Thin film batteries are similar to lithiunon batteries, but they are
composed of thin materialsome only nanometers anicrometers thick,
which allowthe finished battery to be just millimeters thick. deshave
been developed and advancéat the most part of thdastten years.
Patent INSIGHT . These can be easily fabricatéthey are flexible and nebreakable. Cells

Transform Patents to Intelligence or batteries made from thin films can double up as building materials.

This report takes a look into the patenting activity aroutidn film
batteries uncovering the key companies, inventors, and different ¢
caegories.

Note: The original version of this report datédn17", 2013 was reviewed and correcteih July,
2013based on feedback received from our readers. Specifically, the patent search strategy has been
improved upon in this newersion.

Disclaimer:This report should not be construed as business advice and the insights are not to be used as the
for investment or business decisions of any kind without your own research and validation. Gridlogics Technao
Pvt. Ltd disclaims all warranties ®ther express, implied or statutory, of reliability, accuracy or completeness of
results, with regards to the information contained in this report.
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Introduction

These batteries consist ofsaibstrate electrolyte,current collectoranode,cathode, anda charge
separator. There has been much research into the determination of the most effective components
for this type of battery. It has been shown recently that even ordinary printer paper can be used as a
charge separator and a substrate.
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micrometers in thickness compared with the 10 to 50 micrometers for thick film. Often, thin film

conductors are plated to improve conductivity. Thin film has the advastafiéghter absolute and

ratio tolerances and more environmentally stable components with lower noise and tighter TCR

than thick film.

Thinfilm printing technology is being used to apply sdlidte lithium polymers to a variety of
substrates to createnique batteries for specialized applications. Hilim batteries can be
deposited directly onto chips or chip packages in any shape or size

The basic distinction between thick film and thin film is the method of deposition of the
metallization. In thik film, specially formulated pastes are applied and fired onto a substrate. The
pastes are usually applied with a silk screen method and the substrate is of 96% alumina ceramic.
Thin film technology is used wherever precision resistors are needed.

Overvew

With the help of Patent INSHE Pro, we will analyzbe patent data aroundhin film batteriesto
find answers to the following:

1 What does the IP publication trend ftrin film batterieslook like and how have thigings
evolved?

1 Who are the topcompaniesor key players ithin film batteriesand what are their

technology wise trendd

How is research ithin film batteriesspread across different countries?

What are the differentepositionprocesses used by various companies?

How are the companies spread across differtypes of substrates uséd

Who are the topcompaniesacross different applications of thin film batteries

What is the prtfolio trend foruniqguecompaniesn thin film batteries?

How is research around Thiiirk Batteries spread across prominent countries?

=A =4 = =4 -8 =9
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Using the commercial patent databagaiSeeras our data source we used the following search

query to create our patent set.

TAGCTTitle, Abstract, Claims
TAD ¢ Full Text
IC; International Class

TAC: ((thin* film*) w5 (batter* or cell or cells or (storage w3 (elemen
or devi?e*))))

AND NOT

TACD: (((photovoltaic* gghotovotaic* or solar* or PV) w5 (cell* or
batter* or (storage w3 (element* or devi?e*)))) or cellulose or
photovoltaic* or photovotaic* or solar* or memory cell* or bone cell*
or (solar wl radiation) or ((flash or cellular) w2 material*) or (anti* w:
microbial) or (cell* w1l tral) or (cell* wl (position or separat* or move
or movab¥)))

AND NOT

IC AG1K*

Class Description

A61K: Preparationfor medical, dental, of
toilet purposes

1 The query was directed to search through the title, abstract and claims and a patent set of

2631 records with one publication per family was generated.

1 After reviewing few results esp. from older publications, we came across some similar but
irrelevant temsfrom Medical compositiona/hich we then excludelly ignoring patents

falling in A61K classification.

f The publications included in the report are updated ag6St July, 2013

© 2013 Gridlogics. All Rights Reserved.
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http://patseer.com/

Patent @Gtegorization
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To getdeeper insights théhin film battery recordsetwasclassifiedas follows:

By Deposition Processes

1 Chemical Deposition

a)
b)
c)

d)
e)

f)

Atomic Layer Deposition
Chemical SolutioDeposition
ChemicaVaporDeposition
i.  Atmospheric Pressure CYBPCVD)
i. Low Pressure CVDRCVD
iii.  Metalorganicvaporphase epitaxy (MOCVD)
iv.  Ultra High Vacuum CVDKVCVD
Plasma Enhanced CVD
Plating
Spin Coating

