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3D NVM Roadmap
TECHNOLOGY OVERVIEW

Source : TechInsight 2017, modified by KnowMade
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Scope of the Report
INTRODUCTION

• This report provides a detailed picture of the patent landscape for 3D Non-Volatile Memories.
• This report covers patents published worldwide up to June 2017.
• We have selected and analyzed more than 3,416 patent families relevant to the scope of this report.

Included in the report Not included in the report

✓ Patents related to non-volatile memory stacked
monolithically (3D NVM) and whose the claims are
dedicated to the 3D structure.

X 3D NVM with TSV or wire-bonding.
X Patents related to 3D NVM in which the stack is not part

of the core of the invention (3D memory only mentioned
in the description of the document).



5
© 2018  All rights reserved | www.knowmade.com

3D Non-Volatile Memory Patent Landscape Analysis | March 2018 | Ref. : KM18003

INTRODUCTION
Related Reports

You may also be interested in our previous reports:

• TSV Stacked Memory Patent Landscape (2016) (link)

• Resistive Memory Patent Landscape (2015) (link)

You may also be interested in those market analysis reports of our partner Yole Développement:

• Emerging Non-Volatile Memory 2017 report (2017) (link)

http://www.knowmade.com/downloads/tsv-stacked-memory-patent-landscape/
http://www.knowmade.com/downloads/resistive-memory-patent-landscape/
https://www.i-micronews.com/manufacturing-report/product/emerging-non-volatile-memory-2017.html
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Patent Search, Patent Selection, Patent Analysis (1/2)
METHODOLOGY

• The data were extracted from the FamPat worldwide database (Questel-ORBIT) which provides 100+ million patent documents from
95 offices.

• The search for patent was performed in June 2017 hence patents published after this date will not be available in this report.

• The patents were grouped by patent family. A patent family is a set of patents filed in multiple countries to protect a single invention
by a common inventor(s). A first application is made in one country – the priority country – and is then extended to other countries.

• The selection of the patents has been done both automatically and manually (all details in next slides).

• The statistical analysis was performed with Orbit IP Business Intelligence web based patent analysis software from Questel.

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

• For legal status of European (EP) and PCT (WO) patent applications, EPO Register Plus has been used. For legal status of US patents,
USPTO PAIR has been used. For legal status of other patents, information have been gotten from their respective national registers.

Number of selected patent families for the 3D Non-Volatile Memory Patent Landscape Analysis:
3,416 over a number of returned results > 10,000
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METHODOLOGY
Patent Search, Patent Selection, Patent Analysis (2/2)

Keywords and term-set definition

Search equations / Search strategy

Manual screening of the results

Patent classification

Relevant Non relevant

Refine search using 
IPC classes and 

citations analysis

Patent 
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IP OVERVIEW
Time Evolution of Patent Publications in 3D NVM

Knowmade © 2018

* A patent family is a set of patents filed in multiple countries to protect a single invention by a common inventor. A first application is made in one

country – the priority country – and is then extended to other countries.

Note: The patent search was performed in June 2017,
thus the data corresponding to the year 2017 are not
complete. At the time of the patent search, 178
patent families had been published in 2017.

Expected
publications 

in 2017

Toshiba
JPH06338602 

Semiconductor memory and 
manufacture thereof

22% CAGR
2008-2016

Patenting activity in 3D NVM
9,400+ patents (green curve) grouped in 3,400+ patent families*

Increasing number of 
US publications

Matrix Semiconductor
SanDisk

US6034882
Vertically stacked field 

programmable nonvolatile memory 
and method of fabrication

Patent 
applications

Patent 
families

https://sobjprd.questel.fr/sobj/servlet/get_pds/JP3651689B2.pdf?userid=QPRK1002&type=0&pdfid=32326528&ekey=980
https://sobjprd.questel.fr/sobj/servlet/get_pds/US6034882A.pdf?userid=QPRK1002&type=0&pdfid=47652863&ekey=988
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CHINA 1 6 4 4 9 9 29 25 60 59 74 87 113 135 166 64

GERMANY (EP) 1 1 4 3 2 3 5 5 4 7 7 8 4 11 10

EUROPE 1 1 9 2 4 4 10 17 16 32 24 17 19 15 23 33 24

JAPAN 1 1 1 5 6 2 11 11 37 77 110 122 111 131 103 68 62 22

KOREA 2 2 6 1 5 4 11 43 52 139 143 183 165 161 206 229 96

TAIWAN 2 1 8 4 6 4 23 34 52 74 49 56 28 89 81 94 25

USA 1 3 19 30 35 42 55 47 123 149 246 300 368 431 533 666 819 267

WO (PCT) 1 1 5 2 13 5 17 20 38 49 53 45 52 47 87 97 109 32

Publication year

PATENT LANDSCAPE ANALYSIS
Time Evolution by Country of Filing

• The USA have been at the 1st place for patent filings since the early development of 3D NVM. Besides, an explosion of patent filings is experienced by the country in the period 2014-
2016.

• In China and Korea, the IP activity related to 3D NVM started at the same time, with a level of patent publications in Korea slightly higher than in China. This Korean IP dynamics
results in the presence of Korean applicants in the top IP ranking.

• Patent filings in Japan are showing quite the same profile than Korea, with a first patent filed by Applicant XXX in early 1990s. However, we note a decrease in patent filings in Japan
these last years.

Note: International (WO) and European (EP) applications may hide other countries that are not yet published.
The data corresponding to the year 2017 are not be complete since the patent search was done in June 2017.

