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~ This report presen~ design aspec~ of ultra-wideband GaAs MESFET power amplifiers which are
directed to ECM and EW system applications. Fundamental gain-bandwidth limitations are derived for
state-of-the-a rt GaAs MESFET power devices. l3ri)adband designs arc developed in the 2- to 18.611,
range using analytical and computer.aided optimization techniques. These designs are based upon small-
and large-signal device characterization and modeling. Presented are systematic procedures required to
arrive at the final designs. Modeling techniques and their utilization as a tool in achieving optimum
performance are described, Included in this report is a discussion of the laboratory methods employed
to perform small- and large-signal device characterization and analysis. .4
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BROADBAND GaAs MESFET POWER AMPLIFIER DESIGN ASPECTS

1. INTRODUCTION

Recent advances in the development of GaAs MESFET devices have resulted in the
achievement of impressive power-gain performance levels well into the microwave region.
Power levels of 1 W and greater with gains of 5 dB have been reported at Ku-band fre-
quencies [1,2 J .  These results were obtained at single frequencies or within very narrow
frequency bands where the device was tuned for optimum performance. The devices were
state-of-the-art or laboratory types which had not reached production status. They were
structured in single- and multiple-cell confi gurations with increasing gate widths to obtain
greater output power levels. With increasing cell size , the difficulty of achieving optimum
wideband performance increases. Broadband power amplifier design requires extensive
large- and small-sign al characterization and analysis of device-circuit interactions to permit
syn thesis of matching networks.

This report describes the techniques required to successfully implement the optimum
design of broadband GaAs power MESFET amplifiers. Small- and large-signal characteriza- r
tion techniques are discussed and circuit-type models which simulate device performance are
described . These models include unilateral lumped and distributed equivalent circuit-type
models for use in the synthesis of broadband matching networks. The development of
single-ended amplifiers for operation in the 6- to 18-GHz range is also reported. Thvse
amplifiers were designed using existing small-sign al device characterization and modeling
techniques. At the start of this program, large-signal device models for design applications
were not complete. However , a disc ussion of recent developments in large-signal modeling
and their imp lementation for improved power amplif ier design s is presented. The amplifie rs
discussed em ploy si ngle- and dual-cell devices of 0.8-pm gate lengt h (~ g) and 300-pm gatc
width (2 w ) cell sizes . Performance characteristics of these amplifiers are given.

Further discussions of broadband power amplifier design aspects are presented in
Appendices A and B. Projected performance of octave and multioctave amp li f iers in the H
2- to 18-GI-f z range are also included .

2. TECHNIQUES FOR DEVICE CHARACTERiZATION AND
PERFORMANCE ANALYSIS

Achievements in the development of GaAs power MESFET devices are rapidly
advancing. Devices with modified doping profiles, lower thermal resistances, reduced para-
sitics, and higher breakdown voltages are being developed for improved power-gain
performance [3-7J . To permit trade-off analyses on output power and gain performance ,
extensive laboratory measurements of those devices are required . In this section perfor-
mance characteristics of selected state-of-the-art GaAs power MESFET devices are

Manuscript submitted May 29, 1979.
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WILLING AND KU

presented . The devices were deve loped by ‘l’exas Instruments , Inc . in single-cell sizes of
300-pm gate width I t?~~) and 1-pm and 0.8-pm gate lengths (~~) with unifo rm doping profiles.
Single-ended amplifiers employing the 300- X 0.8-p m device in single- and dual -cell
configu rations werc designed , fa bricated , and tested, and this work is reported in Sections
3 and 4.

Performance factors governing device characterization requirements for pOwe’r amp li-
fier design s are predominantly linearity, power gai n , and efficiency. Designs based upon
measured device S-parameters can achieve optimum small-sign al gain performance. h owever ,
optimum power gain and/or efficiency performance levels may not be attained and require
the implementation of large-signal device characterization techniques . An analysis of the
influence of these factors on GaAs power ME SFET amp lifier designs follows.

Laboratory Measurement Methods

Extensive small- or large-signal device characterization is require ’d to achicr i ’ opt imum
wideband power amplifier performance. Laboratory measurement method s used to obtai n
this info rmation include the employment of a network anal yzer ielding small-signal
S—parame ’te ’rs , and “load-pulling ’’ techniques to obtain larg e—signal device ’ charat -t t ’r i iat  ion -

l”undamental  to the ’ small-signal device characterization is the re ’qut r t ’ine ’nt to elt ’ -t’i nlwd t ht ’
device from the test network ,  A te’clmique was de’ve’loped by l{ - E. Nt ’iele rt  of liii’ N .iv al  He-
search Laboratory to correct for test fixture ’ me)di f i catu)n s to measured elevict ’ S- c  Iar~iI,i( -i cr5 -

I ’his technique is fully de’scribe’d in N R L  Memorandum Report .101 ~ I ~ I - In i ts  sIn11Ilt~~t
form , the test f ix ture  is comprised of svmnwtr ie , low -V SW H , in put and ou tpu t  c i r cu i t s  l u 1
test fixtur e ’ used to obtain the ’ de’vice’ S—parame ’ters ~IveI1 in th i s  report is shown ii i  l- it ~.
l)t ’vice S—parameters are de’te ’rmined l’v dividing measured S—parameters of 1 he desu- t ’ p l u s
test f ix ture  by the’ measured—through 

~ 2I -paranwte ’rs of tht ’ test f ix tur e  (F i g. I ) only at I t ic
associated frequencies -

~~~~~~~~~~~~~~~~ ~~‘

NITWOR ~ A A NI IWITHk H

---~+--k~---
Ni TW ORK A NI IWOHPI it

Fig. 1 — Test fixture for Device Under Test (O UT . )

2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
.- — -~ -~~~~ _ _ _ _  ___



NIH . Kl’POR ’I’ 8334

l.argt’-sign al device’ characterizat ion via load-pulling can be’ imp lemented through
manual or mechanical me’an s. Manual methods re ’qutre tuning of input  and output  net -

works in conjunction wi th  the de’vice’ under test to establish monitored performance’ le’ve ’ls.
Tun ing is pt’rfo rnit’d at selec ted frequenc ies wi th  in t ii t ’  de’sirecl range of opetat  11) 11. [lie net-
works tuned to each frequency are separated from the ’ eIt ’~ Ice’; and subsequently th e input
1UII] ou t p u t  inipe ’elitnce’ Ie’ve’ls presen ted to the ’ de’vtct ’ are’ e’x~wrime ’nthLly determined. ‘l’hc
nt ’gat ive ’ asi it ’tl s of t h is tec hnique art’ i ts t m id’ 4’onsU Ui ing nature ’ iiiit l t hi’ d i f f i cu l ty  of ful ly
nss ’sst l lg circu it losses occurring when matching between high-impedance ’ ratios. [he’ tech -

iii ( lue ’ howe ’ve’r (‘all be’ mt ’chwiit ’ally i f l -p le’me’flt4 ’d and automated to greatly reduce’ the’
amount  of testing tune 191 . An equivalent method which simulate ’s complex load condi-
t ie)t i5  is de’seribe’d hr ‘l’akayania ( I 0 J  . [his approach simp lif ies the ’ me’asure’me’nt re’qumre’-
nie’nts ~~~~~~ urcu it description of t h is technique’ is given in Fig. 2 As illustrated , .1 port lem of
the input  signal to the ’ device uiiele ’r test is used to simulate the ’ reflected signal of an
arbitrary o u t p u t  load. ‘I’he’ anip l i t  tide ’ and phase’ of th i s  signa l is ad justed to pr~ viei t ’  t lit ’
de’smre’d comp lex load impe’d am ’e’ conditions at the drain port of tile ’ dt ’vice’ . l)ire ’ct measure ’ -

tile ’ ii ts o f  th e sillltilatt ’ ( I leitid impedance’ are niadt ’ wi t h  a re flect ion test un i t  - l’Ii i s t e ’chn me~ut ’
per m it s  i n -s i tu  th ’v ice ’ chiar ac -t er t , i i t i on  and negates t h e’ c ircui t  loss Prohie ’Ins ,tsse tci . t t es i  tt t I l t
1h~t’ -t circuit -t umug methods -

l)evice Mod els

.~ n a l t e r n a t i v e ’  to ful l  e le ’vic t ’ chara -t e ’r i i at ioi i  and lit ’r Iormanc - e ’ a i i a t v s i - ’ II ~ ‘I i t 1 ’t ~
iiie ’asu rt ’me ’nLs is device ’ tnoe h ’ling un ite ’  cir c u i t  t y p e  t l io ( I ( ’ls i i , i v t ’ be ’e ’ii tle -~ i i h ~~I tc i i i c I t
s i t i i t i l a te ’ small-sig nal  de ’vie ’t ’ I ie ’rf or lnan ce ’ 1 1 1 , 12 1 - In addi t ion , a n a l y t i c -a l I 13 , 1-I l an t i
n e in i t ’rm cal ( 1  ~~ , 16 1 niode’ls are lie ’i t i g de ’velo ~it -tI ‘[hey provide a fu l l er  u n d e ’r s t a i i d i t i g  1’f the ’
i ii f l i ien -e’ of mat er ia l  and ph sit -al I i~er~i i i i t ’t t ’r s on device ’ p t ’r lo r tnanc - t ’

‘[he ’ ~- i r - u m t - t y p e ’ moele ’l shown in Fig. 3 can he’ t is ~’d t o  •u ~-~-ura t e ’lv  s m n i u l a t t ’  de ’vie ’ i ’
~ i arame ’tt ’r ~ i n t e i  the ’ k u - h and region. I ’or ,i giv t ’n b ia s c - o i i e l i t ion the ’ t i an in ie ’ t e - r  a t t i c ’ -

e’a& -hi mc id e’ le ’ met it  can I it’ ele ’t e’rm l ne’d by I. .is t sc uar e ’ f~t t i t i  g t i l e ’ i i ie  i elt ’l l ice  I ie t c c  I -

fre ’que ’n -v e le ’l ) e ’IlIII ’nt  S-parameters to measured S - l i ar . i i i ie ’t c ’,- s F li t ’ siii~e ll  s ic~t ia!  t i io de ’I
e ’ie ’nien t alue ’s can he ele ’r iv e ’eI by f i t t i n g  to me ’a seir e ’me ’nt s outside ’ t h e ’  frec 1 i i e ’ t i t \’ hand of
dt ’smgn - l b  Itt t ’vt ’r , the ’ model mar then be’ use’el to pre ’di -t t h e’ S paranle ’tt ’rs wi t  Ii i l l  t h i t ’ de sign
I lau d l i i  is provide ’s th e ’ f le ’xibi lmt  v of ch (R) sing e li ff e ’r i i ig frequency range ’s o f n le ’asti r e ’ili t ’n
imnel design -

\ quasi s t a t i c  or large’ signal device ’ mode’l was  de ’v e’lopt ’el at t h e’ N it ii H t ’sc ’ar~ h i I ..il lol l

tory I I 7 , l S (  - ‘l’h is nieielt ’ i pre iviele ’s a technique ’ for simulat mu g , i e i t i l u i i e ’ar h ie ’r forn )aii ce ’ of a -
‘

~m As \l KSF FT int * ’rf acuti g wi t  ii arbitrary complex Iciaei con dit to il s ‘[he’ t t ’ch nm q ut ’  IS li .is cc I
em the ’ e’irc eii t  - t y pe’ model use’eI to describe’ small -signal performance ’ . l ’ Iie ’ quasi s t a t i c  l i ld l e l t ’I
e -ons ts t s  of lut ie ’ ar  and nonl inear e’lenie’nt s as identifi ed in Fig. 3. Instant ane cit is va tuc ’’~ ot i t ch

ne mim n e’ar e’le ’ni e ’n t are’ given by relationships expressed in the ’ form of lu s t  in tameous ~lt .egc ’’-
‘l’he’~e’ voltage ’ -ele’pende ’nt re ’lat tonship s we’re ’ ele’rived from hias-de ’~iend e ’ui t  value ’s of t h e ’ s i i i , i l
signal (Increment-al ) model elements determined from me’asurect sets of S-par ~mnie ’t e’Ts - l iii ’
sets we ’re ’ taken for eliscre’te ’ e’omh inations of drain -to-source ’ voltage’ 

