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A Freguency Dispersion Model of GaAs
MESFET for Large-Signal Applications

Kye-ik Jeon, Young-se Kwonylember, IEEE and Song-cheol Hondvlember, IEEE

Abstract—Deficiencies in conventional frequency dispersion L I A B
models of GaAs MESFET are addressed regarding their large- 50 Vgs=0Vstep -0.5Y  __ooo-e- --
signal response. A new model which can accurately describes 00.2.92-9
the large-signal dynamic properties is proposed. Only dc and
scattering parameter data are required to extract the model pa-
rameters, which can be easily implemented into microwave circuit
simulators in the macro circuit form. The validity of this model is
demonstrated by comparing predicted pulsed |-V characteristics
and power saturation characteristics with measured ones.

Index Terms—Empirical method, MESFET’s, nonlinear model,
power amplifier, semiconductors, S-parameter measurements.
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I. INTRODUCTION

AAsSMESFET's fabricated based on current technologies
show low-frequency dispersion in their transfer and
output charagterlstlcs. These are known to be due to traps Drain Voltage [V]
and self-heating effects [1], [2], have been an obstacle to
model-based circuit design_ Various empirica' models haﬁ@ 1. Pulsed |-V characteristics simulated with EEFET3 inHP-EESofLibra.
. The pulse biases arg;s = 2.5 V, Vgs = —1 V (dashed lines)Vy, = 4
b.een proposed to model the discrepancy of dC. and Sn\élgnd Vzs = —1.5 V (solid lines). I-f/ traces show failure of turn-off even
signal RF conductance [3]-[5]. Some of large signal modelow threshold ¥,. = —2.5 V) and do not cross zero dty, = 0 V.
els show excellent fitting of dc and scattering parametepgliow circles are dc I-V characteristics.

over wide bias range. Therefore, one might expect that the

accuracy will be preserved w_hen these models are “Sedl—f&/vever, since the pulsed I-V depends on bias point, the bias
predict high-frequency large-signal responses. However, thisihe measurement should be coincided with the bias of the
is unfortunately not true. Fig. 1 presents one example for t@gcyit to be designed. To fit dc I-V and bias-dependent pulsed
failure of models. The pulsed I-V characteristics are simulatgg, simultaneously, various approaches have been proposed.
with EEFET3 model in Libra, whose model parameters Wefgese include the look-up table approach in [9] and effective
extracted by EESof-Xtract based on scattering parametgtge-source potential approach [10]. However, this method
measured from 0.5 to 6 GHz and dc |-V characteristicgoes require unconventional measurement setup [11]. Hence,
The simulated traces show failure of turn-off below threshold f.equency dispersion model has been needed for large signal
region a_nd at zero drain voltage_. The amount of this unphysical.it design, which is accurate and easy to implement and
current is dependent on the bias. _ ~ extract model parameters. In this letter, we introduce simple
This failure causes significant errors in the estimation gfogeling scheme that can utilize existing large signal models
output power and power conversion efficiency, which mgyhie requiring only dc andS parameter data. Despite its

be fatal to high-efficiency power amplifier design. The abovgmpjicity the proposed model avoids deficiencies mentioned
failures are found in the other frequency dispersion modelgy e

which have high-pass circuit branched &g current source
to compensate the conductance discrepancies due to the fre-
guency dispersion. These include EEFET3, HP-Root, TOM Il. MODEL
(Triguint Own Model) in Libra [6], and some models employ- The modeling scheme is composed of following two proce-
ing a simple series resistor—capacitor circuit, as in the work déires. The one is fitting the existing model to dc I-V and the
Camacho-Penalosa [7]. To avoid these failures, some ciranfiber is determiningy; and«, (to be explained later) fit best
designers utilize pulsed |-V curve to explain the dynamiscattering parameters measured at the frequency far above the
characteristic rather than frequency dispersion models [8fspersion transition occurs. Lgtbe the function describing

. . dc drain-source current of a certain large signal model and

Manuscript received October 8, 1996.

The authors are with the Department of Electrical Engineering, Korécjjlev'ce terminal VOItageS be the Input variables
Advanced Institute of Science and Technology, Taejon 305-701, Korea.

Publisher Item Identifier S 1051-8207(97)01769-8. Las = f(Vis, Vaas)- Q)

1051-8207/97$10.001 1997 IEEE



IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 7, NO. 3, MARCH 1997 79

T T v T T T T T T T T T T T T T T T T T T
Vgs 151 150
R
£ 10r 1 =
< i) 1 =
E B {30 m
= =z 5t =
S 5 ] =)
2 2 :
3 a 0 420 g
5 T =2
& o =
o 410
5L
L - : 0
-10 -5 0 5 10 15
Input Power [dBm)]
Drain Voltage [V] Fig. 3. Pi,-Pout characteristic and dc-to-rf efficiency at drainin Q0ter-

minated amplifier at 100 MHz. Square points are measured ones, solid lines
Fig. 2. Predicted pulsed I-V's by proposed scheme and measured onegrgtsimulated with proposed scheme applied to EEFET3, and dot lines are
three different biases. Line traces are the simulated and scattered pointssirgllated with EEFET3 without modification.

