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Direct Extraction of a Distributed Nonlinear
FET Model from Pulsed—-V/Pulsed
S-Parameter Measurements

B. Mallet-Guy, Z. Ouarch, M. Prigent, R. @&, and J. Obregon

Abstract—n this letter, a method for the direct extraction of a G
field-effect transistor (FET) distributed model is presented. This L Cpg
technique makes use of both pulsed-V" and pulsed.S-parameter
measurements. Results given are very efficient, especially in terms }—§
of time computation and unigueness. Using this method, the Rg

distributed model provides a reliable mean of describing the
FET'’s distributive nature.
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I. INTRODUCTION
Ls Rs gmiexp(-jot)VI | gm2exp(jwt2)V2 Rd W
HE CLASSICAL field-effect transistor (FET) model, S0~V 2 AR —\/\/\/I’W\—
based on a simple topology, is not able to reproduce gd1 ed2 Cpd
with accuracy the FET's behavior, such as power satura- T AdL || T e ;;
tion at high frequencies, intermodulation, and nonlinear noise Hea

behavior. Thus, it is necessary to take into account the chanrkeréj 1. Schematic of the small-signal distributed model.
distributed nature under the gate. In this way, a FET nonlinear

equivalent circuit, including an internal node and distributed

along the gate length, was presented in [1]. Although not 0.7 ggrmy= i () ==
including the questionable charging resistor Ri [2, p. 111], 2(S) — gm2 (S) |
thanks to its internal node, the distributed model reproduces
the nonquasistatic behavior of the transistor. It has already
shown significant improvement of the accuracy of the power
saturation simulation at high frequency [1].

To be useful, the model must be easily and quickly ex-
tracted from measurement data. In this letter, we present
an analytical method to determine the intrinsic elements.
The conductances and transconductances are directly cal-
culated from pulsed—-V measurements. Then the capaci- ¢4 ‘ ‘ 0.0
tors are analytically determined froti-parameter measure-
ments.
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Vds (V)

Fig. 2. Transconductances and output conductances variationd/yyitfor
Vys = =1 V.

Il. DIRECT EXTRACTION OF THE FET DISTRIBUTED MODEL

| id h , der th I,kdistributed gate current is modeled with diodéd;, Id», and
Our topology [:,3] 90ns|! ers the reg|onhun I(Ier :; eh_gate ! ng) in parallel with each of the three capacitors of the trans-
an a_ctlve tra_nsmlssmn ine [.4]’ [5]. Each cell of this aClVehission line. The complete description and the way to extract
line is consituted by a nonlinear voltage-controlled currefife hopjinear current sources have already been described in

source (VCCS): I1 and 12. The two cells topology is the), The jinearized model of the nonlinear equivalent circuit
simplest distributed one that gives a realistic description ofti shown in Fig. 1.

channel-distributive nature and allows a direct extraction. TheThe extrinsic elements are extracted from cokl

parameter measurementsgd; , gm1, gdz, gms are the con-
Manuscript received October 9, 1997 ductances and transconductances of, respectivilyand
The authors are with I.R.C.O.I\/i., C.N.R.S., 19100 Brive, France. I?' Gddl, Gdd2, and Gdd3 are the conductances of each
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Fig. 3. Extraction of the four capacitor§', C2, C3, and Cy.

The intrinsicY parameter expressions are Lde-12[(F

(¥) Cgs
. . . gdi + gda + gmie?em

Y1 = jwCi + jwCs + jwC: - -

L =Jgwbl T gwte T 29d1+gd2+gm2(31‘”2 +jwCs C1+C< C2 C1

. . gdo

Yo =—jwC3 — jwC: - -

12 Jw 3 Jw 29d1 +gd2 +gm26]w7_2 +jw02 1.06-12
Yo =—jwCs L

n gd1gmac™™ + gmie?*T (gmac“™ + gdo) — jwCagds

gdy + gda + gmae?“™2 + jwCs
) ) do(gdy + jwC:
Yoy =jwls +jwCs+ di + ng(f ; Jj‘”jl jwCs” 6.0¢-13 ‘
gé1 7 gtz 7 ginae Jwtz T 30 25 20 15 -1 05 0.0 05
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L Fig. 4. Variation withVy, for V4 = 9.8 V of C; + C» andCys.
In order to extract the intrinsic elements, we present a

method which makes use of both pulskd/ and pulsedsS-

. Secondly, for the same bias points and for all the fre-
parameter measurements. First of gdl;, gdo, gmy, andgm. uenciesC;, Cy, Cs, andCy are analytically calculated from
are directly determined for all bias points from the derivative Ly =2 3 4 yticaly

of the model extracted from pulsddV measurements. Thist N deembeded’—parameters anq the four. cor?ductances and
model is obtained by assuming the same nonlinear descﬁ@_nsconductances, using following equations:

tion of the two cells current sources. Differences between

transconductancgg+m; and Gms) and output conductances gmai(Re Yia + Re Yoo )w + VA

