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news

Planar array looks through lens 
to  provide hemispherical coverage
Stacy V. Bearse
Associate Editor

The limited scan angle of trad i­
tional phased-arrays has generally 
made them overly expensive for 
applications where hemispherical 
coverage is required. But a  new 
concept involving a dielectrically- 
loaded passive lens, or “dome” as 
it is referred  to, promises to slash 
the cost of wide coverage phased- 
a rray  designs by achieving hemi­
spherical coverage w ith a single 
planar a rray—coverage th a t pre- 
viously required three or four 
planar a rray  faces.

“In  a cost analysis of a ballistic 
missile defense phased-array ap- 
plication, a dome antenna replac- 
ing four conventional p lanar ar- 
rays reduced antenna costs by 
about 50% ,” notes Leon Schwartz- 
man, program  m anager a t Sperry 
Gyroscope in Great Neck, NY, 
where the novel antenna concept 
was developed. “The 50% cost sav- 
ings associated w ith the  antenna 
and cost savings associated with 
a smaller structu re  yields an over­
all System cost savings of 30%,” 
he continue».

The dome antenna consists of a 
conventional p lanar phased-array 
(F ig. 1) covered by a radome 
studded w ith fixed, passive phase 
sh ifters (F ig . 2). When selected 
portions of the inferior of the 
dome are illuminated by a “search

1. A simple, planar array can pro­
vide greater than hemispherical 
coverage when capped with a di- 
electrically-loaded lens.

light” beam, the collective phase 
sh ift of the illuminated clements 
changes the direction of the propa- 
gation of the energy from  the feed 
array, acting as an r f  analog to 
an optical prism. Thus, the p lanar 
feed array need not scan to as 
large an angle as is ultim ately 
required.

“You essentially take a planar 
array, which is normally limited 
in its scan range to ±60 degrees 
or less and by making changes in 
the beam steering function and 
adding the dome lens, you can 
greatly increase the scanning abili- 
ty of the a rray ,” Schwartzman ex- 
plains. “In addition,” he adds, “the 
planar array  may have been signal 
bandwidth limited, i t ’s a phased 
array  not a real tim e array , but 
by adding th a t dome lens, you can 
also increase the signal bandwidth 
capability of the feed.”

±120° scans possible
Sperry’s dome concept can pro­

vide greater than  hemispherical 
coverage—in fact up to ± 120 de­
grees from zenith—as dem onstrat- 
ed by a C-band dem onstration 
model. The prototype uses a four- 
foot diameter, space-fed planar 
array  consisting of 805, digitally 
eontrollable, three-bit fe rrite  prase 
shifters to illuminate the inside of 
a hemispherical lens. This lens is 
studded w ith 8,636 dielectrically

2. A passive lens bends the beam
from a planar array to greatly in­
crease its effective scan angle. The 
planar array’s scan angle, 0, is re-

loaded circular w aveguide sections, 
each designed to in troducé a üxed 
amount of phase s h if t  (F ig . 2). 
M ismatch plus insertion  loss of the 
dome is approxim ately 0.8 dB.

“For the feasib ility  model, we 
designed a circular w aveguide pipe 
w ith titan ium  sty ren e  loading. 
There are  two differen t slugs in­
side the waveguide, one, of dielec- 
tric  constant, e, =  12.2 and a  sec- 
ond m aterial w ith an  er of 7.2. By 
changing from elem ent to  elem ent 
the relative lengths of the  slugs, 
you basically change the  insertion  
phase of the component,” describes 
Schwartzman.

Eighteen com binations a re  used 
to introducé phase s h if t  in  20-de- 
gree increments, thus covering a 
0 to 360 degree range. In  the 
feasibility  model, each waveguide 
phase sh ifte r is fïtted into a pre- 
drilled hole in a hem ispherical 
radome.

The dome on th e  feasib ility  
model weighs “lots of pounds,” ac- 
cording to Schwartzm an, b u t was 
built w ithout reg ard  fo r  w eight 
or cost. “I would never build a 
dome lens like th a t ag a in ,” exclaims 
the Sperry researcher. “ I t ’s pu re  
w itchcraft when you m ix up those 
dielectric co n stan ts!”

Instead, fu tu re  production v er­
slons m ight incorporate  ligh t- 
w eight p rin ted-circuit phase delays 
which would be glued to the inside 

(con tinued  on p. 10)

lated to the antenna's scan angle, 
<£l , by a constant, k, which may 
vary between one and two.
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Efficiency gains reported for microwave power transmissiën
Reaearchers a t the J e t  Propul- 

sion Laboratory in Pasadena, CA, 
and a t  Raytheon in W altham, MA, 
have reported that, fo r the first 
tim e, a microwave power transm is- 
sion System has achieved an over­
all efficiency of better than  50%.

“These are significant resu lts,” 
claim s Richard M. Dickinson, who 
m onitored the Raytheon measure- 
m ents fo r J P L ’s office of Research 
and Advanced Development. “Over­
all efficiency fo r microwave power 
transm ission  has increased by a 
fac to r of th ree in the past decade.”

The te rrestria l tests were con- 
ducted by converting dc, rated  at 
914 w atts, to rf. The r f  was trans-

m itted to a receiving antenna over 
a relatively short distance, and 
rectified back to dc. Usable electric 
power a t the output end was meas- 
ured a t 495 watts, for a dc to dc 
efficiency of 54%.

A team headed by Dickinson of 
JP L  and Owen Maynard and Wil­
liam C. Brown of Raytheon plans 
to continue the tests this summer 
a t the NASA-JPL complex a t Gold- 
stone, CA. According to Dickinson, 
in fu tu re  experiments the deliver- 
ed power will be increased to tens 
of kilowatts and will be received 
over a distance of one mile using 
an 85-foot transm itting  dish and a 
rectenna receiving array.

These experiments are attem pt- 
ing to investigate the feasibility 
of a solar power satellite System. 
In  such a System, a satellite carry- 
ing a large solar-cell array, would 
be placed in a geosynchronous or- 
b it around the earth . Solar energy 
would be converted to de, then to 
r f  fo r transm ission back to earth. 
A large, six mile square antenna 
a rray  on earth  would intercept the 
high-power beam, and a rectifica- 
tion System would convert the ener­
gy to dc fo r distribution.

The present work a t JP L  and 
Raytheon is under contract to the 
NASA Office of Applications. • •

SVB

P lan ar array  looks through lens to provide hem ispherical coverage (c o n t’d )
of a radome. “The present ele­
m ent th a t we are looking a t is a 
prin ted-circu it crossed dipole, with 
p rin ted  m eanderlines,” Schwartz­
m an notes. These elements resern- 
ble the letter “H ” and consist of 
two crossed diodes connected by a 
p a ir  of transm ission lines, pack- 
aged in a rectangular box. The 
complete element is approximately
1.5 inches long, weighs about 0.3 
ounce and m ight be made in quan- 
t i ty  for about $10 apiece, accord­
ing  to Sperry. The total antenna 
w eight of a p lanar a rray  capped 
by a dome using these lightw eight 
phase sh ifters would be in the 
neighborhood of 6,500 to 7,000 lbs, 
including the beam steering unit 
and drivers used for steering the 
a rray .

Signal bandw idth of the experi­
m ental dome antenna is reportedly 
2%  over the en tire  scan range. 
B ut Schwartzman notes: We will 
be shortly under contract to in­
vestigate  and evaluate a technique 
whereby w ithout real time delays 
in  the feed a rray  and ju s t by a 
change in the components used in 
the dome lens, it appears possible 
to increase the signal bandwidth 
to  about 10%.”

Although the dome on the proto­
type model approxim ates a hemi- 
sphere, an infinite variety  of solid 
shapes, including a paraboloid or 
a hybrid of a cylinder and hemi- 
sphere, can be used. Schwartz­
m an indicates th a t the precise 
shape of the dome can be tailored 
to  favor particu lar regions in the 
sky.

3. Passive phase shifters are visible 
in the hemispherical dome of this 
C-band feasibility model. Production 
models may use printed-circuit ele­
ments glued to the inside of a hon- 
eycomb dome.

This is an im portant factor, 
since the beamwidth of the dome 
antenna changes with elevation 
scan angle. “The beamwidth will 
vary, on the order of 4:1 over the 
entire scan range, but a typical 
beamwidth for some of our de­
signs is on the order of 2 degrees 
a t the design point,” says the 
Sperry program  manager, refer- 
ring  to the optimized region in 
space. “By changing the phase 
function in the feed array, you 
can change the beamwidth of the 
antenna. You can zoom,” he adds.

One characteristic peculiar to 
the dome antenna is a rotation of

the polarization plane of the radi- 
ated signal if  linear polarization 
and dipole elements are employed 
in the p lanar feed array . In this 
case, the plane of the linear pol­
arization varies w ith azimuth 
pointing angle, sh ifting  one de- 
gree for every degree change in 
azimuth.

Vertical, monopole elements in 
the feed array , or a tw ist of the 
passive dome elements are two 
techniques being investigated to 
correct this problem.

If  a circularly polarized feed 
array is used, azimuth beam Posi­
tion has no effect on the polariza- 
tion of the radiated signal.

Any type of array  and feed net- 
work th a t is capable of generating 
a non-linear phase excitation can 
be used as a feed fo r the dome. 
“We are also looking a t the mod- 
ernization of current equipment 
by re tro fittin g  w ith the dome 
lens,” Schwartzman indicates.

The computer used to steer the 
illumination from the planar feed 
array  is no more complex than 
th a t required for a conventional 
phased array , says the Sperry 
program  manager, however, a 
somewhat d ifferent tracking al- 
gorithm  m ust be used.

Using computer S im u la tio n  s, 
Sperry has shown the feasibility 
of the dome antenna concept at 
frequencies as high as 15 GHz, al­
though there has been no hard­
ware development in Ku-band. At 
present, the researchers have 
found no high power limita- 
tions. • •
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Trolly measures antenna surf ace 
fast and accurately
Richard T. Davis
Managing Editor

A simple, fa s t and inexpensive 
technique has been developed by 
the National Radio Astronomy 
Observatory for m easuring the 
curvature of antenna surfaces to 
w ithin 0.05 mm. lts  precision and 
speed has significant implications 
fo r m easuring large m illim eter 
wave parabolic dishes such as those 
used in radio astronomy, where 
surface tolerances are very critical.

According to John M. Payne, 
Associate Head of the Electronics 
Division of the K itt Peak National 
Observatory, Tucson, AZ, the tech­
nique is quite different from  con­
ventional m ic ro w a v e  m e th o d s  
where i t ’s necessary to m easure 
distances from the focal point of 
an antenna using transponders on 
the antenna su rfa ce ; or using a 
laser to  m easure distances to opti- 
cal corner cubes on the surface. 
Instead, the new method is based 
on a double-integration process 
using computer analysis and a 
three-wheeled trolly th a t has a very 
precise depth transducer mounted 
a t  its center. The curvature of the 
surface is measured very accurate­
ly at numerous points along a 
radius of the antenna by drawing 
the trolly along a fine w ire w ith a 
constant speed winch. These curva­
tu re  values are then in tegrated  
twice with respect to the distance 
along the surface by an on-line 
computer. This process is repeated 
for different radii and a best fit 
parabola through the data points 
is computed. Contours of devia­
tions from the best fit are com­
puted and plotted such as shown 
in the contour map of an 11-meter 
antenna, Fig. 1. The measure- 
m ents are made along a total of 
48 rad ii (a t 65 points per rad ius). 
“We found th a t a complete meas- 
urem ent took less than  four 
hours,” explains Payne, “w ith an 
accuracy of 0.05 mm.’’

Rms deviations from  a best-fit 
parabola were found to be 0.3533 
mm and 0.3469 mm in tests con- 
ducted in October, 1974 and March, 
1975. The rms deviation, w ith a 
10 dB illum ination taper (corre- 
sponding to surface accuracies in- 
fe rred  from  radiom etric tests) 
showed deviations from  the best-

RMS -  O. 34 69  mm 
CONTOUR INTERVAL -  0.1 mm

1. Antenna surface map for an 11-
meter antenna shows up “ darker”  
contour lines where feed legs feil 
onto the dish.

2. By optically projecting a contour 
map onto the antenna ltself, it is 
possible to locate “ low spots."

fit parabola of 0.2123 mm and
0.2074 mm, respectively. One im­
portan t feature of this method is 
th a t it allows the contour derived 
to be optically projected onto the 
antenna measured, Fig. 2. “I t ’s 
then possible to build up the low 
areas using layers of conductive 
m aterial,’’ explains Payne. By re- 
m easuring and projecting the new 
contours onto the surface, the sur­
face can be builtup gradually until 
it  is almost perfect.
Principle of the method

The theory behind the technique 
is straightforw ard. As shown in 
Fig. 3, if K, the curvature a t any 
point, P  is measured nearly contin- 
uously a t equal steps along surface 
S, then 0„ may be derived by Inte­
gration. These curvature values are 
then integrated again with respect 
to the distance, along the surface

resulting in “Y” as a function of 
S, (see Eqns. in Fig. 3).

The three-wheel trolly, Fig. 4, 
actually measures the values, K 
and S. The single fron t wheel has 
attached to its  shaft an encoding 
transducer which gives a TTL 
pulse 250 times for each wheel 
rotation. “Each pulse represents a 
change of an accurately fixed 
am ount and in the device tested, S 
was 0.6384 mm,” says Payne. The 
computer measures S by counting 
pulses from the wheel transducer. 
Each wheel pulse also interrogates 
the depth transducer and reads it 
into the computer. The geometry 
of the 11-meter antenna is such 
th a t 6200 data points were taken 
on each radius. The depth below 
the plane on which the th ree wheels 
rest varied from 1.78 mm to 1.58 
mm. The transducer has repeat- 
ability of 10-4 mm and a linearity 
of 0.01% over a range of ±0.5 
mm. Because of this limited range, 
the transducer has to be offset by 
an accurately known amount. Any 
errors in  determ ining this offset 
will result in quite severe errors 
in Y, because the transducer read- 
ing is integrated  twice.

The effects of tem perature have 
^lso been analyzed by m easuring 
one radius repeatedly while the 
am bient tem perature was chang- 
ing. Tem perature effects on the 
trolly were also analyzed and re- 
moved so th a t tru e  change in shape 
of the antenna could be evaluated.

The method has to date only 
been applied to solid surface an­
tennas, but i t ’s considered ap­
plicable to most antenna surfaces.

y

3. Principle behind this new tech­
nique fo r measuring the surface 
shape of reflector antennas is based 
on the double integration process 
shown in Eqns. (2) and (3).

4. Three-wheeled trolly has an en­
coding transducer attached to the 
shaft of the front wheel.
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news
Microwaves disintegrate toxic gases
Harvey J, Hindin Contributing Editor

A microwave d isin tegrator has 
been developed capable of destroy- 
ing hard-to-dispose-of toxic gases, 
and fluids, such as nerve gases and 
defo lian ts. By in jecting  the con- 
tam in an ts  into a microwave reso- 
n an t cavity, where a plasma is sus- 
tained, w ith a Tesla coil, free 
electrons can collide w ith the mole- 
cules of the toxic gas and break 
them  down into harmless sub­
stances, form ing new hydrocar- 
bons.

The prototype System, Fig. 1, 
was developed by Dr. Lionel J. 
B ailin and Merle E. Siebert of 
Lockheed Palo Alto Research Labo- 
ra to ry , in association w ith Leonard
A. Jonas of Edgewood Arsenal in 
M aryland and Dr. Alexis T. Bell of 
the U niversity of California at 
Berkeley.

Up until now, long term or high 
temperature processing was neces- 
sary to render many toxic contami- 
nants harmless. Within recent 
years, both the military and Chemi­
cal processing Companies have been 
hard pressed to dispose of many 
unwanted Chemicals and manufac- 
turing byproducts, particularly in 
view of the growing concern with 
the environment. The idea that a 
microwave plasma can help in dis- 
posing of these substances and in 
some cases, allow reclaiming use- 
ful Chemicals from previously un- 
usable substances, brings new light 
to bear on a persistent problem.
Zapped with a plasma

Some substances, chemically re- 
sembling nerve gas, have already 
been tested and decomposed suc- 
cessfully. Typically, 10 cubic centi­
m eters (cc) of gas may be process- 
ed a t  a time w ith the present Sys­
tem. Almost 100 ̂  decomposition 
is obtained a t the relatively low

tem perature of 100-200°C. Depend- 
ing on the reactants, the break­
down products may be recovered. 
C urrent plans call fo r detoxification 
of pesticides and other related 
m aterials.

The microwave disintegrator 
consists of an inert gas carrier 
supply used to transport the toxic 
Chemicals to a quartz reaction 
chamber or plasma cavity and vari- 
ous Chemical sampling Systems, 
which allow the reaction to be 
monitored, Fig. 2. In the labora- 
tory model a Varian voltage tun- 
able m agnetron is used as a power 
source. (Tuning is ±50 MHz). I t 
delivers up to 2.5 kW cw of power 
a t 2.45 GHz—depending on the 
type of cooling used for the cavity. 
Rf radiation at these levels is a 
concern, and as a result, an rf  
leakage detector is used for safety. 
(Levels of 1-3 mW /cm2 are not 
detectable even near the discharge 
tubes w ith the present System). 
The plasma tube is made of quartz 
and is helium filled.

To operate the system, the pres­
sure in the cavity and waveguide 
is first reduced to about 20 mi­
crons. Then, the gas to be destroy- 
ed, is introduced, where it flows 
into the cavity as shown in Fig. 2. 
A fte r the cavity is cooled using 
a ir  and water, the VTM is turned 
on and tuned for minimum cavity 
reflection. A Telsa coil is used to 
ignite the discharge and the plas­
ma is thus initiated and sustained 
in the cavity. Constant monitoring 
of the Chemical reaction products 
is perform ed by nuclear magnetic 
resonance, gas chromatography and 
mass spectroscopy equipment. The 
view port shown in Fig. 2 is for 
visual observations. To protect the 
m agnetron and insure optimum 
power tran sfe r to the cavity, either 
an H-plane double stub tuner or a

1. In the microwave 
d is in te g ra to r, a
plasma is created 
in a m ic ro w a ve  
cavity using a telsa 
c o il ig n ito r .  The 
electrons that result 
become e n e rg e tic  
enough to collide 
inelastically with air 
molecules resulting 
in additional elec­
trons and charged 
ions. These charges 
can th e n  rea c t 
chemically with the 
substance to be de- 
stroyed.

2. Cavity resonator has following 
ports for introducing the reactant 
gases and microwave power: (1) 
resonator flange, (2) microwave d is­
charge gap and adjustment screw, 
(3) cooling air input, (4) cooling 
water tubes, (5) to pump, (6) reac­
tion products output, (7) sliding 
short tuner, (8) aid outlet and view 
port, (9) gas flow Systems and (10) 
reactant gas input.

coupling hole adjustm ent is used 
on the input line. Both incident and 
reflected waves are  monitored and 
displayed continuously. (In  the case 
of an extrem e mismatch, the mag­
netron is automatically turned 
off). A circulator and w ater load 
may also be used on the input line 
to protect the tube. Additional 
tun ing  is provided by a sliding 
short on the back of the cavity. 
The microwave discharge gap 
length may also be adjusted from
0.75 to 1.70 inches. This is opti­
mum for gases w ith an impedance 
in the range from 102 to 106 ohms 
which is the case in these experi­
ments.
What are the problems?

According to Dr. Bailin, the re­
search could result in commercial 
equipm ent for handling many toxic 
substances th a t now present m ajor 
disposal problems. While experi­
ments to date have only been done 
on a laboratory scale, larger Sys­
tem s are being designed.

The present 10 cc capability is 
too small fo r commercial applica- 
tions, and it  is being expanded to 
a two-liter capacity. In addition, a 
newly-refined plasma system which 
will let the researchers m aintain 
a more stable plasma is being 
developed.

The two-liter system will allow 
Dr. Bailin and his associates to  
look into the problem of reaction 
product accumulation and removal. 
System throughput, which is de- 
fined as how much of the toxic 
m aterials can be handled in a given 
time, is also under study. • •
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Measure That Field 
Using Any Antenna
Here are some handy graphs for determining an antenna 
factor. This parameter is very useful in measuring electric-field 
intensities and allows practically any antenna, so characterized, to 
be used for this measurement.

CABLE
IMPEDANCE

LINES

Ä00 ANTENNA
End EXAMPLE

Ist EXAMPLE

EXAMPLE EXAMPLE

AN antenna’s main function is to 
act as a transducer from a con- 
ducted signal to a rad ia ting  free space electromag- 

netic wave and, in so doing, gives the radiated signal 
■ both polarization and directivity. Conversely, an an- 
I tenna is a Converter of these electromagnetic waves 

to a measurable conducted voltage when used as a 
receiver antenna. When Converting quantitatively 

I from a conducted voltage to a field intensity, a cor- 
I rection factor can be used called the antenna factor. 

This antenna factor value incorporates:
• the change in cable impedance (50, 75 or 300 

ohms) to tha t of free space (377 ohms).
• the antenna’s effeetive capture area to an equiva­

lent one linear m eter of space 
• any losses caused by an imperfect antenna, as 

well as impedance m ismatch losses.
I The use of the antenna factor has been around ever 

since there were antennas and receivers. I f  this an­
tenna factor is known, it is possible th a t most any 

f antenna can be used as a calibrated instrum ent for 
I field measurement. This capability is desirable be- 
* cause frequently actual field intensity measurements 

are required at a given location, a t a specific time.

tSpecialized antennas need not then be employed to 
measure field intensities.

This article provides graphs for 
obtaining the antenna factor of 

f  any antenna provided the antenna 
I gain, output cable impedance are 
* known. Example problems are pre- 

sented along with some pitfalls

Cthat should be observed in using 
the curves.

Converting voltages to field intensities 40

• H. Vincent Carnagan, Jr., Senior 
Electronic Engineer, Anaysis Branch, 
Frequency Management Division, 
USA Communications Command, 
White Sands Missile Range, NM.

LFew antennas have published 
antenna factors, and those th a t do 
mostly are specialized ones used for 

MIL Standards. However, this fac- 
r to r  can be easily derived. Most 

aorns, dipoles, biconicals, conical 
l*sOg spirals, log periodics and other 

common antenna types do provide 
t gain data. This antenna gain may 

oe converted to an equivalent fac- 
Ltor for evaluating a field intensity 

for a given measured voltage.

1. Antenna factor can be obtained from th is graph as shown knowing fre ­
quency and impedance. Antenna gain must be subtracted from the antenna 
factor reading.

100,000

A simple m ethod of Converting an r f  conducted  
receive voltage to  an r f  field in tensity  fo r  m o st a n ­
ten n as is as follows:
A ntenna factor =  —29.8 dB + 20 log f  (M Hz)

— G (dBi) (fo r 50 ohm system ) 
=  -3 1 .5  dB + 20 log f  (M Hz)

— G (dBi) (fo r 75 ohm system ) 
=  -3 7 .6  dB + 20 log f  (M Hz)

— G (dBi) fo r 300 ohm system ) 
Alternately, Fig. 1, may bc used to determ ine the

antenna factor (A F ).
When using the ch a rt in Fig. 1, find the frequency 

on the abscissa, go to the 0 dBi line (50, 75 or 300 ohm) 
and read antenna factor off the ordinate. The gain 
of the individual antenna m ust then be subtracted  
from  the 0 dBi antenna factor. The w ay to  re- 
member th is is th a t all antennas are poor transducers 
(i.e., field voltages are g reater than  the received volt­
age or dB/xV/m >  dB/TV) and the b e tte r the  an­
tenna, the closer the field density is to the conducted 
voltage. This perhaps is best illustrated  w ith  an ex- 
ample to find a field intensity. In un its of dB/aV 
(decibels above one microvolt), the field in tensity  
(dB jxV ) antenna factor (dB) + receiver m eter read­
ing (dBjuV) + cable loss (dB ). Assume the  receiver 
m eter reads 10 dB/TV on a 50-ohm system, frequency

(continued on n e x t page)
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I
=  500 MHz and the measured an­
tenna gain is 10 dBi. From  Fig. 1, 
the antenna factor =  24 dB a t 500 
MHz for an antenna gain of 0 dBi 
on a 50-ohm system. Subtracting 
the antenna gain of 10 dBi results 
in a 14 dB antenna factor. Field 
in tensity  then ■= 14 dB + 10
dBju,V/m =  24 dB /xV /m  =  15.8 
dBV/z/m =  132 dBm /cm 2.

A nother example shows how to 
evaluate the required gain of an­
tenna knowing the field intensity.

Given Field In tensity  =  14
jiiV/m a t 700 MHz 
The needed input to the receiver 
=  —100 dBm on a 50 ohm system 
Convert 14 p V /m  to dBp,V/m 
using dBjaY =  20 log X^V (or 
Fig. 2) =  22.92 dBjuV/m «  23 
dByaV/m.
Convert —100 dBm to dBju,V by 
subtracting  —107 dBm (0 dBpV 
for a 50-ohm system ), which gives 
+ 7 dBju.V for the 50-ohm receiver 
requirem ent. The next step is to 
find the antenna factor a t 700 MHz for the 50-ohm 
system. For an antenna w ith 0 dBi gain, Fig. 2 gives 
an antenna factor of 27 dB. Thus 23 dBju,V/m =  27 
dB — G (dBi) + 7 dBjxV  or G =  11 dBi which is 
the required antenna gain.

Observe these precautions
There are a few qualifications and exceptions which 

should be taken into consideration when applying the 
curves.

1

1

2. Chart for converting field measurement,
shows alignment procedure for the example

156 dB /cm 2 -  116 dB m /m 2).

dByV/m  to yV /m  or dB m /cm 2,.. 
problems. (Note that 0 dB/xV/m

Monopoles and loops: Some antennas have im­
pedance transform ers in th e ir bases. These trans- 
formers reduce the conducted voltage up to 70 dB 
due to voltage transform ation. This reduction 
must be taken into account when using the theo- 
retical gain of these antennas.
Circular polarized antennas: Some published
gains are erroneously in term s of dBic. Use Ref. 
2 for converting from  linearly polarized antenna 
gains.

Improved Bandwidth,
Yet Same Package.
The story behind our AST-1492A family of 
cavity-backed $pirals reflects our entire 
antenna philosophy: maintain the package 
improve the bandwidth. But let our cavity 
back spiral record speak for itself.

1975 
1972 
1966 
1964 
1963
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E

PERSONNEL
RADIATION

HAZARD
ZONE

VOLT/METER

3. For converting higher field readings, dByV/m to V /m  or dBm/cm2, this 
chart is useful. Note the occurrence of the personnel radiation hazard zone 
beginning at upper right.

ized antenna. N either is a 
righthand c ircu lar polarized 
wave compatible to a lefthand 
circular antenna.

•  Low frequency an ten n a s : Most 
low-frequency an tennas are 
small compared to the wave- 
length. Don’t  be su rprised  w ith  
gains much less th an  0 dBi.

• Re-radiation or bounce: Most 
reflection problems can be 
overcome by moving the test- 
ing antenna fo rw ard  and back- 
wards or up and down by at 
least a half-wave length and 
averaging the readings. • •

R ef erences
1. John D . K raus, A n tennas, E m p ire  D e­

vices, NF-105 O pera to rs  M anual, M IL -ST D  
461, M cG raw  Hill, (1950).

2. Pau l J. Sroka, “ N o m o g rap h  Saves T im e 
In C onverting A ntenna G a in ,”  M icroW aves, 
Vol. 13, No. 3, pp. 54-55, (M arch , 1974).

• I f  a circular-polarized antenna is used to meas­
ure a circular-polarized wave, the procedure is 
the same as usual. However, if a linear antenna 
is used, the two ro tating  electromagnetic rectors 
m ust be broken into two orthogonal linear fields, 
E j and E 2. E t and E , m ust then be added to- 
gether (V /m  plus V /m , not dB plus dB) to 
obtain the field intensity  of this wave.

• Cross polarized antennas: A vertically polarized 
wave is not compatible with a horizontally-polar-

-------------T es t your re ten tio n --------------
1. What is the antenna factor of an antenna?
2. What type of antenna can be used to measure 

field intensity?
3. What is the general antenna “ rule of thumb” 

for converting field intensity levels to conducted 
voltage levels?

Development Is How 
We Do It.
AEL offers a wide choice of 
virtually every type of wide band 
antenna you might require. And that’s 
not all. We specialize inaccommodating 
advanced state-of-the-art antenna 
programs as well as evaluation of 
production antennas. And we can 
perform a wide variety of antenna 
measurements, encompassing not 
only measurements of antenna 
radiation patterns, impedances and 
gain, but calibration of sophisticated 
electronic Systems and measurements 
of radar back scatter.

And That Same Expertise 
Is Reflected In Our Other 
Components, Custom Designed 
Subsystems And Complete 
Front End Assemblies.
Our technical staff consists of over 
200 senior electronic engineers and 
scientists, supported by technicians, 
machinists and comprehensive inhouse 
engineering, production and testing 
facilities to help you with any special 
requirements from HF to microwave 
frequencies.

ONE SOURCE FOR SYSTEMS ACCURACY.

^ ^ M E R I C A N  D E S l E C T R O N I C  T ■ A B O R A T Q R I E S ,  I N C .
P.0. Box 552, Lansdale, PA 19446 (215) 822-2929 TWX: 510-661-4976 Cable: AMERLAB

READER SERVICE NUMBER 4 7
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Graphs Simplify Corner 
Reflector Antenna Design
Here are a series of computer-derived design charts for maximizing 
the radiated field from a corner reflector. Optimum feed positions 
are shown for various corner reflector angles.

A  corner reflector a n te n n a  h a s  
unique applications and in terests 

because of its  simple construction. I t  is formed by the 
in tersection of two plane reflectors and usually is fed 
by a dipole or a collinear array . A characteristic of 
the  corner reflector is th a t i t  will re tu m  a  signal in 
the same direction exactly in which it was received. 
Because of this characteristic, a corner reflector 
finds some use in radar and microwave communica- 
tion  Systems. In fact, m ilitary  vehicles and ships 
m ust consider in th e ir design the reduction of sharp 
corners which can form corner reflectors and thus 
m ake it easier to be seen by enemy radar. One of 
the  g reatest uscs of a corner reflector is in home 
television reception.

C orner reflector antennas are most practical when 
ap ertu res of 1 or 2 wavelengths are of a convenient 
size. The corner angle, Fig. 1, may vary  from any 
angle up to 180 degrees. When the corner angle is 90 
degrees, the sheets form  a square-corner reflector.

David Proctor, Electronics Engineer, Naval Electronics 
Laboratory Center, 271 Catalina Blvd., San Diego, CA 
92152.

maximum power trans­
fer, with a given corner 
angle, B, the driving 
placement, X, is critical.

2. A maximum field is achieved for 
a 45-degree corner reflector when 
the driving element is located slight- 
ly over 3 /4  A from the apex.

48

Corner angles g reater or less than 90 degrees are 
commonly used, although there are some disadvan- 
tages to using angles much less than 90 degrees.

The m ajor factors which m ust be considered in a 
corner reflector design are the length and width of 
the reflecting sheets. The length should not exceed 
around three times the spacing between the driven 
element and apex, since fu rth e r increase in size will 
not greatly affect the gain and beamwidth (although 
the bandwidth is increased somewhat).

The most critical factor in the design is the place­
ment of the driven element relative to the corner. 
This article provides the inform ation in graphic form 
to calculate the proper spacing for several common 
corner reflector angles. A thorough discussion of 
corner reflector design is given in Ref. 1.

Analysis by method of images

The perform ance of a corner reflector may be 
analyzed by the method of images. Moullin2 gives an 
expression in the form of a series of Bessel func- 
tions from which the relative field can be calculated: 

E /E 0 =  4n( —l ) '1/2 {Jn(k)cos nd +  J 3n(k)cos 3n$
+  Jsn(k)cos 5nö +  • • ■} (1)

when n is even and
E /E 0 =  4nj ( — 1) (n_1>/2{ J„ (k) cos n<9 -  J 3n

(k)cos 3nö +  J6»(k)cos 5n0— •••} (2)
where n is 7t/B  and where the corner angle, i.e., the 
angle between conducting sheets is B.

0 is the angle normal to corner of the two plates 
and is usually zero.

k is any vector distance from  the apex.
E 0 =  maximum value of the electric field.
However, only when n is an integer does a system 

of images exist and the above equations are valid. 
When n is a fraction, the field m ust be evaluated by 
the laborious process of adding sufficiënt terms of the 
infinite series. The following expression from Moullin- 
is valid for all values on n, integral and fractional 

E/E„ =  4n {en)̂ /2 J„(k)cosnö +  e3"^ /2
J :i„(k) cos 3n6 +  • • •} (3)

For all values of fractional n, there are two com- 
ponents of field in phase quadrature. There is no 
value of k which makes the forw ard field zero. For 
all values of n, the forw ard field fluctuates periodical- 
ly as k is continuously increased.

The significance of all th is  is th a t the driving ele­
ment m ust be placed relative to the apex of the cor­
ner reflector in such a position th a t the field is near 
a maximum for all frequencies concerned. A computer 
program  was w ritten  to solve Eqn. (3) fo r maximum 
power tran sfe r as a function of angle B. The curves 
in Figs. 2-7 show the more common angles of B equal 
to 45, 60, 90, 120, 150 and 180 degrees. The computer 
is w ritten  in F o rtran  IV and copies are available by 
w riting  to the author. • •

(continued on p. 52) 
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GRAPHS SIM PLI FY CORNER REFLECTOR ANTENNA DESIGN

FEED POSITION - X/X

3. A maximum field is achieved for 
a 60-degree corner reflector when

the driving element is located slight- 
ly less than 3 /4  X from the apex.

4. A maximum field is achieved for a 
90-degree corner reflector when the 
driving element is located at A /2  
from the apex.

7.
5, 6, 7. For corner angles over 100 degrees, two peaks in the relative field occur spaced approximately X /2  apart. 
Note the relative decline in field intensity for increasing angles of B: 120°, 150°, and 180° respectively.
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------------Test your re te n tio n -------------
1. What principal property is associated with cor­

ner reflector antenna?
2. What mathematical method is used to analyze 

its performance?
3. Where must the driven element be placed rela­

tive to the apex of the corner reflector?
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Determine Polarization 
Loss The Easy Way
Here's a graphical method to determine polarization loss that 
provides 0.1 dB resoiution. Also included is a list of loss 
equations that can be solved with many pocket calculators.

THE problem of finding the loss 
due to polarization mismatch be­

tween two antennas is a common one and many 
form ulas and graphs are available 1,2’s for solving it. 
These formulas are, however, ra th e r unwieldly. And, 
although the published graphs a re  easier to use, they 
don’t  provide adequate resoiution.

H ere’s a different graphical method th a t can be 
used to  solve the most common polarization problems 
— linear to elliptical and elliptical to elliptical—with 
a resoiution of 0.1 dB. Since it operates like a Smith 
chart, the techniques for using it  are fam iliar.

Consider the two most common polarization loss 
problem s:

•  Given a linearly polarized transm itting  antenna 
and an elliptically polarized receiving antenna 
w ith  axial ratio  AR,., w hat' is the maximum and 
minimum polarization loss?

•  Given an elliptically-polarized transm itte r with 
axial ratio  ARt dB and an elliptically polarized 
receiving antenna with axial ratio ARr dB, what 
is the maximum and minimum polarization loss? 

The following examples show how each of these 
problems can be solved using the chart.

The first illustration involves a linearly polarized 
tran sm ittin g  antenna and an elliptically polarized 
receiving antenna w ith an axial ra tio  of 2 dB. W ith 
the help of the chart, the maximum and minimum 
polarization loss can be found in a straigh tforw ard  
m anner. Simply enter the ch art a t the lower inter- 
section of the 2 dB semicircle w ith the vertical axis 
and project this point horizontally to the “linear to 
elliptical” loss scale, where the minimum loss of 2.1 
dB can be read. Similarly, the upper intersection of 
the 2 dB circle w ith the vertical line, when projected 
horizontally to the same loss scale, will give the maxi­
mum loss of 4.1 dB.

A tougher problem involves finding the loss asso­
ciated w ith two elliptically polarized antennas with 
unequal axial ratios. F or example, consider an ellipti­
cally polarized tran sm itte r w ith an axial ratio  of 
2 dB and an elliptically polarized receiving antenna 
w ith  axial ratio  of 5 dB, and the same polarization 
sense.

To find the minimum and maximum polarization 
loss, en ter the chart a t the lower intersection of the 
2 dB semicircle w ith the vertical axis (a ). Measure 
the distance to the lower intersection of the 5 dB 
sem icircle (b) w ith a divider and tran sfe r th is dis­
tance to the “elliptical to elliptical” loss scale, reading

Emanuel Kramer, Senior Member of the Technical Staff, 
ESL, Ine., 8150 Leesburg Pike, Suite 410, Vienna, VA 
22180.

Use the graph, or your calcu lator
These polarization loss equations involve only 

trig, inverse trig, common log and common anti­
log functions and are therefore well adapted to 
scientific pocket calculators.
A. Linearly Polarized to Elliptically Polarized 

Lp(max) =  maximum = 20 log,„(sin (arctan R)) 
polarization (dB) (1)
loss

Lp(min) =  minimum = 20 log,„(cos (arctan R)) 
polarization (dB) (2)
loss

R axial ratio =  antilog,„

1 ^  R ^  0, so R (dB) must be negative 
Lp =  polarization loss

=  20 log „(cos(l /2  arccos(cos(2 arctan R)
- cos 2 /?))) (3)

ß = angle between linearly polarized antenna 
and major axis of polarization ellipse

B. Elliptically Polarized to Elliptically Polarized 
(some polarization sense)
Lp(max) =  maximum = 20 log,„(sin (arctan R) 

polarization +  (arctan R')) 
loss (4)

Lp(min) = minimum = 20 log,„ (cos (arctan R) 
polarization — (arctan R'))
loss (5)

R =  axial ratio of Is t antenna

R' =

=  antilog

axial ratio of 2nd antenna

= antilog ( - 5 ^ )

Lp =  polarization (6)
Loss

=  10 log,,, [1 /2  (1 +  sin (2 arctan R) • sin 
(2 arctan R') +  cos (2 arctan R) • cos 
(2 arctan R') • cos (2 /?'))] 

ß ‘ =  angle between major axes of polarization 
ellipses • •

the minimum polarization loss of 0.1 dB. To deter­
mine the maximum loss, set the dividers to the dis­
tance from the lower intersection of the 2 dB contour 
to the top intersection of the 5 dB contour (c). 
T ransferring this distance to the “elliptical to ellipti­
cal” loss scale yields 0.67 dB.
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In other words, the minimum loss is measured by 
the minimum distance between any two points on the 
two axial ra tio  circles and the maximum loss is meas­
ured by the maximum distance. • •
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attenuators
•  Broadband Operation 

to 1000 MHz
•  Numerical readout 
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•  High repeatability
•  1.5 watt power capability
•  Easy replacement of 

attenuation chip Substrates

A general purpose attenuator fo r lab, 
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0 to 79dB
2701 50Q Step A ttenuator $245
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Put Some Magic 
Into Amplifier Design

Here are some tips on what to look for in computer-aided design 
software. A 2.0 to 2.5 GHz, two-stage transistor amplifier is optimized 
to illustrate the potential of Magie, a CAD program with versatility.

MODERN computer-based tech- 
nology can greatly ease the work 
load and increase the efficiency of microwave and rf 

design engineers. The modern CAD program s avail- 
able today are both convenient to use and economical; 
they perm it significant compression of design sched- 
ules and yield considerably increased circuit perform ­
ance. Most microwave engineers are usually, a t best, 
only casually fam iliar w ith computers and computer 
softw are. This is of little consequence, however, be­
cause modern CAD program s are structurcd  to be 
easily used by practical hardw are designers.

Magie (Modern Analytical Generator of Improved 
C ircuits) was one of the first of such program s. (For 
a  complete listing  of microwave CAD program s, see 
p. 67, June, 1974 MicroWaves.) Magie is nationally 
available on several computer Systems on a “dial-up” 
basis through U niversity Computing Co., Dallas, TX ; 
Chi Corp., Cleveland, O H ; Inform ation Systems De­
sign, Ine., Oakland, CA and Sei Tek, Ine., Wilming- 
ton, DE.

This article presents guidelines fo r engineering 
evaluation of CAD Systems and the use of Magie to 
illu stra te  the com puter-assisted design of a two-stage 
broadband amplifier in stripline media. You’11 see tha t 
a few seconds of using Magie is sufficiënt to flatten 
a 6 dB passband “t i l t” to w ithin ±0.50 dB. These 
techniques are valid a t any frequency range.
Evaluating a CAD system

There are five key crite ria  to evaluate a CAD sys­
tem :

•  Cost
•  Convenience 
•  Power 
•  F lexibility 
•  Support
Cost should always be considered ra th e r than 

“p rice” because there is a significant difference. A 
cheap computer program  may be very expensive to 
use. F o r example, if a program  costs four times as 
much per second and runs ten  times faster, you have 
actually saved 250%. Computer pricing is extremely 
complex and quoted “per second” ra tes don’t  mean 
much. Frequently, the computer w ith the lowest per 
second cost is the most expensive.

The same holds true  w ith the CAD program s them- 
selves. A program  priced w ith  a very low royalty can 
be computationally inefficiënt and thus its actual cost 
very high. In addition, it  is very easy to “r ig ” an 
optim ization example to make a program  run a t un- 
usually high efficiency.

John D. Trudel, Technical Staff, Tektronix, Ine., P. O. 
Box 500, Beaverton, OR 97077.

Certain m arketing practices should also be ques- 
tioned. For example, if a vendor of TV sets claimed 
tha t his only reasons for selling them were to estab- 
lish a m arket for his transistors and picture tubes, 
most prospective buyers would laugh. Nevertheless, 
some CAD packages claim to be “cheap” since they 
are only used as a mechanism to m arket transistors. 
Because computer pricing is so confusing, many 
knowledgeable engineers foolishly accept such sta te­
ments a t face value.

The saving grace is th a t microwave CAD is usually 
inexpensive—the average Magie run costs less than 
ten dollars. And there is a very easy way to evaluate 
CAD costs—simply try  the program  out on your own 
circuit problems. I t  usually costs about $100 to open 
a computer-service contract and most vendors don’t 
require any minimum usage guarantees. You can rent 
a teletype for about $50/m onth if  you don’t already 
have one.

If a CAD package appears to have m erit, sign up 
and try  it out for a few months. You can open p u r­
chase orders for fixed dollar amounts, and many 
vendors will even supply some free computer time and 
train ing  to get you started. I t  will take only a day or 
so to learn how to use a good CAD package, and most 
design engineers will become quite proficient a fte r a 
month or two of usage.

Even experts are forced to use benchmarks to evalu­
ate computer costs, and you m ight as well be working 
some of your design problems while you are evaluat­
ing the CAD system.

You will probably find th a t convenience is more sig­
nificant than your actual com puter costs. Can you 
easily input measured data to your program ? Is the 
w ait time for results acceptable, can you disconnect 
and come back later when your results are ready? Is 
the data input and output easily understood by a de­
sign engineer? Is a single concise input data file all 
tha t is required? On complex problems— particularly 
those of a non-linear nature (dass C amplifiers, m ulti­
pliers, diode switches, etc.)— it is almost a  certainty 
tha t you will have to make numerous short optimiza­
tion runs. Does the circuit optimizer you’re using 
have an autom atic re s ta rt capability to prevent you 
from manually having to type in the results from 
the previous computer run  to get the curren t run 
started  ? Can you easily plot, display or optimize all 
the circuit responses of in terest to you? Can you do 
production runs in deferred mode a t lower cost? Is 
someone available to answer your application ques- 
tions ? The answers to most of these questions should 
be “yes” if the CAD package is to be useful to you.

Regardless of how convenient a system is to use, 
there is a definite learning curve involved. Make sure 
the CAD package you select can handle most of the 
problems which come up in your firm. Make sure the
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package can handle large scale (25 or more variable 
circuit elements) problems so th a t it will be efficiënt 
on circuits of normal size. You should be able to 
handle both active and passive circuits and optimize 
everything from reflection coefficients to time delay. 
Magie, fo r example, can be used for almost every type 
of circu it: sub-audio filters, i-f crystal filters, oscilla- 
tors, broadband amplifiers, harmonie filters and an­
tenna matching networks. I t  handles lumped and dis- 
tribu ted  components w ith equal convenience.

In addition to the power to handle a wide dass of 
circuits, it is highly desirable tha t a CAD package 
perform  a number of functions. I t  is quite convenient 
and valuable if  a program  can optimize, display or 
plot any measurable circuit response. A single run 
should be able to compute all circuit responses, do 
plots and Sm ith C harts and generate frequency 
sweeps.

Magic has certain  additional features not available 
in some other program s: stability  analysis computes 
stability  circles, K factor, maximum available gain 
(MAG) and the term inations which yield MAG. 
S tatistical (Monte Carlo) analysis computes the mean 
and upper and lower 1-Sigma (66% confidence) and 
3-Sigma (99% confidence) lim its for any element tol- 
erances and any circuit response. Automatic res ta rt 
allows the designer to continue from previous opti- 
mization runs. Sensitivity analysis allows the engineer 
to determine in physical term s which components are 
most critical for production tuning.

Finally in evaluating a program, be sure the soft­
ware package you choose is proven, its results can 
be trusted  and th a t someone is available to answer 
the technical questions which will inevitably arise in 
day-to-day usage. Ideally if  a pro­
gram  such as Magie is offered by 
several computer-service vendors, 
you can feel free to “shop around” 
for the best service in  your local 
area.

How to use Magie
The actual mechanics of operat- 

ing Magie are quite straightfor- 
ward. Tn an analysis mode, i t  is 
purely a m atter of syntax—you 
have to explain your problem in 
term s the program  understands.
Magie speaks engineering English: 
typical commands include UNITS 
GHZ, NHY, PF, OPTTMIZE RHO,
PLOT VSWR VSWR2 and SMITH 
INPUT. A parallel LC branch is 
called PLC, and a transm ission line 
is called LINE. The input is con- 
versational, free form at and quite 
concise. Furtherm ore, the level of 
realism is high. An inductor may 
have an associated Q factor and dc 
resistance, a transm ission line may 
be specified by impedance and 
either electrical or physical length 
and may also have associated loss.
No device modeling is required.
You can either input your own 
measured data or use built-in 
s-param eter data files for Hewlett- 
Packard and CTC transistors. (In- 
cidentally, if vendor data is not al- 
ready in Magic’s library, it can be 
added a t no cost to you or the 
vendor.) Magie handles up to 500

1. The optimization process of Magie involves m inimiz- 
ing a weighted error function that is the difference be­
tween the desired response and the actual response over 
a specified band.

circuit elements and up to 50 may be sim ultaneously 
optimized.

W ith Magie, the optimization rou tine is more subtle 
than  simple analysis. The user m ust convey his de­
sign specifications to the com puter by form ing  an 
erro r function, and th is concept m ust be clearly under- 
stood if useful results are to be obtained. The e rro r 
function is a simple m easure (F ig . 1) of the difference

(continued  on n e x t page)

W hat does it do, precisely?
It samples mm waves precisely.

Hughes millimeter-wave directional couplers provide high directiv- 
ity (greater than 40 dB) and predictable accuracy for precise control o f 
mm waves.

You get fla t frequency response (± 1  dB) with an accurate coupling 
curve over the füll waveguide bandwidth. And reduced coupling Variation  
from unit to unit, thanks to a computer-optimized, precision-machined cou­
pling plate.

Our directional couplers are ideally suited fo r broadband measure­
ments and Instrumentation. W hat’s more, they are competitively priced
and available for off-the-shelf delivery. ,__________________,

If we’re on the same wave length, write or ( u i i r L I C C
call: Hughes Electron Dynamics Division, 3100 j H U G H E S  
W. Lomita Boulevard, Torrance, Calif. 90509.
(213) 534-2121, ext. 215.

Making waves in millimeter-wave technology.
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between actual circuit responses and design goals or 
“aim s” :

e rro r :=  y  (actual response— “aim ” ) p • weight
a l  1 f r e q .

w here the power P is an a rb itra ry  even positive inte­
ger w ith  a  default value of 2.

T his “P ” factor yields a least squared fit to your 
curves while higher values of P give Chebyshev “min- 
m ax” type fits. The “aim s” are the desired responses 
a t  each frequency, and the w eights merely teil Magic 
how im portant each frequency is. For example, in 
qptim izing the insertion loss (D B IN S) of a bandpass 
filter, the  frequencies near the passband edges would 
norm ally be weighted heavily (say 10.0) so Magic 
would work hard  to correct the tendency fo r the re­
sponse to “sag” near the corners. As Magic tries to 
reduce the erro r function, i t  will run until i t  reaches 
an optimum  solution or until a specified am ount of 
com puter tim e is consumed. The experienced user will 
always s ta r t  his problems by m aking short runs while 
ad ju s tin g  the aims, weights, frequencies and other 
options to impose his design judgem ent on the pro­
gram . The re s ta rt featu re  of Magic is quite valuable 
fo r i t  allows the designer to easily continue optimiza­
tion  from  a previous computer run.

(to 0 .5  dB). Distributed elements are given in equivalent 
metric electrical lengths.

10 UNI TS GHZ NHY PF CM 
20 ELEMENTS 
30 SV C 6 .8  100 
40 SV LINE 1 8 . 3 .7  
50 S SCAT1 
60 SV LINE 50 . 1 .1  
70 SV C 1 .9  100 
80  SV LINE 5 0 . 1 .1  
90  S SCAT1 

100 SV LINE 5 0 . . 9 5  
110 G JUNCT 2 
120 SV LINE 5 0 . 1 .
130 GV C 1 0 0 . 100

>
CIRCUIT DESCRIPTION

140
150

SV C 1 .5  
RESPONSE

100. V-

160 2 . - 2 3 . 15.
170 2 .1  - 2 3 . 5 .
180 2 .2  - 2 3 . 5 .
190 2 .3  - 2 3 . 5 . /
200 2 .4  - 2 3 . 5 .
210
220

2 .5  “ 2 3 . 
SCAT1

10. J
FREQUENCIES, AIMS, 
AND WEIGHTS

230
240
250
260
270
280

. 5 4 0 . - 1 7 5 . . .  068» 29 . »3 . 3 . 66 . . . 5 3 . - 6 4 .

. 5 4 0 .-1 7 8 . . • 07» 29«» 3» 21» 64. 6* • 52 .-66 ' 

.5 4 . 179. 5». 071» 2 8 . . 3 .1 1 .6 3 .2 . .  520.-67 . 

. 54.178»»• 073.28. *3 . 02* 61.8» .5 2 . -
5 4 . 1 76 . » . 0 7 4 .2 7 . .2 .9 2 »  6 0 . 4 . • 5 2 .-7 0 -  
. 540» 1 7 5 . . .  0 7 6 .2 7 . . 2 . 8 3 .  59 . . .  5 2 .- 7 2 .  

290 GENR 50 .
300 LOADR 5 0 .
310 OPTIMIZE DBTOT 
320 SECONDS 60.
330 RUN 
340 END

l MEASURED 
* > DEVICE 

I S PARAMETERS

3. Input data lists circuit elements of Fig. 2 from left to 
right from generator to the load. S-parameters character- 
ize the transistors. Note that the Q of capacitors as well 
as their values are given.

* * * MAGIC * * * 
(RCVISIOM 5 .6 5 »

UNITS DETECTED ( GH7, NHY PF CM > 
FLEMEN TS DETECTED 
NUMBER OF BRANCHES = 12
RESPONSE DETECTET)
FREQUENCY DEPENDENT MATRIX DETFCTED 
NUMBER 0F FREQUENCIES = 6
GEN DETECTED 
LOAD DETECTED
OPTIMIZE DETECTED ( DBTOT )
SEC0NDS DETECTED. TIME = 6 0 .0
RUN DETECTED

S MATRIX (N0RMALIZED T0 50 OHMS) NUMBER 1

M G (S ll) A H (Sll)

•5 4 0 -0 0  - •1 7 5 + 0 3  
.5 4 0 -0 0  - •1 7 8 + 0 3  
.5 4 0 -0 0  •1 7 9 + 0 5
.5 4 0 -0 0  •178+ 05
.5 4 0 -0 0  .1 7 6 + 0 3
.5 4 0 -0 0  .1 75+ 03

MG(S12) AN( S12)

.6 8 0 -0 1  .2 9 0 + 0 2

.7 0 0 -0 1  .2 9 0 + 0 2

.7 1 0 -0 1  .2 8 0 + 0 2

.7 3 0 -0 1  .2 8 0 + 0 2
• 74 0 -0 1  .2 7 0 + 0 2
.7 6 0 -0 1  .2 7 0 + 0 2

MG(S21) AN( S 2 1 )

.3 3 0 + 0 1  .6 6 0 + 0 2

.3 2 1 + 0 1  .6 4 6 + 0 2

.3 1 1 + 0 1  .6 3 2 + 0 2

.3 0 2 + 0 1  .6 1 8 + 0 2

.2 9 2 + 0 1  .6 0 4 + 0 2

.2 8 3 + 0 1  .5 9 0 + 0 2

MG( S 2 2 ) AN ( S 2 2 )

• 5 3 0 -0 0  - .6 4 0 + 0 2  
.5 2 0 - 0 0  - .6 6 0 + 0 2  
.5 2 0 - 0 0  - .6 7 0 + 0 2  
.5 2 0 - 0 0  - .6 8 0 + 0 2
• 5 2 0 -0 0  - .7 0 0 + 0 2
• 5 2 0 -0 0  - .7 2 0 + 0 2

INPUT DATA

BRAUCH TYPE COH N EC T VALUE1 Q1 VALUE2

1 C SERI EG 6 .8 0 0 .1 0 + 0 3
2 LINE SERIES 1 8 .0 0 .0 0 3 . 700
3 MATRX1 SERIES SEE TABLE FOR VALUES
4 LINE SERIES 5 0 . 00 .0 0 1 .1 0 0
5 C SERIES 1 .9 0 0 .1 0 + 0 3
6 LINE SERIES 5 0 .0 0 .0 0 1 . 100
7 MATRX1 SVRIES SEE TABLE E0R VALUES
8 LINE SERIES 5 0 .0 0 .0 0 .9 5 0 0
9 JUNCTN GROUND (NEXT 2 BRANCHES COMNECT TO

10 LINE SERIES 5 0 . 00 .0 0 1 .0 0 0
11 C GROUND 1 0 0 .0 .1 0 + 0 3
12 C SERIES 1 .5 0 0 .1 0 + 0 3

GENERATOR R = 5 0 .0 0
LOAD R = 5 0 .0 0

OPTIMIZATION REOUESTED

INITIAL LEAST SQUARE error = 3 5 4 . ? \ IMPROVEMENT BY
FINAL LEAST SQUARE ERR0R = 5 . 7 03  J FACTOR OF 62

INITIAL VARIABLES FINAL VARIABLES 7. CHANGE

6 . 7999999 6 .9 3 6 0 5 6 2 2 .0 0 0 8
1 8 .000000 2 2 . 58809* 2 5 . 489
3 .7 0 0 0 0 0 0 3 .3 4 1 9 5 0 1 - 9 .6 7 7 0
5 0 .0 0 0 0 0 0 5 5 .6 4 7 7 4 8 1 1 .2 9 5
1 .1 0 0 0 0 0 0 1 .0 4 3 1 4 2 9 -5 .1 6 8 8
1 .9 0 0 0 0 0 0 2 .0 7 3 3 8  55 9 .1 2 5 6
5 0 .0 0 0 0 0 0 4 9 .9 4 8 2 7 1 10346
1 .1 0 0 0 0 0 0 .9 9  777582 -9 .2 9 3 1
5 0 .000000 5 0 .7 3 0 3 3 9 1 .4 6 0 7
.950 0 0 0 0 0 .9 5 5 5 2 5 5 0 • 58163
50 .0 0 0 0 0 0 6 4 -8 7 3 5 5 5 29- 747 INITIAL
1 .00 0 0 0 0 0 1 .3 1 0 2 8 0 3 3 1 .0 2 8 J  RESPONSE
100 .0 0 0 0 0 1 0 1 .3 1 3 4 2 1 .3 1 3 4
1 .50 0 0 0 0 0 1 .8 1 1 3 5 9 7 2 0 . 7 5 7 ^ - *  

........
OPTIMIZED
RESPONSE

FREQ WEI GHT AIM INITIAL DB TOT FINAL DB TOT ERROR

2 .0 0 0 0 0 15« - 2 3 .0 0  -1 8 .8 3 9 -2 2 .6 4 2 . 3 58
2 .1 0 0 0 0 5 .0 -2 3 .0 0  - 2 1 .  110 - 2 3 .  198 - .  198
2 .2 0 0 0 0 5 .0 - 2 3 .0 0  - 2 3 .2 7 0 - 2 3 .4 8 5 - .  485
2 .3 0 0 0 0 5 .0 - 2 3 .0 0  - 2 4 .9 1 4 - 2 3 .5 0 7 - .5 0 7
2 .4 0 0 0 0 5 .0 - 2 3 .  00 - 2 5 .  469 -2 3 .2 1 9 - .2 1 9
2 .5 0 0 0 0 10. - 2 3 .0 0  - 2 4 .6 7 2 - 2 2 .  703 .2 9 7

4. Magic output adjusts circuit element values to achieve 
a desired response. Optimization improves circuit by a 
factor of 62. Further improvements are still possible by 
adjusting the objectives, weights and considering addi­
tional frequencies.

The key point to remember is th a t optimization is 
iterative from both a m athematical and operational 
viewpoint. Magic will automatically ite ra te  circuit 
element values to reduce the value of the erro r func­
tion, but the designer m ust also ite ra te  his aims, 
weights and frequencies to obtain useful results. His 
initial choices are  rarely more than educated guesses 
on problems of any complexity, and he should refine 
them as his solution converges.
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Magic design example
The first thing to remember when using a computer 

design program  is th a t the computer will never be a 
substitu te for design experience. B etter engineers 
will always get better results with Magie. Whatever 
design techniques you have been using are still valid, 
and the technique of using Magie is exactly the same 
a t any frequency range.

Most engineers designing amplifiers a t microwave 
frequencies now use techniques based on s-parameters. 
Hewlett-Packard application note No. 95 is a widely- 
used reference and Section V presents “quick” tech­
niques which have proved to be quite convenient for 
computing rough circuit designs. The objective regard- 
less of what technique you use is to somehow get a 
design which basically works—then you optimize its 
perform ance via Magic. The choice of an initial c ir­
cuit is limited only by the designer’s imagination.

F igure 2 shows a rough design for a two-stage am­
plifier which will be optimized for flat power gain 
over the band 2.0-2.5 GHz. Note th a t the distributed 
elements are characterized by their equivalent m etric 
electrical lengths bu t lengths in eleetrical degrees at 
a rb itra ry  reference frequencies are also allowed. A 
quick “analysis only” Magie run (not shown) indi- 
cated th a t th is  circuit is indeed an amplifier. Stability 
analysis (also not shown) indicated the circuit is un- 
conditionally stable and th a t its maximum available 
gain range from 23.07 dB a t 2 GHz to 26.86 dB at
2.5 GHz. This teils you three things: the circuit is a 
reasonable design, in-band stability is not a problem 
(be tte r check out-of-band later) and tha t there is no 
point in asking Magie to try  to get more than about
23.0 dB of gain, since it is physically impossible.

A reasonable first “crack” a t the 
design suggests picking aims of 
-2 3 .0  for DB TOT (DB TOT 
=  —10.0 log P out/ P avail) and 
weights of 15.0 and 10.0 a t band 
edges and 5.0 elsewhere. This 
choice teils Magic to work harder 
on the band edges than  the other 
in-band frequencies. The lower 
edge is weighted more heavily 
since this is where the least avail­
able gain occurs. Other choices of 
“aim s” and weights will yield dif­
feren t optimum circuits so this is 
yet another area where the design­
e r’s insight can be utilized effec- 
tively.

The sm art way to use Magie is 
to make short runs, stopping the 
program  w ith SECONDS lim it and 
using the autom atic re s ta rt fea­
tures to continue on from the pre- 
vious run. (In  th is case, Magic will 
optimize th is circuit in a single 
run for two reasons: to illustrate 
th a t it can operate efficiently from 
poor initial designs even on rela- 
tively complex circuits and to keep 
user interaction and computer out­
put minimal for illustration pur- 
poses). Therefore, the program 
will be given a maximum time 
lim it of 60 seconds (about $20).

Figure 3 shows the input data.
The keyword, “elements,” on line 20 
teils Magic th a t it is to describe 
the circuit as a cascade of branches 
in order from the generator to the

5. Improvement in initial respons« to the optimized re­
sults shown brings power ripple to within ± 0 .5  dB of 
ideal.

load. The f irs t  branch appears on line 30; SV (“series 
variable” ) indicates the branch is connected in series 
and is to be varied for optimization, C indicates the 
branch is a oapacitor, the numbers indicate a value 
of 6.8 pF  and a Q of 100. Line 40 indicates a series 
variable transm ission line w ith  a Z<f> of 18 ohms and 
a length of 3.7 cm. Line 50 indicates th a t the 
f irs t  device to be described by a m easured table of

(continued on n e x t page)

Catch a w ave. Any w ave.
With füll waveguide bandwidth isolators. From 26.5 to 110 GHz.

When Hughes entered the millimeter-wave field, we plunged in with 
both feet. That’s why today, we're the only Company to offer six millimeter- 
wave isolator models, each covering a füll waveguide bandwidth: 26.5 to 
40 GHz, 33 to 50 GHz, 40 to 60 GHz, 50 to 75 GHz, 60 to 90 GHz and 
75 to 110 GHz. All feature high isolation of greater than 25 dB. And all 
are available as Standard off-the-shelf items.

So to catch a wave, any wave, call or write:
Hughes Electron Dynamics Division, 3100 W.
Lomita Boulevard, Torrance, California 90509.
(213) 534-2121, Extension 215.

Making waves in millimeter-wave technology.
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Complete
RF Network Analysis

0.4 to 500 MHz in three overlapping 
bands; log, linear, CW, and f Q + Af modes.
115-dB Dynamic Range —
80 dB direct display.
0.005-dB Resolution -  0.05 dB flatness 
per 10 MHz; 0.4 dB full-band flatness.
Absolute Level in dBm — 
direct swept display 0 to —80 dBm.
Phase and Group-Delay Measurements — 
direct-reading swept displays.
50 and 75 n  — interchangeable measuring 
circuits w ith  complete selection of 
coaxial components for each impedance Ie 
Measure filters, amplifiers, antennae, cables, delay networks, equalizers, 
components, transistors, etc.
Display Simultaneously magnitude and phase, magnitude and absolute level, 
magnitude and group delay, transmission and reflection.
Synthesizer-Based Systems from 0.2 to 500 MHz — for precision narrow-band 
measurements on devices such as crystal or surface-wave filters, consider the 
GR 2261 Synthesizer Network Analyzer.

GR's 1710 RF Network Analyzer is the instrument that provides the complete 
RF network analysis described above. Call or write for complete information, 
application assistance, or for a demonstration.

For High-Frequency Measurements
General Radio

300 BAKER AVENUE, C0NC0RD, MASSACHUSETTS 01742 

GR COMPANIES • Grason-Stadler •  Time/Data

NEW YORK (N.Y.) 212 964-2722, (N.J.) 201 791-8990
BOSTON 617 646-0550 •  DAYTON 513 294-1500
CHICAGO 312 992-0800 .  WASHINGTON, D. C. 301 948-7071
ATLANTA 404 394-5380 • DALLAS 214 234-3357
LOS ANGELES 714 540-9830 .  SAN FRANCISCO 415 948-8233
TORONTO 416 252-3395 .  ZÜRICH (01) 55 24 20

READER SERVICE NUMBER 6 0

Programmable
ATTENUATORS

Solid State

•  0.25 to 5.0 Microseconds Speed
•  Close Phase Tracking
•  High Signal Level (to +27dBm)
•  Low IM Distortion (to -|-35dBm 

Intercept)
•  Transient Free
•  High Isolation of Control Signal
•  Military Hi-Rel Versions Available

ANALOG
•  1.75 to 350 MHz
•  To 65dB
•  In-Phase and 

Phase-Reversible
•  Precise Attenuation 

Tracking
•  Low VSWR Models 

Available

DIGITAL
•  DC to 200 MHz
•  To 95dB
•  BCD and Binary 

Models, 1 to 7 Bits
•  High Accuracy
•  Low VSWR

LORCH ELECTRONICS CORP.
105 CEDAR LANE, ENGLEW00D, N.J. 07631 
201-569-8282 • TWX: 710-991-9718

scattering param eters (Note on 
line 90 th a t since the second device 
is identical, wc can share the data 
table. Had it not been the same the 
keyword SCAT2 would be used). 
The rest of the circuit is described 
in sim ilar fashion.

Output data, Fig. 4, using opti­
mization was fully completed in the 
allocated time. The erro r function 
is reduccd from an initial value of 
354.7 to a final value of 5.703. This 
represents design improvement by 
a factor of about 62. The circuit 
element values changed by an aver­
age of 11% and the passband devi- 
ation was improved from ±2.9 dB 
to ±0.43 dB. F igure 5 shows the 
circuit response before and after 
optimization.

Many Magie features have not 
been utilized. I f  this was an actual 
design ra ther than ju s t an ex­
ample, i t  would also be possible to 
compute circuit stability  and other 
circuit responses, draw Smith 
C harts or perform  Statistical, worst 
case or sensitivity analysis. I t ’s 
also possible to consider additional 
f r e q u e n c ie s ,  a d j u s t  a im s  an d  
weights and reoptimize to secure 
still fu rth e r improvement with ju st 
a few more seconds of computer 
time. • •

Ref erences
1. "M agie: The Designer’s W and ,” Electronics, 
Vol. 46, No. 16, p. 118 (A ug. 2, 1973).

2. John D. Trudel, “ M agic: A Com puter
Program  For Optimizing Linear C ircuits,” 
Electronics, Vol. 47, No. 7, pp. 138-142, (Apr. 
4, 1974).

— T est your re ten tion—
1. Name three factors (other than 

cost) of critical importance 
when evaluating CAD services.

2. How should the design engi- 
neer interact with the optim iza­
tion process?

3. How do you get a starting c ir­
cuit for CAD?

4. Other than analysis and optim i­
zation, what functions are per- 
formed by modern microwave 
CAD programs?

LAST CHANCE
TO

See  card on 
Front Cover
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r technical note-------------------

Series/parallel conversion 
in reverse polish notation
M ICROWAVE designers fre- 

quently have a need to convert 
a series complex impedance to its 
parallel equivalent circuit or vice 
versa. F or example, one populär 
technique fo r achieving a  complex 
conjugate m atch to an r f  tran sis­
to r requires th a t a t the frequency 
of in te re st the shunt equivalent of 
the tran s is to r’s S „  and S22 be 
known. Such a m atching solution 
has trad itionally  been computed on 
the  Sm ith Chart, bu t w ith the ad­
vent of the pocket scientific calcu­
lator, m any engineers a re  seeking 
algebraic, ra th e r than  graphic, Solu­
tions to th e ir design problems.

The basic textbook form ulas1 ex- 
pressing the relationship between 
series and parallel complex imped- 
ances a re :

R* = R p V
Rp2 +

XpRp 
X

X 2 (1)

( 2 )

w here
Rp2 . ^

p represent the re- 
sistive and reactive components of 
the parallel complex impedance, and 
Rs and X s represent the compo-

H. P. Shuck, Chief Engineer, Micro 
Comm, 14908 Sandy Lane, San 
José, CA 95124.

nents of the series equivalent cir­
cuit. I t  is im portant to note th a t 
the sign of the im aginary com­
ponent does not change. That is, a 
complex impedance with a series 
capacitive component is represent- 
ed by an equivalent circuit con- 
tain ing  a shunt capacitive react- 
ance.

Through alegebraic manipula- 
tion, the following two sets of 
conversion formulas can be de­
veloped :

Rs +
x s2
"RT

Rs Rp
x s

Rp

ï  +

i------1
P. 

o.

i____i

XB Rp
x P

(3)

(4)

(5)

( 6 )

Applying these formulas on most 
calculators requires repetitive key­
board entries. But with calculators 
utilizing reverse Polish notation 
and an operational stack (notably 
the Hewlett-Packard 35, 45 and 
65), a proper sequencing of opera- 
tions can eliminate redundant key­
board entry.

Given a known series complex 
impedance, converting to a parallel

equivalent circu it (per Eqns. 3 and 
4) is accomplished as follows:

[kEY in Rs] [ enter f ENTER f

[kEY in Xs] | STO | | ENTER t | f x ]  f x ]  [Tl 

READ out Rp] [ x j  |rCl | | ~ T [  [rEAD out Xp

For the reciprocal Operation, ap- 
ply Eqns. 5 and 6 as follows:

These operational sequences may 
appear cumbersomc upon initial ex- 
am ination. However, experience 
shows th a t th is procedure is faster 
by an order of magnitude than 
Smith C hart Solutions and is capa- 
ble of providing fa r  g reater resoiu­
tion than  any chart or nomograph 
of finite proportions, • •

• Specialized designs for ECM, RPV, MLS, ASW, 
avionic, shipboard & submarine applications

• 1 kW CW and greater power handling

• 30 MHz to 18 GHz frequency coverage

. Over 25,000 produced to M IL specs

. O m n id irec tiona l, d ire c tio n a l; v e rtic a lly  
horizontally, circularly, or dual polarized

. Flush mounted, wing tip, lens, and array 
configurations for special applications

For details and application assistance, contact

ANTENNA AND MICROWAVE DIVISION
ADAMS-RUSSELL COMPANY INC.

Haverhill Rd„ Amesbury, MA 01913 (617) 388-5210 TWX (710) 347-6360 9 % *
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16 Horn And Dish Linkup With Anik, Westar Satellites 

FCC Launches Probe For INMARSAT Entry
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editorial
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technical section
Passive Components

33 Build A Better Bias Insertion Unit. G. W. Renken of Honeyweii 
details the design of inexpensive bias insertion units capable of 
injecting video Signals with risetimes of less than 100 ns.

42 Packaging Can Influence Coupled-Line Filters. Marcus Staloff 
of The ARO Corporation illustrates the pitfalls of packaging a 
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news
Fifth European Microwave Conference

Solid-state developments 
emphasized at international forum

VARACTOR
DIODE IMPATT

1. This varactor-tuned, microstrip 
Impatt oscillator circuit couples up 
to 115 mW at 60 GHz to the WR- 
15 waveguide output.

AMBIENT TEMPERATURE,Ta (°C)

2. Researchers from the U. S. have 
shown that cooled GaAs MESFET 
amps can compete effectively with 
paramps in terms of noise.

Next month, microwave engi- 
neers from around the world will 
converge on Hamburg, Germany, 
for the F ifth  European Microwave 
Conference. Here, a t the largest an- 
nual gathering of microwave engi- 
neers and scientists in the world, 
conferees will meet in 24 technical 
seminars to discuss the ideas pre- 
sented in more than 120 papers.

