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ABSTPSCT

An ultrawide-band microwave ampl if ier des!gn us ing pbckaged MtSFiTs

and soft substr.ates is presented. Bandwidth I imitations are discussed and a

tr.,c-stage lossy rnatched amplif ier ciesign usinq low-f requency analysis and

ccnputei simulation techniaues is detall"a. Experimental results are in good

agreement with tlre computed performance and 17 ! 1 dB Eail with essociaied
ilput /ourpur VS!/R less than 2 \^rere obta ined over 0.1 to \.5 GHz.

IiiTRODUCT ION

The availabiiity of high transconductance GaAs MISFETs ha s n'acie

possible the design of ultrav^;ide-band microv"'ave ampl if iers FmPloying chip

iransistors, which present high power gain frorn hundreds of MHz uP to frequen-
cies higher Lhan 12 GHzl >2t3. However, the appl icat ion of packaged trans istors
for rhii purpose has not yet been explored, main'l y clue to the limitation inposed

b,v the parasitics at high f requencies. The oresent investigationfocuses on

the des ign of an ul tnawide-band ampl if ier and on -ihe real izat ion trade-cif s

=;p1oy ing d,screte conporrents and rnicrostr ip I ines on sof t substrates.

I-iJEORET I CAL DES IGN

A f irst siep in the ciesign regards the Li-ansistor selection. The I Urn

caie packaged device NE 2iBB9 (nfC) v;as considered an adequate choice for the

or"r"nt ap;l icat ion, f or its low ccst and RF perf ornnance. I ts ma in characie-
r ist ics are g iven as f ol loh,s: f max= 6A GHz, l'4AG = 16.5 dB and Pout = +15 dBm at

4 GHz.

The nex'r- step is the icjent if icat ion of the des ign goals. The purpcse

of this work was to explcr.: the bandwidth capabil ity and associated Pcwer gain

performance of packaged MESFETs. in order to ease the cascading of ampl ifier
i-rcdules the fol jowino additional design qoals are required: input and output
VSWR lower than 2 und gain ripple lower than 2 dB. These^specif icat ions can be

inet by singie ended feedback or iossy matched ampl if ierst'3. The Jatter
structure has been chosen since fewer parasitics are involved in the circuit
real izat ion.

The f inal step is the use of e systematic design procedure which

consists of a low-f requenc,v analysis fol lon,ed bv comDuter simuiations over the

entire banduridth, appl ied to the sinqle-ended 'l cssy malched anpl if ier.
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! LOW-FREQUENCY ANALYS I S

The ropology for the single-stage 'lossy matched ampl if ier is shown

in f igure t (a). A low-f requency un il ateral I'IESFET model was used to ca'l cul ate the
ampl if ier power gain, G1 , and in" inpui 3nd output impedances' lin and Zout.
These are expresied in equations (t), (2) and (l) -s;f unctions of the transistor
parameters, gm and gd, the external resistors, Rin and Rout, and thegenerator
and load impedance, Ro.

=f,
Rin.Ro.Rout

]'
Gt (r). 9m'

(Rin + Ro).[(t* L.go).Rour + Ro]

Rout
7. = R.ln ln

os,Zl 8s, Ze

H I GH-FREQUEHCY ANALYS I S

The gain of the
from 0.'l to 8.0 GHz using

tv+o-stage ampl if ier of f igure 1

transi stor t s S-p"rameters furni
(b) viras cal'culated
shed by the manu-
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(o) (b)

F igure i - C i rcu it topol og ies f or the amp'l if ier
(a) s ingle stage; (b) tt* stages-

From equarions (t) to (3) it can be noticed that the matching level
and the power gain can not be arbitrarily chosen. This I imitation can be

overccnre by uring the twc-srage ampl if ier structure of f igure 1(b). ln this
case rhe ampl if i;r impedances are stil1.. given by equations (2) and (3), but

ihe power gain, GZ, given by equation (4), can be independently adjusted by

a proper choice oi the interstage resistor, Rl.'Additionally, equations (4)

reveals that for conventional HESFETs the two-stage ampl ifier offers a higher
gain, when compared to two single cascaded stages inci icating that the former
It.r.ture is the best choice when high power gain is desired.
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facturer and is represented in figure ?. The set of curver A represents the

, power ga in f or mar ched i;;r; (Rin ]-ionl , output vswR of 1 -5 (Rout= 1 00Q) and

for two values of the interstage resistor. ln this case the transmission I ines

were neglected (0s-= UO l-00i:'Th"ru curves reveal that resistor R1 has a great

impact on ai"-ro*'f reqb.n.y gain, but becomes ress important at high f requencies

where i t i s shunted by the tiuns i stor's input i mpedance'

ln the set of curves B,the effect of the transistorrs bonding pads were

taken into account. Measuring approximateiy 0.6 x 1.0 ffiffi, thev can be repre-

sented as shorr l enghts of tiansmission r ines !z:^:.,100?; 0s =.100 at 6 GHz) on

the sof t substrate ,r"i i',- = ?'5'thickness = O'd25") ' A g"in irnprovement of

z dB can be observed at high frequencies, as weil as a rait -off above 6 GHz

due to the interaction between the inductive series I ines and the transistor's

iinpedance

s(dc)
(----ler"scsJL
(--'.*)*,' r o ojr'

E
s?

rlc
O. tO. tO.

O. C. tO.
dL G Et{r

-a\
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FigurezComputedgaincurvesfortwostageamplifier

Fina]]y,thesetofcurvesCshov",stheeffectofshortcircuited
stub, (Zp = 100n, gp = ?ou ". 6 GHz) added in series vrith the RF resistors in

order to irnprove the ga rn. The resul t ing averaqe gain improvement of \ dB at

high f requencies and ih" f lat powe, g,"ii r::T::" observed for R1 = i00n' show

that this struc*r_ure represents a good compi-omise for the ampl if ier- design'

C i RCU IT COTiSTRUCT I ON

'ThepracticalcircuitrealizationrequirestheuseofDCb]ock
capacitors which must be caref ul ry rircdeiled for use on the f inal circuit

optmi zation. Thus , an i nvest i gat ion r{as rnade on d if f erent capac itor types to

determine the nrost appropriate for the above purpose- A mul tiiayer chip

capac itor- t/as chosen wh ich ser ies rescnate at 1 '2 GHz and is model I ed as

R = 0.2s1; ci = 52 pF and L = a 35 nH. The stubs are RF shorted to ground by

high var ue chip capacitor(cz = 390 oil nounted through the substrate anc'bcnded

onto the grounc pi ane. The other ccmponents l'iere surf ace rraunled eniploy ing

conventionar pr inred circuit boncj inj't"chnicy"r. Thin f ilm chip resisiors r'rere

used provid ing al so bias pat,hs f or ilr" trans is*.ors - The coi-ripl ete 6rrrp'! if ier

scher,atic is depi cted in f igure 3, and its tr-ieoretical performance is
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Figure 3 - A*pl ifier schematic

The complete circuit, measuring 1 x 1.2 inches, was.assembled betvreen
two Sl{A launchers and its photograph is'shown in f iqure 4.

Figure 4 Photograph of the ampl if i er Drototype
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ga in perforrnance measured for VOS = 3 Vfigure 5' A. good agreement can be observedThe unit exhibits a power gain 
"i 1l dB andfrom 0.1 to 4.6 GHz. The noiru figure resultsmaximum of B dB at 0.1 GHz.

ignai pcl^;er cain and noise f igure performances.

input and output vSwR's are depicted in f igure 6, whrcrr:t the input and of 1 .7 at ah: ourput f rom 0. i up ro\1 with respect to the cornouted resurts at high f requen_? it is exLremeily difi.r.|t to properly simurate alrThe reasured, output power at j dB ga in compress ion is:ase wi th i n the band. r
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c l'n lL us l0lls

A two-stage ampl if ier was des igned based on a low-f requency analys is
ll:,.;ed by computer simulations. Atiention t,/as particulary paid to the choice
:he transistor, the multilayer capacitors, the RF resistors and to a

-eful but simple method of circuit construction. The unit presented a gain
17 t 1 dB over the f requency band of 0.'l to l+.6 GHz represent ing nearly

1/2 octaves of bandwidth and a maximum noise figure of 8.0 dB.

.:iained
priited

This paper denrcns-r-rates that an
and easily reproduced, einploying

circuit technology.

ultrawide-band amp'l if ier can be
packaged transistors and low cost
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