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SCOPE OF THE REPORT O

74
o)
* This report provides a detailed picture of the patent landscape for miniaturized gas sensors. It is an update of our previous report “Miniaturized -/‘-//
Gas Sensors” published in 2016 N A’\-
* The report covers patents published worldwide up to November 2018. N
* We have selected and analyzed more than 3,556 patents and patent applications (1,710+ patent families) relevant to the scope of this report.
Included in the report Not included in the report
*Gas sensing technologies with very innovative approaches, based on existing * Large scale gas sensors manufactured without micro-fabricating processes
MEMS/Semiconductor/Optical integration platforms and manufactured by micro- * Gas rate or flow or pressure sensors
fabricating processes. * Gas leakage sensors if the leakage is detected thanks to a gas rate or flow or pressure
* Gas sensors for consumer applications (smartphone, wearable devices, automotive, sensor.
home devices) * Devices with a miniaturized gas sensor which do not describe materials or processes
, ot 091 used to manufacture it.
e ‘, »102 h
10;2 %\ \\\\ 1041
\ . -
| MR B =
W " CN103245634 I {( ’
US6945120 CN204964481
Etched silicon wafer bonded 1 | "‘ //‘
i K
FR2994271 ‘' 1 FI20106360 EP2362216 CN205315772 CN105105949 US2002168772
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KEY FEATURES OF THE REPORT J

 The report provides essential patent data for miniaturized gas sensors. <

e |t provides in-depth patent analyses of key technologies and key players including:
— Time evolution of patent publications and countries of patent filings.
— Current legal status of patents.
— Ranking of main patent applicants.
— Key patents.
— Granted patents near expiration.
— Relative strength of main companies IP portfolio.
— Matrix patent applicants/technology issues for more than 20 players.

 The “miniaturized gas sensor” IP profiles and portfolios comparison of Bosch and AMS companies is presented,
including key patents, IP strength and latest market news.

<°> KnowMade Miniaturized Gas Sensors — Patent Landscape Analysis| December 2018 | Ref.: 18008 5

© 2018 All rights reserved | www.knowmade.com



KEY FEATURES OF THE REPORT Uy

 The report also provides an extensive Excel database with all patents analyzed in the report. N\

* This useful patent database allows multi-criteria searches, including:
- Patent publication number
- Hyperlinks to the original documents
- Priority date
- Title
- Abstract
- Patent assignees
- Technical segmentation
- Legal status for each member of the patent family

* This report does not provide any insight analyses or counsel regarding legal aspects or the validity of any individual
patent. Knowmade is a research firm that provides technical analysis and technical opinions. Knowmade is not a law firm.
The research, technical analysis and/or work proposed or provided by Knowmade and contained herein is not a legal
opinion and should not be construed as such.
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BENEFITS FOR CUSTOMER O

Understanding the competitive landscape and technology developments
from a patent perspective

 Know the key IP players, their key patents, their IP/technology
strategy and their future intents

* |dentify new entrants, their technology and market areas of interest Very complementary to market research

* Follow the technology trends and identify emerging technologies

Key market players

Supply chain

Technology Readiness Levels (TRL)
Market product

Emerging technologies/applications
Forecast

* Benchmark patent portfolios and know competitors’ strengths and
weaknesses

 |dentify the key patents (seminal, blocking, valuable) and the key
technical solutions that address hot technical issues

* |ldentify free technologies which can be used safely and mitigate the
risks of patent infringement

* |dentify technologies to acquire and potential R&D partners
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Patent Landscape Overview
Patent assignhees, IP dynamics, patent legal status, patent geographical coverage

Miniaturized Gas Sensors M
Main industrial patent assignees and the current legal status of their patents
Main industrial IP players and the current legal status of their patents

400
WGanted WPondng  WEapied % Abandoned  BRejected

publications
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Miniaturized Gas Sensors
Main patent assignees and main patent applicants
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Patent Portfolios Benchmarking: Beyond the Quantity
Who has the best patent portfolio?

IP POSITION OF PATENT APPLICANTS
IP leadership
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Patent Segmentation

What are the key IP players per gas sensing technology?
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P
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PATENT SEGMENTATION
Time evolution of patent publications for each miniaturized gas sensing technology
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Electrical gas sensor is by far the main segment.
Indeed, the wuse of transistor or other
components to measure the resistance or
conductivity variations allow the fabrication of
low cost and small gas sensors.

