
AD— A01ê 7 503 HUØ€S AIRCRAFT Co TORRANCE CALIF £LECTROII DYNAMICS DIV F/I 9/5 I20 wATT SOLID STATE X—BAPC POWER AMPLIFIER.(Lj)
~am 76 w LOCkYEAR DAABOY—75— c—002 3 IUNCLASSIF IED £DO—w—fl&I6—c ECOM—75—0023—p NI.



ea and Development Technica l Report

• 
.——

~~~~~ —~----~~-~~~~~~~~~

~~ WAIT SOLID STATE X~BAND POWER AMPLIFIE
7

______ 
——--————-—~

•t ~~~~— •- — 

•

~~~~~~!
/L

~~
KY EA R ’

: 3100 WEST LOMITA BOULEVARD
: TORRANCE. CALIFORNIA 90509:
•
S

~—~7 ~~~~~~~~~~~~~~~

D D C
- ~~~~~~

• 
________ ~~~~~~

— - —— — —-—.- -. DEC 12 1977

1

_ _

II

~~ 

_ _ _ _ _ _ _.J4J~~~~( ~~~: Pre~~~sd for ‘STBIBUTION STATEMETIT A

ECOM _ _

US A R M Y  E L E C T R O N I C S  C O M M A N D  F O R T  M O N M OU T H , N E W  J E R S E Y 0 77 03
v~I i:’l

,
~~~~~~ ~&



FINAL REPORT W—4 1146
20 WATT SOLID STATE X-BAN D

POWE R ANPLIF IER

FOR

USA SATCOMA

Contract DAABO7—75—C— 00 23

JUNE 1976

Project Manager W14R3P

Attn : AMCPM—SC—4 D, Bldg. 209

HUGHES AIRCRAFT COMPANY
W#’ ELECTRON DYN AMICS DIVISION

3100 WEST LOMITA BOULEVARD
TORRAN CE , CALIFORNIA 90509

11 !
— -~~~~~~~ 

— : i
~~
-- —  —

~~~~~~‘ 
—

~~~~



TABLE OF CONTENTS

Section

1.0 INTRODUCTION 1

2.0 TASK I - POWER COMBINE R DEVE LOPMENT 3

2.1 Power Combiner Scaling 3
2.2  Combiner Assemb ly and Initial Test Results 6
2.3 Probe—to—Cavity Transition Matching 9
2.4 Combiner Evaluation ; Initial Tests

With High Power Diodes 11
2.5 Initial Bandwidth Improvement Tests 16
2.6 Power Combine r Development Status and

Direction 17
2.7 Eight Diode Combiner Tests 18
2.8 First Series of Passive Bandwidth Tests 18
2.9 Second Series of Passive Bandwidth Tests 24
2.10 Active Combiner Bandwidth Tests 32
2.11 Output Stages for Deliverable Amplifier 36
2.12 Fundamental Bandwidth Limitations 39

3.0 TASK II - HYBRID STAGE DEVELOPMENT 51

3.1 Hybrid Coupler Scaling, Fabrication
and Evaluation 51

3.2 Coax Module Fabrication and Evaluation 54
3.3 Hybrid Stage Evaluation 54
3.4 Deliverable Hybrid Stages 58

4.0 KEY PURCHASED COMPONENTS 61

4.1 Circulators 61
4.2 Sample Diode Procurement and Testing 61
4.3 Production Diode Procurement 64

5.0 TASK III — AMPLIFIER CONFIGURATION , ASSEMBLY AND TEST 65

5.1 Change of Technical Approach 65
5.2 Aaa.mbly and Test of Driver Stages 73
5.3 Assembly and Test of Complete Amplifier 71
5.4 Engineering Design Test 83
5.5 Lou Pass Filter 85

HH ~~~~~~ I



I
I

TABLE OF CONTENTS CONTINUE D I
Section

6.0 TASK IV - POWER SUP PLY AND PACKAGING 87 1
6.1 Current Regulator Revision 87
6.2 Power Supply Design and Fabrication 87
6.3 Package Configuration 93
6.4 Thermal Calculations and Data 93
6.5 Reliability Mathematical Model 106 1

7.0 CONCLUSIONS 109

8.0 RECO1~~ NDATIONS 111 1
9.0 REFERENCES 113

APPENDIX A DATA AND OPERATING INSTRUCTI ONS 117

APPENDIX B ACCEPTANCE TEST DATA SHEETS 163 1
APPENDIX C SUPPLEMENTARY DATA 163

I
I
I
I
I
I
I

-~~~~~

iv

____ - 
—



LIST OF ILLUS TRATIONS

Fi~gure

1 Cross—sectional sketch of 8—diode power combiner. 4

2 Eight—diode power combiner and circulator . 7

3 Eight—diode power combiner dissembled. 8

4a Coax—to—Radial—Line Transitions. 10

4b Matched Coax— to—Radial—Line Transition. 10

5 Bias voltage variation versus frequency for
test result No. 4. 13

6 Bias voltage variation versus frequency for
test result No. 5. 14

7 RF frequency response for test result No. 5. 15

8 Cross—sectional sketch of 8—diode power combiner. 20

9 Passive Bandwidth Improvement Test Results. 23

10 Original amplifier configuration, effect of
termination position. 26

11 0.072 dia. probe disc, effect of termination position. 26

12 0.072 dia. probe disc , effect of short position . 27

13 0.072 dia. probe disc , 0.085 penetration , effect
of short at 0.180 position . 27

14 0.072 dia. disc, 0.115 penetration , effec t of
short at 0.180 position. 28

15 Final circuit configuration, effect of termination

: 4 position. 28

16 0.072 dia. disc, 0.360 termination position, effect
of probe penetration. 29

:~ 17 Four—diode power combiner gain versus amplifier Q. 

35v



I
I

LIST OF ILLUSTRATIONS CONTINUE D 1
Figure Page

18 Calculated and measured responses of two cascaded
combiner stages. 38

19 Measured response of cascaded combiner stages I
(returned for reduced ripple). 40

20 Simplified model of power combiner coaxial module. 41 1
21 Gain response of coax module model. 45

22 Gain response of coax module model 47 1
23 Combiner bandwidth potential 50

24 Center conductor of 8.15 GHz airstrip hybrid coupler. 52

25 Hybrid coupler performance. 53 I
26 Hybrid coupled amplifier stage. 55

27 Hybrid coupled stage test results. 57 1
28 Measured and theoretical target gain responses of

two cascaded hybrid states. 59 1
29 Measured impedances of amplifier ports for two of

the four-port circulators plotted on expanded
Smith charts. 62

30 20 watt, 7.9 — 8.4 GHz IMPATT Amplifier. 66

31 Power output versus frequency at 5 dE below
rated power. 68

32 Power output versus frequency at 10 dB below
rated power. 69

33 Acceptance Test Data Sheet 70

34 Eight—stage amplifier configuration . 72

35 Computed response of amplifier — linear gain region. 74

I

-- - 

vi 

- 
____ 

—

~~~

--- -



I

LIST OF ILLUSTRATIONS CONTINUE D

Figure Page

36 Computed response of amplifier at saturation 75

37 Gain of six driver stages . 76

38 Eight stage amplifier assembly . 78

39 Plan view of eight stage amplifier assembly. 79

40 Amplitude response of eight—stage amplifier assembly. 80

41 Amplitude response of eight—stage amplifier assembly
near saturation. 81

42 Attenuation of low pass filter . 86

43 Schematic high power solid State amplifier. 89

44 High voltage power supply ripple test results. 92

45 Packaged high power solid state amplifier. 94

46 Major component locations; high power solid
state amplifier . 95

47 Outline and mounting at high power solid state
amplifier.  97

48 (a) Original amplifier layout.
(b) Revised amplifier layout. 100

vii
‘d4~I

—J
- V-~~ •~~~~ V 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-V 
- - - -— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

____________



LIST OF TABLES

Table

1 8.15 GHz Power Combinet Parts Index 5

2 Low Power Combiner Results 6

3 Combiner Test Results — I 11

4 Combiner Test Results — II 16

S Combiner Test Results — III 18

6 8.15 GHz Power Combiner Parts Index 21

7 Passive Bandwidth Improvement Test Results 22

8 Passive Bandwidth Improvement Test Results 30

9 Combiner Bandwidth Improvement Tests 33

10 Deliverable Output Stages 37

11 Deliverable Hybrid Stages 58

12 Interinodulation Performance 82

13 Power Supply Data 88

14 Heat Sink Performance 103 

8LA
~~~~

OT

I 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ix

I



1 1.0 INTRODUCTION

I In this report we will summarize in some detail the work accomplished on

Contract DAABO7—75—C—0023 for USA SATCOMA . The orig inal objective of

I 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

I included development of four and eight diode circular cavity combiners ,

development of a hybrid—coupled driver amplifier, design of a dc power

I supply , packaging and electrical and environmental testing of the final

version r- e amplifier. Two amplifiers were to be delivered at the end

I of

I ~~~~~~ L~ e course of the program , the objectives were changed to build one

amplifier with a nominal saturated output power of 10 watts  but  opt imized
for use at much lower power levels as a linear TWT driver. The specified

I 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 2Ok~B dynamic range . An inte r—

I modulation product specification of 30/dBc at 200 mW output was added.

The number of stages was increased to eight including two four—diode

I cavity combiners and two hybrid—coupled pairs of stages.

I Results of the amplifier development work wlrIl be discussed including RF

and dc circuitry and thermal design. ~~~~~ems encountered with IMPATT

diode and power combiner bandwidth will be discussed. Electrical per—

I formance of the final amplifier will be presented along with its schematic

diagram and outline and mounting details.I .
1 • ‘
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2.0 TASK I - POWE R COMBINER DEVELOPMENT

2.1 POWER COMBINER SCALING

The output stage design for this program was initially based on an eight

diode X—b and powe r combiner developed by Hughes Research Laboratories. ”2

When operated as a stable amplifier , this combiner using single drift

silicon diodes gave 9 wat ts 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

yielded 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

J 

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

V and gain.
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TABLE 1

I 8,15 GHz POWER COMBINER PART S INDEX

I Find No. ,
I Figure 1 Part Description No. Req.

I
1. Circula r Cavity

1 2. Diode Mounting Base 1

I 
3. Coaxial Branch Center Conductor/Transfc ’mer 8

4. IMPATT Diode 8

I 5. Termination 8

6. Input /Output  Coaxial Probe (.141 Coax Cable) 1

7. Split Collet/Retainer 2

8. Plunger

1 9. Current Regulator 8

1 10. DC Power Supply 1

I

~ I
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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 CHz 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 3.9 .12

4 .84 4.2 .18

8 1.33 3.3 .20 V

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 V

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

75
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Figure 2 Eight—diode power combiner and ci rcula tor .

