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ABSTRACT

The paper presents an algorithm for the co-simulation of
packages, given with the RC compact models, and the
printed circuit boards. This enables beyond the correct
detailed consideration of the heat transfer in the board the
calculation of the exact junction temperatures within the
packages. Considering individual heat transfer coefficients
for each package, or even to each side of the packages,
depending on the compact models, is possible. The main
advantage is that the methodology keeps the exreme
fastness and user friendliness of the board level  solvers.

Keywords: Provide up to five keywords to be used for on-
line publication searches and indexing.

1 INTRODUCTION

There are large concerted industrial efforts in
developing methods for the representation of the dynamic
thermal behavior of IC packages with RC compact models,
a good example with a large list of references is preseted in
[1]. These models have to deliver the changing chip
temperatures with high accuracy in the function of the chip
excitation for various thermal boundary conditions,
representing e.g. the different cooling methods by different
RC loadings on the external thermal ports.

There is however much less discussion about the
methods with which these RC compact models can be
treated by traditional board level thermal simulation tools,
like [2].

While working also on developing methodologies for
package multiport model generation [3], we have
elaborated an algorithm that enables the consideration of
packages with their RC models in traditional thermals
simulation tools, based either on the Fourier method, like
[2] or on finite difference method like [4].

2  THE ALGORITHM

We intend to simulate the dynamic behavior of the
package, given by its RC compact model, together with the
detailed model of the board, with board level thermal
solvers, as it is demonstrated in Fig. 1.

The presented methodology may be applied in case of
any field solver that is capable for frequency domain
analysis and for generating the thermal impedance matrix
for selected ports.

Fig. 1 The problem is to analyze a package with its compact
model together with the detailed model of the board

In the following we will assume that the model is linear.
This is the case for the usual RC compact models.

We further assume that the model is defined in one of
the following forms

•  Lumped RC electrical network
•  Lumped RC network with controlled sources
•  Admittance matrix, the matrix elements are

described by rational network functions
The presented algorithm and methodology are working

correctly both in steady state and in the case of dynamic
(time-constant domain, transient and frequency-domain)
simulations. In the following discussion we will deal both
with the steady state and the dynamic case.

For the sake of simplicity the steps of the solution will
be presented for a package, which is considered with 3
ports: the first one is the junction, the other two are the two
contact patches on the board.

First we determine the Z thermal impedance matrix of
the substrate for the ports of the contact patches. P1 is to be
applied to find Z11 and Z21, similarly P2 is to be applied to
find Z12 and Z22 , see Fig. 2.
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Fig. 2 First we find the thermal impedance matrix of the
substrate for the footprints of the package

In the next step we reduce the multiport model
equations of the package to the ports of the contact
footprints as it is presented in Fig. 3 and Eq.s (2) and (3).

Fig. 3 reducing the model equations of the package to the
ports connected to the board

The matrix equation describing the package can be
written as follows
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where ZP represents the thermal impedance matrix of the
package compact model. This matrix can be easily
generated using the netlist of the model network.

Reducing Eq. (2) to T1 and T2 gives
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Eq. (3) defines the relationship between the heat fluxes
and the temperatures on the ports – as determined by the
package. Considering that the temperatures and the heat
fluxes on the contact patches are the same (with opposite
signs for the fluxes) we can determine from the matrix
equations the heat fluxes P1 and P2 crossing the contact
patches.
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Knowing the heat fluxes crossing the contact spots we
can solve on one hand the substrate problem. On the other
hand the junction temperature can be calculated using the
package model.

If we accomplish the above described steps for a
sufficient number of frequencies in a frequency range, the
complete dynamic behavior is calculated, from which the
transient behavior: the time dependence of the temperatures
and heat fluxes may be also obtained if needed.

3 IMPLEMENTATION

The most important practical problem to be solved is the
treatment of the compact models in the field calculations.
The compact models describe the thermal behaviour of the
package with an RC equivalent circuit. This circuit has
terminals and inner nodes; the most important inner node is
the junction node. Some of the terminal nodes are
connected to the board; these have a footprint on the board.
For these terminals the footprint on the board has to be
known for the simulation. Some other terminals, like the
top node, are not connected to the board, but we wish to
prescribe a certain heat transfer coefficient for them in
order to model the particular cooling of the package. For
such nodes the surface area of the package has to be known.
For all the packages we need to know their location on the
board and the size they occupy on the board.

Considering all these requirements the library of the
package models need to contain for each package:
•  The netlist of the RC model network in the form of a

subcircuit, the terminals declared in the list of
parameters

•  The footrints of the terminals that are connected to the
board

•  The node areas of the other terminals to enable heat
transfer calculation

•  The global shape outline of the package

The library entry of the package model library will be
presented by the example of the DIL package shown in Fig.
4. The RC compact circuit model of this package is shown
in Fig. 5.



