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SECTION 1
EURPOSE

The objective of this program is the development, construction and
evaluation of a miniaturized stripline duplexer for use in a lightweight
radar system. The duploxer slall be capable of operaticn in the Y-hend
frequency range between 9.0 and 10.0 Ge. The duplexer to be developed
and constructed shall be designed to operate with a single microwave
generator. The microwave generator shall supply both the transmitter
and the local oscillator signals. During the transmit cycle, the duplex-
or shall provide a low loss transmission path between the trausmitter
input port and the antenna port, and at the same time the duplexer shall
jsolate the mixer from the high power transmitter pulse. During the
receive jart of the cycle, the signal from the antenna chall be trans-
mitted to the mixer circuit with low lcts and at the same time the local
oscillatcr signal ‘ucident at the transmitter input port is transmitted

to the mixer with low loss.




SECTION II
ABSTRACT

A prototype design of a 3 port stripline circulator was presgented,
Low loss performance was achieved over a 400 mc bani centered at 9,450 me,

The desigr of a 7 73v~* e sipdpline 2 2t hybris wae aiscussed, Iso-
lation in excess of 18 db was obtained over a 5C7 : . band, however, the
power split was excessiv: at the high end of the bard., An insertic-
loss of 0.2 db was obtained on this preliminary unit.

A number of diode limiter configurations are presented. 3y varying
the electrical spacing between the two diodes and by sdjusting the diode
stub impedance, insertion loss values ranging from 0.8 to 1.4 db can be

obtained on low level, with 33 to {5 db isolation obtained urnier forward

bias,
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CONFERENCES

On 30 January 1964, a meeting was held at Microwave Associates, Inc.,
Burlington, Massachusetts, attended by Messrs. R. True of USAEL and
R, Brunton and J. Christian of Microwave Associates, Inc. The program
wvas reviewed in general with speciic decign problems associated with
the stripline circuitry and limiter discusced in detail.

On 16 March 196;, a meeting was held at USAEL, Evans Area, Fort
Monmouth, New Jersey, attended by Messrs. I, Rheingecld, J. Carter and
W. Wright of USAEL and L. Gould, F. Martin, and N. Brown of Microwave
Associates, Inc. The principal purpose of this meeting was to review
the accomplishments and to accelerate the effort. It was agreed that
Microwave Associates would continue the study of the individual compo-
nents and to plan on their use in two different circuit configurations -
one to be used vith a dual mode transmitter and the other with a conven-
tional type transmitter. Tentative plans were made for a future meeting at
USAEL to discuss packaging problems.

On 19 March 1964, a meeting was heid at Mi~rowave Asscciates, In-t.,
Burlington, Massachusetts, attended by Messrs. R, Tr.e of USAEL auni
R. Brunton, J. Christian, S. Segal ani{ N. Prown of Microwave Assc-iates,
Inc, The purpose of the meeting was the specific iiscussion uni review

of the circulator, video detector, hybrid4 and the limiter work,
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SECTION IV
FACTUAL DATA

I T TICN
1.1 EProgram Objeciives

This is the third gquarterly report on a program t§ develop a Mini-
aturized Stripline X-Band Duplexer. The duplexer shall be capatle ¢f
operation in the X-band frequency range between 2.0 and 1C.C Gco. The
duplexer to be developed and ccnstructed shall he designed tc cperate
with a single microwave generator. The microwave generator chall supply
both the transmitter and the local oscillator signals. Durin: the trans-
mit cycle, the duplexer shall provide a low loss transmissio: puth be~
tween the transmitter input port and the antenna port and, at the sa.:
time, the duplexer shsll isoclate the mixer from the high power trans-
mitter pulse. During the receive part sl the cycle, the signn. froi
the antenna shall be transmitted 1o the mixer circuit with low (oss and,
at the same time, the lccal sscillator is transmitied - the recelver

port vith low loes.

