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Abstract — The first part of this article presents the modeling
of the long-channel bulk MOSFET as a particular case of
the SOI MOSFET. The second part reviews compares and
scrutinizes various methods to extract the threshold voltage,
the effective channel and the individual values of drain and
source resistances. These are important device parameters for
modeling and circuit simulation.
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1. Introduction

Since the early 1980s, the MOSFET has become the most

widely used semiconductor device in very large scale in-

tegrated circuits. This is due mainly to the fact that the
MOSFET has a simpler structure, costs less to fabricate,
and consumes less power than its bipolar transistor coun-
terpart.

In this article, we will first present, in Section 2, an
overview of the modeling of long-channel bulk MOSFET
[1-11] as a particular case of the long-channel SOI MOS-
FET [12-16]. Then, we will focus on issues related to
extraction of MOSFET device parameters [17-20] and it
will be organized into three sections. Section 3, covers the
topic of extracting the threshold voltage. An overview is
first provided to discuss and compare the advantages and
disadvantages of various existing extraction methods for the
threshold voltage.

Section 4 is concerned with the various methods for ex-
tracting the effective channel length, probably the most
important device parameter of the MOSFET. They in-
clude a method based on metallurgical junctions, current-
voltage method, capacitance-voitage method, shift and ratio
method, and a method based on device simulation. The pro-
cedures and developments of thése methods are discussed
and their accuracy, advantages, and disadvantages are com-
pared.

Section 5 deals with the extraction of the drain and source
resistances of MOSFETs, which are important device pa-
rameters in characterizing the voltage drops in the drain
and source regions of these devices.
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2. MOSFET modeling

The fundamental benefits of the silicon-on-insulator (SOI)

. structure over the traditional bulk MOSFET have motivated

considerable recent research work {12—16]. The main ben-
efits include suppression of latch-up, higher circuit speed,
lower power consumption, greater immunity to radiation,
increase of the density, 3D integration, and reduction of
short-channel effects. Good review articles were presented
recently by Jurczak [14] describing and comparing the var-
ious SOI's models, and by Alles [13] scrutinizing the mo-
tivations of using SOI in integrated circuits.

Probably the most important motivation today for using the
SOI device is the lower power consumption, especially in
the portable electronics arena where the supply voltage is
reduced in order to decrease the power consumption. If the
supply voltage is reduced, the threshold voltage must also
be reduced. However, the degree of the reduction of the
supply and threshold voltages is limited by the subthresh-
old slope, which is defined as the gate voltage required to
increase the drain current by one order of magnitude in
weak inversion. The SOI device has a larger subthresh-
old slope and thus a lower leakage current than its bulk
counterpart. This allows the use of a SOI MOSFET with
a small threshold voltage, thus the use of a smaller supply
voltage, without having to be concerned with a significant
leakage current. On the other hand, for the bulk MOSFET,
a large threshold voltage, and thus a large supply voltage,
is needed to ensure a small leakage current in the device.

2.1. Modeling of the (SOI) MOSFET

Figure 1 gives the schematic of silicon-on-insulator
MOSFET. It can be seen that the main feature
differentiating the SOI MOSFET from its bulk counterpart
is the fact that the SOI MOSFET has both front and back
oxide interfaces and therefore is subjected to charge cou-
pling effects between the two gates. The bulk MOSFET
can therefore be considered as a special case of an SOI
MOSFET with a very large semiconductor film thickness.
The mixed boundary condition at the front oxide-silicon
interface yields

es és f
Vi =V =¥+ o 4))
of .
where V/_ is the front-gate voltage, V/_ is the front-flatband
voltage, C, is the front-oxide capacitance, ¥, is the front-
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Fig. 1. A two-dimensional SOI MOSFET structure showing the
top and bottom S$i-Si0O, interfaces.

surface band bending and ésf is the front-surface electric
field.

On the other hand, at the back oxide-silicon interface, the
boundary condition is

&&s
C 3

ob

Ve~ Vs =¥, — ¥))
where V(';S is the back-gate voltage, V2, is the back-flatband
voltage, C , is the back-oxide capacitance, ‘¥, is the back-
surface band bending and &, is the back-surface electric
field. The front-interface (x = 0,%¥ = ¥y, and § = ﬁsf)
and at the back-interface (x =¢,,'¥ =¥, and £ = &,), are
related by [14-16,18]:

égf;—Fz(‘PSf,V)=§s2b—F2(‘1’s;,,V)Ea, 3)

where F2(¥,V) is the Kingston function defined by [4]:

Fz(‘P,V)E/ '3”:1\1/:
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and ¢, unlike the bulk MOSFET, is not equal to zero but is
a parameter that quantifies the charge coupling between the
front- and back-gates. Here, p, and n, are the equilibrium
hole and electron densities, § = ¢/kT is the inverse of the
thermal voltage, and L, is the extrinsic Debye length given

by
. 1/2
Ly = d . 5
° (qﬁpa) ©

Finally, the semiconductor film thickness f, can be ex- ;
pressed by 3

_ [Yssd¥
=), ©

The values of Wy, ¥,, & and &g, can be calculated nu-
merically from Egs. (3)-(6).

The drain current for the SOI MOSFET can be expressed 1
by the following single-integral equation [16]:

Ip= ﬂnzg‘; [Cof ((Vés"vlfs) (‘*‘S'fL—‘PSfa) + )
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where Q, is the body depletion charge (Q, = —gN,1,),
‘Psf(y =Ys) = ¥y ror ‘Psf(y =y = Worro Yoy =ys) =

=Y, Yoy =yy) =Yg, aly=ys) = 0, aly = Yi) = ‘
=0y, and L, = (y; — ;) is the effective channel length. .
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2.2, Pierret-Shield’s model

For a very large 7,, as would be the case for a bulk MOS- .
FET, the charge coupling between the front- and back gate
diminishes, and ¢, and ¢; approach zero. Also, for this -
case, there will be a point x, inside the semiconductor at -
which ¥(x = x,) = §(x = x,) = 0. Taking the point x, to ;

be the back interface, we get ¥, =¥, =0, and Eq. (7)

reduces to Pierret-Shield’s model [8] for the bulk MOSFET: é

w
Ip = G ((VGS—VFB) (W = ¥s,)+
eff
2 _\PZ Y,
- _—(‘FSLZ 5")) +es/0 * F(¥,Vv=0d¥+

\PSL
- es/(; F(¥,V = VDS)d\Il] ,

where ¥ (y = y5) = ¥, and ¥(y = y,) = ¥y, Thlsd
model is also valid for long—channel MOSFETs under all.g‘
inversion conditions.

3402000

JOURNAL OF TELECOMMUNICATIONS
AND INFORMATION TECHNOLOGY:






