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Abstract

Power performance of a medium power GaAs

MESFET is predicted over the frequency range from

2GHZ to 16GHZ using a non-linear model where the

non–linearities represented by power series up to

the third order are derived from D.C. and low-

frequency measurements. The analysis employs the

Volterra series representation up to the third

order. Experimental verification is made on a

NE9000 medium power MESFET device. The agreement

between predicted and measured output power at one

dB. gain compression is within + 0.5dB across the
2–16GHz band.
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Very wideband solid state GaAs MESFET amplif-

iers have been developed in the form of Distributed

Amplifiers (l). Most of these amplifiers are de-

signed for low noise and for operation in small-

signal conditions (2,3). There is a growing need

to operate these amplifiers under large signal con-

ditions to give high output power. Kim, Tserng

and Shih (4) have designed a Distributed AmPlifier
with 0.8 W output power at one dB gain compression.

Their analysis however did not attempt to tune cir–
cuit elements for maximum output power. Such an-

alysis requires a wideband non-linear model of the

GaAs MESFET used and an efficient non–linear an–

alysis program.

This paper presents a simplified wideband non–

linear model of a MESFET in which the model ele-

ments are obtained easily by D.C. measurements, low

frequency measurements and optimisation of small-

signal scattering parameters at one bias point.

The three nonlinear elements considered are gm, gd

and Cgs and are represented by power series up to

the third order. The non-linear analysis employed

is that of the Volterra series representations up
to the third order (5). Validity of the model is

confirmed by comparing measured and predicted out-

put power of a NE9000 MESFET device embedded bet-

ween 50 ohms input and output microstrip lines

across the 2–16 GHz band for the first time.

LEE
Fig.1 MESFET non–linear equivalent circuit.

Non–linear Analysis

The elements of the non-linear equivalent cir–
cuit as shown in Fig. 1 can be divided into two

types: Linear elements and non-linear elements.
Values of these elements for a medium power device

(NE9000) biased at VGS = -1.0 and VDS = 8.0 are
tabulated in table 1. The linear elements are ob–

tained by optimisation of the small signal ‘s’ par-

ameters of the MESFET biased at it’s required oper-

ating point to give maximum output power.

The three non–linear elements are gm, gd and

Cgs . Although gm is a function of VGS and VDS,we

restrict the non–linearity of gm to be a function

of VGS only for simplicity and is expressed as:

gm = gmo + gmlVgs + gm2Vgs
2 [1]

The coefficients gmo, gml and gm2 are found by a
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least-square polynomial curve fitting routine to

fit the slope of the measured D.C. curves of IDS

versus VGS at the biased VDS. Similarly, gd is a
function of VGS and VDS. For simplicity, we re-
strict the non-linearity of gd to be a function of

VDS only, and is expressed as:

gd = gdo + gdlVds + gd2Vds2 [2]

Again, the coefficients gdo, gdl and gd2 are found

using a least-square polynomial curve fitting rout-

ine to fit the measured curve of gd versus Vds at

the biased VGS and VDS. The curve of gd versus

Vds is measured with a 100 KHz signal using a tech-

nique similar to that employed by Mo and Yanai (6).

The non-linearity Cgs is approximated by the

Schottky-barrier diode capacitance between the gate

and the source with Vgs as the sole voltage para-

meter. The least square polynomial curve fitting

routine is again used to fit the calculated values
of Cgs from Schottky–barrier theory into a power

series of the form:

Cgs = Cgso + Cgslvgs + cgs*vgs* [3]

An efficient method of solving the transfer funct-

ions of a system with power series type non-

linearity is the non-linear current method describ-

ed in (5). This method is used to derive the lin-

ear transfer function HI(W), the second order tran-

sfer function H2(w1,u2) and the third order trans-

fer function H3(LI11,w2,013). The available power

gain Gav defined as the ratio of the power dissip-

ated in the optimum load to the available power pre-

sented by the source can be expressed as (5):

Gav= 41Hl(w)+3/4 ~in(ul)V~n(-ml)H3(ml,ul,-Wl )12[4]

From [4], we can see that the gain is made up of

two parts. The first is a linear function HI(uJ1).

The second is proportional to the third order non-

linear function, H3(w1,w1,-u1) and it increases

with increasing available power. If we plot Gav
versus Pin(~l) at 8GHz , we get a curve as shown in
Fig. 2. The compression of the gain is due to the

third order non-linear transfer f~nction

H3(UJ1,UJ1,-M1).

~EgoooVD5=8.0V VG~=J.(hJ I ~~750mA

Lg. Cdg=

0.46nH. 0.021pF,

Rg= Rdg=
gm=36.5+2.4Ugs-l.0Vgs2(mS)

0.5 ohm 29 ohm

Ri= Cds=

5.4 ohm o.06pF.

Rs= Rd=
gd=l.8-0.2Uds+0.02Vds2(mS)

2.0 ohm 3.0 ohm

Ls= Ld=

0.1 nH. 0.5 nH.
Cgs=0.55+0.2Vgs+0.06Vgs2

Cs. (pF.)
0.15PF,

Experimental Verification and Discussion

A 0.5x400pm. NEC device was embedded between

50 ohms input and output microstrip lines built on

one inch square Alumina substrate. The power per-
formance of the device was measured and predicted
across the whole 2-16GHz band. The validity of
equation [1] can be checked by plotting the predi-

cted and measured output power at one dB gain com–

pression versus frequency as shown in Fig. 3. We

can see that the agreement is within fO.5 dB from

2 to 16 GHz. The small signal gain of the MESFET

across that frequency range is shown in Fig. 4.

It has been pointed out earlier that the gain

compression as shown in eqn. [4] is due to the

third order non-linear transfer function. We can
thus investigate the circuit elements that deter-

mine the magnitude of the third order transfer

function across the 2-16GHz band. By reducing the

~gnlyude Of this function , we can increase the one
dB gain compression input power.
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FIG.(2) Graph of predicted and measured Dower

gain versus available input power at

El GHz. for a 0.5x400Um. MESFET.

TABLE (l). Values of the non-liwar model

for a 0.5x400um. ~lESFET.
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Conclusion (3)

A wideband non-linear model for GaAs MESFET

devices is demonstrated to be valid up to 16 GHz.

The efficient method of non-linear analysis in the
frequency domain, based on the non-linear current (4)
method applied to predict the power performance of

the MESFET, can be readily modified to predict

power performance of Distributed Amplifiers.
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FIG.(4) Predicted and measured small signal

gain for a 0.5x40gurn. r~lESFET.

F,IG.(3) Predicted and measured output power at one dB.

9~in cOMPressiOn for a 0.5x400um. NE5FET.
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