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L—FhE R 25 LR L & IE WA R, SR T M p94k 27 i@ =00k -
LiNiCo, M0, A1 0.95 < p < 1.25,0.6 < x < 1,0.01 < m < 0. 12,M NBIEF], BEM
REATE P8 NN BT 5 S BT R 1 0. 01 ~ 25wt% s i A8 55—+ - H s R IE AR L2
R R BB 1) R~ B — R, B — RN 5 R IRVR AR il o

2. MRPEBURIELSR 1 i 1Y (5] B S 25 14 I AR B L 40 B IR Mo R il 2 T 1, JLAREAE
T AW TP

F—0, BB U IE R R AT IR A B

a VAR IOEL S A% EE/REUNT :Co =x : 1-x FCHil R & $his W AL [ i & B s+
W 0. 5~3mol /L sFLHlRIE A 1.5 ~ 12mol /L IITBIE WL, FCHlIRE A 0. 5~Bmol /L 485
FIEWL, Hdh 0.6 <x < | ;

b AR EC I < AF I L5 2 TRy AN 2R 7K, I F T80 0 5 VA R pH (8L, JF IR H7 I BL 7
ZRNHRE A 40 ~ 80°C, FIRENIEMESAE, I H 7 8D RN |

C AT BRAR P RONE <[] JRONE 2528 PN AL V390, 3133 A 3 ~ 20L/min, [ 22120
TS A IR IR R, ORFR OB i P BTSSR 40 ~ 80°C, il T i #1324 200 ~ 9501/
min ;

d W B D IR ¢ PR AT R AL TR, A R T IE MR R Al B AL L 23 B R A
HEAT R A P25 31 KR T VAL 23 S T A8 ) s AR R i A, 1R B4R I R A
TUHTIRAE A2, A2 462 RO NiCo,, (OH) 4

B0, AT ORI AR AR

e IRpedh AGHEIRAI T A2 FHB 2555 M A i # E 4r 3K LiNT Co, M0, 5 B EL A EAT
BA, Hd0.95 <p<1.25,0.6 <x<1,0.01 <m<0.12, M NBLEA, LR
9400 ~ 1050°C, KR5S [R]2N 4 ~ 40h, BFe&5 i Rl NS BE A 18 R4 Ja YR
e BRI SR L 2 A, B3I R A

OVRIMALEE S84 R A BEAT/KPEAL IR DLFRACIR & &, 01 A 5ok EITEE N 1:1 ~
1:6, 7KW S5 PRl i

g B DL O ARIR SR T A A, fEAME B TE N, B TTIEN
FREE O EBSULTERE L, b, N EMERER 0,01 ~ 25wtk ;

he ZIRELZ IRBELE B At o B8 YD RHEEAT a4, e 45 iR FE 2 il /£ 400 ~
1050°C, FiRIXFeLEmf a8 3 ~ 35 h, e d R R A S REE A AR a2
3K, A LLHEAT =R BL e, Besh k] IR e s

A ha PRI HE 5 ZE AT IR o o 0 L PR S A

3 ARIEACRELR 1 Birid 1) 15 B8 S5 B ARV A LB B 1 B R i 26 T 1, HURRAEAE
T TR IR a IRVE RO E AL BRI S E AL R — R B R DL B RTR A T
W25 A RN K IR S 2 R R AL i R AT AR IR AT £ % DY 8 A TP 1 — b s — ol
PR 5

A R BUCRI SR L I ads 1) i R B 88 1) BT B 29— 1 AR R TR ) 6 7 0%, SRR AR
72T IR L IR a AR 3B LI BONIR IR £h i EE R &AL T i — R El— R DL LR SV

5. MRPEACRIELSR 1 B () (5] 58 2% 5 IO AR At JE 8 B TE Mo R A il 2% 7 1, HUARAEAE
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T PR DER b R PIE YT 2 8.5 ~ 13.5.