.4 
-

~~

7



EMI

i
- . 

~~~~~~~~~~~~~ ;,
,

_ . j

_ _ _  

I

Figure 3 Eight—diode power combiner disassembled .
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f 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

V 
placed around the outside diameter of the cavity in order to form a

terminated radial transmission line. The impedance looking into this

V - . transmission line through the probe—to—cavity transition was measured

using a network analyzer. In this way the probe configuration and

dimensions could be varied and the effect on the transition impedance

V 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

[J 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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I

I The probe configuration of Figure 4 was tested in amplifier operation

and only very low gain results were obtained. It was necessary to change

t 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

‘p performance as discussed in Sections 2.5 to 2.10.

‘p 2.4 COMBINER EVALUATION; INITIAL TVSTS 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

V I COMBINER TEST RESULTS - I

• RF Input RF Output 1 dB
No. of Power Power Gain Frequency Bandwidth
Diodes (W) (W) (dB) (GHz) (GHz)

1 1. 2 1.59 3.55 3.5 8.13 .16

2. 2 1.59 3.44 3.4 8.12 ——

1 3. 4 3.16 6.99 3.5 8.09 ——

I 
4. 4 3.22 4.94 1.9 8.19 — —

5. 4 3.57 7.49 3.2 8.11 .24

I
Initial tests were done with pairs of high power diodes in order to

I assure proper combinatorial action and stable operation. The test

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

V I of Table 3. These pairs were then tested together to product test

result number 3. During this test , two diodes failed apparently due

~o a tuning mismatch while attempting to obtain more output power.

V 11
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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. In addition ,

diodes #1 and #3 are generating substantial amounts of power out of band 
V

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 V

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.

1
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2.5 IN IT IAL BANDWIDTH IMPROVEMENT TE STS

After the initial combiner evaluation tests , the work concentrated on

improving the gain—bandwidth product of the power combiner using four V

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~~~~_
Q . ~~ f 2 / k ’ / g (1)

~~ /~~ i~~~~~ g~~~~ 
‘

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 PDiodes Disc Dia. IN o f 1 dE BW Q

4 DDe No disc 3.56 5.11 8.00 0.220 528

4 DDe 0.250 3.56 7.49 8.06 0.171 168

4 DDe 0.180 3.56 7.61 8.03 0.201 138

4 DDe 0.125 3.56 7.77 8.04 0.200 132

4 DDe 0.125 3.56 7.49 8.11 0.241 120

V 
2 SDs 0.125 1.58 2.86 8.05 0.268 161

DD: high power double dr if t silicon diode
V 

V 
SD: high power single drif t, diamond heat sink diode

V 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

I found, however, that a smaller diameter disc gives a lower amplifier Q.

Additionally, it was found that the probe penetration into the cavity

I 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

‘p higher.

I Some testing was done with silicon single drift, diamond heat sink

diodes because they have a lower device Q than the double drift diodes.

I 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 DIRECTIONI.
At this point in the program , the status of the power combiner development 

V

I 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

I 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
V 

were delivered to Hughes.

1 (2) Perform passive bandwidth improvement tests using 50 ohm loads in

place of the IMPATT diodes.

I

i 
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( 3) Pe r fo rm active bandwidth improvemen t tests using fo ur 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 perforv’ed as scheduled. The best results obtained are tabu-

lated below.

TABLE 5

COMBINER TEST RESULTS — III

Diodes ~
‘IN ~

‘o f 1 dB BW Q 
V

8 DDs 3.16 W 8.99 W 8.20 0.153 107 V

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— V

centrated on the solution to this problem. A rather extensive series of 
V

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 o~un rod resistors were used in place of the

•1
18 }
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I IMPATT diodes. Two sets of eight coax module center conductors (20 ohm

and 35 ohm) were made which incorporated quarte r—wave t ransformers  of an

I 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-
f igu rations .

In the experiments, a network analyzer was used to measure the input

I impedance of the 50—ohm—resistor—loaded power combiner at the coaxial

probe input/output connector . First , the combiner configuration used

I 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 diamete r we re va r ied 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

V 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
V 3,4techniques.

Some of the more significant results of the tests are presented in Table 7.
Photographs taken fro m the network analyzer are shown in Figure 9 for  the

I configurations of lines 1 , 2 and 7 of Table 7. The Q’s of Table 7 we re

obtained from the network analyzer data using the formula

1 - 

_ s2-i u
d~I,

s (2)

I . .
where S is the VSWR at resonance, is the resonant frequency , and gi

V is one—half of the angle of the reflection coefficient. It was assumed

in the derivation of this formula that ~ 0 , that is , that the

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

1 19
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TABLE 6

8.15 CHz POWER COMBINER PARTS INDEX

(Including Passive Test Parts)

( 
____________ ____________________________________________________ ____________

Find No.,
Figure 8 Part Description No. Req .

1 1. Circular Cavity 1

2. Diode Mounting Base 1

3. Coaxial Branch Center Conductor/Transformer 8

4. IMPATT Diode 8

-~~ 5. Termination 8

6. Input/Output Coaxial Probe (0.141 Coax Cable) 1

- - 7. Split collet/Retainer 2

8. Plunger 1

9. Current Regulator 8

- 
10. DC Power Supply 1

V 11. Probe Disc 1

d. Probe Penetration Distance —

12. Center Conductor With Transformer
Modified For Passive Tests 8

13. 50 Ohm Rod Resistor 8

14. Cavity Ring I

21
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TABLE 7 1
PASSIVE BANDWIDTH IMPROVEMENT TEST RES ULTS

(FI RST SERIES)

Coax
Test Probe Module Size
No. Configuration Impedance Cavity Results

Disc. Best
Dia. Penetration Dia. Height Freq. VSWR Q

1* .125” .075” 20 ohm 1.108 .125 8.1 2.83 28.8

2 .125 .075 20 1.108 .125 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

V 

V 5 .125 .055 20 1.108 .125 8.1 1.80 17.1 1
6 .125 .095 20 1.108 .125 8.1 1.87 17.7

7 .125 .075 35 1.108 .125 8.35 1.12 2.1 1
8 .125 .095 35 1.108 .125 8.4 1.11 2 .2  1
9 .125 .075 35 .952 .125 8.85 1.11 9.6

10 .125 .075 35 .893 .125 9.59 1.12 7.1 I
11 .125 .075 20 .893 .125 9.98 1.19 11.3

I
* Amplifier configuration used in previous active tests. I

c 

- I
I A

I
I s
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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, ~~~~~~ , can be determined.

Table 7, line 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 pas~ive 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. V

2.9 SECOND SERIES OF PASSIVE BANDWIDTH TESTS V

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

$1
24
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I
‘ I

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

I was used to record the results. Some of the most significant test plot s

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—

1 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

1 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 CHz band.

Test Nos. 2, 3 and 4: During the above tests (1, 3 and 5) the coaxial

f termination positions remained fixed at one—quarter wavelength from the

cavity (0.360 inches). For Test Nos. 2, 3 and 4 the termination positions

I 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

I goal of these tests to minimize this absorption by finding a circuit

whose response does not vary nearly as much with termination position .

I - 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.

~V V
I

_1 I
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Z \ TEST NO. 3 
V

- PHASE: TEST NO. 3 TEST NO. 4 ‘~~~~ 
-

8.9

FREQUENCV-GHz

Figure 10 Original amplifier configuration , effect of
termination position.
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180 — 0 

RETURN LOSS:

TEST NO. 8

FREQUENCY-GHz

Figure 11 0.072 dia. probe disc , effect of termination
position.
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I Figure 12 0.072 dia. probe disc, effect of short position.
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I Figure 13 0.072 dia. probe disc, 0.085 penetration,
effect of short at 0.180 position.
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Figure 14 0.072 dia. disc, 0.115 penetration ,
effect of short at 0.180 position.
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Figure 15 Final circuit configuration , effect
of termination position. 1
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I
I
I 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

I in ch diameter disc gives the best match over a 5(~) MHz bandwidth at 8 GHz.

Tests 6 , 9 and 19 show the e f f ec t  of va rying the cav i ty  pene t ra t ion  depth

r of a probe with the 0.072 inch disc (see Figure 16). The termination

I position was 0.360 inches and the probe disc to plunger surface spacing

was 0.008 to 0.009 inches for all three cases.

L
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

t replaced with movable aluminum shorts. The short positions were varied

- in the same manner as the termination positions and results p lot ted in

Figure 12. It can be seen that results bear little resemblance to those

of the termination loaded combiner (Figure 11) except for the 0.180

f position cases, Test Nos. 7 and 11. These two cases (plot ted together

in Figure 13 for comparison) are very similar indicating l i t t le absorp—
V tion of power when the shorts are exchanged for the terminations . The

V 
Q’s of these cases are too high, 22.9 to 26.8, and a better matched ,

• r 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
V - 

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: In 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
imp rovemen t in bandw idth potential over the original amplif ier  con— V

figuration.

2.10 ACTIVE COMBINER BANDWIDTH TESTS

Using the results of the passive tests, a series of power combiner F

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.

I V
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. V

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 V

I
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I

I
TABLE 9

I COMBINER BANDWIDTH IMPROVE MENT TESTS

I RF Input RF Output
No. of Power Power Gain Freq
Diodes (W) (W) (dB) (GHz) Q

1 1 2 1.58 4.33 4.4 7.86 107

2 2 .016 .058 16.1 7.84 61

1 3 3.16 8.44 4 .3  7.91 82

I 4 4 .032 .561 12.5 7.94 49

5 4 .032 .183 7.6 7.98 58

1 6 4 3.16 7.44 3.7 8.42 102

7 4 .032 .377 10.8 8.45 62

1 8 4 .032 .167 7 .2  8.46 61

I — _  _ _  _ _ _  _ _  _ _  _ _

I
~

f - I

Ii
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tended to degrade performance . I t  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 red uced b y cha ngi ng

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. Additionall y,

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 illus t ra ted by

Figure 17. The dashed line represents the gain versus amplifier Q for

four—diode combiner results obtained previous to the latest series of - I
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, - J
lines 3 through 8. The third line, labeled “Goal”, shows the minimum

~1
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Figure 17 Four—diode power combiner gain versus amplifier Q.
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gain—Q performance required to meet the full gain—bandwidth specifica,ions

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 foi.~u1 ae

which asaume the IMPATT can be modeled as a shunt GLC circuit with a
nearly constant negative conductance :

Gain (dE) = 10•log ~g, = lO~ log(P /P 1~ ) ,  ( 3)

Q~~~~~~ 
(4)

I
where t~f is the I dB bandwidth. The amplifier Q is not constant bu t

varies with gain because of saturation effects of the IMPATT diodes; [
i.e., the lover 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 tuned 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 CHz

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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TABLE 10

DELIVE RABLE OUTPUT STAGES

RF Input RF Output
Stage Power Power Cain Freq .
No. (W) (W) (dB) (GHz) Q

J 7 3.12 6.77 3.36 8.213 160

7 .21 1.84 9.34 8.24 1 68

1 8 3.16 7.27 3.62 7.981 135

8 .22 1.91 9.43 8.030 60

I
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I
I
I ripple than the calculated one. It is apparent that the combiners do not

stagger tune as well as calculations based on simple 3 dB 0 measurements

I would indicate. It has been found that the power combiner ’s gain falls

off more rapidly with frequency than would a simple single—tuned amplifier

I stage having the same 3 dB bandwidth . The gain of single—tuned reflection

amplifier approaches 0 dB gain assymotically with frequency deviation from

center band whereas the combiner’s gain approaches a negative value

I (attenuation). This effect produces the sharp gain fall—off at the band

edges of the measured response of Figure 18. It also causes a reduction

I in bandwidth and higher ripple. The effect was present throughout all of

our stagger— t~ined measurements and led to reduction in overall amplifier

I performance below that previously thought possible (see Section 5).

Because of the rather high gain ripple of the response of Figure 18, the

-l stages were retuned for less ripple as shown in Figure 19. This entailed

— moving the center frequencies of the two stages closer together which

caused a further reduction in bandwidth. However, in order to produce an

amplifier with useable gain ripple over at least a portion of the band ,

the output stageP were left tuned in this manner.

~ 

2 .12  FUNDAMENTAL BA~ DWIDT}~ LIMITATIONS

Experience with stagger— tuning of the combiner stages late in the program

$ led to the realization that they fall off more rapidly at frequencies

$ beyond the 3 dB points than a simple () measurement would indicate. It is
- now known that this effect can be explained by examining a simple model

- 
of the combiner circuits. it is , in fact , a fundamental limitation to

the bandwidth of any amplifier circuit which employs I(enyon—type coaxial

modules for stabilizing.

One coaxial module of the power combiner may be represented by the model

I T  shown in Figure 20 where 
~d 

is the admittance of the IMPATT diode (matching
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I
I
I circuitry neglected), C is the conductance of the coaxial stablilzing

load and is the load presented to the coaxial module by the cavity

I and probe.

I
02972

I G~
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I
Figure 20 Simplified Model of Power Combiner Coaxial Module.
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The gain of this circuit is given by

C
L —

~~~~~~~~~ + Y
_ 

‘

L IN

= 

(CL - 
GIN) + BIN

2 

, (6)

(GL + GIN ) 2 
+ BIN

2

where

‘1IN GIN + jBIN, (7) 1
— 

G(G
d
2 

— C
d
G + B

d
2) (2

Bd (8)
(_ C

d 
+ C ) + B

d 
(_C

d 
+ G )  + B

d

Letting K — C5/G~~, ~IN becomes:

(i-K ) + (Bd/Cd)
2 

K2BdYIN = KG
d (K 1) 2 + (B

d/Cd)
2 + j  B

L 
+ 

(K-i)
2 

+ (B d I G d ) 2

To gain insight into the bandwidth limitations of this circuit , we

examine the Q which is given by 
V

d B
— 

T dw (10) 1
Differentiating BIN (from equation (9)), we obtain : V

du
N - + 

K 2 1 (K-i)
2 

- Ed
2 

~~ d ( 11) 

. .1
du 

~~ (K—I)
2 

+ (B
d
/C

d
)2 j ( K —I ) 2 

+ 
~d

2 d~ I
-
~~ 

V
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I V- V

0-

I At u wo , Bd 0 and

: 

dB
iN~ = ~~~~ + 

[(K~1) 2 j ~~~~~ (12)

K 1 (13)
I GIN = _C

d r r i ~I wo

I The negative amplifier Q is then

I Q _ 1

~~~2[(~~
L) H+ (K)

d
~~~~~} 

(14)

I
In practical amplifiers K is made as large as possible in order to

I minimize absorption by the stabilizing termination , C. (K is about 4 to

5 in the delivered combiners.) Additionally , dEL/du is kept as small

I as possible whereas dB
d
/dw is fixed by the IMPATT device ; hence , generally

I dB dB
> —i. ‘15du dw

When this condition holds, and K > 1, it can be shown that

-- I
I - I (~‘\ ~~ + (JL \ ~~~~ + 

dB
d (16)

I K / dw ~~~~ \K- 1 / dw du du

- V 
- 

The right hand side of (16) is the suaceptance slope of the circuit in

Figure 20 with C removed from the circuit ( i .e. ,  R — 0) . Thus , the

I 
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presence of the stabilizing termination, C , increases the magnitude of

the amplifier’s Q. The closer C is in value to Cd (i.e., the smaller

the value of K) the larger is the increase in Q . V

In order to observe the effects of K on the amplifier’s gain response,

equation (6) has been plotted for several values of K and two values of

peak gain in Figures 21 and 22. For these plots it was assumed that .

