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1.0 INTRODUCTION

In this report we will summarize in some detail the work accomplished on
Contract DAAB07-75-C-0023 for USA SATCOMA. -;he original objective of
this program was to develop a solid state amplifier capable of delivering
20 watts of power in the 7.9 to 8.4 GHz band with 14 dB gain and a 20 dB
dynamic range per USA SATCOMA Technical Guidelines, SCA-2161. This
included development of four and eight diode circular cavity combiners,
development of a hybrid-coupled driver amplifier, design of a dc power

supply, packaging and electrical and environmental testing of the final
version - amplifier. Two amplifiers were to be delivered at the end
of th

During the course of the program, the objectives were changed to build one
amplifier with a nominal saturated output power of 10 watts but optimized
for use at much lower power levels as a linear TWT driver. The specified
maximum operating power level was changed to 1.5 watts over the 7.9 to
8.4 GHz band with 38 to 40 dB gain and a 20 AdB dynamic range. An inter-
modulation product specification of 30 AdBc at 200 mW output was added.
The number of stages was increased to eight including two four-diode
cavity combiners and two hybrid-coupled pairs of stages.

v
Results of the amplifier development work will be discussed including RF
and dc circuitry and thermal design. nggglgms engquntered with IMPATT

diode and power combiner bandwidth will be discussed. Electrical per-
formance of the final amplifier will be presented along with its schematic
diagram and outline and mounting details.

\
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2.0 TASK I - POWER COMBINER DEVELOPMENT

2.1 POWER COMBINER SCALING

The output stage design for this program was initially based on an eight
diode X-band power combiner developed by Hughes Research Laboratories. ’
When operated as a stable amplifier, this combiner using single drift
silicon diodes gave 9 watts output power near 10 GHz with 4.8 dB gain

and a 400 MHz 1 dB bandwidth. It incorporated eight coaxial modules
spaced on a 0.6 inch diameter circle within a 0.9 inch diameter cylindri-
cal cavity. The cavity height was 0.125 inch. This combiner, which
ylelded the best gain bandwidth measured to date for this type of circuit,
was scaled to 1.108 inches with the coaxial modules on a 0.739 inch
diameter circle. The cavity height was not scaled but maintained at

0.125 inch in order to lower the Q of the coax-to-cavity transition with
a corresponding improvement in bandwidth. Several other changes designed
to improve tuning flexibility and bandwidth were made. A cross-sectional
sketch of the 8.15 GHz combiner is shown in Figure 1 and Table 1 contains

a list of the most important parts.

Mechanical details of the RF coupling probe for the power combiner circuit
are shown in Figure 1. The '"split collet/retainer", 7, is split near its
tapered end so that it grips the "input/output coax'", 6, tightly near

the cavity surface. Good electrical contact is necessary as this is a
region of high RF currents. When the split collet is loosened, the probe
may be moved into or out of the cavity in order to adjust the gain of

the amplifier stage. The tuning plunger may be moved into or out of

the cavity in a similar manner in order to adjust the center frequency

and gain.

( PRECEDING PAGE BLANK-NOT FILMED
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TABLE 1

8.15 GHz POWER COMBINER PARTS INDEX

Find No.,
Figure 1 Part Description No. Req.
1. Circular Cavity 1
2l Diode Mounting Base 1
3. Coaxial Branch Center Conductor/Transfcrmer 8
4, IMPATT Diode 8
S Termination 8
6. Input/Output Coaxial Probe (.141 Coax Cable) 1
Vi Split Collet/Retainer 2
8. Plunger 1
9. Current Regulator 8
10, DC Power Supply 1
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2.2 COMBINER ASSEMBLY AND INITIAL TEST RESULTS

During the second quarter of the program, the scaled 8-diode combiner was
assembled and evaluation begun. Figure 2 shows the combiner assembled
and connected to a four-port circulator. Figure 3 shows the combiner

disassembled.

