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CUSTOMER SERVICE AND SUPPORT

Hughes Aircraft Company, Microwave

Products Division is committed to providing

high quality products and service to our

customers. This includes assistance in the

proper selection of products to meet your

particular application, timely delivery of

quality products, assistance or training in

the proper operation of the product, and ser-

vice support for the life of the product. Listed

below are some of the services available to

you from Hughesfor the products described

in this catalog.

NEW PRODUCT WARRANTY

1. The millimeter-wave products identified

in your order and sold by Hughes Aircraft

Company, Microwave Products Division,

are warranted to the original Buyer to

meet the published specifications, draw-

ing and/or such modifications thereof as

Buyer and Seller have agreed to in writing

and to be free from defects in workman-

ship and materials. Seller's entire war-

ranty obligation is limited to making

adjustments by repairing, replacing or

refunding the purchase price of any prod-

uct which fails to meet this warranty and

which is returned to Seller, as provided

below, within one (1) year from date offirst

shipment by Seller. Replacement,

repairs, or adjustments under this war-

ranty shall not reinstate the warranty set

forth herein. Under all circumstances,

except as provided for in Paragraph 7,

the warranty will expire not later than one

(1) year after such first shipment.

2. Adjustmentwill not be allowed for prod-

ucts which have been subjected to

abuse, improper application orinstalla-

tion, alteration, accidental or negligent

damage in use, storage, transportation or

handling. Alteration or removal of serial

numberor identification markings voids

the warranty.

3. Seller shall have the rightof final deter-

mination as to the existence and cause

of a defect, and whether to make adjust-

ment by repair, replacementor refund.

When adjustmentis not allowed, area-

sonable charge will be made to Buyer

to cover Seller's cost of inspection and

handling.

4. Inthe event Seller determinesthat any

product claimed to be defective is not

subject to adjustment set forth herein,

Buyer will be notified that productis not

subject to adjustment. Unless the Buyer

furnishes disposition instructions for the

product within thirty (30) days after such

notification, Seller may return the product

“as is" to Buyer, transportation collect.

. Inreturning products under this warranty,

Buyer in all cases will obtain and comply

with Seller's packaging and shipping

instructions. Buyer will pay for all packing

and transportation costs for returned

products. Credit for transportation

charges within the United States will be

issued by Seller if adjustment is allowed.

Where adjustmentis not allowed, prod-

ucts will be returned to Buyer, transporta-

tion collect.

. There are No Warranties That Extend

Beyond the Description on the Face of

The Contract. Seller shall not be liable

for consequential damages. No change

in this warranty shall be binding upon

Seller unless it shall be in writing signed

by a duly authorized representative of the

Seller.

. Exclusion of Certain Semiconductors.

(a) Field replaceable diodes or wafer

assemblies are not warrantied. (b) A

product that contains a Schottky diode

is warrantied for one (1) year. If the diode
fails during the warranty period, upon

the initial return of the product to Hughes,

Hughes will replace the failed diode free

of charge. If the product fails again,

during the one (1) year warranty period,

Hughes will repair the product in

accordance with the provisions of the

REPAIR WARRANTY described herein.

(c) Separately sold semiconductors

are not warrantied.

REPAIR WARRANTY

1. Hughes Microwave Products Division will

provide repair service for all products

sold from the Hughes Millimeter-Wave
Products Catalog. All products no

longer under Hughes NEW PRODUCT

WARRANTY which are repaired, modi-
fied, tuned, or calibrated at the Buyers’

expense, will be covered by this REPAIR

WARRANTY. The REPAIR WARRANTY

applies only to products returned for

repair at Sellers’ facility. The warranty

does not apply to any products returned

to the Seller with obvious physical dam-

age, or which have been modified by the

Buyer in any relevant way. Under all

circumstances, the REPAIR WARRANTY
will expire not later than ninety days after

shipment.

2. To return products for repair under this

warranty, or to inquire on the status of

returned units, write to Hughes Aircraft

Company, Microwave Products Division,

Customer Service, 3100 Fujita Street,

Torrance, California 90505, or telephone

our monitored 24 hour Customer Service

line at (213) 517-6110.

EXTENDED WARRANTY

Anextended warrantyis available for certain

instrumentation products such as Sweep

Generators, Synthesizers, Network Ana-

lyzers, Noise Gain Analyzers and Power

Meters. This extended warranty can be writ-

ten to extend the period of the initial war-

ranty, to provide on-site repair of these cer-

tain products, or both. This may be initiated

either before the placement of the original

purchase order or at any time during the

initial warranty period. Contact your local

representative or Hughes for information on

this service.

SERVICE CONTRACTS

Aservice contractis available for certain

instrumentation products that may be writ-

ten to provide repair and calibration ser-

vices for Hughes manufactured products.

These contracts would provide parts and

labor for allnecessary repairs and periodic

calibrations of the product as deemed nec-

essary by Hughes. These service contracts

can be written to provide either factory or

on-site service. Calibrations shouldbedone “

at the Hughes factory. Contact your local

representative or Hughes for information on

this service.

CALIBRATION AND CERTIFICATION

A certificate of compliance to manufactur-

ers specifications is available upon request

on all applicable Hughes Microwave Prod-

ucts Division manufactured products.

Hughes MPD manufactured products are

tested with equipment meeting MIL-

STD-45662 with traceability to the National
Institute of Standards and Technology. In

addition, Hughes MPD can calibrate and

certify applicable manufactured products

in accordance with MIL-STD-45662.

Contact Hughes MPD for information on
this service.
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WHY MILLIMETER WAVES

INTRODUCTION

Millimeter-waves offer a new and attractive

way of solving systems problems. Milli-

meter-waves have many advantages over

microwaves such as broad bandwidths,

higher spatial resolution, low probability of

interference/interception and small antenna

and equipment size. Their ability to pene-

trate clouds, smoke, dust and fog make

them a logical choice over IR and optical

wave lengths for adverse weather applica-

tions. In addition, selective molecular ab-

sorption in the millimeter spectrum, as

illustrated, offers unique solutions to many

special problems.

Areas where millimeter-waves are currently

being used include communications, radar,

radiometry, missiles, radio astronomy,

plasma diagnostics, spectrometry, nuclear

resonance measurements, spectroscopy,

and the precise measurement of distances.

These uses span military, industrial, medical

and scientific requirements. In this section

of the catalog we shall discuss some of the

more important applications and the current

State-of-the-art.

Millimeter-wave measurements will be cov-

ered, listing the specific test instruments

available for sale. Component technology

will also be covered, listing specific compo-

nents available for sale. There is also a

discussion of millimeter-wave instrumenta-

tion systems and subsystems that are

available for making system measurements.

MILLIMETER WAVES AND HUGHES

Early investigation of the millimeter wave-

length portion of the electromagnetic spec-

trum was stimulated by scientific (molecular

spectroscopy) and military (radar) develop-

ments. The feasibility of generating signals

with wavelengths near 1 cm was first demon-

strated by Cleeton and Williams in studies

of ammonia molecular resonances in the

early 1930's.

