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Design of GaAs MESFET Oscillator Using
Large-Signal S-Parameters

YASUO MITSUI, MASAAK1 NAKATANI, AND SHIGERU MITSUI

Abstract—A design method of GaAs MESFET oscillator using

large-signal S-parameters has been discussed. Together with the
measurement results of the dependence of Iarge-signall S-parameters
on power levels and bias conditions, computer analysis of the

equivalent circuit for MESFET’S has qualitatively clarified the large
signal properties of MESFET’S. On the basis of these findings, S-

parameters have been designed for tht MESFET oscillator over

the frequency range of 6-10 GHz, which has resulted in power output

of 45 mW at 10 GHz with 19-percent etliciency, and 350 mW at 6.5
GHz with 26-percent efficiency, respectively.

Good agreements between prerhcted and obtained performances of

MIC positive feedback oscillator have been ascertained, verifying the
validity of the design method using large-signal S-parameters.

I. INTRODUCTION

E ----XCELLENT performances of GaAs Schottky gate-field

‘effect transistors (GaAs MESFET’S) in frequency [1],

[2] and power [3]-[5] have provoked microwave systems

engineers to design GaAs MESFET oscillators [6]–[8] as a

local oscillator or a microwave power source. Since micro-

wave oscillators using GaAs MESFET’S operate under a

large-signal condition, circuit desi~ers have been forced to

utilize cut and try methods to achieve the optimum design,

modifying the design with small-signal S-parameters.

This paper describes a successful design metlod of low-

noise GaAs MESFET oscillators using measured large-

signal S-parameters [9]. In Section II, the measurement and

applicability of large-signal S-parameters of X-band GaAs

MESFET are represented, and, together with tlhe equivalent
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circuit analysis, large-signal properties of FET’s are dis-

cussed qualitatively. Then some of the limitations of large-
signal $parameters on the design of the oscillator are

deduced. The detailed design considerations of oscillators

are presented in Section III. In Section IV, some experimen-

tal results of designed oscillators are shown, and good

agreements bet ween predicted and obtained performances

are ascertained, verifying the validity of the design method

using large-signal S-parameters.

II. LARGE-SIGNAL S-PARAMETERS

Each transistor used in this experiment has a l-pm long

and 300-~m wide gate, a channel doping of 7–9 x 1016 cm – 3

and pinch-off voltage of 4.0 V nominally, which is mounted

in a microdisk package.

Large-signal S-parameters, if measured, could be used to

calculate gate and drain RF current amplitudes 11~,I and

I;, I as a function of the available power of signal generator

PI:

PI= lUi12, i=l,2 (1)

Hs,, = ~
ZL1 – 20

al .2=0=Z.l +20

PI(l – lS1112)=~ Re (Z~1)l~,12

(1
S22= ~ =Z’z–zo

a2 al=O z~2 + 20

(2)

(3)

(4)

PI(l – 1S2212) = ~ Re (ZL2) l~Sl~ (5)

where Z~1,Z~2 are the input and the output impedances of

FET and 20 = 50 Q.
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Fig. 1. Block-diagram of the measurement system for L .S12,LS21.
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Fig. 2. Dependence of the ampfitude of the S-parameters on the incident
power level.

Large signal S-parameters of this device have been

measured under class A or AB operation by a standing-wave

method for S1~,S2z, by a direct observation of transmission

power for IS121, IS2 ~ /, and by a magic T method for

LSIZ, LS2 ~, the block diagram of which is shown in Fig. 1.

The power levels have been from – 10 dBm to 20 dBm over

the frequency range of 6.0–10.0 GHz. In these ranges,

harmonic components were scarcely observed at both input

and output terminals.

Fig. 2 shows the typical results of measured amplitudes

ISij I‘s plotted versus incident power levels at 10GHz. As for

the phase angles, no significant variations were detected.

The amplitude changes versus signal levels are relatively

small for the input parameters IS ~~1, IS2 ~I compared to

those for output ones / S2Z 1, IS ~z 1,when gate is biased in the

range of V’/2 t 1.0 V.