6. ARHE BRI ZER 1 iR 1 51 B & 55 AR B S 41 8 1 10 AR R (R ) & v, FLRRAEAE
T AP ¢ P PHAELIETT 2 9.5 ~ 13,5,

7B BRI EIR 1 BRI R S T A SR B R & T vk, USSR
T HTERAR A2 119 D50 N 5 ~ 22 um,

8. MRIT BRI ELR 1 FIr A I =1 B 55 9 IR BY SL 48 B 1 LA R 1] & 77 v, SLRRAEAE
T AR R e A A A R IR T 1 — FhE R IR &

9. MR BRIZIR 1 Bk i = fe B 25 1 18 A JL 8 B8 - IR AR R A %77/2 HAFAELE
T JFRIB 44 M N Cr. La. Ce. Zr Ni\ Mg, Ti. Al. Ca, V. B, Be. Y. Mo, Th. Ho. Tm %4k
Y. BB S B AN EER L TR IR L IR EL T R S L FRR S S Ak & 8
TR NE ARV S BRI —REE Z R R EY.

10. B AR ELR 1 FriR [ =68 8255 2 18R Y S 8 5 - B AR R 1) 4% 77 32, HL AR
AT R AEERETER N N L Y Cr. La, Ce. Zr Tiv Al Ca. V. B. Bes Yo Mo. Thy Ho. Tm
MEAFEAAY, 8L I A5 I R SR R - B EC MR S s 5 Cr
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SREBZEENREEERFERMBREBIESEA

R Gt
[0001] AR B K — P I T U IR ARAD B, S 090 Je— b e 8 B R AOAR B R4 1
WL L ARRE R S ) T

HEAA

[0002] AT A B R ASBUN BT £ 2 KRR A e R A%
£ 8, W42 L 42 e H 25 B8 30 M W R T A 1L o
BN BRI  SU

[0008]  LiNi,Co, 0, (0.6 < x < 1) IEHGHRHEL S T RIS RIAIRE 10 21, JOE L2 5
B PR R B AR BT S S0 5, AP B T B bR A 7 NI e Bl A AL
N T G AR AR NI 5 NG 2 L B B IR LR, AT 4 tH B
5 L) B T TR R B

(00041 L BTA T 8 b L, 4 B 4T 15 2 T B P 20, S — R 0 e T 1L B
FIREFI G, FoE T 550, (L2 i T B2 ST DT AR I AR 76— e R LB T
LI

[0005] g T ff bl L3dh i, AR SRS LiNi o, O, HEAF 4B A0 B AT B A2 PR
S, T R AT, M 15 B U2 P B, ARSI T bR R s A
A B I BT MR 3 T R U e 5 B2 L2 B 2 A8 MO e A
BibR .

LZIRA
[0006] WA E 1) A K B ERAIL— Pl 5 58 5 5 5 I Ak S B8 Fh vl LA e 2 L 4 T
2 W TE IR A BRI A o
[0007] HARFTE. - MEGEFEFNMREILHE T IEW R Mtk 2iER N
Li,Ni Co, M0,, Hit1 0.95 <p <1.25,0.6 < x < 1,0.01 < m << 0. 12,M NiB 27, OEH
BRAEYEYL T N, N BT R S 10 0. 01 ~ 25wt ; BT A4 557 7R Fe s I 1 AR M Ak 2
SN YR B ) Rk B — R, B R S Ok R AR A
[0008]  FiTA ¥ /1 BB 2 % 4 A4S A AL AR B IE ARG R il 2% T vk B R R AP UR
— 35 B I A AR R I AR (R ) A

awﬁf’@iﬂ’mﬂ% FUEEIREENT :Co =x : I—x Al IRV A Sh v A L, [ 1% 3h VA b 4 i & 1
WM 0.5~3mol /L s LA E R 1.5 ~ 12mol /L FITIA AR, FL bl 550 0. 5~6mol /L fI#55
FIVER, Hib o6 < x < | ;