For the preliminary testing some low power double drift silicon diodes
were used. In a single diode coaxial circuit, these diodes will generate
only 100 mW in saturated amplifier operation. The results obtained with

these diodes in the power combiner at 8 GHz are summarized below:

TABLE 2
LOW POWER COMBINER RESULTS

Power 1 dB
No. of Output Gain Bandwidth
Diodes (Watts) (dB) (GHz)
1 .20 4.0 .06
2 .39 s .12
4 .84 4.2 .18
8 1.33 3.3 .20

In general the results were encouraging in that stable gain and proper
power combination were obtainable from each of the various multi-diode
configurations tried. In the 8-diode case, less than the expected

1.6 watts was obtained because two of the last four diodes installed

in the circuit were of somewhat lower quality than the others.
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Figure 2

Eight-diode

power

combiner and circulator.




Figure 3

Eight-diode power combiner disassembled.




2.3 PROBE-TO-CAVITY TRANSITION MATCHING

Because of the narrow bandwidths of the above results, it was decided

at this point to pursue certain bandwidth improvement techniques.
Although gain and frequency adjustments may be made by probe and
plunger adjustments as described above, the gain and frequency should
be determined primarily by circuit elements which are physically close
to the IMPATT diodes for best gain-bandwidth product. For this reason
an effort was made to achieve a good match between the input/output coax
TEM wave and the cavity's dominant radial mode. That is, any reactances
present in the coax-to-cavity transition region were to be reduced to a
minimum. This was done by adjusting the length and penetration of the
probe and by adding a metal matching bead (whose size and shape was
determined experimentally) to the end of the probe. This would require
that nearly all of the gain and frequency determining matching be done
on the coaxial modules close to the diodes. The circuit was designed to
provide enough flexibility to allow for this matching and to allow for

differences in impedance between individual diodes, if any.

A series of tests was conducted wherein tapered absorbent material was
placed around the outside diameter of the cavity in order to form a
terminated radial transmission line. The impedance looking into this
transmission line through the probe-to-cavity transition was measured
using a network analyzer. 1In this way the probe configuration and
dimensions could be varied and the effect on the transition impedance
match measured. It was found that a nearly non-reactive match with a
VSWR of less than 1.3 could be achieved over the 7.9 to 8.4 GHz band
using a disc soldered to the center conductor of the 0.141 coax probe
as shown in Figure 4a. The maximum measured VSWR from 7.0 to 9.0 GHz
was 1.6 as shown by Figure 4b. It was found that the dimensional
relationship of the disc to the outer conductor of the probe and the
bottom of the cavity is rather critical.
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Figure 4b Matched Coax-to-Radial-Line Transition.

10




The probe configuration of Figure 4 was tested in amplifier operation

and only very low gain results were obtained. It was necessary to change
the probe disc dimensions to 0.100 diameter by 0.50 long in order to get
good amplifier performance. This necessitated further studies of the
relationship of probe-cavity-coax configuration to amplifier gain-bandwidth

performance as discussed in Sections 2.5 to 2.10.

2.4 COMBINER EVALUATION; INITIAL TFSTS WITH HIGH POWER DIODES

At this point, the eight-diode combiner was tested with vendor-supplied
high power double drift silicon diodes in sets of two and four. The

tests results are briefly summarized as follows:

TABLE 3
COMBINER TEST RESULTS - I
RF Input RF Output 1 dB

No. of Power Power Gain Frequency Bandwidth

Diodes (W) (W) (dB) (GHz) (GHz)
1. 2 1.59 3.55 3.5 8.13 .16
2. 2 1.59 3.44 3.4 8.12 -
3. 4 3.16 6.99 3.5 8.09 -
4. 4 3.22 4.94 1.9 8.19 -
5. 4 3.57 7.49 3.2 8.11 .24

B TSI N Wl Sl BN g sy sy ey ew ey AW BRw ey W S e o

Initial tests

assure proper combinatorial action and stable operation.

were done with pairs of high power diodes in order to

The test

results for two different pairs of diodes are shown on lines 1 and 2

of Table 3.
result number 3.

