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Thermal management is an important element of
electronic product design. Reliable performance of these
products is directly related to effectively controlling the
component junction temperatures within specified limits.
The maximum temperatures specified by the device
manufacturers are derated by the design engineers to
meet reliability criteria. Long component life may be
achieved by designing the products with sufficient heat
transfer components, materials, and features. Design
engineers look for cost-effective ways to transfer heat
from the dissipating components. The selection
processes used to evaluate the thermal management
components include consideration of such features as
ease-of-assembly, repairability, and upgradability. A
cost-effective thermal management solution must be a
complete solution that takes all of these needs into
account.

Many electronic components are available in a
variety of packages—some of which are thermally
enhanced. These packages offer improved thermal
performance at the component level.

A variety of interface materials are available that
span a wide range of cost, ease-of-use, and thermal
performance. Typically, these materials enhance the
flow of heat from the component case to the heat sink
and can even provide electrical isolation when needed.
With the advent of high-temperature acrylic adhesives,
there are pressure-sensitive thermal tapes on the
market that can eliminate fasteners in some
applications. There are a variety of spring clips used to
attach heat sinks to high-speed microprocessors and
sockets to reduce assembly costs.
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A complete thermal-management solution must
include not only the component-level and interface-level
thermal resistances, but also the heat sinks or other
heat-transfer components used to transfer the
dissipated heat to the cooling medium, typically ambient
air or water.

To begin the heat-sink selection process, it is
necessary to characterize the required performance.
The temperature difference, sink to ambient, is the driving
force that transfers the heat. The available temperature
difference (“delta T”) divided by the power dissipation
gives a performance target in degrees — centigrade per
watt (°C/W). This value, coupled with the ambient
conditions (temperature and air velocity) is needed to
guide the design engineer. The heat sink may be selected
based on this calculated thermal-performance target while
understanding the size of the component package and
the space available for the heat sink.
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Before a heat sink is ordered, it is important to make sure
that the optimum sink has been selected. In most instances, the
best heat sink is not necessarily the largest or the most
expensive, but rather the one that provides the best price/
performance ratio and still meets the cooling requirement.

To help you make the correct selection, we have provided
definitions of the most common terms used.

1. Heat Sink: A heat dissipator that operates as a result of
the temperature difference and thermal resistances
between the heat source (semiconductor) and the
ambient air.

2. Function of Heat Sinks: To increase the surface area
available for heat transfer from the semiconductor, thus
lowering the temperature of the component case and
junction.

3. Thermal Resistance: 9 (theta) is a measure of the
ability of a device or interface to enhance or impede the
flow of heat. It is a function of temperature difference and
power dissipation. The common units are degrees C per
watt (°C/W).

4. Natural Convection: When the movement of ambient air
over, around, or through a heat sink is induced by
temperature differences and buoyancy effects alone.

5. Forced Convection: When the movement of air is
induced by mechanical means (typically a fan or blower).

6. Heat-Sink Performance: The amount of heat that can
be removed with a specified temperature difference
between the heat sink and the air. it is most often
characterized by thermal resistance, i.e., the lower the
thermal resistance, the better the performance. The only
way heat-sink performance can be improved is by
increasing the physical size of the heat sink (i.e.,
changing surface area) or by moving more air across the
sink (i.e., changing from natural convection to forced
convection).

The figure below illustrates the heat-sink volume required for

a range of thermal resistances, for both natural-and forced-
convection applications. Typically, to reduce the thermal
resistance by 50 percent, the heat-sink volume must be
approximately quadrupled.
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The four curves show the relationship of volume (occupied by the heat sink) to
thermal resistance based on 50°C sink temperature rise above ambient.

The selection of a heat sink requires knowledge of:

(1) The available volume of space to be occupied;

(2) The maximum allowable device junction temperature;
(3) The power dissipated by the device;

(4) The device configuration (package size, orientation);
(5) Ambient conditions (temperature, air velocity).

The function of a heat sink is to protect the semiconductor
from the heat it produces as a by-product of its normal
operation. If not removed, this heat will cause the semiconductor
to exceed its safe operating temperature. In this circumstance,
semiconductor performance, life, and reliabitity are tremendously
reduced. The objective is to hold the junction temperature below
the temperature allowed by the product reliability criteria.

Junction temperature is a function of the sum of the thermal
resistances between the junction and the ambient air, the
amount of heat being dissipated, and the ambient air
temperature.

The figure below is a simplified drawing of a semiconductor
mounted on a heat sink. Three thermal resistances are readily
identified:

EXTERNAL
SEMICONDUCTOR CASE

JUNCTION
eCS

HEAT SINK

The total resistance, 0., is the sum of these individual

A ! Mot !
resistances.

e‘m = ejc+ Gcs + 6“ (Equaﬁon 1)

1. Thermal resistance from junction to case. This
resistance is designated 8, and is expressed in °C/watt.
This resistance is a function of design and manufacturing
methods and is specified by the manufacturer for each
semiconductor device.

