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iSolid-stdte power generation techniq~ues are presently available which
allowv for the g-.:neration of high peak power in the S-band frequency
domain. Transmitters so configurod would have inherent advantages of

ru~ydrs~,improved reliability, simpler modulation, and total use
uf low voltagez supplies which would make it an excellent replacement
for tI~ermionfic transmitters presently used.

?JAPPROACH

2.1 General

Given the objective of developing a solid state transmitter at
hnigh S-band and analyzing the availability of high power tLransistors
presently available, the decision was made to generate the power at

fo and use a frequency doubler to achieve 80 watts peak in each of
two channels. i~

A negative resistance -transistor oscillator was chosen as the
signal source follow,.ed by 4 stages of class C transistor arplification
to attain 'the signal level of approximitley 190 watts at the input to
the rualtiplier.

The i1flnsec pulsewidth was ar-complish~d by a packaged single-pole-
single throw RF sLich module and associated driver module.

Tire overall size of the unit is 6.4" x 5.1" x I". 3est uze of
the space was to construct a center septum as the ground plane with
dielectric material and etched niicrostrip circuitry on both sides.
Soft substrate materials' were chosen for the dielectrics. One side
Was l ow K (C ' 2.2)' and the other was higher K (er = 10.3), so that

componen-ts could be fitted to the optimum materiai , figures I. and 2.2

2.? Evaluition of High Po9er Transistors

S'ate-of-the-art transistors wiere available for evaluation frori
Po:e!ybrids, Incorporatel (PHI) and from Microwave Semi conductor

Corporation (14SC).

Pill devices were selected because they demronstrated about 75 watts
at fc/2 for 14 watts of drive, as opposed to about 65 watts from the
MSC parts. Table I is a data summary of ton of these devices.

'U1oprmbke, James D., "Better Your MIC Designs with High -K
Substrates, "Microwaves, Mar. 1979, pp. 66-68

2See Appendix A for complete listing of drawlrgs available from NffL.



o. ~~ Sf s" ace

OscillaLor isolation Switch
Amp I if ierI

~,i X 2 h ----- X 24IT

A
From High
-K surface Multiplier ':irculator

0--- X 2 ---- X MIlT 2

.L°

111

Ffgure I Block~ diagrim of low K surface

o Io.

A,/
:!'



°- iJ7v- 1
To Low

surf:Ice

stage 3 Stage 4 Circulator

Frm Stage Stage

Sur face

L To
-~ Low

/

Figure 2 RBck diagramn of high K surface
immmm



ILO 10 Cj to (n I, L C~ Ut)

cr mji * Cl) m N.) CV) Cl' Cl) ()

I n 1r) 1t 0 iO U') LO u I LX)n *

C L

C' '
iC- co C11 co vS 0 - r-

L C

Ir

-+
C)

0 W

tI 11n cj ..

t- ) .c o C

0 LO > CM) C') %t -') C) to* C') U'C' c' 0M L U L 
- -

IL) In i m:U) I) L

4S.-

C )______________________ ____________________________________________________________
y-4 =c- cn. *C* 9- 64,.4 - .



----- ........... 1iiTT"Tr ..... ;... ...... .. ....7.. ....•....... ... 7 .. .

After the individual devices were tested, a three--w.-jy reactive
splitter/combiner was designed and tuned for 19% wtts of output
power with an input level of 47 watts at room ambient. Thn power
was do,,n by 2.2 dB after non-operating cold soalt at -100 C. Figure 3
i!; a plot of power out for different drive levels and it also sh-k,,s
the variation in power out across the temperature (extremes at the
15 watt drive level.

2.3 Selection of Iransistors -for Remaining AiyLjifier Stages

The three drive stages employ MSC devices which were noteworthy
for ruggedness, repeatability, and temperature stability. Driving
each trio of PHI 8469A devices is an MSC 74034 which provides 45 watts
minimum if driven with 8 vwtts. See figure 4 for drive characteristics.
These two are driven by an !SC 81720-20 which is driven in turn by an
,iSC 1720-3. Representative drive levels of these devices are shown
in Figures 5 and b, respectively.

