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Abstract

Microwave transistor amplifiers may be simultaneously matched for optimum noise and input/output VSWR. This paper

demonstrates a combination of mapping techniques, computer optimization and stability considerations through two amplifier

designs (70 MHz and 4000 MHz) to achieve these goals.

Discussion

One of the basic problems existing in low-noise transistor

amplifier design is the significant difference between the
desired source impedances for optimum noise and input

match. Although recently device manufacturers have made

progress in transforming the impedances closer to each other

by either modifying the device geometries or diffusion pro-
cess, at 4 GHz typically a 2-3 dB noise figure degradation

is suffered when the input and output are simultaneously

matched for minimum reflection in a 50!2 system (see Fig, 1).

h such case, some form of an isolator is needed at the in-

put to maintain a reasonable input match when the device is

operating at its minimum noise figure. The cost and the
associated losses of the isolator may make this approach

undesirable.

Figure 1

Constant Noise Circles and Simultaneous Conjugate Match

of the NEC V-222 at 4 GHz

Lossless feedback elements can transform the input and

optimum noise source impedances until simultaneous match

or an acceptable compromise is reached! However, the re-

active feedback will change the minimum noise figure as well

as the optimum noise source impedance. In addition the gain

and the stability factor of the circuit will also change. The
latter change in particular will affect the design procedure,
as described below. If the circuit reaches a potentially un-
stable state, both the load and source terminations must be

selected with care to prevent oscillation.

Using mapping techniques, the effect of feedback can be

plotted for the circuit and noise parameters. For example,

Figures 2 and 3 show the variation of optimum noise source

impedance, minimum noise figure, and the conjugate of the

input reflection coefficient for various 10S sless shunt and

series feedback elements at 4 GHz, The plots show that

capacitive elements will typically reduce the minimum noise

figure and move the optimum noise source away from the

optimum power match. Conversely, inductive feedback

usually has the opposite effect. Combining the two feedbacks

in some cases can move the optimum noise source impedance

toward the desired direction, albeit with a small change in

the optimum noise figure (this is particularly true at VHF

snd UHF frequencies where the transistors have higher gain).

Z.. JX

r=-L---

Figure 2

Minimum Noise Figure,

Optimum Noise Source Impedance,

and S~l vs. Parallel Feedback

The plots may mislead the casual observer. For ex-

ample in the extreme case, if the shunt feedback is

reduced to zero ohm the computed minimum noise figure

is reduced to zero. But obviously, the device has no

gain and cannot be uded for practical purposes. This

suggests that the gain of the device should also be con-

sidered and the noise measure?may be a better parameter

for the evaluation.
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Figure 3

Minimum Noise Figure, Optimum Noise Source Impedance,

and SfI vs. Series Feedback

The transformation of the noise parameter:’& computed

through two-port additions as follows:
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where the “a! superscripts refer to active two port and the
! lb!r superscripts refer to the paSSiVe tWo-Port.

Since there is a strong interaction between the feedback ele-

ments and the load and source terminations, each of the

plots (e. g. Fig. 2 and 3) is only valid for a specific com -

bination of element values. Therefore, the plots should only

be used to determine the initial values for the subsequent

computer optimization,

Although the reactive feedback will typically reduce the trans-

ducer power gain and the stability factor, the Maximum Stable

Gain (MSG) of the circuit may still be very close to GMAX of

the transistor.

The computer aided design procedure is the following:

1. Map the optimum noise source impedance, the optimum

noise figure, and the conjugate of s1l as functions of the

series and shunt feedback.

2. Select a combination of feedback elements that trans-

forms the optimum input match and optimum noise source

impedance toward the same region without causing a signi-

ficant increase of the optimum noise figure. Select the

appropriate matching circuit configuration and determine the

initial component values from the Smith Chart.

3. Optimize the above circuit for simultaneous input match

and noise figure.

4. Rum a stability analysis on the resulting circuit. If the

circuit is potentially unstable, plot the stability circle for

the output plane and select the load impedance in the stable

area. Compute GMAX or MSG, whichever is applicable.

5. Perform a final optimization to achieve simultsneouely

low noise and low input VSWR. The value of GMAX (or MSG)

of Step 4 should be the gain specified during optimization.

6. If the results do not satisfy the desired specifications,

change the relative values of the weighting factors assigned

to GMAX, VSWR, and noise figure, and repeat step 5.

This design approach was tested at two extreme frequencies:

at 70 MHz with an NEC V021 transistor, and at 4000 MHz

using an NEC V222 device. A general pur ose microwave
#

circuit optimization program, COMPACT, was used through

commercial timesharing of United Computing Systems. The

final optimization of the 4 GHz amplifier stage is shown in

Table 2, The target of this run is to achieve 7.5 dB gain,

low noise figure as well ae low input/output VSWR. The

optimized circuits are shown in Figure 4 and 5. The ci r-

cuit perform antes are summarized in Table 1. Note that in

both cases -the actual noise figure is wi thin a few tenths of a

dB of the optimum while the input VSWR is kept at low values.
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Figure 4

70 MHz LOW Noise Amplifier
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Figure 5

4000 MHz Low Noise Amplifier

Conclusion

Simultaneous match for minimum noise and VSWR of bipolar

transistor amplifiers may be obtained by introducing appro-

priate lossless feedback to the active device. However, the

gain ad the stability of the circuit must be monitored and

cons ide red during the computer optimization. A similar

effort is being undertaken elsewhere for GSAS FET ampli-

f iers.
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TABLE 1

Device Parameters Circuit (Single stage)
Freq. GNMX NF@ DC Bias shown IW VSWR Gain
~ !@.KXi.J.@L-Yf?& -J@ &l~lw_~

70 21.8 1.1 10/5 4 1.23 1.6 1.6 20
4000 8.3 3.15 8/3 5 3.45 1.8 1.6 7.5
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Initial Variables

and

Partial Gradients

Final Variables

and

Partial Gradients

Final Analysis

Table 2 - Final Optimization Printout of

COMPACT forthe4 GHz Amplifier Stage
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