b IR A BC i < AF 5 R ZS A N EEK, I FH B R 5 VA ) pH A, IR R O RL AR
A5 L A 40 ~ 80°C, [FIR I N TR, JF B A IR RN 7R

C HTBRAA 1) SR« [ 5 R 2R 28 PUINN AL VAR, 35 3A0E A 3 —~ 20L/min, I 2242 N A

i 5 2% TR AR A B, AR AR S R 5 268 PR IRTEL 2 2 40 ~ 80°C, 1 T S FEJE S 2 200 ~ 950r/
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min s

d\ YR B 5088 ¢ PYRETRIANER, A I JC IERRA R AT SR A4 4 22 20 pE
BEAT R 3 26 8 7K B TR 1 T AR 0 o TR AR LA Bk A, -1 45 B /e 1 —
TCHTIRAE A2, A2 120N NiCo,, (OH) 4
b BT I E A R
e IRBEL AGHRITA T A2 TS 2855 M A #4843 LN Co o M0, 5 B EL A EAT
BE, H0.95 <p<1.25,0.6 <x<1,0.01 <m<0.12, M ABEN, FHIREEE
N 400 ~ 1050°C, FELERTE]DN 4 ~ 40h, TR N = S BE AR B Rd m Rl ant
WA Bk S T 2 4058, B BB AL A

FORIANEE SR A BEAT KB AL EE DABFARTR & &, W5t A SoKBILEBVE R 121 ~
1:6, KU S5 F PRl T8t i

g B DL T AN RV BT A A, R SR OIS RN, BE DT IEN
FAEE B OEBITE AL, i, N EMEFRER 0. 01 ~ 25wtk ;

he ZIRECZ IR Fe e B ait o B E Y R BEIT e &h, ke 1 I JE IR Ml /E 400 ~
1050°C, FIRXFELER [E 3 ~ 35 h, KEdsid B FIEA TR E A W a2

T R L2 AR

[0009]  fERNMLAL < Jirik 23R a HHARVA BN E A AN S BN S S AR T Y — P E —
FhUA ARGV 4 5 N UK IR S TR B DRI TR B R0 & — i P — 1 — 4
H ) —FhE — PP DA VRS

[0010]  fENARAL FTIR B IR a B £ VB EhVE MO IR IR 2h A R S A £k i i — Pl —
Rl FIRA VAW

[0011] RN PR HR b 1 PHAE I 2 8.5 ~ 13. 5,

[0012]  YEAMAL ik P8 ¢ P PHAEIEYE 9.5 ~ 13. 5,

[0013]  fEANARAL (HTLRAA A2 ¥ D50 JEH R 5 ~ 22 um.

[0014]  fEAARAL PR RAR YY) BT e H A AL IR BT T I — R sl 2 R IR &
Y

[0015]  1EMARAL FFRHI4B 285 M N CriLa.Ce. Zr Ni Mg Ti.Al.Ca.V.B.Be.Y.Mo. Th.
Ho Tm ALY . stk EE ALY A ALY IE R Eh  ORBR Sh . T IR £ IR B 6 L BLBR #h
HEAh & BT mNE SABE BRI —MEE 2 PR G

[0016]1  VERAAL B GBI N 4 Li 55 Cr. Las Ce. Zr« Ti. Al. Ca. V. B. Be. Y.
Mo\ Tb. Ho Tm IR & 4460, B Li WP S A G IR A SR P 1 — Ph B R R
A 5 CriLasCel Zry Tiv Al Cay V. By Bed Yo Mos Thy Ho Tm (ALY 5464 A A0
SEANNY IR L IR L R Eh T R AR R SR IR S — R e 2 M IR A
[0017] A SR AR FR ARG T R BR AR i A X IR E N, TR R IR A IS, RN
a5 AR TSR . —onmiiA R a5 S B T R R S R A, e T4
oy B 0T HLVBRA R ) 22 A PR BE AN IR R B VS ME R AR BT R S T MR
RS R B L.
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BARIEGN
[0018]  "FIHI&5E H ARSI B X A R AVERE— D Ui -
SEHE T