The observation by L.A. Hyland of the Naval
Research Laboratory (NRL) in 1930 that

over-flying aircraft would reflect radio signals

stimulated the investigation of radar tech-

niques at NRL, Fort Monmouth and else-

where in the United States. During this

period, independent and excellent work was

done in England with high priority since
there was the threat of war in Europe with

impending raids by bomber aircraft. This

early connection between aircraft and radar

has been preserved to this day. Radar for

detecting aircraft from remote ground loca-

tions or from ships; airborne radar for de-

tecting other aircraft, ships and ground

features; and countermeasures against

these uses, have been the major applica-

tions for which microwave technology has
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been developed. In terms of radar equip-
ment this has meant a push toward higher

microwave frequencies where high direc-

tivity can be achieved with small antennas
more suitable for portability and for mount-

ing on ships and aircraft.

It was determined during the early stages
of World War Il, however, that most require-
ments for aircraft related radar could be met
by frequencies of 10 GHz or less. At the

M.I.T. Radiation Laboratory an attempt to

build a radar in the 1cm wavelength range
was a disappointment. Unfortunately, the

frequency chosen was near a water vapor
molecule absorption resonance which

severely curtailed the radar range. As a

result, there was no driving force to develop
radar technology for frequencies above

30 GHz.

During World War Il, J.H. Van Vleck made a

theoretical prediction that atmospheric oxy-
gen (O,) would absorb near 60 GHz. This

work was given a security classification be-

cause of its military significance. Work was

initiated at NRL to explore and develop milli-

meter-wave technology for secure commu-

nications predicated on Van Vleck's theory.

After World War tI millimeter-wave work con-

tinued at NRL for military applications and

at Bell Telephone Laboratories (BTL) for tel-
ecommuncation applications. Then, in the

late 1950's, Hughes Aircraft Company be-

came involved when it was recognized that

the coupled-cavity traveling-wave tube
(TWT), which had been successfully devel-

oped at Hughes, could be extended in fre-

quency to 100 GHz and higher, and would

be capable of generating hundreds of

watts of average power.

Another significant phase in the develop-
ment of millimeter waves was in the 1960's.

During this period, intensive work was

done at BTL on solid-state components for

the development of underground wave-

guide repeater systems. These systems

were planned for telephone trunk-line ser-

vice capable of very wide band operation.
This work was concentrated in the 40 to

100 GHz portion of the spectrum.

The early millimeter-wave TWT work at

Hughes has been continued and supple-

mented by semiconductor device and

component development that began in the

mid 1960's. Then, in 1970, Hughes began

manufacturing a solid-state millimeter-

wave sweep generator—the first millimeter-

wave Catalog product to be introduced by

Hughes. Since that first introduction, a full

line of devices, components and instru-

ments covering 18 to 160 GHz have been

added with development work continuing

at the higher frequencies.

MILLIMETER-WAVE APPLICATIONS
There are many applications for millimeter-
wave technology. A few of the more preva-
lent ones will be discussed below.
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FIG. 1. RADIOMETERS SENSE TEMPERATURE CONTRAST.

Radiometers

Microwave radiometers have been in use for

many years for laboratory instrumentation,

meteorological research, and radio astron-

omy. Recent developments in broadband,

low-noise, solid-state millimeter-wave com-

ponents have stimulated interest in applying

radiometers as military sensors for ground

target detection. The small-size, light-

weight, high-reliability, and low-cost poten-

tials of millimeter-wave radiometers have

precipitated this interest.

A millimeter-wave radiometric sensor is a

low-noise, high-gain receiver that senses

thermal radiation at its antenna as it scans

targets and background. Consider the sig-

nal available for detection by an airborne

sensor looking down. The signal results

from the radiometric temperature contrast

that exists between a reflecting metal target

and the terrain background. A perfect

reflector reflects the temperature of the

“cold” sky. At millimeter-wave frequencies,

a metal target has an emissivity near zero

while that of the background is nearly one.

Ground background temperature is normally

at or near standard ambient, 290°K. Thus,

as shown in Figure 1, the available signal,

AT, can be approximated by:

AT = 290°K - Tsky

Due to atmospheric absorption of radia-

tion, the sky temperature is a sensitive

function of weather and frequency. Sky

temperature is also dependent on the

viewing angle of the scanning antenna,

since the absorption path through the

atmosphere is much longer at angles near

horizontal than at zenith.

Largest temperature differentials (colder

sky) occur at the lower frequencies.

However, since antenna aperture is almost

always a fixed parameter in a sensor sys-

tem, one must consider the beam-fill fac-

tor (BFF), in addition to AT, in order to

optimize available signal. Under most con- |

ditions of target acquisition, the area pro-

jected by the antenna beam on the ground

greatly exceeds that presented by the

target. The measured contrast, therefore,

is diluted by intercepted background radi-

ation. Since higher operating freqencies

allow smaller antenna beam-widths, this

dilution is reduced; thus providing a sig-

nificant advantage for high-frequency

radiometers.

Video and millimeter-wave radiometric

images of a freeway scene south of Carls-

bad, California taken by a team from the

Jet Propulsion Laboratory, Pasadena, Cali-

fornia, from a helicopter with a scanning

3-mm radiometric system are shown in

Figure 2. During this rainy day, the sensor

was flown over a layer of broken clouds,

as seen in the pictures from the video. The

moderate-resolution (0.5°) radiometric

images of the ground show that the sensor

can be used to produce images through

clouds, smoke, and dust when visual and

IR sensors are not useable. The 15-level

color scale is from 250°K (dark blue) to

300°K (red).

FIG. 2. VIDEO AND MILLIMETER-WAVE IMAGES

OF A FREEWAY SCENE SOUTH OF

CARLSBAD, CA, ON SEPT. 26, 1985.

william J. Wilson, R.J. Howard, Anthony C. Ibbott,

Gary S. Parks, and William B. Ricketts: "Millimeter-

wave Imaging Sensor" |.E.E.E. Transactions on Micro-

wave Theory and Techniques, Volume MTT-34, No. 10,

October 1986 © 1986 IEEE
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Radiometers which are used for meteorol-

ogical or navigational purposes need long

term accuracy. Accuracy is achieved by a

repetitive calibration against a known tem-

perature which compensates for changes in

system gain with time and temperature.

Pictured in Figure 3 is a two-channel radi-

ometer used for the simultaneous but inde-

pendent measurement of water vapor and

liquid water in the atmosphere. The system

measures the natural emission of water

vapor at 20.6 GHz and of water droplets in

clouds at 31.65 GHz. An overall system

noise temperature of 618°K with a system

sensitivity ATims = 0.123°K at 31.65 GHz

was achieved.

FIG. 3. TWO-CHANNEL RADIOMETER

OPERATING AT 20.6 GHz AND 31.65 GHz.

Similar radiometers have been used for
navigational purposes using radiometric

area correlation data. Received emissions

are compared with expected emissions

stored in a computer ‘map’

The ability to maintain solid-state receiver
performance over long periods of time and
under adverse environments has been dem-
onstrated by space-qualified radiometers.

