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Abstract— In this article, an efficient approach based on
Laguerre-based finite-element method (LBFEM) is proposed
for transient thermal simulation of integrated circuits (ICs)
and packages. The unconditionally stable marching-on-in-order
scheme is developed by the weighted Laguerre polynomials and
Galerkin testing procedure. In order to handle complicated ICs
and packages, the finite-element method (FEM) is employed for
spatial discretization and to obtain the Laguerre coefficients.
The treatment of different kinds of boundary conditions is also
discussed in detail. The accuracy and efficiency of the proposed
method are demonstrated by numerical examples.

Index Terms— Integrated circuit (IC), Laguerre-based
finite-element method (LBFEM), marching-on-in-order scheme,
package, transient thermal simulation.

I. INTRODUCTION

THE growing packaging density and power consumption
of integrated circuits (ICs) have made the thermal man-

agement one of the most important concerns for design of
high-performance ICs and systems [1]. Since the junction
temperature of the device has a direct impact on the overall
system reliability, accurate evaluation of temperature profile
of ICs, as well as their packages and systems, is a major task
facing design engineers of modern electronic systems.

In the past few decades, a considerable number of algo-
rithms have been devoted to both steady-state and tran-
sient thermal modeling of IC chips and packages. Among
these approaches, the finite-element method (FEM) [2]–[5],
finite volume method (FVM) [6], [7], and finite difference
method (FDM) [8], [9] are the most popular ones. For
example, an FDM-based thermal solver named “HotSpot” [9],
which utilizes the equivalent circuit of thermal resistance and
capacitances of microarchitecture blocks, is applied to analyze

Manuscript received November 2, 2019; accepted December 24, 2019. Date
of publication December 31, 2019; date of current version February 6, 2020.
This work was supported in part by the Science Challenge under Project
TZ2018003 and in part by the National Natural Science Foundation of China
under Grant 61674105, Grant 61831016, and Grant 61831006. Recommended
for publication by Associate Editor L. Choobineh upon evaluation of review-
ers’ comments. (Corresponding author: Min Tang.)

Bo Li, Min Tang, and Junfa Mao are with the Key Laboratory of Ministry of
Education of China for Research of Design and Electromagnetic Compatibility
of High Speed Electronic Systems, Shanghai Jiao Tong University, Shanghai
200240, China (e-mail: tm222@sjtu.edu.cn).

Haikun Yue and Yang Tang are with the Microsystem and Terahertz
Research Center, China Academy of Engineering Physics, Chengdu 611731,
China.

Color versions of one or more of the figures in this article are available
online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TCPMT.2019.2963265

thermal distributions of ICs. Compared with the FDM-based
solvers, both FVM and FEM are more flexible to address
complex irregular geometries and thus are widely employed
by commercial solvers, such as ANSYS and COMSOL.

For the above-mentioned approaches, large and sparse
system stiffness matrices will be constructed based on the
low-order finite-difference approximations or localized basis
functions. These matrix equations are then solved by iterative
algorithms. In transient thermal simulation, implicit schemes
such as the backward Euler method and the Crank–Nicolson
(CN) method [10] are adopted. Nevertheless, when the objects
consist of a large number of unknowns, such as compli-
cated ICs and integrated packages, these conventional methods
become time-consuming.

To alleviate this problem, some effective approaches
have been developed. For instance, the nonconformal
domain decomposition method (DDM) [11]–[13] and Krylov
space-based model-order reduction (MOR) technique [14]
were proposed to handle system-level thermal modeling of 3-D
integrated packages. In [15], the discontinuous Galerkin
time-domain (DGTD) algorithm, which can be treated as a
kind of element-level DDM, was employed to deal with mul-
tiscale geometries in 3-D integrated systems. Nevertheless, due
to the explicit scheme in time domain, the time step size should
be limited by the well-known Courant–Friedrich–Levy (CFL)
stability condition.

