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Abstract

A technique is presented for evaluating the effect of lossless feedback on the four noise parameters of a tran-

sistor.
Introduction

The gain and stability factor of GaAs MESFETs
are often varied by feedback effects which are introduced
via the package or by the circuit design requirements [1].
Common-lead inductance (Lg) and gate-drain feedback
capacitance (Cg) are usually the effects of packaging the
device. In addition to the gain and stability factor, the
noise parameters of the transistor are also changed. A
technique for predicting the resulting changes in the four
noise parameters will be presented for the two general
cases of lossless feedback, series feedback Xy and
parallel feedback X¢ (see Fig. 1). From applying this
technique to the measured noise parameters of a Fairchild
FMT940 GaAs MESFET, the conditions required for vary-
ing the noise performance are presented, The result of
this analysis will indicate the reasons for the higher noise
figure and higher available gain which is measured for
the FMT940 (stripline package) compared to the FMT980
(coaxial package) transistor,

Noise Parameters

The noise parameters for any two-port are given by either
of the following relations, where the first set of para-
meters are usually given by the device data sheet,
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The equivalence between these two parameters sets are
given by:
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Hartmann and Strutt [2] have given the formulas
for series and parallel feedback effects in terms of the
second noise parameter set, A computer program has

The feedback effects on noise parameters are presented for a FMT940 GaAs MESFET at 4 and 8 GHz.

been written which uses the input noise parameters of
Eq. (3), converts to the second parameter set Eq. 4),
adds the lossless feedback transformations given by [2],
and converts the result back to the noise parameters

of Eq. (3). The results of this analysis are given below
for the FMT940 transistor at 4 and 8 GHz, A similar
analysis has been presented by Engberg [3] for a UHF
bipolar transistor using the second parameter set Eq. (4)
and the noise equivalent circuits given by Rothe and
Dahlke [4].

Computed Noise Effects for FMT940

The following noise parameters and s-parameters
are typical for the FMT940 at 4 and 8 GHz,

Noise Parameters and S-Parameters
for FMT 940 at Vpg = 5 volts, Ing = 10 mA

£ Fmin Ry Gon Bon
GHz dB ohm mmho mmho
4 3.3 100 5 -13
8 5.0 35 34 -18
£ S11 S21 S12 S22
GHz
4 .86 .L-176 .82498 .031£ 42 . 874 -50
8 LT14-143 .84.,25 .035223 .864£-101

The effect of adding lossless feedback has been plotted
in Figures 2-6. For series feedback, the noise figure
will be raised by a small inductance and lowered by
capacitance or by reducing the common lead inductance.
For parallel feedback, the noise figure can be reduced
by increasing the input-output capacitance, Naturally
the gain is correspondingly reduced and the minimum
noise measure remains invariant to lossless feedback
effects, where Mpy,i, is given by Foeo - 1
Mimin = 22— 5)
1- 1/ gav
and the resulting noise figure of an infinite chain of
amplifiers is given by
Ftot = Mmin +1 (6)

The variations of Z,, given in Figures 5 and 6 are
particularly significant for low-noise amplifier designs.
By proper adjustment of the feedback elements, the con-
dition for simultaneous gain and noise match can be found.
This allows the amplifier designer to simultaneously
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achieve minimum input VSWR and optimum noise perfor-
mance. Particular attention to stability is required for
a useful amplifier design,

Computed Noise Effects for FMT 980 at 8 GHz

The reduced noise figure of the FMT980 (coaxial package)
at 8 GHz is partially a result of the lower common-lead
inductance of this package. From measuring short
circuited packages, the common lead inductance is esti-
mated at 0,16 nH and 0.08 nH for the stripline and coax-
ial package respectively, From Figure 2, this would
correspond to a change in noise figure of about 0.2 dB,
which also results in a change in available gain of about
1 dB. When the calculation for optimum noise perfor-
mance Fio; is performed with the above changes in Fpjy
and gay, both transistors have a predicted noise figure
of Fiot = 6.0 dB. Since the data sheet noise figure is
4.0 dB for the FMT980, the additional discrepancy is due
to the package and fixture losses. When these losses are
subtracted, the corrected value for Fiu¢ is about 5.1 dB
for both packages.

Conclusions

A technique has been described for analyzing the
feedback effects on the noisé performance of low-noise
bipolar and field-effect transistor amplifiers. Computer
programs which simultaneously predict gain and noise
performance will enable low-noise feedback designs to
follow. The technique may also be applied to the design
of low-noise amplifiers with a minimum input VSWR,
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Figure 1.  Parallel and series feedback for FET.
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Figure 2.  Fppin vs series feedback for FMT 940 at 4 and 8 GHz.
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Figure 3.

Fmin vs parallel feedback for FMT 940
at 4 and 8 GHz.
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Figure 5. Optimum source impedance vs series feedback for Figure 6. Optimum source impedance vs parallel feedback for
FMT 940 at 4 and 8 GHz. FMT 940 at 4 and 8 GHz.
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