
OSLON® Black Flat X Family 
Application Note

Published by ams-OSRAM AG
Tobelbader Strasse 30, 
8141 Premstaetten Austria
Phone +43 3136 500-0
ams-osram.com
© All rights reserved



https://ams-osram.com/https://
ams-osram.com/https://ams-os-

OSLON® Black Flat X Family

2 / 18Application Note Document No.: AN156 
2023-02-08 
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Abstract
The 1- to 5-chip LEDs of the OSLON® Black Flat X family offer high 
efficiency with an improved thermal concept, which leads to cost 
optimization of the application. By using these LEDs for headlamp 
applications, not only can the number of LEDs be reduced, but also a 
heatsinkless approach might be achieved.

This Application Note provides details on the handling and processing of the 
OSLON® Black Flat X LEDs as well as information on the features.

Valid for:
OSLON® Black Flat X

KW HHL 631.TK
KW2 HNL 631.TK
KW3 HML 631.TK
KW4 HPL 631.TK
KW5 HQL 631.TK

Application Note No. AN156

https://ams-osram.com/


OSLON® Black Flat X Family https://ams-osram.com/https://
ams-osram.com/https://ams-os-
Table of contents
1    Basic LED information .......................................................................................... 3
      1.1 Mechanical and optical design resources.......................................................... 4

      1.2 Corrosion robustness ........................................................................................ 4

2    Light efficiency and optical design implementation .......................................... 5
3    Handling and assembly recommendations......................................................... 6
      3.1 ESD stability ...................................................................................................... 6

      3.2 Cleaning ............................................................................................................ 7

      3.3 Precautions and storage.................................................................................... 7

      3.4 Manual handling ................................................................................................ 8

4    Processing ............................................................................................................. 9
      4.1 Solder pad design.............................................................................................. 9

      4.2 Solder stencil ..................................................................................................... 9

      4.3 Pick-and-place nozzle design.......................................................................... 13

      4.4 Reflow soldering .............................................................................................. 14

5    Summary .............................................................................................................. 16

1      Basic LED information
The new OSLON® Black Flat X LEDs with further improved brightness enable even more cost-
effective applications. The LEDs have a leadframe based package with solder pad layout for 
enhanced thermal management. The combination of improved chip efficiency and a low thermal 
resistance package allows the use of standard metal core boards in applications. The thermal 
simulations have been performed for the OSLON® Black Flat S series and are compatible with 
this OLSON® Black Flat X product family. The results can be found in Application Note “OSLON® 
Black Flat S - LED low and high beam without the need for a heat sink”. Similary, the information 
regarding the heatsinkless approach of the OSLON® Black Flat S series is compatible with the 
OSLON® Black Flat X. As with all the LEDs in the product family, the new OSLON® Black Flat X 
LEDs still provide single addressable chips with a good contrast for reflector designs. Figure 1 
shows an overview of the OSLON® Black Flat X family.
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Figure 1: OSLON® Black Flat X family

1.1        Mechanical and optical design resources
Figure 2 shows the dimensional drawing of the KW2 HNL 631.TK.

Figure 2: Dimensional drawing of the KW2 HNL 631.TK.

For detailed information on the mechanical dimensions please refer to the drawings available on 
request. To obtain CAD data and optical rayfile, please visit the “Optical Simulation / Ray Files + 
Package CAD Data” webpage on the ams-OSRAM AG website.

For more information on importing rayfiles and ray-measurement files, please refer to the 
application note “Importing rayfiles and ray-measurement files of LEDs”.

1.2        Corrosion robustness
LEDs are categorized in several corrosion robustness classes, depending on material 
properties. Each robustness class reflects different test conditions. 

The OSLON® Black Flat X fulfills the requirements of corrosion robustness class 3B. For further 
information on how to prevent failures caused by corrosive materials and corrosion robustness 
classes, see the “Preventing LED failures caused by corrosive materials” application note.

KW HHL 631.TK KW2 HNL 631.TK KW3 HML 631.TK KW4 HPL 631.TK KW5 HQL 631.TK

general tolerance ± 0.1
Lead finish Au
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2      Light efficiency and optical design 
implementation
Each chip used in the OLSON® Black Flat X series has a size of 1150 x 1150 μm². The chip light 
emitting surface is in the same range and is - together with the high reflectivity of the white 
casting material - the reason for the high contrast. The contrast achieved is more than 1:250 at 
a minimum distance from the edge of the emitting area and is homogeneous in terms of both 
color and brightness. Figure 3 shows an example of the chip contrast and homogeneity in 
brightness and color.

Figure 3: Chip contrast, brightness and homogeneous color

The color-over-angle characteristics have been significantly improved by a wavelength selective 
coating of the layers. Figure 4 shows this improved behavior with respect to the vertical 
configuration. For example, the color shift at a viewing angle of 60° is less than 5 color points for 
cx and less than 10 color points for cy.
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Figure 4: Improved cx and cy over angle characteristic

Luminous intensity simulations for headlamp applications have been performed for the OSLON® 
Black Flat S series and are compatible with this OLSON® Black Flat X product family. The results 
can be found in Application Note “OSLON® Black Flat S - LED low and high beam without the 
need for a heat sink”.