As an efficient and unconditionally stable approach,
the alternating direction implicit (ADI) scheme has been
proposed in [16]. In each time step of transient simulation,
the ADI method alternately solves three equations with tridi-
agonal stiffness matrices. The computational cost is reduced
significantly by this scheme. Although it is unconditionally
stable, the numerical dispersion error becomes bigger as the
time step increases. Recently, another unconditionally stable
method with weighted Laguerre polynomials for thermal sim-
ulation was introduced in [17]. By using the entire domain
Laguerre polynomials for the expansion of the temporal vari-
ation, the resulting marching-on-in-order scheme eliminates
the time variable and is free of stability issue. The computa-
tional efficiency can be improved significantly by this means.
Nevertheless, this marching-on-in-order scheme has only been
verified in the case where it was combined with the conven-
tional FDM. Since the structures of real integrated packages
and systems are rather complicated, it is thus essential to
extend the marching-on-in-order scheme with more flexible
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platform (e.g., FEM), which is the main motivation of this
article.

Besides the hexahedron elements, the FEM uses unstruc-
tured grids to model complex geometries and provides a
natural way for handling field and flux continuity conditions
at material interfaces. Therefore, it is chosen in this article
to combine with weighted Laguerre polynomials to derive
an unconditionally stable marching-on-in-order scheme for
efficient thermal simulation of complicated ICs and packages.

The rest of this article is organized as follows. In Section II,
the development of Laguerre-based FEM (LBFEM) is
presented. The marching-on-in-order scheme is derived by
the weighted Laguerre polynomials and Galerkin testing
procedure. The treatment of boundary conditions, as well as
the special thin layers, is given in Section III. Numerical
examples are provided to validate the accuracy and efficiency
of the proposed method in Section IV. Some conclusions are
drawn in Section V.

II. DEVELOPMENT OF LBFEM

The transient heat conduction in an integrated system is
governed by the following equation:

ρc
∂T (r, t)

∂ t
− ∇ · [κ(r)∇T (r, t)] = g(r, t) (1)

where ρ is the density of the material, c is the specific heat, κ
is the thermal conductivity, and g is the heat energy generation
rate.

Apparently, the heat conduction (1) is a typical partial dif-
ferential equation. With the conventional numerical methods,
it would be discretized in both the spatial and temporal
domains, and then solved by a kind of matching-on-in-time
scheme to obtain the transient results. However, the stability
and numerical dispersion error of the scheme are always
troublesome issues.

A. Temporal Basis Functions Expansion Using Weighted
Laguerre Polynomials

In order to obtain an unconditionally stable solution regard-
less of the time step size, the weighted Laguerre polynomials
as an entire domain temporal basis function is utilized. Thus,
the temperature variable in (1) can be represented by a sum
of infinite Laguerre basis function scaled by the corresponding
coefficients Tp (r) as [17]

T (r, t) =
∞∑

p=0

Tp(r)ϕp(t̄) (2)

where t̄ = t · s, t is the time and s is the time scaling factor,
and subscript p denotes the order of basis function ϕp(t̄) with
the expression

ϕp(t̄) = e− t̄
2 L p(t̄) (3)

where the Laguerre polynomials are defined by

L p(t) = et

p!
d p

dt p
(e−t t p) for (p ≥ 0; t > 0). (4)

The Laguerre polynomials are orthogonal to the weighting
function e−t as follows:∫ ∞

0
e−t L p(t)Lq (t)dt =

{
1, p = q

0, p �= q.
(5)

Based on (2), the first derivative of T (r, t) with respect to
time t is given by

∂T (r, t)

∂ t
= s

∞∑
p=0

⎡
⎣0.5Tp(r) +

p−1∑
k=0

Tk(r)

⎤
⎦ ϕp(t̄). (6)

By substituting (2) and (6) into (1), we obtain

ρcs
∞∑

p=0

⎛
⎝0.5Tp(r) +

p−1∑
k=0

Tk(r)

⎞
⎠ϕp(t̄)

−∇ ·
⎡
⎣κ(r)∇

⎛
⎝ ∞∑

p=0

Tp(r)ϕp(t̄)

⎞
⎠

⎤
⎦ = g(r, t). (7)

Then, taking advantage of the orthogonal property of the
weighted Laguerre functions, a temporal Galerkin’s testing
procedure can be utilized to eliminate the time-dependent
terms. After multiplying both sides of (7) by ϕq(t̄) and
integrating over the time domain, the resulting equation is
given by

ρcs

⎡
⎣0.5Tq(r)+

q−1∑
k=0

Tk(r)

⎤
⎦−∇·[κ(r)∇Tq(r)] = gq(r) (8)

where

gq(r) =
∫ ∞

0
g(r, t)ϕq(t̄)dt̄ .

