ... ... ... MIL-STD-202F, Method 204D,
i s " Cond. B (.06" double amplitude
Minimum Attenuation Step or 15G, whichever is less)
Binary Units
BABD.c 5 v« e i 7 s 0.5 dB ARRUAR v ¢ won @ mp sn 5 s MIL-STD-202F, Method 105C,
3450 Option 5........ 0.25 dB Cond. B (50,000 ft.)
All other binary units. .. 0.25 dB 3
BCD URRE. .. ... 1.0 dB Temp. Cycling......... .. MIL-STD-202F, Method 107D,
s Cond. A, 5 cycles
Logic Input
Logic "0 (Bit Off).... —-0.3to +0.8V
Logic “1” (Bit On).... +2.0to +5.0V ACCESSORY FURNISHED
Logic Input Current... 10 uA max Mating power/logic connector
Nominal Control Current Characteristics AVAILABLE OPTIONS
Range
Binary Units Option No. Description
Standard 3450........ 0to 1.28 mA ; : ; *
All other binary units... 0 to 2 mA 1 BCD programming (Binary is standard)
BCD Units 2 Complementary programming (logic
Standard 3450. . ... ... 0 to 1.63 mA 0" is Bit On)
All other BCD units. ... 0to 1.2 mA 5 3450 with mean attenuation range of
Transfer Function 60 dB and minimum attenuation step
Binary Units of 0.25 dB
Standard 3450........ 62.5 dB/mA 7 Two SMA male rf connectors (not
All other binary units. .. 30 dB/mA available on 3458)
BCD Units 10 One SMA male (J1) and one SMA
Standard 3450........ 48.5 dB/mA :
All other BOD wnite... . £0 dB/mA female (J2) rf connector (not available
R on 3458)
nput Impedance :
Binary Units 62 + 15V operation
Standard 3450........ 6.25 Kohms *Operating Temperature range of BCD units is limited to 0°C to + 70°C.
All other binary units. .. 3 Kohms
BCD Units
Standard 3450........ 4.85 Kohms
All other BCD units.... 5 Kohms

+ 12V + 5%, 120 mA
— 12V + 5%, 35 mA

Less than 0.1 dB/volt
change in either supply
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Series 345

J3 PIN FUNCTIONS Notes .
PIN NO| BINARY (Note 5) BCD 1.  All unused logic |nput.s must be gro‘unded.
1 GND (Note 2) GND (Note 2) 2. For normal programm!ng”cql:nrol, Pin 1 must
2 | ANALOG INPUT | ANALOG INPUT be grounded or at logic "0.” Application of
(Note 3) (Note 3) logic “1” to Pln'1 oyemdgs the digital mput
3 NOT USED NOT USED and sets the unit to insertion loss. For units
4 GND GND with complementary programming (Option 2),
the application of a logic “1" to Pin 1 sets the
5 0.25dB (LSB) 1dB (LSB) ; saete d
6 05 dB 5 dB unit to high isolation (60 dB or greater).
7 1dB 4dB 3. Pin 2 is available to (a) monitor the D/A con-
8 2dB 8§dB verter output, (b) apply a modulation signal
9 4 dB 10dB from a current source, or (c) apply an indepen-
10 8 dB 20dB dent analog signal for turn-on, turn-off or vernier
11 16 dB 40 dB (MSB) attenuation levels.
1% 32 \?B (MSB) (Note 4) 4. For standard Option 1 BCD units, Pin 12 must
i ifs v +¥ be open or at logic ““1.”” For units with com-
= " plementary BCD programming (Options 1 and
15 NOT USED NOT USED 2), Pin 12 must be grounded or at logic *“0."
5. For standard Model 3450, LSB is 0.5 dB and
MSB is 64 dB.
DIMENSIONS AND WEIGHTS
-
et 82+03 | 80 .03
.ﬁ.‘* @ (2n.;a P N 20
b r‘
— e
Y ‘._ wn ] 4x6.125(3.2) ae ] 681 ‘] / sPiaces OO
= T i
g J - l I 2,00 £.03
F 1.400 ‘ i 1.720 (50.8)
:5;02, e :4:732?) g (35.6} i I 43.7)
L & : l *— —J2 -—D J
" - & ;
4 ; B .|s = ¥ 25(6.4)
| (4.1) 3.00 £03 i
/“ 6.2 - (36)
3.00 £.03 i:GEB;:‘.\'?EFDR SMA 1.00
76,2) 25,4,
o I s o B mmsowm,,
2x e SMA MALE / 2X i
_Fi_ 1 e 27(69) [ .38 £.03(8,7)
/ 2 Lo /
9,7) ITT CANNON DA-15P OR EQUIV. WITH
D110551 JACKPOSTS. MATING CON-
ITT CANNON DA-15P OR EQUIV. WITH NECTOR FURNISHED.
D110551 JACKPOSTS. MATING CONNECTOR FURNISHED.
MODEL [DIM A" [DIM *B"[DIM **C” [DIM D" [ DIM “E” | DIM “F"
3450 .58 42 2.56+.03 .56 1.63 3
(147) | (10,7) (65,0) (14,2) (38,9) (7,9)
3451 .58 42 2.56 .03 .56 1.53 .29
(14.7) (10,7) (65,0) (14,2) (38,9) (7.4)
usesy | oo | ae |PEoa | don | @8 | 68
645556 o) | e | God | Gon | G2 | @8
MODELS 3450 THRU 3456 MODEL 3458
Wt: 4 oz. (113 gm) approx. Wt: 4 oz. (113 gm) approx.

Dimensional Tolerances, unless otherwise indicated: XX =.02; XXX =,005
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ries 345H Mir na yfure (

Octave-Band High-Spee

* High speed

* Absorptive

* 8 Bit binary or BCD programming
* Monotonicity guaranteed

* Frequency range: 1 to 18 GHz

PROGRAMMABLE

RF_ATTENUATOR

71 Digital PIN Di (g.dff‘ f\h@ﬂl‘ ators

SERIES 345H

The Series 345H programmable attenuators provide
octave-band performance and wide programming flexi-
bility in compact rugged packages well-suited to military
applications. Attenuation ranges up to 60 dB are available
with attenuation increments as low as 0.25 dB.

Each Series 345H unit is an integrated assembly of one
GMC Series 195 attenuator and a driver circuit consisting
of an 8-bit D/A Converter and a hybridized V/I Converter.
This arrangement preserves the speed and reliability of
the PIN diode attenuator and guarantees monotonicity
and a high degree of accuracy.

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

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

-iTl —Tr
DIGITAL DRIVER CIRCUIT
PROGRAMMING
INPUT D/A
v
CURRENT CONVERTER
CONTROL INPUT
(ALTERNATE)
V/1
CONVERTER
R@_F SERIE 15 o
PIN DIODE —)
In/Out ATTENUATOR In/Out
Fig. 1-Series 345H, block diagram




Series 345H

Specifications
PERFORMANCE CHARACTERISTICS
MAX. FLATNESS (+dB)
FREQUENCY |INSERTION AT MEAN ATTENUATION LEVELS UP TO

RANGE LOSS MAX.
MODEL (GHz) (dB) VSWR 10dB 20dB | 40dB 60 dB
3451H 1.0 -2.0 2.6 15 0.3 0.8 15 16

0.75-2.25 27 20 0.5 1.4 3.0 3.5
3452H 20 -40 2.8 15 0.3 0.8 1.5 1.6

156 —-45 29 20 05 1.4 3.0 3.5
3453H 26 —-5.2 3.0 1.6 0.3 0.8 1.5 1.6

1.95-5.85 3.1 21 0.5 1.4 3.0 35
3454H 40 -8.0 34 1.7 0.3 0.8 1.5 1.6

3.0-90 3.5 2:2 05 1.4 3.0 35
3455H 5.0 - 10.0 3.6 1.7 05 0.9 15 1.6

3.75-11.25 3.7 2.2 0.7 1.4 30 35
3456H 6.0 —12.0 3.7 1.8 0.7 1.0 1.5 1.6

45 —135 3.8 2.2 09 15 3.0 35
3458H 8.0 —18.0 4.0 1.8 0.7 1.0 1.5 1.6

60-180 | 4.00 1.80 0.9 15 3.0 35

Note: Specifications for the extended frequency ranges are typical.

Mean Attenuation Range 60dB
Accuracy of Attenuation
010 @B.., ... +0.75 dB
>10-30 dB........ +0.5dB
>30:60 dB. . . . . e +1.0dB
>5060 dB........ +1.5dB
Monotonicity .. ........ Guaranteed
Phase Shift............ See page 12
Temperature Coefficient. +0.03dB/°C

Power Handling Capability

Without Performance Degradation
3451H 10 mW cw or peak
100 mW cw or peak

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

1 W average

All units..........

25 W peak (1 usec max
pulse width)

(1) Except from 16 - 18 GHz where insertion loss is 5.0 dB max and VSWR is 2.0 max.

100

% OF
RATING
AT +25°C 4q

-65°C +110°C

TEMPERATURE

Fig. 2-Series 345, Power derating factor
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Series 345H
Specifications

PERFORMANCE CHARACTERISTICS (cont) ENVIRONMENTAL RATINGS

Switching Time. .. ...... 500 nsec max. Operating Temperature
g s : Bange . ...qcusnes e somn s -65°C to +110°C*
Programming . .. ....... Positive true binary 9
3 Non-Operating Temperature
(standard) or BCD (Op BaRge ot i s avne s oms 2 —-65°C to +125°C

tion 1). For complemen-
tary code, specify Op-
tion 2. To interface with

L [TT5) 11 [} A= AP MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)

other logic families, Shock ..................MIL-STD-202F, Method 213B,
please contact factory. Cond. B (75G, 6 msec)
Vibration . ... .cc .onn vnus MIL-STD-202F, Method 204D,
Minimum Attenuation Step Cond. B (.06” double amplitude
Binary Units....... 0.25dB R TR0, MR g
BCDUnits......... 1.0dB Altitude . . . ... .. .. R MIL-STD-202F, Method 105C,
: Cond. B (50,000 ft.)
Logic Input '
Logic “0”" (Bit Off).. —0.31t0 +0.8V Temp. Cycling. . ... ... .. MIL-STD-202F, Method 107D,

Logic “'1” (Bit On).. +2.0to +5.0V Cond. A, 5 cycles

Logic Input Current. 10 uA max

ACCESSORY FURNISHED

Nominal Control Current Characteristics . ;
Mating power/logic connector

Range
Binary Units....... 0to4 mA
BEDUnits: < oowwuns 0to1.2mA
Transfer Function AVAILABLE OPTIONS
Binary Units....... 15dB/mA Option No. Description
BCDUNMS. . ..ccooen 50 dB/mA . - :
input Iinpedance 1 BCD programming (Binary is standard)*
Binary Units....... 1.5 Kohms o 93.’.".‘””!“’"‘3“’ programming (logic
BCD Units. . ... ... 5 Kohms e Eit Gn)
Sy Sl T Zwoil asbhlﬂeA m.'ggsré I_c‘;)onnectors (not
) val on
PRrenents . . »eyss & e g 10 One SMA male (J1) and one SMA
= 0, 45 m female (J2) rf connector (not available
Powe.r St..lpply . on 3458H)
Rejection .. .. ....... Less than 0.1 dB/volt 62 + 15V operation

change in either supply

"Operating Temperature range of BCD units is limited
to 0°C to + 70°C.
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Series 345H
Specifications

J3 PIN FUNCTIONS Notes:
PIN NO BINARY BCD ; ; IAﬂ:\ll unusedI logic input_s must :)elgrpqunfed. i
. For normal programming control, Pin 1 mus
; E”EL%I(??N?UT EIE\J‘ADL(Cl;qgtIeN%UT grounded or at logic ““0". Application of
(Note 3) (Note 3) logic “1"” to Pin 1 overrides the digital input
3 NOT USED NOT USED and sets the unit to insertion loss. For units
4 GND GND with compiqmentary programming V(Option 2),
5 | 0.25dB (LSB) 1 dB (LSB) the application of a logic ““1” to Pin 1 sets the
6 0.5 dB 2 dB unit to high isolation (60 dB or greater).
7 1dB 4 dB 3. Pin 2 is available to (a) monitor the D/A con-
8 2 dB 8 dB verter output, (b) apply a modulation signal from
9 4 dB 10 dB a current source, or (c) apply an independent
10 8 dB 20 dB analog signal for turn-on, turn-off or vernier at-
11 16 dB 40 dB (MSB) tenuation levels.
:g :i_avdB (MSB) (Nste 4) 4. For standard Option 1 BCD units, Pin 12 must
14 _vV tV be open or at logic “1”’. For units with com-
plementary BCD programming (Options 1 and 2),
15 NOTUSED NOTUSED Pin must be grounded or at logic “0".
DIMENSIONS AND WEIGHTS
L
o= 824,03 80 +
%-— @ (zo.:] ‘ 27!;9—) —|—&- 0o
= r‘
‘—’lgg.” .120 +.010 (3,0) DIA
1 2720 2720 100 295 60) D
@38 (69.1) —4x6.125(32) '(;:e;* a tés.1)—'1 / 4PLACES
S % @ i b -ﬁ|§ 2.00 .03
A T 1.400 1 P 1720 (50.8)
(1:;;0; 5 :|(14;2_3 e (35.6) l ‘ (43,7)
P J o .M
1 - 1 L
?_ J2 ¢‘% B P | =] } .2;(6,4)
33 (@1 3.00£.03 A4
3.00 .03 fg:"s.?) FOR SMA 1.00 76.2) R
(76,2) ALE (25.4)
e I a2 r0n <Bh scom
2x o j | /2:: J
Fr == 2769) | @ _[q.:38 £.03(9.7)
8 108 P
9.7) ITT CANNON DA-15P OR EQUIV. WITH
DlEIDSOSI JACKPOSTS. MATING CON-
110881 JACKHOGTS. MATING GONMECTOR FURNISHED., R
MODELS 3451H THRU 3456H
Wt: 4 0z. (113 gm) approx. MODEL 3458H
MODEL |DIM “A” [DIM “B”| DIM "C" |DIM "D" | DIM “E” [DIM “F" WPRASE A R R
wow | cian | don | “Bs0” | iz | @59 | @
.30 14 2.00 +.03 .50 1.29 .34
3452, 53H (7.6) (3,6) (50,8) (12,7) (32,8) (8.6)
womsshset| 76 | @o) | *os | o | doa | @

Dimensional Tolerances,unless otherwise indicated: . XX % .02; XXX + .005
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346 Series Multi-Octave
8 Bit Digital PIN D

(0.5-18 GHz)

jiode Attenuators

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

e Attenuation range: 60 dB

* Programming: 8-Bit binary or BCD

e LSB: 0.25 dB

* Monotonicity: guaranteed

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

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

The RF circuit 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.

o -V
DIGITAL DRIVER CIRCUIT
CONTROL
INPUT D/A
CONVERTER
Py
CURRENT ) |
CONTROL INPUT i
(ALTERNATE) CONVERTER
2
SHUNT | @ | SERIES
RF SERIES 196 RF
@— PIN DIODE
IN/OUT ATTENUATOR INJOUT
Fig. 1-Series 346, block diagram
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PERFORMANCE CHARACTERISTICS

MODEL MODEL MODEL MODEL
CHARACTERISIIG 3460B 3461B 34628 3468B
Frequency Range (GHz) 0.5-4 0.5-8 2-8 2-18
Mean Attenuation Range (dB) 60 60 60 60
2.5 (0.5-4 GHz)
Insertion Loss (dB) (max) 25 3.0 (4-8 GHz) 3.0 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 Step
(05124 1 = S S S +1.0dB Binary Units . ...... 0.25dB
200 OB ciin s 55 5 nees +15dB BCD Units ........ 10dB
40-60dB ............ +2.0dB
Logic Input
Monotonicity .......... Guaranteed Logic “0” (Bit off) ... —03to +0.8V
Logic “1” (Bit on) ... +2.0to +5.0V
Phase Shift . ........... See page 12 Input Current . ... .. 10 pA max.

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

Nominal Control Voltage Characteristics

Without Performance Degradation Range :
All Units .......... Up to 100 mW cw or Binary Units ....... Oto2mA
peak (see figure 2). BCD Units . . :coz0s Oto1.2mA
Survival Power -
R 2 W average or peak, Transfer Function
from —65°C to +25°C Blnary U!’\IIS ....... 30 dB/mA
(see tigure 3 for h|gher BCD Units: . . .o 50 dB/mA
temperatures). Input Impedance
Switching Time Binary Units . . .. ..... 3 kohms
ONTIME <. o sionnss 1.0 psec. max. BED Unils: ;o< veswsm 3 kohms
OFF TG -..cooiomivs - 05 usec. max.
Power Supply
Programming .......... Positive true binary Requirements . . . ... +12V +5%, 80 mA
(standard) or BCD -12V 5%, 60 mA
(Option 1). For com-
plementary code, Power Supply
specify Option 2. Rejection ......... Less than 0.1 dB/volt
To interface with other change in either supply
logic families, please
contact factory.
100 |

+20 dBm (100 mW)

+10 dBm (10 mW)

0 dBm (1.0 mW)

INPUT POWER

|
|
|
|
|
I
L

-10 dBm (0.1 mw)/
05 15

FREQUENCY (GHz)

18.0

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

% OF
RATING
AT +25°C 4

+25°C +110°C

TEMPERATURE

Fig. 3-Series 346, survival power derating factor
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Series 346
Specifications

| ENVIRONMENTAL RATINGS

*Operating temperature range of BCD units is limited to
0°Cto +70°C.

ACCESSORY FURNISHED

Mating power/logic connector

J3 PIN FUNCTIONS
Operating Temperature PIN NO. BINARY BCD
BBNGE.. . 3 coig wsyssitic —54°C to +110°C* 1 GND (Note 2) GND (Note 2)
Non-Operating 2 ANALOG INPUT ANALOG INPUT
| Temperature Range. . ... —-65°C to +125°C (Note 3) (Note 3)
HamBalY . - cxc dmizann s MIL-STD-202F, Method 3 NOT USED NOT USED
103B, Cond. B (96 hrs. 4 GND GND
at 95%) 5 0.25 dB (LSB) 1dB (LSB)
SHOEIC 6.0 oo via sz s MIL-STD-202F, Method 6 05dB 2dB
213B, Cond. B (75G, 6 7 1dB 4dB
msec) 8 2dB 8dB
Vibratlon'. ... vos voms sems s MIL-STD-202F, Method 9 4dB 10dB
204D, Cond. B 10 8dB 20dB
(.06” double amplitude or 11 16 dB 40 dB (MSB)
15G, whichever is less) 12 32 dB (MSB) (Note 4)
Altitude . . ...s vocevviianns MIL-STD-202F, Method 13 +V +V
105C, Cond. B (50,000 ft.) 14 V) =\7
Temp. Cycling......... .. MIL-STD-202F, Method 15 NOT USED NOT USED
107D, Cond. A, 5 cycles
(1) All unused logic inputs must be grounded.
(2) For normal programming control Pin 1 must be grounded or at
AVAILABLE OPTIONS logic 0" Application of logic 1" to Pin 1 overrides the digital
input and sets the unit to insertion loss. For units with com-
g lementary programming (Option 2), the application of a logic “'1"
Option No. Descrlptlon ; g fca Pin 1 sets fhag unit to hgg(h feo!atr‘o)n (60 depar greater). g
1 BCD pr ogramiming (Binary is (3) Pin 2 is available to (a) monitor the D/A converter output,
standard) ) (b) apply a modulation signal from a current source, or (c) apply
2 Complementary programming an independent analog signal for turn-on, turn-off or vernier
(logic ““0" is bit on) attenuation levels.
i Two SMA male rf connectors (4) For standard Option 1 BCD units, Pin 12 must be open or at logic
10 One SMA male (J1) and one SMA *“1". For units with complementary BCD programming (Options 1
female (J2) rf connector and 2), Pin 12 must be grounded or at logic “0".
62 + 15V operation

.30 +.03

DIMENSIONS AND WEIGHT

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

4 x 9.120(3,0) o -—
; ) [
J3 )
! .| 1.050
(26,7) 1.81+03
% (46,0)
2 et &3
v
.10 1.800 |_.66 44 l,.ﬁ_
(2.5) —— (45,7) — (16,8) (11.2)
—2.00 +.03 —~ '254 e85!
(50,8) (64) +03
RF CONN (22,4)
.38(9,7) FOR SMA FEMALE ~ SMA FEMALE
.50(12,7) FOR SMA MALE 2X
SERIES 346

Wt: 3 oz. (85 gm) approx.

Dimensional Tolerances, unless otherwise indicated: . XX .02; XXX +.005
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Series 347, 8 Bit Digital

Phase Invariant Aftenuators

The Series 347 digitally controlled PIN diode
attenuators offer essentially phase free operation
over a wide dynamic range in multi-octave
frequency bands between 2 and 18 GHz. The
attenuators utilize a unique double balanced
arrangement of diodes and quadrature couplers
to achieve the phase independent attenuation
characteristic. Excellent temperature stability is
maintained by employing a self-compensating
biasing scheme. See Fig. 1.

RF IN/OUT X X
@—><— > >< ><

s

bl

Fig. 1—RF schematic diagram

TYPICAL PERFORMANCE

ATTENUATION VS.FREQUENCY PHASE NS, FREQUENCY
0
+61 ATTENUATION
-5 f— LEVEL
5 +4
") S— 2 30 dB
= a +2 0ds
8 <54 i = 20 dB
2 va . 10 ds
N o -2
T 250 -
=1 -4
; 301~ o ;
-3 — 6 18
< FREQUENCY (GHz)
_40.
—45: {

—%
6 12 18
FREQUENCY (GHz )
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Series 347

Specifications

PERFORMANCE CHARACTERISTICS

MODEL 3472 3474 3478
Frequency Range (GHz) 2-6 4-11 6-18
Mean Attenuation Range 32dB
Insertion Loss (Max) 4dB 5dB 55dB
VSWR (Max) 20
Accuracy of Attenuation +05dB
Amplitude Flatness 0to20dB +04dB +04 dB +08dB"
> 20to 32dB +06dB +08dB +1.3dB"
Monotonicity Guaranteed
Phase Shift 0to20dB +4° +4° £ 58
> 20to 32dB +8° 182 +10°
On Time, Off Time 350 nsec
Temperature Coefficient .02 dB/°C
Max. RF Power Input (Operating) 100 mW
Max. RF Power Input (Survival) 05w
Harmonic Distortion @ Pin = +10 dBm -40dBc -50dBc -50dBc

Control

8bit TTL, 0.125 dB LSB

Control Input Impedance

@ Logic “0” (-0.3 to +0.8 V), 500 pA max.
@ Logic “1” (+2.0to +5.0 V), 100 uA max.

Logic Input

Logic “0” = Bit OFF; Logic “1” = Bit ON

Power Supply Requirements

+5V +5%
+15V £5% @ 15mA
-15V £5% @ 70mA

@ 325 mA

SPECIFICATIONS WITH EXTENDED RANGE OPTION (OPTION 45)

Mean Attenuation Range 45dB

Accuracy of Attenuation +1.0dB

Amplitude Flatness 0to 20 dB +0.4 dB +04 dB +0.8 dB"
>20to32dB +06dB +08dB +1.3dB"

>32dB +15dB +15dB +20dB

Phase Variation 0to20dB +4° +4° % 5°

>20to 32dB +8° +8° +10°
>32dB +15° +20° +30°
Control 8bit TTL, 0.176 dB LSB

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




Series 347
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature
Range

-54°Cto +110°C

Non-Operating Temperature
RANGS ; .5 0m i digs -65°Cto +125°C
Humldity: . .. coosnmsians MIL-STD-202F, Method 103B,

Cond. B (96 hrs. at 95%)

MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
MIL-STD-202F, Method 204D,
Cond. B (.06” double amplituc'e
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

T Two SMA male rf
connectors

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

45 Extended attenuation
range to 45 dB

65 + 12V operation

ACCESSORY FURNISHED
Mating power/logic connector

DIMENSIONS AND WEIGHT
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
4 ng ?g:A‘ALE 2x
J3 PIN FUNCTIONS e D 12(3,0)
PIN NO. BINARY T r .12(3,0)
1 - -15V ' -
2 +15V . ‘
3 Internal Conn.
s 01258 (055 SURAGE. g H ) P£
- EoJ1 J
6 4dB \ gas 590
7 16 dB (MSB) 2g &89
8 8dB &
9 GROUND
10 NOT USED
11 2dB B
12 0.25dB | Ll
13 1das " EEE L
14 NOT USED :
(12.4) o] B E \ p
(24,5) D110551 JACKPOSTS.
45812060 e o
SERIES 347
Wt. 5 oz. (142 gm) approx.
MODEL, A B Cc D E

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

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

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

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Models 3488 and 3488H

8 Bit Digital/Analog Attenuators

6 to 18 GHz
Digital/Analog

8Bit TTL
Hermetically sealed
Miniature

Phase Shift (Deg.)

-500}

- i 18
FREQUENCY (GHz)

Figure 2
Typical phase vs. attenuation

MODELS 3488 AND 3488H

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

The attenuator is an integrated assembly of a sealed
RF Microwave Integrated Circuit assembly and a
sealed hybrid driver. Attenuation is controlled via a
miniature 14 pin connector. See Fig. 1.

Although these units are 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.)

+V =¥

1

DRIVER CIRCUIT
DIGITAL
INPUT DA
CONVERTER
ANALOG
INPUT
1/v
CONVERTER
RF RF
IN/OUT IN/OUT
PIN DIODE
ATTENUATOR

Fig. 1-Model 3488/H block diagram




Models 3488 and 3488H
Specifications

PERFORMANCE CHARACTERISTICS

FLATNESS ( dB)
FREQUENCY | MAX. INSERTION AT MEAN ATTENUATION LEVELS
RANGE LOSS® MAX upP TO
(GHz) (dB) VSWR®| 10dB | 20dB | 40dB 60 dB
80-180 30 18 07 10 15 16
6.0 - 180@ 3.0 18 09 15 30 a5

(1) Except from 16-18 GHz where insertion loss is 4.0 dB max. and VSWR is 2.0 max.
(2) Specifications for the 6.0-180 GHz frequency range are typical.

Mean Attenuation Range.. 60dB
Accuracy of Attenuation... 0-30dB +05dB

>30-50dB +1.0dB
>50-60dB +15dB

Monotonicity
Phase Shift..............
Temperature Coefficient. ..

Power Handling Capability
Without Performance
Degradation

Guaranteed

See Fig. 2
+0.02 dB/°C

3488 100 mW cw or peak

ENVIRONMENTAL RATINGS
Operating Temperature

RANGE . ..oovmir ivivs b0 .. —54°Cto +110°C
Non-Operating Temperature
RONGS oo vsan s paon —-65°Cto +125°C

ACCESSORY FURNISHED

Mating power/logic connector

AVAILABLE OPTIONS

3488H 10 mW cw or peak
Survival Power(from -65°C

to +25°C, See Figure 3 for
Higher Temperatures). ... ..

Switching Time..........

Programming: 8 Bit TTL. ..
Minimum Attenuation Step.

1W average, 25W peak

(3488) 500 nsec max
(3488H) 200 nsec max

Positive true binary
0.25dB

Logic “0": —0.3 to +0.8V
Logic "“1": +2.0to +5.0V
Logic Input Current:

Logle Inpuk.....ox painun

10 pA max
Analog Input Characteristics
BANGO . ;.o covn vame mares Oto 6V
Transfer Function. . ... ... 10dB/NV
Input Resistance........ 6 Kohms

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

-12to —15V, £5%, 50 mA

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 36)

% OF
RATING
AT +25°C

*110°C

TEMPERATURE

Fig. 3-Power derating factor
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Models 3488 and 3488H
Specifications

DIMENSIONS AND WEIGHT

.38(9,7) FOR SMA FEMALE
/‘.50(123):0:? SMA MALE
.34 50 5
(34,00 ™27
A0 _pf g LI40O
(2,5) (29,0)
J10(2,5)
RF CONN, SMA FEMALE
2x
.34 1140
(34,0) (29,0 Ji J2 @

(% lsrTo}

MOUNTING
SURFACE

LEE

(9,)

ax ¢.100(2,5)

CONN, 14 -PIN
IAW MIL-C-28748

foo0oo0o0
sTmel - 1

(7.6)

\—PINA *

MODEL 3488/H
Wi: 2.4 oz. (68 gm) approx.

J3 POWER/LOGIC CONNECTIONS

NOTES:

PIN

FUNCTIONS

1. All unused logic inputs must be grounded.

DUZErXCITMOOD>

Digital/Power GND
Logic Control (NOte 2)
-12to —15V
0.25 dB (LSB)

05d
1dB
4dB
2dB
16dB
32 dB (MSB)
+12to +15V
8dB

GND
Analog Input (Notes 3&4)

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

3. For digital operation anly, 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 a non-zero source resistance (Rg) of up to
500 ohms, the attenuation error is approximately —.0017-Rq-V,y dB
and the slope will decrease by approximately 0.17 dB/V per 100 ohms
of source resistance.

Using the 348 Series attenuator as both a digital and analog control
attenuator, the total attenuation ATT=10 -V|y + programmed digital
attenuation. The maximum attainable mean attenuation is 60 dB.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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General Microwave offers a complete line of broad-
band phase shifters and I-Q modulators which span
the frequency range from 0.5 to 18.0 GHz. These
devices are available in several different topologies
that allow the designer to choose among various per-
formance characteristics that best suit his system
needs. This catalog describes only our standard line
of broadband phase shifter models. In addition to
these, there are numerous special designs, employing
a variety of phase shifter circuits, which GMC has
utilized in custom applications.

PHASE SHIFTER FUNDAMENTALS

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

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

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

(1) “Broadband Switched-Bit Phase Shifter Using All-Pass Networks", D. Adler and R. Popovich, 1991 IEEE MTT-S Digest, pp 265-268. To obtain a
copy of this paper, please write to Dept. C., General Microwave Corporation, 5500 New Horizons Boulevard, Amityville, N.Y. 11701.

Phase Shifters and
kl-_@; Modulators

SWITCHED BIT PHASE SHIFTERS

As the name implies, switched bit phase shifters are
digitally controlled components. They are generally ‘
used where there are requirements for very high
switching speed and moderate to high power handling |
capability. These attributes derive from the use of PIN ‘
diodes as switching elements which, for each bit, are
used to select between one of two fixed networks

which differ in phase shift by a predetermined

amount. Typically an n-bit phase shifter will consist of ‘
n such elements in a tandem array, with the specific
topology of each bit selected for optimum perform-
ance for its phase magnitude.

All switched bit phase shifters suffer from a common ‘
problem, i.e. varying VSWR interaction between the

bits as the phase shift states are changed. These
mismatch effects limit the phase resolution and
accuracy of the phase shifter since they give rise to [
non-monotonic performance as the bit size begins to
approach the interaction phase error. This problem
becomes significantly more difficult for wide band and |
high frequency designs and usually limits practical
phase shifters to a maximum of four bits.

General Microwave has produced a number of

custom narrow and broadband switched bit phase |
shifters. Recently it has introduced as catalog items

the Model H752 series, a broadband, high speed
switched bit phase shifter which utilizes a proprietary
“All-Pass” circuit as phase shift elements. A complete |
description of this design is available in a separate
technical paper.’ This topology achieves relatively
constant phase shift performance over octave and |
greater bandwidths in a very compact format,
especially as compared to the distributed transmis-

sion line approaches. As a result, the H752 series

offers low insertion loss and high speed performance |
in a low profile, hermetic housing which makes it
especially suitable for rugged military applications.
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cHIETERS

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

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

Analog phase shifters are readily convertible to digital
control by the addition of suitable D/A converters and
appropriate linearizing circuits. The Series 71, 77 and
79 digital phase shifters use this approach.

Phase Shift:

Temperature
Coefficient:

PM/AM:

Accuracy:

Carrier
Suppression:

Sideband
Suppression:

Switching
Speed:

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

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

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

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

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

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

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

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



Phase Shifters dulat
| | \ 41"
PHASE SHIFTERS/FREQUENCY TRANSLATORS
BI-PHASE MODULATORS
1.Q. VE
FREQUENCY RANGE (GHz)
MODEL PAGE COMMENTS
05 20 40 6.0 80 120 180
05 mm— 20 7720/7820 Phase shifter/Frequency translator,
digital/analog
2.0) e— 7722[7822 Phase shifter/Frequency translator,
digital/analog
80
40 120 7724/7824 Phase shifter/Frequency translator,
digital/analog
60 180 7728/7828 Phase shifter/Frequency translator,
digital/analog
60 180 7928 84 Miniature Phase shifter/Frequency
translator, Hermetically sealed, digital
40} ee— H7524 78 Phase shifter/Frequency translator,
Hermetically sealed, digital
60 180 F1938 70 Bi-Phase modulator
05 s 20 7120/7220 1.Q. Vector modulator, digital/analog
20— 0 71227222 1.Q. Vector modulator, digital/analog
73
40 120 7124/7224 1.Q. Vector modulator, digital/analog
60 180 7128/7228 1.Q. Vector modulator, digital/analog




Model F1938

Bi-Phase Modulator
}Nifh Integrated Driver

* Frequency range: 6-18 GHz

¢ Differental phase shift: 180° + 10°
* High speed: 5 nsec (10-90% rf)

¢ Low VSWR and insertion loss

¢ Small size, light weight

MODEL F1938
BI-PHASE MODULATOR

6-18 GHZ
SER.

GENERAL'
Lol wicROWAVE

The Model F1938 is a high-speed 0° or 180°
phase shifter that operates over the 6 to 18 GHz
frequency range. It features a double-balanced
design that provides excellent phase accuracy
over its entire frequency range.

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

RF INOUT SINGLE RF INOUT
@“‘ BI-PHASE l @
MODULATOR

+
SINGLE
BALANCED
BI-PHASE
s MODULATOR o

Model F1938, block diagram
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Model F1938

PERFORMANCE CHARACTERISTICS

Frequency Range............. 6to 18 GHz
Differential Phase Shift........ 180° +£10°
Switching Characteristics (1)

ORE TS = e 58 864 wpneinne w0 20 nsec. max.

OFETIME. o - 505955 stasinm 20 nsec max.

RISE TN csmnaapsms st aws 5 nsec. max.

Falll Tiiee ; 55 5 s iamass 1054 5 nsec. max.
Insertion Loss............... 3.0 dB max.
VSWR ;- oiasais o s ovemmes s s 2.0 max.
Change of Insertion Loss

With Phase Shift. . .......... 1.0 dB max.
Carrier Suppression.......... 20 dB min.
Modulation Rate. . .. .......... 10 MHz max.
Power Handling Capability

Without Performance

Degradation . ............. 1W cw or peak
Survival Power.............. 2W average, 25W

peak (1 usec max.

pulse width)

(1) As measured with a phase bridge.

Specifications

Power Supply

Requirements............

Control Characteristics
Control Input

Impedance ........: 500

Control LOGIG. ..o - o cvnsns

+5V +5%, 65 mA
-12to —15V, 20 mA

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

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




Model F1938
Specifications

ENVIRONMENTAL RATINGS

Option No.

