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A Semianalytical Parameter Extraction of a SPICE
BSIM3v3 for RF MOSFET’s Using -Parameters
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Abstract—in this paper, we present a new parameter-extraction In order to avoid these problems associated with dc or CV mea-
tmhethF?l(:j Icombir]ing Iagalylfclal agﬁ (ipgrr]nizali?f}Galfg;Oﬁhgsl fgr surements without special test structures, it is beneficial to use
e arge-signal Berkele ort-Channe odel 3, ; ; ;
Version 3.(?. Us?ng S-parameyters of MOSFET's with different = Parameter data measured in the high-frequency range of gi-
channel lengths and widths at zero gate bias, all overlap capac- gaher_tz. Due to this reason, thg iterative optimization technique
itances are accurately determined in the high-frequency range. [7] using an HSPICE circuit simulator has been developed to
The junction-capacitance model parameters are extracted using fit a modified Level 3 SPICE model to the measur&epa-
S-par_ameters _of devices with diﬁe_zrent perimeter-to-area ratio_s at rameters for RF lateral diffused (LD) MOSFET. Also, a global
two different biases of zero and high voltages. A robust technique o htimijzation technique for the BSIM3v3 is employed for fit-
utilizing simple Z-parameter equations is also used to extract re- . . . .
sistances R, and Rq) and inductances. The source and substrate tlng S-parameters in a commercial extraction prqgre_lm such as
resistances are initially determined using the zero-bias optimiza- Silvaco’s UTMOST lII [8]. However, these optimization tech-
tion, and their uncertainties are subsequently eliminated in the niques may be unable to obtain physically meaningful param-
normal-bias optimization. Good agreements between measured eters depending on the initial value and numerical algorithm.
and modeled S-parameters from 0.5 to 12 GHz demonstrate the Thgrefore, it is essential to reduce the number of unknown pa-
validity of this semianalytical method. Lo S
rameters to prevent the optimization from trapping into a local
Index Terms—MOSFET's, parameter extraction, scattering pa- minimum. An efficient way to decrease parameter space di-
rameters, SPICE. mension is to develop an independent extraction method, as in
this paper, which determines model elements uShmarameter
|. INTRODUCTION measurements separately.
. . ,_Recently, direct extraction methods from measufega-
UE TO mature and low-cost Si technologies, MOSFET meters without the optimization have been reported for the

are current!y r(.acogni.zed. as promising core d_evices gékall—signal modeling of MOSFET'’s [9]-[11], but its capa-
RF/mlcrqwaye circuit applications such as h_|ghl'y mtegraF lity has been limited to small-signal parameter extraction. In
communication systems [1]. For accurate circuit S|mulat|o§

using SPICE, the Berkeley Short-Channel IGFET Model ddition, another extraction scheme has been introduced for a
> ! . . imple SPICE | -Si | model with | than 20 t
Version 3.0 (BSIM3v3) has been widely recognized as i arge-signa’ moce’ With fess than =4 parameters

TZ], but this extraction approach cannot be applied for the
accurate and scalableV model [2], [3], and has recently beenIarge—signal SPICE BSIM3v3 with much larger parameters.

modified to predict RF characteristics [4], [5]. Together WitH‘hus, a new kind of BSIM3v3 extraction method should be

this development, intense research of the accurate param | for the | _sianal i f hiah-f
extraction of SPICE BSIM3v3 should be carried out as ﬁifgggﬁ_c’is or the large-signal modeling of high-frequency

essential step in RF MOSFET modeling. However, for the R In this paper, a novel extraction approach utilizifigaram-

BSIM3v3, the parameter-extraction procedure suited for higﬁer data of MOSFET's with different geometries measured at

freguencuTls htf;s not yetfbeen firmly dejtap “She_di . ro and normal bias values is described to obtain capacitance
eneraily, the sum of source and drain resistance IS usuggy parameters, resistances, and inductances of the modi-

determined from dc channel conductance measurements [6],1%[;1 RF BSIM3v3 without CV measurements. In this approach,

the separate extraction remains a difficult task. The gate resS5|cE model parameters are independently extracted from a
tance is roughly estimated from the sheet resistance of gate oy