In the last 3 years, patent publications related

carbon nanotubes (CNTs) and graphene have
known a strong increase. Indeed, CNT and

PATENT SEGMENTATION
Mapping of technological IP position of IP players

Optical detection
(NDIR, IR, phate-acaustic,
spectroscapy, interferameter...)

Thermal detection
(calorimetry, pelistor)

Electrochemical sensors
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Focus on Gas Sensing Technologies
Key IP players, newcomers, key patents

ELECTRICAL GAS SENSORS
Technology Description (1/2)

Principle * Field-effect transistor (FET) is & transistor in which the shape of the semiconductor channel, |e. its
electrical conductivity Is monitored by an electric field. FET conductivity is regulated by the voltage
applied to the gate which is insulated from the device, The applied gate voltage imposes an electric field
into the device, which attracts or repels charge carriers to or from the region between the source and the
drain. The density of moving charge carriers influences the conductivity between the source and drain,

* The potential at the insulating gate surface depends on its di This |
changes in presence of a gas, inducing a current through the Gases are d.
thanks to the measurement of this current variation,

OPTICAL GAS SENSORS

IP newcomers

Publication year

1P activity Patent List

Assignee
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THERMAL GAS SENSORS
Key IP players ad their key patents
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Bosch IP Portfolio vs. AMS IP Portfolio
IP profile, key patents, IP strategy

BOSCH ) BOSCH

Key patents for miniaturized gas sensors Invented for life
T cuestpblcaon eS8 P SN Rk
(B TIEE E LR Component having 3 microphone and media sensar function 2015-09-09 DEAD (US, DE, CN) Open |
i Method for prod :
(L] micromechanical BOSCH @—{’) Bosc“
[ weomecancall P 2tENt portfolio summary for miniaturized gas sensors Invented forlife

90 . 00
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Portfolio analysis .
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Excel file with all patents analyzed in the report
Useful patent database allows multi-criteria searches
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Terms and Conditions of Sales

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. One 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 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 Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var, France

BIC or SWIFT code: CCBPFRPPMAR

IBAN: : FR76 1460 7003 6360 6214 5695 139

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.

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.



{QKnow

© 2018 | www.knowmade.com



WHAT WE DO

Knowmade helps customers to understand
the competitive landscape, follow technology trends, and find out

opportunities and threats in terms of technology and patents. rechnalontes Patent landscape analysis
Prior art Scientific review
» Interpreting the competitive landscape and technology developments throughout Scientific findings IP portfolio assessment
patents and scientific information. Oppo;ta“r:::: E::Q:)Vma_'t‘ﬁg‘;zrate N
Competitors Litigation & licensing support
» Turning patents and scientific information into business intelligence tools that give Newcomers SEARCH lI'I Patents linked to products

. Technology scouting
Strategic Technology trends
information KnowMade ANALYZE Competitive IP landscape
w _ ; GEICEINCE: OBl Market trends
e know technology :
We know patents BECIleT[ZIW Reverse engineering

you the capability to M&A targets
* Understand your competitive environment

* Be ahead of technology trends

* |dentify patent & technology opportunities

* Assess patent & technology risks

* Define your IP and R&D strategy

* Monetize your technologies and know-how

* Defend your business

» Strong technology expertise with an in-depth knowledge of patents.

» Highly specialized analysts in the following sectors: Make strategic decisions

Electronics, Telecommunications and Photonics . ds;;tDam Zomiet't"’? ad"a”tt_ages
Compound semiconductors, Power electronics, Batteries, Memories, RF electronics, Wireless AllioeneR&D anaanPev\r/\itsnk(;e 'ES;Z;S;;Z‘;?:S
communications, Solid-state lighting & display, Photonics, MEMS Sensors & Actuators, & v !

. . . Strengthen IP portfolio and acquire technologies
Semiconductor manufacturing, Packaging & Assembly. Anticipate risks and defend core businesses

Life Sciences, Healthcare and Agri-Food Explore new opportunities and monetize IP
Medical devices, Medical imaging, Microfluidics, Biotechnology, Pharmaceutics, Food-processing
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WHAT WE PROPOSE

Knowles MEMS
Microphones in Apple

iPhone 7 Plus

'@) KnowMade

Patent Landscape Analysis
Patent-to-Product Mapping
Patent Portfolio Analysis
Patent Watch

. Tailor-made analyses
Dedicated to meet your business [ PATEnt  Litigation
needs and budgetary ki e il
analyses . _ ey support
constraints &
Scien ; IP/lech
Jiterature Jechnology watch
ana S Scouting

