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Abstract This paper describes development of a lflkW

solid-state anpliiler operating over 2.7 to 2.9GHq for surveillance

and tic control radars. A 1.8kW peak power with a puke width

of 100w and 10°/0duty cycle is achievedby combiningfour 550W

solid-statepower amplitlesx.Modular cosdigurationof the 1.8kW

amplitier can realize improvement of maintainability,productivity,

and low cost. This paper also describes development of a 180W

outputpower with 40dB gs@ linear amplitierusing GaAs MMICS

to realize the tempera- compensatio~ short poke (1pa)

generation, high gaiq and precise gain control for the 1.8KW

amplifier The 180W GaAs MMfC amplitler has capabtity of

driving up to twelve 1.8KW amplifie~ and drasticallysimplilks

solid-state transmitter configuration.

I. Introduction

Because of inherent low noise characteristic,low voltage

operatiow and high reliability,solid-stateamplifiershave

become substantialdeviee fm the TWT or Klystronbased

tube tmnsmittem[1], [2]. High power amplifier(HPA)is the

most importantdevieefor a solid-statetmnsmitterbecausein

itsmultiplicity,it qx-esents the majorcostitq and it afi%cts

diability as well as stableopemtion.In&@ to realizelow

cn~ reliablecding systew and effectivepower combine,

thispaperproposesan approptite configurationof the HPAs.

The proposed configuration is shown as follows.

1) A 1.8KW HPA panel consistsof four SOW amplifkm
with ultra low-loss power divider/combiuer.

2) The 550W amplifierconsistsof a 150W outputpower

Si-BJT driving four 150W output power Si-BJTs.
3) Power combiningand dividingare realizedby twwlevel

of 3dB coupled line method using a low lass dielectric

substrate.

4) For the drivingpurpose,high gain and high power GaAs

MMIC based linearamplifiersare used. The @As Mh41C
amplifier realizm the steepest RF puke shape and
tempemture compensation functioq and simplifies the

transmitter configuration.

As a result of the above methods, the 1.8KW I-PA

achievesmore than 80°Apowercombiningefficiency,0.3dB

output power tip in 10?? duty operation, The GaAs

MMIC arnpliiieralsoachieveslessthan0.1 dB outputpower

droop, 10nSecpulse f~rise time, and 12-bitdigitalgain

control capability operating in 3OdBdynamic range.

II. Power amplifier configuration

A. GaAs MMIC 180W linear amplifier

The outputpowerof a class-c amplifieris sensitiveto the

inputpowervariatio~ thcmfore,to controlthe outputpower

level, gaiu of the driver amplifier should be controkd

pnzisely. We developed a 180W linear amplifier using

GaAs MMICs [3] for a driver application.

Fig. 1 and Fig. 2 show the photographand the block

diagmrn of the 180W linear amplifier mpectively. The

180W linear amplifier consists of a 20W output GaAs

MMICs arnplitlerdrivingfour paralleled50W outputGaAs

MMIC amplifiers<

The GaAs MMIC achieves47dBmoutputpowerand the

smallsignalgain of 22dB. The controlof the 180W linear

amplifiergainis utilizedwith a GaAsMMIC attenuator.Fig.

3 shows the measurement chamcteties of the GaAs

MMIC attemntm.The dynamicrangeof the gain controlis

about30dB,and the attenuationlevelispreciselycontrolled

by a 12-bit analog to digital converter.

Highspeedswitchingof the drain currentis necessaryto
achieve the high efficiency and puked RF operation To

~tievol~e~q=dbtitiea~tiati

switch twenty HEXFETSare eoxmectedin pamllel,and a

bus bar is designedin the inputioutputof the ckainswitch.

The drainswitchachievedthe voltagedrop less than 0.5v
operating in a 120A current condition.

90degree dd%rencewas achievedby usingthe two levels
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of 3dB coupledline power dividedmmbiners.A metalwall
is installedbetween amplifierstominimke mutualmupling.

EMI filtersare installedto gate terminalsof theGaAs MMIC

amplifiemto Educe the RF signal interfikrencethroughthe

DC voltage line As result stated above, the 180W linear

amplifier achieved better than 90’%0power combining

efficiency and stable operation under –30 to 60

temperature range.

Fig. 4 shows frequencydependencyof measmd output

power (Po) at 2dB gain compressionpoint ,srnallsignalgain
(Gain) and Power added efficiency The linear ampli&r

achieved better than 52.5dBm output power with 39.9dB

small signal gain over the 2.7 to 2.9GHzfiequency-mnge.In

respect of the linearity of the 180W amplifier, excellent

linearity was achieved up to the49dBmoutputpowerlevel.