1 Physical Deposition

a)
b)
c)
d)

Cathodic Arc Deposition
Pulsed Laser Deposition
Sputtering

Thermal Evaporator

i.  ElectronBeam Evaporator
ii.  Molecular Beam Epitaxy

By Substrate Types

=8 = =0 =8 =8 =8 -8 -8 899988899919

Aluminium Nitride
Aluminium Oxide
Cadmium Telluride
Carbon

Ceramic

Gallium Arsenide
Germanium

Glass

Indium Phosphide
Manganese
Polymer

Quartz

Sapphire

Silicon

Silicon Carbide
Silicon Dioxide
Silicon Nitride
SiliconGermanium
Stainless Steel

Patent
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By Applications

9 Aviation
a) Space
i Defence

9 Electronics
a) Camera
b) Computers
c) Mobile Device
d) Point of Sale Systems
e) Remote Control
f) RFIDSmart Packaging
g) Smart Cards
h) Television
i) Watches

1 Energy
a) Energy Harvesting

1 Medical
a) Defibrillator
b) lontophoretic Devices
c) Others
d) Pacemaker
e) Stimulator
f) X Ray

The illustration below shows the different categories prepared and the number of records in
each. The categorization involved defining a search strategy fortepthand then conducting

the search using the Advanced Searching capability in Patent iNSIGHT Pro. Details of search
strings used for eactategory are given in Appendix

Page 5 of 48
© 2013 Gridlogics. All Rights Reserved.
Patent i NSIGHT ProE i s Techhologies Bvinktd. k of Gridl ogics
Feedbacks and Comments on this report can be sent to feedback_tr@patentinsightpro.com



Categorization Tree

ATOMIC LAYER DEPOSITION(23]
CHEMICAL SOLUTION DEPOSITION(34.

Patent iINSIGHT

Transform Patents to Intelligence

ALUMINIUM NITRIDE(45)
CARBON(21)
CADMIUM TELURIDE(T)

APCVD(T)
LPCVD(35) CERAMIC(79)
HYCYD) CHEMICALVAPORDEPOSITION .o neposiTiON GALLIUM ARSENIDE(22)
MOCYD(20) GLASS(287)
PLASMA ENHANCED CVD(58) POLYMER(101)
PLATING(295) DEPOSITION PROCESS QUARTZ(39)
SPIN COATING(84) SAPPHIRE(16)
SUBSTRATE TYPES ~ SILICON(267)
STAINLESS STEEL(31)
CATHODIC ARC DEPOSITION(188) ALUMINIUM OXIDE(197)
PULSED LASER DEPOSITION(92) GERMANIUM(85)
SPUTTERING(483)  PHISICAL DEPOSITION P INDIUM PHOSPHIDE(5)
ELECTROM BEAM EVAPORATOR(42) THERIAL EVAPORATOR ‘““THINTTJETERL MANGANESE(14)
MOLECULAR BEAM EPITAXY(32) SILICOM CARBIDE(54)
SPACE(B0)  AVIATION SILICOM DIOXIDE(243)
CAMERA(114) SILICOM NITRIDE(179)
COMPUTERS(387) SILICON-GERMANIUM(25)
MOBILE DEVICE(193)
REMOTE CONTROL(24)
RFID(160)  ELECTRONICS
SMART CARDS(59)
TELEVISION(89)
WATCHES(1)
POINT OF SALE SYSTEMS(12) APPLICATIONS
ENERGY HARVESTING(61)
ENERGY
DEFIBRILLATOR(32)
IONTOPHORETIC DEVICES(S)
OTHERS(126) WEDICAL
PACEMAKER(69)
% RAY{185)
STIMULATOR(56)
DEFENCE(78)
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Publication Trend

What has been the IP publication trefud thin film batterie®

Patents related tdhin film batteriescan be traced back tbefore 1950and the real surge in the

activity around this technology has happened in the |lageérs.
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How we did it?

2005
2006
2007
2008
2009
2010

2011

Once the patents were populated in Patent INSIGHT Pro, the publication trend chart was generated on a

single click using the dashboard tool.
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LG GROUP

TopCompanies

Whoarethe topcompanieswithin this industry?

Patent iINSIGHT .

