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Abstract--- A model-adaptable parameter extraction system is
developed to catch up with rapid development of new advanced
MOSFET models. The model-adaptability relies on two tech-
niques;, a model-adaptable initial value estimation method and a
design environment that stores and reuses extraction procedures.
Thesystem makesit easy to develop an extraction procedurefor a
new MOSFET model through the reuse of an existing procedure
for a previous model. We have presently verified that the system
can accommodate major SPICE models including Level2-3 and
BSIM1-3.

I. INTRODUCTION

As the minimum feature size of MOSFETS goes into sub-
micron and further, accurate MOSFET models for reliable
circuit simulation becomes more and more important. Many
advanced models have been developed for keeping up with
the rapid progress of process technologies. The problem here
is that the parameters of a new model, especially DC param-
eters, can not be extracted easily. The parameter extraction
is indispensable to characterize the MOSFETs. However,
conventional parameter extraction systems are suitable only
for particular models since the development of a parameter
extraction procedure is highly model-dependent. It is common
to devise a dedicated extraction tool for each model, which is
atime consuming and knowledge intensive task.

Inthis paper, we describe a parameter extraction system that
is suitable for many MOSFET DC models including newly
developed advanced ones. Two techniques are applied to build
the system. The first one is a model-adaptable method for
accurate estimation of DC model parameters1]. This method
contributes to eliminate the model-dependency of extraction
procedures as much as possible. The second one is a design
environment that can store and reuse extraction procedures[2].
This system makes it possible to reuse and modify an existing
procedure for the development of a new procedure. These
features reduce the time and cost for adopting anew MOSFET
model. We describe extraction procedures for major SPICE
models such as BSIM1-3[3, 4, 5] and MetaMOS(Level28 in
HSPICE)[6], and present the result of parameter extraction
experiments.

II. TECHNIQUES FOR MODEL-ADAPTABILITY

In this section, two key techniques which are contributed
to the model-adaptability of the parameter extraction system
are described. They are a model-adaptable parameter value
estimation method using a common intermediate model and a
design system that stores and reuses extraction procedures.

A. Model-adaptable parameter value estimation method

A parameter extraction procedure usualy relies on a nu-
merical optimization technique. It consists of initia value
estimation and curve fitting with a non-linear optimization
algorithm. The optimization algorithm is model-independent
and applicable to any MOSFET models. The initia value
estimation procedure, however, is highly model-dependent.
Hence, a dedicated extraction tool should be devised for each
model one by one with alot of effort and time.

We have proposed an initial value estimation method which
iseasily applicable to many MOSFET modelsincluding newly
developed advanced model §[ 1]. Thismethod providesaframe-
work for MOSFET parameter extraction that eliminates model -
dependency as much as possible. The processing flow of the
initial value estimation is summarized in Fig. 1. A key idea
of the method is the decomposition of the process into two
consecutive processes with the use of a common and simple
intermediate model. The first process is the extraction of
intermediate model parameters from measured |-V character-
istics. This process is model-independent. The second process
is the transformation from the intermediate model parameters
into target model parameters. Although this process is model-
dependent, it has been shown that a proper intermediate model
has an ability to eliminate most of the model-dependency.
Given anew MOSFET model, the only task a designer hasto
do is to derive a procedure for the parameter transformation
which may be dightly different from procedures for other
models.
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Fig. 1. : Processing flow for model-adaptable initial value estimation.

An intermediate model is shown below[1].
( linear region :
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saturation region : . (1)
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subthreshold region :

Ips = const - exp (W)

It has four key parameters; threshold voltage Vth, gain g3,
mobility degradation ¢, and subthreshold gate swing V. These
parameters are functions of Vgs. They are anaytically ex-
tracted by

(Vth = b-3Vps
B = {
(b —C— EVDS) VDS
6 = — 1
b—c— EVDS
_ [d(nIps)1™t .
N = [ Vs ] (in subthreshold region)

2
where a,b and ¢ are calculated from three sets of measured
(Vgs, Ips) valueswith afixed small Vps and Vggs according
to the equations shown in [7].