3
T
10

33

64A

Operating
Temperature
Range ........ —65°to +110°C
Non-Operating
Temperature
Range ........ —65°to +125°C
Humidity ........ MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
BhOCK . <545+ vo MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration........ MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
‘ or 15G, whichever is less)
Altitude . .. ...... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling. .. MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

AVAILABLE OPTIONS

Description

SMA female control connector

Two SMA male rf connectors

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

EMI filter solder-type control
terminal

SMB male control connector

DIMENSIONS AND WEIGHT

RF CONN i
SMA FEMALE 895 (12,7)
2x ) 20
13
2x.104(26) 1 @3~
" ™ eo .
+
— @'/
== -V
1.13 895 l @X -
(28,7) (227) : ot GND
J2— -$ @ L
f .38(9,7) FOR SMA FEMALE
A2 .50(12,7) FOR SMA MALE
(3,0 —r
56
MODEL F1938 (142) te— CONTROL
Wt: 0.7 oz (20 gm) approx SMC MALE

Dimensional Tolerances, unless otherwise indicated: .XX = .02: XXX = .005
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Series 71, 12 Bit Digital and Series 72 Analog
I-Q Vector Modulators

Both Series comprise a family of four solid-

state PIN diode I-Q Vector Modulators covering e Simultaneous control of amplitude
the frequency range from 0.5 to 18 GHz in four

and phas
bands; 0.5 to 2 GHz, 2to 6 GHz, 4 to 12 GHz and e 0.5 tg 18 %HZ in four bands: 0.5 to
6 to 18 GHz. See Fig. 1. il : o
All models provide a full 360° range of phase : ?’.’128’ éﬁ) 6 GHz: 410 12 GHz;
shift and a minimum of 20 dB attenuation range 9 L
at any frequency. » z.‘.‘?e?:;sd!lg‘ll;a“y programmable

e Analog control (Series 72)
¢ High speed
e Guaranteed monotonicity

IN-PHASE
BI-PHASE COMBINER
MODULATOR
RF OUTPUT
3 TR
90° "Q"|g|.pHASE
RF INPUT MODULATOR ——I
_______ mse— 5
: | 71 SERIES —] 12BIT VOLTAGE
. DIGITAL —] DAC _ BUFFER| |
Q.| cowenten 'l____:“PUT = T
| | —_—
\ 1 L isg=—] t
72 SERIES ' ' 1 i 71 SERIES
| IGITAL
ANREDT e - e e e s 4 DISPUT
T T
L Mss [ — .
1 ! 71 SERIES —] 128BIT VOLTAGE
{ o | DIGITAL—] DAC BUFFER
L oouae | INPUT —] +
[ "{ T "‘I - 1
i : =] ~
: ': T LEB— -
,,,,,,,, =) 1 1
oot s = e 23
Fig. 1-Series 71, 72 Block Diagram
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Series 71 12 Bit D‘igitcl and Series 72 Analog
I-Q Vector Modulators

THEORY 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 equal outputs,
with a 90° phase difference between them. The in- .
phase, or 0°, channel is designated the | channel 2
and the Quadrature, or 90°, channel is designated “Q” BI-PHASE
the Q channel. Each signal passes through a bi- SRR -
phase modulator which sets the 0° or 180° state o
| and the attenuation level for both the | and Q -
paths. The outputs of the | and Q path are combin-
ed to yield the resultant vector which may fall
anywhere within the bounded area shown in Figure o N 0dB,0°
2. Any signal applied to the I-Q Vector Modulator 9\ R
can be shifted in phase and adjusted in amplitude == — !
by applying the following relationships: AT 180° STATE RCOS & AT 1680 STATE
1. Letthe 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| = 1020,
3. The values of the | and Q attenuator control in- N
puts are ther\1l expressed as: A1 1800 SIRTE
| =Vcosb6

and
| Q =Vsiné.

Figure 3 shows the nominal value of | and Q vs.
either digital word (Series 71) or analog voltage
(Series 72). Thus, to achieve an attenuation level of
3 dB with a phase offset of 112.5° (with respect of
0 dB and 0° reference states) the values of | and Q ra
can be calculated as follows: +10

V = 10820 =0.707 +.9
| = 0.707 cos (112.5°) = -0.27 +8 SN

Q = 0.707 sin (112.5°) = +0.65 il
From Figure 3, the control inputs to yield the b
desired amplitude and phase are approximately: +'5 \
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 431 s | 2bo | a7s | Ne | 5 | 7k | abs | e
the nominal values over the entire operating fre- Mo NI N AE NE ME e
quency range of the vector modulator, the use of -1 \ ST
an iterative measurement procedure will determine -2 WORD
the | and Q inputs which exactly define the desired -5 N\
parameter at any selected frequency. .

Fig. 2-1-Q Phase Relationship

+.4

+.3
+.2

-5

- Y

-9 T
-1.0 \

Fig. 3-1-Q vs Control Input
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PERFORMANCE CHARACTERISTICS

4\\_
wie /

71172
s

MODEL 7120/7220 | 7122/7222 | 7124/7224 | 7128/7228
FREQUENCY 0520GHz | 2060GHz | 40120GHz | 60-180GHz
INSERTION LOSS (MAX) 13dB 11dB 12dB 12dB
VSWR (MAX) 16:1 1811 18:1 201
POWER HANDLING
WITHOUT PERFORMANCE +7 dBm +20 dBm +20 dBm +20 dBm
DEGRADATION
SURVIVAL POWER (MAX) 1w
ABSOLUTE INSERTION
PHASE ACCURACY +15°
VS. FREQUENCY (MAX)

FINE GRAIN PHASE
RIPPLE (50 MHz) (MAX) 2% plepk
VARIATION OF PHASE
VS. TEMPERATURE (MAX) £t Gog FC
VARIATION OF
AMPLITUDE VS. 002 dB/°C
TEMPERATURE (MAX)
RESPONSE TIME (MAX) 0.5 usec
—12to -15V @ 70 mA

POWER SUPPLY +1210 +15V @ 70 mA
CONTROL INPUT

71 SERIES 12 bit TTL for both | and Q inputs

72 SERIES 0to +10V dc for both | and Q inputs
CONTROL INPUT IMPEDANCE

71 SERIES 40 pA max

72 SERIES 10 K ohms

ENVIRONMENTAL RATINGS

Operating Temperature

ACCESSORY FUNISHED

Matmg power/control connector (Series 71 only)

Description

Two SMA male rf connectors

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

RANGD ooiioms dovs e b -54°C to +100°C VAILABLE OPTIONS
Non-Operating Temperature
RANGE .o« s 0 viis st & -65°C to +125°C Option No.
Humidity ............... MIL-STD-202F, Method 103B. 7
Cond. B (96 hrs. at 95%) 10
OCK 55w vaa ) Gk s MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration ............... MIL-STD-202F, Method 204D,
Cond. B (.06” double
amplitude or 15G, whichever is
less)
Altitude ................ MIL-STD-202F, Method 105C.
Cond. B (50,000 ft.)
Temp.Cycling ........... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles
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CICATIons

L DIMENSIONS AND WEIGHTS
o I
ISEO]
4-40 THD x .30 £.03 DEEP
LOCKING INSERT
ap ITT CANNON DC-37P OR EQUIV.
7 WITH D110551 JACKPOSTS.
ol . MATING CONNECTOR FURNISHED.
1 e .
@! 31(7.9) :
_f J;S 47
MTG.
g b~ SURFACE B{
a1
Jz 7 LT
8
"G :
A2 |
(3,0)
gl L
e 29 b "}
.38(9,7) FOR SMA FEMALE
50(12,7) FOR SMA MALE
MODEL A B C D E F G H J
7120 4.95+.03|3.38+.03| 1.02 [4.75+.01[3.12+.01| 2.62 1.69 2.48 73
(125;7) | (85,9 | (25,9) | (120,7) | (79.2) | (66,5 | (42,9 | (62,9 | (185)
7122 1.99
3.25+.03{3.25+.03| .85 [3.05+.01/3.00+.01] 1.63 (50,5) 1.63 .68
7124 (82,6) (82,6) (21.8) (77,5) (76,2) (41,4) (1682) (41,4) (17.3)
7128 3.00+.03[3.00+.03] .96 [2.80%.01[2.75%.01 1.50 1.63 1.50 .76
(76,2) (76,2) (24,4) (71,1) (69,9) (38,1) (41,4) (38,1) (18,3)
J3 PIN FUNCTIONS
PIN | FUNCTION | PIN | FUNCTION
5 T B 7 MODEL WEIGHT (APPROX)
2 16 21 17
= Ve 2 5 7120 90z. (255gm)
2 13 = — 7122 60z. (170gm)
5 1-10 24 1-1(LSB) |
6 111 25 | 112(MSB) 7124 60z. (170gm)
7 NIC 26 NIC
8 | +12t0 418V | 27 NIC 7128 50z. (142gm)
9 GND 28 GND
10 GND 29 N/C
11| -12t0-15V | 30 NIC
12 Qa3 31 NIC
13 Q-2 32 Q4
14 Q-1(LSB) 33 NIC
15 Qs 34 NIC
16 Q-6 3 | Q-12(MSB)
17 Q7 36 Q-11
18 Q8 37 Q-10
19 a9

Dimensional tolerances, unless otherwise indicated: .xx+.02; oot .005
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71172
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Crmamifimn~atiAame
P EeCITICATIONS
‘I DIMENSIONS AND WEIGHTS ~
| ©@ooo |
‘ - 1.66(42,2)
4-40 THD x .30 +.03 DEEP ‘
LOCKING INSERT 4X 1.32(33,5)
e CONTROL
32(8,1) 58 SMC MALE
| - (14.7) ™ 2X ‘
¥ H*— RF CONN
| SMA FEMALE 2X
d%, 31(7,9) n[!Ln ; hihx o
' 3
‘ MTG
@ e SURFACE
: B e
e |
"G" ; 1 2 nFn
(3.0) |
-
4 10 - L 855k ‘
.-_”CL-. (2,5) "A" &l o
.38(9,7) FOR SMA FEMALE j
.50(12,7) FOR SMA MALE
\
| MODEL A B C D E F G H J
7220 4.95+.03 | 3.38+.03 1.02 475+.01 | 3.12+.01 2.62 1.69 175 .73
\ (125,7) (85,9) (25,9) (120,6) (79,2) (66,5) (42,9) (44,5) (18,5)
| 7222 s
3.25+.03 | 3.25+.03 .85 3.05+.01 | 3.00£.01 1.63 (50,5) .90 .68
w = (82,6) (82,6) (21,6) (77.5) (76.2) (41,4) 1.83 (22,9) (17,3) '
\ (46,4)
‘ 7228 3.00+£.03 | 3.00£.03 .96 280+.01 | 275+.01 1.50 1.63 .78 .76
‘ (76.2) (76.2) (24,4) (71,1) (69.9) (38.1) (41,9) (19.8) (19.3) ‘
MODEL WEIGHT (APPROX) ‘
7220 100z. (283gm)
7222 70z. (198gm)
[ 7224 7oz. (198 gm)
' 7228 6oz. (170gm)
ey
{gsiaﬁ;
Dimensional tolerances, unless otherwise indicated: .xx+.02; .xxx+.005 | [ |
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Model H7524 High Speed,
4 Bit Phase Shifter/[Frequency Translator

4-8 GHz

25 nsec switching speed

4-Bit, 0-337.5° phase shift range
0.24" thick

Hermetically sealed

Guaranteed monotonicity

CONTROL
LOGIC

DRIVER

Fig 1. H7524 Schematic Diagram

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.

Phase Error (Deg.)

a
g 8 8 8§ 8 8§
- w 5

- w

7.00 T
7.50

8
@0 -]
Frequency (GHz)
Fig 2. Typical Phase Error At All Phase States

— Carrier Supp. - - Sideband Level - 16th Harm.

-20

~ - ‘\ -
;‘ == \/~\"/
T T T T
5.0 6.0 7.0

Frequency (GHz)
Fig 3. Typical Carrier And Sideband Suppression

-30

Suppression (dBc)
\

- 40
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Model H7524
Specifications

\
PHASE SHIFTER

SPECIFICATIONS

FREQUENCY TRANSLATOR (SERRODYNING) SPECIFICATIONS

TRANSLATION CARRIER SIDEBAND®M CONVERSION LOSS
RATE SUPPRESSION (Min.) | SUPPRESSION (Min.) (Max.)
0to2MHz 25dB 25dB 6.0dB

INSERTION VSWR ACCURACY PM/AM ‘
FREQUENCY RANGE (GHz) | LOSS (Max.) (Max.) (Max.) (Max.) |
; +18° PEAK
4108 7dB 2.0:1 A +1.0dB

PERFORMANCE CHARACTERISTICS ENVIRONMENTAL RATINGS .

Phase Shift: Operating Temperature
Range ................ 0° to 337.5° Range................ —-54°C to +110°C
; Non-Operating Temperature
Controllnput .......... .. 4BitTTL _RE° °
Bit Weights ............ 22.5°, 45°, 90° & 180° PRI 5. 0 s et LR
LG0T & som e s Insertion Phase AVAILABLE OPTIONS
(-0.3to +0.8V@1.2 mA) . ‘
Logic “1” ........... Positive Phase Shift Gptiah Ho. Heatiiption
(+2.0to +5.0V@40 pA) T Two SMA male rf connectors
’ ' 9 Inverse logic
Switching Time .......... 25 nsec (max) 10 One SMA (J1) male and one SMA ‘
(J2) female rf connector
Harmonics .............. —-30dBe 49 High Rel screening (See table 1,
Power Handling e . p_"‘?f 73?)‘ .
Capability (CW)........ +23 dBm AVAILABLE ACCESSORY
Power Supply® . ... .. ... +5V £5%, 170 mA Model Spacer Plates ‘
—12V +5%, 130 mA  H7524 19177-P2

(1) Except 22 dBc for the 16th harmonic
(2) Above 1 MHz translation rate (LSB @ 16 MHz rep rate) the power supply current will increase to + 5.0V at 325mA,

— 12V at 275mA, at 2 MHz.
DIMENSIONS AND WEIGHT ‘
38(9,7) FOR SMA FEMALE
'50(12,7) FOR SMA MALE f 7X $.020(0,5)
2.00 -
1908 ig‘:).—
- e
i = "'61021 PIN DESIGNATION
]
l 11 11 16,0 I PI"N FUN;TI:,NS |
$/ 1 2 3 4 Ve Y L 2 50
| " 2| 380
. 4]
(15,5) Ji gz X s (&, v i
(&)%) . =
N /6 " 4 o | “ano
.07 or \4x @.079 (2,0) \ "‘(?31
(1,8) 8" RF CONN :
1.86 SMA FEMALE e 1°
(47,2) * 2X (3,3)

MODEL H7524 Wt: 0.8 oz (23gm) approx.

Dimensional Tolerances: unless otherwise indicated: .xx +.02; .xxx +.005
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Series 77, 8 Bit Digital And Series 78 Analog
360° Phase Shifters & Frequency Translators

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

¢ 8 Bit digitally programmable (Series 77)

¢ Analog control (Series 77)

¢ High speed

* Guaranteed monotonicity

Both Series, 77 and 78, comprise a family of eight
solid-state PIN diode phase shifters covering the
frequency range from 0.5 to 18 GHz in four bands; 0.5
to 2 GHz, 2to 6 GHz, 4to 12 GHz and 6 to 18 GHz.

All models provide a full 360° range of phase shift
and may also be used for frequency translation
applications.

Each unit is an integrated assembly of an rf vector
modulator and a driver circuit, consisting of an 8-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 buffer in the Series 78 consists of an
A/D converter followed by a D/A converter and con-
verts a continuous analog input voltage into discrete
steps of 1.41°.

4

DIGITAL -
CONTROL —|
e CONVERTER
VOLTAGE
BUFFER
I (IN-PHASE Q (QUADRATURE
DRIVE VOLTAGE) DRIVE VOLTAGE)
RE
RF @— VECTOR —@ RF
MODULATOR
IN/JOUT INJOUT

Fig. 1A—Series 77, Block Diagram

il

VOLTAGE VOLTAGE
CONTROL CONVERTER
INPUT
VOLTAGE
BUFFER

I (IN-PHASE
DRIVE VOLTAGE)

HF@——

INJOUT

Q (QUADRATURE
DRIVE VOLTAGE)

| Q)

INJOUT

RF
VECTOR
MODULATOR

Fig. 1B—Series 78, Block Diagram
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Series 77/78
Specifications

Phase Shift

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

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

0O-MODULATOR

7 = =="="5.000

COMBINER

SIN tw1 + )
RF OUTPUT

|
|
SIN (w1} !

e XICOS 8}

[-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 slew
rate drivers, and optimizing phase shift linearity with
applied signal. As a result, carrier and sideband sup-
pression levels of over 25 and 20 dB, respectively, are
obtained in the main bands. The same carrier and
sideband performance can be realized over the full
stretch band when the internal frequency correction
circuit is employed.

See Fig. 3 for input voltage control requirements for
Series 77 and 78 when used as a frequency translator.
On special order, frequency translators can be
provided for operation over reduced bandwidths with

suppression levels of up to 35 dB. Consult the factory
for special requirements.

PERFORMANCE CHARACTERISTICS

SERIES 77
OOl .cx < v amn i < 8bit TTL
Logic Input
Logic ‘0" (Bit OFF). . ... —03to +0.8V @ 500 pA max
Logic ““1”’ (Bit ON). ... .. +2.0to +5.0V @ 100 pA max
Power Supply.......... +5V at 250mA

+12to +15V @ 50 mA max
-12to —15V @ 35mA max

Fig. 3-Series 77 and Series 78 input requirements
NEGATIVE FREQUENCY TRANSLATION
iGRRERAEE e = Wil 6
==t ti=
| /
10101010 / —17 4
DIGITAL
| A VOLTAGE
INPUT 7 INPUT
01010101 / 712
/
/
00000000 0
T —lle—Tar
POSITIVE FREQUENCY TRANSLATION
11111111 6
AY
10101010 \ \ 4
DIGITAL e I M_j*___ VOLTAGE
INPUT INPUT
01010101 \\‘ 2
N.l__.ﬁ _-—
\
0
fe—T—le—Ter
NOTES:
Ter should be less than 1% of T to achieve Translation Rate =
specified carrier and sideband suppression. +Tos
SERIES 78
Control Voltage . . . . ... .. Oto +6V
Sensitivity. . . .......... 234 mVILSB
Resolution ............ 1.41°
Step Uncertainty....... 0.7° max, 0.3° typ.
Input Resistance....... 2K ohms
Power Supply.......... +5V at 300mA

+12to +15V at 126mA
—12to —15V at 50 mA

COMMON TO BOTH SERIES 77 & 78
Power Handling Capability

Without Performance

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

SUnIVEL: <. e oses sees +30dBm

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

Phase Variation........ . 04°°C
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Series 77178

Specifications

i PHASE SHIFTER SPECIFICATIONS
MODEL INSERTION | VSWR | ACCURACY®™ PM/AM

| NOS. | FREQUENCY RANGE (GHz) |LOSS (Max.) | (Max.) (Max.) (Max.)
7720 & Main Band 0.7-1.6 11.5dB +10° +1.1dB
7820 Stretch Band 0.5-2.0 13.0dB 1.75 +15° +2.5dB
7722& | MainBand 2.6-5.2 10.0 dB +10° +1.1dB
7822 Stretch Band 2.0-6.0 11.0 dB 16 +150° +1.5dB
7724 & | MainBand  4.5-10.5 10.5dB +10° +1.1dB
7824 Stretch Band  4.0-12.0 12.0dB 1.8 +15° +2.0dB
7728& | MainBand  8.0-18.0 +12° +11dB
7828 Stretch Band  6.0-18.0 12.0dB 2.0 +15° +2.0dB

OTHER SPECIFICATIONS

Switching Speed (50% TTL to within 10° of Final Phase Value): 500 nsec Max.
Minimum phase shift range:
Series 77:360° in 256 Steps (8-bit)  Series 78:360° @ 60°/Voit

FREQUENCY TRANSLATOR SPECIFICATIONS

INSERTION LOSS
TRANSLATION CARRIER™" SIDE BAND(™ VARIATION (Max.)
RATE (Min.) SUPPRESSION (Min.) | SUPPRESSION (Min.) with translation rate:
Main Band: Main Band: 200 kHz:
25dB 20dB 1dB
0'to 500 kHz Stretch Band: Stretch Band: 500 kHz:
18 dB 15dB 3dB

NOTES:

(1) Main band specifications apply if 1 bit TTL logic signal is provided indicating whether input rf signal is
in main-band or band-edge.
(2) All specifications are met using only the five most significant bits on the 77 series.

TYPICAL PERFORMANCE

3 ©w @ -~ o
3 T
w0 @ -~ -

INSERTION LOSS (dB)

INSERTION LOSS (dB)

o

o

i L L
8 10 12 14 16 18

FREQUENCY (GHz) FREQUENCY (GHz)
PM/AM over the full operating band. Figure 4 PM/AM with frequency correction circuit selected.
+180.0

440y
+108.0

+72.0

U e S ESSSS S

+0.0

=7 = S
720
-108.0 ¢
~144.0 4
-180.0

PHASE (DEG)

0 iz a e 8
FREQUENCY (GHz)
Fig. 5-Model 7728-Phase accuracy vs. frequency.
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Series 77178
Specifications

ENVIRONMENTAL RATINGS Altitude . ............... MIL-STD-202F, Method 105C.
Cond. B (50,000 ft.)
Operating Temperature
REng® ; ... cuss vve s e —54°Cto +100°C Temp. Cycling .......... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
Non-Operating
Temperature
Range ............... —-65°C to +125°C ACCESSORY FURNISHED
Humidity ............... MIL-STD-202F, Method 103B.  Mating power/control connector
0,
Shafd. B35 o W SLR) AVAILABLE OPTIONS
BROER . o5 0 i mme s s s g 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
Cond. B (.06” double 10 One SMA male (J1) and one
amplitude or 15G, whichever SMA female (J2) rf connector
is less)
J3 PIN FUNCTIONS
i DIMENSIONS AND WEIGHTS
Pin Series Series Rl WiTH D11085) JACKPOSTS
No. 77 78 i MATING couusc;gf:: gtxz‘msusn
1 ~12Vio-15V | —12Vto 16V 0, a - e
2 +12Vio +15V +12Vto +15V 31(7,9)
3 Freq. Correction | Freq. Correction 1 b SoReace I 4
Circuit Select Circuit Select "
‘lo!l=BamEdw l(°|l=BandEdge -
4 1.4°(LSB) Not Used 42
5 5.6° Not Used £ B
6 45,0° Not Used g
7 180.0° (MSB) Not Used 3
8 90.0° Not Used : 2
9 Ground Ground (Sig) ‘ gk
10 Not Used Ground (Pwr) : i—@ e - !
11 22.5° Not Used
12 2.8° Not Used "l JI a'z:gl L- i J
13 11.3° Not Used e C A
14 Not Used Control Voltage
15 +5V +5V 38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
MODEL A B Cc D E F G H J K |WEIGHT (APPROX)
1.02 73 .32
7720 (4.95+.03|3.38+.03 o5g) | 475501 8.12£.01 | 262 | 169 | 248 | o | gy | 130z (369gm)
1.48 1.18 | .78
7820 | (125,7) (85,9) (37.6) (120,7) (79.2) (66,5) | (42,9) | (62,9) (30,0) | (19.8) 15 0z. (425 gm)
.80 66 32
7722 (20,3) 1.99 (16,8) | (8,1) 60z. (170 gm)
1.21 107 | .72
7822 |3.25+.03(3.25+.03 30.7) 3.05+.01 [3.00£.01| 163 | (50,5 | 1.63 @72 | (183) 7 oz. (198 gm)
.80 .66 .32
7724 | (82,6) (82,6) (20,3) (77,5) (76,2) | (41,4) | 1.83 | (41,4) (16.8) | ®.1) 60z (170 gm)
1.21 1.07 | .72
7824 (30.7) (48,5) @72) | (183) 7 0z.(198 gm)
7728 |2.50+.03(3.004.03 (ég) 230+.01 |275¢.01 | 150 | 163 | 1.25 (1-;‘0) (g"g) 40z, (113gm)
7828 | (635) | (76.2) (:1461 g) 684 | 699 | @81 | @4 | @18 (;;,f"g) i | 7502 213 gm)

Dimension tolerances, unless otherwise indicated

. xx £.02; xxx +.005
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Model 7928 Minic
3@@“_ Phase Shifte

zed 8

) Bit

/E_ﬁ@@ uenc y Translator

6 to 18 GHz

360° range

High speed

Digitally programmable (8 Bits)
Guaranteed monotonicity
Hermetically Sealed
Miniaturized: less than 1.5 in®

W -V
D/A
CONVERTER

DIGITAL
CONTROL
INPUT

VOLTAGE
BUFFER

I(IN-PHASE
DRIVE VOLTAGE)

o @—

IN/OUT

Q (QUADRATURE
DRIVE VOLTAGE)

(o) nr

INJOUT

RF
VECTOR
MODULATOR

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 translation.

The unit is an integrated assembly of an rf vector
modulator and a driver circuit consisting of an 8-bit
D/A converter and a voltage buffer. See Figure 1.
PHASE SHIFT

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

phase shift. The signals are then combined
in-phase to yield desired output.

ACCURACY

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

Switching speed is better than 500 nsec.

FREQUENCY TRANSLATION
(SERRODYNING)

In the design of the Model 7928 special attention
has been paid to those characteristics which affect
its performance as a frequency translator. These
include minimizing PM-to-AM conversion, use of
high slew rate drivers, and optimizing phase shift
linearity with applied signal. As a result, carrier and
sideband suppression levels of over 25 and 20 dB,
respectively, are obtained in the main band. The
same carrier and sideband performance can be
realized over the full stretch band when the internal
frequency correction circuit is employed. See Fig. 3
for input control requirements.

On special order, frequency translators can be
provided for operation over reduced bandwidths
with suppression levels of up to 40dB. Consult the
factory for such requirements.

348 HYBRID

0-MOBULATOR COMBINER

SIN twy = 8}
REOUTPUT

|
|
SIN (w1) |
RF INPUT

I-MODULATOR

Figure 2. Rf Vector Modulator
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Model 7928
Specifications

PHASE SHIFTER SPECIFICATIONS

INSERTION | VSWR | ACCURACY®™ PM/AM

FREQUENCY RANGE (GHz) LOSS (Max.)| (Max.) (Max.) (Max.)
Main Band 8.0-18.0 12.0 dB 2.0:1 +12° +1.1dB
Stretch Band 6.0-18.0 +45° +2.0dB

FREQUENCY TRANSLATOR SPECIFICATIONS

INSERTION LOSS
TRANSLATION CARRIER™ SIDE BAND VARIATION (Max.)
RATE (Min.) | SUPPRESSION (Min.) SUPPRESSION
(Min.) with translation rate:
Main Band: Main Band: 200 (Ij(llglz:
25 dB 20 dB 1
(e b liea Stretch Band Stretch Band: 500 kHz:
18 dB 15 dB 3 dB

(1) Main b;r;g specifications apply if 1 bit TTL logic signal is provided indicating whether input rf signal is in main band
or ban lge.

(2) All specifications are met using only the five most significant bits on the Model 7928.

PERFORMANCE CHARACTERISTICS

Phase Shift Power Handling Capability

BANGE & v v vsem saii s 360° in 256 steps Without Performance

Variation .............. 0.1°1°C Degradation ........... +20 dBm
Control Input . ........... 8 Bit TTL Survival Power......... +30 dBm

Switching Speed
| (50% TTL to within 10°
of Final Phase Value) .. ... 500 nsec max

‘ Harmonics .............. —30 dBc

Power Supply
Requirements.......... +5V £5%, 250mA
+12 to + 15V £5%, 50mA
-12 to — 15V £ 5%, 35mA

[ Negative Frequency Translation

| 11111111 l ——l

Positive Frequency Translation

11111111

10101010 /

10101010

DIGITAL / / DIGITAL \
INPUT INPUT

A
3 01010101 \\

} 01010101

| \
|

\

/ / \
00000000 A |

T — I-—1Tes

P Translation Rate =
specified carrier and sideband suppression. T+ Ter

‘ Fig. 3-Model 7928 Control input requirements
l -

f—T—| |— Ter

NOTES: Tes should be less than 1% of T to achieve




Model 7928
Specifications

ACCESSORY FURNISHED

AVAILABLE OPTIONS

Mating power/logic connector Option No. Description
7 Two SMA male rf connectors
ENVIRONMENTAL RATINGS 10 One SMA male (J1), and one
Operating Temperature SMA female (J2) rf connector
Range ................ -54°Cto +110°C 49 High Rel screening

Non-Operating Temperature

(see Table 1, page 36)

—-65°Cto +125°C

3x¢.140 (3,6)

DIMENSIONS AND WEIGHT

RF Conn
SMA Female 2x

38 (9,7) for SMA Female —»|

.36
- MODEL 7928
.50 (12,7) for SMA Male (9,1)

PIN

PIN FUNCTIONS
FUNCTION
Ground

1.75
(44,5)

\
Tlﬁ

e
LL

+5V
~1210 - 15V
1.4° (LSB)
2.8°
5.6°
22.5°

J2

11.3°

goﬂ

180° (MSB
+12to +15V

45°

GND

Freq. Correction

Circuit Select

“0" =Band Edge

|| PINA

DOVZZIrR-ITMOOD@>

12(3.0)
12(3.0) |

12(3,0)

\ MOUNTING

SURFACE
l—.22 (5,6)
l—.50 (12,7)

1.60
- {(406) —
1.85
(47,0)

- CONN. 14 PIN

|IAW MIL-C-28748

_-T

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

General Microwave switches cover the frequency
range from 100 MHz to 40 GHz and are available in
various topologies ranging from single-pole single-
throw (SPST) to single-pole seven-throw (SP7T) in
both reflective and non-reflective configurations.

SWITCH TOPOLOGY

There are two fundamental methods of connecting
PIN diodes to a transmission line to provide a switch-
ing function: in series with the transmission line so
that RF power is conducted when the PIN diode is
forward biased and reflected when reverse biased; or
in shunt with the transmission line so that the RF
power is conducted when the diode is reverse biased
and reflected when forward biased. A simple reflec-
tive 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
multi-throw switch common junction for optimum per-
formance over a broad frequency range. The first
employs series mounted PIN diodes connected to
the common junction. A path is selected by forward
biasing its series diode and simultaneously reverse
biasing all the other diodes. This provides the desired
low-loss path for the ON port with a minimum of
loading from the OFF ports. The second method
utilizes shunt mounted PIN diodes located a quarter
wavelength from the junction. The diode(s) of the
selected ON port is reverse biased while the OFF
ports are forward biased to create a short circuit
across the transmission line. As a result of the quarter
wavelength spacing, the short circuits are transform-
ed to open circuits at the junction. By proper choice of
transmission line impedances and minimization of
stray reactance it is possible to construct a switch of
this type with low insertion loss and VSWR over a
three to one bandwidth. The schematic diagrams for
both switches are shown in Fig. 2.

BIAS

SERIES SWITCH

Fig. 1-Reflective SPST switch

SHUNT SWITCH

o

COMMON

SERIES DIODES
AT COMMON JUNCTION

Fig. 2-Schematic diagrams of multi-throw swilches

C ©
-8

SHUNT DIODES LOCATED
QUARTER WAVELENGTH
FROM COMMON JUNCTION
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Switches

ABSORPTIVE SWITCHES

It is often desirable to have a PIN diode switch
present a low VSWR in its OFF position as well as in
its ON state in order to maintain desired system
performance. General Microwave offers a complete
line of single and multi-throw absorptive switches
which incorporate 502 terminations in each of the
output ports. Fig. 3 shows the schematic diagrams of
the two versions of absorptive (also known as non-
reflective or terminated) switches employed by GMC.
The shunt termination is used in GMC'’s ““all-series™
configured absorptive switches which have a suffix
ending in “T" or “W". This style of absorptive switch
offers the minimum penalty in insertion loss due to
the addition of the terminating elements. The series
termination is used in GMC'’s high speed “‘series-
shunt” configured absorptive switches since it pro-
vides the optimum in switching performance.

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

DEFINITION OF PARAMETERS

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

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

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

VIDEO LEAKAGE

Video leakage refers to the spurious signals present
at the RF ports of the switch when it is switched
without an RF signal present. These signals arise
from the waveforms generated by the switch driver
and, in particular, from the leading edge voltage spike
required for high speed switching of PIN diodes.
When measured in a 50 ohm system, the magnitude
of the video leakage can be as much as several volts.
The frequency content is concentrated in the band
below 200 MHz although measurable levels for high
speed switches are observed as high as 6.0 GHz. The
magnitude of the video leakage can be reduced
significantly by the inclusion of high pass or “‘video
filters™'™ in the switch, but the high frequency energy
which falls within the passband of the switch can be
eliminated only by using a slower speed switch.

HARMONIC AND INTERMODULATION
PRODUCTS

All PIN diode switches generate harmonics and inter-
modulation products since the PIN diodes are fun-
damentally non-linear devices. The magnitude of
these spurious signals is typically small in a switch
since the diodes are usually either in their saturated
forward biased state or in their reversed biased state.
The physics of the PIN diode cause a cut-off frequen-
cy phenomena such that the level of harmonics and
intermods greatly increase at low frequencies. These
levels will vary with the minority carrier lifetime of the
diode. Thus, a high speed switch operating below
500 MHz may have a second order intercept point of
35 dBm, while a slow switch operating at 8 GHz will
have a second order intercept point of 70 dBm.
Typical performance is as follows:

TYPICAL SWITCH INTERCEPT POINTS

2nd ORDER | 3rd ORDER

SWITCH | FREQUENCY | INTERCEPT | INTERCEPT
HIGH SPEED 2.0 GHz +50dBm +40dBm
LOW SPEED 2.0 GHZ +65dBm +50 dBm

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

(1) For switches with internal video filters, specify Option 41, or Option 42, or Option 43. These fillers reduce the leakage to less than 100 mV peak-to-peak,

measured looking into a 100 MHz bandwidth in a 50-ohm system.

BIAS | BIAS 2

COMMON

SHUNT TERMINATION

o

BIAS 2

ot

50N

BIAS |

o

50N

1

COMMON

SERIES TERMINATION

Fig. 3-Schematic diagrams of absorplive switches
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SWITCHING SPEED®

Port-To-Port Switching is the interval from the time
the RF power level at the off-going port drops to 90%
of its original value to the time the RF power level in
the on-going port rises to 90% of its final value.

See Fig. 4.

PORT A
OFF OFF

oy
—»| |a—PORT-TO-PORT
SWITCHING TIME

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

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

2.0 T0 5.0v—— —1-

|
INI?UT CONTROL PULSE

|
0% RF {ISOLATION) |

|
i e [ v

1
[} |
| RISE |FALL ,

|

I

| ]

| |
[}

| _L

100% RF(L+——+ -

1

1

I

|

i
ol 1o TIME |TINME
(TR ) |(TF) [
"ON"SWITCHING —= = *OFF"SWITCHING
TIME TIME
(Ton? (Torp!
RF OUTPUT ENVELOPE

Fig. 5-Switching speed definition

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

On Time is measured from the 50% level of the

input control signal to the 90% point of the square-law
detected RF power when the unit is switched from full
OFF to full ON.

