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ABSTRACT
A new procedure for extracting the extrinsic capaci-

tances of FETs is presented. It requires measurements

only in the active bias regime. The method utilizes
the symmetry of the intrinsic FET in the forward and
reverse biased operating regime. The extraction is per
formed analytically and does not require any optimiza-
tion.

INTRODUCTION

FET linear and nonlinear modeling requires an unam-
biguous separation between bias independent extrin
sic equivalent-circuit elements and the bias dependen
intrinsic part. In common extraction procedures, the
pinch-off bias state is used to determine the extrinsic
elements ([1], [2]). In contrast to this, we apply ac-
tive bias conditions for this purpose. The extraction
at pinch-off has the following drawbacks, which are
avoided by the new method.
1. The equivalent circuit in the “coldfet” regime is
ambiguous.
2. The extrinsic drain capacitancg,y cannot be
separated from the intrinsic 0&s.

4. The extrinsic feedback capacitance is not in-
cluded.

5. The extrinsic inductances must be known a priori
to obtain reliable results.

With respect to all five issues, the new method yields

better results. We demonstrate this by extracting data

of a state-of-the-art GaAs MESFET from on—wafer
S parameter measurements.

The basic idea is to utilize symmetry of the intrin-
sic FET in the forward and reverse-biased operating
regime. In both regimes, a channel current flows and
the depletion region under the gate has its normal ex-

{ension. Except for the assumption of symmetric elec-

trical behaviour under the gate metallization no further
information on the intrinsic device is needed to extract
the extrinsic capacitances. One should outline that this
intrinsic symmetry relies on the channel characteris-
tics under the gate and does not require a symmetrical

layout of gate, drain, and source electrode (Fig. 1).

THE BASIC IDEA: SYMMETRIC FORWARD
AND REVERSE BIAS POINT

The method starts from the standard FET equivalent

3. Due to measurement uncertainties the real part<ifeuitin Fig. 2 and the forward and reverse bias&d

of the extracted admittance parameters are often

non-physical.
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Fig. 1. Intrinsic region under the gate with symmetric electrical characteristic
regarding forward and reverse biasing.
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Fig. 2. FET equivalent circuit subdivided in intrinsic part and extrinsic network.

correspond to operating the intrinsic FET in common-— EXTRACTION PROCEDURE

source and common—drain configuration, respectively. |, o qer to obtain the extraction equations, one has to
W'f[h two extgrnal PC _VOItages/‘?S” and Vpsn an relate the measured quantities, i.e., the Y parameters
unique operation pomt.ls §et3 which leads to the DC of the complete circuit, to the intrinsic description at
currentslgn andlgn. The intrinsic part of the FET only o4, piag points. This is accomplished in 3 steps:
represents the section of the channel below the gate 1o 7 matrix of the intrinsic FET in the symmet-
metal (Fig. 1). The internal DC voltag®§sn andVasn ric reverse bias pointZ;) is the common-source to

differ from the external ones due to the voltage drop common-—drain transformation of the Z mat(i,) in
at the extrinsic resistances. In the symmetric reverséna normal bias point:

bias point, the space-charge region must have the same

shape as in the normal bias point shown in Fig. 3. To 7 Z11 Zi12 3

arrive at this symmetric bias point, the following in- T 2o Zo 3)

trinsic bias conditions must be fulfilled: . [ Z11—Z19—Zo14+ 220 Zor—Z12 ]
ngr :Vgsn A Vdsr = —Vdsn (1) 22— 221 Z22

In terms of current, the condition can be written as 2. In the next step the shedky, containing the extrin-
sic resistances and inductances is added);tandZ,,;.

