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Techniques

Proper heat management ensures that components
have a long and healthy life.

STEPHEN J. BIGELOW

WHENEVER CURRENT FLOWS
through an electronic compo-
nent. thal component dissi-
pates power. The power that the
part dissipates depends on both
the current flowing through the
part and the voltage across it,
and can be expressed by the re-
lationship P =1V. Heat is an un-
avoidable byproduct of power
dissipation.

For many circuits and compo-
nents, heat generation is negli-
gible or so small that the
componerit can easily shed its
heat buildup directly into the
air. Some components, how-
cver, can not give up heat fast
enough. and excessive heat

g2 buildup occurs. When that hap-

pens, the device can be perma-
nently damaged. Thermal man-
agement techniques, such as
the two common heatsink ar-
rangements shown in Fig, 1,
must be used to improve the
component’s heat dissipation.
This article will explain the con-
cepts of heat management and
show you how (o use manufac-
turers’ specifications to op-
timize component operation.
You can use thesc techniques
with most semiconducior de-
VIiCes.

Thermal circuits

A thermal circuit is a graphic
representation of thermal ener-
gys path from its source to am-
bientair. In many ways., thermal
circuits are analogous to elec-

tronic circuits as shown in Fig.
2.

Notice that therc is resistance
to the flow of heat between the
heat source and the air. Such
thermal resistance is generally
defined as the difference in tem-
perature across two points, di-
vided by the power being
dissipated between those two
points. Thermal resistance is
symbolized by the Greek letter
theta (08) and is measured in de-
grees Celsius per watt (°C/W). As
a rule, thermal resistance
should be as small as possible
between the power-dissipating
semiconductor junction(s) and
the ambient air. Low thermal re-
sistance betwecn junctions en-
SUres minimum junction tem-
peratlure,



FIG 1—THEHMAL MANAGEMENT TECHNIQUES such as these two common heatslnk
arrangements, must be used to improve a component’s heat dissipation.

Heat sources

Heat is generated by a semi-
conductor device when it dissi-
pates power. A diode dissipates
power at its anode-cathode
junction. Junction power can
be defined as the current
through the junction multiplied
by the voltage drop across the
junction (typically 0.6 voit DC
for a silicon diode). Power dissi-
pated by a transistor is the volt-
age drop between the collector
and emitter multiplied by the
collector current. The power
dissipated by an integrated cir-
cuit is the total power dissi-
pated by all of the integrated
circuit’s transistors.

Thermal resistance

The heat generated in a semi-
conductor junction does not
dissipale directly to the am-
bient air. Instead, a number of
thermal resistance factors must
be taken into account. The use
ol an external heatsink typically
involves three major thermal re-

sistances: (1) béetween the semi-
conductor junction and the
devices case, (2) between the
case and the attached heatsink,
and (3) between the heatsink
and the ambient air. Additional
thermal resistance might be en-
countered if an electrical in-
sulator is included between the
case and heatsink.

For components that do not
use an external heatsink, two
thermal resistances must be
considered: (1} between the
sermniconductoer junction and
the case, and (2) between the
case and the ambient air. The
total thermal resistance of a
semiconductor arrangement
can be summarized as shown in
Table 1

The junction-case resistance
(0 ,..) represents the flow of heat
from a device's junction(s) to its
outer case. The value of 9 - is
specified by the manufacturer
in his data sheet. A smaller
number represents better heat
[low. Junction-case thermal re-

sistance is dependent on a
number of physical charac-
leristics. These include the size
and shape of the semiconductor
die and its mount, the quality of
the die-to-mount bond, and the
thermal conductivity of the die,
mount, bond, and any intercon-
necting wires.

Althiough you have no control
over 0,~, you can select a par-
ticular case style that mini-
mizes the thermal resistance.
Figure 3 shows what the dif-
ferent case styles look like. For
example, a transistor in a
TO-220 case has better (lower])
0,- than a similar device in a
TO-92 case, 'lable 2 shows a se-
lection of typical 0 ,~ values for a
variety of case styles. If you do
not have access to manutac-
turer’s data, Table 2 can provide
a good approximation.

The use of a heatsink can
have a tremendous impact ocn a
components operating temper-
ature. For some devices, a good
heatsink can mean the dif-
lerence between a successful
project and a failure. The goal of
a heatsink is to move as much
heat as possible away {rom the
device’s junction, and that’s ac-
complished through the choice
of heatsink, mounting arrange-
ment, and mounting materials.

Thermal resistance at the
case-sink barrier (0.g) is a func-
tion of many factors: (1) the
cross-sectional cnntact area be-

FIG Z—A THEHMAL CIHCUIT isa graph-
ic representation of thermal energy’s
path from its source to ambient air. Ther-
mal resistance is defined as the dif-
ference in temperature across two
points, divided by the power being dissi-
pated between those two points. Ther-
mal resistance should always be as
small as possible.
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