~~~~ ~ anti gat~’ to s ‘ure - t ’
vo lt age ’ 

~
‘( ; N  -

A quasi-static mod el , ete ve’lopeel t e i  dt ’scribe the per formim n c -e’ e’hara -te ’r ms t i c s  ~if a
600-pm ( ç, \ I .7-pm 

~~g (‘t aAs FET , was use’eI to demonstrate ’ the ’ value ei f th is  te ’e’hn iqu e
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Fig, 3 — Model topology of a GaAs FET

in predicting power gain contours 118,191. Model-predicted gain contours are compared to
the experimental “load-pull” characteristics of this device in Figs. 4 and 5: the experimental
load-pull test system used was described in Fig. 2. Excellent agreement between expen-
mental resu lts and model predictions was obtained. This experimentally veri fied quasi-
static techni que has been successfully employed for simulating, in the time.domain , non-
linear performance of both FET power amplifiers and FET oscillators. The model can ,
however , easily be reformulated for direct application in frequency-domain problems , such
as in the optimization of intermodulation distortion in linear amplifiers. The ability of this
model to accuratel y predict power-gain under complex load conditions demonstrates its
val ue fo r power amp lifier development. Optimum large-signal conditions , as set by specified
dynam ic ranges or output  power-gain levels , can be analytically determined over ex tended
frequency ranges. The techni que can assist in the realization of the full potential of power
GaAs FET performance; and the important aspects of the output load characteristics when
designing for low intermodulation levels or optimum power performance can be assessed.
Gain and efficiency characteristics can be analyzed together with expected performance
trade-offs based on small- and large-signal design approaches.

Analytical models under development will complement the quasi-static modeling
technique. Expressions will be available to relate the physical and structural device parame-
ters to each model-element value 114]. An alternate analytical model [13] will provide
explicit expressions relating device terminal IV characteristics to the device parameters.

The most accurate broadban d power GaAs MESFET amplifier designs are derived
from complete device characterization through laborato ry measurements. These measure-
ments provide the requirements for accurately modeling intended device structures.
Analytical models, providing insight into the influence of device parameters on amplifier
performance , will be valuable in the realization of optimum device structures for given
modes of operation. In addition , they will be useful for accurately modifying (scaling)
quasi-static models , which simulate actual device structures , to accommodate changes in
device parameters. This will provide a method for assessing anticipated improvements in
device perform ance resulting from device material or geometry changes.

5
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GAIN I ~1B

____  ‘ 1

I A0000 NCY 8 5  OH,

Fig. -i — Mt’asure’d and predicted small-signal constant
gain contours at 8 5  ( h z  plotted in the output  load
re flection pIano ( i n p u t  ix rt untun ed ; measure d anti
predicted curve’s coincide). 1)e’viee : GaAs MESFET ,
600 pm (

~~, ) X 1. 7 pm (Q g ). Bias: 6.0 VDC (V ,,~~) ,
— 2.0 VD ( ’(L’ < ; ,5) .
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Fhe’ methods dcs ’rth ’d above for e’haracle ’r iitng ant i  s i m u l a t i n g  fu l l  dc ’v i 4 - t ’ pe ’rf orun ;mro - e’
are ’ ~; i Iuahth ’  t oo l s  for m utt  ple ’me ’nt un g successful widehand C a As \i ES F V F powe’r amp i i f i e ’r
cle ’signs . I)e’sugn s e’flt~llo\ - !u1g t he ’se’ t e ’cl in ique ’s . cx per inten tal or ana l v t  ie ’al , pu - t ’st’ut lv re ’qu %t - ’
Iarge ’ - si i z t t .d  device char acte ’r izat ion at mu It ipli ’ fre ’qut ’nct e ’s ovt ’r t i l e ’ desired range ’ of d ) l lera _

- t hus form of e’harae ’terti.ation max - bt’ very t ime ’ consuming and ‘Ost lv when ‘‘loat h -

pm i l l in g ’~ laboratory me’asurt ’mont s and nmdt’I s imulat ions by compt i t  e ’r analysis  pr oizrauns are
involv e d - .-\n al t ernative ’ approach combining  model simula t io n  tc -hn i quc’s wi th  only situ l, ’-4 f requent -v large-sign al ana l y s is  is being st u du e ’ti at N III. I 20J - This w il l  great ly  s imp lif y  the ’
dlt ’SIt ’fl procedure’ -

‘teas u re ’nient Results

Laboratory nte ’asurements which me ’hide’ small-  and large-s ignal te ’sts wdtt’ t~erformued
on ~t ate ’ -of-t he-art 300-p m ( l ,~,, \ i -puuu  and 0. 8—p un ~~ cel l s tructure ’s , ‘rhe’se’ mt ’asurt ’me ’nt s
we’re’ macit ’ out hot hi sing le’ - and dual— ce ll c’nnfi giirat ions . Small—signal , S-paramete ’r nie’asure-
ment s  we’re’ taken in th e ’ 2- to 1 2—G I I,. range ’ using an l iP  .‘~ut omat  ic N et work .\ n :mT ~-;e ’r and
the ele ’s -r i he ’d test fi~ ttir e ’ (Fig .  I ‘i for the device ’ under t est - Device’ S-par ame ’ters we’re’ t hen
dt’-cnibedded from (hit ’ f ixtur e parameters Sj - Measured S-parame’ters of th e’ single- and
dual- ce ll  300- \ 0.8-pm elev ie ’e’s arc’ plotted in Figs . 6 and 7 . ‘l’he’ i ’akm e ’s of th e eleme’nts
in the ’ e - i rcuut  -t v pe’ mode’l we’re’ se’t t o  fit the ’ model to measured S-parame ’te ’rs : t ht ’se’ fitted
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;t lt i -~, Of t h i ~- t i eae j c ’j  e ’le ’me ’r its are ’ h i ~te ’d iii ‘lable ’ I - The mode ’l s im ula t ion  of the ’ de vice

S-parauuic ’t c ’r~ ar e ’ include- I t  in Figs . 6 and 7 not only in the ’ rne’ as ur u -mi 2- t i  I 2- ;J I, . hand h ut
- c x  t c ’ii de ’ei to 1 ~ (~ l i z  - ‘I he ’ dev e ’lopme ’ui t of the 6- to 1 8-( 1 lz anip l if i  -r d e s i gns  re ’ported

her e in ut i l ize d mode’u -rnu la t e ’d S-p araniet e ’r s (small-signal t.  Al thoug h sn i a l l - s igimal  design
m m  l i lt - c ’! m t s were ’ ii~c’d , the ’ e’xt& ’nsion of the  basic techniques to large’ - signa l ml ’s igrI  s wil l  I~ ’
(IiS(’USM’(l.

I m l m o r t a n t  factors gmm v t ’n l  u -m g the ’ design of !mos% . ’t anip lmfie -rs  are gain , liut e ’ar i t v , and
c r  performance ’. ‘I he- se ’ fac tors will do -t a t e ’  large- Vs i i rn a l l -s iguial  amp li f i e r de sign p h i losmo

ph~’ - Specified ~~~~ 
e ’r -gain performanc e ’ leve ls are.’ optimall y set I my the output  load

inì p e ’danuc - - 
-i c ’st s have ’  shown that  for irn -r e ’ ;L s ing output  I ) o %% e ’r le vels t h e’ out Put  load

mn i pe ’danue ’ for  m a x i m u m  power-gai n approaches the’ cefltA ’r of the Smith (‘hart 50 ~ - ‘l’he’
power el e ’pe ’utde ’nu e ’ of the ’ input  matchin g condition s is found to he niinimal . F’or ul lustra-
t ion , the ’ ou tpu t  load dependence’ can he seen in the me’asurc’d and predicted small- and
large’ -s ign a l power-gain contours in Figs, -l and 5 for the 600- ‘ 1 7-pm dc’vm -e’ . The opt imum
m ) utput. load impedance’ change ’s from the ’ small-sign al value of -19 + 5 ~ ( Fig , -1) to 60 +

j30 ~ for an output  power of + 20,9 dBm . From these power contours , it is seen that  a
1-dB mm l)r (mvt ’me ’n t  in power-gain can be’ realized at +20 9-dllm i~~we’r ou tpu t  b matchin g
for the ’ large -s i gnal  as opposed to the ’ small-signal load condi t ion .  ~%‘hen tuned for m a x i mu m
smal l-s ignal gain , the ’ device ’ is operating into 3 d13 of gain corn lmr css i on at the +20 .9-dBrn
Outpu t  I” m w e ’r  level , Operating into a matched load cond it ion at + 20 .9 dliii . t h e  device is at
app ro x i m a t c ’l v  I dl of gain compre ssion with  a reduction in smal l -s ignal  gain of I dl ,  It  is

si gn i f ican t  1 m m  note ’ tha t  the dynamic range’ or linvanty of d e v im - e ’ performance ’ would also he’
s i i , mi f i e ’a i t t lv  t n t p r v v m ’d at  a s;o ’rifi -e ’ of o u t , ’ 1 dl in small— sig n al  pe r formanc e- . ‘l hicst ’  r m -oIl ~s
were Oh)t a i ri(’d wi th  the ’ i npu t  ( l e V i e d ’  poi-t in a 50-i system (unt un e ’d  I.

Fi gure’ 8 illustrat e s measured power-gain response’s of the 300- ‘- 1-pm device’ for two
different  output  load conditions at 8.5 Gf -lz . These measurement s we’re taken using the
active load-pulling techni que. The input port to the device’ was maintained in a fixed 50-fl
sv ste ’m ( u n t u n e d b ,  and the bias was set at a drain-to-source voltage of 8.0 \D C  and a gate’ -to-
source ’ voltage of — 1.0 VDC . At this bias point the device was operating at approximatel y
one-hal f ‘/ ) S~ ~55 m.- t ) ,  as seen from the curves of Fig. 9. Curv e :~ of Fig. 8 depicts the
power response under the optimum , small-signal , output load impedance. The associated

reflection e-oe ’ffici ent is 0.7 < 50° . The 1-dB power c’ompr es.siomm point for this small-signal
load condition is shown to occur at an output power level of approximately -i-19 dBm. An
output  reflection coeffici ent of 0.5 < 500 increases the 1-dB compression 1)Oiflt output
power level to +20.7 dBm , as demo nstrated by the response of curve B. This improved
powe’r gain performance of 1.7 dB was achieved with a reduction in the sniall-sign al gain of
approximatel y 0 5  dB. The associated response of the power-added efficiency is plotted in
Fig. 10 . The maximum power added efficiency under the small-signal load condition is
23’; an improvement to 31~ is obtained with the large-signal matching condition.