(a) Frequen-y [ nge

(1; Minimu A, o 9.7 Go
(¢} Maxluum G, otz oin D Oe
(b} Puises Recurrence Ra'e (prr: ¢ k- Max.
(c} Duty Cycie (Du; S0 Max,

(4} Peak Power {po: 0 W, Min.




(e) Average Power (Po) 1 W, Min.

(t) Pulse Width

(1) Minimum 0.2 ysec,
\g) Recovery Time 0.5 psec.

(n) High Power Insertion Loss

Port 1 to Porﬁ 2 1.0 db Max.
(1) High Power Spike Leakage Energy

(1) Port 1 to Port 3 0.2 ergs Max.

(2) Port 1 to Port 4 0.2 ergs Max.
(j) High Power Flat Leakage Power

(1) Port 1 to Port 3 20 mw Max.

(2) Port 1 to Port 4 | 20 mw Max.
(k) High Powgf Isolation

Port 2 to Port 1 12 db Min.

(1) Low Level Insertion Loss

(1) Port 2 to Mixer 1.0 db Max.
(2) Port l to Mixer 0.5 db Max.
(m) High Power VSWR, Port 1 1.4 Max,
(n) Iife 500 Hours Min.

L J
Based on a mixer sensitivity degradation of 2 db Max.




2.0 SOLID-STATE LIMITER MODULE
2.1 Technical Objective

The objective of this sub-effort is to design a semiconductor
switched limiter module for incorporation into the first duplexer.

The switcued limiter'module will consist of two stages of semicon-
ductor limiting and a high burnoﬁtrcrystal diode detector. The first
limiter stage will be a PIN diode and will be followed by a varactor
diode second stage. The crystal detector will be decoupled from the main
line and will be located before both limiter stages. The crystal detec-
tor output pulse will be applied to the PIN and varactor diodes to drive
them into forward bias during the transmitting mode, thereby causing the

limiting action. This type of operation is called a switched limiter.

2.2 Acc ishments ing the Third Quarterly Period

A test fixture has been designed to incorporate shunt stubs with
limiter diodes mounted in these stubs. A loop coupling has been designed
to couple the high burnout diode sufficiently to the main transmission
line to provide the necessary bias for high power limiting. Measure-~
nents of low level DC bias operation and preliminary high power results
have been obtained for the switched limiter operation. The test fixture
ucad in these tests has been described in previous reports, however, many
modifications have been incorporated. The present fixture with waveguide-
to-stripline transitions uses a .350 inch ground plane width, 5C ohm
stripline, and 20 ohm diode shunt stubs. A loop coupling has been pro-

vided for the high burnout bias crystal. Provisions have been made in
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the test fixture for experimental measurement of several electrical

_spacings between the PIN and varactor diode elements. Provisionc “ave
also beenrmﬁde to changeriﬁpedance of the limiter diode shunt stubs.

' Through‘éhanging.the impedance of these stubs, the effective Q of these
*rétﬁba,or‘éléméﬁﬁércan be changed. Experimental results have been obtained

- for electrical spééings of 100° between elements and also for 240° spacing

between aléments;

The Haveguide-to—stripline test fixture used for measurements during

‘this quarter is shown in Figure (1). The fixture utilizes a 50 ohm strip-

line and a .350 inch wide ground plane width. This has been designed to

- reduce the size of the overall package and also reduce any possible higher

‘modes caused by the discontinuities from the shunt stub which cuts into

the ground-plane. Measurements of PIN and varactor diodes in this fix-

ture have shown improvement in both insertion loss and isolation as com-

>pared to measurements in previous fixtures, Typical data for a PIN diode

and a varactor diode are shown in Figures (2) and (3) respectively; these
measurements were taken at low level using DC bias for the isolation
condition., These data also show the effect of changirng the shunt stub
center conductor diameter, thereby changing the impedance of the stub

and lowering the Q of the element, The lower Q provides lower insertion
loss and lower isolation by varying the impedance of the stub. Isolation
may be traded off for insertion loss and vice versa. Selection of the

