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Abstract

A new method using RF Ids determined from measured S—parameters is proposed to extract the gate-voltage dependent
effective carrier velocity of bulk MOSFETSs in the saturation region without additional dc Ids measurement data suffering
parasitic resistance effect that becomes larger with continuous down-scaling to sub—0.1ym. This method also allows us to
extract the carrier velocity in the saturation region without the difficult extraction of bias-dependent parasitic gate-source
capacitance and effective channel length. Using the RF technique, the electron velocity overshoot exceeding the bulk
saturation velocity is observed in bulk N-MOSFETSs with a polysilicon gate length of 0.065um.

Keywords : MOSFET, CMOS, RF, carrier velocity, device modeling, S—-parameter, parameter extraction

I. INTRODUCTION behavior in the channel region. Generally, the
gate-voltage dependent ver 1S extracted by the
As successful down-scaling of channel length is following equation':
continued below 0.1um for MOSFETS, accurate values I
of experimentally determined effective carrier velocity Vett = WQ,,

Ve In the saturation region are very important to
Iy

S

determine the intrinsic speed and carrier transport - N
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channel width and Ced'(=  Cya/WLen) is  the II. NEW EXTRACTION METHOD

gate-source-drain capacitance between gate and tied
source and drain at Vg=0V per unit channel area.
However, the measurements of Cgq at Vgs=0V using
a very long-channel test device lead to velocity
extraction errors, because the actual incremental
charge dQp, in the saturation region becomes smaller
than that of CgadVgs at Vas=0V. An another method
using dQp, at high Vg is reportedm, but dQu
nomalized by Cox is still overestimated where Cox is
the oxide capacitance per unit channel area. Recently,
a novel method” using gm/(WCg) = gm/K at high
Vs where gm is the intrinsic transconductance, Cgs‘
is the intrinsic gate-source channel capacitance per
unit channel area, and K is the slope of the plot of
Cgs versus Loy is reported to avoid the errors in the
traditional ones. However, this method produces the
local carrier velocity at the point in the channel
where 0 Vei/ 9 Vs = 0 2.

The carrier velocity extracted from gumi/(WCygs') is
0 Veri/ 0 V>0 because  gmi/
(WCqs) = Ve + (Qu/Cys)(0 Ver/ 0 Vgs) obtained by
Thus, the best

way to extract the average carrier velocity in the

overestimated when
differentiating (1) in terms of V™.

saturation region is to use lo/(WQum) at high Vg
directly.

It is well known that the measured dc Igs is
degraded by the reduction of internal Vg due to the
potential drop  between of
MOSFETs. This degradation may be negligible in
typical submicron MOSFETSs, but it becomes much

source  resistance

larger due to the increase of Igs per unit width as
channel length is scaled down to the sub—0.1zm
ThUS [1~2]
Ii/(WQu) lead to underestimated extraction of Ve

regime. the previous methods using
due to a degraded dc Ijs value in sub—0.1ym devices.

Thus, in this paper, a new RF method based on
of the Igs

measured S-parameters is proposed to extract the

the removal degradation effect using

effective carrier velocity of actual sub-0.1gm bulk

MOSFETsSs accurately in the saturation region.

(2300)

typical bulk
N-MOSFETs with different polysilicon gate length
Loy and 10 gate fingers of 5um unit finger width. To

S—parameters are measured on

remove RF probe pad parasitics, the accurate

de-embedding technique was carried out by
subtracting parasitics of open and short test
structures from measured device S— parameters In

order to reduce veg extraction error due to the
overestimated Qi, in the conventional methods using
(1) at V=0V, in the

saturation region is used:

the following equation

Ly

S

Veff(vg57 Vds) = Ve
J‘O [Cgsi(vgsr’vds)/l‘cff}dvgs,

(2)

where Cgs 1s the intrinsic gate-source capacitance in
the saturation region.
To obtain Cgi and Leg accurately using C-V
the parasitic overlap and fringe
should be subtracted from the

extracted gate-source capacitance Cg. However, the

measurements,

capacitance Cgso

accurate determination of Cgs that contains the
voltage-dependent component is very difficult in
sub-0.1gm CMOS technology.

In order to extract ver without the difficult
extraction of voltage-dependent Cgso and Les, the
following new equation is derived by substituting Cqs

o Into (2):

Iy

j K( gs 9Vds)dV '

Veft (Vgs, Vas) = (3)

In (3), K can be obtained by the slope of the plot
of Cgs versus Lyoy, because Cgs = Cgsot K(Lpoy = AL)
where AL is the channel length reduction.

