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Direct Determination of the Bias-Dependent Series
Parasitic Elements in SIC MESFETSs

S. Manohar, A. Pham, and Nicole Evers

Abstract—We propose a simple and direct extraction proce- Lg Rg
dure for the determination of bias-dependent parasitic resistive  ®&&rr~—an g A
elements in SIC MESFETSs. This extraction technique is based 4 Cas gd 1
on a frequency evolution of measuredZ-parameters of a metal T ceg e 2 om gds cpd |
semiconductor field effect transistor (MESFET) under active bias
conditions. Using this method, the equivalent-circuit parameters
of an SiC MESFET have been extracted at different bias points,
and the variation of the bias-dependent series resistive elements
studied. The measured and modele&-parameters demonstrate a %
good correlation up to 20 GHz. Rs
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. INTRODUCTION Fig. 1. Topology of the equivalent-circuit model of a 50 x 0.6 xm SiC

HE need for first-pass design success provides the iME=rET

petus for the development of accurate device models
for use in simulation tools. Modeling FETs using lumpegroposed to determine bias-dependent source and drain resis-
equivalent-circuit approaches usually involves the determintance, but these methods require the characterization of FETs
tion of extrinsic elements, which primarily come from padf different gate lengths. Recently, Sommer demonstrated the
contacts, prior to the extraction of intrinsic device parametemxtraction of bias-dependent source resistance using active-bias
The widely used cold-FET/hot-FET method is based on sugteasurements, but the method requires partial optimization
a concept. In this method, parasitic elements are determirjél Modified pinched cold-FET techniques [7], [8] have also
from S-parameter measurements at zero drain bias, at whigken proposed, but the variation of parasitic elements with
the intrinsic model becomes much simpler [1]. However, thdrain bias cannot be obtained.
determination of parasitic resistance by this method requiredn this paper, we present a simple series extrinsic element
a priori knowledge of at least one of the resistance (gatextraction scheme in which parasitic elements are determined
drain, or source) in order to determine the rest of the parasitig equating measured-parameters with equivalent analytic
elements. Additional measurements are usually employedexpressions. These analytic expressions are derived specifically
extract one of these resistive elements. Otherwise, a parfiai an SiC MESFET equivalent-circuit model that incorporates
optimization procedure is used to determine all parasitic eldte charging resistance. Using this method, the bias-dependent
ments. Furthermore, conventional modeling techniques assufipeth on gate and drain voltage) series drain and source
that source and drain resistance is bias independent. Thisrasistance can be directly extracted using measured active-bias
sumption must be reconsidered in the light of [2]-[4]. From &-parameters. The measured and modelggparameters
physical perspective, gate resistance comes from metallizatif@monstrate a good correlation up to 20 GHz.
resistance of a gate Schottky contact. However, the source and
drain resistance includes contact resistance, as well as any Il. THEORETICAL ANALYSIS
bulk resistance leading up to an active channel. Changes in ) o )
gate and drain voltage cause fluctuation in width of the lateral Based on the equivalent-circuit model of a MESFET (Fig. 1),
depletion layer, effectively increasing or decreasing bulk resis-Parameters of the intrinsic MESFET are given by [9]
tance. To date, dc measurement techniques [3], [5] have been
R,L-Czswz . Clys
Yii = Tg +jw <7g + ng) (1)
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From (1)—(4),Y11Y22 — Y12Y51) can be calculated and rearfrom Z-parameters below 10 GHz can be used at higher fre-
ranged as quency 10 GHz) for intrinsic parameter extraction. Using

Y11Y22 - Y12Y21

linear regression techniques and (8)—(11), the extrinsic gate,
source, and drain inductances can be extracted.

w2 (Rngzsgds — CyCys — Cgngd) In order to determine the bias-dependent source and drain
= D — wZngCds resistance, the following equations are derived from (1)—(4):
-3 2 212 —-Y;
Jw RLCS C(is+Cd ‘I’Rlcsquc d 710 — R. — jwl :—12 12
n [ g ( ; ) g g ] 12 s — JWhis Y11Yas — YiaYo1 ( )
. _ —Yo
N Jjw |:ng.07110 + (Cgs + C’gd)gds} ©) Zon = Ry = jwLs = Y11Yao — Yi2Yor (13)
D ’ From (12) and (13), we obtain
The following manipulations are performed to simplify (5). JwCga = 9mo +jwCea 14
1) The first term of the imaginary part 8f,;1 Y2, — Y12Yo; Zis — Ry — jwLy  Zo1 — Ry — jwL,’ (14)