These pairs were then tested together to product test
During this test, two diodes failed apparently due

to a tuning mismatch while attempting to obtain more output power.
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Further tests were done with pairs of diodes in order to optimize the
impedances presented to the diodes. Two of these pairs of diodes were
then tested as a set of four with the results indicated by line 4 of
the table.

It can be seen that the power output obtained in test result 4 is well
below that of the previous four diode test (no. 3). The cause was that
not all of the diodes were contributing an equal amount of power. This
was verified by plots of the diodes' bias voltages versus frequency.

The diodes are biased by current regulators which hold the bias current
constant as the RF input is swept in frequency throughout the band of
interest. A slight variation with frequency in the diodes' dc character-
istics occurs because they are generating more RF power in the center of
the band than at the edges. This and the fact that the current is held
constant causes a small (approximately 3 percent) variation in bias
voltage with frequency which is proportional to the RF power generation
of the diodes. The bias voltage variations of each diode used in test
result number 4 are shown in Figure 5. These plots indicate that the
four diodes are generating unequal amounts of RF power; for example,
diode #1 is generating substantially more than diode #4. 1In addition,
diodes #1 and #3 are generating substantial amounts of power out of band
above 8.4 GHz.

The coaxial modules of the three diodes which were generating less power
were adjusted slightly in order to more nearly equalize their bias
voltage variations. This was done in two steps to yield test result
number 5 and the corresponding voltage variation plots shown in Figure 6.
A plot of the RF frequency response is shown in Figure 7. It can be
seen from the plots that the RF power contributions of the diodes are
nearly equal and that out-of-band generation has been minimized. This
has caused a substantial improvement in the RF performance as can be

seen by comparing lines 4 and 5 of Table 3.

12
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2.5 INITIAL BANDWIDTH IMPROVEMENT TESTS

After the initial combiner evaluation tests, the work concentrated on
improving the gain-bandwidth product of the power combiner using four
high power double drift diodes in the circuit. A series of tests was
performed in which the probe coupling geometry was varied and its
effect on the gain-bandwidth performance, as measured by the parameter
Q, measured. For an IMPATT diode reflection amplifier with peak gain g
and a bandwidth of Af at the points where the gain is kg

1
f 2/ k g (1)

where at the 1 dB bandwidth points, k = 0.794, and at the 3 dB bandwidth
points, k = 0.5.

Thus, the lower the value of Q, the better the gain-bandwidth performance.

Typical results obtained from the tests are tabulated below.

TABLE 4 )
COMBINER TEST RESULTS - II

Probe P P ;
Diodes Disc Dia. IN o 17 1 dB BW Q i
4 DDs No disc 3.56 5.11 8.00 0.220 528 3
{

4 DDs 0.250 3.56 7.49 8.06 0.171 168
4 DDs 0.180 3.56 | 7.61 | 8.03 0.201 138 « H

4 DDs 0.125 3.56 7.77 8.04 0.200 132
4 DDs 0.125 3.56 7.49 8.11 0.241 120 }

2 SDs 0.125 1.58 2.86 8.05 0.268 161 :

DD: high power double drift silicon diode ]

SD: high power single drift, diamond heat sink diode

16
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A large (0.250 inch diameter) disc on the end of the probe was tried
because this disc gave good results in previous passive tests. It was
found, however, that a smaller diameter disc gives a lower amplifier Q.
Additionally, it was found that the probe penetration into the cavity
should be as deep as is possible without reducing the gain available.
Shallower probe penetrations may be used and the desired gain level
obtained by tuning the plunger but the resulting amplifier Q is slightly
higher.

Some testing was done with silicon single drift, diamond heat sink
diodes because they have a lower device Q than the double drift diodes.
These were more prone to have spurious outputs and were more difficult
to tune under high power conditions than the double drift diodes. Their
amplifier Q was no lower in combiner operation than that of the double
drift diodes which indicates that the Q was circuit (rather than device)
limited.

2.6 POWER COMBINER DEVELOPMENT STATUS AND DIRECTION

At this point in the program, the status of the power combiner development
and the experimental results of the two sets of four diodes which have
been tested in the power combiner were reviewed. It was noted that the
most significant technical problem was bandwidth. A plan was formulated
whereby actions to solve the bandwidth problem and to demonstrate 8-diode

combiner operation would take place in the following order.

