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Abstract High reliability users of microelectronic devices have been derating junction temperature

and other critical stress parameters to improve device reliability and extend operating life. The reli-

ability of a semiconductor is determined by junction temperature. This paper gives a useful analysis

on mathematical approach which can be implemented to predict temperature of a silicon die. The

problem could be modeled as heat conduction equation. In this study, numerical approach based on

implicit scheme and Arithmetic Mean (AM) iterative method will be applied to solve the governing

heat conduction equation. Numerical results are also included in order to assert the effectiveness of

the proposed technique.
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1. Introduction

High power is usually encountered in a power device applica-
tion and it is important to make power devices reliable for

their intended application. In order to achieve this goal, con-
siderations have to be taken regarding reliability and perfor-
mance. During the design phase, especially when a new

platform for new technology is involved, thorough calculations
and simulations are carried out to ensure the designed
electrical parameters and other reliability characteristics are
optimized. High reliability users of microelectronic devices

have been derating junction temperature and other critical
stress parameters for decades to improve device reliability
and extend operating life [1]. It is in the first phase, i.e.,

design phase where semiconductor devices are stressed for
reliability and performance [2] and it is very important to
predict junction temperature at this phase. Consequently,

corresponding electrical circuits as thermal modeling are
widely applied because of their easy application in circuit
simulators.

The present paper gives a performance analysis of the
finite-difference method (FDM) with Arithmetic Mean (AM)
iterative method in determining peak junction temperature of
semiconductor device. Previously, the AM method has been

applied extensively for solving various types of matrix
equations problems. The effectiveness of the AM method
and its variants were studied and tested on linear and nonlinear

systems, refer [3–6] for recent papers.
The rest of this paper is organized in the following way. The

mathematical modeling and numerical approach to determine

peak junction temperature of semiconductor device will be
elaborated in Sections 2 and 3 respectively. In Section 4, some
simulation results are included. The discussions and conclud-

ing remark are given in Section 5.

2. Mathematical modeling

The following one-dimensional heat conduction equation is
considered in modeling the thermal control system

K
@2Tðx; tÞ
@x2

¼ qc
@Tðx; tÞ
@t

ð1Þ

since the thermal characteristics of silicon are assumed to be
independent of temperature [7]. The T;K; q and c represent

the absolute temperature, thermal conductivity of the semicon-
ductor device (silicon), mass density of silicon and specific
heat of silicon respectively. An Eq. (1) satisfies the following

boundary conditions

SK @T
@x

��
x¼0 ¼ �Pin

TðL; tÞ ¼ Tin

)
ð2Þ

where S;Pin;L and Tin are surface of silicon, input power,
thickness of vertical power device and input temperature

respectively.
Heat is generated at the top surface of silicon and flows lin-

early along the x-axis which is perpendicular to the silicon sur-
face, S. Thus, the top surface is considered to be a geometrical

boundary of the device at x ¼ 0 and the input power is

assumed to be uniformly dissipated. Meanwhile, the lower sur-
face i.e. at x ¼ L is considered to be the cooling boundary and
the temperature is assumed to be equal to the input tempera-

ture, Tin. Also, the convection and radiation are assumed to
be negligible.

3. Numerical approach

In this paper, numerical approach based on implicit scheme
and AM iterative method will be considered. The following

subsections will explain in detail the application of the numer-
ical approach.

3.1. BTCS discretization scheme

As aforementioned, in this paper, FDM based on implicit
scheme i.e. Backward Time, Centered Space (BTCS) is utilized

in order to construct algebraic equations for problem (1).
Now, let the solution domain be partitioned uniformly in both
x and t. Thus, the discrete set of points of x and t, respectively,
be given by xi ¼ iDx ði ¼ 0; 1; 2; . . . ; n� 2; n� 1; nÞ and

tj ¼ jDt ðj ¼ 0; 1; 2; . . . ;m� 2;m� 1;mÞ where

Dx ¼ L

n
ð3Þ

and

Dt ¼ t

m
: ð4Þ

For simplicity, the following notation i.e., Ti;j � Tðxi; tjÞ will
be applied subsequently.

By using BTCS scheme

@T

@t
¼ Ti;jþ1 � Ti;j

Dt
þOðDtÞ ð5Þ

and

@2T

@x2
¼ Ti�1;jþ1 � 2Ti;jþ1 þ Tiþ1;jþ1

ðDxÞ2
þOðDx2Þ: ð6Þ

By substituting formulae (5) and (6) (by dropping the trunca-
tion error terms), an application of the BTCS scheme reduces

problem (1) to

K
Ti�1;jþ1 � 2Ti;jþ1 þ Tiþ1;jþ1

ðDxÞ2
¼ qc

Ti;jþ1 � Ti;j

Dt
ð7Þ

which can be rewritten as follows

�aTi�1;jþ1 þ bTi;jþ1 � aTiþ1;jþ1 ¼ cTi;j ð8Þ

with a ¼ K

ðDxÞ2 ; b ¼
2K

ðDxÞ2 þ
qc
Dt and c ¼ qc

Dt.

An implementation of the BTCS scheme requires solving a

linear system at each time step.
Whereas first order discretization of the boundary condi-

tion gives

SK
T1;jþ1 � T0;jþ1

Dx
¼ �Pin ð9Þ
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