the Q of the diode / = 
1 wo ~~d ., is 20 which is consistent with
C 2 du /
d wo

experimental measurements. For the probe—cavity—coax transition

1 ~ 
dB
L

= 
~~~~~ ~~~~ 

-a-—— ) a Q of 10 was used which is consistent with test

numbers 15 through 19 of Table 8. f
In Figure 21 all of the gain responses have a peak gain of 10 dB. The (
K -

~ ~ case has an amplifier I QI of 39.25 which is somewhat larger than
the sum of the circuit and diode I Q I ~ ~ I Q~d + I~LI 

= 30). This dis—

crepancy is due to the “mismatch” required between the circuit and diode I
to achieve 10 dB gain. (The lowest values of Q would be obtained for 

V

extremely high values of peak gain , approaching oscillation). From the

other curves it can be seen that the presence of C in the circuit can

cause significant bandwidth reduction depending upon its value. It is, I
of course , obvious that the degree of stabilization provided by C and

its reduction of bandwidth will trade off. The values of Q shown in V

parentheses in the figures are calculated using (1) for frequencies

close (within ±25 MHz) to the center frequency. If Q is calculated for

more distant frequencies it remains constant for the K -
~ ~ case but

increases for lower values of K. For example, if the 6 dB down gain points

are used to calculate gain in Figure 21 , the results are as follows: V

1
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Q QK Near f 6 d B  BW

39.3 39.3

10 43.1 45.1
4 50.9 56.7
2 75.3 87.7 

V

This demonst rates that  G causes the ampl i f ier to fal l  o f f  more rapidly
with frequency than would a loss—less single—tuned circuit which had the

same center band Q. This is why stagger tuning these stages at fre-

quencies 200 MHz or more apart produces results inferior to those pre-

dicted from 1 dB or 3 dB bandwidth measurements.

In Figure 22 several c~urves are plotted which have a peak gain of 6 dB.

Qs calculated for ~~e center frequency and 3 dB points are as follows:

Q Q
K Near f 3 d E BW

— 0

50.0 50.0

10 55.9 59.4

V 
5 63.5 70.9

Here, all of the IQ I~ 
are higher than those of Figure 21 because of the

relatively lower value of peak gain. In this case the percentage increase

of IQ I at the 3 dB points in approximately the same as that at the 6 dB
points in the 10 dB gain case.

In conclusion we f ind that the I Q I~ 
obtained experimentally for the

delivered power combiners are consistent with those expected theoreti— V

cally given the gain level, circuit configuration and IMPATT devices

used. The question arises whether any significant improvements in the

• 
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bandwidth of the power combiner are possible . To do so would require j
improvements in one (and preferably all) of the three major components

of combiner ~~ 
~~ ~L 

and C .  Recommendations for future work in these

areas are the following.

1 
~L 

— The probe—cavity—coax coupling Q was lowered from 28 to 10 in

the bandwidth improvement tests as discussed in previous sections. It

is recommended that this work be pursued further both experimentally

and theoretically in order to reduce to the 2 to 5 region. This should

be possible by performing a more extensive series of experimental tests [
backed up by computer analysis which allow the parameters involved to

vary over wider ranges.

2. — The high power double drift fl-WATTs used in this program have

Q’s of 16 to 20, whereas lower power single drift devices usually have

Q’s in the 8 to 12 range. Further device development is needed in order

to produce IMPATTs with similar power and linearity characteristics but f
with lower values of 

~d’ 
preferably, 10 or less. This is probably the

most important single improvement needed. T

3. C .  The choice of stabilizing termination parameters is a rather

complicated one in that both its impedance and position must be optimized

taking 0L’ ~d 
and gain into account. Its position is important to the

cavity—coax coupling and gain. Its value is important to the amount of

stabilization needed (i.e., the diode ’s tendency to spurious responses)

and of course gain and ban dwidth .

In this program , R ( = i /C ) was made as small as possible (20 ohms )

within the mechanical constraints of the materials being used. This gave

a value of K of approximately 4 or 5 in the delivered combiners. It may

be possible to achieve higher values of K by mechanical redesign if  th is

proves compatible with s tabi l i ty requirements. Further study is recom-

mended to establish the optimum interrelationship of C to the c i rcui t

V• i
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I

~
F I

I parameters. Other more complicated structures might also be considered.

For example, a bandstop filter between C and the rest of the circuit

I may allow nearly full bandwidth potential at the fundamental frequency

while providing good stabilization at far out of band frequencies.

I Figure 23 is a plot of the estimated gain of the combiner if all of the

above potential improvements were to be made. It was assumed for these

I plots that IQ s of 5 and 10 could be achieved for the circuit and

diode, respectively. It was also assumed that either a value of K = 10

I could be obtained or G could be effectively removed at the fundamental

frequency band by the use of some filtering arrangement. Note that

I there is not a great deal of difference between these two cases. Two

amplifier stages having a gain response corresponding to the K = 10

I case could be stagger—tuned to produce a 500 MHz bandwidth with 1 dB

ripple and 11.9 dE minimum gain.

I
I
I
I

V 

-

I
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I I

3.0 TASK II — HY BRI D STAGE DEVE LOPMENT

3.1 Hybrid Coup ler Scaling, Fabrication and Evaluation

A two—section maximally flat airstrip hybrid coupler was designed for

operation at 8.15 ±0.5 CHz during the first monthly period. A sketch of

the airstrip center conductor is shown in Figure 24. It consists of

0.001 inch metallization plated on a 0.010 inch microstrip board for

V support. The ground plane spacing is 0.100 inch.

The hybrid coupler was assembled and tested using a network analyzer.

The results of the hybrid coupler evaluation are summarized in Figure 25.

Curves A and B show the isolation between the input and output , ports 1

and 2, and the isolation between the two amplifier ports , 3 andN4.

Although the maximum isolation occurs somewhat low in frequency, 7.6 to

7 7  GHz , the isolation remains below 19 dB across the 7.9 to 8.4 band
and is considered adequate.

The coupling balance between the input port and the two amplifier ports

is shown by curves C and D. The coupling balance between the amplifier

ports and the output port is shown by curves E and F. The coupling

factors are quite flat over the 7.9 to 8.4 GHz band , exhibit a minimal

amount of coupling error and show that the coupler has very little loss.

The coupling errors (deviations from 3.0 dE) are ±0.4 dB for all curves

except for one point at +0.7 dB in curve E . Other data take n shows that

the coupling errors are generally within +0.5 dE from 7 .6  to 8.6 GHz
indicating that the 1 GHz design bandwidth was achieved.

The phase balance of the coupler was measured by putting a signal into

port 1 and recording the phase at ports 3 and 4. The phase difference
0 0was found to be 90 ±5 .
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Figure 24 Center conductor of 8. 15 CHa airstrip hybrid coupler. 3 !. — - .
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Figure 25 Hybrid coupler performance.
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The VSWR at all ports was 1.3:1 maximum . This VSWR level approaches

the theoretically calculated mismatch and is considered adequate for

amplifier  use.

3.2 Coax tk>dule Fabrication and Evaluation

Parts for  the hyb r id stage coaxial modules were fabricated during the

first two months of the program. The modules were assembled and tested

with sample high power double drift diodes in order to determine match-

ing circuit element values for these large area, low impedance diodes.

One early problem encountered with the coaxial modules was a DC break—

down of the load material in the stabilizing circuit. The breakdown

occurred near the 185 volt operating bias of the double diodes which was
a higher bias voltage than had been used before with this circuit. The

problem was solved by a slight mechanical redesign of the circuit.

3.3 Hybrid Stage Evaluation

Two sets of hybrid coupled stages were tuned up and tested during the

second quar ter . Figure 26 is a photograph of one of the hybrid stages p

including the two coaxial modules , the hybrid coupler and two isolators .

Early in the quarter only one high power double drift diode was avail-

able for testing, consequently , alternate high power diodes were used

in the coaxial modules . These are larger area single drift silicon

diodes bonded to a diamond heat sink. These diodes have a lower power

rating (2 watts) and efficiency (7%) than the double drift diodes but

have a lower Q and are less prone to mismatch—induced burn—out . Two

coax modules were tuned up with these diodes on a network analyzer for

nearly identical gain and phase characteristics. Each module was then

individually placed on the hybrid coupler with a load on the adjacent 
V

amplifier port. Each was slightly readjusted so that the gain and phase

~1

54

_  
V V V~~~~~~~~~~~~~~~~~~ -~



E142

~~ 
_ _ _ _

~ 
r..-~ .~ ~~~~~~~

I 
_

I I

Figure 26 Hybrid coupler amplifier stage.

I
I
I
i
_ _ _ _- -  ~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~



characteristics were nearly identical when used with the hybrid. Both

modules were then connected to the coupler and the overall response

measured. It was verified that the gain responses of the two coaxial

modules were added together properly by the coupler in both small and

large signal conditions. Results obtained with these diodes were

3.8 watts output with 2.8 dB gain and a 620 MHz 1 dB bandwidth. A plo t

of the bandpass obtained is shown in Figure 27a. The diodes were operat-

ing at a junction temperature of 195°C for this measurement.

After the high power double drift diodes became available a second (
hybrid coupled stage was assembled and tuned . This stage yields 3.9 watts

output power with 2.8 dB gain and a 355 MHz 1 dB bandwidth with the

diodes operating a t 175°C junction temperature. A plot of the frequency

response for this stage is shown in Figure 27b.

The Q of the double drift diodes is considerably higher than originally

anticipated . However , the amplifier Q measured at Hughes is 16 to 21

which is in agreement with a detailed analysis of these diodes the

manufacturer has conducted . This is in contradiction to previous expec-

tations based on simpler analyses that the Q of a double drift diode

should be lower than that of the corresponding single drift structure .

The measured amplifier Q for the single drift diodes used in the first

hybrid stage test is substantially lower —— approximately 12. This is

the reason for the wider bandwidth of this stage. However, the double

drift diodes were still used in the final amplifier because of their

hig~~.~ RF generation efficiency. Additionally , the single drift diodes

operace at 125 volts which would cause a further loss in efficiency if V
used with a 200 volt power supply. The performance of Figure 27b was

improved somewhat by raising the junction temperatures to 200°C.

-I
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i Figure 27 Hybrid coupled stage test results. 4
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3.4 Deliverable Hybrid Stages

For the final. 1.5 watt linear amplifier two stagger—tuned sets of hybrid

stages were needed to cover the 7.9—8.4 GHz band . The desired theoretical

responses were to have 8.85 dB gain at 60 mW input power , Qs of 43 and

center frequencies of 7.870 and 8.430 GHz. The actual responses obtained

are shown in Table 11.

TABLE 11

DELIVERAB LE HYBRID STAGES

RF Input RF Output
Stage Power Power Gain Frequency
No. (mW) (mW) (dB) (GHz) Q

5 60 496 9.17 8.435 56.8

6 60 535 9.50 7.859 41.0

These two sets of hybrid coupled stages when tested in cascade yielded

the gain response plotted in Figure 28. Also plotted is the target

theoretical gain response. It can be seen in the figure that the

measured response is very close to the target response making it quite

acceptable for use in the deliverable amplifier.
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I
1 4.0 KEY PURCHASED COMPONENTS

4.1 Circulators

Four four—port circulators with 15—watt loads and four isolators with

P 5—watt loads were delivered to Hughes, Electron Dynamics Division during

the second quarter of the program and subsequently evaluated . Figure 29

shows some typical network analyzer measurements of the amplifier port

impedances of two of the circulators. The plots are on expanded Smith

Charts whose outermost circle corresponds to a VSWR of 1.5:1. It can

be seen that the circulators meet our specifications which allow a
1.15:1 maximum VSWR in the 7.9 to 8.4 GHz frequency band from — 30°C to

+80°C and a VSWR chang~ of no more than 1.14 at any given frequency over

the temperature range .

4.2 Sample Diode Procurement and Testing

In September 1974 one IMPATT diode manufacturer informed us that they

were nearing the completion of development of a high power , high

efficiency double drift silicon diode at 8 GHz. A letter of quotation

V was received specifying 2.75 watts oscillator power with at least 9%

efficiency at 8 GHz. Estimated delivery times were six devices in f out

weeks and 30 devices in six weeks.

At that time four engineering model diodes were ordered for evaluation

purposes. The diodes were delivered in December 1974, and some prelimi—
V 

nary evaluation completed . In a coax amplifier stage, these diodes

- 
- typically give 2.5 watts of output power at 8 GHz with 5 dB gain and

6 to 7 percent generation efficiency at conservative bias levels. This

approximates closely the proposed operating level of each diode in the

output combiner stage. At maximum recommended bias, the diodes are

I
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I
I
I capable of 2.8 watts output with 5.5 dB gain. Diode impedance measure-

ments were made with a network analyzer to aid in the design of the

I amplifier matching circuitry . These measurements showed that  the real
part of the diodes ’ impedances are very low, 2 to 2.5 ohms. This value

is about one quarter that of a single—chi p single drift diode which( neans that mu ch more impedance inversion is needed to match to them .

The Q measured for these diodes (as determined from the reactance slope

I of the impedance measurements) is as high as 21 at 8 GHz. When operated

in a c.oaxi.~d amplifier the large distributed impedance inverter required

I and the loss of the circulator increase the apparent stage Q to between

28 and 35. A value of Q this high was not anticipated because it is

I substantially higher than the same circuit used with single drift diodes.

With this level of Q, and a required 1 dB bandwidth of 500 MHz, the

maximum gain obtainable per stage is 4 to S dB according to equation (4).

I Alternatively, one may obtain higher levels of gain across the required

band by stagger tuning pairs of stages.

I
The vendor was contacted regarding the Q of double drift diodes. He

I said that our measured amplifier Q of 16 to 21 is in agreement with a
detailed analysis of these diodes that he has conducted . The analysis

I predicts an oscillator Q of 40 for the diodes and that the amplifier Q
should be lower than the oscillator Q. This is in contradiction to

~j
V V V previous expectations based on simpler analyses that  the Q of a double

~~~~
- I drift diode should be lower than that of the corresponding single drift

structure . The diode Q had unfortunate effects on the amplifier pro—
gram as it s~riously affected the gain—bandwidth performance of all of

the stages from the drivers to the hybrids and power combiners.

‘ ‘ V
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4.3 Production Diode Procurement

At the beginning of the program a production quantity of 32 of the high

power double drift diodes was ordered . The original promised delivery

schedule was 8 diodes on 2/12/75, 8 on 3/12/75 and 16 on 5/17/75. Early

in the program the vendor experienced several problems affecting the

manufacture and reliability of the devices. These included silver con-

tamination and/or migration and barrier metal damage due to the silicon

etch. The problems were solved but they delayed delivery of the first

lot of 13 devices from February 12 to the last week of April. The first

lot delivered was sufficient for initial evaluation of the hybrid and

combiner stages. The remaining 19 diodes were delivered during the

first part of July.

Of the 32 production diodes 16 were shipped with the final amplifier ,

3 unused diodes were left: over and 13 failed during the course of the

program. Of the failures approximately two thirds were “explainable”;

i.e., those caused by tuning induced mismatches , sudden bias discon—

nections, etc. The remaining failures were of the “unexplainable” type,

ocurring during stabilized amplifier operation at conservative bias
levels while no tuning was being performed . Several diodes seemed to

degrade with time and finally fail.

I
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1

1 5.0 TASK III — AMPLIFIER CONFIGURATION , ASSEMBLY AND TEST

5 .1 Change of Technical Approach

The original program objective was to develop a solid state amplifier

I which would deliver 20 watts of output power across the 7.9 to 8.4 GHz

band with 14 dB gain. The amplifier was to consist of three reflection

a m p l i f i e r  stages connected by circulators as shown in Figure 30. The

second and third stages were to be cavity power combiners containing four

I and ei ght 2 .0  watt Thfl’ATT diodes respectively. The first stage was to be

a conventional hybrid—coup led amplif ier  combining the output  of two coax

I ampl i f i e r  modules. This stage would use two IMPATT diodes also rated at

2.0 watts each. As shown in Figure 30, the first stage was to operate

at 6.5 dB gain with an added power of 3.28 watts, the second was to have

a gain of 4.0 dB with an added power of 7.53 watts and the third was to

have a gain of 3.5 dB with an added power of 13.73 watts . Small signal

I gains of the three stages would be 12.0 dB , 6.8 dB and 5.2 dB respec—

tivelv . At the three quarter point in program it became evident that

I insufficient funds remained to complete the program as originally con-

ceived due primarily to the bandwidth problems discussed in previous

I sections . Three alternative directions the program could take from this

point were considered:

~ 1 1) BuIld two 20 watt , 14 dB gain, amplifiers per contract except under

the existing bandwidth restrictions .

p- I
2) Build one amplifier optimized for use as a linear intermediate power

I amp lifier specifically designed to drive high power TWTs. Under exist—

V ing bandwidth restrictions it would be necessary to stagger—tune the

I stages in order to cover the 500 MHz bandwidth at the NT drive power

level (approximately 1.5 W). Eight stages would be incorporated to

I
I
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4

provide approximately 40 dB gain at this power level. In order to have

good (30 dBc) intermodulation products the amplifier would have to have

a 6 to 10 watt saturated output power capability , and for this reason,
I combiners would still be used in the two output stages . The amplifier

would be optimized , however , at the 1.5 W output power level for broad—

est bandwidth and flatest gain characteristics .

1 3) Divert full efforts into solving the bandwidth problem before con-

tinuing with other aspects of the program. Additional funding would then

I be needed in order to complete two 20 watt , full bandwidth amplifiers .

A decision was made to proceed with option number 2 of the above alter—

I natives. Under option 2 the solid state amplifier work was to be redi—

I 
rected toward development of a linear NT driver and the specifications

were changed accordingly . The primary specification changes were as

follows:

I
a) The operating power level was changed from 20 watts saturated to

1 1.5 watts linear.

b) The saturated power was reduced to 10 watts nominal at center band .

c) The gain was increased from 14 dB to 38 dB minimum (40 dB goal).

d) The 20 dB dynamic operating range was retained .

~ I e) An intermodulation product requirement of 30 dBc at 200 mW output

I - was added .

I Typical data for a high power NT , representative of the type which would

be driven by the solid state amplifier, is shown in Figures 31, 32 and 33.

It is assumed that it is desired to operate the NT in a system at

67
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HUG H ES ELECTROfl oinamicc DIV!51017
3100 W.~I lomd. Bo,I.,a,d TO,’ .PC.. ~~~~~~~~ 90509 t.I ( 213) 534 - 21 2 1 DATA SHEET NO. DSB15 1738