3. BROAI)RAT’41 ) GaAs POWER AMPL IFIER DESIGN CONCEPTS

An integrated approach to the design of broadband GaAs power amplifiers using both
analytical and computer-aided design (CAD) techniques has been developed and applied to
the 6- to 18-Gl-Iz GaAs MESFET amplifiers. (see Appendix A ).  The design is based on
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Fig . 7 — Measured and predicted S-parameters for a dual-cell GaAs MESFET . (a)
magnitudes vs frequency, (b )  phase angles vs frequency. Ce’hl size: 300 pm (9 ,V ) X
0,8~am (Q5 ). Ulas: 6.0 VDC (VD S) , 0.0 VDC(V1~s).
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me’asure ’d device’ charac t.e ’r ist ie’s and distributed equivalent circuits , ‘I’he’ equivale’nt cire ’uits
are’ used firs t te i pr edict the ’ gain — bandwidth limitations ( 2 1  .22 I . Based on the ’ equ iva Ie’nt
circuits , broadband distributed mate’hing ne’twork s are’ synthesized for sonic’ pre’se’r it)ed gait )
slope ’ ae - ros,c the’ spe’cifie’d fre ’que’ncv ha rsh 123 .24 1

As disc’usse’d iii Se’ction 2 , the ’ sthte-of-the’-art ‘l’exas Instrument single- and dual-c ’e’l l
ME SI”E’I’s have he’e’n chara ct e’ri ze~h by me’asur uig t he ’ small-signal scattering lNer amc’ t e’r s (111(1
der iving ele’vice ’ e’t iUiv aleii t circuits to fit the ’ measured dat-a up to 12 ( l  Ir , .  The device’
equivalent e ’ircu its are ’ th e ’n used to smooth and ext-end the ’ sc’atte ’ri ng par ame ’t4’rs to 18 (i ll, ..
Suhse’que ’ntly, the’ smemthe’d , e’x te’nde’d se ’at te’r i i ig paramt’te’rs of the ’ de’v tee’s from 6 to
18 (fl I,, are’ used to m h e ’r t v , ’  u i i i la t e ’r al  lumpe ’el and distr ihute ’d eeiuiv ale ’nt e -i re ’u i ts  - ‘I’he’se’
equivalent e’ircuut s anti the’ (‘elrre’sponding optimum gain bandwidth  l imi t a t ions  for lC e ) th
the ’ sitig le - and dui d-e ’e’I i ciet ’ie ’c’s are ’ presented in Figs . 11 and 12 and Table’s 2 aneh 3.

‘I’h.• op t imum gain bandwidth limitations deri ved for the ’ single ’ - and dual-cell
NI KSh ”E ’I ’s estab lish the’ inhe ’rt ’ut broadhanding capahilitie ’s of these ’ de’vice’s, ‘I’he’ di st r ih eit ion
of the ’ gain tape’rs in the ’ input  and output match ing networks is an important design
c o i i s i e l e ’rat t ern l”or power NI ESl”E’I ’ ampli f ie ’r designs , the’ output  matching ne ’twork s must
he’ flat to provide ’ fel r i u u : i x  imum  power output across the  pre ’st’r ilwd fre’que ’ncy h and - ‘l’hu s
the’ intrinsic ’ 1 dl oc t a ve ’ gat t i  roll—off of the ’ individual F’ Fl ’s must be’ (‘e) mjle ’iiSate ’eh b~’ t lie ’
i l i l l U t  m ate ’Ii ing fle ’tWe ) rk -

Sy u t  he’si~ e~f I )istribute ’d Nlatt ’hing Networks

‘l ’ hic ’ d istributed e ’omme ’nsur ate ’ -Iin e ’ matching ne’t works to be’ sy l i t  h i e ’s i i e ’eh  e’einsist of
an ar hitr ar ~i e ’OSe’ ,i ( Ie ’ ei f uni t  e’I e ’nients and ope’n -s’ircuited and short -e ’i re ’uit e ’e I se’r l e ’s or shunt
si i ihs . wi th  the ’ t otal numhe’r of ele’nie’nt s , p. e’onst.raine ’d to he’ au e ’Ve’?i  litI fl iLl e ’r , ‘I ’h e’ tr an sfe ’r
f t i i ie i  1cm (I f sue ’h a network in the ’ Rie ’hard s (25 1  transformation domain is given Im y

~~2ni~~ + 12 2 )q
(; (~~ 2 ) = ‘, ‘ (11

“I P~ t 12 )

w he’re ’ P ,1 ~& ~ 
U 1 is am ut -h -degre’e’ pol~’ nomial in I � ‘ and 12 = t ati  ~~ ‘ 

‘I’ with  1’ be’ing the’ delay
lengt h elf the ’ e’ommensur ate ’ transmission lines, In Kei - ( 1) ,  nu is the ’ uiuuii h er of ‘‘high-pass ’’
sect lel t is  t ’orr e’sponding t e l  se’r ie’s-ope ’n stu bs or shunt-short -ed stubs and ~n.m - q)  is th e’ numbe r
Of ‘‘ low ~mass se’e ’t i e l t i s e’e)r re ’Spelui ell i ig te l se’rie’s-shorte ’d st u bs or shunt-open stubs , ‘I ’hie ’
pa r anie’te’r q is t hi . ’  num be r of uni t  e’le’nie’nts eorre~s~londing te l the ’ cascad ed ser ie’s transmission
ii t i e ‘S

In Fe1 - (1 ) ,  the polynomial P~ ( 122 ) has he’e’n derived te l  provide ’ a maximall y flat or
e’qt l ir ipp le’ approximation t Cl th e ’ ideal tapered -magn it tide ’ gain fune ’t ion f e r  the ’ d istr it lUt e’d
e’ase’ given by

- 

I ~‘h~~ ~

. 

} 
Un 

( 2 1
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e el tb. f r e’ t i eus ~u ie ’v bau d \ c t s ’ t h a t  i’ d i 2 )  is t h i s ’ i et e ’.tl ta~ie ’r e ’e t . ga i u i  c ’h t a ra e - te ’ r i s t c c - in the u’e ’al
fr e’e lue ’ui e -\  .c r i .ch i l e ’  C. ’ ~~i I 1 c i ’ , e i u u i t u i e ’ i i s l i r a t . ’ trauisuiiissioui line ’ u ie’ tW e lr ks are ’ periodic ’ , for the ’
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, uim d r t ’e iuu re ’ei g. i uu1 - s l e m h c e ’ elf the ’  u u i h l c i t  ui ia t e~h u u m g  u i e ’t cc- e l r k .  I ’hi Is u i e ’ tcc e i t k  I s t h i e ’t i  s~~ii th i s ’si. ’ecl
for t he ’ pr e’se - r u h l e ’ s h g~L uu i Sle l l i e’ . ine l  r s ’ae ’t i t s ’ e ’e i u i s t r a i t i t  - I i i  t i l e ’  t’uuia l  opt in i i . ’ .e t mc i i i . t i l e’ e l t i t t i t i t
u i i . i t e ’h i u m i g  i i e ’t ‘,c eo’k Is e ’ou i s tr auuieel to u i i , cm i i t auu i  a f lat  t l i . i t e ’hi , , uu i e l  t lie ’ I u C 1 i t m t  n i a t c -hiu i g  i u ’ t w e m r h
is c c r u d ( c i  1ir s i c Ohs ’ g . m u u i  t . t ~le’ r uuig

I . , \%II’ I . IF’ IER PKRI” R M .~ N l, ’F ~N l )  .N N :~I .~’SIS

- I ’he’ fell 1 icc iii g di sc ’ t issi e i i i  1i rs ’se ’ mm t S I lie ’ tie ’s ig ii . f~i Ii n e a t me i ii  , a net Icr feir m ~mne ’e’ uite ’atst i te’-
uiie’tits of single ’ e ’neh ,’eh , 6- t e l  iS ( ; I I , , ( .m ,\s Power NI FSI”K ’I ’ am n tp hi fme ’rs ,  ‘I ’l ie ’se’ anipl ifie ’r s
employ st ate ’ - e l f - t h i s ’ -art ( a \ s  NI ESFE ’I ’s w i t h  a sing le’-cell Si’-.’ eif 300-p,ru ga te ’ width (ç
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it u id (1. 8-pm gate ’ lem igt l i  t~, i . I )e ’ v i e ’e’s i i i  s ing le ’ arid elu al -cell cci i i  f i g ur , e t  roll s  were’ use ’d. As
was I m r u ’v it icisI ~ st a t e’d , the ’ a i i ih l l i f ie ’r  de ’siguis are’ tiase’d upon su ii al l  sigmial chiarac t e n  t a t  ion am id
moeh’ luulg ‘I’he’y we’re ’ de’ve ’I opc ’d t e l  itch ie’c’e niaxumun i su it a lt - s igu i al  g a tu i  ac ’r cl ss the’ 1 - to
I S - ( l I t  frs ’qu e’uicy h u m i d .

For flat al i lh il i f ie ’r  re’s h ldlnse’ d ’hih erac ’t e ’n i st  IC ’ S , gain ta p e’ri u ig must be’ prewide ’c h by t lie ’
m a t c h i t u i g  n et works to the’ input  and or out put  dec’ic ’,’ ports .  l’hm is is te l  e ’orr e ’e -t 1cm the’ I 

-

-

iu ihe ’re’nt ga uu i  slope’ e’l ma rae -te ’rist ic ’s of thie ’ 1, a .-NS l” KI ’  de ’c’ie ’e ’s . Amp h if i e ’r s de ’siguie ’d for
ch it I D i t t O )  ~l e) Ws ’r .gaIu i pe’rf or nia n e’e’ t ’onstr au i the gain ta pering t ci (l ie ’ dt ’t’ - c e ’ uu i pu t  pelrt -

flat mat e ’h re’spuu is t ’ at the out put port must be’ pne lvi ele ’t h to ae ’li ie ’v e’ opt in ium llowe’r ~gai ui
tr auis fe’r c’hca rae ’t e ’nts t ic ’s ,

