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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 large signal S -parameters on power level and bias

condition, computer analysis of the equivalent circuit for MESFE T Is has qualitatively clarified the large signal

properties of MESFET’S . On the basis of these S -parameters has been designed the MESFET oscillator over

the frequency range of 6-10 GHz, which has resulted in power output of 45 mW at 10 GHz with 19 ‘?’o efficien -

cy and 350 mW at 6.5 GHz with 2670 efficiency respectively . Good agreements between predicted and ob -

tained performance of MIC positive feedback oscillator have been ascertained, verifying the validity of the de -

sign method using large signal S -parameters .

Introduction

Excellent performances of GaAs MESFET’s in

frequenc~ and powe# have provoked the attention of

microwave system engineers to the design of GaAs

MESFET oscillator s3’~s a microwave power source

or a local Oscillator , Since microwave oscillators

using GaAs ME SFET’s operate under large signal

condition, circuit designers have been forced to uti -

lize cut and try methods to achieve the optimum de -

sign, modifying the design with small signal S -param-

eters . This paper describes a successful design

method of low noise GaAs MESFET oscillator using

measured large signal S -parameters5.

Large Signal S -Parameters

Each transistor used in this experiment has a

1pm 10;~ ;i-~00 p wide gate, a channel doping of

7-9XI0 and pinch off voltage of 4, 0 V nom -

inally, which is mounted in a microdisk package .

Large signal S-parameters measured can be

used to calculated gate and drain rf current ampli -
tudes li~5 I and I i~s I as a function of the available

pOWer Of Signal generator PI ;

P1 = Iailz (i=l,2) (1)

bl ZL1 - Z.

511 = ( )az=o = zLl + Zo
(2)

al

2
PI(l - 1S1112) = ~Re(ZLl) li~s I (3)

b2 ZL2 - Z.

’22 = ( a2 ‘al=o = ZL2 + Zo
(4)

PI(1 ‘~22 /2) = ~Re(ZL2) li~s [2 (5)

where ZLI , ZL2 are the input and output impedance

of FET and 20=50 O .

Large signal S -parameters of this device have

been measured by a standing wave method for 51 I ,

S22 , by a direct observation of transmission power

for IS21 \ , lS~2 I , and by a magic T method for
L S21 , z S12 at power levels ranging from -10 dBrn

to 20 dBm, over the frequency range of 6.0 -10.0

GHz .

The typical results of the dependence of the am -

plitudes lSij I on the incident power levels at 10.0

GHz are shown in Fig . 1. No significant variations

of phase angles of S -parameters have been detected .

When gate was biased in the range of Vp/2 L 1.0 V in

this power range, the changes of input parameters

ls~~l , 1S21 I have not so strongly been dependent on
the signal levels as those of output ones 1S22 I , 1S121.

Computer analysis of the well known lumped

element equivalent circuit for ME SFET’s has clari -

fied that the remarkable changes of 1S22 I and /S1 Z. I

with the increase of power level, as indicated in Fig.

1, are mainly due to the increase of drain conduc -

tance and feedback capacitance .

Oscillator Design

Using these large signal S-parameters, the

parallel feedback FET oscillator under common

source has been designed which is, as indicated in

Fig . 2, composed of an input matching circuit ( char -

acteristic impedance ZA , electric length @A ), a

short transmission line between source and earth

(ZB , eB), a feedback network from drain to gate

(Zc , 6 c) and an output matching circuit (ZD , e D ) .

This oscillator contains a series feedback element,

corresponding to the part B in Fig . 1 .

Design procedure is as follows . Output, im -

pedance at drain terminal (Zout = -RO + jXO) is cal -

culated as the function of ZA , ZB , ZC , 6A , @ B ,

f3 c and the large signal S -parameters . Fig. 3 il -

lustrates the calculated result in the case of f = 10.0

GHZ, ZA, ZC=50f), Z13= 30~, B= fi/12, where

the shaded area represents the negative resistance

region. As the power level in the S -parameter

measurement increases, the negative resistance re -

gion shrinks toward points P, Q and R . In this cir -

cuit configuration, an area, where the maximum

negative resistance is obtained at the small signal

level, does not necessarily mean the condition of

stable oscillation. We have adopted the circuit con -

dition of either P, (J or R, as the optimum design

point of FET oscillator .
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Fig. 4 shows the dependents of -Ro and XO

on the rf output current amplitude li~ I calculated at

the point Q in Fig. 3. It is found that I-Rc) I does

not decrease linearly with the increase of lib I and the

change of XO is relatively small, because of the

slight variation of ~ Sij . From l?ig . 4, the optimum

load conditions (ZD , 6 D) are determined and the os -

cillation power and efficiency are estimated .

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 . 5.

When the circuit elements have been adjusted to

points S, P, Q by turns in Fig . 3, maximum oscil-

lation powers have been obtained near the point P

(f.9.95 GHZ, Pout= 45mW, ~ =19.17’0) and the point

Q (f= 10.05 GHZ, Pout= 38mW, fi = 16.2yo). These

results almost agree with the predicted powers and

frequencies from Fig . 4. Fig (, shows the output

power, efficiency, oscillation frequency and drain

currents as the function of drain voltage for the oscil -

later corre spending to the point C! .

As for the frequency sensitivity of the oscillator

to drain and gate bias, iif/ AVds~= 10-30 MHz/V and

Af/ AVgs~70 MHz are obtained respectively.

Noise performances of these oscillators have

also been measured . The FM and AM noise are

-74 dB/Hz (Qex~40) and -156 dB/Hz respectively

for the offcarrier frequency of 10 KHz at the point

Q, which are comparable to those of a Gunn oscil -

later .

Several oscillators with center frequencies

from 6 to 10 GHz have also been. designed and an

output power of 350 mW with 26’10 efficiency at

6.5 GHz have been obtained using five chips in

parallel combination, in this case the effective gate

width is 1500 pm .

Frequency dependence of maximum oscil -

lation powers obtained with several kinds of FE T

samples indicates that the extrapolation leads to

the maximum frequency of oscillation of the device

50 GHz .

Conclusion

FET for an oscillator design should be char -

acterized by large signal S -parameters, which is

to be expressed as a function of drain current am -

plitude I i~~ I and gate current amplitude I i~s I .

A design method of MESFET oscillator has

been developed by taking these current amplitudes

into consideration.

Predicted powers and frequencies have been

obtained from fabricated MIC oscillators over the

frequency range of 6 to 10 GHz, verifying the

validity of the design method using large signal

S-parameters .
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Fig .1 Dependence of the amplitude of the S -param-

eters on the incident power level .
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Fig.2 FET feedback oscillator configuration.
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Fig .3
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Calculated negative resistance area as a

function of @A , 9C and the large signal

S -parameters .
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Fig .4 Dependence of Zout on the RF current

amplitude and the calculated power .
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Fig .6 Microwave performance of X band GaAs

m.e. s. f.e. t.

Fig .5 Photograph of an integrated X band FE T

oscillator
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