Fig. 1. Photograph of the 1SOW linear amplifier
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3. Characteristics of GaAs MMIC attenuator
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Fig. 4. Frequency dependency of the linear amplifier

B. 1.8KW high power amplifier

The 1.8KW I-PA consists of four SOW amplifiersand

4-way power dividedcombiners.Fig. 5 and Fig. 6 show the

block diagram and the photograph of the 1.8KW HPA.

Power tmnsistorsused in the SOW amplifierare 150W

output power, 9dB gain Silicon bipolar device

(IB2729-M150flom Integm Technologies,Inc. Tonance,
CA) in the canmon base configurationoperatingin classC

to achieve maximum output power and efficiency.

Photograph of the 550W amplifier is shown in Fig. 7.

Fig. 2. Block diagram of the 180W linear amplifier
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Fig. 5. Block diagram of the 1.8kW HPA

Fig. 7. Photograph of the 550W amplifier

A thickness of the power dividedcombmerwas selected
asa manner equalro the depthof the 550Wamplitiercaseto

preventan RF signal fdack between a driver and final

stage Si-BJTs.EMI filtersand cemmiccapacito~prsventan

RF sigaal leakto the DC voltageline. Due to the fact that

Eh41 filter deteriomtesthe RF pulse rise time, a 10@F

capacitoris connectedto the individualcollectortermimk to

improve the RF pulse rise time.
Four-waypowerdivideand combineareperformedusing

low loss 3dB coupled lines. The insertion loss of the

four-waydividekombiner was lessthan 0.5dB. Pofi to port

isolation and port return loss were more than 20dB

respectivelyin the 2.7 to 2.9 (WZ fi-equencymnge.By using

the 3dB coupled line power divider/combiner, phase

dif&rence of the tmmistors is 90-degrees. This feature

minimized odd mode osculation.To realize excellentgain
flatness,a tiequency eqyaker using a resistorand an open
stub is imertedto an inputmatchingcircuitfor the SiBJT.

The fieqwncy eqdizer improvesthe stabilityof operatio~

because the equaker reduces quality f* of the input

matching circuit and compensatesthe gain flainess in the

lowest opemtionalfrequency range. An output matching

circuit topology was optimized to minimim the SiBJT’s

collector-voltagedrop. These design guarantee the high

efficiency and highly stableopemtionofthe550Warnplitier.
Fig. 7 shows the frequencydependencyof the gain and

output power. The output power was measured in the

conditionthat the individualSi-BJT’scollectorcummt of

lOA.Thisis 10%loweredconditionof the noti corrector

cumentvalue to incnase the tmnsistor’sreliability.From Fig.

8, the output power of the .50W amplifieris better than

57.5dBm, with better than 16dB gain.
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Fig. 8. Frequency dependency of 550W amplifier
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Next we describethe 1.8KW HPA As shown m Fig.5,

1000PF capacitors are connected to the individual550W

amplifiem to compensate the voltage drop between the

charge circuit and the fSOWamplifiers.A phase shifteris

placed m the input of the 1.8KW HPA. Thermal design

using the air-coolingtechniqueof the 1.8KWHPA is such

thatthe maximumjunctiontempemtuteis lessthan 170 at

ambient temperature of 60 .

Power combiner for the 1.8KW HPA need more than

1.8KW peak power handlingcapability.We used low loss,

high peak power tolerance substmte.The thickrm of the

dielectricsubstmteis twiceas the substmteused in the 180W

and 550W amplifiers. When tie substmte thickness is

double~ the contir width is doubledtoq thmfore, the

conductorlossand aheat tlom the conductorcanbe duced.

The @power toleranceof a strip-lineis approximatedto

the co-axial line peak power tolerance [4],

P=(0.124)E2az~& log,0(~b) (1)

where P =peakpower, E =voltagegradientat the surihceof

the center conductor, =relative dielectric Constant

a =strip-line wid@ and b =substmte thickness. Fig. 9

shows the characteristicof the peak power handlingfor the

50Q skip-line calculatedby eqyation (l). From Fig. 9,
more than 10kWpeak power tolenmceis achievedwhen a

5.08mm thickness substmte is used. Measured combiner

insertion loss was less than 0.6dB. The power combiner

implementsa directionalcouplerto detectthe outputpower

level.
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Fig. 10shows the measuredfrequencydependencyofthe

gaiL outputpower of the 1.8KW WA. From Fig. 10,better
than 62.55dBm (1.8KW) and about 14dB gain was

achieved.

There m gain unbalanceamong the four 550W amplitim

(ldB max), lower gain amplifier can not opemte at the

compmsion point so the power output is lower than

expected.
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Fig. 10 Frequency dependency of 1.8KW amplifier

III. Conclusion

We have describedthe design and performance of the

amplifier fdy for the next genemtion of the air

surveillanceand trailic controlmolarsin the 2.7 to 2.9GH2

band.
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