All of the amplifier stages were designed on Epsilam 10 material
(c = 10.3) from 3M Company. A breadboard of all the amplifier

stages on one piece of E-10 was fabricated and tested with an input
power of 300 mw. Channel 1 had an output of 178 watts and channel 2
had an output of 182 watts.

Rise times on both were less than or eaual to 20 tscc. Table II
3 shows the current requirements of individual stages avd devices.

Monitoring individual currents during the tuning phase enables optimum
drive conditions to be met.

2.4 Oscillator Design

A silicon NPN bipolar transistor, Hewlett-Packard HXTR 5104, was
chosen for the negative resistance oscillator. It was designed to
operate at fo/2 at +215v bias on low dielectric constant (such as
Rogers Duriod, (c r = 2.2). It was fabircated on a test block along

with a circulator, the RF switch module and a driver circdit. Power
generated and deliverable to the amplifier input was +26.6 dBM (457 ,w)
at fo and +24 bias. For +25v, the frequency dropped 2 MHz and at
+23v, it increased 2 M,,z. Table Ill shows oscillator characteristics
over temperature.

Subsequent tests on this circuit revealed an instability caused
by the out-of-band characteristics of the circulator. It was replaced
with an "isolation amplifier," a class A NPN transistor amplifier
with 10 dB gain preceded by a lOdB pad.

2.5 Multiplier Desi Q -

The frequency doubler was designed on the low dielectric material
around diodes manufactured by GHZ. They are part number 33131-47 with
5 chips in each for higher breakdown voltage and, thus, higher power
capability. Capacitance was specified at 3 + 10% pF.

: i=: _. -5-
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TABLE II B3IEA!)BOARD RESULTS 0" A,,PLIFIER STAGES

BUILT ON E-1O

I3V V 'Inv OUT Pour
14VV CH I CH 2

CHANNEL 1 CHANNEL 2

I DEVICEI 2 DEVCES I DEVICE 2 DEVICES

9 i mr,9 a 114 ma 48 ma 94 ma 178 W 182 W

TA3LE ITI NEGATIVE RESISTANCE OSCILLATOR CHARACTERISTICS

VERSUS TEMPERATURE

FREQ.
POUT (dnrEl (miHz) TEMP TIE COMMENTS

26.8 Ref=R +29 0 C To

26.7 R+13 -25 C To + 20 min After cold soak non-operating

26.6 R+9 Room Arb.

26.4 R+3 +710C TI

26.5 R-13 4710C TI + 15 min Unit running while warming

26.7 R-5 Room Arb

-10-



Trhe )-tSUl L, oni the ra2ti p1 i er ty tsei f shiw.ecd P u t at f* fwalS
9l w.-tts for the 132 watts ini at 'jfo. Othe:r characterfistics are I istecl
in Tabi ! IV. Chectding the generited hnrtionic powser levels there and
Conislder *n the output circulator ch,7traicteris'.ics listed in Table V,
one can (:eter.mi ne that th-2 required iarrmovir attenuation 1vvel s are
ret.

3.0 FINAL CONFIGURATION

3.1 El ec trical

The TIL input signal provided is used to trigqser a tirring rechanism
whereoy the 4i?4v bias to tile oscillatori:13 turned on for apprexim'ately
1 500 nan,,svcon~s for each pulse. The RF swi tch was ti med to pass tle
sloeal for a dur'ation of 100 nanoscconds during the latter half of tlre
osci 11ator pulLe. Pulsing the, oscillator allow; for overall high~er
efficiency as well as protecting the amplifiers against C.' operation
if a svi,-tch failure occurs.

Regulators were not included inside the units. 'Voltages of 45,
-13.2, +24, +35, 4.40, and -50 were all brought in through standard
EM I fil ters.