Indeed, if you can’t  make it to 
Hamburg in September, you will 
miss out. on some lively, inform a­
tive technical discourse. But sit 
back and re lax ; to keep you in 
touch with this international hap­
pening, we offer the following brief 
reports on some of the presenta- 
tions and trends th a t will highlight 
the im portant conference.
Stable sources sought

Many of the papers directed 
toward oscillator circuits a t EMC 
address the unique problems of Im­
patt oscillator design. A major 
challenge to millimeter-wave tele- 
communications centers on the de­
sign of high-power sources, which 
are also capable of fairly  high- 
speed FSK modulation. Bernard 
Glance, representing Bell Telephone 
Laboratories in Holmdel, NJ, pro­
poses one plausible solution in 
“M icrostrip  Varactor-Tuned Milli- 
meter-Wave Transmitter.” The 60 
GHz Im patt source described by the 
researcher puts out 110 ±15 mW 
and is capable of FSK modulation 
rates up to 200 M B/s. Varactor 
(tuning) and Im patt (oscillator) 
circuits are both integrated on a 
quartz Substrate (F ig. 1) using 
Standard photolithographic fabri- 
cation techniques. The result is a 
very simple design, which meets 
telecommunication r e q u ir e m e n ts  
with an rms fm noise level of about 
400 Hz/VTcHzT

The Trapatt diode, although not 
explored as thoroughly as Im patt 
devices, looks promising for pulsed 
transm itter application. The Fre­
quency Stable MIC S-Band and C- 
Band Pulsed Trapatt Oscillators 
described by B. H. Newton of Mul- 
lard Research Laboratories, Red- 
hill, England, operate in a funda­
mental mode, offering 30% efficien­
cy at 2.6 GHz, or in a second-har- 
monic mode with better than  10%

efficiency a t 5 GHz. Operating as a 
locked oscillator w ith a stable pulsed 
driver, the circu it has exhibited 
locking gain values of up to 25 dB.

Based on recent announcements, 
the M ESFET m ust certainly be 
viewed as a contender for high- 
frequency oscillator design. D. S. 
James of the Communications Re­
search Centre, Ottowa, Ontario 
Canada, for example, uses GaAs 
FETS in a stabilized LO circuit for 
MIC mixer applications. The oscil­
lator is stabilized using a T E oln 
cavity coupled to m icrostrip by 
means of an aperture in the micro­
strip ground plane. Details are re- 
vealed in “Stabilized 12 GHz MIC 
Oscillators Using GaAs FETs.”

Two other source stabilization 
schemes evaluated at the conference 
are especially noteworthy. Tempera­
ture Stable Dielectric Microwave 
Resonators For High Power Applica­
tions is the subject of a talk  by H. 
Steyskal, Sr., of FOA, Stockholm, 
Sweden and Ph. Charas, of ESTEC, 
Nordwijk, Netherlands. By eombin- 
ing two dielectrics w ith opposite 
tem perature coefficients, such as 
lithium niobate and a special cer- 
amic, the researchers form a com- 
posite resonator which can handle 
cw powers up to 80 W a t S-band. 
Both sandwhich and coaxial type 
resonators made in this fashion re- 
portedly exhibit Q0 values ranging 
from 5,000 to 6,000 and an effective 
£ range of 54 to 59.

A different tack is favored by 
J. J. Pan, of the H arris Corp., Mel­

bourne, FL, and Paul Sierak, of 
G riffiths AFB, NY. In “ High Per­
formance, Glass Stabilized, Micro­
wave Frequency Sources,” they de- 
scribe a low-noise, low-cost, fixed 
frequency S-band tran s is to r source 
th a t features frequency and tem ­
peratu re stabilities of 0.9 X 10‘9 
p a rts /h o u r and 1.8 x  10 _7 p a r ts /  
°C, respectively. The researchers 
feel th a t the metalized glass-cavity 
stabilization techniques can be ex- 
tended to tunable sources, in X-, 
Ku- and Ka-bands, and to fixed- 
frequency GaAs F E T  sources at 
frequencies up to X-band.
Impatt, FET amps stressed

Most am plifier designs discussed 
a t the European Conference center 
on Im patt and FE T  devices. Taking 
advantage of the low-noise proper- 
ties of the M ESFET, Charles A. 
Liechti and colleagues of Hewlett- 
Packard, Palo Alto, CA, have put 
together a narrowband, 11.7 to 12.2 
GHz, three-stage amplifier which 
has a 5.3 dB n o is e  f i g u r e  
and 18 dB gain a t room tem per­
ature. In “A Cooled GaAs MESFET 
Amplifier Operating At 12 GHz With
1.6 dB Noise Figure” , the re­
searchers note th a t when the circuit 
is cooled a t 40 “K, the noise figure 
drops to 1.6 dB, while the gain 
rises to 31 dB (F ig . 2). Reverse 
isolation and in p u t/o u tp u t impe- 
dances are found to be nearly tem ­
perature independent.

Power Amplification of Microwave 
Fm Communication Signals Using A 
Phase-Locked Voltage-Tuned Oscil- 

( continued on p. 10) 
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S o lid -S ta te  developm ents em phasized (co n t.)

lator, explained by M. E. Hines of 
Microwave Associates, Inc., B ur­
lington, MA, relies on a varactor- 
tuned Gunn or Im patt source. The 
Gunn device produces a 250 mW 
output w ith  a 2 mW input and 
meets CCIR specifications for 1,800 
channel FDM. A prelim inary Im­
p a tt device reportedly produces 3 
W fo r a 5 mW input with per­
formance suitable for either tele- 
vision relay or for 1800 to 2700 
channel Communications Systems.

Perhaps the New Package For 
N eg ative  R esistance Microwave 
Diodes, introduced by T. Ishii of 
M istubishi E lectric Corp. Itam i 
Hyogo, Japan, could fu rth e r en- 
hance the perform ance of other 
am plifier designs detailed a t the 
conference. The novel package de­
sign incorporates additional induc- 
tance and capacitance besides case 
and lead parasitics. The equivalent 
electric circuit of a diode cased in 
the new package is composed of the 
parallel resonance circuit of the 
ceramic case, the series resonance 
of lead wire, and chip admittance. 
Adm ittance levels of an Im patt 
diode mounted in the new package 
are reportedly very low, which 
should lead to better small signal 
power gain.

Acoustic devices mature
An entire session is devoted to 

surface-acoustic w a v e  advance- 
ments a t the 1975 EMC, and the 
papers serve as a testimony to the 
surge of world-wide in terest in this 
field.

From  the U.S. comes thé an- 
nouncement of a new d ass of Com- 
ponents For Acoustic Surface Waves 
Based On Narrow Strip Cut Off Sec- 
tions. Power splittere, direetional 
couplers, delay-line taps, attenu- 
ators, resonant cavities and filters 
of this type may be constructed on 
any substrate, whether piezoelëc- 
tric  or not, according to A. A'. 
Oliner of the Polytechnic In stitu te  
of New York. G reater flexibility in 
the choice of substrate m aterial 
perm its optimization of vital para­
m eters such as tem perature stabil- 
ity  and loss. Each component 
simply consists of a thin-film  de- 
posited on a substrate. This nar- 
row strip  of plated m aterial acts 
the way a small section of below 
cutoff waveguide would in electro- 
magnetic microwave devices. Sim- 
plicity is the key to th is technique, 
as illustrated  by the parallel output 
power sp litter shown in Fig. 3.

3. A wide range of miniature sur­
face acoustic wave components can
be realized simply by plating a sub­
strate with “ fast”  or “ slow”  films.

W orking at the interface of op­
ties and acoustics, P. Merilainen, 
of the U niversity of Helsinki, F in­
land, has discovered th a t the re- 
sistance of a polycrystalline photo- 
conductive CdSe film deposited 
japon an acoustic surface wave delay 
line decreases by up to a factor of 
ten when an acoustic pulse is 
propagating down the line. Accord­
ing to the researcher, the Nonlinear 
Effects On LiNb 0, Delay Line Coated 
With A Polycrystalline CdSe Film 
may open the possibility of acous- 
tical scanning of optical images.

SAW components operating a t 1 
GHz have been realized by P. 
H artem ann a t the Laborato Central 
de Recherches of Thomson CSF, 
Orsay, France, using an electronic 
masker. These delay lines, filters 
and oscillators are based on 
LiNb03 Substrates, and have a min­
imum transducer finger width of
0.3 |U,m. The bandwidth and delay 
of a typical delay line of this type 
has been measured at 500 MHz 
and 10 yu,sec, respectively, accord­
ing to “ Microwave Acoustic Surface- 
Wave Components.”

A delay line with zero insertion 
loss is certainly a near impossibil- 
ity, but T. M. Mason of the Royal 
Radar Establishment, M a lv e rn , 
England, has designed A Unity Gain 
Delay Module Operating At 3 GHz 
by combining amplifiers, PIN  diode 
switches, circulators and a Spinel 
bulk wave delay line. Designed for 
applications in chirp radar, the 
component provides 22 fisec of de­
lay over an instantaneous band­
width of 500 MHz. Peak r f  input 
and output power is —-10 dBm, giv- 
ing an output signal-to-noise ratio  
of 40 dB. A single, unstabilized 
+ 15 Vdc bias supply is necessary.

Communications hardware detailed
Communications systems, terres- 

tria l and sateilite, receive a great 
deal of atten tion  at the European 
conference w ith most papers de-

scribing new or improved hard­
ware. As a  sampling, consider thé 
Waveguide Multiplexer With Dual 
Mode Filters For Sateilite Communi­
cations designed by Gehard Pfitzen- 
m aier of Siemens AG, Munich, 
Germany. The 4 GHz, four-channel 
m ultiplexer is essentially a WR229 
short-circuited waveguide manifold 
with four bandpass filters  critically 
spaced along the broad-wall sides. 
The four-pole circular waveguide 
filters take advantage of a dual 
T E 1XI mode resonance to form  us- 
able bands a t 36 MHz and 72 MHz. 
Refilection coëfficiënt w ithin these 
bands is reportedly less than 6%

High-speed m ultiplexers and de- 
multiplexers of the fu ture may 
include something sim ilar to the 
delay line w ith equidistantly placed 
Schottky diode switches examined 
in “A New Method For Ultra-Fast 
Signal Processing and Pulse Re­
generation in the Gbit/s Range.” 
A uthor of the paper, R. Schwarte, 
representing Technische H o c h ­
schule Aachen, Germany, reports 
th a t the spatial voltage distribution 
of a signal passing through the 
delay line can be stored discretely 
in the delay-line sections when the 
series switches are opened. Poten­
tial applications also include base- 
band repeaters fo r the G bit/s 
range.

An in teresting piece of hardware 
th a t illustrates Europe’s intense 
in terest in millimeter-wave Sys­
tems is A 30 GHz Low Noise Down 
Converter developed by M. K refft, 
also of Siemens, A. G. The single- 
ended waveguide m ix e r  d e s ig n  
converts a 1 GHz wide signal in 
the 27.5 to  31 GHz range to an i-f 
of about 1 to 2 GHz, with a con­
version loss of about 5 dB.

On the systems level, a new 
method for Reducing The Inter- 
modulation Noise In Wideband Micro­
wave Radio Relay Systems, proposed 
by P. Lier of AEG Telefunken, 
Backnang, Germany, compensates 
for symmetrical differential gain 
and delay distortion by introducing 
fixed multi-section equalizers and 
appropriate slope adjustm ents of 
the delay characteristics. The 
technique emphasizes am-to-pm 
conversion effects and non-lineari- 
ties of subassemblies. Equalization 
in the tran sm itte r is simply a m at­
te r  of adjusting the i-f voltage and 
oscillator level of the upconverter. 
Receiver equalization is achieved by 
a lim iter arrangem ent w ith vari­
able am /pm . • •  S.V.B.
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Inexpensive phased array 
opens up new radar applications
Richard T. Davis
Managing Editor

A low-cost phased array  anten­
na has been developed based on a 
series fe rrite  scan principle. It 
offers a potential 10:1 cost re- 
duction over conventional phased 
a rray  scanning techniques which 
usually require a diode or fe rrite  
phase sh ifte r for each a rray  ele­
ment. An X-band prototype model 
has dem onstrated ±50 degrees of 
scan coverage in a single plane. 
The simple phased array , devel­
oped by Rockwell In ternational’s 
Missile Systems Division, Ana- 
heim, CA, also offers a sign ifi­
cant reduction in weight and thus 
is being considered for many mili­
ta ry  and commercial applications 
which now could not use phased 
arrays because of their cost and 
weight.

“The series fe rrite  scan tech­
nique, Fig. l f a ) ,  can be visual- 
ized as consisting of a waveguide 
having series connected fe rrite  
phase sh ifters inserted lengthwise 
between each rad ia ting  element,” 
explains Sam Wong, M anager of 
A ntenna Systems at Rockwell.

“Electronic beam scanning is 
provided by Controlling the propa­
gating velocity or phase shift per 
unit length of the ferrite loaded 
waveguide. Phase shift is effected 
by applying curren t on the sole- 
noid which induces a longitudinal 
magnetic field in the ferrite.”

The array  is presently limited 
to only single plane scanning, but 
it could be easily adapted to 2-D 
by using additional fe rrite  wave- 
guides in the other plane,” con- 
tends Wong.

“This low-cost phased array, 
under development for about four 
years, was originally designed for 
a missile, but other m ilitary and 
commercial radars which pres­
ently use dish antennas or me- 
chanically scanned slotted arrays 
are being developed.” F igure 2 is 
a 26 element p lanar array , con­
sisting  of two fe rrite  waveguides 
that was developed for the Naval 
Electronics Laboratory in San 
Diego. The antenna provides ±45 
degree coverage and is used for 
an experimental battlefield surveil­
lance radar. The beam scan control 
box shown has a manual and auto­
m atic scan mode selectable by a 
switch. The antenna provides a

l(a ). Series ferrite scan consists of 
one long series connected phase 
shifter to which a number of radi­
ating linear elements may be cou­
pled. Each phase shifter requires 
only one drive circuit to scan a 
beam in one plane.

—|~ä~|-A—py| Y j~ö~j-X-[o~|.h'' [~ö~j— —i»

(b) The beam scan angle, 6, is
proportional to solenoid current, I, 
by sin 6 = A/A„ ± mA/d + <£/2tr 
where cf> = phase sh ift/un it length 
cc I, A =  free space wavelength and 
A„ = guide wavelength.

six X six degree beamwidth at 
9 GHz with sidelobes down 18 to 
20 degrees as' shown in Fig. 3.

A nother immediate use for the 
a rray  is w ith small boat radars. 
F igure 4 shows a fan beam phased 
array  developed for the Navy us­
ing the series ferrite  scan princi­
ple. The 48 inch long X-band array 
provides ±45 degrees of scan cov­
erage. “Because of its rapid scan­
ning capability, data obtained by 
the rad ar is presented on a normal 
TV-type display,” says Wong.

1 Ib radar transceiver

The compact transceiver for this 
m arine radar was also developed 
at Rockwell International. Accord­
ing to A rt Cohn, Manager of Tac- 
tical and Electromagnetic Systems 
Engineering, Autonetics Group, the 
6 X 5 x  0.5 in. package, Fig. 5, 
delivers 4 W to the antenna, in- 
cluding duplexer loss by means 
of an injection-locked double-drift 
Im patt diode transm itter. The 16 
oz transceiver has an overall Sys­
tem efficiency (dc to rf) of 4.2% 
for a 25% duty cycle. The re- 
ceiver section provides a 6 dB 
double sideband noise figure in- 
eluding the 2.5 dB noise figure

of the i-f preamp. “All circuits 
within the package are arranged 
for optimum isolation,” says Cohn. 
“The package is channelized so 
th a t each circuit fits  into its pre- 
scribed area to create a wave­
guide operating below cutoff.” 

“The m ixer local oscillator and 
tran sm itte r output are derived 
from the same source with the 
exception of a crystal controlled 
30 MHz offset oscillator to facil- 
itate the superhet function.” The 
fundamental transisto r oscillator 
operates a 2.3 GHz, (tunable to 
3.2 GHz). For the LO circuit, this 
S-band signal is multiplied by four 
using a shunt-mounted, step-re- 
covery diode in m icrostrip, fol- 
lowed by a five pole bandpass fil­
ter, providing an output of 9.0 to 
9.5 GHz. The balanced mixer con­
sists of a branch line hybrid with 

( continued on p. 16)

2. Experimental battlefield surveil­
lance radar has 26 elements and 
uses two ferrite waveguides (top and 
bottom) to provide ±4 5° scan cov­
erage.

3. Antenna pattern for the series 
ferrite scan array shows slight Vari­
ation in beamwidth as it scans ±45  
degrees. At bore-sight, the beam is 
21° and it broadens to 33° and 26° 
as it scans to the extreme right 
and left.
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Horn and dish linkup with Anik, Westar satellites

In a three-day demonstration last 
month, A ll Systems of Moores- 
town, NJ, showed the feasibility of 
quality reception of color TV and 
fm sateilite broadcasting using 
small receive-only earth  term inals 
designed for the 3.7 to 4.2 GHz 
band. TV Signals via tho Anik I 
Canadian sateilite were received 
using a 4.5 m eter dish antenna and 
a 10 f t  horn antenna. Combi- 
nations of low-noise amplifier at 
43°K and 130°K were used with 
these antennas providing a G/T 
ranging from  17.9 dB /°K  to 24.5

dB /°K . The 3m horn manufac- 
tured by AFC, Inc., provided 39.5 
dB gain a t 4 GHz while the 4.5 
m eter dish by Andrew Corporation 
provided 43.7 dB gain a t 4 GHz. 
The output from the low-noise am­
plifier then was fed to a downcon- 
vcrter and an fm /TV demodulator.

The signal received from a 40 
MHz wide transponder on the 
Telesat Anik I sateilite originated 
in Allen Park, Ontario. Twclvc TV 
channels w ith 4 MHz sidebands can 
be carried per transponder.

Also on demonstration for the

th ird  time was a 4 f t  diam eter 
receive-only term inal used to re- 
ceive Muzak signals via the W estar 
sateilite. This fm signal consists 
of a 50 Hz to 8 kHz audio program  
to which a low frequency energy 
dispersal signal has been added. 
This allows the cffective isotropic 
radiation to stay w ithin the FCC 
limits. Several thousand of these 
4 ft. term inals are expected to be 
deployed in the coming years. RCA 
Globcom transm itted  the uplink 
signal for the demonstration from 
its Valley Forge, PA, facility. • •

FCC launches probe fo r IN M A R S A T  entry

In d u stry  comments are due at 
the FCC th is  m onth on the desig- 
nation of a  private entry to b e  the 
U.S. participant and investor in 
any international maritime satei­
lite Organization that might b e  
established. The agency has al-

ready received word from several 
ca rrie rs  who have indicated in a 
general way their in terest in par- 
tic ipating  in any such Organiza­
tion, bu t is now looking for firm 
commitments from parties, par- 
ticu larly  from  a financial stand­

point. The commission stated  
ea rlie r th is  year th a t all U.S. 
in terests would be served by 
designating a single U.S. en try  to 
partic ipa te  in the basic Operation 
of any INMARSAT service.

Inexpensive phased array
opens new radar app lications (co n t.)

4. Small boat radar uses com pact 
tra n sce ive r design and series fe r ­
r ite  scan array  developed at R ock­
well In te rn a tio n a l. The fan beams 
has ± 4 5 °  scan coverage.

two series mounted Schottky bar- 
r ie r diodes.

“The diodes are phased such 
th a t any reflections are directed 
back towardsi a circulator, which 
minimizes LO radiations,” ex- 
plained Cohn. “The i-f output is 
matched to 50 ohms at 120 MHz.”

The transm it signal originating 
from the fundamental oscillator is 
modulated by a SSB diode modu­
lator. The modulation input is de- 
rived from a 30 MHz crystal-con- 
trolled oscillator through an i-f 
quadrature hybrid. “The conver­
sion is done a t S-band (2.3 GHz) 
because high efficiency gain is

available to make up for the 9 dB 
SSB conversion loss,” notes Cohn. 
The r f  input is split in phase and 
fed to two balanced mixers where 
the modulation input mixes with 
the r f  a t the diodes to produce 
upper and lower sidebands. The 
output from each mixer is then 
quadrature summed through an 
in terdigital coupler which termi- 
nates the lower sideband and Out­
puts the upper.

The signal is then fed to a 
four-stage power amplifier, three 
chip transistors mounted in se­
ries to provide drive power to a 
single PH12301 “strip pac” mount­
ed transisto r, Fig. 5. Total peak 
power output is 800 mW and gain 
is 43 dB. This power is then de- 
livered to a times four multiplier, 
sim ilar to th a t used in the LO 
channel except for a self-biasing 
resistor. Conversion loss is 6 dB.

The transceiver also includes an 
180-degree phase sh ift modulator 
so phase coding may be imple- 
mented on the transm it signal 
p rior to the Im patt transm itter 
stage. Switching time is typically 
20 ns.

The Im patt is circulator cou­
pled. Three circulators are used 
to provide q u a d r u p le r / Im p a t t ,

5. One-pound transceiver fo r  m arine  
radar uses in jec tion -locked  Im p a tt 
o s c illa to r fo r  tra n s m itte r, p ro v id ing  
4  W peak power to  th e  antenna.

an ten n a /quadrupler and receiver/ 
transm it diplexing. W ith a good 
load a t  the antenna, the Im patt- 
to-quadrupler isolation is over 40 
dB and w orst case (antenna short- 
ed), the isolation is 20 dB. A di­
ode lim iter also provides 20 dB of 
receiver protection.

Cohn claims th a t the isolation 
provided between circuits, spuri- 
ous mode propagation is minimal, 
and there is very little oscillator 
pulling due to modulation signals 
applied to the power am plifier or 
Im patt diode. • •
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Build A Better 
Bias Insertion Unit
Wideband bias insertion units that can inject video signals with 
fast risetimes are not readily available. Here’s a way to build 
them yourself, inexpensively, to cover a 9.8 GHz bandwidth.

A NYONE with 
b a s ic  t r a n s -  

mission line theory under their 
belt can successfully design and 
build relatively cheap, yet reliable, 
broadband bias insertion units. 
This article covers the use of both 
fe rrite  and discrete circuit ele­
m ents in bias insertion u n it de­
sign. Both versions can be con- 
veniently packaged in a slightly 
modified type N, coaxial Tee con- 
nector. Simple modifications as- 
sure an inexpensive means of as- 
sembling and m ounting the bias 
un it while protecting it  from phy­
sical abuse. Both units will pass 
fa s t switching pulses w ith  80 
nanosecond rise times.

The video pulse passing ability 
of both of these bias insertion 
units is im portant. The author 
could not find commercially avail­
able wideband r f  bias insertion 
units th a t could pass video input 
pulses w ith 100 nanosecond rise­
times or less.

200 MHz to 3 GHz, the meas- 
ured insertion loss and r f  path 
isolation characteristics fo r the 
discrete element bias units are 
smooth and regulär, as predicted 
from  transm ission line theory. 
However, above 3 GHz, discrete 
element units display wild excur- 
sions from theoretical curves.

By using widèband fe rrite  choke 
m aterial in place of the discrete 
elements, the bias insertion unit 
can be made an ultra-wideband rf 
component. The r f  properties of 
fe rrite  perm it predietable and 
smooth performance all the way 
from  200 MHz to 10 GHz. The

G. W. Renken, Development Engi­
neer, Honeywell Government & Aero- 
nautical Products Division, 1625 
Zarthan Avenue, Minneapolis, MN 
55416.

W ork perfo rm ed  w h ile  a t M cD onne ll Doug­
las A s tro n a u tic s  C o rp o ra tion , Easte rn  D i­
v is io n , und e r c o n tra c t n u m b e r N 00 1 7 8 - 
73-C-0362 fro m  th e  U.S. N ava l Surface  
W eapons C en te r D ah lg ren  Lab o ra to ry .

fe rrite  unit has slightly  more in­
sertion loss than  the discrete ele­
ment bias insertion unit, bu t the 
small additional loss is readily ac- 
cepted for the gain in  predietable 
r f  bandwidth.

A bias insertion u n it m ust be 
able to supply a combination of 
rf, de and video voltages or Sig­
nals to an active device in an r f  
System. Video is taken here to 
mean frequencies up to 100 MHz. 
The basic bias insertion component 
consists of two sections: an rf  
transmission path  and a b ias/ 
video input section.

The r f  path in the bias insertion 
unit is a section of low-loss, well- 
matched transm ission line w ith  a 
characteristic im p e d a n c e  (Z0) 
equal to tha t of the r f  System to 
which the bias insertion un it is 
connected. The type of r f  path is 
generally chosen to  best f i t  the 
physical layout of the r f  System 
into which the bias insertion unit 
is to be used, and can be stripline, 
microstrip or coaxial in nature.

The bias/video inpu t section at 
port C (see F ig. 1) is a  low-pass 
filter formed by a series induct- 
ance (L) and a shunt capacitance 
(Cs). The values of L and Cs are 
chosen to pass the h ighest ex­
pected video frequencies w ith

RF PATH

a m H
11 \  

= J n

F  %
----- :

B
A t f r v :  RF.DC/

mmmmm VIDEO OUT

BIAS/VIDEO
INPUT

SECTION

H H

f r
A
C

DC/VIDEO IN

1. An analysis of a bias insertion 
unit hinges on defining the imped- 
ances at point x, the connection of 
the low-pass filte r to  the rf trans­
mission line.

minimal distortion. In  addition, 
enough shunt capacitance is p ro­
vided to form  an effective r f  by­
pass to  ground fo r any  residual 
r f  th a t gets past the  choke, L.

Injected de bias cu rren ts  and 
video signals m ust be prevented 
from entering the r f  generator, 
which is connected to p o rt A of 
the bias insertion u n it shown in 
Fig. 1. Thus, the value of the 
blocking capacitor, Cb, m ust be 
chosen to present a large value of 
capacitive reactance to  the video 
signals on the r f  path , while 
readily passing the h igher f re ­
quency r f  power th rough it  to  
the active device.

The active device is connected 
to the output of the  bias insertion 
unit, port B in F ig. 1. Most active 
devices have a complex inpu t im ­
pedance, Zd, which m ust be reck- 
oned w ith in the component’s de­
sign. In  particular, the analysis of 
a bias insertion u n it m ust consider 
this device input impedance trans- 
formed back to point x, the con­
nection of the low-pass filte r to 
the r f  transm ission path. This 
transform ed impedance, Zd', can be 
expressed as:

Tj f _ Zd + j Z0 tan  (0 )
— Tj

1 +  jV  tan  ( e )

where 0  is the electrical length of 
the r f  path  from  point x to the 
input of the active device, X is the 
wavelength of the r f  frequency 
and |  is the physical length of the 
r f  path.

Describe the impedance perturbation
The key to designing any bias 

insertion u n it lies in understand- 
ing the effects of connecting a 
low-pass filte r to an  r f  transm is­
sion path. Assume th a t  the low- 
pass filte r is connected to  the r f  
transm ission line a t point x, as 
shown in F ig . 1. The f ilte r’s out- 

( continued on p. 3U)
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p u t impedance, as seen from  point 
x looking into the filter, is Z(. 
W hen the low-pass filte r is con­
nected to the r f  path a t point x, 
th ere  will be a local impedance 
change to the r f  path  there, re- 
su lting  from  the interaction be- 
tween Zt, Z0 and Z'd.

Both Zt and Z'd are complex 
impedances. Depending on the 
relative m ismatch between Zf and 
Zd, a considerable percentage of 
the r f  power flow to the active 
device may be disturbed. E ffects 
from  a m ismatch a t point x can 
show up throughout the en tire  rf  
System.

In  term s of L, Cs and Zg, the 
impedance of a video generator 
connected to po rt C, the low-pass 
f i l te r ’s output impedance a t point 
x i s :

Zf =
Zg + jci)(L + Z2g(n)2L C2S—Cs))  _0.

l  + üj2Z2g C2s
Zg is assumed real here, and co 
represents the r f  input frequency 
expressed in radians per second.

Zt can also be expressed ex- 
plicitly in term s of real and imag-

BIAS INSERTION DESIGN

inary  p a r ts :
Zf =  Z(r + jZ a (3)

W h ere :
rz . Z,

tr ~  1 + &>2Z2g C2, (4)

„  co(L + Z2g(a>2L C2, —-C8))
11 — 1 + w2Z2g C2S

(5)
The local impedance a t point x 

is determ ined by the interaction 
of Zf and Z'd and by the shunt- 
loading effect on the r f  path by 
the filte r output impedance, Zf. 
Shunt loading affects the flow of 
r f  power to the active device even 
if  the additional interaction at 
point x, caused by Z'D combined 
w ith Z( is not considered. The 
loading effect m anifests itself in 
two ways.

F-irst, there is a partia l reflec- 
tion of the incident r f  power back 
to the generator. This reflection 
is caused by Z1( the parallel com- 
bination of Z, and Zo; not being 
equal to the r f  path characteristic 
impedance, Z0, as shown in Fig. 2.

Second, some of the remaining, 
non-reflected power enters the 
b ias/video input section a t point 
x, and is either stored in the re- 
active components, L and Cs, or 
dissipated in the video generator 
source impedance, Zg.

Both effects of shunt loading 
lower the efficiency w ith which 
the bias un it can deliver r f  power 
to the active device. When the in­
teraction of Z'A and Zt is also con­
sidered, an indication of th is ef-

34

2. Reflections are caused by the 
parallel combination of Zf and Zd 
not being matched to Z0.

ficiency may be written in term s 
of insertion loss and isolation.

To the righ t of point x in Fig. 
2, the equivalent load impedance 
on the r f  path, ZI( is the parallel 
combination of Zf and Z'd:

Z,

Z,

ZfZd
Zf +  z d'

( 6)

(Zfr + jZfi) (Zd/ + j Z  dl ) 
(Zfr + ZV) + j (Z£i + Zdi')

(7)
Or, explicity in real and imag- 

inary  p arts :
Zi =  Zlr + z u 

Zlr =
(Zfr Zdr' Z(l Zdl' )(Zfr + Zd/ )  

(Zfl. + Z„/)2 + (Zri + Z d/ ) 2 
+ tz,., Z„,/ + Z,.,.ZdlO(Zfi + Z„t) 

(Zfr + Zd/ ) 2 + (Zf, + Zd/ ) 2
( 8 .)

Z i j =
(Zfi Zd/  + Zfl. Zd/ ) ( Z tr + Zd/ )  

(Zfr + Zd/ ) 2 + (Zfl + Zdl)-2 
(Zfj + z di ) (Zfr Zdr Zfj Zdl)
(Zfr + Zd/ ) 2 + (Zfi + Zdi)2

(9)
r x, the complete voltage reflec­

tion coëfficiënt a t point x, is given 
by:

Z, - Z 0r ,  =
Z l r  +  Z 0

(Z lr Z0) + j Z| [

or,
r x =  r .
where

(Z ir + Z0) + j ZH

+ j r It

( 10)

r  = : (Z lr Z0) (Zlr + Z0) +Z 2h
(Zir+Z0)2 + Z2,i 

2Z„Z0
( 11 )

(Zlr + Z0):2 + Z2u
Having computed the complex 

voltage reflection coëfficiënt, r x, 
i t  is now possible to determine the 
am ounts of r f  power th a t are re- 
flected back to the r f  generator, 
dissipated or stored w ithin the 
b ias/video input section and de- 
livered to the active device. The 
following expressions assume th a t 
all source impedances are real, and 
the  dc blocking capacitor, Cb, has 
no effect on the r f  passing 
through  it.

The ra tio  of reflected to inci­
dent p o w er'a t X is given by:

P
P

r e f l e c t e d  

i n c i d e n t
(13)

The ra tio  of power transm itted  
to the active device to the incident 
r f  power a t point x is given by:
p

t r a n s m  i t t e d  
p
-1- i n c i d e n t

ï.o  + | r x|2 + 2r xr

(14)
Or, in the more fam iliär term s of 
r f  insertion loss:
Insertion loss (dB) .=

—10 log10
P
x  t r a n s m i  t t e d  
p
x  i n c i d e n t

(15)
The ratio  of power passing into 

the low-pass filte r a t point x and 
being either dissipated in the 
video generator or stored in the 
reactive elements to the incident 
r f  power a t point x is given by:
P ,_____
P

i n c i d e n t
=  1.0 -

p
r e f l e c t e d

p
i n c i d e n t

p
p

t r a n s m i  t t e d

i n c i d e n t
(16)

Or, in term s of the complex volt­
age reflection coëfficiënt:

p 5--------- =  - 2 ( r „  +  | r x2|)  (17)

In term s of r f  isolation from the 
r f  path  to the input port of the 
bias/video section:
Isolation (dB) =

-1 0 1 o g 10| i --------  (18)
i n c i d e n t

W ith these expressions, especial- 
ly Eqns. (15) and (18), the 
theoretical perform ance of an 
ideal bias insertion unit can be 
compared to the measured per­
formance of the two types of bias 
insertion units described here.
Discrete elements: A first choice

The f irs t  type, designed with 
discrete components, uses a sparse- 
ly wound coil for the series in- 
ductance, L, and coaxial capacitor 
fo r Cs. A commercial dc blocking 
capacitor functions nicely as Cb. 
The complete bias insertion unit, 
consisting of the r f  path, L and 
Cs, can be built into a slightly 
modified UG-28 Type N coaxial 
Tee. The blocking capacitor is at- 
tached externally.

This bias insertion unit was 
initially designed to operate from 
200 MHz to 10 GHz and pass video 
input signals up to 100 MHz. The 
resonant cutoff frequency (f00) of 
the filte r was set a t 60 MHz. W ith 
th is stipulation, the values of in- 
ductance and capacitance of the 
filte r elements can be determined 
fro m :

1
tcoZ= 27rVLC7

(continued on p. 37) 
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BIAS INSERTION DESIGN
Using the constrain t th a t L 

m ust be a sparsely wound coil that 
fits  into a UG-28 Tee, the coil in- 
ductance can be computed from :

T _ n2 r 2
— (9r + lOf)

!= 0.0244 microhenries
w here:

n (num ber of tu rn s  in the coil) 
=  6

r  (coil radius 1 =  0.040 inches 
f (coil length) =  0.200 inches 
The coil form is a cylinder of 

machined Teflon® dielectric, built 
to the above dimensions, th a t is 
mounted between sections of the 
slightly modified removable stem 
of the UG-28 A /U  Type N coaxial 
Tee. A portion of the stem is cut 
out and replaced with the Teflon® 
coil form. The ends of the Teflon® 
coil form  are pinned to the two 
stem sections to form an integral, 
new stem.

Knowing the value of the in­
ductor, C3 can be determined from 
Eqn. (19):

Cs .=  288 picofarads 
The maximum diam eter of this 

288 pF  coaxial capacitor is fixed 
by the size of the UG-28 housing. 
Thus, the length of the plates can 
be determined from :

C =  8.50 e, (b /a  + 1 )| 
(b /a  -  1) 12

( 21 )

er (relative dielectric constant 
of capacitor dielectric) =  2.55 

b (the radius of the outer plate) 
=  0.160 inches

a (the radius of the inner plate) 
=  0.159 inches
The length of the capacitor was 
computed from Eqn. (21) to be:

|  =  0.500 inches 
The inner plate of the coaxial 

capacitor is designed to f i t  slight­
ly above the coil along the length 
of the stem of the UG-28 Tee. 
Both the inner and outer plates of 
the coaxial capacitor are machined 
out of brass. The outer plate is 
formed into a caplike piece with 
threads cut into the inside of its 
bottom portion so th a t it  can be 
screwed to the top of the Tee. The 
same type and size of threads are 
cut into the outside top of the out­
er capacitor plate so th a t other 
Type N coaxial connectors m ate to 
this modified UG-28 Tee.

When assembling the bias-in- 
sertion un it (F ig . 3), the center 
stem is unscrewed from  the center 
cross piece, and the cross piece is 
placed into the r f  path of the Tee. 
The stem is then screwed into the 
cross piece to hold both items in 
the Tee. The outer capacitor plate 
is screwed on atop the Tee and the 
bias insertion un it is ready for

INNER PLATE OF C O AXIAL 
CAPACITOR, C SHUNT

OUTER PLATE OF 
CAPACITOR,

TEFLON DIELECTRIC

STEM OF 
THE TEE

TURN CO IL  
U SED  FOR

R F T R A N SM IS S IO N
A/U TYPE N TEE

3. Simple modifications to a UG-28 
Tee convert it to an inexpensive 
bias insertion unit. Threads to 
match a Type N connector are cut 
into the top of the outer shunt ca­
pacitor plate.

use. A M icrolab/FXR, HR-50N 
de block functions as Cb and pro- 
tects the rf  generator.

Insertion loss becomes unpredictable

Laboratory tests  indicate th a t 
this discrete component bias-in- 
sertion unit exhibits predietable 
performance from  200 MHz to 3 
GHz. Above 3 GHz, its insertion 
loss becomes too irreg u lä r and un­
predictable for it  to be used. In ­
sertion loss and isolation data 
were taken on a  swept frequency

basis from  200 MHz to 10 GHz 
using an H P 8410 netw ork ana- 
lyzer. D ata was taken w ith  the 
network analyzer connected to two 
ports of the b ias-insertion unit, 
while a 50-ohm term ination  was 
used on the third. W hen r f  inser- 
tion-loss data was being taken, 
the 50-ohm load was placed on the 
bias/video input p o rt to sim ulate 
a generator impedance, Zg, of 50 
ohms. The 50-ohm load was placed 
on the r f  ou tput port, sim ulating 
Za, when isolation was m easured

.This waveguide circulator 
will fit your mm-waves to a MT”

Our three-port, T-junction circulators are designed for mm-wave fre­
quencies from 26.5 to 110 GHz in six waveguide bands. They feature high 
isolation, low insertion loss and low VSWR over a broad bandwidth. That 
makes them ideal for use in negative resistance amplifiers and phase 
modulators.

Our unique T-junction accommodates typical waveguide routing pat- 
terns better than commonly used Y-junction devices and eliminates the 
sprawl effect they can cause.

Find out more about the world's only practical T-junction mm- 
waveguide circulators. Call or write: Hughes
Electron Dynamics Division, 3100 West Lomita 
Boulevard, Torrance, California 90509. (213) 
534-2121, extension 215.

H U G H ES

( continued on p. 38)

Making waves in millimeter-wave technology.
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L IT E R A T U R E  PRICES QUOTATIONS

Miniature size, high gain, wide 
dynam ic range, low noise IF  
amplifiers in a completely shielded 
package. Uses thin-film hybrid 
technology, for proven reliability 
with no sacrifice in performance.
FR EQ U E N C Y : Customer speci- 
fied from 20 to 150 MHz.
3 D B B A N D W ID T H : 10 M Hz 
typical.
GAIN: 70 ± 3 d b .
1 D B C O M PR ESSIO N  POIN T:
0 dbm.
NOISE F IG U R E : 3 db max.
AGC RANGE: 60 db min.
AGC VOLTAGE RANGE: 0 to 
+  5 volts.
I N P U T  D Y N A M IC  R A N G E  
(W IT H  AGC): 80 db min.
PO W E R  S U P P L Y : + 1 2  VDC at 
35 ma nominal.
T E M P E R A T U R E :  - 5 5 ° C  to 
+  85°C.
IN P U T  IM P E D A N C E : 50 ohm 
nominal.
O U T P U T  IM P E D A N C E : 50
ohms nominal (detected output 
optional).
IN P U T  AND O U TPU T CON- 
NECTORS: SMA female. . 
SIZE: 1.16" x .66" x .49" nominal 
excluding projections (smaller 
version available).
For further information contact 
T ra k  M icrowave Corporation .  
4726 E ise n h o w e r  B o u lev a rd .  
Tampa, Florida 33614. Telephone 
(813) 884-1411. Telex 52-827-

m i n i a t u r e
LINEAR 
LOW NOISE n
IFAMPLIFIER
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from  the r f  input port to the b ias/ 
video input port.

R f insertion loss data is com- 
pared w ith  the theoretical inser­
tion loss in Fig. 4. The rolloff of 
the low-pass filter shows up nicely. 
From  250 MHz to about 3.0 GHz, 
insertion loss is relatively smooth 
and predietable. However, a t the 
resonant frequencies of 4.05, 7.00, 
8.90 and 10.0 GHz, insertion loss 
increases to —17, —20, —24 and 
— 28 dB, respectively. Very little 
r f  power would be delivered to the 
active device at these resonant 
frequencies.

Rf path isolation data is com- 
pared w ith the theoretical data in 
Fig. 5. This theoretical curve was 
computed using Eqn. (18), setting 
the active device input impedance, 
ZA, equal to (50 + jO ohms). The 
rolloff of the low-pass filter is 
sharp, and follows the theoretical 
rolloff nicely until 2.60 GHz is 
reached. Above 2.60 GHz, there 
are th ree serious reasonances a t 
approxim ately 4.05, 6.75 and 9.10 
GHz. These resonances are caused, 
in part, by the coil’s interw inding 
capacitance interacting with its 
lumped and distributed inductance 
as resonant frequencies are en- 
countered. Note tha t these reso­
nan t frequencies nearly coincide

BIAS INSERTION DESIGN

c X *THE'DRETIC AL
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4. Irregulär insertion loss above 3 
GHz illustrates the erratic high-fre- 
quency behavior of discrete com­
ponents.

5. Peaks in the isolation data for
the discrete element unit occur at 
nearly the same frequencies as val- 
leys in the insertion loss curve 
shown in Fig. 4.

w ith  those in the r f  insertion loss 
data.

R f path  isolation does no t be- 
come systematically g rea ter as 
frequency is increased to 10.0 GHz 
because of losses due to r f  cou- 
pling a t these frequencies. The rf  
fields couple energy to th e  low- 
pass filter, even though in theory 
the conducted energy should be 
hindered from leaving the r f  path 
by the low-pass filter.

On the basis of measured isola­
tion data, one could conclude th a t 
there is sufficiënt isolation over 
the entire 200 MHz to 10 GHz 
range. Even w ith  the resonant 
peaks a t 4.05, 6.75 and 9.10 GHz, 
there is a minimum of 25 dB iso­
lation from  the r f  path to the in­
put of the bias/video section.

Both data sets for the discrete 
component bias insertion unit 
prove th a t this type of bias inser­
tion un it is useful for narrow  or 
medium bandwidth applications. 
A t the higher frequencies covering 
w ider bandwidths, g reater care 
m ust be taken to build the discrete 
components used in the low-pass 
filter.

However, when frequencies are 
reached for which the combined 
effects of the d istributed circuit 
elements begin to dominate the de- 
sired lumped circuit values, the 
designer loses control over the per­
formance of the bias insertion 
unit. This is the case in this bias 
insertion un it data a t the four 
resonant frequencies. For frequen­
cies above 3.0 GHz, bias insertion 
units using discrete circu it ele­
m ents cannot be used effeetively 
over wide bandwidths.
Ferrite: A better choice

Wideband perform ance of a dis­
crete component bias insertion 
unit above 3.0 GHz has been 
shown to be severely hampered es- 
sentially by the unpredictable 
natu re  of Zt, the input impedance 
to the low-pass filter a t these fre ­
quencies. F errite  choke cores, on 
the other hand, preserve their 
equivalent circuit qualities excep- 
tionally well over wide bandwidths 
above 3.0 GHz, including the lower 
frequencies. The wide bandwidth 
results from the fact th a t Zf is 
very large compared w ith Z0.

In particular, Ferroxcube’s VK 
200 21/4B fe rrite  choke core,
when wound w ith 2 1/2 tu rns of 
wire, initially  looks inductive, be- 
low 60 MHz. Above 60 MHz, the 
electrical properties of this fe rrite  
core make a sharp transition  from 
those of a choke to those of a 
large value of resistance. F errite  
re ta in s the electrical property of
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7. A simple, plastic rod holds the 
wideband ferrite  choke t i g h t l y  
against the dielectric surrounding 
the rf line. Wire, wound through the 
ferrite, is cold soldered to the cen­
ter conductor.

appearing consistently as a large 
dc resistance over the en tire  rf  
bandwidth from 200 MHz to 10.0 
GHz.

The fe rrite  is also packaged in 
a UG-28 type N coaxial Tee, but 
different modifications are neces- 
sary. In this bias insertion unit 
the fe rrite  replaces the entire 
shunt stem center pin inside the 
Tee. To accommodate the choke, 
the shunt stem of the UG-28 Tee 
m ust be routed w ith a 5/16 inch 
flat-end mill to a depth of 0.78 
inches, as measured from the out- 
side lip of the Tee stem. This al- 
lows the fe rrite  choke to be placed 
as close as possible to the r f  line 
while preventing the body of the 
fe rrite  choke core from interfer- 
ing w ith fïelds about the r f  path 
passing through the Tee. F igure 
6 is a top view of the UG-28 Tee 
showing the Tee a f te r  its shunt 
stem had been routed out in the 
m anner described.

To insure a good, snug holdown 
of the choke to the r f  line within 
the routed Tee, care m ust be taken 
to support the fe rrite  firmly. One 
end of the choke coil is soldered 
to the r f  line passing through the 
center of the Tee. The other end 
of the choke coil passes through 
a 0.75 inch long, 9/32 inch diam­
eter polystyrene rod through which 
a small hole has been drilled down 
its longitudinal axis. A fte r the 
w ire passes through the plastic 
rod, its  end is soldered to the 
center pin of a UG-21 cable con- 
nector. The plastic rod supports 
the long end of the choke wire, 
and prevents the center pin of the 
TJG-21 connector from being push- 
ed down when the connector is 
tightened.

Note, in Fig. 7, how the bottom 
of the fe rrite  choke is held above 
the r f  line in the Tee by the 
choke’s placement atop the dielec­
tric  over the r f  line. The ferrite  
choke is prevented from  any type 
of movement since it is tightly  
held down atóp th is dielectric with 
pressure from the plastic rod.

BIAS INSERTION DESIGN

6. The interior of the UG-28 Tee
must be routed to properly accom­
modate the ferrite choke.

The threads of the inside of the 
UG-21 cable connector m atch the 
threads of the outside end of the 
shunt stub of the UG-28 Tee. 
Hence, this fe rrite  bias insertion 
unit is easily assembled.

Rf path isolation data and inser­
tion loss data were taken using the 
same equipment and tes t Setups 
used to measure the discrete ele­
ment bias insertion un it described 
earlier. Both data sets fo r the fe r­
rite  unit are smooth and quite 
predietable from  200 MHz to 10 
GHz.

Insertion loss has been held to
3.6 dB or less over the en tire  200 
MHz to 10.0 GHz band as shown 
in Fig. 8. Note th a t the insertion 
loss increases from  0.30 dB, a t  700 
MHz, to a maximum value of 3.6 
dB a t 5.0 GHz. The insertion loss 
then decreases slowly to a nominal 
value of 1 dB above 9.0 GHz.

F igure 9 illustrates th a t  a nomi­
nal value of 20 dB of r f  isolation 
exists from  the r f  pa th  to  the in ­
pu t port of the b ias/v ideo  section. 
Again, the isolation is smooth and 
regulär w ith  no spikes or serious

/ continued on p. UI)

Now you can switch 
your m m -wave direction w ithout 

distorting your mm w ave.
Our 4-port ro tary waveguide switches let you switch mm waves in 

four d iffe ren t d irections. Just tu rn  the  convenien t se lecto r knob. It's 
tha t easy.

Six waveguide bands are available covering 26.5 to 110 G Hz—-and 
each operates over the entire waveguide bandwidth. They give you low 
insertion loss and high isolation between waveguide ports. And they're 
available fo r quick delivery at a low cost.

If you need w avegu ide  switches, w rite  o r ca11: Hughes Electron 
Dynamics D iv is ion, 3100 W. Lomita Blvd., Torrance, CA 90509. (213) 
534-2121, Ext. 215. r - ................. ............ -,
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resonances, as was the case for the 
r f  path  insertion loss data. While 
the r f  path isolation data has a 
nominal value less than th a t for 
the discrete element bias insertion 
unit, 20 dB of r f  path isolation is 
sufficiënt for most applications.

BIAS INSERTION DESIGN

large dc resistance as the effeetive 
input impedance to the low-pass 
filter, one expects the fe rrite  unit 
to deliver slightly less power to 
the load than  the discrete com­
ponent unit. But the slightly high­
er insertion loss is a small sacrifice 
for the significant increase in 
smooth, predietable bandwidth that 
the fe rrite  design offers. The rf  
path isolation of th is  wideband 
fe rrite  unit is also more regulär 
than its discrete component coun­
terpart, although the overall mag­
nitude of the isolation is slightly 
less. • •

—  T est your re tention  —
1. Which port, or node, should 
the analysis of a bias insertion 
unit focus on?
2. Does isolation or insertion loss 
preclude the use of discrete com­
ponent units over wide band­
widths?
3. Briefly describe changes in the 
electrical properties of a ferrite 
choke as frequency is increased.

takes the wor r y 
out of being close

We can get you just as close as you 
need to be. Within 0.3 dB when 
calibrating peak powers from 
milliwatts to 5 kilowatts. And our 
accuracy is directly traceable to the 
National Bureau of Standards. A 
significant advantage when you’re 
calibrating TACAN, DME, DABS, ATC,
1 FF and other accuracy- demanding 
systems in the 925 to 1225 MHz 
frequency range. Direct readout 
of pulse power, pulse width, PRF, and 
operating frequency. Pulse duration 
from 0.35 to 5 microseconds. Auto­
matic sequencing. Sync output.
Accepts internal/extemal trigger. The 
Peak Power Calibration System from 
Epsco. So stop worrying. We can get 
you close enough and help keep you 
there. We’re sure.
Test our confidence. Call or write for 
complete data.

APPLIED MICROWAVE DIVISION
411PROVIDENCE HIGHWAY, WESTWOOD M A  0 2 0 9 0  

(617)3291500  TW X (710 )348 -0484

MICROWAVES • August, 1975
READER SERVICE NUMBER 41

41



Use caution when covering a package containing a microstrip 
coupled-line bandpass filter. Unless compensated, conducting 
covers at normal heights can distort the low-frequency skirt.

ICROSTRIP is an unbalanced 
transm ission medium requiring 

only a single ground plane. Consequently, m icrostrip 
c ircu its are normally designed w ithout consideration 
fo r a  conducting cover.

F o r circuits consisting of isolated (uncoupled) 
lines, there  is little difference in perform ance. But a 
conducting cover in close proxim ity to  coupled micro- 
s tr ip  lines— such as a typical bandpass filter structure 
— can cause a significant perform ance perturbation. 
The cover acts to prem aturely term inate the fring ing  
flux lines above the substrate.

Even a t practical cover heights, such as 0.200 inch, 
a conducting cover can cause an  apparen t upward 
sh if t  of the  low frequency sk irt w ith  usually little  or 
no change in the high frequency sk irt. This effect is 
actually a Superposition of two' separate circuit 
ehanges: bandw idth shrinkage and an increase in 
cen ter frequency.

Center frequency shifts upward

Q ualitatively, the sh ift in  center frequency is 
sim ply a consequence of the electrical shortening of 
the m icrostrip  resonators which is caused by ehanges 
in even-and odd-mode phase veloeities. The electrical 
length of a section of transm ission line is given a s :

Öl — —r f — -r— fV K EPF (1)
A g A 0

and related to phase velocity by:

so th a t:

0L.=  ^ L L f  (3)
vP

w h e re :
X0 =  free space wavelength
\ g =  wavelength on m icrostrip
Keff .== effective relative dielectric constant 

of the m icrostrip circuit 
f =  physical length of resonator
f  =  operating frequency, and
vP =  phase velocity in an inhomogeneous 

m icrostrip medium.
The center frequency of a resonator corresponds to 

an  electrical length of 90 degrees. More fring ing  flux 
lines are term inated via an a ir  path  in a  covered 
m icrostrip  circuit than  in an uncovered Situation.

Consequently, the effective dielectric constant is less, 
since this param eter is a function of the density of 
lines in a ir and alum ina media. The smaller effective 
dielectric constant implies a larger phase velocity. 
Thus, Eqn. (3) predicts th a t for a covered circuit, a 
higher frequency is necessary to achieve a 90-degree 
electrical length.

This analysis pertains strictly  to an isolated line 
resonator and not to a coupled line. The isolated 
resonator is characterized by a single phase velocity, 
whereas the coupled line resonator is characterized by 
even-and odd-mode phase veloeities. I t  can be shown, 
however, th a t the microwave equivalent s tructu re be- 
haves approximately as though it  is a series of iso­
lated line resonators (see box, page 44).

Bandwidth shrinks, too

The second cover effect, bandwidth shrinkage, is 
due to a change in the even-and odd-mode imped­
ances. The functional dependence of bandwidth on 
even-and odd-mode impedances can best be demon- 
strated  by re lating the lumped element filter param ­
eters to the m icrostrip circu it param eters (see box).

The circuit bandw idth is related to the m icrostrip 
param eters of the end sections as:

w -  2 g ° gl
TT

Z oe + Z00 _ 1 "
2 Z 0

(4)

Although the bandwidth is related to the internal 
sections by a somewhat different function, either rela- 
tion taken alone, is sufficiënt to dem onstrate the band­
width dependency.

For a quantitative dem onstration of the cover effect 
consider the five-pole filter shown in Fig. 1. Param-

( continued on p. Uh)
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Marcus Staloff*, Principal Electronics Engineer, The ARO 
Corporation, 3695 Broadway, Buffalo, NY 14225.
*W ork performed while employed by the Raytheon Co. 
in Wayland, MA.

1. This five-pole filter was constructed and evaluated 
for ehanges in even and odd mode impedances. Corre- 
lation between measurements and calculations is very 
close.
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MICROSTRIP COVER

Comparing the m icrostrip design to the equiva­
lent lumped element filte r parameters is the most 
convenient way to study the effects of a conduct­
ing cover. The simple low-pass prototype (a) is 
developed into the lumped element bandpass filte r
(d) by frequency (b) and impedance (c) scaling. 
The corresponding coupled line c ircu it is shown in
(e) . For simplicity, a two-pole filte r is shown in 
th is  analysis, but it represents a typical case.

The notation used is fa irly Standard: The lower 
case g’s are normalized element values (R, L and 
C), w is the percent bandwidth relative to the center 
frequency) and co is the radian frequency.

The equivalent lumped element c ircu it (d) uses 
only shunt-tuned resonators and admittance invert- 
ers. The admittance inverter performs the function 
of branch impedance inversion and level scaling. 
Specifically, if a series-tuned branch is connected 
to an admittance inverter, the c ircu it appears to be 
shunt-tuned. The magnitude of the susceptances 
are also scaled according to the value of the in­
verter. The impedance level transform ing property 
of the inverters allows for the adjustment of source 
and load resistances so that they may be different 
from  those of the original circuit.

The salient point here, is that admittance invert­
ers permit the realization of the original bandpass 
filte r  c ircu it by a simpler model containing only 
shunt-tuned resonators. The immediate significance 
is that th is simpler structure is readily approxi- 
rrxated by a transmission line structure that ex- 
h ib its parallel resonance behavior.

The parallel coupled bandpass filte r (e) 1 consists 
of cascaded, quarter-wave coupled sections. These 
open c ircu it terminated sections are equivalent to 
a quarter-wave long, balanced transmission line 
pair connected in series at each end with a quarter- 
wave long, open circuited pair. The balanced trans­
mission line equivalent c ircu it2 fo r the two-pole 
f ilte r  (f) is especially amenable to Standard trans­
mission line c ircu it analysis.

It must be noted, however, that the equivalence 
of the two-wire circuit is exact when the coupled 
lines c ircu it supports a pure TEM mode, such as 
tha t fo r shielded stripline. In that instance, the 
even- and odd-mode phase veloeities are equal. 
For the m icrostrip case, propagation is quasi-TEM 
and the even- and odd mode phase veloeities are 
unequal. The electrical line lengths of the connect- 
ing sections are then functions of both phase 
veloeities. The justification for using th is  equiva­
lent c ircu it as it stands in the subsequent analysis 
is tha t the filte r tuning is almost entirely due to 
the series stubs, i.e., the loaded Q of the stubs is 
much higher than that of the connecting lines. • •

(continued on p. 46)
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eters  fo r th is  circu it are  listed in  Table 1. These 
values were calculated using a modified version of the 
B ry an t and W eiss coupled-line com puter program 3’4. 
U sing the B ryant and Weiss notation, R =  0. 0 de- 
scribes the  case of no cover. When a cover is included, 
R is equal to the ra tio  of cover height above ground 
plane to  the m icrostrip  thickness. F o r the case con- 
sidered here, R =  9.0 corresponds to  a cover distance 
above the m icrostrip  of 0.200 inch.

F rom  th is  data, it  is possible to compute the filter 
response (insertion loss function) when the  cover is 
not p resen t and again when the cover is in place. The 
theoretical perform ance can then be compared to the 
actual m easured perform ance of the filter. In  order to 
accurately do this, the transm ission line losses must 
be included. To this end, the theoretical attenuation 
constan t is determ ined using the theory of Pucel, 
M asse and H artw ig5:

MICROSTRIP COVER

« c  = -
4.3 Rs 
Z„H (5)

Rs =  9.8 V F x  10-3 Q (fo r go ld ; F  =  GHz)
. 16.16 x  10-3 Q (a t F =  2.716 GHz)

I f  Z0 is taken as the average of the even-and odd- 
modes (approxim ately 55 o h m s):

a c —  0.0058 nepers per inch.
U sing th is  value as a s ta rtin g  point, the circu it was 

analyzed w ith  a microwave circu it analysis program. 
The m id-band loss was adjusted to  be the same as the 
m easured value; th is obtained fo r an attenuation 
constan t of 0.0051 nepers per inch. The adjustm ent 
fo r exact mid-band loss is not necessary, bu t facilitates 
the  com parison of m easured and calculated band­
w id ths and center frequency param eters.

Measurements confirm suspicions

M easured and calculated perform ance w ith  and 
w ithou t a conducting cover is shown in F ig. 3. 
F ig u res  2 (a ) and 2(b) show excellent correlation be- 
tween m easured and calculated results, thereby vali- 
dating  the analytical approach. F igure 2(c) shows 
m easured values fo r the bandpass filter w ith  and w ith­
out a cover. Note the upward sh ift in the low fre­
quency skirt. Also, th a t the change in electrical length 
of th e  stubs due to the odd mode change results in a 
corresponding change in the center frequency of about
0.25%.

As shown in F ig. 2 (c), the bandw idth change is 
considerably more than the coupled line impedance 
change. The coupled line impedance change is on the 
order of 1%, while the bandwidth change is about 
9% . T his so rt of sensitivity  can be seen from  the 
following equation, which may be derived from  the 
bandw idth expression obtained previously (Eqn. 4 ):
A W 
W - (  2 Z ° ^

\  Z,0e +  Z00 /

A(Z,0,e + Z00)

z„„ + z„„ (6)

— T a b le 1 . P e r fo r m a n c e  p a r a m e te r s  w i th
a n d  w i t h o u t  c o n d u c t in g c o v e r

Without cover R = 0 . 0
Section Zoe Zqo KBFFe KEFFq

0 1 71.01 39.33 6.881 5.540
1 2 55.20 45.95 6.991 5.912
23 54.03 46.77 6.924 6.014

With cover R = 9.0
Section Zoe Zoo KEFFe KEFFq

0 1 70.51 39.33 6.799 5.540
1 2 54.67 45.96 6.894 5.904
23 54.40 46.87 6.850 5.983

The m ultiplying factor will generally be on the 
order of ten. Consequently, i t  is obvious th a t the 
presence of a conducting cover may have a marked 
effect.

I t  is apparent th a t accurate bandpass filter design 
requires the precise determ ination of the coupled 
line impedance for the particu lar cover height em- 
ployed. The electrical param eters as a function of 
the physical param eters for coupled m icrostrip  with 
a cover are available from  numerical computer Solu­
tions of the associated boundary values problem as, 
for example, th a t due to B ryant and Weiss. I f  i t  is 
not practical to obtain the accurate design informa- 
tion, then it  is recommended th a t uncovered coupled-

2. Comparing measured and calculated values with (a) 
and without (b) a cover proves the validity of the analy­
sis. Measured performance (c) shows an upward shift 
of the low frequency skirt when a cover is introduced.
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line data be employed and th a t the cover be placed no 
closer than approximately 20 substrate thicknesses to 
the m icrostrip.

A complete design, including the determination of 
resonator line lengths, may be accomplished by using 
the effective dielectric constant in the presence of the 
the cover and accounting for the open circuit end 
effect. This la tte r effect may be considered with the 
use of available design Information such as th a t in­
cluded in the papers of F a r ra r  and Adams" and Rah- 
mat-Samii, Itoh and M ittra7. An approximate pro­
cedure th a t has worked well fo r the author is simply 
calculating the resonator lengths as if they were iso­
lated 50-ohm lines using the effective dielectric con­
stan t in the presence of the cover, then adjust for the 
end effect. • •

MICROSTRIP COVER
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M-1014 Voltage Controlled Oscillator
Power Output—150 mW, Min.
Frequency—8.0 to 8.4 GHz 
400 MHz mechanical tuning range 
Mod Sensitivity — 1.6 MHz/V, min,
FM Noise-----78dBm0,
(200 kHz ref. 0 dB]
Waveguide output—WR-112

We have sources that 
will fit into your plans 
for point-to-point micro­
wave radios used in govern- 
ment applications. We provide the active com­
ponents—a Gunn Voltage Controlled Oscillator 
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Nomograms Speed 
Design Of X/4 Transformers
The binomial quarter-wave transformer offers maximally flat re­
sponse and wide bandwidths. It overcomes many of the undesirable 
features of exponential and Chebyshev transformers.

USING nomograms to design m ulti­
ple quarter-w ave transfo rm ers is 
a quick and efficiënt method of transfo rm er design.1-3 

However, previous designs fo r the exponential and 
Chebyshev transform ers have features which may be 
undesirable in some applications.

The binomial quarter-wave transfo rm er4 described 
in th is  article offers maximally flat perform ance for 
a two-section (N  — 2) transfo rm er and alm ost maxi­
mally flat fo r o ther values of N. In addition, this 
binomial transfo rm er has a bandw idth which, in gen­
eral, equals or exceeds the bandw idth of the expo­
nential transfo rm er.1'2. Although i t  does not have a 
bandw idth as g rea t as the Chebyshev transfo rm er, it 
does offer the advantage o f lower VSWR ripple. As 
noted in Ref. 3, this ripple may be objectionable in 
some cases.

Using the nomograms
The four nomograms, shown as F igs. 1-4, can be 

used to determ ine the transfo rm er characteristics, 
such as the num ber of sections and the impedance of 
each section required fo r a given VSWR, bandwidth 
and impedance ratio , ZT/Z L or ZL/Z :, where ZL is the 
load impedance and Zx is the input impedance.

F ig u re  1 relates the num ber of sections, VSWR, 
operating-to-design bandwidth and impedance ratio. 
Given any th ree  of these values, the fo u rth  can be 
determ ined using this nomogram. I t  is based on the 
following equation:

S =  1 + (cos Ö)N 1 n R 
S =  VSWR
0 =  electrical length of quarter-w ave section 
N =  num ber of sections
R =  impedance ra tio  Zr /Z T or Zj/Z^ whichever 

is g rea te r than  unity
The nomograms in  Figs. 2 and 3 are then  used to 

determ ine the impedance required fo r each section 
fo r transfo rm ers having up to five sections. These 
nom ogram s are  based on the equations contained in 
Ref. 4.

Designing A /4  binomial transformers
Exam ples best illustrate the use of these nomo- 

graphs.
•  W hat is the bandwidth of a two-section tran s­

form er having a maximum VSWR of 1.1 for a

Samuel Guccione, Department Chairman of Engineering, 
Delaware Technical and Community College, Kent 
Campus, 1679 South State Street, Dover, DE 19901.
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1. Binomial transformer nomogram relates number of 
sections, VSWR, bandwidth and impedance ratio by pivot- 
ing at points on bold reference line.

load-to-input impedance ra tio  of 5.0?
Solution: Using Fig. 1, draw a line connecting 
Zl/Z j =  5.0 and S =  1.1 and intersecting the 
uncalibrated pivot axis. Then draw a line from 
the intersection through N =  2 to in tersect the 
f / f D axis. Read off the bandwidth on the f / f 0 
axis of 0.84, i.e., the bandwidth extends from 
0.84 to 1.16 f0.

• Design the two-section transform er in the pre­
vious example fo r a 50-ohm input.
Solution: The load, ZL, is 250 ohms since 
ZL/Z X =  5.0. Draw a line connecting ZL =  250 
Zj =  50 using Fig. 2. The intersection of the 
line with Z.2 and Z, axes gives the impedance of 
the transform er sections. In th is  example, the 
impedances are 74 ohms and 170 ohms, respec- 
tively.

48
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NOMOGRAMS SPEED DESIGN OF X /4  TRANSFORMERS
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2. Nomogram for designing one, two and three-section binomial A /4  transformers requires drawing a straight line 
between Zj and ZL and reading impedance values for the intermediate sections.
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3. Nomograms for designing four-section transformer requires drawing a straight line between 1Y and ZL and reading 
impedance value of intermediate sections.
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NOMOGRAMS SPEED DESIGN OF \ / 4  TRANSFORMERS

•  D eterm ine the number and the impedance of each 
section needed to m atch a 200-ohm load to  a 50- 
ohm input, over a bandwidth of 0.75 f 0 to 1.25 f0 
w ith  a VSWR of 1.05 or less.
S o lu tio n : Note th a t Zj/ Z j =  4.0. Construct a 
line from  Z^/Zj =  4.0 to S =  1.05 intersecting 
the pivot axis in F ig. 1. Next, connect the pivot 
axis intersection point and the f / f 0 =  0.75 point 
w ith  a line. Note th a t th is line in tersects the N 
axis half way between th ree and four. Thus, a 
four-section transfo rm er would be needed to 
have a VSWR less than 1.05. The impedance of 
the sections is determ ined from  Fig. 3 (a) by 
connecting ZL .=  200 and Zj =  50 w ith  a line. 
The intersections of the line and the Z4 through 
Z4 axes gives the impedance of the sections. For 
th is  example, the impedances are as follows:

Zj _ 54.5 ohm Z2 =  76.8 ohms Z3 =  128 ohms
Z4 =  180 ohms

•  W hat will be the VSWR of a five-section tran s­
form er used to match a load if ZL =  10 Z, over 
the band of 0.5 to 1.5 f 0?
S o lu tio n : U sing Fig. 1, draw  a line from  f / f 0 =  
0.5 through N =  5 in tersecting the pivot axis.

Extend a line from  Z^/Zj =  10 through the in te r­
section on the pivot axis to the S axis and read 
the VSWR as 1.4. • •
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M icrowave Journal, Vol. 5, N o. 11, pp. 110-111, (N ovem ber, 1962).
2. B. R. H atcher, “N om ogram  Speeds Selection of B roadband M atch- 

ing T ransform ers,” M icroW aves, Vol. 5, No. 11, pp. 56-57, (N ovem ber, 
1966).
3. F . E. G ardiol, “Chebyshev T ransform er N om ogram s,” M icroW aves, 
Vol. 6, No. 11, pp. 56-58, (N ovem ber, 1967).
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TEST YOUR R ETENTIO N
1. What is the major advantage of the binomial 

quarter wave transmission line transformer over 
the Chebyshev transformer?

2. The binomial transformer has a bandwidth which 
equals or exceeds which of the following two 

transformers: Exponential or Chebyshev?
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Schottky Detectors: How 
Sensitive To Temperature?
The change in voltage sensitivity of a Schottky barrier 
detector diode due to temperature variations is theoretically 
described for frequencies in the region of 10 GHz.

A LTHOUGH Schottky b a rrie r  di­
odes are less sensitive to tem ­

p era tu re  ehanges th an  are point-contact diodes1, the 
e ffec t on detector voltage sensitiv ity  may be s ign ifi­
cant fo r some applications. As tem perature is in- 
creased, detector sensitiv ity  falls ra th e r steeply, but 
in a predietable manner.

The diode’s forw ard curren t vs. voltage character- 
istic  also ehanges w ith  tem perature in a predietable 
m anner, so th a t a second diode may be used in a com- 
pensa ting  c ircu it to help cancel the sensitiv ity  v aria­
tions. In  th is  scheme, which is described in detail by 
R. J . T u rn e r2, a cu rren t source feeds the compensat- 
ing diode, so th a t the voltage drop across th is diode 
is a function of tem perature. This voltage then  Con­
tro ls the bias to the detector diode so th a t the sen­
s itiv ity  is independent of tem perature.

T he tem perature dependence of cu rren t sensitivity  
w as studied by Cowley and Sorenson3, but th e ir  anal­
ysis was not extended to voltage sensitivity. F or the 
ideal diode w ith in fin ite  cutoff frequency (zero series 
resistance an d /o r zero junction capacitance), there 
is no tem peratu re  effect on voltage sensitivity . The 
inverse tem peratu re behavior of cu rren t sensitivity  
is balanced by the d irect tem perature Variation of 
the  diode b a rrie r  resistance. T hat is, fo r cu rren t sen­
s itiv ity  :

_  q __ 5400 
^  — 2 nkT ~  T (1)

and fo r diode junction resistance:
_  nkT _  T 

j ql 111
In these equations, T is tem perature in degrees 

Kelvin, I is bias cu rren t in milliamperes and n, q 
and k a re  constants3. When the load resistance is 
much g rea te r than diode resistance, the voltage sen­
sitiv ity , y a, is the product of cu rren t sensitiv ity  and 
junction  resistance and is independent of tem pera­
tu re :

400
"y0 =  jß Rj — —T— (3)

In  practical cases, however, the voltage sensitivity  
is reduced by the presence of both junction capaci­
tance and series resistance, i.e.,:

y = -------------22l------------  (4)
7  1 + 4 -2 f2 Cj2 Rs Rj V '

The tem peratu re dependence shows up in the R3 
term  (Eqn. 2). Using typical values of I =  0.02 mA, 
Rs =  25 ohms, Cj =  0.1 pF  and f =  10 GHz, the

Jack Lepoff, Applications Engineer, Hewlett-Packard 
Company, HPA Division, 640 Page Mill Road, Palo Alto, 
CA 94304.

1. This theoretical (dashed) curve is based on Eqn. (5). 
where y„ = 15.1 mV/yW. Note the agreement with a 
range of measurements taken for 10 HP 5082-2750 
Schottky detectors chosen from two different lots. Color- 
ed curved (right-hand scale) shows 1 GHz response.

effect of tem perature on voltage sensitivity i s :

<y = _____2^____  (5;
Y 1 + .0045 T v

For a typical voltage sensitivity of 6.5 mV/juW at 
T =  293°K, y a =  15.1 mV/jaW. F igure 1 shows this 
theoretical curve in agreem ent with a range of ex­
perimental data from a group of ten typical diodes.

However, when f =  1 GHz, Eqn. (4) predicts a 
response nearly independent of tem perature:

y  — -------------- 7 - ---------------- ( 6 )
Y 1 + 4.5T x  HH y

Measurements a t th is frequency are not in good 
agreem ent w ith th is  prediction. The blue curve in 
Fig. 1 shows considerable improvement in performance 
over tem perature, but there is still a 25% Variation.

A theoretical model of the tem perature behavior 
of a Schottky detector is in excellent agreem ent with 
10 GHz measurements. F u rth er refinem ent of the 
theory is neeessary to extend the model to lower, fre ­
quencies. • •
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news
TED oscillator "remembers” th reat frequencies

1. S t a b l e  f r e q u e n c y  
States are ideally sepa- 
rated by 132 MHz for 
this m icrostrip frequency 
m e m o riz e r. Frequencies 
marked M must exist si- 
multaneously.

Stacy V. Bearse
Associate Editor

A m icrostrip Gunn oscillator 
th a t is capable of operating at 
any one of several closely-spaced 
frequencies has been developed at 
RCA’s David Sarnoff Research 
Center in Princeton, NJ. Dubbed 
a “multiposition frequency memo­
rize r”, the oscillator can quickly 
jum p to any of 17 d iffe ren t fre ­
quencies w ithin a 2.12 GHz range 
in  response to a short inpu t pulse.

Normally, the compact, 2.5 X 
4 inch oscillator operates a t any 
of the stable frequency States 
shown in Fig. 1. B ut when pulsed 
by a d ifferen t frequency within 
th is range, the output quickly 
switches to the stable state  near- 
est to the frequency of the in­
put pulse, and locks there until 
changed by another input.

“The idea is to essentially iden- 
tify  and retain  an external fre­
quency and have i t  available to 
process a t a  la ter tim e,” explains 
W alter R. Curtice, a member of 
the technical s ta ff  a t RCA. Allud- 
ing to the device’s obvious ECM 
application, Curtice notes tha t the 
solid-state memorizer’s main ad- 
vantage over present frequency 
identification systems, which gen- 
erally use a TWT and delay line 
memory loop to rnerely store a 
th rea t signal for several micro- 
seconds, is its  simplicity and low 
cost.

