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Abstract Two procedures are described which are employed to calculate the drain-to-source
current sources of the two widely used nonlinear large-signal FET models, namely, the Materka
and Kacprzak model and the Curtice model. Numerical examples show improvements in the

behaviour and robustness of the FET models when the procedures are applied.
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I. INTRODUCTION

A good equivélent circuit model for FET devices is vital to microwave CAD. Over the
years various nonlinear large-signal FET models have been proposed. Some of them have been
successfully used in nonlinear circuit simulations and optimizations. The critical nonlinear.
component in these models is the drain-to-source nonlinear current source. This report discusses
specific aspects on implementing the drain-to-source nonlinear current sources of two widely
used models, namely, the Materka and Kacprzak model [1] and the Curtice model [2], from the
programming point of view.

Section II describes certain aspects of implementing the (modified) Materka and Kacprzak
model. The Curtice model is discussed in Section III. These two models have been implemented
in the nonlinear microwave CAD programm McCAE [3], where the models are used in the

nonlinear harmonic balance simulation environment.

II. THE MODIFIED MATERKA AND KACPRZAK MODEL
The intrinsic part of the Materka and Kacprzak FET model [1] is shown in Fig. 1, where

the drain-to-source nonlinear current source ip is characterized as

ip = Ipgg [l— ‘e ]Z-tanh [‘f-'ﬂ)—- ], (1)
Vo ) lve-V,

where
Vp = V0 + p.
The characteristics of ig, ig and C; can be found in [1]. R, and Cj are considered as linear
elements.
To be more flexible, the model was later modified in Microwave Harmonica [4], where
the characteristic of i, becomes |

\4
ip = Flvg(t - 1), vp(t)] (1 + Sq —D), (2
IDSS



where

va (E + Kgvg) S]_VD
— | « tanh .

Vpo + 1vp ) ( Ipss(l - Kgvg))

F(vg,vp) = Ipss { 1 - (3)

From the implementatiénal point of view, direct use of (2) and (3) to calculate i, may
not be appropriate due to situations like unpredictable values of vy and vy during simulation,
model parameter changes in model parameter extraction optimization, and so on. To avoid

possible numerical difficulties, the following procedure is employed:

Step 1 £, = Max[1x107¢, 1 - VG/(VPD + vp)l
Step 2 f, = Max[1x107%, E + Kgvgl.

and f; = Max[-40, S;vp/Ingg(l = Kgvg)], if S;vp/Ipgg(l - Kgvg) < 0.
Step 4 f4 = Ipgg + Sgvp.
Step 5 ip is then
ip = (f,?) « tanh(fy) « f, . (4)
It is not difficult to see in the procedure that f, is used to avoid taking the exponential
of negative or zero values, and f, to avoid a negative exponent which is nonphysical.

Example

To illustrate the above procedure, consider iy, with parameter values taken from [5], i.e.,

Ipgg = 0.0740 Vpo = -3.185 v = 0.0177 E = 2.937

Kg = -0.9077 S; = 0.1527 Kg = -0.4912 Sg = 0.0022 .
We calculate i, by varying vg from -3.5V to 2.0V with a step of 0.25V and vp from 0 to 9.5V
with a step of 0.5V.

Direct use of (2) and (3) results in the same values of iy as by using (4) when vg is
between -2.0V to 2.0V. However, using (2) and (3), we obtained negative i, values when vg
is below -2.25V and vy > 0, which is non-physical. An "Undefined exponential" error occurred

when vg = -3.25V. None of these phenomena occur when we use (4) to calculate ip.



III. CURTICE MODEL

Fig. 2 depicts the intrinsic part of the Curtice model [2]. Similar to the discussions on
the Materka and Kacprzak model, we only consider the nonlinear current source ip, which is
characterized as

ip = (Ag + Ayvy + A2V12 + A3v13) « tanh(yvp) (5)
where
vy = vgl[l + B(Vpge - VD)1 -

Assume that ip is non-negative and ip is a monotonically increasing function of vg if
vp has a fixed positive value. From the definition given in (5) iy is a cubic function of vg
when vy is fixed. Depending on different values of the coefficients and the actual vy, the
relationship between i, and v behaves in one of the typical forms shown in Fig. 3.

To insure that iy is always physical, an intuitive procedure has been developed to
compute ip. The main objective is to eliminate part(s) of the cubic curve which may not have
any physical meaning. The procedure is as follows.

Step I Let ip = K(ay + a;vg + asz2 + a3vG3) « tanh(yvp), and solve vy from dip/vg = 0.
Step 2 If there are no two distinct real solutions, i, is a monotonic function of vs. We

compute ip using (5).

If there are two distinct real solutions v, and Vgg With v, < vg,, and ag < 0 which

corresponds to Fig. 3(¢c), ip is calculated by

ip = ip(vg, vp), if vgy < vg < Vg,
ip = ip(Vgy, Vp) if vg < Vg,
ip = ip(vgys Vp), if vgy < vg .
If there are two distinct real solutions Vg and vg, with vg, < vg,, and ag > 0 which

corresponds to Fig. 3(d), ip is calculated by



ip = ip(vge vp), if vg < vg, .

0.

Step 3 If ip < 0 and vy > 0, set ip

0.

If i > 0 and vy < 0, set ip

Example

Similarly to the example discussed in Section II, ip in the Curtice model is calculated
with vg from -3V to 2V with a step of 0.5V and vy from 0 to 9.5V with a step of 0.5V. The
parameters of i are taken from [2]

A, = 0.05185 A, = 0.004036 A, = -0.009478 Az = -0.009058

B = 0.04062 7 = 1.608 Vpso = 4.0 .

Fig. 4 shows the results obtained by direct use of (5). It can be seen in this example

< -2.0V, the model behaves non-physically. Fig. 5 illustrates the

that when vy > 1.0V or vgq
ip characteristics obtained by using the procedure presented in this section, where vy and vy

have the same ranges as in Fig. 4. Significant improvement can be observed.

IV. CONCLUSIONS
In this report, practical implementations of the modified Materka and Kacprzak and the
Curtice nonlinear large-signal FET models have been presented. Examples have demonstrated
that with our calculation procedures, the behaviour of the model can be improved and the model
can be more physically robust.
The procedures presented in this report have been implemented and tested in the program
McCAE. McCAE has successfully employed the FET models for harmonic balance simulation

and optimization.
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Fig. 1 Intrinsic part of the (modified) Materka and Kacprzak FET model.
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Fig. 2 Intrinsic part of the Curtice FET model.
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Fig. 3 Possible ip w.rt. vg characterlstxcs When we solve dip/dvg=0 for vg, which is
equivalent to a; + a,vg + a3vG = 0, (a) no two distinct real solutions and az<0; (b) no
two distinct real solutions and az>0; (c) two different real solutions and ag<0; (d) two
real solutions and az>0. ,
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Fig. 4 The characteristics of ip in the Curtice FET model w.r.t. v; and vy, obtained by using
(5), where vg is from -3V to 2V with a step of 0.5V, and vy is from 0 to 9.5V with

a step of 0.5V.
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Fig. 5 The characteristics of ip in the Curtice FET model w.r.t. v and v obtained by using
the procedure presented in Section III, where vy is from -3V to 2V with a step of 0.5V,

and vp is from 0 to 9.5V with a step of 0.5V.
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