t i l e ’ S-parann ’te ’rs for h o t  Ii ( lie ’ sitigl e ’ -aiid duitl-e ’c’lI e’onfigttrat ieln s pre ciousl y sj lee ’i fie’d
we’re ’ me’asure’ch using the’ :~ ut em n l a t ie ’ N et work  :N n ai~’ /.e’r iii ( l i e ’  2 - t e l  I 2 - G I l t  h a n d, ‘l ’ii e ’
S - para uiie ’t e’rs We’r e’ eh e’te’r t iiiu it ’d at a b ias con e lmt iou cml t3 ,O N ’ IX’ , dra iu t - t  0-source’ voltage ’, a mid
0 ,0 N ’ l)( ’ , g a t e ’ -t  e ’-sOUr ( ’ e’ %‘ t ) lt agd ’ - ‘I’b is bias cen id it  mcii i  was e ’st ahili s l ie ’d to ohi ta i mi  a hi igh
c a lcu ’  of smii all- sigu i al gaiui and not fo r  O pt  iu i luni  power gain.  :\ gate ’-t o-sour c’e’ VOltage ’
pro c’ieliui g cmppro xim ii a t e ’l  e) il e ’ - l lfl lf  1J )s ~ weit i lel  hit’ Iliore ’ suitable ’ if niaxiiiiuni sat unate ’eI
power ga imi is ehe ’s ir e ’d ‘c c  oi iipu t e ’r -auch ’eh e) p t iu i i i z a t  iou progra m (( ‘( “ N i t ’  .\( ‘t .  1 was ii~e’d t o
( ) t l t 8 iu i  the ’ c i r c u i t  - ty  

~~~~ 
meide ’I e’Ie’nie ’u i t  value ’s lust  eel iui Fig, 3 for t l c m t h i  de ’vic e’ stru ~’t tire ’s

(s m uig le ’ au i e h dual c el ls)  - ‘I ’hie ’ c a l u t e ’s sc’e’r e’ de ’t e ’r i i cum ie ’ei by f i t t i ng  ( lie ’ mii ode ’I .t lr eth ict e ’d
S.h l ar aul ) e ’t eCr s to the  nce’asure ’d S-p arame ’t ens . Plots of t he’se’ par at i ic ’t e’r s cc-cr c ’ pre’viousl
dise ’usse’d and arc’ given in Figs , 6 and 7 . Re ’e1uire ’d sets of S_ h l ar a t i i e ’ t e ’rs ii~ (h it ’ 6- t Cl I S-I, I I . ’
range ’ we’re’ ele ’te ’r mii ine ’el from sum ul a t  ions using the ’ de ’ve ’Iem p eet moehe ’Is -

‘I’he’ appre iae ’h used to e’stablish (lie ’ basic ’ amp lif ier  de ’siguis amid proje ct i e lu iS  givc ’ lh iii
Ui i s sect iou has tie’e’mi ful ly ci iscusse’d iui Se’ct ion 3. ‘l’he’ fol lowing outlines ti~is itptlroae hl -

K qu u v a le ’ui t  el istri hi ut e ’et  c i rcui t - type ’  models ( Fig. I I )  s i m u l a t i n g  the ’ input  au ic l  output  port
e ’h i a ra d ’te ’ r lst 1-es cml e’ite ’h e he ’y i e ’e’ W e ’r e ’ the ’t ’rmine’d from the’ de’ve’lope’d sets of 6- to 1 8-Gi It.
~ 1’~~~,~~1-~~’t e n s  l”re im t lie ’se’ models , input  and ou tpu t  m at e ’h in ig  n i s t w o r k s  w e’re ’ s v m i t  he ’si1 ’ e ’el
l ’ hi e ’ iii 11-c it ne ’t w or k s  we’re ’ de ’f iu i e ’el te l  pr ovude ’ a t i e l si t  i ce ’  t ; -d it O c t  ave iu ise ’rt ion loss sleipe ’ , and
a niat che ’e h c ’e lu i e i i t  i e l u i  cc as e’stahiI ~she’d itt t he ’ upper-hand e’dge ’. Eae ’h out put net cc’ork was
syn i t  h ie ’ su ie ’ e l  ( ( 1  giv e t flat mat e ’h ove’r (lie ’ h and of umi te ’re’st - ‘the’ c’ouiip le ’te’ a m i i t lh i f i e ’r t opologv
, um e h  e ’ls ’ii i s ’ii t ‘ , a l i i , ’s .us ds ’riveel frenn d is t r ib uted  svui the ’s i s  w i th  e’elmme’n su r atc ’ I ins ’s is given
iii F’ i g 1 3 for t eo th i  ( lie ’ sing le’- and dual-e’e’II cle ’vie ’es (S c’..’ Section 3 1,

I h , ’ f in a l  s i l l  gl s ’ amid d ual -ce’Il um ni p l i f i e ’r  de’signs we’re’ moelif icat  ionS of tile ’ s ui t h i e ’s i i e ’d
ti e - I c c  ‘i r k s  pr u ’cue iu s l y elt ’scrihe’ej , I)e’sign de’ve ’l opme’nt comme’nced w i t h  these’ net cc’eirks~
I l d i w e ’ce ’r , the ’ c iti t l i t i t  uie ’twe m rk  was modifie d to ( ‘otlt zuu l a single s tub  e’ieme’uit for (‘it5t’ elf

I . - i t  ion - - N I T ~m e h e h i t  iem uial  se ’r ie ’s transforming se’e’tion was added to the ’ eiu tpu t  sect iem , and
cli u ui h l tt te ’r e i h l ti flhi1 ’at i ei tl cca s tise’d te l fit the ’ amp lifier re’sponse to a spe’cifie’d gamim am i d gain-
f l i t  115 55 l’he ’ s tar t ing nma te ’hi m ig e ’ir e ’u it ele ’me’uit value’s were take ’n from (lie’ syuithe’size ’d

, l 1 c c  ~l c ‘gIs ’ s I’h i e ’ f ina l  cie ’sigui all e iwe ’th hiei th t Il e’ individual line ’ length s 311(1 impe’dauice’s to
car ~ 1 t m  -e lrr ee -t fe lr Jut ict ion e ’ffects he’twe’e’n line’ e’Ie’me’nt s , Iumpt ’d 1 , ( ‘ ele ’uiie ’iits we’re’
uuise ’rt e ’el 1 ’21; the ’ c . t le te ’s of the ’se’ e’le ’me’nt s wer e’ de’t e’rm ined fre im th e’ final opt im i’i.e’d
l imit’  impt ’dan e ’e’s . Wit Ii t l is ’se ’ lu m ped e’Ie’me ’nts imit ’ltide ’el iii t h e  final circuit topologies , the ’
li mit ’ len gt h elf  e’~e’hi tr a uisf or ui iing e’he ’me ’u it was re ’fitte ’e l to hme ’hle’Ve ’ the define’d gain freque’ne ’y
rs’sps ins .’ ‘I ’ll e’ f i mi al  ani l ihi  fie ’r t opoIo~~’ ane h t he’ e’om pu te ’r -f it ted t’le’nie’nt parameters f e r the’
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sing le- and dual-cell devices are given in Fig. 15 and Table’ -I - (‘ompute ’r -predict t ’d gain
re’sponse characte’ristics for each amp lifier are given in Figs. 16 and 17 ,

Fi g. 15 — 6- to I 8 G h z G~i As pcc~ s-c MF Sh’i-~1’ ,srnp ti fi , ’r  to pole g~
(‘el I sit., ’ 300pm ~~~~ ‘ () 5p m  I~~~. I

Tabhe -I — 6- to 1 8-CU hi , GaAs Power NI FS F ’ K F  \Iuiilifie ’r (‘emuuputc’r- l”ttte’d 
Jenie’nt Par,mnnett’rs, (‘elI Site ’ - 30(1 pm I ( ~, 1 ‘ ( I 5 pm I

I lu~put M . I t d ’ h u l l g  N .’ i w t i r k  1 Umi i ~ ici n \1 , c t c - t u m , m ~ ~~~~~ w c ’ r k

Li ne’ P~er~,t,t& ’ts’~ rz ;,, 
~~ct2 J 1ti3 /~)4 ‘mm ! ’ / ,c,;  t ,~7 1e18 I 1 ‘icc “ m m  

- 

- - -  I - 
— 

- 
t - t -  — t _t 

- 
—1 C

lmpe ’ctance’ 2 :, 9 a:, 9 1, - ’ 0 100 0 15.0 4 1 S  .15.0 - i s ,  
- 

I I . s - ‘ I m O  ,tu O
Sing le- (W I
(‘cli Length I
Amplifi er  (Ileg. at

I8 (ilhi ) - i 2 m 3 7 9  595  50.0 10 (1- 1 0 0  7 l c j () 4 0 3  -12 I - 1 3 5  rS ~~tl
- - -

(I mpe’clant’e’ 2 3 3  -12 .9 150 15 (1- 15.0 40.0 - 100 15.0 7 1 1 -  15(1 3-1 .2 4 1 9
Dual - J (~

) -

(‘elI ‘
~ 

Length
Ampl i f ie r  1 l)e’g it

~ I 8 G I l t . ) 4 1 . 7  j s i .o 495 140.1 1 2,0 50 5.0 29.9 03 0  9 7 5 3 3 {s! -L I
- - - - - - - I -j

Single-ended amplifiers comprised of the ’ circuit descri ptions given in F’i g. 15 were’
fabricated and tested. The’ input  and output matching networks were forulied on 15-mil
(O .38-mm)- thick fused quartz substrates. The substrate selection permitted the USC of low-
impedance tran sforming line elements without the formation of higher orde’r modes at the
upper-ban d edge. Gate and drain DC bias connections were made through RF short-
cir cuit stub elements; RF shorts were provided by radial line elements. ,-~~ photograph
depicting the amp lifier topology is given in Fig. 18.

Measured DC I V characteristics of two single-cell device ’s are given in Figs , 9 and 19.
One-half !~~s for these devices are 55 mA and 40 mA , respect ively; the single-cell ampli-
fit ’r described in this section emp loyed the latter device. Operating the ’se devices at a drain
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Fig 1 8 —  Sing le-ended GaAs M I-;SJ-’ET amp l i f i e r

bias VDS of 6,0 VDC, the projected output powers are 22 ,2 and 20.8 dBm , respectively ,
The fabricated dual-cell amp lif ier  emp loyed a device whose characteristics are partially given
in Fi g. 20. Operating this device at one-half ‘f) Ss and a drain t)ias of 6,0 VI)( ’ , an achievable
output power of 24.8 dBm is projected.

The measured characteristics of the singlc ’ -ce ’ll amp lifier arc given in Figs , 16 and 2 1-23 ,
Figure 16 depicts the gain responses taken at the de’signated bias condi t ions , In the figure .
comparisons are made between the measured gain and the computer-predicted response
based upon the measured set of S-parameters for a bias of 6.0 ~‘1) C (

~
‘J) s~ 

and 0 ,0 1- ’DC
(V GS ) .  The sharp roll-off in the measured gain r e s pm m n se  at the ’ how end of the -’ f requency
band is attributed to the low-pass filter response charac -t er ist i( ’s of bias networks , Measure ’d
power-gain response of the single-cell amp lifier is illustrated in Figs . 21 and 22 for bias
conditions of - 1 .0 VDC ( V DS ), ’-O .7 VDC (~ ‘GS L and 6.0 % C DC ( “ I) s t ’ — 0 , 7  ‘~

‘/ ) ( ‘ ( % ‘ ( ‘5 ),
respectivel y. Included in Figs. 21 and 22 are the power gains at the 1- and 2-d B compre ’ssiomi
po ints. The presented amp lifier charact er istics are from measurements w i t h  original f u n -
modified) matching circuit elements. The derivation of the element pa r am ete ’rs was based
upon small-sign al S-parameters . Improved power performance was achieved by l a l m o r m i t o r y
tuning of the output  matching circuit; a fixed metallized tat ) was included to modif y the ’
lin e impedance of the last output circuit element. Operating at the s 1m e ’ m - i f ie ’ d h u m -  e m m c h l l l m m l l s .
the modified amp lifier has the measured power-gain characteristics il lustrat ed i i  Fig.  23,
The associated power-added efficiency performance is included, It is noted t h a t  impr ove ’d
power operation was achieved by improving the output impedance match  c ’s l a h m l i s h . d from
the small-signal design.
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Fig 23 Sing le s’nsled Gc. -~s MI”SI”I’ I’ , I i i I p I i I ’ Is ’i )~~ iWi’ i  ( 5 ’

~~~~~~ I1-s ’~ is ’ s’ smng lc ‘i ’ll G . i . \ s MI ’ Sl ’ t ’ I ’ t i -I l  ~m , - s ’ . 11 mm ) , m ’ ’;
1 v ,, ) \ 0 . 8 pni ( I , , ) .  lIi:ss ,‘ m o s s ’ I. i~ 0 I P t ’ ~t ,,~~1- . I - ‘ . .

l I1e ( I ,;s ), t’iii~~s ’ it , I) ~~1l( ’ 
~~i’ s ). i ‘ I 14~~~1 ~~~l

.\ d tial -e~’lI aniph if i s’r ~vns tls ’velops ’el ant i  f~ch im ’iemited s i m i i m l m i u ’ l v  t o  th e  si I l l : l i ’ c ’s ’lI au l i l i h i  
C

fier l’lits d esign was a l s cc based on sniitU -scgntd ch~u-acteni.~e( tect i  - Vc1:uvc~. 1 7 antI ~‘ I t l lc i s t  r at s ’
t h i s ’ t i i i ’ m i s% ir u ’ c l  p erf oru na n s -s’ of th i s  amp lif ier .  ‘l ’lis ’ depict ed gi tuul  and INlI ~