REV A

ACCEPTANCE TEST DATA SHEET SERIAL NO.___________

CODE DENT 73293 
______________________________________ — _ _ _ _ _  __________ 

PAGE 14 OF 20
SPEC. TEST-~~ P A R . No. DESIGNATION TEST CONOITION / QESCRIPTION R/C MINV DATA MAX. U N I T S

20 4.3.18 
~~~~~rity 

. 

Max (125 !‘fliz)

(Cont.) L~2~ F V

at Ra ted Pa R -- .2’- 1.o ±4 deg

10 dB below rated P0 R -- .
~~ Z . S  ±4 deg

Attach graphs to test data
sheets C -- -- -—

I
21. 4.3.19 AM-PM Nameplate voltages; PL(rf)

Conversion adjusted for rated P0

_ _ _ _ _ _  
Y=8.4 GKz -- 6 °/dB

j~ Pi(r f)

Pi(rf) adjusted for Po ten (10)
dB below rated Po

_ _ _ _ _ _ _  
F - 8.4 GHz R -- /.S 6 °/dB

~~ Pi(rf)

22. ~.3.20 Intermodula- Nameplate Voltages
tion 2 signal RF input

Measure level of IN below the
carrier

(1) IN at 2 outputs 2.5 kW R 10.5 i,. S -- dB
or saturation ( rkw ~

(2) IN at 3 dB below level of
(1) (:sk w) R 17 II. 0 -- dB

(3) IN at 6 dB below level of
(1) (~.zck,s/) R 23 23.0 -- dE

V~~~~~ O

Figure 33
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I
‘ 1

I 60 dBm output power with intermodulation products at least 24 dB below

the carriers.  From the data of Figures 31 and 32 we deduce that the

I drive power needed for 60 dBm output is between 18 and 19 dBm . Assum-

ing 3 to 4 dB system losses before the TWT’s input, the output required

I 
of the solid state driver amplifier is approximately 23 dBm , or 200 mW .

(The power required to fully saturate the NT is 1.5 watts accounting

for the maximum power requirement of the solid state driver.)

I
Figure 33 shows that the NT intermodulation products are 23 dB below

f the carriers at the 1.25 kW level and are decreasing with output power

level at the rate of 2 dB/dB . Thus, at 1 kW output the NT intermod

I products would be 25 dB below the carriers. It is our experience at

Hughes that the intermodulation powers of two cascaded amplifiers simply

add according to the relation:

~ 
—IM /10 —IM /101

f — —10 log [10 
1 

+ 10 2 j (17)

where IM
t 
is the total third order interinodulation product level (dB

below the carriers) and IN
1 
and 1M

2 
are the intermodulation product

levels of the first and second amplifiers , respectively. If the TWT

I intermod level, dM2, is 25 dBc and the desired IMt 
is 24 dBc, solving for

IM
1 
gives 30.9 dBc as the required intermod level for the solid state

I driver. In I~~ATT amplifiers the third order intercept is typically at

or near the saturated output power . Thus, and INPATT amplifier with an

I intermod level of 30.9 dBc at 23 dBm output is required , having a satur-

ated output power of 38.45 dBm , or 7.0 watts.

V 
The amplifier configuration designed to meet the requirements of the

revised specification is shown in Figure 34. It consists of four

J pairs of stagger— tuned stages for a total eight stages. Two four—diode

power combiners are used as the output pair of stages in order to

I
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I
I
I obtain the high saturated output power capability required . The m di— V

vidual stage gains and frequencies were chosen to optimize gain—band—

width performance at 1.5 watts output.

A computer program has been written at Hughes to predict the overall

I performance of a multistage amplifier given the individual stage char-

acteristics (gain, center frequency and Q) and to study the trade—offs

I between gain, bandwidth , ripple and output power. The eight stage ampli—

fief’s overall gain response at several power levels has been predicted

( theoretically via computer based on the performances obtained for indi-

vidual stages. The comp~.ited responses for 1.5 watts output and for

small signal conditions are shown in Figure 35. It can be seen that the

I minimum predicted gain for 1.5 watts output is 38.1 dB and is approxi—

- mately 2 dB into compression. The computed saturated gain of the ampli—

c fier is shown in Figure 36. The peak power output is 10 watts with

21.5 dB gain.

5.2 Assembly and Test of Driver Stages

Upon making the above program lirection decision parts fabrication for

the output stages of the final amplifier was begun. The parts for the V

V 

- four single diode driver stages and two two—diode hybrid stages were

procured earlier in the program . These stages were assembled and initi—

ally tuned individually. The six stages and their regulators were then

mounted into the final amplifier ’s chassis and tested as a chain without V

the combiners. The gain data from these tests is shown in Figure 37

for a wide range of input power levels. The nominal operating input

power (for 1.5 watts output from the fIna l amplifier) is 0.2 mW and the

small signal input power level is 0.02 mW . It can be seen from the data
V 

- 
that the gain at these two levels is nearly identicn]. indicating linear

operation over this region. Also, the full 7.9 to 8.4 Q~z band is
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Figure 37 Gain of six driver stages. -
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*
covered throughout the operating region. The 20 toW drive level is

approximately that necessary to drive the final amplifier to its satur—

ated output. A substantial amount of gain compression occurred at

these higher drive levels but with only a very small amount of frequency

shift. For this reason the final amplifier was expected to maintain

a flat gain characteristic over a very wide dynamic range which is

unusual for INPATT amplifiers. Amplifiers employing single drift diodes

usually exhibit a substantial frequency shift between the small signal

and saturated power levels.

The dashed line shown in Figure 37 is the calculated target gain response

for the six driver stages at the 0.2 mW input power level. The measured

gain is somewhat lower than the theoretical because the Q’s of the

coaxial and hybrid stages are slightly higher than those used in the

computer model. The calculated and measured responses for the pair of

hybrid stages alone was shown in Figure 28.

5.3 Assembly and Test of Complete Amplifier

Upon receipt of the output stage machined parts two combiners were

assembled and tested as discussed in Section 2.11. Their composite

response was shown in Figure 19. The combiners were then assembled into

the final amplifier chassis along with the six driver stages. Photo-

graphs of the completed amplifier assembly (less cover) are shown in

Figures 38 and 39. Figi~re 39 is a plan view of the amplifi6r assembly

showing the relative locations of the various major components . (The

“T” numbers are temperature measurement points referred to Section 6.4).

Figure 40 isa plot of the complete amplifier ’s gain response at the

1.5 watt output level. The figure shows that the 500 MHz bandwidth goal

w-I 4 not achieved . Upon comparison of Figures 19, 37 and 40 it is readily

I
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Figure 38. Eight stage amplifier assembly. 
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I

apparent that the cause of the reduced bandwidth is the bandwidth of

the power combiners as discussed in Sections 2.11 and 2.12. The driver

stages do cover the full 7.9 to 8.4 GHz band and nearly achieve the

predicted gain level. V

Figure 41 is a plot of the amplifier ’s gain near saturation. Here

again, the bandwidth is reduced because of the combiner stages. The

peak output power is 6.7 watts. Although this is below the nominal

10 watt level desired it is high enough to produce the required inter—

modulation product levels. Since good intermodulation performance was

the primary reason for obtaining a high saturated output power it is

felt that the output power obtained is adequate. The third order inter—

modulation product data, taken at 8 GHz, is tabulated in Table 12.

TABLE 12 V

INTERMODULAT ION PERFORMANCE

Total Output Third Order
Power t.M. Products
(dBm) (dBc)

31.8 16.5

28.8 20.5

25.8 25.0

22.8 30.0 
V

19.8 35.0

Higher output power could be obtained over a narrower bandwidth by

synchronously tuning the output combiner stages rather than stagger tun-

ing them. Additionally , eight diodes could be used in the output stage

as in the original configuration in order to obtain output power in the

15 to 20 watt region. V

t
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I I
I 5.4 Engineering Design Test

I An Engineering Design Test Plan was written during the first half of the

program per the original specification. This test plan was generally

followed during the final testing except that minor changes were made

I during the testing (with customer concurrence) as were made necessary

by the specification revisions. The results of the final tests are

I included in Appendices A, B and C. Appendix A contains ope rating

instructions and saturated output power data. Appendix B is a set of

I Engineering Design Test data sheets marked per revised specifications.

Appendix C contains clarifications pertaining to the reduction of the

test data in Appendix B and certain additional data not called for by

the test plan.

[ It is felt that several observations should be made about the data in

Appendices B and C.

1) The gain data of Paragraphs 4.3.1 and 4.3.2 is shown graphically in

V Figures 40 and 41.

-- 2) The gain variation data (4.3.3) and phase linearity data (4.3.4)

V 
are shown on the data sheets as being considerably out of spec. How—

-- ever , it can be seen from the X—Y gain and phase plots (Appendix C,

Sections 3.0, 4.0 and 14.0) that these worst case data points are bad

because of the reduced bandwidth of the amplifier . Within the actual

1. dB bandwidth of the amplifier these variations are in fact quite small

and generally within specification. The X—Y plots also show that the
V - 

amplifier exhibits very little frequency shift with power level and

operates over at least a 20 dB dynamic range.

V —

V

-p

P 
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3) The AM-PM conversion (4.3.5) and VSWR data (4.3.6 and 4.3.7) are

within specification throughout the frequency band.

4) No spurious outputs (4.3.8) were observed. The second harmonic out-

put is within specification without the use of a low pass filter.

5) The noise figure is within specification at 39 dB.

6) The hum modulation (4.3.11) is out of specification throughout the

band and the residual AM modulation (4.3.10) is slightly out of specif i— I
cation at one frequency . These are both caused by high ripple on the

200 volt power supply and can be brought within specification by using

an external laboratory supply with better regulation. It is recommended

that any future units incorporate a voltage regulator after the 200 volt

power supply even though efficiency would be slightly reduced .

I
7) Gain stability (4.3.12) is within specification . The slight varia— J
tions measured were due to slight variations in ambient temperature. I-
8) The intermodulation product goal (4.3.13) was achieved within the

amplifier ’s usable bandwidth . - 

r

9) Time remaining on the program did not allow for conductance of the

prime power test (4.3.14) and the environmental test (5.0) with the V

exception of the high temperature test (5.5.1). This test simulates

the high ambient temperature extremes expected in system operation. The

X—Y plot in Appendix C, Sections 13.0 and 14.0, shows that only minor
gain variations occur . .

- 1
I
1
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I
I

5.5 Low Pass Filter

I
A coaxial seven element low pass filter was designed and constructed for

use with the final amplifier. It was designed to be removable from the

amplifier should it not be required to optimize system performance. The

I filter (less connectors) is 0.5 inches in diameter and 0.52 inches in

length. Its theoretically predicted attenuation and measured data points

I are shown in Figure 42. As can be seen, the insertion loss in the 7.9

to 8.4 band is 0.8 dB and the attenuation in the second harmonic frequency

range is well over 40 dB.

I 
As mentioned above, the harmonic content of the final amplifier is such

that it was not necessary to incorporate this filter.

I
I
I
I
I

i - I
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6.0 TASK IV - POWER SUPPLY AND PACKAGING

6.1 Current ReEulator Revision

Since double drift diodes operate at substantially higher voltages than

single drift, the components in the existing current regulator design

-- 
V 

used at Hughes had to be correspondingly upgraded. This work was com-

pleted early in the program.

The revised regulator schematic is shown in the block designated Ri in

Figure 43. These regulators attenuate the input voltage ripple by 40 dB

V and have a variable current versus temperature slope which can be set to

track the temperature characteristics of the individual diodes . They

also employ an over—temperature voltage limit and an over—voltage pro-

tection feature which shuts the regulators off if they experience an

over—voltage or short circuit condition. Each regulator is individually

fused to provide for a “gracefull failure” of the amplifier if an

IMPATT should fail in the short circuit mode.

The regulators require a minimum voltage drop of 5 volts and will oper—

ate with up to 30 volts drop. In the delivered unit each regulator oper—

ates with 200 volts input and 180 to 184 volts output at 130 millamps.

Thus, the power dissipated by each regulator is 2.0 to 2.6 watts.

6.2 Power Supply Design and Fabrication

~

V i  
-

Because the power dissipated by the IMPATT diodes and regulators is

- 

- quite high (435 watts) it was decided that a high efficiency power
V 

supply would be needed to hold down the total power dissipation of the

amplifier. Several approaches were considered and several discussions

11 with outside vendors took place during the first month of the program

regarding a high vol tage , high efficiency power supply . A saturatingV
I .*

i 
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I
transformer design capable of 80% efficiency was decided upon and a

power supply manufacturer contracted to do the power supply design and

fabrication .

The major specifications of the supply are as follows:

Vol tage 200 ±5% VDC
Current 2.8 amps DC max.

Power 560 watts

Input 120 VAC, 50/60 Hz
Efficiency 80% m m .

Regulation ±1% from 1/2 to full load
Ripple 2 volts peak to peak

Size 6” x 6” x 12”
Protection Fused to protect against short

circuits

A schematic diagram of the power supply is shown in block PSi of Fig-

ure 43, the overall amplifier schematic.

Some of the power supply test results supplied by the vendor are tabu-
lated in Table 13.

TABLE 13

POWER SUPPLY DATA

V0 Ripple Power Input Full Load
V1~ @ 2.8 A @ 2.8 A @ 2.8 A Efficiency

V (AC) (DC) (pk—pk) (watts) (%)

107 201.2 2 V 680 82.8
127 202.0 2 V 820 68.9
115 201.8 2 V 750 75.3

1 :~
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I

The power supply was tested at Hughes with both resistor and current

regulated IMPATT loads. Certain of the test results are shown in Fig—
r

ure 44. Curve 44a shows the ripple on the power supply ’s output voltage

at less than full load (1.2 Amps). Curve 44b and 44c are plots of the

voltage ripple at the output of one of the amplifier’s current regula-

tors with a double drift diode as a load and the ripple of curve 44a

at the input. It can be seen that the regulator attenuates the ripple

by approximately 40 dB which is consistent with other data taken on

these regulators. In order to determine the effect of the ripple or’

R.F performance an amplifier stage was biased with the above mentioned

power supply and current regulator combination. The output power of

the amplifier stage was measured with a power meter and its “recorder”

output plotted on an expanded scale (curve 44d). This plot shows a

0.2 isV , peak to peak, ripple whose peaks are not strongly correlated to

those of the regulator’s ripple. The sante regulator when powered by a

laboratory supply had no measurable ripple ~curve 44e). The ripple on

the RI power meter signal, curve 44f, has approximately the same ampli—

~ude as that of curve 44d. Based on these measurements, it was not

expected that the power supply ripple would have any adverse effects on

RI performance.

It was found, however , in the final amplifier that current regulators
do not attenuate the full load power supply ripple enough to meet the

hum modulation specification. This is probably aggravated by the high

gain multi—stage nature of the unit. It will therefore be necessary

on any future amplifiers using this type of power supply to incorporate

a voltage regulator between the power supply and the current regulators

in order to attenuate the ripple an additional 30 dB. The voltage regu-

lator would reduce the apparent power supply efficiency from 80% to

approximately 75%.
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a.

Figure 44 High voltage power
supply ripple test
results.

Power supply output voltage
ripple with 1.2 A. load ; .96
volts, pk—pk, 120 Hz.

b. Current regulator output
voltage ripple with IMPATT
load ; 9 mV , pk—p k , 120 Hz.

c. Same as b.

d. Ripple on RF power meter
output signal .2 my, pk—pk.

e. Same as b. except with
standard laboratory supply
as source.

f. Ripple on RF power meter
output signal; laboratory
supply .2 mV , pk.-pk.

I I
I
I
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _1 6.3 Package Con~iguration

Photographs of the overall package configuration of the delivered

amplifier are shown in Figures 45 and 46. Figure 45 shows the unit

I with the top covers in place while Figure 46 shows the relative loca-

tions of the major components. It can be seen that the RF amplifier

assembly and 200 volt power supply are enclosed in a rack mounted case

on opposite sides of a high capacity heat sink assembly in order to

— obtain maximum cooling. The RE and DC connectors are located on the

back panel of the unit. Figure 47 is an outline and mounting drawing

which details the unit’s size and mounting nut and connector locations.

The 16 regulator fuses are located between the front panel and the RF

amplifier.

- 
6.4 Thermal Calculations and Data

The general package configuration was determined early in the program

r primarily to determine thermal design parameters. The total power

dissipation was originally calculated as follows:

1 P~~ into 14 diodes 
@ 28 W (worst case) 392 watts

Current regulator efficiency 90%, divided by 0.9 435 watts

Power supply eff iciency 80%, divided by 0.8 544 watts
- 

Fan (Pamotor 7506) 40 watts

I Total AC Power Input, 
~AC 584 watts

I A standard heat sink extrusion was selected for use in the cooling duct

which offers a very good combination of thermal properties and physical

I .
characteristics. According to data published by the manufacturer ,

the thermal resistance for a pair of these extrusions 6 inches long is
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Figure 45 Packaged high power solid state amplifier.
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Figure 46 Major component locations; high power solid state amplifier.
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I
0.05° C/W for 90 ft3/min. ducted air flow . For a 12—inch length and

120 ft 1mm . air flow the thermal resistance would be approximately :

0 = (0.05° C/W)
(

90 ft3/min
’)(~~.....120 ft3/min 2

— 0.0188° C/W

For 584 watts dissipation the temperature rise of the unit would be:

— 0 x 
~AC

— (0.0188°C/w) (584 W)

— 10.95°C

The air flow required for this temperature rise is provided by a fan

which must operate into the ducted pair of heat sinks. The pressure

drop through the heat sink pair was estimated to be 0.15 to 0.2 inches

of water , assuming a 60% area blockage by the fins. A six—inch diameter

fan was selected which is rated to deliver 120 ft3/min at a 0.29 inch
3static pressure or 200 ft 1mm at a 0.20 inch static pressure.

The above calculations , made during the first month of the contract,
show a temperature rise of 11°C for the fan and heat sink combination
selected and certain simplifying assumptions. These assumptions were

(a) an even distribution of heat into the heat sink, and (b) a negli-

gible rise in air temperature as it flows through the heat sink. These

assumptions turned out to be somewhat different from actual operating

conditions and the thermal calculations were subsequently revised. The

amp lifier layout as originally conceived had two power combiners located
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I
I near one end of one side of the heat sink and the power supply on the

other side as shown in Figure 48a. The combiners, each occupying a

I 3 x 3 inch square, dissipate 372 watts (including regulator dissipation)
into a six—inch length of one side of the heat sink. It was assumed

r that relatively little of this heat is conducted either to the other

I side of the heat sink or farther down the same side. Thus, all of this

heat must be removed by this six—inch length on one side of the sink

and the thermal impedance in this region is:

r
-. / 3

0A 
— 2 (0.05° cIW) ( 90 ft 1mm j — 0.075° c,w

\120 ft3/min/

T ire rise at point A is:

riTA 
— 0

A 
x 372 W — 27.9°C

The hybrid stage dissipates 62 watts in a three—inch length on one side

of the heat sink. The thermal impedance in this region is:

0
B 

- 2(0.05° c/W) (90 ft3/min 

