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Comments on “lll Conditioning in Self-Heating 5
FET Models”

Anthony E. Parker

Abstract—A recent letter! reported ill conditioning in nonlinear cir-
cuit simulators caused by the introduction of self-heating effects into FET
models. This is true for circumstances outlined in that work but is a con-
sequence of using an incomplete thermal model. This letter points out that
an account for both thermal potential and mobility variation with temper-
ature will eliminate the problem.

Index Terms—Circuit simulation, microwave FETs.
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In the above letter, the circumstances and mechanisms repoftgfh.  Pplots off, from (1) (-) and (2) (- - -) for the case = 0.1, Ry, = 5.0,
cause a class of FET models to be ill conditioned. Consideration= 0.1, Voo = —1.0,V,, = 0.5, Vaq = 3.0, and three values fok as
of temperature-dependent threshold potential alone can prodiligicated. Two solutions exist with = 0, whereas only one exists otherwise.
instability or nonconvergence. The latter may be thermal runaway. If
the real devices were unstable, then the simulator model would be
doing its job correctly. However, FETs are thermally stable by nature,
so it can only be concluded that there is a deficiency in the model or
the model parameters.

The problem is that many models consider certain aspects of devict
behavior and ignore others. In the case of thermal modeling, it is neces
sary to consider both the effect of quantum thermal potetyiétT),
which affects the threshold potential, and the temperature dependenc
of carrier mobility. The inclusion of both of these effects adds the extra
degree of complexity that guarantees at least one solution. That s, ther
will be no thermal runaway. Moreover, the extra parameter introduced
gives adequate control to ensure that there will be only one solution,
That is, there is no thermal instability.
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A simple model of drain current, which is presented for illustration Temperature Change (K)
rather than as a valid model, is given by the expression

) Fig 2. Plots oflsfrom (1) (-) and (2) (- - -) for the same parameters in Fig. 1,
I; =31 = AAT) (Vs — Vro(1 + (IAT))Z (1) exceptthat?,, = 20.0. The solution withh = 0.2 is more realistic.

wherej is a constantys is the gate—source potentialjs the temper-
ature coefficient of threshold potentialjs the temperature coefficient
of mobility [1], Viro is the threshold potential at the base temperatur
andAT is the change in temperature relative to the base temperatHF
given by

Equations (1) and (2) are the same as the illustrative model used
y Maas, except for the introduction &f Setting\ = 0 restores the
figinal model.

The model has a solution when both (1) and (2) are satisfied. With
A = 0, the system is quadratic with respectAd” and there will be

two roots, which should be the same and real. However, the solutions
may be imaginary, corresponding to thermal runaway, or not the same,
corresponding to thermal instability. With> 0, the system becomes
cubic and there will be at least one real root. For sufficiently large

AT = VaalaRin (2)

whereVyq is the drain-source potential arddl;, is the thermal resis-

tance. it is possible to ensure that the remaining roots are imaginary and that
there will be only one solution to the simulation. That is, the system is
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necessary to use a sensible valueXfto obtain a solution at the correct Comments on “Improvement of Broadband Feedforward
temperature change. Amplifier Using Photonic Bandgap”

I1l. CONCLUSION Thomas J. Ellis

Self-heating effects in FET models must be complete. Otherwise, as
pointed out by Maas, the simulation can become ill conditioned. It is Abstract—A number of technical facts were either claimed or implied

important to model all aspects of temperature variation. Then, if, afffthe above letter, which appeared in the November 2001 issue of IEEE
onlv if. the parameters and model have been chosen correctly. an M'FROWAVE AND WIRELESS COMPONENTS LETTERS. Without clarification
y I, p Y, any| supporting data, the claims presented could mislead the reader into

conditioning would correctly indicate a thermal runaway or instabilityrawing inaccurate conclusions regarding the performance increase of
in the real circuit. In general, if temperature dependence of mobility fised forward amplifiers due to the so-called photonic bandgap structure.

included, then there will always be a solution. Index Terms—Feedforward amplifier, photonic band gap.
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