Transform Patents to Intelligence

.Appl ications . Patents
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The topcompaniesare:
1. LG GROUP 11. UNIV FUDAN
2. PANASONIC CORP 12. SHARP CORP
3. SAMSUNG GROUP 13. NEC CORP
4. MITSUBISHI GROUP 14. ASAHI GLASS CO LTD
5. HITACHILTD 15. CANON INC
6. IBM CORP 16. KANEKA CORP
7. SUMITOMO ELECTRIC CO LTD 17. KOREA INSIFSCENCE: TECH
8. SONY CORP 18. 3M CO
9. GSNANOTECH CO LTD 19. HYDIS TECHNOLOGIES CO LTD
10. TOSHIBA CORP 20. SEIKO EPSON CORP
How we did it?
Once the patents were populated in Patent iINSIGHT Pro, the assignee gfedools were used to
normalize the names. Different cleanup tools were leveraged:
w ¢2 f20FGS FaaA3aySSa F2N) dzyl aaix3dySR NBO2NRa
w ¢2 Of Sty dzLJ NBO2NRA& KIF@Ay3d YdzZf GALX S FaaradaysSSa
w ¢2 {20468 GKS O2NNBOG I aaiassgbndntsyatassa F2NJ | { NB
w ¢2 YSNHS laaArdySSa (GKFdG NBadzZ SR FNBY I YSNHSN
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Patent iINSIGHT .

Transform Patents to Intelligence

Thedashboard tool within Patent INSIGHT Pro was used to find the top 20 assignees within the given

patent set. A visual graph was created based on rigmults of the top assignees with the number of
patents alongside each one.

The complete Assignee table in available in the following Excel file:
http://www.patentinsightpro.com/techreports/0113/List%200f%20Assignees.xls
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TopCountries

How is researchround thin film batteriespread acrosdifferentcountries?

In terms of regional pockets where patent protection is being sought most frequently for these
technologies,JPleads the countfollowed bythe USand KR The table below ranks top priority
countries and helps provide an indication of where innovation in this area is originating:

J1.50 EES50-300 MEE300-900 N 900-950

Country Total
Code
JP 919
us 626
KR 465
CN 317
GB 67

How we did it?

The map was generated using the Priority courdoyerage map option provided in the dashboard tool
within Patent INSIGHT Pro.
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Companies Key Statistics

Patent iNSIGHT.
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Here we summarize key parameters of Topcbhpaniessuchas filing trend, Top inventors in
eachcompany Top CeAssignees and Coverageuniderlying patent families

Coverage
Includes families)
Avg.No.
_ Total of !:wd Filing Trend Filing Key Co
Assignees| No. of Cites ( Absolute ) Year | Inventor Assignees |0 o | o la |w|e |z |o| o
Records per Range| (Top 5) SDWw| 2| > |ojlw |0 |O0|X
Patents
SONG HA JEONG
HONG MIN(1)
SEONG(6)| JIN SUN
LEE HAN | MI(2)
SANG(5) | KIM KEE
142 2013 AHN TAE | YOUNG(2)
156 1993 | JOON(4) | KIM NG
LG GROU (5.9%) 2.06 . ' 5012 | JANG MA(L) 89| 9| 7 |31|7| 5 |45|5 |144
YONG KNU
HO(4) INDUSTRY
PARK CO®ERATI
KWANG | ON
SOON(4) | FOUND(1)
TARUI
HASAKI(2
1)
YAGI
HIROMAS
A(19)
SAYAMA
MITSUBISHI
PANASON 126 1968 | KATSUNO
IC CORP| (4.8%) 2.78 |. 2011 | BU(15) GROUP(6) |56|20| 28 [105| 7 | 1 (41| 1 | 16
FUJITANI
SHIN(15)
FUJIMOT
o
MASAHIS
A(12)
GIL JAE
HYOUNG(
5) KOREA
JANG JAE| ADVANCED
HYUK(5) | INSTITUTE
SAMSUNG 117 1994 | PARK OF SCIENCE
GROUP | (4.4%) | >4 |. 2012 | YOUNG | AND B 18] 4 488 10/ 1 (37 1
SIN(4) TECHNOLO
PARK JIN | Y(2)
WOO(3)
BAE
BYUNG
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SEONG(3)
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MITSUBIS
HI GROUH

44
(1.7%)

2.98

1980
2011

TAKEHAR
A
MASAHIR
0(6)
JINNO
MARUO(5
)
TAMURA
NOBUYUK
I(5)
HIDAKA
HIDETO(4)
TOKIOKA
HIDETADA

®3)