Output pulsed through circulator

Pulses as short as 0.1 ju, sec, 
channeled to the output of the os­
cillator through a circulator (Fig. 
2), are sufficiënt to switch the X- 
band device, according to the RCA 
researcher’s presentation a t the

RF SOURCE

2. Short switching pulses hit the cw
oscillator’s output through a circula­
tor; equipment layout for switching 
tests is shown above.
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1975 MTT th is past May. Rf switch­
ing power depends on how close the 
frequency of the input pulse is to 
the nearest stable frequency of the 
oscillator, bu t 200 mW is report­
edly adequate if  the input pulse 
is within several MHz of a stable 
state.

Curtice points out th a t the 
switching occurs due to a  non- 
linear mixing effect, and not by 
an injection-locking process. “Thus, 
fa r  less r f  input power is required 
to switch over a 1 GHz range than  
would be estim ated from the equa- 
tions for injection locking,” he 
notes.

The m iniature m icrostrip mem­
orizer is designed around a con- 
ventional two-term inal Gunn di­
ode, which is capable of a 100 
mW output, and a delay line w ith 
a length equal to  an integral num­
ber of half wavelengths a t each 
mode.

“The sim plest method of pro- 
ducing a m ulti-frequency resona­
tor with a reasonably sim ilar Q- 
value for each mode is to utilize 
a long section of transm ission line 
with either a sh o rt or open cir­

cuit a t  one end,” the RCA re ­
searcher explains,

A shunt-loaded, open-circuited 
line was chosen fo r th is  design.

The length of th is  long delay 
line governs the Separation be­
tween stable modes. Ideally, the 
frequency spread between stable 
States is equal to th e  reciprocal 
of the round trip  delay. For the 
case of th is  m icrostrip  oscillator, 
each sta te  is ideally separated by 
132 MHz.

By using waveguide and coaxial 
delay lines in place of m icrostrip, 
Curtice has dem onstrated other X- 
band frequency m em orizers th a t  
exhibit much m ore closely spaced 
stable frequency States. One wave­
guide component, designed w ith a 
five-foot WR-90 delay line, offers 
16 stable modes separated  by 71 
MHz. A second memorizer, de­
signed around a 15-foot coaxial 
delay line, reportedly locks a t 20 
stable States, each separated by 
only 22.4 MHz.

“For long transm ission lines and 
close frequency States, attenuation  
becomes the lim iting factor,” he 
cautions. • •

9



news

9 4  GHz radar undergoing Coast Guard evaluation

Stacy V. Bearse
Associate Editor

The U nited S tates Coast Guard 
is looking into the possibility of 
slowing down huge, ocean-going 
ships w ith tiny, millim eter waves. 
In  collaboration w ith Hughes Air- 
c ra ft, Torrance, CA, researchers at 
th e  Coast Guard R&D Center in 
Groton, CT are  curren tly  cvaluat- 
ing  th e  concept of using 94 GHz 
portab le speed detection radars to 
enforce speed lim its imposed on 
inland waterw ays. Less expensive 
X-band units now handle this task.

According to John Kuno, m an­
ag e r of the solid-state circuits de- 
p artm en t of H ughes’ Electron Dy­
nam ics Division, where prototypes 
w ere developed for the Coast 
Guard, h igher gain and smaller 
beam w idth fo r a given antenna 
size are the m ajor advantages of 
a speed detection radar operating 
a t  the 94 GHz atm ospheric a tten u ­
ation window. “The higher gain 
resu lts in longer range, whereas 
the  sm aller beamwidth results in 
improved spatial resolution (the 
ab ility  to d iscrim inate between ad- 
jacen t ta rg e ts) and improved d u t­
te r  rejeetion capability ,” the re ­
searcher explains.

A lthough Kuno claims th a t 
H ughes has not thoroughly exam- 
ined the ra d a r’s highway law en- 
forcem ent potential, he notes th a t 
a t a range of one mile, a 94 GHz 
u n it can clearly distinguish be­
tween two lanes of automobile 
traffic. P resen t highway radars 
operate in upper X-band, m onitor 
all lanes simultaneously and rely

DOPPLER SIGNAL OUTPUT + 2 4  VDC

2. In this homodyne circuit, a frac- 
tion of the Impatt source’s power is 
leaked to the single-ended mixer 
through a circulator.

10

on visual inspection to piek vio- 
lators out of a group of vehicles.

Homodyne circuit chosen
H ughes’ engineers chose a sim­

ple homodyne circuit for the Coast 
G uard’s feasibility radar, consist- 
ing of a 100 mW Im patt source 
w ith an integral isolator feeding a 
circulator, single-ended mixer and 
an i-f preamplifier. “The circula­
tor has the dual purpose of sepa- 
ra tin g  the transm it and receive 
signals and leaking a small frac- 
tion of the signal power to serve 
as local oscillator power for the 
m ixer,” Kuno describes. The mixer 
uses a Silicon Schottky barrier 
diode w ith  an extrémely small, 3 
jian diam eter junction.

The m ajor challenge of this de­
sign approach was minimizing 
noise to  m aintain maximum sensi­
tiv ity , says the Hughes researcher. 
The high Doppler frequency of a 
94 GHz radar—almost 10 times 
th a t of an X-band unit—helps by 
reducing the contribution of i / f  
noise, bu t careful design of the 
homodyne circuit is still necessary 
to fully maximize sensitivity.

“Fm  noise is of no importance 
fo r ta rg e t distances below two 
miles,” Kuno explains, “but am 
noise could limit the sensitivity of 
the ra d a r if  a large amount of 
power is leaked through the circu­
la to r.” I t  was discovered, however,

th a t when this leaked LO power is 
reduced, the conversion loss of the 
m ixer deteriorates. But by using 
a forw ard bias a t the mixer, the 
Hughes designers were able to 
m aintain  a 6.5 to 8 dB conversion 
loss for LO powers ranging from 
— 2 to 10 dBm.

W ith a tran sm itte r power of +20 
dBm and an antenna gain of 52 dB, 
maximum range varies between
1,000 and 3,000 meters. In, field 
tests, cars a t a distance of about
1.5 miles produced doppler signals 
of about 350 mV.

Cost is key question
“I t ’s too early to draw conclu- 

sions about 94 GHz,” notes Lt. 
Commander James Mclntosh of the 
Coast Guard R&D Center. “Our 
conventional X-band radars are 
really working out well now, and 
a t a price of less than $1,000 a 
copy, i t ’s hard to ju stify  spending 
a lot developing new equipment 
w ithout a compelling reason. Al­
though we haven’t  seen one so far, 
th a t’s not to say th a t this 94 GHz 
rad ar isn’t  a neat piece of gear, 
but rig h t now, the economics 
ju s t aren’t  there.”

Presently, the costs of the milli- 
meter-wave radars under tes t and 
available X-band units are an 
“order of m agnitude ap a rt”, ac- 
cording to the Coast Guard 
officer. • •
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1. The 94 GHz radar developed for Coast Guard tests (a) uses a 24-inch 
parabolic dish with a gain of 52 dB. C ircuitry is housed in the 11 X 4.5 x  4 
inch box attached to the antenna’s frame. Scarcely larger than a flashlight, 
the hand-held unit shown on the right (b) illustrates how small a 94 GHz 
radar can be.



news
Dissatisfied w ith phone service, Alaska 
buys its  own sateilite  earth term inals
Richard T. Davis
Managing Editor

For most individuals who are 
unhappy w ith th e ir phone service 
or find it too expensive, there is 
little  else to do bu t complain and 
hope fo r the best. B ut th is is not 
the case for the S tate of Alaska. 
Faced w ith fa irly  prim itive and 
unreliable phone service in many 
of its  communities and w ithout any 
service a t all in about 140 bush 
communities, the sta te  has made 
moves to become less dependent on 
its  phone Company, RCA Alaska 
Communications, by installing its 
own sateilite ground stations.

According to  Jack P ettit, the at- 
torney representing Alaska bef ore 
the FCC, “the state faults RCA 
Alascom for fa ilu re to honor their 
com m itm ent to improve telephone 
service to 142 communities by 1973. 
By 1974, RCA had improved serv­
ice to only 20% of them ,” contends 
P e tit, “and currently  has improved 
service to only an additional 10%.” 
I t  is fu r th e r alleged th a t Alascom 
has also been reluctant to make 
the commitment to sateilite tech­
nology needed to serve the bush.

“ I t  was not until it  became clear 
th a t  the state  would seek sateilite 
services from  another source th a t 
RCA developed a sateilite propos­
al,’’ says M arvin W eatherly, Direc- 
to r of A laska’s Office of Telecom- 
m unications in Juneau. “Even then, 
the proposed earth  stations were 
technically in ferio r to and more 
expensive than the earth  stations 
which could be obtained by the 
state. Specifically, the Alascom 
single channel/carrier system, as 
proposed, was wasteful of output 
power by about 4 or 5 dB to 
achieve a given output signal-to- 
noise ratio, compared to the equip- 
m ent selected by the sta te .’’

Louis Custrini of RCA Alascom 
in Anchorage, explains th a t from 
the s ta r t  of th e ir program  to estab- 
lish vhf phone service in 142 bush 
villages, “we were set back by the 
unanticipated need for environ­
m ental impact statem ents for many 
repeater sites, especially for moun- 
ta in  top repeaters located on D2 
land, designated fo r native claims. 
In  addition, the lengthy processing 
of securing land perm its impeded 
the program  even fu rth e r.”

C ustrin i also maintains, “There 
is no evidence to support any 
charge th a t our earth station spec- 
ifications a re  technically inferior 
to any other—proposed or other- 
wise. The cost of RCA’s earth  sta­
tion differed with those of the state 
because of d ifferent requirements. 
We have designed stations for mes­
sage toll service, while the state 
has specified hardware for emer- 
gency health service.”

Nonetheless, seeking a show- 
down. Alaska challenged Alascom’s 
monopoly o f lo n g -d is ta n c e  te le ­
phone service by filing construc­
tion perm it applications with the 
FCC in July, 1975, for 26 earth- 
station sites, which RCA Alascom 
had already filed. Last month, in 
an e ffo rt to expedite matters, both 
parties agreed to construct and 
own 20 small earth stations joint- 
ly. W aver permits for construction 
were la te r granted by the FCC. 
The agreem ent, worked out by 
Commissioner Abbot W ashburn of 
the FCC is an interim  measure. 
The ultim ate question of owner- 
ship has been postponed pending 
the FCC’s resolution of the matter. 
The agreem ent calls for the state 
to be responsible for the purchase 
of emergency medical equipment 
and RCA Alascom to provide 
message toll service and do the 
construction and installation. This 
agreem ent, however, is hardly the 
end to Alaska’s litigation problems.

A nother m ajor concern is that 
w idespread use of small antennas 
will resu lt in poor utilization of 
the o rb it spectrum. Comsat Gen­
eral Corp., Washington, DC, has 
filed a complaint with the FCC 
asking fo r a ban on using the 15- 
f t  dishes planned by the state. 
Comsat contends that the small an­
tennas produce relatively large in- 
te rfe rr in g  beamwidth with the re­
sult th a t synchronous satellites will 
have to be spaced fu rth e r apart 
over the equator to prevent spill- 
over onto adjacent satellites.

Single channel/carrier system
To get a handle on the technol­

ogy involved with building small 
earth  terminals, state officials, 
M a rv in  W e a th e r ly  an d  George 
Shaginaw  of the Governor’s Of­
fice of Telecommunications, en- 
gaged the opinion of several in-

1. Small dish earth stations in Alas­
ka can be installed without disturb- 
ing the tundra. Less than 5 W of 
power is required per carrier for 
satisfactory uplink C /kT with a 15 
ft dish. The channel capacity for 
thin route service to small stations 
is between 220 and 460 simplex 
channels per 5W transponder, de- 
pending on location.

dependent Consultants as well as 
s ta ff members of the University 
of Alaska and Stanford University. 
From th is contact, specifications 
were prepared fo r a single ca rrier 
per channel system and bids solic- 
ited in March of 1975. “Subsystem 
suppliers were encouraged to bid 
their products as well as sys­
tem suppliers,” says Prof. Bruce 
Lusignan of S tanford’s Communi- 
eation Sateilite P lanning Center. 
“Vendors were also asked to quote 
prices for a range of quantities 
from 10 to 150 units.” This was 
done to determine a system price 
for a smaller quantity in the event 
the price fo r the desired quantity 
exceeded the available budget, and 
to get an estim ate for the learning 
curves used by the various manu- 
facturers in their quantity pricing.

To serve these bush communi­
ties, a frequency modulated single 
channel per carrier (SCPC) sys­
tem was selected due to its  low 
cost per channel toll quality per­
formance, and its good use of sa t­
eilite power and bandwidth.

“The advantages of SCPC equip­
ment fo r handling light tra ffic  has 
long been recognized,” says Jim  
Janky, Consultant a t S tanford’s 
Planning Center, “bu t moderate 
cost equipment has only recently 
become available. This fact, plus 
low-cost small aperture antennas, 
made these systems feasible for 
use in Alaska. The cost for a com- 
pleted term inal with a single chan- 

( continued on p. 1 4 ) 
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D issatis fied  w ith  phone service (co n t.)news
nel capability is $37,000 in 100 
unit quantities. The incremental 
cost fo r the f irs t  additional chan­
nel is approxim ately $5,000 and 
fo r the next two, $3,300 each. The 
installa tion costs are estim-ated to 
range between $5,000 and $10,000.”

Double-hop between bush terminals
In Alaska’s proposed telephone 

system, it  will be essential, a t least 
fo r now, fo r the bush communities 
to link up w ith RCA’s high-density 
earth -sta tion  term inal in Talkeetna, 
where demand access control equip­
m ent is available. Telephone Com­
m unications from  a bush Communi­
ty  will initially be routed through 
the Talkeetna term inal on a pre- 
a s s ig n e d  b a s is .  C a lls  w ill  be 
switched either into the te rrestria l 
network or transm itted  to the des- 
tination  earth  station on a double- 
hop basis. “This will result in 
about a half-second pause fo r the 
transm ission between bush sites,” 
says Janky. Because of this double 
hop and the inefficiënt use of sa t­
eilite capacity, Alascom, General 
Electric, and the Stanford group 
are presently working on various 
demand assignm ent multiple access 
designs. Once implemented, it  will 
allow each bush station to act au- 
tonomously in getting  connected to 
another remote community, w ithout 
going through Talkeetna. “At the

present time, the prim ary obstacle 
is cost,” says Janky.

The equipment selected for the 
Alaskan thin-route station includes 
a 4.57 m eter dish designed by An­
drew Corp., Orland Park, IL. The 
antenna mount is on a three-point 
fram e and the unit cost for a 
quantity  of 100 is $7,381. Using 
this dish, a downlink G /T of 20 
dB /°K  can be achieved using a 
190 °K pream plifier. Janky main- 
tains th a t the antenna is fully 
compliant w ith  FCC specifications 
on antenna sidelobe performance 
despite w hat Comsat General says.

A 35 w att, 6 GHz TWTA, built 
by Hughes A ircraft, Torrance, CA, 
was selected for the ground sta­
tion transm itter. I t  costs $6,900 
each per 100 units. The low- 
noise pream plifier selected for the 
ground-station receiver is a GaAs 
FE T  am plifier built by Amplica, 
W estlake Village, CA. I t  provides 
a noise tem perature of 190 °K at 4 
GHz and in 100 lot quantities will 
sell from  $2,000 to $3,500 each. 
“We feel this thermoelectrically- 
cooled am plifier represents a real 
technology breakthrough for an in­
expensive low-noise pream plifier,” 
says Janky. Param etric amplifiers 
were proposed by four other Com­
panies. While offering lower noise 
tem peratures in the range of 85 
to 175 °K, they cost anywhere from

three to four times as much.
“A nother main reason we were 

able to meet regulatory require­
ments with the 15 ft. dish an­
tennas was the use of threshold 
extension demodulators and com- 
pandors,” Janky eontinues, re- 
fe rrin g  to the SCPC channel 
equipm ent bu ilt by C alifornia 
Microwave, Sunnyvale, CA.

Threshold extension demodula­
tors can achieve a satisfaetory 
output signal-to-noise ratio  w ith 
a 3 to 4 dB lower input carrier- 
to-noise ratio  than is required for 
a prescribed level of demodulated 
threshold noise. I t  thus reduces 
either the required station G/T 
or the required sateilite E IR P for 
a given signal-to-noise ratio.

“In  both cases, system cost can 
be reduced,” explains Janky. “The 
system channel capacity could also 
be increased w ith these techniques 
bu t th a t is not nearly  as im por­
ta n t a consideration for th in-route 
service as the ability to  reduce 
system costs.”

The use of compandors and pre- 
emphasis perm its a fu rth e r reduc- 
tion in required downlink carrier 
power because these techniques 
perm it a substantial reduction in 
required d e m o d u la te d  signal-to- 
noise ratio. Companding is a sig- 
nal-processing technique which de- 
creases the level of large amplitude 
signals and increases the level of 
small amplitude signals a t the mod­
ulator input. The converse is ac- 
complished a t the reeeiving end. 
The subjective noise improvement 
occurs because of the way the 
listener perceives noise. The ex- 
pandor a t the receiver end effec- 
tively tu rn s  the amplitude to al- 
most zero when no signal is 
present, thereby elim inating the 
therm al noise from the receiver 
system. When a signal is present, 
the noise is masked, so a net sub­
jective improvement in signal-to- 
noise ra tio  occurs, the net improve­
ment, on the order of 23 dB is 
obtained.

Noise weighting provides an ad­
ditional 2 dB improvement. That 
is, to achieve a specified weighted 
audio output signal-to-noise ratio, 
such as 50 dB, it is now possible 
to operate w ith a deviation index 
such th a t the net fm  improvement 
amounts to 15 dB in place of what 
normally would be calculated as 40 
dB, if neither companding or pre- 
emphasis were used. This assumes 
a 10 dB carrier-to-noise ratio, cx- 
plains Janky. • •
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2. Alaska’s small earth station program e ve n tu a lly  w ill link up 140 rem ote 
co m m u n itie s  sca tte re d  th ro u g h o u t th e  s ta te  and on th e  A leutian Chain. Early 
w in te r s ites  w ill be con s tru c ted  f irs t .
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Electronic Warfare:

Military needs propel mini-RPVs 
into tactical flight tests

Richard T. Davis
Managing Editor

By using proven technology and readily-available equipment, 
the military services have thrust mini-RPVs to near 

operational status. Here’s an update on the programs underway.

A N  F-4D  takes  o ff  in the firs t lig h t o f daw n. Under its w in g , instead  o f its usual 
com plim ent o f missiles and  bom bs, hang tw o  launch pods, m ounted  on the tw o  in- 
b o a rd  pylons. N o , these a re  no t ECM pods fo r  s tandoff ja m m in g , bu t a  m in ia tu re  re -  
m o te ly  p ilo te d  veh icle  and  its d a ta  link . Because the w ings o f the  m in i-R P V  p ivo t 
a to p  the fu se lag e , it can be fo ld e d  up and encapsulated in the  pod  fo r  d e liv e ry  to 
a ta rg e t  a re a .

A s  t h e  p l a n e  h e a d s  t o w a r d s  a  
s u s p e c t e d  e n e m y  r a d a r  s i te ,  its  

r o u t e  is c/ose/y f o l l o w e d  o n  a  c o n ­
s o le  b y  p i lo t s  s i t t in g  in  a  b l o c k -  
h o u s e  m i l e s  a w a y .  W h e n  w i t h i n  

r a n g e  o f  t h e  t a r g e t ,  a  p i l o t  a t  th e  
c o n s o le  t r a n s m i t s  a  s i g n a l  w h i c h  
f r e e s  t h e  R P V  p o d  f r o m  th e  s t a r ­
b o a r d  w i n g  o f  t h e  F - 4 .  A s  t h e  p o d  

d r o p s ,  a  d r o g u e  c h u t e  s lo w s  its 
d e s c e n t  a n d  s o o n  j e r k s  o u t  a  
l a r g e r ,  m a i n  p a r a c h u t e .  R e a c t i n g  
to  t h e  s u d d e n  d e c e l e r a t i o n ,  e x p l o ­
s iv e  b o l t s  in  t h e  d e s c e n d i n g  p o d  

f i r e  s e q u e n t i a l l y ,  S p l i t t in g  t h e  p o d  
in  t w o  to  l i b e r a t e  t h e  m i n i a t u r e  
a i r c r a f t .  S t i l l  s u s p e n d e d  b y  th e  

m a i n  c h u t e ,  t h e  w i n g s  o f  t h e  R P V  
r o t a t e  9 0  d e g r e e s  a n d  t h e  w i n g  
t ip s  e x t e n d  s l i g h t l y  b e f o r e  lo c k i n g  

in  p l a c e .  A f t e r  i ts  p is t o n  en g in e  is 

s t a r t e d ,  t h e  m a i n  c h u t e  is s e p a ­
r a t e d ,  a n d  t h e  m i n i - R P V  is s o o n  

f l y i n g  u n d e r  its o w n  p o w e r  t o ­

w a r d s  t h e  t a r g e t  a r e a .
N o w  o ver t h e  e n e m y  i n s t a l l a -  

t i o n ,  t h e  e l e c t r o n i c a l l y - l o a d e d  a i r ­
c r a f t  p e r f o r m s  its v i t a l  m is s io n —  
T V  r e c o n n a i s s a n c e  a n d  l a s e r  t a r ­
g e t  d e s i g n a t i o n  f r o m  a n  a ' t i t u d e  
o f  a  f e w  t h o u s a n d  f e e t .  O n  t h e  

g r o u n d ,  t h e  e n e m y  is u n a w a r e  o f  
t h e  R P V ’s e n c r o a c h m e n t ,  a s  t h e i r  
r a d a r s  s w e e p  r i g h t  o v e r  its s m a l l ,  
f i b e r g l a s s  f u s e l a g e .

M e a n w h i l e ,  th e  F - 4  t h a t  d e -  

l i v e r e d  t h e  m i n i - R P V  lo i te rs  a  safe  
d i s t a n c e  b e h i n d  e n e m y  d e f e n s e s ,  
r e l a y i n g  r e a l - t i m e  v i d e o  d a t a  to  

th e  b l o c k h o u s e .  S a t i s f i e d  t h a t  t h e  
t a r g e t  is r e a l ,  n o t  m e r e l y  a  c le v e r  
d i v e r s i o n ,  t h e  c o n s o le  o p e r a t o r s  
q u i c k l y  p l a n  a n  a t t a c k  u s in g  m a n -  

n e d  a i r c r a f t .  O n  d i r e c t io n s  f r o m  

t h e  b lo c k h o u s e ,  th e  l a r g e r ,  a r m e d  

a i r c r a f t  s w a r m  a r o u n d  t h e  s l o w l y  
c i r c l in g  m i n i - R P V ,  d e l i v e r  t h e i r  

s m a r t - b o m b  l o a d s  p r e c is e ly  o n  

t h e  d e s i g n a t e d  t a r g e t  a n d  g e t  o u t  
f a s t .  A f t e r  p a t i e n t l y  w a i t i n g  f o r  th e  

s m o k e  to  c le a r ,  t h e  t i n y  a i r c r a f t  

b e a m s  b a c k  its f i n a l  p ic t u r e s ,  to  
b e  u s e d  f o r  b o m b  d a m a g e  ossess- 
m e n t .  M i s s i o n  c o m p l e t e d ,  i t  c r a s h ­
es  to  t h e  g r o u n d ,  h a v i n g  ru n  o u t  

o f  f u e l .

The above scenario is not ju s t a 
concept b u t the goal of an actual 
A ir Force program, called Acquare, 
th a t is presently undergoing flight 
tests a t  W hite Sands Missile 
Range, NM. I t ’s typical of the ma­
jo r advances that have been made 
in the past few years by the mili­
ta ry  service to get mini-RPVs op­
erational and into their inventory 
of weapon systems.

In  fact, since the Dept. of De­

fense Advanced Research Projects 
Agency (ARPA) in W ashington, 
DC, first started  funding mini- 
RPV program s back in  1972-1973, 
mini-RPVs have progressed quite 
rapidly, eonsidering the modest 
funding available. The main rea- 
sons fo r th is  are  th e ir  low cost 
and the  heavy reliance on using 
readily  available components and 
equipm ents when ever possible.

“The stimulus fo r activities in 
the mini-RPV has been the oppor- 
tun ity  to exploit advances in tech­
nology to provide lower-cost sys­
tems w ith unique capabilities,” 
says U ndersccrctary of the A ir 
Force, Jam es W. Plummer. “The 
A ir Force is minimizing the tech- 
nological risk  with RPVs by syn- 
thesizing the best equipment we 
have developed over the 10 years 
into a basic vehicle.”

Close support to deep penetration
Defense officials believe mini- 

RPVs ranging  in size from 60 to 
120 lbs can be bu ilt in quantities of 
several th o u s a n d  to  se ll fo r  
$10-20K each, including avionics 
payloads which represent about 
70-80% of total vehicle costs.

All th ree services have program s 
under way, in the mini-RPV area, 
stim ulated by backing by ARPA. 
W hile th e ir missions differ, three 
basic areas seem most likely for 
the m ini-R PV : reconnaissance, tar-
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Typical scenario for the Air Force’s Acquare program illustrates high-speed delivery of encapsulated mini-RPV stowed 
in a pod until it reacties target area. Upon command from  RPV pilot at console, pod drops, releasing RPV to loiter 
over target area. Delivery aircraft serves to relay video data from mini-RPV to ground control up to 200 miles away. 
Once target is designated, attack aircraft can deliver laser-guided smart bombs into reflected laser beam or “ basket.”

get acquisition and designation,
and to some extent, selective weap- 
ons delivery and electronic w ar­
fare. The availability of gimbaled 
sensor packages, w eighing 10 to 20 
lbs gross and all solid-state avionics 
now make these missions possible. 
Total avionics payloads can often 
be bu ilt weighing under 30 lbs.

The A ir Force often has a need 
to deploy mini-RPVs well beyond 
FEBA as well as in short-range 
battlefield support rol es. In deep 
Penetration Operation», i t ’s impor­
tan t to get the RPV out over 
enemy te rrito ry  prom ptly but once 1

1. Airborne data link relay pod for 
Acquare mini-RPV is mounted on F- 
4D pylon. It is housed in fiberglass 
stores delivery pod. The L-band data 
link carries real-time video from the 
RPV to the ground Station via the 
launching aircraft.

there it m ust be able to  loiter a t 
slow speeds for long times.

The Acquare program , under de­
velopment by Lockheed Missiles 
and Space Corporation, Sunnyvale, 
CA, makes use of a high perform ­
ance a irc raft fo r  delivery as well 
as to relay video data back to 
friendly lines, F ig. 1. As shown 
in Fig. 2, Acquare when encapsu­
lated in a pod, can also be carried

2. Acquare mini-RPV, in stowed Po­
sition before loading in fiberglass 
pod, has its wings folded atop fuse­
lage so it can fit. After it is dropped, 
explosive bolts release RPV from the 
pod and its wings pivot and lock in 
place for flight.

aloft and deployed from  a ground- 
launched ballistic missile, such as 
the Sergeant as well as an a irc ra ft.

The present tests a t  W hite Sands 
are  to dem onstrate ta rg e t acquisi­
tion and designation a t ranges of 
150 to 200 n miles. F o r these tests, 
recovery of the vehicle is being 
made by parachute, which deploys 
when the engine is tu rned  off.

A cquare’s L-band airborne data 
link relay is, fo r the most part, 
an  a d a p ta t io n  o f  s o l i d - s t a t e  

(continued  on p. 36)

3. Acquare mini-RPV weighs 150 lbs
and uses a 12 HP single cylinder 
Mc Cullough engine. Its payload in- 
cludes a stabilized TV sensor plus 
laser designator derived from Aero- 
nutronic Ford’s Praerie II.
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m i n i -RPVs
avionics items in  cu rren t produc- 
tion or available from surplus in- 
ventory. To minimize jamming, 
only necessary commands, such as 
heading, a ltitude and airspeed are 
sent to the vehicle and certain  mis- 
sion instructions such as when to 
look and w hat mode to operate in. 
Command data, i.e., from the 
ground station to  relay pod to 
RPV, operates a t  500 MHz while 
the wideband video data from the 
m ini-RPV to relay pod to ground1 
control is a t 1780 MHz. The ve- 
hicle, Fig. 3, uses separate omni- 
directional stub antennas mounted 
on its  skin for these links. I t  also 
uses the Philco-Ford (now Aeronu- 
tron ic Ford) P ra irie  II payload, de­
signed fo r laser ta rg e t designation.1

The Navy is evaluating mini- 
RPVs for reconnaissance, target- 
ing and surveillance in support of 
its  surface fleet operations. Its  
cu rren t program  w ith Teledyne- 
Ryan, San Diego, CA, called STAR 
(Ship Tactical A irborne RPV ), is 
intended to expand the capability 
of its  ships beyond the horizon by 
detecting anti-ship missiles, laser 
designating ta rg e t beyond a firing  
ship’s view or providing midcourse 
guidance signals fo r remotely 
launched vehicles. I t  also could sup­
port amphibious operations by han- 
dling real-time reconnaissance and 
ta rg e t designation fo r guided pro- 
jectiles. Other roles planned include 
relaying data from  sonobuoy fields 
or even serving as a false ta rg e t 
decoy or as a Kamikaze carrying a 
high-explosive w arhead into radi- 
a ting  targets, such as radar.

Sea launch and recovery are 
unique Problems to the Navy and 
are  considered a m ajor hurdle in 
verify ing the feasib ility  of mini- 
RPVs. The Navy w ants a dry re­
covery and not have to retrieve the 
RPV from  the sea.
Aquila— the Army’s program

The A rm y’s m ini-RPV program  
is basically m otivated by a  chronic 
Problem th a t has persisted for 
decades; namely, a fa s t and accu­
ra te  method for detecting and lo- 
ca ting  various targets. F or this 
reason, Operation of mini-RPVs is 
planned to eventually corne under 
the artillery  command ra ther than 
the aviation command. W ith its 
less dem anding missions of close­
in battlefield Observation and ta r ­
get designation ju s t “over-the- 
next-hill,” the vehicles are relieved 
from  many of the operational and 
deployment Problems faced by the 
A ir Force and Navy. As a result, 
the A rm y’s m ajor mini-RPV pro­
gram , Aquila, (form erly called 
“L ittle  R” ) is closest to an opera-

4. Half-size model of Aquila mini-
RPV is shown here in wind-tunnel 
tests. The final delta wing version 
will be 6  ft. long with a wing span 
of 11.9 ft  and total weight including

payload will be 1 2 0  lbs. I t ’s powered 
by a 14 HP Mc Cullough engine driv- 
ing a ducted three-bladed propeller. It 
will travel at speeds of 38 to 118 kts. 
Ceiling is over 20,000 ft.

tional vehicle.
“The prim ary purpose of Aquila 

is to pu t the prototype gear in the 
hands of Army users and let them 
practice w ith it,” says Lt. Col. 
Davies Powers, Army RPV Wea- 
pons System  M anager a t the 
A rm y’s Aviation Systems Com­
mand, St. Louis, MO. F ligh t tests 
of a half-scale  model have already 
been made, as shown by the se- 
quence of photos on th is m onth’s 
cover. T esting  a full-scale vehicle 
is expected to  begin in the fall 
and continue into ’76, f irs t a t F t. 
H uachuca, AZ, and la te r a t F o rt 
Sill, OK, using 30 vehicles and 
fo u r g round stations. From  these 
tests , operational specifications 
will be derived, hopefully w ithin 
60 days of te s t completion.

“The Aquila program is putting 
together a more complete set of 
operational requirem ents than  has 
ever been done before,” claims 
S ta rr  Colby, RPV-Systems Manag­
er a t Lockheed. This include» air 
fram e, propulsion, sensors, avi­
onics, command, control and data 
links, as well as launch and re­
covery techniques. To keep costs 
down and shorten the development 
cycle, Lockheed engineers have 
used available components wherev- 
er possible and conservative state- 
o f-the-art d e s ig n s  w h en  new  
packages such as flight control 
electronics were needed. Data link 
electronics and ground station 
equipm ents (with the exception of 
the receive antenna) is being built 
by Aacom, a subsidiary of Systron- 
Donner in  Concord, CA. A narrow- 
band 1 MHz uplink provides ve­

hicle command and control while a 
30 MHz downlink a t approximately 
4,800 MHz provides realtim e video 
data and vehicle status.

According to Colby, the 30 ve­
hicles will have five different inter- 
changeable payloads providing the 
following mission capabilities:

•  real tim e TV surveillance
•  photo reconnaissance
•  ta rg e t acquisition
•  ta rg e t location and artillery 

adjustm ent
•  laser ta rg e t designation in 

support of terminally-guided 
weapons.

The mini-RPV, Fig. 4, along 
w ith  its autom atic pilot, flight con­
trol systems and sensors, weigh a 
total of 120 lbs. I t  is controlled by 
two operators situated in a port-

( continued on p. 38)

5. Aquila program will use two oper­
ators located in a portable shelter to 
control the vehicle. The RPVs prog- 
ress is portayed automatically on an 
X-Y plotter that has a map behind 
it to help the operators follow the 
waypoint navigation.
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m i n i -RPVs
able shelter, Fig. 5, which houses 
the system computer, TV displays, 
X-Y plotter and autom atic tracking 
system. The vehicle is launched by 
a pneum atic tube launcher, Fig. 6, 
remotely from  the ground-control 
station. The operators instruct the 
com puter to send the RPV to or 
through specified waypoints and to 
have it lo iter or conduct specified 
m aneuvers and sensor activities at 
or between such waypoints.

“We set up the mission ahead of 
tim e w ith an X-Y plotter and map 
out its flight path ,” explains Col­
by. “We then type in digital in- 
puts into the ground computer to 
set up certain  m arker points. The 
bird has enough ‘sm arts’ in it to 
autom atically take the waypoints 
in proper sequence and command 
itself to fly the specified sequence 
of legs.”

“This handsoff Operation elimi- 
nates a lot of potential enemy 
jamming Problems as the vehicle 
flies to the target area,” claims 
Colby.

6. Pneumatic tube launcher for 
Aquila mini-RPV uses 300 psi air
presser to launch vehicles at 0  to 
20 degree elevation angles. The 
launcher is about 24 ft long and 
imparts a launch velocity of 44 kts.

7. Aquila is recovered by means of 
energy absorbers attached to an ar- 
resting line and parallel strap re- 
trieval net. Note hook hanging from 
vehicle for engaging the arrestor line.

As the RPV flies, an automatic 
esc2 antenna tracks it, perm itting 
the com puter to display its  Co­
ordinates on an X-Y plotter. “The 
esc2 beam provides azimuth only 
I n f o r m a t io n ,” e x p la in s  Colby. 
“Range is derived from the data 
link and altitude, presented on an 
num eric display, is derived from a 
barom eter in  the vehicle itself. If  
there is any deviation from the 
planned and actual RPV positions, 
such as caused wind drifts, com- 
mands are sent to correct Position.”

The operators can command the 
RPV to change heading, a ir  speed 
and altitude as well as to go into 
various search or loiter modes, to 
conduct specified sensor function, 
to m easure targe t offsets and to 
laser designate targets.

The electronics in both the 
Aquila mini-RPV and its ground 
station are all solid-state, includ­
ing the microwave transm itters. 
According to Roy Tanke, data link 
engineer for the program, the 
command data originating in the 
ground control station is converted 
to PCM, which is then put into 
a B arker code and fu rth e r coded 
by phase-shift keying. The 100 
MHz modulated signal is then up- 
converted to 1600 MHz in a mixer, 
put through a transisto r power 
amplifier and then a frequency 
trip ler, which delivers 10 W cw to 
the uplink antenna. The wide- 
beam uplink antenna is a small 
dish w ith  12 dB gain while the 
narrower-beam-r e c e i v e-tracking- 
antenna provides 25 dB gain.

On the vehicle, two separate 
transm it/receive o m n i-a n te n n a s  
are used, providing 0 dB gain. 
“There is no preamplifier used in 
the RPV’s receiver and front-end 
noise figure is about 8 dB.” The 
command signal is downeonverted 
in a double superhet which then 
goes to a PCM decommutator for 
Controlling the various sensor pay- 
loads and autopilot.

“Video bandwidth from the TV 
camera is 4.5 MHz and the status 
inform ation rides on a subcarrier 
of the video,” explains Tanke.

The resu ltan t bandwidth of the 
data downlink is about 30 MHz and 
output power from the RPV is 10 
W. The same transm itter is used 
on the bird  as in the ground-con­
trol Station. The ground receiver 
does use a low-noise transistor 
pream plifier made by Amplica. I t 
is mounted on the antenna pedestal 
and provides a 4 dB noise figure 
for the down-link receiver.

Range inform ation is also ex- 
tracted  from  the datalink because 
a m aster clock in the ground sta­
tion synchronizes the command

and telem etry data. The total air- 
borne avionics package including 
PCM encoder and decoder is less 
than 6 lbs. “The present data link 
does not use spread-spectrum tech­
niques, bu t the capability can be 
added,” says Tanke. Video com­
pression methods can also be even- 
tually implemented bu t aren’t  in 
now. Tanke estim ates a  digital 
video compression module in Aquila 
would add about a  pound to the 
vehicle’s weight.

Five payloads planned
The various payloads are easily 

interchangeable depending on m is­
sion. The s t a b i l iz e d  T V /laser 
designator package weighs about 
30 lbs and it can fit in a 12-inch 
diam eter enclosure. A lternate pay­
loads can Substitute a 35 mm pano- 
ram ic camera for the laser. The 
simplest payload is an unstabilized 
TV camera which provides real 
tim e surveillance. I t ’s capable of 
recognizing ta rg e ts  a t a slant 
range of 0.6 miles. A nother pay­
load th a t is planned is real time 
TV surveillance plus photographic 
reconnaissance using a 35 mm 
panoram ic camera. I t  will provide 
ground resolution of 1.6 f t  a t a 
2,200 f t  slant range. The ta rg e t 
designation role uses a gyro- 
stabilized TV camera and laser and 
has an autom atic tracking capabil­
ity a t a maximum ra te  of 10 de- 
grees/second. The stabilized line- 
of-sight perm its daytime detection 
of targets, such as tanks a t slant 
ranges of 3.1 miles on roads and
1.6 miles in fields.

The payload for ta rg e t location 
and artillery  ad justm ent uses a 
stabilized TV camera and a laser 
rangefinder boresighted to the 
camera. I t  provides an accuracy of 
±16 f t  a t a slant range of 1.9 
miles.

The Honeywell designed opties 
payload includes a zoom lens on 
the TV camera. The laser, for 
range finding and designation, 
operates a t a wavelength of 1.06 
/ im.  I t  delivers 65 mjoules out of 
the dome and has a  beam diver- 
gence of 0.5 mr. Pulse rates of 1, 
10 or 20 pps can be selected. The 
direct-drive gim balled p latform  
offers  two degrees of freedom : 
360 degrees in azim uth and 15 de­
grees in elevation.

Once the prescribed missions are 
accomplished, a semi-automatic re- 
trieval procedure use can be imple­
mented through the use of TV 
imagery. The RPV is guided down 
on a glide slope from  its last way- 
point and into a recovery window. 
A TV camera on the ground picks 
up the approaching RPV and dis-
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8 . Melpar’s E-45 mini-RPV has a 95 inch wing span and has a takeoff weight 
of 45 lbs. It uses a two HP, one cylinder engine and has an endurance 
of four to five hours. I t ’s shown here with gimbaled TV reconnaissance camera 
in its nose but it has also been fligh t tested as a homing Kamakazi vehicle, 
with a D/F receiver as a payload.

plays it to the operator. Once on 
the display, a computer brings in 
the vehicle. As it nears the recov­
ery area, Fig. 7, a hook on the 
RPV engages an a rres te r line and 
the forw ard energy of the vehicle 
is dissipated through two hydraulic 
energy absorbers. I t  then drops 
into the horizontal, parallel strap 
retrieval net where it is then re- 
moved and serviced for another 
flight. The system is designed for 
minimum damage a t landing speeds 
of 35-40 kts.

Homing mini-RPV for attack
Although the Arm y is the closest 

to an operational vehicle, the Air 
Force has the biggest budget and 
and the most program s under way. 
The A ir Force is exam ining RPVs 
in high and low-cost mix, compati­
ble w ith m odular payload ehanges.

The Tactical A ir Command is 
e v a lu a t in g  m iniature remotely- 
piloted vehicles to harrass hostile 
a ir  defenses and draw missile and 
gun fire before launching manned 
a irc ra f t strikes under its  H arrass- 
ment Vehicle Program . In a typi­
cal scenario, a large num ber of 
vehicles would be used, e ither un­
der remote or internal control. 
Some would be simple traffic de- 
coys, others would have radar jam- 
mers and a few would be armed 
w ith a small explosive payload and 
capable of homing on defense 
rad ars  or weapons. These tests, 
recently  conducted a t Eglin AFB, 
FL, indicate th a t proxim ity fuzed 
an ti-a irc ra ft Shells fa il to deto- 
nate because the m ini-RPV doesn’t 
re tu rn  an adequate ra d a r signal.

M elpar/Div. of E-Systems, Falls 
Chureh, VA, is actively working on 
an anti-radiation drone called 
A xillary ,’' using th e ir  E-45 mini- 
RPV. This 40 lb vehicle, shown in 
Fig. 8, has a 75 inch wing span 
and carries as a payload a D /F  re­
ceiver.

According to Edward Rose, Jr., 
Product M anager of Special Proj- 
ects at Melpar, once in a targe t 
area, the vehicle goes into a loiter 
mode where it  can stay aloft up to 
four hours, depending on location 
of the targe t from the launch site. 
When the ta rg e t rad a r is turned 
on, the E-45 goes into an attack 
mode and rides in on a sidelobe. 
The monopulse rad ar receiver, 
Fig. 9, used for homing has a six 
arm  D /F  spiral antenna to provide 
azimuth and elevation inform a­
tion. Hybrid combiners are built 
into the antenna system to give 
sum and difference signals. The 
omni-antenna serves as a guard 
antenna for side-lobe blanking. It 
prevents the RPV from picking up

the em itter on a backlobe of the 
six-arm spiral and homing in on a 
non-existent target.

The receiver has a dynamic 
range of 120 dB achieved by using 
switchable attenuators. A balanced 
mixer is used in fron t and the en­
tire  gimballed receiver is built on 
an alumina substrate. The D /F  
receiver is m odular in design 
which allows its flexibility to cope

w ith the various th rea t rad ars  
over a wide range of frequency. 
U nder A xillary, M elpar ran  te s ts  
for the A ir Force about a year 
ago. The vehicle was sent out pre- 
program m ed using its autopilot 
w ith  the D /F  receiver as a pay­
load. The E-45 successfully dove at 
the ta rg e t when it  tu rned  on, but 
it did not carry  an explosive pay- 

(continued  on p. UO)

Hughes mm waveguides 
cut insertion loss 

to a trickle.
Hughes announces three new series o f millimeter w aveguide com­

ponents. E and H-plane bends, tapered transitions, and 45  and 9 0 °  twists 
are precision manufactured to assure minimum insertion loss and VSW R  
for lab and system applications. All three are  availab le  in six Standard 
waveguide sizes in the 2 6 .5  to 1 1 0 G Hz range.

Call or w rite : Hughes Electron Dynamics 
Division, 3 1 0 0  W . Lomita Blvd., Torrance, CA 
9 0 5 0 9 . (213) 5 3 4 -2 1 2 1 , Extension 21 5 .

Making waves in millimeter-wave technology.
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9. Simplified diagram of Melpar’s direction-finding receiver shows A /J pro­
tection offered by guard antenna which serves as side lobe blanker. This 
monopulse receiver could be carried by an armed E-45 or E-100 mini-RPV, 
allowing than to home on defense radars. The packaged receiver weighs 
about seven Ibs.

m i n i -r p v s
load and in these tests, a pilot 
pulled the vehicle out of its steep 
dive to avoid its destruction. Un­
der a follow-on contract, Melpar 
has received an order for five ad­
ditional vehicles in the E-45 dass.

M elpar has also recently develop­
ed a larger, 120 lb vehicle, the 
E-100, using inhouse development 
funds. Both the  E-100 and E-45 
have an  au top ilo t capability .

“I t ’s a  th ree-ax is system ,” ex­
p lains Rose, “and p re tty  simple 
and inexpensive.” A Potentiom eter 
on the  a ir  stream  serves as an 
angle of a ttack  sensor which can 
be read ily  converted to  a ir  speed. 
A ltitu d e  is determ ined from  an 
inexpensive (under $100) barom e­
te r  p ressu re  gauge orig inally  de­
signed to m easure m anifold p res­
su re  on cars. H eading is obtained 
from  2 rate-gyros, w hich read yaw 
and p itch  and also provide short- 
term  stab ility . A compass is also 
used as a heading  sensor.

T hree command signals a re  nec- 
essa ry  to p rogram  the a irc ra f t 
head ing  a ltitu d e  and angle of a t­
tack  (ve loc ity ). A ccording to  Rose, 
the au top ilo t w hich includes some 
on board  m icroprocessor c ircu it 
boards, can be bought fo r  about 
$2,000 or less in a packaged form.

In volume, he predicts the auto­
pilot will cost ju s t a few hundred 
dollars each in 1,000 lot quantities,

“I t ’s the  D /F  system th a t is the 
m ost expensive payload. T hat runs 
about $10,000,” explains Rose.

The E-100 and E-45 can also be 
configured fo r a reconnaissance 
role using  a gimballed TV camera 
or a  modified commercial camera

providing area search over ±90 
degrees azim uth and 0 to 45 de­
grees elevation angle.

An Army version of the E-45 
vehicle has also been developed 
and tested, Fig. 10. I t has a com­
m and link as well as the autopilot 
commands, The Army seeks addi­
tional flexibility and w ants to be 
able to  change the e rro r voltages 
from  the  nu lling amplifiers to con­
tro l the vehicle and its  sensors 
when ta rg e ts  of opportunity  arise. 
The Army version does n o t have 
the A /J  protection. Vega P reci­
sion of Vienna, VA, bu ilt the C- 
band (5-GHz) command and con­
tro l links fo r Melpar.

Mini-RPV’s give ships better eyes
The Navy’s in terest w ith mini- 

RPVs is to expa.nd th e  operational 
capability  of some of its  sm aller 
su rface  ships, such as friga tes and 
guided m issile destroyers. The 
Navy considers mini-RPVs to  be 
generally  under 150 lbs, and plans 
to use larger remotely-piloted 
vehicles to support la rg e r surface 
ships. The Navy is concem ed w ith 
the th re a t of a ir  and sea launched 
cruise m issiles and, therefore, has 
in te re st in eollecting ra d a r and 
Communications Intelligence. By 
using passive ECM on RPVs it 
would be able to intercept, iden- 
tify  and locate hostile em itters 
while m ain tain ing  silence.

The Navy’s mini-RPV program , 
STARS, uses a 120 lb vehicle such 
as shown by the model in Fig. 11. 
I t  is designed fo r shipboard 
launch and recovery and perform s 
beyond the horizon reconnaissance 
and ta rg e t laser designation. Al- 
though the program  has been de- 
layed by engine Problems, the

Complete
RF Network Analysis
•  0.4 to 500 MHz in three overlapping 

bands; log, linear, CW, and f Q + Af modes.
•  115-dB Dynamic Range —

80 dB direct display.
•  0.005-dB Resolution — 0.05 dB flatness 

per 10 MHz; 0.4 dB full-band flatness.
•  Absolute Level in dBm —

direct swept display 0 to —80 dBm.
•  Phase and Group-Oelay Measurements —

direct-reading swept displays.
•  50 and 75 n  — interchangeable measuring 

circuits w ith  complete selection of 
coaxial components fo r each impedance level.-

e Measure filters, amplifiers, antennae, cables, delay networks, equalizers, 
components, transistors, etc.

•  Display Simultaneously magnitude and phase, magnitude and absolute level, 
magnitude and group delay, transmission and reflection.

e Synthesizer-Based Systems from 0.2 to 500 MHz — for precision narrow-band 
measurements on devices such as crystal or surface-wave filters, consider the 
GR 2261 Synthesizer Network Analyzer.

GR's 1710 RF Network Analyzer is the instrument that provides the complete 
RF network analysis described above. Call or write for complete information, 
application assistance, or for a demonstration.

For High-Frequency Measurements
General Radio

300 BAKER AVENUE, C0NC0RD, MASSACHUSETTS 01742 

GR COMPANIES •  Grason-Stadler • Time/Data

NEW YORK (N .Y.) 212 964-2722, (N.J.) 201 791-8990
BOSTON 617 646-0550 •  DAYT0N 513 294-1500
CHICAGO 312 992-0800 • WASHINGTON, D. C. 301 948-7071
ATLANTA 404 394-5380 • DALLAS 214 234-3357
LOS ANGELES 714 540-9830 .  SAN FRANCISCO 415 948-8233
TORONTO 416 252-3395 • ZÜRICH (01) 55 24 20
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10. Flight test of Meipar's E-45 mini-RPV at Ft. Hua-
chuca, AZ, shows it atop a pick-up truck and ready fo r 
launch. This version has a flight-control system that 
provides manual realtime or fü ll autopilot control op- 
tions. The TV data link is received by the dual Yagi 
at 410 MHz. Mounted on the antenna mast is a uhf 
bandpass filte r and wideband rf am plifie r that provides 
a 15 dB gain and a 2.5 dB noise figure.

V /  . ■ -
-

' • '•. ■' 
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delta wing mini-RPV is expected 
to begin in itia l land launch and 
recovery tests th is fall. A fte r the 
vehicle is tested  a t the Navy’s El 
Centro, CA, facility, they  will be­
gin the more erucial sea tests. 
Here they will w ant to demon- 
s tra te  launch into the wind and a 
net recovery on the deck.

New sensors development
In addition to these mini-RPV 

program s, there is also consider- 
able activity, much of it sponsored 
by ARPA, in the development of 
new types of sensors. One pro­
gram  called HOWLES (Hostile 
Weapons Location Systems) is un­
der way at Lincoln Labs in Lex- 
ington, MA, and involves looking 
a t a wide varie ty  of passive sen­
sors such as ra d a r homing, th e r­
mal imaging and spurious radia- 
tion senslng.

“Because mini-RPVs are de­
signed to take a close-in look at 
a ta rg e t and to stay under the 
cloud decks, which are so preva- 
lent in certain  thea te rs , i t ’s im­
portan t to m ake them  as unob- 
servable as possible,” says Colby 
of Lockheed. This is one of the 
reasons for in te re st in passive 
sensors.

But small active rad ars  are also 
being invest,igated. One program  
the Navy has w ith Raytheon in­
volves adopting a low cost, X-band 
commercial m arine ra d a r fo r RPV 
use. These rad ars  are presently 
built in large quantities fo r small 
boats and the modified version can 
be expected to be m odest in cost.

“M illim eter rad ars  are also be­
ing investigated fo r sensing al- 
though it does represen t a tough 
design challenge,” notes Colby of 
Lockheed. “W hile m illim eter fre ­
quencies can afford the resolution 11

11. Subsonic delta wing mini-RPV 
developed by Te l edy ne - Ry an  for 
Navy’s STAR’s program weighs 120 
Ibs to 140 Ibs depending on payload. 
It's wings measure 7 1 /2  ft. from 
tip to tip. It’s constructed of plastic 
foam for minimal radar cross section 
and ruggedness. It’s designed to fly 
at altitudes from 1 0 0  ft to 1 0 , 0 0 0  ft 
carrying TV/laser designator payload 
weighing up to 50 Ibs.

to d istinguish  ta rg e ts  (such as an 
APC from a tan k ), the tradeoff 
lies in how much bandwidth you 
can afford to send home.’’

Some of the la rg e r “m idi” d a s s  
of RPVs (over 150 lbs), are being 
looked at fo r  ca rry ing  unattended- 
ground-sensors or “UGS,” contin- 
ues Colby. These sensors, fo r  ex­
ample, im planted by a ir  drop from  
the RPV, would be capable of pro­

viding inform ation on the  num ber 
type, location, speed and head ing  
of m ultip le vehicles in an enemy 
convoy or even the m ovem ents of 
in fan try . Seism ic or acoustic  sen­
sors are being considered and the 
sensor would tran sm it its  in telli- 
gence v ia a low pow er (perhaps 
1/4  W) d a ta  link  u sing  b rie f 
b u rsts  to  minim ize detection and 
to conserve b a tte ry  power. • •

Introducing four new IMPATT diodes.
W ith higher power, higher frequencies 

and lower prices.
Hughes now has a complete line o f low-cost m illim eter-wave IMPATT 

diodes providing up to 5 0  m W  at 100  G H z or 3 0 0  m W  a t 4 0  G H z. And  
they all feature the longest life and greatest reliability av a ilab le  in any  
commercial diodes.

For Operation below 4 0  G Hz, our diodes are  packaged with a  50-m il 
diameter ceramic ring. For applications above 4 0  G H z, they are  packaged  
with a 30-m il d iam eter quartz ring—both developed by Hughes. And you 
have a choice o f either unmounted or stud-mounted models.

For m ore in fo rm a tio n , call o r w r ite  the
IMPATT d iode Capital o f the world: Hughes Elec­
tron Dynamics Division, 31 0 0  W est Lomita Boule­
va rd , T o rran ce , CA  9 0 5 0 9 .  (213) 5 3 4 -2 1 2 1 ,  
extension 2 1 5 .

H U G H ES

Making waves in millimeter-wave technology.
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Supercomponents Solve 
New DF Design Problems

Here is the story behind two multioctave components, a multi- 
plexer and a fast diode switch, designed to meet the need for 
improved rf signal discrimination and direction-finding accuracies.

MODERN elec­
t r o n ic  w a r ­

fa re  receiving equipm ent has de­
veloped along certain  specific lines 
generally due to economie as well 
as technical pressures. For threat- 
w arning receivers, the simple low- 
cost crystal video receiver preceded 
by an r f  multiplex filte r defines a 
single channel of detection, capable 
of grouping th rea ts  into r f  bands 
of interest.

The relatively low detection sen­
sitiv ity  for these receivers (usually 
about —40 dBm) reduces the num­
ber of signals to be handled and 
perm its computer processing al- 
gorithm s based upon pulse times 
of occurranoes to be used to pro­
vide th rea t identification. As a 
result, a new generation of micro- 
program med computer-based Sys­
tems have evolved.

A problem, from a microwave 
view, presents itself when direc- 
tion f  inding or DF m easurements 
are  to be made. Most systems use 
four broadband spiral antennas 
covering 2 to 18 GHz to' provide an 
am plitude comparison monopulse 
capability. To perm it accurate DF 
m easurem ents, each of the four 
multiplexed channels m ust be bal- 
lanced. The balance m ust also ex- 
tend into the crossov'er region of 
the band Separation filters. In the 
in te rest of m aintain ing low cost, 
four inexpensive fron t ends can be 
used fo r DF.

Microwave reconnaissance receiv­
ers generally use highly compli- 
cated and sophisticated front-end 
designs to provide higher sen- 
s i t i v i t i e s  ( u s u a l ly  a b o u t  —80 
dBm ). These receivers are of 
necessity, narrow-band superhet- 
erodynes w ith all of the problems

Stephen E. Lipsky, Director of Ad­
vanced Systems Engineering, Gen­
eral Irfstrument Corporation, Elec­
tron ic Systems Division, Hicksville, 
NY 11802.

of achieving image and spurious 
signal rejection, frequency stabil- 
ity and accuracy. The single re- 
ceive channel is costly. Where DF 
m easurem ent is required, it is usu­
ally obtained by a rotating, highly 
directional antenna. When backlobe 
inhibition is required, a balanced 
two-channel system is often used, 
m aking total system cost prohibi- 
tive. These receivers are slow and 
can m arkedly reduce probability- 
of-intercept.

Recent re-evaluations of signal 
densities and environments, as an 
outgrow th of the Arab-Israeli con­
flict, has compounded the cost- 
versus-technical performance trade- 
off for EW receivers. As a result, 
higher sensitivities and better DF 
accuracies are  required. Essential- 
ly it  is necessary to provide more 
and d iffe ren t signal discrimina­
tion a t rf, pushing up single de­
tection channel complexity and cost. 
In tercep t probability, on the other 
hand, m ust be improved making 
rotating  DF systems less suitable. 
On the whole, signal processing is 
more complex necessitating a great­
er percentage of cost to be allocated 
to the computer and software de­
sign.

Evolution of the supercomponent
These constraints on microwave 

receivers have led several ECM 
houses to a more fundamental re- 
evaluation of systems design. At 
the Electronic Systems Division of 
the General Instrum ent Corpora­
tion (E S D /G I), two m ajor areas 
have been addressed over the past 
four years.

•  Can the improvement of pre- 
viously rejected components 
sim plify the system’s com­
plexity ?

• Can more be done by use of 
modern network analysis the­
ory, improved componentry 
and better, more advanced 
design techniques?

In  most of these cases, it has 
been found th a t one or more key 
elements or components can over- 
come certain lim itations to achieve 
new system designs. Some of these 
new elements can best be classed as 
“supercomponents” , or components 
th a t can, by their unusual proper- 
ties, become the basis of systems 
th a t had been previously thought 
unattainable. For example, in the 
antenna area, new developments in 
the design of 180-degree 3 dB hy- 
brids has resulted in units capable 
of tracking w ithin ±0.5 dB over 
the 8 to 18 GHz band with isolation 
of 17 to 25 dB and w ith phase 
tracking of ±4-degrees. This work 
has led to the design of antenna 
correlation feed networks capable 
of significantly improving antenna 
accuracies.

A nother example is 2 to 18 GHz 
slow switches (switching times 
g reater than 100 nsec) th a t can be 
tracked to better than ±0.5 dB. 
These components perm it new high 
sensitivity synchronous techniques 
to be applied to wide open fron t 
ends.
New designs for D /F

The requirem ent for direction 
f  inding in a complex system th a t 
makes use of tim e sharing of a 
single channel between four or 
more DF antenna inputs is an 
attractive possibility. Two types of 
sharing can be used. The first, sub- 
commutation, simply sequences a 
single receive channel to each of the 
inputs a t a slow rate. This is usual­
ly done on a pulse-by-pulse basis 
fo r radar intercepts or over a long 
tim e period for cw signals. The 
chief difficulty in the use of this 
technique is the requirem ent for 
single-signal reeeption. For the 
pulse case, i t  is necessary to dein- 
terleave multiple signals in real 
time, to be sure th a t only the de- 
sired pulse of the train  is being 
measured (tim e coincident pulses 
m ight come from other azim uths).

( continued on p. bU) 
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ANTENNA INPUTS

1. Supercommutation can be achieved with this high speed multiarm rf switch
time which multiplexes the antenna inputs into a single channel. This means 
only a single RF amplifier is required.

For cw, only the desired signal 
should be used, generally requiring 
narrow-band of filtering. Subcom- 
m utation as a technique can make 
use of statistical sorting to ulti- 
m ately determine signal azimuths, 
however, in new high density en­
vironments, overall signal intercept 
probability suffers drastically.

An expansion on the idea of 
sw itching leads to the concept of 
supercom mutation or high-speed 
m ultiplexing during the analysis 
interval, typically a pulse width 
for a radar intercept signal, as 
shown in Fig. 1. A single high 
speed multiple throw  switch capa­
ble of switching to each of the 
antenna Outputs w ith in  the dura- 
tion of a pulse width, effectively 
time multiplexes the DF inform a­
tion into a single channel, neces- 
s ita tin g  the use of only a single r f  
gain device to provide amplification.

Supercommutation provides many 
sign ifican t advan tages; the gain is 
balanced for each of the DF O ut­
puts, elim inating e rro rs  th a t would 
occur for unbalanced parallel chan- 
nels, the single r f  channel reduces 
system cost dramatically, the use of 
high-speed sw itching allows the 
whole DF determ ination process to 
be perform ed on a single r f  pulse.

The supercommutation technique 
of necessity leads to the require­
m ent of a supercom ponent, i.e., 
the  basic r f  sw itch. I t m ight be 
more appropria te  to  call it  “switch 
and d riv er” since it is impossible 
to separate  these functions in any 
p rac tica l application. The develop­
m ent of th is  component, and the 
associated  decom m utation tech­
nology has played an im portant 
p a r t in th e  developm ent of fu tu re  
EW  systems.

Multiplexers
The design of m ultiplex fro n t­

end filte rs  represen ts another

supercomponent. In previous years, 
front-end assemblies were design­
ed as air-d ielectric type coaxial 
filte rs . W hile these designs were 
often sa tisfac to ry  from a per­
form ance viewpoint, they were 
highly expensive. In many cases, 
each f i l te r  would be tuned by 
m any slugs or setscrews w ith the 
usual problem  being in teraction 
between adjustm ents. The advent 
of sweep m easurem ent technology 
presen ted  a new dimension to the 
problem  since it was now possible 
to find previously undisclosed 
“holes” in the response and 
VSWR curves.

A new and fundam entally low- 
cost approach is to build a multi- 
p lexer using stripline and printed 
c ircu it techniques to achieve the 
critica l balance and m atching 
charac teristics . It was im portant 
to  develop the un it so th a t it

could be placed into production 
w ithout the need fo r any tun ing  
screws or ad justm ents of any 
sort.

F igu re  2 shows the type of mul- 
tip lexer design th a t can be con- 
figured  in accordance w ith  the 
above rules. The basic 2 to 18 
GHz band is divided into four 
Outputs by a set of two modules, a 
high and a low-band unit. Low 
and high-pass filte rs  perm it the 
use of pseudo-complementary pairs 
to place signal Variation responses 
in the stop bands of o ther filters  
and to provide a low VSWR 
th roughou t the bands of in terest. 
These facto rs a re  im portant since 
any VSWR ripple would appear as 
serious unbalance between sets of 
m ultiplexers used in DF applica­
tions.

The overall objective of low 
cost is sa tisfied  by the prin ted  
c ircu it type of construction and 
complete absence of any ad ju s t­
m ents. The two module design is 
responsive to packaging as well as 
the technical requirem ents. The 
low-band module is constructed in 
a tw o-layer sandwich in which 
c ircu itry  is prin ted  over its as­
sociated ground plane w ith  a sec­
ond ground-plane-only card cover­
ing it. The high-band module uses 
a coplanar two-sided prin ted  cir­
cuit m ounted between two ground 
plane cards.

Switch development
A single-pole four throw -sw itch 

was designed to  meet the general 
requirem ents of Table 1. The in­
itial concept called for a single

(continued on p. i6 )

8-12 GHz 
OUTPUT

12-18 GHZ 
OUTPUT

4-8 GHz 2 -4  GHz 
OUTPUT OUTPUT

2. A low-cost, all-stripline rf multiplexer accepts the wide band input from 
switch. Module 1 is a low-band plexer, and module 2 is the highband unit.
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Tab le  1. Rf Sw itch
Performance Design
Specification Objective Minimum

1. S w itc h in g  T im e  (n se c ) 1 .0 2 .5
2 .  F re q u e n c y  R a n g e  (G H z) 2 -2 0 8 -1 8
3 . I n s e r t io n  Loss  (d B ) 1 .5 3 .5
4 .  I s o la t io n  (d B ) 30 25
5 . B a la n c e  (d B ) ± 0 . 1 5 ± 0 . 5
6 . VSW R 1 .1 1 .2 5
7 . N u m b e r  o f  P o les 8 4

series diode sw itch elem ent in 
each of the  fou r arm s to provide 
high broadband isolation. This 
most readily perm its the use of 
low capacitance diodes which are 
abundantly available. A fter some 
study  and prototype modeling, it 
became app aren t th a t  although 
fa s t  sw itching on-times could be 
achieved, sto rage effects prevent 
fa s t  off-tim es. As a resu lt, the de­
sign was recast as a shunt-diode 
sw itch.

F ig u re  3 shows the  resu lting  
SP4T sw itch design. As shown, 
the  actual m icrostrip  c ircu it is 
pentagonal. A cen ter junction  is 
constructed  in 16-ohm line. Each 
of the  fou r ports is fed to the 
junction  by a 50-ohm line.

The sw itching action is accom- 
plished by a single shunt diode in 
each of the four lines. The diode, 
which is mounted X/4 away from 
the center junction is grounded at 
one end and beam-lead fed at the 
Other. Two isolating capacitors and 
and a choke feed perm it the drive 
signal to bias the diode on or 
off. In the on-condition, the di­
ode appears as a short to ground, 
X/4 away from  the center junc­

tion. This stub makes the short 
appear as an open circuit effec- 
tively p lacing the switched arm 
out of the  microwave path and no 
signal flows. The impedance trans- 
form ation and parallel loading of 
the th ree  stubs at the junction dic- 
ta te  the use of a 16-ohm transm is­
sion line a t  th is point as shown.

When the diode is biased off, 
the path  from  any input to  the 
cen ter is completed and signal 
flows. The blocking capacitors 
serve to provide switch isolation 
and perm it the drive signal to 
couple th rough  the diode. A spe- 
cially-designed choke isolates the 
rf  energy from  the sw itching sig­
nal in the band (8 to 18 GHz) of 
in terest. The 50-ohm input line is 
m atched to  the 16-ohm center line 
a f te r  the choke connection as 
shown.

The diodes selected for the 
sw itch are Pin Mesa chip types. 
The cathode of the diode is con- 
ductive epoxy bonded to one side 
of the circuit. A 7/10 MIL wire 
is bonded to  the 1 mil dot anode 
of the  diode to form the series 
inductive portion of the tran s­
form er. In actual practice, this 
w ire is fastened to  a diode th a t 
has a g re a te r  than  desired ca­
pacity and physical size. The diode 
is then  etched to final values. This 
method is preferable to direct 
bonding which, a t best, resu lts in 
a 2 out of 50 yield rate. The diode 
is finally  passivated to re ta in  its 
charac teristics . Following these 
techniques results in a diode th a t 
exhibits a shunt capacitance of 
less th an  0.2 picofarad.

3. Microstrip switch operates from 8  to 18 GHz and switches in under 2.5 ns 
using PIN diodes in chip form. Signal and drive paths are shown.
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4. Packaged microstrip rf switch is
SPT4. It uses PIN mesa chip diodes 
which exhibit a shunt capacitance of 
less than 0.2 pF.

I t  is necessary to consider all 
elem ents of the c ircu it if high 
switching speeds are to be achieved. 
Special a tten tion  to  the blocking 
capacitances and choke feed are 
essential if a practical driver 
c ircu it is to be designed. I t  is 
necessary  fo r the  driver to  sweep 
out all charge in both the diodes 
and the series blocking capacitors 
w ith in  a two nanosecond period 
to achieve the required  transition- 
al speeds. Considerable experi- 
m entation was necessary before a 
final acceptable configuration was 
achieved.

The fin ished single pole four- 
th row  switch, Fig. 4, has a 
sw itching speed less than  2.5 
nanoseconds. The sw itching char­
ac teristics, Fig. 5, are m easured 
w ith  an r f  reflectom eter oscillo- 
scope a t 18 GHz. The switch tu rn s

(continued on p. U8)

5. Switching characteristics of SP4T 
switch, at 18 GHz shows the switch 
turning on in 2 ns, staying on for 7 
ns and turning off in 2  ns. (a) shows 
drive current level with scope cali- 
brated at 5ns/cm  and (b) has a 2ns/ 
cm scale.
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7. High band module for stripline multiplexer receives inputs from 8  to 18 
GHz. It uses, halfwave resonators for separating out the signals as shown.

on in tw o nanoseconds, stays on 
fo r seven nanoseconds and tu rn s  
off in two nanoseconds. Note the 
preshaped  cu rren t drive pulse 
th a t actuates the switch.

The sw itch exhibits an insertion  
loss of approximately 5 dB, a  bal- 
ance from  w orst-to-best arm  of 
±0.5 dB to approxim ately 15 GHz. 
Isolation is approxim ately 25 dB 
over the 8 to  18 GHz range pro­
viding an on-to-off sw itching ratio  
of approxim ately 20 dB.

F u r th e r  im provem ents in the 
sw itch are possible by reducing 
the size and by m aking use of 
b e tte r  diodes as they  become 
available. The isolation can be 
increased by 15 to  20 dB by use 
of a second shun t diode a t the 
expense of a small increase in in­
sertion  loss.

The developm ent of the switch 
has perm itted  the  design of a füll 
supercom m utated receiver opera­
tional over a 2-18 GHz frequency 
range. The basic theory  of the 
supercom m utation approach has 
been verified  a t ESD/GI, per- 
m ittin g  the design of a new gen- 
era tion  of low-cost EW  equip­
ment.

Multiplexer development
Specifications fo r th e  strip line 

r f  m ultip lexer in Fig. 2 are pre- 
sented in Table 2. The resu lting  
design, Fig. 6 consists of two 
modules, shown in Figs. 7 and 8.

E ach  module of the m ultiplexer 
follows the  pseudo-com plem entary 
f ilte r  p a ir approach. The 8 to 18 
GHz high-band un it has a band­
pass f i l te r  (shown along the bot­
tom edge of the top card of Fig. 
7), constructed of half-wave res­
onators, q u a r te r -w a v e  co u p led . 
The ligh t (40%) coupling is ob­
ta ined  by overlap coupling from 
one side of the board to  the other 
as shown w ith the bottom board.

SUPERCOMPONENTS

6. Overall view of complete 2-18 
GHz four band multiplexer features 
detectors with field replaceable d i­
odes.

The band-reject filte r shown 
from  the bottom edge to the top 
uses the  stub spaced A./4 apart. 
The outpu t of th is filte r feeds a 
2 to  18 GHz low-pass filte r (to 
le ft corner) and an 11 to 18 band­
pass filte r. As shown in Fig. 2, 
the energy is channeled into de­
tectors from  8 to 12 and 12 to 18 
GHz and into the low-band mod­
ule fo r band division and detec­
tion. Since overlap coupling is 
required, the high-band module is 
constructed  of a double-sided PC 
center board sandwiched between 
two ground plane PC cover plate 
(not shown). Duroid 5880 dielec­
tric is used throughout.

The low-band module, Fig. 9,

covering 2 to 8 GHz, uses prin ted  
in terd ig ital bandpass filte rs  in 
place of the \ / 4  resonators re­
su lting  in a considerable saving 
in size. The design of these filte rs  
posed an in teresting  problem. 
Since octave band coverage is re ­
quired, the dim ensional spacing 
between the resonators is close, 
negating  the usual assum ption 
th a t the coupling from  one reso­
n a to r past its neighbor to another 
is negligible. As a result, special 
com puter program s had to be 
w ritten  to  solve the more complex 
coupling case. The required 
grounding of the in terd ig ital lines 
also presented a m anufactu ring  
problem  since m anual grounding 

( continued on p. 51)
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Table  2 . M u ltip le x e r
Performance Design
Specification Objective Minimum

F re q u e n c y  C o ve rag e 2 -1 8  G H z in 2 -1 8  G Hz in
(G H z) fo u r  b a n d s : fo u r  b an ds :

2 -4 2 -4
4 -8 4  8
8 -1 2 8 -1 2

C ro sso ve r
1 2 -1 8 1 2 -1 8

A c c u ra c y  ( % )  
O u t-o f-B a n d

2 3

R e je c tio n  (d B ) 
In s e r t io n  Loss

>  5 5 >  51

(p a s s b a n d ) (d B ) 
U n i t - t o - U n i t  
T ra c k  ty p ic a l 
a t  2 5 °  ± 5 ° C

4 6

(d B  peak) 3 2
In p u t  VSW R 2 .5 3 .5

by soldering a feed through foil 
from  the ground plane side of the 
card is tim e eonsum ing. This lat- 
te r  problem has recently  been 
solved by Identification of two 
vendors who have perfected the 
technique of “p la ting  th rough” 
teflon glass (Duroid) PC mate- 
rials. One such vendor is Soladyne 
in San Diego. The 0 to  4 GHz 
low-pass f ilte r  w hich is series 
connected w ith  the  in terd ig ital 
bandpass f ilte r  provides the 2 to 
4 GHz output which is purposely 
restric ted  to prevent out-of-band 
signals from being detected. The 
4 to  8 GHz output is detected di­
rectly  a t the ou tput of the 4 to 8.5 
GHz bandpass filte r.

