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Abstract

The increase in packing density has led to a higher
power density in the chip which in turn has led to an in-
crease in temperature on the chip. Temperature affects
reliability, performance and power directly, motivating
the need to accurately simulate the thermal profile of a
chip. In literature, thermal conductivity is assumed to
be a constant in order to obtain a linear system of equa-
tions which can be solved efficiently. But thermal con-
ductivity is a nonlinear function of temperature and for
silicon it varies by 22% over the range 27−80◦ C [1].
If the nonlinearity of the thermal conductivity is ignored
the thermal profile might be off by 10◦ C. Thus to get an
accurate thermal profile it is important to consider the
nonlinear dependence of the thermal conductivity on
temperature. In this paper the nonlinear system arising
out of considering the nonlinear thermal conductivity
is solved efficiently using a variant of Newton-Raphson.
In this paper we also study the abstraction levels under
which the approximation of a periodic source by a DC
source is valid.

1. Introduction

To achieve higher performance, technology is
scaled aggressively. This leads to greater packing den-
sity which leads to higher power density in the chip.
The increase in power density leads to increase in tem-
perature on the chip. The increase in temperature leads
to many challenges,

1. Reliability of transistors is exponentially depen-
dent on the operating temperature of the junction.
A difference of 10−15◦ C can result in nearly 2×
difference in the lifespan of the devices [2].

2. At higher temperatures the electron mobility de-
creases due to the phonon scattering effect. The
decrease in electron mobility leads to increased
gate delay thus a lower clock frequency.

3. The leakage has super-linear dependency on the
temperature. A difference of 30◦ C will affect the
leakage by 30% [3].

Thus the temperature affects reliability, performance
and power directly. Hence it is important to accurately
simulate the thermal profile of a chip. Although the
electrothermal simulation for analog circuits [4] is a
well studied problem, those techniques are not appli-
cable for simulating the thermal profile of a VLSI chip.
This is because these electrothermal analysis are done
in a SPICE like manner. Hence these techniques do not
scale well making them unsuitable for the thermal sim-
ulation of a VLSI chip. Thus for the thermal analysis of
VLSI circuits new methods have been proposed in the
literature.

The simulation of the thermal profile essentially in-
volves solving the heat equation. The heat equation
is a partial differential equation (PDE) with boundary
conditions which on discretization leads to a system of
equations. The system of equations is linear if the ther-
mal conductivity of the chip layers is assumed to be a
constant. The early thermal simulators for the VLSI
chips solved the linear system directly [5]. With the
increase in package density, the number of variables to
solve in the linear system increased. Model order reduc-
tion was used to reduce the system of equations to solve
and increase computational efficiency [6]. To increase
the efficiency of the transient solve, the ADI method
was used [7]. The linear system resulting from dis-
cretizing the heat equation is a symmetric positive def-
inite matrix, called the M-matrix. Multigrid technique
can be used to accelerate solving the M-matrix and has
been used for efficient full-chip thermal analysis [8].

The thermal simulators have provided the tech-
nology on which many thermal based applications
spawned. Applications have been proposed in the ar-
eas of leakage analysis [3], reliability [9] among many
others.

The efficiency of the solutions proposed in litera-
ture is due to the assumption that the thermal conductiv-
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