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Direct Extraction of the Series
Equivalent Circuit Parameters for the
Small-Signal Model of SOl MOSFET’s
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Abstract—A new extraction scheme is proposed which allows Il. EXTRACTION METHOD

to determine all the series equivalent circuit elements values from A , . .
S-parameters measurements at a single bias point in saturation. Thin-film SOI MOSFET's were fabricated on low-resistivity

Exploiting the specific shape of a set of impedance loci, the new P-type SIMOX wafers, using a CMOS-compatible process.
scheme uses linear regression techniques to solve the extractionThe MOSFET’s are embedded in a coplanar waveguide struc-

problem. The resulting algorithm is very simple and efficient tyre designed to minimize the ground inductance. Using stan-

when compared to optimizer-driven approaches. dards implemented on the SOI wafer, a Through-Reflect-Line
~ Index Terms—FET's, MOSFET, parameter extraction, scatter- (TRL) calibration is performed according to the algorithm
ing parameters measurement, small-signal equivalent circuit. of [5]. As a result, the reference planes of the scattering

parameters measurements are positioned close to the devices,
effectively reducing the input and output shunt parasitic ad-
mittances. To allow accurate conversionSparameters td’ -

or Z-parameters, the reference impedance of the calibration is

HE maturation of low-cost silicon-on-insulator (SOl)determined using the method of [6].

MOSFET technology in the microwave domain has Fig. 1 shows the model used for the common-source SOI
brought about a need to develop adequate characteriza@dSFET. To evaluate the residual input and output shunt
techniques [1]. This is particularly the case for the diregfdmittancesy;, and Y.4, the transistors are biased in deep
extraction of small-signal equivalent circuits fron$- depletion atVjhs = 0. In these biasing conditions, the mea-
parameters. Indeed, methods developed for MESFET's aggted admittance matri¥,, scales almost linearly with respect
HEMT’s, such as the “cold-FET" method of Dambrire to the device widthi¥ so thatY;, andY;q can be accurately
al. [2], are not directly applicable to MOSFET's, becausgstimated by extrapolatind-parameter data from a set of
these methods exploit unique features of their specific fielgansistors with various widths t&V = 0. After correction
effect transistor (FET) technology [3]. Recently, Leteal. [4]  of the residual shunt admittances, tdematrix of the circuit
proposed an innovative approach to the extraction problegkes the following form:
for bulk MOSFET's. By fitting the frequency evolution of

I. INTRODUCTION

the measured/-parameters with analytic expressions, thesezmTﬁ [_Y# - Y] P=Zo+ Yo (1)

authors determine the series elements of the equivalent circuitY _ Ye O } )

Then, after removal of the series elements, all other circuit ™~ | 0 Yz

parameters can be obtained in a manner described by [3]. In_ [Ry + Rs R, . [Lg+ Ls L

the present letter, a new fully analytic technique is proposed“? — R, Ry + RJ + { L, Ly + LJ

for the direct extraction of the series circuit parameters. An i @)

original formulation of the extraction problem is introduced, [ jw(Cs + Cia) —jwCya

which allows to use linear regression methods instead ofY, = o ) ) } 4
_C;(rnO6 gt jwcgd Gds + jw(cds + ng)

a general purpose optimizer as in [4]. The result is a very

simple and efficient extraction scheme which only requiresIn agreement with the work of Leet al. [4], analytical

S-parameters measurements at one bias point in saturatiorexpressions of th&-parameters are derived which reveal the
specific frequency behavior of (1):
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Fig. 1. Small-signal equivalent circuit model for a common-source SOl MOSFET.
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Fig. 3. Parametric plot of inductances in the 0.5-40-GHz band for a condi-
Fig. 2. Parametric plot of resistances in the 0.5-40-GHz band for a conflbns for a NMOSFET withV = 240 um andL.q = 0.5 um atVgs = 1
tions for a NMOSFET withV = 240 um and Loy = 0.5 pm atVgs =1 v and Vpg = 2 V.
Vand Vps = 2 V.