PANASONIC
CORP(6)
KONDO
MICHIO(1)
NAT INST O
ADVANCED
IND
SCIEN(1)
RENESAS
TECH
CORP(1)

18

HITACHI
LTD

36
(1.4%)

1976
2008

KUDOU
TETSUICH
(12)
MIYAUCHI
KATSUMI(
12)
KANEBOR
KEIICHI(9)
ITO
YUKIO(5)
KIRINO
FUMIYOS
HI(3)

SHOWA
DENKO
KK(2)
HITACHI
MAXELL
LTD(1)

IBM CORH

36
(1.4%)

0.97

1960
2009

BREITWIS
CH
MATTHE
W(4)
NOWAK
EDWARD
J(4)
MIDDELH
OEK
SIMON(2)
PARKER
MICHAEL
A(L)
UEBUSUT
AA
YUUJIN
HAWAAD
o(1)

No Co
Assignee
Present

26

SUMITOM
0]
ELECTRI(
COLTD

32
(1.2%)

1.12

1982
2008

EMURA
KATSUJI(Z
1)
YOSHIDA

KENTARO

RES INST
INNOVATIVE
TECH
EARTH(2)

JAPAN FINE]
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14)
MITSUYAS
U
OGAWA(L
2)
KAMIMUR
A
TAKU(11)
AWATA
HIDEAKI(1
0)

Patent iNSIGHT.

Transform Patents to Intelligence

CERAMICS
CENTER(1)
JAPAN
INTERNATIC
NAL
SUPERCON
UCTIVITY
TECHNOLO
Y CENTER(

SONY
CORP

31
(1.2%)

0.68

1989
2011

FURUYA
TATSUYA(
6)
MORIOKA
HIROYUKI
5)
TAKAHAR
A
KATSUNO
RI(5)
SATOBI
YUICHI(3)
AKASHI
HIROYUKI
2)

No Co
Assignee
Present

21

12

10

27

21

12

GSNANOT
ECH CO
LTD

28
(1.1%)

2007
2012

NAM
SANG
CHEOL(18
)
PARK HO
YOUNG(1
4)

LEE KI
CHANG(1
3)

KIM SOO
HO(8)
PARK Gl
BACK(8)

AGENCY
FOR
DEFENSE
DEVELOPM
NT(1)

NAM SANG
CHEOL(1)

25

TOSHIBA
CORP

27 (1%)

6.7

1964
2010

IKEDA
MITSUSHI
2)
AKASAKA
YOSHIHIR
0(2)

ozu
HIDEYUKI|
2)
KAWAKUE
o)
TAKASHI(

)

KOGANEZ

No Ce
Assignee
Present

14

21
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AWA
SHINJI(1)
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UNIV
FUDAN

26 (1%)

0.15

2003
2012

FU
ZHENGWE
N(15)
QIN
QIZONG(4
)
MINGZHE
XUE(4)
LIU
WENYUA
N(2)
CHILIN
LI(2)

No Ce
Assignee
Present

26

SHARP
CORP

25 (1%)

11.96

1981
‘2012

OOTA
KENJI(4)
TAKAHAS
H
AKIRA(4)
YAMAOKA
HIDEYOSH
1(3)
AWANE
KATUNOB
uE)
FUJIMORI
KOHICHI(Z

)

ANGSTROM
TECHN
PARTNERSH
P(1)

NAT INST O
ADVANCED
IND
SCIEN(1)
NEC
CORP(1)
STANLEY
ELECTRIC
LTD(1)

13

NEC COR

23
(0.9%)

1.91

1981
1 2003

YOKOYAM
A
HIROYUKI
3)

usuI
MASAYUK|
1(2)

URAI
HARUO(2)
FUKUDA
JUNICHI(2
)
OOKUBO
HIROAKI(]

)

ANGSTROM
TECHN
PARTNERSH
P(1)

NAT INST O
ADVANCED
IND
SCIEN(1)
SHARP
CORP(1)
UNIV
WASEDA(1)

Patent
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ARAKAWA
TATSUMI(
11)
KOBAYAS
HI
HIDEHIKO
(7
KIMURA | No Ce
GﬁiggIC( 20 185 1978 | MUNEAKI( Assignee
LTD (0.8%) L, 11996 | 7) Present
MASUKA

WA
YUKIHISA|
6)
OZAKI
MASARU(
5)

MORISHIT]
A
MASAKAZ
u(2)
ENDO
TADAO(2)| \ o o
CANON 20 S| 1983 KOBAYAS Assignee
INC ©08%) | ¥ | 2007 | HIISAOR) b ocon
SHIMADA
TETSUYA(
2)
INOUE
HITOSHI(2

)

&

How we did it?