Isolators are used to  term inate 
the th ree high-band Outputs. These 
are expensive bu t necessary de­
vices since the  re la tively  high 
VSWR of even the best Schottky 
diode detector can create in-band 
perturbations. The 2 to 4 GHz 
output is padded p rio r to detection 
due to  the size of an isolator in 
th is  range, and the available high­
er sensitivity, w hich can be traded 
off. Test data  shows th a t unit-to- 
un it match of better than  0.5 dB 
can be attained . Crossover fre­
quency stab ility  is b e tte r than 
1% perm itting  th e  crossover slope 
to  be used as a coarse frequency 
discrim ination. • •

Acknowledgement
T hanks are extended to  D avid  K raker and his 
group, who developed the  com ponents de­
scribed in this article.

r— Test Y our R e ten tio n —,
1. What is supercommutation?
2. Why are special design tech­

niques required fo r octave- 
band printed circu it interdigital 
filters?

3. Why must isolators or padding 
be used to terminate the de­
tected ports of the multiplexer?

4. What technique is used to 
ground the printed circuit in­
terdigital filters?
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Noise Jamming of Long 
Range Search Radars
Jammer noise usually exceeds the receiver front-end noise by many 
tens of dB. Of the various ECCM techniques to combat standoff 
noise jamming, very low sidelobes are the most effective.

THE simplest technique for an at- 
tacking a irc ra f t to defeat enemy 
search radars consists in transm itting  broadband 

noise or b arrage jam m ing over the known radar 
bands.

T here is a  populär misconception th a t it  should be 
possible to defeat noise jam m ing by some processing 
technique th a t “pulls the signal out of the noise.” 
The fac t is th a t not only is this impossible to do 
directly, bu t indirect methods are powerless when 
the  extent of the gap between the jam m er capabilities 
and the rad ar sensitiv ity  is realized. Such ECCM 
techniques, as CFAR fo r example, are of no use in 
th is  Situation. O ther m easures such as frequency 
ag ility , sweep-to-sweep correlation and burnthrough 
are  not sufficiently powerful to cope w ith the problem.

Only spatial discrim ination obtainable by using an- 
tennas w ith very low sidelobes is effective. A rad ar 
w ith  very low sidelobes will a t least make i t  possible 
to:

•  Detect quiet ta rg e ts  outside the direction of the 
jam m er.

•  Obtain good azim uth data on the jam m er to help 
locate it by triangulation.

Any form  of active jam m ing, however, presents 
certa in  disadvantages. In particular, the presence of 
the jam m er is revealed so th a t it  can be engaged by 
passive homing missiles. Basic tactic consists, there- 
fore, in fitting specialized a irc ra f t w ith suitable jam- 
m ers and “standing-off” while “quiet” strike a irc ra f t 
come in under cover of the jam m ing. Several of these 
stand-off jam m ers can effectively wipe out all long 
range search radars w ith in  range.

The graphs in F igs 1-4 show the relation between 
skin re tu rns and jam m ing levels in a typical radar 
receiver, fo r various ranges and sidelobe levels. The 
effects of a noise jam m er (stand-off or otherw ise) on 
long range search rad ars  can easily be estim ated. 
The figures show th a t a rad ar w ith very low sidelobes 
is very effective in countering standoff jam m ing but 
one w ith  less than  20dB sidelobes can easily be 
rendered useless.

Jammer noise vs. front-end receiver noise
The overwhelming factor in the ECM jam m er vs. 

ra d a r e lec tron ic-coun ter-coun term easures (ECCM) 
gam e is the trem endous d isparity  between the energy 
contained in the desired ra d a r signal reflected off the 
ta rg e t. The received jam m er power a t the fron t end

Peter R. Dax, Advisory Engineer, Westinghouse Electric 
Corporation, P. 0. Box 1897, Baltimore, MD 21203.

of a radar receiver is:

J  = Pi G, (B,./Bj) 
477 Rj2

A • - r f—  (1)

where: P ä 
G,

B,
Bi
Lr

A
G
X

r

Ri

=  Jam m er transm itted  power 
=  Jam m er antenna gain in  the direction 

of the radar 
=  Radar bandwidth 
.=  Jam m er bandwidth (B, >  Br)
== Lösses in receiving system up to front 

end
=  Effective antenna area =  Gr -Xz/4:7r 
.=  R adar antenna receive gain 
=  W avelength 
=  Range of jam m er

( continued on p. 5U)

1. The average J /N  power ratios for practical search 
radars show effects of various threats. In any “ reason- 
able”  Situation, the jammer noise in the receiver will 
exceed the front-end noise by at least 20 dB and more 
usually by 50 dB.
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NOISE JAMMING
For a typical L-band radar where X =  23 cm, Gr 

m ight be 34 dB. Hence, A =  10 dB relative to 1 m2 
=  10 m2. For practical reasons, the effective area of 
90% of all land-based search radars fall w ithin ±5 
dB of th is  figure. This amounts to saying th a t 90% 
of all landbased search radars have effective antenna 
areas between 3 m2 and 30 m2. (A typical S-band 
search radar m ight have G,. =  39 dB and X =  10 cm, 
hence A =  8 dB relative to 1 m2.)

Since the front-end receiver noise is:
N =  KTB,. ■ N F (2)

w here: K =  Boltzmann’s constant
T =± Tem perature (°K)
N F =  Receiver Noise F igure

Then the ra tio  of jam m er power to receiver front- 
end noise power is,

J_ =  PjGi
N [ B,

Assuming a modest 500 W of transm itted  noise 
power over 200 MHz bandwidth w ith an antenna with 
6 dB gain:

Z i i i ! — 10 W atts/M H z

If  N F  x  Lr (in  dB) — 8 dB typically and if A =  
10 dB relative to 1 m2 then, a t 200 nmi ran g e :
J /N  =  —50 dB (rel. to 1 W /M Hz) + 10 dB (A, rel. to 

1 m2)
— 11 dB (4tt) — 2 X 55.7 dB (R, rel. to 1 m)
+ 204 dB ('KT') -  8 dB IN F  x  L,.) =  33.5 dB

4tt R.r • Lr KT • N F (3)

2. Signal levels for a 2 0 0  mile radar show 1 /R 1 relation 
ship between actual target and mini detectable signal.
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3. Average S /N  power ratio for a practical search radar
shows bow it is very easy fo r any reasonable jammer to 
deny range information from any search radar on any 
target when the target is in the main beam simultane- 
ously with the jammer. The self-screening range for such 
a jammer is only a few miles.

This relationship between J /N  and range is shown 
in Fig. 1 with the slope of the jammer power line fol- 
lowing a 1 /R 2 law. A t 100 nmi, this ratio, J /N  .=  60 
dB, a very high num ber indëed.

The numbers quoted for A and (N F x  Lr) are 
typical. If  A is a t the upper lim it of its practical 
range (5 dB h igher), while (N F x  L |)  is 5 dB 
lower and if the jam m er can generate 5 kW of noise 
instead of 500 W over 200 MHz, then the line shown 
is displaced 20 dB over to the right. Conversely, a 
minimum th rea t can be represented by a line 13 dB 
to the left (A =  4 m2 — 5 dB smaller than the aver­
age and Pj =  250 W). Thus almost any Situation 
encountered in practice will result in a J /N  ratio th a t 
will correspond to the distance between the receiver 
fron t end and some point in the cross hatched area 
of Fig. 1. Note th a t all the points in the cross hatched 
area lie many dB to the righ t of the receiver front- 
end noise line.

Signal power vs. jammer power
If the radar is designed to detect a certain size 

ta rg e t at, say 200 nmi, the relationship between 
actual targe t signal and the minimum detectable sig­
nal (MDS) as a function of range can be represented 
by Fig. 2 where the sloping line follows an 1/R ' law. 
If  the targe t is 10 dB larger, then the sloping line is 
displaced 10 dB over to the righ t as shown.

In the presence of a noise jammer covering the 
instantaneous bandwidth of the radar, the front-end 
noise can be ignored and Figs. 1 and 2 can be com- 
bined to produce Fig. 3 from which the targe t signal 
( continued on p. 56)
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A Sw itch  
in

Tim e....

Daico high speed SP2T switches utilize thin-film 
circuitry. Balanced diode design allows nano­
second sw itching speeds w ith m illivo lt level video 
transients. Integral drivers provide com plete T2L 
com patib ility. Packaging is available w ith 
conventional connectors, plug-in mount, o r DIP 
th in -film  hybrid. What are your unique sw itch ing 
Problems? Call DAICO, we have probably 
already solved them.

Typical Performance DS0042 DS0012 DS0052

F r e q u e n c y  ( M H z ) 1 0 -2 0 0 1 0 -5 0 0 5 0 -1 2 5 0
R .F . P o w e r , M a x .  c w  ( d B m ) 10 10 10
Im p e d a n c e ,  n o m in a l  ( o h m s ) 5 0 5 0 5 0
V S W R 1 .2 5 /1 1 .10 /1 1 .2 5 /1
T e r m in a t io n  o f  U n u s e d  P o r t  ( o h m s ) s h o r t 5 0 5 0
In s e r t io n  L o s s  ( d B )  a t  1 6 0  M H z 1.0 0 .4 0 .5
I.L .  F la tn e s s  ( d B  p e r  10 0  M H z ) 0 .5 0.1 0 .0 5
In s e r t io n  P h a s e  M a tc h

(d e g .  p e r  1 0 0  M H z ) 0 .2 0 .2 0 .2
I s o la t io n  ( d B )  a t  1 0 0  M H z 5 0 6 0 7 5
I s o la t io n  ( d B )  a t  5 0 0  M H z — 4 8 7 0
C o n t r o l  T J L L o a d  F a c to r 2 2 2
S w . S p e e d  5 0 %  C o n t r o l  5 0 %  RF

( n a n o s e c o n d ) 12 1 0 0 0 5 0 0
R .F . T r a n s i t io n  1 0 %  t o  9 0 %

( n a n o s e c o n d ) 6 2 5 0 2 5 0
In -B a n d  T r a n s ie n ts  ( d B m ) - 5 0 - 2 5 - 2 5
V id e o  T r a n s ie n ts  ( m i l l iv o l t s ) 5 0 1 0 0 0 1 0 0 0
3 r d  o r d e r  In t e r c e p t  P o in t  ( d B m ) + 3 5 + 3 0 + 4 5

ê>
Send fo r F ree  
RF D esign N om ographs: 
Spurious Response, 
N oise F igure &
Return Loss vs. V S W R

DAICO IINJDUSTRIES, INC.
2351 East Del Am o Blvd., C om pton , Calif. 90220 
Telephone: (213) 631-1143 • TW X 910-346-6741
©1975 Daico Industries, Inc. mp75409R
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MICRO-COAX® 
ASSEMBLY 
TECHNOLOGY

Package small with maximum power. Micro-Coax assemblies of 
ractically any configuration can be provided for 10 through 90 ohm applications.

Micro-Coax assemblies give you the benefit of the world’s finest coaxial cable, 
ophisticated assembly and fabrication equipment, and a knowledgeable, cooperative 
echnical staff.

Micro-Coax technology can help you get the most out of your power handling package. 
ontact us with your application.

UNIFORM TUBES, INC.
. . . . a UTI Com pany

Collegeville, Pa. 19426 • Phone: 215/539-0700 
TWX: 510-660-6107 Telex: 84-6428

READER SERVICE NUMBER 56

UTI checks the cores of all Micro-Coax cables 
to assure the concentricity of the center 
conductor within the dielectric. Consistent 
characteristic impedance throughout the en­
tire cable length is just one of the advan- 
tages.

In addition to soldering under a microscope 
shown here, Uniform utilizes resistance and 
induction soldering to produce a far su­
perior joint and fillet on Micro-Coax.

NOISE JAMMING
in dB relative to MDS can be determined, given the 
relative ranges of jam m er and targ t.

Thus in the previous example, a 10 w atts/M H z 
standoff jam m er a t 60 nmi will screen a minium size 
ta rg e t into 16 nmi. I t  can also screen itself (assum- 
ing it has the same cross section) into 5 nmi. 
Both ranges quoted are  operationally  useless for a 
sea rch  radar.
Jammer in the sidelobes

A standoff jam m er attem pts to hide quiet targe ts 
by generating enough noise to swamp the skin re ­
tu rn s  from  the quiet ta rg e t even if  the jam m er is 
in the sidelobes of the rad ar Fig. 4. Fig. 5, shows 
various jam m er power levels plotted for various side- 
lobe levels. Typically, in the maximum th rea t Situa­
tion, a standoff jam m er a t 100 nmi will reduce the 
range perform ance of a 20 dB sidelobe radar to a 
ten th  of its normal maximum range.

W ith 60 dB sidelobes, however, i t  is impossible for 
the jam m er to hide a quiet ta rg e t th a t is closer to 
the rad ar than  itself. In  the average th rea t case, a 40 
dB sidelobe level is sufficiënt to make standoff jam ­
m ing impossible.

W ith 29 dB sidelobes, the jam m er’s noise will be in 
evidence on virtually all azimuths, Very wide dynamic 
range will be necessary to detect the jam m er azim uth 
even w ith only a single jam m er present. W ith several 
jam m ers, it will be almost impossible to determ ine the 
tru e  jam m er azimuths.

Thus, w ithout a t least 40 dB sidelobe levels, a 
jam m er will obscure quiet targe ts on azim uths d if­
fe ren t from  its own azim uth and will prevent clear-cut 
hearings being obtained, hence making triangulation 
impossible.

4. Very low sidelobes are the most effective way to com­
bat standoff jamming. Usually sufficiënt noise from a 
jammer can enter the sidelobes to swamp the Skin re­
turns from a quiet target, Q, in the main beam.

How effective are the ECCM techniques?

The principal electronic defenses (or ECCM) available 
to the radar are frequency agility and space discrimi- 
nation. If the rad ar can change frequency on each 
transm itted pulse, then the jam m er m ust dilute his 
effort by spreading his available power over the whole 
range of possible radar frequencies. Unfortunately, the 
total frequency range rarely exceeds 5% each side of 
center frequency, and the best tha t the radar can do 
is to force the jam m er to dilute its power by two 
orders of magnitude or so. This represents a 20dB im­
provement over a tailored narrow band jammer. This 
is such common practiee however that in the examples 
cited earlier, it is already assumed th a t the jammer 
is a broad band barrage jam m er. I t  is possible, how­
ever, tha t the jam m er may have holes in its coverage

(continued on p. 58) 
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N e w f r o m

S a n d e r s

Solid
State
Variable
Attenuators
■ Octave Bandwidths
■ Linearized
■ Small Size
■ Rutfged Construction

S P E C IFIC A T IO N S

Model No.
Freq.

(G H z)
I.L.
(dB)

Attenuation 
Flatness 
(dB) (1)

Package
Size

DM 10102-1 L 1 .0 -2 .0 1.2 ± 0 .5 A
DM 10102-2 L

o(NO

1.5 ± 0 .8 A
DM 10102-3 L 1 .0 -2 .0 1.8 ±  1.2 B
DM 10204-1 L 2 .0 -4 .0 1.2 ± 0 .5 A
DM 10204-2 L 2 .0 -4 .0 1.5 ± 0 .8 A
DM 10204-3 L 2 .0 -4 .0 1.8 ±  1.2 B
DM 10408-1 L 4 .0- 8.0 1.4 ± 0 .5 A
DM 10408-2 L 4 .0 -8 .0 1.7 ±  1.0 A
DM 10408-3 L 4 .0 -8 .0 2.0 ±  1.5 A
DM 10818-1L 8.0- 18.0 2.2 ±  1.0 A
DM 10818-2L 8.0- 18.0 2.2 ±  1.0 A
DM 10818-3 L 8 .0- 18.0 2.5 ± 2 .0 A
DM 10818-4L 8.0- 18.0 3.0 ± 2 .5 A

1) VSWR <  1.8 : 1 all units
2) A-Size : 1.75 x 1.5 x 0.5 inches 

B-Size : 2.50 x 1.5 x 0.5 inches

SA &
SANDERS
A880QATE8, ING

Microwave Division
Grenier Field 
Manchester, NH 03103 
(603) 669-4615, ext. 447

NOISE JAMMING
so th a t “intelligent” frequency agility may yield sub- 
stantial advantages by enabling the rad ar to utilize 
only those frequencies a t which the jam m er power 
is a t a minimum.

Space discrim ination is a m atter of filtering out 
the jammer energy on the basis of antenna gain in 
the required direction vs. antenna gain in the jam- 
m er’s direction. When looking for ta rg e t data in the 
jam m er’s direction (i.e., on the jam m er azim uth), no 
space discrim ination can be made, of course, but it  is 
im portant to prevent a jam m er from denying ta rg e t 
inform ation over all azim uths and all altitudes.

The ability to reject jam m er signals by space dis­
crimination is limited by the sidelobe levels of the 
antennas. Unfortunately, the blocking of the aperture 
by the feed, spillage and distribution lim itations in 
a conventional feed/reflector antenna system makes 
it impossible to achieve b etter than  20 to 30 dB side­
lobe levels. This is a long way off from the 60 dB 
levels required to be really effective.

000

0 0

lO

5. Target detection ranges with a jammer in the side 
lobes shows improvement in MDS with lower sidelobes.

One possible alternative is the a rray  antenna. Even 
in this case, very careful design is necessary both to 
provide the required phase and amplitude distribu- 
tions and to achieve the necessary mechanical accu­
racies. (In  addition, a physically larger antenna is 
required for a given beam w idth: the penalty between 
theoretical 40 dB sidelobes and 60 dB sidelobes may 
be 30% in aperture size.) The slotted waveguide array  
design used in the AWACS lends itself to achieving 
such goals.

Possibility of further improvements
Once füll advantage has been taken of space and 

frequency discrim ination, only second order improve-

58
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A uthors: Plan ahead Vor v76
The themes that will appear in next year’s issues of 

MicroWaves will cover the following topics. Prospective 
authors who wish to write technical articles pertaining 
to these subjects are urged to submit outlines at least 
three to four months prior to the publication date.

January

Communications
October

Amplifiers

February

Semiconductors
May

Passive Components
August

Sources
November

March

Millimeter Waves
June

Test & Measurements
September

ECM II
December

International To Be Announced

TH IN -TR IM  CAPACITORS  
FOR HYBRIDS A ND M IC ’S
Series 9401 T h in -T rim s are su b -m in ia tu re  variab le 
capacito rs fo r ap p lica tio n s  where size and pe rfo rm ­
ance are c r it ic a l. Featured are high Q’s fo r  low  c ir ­
cu it losses, h igh capac ity  values fo r  b roadband 
a p p lica tio ns  and low  p ro file  fo r  “ gap tr im m in g ” in 
t in y  M IC 's. Body s iz e .1 4 0 "x .1 1 0 "x .0 3 0 "T . A va ilab le  
in 4capac itance  ranges from  0 .2 - .6 p f  to  3 .0 -1 2 .0 p f.

M ANUFACTURING  CORPORATION 
Rockaway Valley Road 

B oonton , N .J. 07005 
(201) 334-2676 TWX 710-987-8367
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rnents can be achieved'thereafter. As has been shown, 
the ultim ate capability of the radar is a function of 
the ratio  of signal energy to noise energy in the opti­
mum passband (tailored for the radar pulse). Effective 
signal energy can be increased by Integration over a 
beamwidth, i.e. by in tegra ting  the skin returns from 
a targe t as the antenna sweeps through its azimuth. 
If  necessary, the antenna can be stopped in the sus- 
pected direction of the ta rg e t and the signal energy 
integrated over a much longer period. This process 
is known as burnthrough.

Any processing of this nature (correlation, integra- 
tion) cannot however achieve more than could be 
achieved if all the energy in the (n) pulses being in te­
grated was concentrated in a single pulse. In theory,

th is would give a, maximum im provem ent of (n) .  
However, in practice w ith non-perfect In tegration, the 
improvement is closer to Vn. For ten  h its  on ta rg e t 
per beamwidth fo r instance, a gain of 5 dB would be 
achieved. Even if  a 10 dB improvement w ere possible, 
th is is still a small num ber when compared to  the 
excess power th a t the jam m er has over the  receiver 
front-end-noise.

In  dealing w ith  noise jam m ing, it  is equally im ­
portan t to avoid any form of degradation. A typical 
cause of degradation is Saturation. I f  th is  occurs, be 
i t  in the receiver or on the display, severe losses will 
occur (visualize a display turned up so high th a t it  
“whites out” ). As has been shown, jam m ing will cause 
the noise level to increase by many dBs. In  order to 
avoid Saturation, receivers have to have a wide dy­
namic range and special processing c ircu its known as

(continued  on p. 60)

6 . With side lobe blanking the output from  the gate is 
inhibited if the signal in the omnichannel is greater than 
the signal in the main receiver channel.
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NOISE JAMMING
CFAR (constant false alarm  ra te ) receivers have to 
be used to effectively m aintain  a constant noise level. 
CFAR in effect, autom atically varies the threshold to 
m aintain  a constant ra te  of threshold crossings. I t  
prevents Saturation by noise (from  any source) and 
will enable ta rg e ts  th a t are stronger than  th is  noise 
to be detected. A CFAR receiver, however, will not 
“ex tract signals out of the noise.”

I t  is in teresting  to note however th a t some CFAR 
circu its are so efficiënt th a t  the operator may be 
unaw are th a t his rad a r is being jammed (the P P I has 
the normal appearance but there are few ta rg e ts) . 
Special c ircu its then  have to  be added to w arn the 
operator of the presence of a noise jammer.

Sidelobe blanker and sidelobe cancellation are two 
other techniques th a t are used to combat jam m ing. 
W ith  a sidelobe blanker, Fig. 6, the output of an 
omni is compared w ith the output of the main an­
tenna. Any pulse th a t has a higher amplitude in the 
omni than  in the main antenna m ust come from a 
sidelobe and can be removed by blanking. This is 
effective fo r pulse jam m ing where the duty ra tio  is 
low. In  the case of high-powered noise jam m ing, the 
m ain channel is liable to be blanked for most of the 
tim e, severely affecting ta rg e t detectability.

Sidelobe cancellation is an adaptive System where 
the combination of m ain antenna and reference an­
tenna Outputs can effectively generate a null in the 
direction of a jam m er. This system is usually complex 
and requires one adaptive loop per jam m er. The main 
problem, therefore, is how to deal w ith a m ultiplicity 
of jam m ers. In addition, a low sidelobe antenna de­
sign is required initially and an additional depth of 
null of 20 dB can only be achieved w ith difficulty.

In  comparison, in the case of the rad ar defending 
itself against sidelobe noise jam m ers by having very

low sidelobes, the noise level only increases by 3 dB 
everytime the num ber of jam m ers doublés. This is a 
small increase when compared to a jam m er-power/ 
receiver-noise-power ra tio  which is of the order of 30 
to 40 dB. The following conclusions may, therefore, 
be drawn:

• I t  is useless to expect to see a noise jam m er (or 
any other ta rg e t in the same direction as the 
jam m er) a t any reasonable range, w ith any long 
range search radar.

• Burnthrough will not help.
• Frequency agility  is mainly useful when asso- 

ciated w ith a spectrum  analyzer to locate the 
minimums in the jam m er power spectrum .

• CFAR is useful only to avoid fu rth e r degrada­
tion.

• Sidelobe blanking will not defeat noise jam m ers 
and sidelobe cancellation is limited in its capa­
bility to deal w ith a number of jammers.

• A radar w ith only 20 dB sidelobes can easily be 
made useless over 360 degrees by a standoff noise 
jammer. Even its  ability to obtain azimuth infor­
mation on a jam m er is impaired.

• Very low sidelobes are the most effective way to 
combat standoff jam m ing. • •

--------------- T e s t your re ten tio n ---------------
1. What is the role of a CFAR receiver in a noise 

jamming Situation?
2. What has to be added to a frequency agility 

scheme to make it really effective?
3. Can jammer noise be distinguished from fron t­

end noise?
4. What kind of an antenna is necessary to achieve 

really low sidelobes?

This tired, old IF can fry your fingers.

w  i

Ours won't even melt butter.

*

You won't need those leather gloves 
anymore. Not with Microwave Engi­
neerings new IF am p lifie r—the 
IF-220A.

With less than 2 watts total power 
consumption, it's almost impossible 
to feel any outside heat.

Directly Retrofits & Replaces Collins 
Tube-Type IF Amplifiers.

The IF-220A is identical in perform­
ance to the Collins tube-type IF and 
easily operates either a voice Commu­
nications or wideband video system.

With only minor modifications, it fits 
perfectly into other systems as well.

The IF-220A, with its preamplifier,

develops 90 dB gain at a center fre­
quency of 70 MHz.

Built to Military Specifications, with 
qualified parts, the unit has a band,- 
width of 22 MHz and is design certi- 
fied to 20,000 hours MTBF.

Maintenance Savlngs Alone Can Pay 
for a New IF-220A.

Maintenance costs over a 1- to 2- 
year period can easily justify retrofit- 
ting an entire system with the IF-220A.

And, when you do retrofit, remem- 
ber: The IF-220A costs considerably 
less than the comparable Collins re- 
placement. With the same perform­
ance!

Isn’t it Time You Thought About Re- 
placing That Tired, Old, Hot IF You’ve 
Got in Your System?

Contact Microwave Engineering at 
750 Davis Avenue, Pittsburg, CA 
94565. Telephone (415) 439-2141.

We’ve got the components to retro­
fit your entire system.

And, if you just can’t part with those 
leather gloves. Keep them. They'll 
come in handy next time a light bulb
burns out. i ^ = -----------------------------

W m  M I C R O W A V E  
WSm E N G IN E E R IN G

The Microwave Retrofit Specialists.
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Two Techniques For 
Stable Signal Synthesis
Two methods of microwave frequency synthesis are examined. 
Direct synthesizers are fast switchers, but indirect units 
cost less, and offer better phase noise performance.

M i c r o w a v e

f r e q u e n c y  
synthesizers have long been con- 
sidered specialty  items due to the 
in terdependen t facto rs of low de­
mand, complex c ircu itry  and high 
costs. Today however, a technique 
called ind irec t synthesis is being 
exploited to develop a  new gen- 
eration  of off-the-shelf general- 
purpose synthesizers w hich offer 
frequency  coverage to 18 GHz and 
beyond a t relatively  m oderate 
prices.

T here are two basic m ethods by 
w hich a  signal may be synthe- 
sized: “d irec t” and “ ind irec t” .
Both m ethods of synthesis tra n s ­
fe r  the stab ility  of a single p re­
cision reference oscilla to r (usual­
ly crysta l controlled) to all ou tput 
frequencies. The d irec t method 
relies upon algebraic  m anipulation 
of the reference signal to  produce 
the  o u tpu t frequency. The ind irec t 
m ethod achieves the same re su lt 
th rough  th e  use of program m able 
phase-lock loops.

E ach m ethod has unique advan- 
tages and disadvantages fo r spe­
cific applications. Generally, m i­
crowave frequency  d irec t synthesis 
is complex and expensive, bu t in- 
heren tly  gives fa s te r  sw itching 
tim es between frequencies. How­
ever, inexpensive d irec t synthesiz­
ers a re  becoming available a t low­
e r frequencies. In d irec t synthesis 
is usually  less complex and less 
expensive, b u t due to the length 
of tim e requ ired  fo r the' phase- 
lock loop to a tta in  lock, the  
m ethod has draw backs in applica­
tions w here rap id  frequency step- 
ping is necessary.

Direct synthesis is agile
The theory  of Operation of a

Thomas Simon, Staff Scientist, and 
Charles Foster, Head, Frequency Syn­
thesizer Section; W a tk in s -J o h n s o n  
Compa ny,  3333 H i l l v i e w  Avenue, 
Palo Alto, CA 94304.

d irect synthesizer is best demon- 
s tra ted  by the simplified block 
diagram  shown in Fig. 1. F irst, 
m ultiples of the  reference oscilla­
to r frequency are produced in a 
harm onie generator. P articu lar 
harm onies are then selected by 
individual bandpass filters! fol- 
lowed by amplifiers. In the pres­
en t example, a set of ten  h a r­
monies is selected from the Nth 
to the (N + 9 )th. The ten fre ­
quencies, all harmonies of the 
reference oscillator, a re  fed into 
a sw itch m atrix.

The sw itch m atrix  has two out­
p u t frequencies (designated as F» 
and F m), w hich are selected by a 
logic w ord to  the switch m atrix. 
Each ou tpu t may be programmed 
to any of the input frequencies. 
The first ou tput (F„) is fed into 
a mixer, w hich acts as a frequency 
adder. The frequency of the sec­
ond ou tpu t (F m) is divided by ten, 
filtered, then  fed into the second 
po rt of th e  mixer. The output fre ­
quency thus is F n + F m/10, where 
F n is selected by the first frequen­
cy word to  the switch m atrix  and 
F m by th e  second one. This output 
signal from  the m ixer is filtered 
and form s the output of the syn­
thesizer. The example cited here 
is capable of providing 100 pro­
gram m able frequencies, however, 
th is  scheme could be easily ex- 
panded to provide la rger num bers 
of program m able frequencies.

An exam ination of the block 
diagram  reveals th a t  the long and 
sho rt term  stabilities of the o u t­
p u t frequency  are directly derived 
from  the stabilities of the re fer­
ence oscillator. The spurious per­
form ance of the synthesizer, how­
ever, depends on the particu la r 
frequency scheme chosen and on 
several o ther design param eters. 
Suppression of spurious products 
is, in fact, the m ajor problem in 
the  design of a d irect synthesizer.

In the  present example, the only 
desired  ou tpu t is F„ + F m/10. All

unw anted com binations of the two 
in p u t frequencies have to be re- 
jected by filtering. Also, since 
there  are many different frequen­
cies p resen t sim ultaneously, the 
designer is faced w ith a poten- 
tia lly  severe R FI problem.

As also may be seen in th is  ex­
ample, the sw itching tim e between 
any tw o of the 100 possible fre ­
quencies is dependent upon the 
response tim e of the sw itch m a­
trix . This response time can be 
made very sh o rt; thus the sw itch­
ing tim e of th is  and more p rac ti­
cal d irec t synthesizer designs may 
also be very short, typically  in the 
low microsecond time range.

To generate  frequencies in the 
microwave region, X or K band, 
fo r example, the d irect synthesis 
generally  is perform ed first a t 
lower frequencies and the output 
is then  m ultiplied or upconverted. 
A single m ultiplication is usually 
the p re ferred  method in cases 
w here the  ou tpu t range is re la­
tively narrow . In order to cover 
wide frequency ranges, however, 
upconversion by m ixing aga inst 
stable microwave signals is usu­
ally employed. E ith er of these 
methods, or a combination of the 
two, will preserve the fa s t sw itch­
ing speed of the d irect synthesiz­
e r b u t w ith g rea te r complexity, 
size and cost.

As suggested above, the d irect 
synthesizer a t microwave frequen­
cies is usually a very complex in­
strum ent. This complexity and the 
large num ber of amplifiers, mix­
ers, m ultip iers and filters cause 
the microwave direct synthesizer 
generally  to  be expensive and 
bulky. In addition, d irect m ulti­
plication to higher frequencies 
causes a degradation in the short- 
term  stab ility  (i.e., phase noise). 
(F o r example, a frequency m ul­
tip lication  fac to r of ten resu lts 
in a 20 dB increase of residual

( continued on p. 6U)
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generated from the output of an ultra-stable reference 
oscillator. Advantages include fast switching, but 
drawbacks are cost and complexity.

2. Indirect frequency synthesizers use a feedback 
phase-locked loop to fine-tune the output VCO. Al- 
though switching times are greater than direct units, 
cost and simplicity are assets.

phase noise re la tive to  the ca rr i­
er.) This will be illu s tra ted  in 
th e  discussion about in d irec t syn­
thesizers .

B ecause of its com plexity and 
cost, the d irec t syn thesizer is nor- 
m ally  employed in only those mi­
crow ave applications w hich re- 
q u ire  sw itching tim es below 100 
m icroseconds. As a consequence 
of th e ir  frequency  ag ility  req u ire­
m ents, ECM system s are  the  pri- 
m ary  users of d irec t m icrowave 
synthesizers. As an example, a 
p re sen t day ECM system  m ight 
req u ire  th a t  a signal be sw itched 
w ith in  25 m icroseconds a f te r  com­
m and, from  any one frequency  to 
any  o ther frequency in a 2 GHz 
range, and to  an accuracy of 1 
p a r t  in  10°. T here are  cu rren tly  
o u ts tan d in g  requirem ents fo r ECM 
Systems which call for octave-band 
s tepp ing  speeds in the 100 nano­
second range. C o m m u n i c a t i o n s  
Systems of a tac tica l m ilitary  
n a tu re  may also requ ire  the fre ­
quency ag ility  of the d irec t syn­
thesizer.
Indirect Synthesis is versatile

In d irec t frequency synthesizers 
dom inate the m ajority  of m icro­
wave applications w here u ltra -fa s t 
sw itch ing  speed is not required . 
The Operation of th is  type of syn­
th es ize r cen ters on the  ou tput 
oscilla tor, a voltage controlled os- 
c illa to r (VCO) in  the  example 
show n in Fig. 2. The VCO is 
tu n ed  in itia lly  as close to th e  out­
p u t frequency  as p rac tica lly  pos­
sible, usually  w ith in  1 to  0.1%. 
T his “coarse” tu n in g  is accom- 
plished by converting the  incom- 
ing  d ig ital frequency  word into 
an appropria te  analog voltage 
u sing  a d ig ital to analog Convert­
e r  (D/A) .

To then  enhance the  instru -
(continued  on p. 67)

Accuracy •  S tab ility  •  R epeatab ility  
Do you know the difference?

Accuracy, long term stability 
and r e p e a t a b i l i t y  are terms 
which are often misunderstood 
and used interchangeably. How­
ever, each has a d istinct defini- 
tion, which should be clearly 
understood before attempting to 
specify a frequency synthesizer 
fo r your application.

Frequency accuracy is the fre­
quency difference between the 
actual synthesizer output fre­
quency and the programmed fre­
quency. This is often expressed 
as the ratio of the measured fre­
quency error to the programmed 
frequency. Thus an output fre­
quency having 1530 Hz error at 
a programmed frequency of 15 
GHz may be said to have an ac­
curacy (or inaccuracy) of 1.02 X 
10

F r e q u e n c y  a c c u r a c y  of  a 
s y n t h e s i z e r  is a f u n c t i o n  of 
the reference oscillator stability 
over bme and temperature, the 
elapsed time and change in tem­
perature since the last calibra- 
tion, and the accuracy of the last 
calibration.

Frequency stability is the drift 
of the synthesizer output fre­
quency over elapsed time and 
ehanges in temperature. The 
rate may be expressed as Hz 
per second, hour, day or month 
or as Hz per temperature range 
(i.e. 30 Hz per day or ±90 Hz 
over 0° to +50°C). It may also 
be expressed as a ratio of fre­
quency d rift rate to the pro­
grammed frequency (i.e., the 
above rates observed with a 
programmed frequency of 15 
GHz would be identical to 2 x  
1 0 “” per day and ± 6  x  1 0  ” over 
0° to +50°C ). Frequency stabil­
ity of a frequency synthesizer 
(when expressed as a ratio) is 
identical to the frequency sta­

b ility  of the reference oscilla tor 
used w ithin the synthesizer or 
as the external reference.

Frequency repeatability is the 
actual change in frequency for 
a single programmed frequency 
over a specific period of time 
whether the programmed fre ­
quency remains unchanged or is 
programmed away from and then 
back to the original frequency. 
This repeatability is a function 
of both the time and tempera­
ture stability  of the synthesizer 
reference oscilla tor as well as 
the elapsed time and the tem­
perature c h a n g e  d u r i n g  the 
specified time period.

The fo llow ing example may 
serve to emphasize the d iffer- 
ences.

Assume:
Programmed Frequency =  
18 GHz
Measured Frequency (trace- 
able to NBS) at time t0 =  
18.000001620 GHz 
Measured Freauency at time 
t, =  18.000001980 GHz 
t,— 1„ =  40 days 
Temperature change =  0° 

Therefore:
Frequency Accuracy at t„ — 
1620 Hz or 9 x 10“8 

Frequency Accuracy at t, =  
2340 Hz or 1.3 x 10“; 
Frequency Repeatability over 
40 days =  720 Hz or 4 x 10“ 8 

Frequency Stability =  18 Hz 
per day or 1 x 1 0 “" per day 

If after a rapid change in tem ­
perature from + 0°C  to +50°C  
the measured frequency changed 
72 Hz, it could be assumed that 
the m ajor portion of this frequen­
cy change was temperature de­
pendent. The nominal frequency 
stability could then be identified 
as 72 Hz, or ± 4  X 10a, over 
+ 0°C to +50°C . • •
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m ent’s stability , a  ‘fine tu n e’ cor- 
rection is applied in th e  form of 
negative feedback. This feedback 
is obtained by com paring a sample 
of the ou tput frequency  (or a de­
rivative thereof) to  the reference 
oscillator frequency. Any differ­
ence in frequency or phase be­
tween the two signals resu lts in 
a eorrection signal level which is 
proportional to th a t difference and 
is fed back to th e  VCO as an error 
signal. The ou tpu t frequency de­
rivative fo r the example shown in 
Fig. 2 is obtained by dividing the 
VCO sam ple frequency by ‘N’ in 
a program m able d igital divider.

Since the m ost common frequenr 
cy com p a ra to r c ircu it used in syn­
thesizers is the phase detector, 
f r e q u e n c y  eorrection feedback 
loops are phase-lock loops. In this 
phase-lock method, the  open loop 
gain and the  bandw idth  of the 
loop determ ine how closely the 
VCO output s tab ility  reproduces 
the reference signal stability . The 
perform ance of an ind irect syn­
thesizer is, therefore, greatly  de- 
pendent upon the phase-lock loop 
design.

A YIG-tuned oscillator (YTO) 
is norm ally used as the VCO in 
ind irect synthesizers. This is a 
resu lt of the YTO’s high Q (on 
the order of 300 to 800 loaded), 
octave or g rea te r frequency cov­
erage, very good linearity  (±0.1 
to 0.3%) and solid-state construc­
tion. An added fea tu re  is the 
availab ility  of two coils to tune 
the  YTO—a m ain coil and an fm 
or “fine tune coil”—which elimi- 
nate  the need fo r coarse and fine 
tune sum m ing circuitry . V aractor- 
tuned oscillators, however, are 
sometimes used w here a g rea ter 
tun ing  ra te  is necessary  and 
where lower Q and linearity  can 
be tolerated.

Spurious signals from  an in­
direct synthesizer are generally 
much easier to control th an  those 
from  a d irect synthesizer. This is 
because the in d irec t synthesizer 
output is derived from  a  single 
VCO and the only significant non- 
harm onically re la ted  spurious Sig­
nals which may appear in this 
ou tput are the frequency products 
near enough to  the ou tput signal 
to  fall w ithin the loop bandwidth. 
Because the phase-lock loop band­
w idth is usually  less th an  a few 
hundred kilohertz, which is much 
narrow er th an  the to tal output 
signal bandwidth, design require­
m ents to suppress spurious Sig­
nals are eased fo r indirect units. 
Spurious suppression of 60dB or 
more below the ca rrie r is norm al­
ly expected from  either synthesiz­

SYNTHESIZERS
er, bu t is more easily  accomplished 
with the ind irec t synthesizer.

Harmonies of the VCO funda­
m ental frequency  are generally  
much la rger in m agnitude than  
any in ternally  generaled  non- 
harmonie spurious signals. This, 
however, usually  does not ereate 
a significant problem  a t micro- 
wave frequencies due to the largo 
difference between the fundam en­
tal and harm onie frequencies and 
to the na tu ra l a ttenuation  prop­
orties of associated equipm ent. 
Nevertheless, these harm onies can 
be relatively easily  filtered out if 
necessary fo r a  p a r tic u la r  appli- 
cation, thus reducing  harm onies 
from —15 to —25dB down to 
— 50dB or low er relative to the 
carrier. The additional filterings, 
however, add costs and reduce the 
r f  output power.

When a new frequency is pro­
grammed into th e  ind irec t synthe­
sizer, the VCO m ust slew to the 
frequency, then  lock there. The 
sw itching time, therefore , is de­
pendent on both the slew ing ra te  
of the VCO and the response time 
of the loop. This sw itching time 
can be made reasonably  sh o rt by 
using a fa s t-tu n in g  VCO and a 
wide loop bandw idth. Yet, VCO 
tun ing  over large frequency ranges 
is still slower th an  sw itching be­
tween existing signals. F o r th is 
reason, ind irect synthesizers are 
generally lim ited to applications 
th a t require sw itching times g rea t­
e r than  100 m icroseconds.

Where m icrosecond sw itching 
speed is not a requirem ent, indi­
rect synthesizers cu rren tly  find 
more applications a t microwave 
frequencies th an  d irec t synthesiz­
ers. This is p rim arily  due to g rea t­
e r availability  and usually lower 
cost of microwave ind irec t synthe­
sizers. L ittle  specific price com- 
parison inform ation can be pro­
vided, however, because of the 
present lack of commercial d irect 
synthesizers above 500 MHz and 
of public p rice inform ation about 
specialized units fo r m ilitary  ap­
plications.

A nother im portan t preference 
fo r the ind irec t microwave syn­
thesizer is its superio r short-term  
stability  (phase noise), a m ajor 
consideration a t  microwave fre ­
quencies. This is of im portance 
because short-term  stab ility  is re l­
atively constan t as a percentage 
of output frequency and, th ere­
fore, degrades as frequency in- 
creases. F ig u re  3 shows th a t at 
microwave frequencies and for 
offsets larger th an  the loop band­
width, the shorritim e stab ility  
(phase noise) of a properly de- 

( continued on p. 68)
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E. F. Johnson Company
3005 Tenth Avenue S.W., Waseca, MN 56093
□  Please send me technical information on JCM 

miniature coaxial connectors.
□  Please send me samples. You can call me at

(-------) -----------------------------
N A M E _________________________________________________

T IT L E ---------------------------------------------------------------------------

C IT Y _________________S T A T E _______________Z IP ______

E . F. Johnson Com pany

n you w o t k  in volume, tnese
can mean less work for you.

If you use miniature coaxial connectors in quantity, 
you’11 be interested in the latest additions to the Johnson 
JCM family: Crimp-type straight cable plugs, and crimp- 
type straight cable jacks.

You use a Standard crimping tooi, so they’re quicker 
to assemble. And when you’re a volume user, the savings 
in labor can really mount up.

Like all other Johnson JCM’s, these feature gold or 
nickel plating, brass body, Teflon® insulator, and beryllium 
copper center contact. There are five or fewer parts to 
assemble.

They are fully compatible with SMA types, yet cost 
less than SMA equivalents. Designed for frequencies into 
the microwave range.

New Johnson crimp-style connectors. We’ve put a 
lot of work into them.

To make less work for you.

signed ind irec t synthesizer is bet­
te r  th an  th a t of a d irec t synthe­
sizer.

The solid line shows the phase 
noise of a d irec t syn thesizer at 
m icrowave frequencies. A t first,

3. Short-term stability (phase noise)
of the direct method is the same for 
low offsets, but the indirect tech­
nique gains the advantage as the 
offset is increased.

the phase noise decreases as the 
offset frequency increases. This 
region is characterized by the per­
form ance of the reference oscil­
lator. As the offset frequency 
increases fu rth e r, however, the 
therm al noise of the amplifiers 
and m ultip liers following the re f­
erence oscillator begins to domi- 
nate and the phase noise sta rts  
to increase w ith  the increased 
offset frequency.

On the  o ther hand, although the 
phase noise of a free-running  VCO 
is appreciably h igher a t lower off- 
sets, i t  decreases and eventually 
becomes lower than  the d irect 
syn thesizer phase noise as the 
offset is increased. A properly 
designed phase-locked loop can 
act to tra n s fe r  the characteristics 
of the m ultiplied reference to the 
VCO at low offset frequencies, 
while m ain tain ing  the superior 
perform ance of the VCO a t h igher 
offset frequencies. The resu lt 
combines the best featu res of both 
approaches as shown by the dot- 
dash line in Fig. 3.

A dditional b u t som ewhat less 
critica l advantages may also be 
counted on the side of the indi­
rect synthesizer fo r m ost applica­
tions. One such advantage is the 
presen tly  available minimum out­
pu t power level of lOmW up to 
18 GHz and 6mW up to 26.5 GHz 
w ith all solid-state construction. 
To achieve th is power level w ith 
a d irec t synthesizer approach, one

( continued on p. 71)
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or more traveling-w ave tube am­
plifiers would norm ally be re­
quired with th e ir  a ttendan t short- 
e r life and increases size, weight 
and power requirem ents.

Applications are increasing
Ind irect microwave synthesizer 

applications include autom atic test 
system  stim uli generators, receiv­
er local oscillators, tran sm itte r 
exciters and laboratory  sources 
used fo r calibration and other 
scientific purposes. The fa ste st 
grow ing application is the use in 
autom ated te s t Systems, although 
lab applications have also in­
creased rapidly. In an autom atic 
te s t system, the synthesizer pro­
vides the RF stim ulus and some- 
tim es a reference aga inst which 
th e  m anipulated stim ulus can be 
down converted. This synthesized 
stim ulus signal may be rapidly 
and very accurately  programmed. 
This rapid program m ability  is 
very im portant fo r com puter con­
trol, where the system  under tes t 
is complex and expensive and 
should be tied  down fo r testing  
fo r as short a tim e as possible.

Speed of testing  is also im­
p o rtan t in the labor-saving areas 
of production tes tin g  of high vol­
ume, but less complex, products 
w hich are  frequency sensitive. 
The accuracy and repeatab ility  of 
synthesized m easurem ents g i v e  
g rea ter depth to the tes t program  
and enable the u ser to te s t fo r 
“fine  g ra in ” charac te ristic s  which 
are  im portan t fo r the complete 
characterization of the un it or Sys­
tem  under test. The Stimulation of 
complex signals such as th rea t 
signals to te s t ECM equipm ent is 
also practical w ith  the use of 
synthesizers.

In reconnaissance receiving Sys­
tems, the accuracy, spectral purity  
and program m ability  of the syn­
thesizer used as the local oscil­
la to r greatly  increase the quality 
of inform ation derived from  ac­
quired and analyzed signals. Co- 
herence of synthesizer signals is 
a m ust in special purpose coherent 
receivers or in direetion-finding 
Systems. • •

—  Test your retention  —
1. What lim its the switching time 
of an indirect synthesizer?
2. What are the major contribu- 
tors to the phase noise of a direct 
Synthesizer?
3. What is the distinction between 
frequency accuracy and frequency 
repeatability?

ct h e qSm a l l e s t
OCTAVE BANDW IDTH

CIRCULATORS
EVERCßUILT

(ln stock now)
. . . .----- '-------------- t h e

the-art in m m iatunzation  of broadband fernt-f J
Each unit is magnetically shielded and features stable DCTtbrmance 
and exceptional reliabilitv smce t h e  num ber of c o m Ä S  
has been minimized. com ponent pai ts

c o m p e t i t i v e  u n i t s .

2-4 GHz 4-8 GHz
Model No. 1450-1300-1 M odel No. 1450-1600-1
ISOLATION: 18 db
minimum.

IN S E R T IO N  LOSS: 0.5 db 
maximum.

VSWR: 1.30 maximum.

O PER A TIN G  
T E M P E R A T U R E : -  10° to 
+  70° C.

SIZE: 1" x l ” x .625" 
(nominal).

W E IG H T : 2.000 ounces 
(nominal).

CO N N ECTO RS: SMA

18 db  minimum.

.5 db maximum.

1.30 maximum.

- 4 5 °  to  + 9 5 °  C.

■75“ x .75“ x .5” (nom inal). 

LT ounces (nominal).

SMA female.
female.
For further inform ation contact T R A K  M icrowave C orporation. 
4726 Eisenhower Boulevard, Tam pa, Florida 33614. Telephone 
(813) 884-1411. Telex 52-827.
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technical note letters
C h e c k  t h a t  p u ls e

When a transistor-pow er ampli­
fier is required to am plify periodic 
short pulses, peak Outputs are often 
obtained th a t are several times 
g rea ter than  the am plifier’s rated 
cw level. Junction tem peratures 
rise  to dangerous levels when the 
ou tput pulse begins to  droop, and 
the phase sh ift under these stress- 
ed conditions is frequently  ques- 
tioned.

Normally, phase linearity  may be 
m easured using the equipm ent in 
F ig. 1 which presents a conven- 
tional polar display. A swept fre ­
quency is applied, and the “trom ­
bone” on phase sh ifte r is adjusted 
fo r a minimum arc on the oscillo- 
scope screen to establish equal 
length lines. Thus calibrated, the 
phase sh ift may be recorded a t 
fixed frequencies.

Since the phase sh ift during a 
pulse seldom exceeds 3 degrees, 
th is  procedure is unsatisfactory  
under pulsed conditions because 
the small segment of the arc tha t 
will appear is no more than  a 
b rig h t dot.

This same basic Setup, however, 
can be slightly modified to measure 
the phase sh ift resulting from a

pulse. The scope is connected as 
before w ith  the horizontal sweep 
displaying the pulse duration and 
the vertical deflection used to 
m easure 0. Since sin 0 and 0 are 
essentially equal for the small 
phase sh ifts involved, i t ’s possible 
to ju s t display the sin term  by 
getting  rid  of the cos term (hori­
zontal input) via a selector switch 
on the scope. The cosine input 
pulse is then applied to the in­
ternal sync of the scope to s ta rt 
the horizontal sweep. Also, the 
trombone can be adjusted to place 
a horizontal reference in the cen­
te r of the scope because equal line 
lengths are not required a t a fixed 
frequency.

The scope is calibrated by chang- 
ing the length of the trombone and 
recording the deflections to obtain 
the upper and lower tracés, Fig. 2.

For example, a 1.7 ms pulse at 
300 MHz w ith ± 1 cm calibration 
tracés results in a phase sh ift A<f) 
=  0.85 div x  7.2°/6.5 div. =z 0.94 
degrees. Bert K. Erickson, Heavy 
Military Electronics Systems, Gen­
eral Electric Company, Syracuse, 
NY 13201.

1. The test setup for 
measuring swept fre­
quency and pu lse 
phase shift is essen­
tially the same except 
under pulse conditions 
the internal sync of 
the scope is used for 
the horizontal input.

REFERENCE

V
6 .5  cm

REFERENCE

i_
85cm

T"

PHASE
-"-MEASURED

2. Two references are
established (upper and 
lower tracés) by meas­
uring displacement of 
phase shifter (trom­
bone) and converting 
to electrical degrees 
(7.2°). The middle 
trace gives the phase 
shift (0.85 divisions) 
which is converted to 
electrical degrees by 
A(b =  0.85 div x  
7 .2 °/6 .5  div. = 0.94°. 
Horizontal scale =
0 . 2  msec/div.

C alcu la to r handles  
Z  conversion
Editor, MICROWAVES:
The series/paralle! conversion algorithm given 
in “ Series/parallel conversion in reverse polish 
notation,”  MicroWaves July, 1975, p. 62 is 
very convenient for HP-35 calculator users. 
Those using HP-45’s or the new and similar 
Corvus 500 will find the following procedure 
much easier to remember. It uses the familiär 
reciprocal sum and the 45’s polar/rectangular 
keys. Finally, it leaves all results of interest in 
the stack for convenient reference. ( ) in- 
dicates data entry, ( =  ) indicates readout of 
the x register display.

(Xp) 1 /x  (Rp) 1 / x ->P  (=  Y) 
RCL 2 + f —»R ( = R S) R i  

1 /x  ( =  Z) 2 + RCL 7
(=xs) R i  ( = Z )  R i  ( = 0 )

(X.) ENT i  (Rs) ->P  ( = Z )  1 /x 
f —>R 1/x ( =  Rp) R i  1/x 

( =  Y) 2 +  RCL 7 RCL 2 + 
( = X P) R i  (=  Y) R i  ( = 0 )

B. Wheeler, P O Box 131, 
Camden, NJ 08101

—WANTED -
★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★

APPLICATION
• NOTES *

W a n t those new m icrowave 
a p p lic a tio n  notes jus t fin is h - 
ed by you r Company read by 
the  sharpest people in the 
fie ld ?  Look ing  fo r  good re­
sponse from  an in terested 
readership? I f  so, th is  is the 
place!
If  your a p p lica fio n  notes are:
•  S u ffic ie n tly  general to  en- 
able o thers to  use them  in 
th e ir  a pp lica tion s
•  S u f f i c i e n t l y  de ta iled  to  
g ive  spec ific  m ethods and 
procedures fo r  o b ta in in g  the 
desired results
•  A va ila b le  in  s u f f i c i ë n t  
q u a n titie s  fo r d is tr ib u tio n  
Then d o n 't de lay— send them  
to: Stacy V . Bearse, Associate 
Editor, M ic roW aves , 50 Es­
sex S treet, Rochelle Park, NJ 
07662
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is based on a recent tour of major European Companies and on announce- 
ments made at the European Microwave Conference.
November technical articles will include:
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European Space Research Organization in Noordwijk, The Netherlands, 
presents a series of curves for converting measured phase and amplitude 
data to complex impedance values. Keen’s technique is especially useful 
for spectrum anaiyzers not equipped with a polar display unit.
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This 85-ft dish at Goldstone transmits 320 kW at 2.388 GHz to the rectenna array mounted on the tower in the dis- 
tance, over a mile away. Intercepted rf to dc efficiency is over 80% .

Richard T. Davis
Managing Editor

The concept of beaming high- 
power microwave energy from or- 
biting solar power satellite stations 
to earth  was nudged a small step 
closer to reality by the transm is- 
sion and collection of over 30 kW 
of dc over a mile of California 
desert. The tests, conducted by Je t 
Propulsion Laboratory, Pasadena, 
CA, a t their Goldstone Deep Space 
Communications Complex, repre- 
sents the first large scale transpor- 
tation of electric power from one 
point to another via a free space 
radiated microwave beam. The 
overall r f  to dc efficiency, meas- 
ured a t 2.388 GHz, was over 80% 
using a 25 x  12 array  of dipole 
receiving elements and Schottky 
diodes for rectification.

While JP L  officials are quick to 
point out this is ju s t a high power 
t r a n s m i s s i ë n  technology study, 
there is little doubt of their ulti- 
m ate objeetives— to gain fu rther 
insights into the feasibility of 
transm ission of electrical energy 
from space. This te s t is only one 
facet of numerous technological 
Problems th a t need to be looked at, 
not to mention the biological, legal, 
political and social implications 
th a t would evolve if  th is energy 
plan is ever implemented.

The concept of gathering solar 
energy and sending it to earth 
was first proposed about seven 
years ago by P eter Glaser of 
A rthu r D. Little, Boston, MA. 
However, because of the enormous 
scope of the plan and expense for 
a single operational satellite power 
station, (the R&D estim ate is 
about $57-billion) many questions 
remain over its feasibility.

4590 rectifying diodes in array
According to Richard Dickinson, 

one of the principal investigators 
a t JPL, there are five m ajor tech­
nological objectives of an electrical 
nature alone th a t need to be
solved.

•  Converting solar energy to dc 
via solar arrays.

• Converting the de to r f  by an 
array of microwave power 
tubes.

•  Forming and pointing a beam
from the solar power station
to earth  w ith properly con-
trolled sidelobes and phase 
error.

• Collection and rectification on 
earth from r f  to dc via a 
“rectenna” or rectifying an­
tenna.

• Power conditioning to feed to 
the U. S. power grid.

The present JP L  tests for 
NASA’s Offices of Applications 
and Energy Program s, Wash., D.C. 
started in June as p a r t of a five 
year cooperative study w ith Louis’ 
Research Center, Cleveland, OH. 
The program  address only the col­
lection and rectification aspect of 
this tremendously complicated pro­
gram. Later in the program, JP L  
is also going to build a modular 
transm itting  array  using beam 
steerable slotted waveguide arrays 
for maximum efficiency.

“The Goldstone facility was 
selected because of the availability 
of microwave power,” says Dickin­
son. “We’re using a 450 kW kly- 
stron amplifier and an 85 f t  dish 
normally used for deep space Com­
munications as a power source.” 
Actually, only 323 kW is trans- 
mitted and, of that, only about 
11.4% of the tubular beam is in ter­

cepted by our rectenna, which lies 
about one mile from the transm it- 
te r  site.

“In our in itial test, we were able 
( continued on p. 10)

subarrays in a 3 x 6  matrix. Each 
subarray contains 270 dipole anten­
nas and diode rectifiers. The Stand­
ard gain horn at lower right of array 
is used for power calibration. The 
rectenna is inciined at 7 degrees so 
the microwave beam doesn’t reflect 
off the ground.
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news (continued fro m  p. 9) 
to recover 30.4 kW of dc power 
from  the 36.8 kW of microwave 
power intercepted by the 12 f t  x  
25 f t  array . T h at’s an efficiency of 
82.5% but our m easurem ent e rro r 
is about ±2.5%  r f  to dc.”

The rectenna, developed by Ray­
theon in W altham, MA, consists of 
17 a rray  clements, each m easuring 
about 4 x  4 ft, stacked in a  3 X 
6 m atrix , (F ig . 1). Each a rray  ele­
m ent consists of 270 vertically- 
p o l a r i z e d  d i po l e  elements and 
Schottky b arrie r diodes (F ig . 2). 
Forty-five diodes are hooked up in 
parallel and then grouped in six 
series strings to develop 170 Vdc.

“Each element delivers about 6 
to 8 W depending on the quality 
of the diode and its location in the 
a rra y ,” says Dickinson. “Those in 
the center get more power radiated 
on them  than those a t the edges 
because the Variation in flux densi- 
ty  across the face of the a rray .”

The dc power first goes to  a 
crow bar to profeet the a rray  ele­
m ents in case of a load failure. Ap- 
proxim ately two-thirds of the dc 
power is then dissipated by power 
resistors in a load box while the re- 
m aining dc power goes to a load 
of 36 GE spotlights.

“ In case there is a diode failure, 
there  are enough diodes rem aining 
in parallel to provide sufficiënt 
sho rt circuit cu rren t to fuse the 
faulted diode open— a sort of self- 
clearing function,” explains Dick­
inson. “So far, we’ve had only 
th ree failures and in each case, 
we’ve been able to tracé the source 
of the problem quickly.”

2. 270 of these half-wave dipoles are
arranged in a triangulär lattice and 
mounted on the 4 x 4 ft  sub-arrays 
shown in Fig. 1. Each element de­
livers about 6  to 8  W. The rf to dc 
Converters behind each dipole con­
sists of a series low-pass rf filte r 
and a GaAs Schottky barrier diode 
rectifier.

3. Instrumentation for measuring the 
power transmitted and received in- 
cludes this Interdata computer. The
display presents input rf power, out­
put dc power, efficiency, voltage and 
temperature at the rectenna ele­
ments. Dc readings are separately 
calibrated to 0 .5% .

Instrumentation has fault finding

Much of the effort in this test 
program  has gone into developing 
suitable instrum entation so test 
data can be evaluated rapidly and 
w ith a high degree of accuracy. 
The heart of the measurement Set­
up is an In terdata  computer, Fig. 
3, w ith a 16 W word memory 
which massages and corrects the 
raw data before it is fed to a 
video display. A video tape cassette 
also continuously records the data 
while the System is operating.

“The computer is setup to store 
the last ten seconds ju s t before a 
failure,” says Dickinson, “sort of 
a ‘Pearl H arbor file.’ ”

“We only started  to gather data 
in June, and there are lots of tasks 
and modifications we’d like to do to 
improve the system. Our m ajor 
lim itation is obtaining access to 
the tran sm itte r site,” says Dickin­
son. “One of the first things we 
w ant to look a t is varying the dc 
load and see if the efficiency im- 
proves. We also want to reposition 
the a rray  elements and pu t our 
‘best-perform er,’ now a t the bot- 
tom of the 3 x 6  array, righ t in 
the middle where the power densi- 
ty  peaks.”

Each rectenna element presently 
sees 130 ohms, but the JP L  re- 
searchers would like to vary this 
±20%  to see if the r f  impedance 
can be optimized. Polarization could 
also be varied—it’s presently verti- 
cal linear to prevent birds from 
perching on the elements,

“While 3 GHz would probably 
be a better frequency to operate 
at, we are probably going to end 
up a t the ISM (industrial scientific- 
medical) band at 2.45 GHz,” ex­
plains Dickinson. “During the year,

we also hope to refocus the tran s­
m itter beam so it focuses on the 
rectenna site.”

Do we want solar power?
W hether these initial tests ulti- 

mately lead to an operational satel­
lite power station remains to be 
seen. There are a tremendous num- 
ber of potential Problems w ith the 
proposed system th a t need to be 
worked out before an all-out ef­
fo rt on this program  is justified. 
“I think most of the microwave 
system is feasible but the biologi- 
cal impact needs to be really looked 
a t fu rth e r,” contends Dickinson.

The energy payback is also a 
question. “How much energy on 
earth  is going to be used up to 
get the system in orb it and work­
ing? When would th a t energy be 
paid back? I ’m in favor of keeping 
the concept open as an Option and 
doing fu rth e r investigation,” con- 
tinues Dickinson. But there is no 
disputing the side issues are legion. 
“One m ajor problem and the m ajor 
expense involved w ith the project, 
is getting  the 40 million pounds re- 
quired to build one system into 
geosynchronous orbit. To make a 
dent in satisfy ing the U. S. energy 
needs by the year 2000, you would 
need about 125 of these orbiting 
Systems to meet ju s t 15 to 20% of 
the projected U. S. power require- 
m ents,” notes Dickinson. “T hat’s 
equivalent to launching a large 
rocket everyday for several years 
in order to get all the parts into 
orb it fo r assembly by ‘hard-hat’- 
astronauts.” The pollutants from 
launching all those rockets would 
be enormous. “We would probably 
have to consider hydrogen fueled 
rockets, or some other alterna­
tives.”

“But th a t’s ju s t the beginning 
of the Problems th a t need to be 
solved,” cautions Dickinson. “We 
m ust also address how much of our 
vital natural resources would be 
used up to develop the plan.” One 
study shows tha t no more than 2% 
of the annual production is certain 
critical items would be consumed.

I t ’s the biological impacts that 
really need to be investigated fu r­
ther. The proposed power densities 
on the earth  may vary from 20 
mW /cm2 to 70 mW /cm’ depending 
on availability of real estate and 
cost. The rectenna-array area could 
be fenced off to keep people out, but 
there is the possibility of a heli- 
copter flying through the beam as 
well as birds.

“Who knows w hat detrimental 
effects could occur w ith th a t beam 
focused on the ea rth ?” We need to 
go through several life cycles of 

(continued on p. 12)
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The CATT treads softly into bipolar te rrito ry
Stacy V. Bearse
Associate Editor

A new type of solid-state m i­
crowave device, constructed  w ith 
a blend of Im patt and tran s is to r 
technologies, prom ises to  offer 
h igher power levels a t h igher fre ­
quen ties th an  previous th ree-ter- 
m inal devices. Termed a Control- 
led Avalanche T ransit-tim e Triode 
(CATT), the new device develops 
additional gain over norm al t ra n ­
sisto rs  th rough the  use of ava­
lanche curren t multiplication and 
tra n s it  tim e effects in the base- 
collector depletion region.

Sim ilar in structu re  to an n-p-n 
bipolar transistor, the CATT in- 
corporates carefully designed ava­
lanche and d rif t  zones between 
base and collector regions (F ig. 1). 1

AVALANCHE ZONE DR|FT 
EMITTER BASE J ZONE COLLECTOR

EMITTER BASE COLLECTOR

1. A CATT (b) includes avalanche 
and drift zones between ernitter and 
collector. Bias arrangement is sim i­
lar to the conventional n-p-n bipolar 
(c). Dopant profile for a typical CATT 
device is shown in (a).

14

“In  a CATT, the charge giving rise 
to the collector current is prim ari- 
ly generated in the collector deple­
tion region itself by avalanche 
multiplication of a relatively small­
e r injeeted signal,” notes John 
Eshbach of the General Electric 
Research and Development Center 
in Schenectady, NY. The result of 
th is multiplication, according to 
Eshbach, is that the collector cur­
ren t is substantially greater than 
the ernitter current, and the E-B 
junction does not have to be turned 
on as hard  to produce a given level 
of collector current. Most impor­
tan t, Eshbach stresses, the CATT 
therefore operates w ith current 
gain g reater than unity, even in a 
common-base design, leading to in- 
creased power gain over a transis­
to r w ith the same emitter-base 
geometry.

To illustra te  this, GE has run 
several performance tria ls com- 
paring  CATT devices w ith bipolar 
transisto rs of identical structure, 
but having no avalanche zones. 
Pulsed, L-band results, shown in 
Fig. 2, reveal th a t the current 
multiplication phenomena of the 
CATT results in about 6 dB of

2. CATT current multiplication yields 
an additional 6  dB of gain compared 
to a traditional bipolar transistor at 
L-band.

additional gain. These measure- 
ments were taken a t a bias of 140 
volts, compared to a collector break­
down voltage of 240 volts.

A second, S-band device report- 
edly offers a gain improvement of 
6 to 9 dB over a sim ilar bipolar 
tran sis to r a t 2 GHz. Rf data for 
th is CATT, shown in Fig. 3, dem- 
onstrates a maximum efficiency of 
27% a t a 13.7 w a tt output, and a 
maximum output of 17.7 w atts 
w ith 11 dB gain and 24% efficien­
cy. R f data  represents peak power 
output under pulsed Operation, and 
was taken w ith a 70 volt bias.

“These results approach the 
state-of-the-art fo r bipolar transis­
tors a t S-band,” claims Eshbach. 
“Note th a t the gain of the CATT 
rem ains high, even a t low input 
power, in contrast to d ass C oper- 
ated Standard transisto rs.”

Although the efficiency is some- 
w hat less than  w hat one would ex- 
pect for a bipolar transisto r a t the 
same frequency, Eshbach points 
out th a t these CATTs are still in an 
early developmental stage. “Based 
on simple theory, it appears th a t 
the collector efficiency of CATT 
devices can eventually reach 35 to 
50% ,” the GE researcher predicts.

Interdigitated structure used
Both L- and S-band CATTs are

35 to 50 percent. Note gain improve­
ment over conventional transistor.

( continued on p. 18) 
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Quarter-watt FET amp tops 68% efficiency at 4 GHz
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Results unveiled a t the recent 
Cornell Conference on Active Semi- 
conductor Devices for Microwaves 
and In tegrated  Opties reveal the 
GaAs Schottky b arrie r FE T  to be 
an extremely efficiënt medium­
power d a s s  A or B am plifier. Dr. 
I ra  Drukier, a member of the tech­
nical staff a t RCA Laboratories in 
Princeton, NJ, reports th a t power 
added efficiencies as high as 68.4% 
a t 261 mW have been measured for 
a d ass  B M ESFET amp operating 
a t 4 GHz (F ig . 1). “This is the 
h ighest measured efficiency ever 
reported for a microwave solid- 
s ta te  device,” Dr. D rukier told the 
conferees.

“The small signal gain was 11 
dB, and the efficiency was measured 
at 1.4 dB gain compression,” he 1

1. Peak efficiency of 6 8 .4 %  corre- 
sponds to a 261 mW output.

explains. “The corresponding drain 
efficiency was 77%, which is near 
the theoretical maximum for sin- 
usoidal, Class B Operation.”

Second and third harmonie con­
ten t of the amplifier was found 
to be 25 dB below the fundamental. 
Two-tone masurements indicate a 
third-order intermodulation ratio of 
— 30 dB and —25 dB a t efficiency 

levels of 30% and 40%, respec- 
tively.

The same device reportedly gen­
era ted 283 mW at 8 GHz with 41% 
power added efficiency and 6.7 dB 
gain in Class B Operation.

“These results show tha t even 
under Class B conditions, GaAs 
M ESFETs have potential applica- 
tions in high-efficiency, linear am­
plifiers,” Dr. Drukier comments.

Other medium power devices de- 
veloped at RCA have demonstrated 
useful gain and good efficiency at 
frequencies as high as 12 GHz. 
“The best results obtained to date 
in J-band are 520 mW at 11 GHz 
w ith a linear gain of 7.6 dB and
13.3 power added efficiency from 
a two-cell device, and 200 mW at 
12 GHz with linear gain of 7.3 dB 
and 13.1% power added efficiency,” 
Dr. D rukier reports.

All devices were fabricated using 
Standard photolithographic tech­
niques, allowing gate lengths as 
narrow as 1.2 microns. Each FET 
cell (F ig . 2) consists of four 
parallel gate stripes, each measur­
ing 150 microns, as well as three 
source and two drain contacts. De­
vices are flip-chip mounted on a 
plated copper carrier to decrease

2. SEM photo of a flipped MESFET 
chip ilIustrates narrow gate length.

therm al resistance and common 
lead source inductance. All bonds 
are made with gold ribbon, instead 
of wire, to fu rther minimize para- 
sitic reactances.

Sample devices available

Sim ilar state-of-the-art power 
M ESFETs are available from RCA 
on a small quantity, sampling basis. 
The devices are offered in unpack- 
aged form, but fully characterized 
and mounted on carriers. Although 
efficiency depends largely on the 
circuit in which the FET is used, 
Mark Nowogrodzki, manager of 
division liason at RCA Laborato­
ries says th a t the sample devices 
are capable of several hundred 
m illiwatts between 4 and 8 GHz, 
and offer maximum available gains 
of up to 6 dB a t 8 GHz.

“We feel ra th e r strongly that the 
GaAs FE T  am plifier will be the 
workhorse of the fu tu re ,” notes 
Nowogrodzki, “and we want more 
people to become fam iliar with the 
device. • •  SVB

The CATT treads softly into bipolar territory
( continued from  p. 1U)

experim ental structures based on a 
fa irly  conventional metalized inter- 
d ig itated  em itter-base design. The 
L-band device has 16 ernitter 
fingers, each m easuring 5 x 1  mils, 
spaced on 1 mil centers. Depletion 
d r if t  width is 18 microns. Although 
the S-band CATT has approximate- 
ly the same active area dimensions, 
it consists of 50, 4.5-mil ernitter 
fingers spaced on one-third mil 
centers. D rift width is 5.3 microns.

Eshbach, who presented the S-

band CATT results a t the 1975 
Cornell Conference on Active Semi- 
conductor Devices for Microwaves 
and Integrated Opties (August 
19-21), a ttributes the device’s 
high-power capability to minimiza- 
tion of the base widening, or Kirk 
effect, which limits conventional 
transisto r peak power. According 
to the researcher: “Minority car­
rie r charge density in the base is 
significantly reduced. in a CATT 
for a given collector current. F u r­
ther, the current at the edge of the 
base is prim arily carried by holes

re tu rn ing  from the avalanche zone 
ra th e r than by injected electrons. 
These facts lead to a reduced level 
of m inority carrier charge storage, 
and therefore, reduced base widen­
ing effects.”

The CATT was initially develop- 
ed by Dr. Se Puan Yu, William R. 
Cady and Dr. W irojana Tantra- 
porn of General Electric, and an- 
nounced in the IE E E  Transactions 
on Electron Devices of November, 
1974, in a paper entitled: “A New 
Three-Terminal Microwave Power 
Amplifier.” • •
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MIC circuit broadens circulator’s bandwidth

A new approach to wideband, temperature-compensated eirculator design ha» 
been developed at Nippon’s Central Laboratories in Kawasaki, Japan. By bridg- 
ing a circulator’s outer conductor and ground with three series-resonant circuits, 
the Japanese researchers have demonstrated double-tuned and triple-tuned circuits 
that offer 20 dB isolation bandwidths of 600 MHz and 950 MHz, respectively. 
According to Hidehiko Katoh of Nippon, performance is maintained over a 
— 10°C to +60°C range.

