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IP analysis of the main technologies:

The need of new solutions for high bands

Since the 1990’s, the acoustic filter industry has been divided into two main technologies:
surface acoustic wave (SAW) filters for the lower bands and bulk acoustic wave (BAW) filters
for the higher bands. This market and the players were well-established, and their products,
technologies, and know-how were protected by large and strong intellectual property (IP)
portfolios. Murata and Skyworks were leading the SAW patent landscape, while Broadcom
was leading the BAW one. The expansion of cell phone services and networks drove the need
for progressively wider and higher frequency bands. 5G applications, for instance, require
frequencies in the sub-6GHz range (e.g., 3.3-3.8 GHz (B78), 3.3—4.2 GHz (B77), 4.4-5.0 GHz
(B79)) as well as mm-wave bands (e.g., 24.25-29.5 GHz (B257, B258, B261), 37-40 GHz
(B260)). While reaching higher frequencies is one part of the challenge, the other part is to
provide RF filters that not only work at higher frequencies, but also offer wider absolute and
relative bandwidths.

Currently, SAW and BAW devices fulfill the requirements for bands below 3GHz. However,
when it comes to the 3—5 GHz range, numerous issues arise. SAW devices require increasingly
narrower electrodes, which result in higher losses, reduced power handling, and more
expensive lithography. BAW devices likewise have relatively small piezoelectric coupling and
lack the capacity to support the wider bandwidths required. Therefore, new solutions that
address losses, power, thermal issues, and bandwidth needs above 3 GHz will be attractive.
To overcome these limitations, players are looking for new technologies. New solutions
include the development of BAW with a ScAIN or Sc-doped AIN piezoelectric film in order to
enhance the electroacoustic coupling characteristic. On the other hand, the development of
new composite substrates has opened new doors for the SAW segment. Last, laterally excited
BAW (LBAW) technology has also entered the race.

Many players have seen this evolution as a good opportunity to enter this lucrative market
and explicitly desire to be the upcoming provider of the next generation of RF filters for 5G.
Newcomers as well as established players have thus entered a fierce race in which IP can be a
major tool to support their strategy. Furthermore, the US vs. China technology battle has led
to the development of a national supply chain in China. All these elements are adding up to
result in a very dynamic and competitive industry.

In this context, the RF Acoustic Wave Filters Patent Landscape report aims to understand the
current IP activities and how they can support the market strategies of players. The analysis of
more than 25,000 patents offers a unique view of how players can leverage their IP to secure

their position or conquer new market shares.

RF Acoustic Wave Filters Patent Landscape
Status of main IP players
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Understanding the main trends, the key players’ IP position and IP strategy

In this report, we have manually selected more than 11,000 patent families (inventions) related to SAW filters, BAW filters, and
multiplexers and RF front-end modules using them, and provide a general overview of today’s IP landscape global trends and dynamics.
Through patent analysis, we describe the position of players along the supply chain, unveil their strategies to strengthen their IP
portfolio, highlight their capability to limit other firms’ patenting activity and freedom-to-operate, identify promising new players, and
forecast what would be the future IP leaders. Furthermore, this report provides an understanding of players’ IP position on promising
technologies. The main players involved in the development of new technologies are identified, and the main solutions to address
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We have identified the most noticeable Chinese patent owners and provide a first view of how they are developing their IP in order to
establish a national supply chain. Additionally, the IP analysis allows us to pinpoint Chinese players who are implementing a global IP
strategy by extending their patents abroad. Lastly, the report offers a comprehensive overview of the patent activity of the most
noticeable Chinese players, providing insight into their recent technological advancements.

How can IP support the development of new
filter technologies?

BAW Filters Patent Landscape
Time evolution of patenting activity related to
AIScN active layer for RF acoustic wave filters

The 5G requirements led to the development of
several new technologies. The most noticeable being
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have become two of the most promising technologies
to fulfill the requirements. Filing patents related to
these technologies seems necessary to secure the
technology for the next 10 years. KnowMade provides

a first status of this specific IP segment to understand

which players have the strongest IP portfolio that can
be used to hamper the freedom to operate of the
competition in the coming years.
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This report also includes an extensive Excel database with all patents analyzed in this study. This useful patent database allows for
multi-criteria searches and includes patent publication numbers, hyperlinks to an updated online database (original documents, legal
status, etc.), priority date, title, abstract, patent assignees, and segments (SAW, BAW, LBAW/XBAR, multiplexer & RF FEM using them).
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Companies mentioned in the report (non-exhaustive)

Murata, Taiyo Yuden, TDK Epcos, Skyworks, Kyocera, Qualcomm, Broadcom, Hitachi, Toshiba, Toyo Communication Equipment, Samsung Electro
Mechanics, Qorvo, Seiko Epson, Oki Electric Industry, LG Innotek, NDK, NEC, Epson Toyocom, Sanyo Electric, Samsung Electronics, NGK Insulators,
Philips, Intel, Japan Radio, Nokia, Thales, Advanced Saw Products, Motorola, Wisol, Ube Industries, Mitsubishi Electric, Sumitomo Electric Industries, LG
Electronics, China Electronics Technology (CETC), Alps Electric, Tianjin University, Toko, Sappland Microelectronics Technology, Zenith Radio, Texas
Instruments, Sony, Intellectual Ventures Holding, Resonant, STMicroelectronics, Institute of Acoustics - Chinese Academy of Sciences, Mitsubishi

Materials, CEA, Shoulder Electronics, and more.
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- TERMS AND CONDITIONS OF SALES

“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 Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var

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.
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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.
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