We can exploit the dependency of the intermediate model
parameters on Vs to transform them into target model pa-
rameters. Most models have similar structures for every
intermediate model parameters as

ng

P; (Vgs) = Z [pij - fi; (VBs)] + fhi (VBs).  (3)

J

P; represents an intermediate model parameter, and it is a
function of Vgg. The term p;; is atarget model parameter.
Both f;; and fh; are functions of Vs and known model
parameters, which are derived directly from equations of the
target model. As an example, we describe a method to

transform V4, into target model parameters of BSIM1 model.
The BSIM1 model calculates the V;;, according to

Vth = Vpp+¢s+Kiy/¢s — Ves—K2(¢s — VBs)—n-Vps.

(4)
Target model parameters in this case are Vrg, K1, and K».
Parameter ¢ s is a known process parameter which represents
surface-inversion potential. The effect of n is negligible under
small Vps. Then, thefollowing equations are derived for three
different Vs values.

Vthy = Vpp + K14/¢s — Vis, — K2 (¢s — Vas,) + ¢s

Vithy = Vip + K11/ds — Vas, — K2 (és — Vas,) + ¢s

Viths = Vpp + K14/¢s — Vs, — K2 (¢s - VBS3) + ¢s

(5)

If Vith; is extracted under each Vgs, we can solve above
simultaneous equations for Vy g, K1, and K.

Many conventional parameter extraction tools also extract
certain physical model parameters from measured |-V charac-
teristics. A main advantage to use the intermediate model is
that more parameters can be cal culated accurately and system-
atically than the conventional tools.

B. System that stores and reuses extraction procedures

The initial value estimation method makes parameter ex-
traction procedures systematic and less model-dependent. |If
the procedure is described in a simple manner, we can easily
develop an extraction procedure for a new model through the
reuse and modification of existing procedures for other mod-
els. Thisfeature improves model-adaptability of the extraction
system.

We can use GUIDE interactive design environment[2] to
build a model-adaptable parameter extraction system. The
GUIDE system stores and reuses design procedures operated
by a designer. An design procedure is described by an
Interactive Design Language(IDL) in a step-by-step manner,
and stored in ascript file. The stored design procedure isready
to reuse and modify if necessary.

ITII. PARAMETER EXTRACTION SYSTEM

In thissection, our parameter extraction system is presented.
Extraction proceduresfor SPICE modelsand their re-usabilities
are also discussed.

A. System overview

We have integrated a parameter extraction system using
GUIDE design environment described in 2.2. Fig. 2 shows
the structure of the parameter extraction system. IDL was
originally developed for LSI circuit and layout design[2]. We
have extended the IDL for describing a parameter extraction
procedure; from |-V measurement to final curve fitting. We
have added new commands for initial value estimation and for
controlling measuring instrumentsthrough the GP-1B interface.
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Fig. 2. : Parameter extraction system on GUIDE.

The intermediate model parameters are extracted by a spe-
cific command which solves (2). This process is common for
al models. Then, each intermediate model parameter is sys-
tematically transformed into target model parameters through
simultaneous linear equations based on (3). The procedure for
the parameter transformation, therefore, is easily described in
a step-by-step manner by the extended IDL. The procedure
consists of two sections; the calculation of coefficients f;; and
fh;, and acommand to solve the simultaneous equations. The
curvefitting procedure is a so described by the IDL.

In our system, a parameter extraction procedure is com-
pletely described by the IDL and stored in a script file. The
stored extraction procedure can be reused or modified easily to
accommodate a new model into the system.

