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MicroLED technology advances enable a credible cost reduction path toward high volume applications.
KEY FEATURES

•	Detailed analysis of MicroLED
technologies
• Key players
• Intellectual property
• Supply chain
•	MicroLED die and assembly cost
analysis for TVs and smartphones
•	MicroLED display applications:
Strength, weakness opportunity
and threat (SWOT) analysis,
roadmap and forecast for
TVs, smartphones, wearables,
augmented, mixed and virtual
reality, laptops, tablets and
monitors, plus detailed forecast
through 2027
•	Wafer, MOCVD reactor and
transfer equipment demand
forecast

WHAT’S NEW

•	Technology update: recent
progress and status on epitaxy,
chip manufacturing, microLED
efficiency, mechanical, laserbased and self-assembly transfer
processes, light management and
color conversion
•	Y ield and defect management:
What are the reasonable targets
for microLEDs?
•	C an Thin Film Transistor (TFT)
backplanes be used to drive
microLED displays? Specific
challenges in comparison to OLED
displays
•	Cost analysis: Can microLED TV or
smartphone display manufacturing
costs be compatible with these
applications? Which cost reduction
paths are realistic?
•	U pdated adoption roadmap and
volume forecast

MICROLED TECHNOLOGY IS NOT READY YET - BUT IS PROGRESSING
ON ALL FRONTS
MicroLED technology could match or exceed
OLEDs for most key display attributes. However,
it is also an inherently complex technology.
Manufacturing a 4K resolution display implies
assembling and connecting 25 million microLED
chips the size of large bacteria without a single
error, with placement accuracy of 1 µm or less.
This challenge alone appears daunting, but many
others were still seen as potential showstoppers
as recently as early 2017. Eighteen months later,
some assembly technologies are delivering close to
99.99% or 99.999% yields, and small die efficiency
is approaching or exceeding that of OLEDs.
MOCVD reactor suppliers also have credible
roadmaps to deliver tools with the capabilities
and cost ownership that the industry needs. Color
conversion and other aspects are also progressing.
Increasing numbers of companies are demonstrating
prototypes. Most are microdisplays on CMOS

backplanes but the number of “large” displays
prototypes is increasing as well, whether they are
using discrete microdrivers like X-Celeprint or
thin-film transistor (TFT) backplanes like AUO
and Playnitride.
Many are still focusing on realizing their first
prototype, but the most advanced have realized
that bringing up the technology from the level of
functioning demo to consumer-grade products
might require more effort than anticipated. Among
others, driving microLEDs is more complex than
OLEDs and using standard low temperature
polysilicon (LTPS) or oxide TFT backplanes might
not be as straightforward as expected.
The report presents a comprehensive analysis of all
critical technology blocks with a focus on the most
recent advancements, emerging options and remaining
challenges.
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APPLE IS STILL THE BEST POSITIONED TO BRING HIGH VOLUME
CONSUMER MICROLEDS TO MARKET
Sony’s demonstration of a full HD 55” microLED
TV at CES 2012, more than six years ago, was the
first exposure for microLED displays and generated
a lot of excitement. Since Apple acquired Luxvue in
2014, many leading companies such as Facebook,
Google, Samsung, LG or Intel have entered the
game via sizable internal developments, acquisitions,
like those of mLED and eLux, or investments in
startups such as glō or Aledia.
Analyzing Apple’s microLED patent activity shows

that the company essentially halted its filing around
2015. This is a surprising finding in the light of
the fact that the consumer electronics giant has
maintained a large project team and consistently
spent hundreds of millions of dollars annually on
microLED development. A closer analysis however
brought up the name of a possible strawman entity
used by Apple to continue filing patents and shows
that the company is still advancing key aspects of
microLED technologies.
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Apple microLED patent portfolio as of December 2017
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• It can’t afford to introduce a product featuring such
a highly differentiating technology that is anything
but flawless.
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• It requires high volumes, which makes setting up the
supply chain more challenging than for any other
company.
• It has no prior experience in display manufacturing
and due to its need for secrecy, has to develop
pretty much everything internally, duplicating
technologies and infrastructures that others have
the option to outsource.
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Despite a later start compared to pioneers such as
Sony or Sharp, Apple’s portfolio is one of the most
complete, comprehensively covering all critical
technologies pertinent to microLEDs. The company is
the most advanced and still one of the best positioned
to bring high volume microLED products to the
market. However, it also faces unique challenges:
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The report provides a detailed overview of key players
and analysis the challenges associated with setting up an
efficient microLED display supply chain, including front
end and display assembly.

This analysis has been performed by KnowMade, part of Yole Group of Companies.