2) (Cas + Cya) andgqsCyq are added and subtracted from

is multiplied and divided byz;. Equating the real and imaginary parts of (14), we get
the numerator of the first two terms of the imaginary part {Im(Zn)]
of ¥11Ysy — Y19Y5;.

w

3) The imaginary part o¥;;Y22 — Y12Y5; is rearranged in Cya

The imaginary part of (5) reduces to

Im(Y11Y22 — Y12Y51)

terms of D where necessary. = E<{Sin(¢”) [Im(Za1) — Im(Z12)] }

+ {Cos(wr) [Re(Z12) — Re(Z1)] }> + L,

15

_ (Cds+ng)D (ng+cds) gdngdD gdngd ( )
=N RD  mD D D [Re(Z12)]

C
y (ng,qmo+ (Ogs+cgd)gds) o - g—f: w<{00s(m) [Im(Za1) — Tm(Z12)] }
Jw . )
D
_ {Sin(un') [Re(Zlg) — Re(Zgl)] }> + RS.
SinceR?Cf.w* < 0.01 below 10 GHz,D = 1 + R}CZ w” can (16)

be approximated to b® = 1. Thus, (5) becomes

ConvertingY -parameters td& -parameters, adding the series

Since the real part of;, is zero [see (3)], the computéd,

Y11Y2o — Y12V from the Z-parameters can be set to zero to fiig, shown in
. (RngQSgds — CyyCls — CsCiga — ngCds) (17), at the bottom of the following page, where
. zy 2l
+ Jw [nggmo + (Cgs + ng)gdsi| . (7) . .
ziy Ziy

- . . . . A A
parasitic elements, and simplifying the resulting expressions, — | 7' “'?
the analytic expressions for the imaginary part of fhparam- Zo1 Zy
eters of the MESFET reduce to [10] Ry + Ry + jw(L, + Ly,) Ry + jwL,
1 w?E, — F, R, + jwL, Ry + jw(Ls+ Ly) |
~“Im(Zn)=L;+L, - -2 -9 8
w m(Zu) =L+ Ly w?(w? + B) ®)
l Im(Zy2) =Ls — 2E_51 (9) [ll. EQUIVALENT-CIRCUIT PARAMETER (ECP)
‘*11 %E B . EXTRACTION PROCEDURE
w s2 — s . . H
" Im(Zy2) =L, — ﬁ (10)  500um x 0.6 xm SiC MESFETSs are used in the extraction
1 B procedure. On-wafe¥-parameter measurements are performed
—Im(Z3) =La+ Ls — TJB (11) using a Cascade Microtech probe station, an HP 8510C net-
w w

work analyzer, and HP 6634 and HP 3531 dc sources. Prior

whereL,, Ly, and Ly are the source, gate, and drain indudo S-parameter measurements, an on-wafer line-reflect-match
tances, respectively, anfl,, E,, E;1, Es2, Fo2, E4, and B (LRM) calibration is performed to result in reference planes

are

the constants. Since the approximationx 1 is valid at the edge of probe tipsS-parameters of the pinched-off

only in the low-frequency regime, the parasitic inductive edevice {/; = 0 and V,, < V;) are first taken, and are con-

ements are extracted from the measufegarameters below verted to equivalent admittance parameters to determine the
10 GHz. Assuming that the extrinsic parasitic elements aparasitic pad capacitors [1]. The gate resistance is extracted
constant with respect to frequency, their values determinbyg a cold-FET method [7] and is held constant throughout the
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80 1 TABLE |
70 A INTRINSIC ELEMENTS OF SiC MESFET (1-20 GHz)1(zs = 30V,
Ve = —4.5V)

__ 60 4
g 50 - Gate width | gm(ms) | T (psec) | Ras(Q) | Cos(PF) | Cas(F) | Cea F) | Ri(Q)
£ 500um | 10.63 5.7 1030 0.151 | 0.0707 | 0.028 10.6
S 40 -
N 30 TABLE I
© 20 - & Measurement EXTRINSIC ELEMENTS OF SiC MESFET (1-20 GHz)

10 {R,=12.48 Ohms Regression Fit Gate width | Lg(nH) | La(uH) | LnH) | R(Q) | Ri(Q) | R{(Q) | CoePF) | Cra®F)

