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ABSTRACT: The present paper shows the two-dimensional temperature distribution on the hybrid circuit made on ceramic and the other material

substrates.

UTJECAJ MATERIJALA SUBSTRATA NA TEMPERATURNU
RASPODJELU U HIBRIDNOM KOLU

Kljuéne rjeci: substratni materiali, keramicki substrati, hibridna kola, raspodjela temperature, karakteristicka termi¢ka duZina, termi¢ka prevodljivost,
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SaZetak: U radu je prikazana dvodimenzionalna razpodijela temperature u hibridnom kolu realiziranog na keramiénom i drugim substratima.

Introduction

Thermal analysis in microelectronics gained a lot of
interest in recent years. One of the reason for growing
importance is the high integration density of compo-
nents.

The ceramic substrates used in hybrid circuits have
relative high thermal conductivities and are extremely
suited for power electronics. But as will be shown, an
increase of thermal conductivity by a given factor will not
reduce the temperature rises by the same factor.

The thermal model

It has been already shown!"? for hybrid circuits that the
two-dimensional temperature distribution T(x,y) satis-
fies the equation

T pxy)
VT 2" Ao

where L=+vAds/2a is the characteristic
thermal lenght (m)

and A thermal conductivity (W/mK)
o convection coefficient (W/mQK)
o: power dissipated per unit area
(W/m?)
ds: substrate thickness (m)

Note: Here we use linear thermal mode!

Thermal length L is radius of heated zone around each
component which act as a cooling fin. If the distance
between two components is smaller than L., theirtempe-
rature fields will interfere with each other.

For ceramic and glass substrates with typical parame-
ters value:

A =30 - 60 WmK
o=5-10 W/m?K
ds=0,5-1mm
A=1W/mK
a=5-10 W/mK
ds=0,5-1mm

for ceramic

for glass

we obtain: L = 310 6 cm (for ceramic) which means that
large part of a substrate will act as a cooling fin. As a
consequence the temperature can be influenced by
changing the position of the heat sources (fig.1 and 2.).

For glass substrates, L = 0.7 cm which means that small
area around the heat source will contribute to the remo-
val of the heat. So another placement of the components
will have a very little influence on the maximum tempe-
rature.

Influence of the substrate material

We made atest circuit with one heat dissipating resistor
which has been simulated with program, using different
substrate materials (fig. 3 to 8). Here is some data:
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Substrate dimension is 50x50 mm and itis clear that only

a small zone ({for glass and epoxy) around the heat
source will be heated. It should be noted that the thermal

cooling efficiency of substrates is not always proportio-

nal to the thermal conductivity A. For AlOz a maxirmum
temnperature rise is almost 15°C but for BeO is almost

7°C. We can observe a reduction of temperature rise of

A (WimK) L.(mm)
epoxy 0,16 2.2
glass 1 5
alumina {96%) 20 25
AIN 170 71
beryllia 300 95

a factor 2 for an increase in thermal conductivity of
300/20=15.
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Fig. 1-2:  Changing the temperature distribution by changing the position of the heat sources
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Also, the maximumtemperature difference between AIN
and BeO are negligible because the characteristic
fength are large in both cases.

Conclusion

Here we have shown the influence of the substrate
material on the temperature distribution and that using
high quality substrates is not always usefull from the
thermal point of view.
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Fig. 3-8:  temperature distribution for one dissipated resistor (p=1/4 W) on different substrates
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Fig. 5

Fig. 6
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AIN
A =170 W/m°C
L=71mm

o =10 Wm?°C
* OC

Tmax = 0.8049E+01

Tmin = 0.6864E+01
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Fig. 7

Fig. 8
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