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A Novel Drain Currenit—V Model for MESFET
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Abstract—The conventional approach for modeling the dd-V  class-AB amplifier was built with a Fujitsu FLC103WG
characteristics of a MESFET transistor usually adopts the hyper-  high-power device to verify the new model. The simulation and

bolic tangent dependence or¥g;. On the contrary, our new em-  aa5rement results of the intermodulation distortion of this
pirical model describes the device drain current as a polynomial of o
amplifier are compared.

effective gate—source voltagd.g. The derived model is capable
of accurately model the subthreshold effect and the device cur-

rent—voltage behavior at different operating regions, in particular, II. NEW LARGE-SIGNAL MODEL
the device operation around the pinchoff region. Measured and . . o
modeled results of a 0.5sm gatelength MESFET device are com-  In this paper, the drain current characteristic assumes the fol-

pared and good agreement has been obtained. Comparisons be-owing form:
tween the proposed model, Curtice model, Chalmers model, and

Parker model are also made in this paper. In addition, a single- baVie (ba + b3V ) V2

stage class-AB amplifier was built with a commercial high-power Zas = b1 Vas Vi + 3Vas (b2 + b Vao) Ve

MESFET transistor to verify the new model. \/(1 + ngst)2 + V2 (b + b3Vis)?
Index Terms—targe-signal model, MESFET, nonlinear model. bsVas (b2 + b3Vas) Verr

(2)
V(L gVt + V2 (b2 + baVa,)?
I. INTRODUCTION
N ESSENTIAL prerequisite for computer-aided desigWhere
(CAD) software to obtain a reliable design is the existence
of an accurate nonlinear model for active device. A variety ofest =Ves = Vro+7Vas
analyti_cal models [1_]—_[4] have been developed to describe the, :0_5({/gst (1+Cpin) + /VngtJrVSQT (1—cpin))
operation characteristics of a MESFET. All of these models are
capable of expressing the device properties with only some sudzg =Vsr (1+My s7Vi) In (1+6V°“3/(VST(IJ’MVSTK‘S))) .
cess in a certain region of device operation. ©)
Among these nonlinear characteristics, the most important

one is the drain—source current performance with respectyt , is the pinchoff voltagey, by, b, b3, ba, b, g, Ver, My s,
drain-source and gate-source voltages. Conventional modg{g.. .. are the model parameters that are introduced to improve
[1]-[4] usually assume the drain current equation as the prodygé subthreshold and pinchoff regions and, finaly, and V
of the following two functions: are the intrinsic terminal voltages.
Applying a large negative gate potential to an FET never suc-

Las (Ves) Vas) = 11 (Vs Vas) - B2 (Vs Vas) @ ceedsin completely cutting off the drain current, as the channel
where bothF; and F, are functions ofV,, and V. The first mobile carrier density d_eclines Ies_s rapidly than th_at predicted
function is mainly aimed at describing the drain current varidom the abrupt depletion approximation. Near pinchoff, the
tion with gate voltage. The second term, which adopts a hyngrrent diminishes exponenually with gate potential and will in-
bolic function, focuses on the modeling of drain current vari&éase when gate-drain breakdown occurs [6]-[8]. The transfor-
tion with drain voltage. mation ofV,, into _effectlve gate_—source v_olta@gﬂ through (_2)

In this paper, instead of using (1), a new drain current mod%q,c_urately_ describes the_ de_wce operation aroun_d Fh_e plnc_hoff
is proposed. The drain current is now modeled as a third-ordggion- This transformation is well behaved and infinitely dit-
polynomial of effective gate—source voltatigr, which, in turn, ferentlaple. Thus, it serves to be a good representation for inter-
is described by a rational function ... The model equation Modulation characteristics.
is unique and simple. In addition, it is very accurate in various
device operation regions. In particular, the performance predic- ll. M ODEL PARAMETER EXTRACTION

tion close to pinchoff region is greatly improved. A2 x 150 m submicrometer gatelength MESFET device
A submicrometer wafer MESFET device and a Fujitsgyafer device) and a Fujitsu FLC103WG packaged high-power
FLC103WG packaged high-power MESFET transistor aiESFET transistor are used to verify the new model. Fhea-
adopted to verify the proposed model. A simple single-staggmeter data are measured at a multibias condition. The small-
signal equivalent-circuit models are extracted under a multibias
Manuscript received February 21, 2000. condition using the cold FET method combined with a multi-
The authors are with the Electrical and Computer Engineering Dﬁjane data-fitting approach [9]. All the parasitic element values

