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Abstract

This application note provides information on the definition and specification of the thermal resistance Ry,
for LEDs and IREDs (IR emitting diodes). In addition, information can be found on how the thermal
resistance is measured at ams-OSRAM AG and on the different Ry, values specified in the data sheets.

Further information:

Please also refer to the application notes “Thermal management of light sources based on SMD LEDs”
and “The thermal measurement point of LEDs” for further information.

Author: Rainer Huber / Thomas Zahner
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1 Introduction

In order to achieve the expected reliability, lifetime and optimal performance of LEDs, especially
for high-power LEDs, appropriate thermal management is of the utmost importance. One of the
key parameters for good thermal management is the temperature of the active semiconductor
layer designated as the junction temperature. The manufacturer’'s recommended maximum
junction temperature should therefore not be exceeded during operation, in order to prevent
damage to the component. Ideally, the junction temperature should be kept as low as possible
for the given application.

Due to the design principle of the LEDs, the junction temperature of the LED can not be
measured directly.

2  Thermal resistance Ry,

The thermal resistance Ry, is defined as the ratio of the temperature increase AT to the heat
dissipation Q and is ultimately a measure of the capability of the system to transport heat.

:A_T'

Ry,
Q
For LEDs the temperature increase is caused by the portion of the electrical power that is not
transformed into light, i.e. the dissipated heat. The temperature difference AT is defined as the
difference between the inner temperature of the semiconductor chip, the junction temperature T
of the LED, and an external reference temperature. The latter is the solder point temperature Tg
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respectively the board temperature Tg, depending on the LED design. Q represents the heat
transfer rate.

AT _ I,—Ts _ r,—Ty

Ry isreal = —
t rea Q C_II_Q P@]_q)
dt

e

Knowledge of the thermal resistance Ry, of an LED is important to:
* Determine the junction temperature that arises in the LED under operating conditions.

* Determine the maximum allowable external reference temperature for a given internal
temperature and power dissipation.

* Evaluate measures for the dissipation of heat (= thermal performance).

Detailed information on the thermal management of LEDs can be found in the application note
“Thermal management of light sources based on SMT LEDs”.

3  Thermal measurement point

As previously mentioned, the external reference point temperature is defined as the solder point
temperature respectively the board temperature, depending on the package type. For most ams-
OSRAM AG SMT LEDs (e.g. lead-frame based, ceramic package) the reference point
temperature is defined as the “solder point” Tg. For LEDs with a metal core substrate such as
the OSRAM OSTAR® Headlamp Pro or for LEDs specially designed for gluing such as the
OSLON® Submount, the reference point refers to the “board” temperature Tg.

Detailed information on how to determine the measurement point of LEDs including various
examples can be found in the application note “The thermal measurement point of LEDs”.
Information on how to measure the temperature with thermocouples are given in the application
note “Temperature measurement with thermocouples”.

4 Determination of the thermal resistance Ry, g

Due to historical reasons, there are two different definitions of the thermal resistance used for
LEDs. Firstly, the electrical thermal resistance Ry, ¢ec. Was defined for traditional (non-opto)
semiconductor components (MOSFET, transistors, logic devices). Here, the electrical power
consumed in total is used for the calculation of the Ry, ¢lec.- The energy leaving the package in
the form of light/radiation is not taken into consideration (see JEDEC 51-1 and Figure 1)[5],[6].
Until 2012 only the electrical Ry, was defined by standards. As the efficiency of the LEDs
increased (typ. n ~ 25 — 50 %) and thus more of the electrical power was converted into optical
power, a specific thermal resistance was introduced for LEDs. This thermal resistance is called
the real thermal resistance Ry, o5 @nd considers the decoupled optical power of the LED. Here,
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4.1

the actual flow of heat that is dissipated through the package is taken into account (see JEDEC
51-50/51)[1,2].