A loosely c.-upled linec was addcd after the oscillator to provide
alow level test signal at ?s fo and a backia rd -wave, q:!arter-wave coupler

was added in Channel 2 as an LO output at fo.
3.2 Mechanical

Transition frcm one side of the circuit to tia other wis accor pli shed
by carefully fabricat ig V-shaped pieces of 0.035" seni-rigid hardline
coaxial cable and soldering each end to a small flange which could then
be screwed to the base plate!. The center pin of the coax is soldered
to the 50 Sj Microstrip line for a reliable, low VSWR transition. (This
method of interconnection also provides a test point whereby a piece
Of coax with a standard connector can be soldered to a flange and

connected to the micros-trip circuit.)

4.0 TEST RESULTS

4.1 Initial Test Results

Initial room temperature tests on serial number 1 indicated 81iiwatts at Channel 1 and 6:3 watts at Charnel 2. After cold soak at -34^"C,
Channel 2 was dropped by 1 .4 e1B and Channel 1 had a deformed pulse shape
raking the relative average power reading meaningless.

On serial number 2, initial readings on power were 71 watts for
Chinnel 1 and 50 watts on Channel 2. Rise timres were 12 and 10
nanoseconds respc-tively, with fall times of 8 and 6 nanoseconds.
Preliminary temperature tests resulted in pulse deformation hot and
cold, indicating dp-tunaid amplifier rtages probably caused by impedance
changes in transistors.



TA3LE IV FREQUENCY DOU3LER CHARACTERISTICS

Pi( fo) PU (fo) RETURN LOSS 7 AROT ICS

f fo 3/2 fo 2 fo

82 W 90 W 12 dB REF=R R-38 dB R-3I dB R-26 dB

TABLE V OUTPUT CIRCULATOR CHARACTERISTICS

.S/- FREQ VSWR (dB) INSERTION LOSS (dB) ISOLATION (d)

(G1z) 1 2 3 1-2 3-1 2-1 3-2 1-3

1fo .03 1.05 1.10 .35 .35 .35 ;20 >20 >20

101 -fo 3.5 10

312fQ 0 '6 11

2fo 20 20

fo 1.05 1.16 1.06 .35 .35 .35 >20 >20 >20

102 fo 3.5 10

3/2fo 15 12

2fo 26 23

- . - - . _ _ _ _ - _ _ _ _ - _ _ _ _



4.2 Final ro~t Rnsults

[-:Oth units wt*ro tenipr'ture cycled iion-cpratinrg from -45"C to
*3'_J)C for four days with two hours at reach extremne in each cycle.
Ci' ntinuirqiy~ttemnpts to tuine for higher outpUt r'c'..er and better te mpnrature
p-rfhrmance were to no avail. Switching transistors and muoltipl ier
diodes were of no benefit and, if anything, the excessive circuit rewor%
prob~ably degraded the circuit.

Tihble VI and VII are the final data shects for serial nur-'i)ers 1
and 2,, respectively. Note that in both units, the total noise pou.vr
vis telcw th,2 noise of the ampli fier used for the measurement per
Wstinghouse Acceptance Test Procedure MCP GO5. This was true for all
a,<es of vibration, as well as stationary.

5.90 CONCLUSIONS AND RECOMN.1DTI0NS

The work performed under this contract and the hardware produced
clear).,. demon.)-stCate the ;"easi bility of manufacturing solid state trans-
mittcters at tope 'S0 -to 100 vttlevel at high S-band. As interest in
ruch cowtpn;enw-ts increases ' transistor developers strive to advance the I
statc-of-the -art 'in terms of power and frequency in silicon bipolar
devices. For example, MSC built a 100 watt samnple 16 cell device inI
their standard ampa!c (.400' x .400") package in May of 1979. (At that
time thair standard 12. cell device was cap-able of about 65 watts at

f fo. Data on this device is shown in Tables VIII and IX.

Also, according to MSC, it is physically possible to 'iit an 18
cell device in the same size package. It is likewise reasonable to
consider a larger package .400Y' x .500" which could acCorrodate 25 to
23 cells. Such a device would operate at +45v and d-iiver around 130
watts with reasonable gain. Impedance levels are lowier as more cells
are combined, but this should produce no major probletv for single
frequency operation. Development of such a device is e!;timated to be
9 to 12 months .