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

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

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

Switching To Isolation - Although catalog switching
speed specifications are usually defined to the 10%
level of detected RF (equivalent to 10 dB isolation),
the user of a switch may be more interested in the
time the switch requires to reach rated isolation. This
latter time is strongly dependent on the topology of
the switch. For all-shunt mounted or combination
series and shunt mounted topologies, the time to
reach final isolation is usually less than twice the fall
time. For an all-series topology, the time to reach final
isolation may be as much as ten times the fall time.

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

PHASE AND AMPLITUDE MATCHING

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

POWER HANDLING

The power handling of PIN diode switches is depen-
dent on the RF topology, forward and reverse biasing
levels, and speed of the switch. This catalog
addresses both the maximum operating power levels
and the survival limits of the components. Maximum '
operating limits are usually set at the power level !
which will cause the reversed biased diodes to begin
conduction and thereby degrade the insertion loss,
VSWR, or isolation of the switch. The survival power
limits are based on the maximum ratings of the
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.
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Switch
Selection Guide

SWITCHES WITH INTEGRATED DRIVERS

FREQUENCY RANGE (GHz) MODEL OR
1T TP N o S S il 5 L it Y B T SERIES o SOMNENTS
REFLECTIVE SPST SWITCHES
DM86, FM86 Ultra-broadband, low insertion loss
o1 8 [ DMBa6H, FM86H 89 Ultra-broadband, high-speed
e : . 2 FQF:1:A 99 Minature broadband
1 18 H9114 Hermetically sealed, low profile
1 18 HM9114 37 Hermetically sealed, drop-in module
NON-REFLECTIVE SPST SWITCHES
0.2 18 HM192 135 Hermetically sealed, ultra-broadband
02 18 F192A 93 Ultra-broadband
REFLECTIVE SP2T SWITCHES
02 18 DMB70 102 Ultra-broadband
! ’ - F91, Go1 Miniature broadband
F91H 108 Miniature broadband, high-speed
02 4 F92, G92 Miniature broadband
15 m— 45
3 e 9 F892 105 Octave-brand, high-speed
6 emm—————en 16
1 18 H9120H Hermetically sealed, low profile
i 18 HM9120H 138 Hermetically sealed, drop-in module
NON-REFLECTIVE SP2T AND TRANSFER SWITCHES
i 5 F91T, F91W, GO1T, Go1W Miniature broadband
FO1HT 108 Miniature broadband, high-speed
02 4 F92T, GO2T Miniature broadband
05 18 F940H 113 Broadband transfer switch
1 18 H9120HT Hermetically sealed, low profile
1 ® HMZ120HT 138 Hermetically sealed, drop-in module
REFLECTIVE SP3T SWITCHES
4 " Fo1, Go1, Miniature broadband
F91H 116 Miniature broadband, high-speed
0.2 4 F92, Go2 Miniature broadband
1 18 H9130H Hermetically sealed, low profile
1 18 HMO130H 139 Hermetically sealed, drop-in module
NON-REFLECTIVE SP3T SWITCHES
’ " FO1T, FO1W, GO1T, G92wW Miniature broadband
FOIHT 116 Miniature broadband, high-speed
02 4 F92T, G92T Miniature broadband
1 18 H9130HT Hermetically sealed, low profile
1 18 HM9130HT 139 Hermetically sealed, drop-in module
REFLECTIVE SP4T SWITCHES
3 o Fo1, Ga1, Miniature broadband
F91H 120 Miniature broadband, high-speed
0.2 4 F92, G92 Miniature broadband
1 18 H9140H Hermetically sealed, low profile
1 18 HM9140H 140 Hermetically sealed, drop-in module
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Selection Guide (Cont.)

SWITCHES WITH INTEGRATED DRIVERS (con’t)

FREQUENCY RANGE (GHz) MODEL OR
(o5 e 2 G TS A i N S T SERIES aGe COMMENTS
NON-REFLECTIVE SP4T SWITCHES
g o FO1T, F91W, GO1T, GAHW Miniature broadband
FOIHT 120 Miniature broadband, high-speed
0.2 4 F92T, GOZT Miniature broadband
1 18 H9140HT Hermetically sealed, low profile
1 18 HMO9140HT 140 Hermetically sealed, drop-in module
REFLECTIVE SP5T SWITCHES
1 18
= - ';312' 2212' 124 Miniature broadband
NON-REFLECTIVE SP5T SWITCHES
1 18
= 5 BT, F:;;VT. 2:2; Cotv 124 Miniature broadband
REFLECTIVE SP6T SWITCHES
1 18
= = 212' (;!:2’ 127 Miniature broadband
NON-REFLECTIVE SP6T SWITCHES
1 18
= = L F:;‘:T c(:z; it 127 Miniature broadband
REFLECTIVE SP7T SWITCHES
1 18
= = ';:12 ?;9912 130 Miniature broadband
NON-REFLECTIVE SP7T SWITCHES
1 18
= = EotT; F:;:v_r 2312:_ W 130 Miniature broadband
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SWITCHES WITHOUT INTEGRATED DRIVERS
FREQUENCY RANGE (GHz) MODEL OR
PAGE COMMENTS
91 02 05~ 1 2 4 -8 124 18 SERIES
REFLECTIVE SPST SWITCHES
M86 Ultra-broadband, low insertion loss
i 3 M86H 96 Ultra-broadband, high-speed
1 18 91 99 t
P r 0214 Minature broadband
REFLECTIVE SP2T SWITCHES
0.2 18 M870 102 Ultra-broadband
g B 91 Miniature broadband
91H 108 Miniature broadband, high-speed
02 4 92 Miniature broadband
NON-REFLECTIVE SP2T SWITCHES
N " 91T, 91W Miniature broadband
91HT 108 Miniature broadband, high-speed
0.2 4 92T Miniature broadband
REFLECTIVE SP3T SWITCHES
; o 1] Miniature broadband
91H 116 Miniature broadband, high-speed
02 4 92 Miniature broadband
NON-REFLECTIVE SP3T SWITCHES
g % 91T, 91IW Miniature broadband
91HT 116 Miniature broadband, high-speed
02 4 92T Miniature broadband
REFLECTIVE SP4T SWITCHES
4 i 91 Miniature broadband
91H 120 Miniature broadband, high-speed
02 4 92 Miniature broadband
NON-REFLECTIVE SPAT SWITCHES
3 ” 91T, 91W Miniature broadband
91HT 120 Miniature broadband, high-speed
02 4 92T Miniature broadband
REFLECTIVE SP5T SWITCHES
1 18 1
2 124 Minature broadband
0.2 4 92
NON-REFLECTIVE SP5T SWITCHES
1 18
210 VY 124 Minature broadband
0.2 4 92T
REFLECTIVE SP6T SWITCHES
1 18
A 127 Minature broadband
0.2 4 92
NON-REFLECTIVE SP6T SWITCHES
1 18 1T, 91W ;
o1 8 127 Minature broadband
0.2 4 92T
REFLECTIVE SP7T SWITCHES
1 18
- 130 Minature broadband
0.2 4 92
NON-REFLECTIVE SP7T SWITCHES
1 18 1 W
z . 2 E;; 130 Minature broadband
0.
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Model F192A Non-Reflective

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

BIAS
FROM
DRIVER
+V
b
RF INJOUT RF INJOUT
J1 J2
500 Boa,
v -V
Model F192A RF Schematic Diagram

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

¢ High speed

* 0.2 to 18 GHz frequency range
e 80 dB isolation

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

+5v -1

gDEL F192
N H SPEED SWI

Ultra-Broadband High-Speed SPST Switch




Model F192A
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)
0.2 0.5 20 8.0 124
CHARACTERISTIC to to to to to
0.5 2.0 8.0 12.4 18.0
Min Isolation (dB) 70 80 80 80 80
Max Insertion Loss (dB) 2.0 2.0 2.5 3.0 3.5
VSWR (ON and OFF) 1.5 1.5 1.75 2.0 2.0
Switching Speed Power Supply Requirements
RiseTime.................. 10 nsec. max. +5V + 50/0. 90 mA
Fall B8 oot 4 = v & 50 it 4 5 10 nsec. max. —12V +5%, 75 mA
O TG 505 2 8 2 5 = 5 o oo s 30 nsec. max.
QFF TiMSwaas s a5 s 2 45 saswmn 5 15 nsec. max. Control Characteristics

Control |
Power Handling Capability ontrol Input

s Impedance . . .. TTL, advanced Schottky, one-unit
Without Per_formance load. (A unit load is 0.6 mA sink
Degradation . ............. 500 mW cw current and 20pA source current.)
or peak Control Logic . . . .Logic “0™ (-0.3 to +0.8V) for
Survival Power. . ............ 1W average, switch ON and logic "1" (+2.0 to
10Wap2 o +5.0V) for switch OFF.
(1 ysec max.
pulse width)
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ENVIRONMENTAL RATINGS

Model F192A

~ Specifications

AVAILABLE OPTIONS

Operating Temperature Option No. Description
o L]
Range................. “ErGio +110°C 3 SMA female control connector
N;n-Operating Temperature e SETG 7 Two SMA male rf connectors
BANOE < o6 o sawa e - to +125 . L wign
9 I trol logic; |
Humidity .. .. ............ MIL-STD-202F, Method 103B, fg‘r’esr\:ﬁcchonorr\? ar?g 'fogic::g!%"1for
Cond. B (96 hrs. at 95%) switch OFF
R MIL-STD-202F, Method 213B, 10 One SMA male (J1) and one SMA
Cond. B (75G, 6 msec) female (J2) rf connector
33 EMI filter solder-type control
MIBEERIDI.. - o5 ety 2 MIL-STD-202F, Method 204D, terminal
Cond. B (.06” double amplitude 48 +5, ~16Vio :
» ; y = peration
or 15G, whichever is less
) 64A SMB male control connector
ARRUAS.; . oovnins e w e MIL-STD-202F, Method 105C,

Cond. B (50,000 ft.)

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

Temp. Cycling

DIMENSIONS AND WEIGHT

.50
™ uz,n
.09
(2,3)
r § gl
00  .820
(25,4) (20,8)
.
@ '
.820
™~ (20,8)
.00
(25,4)

;53
(13,5)

ol pld

(3,8)
CONN SMA

FEMALE
2 —-12

=

\ MTG

SURFACE

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

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

]

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

Ultra-Broadband SPST Switches

* Frequency range: 0.1 to 18 GHz

e Low VSWR and insertion loss

¢ Up to 80 dB isolation

* As fast as 10 nsec rise and fall times
» Small size, light weight

UNITS WITH
INTEGRATED
DRIVERS

SERIES DM86
UNITS

SERIES M86

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

RF INNOUT

Canl gt
N ! | J2
% i T R

ok

Rf Schematic diagram

Low Insertion Loss Models

Models M862B and M864B operate over the
frequency range from 0.1 to 18 GHz. They exhibit
nominal isolation characteristics of 45 and 80 dB at
18 GHz, respectively, with maximum rise and fall
times of 50 nanoseconds.

High Speed Models

For higher speed requirements, Models M862BH
and M864BH are available. These operate from 0.5
to 18 GHz and feature maximum rise and fall times
of 10 nanoseconds. Optional Models M862BH-25
and M864BH-25 operate from 0.1 to 18 GHz with
maximum rise and fall times of 20 nanoseconds.

SERIES DM86 AND FM86

The Series DM86 and FM86 switches are the same as
the corresponding Series M86 models except the
units are equipped with integrated drivers. DM86
switches are powered by + 15 volt supplies; FM86 units
are powered by +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 signal.
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Series 86
Specifications

FREQUENCY (GHz)

MODEL NO.® CHARACTERISTIC |01 |10 (20 | 40|80 (124

to [ to | to | to | to | to
1.0 | 20 | 40 | 8.0 | 124 [18.0

M862B |Min Isolation (dB) 30 | 36 | 40 | 45 | 45 | 45

Low DM862C | Max Insertion Loss (dB) | 1.0 | 1.0 | 1.0 | 1.0 | 1.5 | 2.0
INSERTION FM862C |Max VSWR (ON) 1.3 ]1:90 | 150 16 |1 1\75 | 1.75
LOSS M864B |Min Isolation (dB) 37 | 60 | 74 | 80 | 80 | 80
MODELS DM864C |Max Insertion Loss (dB) | 1.0 | 1.0 | 1.0 | 1.3 | 1.8 | 2.5
FM864C |Max VSWR (ON) 14| 14124 |17 |75 2.2

MB862BH |Min Isolation (dB) 30 | 36 | 40 | 45 | 45 | 45

HIGH DM862CH | Max Insertion Loss (dB) | 1.0 | 1.0 | 1.0 | 1.0 | 1.5 | 2.3
SPEED FM862CH [Max VSWR (ON) 130|153 111,56 | 7|20k | 122
MODELS("| M864BH |Min Isolation (dB) 37 | 60 | 74 | 80 | 80 | 80
DM864CH | Max Insertion Loss (dB) | 1.0 [ 1.0 [ 10 [ 1.3 | 1.8 | 28

FM864CH | Max VSWR (ON) T a1eM| 157 | 120 %] 2.2

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.
) ] 20 nsec max. 50 nsec max.
OFF Time........ 20 nsec max. 30 nsec max.
Repetition Rate...20 MHz max. 10 MHz max.
Power Handling Capability
Without Performance Degradation
Without Integrated
DOVeES:. : 5+ o upsmmnss s 5 o 1W cw or peak®
With Integrated
DREVErS: « ¢ smwerswasn i o 1W cw or peak
Survival Power............. 2W average,
75W peak
(1 usec max
pulse width)

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

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

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

(4) 5W cw or peak with —20V back bias.

L

97



Series 86

Specifications

Power Supply Requirements

Driverless Units

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

Units With Integrated Drivers

All DM86 Units: +15V *2%, 70 mA

—-15V 1£5%, 20 mA
All FM86 Units:

Control Characteristics
Units With Integrated Drivers

+5VDC +5%, 65 mA
-12to —-15V, 20 mA

Control Input
Impedance........ TTL, advanced Schottky one-unit
load. (A unit load is 0.6 mA sink
current and 20 pA source
Control Logic current.)
Series DM86. . . . . .. Logic “0" (-0.3 to +0.8V) for

switch OFF and logic “‘1"” (+2.0
to +5.0V) for switch ON.

Series FM86. .. .. .. Logic ‘0" (- 0.3 to +0.8V) for
switch ON and logic 1" (+2.0
to +5.0V) for switch OFF.

ENVIRONMENTAL RATINGS

Operating Temperature Range:
Series M86 . . . . ..

—-65°C to +125°C

ENVIRONMENTAL RATINGS (Con’t)
Non-Operating Temperature

BRI . oo i 000 —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 (75G, 6 msec)
Vibration................. MIL-STD-202F, Method 204D,

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

ARRUAR - v5ue voms oo meas MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling.. ... .. ... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles
AVAILABLE OPTIONS

Option No. Description

3 SMA female bias/control connector

F i Two SMA male rf connectors

9 Inverse control logic
(Not applicable to Series M86)

10 One SMA male and one SMA female
rf connector

20" One unit load control input impedance

25 0.1 to 18 GHz range, 20 nsec rise and
fall times (available only on high-speed
models)

33 EMI filter solder-type bias/control
terminal

64A SMB male bias/control connector

*Not applicable to Series M86; standard in Series FM86 (need
not be specified when ordering); all Series DM86 units are
furnished with this option unless otherwise specified by customer.

Series DM86 ... . .. -65°C to +85°C Other options, such as 50 ohms to ground, are available on
Series FM86 . . . .. -65°C to +110°C special order.
DIMENSIONS AND WEIGHTS
50 (12.7)
GONTRO :
UG AL =S (g:.:n 1
fa_ peewen e, |
RF CONN 3V 2 % 6.106(2,7)
SMA FEMALE E_i \
2x = .50(12,713 MAX GND\ o
437 £015 b 197 4
| I (ﬁ’l!”iﬂ 96 &B 5, | (50.0) i
L o 45 et 438 010
25 12| (11.4) © & I
68 5 \ : i 1 . I 43_, '
44 ‘ Y
/ (207 ~ SMAMALEFOR 51 @ (11.2) il [ e H 2
OPTION 10 (13.0) ¥ I (6:6)
.38(9,7) FOR SMA FEMALE J 53 L_ 40
.50(12,7) FOR SMA MALE (13.5) (102 \
RF CONN
SMA FEMALE SMA MALE FOR .38(9.7) FOR SMA FEMALE
b 2X OPTION 10 .50(12.7) FOR SMA MALE
SERIES M86 SERIES DM86 AND FM86
Wt: 1 oz. (28 gm) approx. Wt: 2 oz. (57 gm) approx.

\

Dimensional Tolerances, unless otherwise indicated: .XX +.02; .XXX +.005
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Miniature Broadband S

Seri

&l

es 91 and 92

PST Switches

SERIES 91 AND 92

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

Both series use an integrated circuit assembly of up
to four PIN diodes mounted in a microstrip transmis-
sion line. The circuit configuration is shown below.

BIAS

RF INJOUT RF IN/OUT

Ji Jz

F- -
*

Rf schematic diagram

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

SERIES F91 AND F92

The Series 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 —15volt power supplies and is
controlled by an external logic signal.

* Frequency range (Ser
1to 18 GHz

* Frequency range (Ser
0.2to 4 GHz

* Low VSWR and inserti

e Up to 80 dB isolation

e Less than 10 nsec rise and fall time
e Miniature size, light weight

F9114A

UNITS WITH
INTEGRATED
DRIVERS

9112

DRIVERLESS
UNITS

ies 91):
ies 92):

ion loss

F9214A

9212
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PERFORMANCE CHARACTERISTICS
FREQUENCY (GHz)

02 [ 05 | 1.0 | 20 | 40 | 8.0 | 124

MODEL NO.( CHARACTERISTIC to to to to to to to
05 | 10 [ 20 | 40 | 8.0 [ 124 | 18.0

Min Isolation (dB) — — 36 40 45 45 45

9112, F9112A Max Insertion Loss (dB) — — 08 | 0.8 0.9 1.1 1.8
Max VSWR (ON) — — 1.3 | 1.3 1800515758 |41.75

Min Isolation (dB) — — 60 74 80 80 80

9114, F9114A Max Insertion Loss (dB) — — 0.9 0.9 1.0 1.6 25
Max VSWR (ON) — — 1i4 |1 A4 1:75.10 1575 | 20

Min Isolation (dB) 40 45 50 50 — — —

9214, F9214A Max Insertion Loss (dB) 1.0 10k 1001010 - — --
Max VSWR (ON) 1:56 |16 15 1.5 — —_ -

Switching Speed®

Power Handling Capability

ESFT}I;Lrge """"" :g 2::2 mg:‘ Without Performance Degradation
| an TS : Without integrated drivers
1113 1 Y 20 nsec max. 1W cw or peak®
‘ Off Time........... 20 nsec max.
20 MHz max. With integrated drivers

1W cw or peak

Power Supply Requirements Survival Power. ... .. 2W average,
Driverless Units 715Ws::?1|1‘ax
For rated isolation: +35 mA ( uf;a ol dth)'
For rated insertion loss: — 10V P

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

Control Characteristics

Control Input
Impedance TTL, two-unit load. (A unit load is
1.6 mA sink current and 40 uA

source current.)

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

Control Logic.......

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

current-controlled units and are furnished without drivers.
(2) For driverless units, shaped current pulses must be provided by the user.
(3) 2W cw or peak with —20V back bias.
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Series 91 and 92 SPST Switches
Specifications

ENVIRONMENTAL RATINGS
Operating Temperature Range:

Series 91 and 92. ..
Series F91 and F92.

-65°C to +125°C
-65°C to +110°C

Non-Operating Temperature

Range............. -65°C to +125°C

Humidily - : ... coa s MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)

)T | R —— MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)

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

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

Cond. B (50,000 ft.)

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

AVAILABLE OPTIONS

Temp. Cycling... ...

Option No. Description
3 SMA female bias/control connector
7 Two SMA male rf connectors
9 Inverse control logic; logic ““0" for
switch OFF, logic ““1" for switch ON
(Not applicable to Series 91/92)
10 One SMA male (J1) and one SMA female (J2)
rf connector
33 EMI filter solder-type bias/control terminal
41 Internal video filter, port J1 only
42 Internal video filter, port J2 only
43 Internal video filter, both ports
64A SMB male bias/control connector
DIMENSIONS AND WEIGHTS
RF CONN CONTROL
— gr;l(A FEMALE _GND SMC MALE EEKOFI:::ALE
SMC MALE VRETION 33} A . 2x
+V
.50(12,7) / |
MAX
50(127)
e k) et MAX MOUNTING
e & o : " ——f—# 5 /SURFACE
(1750 li2,4) |92 32 70) : Llrhy 7s
& [ (8,1 i12,5) J | 32 (9
: 8,l
T 23 ? L——.&s(a,sl > (&0 4
13
(2,5) -300 - (o .09 -
(7,6) b ? (2,3) (9,5 P
.20 Ly (9'7)"—
iy (5,1)
(19,1 2X$.104(2,6)
2x@.104(2,6) 5
.38 (9,7) FOR SMA FEMALE (19,1)
.50(12,7) FOR SMA MALE .38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE
SERIES 91 AND 92 SERIES F91 AND F92
Wt: .39 oz. (11 gm) approx. Wt: .43 oz. (12 gm) approx. =
Dimensional Tolerances, unless otherwise indicated: .XX +.02; XXX +.005 ”E

101




Models M870 and DM870
Ulira-Broadband SP2T Switches

* Frequency range: 0.2 to 18 GHz
* Low VSWR and insertion loss

¢ Up to 60 dB isolation

* Small size, light weight

M870 (DRIVERLESS)

DM870
(WITH INTEGRATED
DRIVER)

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.

Bl
BIAS

RF INOUT

2
RF COM
a

RF INOUT

3
Rf schematic diagram

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

MODEL DM870

The Model 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 currents required to switch the ports ON or
OFF are provided by the driver, which is controlled by
external logic signals. Standard units are wired so that
one port is biased ON and the other OFF at all times.
See AVAILABLE OPTIONS for independent port con-
trol.
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Models M870 and DM870

Specifications

FREQUENCY (GHz)
0.2 4.0 8.0 12.4
MODEL NO. CHARACTERISTIC to to to to
2 40 | 80 | 124 | 18.0
M870 Min Isolation (dB) 60 55 55 55
DM870 Max Insertion Loss (dB) 1.5 1:5 1.75 2.2
Max VSWR (ON) 15 | 1.75 | 1.75 | 20

PERFORMANCE CHARACTERISTICS

Switching Speed (port to port)

Power Handling Capability
Without Performance Degradation ..

..... 2 psec max.(
1W cw or
peak

1W average,
75W peak

(1 usec max.
pulse width)

Survival Power

Power Supply Requirements
MODEL M870

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

MODEL DM870 (For one port ON)
+5V +£2%, 65 mA
-12 to - 15V, 65 mA

(1) Switching speed, defined as the interval between the instant the rf power level in the port switched OFF drops to 90% of its original
value and the instant the rf power level in the port switched ON rises to 90% of its final-value, is rated for ports driven by shaped
current pulses. For the Model DM870, the pulses are provided by the integrated driver. For the Model M870, the pulses must be

provided by the user.

(2) DM870 is equipped with an integrated TTL compatible driver; 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.

Control Characteristics
MODEL DM870

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

Control Logic.......... One port ON and one
port OFF. Logic “0"
(-0.3 to +0.8V) con-
nects J1 to J3. Logic
“1" (+2.0 to +5.0V)
connects J1 to J2.
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Models M870 and DM870
Specifications

ENVIRONMENTAL RATINGS

Operating Temperature Range

Model M870............ —65°Cto +125°C
ModelDM870. ... ....... —-65°Cto +110°C
Non-Operating Temperature
Range . ....coucunevess —-65°Cto +125°C
UMY . o0 2em i sy v MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
], 7o S S MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
NIBRAHOM . oo b fowo s vin MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
ARNIIE. - son e Poeh oy 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
7 SMA male rf connectors
7A J1 SMA male; J2 and J3 SMA female
7B J1 SMA female; J2 and J3 SMA male
9 Inverse control logic; logic 0" for port ON and
logic "1" for port OFF (available only in con-
junction with Option 22)
20M Two unit load control input impedance
22 Individual port control (DM 870 only — one
unit load); logic “0" for port OFF and logic “1"
for port ON. Also available with logic 0" for
port ON and logic “1” for port OFF (Specify
Option 9)
33 EMI Filter solder-type bias/control terminal
64A SMB male bias/control connector

(1) Not applicable to Model M870. All Models DMB870 are furnished with this option unless otherwise specified by customer. Other op-
tions, such as 50 ohms to ground, are available on special order.

DIMENSIONS AND WEIGHTS
RF CONN .38(9,7) FOR SMA FEMALE
SMA FEMALE .50(12,7) FOR SMA MALE
ax
RF CONN 97
SMA FEMALE \ [ eee ™™ \ 2% $.125(32)
ax .38(3,7) FOR SMA FEMALE le 28
BAS .50(12,7) FOR SMA MALE _'1 (tA)]
SMC MALE 2 x 6.125(3,2) ’Q_I ‘
g 42 ] J1
\j : 42 (10.7) *
640 (107) g4 i 2z 43 10
v 1 | ¥ i
(16.3) ﬁ (21.3) : (25)
J2_ & = | * g | -V 1.60
J bes ? o= , s
10 u @ l
~ e I &2554) GND 7 | |
.50012,7) e 42 e 97 ’ CONTROL e .10
72 | 007 2468 T SMC MALE 25)
(18,3) 640
50(12,7) (16.3)
84 ™
(21.3)
MODEL M870 MODEL DM870
Wt: 1.5 oz. (43 gm) approx. Wt: 2.5 oz (71 gm) approx.

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

SERIES F892

Series F892 high speed switches with integrated
drivers are low-cost units that have been
engineered to meet the need of microwave
system 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 capable
of extended bandwidth operation, typically 3:1,
with only moderate degradation in performance at
the band edges, as shown in the specifications
on page 106.

Fast Switching Shunt Design

All models are optimally designed, with respect to
their size, for low VSWR and insertion loss. As
shown in the schematic below, a pure shunt
design is used for the most 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
RF INNOUT RF INJOUT
! J3
J2 i
RF COM
RF schematic diagram

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

* Low Cost

¢ S, C and X-U band models

* 10 nsec rise and fall times

* Up to 60 dB isolation

* As low as 1.0 dB insertion loss

THE THREE UNITS
IN THIS SERIES
ARE EQUIPPED WITH
INTEGRATED DRIVERS
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Series F892

PERFORMANCE CHARACTERISTICS
FREQUENCY| INSERTION | ISOLATION VSWR
MODEL | RANGE |[LOSS,MAX.| MIN. MAX.
NO. (GHz) (dB) (dB) (ON)
2-4 1.0 60 15
F8922
15-45 20 55 20
4-8 14 50 15
F8924
39 23 45 22
2
F8928 8-18 23 45 2.2
6-18 25 452 25
Switching Characteristics ENVIRONMENTAL RATINGS
BSE TINR: < i woamissmiom e i i s s 10 nsec max. 0perating Tempemture
Fall TS 2 5 ¢ wppmsmas s s o mam 10 nsec max. Range............ —65°C to +110°C
ON Times: - ¢ <0 ccnsimges oo smmss 35nsec max.  Non-Operating Temperature
OFF TIMB: . ovvsiansn s o5 omims 30 nsec max. Range............ -65°C to +125°C
" Humidity .. ......... MIL-STD-202F, Method 103B,
Repetition kate. ...c..ccvn v ovnie 10 MHz max. Cond. B (96 hrs. at 95%)
L S MIL-STD-202F, Method 213B,
Power Handling Capability Cond. B (75G, 6msec)
Without Performance VIBIRHON ... . <05 MIL-STD-202F, Method 204D,
Degradalion . .. s yass e 5o v e 2W cw Cond. B (.06" double
or peak® amplitude or 15G, whichever
Survival Power ... ..:svnvessm e 2W average, is less)
75W peak Altitude . ... ..... ... MIL-STD-202F, Method 105C,
(1 usec max Cond. B (50,000 ft.)
pulse width) Temp. Cycling. ... ... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
| g AVAILABLE OPTIONS
Control Characteristics Option No. Description
Control Input 3 SMA female control connectors
Impedance........ Schottky TTL, one-unit load. Z SMA male rf connectors
(A unit load is 2.0 mA sink 7A J1 SMA male; J2 and J3 SMA
current and 50 uA source female
current.) 7B J1 SMA female; J2 and J3 SMA
Control Logic. . ..... Logic “0” (-0.3 to +0.8V) for male
port ON and logic “1” (+2.0 9 Inverse control logic; logic “0” for
to +5.0V) for port OFF port OFF and logic “1” for port ON
27 Single-port toggle control; logic
"0" connects J1 to J2
i 62 + 15V operation
Power Supply Requirements 64 SMC male control connectors
(For one port ON). .. +5V £5%, 65 mA 64A SMB male control connectors
-12to —15V), 2 mA 65 + 12V operation
(1) With —15V power supply. Reduces to 1.5W with —12V power supply. Units can be operated at higher input power levels with
. some increase in switching time when —30V power supply is used.
@. (2) Isolation 40 dB above 16 GHz.

106




Series F892
Specifications

DIMENSIONS AND WEIGHTS

CONTROL FOR J2

MODEL F8922 (NOT USED IN OPTION 27)
Wt: 1.5 oz. (43 gm) approx. CONTROL
+v FOR J3
RF CONN -v
SMA FEMALE
—% !
|

3x
| 132
1100 92 3 ]}37 (33,5
(27,9

- 85 l

MTG
/' SURFACE

(216)

t

-
>

ot
(2,8 )|
750 12

(19,1 (300

|

.38
19, 1,500 - on

(4,8) (38,1) 38(9,7)FOR SMA FEMALE

50 (127)FOR SMA MALE

- 1.88
(47,8) = 3x @.104(2,6)

CONTROL FOR J2
MODEL F8924 (NOT USED IN OPTION 27)
Wt: 1 0z. (28 gm) approx. 4%
RF CONN -~
SMA FEMALE
3x
GND

CONTROL
FOR J3

T R 4 !
o8 2 | 43 b—:‘g :‘i'.ﬁn @
. % & 4 g ism |

I 4 '

(2,3) 9
.465 |z L
“"“930 (3,00
(o3gy ™ (’;3, i
.38(9,7) FOR SMA FEMALE
.50(12,7) FOR SMA MALE

MTG
ﬁmnce

.84
(46,7)

3X@.104(2,6)

CONTROL FOR J2
MODEL F8928 (NOT USED IN OPTION 27)

g i RF CONN
Wt: 1 0z. (28 gm) approx SHA FEMALE b

= GND
CONTROL

640 FOR J3

(16,3)

SURFACE

—&

haz | J3

e Q(‘ - (33})

, L b | & ’
.10 .20
(2,5) s ]
345 —

(8,8) 3x @.104(2,6)

690 ||
(17,5)

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

110
2801

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

Miniature Broadband SP2T Switches

w * Frequency range (Series 91):

1to 18 GHz
* Frequency range (Series 92):

0.2 to 4 GHz
¢ Rise and fall times as fast as 10 nsec
¢ Reflective and nonreflective models
e Low VSWR and insertion loss
¢ Miniature size, light weight

F9120
(WITH INTEGRATED
DRIVER)

9120-500
(DRIVERLESS)

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 1to 18
GHz; Model 9220-500 covers the frequency range of
0.2 to 4 GHz. Both models use an integrated circuit
assembly of a series-shunt configuration of PIN
diodes mounted in a microstrip transmission line as
shown below.

MODELS 9120T-500, 9120W-500
AND 9220T-500
These switches are non-reflective versions of the switches

described above. They are constructed in the configuration
shown below.

{ 1) SERIES S1W UNITS ARE CONSTRUCTED
WITH THREE SERIES DIODES

Series 91T, 92T and 91W schematic diagram

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

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

MODEL 9120AH-500

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

MODEL 9120AHT-500

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

1
I
1
I

T sa

| 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.

Model 9120AHT-500 schematic diagram

SERIES F91/F92

The Series F91/F92 units are the same as the
Series 91/92 units except they are equipped with
integrated drivers that are powered by +5 and
—12to —15V supplies. The proper currents
required to switch the ports ON or OFF are
provided by the drivers, which are controlled by
external control signals. Standard units are
wired so that a port is ON with the application

of a logic ““0” control signal.
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SERIES G91 and G92

Operating from +5 and + 15V power supplies only,
the G-series switches provide high performance
characteristics at relatively high speeds over muilti-
octave frequency ranges. The series includes low
insertion loss and high isolation models in both
reflective and non-reflective configurations. Series

G91 units cover the frequency range of 1 to 18 GHz;

Series G92 units cover the frequency range of

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

Miniature Br

RF INOUT

Ji

RF COM
(1)SERIES GIIW UNITS ARE CONSTRUCTED WITH THREE SERIES DIODES.
(2)DELETE FOR UNITS WITHOUT "T"OR"W" SUFFIX.

Model G9120( ), rf schematic diagram

SERIES G91T/G92T and G91W

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

OC

o Nl

r

E

%Wi!{?-ﬂ

g

* Frequency range (Series G91):
1to 18 GHz

* Frequency range (Series G92):
0.2t0 4 GHz

* Rise times as fast as 75 nsec

* Reflective and nonreflective models

* Low VSWR and insertion loss

e Up to 60 dB isolation

* Positive dc supplies only

* Miniature size, light weight

MODEL G9120

e
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Series 91 and 92 SP2T Switches

Specifications

FREQUENCY (GHz)

MODEL
NO. CHARACTERISTIC 021 | 12 | 2-4 | 48 | 8-12.4 |12.4-18

9120-500 Min Isolation (dB) - 60 60 60 60 50
F9120 Max Insertion Loss (dB) - 1.1 1.1 1.4 2.0 2.5
Max VSWR (ON) - 1.75 1.75 1.75 1.75 2.0
Min Isolation (dB) - 60 60 60 60 50
G9120 Max Insertion Loss (dB) - 1.8 1.8 1.8 2.2 25
Max VSWR (ON) = 1.5 1.5 15 15 2.0

9220-500 Min Isolation (dB) 60 60 60 - -
F9220 Max Insertion Loss (dB) 1.5 1.5 15 - - -
Max VSWR (ON) 165 1:5 155 - - -
Min Isolation (dB) 60 60 60 - - -
G9220 Max Insertion Loss (dB) 1.8 1.8 1.8 - - -
Max VSWR (ON) 1.5 1.5 15 - - -
9120T-500 Min Isolation (dB) - 50 50 50 45 40
F9120T Max Insertion Loss (dB - 1.2 1.2 1.5 1.5 2.2
G9120T Max VSWR (ON or OF - 1.5 1.5 1.5 1:6 2.0
9220T-500 Min Isolation (dB) 60 60 60 - - -
F9220T Max Insertion Loss (dB 1.2 1.2 1.2 - - -
| G9220T Max VSWR (ON or OF 15 =5 155 - - -
9120W-500 Min Isolation (dB) - 60 60 60 60 55
F9120W Max Insertion Loss (dB - 1.8 1.8 1.8 2.2 2.5
G9120W Max VSWR (ON or OF - 1.5 1.5 1.5 1.5 2.0
9120AH-500 Min Isolation (dB) - 60 60 60 60 50
F9120AH Max Insertion Loss (dB) - 1.1 1.1 1.4 2.0 2.5
| Max VSWR (ON) = 1.75 1.75 1.75 1.75 2.0
9120AHT-500 |Min Isolation (dB) - 60 60 60 60 50
F9120AHT Max Insertion Loss (dB) - 1.3 1.3 17 25 3.0
Max VSWR (ON) - 175 1.756 1.9 2.0 2.0
Max VSWR (OFF) - 1.756 1.76 2.0 2.2 2.3

Power Handling Capability

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

speed units.