From the Assignee 360° report options, we selecleap 15 Assignees anithe different pieces of
information we wanted to include in the singular display and then ran the report.génerated report
was then exported to Excel using the option provided for the same.
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Inventor- Key Statistics
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Here we summarize key parameters of Top 15 Inventors such as filing trend, key associated
companies and top 5 emventors.

Avg.
No. of -
Ieteel Fwd Filing Trend Filing Key Assignees
Inventor No. of : Year Colnventors
Cites ( Absolute ) (Top 5)
Records| Range
per
Patents
GSNANOTECH (
LTD(18)
%ELC;I(_%\IF?@ LEE KI CHANG(16)
DEFENSE PARK HO YOUNG(16)
NAM SANG 024 2000 LIM YOUNG CHANG(9)
0 _—
CHEOL 25 (1%)| 0.32 2011 EEKE;OIEIZIJ?ZNT( PARK GI BACK(9)
SCIENCE & HWANG HOSUNG(7)
TECH(2)
LG GROUP(1)
EEIQ/ICI:-'II-'CR)’II\Q:OCO YOSHIDA KENTARO(13
LTD(21) MITSUYASOGAWA(12)
EMURA 21 0.67 2005 RES INST KAMIMURA TAKU(9)
KATSUJI (0.8%) ' 2007 AWATA HIDEAKI(8)
INNOVATIVE IKUTA RIKIZO(5)
TECH EARTH(2)
YAGI HIROMASA(12)
FUJITANI SHIN(10)
PANASONIC
21 2000 DOMOTO YOICHI(9)
TARUI HASAK 4
UIHASAK' 0. 80%) 2006 | CORP(1) FUJIMOTO MASAHISA
OSHITA RYUJI(7)
TARUI HASAKI(12)
FUJIMOTO MASAHISA
YAGI 19 3.42 2000 E’g’;ﬁ%%’;“c FUJITANI SHIN(8)
HIROMASA | (0.7%) ' 2006 DOMOTO YOICHI(7)
IKEDA HIROAKI(7)
GSNANOTECH (
LTD(14)
AGENCY FOR | NAM SANG CHEOL(16
DEFENSE LEE KI CHANG(14)
PARK HO |18 0 2005 | DEVELOPMENT( pARK GI BACK(9)
YOUNG | (0.7%) 2012 | GS CALTEX HWANG HOSUNG(7)
CORP(2) LIM YOUNG CHANG(7)
PARK HO
YOUNG(1)
NURICELL INC(1
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UNIV FUDAN(15)
INST OF

MINGZHE XUE(4)
QIN QIZONG(3)

