Thermal Management of SMT LED

Application Note

Introduction

To achieve reliability and optimal perform-
ance of LED Light sources a proper thermal
management design is necessary.

Like all electronic components, LED’s have
thermal limitations. The allowed operation
temperature for the specific lifetime is limited
by the glass-point of the LED resin.

Usually the maximum permissible junction
temperature of common SMT LED’s is in the
range of 95 — 125 °C. This means that the
temperature of the die inside does not have
to exceed this value when exposed to the
expected operation temperature.

This brief will give the design engineer an
introduction in the thermal basic of SMT
LED’s. Furthermore, some concepts are
shown in order to improve the thermal
design.

Explanation of Basic Relationships

The following explanations are given for
OSRAM LED packages with leadframe, e.g.
Power TOPLED, TOPLED.

The power dissipation Pp on the junction of
a chip is distributed in the package and in
the circuit board by means of heat
conduction and is transferred from the free
surfaces to the environment by means of
radiation and convection.

“Junction” refers to the p-n junction within
the semiconductor die. This is the region of
the chip where the photons are generated.
Figure 1 shows the basic internal structure
of a SMT LED Package, in this case a
TOPLED, and it's method of mounting on a
printed circuit board with the major routes of
heat flow.

The LED consists of a chip mounted on a
leadframe by solder or bonding adhesive.
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Figure 1: Internal Structure of SMT LED
Package

The leads consist of a high-conductivity
material such as copper.

The primary thermal path of the heat flow is
from the junction through the leadframe to
the end of the leads by heat conduction.
Another partial path travels from the surface
of the chip to the package surface.

From the end of the leads simultaneous
processes of heat spreading by conduction
and heat extraction over the surface of the
board by convection and radiation takes
place. The efficiency of heat transfer from
the PCB to air has a significant effect on the
temperature difference between chip and air.
The associated static equivalent circuit
diagram is shown in figure 2. The following
analogies with electrical quantities have
been used:

e The power dissipation Pp occurring close
to the chip surface is symbolised by a
current source.

e The “resistance network” is essentially a
serial connection to the ambient tem-
perature.

e The ambient temperature T, is repre-
sented by a voltage source.
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Figure 2: Static Equivalent Circuit

In accordance with the analogy, the thermal
current Pp = Q/t can now be calculated from
the “thermic Ohm’s law”.

U=I1-RasT,-T, =P, Ry

Equation 1

For the purpose in application, the junction
temperature Tj is of practical interest.

The external level resistance is the
application specific resistance to the heat
that flows from the surface of the leads to a
surrounding environment. This resistance is
a consequence of in-plane heat flow in the
solder pads, the through-plane flow in
dielectrics and the mode of heat transfer
through convection and radiation. This
resistor value Rysa is defined between the
solder point temperature and ambient tem-
perature.

The thermal resistance solder point to
ambient is strongly influenced by various
factors e.g. solder pad design, component
placement or printed circuit structure. This
value is application specific.

These two components of thermal resis-
tance are in a series configuration.

RthJA = RthJS + RthSA

T =Ry -Po +T

a

Equation 2

The total thermal resistance Ry,ja of this
package can be further broken down into
two contribution levels of the heat transfer
path from a component’s junction to its
ultimate environment.

At the component level the internal thermal
resistance is defined between the junction
and an outside surface of the component
case. This resistor value is given by the
package construction e.g. geometry, used
material and chip size.

In the case of OSRAM SMT LED this
resistor value refers to the thermal resis-
tance junction to solder point. Ryjs is
specified for each LED in the datasheet.

The solder point temperature is defined as
the temperature of the solder joint on one of
the cathode! leads.

Y For thin film LED, the anode lead has to be
used.
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Equation 3

There is a great variety of system applica-
tions in which OSRAM LED packages are
used. These applications vary from a few
components on a small, natural-convection-
cooled printed circuit board, to many LED
arranged in an array for backlighting. As a
consequence, it is impossible to anticipate
all of the possible applications, or to provide
thermal data relevant to each application. As
mentioned the maximum  permissible
junction temperature isn’t allowed to exceed
during operation.

Factors Impacting External
Resistance

A Printed Circuit Board can act as a heat fin,
resulting in a lower solder point-to-ambient
thermal resistance due to the increased heat
transfer area.