PERFORMANCE CHARACTERISTICS

Survival Power
Units without “T" or “W"' suffix: 1W average,
75W peak (1 psec max. pulse width)
Units with “T" or “W" suffix
Input to any “OFF” port : 1W average,
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; models without the “F” or “G"
prefix are current-controlled units and are furnished without drivers; models suffixed with “T" or “W" are non-reflective
except a high VSWR will be present at the common port if all other ports are OFF; models suffixed with “H" are high-
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Series 91 and 92 SP2T Switches

Specifications

Switching Characteristicsm

SERIES 91/F91/F92
Units without “H” suffix
ON time............. 500 nsec max.
OFF 1ime.....coc.une 500 nsec max.
Units with *"H”" suffix
Rise time............ 10 nsec max.
Fall time. v ivangeia 10 nsec max.
ON time............. 25 nsec max.
OFF Moo s o5 aass 20 nsec max.
Repetition rate........ 20 MHz max.
SERIES G91/G92
ON M6 o550 arins 250 nsec max.
OFF 1ime...vus.55 cs 250 nsec max.

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units

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

sertion loss
PORT OFF
Units without “H” suffix. . . +50mA
Units with “H” suffix. . ... +30mA
PORT ON
Units without “H” suffix. . . —50mA
Units with “H" suffix..... —-35mA
Units With Integrated Drivers
(ForoneportON) |45V £5% | —12to —15V
Units Without
““H’’ Suffix 65 mA 65 mA
Units With
““H’’ Suffix 60 mA 50 mA
Units With
“HT’’ Suffix 80 mA 50 mA
SERIES G91/G92
(For one Port ON)

+5V +5%, 100 mA
+15V £5%, 30 mA

(1) For driverless 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 unit load is 0.8 mA
sink current and 40 A 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" (-0.3to +0.8 V) for
port ON and logic “1” (+2.0 to
+5.0 V) for port OFF.

SERIES G91/G92

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

Control Logic............ Logic “0” (-0.3to +08V)
for port ON and logic *“1"
(+2.0to +5.0 V) for port OFF.
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Series 91 and 92 SP2T Switches
Specifications

ENVIRONMENTAL RATINGS

Temperature Range

Units With Integrated Drivers

Operating ........
Non-Operating . . ..

Driverless Units
Operating and

Non-Operating . . . .
HUMMRY &+ o o0 mm050

Altitude - .. oo o500 55

Temp. Cycling......

..... MIL-STD-202F, Method 103B,

..... -65°C to +110°C
..... -65°C to +125°C

-65°C to +125°C

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.
3

7
7A

7B
9

27

33
a1
42
43
64A

Description

SMA female bias/control connectors
J1, J2 and J3 SMA male

J1 SMA male; J2 and J3 SMA

female

J1 SMA female; J2 and J3

SMA male

Inverse control logic; logic ““0" for
port OFF and logic ‘1" for port ON
(Not applicable to Series 91/92)
Single-port toggle control; logic ‘0"
connects J1 to J2 (Not applicable to
Series 91/92)

EMI filter solder-type bias/control terminals
Internal video filter, common port only
Internal video filter, output ports only
Internal video filter, all ports

SMB male bias/control connectors

DIMENSIONS AND WEIGHT

RF CONN
SMA FEMALE

BIAS/CONTROL 3%

SURFACE
GND(3)
-

—V(”\\.

VN2

OO0

I3
33 "

.38
—=1(9,7) L

( 1)USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G91/G92 SERIES

=

(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

SMC MALE
2X 1

2X 6 .104(2,6)
MTG

900
com
J1 J (229) 110
55 (27.9)

(14,0) |
L
.10
35 (2,5)
(8.9)=<—
48

¥ J}?

& 2—|—]

-

.85
(21.8)

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

Dimensional Tolerances, unless otherwise indicated: . XX = .02; XXX +.005
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MODEL F940H

Model F940H is a high-performance broadband transfer
switch that operates over the full instantaneous bandwidth
of 0.5 to 18 GHz with ON and OFF times of 30 nsec. Design
features include an integrated circuit assembly of PIN
diodes mounted in a microstrip transmission line as well
as a resistive bias line that contributes to the broadband
low-loss performance. The circuit configuration of the
Model F940H is shown below.

RF INOUT
J2

RF |NOUT

N

BIAS
FROM
DRIVER

FROM
DRIVER

«d

RF NnOUT

Model F940H Schematic Diagram

The Model F940H is equipped with an integrated driver
that is 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
Broadband Transfer Switch

* Frequency range: 0.5 to 18 GHz
* Low VSWR and insertion loss

e |solation: up to 60 dB

* Small size, light weight

With Integrated Driver

l
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Model F40H
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)
CHARACTERISTIC 0.5 8.0 12.4
to to to
8.0 124 18.0
Min Isolation (dB) 60 55 50
Max Insertion Loss (dB) 2.0 25 3.0
Max VSWR 1.75 1.75 2.0

ENVIRONMENTAL RATINGS

Cond. A, 5 cycles

Switching Time Power Supply Requirements
ONTENE, 5 ahdi e i st 30 nsec max +5V £5%. 100 mA
OFF TIMe... cows aus v ims 8606 way swies 30 nsec max 12V £5%, 60 mA
Power Handling Capability
Without Performance Degradation. . . . .. 500 mW cw -
or peak Control Characteristics
SUNVIVAL POWOI. « 446 w55 43 556 8 050 s 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 pA source current.)

Control Logic Logic “O" (-0.3 to +0.8V)
connects J1to J2 and J3 to J4.
Logic 1" (+2.0to +5.0V)

connects J1 to J4 and J2 to J3.

AVAILABLE OPTIONS

Operating Temperature Option No. Description
| Nanopitnng Tompesions, 7 S fcomecis
\ Range ....... ... ... . _65°C 1o +125°C 9 !pv:tlarse control logic; logic
I 0" connects J1 to J4 and J2 to
Humidity . . .. ... ... .... MIL-STD-202F, Method 103B, J3. and logic *“1" connects J1 to
. . at 95%) ' 9
Cond. B (96 hrs. at 95 J2'and J3 to J4
RO e P Rt s o MIL-STD-202F, Method 213B, 33 EMI filter solder-type control
Cond. B (75G, 6 msec) terminal
64A SMB male control connector
Vibration. ... ... .cocces-n 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,
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Model F940H
Specifications

#2-56 UNC
-2Bx .30 DP 10
(FAR SIDE) (2,5)

|
(2.5) "‘

DIMENSIONS AND WEIGHT

- RF CONN »

‘ SMA FEMALE .

- (254) ™ _ax F—(19,1) —*
800 L

— |e— 13

1.00 .800
(25,4) (20,3)

IR o

L~
(20.3) a0 L (33
(10,2) ; ] MTG
/ SURFACE

5$_J3

CONTROL
SMC MALE

$ ‘12.7
J1 ( ')

=

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

MODEL F940H
Wt: 1.1 oz (31 gm) approx.

Dimensional Tolerances, unless otherwise indicated: . xx + .02; .xxx + .005 -
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Viiniature H%i«trf;mw and SPZ

3T Switches

* Frequency range (Series 91): 1 to 18 GHz
* Frequency range (Series 92): 0.2 to 4 GHz
¢ Rise and fall times as fast as 10 nsec

¢ Reflective and nonreflective models

¢ Low VSWR and insertion loss

* |solation: up to 60 dB

e Miniature size, light weight

9130500 (DRIVERLESS)

GENERAL?)

MICROKAVE]
MASERUSA

F9130
(WITH INTEGRATED
DRIVER)

MODELS 9130-500 AND 9230-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 9130-500 covers the 1 to 18 GHz frequency
range while the Model 9230-500 covers the 0.2 to 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

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

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

MODELS 9130AH-500 AND 9130AHT-500

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

SERIES F91 AND F92

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

SERIES G91 AND G92

These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.
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MODEL FREQUENCY (GHz)

NO. CHARACTERISTIC 0.2-1 1-2 2-4 4-8 8-12.4 | 12.4-18
9130-500 Min Isolation (dB) - 60 60 60 60 50
F9130 Max Insertion Loss (dB) - 1.5 1:5 1.5 2.0 25

Max VSWR (ON) - 1.75 1:75 1376 1.75 2.0
G9130 Min Isolation (dB) - 60 60 60 60 50
Max Insertion Loss (dB) - 1.8 1.8 2.0 25 2.8
Max VSWR (ON) - 1.5 1:5 AW 1.7 2.0
9230-500 Min Isolation (dB) 60 60 60 -
F9230 Max Insertion Loss (dB) 1.5 1.5 1.5 - - -
Max VSWR (ON) 15 15 1.5 - -
G9230 Min Isolation (dB) 60 60 60 - - -
Max Insertion Loss (dB) 1.8 1.8 1.8 - - -
Max VSWR (ON) 1.5 1.5 1:5 - - -
9130T-500 Min Isolation (dB) - 50 50 45 40 40
F9130T Max Insertion Loss (dB - 14 1.4 1.6 1.8 25
G9130T Max VSWR (ON or OF - 1.5 1.5 1.7 1.7 2.0
9230T-500 Min Isolation (dB) 60 60 50 - - -
F9230T Max Insertion Loss (dB 1.2 1.2 1.4 - - -
G9230T Max VSWR (ON or OF 1.5 15 1.5 - -
9130W-500 Min Isolation (dB) - 60 60 60 60 55
F9130W Max Insertion Loss gB?:) - 1.8 1.8 2.0 25 2.8
G9130W Max VSWR (ON or OF - 1:5 1.5 1.7 17 2.0
9130AH-500 | Min Isolation (dB) - 60 60 60 60 50
F9130AH Max Insertion Loss (dB) - 1.2 1.2 1.5 2.0 2.6
Max VSWR (ON) - 1.76 1.75 1.75 1.75 2.0
9130AHT-500| Min Isolation (dB) - 60 60 60 60 50
F9130AHT Max Insertion Loss (dB) - 1.6 1.6 1.8 25 3.3
Max VSWR £0N - 1.75 1.75 1.9 2.0 2.0
Max VSWR (OF - 1.75 1.75 2.0 22 2.3
PERFORMANCE CHARACTERISTICS

Power Handling Capability

Without Performance Degradation
Units without “T" or “W" suffix: 1W cw or peak
Units with “T"" or “W"’ suffix

Input to any “OFF"” port: 100 mW cw or peak

Input to any “ON” port: 1W cw or peak

Input to common port: 1W cw or peak

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

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

speed units.




Series 21 and 92 SP3T Switches

Specifications

Switching Characteristics®
SERIES 91/92/F91/F92

Units without “H" suffix

ON'time. sz i ves - 500 nsec max.

OFF 1ime. .2 canpsne s 500 nsec max.
Units with “H" suffix

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

Falliime. cccunamvaass 10 nsec max.

ON tme. vuws sosssas s 25 nsec max.

OFF tme............ 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

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

Units With Integrated Drivers

(For one port ON)
+5V £5% -12to —-15V
Units Without
‘“H’’ Suffix 130 mA 60 mA
Units With
““H'" Suffix 75 mA 55 mA
Units With
“HT* Suffix 105 mA 55 mA

SERIES G91/G92

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

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

Port OFF
Units without “H"suffix. . ................. +50mA
1) T T - V] ), e g A +30mA
Port ON
Units Withotit BSOS . . s v cosimsmasiin s —50mA
Units With “H™SoHBE. . . v oo w58 s v wrapsvwa —35mA

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

SERIES G91/G92

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

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

ries 91 and 92 SP3T Switches
Specifications

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers

Operating

Non-Operating

-65°C to +110°C
-65°C to +125°C

Driverless Units

Operating and
Non-Operating

-65°C to +125°C

HUMIGIY < ccves wn ot e MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
SROEK e B n REE 5 e 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 . . . oo v mnns oo MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling. . ....... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
3 SMA female bias/control connectors
7 SMA male rf connectors
9 Inverse control logic; logic “0” for
port OFF and logic “1" for port ON (Not
applicable to Series 91/92)
33 EMi-filter solder-type
bias/control terminals
4 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
DIMENSIONS AND WEIGHT
RF CONN
BIAS/CONTROL
SMC MALE ﬁ';:" VEMNLE

2 x ¢ .104(2,6)

Q MTG
T ! SURFACE
1.00 840
(25.4) (21,3 \
Iﬂ; I
. Gl
(2,0) 08
(2.0) —*
.840 ;
(21,3) B3 ™
1.00
+v(l) (25.4) &3
16,0
(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS .38(;.7) r)=on SMA FEMALE
(2) +15V FOR G91/G92 SERIES '50{12,7) FOR SMA MALE

(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33
MO

Q=

DELS 91/92/F91/F92/G91/G92
Wt: 1.1 oz. (31 gm) approx.

Dimensional Tolerances, unless otherwise indicated: XX +.02; XXX +.005
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Series 91 and 92 SR i
Miniature Broadband SP4T Switches

MODELS 9140-500 AND 9240-500

» Frequency range (Series 91): 1 to 18 GHz T;nese sw_itfhes provide hligh-;;erforpance
¢ characteristics over a multi-octave frequency range.
5 ;:g‘;i’&cf‘;ﬁagg‘:ﬁfﬁfﬂ%i:: GHZ | Model 9140-500 covers the 1 to 18 GHz frequency
« Reflecti nd nenreliective thadsl range while the Model 9240-500 covers the 0.2 to 4
Sl a re o GHz range. Their description and operation are the
* Low VSWR and insertion loss

same as that for the Models 9120-500 and 9220-500

¢ [solation: up to 60 dB SP2T switches.

e Miniature size, light weight

MODELS 91407-500, 9140W-500

AND 9240T-500

These switches are nonreflective versions of the
switches described above.

MODELS 9140AH-500 AND 9140AHT-500
These switches are the same as the 9120AH-500
and the 9120AHT-500 except for the number of ports.

SERIES F91 AND F92

E The Series FO91 and F92 switches are the same as
F9140 the corresponding Series 91 and 92 models except
(WITH INTEGRATED DRIVER) 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.

9140-500
(DRIVERLESS)




Series 91 and 92 SP4T Switches

Specifications
g

MODEL FREQUENCY (GHz)
NO. © CHARACTERISTIC 0.2-1 1-2 2-4 4-8 8-12.4 | 12.4-18
9140-500 Min Isolation (dB) - 60 60 60 60 50
F9140 Max Insertion Loss (dB) - 1.4 1.4 1.5 2.0 2.8
Max VSWR (ON) - 1.76 1.75 1.75 1.75 2.0
G9140 Min Isolation (dB) - 60 60 60 60 50
Max Insertion Loss (dB) - 2.0 2.0 2.2 2.7 3.0
Max VSWR (ON) - 1:5 15 1.7 1.7 2.0 l
9240-500 Min Isolation (dB) 60 60 60 -
F9240 Max Insertion Loss (dB) 15 1.5 1.5 - - -
Max VSWR (ON) 1.6 | 18 | a6 | = = - ‘
G9240 Min Isolation (dB) 60 60 60 - - -
Max Insertion Loss (dB) 2.0 2.0 2.0 - - -
Max VSWR (ON) 1.5 1.5 1.5 = = = ‘
9140T-500 Min Isolation (dB) - 50 50 45 40 40 w
F9140T Max Insertion Loss (dB - 1.5 1.5 17 2.0 2.5
G9140T Max VSWR (ON or OF - 1.5 1.5 1.7 1.7 2.0 I
9240T-500 Min Isolation (dB) 60 60 50 - - - ‘
F9240T Max Insertion Loss (dB 1.3 1.3 1.5 - - -
G9240T Max VSWR (ON or OF 1.8 1.5 1.5 - - -
9140W-500 Min Isolation (dB) - 60 60 60 60 55
F9140W Max Insertion Loss (dB - 2.0 2.0 22 27 3.0
G9140W Max VSWR (ON or OF - 1:5 15 1.7 1.7 2.0
9140AH-500 | Min Isolation (dB) - 60 60 60 60 50
F9140AH Max Insertion Loss (dB) - 1.4 1.4 1.8 2.5 a3
Max VSWR (ON) - 15 | 1.75 1.75 2.0 2.0
9140AHT-500| Min Isolation (dB) - 60 60 60 60 50
F9140AHT Max Insertion Loss (dB) - 1.6 1.6 21 2.7 3.6
Max VSWR (ON) - 1175 1.75 1.9 2.0 2.0
Max VSWR (OFF) - 1.76 1.75 2.0 2.2 2.3
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 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) Medels 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 if all other ports are OFF; models suffixed with “H" are high-
speed units.




Series 91 and 92 SP4T Switches

Specifications

Switching Characteristics”

SERIES 91/92/F91/F92

Units without “H" suffix
ON time............. 500 nsec max.
OFF time............ 500 nsec max.

Units with “H”" suffix
Rise time............ 10 nsec max.
Eall B oo v tem 2ae s 10 nsec max.
ON HME-.» = v voms e 25 nsec max.
[, 5 i 1] [ O 20 nsec max.

SERIES G91/G92

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

OFF time.: «sio: vam a5 250 nsec max.

Power Supply Requirements
SERIES 91/92/F91/F92

Driverless Units

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

| SERIES G91/G92
| (For one port ON)
+5V +5%, 150 mA
+15V +5%, 50 mA

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

Units:without “H™ SUFIR. .cvv vvrvsvnesinss +50mA
DnHstth HYSUIRE, o o0 o siisime s i duisetias +30mA
Port ON
Units without "H" suffix. .. .......o0iinen —50 mA
NS T SURN. < s s cos dmmdirsss wos —-35mA
Units With Integrated Drivers
ForEng RN ON) +5V £5% | 1210 —15V
Units Without
““‘H’’ Suffix 190 mA 60 mA
Units With
““H** Suffix 95 mA 60 mA
Units With
“HT”’ Suffix 135 mA 60 mA

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 pA source
current.)

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

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

SERIES G91/G92

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

Control Logic............ Logic “0” (-0.3to +0.8 V)
for port ON and logic “1"” (+2.0
to +5.0 V) for port OFF.
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Series 21 and 92 SP4T Switches

Specifications

ENVIRONMENTAL RATINGS

Temperature Range
Units With Integrated Drivers

Operating
Non-Operating
Driverless Units
Operating and
Non-Operating

-65°C to +110°C
-65°C to +125°C

-65°C to +125°C

Humidity .. ............... MIL-STD-202F, Method 103B,
Cond. B (96 hrs. at 95%)
BRI 51 i e md e~ MIL-STD-202F, Method 213B,
Cond. B (75G, 6 msec)
Vibration .. .. c:cq e aamis MIL-STD-202F, Method 204D,
Cond. B (.06” double amplitude
or 15G, whichever is less)
11 To [ U MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Temp. Cycling. . ......... MIL-STD-202F, Method 107D,
Cond. A, 5 cycles
AVAILABLE OPTIONS
Option No. Description
3 SMA female bias/control connectors
7 SMA male rf connectors
9 Inverse control logic; logic "“0” for
port OFF and logic 1" for port ON
(Not applicable to Series 91, 92)
33 EMI-filter solder-type
bias/control terminals
41 Internal video filter, common port
only
42 Internal video filter, output ports
only
43 Internal video filter, all ports
64A SMB male bias/control connectors
DIMENSIONS AND WEIGHT
RF CONN
SMA FEMALE 2x 6 .104(26)
5X 7 ON A

1.25

- (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/F91/F92/G91/G92
Wt. 2 oz. (57 gm) approx.

1.000(25,4) DIA BC

SURFACE

—— -v(n)

\+v 1 (2)

GND(3)—|

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

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

123




Series 91 and 92

an@‘ﬁ“ure Broadban ﬁ P

* Frequency range (Series 91): 1 to 18 GHz
* Frequency range (Series 92): 0.2 to 4 GHz
¢ Reflective and nonreflective models

* Low VSWR and insertion loss

e |solation: up to 60 dB

e Miniature size, light weight

F9150
(WITH INTEGRATED
DRIVER)

9150-500 (DRIVERLESS)

“;.swuﬁz,,

MODELS 9150-500 AND 9250-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
The Model 9150-500 covers the 1 to 18 GHz frequency
range while the Model 9250-500 covers the 0.2 to 4
GHz range. This description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

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

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

SERIES F91 AND F92
The Series F91 and F92 switches are the same as the

corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92

These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.
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Series 91 and 92 SPST Switches
C;__: e '-1‘,. “vh”",‘:ﬂ W ‘u alals
specifications
- . e —
MODEL FREQUENCY (GHz)
NO. @ CHARACTERISTIC 0.2-1 1-2 2-4 4-8 8-12.4 | 12.4-18 '
9150-500 Min Isolation (dB) - 60 60 55 50 50
F9150 Max Insertion Loss (dB) - 1.5 1.5 1.5 2.0 3.0
Max VSWR (ON) - 1.5 1.5 1.75 1.75 2.0 ‘
Min Isolation (dB) - 60 60 60 60 50
G9150 Max Insertion Loss (dB) - 2.2 252 2.4 3.0 3.3
Max VSWR (ON) - 1.5 1.5 1.8 2.0 2.2 ‘
9250-500 Min Isolation (dB) 60 60 60 - - -
F9250 Max Insertion Loss (dB) 1.5 1.5 15 - - -
Max VSWR (ON) 1.6 1.6 1.6 - - l
Min Isolation (dB) 60 60 60 - - - .
G9250 Max Insertion Loss (dB) 22 22 2.2 - - - -
Max VSWR (ON) 1.5 1.5 1.5 - - - |
9150T-500 Min Isolation (dB) - 50 50 45 40 40
F9150T Max Insertion Loss (dB) - 1.5 S 2.0 25 3.0
G9150T Max VSWR (ON or OFF) - 1.5 1.5 1.7, 2.0 2.2 |
9250T-500 Min Isolation (dB) 60 60 50 - - - ;
F9250T Max Insertion Loss gB&) 1.4 1.4 15 - - -
G9250T Max VSWR (ON or OF 1.5 1.5 S - - - ‘
9150W-500 Min Isolation (dB) - 60 60 60 60 55 |
F9150W Max Insertion Loss gB):, - 2.2 2.2 24 3.0 3.3
G9150W Max VSWR (ON or OF - 1.5 > 1.8 2.0 22

PERFORMANCE CHARACTERISTICS
Power Handling Capability

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

Switching Time®

SERIES 91/92/F91/F92

ON B8 o s on 50 5 500 nsec max.
OFF time............ 500 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 ysec 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) ‘

SERIES G91/G92
ON 8. 5 cos ans vsw 250 nsec max. ‘
OFF fime.......co00 .0 250 nsec max.

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

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

except a high VSWR will be present at the common port if all other ports are OFF.
(2) For driveriess units, shaped current pulses must be provided by the user.




Series 91 and 92 SPST Switches
Specifications

SERIES 91/92/F91/F92
Driverless Units

Power Supply Requirements

ENVIRONMENTAL RATINGS

Temperature Range

Units With Integrated Drivers

Bias current required at each port for rated isolation and Operating . ....... .. .. -65°C to +110°C
insertion loss Non-Operating ........ -65°C to +125°C
PO” BT 5 et S S CoB T A s +50mA Driverless Units
POTE. O e i maisrisiutanoin sl sosaba 24565 s -50 mA Operating and
Non-Operating. .. ... .. -65°C to +125°C
Humidity .............. .. MIL-STD-202F, Method 103B,
Units With Integrated Drivers Cond. B (96 hrs. at 95%)
(For one port ON)........ +5V +5%, 250 mA
-12to —15V, 60 mA SHOCIE. ..o st 3om i MIL-STD-202F, Method 213B,
SERIES G91/G92 Cond. B (75G, 6 msec)
(For one port ON)........ +5V +5%, 150 mA VD EATO M ios s i s e MIL-STD-202F, Method 204D,
+15V £5%, 60 mA Cond. B (.06" double amplitude
or 15G, whichever is less)
Control Characteristics AITOOE. .. o6 a0 v d MIL-STD-202F, Method 105C,
SERIES 91/92/F91/F92 Cond. B (50,000 ft.)
Units With Integrated Drivers
Control Input Impedance .. TTL, low power Schottky, Temp. Cycling.......... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles
AVAILABLE OPTIONS

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

Option No. Description
I LB - oo o Logic “O” (=03 to +0.8 3 SMA female bias/control connectors
Cantro 9 forgport ON(and logic ..1\,{) 7 SMA male rf connectors
(+2.0 to +5.0V) for port OFF. 8 Inverse control logic; logic 0" for
SERIES G91/G92 port OFF and logic *“1” for port ON
Control Input Impedance . . Schottky TTL, one unit load. (Not applicable to Series 91, 92)
(A unit load is 2.0 mA sink a3 EMI filter solder-type
current and 50 pA source bias/control terminals
cu"'ent_) Ll Internal video filter, common port
ol only
Control Logic........... Logic “0O" (-0.3to +08V) 42 Internal video filter, output ports
1 for port ON and logic “1” only
(+2.0to +5.0V) for port OFF. 43 Internal video filter, all ports
64A SMB male bias/control connectors
DIMENSIONS AND WEIGHT
RF CONN
2;“ FEMALE g:l . -104(2.6) oy  BIASICONTROL
1.000(25,4) DIA BC "l ~ 5.3 grc MALE
S -{GSURFACE
: wiss |~
0 0
GND(3—__
[t ——-v()(2)
v
‘—/Q\ * 63
| .38(9,7) FOR SMA FEMALE (16,0) ™
22°30"| '50(12,7) FOR SMA MALE
1.25 .8 |
(31.8) (22,4)
(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G91/G92 SERIES
(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33
MODELS 91/92/F91/F92/G91/G92

Wt: 2 oz. (57 gm) approx.

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

MODELS 9160-500 AND 9260-500

These switches provide high-performance
characteristics over a multi-octave frequency range.
Model 9160-500 covers the 1 to 18 GHz frequency
range while the Model 9260-500 covers the 0.2 to 4
GHz range. Their description and operation are the
same as that for the Models 9120-500 and 9220-500
SP2T switches.

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

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

SERIES F91 AND F92

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

SERIES G91 AND G92

These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.

e Frequency range (Series 91): 1 to 18 GHz
* Frequency range (Series 92): 0.2 to 4 GHz
¢ Reflective and nonreflective models

e Low VSWR and insertion loss

e Isolation: up to 60 dB

* Miniature size, light weight

F9160
(WITH INTEGRATED
DRIVER)

bl
Py CENERAL®
MICROWAVE

9160-500 (DRIVERLESS)
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Series 91 and 92 SP6T Switches

Specifications

MODEL FREQUENCY (GHz)

NO. @ CHARACTERISTIC 0.2-1 1-2 2-4 4-8 12.4-18
9160-500 Min Isolation (dB) - 60 60 55 50
F9160 Max Insertion Loss (dB) - 1.6 1.6 1.8 3.4

Max VSWR (ON) - 1.6 1.6 1.9 2.2
Min Isolation (dB) - 60 60 60 50
G9160 Max Insertion Loss (dB) - 2.2 2.2 2.6 3.5
Max VSWR (ON) - 1.6 1.6 2.0 2.3
9260-500 Min Isolation (dB) 60 60 60 = =
F9260 Max Insertion Loss (dB) 1:5 1.5 1.5 - -
Max VSWR (ON) 1.6 1.6 1.6 - -
Min Isolation (dB) 60 60 60 - - -
G9260 Max Insertion Loss (dB) 2.2 2.2 2.2 - - ~
Max VSWR (ON) 1.6 1.6 1.6 - - -
9160T-500 Min Isolation (dB) - 50 50 45 40 40
F9160T Max Insertion Loss (dB - 5 1.5 2.2 257 3.2
G9160T Max VSWR (ON or OF - 1.6 1.6 1.8 2.0 2.2
9260T-500 Min Isolation (dB) 60 60 50 - - -
F9260T Max Insertion Loss (dB 1.5 1.5 1.5 - - -
G9260T Max VSWR (ON or OF 1.5 1.5 1.6 - - -
9160W-500 Min Isolation (dB) - 60 60 60 60 55
F9160W Max Insertion Loss (dB = 22 2.2 2.6 3.2 3.5
G9160W Max VSWR (ON or OF - 1.6 1.6 2.0 2.2 2.3

Power Handling Capability
Without Performance Degradation

Units with “T"" or “"W" suffix

Input to common port: 1W cw or peak

Switching Time®

SERIES 91/92/F91/F92

ON BB oon o e soms e 500 nsec max.
OFF time............ 500 nsec max.

PERFORMANCE CHARACTERISTICS

Units without *'T"" or “W” suffix: 1W cw or peak

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

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 .(

Input to any

1 pusec max. pulse width)
ON'" port: 1W average,

75W peak (1 usec max. pulse width)

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

SERIES G91/G92

AN HME s oaes s+ 5
OFF time... ..o v e

250 nsec max.
250 nsec max.

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

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

Power Supply Requirements

SERIES 91/92/F91/F92
Driverless Units

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

sertion loss

Units With Integrated Drivers
(For one port ON)

+5V +59%, 315 mA

ENVIRONMENTAL RATINGS ‘

Temperature Range
Units With Integrated Drivers
Operating -65°C to +110°C ‘
Non-Operating .. . . —B65°C to +125°C ‘
Driverless Units ‘
Operating and
Non-Operating

-65°C to +125°C

-12to —-15V, 60 mA

SERIES G91/G92
(For one port ON) +5V 5%, 1

+15V +5%,
Control Characteristics

Series 91/92/F91/F92
Units With Integrated Drivers

Control Logic

Control Input

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

Humiiaity . .o cnvimigimsa MIL-STD-202F, Method 103B, ‘
Cond. B (96 hrs. at 95%)
SRR . cov i s iR MIL-STD-202F, Method 213B,
50 mA Cond. B (75G, 6 msec) ’
70 mA VIbFation ... . v oo sanos sva MIL-STD-202F, Method 204D,
Cond. B (.06" double amplitude
or 156G, whichever is less) ‘
AIIOEE. v .0 % L iand o MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.) L
Temp. Cycling. .......... MIL-STD-202F, Method 107D,

Cond. A, 5 cycles

AVAILABLE OPTIONS ‘

Impedance . . ........... TTL, low power Schottky one ; ’
unit load. (A unit load is 08 ma  OPtion No. Deacription
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 0" (-0.3 to +0.8V) (Not applicable to Series 91/92)
for port ON and logic “1" 33 E_Ml filter solder-t'ype ‘
(+2.0to +5.0V) for port OFF. bias/control terminals
M Internal video filter, common port
Control 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 bias/control connectors '
DIMENSIONS AND WEIGHT
RF CONN
SHAFEMALE 7 axe.10428) 21 e e BIASICONTROL

{ 1JUSED ONLY ON UNITS WITH INTEGRATED DRIVERS
(2) +15V FOR G91/GS2 SERIES
(3)NOT USED ON DRIVERLESS UNITS EXGEPT WITH OPTION 33

/
/

- ONA
./ 1.470(37.3) DIA BC

MTG

~ GND(3)

=viniz)

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

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

Dimensional Tolerances, unless otherwise indicated: . XX +.02; XXX +.005
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* Frequency range (Series 91): 1 to 18 GHz
* Frequency range (Series 92): 0.2 to 4 GHz
* Reflective and nonreflective models

* Low VSWR and insertion loss

e |solation: up to 60 dB

* Miniature size, light weight

F9170
(WITH INTEGRATED
DRIVER)

9170-500 (DRIVERLESS)
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MODELS 9170-500 AND 9270-500

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

MODELS 81707T-500, 9170W-500

AND 9270T-500

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

ornlce
SERIES

F91 AND F92
The Series F91 and F92 switches are the same as the

corresponding Series 91 and 92 models, except the
units are equipped with integrated drivers.

SERIES G91 AND G92
These switches are the same as the Series G91 and
G92 SP2T switches except for the number of ports.
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Series 91 and 92 SP7T Switches
lf—“ o % : “ﬁ »—--u-n = = ‘tq
Specifications
e e - S L, e - —
MODEL FREQUENCY (GHz)
NO.™ CHARACTERISTIC 0.2-1 1-2 2-4 4-8 | 8-12.4 | 12.4-18
9170-500 Min Isolation (dB) - 60 60 55 50 50
F9170 Max Insertion Loss (dB) - 175 1.75 2.0 2.6 3.8
Max VSWR (ON) - 1.75 1.75 2.0 2.2 2.4
Min Isolation (dB) - 60 60 60 60 50
G9170 Max Insertion Loss (dB) - 2.2 2.2 2.8 3.5 3.8
Max VSWR (ON) - 1.7 1.7 2.2 2.2 2.4
9270-500 Min Isolation (dB) 60 60 60 -
F9270 Max Insertion Loss (dB) 1.5 1.5 1.5 - - -
Max VSWR (ON) 1.6 1.6 1.6 -
Min Isolation (dB) 60 60 60 - - -
G9270 Max Insertion Loss (dB) 2.2 2.2 2.2 - - -
Max VSWR (ON) 1.7 17 1.7 = = =
9170T-500 Min Isolation (dB) - 50 50 45 40 40
F9170T Max Insertion Loss (dB'L) - 16 1.5 2.4 3.0 3.5
G9170T Max VSWR (ON or OF! - 0 1.7 2.0 2.2 2.4
9270T-500 Min Isolation (dB) 60 60 50 B - -
F9270T Max Insertion Loss (dB 1.5 15 1.5 - - -
G9270T Max VSWR (ON or OF 1.5 15 14 - - -
9170W-500 Min Isolation (dB) - 60 60 60 60 55
F9170W Max Insertion Loss (dB) - 2.2 2.2 2.8 3.5 3.8
G9170W Max VSWR (ON or OFF) - i 4 17 2.2 2.2 24

PERFORMANCE CHARACTERISTICS
Power Handling Capability
Without Performance Degradation
Units without “T"" or “W” suffix: 1W cw or peak
Units with “T"" or “W" suffix
Input to any “OFF" port: 100 mW cw or peak

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

Switching Time®

SERIES 91/92/F91/F92

ON time
OFF time

500 nsec max.
500 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 usec max. pulse width)

SERIES G91/G92

ONIBTmMBs on sote w2507
OFF M. . s oo saia s s

250 nsec max.
250 nsec max.

(1) Models prefixed with “F" or “G" are equipped with integrated TTL-compatible drivers; models without the “F"" or “G"
prefix are current-controlled units and are furnished without drivers; models suffixed with ““T" or "W’ are non-reflective
except a high VSWR will be present at the common port if all other ports are OFF.

