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ABSTRACT corresponding partial derivatives. Similarly we have:
The paper investigates the intermodulation distortion _ Qg 0Qq
(IMD) prediction capabilities of th€OBRAmodel [1] by QufVesVess) = QalVesvos)+ Nes VoSt e o
analysing the first, second and third order derivatives of > 5 5 (2)
the drainl/V model and the gai®/V model. The model is £ 9°Q Vgs? + 9°Qq Vs Vs + 0°Qq Vds? + ...
extracted simply from DC and small-signal S-parameter Ngs® ONVgsdVds MNds

data, without the need for complex low-frequency (VHF)

measurements of harmonic output levels under Iow-IoadIn [2] and [4], experimental methodologies are described

Jor the extraction of the second and third order coefficients

conditions, as proposed in previous studies. The compute
main/V characteristic and its derivatives are shown to be " (1), bas_ed on low-frequency (VHF) RF measure_zr_nents
of harmonic output levels under low-load conditions.

continuous over the entire bias plane, and are proven to v, Garciat al 5 ted i thod
give better results than other models available. Results oiMore recently, Garcigt al [5] presented another metho

. based on harmonic measurements, for the extraction of the
two-tone large signal tests for the case of ad.PHEMT §econd and third order coefficients in (2). These

process are presented, showing excellent agreemen . : -
between simulated and experimental third and fifth experlm_ental methodologies are very useful f(_)r providing
intermodulation products. the bas_lc data for the a(_:tqal model extraction process.
Regarding thé/V characteristic, Maaat al [2] proposes a
novel drain current model along with a fitting procedure
based upon simultaneous fitting for the gate-voltage
Good prediction of IMD characteristics and spurious- portion of the model, to the measurkt$ characteristics
response levels of MESFET and PHEMT devices is and its derivatives. Pergf al [6], have shown that in the
becoming increasingly important for microwave/RF circuit case of gate FET mixers, second and third o@sterms
designers, especially in applications such as FET mixershave a negligible impact on the overall model performance
and amplifiers. At the same time, modelling these in comparison with the correspondirf@m terms. They
characteristics represents one of the most difficult propose an empirical Gaussian function @m2 while
challenges for device modellers. Recently it has beenGmandGm3are derived fronGm2by simple integration
demonstrated [2][3][4] that there is a direct connection and differentiation with respect ¥gs
between the capability of a FET model to predict those In this study we demonstrate how by using the
characteristics and the model's ability to reproduce the robust general-purpos€OBRA model, we could still
behaviour of the derivatives of the maifv and Q/V obtain very good IMD predictions for both MESFET and
characteristics. These two nonlinear characteristics can bd’HEMT devices, without the need for the complex and

INTRODUCTION

expressed via Taylor series expansions as follows: expensive harmonic measurements and extraction routines
Alds Alds required by the techniques described above._ Also, we
|ds(Vgs,Vds)=|ds(VGS,VDS)+ —Vgs+——Vds + show howCOBRAmModel compares favourably with some
Ngs Nds ) of the better available equivalent circuit FET models.
3°las 2 d°lds o +02|ds 2, -
NesZ T NV e T IMD PREDICTION CAPABILITIES OF COBRA
=14dVes Vog) + GMiys + Gdsiys + Although the model extraction meitiologies described

above are accurate and reliable, they nevertheless require

+ GMA + GMdVysiys + G2y + ... . . .
9 gs™ds ds quite complex measurement equipment and extraction

wherelg{(Vss Vog) is the DC currentyys = Vs - Vgsand routines, which are not often available in practice to the
Vgs = Vgs - Vbs andGm?2, Gmd,...,Gdare the second and regular device modeller. However, these extraction
third order coefficients that can be identified with the methods provide some very useful information regarding
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0.06

0.05
the type of behaviour it should be expected forlftdeand 0.04
Q/V derivatives from a model with good IMD prediction 0.03
capabilities. As shown in [3], most of the existing FET z 8'8?
models, although they can predict relatively well thé -0
characteristics, they fail to a large extent to reproduce the 3 .g.01
corresponding derivatives. We will show here how by -0.02
using a novelds model function COBRA and traditional -0.03
extraction techniques (using ti@®OMET extraction tool) -0.04

[1], we can still predict very well the IMD characteristics
in the case of both PHEMT and MESFET processes.