Typical of such radiometers are the units
shown in Figure 4, which were manufac-
tured by Hughes for space experiments.

FIG. 4. SPACEBORNE RADIOMETERS USED IN

REENTRY VEHICLE EXPERIMENTS. THEY

WERE QUALIFIED TO PERFORM WHILE

UNDERGOING VIBRATION FORCES OF

30g AT 2000 CYCLES PER SECOND.

Radar

Since there is a fine line of distinction be-

tween a radar and a radiometer, particu-

larly with the advent of active radiometry

(where the groundis illuminated with milli-

meter-wave energy and the radiometric

receiver measures the reflected power),

the simple definition adopted here is that

a radar sensor is capable of measuring

range. A simple, and straightforward,

approach to range measurement is

achieved by means of conventional pulse

modulation wherein the round-trip travel

time of a transmitted pulse is measured in

the receiver. Pulsed radar sensors have

been developed using millimeter-wave

solid-state components at frequencies

beyond 100 GHz. Current capabilities

include transmitters using a 94 GHz

IMPATT pulsed source capable of 40 watts

peak power output by combining the

power from two IMPATT diodes.

Pulse Doppler or coherent radars require a

pulse-to-pulse phase coherent transmitter

waveform that is also coherent with the

receiver local oscillator in order to extract

phase information from the returning

echoes. The term coherency means simply

that there is phase consistency between

pulses and the receiver reference. Phase

stability permits the use of coherent inte-

gration which can approach 100 percent

efficiency, Pulse-doppler was a forerunner

of many modern radar techniques that use
coded pulse trains to achieve remarkable

improvements in radar performance.

Spread-spectrum coding, pulse compres-
sion, and synthetic-aperture radar are

Current techniques that use signal process-

ing to extract detailed target information.

“Signal processing” implies operations per-
formed in the RF or IF portions of the radar
receiver, whereas data processing opera-

tions are performed after video detection.

Requirements for waveform coherency exist
with all signal processing systems but the
resulting advantages usually outweigh the

added complexity. As an example, pulse
compression gives the range resolution and

accuracy associated with an extremely

short pulse even though the actual transmit-

ted RF pulse is long. Consequently, efficient

use of the average power available from a

transmitter is achieved, obviating the need
for high peak power signals. For millimeter-

wave systems employing small solid-state

transmitters, peak power is limited to rela-

tively low levels. A technique that avoids
the need for high peak power is not only

attractive but perhaps essential.

FM-CW radar sensors have been success-

fully built at millimeter-wave frequencies.

The FM-CW waveform is attractive for use in
altimetry, fuzes, and similar applications

where a single target is involved and effi-

cient use of average power and/or very

short range measurements are needed. To

prevent direct transmitter leakage into the

receiver a dual antenna system is preferred

for CW radars. While space availability

could prevent the use of dual antennas at

microwave frequencies, the smaller aper-

ture (for constant beamwidth) permitted

by millimeter-wave radars makes dual an-

tenna systems feasible. Furthermore, propa-

gating signals decay more rapidly due to

atmospheric absorption at millimeter wave-

lengths resulting in lower sidelobe levels.

When compared with microwaves, these

features result in improved local isolation,

less mutual interference between multiple

sensors, and protection against signal-

intercept receivers.

Millimeter-wave technology has now

reached the point where small low cost milli-

meter-wave front ends for rugged environ-

mental performance are practical.

Measurements of the system's performance

must be made before the final integrated

version is built. The first step leading to this

integration is the design of a prototype or

breadboard front-end which combines

design flexibility and high performance.

Examples of this capability are provided by

coherent and free-running millimeter-wave

radar front ends, which are offered on pages

141 through 145. Monostatic or bi-static

operation, single or dual plane monopulse

reception, frequency agile stable master

oscillators and pulse compression can be

implemented with these subsystems.

RADAR CROSS SECTION AND BACK

SCATTER MEASUREMENTS

Millimeter-wave frequencies are also

used in RCS measurement systems where
the RCS of scale models is being evalu-

ated. The Hughes short pulse radar

system is described in more detail on

pages 152 and 153. A short-pulsed radar

system for scattering cross-section mea-

surements differs significantly from

traditional radar designs. The differences

are even more pronounced for compact

ranges due to the short distances

involved.

The transmitter needs to be agile and

coherent, requiring the use of a synthe-
sizer. This CW source then must be

modulated and amplified into a short-

pulse waveform with the appropriate

pulse width, rise and fall times, pulse flat-

ness, pulse repetition frequency and on/

off ratio. Pulse width is usually dictated by

the overall requirements of the target size

in order to minimize clutter. When using

stepped frequency imaging, the pulse

must fully envelop the target, thereby

establishing a minimum pulse width equal

to the transit time of the maximum target

dimension.

Rise and fall times will have different

requirements depending upon the type
of measurements being made. If making
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FIG. 7. 60 GHz RADAR WITH GUNN OSCILLATOR

TRANSMITTER DESIGNED FOR

VEHICULAR DETECTION.

single-frequency range strobes, the rise

and fall times need to be short enough to

provide the necessary target range profile

resolution. When used in the stepped fre-

quency mode, rise and fall times are

relatively unimportant, provided the pulse

width requirement is met. However, fora

compact range, rise and fall times are

important for both modes of measurement

because of range clutter. Clutter must be

minimized about the target region over the

dynamic range of the radar which can only

be accomplished by limiting the total

transmission radiation time.

Figure 7 shows a 60 GHz radar with a Gunn

oscillator transmitter designed for vehicular

detection out to 300 meters. A companion

micro-processor-based signal processor

provides automatic range acquisition as well

as selectable transmitter pulse widths and

adjustable receiver range gates. Depending

on the specific application, similar units

have been designed at frequencies ranging

from 50 to 94 GHz. Low cost is achieved

with dielectric lens antennas and the mini-

mum use of millimeter-wave semicon-

ductors. In certain applications a single

semiconductor can act as transmitter

source, local oscillator, and mixer.

Communications

Satellite communications systems utilizing

millimeter-waves because of the low proba-

bility of intercept and broad bandwidth

capabilities have becomea reality and are

one of the largest markets for millimeter-

wave technology in the eighties. Figure 8

depicts the latest in mobile, tactical, satellite

communications systems utilizing 44 GHz

uplinks and 20 GHz downlinks.

Hughes-manufactured millimeter-wave

semiconductors, low-noise receiver sub-

systems, and solid-state power combiners

(see page 46 in this catalog), are helping to

make these satellite communications sys-

tems possible.

Hughes GaAs FET low noise amplifiers are

described on pages 82 and 83. They have

noise figures ranging from under 3 dB at

20 GHz to under 4 dB at 35 GHz. Shown

in Figure 8 is a custom Hughes low noise

receiver subsystem. IMPATT diode com-

biners which offer up to 25 Watts over the

43.5 to 45.5 GHz band are also shown in

Figure 8 for use in uplink transmitters

Silicon IMPATT diodes with MTBFs of greater

than 10’ hours as determined by accelerated

constant stress testing analysis have been

used in satellites for years. Amplifiers using

them are suitable for both downlink and cross-

link applications. Silicon IMPATT amplifiers

have been operating continuously at Hughes

for over 11 years without a failure on life test.