(gd1 andgd,) arise only from the different biasing of the twoC2 = 202(Re Y12 + Re Yan)
cells: 1 wCoado E
Op—_2t {Im y,, 4 ¥C29%E
w D
oL _onL 1 wC
gdl = Vo Vlv agmy = 8—V1 fd17 Ci = a [Im Yii - w03—T2(E1E2 +gm1i(gm2iw02))}
8[2 8[2 1 1
gda = N V27 gmg = G . Cy = " {Im Yoo —wCs— B(wC’ggdgEg — gdigds — gmgi))}




104 IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 8, NO. 2, FEBRUARY 1998

Ry =040 R; =08 R,=08Q L, =265pH
Ly =245pH L,=9pH Cpg = 45 {F Cpa = 30 {F
with of simplicity, only the dependence 6f; with V; is taken into

account, so there is no difficulty arising from possible charge
nonconservation in the nonlinear model. Fig. 4 represents the
variation with V,, for V3, = 9.8 V of C; 4+ ¢, and Cj,.
This figure is very interesting because it demonstrates that
C1+Cy = Cy,. This is explained by the fact that,, (ohmic
region) is distributed inta”; and Cs. In the same way('yy
(saturated region) is also distributed into C2 and C3. This
means that the capacitance of the depleted region is really

) ] o distributed withC', C,, and Cs.
Previous extractions and optimizations have already shown

that ; may be put equal to zero and equal to ther of
the classical model [1]. It is very important to notice that this

extraction is reliable only with a pulsed measurements setup o o
[5]. In fact, under such conditions, thermal and trap effects For the first time, the parameters of a distributed FET model

are controlled and thus consistency betwdeaV’ and radio Were d_ir.ectly extr.a.cted without u§ing optimi;ation techniques.
frequency (RF) extracted derivatives is ensured. In ao!dltlon _to efficient computation and unique and ac_curate
solution, this method proved the accuracy of our equivalent
circuit in modeling the FET'’s distributive nature.

By =gdy +gds + gmy, Bz = gdi + gda + gma,
gMgr =gmq cos(wTy)  gmg; = gmq sin(fwry) (z=1,2)
A :gm%i(Re Y12+ Re Y22)2w2 - 4w2(Re Yio
+ Re Ya2)gd; Re Y12,
D =(gdy + gdy + gma,)? + (wCy — gma)*.

IV. CONCLUSION

I1l. RESULTS

To illustrate the above method we present the extraction
results from a 0.5 * 120Qum? transistor. The device was
mounted on a chip carrier and connected to access lines witl] B. Mallet-Guy, Z. Ouarch, M. Prigent, R. @, and J. Obregon, “A
bounding wires. It was biased in a class B mode and the distributed, measurements based, nonlinear model of FET's for high

. frequencies applications,” ilEEE MTT-S Symp.Denver, CO, 1997,

model was extracted from 2 to 18 GHz. Large-signal model pp.(1869_872.pp ymp.D
validations have been already presented in [1], showing verig] R. Anholt, Electrical and thermal characterization of MESFET's,

; ; ; HEMT's and HBT's Norwood, MA: Artech House.
gOOd agreements between nonll_near simulations and pU|S J. Portilla, R. Qeté, and J. Obregon, “An improved CAD oriented FET
I-V, pulsedS-parameter, and active load-pull measurements.” model for large-signal and noise applications,”lEEE MTT-S Symp.,
The values of the eight extrinsic elements are shown at the San Diego, CA, 1994, pp. 849-852. _
too of the page [4] G. Ghione, C. Naldi, and F. Filicori, “Physical modeling of GaAs MES-

P page. . . . FET'’s in an integrated CAD environnement: From device technology to

The results of the direct extraction are presented Figs. 2 microwave circuit performance)EEE Trans. Microwave Theory Tech.,
and 3. Note that although and I, provide the same current, ) \50|H37H pp. 45754:'38,(:“/'?- %%88- dt <sion dels ¢

o . .-H. Huang and H. C. Lin, and transmission line models for a
the variations ofyd, andng,gml_, andgm, are d'ﬁere”? As high electron mobility transistor JEEE Trans. Microwave Theory Tech.,
shown,C; andCj3 have, respectively, the same behavior than  vol. 37, pp. 1361-1370, Sept. 1989.
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