The resonant network is realized in MIC form on the back side of a 14 mm x 
14 mm garnet junction Substrate (see figure). Interdigital capacitors and strip 
inductors are made of evaporated Cr-Au and plated Au films using air-insulated 
beam-lead crossovers. Typical values for Ls and Cs are 2.5 nH and 3.5 pF, re­
spectively, at 1.7 GHz. The compact MIC circuit can be enclosed in an 18 mm 
x 19 mm package, exclusive of connectors.

Katoh reports that at room tempcrature, the best device realized in this fash- 
ion exhibits more than 20 dB isolation with an insertion loss of less than 0.85 dB 
(0.55 dB min) over a 700 MHz bandwidth centered at 1.67 GHz. Fractional band­
width is about 41%.

Temperature stabilization is achieved by assigning the bias magnetic field a 
positive temperature coëfficiënt to offset the thermal Variation of the ferrite 
substrate’s Saturation magnetization. According to the researcher’s paper pub- 
lished in the August IEEE Transactions on Microwave Theory and Technique, 
a magnetic field with a 0.8%/°C coëfficiënt will result in a center frequency 
shift of about 0.04% /°C. The best temperature-compensated unit reported by 
Katoh offers 20 dB isolation over a 600 MHz bandwidth centered at 1.7 GHz. 
Insertion loss is less than 0.95 dB with a ripple of less than 0.15 dB. Input/ 
output VSWRs are less than 1.22.

Open-ring waveguide holds down losses
The cost of low-loss corrugated waveguide has been reduced at the University 

of Limoges in France by removal of the outer shielding. The resulting open­
ring line propagates the EH„ hybrid dipolar mode at a loss of less than 5 dB 
per kilometer below 1.8 GHz. The spacing of the rings determines the polariza- 
tion of the hybrid mode.

The line was constructed from aluminum alloy (AGS T4), but researchers re­
port that the attenuation could be reduced if the line were fabricated from cop- 
per. Although the mechanical strength depends on the thiekness and width of the 
rings and the rod, the line’s losses are essentially unaffected by these dimen- 
sions. In use, the line is supported above the ground on plastic pipes, which are 
set in the plane of the rod so the electromagnetic field of the dipolar mode is 
only slightly perturbed.

Gunn-effect logic promises high speeds
Researchers at Fujitsu Laboratories in Kawasaki, Japan have monolithically 

combined logic elements based on the Gunn effect into a full-adder circuit, which 
reportedly operates at a speed that is one to two orders of magnitude higher 
than that of the fastest digital circuits available today. The füll adder consists of 
AND gates, exclusive OR gates and a carry generator.

According to Shinya Hasuo of Fujitsu, the most important feature of the füll 
adder circuit is a new type of comb-shaped Gunn device which acts as a carry 
generator. In this device, carry propagation is achieved by taking advantage of 
the transverse extension of a high-field domain whose velocity is much higher 
than the normal domain propagation velocity. Hasuo reports carry propagation 
delays as short as 50 picoseconds for a four-bit generator.

Other logic elements in the adder, including AND and exclusive OR gates, 
were also fabricated with Gunn devices realized on a GaAs epi. AND gates are 
composed of a dual Schottky-barrier gate FET driving a Gunn device. An ex- 
clusive-OR function is performed by two parallel FET-driven Gunn devices con­
nected to a common resistive load.
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Cover X-Band 
W ith An FET Amplifier

GaAs FETs, now available with one-micron gate lengths, are rivaling 
TWTs as wideband, low-noise amplifiers. Here’s an X-Band design 
approach that eliminates the requirement for a negative bias supply.

ONE of the 
most exciting 
solid-state devices currently  avail­

able for microwave applications is 
the Gallium Arsenide field-effect 
transisto r, or GaAs FE T . I t  pro- 
vides a low-noise figure in con- 
junction w ith relatively high out­
p u t power, which translates into 
the wide dynamic range capability 
required  fo r am plifier applications. 
As the only three-term inal device 
curren tly  capable of low-noise am- 
plification a t frequencies through 
15 GHz, the GaAs FE T  offers sev­
eral inherent advantages over com- 
petitive two-term inal devices, in- 
cluding a high degree of isolation 
between input and output, which 
signifieantly  reduces alignm ent 
tim e, a m ajor contribu tor to am­
p lifie r cost.

Thus, the g reatest advantage of 
GaAs FE T  am plifiers is likely to 
be in the area of cost. Today, GaAs 
F E T  am plifiers can be b u ilt a t a 
cost th a t  is competitive w ith am­
plifiers using more established 
technologies, in  spite of the fact 
th a t  GaAs FE T  technology is rela­
tively new.

Currently, a t  least five manu- 
fac tu rers  offer low-noise GaAs 
FE T s, and some five am plifier 
m anufacturers claim catalog GaAs 
am plifiers. Most of the commer- 
cially-available am plifiers provide 
broad bandwidths to 10 GHz, or 
narrow  bandw idths to 12.4 GHz. 
This article will discuss the design 
approach to an am plifier which 
covers the en tire  X-band (8.0 to
12.4 GHz). Using available devices, 
i t ’s possible to build an amp th a t 
covers th is band w ith  6.5 dB maxi-

M artin  G. W alker, and Fred T. Mauch,
Members of the Technical Staff; 
Thomas C. W illiam s, Engineer; Wat­
kins-Johnson Company, 3333 H ill­
view Avenue, Palo Alto, CA 94304.

mum noise figure and +10 dBm 
power output at 1 dB compression.

Model the device

There are many references1’2 on 
the design of broadband amplifiers 
which can provide a basis for a 
viable X-band circuit. Since all 
these methods begin with the 
premise th a t an accurate device 
model is known, the f irs t step is 
to characterize the active device 
accurately fo r noise and gain pa­
ram eters, and thus, develop an ap- 
p ropria te  device model. Care must 
be taken to  perform  these measure- 
m ents in the  actual environment 
th a t the device will eventually be 
operating in. Any bonding wires, 
ground plane discontinuities and 
bias components m ust be included. 
Obviously, the s-param eters of a 
packaged device in an air-line test 
fix tu re  will be of little value to 
the designer of a microstrip am­
plifier using unpackaged devices.

A t W atkins-Johnson Company, 
the authors use a test fixture th a t 
consists of a housing with SMA to 
m icrostrip launchers and a test 
ca rrie r on which the device is 
mounted. The cavity is designed to 
be of the same width as the pro- 
posed amplifier, which is always 
less than  a quarter-wave wide at 
the h ighest operating frequency to 
prevent spurious, non-TEM modes 
from  propagating laterally and 
causing unwanted feedback and in- 
stabilities. SMA to microstrip 
launchers must be selected with 
care so th a t a reproducible, low 
VSWR transistion is provided. All 
connectors should be tested back- 
to-back launching onto m icrostrip 
to insure th a t all transitions are 
adequate. In  general, a reflection 
coëfficiënt of 0.05 or less is re­
quired to keep connector errors 
w ith  tes t equipment error.

I t  is strongly recommended tha t

A  n o t e  o n  n o i s e
A two-port device can always be 

characterized by a generalized Scat­
tering matrix as defined by Kura- 
kuwa. If the device is unilateral (S12 
== 0 and Sn <  1) the maximum
available gain can be realized by 
providing the positive real part gen­
erator source and load, given by S*> 
and S*i2 .

If S12 =+ 0, then the positive real 
source and load for maximum gain 
are not so easily determined. Bod- 
w ayt defines V„i and V m2 as the 
source and load that will conjugately 
match the device, thus, achieving the 
maximum available device gain. V,„ 
and are only less than unity if a 
parameter, which he defines as k. is 
greater than unity.

The source for optimum noise fig­
ure, Ton is defined from

c  c  1 . ir.-ToP
F _ F „ in +  4r„ {1_[j+|*)(1_ | ro |*)

where Fmin =  minimum device noise 
figure

Ts =  generator impedance
Fo =  source impedance for

minimum noise figure 
r„ =  noise resistance

£G. W. Bodway, “ Two-Port Power Flow 
Analysis Using Generalized Scattering Pa­
ram eters” , M icrowave Journal, (May, 1967).

the designer not rely on connector 
manu fac tu re r’s guarantees or spec- 
ifications, but carefully measure 
the transition  reflection magni­
tudes which are unique to the 
particu lar mechanical fixture de­
sign. Phelps-Dodge PDM 971 con­
nectors were employed for the sub­
jec t m easurem ents.

Using the test fix ture described 
above, a number of devices from 
differen t m a n u f a c t u r e r s  were 
characterized for gain and noise 
param eters in the 8.0 to 12.4 GHz 
band. The devices were measured 
on an HP 8545A autom atic net- 
work analyzer, then de-embedded 
to remove test fix ture errors and 
provide param eters referenced to 
the input and output planes of the 
device. Of course, when de-embed- 

(continued on pg. 38) 
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* NEC GaAs FET option now available

Quick Change Artis t
7 0 2 5  Transistor Test Fixture*

A  fixture you can configure for most existing 
stripline transistor packages in only five 
minutes with only a screwdriver.

WESTERN AUTOMATIC TEST SERVICES 
470 Persian Drive Sunnyvale, CA. 94086 □ (408) 734-0941

□  Slab-line construction means 
low loss.

□  Shipped complete with parts for 
5 packages and computer-tested 
reference plane locations.

□  S-Parameter and Noise Figure measure­
ment to 10 GHz.

W Ä T s
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X-BAND FET AMPLIFIER
(continued fro m  p. 36)

ding the device, care m ust be taken 
to include only the param eters 
which are pecu lia r to  the te s t fix­
ture, and not effects of the device- 
m ounting techniques.

Devices should not only be eval- 
uated on such performance data as 
Gmax and F min, but also on the re- 
producibility of Rml and Rm2 and 
Ton (see box). In device-to-device 
Variation, these param eters lim it 
electrical performance of a par­
ticular design more than small 
differences in absolute device per­
formance cbaracteristics. In ad- 
dition, the  decrement, S1, a t the 
band center, is a good indicator of 
the d ifficulty  of designing a broad- 
band am plifier gain stage. A t the 
tim e the work on th is design was 
initiated, there was only one de­
vice available in production quan- 
tities w ith  available gain and 
noise figure required fo r X-band 
designs, the one-micron gate NEC 
V244. Today, however, the designer 
is free to choose from several 
available devices.

Upon completion of the device 
selection and c t i a r a c t e r i z a t i o n  
phase, several circuits were ex- 
plored to provide either maximum 
gain or minimum noise figure, 
using techniques described by 
M atthaei1 for m atching circuit syn- 
thesis. (There are now many more 
recent references available for the 
design of broadband circuits2’3). 
The design procedure begins by 
using these methods to derive opti­
mum values for the various circuit 
elements. Computer optimization is

1. This single-ended gain stage illus- 
trates the use of dual Substrates. 
Alumina, to the left of the device, 
accommodates low-impedance lines 
while fused silica, on the right, is 
fine for high-impedance networks. 
The GaAs FET is die-attached to the 
carrier between the Substrates.

( continued on pg. U0) 
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X-BAND FET AMPLIFIER
MHHHOMHMHMHHHHagnaiHfiHMMH

I kw pulsed 
TWT amplifier 
SOO MHz to
20 GHz

fro m  Space
Microwave Laboratories

The Series 6001 Pulsed TWT 
Amplifier System is a flexible 
tooi with built-in system growth 
potential. Numerous options 
and features make possible 
many applications: as a devel­
opment tooi, a production tooi, 
or as the heart of a high-power 
microwave radiation source.

The system consists of modu­
lator and plug-in RF heads. 
Modulator options include in­
ternal pulse, video delay, pulse 
burst, and pulse coding gener­
ators; and a self-contained true 
peak power meter. Over 100 
different RF head choices cover 
the entire frequency range for 
classic instrument bands and 
EW or straddle bands. The 
TWT is mounted in the plug-in 
RF head. The RF head may 
also contain RF circuitry such 
as load isolators, filtering, ALC 
sampling components and 
amplifiers, video sampling, and 
RF duplexing.

Unique construction features 
include RF and video connec- 
tors that can be located on 
either the front or rear of the 
cabinet; and plug-in RF heads 
mounted in an easy access 
drawer that pulls out from the 
front.

Call or write for complete 
system specifications.

M ICROW AVE
O R A TO R IES , INC.

779 Montecito Center 
Santa Rosa, CA 95405 
(707) 539-1414

S elf-b ias ing  c ircu it e lim inates  negative supply
Early GaAs FET amplifiers had one cuit commonly used for junction field- 

inconvenient drawback when com- effect transistors (JFETs) at low fre-
pared to other transistor ampli­
fiers. Due to the nature of its 
N-channel structure, the FET re­
quired both positive and 
negative power supplies. In
order to properly bias the 
FET, the dc gate bias, VGS,
must be less than zero.
Thus, if the source is at dc 
as weil as rf ground, a j
negative power supply is
required.
It has since been learned, I____
however, that a simple self-biasing c ir-.

R *
I50 fl

quencies can be realized for X-band
+VDD applications (see figure). Note that 

the parallel R-C circuit connecting 
the source to ground provides dc

D isolation while simultaneously pro- 
viding an effective rf ground. 

Thus, the dc source poten- 
S  (vs * 0) tial can float above the 

+ gate p o te n t ia l ,  (dc
ground) and only a

; C> 50p F posjtjve bias is re­
quired. Element valves are 

_ typical for the NECV 244.

(continued from  pg. 38)

then used to fine tune each ele­
ment to meet the modeled device 
specifications. COMPACT4, avail­
able on several tim esharing serv­
ices including UCS and Tymshare, 
will adequately serve th is purpose.
Try two substrates

A fter computer optimization, the 
next task  is to realize the circuit 
elements of the optimized values 
to form a gain module (Fig. 1). 
The main challenge of this task is 
to find circuit geometries which 
are realizable on microstrip and a t 
the same time, do not deviate from 
the desired values. Sim ultaneous­
ly realizing the high-impedance 
transm ission lines required a t the

output and f irs t element of the in­
put, while reproducibly achieving 
the low-impedance shunt stubs and 
series lines required a t the input 
is a general problem in GaAs FET 
design.

For example, the technique out- 
lined in M atthaei’s text1, requires a 
short circuited quarter-wave shunt 
stub of very low characteristic im­
pedance (typically 10 ohms). This 
is difficult to realize, even on alu- 
mina, and m ust be approximated 
by using two half-wave open cir­
cuit stubs, as shown in Fig. 1.

A quite d ifferen t problem is en- 
countered in try ing  to realize the 
high-impedance lines required to 
match the GaAs F E T ’s output. A f­
te r  considerable experimentation, 
a technique for combining two dif-

2. Large gain variations in the
passband of the single-ended 
stage require extensive align- 
ment time to iron out.

40
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fe ren t Substrates on the same car­
rie r has been developed to ease 
this problem : Alumina is used at 
the input, and fused silica at the 
output. Sinoe fused silica has a di- 
electric constant of 3.8 compared 
to the alumina dielectric constant 
of 9.8, a transm ission line of a 
given width will have a character- 
istic impedance which is approxi- 
mately 1.6 times higher on fused 
silica. The unpackaged device is 
then die attached directly to the 
carrier, between the Substrates, as 
shown in Fig. 1.

A single-ended gain module, 
such as shown in Fig. 1, exhibits 
acceptable perform ance levels (7 
dB gain, 6.5 maximum noise fig ­
ure) bu t was found to require ex­
tensive alignm ent time. Thus, con- 
sideration m ust be given to a 
balanced am plifier approach.
Balanced or single-ended?

A balanced approach5 using 
quadrature hybrids allows the con- 
struction of gain blocks which are 
easily cascadable, and, due to low 
VSWR, require little alignment. 
However, twice as many GaAs 
FET devices m ust be used to 
achieve a given amount of gain. 
This increases both m aterial and 
assembly costs per module. In ad­
dition, since two parallel gain mod­
ules m ust be used, it becomes dif- 
ficult to keep cavity w idth to less 
than  a q uarte r of a wavelength, 
inviting spurious modes to propa- 
gate.

On the other hand, a single- 
ended module costs about half 
as much to fabricate as a balanced 
unit and the reduced width signifi- 
cantly simplifies packaging Prob­
lems. Since half the devices are 
used, the critical p a r t count de- 
creases, reliability improves and 
total power dissipation decreases. 
In addition, slightly h igher gain 
per stage is realized since quad­
ra tu re  hybrid losses are elimi- 
nated.

To investigate the attractive ad- 
vantages of a single-ended ap­
proach, three am plifiers w ith sig- 
nal-ended stages were fabricated 
and aligned. I t  was discovered, 
however, th a t due to m inor varia- 
tions in individual GaAs FET de­
vices, in terstage mismatches caus- 
ing large gain variations were 
still present in the passband after 
normal alignm ent (F ig . 2). This 
confirmcd initial suspicions that 
excessive alignm ent time is neces- 
sary. In addition, alignm ent time 
did not decrease from  unit to u n it; 
i.e., there was no significant learn- 
ing curve.

Therefore, we conclr.de th a t the 
(continued on pg. UU) 

MICROWAVES •  October, 1975

in volume,
If you use miniature coaxial conneetors in quantity, 

you’11 be interested in the latest additions to the Johnson 
JCM family: Crimp-type straight cable plugs, and crimp- 
type straight cable jacks.

You use a Standard crimping tooi, so they’re quicker 
to assemble. And when you’re a volume user, the savings 
in labor can really mount up.

Like all other Johnson JCM’s, these feature gold or 
nickel plating, brass body, Teflon® insulator, and beryllium 
copper center contact. There are five or fewer parts to 
assemble.

They are fully compatible with SMA types, yet cost 
less than SMA equivalents. Designed for frequencies into 
the microwave range.

New Johnson crimp-style conneetors. We’ve put a 
lot of work into them.

To make less work for you.

E. F. Johnson Company
3005 Tenth Avenue S.W., Waseea, MN 56093
□ Please send me technical information on JCM 

miniature coaxial conneetors.
□  Please send me samples. You can call me at

NAME.
TITLE.
FIRM

STATE.

E. F. Johnson Company
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Conneetors 
in Out Flatness

75A50 APC-7

75N50

Down to earth, and satellite 
up-link Signals too, processed by 
SpaceKom STRIP-GUIDE® 
balanced mixer preamps. These 
unique patented X Band units 
approach parametric device 
performance and the mixer can 
be used in both up and down 
conversion. For satellite track- 
ing radar and surveillance front 
ends, look at the numbers for 
the SpaceKom Model F11.7-V 
These same STRIP-GUIDE mixers 
are also available through 
millimeter wave frequences with

O
2

O
KI
>

SpaceKom F11.7-V for X Band:

Overall Noise Figure:
2.8db max DSB;
4.8db max SSB with image filter 

RF Input: 11.5 to 12.2GHz 

IF Output: 30 to 500 MHz 
RF to IF gain: 25db, min.

equany 1 . 1

é

212 East Gutierrez St., Santa Barbara.CA 93101 
Phone (805) 965-1013
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930 E. Meadow Drive • Palo Alto, Ca. 94303 • (415) 494-6666 • TWX 910-373-1156
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RF detectors 
for every 
application

100 kHz to 18.5 GHz 
Field replaceable diodes

You can get the detector 
suited to your needs from 
WlLTRON’s broad line.

And in all of these high- 
performance detectors the 
diodes are fie ld  replaceable.

Note, too, the variety of 
available conneetors: BNC, 
N, APC and SMA (see table).

D iscounts to15%  inquan- 
tity. S tock delivery.

C a l l  W a l t  B a x t e r  a t  
WlLTRON now fo r details.

Model

71B50 100 kHz-; 
3 GHz

73N50 100 kHz 
4 GHz

±0.2 dB

±0.5 dB

74S50 ± 0 .5  dB

Range

74N50

75S50

X-BAND FET AMPLIFIER
(continued. from p. Al)

3. A balanced approach reduces 
alignment time, but presents pack- 
aging problems. For the NEC 244, 
input matching lines have a char- 
acteristic impedance of about 30 
ohms, while the output series lines 
are approximately 150 and 70 ohms. 
Hybrids are formed with 50 ohm 
lines. Biasing elements are not 
shown.

6.5

5.5

-I--- >--- 1--- *--- 1---
8.0 9.0 10.0 11.0 12.0
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(0)
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i *12
o
m
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FREQUENCY-GHz 
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12.0

4. A cascade of five balanced 
modules, built with ten GaAs 
FETs, can provide 28.5 dB gain 
with a noise figure of less than 
6.5 dB from 8.0 to 12.4 GHz.
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most m anufacturable X-band GaAs 
FET amplifiers w ith wide band­
widths are  based on a balanced de­
sign, as shown in Fig. 3. The per­
formance of five cascaded modules 
is shown in Fig. 4.

Performance rivais TWTs
For broadband applications, the 

m ajor existing alternatives to the 
GaAs FE T  am plifier are the trav- 
eling-wave tube and tunnel-diode 
amplifier. The GaAs FE T  amplifier 
offers a t least as low a noise fig­
ure as do these alternatives. A 
typical noise figure fo r an X-band 
TWT is 7 dB, degrading to 10 dB 
for PPM focused TWTs, The satu- 
rated output power of these units 
is typically 10 to 20 dB below the 
1 dB compression point of a GaAs 
FET amplifier. Thus, the dynamic 
range of the GaAs FET amplifiers 
is superior. Although output power 
of TDAs can be improved by add- 
ing a Gunn effect gain stage, the 
input com pression poin t is still 
considerably below the GaAs FET 
amplifier.

W ith a t least two government 
sponsored R&D program s in the 
area, Ku-band GaAs FET ampli­
fiers will be on the scene shortly. 
Already, very small quantities of 
the NEC V388, one-half micron 
GaAs FET devices, are available. 
This device is expected to allow 
fabrication of füll Ku-band ampli­
fie r by late 1975 or early 1976.

Finally, because of improved 
perform ance and simpler construc- 
tion, i t  is also likely th a t  GaAs 
FET am plifiers will be found in 
space applications on flights sched- 
uled a fte r 1977, by which time 
GaAs FET am plifiers will have 
demonstrated high reliability. • •

From our Simple 
Voltage-Tuned Filters

Mighty Receivers Grow
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CAD Simplifies 
Gunn Amp Design
Achieving a desired gain response can be tricky in designing broad- 
band reflection-type amplifiers. This computer-aided approach 
optimizes matching circuits to overcome circulator mismatch effects.

Re c e n t  im-
provements in 

the perform ance of Gunn diodes 
have made possible the design of 
negative resistance amplifiers w ith 
increased power, gain and band­
w id th .1’2 In fact, newer m aterials, 
such as Indium Phosphide, offer 
even higher gain and lower noise— 
8 dB gain and 8 dB noise figure 
for a 1 GHz bandwidth InP  am ­
plifier stage a t 15 GHz was recent- 
ly reported.3 This potential for 
higher gain, however, has only ag- 
gravated the design complexity of 
reflection amplifiers because it now 
becomes more im portant than ever 
to control the gain response shape 
and the inherent tem perature 
sensitiv ity  and r f  instabilities th a t 
may oecur. The negative resistance 
of the diode th a t provides the de­
sired gain, when properly biased, 
can also easily cause unwanted 
oscillations both w ithin and out- 
side the passband of the amplifier.

Contrary to tran sis to r power 
amplifier design, where the engi- 
neer can usually re fe r to published 
tables for impedance transform a- 
tions and matching, very little  
“handbook” help is available when 
dealing w ith negative resistance 
devices. One alternative for simpli- 
fying a diode amplifier design is 
the tim e-share computer which can 
provide both analysis and optim i­
zation. The computer can, among 
other things, derive a model for 
the diode, analyze the circuit for 
potential oscillation, evaluate a lter­
native circuits w ithout having 
them  built and examine the gain 
response for “glitches” th a t are 
frequently associated w ith diode 
amplifiers (caused by the interac-

Les Besser, Group Head, Microcir- 
cuit Department, Farinon Electric, 
935 Washington Street, San Carlos, 
CA 94070.

tion between the diode and reso- 
nant circu it elements). The com­
pu ter does not yet relieve the en- 
gineer from  selecting the basic 
circuit configuration and compo- 
nents (although we may not be very 
fa r  away from  th a t either) but it 
frees him from doing lengthy com­
plex calculations so th a t he can 
spend his tim e on the more critical 
aspects of his job.

This artic le centers on one of the 
more complicated segments of 
negative resistance amplifier de­
sign—achieving the desired gain 
response. Computer work is per- 
formed through commercial time­
sharing on United Computing Sys- 
tem ’s CDC-6400 computer, using a 
general purpose microwave optimi­
zation program, Compact.4’5'6 The 
goal is to design a diode amplifier 
stage w ith  a t least 7.5 dB gain and 
less than  0.25 dB ripple between 7 
and 10 GHz.

Evaluate the diode first
In a reflection amplifier, Fig. 1, 

the input Signal is applied to port 
1 of the circulator which transfers 
the power to the diode network 
connected to port 2. If  the reflec­
tion coëfficiënt of the diode net­
work, r, is greater than unity, the 
incident power is amplified and 
coupled out a t port 3.

The appropriate computer-aided 
design procedure is usually carried 
out in two parts. F irst, the reflec­
tion coëfficiënt of the diode net­
work is equalized for a  constant 
magnitude. Then, the complete cir­
cuit, including the circulator, is 
optimized for the required overall 
gain response. In both optimiza- 
tions, the transm ission lines are 
assumed to be lossless striplines 
although the self-inductance of a 
1 pF  coupling capacitor (0.5 nano- 
henry) is included in the computa- 
tion.

For this design, an STL-A230 
Gunn diode, m anufactured by 
S tandard T e l e c o m m u n i c a t i o n s  
L a b o r a t o r i e s ,  Harlow, England, 
was selected although other manu- 
fac tu re r’s devices are suitable. The 
reflection coëfficiënt of the diode is 
measured and the data is stored in 
the com puter’s data file fo r easy 
access. For this particu lar diode, 
the reflection c o ë f f i c i ë n t  p e a k s  
around 9.5 GHz (F ig. 2), with a 9 
dB m agnitude. As was expected, 
the rolloff a t the lower frequencies 
result in  a 7 dB slope which is not 
acceptable for broadband applica­
tions. The frequency response can 
be improved by transform ations 
using series sections of quarter- 
wave transm ission lines. I t  is im­
portan t to  realize, however, that

1. Reflection am plifier uses the negative resistance of a diode for amplifica- 
tion. The circulator separates the incident and reflected waves at port 2.
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2. Reflection coëfficiënt of the Gunn 
diode used in this design shows a 
strong peak of the magnitude near 
the center of the band.

the diode impedance is not being 
matched to the 50-ohm source and 
load. The objective of the trans- 
form ation is to m aintain uniform 
m agnitude of the reflection coëf­
ficiënt across the desired frequency 
range.

The first task is to determ ine the 
required num ber of transm ission 
line sections and to assign initial 
values to each section. Although 
optimization helps in finding the 
optimium component values, the 
search may fail to converge or it 
may converge to a “local mini­
mum”6 instead of the “global 
minimum” if  the initial values are 
poorly chosen. Typically, the engi- 
neer is required to perform  some 
Smith-Chart manipulation to ap- 
proximate the initial component 
values.

Compact™ can also assist in this 
task. I t  has two different types of 
optimization ro u tin es; a coarse 
search to find the vicinity of the 
global optimum and a more effi­
ciënt gradiënt type search to find 
the exact location of the optimum.

The details of the time-shared 
Operation of the Compact program 

(continued on pg. 48) 
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Som etim es 
more... 

never less.
That’s what you get with our signal 
sources and oscillators—the rated 
power as an absolute minimum 
throughout the frequency band of the 
plug-in head in use. In fact, we’re so 
confident we can deliver that power, 
we’ve hung a guarantee tag on each 
and eveiy oscillator we sell.
In a model to suit your needs up to 
100 watts CW or 40 kilowatts pulsed. 
Guaranteed. You can depend on it.
For more information call or write

APPLIED MICROWAVE DIVISION
411PROVIDENCE HIGHWAY, WESTWOOD M A  0 2 0 9 0  

(617)3291500 T W X (71 0 )34 8 0 48 4
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RF Transistors 
Demand New 

Circuit Techniaues:
The combinatlon ylelds the 
qb-500 series RF amplifiers 
from Q-Bit Corp.

Wideband (2 -5 0 0 MHz), high dynamic 
range, and excellent input/ou tput 
match make the QB-500 series 
amplifiers universal system 
building blocks.

Ideal for interfacing critical filters, 
Signal Splitters and detectors 
because of their excellent impedance 
match, input/output isolation, and 
phase linearity.

Todavs

■G A IN : 18-30dB

■ NOISE FIGURE: 2 .5 -4 d B

■OUTPUT POWER LINEAR  
TO +22dB m

■ 3rd ORDER INTERMODS DOWN  
OVER 7 0 dB AT OdBm OUTPUT 
SIGNAL LEVELS

■ POWER: NON CRITICAL FROM 
+ 15 TO +24  VDC

■ PRICES: $165.00 $ 2 2 5 .0 0  (1-4)

■ DELIVERY: 2 -3  WEEKS ARO

Q -BIT CORPORATION 
P.O. Box 2208  
Melbourne, Florida 32901 
Tel: (305)727-1838

AA BB CC DD EE

3. Schematics of the diode network shows component values. Those in paren­
thesis represent optimized values. All transmission line lengths are specified 
at 8500 MHz.

(continued from  pg. U7) 
are described in its users manual.7 
(Copies a re  available by circling 
R eader Service No. 159). The 
program  accepts circuit description 
either by “two port” or “nodal” 
type interconnections. A reflection 
amplifier can be described either 
way, however, the two-port de­
scription is the more efficiënt one 
and it is used in the example.
Diode network design

The 3 GHz bandwidth and 0.25 
dB maximum ripple specifications 
require a three-section quarter- 
wave transm ission line network to 
be cascaded with the diode. The 
program ’s coarse optimization, not 
shown here, results in the initial 
circuit shown in Fig. 3. Both the 
impedances and the lengths of the 
transm ission lines will be varied 
during the optimization. in  addi­
tion the series lines, a quarter- 
wave (a t 8.5 GHz) short-circuited 
stub is used to apply the dc bias to 
the diode. The 1 pF coupling ca- 
pacitor mentioned earlier serves to 
block the dc voltage from the 
source.

Each component is defined as a 
two-port; the two-ports are cas­
caded and term inated by a one- 
port which represents the active 
device. The objective of this opti­
mization is 8 dB gain from 7 to 
10 GHz. As such, the error func- 
tion to be minimized by the com­
puter is defined as:
ERR. F. =

f -1 0 ,0 0 0  M H z

10 • (20- Log( |Sjj| ) — 8.0)2
£-7 ,0 0 0  M H z

where the 1/4 factor is the fre­
quency normalization and 10 is an 
a rb itra ry  m ultiplier or weighing 
factor.

For simplicity and brevity, the 
computations are made a t only 
four discrete frequencies a t 1 GHz 
intervals. Actually more incremen- 
tal frequency steps are  recom- 
mended in order to avoid the pos- 
sibility of sharp peaks and dips 
th a t may be present between any 
two selected frequencies. This is 
particularly  tru e  when the diode 
circuit m ust provide more than 10 
dB gain.

The Compact data file corre- 
sponding to the initial diode net­
work is given in Fig. 4. The asso- 
ciated computer optimization run 
is shown in Fig. 5. Note th a t the 
initial value of the erro r function 

( continued on pg. 51)

SLC AA SE . 5  .1
SST BB PA 70 90 81 .00
TEL CC SE - 9 0  - 8 9 8 5 0 0
TRI... DD SE - 7 0  - 8 9 85 0 0
TEL EE SE - 4 0  - 8 9 8 5 0 0
ONE FF IE 50
CAX AA FF
P EÏ AA IE 50 0 0
END
7 0 0 0  1 0 0 0 0  1000  
END
1 . 3 4  - 1 6 1  
1 . 8 0  175  
2 . 8 2  136 
2 . 2 9  74 
END 
. 002
0 0 10 8 
END

4. Data file of the diode network.
The firs t eight lines define and inter- 
connect the components and specify 
the print format. The diode reflec­
tion coefficients are given in polar 
form at each frequency.
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C IR C U IT  OPTIM IZATIO N WITH 6 VARIABLES 

IN IT IA L . C IR C U IT  A N ALYSIS !

INPUT RE P L . CUE F . AND VSWR IN  50 OHM SYSTEM WITH O. OHM LOAD 

F ( MHZ) E'HO < MAGN. XANGLE) VSWR RETURN LÜ S S /O A IN  (D B )

( continued from  p. Jt-8)
(ERR.  F .) has a value of 128 
which corresponds to an 8.4 dB 
gain slope. A fte r 12.5 seconds of 
optimization, the e rro r function is 
reduced to 0.002, corresponding to 
a 0.02 dB gain ripple between 7 
and 10 GHz.

7 0 0 0 .0 0 0 1 .7 9 5 1 1 8 .9
8 0 0 0 .0 0 0 1 .7 2 7 2 2 .0
9 0 0 0 .0 0 0 4 .5 4 1 -6 1  * 5

1 0 0 0 0 .0 0 0 1 .9 1 0 7 0 .8

O P TIM IZA TIO N  BEGINS WITH FOLLOWINö VARi:,»BLES

VAR IABLES! 6 RADIEN 1r s j

( 1 ) ! 9 0 .0 0 0 ( 1 ) !  -63S'♦0 9 1
( 2 )  ! 8 9 .0 0 0 ( 2 ) !  113£? ♦ 112
( 3 )  ! 7 0 .0 0 0 ( 3 ) !  71(» .8 95
( 4 )  : 8 9 .0 0 0 ( 4 ) !  1615$. 872
( 5 )  ! 4 0 .0 0 0 ( 5 ) !  -7715 .531
( 6 ) ♦ 8 9 .0 0 0 ( 6 ) i  93]1. .8 0 4

ERR0R FU N G I♦ -  1 2 8 .0 5 9—....* * * * --------
HOW MANY r r i ERATIONS BEFORE: NEXT STOP?“ 0 " W ILL
WANT INTERMEDIATE P R IN TS ?! YES”  ":! “ ï NO”  'O ' ) TYP

( 1 )J 9 7 .1 9 4 ( : ! ) ! .0 3 8
< 2 ) : 8 0 .7 5 2 ( 2 ) !  2 ♦ 040
( 3 ) : 7 0 .2 9 1 < 3 ) ! ♦ 028
< 4 ) : 7 9 .1 1 5 ( 4 ) ! 3 . 107
( 5 )  J 3 4 .0 0 5 ( 5 ) ! »826
( 6 ) J 7 7 .5 2 7 ( 6 ) ! 1 .7 1 3

ERROR FUNC

bo!'i—

— .....
FUNCTION TERMINATION WITH AB0VE VALUES. F IN  Al

7 0 0 0 .0 0 0 2 .5 1 2 - 9 6 .3
8 0 0 0 .0 0 0 2 .5 0 7 3 9 .2
9 0 0 0 .0 0 0 2 .5 1 8 - 4 2 .4

1 0 0 0 0 .0 0 0 2 .5 1 2 1 6 7 .2

5 .  OS
4 .7 5  BEFORE 

u .1 4  OPTIMIZATION
5 .6 2

AND GRADIENT«

RE SUL T FINAL. ANALYSIS 
2 NUMBERS ? 10 O

8.00
AFTER

8.02 OPTIMIZATION
8.00

Add the circulator and optim ize

The next step is to add the c ir­
culator to the diode network. The 
circulator is first characterized by 
its  measured three-port sca tte ring  
param eters. In th is  case, an HP- 
8410 network analyzer was used to 
provide three separate sets of two- 
port m easurements. In the com­
puter analysis, the circu lator is re ­
duced to a two-port by te rm in atin g  
the additional port by th e  diode 
network, Fig. 6.

One may expect th a t adding  the 
circulator would not change sig- 
nificantly the response of the  diode 
network. However, even though the 
circulator has low VSWR, its  in- 
teraction w ith the diode network 
causes the ripple to increase to  2 
dB across the passband. Therefore, 
a final optimization is needed.

To allow fo r losses caused by the 
addition of the circulator, the tar- 

( continued on pg. 53)

5. Optim ization printout of the diode 
network. In ten iterations, the error 
function is reduced by a factor of 
64,000. The CPU cost is about $9.

6. Circuit diagram of the complete 
am plifier stage. The final optimiza­
tion has reduced the initial 2 dB 
slope to less than 0.25 dB.

Hughes mm-wave leveling loops. 
They Hatten your waves to w ithin 3 dB.

Hughes introducés millimeter-wave leveling loops for füll wave­
guide bandwidth Operation over six waveguide sizes between 26.5 and 
110 GHz.

These new leveling loops (Model 4476XH Series) level sweeper 
Outputs to within ±1 .5  dB to 75 GHz and ± 2  dB to 110 GHz. They will 
operate under CW conditions as well as provide the additional feature 
of internal square-wave modulation adjustable from 950 to 1050 Hz. The 
leveling loop system is operational over a dynamic range of 20 dB.

For more Information on how to calm i------------------------------1

your turbulent mm-waves, contact Hughes Elec- j H U G H E S  '
tron Dynamics Division, 3100 W. Lomita Blvd., i_ ______________1
Torrance, CA. 90509; (213) 534-2121, ext. 2215. 5 £ ^ A,̂ 2 . e£ Ä

Making waves in millimeter-wave technology.
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POLAR S-PARAMETERS IN  5 0 .0  OHM SYSTEM
CAD DESIGN

F S i l  S21 S12 S22
MHZ (MAGN)ANGL) < MAGN >ANGL ) < MA6N > ANGL) (MAGN) ANÏ3L)

7 0 0 0 .0 (

V'Co

2 2 ) ( 2 . 35< 7 6 ) ( ♦ 965< 9 3 ) ( ♦ I K 3 7 )
8 0 0 0 .0 < . l i < - -1 2 9 ) ( 2 ♦ 34< - 1 1 )  < . 958< -1 3 ) < * i i < -1 0 1  )
9 0 0 0 .0 < . 11< 1 1 6 ) < 2 . 40< 6 0 ) ( ♦ 98 5 < ‘-1 1 7 ) < ♦ :L3< 1 2 6 )

1 0 0 0 0 .0 < »18< 1 3 2 ) < 2 . 37< 11 5 ) ( ♦ 978< 14 0 ) < ♦ 18< 1 1 2 )

S21 K 
DB PACT.

7. Final analysis of the complete 
7 . 4 3  1 . 3 5  circuit. Note the sign ifican t magni-
7 .3 7  i * 3 5  tudes of Sw which may cause strong

' ' A'\ interaction between the input and 
0  output.

12

I0 --

8--

4--

FREQUENCY- GHz

gain. In  th is case, an o th er optim i­
zation may be required  fo r the 
m ultistage circuit.

Since the stab ility  facto r, k, is 
g reater than  unity, th e  c ircu it is 
unconditionally stable in  the pass- 
band of the amplifier. O f course, 
th is  does not assure th a t  the  c ir­
cuit is unconditionally stable fo r 
all frequencies and the  complete 
design should also include stab ility  
analysis outside of the passband.

A nother recommended step  is the 
simultaneous optim ization of the 
circuit through several d ifferent 
operating tem peratures— th is  Oper­
ation can be perform ed w ith  Com­
pact by describing th e  diode a t 
selected tem peratures and  combin- 
ing the erro rs contibuted. T he cir- 

( continued on pg. 5U)

8. Gain response of the diode ( r D), 
the diode network ( r  and Topt) and 
the overall c ircu it (s21 and sai )
before and after optimization.

( continued from  p. 51) 
get gain between port 1 and port 3 
of the complete circuit is set to
7.5 dB. The erro r function is the 
following:

f-1 0 ,0 0 0  M H z

ERR. F .: IS ( | s2 i,J  - 7 .5 ) 2
f -7 ,0 0 0  M H z

This time Compact reduces the 
error function from 0.411 to 0.008 
(optimization not shown). A fur- 
ther reduction could still be obtain- 
ed but the response of the ampli­
fier is already flat w ithin 0.25 dB, 
Fig. 7. The variables are changed 
less than 1% during the last itera- 
tion of the optimization. There- 
fore, for practical purposes, the 
optimum has been reached.

One of the points to observe is 
the large s12 term  of the overall 
two-port, Fig. 7. due to the circula­
tor action. The near unit magni­
tude should serve as w arning of a 
strong interaction between the in­
put and output ports. This becomes 
particularly im portant when sever­
al stages are cascaded for higher

Get cleaner mm waves 
with Hughes GUNN effect oscillators.

Our low-noise, solid-state oscillators come in two basic types in 
frequency ranges above 18 G Hz. The volfage-controlled oscillators p ro ­
vide broad tuning bandwidths and minimum power Outputs to 3 5  m W . The 
mechanically-tuned models o ffer higher power Outputs o f up to 1 5 0  m W  
adjustable over 1 00  M Hz.

All feature standardized solid state design, small size, ruggedness, 
low cost and high stability.

Find out more about less noise. W rite  or 
call: Hughes Electron Dynamics Division, 3 1 0 0  
W . Lomita Boulevard, Torrance, C a lif. 9 0 5 0 9 .
(213) 5 3 4 -2 1 2 1 , ext. 21 5 .

Making waves in millimeter-wave technology.
READER SERVICE NUMBER 53
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c A  POWERFULLY SMALL 
SOLID STATE AMP

1 0 0  W IN J U S T  7 6 .8  C U . IN .

A typical ground-to-air d a ta  link power amplifier. Can be modified to  operate a t 
any TACAN frequency. T T L  com patible input. Isolator protected for open and 
short circuit. Available in a 10 W att version w ith slightly modified specifications 
and smaller package.

P A R T  N U M B E R : 8108-1107 
C E N T E R  F R E Q U E N C Y : 1225 M Hz 
O U TPU T PO W ER : 100 W min.
P U L S E W ID T H : 100 m sec. max.
D U TY : .04 max.
G A IN : 36 db min.
IN P U T  VSW R: 1.5 max.
O U TPU T VSW R: Isolator protected for open 

or short circuit.
H A R M O N IC S: 35 dbc 
R IS E  T IM E : F actory  adjustable .1 to  1.5 ms 
FALL T IM E : F actory  adjustable .1 to  .15 ms 
B A N D W ID T H : 35 M H z min.
O P E R A T IN G  T E M P E R A T U R E  R A N G E: — 10 

to +  55°C
SIZE: 6 x 8 x 1.6 inches, excluding projections

F or further inform ation contact 
T R A K  M icrowave Corporation,
4726 E isen h o w er B o u lev a rd ,
Tam pa, Florida 33614. Telephone 
(813) 884-1411, Telex 52-827.

L IT E R A T U R E  P R IC E S  QUOTATIONS
B E L G IU M : E leu tron . Brussels, Tel. 02 13 73 84 F R A N C E : D a tro n , Vincennes. Tel. 808-02-60 G E R M A N Y : Selectron 
G m b H . M uenchen. Tel. 55-30-41 IN D IA : K osh inath  8e C o., H yderabad . Tel. 36942 ISRA EL: Dage Israel L td., Tel Aviv, 
Tel 41-56-45 ITA LY : D age I ta lia  SpA, M ilano. Tel. 65 30 74/38 78 74 JA P A N : Seki 8& Co. L td., Tokyo. Tel. (669) 4121 
S W E D E N : Ajgers E lektronic , S tockholm . Tel 08-88-03-20 T H E  N E T H E R L A N D S : D atron  B.V., B reda, Tel. 41152 
U .K .: R E L  E qu ipm ent & C om ponents L td ., H itch in , Tel. 50551/2 /3

(continued fro m  pg. 33)
cuit is then optimized until the
cumulative erro r is minimized.

Computer optimization’s power 
can really be appreciated by com- 
paring the amplifier response dur- 
ing the various phases of the de­
sign cycle. F igure 8 shows the re­
flection gain of the diode and the 
diode network, and the transducer 
gain of the complete circuit before 
and a fte r each optimization. The 
computer cost associated w ith the 
above two optimization runs is less 
than  $20 when used in the inter- 
active tim e-shared mode. As a 
comparison, the same task would 
have taken a minimum of several 
days’ effort by an experienced de­
signer w ithout any guarantee of 
achieving the same results. • •

CAD DESIGN
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|— T est Your Retention —,
1. Why is the input of the diode 

circu it not matched to the c ir­
culator?

2. The overall single stage circuit 
has very low input/output 
VSWR. Why then would cas- 
caded stages have possible 
gain ripple problem?
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GaAs Impatts Boost 
Power and Efficiency
GaAs Impatt diode technology is maturing. Here is an overview
of the various structures and heat sinking techniques
being used to improve output power, efficiency, and reliability.

I M P A C T  A v a ­
l an c h e  T r a n s i t  
Time or Im patt devices are well 

known for achieving high output 
powers. In the last two years, high 
efficiencies have also been obtained 
w ith certain  types of Gallium Ar- 
senide structures. For example, 
more than 35% cw efficiency has 
been reported in X-band1’2 and ef­
ficiencies up to 46% are theoreti- 
cally feasible2. Cw power Outputs 
as high as 12.5 w atts have also 
been observed3. Increased reliabil­
ity  of these high efficiency GaAs 
units has been achieved by improv- 
ing the life times by a factor of 
100 to 1,000. Median failure times 
of 10|T hours a t 240 °C junction 
tem perature are currently  being 
predicted by accelerated life test 
studies4. These unique capabilities 
of Im patt diodes create many ex- 
citing  system applications:

• Communications: High pow­
er, high efficiency solid-state 
injection locked oscillators us­
ing Im patt diodes are useful 
for high data ra te  fm trans- 
m itters in C, X and Ku-bands. 

•  R adar: Im patt oscillators and 
am plifiers find application in 
doppler radars or phased a r­
ray radar tran sm itte r mod­
ules.

• A m plifiers: Although the Im ­
p a tt mechanism is inherently 
noisy compared to transferred  
electron devices or field-ef- 
fect transistors, noise figures 
in the 30 dB range can be 
achieved. Im patt amplifiers 
or injection-locked oscillators 
can thus be used as r f  power 
am plifier stages. Bandwidths, 
while narrow er than those ob­
tained by Gunn and FE T  am-

Stephen I. Long, Senior Engineer, 
Robert E. Goldwasser, Senior Engi­
neer and Ferenc E. Rosztoczy, Man­
ager, GaAs Microwave Materials and 
Devices, Varian Associates, 611 
Hansen Way, Palo Alto, CA 94303.

plifiers, are typically on the 
order of 20%, which is ade­
quate for many power ampli­
fier applications.

• High Power T r a n s m i t t e r s :  
Much higher output powers 
can be achieved by power 
combining t e c h n i q u e s .  As 
many as 16 Si Im patt diodes 
have been combined for a  
total power output of 20 W5. 
The ultim ate limitations are 
determined by circuit design, 
device impedance and thermal 
dissipation.

Silicon or G aAs/double or single 
drift

Both Silicon and GaAs have 
been widely used for Im patt de­
vices. Operation of germanium de­
vices has also been demonstrated 
but offers no advantages and sev­
eral disadvantages over the other 
two m aterials.

The relative merits of Si and 
GaAs are  contrasted in Table 1. 
The main advantage of Silicon 
over GaAs is the lower production 
'cost. I f  7 to 9% efficiency and 
the corresponding power lim ita­
tions are adequate for the cir­
cuit or system requirement, Sili­
con Im patt diodes would be the

best selection. If  h igher efficien­
cies and maximum available solid- 
state  power are necessary, then 
GaAs devices are the only alter­
native. The reliability of GaAs 
Im patts is now considered com- 
parable to th a t of Silicon4.

There are several d iffe ren t de­
vice structu res which are com- 
monly used for GaAs Im patts. 
These fall generally under the 
categories of single d rif t  (SD) or 
double d rif t  (DD) devices. F ig ­
ure l ( a )  shows a conventional fla t 
profile, single d rif t X-band de­
vice. To complete the SD device, 
a b a rrie r (either metal o r p + epi- 
taxial) m ust be added to  form a 
junction. The electron-hole pairs, 
generated by the avalanche a t the 
junction, d rif t w ith the electric 
field. The holes immediately re- 
combine in the b arrie r region, 
while the electrons are swept 
through the d rift region contrib- 
uting a tran s it time delay re­
quired to form a negative resist­
ance.

A fla t profile double-drift de­
vice, Fig. 1 (b )6 has both its holes 
and electrons d rif t away from the 
junction in opposite directions. 
This dual d rif t  phenomena con- 
tribu tes to the net negative re- 

( continued on p. 60)

Characteristics of Si and GaAs Impatt devices ---------------------------

Silicon Gallium Arsenide

Technology Well established for 
about 25 years

Much more complicated 
material technology- 
established for about 10 years

Efficiency Up to 14% 
Typical 7%-9%

Up to 35.6% 
Typical 20-25%

Power Capability Higher thermal conductivity 
but lower efficiency than 
GaAs.6.8 W reported :

12.5 W CW reported 
Powers much higher than 
Si are expected due to 
higher efficiency

Reliability Good; >  10’ hours at 200°C 
has been reported

Good for p-n junction devices 
(107 hours at 240°C); 
poor for Schottky barrier—  
about 105 hours at 175°C.

Oost Moderate, about $25-$200/device High, about $5G-$500/device
Bias osciilations Easily stabilized Much more tendency toward 

bias oscillation than Si
Noise Flat profile has 8 dB higher 

noise measure than GaAs.
Theoretical noise measure 
increases with efficiency
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GaAs Im patts
(continued fro m  p. 56) 
sistance because the electric field 
extends into both the fla t profile 
p and n regions. These devices 
a re  theoretically capable of higher 
power, efficiency and impedance 
th an  an SD device. Theoretically 
calculated and experim entally dem- 
onstrated  r f  perform ance capabili- 
ties of SD and DD fla t profile de­
vices are summarized in Table 2.

H igh-efficiency I m p a t t  s t r u c ­
tures, also re ferred  to as modi­

fied Read structures (a fte r the 
original paper by Read in 19588), 
operate w ith a maximum voltage 
drop across the d rift region in 
order to increase dc to r f  conver­
sion efficiency. This is accom- 
plished by dropping the electric 
field in  a very short, heavily 
doped layer (0.2-0.5 i(um) a t the 
b arrie r interface, thus confining 
the avalanche region. Two struc­
tures commonly used are the n-n + - 
n or the “lo-hi-lo” Im patt struc­
tu re  of F ig. 2(a) or the n +-n or

Sure our amplifier uses solid state components—everywhere, in fact, 
except in the high voltage regulator and the TWT itself.
Why a vacuum tube regulator? Because of the greater reliability with 
this inherently high voltage component.
It qualifies our TWT amplifier especially for antenna pattern measure­
ment, EMI susceptibility testing and r-f power instrument calibration.
But we utilize Contemporary concepts when they add to reliable 
performance. Our modular construction and plug-in boards will 
accommodate a variety of TWTs for example.
And we can and do add VSWR protection, harmonie filtering and 
variable output, where required.

Octave band width 10, 20, 100 t 
200 watts TWTAs from 1 GHz to 
GHz. For detailed specifications 
MCL, Inc., 10 North Beach Av 
La Grange, Illinois 60525.
Orcall (312) 354-4350.
N ow  on GSA c o n tra c t GSOOS-27086 See us in  EEM -Vol. 1 pp. 284-291

“hi-lo” s tructu re  in Fig. 2(b).  
G r e a t e r  t h a n  35% h a s  b e e n  
achieved w ith Schottky b arrier 
“lo-hi-lo” structu res1-2 and 31% 
w ith  Schottky “hi-lo” strucures3 
as shown in Table 2. Again either 
metal Schottky barrier»  or p + epi- 
taxial layers m ust be added a t the 
surface to create the junction.

s
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l.(a ) Doping profile and electric 
field profile (dotted lines) of an 
X-band, fla t profile, GaAs Impatt 
shows how electron hole pairs d rift 
with the electric field, (b) A double 
d rift device has both holes and elec­
trons that d rift away from the junc­
tion in opposite directions.

Efficiency and power output capa- 
bilities of GaAs Impatt structures

Experimental

Structure
Calculated
Efficiency* Efficiency

RF
Output

(W)

Flat
Profile:

single
drift I 6 .60/0 130/0 8 W 10
double
drift 23 % I 6 .30/0 3.25 11

High Effi­
ciency SB

hi-lo 420/o 31.4% 12.5 3
lo-hi-lo 46% 3 5 .50/0 8 '

Grown
Junction

double
drift
hi-lo 39o/o 22% 4.4 (peal
P+
hi-lo 2 6 .80/0 8 (peal

•E ffic ienc ies were calculated using an Im ­
pa tt device modeling program by D ecker12.
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2(a). Doping and electric field pro­
file (dotted lines) of an X-band, “ lo- 
hi-lo”  GaAs Impatt are designed to 
have a maximum voltage drop across 
the d rift region. Efficiencies to 36%  
can be achieved. (b) Slightly less 
efficiency (31% ) can be achieved 
with a “ hi-lo”  GaAs Impatt struc­
ture.

Schottky-barrier devices are capa- 
ble of h igher output powers and 
efficiencies because of th e ir bet- 
te r thermal conductivity and lower 
series resistance. Also, m inority 
carrier injeetion effects, which 
theoretically will lim it efficiency, 
are not present9.

Double-drift h i g h  e f f i c i e n c y  
structures have also been made 
by growing an epitaxial p-type 
layer on the hi-lo” or “lo-hi-lo” 
structures. This provides sorne ef­
ficiency improvement over the con­
ventional fla t profile DD device. 
Rf performance data for these de­
vices and the Schottky b a rrie r/p  + 
b arrie r single d rif t  high efficien­
cy devices is given in Table 2.

From the doping profiles, i t  can 
be seen th a t very precise metal- 
lurgical and electrical tolerances 
m ust be m aintained fo r high-ef- 
ficiency performance. The layer 
thickness and ca rrie r concentra- 
tion of the avalanche region (n + 
or n -n1')  are particularly  critical 
in the “hi-lo” and “lo-hi-lo” de­
vices. A small change in the net 
charge or Q or this region has a 
strong effect on the electric field 
profile and henee, the voltage. Q 
control to ±0.05 x 1012 cm2 is re­
quired.

The sensitivity of the device to 
small changes in the avalanche re­
gion param eters encourages poten­
tial reliability lim itations due to 
metal m igration of the Schottky

barrier. The most widely used b a r­
rier m aterial fo r these purposes 
has been platinum. Unfortunately, 
P t rapidly in terdiffuses with GaAs 
a t tem peratures as low as 175°C13. 
This diffusion will result in a 
mean lifetime of only 1,000 hours 
a t 225°C junction tem perature and 
105 hours a t 175 °C for a P t bar­
rie r “lo-hi-lo” or “hi-lo” diode. No 
other metal b a rrie r  m aterial has 
been reported which has less re- 
activity than  P t yet still main- 
tains sufficiënt b a rrie r height and 
adherence.

Use of a germanium  doped p + 
grown junction, ra ther than the 
metal Schottky barrier, eliminates 
the diffusion problem. The dif- 
fusivity of Ge in GaAs is very 
low, even a t high tem peratures. 
High efficiency GaAs Im patt de­
vices using p + epitaxial on “hi-lo” 
or “lo-hi-lo” structures have pro- 
vided a very significant improve­
ment in reliability with only mod­
erate reduetion in efficiency. As 
high as 26.8% efficiency w ith 8 
W peak output in X-band has been 
obtained under 25% duty cycle 
pulsed Operation. The cw efficiency 
is 18.8% a t an output of 2.9 W 
for these structures.

Results from  accelerated life 
tests for four sample groups of 
diodes a t four tem peratures, 290°, 
300°, 330° and 350°C, are summar- 
ized in Fig. 3. P rem ature failures 
due to rapid surface leakage de- 
gradation roughly 30% of the 
sample) were statistically  removed 
to indicate the true capability of the 
grown junction device. Extrapola­
tion to 222 °C, more typical opera­
tional junction tem perature, pre- 
dicts a 106 hour median failure 
time—over th ree orders of m ag­
nitude greater than P t devices at 
the same tem perature.

Germanium doped p + junction 
devices have also been tested un­
der dc bias a t  7 to 10 w att power 
dissipation levels for extended time 
periods. No failures related to de­
vice degradation have been ob- 
served afte r 7,500 hours of testing. 
The comparison between Schottky 
barrier and grown junction GaAs 
high efficiency Im patts is sum- 
marized in Table 3.

Minimizing thermal resistance
Since the device reliability is 

always dependent on the opera­
tional junction tem perature, i t ’s 
im portant to minimize thermal 
resistance. For any device struc­
ture, this is best accomplished 
with good heat conduction away 
from the junction. Thermal re­
sistance can be calculated from 

(continued on p. 62)

THE INSIDE STORY
OF CHIP C4PACITORS

NOW HEAR THIS...
If you’re interested in the basics 
of monolithic chip capacitor 
construction, circle the reader 
service number below for your 
copy of “The Inside Story” and 

a sectioned ATC 100

If you’d like samples of any 
other ATC UHF/Microwave 
Capacitors, call Ralph Wood at 
(516) 271-9600.

american
technical 

I ceramics
ONE NORDEN LANE, 

HUNTINGTON STATION, N.Y. 11746 
(516) 271-9600 •  TWX 510-226-6993

READER SERVICE NUMBER 71
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GaAs IMPATTS

ANNOUNCING VERSION 4.0 
OF THE MOST POWERFUL 
MICROWAVE COMPUTER 
OPTIMIZATION ROUTINE

flempacf
With the following features:

•  Nodal Analysis
•  Internal Editor
•  Plotting
•  New Search
•  Lossy TEiM Lines
•  Coupled Resonators
•  Noise Analysis
•  Active Elements
•  Mapping Features

COMPACT offers the efficiency of two- 
port type optimization combined with 
the flexibility of nodal analysis. The pro­
gram is available through commercial 
timesharing by United Computing Sys­
tems, Tymshare Inc., National CSS, 
and Computility Inc. A modified version 
is offered on the General Electric Time- 
share System under the name of 
SPEEDY.2. The FORTRAN IV source 
program may be purchased for ln-house 
installation.
For further Information or to arrange a 
local demonstration write or call:

COMPACT 
Les Besser 
1651 Jolly Court,
Los Altos, CA 94022 
Tel. No.: (415)968-7025
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3. Median failure tim e (MTTF is shown here for P + -N + -N sample diodes 
measured at accelerated junction temperatures of 290°, 330° and 350°C. 
Extrapolation to the typical junction temperature of 256° predicts 106 hours 
of life.

Pt Schottky barrier vs. grown 
junction GaAs

Pt
Schottky
Barrier p-n Junction

Fabri- Simple More difficult,
cation evaporation epitaxially 

grown junction
Effi­
ciency

Up to 35.6% 
observed

26.8% observed

Power 12.5 W has been 
reported for a 
4-mesa device

Due to higher 
thermal resistance 
and electrical series 
resistance, achiev- 
able efficiency and 
thus power may be 
less than Schottky 
barrier devices

Reli- 103 hours MTTF 10T hours MTTF at
ability at 225°C junction 

temperature
200°C junction 
temperature

m aterial thermal conductivities and 
the chip area. It consists of three 
components: (1) Package thermal 
resistance, (2) thermal spreading 
resistance under the chip and (3) 
one dimensional heat flow resist­
ance (series thermal resistance) 
of the chip. For larger area de­
vices, such as would be used below 
18 GHz, the spreading resistance 
provides the main contribution to 
the total device thermal resistance.

The integral heat sink approach, 
Figs. 4 and 5, allows thermal re- 
sistances approaching the theo- 
retical minimum. Here, gold is 
electroplated on the w afer in or­
der to m aintain optimum thermal 
contact w ith the junction. These 
diodes are  then soldered onto gold 
plated copper heat sink studs in

sealed ceramic packages. Other 
m aterials, such as silver or cop­
per, have also been used as integral 
heat sinks to provide slightly low­
er resistances (75% and 85% of 
gold therm al resistance). In ad­
dition, type I la  diamonds have 
been shown to provide some im- 
provement over silver a t larger 
mesa diameters.

To achieve higher output pow­
ers, while constrained by a  max­
imum safe junction tem perature, 
larger area mesas m ust be fabri­
cated in order to fu rth e r reduce 
therm al resistance. As mesa diam­
eters increase, spreading resist­
ance falls off much less rapidly 
(r ‘l ) than  therm al series resist­
ance ( r -2). Multiple mesa or an- 
nular structures d istribute heat 
generation over larger heat sink 
areas to reduce spreading resist­
ance and, therefore, provide much 
lower total thermal resistance than 
an equivalent area single mesa de­
vice14. These effects are summar- 
ized in Table 4. Maximum device 
area is limited by the amount of 
reactance the circuit can conveni- 
ently resonate and still maintain 
the desired bandwidth and output 
power.

A nother approach th a t’s been 
developed for obtaining higher 
power Outputs in Si devices (and 
is suitable for GaAs devices) is 
power combining. The r f  power 
of several packaged diodes are 
combined using either separate 
cavities and hybrids or separate 
coaxial m atching lines into a com-

( continued on p. 63) 
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4. A plated gold (integrated) heat sink on an etched GaAs Impatt mesa re- 
duces thermal resistance by allowing an optimum thermal contact with the 
junction.

5. Scanning electron photomicro- 
graph shows an Impatt mesa with 
plated gold heat sink. Silver and 
copper are also used and provides 
slightly lower thermal resistances.

Thermal resistance for various 
device structures.

Rth Relative
Structure Area (°C/W) P„ul

Single mesa 10~3cm2 7 1.0
Triple mesa* 10"3 cm2 5.25 1.33
Quadruple
mesa* 10'3 cm2 5 1.4
Ringt
(ri/r„ = 0.75) 10-3cm2 5.8 1.2
*On m u ltip le  mesa designs, spacing of 
mesas is about 3 tim es the radius o f the 
mesa.
fF or the ring structure , ratio of i.d. to  o.d. 
of 0.75 is assumed (ref. 14).

mon waveguide cavity15. These ap- 
proaches have been successful in 
combining as many as 16 diodes 
in X-band for a total of 20 W cw 
output5 and eight diodes for a 
pulsed output of 100 W a t  25% 
duty cycle10.

In the fu ture, as technological 
advances perm it more precise con- 
trol over layer thickness and car­
rie r concentrations, e f f i c i e n c i e s  
more closely approaching the theo- 
retical limits should be achieved. 
Therefore, higher powers will be 
possible. Also, as a consequence 
of improved epitaxial growth ca- 
pability, higher yields of useful 
device wafers should be obtained,

thus reducing the cost of produc- 
tion. Finally, if the demand is suf­
ficiënt, the frequency of Operation 
of high efficiency devices could be 
raised above 18 GHz.
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—  Test your retention —
1. What are the  m ain differences be­
tween GaAs and Si Im patt diodes?
2. What are the relative benefits and 
disadvantages o f Schottky barrier and 
grown junction structures?
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Take The Guesswork Out 
Of Compression Tests
Here is a simple approach for measuring the 1 dB compression
point of amplifiers. It requires building an inexpensive
divider network and using the voltage Outputs of two power meters.

M EASURING the compression 
point of an amplifier can be a 
very tedious job particularly  when i t ’s done manually 

on a repeated basis. There are a few semiautomatic 
Systems which can be purchased, but these are ex- 
pensive and beyond the reach of many laboratories. 
Computer processing can also be used, but the compu- 
tation cannot be done in real time which is both in- 
convenient and uneconomical.

The method by which most laboratories determ ine 
the 1 dB compression point requires the use of a 10 
dB switchable attenuato r as shown in the test Setup 
of Fig. 1. The operator gradually increases the input 
power, while a t the same tim e switching the 10 dB 
attenuato r in and out. Under small Signal conditions 
(no gain compression), the output Signal will increase 
10 dB when the a ttenuato r is switched out. A t some 
point, as the power input is increased, the output will 
rise only 9 dB when the attenuato r is out. This out­
pu t level is the output fo r 1 dB compression.

Note th a t in using th is system it  is assumed th a t 
the onset of compression occurs in less than  10 dB 
input signal change. While a skilled operator can de- 
velop a sense of how fa r  to advance the input signal, 
the process is still one of tria l and error.

The new method to be shown here is straigh tfo r- 
ward and does not involve tria l and erro r a t all. I t  
only assumes th a t the power m eter has a recorder 
output  proportional to the power indicated on the 
m eter. A simple ra tio  m eter is used based on a divider 
module which allows making measurements of the 
1 dB compression point on Systems w ith an overall 
accuracy limited only by the d rif t and aocuracy of 
the power m eter used. The complexity of the setup 
is about the same as fo r the 10 dB switchable a t­
tenuator method. Cost of the ratio-m eter is $200-$300 
when unit quantity  parts are purchased.

How it works
A typical power m eter has scales which are m ulti­

ples of 1.0 or 3.16 going from 0.01 to 10.0 mW. How­
ever, the recorder output on all scales is 0-1 volt. The 
voltage, E rec, a t the record term inal can be w ritten  
as:

E rec =  KP
where P is the indicated power in m illiwatts and K 
depends on the scale used. On the 10.0 m illiwatt seale, 
K =  0.1; on the 3.16 mW scale, K =  0.316, etc. 
Note th a t K is simply

Harry F. Cooke, Manager, Transistor Design, Avantek, 
Inc., 3175 Bowers Avenue, Santa Clara, CA 95051.

1. Conventional compression test procedure uses a 
switchable 10 dB attenuator. The operator, however, 
must sense how much to increase the input and some 
trial and error is involved.

max scale reading in mW
If there are two power m eters each m onitoring input 
and output power, respectively, then:

E re0l — KjP j
E rec2 =  K2P 2

Therefore, power gain is simply the ra tio :

P iG 1 =  .
E„ Kj_

K,Ein E recl xv2 
This, in itself, is not a particularly  useful result 
since the ratio  of the recorder voltages would have 
to be determined continuously to measure gain.

The system to be described makes this computation 
on a continuous basis. I t  is simply an analog divider 
module which makes the following computation to an 
accuracy of 0.5%.

xr _  N
* O U t  ------

Where N and D are voltages and Gd is the gain of 
an analog divider. There are several lim itations to 
this computation. F irs t of all, due to divider lim ita­
tions, Vout m ust be less than  10 volts, which in turn, 
limits Gd, the system gain and the ra tio  of N /D . To 
see how this can work as a 1 dB compression indica­
tor, assume the following:

N =  K ( P in
D  =  K 0 Eout
Gd can be varied between 3 and 9 (set by circuit 

limitations)
Vout =  1, when no compression is present 

The limits of gain Variation also set lim its on the 
ratio  of N to D.

0.11 < N /D  <  0.33
At this point, set up a test using the divider 

module as shown in Fig. 2. An initial reading must
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2. The new compression test procedure is based on the 
assumption that the recorder output of power meter is 
proportional to the power indicated on the meter. It uses 
a ratiometer circuit and digital panel meter. The num- 
bers shown in mW are for the example given. Values 
in ( ) are when unit-under-test is in 1 dB compression.

first be made to establish the small signal or refer- 
ence gain. (However, fo r th is step, gain need not 
acutally be m easured). Let P in be low enough th a t 
small signal conditions are in effect, then:

The output a ttenuato r is selected to give a value of 
K i/K 0 «  1/3, and Gd is varied until Vout =  1. The 
small signal gain has been normalized to an output 
voltage of unity.

If P in is increased until the gain drops 1 dB, this 
is the equivalent to saying th a t the ratio  of P in/ P out 
has increased by 1.26.

because A P. G.numerici=  — log'1

=  - logrt T ö
:=  1.26

Then Vout =  ^ - ( P in/ P out) (1.26) =  1.26

and thus the output voltage from the analog divider 
will read 1.26 when the un it under test is in 1 dB 
compression. Similarly, 3 dB compression would give 
2.0 volts, etc. For convenience, the output voltage 
from the divider module is read on a digital panel 
meter.

Measuring the new way
Consider the tes t setup shown in Fig. 2. The unit- 

under-test is an amplifier w ith a small signal power 
gain of 1000 or 30 dB.

I t  will be first necessary to determine K, and K0

K, —: 10 -log- einput coupling factor — dB
10

max scale reading ,— mW

£ _ log"1 ^ output attenuation dB

___________ 1___________
max scale reading mW 

Since the input coupler has a coupling factor of 10 
dB, and if the amplifier input power is 0.01 mW, the

(continued on pg. 67)
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COMPRESSION TESTS
( continued from  p. 65)

input power m eter will see 0.09 mW. I t  is, therefore, 
set to the 0.316 mW scale.
Then N =  K, P ln

=  10 1
1

0.316
0.01

— 0.285 volt
Sim ilarly if the output attenuato r value is 10 dB, the 
output power level is 10 mW and the output power 
m eter will see 1 mW. Using the 1 mW scale:

D ;=  K0 P out =  

I f  the gain, Gd, is set to 3.52 x, then

10 =  1 volt

=  1 volt
Next, it will be assumed th a t the amplifier goes 

into 1 dB compression a t a 100 mW output level. 
Since a 10 dB attenuato r is used, the output power 
m eter will now see 10 mW and the meter scale m ust 
be moved two steps up from the 1 mW scale to the 
10 mW scale (i.e., 1.0/3.16/10.0). The input power 
m eter m ust also be advanced exactly two steps to 
the the 3.16 mW scale (0.316/1.00/3.16). Since the 
gain is now 29 dB, the input power will be 20 dB 
below 100 mW or 0.126 mW. The input power 
meter, due to  the coupler, will see 1.134 mW. If 
the divider gain control was left untouched a fte r 
the sm all/signal reference reading was made, Ga 
is still set to 3.52, thus

V _ r  N _  N,
V o u t  ----  VT;] - g -  -----  « 4 - ^ 7 -

:=  3.52

Piu

" 2.85 _ "0.126"
0.0! 100

=  1.26 volts

Building the divider circuitry
The ra tio  m eter circuit can be easily built based 

on a B urr- Brown 4290 divider module, Fig. 3. There are 
other dividers available a t various prices which will 
also work well in this circuit. Note tha t the circuit 
has only three main components; the divider module, 
a digital panel m eter and a power supply. The offset 
Controls are recommended by the divider manufactur- 
er for maximum accuracy, but are not actually re ­
quired since the un it will not normally be operated 
w ith either m eter reading less than 1/3 scale. Thus, 
N and D are always g reater than 0.33 volts.

A 3 1/2 d ig it DPM was used in the example, but 
again for economy, a 2 1/2 digit m eter would be 
adequate. For ease in setting  Gd, the divider gain, a 
ten tu rn  Potentiom eter is used.

To make the system practical the following points 
are suggested:

• Since power m eters tend to d rift more on the 
lower power scales, make your Setup so as to use 
the highest ranges you can.

• For extremely high gain Systems, the input 
levels may be so low, even with a 20 dB coupler, 
th a t it  will be necessary to add an attenuator to  
the coupled arm  of the input coupler (Fig. 1) or 
add an amplifier to the direct output.

• The particu lar components used in a setup are 
best determined by s ta rting  w ith the output level 
for 1 dB compression and working back to the 
input component settings.

(continued on pg. 68)
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COMPRESSION TESTS
(continued from  pg. 67)

3. The ratiom eter design is
based on a Burr-Brown 4290 
divider module and a 3 1 /2  
d ig it DPM. It can be built 
fo r about $200 to $300. 
Note N /D  <  1.5; N = k 
N /D .

M O D U LE 'S SUPPLY : ± 15 AT 6 0  mA

• Do not take readings or set gain when either 
m eter is indicating much less than 1/3 scale. The 
analog divider is accurate for denominator volt­
ages as low as 0.1 volts, but zero d rif t in the 
power m eter’s lim its accuracy.

• When m aking final or tria l test, as the input 
power is increased, the two power m eters must 
be advanced the same num ber of ranges every 
time. • •

T est your retention
1. What is the fundamental difference between the 

system described and other methods of com­
pression testing?