. e’r . rI ’Sh ls ( Iiic s ’ t h.ti~ ,

t s ’flsl o s wer s ’ measured wi th  tiniiioeii fic ’d ma tch in g  cir cui t  i ’ls ’m ncmi1 s ‘l’he gain fa l l t i l l  ml t h m e
14 1 w end of ( lii ’ h and results  from loading elf t h e  l~ (’ bias i l e t  II , i i t s s lmlcrt cvs ’d gau l i s ’s l ’ ( l I ) s i ’

at the  upper-hand edge is s ’xpects ’sl t h r oug h a reduction i i i  lionel w i r e  u m i e h u c ( n r i , -eim t o t h e  gmlls ’

an c l d  r am ii pads of I lit ’ eh’v ice - S i i i  g le w irs ’ iii t ercoui ns’t ’t s w etc cis c’s I bet ween end u cell I ~~ I a uts i

t h e  extenial  s - i r cu i t s.  Mciii  ip le tioui d SI u l’s’S to ( li e ’ ili’~~i, ’ s ’ 11:1515 u-eehtueing I lie effect i~c~ lead
mndu e ’tan e ’c’s we re not e m u p li i s ’sl due to assembly equipment l imi t  at louis  Kuhancems ’ni ‘‘I ’

he power -gain performance can hi’ i- i ‘a It /et I (Ii  rough C h ic ’  uin ~ ‘is ’ iuuc’i i  t~t ( i c c  ii ’’ f t  t ie In i-ge sm gun I

s -har aci er izat  ion and design tes ’hnie 1ues Icres ent iNi in I h i t s  report .
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This ’ uu is ’thods tis ’scribed can be’ used iii  s’itht ’r su i i a ll  e r  large -sig al ampl i f i er  t.Ic ’s.~,u i s -

h i t  ‘wever , d ur ing the ’ i i i  it i~u l phases of I bu s effort . (hi ’ tc’chnie1us’ for ds’ve1opmg a large-signal
circuit - t s-pc uno ds’I ~ i i  it abl e for use in amp li fie ’r descgn Wits not comp lt ’t s’ - ‘l’hus . the ’ amp li-
fis ’r ds ’vs ’ lc  pnu ’nt discus.ss’ei in th i s  report was restricted to the usc’ of small-signal det,-~ ’t ’
model” ,cui eI , therefor e’, this ’ r esults do miot fully r t ’fls’ -t opt u m ii u m power-gam ls’vs ’ls -

~~ . (‘ N( ’l,11510\S

l s’ i ’Ii u i iqus ’s ami d to sils for in ip lc ’mt’ui t in g ths ’ ds ’vclopuii t ’ui t of power Ga .-\s M KSI” l’T
mluli  lm fis’r s hi a~ s ’ been preseutt ’d . ant i  mc rom p Ii ’t s’ ds’scru p( is lii o f t  lie s ui t  l&sis o f t  he in i u
anti oci t  put  mat t h i n g  cir t - c u t  s mi s ’s - s ’ssa ry t s) at -h iev i ’ wid ehmcnd performance has bei’ui gi~-e mt
l i i t ’ lu sl s’ ci ws’r s ’ t in ’  t - t n i st r a iu i t . s  inipo seel on this’ eir s ’cu i t s  to obtain rs ’qumr ’.’eI gain flat m o ss ansi
ou tpu t  pows ’r ma tch ing  i ’onsli t  l u l l s  i ’hic ’ f o r u i iu l a tu ou i  of th ese mat e -hing e’irs -cnt s  h u m t s  hs’eui
l~~i s s ’ t l  up sn i  th i s ’  ch:crac -t s ’r i , m c t i ou i  ansi cu i lu ia t i ’r a i  c I r c u i t  mii ot i s ’lun g iii th e ci s ’vics ’. ‘l’h i s  c i rcu i t  

-
‘

15 1’s ’ ds ’~ it -c ui io eis ’l w it s  ds’vi’lopesi t o  si f l l u l a t s ’ t lu s ’  i npu t  and out 11(11 device ehar iut -( t ’m - u st m i ’ s ,

it se is i lsu ’ mI t o  i ’ s ta ht l i sh i  th i s ’ u i ia ts ’h i i ig  ci rcui t  to~te liigics amid st a r t ing  s ’ i rcu it  s’ls ’u iis ’i i t

I~ mr ~t m I I i - t i ’rs for s~j i t u u u i i i . a t  lou -

Ongoing sls ’~- It ’s ’ nis ) s is ’hiuig s ’ff s r t s  hmiv s ’  h ie ’e ’t i p rs ’se’u itt’cI i i i  this ’ i t ~~i t e ’x I  i ( f  t h e i r  i i i f l t i s ’ u i s ’ i ’

c l i i  mtt t I i t ’ I i t l g  mnipr ove ’d t l i ’vii ’e design s. ‘l’lii’se t ’ffor l s arc p r o v u s l imig a fu ll’s’ t ’t i l u i t u ls ’t i ’ t u m u t I s ’ r
si mt i i s l  i i i  g of this ’  re ’lat ie tu sh ips si f  I thy si t ’ id mcm i i i  n i at e’ri~cl t is’v mt - s. I ,ara iu is ‘t . ‘rs ( t i  I ter t’e ruli mt iucs ’ ,

t h u s  assist i u ig  in the ’ se leet ioui 1)1 l1ar~cuu i c t s ’r  values mies ’ded to o pt im u m / c ’  dm ’vis ’t ’ d i ’ s i g r m s  . \ l s m m C
t i i~i ’ti ” si ’d hu ts  I t s ’s ’ ‘ ‘ ‘ a( io llt i oui  of t hi s ’sc ’ u i i s i t i s ’ l iu ig  t i ’e h uu i i q t i s ’s t t t  l l f l 1~~it I s ’  . i s s ) St i l uus ’s ’ i i i

p r etji ’ct ing devo- s ’ l)e ’r for ii~ans ’s’ - -‘e large-signal t ’i rc ’ tu i t  Is pi’ ni stth ’l  of a 600 pt t i  gat s’w i e l t h i

( V 14 . I 1 7-p m g:mlt ’ length V’~ ) ;a.\s NI K Sl”l” I ’ mlev is ’s’ ha s lts ’s’ ui t ls ’ st -rihs ’d . wli i s’hi  ‘,s ms c e - t m i

I s )  prs ’t l it ’t this ’ rc’spouist ’ of d s ’vms ’s ’ j O  15% s ’r ga in  l i t  out it u t  loas i condit i ons.  his ’ cx ts ’ m i s i  m u g  t h i s ’
ps’rform~iluci’ of th is  model to  s -over the ds’sirs d ba n d of InC er s’st , hi r e ( a dl i t au i ( i  mat s i t i n g

m u e t w t rks e’an hi’ s~’nt he ’sui.s ’ei ,

Iir i ,adltaiis i Ga ,-\s NI K SF ’ K ’l ’ amp h if uc ’r ds’sugns ii avs ’ hs ’ i’ui prs ’seu its ’d in fre ’que u ie ’y hi a t i e i s
s ’ tw s ’r iu i g t .l is ’ fu l l 2 i t t  I 8-( l I z  m u g s ’  - ‘l’ht’se’ t l s ’s igmus . based UI iOi i sni all - sm gu ial e i s ’v it ’s ’ c - h ia ras ’
t ensat  ion and modeling, were (Ieve’loped t o  demonstrat c’ t he  tci ’hmqus’s leading to a final
au iipli f is ’r  t-on figuma t ii tu i  - S im u g le -euudi’d amp lif is ’r s s’m~t l t t y i ng  siiug lt ’ am id dual -cell Ga .- \s

NI KSI” l’~’l’ di’vicc’s (300-pm ( V~4 ,  \ 0.8-pm (V’ 5 ) ct’II si/ i ’ )  were ’ fabricated fr eitii this ’  desig mis .
;s o d  agrs ’s’nis ’uu t  was denu stu is t  rat t ’si be’tws’s’n the  .oui iputs ’r-pr s ’dic ’t i’d and ms’~tsurcei small

sigu ial  gau l ch ia r a s- t s ’r ist irs of th it ’ single -cs’ll amp li fis’r , ‘h is’ out put power level tha t  was
111 (1 m a l l s  :intis -i~uiut et i for th e  sing le -cell des i gn was 23 dlinu ths’ fact that t hu s level was not
m i cl u s ’vcd is af t  r i hnited t o  a low ds’vicc ~~~ aui d tet not ifl l l ll s ’n ie ’ul t ung a larg e- siguua i ds ’siguu -

