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Abstract—We have developed a new empirical model to repre- Il. THE |-V MODEL
sent the current—voltage {-V') characteristics of HEMT devices.
This model is simple and yet capable of representing the HEMT
I-V characteristics with high accuracy. Excellent modeling of the _1 _1y—1
measured drain current, its first (transconductance), second, and Las(Ves, Vas) = (Imax + Idso) 1)

third derivatives with respect to gate voltage for multiple drain . . . .
biases is demonstrated. A simple model extraction procedure has W€ /uax is the maximum channel current and is a function

been developed and is described in the letter. of Vs only, andly, is a function of bothly, and Vgs. When
Vs is biased to near pinch-off,;, is much smaller that,,, .

and I, approximately equalé,, . On the other hand, when

I. INTRODUCTION Vs is biased to fully opening the channé,, becomes much

CCURATE HEMT |-V models are required for thegreaterthadmax, and/qs approachesfm_ax. The function/;;x .
Adesign and simulation of nonlinear circuits based on theQ@S aVq, dependence same as that in [2]-{4] and [6], and is

devices. Different applications demand different degrees of &&
curacy on the model. For example, in power amplifier design,]max(vds) = IPK x tanh(Vys/VK) x (1 +LAM x Vg,).
the I-V model must be capable of accurately represeniing 2
and g,,, characteristics in order to predict the output power
and power-added efficiency. On the other hand, to simulatg  is an exponential function df,. andV,. and is expressed
the third-order intermodulation, the third- and higher ordeys

derivatives ofl,, (second- and higher order derivatives of

gm) With respect toV,. must be modeled accurately. The Tiso = exp(¥)) 3)
importance of modeling the derivatives BV characteristics

The drain current is expressed as

pressed as follows:

has been pointed out previously by Maasal. [1]. Other where

equivalent circuit element parameters such(gs, Cq,, and P (Vigs, Vias) = Z a; X ngi, m=4 (4)
Cys also exhibit strong nonlinearity and need to be represented i=0tom

accurately. a;(Vas) = Y ay; x Vi, n=2 (5)

Different empirical models have been proposed to represent
the I-V characteristics of MESFET and HEMT’s. Equation-
based models developed by Curtieeal. [2] and Angelov ~ Equation (4) allows the high-order derivatives kf with
et al.[3], [4], in principle, can model the high-order derivativegespect toV,, to be modeled accurately and (5) enables the
of Iy, with respecthS. However, good accuracy can beSame accuracy for multiple drain biases. This model exhibits
achieved only for a certai;s. Maas’s model [1] is capable well-behaved pinchoff characteristics and well-bounded max-
of representing high_order derivatives b, with |fespecﬂ/'gS imum channel current. The equations are continuous for all
for multiple drain biases. However, it requires many terms arfdder of derivatives. Most importantly, the model satisfies the
a special extraction techniques. A measurement-based mddérent conservation requirement [5]
developed by Roatt al.[5] is accurate and versatile. However, ORI 921,
the model and its parameter extraction package are available WV V.V (6)

. ds S S ds
only commercially. & &

We propose an equation-based empirita model for which is required for the harmonic balanced simulation to
HEMT's and MESFET’s. This model is capable of repreeonverge at large-signal levels.
senting Iy, and its derivatives up to the third for multiple

j=0ton

drain biases. Model Parameters can be easily extracted by IIl. M ODEL EXTRACTION AND VERIFICATION
{)_e\;f%ran:;r']g spreadsheet-based curve fittings to the measurep/Iodel parameters—IPK, VK, LAM, ands,’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
peakg,, occurs, VK to 65% of the knee voltage, and LAM
Manuscript received May 11, 1998. o to the slope of measurefl,... Next, calculatey(Vys, Vas)
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Beach, CA 90278 USA. using (1)—(3). Then, perform polynomial curve fitting to the
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TABLE | 0.25
|-V MODEL PARAMETERS EXTRACTED FOR A 0.1um 0.20
T-GaTE GaAs HEMTwiTH 40:m ToTAL GATE PERIPHERY b§ 0'15
20 o5 |
IPK VK LAM aoo ap1 apz C o010t
w2
00324 | 0496 | 00145 3695 | 0098 | -0.0008 Q 005
as ary ais azo azi azz & oo
» -0.05 }
3.83 -0.202 0.008 -2.72 1.4 -0.174 =
o -010 |
aso ast asz a40 asq1 aqz A 0.15 |
4.54 -1.49 0.12 0.84 -1.96 0.31 -0.20
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Fig. 1. The measured (square symbols) and modeled (solid curvdsy/dc gs
(a) andg.., (b) characteristics for a 0.,2m T-gate GaAs HEMT with 4G:m
total gate periphery. ©
Fig. 2. The measured (square symbols) and modeled (solid cuyve§yst

; it and second derivatives for a Oudln T-gate GaAs HEMT with 4Q:m total
then be extracted by performing curve fittings to théV.). gate periphery biased at (8. = 2 V. (b) Vi = 3 V. and (Q)Va = 4 V.

Excellent fitting tol-V andg,, can be obtained at this stage.

Final optimization is necessary to accurately model the second

derivative ofg,,. Usually adequate accuracy can be achievgdirameter analyzer. The higher order derivatives of drain

with m = 4 andn = 2. Better accuracy can be achievedurrents were obtained by differentiating thev data with

by increasingm and n without complicating the parameterfine V. steps.

extraction. Shown in Table | is the model extracted for a Quir
Model parameters have been extracted for various GaAs ahgate GaAs HEMT with 4Q:m total gate periphery. The

InP-based HEMT devices. The data reported here were meeasured (square symbols) and modeled (solid curvesj\ic

sured from a 0.}:m T-gate GaAs HEMT device fabricatedand g,,, characteristics for this device are shown in Fig. 1,

using TRW’s 2-mil GaAs HEMT MMIC production processand the first and second derivatives @f, are shown in

[7]. Double-doped GaAs pseudomorphic HEMT structure witRig. 2. Note that good match between measurements and the

a Iny 2Gay sAs channel sandwiched betweengAtGay 7sAs model was achieved up to the second derivativeggf at

layers was used. Typical,, and!,,,. measured from standardmultiple drain biases. This is the first demonstration of an

test devices at;; = 2 V are 720 mS/mm and 750 mA/mm,equation-based HEMT model capable of representing HEMT

respectively. The dc data were measured using HP414BA/ characteristics with this degree of accuracy.
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IV. CONCLUSION [3] I. Angelov, H. Zirath, and N. Rorsman, “A new empirical model for
.. HEMT and MESFET devices,l[EEE Trans. Microwave Theory Tech.
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representing HEMTI-V characteristics accurate up to thel[4] I. Angelov, H. Zirath, and N. Rorsman, “Validation of a nonlinear
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is very simple and practical and can be easily implemented as may 199s.
user defined function for microwave circuit simulator such agd] D. Rootand B. Hughes, “Principles of nonlinear active device modeling

. . . . for circuit simulation,” presented at 32nd Automatic Radio Frequency
Libra. Model parameter extraction is straightforward and can Techniques Group Conf.. Dec. 1988,
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