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Feedback for Multiband Stabilization of CS and CG
MESFET Transistors

H. F. Hammad, A. P. Freundorfer, Member, IEEE, and Y. M. M. Antar, Fellow, IEEE

Abstract—A new feedback scheme is used to achieve multiband
unconditional stability in common source (CS) and common gate
(CG) GaAs MESFET configurations. This technique extends the
range of operation of both CG and CS beyond what is currently
available. Results based on analytical formulations together with a
description of the feedback design procedures are provided. Sev-
eral CS and CG stabilized transistors were monolithically fabri-
cated and tested.

Index Terms—Feedback, MESFET, stabilization.

I. INTRODUCTION

T RANSISTOR stability is one of the most important is-
sues in amplifier design [1]. Generally, the transistor is

designed to be stable for a given load impedance and for a
given frequency band. However, this is only valid if the load
impedance is well defined at all frequency bands from dc until
cutoff. Consequently, if the load impedance (e.g., antennas) is
not completely defined at frequencies other than the operating
frequency, the transistor could be pushed into instability, and
power will be lost in oscillations at other frequencies. Accord-
ingly, when dealing with similar type of load, care must be taken
to ensure that the transistor is unconditionally stable over all
the needed frequency band. In previous work [1]–[5], stabiliza-
tion techniques were concerned with unconditional stabiliza-
tion over narrow frequency range. The commonly employed se-
ries or shunt resistive stabilization networks are valid only for
pushing the transistor slightly into unconditional stability over
a small frequency range [1], [5]. Their use to stabilize the tran-
sistor over a large band will result in no achievable gains. On the
other hand, resistive-inductive feedback networks [2]–[4] were
used either to “neutralize” the transistor, achieve broadband flat
gain, or to stabilize the transistor in a specific frequency range,
mainly for frequencies below 18 GHz.

A new, effective, and simpler approach, based on the use of a
resistive inductive feedback network, to achieve unconditional
stabilization of the transistor over a wide frequency band
(dc until 40 GHz) is presented. Using the transistor model
parameters, an accurate analytical formulation of the frequency
behavior of the stability parameters is derived. The formulation
was validated by the measured-parameters of the transistors.
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A procedure to estimate the exact feedback network parameters
needed to achieve the wide band unconditional stability, while
maintaining the highest maximum available gain is developed.
This could help in reducing the cost of fabrication trails.
Furthermore, the technique will be applied to both the common
source and the rarely employed common gate. Generally,
common gate configuration offers higher gains than common
source configurations at high frequencies (-band); however,
it is usually avoided, as it is unstable over all frequencies,
forcing it to be very challenging to match. Consequently, the
stabilization technique developed in here was applied to both
configurations achieving gains over 3.5 dB at 30 GHz, which
are typical gain values for the type of transistor used in the
implementation. Higher gains could be achieved by cascading
several cells of the stabilized transistors. A description of the
approach and results are provided.

II. TRANSISTORSTABILITY ANALYSIS

When dealing with transistor stability usually two parameters
[1] are defined, the stability factor and the stability measure

. These parameters determine the transistor stability state of
being either “unconditionally stable ( ),”
“conditionally stable ( ),” or “unstable
( ).” Both and are normally defined in
terms of the transistor-parameters and not the transistor model
elements; accordingly, such representation does not give a direct
indication of the effects of the transistor model elements on the
stability performance. Hence, to evaluate the stability parame-
ters in term of the transistor model first the-parameters are
converted to the admittance-parameters, yielding new rela-
tions for both and given by

(1)

(2)

The -parameters in this case are calculated using the
MESFET simplified lumped-element model, as defined in [1].
The lumped model elements values were obtained by curve
fitting the -parameters derived from the lumped element
model to the -parameters obtained using the measured-pa-
rameters. Hence, substituting the resulting-matrix in terms
of the transistor elements in (1) and (2) yield accurate relations
for and that are functions of the model elements over the
wide frequency range considered. Both the CS and CG config-
urations were considered, and the results are plotted in Fig. 1
for and calculated using the measured-parameters.
The above relations are used to obtain analytical expressions
for and in terms of frequency. Such expressions, which
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Fig. 1. MeasuredK andB1 for the CS and CG transistor configurations.

give direct indication to how the transistor parameters affect
the stability conditions over the frequency range, are given in
the next section for both the CS and CG configuration.

