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Abstract

Eng. Mohammed AbuElkamal (Ph.D) computer aided design of power
semiconductor devices- Egyptians Electricity Authority.

Recent progressing efforts in industrial electroﬁics demands
developing CAD modeis for both manufacturers and system designers.
GTO 15 a very important power devices used in many fields of applications
dug 1o its naturc the simulation of the device depend on physical models
and needs a special software to solve mathematical equations describing
the behavior of rhe device 2-D model. The main disadvantages ol these
software are there limited source codes and difficult languages. In this

thesis we develop 2-D macro model using the general and famous CAD

. tools like SPICE. With a precise technique of parameter extraction out

model gives accurate resuits in both static and dynamic behavior at low
and high frequency up to 110 KHZ. Also we*;resent the usual 1-D model.
With these precise parameters the- 1-D model provides very efficient
results from DC up to 70 ki1Z .This thesis till the gap between the physical
models and macro models.

Key word: GTO — Paramcters extraction — 1-D,2-D models — Simulation

results - SPICE
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Abstract

Eng. Mohammed AbuElkamal (Ph.D) computer aided design of power
semiconductor devices- Egyptians Electricity Authority.

Recent progressing efforts in  industrial electronics demands
developing CAD models for both manutacturers and system designers.
GTO is a very important power devices used in many fields of applications
due to its nature the simulation of the device depend on physical models
and needs a special soltware to solve mathematical equarions describing
the behavior of the device 2-D model The main disadvantages of these
software are there limited source codes and difficult languages. In this

thesis we develop 2-D macro model using the general and famous CAD

. tools like SPICE. With a precise technique of parameter extraction our

model gives accurate results in both static and dynamic behavior at low
and high frequency up to 110 kHZ. Also w-:;)resent the usuai 1-D model.
With these precise parameters the 1-D model provides very efficient
results from DC up to 70 kKHZ This thesis fill thé gap between the physical
models and macro models.
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Chapter -1-
Introduction

Now, there are intensive research efforts in the computer-aided design of
power electranic circuits because of the advent of the smart power IC’s
with large complexity. CAD tools are required to simulate and predict the
performance of such complicated circuits before sending design to the
silicon [oundry.

The CAD tools of power electronic circuits lag behind the CAD tools for
the conventional integrated circutts partly because of the complicated
structure of power devices. To automate the analysis of the power
electronic circuils in general and the smart power IC’s in specific, one has
to develop efficient device simulator. The develop;nem of such device
simulator helps also to optimize the devices themselves for specific
applications [1].

Several gatc tum off thyristors GTO models have been developed for use
in cireuil simulators .in 1993, Yon-Tack chung et el [2] deveioped a GTQ
micro model for circuit simutation. This model based on the Ebers-Moll
equations extended to include the three-ju-ﬁ&ion devices. In 1994, K.J
Tseng and P.R. Palmer [2] developed a GTO maodel for circnit simulation.
This model uses analytical expressions to describe the imemai physics, A
comparison of measured and simulated waveforms was  included.
However, the methodology for the paramcters extraction was not
included.

In 1995, C.L. Ma et al [3] have developed a physics-based model for the

GTO thyristors. Excellent agreement was found between simulated and




measured anode current and voltage waveforms. In 1995, M. Bayer et al
[4] developed an aﬁaiytical model of a GTO based on the caleulation of
the charge carrier distribution in the base layers by an approximation of

the time derivatives. Effects like avalanche breakdown, recombination,

back injection into the high-doped emitter and conductivity modulation -

are included. .

Many power semiconductor device models were developed at the
University of Washington through a research program supported by NSF-
CDADIC ( NSF Center for Design of Analog-Digital Integrated Circuits)
during the period from 1990 through 1998. MSEE and ph.D. Students
under the direction of professor peter O. Lauritzen developed most of the
models [5]. Almaost all of these models are now in the public domain, and
they are available for public downloading of model source code and
documentation. Several newer and updated models have been added from
other universities.

Three of the models were developed with partial support from Siemens
AG (now Infineon) [3] and one with partial support from EPRI (Electric
phower Research Tmstitule) [5]. Students at the Indian Institute of
Technology , Madras, India also developed some models. The models are
for discrete and integrated circuit power semiconductor devices and
related models. All of the models currently implemented in saber MAST
HDL (Hardware Description Language) for use on the saber simulator
available from Analogy: Inc. Compiled models.arc not available, The
models can be translated into VHDL-AMS HDL, the new IEEE Standard
Analog HDL or other HDLs for use on other simulators. Information on

the possibilities for model support or translation into a standard HDL is

[




available. These models arc available to the public without restrictions to
promete their widespread use. Published model equations and source
code is essential so models can easily be understood and installed on a
variety of different simulators. 3
With source code available, users can also assist in identifying and fixing
bugs in the models [6]. All these models are 1-D macromodels that
depend on the one p-n junction diode as switching element. In addition,

they fail to simulate the dynamic behavior at high frequency.

Due to their specific structures, the power devices ‘need special models

different from those developed for low power clectronics. The

development of such special models is far from being simple as
distributed nature ol phenomena ofien determinates the dynamic response
of the device. The solution to this problem is the 2-D models.

The electronic circuit simulation with the application of 2-D models
distributed physical models of power semiconductor devices is very time-
consuming and requires very strong computation tools. The physical
modets of bipolar devices arc very complex because of big structure
dimensions and high non-linear doping profile. Moreover, it 15 important
to simulate power semiconductor devices with a realistic external circuit.
The development of a software that would enable to develop 2-D device
models and then to use them in circuit simulatibn was started by
Napieralski and Turowski [7] and continued by Grecki and jablonski [8].
in the developed software, the computation proccss can be performed in
parallel 1 order to reduce the computation time, The acceleration ol

computation in the case of circuits containing 2-D distributed physical

Led




