STATUS OF PANEL LEVEL PACKAGING 2018
Market & Technology report - April 2018
Panel level packaging players are ready for high volume production.
WHAT’S NEW

• U pdated 2017 - 2023 Panel Level
Packaging (PLP) forecast, by
packaging platform
•	U pdated, in-depth analysis of
potential applications that could
drive the PLP business
•	U pdate on the activities of the
various players involved in PLP
•	U pdated “Equipment and
Materials” section: in-depth
coverage of the processes, tools,
and materials for PLP, as well as
technical challenges, key suppliers,
and competitive benchmarking
• Equipment suppliers’ PLP-specific
strategies
•	D ifferent players’ PLP technology
development, readiness, and
adoption time
•	Comprehensive analysis of the
various manufacturing challenges
for PLP adoption
•	Revised technology roadmap
(based on the 2017 - 2023 high
volume manufacturing technology
roadmap)

KEY FEATURES OF THE REPORT
 et the sample of the report
G
on www.i-Micronews.com
•	O verview of panel packaging
technologies that are available or
in-development: FOWLP panel
and embedded die
•	Commercialization status, market
adoption, and potential for each
packaging technology
•	D rivers and challenges for
technology adoption
•	Per-player product/technology
description and analysis
•	Detailed supply chain, market
adoption roadmap, and volume
forecast for each panel platform
•	Panel adoption and panel
equipment readiness roadmap
•	Equipment and materials challenges

WHY IS THE INDUSTRY INTERESTED IN PANEL LEVEL PACKAGING?
The demand for lower cost plus higher
performance, coupled with OSAT/assembly house
end-customers’ desire for increasingly lower
prices, has driven the semiconductor industry to
develop innovative solutions. One approach to
reducing overall cost is to switch from wafer and
strip-level to a larger-size panel format that takes
advantage of efficiency and economies of scale.
Going from wafer to panel (for example 12” wafer
to 18” x 24” panel) could enable cost reductions
of up to 50% (if technologies are ready) and
yields exceeding 90%. Panel-level manufacturing
has the potential to leverage the knowledge and
infrastructure of wafer-level packaging (WLP) and
the PCB/flat-panel display/photovoltaic industries.
Various factors are driving Panel Level Packaging
(PLP) development and encouraging diverse
players from across the supply chain (including
equipment and materials) to invest in panel
infrastructure. On one side, the leading fabless

players want OSATs to reduce the cost of highdensity FOWLP and going to large size panel is
seen as the key step to significantly reducing
the package price. In fact, FOPLP is on every big
OSAT’s roadmap. On the other side are players
whose strategy is to invest and develop PLP
capability and push hard for its adoption. These
players, mainly driven by the success and publicity
surrounding FOWLP, are also those that:
• Missed the early FOWLP (eWLB) wave (i.e. PTI, ASE)
• Were affected by losses in the substrate business
and want a new business model that utilizes
their experience in substrate manufacturing (i.e.
SEMCO, Unimicron)
• Already have experience in panel processes (i.e.
LCD packaging) and believe they can leverage
this experience for PLP (i.e. NEPES)
•
Want to develop high-density, low-cost
packaging to support their front-end chip
business (Samsung Electronics, Intel)

Market drivers for panel level packaging platforms
• Higher efficiency and economies of scale
• Higher carrier usage ratio >95%
• Benefit for large package size
• Wafer to panel FO ~ 50% less cost

• Form factor / Thin profile
• High electrical /thermal performance
• High components integration

COST

TECHNOLOGY
• Design flexibility
• Physical protection

PLP
Drivers
STRATEGIC MOVE
• Enter the fan-out business
• New business model
• Leverage experience of
FPD/PCB/PV expertise
• High density, low cost package
solution to support front-end
business

APPLICATION
• Mobile / IoT / Wearables
• Automotive
• Computing
• Medical
(Yole Développement, April 2018)

SUPPLY CHAIN: STATUS AND READINESS
Many packaging platforms can be considered
panel-based, but for this report we consider only
two packaging technologies to be PLP, where
both RDL interconnect fabrication and further
assembly are done at panel level (with panel size
>300 mm x 300 mm): FOPLP and embedded die.
Between the two, FOPLP is the most-discussed
and the one which attracts the greatest interest of
many players (including equipment and suppliers),
and thus is the main focus of this report.

