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• This report provides a detailed picture of the patent landscape related to GaN-based RF electronics, covering the whole value chain:

✓ Substrates and Epitaxial structures, RF transistors (HEMT, HBT), RF diodes (varactor, RTD, IMPATT, etc.), RF acoustic wave devices (SAW, TC-SAW,
FBAR, BAW-SMR), Integrated circuits (MMIC, RFIC, etc.), Circuitry & Operating methods (biasing, matching, protection, distortion compensation,
etc.), Packaging, Modules & Systems (RF FE, PA assemblies, T/R, infrastructures, etc.).

✓ GaN-on-SiC, GaN-on-Silicon (incl. GaN-on-SOI), GaN-on-Sapphire, GaN-on-Diamond, GaN-on-GaN (incl. free-standing substrates).
✓ Power amplifiers (PA/LNA, Doherty, Switch-mode PA, etc.), RF switch, RF filters.
✓ Radio waves, Microwaves, mm-Waves, THz.

• We have selected and analyzed more than 6,300 patents and patent applications published worldwide up to August 2020,
representing more than 3,000 patent families (inventions) relevant to the scope of this report.

Included Excluded

➢ Patents describing GaN-based RF devices (HEMT, HBT, diodes, SAW, BAW, RFIC, MMIC,
etc.) explicitly suitable for using in wireless communication, digital broadcasting,
mobile communication base station, satellite ground station, aerospace, radar,
electronic warfare equipment, military and space communication, etc.

➢ Patents pertained to GaN-based power amplifier (PA, LNA, Doherty PA, switch-mode
PA, etc.), RF switch and RF filter (SAW, BAW, FBAR, etc.).

➢ Patents related to modules and systems which explicitly use GaN-based RF power
devices (RF FE modules, PA assemblies, T/R, network infrastructures, etc.).

➢ Patents claiming GaN-based epitaxial structures with improved high-frequency
characteristics and explicitly suitable for using in high power/high frequency
applications (RF, microwaves, mm-waves).

➢ Patent claiming substrates or templates explicitly targeting GaN-based RF applications.

➢ Patents describing RF devices, modules or systems which can use WBG materials (SiC,
GaN, etc.) without any embodiment or preferred solution on GaN.

➢ Patents related to GaN-based high-voltage electronics and power devices which
have application value in electric power conversion and electric power control
(power converter, power rectifier, power supply, etc.).

➢ Patents related to GaN-based optoelectronics and photonics (lightwaves), audio
amplifiers, wireless charging technologies; etc.

Yours needs are
out of scope of this report? 

You want a deeper analysis on 
technologies or companies 

Contact us for a custom report

SCOPE OF THE REPORT

http://www.knowmade.com/
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KEY FEATURES OF THE REPORT

➢The report provides essential patent data for GaN for RF electronics, from epitaxial structures to RF semiconductor devices, circuits,
package, modules and systems.

➢ It provides in-depth patent analyses of key technologies and key players including:

• Main IP dynamics and key trends.

• IP leaders, most active players and newcomers.

• IP portfolio strength of key players, and their technology/application focus.

• Time evolution of patents filings by company, countries, and technology.

• Current legal status of patents.

• Joint developments, IP collaborations and IP transfers between key organizations.

• Insights into the status of RF GaN technologies, identifying trends for each technology/application.

• Key patents.

➢This report also includes an extensive Excel database with the over 3,000 patent families analyzed in this study.
This useful patent database allows for multi-criteria searches and includes patent publication numbers, hyperlinks
to the original documents, priority date, title, abstract, patent assignees, patent’s current legal status, and
technological and application segments (epitaxial structure, RF transistors, RF diodes, RF acoustic wave devices,
MMIC, GaN-on-SiC, GaN-on-Si, GaN-on-Diamond, PA, RF switch, RF filter, Microwaves, mm-waves, 5G, etc.).

Disclaimer: 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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WHY STUDY THE PATENT LANDSCAPE

Understanding the competitive landscape and technology developments 
from a patent perspective

• To provide overall dynamics of the field.

• To know the key IP players, their key patents, their IP/technology
strategy and their future intents.

• To identify new players or companies that are under the radar.

• To follow the technology trends and identify emerging technologies.

• To benchmark patent portfolios and know competitors’ strengths
and weaknesses.

• To identify strategic and technological paths that players are
following for technologies.