PIN or varactor‘diode is therefore made on the basis of minimum insertion
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loss and maximum isolation obtained in e standard fixture. A diode pro-

viding high isolation and reasonably low insertion loss can be used in

these stubs and isolation can be traded off for reasonable insertion loss,
Insertion loss figures of less than .8 db from 9.2 to 9.7 Ge has

been measured for both PIN and varactor diodes in the stripline test

fixture. Measurements of isolation for both PIN and varaCtor diodes in

the same stripline test fixtﬁre have resulted in maximum isolation on

the order of 25 to 28 db at 9.4 Gc decreasing to 18 db minimum on the edges

of the band. Measurements have been taken of a two stage limiter utilizing

‘a PIN and a varactor diode spaced 240O electrical degrees apart, this data

is shown in Figure (4). The minimum insertion loss in this case was 1.2

db in the center of the band, 1.8 db at 9.2 Gc and 1.55 db at 9.7 Ge.

The isolation was greater than 45 db from 9.3 to 9.5 Gec, the isolation

at 9.2ch was 37 db and at 9.7 Gec was 36 db. A second measurement of a

dual diode limiter was taken using 100° electrical spacing between ele-

ments. These test results are shown in Figure (5). The insertion loss

in this measuremenﬁ was less than .G db from 9.1 Ge to 10.3 Ge, The

bandwidth of isolation, hcwever, was considerably less in this case,

resulting in 32 db of isolation at the band edges 9.2 to 9.7 Gec and 37.6

db isolation at 9.45 Gec. Figures (4) and (5) illustrate the trade off

of isolation for lower insertion loss. Measurements of the two diode

stripline limiter test fixture for the 100° spacing were repeated and

are shown in Figures (6) and (7). In Figure (6), the stub impedance is

- 28 ohms. This data shows less than 1 db insertion loss and greater than
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32 db isolation over the 9.2 to 9.7 Ge range. Figure (7) uses a 20 ohm
stub impedance, This data shows an insertion loss of less than .8 db
over the band and isolation greater than 28 db over the 9.2 to 9.7 Ge
range., Figures (6) and (7) clearly show the trade off of isolation for

. insertion loss through the variation of the stub impedance. The results
shown in Figures (6) and (7) approach those required of a limiter to meet
the requirements of the miniature stripline duplexer program, therefore,
hiéh power tests were\taken using these configurations.

Before measuring the high power performence of a dual diode limiter
combination, a coupling loop and a high bur 1t bias diode were fabri-
cated and measured in a stripline fixture. The coupling was adjusted
80 that maximm bias was obtained at 500 watts peak input powef. The
‘data for this loop and bias crystal combination is shown in Table I. A
10 ohm load was placed on the crystal, and the bias current measured
through the 10 ohm resistor was recorded for peak input powers of 1 watt
to 500 watts. The maximum peak bias current was 94 ma. After the meas-
urement and evaluation of the coupling loop and bias diode circuit, a PIN
‘diode was assembled into the stripline fixture and connected to the bias
diode. The low level measurements using DC bias of the PIN dicde was
.65 db insertion 16és and 26,2 db isolation.

fhe combination PIN and high burnout diode was then tested under
hi;h power. The inpﬁt power was raised from 1 watt peak to 500 watts peak.
The tota; average leakage was measured over this range, the diode provided
20 db of isolation at 500 watts peak input. The leakage wave form indi-

cated a spike energy of 22.5 ergs and a flat leakage power of 1.1 watts,
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No instability was noted at 500 watts and the PIN diod» appeared to be
operating very satisfactorily.