. h o . &hianalytical procedure combining analytical and optimiza-
terial, but this estimation contains the errors due to the trans n techniques.
sion-line effect. In particular, conventional CV measurements
in the frequency range of megahertz are less sensitive to ex-
tract low capacitance values in submicrometer RF MOSFET’s. Il. PARAMETER EXTRACTION

A novel extraction technique is applied to determine

BSIM3v3 parameters of N-MOSFET's fabricated on p-type
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Fig. 1. Modified BSIM3v3 modelR DSW = 0) used for an RF Si MOSFET.

a4t
Fig. 1 shows a modified MOSFET RF model suited for o 2|

high-frequency circuit applications, where additional parasitic % S L L, =045 pm {
elements are added to an original BSIM3v3 model. In this E W_=40 um
model, the lumped substrate resistar(d®,,;,) that affects 8 T ]
both drain and source junctions is included for considering E s ¢ @ (Vo)im@i2)
the high-frequency distributed bulk effect. This bulk model s L ‘V’Ds:‘vf ®) (/o) Im(Z11-Z12)]
with only one element ofz.;, has already been proven to be g le @ O (e @22212)
accurate in the high-frequency region [14], [15], and is much 5 1 15 20 25 30 35 40
simpler for parameter extraction than a complicated network Frequency (GHz)

of four bulk resistances [5]. The lumped gate resistafigg) fa3 M d data (eymbols) and fited (ines) . ‘
. . . Bh . CH easure ata (sympools) ana fitted curves (lines) versus trequency Tor
accounting for the transmission-line effect of gate material 157(5). The fitted values aré. of 53 pH, L. of 204 pH, andL,, of 205 pH.

also added [5], [7]. In order to consider the asymmetry between
drain and source resistances, the width coefficient of parasitic
resistance (RDSW) is set as zero and discrete elem&gtand

. o Ed
R,) are then included [4], [5]. In this high-frequency model, — Im(Zs; — Z12) = Lq — ] (4)
the parasitic inductance§.,, L4, and L) associated with Wit
their finger and interconnection lines are additionally inserted 1 E, Fg
[9]-[11]. ol —Z)=Le— 55— (W2 + B) ®)

MOSFET model parameters in the BSIM3v3 are divided imohereB A A E. E. E. andF. are constant values at
dc parameters for modeling dc characteristics and ac parameﬁ;e(resd bia,s dr gy B Bdy e &

for ac and transient analysis. First, the dc parameters are dete:rhe céld—fieId—effect-transistor (FET) method utilizing
mined by utilizing a conventional extraction routine installed irr1n easuredS-parameters of devices with forward-biased gate
UTMOST III [8]. These extracted dc parameters are held cons Vs = 0 has been widely used to extract inductances and
stant QUring the subsequent ac e>_<traf:tion combining analyti‘r:glsistances for GaAs MESFET’s and high electron-mobility
equations and the HSPICE optimization. transistors (HEMT’s) [16]. However, this cold-FET method
is not applicable to extract these parasitics of Si MOSFET’s

A. Extraction of Resistances and Inductances because dc gate current cannot flow into the rest of the device.

The accurate values of parasitic resistances and inductant@@vercome this serious problem, tﬁeparameter-extr,action _
in the high-frequency range are obtained by finding constdfgthod using (1)—(5) was used to apply for MOSFET's, and is
terms through the simple curve fitting of the following analytSUPerior to the zero-bias method [17] for extracting resistances
ical equations [9]-[11] at normal bias over the wide range thhe MOSFET because there are no extra measurements.

frequency: Figs. 2 and 3 show measured data and fitted curves of (1)—(5)
Ad as a function of frequencies up to 40 GHz. From these curves,