16 2003 CHILIN LI(2)
FUZHENGWE ) 60g) | ©2° "1 2010 EEE?NTESF':”&:G (1l YONGNING ZHOU(2)
FANMING MENG(1)
(LB_I_SIQ\I('?;OTECH q NAM SANG CHEOL(16
AGENGCY FOR PARK HO YOUNG(14)
LEEKI CHANG 16 0 2005 DEFENSE PARK Gl BACK(9)
(0.6%) «| 2011 LIM YOUNG CHANG(8)
DEVELOPMENT( HWANG HOSUNG(7)
NURICELL INC(2
ISN(I;II_IEIJIL%ZgWEF SNYDER SHAWN W(8)
INC(12) BRANTNER PAUL C(3)
NEUDECKER 16 756 1998 | ITN ENERGY QZI;ASTRONG JOSEPH
0 : Y
BERND J | (0.6%) .| 2010 fgngHl\égtl)NC(Z BATES JOHN B(2)
MARTIN(2) BENSON MARTIN H(2)
OAK RIDGE
MICRO ENERGY]
INC. A NEVADA
CORPORATION(
MARTIN
MARIETTA DUDNEY NANCY J(3)
15 1994 ENERGY NEUDECKER BERND J
BATES JOHN (0.6%) 18.53 -1 2006 SYSTEMS(3) WEATHERSPOON KIM
' LOCKHEED A(1)
MARTIN(2)
JOHNSON RES §
DEV CO INC(2)
FUTURE SCIENC
RES INST LTD(1)
FUJIMOTO
PANASONIC MASAHISA(12)
15 2000 | CORP(15) TARUI HASAKI(10)
FUJITANI SHII (0.6%) 3.27 2006 MITSUBISHI DOMOTO YOICHI(9)
' GROUP(2) OSHITA RYUJI(9)
YAGI HIROMASA(8)
FRONT EDGE
TECHNOLOGY
INC(15) KRASNOV VICTOR(9)
. oo | NELGEI) | LMNCRCLS
NIEH KAWEI (0.6%) 3.4 2011 \}j:?\(’:A_I\_SONR(a/) TING SKIEN(3)
TING SU JEN(1) | CHANG FANSIU(2)
SHIH TUNG
HSIU(1)
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HIRASE MASAKI(10)
KOBAYASHI KEI(8)
SAYAMA |15 ass | - | 2000 zgﬁﬁ?g;”c CHITO DAIZO(7)
KATSUNOBU| (0.6%) | > 2007 YAGI HIROMASA(7)
TARUI HASAKI(5)
Ell_Jlg/lg'll-'cl'\)’II\éOCO EMURA KATSUJI(13)
CTo AWATA HIDEAKI(8)
YOSHIDA | 14 oo | - | 2005 | 2RO KAMIMURA TAKU(5)
KENTARO | (0.5%) | © 2008 MITSUYASU OGAWA(S
INNOVATIVE | Mizuno 0sAMU(S)
TECH EARTH(2)
GEOMATEC CO
LTD(8)
UNIV IWATE(7) | SANO KIMIHIRO(8)
BABA NAKAZAWA HIROMI(7)
BABA |13 aca | - | 2002 | MAMORU(2) | ABE TAKASHI(2)
MAMORU | (0.5%) | ° 2010 | JAPAN SCIENCE KUMAGAI NAOAKI(2)
TECH AGENCY(] TOMOYOSE KAZU(2)
TOMOYOSE
KAZU(1)
FUJITANI SHIN(12)
TARUI HASAKI(9)
FUJIMOTO | 12 233 2000 Egﬁﬁ?g;”c DOMOTO YOICHI(8)
MASAHISA | (0.5%) | 333 |. 2006 OSHITA RYUJI(8)
YAGHIROMASA(8)

How we did it?

From the Inventor 360° report options, we selected the different pieces of information we wanted to
include in the singular display and then ran the report. The generated reysstthen exported to Excel
using the optiomprovided for the same.

Patent

© 2013 Gridlogics. All Rights Reserved.
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Thin Film Batteries: Deposition Processes vs Companies

What are the different deposition processes used by various companies?

In the below matrix leading patent holdings with ealdposition procesbave been highlighted
with stronger shades dafreenfor large number of patents within that categorgamsung Group
is active across Plasma Enhanced CVD and Sputtering deposition process

4

PANASONIC CO 30

UNIV FUDAN

SAMSUNG
GROUP

FRONT EDGE
TECHNOLOGY |

LG GROUP

11

HITACHI LTD

SONY CORP

ULVAC CORP

KOREA INST OF
SCIENCE & TEC
APPLIED

MATERIALS INC

SHARP COR

SEMICONDUCT(
ENERGY LAB C(
LTD

SEIKO EPSON
CORP

INFINITE POWEHF
SOLUTIONS INC

IBM CORP
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The chart belovshowstop 10 companies acroshfferent sub level deposition process. It can be
seenLockheed Martin is doing research in Electron Beam Evaporator aretiviad Beam
Epitaxy

|
=
SONY CORP

INFINITE POWER

BYD CO LTD

FRONT EDGE TECH

" LOCKHEED MARTIN |
ENERGENIUS INC
HONDA MOTOR CO LTD
HOUSTON UNIV

KIM HYUNG WOO

Physical Deposition | Thermal Evaporator | Electron Beam Evaporator

Chemical Deposition | Chemical VYapor Depasition | MOCVD

SEMICONDUCTOR ENERGY LAB

.Chamical Dreposition | Chemical Vapor Deposition | LPCVD
.Chemical Deposition | Chemical Yapor Deposition | APCVD

Physical Deposition | Thermal Evaporator | Molecular Beam Epitaxy

How we did it?

First variousleposition processesere identified by manual research. Then by using a combination of
semantic analysis tools such as clustering tools and searching tools available in Patent INSIGHT Pro,
patents were categorized under differedeposition processed.he clusters that werereated for the
FylFteaira ¢SNBE O2NNBt I GSR dzaAy3a (GKS Oprwet€@uddNdNSy OS
columnchart.
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Thin Film Batteries: Applications vs Companies

Who are the top companies across different applications of thin film batteries?
70

60

S0

40 .