it is expected that an amplu  fis ’r t ’r uip h e ’y in g ( hi  is baso’ (levies ’ st .ruct .urs ’. hut wit h a  Ii mg ht ’r

~~~ 
ansi a hig her ops’rat iul g dra u m i -to-source volt .agt ’, can itrovids ’ 23-dflun out 11-ut P~~ v~’~’

ovt’r this ’ 6- to 1 8-GI i-s band - This is supported l tv  ths’ results of t h u s ’ I oa d -pu i luu ig .  power-

gaiuu pt ’rfornuance’ nus’asurs ’nus’nts on 1.1w sing le-cell. 300-p umu 
~ ~ 1 -p m (t ~ Ga .\s

M KSFK’l ’ de’vice , Simila rl y, improved ps ’r fstr mamues ’ caii It s ’ ant icipats’d fr ou iu the dual cell
(l( ’slgn.

Prese’nt broadband ( a,-\s power NI I~S i”t’’i’ aniph i  fu’r design t.c ’eliniqus ’s require cx ts ’mismus ’

laboratory nwasurenue’nts and do uot syste ’mnat ic ’ahly lead ts t  opti uu i id ltrs taclh aii d per for iu ians ’s’ -
‘l’his report- h a s  press’nt.t’d sy St enu at is ’ amid s’ fficien I t-s ’cluniques.

2~)
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Append ix A

SYSTEMATIC l)ESICN OF MESFu~:’I’ AMPLI FIF:14s
A Sys ts ’n ia t i t ’  design approa(’hl to the ds ’veIupm-ne ’iut of u ltr a-wid s ’h)arid F’E’l’ amp lifier s ispre’seritt’d in this A pp endi x it c onsists of a technique which integrates computs ’r -aide~tlt i m ’v j t ’ s’ modeling and direc( synth esis cu d istr ibu t e~.f nua t -hi ng ns ’tw orks . ‘l’he alip roae’h isgene’r aj ize’d and equall y app licable to design s of wids’hian d saud i - and Iargs ’ -sigr ia l amplifis ’r sand JOW’flo is( ’ ampl if iers, It is ill ustr ated hi s’ the follow ing deta iled ds ’vs ’I c pn ut ’uut of a 6- toI8-Glfz GaAs MESI” F:’I’ amp lifier liase’d upon small-signal dt ’vici ’ eharas ’ts ’r i za t i eu ,u

The am p lifier design v iu ip l m uv . s ( lit ’ 1’exm ~s Ins tru mt ’n(,s bu c ’ . O 8-p,,, ( & ~ I \ 300-p mI single -cell device descr ibe’d in (h it ’ main text - A distrihiu(e ’d s’c iuiv als ’ii ( circuit uii o ch ’Iof (u s’ 300-pm eis’vice amid its op t im u m  gain bandwidth  l im i tat i c i n s  arc ’ Iur s’sc’nte ’d in C’J”ig. 1 1  and ‘I’ahle ’ 2 . ‘I’hs’ss’ mu rs’ eherivs’sJ from measured small-signal ss ’a t t s ’rin g Par icmns’t i ’r sand tiescribc’d in Section 3. Power anu l ) I i f i t ’ r  input  and ou tpu t  nuate ’huiu ug c ir cu it ceuul s raintsof 6-d h% . e o t mmve gain re ’dus ’tuon at t h is ’ in put  and 1) 4 1 1 3  s u , ( mmvi ’ gain reduct icu ul  ill I hs ’ i ) t i 1 1 ( 1 1 1  are ’imhios&’d on the design (ss’c’ main t e x t ) .  As lis ts ’s i in ‘I’ ah il ’ 2 for an In i pu l  n ua tc ’hi u i g mu d workwith a pr t ’seri hie’ei gain slops’ of 6 d14 tt c ’t avi ’ , the ’ opt ii~ u rui gain h uac iu dwi t i t h  h i m u t m i t i e s u u  u i t m i ’snot require a gail) rs ’duction to absorb ( l i t ’ ss’rlm ’s opt ’nu —e’i r e ’(u ite ’ti sI l i i ’  ,-‘sn ou tp u t gain rs ’eiuu -(ion of - 0,96 d H i s  imliose’d by a flat gam i i  re ’duet 1501 c’onst r a in t  (0 ci 13 co -t a t  s’ l a t  (h i ’ out 11-ut ,For matc -hiuug network topologies of fin i t s ’  c ’onup le ’x i ty  auu d w i t s  ust ’ i’ I s ’nii ’nt s a n ’ PhYsic -all yri ’aliiahie , additiona l gain rc ’ductu sun togs’t hs’r w i t  h i a sp ecifi s ’sl r l l tp l i ’  n u d is t  hu e chi osc’ uu tos:mt isf ~’ the ’ re ’ac’tive ’ corustr aint s ant i achieve (hi ’ r e’elu ire sti impe’cl am ic ’i s t r au i s f on uu ia t  m u
‘I ’his am plu fi e ’ r design te c h nR)tIs ’ hie gins with th e tii ’s~gu i c) f the ’ out put u uu a t ch in g net -wc irk - V i sing the’ direct distribu ted sv ri t lut ’s is  nie’thod , an outp u t m a t c h i n g  ne tws t r k of N = 6with N 1 = 2 , 

~ H 1 , and \‘~~ 3* is derived to  provide th s’ lim it gain rs ’sInmsc ’ A e ’o n i h u u u i m mtuon of a gain reduction o f — 0 . 9  dH ari d a passhuarud ripphs’ of 0,336 dii will  yus ’ld t he(‘Xa(’f reactance ’ absorption and impc’dance t r auu sfe i ru na u ic - s’ m m t ’r s l5 this ’ prescrihied Itarud . ‘l ’lut ’syu1-theSized output m at ( ’hmlug network is shown in Fig, -‘s I Note  from Fig Al I hi a t (lit ’reactance constraint imposed Lw (I -mi ’ shunt oli(’n4’irc ’ui tc 4d st oh t ins been sat isfis’d i’xac ’tlvand the’ impedance’ tram sformmc f ion has also been sat Isfje’d sirnultamus’ciusly ‘ l ’ii is is as - i i i i ’s ‘ mlby moving part of the’ shunt short -t’ircuite’d st uh i  (t h e  s tub  wit  hi characts ’i’ist ic impesiant ’s ’of -111 .16 ~l) fr om refcnt ’nc ’e’ p lam it’ - ‘s to H.

After th e’ output matc hing netw ork has been dc’siguieei , (li e’ e ’lcme’mit vmcl u i ’s  of th is ’equiva le’n t input e’ir cuit (Fi g. 1 1 )  of the EEl’ are cte’r ived tt ~ ’ using eith e’u- this ’ n is’astu re ’ciScatt ering param eters or th e ’ comph’te cir cuit-typ e model o f t  hi’ device in ca&-ade’ with  t hi ’output matching networ k . With the’ modifie ’d distributed input rnod e’h , this ’ gain h am i s iwidth limitation and the’ equivalent gain slops’ at f-h e’ Input  are’ recali’ulated . I t  is f ciun d  tha tthe input  gain slope’ required is approximately 6.1 dB/octavt ’ , Thent’fors’ ml g m m m m i  slops’ of6 dR/octave is suffj( ’j e fl f ,  The’ modifi ed input mode’! simulat e s th e input de’vi -e c’harae’(e’rj st I c ’S
* .\ — to t u I  nu rnbt’r of s’I s’~ ,,~, tu , .\ , u iurn  hvr of ,, w pmss, i’ls’rns’n Is , 

~~
,, n im U, her si f I, ug h p~sss i ii . mi ul~~,and \‘,, nurnh i’u- O f si’rms ’s ( s’~sss’ ,ssl s ’i t )  u ni t  i’h ’nis’nt.~

- ‘  -~~~~~~~~~~~~~~~~ -~~~ 11 _ _ _ _ _ _
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~C C J  1 IC - I \  ‘IC C C 51 UI I I
C ’’ 5MM C ’ , I I ,~,.\ . C C I  C S l I C ~ I I

Fig . A l  - Syn t hs -’smzi ’cl output  matching ns ’tws irk for a small -sigm uat , 6 to IS  ( Iii amplifier using a
single-cell , 300-pm ( k

CC 
) X 0.8-pm ( V i ) FET

and include’s the nonunilatera l effect of the output load . l’i e’ input matching m 1-e ’t work of
the ’ aniph ifier  is synth esized from the ’ input  circuit modt ’l, This input  mode’l is comprised
of an input resistance of -1.88 ~ and a sefle’s open-circuited stub of 15.70 ~l. Wi th  a
ctc t nV c ’ gain slops’ imposed at the device input  port , a combination of — 0,1 dii of gain re’duc ’-
tion and a passband ripple of 0,146 dii will satisfy the input reactive c ouus tr mci i i t  and ti - me ’
required imped ance’ t r an sfornua t i on ,  ‘l’hese’ are’ estalilishe’d by this’ ss’ries olieuu -c ircuite ’d s tub
(15 .70 ~Z ) and the tuput  rt ’ssstmen ~’ e’ ~4 .88 U’t . ‘l’lw svnthesi -Led input mate -lung n etw ork is
shown in F ’ig. A2 and the ’ exact equiripp k ’ gaim u response is show m in Fig. A3, ‘l’he s h u u uut
stub of 740,34 ~ in Fig , A2 is a result of nmvi n g a portion of the shunt  stub mit rt ’ft ’reuice f
plane’ -‘s to re’fere’nce plant ’ H to satisf y the ’ required impedance t r auu s fo rm at io u i .

H

N C C  1 I CC I l l  ,\C I N ~ C Il l C C

, C C ,~, C 4 1  - C 1 I C , N - ’C C  I C  I l u l l ’

l”ig. A2 - Syn thesized inpu t niatt’hing network for a small-signal , 6 to I 8-C}lz an i i ihif i t ’r  using
a siu igli ’ -cs’lI , 300-p m ( t~ , ) \ 0.8-pm (s, ) FF1’

33

_ _ _ _  - -~~~ - 



~~~~~~~~~~~

-

~~~~~

--

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

-

~~~~

~ 

‘
‘I

’

WiLLING AND KU

C,C ’ p,C i Mo (c h ng N IWCX C - 0’0 1-B - CC. l C
• —~~~~9,j B

‘O ~~1- t u d B  -

.7 Fig ..-\3 Sun aIl - sigi i ai  n iatch ing ne tworks
- 7 with s’u i ui n i pp ls’ respomisi’ chia r ~u-t s’r ms t iou
- , for  CI sung t s ’~ ’s ’lI i , C I A S  MESFE T. (‘s’lh ~m ts-

,~ ~‘ d ‘301) pm ~c 1, \ os  P7”

a

0’~
~C-C ,, ! V j ’ , ~

‘~ C’~~~ ‘f ..flI ,- .~.,41C1 . -L ” , ,’~ C

0-

4 ‘. 5 ~1 , ~‘ 5 

~~‘
, ‘ - I C :

‘l’ht’ de’sign U~~ to t h is stage is c ’onupl c ’te ’l base’d ciii syiut hic ’sis . ‘I’he’ iii put  auiei out  put
match ing  m i ’tworks are’ sy n t h e s i z e d  using dis t r ibuted t’k ’nie’nts wi t  ii s ’x ict equirip ple ’ ga iuu
c humt r mccf  e ’r ist l e s , ‘l’li is m ui i t  imi l mmiii i i l mf m s ’r  design is c ’v m cl um mt e ’d h~’ using t h e’ counp lc ’te sd of
nieasure’d scattering parame’t ers from ( hue ’ 6- to 1 ~~-( i i ,’. frequ en c ’y hand - ‘l’hc’ mi - mi t  m l  m iuuu p li-
fier ga i u u s pre’sented in (‘ab le’ .‘e ~ , where the gm~nt varuat ~e-mn mu’y I~ss the’ band is mupproxin iat s ’lv
5.~~ dB t) .55 dii. Note ’ t ha t  the ’ in it i m il  ds’sign already sat i s fi e ’s gain flatness rc ’qu irc ’uiic ’nt s
for mneus t  amplifiers without using optimizat ion . Factors e’om ’itr ibuti n g to th~ e’rrsirs ii i  t i - m i s
initial design are

• Mode’ling errors , mi m i ci
• Unilateral assumption.

‘(‘hi’ error due to (lie’ unilat era l assumption h u mus  been reduced by the me ’thc d of remodeling
the ’ input  equivalent circuit after the’ output matching network has been designed .

Final optimization of the ’ amplifier gain flatness is performed by changing the charac-
teristic impedance’s s i f  the line ’s hut  ke’e’ping the length ~ = X -~~ at 18 (U -Iz) iuuv ariant ,  l’ht’
optimized amplifier confi guration is presented in Fig. A4 and the’ optimized gaiu -m and input
and output VSWR is presented in Fig, A-5 and Table :‘s2 ,
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NR L REP ORT $334

‘l’ m uhil e ’  :~~
— 1

h i ui t i a l  :\ u’n p lifie ’r (~aitu
Response (Single Cell ,

Small Signal )

Frequency Gain 1
L ( G h I z )  (d i i )  Jr 6.0 ~i .3  1

7.0 6.3
8,0 5.7 

I

9.0 53
10. 0 5.6 .

l i t )  6,0 Ci
12. 1,) 61 ii
13,0 - 6.3
l~l,0 5,9
15.0 5.6 -

16,0 5,7
17.0 6.2

L~. .~~~~~ .

