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Abstract—We present an improved procedure for ex- channel and overlap gate current parameter extraction,
tracting parasitic capacitance parameters and gate current based on the effective geometry determined in section

parameters for MOSVAR, the industry standard MOS ||, Results from multiple technology nodes are presented.
varactor model. Our technique is verified against measured The conclusion follows in Section IV.

data from three technology nodes (180 nm, 130 nm and 65
nm), and is also used to validate the MOSVAR P-gate/P-
well tunneling current sub-model.

. INTRODUCTION

For MOS varactor modeling, the Compact Mode
Council (CMC) has standardized the MOSVAR mode
model [1], which is based on the PSP MOSFET mod
model [2]. MOSVAR includes physical models for man:
phenomena, such as parasitic capacitances and re |
tances (cf. Fig. 1) and gate tunneling current. The
effects are interdependent in real devices; for examp
the combined overlap/fringing capacitance and the gz
leakage current are correlated through overlap length &
the effective channel length and width, which can make
parameter extraction challenging [3]. (The overlap arﬂ)g
fringing capacitances are lumped together in MOSVAR
[1], and below we will use the term “fringing” capaci-
tance to include both overlap and fringing capacitance).

. 1. NT-poly/N-well MOS varactor with superimposed MOSVAR
del network; after [1].

[l. FRINGING CAPACITANCE AND EFFECTIVE

In previous extraction procedures reported for GEOMETRY EXTRACTION
MOSVAR [4] several simplifying restrictions were made, _ _ )
particularly as related to the fringing capacitances. The 1"€ MOS varactor capacitance defined in the
present work overcomes these restrictions by using¥PSVAR model is given by
more elaborate analysis of experimental data. Our new C(V)=Co(V)-L-W-m+Cyr-m 1)

method for MOS varactor parameter extraction enable?]

simple determination of effective geometries, fringin%’ﬁ ee Co ;S :rﬁ] bljls-ert?[Edeint cta;]pacgan%ihof the in-
capacitances, and the ratio of tunneling currents I nsic part ot the device, the length and widih are

overlap and channel regions. This leads to conclusive L=1L,+DLQ (2)
validation of the MOS varactor tunneling current sub- W =W, + DWQ, 3)
model [1].

In section Il the new extraction methodology fOlandm is the multiplicity factor. The combined fringing

effective geometries and fringing capacitances is intrfﬁil-nd overlap capacitance is given by
duced. Section IIl presents an improved procedure for C¢p=2-CFRW-W +2-CFRL- L . 4)

978-1-4244-4259-1/09/$25.00 ©2009 IEEE 148



c, [pFl

o With light
o W/O light

-3 2 -1 0 1 2 3
\%
g

Fig. 2. Comparison of measured data between illuminated and dark
measurement conditions.

The parameters DWQ and DLQ represent the deviations  &-o0.01;
of the effective channel length and width1/ from their o
“desgn” or “drawn” values,L, and Wj,. 003l

The parameter extraction task is to determine DWQ,
DLQ, CFRW and CFRL from test data. In MOSVAR,

Y
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CFRW encompasses the poly gate overlap of the well . : "W [um]
contact region (N in the case of an N-well) and the g
fringing capacitance of the poly edge to silicon (as we (b)

have noted, a separate term for the overlap compone_nt3 ) )
. . . 10. 3. (a) Measured’y,in (Wy) and Crmaz (Wy) for a 180nm RFCMOS
is not included [1]). Previously, the parameters DWQchnology,Lg = 0.5 pm, m = 20 and f = 500 MHz, and (b) Zoom-in of

and DLQ were extracted assuming for simplicity thaky near the intersection point.

CFRL =0 [4]. The CFRL term in the MOSVAR model

enmmpasses capacitance associated with the poly gate

extension onto STI and the fringing capacitances of th¢ ¢, and complicates comparison with simulated
poly edges along the length. Neglecting CFRL presentssults. Under illumination the time required for the
difficulties in obtaining accurat€’(V) and I,(V') ex- inversion layer to form is reduced and a classical high-
tradions over a wide range of device geometries. In thifequency MOSC(V) curve is experimentally observed.
section we present a new parameter extraction procedyre ameC (V) curve is simulated with the MOSVAR
that does not assume that CFRLO. v1.0.0 model, which physically includes the frequency

Following [4], we consider the minimum and maxdependence of the inversion layer response to the applied
imum values, Cyn;n and Chna., repectively, of the voltage [5]. Thus illumination of the sample is required
high frequency capacitanc€ as determined from S-in order to produce consistent measurements,pf, for
paraneter measurements after de-embedding. To assdiféerent devices.
identical conditions for measurements and simulationsQur extraction technique relies on linear regres-
special attention is paid to the frequency behavior efon fitting of C,q, and C.;, over geometry. From
C in the inversion region, which directly influenceg1), formally Conin(W,) = Crnae(W,) when W, =
the \alue of Crin. Fig. 2 shows typicalC'(V) curves _DWQ. Hence at the intercept point 6f,,;,(W,) and
measired both with and without illumination. Withoutcmax(wg) for fixed L, (asFig. 3 shows) we have
illumination the MOS varactor at least partially enters
the deep depletion regime, which produces erratic values XINT,, = -DWQ, (5)

149



65 nm technology (not shown) are fitted equally as well.

W=3Hm, L =0.5um W,=3um, L =1um
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Fig. 4. (a) MeasuredC,,,;, (Lg) and Cmaz(Lg) for a 180nm RFCMOS p
technology, Wy = 3 um, m = 20 and f = 500 MHz, and (b) Zoom-in of
(a) near the intersection point.

c, oP)

YINT,y =2-CFRL(L, +DLQ) -m .  (6)

Similar linear extrapolation of Cypn(L,) and
Crnaz(Lg) for fixed Wy, as kg. 4 shows, yields 0

XINT;,, = -DLQ, (7) VeVl

YINTClg =2-CFRW- (Wg + DWQ) “me. (8) Fig. 6. Measured and simulated capacitancesfat 1 GHz for various

W, devices in a 130 nm technology;q = 0.5 pm andm = 20.
The parameters CFRL and CFRW are computed from’ !

(6) and (8), respectively, based on DLQ and DWQ from
(7) and (5), respectively.

To verify this procedure, measured and modeled c@q. GATE CURRENT PARAMETER EXTRACTION AND
pacitances over bias for different device geometries, MODEL VERIFICATION

which have varying amounts of overlap and fringing

capacitance, are shown in Fig. 5 for devices from a 180With DLQ and DWQ determined as described in sec-
nm technology, and in Figs. 6 and 7 for devices frotion I, it becomes possible to find the relative magnitude
a 130 nm technology. Capacitances over geometry foobthe gate tunneling current densities in the chanigl,
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Fig. 7. Measured and simulated capacitancesfat 1 GHz for various (a)

L, devices in a 130 nm technology¥/y = 3 um andm = 20.

and in the overlap regioni,,,,, cortributing to the total
gate current

Iy =lge+ Iyoy = ige - L- W -m +igoy - W-m . (9)

[A]

—
This involves extracting the parameters IGCHVLW _§,
and IGOVHVW entering the expressions [1]

ige(V) =IGCHVLW - D(V) - F(V)  (10)

and

igoo(V) = 2-IGOVHVW -LOV - D, (V) - Fp, (V) (11)

whete D(V') and D, (V') are the tunneling transmission (b)
coeficients in channel and overlap regions, respectively,

a,'nd F(V) and F,(V) are the associated Supp,ly fu,nci:ig. 8. (@) Measured and simulatefiI, (V) of (12) for Lgmasz = 0.5
tions [6] The Overlap Iength LOW= 10 nm used in this #m, Lgmin = 0.1 pm, andWy = 3 pm, and (b) Measured and simulated

work was obtained from technology information. Tyov1(V) of (13) for Lymin = 0.1 pm andWy = 3 um; devices used are

in a 65nm RFCMOS technology.
To de-couple the gate current parameters for the chan-

nel region from those for the overlap regidy(V') data
from devices of maximum and minimum drawn chann
length, Lgme, and Lg,.,, areused. The difference in
these currents is

% determine the parameters of the overlap region gate
current model. At a given bias, the channel region gate
current per unit length is given b7, /(L gmaz — Lgmin)
Al, = IGCHVLW-D(V)-F(V)-(Lgmaz — Lgmin)-W-m and his should be scaled by the effective length, see (2),
(12) to determine the intrinsic channel region current. This
which does not depend on the gate current in tilg@n then be subtracted from the total measured gate
overlap region. The parameters IGCHVLW, GCOHVCOgurrent of the minimum length devicé,; (V), to give
GC2HVO and GC3HVO, which model the gate-tothe overlap region gate current
c_h_annel regio_n tunneling currer_lt, are determined by Lo.in+DLO
fitting Al, defined by (12) (see Fig. 8a). L1 (V) = 11 (V) — Al - LQWLT )
The total gate current of the minimum length device gmes g
has the greatest relative contribution from gate currefhe parameters IGOVHVW and NOVO [1] can then be
in the overlap region, and so is what should be usddtermined by fitting this current, see Fig. 8b.

(13)
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The remaining parameters of the MOSVAR v1.0.0
model, including the parasitic resistances, are extracted
as explained in [4].

Typical gate current fitting results are shown in Figs.
and 10 for a 130 nm CMOS process and in Figs. 11 a
12 for a 65 nm RFCMOS process. The good agreeme
between measurements and the model further valida
our DLQ and DWQ extraction procedure presented
section II.

IV. CONCLUSION

We have presented a new procedure to determi
parameters of the MOSVAR varactor model, and ha
verified the technique by fitting’(1V") and tunneling cur- 1
rert measurements over multiple geometries for seve 10 5 _i O 1 5
technology nodes. V V]
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Fig. 11. Measured (oen circles) and simulated (solid line) gate tunneling
current for variousiW, devices in a 65nm RFCMOS technology; = 0.2
pm andm = 45.
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Fig. 12. Measured (open circles) and simulated (solid line) gate tunneling
current for variousL, devices in a 65nm RFCMOS technology/, = 3
pm andm = 45.
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