
GaN-on-Si technology appeared naturally as 

an alternative to GaN-on-Sapphire—the main 

stream technology for LED applications. Today, 

adoption of GaN-on-Si technology for LED 

applications remains unclear. Most major LED 

makers have a patenting activity related to GaN-

on-Si technology, but so far, few have made it the 

core of their strategy and technology roadmap. 

Contrary to the LED industry, we expect GaN-

on-Si to be widely adopted by Power Electronics 

and RF applications because of its lower cost and 

CMOS compatibility.

reported in the early-1970s (T. L. Chu et al., J. 

Electrochemical Society, Vol. 118, page 1200), 

since the early 1990s more and more academics 

and industrials have been involved in developing 

this technology. GaN-on-Si technology is now 

poised for a list of technical challenges. The 

high lattice mismatch between GaN and Si 

results in a high defect density in epitaxial 

layers (dislocations). The high thermal expansion 

leads to a large tensile stress during cooling from 

the growth temperature to room temperature. 

concave bending of the wafer (warpage). These 

factors combine to make both dislocation density 

and crack/warpage reduction a challenging task.

This patent investigation covers patents published 

worldwide up to December, 2013. The patents 

addressing the above mentioned challenges have 

been selected, and an in-depth analysis of patent 

holders and corresponding patented technologies 

is provided. This report does not include patents 

related to active layers or GaN-based devices.

Fundamental patents describing a gallium-

nitride-based compound semiconductor grown 

Fujitsu. In the early 1990s, Toyoda Gosei and the 

buffer layer for improving the crystallinity of GaN. 

Those fundamental patents have been followed 

by an ever increasing number of applications 

since 1995 as more companies competed in 

GaN-on-Si technology to meet the technological 

challenges, the market demand and to lower 

manufacturing costs. Currently, the patented 

that have been made on key material issues 

such as dislocation density reduction and stress 

management for preventing cracks and warpage 

of the wafer. According to our analysis, GaN-on-Si 

IP is mature enough to initiate mass production.
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Time evolution of patent publications

(KnowMade, April 2014)

More players on the playground, business is starting: 

when will the IP battle begin?
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Earliest publication year of each patent family

Layer Transfer

Epitaxial Layer

TDK 
GaN on a silicon by 

pyrolyzing organic Ga 
compounds and NH3 

JPS52103399 

Fujitsu 
GaN on a silicon at low 

temperature by vapor phase 
epitaxy in an ECR plasma 

producing chamber 

JPH01155630 

Toyoda Gosei 
AlGaN buffer 

US5239188 

Univ. Nagoya 
GaN on 3C-SiC/Si 

JP2104107 

Note: The data corresponding to the year 2013 are not complete since the patent search was done in early December 2013. 
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IDENTIFY KEY PLAYERS AND DISCOVER NEW IP CHALLENGERS (SAMSUNG...)

WHAT IS THE FUTURE FOR GaN-ON-Si IP?

Technology breakdown for patents related to epitaxial layers

Time evolution of patent applicants for defect reduction by other techniques

(KnowMade, April 2014)

(KnowMade, April 2014)

Our search strategy combines automated and 

manual screenings that have led to the selection of 

more than 560 relevant patent families. Those have 

been manually segmented by type (epitaxial layer, 

layer transfer) and organized in various technology 

reduction (ELOG, pendeoepitaxy, nanomasking, 

defect selective passivation …), stress management 

(AlN-based interlayer, buffer engineering, patterned 

substrate, compliant substrate…), and type of 

buffer (Al-containing single layer, compositionally 

graded AlGaN, superlattices…). For each segment, 

the report provides a detailed analysis including 

the key players and collaboration networks. More 

several indicators (family size, legal status, citations 

analysis, and impact in GaN-on-Si technology…).

An excel database with all patents analyzed is also included with the report. This database allows multi-

criteria searches and includes; patent publication number, hyperlinks to the original documents, priority 

date, title, abstract, patent assignees, technological segments, and legal status for each member of the 

patent family.

More than 50 companies and academics are involved 

in GaN-on-Si IP, and most of the major GaN players 

are present in the list of the top patent applicants. 

Toyoda Gosei, Toshiba, Panasonic, Mitsubishi, 

Nitronex, Soitec, and Azzurro have strong IP 

portfolios related to GaN-based epitaxial layers on 

Insulators are becoming major forces in the GaN-

on-Si IP landscape. Soitec and Sumitomo lead patent 

The report provides a ranking and analysis of the 

relative strength of the top GaN-on-Si patent holders 

derived from their portfolio size, patent citations 

portfolio summary with patenting activity, patented 

technologies, key patents, granted patents near 

expiration, partnerships, and IP strength and strategy.