the measured. Bias of pulse measurementsiage= 2.5 V and Vs = —1
V (dot lines and open square)ys = 4 V and Vgs = —1.5 V (solid lines ]
and solid square)iys = 2 V and Vg = 0 V (dashed lines and stars). The i _ B B Drain
model parameters ai@; = 0.031 and sy = 0.947. Vex =V ta(v (-7, )+ &, (v, (D-V,)
. . . . Gate

Note that f describes just dc drain-source current in (1). To %R, VCVS, \
extend the usage of to rf, some modifications off are “ 3 - FET, G
requirgd. The proposed scheme just replaces the first argument %Rv V* v, R,
Vs With —¢ -0 VCVS,

Vng = Ugs + 11 (Uds(t) - ﬁds) + a?(vgs(t) - ﬁgs) (2) v, ? 6 -;—/ ! R

b 4

where 7, and 7y are the static component of time varying S

terminal voltages of.<(t) andwvys(t). This replacement results
in new model function

Source

Fig. 4. The macro circuit realizing the proposed scheme using two partial
iags(t) = f(Vng,Uds(t))- (3) FET models and linear elements.

In dc operation, the contribution @f; and «; are zero since
vas(t) = Tgs andugs(t) = Tgs. In 1f Operationa; performs the
output conductance dispersion by feeding dynamic compon s . )
of drain signal back to the gate arg the transconductancesyStem' In th!s f|gure,“ one can s.ee“a clear tum-oﬁ at S“'?'
dispersion by weighting dynamic component of gate signmreshold region and “zero-crossing at zero dra!n voltage in
without disturbing each other. The parameterhas already both measured and S|mulate'd characterlstlgs. It is worthwhile
been employed in the previous attempt to model pulsed (ig note that the moo!eI. predicts also the bias dependency of
and its bias dependency [11]. This modification does not alfy!Sed 1-V characteristics. o
the properties of in (1), such as “zero-crossing” at zero drain ©On the tested FETFo.-Pp, characteristics are measured
voltage or “turn-off’ characteristic at the threshold regiorl" S50<{! terminated condition at 100 MHz. The results are
Thus, new model function in (3) avoids failures discussed wif{ottéd with predicted ones in Fig 3. The harmonic-balance
Fig. 1 as existing dc I-V functions do. simulations are done with proposed scheme and EEFET3. In
After fitting EEFET3 to DC |-V, the two parameters( the small-signal region EEFET3 does slightly better prediction.
and «») are extracted through optimization to measurgd However, as power saturates, EEFET3 brings significant errors
parameters of multi-bias points in saturation region. Points dreéfficiency and output power calculation.
selected so that they cover operating region. After optimizationOwing to the simplicity of the model, circuit level imple-
resultant averagé parameter error was 5% with maximummentation is possible by the exploiting dc part of existing
of 10% in 16 points equally spaced with respect bias voltag@odels. The macro circuit of Fig. 4 is an example. FET
With new model, we get the improved results as in Fig. avhich has its drain current source disabled, plays the role of
Pulsed I-V characteristics are simulated with optimized paraitiie conduction path of gate current. On the other hand,FET
etersay = 0.031 and as = 0.947. The measurements werewhich has only the drain current source, does the complement
done at three different bias pointgy, = 2.5 V, Vs = —1 role of FET,. Two FET’s are merged into one complete FET.
V; Vs = 4V, Vie = =15 V; Vys = 2.0 V and Vs = 0 Resistor—capacitor circuits and two voltage-controlled voltage
V. A series of pulses of Jus width with 0.001 duty were source (VCVS's) realize the (2R;, R», andC; determines

applied to both gate and drain simultaneously. Measurements
re carried out using specially designed on-wafer pulse I-V
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ao and the transition frequency of transfer dispersion. In this
network 7, is directly coupled to node. At high frequency,
since Cy acts as an effective short, nodesees the voltage [
of Tgs + a2(vgs(t) — Tgs), Whereas is the voltage-dividing
ratio Ry /( R, + R2). The time constant of’; (R; + Rp) is set  [2]
to have about 1 ms, as is quite common in other equivalent
circuit approach of frequency dispersion model. A similar
explanation can be made fd®s, R4, and C>. Rs and Ry
determinesy;, andCs blocks static component of drain signal.
The two series-connected unity-gain VCVS’s apply the sunp
of voltages:Tys + cva(vgs(t) — Tes) and vy (vas(t) — Tys) tO

the gate of FET. R, Rz, R3, and R4 should be high enough

so that we can neglect the current pass through them. Al
additive elements in Fig. 4 (resistors, capacitors, and VCVS's)
are available in most of modern circuit simulators. [6]

(7]

1

We addressed deficiencies found in conventional frequency
dispersion models of large signal models for GaAs MESFETL®!
To fix this problem we propose a very simple modeling[9

CONCLUSION

It can be easily combined to existing empirical models in
the macro circuit form. The validity of this model is showrl10]
by comparing measured and simulated results for multi-bias
pulsed I-V characteristics ant,,.-FP;, characteristic of the ;.
device. This model is shown to result in better estimation of
output power and dc-to-rf power conversion efficiency.
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