Rapidly advancing transistor technology and power, combi.iing
techniques at S-band suggest that it may also be possiblr! to cenerate
and amplify the power at fo, eliminating the multiplier MSC measured
data in -January of 1980 showing peak powers of 40w'atts at 3G~iz, dropping
off to about 25 watts at 3..5CHz. Both MSC and T10 are optimisitc in
reaching 40 to 50 watts across the band from 3 to 3.5 GHz. It is reasonable
to project that a device could be developed to be optimized -for 40 or
50 watts single frequency in high S-band.

Whether additional work is done all at fo or at 1i fo with a frequency
doubler, two distinct recorrmendations are clear:

(1) The substrate miterial should be all high K dielectric.
This would redut:e the size of the oscillator and multiplier
and would necessitate an RF transition between faces only
once.

(2) Power should be generated initially at a higher power level,
thereby, elim'nating two or more amplifier stages.



V ~TABLE VI FINAL D~ATA? SERlIAL MUM7E

SOLID STATL PULSLD SOUR~CE'

-DATA S 11"'L T

XMIT 1 XMIT 2

426 0 C 471 0 C " 4CC 4 26 0 C +710 0 C .4a C

-6 3 5 6.5 tv 7 0 w 7,~t i7 'LA.

i!cTimeI

~~ 4 ~ ( 0~.-92 1-7 hsee 70 )u 7iee 20Zo ( ia7SCO45c

Fall Time It

Frec!ueicy -5 :r

Total 1 oiso Powcor

I ch.)Static X Axis Y A:i s Z Ax i f

Tested By.j t41, Jw

Date 7L ____

S.N.__ 1

-14-



TABLE VII FINAL DATA, SERIAL NUMBER 2

SOLID STATE PULSED SOURCE

'DATA SHEET

XMIT 1 XMIT 2

+o26C Cf.AC  .32 C__ +2r ,'C -1 c 3 2 c

eak Power -6u 7P. . 50 

Rise Time
{I%-90)70 se. 3. 3 76 nz 5Z , leoiec

I

} Total Noise Power__. - _>-7

(dBM) ,Static X Axis Y Axis Z Axis

I

Fal Teste

II -f zo/,,/.,.

50 s7.5n.L 2Ae h

i -15-



TABI.E VIII DRIVE CHARACTERISTICS OF MSC SAMPLE 16 CELl

TRANSISTOR AT +40V, 5 lisec PULSE WIDTH, 10,. DUTY

PIN P OUT I&
WATTS WATTS amp (PK)

5 29 2.8

10 74 4.7

15 93.5 5.8

17.5 98 6.25

20 102 6.6

TABLE IX ELECTRICAL CHARACTERISTICS VERSUS VOLTAGE OF MSC

SAMPLE 16 CELL TRANSISTOR AT 15 WATT INPUT POWER, 5 psec

PULSE WIDTH, 10% DUTY

POUT 'dc

Vdc WATTS amp (PK)

35 80 5.2

38 88 5.4

40 92 5.6

42 94 5.85

-16-



ill AJPtJW'IDX A - DRAWING IABULAI ION

I 9RD 8C03 Coyer

9RD 300i Carrier Detail, Low Dielectric Side

L1 9RD 8005 End Rail , Output

9R[ 8006 Transition Block

9RD C007 Substrate Masks

9RD 8003 Side Rail

9RD 8009 Side Rail, Test Port

9RD 8010 End Rail

SRO 8011 Carrier Detail, High Dielectric Side

9RU 8012 Cover, Bottom

9RD 8013 Carrier Detail, Transitions

9RD 8014 Top Assembly, Lcw Dielectric Side

9R0 8015 Top Assembly, Hlih Dielectric Sid .

9RD 8016 Carrier Detail, High Dielectric Side

9RD 8017 Carrier Detail

9RD 8018 Schematic

Parts List
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