J I 

— 

~ I I I {
h 1 5~ I

I -  C li,
~ ~

— ~ C 1 1 1 I - ~ I i  I~~ 
C

~1 C ’ C I ,’ ’ e , ’ C , ’ CC, I C ”~ ,5 C 7 ’ C St~~~~C ’ C IC

I Nf’III N ,\I ~ l IN~C 0111’ PIll’ MA I ~
- II INCC

NI I WI llis NF.TW OHK

‘ C - C C  • ~~ ,~~CI : CC6 ’ Sl
u 5  s~ ml 

~
‘ I ’ ’ 

I , ,  CC
CC ’ It , ‘C~~ •~~

, ‘ 11lii ~CC

~o

-‘ ,~ ~u ’ m 5 ii C 1 -‘ -‘ m m
41 1 1 Nt CC 4HC I ‘11 .~I 15 C I  I,’ I1~ 5C 50 ii

Fi g. .~ I — Sn izmll - s i gnah 6- to 1 $-GLI~ hand
(, CIAS FET amp lifie ’r
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4 71 ii 11) .‘ ‘4 ‘ C ’ 75 1
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I’ l l: :~~ , C (‘at u - t u t a i,’d l u ’5.l~ I l l I ’ l I I C I T l , I I i C ~. lii ’ . (~~,l .\1’ \II -o- .t - I- . i-
.i,u.m II - s m g i i t m l  C m nh iuIIIL, ’ 7

Table’ .-\2 Optimized ~\ tu i p l i f i er  Gm min  Re ’spoi use ’
(Single ’ Cell . Suuuall Signal )

Frequency Input  VS WH Out put  ~‘SWl~

6, 0 
- 

5,8 ~~~~~~ 39.2 5 . 1
7 , 1,) 6.3 23.1 - 1.7
8.0 6.0 16,1
9,0 - 5.5 12.1 - - (.8

10, 0 5,9 9. -i ~
- -1. -I

11.0 6,1 7 . -I 3.9
12, () 6.2 I~ 5,8 3, -!
13.0 6.1 ~I.6 

- 

3.1
1-1 .0 - 5.9 3,9 3.0
15,0 

- 
5.8 3,2 2. 8

16.0 6.t) 2.5 2 .-I
17.0 6,1 2 . 1) 1 ,818.0 j 5,6 2. 0 1.7 

-

~~~ 

_ _  
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. \ l.~. t 1 i i  t l , t t r i , ’ -.-, of i t )  d R  ‘ 0. 3 dii 11,1. — he ’t ’iI . I C I I I , ’ t l C l  CURl i i  I I  1 1 1 1 1 , - C - I t h a t  t h i s ’  h i gh
l ! 1 I I C , u l , m I l I i I t t i l l ’, ,m t t i l e ’  U l i l u t  am i d o u t p u t  hav e  ht ’t ’ii I ’ ! l i l l l ! l C t t l ’l I , hu t  all  t h e  ( i t h i ’r  e ’I i ’n is ’nt
\ .(~t l , ”. dl’s ’ cory - io ~ , -  t s s  tb~ . t I 1 1 C ’~ f rom the’  i~~i I i ~~I ( h t ’s I g I i  1 1 s I l I ~ s\ l I t } I , ’s l s  .\ l s I s  m I t ,  t I C  C C I I

( i i i  ( ( r u t  C I I I  i ’d ,~.uim i ‘ -.111 I liSi ’ i i i  l” ii ~ ‘s I h i t  ~~~ hiCit’ s’ .11 1 1 1 1 1 1 1 1  mm I L ,  I , i C I  I . 5 1 1 1 1  ~~ I I  I I  II C - - i i
c u r s  ( ‘ I l l s , ’ t el t h e  i l l m m x i i n l m n i  a v a i l m uhls ’ g a u l ( I f  l i - m i ’  ( h I  I C

‘s~ pr t ’v ;C l I l ~~ \ st ,mt , ’d , t h ii ’ s V s t s ’ I l l . i I  IC ’ e l ’ -— .i I.~7 1 t s ’( ’h I i i q t l s ’ d I u - SC - r l h i - C I  UI t i l t ’ ile ’Vt ’ le I ~ ) i l i e ’ll I o f
a I C C  1~ 3 lz ( ; m. \s ~1l’ 5 I— ’l ’ I ’ m II i1 - p I l f I i ’ r  u s i l i g  small  s i g t i m m l  sI -

~ i t t s ’r i i ig l C m t r m i T l l i ’ i u - r s  is s ’ ( h t i a t I V
.I P I I I I 1 C I I C I , _ to I t i r ~ u - si giizil (h’ ’1i1 115 I’ i,i ’ I l e I l l  ‘ ‘ l a r g e ’  s i g I I . I I  ‘ ‘  sC , t t t , ’ r I I ~~ p m t rm ems ’ts ’i’ s ( mmii  CI ’ derived
Ir t l i u l  t i i~- t ’( l n l b l I e ’t( ’ I I , ’\ I C , ’ C - i r s - t i l t  i s  I C , ’ I i ld l I l e ’ l  d i ’lI r I i l u ’eI in  1~~ 3 of t h s ’ m i u a i i i  t - \ t  ‘st  I I I C C C I , ’’- t
( i L l t ( l t i t  C I l I l  C ’! I l u l s  ,ill ‘‘ l , -n l i ’ f l t .’~ l I t  ( l i i ’ n i e m o h i ’ l  t a i l  he ’ eo l i snh ’ re ’c l  I \ e ’ C~ C i  m i t -ar (ds ’ric ( ‘CI
t r I l n i  small ~.I g 1I ,1 i  m, - ,t ’ o lr e ’m e ’i it s )  i \ c ’e’l u t  th i ’  o u t l u t i t  r, - SI’ I , I I I C - C - ~R , ziii d t t , , : ’ ” ( l t i C 1~ 1 7 1 l u ’ (~~pfl ) ‘
O u t p u t  CI I \% ~~ ( l u ’h l t ’ I n h i ’ m u o -e I I I  t he ’  v a in ’ ’— . C I t  I I I ’ ’ ’- ’ l i c I l I l i I i t ’ m i r  i ’ls ’ i i io ’n t s  ( ‘ m m i i  tIe ’ di e - t ( ’r ! i li ! l( ’I l
f r o m  l d l m u l . ~l 1 lh l1 iug  Ie ’ e ’ l l l l i e h i i s ’s , m s  I I C ’ i , l r I I l u ’ Ci  I l l  ~“ C ’ C t  i - I l  2

‘l ’h e ’ I C l I k u l v i l I g  f t i r t i i u ’r i l l t i s t r m i l i ’ s  t h i 5  s v s ( e ’I i 1~i t i t ’ d e s ign  t t ’ c ’ l in i qt ie ’  m m  do ’st -r i l u i l O  t i l e ’
ehi ’Ve ’ l e l } C l f l i ’ i l t  C I I  a 1 t e )  I ~ m’ , h l , . , 3 1o\c t ’r t mu .\ ~. l’ S l- ’ l- I a i l l l l I l i l C ’r,  l i s t s  havi ’  ‘,h C CI \  t h a t  i h , ’
o u t p u t  te ’ s I s I  , 111ce ’ ( l I ~( l ’ u ’Ct5I’ s 1)\’ , I I C I C L I  I\ i n i m i t e ’ly t i m u e ’ -h mi l f  \i I I C ’fl o l pe ’r m it i i ig m et mii i  out 1 7 1 5 1  l o wt -r
1, 1  I ’  ‘C I I l I ~, .11, 111 t O  2 t e l  3 i h l t  Of o m p t i f l I t i m i l  S m u I u i h l - S i g l i m i l  g m i m n  ( -0 I i 1 Cr s’’ - s C C  C I I . .\ se ’t ( I f  ICI r OC -
S I L C I 1 , m i ”  s( - m i t t I ’ r l I I L ~ I C m I r m i l 1 l , - t , -r s  II C ’ I C  h I - n I l - I l  fr om t h e  ( - i r l u i t t y l C e  i l l odu ’ l  c u t  l” i~ 3 . h ,
, ‘ l u ’ l i l e ’ l l t  I h U t ’ s 11-.s ’~I CII’ , ’ liste d iii 1~th le ’ 1; ho~c ,‘Vs ’n , t h e ’ u J U t p t i t  l’, ’s I st C t I i l , ’ is r e d u c e d  i l l  I t i t l e ’
l iv  om i t -hal f This m u i s l l r o x i i i l m s t i o ! i  15 t i seel un Iv  to  demonstrate th is ’ mi up lu- ~m I i oii of t h is
~‘ - r u , - r . u l i i , ’ t I  h h u ’ 5I131 t i ’ c h i i i qu e ’ t owmu’ el ( hu e ’  ds ’v e’ l o i l l i l e ’i i t  of l m u r g m ’ -- . 1u411. ( i  . l I I l j ’ I I I C C - rs  1 111 ’ t 1 C I 1 C , ’ l l t

, t i c I e ’ s C u t  t il e ’ e i iiu (m u te ’rat mude’t of Fig - I i  mire’ t ’mt ’nvec) frorii the’ s ’ mi t  I t ’ l l  I i  p m m rmm I I i e’t I l ’ - .  l l 1 ~-
i l i l u t I t  , ‘ I i I l I c , m l u ’ i l t  1- i re - t i l t  C on s i s t s  e i f  a re ’ s i s t m t r ie ’e ’ of 1 . 1 S~ ari d a ss’r t , ’s op e ’i I - c ir o ’u i t  s t ub  of
I ~ 1:1 l’hie o u t p u t  e l l t i i v m l l s ’n t  c I r c u i t  consists of  a res i s t ant - c’ of 161 ~~ ~ C I n C I  a s h u n t
O l) e ’ fl-& ’l r dtui t e ’eI  st e ihi  el f  4-1 . 7 - \s ( ‘ \ ) C I ’( t I ’ll t h e ’ o u t put  l’ u ’ s I 5 l , t I 1 ( C ’ h a s  been re ’eluc - e ’cI f r e s i i i
th i s ’  s l ! 1 m i h l - s l c ~I 1 , ml  v a lu e ’  of 1 ~I 5. 32 ~ use’d in l i i i ’  pre ’v ious d esIi Z n - l ’h e ’ o t i t i h u l t  gain  i u m i m i d w t d l h
l i n i m t m m t i n i i  -~ I10~~ ( ‘ 55 r e ’s t r i t - t i v , - as e ’oiii p mt r e ’d 1( 1 t h e ’ s nua l l —signm ul  C mm s , ’ . ( )n tb - me ’ o th is ’r  hm i i ud , t his ’
U i m i X i i l l t i U I  .11 , ( l l m t i C i , ’ ~ m t i i ~ h a s  I)c’t ’ii re ’duc’ed t o  a l I l ) r e ) x i m . u i s - I\ - - I n  dbt  m i t  15 Gl h o  -

I bis ’  ri ’su l ls  of t h e ’ lmi r gt ’ -si gri mil a n u p l i f i i ’r  design mir e ’ ‘n , -~ l ’ f l t i ’C i  imu s t m m r u i m i r v  f o n t i t  I I I
h ’ I ~ s . \ {~ t h r ou g h .~ l0 mind in h mubis - s .\3 min t :\ I .  I t  is i l e l t s ’d CII Z C1II I  1 ) 1 - m i t  tb  u i i t i m t l  ( 1( 5 1 0 1 1  u s I I l g
‘V Il l i i , ’SN mi l e l lu e ’  r s ’ sl i i I s  iii an am llll fls ’r ~ m i i n  i’ e s l b ol l s ,  w i t h  . m ,~m m i i u  v m C i ’ i m m t  lOl l  e l f  ‘ 0 .55 chI t
WI l h l s I t i l  t i s i r ig  u l l t n u l i / . a t i e u l . () p t i i u u i z t ’d m u n i p l i f i s ’ r  ga in  l’u ’i ’pl l l lst ’ t I l l ’  t i l t ’ I m uige ’ sil 3 lCi l ( ‘ C N S ’

pr s-s s ’ i m t s - l i  in h ’ iO  . \10 amì u1 in ‘( mI lli e ’ ~\- I shows miii  l I I C t l I n l , i u _d gai n el f - 1 .1 ‘ t ) ,2 hl ~ ,

\~ 5 l s C ’ I t l s ’dh , t h ~ de’se’ruhe’tl de sign t es ’hni t 1ue ’s e e i umil i y m i l l i i h ’  1. 1 11111 - I l o I s s ’ amp l i f i e r
C I C ’~~ Ii. ~l l 5 . I I euwt ’ve ’r , s ’o l lv s ’rs, ’ t o  poll- ct- ampl i f i e r 3, - sb us , I l l , ’ rt ’q uure ’d 1 I I , l t C h 1 ! ) 0  fl e’ tw C ’nh
is first  s ’sta hli she ’el for mu i l o i s s ’ m ium i t e ’li , The ’ ou t p u t  I - i I m m r , m ( - t I ’ n I s t  U ’ s of t i l t ’ eh’c~~ ’e’ , i r o - t h e n
Uit )( Ie ’ li ’( l.
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Apiwndix 13

PER F ’ORMAN ( ’K PROJKCTIONS OF 1UGU-PO W ER (;aAs MESFETS

In this Appeiudix , the ’ lhs rfor flib in( ’e ’ I)rt )J C’t ’ti tlIhS of high-powt ’r GaAs MK SI”K T ’s for

octave mind niul t ioctave ’ aiuipl ifi s’r s in (-he ’ 2 to I 8-GI Iz frequemucy range’ are pr e ’se ’mu t eNI - For

th i s ’ single-cell 0,S-pmmi is 300-pm MKSI’E’l’ chip s. the distr ibuted s’qu ivm ile ’nt e’ire’uit and (lie ’

proje ’e’te’d oh it i mun i  g miimu — himdwie lth l im i t  at i th i i s  for th e 2- to 18- ( 1  Jim mmd 2- to  1 2-(’~l Ii.

band s are ’ imr ese ’n(est in Figs . B I mmcl (32 and ‘l’aiuls’s Ill and 1-12 . A single’ -t’mu d s ’d . 2- I o I S-Gl I i.-
bui nd amui iulif t e ’r can hc’ cli ’sigmu’d w i th  appr s)J)rmte ’ gain slope’s mis predle’te’d In,’ th e opt i iu u u iu i

gain bandwid th limit at ions. ‘I’hc’ e’o rre’spond m u g  r esults for the dual -ce’II de’vte ’e are

prt ’su’nte ’d in Figs . 113 and 1W am id Tab(e’s 133 amid 13.1 , Onl y single ’ -4’I udt ’d amplifier e’oiifugura-

( l u l l s  e’overi lug the 2- (c i  I 8-GI lz bau d are’ feasible ’ mit pre ’sctut . because’ of the prae’tieal

diff ie’ult ie ’s in rea lizin g uuu i e ’rostr ip hy brids to  e’over (huts  entir e frc’eiue ’un’y bau d , Nob ’ that

ti - me ’ impedaiic’e m u ua t e ’hiu ig of I-he e ’qnivalent input resis(.aihe’e’S R~ (5 .57 ~ 1 for the’ singk ’ -e ’i’l I
anti -1 ,09 ~l f e r  (lit ’ tlual-e ’e’Il case’) to  50 ~Z at ’r iuss the ’ 2- to ~8-Gt Ii. hand may also inuluose

soluue’ prohle ’iuus in the practie’al rs’alii,at - iou i of th i s ’ nu at clu ing u ie’twork e’le’miu ei i t - s .

The dm str i lmt , s ’eI equivalent  cir cuit- of Texas Imustr ume ’i it s , Inc . high-pow er I -p m \
1200 -pm l°E’I’s is prese’nt-e’d in Fi g. 135 . Based olu t b e ’s& ’ results . an amuip l ifie’r e’over mng 1 I m i C

12 G 1 lz lumis been clesigne’d using measurINi siuuall-signal se’at t.ering parminuel-t’ rs . ‘I ’tut ’ a flup lifi ( ’r

us shown iii Fig , 136 one1 the’ e’ominited gain response’ is presentl’tl in Fig. (37 . -‘s similar ele’sigmu

was m ’s) ahlishs’d for t,hs’ 5- to I 0-G l iz  band using the’ 1 200-pm eh’vie’e - l’he e’ompub’d gain

response for th is  amplifier is sh own in Fig. 138. 

— — 

Fig . 131 I)isirbhi~Ii’d s’s1ui~’,ihi’mut s’ m u t ’s ,u i

~ 
)““ of ui iu iu g ti’ .i ’i’Il ~m As  Mi’ S)”I’ ~1’ (2  i S  ( 11;)

I I)i ’vics ’ I ‘l’i’5~is lus t ri sms’nIs , h u e ’ . single’-
1 .,, cel l l” I’fl ’ . (‘i’ll s u it ’ :101) pnm ~t’ 1. ) \ 0 .5 1,lfll

(~
‘ 1

i l l  i ,,,,“ , ‘~~ “ ‘ ‘ C l  1~~ 1,11 ’
I 7 ’ l l s  ,‘ -I .’ i- i t ,’

Ii , ‘ I ‘~~‘c ~~ ‘5i~ uI i C C

‘l’ahl s’ 131 Op t imum ( m imn Bandwidth Limitations of mm $Inglt’-(’ell

Ga .-\s M KS l’K’l’, t )evi e’s’: ‘I ’ s’xas lnst ,rume’n ts , inc.
Sing lt ’ ’(’ s’Il I”KT ( 2 - 1 8 ( ; U z ) .  (‘cu ll S~im ’; :11)0 p? f l ( 

~~
, ) \ 0,8 p m ~ 1.

Gm iiiu Slope’ (d B fsie ’t) Input I , iuni t .a t ion (d13) Output. l . imi(ation (dil l 
-

0 (FI at .) Gain Red. = — 7 , 68 h ait i R ed , ( . 95
3 (;~~ fl Red . = — 2 -12 Gain Red, = 0.3-I

6 Gain lIed, 0 Gairu Red, (1

- $1

- 
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lu ’s ’ t ’u ’\ , us  ( l 1 s I i I I ~ilu . ( i I . , h i t ’ s~ u ig Iu u eel ) ,j j , j  f
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C
l”K’I’ (’1. II 51 , 1’ :ioo~ ii , s~~ ) \ I 1 S p m I i  I _ _ _ _  J

I I C ’ C ’ ’ , , \ , l ’ C- ’ i I , ,h _ , , ,  I ,’ C , C I . - I-. .. 1 Ii,- -
. 

,, (1,’ C I . ’
Cl ‘ , ‘ . 4 1  I I  1 1 ’ , I C’

I ’ , i h u lm ’  132 Opt m u m  Gaui I lm umudwt d ( h  L i m i i i t a t  i t ’ m i S  of a S i i l ~.3u ’ ( ‘m l )G ,i . \5 \ lKS f ’l ’ :  I ’ l ) t ’v i t ’ s ’ :  l ’ u ’is~~s Ius t r u imne ’nts  h i t ’. S im mgl s ’ - ( ’ i’ lj  F’I~’I’ (2  12 G I l  ‘1‘eli Si,.’ 1 300 pm (
~

‘ 4 I \ 0 , 5 pm (~
(,u iII 5) 11)1, ’ ( s i l t  t ) t ’t )  l m m h i u m )  l I m i t a t I o n  ( dh t ) O u t p u t  I , i m i l m i t  Oil ( t I l t )  J0 ( F I a t )  Gmi i i i He’d , -7 .55 Gai mi I te ’~1 . - - I 2 ( 13 Gain Re ’tI ,~~~~335 G m iumu U t ’m l , ()6 Gain Red , 0 Gain  He ’d . 0
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54 ~‘ g 14. 1 h l m s t m i l s m l I s ’ d  “ u i ’ss ~ .s I, ’u , t  s ’m rs ’ m i i i  usiI “ 
,—,, ~i_ I . ~l~~I~~- II t ; . m . ¼ 5  ~tE sI ”E ’l’ (2  l b  G l l i )

- I 1. . 1 ,1 l), ’t ’,s - ,’ ‘l ’~’~ .s~ hu usI t s i u lmt ’ i i i s  lim s’ i I t a , ~i es ’tl
~~~~~~~~~~~~~~ — - FE’S’ ‘,‘t I s111 ’ i l ) m l puui ( (’ ( \ O S p t t u ~~¼ 1. 1 ’  I I l b C ’’ , ’\~ , I 1 8 ii ,, ,, ItS 1 , 1 5 1 ’ ‘ C C-

