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ABSTRACT

This paper is about a physically based MOS model for VLSI circuit simulation
that considers geometry (channel length) effects. A simple analytical MOS model is
proposed that is correct for all transistor operation regions. The model nawly
includes the geometry effects on substrate bias effects of V,, and two-dimensional
field effects on channel conductance 8. The results of its application to 0.8 um
MOS devices show excellent agreement with data on measured devices: the average
error is only 0.5 % This model has been used for a year in the actual design of
MOS analog circuits. EEPROMs and gate arrays.

1. INTRODUCTION. gate constant (K,;) are most sensitive
Many geometry-dependent models (L. W) device parameters., which is affected by
{(1)(2) have been proposed for MOS LSI geometry for submicron short chennel
statistical circuit design. All the MOSFETs. A two-dimensional device
models. however. have empirical simulation model (3} was employed to
equations., which requires experimental determine the physical equations iéadiné
parameter extractions, resulting in a to V(L) and Ky(l) in exponential
model parameter database. before using forms. It is as follows.
them. Furthermore. none of the _
conventional model parameter equations. VﬂF&G0+Ka(J2¢F+C3'J2¢F)'KbVD (1
e. g. a‘/11+a2//1:- is found to be where V-rn. KB and K, are the original
sufficient for accurate modeling. Our model| parametars. DTheir channel length
final goal of MOS model is simple and dependences are shown in Fig. ! and they
completely physically based mod;; are expressed as follows:
equations and its parameters. e V__ =y - -
features of the model proposed are: ro ' Nee2p (=L, 1g) (2)

1) valid over all regions of MOSFET Kn=Km:nBexp(-Ltﬂ/lB) (3)
operations. )

2) physically based geometry (L,,,) K”me/Qfﬁr (4)
effects which describe the key where V.. 1. I, Ky ny 1, and K, are
mode] parameters. V,,. K and 8. kept as new model parameters.

3) a continuous conductance among Second. to describe the geometry
various operational regions. effects on 8 we introduced new

understandings on gate field model.

2. MODEL EQUATTONS. _ ) Fig. 2 shows an typ?cal 8-V curves of a

. We employed a basic equations with a 0. 8 um MOS device. As shown in Fig. 2.
simple form as shown.xn the Table 1. ] it shows a large L dependency. To
Sgb-Lhresho}d operation is modelgd using explain this phenoggna, lot' s mssume a
linear comb;natlgn of poth equations on simple gradual channel model to derive
weak and strong inversion models. to horizontal channel field at source edge.
achieve a smooth transition between At saturation conditions., I is
them. Channel length effects are described as o
focused on threshold voltage (V,,) and
channel conductance (8) modeling as a
parameters wilth drain and gate field.

First. the threshold voltage and back 0.5¢

< O
Table 1 Nev Nodel \>: ..%
Channel-0ependent Drain Current Model [+ I
w x
‘In=m5(VD,Vc)'(VG‘3VD/Z)‘VD o
T tail=B cexp(A Ve/Vt) {l-exp(Veo/VE)] 0 T T S
Fex):turcs: O 5 ‘}O
1) Applicability to all bias regions (4]
(froa the sub-threshold to sa:uraticn regions). CHANNEL LENGTH Leﬁ(Pm)
2) Applicable to short channel MOSFETs .
a) velocity saturation effect, 8=8(Vyp), Fig. 1 Dependence of original model
b) Vg mobility dependence, =8 (Vy), Parameters on channel length
¢) channel modulation effect, A L #0. -:model, O:extracted results from
3) Physical model. experimental data.
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Ir;s'—'f):coxz,_f;“nvcs (5)
On the other hand. I, at source edge
is expressed in another form by

a¢,
0 = wl“chVu_a'_;

(6)

a¢
Ips=ndtngy .
E-Td =

Therefore. from Eq. b and 8, the
channel field is simply derived as

o9, Vs

BT | 2L 7

=0

To think about the critical field for
electron velocity saturation of

E...~10 RV /em the critigal channel
length at Vz=6 V is eatimated to be b
gm. Therefore. it is understood that
large L,y dependency on B-V
characteristics is due to carrier
velocity saturation "at the source
edge”. . We found that a simple formulsa
of L' is sufficient to express 8
degradation.

3. APPLICATIONS and DISCUSSIONS

The mndel was used on 0.8 um MCS
devices with oxide thickness of 20 nm
and n' Jjunction depth of 0.2 um to
verify its accuracy. The results show
good matohing between modeled and
measured data for devices with an
L,;=0.7~1.5 um as presented in Fig. 3.
The average error for these five devices
waes only 0.5 % Extraction of the new
model parameters was done by using 1 to
3 device characteristics on a main-frame
with an automatic parameter extraction
system.

The error of the 0.5 um devices in
Fig. 3 resulted from deep punch-through
between the source and drain. which the
new model does not consider.
Nevertheless. the model can be used for
0. 5 um devices if punch-through does not
occurs.

The new model was implemented to a
circuit simulator, in such a way that
user can simply define "L value in the
input data. Therefore. once the channel
dependence parameters are extracted.
user can estimate easily the "L~
dependent circuit performances by
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Fig. 2 Dependence of channel
conductance. 8, on Vi

changing a single line in input data.
This model has been used for one year
to design such things as analog

circuits. EEPROMs. gate arrays and Mega-
bits memories.

4. CONCLUSTONS.

A new MOSFET model has been
developed. The features of this model
are that:

(1) correct over all transistor

operations;

(2) fully physically based model

- equations and parameters;

(3) accurate enough for sub-um VLSI

design with 0. 5 % average error on
I-V curves.

The model accuracy was confirmed
through comparison with experimental
data. This model can be utilized for
various types of MOS LSI designing. for
example, statistical design and a VLSI
parameter shrink design considering
channel length variations.
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Fig. 4 |-V curves for nMOSFETs. Only
one set of model parameters was needed
to calculate the I-V curves for these
six devices.

—:model, --:measured data. Ve=0~T7V.
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