The upper limit of infinity can be replaced by a finite time
interval T f when the heat source has practically decayed to
the value of zero.

For clarity, (8) can be rewritten in a recursive form as

αTq (r) − ∇ · [κ(r)∇Tq(r)] = fq(r) (9)

where

α = 0.5ρcs

fq (r) = gq(r) − ρcs
q−1∑
k=0

Tk(r).

It is observed that there is no temporal variable in (9)
any more. Instead, we only need to solve a set of Laguerre
coefficients Tq (r) recursively when the order of Laguerre basis
function q is chosen. The optimum selection of the order is
discussed in [18]. Therefore, this approach is not constrained
by the size of time step and is free of stability issue.

B. Solving Laguerre Coefficients With FEM

In the following procedure, as a convenient and flexible
approach to handle irregular geometries, the FEM is employed
to solve (9) for the Laguerre coefficients Tq (r).

The FEM is a widely used numerical technique for obtain-
ing approximate solutions to boundary-value problems. With
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FEM, the whole solution domain is first discretized into
many small elements, such as the tetrahedral ones. Then,
by introducing the shape function Ne , Tq (r) of an element
can be approximated by a function of its nodal value

Tq(r) =
n∑

i=1

Ne
i Tq,i (10)

where n is the number of nodes in an element and Tq,i is the
value at the node.

After that, the Ritz variational or Galerkin’s methods can
be used to formulate the system of equations. In this article,
the Galerkin’s method is adopted for this purpose.

The residual associated with (8) is given by

R = αTq (r) − ∇ · [κ(r)∇Tq(r)] − fq (r). (11)

Combining with (10), the weighted residual for element e
is

Re
i =

∫∫∫
V e

(
Ne

i · R
)
dV

=
n∑

j=1

Tq, j

∫∫∫
V e

(
αNe

i Ne
j +κx

∂ Ne
i

∂x

∂ Ne
j

∂x
+ κy

∂ Ne
i

∂y

∂ Ne
j

∂y

+ κz
∂ Ne

i

∂z

∂ Ne
j

∂z

)
dV

−
∫∫

�e

(
Ne

i D · ne)d S −
∫∫∫

V e

(
Ne

i fq
)
dV (12)

where κx , κy , and κz are the thermal conductivities in x-, y-,
and z-directions, respectively, �e is the surface enclosing the
volume V e of element e, ne is the outward unit vector normal
to �e, and

D =
(

κx
∂ Ne

j

∂x
x + κy

∂ Ne
j

∂y
y + κz

∂ Ne
j

∂z
z

)
. (13)

The above equation can be written in a matrix form as

Re = K eT e
q − be

q − f e
q (14)

where

K e
i, j =

∫∫∫
V e

(
αNe

i Ne
j + κx

∂ Ne
i

∂x

∂ Ne
j

∂x
+ κy

∂ Ne
i

∂y

∂ Ne
j

∂y

+ κz
∂ Ne

i

∂z

∂ Ne
j

∂z

)
dV

be
q,i =

∫∫
�e

(
Ne

i D · ne)d S

f e
q,i =

∫∫∫
V e

(
Ne

i fq
)

dV .

The resulting equation is then obtained by assembling all the
elements, as given by

M∑
e=1

(
K eT e

q − be
q − f e

q

) = 0. (15)

Thus, the final stiffness matrix equation can be written as

K Tq = bq + f q . (16)

By solving (16) with appropriate boundary conditions,
we can get the value of Tq , and the transient evolution process
of temperature distribution of the object is readily obtained
by (2).

III. BOUNDARY CONDITIONS

The typical boundary conditions for thermal simulation with
the proposed LBFEM are discussed as follows.

A. Temperature Boundary

The temperature boundary is also named as Dirichlet bound-
ary with the relation

T first = T |�1 (17)

where T |�1 is the setting temperature on the boundary �1.
Using the Laguerre basis functions, (17) can be converted into
the form of Laguerre domain as

T first
q =

∫ t f

0
T |�1ϕq(t̄)dt̄ . (18)

B. Heat-Flux Boundary

The Neumann boundary condition specifies the value of heat
flux on the boundary

κ

(
∂T second

∂n
|�2

)
= q(t)|�2 (19)

where q(t)|�2 is the heat flux on the boundary surface �2.
By applying the Laguerre basis functions in (19) and

introducing the shape function Ns on the surface elements,
the resulting modified terms of bq in (16) can be calculated
by

bs
q,i |�2 =

∫∫
qq |�2 Ns

i d S, i = 1, 2, . . . , ns (20)

where

qq |�2 =
∫ t f

0
q(t)|�2ϕq(t̄)dt̄

and ns is the number of nodes in a boundary element.