III. COMMON SOURCE

For the CS, the obtained relation is found to be always
positive, or, in other words, the stability condition is always
satisfied for any frequency value. In contrast, using the expres-
sion for yields the following relation:

(3)

where is the frequency of operation, is the channel delay
time, and the other parameters are as defined in [1]. Equation
(3) determines the frequency above which the transistor will be-
come unconditionally stable. For the transistor under consider-
ation, this transition value between unconditional stability and
conditional stability is at the measured frequency of 21.5 GHz
[compared to a calculated value of 23.4 GHz using (3)]. Equa-
tion (3) also illustrates that the range of unconditional stability
can be increased by trying to modify the effective values of the
transistor parameters. This can be done by lowering the effec-
tive value, increasing the effective (commonly known as
resistive series stabilization), or lowering the effective value of

(commonly known as resistive shunt stabilization). How-
ever, the last two methods are valid only for stabilizing the
transistor over a very narrow band and their use to stabilize
the transistor over a large band will result, as mentioned ear-
lier, in very low or no achievable gains. Hence, lowering the

Fig. 2. CPW monolithic implementation of the feedback-stabilizing network.

effective by adding an inductance in parallel to it offers
the best solution; however, large resistance should be added
in series with the inductance to avoid shorting the transistor
input/output ports. Hence, the approach provided here, basi-
cally using a series combination of a resistive inductive feed-
back network, would provide the best stabilization performance.
The corresponding CPW-based implementation technique em-
ployed is shown in Fig. 2. It should be noted that, while a ca-
pacitor could be added to the resistive inductive feedback as a
dc block [5], this will not allow the all-band unconditional sta-
bility, which is the main aim of this work.

IV. COMMON GATE

For the CG configuration, it was found that the expression
for does not satisfy the stability condition at any frequency.
On the other hand, the following relation was deduced from the

expression as shown in (4) at the bottom of the page. Equa-
tion (4) demonstrates that beyond a certain frequency value the
transistor moves from being “conditionally stable” to being “un-
stable.” For the considered transistor, the transition frequency
was measured to be 13.6 GHz [same value as obtained from
calculations using (4)].

V. UNCONDITIONAL STABILITY FEEDBACK NETWORK DESIGN

A. The Common Source

To examine the effect of the proposed feedback network, its
admittance is incorporated with the
transistor -parameters, and the values of and that sat-
isfy the unconditional stability were calculated using an ap-
proach similar to that in Section II. Fig. 3 shows the value of

needed for all-band unconditional stability, and the value
of maximum stable gain obtainable, for different values
of at 30 GHz. Generally, the higher the value of, the

(4)
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Fig. 3. R and G for different values ofL needed for all-band
unconditional stability at 30 GHz.

Fig. 4. K andB1 values for all-band unconditional stabilized CS and CG
transistor configurations.

higher that will be required to reach the unconditional sta-
bility boundaries, and, accordingly, the higher will be the obtain-
able . However, further increase in value
beyond , the value corresponding to needed for un-
conditional stability decreases until a point is reached beyond
which no stabilization is possible. Moreover, the results demon-
strate that the variations in and are insignificant over
relatively large inductance range. Consequently, for the lowest
dc power dissipation by the feedback network ( ), feed-
back should be designed for operation at the maximum value
of . From a practical design point of view, induc-
tors larger than 0.5 nH are bulky and will be difficult to realize,

and hence, they are replaced by high impedance coplanar wave-
guide, as shown in Fig. 2. A different technique for finding the
value of was applied to the CG configuration. It provides a
check on the accuracy of the previous method; more details can
be found in reference [6]. Fig. 4 shows the values of, and
with the effect of the chosen feedback stabilization network.

VI. DISCUSSIONS ANDCONCLUSIONS

For the considered transistor, the feedback networks param-
eter values were ( nH and ), and (

nH and ), for the CS and the CG transistor con-
figurations, respectively. Hence, for the CS transistor, more than
80% of the current is fed to the transistor (40 mA), and only
6.5 mA is used by the feedback network. On the other hand,
higher currents are fed to the feedback network in the common
gate transistor. However, such feedback stabilization network
opens new applications possibilities for the rarely employed
common gate configuration. For both configurations measured,
unconditional stability from 0 GHz to 40 GHz was obtained with
relatively acceptable values at -band (0.5 dB lower
than the value before applying the feedback). Hence, the 0.5 dB
reduction in is a trade-off between gain and the wideband
unconditional stability achieved. The transistor employed is a
Nortel Network (NT) process double-connected gate MESFET
transistor with six fingers and a total gate width of 300m. It
has the following process parameters: V,
A/mm, GHz, and dB up to 5 GHz. Based on
this study, two -band MMIC amplifiers were designed, fab-
ricated using coplanar waveguide technology (CPW) [6].

In conclusion, a comprehensive study for unconditionally sta-
bilizing the MESFET transistors was undertaken. Both common
source and common gate configurations were considered. The
study included an analytical formulation of the stability param-
eters for both transistor configurations. The use of the transistor
model parameters enable the determination of the best feedback
network, and, at the same time, achieving the maximum allow-
able gain. The technique presented here also extends the range
of the MESFET transistor beyond its usual operating frequency
bands.
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