Radiant power

Popt = q)e = r] ' |:>el
Electrical power
Py=Ve- L L
Heat dissipation
OSLON?® Black Flat Picai= Po - @,
LUW HOQP
R,=(T,-T,)/Q
.Electrical” thermal resistance: .Real“ thermal resistance:
Rth elec. = AT / I:>el Rth real = AT / (Pel - Popt)
acc. JEDEC 51-1 acc. JEDEC 51-50/51
— for LEDs it does not represent — represents the exact physical
the physical behavior behavior for LEDs

R¢n, measurement

To determine the thermal resistance, ams-OSRAM AG uses a thermal transient measurement
methods which is referred to as the static thermal resistance test method according to JEDEC
51-51 [2] and 51-14 [6]. Since the thermal resistance of LEDs cannot be measured directly, the
Ry, is indirectly determined by the measurement of a temperature sensitive parameter (TSP),
which depends on the junction temperature. The forward voltage Vg(t) is chosen at the TSP at a
(small) constant sensing current.

To determine the junction temperature, the temperature coefficient Ti of the respective device
must first be measured. Therefore, the forward voltage Vg of the device is measured as a
function of temperature for a small measurement current ly,. For small temperature changes the
correlation between Vg and temperature is linear as an example in Figure 2. The slope of the
straight line measured is the temperature coefficient Tk.
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Figure 2: Tk calibration
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Having determined Ty the sample is heated up with a current I to reach the temperature
equilibrium, see Figure 3. Once the temperature equilibrium has been reached the current is
switched off and the forward voltage change is recorded at the measurement current Iy,.
Together with the measured Ty the temperature changeover time can be evaluated.

Figure 3: Measurement procedure
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H AV, =T * AT(@)
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t

The time-dependent thermal impedance Zy, (see equation below) can be derived from the
measurement (see Figure 4). The Zy, curves show the total thermal behavior of the system from
the heat source to the heat sinks. In order to determine the thermal resistance Ry, 5 from the
junction to the solder point of the device, the device under test (DUT) has to be measured twice
(similar to JEDEC 51-14).

For SMD LEDs the DUT is measured on two different PCB materials. The transient thermal
behavior of the device in this two-measurement setup is identical as long as the heat path is
identical, and therefore as long as the heat propagates from the junction through the device.
Upon arrival at the solder point the curves start to separate depending on the PCB material used.
This change in condition indicates the end of the device. Therefore, the Ry, ;5 value can be
determined as the value Zy,(t = t5) at the point of time “t5” when the two curves start to separate.
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Figure 4: Estimation of Ry, s elec.
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The accurate and reproducible measurement of the junction to the solder point, the thermal

resistance Ry,yg is far from trivial. For example, due to time resolution issues the first tens of
microseconds after switching of the current, the change in Vg can not be measured and thus

would lead to inaccuracy in the Ry, determined. To overcome this inaccuracy, the measurement
is corrected using a square root like fit, which is the so called “offset correction” [7].
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4.2 Thermal resistance Ry, s in the data sheets

For ams-OSRAM AG LEDs the data sheets contain some or all of the following Ry, values —
determined by a statistical approach in order to be representative for all samples produced —
depending on the device:

the typical real thermal resistance (typ. Rinjs real)
¢ the maximum real thermal resistance (max. Rins real = tyP. Rinys real + 6 O)

« the typical electrical thermal resistance (typ. Ry s elec.) together with the typical optical
efficiency (ne) of the LED

* the maximum thermal resistance (max. Rinjs elec. = tYP- Rihys elec. + 6 ©) together with the
typical optical efficiency (ng) of the LED

These values are determined by means of measurements of a representative set of samples and
entered into the data sheets as shown in Figure 5.

Figure 5: Thermal resistance in the data sheet

Characteristics
=700 mA; T,=25°C

Parameter Symbol Values
Chromaticity Coordinate ¥ Cx typ. 0.33
Cy typ. 0.34
Viewing angle at 50 % |, 29 typ. 120°
Forward Voltage * V. min. 275V
|- =700 mA typ. 3.13V
max. 3.50 V
Reverse voltage (ESD device) Ve min. 45V
Reverse voltage ? V, max. 1.2V
|, =20 mA
Real thermal resistance junction/solderpoint R, s e typ. 5.7TK/W
max. T3IK/IW
Electrical thermal resistance junction/solderpoint = R typ. 41K/W
with efficiency n, =28 % max. 53KI/W
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4.3 Sample calculation

The junction temperature T can be calculated from the values derived Ry, ;5 according to the
equations shown above.