~~~ 
(

~ 
~~~ - 0. 150

0 c,w
\ 120 ft 1mm !

The temperature rise of this stage will be determined by 0
B plus the

U “induced thermal impedance” due to warming of the air flow by heat from

the combiners . This additional thermal. impedance, 
~I’ 

was estimated to

- be 0.050 C/W. The temperature rise at point B is then calculated to be:

p 
. ~

TB 
— (e

B 
+ 0

~~ 
x 62 w

— (0.15° c/W + 0.05° C/W) x 62 W — 12.4°C

I - _ _ _
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NO. OF DIODES: 8 4 2

248 W 124 W 6 2 W

P 
_ _ _ _ _ _

I. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~->__ HEAT SINK
‘ EXTRUSIONS

FAN~~~~
[_ 

,‘

I
109 W

I
DC POWER SUPPLY

(a) ORIGINAL AMPLIFIER LAYOUT I

NO. OF DIODES: 8 2 4
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a
The powe r supp ly dis sipates 109 watts  over a twelve—inch length on the

othe r side of the heat sink. Assuming no other s ignif icant  heat paths ,

the thermal impedance in th is region is:

e - 2(0.05 ° C/W) (90 ft 3/min ‘
~(6 i n

C 120 f t 3/ mi n/ \

— 0.0375° C/W

The temp erature rise at point C is:

LITc — x 109 W = 4 .1°C

Clearly the RI circuit side of the heat sink will operate hotter than

the power supply side. It was thought that a heat pipe might be employed

to conduct heat from one side to the other and more nearly equalize the

temperatures . The calculations for a Hughes, EDD , Model 1370H, 0.5 inch

diameter by 6 inch long heat p ipe proceed as follows . The thermal

impedance of the heat pipe including connections to the heat sink is

— 0.40° C/W. The temperature drop across the pipe is (initially):

~~ ~
TA — 

~
TC 

= 23.8°D

The heat carried by the pipe is:

0°F’
L J . U  ~ 59.5 watts

-
- e~ 0.40° ~~~

- Ii
I I
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The temperature at points A and C are recalculated to be: I
— (372 w — 59.5 W) x 0.075° C/W = 23 .44 °C 1

(109 W + 59.5 W) x 0.0375° C/W — 6.3°C

These values for AT
A
’ and AT c ’ are refined as follows :

AT = AT ‘ — AT ‘ = 17.1°DA C I
— 42.8 watts

- P 0.4 1
= (372 — 42.8) x 0.075 = 24 .7 °C 1

tiT
c
’ — (109 + 42.8) X 0.0375 — 5.7 °C

Thus , the heat lowers the temperature at point B about 3°C. Additional -

heat pipes could be used but each one would have slightly less effect

than the previous one because of the lessening difference between

and AT c’ •

A six—inch diameter, 250 CFM fan and two fifteen—inch lengths of the

heat sink extrusion used for the calculations were used for testing the

thermal design early in the program. The fan was attached to one end
at a variable distance from the heat sink . Cardboard shrouding was

used for experimental purposes. Twelve 50 watt chassis—mount power

resistors were attached to one side of the heat sink in an arrangement

designed to simulate the power distribution of the RI circuitry . Three

power resistors were mounted to the other side to simulate the power 
j

supply . The experimental and calculated temperatures are summarized 3
in Table 14. The measured tenperatures agree reasonably well with the I ~-

I

_ _  - . 
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TABLE 14

I HEAT SINK PERFORMANCE

TEMP E RATURES , ~ C , T,,~ 8 
24 °C

I C(1NDIT IUNS TA 
‘T

A T
B 

j
B 

‘IC

I CI1, -u lat ’d Temperatur e !8 .4 4 .5 — — — —

F V i ’n he~it distribution
(,~4 t )  W ,i t t s  Input , ~ .078%)

Mc,,sllred Tt-mp.- r,t,ir&. III. (I f. • 0 ((7 = . (). ‘,fl ) — —

I Near1~- even heat distributio n
(240 Watts input)

C;ilcul it.’d TemperIItiir.’’~ 57 .9 -
, .9 13 .4 I .4 28 .7 4.1

I N ’ l~ i- . i t p ip.-

‘I, i’-~,r~- ,I I ,-rl Ii, r.It III
N,’ l,,’.i I p i l l

I I i )  FIn it ‘‘ r nr, h,- :it - ,ink 4 1  9 4 ’  18 11. 5 7 . 5
4 ,, ‘Thri ni l

( I )  F~in it ‘‘ r - ’l-~ , , - , t  — 17 4 ’ . ‘‘ 1 — —

I - sfi r ,nnid

(,- ) F,tn at  ‘ ‘  r n .n  - .j nk 4 , 1 17 5 ‘ 7 — —

L - i t I n  - - h r , , , ,t

C,iI , , I it , d  I rn i .- r .it ~.r.-~ ‘‘.7 :..7 — - _ _ ‘ ~.7 4 .?
7 t h  - IlL , , at  - 7 ) 14 11

I ‘1. . i — ,ni r .-,1 t - ‘ ‘ : ; . - I I

W i t h  1 , - i t  pip~- n, - .,r
8—d 7..d .- ,- ,,nih iit. r

I’.) Fan i t  ,‘‘ I r n -  I n , -  i t  4 3  4 4 4  ‘7 35 I I

I ~
, si ,r - ,ni

(I,) Fan at ‘
~~
“ Irum heat sini- - .  30 -, . ‘1) 3 6 .’, If l .S

NI- shroud

~~ 

Fan at  ‘ “  f rom . 4  s i nk  4 7  • S ‘ 1 . . t . 4 I ‘3 . 4 6 7 0

, 

W i t I t  shroud

Revised !un~~I I j r  I Iv utI (Figure 12h )

Calcu lated iImp.’r;It ,r .-~ 44 ., I~~~4 -.8 .8 .‘ 6 .~~ 04~~~” ~~~~

W i t h  tint’ l,,’at I 14 ’ I

tle.isured t e m p t - r a t  i r , ’ ’~
~~~ W i t h  f i t - i t  pip e n i- ar

I3—d 1i,d~’ t omb in,’r

I (a) Fan at ‘~~
‘ from f i t -n i t  sink 57 .5 7 7 . 5  65 ‘7 44 10

No shroud

(7,) Fan it ‘i” f rom heat sInk 50 26 42 78 4 ’  8

I _ _ _  _ _ _
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calculated ones although they are generally a few degrees higher. About

half of the discrepancy can be explained by the fact that 480 watts and

.20 watts were used in the experiments as the powers dissipated in the

RI and power supply sides of the heat sink, respectively , whereas 434
watts and 109 watts were used in the calculations.

It was expected that the performance of the heat sink could be improved

by changing the layout of the amplifier to that shown in Figure 48b •
In this fi gure the positions of the four—diode combiner and hybrid

stage have been interchanged. (Additional cabling would be needed to

reroute the RI energy flow.) The total power dissipated by the first

six—inch length of heat sink is now 310 watts, hence.

AT
A 

310 W x 0A — 23.3°C

Similarly ,

AT — 124 W x (0 + 01) 24.8°C -B B

ATc remains unchanged at 4.1°C.

If a heat pipe is employed in this case, we take as an initial guess

for AT~~

AT~ ~ 20°C — 5°C — 15°C

Then ,

AT o ,
— 

15 I 
— 37.5 watts ,0P 0.4° c/w

T
]
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= (310 — 37.5) x 0
A 

— 20.4°C

ATc
’ = (109 + 39.5) X = 5.5°C

As a check,

— 20.4 — 5.5 — 14.9°C

Thus , rearranging the layout should lower the temperature of the 8—diode

I combiner by over 4°C. This change was checked by rearranging the simu-
lation power resistors and measuring the heat sink temperatures. It

I was found that the temperature at the output stage was lowered by 1.5°

to 2.5°C (rather than 4° as predicted) with this arrangement. These

measurements are shown in the bottom two lines of Table 14.

I
A series of tests was performed in a manner similar to those above
except that the fan was reversed so as to pull air through the heat
sink f ins rather than pushing i t .  This was done to determine whether

I the more nearly laminar “pulled” airflow cools as effectively as the
turbulent “pushed” flow . It was found that the “pulled” case gave

I consistently higher heat sink temperatures and that the difference was
2 to 14°C depending on configuration and measurement location . There—} fore the “pushed” configuration was used in the final amplifier.

I The final eight amplifier layout is rather different than that shown in
Figure 48b in that two four—diode combiners and two hybrid stages are

used but no eight—diode stage is present . The fina l layout also has
four driver stages. However, the total dissipation (435 watts) is the

same and is more evenly distributed than in Figure 48b. Because of

I previous calculations and measurements it was deemed unnecessary to

repeat them for this layout. No heat pipe was used in the final unit

- I
• 1
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$

because it was felt that the small improvement achieved did not warrant

the extra mechanical complication. The temperatures actually obtained

in the final amplifier are as follows (referring to Figure 39):

Ti) Temperature near output combiner, stage 8: 51°C

T2) temperature between first combiner, stage 7 and second

hybrid, stage 6: 45°C

T3) Temperature near last driver, stage 4: 42°C

-T4) Case temperature measured at edge of base plate: 43°C

6.5 Reliability Mathematical Model

A realibility mathematical model of the amplifier was constructed based

on the schematics and parts lists for the power supply, the current

regulators and the revised eight—stage RI amplifier configuration.

The reliability estimate for the W—41146 Amplifier indicates a MTBF of

30,392 hours. The amplifier consists of 16 current regulators, one power
supply, and some miscellaneous components (16 IMPATT diodes, 6 four—port
circulators , 3 isolators , and a fan).

The mathematical model for this estimate is a series dependent model:

that is, the failure of any one component is considered a system failure.

This type of model provides the most conservative estimate of unit ~~BF.

Such a model can be expressed mathematically as:

i — T  \
~~~~~.

_ X
T T

T il - li (._ A
~~T~
)
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I
I where

I R,1 — total unit reliability

TT — total unit operating time which equals Ti

I (all on all the time)

A — total unit failure rate, equals summation of A

Ti 
- individual part on time

I A~ — individual piece part failure rate

( since

I AT = E A i

and by definition

f MTBF Total — _i~. —
A
T i

I The unit MTBF is equal to the reciprocal of the sum of the piece part

failure rates. The failure rate of each assembly is summarized below.

TOTAL A

I ASSEMBLY A(10 6) ,g~ (10 6
)

Current Regulator 0.951 16 15.216

I Power Supply 4.987 1 4.987

Miscellaneous Components 12.700 1 12.700

I - - 
32.903

(I

J I 
_ _ _ _ _ _ _ _ _ _ _ _ _

107. 1  ____________ 
_



The KrBF for the Amplifier is as follows:

!CBF — — —6 
— 30,392 -

32.903 x 10

I

I

• 1
I
I
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7.0 CONCLUSIONS

I Technical problems encountered with the gain—bandwidth performance of

the power combiner and earlier delays due to late delivery of vendor

supplied IMPATT diodes made it impossible to achieve the original pro—

I gram goals within the time frame allowed. The bandwidth of the power

combiner was improved but not enough to meet the full specifications of

I the contract. It was therefore necessary to re—evaluate the program

goals and alter the program objectives according to one of the alterna—

I tives discussed in Section 5.1. These were, brief ly :

1) Build two 20 watt, 14 dB gain, narrow band amplifiers.

I 2) Build one full bandwidth amplifier , optimized at 1.5 watts output

as a linear TWT driver , having a saturated output of approximately

10 watts.

I
3) Solve the bandwidth problem f i rs t  and complete the original program

on additional funding.

I Most of the program objectives, revised per alternative number 2 above,

were basically achieved with the major exception of bandwidth. The

I bandwidth restrictions are due to the Q’s of the IMPATT diodes , the

gain—bandwidth of the power combiners and the failure of the combiners

to stagger—tune as predicted. The saturated power output, although

I lower than the specified nominal of 10 watts, is high enough to achieve

the required intermodulation performance. The flatness of the gain and

I • phase responses are reasonably good within the amplifier ’s usable band-

width. The 20 dB dynamic range requirement was achieved. The hum

I modulation is somewhat high but could be brought into specification with

better power supply regulation. Although complete environmental

a R

109

B ’  
_ _  

_ _ _ _ _ _ _ _ _ _ _

— -  w— — —,,
~~~ _- _____~



qualification was not completed the amplifier’s performance over the

limited temperature range expected in system operation was verified .

All of the major circuit development tasks were completed . An existing

power combiner design was scaled to 8 GHz and power combination of

several devices successfully demonstrated with deliverable hardware.

The full gpin—bandwidth requirements of the combiners were not realized

due to both device and circuit limitations. A hybrid—coupled stage was

designed which successfully combines the outputs of two diodes. A high

efficiency 200 volt power supply was developed. The thermal and pack—

aging problems associated with the amplifier were solved.

I

- 

ilo

__  

~~~~

— 

~~~~~~~~~~~~~~~~~ 

- ~ 

—
~~~~~:



8.0 RECOMMENDATIONS

This report has shown that the primary technical problem encountered in

the program was the bandwidth of the power combiners. It has been

shown that although the bandwidth of the combiners was improved during

the course of the program , the full gain—bandwidth potential has not
yet been achieved. It is therefore recommended that further work be
undertaken to improve the combiner’s bandwidth and that the work be

concentrated in three main areas :

1) IMPATT diode Q. A device program should be undertaken to improve
the Q of the high power double drift diodes while maintaining power,
power linearity and frequency linearity comparable to those of the pres—

ent diodes. This is the most important single improvement needed and

• would improve tile performance of every stage in the amplifier , not just

the combiners.

2) Probe—cavity—coax coupling Q. A much more extensive theoretical

and experimental program should be undertaken to reduce this Q by at
least a factor of 2.

3) Stabilizing termination. A program should be undertaken to optimize

-r the value, position and configuration of the stabilizing termination
3 taking into account bandwidth, the amount of stabilization needed and

the numerous other trade—offs involved.

Other recomeendations for improvement of the existing design include:

Install a voltage regulator between the power supply and the current

regulators in order to reduce hum modulation.

‘I
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I
I

Reduce the specif ied temperature range to 00C to 50°C. This would

eliminate the need for the temperature—sloping fea ture of the current

regulators and signif icantly reduce their parts count. I
Certain manufacturing improvement techniques should be implemented to -

reduce size and weight and lower costs.

With these recomeendations implemented it is believed that the solid

state amplifier in basically its present form could become a viable

alternative to the TWT intermediate power amplifier .

I

- :1

- H i



I
I

9.0 RE FERENCES

-
- 

1. “Microwave Power Combinatorial i)evelopment.” Interim Rept.,

- 
15 January 73 through 14 July 73. R. Harp and K. Russell, Hughes
Research Labs, Malibu, CA. F33615—73—C—1056

2. R . S. Harp and H. L. Stover , “Power Combining of X—band I~~ATT
- Circui t Modules. ” International Solid State Circuit Conference ,

- Philadelphia, February 14—16 , 1973.

3. W. J. Getsinger, “Prototype for use in Broadbanding Reflection

- 
Amplifiers ,” IEEE Trans. on MTT, Ffl’ T— ll , pp.  486—497 , Nov. 1963.

4. G. L. Mattaei , L. Young, and E. M. T . Jones, “Microwave Filters,
Independence Matching Ne tworks , and Coupling Structures ,” McGraw

- Hill Book Company, Inc.,  New York , 1964.

- ~~~

r

1 
113

~ I~~
. 
~~~~~~~~~ 

- -
~ - —~~ =.— 

—‘ — — w -
~
--‘--‘

~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~~~~~



I
I
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I
I AI I’E~ D 1 X A

Hl!(:lII-: S M ’ ) ~~}-~I _ 144 1141)

X — B A N I )  54 ) 1 11) STATE AMI ’!. I F [ER
I DATA ANI ) ( ) I ’ERA T IN (; I N S T R U C T I ONS

sALI-:S O RD E R NEI M IW R : 14—4 1 1  41)

I S E R I A l ,  N U MB I - :R:  001

1)ATE : 22 ~1ar rh  1976

1.0 OP ER A TIN G INSTR IJCT I ONS:

1. 1 Rack _ Mou 1~ Jn~~~

I ‘Ih e ampi if ier i s des igned for bench or a Stand ard rn , - k moun I con I I g ur a t  i on .

The unit i~ 7.0 inches in height and requires side mounted rails for

I installation . Adapters and cables are provided for (-onni (- t ion to t h e

system waveguide ports.

I 1.2 Envir onmental Limitations:

The ampi 1ff e r is designed to operate in a t e m p e r a  t i i r e  ef l V  I r onnu -n i  I ritni

—18 °C to 52°C. Precautions must be t a k e n  not t o  b l o c k  th e  a ir 1) 411 I c t[ at t he  rear of t h e  u n i t .

1.3 Power _ R e q u i r e men t s :

I For the protection of operating personnel , th e Nat ioii ,, l E l i- utrical

Manufacturer ’s Assoc iation (NEMA ) recommends that t h e  instrum ent panel

I and cabinet bc grounded. The instrument is gro,,ndt-d when its t h r e e

condtic tor p~~ e~ i-ahi e is plugged into a U blade rt- (- t- I l t II- i t  (Po wer t ’onncc tor

I Pin C). Power requirements are 120 Vac ~ 107~, 50 to 60 l I z  a t  6 amps

maximum . Actual power consumption is approxim ate l~ ’ 600 watt s .

Turn the po~ e r and RE sw it cht ’s on and allow appr ox  I mat clv one m l  n u t  t-

for he power suppli es to achieve full volt age and t h e  in e: row;,ve ( ( I  t idt ’s

to ach ieve  therma l equ i i  Ibr itim . Check the Impat t Current meter to  vt’ ri fy

Iba t It i s  r e g i s t e r  I r ig a c u r ren t  cons i s t  cut. with t h a t  r ecorded i l l  t he’

data of Section 2.’). A substantial d e v i a t  ion from this current (6~ )I - 

would  indicate tha t one of the diodes is not operating. Small deviations

(2—3%) may occur due to chang -s I I I  ;i ;n bl r’nt t emp er at  t i re .

I Once the .impi flier Is o p e r a t i n g,  .1 l a r ge  system bi as tr w -  lent can

cause one or more of t h e  Interna l regulators to turn off . I I t l i lt
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occurs, turn the amplifier off, walt one to two minutes for the

power supply voltages to return to zero, then turn the unit back on.

1.4 RF Port Loading:

Although the amplifier will operate Into any VSWR without damage, it is -

recommended that the RF input and output ports be terminated with a

VSWR less than 1.5:1 when the amplifier is operating.

1.5 RF Ppwer Input:

The amplifier is designed to operate with an RF input power of 20 dBm

or less at frequencies between 7.9 and 8.4 GHz. The unit can be driven

with higher power levels (up to 30 dBtn) without damage but at input

power levels above 20 dBm degradation of its performance may resul t .

..
~~~

I ~
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1 2.0 DATA :

2.1 Currents:

— Total Impatt  Diode Current :  2.18 Amps

- . 
2 .2  Frequency Respo nse (RF Power Input 20 dBm) :

Frequency (GHz) 7.9 8.0 8.1 ~8.2 8.3 8.4

- RF Output  Powe r (W) 6.69 5.71 2.33 .64 .26 .28

Gain (dB) 18.3 17.6 113.7 8.0 
- 

4.1 4.5

1.

ii .
.