A varactor diode was assembled in the stripline test fixture and
measured at low level providing .6 db insertion loss and 23.8 db isola-
tion at 9.45 Ge under DC bias conditiors, The varactor was then cocn-
nected to the high burnout bias diode and high power was applied from
1 watt to 10 watts peak input power. At 10 watts peak input power,
the diode provided 21.2 db isolation and showed a slight instability in
performance indicating the maximum power capability of the diode at 10
watts,

The test data for the PIN and varactor diodes under high power are
shown in Figures (8) and (9) respectively. The next measurement was
performed using both the PIN and the varactor diode with the bias diode
~ providing bias to both diodes. Table II shows the data taken during
this measurement, The peak input power was varied from 1 watt to 500
watts, Total average leakage is shown and the bias provided for the
PIN and varéctor diodes is also shown in this table. This data was
taken at 9.45 Ge with 500 watts peak power. The leakage ;hargcteristics
indicate a flat leakage of 50 milliwatts, a spike energy of .18 erg.

This data is very close to meeting the requirements of the contract.

3.0 2 DB QUADRATURE HYBRID

The initial design work conducted during the second quarter on the
3 db quadrature hybrid has been completed. A prototype model of this

hybrid has been constructed and evaluated. The test results oi ‘this

S S RO g e s e R
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(a)

(b)

(¢)
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~ prototype are shown in graphic form in Figure (8). The following con-
clusions have been reached relative to this test data:

Isolatiop ~- the values achieved will be adequate to
fulfill the neads of the system requirement.

Josertion Logs -- .2 db appears to be the maximm to be
anticipated from this hybrid including connectors and
transitions. This value may tend to diminish toward

.1 db when mounted in the duplexer system.

OQutput Unbalapnce -- the output unbalance at the ﬁigher
end of the band has been caused by two distinct para-
meters. The impedance of the coupling junction must be
lowered slightly to center the power split. The reso-
nant lengths within the hybrid must be shortened slight-
1y to raise the cperating frequency. The bandwidth of
the power split can be increased by removing some
slightly asymmetrical condition within the coupling

structure,

Work will continue into the fourth quarter to optimize those para-

meters affecting the bandwidth and power balance of the quadrature

 hybrid. It is felt with reasonable certainty that the adjustment of

2 the coupling junction impedance and shortening of the resonant line

| lengths, ulong' with a rearrangement of the phase centers §f’ the junction
branch arms will solve the coupling and bandwidth problems nssociaud
with tho present 3 db Quadrature hybrid.
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4.0 FERRIIE CIRCULATOR MODULE
4.1 Final Technical Objectives
The final objectivesin the development of the ferrite module are:

a) Mechanically suitable for mounting in the finished

b)

duplexer assembly.

Electrically compatible with the requirements of the

duplexer assembly.

The electrical requirements for the ferrite circulator are listed

as follows:
a)
b)
c)
d)
e)
f)

Frequency Range:
VSWR:

Isolation:
Insertion Loss:
Average Power:

Peak Power:

9.0 - 10.0 Ge
1.3 Maximm

15 db Minimm
«5 db Meximum
1 Watt Maximum

500 Watts Minimum

4.2 Accomplishments During Third Quarterly Perded
A three port stripline circulator was

this period.

Various sizes of ferrite and

gated. The ferrite material was purchased

Laboratory, their Type MCL 1110M, with the

Saturation Magnetization
Ferrimagnetic Linewidth
Dielectric Loss Tangent
Curie Temperatﬁre

Dielectric Constant

H

"

H

constructed and tested during
matching disks were investi-
from Microwave Chemical
following characteristics:
 1200 gauss
80 cersteds
.001
250°¢.

15.2
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- The best resulting performance of the above material was found
for & garnet diameter of .500% by .062% thick with a .350" diameter by
- .002% thick mtching disk. The data as shown in Figure (9) is encoursg-
N iagu itm found possible to obtain less thln 0.5 db insertion loss
mmﬂdly 8 400 mc band. | |




1.

4.

5.

The stripline circulator will have to be improved. | A wider band-
width with improved isolation is necessary.

The power split of the 3 db quadrature hybrid should be improved.
The design of a miniature direction coupler in the form of a
coupling loop has been completed.

The diode limiter should be improved in terms of its insertion
loss-isolation trade off.

Power handling of the limiter is satisfactory.

Spike leakage energy of the limiter meets the specification, the
flat leakage does not.




1.
2,
3.
4.