The previously mentioned OSLON® Compact CL, LUW CEUP.CE was selected as an example.
The respective values for the calculation can be found in the data sheet.

||: =0.7 A, typ VF =3.15 V, Ne = 28 %, RthJS elec. = 4.1 K/W, RthJS real = 5.7 KIW

Tg must be derived from a temperature measurement at the solder point (see application note
“Temperature measurement with thermocouples”. For the example calculations it is set to Tg =
25 °C.

Calculation of T from Ry s elec. at 25 °C:

T,-Tg
Ry o1 = P

el

TJ - TS+(Rthelec< 'Pel)
with Pe|=IF*VF
T, =25°C+(4.1K/W-0.7A-3.15V)

T, = 34.04°C

Calculation of T form Ry, s rea at 25 °C:

R 1=—TJ_TS
t

- Pel_Popt
R _ I, -Tg

treal = P (T

Ty=Tst R reat Poy (1-M,))
T,=25°C+(5.7K/W-0.7A-3.15V(1-028))
T, = 34.05°C

In conclusion, the junction temperature can be calculated correctly from both the electrical and
the real thermal resistance, assuming that the parameters are chosen accordingly.

However, in the application the light extraction can change depending on the temperature and
current. To take this variation into account the real thermal resistance must be used.
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PLEASE CAREFULLY READ THE BELOW TERMS AND CONDITIONS BEFORE USING THE INFORMATION
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INFORMATION.

The information provided in this general information document was formulated using the utmost care; however, it is provided by
ams-OSRAM AG or its Affiliates* on an “as is” basis. Thus, ams-OSRAM AG or its Affiliates* does not expressly or implicitly assume
any warranty or liability whatsoever in relation to this information, including — but not limited to — warranties for correctness, com-
pleteness, marketability, fitness for any specific purpose, title, or non-infringement of rights. In no event shall ams-OSRAM AG or
its Affiliates* be liable — regardless of the legal theory — for any direct, indirect, special, incidental, exemplary, consequential, or
punitive damages arising from the use of this information. This limitation shall apply even if ams-OSRAM AG or its Affiliates* has
been advised of possible damages. As some jurisdictions do not allow the exclusion of certain warranties or limitations of liabilities,
the above limitations and exclusions might not apply. In such cases, the liability of ams-OSRAM AG or its Affiliates* is limited to the
greatest extent permitted in law.

ams-OSRAM AG or its Affiliates* may change the provided information at any time without giving notice to users and is not obliged
to provide any maintenance or support related to the provided information. The provided information is based on special conditions,
which means that the possibility of changes cannot be precluded.

Any rights not expressly granted herein are reserved. Other than the right to use the information provided in this document, no other
rights are granted nor shall any obligations requiring the granting of further rights be inferred. Any and all rights and licenses regar-
ding patents and patent applications are expressly excluded.

It is prohibited to reproduce, transfer, distribute, or store all or part of the content of this document in any form without the prior
written permission of ams-OSRAM AG or its Affiliates* unless required to do so in accordance with applicable law..

* ("Affiliate” means any existing or future entity: (i) directly or indirectly controlling a Party; (ii) under the same direct, indirect or joint
ownership or control as a Party; or (iii) directly, indirectly or jointly owned or controlled by a Party. As used herein, the term “control”
(including any variations thereof) means the power or authority, directly or indirectly, to direct or cause the direction of the manage-
ment and policies of such Party or entity, whether through ownership of voting securities or other interests, by contract or otherwise.)

B [m]  For further information on our products Published by ams-OSRAM AG
- please see the Product Selector and Tobelbader Strasse 30, 8141 Premstaetten, Austria
scan this QR Code. ams-osram.com © All Rights Reserved.
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