The DC model function describes very well the
FET behaviour all around the bias spectrum: linear, knee
and the saturation regions; reverse bias region; it can
describe also soft breakdown and mild second knee
behaviour; it converges smoothly towards zero,
drops below pinch-off; has the ability to follow the
negative slope seen in real FETs in the saturation region at

high values of the gate voltage, due to electron traps and :0:02 1
self heating effects. The equation for the drain current -0.03 +
model is: -0.04 + — modelled
) -0.05
— -1 0 1 2 3 4 5 6 7 8

laslVasVos) = BMeft L poS™ +£ et [fant{aVDs[(]HZ N(eﬁ)] Vds [V]
Veﬁzl[(ygs&,lvgstugz ) Figure 1. Measured vs. modelldéy characteristics for a

2 0.2x12Qum PHEMT: (a) COBRA(Vgs=-1.4V to +0.6V;
VgsVas—(1+ 2 [rro+y Wos Vpo=-1.0\}: (b) Modified Materka Ygs=-1.0V to +0.6Y.

3)

clear that theCOBRAmModel predictions are very similar
with what it is expected. All derivatives are seen to be
continuous over the entire bias plane.

whereV+ is the pinch-off voltage and, S, Br, ¥, &, A, Y,
¢, (, are model parameters3, is a dimensionless

parameter, humerically equal Wllﬂw(vyhenldslis expressed As far as the Materka model is concerned (and
n Ampgres). The mo_del fupctlpn IS continuous over the imilar for most of the traditional FET models), a first
entire bias plane and its derivatives are also continuous. I"ybservation concerns the effect of the limited bias-range
Figure 1.a we compare measured and modemB(RA where the main model-function is valid. This brings
DC characteristics for a 0.2x12® PHEMT device from  gjanificant distortions, especially in the bias region around
Philips. In Figure 1.b, the same data are compared with &yinch.off, for all thel/V derivatives. Also there is less
modified Materka model. We chose this model because it;.q rate description of the second and third order

gave the best fit among all the other traditional FET erjyatives even within the normal operating bias region.
models available. It should be noticed from the start that A similar study has been performed on B&/

one important shortcoming of the Materka_ model_ (and characteristics, and the corresponding computed
indeed of most of the other models available) is the yerjyatives of theCOBRAQ/V model compare well with
restricted bias range over which the main model function y,,se extracted from harmonic measurements for similar
and its derivatives are defined and continuous, which devices and presented in [4]. Another strength of the
represents a greaisadvantagein many applications.  cogra model in comparison to other models, which
However, it is very hard to see significant differences onnances among other things its IMD prediction

between the two DC models just by looking at the tWo ohapilities, is given by the consistent account of DC/AC
data-fits in Fig. 1, within the normal operating regions. But dispersion effects as described in detail in [1][7].
things are looking quite different when the derivatives of Finally, results of IMD tests for the case of a

the main model function are analysed and compared. For, 2um PHEMT process are presented in FigCOBRA
the two extracted models we calculated the first, secondanol Fig. 5 (Materka), for four different bias conditions.

and third degv_ativ_es with respec(’; @S and the kresults They demonstrate much better IMD prediction capabilities
are presented in Fig. ZOBRA and Fig. 3 (Materka). By in the case of th€EOBRAmModel. Similar results have been

simple comparison with the results shown in [3][4][6], it is obtained in the case of a i MESFET process.
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Figure 2. The calculated derivatives of the drain current function foC@8RAmModel
(0.2x12Qum PHEMT process witipo = -1.0V; Vds = 3.0V
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Figure 3. The calculated derivatives of the drain current function for the modified Materka model
(0.2x12Qum PHEMT process witipo = -1.0V; Vds = 3.0V

CONCLUSIONS

We have demonstrated how by using the robust

general-purpos€ OBRAmodel, we could still obtain

very good IMD predictions for FET devices, without

the need for the complex and expensive harmonic
measurements and extraction routines required by the
techniques previously used. Also, extensive test

results have demonstrated he@BRAmodel IMD

prediction capabilities compares favourably with some
of the better available equivalent circuit FET models.
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Figure 4. Results of an IMD tesGOBRAModel) including the fundamental, third and fifth
IM products for a 0.2x130m PHEMT {/po = -1.0V; f1 = 8.975 GHz, f2 = 9.015G}4z
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Figure 5. Results of an IMD test (Modified Materka Model) including the fundamental, third and fifth
IM products for a 0.2x130m PHEMT {/po = -1.0V; f1 = 8.975 GHz, f2 = 9.015G}4z
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