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




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

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

EN

Temperature Range
Units With Integrated Drivers

Operating

Non-Operating
Driverless Units
Operating and
Non-Operating

-65°C to +110°C
-65°C to +125°C

-65°C to +125°C

HUMIAIY: o oon 20 on www s« MIL-STD-202F, Method 103B,
0,
Units With Integrated Drivers Cond,. Be{38 firs. aL-93%)
(For one port ON). .. ..... +5V +5%, 375 mA SHROEK: : v s 5 ¢ g vl gaws MIL-STD-202F, Method 213B,
—-12to —15V, 60 mA Cond. B (75G, 6 msec)
SERIES G91/G92 ibrati
Vibration................ MIL-STD-202F, Method 204D,
(FOl' one port ON) ........ +5V 150{;), 190 mA Cond. B (.06” double amplitude
+15V £5%, 70 mA or 156G, whichever is less)
Altitude . . . ... .......... MIL-STD-202F, Method 105C,
Cond. B (50,000 ft.)
Control Characteristics Temp. Cycling. ... ...... MIL-STD-202F, Method 107D,
Units With Integrated Drivers
Control Input Impedance . . TTL, low power Schottky,
one unit load. (A unit i .
load is 0.8 mA sink current Option No. Description
and 40u A source current.) 3 SMA female bias/control connectors
Control Logic........... Logic 0" (-0.3to +0.8V) 7 SMA male rf connectors
for port ON and logic “1” 9 Inverse control logic; logic *0" for
(+2'0 to +5.0V) for port OFF. port OFFand |OgIC 1_ for port ON
(Not applicable to Series 91, 92)
SERIES G91/G92 .
; 33 EMI filter solder-type
Control Input Impedance . . Schottky TTL, one unit load. biaslcontiol terminals
A unit load is 2.0 mA sink : :
( 41 Internal video filter, common port
current and 50 uA source only
current.) 42 Internal video filter, output ports
Control Logic........... Logic “O” (-0.3 to +0.8V) only
for port ON and logic “1” 43 Internal video filter, all ports
(+2.0to +5.0V) for port OFF. 64A SMB male bias/control connectors
DIMENSIONS AND WEIGHT
2x6.104 (2,6)
| 1.470(37,3) DIA BC
RF CONN 21

# SMA FEMALE

1

L

(53) BIAS/ICONTROL
- SMC MALE
2 7X

(1) USED ONLY ON UNITS WITH INTEGRATED DRIVERS

(3) NOT USED ON DRIVERLESS UNITS EXCEPT WITH OPTION 33

L~ MTG
/" SURFACE
GND (3)
\ _—=VUN2)
= -
‘ l . COMMON |
\ " o 63
30" > (16,0) <
vin—" | 5.0}
\ b SO0 le_ 88 _ (2) +15V FOR G91/G92 SERIES
(38,1) (22.4)
[ | .38(9.7) FOR SMA FEMALE
| — \__.50(12.7) FOR SMA MALE
oy MODELS 91/92/F91/F92/G91/G92

Wt: 2.9 oz. (82 gm) approx.
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H?1 Series, F

Both H91 and HM91 Senes consist of a family

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

These switches employ sealed glass-to-metal feed-
thrus and are designed to meet stringent
environmental conditions.

The H Series switches are equipped with removeable
SMA female RF connectors permitting field
replaceability or integration as drop-in modules.
Package area and volume are minimized and overall
thickness, with the built-in driver, is only 0.24",

The HM Series switches are supplied without
connectors and are primarily intended for use as
system drop-in modules. Additional mounting holes
around each RF connector ensure optimum

RF performance over the entire operating
frequency range.

The H91 and HM91 family consists of a reflective
SPST and SP2T, SP3T, SPAT 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 H9114 and HM9114 SPST switch consists
of a shunt array of four PIN diodes in a microstrip
transmission line (See Fig. 1).

Application of a positive current (by the driver) biases
the diodes to a low resistance value, and switches the
unit OFF. When the diodes are reverse biased to a
high resistance, the unit is switched ON.
REFLECTIVE MULTI-THROW SWITCHES

All models in this group use an integrated assembly of
PIN diodes mounted in a microstrip transmission line
in a series-shunt arrangement as shown in Fig. 2.

When positive current is applied by the driver, the
associated port is OFF since the corresponding shunt
diodes are biased to a low resistance and the series
diode to a high resistance. With negative current, the
converse conditions are established and the port

is ON.

c

* Replaceable SMA Connectors

* Low Profile: 0.24" thickness with integrated
TTL-compatible driver

¢ High Speed, High Isolation

* Low VSWR, Low Insertion Loss

e Nonreflective and Reflective Models

H91 — LOW PROFILE
CONNECTORIZED SWITCHES

e TTL-Compatible Driver: Built-in

e Effective Mounting Thickness 0.16”
¢ High Speed, High Isolation

¢ Nonreflective and Reflective Models
» Low Insertion Loss, Low VSWR

RF INJOUT

—e

A

RF INJOUT

RF COM

Jo

s Hermeticc 'HV“’W” jled
:.%PST Thru SPAT Switches

Fig. 2-Reflective multi-throw switch schematic diagram.




H91 Series, HM91 Series Hermetically-Sealed

SPST Thru SP4T Switches

NON REFLECTIVE MULTI-THROW
SWITCHES

The circuit arrangement for this series is shown in
Figure 3.

When positive current is applied the port is turned
OFF. All the series diodes in that port are reverse-
biased and the impedance at the output of the port is
then effectively that of the 50-ohm resistor.

SWITCHING SPEED

All models exhibit transition times of less than 10
nanoseconds between 10% and 90% or 90% and
10% of the RF power.

ON time, the time from 50% point of the TTL com-
mand to the 90% level of the detected RF, is less than
25 nanoseconds for all models; OFF time, from the
509% 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 cc/sec He.

MOUNTING

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

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

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

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

UNIQUE CONFIGURATION

The HM91 Switch Module Series offers several
unique constructional features.

0.16” EFFECTIVE MOUNTING THICKNESS:

While the overall thickness of the modules is 0.24",
the thickness where the mounting holes are located is
only 0.16”, minimizing mounting hardware protrusion.
EXTRA MOUNTING HOLES:

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

RF AND CONTROL PORTS: The SP3T configura-
tions (HM9130H and HM9130HT), offer the user the
added flexibility of being able to specify the positions
of three output ports.




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

18 GHz, it provides a minimum isolation of 80 dB
from 0.5 to 18 GHz. The switch consists of an in-
ternal driver and an arrangement of shunt and
series diodes in a microstrip integrated circuit
transmission line as shown in Fig. 1.

CONT.
+5V
-12 TO-15V

RF
INJOUT

Fig. 1 — Model HM192 Schematic Diagram

e High speed; 10 nsec

* Frequency range: 0.2 to 18 GHz
¢ 80 dB isolation

¢ Low VSWR and insertion loss

® 0.24 inch thick

¢ Hermetically sealed

) Q{‘L?: N B
D

p I

—
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|

Model HM192
Specificq’rions

PERFORMANCE CHARACTERISTICS

Control Input
Impedance

Control Logic
Logic “O”

Logic *“1”

Survival Power

Power Handling Capability
Without Performance
Degradation

Control Characteristics

500 mW cw
or peak

1 W average,
10 W peak

(1 usec max
pulse width)

TTL, Advanced
Schottky, Two-unit
load. (A unit load
is 0.6 mA sink cur-
rent and 20 A
source current)

(-0.3to +0.8V) for

FREQUENCY (GHz)
0.2 0.5 2.0 8.0 12.4
CHARACTERISTIC to to to to to
0.5 2.0 8.0 12.4 18.0
Min Isolation (dB) 35 80 80 80 80
Max Insertion Loss [(_%IB) 2.0 2.0 2.5 3.0 3.5
VSWR (ON and OF 1.5 1.5 1.75 2.0 2.0
Switching Characteristics Power Supply
RIBETING . . s aevs oo 5o prarsas 10 nsec. max Requirements®. . .. ......... +5V +£5%, 50mA
FallTIME 5. conesmvsnassmaas 10 nsec. max —12to - 15V
ONTIME. ..o, 30 nsec. max +5%, 50 mA
OFFTIME. « cocwmmesss s sasas 15 nsec. max

ENVIRONMENTAL RATINGS

Operating Temperature
Range

—-65°Cto +125°C

AVAILABLE OPTIONS

Option No. Description
9 Inverse control logic; logic **1"" for
switch ON and logic “'O”’ for switch OFF.

49 High Rel screening (see Table 1 page x)

AVAILABLE ACCESSORIES

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

(1) Up to 1 MHz switching rate. At 10 MHz, + V and -V @ 125 mA each.

switch ON
............... (+2.0to +5.0V)
for switch OFF.
DIMENSIONS AND WEIGHT
L 4%6.020(05) " —
06 +01 1.10
(1.5) (27.9) I - la— 16(4,1)
” ” H m ] .16(4,1) -ﬁ | #1-64 UNC
! !~ x.11DP4X
220(5.6) [ *= &1 i - —
3
1ol | I
A 1D O 09 e {400
1102.8) | {2 w0 J o (16,0 1 2|20 (102
: (5.1)
! &
AY 1 !
\ | 11
L \ - | .—.10(2,5)
06(1,5) —m bat— 2x¢.012 (0,3) [
12(3.0) —al e \_ -l - .04(1.0)
4 %0 .079(2,0)
MODEL HM192 - ke .16(4,1)
Wt: 0.5 oz. (14 gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx *.005
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Models H9114, HM9114
Hermetically Sealed SPST Switches

rm GENERAL ®
MICROWAVE

MODEL H9114

" L1

“.l.‘u INDSA '/)
ISl

i

H9114

“g\-f

Jlﬁ'@v;“‘ i

nmnr\ 1

HM9114

PERFORMANCE CHARACTERISTICS"

MODEL NO. CHARACTERISTIC FREQUENCY (Giz)
1.0-2.0 2.0-40 4.0-8.0 8.0-124 12.4-18.0
Ho114 Min Isolation (dB) 60 74 80 80 80
HM9114 Max Insertion Loss (dB) 09 09 12 16 25
Max VSWR: (On position) 1.4 14 1.75 1.75 20

(1) For Switching Speed, Power Handling and other specifications, see page 141.

RF CONN 16
SMA FEMALE

DIMENSIONS AND WEIGHTS

1.00
e @54 T
07 856
08 "I e T
|

L '

4.1

.

/ 4 x ¢ .079(2.0)

| ) / EIGV4V \:

05 —=f
(1.3) r

4.x ¢ .020(0,5)

1 MG R

N |

.06(1.5)
.12(3,0) ::]

\

2 x¢.012(0,3)

Model HM9114

Wt. 0.4 oz. (11gm) approx.

J r—_10(2

—f ke 04(4

— e 16(4

’ & g 190) ;
y \\ / ©7) l |
| ? f ] ie 06 (1.5) MIN
4 .118 SCREW HEAD - ! NUT CLEARANCE
CLEARANCE 07 REQD
we— .38(9,7) FOR SMA FEMALE (1.8)
.50(12,7) FOR SMA MALE | .{; 45)
Model H9114 .
Wt. 0.7 oz. (20gm) approx. (6,1)
4% 6.020(05)
/ — ja— 24(6,1)
06 £.01 g 1.00 P
(1.5) r (25, 4) “H = 16(4,1)
——L“ #1-64 UNC x .11 DP
220(5.6) ““r' ) ﬂ 4x
| + - G 1 ’\@:
1 |_ [ * ?
.53(13.5) @& ——& .400(10,2)
11012.8) | - 20065.1)
265(6.7) 0|
I \ @
\
| \ 4% 6.079(2,0) \ L

\5)

0)
1)

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Models H?120H, HM9120H, H9120HT, HM9420HT
Hermetically Sealed SP2T Switches

H9120H, HT

HM9120H, HT

PERFORMANCE CHARACTERISTICS"

Model H9120H, HT

Model HM9120H, HT

FREQUENCY (GH
MODEL NO. CHARACTERISTIC e ()
1-4 4-8 8-12.4 12.4-18
H9120H Min Isolation (dB) 60 60 60 50
HM9120H Max Insertion Loss (dB) 4l 1.4 20 25
Max VSWR: (On position) 1.75 1.75 1.75 20
Min Isolation (dB) 60 60 60 50
:z‘:&%.{_l.r Max Insertion Loss (dB) 1.3 157 25 30
Pt el del Max VSWR: Port ON 1.75 19 20 20
™ VBl Max VSWR: Port OFF 175 20 2.2 23
(1) For Swilching Speed, Power Handling and other specifications, see page 141.
DIMENSIONS AND WEIGHTS
({’3) ™ r (‘:OSG‘I_-" é??a} s | s
g;mc?::as 4 4x o 01920 01 7.5 003} [P
i \ Y ~MTG SURFACE | 10%3 079 (201 | ‘s;"l] T o
3 i ) q #164 UNC x 11 OP
110 ' o & 2901(7,4) 1 ex
B I.l 24.3) {50 .32018,1) i
55 | @& @ — L
(14.0) I N ‘ [\ ST L ! 123(5.8) * J R | 10(2.5)
L : [l (13) 4"1 110(2.8) 3x6.012 @03 6 Loty
| 3 | ‘ Ti??ﬂl mly W h_j #200.0) 16(4,1) —= :
e 1} o “n o
b LT e Tl g 032
38(9.7) FOR SMA FEMALE 7) RULSLENWAGE 127
50{12.7) FOR SMA MALE Ll e
ey & 24 |
e |

Wt. 0.8 oz. (23gm) approx.

Wt. 0.4 oz. (11gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Models H?130H, HM%9130H, H9130HT, HM94130HT

Hermetically Sealed SP3T Switches

T _-lZ_-LJL-l 111 -
o -3 @
1 7,
ENTRA L
MIEROWVE |
T A
B9 oA
&5 5 50"

e

HM9130H, HT

H9130H, HT

PERFORMANCE CHARACTERISTICS"

MODEL NO. CHARACTERISTIC FREQUENCY (GHz)
1-4 4-8 8-12.4 12.4-18

HO9130H Min Isolation (dB) 60 60 60 50
HM9130H Max Insertion Loss (dB) 1.2 1.5 20 26
Max VSWR: (On position) 1.75 1.75 175 20
Min Isolation (dB) 60 60 60 50
Hﬁ:&%{n Max Insertion Loss (dB) 14 18 25 33
NONCERLECTIVE Max VSWR: Port ON 1.75 19 2.0 20
( )| Max VSWR: Port OFF 175 20 2.2 23

(1) For Switching Speed, Power Handling and other specifications, see page 141.

o7 1168 ’
(1.8) ‘] (20.7) I iy
RF CONN 06 +.01 - 100 = - 24(6,1)
SMA FEMALE s esa
% \ | 4x0 078(20) | GND TERMINAL ) R o
! i . [NOT MARKED) )
\ | WG sunraGe s o e ‘ _ 7xs 020005
A 3 5 5 n’ — ' i
} 56
| \ f ol [anaen ) |
\ b, - all [ | ¥ [ 1234 .v-[g ]
| viE= . | i il #1-64 UNC x 11 DP
185 o= 168 « |1 6xe 02005 ‘ 1 i L SN LI PN ~~— COVER 2 1ex
T | i [ XTI I | P 100
i = ¢ (25.4) S50014.0) & ===y
it ] & £ 12(3.0) =
{16.0) [ ‘ 1 Al [ LI R - :goﬂ | | AEAg) 320 (8,1)
| 2; 1
5 : \ s S Pes eagll 4 9[-
. i | A i ?
’ p \
rd P p
s via acnew nea=| | 4xe0i2(03) et o W N oty
LEARANGE \
¢ Lot L -06(1.5) MIN 12(30) o b= 0401.0)
NUT CLEARANCE R o= —
38(3.7) FOR SMA FEMALE 54, DEQD, b % A T .
50(12.7) FOR SMA MALE i ™ o8
" @9
"
&= 5 — «

DIMENSIONS AND WEIGHTS
1

24
=6 ‘

Model H9130H, HT
Wt. 1.4 oz. (40gm) approx.

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

Dimensional Tolerances, unless otherwise indicated: .xx +02; .xxx +.005
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Models H9140H, HM9140H, H9140HT, HM94140HT
Hermetically Sealed SP4T Switches

H9140H, HT HM9140H, HT

PERFORMANCE CHARACTERISTICS"

MODEL NO. CHARACTERISTIC FREQUENCY (GHz)
1-4 4-8 8-12.4 12.4-18

H9140H Min Isolation (dB) 60 60 60 50
HM9140H Max Insertion Loss (dB) 14 15 20 28
Max VSWR: (On position) 1.75 1.75 1.75 2.0
Min Isolation (dB) 60 60 60 50
nﬁ:ﬂg{ﬂ Max Insertion Loss (dB) 1.6 18 25 33
ONREFLECTIVE Max VSWR: Port ON 1.75 19 20 20
™ )| Max VSWR: Port OFF 175 20 2.2 23

(1) For Switching Speed, Power Handling and other specifications, see page 141.

DIMENSIONS AND WEIGHTS

o7 1.168
(0, I @wn- (i (?.ssa
| 2461,
os:m..._ff”"i — = GND TERMINAL i
i (1.5) (25.4) (NOT MARKED) 1641}
MTG SURFACE il | — |- 7xe 02005)
——— 111114
. R o 12340 ol 1 #164 UNC x 11 DP
. 7 x4 020(05) | ‘ —-9 i 3 91- 1 220{5.6) _ WX
s |V 00 ¥ 60(4.1
Dy i 5sc?¢u,o. " ol — 17 )
e $_u n 13 @L- 500(127) — 4|
| ‘ 2358 'f’-"@ T * §oeng
| ) 1// T T . -7
p 06 |
‘ sxe 01203 = (LY TEhN 18 e ke D4(1.0)
s Tl e S g
38(9,7) FOR SMA FEMALE - NUT GLEARANCE R !
,so{(?z,;] FOR SMA MALE -l :’, - | le— 14 REQO ~s00 AOL17.5) o) = )
@n 5 @8 12,7
T O e
l 131 | 6.1)
g (33.3) e
Model H9140H, HT Model HM9140H, HT
Wt. 1.5 oz. (43gm) approx. Wt. 0.65 oz. (18gm) approx.

- Dimensional Tolerances, unless otherwise indicated: .xx +02; .xxx * 005
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| PERFORMANCE CHARACTERISTICS

Power Handling Capability
Without Performance Degradation

All Reflective
Switches

1W cw or peak

i All Non Reflective Switches

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

. Survival Power

SPST Switches . ... 2W average, 75W peak
(1usec max pulse width)

Reflective Multi-Throw
Switches

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

| Non Reflective Multi-Throw Switches

Inputto any “OFF" port: 1W average, 10W peak (1 usec
max pulse width)

Input to any “ON" port; 1W average 75W peak (1usec
max pulse width)

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

Switching Speed (All Models)

RiSE: 8 . oo toeat kas 10 nsec max
Fall UOE . : cvonamnmne e 10 nsec max
ON, T : sx iomusnaess 25 nsec max

Except SPST Switch .. 20 nsec max
OFFtime ............. 20 nsec max

Max Repetition Rate is 20 MHz.

Power Supply Requirements

MODEL +5V £5% | —12to —15V

eS8 65 mA 20 mA
FOR ONE PORT ON

LAl 60 mA 50 mA
T 80 mA 50 mA
bR 75 mA 55 mA
Ll 105 mA 55 mA

| et 95 mA 60 mA
4 L 135 mA 60 mA

141
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INTRUL CHARACTERISTICS

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

ENVIRONMENTAL RATINGS

Temperature Range

OOOIAING - ivimsesias 3 os sosss —65°C to +125°C
J t, _'j:_'.-'. OP7 ‘l-‘k'!:'-:
Option No. Description
7 SMA male rf connectors (H series
only)
7A J1 SMA male; J2 and J3 SMA female
7B J1 SMA female; J2 and J3 SMA male
9 Inverse control logic; logic “0”
for port OFF and logic “1" for port ON. |
10 One SMA male (JO) and one
SMA female (J1) rf connector.
(H9114 only)
27 Single-port toggle control.
Logic “0” connects JO to J1.
Control can be applied to either
terminal 1 or 2. (SP2T models only)
41 Internal video filter, common port only
42 Internal video filter, output ports only
43 Internal video filter, all ports
49 High Rel screening
(see Table 1, page 36)
VAILABLE ACCESSORIES
Model Spacer Plates
H9114 17244-P1
H9120H, HT 17244-P1
H9130H, HT 17244-P3
H9140H, HT 17244-P3
Model Model™
HM9114 CK-1
HM9120H, HT CK-2
HM9130H, HT CK-3
HM9140H, HT CK-4

() Each kit includes a set of mounting spacers, one
female connector for each RF port and mounting
hardware.




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.

All switch models in the series operate over the fre-
quency range from 18-40 GHz; each is capable of
handling cw or peak powers up to 1W without perfor-
mance degradation, and features rise and fall times of
less than 10 ns.

CURRENT- & VOLTAGE-CONTROLLED
ATTENUATORS

General Microwave wideband millimeter-wave at-
tenuators are available in two 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.

Each of the two models operates over the full fre-
quency range from 18-40 GHz with a dynamic at-
tenuation range of 50 dB.

QUADRATURE COUPLER

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.

GNDCONT +V -V
SG

MODEL D1559
ABSORPTIVE
MODULATOR

18-40 GHz
SIN
GENERAL®
MICROWAVE
AADK B SRAE

i




MODEL 1959

The Model 1959 is a current-controlled attenuator/
modaulator that provides a minimum of 50 dB of
attenuation over the frequency range of 18 to 40 GHz.

As shown in figure 1 below, the rf circuit uses two
shunt arrays of PIN diodes and two quadrature hybrid
couplers. The quadrature hybrids are of a unique
GMC microstrip design which are integrated with the
diode arrays to yield a minimal package size.

MODEL D1959

The Model D1959 voltage-controlled 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 1859, rf schematic diagram

¢ Absorptive

e Current or voltage controlled

¢ 18 to 40 GHz frequency range

* High performance MIC quadrature
hybrid design

¢ High speed

GNDCDNT =N
SIG

MODEL D1958
ABSORPTIVE

MODULATOR
18-40 GHz

on _———
GENERAL
EH vicrowave

_____—-—'_"_-

+*V =Y

1]

INPUT DRIVER
@——* GIRCUIT

(VA CONVERTER)

BiAS
RF INOUT SERIES 105 RF INOUT
PIN DIODE —)
- ATTENUATOR -

Fig. 2—Model D1959, block diagram

70

1 1
-50°C |+25°C +100°C
80 —t= =
| - —
@ 50 '//’-:-/’
° L~ L L
i "’/
g 40 o
Q L.
< A"
Ty
/]
£ oo
10
]

0 D2 04 06 08 10 12 14 16 18 20 22

RELATIVE BIAS CURRENT
Fig. 3—Model 1959, typical effects of temperature on attenuation.
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Models 1959, D1959
Specifications

1
\

PERFORMANCE CHARACTERISTICS

MAX
FLATNESS (+ dB)
FREQUENCY| INSERTION
RANGE LOSS MAX AT MEAN ATTENUATION LEVELS UP TO
MODEL (GHz) (dB) VSWR 10 dB 20 dB 40 dB 50 dB
18-26.5 3.6
1959 26.5-36 4.1 2
9649 g7 it 22 3.4 4.0
18-26.5 41
D1959 26.5-36 4.6 22
36-40 5.2
COMMON TO BOTH MODELS 1959 and D1959 MODEL D1959
Mean Attenuation Accuracy of Attenuation
Hange ______________ 50 dB 0to30dB............. +0.5dB
Monotonicity . . . ... . ... Guaranteed 30to50dB........... +1.0dB
Power Handling Temperature
Capability Coefficient . ........... +0.025 dB/°C
Without Performance Switching Characteristics
Degradation. ... .. 10 mW cw or peak On Time. .o novwvvgmady 300 nsec
Survival Power. . ... 0.2W average, 5W peak Oft Time.............. 30 nsec max®
(1 yusec max pulse width) Nominal Control Voltage Characteristics
Operating . ............ 0to +5V
MODEL 1959 Transfer Function...... .. 10 dB/volt
Rise and Fall Times Input Impedance......... 10 Kohms
Rise Time........... 75 nsec max Modulation Bandwidth
Fall Time........... 20 nsec max Small Signal........... 5 MHz
Bias Current for Maximum Large Signal.... .. ... .. 2 MHz
Attenuation . . .. ... . 15t0o 70 mA Power Supply
Temperature Effects...See figure 3 Requirements.......... +12V +5%, 100 mA

ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS
See page 150.

-12V +£5%, 20 mA
Power Supply
Rejection. . ............ Less than 0.1 dB/Volt
change in either supply

(1) For attenuation steps of 10 dB or more

DIMENSIONS AND WEIGHTS

38 1.070 09
~ (3,7 ey i =
[ el ]

49)@
8

o
S
/s
MOUNTING

SURFACE 5 P f‘?il }
2x 104(28) 7 .09
/s 5 &3

"\ RF CONN —= (14,00 =
‘P’"E KFEMALE /. 3g(9,7) FOR K FEMALE
¥ 50(12,7) FORK MALE

MODEL 1959

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

125

(31,8)
e o 1070 ——o = (20‘-;)
(agi I 279 70 ;
e e T
== = —
e
& | v
il 1.25
G| controL Lo
&L 1.070
g ™ (27,2)
' A Ji N 1
/ A L
MOUNTING 240 104(2,6}
; | i 09
SURFACE | (O _ 8

= (01
Z.3819,7) FOR K FEMALE
501(12,7)FOR K MALE

RF CONN
TYPE K FEMALE
2x

MODEL D1959
Wt: 1 oz. (28 gm) approx.

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




Series 90

Millimeter Wave SPST Switches

SERIES 90

Series 90 switches provide high performance
characteristics over the frequency range of 18 to
40 GHz. These miniature switches measure only
75" x 95" x 42",

The series uses an integrated circuit assembly of up to
four PIN diodes mounted in a microstrip transmission
line. The circuit configuration is shown in Fig. 1, below.

Application of a positive current to the bias terminal
switches the unit OFF since the diodes are biased to a
low resistance value. With zero or negative voltage at
the bias terminal, the diodes are biased to a high
resistance and the unit is switched ON.

SERIES F90

The Series 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
fall times are less than 10 nsec.

Fig. 1-Series 90 SPST schematic diagram.

CONT
+5V
-12v

RF INVOUT RF INOUT

G—i- —r 1=
Ji “‘ ‘I,

_vll. .T.

&k

Fig. 2-Series F90 SPST schematic diagram.

18 to 40 GHz frequency range

e Low VSWR and insertion loss

e Up to 75 dB isolation \
e Less than 10 nsec rise and fall times
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Series 90 SPST Switches
Specifications

PERFORMANCE CHARACTERISTICS

FREQUENCY (GHz)
MODEL NO.® CHARACTERISTIC 18-26.5 26.5-40
Min Isolation (dB) 35 30
9012, F9012 Max Insertion Loss (dB) 2.2 27
Max VSWR (ON) 2.0 2.2
Min Isolation (dB) 55 50
9013, F9013 Max Insertion Loss (dB) 25 30
Max VSWR (ON) 2.0 22
Min Isolation (dB) 7 70
9014, Fo014 Max Insertion Loss (dB) 28 35
Max VSWR (ON) 22 2.2
| Riseand Fall Times. . ... 10 nsec max CONTROL CHARACTERISTICS
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 — Logic “0” (—03 to +08 V
(1 usec max pulse width) EHAEEEE, ROPNG - suvins sl 5 4 ogic "0” (-0.3to +08V)

for switch ON and Logic
"“1” (+2.0to +5.0V) for
switch OFF.

POWER SUPPLY REQUIREMENTS

Driverless Units
For rated isolation. . ... +35mA
For rated insertion loss. —10V ENVIRONMENTAL RATINGS AND

AVAILABLE OPTIONS

Units With See page 150

Integrated Drivers. . .. .. +5V £2%, 65 mA
-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

.770 .42 MAX

RF CONN

(19,8)

.09
" (23) (10,7}

TYPE K FEMALE
2X

25
(6,4)

_y

=

(igs.'n L m:[]
| & P

T GND/

.48 7
ep [
5 —y

(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
Wt: 6 oz. (17 gm) approx.

MOUNTING
SURFACE

2X P 104(2,8)
.350
(8,9) \

BIAS/CONTROL
SMC MALE
—— +Vm

Dimensional Tolerances, unless otherwise indicated: .xx £.02; .xxx +.005
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REFLECTIVE SP2T SWITCHES
Series 90 SP2T switches use an integrated

. : : . * 18 to 40 GHz frequency range
assembly of PIN diodes mounted in a microstrip ‘
transmission line in a series-shunt arrangement : E;se ‘?gg’ f;“ ticr‘n_es 1?:'8 thlan 10 nsec
e e miih < Up 1o 65 dB isolation
When applying positive current (by the driver), P

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 INJOUT RF INFOUT
J2

J3

J1
RF COM

Fig. 1—Series F90 SPDT schematic diagram ‘
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Series 90 SP2T Switches
Specifications

Switching Time
Repetition Rate

Power Handling

Rise and Fall Times. . . ..

Degradation

(1 uisec max pulse width)

PERFORMANCE CHARACTERISTICS
FREQUENCY (GHz)
MODEL NO. CHARACTERISTIC 18-265 | 265-40
Min Isolation (dB) 30 20
F9021 Max Insertion Loss (dB) 3.0 36
Max VSWR (ON) 21 23
Min Isolation (dB) 45 40
F9022 Max Insertion Loss (dB) 32 40
Max VSWR (ON) 2.2 23
Min Isolation (dB) 65 55
F9023 Max Insertion Loss (dB) 35 45
Max VSWR (ON) 23 25
10 nsec max CONTROL CHARACTERISTICS
........ 25 nsec max
Control Input
"""" 20 MHz max Impedance . . . . ......TTL, advanced Schottky,
Capability one unit load. (A unit load
Without Performance is 0.6 mA sink current and
...... 1W cw or peak 20 pA source current.)
Survival Power. . . . .. 1W average, 75W peak Control Logic........ Logic “0"” (-03to +08 V)

for port ON and Logic “1”

Wt: 1 oz. (28

.38(37)FOR K FEMALE
50(127) FOR K MALE

SERIES F90

gm) approx.

Ji

.45
(1,4)

.95

(243) *© \
RF CONN
TYPE K FEMALE

3X

:HIHDGND
% =

1.20
(30,5)

e

| .29
(7,3)

2X $.104(2,6)

Power Supply (+2.0to +5.0 V) for port
Requirements .. ..... +5V +2%, 75 mA OFF.
-12to —15V, 50 mA
ENVIRONMENTAL RATINGS AND
AVAILABLE OPTIONS
See page 150
DIMENSIONS AND WEIGHT
09 T70, il
(2,3) (19,6)
.09
(2,3)
1
T —[® 2
(lls!hOZ)1 ‘ o
2 °]

Dimensional Tolerances, unless otherwise indicated: .xx +.02; .xxx +.005
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Model 7050 Millimeter Wave

The 3 dB Quadrature Coupler is a four port
device covering the frequency range of 18 to
40 GHz. The coupler design is a single section
Hopfer coupler which has been optimized to
perform in the millimeter frequency range. See
Fig. 1. It offers excellent amplitude and phase
balance as well as low loss and high isolation.
The 3 dB Quadrature Coupler utilizes removable
connectors for easy integration into coaxial
millimeter wave systems.

gz
C,
e A
Ja
3 dB Quadrature Hybrid
J
Fig. 1-Model 7050 schematic
SPECIFICATIONS
Frequency (GHz) 18-40
Min Isolation (dB) 14
Max Insertion Loss (dB) 1.5
Max VSWR 1.8
Amplitude Balance (dB) +1.7
Phase Balance (deg) 10
Power Handling, operating and oW
survival, cw or peak

3 dB Quadrature Coupler

* Frequency range: 18-40 GHz
¢ Low insertion loss

¢ High isolation

* Removable connectors

DIMENSIONS AND WEIGHT g

(7.1

37
(9,4) *— (':5?5) s .
.38 |
(9,7 ]—
I MOUNTING
{ & / SURFACE
8l
(20,6)
627 1
(15,9) .44
(1,2
L.;. =
0 RF CONN
09 L 37 2x.104(2,6) TYPE K FEMALE
(2,3) (9,4) Ay
44
e
1,2
22| 09
(15,9) ™ (2,3
.8l
* {20,8)
MODEL 7050

Wt: 1 oz (28gm) approx.

Dimensional Tolerances, unless otherwise indicated: .xx *.02; .xxx +.005
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Millimeter Wave Component

Specifications

ENVIRONMENTAL AND OPTIONS
ENVIRONMENTAL RATINGS
Operating Temperature Range SHOGK . ..o coconin o w v s MIL-STD-202F, Method
Series 90 213B, Cond. B (75G,
With Drivers . ... ... -65°C to +110°C 6 msec)
Without Drivers .... —-65°Cto +125°C Vibration ............ MIL-STD-202F, Method
Model 1959 ... ... ... —54°C to +125°C 204D, Cond. B
Model D1959 ... .. ... —-54°C to +110°C (06" double amplitude or
Model 7050 . ........ -65°C to +125°C 156G, 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
103B, Cond. B (96 hrs. 107D, Cond. A, 5 cycles
at 95%)
AVAILABLE OPTIONS MODEL
1959 D1959 9012, 9013, 9014 F9021, F9022,
Option No. Description Current-Controlled | Voltage-Controlled | F9012, F9013, F9014 F9023
[ Attenuator Attenuator SPST Switches SP2T Switches
3 SMA female bias/control
connectors v (s v v
7 Type K male rf connectors % v [ s
7A J1 type K male; J2 and J3 type
K female 7
7B J1 type K female; J2 and J3
type K male v
9 Inverse control logic; logic “0™
for port OFF and logic *1”* for
port ON®™ v v
10 One type K male (J1) and one
type K female (J2) rf connector [ v v
27 Single-port toggle control; logic
“0"” connects J1 to J2 P~
33 EMI filter solder-type
bias/control terminals v [
61 20 dB/volt transfer function with
0 to +3V control signal input 7
62 + 15 volts operation 2
64 SMC male bias/control
connectors s v
64A SMB male bias/control
connectors 74 7 7 74
(1) Not applicable for units without drivers.
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Models 725 and 726

Broadband Low ond_yledium Power Limiters

Models 725 and 726 broadband limiters are designed
for low and medium power applications. The low

| power limiter Model 725 covers the frequency range
of 1 to 18 GHz and limits up to input power levels of 3
watts cw and 100 watts peak. The medium power
limiter Model 726 covers the frequency range of 2 to
18 GHz and provides limiting up to input power levels
of 10 watts cw and 200 watts peak.

- Typical limiting curves for each model are shown in

. figures 1 and 2. Both limiters are supplied in
hermetically sealed packages with removable SMA
connectors and are suitable for use as drop-in
modules.

