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A New Type of Report Providing a Clear Link

between IP Situation and Market Evolutions

More than describing the status of the IP situation, this report provides a missing link between patented
technological solutions and market, technological and business trends
T Knowmade has developed a uniqgue methodology to define a technical segmentation of patent landscape and
identify key patents.
I By combining their technical knowledge, business understanding and patent search, Yole and Knowmade
are able to provide unique analysis and added value in this report

T In-depth technological analysis of patents provided in this report will lead to understanding of strategic
decisions and positioning of key players within the value chain

GaN-on-Si Market and Technology GaN-on-Si

Analysis and Forecast.

IP Landscape
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Scope of the Report

A This report provides a detailed picture of the patent landscape for lll-nitride_materials grown on silicon_substrate. Only
patents related to growth technology and corresponding challenges (defect reduction, stress management € ) were
considered. This report does not include patents related to active layers or GaN-based devices.

A This report covers patents published worldwide up to December 2013. More than 560 patent families relevant to the scope

of this report have been selected. Those have been manually segmented by type and organized in various technology
segments as described below.

A Market data from Yole Développement are also provided to add some context regarding business trends and metrics.

Patent Type

Epitaxial Layer Layer Transfer
The claimed invention is related The claimed invention is related
to epiwafer technology to the wafer bonding tehnology

Defegt Buffer Stress
Reduction Management
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Key Features of the Report (1/2)

A The report provides essential patent data for GaN on Silicon substrate related to main material issues such as dislocation
density reduction and stress management for preventing crack generation and warpage of the wafer.

A Itidentifies more than 50 holders of GaN-on-Si related intellectual property. It provides in-depth analysis of key technology
segments and key players including:

I Time evolution of patent publications and countries of patent filings.
i Current legal status of patents.
i Ranking of main patent applicants.
i Joint developments and IP collaboration network of main patent applicants.
T Key patents.
i Granted patents near expiration.
i Relative strength of main companies IP portfolio.
i Overview of patent litigations.
i Matrix applicants/technology issues for more than 20 companies.
A A special focus is provided on key issues and approaches:
i Buffer type
i Defect reduction
I Stress management
i Non/Semi polar
i (001)-oriented silicon substrate
i Layer Transfer Technology

A The f-GasN | P60 profiles of 15 major companies is presented, w
licenses, partnerships, IP strength and IP strategy.
A The
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Key Features of the Report (2/2)

A Thereport also provides an extensive Excel database with all patents analyzed in the report with technology segmentation.
This database allows multi-criteria searches:

Patent information

- Patent publication number

- Hyperlinks to the original documents

- Priority date

- Title

- Abstract

- Patent Assignees

- Technological segments

- Legal status for each member of the patent family
Technological segments

- Buffer type

- Defect reduction

- Stress management

- Non/Semi polar

- (001)-oriented silicon substrate

- Layer transfer technology

A This report does not provide any insight analyses or counsel regarding legal aspects or the validity of any individual patent:
Knowmade and Yole Développement are research firms that provide market and technical analysis and opinions. The research,
technical analysis and/or work contained herein is not a legal opinion and should not be construed as such.
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Methodology (1/2)

Arhe data were extracted from the FamPat worldwide database (Questel-ORBIT) which provides 80+ million patent documents
from 95 offices.

Arhe patents search was performed in December 2013, hence patents published after this date will not be available in this
report.

Arhe patent selection was done manually.

Number of selected patent families for the GaN-on-Si IP Investigation:

567 over a number of returned results > 8,600

AThe statistical analysis was performed with INTELLIXIR System.

Arhe patents were manually categorized using keyword analysis of patent title, abstract and claims, in conjunction with
expert review of the subject-matter of inventions (details in next slides).

Arhe patents were organized according to F a mP afardily rules (variation of EPO strict family): A Patent Family comprises
patents linked by exactly same priority numbers (strict family), plus comparison of priority and application numbers, specific

rules by country and information gathered from other sources (national files, legal status é )

Disclaimer: Knowmade and Yole Développement are research firms that provides technical analysis and technical opinions. The

research, technical analysis and/or work contained herein is not a legal opinion and should not be construed as such.
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Methodology (2/2)