‘ I . 1 - ’’,,’ , ‘
~ .‘ ,l i-I -

ll -l NI. , ’ Ii ‘II ~I’ ’ -

l ’ ,,Is I~’ 143 ( )p (i mi i uu ,u i ( ain  lt mimitI ~ ’i e IIIu l ,im i u i (at b u s  of mi l )u , i l -  ‘e lI
~ ;a.’s~ \I I S I ~’I-: I ’ . l)s’~ Ice : I,~sIi s In s tr uluiue ’miLs, liii ’. l )u m il- (’e’ll F’K’h’

(2 IS G h h , ) .  ( ‘s ’ll ’Si,,s’ 300 pm 
~~~ 

) \ 0 .8 pm
I I i i l  Slope ( t i l t  i ’ s - i l  Input  l . b n i i t a t i u n  (d i l l  Ou t p u t  I , i u u u i t m u t i o m u  (d i l l

(I ( F l a t )  Gain R. ’sl , = 6 . ds ;  (amuu Re’el . 2 d l  C
3 Gain lls ’si, 1 ,2-I G ai uu  lI ed , 0.60
6 G~i~n lls’ sl, = 0 ( ‘. a u m u  II s ’ei , = (I
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T -_i~ l)s i t t :  li x i s  luu ’,t i u i ’ m i , f l ( s  l I l t  d u m l t s  U
.~~. l~ 1C, ’S A, , , I I 8 , 1 ,, . ,, - 1 ,’ , , l l , - 1 1 , 1  ( l i t s I t u ’  .) OO p?Iu ( I , ) \  kl S p,ii 

~~~IC
1

14 ,’,’,,’ ,‘

Ii .1 ,‘_ ls ,’ II ~1I C ‘ -l~

I ’ ah ) m ’ 1-3-I — Oi u ( u n u u u u u  Gain J t z emi t lwid th  L m m i t a i i e i u i s  ( If  a I )ual -( ’t ’ll( ;m I . \ s  N1I ~Sl’1~;’I ’ , I ) m ’ v l s ’t ’ l ’ s ’\ ;e~ l m u s t r u u n i s ’ , u t s  t in ’ . t ) u m d- ( ’e’ll I ’L l ’  (2 ~) 2 C 1 I , ) ,
(‘elI S l i m ’ . 300 pm 

~~~l I’ ~~ 
\ ( i S  pm t t .,,, )

( m m u u i  Slope ( d I t  s ’s - I l  I n pu t  I , i i l u I I I m t I , C i l  ( t i l l )  O u t p u t  I . i u n i t m u t i o i i  (d14)
I) ( F l a t )  ( ~~~ Re d. - 6.08 Gain He’d, = — 1 .403 (1~ m ui He’d, = 1,97 Gain Red , 0.066 ( aui i  He ’d, 0 ( ail u He ’d . = 0
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NRL RE PORT 8334

1,, I z ,, a , I a ,, z ,,1 Z 0~

All L I, l , ’ S Are 8 at 12 GHz

Ia ) 4 12 GHz
Z ,L = ~~ ~~~ Z ,,1 - 1. 74Q

Z~ 8.0512 Z,,~ 29 7012

A , - 7 8 1 2  R CI ~~~~~ 12l .33Q

Ib) 2 12 GHZ
- 23, 4212 Z OL = 88112

Z ,~ 8.7112 Z C,( =
A , 7 7512 A , 129 .6812

Fig , B5 — Distributed equiva lent circuit of a high-power GaAs MESFET-

Device: Texas Instrume nts , Inc. GaAs MESFET . Cell size: 1200 pm

(4~1~ ) X  l p r n (~ 5 ).
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