Low cost millimeter-wave communications

links which operate in the lightly used Gov-

ernment frequency band of 36 to 38.6 GHz

have been built for distances from 50 feet

up to 20 miles. The beams are virtually

undetectible outside their narrow path, mak-

ing these systems ideal for secure point-to-

point communications, data transmission,

teleconferencing, and security monitoring.

Electronic Warfare

Designing electronic countermeasures to

millimeter-wave weapons and communica-

tions systems present formidable chal-

lenges. Millimeter-wave solid state and

vacuum technology advances have permit-

ted radar and communications systems

designers to implement fieldable equipment

using these frequencies. As a result millime-

ter-wave EW technology must also progress.

Since a radar suffers a two way path loss

and ECM system suffers only a one way

path loss, the broadband receiver sen-

Sitivities needed to detect threats at their

maximum range are well within the current

state-of-the-art for superheterodyne

receivers. This is true even when perfor-

mance is required in hostile environments,

such as wing tips, external aircraft pods,

arctic and tropical mast tops and trucks, are

considered. Highly sensitive broadband

receivers of all shapes and sizes are now

practical due to advances in integration and

packaging techniques.

The low probability of intercepting high

directivity millimeter-wave signals make jam-

ming of these systemsa truly formidable

task. The investment now being made in the

development of these systems is excellent

testimony to their effectiveness.

HUGHES MILITARIZED COMPONENTS AND SUBSYSTEMS FIND APPLICATION IN MM-WAVE

SATELLITE COMMUNICATIONS SYSTEMS.
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A key factor in the improved performance

and producibility of millimeter-wave sys-

tems and components is the availability of

quality instrumentation. Much excellent

equipment, designed for microwave mea-

surements, can be adapted for use at

millimeter-wave frequencies, but a sub-

stantial investment is now being made by

instrumentation manufacturers to design

complex and automated equipment spe-

cifically for making millimeter-wave

measurements. As a leader in this field,

Hughes has designed millimeter-wave

synthesizers; automatic network ana-

lyzers; frequency, phase, noise figure and

power measurement equipment; anda

complete line of solid state sweep fre-

quency generators.

SIGNAL GENERATION

Hughes offers a complete line of funda-

mentally generated and multiplied solid-

state millimeter-wave signal sources for

allinstrumentation applications. This

line includes both synthesized and free-

running oscillators utilizing GaAs FET,

Gunn and IMPATT devices. In offering this

wide variety of instrumentation sources,

Hughes provides the user the best unit

for his application and/or pocketbook.

If excellent signal quality and stability is

required, the Hughes 4785xH series of mil-

limeter-wave synthesizers described on

pages 10 and 11 is available. These instru-

ments feature full-band coverage in K-,

Ka-, Q-, U-, V- and W-bands. If a more eco-

nomical approach is required, partial

bandwidth units are offered in W-band.

This high performance instrument offers

low phase noise signals in both the CW

and stepped frequency mode. In addi-

tion, a free-running sweep is available for

applications where the synthesized mode

is not required. Stabilities of 1x10° parts/

day are achieved with phase noise typ-

ically 72 dB below the carrier ina 1Hz

bandwidth, 1 kHz from the carrier in Ka-

band. Other features include resolutions

of 100 Hz; amplitude, frequency and pulse

modulation and full GPIB programmability.

A modular construction allows the expan-

sion of frequency coverage from 18 to 110

GHz by the addition of a millimeter-wave

module. This fully programmable GPIB

compatible instrument is ideally suited as

the signal source in vector network ana-

lyzers, receiver testing and other measure-

ments where stability and low phase noise

are important.

FIG. 1, MILLIMETER-WAVE AUTOMATIC VECTOR NETWORK ANALYZER.

For applications such as scalar network

analyzers and other measurements where

phase noise and high stability is not as

important a consideration, a free-running

sweep source may be the best choice.

The Hughes series 4772xH plug-in sweep

generators are full featured sweepers com-

patible with the Hewlett Packard 8350B

mainframes. This series of sweepers cov-

ers full waveguide bandwidths from 18 to

110 GHz. Above 110 GHz, partial band-

widths (up to 25 GHz) are offered to 160

GHz. Hughes sweep sources are all solid

state sources. The K-, Ka- and Q-band

units are fundamental YIG tuned GaAs

FET oscillators and in U- and V-bands

they are doubled GaAs FET oscillators.

In W-through D-bands, IMPATT sources

are used to provide fundamental

frequency coverage. The combination of

these IMPATT oscillators provide the full

band coverage in W-band and the 25

GHz bandwidth in F- and D-bands. Two

methods of combining of sources are

offered. First, for applications such as

scalar network analysis where a broad-

band single sweep is required, full band

coverage through 110 GHz is obtained by

means of PIN switches. For broadband

requirements above 110 GHz, an elec-

tromechanical switch is used to combine

the sources. Single source options and

high power reduced bandwidth units are

also available. (See discussion on IMPATT

sources, page 41.) These sweep gener-

ators utilizing the sweep mainframe are

described on pages 12 and 13. If

improved frequency stability is required,

all sources may be automatic frequency

controlled by using a mixer and an EIP 578

source locking counter. In some applica-

tions, such as frequency agile local

oscillators, where high power and low

AM noise is a requirement, in addition to

the GaAs FET oscillators in K- through

V-bands, Gunn oscillators may be incorpo-

rated, either singly or combined, with the

sweep mainframe.

The simplest and least expensive sweep

generator consists of a voltage sawtooth

generator and a Hughes adjustable

sweep source as described on pages 14

and 15 in the catalog. Controls are pro-

vided to adjust the minimum and max-

imum sweep frequencies or to run the

source CW at any fixed frequency within

its bandwidth. Leveling and square wave

amplitude modulation can be added to

this system by using the separate Hughes

model 4771xH modulator/leveling loop

described on pages16 and 17.

NETWORK ANALYSIS

Vector Measurements

Microwave designers have had the con-

venience of using network analyzers for

many years. Frequency response informa-

tion about the device under test is dis-

played directly in rectangular or polar

form in real time and can be viewed while

optimizing the circuit in question.

The use of a downconverter technique

enables the millimeter-wave designer to

make swept frequency response measure-

ments at higher frequencies. The Hughes

Synthesizer previously described and the

S-Parameter Test Sets and Reflection/

Transmission Test Sets described on pages

18 through 21 can be used directly with

microwave vector network analyzers.
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This eliminates the need for special signal

processing and display instrumentation to

extend measurements to higher frequen-

cies. For the user this translates to signifi-

cant cost savings and a tremendous in-

crease in measurement capability. Figure 1

shows the hardware required to make a

downconverter analyzer. A Hewlett

Packard microwave vector network ana-

lyzer coupled with a Hughes S-Parameter

or Reflection/Transmission Test Set, and

the Hughes Synthesizer are the key com-

ponents. All features of the microwave ana-

lyzer are now available to the millimeter-

wave designer.