3      Handling and assembly recommendations 
The use of any kind of sharp objects should generally be avoided, since this can damage the 
component. The LED light emitting area should generally not be touched or punctured as this 
can damage the component.

As is the case for all LEDs from ams-OSRAM AG, the LED also fulfills the current RoHS 
guidelines (European Union and China) and therefore contains no lead or other substances 
defined as hazardous according to the defined limits.

For further handling information please refer to the application note “Fundamentals of LED 
handling”.

3.1        ESD stability
As an additional ESD protection is included the LED provides ESD stability of up to 8 kV. It is 
assigned to the “Class 3B HBM” category in accordance with ANSI / ESDA / JEDEC JS-001. 
With this class the LED can be considered as uncritical for processing and assembly by state of 
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the art SMT equipment aligned with ESD precautions. To achieve higher ESD protection on the 
system level, additional ESD protection must be applied.

Nevertheless, please be aware of ESD safety while handling LEDs. As a matter of principle, 
common ESD safety precautions must be observed during the handling, assembly and 
production of electronic devices (LEDs). For further information on ESD protection please refer 
to the application note “ESD protection while handling LEDs”.

3.2        Cleaning
Any direct mechanical or chemical cleaning of the LED should be avoided. Isopropyl alcohol 
(IPA) can be used if cleaning is mandatory. Other substances, and especially ultrasonic cleaning, 
are generally not recommended.

For dusty LEDs, simple cleaning by means of purified compressed air (e.g. central supply or 
spray can) is recommended. In order to ensure that the compressed air does not contain any oil 
residues, the use of a spray can is recommended. A maximum pressure of 4 bar at a distance 
of 20 cm to the component should be observed.

In any case, all materials and methods should be tested beforehand, particularly as to whether 
or not damage can be associated with the component. 

3.3        Precautions and storage
For storage and dispatch, the reels or trays are packed in vacuum-sealed dry bags together with 
desiccants. It is generally recommended to leave reels in their original packaging until they are 
assembled, and to store components under ambient conditions of ≤ 10 % RH during processing. 
Drying cabinets with dry nitrogen (N2) or dry air are suitable for this type of storage. The LED 
complies with moisture-sensitivity Level 2 (MSL 2) according to JEDEC J-STD- 020E.

Since the LEDs are generally supplied in tape with a dry pack, it should be factory-sealed when 
stored. The hermetically sealed package should only be opened immediately before mounting 
and processing, after which the remaining LEDs should be repacked according to the moisture 
level in the datasheet (see JEDEC J-STD-033 - Moisture Sensitivity Levels). For further 
information on dry pack please refer to the application note “Dry pack information”.

A suitable storage system should be implemented in order to ensure that assembled LED boards 
are not stacked on top of each other (Figure 5). To avoid the risk of damage to the assembled 
LEDs, make sure that they are not exposed to compression forces of any kind. Furthermore, the 
LED of the assemblies must also not be touched directly.
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Figure 5: Correct storage

3.4        Manual handling
In addition to general guidelines for the handling of LEDs, further care should be taken that 
mechanical stresses (e.g. shearing forces) to the elastic silicone encapsulation must be 
eliminated or reduced to the greatest extent possible.

In general, all types of sharp objects (e.g. forceps, fingernails, etc.) should be avoided in order 
to prevent stress to or penetration of the encapsulation, since this can lead to impairment of the 
component.

Although manual handling and assembly is possible, automatic placement is strongly 
recommended. Special care must be taken if manual handling is necessary. The LED must not 
be lifted from the top, because this may cause damages to the surface. In addition, it is 
recommended to hold the LED package by using tweezers and applying the force equally to the 
entire LED package as shown in Figure 6.

Figure 6: Recommended manual handling
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4      Processing

4.1        Solder pad design
Since the solder pad effectively creates the direct contact between the LED and the circuit board, 
the design of the solder pad contributes decisively to the performance of the solder connection.

The design has an influence on solder joint reliability and heat dissipation.

In most cases, it is therefore advantageous to use the recommended solder pad, since it is 
individually adapted to the properties and conditions of the LED (Figure 7 - Figure 11). The 
corresponding solder pad can also be found in the data sheet of each LED. Based on the given 
solder pad design, an optimized balance between good processability, the smallest possible 
positioning tolerance and a reliable solder connection can be achieved.

4.2        Solder stencil
In the SMT process, solder paste is normally applied by stencil printing. The design of the printing 
stencil and an accurate working process influence the applied amount and quality of the paste 
deposit. A proper solder paste printing increases the solder quality. Effects such as solder 
bridges, solder spray and/or other soldering defects are largely determined by the design of the 
stencil apertures and the quality of the stencil printing (e.g. positioning, cleanliness of the stencil, 
etc.). 

For the LED a stencil thickness of 120 μm is recommended. Further optimization to improve the 
amount of solder paste volume should take place. A uniform solder joint thickness is 
recommended in order to produce reliable solder joints and obtain an appropriate optical 
alignment. An automatic stencil printing with proper fiducial and electro polished or fine grain 
material stencil is resulting in proper printing deposits. 