2. What factor is most important in lim iting the 
accuracy of th is new system?

3. What is the significance of the “ 1.26”  which is 
displayed on the D. V. M.?

i f
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news

TED trio d e  perform s frequency
Stacy V. Bearse
Associate Editor

A three-term inal Gunn device 
has been developed which acts as a 
frequency divider a t ratios as high 
as 34:1. M ajor applications appear 
to be in m illim eter wave phase- 
locked oscillators (F ig. 1) for 
space and airborne applications, 
say developers a t TRW Systems in 
Redondo Beach, CA, who note tha t 
a TED triode could offer weight 
and power consumption savings of 
up to 90%.

The TED triode, shown in Fig. 
2, is a simple p lanar Gunn diode 
which incorporates an aluminum 
Schottky b arrie r gate. Used in a 
circuit, the TED divider requires 
both positive and negative bias 
supplies. Input signals are fed to 
the gate, which is held a t a nega­
tive potential ranging from —0.5 
to — 5 volts. The output is extract- 
ed a t the anode, which is biased

(b)
1. Two multipliers, two filters and an 
amplifier are replaced by a single, 
solid-state frequency divider in this 
phased-locked oscillator.

2. No diffusions are required for the 
fabrication of this planar device.

at about +25 volts, ju s t below 
threshold for diode oscillation. The 
cathode is grounded.

“W ithout the gate, the device 
would act like a  diode and oscil- 
late a t a frequency determined by 
cathode-anode spacing when anode 
bias exceeds threshold level,” says 
Dale Claxton, a member of the 
technical staff a t TRW. “Now con- 
sider operating the TED triode 
with the cathode to anode bias ju st 
below the threshold and an ad­
ditional negative bias applied to 
the Schottky b arrie r gate,” Ciax- 
ton explains. “I f  the gate bias is of 
sufficiënt m agnitude, the field in 
the gate region exceeds the th resh­
old level, and dipole domains are 
launched. The triode oscillates but 
the tran sit tim e frequency, f t, is 
now determined by the gate to 
anode spacing. I f  an r f  input is ap­
plied to the gate and the input r f  
frequency is an integer multiple of 
f t and of sufficiënt magnitude, out­
put oscillations a t  f t will again be 
stimulated.”

“Suppose, for example, the input 
frequency is 10 f t (F ig . 3). The 
first time the input voltage goes 
negative, a domain is launched 
from the gate region. While the 
domain is in tran sit, the field out- 
side of the domain region lowers 
such that a second domain cannot 
be initiated. The field under the 
gate remains low until the first 
domain clears, then a second do­
main is launched, s ta rtin g  another 
output cycle. Thus, w ith an output 
of 10 f t, only every tenth  input 
cycle causes a domain to be launch­
ed, and the o ther nine have no 
effect on the triode.”

According to  TRW, frequency 
division has been dem onstrated by 
every integer up to 34. All devices 
tested thus fa r have output fre ­
quencies in the 1.1 GHz to 1.6 
GHz range. The highest division 
ratio  reported reduced a 38.4 GHz 
input to 1.13 GHz. Bandwidths of 
10% are reported for division 
ratios of less than  10. Forw ard 
and reverse isolations are —35 dB 
and —40 dB, respectively.

The level of r f  power input 
necessary to in itiate frequency di­
vision is reported to be as low as 
— 30 dBm, bu t may be higher for 
some devices depending on the im­
pedance of the input gate. Dynamic 
range was measured to be approxi- 
mately 45 dB ( — 30 to +15 
dBm). The TRW researchers esti-

division

3. A 12 GHz input is converted to a 
1.2 GHz output by a divide-by-ten 
device. Although the output is non- 
sinsusoidal, it can be improved by 
circu it matching and harmonie f ilte r­
ing.

m ate th a t the minim um  energy ac- 
tually required to tr ig g e r a  domain 
in the bulk m aterial is between 13 
and 130 femto-joules.

Impedance m a tc h in g  c i r c u i t s  
have been investigated w ith  an un- 
expected result. “M atching circuits 
provided the expected increase in 
output power, bu t have a surpris- 
ingly small effect on the input. So 
fa r  as the Operation of the triode 
as a divider, i t  doesn’t  seem to 
make much difference w hether or 
not the input is well m atched,” 
Claxton describes.

Claxton feels th a t the tw o keys 
to fabricating  a  successful TED 
divider lie in proper Substrate sur- 
face preparation and ohmic contact 
annealing. Both liquid and vapor 
phase processes have been used to 
grow the epi layer, which has a 
thickness of 4 to 10 microns, de­
pending on the device. E arly  de­
vices used Au-Sn-Au ohmic con- 
tacts, bu t TRW researchers are 
leaning toward AuGe. “Gold-ger- 
manium has a little  less' contact 
resistance, and appears to  adhere 
better to the gallium arsenide,” 
Claxton observes.

TRW is continuing its  investiga- 
tion of three term inal Gunn devices 
under an external funding program  
from an undisclosed source. O ther 
application areas under study in ­
clude analog to digital conversion 
and fa s t Fourier transform ation . 
Details of the TED divider were 
presented a t the 1975 Comell Con­
ference on Active Semiconductor 
Devices for Microwaves and Inte- 
grated Opties in a paper by Clax­
ton, Tom Mills and Lloyd Yuan. • •
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news
M icrow aves help find  drop of e le c tric ity
Harvey J. Hindin
Contributing Editor

Microwave radiation a t 25 GHz 
has been used as a fundam ental 
tooi in providing the f irs t  Photo­
graph  of a “drop” of electricity. 
Recorded as an image from  a  tele- 
vision screen, the picture clearly 
shows a mass of electric charges 
as a single sphere, glowing w ith  
in fra-red  radiation. The existence 
of the drop, shown in Fig. 1, was 
predicted based on the results of 
microwave probing of the in terior 
of an ultrapure, super-cooled, crys- 
tal of germanium. Actually the 
drop is a low-energy plasma or 
electron-hole drop (EH D ) since 
it  contains an equal num ber of 
electrons and positively charged 
“holes” from which the electrons 
have been dislodged.

1. Photo of a single (1 /3 0  inch di­
ameter) electron-hole drop was ob-
tained by illum inating a Ge crystal 
with a laser on one side and focus-
ing an infra-red sensitive TV vidicon 
on the opposite side. The Ge crystal 
disk in which the drop forms meas­
ure 4 mm in diameter and 1.4 mm 
thick. Laser pump level is 80 mW 
at about 5000 Ä. The outline of the 
stressing screw is seen on the left.

The making of the photograph 
required  the use of an Argon- 
K rypton ion laser fo r stim ulating 
the crystal, cooling to almost ab­
solute zero and an infra-red  de­
tector built into a TV camera. 
The research was perform ed by 
Drs. Jam es P. Wolfe and Robert
S. Markiewicz and Professors Car- 
ons D. Je ffries  and Charles K ittel 
of the University of C alifornia a t 
Berkeley Physics Dept. and Drs. 
W illiam L. Hansen and Eugene E. 
Haller of the Lawrence Berkeley 
Laboratory.

The photo-excited charges or 
plasma produced by the intense

laser beam can exist only a t very 
low tem peratures. I f  an external 
magnetic field is applied, micro- 
waves can propagate through the 
plasma a t its plasma resonance 
frequency. Thus, when the sample 
is irrad ia ted  by microwaves at 
th is frequency and simultaneously 
excited by the laser beam, a se­
ries of microwave resonances oc- 
cur whose field strengths depend 
on the ligh t intensity. Typically, 
in Ge a t T =  2°K, resonances 
occur a t 3 to 20 kilo-oersteds for 
a 25 GHz microwave signal. These 
absorptions are called Alfven res­
onances of the electron hole drop.

The tes t setup for observing the 
Alfven resonances, Fig. 2, consists 
of a disc of polished and etched 
u ltrapure p-type Ge containing 
only 1011 acceptor im purities/cm 1 * 3 * S.. 
The crystal is mounted on a ro- 
ta to r in  a tunable cylindrical cav- 
ity  which in turn  is immersed in 
a liquid helium bath in an optical

cryostat. Both the ordinary cyclo­
tron resonances of electrons and 
holes and the new Alfven res­
onances of the EHD are observed 
w ith a sensitive bu t simple super- 
heterodyne receiver, which has a 
12 dB noise figure and a 20 MHz 
bandwidth. The beam of the vari­
able in tensity  cw A r-K r ion laser 
is mechanically chopped a t 258 
Hz and focused by lens system F 
(F ig. 2.) onto the crystal. The 
resonances were observed over the 
frequency range from 24 to 26 
GHz.

The Alfven resonances are ex- 
plained by assum ing th a t the 
spherical electron-hole drop acts 
as a microwave resonator. The 
large dielectric constant w ithin 
the drop reduces the effective 
wavelength in order to match the 
diam eter of the drop. The cou­
pling of the plasma to the external 
field enhances the dielectric con­
stan t and lowers the effective 

(continued on p. 1 4 )
SCOPE

2. Test set-up allows both conventional cyclotron resonances (CR) and the 
new microwave dimensional resonances (Alfven resonances) to be observed 
using a laser and microwave source to illuminate a Ge crystal. The home-built 
superheterodyne receiver uses a lock-in amplifier.

H (KILOGAUSS)

3. Typical microwave absorptions observed due to the Standard Alfven waves
in the EHD can be seen with about a 100:1 signal-to-noise ratio. The positions 
of the absorptions shift to higher fields as the drop radius is increased by 
increasing the laser power.
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A rchitects of the next genera- 
tion of satellite Communications 
Systems are anxious to move into 
K-band, prim arily to gain the wide 
bandwidths necessary to accommo- 
date high b it-ra te  transm ission. 
B ut at K-band, antenna designers 
are  discovering a secondary ad- 
vantage: the ability to tailor the 
satellite’s radiation foo tp rin t to 
cover irregu lär areas on earth. 
The benefit: lower tran sm itte r
power requirem ents and closer 
compliance w ith s tric t in terna­
tional laws governing radiation 
spillover.

A prim e example is Japan ’s CS 
experim ental Communications satel­
lite, now under development at 
Aeronutronic Ford’s W estern De­
velopment Laboratories, in Palo 
Alto, CA. The spacecraft will spot­
ligh t all of the Japanese islands 
w ith  large, circular radiation pat- 
te rn s  at 4 and 6 GHz. But a t 20 
and 30 GHz, the spacecraft will 
generate p a ttem s tailored to cover 
only the m ajor islands of Hokkai­
do, Honshu, Shikoku and Kyushu.

Signals in all four bands will be 
handled by the same antenna, a

Satellite offers contoured coverage of Japan

horn-fed reflector. Circularly pol- 
arized energy propagates up along 
the spacecraft’s spin axis, through 
a series of horns and bounces off 
a specially-designed despun reflec­
tor. I t  is the shape of the graphite- 
epoxy reflector which creates the 
far-field  radiation pattern  tha t 
matches the shape of the islands.

According to Adam N. Wickert, 
m anager of the antenna engineer­
ing departm ent a t WDL, the com­
pound curves forming the surface 
of the reflector were derived by 
computer analysis, working back- 
wards from  a desired far-field pat­
tern. The computer analysis gen­
eraled 18,000 sets of (x, y, z) 
Coordinates which define the reflec­
to r surface. These, in turn, are 
used to machine a tooi which 
serves as a form for the graphite- 
epoxy m aterial. A fter the com- 
posite material is cured on the 
form, a matching aluminum honey- 
comb is built on the back, section 
by section. This is followed by 
another layer of composite ma­
terial to form an epoxy-honey- 
comb-epoxy sandwich. According 
to Wickert, the final surface ac­
curacy of the 40 x 30 inch re­
flector is better than 3 mils.

The en tire  antenna assembly, in- 
cluding feed system and pointing 
m irrors, weighs about 33 lbs. K- 
band Signals are fed through an 
orthomode transducer and broad- 
band polarizer. C-band energy en­
ters a branching horn through a 
series of slots cut into the horn’s 
sidewall. P rio r to being fed into 
the horn, the 4 and 6 GHz Sig­

nals pass through rat-race hybrids 
and waffle-iron filters. Resonant 
“w hiskers” , mounted in the feed 
slots, prevent K-band signals from 
entering the C-band system. All 
signals are  circularly polarized.

Aeronutronic Ford is presently 
under contract estim ated a t $30- 
million to build two of the experi­
mental CS spacecraft, which will 
be launched from the United 
States early in 1977. The Am eri­
can firm  is working closely with 
Japan’s M itsubishi Electric Cor­
poration, which is under contract 
to Japan ’s National Space Develop­
ment Agency for the design phase 
of the country’s CS program.

A t th is point in time, the milli­
meter-wave CS satellite is strictly 
an experimental spacecraft. But 
indications are th a t this is merely 
a forerunner to a more ambitious 
program. Eventually, sources say, 
the Japanese plan to have a com­
plete Communications network of 
th is class of spacecraft. • •  SVB

Highest frequency measurement advances to 148,000 GHz
Once again, researchers at the 

Boulder Laboratories of the N a­
tional Bureau of S tandards have 
extended the realm of directly 
m easurable frequencies to new  
heights. Researchers have success- 
fully directly measured a laser fre ­
quency of 147.915850 THz (about
148,000 GHz) w ith a probable error 
of one p art in 10 million. This fre ­
quency is only a factor of three 
below the red end of the visible 
spectrum, which is the next targe t 
of the NBS team of physicists Don 
Jennings, Russell Peterson and Ken 
Evenson.

According to NBS, while the 
wavelength of radiation can be 
m easured a t higher frequencies

than this, wavelength measure­
ments are inherently much less ac­
curate than direct frequency meas­
urements, which are ultimately 
traceable to NBS frequency Stand­
ards.

The measurement technique used 
by the NBS researchers relies on 
g e n e r a t i n g  an accurately-known 
reference frequency which can be 
compared to unknowns. Using the 
Outputs of lasers and klystrons, the 
researchers irradiate a metal-on- 
metal point-contact diode and by a 
heterodyne effect, produce known 
frequencies as high as the near 
in frared  region. When the known 
signal is fu rther mixed with un- 
known laser radiation on the saitte

diode, a difference frequency is 
produced which can be measured 
w ith conventional Instrum entation.

In the 148 THz m easurem ent, 
two C 0 2 lasers and a helium-neon 
laser w ere used to  synthesize a 
signal near the frequency of the 
unknown signal to be m easured; 
th a t  of a xenon laser. No klystron 
signal was required, since the d if­
ference frequency was low enough 
to be measured directly w ith a 
spectrum analyzer.

The measurement was carried 
out merely to dem onstrate the tech­
nique. Had stabilized lasers been 
used the accuracy could have been 
improved in one p a rt in 10 billion 
or better, according to NBS. • •

S.V.B.
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news
Electro-optical waveguide modulator switches laser light

A GaAs electro-optical switch, 
consisting of two parallel metal 
gap optical strip line waveguides, 
has been developed a t Texas In ­
strum ents, Dallas, TX. The device, 
which is essentially a passive cou-

Electro-optic switch Controls amount 
of light coupled between adjacent 
waveguides by varying bias voltage 
applied to the pad. The scheme not 
only permits direct amplitude modu- 
lation of the laser light propagating 
in one channel but allows the light 
to be switched from one channel to 
the other.

pier w ith  an electro-optic pad a t the 
edge of each waveguide, Fig. 1, has 
im portant implications for optical 
Communications and represents a 
fundam ental building block for 
monolithic integrated optical c ir­
cuits.

According to Joe Campbell of 
T I’s Central Research Labs, a dis- 
tinct advantage of the device is 
th a t it  can be directly coupled to 
optical fibers because the guided 
laser light is well confined in both 
transverse dimensions. I t also re­
quires much less power than bulk 
modulators. “Such a device has 
been diseussed theoretically for a 
number of years, but up till now, 
has never been fabricated using 
any kind of m aterial.”

“I t ’s so rt of analogous to a mi­
crowave directional coupler,” ex- 
plains F red  Blum, a  co-developer 
and form er Program  Manager at 
the Labs. “For dielectric wave­
guides, such as used in this device, 
coupling is achieved by the evanes-

cent (decaying) fields which extend 
beyond the waveguide boundaries.”

In the absence of an applied elec­
tric  field, the propagation constants 
of the two dielectric waveguides 
are equal and the power coupled 
from the input waveguide to the 
adjacent channel varies sinusoidal- 
ly w ith the length of the coupler. 
When the electric field is applied 
to one of the waveguide pads, the 
phase velocity synchronism be­
tween the two channels is spoiled, 
which reduces the coupling and 
causes all the light to emerge from 
the input channel.

The measured waveguide losses 
are about 6 dB/cm, which is close 
to 4 dB/cm, the lowest measured 
to date for GaAs waveguide chan­
nels. Bandwidths of 100 MHz and 
power bandw idth ratios of 180 
jU,W/MHz are possible. Only 5% of 
the laser light which is originally 
in the coupled guide remains a fte r 
Switching, an extinction ra tio  of 
about 13 dB. • •

C o u rt denies challenge to  m icrow ave com petition
The U. S. Supreme Court last 

month rejected fo r the second time 
this year, a challenge to the 1971 
FCC ruling th a t encourages com­
petition  among firm s seeking to 
establish private microwave Sys­
tems to compete w ith AT&T. The 
challenge came from  the National

M icrow aves  help find
/ continued from  p. 10)

wavelength inside the drop. The 
dielectric constant is inversely pro­
portional to the square of the ap­
plied m agnetic field. For 10 kilo- 
gauss, the dielectric constant is 
104 and the corresponding wave­
length is about 0.1 mm. As the 
field is swept, a series of res­
onances occur corresponding to 
resonator standing waves, Fig. 3. 
The resonant field values vary 
linearly w ith the drop radius.

Finding the drop
Many experiments w ith these 

microwave resonances convinced 
the Berkeley physicists th a t they 
knew enough about the properties 
of the drop to find and photograph 
it. They concluded that, under cer-

Association of Regulatory U tility 
Commissioners which contended 
the rule is not in the public in­
te rest since in trastate  telephone 
ra tes could increase as a result.

The high bench, last term, re- 
fused to hear AT&T’s claims that 
the FCC followed improper rural-

drop o f e lec tric ity
tain  conditions, a drop measuring 
about 1/30 of an inch in diameter 
is produced and could actually be 
photographed by detecting the in- 
frared  radiation it emits. Such a 
drop was estimated to contain 1013 
charges. Even though they are im- 
bedded in a solid material lattice, 
electron-hole drops have many of 
the properties of a liquid, such as 
surface tension and thus an ability 
to move throughout the crystal. In 
addition to this, Dr. Wolfe notes 
th a t “the drop has some of the 
properties of a metal such as high 
conductivity. There’s nothing quite 
like it.”

In  all of the experiments, it 
was found necessary to apply a 
mechanical stress to the Ge crys­
tal such th a t a comparatively 
large drop was formed ra ther

making procedures when it ap- 
proved the competition rules. The 
u tility  commissioners said th a t the 
agency forces the FCC to serve 
unprofitable ru ral areas and makes 
up the loss in high-volume areas.

P.H.

than  several smaller ones. This 
stress causes a potential well into 
which the smaller fluid-like drop- 
lets flowed and coalesced. Actu­
ally, the large drop is formed near 
the point of maximum crystal 
stress. More laser power resulted 
in larger drops. All the drops dis- 
appeared in about a millisecond 
when the laser was tum ed  off.

A number of other research 
groups throughout the world are 
presently studying the properties 
of these drops. Russian scientists 
f irs t  came up w ith the droplet 
idea about seven years ago but 
the Berkeley group is the f irs t  to 
actually photograph it. Program  
support was provided by the U.S. 
Energy Research and Development 
A dm inistration and the National 
Science Foundation. • •
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Three for three ain't bad 
in anybody's ballgame. 
That's  the Navy hit 
record on the brazo air- 
to -a ir  a n ti - ra d ia t io n  
missile tests. YIG-TEK  
was part of the team and 
filled the need for YIG 
oscillators with ultra-low  
FM in a missile environ­
ment of 25 G's Vibration. 
When you need superior 
perform ance for your 
Communications, EW or 
radar equipm ent, re- 
member YIG-TEK. Let us 
help you receive "Bravo" 
fo r  yo u r system  no 
matter what the environ­
ment. Call or write today, 
for more in form ation  
about YIG-TEK compo­
nents and subsystems.

NEW CATALOG — 
Send today for com 
plete information 
on our füll line of 
YIG components.

YIG-TEK CORPORATION
A CUTLER-HAMMER COMPANY

1725 De La Cruz BIvd.B Santa Clara, CA 95050 

(408) 244 -32 40  ■  TWX 910 -338-0293

READER SERVICE NUMBER 16

r&d roundup
Easy f i l te r  picking

In an extensive interview and 
introduction to microwave filter de­
velopment of the last 30 years, J. 
David Rhodes of Leeds University 
in England has summarized the 
Problems facing the microwave 
filter design engineer. His paper, 
“Microwave F ilters,” which ap- 
peared in the Newsletter of the 
C ircuits and Systems Society (Vol. 
7, No. 8, pp. 2-8, August, 1975), 
concentrates on the last 10 years 
of th is now “m ature” technology.

Rhodes notes th a t the present 
time, most design problems may be 
solved by a known technique. These 
problems may include amplitude 
and /o r phase specs or both. It 
would appear that the m ajor prob­
lems now are those of size, en­
vironment, tuning and production 
ra th e r than original design.

“Microwave F ilters” may be used 
as a prelim inary design manual by 
the expert or tyro. The reader is 
taken from  a discussion of the ma­
jo r filter types and how to choose 
what he needs to closed form de­
sign equations which may be solved 
by means of hand calculators and 
graphs. Multiplexed channel filters 
are also briefly diseussed.

As an example, the interdigital

Don’t  burn up!
Anechoic chambers usually just 

s it there! Once constructed, they 
seem to last forever and micro­
wave testing is done with no 
trouble unless the design is inade­
quate for the frequencies used.

Unfortunately, M. A. Plonus of 
N orthw estern University has dis- 
covered th is not to be the case. In 
“ Ignitability  of Anechoic Cham­
ber Foam by Electric Currents,” 
(.Proc. IE E E ,  Vol. 63, No. 9, pg. 
1371, September, 1975), he de- 
scribes two proeesses which can 
and have caused total loss of the 
chamber by fire.

Plonus’s own facility was de- 
stroyed, and he made an investi- 
gation because the normal causes 
of fire such as inadequate wiring, 
bad fusing, soldering irons, etc., 
were eliminated as the trouble 
source. A study showed th a t mys- 
terious chamber fires a t other 
facilities a re  not uncommon. F ight­
ing these blazes is very diffieult 
because of the toxic gases released.

Simple flammability tests showed 
th a t the chamber m aterials did not 
burn too readily with matches or 
hot irons so special mechanisms

Harvey J. Hindin, Contributing Editor

The measured results for a 14th de- 
gree interdigital filter are shown in
(a) fo r the relative group delay and
(b) fo r the amplitude response. The 
interdigital design can also be made 
broadband (300% ) up to 20 GHz.

filter response shown in the figure 
is ideal for simultaneously realiz- 
ing amplitude and phase specifica­
tions in a TEM structure. I t  is as 
inexpensive as the combline filter.

Systems engineers reading the 
paper will get a good overview of 
w hat th e ir vendors can do, since 
the m aterial is so organized th a t 
the design equations can be skip- 
ped. The 27 references provide 
good leads for fu rth e r reading if 
desired.

were suspected. This turned out to 
be so and two cases were identified. 
In the first, fire was readily started  
when two w ires carrying 100 volts 
o r  m o re  to u c h e d  th e  fo a m . 
T h e  h ig h e r  th e  v o l ta g e  an d  
sharper the point’s, the quicker 
the fire. Separation between the 
the contacts was not a factor. Even 
if discovered early, the smoke is 
so dense th a t the fire cannot be 
controlled.

I f  the fire does not s ta r t readily, 
due to low voltage or blunt con­
tacts, internal foam heating re­
sults. Because of the foam’s high 
conductivity (due to  carbon p arti­
ele im pregnation), it acts as a dis- 
tribu ted  resistor and the heat gen- 
erated is not conducted to the 
surface. Again, contact Separation 
is not a factor.

While fu rth e r work is necessary 
to fully understand these effects 
and their characteristics, all users 
of anechoic chambers should be 
aw are of th is  m ajor fire hazard 
and take suitable precautions.

The above mentioned reference is 
available from: Single Publica- 
tion Sales, IEEE, 445 Hoes Lane, 
Piscataway, NJ 08854.
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Don’t Overlook The 
Package Design
Here are some manufacturing processes and packaging schemes 
you’ll find useful for MICs. Ways of bonding the carrier 
to the enciosure and sealing techniques are also covered.

HAVE you ever 
d e s ig n e d  an  

MIC module th a t m ust operate over 
a —50° to 100 °F  tem perature spec, 
w ithstand a salt-laden environm ent 
or survive a level of vaeuum as 
found in space applications? I f  you 
have, you probably can appreciate 
the care involved in designing the 
module’s enciosure. The process 
used in  m anufacturing the encios­
ure m ust be carefully reviewed as 
well as the type of bond between 
the Substrate and ca rrie r/encosure 
and the therm al design fo r lim iting 
tem perature excesses of active ele­
m ents. Obviously, the degree to 
which these detail designs adhere 
to design requirem ents will affect 
the reliability and un it cost of the 
m icrostrip  assembly. As such they 
m ust be traded off early in the de­
sign phase.

Packaging design may be the re- 
sponsibility of the mechancal de­
signer, but it  is im portant th a t 
his electrical counterpart is aware 
of th is tradeoff. F o r example, the 
development of a circuit which in- 
cludes a component such as an ex- 
posed semiconductor would be in- 
compatible w ith a module enciosure 
design th a t was not m eant to be 
hermetically sealed, particularly  if

Daniel Olivieri, Senior Member of 
Engineering Staff, RCA, Government 
and Commercial Systems, Missile 
and Surface Radar Division, Moores- 
town, NJ 08057.

the module is to be used outside of 
a eontrolled environment.

Fabricating the enciosure
A typical enciosure for a micro­

wave in tegrated  circuit consists of 
a shallow five-sided rectangular 
can and a cover. Dc and r f  con- 
nectors are generally mounted to 
the side walls with the circuitry  at- 
tached to the bottom inside wall of 
the enciosure. This arrangem ent 
lends itself fo r interfacing the con- 
nectors and the circuits.

A few of the available processes 
for fabricating  this five sided can 
include:

•  draw ing of wrought sheet 
metal

• a welded or brazed fabrication 
using w rought stock

• casting
• machining of wrought stock
Of the four processes listed,

castings could be a poor candi- 
date for an enciosure tha t will 
eventually be hermetically sealed. 
Castings are porous, making a 
vapor-sealed enciosure difficult, if 
not impossible to achieve. To cir- 
cumvent the porous features in 
castings, vaeuum impregnation can 
be used, bu t the limitations of such 
a procedure should be recognized. 
The casting industry uses either a 
resin obtained from plants or a ma­
terial th a t is chemically synthe- 
sized. Both of these impregnants 
are tem perature limited and at tem­
peratu res in excess of 500° F 
break down of the sealing effec-

1. This cross sec­
tion shows detailed 
elements used in 
the drawing proc­
ess. This process 
lends itself to pro- 
duction runs of 
MIC enclosures.

tiveness occurs. Of the inorganics, 
industry makes use of a filled 
sodium silicate due to the ease of 
handling. I t  also offers no problem 
with cleaning a fte r impregnation. 
However, th is form of im pregnant 
is frequently unacceptable since 
mild tem perature cycling can loosen 
the bond between casting and the 
sealing m aterial. The possibility of 
contam inating “exposed” semicon­
ductor chips w ith use of organic 
im pregnates is also a prim e limita- 
tion.

In selecting a welded or torch- 
brazed process (from  wrought 
metal shee ts), the designer should be 
aw are of the metallurgical change
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th a t can take place in the metal 
used. This is most apparent when 
using aluminum. In simple terms, 
when w rought aluminum is sub- 
jected to the high tem peratures 
encountered in most brazing/weld- 
ing Operation, the welded joint, 
upon cooling takes on the charac- 
teristic  porous features of the 
aluminum casting. If  this fabrica- 
tion method is selected, the design­
er should minimize the total length 
of seams to be sealed.

One way of achieving minimal 
seal length is to machine the can 
from w rought stock or form it by 
using a drawing process. Drawing 
is the form ing of a sheet of metal 
into a seamless hollow shape using 
a punch th a t causes the metal to 
flow into a die cavity or opening, 
Fig. 1. The drawn process does 
offer dimensional and form factor 
lim itations, however. For example, 
most MIC enclosures have features 
such as compartments and surface 
flatness requirem ents th a t are im- 
practical for a drawing process. To 
obtain a surface flatness of 0.001 
inch per inch in a drawn can, re­
quires an additional m anufactur­
ing Operation which adds to the 
cost. F latness of th is accuracy is 
required in most modules when 
soldering Substrates to an inside 
wall of the enciosure. This is un- 
derstandable when considering, for 
example, a Substrate size of 2 in. 
X 3 in. th a t is to be soldered down 
w ith a solder bond thickness of 
0.001 in. to 0.004 in., optimal for a 
high strength  solder joint.

Making the enciosure out of 
wrought stock has none of the 
lim itations of the welded/brazed 
process or the drawn and casting 
methods. Machining technology has 
advanced to where numerically-con- 
trolled machining can be cost com- 
petitive w ith the processes men- 
tioned above. The enciosure shown

PACKAGE DESIGN

2. Dual-polarized diode switch is de­
signed for production and low cost 
through the use of the up-to-date 
manufacturing tools, processes and 
materials.
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in Fig. 2 was machined from 
wrought aluminum using a numeri- 
cally controlled milling machine. 
This m anufacturing process and 
the projected un it cost, based on 
quantities of 5,600 for the pack- 
age in Fig. 2 proved to be the 
least costly of all processes con- 
sidered. For example, a brazed as- 
sembly has an approxim ate unit 
cost of $21 per can, a casting $18 
per can, while a numerically con­
trolled milling process costs only 
$12 per unit. A draw n can is not 
included since the form  factor was 
not amenable to th is process.

Bonding Substrates to enciosure
Microstrip circuits consist of 

thin-conductive films on a ceramic 
Substrate with an overplating of 
a precious metal such as gold. The 
th in  films are generally formed by 
an ev a p o ra te d /sp u tte re d /p la tin g  
System of (but not restric ted  to) 
molybdenum and gold on an alumi­
na Substrate. Gold is an excellent 
selection for the r f  transm ission 
line. I t  resists the effects of cor- 
ro-sive contaminants and possesses 
good bonding properties. The gold 
metalized ground plane becomes the 
carrier/enclosure interface. The ac- 
cepted means by industry  of bond­
ing the Substrate to the enciosure 
is by soft soldering. This metallic 
bond achieves the required electri­
cal grounding and w ith due con- 
sideration to tem perature cycling 
and differential expansion of the 
bonded materials, a mechanical at- 
tachment is obtained.

A properly-designed solder jo in t 
between Substrate and enciosure/ 
carrier meets most commercial, 
m ilitary and space environmental 
requirements. For large produc­
tion quantities, however, care m ust 
be taken in the metal selected for 
electroplating the carrier/enclosure. 
In addition, the solder selected 
must be compatible w ith the m etal­
ized surfaces in order to prevent 
“teaching,” i.e. where th in  gold 
dissolves into the predominantly 
thicker layers of the soldering al- 
ley. Intermetallics can then form 
which leads to voids and poor bond 
strength. This usually takes place 
a fte r the repeated heating of a 
solder joint.

The flow tem perature of the 
solder is also critical when other 
in-process procedures require heat­
ing of the assembly. In  large pro­
duction runs where soldering is 
done in a tem perature profiled 
oxygen-free conveyor belt oven, 
relaxation of one control param ­
eter is costly since reclam ation of 
poorly soldered Substrates to car­
rier/enclosure is not economical.

Yield factor is a significant item  
in a beit driven furnace.

Before m ounting the Substrate 
to the enciosure, i t ’s critica l to 
first consider the placem ent of the 
microwave connection to the out- 
side of the enciosure. M icrostrip  
transm ission lines a re  generally 
term inated in coaxial conneetors 
mounted to the walls of the en­
ciosure. The metallized ground 
plane of the Substrate and the out­
er conductor of the connector m ust 
join to a common ground in a pre- 
cise fashion fo r the m icrostrip  to 
have minimal r f  reflections and 
losses. This is generally achieved 
by the proxim ity of the  connector 
and the edge of the ground plane 
as well as grounding the  edges of 
the Substrate to the enciosure w ith  
solder. The bond between Substrate 
and carrier/enclosure is especially 
im portant in the vicinity  of the  r f  
connector, where a void could de- 
tune the circuit. T racking  down 
th is  detuning effect is usually 
quite difficult.

The use of an adhesive fo r  bond­
ing Substrates is ano ther method 
used by industry. The adhesive is 
generally applied using a  stencil- 
ing tool, Fig. 3 and is m ost a ttrac- 
tive fo r both large and small p ro ­
duction runs.

The m icrostrip diode sw itch in 
Fig. 2, fo r example, uses a  flexible 
adhesive bond fo r holding down the 
Substrate. These adhesives are a 
room tem perature vulcanized sili­
cone rubber which eure to a  tough 
rubbery solid-bond when exposed 
to m oisture in  the air.

Adhesives such as loaded RTV 
(a  registered adhesive b rand  nam e) 
and epoxies are not sufficiently 
(electrically) conductive in  most 
m icrostrip applications to use as a 
substitu te  for soldering. To m eet 
the grounding requirem ents in  the 
switch design (F ig . 2) w here an 
adhesive was used, a  th in  ground 
strap  is bonded in the c ircu it areas 
where grounding is critica l. To 
make an effective ground connec­
tion between the ou ter conductor 

( continued on p. 3U)

3. This stenciling tool applies and 
Controls the thickness of adhesives 
in bonding Substrate to carrier. It 
can control thickness between 0.004 
inch to 0.009 inch.
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of the r f  connector and the ground 
plane of the Substrate, a one-mil 
th ick  metal strap  is fusion bonded 
(parallel gap welded) to the face 
of the connector directly under the 
cen ter conductor and then bonded 
to the  ground plane of the Sub­
stra te . The bonding of the ground 
s trap  to Substrate ground plane is 
made a f te r  assembling both the 
connector and Substrate into the 
enciosure. This last bond is made 
through  an apertu re in the encios­
u re  as shown in Fig. 4. Sufficiënt 
slack is designed into the ground 
s trap  to account fo r therm al ex- 
pansion of the assembly. A metal 
(gold ribbon) strap , w ith slack, 
is also used in making the r f  con­
nection between the center con­
ductor of the connector and prin t- 
ed transm ission line.

This grounding technique is a 
positive connection which solder­
ing techniques may not achieve. 
Note th a t the substrate-to-carrier 
bond can be characterized as a 
dielectric (adhesive) as opposed to 
a metallic rigid bond. Loading of 
th is  adhesive w ith metallic parti- 
cles may be required to improve 
therm al conductivity. A flexible 
(silicone base) adhesive can also 
accommodate therm al differences 
in  expansions of the Substrate and 
carrier/enclosure.

This use of adhesives and 
grounding w ith  straps are gener­
ally associated w ith  non-hermetic 
solid-state r f  modules. F o r her­
metically sealed units outgassing 
of solvents into the enciosure 
which may occur and coat exposed 
semiconductors.

The advantages of ground straps 
and flexible adhesives m ust also be 
refleeted in considering yields :

•  The design is more repro- 
ducible.

•  Costly Controls are m inim al.
• The bond is flexible (using an 

adhesive like RTV) to accom-

PACKAGE DESIGN

4. The bonding of the ground strap
to the Substrate ground plane is 
made through a hole using a parallel 
gap-welding machine.

modate w id e  te m p e r a tu r e  
cycling.

•  The design can accommodate 
w ider dimensional tolerances 
on component parts.

•  The design is less sensitive to 
aging and deterioration of 
contact Connections such as a 
bolted-on connector.

•  The ground straps eliminate 
the high r f  insertion loss as­
sociated with conductive epoxy 
and silione base adhesive.

• Repair and reclaim ing of Sub­
s tra te s  are  easily accomplish- 
ed by subm erging the bonded 
assem bly in solvents.

•  The adhesive is easily applied 
w ith stenciling tools.

Mounting the active elements
Generally, the mounting of a 

shunt diode m icrostrip requires 
the drilling of a hole in  the Sub­
s tra te  for positioning the diode. 
Grounding is then accomplished 
by soldering one end of the diode 
to the carrier. This assembly pro­
cedure for diodes may be accom­
plished a t the same time the Sub­
stra te  is soldered to the carrier, 
Fig. 5. In  an assembly th a t uses 
a flexible adhesive for bonding 
Substrates, a design sim ilar to a 
therm ally and electrically conduc­
tive pad must be fusion bonded to 
the ground plane of the Substrate 
completely sealing the hole. The 
diode is also fusion bonded to the 
pad. The Substrate is then assem- 
bled to the carrier/enclosure. The 
switch in Fig. 2, has a screened-on 
adhesive of RTV loaded with ther- 
mally-conductive metal particles. 
The pad between the diode and 
ca rrie r provide the required diode 
ground as well as spreading the 
dissipated power.

The geometry of the heat spread­
ing pad under the diode is critical 
to the overall thermal design of 
the module. A diode in the dual 
polarization switch has an aver­
age power dissipation of 2 W dur- 
ing a normal operating mode, 
bu t the specifications require 
the thermal design to be capable 
of handling a refleeted pulse (for 
short time durations) having a 
peak power of 6 W with a pulse 
w idth of 1.5 ms. The thermal time 
constant, r, is less than 200 jj ,sec 
which implies the junction tem ­
peratu re  of the diode must reach 
steady state1 conditions on the 
first pulse. This dictates the th er­
mal design to be based on the 7 W 
peak pulsed power and not on the 
average 2 W dissipation. W ith the 
diode having a thermal resistance 
of 20°C/W , the efficiency of the 
therm al spreader m ust be suffi-

SUBSTRATE
/DIODE

/

CARRIER

SUBSTRATE FLEXIBLE 
BONDING MATERIAL

HEAT SPREADI 
DIODE PAD

5. A flexible adhesive or solder is
used to bond th is assembled diode 
and heat spreader to the carrier. The 
diode pad is fusion bonded to the 
ground plane of the substrate.

ciently high in order to keep the 
junction tem perature below the 
diode’s upper lim it of 160 °C.

A closed-form solution in design- 
ing the geometry of the heat 
spreader is difficult to obtain if 
not impractical. A careful (th e r­
mal) nodal model m ust be made 
using an itera tive computer pro­
gram  to obtain the required di- 
mensions. The optimum geometry 
is one in which an adiabatic 
boundary is formed between the 
edge of the spreader and the nodes 
w ithin the ca rrie r directly below 
this edge. Of prim e importance is 
the use of a m aterial th a t has a 
high therm al conductivity. F u r­
ther, i t  is apparent th a t a spreader 
has no practical value unless the 
therm al resistance into the carrier 
is much g reater than the chip car­
rie r and junction.

The selection of other active 
elements such as a transisto r 
package m ust also be subjected to 
a detailed tradeoff study. Flange- 
type transisto rs th a t are used in 
high-powered m icrostrip applica­
tions generally rely on the torqued 
screws for low-thermal contact 
resistance in transferring  dissi­
pated power into the circuit car­
r ie r /  enciosure. Also, circuit per­
formance is dependent also on 
in tim ate contact w ith  substrate 
edges and the ca rrie r adjacent to 
both si des of the transistor. Voids 
between these surfaces will change 
the impedance match into the tra n ­
sistor.

To avoid these possible voids 
and minimize parasitics, a  thin, 
soft grounding pad, electrically 
and therm ally conductive m aterial 
(such as 0.003 thick copper) could 
be fusion-bonded to the ground 
plane of the substrate, Fig. 6. This 
grounding pad is formed to fit 
under the transisto r flange and 
secured by the clamping aetion of 

(continued on p. 36) 
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PACKAGE DESIGN

6. In this typical transistor mount­
ing to a ground pad, the formed 
metallic foil is shaped and positioned 
to eliminate parasitics. It provides 
a solid connection between the sub­
strate ground plane and transistor.

the screws. This arrangem ent 
again  perm its a non-metallic bond 
between substrate and ca rrie r and 
can be used w ith a stud-mounted 
tran sis to r package. I t  should be 
noted th a t since the ground pad is 
fusion bonded to the ground plane

of th e  substra te , a soldering Sys­
tem  fo r  bonding su b stra te  to  ca r­
rie r/en c lo su re  could also be used.

Sealing of enciosure
In tegrated  microwave circuits 

m ust bc protected to prevent per­
formance degradation or cata- 
stro'phic failures. S p e c if  ic a lly , 
“exposed” semiconductors are sen­
sitive to sodium ions, tem perature 
extrem es and moisture. Available 
in today’s m arket are hermetically 
sealed diodes, transistors and mois- 
ture-proof (conformal coated) pas­
sive components. If  the module is 
used in an environment th a t is 
idealized, the choice of hermetic 
vs. non-hermetic sealing of the en­
ciosure is obvious. For some non- 
hermetic applications, combinations 
of exposed components, which are 
plastic coated, could be used with 
hermetically-sealed devices.

When the tradeoff calls for her­
metic sealing of the enciosure, the 
designer m ust then decide on the 
degree of hermeticity. This is a 
function of the leak rate of gases 
out of or into a sealed enciosure. 
From  the gas laws, leak ra te  is an 
exponential function of the pres­
sure difference between the inside 
and outside of the enciosure and 
inversely related to the “sealed-

A  TRIPLE THREAT T O  ENI

MODEL 30L
■ 1-250 MHz
■ 30 watts minimum 

with up to 80 
watts usable power

■ to 40 watts linear

MODEL 40L
■ 1 240 MHz
■ 40 watts minimum 

with up to 80 
watts usable power

■ to 40 watts linear

MODEL 60 LA
■ 4150 MHz
■ 60 watts minimum 

with up to 120 
watts usable power

■ to 40 watts linear

T Y P IC A L  POWER O U TP U T CH AR A C TER IS TIC S

A ll th ree  a m p lifie rs  w il l  op era te  in to  any load and fea tu re  adjustable 
o u tp u t, low  ha rm on ie  d is to r t io n  and u n c o n d itio n a l s ta b ility .

FOR COMPLETE DATA CALL 215-723-8181
A m p lif ie r  Research 
160 S choo l House Road 
S o ud e rto n , Pa. 18964

YOUR BEST SOURCE FOR RF POWER AMPLIFIERS

life” of the module.
The “sealed-life” of the en­

ciosure can be defined as the length 
of tim e for the pressure w ithin 
the enciosure to approximate the 
external am bient pressure. At this 
point in  tim e w ith operational 
tem perature cycling, exchange of 
internal and external gases will 
take place. In addition, this nor- 
malization of pressure is a factor 
th a t m ust be accounted for in space 
(partia l vaccum) appliations. At 
enciosure pressures of about a torr, 
r f  voltage breakdown in coaxial 
transm ission lines may occur. 
Yolatilization of solvents in m ate­
rials a t  low pressures m ust also 
be considered when dealing with 
modules for use in space.

Since pressurization of most 
solid-state r f  modules is offen 
necessary in harsh  environments, 
the enciosure design is a critical 
cost item. P rim ary  param eters for 
determ ining the m aterial to be 
used in the design of a pressurized 
enciosure are w eight and deflec- 
tions of component m ounting su r­
faces w ith in  the enciosure. I t  is 
also influenced by the process used 
in the sealing of the module. Proc­
esses th a t are populär for sealing 
include soldering, TIG (tungsten- 
inert-gas) welding and parallel 
seam sealing.

Soldering the cover on is a com­
mon, effective and inexpensive 
means of sealing for small produc- 
tion runs. In selecting this proc­
ess, consideration m ust be given 
to the metallic finish of cover and 
enciosure body, the reflow tem­
perature of the solder used and 
the mechanical strength  of the 
soldered joint. The reflow tem­
peratu re of the solder is critical to 
tem perature sensitive components 
and joints previously soldered w ith­
in the enciosure. Typically, the tin 
lead or indium-tin solders th a t 
have liquidous tem peratures rang- 
ing between 117°C and 238°C 
could be used for sealing the cover 
w ithout degrading the perform ­
ance of most MIC circuits. Metal­
lic finishes th a t are compatible 
w ith these solders are tin  plating, 
copper plating and nickel plating. 
Those enciosure m aterials th a t 
could be used in an assembly where 
the cover is sealed with solder in- 
cluding copper base alloys, alumi­
num, stainless steel and nickel 
alloys.

When soldering the cover to 
achieve hermetical seal, the jo in t 
should be able to w ithstand loads 
from gas pressure differentials or 
from tem perature cycling. This 
type loading on a soldered jo in t is 
subject to fatigue failures when
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7. Life expectancy of a soft-soldered 
joint decreases as stress increases. 
Creep failure is also a function of 
temperature.

improperly designed. The con­
stan t loading may be only a 
small percentage of the load re­
quired for ultim ate failure when 
it is suddenly applied to the joint. 
In other words, these low-level 
stress failures are tim e dependen!,2 
Fig. 7. The jo in t configuration 
should also he one th a t suffers 
minimal damage where subject to 
an accidental blow.

Tungsten-inert-gas welding is a 
joining process where coalescence 
is produced by the high tem pera­
tu re  generated by an are between 
the tungsten electrode and the 
work piece. The are is shielded by 
an atmosphere of argon, helium 
or a m ixture of in ert gases which 
purges the work area of oxygen- 
nitrogen atmopshere. TTG welding 
requires a high frequency, high 
voltage, low-current source to 
produce a spark across the gap, 
thereby form ing a gaseous partiele 
ionization. The positively charged 
gaseous atoms are a ttracted  to the 
electrode (cathode) giving up 
kinetic energy and generating 
heat. Em itted electrons are a ttrac t­
ed by the positively charged work 
piece (anode). The plasma zone 
formed (a t a tem perature greater 
than  5000°F) is quite small which 
localizes the heat in the parts to 
be joined. P roper heat sinking of 
the work piece prevents damaging 
tem perature sensitive areas w ith­
in the MIC modules.

M aterials which are suitable for 
TIG welding include most stain­
less steels, copper, cupro-nickel, 
Kovar, aluminum and brass. A 
jo in t between the cover and en­
ciosure body is characterized by a 
good fit, equal cross section of 
p arts  to be joined and sharp weld­
ing edges, Fig. 8.

P arts  th a t a re  formed for TIG 
welding are generally more costly, 
for example, than  parts th a t are 
shaped for soldering. The advan- 
tages of this joining process are:

•  no flux is used which can con- 
tam inate the enclosed circuit

•  joints are less porous
• fillers are not required.

(continued on p. 72) 
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Richard T. Davis
Managing Editor

H OW does microwave technology 
in Europe stack up against 

th a t  in the United S tates? If  you 
th ink  th a t there’s no comparison, 
th a t  the U. S. is ahead on all 
counts, perhaps you’re not aw are 
t h a t :

• B ritain  has a lead of about 
five years on the United States 
in indium-phosphide technolo­
gy. InP  offers better efficien- 
cies— 15% vs. 6 or 7% for 
GaAs Gunns a t Ku-band. A 
17-GHz battlefield radar, ini- 
tially designed for a 3W peak 
output with a GaAs Gunn de­
vice, will soon deliver 10 W. 
Why? An InP  Gunn diode will 
be substituted w ithout any 
additional battery  drain.

• Plessey in Towcester England, 
is selling surface-acoustic-wave 
(SAW) oscillators, w ith cus- 
tom designs available w ithin 
six to eight weeks. In  the 
United States, Teledyne MEC, 
the only American concern 
th a t appears serious about get- 
ting into the m arket a t pres­
ent, is still studying the sales 
outlook for such devices.

•  In terest in the d irect telecast­
ing program s from satellites 
to homes is spurring  the de­
sign of high-power European 
TWTs and simple, inexpensive 
monolithic and hybrid front- 
ends. Plessey is shooting for a 
6 dB noise figure a t 12 GHz in 
a FE T  monolithic front-end. 
Valvo (Philips) also has de- 
veloped a 12 GHz MIC m ixer 
for TV down-converting w ith 
a conversion loss of 3 dB.

•  Impressive results are being 
achieved by European m anu­
factu rers in field-effect tra n ­
sistor technology. While top 
honors still go to Japan, im- 
provements in both low-noise 
and high-power FE T s are be­
ing made by such Companies 
as Plessey, Siemens AG in 
Munich, Thomson CSF in 
France and the Philips Labo-

ra to ry  d’Electronique et de 
Physique Appliquee, also in 
France. Plessey is producing 
its own GaAs material. Most 
American FET m anufacturers 
are dependent on outside ma­
terials sources, and most of 
the devices are being develop- 
ed for in-house use only.

• A good deal of European R&D 
is still going into the improve- 
m ent of microwave tubes. “We 
don’t  have any Obsession with 
replacing every tube in a Sys­
tem with solid-state compo­
nents,’’ notes Tony Cooper, 
m arketing m anager of EMI- 
V arian in Hayes, England.

Better efficiency with InP
Plessey started investigating InP 

for transferred  electron devices 
back in 1970 and more recently, 
for FE T  work. In the United 
States, InP  is only starting  to be 
investigated at such laboratories as 
RCA, Hewlett-Packard, V a r ia n ,  
W estinghouse in P ittsburgh and 
Cornell University.

InP  offers improved efficiencies 
and higher powers in GaAs for 
transferred-electron devices. This 
is particularly  im portant a t fre­
quencies above 12 GHz.

InP  FETsl allow working with 
larger geometries for a given fre ­
quency. A GaAs FET at 12 GHz 
needs a submicron gate length, 
while w ith InP the gate length can 
be greater than 1 fx. Obtaining sub­
micron geometries on semiconduc- 
tors usually means more costly 
e le c tro n -b e a m  photolithography. 
InP  FETS also offer improved 
gains above 10 GHz.

The best reported efficiency for 
InP  Gunn diode is 21%, obtained 
by the Royal Radar Establishment 
in Malverne, England, while the 
best w ith GaAs is about 10 to 12% 
—and th a t’s not too repeatable.

Plessey plans to m arket an InP 
TEA in about a year. The reflec­
tion amplifier, already developed 
in the laboratory, has an 8 dB 
noise figure at 15 GHz with an 
output of 10 mW. Gain is 10 dB 
over a 1 GHz bandwidth.

“We’re looking a t Ku-band ini- 
tially,” explains George Gibbons, 
m anager of microwaves and opto- 
electronics research at Plessey’s 
Allen Clark Research Centre, “X 
band is already p re tty  well estab- 
lished by GaAs FETs. We think 
the noise figure will also be less 
than FETs at these frequencies.”

Plessey has also developed a lab 
model of a InP  FE T  w ith a 4-ju 
gate length and a noise figure of
2.5 to 3 dB.

“We’re planning to concentrate 
in the l-/x gate length area and 
make improvements in the device 
technology,” explains Gibbons. “We 
find the techniques involved with 
building InP  devices, such as the 
etching, more difficult than with 
GaAs. But we have made some 1-yx 
gate length FE T s using InP .”

“For InP  Gunn diode oscillators, 
we’re replacing the ohmic contacts 
w ith a high-field contact or a hot- 
electron injecting cathode contact 
th a t overcomes the ‘dead space’ 
th a t exists.”

SAWs for simple, stable sources
Surface-acoustic-wave oscillators, 

another area where Europeans ap- 
pear to have a clear lead, were in- 
vented a t the Royal Radar E stab­
lishment. In their simplest form, 
the oscillators are amplifiers with 
a SAW delay line connected as a 
feedback loop (F ig . 1).

SAW oscillators offer several 
im portant improvements over the 
lower-frequency bulk quartz reaso- 
nator. For one thing, they can be 
operated up to 1 GHz and even 1.5 
GHz, thereby reducing by a  factor 
of up to 10 the order of multipli­
cation common to crystal-contrqlled 
oscillators. They also have the ad- 
vantage of a degree of linear fm. 
This fm tuning capability can be 
traded off against the fixed fre­
quency stability. Short-term  sta ­
bility of 1 in 109 is currently avail­
able—close to the perform ance of 
conventional quartz oscillators.

A nother main advantage of SAW 
oscillators is th a t most of the in- 
genuity of the design is built into 
the mask, which can be printed
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onto Substrates very accurately 
and in volume. The potential for 
inexpensive, stable oscillators is 
there. In fact, Plessey recently an- 
nounced the availability of a com­
mercial SAW oscillator, the SWO 
170, which sells for about $600 
(see p. 67). A lib rary  of m arks is 
available, and the frequency can 
be tailored over a range of 10 MHz 
to 1 GHz.

“An fm capability to 700 MHz is 
also available, depending on the 
mask used,” says Jim  Heighway, 
m anager of Plessey’s SAW unit in 
Towcester. “F inger spacing for a 
typical un it is 1.5 pm , w ith  each 
finger about 0.4 jxm wide. We can 
go to about 0.25 pm , bu t th a t’s 
about the lim it.”

The Plessey SAW substrate is 
being packaged in a TO-8 can with 
a separate amplifier, but plans are 
to mount the SAW device and a 
GaAs FET am plifier on a single 
substrate.

GEC/M arconi Research Labora­
tories in G reat Baddow, England, 
is also producing SAW oscillators 
with fundamental operating fre ­
quencies to 1 GHz (see p. 67). Ac­
cording to Vince Wilkinson, man­
ager of the M aterial Applications 
Group, Marconi is using a photo- 
lithographic technique to get ap- 
proximately 1-jU.m finger spacing 
for 1-GHz Operation. Wilkinson 
says tha t Operation to 1.5 GHz is 
barely feasible a t present, but he 
predicts ultim ate Operation to 2 
GHz.

These SAW oscillators are not 
presently available off the shelf, 
but they can be built quickly on 
special order. As an example, a 400 
MHz SAW oscillator built by Mar­
coni uses a three-stage loop ampli­
fier th a t delivers 5 W. The loop 
itself runs a t a 10 mW level. The 
output power is achieved through 
additional stages of gain, and effi­
ciency is 60%.

Frequency tuning of 1% of the 
center frequency is possible, and 
stability over 0 to 70° C Variation 
is typically 50 ppm. Noise levels of 
— 150 dB/H z a t 25 kHz have been 
obtained a t 20 MHz.
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1. Experimental SAW stable oscillator 
developed by MESL operates at 490 
MHz It consists of an AT-cut quartz 
substrate (the large can to the right) 
which forms the feedback loop across 
the three modular rf amplifiers.

P r o m in e n t  in surface-acoustic 
wave technology development is 
MESL (Microwave and Electronics 
Systems Ltd.) of Scotland. I t  re ­
cently built an experimental SAW 
oscillator, F ig  1, a t 490 MHz th a t 
has an fm deviation of up to 0.5% 
of center frequency.

Thomson-CSF is also very active 
in a wide varie ty  of SAW devices, 
SAW oscillators included. F or ex­
ample, it recently developed a 500 
MHz oscillator w ith  a 10 dBm out­
put and short-term  stability  of 5 
X 10~9/sec. Long-term stability is 
5 x  HLVyear.

Long-term stability  is one area 
where SAW oscillators are in ferior 
to AT-cut crystal oscillators. The 
surface-aging effects seem to get 
worse as frequency increases, and 
this is one aspect being improved 
on in l a b o r a to r i e s  th r o u g h o u t  
Europe.

Satellite telecasting TWT power
Interest in a 12 GHz TV broad- 

casting satellite, particularly  in 
West Germany, is leading to the 
development of high-power, space- 
qualified TWTs and inexpensive, 
microwave front-end designs. Com­
promises in quality are not accept- 
able here—as with, say, education- 
al TV broadeasts to remote areas. 
Satellite tran sm itte r power of 700 
to 800 W cw is essential to keep 
the cost of the 12 G H z/uhf down- 
converter commensurate w ith  the 
$600 to $800 price of the TV re­
ceiver in Europe today.

According to Rüdiger Teupser in 
Siemens’ Satellite Communications 
Dept., Munich, feasibility studies 
by German industry  show th a t 
TWTs can be developed w ith su f­
ficiënt power (E IR P ) for the di­
rect transm ission of TV signals. 
The European Satellite Research 
Organization (ESRO) has contract- 
ed with Siemens and Telefunken 
for the development of a tube w ith 
700W output, efficiency of not less 
than 50% and w eight of less than 
3 kg. At Siemens, TW Ts w ith 
multi-stage collectors are being de- 
signed to provide th is power—a 
tenfold increase over w hat’s avail-

able today. I t  now seems certain  
th a t w ithin two to th ree  years, 
tubes to meet th is specification will 
be in production.

The biggest expense in telecast­
ing by satellite is the need for 
inexpensive receivers. According to 
J. Siebeneck of Valvo in H am burg, 
Germany, which is p a r t of the 
Philips group, the use of existing 
TV sets requires a w eighted video 
signal/noise ra tio  of about 55 dB 
for good picture quality. An 80 cm 
or 120 cm parabolic antenna would 
provide 37 to 41 dB gain, respec- 
tively. Siebeneck suggests a double- 
down conversion technique w ith  a 
first i-f of about 900 MHz and a 
second i-f of about 120 MHz.

“This allows the reception of up 
to five channels in a  400 MHz 
band,” he says. ‘I t  also allows 
‘A FC’ing only the second Convert­
er and thus m inim izing the fre ­
quency stability  requirem ents for 
the first LO.

A simple, free runn ing  Gunn 
oscillator can then be used, Siebe­
neck points out.

In the proposed Valvo design, the 
first i-f down-converter is p a r t  of 
the antenna and is placed a t  the 
end of a T E tl feed guide, which 
also serves as a high-pass filter. As 
shown in Fig. 2, th is Converter 
consists of a m icrostrip-balanced 
m ixer and in tegrated  Gunn LO 
w ith  a flat, round TM010 cavity. LO 
power is coupled to one p o rt of the 
3 dB hybrid coupler by means of 
s lo t/s trip  coupling. The conversion 
loss is about 3 dB fo r LO power of 
9 dBm at 11 GHz. A thin-film i-f 
amp in th is phototype is used w ith 
a noise figure of 5 dB, resu lting  in 
a receiver noise figure of 8 dB.

“This amplifier will be replaced 
by a monolithic in tegrated  version, 
preceded by a low-noise stage in 
order to improve the receiver noise 
figure,” says Siebeneck.

Plessey is looking a t its  FE T  
capability for 12 GHz TV receiv­
ers and plans to come up eventually 
w ith a monolithic design. A proto­
type model consisting of a separate

(continued on p. UO)

2. Valvo’s MIC front end fo r 12-GHz 
telecasting consists of a sum-en- 
hanced-balanced mixer and Gunn LO. 
The LO is temperature-compensated 
to provide a total frequency d rift of 
about ±1 MHz over —30° to +70°C .
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3. The best noise figures being achieved in laboratories with GaAs FETs use 
a high-resistivity buffered layer.

FE T  mixer, oscillator and preamp 
is planned.

“A FET m ixer has the m ajor 
advantage of conversion gain,” 
says Gibbons of Plessey. “An over­
all noise figure of 4 to 5 dB could 
be achieved over a 500 MHz band­
width a t 12 GHz.”

In  addition, the cross-modulation 
between multi-TV signals is better 
w ith GaAs FE T s than  w ith Si bi­
polar devices.

FE T  oscillators also look par- 
ticularly  good for LOs in an inte- 
gra tion  receiver design because of 
th e ir low-power consumption. Also, 
because the FE T  is a high-imped­
ance device, i t  does not lower the 
Q of the oscillator resonant c ir­
cuit, and good spectral purity  Sig­
nals can be obtained.

According to Jim  Turner, FE T  
group leader a t Plessey, a micro­
s tr ip  FET oscillator has been de­
veloped a t 11 GHz on a 0.025-in. 
thick alumina substrate.

He reports in a paper: “We’re 
using a GAT-3 FET, operated in 
the common-source configuration, 
w ith the source connected to the 
m icrostrip ground plane via a 
0.450-in.-length w rap-around metal- 
ization. When the gate is term i- 
nated by a short-circuit, stable 
oscillation is readily obtained.”

“I t  is a wrap-around structu re  
th a t gives this oscillator the high 
stability  and low-noise perform ­
ance th a t is more characteristic of 
coaxial than m icrostrip circuits. 
W ith a drain  voltage of 7.6 V, the 
drain  current is 13 mA, and the 
output power is 10 mW a t 11.225 
GHz, representing an efficiency of 
10%. V arying the drain voltage 
from  2.5 to 7.6 V produced a re- 
m arkably smooth Variation in out­
pu t power of about 23 dB.”

Main action in FETs
Field-effect transisto r technology 

is the most dynamic field in micro- 
waves today, and improvements in 
both low-noise and high-power 
F E T s are being made constantly 
by  E u ro p e a n  C o m p an ie s . They 
aren ’t  necessarily the leaders—both 
the Americans and Japanese are 
pouring in tremendous R&D ef- 
fort, and the results show it. The 
cu rren t leader in high-frequency, 
low-noise GaAs FE T s appears to 
be the NE 38806 made by Nippon 
E lectric Co. in Japan. This device, 
w ith a 0.5 fj, gate length, has a 
typical noise figure of 2.5 dB a t 8 
GHz. W atkins-Johnson in Palo 
Alto, CA, is the leading producer 
of FE T  amplifiers, and is reported 
to have 80% of the m arket. I t  uses 
N EC ’s devices almost exclusively.

Nonetheless i t ’s a wide-open

EUROPE’S PRIORITIES IN R&D

race, and several European manu­
facturers, who tend to concentrate 
on higher-power devices, ra ther 
th a n  lo w e r -n o is e  figures, have 
achieved some fairly  impressive 
results.

The m ajor European firms and 
institu tions in FET work are in 
B ritain , France and Germany. 
Siemens AG in Munich and the 
U niversity of Aachen in West Ger­
many are quite active, along with 
Thomson CSF and LEP (Labora- 
tory d’Electronique et de Physique 
Appliquee) in France and SERL 
(Service Research Laboratories) in 
England.

Plessey in Towcester developed 
the first GaAs FET about 10 years 
ago. Today it  is very heavily com- 
m itted to both R&D and the selling 
of a varie ty  of FETs, Fairchild 
Microwave is presently the only 
U. S. m anufacturer of GaAs FET 
devices and presently sells 2 /i de­
vices. Hewlett-Packard plans to in­
troducé a 1-jU-gate device, competi- 
tive w ith NEC’s beginning next 
year.

The field-effect transisto r has al­
most overnight established itself as 
a signal amplifier up to 15 GHz, 
w ith a noise figure tha t is better 
than all other front-ends except 
the param etric amplifier. The key 
to th is success has been not only 
the 1-ju.m gate length, which can 
be achieved with conventional pho- 
tolithographie techniques, but also 
the extrem e simplicity of the de­
vice structure. Companies aiming 
a t GaAs FETs with a gate length 
of 0.5 /tm will probably have to go 
to electron-beam photolithography.

The state-of-the-art for FE T s in 
the 4-to-12 GHz range (F ig. 3) 
shows th a t noise figures increase 
correspondingly from 2 dB to 4 dB. 
The best devices all use a high- 
resistiv ity  buffered layer to sepa­
ra te  the critical epitaxial layer 
from  the highly doped substrate.

While the graph shows NEC lead­
ing the FE T  noise-figure race, the 
best European perform ance is reg- 
istered by Plessey in England and 
LEP in Paris. But both Plessey and 
LEP show a noise figure th a t is 
about 0.5 dB more than  those ob­
tained in Japanese and American 
laboratories. Plessey is producing a 
submicron-gate FET, w ith  a noise 
figure of 5 dB and 8 dB gain at 
9.5 GHz.

The power FET, which is in an 
early stage of development, does 
not compete as a device of proved 
reliability a t present. P a r t of the 
reason is th a t the p lanar simplicity 
of the small-signal FE T  is lost; 
i t ’s necessary to use double-layer 
epitaxy or an in terdigitated  mesa 
structu re  to achieve desired power 
levels.

Once more, a Japanese firm, 
F iju tsu , has the lead in this area 
w ith a 1.6 W M ESFET a t 8 GHz 
and 45% efficiency. Engineers at 
F u jitsu  predict th a t w ith improved 
t e c h n iq u e s  to  re d u c e  common- 
source lead inductance—the main 
Im ita tio n  w ith power FE T s—5 to 
10 W a t X band will be achieved, 
surpassing the best perform ance of 
bipolar transistors.

How do the devices of European 
m anufacturers compare with these 
results? A t Thomson-CSF, Dept.

(continued on p. A2) 
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in Paris, 1 W a t 6 GHz has been 
achieved w ith  6 dB gain. Some of 
Plessey’s latest results are 1.3 W 
a t 2 GHz; 370 mW a t 5 GHz, and 
210 mW a t 8 GHz (see table).

According to Gibbons a t Plessey, 
European engineers tend to use 
F E T s a t frequencies as low as 1 
GHz, while Americans rely more 
on bipolar devices in th is area.

“European firms did not develop 
th e ir bipolar tran sisto r capability 
as early as the U. S. did, and, as 
a result, we tend to rely more on 
our existing FE T  capabilities,” 
Gibbons says.

Gallium-arsenide FE T s w ith  gate 
lengths of 1 i(um or less are being 
produced by IBM in Zürich, LEP, 
and Plessey, in laboratories. These 
devices are providing power gains 
of 10 dB a t X band w ith a 6 dB 
noise figure. Commercially avail­
able from Plessey are 1, 2 and 4 
jam gate-length devices for Opera­
tion  at X, C and L-band frequen­
cies, respectively. Plessey’s GAT 
2010, for example, a 2 jam gate- 
length FET, gives 8 to 10 dB of 
gain w ith a 3 dB noise figure a t 
3 GHz.

Buffer layer lowers noise figure
M aterial quality is of the utm ost 

im portance in fabricating  FETs. 
“ F or this reason,” says Jim  T urn­
er, FET group leader a t Plessey, 
“many European laboratories are 
using epitaxial GaAs containing an 
interm ediate high-resistivity  buf­
fe r layer grown between the serni- 
insulating substrate  m aterial and 
the th in  active epi layer.’’

This reduces the diffusion of un- 
wanted im purities from the sub­
s tra te  to the active layer. The buf­
fe r m aterial, however, does offer 
improved N F perform ance (Fig. 
3 ). “We use h igh-resistivity  buf­
fe r  layers th a t are e ither chro- 
mium-doped or grown from a pure 
GaAs ingot source,” T urner ob- 
serves.

There are other approaches, how­
ever. A t Siemens in Munich, ion 
im plantation of sulfur into the 
sem i-insulating substrate is being 
used to im plant the im purity. Typi­
cal results for a 1.8 jam gate device 
a re  8 dB gain a t 10 GHz.

At a semiconductor conference at 
Cornell University, Ithaca, NY, 
last summer, T urner described 
other fabrication procedures. The 
small-signal FE T s a t Plessey, for 
example, are fabricated by the now 
conventional “float-off” metaliza- 
tion process, and both photolitho- 
graphic and electron-beam resist 
exposures are used to define the 
short-gate devices for X-band op-

Power FET resu lts  a t P lessey
Power 1 dB

Device Output Asso­ added Low- com­
gate Fre­ power ciated effi­ level pression

length quency ~  mW gain ciency gain point
3.5 jam 2 GHz 1300 mW 6.2 dB 32% 8.3 dB 1.2 W
2 . 0  jam 5 GHz 370 mW 4.0 dB 19% 7.2 dB 200 mW
2 . 0  p,m 8  GHz 210 mW 4.0 dB 1 2 % 5.3 dB 190 mW

eration. Both Plessey and the Tech­
nical U niversity of Aachen in West 
Germany use a “notched” gate 
technology, where, ra ther than de- 
fine the channel thickness by the 
thickness of the n-type epitaxial 
layer, a thicker layer is grown and 
the channel region under the gate 
is defined by etching. This removes 
the high tolerance in thickness re­
quired for the epitaxial layer when 
the channel region is not etched. 
Plessey uses a preferential etch 
th a t gives a very flat-bottom hole.

According to Prof. Heinz Ben- 
neking of the Technical University, 
in the laboratory they are using a 
two-stage etch process—first a wet 
etch and then a slow desputter etch 
th a t removes about 170 Ä of GaAs 
a minute. The university has de­
veloped a V-shaped device that 
gives microwave performance simi­
lar to th a t of a one /x device (Fig. 
4). The V-shaped channel is de­
fined by a preferential etch. I t  pro- 
vides about 14 dB of gain a t 10 
GHz.

Source

n type layer

Semi insulating GaAs

4. V-shaped channel of FET devel­
oped at Aachen measures 2jx across 
top of V, but it gives performance 
sim ilar to a lp , device.

Up to now, most research in mi­
crowave FE T s has been direeted 
toward small-signal, low-noise de­
vices. Recently, however, 1-W pow­
er FETs have made their debut in 
Europe, challenging TWTs in vari- 
ous medium-power applications, 
particularly at S and X band, 
where satellite Communications and 
phased-array radar applications are 
being considered.

Thomson-CSF which is concen- 
tra tin g  on power FETs, has de­
veloped one that delivers about 1 W 
a t 6 GHz with 6 dB gain. The de­
vice is made on a p-type substrate 
th a t acts as the control gate. Sput­
te r etching defines the channel 
thickness. The total gate width de­
term ined by the drain-to-source 
spacing is 3060 jxm. I t  is composed 
of 37 source and drain fingers 1.5 
jam apart.

A t the university in Aachen,

four small-signal devices have been 
paralleled for use in high-speed 
(50 ps) switching applications— 
such as in optical Communications. 
High-power FE T s are necessary 
here for switching the high cur- 
ren ts th a t exist in an injection 
laser.

The Technical U niversity is also 
experim enting with a two-layer 
power FET. The channel consists 
of two sections: a low-doped layer 
under the Schottky gate and a 
high-doped layer next to the semi- 
insulating substrate.

“By etching source and drain, 
contacts next to the heavily-doped 
layer are made to the heavily- 
doped layer, giving high values of 
transconductance,” says Professor 
Benneking in Aachen. “The low- 
doped layer under the gate elec- 
trode enables high voltages to  be 
applied between source and drain .”

Power FETs soon?
According to Gibbons, Plessey in 

Towcester is going to m arket GaAs 
power M ESFETs (metal epitaxial 
semiconductor) in 1976. Plessey 
has already developed two power 
FE T s in S-band. They provide 1 
dB compression powers in excess 
of 1 W and over 8 dB gain. And 
Gérard Vigne of Thomson-CSF, 
Div. Micro Electronique H yperfre­
quence in Orsay, France, says his 
Company will be pu tting  on the. 
m arket next year a 0.25 W FE T  
th a t operates a t 6 GHz.

Figure 5 shows a Plessey MEG- 
FET w ith a p lanar meander gate 
geometry, so-called because the gate 
fingers “m eander” across the GaAs

(continued on p. UU)

5. Plessey’s meander gate GaAs
MEGFET has source fingers that Sur­
round the chip, resulting in a low- 
impedance common connection and 
thermal path.
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substra te  several times to create a 
four-stripe gate over each of the 
four cells. The four cells are  con­
nected by bonding wires.

“ I t  is fabricated in a sulfur- 
doped, n-type epitaxial layer, grown 
on a buffer layer of h igh-resistiv i­
ty  m aterial upon a sem i-insulating 
substra te ,” explains T urner of 
Plessey. The large metal source 
contact helps to remove heat from 
the surface of the device while also 
providing a low-source impedance 
contact. Source and drain  contacts 
a re  ind ium /germ anium /gold, and 
the Schottky b arrie r gate metal is 
aluminum. Total gate w idth is 
2500 p,, and the gate length is 3.5

“A t 2 GHz, th is device produces 
a low-level gain of 6.3 dB with a 
1-W output power,” continues T ur­
ner. “Power out a t 1 dB gain com­
pression is 650 mW w ith 22% 
added efficiency.”