Knowmade © 2018

10-19 patent families

20-49 patent families 100-499 patent families

≥ 500 patent families

1-9 patent families

50-99 patent families
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PATENT LANDSCAPE ANALYSIS
Mapping of Main Current Patent Holders

• Among the main assignees, Applicant XXX shows the most worldwide IP strategy with a lot of granted patents
in all geographic areas. This strongest position in the map of granted patents gives to Applicant XXX a high
blocking potential with the capability to limit the freedom of operation of the other firms in key countries.

• Applicant XXX has a patent portfolio mainly focused on Korea and USA with XXX and 700+ patented inventions
in force respectively.

• Asian patent owners have no enforceable patents in the European area.

Number of granted patents in
the corresponding country.

Knowmade © 2018

Number of grants

APPLICANT XXX 153

APPLICANT XXX 61

TOSHIBA 57

APPLICANT XXX 56

Number of grants

APPLICANT XXX 114

APPLICANT XXX 60

APPLICANT XXX 49

MACRONIX INTERNATIONAL 42

APPLICANT XXX 38

APPLICANT XXX 33

Number of grants

APPLICANT XXX 102

MACRONIX INTERNATIONAL 85

APPLICANT XXX 62

Number of grants

APPLICANT XXX 1129

APPLICANT XXX 709

SAMSUNG ELECTRONICS 709

APPLICANT XXX 328

APPLICANT XXX 263

APPLICANT XXX 175

Number of grants

APPLICANT XXX 80

MICRON TECHNOLOGY 14

Number of grants

APPLICANT XXX 193

APPLICANT XXX 50

SANDISK 46

APPLICANT XXX 30

3586

167

488

498

443

310
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PATENT LANDSCAPE ANALYSIS
Summary of Assignees’ Patent Portfolio

highest value in column lowest value in column

ASSIGNEE
No. of 
patent 

families

Oldest
priority date 

of the 
portfolio  

Average
number of 

families / Year

Number of 
patent 

applications

Average
number of 
patents / 

Family

Average age
of patents 

(year) 

% of granted
patents 

% of pending
patent 

applications 

% of dead
patents 
(expired, 

abandoned or 
rejected)

Number of 
alive patents 

/ Family 
(granted or 

pending)

Number of granted patents 
by country 

US EP JP CN TW KR 

APPLICANT XXX XXX 19XX 42 XXX XX XX XX% XX% XX% XX 1,129 80 46 114 11 56

APPLICANT XXX XXX 20XX XXX XXX XX 4 XX% 38% XX% 0.9 709 6 30 49 15 153

APPLICANT XXX XXX 19XX XXX 1,863 XX XX XX% 21% 22% XX 709 4 193 33 102 57

APPLICANT XXX XXX 20XX 30 XXX 2.7 XX 42% XX% 12% 0.9 328 0 5 38 6 34

APPLICANT XXX 217 20XX XXX XXX XX 3 XX% XX% XX% XX 175 1 4 42 85 3

APPLICANT XXX XXX 2002 XXX 720 4.4 XX 63% XX% 4% XX 263 14 50 60 62 61



12
© 2018  All rights reserved | www.knowmade.com

3D Non-Volatile Memory Patent Landscape Analysis | March 2018 | Ref. : KM18003

0

200

400

600

800

1000

1200

1400

1600

1800

0 100 200 300 400 500 600 700 800 900

N
u

m
b

er
 o

f 
gr

an
te

d
 p

at
e

n
ts

Number of pending applications

Knowmade © 2018

PATENT LANDSCAPE ANALYSIS
IP Leadership of Patent Assignees

•Applicant XXX shows high IP leadership. The company combines a high number of granted patents with a lot of pending patent applications.
•Applicant XXX has a strong IP position thanks to a large number of granted patents and still a lot of patent filings.
•Applicant XXX could see its IP leadership increase in the future, considering their current patenting activity.

Main IP 
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The more the patent applicant combines a high
number of granted patents with a high number of
pending patent applications, the greater its IP
leadership is.
Bubble size represents the number of patent
families selected for the study.

Main IP owner 
still active

IP leadership in 3D NVM

Applicant XXX
Applicant XXX

Applicant XXX

Applicant XXX
Applicant XXX
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PATENT SEGMENTATION
Memory Types: Number of 3D NVM Patents and Main Patent Assignees
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CHINA MEMORY LANDSCAPE
Key Market Players and Partnerships in China

Knowmade © 2018
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SK Hynix
Key patents linked to the 3D NAND (U-Shaped String)
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Applicant XXX
3D NVM IP Portfolio

• Applicant XXX is actively working on improving 3D memory architectures (high density array,
improving programming, contact pad structure fabrication method) since 2014.
• Most of applicant XXX’ patent publications are related to Flash Memories.
• Applicant XXX doesn’t have a worldwide IP strategy in 3D NVM. Indeed, applicant XXX has a very
strong IP presence in USA, China and Taiwan and neglect Europe and other Asian countries. Its
influence in China should evolve in next years with high number of pending patent applications.

IP Dynamics for 3D NVM

418 patents within 217 patent families on 3D NVM

Countries of Patent Filings
for Patents Related to 3D NVM

Knowmade © 2018

Segmentation for Patents Related to 3D NVM

Knowmade © 2018

Alive IP for 3D NVM

175 19

42 51

1 3

85 4

3 11

4 7

Number of granted patents

Number of pending patents

Europe Korea

Japan

Taiwan

China

USA

Knowmade © 2018

Knowmade © 2018
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Teardown Analysis and Related Patents
3D XPoint – Process
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EXCEL DATABASE
Containing all the patents analyzed in this report with technology segmentation

This database allows multi-criteria searches and includes patent publication number, hyperlinks to the original documents, priority date, title, abstract,
patent assignees, and legal status for each member of the patent family.
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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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