Today, there are only a few players selling either 

epiwafers or templates - or both - on the open 

market. The number of commercial GaN-on-Si 

device makers is also limited. Apart from a few 

noticeable IP collaborations (Nitronex / International 

Macom (Nitronex)/IQE), the GaN-on-Si IP has not 

yet been widely used by companies as leverage to 

negotiate licensing and supply agreements. So far, 

the existing IP covers all subjects related to the 

technical challenges, and these last 5 years we 

have witnessed a reinforcement of critical patent 

Dowa). Furthermore, the GaN-on-Si industry is 

beginning to take shape as evidenced by the recent 

interest of the RF/Power industrials for the GaN-on-

Si technology (Nitronex acquired by MACOM) and 

stage (Toshiba, Samsung …). Therefore, the IP 

battle should be expected in the next 3 years.

DEFINE YOUR PATENT STRATEGY WITH A DEEP PATENT SEGMENTATION 

AND AN USEFUL PATENT DATABASE

Epitaxial 
Layer 

520 patent 

families 

Buffer 
(XX) 

Defect 
Reduction 

(XX) 

Stress 
Management 

(XX) 

Non/Semi Polar (XX) 

Si(001) Integration (XX) 

Other (XX) 

Al-containing Layers (XX) 
Others (XX) 

Stress Compensation Layers (XX) 
Patterned Substrate (XX) 
Pendeo Epitaxy (XX) 

Compliant Substrate (XX) 
Others (XX) 

Buffer Engineering (XX) 
3D-2D Transition (XX) 
Others (XX) 

Single Layer (XX) 
Superlattice Layer (XX) 

Al-containing Interlayer (XX) 
Buffer Engineering (XX) 

ELOG (XX) 
Pendeo Epitaxy (XX) 
Nanomasking (XX) 

Anti-surfactant (XX) 
Growth conditions (XX) 

USxxxxxx 

(granted) 

Expiration 2018 
Thin Si on 

amorphous SiO2  

USxxxxxx 

(granted) 

Expiration 2019 
Porous III-N 

buffer 
GBxxxxxx 

(granted) 

GaN overgrowth on 
cracked InAIGaN buffer 

Amorphous oxide (TiO3, ZrO3, HfO3 ) 

JPxxxxxx 

(granted) 

Ge, Sn, Hf, Ti Zr   
on carbon atomic layer 

Porous Si 
substrate 

KRxxxxxx 

(granted) 

SiC thin pattern 

CNxxxxxx 

(granted) 

Nano- micro-SiO2 
particule film 

USxxxxxx 

(granted) 

Redirection of misfit 
dislocations from buffer/Si 

interface to Si substrate 

Spheroidal 
particles 

JPxxxxxx 

(granted) 

Depressed structure 
on the substrate 

surface (heating+TMA) 

carbon-
containing 

silicon layer 

Dates are defined from the earliest publication date for each patent family. Bubble size represents the number of published patent families.  

The data corresponding to the year 2013 may not be complete since the patent search was done early December 2013. 
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Patent Analysis

 

 and revenue forecast, and discussion on possible business models for the adoption of GaN-on-Si  

 technology.
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Definitions

“Acceptance”: Action by which the Buyer accepts the terms and conditions of sale in their entirety. It is done by signing the purchase order which

mentions “I hereby accept Knowmade’s Terms and Conditions of Sale”.

“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business needs) entering into the following general

conditions to the exclusion of consumers acting in their personal interests.

“Contracting Parties” or “Parties”: The Seller on the one hand and the Buyer on the other hand.

“Intellectual Property Rights” (“IPR”) means any rights held by the Seller in its Products, including any patents, trademarks, registered models, designs,

copyrights, inventions, commercial secrets and know-how, technical information, company or trading names and any other intellectual property rights

or similar in any part of the world, notwithstanding the fact that they have been registered or not and including any pending registration of one of the

above mentioned rights.

“License”: For the reports and databases, 2 different licenses are proposed. The buyer has to choose one license:

1. Single user license: a single individual at the company can use the report.

2. Multi user license: the report can be used by unlimited users within the company. Subsidiaries and Joint-Ventures are not included.

“Products”: Reports are established in PowerPoint and delivered on a PDF format and the database may include Excel files.

“Seller”: Based in Sophia Antipolis (France headquarters), Knowmade is a technology intelligence company specialized in the research and analysis of

scientific and technical information. We provide patent landscapes and scientific state of the art with high added value to businesses and research

laboratories. Our intelligence digests play a key role to define your innovation and development strategy.

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 Knowmade’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 Products 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 in cases 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. 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 The 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 Payments due by the Buyer shall be sent by cheque payable to Knowmade, PayPal or by electronic transfer to the following account:

Banque populaire St Laurent du Var CAP 3000 - Quartier du lac- 06700 St Laurent du Var

BIC or SWIFT code: CCBPFRPPNCE

IBAN: : FR76 1560 7000 6360 6214 5695 126

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.

3.3 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.

3.4 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.
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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 The 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 saleability 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, labor difficulties, equipment failure, late deliveries by suppliers or other difficulties which are

beyond the control, and not the fault of the Seller.

6. Protection of the Seller’s IPR

6.1 All 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 to any other party other than

employees of its company. The 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 similar arrangement or public display;

- 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 comes from its employees

or any person to whom the Buyer 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 The 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.

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 Grasse, 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.