A 2 fi gate length version of th is  
M EGFET has also been developed. 
A t 3 GHz, it produces 700 mW out­
pu t power with 6 dB gain and 25% 
power-added efficiency. A t the 1 dB 
compression point, the output is 
530 mW.

“ Saturated  output power fo r th is  
2 ja M EGFET is over 500 mW a t 
4 GHz and 400 mW a t 5 GHz, but 
the low-level of gain was less than 
expected,” says Turner.

A second design th a t Plessey re ­
cently developed is the diamond- 
shaped gate power GaAs FET, or 
D IG FET (F ig . 7). Its total gate 
w idth  is 2800 ja, and the gate 
length  is 3.5 ja. O utput power a t 
2 GHz is 1.3 W w ith 6.2 dB gain 
and 32% power-added efficiency.

A four-cell DIG FET has also 
been developed. I t  provides 800 mW 
cw w ith 6 dB gain a t 2,5 GHz and 
4 dB gain a t 3.5 GHz. Two-tone 
interm odulation tests perform ed a t 
2 GHz produced —24 dB IM P a t 
500 mW output power. This device 
has also operated under pulsed con- 
ditions providing 1.3 W w ith 5.7 
dB gain a t 2,5 GHz.

The highest reported power-add­
ed effieiencies for power M ESFETs 
have been reported by RCA a t the 
David Sarnoff Research Center out- 
side of Princeton, N J, where Class 
B amplifiers are reported to have 
achieved 68% a t 4 GHz and 41% a t 
8 GHz. At 4 GHz, the power output 
was 260 mW w ith 11 dB gain, and 
a t  8 GHz, 280 mW a t 8 dB gain.

A t Plessey, T urner predicts th a t 
“Operation from  8 to 12 GHz is 
even w ithin reach.” However, he 
adds, M ESFETs are unlikely to 
challenge TWTs in the region be- 
yond X band.”

A t these higher bands, Thomson- 
CSF engineers say th a t w ith 
Schottky gate technology, 20 mW
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6. Noise figures of FETs become 
slightly degraded when devices are 
designed into narrow-band ampli­
fiers. This is due to input matching.

a t 13 GHz and 10 mW at 18 GHz 
are possible.
Matching high FET impedance

In the design of FET amplifiers, 
one of the most difficult matching 
Problems is how to handle the high 
output impedance of several hun­
dred ohms. Although FETs are in- 
herently broad-band devices, their 
bandwidth is limited by the match­
ing of its  high input and output 
impedances to 50 ohms. This is im­
portan t in wideband amplifier de­
signs, where up to 3 dB in noise 
figure can be incurred through 
m atching a t the input. Even in 
narrow-band designs, as shown in 
F ig. 6, a t least a 0.5 dB increase 
in noise figure is introduced in 
m atching the FET input/output 
impedance to 50 ohms. On conven­
tional 0.025 in. thick alumina, high 
impedance lines are not easy to 
produce because they’re so narrow. 
Plessey solved this problem by mill­
ing a 0.010 in. slot to the alumina 
substrate and laying a bond wire 
along the length of the slot. R esult: 
a 300-ohm transmission line.

A nother approach at Plessey is 
to use variable output impedance 
m atching elements. These consist 
of additional metalized areas, or 
or “islands,” that can be bonded in­
to the circuit.

“This enables the performance of 
the module to be tweaked, to take 
account of spreads in a F E T ’s rf 
characteristics,” Turner explains. 
“I t  can also be used to vary the 
center frequency and to vary gain 
and noise figure.”

This technique has been applied 
to a Plessey GAT-3 FET, in a 
m icrostrip design, which offers 
typical maximum gain of 8.5 to 6.9 
dB from  8 to 10 GHz. The transis­
to r chip is mounted on a 1-mm-di- 
am eter post that protrudes through
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a hole drilled in the 0.635-mm 
thick alumina. The flange of the 
post is soldered or bonded to the 
m icrostrip ground plane, thereby 
providing a low-inductance dc re­
tu rn  for the source contact of the 
transistor.

To achieve high gain over an 
extended bandwidth, a broadband 
input m atching circuit was found 
to be essential. The output imped­
ance is varied through the bond­
ing of adjoining pads. This pro­
vides a center frequency match 
and allows the amplifier gain to be 
tuned over 2 GHz.

Typical gain of 7 dB can be ob­
tained from 8 to 10 GHz. A noise 
figure of 4.7 dB with an am plifier 
gain of 5.8 dB was obtained by 
Plessey a t 9.5 GHz.

“The noise figure at any tuned 
frequency can be reduced,” Turner 
explains, “a t the expense of gain 
and input match, w ithout affeet- 
ing bandwidth, by applying nega­
tive voltage to the gate of the 
tran sis to r.”

“A minimum noise figure of 4.4 
dB w ith gain of 3.1 dB was ob­
tained a t 9.5 GHz. By cascading 
two of these modules, Plessey re­
searchers got over-all gain of 12.5 
dB and a noise figure of 6 dB at 
9 GHz.

For narrow-band designs a t X 
band, where it’s difficult to meas­
ure a F E T ’s S param eters accu- 
rately  and design m atching net- 
works on alumina, Plessey has 
developed a disk-tuning technique 
(F ig . 7). The FETS are mounted 
along a 50-ohm transm ission line, 
and metal disks are slid along the 
line between the FETs until the 
desired response is obtained. The 
disks are then rigidly fixed in 
Position w ith epoxy or solder. The 
three-stage am plifier provides over 
20 dB gain at 11.2 GHz.

6-12 GHz lumped element design
One technique th a t looks par- 

( continued on p. U6)

7. Narrow-band FET amplifier is 
tuned when metal disks are moved 
on a 50-ohm m icrostrpline. The dc 
bias is applied via bond wires from 
the m icrostrip bias tees. A resistive 
film  is attached to the gate bias net­
work to introducé loss and thus pre­
vent low-frequency oscillations.
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ticularly prom ising for wideband 
FE T  amps a t X band is the use 
of lumped-element techniques. Ray 
Pengelly, senior microwave engi- 
neer at Plessey, Roke Manor, 
Hampshire, England, reports tha t 
a three-stage am plifier has been 
developed through use of GAT-3 
F E T s in chip form. A two-stage 
lumped element design provided 
power gain of 9.5 ± 1 dB over 6.5 
to 12 GHz, with a noise figure of 
about 7 dB. A three-stage design 
provided over 16 dB over the same 
range.

To characterize the intrinsic 
transisto r, an autom atic network 
analyzer, together w ith a computer 
program , is used to correct the 
measured S param eters for jig  
parasitics, wire-bond inductances 
and end-effect capacitances. A t the 
f i r s t  stage, the input matching 
network is optimized for input 
VSWR and noise a d m i t ta n c e  
match, while the output coupling 
network provides a frequency-de- 
pendent attenuation th a t compen- 
sates the FET gain slope a t less 
than  12 GHz. The inpu t/ou tpu t 
m atching networks fo r the remain- 
ing  stages are designed sim ilar to 
the first, except they’re optimized 
fo r gain and output VSWR.

These techniques for achieving 
broad bandwidths have also been 
applied a t Plessey to a monolithic 
am plifier chip designed and fab ri­
cated on GaAs (F ig. 8). A single 
stage is capable of producing 3 dB 
gain from 7.7 to 11.7 GHz, and 
chips can easily be cascaded. Each 
lumped inductor and capacitor on 
GaAs is about one-quarter the size 
of those used in a hybrid design.

“To retain  resolution in fab ri­
cating the lumped networks, we 
found it necessary to use a 1 yx 
metalization thickness,” explains 
Pengelly. “This results in Q’s of 
15 to 60. By increasing the thick­
ness to aproximately 3 fi, a 25% 
improvement can be expected along 
w ith improved gain.”

The “on-chip” matched FET was 
fabricated on GaAs with a normal 
photolithographic process, but the 
1 ju, long gate was fabricated w ith 
electron-beam exposure techniques.

A nother monolithic design at 
Plessey has also been developed to 
cover 6 to 12.4 GHz w ith 5 dB 
gain. “These monolithic designs 
hold great promise as low-noise, 
front-end preamps,” T urner con- 
tcnds. “They will eome close to 
m atching the performance of even 
the lowest noise-figure param ps.”

Their potential low cost and the 
in trinsic reliability of a monolithic 
design also makes them candidates

EUROPE’S PRIORITIES IN R&D
for phased-array radar Systems, 
he adds.
Cooled GaAs FETs reduce NF

Cryogenic cooling of FET am­
plifiers makes it possible to achieve 
even lower noise figures, allowing 
the amps to compete with para- 
m etric am plifiers at frequencies 
up to 12 GHz. A few years ago at 
the National Center for Telecom- 
munications Study in Lannion, 
France, a 5.9 to 6.4 GHz FET am­
plifier was cooled to — 60 °C. Its 
noise figure was reduced to a  little 
over 2 dB a t 6.15 GHz. A t -2 0 °C , 
noise figures of less than 4 dB 
were achieved in 'the laboratory.

Speaking a t the European Micro­
wave Conference in Hamburg, Ger­
many, in September, C h a r le s  
Liechti, section head in Hewlett- 
Packard’s Solid-State Laboratory, 
Palo Alto, CA, announced a three- 
stage GaAs M ESFET amplifier 
operating in the 11.7 to 12.2 GHz 
band. When the am plifier was 
cooled to 40 °K, he reported, a noise 
figure of 1.6 dB (T„ ,=  130 °K) 
with 31 dB gain. The same ampli­
fier a t room tem perature had a 5.3 
dB Te =  700 °K) noise figure and 
18 dB gain.

As a comparison, Peltier-cooled 
param etric amplifiers operating in 
this range are capable of about 
100 °K noise tem peratures, and 
cryogenic param etric amplifiers 
can offer 50°K noise tem peratures.

According to B. S. Lee, sales 
executive of F erran ti’s Solid-State 
Microwave Group, Cheshire, Eng­
land, param ps are being used in 
radio astronomy, radar, tropo- 
spheric-scatter and satellite Com­
munications. Since astronomy re­
quires the ultimate in low-noise 
performance, the most vulnerable 
m arkets fo r intrusions by FETs ap- 
pear to be radar, tropo and satcom.

Lee adm its that Americans are

-

8. Single-state monolithic FET am­
plifier, developed at Plessey, covers
7.7 to 11.7 GHz. It measures 6.35 
mm X 6.35 mm and is on 0.635- 
mm alumina substrate. Careful lay- 
out of the elements and good com­
mon grounding are important to 
minimize unwanted rf leakage.

9. MIC paramp developed by Mar- 
coni provides a 200°K noise temper­
ature at 7 GHz.

ahead in param ps in the 3.7-to-4.2 
GHz range, which are available 
w ith  45 °K noise tem peratures. 
“This is an area we have not put 
much money into developing,” he 
explains. “Instead we are going 
into the low-cost, moderate-per- 
formance and small-sized par­
amp.”

For example, F erran ti is pinning 
its  hopes on a small and relatively 
inexpensive, uncooled param etric 
am plifier. This X-band paramp, 
weighs about 1.33 lb and measures 
2.36 x  3 X 2.5 in. I t  provides a 
500-MHz bandwidth in the 8.5-to-
10.5 GHz range. O ther frequencies 
are also available. The param p has 
a typical noise figure of 2.3 dB 
and 15 dB gain a t 9.5 GHz. Ac­
cording to Lee, i t  would sell for 
about $4500 in quantities of 100.

“We feel this is a g reat can- 
didate fo r airborne rad ar fron t 
end,” he observes. “We’re very in- 
terested in this param p for the 
rad ar intended fo r the new F-16, 
which Hughes and Westinghouse 
are presently competing for. But 
i t ’s unlikely the Americans will se­
lect a foreign param p vendor. Our 
prospects for the European version 
of the F-16, however, are much 
b righ ter.”

The F erran ti param p can be 
made small because it uses a pat- 
ented, double-diode circuit in which 
two GaAs varactor diodes are 
mounted back-to-back in phase O p ­

position. The idler circuit for this 
double-diode paramp series uses an 
idler frequency at 31 GHz or 43 
GHz, depending on the signal fre ­
quency of the paramp. Since this 
idler circuit is balanced, it doesn’t  
require any external filter circuits. 
The pump frequency is about 31 
to 34 GHz, and V arian Gunn-diode 
pump sources are commonly used.

Mullard, Ltd., in London has al­
so developed an inexpensive, un­
cooled param p (F ig . 9) for a 
satellite Communications terminal. 
I t  was built under contract from 
the B ritish  Dircctorate of Com­
ponents, Valves and Devices.

According to S tuart Longley, 
product engineer a t Mullard’s 
Communications Electronics Div., 
the 7.2-to-7.76 GHz, computer-de-
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signed param p is bu ilt on micro­
strip  and offers a 1-dB instanta- 
neous bandwidth of 50 MHz with 
15-dB gain. I t  uses a 34-GHz 
Gunn pump and a single unencap- 
sulated GaAs varactor chip that 
is etched to resonate in the circuit. 
Noise tem perature is less than 
200 °C a t 50 °C, held constant at 
th a t tem perature by a heater.

Longley sees the  unit, built-in 
quantities, selling fo r $2,000, or 
about one-fifth the usual cost of a 
param p a t th a t frequency.

“A m ajor factor in the cost of 
the param p is the price of the 
pumps used, and while millimeter 
pump prices have been coming 
down, a 34-GHz pump still costs 
about $1400,” notes Lee of Far- 
ranti. On the other hand, a 17 GHz 
Gunn pump costs only $200. As a 
result, where low-cost is essential 
and sizc and w eight arcn’t  that 
critical— such as in the tropo m ar­
ket—we’Il use a 17 GHz pump and 
an idler circuit w ith a single 
varactor diode.”

For the 2.5 GHz tropo link from 
Scotland to B ritish  Petroleum’s 
N orth Sea oil fields, fo r example, 
F erran ti param ps are used with a 
16 to 17 GHz pump. The tropo sys­
tem  was built by GEC/Marconi, 
Ltd., Great Baddow, England.
Impatts used in paramp pumps

An interesting aspect of Euro­
pean param etric (amplifier designs 
is the wide use of avalanche diode 
oscillators in param p pumps. In 
the U.S. a few years ago, a con- 
troversy raged over the suitability 
of Im patts 'as a pump source1. 
Some designers contended that 
Im patts could degrade a param ps’s 
noise figure. For example, when a 
composite signal is large enough 
to cause the slightest degree of 
nonlinearity in a paramp, the noise 
present on an Im patt source is 
cross-modulated into the signal 
band. Now a much be tte r under- 
standing of the basic device mech- 
anisms has shown th a t Im patts 
can be improved up to 10 dB if 
operated typically 10 dB below 
their maximum power output.

Cyril Brown, head of the Micro­
wave Div. a t the G E C /H irst Re­
search Centre, Wembley, England, 
believes th a t Americans were pre­
m ature in th e ir dismissal of Im ­
p a tt pumps in favor of Gunn 
sources. “Many of the paramp Sys­
tems in the U. K. use Im patts,” 
he notes.

J. R. Lehan, microwave m arket­
ing m anager a t A EI Semiconduc­
tor, Ltd., Lincoln, England, say s: 
“The application of Tmpatts as

pump sources is increasing rapidly, 
now tha t the noise problem has 
been overcome.”

He contends th a t output level 
control and stability  with Im patts 
is even better than in other solid- 
state sources. For example, AEI 
markets a high stability  Im patt 
pump source, the DA1116 series, 
which provides 100 to 200 mW out­
put power in the 30 to 41 GHz 
band. Typical stability  is 100 
kHz/°C.

Plessey in Towcester is develop­
ing both Im patts and Gunns as 
paramp pumps, “We have more or 
less abandoned GaAs in favor of 
Silicon for our millimeter wave Im ­
patt work,” says Gibbons. “We’re 
presently selling Im patt waveguide 
source designs th a t provide kly- 
stron performance in term s of 
spurious noise fa r  from the car­
rier. In the lab we’ve developed 
double-drift Im patt sources tha t 
deliver 850 mW with 12% efficien­
cy, 350 mW a t 70 GHz w ith 
10% efficiency and 100 mW at 90 
GHz 5% efficiency. Most of 
the pump work is in the 40 to 75 
GHz range, and we’ve supplied 
pump sources a t 50 and 75 GHz 
to Comsat.”

Thomson-CSF in P aris  is also 
very active in Impatt-diode oscil­
lators for param p pumps, local os­
cillators and transm itte rs for mil­
limeter-wave Communications. The 
TH 5104 fo r example is a 40-GHz 
source that delivers 200 mW and 
can be tuned ±250 MHz anywhere 
in the preset frequency range of 
32 to 40 GHz. Electrical efficiency 
is 4%, and stability  is 3 M Hz/°C.

At lower frequencies. Im patt di­
odes are being widely used in 
power-amplifier applications.

A t X band, Plessey has recently 
developed in the lab a GaAs Im ­
p att diode th a t delivers 2.5 W cw 
with an  efficiency of 15 to 16%. 
“This device was developed fo r the 
M inistry of Defense,” explains 
Gibbons, “fo r use as an am plifier.” 
The bias voltage requirem ents are 
50 V. Commercially available from 
Plessey are 1.5 W cw GaAs Im ­
patts tha t o ffer 12% efficiencies 
a t X-band.

A t Siemens AG, a double-drift 
Im patt has been developed th a t 
delivers over 3 W cw a t 7 GHz with 
11% efficiency. According to Guen- 
th er Kesel, head of microwave 
device development in Munich, 
Siemens plans to go a fte r the low- 
power TWT m arket (less than 10 
W) with a lower-power version of 
this device.

Pulsed avalanche diodes are also 
being developed by Mullard, Stand-

( continued on p. U8)

MINIATURE
OSCILLATOR

100 m W
1036 series crys ta l  contro lled  
oscillators provide com ple te  fre ­
q u e n c y  c o v e ra g e  f r o m  60 to  
1200 M H z. U l t r a m in ia tu re  s tab le  
oscillators in a completely shielded 
enciosure for p r in ted  circu it  b o a rd  
or base p la te  m oun ting .  T hin-f i lm  
hybrid technology for th e  ult im ate 
in m in ia tur iza tion  w ith  p roven  
r e l i a b i l i t y  a n d  e x c e l l c n c c  in  
performance.
F R E Q U E N C Y  R A N G E :  60-1200 
M H z.
O U T P U T  P O W E R :  100 m w  ± 1 . 5  
db  into a 50 ohm  lo ad * . 
F R E Q U E N C Y  S E T  A C C U R A C Y  
A T R O O M  T E M P :  ± 0 .0 0 0 5 % . 
S T A B IL IT Y : ± 0 .0 0 2 5 % . 
T E M P E R A T U R E  R A N G E :  
— 54°C to  ± 8 5 ° C .  
N O N -H A R M O N IC A L L Y  R E ­
L A T E D  SP U R IO U S  (1 M H z  B W ): 
> 6 0  dbc.
H A R M O N I C S  A N D  S U B -  
H A R M O N IC S  (N O M I N A L L Y  
100 M H z  5 th  O V E R T O N E  
X 'T A L S  U S E D ) :  > 3 0  dbc. 
S U P P L Y  R E Q U I R E M E N T S :  
± 1 5  V D C , 70 m a  max. (o th e r  
voltages optional) .
S I Z E  —  E X C L U D I N G  P R O -  
T R U S IO N S : .69” x .56” x .49" 
to  1.17" x .67" x .49".
* O ther  power levels op tional.
F or  fu r th e r  in fo rm at ion  c o n ta c t  
Scientific R esearch  C o rp o ra t io n ,  a 
subsid iary  of T R A K  M icro w av e  
C o rp o ra t io n ,  4726 E is e n h o w e r  
B oulevard , T am p a ,  F lo r id a  33614. 
T elephone (813) 884-1411, T elex  
52-827.
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EUROPE’S PRIORITIES IN R&D
ard  Telecommunications Labora­
tories and Plessey for use as 
T rap a tt sources in high-power 
pulsed applications, such as radar 
and n-avigation Systems.

“T rapatts, in the past, have been 
reported to be unreliable,” notes 
Longley of Mullard, “but th a t’s not 
true . We usually find a malfunc- 
tion in the modulator is the cause.”

The interface between the c ir­
cuit design and the device is very 
critical. Mullard recently developed 
an MIC version of a pulsed T rap att 
oscillator th a t provides 100 W peak 
a t 2.5 GHz in the fundam ental 
mode, w ith 30% efficiency, using 
a 0.5 jjisec pulse at a 2 kHz rep 
rate . In  the second harmonie mode, 
30 W at 5 GHz is obtained with 
10% efficiency. The circuit (F ig. 
10) uses an unencapsulated T rap­
a t t  chip mounted on a copper 
header a t the substrate  edge.

“The chip is connected to- the 
triggering  line, using a 25 //. di­
am eter gold w ire,” Longley re­
ports. “However, computer model- 
ing for a T rap att is difficult. 
Therefo-re to optimize power out­
put a t the fundamental and to pro­
vide a suitable m atch for extract- 
ing the second harmonie power, a 
tunable matching filte r was ini- 
tially  used, consisting of five-

movable, gold-plated steel plates 
held in positio-n by magnets under 
the substrate. A final microstrip 
design fo r fundamental extraction 
was obtained by direct translation 
into photo-mask form of the mov- 
able plate configuration.

“We’re  presently concentrating 
on obtaining high peak power 
levels w ith longish pulses—that is, 
where the burst—several micro- 
seconds followed by a coded cycle 
—is long compared to the thermal 
time constant of the diode. To do 
this, we use a double-sided heat- 
sinking technique. Also, a T rapatt 
diode w ith a mesa profile is being 
used to prevent edge breakdown 
and prem ature failure. This is be­
ing accomplished with a plasma- 
etching process.”

Plessey in To-wcester is working 
on X-band T rapatt diodes in a 
phased-array program for the 
B ritish  M inistry of Defense.

“They’re presently achieving 15 
W peak a t 30 to 35% efficiency at
8.5 GHz, with 25 jusec pulse 
lengths,” Gibbons reports. To ob­
tain  a properly shaped pulse, i t’s 
im portant to tune out the higher­
order harmonies—at least the third 
and preferably the seventh.”

A smaller package with a cutoff 
well into the millimeter range and

10. Pulsed Trapatt source uses slid­
ing goid-piated steel plates for match­
ing the fundamental output and ex- 
tracting the second-harmonic power.

a 3 mm, 50-ohm coaxial line have 
been used to optimize efficiency 
and operating frequency.

Gunn sources in widespread use
The GaAs Gunn diode is finding 

its  way into numerous applications 
w ith a wide range of specifications 
and costs. I ts  lo-w operating volt­
age— 6 to 12 V a t X-band—has 
made it the most populär low- 
power source. In a cheap ($20) 
and unsophisticated role, the Gunn 
source has found its widest use in 
the in truder alarm  m arket at 10 
GHz. The efficiency of a Gunn 
diode is a low 1 or 2% but w hat’s 
im portant here is not efficiency 
but the devicc’s ability of dc into 
5 to 10 mW of relatively clean 
X-band power.

Thousands of these alarm  de­
vices have been sold commercially 
in the European security market.

AEI Semiconductors, Ltd., in 
Lincoln, England, has a line of 
Gunn oscillators w ith reduced 
second and third-harm onic rad ia­
tion to meet the requirem ents of 
the American market.

Gunn oscillators are  also being 
used to replace the klystron LO 
in the m arine radar business, which 
Decca continues to lead. As with 
most civil applications, the crucial 
question is cost, and many small- 
boat radars are still operating w ith 
klystron LOs.

Gunn sources are also well-suited 
fo r wideband m ilitary applications, 
such as ECM, and in frequency- 
agile radars and autom atic test 
equipment. MESL of Newbridge, 
Scotland has developed a series of 
Gunn VCOs capable of u ltra-fast 
tuning over the 5 to 16 GHz range 
in four overlapping units. The 
sources include isolator, switches, 
linearizing and stabilizing circuitry 
and thermoel-ectric heating and 
cooling.

Gunn oscillators are also being 
used in Europe in radar altimeters. 
MESL has a 4.3 GHz Gunn source 
in the STR 40J radio altim eter 
used in the autom atic landing 
system of the B ritish Airways T ri­
dent fle-et. Plessey has also de­
veloped a 16 GHz Gunn source for 
altim eter use. The 7 ns pulses tu rn  

( continued on p. 51) 
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Another first...
lon-implanted hyperabrupt diodes 
from VH F to microwave
• Octave frequency tuning from 0 to 10 volts.
• ±  1.5% linearity for 1.7:1 tuning ratio without external 

networks.
• Lotto lotuniformity without special matching.

Call or write for application data or samples. 13Alpha
" Eteicfes diodes,<3!pV>a,

Inas solid sfe-fe. switches, 
TRG rmUiwvsttr products

Ikeysubsidiarq 'KW’
ihakiss Rfz(|r av>ipliriers."

"... and Hvar fóps 
are wourxTOür tw „ 

U.S. ard wom.

Our limits are your imagination
ALPHA INDUSTRIES, INC. • 20 SYLVAN ROAD, WOBURN, MASSACHUSETTS 01801 

(617)935-5150 "TWX: 710-393-1236 • TELEX: 949436

READER SERVICE NUMBER 48

48



GIGA-TRIM CAPACITORS 
FOR MICROWAVE DESIGNERS
GIGA-TRIM (g igahertz-trim m ers) are tiny  variable 
capacito rs w h ich  provide a be au tifu lly  s tra igh t- 
forward techn ique  to  fine  tune RF hybrid c ircu its  
and M IC’s in to  proper behavior.

APPLICATIONS
• Im pedance m atch ing o f GFIz tra n s is to r c ircu its
• Series or shunt “ gap tr im m in g ” of m ic ro s trips
• External tw eaking o f cavities
Availabie in 5 sizes and 5 m ounting  s ty les  w ith  ca- 
pacitance ranges from  .3 -1 .2  pf to 7 - 30 p f .

M ANUFACTURING CORPORATION 
Rockaway Valley Road 
B oonton , N .J. 07005 

(201) 334-2676 TWX 710-987-8367
READER SERVICE NUMBER 51

on w ithin 3 ns, and output is 5 W 
peak min.

AEI Semiconductor has develop­
ed Gunn diodes th a t deliver 50 m ff 
over the range of 3.7 to 9.5 GIIz 
in a Yig-tuned cavity.

“We can also obtain 45 mW over 
the 8 GHz to 12 GHz band, and 
m aterial is now being prepared to 
achieve 30 mW over the 12 to 18 
GHz band,” says J. H. Lohoar, 
m arketing manager. The diodes 
have been developed fo r micro­
wave instrum entation, such as 
broadband sweepers.

At Marconi Instrum ents, Ltd., 
in Stevenage, England, Paul Beau- 
jeux, commercial manager, re­
ports : “We find tha t the eco-
nomics of making microwave test 
equipment, such as sweepers, re­
quires an in-house capability of 
the discrete components. Unlike 
low-frequency circuits, which are 
abundant and can be purchased 
from  outside suppliers, the market 
for microwave devices is small and 
specialized. We found them expen- 
sive on the outside, and figured 
we could develop Yig-tuned Gunn 
oscillators cheaper ourselves.”

As a result, Marconi has de­
veloped a range of Yig-tuned oscil­
lators th a t cover 4 to 18 GHz and 
have power Outputs to 80 mW.

“Some of the Yig-tuned oscil­
lators are also being offered sep- 
arately as components,” Beau- 
jeaux continues. “W e’ve also  
developed an 8 to 18 GHz source 
which delivers 10 mW, and, in 
addition to our Standard line, an 
8 to 16 GHz source, which puts 
out 30 mW.”

O ther multi-octave bands cov- 
ered are 6 to 14 GHz, and Marconi 
is also working on a 3.7 to 9.5 
GHz, Yig-tuned sources. The Yig 
spheres used in these designs are 
being purchased from  Litton and 
W atkins-Johnson. The oscillators 
all have a high-frequency tuning 
coil or fm  coil th a t has narrow- 
band tuning capability fo r use in 
frequency locking or fine tuning.

Philips Research Laboratories in 
Hamburg, Germany, also has a 
Yig-tuned Gunn oscillator (F ig. 11). 
The source delivers 50 mW from 
4 to 8 GHz and was developed in 
Cooperation w ith LEP in France. 
A small, thick-film, printed-circuit 
fm coil allows fine tuning over a 
20 to 30 MHz range at a 3 to 4 
MHz ra te  fo r m odulating or phase 
locking. These Yig-tuned sources 
are sold commercially through 
Philips’ Sivers Laboratories in 
Stockholm.
Tube R & D  still going strong

One difference between micro­

wave R&D in Europe and th a t in 
the United States is th a t Europe 
is still spending a good deal to 
develop tubes. One London re­
search house believes th a t the 
U. S. has let “exaggerated hopes 
for solid s ta te” cause “dangerous 
neglect” of microwave tubes, de- 
spite their importance in defense 
work. In fact, funding support for 
tube R&D in the U. S. declined 
from over $20-million a year in 
the early 1960s to about $5-million 
by the early ’70s2.

In Britain, the development of 
tubes, as well as many other micro­
wave components is coordinated 
and funded through the Govern- 
ment’s D irectorate of Components, 
Valves and Devices.

“When a new requirem ent comes 
up which can’t  be met w ith exist- 
ing tube technology, CVD will con- 
sider funding the development,” 
EM I-Varian’s m arketing manager, 
Tony Cooper notes. “We don’t have 
a flyoff, such as in the TI. S., be­
tween two Companies competing 
for a single contract. A single 
Company is funded, based on the 
merits of its proposal. I t ’s ju st 
too expensive to fund more than 
one Company fo r a single device.

11. Yig-tuned Gunn oscillaltor covers 
4 to 8  GHz and delivers 50 mW. 
Thick-film fm coil allows rapid tu n ­
ing over a 30 to 40 MHz range.

“Also, because production quan­
tities are seldom significant, a 
B ritish  firm  would seldom ‘buy in­
to’ a contract in the hopes of re- 
couping its R&D expenditure in a 
follow-on production con tract.” ■■
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Graphs Simplify Load 
Impedance Measurements
Here are some handy curves for Converting measured 
phase and amplitude data to complex impedance values.

CLASSICALLY, 
t r a n s m is s io n  
line loads of unknown impedance 

have been measured using a slot- 
ted line and plotting VSWR and 
Position of f irs t  null on a Smith 
Chart. This method is time con- 
suming since it  can only be done 
a t spot frequencies. Usually a net­
work analyzer is employed instead, 
which compares the amplitude and 
phase a t a te s t port w ith  a refer- 
ence channel and displays the 
values on a meter.

This article provides graphs (Fig. 
1) for converting reflection coëffi­
ciënt and phases to' impedance 
values; namely, R /Z 0 and. X /Z 0. 
The charts are derived from com­
puter data, applicable to any kind 
of load and frequency.

Converting amplitude and phase data
To make a complex impedance 

m easurem ent on a load w ith only a 
basic network analyzer, one must 
convert the measured phases and 
amplitudes to complex impedance 
values. A typical m easurem ent Set­
up used for spot frequency or 
swept frequency measurem ent is 
shown in F ig. 2. Here the load is a 
log-periodic antenna which termi- 
nates a 50-ohm coaxial cable. Af­
te r a short is used correctly for 
calibration, (a short gives a volt- 
age-reflected wave phase of 180 
degrees) the network analyzer dis­
plays the voltage reflection co­
ëfficiënt amplitude, |p |, and phase 
angle, <£, directly in dB and de­
grees.

There are two ways to convert 
to normalized load impedance val­
ues. The f irs t  is to use the rela- 
tionships

R
Zo

l -  jp I2
1 + |p 2 — 2 1p |cos <f) ( 1 )

X 2  p  sin <f)
( 2 )

Z„ 1 + |p 2 — 2 1p |cos <f)

Keith M Keen, European Space Re-
search Organization, European Space
Research and Technology Center, 
Domeinweg-Noordwijk-Netherlands.

1. Curves of normalized resistance and reactance versus reflection coëf­
ficiënt for relatively large refleeted wave amplitudes, (a) and (b), and for 
relatively small refleeted wave amplitudes, (c) and (d ), are plotted fo r con­
stant phase angles. Reflection coëfficiënt amplitudes are expressed in dB.

MICROWAVES •  November, 1975 53



Patent 3,354,412 
a n d  3 , 4 1 7 , 2 9 4

Terminations, 
Attenuators, 
Resistors,
DC Blocks
AVAILABLE FOR .062, 

.125 and.250 GROUND
PLANE SPACING
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PILL TERMINATION

Look to EMC for all your passive c ircu it functions 
in convenient patented pill configurations
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TECHNOLOGY, INC. Phone 6 0 9 - 4 2 9 - 7 8 0 0  t w x  7 1 0 -8 9 6 - 0 1 9 3

READER SERVICE NUMBER 54

IMPEDANCE

2 . In this typical test setup, coupler 1 provides a constant reference signal, 
while coupler 2  monitors the refleeted wave.

3. Swept frequency measurement
records amplitude and phase of the 
reflection coëfficiënt.

From  l(c )  and l(d ) ,  the normal­
ized impedances a r e :

R /Z 0 =  1.11, X /Z 0 =  -0 .4 8  
As the transm ission line has a 
characteristic impedance, Z0, of 
50-ohm the impedance values of 
the log-periodic antenna a t F ow 
are

w here p  =  |p |e j0 is the complex 
reflection coëfficiënt, R and X re- 
fe r  to the load impedance and Z0 
is the characteristic impedance of 
the transm ission line.

A lternatively, a Smith C hart 
can be employed in the way used 
fo r slo tted-line m e a s u r e m e n ts  
w here the VSWR and Position of 
the f irs t  standing wave minima 
are  plotted to give the load im­
pedance. The VSWR is found 
fro m :

VSWR t=  ^- + \P\ -------------
1 -  \p\

except th a t \p\ m ust be converted 
from  decibel units, Most Smith 
C harts are already calibrated in 
degrees of reflection coëfficiënt 
phase, but if not the phase m ust 
be converted to the corresponding 
f i r s t  minima Position, ^ mi tl, using

An alternative method and a 
very convenient one is to use the 
set of graphs in Fig. 1 which 
make the conversion given by 
Eqns. (1) and (2). The graphs 
are also useful in th a t they show 
the general relationship between 
load impedance and reflection co­
ëfficiënt in a simple way. They 
are, of course, applicable to any 
sort of transm ission line term ina­
tion.

Spot or swept measurements
Consider the test Setup in Fig. 

2 in which the log-periodic anten­
na used as a load is found to have 
a reflection coëfficiënt of —12.5 
dB am plitude and —65 degrees 
phase a t some frequency F cw.

R 55.5 ohms X =  — 24 ohms 
The curves are also suited for 

swept measurements. Suppose, for 
example, th a t the input impedance 
of a stripline device with one co­
axial input port is required over 
the band between frequencies F-l 
and F 2. The amplitude and phase 
of the reflection coëfficiënt is 
plotted by the X-Y recorder as 
shown in F ig. 3. To find the cor­
responding impedance values, the 
data  from the X-Y recorder is 
plotted in Figs. l ( a )  and l(b )  as 
shown by the boldfaced dotted 
lines. From  these, the normalized 
impedance values can be read off 
for any frequency w ithin the band. 
For Z0 =  50 ohms, the input im­
pedance of the device varies be­
tween Z =  275 ohms, X —210 
ohms a t F t to Z =  50 ohms, X .— 
58 ohms a t F 2. • •
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COVER\ 

C CIRCUIT—

SHARP EDGES

QUAL SECTIONS 
AT JOINT

-ENCLOSURE BODY

8. A typical joint for the TIG weld­
ing of a cover to an enciosure re­
quires the point to have equal sec- 
tions and sharp edges.

JHIN SECTIONS 

COVER^

CONICAL (ROLLERS) 
ELECTRODES

-MIC CIRCUIT

9. For parallel-seam sealing of a
cover to the enciosure, the cover 
must be thin in the vicinity of the 
joint.

( te x t  continued fro m  p. 37)
Parallel seam sealing is accom- 

plished by passing high-frequency 
cu rren t pulses between two elec- 
trodes th a t roll along the edge of 
the cover. The pulsating energy 
fuses the metal w ith  overlapping 
weids, Fig. 9. The tim e duration 
and frequency of the pulse are 
such th a t ju s t enough heat is gen- 
erated  a t the jo in t in terface for 
m elting the metal locally w ithout 
overheating the body of the mod­
ule. Typically 40 °C rise  of tem ­
p eratu re  surfaces is all the circuit 
will be subjected to.

M aterials th a t are compatible 
w ith  th is sealing process include 
Kovar, stainless steels, cupro- 
nickel and other nickel alloys. 
Metals th a t are characterized by 
being electrically conductive are 
also sealed effectively by finishing 
w ith an appropriate electroplate 
and placing a brazing or soldering 
preform  between the cover and 
body of the enciosure.

Parallel seam sealing of covers 
to enclosures has all the advan- 
tages of TIG welding plus repeat- 
ed passes over the joint, can be 
made w ithout disfiguring the joint.

Aside from cost factors and 
availability, there are no hard and 
ready made rules for the selection 
of an appropriate sealing process 
or in  selecting enciosure m aterial.

The m aterial should be capable 
of tran sfe rrin g  dissipated heat, 
possess anti-corrosive properties, 
have a low vapor perm eability and 
be amenable to  not only a sealing 
process, bu t also lend itself to an 
inexpensive m anufacturing process.
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application notes
H ere ’s how to s-t-r-e-t-c-h  spdt sw itch bandwidth

Single-pole, double-throw PIN diode 
switches are constructed with the de­
vices in series, shunt or series/shunt 
combination. Each design approach 
has distinct advantages and disadvan- 
tages. The series switch is capable of 
multi-octave bandwidth, but provides 
poor isolation. Isolation is the major 
asset of the typical shunt configura- 
tion, but the two quarter-wavelength 
transmission lines required by the de­
sign lead to increasingly serious mis­
match problems as the input frequency 
deviates from f0. A series/shunt hy­
brid design boasts good isolation and 
broad bandwidth, but at the expense 
of twice as many devices, and twice 
the power consumption.

Application Note 957-1 from 
Hewlett-Packard. "Broadbanding The 
Shunt PIN Diode SPDT Switch,” 
suggests a modified shunt switch, de­
signed with a third length of tuned 
transmission line to broaden the fre­
quency capability. The note also ad- 
vises that the characteristic impedance 
of the quarter-wave lines be set at

Block out power supply
In switched-mode power supplies, 

RFI may be produced by direct radia­
tion or by the conduction of inter- 
fering currents through the input 
and output terminals. Direct radia­
tion can be adequately suppressed by 
enclosing the power supply in a 
shielded box, and by paying careful 
attention to the layout of internal 
wiring. Interference conducted through 
the supply and output terminals, how­
ever, is more difficult to suppress.

“Radio Frequency Interference Sup­
pression in Switched-Mode Power 
Supplies,” application note F-601 from 
Ferroxcube, investigates a variety of 
techniques which reduce interference 
eminating from various power sup­
ply sections. Transistors mounted on 
a heatsink with mica washers are one

5 .6 7 8 .9 1.0 1.1 1.2 1.3 1 4 1.5

FREQUENCY, BROADBAND SWITCH -  j -

Note that the bandwidth exceeds 
1 0 0 %  when 35-ohm lines are used.

some value below 50 ohms for the 
broadest bandwidth (see figure). An 
analysis shows that by introducing the 
third transmission line, and carefully 
choosing a proper impedance level, 
the 1.43:1 VSWR bandwidth of a 
typical shunt switch can be improved 
by a factor of 2.5.

The two-page note is available at 
no charge from: In q u iries  M anager, 
H ew le tt-P ack a rd  C om pany , 1501 Page 
M ill R o ad , P a lo  A lto , C A  94304  
(415) 493 -1 5 0 1 . c ir c l e  n o . ïo o

in terference
major source of interference, due to 
capacitance created by the mica di­
electric. The solution: operate the
heatsink at a positive potential to 
insure that the current in the collec- 
tor-to-heatsink capacitance remains in 
the primary circuit and is prevented 
from flowing into the line via ground.

RFI can also be generated by power 
supply diodes. Interference due to 
diode snap-off can easily couple into 
all parts of the power supply circuit 
and develop appreciable voltages 
across ground connections and across 
the metal case enclosing the supply. 
One remedy is to use “soft” recovery 
capacitors. F e rro x cu b e  C o rp o ra tio n , 
S augerties, N Y  12477 (914) 246-2811 .

CIRCLE N O . 101

How much im provem ent does 10  dB buy?
It’s common knowledge that the 

directivity of a coupler in a swept- 
frequency measurement system in­
troducés some degree of error. But 
how much can measurement accuracy 
be improved by Using a component 
with a higher directivity?

A new technical note from Com 
Dev, Ltd. of Montreal, Canada, will 
help you to answer that question. 
“Coupler Directivity vs. Measurement 
Error” introducés a new series of 50 
dB directional couplers, and com-

pares their theoretical error limits 
with those of 40 dB couplers. It is 
shown that the added 10 dB of di­
rectivity can reduce maximum error 
limits by a factor of about three, for 
return loss measurements up to 34 
dB. The six-page note includes a 
chart which derives maximum error 
limits from measured return loss and 
coupler directivity. C om  D ev , L td ., 6 
R o n ald  D rive , M o n trea l, C an ad a  
H 4 X , IM 8  (514) 487-9010 .

CIRCLE N O . 102
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news
P o rtab le  100  W  TACAN  
weighs only 100 pounds

A new class of TACAN, spe- 
cifically designed to be parachuted 
into forw ard combat zones and pro­
vide azim uth and range inform a­
tion to a irc ra ft w ithin 75 miles, is 
currently being developed by the 
U. S. A ir Force. The 100-watt 
system weighs only 100 pounds, 
and is the first all solid state 
USAF TACAN. Early, tube-type 
TACAN units weighed in the 
neighborhood of 15,000 lbs.

“The new TACAN was specially 
designed for simple Operation,” 
notes Fred Ausseresses, Director of 
Requirements a t the Montek Divi­
sion of E-Systems in Salt Lake 
City, UT. “Take its frequency syn­
thesizer, fo r example. This unit 
will operate on any of the 252 
channels th a t are authorized for 
TACAN, ju st by tu rn ing  (thumb- 
wheel) selector switches,” The in­
direct frequency synthesizer, as 
well as the YIG-tuned receiver pre- 
selector, can be tuned to any of the 
1 MHz channel slots in the 962- 
1213 MHz band. Frequency stabili­
ty is 0.002%.

Simple Operation is the key to 
this design, for the TACAN sta­
tion m ust be assembled by non- 
technical personnel under battle- 
field conditions (see figure). The 
new TACAN system, designated by 
the A ir Force as AN/TRN-41, 
breaks down into three packages: 
the antenna assembly, tran sm itte r/ 
receiver and tripod and battery. 
Each member of a three-m an com­

bat control team, a spearhead 
force that sets up drop zones 
and tactical landing strips, car- 
ries one package in a drop bag 
attached to their parachute har- 
ness. When the soldiers are about 
200 feet above the ground, they 
release the bags on te ther ropes, al- 
lowing the jum pers to touch down 
with less weight. On the ground, 
the three TACAN packages are re- 
moved from th e ir shock-absorbing 
landing bags and attached to har- 
nesses to form 35-pound backpacks.

Once assembled and activated, 
the battery-powered TRN-41 will 
reportedly operate continuously for 
more than four hours w ithout re- 
charging. A demand-only mode, 
which may be selected by a front- 
panel switch, extends this time by 
disablmg the tran sm itte r and an­
tenna drive until in terrogated by 
an aircraft. A built-in test system 
monitors 10 critical param eters, 
i nel u d in g  peak output power, 
VSWR and pulse rate, and shuts 
the station down if any fall out of 
specification.

Discriminator cuts interference
The new TACAN receiver uses 

a dual-mode F erris  discim inator 
in conjunction w ith a broadband 
i-f detector to improve adjacent 
channel rejection. A F erris  dis­
crim inator inverts the polarity of 
unwanted signals, which are sub- 
sequently eliminated when the sig­
nal passes through a diode or am­

plifier, Ausseresses explains.
The output of a 63 MHz i-f s trip  

is split in two, feeding the parallel 
combination of a narrow band F e r­
ris  discrim inator and a wide-band 
i-f detector. The d iscrim inator acts 
as a gating amplifier, merely to 
identify a qualified TACAN pulse. 
W hen properly gated, the broad­
band detector passes th e  main 
signal, and thus preserves the 
spectrum of the TACAN pulse, 
Ausseresses notes.

As a result, adjacent channel re ­
ceiver selectivity exceeds 70 dB, 
while i-f selectivity is g rea te r than  
80 dB. Overall receiver sensitivi- 
ty  is about —90 dBm, and dy- 
namic range is specified as 80 dB.

The receiver has been designed 
to be considerably more im mune to 
cw jam m ing than earlier TACAN 
designs. According to Ausseresses, 
cw jam m ing merely reduces receiv­
er sensitivity, as opposed to fully 
blocking the receiver. “As long as 
the interrogation signal from  the 
a irc ra f t is a t least an order of 
m agnitude higher than  the  in ter- 
fering signal, it will be processed,” 
he notes.

Mechanical scanning selected
A ntenna design was a m ajor 

difference among the competing 
designs initially considered by the 
A ir Force. “I t ’s been vogue in the 
last three to five years to go to 
electronically-scanned a n t e n n a s , ” 
Ausseresses comments, “b u t we 

(continued on p. 1U) 
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news
M icrow ave m arket to  grow  6% per year

Richard T. Davis
Managing Editor

The U. S. m icrowave compo­
nents m arket, estim ated a t $426- 
million in 1974, can be expected to 
grow to $586-million by 1980 and 
to $828-million by 1985. According 
to a recent m arket report by F rost 
and Sullivan, m arket researchers 
in New York City, gross shipments 
of microwave devices are estimated 
to have been $476.5-million in 1975. 
Of this, microwave tubes represent 
37% of the m arket or $175-million; 
passive components about 23% or 
$107-million; solid-state compo­
nents, 13% or $64-million and 
solid-state devices, such as tra n ­
sistors and diodes, 8.5% or $40- 
million.

I t ’s predicted th a t the micro­
wave tube m arket will be relative­
ly flat over the next five to ten 
years w ith solid-state components 
and devices in stripline MIC as- 
semblies capturing a g rea ter per­
centage of the total m arket.

Im patt diodes, fo r example, can 
be expected to show a 40% annual 
growth ra te  between 1974 and 
1980, with GaAs FE T  registering 
a 37% increase; Im patt am plifiers 
and Gunn oscillators 20% ; bipolar 
transistors, 17% ; Yig components, 
16% and Gunn diodes and low- 
noise, solid-state am plifiers, a 
15% increase (see Table).

Some of the m arkets th a t will 
show negative growth include tun ­
nel diodes and m ultiplier diodes. 
The m anufacturers of passive com­
ponents, such as waveguide and 
coax couplers and filters will also 
be vulnerable as more and more 
MICs and stripline are manufac- 
tured by the Systems’ m anufac­
tu rers. Certain specialized passive 
components, however, will be 
ëxempt from  th is decline such as 
matched attenuators, Yig-filters, 
double-balanced m ixers and milli­
meter-wave components.

As in the past, the m ajor m arket 
fo r microwave components (defined 
in this report as operating above 
1 GHz) is the m ilitary ; specifical- 
ly ECM, airborne, ground and ship- 
borne radar, m ilitary  Communica­
tions and more recently, m ilitary 
and non-m ilitary satellite Com­
munications.

“Because of this, the microwave 
components industry has not seen 
the  severe declines in business 
th a t have been witnessed in other

Mircowave tubes, which command 
37%  of the microwave component 
market, will maintain their dominant 
market share, despite solid-state in- 
roads. New high-power designs and 
increased interest in the higher fre ­
quency bands particularly by the 
m ilitary will provide a 1% market 
growth per year.

U. S. industries in the late 1974 
to mid-’75 period,” says Henry 
Burler, Vice President of Research.

TWT market still the biggest
One trend pointed out in the re­

port was the continuing dominant 
m arket Position for traveling-wave 
tubes, presently about $80-million 
a year. Growth will be about 1% 
per year. “This m arket position 
will be m aintained despite the in- 
cursions by solid-state a t the low- 
power end of the TWT m arket,” 
notes Burler. “P a rt of the reason 
for th is  is increased ECM funding 
particularly  for TWTs operating 
in the 18-40 GHz frequency range 
where new systems are being de­
veloped.”

The leading m anufacturer of

TWTs is Hughes A ircraft, Fuller- 
ton, CA, folio wed by Varian, Ray­
theon, Teledyne/MEC, Litton and 
W atkins-Johnson. Those R&D areas 
reported being worked on include 
low-cost printed circuit TWTs, 
higher efficiencies (goals: 60% at 
12 GHz and 50% for frequencies 
to 40 GHz), dual-mode TWTs with 
10 dB gain fo r ECM jam m ing Sys­
tems, and improved helix struc­
tures to achieve higher power with 
lower input voltages.

Growth for solid-state and m-m
Selected areas of the microwave 

industry th a t will grow in excess 
of 10% per year are given in the 
table. The Im patt diode shows 
good growth potential because it 
will be used to replace low and 
medium power tubes operating 
above 5 GHz. Bipolar power tra n ­
sistors, on the other hand, are ex­
pected to be replacing tubes under 
4 GHz.

According to F rost and Sullivan, 
the leading m anufacturer of micro­
wave bipolar transistors (i.e., above 
1 GHz) ls MSC, of Somerset, NJ, 
who had sales of $5.5-million in 
1974 (th is includes sales other than 
tran sis to rs). The $12-million bi­
polar transisto r m arket is predict­
ed to grow to $30-million by 1980 
and $45-million by 1985. Addition­
al areas of growth for transistors 
will be in terrestria l Communica­
tions, electronic ware, avionics and 
radar, particularly  phased arrays.

“The available m arket for the 
GaAs FE T  was around $600,000 
in 1974,” says Burler. “This m ight

__________________________________ (continued on p. 13)

Selected grow th areas of the m icrow ave m arket
Average annual

Com ponent or Value of shipments ($  million) growth rate
device 1974 75 76 77 78 79 80 '74-80 '80-85

Gunn diodes 2.0 2.3 2.6 3.0 3.5 4 .0 9.0 15% 15%
Impatt diodes 0.7 1.0 1.4 2.0 2.5 3.0 10.0 40 % 23 %
GaAs FETS 0.6 1.0 1.4 1.8 2.2 2.0 4.0 3 7 % 15%
Bipolar transistors 
Millimeter passive

12 15 18 21 24 27 30 17% 8 %

com ponents 2.0 2.2 2.4 2.6 2.9 3.4 3.7 11% 6 %
Yig components 
Transistor amplifiers

10 12 14 16 18 21 24 16% 11%

Low-noise 24 27 32 36 42 48 56 15% 10%
High-power 4 4.5 5.0 5.6 6.3 7.0 8.0 12% 12%

Impatt amplifiers 
Oscillators

0.5 0.8 1.2 1.6 2.0 2.5 3.0 3 5 % 22 %

Gunn 2.0 2.3 2.8 3.5 4 .0 5.0 6.0 2 0 % 20 %
VCOs 4.5 5.0 5.6 6.3 7.1 7.9 8.8 12% 10%
Yig-tuned 6.5 7.5 8.7 10.1 11.8 13.6 15.8 16% 11%
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European weather satellite 
to improve forecasts

The European S p ace  A g e n c y  
plans to send into orbit a new 
meteorologicai satellite capable of 
photographing cloud movements and 
atmospheric phenomena from an 
altitude of 36,000 km. The weather 
satellite, called Meteosat, is due to 
s ta rt operating in mid-1977 and 
will survey an area extending from 
N orthern Europe to the South A t­
lantic and from  the Mid-Atlantic 
to the Indian Ocean.

The main ground station located 
near M ichelstadt in W est Germany, 
operates a t S-band and uses a 15- 
m eter reflector antenna. One ordi-

nary and one in frared  p icture will 
be transm itted  to the ground s ta ­
tion a t half-hour intervals where 
a Computing center will compare 
the newly-received pictures w ith  
previous ones. This will allow wind 
directions and speeds to be deter­
mined quickly and accurately.

Siemens in Munich developed the 
ground-station antenna which has 
a tracking accuracy of 0.016 de­
grees. I t  also has a phase cancellor 
capability to protect it  from  the 
numerous post office radio links in 
the area. • •  R TD

M icrow ave m arke t (con’t from p. 10)

seem to be a small value compared 
to the amount of Publicity the de­
vice has received over the last 
couple of years, bu t th a t’s because 
the device is still in development 
and not readily available to the 
marketplace. Also, those Companies 
m anufacturing FE T s are using 
them for th e ir own use. I t ’s still 
largely a captive m arket.” (The 
figures and projection for this re­
port are based on the non-captive 
Portion of the m arket). The one 
Company th a t appears to have the 
edge in supplying GaAs FETS is 
Nippon Electric Co. Ltd., of Japan. 
The other m ajor U. S. supplier is 
Fairchild. O ther U. S. Companies 
known to m anufacture GaAs FETS 
include Avantek, Hewlett-Packard, 
Hughes A irc raft Company, Ray­
theon, TRW and Yarian.

The only passive component m ar­
ket tha t will show any significant 
growth (i.e. in excess of 10% ), is 
in millimeter-waves such as circu- 
lators, switches, hybrid, couplers, 
filters, m ixers and detectors op­
erating above 26.5 GHz. According 
to the report, TRG/Alpha of Wo- 
burn, MA, is the leading U. S. 
m anufacturer followed by Baytron 
and Hughes. H itachi is the m ajor 
Japanese m anufacturer. This $2- 
million m arket is expected to grow 
slowly but steadily to five million 
by 1985.

Many specialty mw Companies
The report states th a t over 500 

U. S. Companies a re  actively in- 
volved in the microwave compo­
nents market. I t  predicts the most 
successful Companies in this field 
will be those th a t continue to de­

velop state-of-the-art products, or 
produce real breakthroughs in 
term s of the perform ance over 
existing available components. Sol­
id-state, low-noise am plifiers and 
Yig-tuned oscillators were two 
examples called out in the report 
where significant improvements 
have been made over older existing 
designs.

Some of the technological trends 
noted in the report (besides the 
more obvious ones of m iniaturiza- 
tion, replacing tubes by solid state  
and use of higher frequencies), is 
the trend  towards vertical In tegra­
tion, whereby component houses 
expand m anufacturing capability 
to include Subsystems and even 
small Systems designs. Conversely, 
system houses are also expanding 
th e ir capabilities to m anufacture 
eertain  components and sub-sys- 
tems. The report did note, however, 
th a t those Systems houses th a t are 
selling to the m ilitary  m arket will 
tend to be much slower in  th is  
vertical integration process than  
those serving the commercial Com­
m unications area. “The reason for 
th is,” explains Burler, “is th a t  cer- 
ta in  system m anufacturers, such 
as Raytheon, W estinghouse and 
Hughes, cannot develop all of the 
state-of-the-art advances, demand- 
ed by new m ilitary  equipm ents.” 
Thus, the Systems houses m ust still 
depend on smaller and m ore flex­
ible Companies to develop expertise 
in  eertain  technological areas. In 
fact, th is  Situation tends to  sup­
port the existence of the sm aller 
Company and explains why there 
are so many Companies th a t make 
up the industry.” • •
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news
Reactance compensation 
improves oscillator tunability

Reactance compensation—a tech­
nique originally used to improve 
the gain-bandwidth product of p a r­
amps— can double t h e  t u n i n g  
bandwidth of varactor-tuned Gunn 
oscillators, says a  researcher from 
G reat B rita in ’s Chelsea College. 
According to C. S. A itc h is o n , 
reader in electronics a t the Uni­
versity  of London college, the ob­
ject of the technique is to minimize 
changes in  the oscillator’s suscep- 
tance w ith  frequency.

“The common featu re  of para­
m etric amplifier circuits and var­
actor-tuned Gunn oscillators is that 
the operating frequency is de­
term ined by the frequency a t  which 
the sum of the reactances (or 
suseeptances) is zero. The principle 
(of reactance compensation) is that 
a shunt resonant circuit is provided 
between the series resonant signal 
circu it and its load. The shunt cir­
cuit slope is adjusted to give a zero 
8X/S«) over the required frequency 
range,” explains Aitchison.

In  laboratory models of a coaxial 
X-band oscillator, the reactance 
compensation is provided by two 
distributed lines, placed a quarter 
wavelength from the Gunn device

1. Two shunt circuits are used to 
increase the oscillator’s tuning range.

( o)
2. Tuning range is nearly doubled in
these two experimental cases. More 
improvement could be expected if 
lumped-element networks were used 
instead of transmission lines.

and term inated in sliding short 
circuits (see Fig. 1). “A particular 
feature of this arrangem ent is that 
the short circuits and inner con­
ductors of the compensatory coaxial 
lines can be removed, while the 
oscillator remains switched on, to 
simplify the direct comparison of 
varactor tuning ranges,” the re­
searcher notes.

Early laboratory results are im- 
pressive (F ig . 2). In one oscillator 
th a t used a Mullard Gunn device, 
model CXY19A operating at about 
12 V and 0.5 A, and a Mullard var­
actor, model BXY90, which has a 
zero bias capacitance of 2 pF and 
breakdown voltage of 100 Y, tuning 
bandwidth increased from 350 MHz 
to 775 MHz with the addition of 
reactance compensation—an im-

PO RTABLE 10 0  W  TACAN (continued from  p. 9 )
had mixed emotions whether it  was 
a viable approach for the TRN- 
41.” E-Systems finalized on a me- 
chanically-scanned antenna, which, 
Ausseresses claims, offers better 
perform ance and higher reliability 
than  competing electronically-sean- 
ned designs. The antenna consists 
of a disk containing parasitic  a r­
rays which revolves at 900 rpm 
around a central rad ia ting  array .

Perform ance data includes ±0.5 
degree azimuth accuracy and 3 dB 
peak gain. Vertical polarization is

used, and horizontal components 
are  reported to be suppressed by 
more than 30 dB. The radiation 
pattern  is essentially a multi-lobe 
eardioid which rotates in space.

“The most exciting thing about 
th is antenna is th a t it does not 
consume any more power than a 
c o m p e tin g  electronically-scanned 
antenna,” Ausseresses emphasizes. 
The antenna consumes about 25 
w atts, and may be driven by 18 
to 30 Vdc.

The Montek Division of E-Sys-
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provement of over 120%. The max­
imum output power fo r compen- 
sated and uncompensated versions 
is approximately 100 mW, Aitchi­
son reports, but the compensated 
design suffers a maximum power 
loss of about 1.7 dB over the band.

The same uncompensated circuit 
designed w ith a varactor rated at 
a lower breakdown voltage (Mul­
lard BXY 53: C0 =  2 p F ; Vbd =  
— 60V) exhibits a 625 MHz tuning 
range. “The application of the re­
actance compensation circuit again 
increases th is  figure by a factor of 
approximately two, to a value of 
1180 MHz. The maximum loss in 
power on adding the compensatory 
circuit was 2.4 dB. The maximum 
power output is little changed at 
about 100 mW,” Aitchison reports.

•  • SVB

tems was selected to build the 
TRN-41 in a com petitive pro- 
curem ent program . Under a $756,- 
898 contract from the Electronic 
Systems Division of the A ir Force 
Systems Command a t Hanscom 
Field, E-Systems will provide two 
pre-production units for operation­
al testing  in late 1976. A follow-on 
production option for 60 units by 
early 1977 could bring the total 
contract value to more than $2.5- 
million. • •
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Todavs
rf Transistors 

Demand New 
Circuit Techniques:
The combination yieids the 
qb-500 eenes rf amplifiers 
trom Q-Bll corp.

Wideband (2 -5 0 0 MHz), high dynamic 
range, and excellent input/output 
match make the QB 500 series 
amplifiers universal System 
building blocks.

Ideal for interfacing critical filters, 
signal Splitters and detectors 
because of their excellent impedance 
match, input/output isolation, and 
phase linearity.

■ G A IN : 18-30dB

■ NOISE FIGURE: 2 .5 -4 d B

■OUTPUT POWER LINEAR  
TO +22 dBm

■3rd  ORDER INTERMODS DOWN  
OVER 70dB  AT OdBm OUTPUT 
SIGNAL LEVELS

■ POWER: NON CRITICAL FROM 
+ 15 TO + 24  VDC

■ PRICES: $ 1 6 5 .0 0 -$ 2 2 5 .0 0  (1-4)

■ DELIVERY: 2 -3  W EEKS ARO

Q -B IT  CORPORATION  
P.O. Box 2 2 0 8  
M elbourne, Florida 32901 
Tel: (3 0 5 )7 2 7 -1 8 3 8

r&d roundup
T h a t’s quite a cavity!

Determ ining accurately the driv- 
ing point impedance of a coaxial 
cavity w ith a gap in its center con­
ductor is not an easy task. In wide­
band oscillator designs, (2-22 GHz 
for example), eertain deficiencies 
in calculating the impedance a t the 
gap term inals occur when the 
transmission-line-equivalent circuit 
technique is used.

In “Wideband Characteristics of 
a Coaxial-Cavity Solid-State De­
vice Mount” (I E E E  Trans, on 
MTT,  Vol. 23, No. 10, pp. 831-832, 
October, 1975), authors Philip H. 
Alexander and Peter J. Khan show 
th a t for wideband characterization, 
radial wave modal field analysis 
can considerably improve the Situ­
ation. Previously, only the Iowest 
order resonant modes were consid- 
ered, resulting  in a poor impedance 
characterization.

Take a deep breath
In  “N o n in v a s iv e  Microwave 

M e a s u re m e n t  of Respiration,” 
(Proc. IE E E , Vol. 63, No. 10, pg. 
1530, October, 1975), by James C. 
Lin, prelim inary results are re­
ported in m easuring the respira- 
tion ra te  of humans and animals 
using a noncontacting cw micro­
wave System, (see F ig .). The re- 
flections from the anim al’s moving 
ehest cavity are received, detected 
and compared with the transm it- 
ted wave. The output of the ratio 
m eter is a voltage whose frequen­
cy corresponds to the breathing 
rate. The refleeted wave was modu- 
lated both in amplitude and phase.

Harvey J. Hindin, Contributing Editor

The theoretical analysis can not 
be directly studied by the reader 
w ithout a knowledge of the refer- 
enoes in the literature, fo r only 
the results are presented. The rad i­
ation impedance a t the gap for 
both propagating and non-propa- 
gating  modes is expressed in terms 
of Bessel functions.

A comparison between predic- 
tion and experim ent was made for 
cavities in the 2-22 GHz range 
using both transm ission line and 
radial wave analysis. I t  was found 
th a t the la tte r technique success- 
fully predicted several resonances 
not forecast by the transm ission 
line model. This happens when the 
cavity diam eter is of the same 
m agnitude as its length. I t  was 
also found th a t the driving point 
impedance characteristics can be 
somewhat modified by varying the 
Position of the gap in the cavity 
center conductor.

The oscillator used had a 10 mW 
output a t 10 GHz. Incident power 
density on the subject was esti­
m ated to be in the range of 
ju,W/cm2.

Lin notes several advantages for 
his system including the facts tha t 
the method is noncontacting, and 
the subject does not have to be 
anesthetized or unclothed. In addi­
tion, the older methods sometimes 
cause skin irrita tion , electrode 
problems and breathing restriction. 
S traigh tforw ard  and conventional 
technology is used for the appa- 
ra tu s  and the use of the ratio m eter 
enables the researcher to ignore 
the stability  of the oscillator.

[

s Js i

SWEEP
GENERATOR

ATTENUATOR DIRECTIONAL
COUPLER

Rabbits are usually kept in a card- 
board box about 30 centimeters 
from the horn radiator of the X-band 
cw radar. The receiving horn P o s i­
t io n  is  not critical, as long as i t 's  
aimed at the rabbit's ehest.
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Test Equipment: Weighing 
The Rent Or Buy Decision
You can apply a formula to determine whether it is more economical 
to rent or buy a given instrument, but in the long run, it pays to 
weigh several factors not considered in a simple dollar analysis.

THE advent of tes t equipm ent 
ren ta l on a national level has 

brought a welcome degree of flexibility to equip­
m ent acquisition practices in the microwave indus­
try . W ith ren ta l, the  old all-or-nothing form ula— 
buy all your te s t equipm ent or do w ithout— has gone 
the way of the cash-only sale, and the microwave 
industry  has been quick to capitalize on th a t devel­
opment.

There is one problem, though, in having more 
than  one road to choose: making the righ t decision. 
Frequently , i t  seems, the rental decision m ust be 
made in a hurry , when ren ta l is expedient, w ithout 
carefu l consideration of the overall costs of th a t 
decision. The purchase decision, on the o ther hand, 
is commonly made th rough habit—equipm ent is 
bought ju s t because it  has always been acquired 
th a t way. In e ither case, the selection process is 
usually  a nonobjective, passive one.

T hat needn’t  be the  case. There are a num ber 
of methods of reducing the guess work involved 
in the ren t or buy decision, methods th a t can be 
quantified and graphically  represented over a Stand­
ard  set of acquisition conditions. While short of 
foolproof, these analy tical methods deserve every 
engineer’s—and purchasing  m anager’s—careful in- 
spection. They could prove to be one of the m ost 
effective means of com peting fo r critical business.

That, a t least, seems to  be the consensus among 
a growing num ber of microwave instrum entation 
users, who have come to regard  ren ta l as essential 
to  the full conduct of th e ir business. Happy to 
have a practical ren ta l alternative in emergency 
situations (breakdown, sudden overloads, etc.), te s t 
equipm ent users have begun to discover new, 
business-broadening applications made possible by 
ren ta l th a t were inconceivable under purchase-only 
conditions.

Consider, for example, the case of the medium- 
sized Systems house that wants to bid on a govern- 
ment package requiring E M I/R FI testing to a par- 
ticular MIL-SPEC. The Company may have a good 
handle on the Systems technology, but the $40,000 
purchase price of E M I/R FI test equipment is im- 
practical for six weeks of testing. By renting the 
gear at about 10% of the purchase price per month, 
the small firm can compete more effectively against 
much larger outfits.

Anthony M. Schiavo, Director of Marketing, US Instru­
mental Rentals, Inc., 951 Industrial Road, San Carlos, 
CA 94070.

Similarly, a m anufacturer of YIG oscillators th a t 
needs sweepers fo r production line Checkout m ay be 
able to benefit th ro u g h  ren ta l. W hile the  frequency  
band he has to te s t varies fo r d ifferent lots, the  
range w ithin any one lot is usually  only 2 o r 3 
GHz, m aking the  purchase of a fu ll b roadband 
system  unnecessary. The m an u fac tu rer m ay be able 
to save money by buying the m ainfram e and com- 
monly-used plug-ins, and ren ting  less frequen tly  
used plug-ins on an as-needed basis.

These and m any o ther operational applications 
w ithin the rapidly  developing m icrowave in d u stry  
are being satisfied in increasing am ounts by ren ta l. 
But there are o ther reasons of a non-operational 
na tu re  th a t  m ore strongly  suggest in stru m en t ren ta l.

The objective choice
W hat factors should be considered in m aking an 

objective buy-rental choice and how are th ey  worked 
into a form ula? U tilization is one, probably  the  
most im portant. Most sim ply put, equipm ent th a t  is 
going to  be needed day in and day ou t fo r  a  long 
period of time should probably be purchased, p ro­
vided the  heavy front-end cost doesn’t  d isru p t a 
company’s norm al operations. S im ilarly, an item  
th a t is going to  spend m uch of its usefu l life on 
the shelf should be rented, because i t  is paid fo r 
only when it Is needed.

The utilization fac to r is norm ally expressed as 
a ra te  based on the  percentage of tim e a given 
instrum ent is expected to be in use. Thus, an in ­
strum ent w ith  a  high-expected utiliza tion  will have 
a utilization ra te  of around 70% or more, w hile an 
in frequently  used item  will have a ra te  of 30% 
or less.

These, of course, a re  the  extrem es. The decision 
m ust usually  be made in the  g ray  a rea  in between. 
Furtherm ore, care m ust be taken in determ ining  the  
average u tilization ra te  of an in strum en t over its 
useful life. An item  may have a high usage ra te  
in its first few m onths, then  find its  w ay to  the  
shelf fo r the next few  m onths. If  u tiliza tion  is 
expected to be seasonal or sporadic in any way, 
ren ta l is the ideal solution.

A nother com plicating fa c to r m ust be th row n into 
the utilization eq u a tio n : th e  th re a t of obsolescence. 
Many instrum ents are purchased w ith the  in ten t of 
pu tting  them into heavy use, only to find th a t short- 
ly th e re a fte r  new technology has rendered them  
relatively less efficiënt, if  not obsolete.

Technical obsolescence is especially p revalen t in 
the microwave industry . Recent sta te -o f-the-a rt in-

(C ontinued on p. S6) 
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tribu te  a m ajor p a r t  to  any objective analysis of 
the buy-rent decision. B ut th e re  a re  o ther con- 
siderations th a t m ust be balanced aga inst the u tili­
zation ra te  to develop an accurate  overall p ictu re 
of the acquisition decision. Two of the m ost im­
portan t—the only two quantifiable factors besides 
u tilization used in the derivation of the following 
buy-rent form ula— are  ownership and ren ta l costs.

Just as in the ownership of any major productive 
asset, purchase price is not an accurate measure 
of true ownership costs because it is only part of 
the total expense. Instrument maintenance and cali- 
bration, depreciation, property taxes, cost of Capital, 
storage and insurance are all part of the hidden 
expenses that have a significant hearing on true 
ownership costs.

All of these costs vary from Company to Company 
and from instrument to instrument, of course. Learn- 
ing to make reliable estimates of each can be a 
valuable tooi in a company’s long-term financial 
strategy. But for most Companies, estimates of these 
costs fall within a fairly Standard range that can 
be expressed as a set of percentages of original 
equipment cost.

Annual m aintenance and calibration expenses, fo r 
example, will usually  range between 10 and 22% of 
equipm ent cost. D epreciation, depending on the in­
strum ent and the depreciation method, will norm ally 
be between 12 and 25%. Cost of Capital (the cost 
of financing equipm ent) is typically from  8 to 16%; 
and property taxes, storage, insurance and the like 
add another 1 to 7% to annual ownership costs. 
Based on this range of percentages, then, an equip­
ment owner can expect tru e  annual ownership costs 
to fall between 30 and 70% of original equipm ent 
cost.

(continued on p. 39)

------------------------ T o  rent or not to  rent: Consider the num bers-------------------------
For any given Situation, the cost of 

ren ting test equipm ent equals the cost 
o f ow ning the equipm ent when the 
fo llow ing  equa lity is satisfied:
12 x m onth ly  rental rate (% ) x acqui­
sition cost x utilization (% ) =  owner­
ship cost factor (% ) x acquisition cost. 

or,
when 1 2 x R x A x U  =  O x A .
Any equipm ent user w ho knows his 

ownership costs and the rental rate for 
a given instrum ent can, by this form ula, 
de term ine the break-even u tiliza tion  
rate fo r which buying and renting costs 
are the same: U =  0 /1 2  R. Assuming 
fixed ownership costs and various rent­
al rates, then, a series of u tiliza tion  in- 
d ifference curves can be developed (see 
graph).

For any tw o points on the rental rate 
and ownership costs axes, an instrum ent 
user w ill be ind iffe ren t to  renting and 
buying if his u tiliza tio n  rate falls on 
the curve through those tw o  points. If 
his u tiliza tion  rate is expected to  be 
above and to  the right o f the curve, 
buying is probably the desired method 
o f acquisition. If it's be low  and to the 
le ft of the curve, renting is favored.

If, fo r example, an equipm ent user 
expects his annual ownership costs to 
be 50% and knows the m onth ly  rental 
rate to be 8.3% of the equipm ent list 
price, the indifference u tiliza tion  rate 
is 50% . If he intends to use the equ ip­
m ent more often than half the year, 
he should probably buy it; if less, he 
should rent it.