In order to show the impacts of different
factors the method of numerical analysis is

Page 2 of 8

OSRAM

Opto Semiconductors




used. All following results are based on a
CFD?-Analysis with the following conditions.

e A geometry model of the entire configu-
ration is created from the design
drawings for the Power TOPLED
package and the geometry data of the
test board and its metallization. The
geometric and material data as well as
the standard boundary conditions are
listed in the following table.

Component PowerTOPLED
Outer PCB 76 X 76 X 1.5 mm3
Dimensions

LxWxH

Board Material | FR4

Material for 35 um Cu
Solder Pads

Power 0.1wW
Dissipation

Ambient 25°C
temperature

Orientation Perpendicular to
of PCB gravity

e In the analysis model no traces are
considered, only the solder pads are
modelled. This is done to reduce the
additional heat transfer.

e Unless expressly stated, the steady state
calculations always performed with a
typical power dissipation of 0.1 W.

e The goal of the analysis is a comparison
under the same environmental condi-
tions. Therefore, a relative temperature
scale is used in the illustrations. All plots

2 Computational Fluid Dynamics
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show the temperature distribution within
the solder pad plane.

The thermal model can be seen in the
following figures.
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Figure 3: Thermal model of the Power
TOPLED

printed circuit board
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Figure 4: Thermal model of assembly

Solder Pad Area

The value of thermal resistance Rysa can be
lowered by enlarging the cathode lead
solder pad areas. The heat flows in the
solder pads and is spreaded in in-plane
direction.

This effect can be seen in the temperature
distribution below (Figure 5 & 6). The
cathode solder pads distribute the heat over
the PCB depending on the pad area.
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Normalized

Figure 5: Pad area per cathode: 16 mm?2

Figure 6: Pad area per cathode: 4 mm?2

This example shows that optimised layout
designs are able to improve the thermal
resistance Rysa significantly. Figure 7 shows
Risa based on measurements in depend-
ence on pad area per cathode.
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Figure 7: Influence of pad area per
cathode to Risa

Printed Circuit Board

Another factor that impacts the thermal
resistance from solder point to ambient is
the board thermal conductivity. As board
thermal  conductivity  increases, the
spreading resistance through the board
reduces, and a larger board area becomes
available for heat transfer to the ambient.
Figure 8 shows the thermal resistance Ryja
for different kind of PCB materials with FR4
as reference. This correlation is valid only for
a single LED mounted on solder pads with a
pad area per cathode of 12 mmz2,

RthJA
FR2

7

FR4

o

MCPCB s
PCB Material

Figure 8: Influence of PCB material to
RthJA
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The same effect can be seen in the following
thermal temperature distributions (Figure 9
to 11). The solder pad size is 16 mm?2 for
each cathode.
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Figure 9: Substrate material with thermal
conductivity of 0.2 W/(K m) (in the range
of FR2)
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Figure 10: Substrate material with
thermal conductivity of 0.35 W/(K m) (in
the range of FR4)
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Figure 7: Substrate material with thermal
conductivity of 1 W/(K m) laminated on
1.5 mm Aluminium (in the range of
MCPCB)

The board thermal conductivity increases
also with the use of multilayer printed circuit
boards. For example, a FR4 PCB (total
thickness of 1.6 mm) with 2 internal and 2
external copper layers, each 35 pum
thickness (Figure 12 & 13).
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Figure 12: Single layer printed circuit
board
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Normalized

Figure 13: Multilayer printed circuit board
(outer layer: 2 x 35 um; inner layer: 2 X
35 pum)

Additional influences that affect the thermal
performance of LED are:

o Placement of other components with
higher power dissipation on the printed
circuit board e.g. resistors, power
semiconductors

e Clearance between closed by LED
packages, in order to minimise the
thermal interacting of the LEDs. For
example, a minimum clearance of 5 mm
(FR4) is required for the TOPLED.

Measurement techniques in real
application

Due to difficulties in direct measurement of
junction temperature T;, it has to be
evaluated indirectly by using the introduced
thermal resistance model. For this procedure
the thermal resistance, solder point to
ambient Rysa Of the device under test is
measured. With this value a calculation of
the junction temperature can be performed.
Following the simplified procedure for
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measuring the Ru;a and therefore T; is
described.