(1) Perform tests with 8 diodes until parts for passive bandwidth tests
were delivered to Hughes.

(2) Perform passive bandwidth improvement tests using 50 ohm loads in
place of the IMPATT diodes.

17
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(3) Perform active bandwidth improvement tests using four IMPATT diodes.

(4) Procure four sets of machined parts for the deliverable power com-
biner stages. Simultaneously, perform further eight diode tests as

required.

2.7 EIGHT DIODE COMBINER TESTS

In order to demonstrate 8 diode combiner operating, some preliminary
tests were performed as scheduled. The best results obtained are tabu-

lated below.

TABLE 5
COMBINER TEST RESULTS - III

Diodes PIn Es £ 1 dB BW Q
8 DDs 3.16 W 8.99 W 8.20 0.153 107
8 DDs 4.99 W 10.65 W 8.18 0.187 151

Some difficulty was obtained in equalizing the power contributions of all
eight diodes indicating further work was necessary to optimize the

impedance and power matching circuitry of the individual diodes.

2.8 FIRST SERIES OF PASSIVE BANDWIDTH TESTS

Since the bandwidth of the power combiner was circuit limited, the work
during the third quarter of the program (outlined in section 2.6) con-
centrated on the solution to this problem. A rather extensive series of

passive experiments was done in order to optimize simultaneously the

probe-to-cavity and cavity-to-coax coupling values (section 2.6, item (2)).

In these tests, small 50 ohm rod resistors were used in place of the

18
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IMPATT diodes. Two sets of eight coax module center conductors (20 ohm
and 35 ohm) were made which incorporated quarter-wave transformers of an
appropriate impedance to match to the 50 ohm resistors. Rings of various
sizes were made to vary the cavity height and diameter. The configuration
of the combiner during the passive tests is compared with that of active
operation in Figure 8. Table 6 is a list of the key parts of both con-

figurations.

In the experiments, a network analyzer was used to measure the input
impedance of the 50-ohm-resistor-loaded power combiner at the coaxial
probe input/output connector. First, the combiner configuration used

in previous four and eight~diode active measurements was analyzed. Then
the parameters probe configuration and position, plunger position, coax
module impedance, cavity height and cavity diameter were varied and
tested in order to obtain a low VSWR, low Q, match at the combiner's
input port. This would imply a good, broadband match to the 50 ohm
resistors. At that point it is merely necessary to match the IMPATT
diodes to a resistive, coax load which is readily done by well known

techniques.3’4

Some of the more significant results of the tests are presented in Table 7.

Photographs taken from the network analyzer are shown in Figure 9 for the
configurations of lines 1, 2 and 7 of Table 7. The Q's of Table 7 were

obtained from the network analyzer data using the formula

_si1 Yo av
Q S 2 w (2)

where S is the VSWR at resonance, Wy is the resonant frequency, and V¥

is one~half of the angle of the reflection coefficient. It was assumed
in the derivation of this formula that %% > (), that is, that the

impedance plotted on a Smith Chart is nearly circular with a radius, S,

19
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TABLE 6
8.15 GHz POWER COMBINER PARTS INDEX
(Including Passive Test Parts)

Find No.,
Figure 8 Part Description No. Req.
1. Circular Cavity
2. Diode Mounting Base
e Coaxial Branch Center Conductor/Transformer
4. IMPATT Diode
3. Termination
6. Input/Output Coaxial Probe (0.141 Coax Cable)
i Split collet/Retainer
8. Plunger
9. Current Regulator
10. DC Power Supply
11. Probe Disc
d. Probe Penetration Distance
12. Center Conductor With Transformer
Modified For Passive Tests
13. 50 Ohm Rod Resistor 8
14. Cavity Ring

21




TABLE 7
PASSIVE BANDWIDTH IMPROVEMENT TEST RESULTS
(FIRST SERIES)