HTBARR R 1) 4& N1 :Co=0. 6:0. 4 FRHi AR 0. 5mol/L HIVE-G VAW AL, Fofi 1. 5mol/L A
FACENE AT 0. bmo |/ LR FRELE W s /T I BLZS 2 I ENEK, A 1. 5mo | /L S AL BN E W
VNI pHAE N 8. 5, 1 R BLFF 48 A U N 40°C, #3404 200 r/min, IANEA 5
AL VAR A 201 min, [R] A 22 15 N S AL B R BR BB, ok S IR B BRI, AT
W, T8, BRI TR R AT IRk A2,

[0019]  IEARMEIEIHIE S EEME A2, DA SRR 475 LiNi,Co, M0, T
LB EATIR G, b p=1. 25, x=0.6, m=0. 12, 45 1R 8y 1050°C, BE4EIT[A] 2y 40h, B2
LE RN TR BRGSO R 2 90 PR 2 A0, BRI A

RINALTE %I A oK =11 FLLAEAT K PE, T8 I 0 s

78 UL R FR AT ()RR F A, RS BT Licr0,, B LN T VOB N
M S ER 0. 01%.

[0020] VR4 o LR CER AT AR BEAT IR BR S, e 2 IR IR 7E 100°C, HEX
[FIBE LT )4 35h, Peah it Rl A 22 .
[0021]  SEJEH 2 .

HIIRAA A 2% Ni :Co=0. 85:0. 15 LA 3mol /L BIVR A VAR A1, BCd] 12mol /1 fIE 4
ACAAE BN Bmo L/ L IR B VAW s 0 R BEZR 48 I E N AR, FEH 8mo 1 /L S A A A R 15 4]
I pHAE A 13, 5, T I M 2 25 KRS A 80°C, #5384 200 r/min, AN ;1T AL
YREVIE A 3L/min, [ 2SR NS AR TR R 5, 220k Ik B R A, AT [ 2
T, 1327 AT IR A2,

[0022]  IEARAMRIEIHIE S S A, A2, DA R R 433K LiNiCo, M0, )
AT IR Horh p=0. 95, x=0. 85, m=0. 01, F5HIBeZ5IR T 400°C , BA5INT[A] A 4h, e4h
SRR N eSS e YR TR o O RS T 2RI, 1B RIM KL A

FEALFR A% A K =1:6 FIELEREAT KRR, T8 L
[0023] 075 DL Ll Ab SR AT BORE S O A, 7R S0 7 A AR Li,CoMR-EGH, BB
FEATREE, N AT M SRR 0. 01%,

[0024]  REeZs o DR ALIREFRIMIRLEAT IR bess, FeAs I AR AR AE 1050°C, E
X A5 I 7] Ay 3h, ke it B i@ A5 o
[0025]  SEjEH 3 -

HT AR A4 () il £ N1 :Co=0. 80:0. 20 Tl % 2mol/L [RIIR -GV AL, FiLH 2. 5mol/L A&
AR 1. 8mol /L AR BT A0 I RS 2% FIE N 267K, 91 H 2. Bmol /L & AL BNV TR
VAT pHAR N 12, 5 S RLZR 45 P9 BRI N 60°C, #5344 500 v/min, NV TR
AT VIR A 10L/min, [RS8 A5 I SO BRI R BR L, AR Ak BB SR I, 1E47 (51
SRR, TR 13 2 I R B R IR AR A2,

[0026]  TEARALEMET % g S AL A2, LB S AR B 42 HE 13K L Ni L Co, (M0, P T T
BIHATIR S, o p=0. 11, x=0. 80, m=0. 04, #=HIBELEIELIE R 400°C , Fedbmf i)y 4h, Kzt
FRIE N W84S 5 IR BT 2 4 SR 1 2 A3, 19 3Rk A

6
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BT DL A RS, fER A FETE LIAO0,, B AN T REE. N B &M B R S

0. 08%.