I
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HUGHES ELEC1R~~ DM’7JI11G~~I’7~~~1 DATA SHEET NO DS8126546 “Vl°

illO Will Lo ~~Ia So..IS.l.d. ~oti. ,ci~ Cil lorn i 1050 T.I lI)) 134-2111
PRODUCT Sol id State AmpI ~- •-‘  -; ______________________

MODEL w- 41l46

ACCEPTANCE TEST DATA SH EET PART NO.____________
COOE b ENT 73293

1ST P05. No. I SEPIAL NoTEST NAME ‘SPEC, NoEn gineer Desi gn Teat J EDT8126546 ( gq 30 13 I
NEV AUTIIO~~ITV

OATS 
J DATE AP PP OVAL j REV. J AUTI4OPITY 

j 

OATS J APPP OVAI.

P ISSUE

4 September 1975 
— 

PAGE 1 OF 38I — 
SPEC. T EST

ITE M PAP . No DESIGNATION T EST CONOITION / OESCRIPTION P/C MIN DATA MAX. UNITS

— 
4.0 INITIAL F1.INcTIONAL TEST

4.2 Visual and Inspect for compliance with

I ~techanica1 A pp licable drawing C -- - --
Inspection

Weight K - - - - lbs

I 4.3.1 Rated Output Steps 1-2
Power vs. Em (Cc) - 120V ± 107.
~‘requency

I F — 7.9  GHz ; Po — 1.5-
Pi(rf) R -- 0, 33 ?98 ~ J

F = 8.0 CHz; P0 -I P i ( r f )  K -- Q 3 3  J9’f

F — 8.1GHz ; Po - ?~ l 1.5— i.e

I P i ( r f )  R -- L 3 C  ) -~~
F — 8.2 GHZ; P0 - O.~~jP i ( r f )  K -- 17.C j9# ~ J

F — 8.3 G}iz; P0 — o.z.’t 1~~
Q

Pi ( r f )  -- -71:~ .J.~~ ~ J

~~~~-- 1ZC )
~~ “J I -

- 

F • 8.4 CHz ; P0 — “
~~i(rf 

~

I Steps 3-4
ELm (Cc) • 120V * 10%

F — 7.9 CHz; Pi(rf) • ..745~~1 —

I £o ft ~~~~ ~.Cf -- W

F — 8.0 GHz; PL(rf) J4~~m11 —

P0 ~ ~~~ c.ii -- W

I
1 125 
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HUG H ES REC1 NO Vi o~iiam~ ThVLc’GI
- - 

- - ~ - 3100 WI~I I ~ill a Sn,,Is,s,.l ~~~~~~~ Gil l. ,. . 103.01 III 2131 S34 2121 DATA SHEET NO. DS8126546

R E V . ____________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO, 001
COOt I0E~~~ ‘3~~~ ____________________________________ — __________ 

PAGE
__

2 OF 38
S~ EC tE ST

ITE M ,
~ QISI~~~ A TI O N T~~s T CONDIT ION / OE SCPIPT I ON P/C WIN DATA MAX.  UNITS

4.3.1 Rated Output Steps 34
Power vs. Em (Cc) — 120V * 10’Z
Frequency I’D
(Cont.) F — 8.1 GHz ; P1(n ) — 7.~6n ~ —

P0 R~~2~~ ~~33 --
I..

F — 8.2 GHz; Pi(rf) — —
P0 R ) ~’ ~~~~~~ -- w
I”

F — 8.3 GHz; P i ( r f )  — — /
P0 R ,~e’ 0.’.~ -- W

F — 8.4 GHz; P i ( r f )  — j 4~~~~i SQ
Po R~~~~ -- W

Step 5 T amb K 65 75 85 °F

4.3.2 Cain versus Calculate gain at rated Po9eW)
Frequency at 31
Saturation G at F — 7.9  GHz K .1k --

3,
F - 8.0 GHz K .&4 ~~~ -- dB

F - 8 . 1 G H z  R~~ X~ 3o.4 -- dB
If

F — 8 . 2 GHz K -4~ — -- dB
- 

F — 8 . 3 GHz — -- dB

F— 8 .4 GHz R~~~~ -- dB

Calculate gain at max PL (r f )  
-

G at F • 7.9 GHz R ~t* 103 - dB

F • 8.0 GRE K 44 1.’ -- dB

F — 8.1 GRE ft 4.- 3 1  •- dB 
~

. j
F— 8. 2 GHz K .14 -- dB

P.8.3 GHz ft .1.4- 4 (  -- dB

F— 8 .4 GMz ft °t* -- dB

126 It
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HUGHES ELECTRC DMJMWJGThVI5IOI1

I . - 3100 W.sI 1O~ll.lI SouIs,el d TOII.nCi C.i lo~..e 50~0l Tel l?l3 ~ DATA SHEET NO. DS B 126546

ACCEPTANCE TEST DATA SHEET SERIAL NO _OO I 
I cOl : WENT /~Q93 PAÜt 3 ~ 

3M
SPEC l I S T

111W PA Il No 1)1 SC “~A 1 ION l IST  ( O N OI ‘ f O P ~ - 1)1 ~ CRIPT  ION A/ C WIN (1A T A  MA

I 4.3.3 Gain Em (ac) — 120V ± 10/
Variation Pi(rf) adj for rated P0 at

F — 7962 MH z
V — 7900 to 8025 M h zI G(var) v.c. (40 MH z ) K -- ±~ L.5 ±0 .15 dB

G(var ) w.c. ( 125 MHz) R -- * .5 ±0.25 dB

Pi(rf) adj for rated P0 at
8337 MHz

F — 8275 to 8400 MHz

I G(var) w.c. (40 MHz) K -- ! L 7  ±0.15 dB

G(var) w.e. (125 MHz) K -- ‘1- 3,3 ±0 .25 dB

I Freq varied ± 63 MHz in region
exhibiting greatest gain
variation

I C(var) w.e. (40 Mhz) R -- ~ 1.7’ *0.15 dB

G(var) v.e. (125 MHz) K -- i 3.3 ±0.25 dB

I Center freq w.c. K 7962 f33 7 8337 t-mz
‘5-

P i (r f )  adj  for P0 — .z~e-~~i at

I 
F — 7 9 6 2 MHz
F — 7900 to 8025 MHz

G(var) w.c. (40 MHz) K -- ~ I.S *0.15 dB

G(var) w.e. (125 tiNs) K -- 
~~

- 
~7 *0.25 dB

Sc
Pi(rf) adj for P0 —)0 n~J at

• F — 8337 MHz
I F — 8275 to 8400 51hz

~~~i 
- G(var) w.c. (40 MHz) K -- — ±0.15 dB

L I 
G(var) v.c. (125 MHz) K -- ±0.25 dS

-

~~

k I

Ii 127
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HUG H ES ELECRO.’l OMMI77IG DIVI.ROfl 
- 

- 
- 3100 WIll ~OooIi BOuI,.i ’d TOUIIICI C.I,Io,n . 90509 Tel (213) 534-3121 DATA SHEET NO. DSB 12 6546

ACCEPTANCE TEST DATA SHEET 
~~~ AL NO. ~ OI

COOt lOIN? ~~~ PAGE 4 OF 38
SPEC TEST

I T E M  
~~~~ ~~Ø DESIG NATION TEST CONDITION / DESCRIPTION P/C W IN.  DATA MAX . UNITS

4.3.3 Gain Freq varied ± 63 MHz in region
Variation exhibiting greatest gain
(Cont.) variation

G(var) w .c.  (40 MHz) R -- I 2.5 *0.15 dB

G(var) w.c. (125 MHz) K -- ± ~~~~ ±0.25 dB

Center freq w.c. K ‘962 8I~~ 3 8337 MHz

Pi(rf) adj for Po between 200 u*i
and 20 W which exhibits greatest
gain variation at
F — 7962 MHz
F — 7900 to 8025 MHz

G(var) w.c .  (40 MHz) K -- ~ I.~ ±0. 15 dB

G(var) w.c. (125 MHz) K -- t ~,7 ±0.25 dE

Po R~~~~~~ IS )~
‘ ,~WSc

Pi(rf) adj for P0 between 200 tx~J
and 20 W which exhibits greatest
gain variation at

8337 MHz
F — 8275 to 8400 MHz

G(var) w.c. (40 MHz) K -- ± 2.1 *0.15 dB

G(var) w .c .  (125 14Hz) K -- ±3.7 ±0.25 dB

Po K ~~~~ 15o 2~~~
Jr 15W

Freq varied * 63 MHz in region
exhibiting greatest gain
variation

G(var ) w .c.  (40 MHz) K -- ± 2.5 ±0.15 dB

G(var) v.c. (125 MHz) K -- t 5.0 *0.25 dB
Po K Av~ IS 1G ~~~ W

5- 55P 0
Center fneq (v.c.)  R 7962 ~$~3 8337 P0h z

T an~b K 65 -

~~~~~

- 85 °F 
- J

~~ 1 i t
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H U G H ES ELECIROf l DM118117/Cf DIV•51017
- COO W r’I 100” Il Oo .Ie..rO tO, .~~n(. ( 1 , , f l ,. qO~,ol III ( 2 13 1 5~ 4 2 ’ 71  DATA SHEET NO DSB 126546

R E V .  __________________________I ACCEPTANCE TEST DATA SHEET SERIAL NO.__________

I (( C I t  WE NT /3)93 PAGE 5 OF 38
SPEC T E S T

IT LM PAR No DI S R; NA T I O N  T E S T  CONDIT ION I OES CA IP T I ON  H/C WIN D A T A  MAX UNITS

4.3.4 Phase Em (a c)  = 120V ± 10~/, 
—

I Linearity Pi(rf) adj for rated P0 at
F = 7962 MHz
F = 7900 to 8025 MHz

I
I 

w.c .  (40 MHZ) K -- .f 5 ± 1 deg

u H w . c .  (125 MHz) K -- ~~ 8 ±~ deg

I Pi(rf) adj for rated P0 at

I F— 8 3 3 7 MHz
F — 8275 to 8400 MHz

w.c .  (40 MHz) K -- t ±1 deg

w.c. (125 MHz) R -- ± IS ±3 deg

Fre q var ied ± 63 MHz in region
exhibiting greatest phase devia-

I tion from linear

w. c .  (40 MHz) K -- ±1 degI.
w.c. (125 51Hz) K -- ~~ ~5 ±3 deg

I Center freq (w.c .)  K 7962 8337 8337 MHz

Pi(rf) adj for Po = 2hJ~
5
ntl at

I F— 7 9 6 2 MHz
F — 7900 to 8025 1-0hz

A—IJ1 .
. ~~~— v.c . (40 51Hz) K - ±s.c ±1 deg

J.~L. C. (125 MHz) R -- ~~9’.5 ±3 deg

~~~~

.

I
1 129
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- 

3100 WIll L o~~ lI 90,11,4,4 Y,o.,c. CsI.lo’n a 90509 Tel 12131 5342131  DATA SHEET NO. DSS 126546

R E V .  _________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO. DO I
CODE IDENI 73793 

____________________________________ — __________ 

PAGE 6 OF 38

ITE M 
~~~~~~~ 0E5IG~~~ TION TEST CONDITION / DESCRIPTION a/C WIN DATA MAX.  UNITS

— 

4.3.4 Phase Pi(rf) adj for P0 ~~~ at 
—

Linearity F — 8337 MHz
(Cant .) F — 8275 to 8600 MHz

v.c. (40 50hz) K -- ~~ IS ± 1 deg

v.c. (12 5 515hz) K -- ~ 35 ±3 deg

Freq varied ± 63 MHz in reg ion
exhibiting greatest phase
deviation from linear

(40 MHz) K -- ~~ if  ±1 deg

- w.c. (125 MHz) K -- ± 35 ±3 deg

Center f req (w.c.) K 7962 9357 8337 MHz

Pi(rf) adj for P0 between 200 uM
and 20 watts which exhibits
greatest phase deviation from
linear at F — 7962 MHz
F — 7900 to 8025 MHz

w .c .  (40 MHz) K -- ± 5.S ±1 deg

u.c. (125 MHz) R -- ± ?.$ *3 deg

Po K 1% l5 ~e’ ~~w
gg•

P i ( r f )  adj fo r P0 between 200 i~~j

and 20 watts which exhibits
greates t phase deviation from
l inear at F — 8337 lOis
p.82 75 to $400 50hz

±~~v.c. (40 lOis) K -- ~ 15 *1 deg 
- j  

~
w.c. (125 P0hz) K * 3~~ *3 deg

P0 R /  j~
- I

130
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HUG H ES ELECFROI1 DM118/RIG DM51011
- - - 3(00 W.~ l (0l(d8 800(4’ .Ild To,.~ ,c. Cshl ,’ .-4 90509 T,i (2fl1 534 3171  DATA SHEET NO. DS8126546

I REV. _________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO. (~~~ 
I

COOL lOIN? /3)93 
______________________________________ — __________ 

PAGE 7 OF 38

IT E M 
~ 0 1 5 l( .CA T I O N  T E S T  CONDITION / O ESC RIPT IO N P/C MIN D A T A  MAX UNITS

I 4.3.4 Phase Freq varied ± 63 141-hz in region
I L i n e a r i t y  exh ib i t i ng  greatest phase

(Cont.) deviation from linear

v.c. (40 MHz) K -- ~ 
± 1 deg

i w.c. (125 P0hz) K -- ~~ 35~ ±3 deg

P0 K .2- 15 ~OSs
_ 

I5-~~
Center freq (v.c.) R 7962 8337 8337 MHz

T amb K 65 75 85 °F

I 4.3.5 AM-PM Em (ac) - 120V ± 107.
Conversion Pi(rf) varied ± 0.5 dB of

rated Pc

I • P~~~f)  at F — 7.9 GHz R -- a

I F — 8.15GHz R -- 2. 5 °/dB

F— 8 .4 GHz K -- 5 °/dB

- 
I amb K 65 75 85 °F

I 4.3.6 Output Ein(ac) — 120V ± 10’X
Load VSWR Pi(rf) adj for rated P0

~~ Load VSWK — 1.3:1

Unit meets requirements of

I Par. 4.3.1 and 4.3.2 C -- .— -- --

.1 
AdJ load VSWR to 2.0:1

I -

Pi(rf) adj for rated P0

Return unit operation to
Par 4.3.1 and 4.3.2

f • 
Unt t op.ra tes satisfac torily C -- -- --

131
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REV._________________________
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PAGE 8 OF 38

ITEM 
~~~~~~~~ O5SI~~~ A T lO N TEST CONDITION / OISCPIPrl ON P/C W IN . DATA MAX.  UNITS

4.3.6 Output Load VSWR varied through all
Load VSWR possible values of magnitude
(Cont.) and phase

Unit remains stable at all
frequencies above 8.4 GHz and
be low 7.9 GHZ C - - - - - -
Load VSWR varied through all
possible values of magnitude
and phase. No Pi(rf).
Unit remains stable at all
frequencies above 8.4 GHZ and
below 7.9 GHz . C -- fr -- --

T amb R 65 85 °F

4.3.7 Input/ Em (Sc) — 120V ± 107.
Output Pi(rf) adj for rated P0
VSWR and Input VSWR no greater than
Impedance 1.20:1 C -- -- --

Output VSWR no greater than
1.40:1 C -- e—~~ 

- -  --

I amb K 65 75~ 
85 °F

I
4.3.8 Spurious Em (ac) — l2OV ± 107.