Two versions of the test set used with the

Hughes Synthesizer are available. The

S-Parameter Test Set provides full internal

switching of all signals necessary to allow

the automatic measurement of the four

S-parameters without reversing the device

under test. This feature is extremely useful

when many devices are being tested and it

minimizes measurement inconsistencies

associated with connecting and re-con-

necting waveguide flanges. The Reflec-

tion/Transmission Test Set provides the

flexibility of a remote transmission test

unit which is cable connected to the

reflection test unit. Both systems are

described on pages 18 and 19, and they

are a particularly cost-effective approach

to complex measurements. They are

based on the structure of the Hughes syn-

thesizer. The synthesizer (see block

diagram, Figure 2) downconverts the fun-

damental millimeter-wave oscillator to

approximately 400 MHz at which fre-

quency phase comparison takes place.

As seen in the block diagram, the refer-

ence signals from the synthesizer are

used in the reflection/transmission test

set or S-parameter test set to downcon-

vert to a constant 20 MHz for use in the

HP 8510, or, if desired, the near constant

400 MHz first downconversion which can

be used as an input to the HP8411/8410

system. This approach provides an ex-

tremely stable phase coherent system

of measurement.

To demonstrate the usefulness of the sys-

tem for characterizing active compo-

nents, an IMPATT diode injection-locked-

oscillator (ILO) amplifier was analyzed for

all four S-parameters. The amplifier was

operated from 93.5 to 94.5 GHz. The S.,

magnitude and phase results are shown in

Figures 3 and 4 respectively. The correct

drive levels for injection-locking the ampli-

fier were achieved by placing a second,

similar amplifier and attenuator between it

and the signal source input to the bridge.

In this way, the synthesizer is employed to

injection-lock the second amplifier, which

is in turn used to injection-lock the ampli-

fier under test. To check theoretical

expectations with actual performance, the

drive level to the amplifier under test was

reduced until it would no longer lock out-

side the 1 GHz operating bandwidth.

Theoretically, the amplifier should con-

tribute 180 deg. of phase shift when its

IMPATT diode is on and it is operating in its

locking bandwidth. When run outside of

the locking bandwidth, the diode has no

effect on the measurement system, since

its output is different from the reference

(or injection-locked) frequency. There-

fore, the phase change for the locked

frequency bandwidth minus the phase

change for an equivalent-bandwidth

unlocked amplifier should equal 180 deg.

As Figure4 shows, theoretical and actual

measurements agree to within a few

degrees.

All the vector measurements systems

described above provide ease of expan-

sion to all waveguide bands. A common
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synthesizer mainframe and S-parameter

control unit facilitates this expansion.

Automation is accomplished by adding a

computer. Specially designed software is

provided that controls the synthesizer,

test set, and network analyzer to provide
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fast, accurate, error corrected measure-

ments. Completed, automated turnkey

systems are described on pages 20

and 21.

Scalar Measurements

In many cases, vector measurements are

not necessary and scalar measurements

will supply all the information that one

needs. In these instances a scalar net-

work analyzer or reflectometer will suffice.

Figure 5 shows the block diagram of a

scalar network analyzer. Basically, a well

isolated source is used to measure the

amplitude component of the return loss

and insertion loss of the device under

test. Initially a system calibration is per-

formed and recorded. A reference short is

utilized at the test plane for the return loss

calibration and coupler 1 is connected to

coupler 2 for the insertion loss calibration.

The device under test is then inserted and

the voltages of detectors 1 (return loss)

and 2 (insertion loss) are compared to the

calibration data.

Provided that the detectors are operating

in their square law region, the output volt-

ages will be proportional to the incident,

transmitted, or reflected power so that

both the return loss and insertion loss can

be measured. All components in the sys-

tem cover complete waveguide band-

widths and the detectors are compatible

with scalar network analyzer/displays

such as the Wiltron model 560A, Wavetek/

Pacific Measurements mode! 1038/N10, or

either the Hewlett Packard model 8756A

or 8757A.

Complex Impedance Bridge

If scalar measurements are insufficient for

a particular requirement and the user

does not wish to make the investment

required for a down-converter network

analyzer, then the complex impedance

bridge is likely to be the most cost-effec-

tive set up. It is basically a manual system

that is quite easy to configure with wave-

guide components described in this

catalog. The bridge is illustrated in Figure

6. A millimeter-wave source is amplitude

modulated by the ferrite modulator, typ-

ically ata 1 kHz rate. The power is then

split between the reference arm and the

test arm. During calibration, the device

under test is replaced by a known ref-

erence short. The attenuators and the

phase shifter in the bridge arms are

adjusted for a detector null as measured

onan oscilloscope, AC volt meter, or lock-

in analyzer. The device to be measured is
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then connected to the test port. By adjust- SIGNAL ANALYSIS

ing the attenuator and phase shifter in the

test arm, the detector output may again

be nulled. Noting the difference in the cal-

ibration and measurement settings of the

attenuator and phase shifter, the complex

impedance of the device under test may

be calculated. For the best accuracy,

a frequency stabilized source or a phase

locked source, such as the Hughes syn-

thesizer described on page 10,is useful.

Although Figure6 shows the bridge con-

figured to measure the reflection charac-

teristics of single port devices, it may be

easily arranged to measure transmission

characteristics as well. The two couplers

are simply replaced with straight sections

permitting the insertion of an unknown

two-port device as shown in Figure 7. The

concept may be extended to multi-ports

by using terminations on the other ports.

Using the two-bridge configuration, it is

therefore possible to measure complete

scattering coefficients of multi-port

components.

Equipment is also readily available for the

measurement of signal parameters such

as frequency, power, spectrum, and noise

figure. In many cases the same instru-

ments used at microwave frequencies can

be adapted for use at millimeter-waves

with the help of a millimeter-wave

component.

Power Measurements

One example of this is the Hewlett Pack-

ard model 432 power meter which, with

the aid of the Hughes temperature com-

pensated thermistor mount, described on

pages 28 and 29, enable the user to mea-

sure power in ranges from 10 microwatts

to 10 milliwatts in the frequency range

between 26.5 to 170 GHz. This power

range is easily extended with the use of

the Hughes direct reading precision rotary

vane attenuator described on pages 34

and 35.

Anew advancement in power measuring

instruments is the Hughes Millimeter-

Wave Power Meter and Diode Power Sen-

sors described on pages 26 and 27. This

measurement system takes advantage of

the ultra sensitive zero bias silicon detec-

tor diodes. Each sensor has a pair of anti-

parallel detectors which drive an extremely
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sensitive nano-voltmeter. The result of this

combination of detector and nano-volt-

meter with micro-processor correction for

non-linearity yields 60 dB dynamic range

from +10 dBm to — 50 dBm. These instru-

ments may be configured with dual

channel sensors and IEEE 488 bus. This

new power measurement system is of-

fered in waveguide in K-, Ka-, Q-, U-, V-,

and W-bands(18 to 110 GHz), and in

the 18 to 40 GHz WRD 180 doubled ridged

waveguide band.