Use standard lead free SAC 305 (Sn 96,5% / Ag 3% / Cu 0,5%) no clean solder paste for the 
paste printing process. ams-OSRAM AG has successfully used the standard SAC 305 Type 4 
solder paste (HERAEUS F640 SAC 305 M4). For process evaluation, process control and failure 
prevention it is recommended to check the solder paste volume with 3D SPI (Solder Paste 
Inspection) regularly.

Figure 7 - Figure 11 show the recommended solder pad and solder stencil design of the 
individual OLSON® Black Flat X LEDs. For more details please refer to the data sheet. 
9 / 18Application Note Document No.: AN156 
2023-02-08 

https://ams-osram.com/


OSLON® Black Flat X Family https://ams-osram.com/https://
ams-osram.com/https://ams-os-
Figure 7: Recommended solder pad and solder stencil design KW HHL631.TK

Figure 8: Recommended solder pad and solder stencil design KW2 HML631.TK
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Figure 9: Recommended solder pad and solder stencil design KW3 HNL631.TK

Figure 10: Recommended solder pad and solder stencil design KW4 HPL631.TK
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Figure 11: Recommended solder pad and solder stencil design KW5 HQL631.TK
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4.3        Pick-and-place nozzle design
When processing by means of automated placement machines, care should be taken to use an 
appropriate pick-and-place tool and to ensure that the process parameters are comply with the 
package's characteristics. An example of a suitable pick-and-place nozzle is given in the form of 
the ASM SIPLACE tool in Table 1.

Table 1: Recommended pick-and-place nozzle

 Product Product picture Nozzle recommendation

OSLON® Black Flat X
KW HHL631.TK

SIPLACE 03120648-01

OSLON® Black Flat X
KW2 HNL632.TK

SIPLACE 3110067

OSLON® Black Flat X
KW3 HML631.TK

SIPLACE 3110071

OSLON® Black Flat X
     KW4 HPL631.TK

SIPLACE 3271548

OSLON®Black Flat X
KW5 HQL631.TK

SIPLACE 3271553
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Care should generally be taken that an appropriate pick and place tool is used and that process 
parameters conform to package characteristics. As a starting point, a placement force of ≤ 2N is 
recommended and should be minimized where possible.Since the LED was tested with ASM 
SIPLACE pick and place machines, SIPLACE nozzles are recommended. If other types of pick 
and place machines are used in the field, please use modified tools according to the given 
dimensions and body structure for the mounting.

4.4        Reflow soldering
Since the LED is compatible with existing industrial SMT processing methods, state-of-the-art 
populating techniques can be used for the mounting process. The individual soldering conditions 
for each LED type according to JEDEC can be found in the respective data sheet. A standard 
reflow soldering process with forced convection under standard N2 atmosphere is recommended 
for mounting the component, in which a typical lead-free SnAgCu metal alloy is used as solder. 
For superior solder joint connectivity results it is recommended to use a nitrogen atmosphere 
(<500ppm O2).

Figure 12 shows the temperature profile for lead-free soldering with the recommended peak 
temperature of 245 °C. In this context, it is recommended to check the profile on all new PCB 
materials and designs. As a good starting point, the recommended temperature profile provided 
by the solder paste manufacturer can be used. The maximum temperature and also ramp-up and 
cool down gradient for the profile as specified in the data sheet should, however, not be 
exceeded. Please check and verify the reflow profile for every new design (see also application 
note “Measuring of the temperature profile during the reflow solder process”). Please ensure not 
to apply any stress during soldering or while the LED is cooling down to ambient temperature.
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Figure 12: Recommended temperature profile for lead-free reflow soldering in accordance with to 
JEDEC J-STD-020E
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(max 260 °C)
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Profile Feature Symbol
Pb-Free (SnAgCu) Assembly

Unit
Min Recommended Max

Ramp-up rate to preheat[1]

25 °C to 150 °C
2 3 K/s

Time tS 
TSmin to TSmax

tS 60 100 120 s

Ramp-up rate to peak[1] TSmax to
TP

2 3 K/s

Liquidus temperature TL 217 °C

Time above liquidus temperature tL 80 100 s

Peak temperature TP 245 260 °C

Time within 5 °C of the specified 
peak temperature TP - 5 K

tP 10 20 30 s

Ramp-down rate[1]

TP to 100 °C
3 6 K/s

Time 
25 °C to TP

480 s

All the temperatures refer to the center of the package, measured on the top of the component
[1]slope calculation DT/Dt: Dt max. 5 s; fulfillment for the whole T-range
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5      Summary
The OLSON® Black Flat X LEDs enable more cost-efficient headlamp applications. Even a 
headlamp design without a special heat sink can be achieved. With an excellent brightness-to-
luminance ratio, the LED is homogeneous in terms of both color and brightness, achieving a 
contrast greater than 1:250 at a minimum distance from the edge of the emitting surface. In 
addition, the color-over-angle characteristic is significantly improved and therefore perfectly 
suited for low cost reflector designs. Last but not least, costs can be further reduced, with cost-
effective electronic approaches.
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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 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.)
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