Output and Pi(rf) cdi for rated Po
Harmonic .41.2
Content ‘~~‘

‘ ‘~, spo(max) at F — 7.9 GHz K -- 1( ... 4& L ~~~~~ d8m

1.1 W F - 8.15GHz K -- .<—4f 4.  -)-~‘ dBm

F - 8.4 GHz K -- ~~~~~~ , 3~ dBm - J
No Pi(rf)

-4tt
spo(max) R -- (-4Ev. 3.P dBm

Measure second harmonic power
output

Ph2 atF -7 .9 GHz K -- 1~~.SO -- dBm

F - 8.15 CHz K -- — -- dBm

F-8 .4 GHz R -- ( . .5~ -- dbm

132 1
tOO 10450 REV J UN24
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R E V . ____________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO. 1~P I

I 
COOL IUES~~ /3793 

______________________________________ — ___________ 

PA G E ~ o~ 38
SPEC T I S TITEM PAR No DES IGNATION TEST CONDITION / DESCRIPTION fl/C WIN DATA MAX.  UNITS

I 4 3.8 Spurious Calcula te  rat io of t o t a l
I Output and harmonic outpu t power to

Harmonic fundamenta l  power
Conte nt —I (Cont.) Pht at F — 7.9 GHz R fO ~.ée

I 
F = 8.15 GHZ K ~~ fi~ dBc

I F 8.4 GHz K 780 .~~~~

T amb K 65 75 85 °F

I 4.3.9 Noise Calculate noise figure
Figure N.F. K -- 31.0 40 dB

T amb K 65 75 85 °F

4.3.10 Residual Em (ac) l2OV ± 107.

I I AM Pi(rf) adj for rated Po
Modu lation Measure residual AM

modulation below fundamental

AM Mod at F 7.9 GlIz R 70 ~~D -- dBc

F = 8.15 GHz K 70 77p -- dBc

I F - 8.4 GHz R 70 ‘
~~ 70 --

T amb K 65 75 85 °F

I 4.3.11 Hum Em (ac) — 120V ± 107.
Modulation Calculate level of hum

modulation below the carrier

I HM at F — 7.9 GHz R 78 52. 1 -- dBc

F — 8d5 GUs B 78 ~~~~ -- dBc

I F — 8.4 GUs K 78 4s3 -- dBc

T auth K 65 75 85 °F- - 1  -t
4 

133 i~Jr
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PAGE 10 OF 38

SPEC TEST
ITEM 

PAR . No DESIGNATION TEST CONDITION I DESCRIPTION P~C MIN DATA MAX.  UNITS

4.3.12 Gain Unit operating per Par. 4.3.1 
—

Stability Step I
G (8 hours) K ..J.4 3C.DS -- dB

T amb (8 hours) K 65 85 °F

C (16 hours) K .~! 3~.4/~ -- dB

T amb (16 hours) R 65 85 °F

G (24 hours) K —~4~ 3C .L? -- dB

I amb (24 hours) K 65 75 85 °F

Gain s tab i l i ty  within ± 0.25 dE/
24 hours C -- ...~~~ -- --

4.3. 13 Inter - E m (ac) — 120V ± lO%
modu lation Determine third order IM
Products Products below carrier

IN at PO(rf ) — 2(dBIn 31.8 K -- III. 5 -- dEc

P~ ( r f )  - .~q dBm f~ K -- 2.P.5 -- dEc

PO(rf) -, dEe j~5~$) K -- -- dE c

P0(n ) — ,.t dEe i.z.f K -- 3Q. o -- dEc

P~~rf) — bt dEe )~~1 R -- 3~~~~.O -- dEc

T ainb K 65 75 85 °F

4.3.16 Prime Step. 1-2 
. j

Power Em (ac) 132V at 60 Hz ± 57.
Perform tests of Par. 4.3.1 and
4.3.2
Data recorded on attached pages C - - --
Step. 3-4
Em (ac) — l08V at 60 Hz ± 5~
Perform test. of Par. 4.3.1 and
4.3.2
Data recorded on attached pages C - - -- - -

134 I
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- H U G H ES ELECTROI1 DMfl8~ IG DIVISIOfl

-. - 
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I ACCEPTAN CE TEST DATA SHEET SER IAL NO ___..

I 101.11 101P4 T /3)93 PA(,1 I I Of 3’~
SPEC l IS TITEM PAR No I)) S Io NA T I O N  T E S T  CONDITION I DESCRIP TI ON P/C WI N D A T A  M A X  U N I T S

4.3.14 Prime Step 5

‘ 
Power Em (ac) = 132V at 50 Hz ± 57.,
(Cont.) Perform tests of Par. 4.3.1 and

I 4.3.2

I , E m (ar )  = 108V at 50 Hz ± 57.
Perform tes ts  of par. 4.3.1 and

Data recorded on attached pages C - - -- --I Step 6 -

Em (ac) = 120V at 66 Hz

I : t = l a i i n u t e C --  -- --

Step 7

I 
Em (ac) = 144V at 66 Hz

- t = l m i n u t e  C -- -- --
Em (ac) — 96V at 66 Hz

I
. t = l m inute C -- --

Step 8
Em (ac) 120V at 45 Hz
t = l m i n u t e  C -- --
Em (ac) l44V at 45 Hz
t —  l minute C -- -- --

I E m (ac ) = 96V at 45 Hz
I t — l m i n u t e  C -- -- --

I Step 9
E m (ac) = 120V * 107.
60 Hz ± 5’L
Perform tests of Par. 4.3.1 and
4.3.2

Da ta recorded on attached pages C -- - - --

- I.
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5100 W .%I Lam-Ia Oa~~...,d lo...ac. Cil Ia,,,. 40509 Op 1213) 1.34 21/I DATA SHEET NO DSB 126546

I ACCEPTANCE TEST DATA SHEET AL NO.___

I ~ooi IDENT /3193 
______________________________________ — ___________ 

PAGE 15 OF
SPEC f I S T

I T E M  
PAR No O ES I .N A T I O N  T E S T  CONOIT ION I D E S C R I P T I O N  M~C WIN DATA MAX UNITS

1 5.0 ENVIRONMENTA L TEST

I 5.I Vibration Unit operating during test
Test Date completed _________________

I 5 1.4 4echanical Visual inspection for evidence
Inspection of mechanical damage C -- -- --

( 5.1.5 Post Perform the tests of Par. 4.3 .1,
Vibrat ion 4.3 .2 , 4 .3 .3 , 4 .3 .4 and 4.3.9
rest. Data recorded on attached pages C - - - - --

5.2 Bench Unit non operating during test
~andl ing Date completed_________________

I 

rest

j 5~.22 (echanica l Visual inspection for evidence
Inspection of mechanical damage C -- - - - -

5 .2 .3  ‘ost Bench Perform the tests  ot Par. 4.3.1,
tand l ing Test 4.3 .2 , 4.3.3 , 4.3.4 and 4.3.9

- Data recorded on attached pages C -- - - --

5.3 ~ransi t  Date comp leted________________
)rop Test

- 
5.3.2 (echanical Visual inspection for evidence

Inspection of mechanical damage C -- -- --

5.3.3 Post Perform the tests o~ Par. 4.3.1,

~ransit 4.3.2. 4.3.3, 4.3.4 and 4.3.9
• . )rop Test Data recorded on att ached pages C -- - - --
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REV - __________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO. p01
COQE IDENT /329 3 

____________________________________ — __________ 

PAGE 16_OF 38

IT EM 
~~ 0ISI~

’
~~~T ION TEST CONDITION / DESCRIPTION M/C W IN DATA MAX UNITS

5.4 A l t i t u d e  T 75 0 
* 10°F

Test
Ste p 2: P 87.5 ~nJ-Ig(50,OO0 ft)

t — l h o u r  C -- -- --
Step 3: P — 523 ami,Hg (lO,000 ft)

Perfo r m tes ts of Par 4.3.1 and
4.3.2
Data recorded on attached pages -- -- --

Date comp leted_________________ C -- -- --

5.4.2 Post Perform the tests of Par. 4.3.1,
Al t i tude  4.3.2 , 4 .3 .3 , 4.3 .4 and 4.3.9
Test Data recorded on attached page. C -- -- --

5.4.3 Mechanical Visual inspection for evidence
Inspection of mechanical damage C - - - - --

5.5.1 High Step 2: T +155°F; t — 48 hours C -- -- --
Tempe rature
Tcst Steps 3-4: r •tj.2~

’F 1S 3 F
Procedu re

Perform the tests of Par. 4.3.1,
4.3.2, and 4.3.3

Steps 5-6: T — amb 77’F
Perform the tests of Par. 4.3.1,
4.3.2, and 4.3.3.
X-~~~ PL~ T%

~e&a~ record ed on at tached page. C -- ..— - - - -
Da te comp leted I~~~ Mm~t 7~’ c -- .— -- --

5.5.2 Mechanical Visual inspection for evidence
Inspection of mechanical damage
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I ACCEPTANCE TEST DATA SHEET SER IA L ~~~~~~~~~~~~~~~~~~~~~~~
I 1 ‘.1 / 1 . 1 1  

__________________________________ — __________ 

PAGE
_ _

17_ot 38
I l’,T

1 0 1 5 1 1 l~AI4 ‘ -I ~~1 P , IA t  I I . T  I IN1I ITI l~~N I (it SCHlI11ICl~~ R~ C WI N D A T A  MAX UNITS

t 5.6.. 1 I~sv Step 2: 1 — -65°F; t — 12 hours C - -  - -  - -

c op e ra ture
0

te st Steps 3-4: T — 0 F
Procedure

I 
Perform the t e s t s  of Par.  4.3.1 ,

I 4 .3 .2  and 4 .3 .3

Steps 5-6: T — Amb

Perform the tests of Par. 4.3.1,
4.3 .2 , and 4 .3.3

I Data recorded on attached pages C -- - - - -
Date completed_________________ C -- -- --

1 5 .6 .2  M echanical  Visual  inspect ion for  evidence
Inspection of mechanical damage C -- -- --

I 5.7 Humidity Steps 2, 3 & 4: T 129°F;
Test t — 24 hours

I : Perform test of Par. 4 .3 . 1

Steps 5 & 6: Five (5) continuous
48 hour cycles per

I Figure 10

- Perform test of Par. 4.3.1 at

I 
specified intervals

Data recorded on attached pages C -- -- --

I Date completed_________________I 5.7.2 Mechanical  Visual  inspection for evidence of
ins pect ion mechanical dama ge C -- -- --
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- 
ELEC7ROflDMfl31TNG~~V15Ofl

- 
3100 WIll 10111.14 So.I. 4’4 ?.....c. CsI ,Io ns ,. 9050, ?•I 1)131 534 )1)1 DATA SHEET NO. DS812654 6

ACCEPTANCE TEST DATA SHEET ~~~~A L NO.___________

CODE IDENT 73293 ____________________________________ — __________ 

PAGE 32 OF 38

SPEC. TEST
ITEM PAR No DESIGNATION 

TEST CONDITION / DESCRIPTION A/C MIN. DATA MAX.  UNITS

6.0 F INAL FUNCTIONA L TEST

4.3.1 Rated Out put Steps 1-2:
Power vs.
Frequency Ein (ac) — 120V ± 107

F — 7.9 GUs; Po 20W
Pi ( r f )  R -- 796 t~ J

F 8.0 G}Lz; Po • 20W
Pi ( r f )  R -- 796 aM

F • 8.1 GHz; P0 • 20W
Pi( r f)  R -- 796 mW

F 8.2 GUs; P0 — 20W
Pi(rf) R -- 796 aM

F — 8•3 GUs; Po — 20W
P i ( r f )  R - -  796 aM

F — 8.4 GHz ; P0 — 20W
Pi(rf) R -- 796 aM

Steps 3—4:

Ein(ac) • 120V ± 10~/.

- F — 7.9 GUs ; Pi ( r f )  • 796 aM
Po R 20 -- W

F • 8.0 GUs; Pi(rf) - 796 aM
Po R 20 -- W

F — 8.1 GUs; P i ( r f )  • 796 a*Z
Po K 20 -- V

F — 8.2 GUs; Pi(rf) • 796 eM
Po R 20 -- W

F — 8.3 CUe; Pi(rf) — 796 eM
Po K 20 -- w

I

136 1
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H UGH ES ELEC7ROI DM03111/Cf DIV/S/Oil

- 1100 W.* I - .-e. O,,,I...-4 To. anCI C.I.fo.n’. 90?,0P TI) 7 1 3 )  1-34 2 ) 25  DATA SHEET NO. DS 5126546

I ACCEPTANCE TEST DATA SHEET IAL NO._ _ _ _ _ _ _ _ _ _

I CODE I I )E NT ? 5793 
____________________________________ — __________ 

PAGE 33 OF 38
4 1 S T

I TEM  PAR No UI 5 I( .NAT IOP T L S (  C O N D I T I O N  I DESCRIPTION N/C MIN D A T A  M A X .  UNITS

I 
4.3 .1 Rated Output Steps 3-4:

Power vs. Ein(ac) = 120V ± 107.
Frequency
(Cont . )  F • 8.4 GHz ; P i ( r f )  796 aM

I Po R 20 -- W

Step 5- T amb R 65 85 °F

I 4.3.2 Gain vs. Calculate gain at rated Po(20W)
Frequency
at G a t F 7.9 GHz K 14 -- dB

I Saturation
F— 8 . O GHz K 14 -- dB

I F 8 .IGHz K 14 -- dS

F— 8 .2 GHZ R 14 -- dB

I F— 8 .3 GHZ K 14 -- dB

F — 8 . 4 GHZ K 14 -- dB

I Calculate gain at max Pi(rf)

G a t F — 7 . 9 GHz R 14 -- dS

I F — 8 . O GHz R 14 -.
F — 8.1 GHZ R 14 -- dB

; : ::: :~ : :: ::
I - F • 8 4 GUs K 14 --

~I- .

~~~~~ 100 *0430 .1V Js~H’414

- 
- W _

1~~~~~~~~



H U G H E S  - ELECFROi7DMIW1IGDIY1IOI7
- - ,•, .. 3400 *1111 LOlISIlI No&..s,d T O~II11CS C.I,,on. . 90505 T•I 1)131 534 7171 DATA SHEET NO. DSB 126546

ACCEPTANCE TEST DATA SHEET AL NO. _ _ _ _ _ _ _ _ _ _

coDE b ENT 13293 ____________________________________ — — __________ 

PAGE 34 OF 38
SPEC TIST

ITEM 
PAR . No DESIGNATION 

TEST CONDITION / DESCRIPTION A/C MIN. DATA MAX.  UNITS

4.3.3 Gain Ein(ac) — 120V ± 107.
Variation Pi(rf) adj for rated Po at

F — 7 962 MHz
F • 7900 to 8025 MHz

C(var) w.c. (40 MHs) R -- ±0.15 dB

G(var) v .c . (125 MHz) K -- ±0.25 dB

Pi(rf) adj for rated P0 at
I.