Lots of players have been developing FOPLP
technology, but after years of development/
qualification/sampling,
three
players
will
finally enter in production in 2018: Powertech
Technologies (PTI), NEPES, and SEMCO. NEPES
has been in low-volume production since 2017. ASE,
in partnership with Deca Technologies, is in the
advanced development stage and will commence
volume production in 2019/2020. Each player has
its own business strategy and is working on its
own FOPLP technology (panel size, leveraging
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Timeline: Readiness for fan-out panel level packaging
Before
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NEPES, PTI & SEMCO will enter production in 2018

R&D

Sampling + Low Volume Manufacturing

High Volume Manufacturing

Non exhaustive list of companies
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different infrastructure, etc.). For example, NEPES is
focused on the coarse design (>10/10 L/S), targeting
automotive, sensors, and IoT applications, and will
likely not explore high-density design. On the other
hand, PTI and SEMCO’s long-term aim is to target
mid and high-end applications that require 8/8 or less
L/S. Meanwhile, Unimicron is working on a business
model whereby it will manufacture the high-density
RDL, with further assembly done by an OSAT partner
or customer. Also, prominent OSATs like Amkor and
JCET/STATS ChipPAC are currently in a “wait and

see” stage, evaluating various options. They will not
enter volume production before 2022.
Equipment availability for PLP is not a bottleneck today.
Tools are available in the market to support various
process steps in panel processing. However, certain tools
that support high-density panel packaging are special and
expensive. So, tool cost, not availability, is the bottleneck.
For some panel-producing process steps (plating, physical
vapor deposition [PVD], molding, die attach, and dicing),
tools are readily available and can be adapted from the
PCB, flat-panel display, or LCD industries. However, for
other key process steps inherent to advanced packaging
(i.e. lithography), the development of new, upgraded tool
capabilities is necessary to support such steps as fine
L/S patterning on panel, thick-resist lithography, panelhandling capabilities, exposure field size, and depth of
focus. Over the last few years, these tools have been in
development at equipment suppliers.
Equipment suppliers are adopting different strategies
for entering the PLP business: acquisition (for example,
Rudolph Technologies has developed PLP-focused tools
based on knowledge received through its acquisition of
AZORES Flat Panel Display Panel Printer); by leveraging
tool experience from other businesses and upgrading
it (i.e. Evatec, Atotech, SCREEN); and by organically
developing PLP tools from scratch (ASM). Also, some
tool suppliers have a strong position in the FOWLP
market but are skeptical of the PLP business and thus
are taking a wait-and-see approach (Ultratech, Applied
Materials, Lam Research).

Tool supplier strategies to enter panel business
By leveraging tool
experience in other
business & upgrading it

By acquisition

Broadly 4
strategies
employed by
players
Wait & watch
approach. Not enter till
market becomes big.

By organically developing
tools for Panel Level
Packaging from scratch

Non exhaustive list of companies
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TECHNICAL CHALLENGES AND HIGH VOLUME MANUFACTURING ROADMAP FOR
PANEL LEVEL PACKAGING
Certain criteria must be fulfilled and certain challenges
overcome for FOPLP’s broad adoption. These criteria/
challenges are linked to large capex investment,
standardization, multisource availability, and most
importantly, market availability to keep the panel line
running. There are technical challenges too, such as
warpage control, die placement accuracy, and the
fabrication of sub 10/10um line, etc. on large panels.
Standardization of the panel size and assembly process
is the biggest hurdle for FOPLP adoption. Each player
is developing its own process using different panel sizes
and infrastructure (PCB/LCD/WLP/PV/Mix) catering
to specific applications and customers. In this scenario