artment, National University of Singapore, Singapore 119260 (e-malil: . .
gleooibl@nus_edu_sg)_ Y gap gap (e MmaBre kept constant in the large-signal model. The extracted par-
Publisher Item Identifier S 0018-9480(02)03036-3. asitic element values are listed in Tables | and II, respectively,
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TABLE |
PARASITIC ELEMENT VALUES FORWAFER DEVICE 80,
Cou(fF) CpalfF) Ly(pH) Ly(pH) 7o
329 30.1 155.4 160.6 &0k
Ly(pH) R(€) R{Q) R4(€)

e o o

3.0 2.1 5.9 4.3 /;5 e v s ’
P A o Meastred data 4
e er |
E Oy s .
~ ( Curtice Model &
4 30 / —

TABLE 1l [/ ﬂ/ﬂ)@,lészb-—/g—/ﬁf* T

PARASITIC ELEMENT VALUES FORFUJITSUFLC103WG jf s

2004/ V =08V

i/ i i . e

CralPF) Coa(pF) Ly(nH) Ly(nH) PR BRI e
101 // - v,=12v]

131 0.436 1.49 1.29 [F 5 0 00 00 0 0 0 Qe gy
A i s N BRI L Sy

Ly(pH) Ry(€2) R{QY) Ry(Q)
59.5 0.99 1.53 1.96 o5 1 15 2 25 3 35 4
V (V)
TABLE 1II

Fig. 1. Comparison of measured and modeled drain current characteristics

MODEL PARAMETERS FORWAFER DEVICE :
of the new model, Parker model, Chalmers model, and Curtice model (wafer

device).
V1o (V) Y Vst by b, bs
-1.21 0.0358 0.103 -0.71 2.783 4.235
b4 bs g MVST Cpll'l
[0
14.31 23.96 0.196 0.162 1.562 i o i
=12V -
— New model G
4 0 Measuredcata o - b
TABLE IV o
MODEL PARAMETERS FOR THEFUJITSUFLC103WG n e ]
z =
Vo (V) Y Vst by by by = - e i
¥ ’ =AY -

-2.28 9.16e-3 0.436 -4.85 0.78 0.241 ,// Jr-ttan

1 o g B

// T ~o 7 }

by bs g Myst cpin /// _ M/W—ﬂj'/rf/ N ) o vy .

b=———s ? ; =20V
102.4 221.86 -0.136 -0.068 4.87

o 05 I s > 25 3 35 4

v, W

for the two devices. The large-signal model parameters are ex-

tracted from th? dra"f‘ curremtV data at the Intrinsic device fig. 2. Comparison of measured and proposed drain current characteristics
plane and are listed in Tables Ill and 1V, respectively, for tha&ound pinchoff regioni(incnor = —1.21 V, wafer device).

two devices. All the parameter extractions are performed by

in-house (_jevel_oped software running u_nder MATLAB. A SIMtters an improvement over the Curtice model, but the fitting of
plex algorithm is used for the optimization.

the Chalmers model in the knee and saturation regions and for
small drain current is still poor. Both the Parker model [5] and
proposed new model give very accurate fitting results over var-

The model parameters for thex2 150 pm submicrometer ious device operation regions. The small negafiveV; slope
gatelength on-wafer MESFET device are extracted for the Cdior largel, is well described by our model. The modeled drain
tice model [1], Chalmers model [2], Parker model [5], and theurrent goes smoothly to zero whéf, approaches or drops
new model. These results are clearly plotted in Fig. 1 togetHazlow pinchoff. Our model also gives an accurate subthreshold
with the measured data. modeling, as depicted in Fig. 2.