. . Zy+Zs Zs

The gate current can be neglected since we are dealing Zoxt = 7 7442 4)
with a depletion-type FET. Therefore, the drain cur- S T
rent is the same in both cases, so that the voltage drop 7 7

.. . .. . . . o o nll nil2
at the extrinsic resistance is identical, too. With this Zn="Lni+ Lexr= [ Zoor Zroo ]
assumption, the symmetric reverse bias point can be (5)
adjusted with the external drain volta¥gsr = —Vpsn 2o =Zii + Zeyi= [ VAL RPALY) ]
and the drain currerty, = —lgn. As a starting value Zior Zi22

and, second, a negative drain voltagg: = —Vpsnis
applied. Then, gate voltage is varied until the negative

3. Toobtain the Y parameters at the outer ports, which
are the quantities measured, the extrinsic shigif
must be added to both inverted matriggsandZ,.

drain currently, = —lqgn is reached. This variation in

gate voltage is necessary becaRg@ndRs are differ- Yor— | YpgtYps  —Yps (©)
KT Mes YpatY,

ent. ps pd + Yps
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Fig. 3. |-V characteristics and the two symmetric bias points
under normal and reverse conditions.

- Ymrz1  Ymni2 ] as = Ym1Ymr22
Yon=[Zn] 4 Yexr=| "
1 Ymri1  Ymri2 8 = Ymri2— Ymr21
Ymr = [Zr] +Yext:
Ymr21  Ymr22 b1 = asas(|Ymnl|+|[Ymr| +tas+a2—az—ay)
These two admittance matrices are known from the v . — & —a+vbl (11)
S parameter measurements in the forward and reverse 3 + 3
bias point. With the identities for the Z parameters Yo = Ymr1185 + 86 Ymr1 ~Yos (12)
according to (3) equation (5) leads to a5 + 3
Yy = Ymr2285 + 86 Ymrez2 — 82 + &1 (13)
Zn2—2Znpy = Zin—Z12 (8) P a5+ as
Imi—Zmz = Zm—Zo ©) The capacitances can be calculated from the imaginary
Zo = Zi2 (10)  parts of the Y parameters in equations (11)—(13).
and a system of equations is derived that can be solved Co Im {Ypg} Coi— Im {Ypq}
for Ypg, Yps, andYpg: P T e
|Ymr| = Ymr11Ymr22 — Ymr12¥mr21 Cps: Im {Yps} (14)
W
[Ymn| = Ymr21Ymre2 — Ymra2Ymre1 o
VIR The intrinsic FET parameters are only used to sepa-
& = Ymra2¥mri2 rate the influence of the extrinsic capacitances. In bias
& = YmrerYmr21 points with high drain currents, the intrinsic capaci-
a3 = Yme2Ymrii tanceCgys is much larger than the extrinsic ones, which
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increases the influence of measurement errors. There-

fore, the procedure should be applied at bias points 20}

with lower drain current.

In some special cases, the resulting FET equivalent
circuit does not equal that of Fig. 2, e.g., if FET
periphery is electrically large so that distributed net- 10
works have to be employed in describing the extrinsic
elements. Then, the new method can be utilized to
verify the extrinsic network extracted with the stan-
dard algorithm. By deembedding down to the intrinsic

level, validity of equations (8)—(10) can be checked.

VALIDATION

f/GHz

Fig. 4. Extracted value of extrinsic capacitarig

As an example to validate the extraction routine we
treat a 05 x 80um? GaAs MESFET fabricated in-
house. The FET is operated in active bias regime with
Vbs = 3V. Extractions are performed at three dif-
ferent drain current valuedgq¢ = £5mA, +10mA,
and =15mA). Figs. 4-6 provide the extracted ca-
pacitance values. One observes good agreement be-
tween the three bias points, i.e., the capacitances
are bias-independent as necessary. This verifies the

new method and the underlying assumptions regard- 10:

ing symmetry.

CONCLUSIONS
FET extrinsic capacitances are determined from active

207

against frequency fo¥ys = 3V and three dif-
ferent drain currentfys = £5mA, £10mA and
+15mA (05 x 80pm? GaAs MESFET).

bias two-port S parameter measurements in normal
and reverse case. The calculation is straight forward

can be employed without an a-priori-knowledge of the
intrinsic device.
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and does not involve any optimization. The method Fig. 5. Extracted value of extrinsic capacitar@eg

(all other data as in Fig. 4).
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Fig. 6. Extracted value of extrinsic capacitarfcg

(all other data as in Fig. 4).
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