30

10

SAMSUNG GROUP

rounp rockresearcr | [

PANASONIC CORP

UNIV FUDAN

LG GROUP

SHARP CORP

SONY CORP
HEWLETT-PACKARD CO - I

[
FRONT EDGE TECH INC - I

.Medlca\ Applications | Others .Medlcal Applications | Pacemaker .Medlca\ Applications | Stimulator .Electmnlcs | Camera

.E\ectronlcs | Computers Electronics | Mobile Device Electronics | TV Medical Applications | X Ray
@ creroy | Eneroy Harvesting  (@)Aviation | Spece () Electronics | Smart Cards Electronics | RFID/Smart Packaging

.Electronics | Point of Sale Systems
How we did it?

First variouspplications othin film batteries were identified by manual research. Then by using a

combination of semantic analysis tools such as clustering tools and searching tools available in Patent

iINSIGHT Pro, patents were categorized under diffeapplication areasThe clisters that were created

F2NJ GKS LINBGA2dza Fylteara o¢SNBE aorheNSking h&Rvasizi Ay3 (KS
converted into astacked columrthart.
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Assigneeportfolio spread acrosdifferent types of substrates

used
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How we did it?

First various substrates used in thin film batteries were identified by manual research. Then by using a
combination of semantic analysis tools such as clustering tools and searching tools available in Patent

iINSIGHT Pro, patents were categorized undéf &INBy i adzw ad NI G§Sad | 0212 OO0dzNNB Yy (
and the resulting matrix was converted into a bubble chart.
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Technology Landscape for Thin Film Batteries

The contour map below represents different technologies used in thin film batteries with
respect to complete patent portfolio. The nodes we@oured by companiesas can be seen
Panasoni€orphaspresence in most of the technology areas

. &
¢+ Measuring
device

o et

@ LG GROUF 139
@ FANASONIC CORF 103
@ SAMSUNG GROUP 94
@ VITSUBISHI GROUP 25
@ HITACHILTD 23

How we did it?

The VizMARool in Patent INSIGHT Pro was used for this analysis. First the records of top companies were
loaded on the mapTheywere analyzedon basis of their contextuaimilaritybased on title abstractand
clamsWeNB Y2 SR dzyNBf I SR LI GSyia dzaiy3d GKS al ARS | yNBf I
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Thin Film Substrate Vs DepositionProcess

The below matrix shows which deposition procésash levelsare being used in different
substrates

Silicon Dioxide

Silicon

Silicon Nitride

Aluminium Oxide

Glass

Silicon Carbide

Ceramic

Quartz

Germanium

Aluminium Nitride

Stainless Steel

Polymer

Sapphire

SiliconGermanium

Gallium Arsenide

Carbon

Indium Phosphide

Manganese

The below chart represents differedepositionprocess used across substrates
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500

400 0

“l L
300 ._
200 I I\ I
. I

|| | -

100 _—_ _l

EEE

5 ‘N
0

Indium Phosphide |
Gallium Arsenide I
Sapphire Il |
Manganese ||
Carbon
Silicon-Germanium = 1 |
Quartz 11 ||
Stainless Steel
Aluminium Nitride
Germanium
Silicon Carbide
Polymer
Ceramic
Silicon Nitride
Aluminium Oxide
Glass
Silicon
Silicon Dioxide

Cadmium Telluride |

Physical Deposition | Pulsed Laser Deposition Chemical Deposition | Chemical Solution Deposition

.Physlcal Deposition | Cathodic Arc Deposition .Chemical Deposition | Chemical Vapor Deposition

Chemical Deposition | Plasma Enhanced CVD Chemical Deposition | Atomic Layer Deposition
Physical Deposition | Sputtering Cherical Deposition | Plating
.Phys-cal Deposition | Thermal Evaporator Chernical Deposition | Spin Coating

How we did it?

¢tKS OfdzAGSNR GKFd ¢gSNB ONBIFIGSR F2NJ GKS lylfteara ¢
resulting matrix was converted tosgackedcolumn chart.
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Portfolio trend for prominent companies in thin film batteries

1 Chat showspublication trend of @mpanies which focus only on thin film batteries

'b.— Y bk —

LN
/2 N

*' AN VAED. V.
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
INFINITE POWER SOLUTIONS INC .OﬁK RIDGE MICRO ENERGY INC FRONT EDGE TECHNOLOGY INC KRASNOV VICTOR
CYMBET CORP () ZHANG J1-GUANG NIEH KAL-WEI .E)(CELLATRCIN SOLID STATE LLC

SOLICORE INC SHIH TUNG-HSIU .TING SUJEN

How we did it?