As observed from Fig. 1, the fitting error for Curtice model Fig. 3 gives the comparison between the measured and sim-
[1] is quite significant in the linear, knee, and saturation regionslated /4.—V,. and g,,,—V,s Characteristics of the same wafer
especially as the drain current is reduced. It also has a corditvice. The measured and simulatggl results near the pin-
tional cutoff in the pinchoff region. The Chalmers model [2thoff region of the same device are presented in Fig. 4. Figs. 5

IV. M ODELING RESULTS AND DISCUSSIONS
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Fig. 3. Comparison of measured and simulatéd-V,. and
characteristic based on the new model (wafer device).
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Fig. 5. Simulatedg,./dV,; versusV,, characteristic.
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Fig. 4. Comparison of measured and simulaged characteristic close to
pinchoff based on the new model (wafer device).

and 6 give the simulatey,,, / 9V, versusy, andd?g,,, /9% Vg,

versusV,, characteristics, respectively.

The maximum fitting error and the rms error of all models
are listed in Table V for comparison. The calculation is mad
while Vi, changes from 0.5t0 4.0 V
(on-wafer device). As noted from Table V, both the maximun
fitting error and the rms error are greatly reduced for the ne
model, as compared to the Curtice and Chalmers models. T
maximum fitting error and rms error for both the Parker and ne\
models are all very small. However, near the pinchoff condi
tion (Vs = —1.2V, Visinchog = —1.2-1.21 V), the new model
outperforms the Parker model. The newly proposed model co.-

for five bias levels folV/,

TABLE V

Fig. 6. Simulated?g,,/8%V,, versusV,, characteristic.

COMPARISON OF THEMAXIMUM FITTING ERROR AND rms ERROR OF
THE NEW MODEL WITH THE CURTICE, CHALMERS, AND PARKER
MODELS (WAFER DEVICE)

Models New Parker Curtice Chalmers
Model Model Model Model
V=05V MaxEm (%) 1% 1.17 617 519
(Vo=05-40V)  RMSEm (%) 078 0.55 326 27
Vy00v M Em (%) 154 1.81 281 270
(Va=05-40V) RMSEm (%) 050 072 1.48 1.08
V=05V  Max.Em(%) 056 1.46 .73 6.13
(Va=05-40V) RMSEm (%) 026 052 391 3.83
V=08V M Em(%) 243 1.82 18.83 16.75
(Vu=05-40V) RMSEm (%) 120 1.00 .14 378
V,=l2v M Em (%) 131 17.89 146.8 4547
(Vu=05-40V) RMSEm (%) 075 1013 826 2739

tains more model parameters than the Curtice [1] and Chalmers

models [2]. However, from the parameter-extraction procedutbe new model. This is because the new model only uses simple

there is no significant increase in simulation time required fdunctions instead of a hyperbolic-tangent-type function, which
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Fig. 9. Simulated third-order intermodulation distortion of the amplifier

(P = 10 dBm).

Fig. 7 shows the measured and simulated performance of

the amplifier. Figs. 8 and 9 are the measured and simulated

third-order intermodulation distortions, respectively. The

simulated response and measured performance are in good

accordance.

VI. CONCLUSIONS

An accurate large-signal model for GaAs MESFET has been
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proposed in this paper. The model is capable of accurately repre-
senting the actual device characteristics over an extended range
of operation conditions. Model performance near the pinchoff
region is greatly improved through the use of a special trans-
formation for V. Moreover, the model and its derivatives are
continuous, which gives a smooth transition to different opera-
tion regions. The model equations only adopt simple functions,
thus, the parameter extraction is simple. It can be a useful tool
for modern communication and microwave circuits design.

Fig. 8. Measured third-order intermodulation distortion of the amplifier

(P = 10 dBm).

requires more simulation time and, most importantly, the modeI[Z]
is continuous. The proposed model gives a comparable perfor-
mance to the Parker model [5] and the number of model param-
eters is one less than the Parker model. The new model can b[g]
easily implemented in CAD software and could be very useful

in microwave circuit simulation.

V. AMPLIFIER DESIGN RESULT WITH THE NEW MODEL

A single-stage class-AB amplifier is designed and fabricated[el
using Fujitsu FLC103WG to verify the performance of the new [7]
model. Good agreement was obtained. The amplifier is biased
—1.8 Vand Vy, = 6.5 V. The designed amplifier
operates from 4.2 to 4.7 GHz with a gain of 10 dB. Both the
S-parameters and third-order intermodulation distortions arel®]
measured and compared. The two-tone input signals are 4.5
and 4.51 GHz, respectively, and the input power is 10 dBm.

at Vg,
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