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Abstract

The BSIM model (Berkeley Short chan-
nel Igfet Model) is presented and discussed.
A BSIM parameter extraction method using
TMA’s TOPEX is outlined.

Introduction

The need for accurate transistor models has
long been appreciated by the circuit design com-
munity. Transistor models coded into circuit
simulation programs such as SPICE or SLIC
have often limited the designer’s ability to cor-
rectly predict circuit performance. Because of
this, there has been a steady evolutionary-pres-
sure to improve these models.

Integrated circuit designers have seen the evo-
lution of the Berkeley SPICE MOS models
through levels 1, 2 and 3 [2]. Recently the U.C.
Berkeley Electronics Research Lab has made
available the BSIM model for use in SPICE [4].
This report describes the BSIM model and how
BSIM transistor parameters may be extracted
using TMA'’s general parameter extraction pro-
gram, TOPEX.

BSIM general background

The BSIM model predicts drain terminal cur-
rent and transistor capacitances as a function of
the control voltages on the gate, drain, bulk and
source terminals. Other inputs to the model in-
clude the transistor’s channel width and length
and its temperature. The computed capaci-
tances have been modeled so that charge is
conserved—thus helping convergence and accu-
racy of the circuit simulator.

The BSIM model falls into the category
which deGraaff and Klaassen call compact semi-
empirical models [1]. It is an analytical model

comprised of a sequence of equations which orig-
inally were derived from device physical consid-
erations but which have subsequently been mod-
ified empirically to achieve better fit to measured
data. As in other models of this type [3, 2, 1],
embedded in the equations are constants (pa-
rameters) which give the model a specific behav-
ior. The term “compact” applies because the
model designer’s goal was to use as few equa-
tions as possible so that circuit simulator speed
would be enhanced.

BSIM incorporates into its design the concept
of a two-stage model, which has proven success-
ful in other accurate proprietary models [7]. The
first stage interfaces to the circuit simulator and
“preprocesses” the various temperature and de-
vice geometry requests into specific transistor
physical model parameters. The second stage
takes these specific transistor physical parame-
ters and uses them to compute currents and ca-
pacitances.

For each transistor type (e.g. N channel
enhancement) from a particular semiconduc-
tor manufacturing process, a single geometry-
independent parameter set results which the cir-
cuit simulator can use to predict the performance
of any geometry transistor. This BSIM parame-
ter set is in a sense a function only of the semi-
conductor processing. It is therefore understand-
able why the BSIM parameter file is known as a
“Process” file.

The focus of the following discussion of the
BSIM equations will be to provide an under-
standing of how its parameters may be extracted
using TMA's TOPEX. The developers of BSIM
intended that its parameters would be extracted
using an automated test and data analysis sys-
tem. This automation would provide a means of
acquiring sufficient volumes of parameter data
needed for statistical modeling of circuit perfor-
mance variations. Such a system was created at