Another power measurement instrument

is the Hughes Millimeter-Wave Dry Calo-

rimeter. This device compares RF energy

with DC energy. It has historically been the

preferred approach to power measure-

ment by calibration labs. These instru-

ments are described further on pages 30

and 31, and are offered in Q-, V-, and

W-bands.

Frequency and Phase Measurements

Frequency can be measured with the

direct reading precision frequency meters

described on pages 32 and33. Similarly,

phase change can be measured ina

phase bridge with the use of the precision

direct reading phase shifters described

on pages 36 and37.

Spectrum Analysis

For spectrum analysis two approaches

are now available. One is based on har-

monic downconversion using a local

oscillator signal from the spectrum ana-

lyzer and the other uses a direct

downconversion technique with either a

free-running or phase-locked millimeter-

wave local oscillator. The harmonic mixers

described on pages 98 and 99 feature

broadband operation with wide IF band-

widths and are available for use with

spectrum analyzers with or without built-

in diplexers. When properly connected,

the analyzer and mixer allow the display

and analysis of millimeter-wave signals.

Positive and negative polarity options of

the mixers are provided so that the fre-

quency range can be extended on most

available analyzers.

The direct downconversion method uses

broadband planar balanced mixers and

has several key advantages over har-

monic mixing. Dynamic range is the

highest available. Spurious signals are

easily identified and a calibration

curve is supplied with each system

for power measurement. These mixer/

local oscillators are further described on

pages 98 and 98 and are offered in the

bands covering 18 to 110 GHz.

Noise Figure Measurements

Accurate and dependable noise figure

measurements are possible at millimeter-

wave frequencies by using available

microwave noise figure meters and milli-

meter-wave noise sources. Both solid

state and tube noise sources are available

for this purpose. Hughes has developed

solid state noise sources using IMPATT

diodes. Solid state noise sources offer

advantages over conventional gas tubes

including: low voltage operation, compact

size, and high excess noise ratio (ENR).

Avery flat power spectrum full waveguide

bandwidth is readily avaliable from IMPATT

noise sources as shown in Figure 8 for V-band.

Solid state noise sources are available to

100 GHz for a wide variety of instrumentation

applications. Gas tube noise sources are

available through 220 GHz.

FIG. 8.ENR FOR 51 TO 55GHz IMPATT NOISE

SOURCE. VERTICAL SCALE IS 5 dB PER

DIVISION.

Figure 9 shows an automated noise fig-

ure meter operating at millimeter-wave

frequencies. The ferrite modulator/driver

is used to gate the output of the noise

source. The gating signal is derived from

the noise figure meter and is the external

input signal to the modulator driver. The

gated noise output is applied to the input

of the device under test (low noise ampli-

fier, etc.). The output of the device under

test is downconverted to the noise figure

meter IF frequency (typically 30 MHz) by

use of a planar crossbar balanced mixer

and a frequency agile local oscillator such

as a Hughes plug-in sweep generator with

a GaAs FET or Gunn source. In addition,

the sweep generator output is available.

This output can be used as the RF input to

a balanced mixer for direct conversion

loss and noise figure measurements of

these devices. The Noise Figure Meter

performs the measurements and acts as

the controller for the local oscillator, and

any peripheral equipment such as a plot-

ter. Systems are available that provide full

waveguide bandwidth noise figure and

gain measurement in K-, Ka-, Q-, U-, and V-

bands and up to 8 GHz bandwidth in W-

band. The systems are compatible with

either the HP8970 or Eaton 2075 Noise

Figure Meters. These systems are des-

cribed on pages 22 and 23of this catalog.
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Millimeter-Wave Synthesizer

Hughes 4785xH series of solid state, microprocessor based

Millimeter-Wave Synthesizers provide high stability and very

low phase noise signals inseven waveguide bands from18 —_~

up to 140 GHz. This is accomplished by phase locking a solid

state oscillator to an internal crystal reference or a customer-
provided external reference. The synthesizer offers three

modes of operation: a CW synthesized mode, a synthesized
frequency stepping mode, and a free running swept fre-

quency mode. It is ideal where a wide band low phase noise

source is required such as the signal source for complex

impedance measurements and broadband receiver testing.

Power outputs vary from as high as + 5dBm in W-band to

+ 13dBm in K-band depending on the option selected, but

higher power levels over narrower bandwidths are available

for special applications.

The synthesizer consists of a main frame and a millimeter-

wave module. The main frame is common to all bands. The

main frame contains the microprocessor, power supplies,

the GPIB interface, the low frequency reference synthe-

FEATURES:

SPECIFICATIONS Frequency Band (GHz)

K Ka Q U Vv Ww D
(18-26) |(26.5-40)| (33-50) | (40-60) | (50-75) (75-100) (140)

Power Output,(dBm min) (without leveling or pulse 25 GHz Bandwidth +3

modulation option)® +13 +10 +5 +2 -1 10 GHz Bandwidth +5 0

With Leveling Option—Output Power Reduced (dB max)® 2.5 2.5 3.0 3.0 3.0 3.0 -

With Pulse Modulation Option—Output Power Reduced 25 GHz Bandwidth — 3.0

(dB max)® 0.5 1.0 1.0 1.0 2.0 10 GHz Bandwidth — 2.0 is

Bandwidth (GHz min) Broadband Option Full Full Full Full Full
waveguide |waveguide |waveguide |waveguide |waveguide 25 GHz =

Partial Bandwidth Option (GHz min) = = = = = 7 10 7 10

For Center Frequencies between - = - = - 78.5-85 | 85-95 140

Unleveled/Leveled Output Flatness(+ dB typical) 2.0/1.5 | 2.0/1.5 | 2.0/1.5 | 3.0/1.5 | 3.0/1.5 6.0/1.5 2.0

RF Output Attenuator (dB min) ©® 10 10 10 10 10 10 =

Attenuator Accuracy (+ dB max) 1 1 1 il 1 1 =

Waveguide and Flange See Page 157

SYNTHESIZED MODES SWEEP AND FREQUENCY STEPPING (SYNTHESIZED) MODES

Frequency Specifications Sweep Modes . . . Synthesized or Free Running

Resolution(HZ) oes 100 Control Functions CW, Start-Stop, AF marker sweep

Switching Time (ms. typ) ....... Bim oe ey, 25 and marker —CF

Aging Rate (Internal Reference)® ......... <1x10°/Day Sweep and Trigger Modes ... . Internalsweep 10 ms to 100 sec.

Stability (Internal Reference) (+15 to+35°C)@ ....+5x 10"? per sweep (free running mode)

External Frequency Reference Input (MHz) Manual Sweep/Single Sweep

(Sto10 ABM inte S0Q) oss eww sos sia wae ea w oe ea oe SR 10 External Trigger/Line Sync.