Coax
Test Probe Module Size
No. Configuration Impedance Cavity Results
Disc. Best
Dia. Penetration Dia. Height | Freq. VSWR 0
1* < 125" .075" 20 ohm 1.108 .125 8.1 2.83 | 28.8
2 « 1225 .075 20 1.108 w125 8.1 1.74 | 14.8
3 .250 .075 20 1.108 « 125 8.1 2.18 | 20.7
4 .125 .075 20 1.108 .200 8.1 1.85 | 19.1
5 .125 .055 20 1.108 .125 8.1 1.80 | 17.1
6 . 125 .095 20 1.108 .125 8.1 1.87 |17.7
7 «125 .075 35 1.108 .125 8.35 Bel2 21
8 .125 .095 35 1.108 <125 8.4 1.11 272
9 . 125 .075 35 .952 . 125 8.85 1.11 9.6
10 .125 .075 35 .893 .125 9.59 1s12 7 |
11 . 125 .075 20 .893 125 9.98 1.19 | 11.3

* Amplifier configuration used in previous active tests.
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a. Polar Displav. Normal Smith Chart

c. Polar Display, Normal Smith Chart
[N

E889

d. Polar Display, Expanded Smith Chart
(14 dB Return Loss Min.)

Figure 9 Passive Bandwidth Improve-
ment Test Results

a. Original Amplifier Con-
figuration (Table I,
Line 1).

b. Best Match Obtainable
From Original Configura-
tion (Table I, Line 2).

c., d. Circuit with im-
proved VSWR and Q (Table
Line 7).

e. Rectangular Display of
Circuit of c., d.

e. Rectangular Display ~ Amplitude: 10 dB/Div.
Phase: 45 Deg./Div.
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and the center at 1 + jO. From a polar display, such as Figure 9, S is
displayed directly and it can be verified that the impedance plot has a
nearly constant radius over a limited frequency range near resonance.
From a rectangular display, such as Figure 9e, that value of the phase

slope near resonance, %E?, can be determined.

Table 7, 1line 1 shows that the circuit Q of the original amplifier con-
figuration is 28.8. This circuit, using diodes with a Q of 21, gives an
amplifier Q of 60 under small signal conditions. The circuit of line 2

is like that of line 1 except that the plunger has been inserted deeper
into the cavity in order to obtain a better match and Q. This condition,
however, does not give good amplifier performance - the gain is very low.
The circuits of lines 7 and 8 gave very low values of measured circuit Q
which should lead to an improvement in amplifier bandwidth. However,

when this circuit was tried in active amplifier operation and the expected
bandwidth improvement did not occur. The amplifier Q's of the best
obtained were similar to those of previous tests. The reason for this

is apparently due to a double tuning effect in the passive circuit wherein
part of the input power was absorbed by the rod resistor loads and part

by the terminations. This was demonstrated in the active tests by the
fact that the circuit could be tuned so that plots of the IMPATT diodes'
bias voltages indicated broadband, double-tuned power generation. The RF
power output covered only about one-half of this bandwidth and generally
corresponded to the lower frequency peak of the double tuned response.

The power generated in the higher frequency peak was apparently being
absorbed by the terminations.

2.9 SECOND SERIES OF PASSIVE BANDWIDTH TESTS

At this point it was necessary to perform further passive tests in order
to lower the circuit Q. In these tests particular attention was paid to

the double tuning effects and absorption by the terminations. The tests
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were conducted using a network analyzer and a resistively loaded power
combiner in the same manner as the first series of tests. An X-Y plotter
was used to record the results. Some of the most significant test plots
are shown in Figures 10 through 16 and the quantitative data reduced from
these plots is presented in Table 8. The test data and plots are dis-
cussed briefly below.

Test No. 5: This is a repeat of the original amplifier configuration
and corresponds to Test No. 1 of Table 7. The cavity diameter is 1.108
inches and the coaxial module impedances are 20 ohms for all of the

tests in Table 8.