Fig. 4 Representation of a DIL package in the library

The package has two footprints on the board, the pin
lines on the two sides, notated by LF1 and LF2. If we wish
to calculate with the heat transfer of the top and bottom
surfaces we need the area of these. The compact model of
the package has 4 terminals: the pin lines of the two sides,
the top and the bottom nodes. A further model node is the
junction. The model is presented in Fig. 5. To facilitate the
comparison of the model with the network descriptions this
figure contains even the element values of the resistors. The
network description of the model is as follows:

@SUBCIRCUIT:DILPACK (TOP,BOT,LF1,LF2)=POWER;
R1: THRES(J,TOP)=10.0;
R2: THRES(J,BOT)=20.0;
R3: THRES(J,LF1)=50.0;
R4: THRES(J,LF2)=50.0;
C1: THCAP(J,GND)=2.0;
S1: HEATFLUX(GND,J)=POWER;
@END;

Fig. 5 The RC compact model of the package of Fig. 4.

In the network description THRES represent thermal
resistors, THCAP thermal capacitors, and HEATFLUX
denotes the heat flow generator. In the parentheses the
terminal labels of the elements are given, the values after
the = mark define the element values in K/W for the

thermal resistances and in Ws/K for the thermal
capacitances. The model has one parameter, the POWER
dissipation value of the chip.

The model terminals declared with a footprint value will
be automatically connected to the appropriate board areas.
LF1 and LF2 in Fig. 4 are such terminals. On the top
surface the convection may be easily considered with a
connecting thermal resistance. In case of having an
underfill between the package and the board the bottom
node may be conneced to the board via another thermal
resistor. Such an underfill is considered in Fig. 5 with the
thermal resistor between the BOT node and the XX1 area on
the PWB surface. These extra thermal resistors may be
defined during the program input. In the inner instatiation
of the library element these resistors may appear as:

PCK1:
DILPACK(PCK1.TOP,PCK1.BOT,PCK1.LF1,PCK1.LF2)=2.
5;

  ! model call ;
HTC1:  THRES(PCK1.TOP,GND)=500.0;
                  ! top heat convection ;
UF1: THRES(PCK1.BOT,XX1)=20.0;
                  ! underfill thermal res ;

This is only the inner representation of the elements, the
user of the programs do not have to meet them. PCK1 in
this description is the package of Fig. 4 in the simulation of
the board of Fig. 6.

Fig. 6 In this example board the PCK1, PCK2 and PCK3
packages are represented with compact models

It is possible to use complex and very simple package
models. The PCK2 and PCK3 elements are packages
considered with the simple RC model of Fig. 7.

Fig. 7 A very simple RC compact model



4 RESULTS

The steady state THERMAN[2,5] simulation result of
the board of Fig. 6 is presented in Fig. 8. In this simulation
we have considered Fr4 board with Cu on both sides, with
Fr4 1,2 mm, Cu 0.07 mm, 25 % filling. We considered
convection on both surfaces with a heat transfer coefficient
of 10 W/m2K. The left-hand side edge of the board is
isothermal, the others are adiabatic. The applied dissipation
values are shown in Fig. 6. The temperature values in the
white boxes are the board temperatures beneath the
package. It is possible, however, to ask for the temperatures
of the inner nodes of the package models as well.

Fig. 8 Steady state temperature distribution on the board1

As the most important example, we can ask for the
junction temperatures of the packages. The results are

PCK1>J  79.44 oC
PCK2>J   80.23 oC
PCK3>J 102.33 oC

We calculate the dynamic results in the frequency
domain, from these curves the transient (time domain)
results may be also calculated. In Fig. 9 the real component
(that is in phase with the excitation) of three nodes of the
board of Fig. 6 are presented. The 3 locations are the
junctions in the PCK1 and PCK3 packages, and the board
area labeled by XX1.

Fig. 9 The real component of the AC temperature in the
function of the frequency for the board of Fig.6

                                                            
1 All the temperature data are values above the ambient

temperature.

At the time of the presentation we will show also
transient results. The implementation into the SUNRED [5]
finite difference tool will be also presented.

5 CONCLUSIONS

An algorithm and a methodology is presented that
enables to consider packages with their compact models in
board level simulation tools. This procedure is essentially
the co-simulation of the board simulated in physical domain
and the packages described by their network models.

The main advantage of the method is that it enables to
obtain package inside temperature values from very simple,
easy to use board level simulations. It is possible to
consider different heat transfer coefficients for all the
packages of the board if we wish, or even for all their
sidewalls, depending on the actual RC compact models, and
on the actual wish of the users.

The other advantage of the method is the extreme
fastness. In case of building the algorithm into a board level
field solver that calculates with the Fourier method, the
required simulation time for the presented example board is
in the order of magnitude of seconds for the steady state
analysis.  For frequancy domain simulations this time is
needed for all the frequencies calculated.

The package compact models may be placed into model
libraries, keeping the extrem user friendliness of the usual
board level simulation tools.
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