PERFORMANCE CHARACTERISTICS |

MODEL NO. CHARACTERISTICS FREQUENCY (GHz)
LOW POWER LIMITER 1-4 4-12.4 12.4-18 ‘
725 Max Insertion Loss (dB) 0.7 1.3 2.0
Max VSWR 1.75 20 2.0 |
MEDIUM POWER LIMITER 2-8 8-12.4 12.4-18
726 Max Insertion Loss (dB) 1.2 1.8 2.0
Max VSWR 1.6 2.0 2.0
. CHARACTERISTICS MODEL 725 MODEL 726
@ Pin =3 watt cw: 90 mW @ Pin =10 watts cw: 100 mW
Mix Leakage Power @ Pin =100 watts peak: 100 mW @ Pin =200 watts peak: 100 mW
: Limiting Threshold 10 mW min. (1 dB Compression) 10 mW min. (1 dB Compression)
Spike Leakage 0.25 erg max. 0.5 erg max.
Recovery Time 10 nsec. maxto 1 dB of I.L. 100 nsec. max. to 1 dB of I.L.
1 100 W peak with 1 usec. pulse width 200 W peak with 1 psec. pulse width
Peak Power Handling and 0.01 duty cycle and 0.02 duty cycle
CW Power Handling 3 watts 10 watts
AVAILABLE OPTIONS
Option No. Description
49 High Rel screening (see Table 1, page 36)
ENVIRONMENTAL RATINGS
‘ Temperature Range
Operating ............. -65°Cto +110°C

S —
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Models 725 and 726
Specifications

35 +35
30 +30
F=3GH:z F=3GH.
25
e + gt
o ©
o m L ° X | Maximum Leakage
I 20 | +20
= =
= = >
g is 2 —1 (e} % A
@+
% 74 -
‘é’ Pl ug" £ N
E 10 /’ Limiting Threshold 8 +10 ,’7 Limiting Threshold "‘&.._,___,_.-
A
i
5 +5
2 ¥
L Y
0 o L4
5 10 15 20 25 30 35 40 +5 410 +15 +20 +25 +30 +35 +40
POWER IN—dBm POWER IN—dBm
Fig. 1—Model 725 power in vs. power out Fig. 2—Model 726 power in vs. power out
RF IN RF OUT
@ 'l : | I @
I :) C ! AF IN RF OUT
@ !L > J| @
I |
50
. i b? .
J; Fig. 3-Model 725 Schematic Fig. 4-Model 726 Schematic

220
(5.6)
110
(2.8)

DIMENSIONS AND WEIGHTS

~ 4%6.079(20)

75 /
- /
.06 (453 / RF CONN,
(15) o g 63201 /" /' SMAFEMALE 2x
P
/ I

MODEL 725
Weight: 0.5 oz. (14 gm) Approx.

220
(5.6)

.06
(1.5) —a

38

136 4x6.079 (2,0)

(34.3)

123+01
(31,2)

+ OUT

110
(2.8)

RF CONN, SMA FEMALE 2X

MODEL 726
Weight: 0.7 oz (20 gm) Approx.

j—k E 12(3.0)
24(6.1)

Dimensional Tolerances, unless otherwise indicated: .xx + .02; .xxx + .005
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Solid State
Oscillq’rors

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.
A simplified block diagram of a microwave oscillator
is shown in-Fig: 1. By appropriate choice of these
elements, oscillators may be designed for an ex-
tremely wide range of applications. In addition, low
frequency digital and analog control circuitry may be
incorporated to provide further flexibility.

General Microwave offers a catalog line of high-
performance voltage-controlled oscillators (VCO's),
digitally-tuned oscillators (DTQ's) and dielectric
resonator oscillators (DRO's) in the 2-18 GHz fre-
quency range. In addition, many custom oscillators
have been developed for various applications.

VCO’s . | .

The GMC line of VCO's covers the 2-18 GHz
frequency range in octave (2-4, 2.6-5.2 and 4-8 GHz)
and half-octave (8-12 and 12-18 GHz) bands. The
major features of the VCO’s are fast settling time, low
phase noise and excellent frequency stabilty. A
simplified block diagram is shown in Fig-2. For
optimum performance, the active element used is a
silicon bipolar transistor. (This is in lieu of GaAs FETs
which typically exhibits 10-20 dB poorer phase noise
performance. Although GaAs FETs have extremely
low noise in amplifier applications, they suffer from

, followed by buffer amplifiers are incorporated at the

high 1/f noise, which is upconverted in the non-linear
oscillator to phase noise near the carrier.) To vary

the frequency of the oscillator, a high-Q silicon
hyperabrupt varactor is utilized. The capacitance-

voltage characteristic is specified to provide as nearly
linear frequency vs. voltage tuning curve as possible.

In practice, good linearity can only be realized over a
small portion of the tuning range because of parasitic J
reactances present in the physical circuit and the

bipolar transistor. Typical ratios of maximum to
minimum frequency vs. voltage sensitivity for an
octave band are 2:1, and are specified at 3:1. GaAs
varactors, although having higher 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

oscillator output. Voltage regulators are also included
to minimize the effect of variations in the power supply
voltage on both oscillator frequency and power level.
Finally, filtering is provided to reduce the harmonic
content of the output signal.

Of particular note is GMC's 8-12 GHz VCO, which
utilizes a high performance transistor operating in the
fundamental, rather than the doubling push-push

RESONANT BUFFERING '
CIRCUIT MATCHING ELEMENT o o
(FIXED OR NETWORK (AMPLIFIER
VARIABLE) OR ISOLATOR) ‘
ACTIVE
DEVICE QUTPUT
(TRANSISTOR LOAD
OR DIODE)
0 ©&
Fig. 1-Block diagram of basic microwave oscillator ’
QUTPUT
MATCHING -~ —0) ‘
NETWORK b b % |
p |
Fig. 2-Block diagram of VCO
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Solid State
Oscillators

mode. This mode of operation eliminates all

(2n + 1)fy/2 frequencies in the output spectrum.
The second harmonic signal is filtered to less than
— 50 dBc typically, and — 40 dBc maximum.

Because fundamental mode oscillation is not current-
ly achievable with available solid state devices in the
12-18 GHz band, the doubling push-push approach,
shown schematically in Fig. 3, is used. Thus, for ex-
ample, for a 12 GHz output frequency, each oscillator
is designed to operate at 6 GHz. If the structure were
perfectly symmetrical, all odd harmonics of 6 GHz
would be suppressed, and only even harmonics
would be present in the output spectrum. By suitable
filtering, an essentially pure 12 GHz output signal
could be obtained. In practice, imperfect symmetry
results in f,/2 and 3f,/2 signals, which are filtered to
the extent possible. (For the case of a 12 GHz output
signal, the undesired 3f,/2 signal at 18 GHz cannot
be filtered since it is within the 12-18 GHz frequency
range of the VCO.)

DTO’s

GMC offers a line of DTO'’s covering the 2-18 GHz fre-
quency range based upon its catalog line of VCO’s.
The DTO provides the desired output frequency in
response to a digital control signal. A block diagram
of the DTO is shown in Fig. 4. By appropriate design
of the electronic circuitry, settling times of less than
300 nanoseconds are achieved. To obtain a fre-
quency accuracy of the order of +0.1%, including
the effects of temperature, the VCO is proportionally-
heated and the electronic circuitry temperature-
compensated. A latch mode is provided as a standard
feature.

To enable analog frequency modulation of the DTO
for jamming and other applications, a separate
frequency modulation port is provided. Since the

slope of the frequency vs. voltage curve of the VCO
varies over the band, compensation is required to
obtain a relatively constant deviation bandwidth.
Compensation to within + 5% is achieved by utilizing
a PROM to vary the attenuation applied to the
modulating signal. The DTO may be frequency
modulated at rates of greater than?gjlez.

In general, DTO’s tend to be tailored to the overall
. requirements of the system in which they are used.

~ Among the custom designs GMC has developed are

high-speed multi-band units with frequency coverage
from C to Ku band.

DRO’s

Over the past decade, the DRO has become the
oscillator of choice for fixed-frequency applications

~ requiring high stability and low phase noise. GMC

' offers a high-performance line of DRQ’s in the
5-18 GHz frequency range featuring 1 ppm/°C
frequency stability over a wide temperature range. A
high-Q temperature-stable dielectric resonator is used
as the key element in the passive resonant circuit.

OSCILLATOR A

OSCILLATOR B

Fig. 3-Schematic diagram of Push-Push Oscillator

FREQUENCY

MODULATION

INPUT
O

DIGITAL

VARIABLE
ATTENUATION

vCOo

TUNING

INPUT
O———P» PROM P

LATCH

DAC

RF
QUTPUT
O

PROPORTIONAL
HEATER

Fig. 4:Block diagram of DTO
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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. 5. 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. GMC’s “M” series of DRO’s
includes a mechanical tuning element which permits
the user to vary the frequency of the DRO over a
narrow band.

Solid State
Oscillators

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 measurement are shown in
Fig. 6.) Settling time usually refers to the response up
to several hundred microseconds, while post-tuning-
drift usually refers to the variation from several
hundred microseconds to as long as several hours.

MATCHING
NETWORK

O OUTPUT

il

Fig. 5-Schematic diagram of DRO

5
a4
N3
=
g
E | "‘--._,___“-
& —~~H ]
> 0
=z
W
b |
0 -2
o
[T
-3
-4
25 -5 -4 -3 -2

TIME (10* sec)
Fig. 6-Measured settling time of 8-12 GHz VCO
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Solid State
Oscillators

Modulation Sensitivity Ratio: The ratio between 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 modulation
port.)

Frequency Deviation Bandwidth: The peak-peak
frequency deviation obtained for a given peak-peak
voltage swing at the modulation port of a VCO 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
deviation, fr,,, from the oscillator frequency, relative to
the carrier power level and normalized to a bandwidth
of 1 Hz. Typical measured DRO phase noise versus
frequency deviation is shown in Fig. 7. From 10 kHz to
100 kHz, the phase noise of a VCO or DRO has a
nominal 1/f,® dependence. Thus, as shown in the
figure, the phase noise at 100 kHz is approximately
30 dB lower than that at 10 kHz.

Residual FM: The peak-peak frequency deviation of
an oscillator at its —3 dBc points, when measured on
a spectrum analyzer with a resolution bandwidth of

| 1kHz. (See Fig. 8).

5 Temperature Stability: The total oscillator frequency
variation over the rated operating temperature, usually
expressed in ppm/°C.

Pulling: The maximum variation in oscillator
frequency, relative to its frequency when operating
with a matched load, when the output load is rotated

through a full 360° phase change. The peak-peak
variation in oscillator frequency is approximately
twice the pulling figure defined above. By using
the following approximate formula, the pulling
figure may be scaled as a function of the

VSWR:

f
Af peak-peak = '“2(30? (§-1/9)
where f, is the oscillator frequency, Qgxr is the

external Q of the circuit, and S is the load VSWR.

Pushing: The incremental change in oscillator
frequency that results from an incremental change
in power supply voltage.

]
w ©
|l
|
I
I
l

RELATIVE OUTPUT POWER (dB)

v

FREQUENCY

Fig. 8-Residual FM

' SINGLE SIDEBAND PHASE NOISE
-85
'%MM
N
X
~
(4]
S -105
-115
-125
10K 20K 50K 100K
OFFSET FREQUENCY IN Hz

Fig. 7-Measured phase noise of 12 GHz DRO
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Oscillator
Selection Guide

:
PERFORMANCGE HIGHLIGHTS (a1 18 GRz) DTO — DIGITALLY TUNED OSCILLATORS

High Speed: ... .. ..... +12 MHz
within 300 nsec %
kil o 2-18 GHz
Tuning Drift: ........ +3 MHz
within 1 usec
Accuracy: (Including
Temperature) ........ +12 MHz max
Wide Modulation
Bandwidth: ......... 20 MHz min
STANDARD DTOs?
MODEL FREQUENCY RANGE (GHz)
D6020 20to 40
D6026 26to 5.2
D6040 40to 80
D6080 80to 12.0
D6120 12.0to 18.0
High Speed: .......... <410 MHz
Wikiln GQneat VCO — VOLTAGE CONTROLLED OSCILLATORS
Low Post
Tuning Drift: ........ <+3 MHz
within 1 usec
SUPERIOR FREQUENCY STABILITY: 2-18 GHz
Over Temperature . ... <75PPM/°C typ
Load Pulling
| (VSWR=2:1) .......... 1 MHz max
STANDARD VCOs?
MODEL FREQUENCY RANGE (GHz)
V6020 20to 4.0
V6026 26to 5.2
V6040 40to 80
V6080 80to 120
V6120 12.0to 180
EXCELLENT FREQUENCY STABILITY:
Over Temperature: ... 1PPM/°C max
Load Pulling . .. ..... 150 kHz max DRO — DIELECTRIC RESONATOR OSCILLATORS

Power Supply Pushing 4 kHz/V max

|
' SUPERIOR PHASE NOISE: (dBc/Hz) 5-18 GHz
at 10 kHz Offset . . . ... —85 dBc max
at 100 kHz Offset . . . .. —-115dBc typ
STANDARD DROs?
MODEL FREQUENCY RANGE (GHz)
, F5080 5000to 7.999
M5080 5000to 7.999
F5120 8.000 to 11.999
M5120 8.000 to 11.999
F5180 12.000 to 18.000
M5180 12.000 to 18.000 - H
NOTES: 1. Specifications improve at lower frequency. 2.Custom designs available upon request. € {
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MODEL

PARAMETER D6020 D6026 D6040 D6080 D6120
FREQUENCY RANGE (GHz) 2-4 26-5.2 4-8 812 12-18
ACCURACY, Incl. temp. (MHz) +4 +6 +8 +12
FREQUENCY SETTLING®, max (MHz)

within 300 nsec +4 +6 +8 +12
within 1usec +1 2 +3
MODULATION
Bandwidth, min (MHz) DC to 20
Sensitivity variation, max +5%
Frequency deviation bandwidth, min
@ 2V P-P (MHz) 200 260 400 600
RF POWER
Qutput, min (dBm) +10
Variation, incl. temp.and freq. max (dB) £1.5 +20
RESIDUAL FM, P-P @ -3 dBc (kHz2) 50 [ 75 100 150
HARMONICS, max (dBc) -15 [ -40 -30
f/2, 3f/2, max (dBc) N/A -25
SPURIOUS, max (dBc) -60
PULLING, VSWR 2:1 max (MHz) 1
PUSHING, max (kHz/V) 250
NOMINAL LSB® (MHz) 05 | 1.0 | 15
MONOTONICITY Guaranteed
TURN ON TIME, (minutes)
to specified accuracy @ +25°C 2
to specified accuracy @ -54°C )
CONNECTORS
Control/Power 25 pin, D type male®
RF output SMA female
FM input SMC male
POWER SUPPLY REQUIREMENT
Voltage @ Current +15V £0.5V @ 200 mA max

—-15V +05V @ 100 mA max
+5V + 0.5V @ 300 mA max
+28V -4V, +2V@ 1000 mA max

Turn-on current @ 28 volts 3 amps max
ENVIRONMENTAL®
Operating temperature (°C) —54to +85
Storage temperature (°C) -54to0 +125
MECHANICAL DIMENSIONS
Inches 567 x 355 x 1.69
Millimeters 1440x90.2x 429

(1) Af relative to f after 1 sec.
(2) Mating connector furnished

(3) RF section and driver
components hermetically sealed.

(4) 12 Bit TTL input
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VCO

Specifications
MODEL
PARAMETER V6020 V6026 V6040 V6080 V6120
FREQUENCY RANGE (GHz) 2-4 26-5.2 4-8 8-12 12-18
-FREQUENCY SETTLING®, max (MHz)
within 50 nsec +8 10
within 200 nsec +3 +4 +5
within 1usec +1 +2 +3
MODULATION
Bandwidth, min (MHz) 100
Sensitivity ratio, max 3:1
RF POWER
Output, min (dBm) +10
Variation, Incl. temp. and freq. max (dB) +2.5 30
PHASE NOISE, max (dBc/Hz)
@ 100 kHz offset _95 90| -8 -85
HARMONICS, max (dBc) -15 | =40 -30
f/2, 3f/2, max (dBc) N/A -25
SPURIOUS, max (dBc) -60
TEMPERATURE STABILITY, typ (PPM/°C) 5 (100
PULLING, VSWR 2:1 max (MHz) 1
PUSHING, max (kHz/V) 250
CONNECTORS
Power supply Solder terminal
Tuning voltage SMA female
RF output SMA female
POWER SUPPLY REQUIREMENT
Voltage (Vdc) +15 £ 05
Current, max (mA) 150 | B I T
Tuning voltage (Vdc) O0to +20 [ Oto +15
INPUT CAPACITANCE, nominal (pF) 25 30
ENVIRONMENTAL®
Operating temperature (°C) —54 to +85
Storage temperature (°C) -54to +125
MECHANICAL DIMENSIONS
Inches 1.79x1.10x0.45 2.19x1.10x0.45
Millimeters 455x279x11,4 556x279x11,4

(1) Af relative to f after 1 sec.

(2) RF section and driver components hermetically sealed.

AVAILABLE OPTIONS

Option No. Description
2 Drop-In module configuration
49A High Rel screening

(see Table 1 to the right)

TABLE 1: OPTION 49A HIGH REL SCREENING

General Microwave's hermetically-sealed components utilize rugged construc-

tion techniques and hermetic sealing to meet stringent

military requirements

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

accord with the following:

TEST METHOD
Internal Visual 2017.3
Stabilization Bake 1008.2
Temperature Cycle 10105
Mechanical Shock 2002.3
Burn-In 10154
Leak 1014.2/9

CONDITION
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DTO/VCO
Specifications
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MODEL V6120 VCO MODELS V6020, V6026, V6040 AND V6080 VCOs
Wt: 1.94 oz. (55 gm) approx. Wt: 1.27 oz. (36 gm) approx.
CONTROL/POWER CONNECTOR CONTROL/POWER CONNECTOR
Pin. No. | Function Pin. No. | Function
1 +28V 14 +28 V (return)
2 | +28V 15 | +28V (return)
3 Temp. monitor thermistor (VCO) 16 Not used
; Tumngwerd B'” (LSB) 17 | Tuning word Bit 2
6 N ¥ B|!5 a8 SREE
7 = g7 19 B aitg
8 " " oBit9 o R
9 I e 21 50 nhao ic“0" to |
10 Notisad 22 " “  Bit 12 (MSB) (1) Logic “0" to latch
11| +5V (digital) 23 | Latch(® input word.
12 +15V (analog) 24 Digital ground Logic “1" to uniatch
13 | Analog ground 25 | —15V(analog) input word.
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MODELS D6020, D6026, D6040, D6080 AND D6120 DTOs
Wt: 23.1 oz. (655 gm) approx.

@
.

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

MODEL
PARAMETER F5080 M5080 F5120 M5120 F5180 M5180
Fixed Mechanically Fixed Mechanically Fixed Mechanically
TYPE Tuned Tuned Tuned Tuned Tuned Tuned
FREQUENCY RANGE (GHz) 5.000-7.999 8.000-11.999 12.000-18.000
MECHANICAL TUNING RANGE, min (MHz) None | +5MHz None I +10 MHz None | +15 MHz
RF POWER OUTPUT, min (dBm) +13 +10
With OPTION 1 +10 +13 +10
Variation, incl. temp. and freq. max (dB) +1.0 | +15 +10 I $i1.5 +1.0 l 55
PHASE NOISE (dBc/Hz)
at 10 kHz offset max -105 -90 -85
at 100 kHz offset typ -130 -120 —115
2nd HARMONIC, max (dBc) -25 -25 -25
SPURIOUS, max (dBc) -70 -70 -70
TEMPERATURE STABILITY, max (PPM/°C) 1 2 1 2 1 2
PULLING, VSWR 1.5:1 max (MHz) 0.05 0075 0.1 0.15 0.15 0.2
With OPTION 1 0.75 1.000 1.0 150 150 20
PUSHING, max (kHz/V) 2 2 4
CONNECTORS
Power Supply Solder terminal
RF Output SMA female
POWER SUPPLY REQUIREMENT
Voltage (Vdc) +15to +18 +12to +18
Current, max (mA) 150
With OPTION 1 75 60
ENVIRONMENTAL®™
Operating temperature (°C) —54to +85
Storage temperature (°C) —541t0 +125
MECHANICAL DIMENSIONS
Inches 2.09%154x097[2.09%154x1.13(1.77x1.40x0.75|1.77x1.40x091|1.54 x1.18 x0.62|1.54 x1.18x0.77
(Millimeters) (53,1x39,1x24,6)|(53,1%39,1%287) (45,0x35,6x19,1)l(45.0x35,6x23.1) (39,1%300x15,7)|(39,1x30,0x19,6)
(1) AF section and deliver components hermetically sealed.
HOW TO SPECIFY AVAILABLE OPTIONS
1. Specify frequency range. Option No. Description ) .
2. Specify mechanically tuned (M) or fixed tuned (F) 1 Lower cost model available with
3. Specify Model, i.e., F5080 is a FIXED TUNED DRO reduced output power and
with an operating frequency between 5 and 7.999 GHz mcregsed pulling effect
4. Specify desired operating frequency (can be specified 2 Drop-in module gonflguranon
to a resolution of 1 MHz, i.e., 6038 MHz) 49A High Rel screening

(see Table 1, page 159) -m
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DIMENSIONS AND WEIGHTS
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SERIES 5000
Dimensional Tolerances, unless otherwise indicated: .xx + .02; .xxx + 005
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Power Measuring

General Microwave has an extensive product line of
power measuring instruments including thermo-
electric average power monitors and crystal detector
peak power meters, covering the frequency range of
10 MHz to 40 GHz, in both coaxial and waveguide
configurations.

POWER MONITORS

Power Monitors are typically employed in fixed
installations for the continuous measurement of system
power. Incorporating both the rf detector and an instru-
mentation amplifier, they offer cost-effective flexible
solutions to high accuracy and wide dynamic range
power measurements in reliable efficient packages.

The power head design uses thin-film metallic loads to
absorb incident rf power. By constructing the rf load as
a bi-metallic element, vacuum-deposited on a thin
dielectric substrate, pairs of thermoelectric junctions
are created. Half of the junctions are thermally
“sinked” to the transmission line conductors, while the
others are located within the air space between. These
latter junctions constitute almost the entire calorimetric
mass, enabling high sensitivity and fast response time.

The absorption of rf power by the load creates a
temperature difference between the hot and cold
junctions that gives rise to a thermoelectric emf. By
keeping this temperature differential small, the load
acts as a true square-law (rms) device, producing a dc
output voltage directly proportional to the absorbed
power. This voltage is applied to the monitor amplifier
which provides a user-selectable current or voltage out-
put in three remotely selectable 10 dB ranges for a total
30 dB dynamic range.

The Models N425, N426, and N427 Power Monitors
cover the frequency range of 0.01 to 12.4 GHz with full
scale powers of 1, 10 and 100 mW respectively. The
Models N445 and N446 units cover the range of 0.01 to
18 GHz with full scale powers of 10 and 100 mW
respectively. Power monitors in waveguide
configurations covering the X, U, K and A waveguide
bands are also available.

ERRORS AND WHAT TO DO ABOUT THEM

The numerous sources of errors present in the
measurement of microwave power can make an
accurate measurement a somewhat daunting task.
The errors associated with a power measuring device
include its frequency response, mismatch, linearity,
square-law response and noise and drift. With respect
to the former, each GMC power monitor is furnished
with calibration data defining its CAL FACTOR (1) as a
function of frequency. (CAL FACTOR is the normalized

(1) Cal factor, or calibration factor is the ratio of the substitution audio power to the total incident rf power required to produce equal dc

output voltages from the tft power head.

response of the power monitor relative to its perfor-
mance at 1 GHz and includes the effects of detector
inefficiency as well as the mismatch loss when
operating with a matched source.) For GMC power
monitors CAL FACTORS typically run about 93% at

12 GHz and 91% at 18 GHz. Errors due to linearity and
square-law response for GMC power monitors are
usually less than 1% for the former and negligible for
the latter.

Another major contributor to the measurement
uncertainty is the mismatch error. As stated above,
the CAL FACTOR is a correction to be applied when
measuring a matched source. If the source is mis-
matched, inter-reflections between the source and the
power monitor produce an additional error whose
magnitude is a function of the complex impedance of
both the source and load. Because these data vary with
frequency and are usually not available, one usually
assumes the worst case condition which can be
obtained from commonly available mismatch charts
or tables.

The contribution of noise and drift to the measurement
accuracy is obviously a function of the power level
being measured. For GMC Power Monitors, noise and
drift are rated from 0.02% to 0.035% and 0.025%/°C to
0.035%/°C of full scale, respectively, on the least
sensitive range, increasing proportionally on the more
sensitive ranges. For most practical purposes, these ef-
fects can be ignored for measurements made over the
upper 10dB of the monitor’s range.

PEAK POWER METERS

Although laboratory methods for the measurement of
peak power were developed many years ago, it is
only recently that practical commercial instrumenta-
tion for that purpose have become available. In the
absence of a direct reading peak power meter, it has
been the practice to use average power meters and
derive the peak power from the duty cycle. This pro-
cedure was subject to significant uncertainty not only
because of the variability of the pulse

repetition frequency but because the exact shape

of the pulse was difficult to characterize.

Using a combination of broadband Schottky detectors
and high speed digital signal processing, GMC
brought to market its Model 478, the first commercial
digital peak power meter. This instrument is a single
channel instrument capable of not only measuring the
peak power of a pulse at any point along its envelope,
but also can measure pulse width, rise and fall times
and pulse period. These data are all presented digitally
together with a CRT graphical presentation of the
pulse on a linear or logarithmic scale.

Instruments
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Power Measuring
Instruments

The two channel Model 490 performs the same
measurements with the further enhancements of full
color display, automatic parameter measurements,
multiple stored menus, and comparative measure-

I ments between the two input channels. Both

| instruments have full IEEE-488 bus compatibility.

The power heads employed with the Model 478 and
Model 490 Peak Power Meters employ low barrier
Schottky detectors which are subject to the same
sources of error as those described in the section
above, i.e. frequency response, square-law response,
linearity and temperature dependence. Whereas in
the case of the thermoelectric detectors used in the
power monitors, these characteristics are essentially
independent of each other, this is generally not the

case with Schottky detectors. As a result, each peak
power detector used with the Models 478 and 490 is
individually calibrated for all parameters as a function
of frequency and the data are stored in an EEPROM
for use in the measurement process. Whenever a
power head is changed, the EEPROM, mounted
either in the power head or the instrument is
changed as well.

Diode detectors are inherently temperature
dependant, especially when resistively loaded to
achieve a wide video bandwidth. The Models 436,
438 and 439 power heads maintain their diode
detectors at constant temperatures to eliminate
the temperature drift error.
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Power Measuring Instruments
Selection Guide

PEAK POWER METERS

MODEL DESCRIPTION PAGE
478A Single Channel, Automatic Peak Power Meter 171
490 Dual Channel, Automatic Peak Power Meter 166

POWER HEADS (for Model 478A)
FREQUENCY RANGE() RISE/FALL TIME CONNECTOR

MODEL GHz fikas RF PAGE

N436A 0.75-18.0 10 TYPEN

M438A 0.75-26.5 10 TYPEK 171

MK438A 0.75-40.0 10 TYPE K

POWER HEADS (for Model 490)
FREQUENCY RANGE®™ RISE/FALL TIME CONNECTOR

MODEL GHz ee RF PAGE

N439 0.75-18.0 10 TYPEN

M439 0.75-265 10 TYPEK

MKa39 0.75-400 10 TYPEK 163

A439 26.5-40.0 10 UG-599U

POWER MONITORS
MODEL FREQUENCY RANGE POWERRANGE | ACCURACY PAGE
GHz dBm mW

N425D 0.01-124 -10to +10 0.1 to 10 +1%

N426D 0.01-12.4 Oto +20 1 to 100 +1%

N427D 0.01-12.4 -20t0 0 001 to 1 *1% 175

N445B 0.01-18.0 —-20to +10 0.1 to 10 *1%

N446B 0.01-180 0to +20 1 to 100 +1%

(1) Optional lower frequencies available.
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Model 490 Automatic Peak

MODEL 490 PEAK POWER METER
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Power Meter Features

Pulse parameter measurements can be made
without the need for manually positioning
cursors. The Model 490 Automatic Peak Power
Meter will calculate and display the pulse rise
time, fall time, pulse width or period, each with
single key command from the keyboard. If all
four parameters are desired, a single key
command is available for that as well. There is
also a manual cursor system available for
instances when nonstandard definitions of pulse
parameters are required. Pulse parameters are
per IEEE standard definitions.

. Trigger delay: The trigger delay value in the 490

can be applied to each of the two traces
individually or to both simultaneously. This
allows individual alignment of pulses relative to
each other or delay measurements between
pulses. Delay values are displayed on the
screen for each input. Convenient delay
controls are provided using either left/right keys
or numeric input to adjust the trace position.
Desired changes in delay values may be
entered during measurements from the
keyboard.

Normalization: Pulse comparison is most
convenient to perform when the pulses to be
compared are displayed at the same amplitude.
The NORM key permits the operator to
normalize automatically the pulse selected to
the other pulse shown on the display.

Noise reduction: The 490 uses both digital and
analog noise reduction techniques, which can
be used either individually or together and can
be selectively applied to either or both of the
input signals. The digital averaging mode
permits selection through the keyboard of up to
999 sweeps of the trace to be averaged for
enhancement of the signal-to-noise ratio. Where
the measured pulse response is such that the
10 nanosecond response of the 490 is not
required, the extended range function may be
used. This reduces the system video bandwidth
resulting in reduced noise and additional
dynamic range.

The computations and correction for frequency
and amplitude compensation for the power
head response are automatically applied by
entering the operating frequency into the
keyboard. The power meter receives the
frequency and amplitude profile of the power

10.

head from an EEPROM in the power head. If
the operating frequency is entered, the meter
will automatically compute and output the
corrected power values.

Pulse trace storage is another feature of the
490. A pulse can be measured and stored,
available to be displayed by a keyboard
command, for comparison to a new signal being
measured as a second trace. Adjustments can
then be made on the new pulse with easy
comparisons to the stored pulse.

Using the A/B mode makes gain or loss
measurements simple to perform in either linear
or logarithmic units. In the linear mode the 490
indicates the gain/loss as a ratio: in the
logarithmic mode it is indicated in + or — dB.

For hard copy data, the 490 contains an output
to a digital plotter. When the plotter key is
depressed, all of the data on the screen, which
includes the dual trace display and header
information, is fed to a digital plotter for a
permanent record of the measured data.

Short Sweep Cycle (SAMPLE key): The number
of sample points per sweep can be selected
from 1 to 201. Reducing the number of sample
points results in more rapid updating of the
display, thereby enabling higher speed system
operation. Using this feature together with an
external trigger and appropriate trigger delay
value will permit a measurement to be made on
a single pulse.

Provides a 1 GHz 10 mW CW signal at the front
panel for performance verification.

A Help Mode feature has been added to the
Model 490 Automatic Peak Power Meter. This
feature provides information for all the 490 key
functions. To access the Help Mode from the
490 Graph Mode, depress the Help/Delete key.
The Help Mode Index listing will then be
displayed. For additional listings, depress the
cursor arrow (®) key. Enter the desired index
number to the keyboard and depress the enter
key. The selected item will then be defined on
the 490 CRT. This feature permits the operator
to verify any 490 key function and quickly return
to the Graph Mode of operation without
disturbing previously set test parameters.
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Model 490 Dual Input, Dual Trace
Automatic Peak Power Meter

No other power meter can offer you
these features:

e Help Mode:
A Help Mode feature has been added to the
Model 490 Automatic Peak Power Meter. This
feature provides information for all of the 490
key functions.

e Automatic Operation:
Automatically selects optimal time base and
power range.

e Dual Trace Operation:
Presents pulse waveforms of two traces on a
calibrated graphic display.

e Power Measurements:
Automatically measures and digitally displays
peak and instantaneous power values on linear
or logarithmic scales.

¢ Automatic Pulse Parameter Measurements:
Measures rise time, fall time, pulse width and
period with a single command.

e 7" Color CRT Display:
Utilizes 3 colors to provide a clear presentation
of both measured waveforms.

* Intelligent Power Head:
Supplies power meter with appropriate
frequency compensation and square law
correction values along with the measurement
data. May be field calibrated.

¢ Trace Storage:
Can store and display a pulse trace while
viewing a second incoming trace.

¢ GPIB Programmability:
All instrument functions may be controlled via a
GPIB interface making completely automatic
signal acquisition and analysis available.

e Performance Verification:

Instrument is furnished with a built-in 1 GHz
reference oscillator.

The Model 490 Automatic Peak Power Meter with its
associated Model N439, M439, MK439, or A439 Power
Head produces a flexible, powerful, versatile, accurate
and simple to use instrument.

The capability of measuring peak power and
presenting on a CRT both the calibrated microwave
pulse and a digital display of measured power values
was an innovative design concept first introduced with
General Microwave’s Model 478 Automatic Peak Power
Meter. This concept has been further enhanced in the
Model 490, to permit two pulses to be displayed on a
calibrated graph along with the measured values for an
analysis of each pulse. These units offer simultaneous
viewing and pulse analysis of two microwave signals
with pulse widths as small as 15 nanoseconds. The
pulses may be derived from the dual power head inputs
or from one input and a stored reference.

The Model 490 is equipped with a three color CRT
display on which each pulse is displayed in a separate
color providing an unambiguous presentation of both
traces. Pulse parameters such as rise and fall time,
pulse width and period can be measured automatically
with the touch of a single button eliminating the
uncertainty of manually selecting reference power
levels. Gain and loss measurements, in either linear or
logarithmic units, are performed automatically using
the A/B ratio mode.

The instrument has the capability of storing user
programmed setup menus, which permit rapid access
to as many as eight frequently used, desired test
conditions. Total control of all of the features of the
instrument.may be exercised via the keyboard or via
the IEEE-488 General Purpose Interface Bus (GPIB).

The power heads contain an EEPROM which
automatically supplies the power meter with the
appropriate linearity and frequency correction data.
The EEPROMs are field programmable and permit
field calibration of the power heads through the power
meter keyboard or the GPIB.
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Model 490

Specifications
POWER RANGE: POWER SCALE RANGE:
Normal Range:.... -20to +15 dBm with N439 From 0.1 to 20 dBm (or dB)/division or 1uW to
—14to +15 dBm with M439, 2 MW/division in a 1-2-5 sequence.
MK439, A439

Extended Range:.. -30to + 15 dBm with N439
—24 to + 15 dBm with M439,
MK439, A439
PULSE WIDTH:
Normal Range:. ... 15nsecto1secand CW
Extended Range:.. 1.5usecto 1 sec and CW

VIDEO BANDWIDTH AND RISE/FALL TIME
(10-90%/90-10%):

Normal Range:.... 35MHz, 10 nsec
Extended Range:.. 500 kHz, 700 nsec

FREQUENCY RANGE:
0.75 to 18 GHz with N439
0.75 to 40 GHz with MK 439
0.75 to 26.5 GHz with M439
26.5 to 40 GHz with A439

ACCURACY:
See figure 1

MAXIMUM SAFE INPUT POWER:
+20dBm CW, + 30 dBm peak (1usec max pulse
width, 1% duty cycle)

FREQUENCY RESPONSE:

Compensated: .... +0.1dBto 18 GHz

+0.3 dB to 26.5 GHz (M439,
MK439)

+0.3 dB to 40 GHz (MK439)

+0.3 dB 26.5 to 40 GHz
(A439)

+0.3dBto 8 GHz

+0.5dBto 18 GHz

+1.0 dB to 26.5 GHz (M439,
MK439)

+1.5 dB to 40 GHz (MK439)

+1.8dB 26.5to 40 GHz
(A439)

Uncompensated: . .