1. Take the Ryjs of the LED from the
respective data sheet

2. Choose the interested LED on the PCB
to be used as the DUT.

3. Place a small thermocouple onto the
cathode pin of the device under test. In
case of the radial LEDs near the top
surface of the PCB. The thermocouple
should be < 0.25 mm in diameter. Larger
thermocouples are considered to alter
the thermal properties of the DUT. In this
case, a correction factor should be
added to the measured thermal
resistance.

4. Turn on the LED assembly at the
necessary forward current If. The LED
assembly should stay energised for
about 30 minutes to reach the thermal
stabilisation of the assembly. This is
reached when no temperature changes
can be registered for a few minutes.

5. Note the pin temperature Ts, the ambient
temperature T, the current If and the
corresponding forward voltage Uf.

6. Calculate the junction temperature T, of
the device under test by equation 4:

T, =Ts+1-Up Ry

Equation 4

The value of Ryjs is listed in the
datasheet of the LED

Based on the values all other thermal
resistances of interest can be calculated. For
worst-case considerations, variation of
forward voltage U; has to be taken into
account.
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Forward Voltage Ut

Figure 14: Test setup (schematically) to
evaluate junction temperature T;

Example

For a Power TOPLED LA E67B application,
the developer has estimated an I of 50 mA.
According to the datasheet of LA E67B it
must be guaranteed not to exceed the
permissible junction temperature of 125°C,
SO it is necessary to measure the ambient
temperature, solder point temperature Ts

The test results are:
e Tg=70°C
e Ur=21V

In the data sheet of LA E67B a value of
130 K/W for the Ryy;s is stated.

T, :130-WC-50-mA- 2.1.V +70°C

T =83.7°C
TJ. < max .Tj <125°C

For worst-case considerations (current
source operation: lgmax and Ugmay) however it
must be calculated with Ug of 2.4 VV what will
boost the actual junction temperature to
85.6°C.

The measurement of the solder point
temperature could be done by IR Imaging or
thermocouples. More information on using

and forward voltage Ur. thermocouples can be found in the article

“Notes on using thermocouple”.

(http://www.electronics-
cooling.com/Resources/EC_Articles/JAN97/j
an97_01.htm).

Author: Rainer Huber

ABOUT OSRAM OPTO SEMICONDUCTORS

OSRAM, Munich, Germany is one of the two leading light manufacturers in the world. Its
subsidiary, OSRAM Opto Semiconductors GmbH in Regensburg (Germany), offers its
customers solutions based on semiconductor technology for lighting, sensor and
visualization applications. Osram Opto Semiconductors has production sites in
Regensburg (Germany), Penang (Malaysia) and Wuxi (China). Its headquarters for North
America is in Sunnyvale (USA), and for Asia in Hong Kong. Osram Opto Semiconductors
also has sales offices throughout the world.

For more information go to www.osram-0s.com.
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DISCLAIMER

PLEASE CAREFULLY READ THE BELOW TERMS AND CONDITIONS BEFORE USING THE
INFORMATION SHOWN HEREIN. IF YOU DO NOT AGREE WITH ANY OF THESE TERMS
AND CONDITIONS, DO NOT USE THE INFORMATION.

The information shown in this document is provided by OSRAM Opto Semiconductors GmbH on
an “as is basis” and without OSRAM Opto Semiconductors GmbH assuming, express or implied,
any warranty or liability whatsoever, including, but not limited to the warranties of correctness,
completeness, merchantability, fithess for a particular purpose, title or non-infringement of
rights. In no event shall OSRAM Opto Semiconductors GmbH be liable - regardless of the legal
theory - for any direct, indirect, special, incidental, exemplary, consequential, or punitive
damages related to the use of the information. This limitation shall apply even if OSRAM Opto
Semiconductors GmbH has been advised of possible damages. As some jurisdictions do not
allow the exclusion of certain warranties or limitations of liability, the above limitations or
exclusions might not apply. The liability of OSRAM Opto Semiconductors GmbH would in such
case be limited to the greatest extent permitted by law.

OSRAM Opto Semiconductors GmbH may change the information shown herein at anytime
without notice to users and is not obligated to provide any maintenance (including updates or
notifications upon changes) or support related to the information.

Any rights not expressly granted herein are reserved. Except for the right to use the information
shown herein, no other rights are granted nor shall any obligation be implied requiring the grant
of further rights. Any and all rights or licenses for or regarding patents or patent applications are
expressly excluded.
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