Test Nos. 1 and 3: These are like Test No. 5 except that the plunger has
been inserted into the cavity slightly to obtain lower VSWR's and Q's.
In active tests these yielded low amplifier gains. Test No. 3 gave the

flattest return loss versus frequency response in the 7.9 to 8.5 GHz band.

Test Nos. 2, 3 and 4: During the above tests (1, 3 and 5) the coaxial
termination positions remained fixed at one-quarter wavelength from the
cavity (0.360 inches). For Test Nos. 2, 3 and 4 the termination positions
were varied from 0.180 inches to 0.450 inches from the top of the cavity
and the results are shown in Figure 10. It can be seen that increasing
the termination's distance from the cavity tends to lower the VSWR and Q
of the circuit with the major effect being at the higher frequency peak.
This peak represents power absorption by the terminations. It was the
goal of these tests to minimize this absorption by finding a circuit
whose response does not vary nearly as much with termination position.
Additionally, since the magnitude of the termination impedance is low
(0.4 times the coaxial line impedance) replacing them with shorts should
not greatly affect the passive circuit if the terminations are not

absorbing power.
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Tests Nos. 6, 9 and 19: Probe disc diameters were varied from 0.036

(no disc) to 0.250 inches during the tests. It was found that the 0.072
inch diameter disc gives the best match over a 500 MHz bandwidth at 8 GHz.
Tests 6, 9 and 19 show the effect of varying the cavity penetration depth
of a probe with the 0.072 inch disc (see Figure 16). The termination
position was 0.360 inches and the probe disc to plunger surface spacing

was 0.008 to 0.009 inches for all three cases.

Tests Nos. 7, 8, 9 and 10: These tests show the effect of varying termin-

ation position using the 0.072 inch probe disc at 0.085 inch cavity

penetration (see Figure 11). The results are similar to those of Figure 10.

Test Nos. 11, 12, 13 and 14: The test conditions are identical to those
of Test Nos. 7, 8, 9 and 10 except that the terminations have been
replaced with movable aluminum shorts. The short positions were varied
in the same manner as the termination positions and results plotted in
Figure 12. 1t can be seen that results bear little resemblance to those
of the termination loaded combiner (Figure 11) except for the 0.180
position cases, Test Nos. 7 and 11. These two cases (plotted together
in Figure 13 for comparison) are very similar indicating little absorp-
tion of power when the shorts are exchangcd for the terminations. The
Q's of these cases are too high, 22.9 to 26.8, and a better matched,

but non-absorptive condition is necessary.

Test Nos. 15 and 17: The test conditions are identical to those of
Test Nos. 11 and 7, respectively, except that the probe's cavity
penetration has been increased to 0.115 inches. The results (plotted
together in Figure 14 for comparison) show that match has been improved
and the Q lowered to the 8.1 to 9.2 region. The results for both
shorts and terminations are similar. The frequency is slightly high

and could be adjusted downward by increasing the cavity size.
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Test Nos. 16, 17, 18 and 19: 1In these tests the circuit is the same as
in Test 17 except that the termination positions are varied. The
results, plotted in Figure 15, show that combiner VSWR changes relatively
little with termination position when compared to previous tests (Figures
10 and 11). This, again, indicates a very small power absorption by the
terminations. The Q is acceptable (8 to 11) and represents a substantial
improvement in bandwidth potential over the original amplifier con-

figuration.

2.10 ACTIVE COMBINER BANDWIDTH TESTS

Using the results of the passive tests, a series of power combiner
measurements was made using active devices (IMPATT diodes) in the cir-
cuit. Four diodes were used in most of these tests with particular
emphasis being placed on amplifier Q under both large and small signal
conditions. In addition, the effect of matching the large signal power
contributions of the individual diodes on overall amplifier performance

was studied. Some of the most significant results are shown in Table 9.

The first circuit tried was the one corresponding to Test No. 17 of the
passive test results above. Several types of coax module matching
circuits were tried but none gave good amplifier results. It was
necessary to reduce the probe's cavity penetration to 75 percent of the
cavity height and to change the plunger's position in order to obtain
reasonable values of gain and power output. When these changes were
allowed, the results of lines 1 and 2 of Table 9 were obtained. The
output power of 4.33 watts and the Q of 61 were the best results
obtained for two diode operation.