[0027]  RBEHS o LR AL EE LS A MIRLHEAT RS, Badh TR FEFERIAE 750°C, TIRIX

(Y4 )y 6h, BREh I Rl A 2R
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Attorney Docket No.: 12732-2003004 / Client Ref: US24652/.../26813-C4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI ArtUnit 1725

Application No. o 16/923,494 Examiner : Sean P. Cullen

Filed : July 8, 2020 Conf. No. : 3273

Title . POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR

MANUFACTURING POSITIVE ELECTRODE ACTIVE
MATERIAL, AND SECONDARY BATTERY

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
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Please consider the following reply.

AMPEREX Ex. 1002
Page 1281



First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-

Application No. : 16/923,494 2003004 / US24652/.../26813-C4
Filed : July 8, 2020
Page : 2 of 15

Amendments to the Specification

Please replace the title with the following amended title:

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE-METHOD-EOR

Please replace paragraph [0310] with the following amended paragraph:

FIG. 12D is a top view of the module 615. The conductive plate 613 is shown by a dotted
line for clarity of the drawing. As illustrated in FIG. 12D, the module 615 may include a wiring 616
which electrically connects the plurality of cylindrical secondary batteries 600 to each other. It is
possible to provide the conductive plate 613 over the wiring 616 to overlap with each other. In
addition, a temperature control device 617 may be provided between the plurality of eyhndreat
cylindrical secondary batteries 600. When the cylindrical secondary batteries 600 are overheated, the

temperature control device 617 can cool them, and when the eyhndrieal cylindrical secondary

batteries 600 are cooled too much, the temperature control device 617 can heat them. Thus, the

performance of the module 615 is not easily influenced by the outside air temperature.

Please replace paragraph [0367] with the following amended paragraph:

Specifically, when the total thickness of the stacked positive electrodes 11a and negative

electrodes 11b and the separators [[214]] 14 (not illustrated in FIGS. 22B1, 22B2. 22C, or 22D) is

referred to as a thickness t, the distance La is preferably 0.8 times or more and 3.0 times or less,
further preferably 0.9 times or more and 2.5 times or less, still further preferably 1.0 times or more
and 2.0 times or less as large as the thickness t. When the distance La is in the above-described

range, a compact battery which is highly reliable for bending can be obtained.
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Please replace paragraph [0615] with the following amended paragraph:

11a: positive electrode, 11b: negative electrode, 12a: lead, 12b: lead, 14: separator, 15a: bonding
portion, 15b: bonding portion, 17: fixing member, 50: secondary battery, 51: exterior body, 61:
folded portion, 62: seal portion, 63: seal portion, 71: crest line, 72: trough line, 73: space, 100:
positive electrode active material, 101: first region, 101p: crystal plane, 102: second_region, 102p:
crystal plane, 103: third region, 103p: crystal plane, 104: fourth region, 105: coating film, 106: crack
portion, 110: particle, 111: region, 112: layer containing titanium, 114: cobalt oxide layer, 120:
particle, 121: region, 122: layer containing titanium, 124: cobalt oxide layer, 125: layer containing
lithium titanate, 200: active material layer, 201: graphene compound, 2+4~separater; 280: spray dry
apparatus, 281: chamber, 282: nozzle, 283: tube, 284: suspension, 285: heater, 286: collection
container, 288: arrow, 300: coin-type secondary battery, 301: positive electrode can, 302: negative
electrode can, 303: gasket, 304: positive electrode, 305: positive electrode current collector, 306:
positive electrode active material layer, 307: negative electrode, 308: negative electrode current
collector, 309: negative electrode active material layer, 310: separator, 500: laminated laminated
secondary battery, 501: positive electrode current collector, 502: positive electrode active material
layer, 503: positive electrode, 504: negative electrode current collector, 505: negative electrode
active material layer, 506: negative electrode, 507: separator, 508: electrolyte solution, 509: exterior
body, 510: positive electrode lead electrode, 511: negative electrode lead electrode, 600: cylindrical
secondary battery, 601: positive electrode cap, 602: battery can, 603: positive electrode terminal,
604: positive electrode, 605: separator, 606: negative electrode, 607: negative electrode terminal,
608: insulating plate, 609: insulating plate, 611: PTC element, 612: safety valve mechanism, 613:
conductive plate, 614: conductive plate, 615: module, 616: wiring, 617: temperature control device,
900: circuit board, 910: label, 911: terminal, 912: circuit, 913: secondary battery, 914: antenna, 915:
antenna, 916: layer, 917: layer, 918: antenna, 920: display device, 921: sensor, 922: terminal, 930:
housing, 930a: housing, 930b: housing, 931: negative electrode, 932: positive electrode, 933:
separator, 950: wound body, 951: terminal, 952: terminal, 980: laminated secondary battery, 981:
film, 982: film, 993: wound body, 994: negative electrode, 995: positive electrode, 996: separator,
997: lead electrode, 998: lead electrode, 7100: portable display device, 7101: housing, 7102: display
portion, 7103: operation button, 7104: secondary battery, 7200: portable information terminal, 7201:
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housing, 7202: display portion, 7203: band, 7204: buckle, 7205: operation button, 7206: input output
terminal, 7207: icon, 7300: display device, 7304: display portion, 7400: mobile phone, 7401:
housing, 7402: display portion, 7403: operation button, 7404: external connection port, 7405:
speaker, 7406: microphone, 7407: secondary battery, 7408: lead electrode, 7409: current collector,
7500: vaporizer, 7501: atomizer, 7502: cartridge, 7504: secondary battery, 8000: display device,
8001: housing, 8002: display portion, 8003: speaker portion, 8004: secondary battery, 8021: ground-
based charging apparatus, 8022: cable, 8024: secondary battery, 8100: lighting device, 8101:
housing, 8102: light source, 8103: secondary battery, 8104: ceiling, 8105: wall, 8106: floor, 8107:
window, 8200: indoor unit, 8201: housing, 8202: air outlet, 8203: secondary battery, 8204: outdoor
unit, 8300: electric refrigerator-freezer, 8301: housing, 8302: refrigerator door, 8303: freezer door,
8304: secondary battery, 8400: automobile, 8401: headlight, 8406: electric motor, 8500: automobile,
8600: motor scooter, 8601: side mirror, 8602: secondary battery, 8603: indicator, 8604: storage unit
under seat, 9600: tablet terminal, 9625: power saving mode changing switch, 9626: display mode
changing switch, 9627: power switch, 9628: operation switch, 9629: fastener, 9630: housing, 9630a:
housing, 9630b: housing, 963 1: display portion, 963 1a: display portion, 9631b: display portion,
9633: solar cell, 9634: charge and discharge control circuit, 9635: power storage unit, 9636: DCDC

converter, 9637: converter, 9640: movable portion.
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Amendments to the Claims

Listing of Claims (replacing prior versions)

1. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode, the
positive electrode comprising a positive electrode active material particle comprising lithium cobaltate,

wherein the positive electrode active material particle comprises a first region and a second

region,

wherein the first region comprises a lavered rock-salt crystal structure

wherein the second region comprises a rock-salt crystal structure

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine,

and oxygen in the second region, a

wherein the second region extends from a surface of the positive electrode active material

particle to an inside of the positive electrode active material particle where magnesium detected by a line

analvsis of energy dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of

the magnesium in the line analvsis. and

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at

least a part of the second region are substantially aligned.

2. (Canceled)

3. (Previously Presented) The lithium-ion secondary battery according to claim 1,
wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and
less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.

4. (Previously Presented) The lithium-ion secondary battery according to claim 1,
wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and
less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.
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5. (Original) The lithium-ion secondary battery according to claim 1,
wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from

the surface of the positive electrode active material particle to a depth of 5 nm.

6. (Original) The lithium-ion secondary battery according to claim 1,
wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

7. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode, the
positive electrode comprising a positive electrode active material particle comprising lithium cobaltate,

wherein the positive electrode active material particle comprises a first region and a second

region,

wherein the first region comprises a lavered rock-salt crystal structure

wherein the second region comprises a crystal structure which is different from the layered rock-

salt crystal structure

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine,

and oxygen in the second region, a

wherein the second region extends from a surface of the positive electrode active material

particle to an inside of the positive electrode active material particle where magnesium detected by a line

analvsis of energy dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of

the magnesium in the line analvsis. and

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at

least a part of the second region are substantially aligned.