C. Convection Boundary

The convection boundary is a kind of nonhomogeneous
Neumann boundary condition, which describes the heat
exchange between the boundary surface and environment. It is
given by

κ

(
∂T third

∂n
|�3

)
= −h(T third − T amb|�3) (21)

where T amb|�3 is the ambient temperature and h is the
convection heat transfer coefficient.

With the Laguerre basis functions and the shape functions
on the surface elements, the impact of convection bound-
ary (21) can be transformed into the modification of corre-
sponding terms of K and bq in (16) as

K s
i j |�3 =

∫∫
h Ns

i Ns
j d Si, j = 1, 2, . . . , ns (22)

bs
q,i |�3 =

∫∫
hT amb

q |�3 Ns
i d S, i = 1, 2, . . . , ns (23)
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where

T amb
q |�3 =

∫ t f

0
T amb|�3ϕq(t̄)dt̄ .

D. Thin-Layer Boundary Condition

In practical cases, some special thin layers that conduct
heat well need not be defined in 3-D models. Alternatively,
they are more suitable to be treated as the thin-layer boundary
conditions in thermal simulations.

The governing equation of thin layer boundary �t l is
described by

κ

(
∂T tl

∂n
|�tl

)
= −ρscsds

(
∂T tl(t)

∂ t

)
+∇·[dsκs∇T tl(t)] (24)

where ρs is the density, cs is the specific heat, κs is the thermal
conductivity, and ds is the thickness of thin layer.

With the Laguerre basis functions, (24) can be transformed
into the following equation:

κ

(
∂T tl

q

∂n
|�tl

)
= −αs T tl

q − fq,s + ∇ · [dsκs∇T tl
q

]
(25)

where

αs = 0.5ρscsdss

fq,s = ρscsdss
q−1∑
k=0

T tl
k .

Then, by introducing the shape functions in (25) and fol-
lowing the procedure of FEM, the resulting modification of
the terms of K and bq in (16) can be written as

K s
i j |�tl =

∫∫
dsκs

(
∂ Ns

i

∂x

∂ Ns
j

∂x
+ ∂ Ns

i

∂y

∂ Ns
j

∂y

)
d S

+
∫∫

αs Ns
i Ns

j d S, i, j = 1, 2, 3 (26)

and

bs
q,i |�tl =

∫∫
fq,s Ns

i d S, i = 1, 2, 3. (27)

IV. NUMERICAL RESULTS

In this section, several examples on the transient thermal
issues of ICs and packages are provided to verify the accuracy
and efficiency of the proposed algorithm. All the examples are
performed on a server with two Intel Xeon E5-2695 CPUs
(2.10 GHz), and 256-GB memory.

A. FOWLP on Circuit Board

In the first case, a fan-out wafer-level packaging (FOWLP)
is analyzed. Fig. 1 represents a printed circuit board (PCB)
with a FOWLP mounted by means of solder ball joints. The
dimensions of the chip in the package are 5 × 5 × 0.15 mm3.
The molded package size is 7 × 7 mm2, with a thickness of
0.35 mm. The package/chip area ratio is 1.96. The package is
with 10×10 solder balls (0.3-mm diameter and 0.7-mm pitch),
which are reflowed on the circuit board. The dimensions of

Fig. 1. Schematic of the surface mount package.

TABLE I

THERMAL PROPERTIES OF MATERIALS

PCB are 10 × 10 × 0.8 mm3. Note that due to the thin
conducting layer, the top plane (with a thickness of 0.05 mm)
of PCB is modeled using a 2-D shell approximation with
the thin-layer boundary condition. For thermal simulation,
the materials and corresponding thermal properties for all
components of this structure are listed in Table I.

The power density of the chip inside the package is assumed
to be a time-variable function, which is given by

g(t) = f (t − 30) + f (t − 60) + f (t − 90) (28)

where

f (t) = A · exp

(
− t2

2σ 2

)
(29)

is the Gaussian pulse. The magnitude A is 5 × 107 W/m3 and
σ is set to 7 s. In (28), the superposition of three Gaussian
pulses with different time-delay values (30, 60, and 90 s) is
employed as the time-variable heat source, and the unit of
time t is s.