Computer analysis [10] of the well-known lumped-

element equivalent circuit for MESFET’S has clarified that

the remarkable changes of/ S22 I and IS1~ I with the increase

of power level, as indicated in Fig. 2, are mainly due to the

increase of drain conductance r~, and feedback capacitance

C~J. The calculated dependence of these components on the

S-parameters are shown in Fig. 3.
On the basis of these results, we approximated that the

input parameters S ~J2 ~and the output parameters SZZ,S ~z

measured under equal power levels could be treated as a set

of S-parameters. In this case, Sij can be expressed as a

function of the drain current amplitude 1~~~/, i.e.,

III. OSCILLATOR DESIGN

Using these large signal S-parameters, the parallel feed-

back FET oscillator with common source has been designed

over the frequency range of 6.0–10.0 GHz, which is, as

-.. —.50 OHM—

F=1O.OGHZ

~; q(~oo~h~+ 500hm’ )i’

,X; C@(o.O1 pF+O.lp F )1

7ou~*’

‘.., %% ‘2’
.. /’

“L ,< --:-=--5!= /“’

(a)

Z.= 50OHM
o ; rd(7~Ohm+500hfn ) F =1 0.0 GHz

(b)

Fig. 3. Calculated dependence of the drain conductance and the feed-
back capacitance on the S-parameters.
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Fig. 4. FET feedback oscillator configuration.

indicated in Fig. 4, composed of an input matching circuit

(characteristic impedance 2A, electric length 6.,J, a short
transmission line between source and earth (ZBJ3B),a feed-

back network from drain to gate (ZC,OC), and an output

matching circuit (ZJl~). This oscillator contains a series

feedback element, corresponding to Fig. 4(b).

Design procedure is as follows. Output impedance at

drain terminal (ZOU,= – RO + jXO) is calculated as the

function of 2A, ZB, Zc, /3A, f3B, file and the large signal

S-parameters. Fig. 5 illustrates the contour lines of zero

negative resistance at each power level calculated as a

function of e~,flc,in the case off= 10.0 GHz, Z~,Zc = 50 Q

Z~ = 30 Q, 8~ = zt/12. The shaded area in the figure repre-

sents the negative resistance region. As the power level in the
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Fig. 5. Calculated negativeresistancearea as a function of @~,Ocand the
large signal S-parameters.

CURRENT AMPLITUDE 1. (mA )

Fig. 6. Dependence of Z.u, on the RF current ampfitude and the cal-
culated power.

S-parameters measurement increases, the negative resist-

ance region shrinks toward points P, Q, and R. In this circuit

configuration, an area where the maximum negative resist-

ance is obtained at the small-signal level, does not neces-

sarily mean a condition of stable oscillatiam. We have

adopted the circuit condition of either P, Q, or R as the

optimum design point of the FET oscillator.

Fig. 6 shows the dependence of Re (2..,) (= – Ro) and

Im (ZOUJ (= Xo) on the RF output current annplitude Ilo I

calculated at the point Q in Fig. 5. I lo I is the difference of

l~J~\ and 1~~,1,i.e.,

Iiol = [;ds[ - [ig.l (7)

and the maximum available gain Go ( \ i~~I ) is written as

then

F1’ds’lisl = Go Re (Z~l)

(8)

(9)

Since the feedback term S ~zis sufficiently small as shown in

Fig. 2, we have set it equal to zero. l[n the unilateral case [1 1],

(8) is expressed as

(lo)

Fig. 7. Photograph of an integrated X-band FET oscillator.

DRAIN VOLTAGE( V )

Fig. 8. Microwave performance of X-band GaAs MESFET.

and the current amplitude I iOI can be written from (7), (9),

and (10)

I&I is calculated with large signal S-parameters and

speeified I~,~I .

From Fig. 6, it is found that – R. does not decrease

linearly with the increase of I& I and the change of X. is

relatively small, because of the slight variation of L SiJ

From Fig. 6, the optimum load condition (ZJl~) are

determined and the oscillation power and efficiency are

estimated.

IV. EXPERIMENTAL RESULTS

On the basis of the above mentioned procedure, oscillator

circuits have been fabricated on alumina ceramic substrates.

A photograph of one of the fabricated oscillators is shown in

Fig. 7.

When the circuit elements have been adjusted to points

S,P,Q in turn in Fig. 5, maximum oscillation powers have

been obtained near the point P (f= 9.95 GHz, Pout= 45

mW, q = 19.1 percent) and the point Q (j_= 10.05 GHz,

Pout = 38 mW, q = 16.2 percent). These results almost agree

with the predicted powers and frequencies from Fig. 5. Fig. 8

shows the output power, efficiency, oscillation frequency,

and drain current as the function of drain voltage for the

oscillator corresponding to the point Q.

As for the frequency sensitivity of the oscillator-to-drain

and gate bias, Af/Avd.= 10–30 MHz/V and A~/AV&s 70
MHz are obtained, respectively.

Noise performances of these oscillators have also been

measured. The FM and AM noise were – 74 d13/Hz

(Q.. N 40)and – 156dWHz, respectively, for the offcarrier
frequency of 10 kHz at the point Q, which are comparable to

those of a Gunn oscillator.
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6 to 10 GHz, verifying the validity of the design method

. 5@ids using large-signal S-parameters.
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