F —  8337 MHz
F • 8275 to 8400 MHz

G(var) w .c . (40 MHz) K -- ±0.15 dB

G(var) v .c . (125 MHz) R -- ±0.25 dB

Freq varied ± 63 MHz in region
exhibi ting greatest gain
varia t ion

G(va r ) v .c .  (40 MHz) R -- ±0.15 dB

G (var) w . c .  (125 lOis) K -- ±0.25 dB

Center freq w . c .  K 7962 8337 MHz

Pi(rf) adj for P0 • 200 aM at

F — 7 9 6 2 M}tz (
F — 7900 to 8025 MHz

G(var) w.c. (40 f-me) K -- *0.15 dB

C(var) v .c .  (125 MHz) R -- *0.25 dB

Pi(rf) adj for Po • 200 aM at
F — 8337 MHz
y .8275 to 8400 MHz

C(var) v-c. (40 POts) K -- ±0.15 dB

C(var) v.c. (125 MHz) R -- ±0.25 dB
-I ~5J 4
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3100 WIll 1~~~~li Bo 1.,.sd Tns,&nc . C.I,Io .n,a 50509 tel (21 3) 1-34 2 12 1 DATA SHEET NO. D5B126546

I REV. _________________________

ACCEPTANCE TEST DATA SHEET SERIAL NO.___________

I CODE b ENT /329 3 
_______________________________ — _________ 

PAGE 35 OF 38
SPEC TE ST

ITEM PAR No DESIGNATION TE S T CONDITION / DESCRIPTION A/C MIN DATA MAX . UNITS

4.3.3 Gain Freq var ied  ± 63 MHz in region

I V a r i a t i o n  e x h i b i t i n g  g rea tes t  gain
( C o n t.)  va r i at i on

I G(var) W.C. (40 MHz) R -- ±0.15 dB

G( var) w .c .  (125 MHz) R -- ±0.25 dR

I Center freq w.c. R 7962 8337 fIlls

P1(n ) adj for P0 between 200 aM
and 20W which exhibits grea t es t

I gain variation at

F — 7962 MHz

I
F • 7900 to 8025 MHz

G(var) w.c. (40 MHz) K -- ±0.15 dB

I 
G(var) wc. (125 M Hz) K -- *0.25 dB

Po K 0.2 20 W

I Pi(rf) ad j for Po between 200 aM
and 20W which exhibits greatest
gain variation at

I F 8337 MNz
F — 8275 to 8400 MHz

G(var) w.c. (40 MHz) K -- ±0.15 dS

G(var) v.c. (125 MHz) K -- ±0.25 dB

I P0 K 0.2 20 W

Freq varied ± 63 MHz in region
exhibiting greatest gain

I variation

G(var) w.c. (40 MHz) K -- ±0J5 dS

G(va r) v.c (125 MHz) 

: :2 
±0.25 dB

I Center Freq (w. c .)  R 7962 8337 MHz

T amb R 65 85 0
F

1 159
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__________________________________ — __________ 

PAGE 36 OF 38
SPEC. TE ST

IT EM PAR No DESIGNATION 
TEST CONDITION / DESCRIPTION A/C MIN DATA M A X .  UNITS

4 .3.4 Phase Em (ac) • 120V ± 107,
Linearity Pi(rf) adj for rated P0 at

F •  7962 MHz
F 7900 to 8025 MHz

-~~—~v.c. (40 MHz) R -- ± 1 deg

- --w.c. (125 MHz) K -- * 3 deg

Pi(rf) adj for rated P0 at
F — 8337 MHz
F — 8275 to 8400 MHz

-)z~~ 
v.c. (40 MHz) K -- ± 1 deg

‘F  w.c (125 MHz ) R -- ± 3 deg

Freq varied ± 63 MHz in region
exhibiting greatest phase
deviation from linear

v.c (40 MHz) K -- ± I deg

w.c. (125 MHz) K -- ± 3 deg

Center freq (v.c ) K 7962 8337 MHz

Pi(rf) adj for P0 — 200 eM at
F— 7962 FO4z
F — 7900 to 8025 lOis

v-c. (40 MHz) K -- * I deg

v.c. (125 MHz) K -- * 3 deg

160
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g ACCEPTANCE TEST DATA SHEET AL NO. _ _ _ _ _ _ _ _ _ _
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PAGE 37 OF 38

I SPEC TE ST
I T E M  PAN No DESIGNATION TEST  CONDITION I DESCRIPTION A/C MIN DATA MAX . UNITS

4.3.4 Phase Pi(rf) adj for P0 — 200 aM at
Linear i ty  F 8337 MHz
(Cont .)  F — 8275 to 8400 MHz

v.c (40 MHz) K -- ± 1 deg

--.-
~

-
~~ w .c .  (125 MHz) K -- * 3 deg

Freq varied ± 63 MHz in region
exhibiting greatest phase

I deviation from linear

w c. (40 MHz) R -- ± I deg

w .c . (125 MHz ) K -- ± 3 deg

I Center freq (w.c.) R 7962 8337 MHz

Pi(rf) a d j  for Pa between 200 aM

I and 20 watts which exhibits
greatest phase deviation from

t linear at F - 7962 MHz
F • 7900 to 8025 MHz

w.c. (40 MHz) K -- * 1 deg

~~~
. I w.c. (125 MHz) K -- ± 3 deg

4 P0 K .2 20 W

P i ( r f )  adj for P0 between 200 aM
and 20 watts which exhibits

I . 
greatest phase deviation from
linear at F • 8337 MHz
F — 8275 to 8400 MHz

- 
~~~~~~~ (40 14Hz) K -- *1 deg

vc. (125 tiMe) K -- *3 deg

4 1
P0 K .2 20

161
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PAGE 38 OF 38

ITEM 
T EST TEST CONOITION/ D(SCAIPT ION A/C MIN. DATA MAX.  UNITS

4.3.4 Phase Freq varied *63 MHz in region
Linearity exhibiting greatest phase
(Cont ) deviation from linear

7
v.c.  (40 MHz ) K --  ±1 deg

w.c .  ( 125 MHz) K -- ±3 deg

Center freq (w.c.) R 7962 8337 MHz

4.3.9 Noise Calculate noise fi gure
Figure N .F. K --  40 dB

Tested by f
DG t e 2-3 k7~~~~~~ f

TES T NONCONFORIIANCES (ITR NO ’S) 
—

I
F

_ _  _ _

EE E EEE

~

EEE
_ _ _ _  I 1 :

TEST ~~NCU~~ENCE
DATE _____________________  DATE 2 7~~~I

OUALITV 

• 
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APPENDIX C

L SB/EDTB 126546 M/P SIJI’PLEMENTARY l)ATA

1,0 POWER METER DATA REDUCT I ON

1 1.1 O u t p u t  Power

I iMete r l 1 IN 1~
1ete r1 ~

— ________ - t.-’-
’
~~ 

-
~~~

) (~~—~~~~~~-.— . - . -~~- ‘~~~

p p ’1 p• IN IN 0 -Cable term i nation

I 
C a l i b r a t i o n  Fac to r :  C0 a P0 

— P (’~ = Supplied by Cal ibra t ion Lab.
( A l l  r e a d i n gs  in  dhm)

I 1.2 Inpu t  Power

Connect inpu t  and o u t p u t  couplers  d i r e c t l y :

I P’j~~~= I ’ Ø

Cal ib rat ion  Factor: C IN — 1 1N = P0 
—

I = C + P’ — P’
0 0 IN

I C
0 

+ (P~ —

2.0 TESTS OF PARA CRAPH 4.3.1

L I P’ C I’ ’’ I’’ Cf I N I N IN 0 0 0

$ { DATA ) i DATA I . { 1)ATAI ((;Hz) (dBm) (dB) (dBm) (mw) (dhm) (dB) (dl3m)

7.9 —13.67 8.85 —4.81 .13  1.36 30.4() 31.1 6 1 . 5I 8.0 —13 .77 8,93 —4 .84 .33 1 . 1 l  10.45 31.76 I. ’~

8.1 — 7 , 5 7  8.90 1.33  1.36 1 .31 30.45 31.76 1.5

1 8.2 10.0 8.90 18 90 7 7 . 6  — 2 . 3 7  30.45 28.08 .643

8.3 10.0 8.95 18.95 78 .5 — 6 . 7 3  30.50 2 3 .7 7  • 238

8.4 10.0 9.00 19.00 79.5  —8 ,30  30.55 2 2 . 2 5  .168

- 
_

J
~~~ D&DUG p

~~~ ~~i ~~~~~~~~~~~~~ 7Iu~~I ~~

— - —-
~~~~~

—-—--—-—----- - --.—--—.——--
~~~~~~~~~~ ~~~~~-.
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p 1 C P” P t (‘ PP 1 EN IN IN 0 C)
(DATA) {DATA) (DATA )
(CHz) (dBm) (dB) (dBm) (mw ) (dBm ) (dB) (dBm ) (W)

7,9 1I,i~ 8,85 20.00 100.0 7.85 30.40 38.25 6.689

8.0 11,07 8,93 20 .00 100.0 7.12 30. 45 37. 57 5. 712

8.1 11.10 8.90 20.00 1.00.0 3.22 30.45 33.67 2.329

8.2 11,10 8.90 20.00 100.0 —2.40 30.45 28.05 .n58

8.3 11.05 8.95 20.00 100.0 —6.36 30,50 24.14 .219

8.4 11.00 9.00 20.00 100.0 —6.04  30.55 24.51 .2 8 3

_ _ _ _  
J

~
’IN 

____

J1P(
,

~

(~~~. ~~~ 
I. - - 

~~ / ~~

~ IN U .U .T . P
0

2.1 Cain Calculations; Paragraph 4 . 3 .2 - .

(; = P
0

(dBm ) — 

~ 1N (dBm)

I P’
~N

(dBm ) P0(dBm) G ( d B )

7 .9  — 4 . 8  31.8 36.6 (
8.0 — 4 . 8  31.8 36.6

8.1 1.3 31. 8 30.4

8.2 18.9 28,1 9.2

8.3 19.0 23.8 4.8

19.0 22.2 3.3

7.9 20 .0 38.2 18. 1

8,0 20 .0 37.6 17. 6

8.1 20.0 3-1. 7 13. 7

8.2 20.0 28.0 8.0

8.3 20 .0 24.1 4. 1

8.4 20.0 24.5 4.5

ii
I t
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3.0 GA IN VARIAT ION:

X—Y Plot s at tached for 1.5 W ~‘ 15 mW Out put

3.1 Gain Response Near S a t u r a ti o n

X—Y Plots attached .

4.0 PHASE LiNEARITY:

X—Y plo ts attached for inputs from —4.8 dBm to —24.8 dBm .

5.0 AM—PM CONVERS ION:

Photographs of Network analyzer display attached .

1. Overall  modulated phase response ; 7 . 9— 8 . 4  CHz , 10°/ d i v  a t  6 KHz

modulat ion f requency .

2. Expanded scale photograph showing that a typ ical point in the

I band has an AN—PM conversion o 2°/dB.

3. Overal l  phase response modu la t ed  a t  5 Hz showing tha t the

AN—PM increases to j u s t  3°/ dR a t  this low frecjuencv

6.0 OUTI3UT LOAD VSWR :

I X— Y p l o t s  fo r 1 .3:1 and 2:0: 1 load VSWR ’s are  a t t a c h e d .  Terminated

o u t p u t  p l o t s  were taken a f t e r  the load VSWR p lots to  v e r i f y t he  unit

I was not  damaged. The detector output voltage is plotted on a linear

scale in order to emp hasize small differences in output power.

1 7.0 INPUT/OUTPUT VSWR ANI) IMPEDANCE :

l’hotographs of network analyzer display are attached.

H
1

L i
.)~

- -
I
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8.0 NOISE F1(;URE:

Noise figure is cal culat ed f rom t he  f o l l o w i n g  sm. *I I s i gn a l  g a i n  d a t - b :

f P G a i n  Gain Af Cu rve
(GH z)  C g Area

IN = ( dB)  (Nt im. (MH z)
—2 4 .9d R m )  r a t i o )  —~ -

2~~~~~ x A f
(d 13-rn)

( DATA ) ( DATA ) ( M H z )

7.80 —5 .24 19.63 92
50 22 , 757

7.85 4 . 2 6  29.13 818
50 135 ,526

7.90 11.76 36.63 4603
50 297 ,428

7.95 13.76 38.63 7295

50 411,948
8.00 14.76 39.63 9183

50 459 ,166
8.05 14.76 39.63 9183

50 487,180
8.10 15.26 40.13 10, 304

50 348 , 995
8.15 10.76 35.63 3656

50 127 , 785
8.20 6.76 31.63 1455

50 47 ,893
8.25 1.76 26.63 460

50 16 ,087
8.30 — 2 . 2 4  22.63 183

50 6 ,206
8.35 — 6 . 7 4  18.13 65

50 6 , 206
8.40 — 2 . 2 4  22 .63  183

50 4 ,945
8.45 —13 .24 11.63 14

The to ta l  area under the small signal gain curve , CBW , is the sum of the
r ight  hand column above.

8.45

CBW = ~ curve area 2 , 372 , 123 MHz
7.80

The thermal noise power is:

P = GBW x io~
ll.38

9.889 X l0~~ mW

The measured noise ou tpu t  of the a m p l i f i e r  for  zero RF input  is:

P .078 mW {data } 
—

_ _ _- . - 
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The noise figure is then :

N.F. = 10 ( )
= 38.97 dB

9.0 RESIDUAL MI MODULAT ION:

A pho tograph of the spe ct r um anal yzer display of the c a r r i e r  a t  7 .9  CHz

showing res idual  AN modu la t ion  sidebands is a t t a c h e d .

10.0 HUM MODULATION:

The d e t e c t e d  hum m o d u l a t i o n  vo l t age  fo r  8.15 (‘-lIz is ske tc h ed be low :

I .- ; , / ‘1

I .1’ — — - 

- -

2.2 ..i i- ,- .

I
I For integration purposes it is c o n s e r v a t i v e l y  a p p r o x i m a t e d  by:

I 
~1_F L. r .

~
I 2 .~ ~~~~~~~

i ----- rvi ’ -~ 
- -

I The rms hum modu la t i on  voltage , 1t
H ’ Is calculated to he :

2 2  2 1~~?
- - P = 

f~ ~.6mV) dw
1 = .hmVH,rms 

~ 3 .— — .-—-..- - - -

- 
- 

- I { f • 
dw I 1, 2

= .31 m Volt

The detected carrier voltage , P , at this frequency is .37 V o l t .  The

Hum Modulat ion level is calculated to be:I I,I HM • 20 log ~~~o 20 log .37 
—

• 

- 
P .3IXl OH ,rms

I 61.5 dRc 4
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A summary of MM for three test frequencies follows :

(DATA ) {DATA }

f 
1’
H ~

‘
H,rms 1

o HM
(GHz) (mV) (mV) (V) (dBc )

7. 9 2 . 2  1.14 0.46 52 .1

8.15 0.6 0. 31 0.37 61.5

8.4 1.4 0.72 0.15 46.3

11.0 GAIN STABILITY : 
- I

Cain stability da ta is summarized as fo l lows , the  ca r r i e r  frequency Is

8.0 GHz: (
- 

Date Time TCase TANB ~ IN 1’IN P
0 

P
0 

Gain

(1976) (Hours)  (°F) (°F) (dBm) (dBm) (dBm) (dBm) (dB)

(DATA) (DATA ]

22 Mar 0900 105 73 —13.57 —4.64 1.30 31.75 36.39

22 Mar 1700 108 76 —13.19 —4 .26 1.30 31.75 36.01

23 Mar 0100 105 72 —13.67 —4.74 1.30 31.75 36.49

23 Mar 0900 107 75 —13.47 —4.54 - 1.30 31.75 36.29

23 Mar 1200 108 76 —13.47  —4 54 1.30 31.75 36.29

To tal gain variat ion observed w i t h i n  24 hours is 0.48 dB , or ± 0 .24 dB.

12.0 ADDITIONAL PHOTOGRAPHS:

Three photographs of the system noise (primarily TWT no i se )  being a m p l i f i e d

by the small signal gain of the unit under test are attached. The three

conditions shown are for an 8.15 GHz carrier , an 8.4 (‘.Hz carrier , and no

carrier.

13.0 HIGH TEMPERATURE:

The amplifier was allowed to rise 20°C (36°F) in case temperature and its

gain response recorded. X—Y plots taken during the test are attached. A

linear (in detector voltage) scale was used to emphasize small differences

in peak power output. .~~

1.4.0 ATTACHMENTS: :1
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AN—PM CONVERSION 18 MAR 76

1. F = 6 kHz 10°/Div.
m

-4

7.9 8.4

2. F = 6 kHz 1°/Div.
_____________________________________________ m

-I
-4

7.9 8.4 

f

• 1

3. F • 5 Hz 10°/Div.

_ _ _  

8.4
FREQUENCY - Qlz
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t INPUT/OUTPUT VSWR

I
p

..

1. Input VSWR ,
operating expanded
scale: Outer

J Circle = 1.5:1 VSWR

I
I
I
I
I 

‘
4-—

~~~~~_•1

2. Output VSWR ,
operating expanded
scale: Outer
Circle — 1.5:1 VSWR

~ 
1 -

‘ I
~~~

~~
‘ 1 181
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RESIDUAL AN MODULATION

I
F 7.9 Qiz

P = 1 . 5 W I
9 

0

I
I

0.5 MHz/Div. I
I

: 1

I
I .
I
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SYSTEM NOISE AS AMPLIFIED
AMPLIFIED BY U.U.T.

1 (300 kHz MEAS. B.W.)

1. Carrier at 8.15 GHz

200 MHz/Div.

I
I 

2. No Carrier

I
I

200 MHz/Div.

I
L I .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.~ 3. Carrier at 8.4 ~ lz

- I

A l
500 MHz/Div. -
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