Reference Frequency Output (MHz) Markers. 0.0.0...cece eee 3 Independent Markers selected
(O'ADBM Min iNtO'SOQ): sos ess aa ¥ os Gow oe ees Kore ve 0 from Keyboard or Increment Knob

Spurious Responses (non-harmonic, typ) ....... <-40 dBc Marker Accuracy

Spurious Responses (harmonic, typ) ... . -<-25 dBe —SynthesizedMode ......Sameas time base

Modulation Specifications —Free Running Mode ...... +10 MHz or + 1% of span

Amplitude@ (whichever is greater)
Depth(%, typ) .......... RF Blanking (dB typ)®©@ .....
Rate (kHz) ......... . Internal Square Wave Rate (kHz)® a

Distortion (THD% max) Pulse Modulation Depth (dBtyp)@® oo... ee 20

External Input (VeK into 1kQ,nom) ..........0. 20005 1 Step Size (Synthesized Mode)(HZ) ................0.0005 100

Dwell Time (Synthesized Sweep Mode)
Frequency

(seconds per frequency) ........... 0000. cell 0.001 to 10

Laie Index (MAX)® ove eens 01 4 Saven/Recalln ....... ... Allows up to 9 front panel settings
Eternal in sul for Peak Deviation (Vek into 09, ni : 1 to be stored and recalledpI MOM) .. 2... Local/Remote ............4 Selects local or remote

Pulse@® programming of all front panel

Width (Ms:MminA/MAaX) ox cas con oy o8 HON Ge dan eee 0.001/5 controls except the POWER ON

Repetition Rate (kHz min/max) . . weve eee es 0.1/100 switch via the GPIB (IEEE-488)

On-Off Ratio(dBmin) 2.0... ee 20

® Specification with leveled output ® After 72-hour warmup ® Selectable from front panel or from external input @:Not applicable on units without leveling
Attenuation range greater with unleveled output @ Specification with attenuator © Not applicable on option without pulse modulation @ Modulation index = Deviation (At) +

®See Howto Order set at zero Modulation rate (fm)
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sizers, and crystal reference oscillator. The millimeter-wave

module consists of an electrically tuned solid state oscillator

and all the necessary millimeter-wave components and

electronics to phase lock the millimeter-wave source to the

crystal reference. The K-, Ka- and Q-band oscillators are

full waveguide bandwidth fundamental GaAs FET oscil-

lators, and in U- and V-band they are doubled GaAs FET

oscillators. InW- and D-bands, the oscillators are IMPATT

sources. W-band offers either broadband units where multiple

IMPATTs are combined or as a single IMPATT partial band unit.

In the broadband units, the oscillators are combined through

PIN switches and offer 25 GHz bandwidth. A leveling loop is

available on all units except D-band. The millimeter-wave mod-

ule is cable connected to the main frame.

The instrument provides synthesized millimeter-wave sig-

nals in precise increments of 100 Hz. Frequency acquisition

time is typically 25 milliséconds or less and a variable dwell

time of 1 millisecond to 10 seconds is provided. A 10 MHz

reference frequency Output is provided, which allows lock-

ing other instrument time bases to the synthesizer. In

addition, provision for locking the synthesizer to an external

10 MHz reference is available.

CW signals can be AM modulated ata 0 to 5 kHz rate witha
depth of modulation up to 50% or be FM modulated at a rate
between 0.01 and 5 MHz with a maximum modulation index

of 1. Pulse modulation and leveling are optional on all units thru
W-band. The unit has a built-in programmable attenuation
capability of 0 to 10 dB, on all units with leveling.

The sweep modes provide all the features expected of a
microprocessor based synthesized sweep generator and

are listed in the specifications. Full programmability of all
instrument functions is provided. Data entry is made from

the front panel keyboard or via the GPIB (IEEE 488). Up to
nine front panel settings may be stored and recalled. This
feature allows the operator to rapidly change any or all
instrument parameters, which reduces set-up time.

¢ Fundamental Oscillators

* Lowest Phase Noise Signals to 140 GHz

¢ Full Waveguide Bandwidths through V-Band

«GaAs FET Oscillators in K- through V- Bands

HOW TO ORDER

MainFrame ........ 00.0... 47850H-53xx

Cable Location and 0: Front Panel

Rack Mount Option 1: Rear Panel

2: Front Panel/Rack Mount

3: Rear Panel/Rack

AC Input Voltage 1: 110 VAC 3: 100 VAC

(50/60 Hz) 2: 220 VAC 4: 235 VAC

Mitlimeter-Wave Module ..................0005. 4785xH-xxxx

Frequency Band 0: K 4:V

1: Ka 6: W

2:Q 8: D

3: U

Flange 1: Round (Available Ka-

through D -bands only)

2: Square (Available in K- and

Ka-bands only)

Pulse Modulation Option 0: With Pulse Modulation

(Not available in D-band)

1: Without Pulse Modulation

Bandwidth Option 2: Partial Waveguide Band

(Specify Center Frequency.

Available in W- and D-bands

only)

4: 25 GHz (75 to 100 GHzin

W-Band only)

5: Full Waveguide Band

(K- through V-bands only)

Leveling Option 0: With Leveling (Not available

inD-band)

1: Without Leveling

Example: To order a 75 to 100 GHz Synthesizer for use on 110 VAC rear panel

cable location, and pulse modulation and leveling capabilities,

specify a Model 47850H-5311, and a millimeter-wave module

model 47856H-1040.

TYPICAL PERFORMANCE CURVE

z
o -40 NX Free-Running —___]
2 W-Band NR (MP,
w

g ~60 i SS
_——]

< pS x

c = _go fo R

Z Ka-Band Nn Y

-100

100Hz 1kHz 10 kHz 100kHz 1MHz 10 MHz

FREQUENCY OFF CARRIER

SSB FM Noise of Ka- and W-band Synthesized Signal Generator

(Excluding Spurious Response)

OUTLINE AND MOUNTING DRAWING

Main Frame (rear panel)

REFERENCE

MOOULE

Ve «

LUUUUUUULL

8 e | (a
@

8

60eS 00 $6 mm

OIMENSIONS ARE IN INCHES (CM): 17 (43.18) WIDE x 7.5 (19.05) HIGH x 23 (58 42) DEEP.

APPROXIMATE WEIGHT 55 LBS. WITHOUT MM-WAVE MODULE.

NOTE: K- through V-band full band and W-band partial band millimeter-wave modules

dimensions and weight (inches (cm)/tbs (kg) approx) 3.4 (8.6) x 8.0 (20.3) x 16.5

(91.99/15 (7)

Full band and 25 GHz bandwidth W-band millimeter-wave modules dimensions

and weight (inches (cm)/Ibs (kg) approx) 3.4 (8.6) x 16 (40.1) x 22 (55.9)/28 (12.5)
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Sweep Generators

Hughes GaAs FET and multiple IMPATT Plug-In Millimeter-

Wave Sweep Generators consist of asweep source, a sweep

plug-in and the Hewlett-Packard 8350B main frame. The 4

sources feature oscillators with electronic tuning in eight

waveguide bands from 18 to 160 GHz. The system makes

all features of the main frame available including a high resolu-

tion digital display of operating frequency.

In K- through Q-Bands, the sweep sources are full waveguide

bandwidth GaAs FET oscillators, and in U- and V-Bands dou-

bled GaAs FET oscillators. These oscillators provide excellent

AM and FM performance which makes them suitable as local

oscillators as well as for most instrumentation applications.