B. Extraction procedures for SPICE models

We have devel oped parameter extraction proceduresfor ma-
jor SPICE models. Fig. 3 shows a part of IDL description
to extract BSIM1 model parameters. The extract_intModel ()
command at the first line executes the extraction of inter-
mediate model parameters from measured data. Calculation
of coefficients to transform the intermediate model parameter
Vth follows. Then, thetransform_tarModel () command solves
(5) using the calculated coefficients. Other target model pa-
rameters are similarly transformed from 3, 6, and N. Finaly,
curvefitting is carried out through the optimize() command.

Extraction procedures for other SPICE models are also
described using IDL. They are the same except for parameter
names and severa IDL lines for the parameter transformation.
Table| explains re-usability of the transformation procedures.
We define the re-usability as a ratio of the number of target
model parameters that can be transformed by identical 1DL
description. For example, the procedure for the Level 3 model
isdeveloped by thereuse of the one for the Level2 model. Four
out of six target model parameters of the Level3 model can be
cal culated by the sametransformation procedurefor the Level 2

# Extraction procedure for BSIM1(Level13) model #

Measurement etc.

extract_intModel( vgid | vth, beta, theta, n)

# Transformation from Vth
all=1

al2 = sqgrt( m1:phiO - vbsl)
al3 = vbsl - m1:phi0

bl =vthl - m1:phiO

Equation at Vs = vbsl

Equation at Vs = vbs2
Equation at Ves = vbs3

transform_tarModel( a, b | m1:vfb0, m1:k1, m1: k2 )

Transformation from &B, &H #M

# Final curve fitting
optimizer( "npsol")
optimize( "bsim1.opt")

Fig. 3. : IDL description for BSIM1 extraction.

TABLEI. : RE-USABILITY OF PARAMETER TRANSFORMATION
PROCEDURES
from Level2|BSIM1] BSIM1 [BSIM1
! ! ! ! !
to Level3|BSIM2| Meta-MOS |BSIM3
1 4 7 7 5
Re-usability 6 11 9 o)
.. #ireusable parameters
Re-usability = #arget parameters

model. We can also easily reuse and modify a stored procedure
for the BSIM1 model to develop those for new models such as
BSIM2,3 and Meta-MOS(L evel28 in HSPICE).

IV. EXPERIMENTS

First, we show the result of parameter extraction of an
n-channel MOSFET with 0.6um channel length. The target
models in this case are BSIM1-3, and Meta-MOS. Table Il
summarizes the number of all target model parameters whose
initial values can be derived according to the method shown in
2 with the total number of optimized parameters. The initial
values of parameters that are not derived by the method in 2
are determined randomly within their possible ranges and 50
sets of initial parameter values are prepared for each model.
Table Il shows the distribution of rms-errors of Ips-Vps
characteristics after optimization. We aso show the average
computation time for optimization in Table IV, which is
measured on SPARCstation 10. In al trialswe have reached to
satisfactory solutions within practical caomputation time. The
largest rms-errors of al trials is about 1.5% which occurred



TABLEIIl. : THE NUMBER OF TARGET PARAMETERS AND OPTIMIZED
PARAMETERS

BSIM1 | BSIM2 | Meta-MOS | BSIM3
arget 11 11 9 10
parameters
#optimized |y 25 18 27
parameters
TABLEIIIl. : DISTRIBUTION OF FINAL Ips-Vps RMS-ERRORS (%)
ON AN N-CHANNEL MOSFET(L=0.6uM)
BSIM1 | BSIM2 | MetaaMOS | BSIM3
Ave. 1.44 0.81 1.04 1.26
Min 1.38 0.61 1.00 121
Max 147 0.88 1.06 1.38

for the BSIM1 model. The measured and simulated Ips-Vps
data of this case are compared in Figure 4. Furthermore,
the Gps-Vps data of the case are compared in Figure 5.
Although we have not considered the Gps-Vps data during
the optimization, we can see that good agreement is achieved
even in the worst case.

Then, we have compared the results shownin Table 11 with
those with conventional initial value estimation methods. The
conventiona methods considered are as follows.

method(1) All of initial parameter values are determined
randomly within their possible ranges.

method(2) The V;;, and 3 related parameters are calculated
frommeasured |-V characteristics[8] and other parameters
are determined randomly.