• To identify the key patents (seminal, blocking, valuable) and new
solutions/technologies.

• To identify free technologies which can be used safely and mitigate
the risks of patent infringement.

• To identify technologies to acquire and potential R&D partners

Very complementary to market research

Give an other point of view of the 
competitors, technologies and markets 
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Patent Landscape Overview
General trends, Main patent assignees, Most active players, Newcomers, Patent legal status, Geo coverage
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IP Position of Key Players
Strength of patent portfolios, Key IP players, Blocking potential, IP strategy, IP collaborations
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IP Profile of Key Players
IP portfolio summary, Key patents, Recent IP activity

Focus on RF GaN IP portfolio owned by Cree, Intel, MACOM, Qorvo, NXP USA, Raytheon, Analog Devices, 
Qualcomm, Akoustis, BAE Systems, Thales, Ericsson, Ampleon, Sumitomo Electric, Fujitsu, Mitsubishi Electric, 
Toshiba, Air Water, CETC, Xidian University, HiWafer, Dynax, Hanhua, Nexgo, Boxin, Reactor Microelectronics, 

TUS-Semiconductor, JEC Electronics, Hatchip, Bosemi, China Mobile, Gaxtrem, HC Semitek, Jena 
Microelectronics, Jimaike Microelectronic, Yukai Electronic, Original Digital, Comba Telecom, Win 

Semiconductors, GlobalWafers, TSMC, ETRI, Samsung Electronics, RFHIC, Waveice, Wavepia, U-Tel.

Sections dedicated to American, European, Japanese, Chinese, 
Honk Kongese, Taiwanese, and Korean IP players
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Segmentation
IP dynamics, Main patent assignees, Most active IP players, Main technical issues, Main trends

Patents categorized in more than 25 segments:
➢ Substrates and Epitaxial structures
➢ RF transistors

• HEMT
• Normally-off
• HBT

➢ RF diodes (varactor, RTD, IMPATT, etc.)
➢ RF acoustic wave devices (SAW, TC-SAW, FBAR,

BAW-SMR)
• RF acoustic wave devices integrated with

other technologies
➢ Integrated circuits (MMIC, RFIC, etc.)

• MMIC
➢ Circuitry & Operating methods (biasing,

matching, protection, distortion compensation,
etc.)

➢ Packaging
➢ Modules & Systems (RF FE, PA assemblies, T/R,

infrastructures, etc.).
➢ GaN-on-SiC
➢ GaN-on-Silicon (incl. GaN-on-SOI)
➢ GaN-on-Sapphire
➢ GaN-on-Diamond
➢ GaN-on-GaN (incl. free-standing substrates).
➢ Power amplifiers (PA/LNA, Doherty, Switch-

mode PA, etc.)
➢ RF switch
➢ RF filters
➢ Radio waves
➢ Microwaves
➢ mm-Waves
➢ THz
➢ 5G applications
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Segmentation
For each segment: Key IP players, Main topics, Noteworthy recent patents
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Excel file with all patents analyzed in the report
Useful patent database allows multi-criteria searches

Patent information
Dates and numbers of priority/application/publication/grant

Title, abstract, claims
Patent applicants, current assignees, inventors

Current legal status of patents (granted, pending, expired, etc.)

Segments
Substrates & Epiwafers, Transistors (HEMT, HBT), Diodes 
(RTD, Gunn, IMPATT, etc.), Acoustic wave devices (SAW, 

FBAR, BAW-SMR, etc.), Integrated Circuits, MMIC, Circuits 
& Operating methods, Packaging, Modules & Systems

GaN-on-SiC, GaN-on-Silicon, GaN-on-Sapphire, GaN-on-
Diamond

PA/LNA, RF switch, RF filter

Radio waves, Microwaves, mm-waves, THz

This report also includes an extensive Excel database with the over 3,000 patent families analyzed in this study. This useful patent database allows for multi-criteria searches
and includes patent publication numbers, hyperlinks to the original documents, priority date, title, abstract, patent assignees, patent’s current legal status, and technological
and application segments (epitaxial structures, RF transistors, RF diodes, RF acoustic wave devices, MMIC, GaN-on-SiC, GaN-on-Si, GaN-on-Diamond, PA, RF switch, RF filter,
Microwaves, mm-waves, 5G, etc.).
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