(Yole Développement, July 2018)

TECHNOLOGY ADVANCEMENTS PAVE THE WAY FOR VARIOUS COST REDUCTION
PATHS TOWARD VOLUME MANUFACTURING, BUT NONE ARE STRAIGHTFORWARD
Dozens of technologies are being developed for
microLED assembly and pixel structures. The cost
and complexity range can be staggering. However,
there are some fundamentals that anchor all those
processes. Alignment dominates assembly cycle
times, die size can’t get infinitely small, epitaxy cost
has already been through more than 20 years on
the cost reduction curve. Cost analysis therefore
allows companies to narrow the process parameters
down to economically realistic windows and identify
efficient cost reduction strategies.

MicroLED displays technology: cost reduction path
for 75-inch 8K TV with 99.99% (4N) yield
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A complete analysis and figures in value are detailed in the report.
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Interposer
5 m die

MicroLED companies must understand the cost
targets for each application and work backward,
making process choices and developing each step
so it fits the cost envelope. Processes that can’t
deliver the right economics will disappear. If none
can deliver the right economics, the opportunity
will never materialize. MicroLED is entering the
valley of death between technology development and
industrialization and commercialization.
As the technology improves, there are credible
cost reduction paths for microLED to compete in
the high-end segment of various applications such
as TV, augmented and virtual reality (AR/VR) and
wearables. With the right approaches, assembly cost
could become a minor contributor. For smartphones,
however, approaching OLED cost implies pushing
microLEDs toward what is likely to be the limits
of the technology in term of die size. To succeed,
microLEDs will have to count on some level of price
elasticity. It must deliver performance and features
that no other display technology can offer and that are
perceived by the consumer as highly differentiating.
Microdisplays for AR and head-up displays (HUD)
will be the first commercial applications, followed by
smartwatches. TVs and smartphones could follow
3-5 years from now.
The report features a detailed analysis of the contribution
of die and assembly costs, looking at factors such as die
size, redundancy, yield and assembly strategy for both TV
and smartphone applications.
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general conditions when agreed by the Buyer and the Seller.
ANY ADDITIONAL, DIFFERENT, OR CONFLICTING
TERMS AND CONDITIONS IN ANY OTHER DOCUMENTS
ISSUED BY THE BUYER AT ANY TIME ARE HEREBY
OBJECTED TO BY THE SELLER, SHALL BE WHOLLY
INAPPLICABLE TO ANY SALE MADE HEREUNDER AND
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1.2 This agreement becomes valid and enforceable between the
Contracting Parties after clear and non-equivocal consent
by any duly authorized person representing the Buyer. For
these purposes, the Buyer accepts these conditions of sales
when signing the purchase order which mentions “I hereby
accept Yole’s Terms and Conditions of Sale”. This results in
acceptance by the Buyer.
1.3 
Orders are deemed to be accepted only upon written
acceptance and confirmation by the Seller, within [7 days] from
the date of order, to be sent either by email or to the Buyer’s
address. In the absence of any confirmation in writing, orders
shall be deemed to have been accepted.
2. MAILING OF THE PRODUCTS
2.1 P roducts are sent by email to the Buyer:
• within [1] month from the order for Products already
released; or
• within a reasonable time for Products ordered prior to
their effective release. In this case, the Seller shall use its best
endeavours to inform the Buyer of an indicative release date
and the evolution of the work in progress.
2.2 Some weeks prior to the release date the Seller can propose
a pre-release discount to the Buyer
The Seller shall by no means be responsible for any delay in
respect of article 2.2 above, and including incases where a
new event or access to new contradictory information would
require for the analyst extra time to compute or compare
the data in order to enable the Seller to deliver a high quality
Products.
2.3 The mailing of the Product will occur only upon payment
by the Buyer, in accordance with the conditions contained
in article 3.
2.4. The mailing is operated through electronic means either by
email via the sales department or automatically online via an
email/password. If the Product’s electronic delivery format
is defective, the Seller undertakes to replace it at no charge
to the Buyer provided that it is informed of the defective
formatting within 90 days from the date of the original
download or receipt of the Product.