These sources deliver up to + 14 dBm output power in K-Band

and up to 0 dBminV-Band.

In W, F and D-Bands, the sweep sources are multiple IMPATT

FEATURES:

12

HOW TO ORDER

ModelNumber ..............- waite Sea be BEANE a » 47 T2XH-XxXxXx

Frequency Band 0:K

1:Ka

o
n
s
<
c
o

Flange Type 1: Round (available in Ka- through D-bands

only)

2: Square (available in K- and Ka-bands only)

Main Frame 3: With 8350B Main Frame

5: Without Main Frame. For use with HP8350B.

Requires HP11869A (not supplied)

Bandwidth 4: Any 25 GHz Bandwidth (F- and D-bands up
to 160 GHz only—specify center frequency)

5: Full Waveguide Bandwidth using

electronically tuned GaAs FET oscillator

(K- through V-bands only)

6: Full Waveguide Bandwidth using PIN

switched IMPATT oscillators ( W-band only)

7. GUNN VCO Wnhon onlay,

Leveling Option 0: With Leveling (Modulator only in F- and D-bands)

2: Without Leveling

Example: To order a sweep generator including the HP8350B main frame

capable of supplying + 1dBm of leveled output power in W-band,

specify a 47726H-1360.



SECTION

TEST INSTRUMENTS

oscillators which are combined to produce sweeps timed in bility and reliability.
milliseconds over wide bandwidths. The combining is accom- The main frame allows control of all sweep functions

_ plished through either matched hybrid Tee or PIN diode through front panel data entry or full programmability via the
switching with switching time between bands accomplishedin _|EEE 488 Bus. The sweep plug-in provides the interface
8 milliseconds in the auto sweep mode, and 20 millisecondsin —_ between the main frame and the sweep source.
the manual sweep mode. These sources deliver output powers Single head oscillators and high power oscillators
of +3dBm in W-Band and 0 dBm in F and D-Bands. operating at frequencies up to 160 GHz are also available.

All sources include integral isolators that provide excel- See pages 14 and15
lent source match. A leveling loop is available that provides

excellent output flatness. The instantaneous wideband per-
formance makes these oscillators ideally suited for most
instrumentation applications where a flat, fast broadband
sweep is required.

The fully solid-state design of the sweep source provides
a compact package and assures excellent temperature sta-

¢ Extends HP8350B with FullBand Coverage _- Uses Electronically Juned GaAs FET Oscillator
to 160 GHz in K- Through V-Bands + Gunw VC's in W-BAUD,

SPECIFICATIONS

Frequency Band (GHz)

K Ka Q U Vv w IW] oF D
(18-26.5) (26.4-40) (33-50) (40-60) (50-75) (75-110) Reyqg(90-140) (110-160)

Sweep Bandwidth (GHz min) Full Band Full Band Full Band Full Band Full Band FullBand 25, 25,

Power Output, Unleveled (dBm min) Jon
(Without leveling option) +14 +410 +6 +3 0 +3 [tp 0 0

With Leveling Option

Output Power Reduced (dB max) 2.5 25 3.0 3.0 3.0 2.0 [YJO] NA NA

Unleveled Output Flatness

(+ dB typical) 2.0 2.0 2.0 3.0 3.0 6.0 ]2o | 3.0 3.0

Leveled Output Flatness 
+(+ dBmax) 15 15 15 1.5 1.75 1.75|U—S| — =

Temperature Stability (MHz/°C typ) 
Le

(15 to 30°C) 1 1 1 1 2 2 |jeb 4 4

Modulation Depth(dB typ)® 25 25 25 25 25 25 2s 25 25

Max Ext Mad Rates (kHz) — 50 50

ExtMod Tmput Vottage ( + V) 5 5 5 5 5 5 |r] 5 5
RF BlahkingTM— 7 \ RF is turned off during retrace until next sweep —
FREQ. ACCURAGY—7

CW MHz max 30 40 50 60 150 220 |£7%S | 280 320

Sweep (100 msec) MHz max 60 80 100 150 300 450 |*125 | 600 650

Waveguide and Flange See page 157 —

@ With Leveling Option Only

Main Frame Dimensions (inches (cm)): 5.25 (13.3) x 16.75 (42.5) x 16.6 (42.2)

Sweep Source Dimensions (inches (cm)): 3.4 (8.6) x 8.0 (20.3) x 16.5 (91.9)
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Single Head and Adjustable Sweep Sources

The Hughes 4712xH and 4772xH series of single head and

adjustable sweep sources offer economical approach for

the generation of narrow band low and high power milli-

meter-wave swept signals. The Model 4712xH consist of an ,

Impatt oscillator and a Hughes Model 47510H Sweep Con-

trol Unit (ordered separately). The Hughes Model 4772xH

uses the same type of Impatt oscillator, but is controlled by a

Hewlett Packard Model 8350B sweeper main frame. Both

configurations are available with and without leveling and

with standard or high power options.

The Model 4772xH is available with single or multiple

MMW plug-ins to cover the frequency range of 26.5 to 160 GHz

and is controlled by the 8350B main frame. The main frame

FEATURES:

14

HOW TO ORDER (Adjustable Sweep Source) HOW TO ORDER (Sweeper Plug-in)

(Center frequency for sources must be specified at time of order) (Center frequency for sources must be specified at time of order)

IMPATT Sweep Source . 4712xH-xx00 Model Number.......-..... 4TT2XH-XXXX

Control Unit 47510H-500x

Frequency Band =1:Ka Frequency Band } Ka

20 3:U
av 4a:V

5:E S:E
6:W 6: W

TF TF

8:D 8D

Flange 1: Round Flange Type 1: Round
2: Square (available in 2: Square (available in Ka-band only)

Ka-band only) 3: Pin Contact (available in F- and D-bands

3: Pin Contact (available in only)
F- and D-bands only)

Main Frame 3: With 8350B Main Frame
Bandwidth/Power 0: Standard single source ‘

Option 1: Full waveguide bandwidth set 5: Without Main Frame. For use with
(Ka- through W-bands only) HP8350B' requires HP11869A (not

2: 75-100 GHz set (W-band) _ supplied)
3: 90-110 GHz set (W-band) 6: Without Main Frame. For use with

4: High Power Unit (available in Ka- HP8620C
through W-bands only)

AC Input Voltage 1: 110 VAC 60 Hz Power Option 0: Standard Unit
2: 220 VAC 50 Hz 2: High Power Option

Examples. To order a 35 GHz Ka-band IMPATT Sweep Si H jf A P
. with square flange. specity A7121H-3000 eer Single Head 1: With Leveling Loop (modulator only in

frequency = 35 GHz Option F-and D-bands)
To order a Sweep Control Unit with 110 VAC 60 Hz AC 2: Without Leveling Loop

input voltage. specity: 4751015004 3: Without Plug-in (Plug-in must be modified)

Example To order a sweep generator sist the HP8350B main
frame capable of supplying 1 milliwatt of leveled

power output between 90 and 100 GHz in W-band,

specify a 47726H-1301, center frequency 95 GHz

~f)