Phase | Keywords and term-set definition

Search equations / Search strategy
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Time Evolution of Patent Publications
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Earliest publication year of each patent famil
Note: The data corresponding to the year 2013 are not complete since the patent search was done in early December 2013.
AEarly-1970s, IBM filed patents describing a GaN-based material grown on a silicon substrate entitled i Me t bf éadricating nitrides of
galiumandi n d i amdrioP | aGal Electroluminescent De v i ¢D&xxx and DExxx, not included in this report). Since then, at least
520 relevant patent families describing the growth of GaN on Si have been published. The patents regarding the layer transfer
technology of a thin GaN layer on a silicon host substrate appeared at the end-1990s, with at least 47 patent families today.
AMore than one third of patent families were published these last 3 years, and the number of new patent applications is increasing.
| ©2018A (Q)KHOWMOde \IE\Y,,QLEf_



Time Evolution of Patent Applicants

Epitaxial Layer
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Earlier publication date

AThe patenting activity of Company 1 was the most important between the end-1990s and mid-2000s, and it has been less active
since 2006. Note the significant number of patent publications from Company 2 these last 2 years, while Company 3 has shown no
patenting activity since 2003 (it focuses now on bulk GaN crystal).

ACompany 4, Company 5, Company 6, Company 7 and Company 8 are becoming as major forces in the GaN-on-Si IP landscape.
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Country of Filing for Patent Applicants

Epitaxial Layer
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Summary of Applicant

Epitaxial Layer

Oldest priority  No. of No. of Patents %dead No. of alive
' No. of  date of the patg.nt No. of patents / average % %  revoked pater!ts/
PatentApplicants patent patent families  patents Patent 9 °t d 3 | d family
families  portfolio filed /yr documents family 6(13()3 granted pending e?(pisrz d (granted,
(YYYYMMDD (average) (average) PISC pendingd us  EP  JP CNTWHK KR

Company 1 XX 1991-12-18 1.5 71 2.2 11 49% 1% 49% 1.1 9 6 14 4
Company 2 XX 2001-06-25 1.7 31 1.5 5 26% 42% @ 32% 1.0 2 4 2
Company 3 XX 1995-03-20 1.1 45 2.3 4 27% 71% 2% 2.2 2 1 8 1
Company 4 XX 200201-14 1.3 30 1.9 4 60% 30% 10% 1.7 3 1 2 3 8
Company 5 XX 1997-08-20 1.0 37 2.3 4 46%  54% 0% 2.3 9 2 6
Company 6 XX 200006-09 1.1 140 9.3 4 37% 19% 44% 5.3 16 17 3 7 5
Company 7 XX 199408-12 0.8 40 2.7 12 20% 10% 70% 0.8 5 3
Company 8 XX 199007-13 0.6 38 25 7 26% 18% 55% 11 4 1 2 1 1
Company 9 XX 200508-26 1.6 53 3.8 3 6% 87% 8% 35 3
Company 10 XX 2001-09-06 1.1 25 1.8 6 28% 28% 44% 1.0 1 5 1
Company 11 XX 200508-26 15 51 3.9 3 25% 65% 10% 3.5 2 7 2 2
Company 12 XX 199512-11 0.6 41 4.1 14 66% 2% 32% 2.8 4 6 11 2
Company 13 XX 200012-14 0.8 52 5.2 5 33% 15% 52% 2.5 10 4 1
Company 14 XX 200011-09 0.8 102 10.2 7 37% 21% 42% 5.9 1 25 1 5
Company 15 XX 199803-26 0.6 10 1.1 10 30% 20% 50% 0.6 1 2
Company 16 XX 1996:06-04 0.5 8 1.0 13 13% 0% 88% 0.1 1
Company 17 XX 200805-27 1.4 23 29 2 48% 52% 0% 29 6 5
Company 18 XX 1997-04-16 0.4 9 1.5 9 67% 22% 11% 1.3 1 5
Company 19 XX 200311-21 0.6 14 2.3 6 57% 29% 14% 2.0 2 5 1
Company 20 XX 199802-25 0.4 15 25 13 67% % 27% 1.8 1 3 2 3 1
Company 21 XX 2001-02-14 0.5 28 4.7 9 54% 4% 43% 2.7 3 2 7 1
Company 22 XX 199808-06 0.3 5 1.0 12 80% 0% 20% 0.8 4
Company 23 XX 200012-14 0.4 45 9.0 8 31% 11% 58% 3.8 7 4 1
Company 24 XX 2001-06-20 0.4 12 24 8 83% 0% 17% 2.0 2 3 1 4
Company 25 XX 200406-14 0.5 6 1.2 5 33% 50% 17% 1.0 2
Company 26 XX 2007%-09-27 0.8 17 3.4 1 0% 88% 12% 3.0

: highest value in column

: lowest value in column
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