. i to combine three linearly independent equations formed
Y.. Fi» and F5, are equal to zero. All series resistance, varying the indexesi, j, k, [ in (7). Such a set of
and inductances can thus be obtained from the asymptqiG . ons can only be cor;s{ruéted Whén, 1, andZ, o, are
values taken by (5) and (6) at infinite frequency. In ordesri nificantly different, which requires to use measurements
to evaluate these asymptotic values, the authors of [4] use; the MOSFET in saturation. A sensitivity analysis

optimizer to fit the expressions on the right-hand side of @mwed that the following pairs yield the most accurate
and (6) individually to the evolutions of measured data overtf;gsuns.[Re(Z ), Re (Zyno1)], [Re (Zomi2), Re(Zora1)]
available frequency band. It is, however, possible to transfor; e(Z. ) 1{(:—(11Z7 )] lg;ng’illustratz?ch’e qualii;?(l)f the
the detgrmination of the asymptotic values into simple Iinel};igear regre7ssi0ns performed on data measured from 500 MHz
regrezsmn pro?lims. _ _ his is done b 4ey10.40 GHz. For the series inductances the situation is a litle

In the case o the series r_eS|sto_rs,t IS IS done Dy considerflgarent, because of the more complicated frequency behavior
the parametric curves defined in a two dimensional pla%(f the right-hand side in (6), whep= 1. As can be seen in
[£1; 22] DY [Re (Zorij(w)), Re(Zomu(w))], Where (i, j} £ £ig 3 the paifllin (Z,re)/w, Im (Zyr12)/e] produces one
{k, l}. Using (5), it is straightforward to establish that thes seful equation based on the following relations:
curves must be straight lines, and that their intercept at the B

12

origin [0, z20] and slopedxs/dz; is given by Z90 = L Eia (La+ Ly), ? = z2.
A dzo _ A i -

By
Aij dy

(8)

z20 = Re (Zow) — ‘Re(Zs,), 1. (7) A second equation can be obtained by considering the paramet-
! ric curve defined in the tridimensional spajg, z2, 3] by
Substituting the values of the intercept and the slogn (Z,x21)/w, Im(Zor12)/w, Im (Zy711)/w] measured on

obtained from a linear regression on the measured d#t@ saturated MOSFET. Equation (6) imposes that this curve

points into (7) yields a linear equation relating the serids contained in a plane, of which the intercept at the origin

resistances. To determine all series resistances, it is necesfarg, xso] and the slope coefficientérs/dz; and dazs/dxo
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Fig. 5. Measuredo) and modeled (+)S-parameters from 0.5 to 40 GHz
Fig. 4. Extraction of the series inductances in depletioV@t = —1 V. for a nMOSFET withiW = 240 pum and L.y = 0.5 gm, at Vs = 1
andVps = 0 V for a nMOSFET withWW’ = 240 um andL.g = 0.5 gm. Vand Vps = 2 V. Ly = 36 pH, Lg = 44 pH, Ls = 0 pH,

Ry = 126 O, Ry = 42 Q, R. = 5.9 Q, Gy = 150 F, Cyq = 40
fF, Cus = 37 fF, Gmo = 17 MS, Gqy = 2.9 MS, 7 = 2 ps.

can be determined from a linear regression on the measured

data: I1l. CONCLUSION
A new extraction scheme has been demonstrated which,
_ Fiy By FuFBEn ) ) .
230 =Lg + Lg|1 = o \Es T RS after correction of the residual shunt admittances, allows to
21 12 214812

determine all the circuit elements values frdfmparameters
dzs — E7 dzs - En _ @ (9) measurements at a single bias point in saturation. By splitting
dey Iy dey Eip IPnEr the extraction into simple linear regression problems, the new
At this point, it is not possible to combine the measuregcheme manages to achieve high efficiency and accuracy at
curves to produce a third linearly independent equation to forifie cost of very little sophistication. It is thus well suited for
a fully determined set of equations. However, as illustratéahplementation as a fully automatic routine. It also proved to
in Fig. 4, extractions of the series inductances performed bg particularly convenient for the extraction of GaAs MESFET
depleted transistors by identifying the square pulsation teifcuit parameters, as it alleviates the need to make forward-
in (wZ,;) showed that, due to the layout desigh, is biased gate measurements.
negligible with respect td.q and L, being at least 30 times
smaller. Accordingly, the third equation used for the evaluation ACKNOWLEDGMENT
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