Re(Z22 — Z12) = Ra + =5 (1) R, 0f80%Q, Rq0f35%Q, L, of 53 pH, Ly of 204 pH, andL, of
Wit 205 pH are extracted. Excellent correlation between measured
and fitted curves in the wide range of frequency is observed. The
Re(Z 2 V=R Ag 5 gate inductance is extracted from measured data in the higher

e(Z11 — Zi2) = Ry + W2+ B @ frequency region where the third term in (5) can be neglected.
B. Extraction of Overlap Capacitances
Es At zero gate biagVgs = 0), overlap capacitancd€cpo

1
;Im(ZM) =L - 1B (3)  between gate and bulkaso between gate and source, and
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Fig. 4. Measured gate capacitance of (6) at the zero bias as a functiorrgf. 6. Extracted values @ /Ap at the zero bias as a function Bh/ Ap
the total effective channel width for three devidds.e = 0.45 pm). From  for three different device§L.;x = 0.45 um). The extracted values afé, =
y-interceptsCaro is obtained to be 4.% 10~° F/m. 2.0 x 10— F/m? andCisw = 3.05 x 10—1° F/m.
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Fig. 5. The measured gate capacitances of (7) and (8) at the zero bias as a . A

function of effective channel length for three devi¢&E.; = 40 pm). From  F19- 7. Measured (symbols) and modeled (linés} — Vps curves for a
y-intercepts Cuso andCepo are obtained to be 3.22 10-1° and 3.28x MOSFET(Legr = 0.45 pum, Were = 40 pm).

10-19 F/m, respectively.

are obtained to be 3.22 1071° and 3.28< 10~!° F/m, respec-
Capo between gate and drain) are obtained with higher acdively by finding y-intercepts of these linear fitted lines.
racy owing to the absence of channel capacitance. This zero-bias
method is similar to the previous cold FET method [16] and w&s EXtraction of Junction Capacitances
newly developed to extract accurate overlap capacitances for &enerally, model parameters of area/sidewall junction capac-
MOSFET usingS-parameter data in the high-frequency rangéances are determined by fitting CV data for large area and long
This novel method may eliminate the need for large-size tgsérimeter test structures, but inconsistency of test patterns from
structures that are required to determine overlap capacitanees devices may generate the extraction error . To eliminate this
using the conventional CV measurement. Since resistances gndr, several real devices with different perimeter-to-area ratio
inductances in the BSIM3v3 model can be omitted at lower fréf, /Ap) are used instead of extra test patterfigoarameter
quencies, gate capacitances measured at zero bias are foigata at zero biagVgs = Vps = 0) are used to determine
lated byY -parameter equations zero-bias area/sidewall junction capacitan@s and Cjsw)
at the source/drain junction. After measuring the drain—bulk ca-
pacitance(Cpg) at zero bias of three devices with different
Pp/Ap, the separate extraction 6f; and Cjgw is performed
by plotting Cpp/Ap versusPp /Ap in Fig. 6.
From they-intercept and slope of this lin&;; of 2.01 x
10~* F/m? and Cysw of 3.05 x 1019 F/m are determined,
respectively. However, the direct extraction@fg is very dif-
(8) ficultto be performed due to the complexity of the drain-to-bulk
network. Therefore, for Fig. 6Cpp values at zero bias are
where Cy, is the zero-bias gate-to-bulk capacitance per ureiktracted by optimizing the RF BSIM3v3 model to fit mea-
width, andCy,s andCy,q are the source and drain portion ofsured.S-parameters at zero bias for differeRf /Ap devices
zero-bias gate-to-bulk capacitance per unit length, respectivelging the optimization routine in HSPICE circuit simulator. In
InFig. 4,Cqpo is extracted to be 4. 10~° F/m by plotting (6) this zero-bias optimization,,;, and R, are determined, but
as a function of the effective channel widt.«) and finding the extracted values are obtained more accurately in the next
they-intercept for alinear fit. To extraclgso andCgpo, mea- normal-bias optimization.
sured values of (7) and (8) &ks = 0 are plotted with varying ~ Junction built-in potential parametgfBs = Ppsw = 0.98)
the effective channel lengttL.q) in Fig. 5. Cgso andCgpo  are calculated using the substrate doping. Under normal