INPUT IMPEDANCE:
Coaxial models 50 ohms nominal

VSWR:
INABD! 5o o 1.2:1 to 8 GHz
1.4:1 to 18 GHz
M439, MK439..... 1.2:1 t6 8 GHz
1:35:1 to 18 GHz
1.7:1 to 26.5GHz
MK439........... 2.0:1 to 40 GHz
1 L P R 1.44:1 26.5 to 40 GHz

RELATIVE OFFSET RANGE:
From -99.99t0 +99.99dB

TIME BASE RANGE:
From 10 nsec/division to 100 msec/division in a 1-2-5
sequence

TIME MEASUREMENT ACCURACY:

Dependent on Ts (Ts =trigger to sample time)

When: 1 nanosec <Ts <1 microsec

Then: Accuracy = .005% or 2 nsec, whichever
is greater

When: 1 microsec <Ts <1 second

Then: Accuracy = .005% or 10 nsec, whichever
is greater

TRIGGER DELAY RANGE:
From 1 nsec to 1 sec with resolution of 1 nsec

EXTERNAL TRIGGER REQUIREMENTS:

+1.5Vto +5Vinto 50 ohms
300 nsec rise time max

TTL Inputs. . ..o 10 unit load positive pulse

NOMINAL MEASUREMENT TIME:
2 sec@ per trace

INTERNAL TRIGGER LEVEL RANGE:
Normal Range:.... -10to + 15 dBm (N439)
- 5to +15dBm (M439,
MK439, A439)
Extended Range:.. -20to + 15 dBm (N439)
-15to +15 dBm (M439,
MK439, A439)

DISPLAY:

7" CRT with liquid crystal color shutter. Graph area
is 201 horizontal by 151 vertical cells which are
organized into 10 horizontal and 5 vertical major
divisions.

DISPLAY OFFSET RANGE:

Upto2 MW orOto +100 dBm (or dB)

DISPLAY MODES:
Single or Dual Alternate Trace. Input A, Input B,
Memory, A/B or A/IMemory

(1) See description of Power Head Options.
(2) At 201 r P in M. | mode; faster at lower number of
les; slower in Autt tic mode or with wide or low repetition rate pulses.
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Model 490
Specifications

REFERENCE OSCILLATOR:

Frequency: .. ... .. 1GHz + 3%
Power Level:. .. ... 10mW £1%
Connector: ... .. .. Type N
SAMPLES:

Selectable up to 201 per sweep.
IEEE-488 GPIB:

Programmability: Unit is fully programmable via an
|EEE-488 GPIB data bus, to receive commands from
a controller and transmit measured data to other in-
struments on the bus.

Function Subsets: SR1, SH1, AH1, T6, TEO, L4,
LEO, RL1, PPO, DC1 and DT1 are implemented.
PLOTTER OUTPUT:

QOutputs all data on screen via the GPIB interface
using HPGL

SET UP MENUS:

Eight user defined set up menus
PRE-PROGRAMMED TIME PARAMETER
MEASUREMENT FUNCTIONS:

Rise time, fall time, pulse width and pulse period
VIDEO OUTPUT:

Real time buffered output: 750 mV full scale into
50 ohms.

OPERATING TEMPERATURE RANGE:
+15to0 +35°C

POWER REQUIREMENTS:
100, 120, 220 or 240 VAC, + 5%, -10%,
48 to 63 Hz; 150 Watts

POWER HEAD CONNECTOR:

N33 . s Type N, male

M439, MK439..... K CONNECTOR male
SMA compatible.

AA3S . osnmnisay UG-599/U

NOMINAL DIMENSIONS:

Model 490:....... 7.0" (177.8mm) High x 17.0"
(431.8mm) Wide x 18"
(457.2mm) Long excluding
projections

Model N439:...... 1.75" (44.5 mm) dia x 3.20"
(81.8mm) long (including RF
connector) and cable

Models

M439/MK439: . . . .. 1.75" (44.5mm) dia x 2.65"

(67.3mm) long (including RF
connector) and cable

Model A439:...... 2.00” (50.8mm) dia x 5.08"
(129.0mm) long (including
waveguides and isolator)

plus cable

WEIGHT:

Model 490........ 0.5 Ibs. (18.4 kg)

Models

M439/MK439. . .. .. 9.2 0z. (260 g)

Model N439....... 9.5 0z. (269 g)

Model A439....... 210z (594 g)

POWER METER OPTIONS:

Model 490R:...... 19" Rack Mount
Configuration

Option 01:........ Rear Panel Power Head
Inputs

Option 05:........ Rear Panel Reference
Oscillator Output

POWER HEAD OPTIONS:

START iiscie 2 gy VIDEO RISE/FALL
OPTION| FREQ. | N438 | Ma39 | MK438 |BANDWIDTH| TIMES

02 |100MHz| 18GHz |26.5GHz| 40 GHz 4.7 MHz 75 nsec
03 |500MHz| 18GHz | 26.5 GHz| 40 GHz 23 MHz 15 nsec
15 70MHz| 18GHz | 26.5 GHz| 40 GHz 3.3 MHz 107 nsec

04

NORMAL EXTENDED
03 RANGE /‘/ RANGE
02

MEASUREMENT ERROR :dB

T T T T T T T L T T
+15 +10 +5 [+] -5 -10 -15 -20 -25§ -3
INPUT POWER LEVEL 'N dBm
| INCLUDES FREQUENCY RESPONSE - SQUARE LAW DEVIATION AND NOISE**

MEASUREMENT ERROR £ dB

04 -

NORMAL

. EXTENDED
RANGE

e RANGE

02 4

T T T T T T T T T T
+15 +10 +5 0 -5 =10 -15 -20 -25 -30
INPUT POWER LEVEL IN dBm
INCLUDES FREQUENCY RESPONSE . SQUARE LAW DEVIATION AND NOISE""

Fig. 1B-Model 490/M439, 490/MK439, 490/A439 accuracy

‘ Fig. 1A-Model 490/N439 accuracy

* Assumes that operating frequency has been entered into instrument  ** In digital averaging mode with 100 averages
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Model 478A

Automatic Peak Power Meter

INTRODUCTION

The Model 478A Automatic Peak Power Meter, with
its associated Model N436A, M438A or MK438A
Power Head, is a powerful and flexible instrument
designed to measure and display the character-
istics of pulsed microwave signals. In addition to
offering significant improvements in accuracy,
sensitivity and video bandwidth, the instrument
offers full programmability via an IEEE-488 GPIB
data bus for use with computer based automatic
test systems.

POWER METER

Operating with a microprocessor-based sampled
data system, the power meter digitizes the detected
input signal and creates a composite represen-
tation of that signal. All operations may be
controlled locally through a front panel keyboard
with measurement parameters selected from an
initiating menu, or remotely via the GPIB interface.
In the Automatic mode of operation, the input is
displayed on a calibrated graph with machine-
selected time base and power scales. The Model
478A is designed to be calibrated and maintained
in the field. RF calibration can be verified using
CW standards. An internal test routine is included
to facilitate test and circuit calibration, and the time
base is automatically calibrated against a crystal-
controlled clock each time the power meter is
turned on.

POWER HEADS

The Models N436A, M438A and MK438A are
temperature-compensated power heads that
employ low-barrier Schottky diode detectors
mounted on a thin-film substrate. A matching circuit
optimizes both the VSWR and frequency sensitivity.
The standard power head is furnished with a five
foot cable. Other lengths are available on special
order.

Each power head is supplied with a customized ROM to

b

for the individual power head square-law deviation and
frequency response characteristics.

APPLICATIONS

In addition to the absolute measurement in linear (watts) |

0

e installed in the Model 478A which then compensates

r logarithmic (dB) units of peak power, referred to the |

input of the power head, the Model 478A can be used in
the following measurement procedures:

Relative power measurements (in dB mode):
To make gain or loss measurements with respect
to an arbitrary reference.

Measurement of transient and steady state
VSWR: To characterize system performance .
under “hot switching” as well as “dwell”
intervals.

Measurement of a selected pulse ina
repetitive burst: Trigger delay can be preset to
select any pulse train for display with optimum
resolution.

Measurement through directional couplers or
other lossy devices: By using the Relative
Offset feature, the de-coupling factor is added to
the measured levels to provide a correctly
scaled power indication.

Measurement of power versus frequency:
The unit can be configured in conjunction with
suitable external test equipment to display the
frequency response characteristics of pulsed or
CW signals.

RETTETTRgg v em—
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Model 478A
Features n

e Automatic Operation:
The time base and power scale are
automatically selected to characterize and
obtain the best presentation of the pulse
being measured.

e Manual Operation:
The keyboard control permits selection of the
desired time base and power scale.

e Built-In Display:
A 7" CRT presents a calibrated display of the
detected signal as well as an alpha-numeric
readout of amplitude and time. Peak power and
instantaneous power values are digitally
displayed at up to three different selectable
times in either linear or logarithmic units by the
use of a novel three-cursor system. Pulse rise
and fall times, pulse width and pulse period
are also digitally displayed via a time interval
measurement between selectable pulse
power levels.

¢ Menu Mode:
A prompted menu permits selection of
Automatic or Manual operation, trigger source,
Trigger Delay, internal trigger level, time base,
power scale, Relative Offset, Display Offset,
Normal or Extended Range, local or remote
IEEE-488 GPIB operation, and operating
frequency for optimum accuracy
compensation.

¢ Frequency and Amplitude Compensation:
The Model 478A automatically corrects for
square-law deviation and frequency response
characteristics of the power head at the
operating frequency.

e Short-Sweep Cycle:
The number of sample points per sweep can
be selected from 1 to 201. Reducing the
number of sample points results in more rapid
updating of the display, thereby enabling
higher-speed system operation.

Digital Averaging:
Enhances low level signal-to-noise ratio by a
factor of up to 10:1.

Relative Offset:
Automatically scales display to compensate for
external gain or loss.

Display Offset:

Permits a vertical shifting of the display for
more detailed examination of the measured
pulse.

Trigger Select:

Gives choice of internal or external triggers or
CW operation in both Automatic and Manual
modes.

Trigger Delay:

Delayed trigger capability provides pulse
sampling flexibility.

Hold Mode:

Retains display for further analysis after signal
input has been removed.

Video Output:

Provides real time-buffered output of the
detected waveform via rear BNC connector.

XY Recorder Output:

Provides horizontal and vertical outputs and
pen lift command; associated switch
compensates for a variety of recorder
characteristics.

IEEE-488 GPIB Programmability:

Permits use of unit as part of an IEEE-488
GPIB system to receive commands from a
controller and transmit measured data to other
instruments on the bus.

Overload indication:

Automatically indicates that input to power
head has exceeded +15 dBm.
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Model 478A
Specifications

POWER RANGE:
Normal Range:. ... -20to + 15 dBm with N436A
-14 to +15 dBm with M438A,
MK438A
Extended Range:.. -30to + 15 dBm with N436A
—24 to +15 dBm with M438A,
MK438A

PULSE WIDTH:
Normal Range:.... 15nsecto 1 sec and CW
Extended Range:.. 1.5pusecto 1secand CW

VIDEO BANDWIDTH AND RISE/FALL
TIMES (10-90%/190-10%)

Normal Range:. ... 35 MHz, 10 nsec
Extended Range:.. 500 kHz, 700 nsec

FREQUENCY RANGE™:
0.75 to 18 GHz with N436A
0.75 to 26.5 GHz with M438A
0.75 to 40.0 GHz with MK438A

ACCURACY:
See Fig. 1

MAXIMUM SAFE INPUT POWER:
+20 dBm CW, +30 dBm peak (1 yusec max pulse
width, 1% duty cycle)

FREQUENCY RESPONSE
Compensated: . ... +0.1dBto 18 GHz
+0.3 dB to 26.5 GHz (M438A,
MK438A)
+0.3dB to 40.0 GHz
(MK438A)
Uncompensated: .. +0.3dBto 8 GHz

+0.5dBto 18 GHz
+1.0 dB to 26.5 GHz (M438A,

MK438A)
+1.5dB t0 40.0 GHz
(MK438A)
INPUT IMPEDANCE:
50 ohms nominal
VSWR
N436A:........... 1.2:1t0 8 GHz
1.4:1t0 18 GHz
M438A: .......... 1.2:1t0 8 GHz
MK438A: . ........ 1.35:1to 18 GHz

1.7:1t0 26.5 GHz
2.0:1t0 40.0 GHz

POWER SCALE RANGE:
From 0.1 to 20 dBm (or dB)/division of 1 uW
to 2MW(/division in a 1-2-5 sequence

$1 See description of Options 02 and 03.
2) At 201 samples per sweep in Manual mode; faster at lower number of
samples; slower in Automalic mode or with wide or low repetition rate pulses.

RELATIVE OFFSET RANGE:
From —99.99 to +99.99 dB

TIME BASE RANGE:
From 10 nsec/division to 100 msec/division in a 1-2-5
sequence

TRIGGER DELAY RANGE:
From 1 nsec to 1 sec with resolution of 1 nsec

EXTERNAL TRIGGER REQUIREMENTS:
+ 1.5V to +5V pulse into 50 ohms

TRIGGER DELAY UNCERTAINTY
For delays up to

1 usec:......... 2 nsec max.
For delays above
1 usec:......... 10 nsec max
INTERNAL TRIGGER LEVEL RANGE:
Normal Range:.... -15t0 + 15 dBm with N436A
-10to + 15 dBm with M438A,
MK438A

Extended Range:.. -25to + 15 dBm with N436A
—-20 to + 15 dBm with M438A,
MK438A

NOMINAL MEASUREMENT TIME:
2 seconds(@

SELF-CONTAINED DISPLAY:

Built-in 7" CRT. Graph area is 201 horizontal
by 151 vertical cells, which are organized into
10 horizontal and 5 vertical major divisions

DISPLAY OFFSET RANGE:
Upto2 MW or Oto + 100 dBm (or dB).

SAMPLES:
Selectable up to 201 per sweep.

IEEE-488 GPIB

Progammability: Unit is fully programmable via an
IEEE-488 GPIB data bus to receive commands from
a controller and transmit measured data to other
instruments on the bus.

Function Subsets: SRI, SHI, AHI, T6, TEO, L4, LEO,
RLI, PPO, DCI and DTI are implemented

Video Output: Real time buffered output; nominal
375 mV full scale into 50 ohms.

X-Y Recorder Output: Horizontal and vertical
outputs of + 10V full scale and pen lift command via
contact closure.

OPERATING TEMPERATURE RANGE:
+15to +35°C
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Model 478A
Specifications

POWER REQUIREMENTS:
100, 120, 220 or 240 VAC, + 5%, -10%:;
48 to 63 Hz; 150 watts

POWER HEAD CONNECTOR

N436A: .......... Type N, male
M438A, MK438A:.. Type K, male
SMA compatible.
NOMINAL DIMENSIONS
Model 478A:. ... .. 7.0" (177.8mm)Hx 17.0"

(431.8mm) Wide x 18"
(457.2mm) Long excluding
projections

Model N436A:. .. .. 1.27" (32.3 mm) dia x 3.01"
(76.5mm) long (including RF
connector) plus 5-foot

umbilical cable assembly.
Models
M438A, MK438A:.. 1.25” (31.8 mm) dia x 2.50"
(63.5 mm) long (including RF
connector) plus 5-foot

umbilical cable assembly.

WEIGHT:
Model 478A:...... 39.5Ibs. (17.9 kg)
Model N436A:. .. .. 9.0 oz. (255 gm)
Models

M438A/MK438A:. . 8.7 oz. (247 gm)

POWER METER OPTIONS

Model 478AR:. .. .. 19" Rack Mount
Configuration

Option 01:. ... .. .. Rear Panel Power Head Input

POWER HEAD OPTIONS

Option 02:........ Frequency range: 100 MHz

to 18 GHz for N436A, 26.5
GHz for M438A or 40 GHz for
MK438A

Video Bandwidth: 4.7 MHz
Rise/Fall Times: 75 nsec

Option 03:........ Frequency range: 500 MHz
to 18 GHz for N436A, 26.5
GHz for M438A or 40 GHz for
MK438A
Video Bandwith: 23 MHz
Rise/Fall Times: 15 nsec

NORMAL EXTENDED
RANGE //MNGE

BN |

MEASUREMENT ERROR :dB
o
~
1

T T T T
+1S +10 5 o

T T T T T T
-5 -1 -1 -20 -25 -30
INPUT POWER LEVEL IN dBm

Fig. 1A-Model 478A/N436A accuracy

INCLUDES FREQUENCY RESPONSE". SQUARE LAW DEVIATION AND NOISE""

MEASUREMENT ERROR +dB

04

o A e

02

01 -

2 Lr—ﬁ—v——r—r—‘r—rﬁ—v-‘r-*
415 410 45 0 -5 -10 -15 -2 -25 -30

INPUT POWER LEVEL IN dBm
INCLUDES FREQUENCY RESPONSE ‘. SQUARE LAW DEVIATION AND NOISE"*

Fig. 1B-Model 478A/M438A, MK438A accuracy

* Assumes that operating frequency has been entered into instrument

** In digital averaging mode with 100 averages
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Models N445B, N446B, N425D, N426D, N427D
Integrated Thermoelectric Power Monitors

These power monitors are compact, integrated
assemblies of thermoelectric power sensors and dc
amplifiers specially designed for system power
monitoring at local or remote locations. Small size
and light weight make them ideal for difficult systems
packaging requirements, and choice of readout type
and location is flexible—all this is accomplished
without sacrificing high accuracy, excellent stability or
economy.

Modulated, pulsed, or cw signals from 0.01 to 18 GHz
are measured over a 30 dB dynamic range covered in
three convenient decade steps. Power levels as low
as — 30 dBm (1uW) and as high as +20 dBm

(100 mW) can be measured. Provisions for remote
range selection and zero setting are included.

The monitor output is a dc analog signal which may
be connected to readouts in either a constant current
or constant voltage mode, directly scaleable in
milliwatts. The constant current output is

1 milliampere full scale, and the constant voltage
output is adjustable up to — 10 volts full scale. For
remote readout distances up to many hundreds of
feet, the constant current connection provides a
stable reading free from errors caused by long wire
resistance values. Where the readout device is a
voltmeter, or for such applications as sweep
generator leveling, the constant voltage mode of
operation is available.

The carefully designed amplifier section, when
combined with the excellent stability of the
thermoelectric power sensor, assures exceptionally
low noise and drift. A wide operating temperature
range of —55°C to +85°C is also featured.

The Type N rf connector conforms to MIL-C-39012,
and the dc and signal output connector mates with a
furnished MS3116E plug connector. Rugged
construction is featured throughout.

ACCESSORIES

TOOL KIT MODEL TK-1

The Model TK-1 contains all the special tools
necessary for field replacement of tft elements in
all GMC integrated thermoelectric power monitors.

* Amplifier and power sensor in a single,
compact package

* 0.01 to 18 GHz frequency range

¢ 30 dB dynamic power range

* +19% accuracy

e —55°C to +85°C temperature range

® 0.02% F.S. (p-p) noise

* 0.005% F.S./°C drift

Models N445B, N446B: 0.01 to 18 GHz
Models N425D, N426D, N427D: 0.01 to 12.4 GHz

TK-1
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Models N445B, N446B, N425D, N426D, N427D
Specifications

MODEL N445B N446B N425D N426D N427D
Frequency Range 0.01to 18 GHz 0.01to 12.4 GHz
Full Scale Ranges: dBm | MW | dBm | mW | dBm | mW | dBm | mW | dBm | mW
Range 1 +10 10 +20 100 +10 10 +20 100 0 1
Range 2 0 1 +10 10 0 1 +10 10 -10 | 01
Range 3 -10 0.1 0 1 -10 0.1 0 1 -20 | 001
Input Impedance 50 ohms
Max. VSWR 1.35" to 10 GHz;
1.6 from 10 GHz to 18 GHz 1.5@
Accuracy® + 1% of full scale
Operating Temperature Range | -54°C to +85°C”| -54°C to +85°C®| -54°C to +85°C7| -54°C to +85°C®| -54°C to +85°C*
Zero Drift® 0005% FS./°C 001% FS./°C
Noise" 002% FS. (p-p) 0.035% FS. (p-p)
Element Temperature Sensitivity 0.1%/°C
Field-Replaceable Elements TL-4A TL5 M0BUS ot Sl TR = el iT108
CW Overload Rating® 300% 200% 300%
| Ma:ésp.“és&f";:gy = 5 30 15 150 15
Mcw 1 15 3 30 03
' |Max. Pulse Duration at
+25°C (usec)® 5 2 5
Max. dc Voltage (volts) 10 30 10 | 30 [ 3
Output:
Current Mode 1 mA full scale, each range
Voltage Mode -10 volts full scale (maximum), each range
Power Supply Requirements +6V to + 18V, 10 mA, 0.1% regulation
Weight 8 0z. (227 gm.)

ENVIRONMENTAL RATINGS

Shotk = .« . s siwaiines b MIL-STD-202F, Method Altitude . ............ MIL-STD-202F, Method
213B, Cond. B (75G, 105C, Cond. B (50,000 ft.)
6 msec) Temp. Cycling ........ MIL-STD-202F, Method

Vibratioh .. ccs &5 smen MIL-STD-202F, Method 107D, Cond. A, 5 cycles

204D, Cond. B (.06"
double amplitude or 15G,
whichever is less)

(1) Except in the range from 0010 to 0.015 GHz, where VSWR may rise to 1.5.

(2) Except in the range from 0.010 to 0.015 GHz, where VSWR may rise to 1.75.

(3) Excluding RF calibration error.

(4) On least sensitive range. Proportionately more on lower power ranges.

(5) At maximum pulse power.

(6) While the units will take overloads for short periods of time, extended periods of operation at overload levels may result in permanent change
in the element characteristics or even burnout. Maximum care should be exercised to avoid such an occurrence.

(7) Derate at 0.2 mW/°C from +60°C to +85°C.

(8) Derate at 1.4 mW/°C from +50°C to +85°C.

(9) Derate at 0.02 mW/°C from +60°C to +85°C.
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Models N445B, N446B, N425D, N426D, N427D
Specifications

MS3116E14-15S (FURNISHED)

e

—< A & To! +15VDC, 10 mA PS

25K, 10T
ZERO

|

—_< B & o —~15VDC. 10mA PS —0

y

< u;néx E,D**OR Red"*
%———‘ - VOLTAGE OUTPUT

—
R
Least Sensitive
___< G %O
— < H&E—

Range Select

Most Sensitive

.
— K

PIN | N445B, N425D | N446B, N426D N427D
G +10dBm +20dBm 0dBm
0dBm +10dBm -10dBm

J -10dBm 0dBm -20dBm

* When voltage output is used, connect resistor (Rcd) between
pins C and D. Output 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 ohms.

TYPICAL SET-UP FOR OPERATION

DIMENSIONS
- 2.03" (51,6) A
B
I
o
|
S

Dimensions
Unit A B
N4458B,|  3.60" 2.60"
N446B | (91.4) (66,0)
v (24 | 00
N427D
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Radiation Hazard Measuring Systems

INTRODUCTION

General Microwave RAHAM™ Radiation Hazard
Meters detect and measure potentially hazardous
non-ionizing electromagnetic energy radiating from rf
and microwave sources. They are designed to monitor
a wide variety of systems — military, industrial and
commercial — which may expose personnel to such
conditions. Typical of these are microwave ovens,
medical equipment, radar installations, microwave
heaters and dryers, communication systems, and
electronic warfare systems.

This tutorial provides introductory material to
personnel with a working knowledge of elementary
electromagnetic theory. It contains an interpretation of
safety standards, reviews the meaning of different
units of measurement and outlines the design
concepts used in General Microwave instruments.

The determination of a safe electromagnetic radiation
level is a complex matter. During the past two
decades a number of U.S. and foreign governmental
and independent standardization committees have
promulgated such standards. Their diversity reflects
the complex nature of the problems involved. In
establishing safety levels, consideration must be
given to a large number of physical and biological
factors, including frequency of radiation, ratio of
energies stored in the local electric and magnetic
fields, polarization, relative location of grounded
surfaces, modulation characteristics of the field as
well as the exposure time. These efforts to establish
appropriate safety levels have spurred a whole field of
analytical tools and biological studies.'

The three common units of measurement for
characterizing electromagnetic energy are power
density in mW/em?, electric field (“E-field”) in Vim and
magnetic field (““H-field”) in A/m. At sufficiently large
distances from the source of radiation, the E-field and
H-field components have a fixed mathematical
relationship. Thus, the measurement of any one of
these units in free space is sufficient to determine the
radiation level and derive the other two. At frequencies
nominally above 1 GHz, most radiation fields are of
this character, known as the free space condition.
The free space relationships are given in the
following table:

TABLE 1
To convert:
power density P in mW/cm? to electric
field E in V/m: E=614VP
power density P in mW/cm? to
magnetic field H in A/m: H=0.163VP

Prentice-Hall, 1990.

In most cases, to fully characterize electromagnetic
energy at lower frequencies i.e. below 1 GHz, both
E-field and H-field components need to be known.
Some standards below 300 MHz, have a separate
safety level for each field component. In such
instances, the E-field safety levels are the more
stringent of the two. Thus measuring E-field alone is
usually sufficient to determine if a safe radiation level
is present. However, there may exist conditions,
particularly in the proximity of large metal surfaces,
or within conducting coils, where the propagating
electromagnetic energy is stored predominantly in
the H-field.

ANSI| AND NRPB STANDARDS

Among the more widely accepted safety standards
are those established by the American National
Standards Institute (“ANSI”), C95.1-1991, and the
National Radiological Protection Board (“NRPB"’),
NRPB-G11, of the United Kingdom. The current
E-field safety levels contained in these standards
are shown in Fig. 1 in terms of equivalent power
density in mW/cm?. Each of the two standards
establishes different safety limits for the general
public and industrial environments. Of particular
significance is the 10 to 300 MHz frequency range,
where the limits are most stringent, especially for
the general public, and are set to an equivalent
power density of 0.2 mW/cm?. At higher frequen-
cies, the limits are as high as 10 mW/cm?2, whereas
at frequencies below 3 MHz, the limits are set to
100 mW/cmz2.

For general applications, a radiation meter should
operate over a frequency bandwidth of many
decades and be capable of measuring power densi-
ty levels from below 0.2 mW/cm? to above 100
mW/cm?2. General Microwave produces a series of
broadband Radiation Hazard Meters, a number of
which span more than five decades of frequency
with 40 dB dynamic range. Other products are
designed for narrower ranges of operation to suit
specific applications more economically.

THE RELATIONSHIP OF ELECTRIC AND
MAGNETIC FIELDS TO POWER DENSITY

An electromagnetic field has a complex time-space
relationship between its electric and magnetic com-
ponents. Although it is beyond the scope of this
tutorial to define this relationship generally, it
should be useful to present the specific case of
free space electromagnetic radiation, in which the
relationship reduces to a relatively simple form.

(1) A comprehensive review of these issues is presenlted in “Biological Effects and Medical Applications of Electromagnetic Energy’, OM P. Gandhi, Editor,




Radiation Hazard Measuring Systems
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Fig. 1-1991 ANSI (U.S.) and 1988 NRPB (U.K.) E-Field Safety Standards
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The E-field and H-field vectors of a radiated elec- The magnitudes of the field components are related
tromagnetic wave in free space are perpendicular through the free space impedance Z,,

with respect to each other in a plane transverse to |E |

the direction of propagation, as illustrated in Fig. 2. Z,=—=120n

[HI
At any given time, the magnitudes of both field

components vary sinusoidally along the direction of
propagation, with a periodicity corresponding to the
wavelength 4, and are spatially invariant in the
transverse direction. Conversely, at a fixed position,
the amplitudes of the field components vary
sinusoidally at the rate of the transmitting frequen-
cy f. The frequency f and the wavelength 4 are
related via the free space velocity ¢, of the pro-
pagating wave by

Co = Aemfan: = 30cm/nsec

UNIT

TRANSVERSE AREA

DIRECTION

DIRECTION OF
PROPAGATION

SPEED OF PROPAGATION
C=30cm/nsec

Lr‘— WAVELENGTH A -1|

Fig. 2-E- and H-Field Relationships of an Electromagnetic
Wave in Free Space

In general, the incident power density is derived by
integrating the magnitude of the E-field and H-field
vector product over a unit area in the transverse
plane. In the free space case, the magnitude of the
field components can be directly related to the inci-
dent power density P,,. by

p=JfIExH] as = 1EL

transverse Zs
plane

= |HP2Z,

p

All RAHAM instruments include a display calibrated
in units of incident power density. Historically, this
has been the most common method of defining
potentially hazardous fields. However, RAHAM
probes do not measure this quantity directly, but
rather are designed to measure the magnitude of
the electric field and display the result in equivalent
incident power density using the free space
relationship described above. The E-field measure-
ment is preferred to an H-field measurement since
it permits the realization of products with broader

frequency and dynamic ranges.




Radiation Hazard Measuring Systems

The relative significance of the E-field and H-field
as a biological hazard has been extensively studied
by many workers in the field. There is still con-
siderable on-going research and investigation of
biological response to non-ionizing radiation ex-
posure. For further information, the reader can con-
sult the reference cited above as well as many
other sources.

SENSOR DESIGN

General Microwave radiation meters employ electric
field sensors, made of narrow conductive or resistive
strips. Conceptually, their theory of operation can
be analyzed by the “'short dipole’ method or *“‘long
resistive strip” method, respectively. These are
illustrated in Fig. 3.

The former method, Fig. 3a, is employed at fre-
guencies whose wavelength 4 is much greater than
the dipole length L. The key characteristic of this
method is that the magnitude of the induced cur-
rent has a triangular distribution along the dipole.
The peak current at the center of the dipole is
proportional to the frequency, «, of the elec-
tromagnetic signal. Since the phase of the E-field
lags the phase of the induced current by 90°, there
is, nominally, no absorbed energy by the dipole. In-
stead some of the incident energy is reflected
through the displacement current, whose distribu-
tion is complementary to that of the induced cur-
rent. RAHAM sensors of this type are designed to
reflect less than 5% of the incident power within
the capture area of the dipole (=L2). As long as the
dc resistance of the short dipole is lower then the
associated antenna reactance, the induced current
distribution is not affected. (A resistive strip that
meets this criterion will also operate in this mode.)

The "'long resistive strip’”’ method, Fig. 3b, used at
frequencies where the strip length L is comparable
to or greater than the wavelength 4, is characterized
by a virtually uniform distribution of the magnitude
of the induced current along the length of the strip.
This current is in phase with the E-field and conse-
quenly dissipates some energy along its length. All
RAHAM resistive strip sensors have been designed
to absorb about 5% of the incident power within
their capture area.

General Microwave has pioneered the resistive strip
antenna design. Additional details of this design
can be found in papers published by Hopfer? and
Hopfer and Adler?.

DETECTION PROCESS
One important requirement of a sensor design is that

it must minimally perturb the measured rf field. For
this reason the sensor is usually separated from the
instrumentation and connected via high resistance
feed lines. Because the rf currents cannot travel along
such feed lines efficiently, the induced current is con-
fined to the sensor where it is converted to a dc
voltage. General Microwave employs either a thermo-
couple array or a Schottky diode as detecting
elements. These are illustrated in Fig. 4.

The thermocouple array, shown in Fig. 4a, is
comprised of alternate thin film segments of
thermoelectrically dissimilar metals, forming a long
resistive strip. The thin film array is mounted between
a pair of thermally conductive dielectric wafers to
enhance the detector sensitivity. As a result of the
power dissipated by the induced rf current, a thermal
gradient arises across each thermocouple junction.
By keeping the temperature " fferential small, the
detector acts as a true rms device, thus producing a
dc output voltage directly proportional to the rms
value of the induced current which in turn is

E FIELD
™ POLARIZATION
CONDUCTIVE OR
—=Ic RESISTIVE STRIP
|n7L<< X———-Ii
[Icl "
Io w_l
o} L It

2

Io — INDEPENDENT OF w
w) — DESIGN CONSTANT

(a) SHORT-DIPOLE AND ITS CURRENT DISTRIBUTION

RESISTIVE STRIP
—=Ic

|.—sz__.{

“llcl

:IQ -INDEPENDENT OF w

(¢] L L

2

{b) LONG RESISTIVE STRIPAND ITS CURRENT DISTRIBUTION

Fig. 3-Modes of Operations Used in RAHAM Probes

(2) “The Design of Broad-Band Resistive Radiation Probes’; S. Hopfer; Nov. 1972 IEEE Trans IM-21, pp 416-421.

(3) “An Ultra Broad-Band (200 KHz-26 GHz) High-Sensitivity Probe', S. Hopfer and D. Adler; Dec. 1980 IEEE Trans. Vol IM-29, pp 445-451.
To obtain a copy of these papers, please write to Dept. C., General Microwave Corporation, 5500 New Horizons Blvd., Amityville, NY 11701.
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Radiation Hazard Measuring Systems

proportional to the incident power density. This
scheme is applicable above 300 MHz and is used in
RAHAM probe Models 81, 83, 91 and 93.

Models 82, 87, 92 and 97 use the short dipole method
of Fig. 3a. To compensate for the frequency
dependence of the induced current, a sufficiently
large capacitance C, is inserted at the dipole center,
parallel to the high impedance Schottky diode,
illustrated in Fig. 4b. Since the reactance across C, is
inversely proportional to w, the resulting rf voltage
across the diode remains constant. By keeping this rf
voltage within the square law range of the Schottky
diode, a frequency independent dc voltage
proportional to | E|? is generated. This scheme

is useful only up to about 3 GHz.

Models 84, 94 and 95 employ a similar scheme,
except a resistance R, is added in series with
capacitance C, in the shunt network as seen in
Fig. 4c. The addition of the resistance R, provides
a frequency independent rf voltage at higher
frequencies, which is limited only by the parasitic
inductance and capacitance associated with the
detection circuit at high frequencies.

DIRECTIONAL RESPONSE

In a typical environment, information about the
polarization of the electric field is usually not
available. In an orthogonal x-y-z- system, the
magnitude of the electric field E is related to its three
axial components E,, E, and E, by

lEI? = |EJ* + |E,|* + |EJP

An isotropic probe design employes a set of three
sensors arranged in an orthogonal x-y-z configuration.
Since each sensor produces a dc voltage proportional
to the square of the magnitude of the projected
component, the sum of all three voltages results in an
output proportional to | E | and, therefore, to the
power density, P,.., regardless of the probe
orientation. All RAHAM probes employ this isotropic
arrangement except Models 81, 82, 91 and 92.

In those applications where the direction of
propagation is known, an orthogonal arrangement of
two sensors is sufficient to measure the field, as long
as the E-field is polarized in the plane of the sensors.
This is the design approach used in the anisofropic
Models 81, 82, 91 and 92.

Other factors may affect the directional response of a
multi-sensor probe, such as scattering due to the
sensors, the dc summing network, feed lines, the
mechanical arrangement housing the probe assembly
and linearity errors. In practice, the summing network,
feed line and housing are the most demanding
aspects of an effective probe design.

