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CSP LEDS: A PROMISING SOLUTION WITH CHALLENGES TO OVERCOME
Chip-scale packages (CSPs) are new to the LED
industry, but are the mainstay of the traditional
semiconductor industry, where they improve
reliability, thermal management and enable smaller
packages.
CSP LEDs can be less than a tenth of the size of high
and middle power LEDs, increasing power density
and simplifying integration into final products.
This new architecture can also lower thermal
resistance, improve reliability and widen viewing
angles compared to other traditional packages.
However, there are also several challenges to
overcome at the device manufacturing and module
integration levels. These include color uniformity,
chemical stability, given there is little to no sealing
off from the external environment, and control of
optical properties like the radiation pattern.

In this context, Yole Développement estimates
that CSP LED modules represented less than 1%
of the LED module business in 2016. However,
with strong potential in multiple applications
and the lighting industry getting experience with
integrating such technology, we forecast a market
share of nearly 6% by 2021.
This report provides a comprehensive analysis of
CSP LED devices, with analyses including: chip and
package technology, manufacturing processes, related
costs/prices, industry and market trends. The report
details deeply analyses CSP LED lighting module
design, with focuses including: optical design, thermal
and electrical management and precautions for CSP
LED integration.
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CSP LEDs add value through power density offered
from a small surface. The first targeted application
was smartphone flashes. As smartphones get
thinner and add functions, so too must integrated
components/modules.
The small form factor and wide beam angle of CSP
LEDs have also driven their use in TV backlighting
units. Wide beam angles mean the pitch between
LEDs can be larger, reducing the number of devices
needed and in turn lowering backlight cost.
But CSP LEDs are also a means to develop new
functions in lighting products. Some general lighting

applications are likely to adopt these light sources
to reduce the cost of the lamp/luminaire. Their
small size enables LED clusters, similar to chipon-board (COB) LED modules but with more
functionality. CSP LED clusters promise tunable
white, human centric light (HCL), intended to
promote a person’s well-being, mood and health,
and others smart lighting functions.
Last but not least, high luminance and uniformity
will mean CSP LEDs enter automotive headlamp
applications, which requires high intensity and
beam shape control. New developments in
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matrix headlamps will include CSP LEDs to increase
matrix resolution, enhance driver vision and improve
Advanced Front Light Systems (AFLS) in combination
with cameras.

In this report, Yole Développement maps the CSP LED
application landscape. It analyses CSP LED lighting
module performance in general lighting applications,
identifying opportunities, describing case studies, and
comparing positioning against other module technologies.
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SIMPLIFIED MANUFACTURING PROCESS IMPACTS THE SUPPLY/VALUE CHAIN
CSP LED technology eliminates some package
assembly and die attach stages. This is likely to
benefit to LED chip manufacturers, who can develop
packages and supply them directly to LED module
manufacturers more easily, bypassing their traditional
customers, and so increasing their profits. Vertically
integrated LED manufacturers can also decrease
their packaging costs. However, adopting the

Comparison between standard, COB and CSP LED module
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COB is considered as a module itself. Therefore, there is no need for a module
manufacturer in the manufacturing chain.
CSP LEDs can be made by chip manufacturers because most of the package steps are removed.
However,additional expertise is required, for example in applying phosphores
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technology requires development of new expertise,
modifying the traditional packaging landscape. For
example, phosphor and encapsulant deposition
processes will move from dispensing to phosphor
sheet/film deposition or molding. This evolution
affects equipment and material suppliers, who have
to develop new solutions.
Operationally, Lumileds was the first company to
commercialize LEDs in CSP format in 2013. The
company was rapidly followed by several other
players, mostly Taiwanese. But some others, like
Osram, still have doubts about the necessity of
such technology, and instead are positioned toward
traditional middle and high power LEDs, including
COBs.
This debate is also relevant at the LED module level,
where CSPs cause some difficulties. For example,
during PCB design, special care should be given
to copper traces and solder masks for optimum
performance. Some critical properties, like their
small soldering surfaces and sideways light emission,
may impact module integration. And while the
benefits of CSP LEDs are not yet clear for them, they
question the real opportunity of this solution.
This report provides insights into the changes in
manufacturing and integration processes CSP LEDs
bring, and potential consequences on the supply/value
chain. Additionally, it analyses real opportunities for such
technologies based on simulations and case studies.
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passwords. The Seller reserves the right to check from time
to time the correct use of this password.
6.6 In the case of a multisite, multi license, only the employee
of the buyer can access the report or the employee of the
companies in which the buyer have 100% shares. As a matter
of fact the investor of a company, the joint venture done with
a third party etc..cannot access the report and should pay a
full license price.
7. TERMINATION
7.1 If the Buyer cancels the order in whole or in part or postpones
the date of mailing, the Buyer shall indemnify the Seller for
the entire costs that have been incurred as at the date of
notification by the Buyer of such delay or cancellation. This
may also apply for any other direct or indirect consequential
loss that may be borne by the Seller, following this decision.
7.2 In the event of breach by one Party under these conditions
or the order, the non-breaching Party may send a notification
to the other by recorded delivery letter upon which, after a
period of thirty (30) days without solving the problem, the
non-breaching Party shall be entitled to terminate all the
pending orders, without being liable for any compensation.
8. MISCELLANEOUS
All the provisions of these Terms and Conditions are for the
benefit of the Seller itself, but also for its licensors, employees
and agents. Each of them is entitled to assert and enforce those
provisions against the Buyer.
Any notices under these Terms and Conditions shall be given in
writing. They shall be effective upon receipt by the other Party.
The Seller may, from time to time, update these Terms and
Conditions and the Buyer, is deemed to have accepted the latest
version of these terms and conditions, provided they have been
communicated to him in due time.
9. GOVERNING LAW AND JURISDICTION
9.1 
Any dispute arising out or linked to these Terms and
Conditions or to any contract (orders) entered into in
application of these Terms and Conditions shall be settled
by the French Commercial Courts of Lyon, which shall have
exclusive jurisdiction upon such issues.
9.2 French law shall govern the relation between the Buyer and
the Seller, in accordance with these Terms and Conditions.