it’s very difficult for end-customers to multisource.
Also, it’s not profitable for equipment suppliers to
design and manufacture equipment according to
different customers’ requirements.
Given the technical challenges that will adversely affect
the yield, the FOPLP that go into HVM production will
support a relatively simple design: >10/10 umL/S, <10 x
10 mm2 package size, Max 2L RDL. With the maturation
of the technology and the experience gained, FOPLP
will eventually be adopted for high-density design with
<10/10um L/S, multi-layer RDL, >15 x 15mm2 package
size, and multi-die SiP integration.
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Roadmap: volume production for fan-out panel level packaging
2018
Maximum package size

2019
10*10mm

8*8mm

250 m

Minimum die size
(X-Y directions)

900 m

Maximum die size
(X–Y directions)

10mm

Minimum die-to-die distance

15*15mm
3RDL

Line/Space 15/15 m
Package minimum thickness
(without BGA)

B e nef i t fr om our B undle & A nnual
Subscription offers and access our analyses
at the best available price and with great
advantages

2021

2RDL

Maximum level of RDL

Minimum bump pitch

2020

10/10 m

8/8 m

5/5um

200 m

150 m

500 m
12mm

200 m
15mm

400 m

350 m

250 m

200 m
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OBJECTIVES OF THE REPORT
•
•
•
•
•
•

Provide an overview of panel package technologies
Describe the key applications that could use the panel infrastructure
Highlight panel package solutions and the players supporting these packages
Identify the current and future industrial players for each packaging technology, based on panel level
Provide market data and forecasts for panel products
Explore each segment’s competitive landscape
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AMS, Amicra Microtechnologies, Amkor, Analog Devices, Apple, Applied Materials, Asahi Kasei, ASE,
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Soffa (K&S), Kyocera, Maxim, Merck/AZ EM, Mitsui Kinzoku,Murata Electronics, Nagase, Nanium, NCAP
China, Nikon, Nitto Denko, ON Semiconductor, Orbotech, ORC, Panasonic, Powertech Technologies,
Qorvo, Qualcomm, Rohm Semiconductor, Rudolph, Sarda Technologies, Schweizer, SCREEN, Shinko,
Shin Etsu, STMicroelectronics, SUSS MicroTec, Taiyo Yuden, Tazmo, TCL, TDK-EPCOS, TEL, Texas
Instruments (TI), Thales, Towa, TransSiP, Tokyo Ohka Kogyo Co., LTD. (TOK), TSMC, Shin-Etsu
MicroSi, Samsung Electro Mechanics (SEMCO), STATS ChipPAC, Ultratech, Unimicron, USHIO,UTAC,
Valeo, Vishay, Yamada and many more…
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1. SCOPE
1.1 The Contracting Parties undertake to observe the following
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
SHALL NOT BE BINDING IN ANY WAY ON THE SELLER.
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.
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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
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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.
5. FORCE MAJEURE
The Seller shall not be liable for any delay in performance directly
or indirectly caused by or resulting from acts of nature, fire, flood,
accident, riot, war, government intervention, embargoes, strikes,
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other difficulties which are beyond the control, and not the fault
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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:
• Information storage and retrieval systems;
• Recordings and re-transmittals over any network (including
any local area network);
• Use in any timesharing, service bureau, bulletin board or
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• Posting any Product to any other online service (including
bulletin boards or the Internet);
• Licensing, leasing, selling, offering for sale or assigning the
Product.
6.3 The Buyer shall be solely responsible towards the Seller of
all infringements of this obligation, whether this infringement
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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
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of each new report in PDF format. This person shall also be
responsible for respect of the copyrights and will guaranty that
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shall decide who within the Buyer, shall be entitled to access
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Seller will give the Buyer a maximum of 10 password, unless
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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.