LINEARITY ISSUES

Useful dynamic range is limited by linearity errors
inherent in the detection process. The thermocouple
array displays a near-intrinsic square-law response up
to its burnout level. In addition, because of its
relatively slow response time, it is insensitive to
modulation including very low duty cycle signals such
as are found in many radar systems. Unfortunately, it
is limited in sensitivity and for practical purposes
cannot be operated at frequencies below 300 MHz.

Schottky diodes exhibit a significantly more limited
square-law range and may give rise to substantial
errors when measuring fields with a low duty cycle.
RAHAM probes using Schottky diodes have been
designed to allow a maximum of 1 dB linearity error in
cw fields. However, in those cases where the
measured field is modulated, the magnitude of this
error may increase considerably giving rise to an
indicated power density lower than the actual value.
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HOT JUNCTION

LOW AND HIGH THERMOELECTRIC CONSTANTS
(a) THIN FILM THERMOELECTRIC ARRAY
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>
T —— _ RESISTIVE FEEDLINE

o
DETECTED
VOLTAGE

(b) SCHOTTKY DIODE WITH SHUNT CAPACITANCE
—=I
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A
—l>+—-zzzzzzzz£
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{c) SCHOTTKY DIODE WITH SHUNT RC NETWORK
Fig. 4-Detection Schemes Used in RAHAM Probes
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FREQUENCY AND DYNAMIC RANGE

Both the frequency and dynamic range of broadband
RAHAM probes produced by General Microwave
make them suitable for a number of applications.
Some may require the measurement of high power
fields over a narrow frequency range, while in other
cases broad frequency range at low power level must
be monitored. To compare the capabilities of various
RAHAM probes to the most widely used safety
standards, the frequency and dynamic ranges* of
each model are superimposed on the ANSI and
NRPB safety limit curves in Fig. 1.

The isotropic Models 83 and 93 and anisotropic
Models 81 and 91, provide coverage from 300 MHz up
to 18 GHz from 0.2 to 200 mW/cm?. These models are
specifically suitable for low duty cycle fields and
environments with multiple sources such as
communication systems and electronic warfare
systems.

The anisotropic Models 82 and 92 are low cost units
covering 10 MHz to 3 GHz, which covers a number of
common applications such as medical equipment,
microwave heaters and dryers as well as microwave
ovens. In all these instances the source of the
radiation is known; thus the anisotropic design is
adequate.

Isotropic Models 84 and 94 cover over 17 octaves in
frequency range and are capable of measuring fields
as low as 0.002 mWi/cm?. They are suitable for general
surveillance, safety verification of general public and
industrial sites as well as measurement of low level
interference fields. Due to their high sensitivity, they
may also be suitable for EMI and EMC applications.

Model 95 is similar to Model 94, except its maximum
power range is extended 10 dB and its sensitivity is
reduced by 10 dB. The high level 200 mW/cm? range
suits this model for stronger field applications that

|  may exist at industrial and military sites. As seen in
Fig. 1, this product is capable of measurements within
all ANSI and NRPB safety levels over its 200 KHz to
40 GHz frequency range.

Models 87 and 97 are low frequency, low cost versions
of Models 84 and 94 respectively. Their upper
frequency is limited to 1.2 GHz.

INSTRUMENTATION

All General Microwave RAHAMs ceonsist of a power
density meter, one or more probes, an extension
cable, and a carrying case, and all are portable and
battery operated. The probe output is applied to a
high gain, low noise, solid-state amplifier which is

packaged in an instrument case with a self-contained
meter calibrated to read power density directly.

In normal operation, the user has the option of
mounting the probe directly on the power density
meter or interconnecting the probe and meter with the
extension cable. While the directly connected probe
offers convenient one-hand operation, the extension
cable allows the operator greater flexibility in probing
for radiation fields in awkward or less accessible
locations. It also permits him to more readily shield
himself in potentially hazardous radiation fields.

Models 1, 2, 3, and 12 utilize Meter 481B and Probes
81A, 82 and 83A. Models 4C and 7 utilize Meter 484
and Probes 84C and 87.

The RAHAM Models 10, 20, 30, 40, 50 and 70
comprise the latest line of Radiation Hazard
Measuring Systems. These units employ a new and
more versatile instrument, the Model 495, which is
capable of utilizing both isotropic and anisotropic
probes over a wide dynamic range. All of these
systems are supplied with a battery charger and a
carrying case.

PERSONAL DOSIMETERS

The most recent addition to the radiation hazard
meter product line of General Microwave is a series of
battery-powered pocket size personal dosimeters, the
Models 60, 65-1 and 65-5 RF Badges. These units,
which are intended to be carried in a shirt or jacket
pocket or clipped to one’s clothes or belt, continuously
monitor the area in which the user works and produce
an audible and visual alarm whenever the electro-
magnetic field exceeds a preset level.

The rf detector, which is the same in all three models
of the RF Badge, consists of an orthogonal pair of
thermocouple arrays similar to those used in the
isotropic Models 83 and 93. Anisotropy is limited to
E-fields with a component normal to the broad face of
the instruments, and should normally not prove to be
a limitation, especially if the user is in motion. The
instrumentation is housed within the assembly and is
well shielded to minimize interaction with the rf
detectors.

The Model 65 only provides an alarm level which is
factory preset to 1 mW/cm? and 5 mW/cm? for the
Model 65-1 and 65-5 respectively. The Model 60 not
only permits the user to set the alarm to any level
within the operating range of the instrument, but it
also provides a direct readout of either instantaneous
power density or the power density averaged over the
preceding six minutes. All RF Badge models employ
continuous built-in self testing to warn the user of an
equipment malfunction.

(4) The dynamic range shown is from the maximum rated operating power to 10% of full scale of the most sensitive range.
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Selection Guide

RF BADGE: PERSONAL DOSIMETERS
POWER RANGE
MODEL FREQUENCY RANGE mW/em2 RESPONSE PAGE
60 1-18 GHz 0.1 to 20 Directional
65-1 1-18 GHz 1 Directional 184
65-5 1-18 GHz 5 Directional
HIGH PERFORMANCE MODELS
e Ultra-broad frequency range
¢ Instantaneous and 6 minute average measurements
¢ Hazard level alarms
¢ One hand operation
* Low weight, small size
e Battery/line operation .
MODEL FREQUENCY RANGE Po‘ﬁ'“E\,v",?:{‘GE RESPONSE PAGE
10 300 MHz - 18 GHz 02 to 200 Directional
20 10MHz - 3GHz 0.2 to 200 Directional
30 300 MHz - 18 GHz 02 to 200 Isotropic
40 200 kHz - 40 GHz 0002 to 20 Isotropic 187
50 200 kHz - 40 GHz 002 to 200 Isotropic
70 200 kHz - 1.2GHz 0.002 to 20 Isotropic
ECONOMY MODELS
¢ Broad frequency range
¢ Instantaneous measurements
* Wide dynamic range: 40 dB
¢ One hand operation
e Small size, rugged construction .
e Battery operated .
POWER RANGE
MODEL FREQUENCY RANGE mW/em2 RESPONSE PAGE
1 300 MHz - 18 GHz 02 to 200 Directional
2 10 MHz - 3GHz 02 to 200 Directional
3 300 MHz - 18 GHz 02 to 200 Isotropic
4c 200 kHz - 26 GHz 0002 to 20 Isotropic 120
7 200 kHz - 1.2GHz 0002 to 20 Isotropic
12 10 MHz - 18 GHz 0.2 to 200 Directional

183



Model 60 And Model 65
RF/Microwave Radiation Badges

The Model 60 and Model 65 RF Badges are battery

operated instruments, which instantaneously detect,
measure and warn the wearer of exposure to poten-
tially hazardous microwave radiation levels.

Coverage is continuous from 1 to 18 GHz. The units
feature built-in circuitry which runs a self-diagnostic
test everytime they are switched on. And, they con-
tinually self-test to maintain reliable performance. The
Badges are false alarm-free, regardless of the power
level set.

Both models are equipped with high intensity LED in-
dicators and audible alarms which turn on, latch, and
continue flashing and sounding to warn of excessive
radiation. All units are furnished with an earplug for
use in a high noise environment.

They are intended for use by personnel working at
installations purposefully broadcasting or capable of
MODEL 60 accidentally leaking hazardous levels of
RF/Microwave radiation.

MODEL 60: USER ADJUSTABLE

The Model 60 enables the user to set the alarm warn-
ing level anywhere in the range from 0.2-20 mW/cm?.
In addition, the user can choose either of two
measurement modes: instantaneous exposure level
or a 6-minute average measurement. Both modes are
displayed on a 3-digit LCD panel along with a
10-segment bar graph normalized to the selected
alarm level.

MODEL 65: FACTORY PRESET

The Model 65 is available in two versions differing
only in their factory-preset warning levels:

Model 65-1 1 mW/cm?

Model 65-5 5 mWicm?

TYPICAL APPLICATIONS:

e Radar Sites ® Microwave Communications Towers
¢ Satellite Earth Terminal Uplinks ® Airborne/
Shipborne/Ground-Based Installations with High
Power Microwave Systems.

MODEL 65

Rugged,
drip-proof construction
for outdoor use.

Hands-free

; _ operation
-

Continuous
coverage
from 1-18 GHz.

Furnished with ear plug

- so you can hear alarm
in noisy environments.
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Model 60 And Model 65

MODEL 60

RF/Microwave Radiation Badges

Built-In
Test Functions

¢ Automatically self-tests when switched on
e Signals whenever battery is low
e Signals whenever instrument is faulty

Measurement e Instantaneous exposure level
Modes e 6-minute average exposure level
Alarm e User adjustable from 0.2 mW/cm? to 20 mW/ecm?
Levels
Visual e Light flashes when alarm level is exceeded
Displays e Flash rate varies with intensity of exposure
e LCD display
¢ Indicates level to 20 mWi/cm?
¢ Flashes when alarm level is exceeded
 Signals low battery
» Signals instrument fault
eBar graph constantly indicates exposure as a
percent of preset alarm level
Audible ¢ Beeps when alarm level is exceeded
Signals = Beep rate varies with intensity of exposure
¢ Beeps to indicate low battery
¢ Continuous signal indicates instrument fault
MODEL 65 Built-In e Automatically self-tests when switched on

Test Functions

 Signals whenever battery is low
e Signals whenever instrument is faulty

LEVEL IS EXCEEDED

MEASUREMENT
MODE
INDICATOR

Measurement e Instantaneous exposure level
Mode
Alarm » Two factory Preset models
Levels ¢ 1 mWlcm® (Model 65-1)
* 5 mW/cm? (Model 65-5)
Visual e Light flashes when alarm level is exceeded
Displays e Flash rate varies with intensity of exposure
¢ Flashes to indicate low battery
» Continuous light indicates instrument fault
Audible e Beeps when alarm level is exceeded
Signals e Beep rate varies with intensity of exposure
* Beeps to indicate low battery
e Continuous signal indicates instrument fault
Model 60 Display Features
SIGNALS
FLASHES LOW BATTERY
WHEN ALARM

SIGNALS
INSTRUMENT
FAULT

WARNING
LIGHT

[\ﬁ\LARM BAT  FAI

NST mw/

AVG 85’8 ~o
0 mmonm | S

|
POWER DENSITY

e

BAR GRAPH
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Model 60 and Model 65

Specifications
MODEL 60 SPECIFICATION MODEL 65 SPECIFICATION
FREQUENCY RANGE:....... 118 GHz FREQUENCY RANGE:........... 1-18 GHz
5 2
POWER DENSITY RANGE.. . . . 0.01 to 20 mW/cm ALARM LEVEL:
ALARM ACCURACY:......... +15dB Model 65-1 . v cuis nseaai s 1 mWIcmi
H P|‘_l|'F POWEH |:B>0 EIAM V(\ijDTH: e Modeli8s:5.:. .. .o A5 Ditase o i 5 mWlcm
orizontally Polarized. .. .. .. ;
Vertically Polarized. ... .. ... 180° ALARM ACCURACY:............ +15dB
RE-DETECTOR:: = ot True RMS HALF POWER BEAM WIDTH:
AVERAGE POWER Horizontally Polarized.......... 90°
GVERLIOAD: o e e 05 Wicm? Vertically Polarized............ 180°
PEAK POWER OVERLOAD:. .. 30 Wicma RE" DETECTORE. & s ot slanr vt True RMS
PULSE ENERGY
DENSITY OVERLOAD:........ 150 W-useclcm? AVERAGE POWER g
POWCEF-}SEQSWY N b OVERLEOAD: . s it i s s 05 Wiem
INDICATORS: .. ............. a) 3 digit ; 2
b) Bar Graph PEAK POWER OVERLOAD:. ... ... 30 Wicm
MEASUREMENT MODES:. . . . a) Instantaneous Pwr Density | PULSE ENERGY 5
b) 6 Minute Average Power DENSITY OVERLOAD:. .......... 150 W-pseclcm
Density :
BAR GRAPH DISPLAY: ... . . Percent of Set Alarm Level | ALARM SIGNALS:......o... B RinleEan
ALARM LEVEL SETTING:. .. .. 0.2 to 20 mWicm? . .
ALARM SIGNALS:........... a) Flashing LCD Indicator | BUILTINTEST........ovnnnn Continuous
pRiEEhIngLED BUILT IN TEST
c) Audible Beep EUNGTIONS: -0 s a) Detector Fault
BUILTINITEST: /v e o e e s Continuous b) Low Battery
BULT IN TEST FUNCTIONS:. . . a) Detector Fault TEMPERATURE RANGE:
L G OROTAHNG . + oo e i et S s o —10°C to +50°C
TEMPERATURE RANGE: Non-Operating................ -40°C to +65°C
Operatingl. .« s o hinte i ot —10°C to +50°C
Non-Operating . ........... —40°C to +65°C BATTERY (2 ea.) e
BATTERY: Type ........................ DL20ﬁ2B, Lithium
[T S DL24508, Lithium Uit Taes et il el
LUBIe s caniitlesiom at i 1Bd0houts SIZE: NGRS . i byt el i el 240 X 375 x 1.00
S|ZErnches ss i bt et 240x375x1.00 M ierith e dibvtabe e o e o 61,0x 953 x 254
MM U s el 5 610x953 x 254 HET :
WEIGHT “0z) v~ o e oas 6 e e
G et AL ] 170 M licon st et e o 170
AGCESSORIES S 1) Earphone AGCESSORIES .2 e s o 1) Earphone
2) Carrying Case 2) Carrying Case
DIMENSIONS
MODEL 60
MODEL 65
=y 1.00
—— 240 — 25,4
e L(s‘:‘-") O_-] iﬂj
2 | o |
O
3.75 E
(95,3) ®
\~ MODE SWITCH
MODEL 60
ONLY
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Models 10, 20, 30, 40, 50, 70
High Performance RAHAM'
Radiation Hazard Meters

¢ Ultra-broad frequency range in
a single probe: 200 kHz-40 GHz

* Wide dynamic range: 40 dB

e One hand operation

* Low weight: 2.1 Ibs. (meter
and probe)

The RAHAM Models 10, 20, 30, 40, 50 and 70
comprise the latest line of Radiation Hazard
Measuring Systems. These systems consist of a
probe, a power density meter, and an extension
cable. They are portable, battery operated
instruments that detect and measure potentially
hazardous electromagnetic radiation from rf and
microwave sources. These units employ a new
and more versatile power density meter, the
Model 495, which is capable of utilizing both
isotropic and anisotropic probes over a wide
dynamic range.

All RAHAM systems are supplied with a battery
charger and a carrying case.

In addition, an optional portable test source,
Model 309, is available for use with all of these
units (except Model 70).
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Models 10, 20, 30, 40, 50, 70
High Performance RAHAM®
Radiation Hazard Meters

POWER DENSITY METER, MODEL 495

The Model 495 has a six minute power density
averaging function which automatically computes
and displays the average exposure measurement
over the six minute period required by safety
standards. In addition, it has built-in local and
remote alarms, a peak hold mode, probe
calibration factor control, normal and slow meter
response control and a recorder output for remote
measurements.

The following is a brief description of
instrument functions:

¢ Three operational modes
NORMAL — for direct reading of power density
PEAK — for recording the maximum power
density
AVERAGE — for automatically computing and
displaying the average power density over a six
minute period. This value is updated every
90 seconds.

* Range
40 dB with the Models 40, 50 or 70
30 dB with the Models 10, 20 or 30

¢ Built-in alarm system alerts operator when
power density exceeds the selected level
LOCAL — Audible alarm
REMOTE — Logic state signal change

e Cal. Factor control
When the frequency of the radiating source is
known, setting this control corrects for the
frequency response of the probe.

¢ Response time control
When the rf field is changing, this control
provides improved readability by adjusting the

instrument bandwidth.
NORMAL — 1.5 seconds
SLOW —3 seconds

¢ Power source
PORTABLE — operates for 50 hours on
rechargeable batteries. The battery condition is
conveniently checked on the front panel meter.
STATIONARY — can be operated using
115/230 VAC. Instrument may be operated
continuously on the battery charger.

e Push To Zero
Zeroing the meter on the most sensitive range
assures a zero for all ranges.

* Recorder output
Provides a 100mV full scale signal for chart

recording or for interfacing with a digital
voltmeter.

ISOTROPIC AND ANISOTROPIC PROBES,
MODELS 91, 92, 93, 94, 95 AND 97

Depending on which probe is utilized with the Model
495 Power Density Meter, the radiation hazard
measuring system can provide isotropic or anisotropic
response, up to 40 dB dynamic range, over a 200 kHz
to 40 GHz frequency range. The probes are color
coordinated with the meter range selector switch to
indicate applicable measurement range. Each probe is
calibrated over its frequency range and a frequency
response profile is supplied with the unit.

POWER
DENSITY
METER

RAHAM
SYSTEM

Model 10: 0.3 to 18 GHz
0.2 to 200 mWicm?
anisotropic response
Model 20: 0.01 to 3 GHz

0.2 to 200 mW/cm?2
anisotropic response

Model 30: 0.3 to 18 GHz
0.2 to 200 mW/cm?2
isotropic response

Model 40: 200 kHz to 40 GHz
0002 to 20 rnW:'cm2
isolrug

Ultra roadband High Sensitivity

Model 50: 200 kHz to 40 GHz
002 to 200 mWIcm2

lSOlTOBlc respo
Ultra roadband High Power

Model 70: 200 kHz to 1.2 GHz
0.002 to 20 mW/em?
isotropic response
Broadband, High Sensitivity

PROBE

Model 495 Model 91

Model 495 Model 92

Model 495 Model 93

Model 495 Model 94

Model 495 Model 95

Model 495 Model 97

MODEL 309 RAHAM TEST SOURCE

The Model 309 RAHAM Test Source provides a
convenient means for verifying the operational
performance of a RAHAM system. The Model 309
is portable, battery operated and can be
conveniently housed within the RAHAM

carrying case”

The RAHAM Test source generates an X-band
field (approximately
105 GHz) within a
resonant chamber. At
the probe location, an
equivalent power
density of 1 mW/CM?
is established.

*Models 10, 20, 30, 40 and 50 only.
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Models 10, 20, 30, 40, 50, 70
L Spec,;i_ficcﬁons

CHARACTERISTIC

MODEL 10

MODEL 20 MODEL 30 MODEL 40 MODEL 50 MODEL 70

FREQUENCY RANGE

0310 18 GHz

001103 GHz 0310 18 GHz 200 kHz to 40 GHz 200 kHz to 40 GHz 200 kHz to 1.2 GHz

POWER DENSITY RANGE

30dB 40dB

METER MODEL

495 495

FULL SCALE READING

2,20,200 00202220 0.2,2,20,200 00202220
mWicm?2 mWicm?2 mWiem? mWicm?

FREQUENCY SENSITIVITY

12548, 11018 GHz
-110 -8dB,
0310 1GHz

11.25dB,
oot12GH | F1OCRTIOMGH £15B, 200 kHz 10 26 GHz bl
+25dB, -0dB, . )

+210 ~2dB, 200 kHz t0 40 GHz
1.210 30 GHz 03101GHz 200 kHz to 1.2 GHz

PROBE MODEL

91

92 93 94 | 95 a7

CALIBRATION
ACCURACY

+05dB

CALIBRATION
FREQUENCIES®™

03,1.2,245,38,
8,12, 18 GHz

001,0027,01,03, 03,1.2,245,38, 02,2, 27, 100, 300 MHz 2,2,27, 100, 300 MHz
1.2,245,3GHz 8,12, 18 GHz 1.2,245,38, 8, 12, 18, 26,33, 40 GHz 1.2GHz

AVERAGE POWER
OVERLOAD®

05Wiem@

1Wicm®@ 05Wicm@ Wicm@ '

PEAK POWER
OVERLOAD®

30Wicm2 100Wicm(2

PULSE ENERGY
DENSITY OVERLOAD()

150W-pseclcm(@) 300W-psec/cm(@

POLARIZATION

ANISOTROPIC | ISOTROPIC

ELLIPTICITY®

+0.75dB

[ 05 dBe

ISOTROPY

RESPONSE varies * 1.0 dB maximum for energy incident from any direction
except from/through the handle.

NOISE (max)
MOST SENSITIVE
RANGE

1% P-P 3% P-P 1% P-P 3% P-P

RESPONSE TIME
(Nominal)
Normal:

Slow:

1.5 Seconds
3 Seconds

CAL FACTOR RANGE

051020

POWER DENSITY
AVERAGE

Meter indicates the power density as averaged over a 6 minute interval. The reading is updated at a 90 second rate.

PEAK HOLD

Meter indicates peak value of measured power density until manually reset.

ALARM

Audible alarm sounds and remote alarm operates when meter reading exceeds alarm preset level.

RECORDER OUTPUT

0.100 volts full scale into minimum resistance of 100K ohms.

BATTERY/LINE
OPERATION

50 hours on built in rechargeable batteries. Operates from 115/230 VAC with supplied charger/adaptor.
Battery status checked on meter.

OPERATING
TEMPERATURE RANGE

0°Cto +55°C

SIZE:
POWER DENSITY METER
EACH PROBE
CABLE ASSEMBLY
CARRYING CASE
MODEL 309

6" x 475" x 675" (152 x 121 x 171mm)
14" long x 2.75" max. dia. (355 x 70mm)
4"long (1.22m)

155" x 12.25" x 6.25” (394 x 311 x 159mm)
6.1" x 34" x 3.2" (155 x 86 x 81mm)

WEIGHT (APPROX)
METER & PROBE
CARRYING CASE &

ACCESSORIES
MODEL 309

2.11bs (1.0 kg)

80 Ibs (36 kg)
1.3 Ibs (0.6 kg)

(1) Special Calibration Frequencies Available Upon Request

(2) At 25°C

(3) Maximum change in sensitivity due to rotation about an axis through the handle
(4) For models 40 and 50, above 18 GHz, ellipticity may rise to * 0.75 dB
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Models 1, 2, 3, 4C, 7 and 12
RAHAM® Radiation Hazard Meters

General Microwave RAHAM Radiation Hazard
Meters detect and measure potentially hazardous
electromagnetic energy radiating from RF and
microwave sources. They are designed to monitor
a wide variety of systems—military, industrial and
commercial—which may expose personnel to
such conditions. Typical of these are microwave
ovens, medical equipment, radar installations,
microwave heaters and dryers, communication
systems, and electronic warfare systems.

All General Microwave RAHAMSs consist of a
power density meter, one or more probes, an
extension cable, and a carrying case, and all are
portable and battery operated.

The probe output is applied to a battery powered,
high gain, low noise, solid-state amplifier. The
amplifier is packaged in an instrument case with a
self-contained meter which is calibrated to read
power density directly.

In normal operation, the user has the option of
mounting the proble directly on the power density
meter or interconnecting the probe and meter with
the extension cable. While the directly connected
probe offers convenient one-hand operation, the
extension cable allows the operator greater
flexibility in probing for radiation fields in awkward
or less accessible locations. It also permits him to
shield himself in potentially hazardous radiation
fields.

Models 1, 2, 3 and 12 utilize Meter 481B and
Probes 81A, 82 and 83A.

Models 4C and 7 utilize Meter 484 and Probes
84C and 87.

In addition, an optional portable test source,
Model 309, is available for use with all of these
units (except Model 7).
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Models 1, 2, 3, 4C, 7 and 12
Specifications

CHARACTERISTIC

MODEL 1

MODEL 2

MODEL 12

MODEL 3

MODEL 4C

MODEL 7

FREQUENCY RANGE

031018 GHz

001 to 3 GHz

0011018 GHz

0310 18 GHz

200 kHz to 26 GHz

200 kHz t0 1.2 GHz

POWER DENSITY RANGE

30dB

40dB

METER MODEL

4818

484

FULL SCALE READING

2,20,

200 mWicm2

002,0.2, 2, 20 mWicm2

FREQUENCY SENSITIVITY

+25dB, 110 18 GHz
-11o -8dB,
0310 1GHz

1+1.25dB,
001 t0 1.2 GHz,
+25dB, -0dB,
1.210 30 GHz

001103 GHz
(same as 82)
0310 18 GHz
(same as 81A)

115dB, 110 18GHz
+01o -3dB,
03101 GHz

+15db
200 kHz to 26 GHz

+1dB, 310300 MHz
12dB,
200 kHz to 1.2 GHz

PROBE MODEL

81A

82

81A & 82

83A

84C

a7

CALIBRATION
ACCURACY

+05dB

CALIBRATION
FREQUENCIES™

03, 1.2, 245,38,
8,12, 18 GHz

0.01, 0027, 01,03,
1.2,2.45,3GHz

001,0027,01,03,
1.2,245,30, 38,
8,12, 18 GHz

03,1.2,2.45,38,
8,12, 18GHz

02,227,
100, 300 MHz
1.2,245,38,

8,12, 18,26 GHz

2,2, 27,100, 300 MHz
1.2GHz

AVERAGE POWER
OVERLOAD@

05Wicm@

Wicm@

81A-05Wicm(@
82-1Wicm(2

05Wiem@

1Wicm@

PEAK POWER
OVERLOAD®

30Wicmi2)

100Wicm(2

PULSE ENERGY
DENSITY OVERLOAD()

150W-psecicm@

300W-pseclem®

POLARIZATION

ANISOTROPIC

ISOTROPIC

ELLIPTICITY®

+075dB

105dB

same as 81A
same as 82

105dB@

ISOTROPY

RESPONSE varies + 1.0 dB maximum for energy incident from
any direction except from/through the handle.

NOISE (max)
MOST SENSITIVE
RANGE

1% P-P

3% P-P

RESPONSE TIME
(Nominal)

15 SECONDS

BATTERY
OPERATION

500 Hours
expendable

900 Hours
expendable

RECORDER
OUTPUT

0.124 volt full scale into a minimum resistance of 100 K ohms

OPERATING
TEMPERATURE RANGE

0°C to 55°C

SIZE:
POWER DENSITY METER
EACH PROBE
CABLE ASSEMBLY
CARRY CASE

250" x 163" x 638" (64 x 41 x 162mm)

1400" max length x 2.75" max diameter (356 x 70mm)

4'long (1.22m)
155" x 12.25" x 4.75" (394 x 311 x 120mm)

WEIGHT (APPROX)
METER & PROBE
PLUS
CARRYING CASE &

ACCESSORIES

1.11bs (05 kg)

541bs (245 kg)

(1) Special Calibration Frequencies Available Upon Request

(2) At 25°C

(3) Maximum change in sensitivity due to rotation about an axis through the handle

(4) For Model 4C, above 18 GHz, ellipticity may rise to £ 0.75 dB
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Domestic Sales Representatives

1. Saber Associates
PO Box 5990
Huntsville, AL 35814
Tel: 1-800-327-0853
Fax: 407-725-0578

800 San Antonio Road
Palo Alto, CA 94303
Tel: 415-494-3331

Fax: 415-857-0351

. RF Associates Inc.
2127A Sawtelle Bivd,
Los Angeles, CA 90025
Tel: 213-478-1586
Fax: 213-478-1580

4. Saber Associates
PO Box 1599
Melbourne, FL 32902
Tel: 1-800-432-6288
Fax: 407-725-0578

5. Cain-Forlaw Co., Inc.
25677 Hillview Ct.
Mundelein, IL 60060
Tel: 708-540-9962
Fax: 708-540-9974

Microwave Marketing
655 Boston Road
Suite 2B

Billerica, MA 01821
Tel: 508-667-1440
Fax: 508-667-1946

7. E.F. Technical Sales
80 Northfield Ave.
W. Orange, NJ 07052
Tel: 201-731-7203
Fax: 201-731-8058

. E.F. Technical Sales
79 Express Street
Plainview, NY 11803
Tel: 516-942-7400
Fax: 516-942-7404

CALIFORNIA

ARIZONA
22

. RF Associates North, Inc.

MONTANA

WYOMING

NEW MEXICO

9. Saber Asscciales
PO Box 826
Clayton, NC 27520
Tel: 1-800-327-0853
Fax: 407-725-0578

Cain-Forlaw Co.

223 St. Pierre
Worthington, OH 43085
Tel: 614-436-3004

Fax: 614-436-3097

Beta Sales

428 Pennsylvania Ave.

Ft. Washington, PA 19034
Tel: 215-643-6650

Fax: 215-643-6651

Saber Associales

PO Box 563
Lawrenceville, GA 30246
Tel: 1-800-327-0853

Fax: 407-725-0578

Cain & Company
2750 Northaven Road
Suite 105

Dallas, TX 75229

Tel: 214-247-3901

Fax: 214-243-4683

Saltech

10320 Route 99
Ellicott City, MD 21043
Tel: 301-461-7350

Fax: 301-461-1679

. Technical Concepts Corp.
8415 Datapoint Drive
Suite 1060
San Antonio, TX 78229
Tel: 512-616-0000
Fax: 512-616-0001

10.

1

e

13.

14.

16.

Herb Bass Associates
5225 N. 51st. Street
Boulder, CO 80301
Tel: 303-530-7509
Fax: 303-530-7510

NORTH DAKOTA
5
SOUTH DAKOTA
5

NEBRASKA
20

COLORADO
KANSAS

20

16

OKLAHOMA

22

I0WA

=

7

18.

20.

21.

23.

Only

»

8
20
MISSOURI
19

ARKANSAS
1
ALABAMA

*Bexar County

Herb Bass Associates
2406 Wood Hollow Way
Bountiful, UT 84010
Tel: 801-295-7100

KJS Marketing
Cedar Rapids, IA
Tel: 318-395-7500
Fax: 314-245-6860

. KJS Marketing

12131 Dorsett Road

Suite 124

Maryland Heights, MO 63043
Tel: 314-770-1412

Fax: 314-770-1316

KJS Marketing

12117 West 76th Street
Suite 101

Lenexa, KS 66216

Tel: 913-962-1795

Fax: 913-862-9722

Technical Component Sales
167 Frontenac Heights
Rochester, NY 14617

Tel: 716-342-2408

Fax: 716-266-1835

. Blackhart Associales

6120 N. Desert Foothills Drive
Tuscon, AZ 85743

Tel: 602-579-0399

Fax: 602-579-0098

RF Associates Inc.
10 Buccaneer Way
Coronado, CA 92118
Tel: 619-575-9011
Fax: 619-575-0257

FLORIDA
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International Sales Representatives

To place orders and for informa-
tion about our microwave in-
struments and components,
please contact your local
representative.

Pour toute commande ou infor-
mation sur nos composants et
nos instruments de haute
qualité pour ondes centimétri-
ques, veuillez contacter votre
représentant local.

Wenn sie bauteile und in-
strumente von hochster qualitat
far mikrowellen bendtigen,
wenden sie sich bitten an uns.

AUSTRALIA
Hawker de Havilland
PO Box 580
Salisbury S.A. 5108
Australia
Tel: 61-08-2583422
Fax: 61-08-2812529

BELGIUM

Heynen NV.

De Koelen 6
B-3530 Houthalen
Belgium

Tel: 32-011-525575
Fax: 32-011-525777

DENMARK

Visitron AB Electronics
Box 6063

S$-162 06 Vallingby
Sweden

Tel: 46-08-380130

Fax: 46-08-7392858

FINLAND

Visitron AB Electronics
Box 6063

5-162 06 Vallingby
Sweden

Tel: 46-08-380130

Fax: 46-08-7392858

FRANCE

Elexience

ZA Des Godets

9 Rue des Petits Ruisseaux
91370 Verrieres le Buisson
France

Tel: 33-016-0119471

Fax: 33-016-0119809

GERMANY

EMCO Elektronik GmbH (Instruments)
Einsteinstrasse 35

D8033 Martinsried

Germany

Tel: 49-089-8562071

Fax: 49-089-8597785

Pro Nova Elektronik (Components)
Hindenburgstrasse 58

D-7141 Ludwigsburg

Germany

Tel: 49-071-4183092

Fax: 49-071-4183984

GREECE
American Technical Enterprises
PO Box 3156
Athens 10310 Greece
Tel: 30-01-5240740
Fax: 30-01-5249995

HOLLAND

Heynen BV.

PO Box 10

NL-6590 AA Gennep
Holland

Tel: 31-088-5196111
Fax: 31-088-5196200

INDIA

Radiosound

42 Canady Bridge
Bombay 400 004
India

Tel: 91-022-353997
Fax: 91-022-3879827

ISRAEL

General Microwave Israel (Components)
37 Pierre Koenig Street

PO Box 8444

Jerusalem, Israel 91083

Tel: 972-02-783925

Fax: 972-02-782460

ROT Electronics (Instruments)
POBox 43137 |
Tel Aviv 61430 Israel
Tel: 972-03-5483737
Fax: 972-03-492190

ITALY

Sematron SRL

Viale Marx 153/2
1-00137 Roma Italy
Tel: 39-06-8895015
Fax: 39-06-86802253

JAPAN

Seki Technotron Corp.
16-16 Nihonbashi
Koamicho, Chuo-Ku
Tokyo, 103 Japan

Tel: 81-03-6694121
Fax: 81-03-6683436

KOREA
Sejin Industries Inc.
C.PO. Box 377
Seoul, Korea
Tel: 82-02-7808768
Fax: 82-02-7844453

NORWAY
Visitron AB Electronics
Box 6063
S-162 06 Vallingby
Sweden
Tel: 46-08-380130
Fax: 46-08-7392858

SINGAPORE

Precision Components & Equipment
211, Henderson Road #13-02
Henderson Industrial Park
Singapore 0315

Tel: 65-2734573

Fax: 65-2738898

SPAIN

Ibercom

Iberica de Componentes, S.A.

Ramon Gomez de La Serna, 1. ESC-1. 2°A
28035-Madrid (Spain)

Tel: 34-01-3736234

Fax: 34-01-3735464

SWEDEN

Visitron AB Electronics
Box 6063

S-162 06 Vallingby
Sweden

Tel: 46-08-380130

Fax: 46-08-7392858

SWITZERLAND

ABE Alpha Beta Electronics
PO Box 1320
Renggerstrasse 3

8038 Zurich, Switzerland
Tel: 41-01-4817070

Fax: 41-01-4823032

TAIWAN
Ringline Corporation
3F-1, 314, Jen-Ai Road
Section 4
Taipe, Taiwan R.OC.
Republic of China
Tel: 886-02-7094520
Fax: 886-02-7094523

UNITED KINGDOM

Walmore Electronics Ltd.
Laser House

132/140 Goswell Road
London EC1V 7LE

Tel: 44-071-2515115

Fax: 44-071-2504143
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