The ambient temperature is assumed to be 25 ◦C. The
boundary conditions on the top plane of the package, and
the top and bottom planes of the PCB are imitated to
be a convection boundary with a convective coefficient
h = 10 W/(m2K).

The transient thermal analysis is performed with the pro-
posed LBFEM. At the observation time of 90 s, the tempera-
ture distribution on the surface of whole structure is described
in Fig. 2(a). For comparison, the result of the commercial
solver COMSOL is provided in Fig. 2(b). It is clear that the
thermal profiles shown in these two figures are almost the
same.

To illustrate the transient thermal response, two observation
points (P1, P2) are placed in the structure. The point P1 locates
the center of silicon chip inside the package, and P2 locates

Authorized licensed use limited to: Shanghai Jiaotong University. Downloaded on April 07,2024 at 06:57:41 UTC from IEEE Xplore.  Restrictions apply. 



LI et al.: EFFICIENT TRANSIENT THERMAL SIMULATION OF ICs AND PACKAGES 207

Fig. 2. Temperature distribution on the surface obtained by (a) LBFEM and
(b) COMSOL.

Fig. 3. Comparison of transient thermal responses at two observation points.

the dielectric layer of PCB. The specific coordinates of them
are (0, 0, 0.475 mm) and (0, 0, −0.4 mm), respectively. The
transient responses at the observation points are described
in Fig. 3. The transient results obtained by the commercial
solver COMSOL are also depicted for comparison. It is
observed that the corresponding results are in good agreement.
For efficiency, the CPU time of LBFEM is 126 s, while that
of COMSOL is 963 s.

To further verify the capability and efficiency of the pro-
posed algorithm, a more complex system with 3 × 3 FOWLP
array is investigated, as shown in Fig. 4. The time-variable
heat sources and boundary conditions are equal to those
in the previous case. The simulated thermal profile at the
observation time of 90 s is depicted and compared with that of

Fig. 4. Complex system with FOWLP array.

Fig. 5. Temperature distribution on the surface of FOWLP array obtained
by (a) LBFEM and (b) COMSOL.

TABLE II

SIMULATION TIME OF LBFEM AND COMSOL

COMSOL in Fig. 5. Good agreement is observed. With respect
to efficiency, the simulation times with different number of
unknowns are listed in Table II. It is obvious that the LBFEM
is much faster than COMSOL.

B. Surface-Mount Package on Circuit Board

The second example investigates the thermal situation for a
silicon chip in a surface-mount package placed on a PCB close
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Fig. 6. Layout of the simulated silicon device, its package, and a voltage
regulator [19].

to a hot voltage regulator [19]. The whole structure is shown
in Fig. 6. The package connects to a PCB with 16 aluminum
pins, and a silicon chip locates in the center of the package.
Through an interconnect and one pin, the chip connects to
a ground plane, where a heat generating voltage regulator is
mounted. Thus, the voltage regulator may lead to overheating
of system and affect the performance of silicon chip by the
conducted heat.

The dimensions of PCB, plastic package, and silicon chip
are 20×20×1 mm3, 9.9×3.9×1.5 mm3, and 1×1×0.1 mm3,
respectively. The materials and corresponding thermal proper-
ties are listed in Table I. Note that the ground plane (with a
thickness of 0.1 mm) of PCB, as well as the interconnect line
(with a thickness of 0.02 mm) within the package, is treated
by the thin-layer boundary condition due to its thin conducting
layer.

Since the whole structure of this example is exposed to the
air, the convection boundary is applied at the surface with
h = 10 W/(m2 K) and the ambient temperature of 30 ◦C.
Note that the heat generating voltage regulator is treated by
setting a fixed temperature (50 ◦C) at that surface of ground
plane. The power density of the chip is assumed to be a time-
variable function g(t), as described in (28) and (29), where
the magnitude A is 2 × 108 W/m3, and σ is set to 7 s.

With the proposed method, the transient thermal simulation
is implemented efficiently. At the observation time of 90 s, the
temperature distribution of structure is described in Fig. 7(a).
The result of COMSOL is provided for comparison, as shown
in Fig. 7(b). Good agreement is observed between them.