2.5 T
 he person receiving the Products on behalf of the Buyer
shall immediately verify the quality of the Products and their
conformity to the order. Any claim for apparent defects or
for non-conformity shall be sent in writing to the Seller within
8 days of receipt of the Products. For this purpose, the Buyer
agrees to produce sufficient evidence of such defects. .
2.6 
No return of Products shall be accepted without prior
information to the Seller, even in case of delayed delivery.
Any Product returned to the Seller without providing prior
information to the Seller as required under article 2.5 shall
remain at the Buyer’s risk.
3. PRICE, INVOICING AND PAYMENT
3.1 Prices are given in the orders corresponding to each Product
sold on a unit basis or corresponding to annual subscriptions.
They are expressed to be inclusive of all taxes. The prices
may be reevaluated from time to time. The effective price is
deemed to be the one applicable at the time of the order.
3.2 Yole may offer a pre release discount for the companies willing
to acquire in the future the specific report and agreeing on the
fact that the report may be release later than the anticipated
release date. In exchange to this uncertainty, the company will
get a discount that can vary from 15% to 10%.
3.3 Payments due by the Buyer shall be sent by cheque payable to
Yole Développement, credit card or by electronic transfer to
the following account:
HSBC, 1 place de la Bourse 69002 Lyon France
Bank code: 30056
Branch code: 00170
Account n°: 0170 200 1565 87
BIC or SWIFT code: CCFRFRPP
IBAN: FR76 3005 6001 7001 7020 0156 587
To ensure the payments, the Seller reserves the right to request
down payments from the Buyer. In this case, the need of down
payments will be mentioned on the order.
3.4 Payment is due by the Buyer to the Seller within 30 days
from invoice date, except in the case of a particular written
agreement. If the Buyer fails to pay within this time and fails
to contact the Seller, the latter shall be entitled to invoice
interest in arrears based on the annual rate Refi of the «BCE»
+ 7 points, in accordance with article L. 441-6 of the French
Commercial Code. Our publications (report, database, tool...)
are delivered only after reception of the payment.
3.5 In the event of termination of the contract, or of misconduct,
during the contract, the Seller will have the right to invoice
at the stage in progress, and to take legal action for damages.
4. LIABILITIES
4.1 The Buyer or any other individual or legal person acting on
its behalf, being a business user buying the Products for its
business activities, shall be solely responsible for choosing the
Products and for the use and interpretations he makes of the
documents it purchases, of the results he obtains, and of the
advice and acts it deduces thereof.
4.2 The Seller shall only be liable for (i) direct and (ii) foreseeable
pecuniary loss, caused by the Products or arising from a
material breach of this agreement
4.3 In no event shall the Seller be liable for:
a) damages of any kind, including without limitation, incidental
or consequential damages (including, but not limited to,
damages for loss of profits, business interruption and loss of
programs or information) arising out of the use of or inability
to use the Seller’s website or the Products, or any information
provided on the website, or in the Products;
b) any claim attributable to errors, omissions or other
inaccuracies in the Product or interpretations thereof.
4.4 
All the information contained in the Products has been
obtained from sources believed to be reliable. The Seller
does not warrant the accuracy, completeness adequacy or
reliability of such information, which cannot be guaranteed to
be free from errors.
4.5 All the Products that the Seller sells may, upon prior notice
to the Buyer from time to time be modified by or substituted
with similar Products meeting the needs of the Buyer. This
modification shall not lead to the liability of the Seller,
provided that the Seller ensures the substituted Product is
similar to the Product initially ordered.
4.6 In the case where, after inspection, it is acknowledged that
the Products contain defects, the Seller undertakes to replace
the defective products as far as the supplies allow and without
indemnities or compensation of any kind for labor costs,
delays, loss caused or any other reason. The replacement is
guaranteed for a maximum of two months starting from the
delivery date. Any replacement is excluded for any event as set
out in article 5 below.
4.7 T
 he deadlines that the Seller is asked to state for the mailing
of the Products are given for information only and are not
guaranteed. If such deadlines are not met, it shall not lead to
any damages or cancellation of the orders, except for non
acceptable delays exceeding [4] months from the stated
deadline, without information from the Seller. In such case only,
the Buyer shall be entitled to ask for a reimbursement of its first
down payment to the exclusion of any further damages.

4.8 The Seller does not make any warranties, express or implied,
including, without limitation, those of sale ability and fitness for
a particular purpose, with respect to the Products. Although
the Seller shall take reasonable steps to screen Products for
infection of viruses, worms, Trojan horses or other codes
containing contaminating or destructive properties before
making the Products available, the Seller cannot guarantee
that any Product will be free from infection.
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6. PROTECTION OF THE SELLER’S IPR
6.1 A
 ll the IPR attached to the Products are and remain the
property of the Seller and are protected under French and
international copyright law and conventions.
6.2 
The Buyer agreed not to disclose, copy, reproduce,
redistribute, resell or publish the Product, or any part of it
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Buyer shall have the right to use the Products solely for its
own internal information purposes. In particular, the Buyer
shall therefore not use the Product for purposes such as:
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• Posting any Product to any other online service (including
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Product.
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has sent the Products and shall personally take care of any
related proceedings, and the Buyer shall bear related financial
consequences in their entirety.
6.4 T
 he Buyer shall define within its company point of contact for
the needs of the contract. This person will be the recipient
of each new report in PDF format. This person shall also be
responsible for respect of the copyrights and will guaranty that
the Products are not disseminated out of the company.
6.5 In the context of annual subscriptions, the person of contact
shall decide who within the Buyer, shall be entitled to access
on line the reports on I-micronews.com. In this respect, the
Seller will give the Buyer a maximum of 10 password, unless
the multiple sites organization of the Buyer requires more
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.