5.
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SECLION Y1

Investigate and iqaroin ferrite material.
Purchage coamércinlly available stripline circulator,
Ismprove 3 db hybrid performance,

‘Minimize stripline losses.

A single channel dual diode switched limiter will be fabricated in
a stripline module. The input and output coupling will be compatible

_ with coupling provided by the hybrid and the circulator.
' PIN and varactor diodes applicable to the stripline two stage
i limdter will b. evaluated in order to characterizse diodes foi- this

m-

7.

e.

M burnout cryam dctactcrs wiil be investigated in order to
deternine the most ntiatactary type to be utilized in this prograe.
Complete plm of circulator, coupler, hybrid, snd limiter will

 be iavestigated.
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JDENTIFICATION OF PERSONNEL

This section contains a list of key technical personnel assigned
to the contract and taking part in the work covered by this report.
The approximate man hours of work performed on the contract by each of

the pbople 1listed are given.

PRBSONNEL MAN_HOURS
Norman J. Brown (Profect Manager) 14
Robert H. Brunton, III (Project Engineer) 12
James W. Shristian (Prolect Engineer) 58

Roboi-t. Tenenholtz (Project Engineer) 20




JARLE I

EIN snd Blas Diode Performence
1. Low Level Characteristics.
frequancy VSWR Insertion Loss* Isolation**
9.45 Ge/s 1.27 0.65 db 27.5 db

2. High Power Characteristics 500 Watt Peek, Du = ,001, 1.0 microsecond

pu’ e,
Freguency Spike (Power) Spike (Energy) Flat (Power)
9.45 Ge/s 75 watts peak 22.5 ergs 1.1 watts peak

3. Bies Diode Current vs. Peak Power Input,

Freq.ency Load

9.45%5 Ge/s 10Q in series with PIN diode.
Frak Power Bias Current
‘ (ma)

1 1

v 4

t, 13
10 <0
< 36
50 52
100 68
200 80
500 86
400 92
500 gz

®*
Insertion Lose wae memsured w'th zero bias,

™
lsolation vis achieved with forward DC bias,




TABLE 1I
Varactor .»7 Blas Diode Performance
1. Low Level Characteristizcs

, o N L1
Frequency VSWR - Insertion Loss Isclation

9.45 Ge/s 1.26 © 0.6 db 23.8 db

2. High Power Characteristics 10 watts peak, Duwé .C01, 1.0 misrosecond

pulse.
Bias Current to
-~ Average Varactor and Series
Peak Power Input  Leakage Power 22Q) Resistor
(Watts) (Micro-watts) (Milli-amps,)
1 19 3
2 23 5
-3 26 6
4 33 9
5 40 13
6 46 15
7 55 18
8 58 21
9 65 24
10 75 27

3
Insertion Loss is measured with zero bias,

%3t
Isolation was achieved with forward DC biss.
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TABLE 111
PIN, Yaractor and Bias Diode Performance

'1. Low Level Char-cteristics.

, i _ 3* *%
- Frequency VSWR Insertion Loss Isolation

9.45 Ge/s  1.13 1.1 db 378 db

2. High Power Characteristics 500 watts Peak, Du = .001, 1.0 microsecond

- pulse, : '
Frequency Spike (Power) Spike (Energy) Flat (Power) |

9.45 Ge/s 70 m .18 ergs 50 mw

3. Biae Diode Current vs. Peak Power Input

- Frequency Loed
9.45 Ge/s PIN Diode 10 Q Series Resistor
; Varactor Diode 22 0 Series Resistor
Peak Pove: | Bias Currept
Peak Power
, : PIN Diode ‘Varactor Diode
.. {vWatts)
1 0 0
2 0 0
5 0 2.
10 6 2
20 10 3
50 17 6
100 24 9
200 31 15
300 - 34 18
400 37 20
500 39 22

*
Insertion Loss was measured with zero bias,

*%
Isolation was achieved with forward DC bias.

e W : W‘»wwlvfwu——ﬁ-‘w, .
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