TEST EQUIPMENT: RENT OR BUY?
strumentation advances now allow Operation at 
higher frequencies and increased sensitivities and 
dynamic ranges. Furthermore, semiconductor tech­
nology continues to produce more and more compact 
components, which permit more efficiënt racking 
and space utilization. When this happens, the buyer 
must decide to replace his expensive new equipment 
with newer equipment or try to get by with what 
he has— an extremely difficult decision the month- 
to-month renter does not have to make.

There is ano ther form  of obsolescence, however, 
th a t  can be even more crippling to the equipm ent 
owner. P ro ject obsolescence occurs when Instru ­
m entation requirem ents w ithin a given application 
change, as they frequen tly  do. A Systems house th a t 
specializes in bu ild ing radars, fo r example, may 
purchase te s t equipm ent fo r C-band, then  suddenly 
decide to sh ift applications indefinitely to Ku-band. 
By renting, the firm can accommodate such fre ­
quency changes w ithout tak ing  a big loss on dis- 
placed te s t equipm ent.

Because many microwave Companies are frequent­
ly on a project or program basis with their con- 
tractors, large equipment-need swings are quite 
common. This is another Situation in which the 
outright purchase of instrumentation may be in- 
appropriate. Rental makes it possible to adjust 
equipment needs as contractors adjust programming, 
without the worry of having a lot of leftover 
equipment to dispose of. And rental makes it easy 
to allocate testing expenses directly to the con­
tractors involved on an equitable basis.
Deriving ownership and rental costs

U tilization and all the factors th a t  affect it, 
including technical and p ro ject obsolescence, con-
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THIN-TRIM CAPACITORS 
FOR HYBRIDS AND MIC’S
Series 9401 T h in -T rim s are sub -m in ia tu re  variable 
capacito rs fo r a p p lica tio ns  where size and pe rfo rm ­
ance are c ritica l. Featured are high Q ’s fo r low c ir ­
cu it losses, high capac ity  values fo r broadband 
ap p lica tions  and low p ro file  fo r  “ gap tr im m in g ”  in 
t in y  M IC ’s. Body s iz e .1 40 "x  .110"x .030" T. A vailab le  
in 4capacitance ranges from  0 .2 - .6 p f to 3 .0 -1 2 .0 p f.

M ANUFACTURING CORPORATION 
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Rental costs are norm ally paid on a month-to- 
month basis in level paym ents equivalent to a set 
percentage of original equipment cost. However, 
unlike ow nership costs (which are incurred con- 
tinuously), ren ta l costs are only incurred when 
the equipment is in use. An instrum ent that is 
needed only six m onths of the year, accordingly, 
has an annual ren ta l cost of six times its monthly 
ren ta l rate.

Given these relationsh ips, a simple expression for 
the break-even cost re la tionsh ip  between buying and 
ren ting  can be defined as fo llow s:

ren ta l ra te  (% ) x no. of months =  ownership
costs (% ).

If, for a particu lar instrum ent, the left side of the 
expression is less than  the right, rental is the pre­
ferred  method of acquisition. I f  the righ t is smaller, 
buying may be appropriate.

Since the form ula involves only th ree variables, 
one of which (ren ta l ra te ) is easily determined, 
it can be used to solve fo r break-even utilization 
ra te  or break-even ow nership costs, if estim ates of 
e ither prove p articu la rly  troublesom e (see box).
Beyond dollar-for-dollar comparisons

F or some instrum ent users, considerations other 
than  absolute costs often affect the acquisition de­
cision. R en tal’s flexibility is a natu ra l defense 
aga inst obsolescence, especially when, as noted ear- 
lier, p ro ject requirem ents tend to change rapidly 
or new technologies are frequently  introduced. 
Furtherm ore, ren te rs  a ren ’t  burdened w ith m ainte­
nance and calibration  responsibilities. The rental 
Company handles them  as p art of the ren ta l agree- 
ment.

There are, additionally, several im portant tactical 
considerations th a t should be weighed in any buy 
versus ren t com parison. T ight budgets, for instance, 
can be stretched  th rough  ren ta l. When the proper 
perform ance of necessary  tasks requires more equip­
m ent th an  a com pany’s budget can handle, rental 
is a p ractical economie solution. This is particularly  
tru e  in the microwave industry, w here entrepreneu- 
ria l ideas are p len tifu l bu t cash for expensive equip­
m ent is limited, especially before a prototype can 
be produced.

Tax advantages m ay also generate a timely benefit 
to renting. Since ren ta l paym ents are fully tax de- 
ductible, a Company in the  50% tax  bracket effec- 
tively pays h a lf th e  ren ta l ra te  fo r instrum ent use. 
Purchased equipm ent, of course, can be depreciated 
for tax  purposes, bu t the depreciation period as 
defined by the In tern a l Revenue Service is usually 
about seven years. The kind of d irect and immediate 
subsidy w hich accrues to renters, therefore, is not 
possible w ith  a purchase.

Rental is a good way to overcome credit con- 
stra in ts , too. The large chunk of money needed fo r 
a purchase may require  replenishing through bor- 
rowing, thus p u ttin g  an additional stra in  on credit 
lines. Rental p reserves a company’s borrowing ca­
pacity and keeps cred it lines in tact.
Try before you buy

The considerable complexity of microwave Instru­
m entation points up a fu r th e r  use of ren ta l—as a 
kind of protection ag a in st buying im proper equip­
ment. An in strum en t user, fo r example, may feel 
eertain  he needs a m ulti-instrum ent hookup fo r a 
long enough period to ju stify  buying it, but he 
may not be sure of its applicability until he’s tried  
it. By ren ting  the  hookup fo r a short time, he can

TEST EQUIPMENT: RENT OR BUY?

gain hands-on experience w ith  the equipm ent to 
assure him self th a t  his purchase is a p roper one. 
A single m onth’s ren ta l, m any buyers have found, 
is inexpensive insurance aga inst the possib ility  of 
a five-figure purchasing  error.

F inally, some segm ents of the microwave industry  
have regulations requ iring  periodic to lerance checks. 
The FCC often requires frequency to lerance and fm 
deviation checks to  be made on microwave t ra n s ­
mission links. If  such checks m ust be made every 
six months or so, ren tin g  the necessary equipm ent 
may be th e  most efficiënt way to handle them .

These are ju s t some of the  more prom inent uses 
to which instrum ent ren ta l has been put. As an 
expedient, of course, ren ta l continues to serve a 
necessary function. B ut a host of new applications 
w ithin the microwave industry  seems to have sur- 
faced w ith the increased availab ility  of ren ta l equip­
m ent across the country. And w hile a planned 
approach employing both ren ta l and buying is the 
best solution, it seems clear th a t in strum en t ren ta l 
has passed from  the em ergencies-only phase into 
an active phase— one characterized  by the aggressive 
use of ren ta l as an im portan t com petitive tooi. • •

---------------- Test your re ten tio n ----------------
1. Name five factors which are critical in evaluating 
the rent or buy decision.
2. What tax advantage does renting provide?
3. Generally, if an instrument is used frequently, 
should it be purchased or rented?
4. In a rental agreement, which party bears the 
burden of instrument calibration?
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TDM: An Alternate Approac 
To Microwave Measuremen
Time Domain Metrology techniques team up with processing 
oscilloscopes to provide a valuable alternative to traditional 
cw measurements. Cost, accuracy and speed are major advantages.

TH E  O b se rv a ­
tion of tran s i­

ent responses to pulses w ith rise- 
times of less than  100 picoseconds 
is an im portant alternative tech­
nique to wideband cw m easure­
ments. Most engineers are aware 
of the advantages of the direct 
physical in terpretation  available in 
traditional time-domain reflectom- 
etry, where each line discontinuity 
can be associated w ith  an observed 
signal pertubation. W ithin the last 
few years, however, the use of 
c o m p u te r - c o n tro l le d  waveform 
scanning procedures have extended 
th e  p o t e n t i a l  o f  t im e -d o m a in  
measurements to the point where 
microwave component m easure­
ments can be made to an accuracy 
of a few tenths of a  dB over the 
frequency range of 0.4 to 16 GHz.

The unique advantages of TDM 
methods are th a t multi-octave fre ­
quency inform ation can be obtain­
ed w ith a simple and inexpensive 
pulse generator, and th a t errors 
due to im perfect loads are elimi- 
nated. In many cases w id e b a n d  
TDM m easurem ents can be made 
more directly, and w ith  less error, 
than w ith conventional cw methods.

A good grasp of TDM tech­
niques can best be obtained by 
studying a simple example, as 
shown in Fig. 1. The basic configu- 
ration consists of a baseband* 
pulse generator, two sections of 
delay line, the component-under- 
test and a sampling oscilloscope.

The generator produces a 60 ps 
im p u ls e  a n d  a s y n c h ro n iz e d  
trig g er pulse for the processing 
oscilloscope. This transm itted  sig­
nal, v tI.(t) , travels through the de­
lay lines and component-under-test

Harry M. Cronson, Ph. D., Member 
of the Technical Staff, Sperry Re­
search Center, 100 North Road, Sud- 
bury, MA 01776.

1. A basic TDM sys­
tem analyzes how a 
component passes an 
impulse containing a 
broad spectrum of en­
ergy.

INCIDENT 
SIGNAL

—*-/ 60 ps X
TRANSMITTED
SIGNAL

BASEBAND COMPONENT
W k

SAMPPULSE UNDER v ' -
GENERATOR TEST HE

COAXIAL DELAY
LINES

2. TDM measurements of this 30 
dB attenuator com pa re favorably 
with network analyzer results.

X
MAIN
SIGNAL

-2 L /U

FIRST REFLE

t im e  Win Dow

3. By carefully selecting a su 
time window, the sampling he 
prevented from “seeing” refle< 
in the measurement system. L 
length of coaxial delay lines in r

into the sampling head, where it 
is subsequently digitally converted 
and stored. To complete the meas­
urem ent procedure, the component- 
under-test is removed and the inci­
dent impulse passing through the 
two delay lines, v ,( t) , is acquired. 
These two time-domain waveforms 
may then be translated into the 
frequency domain using the fast 
Fourier transform  (F F T ). Their 
ratio, F{ytr ( t)} /F { v ,( t)} , repre- 
sents the insertion loss of the com­
ponent being tested, where F{v(t)}  
represents the FFT  of v ( t) . The 
net result is that using a simple 
pulse generator and relatively in­
expensive equipment, the insertion 
loss of a component can be deter­
mined w ithin a few tenths of a dB 
over a typical bandwidth of 0.4 to 
8 GHz.

As an example, consider the data 
shown in Fig. 2, representing TDM 
measurements on a 30 dB attenua­
tor. Note the excellent agreem ent 
w ith data  taken on a computer- 
controlled network analyzer. Both 
sets of data  were taken a t 0.4 GHz 
frequency intervals.

One of the principal advantages 
of TDM is the ability to “window 
out” extraneous system reflections. 
By acquiring only a selected time 
window of the entire signal inci­
dent on the sampling head, as 
shown in Fig. 3, unwanted reflec­
tions from  the generator and sam­
pling head cannot d istort the de­
sired data. The window width

*Here , baseband signifies a unipolar pulse. 
Note th a t the pulse is a video pulse and 
should not be confused with the envelope  
of an rf carrier.
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( a )

4. A 60 ps impulse generator (a) is
much simpler to build than its cw 
counterpart. The impulse (b) con- 
tains energy up to about 8 GHz. By 
using a waveguide filter on the out­
put, an rf pulse (c) can be generated 
for tests to 18 GHz.

m ust be chosen to be less than the 
two-way tran s it tim e in the indi­
vidual delay lines.

I t  should be mentioned th a t for 
some applications, the time-domain 
waveforms themselves may be used 
directly w ithout frequency trans- 
lation. For example, eertain  flaws 
in passive components can cause 
decreased risetim e, undershoot and 
ringing in the transm itted  pulse. 
These component problems could 
be easily detected on a sampling 
oscTloscope display by svmi-skilled 
production line personnel and re- 
jected. There has also been con- 
siderable time-domain studies done 
in transien t Scattering work and 
antenna characterization.1

Generator features simple circuit
As mentioned previously, the 

simplicity of the picosecond pulse 
generator is one of the main ad­
vantages of TDM method. A 
typical r f  generator consists of an 
avalanche tran sis to r and two step- 
recovery diodes, as shown in Fig. 
4 (a). In this circuit, the avalanche 
transisto r produces a 30 V step 
waveform (actually a long, square 
pulse) which has a risetim e of ap­
proximately 700 ps. This step is 
then sharpened to a 200 ps rise­
time by a step-recovery diode 
(SRD) stage. A coupler incorpo­
rated into the SRD fixture can be 
used to extract a trig g er signal for 
the sampling oscilloscope. The main 
signal is delayed approximately 70 
ns a f te r  the in itial SRD stage to 
allow fo r the delay in the oscillo­

scope trigger circuits, then sharp­
ened to a risetim e of about 60 ps 
by a second SRD stage and differ- 
entiated by a series capacitor to 
form the impulse shown in Fig. 
4(b).

This type of generator can be 
used to obtain 1% measurements 
of components up to about 8 GHz. 
A photograph of the in terio r of a 
typical pulse generator of th is sort 
is shown in F ig. 6. Note the micro­

s trip  construction techniques and 
coaxial delay lines. Besides the 
m ain r f  output, an  im pulse refer- 
ence waveform is also supplied for 
use in the closed-loop scanning 
procedure described in the accom- 
panying box.

The spectral am plitude a t h igher 
frequencies can be increased by 
resorting  to o ther excitation wave­
forms. F or m easurem ents to  about 
18 GHz, the d ifferentiating capaci- 

( continued on p. b2)

5. A practical system uses a com­
puter and A /D  interface. Once the 
Computer acquires the sampled time- 
domain waveforms, it can perform 
FFTs and other calculations to ex­

tract the desired frequency informa­
tion. Present scanning time is about 
one minute for a 256-point wave­
form.
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to r can be replaced by a waveguide 
filter to produee the r f  pulse 
waveform shown in Fig. 4(c).
Practical Systems computer aided

A practical insertion-loss meas­
urem ent system would incorporate 
a calibrated step a ttenua to r and a 
computer in terface for closed-loop 
control and calculation, as shown 
in the block diagram  of Fig. 5.

I t  is often desirable to include 
a calibrated step a ttenuato r be­
tween the pulse generator and the 
device-under-test, so th a t sim ilar 
deflection waveforms can be com­
pared. In this way, errors due to 
vertical non-linearities and differ­
en t m V/cm  settings are elimina- 
ted. For example, in determ ining 
the insertion loss of a nominal 
10 dB attenuator, the step a t­
tenuato r is set to 0 dB w ith the 
tes t a ttenuato r in place and the 
te s t waveform acquired. Then the 
step a ttenuato r is set to 10 dB, the 
te s t a ttenuato r removed and a 
second waveform acquired. These 
two waveforms are then processed 
to give the unknown insertion loss. 
I t  should be mentioned th a t the 
step a ttenuato r is calibrated by 
using a set of Standard attenuators 
a t the network-under-test position.

The delay lines and conneetors 
on both sides of the network- 
under-test m ust be of the highest 
quality. Even a small m ismatch in 
the lines or im proper m ating of 
the conneetors can cause errors. 
F o r m easurem ents below 9 GHz, the 
General Radio 900 Series of lines 
and conneetors proves very satis- 
factory.

I t  should be noted th a t the de- 
lay-line configuration shown in 
F ig . 5 is ju s t one of many pos­
si ble arrangem ents. F o r example,

TDM: AN ALTERNATE APPROACH

6. Coaxial delay lines connect the 
stages of this impulse generator.

Adaptive scanning im proves accuracy
Com puter-controlled s a m p l i n g  

and subsequent processing of tim e- 
domain waveforms are accomplish- 
ed w ith  the  sampling oscilloscope, 
com puter and necessary analog­
d ig ita l in terfacing. The sampling 
head and oscilloscope act as a 
sam ple and hold c ircu it w ith a very 
narrow sam ple gate.

Early work in acquiring sampling 
oscilloscope waveforms showed tha t 
sim ple averaging was only partia ily 
successful in reducing noise errors. 
The main reason is th a t simple 
averaging assumes a zero mean, 
whereas longer term  vertical am ­
p lifie r d rift and tim ing shifts are 
present a t the  sam pling scope ou t­
put.

In 1969, Nicolson6 devised an 
adaptive scanning procedure to 
stabiiize the time window. With this 
method, the waveform is scanned 
nonsequentially using the three 
po in ts above in Fig. A -l. Prelim inary 
to scanning, point P, is manually 
placed on a flat portion of the 
tracé outside the time window 
of interest. A reference pulse 
w ith  a fas t risetime region, derived 
from  the  excitation pulse, is intro- 
duced w ith  P, positioned on its 
high-slope region. The original vo lt­
age V,, is stored in the computer. 
The point P8, during which the ac­
qu is ition  steps along the waveform

to m easure S1X as well as S21, the 
system illustrated in Fig. 7 has 
been used. W ith the switches in 
the T position, insertion loss of the 
component-under-test is measured, 
while for return  loss measure­
ments, the R position is used. For 
th is application, a directional cou­
pler was designed to have an ap- 
proxim ate smoothed impulse re­
sponse in a 2.5 ns time window for

EQUIVALENT TIME

A-l. Adaptive scanning corrected 
waveform drift and jitter.

of in terest, is in itia lly  set at the  be- 
g inn ing o f the tim e  window.

Note th a t any vertica l am p lifie r 
d r if t  w ill move P, and P,; in the 
same direction. Therefore, to  re- 
move the  d rift, the  voltage differ- 
ence, V31, between P, and P, is av- 
eraged and stored. During scanning 
the voltage d ifference V2] is continu- 
a lly  m onitored. Any change from  its 
orig inal value is in terpreted as a 
tim in g  sh ift and the entire wave­
fo rm  is sh ifted to  restore the o rig i­
nal value o f V,, before acquiring the 
P, point. The adoption o f th is  closed 
loop scanning procedure greatly 
im proves the  accuracy o f tim e- 
dom ain metrology.

both the transm itted  and coupled 
pulse. This was accomplished by 
extending the length of the uni­
form coupling region so th a t the 
two-way travel tim e between the 
inevitable coupler discontinuities 
was g reater than 2.5 ns.

The insertion loss of a 30 dB a t­
tenuator has already been present- 
ed in Fig. 2. F igure 8 illustrates 
S21 and Sjj measurement for a 40

SMOOTHED 
IMPULSE 

GENERATOR

18 dB
RESISTIVE WjniTj l l j r  

COUPLER Alf* LINEUUUrLtK /
J ß U
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7. S-parameter measurements can be made quickly with this arrangement.
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dB attenautor. Each graph shows 
three sets of data points: Two 
time-domain m easurem ents to as- 
sess repeatability, and a network 
analyzer result to serve as an ac­
curate, independent reference. The 
divergences in the S21 transform ed 
tim e domain above about 6 GHz 
are the result of a poorer signal- 
to-noise ra tio  because of the lim it­
ed available spectral amplitude. Al­
though there is a reasonable agree- 
ment between the transform ed Sn 
tim e domain runs and network 
analyzer values, the spreads are 
much larger than the S21 results. 
This is thought to be caused by 
residual ripples in the directional 
coupler.

Fortunately, accurate measure­
m ents of Su  are usually not re­
quired. One only needs to show 
th a t S1X is below some minimum 
value and fo r th is  Situation, 
present time-domain techniques 
should be satisfactory.

Insertion loss measurem ents can 
also be taken using an r f  pulse 
waveform to overcome the high- 
frequency deficiencies of the im­
pulse waveform. Some of these 
results are illustrated  in Fig. 9, for 
a 30 dB attenuator. Note, in gener­
al, the good agreem ent between

(continued on p. UU)

8. TDM s-parameter data for this 40 
dB attenuator diverges from analyzer 
data above 6 GHz due to the limited 
spectral amplitude of the impulse at 
the higher frequencies.
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the three sets of data. The diver- 
genees seen below 10 GHz and 
above 16 GHz are due to the de- 
creased spectral amplitude of the 
pulse in th is  range.

Narrowband tests are tough
Like most measurement methods, 

TDM has lim itations. Some are 
basic to the technique and others 
are due to the state  of present 
technology. One fundamental limi- 
tation is th a t incorrect frequency 
inform ation is obtained for non- 
linear elements, such as large-sig- 
nal amplifiers. The reason is th a t 
time-to-frequency translation is no 
longer valid when non-linearities 
occur.

A second restriction limits the 
accuracy of narrow-band m easure­
ments. Since the excitation wave­
forms used have a very wide in- 
stantaneous spectrum, the spectral 
energy contained in a narrow  band, 
say 10 MHz wide, is necessarily 
very small, and therefore, the sig- 
nal-to-noise ratio  (SNR) can be very 
low. Thus, considering this in trin ­
sic lim itation, it  is more natural to 
determ ine very wideband charac- 
te ristics w ith short pulses and to 
use cw generators for narrow-band 
measurements.

Due to the state of present tech­
nology, the dynamic range of TDM 
measurem ents is limited to about 
50 dB. P resen t baseband genera­
tors are capable of a 6V maximum 
amplitude, but it is hoped th is will 
be increased in the near future. 
One possible enhancement can be 
obtained using stacked step-recov- 
ery diodes in place of the single 
diodes available now.

An inherent disadvantage of 
impulse generators is their mono- 
tonically decreasing spectral am- 
plitude w ith increasing frequency. 
This is evident in Fig. 2, which 
shows th a t above 7 GHz, there is 
poorer agreem ent between the two 
curves because of the lower SNR 
of the baseband generator a t high­
er frequencies. As has been shown, 
the upper frequency lim it has been 
extended to 18 GHz using an rf  
pulse in place of the impulse. At 
present, the maximum upper fre ­
quency of 18 GHz is mainly due 
to the frequency lim itations of 
commercially-available s a m p lin g  
oscilloscopes.

I t  is hoped th a t th is b rief dis- 
cussion has whetted the appetite 
of engineers who normally think 
in the frequency domain, to  the 
possibilities of time-domain, to  the 
niques for wideband m easure­
ments. Although the pulse genera­
tors described here are not currently 
commercially available, and the spe-

TDM: AN ALTERNATE APPROACH
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9. An rf pulse was used for this 8 
to 18 GHz measurement.

cial scanning algorithm s are not 
widely known, satisfactory  time-do- 
main Systems can be assembled 
from off-the-shelf tunnel-diode gen­
erators and digital processing sam­
pling oscilloscopes.5 I t  is antici- 
pated th a t as engineers become 
more aware of time-domain tech­
niques, the more these methods will 
complement the conventional cw 
approach. • •
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—  T est your retention  —
1. Why use TDM?
2. How is time domain data 

translated into the frequency 
domain?

3. In what way can a computer 
be used to improve measure­
ment accuracy?

4. What are some fundamental 
l i mi ta t i ons of time-domain 
metrology?

5. Describe a simple picosecond 
pulse generator.
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Digital Processing 
Adds Accuracy To TDR

Digital processing enhances traditional time domain
reflectometry by improving the overall signal-to-noise ratio
and adding the ability to make accurate difference measurements.

TIM E-domain reflectometry has 
gained w idespread acceptance as 

a precise m eans to m easure cables, conneetors and 
devices. T rad itional TDR techniques simply call fo r 
a tunnel-diode step generato r w ith a source impe­
dance of 50 ohms and a  “feed-through” sampler. 
B ut data  acquisition can be greatly  enhaneed by 
using a minicomputer (F ig . 1) with user interactive 
software to “m assage” the data output.

Perhaps the most im portant offspring of the m ar- 
riage of data processing and TDR techniques is the 
ability  to perform  highly accurate, autom ated d if­
ference m easurem ents. The differencing technique 
relies on precision S tandards for in itial calibration 
of the m easurem ent system. Precision Standards are 
first tested by the system, and th e ir characteristics 
a re  stored in a m inicom puter. Once the system is 
so calibrated, th e  reflection characteristics of o ther 
components can be compared to the stored values 
fo r the Standard to an accuracy of ±0.025 ohms.

But the m inicom puter can do much more th an  
merely store d ata  points in a TDR system. One 
of the m ajor draw backs of a non-assisted TDR Sys­
tem is a lim ited signal-to-noise ra tio  (SNR), typi- 
cally about 42 dB fo r a sam pler with a bandw idth 
from  dc to 14 GHz. W ith digital processing tech­
niques, however, th e  lim iting SNR can be improved 
to approxim ately 66 dB fo r more exacting, repeat- 
able m easurem ents.

1. A digital processing oscilloscope (DPO) containing a 
minicomputer can greatly enhance traditional TDR.

A carefully  designed sam pling system is the first 
step tow ards im proving the overall SNR capability. 
In fact, noise reduction in the sampler, or “smooth-

Gene Cowan, Tektronix, Inc., P.O. Box 500, Beaverton, 
OR 97005.

ing” as it is commonly called, can im prove th e  
signal-to-noise ra tio  by as m uch as 12 dB, th u s 
enabling system SNRs as low as 54 dB.

Smoothing is a process w hich reduces the  e rro r  
signal between the high-speed sam pling gate a t the  
input of the sam pler and the low-speed sam ple and 
hold c ircu it a t the sam pler’s output. In  practice, 
sm oothing is achieved by in troducing a variab le  
series resistance (R), sh u n t capacitance (C) Inte­
gration  circu it (Fig. 2).

SAMPLING 2nd
INPUT GATE GAIN SMOOTHING GATE

INTEGRATING
SAMPLE/HOLD

FEEDBACK

OUTPUT

2. Smoothing in the sampler requires an R-C circuit.

I t  should be noted th a t sm oothing requ ires a 
h igher sam pling density to m ain tain  display accu­
racy. This is accom plished by slowing the  display 
ra te  a t a constan t displayed tim e per division. The 
num ber of samples required  to achieve the  correct 
signal level is defined by:

n =  log (1 -  E „/E ,„)/log  (1 -  A) 
or

E.„ =  E in (1 -  (1 —A) ”)
where A is equal to the  loop gain from  the sam pler 
input to  the ou tput of the sample and hold c ircu it 
(A ^  1) and n is the number of samples taken 
between two levels of E,„.

For example, if A has a value of 0.1, then  n m ust 
be 28 fo r E„ to  achieve a value o f 95% of E 
A lternately, it  is necessary  fo r the d isplay ra te  to 
be reduced by a fac to r of 28 in order fo r the da ta  
accuracy to be w ith in  5% of the tru e  value. Yet 
ano ther method of viewing th is  process is to con- 
sider w hat would happen to  a  single noise spike. 
Clearly, such a spike would require  28 sam ples to  
reduce its am plitude by 95%.

The com puter-aided system  is also used to average 
data from  the sam pler, thus providing additional 
“sm oothing” of d ata  points. Applying com puterized 
averaging together w ith  the sam pler c ircu it design 
described above can fu r th e r  improve overall signal- 
to-noise ra tio  to b e tte r  th an  66 dB.

A veraging w ith the com puter in th e  system  is 
simply equivalent to sum m ing n sets of data, then  
dividing by n. The num ber of sets, n, is increased 
by a power of two, and ano ther set of d ata  summed 
w ith the first set. The ideal im provem ent is 3 dB

( continued on p. US) 
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When RFI problems get sticky,

Attaches taster, shields better than anything else!
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Programmatte
ATTENUATORS

Solid State

•  0.25 to 5.0 Microseconds Speed
•  Close Phase Tracking
•  High Signal Level (to +27dBm)
•  Low IM Distortion (to +35dBm  

Intercept)
•  Transient Free
•  High Isolation of Control Signal
•  Military Hi-Rel Versions Available

ANALOG DIGITAL
•  1.75 to 350 MHz •  DC to 200 MHz
•  To 65dB •  To 95dB
•  In-Phase and •  BCD and Binary

Phase-Reversible Models, 1 to 7 Bits
•  Precise Attenuation •  High Accuracy

Tracking •  l o w  VSWR
•  Low VSWR Models 

Available

for each power of two used in summing data sets. 
The to tal num ber of da ta  sets to  be summed is 
determ ined by the final signal-to-noise ra tio  desired.

Since most raw  da ta  is not ideal, auto-correlation 
should be used on final, averaged data  to check the 
averaging process and noise charac teristics.
Auto-correlation reduces noise

A uto-correlation is one w aveform  compared to 
itself once. The m athem atical correlation process 
determ ines w hether or not a  charac te ristic  in the 
data is repeating. Line frequencies are a m ajor 
problem in the time domain and can be classed as 
“correlated” noise. Correlated noise is usually en- 
hanced by the triggering  process of the sampling sys­
tem phase locking onto the line frequency.

The environm ent around th e  TDR system  may 
also be a source of noise, o ther than  60 Hz, onto 
which the system can phase lock. Sam pling display 
rates slower th an  one second— giving high-dot den- 
sities—are required  to  force random cyelic phase 
changes of the lowest frequency noise components. 
By averaging m any displays, these random  phase 
changes will reduce noise m agnitudes to low mean 
values a t each horizontal d ata  location.

By increasing the overall signal-to-noise ratio, 
computer smoothing, averaging and auto-correlation 
checks improve the ability of a TDR system to make 
accurate measurements on precision Standards. And 
it’s by taking a series of measurements on Standard 
components that a measure of system repeatability 
and random error can be obtained.

A measure of the repeatability and random errors 
of the system is checked by performing several 
measurements on precision Standards. The repeat­
ability of the TDR system is first determined by 
taking the difference between two sets of averaged 
data without disconnecting the precision Standards. 
The precision Standards are then disconnected and 
reconnected to give new sets of data which are again 
differenced. The second set of differenced data 
should have significant local differences not in the 
first set, ideally by a factor of five times. Then, 
it can be assumed that the system repeatability 
will have a minimum effect on the measurement 
and that the second set represents true measurement 
of the precision Standards repeatability.

If, however, the re la tive m agnitudes of the two 
sets are comparable, system repeatability could be in- 
troducing measurem ent error. The same tests for re­
peatability  should also be applied to the device-
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2 0 0  ps/DIV
3. Data for reference of precision 14 mm air lines
shows a slope due to losses in the measurement system.
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NEW HITACHI GaAs FET 
FOR X, Ku, BAND APPLICATION

HCRL-85 (FOR X BAND) 
High Gain, Low Noise 
3.0 dB NF at 8GHz

HCRL-86 (FOR Ku BAND) 
0.5 Micron GaAs FET 
4.0 dB NF at 14GHz

L
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READER SERVICE NUMBER 4 9

under-test. Clearly th e  repeatability  of the system 
together w ith the precision Standards should also 
satisfy  the crite rion  of being five times better than  
the repeatab ility  of the system together with the 
device-under-test.

Once the repeatab ility  is dem onstrated, the TDR 
system is calib rated  by m easuring the step refleeted 
from a Standard sho rt c ircu it connected at the 
m easurem ent plane. From  Fig. 1, it can be seen 
th a t the m easurem ent plane is located a t the input 
of the device-under-test. The step will thus have 
traversed  the flex line twice, once as the incident 
step tow ards th e  m easurem ent plane and then, a fte r

50  21
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5 0 .0 6
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200 ps/DIV
4. When differenced with the 14 mm reference line,
the 7 mm line shows an impedance of about 50.09 
ohms. The 7 mm line begins at 4.6 on the horizontal 
axis.

100% reflection at the short circuit, as the refleeted 
pulse passes back through the sampler where the 
waveform is recorded as data. The flex line provides 
delay or time displacement between reflections that 
occur in the vicinity of the sampler and those that 
occur at or near the measurement plane. The cable’s 
characteristic impedance (Z„) and variations from 
Z„ will also introducé reflections in the measurement 
system (cable Z„ changes with flexure must also 
be checked). Most measurements will be made 
through a Standard at the measurement plane.
Typical repeatability measurements

Once the computer-aided TDR system has been 
checked for repeatability and properly calibrated, 
it’s all set for differenee measurements. A typical 
difference measurement might involve the compari- 
son of a secondary Standard to a precision Standard. 
This measurement requires a reference and/or a 
precision Standard for a benchmark.

The reference Standard chosen for this example 
is the 14 mm GR 900-DZ15, a 15 cm air line, while 
the precision Standard is the 14 mm GR 900-L30, 
a 30 cm air line. Figure 3 shows data obtained on 
the reference Standard cascaded with the precision 
Standard. The precision Standard starts at 4.6 on 
the horizontal scale. Note that most of the slope 
is caused by measurement system losses.

To check a 7 mm Amphenol a ir  line ag a in s t the 
14 mm precision Standard, a GR 900 QAP7 ad ap te r 
m ust be used. F igure 4 shows the 7 mm a ir  line 
differenced w ith the d a ta  obtained fo r the  14 mm 
precision Standard, when the 7 mm line is terrni- 
nated w ith  a Type 909A load from  H ew lett-Packard . 
Taking the accuracy of the 14 mm lines shown in 
Fig. 3 as absolute, it  can be seen th a t  the  final

( continued on p. 51) 
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ADD ACCURACY TO TDR
value of the 7 mm line is 50.09 ohms, well w ithin 
its  stated range.

The additive noise in the vicinity of the measure­
ment can now be m athematically averaged for a final 
estim ate of impedance. Note th a t the system slope of 
Fig. 3 is now removed from  the display. The reflec­
tions th a t w ere p a rt of the system in both sets of 
da ta  are now removed as seen in Fig. 4. Also, the 
impedance scale is now 0.05 ohms per division.

A final example of repeatability measurements is 
checking the in tegrity  of adapters. Data on 10 plug- 
to-plug adapters fo r the  BNC connector series is 
shown in Fig. 5. The plug-to-plug section goes from

Did you know:You can 
usethese 

without 
buying?

USIR Microwave Rentables

□  HP141T
Spectrum Analyzer System

□  HP8410B
Network Analyzer System

□  Singer 5020A
TWT Amplifier

□  EIP351D
Frequency Counter

200  ps/DIV

5. Ten plug-to-plug BNC adapters show nominal im- 
pedances of about 53 ohms.
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6. Using one plug-to-plug adapter as a reference and
d i f f e r e n c in g  t h e  o t h e r  n in e  s e ts  o f  d a ta  s h o w s  a g o o d  
d e a l of im p e d a n c e  V a r ia t io n  b e tw e e n  c o n n e e to r s .

the  division 3 to  5.7 and the jack-to-jack BNC 
adap te r to  the BNC 50-ohm term ination extends 
from  5.7 to 8. Note th a t th is early connector design 
is nom inally 53 ohms. Five of the plug-to-plug 
adapters measured had received a t least 10 years’ use 
and the rest less th an  th ree  years’ use. F igure 6 
shows nine sets of d a ta  differenced from a selected 
data  run. The fluted connector design of this series 
is responsible fo r much of the impedance Varia­
tion. Although most transm ission Systems, active or 
passive, can be differenced with computer aided TDR, 
th is waveform photograph does not lend itself to av­
eraging, d ifferencing  or auto correlation. • •
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□  HP 8620
Sweep Generator System

□  TEK 7000
Plug-in Oscilloscope Series

□  Singer NM 65T
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□  HP 3710 A
Microwave Link Analyzer System
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Simplify Leakage 
Probe Calibration
This method for calibrating radiation hazard meters uses a slotted 
waveguide that approximates the field distribution near a faulty 
oven door. It’s simple and inexpensive to set up. Accuracy is ±5%.

A LTHOUGH th ere  is p resently  no 
Standard or accepted procedure 

fo r the  near field  calib ration  of rad ia tion  m onitor- 
ing equipm ent,12 the accurate  calib ration  of rad ia ­
tion  probes is v ital fo r personnel safety. S tandard  
near-fie ld  m ethods are being generated  by ANSI 
and the  IEEE, bu t in the interim , users of rad ia tion  
hazard  m eters m ust rely  on the m anufac tu rers  of 
probes, who frequen tly  provide a calib ration  service, 
or do it themselves. Some firm s, such as m anufac­
tu re rs  of microwave ovens, are required  by law to 
m ain tain  an in -p lan t means to  periodically calib rate 
th e ir  rad ia tion  in density  probes. I t  is the responsi- 
bility  of the oven m anufacturers to devise a system 
w hich is acceptable to the B ureau of Radiological 
H ealth , which could be as simple as a com parison 
w ith  a probe th a t is set aside as a Standard.

This article describes a near field method th a t is 
safe, more accu ra te  and probably less expensive th an  
any o ther secondary Standard calib ration  means. I t 
provides an accuracy of approxim ately ±5%  for 
ca lib ra tin g  sm all probes using equipm ents commonly 
found in a microwave lab. This bench-top technique 
uses a guided ra th e r  th an  a free space propagated 
wave such as in the standardized fa r-fie ld  m ethod.3’4 
As a result, it  doesn’t  need a Standard gain hom  to 
g en e ra te  a field  of known stren g th  nor does it re ­
quire  the real esta te  associated w ith an anechoic 
cham ber or an ten n a  range. This near-fie ld  technique, 
w hile not the m ost accepted method fo r a Standard 
calib ration , is not to tally  new*, bu t it does fill a 
cu rren t need and is quite precise.

The technique is based on propagating the funda­
m ental T E 01 mode in a side wall slotted section of 
waveguide.

One re st rie t ion is it requires the probes to have a 
uniform  E-field response over a t least an 180-degree 
are and couple lightly  into the field. The form er 
p roperty  is essen tial because the rad ia tion  em itted 
from  a fau lty  microwave oven door, fo r example, is 
largely  concentrated  a t the sides of the probe and 
no t directly  in fro n t of it.

This w aveguide technique, therefore , only m eas­
ures the  E-field on the  probe in one axis, the o ther 
axis is assum ed equal in response. Most probes fo r 
leakage m onitoring do have th is  sym m etrical re-

*The use of waveguide fo r the ca lib ra tion  of rad ia tion m onitors 
at lower frequency using oversized waveguide has previously been 
dem onstrated.5

Edward Aslan, Principal Research Engineer, Narda Micro­
wave Corporation, 75 Commercial Street, Plainview, NY 
11803.
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1. Test setup for slotted waveguide near-field calibration
requires commonly-available instruments. The leveler in- 
dication and the terminating power meter can be set and 
calibrated to read directly in power density at the center 
of the waveguide rather than the total power.

sponse characteristic , bu t if there  is any doubt, 
check w ith the m an u fac tu re r of the probe before 
using th is tes t procedure.

Modified waveguide uses shimstock
Figure 1 shows the bench setup suitable for cali­

bra ting  small probes, such as used in leakage moni­
tors for m easuring the rad iation  from microwave 
ovens and diatherm y m achines. This equipm ent 
operates in narrow  bands, generally  a t the assigned 
ISM frequencies in the 2450 MHz band. The signal 
source can therefo re be a narrow  band cavity oscil­
lator, but should be capable of delivering at least 
50 mW.

A dual-directional coupler is used to  m onitor both 
incident and refleeted power. This coupler is fol- 
lowed by a waveguide-to-coax adap ter for m atching 
to the waveguide slotted line. This waveguide sec­
tion is Standard rec tan g u la r WR430 guide which has 
a slot milled into it and slide fitted  to the side wall.

( continued on p. 5U) 
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POWER MONITOR. 
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directional
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I__________________________________________________ I
2. Slotted waveguide section (a) has a calibration plane 
as shown in (b). The probe handle and coupling leads 
are essentially invisible because they’re normal to the 
E-field.

The slot provides access of the probe elem ents to 
the guide center where a maximum and calculable 
power density  field  is obtained. The side holds the 
probe w ith its an tenna  elem ents in a plane th a t is 
normal to the broadwall of the guide. The side also 
perm its the an tenna elements to be moved along the 
cen te r axis of th is  ca lib ra ting  plane, Fig. 2. The 
m odified waveguide can be easily fabricated , as 
shown in Fig. 3. A s trip  of 0.75 mm brass shimstock, 
w hich covers the  slot, bears on the  inside su rface  of 
the  guide and moves as the slide is moved. This 
shimstock is held in contact to the side wall w ith  a 
dielectric plate, the pressure to  the shim stock being 
tran sm itted  th rough  a sheet of 0.3 cm dielectric 
foam, as shown in Fig. 3. The shim, foam and 
p ressure  p late move w ith  the slide. This shim a r­
rangem ent is necessary to  reduce any pertu rbation  
of the  field  as would be caused by an uncovered 
slot.0

A hole, sligh tly  la rg e r th an  the probe diam eter in 
th is  strip , allows fo r en trance of the probe to the 
guide. W ith th is  strip , no m easurable energy will 
leak from  the guide th rough  the slot, e ith er w ith  or 
w ithout the probe inserted  in the guide.
Operation and test principles

The system  is calib rated  a t the point of maximum 
field  s tren g th  in the  plane norm al to the  propagation 
vector. The pow er density  a t th is plane is calculated 
assum ing a sinusoidal d istribu tion  of the E field

3. The dielectric plate and foam pressure plate which 
cover the slot minimize E-field perturbations. The 0.075 
shim-stock minimizes energy leakage from the guide.

across the guide w ith  a maximum n ea r the  cen ter 
and zero a t the side, w hich is the norm al T E 01 mode 
E-field distribution, Fig. 4. The calib ration  plane 
is slightly off cen ter due to th e  presence of the di­
electric pressure plate, bu t th e  field is uniform  in 
the orthogonal direction.

For Standard guide, W R(430), and w ith  the foam 
and the polystyrene pressure plate (er =  2.5) both 
0.3 cm thick, Fig. 3, a power density a t the cen ter of 
the guide is 1 m ff/cm 2, for an input power, PT of 
30.15 mW. The presence of the dielectric m aterials 
introducé approxim ately a 1-1/2% pertu rbation  of 
the to tal transm itted  power.

D istortion of the field  caused by sca tte rin g  from 
the probe is evaluated w ith  th e  slide. The slide is 
traversed through  one-half w avelength and the m in­
imum and maximum indications are noted, the true  
calibration being the average of these readings. Some 
scattered energy from  the probe antenna cannot be 
evaluated by movement of the probe w ith the slide. 
This energy is th a t  w hich is re tu rned  to  the probe 
antenna due to reflection  from  the guide sidewalls, 
the phase of which does not vary as the probe is 
moved. It represents th a t  portion of the scattered 
field th a t is norm al to  the sidewalls and fo r the 
small dipoles generally  used, i t  contributes an al- 
most im m easurable error.

S tanding waves w ith in  the  guide will be caused 
by reflections from  the term inating  load as well as 
the scattering  from  the probe under test. If  the 
probe has been well designed fo r its application and 
couples lightly to the field, the standing  waves will 
be essentially a function  only of the reflection coëf­
ficiënt of the te rm in atin g  load. The associated un- 
certain ty  at any random  distance along the ca lib ra t­
ing plane i s :

6] =  [ d  + |rp -2 - ï ]  x ioo%
The voltage reflection coëfficiënt, T fo r a well 

made waveguide term ination is 0.005, which would 
contribute a 1% uncertain ty . This uncerta in ty  is 
completely elim inated by averaging the minimum and 
maximum readings as the probe is traversed along 
the calib rating  plane.

Locating the probe antenna in the center axis of 
the guide is found by positioning the  probe fo r a 
maximum indication as the probe is inserted into the 
guide. The slope of the  slide and e rro r in m aintain- 
ing th is center axis contribu tes very small error. 
The relative deviation of power density as a function 
of distance from  the cen ter i s :

€l=  [1 -  |r |)-2 - 1 ]  X 100% (4)
(continued on p. 57) 
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4. Electric field distribution across the waveguide is 
basically that of a TE01 mode, the asymmetrical distribu­
tion is caused by the dielectric at the sidewall.

If Aa, the  Variation in wave-guide w idth, is assumed 
to be 0.25 cm, w hich  is a libera l tolerance, e2 =  0.005 
which  m eans a 0.5% erro r .

E rro r due to the ability to average the probe scatter­
ing erro r is estim ated a t less than  1/2% . This is 
based upon typical maximum to minimum deviations 
as the  slide is traversed  approxim ately ±5% . If the 
incident power is m aintained constant during the 
movement of the slide and probe, the Variation caused 
by scattering from the probe is substantially reduced. 
This can be accomplished by a leveling loop with the 
m onitor or reference point a t the power m eter at 
the  incident arm  of the directional coupler, Fig. 1. 
W ith a high gain leveling loop, th is Variation could 
be reduced close to zero. The residual Variation will 
be caused by reflections from the term ination. W ith 
a high gain leveling loop and a precision termination, 
a reasonably good calibration could be obtained 
w ithout the special sidewall slotted section of wave­
guide. A ttenuation in the section of guide is negli- 
gible, being approximately 0.004 dB per foot.

Insertion  loss of the  coax-to-waveguide adapter 
may be accounted for using the two-adapter m eas­
urem ent method and a ttrib u tin g  the loss equally to 
the  two adapters, the insertion loss being one half 
of the to tal m easured. The coupling factor of the 
directional coupler used to m onitor incident power 
should be determ ined from  the side arm  to the out­
put port of the main line as opposed to the usual 
calibration which is from  the side arm to the inci­
dent port of the m ain line.

Comparison of results with far field tests
In a far-fie ld  calibration, such as the NBS Stand­

ard th a t exists today, the field strength over the length 
of the probe would be quite uniform and the handle 
of the probe m ight have perturbation effects on the 
calibration. In  the near field, the reactive fields as 
well as the radiation fields would be rapidly changing 
over the length of the probe with the resultant lesser 
perturbing effects of the handle. The field d istribu­
tion in the waveguide more closely resembles the 
rapidly-changing leakage fields near an imperfect de­
vice w ith the resu ltan t calibration that relates to the 
actual use of the probe.

Six probes calibrated using a Standard gain horn 
and anechoic slide in a 1 mW /cm- field, indicated, 
respectively, 1.00, 1.01, 0.98, 1.00, 0.95, 1.01. In this 
guided wave calibration they indicated, respectively, 
0.97, 1.01, 1.01, 0.98, 0.92, 1.05, mW/cm-'. The maxima 
to minima Variation as the slide was traversed was 
4%.

In these comparison tests, the refleeted power as 
indicated by the directional coupler a t the coax-to- 
waveguide adapter varied as the probe was moved in 
its slide from  16 to 20 dB below incident power, which 
was m aintained constant by a leveling loop. The Varia­
tion is due to scattering from the probe. The re tu rn  
loss w ithout the probe inserted was 27 dB. The inci­
dent power was corrected fo r th is power. The tran s­
m itted power as read by the incident directional 
coupler was 30.15 mW for 1 m W /cm 2. Three probes 
calibrated by the Bureau of Radiological Health read 
exactly 3% higher in this system. The maximum pos- 
sible accumulative erro r of the BRH calibration is 
± .7 dB.

An estim ate of the accuracy of this system  is as
follows:

Incident power measurem ent ±2.0%
e2, Position and slope erro r ±0.5%
Coupler coupling factor ±1.0%
Insertion loss estim ate ±0.5%
Averaging of scattering effect ±1.0%
Waveguide tolerance 0.3%

Total 5.3%
The calibration as described is fo r probes which 

have antenna elements in a single plane. Isotropie 
probes using multiple plane construction would re­
quire a calculation of average power density over the 
entire surface being monitored. I f  three elements in 
mutually perpendicular planes are used, calibration 
is possible without more involved calculation, pro­
vided two of the elements are oriented in the center 
plane7. This may not be practical to accomplish while 
m aintaining the entrance port in the sidewall of the 
guide. • •
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-------------  Test your re ten tion  -------------
1. What are the advantages of a waveguide calibration 

system over one using a free space propagated 
wave?

2. What two characteristics should a probe have in 
order to be used with this system?

3. Why are probe handle and coupling leads essential­
ly invisible when the probe is inserted into the 
waveguide?
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Matching: When Is A 
Single Line Sufficiënt?
Here’s a simple, graphical method to quickly predict whether 
a single, constant impedance transmission line is capable of 
matching a real source impedance to a complex load.

I MPEDANCE m atching is an es­
sential element of microwave de­

sign. Perhaps the simplest impedance m atching net­
work is the  low-loss, series transm ission  line. Given 
a source and load impedance, the electrical charac­
te ris tic s  of a series m atching section are easily 
calculated’-2. But to save time, before attem pting to 
design the m atching section, check to see if the two 
im pedances can be m atched w ith  a single section 
of line.

The technique outlined here can be used to quick­
ly determ ine w hether a single, series transm ission  
line of constan t impedance can be used to m atch 
a  load and source. Once the equations are m astered, 
th e  method reduces to  a  simple Smith C hart con- 
struction .

A source and load, connected by a  series t ra n s ­
m ission line, a re  shown in Fig. 1, w here ZL is the 
load impedance, Z„ and 9  are the ch arac te ristic  
im pedance and electrical length of the series tra n s ­
m ission line and Z ln is th e  inpu t impedance of the  
c ircu it consisting of the  transm ission  line and load 
com bination. In order fo r a m atched condition to 
exist, Z,„ m ust be equal to  the real source im pedance 
being considered.

The transm ission  line equation re la tes the pa­
ram eters shown in Fig. 1:

ZL + jZ0ta n 9 '
Zo (1)Z„ + jZLtan©

Two equations, which completely describe the 
ch a rac te ris tic  impedance and electrical length  of 
th e  m atch ing  section, can be derived from  Eqn. (1) 
by segregating real and im aginary p arts :

=  ^ (  Z i n R ) ( )
e

R ( Z in -  R) 

= T an" ( z , , x " z :  Z"E )

( 2)

(3)»Z0 — Z„R 
x Z,„

Inspection of Eqns. (2) and (3) reveal several 
fam iliä r properties of series transm ission  lines. 
F o r example, if x =  O, the  argum ent of Eqn. (3) 
approaches infinity, ind icating  th a t  0  =  ±90°. 
In addition, under these conditions, Eqn. (2) 
reduces to:

Z0=  VZin R (4)
Thus, i t’s app aren t th a t  a resistive source is 

m atched to  a  resistive load w ith our fam iliär f r ie n d : 
th e  quarter-w ave transfo rm er.

Kurt P. Schwan, Senior Engineer, Northrop Corporation, 
Defense Systems Department, 600 Hicks Road, Rolling 
Meadows, IL 60008.

1. A section of con­
stant impedance trans­
mission line can be
used to match a real z jn 
source impedance to 
a complex load.

zo, e

tzz> 1
z, = R + jx

R eferring back to Eqn. (2), note th a t Z0, the 
characteristic  impedance of the m atching section, 
m ust be real. Thus, the  argum ents of Eqn. (2) 
m ust be positive:

(  1 ~  R CZln -  R) )  >  0 (5)
Depending on whether Zin is larger or smaller than 

R, Eqn. (5) can be manipulated to yield the following 
inequalities, which are plotted in Fig. 2:

( R ~ ' T i ) i + x 2 < ^ r  fo r: Zin >  R (6a)

( R ~ ' T L) 2 + x 2 > ^ r '  fo r: Zjn <  R (6b)
Using a single section of transm ission line, a source 

impedance, Zln, can be matched to a load impedance, 
ZL, only if  either Eqn. (6a) or (6b) is fulfilled.

2. Shaded areas correspond to loads (Z,. =  R +  jx) 
which can be matched to a real source impedance (Zln) 
with a single section of line.

( 0 , 0 )

Graphically, this means th a t given a source imped­
ance, the load impedance m ust fall w ithin the shaded 
areas shown in the complex ZL plane Of Fig. 2. Re­
lation (6a) determ ines the area inside the circle,

(continued on p. 60) 
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SINGLE LINE MATCHING
whose diam eter is Zln and relation (6b) represents 
the sem i-infinite plane to the rig h t of R =  Zln.

I t  is sometimes easier to visualize impedances on 
the Smith Chart. The transform ation used to trans- 
form  from the ZL plane to the reflection coëfficiënt, 
or r ,  plane is

r =
z L -  Z'„ 
z,. + Z'„ (7)

where Z'0 is the a rb itra ry  normalizing impedance. 
Perform ing the transform ation, equations (6a) and 
(6b) become:

( r - * ^ c ) ' + r ' - < ( Ä : ) = <8a)
( r- -  '+ r '! < ( z z f w : )  <8b>
where TR and Ti are the real and im aginary p arts  of
r.

Often, the given source impedance is 50 ohms. 
Thus, with Zin =  50, and normalizing to 50 ohms, or 
Z '0 =  50, Eqn. (8) becomes:

( r R ± 1/ 2 )  ̂ + Fi2 <  i /4  (9)
This equation, when plotted on a Smith Chart 

(F ig . 3), takes the form of two circles. Thus, in order 
to m atch a load to 50 ohms by means of a single 
series transm ission line, the normalized load imped­
ance, Zl/ 50, m ust fall w ithin one of the two circles.

In practical situations, the range of characteristic 
impedances for the matching transm ission line is 
often limited. In microstrip, the high impedance limit 
may be set by the fine line resolution of the fabrica- 
tion technique used, while the minimum impedance 
restric tion  m ight be approached when the width of 
the line nears a quarte r wavelength, thus perm itting 
transverse resonance. Low-impedance coax may be 
limited by power handling requirem ents. M athemati-

IMPEDANCE OR ADMITTANCE COORDINATES

i",r y r r 'T ^r

• • • ...■
3. Assuming a source impedance of 50 ohms, the
shaded areas of Fig. 2 are transformed to this Smith 
Chart, normalized to 50 ohms.

(a )

4. Practical cases often dictate maximum and minimum 
impedances. A load falling in shaded area can be 
matched to a real source with a single section of line.

cally, these lim itations can be expressed as: 
Z m i n  —  Z 0 =

(ZInR) ^ Z „ ( 10)
R (Z in -  R)

Here, Zmin and Zmax represent the minimum and maxi­
mum impedances which are practical.

Rearranging Eqn. (10), i t ’s possible to incorporate 
these restric tions:
For R 

( R -

<  z in
Z2in + Z2min >

)"+ x2 — I
f  Z2in -  Z2min'

) 2 (H a )2 Zln ) 1 2 Z in ,

( e - Z2in + Z2max \ { Z2in — z 2max S
f  (H b )2 Z in ) + x -  \v 2 Z in )

and for R >  Zin

( e - Z2i„ + Z2min>\ 2 _|_ y2 ^  i(  Z2,„ -  Z2min '
) (H e)2 Zin J | + x _  (

1 2 Zjn ,
(  R Z2i„ + Z2max >

)*+ x2^  1
/  Z2in -  Z2max

I 2( l ld )
V 2 ZIn ) 1 2 Zin

Once again, given 7  7^i n> ^min and Zmax, and depend-
ing on whether R is larger or smaller than Z in, the 
load impedance m ust satisfy  both Eqns. (11a) and 
(11b) or both Eqns. (11c) and ( l ld )  if  i t  is to be 
matched by a single, series transm ission line.

General plots of the relationships in Eqn. (11) de- 
pend on the relative values of Zin, Zmin and Zmax. 
When their relationship i s :

7 ^  7 7^ m i n    ^  i n ^ m a x
the plot will be sim ilar to Fig. 4a. If the relationship 
is:

7  ^  7  7^ m i n    ^ m a x  ^ i n
the plot will resemble Fig. 4b. In general, the circles 
will be tangent to the point (Z in, 0), degenerating to

( continued on p. 63) 
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IMPEDANCE OR ADMITTANCE COORDINATES
SINGLE LINE MATCHING

P lo ttin g  the curves
All working equations in this article are arranged in the 

general £orm for a circle to facilitate plotting in a rec- 
tangular coordinate system. Reviewing basic algebra, the 
equation for a circle in an orthagonal x-y coordinate Sys­
tem is:

(x — a ) 2 + (y — b )2 =  r 2
where (a, b) are the Coordinates of the circle's center and 
r is the radius of the circle.

Plotting Eqns. (6) or (11) in the (R. x) complex plane 
is straightforward. Merely choose the proper equation, or 
pair of equations. based on the value of R relative to Z,„, 
and compute the “a” and "r” terms. Place the center of 
each circle “a” units to the right of the origin and draw 
a circle of radius “r”.

A Smith Chart construction of Eqns. (8) and (12) in 
the F, or reflection coëfficiënt plane, calls for a little 
imagination. Picture a rectangular ( rK, P,) coordinate Sys­
tem, centered on the Smith Chart at (1 -f-jO). with the 
r K axis coinciding with the jO line. Compute the “a” and 
“r” terms in Eqns. (6) or (8). Now, using the radially- 
scaled parameter transmission coëfficiënt scale at the bot- 
tom of the chart, measure off a distance equal to the 
magnitude of the “a” terms either to the right ( —a) or 
left (+a) of the origin. Using these points as centers, draw 
circles with radii equal to the corresponding “r” terms.

th a t point as Zmin or Zmax approaches Zin. As either 
of the lim its approach 0 ohms, the radius of the as- 
sociated circle approaches Z(n/2, corresponding to the 
circle in Fig. 2. Conversely, as either lim it becomes 
large, the radius also becomes large, approaching in- 
finity, corresponding to the sem i-infinite plane in 
Fig. 2.

Equation (11) can also be transform ed to the T 
plane, and plotted on the Smith Chart. For R <  Z ia:

Zln(Z2mln- Z V )rR -

rR-

(Zin + Z'0)(Z  

+

in+Z'oZiJ
Z/0(Z2min—Z2in)

(Z ln + Z'o) (Z2min + Z'0Z in)
Z,„(Z2max-Z 'o2)

(Zjn + Z'o) (Z

+ Ti2 ^

A-7' 7 ^max ‘ ^  i n /
7 ' ( 7 2^  max -Z2- )^  i n /

( Zj n ~h Z70) (Z2max "F Z/QZin) _

(12a)

(12b)

For R >  Zin:
zin(Z2mio- z v )

rR -

(Zjn + ZT) (Z2

+ r , 2^  

zin(z

-Z '0Zin)
Z'0(Z2min —Z2in)

(Z in + Z/0) (Z2min + Z/0Zln) 
2-zv)

(Zin + Z'0)(Z 2 

+ IV =

_i_ 7 '  7  ^
max * ^  i n /

Z'„(Z2max- Z 2ln)

(12c)

(12d)
(Zjn + Z'o) (Z2max + Z'0Zin) J 

The areas shown in F ig  4 transform  to the F plane 
as shown in Fig. 5.

These equations and plots can easily be used by the 
circuit designer to quickly determine whether it  is 
possible to match w ith only one transmission line. If  
it is not possible, the plots can provide target areas 
for multiple element matching networks, using the 
series transm ission line as the matching element 
nearest the load. The purpose of the other elements, 
then is to move the load into one of the circles. Aids 
of this type are especially useful since multiple ele­
ment, narrow-band matching networks are not unique. 
I t  was shown th a t the single element network re- 
sulted in two equations and two unknowns. The mul­
tiple element network results in more unknowns 
than equations. • •

5. Two cases of minimum and maximum conditions are
illustrated here. Figure (a) illustrates the case of Zm,„ 
^  Z,„ == Zmai under the conditions: Z,„ =  Z'„ =  50«, 
Zmln =  16« and Z,nai = 104«. Figure (b) shows the 
case of Zmln ;= Zmax Zln for the specific conditions: 
Z,„ =  Z'„ = 50«, Zmln =  16« and Zmax =  29«. Note 
that loads falling within the area common to both circles 
cannot be matched to a real source impedance with a 
constant-impedance line.
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product features-----
Automated console tests up to four VCOs in just minutes

If your sole responsibility is to per- 
form the myriad of time consuming 
tests that are necessary to fully char- 
acterize voltage-controlled oscillators, 
I’m afraid that you can now be re- 
paced by an iriexperienced technician 
and a $150,000 machine.

This automated test console is 
designed to rapidly measure the 
major parameters of VCOs, print out 
data points, plot them and store them 
on magnetic cards. The test system, 
housed in a three-bay enciosure, con­
sists of a symphony of power sup­
plies, thermal chambers and rf, dc 
and analog Instrumentation all orches- 
trated by an HP 9820A program- 
mable calculator.

Up to four oscillators may be 
simultaneously tested by the VCO 
console. Typical measurement capa- 
bilities include:

• Tuning linearity
• Modulation sensitivity
• Modulation sensitivity Variation
• Post-tuning drift
•  Rf power output
•  Modulation bandwidth
•  Harmonie/spurious rejection
• Frequency pulling and pushing
• Residual fm
• Slew time
•  Temperature stability
Automated measurements of tuning

linearity, post-tuning drift, rf output 
power, modulation sensitivity and 
modulation sensitivity Variation are 
fully controlled by the programmable 
calculator, which has a memory size 
of 1,453 registers. Programs entered 
on the keyboard may be permanently 
recorded on magnetic cards. Test data 
can be presented in print-out, display 
or printed plot form and recorded on 
a magnetic card.

Perhaps the most significant fea­
ture of the test console is its speed. 
The modulation characteristics shown 
in Fig. 1 were generated in less than 
10 minutes, including programming 
and printout times.

In addition to a complement of dc 
and thermal Instrumentation, the sys­
tem includes a preselector and spec­
trum analyzer, function generator, rf 
power meter, frequency counter, 
modulation generator, 15 MHz oscil­
loscope and analog and digital x-y

1. Modulation data is measured at 
a constant deviation, under the same 
conditions the source experiences in 
the field.

plotters. Most of the rf equipment is 
manufactured by Hewlett-Packard. 
Custom power supplies, generators 
and distribution panels are designed 
and manufactured by Addington.

VCO test console, part number 
291-01-03120, is specifically designed 
for measuring sources used in ECM 
systems, but according to the manu­
facturer, any type of VCO could be 
accommodated with little or no modi- 
fication. P&A: $150,000 (depending 
on options); 120-180 days. Adding­
ton Laboratories, Inc., 680 West 
Maude Avenue, Sunnyvale, CA 94086 
(408) 245-6810. c ir c l e  n o . io o

Roll-out chamber checks 
small antennas from 2-18 GHz

Short on space? Here’s an anechoic 
chamber that’s mounted on wheels. 
Measuring only 5 X 10 X 7 feet, 
the 350 lb chamber can be pushed off 
into a corner or stored in a closet 
until needed.

The basic chamber consists of a 
metal, barrel-like structure lined with 
a high-performance absorber. A trun- 
cated cone at one end of the cylinder 
swings open to mount transmit horn 
antennas. A hinged door, lined with 
absorber, caps the oppositc end of 
the chamber. Primary access to the 
interior is through a spring-loaded 
door cut into the side of the cylinder, 
which also activates an internal fight­
ing system.

Orientation of the cone containing 
the transmit antenna is remotely con- 
trollable by motor drive. Continuous 
rotation allows any polarization from 
vertical to horizontal. Rf is piped in 
through a rotary joint.

Electrical specifications of the basic 
chamber include 2 to 18 GHz fre­
quency coverage, — 25 dB minimum

64

cross polarization level and ±0.30 
path loss uniformity.

A series of options are offered to 
accommodate individual needs. Op­
tion one is an azimuth positioner with 
position indicator and speed control. 
Maximum rotational rate is about 1 
rpm. Option two, a model tower, is 
designed to fit on the azimuth posi­
tioner. Located in the center of the 
quiet zone, the tower accepts test 
antennas up to 10 lbs and six inches 
in diameter. Option three, an eleva- 
tion positioner with indicator and 
speed control, can be attached directly 
to the model tower.

Five transmit hom assemblies, op­
tions four through eight, cover 2.60- 
3.95 GHz, 3.95-5.85 GHz, 5.85-8.20 
GHz, 8.20-12.4 GHz and 12.4-18.0 
GHz. A complete set of five horns 
covering 2.6-18 GHz is offered as 
option nine, while a single transmit 
horn covering 2-18 GHz is planned 
for the future. P&A: Basic chamber: 
$14,605; option 1: $2,431; option 2: 
$1,598; option 3: $3,948; option 4:
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$1,624; option 5: $1,531; option 6: 
$1,398; option 7: $1,263; option 8: 
$1,520: option 9: $7,336; 5-6 mos. 
Transco Products, Inc., 4241 Glencoe 
Avenue, Venice, CA 90291 (213) 821- 
7911. CIRCLE N O . 101



Octave band phase-shifters available with 7-bit inputs

Model Frequency
Peak

Power
Mid-band

Loss

MpSM-1 2-4 GHz 1 kW 1.5 dB
MpCM-12 4-8 GHz 400 W 1.74 dB
MpXM-8 8-12 GHz 150 W 2.50 dB
MpKuM-1 12-18 GHz 1 kW 2.00 dB

This series of digital ferrite phase- 
shifters covers 2 to 18 GHz with 
just four models. Accepting as many 
as seven control bits, the components 
offer three degree maximum phase 
resolution and repeatability, and are 
intended for applications in automated 
test Systems.

Models MpSM-1, MpCM-12, Mp- 
XM-8 and MpKuM-1 operate in oc­
tave bandwidths with a switching rate 
of 100 kHz, for 15 milliseconds at 
10%. Common specifications include 
a typical VSWR of 2.0:1 and Stand­
ard SMA conneetors; individual specs 
are listed in the table.

Drivers of these phase shifters can 
be located as far as ten feet from the

components without distorting phase 
accuracy. Either serial or parallel- 
fed TTL data can be used to control 
the driver. Supply voltages are + 12  
V for switching and + 5  for logic, 
and LED phase-shift monitors are 
provided on each driver board.

Operating temperature is specified

as 10 to 40°C.
Length ranges from 11 inches for 

the S-band model, to 5.5 inches for 
the Ku-band version. P&A: Under 
$3000; 150 days. Raytheon Com­
pany, Special Microwave Devices 
Operation, 130 Second Avenue, 
Watham, MA 02154 (617) 890-8080.
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Software-based system automates 
antenna range pattern measurements

A fully-automated measurement 
system recently introduced by Scien- 
tific-Atlanta, Inc., is the first com­
mercial product designed specifically 
for automated antenna pattern meas­
urements. The Series 2020 Antenna- 
lyzer is a software-based measure­
ment system which automatically 
measures and processes the extensive 
data required to fully characterize 
complex pattern geometries.

The basic system features 1-18 
GHz rf measurement capability of 
single or dual-port amplitude and 
phase information, in conjunction 
with positioner control of up to six 
axes. The collected data may be dis- 
played in contour, single scan or 
three-dimensional representation or 
may be processed to provide listings 
or plots of such quantities as gain, 
beamwidth, sidelobe levels, polariza-

1. Conversational English is used to 
interact with software.

tion properties, directivity. percent 
coverage and other information.

The product includes all the con­
ventional range Instrumentation ex- 
cept the positioning system and may 
be operated manually if desired.

Antenna range criteria generally
, 2D'requires a m inim um  Separation o f-----

x
(where D is the test antenna diameter 
and x the wavelength) between the 
source and test antennas. To accom­
modate this basic requirement, the 
2020 system is designed to permit 
remoting the signal source YIG- 
tuned rf oscillator up to 2,500 feet 
from the operator control console. 
The rf input to the receiving Subsys­
tem may be remoted up to 200 feet 
from the console, and the positioning 
system may be controlled up to 
2,500 feet from the console. A block 
diagram of the system is shown in 
Fig. 2.

Automation is accomplished by 
means of a digital processing Sub­
system with 32K(16 bit) memory 
and 2.5 megaword dual disc storage 
system. System software is designed 
to enable the operator to develop 
specific test programs from general 
measurement programs by simply 
adding appropriate test frequencies, 
scan angles and data point spacing, 
in English, through the ert graphics 
terminal. User program additions 
may be easily added with convention­
al programming language. Test pro­
grams may be stored and exeeuted 
upon command to gather, process 
and display data without further 
operator intervention. Disc stored 
data may be processed at a later 
date, if desired.

2. Model 2020 is designed to be a 
complete Instrumentation system for 
antenna test ranges.

The data handling, control and 
processing capabilities of model 2020 
enable multiple frequency or multiple 
beam data to be collected during a 
single positioner scan significantly 
increasing the volume of data ob­
tained within a given test time. P&A: 
$230,000, 9 months. Scientific-Atlan- 
ta, Inc., 3845 Pleasantdale Road, At­
lanta, GA 30340 (404) 449-2000.
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new products
ISOLATOR/CIRCULATOR________

12  GHz iso lator  
is rated a t 158  W

Isolator, model 410-9, is capable of 
12 GHz Operation at 158 W cw into 
a VSWR of 1.75:1 under vacuum 
conditions. In-band insertion loss is
O. 15 dB max (0.08 dB typ.) while 
isolation is 26 dB. Input VSWR is 
1.07:1 max and weight is about 4.26 
oz. Electromagnetic Sciences, Inc.,
P. O. Box 80508, Atlanta, GA 30341
(404) 448-5770. c ir c l e  n o . 104

AMPLIFIERS

Am p has guaranteed  
3 .5  dB noise figure

Transistor amp, model MHT-251, 
covers 5-500 MHz with a max noise 
figure of 3.5 dB. In the band, gain 
is 14 dB min, output is —2 dBm 
min and input and output VSWRs are 
2.0:1. Power requirements are +15 
Vdc @ 10 mA max. Package is a 
four-pin TO-8. P&A: $70; stock to 
2 wks. Aydin Vector Division, P.O. 
Box 328, Newton, PA 18940 (215) 
968-4271. CIRCLE N O . 105

T h ere ’s s till 
nothing like  
vacuum  tubes  
fo r an exceptional 
TW T  
am p lifie r

mm

i '  \

Sure our am plifier uses solid state com ponents—everywhere, in fact, 
except in the high voltage regulator and the TWT itself.

Why a vacuum tube regulator? Because of the greater reliability with 
this inherently high voltage component.

It qualifies our TWT am plifier especially fo r antenna pattern measure­
ment, EMI susceptib ility  testing and r-f power instrument calibration.

But we utilize Contemporary concepts when they add to reliable 
performance. Our m odular construction and plug-in boards w ill 
accommodate a variety of TWTs fo r example.

And we can and do add VSWR protection, harmonie filtering and 
variable output, where required.

Octave band w idth 10, 20, 100 and 
200 watts TWTAs from  1 GHz to 18 
GHz. For detailed specifications w rite  
MCL, Inc., 10 North Beach Avenue,
La Grange, Illinois 60525.
O rc a ll (312) 354-4350.

Now on GSA contract GSOOS-27086 See us in EEM-Vol. 1 pp. 284-291

H ybrid  klystron—
T W T  delivers  9  M W  peak

Hybrid pulsed amplifiers, models 
PT1141, 1142 and 1143, deliver peak 
Outputs up to 9 mega-watts and con- 
sist of a broadband klystron driver 
section and an extended interaction 
traveling wave tube output section. 
The tubes can be factory tuned from 
1.22 to 1.38 GHz for a wide va­
riety of specific operating con­
ditions. Under broadcast tuning condi­
tions, the PT1141 provides an 1.5 dB 
electronic bandwidth of 150 MHz dB. 
For max power output, peak out­
put levels of 3 to 9 MW can be ob­
tained. The power output Variation 
over 150 MHz is less than 1.5 dB. 
The min efficiency is 30% at max 
bandwidth while gain under broad­
band conditions, is at least 30 dB. 
Random noise and peak spurious Out­
puts are at least 60 dB below carrier 
level. The tubes are free from pulse 
edge and rf drive induced oscillations. 
Beam voltage is 160 kV peak while 
beam current is 130 A peak. Load 
VSWR is 1.2:1. EMI-Varian, Ltd., 
248, Blyth Road, Hayes, Middlesex, 
UB 3 IHR, England 01-573 5555.
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----------C o rre c tio n -----------
In last month's issue on page 40, 

it was stated, “Watkins-Johnson in 
Palo Alto, CA, is the leading pro­
ducer of FET amplifiers and is re­
ported to have 80% of the mar­
ket.” The statement is not a fact; 
industry figures for this market 
are not available to MicroWaves. 
It can be stated that Avantek and 
Watkins-Johnson are leading sup- 
pliers of GaAs FET amplifiers.

Also, on page 40, it was report­
ed that Fairchild is the only U.S. 
manufacturer of GaAs FETs. Ac­
tually, as shown in Fig. 3, other 
Companies are ma n u f a c t u r i n g  
FETs, including Avantek, Hewlett- 
Packard, Raytheon and TI.

Also, on page 46, the MIC 
paramp shown in figure 9 was de­
veloped by Mullard and not Mar­
coni as indicated.
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