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Abstract—We have developed a new empirical model to repre-
sent the current–voltage (III–VVV ) characteristics of HEMT devices.
This model is simple and yet capable of representing the HEMT
III–VVV characteristics with high accuracy. Excellent modeling of the
measured drain current, its first (transconductance), second, and
third derivatives with respect to gate voltage for multiple drain
biases is demonstrated. A simple model extraction procedure has
been developed and is described in the letter.

I. INTRODUCTION

A CCURATE HEMT I–V models are required for the
design and simulation of nonlinear circuits based on these

devices. Different applications demand different degrees of ac-
curacy on the model. For example, in power amplifier design,
the I–V model must be capable of accurately representing
and characteristics in order to predict the output power
and power-added efficiency. On the other hand, to simulate
the third-order intermodulation, the third- and higher order
derivatives of (second- and higher order derivatives of

) with respect to must be modeled accurately. The
importance of modeling the derivatives ofI–V characteristics
has been pointed out previously by Maaset al. [1]. Other
equivalent circuit element parameters such as and

also exhibit strong nonlinearity and need to be represented
accurately.

Different empirical models have been proposed to represent
the I–V characteristics of MESFET and HEMT’s. Equation-
based models developed by Curticeet al. [2] and Angelov
et al. [3], [4], in principle, can model the high-order derivatives
of with respect . However, good accuracy can be
achieved only for a certain . Maas’s model [1] is capable
of representing high-order derivatives of with respect
for multiple drain biases. However, it requires many terms and
a special extraction techniques. A measurement-based model
developed by Rootet al. [5] is accurate and versatile. However,
the model and its parameter extraction package are available
only commercially.

We propose an equation-based empiricalI–V model for
HEMT’s and MESFET’s. This model is capable of repre-
senting and its derivatives up to the third for multiple
drain biases. Model Parameters can be easily extracted by
performing spreadsheet-based curve fittings to the measured
I–V data.
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II. THE I–V MODEL

The drain current is expressed as

(1)

where is the maximum channel current and is a function
of only, and is a function of both and . When

is biased to near pinch-off, is much smaller than
and approximately equals . On the other hand, when

is biased to fully opening the channel, becomes much
greater than , and approaches . The function
has a dependence same as that in [2]–[4] and [6], and is
expressed as follows:

(2)

is an exponential function of and and is expressed
as

(3)

where

(4)

(5)

Equation (4) allows the high-order derivatives of with
respect to to be modeled accurately and (5) enables the
same accuracy for multiple drain biases. This model exhibits
well-behaved pinchoff characteristics and well-bounded max-
imum channel current. The equations are continuous for all
order of derivatives. Most importantly, the model satisfies the
current conservation requirement [5]

(6)

which is required for the harmonic balanced simulation to
converge at large-signal levels.

III. M ODEL EXTRACTION AND VERIFICATION

Model parameters—IPK, VK, LAM, and ’s—can be
easily extracted by performing spreadsheet-based curve fittings
to the measured data. The fitting procedure is described as
followed. First, set IPK to twice of the drain current where the
peak occurs, VK to 65% of the knee voltage, and LAM
to the slope of measured . Next, calculate
using (1)–(3). Then, perform polynomial curve fitting to the

to extract at multiple values. The ’s can
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TABLE I
I–V MODEL PARAMETERS EXTRACTED FOR A 0.1-�m

T-GATE GaAs HEMT WITH 40-�m TOTAL GATE PERIPHERY

(a)

(b)

Fig. 1. The measured (square symbols) and modeled (solid curves) dcI–V
(a) andgm (b) characteristics for a 0.1-�m T-gate GaAs HEMT with 40-�m
total gate periphery.

then be extracted by performing curve fittings to the .
Excellent fitting toI–V and can be obtained at this stage.
Final optimization is necessary to accurately model the second
derivative of . Usually adequate accuracy can be achieved
with and . Better accuracy can be achieved
by increasing and without complicating the parameter
extraction.

Model parameters have been extracted for various GaAs and
InP-based HEMT devices. The data reported here were mea-
sured from a 0.1-m T-gate GaAs HEMT device fabricated
using TRW’s 2-mil GaAs HEMT MMIC production process
[7]. Double-doped GaAs pseudomorphic HEMT structure with
a In Ga As channel sandwiched between AlGa As
layers was used. Typical and measured from standard
test devices at V are 720 mS/mm and 750 mA/mm,
respectively. The dc data were measured using HP4145A

(a)

(b)

(c)

Fig. 2. The measured (square symbols) and modeled (solid curves)gm first
and second derivatives for a 0.1-�m T-gate GaAs HEMT with 40-�m total
gate periphery biased at (a)Vds = 2 V, (b) Vds = 3 V, and (c)Vds = 4 V.

parameter analyzer. The higher order derivatives of drain
currents were obtained by differentiating theI–V data with
fine steps.

Shown in Table I is the model extracted for a 0.1-m
T-gate GaAs HEMT with 40-m total gate periphery. The
measured (square symbols) and modeled (solid curves) dcI–V
and characteristics for this device are shown in Fig. 1,
and the first and second derivatives of are shown in
Fig. 2. Note that good match between measurements and the
model was achieved up to the second derivative of at
multiple drain biases. This is the first demonstration of an
equation-based HEMT model capable of representing HEMT
I–V characteristics with this degree of accuracy.
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IV. CONCLUSION

We have developed an empiricalI–V model capable of
representing HEMTI–V characteristics accurate up to the
second derivative of at multiple drain biases. The model
is very simple and practical and can be easily implemented as
user defined function for microwave circuit simulator such as
Libra. Model parameter extraction is straightforward and can
be done by spreadsheet-based calculations.
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