We first created a group for unique companies focusing only on thin film batteries using auto filter option.
Using ceoccurence analyzer, we used thgtoupas data filterto generate amatrix for those companies
with respect to time andesulting matrix was converted @3-d linechart
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Unique Companieacross differenapplication areas
How do the key companiéscus on various applications thiin film batteries?

In the map, each company is connected to particalgplication aredahrough links whose

thickness and color intensity is directly proportional to the number of records relating them. The
number (in red) next to each line represetii® number of records held by company present in

a particularapplication area.

It can be seen thatomputer and RFID/Smart Packaging within ElectramdsKRAY and
stimulator within Healthcare industry are more opted foy Front Edge Technology

HRASNOV MICTOR

1 NIEH I{'AI-WEI |

1 SHIHTUNG-HSIU

TING 5L JEN
1
5 [

1 1

FRONT ERGE
TECHN ®FOS: 2 PaceTaker

RFID/S
Packdg

EXCELLATRON Energy
SOLID €TATE.. Harveésting
1
ZHANG JI-GUANG

OAK RIBGE | \
MICRO €WERG.. , arhpre , CYMBET CORP

1 Point of
Sale Systems

Remote

Coritrol )

SOLICORE INC

How we did it?

Thegroup of unique companies created for previous analsiscorrelatedalong with different
application areasiza A y 3 (1 KS 02 n2addrdsidpryadiSwas répresedteddiCorrelation
Map.
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Thin Film Batteries CountryWise Research Trends

China Assignedrend

1 The below trend chart represents tliiéing trends for Chinese firms.
1 Thegreentrend line associated witlinivFudanshows an impressive spike from 300
onwards.Hydis Technologidsas filings fron2010 onwards.

W
L
EH ] &
e} i ﬂ_i’//,//’.
o m < n 0 ™~ © o)} Q —
Q Q Q Q Q (=] (=] [=] — -
Q Q (=] (=] Q (=] (=] (=] Q (=]
~N ™~ ™~ ™ ~N ~N ~N ™ ~N ~N
=+ BOE TECH GROUP CO LTD £ SUZHOU JINGCHUN NEW MATERIALS CO LTD [EUNIV FUDAN @ SUZHOU 1C MATERIALS TECH CO LTD
X FANG XIANG ¥ SUZHOU TIANCHEN INTERNAT MEDIC (DUNIV FUIIAN T UNIV TSINGHUA
A HYDIS TECHNOLOGIES CO LTD # SUZHOU TOUCHSTONE INT MED SCI < UNIV NINGBO =+ UNIV ZHEJIANG
[0 SHANGHAI ZHONGDA CORP X SVA GROUP CO LTD £ UNIV CENTRAL SOUTH

How we did it?

We selected @ina as priority country fronfilter option within Reports Dashboard. The line graph showing
the cumulative filings of top 15 assignees with respect to time was created
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China:PublicationTrend

35
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20

15
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w

| ol dilt

2008 2009 2010 2011 2012 2013
GSNANOTECH CO LTD ULVAC CORP .APF‘UED MATERIALS INC .KGRE.A INST OF SCIENCE & TECH SONY CORP

o

PANASONIC CORP UNIV FUDAN .SAMEUNG GROUF LG GROUP SUMITOMO ELECTRIC CO LTD

How we did it?

We selected @ina as priority country frorfilter option within Cooccurrence analyzer. A matrix was
generated for companies with respect to time and generated matrix was converted into a clustered
column chart.
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China: Distinct Inventors in the last 5 years

2012 No. of Distinct Inventors By Filing Years
2011
2010

2009

2008

00 10 20 30 40 50 60 70 80 20 100 110 120

How we did it?

We selected @ina as priority country fronfilter option within Reports Dashboard filter for last 5 years
was applied and a hmontal bar chart was generated.
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China:Company wise research across diffemriistrates

How we did it?

We selected @ina as priority country frorfilter option within Cooccurrence analyzer. A matrix was
generated for companies with respect to substrate types and generated matrix was convertedidto a

column chart.
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