Since dc Iy in the saturation region is degraded by
source resistance, a RF value of Ig(rf) determined by
the following voltage-integral of g, and the output
conductance gqs 1S used for removing the source

resistance effect:
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Ids(rf) (Vgs, Vds) =
Vds Vgs
J.o gds (0’ Vds ')dVds + J:) Emi (Vgs L Vds )dVgs ’ (4)

In order to extract Cg, gm, and g¢s from the
measured S—parameters, a direct extraction technique
7 using a small-signal MOSFET equivalent circuit
model in Fig. 1 has been applied.

In the high-frequency region, resistances and
inductances are extracted from y-intercepts of

Z—parameter equations[S] at Vg=0V as a function of

o ~2. The drain junction capacitance is determined

at Vg=0V using the following low-frequency

equation in Fig. 2

Ry Ly
ANA—FH—0
D
Cia
Rsub
B
a2l 1. AP HI3IF A= AMS MOSFET S71H8
=3
Fig. 1. A small-signal MOSFET equivalent circuit with

tied source and bulk.
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Fig. 2. The measured data of (1/w)imag(Yyy+ ¥,)
versus frequency.

Cia = %]mag( Yos + Y1) 5)
where Y “-parameters are obtained by subtracting
extracted Rgq, Rg Lg, and Lg from measured
S-parameters.

The substrate resistance Rgp 1S determined by
k,/ Gfd at Vg=0 where k, is the slope of

Real(Y,5+ Y,,) versus w® at low—frequencies®”.

The values of Cg, gm, and gqs are extracted by the
following equations:
gs

1
C :Ulmag(Yl’1+ Yi,) (6)

gm = ’ Yél - Y{2| (7)
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Fig. 3. Comparison between and measured (symbol)

and modeled (lines) Y-parameters.
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Jas = Real( ) (8)
where Y i-parameters are obtained by subtracting
Cia, Ram, Rs, and Ls from the Y“-parameters
sequentially.

The accuracy of the parameter extraction has been
demonstrated by observing excellent agreements
between measured and modeled Y-parameters up to
30 GHz in Fig. 3. The values of K at various Vs are
determined from the slope of the best regression lines

for Cgs versus Ly in Fig. 4.

II. RESULTS AND DISCUSSION

In Fig. 5, gate-voltage dependent data of veg at
Lpoly

of (3) using Iys(dc) are lower than those of the new

= 0.065um obtained from the conventional method

one using Ig(f) in (4). The large extraction error of
the conventional method is generated by degraded
Iis(dc) caused by the potential drop across Rs. Fig. 6
shows the current degradation effect that Ig(dc) is
about 19% smaller than Igs(rf) due to the gate-source
voltage reduction of I4Rs=0.08V at V,g=09V. This
indicates the current degradation effect should be
eliminated to extract an accurate value of veg in deep
sub-0.1-um devices. It is observed that ver exceeds
the bulk saturation velocity (ve: =10cm/s) for bulk

dY 54 o £
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Fig. 5. The Vgs—dependent curve of veff extracted from
the new method of (3) using Ids(rf), compared
with the conventional one of (3) using Ids(dc).
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N-MOSFETs with Lyy = 0.065um, because of carrier
acceleration due to velocity overshoot near the drain
-1 (1,8
side™ ™.
the

Vas(sat) at the drain end of the inversion channel is

Physically, drain—source saturation voltage
expressed by Vgs - V. Thus, to analyze gate-voltage
dependence of velocity in the saturation region, the
effect of lateral channel electric field due to the Vi
increase should be incorporated together with that of
In particular, sub—0.1gm  bulk

the rising rate of lateral channel

vertical in
N-MOSFETS,

electric field with Vg - Vi becomes larger due to

one.
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very short channel length. In Fig. 5, the linear
increase of Ve at low Vgs - Vi 1s primary due to the
rise of lateral field, but the reduction of the
increasing rate at high Vg - Vi is due to velocity
saturation and the rise of vertical field. This analysis
will be very helpful to understand the gate-voltage
dependent behavior of the cutoff frequency fr and the
maximum oscillation frequency fm.x for deep sub-0.1-

(m devices in the saturation region.

IV. CONCLUSIONS

A new RF method using the RF value of Ig
obtained by the voltage-integral of gn; and ggs from
measured S-parameters is proposed to extract
of actual bulk

MOSFETs in the saturation region accurately. This

Vgs—dependent Vg sub~0.1xm
new method is developed to avoid the extraction
error in conventional ones due to dc Igs degradation
that can't be neglected in sub-0.1ym MOSFETSs. This
technique based on the slope extraction of Cgs versus
Lyoy 1s more accurate than previous methods, because
the difficult extraction of bias—dependent Cgso and Les

1s not needed. It is observed that electron velocity

enhancement exceeding Ver occurs in bulk
N-MOSFETs with Ly, = 0.065um.
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