Freedom®
to-operate
analysis

Prior art
search

>

Service

Off the shelf
reports and
analyses

Taylor made to respond

WOkahOps your requests
Direct interaction

and trainings between your team and
our experts at your site

\/

Miniaturized Gas Sensors — Patent Landscape Analysis| December 2018 | Ref.: 18008

© 2018 All rights reserved | www.knowmade.com

19



WHAT IS OUR ADDED VALUE

'@) KnowMade

Patent Search

v’ Strong technical expertise of our

analysts with PhD degree

* Comprehensive search queries
and keywords

* Manual selection of relevant
and related patents

* Manual segmentation by
technology & application

v’ State of the art statistical tools

v Innovative methodologies to
deliver relevant IP analysis

v’ Business oriented data
representation and graphics

Results Analysis

v Technical expertise
* Highly specialized analysts in
your field

* Benefit from knowledge
capitalization

v" In-depth IP analysis combined
with market data and reverse
engineering *

v’ Customer support

\

* Our partners
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CUSTOM STUDY & CONSULTING

Tailor-made analysis to meet your needs and budgetary constraints

Prior art search

Evaluate the patentability of your invention in the
course of a patent filing.

Invalidate competitor’s patents in the course of
patent litigation or in anticipation of one.

Make third-party observations concerning the
patentability of competitor’s inventions.

Patent landscape analysis

Understand the competitive environment and the
technology trends from a patent perspective.
Identify key players, their IP strategy and their key
patents.

Know IP collaborations, licensing agreements and
litigation history.

Freedom-to-operate analysis

Assess the risks to infringe third-party patents.
Ensure that your products/processes can be safely
manufactured, sold and used in specific countries
without infringing patents held by others.

Litigation and licensing support
Evidence of infringement/non-infringement for
offensive/defensive support.

Defend your position in licensing negotiation or
patent litigation.

@Knowl\/\dde

Prior art
search

IP due
diligence

Scientific
literature
analysis

Freedom=
to=operate
analysis

Litigation
& licensing
support

IP/Iech
Jechnology watch
scouting service

Patent assessment
Identify most valuable patents prior to patent
acquisition/sales, licensing agreement, capital
fundraising process, M&A or IP due diligence.
Estimate the financial value of your patent
portfolio.

IP due diligence
Assess the patent portfolio of a company and
reveal the SWOT matrix prior to patent
acquisition/sale, licensing agreement or M&A.

Scientific literature analysis
Pinpoint key research findings and new emerging
research fields, key laboratories and scientific
experts, industrial/academic research
collaborations, and identify prospective R&D
partners.

Technology scouting
Identify, qualify and get access to external
innovation.

IP & Technology watch service
Follow IP/technology trends, keep a watch on
your competitors and identify new entrants,
anticipate the changes, early detect business
opportunities and mitigate the risks.
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OFF THE SHELF REPORTS

« Pre-packaged » analysis

Knowmade team of experts work all year long to collect patent and scientific information, identify and analyze the trends, the
challenges, the emerging technologies, the competitive environments, and turn it into results to give you a complete picture of your

industry landscape.

Every year, Knowmade publishes a comprehensive collection of reports in various technology fields. These fact-based analyses can

provide you with the reliable information you need to advance your business and your competitive position.

PATENT LANDSCAPE ANALYSIS

Geo areas of interest for main IP players

« Current patent owners and geo coverage of their enforceable patents.
+ Potential future patent owners (IP challengers) and their market areas of interest.

« IP strategy of patent applicants. I
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Time evolution of patent publications
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| Time evolution of patent publications
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PATENT LANDSCAPE ANALYSIS
Main IP players and their IP dynamics

Second wave of patent filings
+ Patent extensions

PATENT LANDSCAPE ANALYSIS

Qualitative analysis patent portfolios

Size doesn't always matter!
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OFF THE SHELF REPORTS
2019 reports collection

COMPOUND SEMICONDUCTORS

* GaN-on-Silicon Substrate: Materials, Devices and Applications — Patent Landscape 2019*

* RF GaN: Materials, Devices and Applications — Patent Landscape 2019*

* Power SiC: MOSFETs, SBDs and Modules — Patent Landscape 2019*

* Power GaN: Materials, Devices and Applications — Patent Landscape 2019*

* Patent Trolls in the Semiconductor Market — Litigation Risk and Potential Targets 2017

POWER ELECTRONICS

MEDICAL IMAGING & BIOPHOTONICS

* Optical Coherence Tomography Medical Imaging — Patent Landscape 2018
* Biomedical Photoacoustic Imaging — Patent Landscape 2015
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