Wehave optimized parameters of theBSIM 1-3 and Meta-M OS
models from 50 sets of initial parameter values generated by
these methods. Table V shows the probability of final rms-
errors being less than 1.5%. The proposed method succeeds to
obtain satisfactory resultsin all cases, while the conventional
methods fail in many case.

TABLEIV. : AVERAGE COMPUTATION TIME FOR OPTIMIZATION

wITH SS10
BSIM1 | BSIM2 | Meta-MOS | BSIM3
cpu-time | 44.8s 85.9s 38.9s 90.3s

Simulated
3 n Measured

Ves = 3.3V

Ves = 0V

Ves = -3.3V Ves = 2.2V

Drain-Source Current [mA ]

Drain-Source Voltage [V]

Fig. 4. : Comparison between measured and smulated Ips-Vp s
characteristics after optimization. Thisisthe worst case out of 200 trials.

TABLEV. : THE PROBABILITY OF FINAL RMS-ERRORS BEING LESS

THAN 1.5%
BSIM1 | BSIM2 | MetaMOS | BSIM3
proposed | 100% | 100% 100% 100%
method(1) 2% 8% 20% 6%
method(2) 0% 2% 8% 0%

V. CONCLUSIONS

We have presented a parameter extraction system which
is suitable for many MOSFET models. The system is based
on a model-adaptable initial value estimation method. We
have implemented it in a GUIDE design system that stores
and reuses extraction procedures. The extraction procedures
are described by extended IDL. The stored procedures can be
reused for the extraction of a new model. The re-usability
on magjor SPICE models is experimentally shown. Also, the
performance of the system is demonstrated.

Currently the system is targeted for the extraction of DC
model parameters. Our future work includes the development
of extraction capability for AC parameters.

REFERENCES

[1] M.Kondo, H.Onoderaand K. Tamaru, ‘‘ Model-Adaptable
MOSFET Parameter Extraction Method Using a Com-
mon Intermediate Model’’, Proc. IEEE Int'l ASIC Conf.,
pp.323-326, Sep. 1994.

[2] T.Morie, H.Onoderaand K.Tamaru, ‘* A System for Ana
log Circuit Design that Stores and Re-uses Design Pro-
cedures’, Proc. CICC'93,pp.13.4.1-13.4.4, May 1993.



logGps [ MA/ V]

0.01

10

——  Simulated
Measured

0.1r

Drain-Source Voltage [V]

Fig. 5. : Comparison between measured and simulated Gps-Vps
characteristics of the worst case.

(3]

(8]

B.J.Sheu, D.L.Sharfetter, P.K.Ko and M.C.Jeng,
‘*BSIM:Berkeley Short-Channel IGFET Model for MOS
Transistors'’, |EEE Jour. Solid-State Circuits, vol .SC-22,
no.4, pp.558-566, 1987.

M.C.Jeng, ‘‘Design and Modeling of Deep Submicrom-
eter MOSFETS’, Ph.D.Dissertation, Univ.Calif., Berke-
ley, 1989.

HSPICE application Note: BSIM3 MOS Model Level42,
Meta-Software, Inc.

HSPICE User's Manua (H92), Meta-Software, Inc.

M.F.Hammer and B.Sc, ‘‘First-order parameter extrac-
tion on enhancement silicon MOS transistors'’, IEE pro-
ceedings, vol 133, pt.l, pp.49-54, 1986.

SL.Wong and C.A.T.Salama, ‘‘Improved simulation
of p- and n-channel MOSFET's using an enhanced
SPICE MOS3 model’’, IEEE Tran. Computer-Aided
Des., vol.CAD-6, no.4, pp.586-591, 1987.



	ASP-DAC 95
	Front Matter
	Table of Contents
	Session Index
	Author Index