1
CGBOLeff + Cngeff = a IIn(nl + HQ) (6)

1
CGSOWeff + CgbsLeff = JIIH(HI + HQ) (7)

1
CapoWest + Cgpales = —;Im(Ym)
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current gain|hzq| for a MOSFET(Leor = 0.45 um, Weee = 40 pm) at
different gate voltages.
300 S-parameters under small error tolerances, while all parame-

modeled (Vgs=1.5V)

70 ters, except foiiz.,, and R, are fixed at previously extracted
@ values. The values dk.,;, and R, obtained from the zero-bias

optimization are also used as initial guesses, and allowed to
90 vary within narrow bounds during this optimization. These ini-
tial guesses facilitate rapid convergence to a global minimum
(Rsup = 1.1 k2 and R, = 40 ), while maintaining physi-
cally acceptable values. The agreement between measured and
modeled/ps — Vps curves fora MOSFET witll..g = 0.45 pm
andW g = 40 um is excellent, as shown in Fig. 7. Fig. 8 shows
good correspondence between the measured and matiglad
rameters of a MOSFET at different bias pointsigfs = 1 and
2 V in the frequency range of 0.5-12 GHz. This good corre-
spondence verifies that our novel parameter —extraction tech-
nigue is accurate and reliable. Aft8fparameters are converted
to H-parameters, modeled curves of current d&in | versus
frequency are compared with the measured ones under different
bias conditions in Fig. 9, and show close agreement. The cutoff
frequency(fr) is extracted by extrapolating the frequency re-
sponse data df.o; | (in decibels) over the wide frequency range.
As shown in Fig. 9, the errors between measured and modeled
fr are relatively small over a wide bias range.
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Fig. 8. Polar charts of measured (circles) and modeled (lifesirameters [1l. CONCLUSIONS

Eﬁ{;‘rg;ﬁ L?alszp%mfsf_oraMOSFEum = 045 pm, W = 40 pmyatowo o ovel and efficient parameter-extraction method com-
bining analytical and optimization techniques was developed
_ » _ . _ to apply for the modified RF large-signal BSIM3v3 suited for
bias condition,  drain-bulk ca_p]\e;gltance IS expressefhi frequencies. In this new approach, CV data measured at
as Cbp = MJC;‘QQ + Vop/Ps)" """ Ap + Cisw(l +  megahertz are not required-parameter data of MOSFET's
Vbp/Pesw)™ """ Ip. After obtaining Cps from the i various channel lengths and widths at zero gate bias
S-parameter optimization of MOSFET's at high drain voltage e \sed to determine all overlap gate capacitances. The area
grading coefficient{M; = 0.46 and Mysw = 0.48) are 5. perimeter parameters of junction capacitance model are

determined separately by substituti_ng the prgviously eXtraCt?@barately extracted by measurisgparameters for devices
values ofC'y, I, Cysw, and Pysw into they-intercept and it various perimeter-to-area (P/A) ratio at zero and high

slope of the extrapolated line faiop/Ap versusPp/Ap. voltages. The parasitic gate and drain resistances as well as

o o inductances are accurately obtained by the simple curve fitting
D. Optimization and Verification of Z-parameter equations. After these extractidi,;, and R,

SinceR, has a greater impact dftparameters under normalare finally determined by optimizing the BSIM3v3 model to fit

biasing, further optimization is then performed to refine the reneasuredS-parameter sets. Excellent agreement is observed
sult of R, extracted at zero bias. At a normal bias point dietween measured and modelSdparameters from 0.5 to
Vas = 2V andVps = 3V, the BSIM3v3 RF model was 12 GHz over the wide range of bias points, demonstrating the
next optimized to obtain the closest possible fit to measuregdlidity of this semianalytical method.
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