2. Thermal resistance from case to heat sink. This
interface resistance is designated 6_ and is expressed in
°C/watt. It is a variable which can be minimized by the
use of Wakefield Engineering DeltaPads™ or the
application of a thermal grease or paste such as the
Wakefield Series 120 or 126 Thermal Joint Compounds.
These compounds and pads reduce the high thermal
impedance of the air gap between the case and the sink.

3. Thermal resistance from sink to ambient. This
resistance is designated 6., and is also expressed in
°C/watt. This is the resistance used in the selection of the
heat sink. The smaller this value is, the more power the
device can dissipate without exceeding its junction-
temperature limit. The thermal resistance from sink to
ambient (8_,) is a function of the convection heat-transfer
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coefficient (h ) and the surface area (A) of the heat sink
as shown in the formula:

(Equation 2)

The heat-transter coefficient, h , is a complex function and
can be derived from a variety of empirical correlations for both
natural and forced convection. To aid the user, we have
provided graphs and examples based on theory and experience
that should give reasonable accuracy in the selection process.

As this formula indicates, 8, is the reciprocal of the product
of the heat transfer coefficient and the sink surface area. So,
the value of 6_ can be minimized by maximizing this product of
h_times A. Increasing the surface area will not always increase
the product of h_times A. In fact, if the added surface area
{more fins) chokes the air flow, the h_value can be decreased
so much that the product of h_times A is actually reduced,
increasing the 8_ value rather than decreasing it. Please consult
our Applications"Engineering Department for assistance in this
area

With a semiconductor mounted on a heat sink, the
relationship between junction temperature rise above ambient
temperature and power dissipation is given by

T-T,

= — Equation 3
8,+6,+86, (Eq )

where

power dissipated, watts

junction temperature, °C

ambient air temperature, °C

thermal resistance from junction to
semiconductor case, °C/watt

thermal resistance from case to heat
sink, °C/watt

thermal resistance from surface of heat
sink to ambient air, °C/watt

In most applications, values for all these parameters are
known or can be found except that for the maximum thermal
resistance from heat sink surface to air, 8. The value of this
parameter then becomes the basis for sink selection.

Equation 3 is the basic equation and is correct for either
natural or forced convection cooling. Data for heat sink selection
with forced convection are generally presented in terms of 6_,
but for natural convection, data are presented in terms of AT
(temperature difference between sink and air). This results in the
following simplified form of Equation 3:

AT =(T,-T)-Q ®,+86,)

It eliminates the requirement of multiplying 6_, by Q to obtain
the maximum allowable AT_, and thus gives that parameter for
direct comparison with data as presented on most natural
convection graphs.
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(Equation 4)

For example, assume a semiconductor with a TO-3 case must
be operated so that its junction temperature will not exceed
+ 125°C when it is dissipating 10 watts to ambient air at a
temperature of 50°C. The value of o, for this device established
by the manufacturer is 1.5°C/watt and 6__ is estimated to be
0.09°C/watt because Wakefield Series 120 Thermal Joint
Compound is being used.

The thermal schematic of this example would look like this:

Max. semiconductor junction temp. (T) 125°C
6, = 1.5°C/W

Case Temp. (T )

0,, = 0.09°C/W

Sink Temp. (T,)

0,="7

Ambient air temp. (T,) 50°C

Solving Equation 3 above for the unknown value of 6,
(thermal resistance from sink to air) produces the following
equation:

i
esa = ———6_:- - (ejc + 9t::s)

Inserting known values into Equation 5 as follows:

(Equation 5)

125 - 50

6,, = 5.9°C/watt

This is the largest value of 6, that can be used. Heat sinks
providing smaller values of 6, are also acceptable since the
resulting junction temperatures will be less than the 125°C
specified. With this value of 6, we could then proceed to the
data presented for various heat sinks and locate one which will
provide this performance.

The product data presented herein shows operating
performance for both natural and forced convection.

Natural convection data is presented as Heat Sink
Temperature Rise versus Heat Dissipated (AT, vs. Q) as shown
(Figure A). Forced convection data is presented as 6, versus air
velocity (Figure B). Figure C is a composite of Figures A and B.

NATURAL FORCED
CONVECTION CONVECTION
AIR VELOCITY (FEET PER MINUTE)
A ' B

AT, (C)

6. ("CPERWATT)

sa

HEAT DISSIPATED (WATTS)

NATURAL AND
FORCED CONVECTION

AIR VELOCITY (FEET PER MINUTE)

c

AT, ()

8, ("C PER WATT)

HEAT DISSIPATED (WATTS)