Since the silicon chip is connected with ground plane of
PCB (mounted with voltage regulator) through the intercon-
nect and pin, in order to investigate the impact of regulator on
thermal performance of chip, we then remove the regulator
from the system. The transient thermal responses at the
observation point in the center of silicon chip are compared
in Fig. 8. We observe that the impact of voltage regulator is
obvious. The difference of peak temperatures of two cases
is larger than 4 K. At the observation time of 90 s, the
temperature profile of the structure is illustrated in Fig. 9.
For clarity, we only provide the temperature distribution in
the package. It is observed that the temperature of the chip
decreases apparently without the heat generated by the voltage
regulator.

Fig. 7. Temperature distribution on the surface obtained by (a) proposed
method and (b) COMSOL.

Fig. 8. Comparison of transient thermal responses in the center of chip.

C. Stacked 3-D ICs

The third example is associated with the thermal manage-
ment of vertically stacked 3-D ICs [20]. A three-die stacked
structure is described in Fig. 10. The dimensions of the whole
structure are 10 × 10 × 2.9 mm3. The top layer is the thermal
interface material (TIM) with a thickness of 0.5 mm, and
below there are three die layers. The thickness of each one is
0.5 mm. Between the die layers is the underfill with a thickness
of 0.3 mm. The above stacked 3-D ICs actually comprise a
four-core accelerated processing unit which integrates graphic
processing and core computing capabilities. The thermal prop-
erties of materials are listed in Table III.

In thermal simulation, the convection boundary is applied
at the surface of structure with h = 10 W/(m2 K) and the
ambient temperature is 25 ◦C. A heat sink is attached on the
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Fig. 9. Thermal distribution in the package (a) with impact of regulator and
(b) without impact of regulator.

Fig. 10. Schematic of the stacked 3-D IC.

TABLE III

PROPERTIES OF MATERIALS IN STACKED 3-D ICS

top of the dies with TIM. Therefore, the Dirichlet boundary
with constant temperature of 25 ◦C is imposed on it.

For thermal management of the stacked ICs, two possible
layouts are considered, as shown in Fig. 11 [20]. The first one
places the cores in dies 2 and 3, and the graphics processing
unit (GPU) in die 1. The second one moves the cores to
die 1 and places the GPU in die 2. Various blocks and the
power densities are also illustrated in the figure. The power
density is assumed to be a time-variable function described
in (28), and (29). For the cores with g1 (t), the magnitude A is

Fig. 11. Power distribution in each die layer. (a) Layout 1. (b) Layout 2 [20].

Fig. 12. Thermal map of each die layer for (a) layout 1 and (b) layout 2.

1.8×109 W/m3. For the GPU with g2 (t), A is 1 × 108 W/m3.
In g3 (t) and g4 (t), the magnitudes are 1.5 × 108 W/m3 and
1.2 × 108 W/m3, respectively.

The 2-D temperature distributions of die layers are
described in Fig. 12. For the first layout case, the proximity
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Fig. 13. Comparison of maximum temperatures in the structure as a function
of time.

of cores in dies 2 and 3 results in a large local power density,
and thus apparent temperature rise in the structure is observed.
For comparison, by moving the cores close to the heat sink
with the second layout strategy, the hotspot temperature of
the second case is reduced by about 10 ◦C. Of course, it is a
better choice for thermal management.

To illustrate the transient thermal responses of these two
layouts, the maximum temperatures with the variation of time
are depicted in Fig. 13. It is observed that the results of the
proposed method are in very good agreement with the results
of COMSOL. The maximum relative error is less than 0.5%.
By comparison, the proposed LBFEM holds an obvious advan-
tage with respect to the computational efficiency. In transient
thermal simulation, the CPU time of LBFEM is 41 s, while
that of COMSOL is 282 s.

V. CONCLUSION

An efficient algorithm based on LBFEM is developed in this
article for transient thermal simulation of ICs and packages.
With the weighted Laguerre polynomials and Galerkin testing
procedure, a marching-on-in-order scheme in the Laguerre
domain is derived, which is unconditionally stable. Combining
with the FEM, the Laguerre coefficients are determined, and
transient thermal responses of complex structures are readily
obtained. The typical thermal boundary conditions, as well as
the thin-layer case, are also derived in the Laguerre domain.
Numerical results show that the proposed method is accurate
and efficient for transient thermal simulation of complicated
ICs and packages.
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