Another modification tried was a reduction in cavity height. It was

found that reducing the cavity height from 0.125 to 0.100 inches yielded
a slight improvement in bandwidth but that further reductions in height
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TABLE 9
COMBINER BANDWIDTH IMPROVEMENT TESTS

|
i
8
i
RF Input RF Output
' No. of Power Power Gain Freq
Diodes (W) w) (dB) (GHz) Q
| 2 1.58 4.33 b4 7.86 107
2 .016 .058 16.1 7.84 61
l ¢ 3.16 8.44 4.3 7.91 82
' 4 .032 .561 2.5 7.94 49
4 .032 .183 7.6 7.98 58
' 4 3.16 7.44 3.7 8.42 102
4 .032 .377 10.8 8.45 62
' 4 .032 .167 i 8.46 61
i
§
i
£
1.
& l : 5
' .
i
]
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tended to degrade performance. It was also necessary to match the

power contributions of the individual diodes in large signal quite
closely (within 10 percent) in order to maximize power output and mini-
mize the Q. Lines 3 and 4 of Table 9 indicate the performance of a four
diode combiner in which all of the above modification were made. It
was the best four diode results obtained for both power output and
lowest Q. The termination positions were similar to those of passive
tests 17 and 18. Line 5 of Table 9 indicates the performance of the
same circuit except that the small signal gain was reduced by changing

the plunger position. This increased the small signal Q from 49 to 58.

Lines 6 and 7 are data for a circuit similar to that of lines 3 and 4
except that the cavity diameter was reduced from 1.108 to 0.988 inches
in order to increase the center frequency to 8.4 GHz. The cavity
height was reduced proportionally to 0.089 and the coaxial module
matching appropriately adjusted. The results were similar to but not
quite as good as those at 7.9 GHz because of the characteristics of
the diodes. The small signal performance (line 8) was approximately

the same as that of the lower frequency circuit.

In summary, a new probe-cavity transition configuration was developed
which has improved the combiner's gain-bandwidth product. Aéditionally,
insight into the proper positioning of the terminations was obtained and
a more flexible coax module impedance matching circuit was developed
which allows closer power contribution equalization among the individual
diodes. The amount of the improvement obtained is illustrated by

Figure 17. The dashed line represents the gain versus amplifier Q for
four-diode combiner results obtained previous to the latest series of
tests (Sections 2.4 and 2.5). The second (solid) line shows the per-
formance of the improved configuration as reported above in Table 9,
lines 3 through 8. The third line, labeled "Goal", shows the minimum
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gain-Q performance required to meet the full gain-bandwidth specificacions

of the amplifier. It is apparent that, while some improvement in gain-
bandwidth was made, further work would be necessary to minimize the

combiner's bandwidth limitations.
The data points for Figure 17 were obtained from the following formulae
which assume the IMPATT can be modeled as a shunt GLC circuit with a

nearly constant negative conductance:

Gain (dB) = 10-log(g) = 10'10g(Po/PIN), (3)

1,02 [ g
r g-1.26 2 (4)
Vg1

where Af is the 1 dB bandwidth. The amplifier Q is not constant but

e e oy

varies with gain because of saturation effects of the IMPATT diodes;

i.e., the lower gain data points correspond to high power outputs.

2.11 Output Stages for Deliverable Amplifier

At the conclusion of the bandwidth tests, machined parts were procured
for two four-diode power combiner stages. The stages were assembled

and tuneZ with the initial results shown in Table 10.

As discussed in Section 5.1, it was desired to cover the 7.9 to 8.4 GHz
band at the 1.5 watt output power level by using two stagger-tuned
four-diode power combiners as the amplifier's output stages. Hence,
the two stages of Table 10 were tested in cascade as a stagger-tuned
pair. Their overall measured response is shown in Figure 18 along with
a theoretical response calculated from the data of Table 10. It can be

seen that the measured response has less bandwidth and somewhat higher
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