0 : . : . 500um | 0.034 | 0.023 | 0.00 | 6.7 [ 2.075 | 12.48 | 0.0033 | 0.0099

0 5 10 15 20
X

Fig. 2. lllustration of the linear regression technique to determine
the source resistance. The source resistance is determined from th
intercept to be 1248 X = w({{Cos(wr)Im(Z>,) — Im(Zy2)]}
—{Sin(w7)[Re(Z12) — Re(Z21)]}) * 10712,

— Measured

V Modeled

extraction process. Nexfy-parameters of the SiC MESFET
biased atV; = 30 V and Vs = —4.5 are measured, and are
converted taY -parameters. The pad capacitor responses in ac
tive-biasY1; andYs, are deembedded using the extracted pad
capacitor values obtained from cold-FET measurements. Th
Y-parameters are then converted4eparameters, which are  y1..cred vs modeled data (1 to 20 GHz)
equivalent to the analytic formulations [see (8)—(11)]. Using

(8)—(11) and linear regression techniques [10], the gate, soungg, 3. Agreement between measured and modélgrhrameters from 1 to

and drain inductors are determined prior to the determinati@ﬁGHﬁ_@ﬁs = ?0 ;/ Vee = —45 \r{)k.)One magé\gtice trll(alelis less tgarr:

of bias-dependent source and drain resistance. one, which results from a mismatch between & betwork analyzer and the
. . . high input impedance of SiC MESFETSs.

The next step is to determine bias-dependent source and drain

resistance using-parameters. In this step, must be deter- 20
mined prior to the extraction of the source resistance. First, the __
slope of (15) is determined using the linear regression technique E 151

with an initial estimate of. The value ofr is then iterated until h__————a”"//‘
the slopes of (15) and (16) are identical. Oncis known, the
bias-dependent source resistance can be determined from the
intercept of linear regression of (16), as shown in Fig. 2. Once
the source resistance is determined, the drain resistance can be T— —

calculated by settin@Re(Y12) to zero [see (17)]. After the ex- 0+ . ‘ . ;
traction of the extrinsic elements, the intrinsic parameters can 6 5 4 3 2 -1 0
be calculated from hot-FET measurements [9]. The values of Gate bias (Voltage)

the ECPs are summarized below in Tables | and II.

=
o

g
g
]

Resistance (O

Fig. 4. Extracted extrinsic bias-dependent source and drain resistance at a
drain voltage of 30 V and gate biases-68, —6,—4,—2,and 0 V.

IV. RESULTS AND DISCUSSION

Fig. 3 shows an excellent agreement between measured eggistance as a function of drain and gate voltage. Since the ex-
modeledS-parameters up to 20 GHz. The experimental resultisnsic series inductors arise primarily from the metal pads, their
verify the validity of the developed extraction technique to dénductance values are independent of applied bias. For the same
termine small-signal extrinsic elemenfsparameters are takenreason, gate resistance is also bias independent. One may ob-
at different drain and gate voltage to determine bias-dependsatve from Fig. 4 that the source and drain resistance increases
extrinsic elements. Using the method outlined above, both draiith the rise of gate voltage for a fixed drain voltage. A decrease
and source series resistance is determined as a function of lniagate voltage will enlarge the width of the lateral depletion
points. Figs. 4 and 5 demonstrate the extracted drain and soueggion. As the width of the lateral depletion region increases,

n(24y) [T (241255 — 215/ Z3) | + Re(233) [Re(211' 235 — 213 231 |

Ry = ‘ ‘ : .
Im(Z5)Im(Z}") + Re(Z35" ) Re(Z31")

(17)
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Fig.5. Extracted extrinsic bias-dependent source and drain resistance at a gate
voltage of—4 V and drain biases of 15, 20, 25, and 30 V.

the distance between the depletion region and the source/drai[r?]
ends of the channel decreases. Since the source and drain re-
sistance is defined to be the sum of the pad contact resistan
and the bulk resistance up to the edge of the gate depletion re-
gion, the extracted bias-dependent source and drain resistance
is consistent with the previously described physical behavior[10
From Fig. 5, one may notice that the drain resistance decreases
with an increase in bias. This can be attributed to the increase
in the lateral depletion width on the drain side with the rise i1
drain voltage. The slight changes of the source resistance would
rather be attributed to the variation of field-dependent mobility
than the changes of the lateral depletion width [2]. [12]

V. CONCLUSIONS

We have demonstrated a simple technique to directly extract
the extrinsic elements of an SiC MESFET. This method requires
only the S-parameters measured at zero drain voltage and a
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