8. (Canceled)

9. (Previously Presented) The lithium-ion secondary battery according to claim 7,
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wherein a relative value of the concentration of the titanium is greater than or equal to 0.05 and
less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to

the XPS analysis and a concentration of cobalt is defined as 1.

10. (Previously Presented) The lithium-ion secondary battery according to claim 7,
wherein a relative value of the concentration of the magnesium is greater than or equal to 0.4
and less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected

to the XPS analysis and a concentration of cobalt is defined as 1.

11. (Previously Presented) The lithium-ion secondary battery according to claim 7,
wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from

the surface of the positive electrode active material particle to a depth of 5 nm.

12. (Original) The lithium-ion secondary battery according to claim 7,
wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

13. (Currently Amended) An-electronic-device-comprisinga A lithium-ion secondary battery;
the lithivm—+ton-secondary-battery comprising|[:]]

a positive electrode, the positive electrode comprising a positive electrode active material

particle comprising lithium cobaltate|[;]].
a-negative-electrode—and
an-electrolyte;

wherein the positive electrode active material particle comprises a first region and a second

region,
wherein the first region comprises a layered rock-salt crystal structure

wherein the second region comprises a rock-salt crystal structure

wherein the second region covers at least a part of the first region

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine,

and oxygen in the second region, and a-range-froma-surface-of the-positive-eleetrode-active-material
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wherein a crystal orientation of at least a part of the first region and a crystal orientation of at

least a part of the second region are substantially aligned.

14. (Canceled)

15. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 13,
wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and
less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.

16. (Currently Amended) The eleetronte-destee lithium-ion secondary battery according to

claim 13,
wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and
less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.

17. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 13,
wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from

the surface of the positive electrode active material particle to a depth of 5 nm.

18. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 13,
wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

19. (Currently Amended) An-electronie-device-comprisinga A lithium-ion secondary battery;
the-ithivm-ton-secondary-battery comprising|[[:]]

a positive electrode, the positive electrode comprising a positive electrode active material

particle comprising lithium cobaltate|[;]].
a-negative-electrode—and
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an-electrolyte;

wherein the positive electrode active material particle comprises a first region and a second
region,

wherein the first region comprises a layered rock-salt crystal structure

wherein the second region comprises a crystal structure which is different from the layered rock-

salt crystal structure
heseinthe ) ) balt

wherein the second region covers at least a part of the first region

wherein the-seeend-regten the positive electrode active material particle comprises titanium,

magnesium, fluorine, and oxygen in the second region, and

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at

least a part of the second region are substantially aligned.

20. (Canceled)

21. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 19,

wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and
less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.

22. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 19,
wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and
less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to

an XPS analysis and a concentration of cobalt is defined as 1.
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23. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 19,

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from

the surface of the positive electrode active material particle to a depth of 5 nm.

24. (Currently Amended) The eleetronie-deviee lithium-ion secondary battery according to

claim 19,

wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

25. (New) The lithium-ion secondary battery according to claim 7,
wherein a concentration of the magnesium is larger than a concentration of the titanium when

the surface of the positive electrode active material particle is subjected to an XPS analysis.
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Amendments to the Drawings

The attached replacement sheets of drawings includes changes to FIGS. 22A-22D and 37A-40E2
and replaces the original sheets including FIGS. 22A-22D and 37A-40E2.

Reference character 10 has been removed from FIGS. 22A, 22B1, 22B2, and 22D, and reference
character 10a has been removed from FIG. 22C. FIGS. 37A-40E2 have been replaced with
higher resolution images.

Attachments following last page of this Amendment:

Replacement Sheets (5 pages)
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REMARKS

Claims 1, 3-7, 9-13, 15-19, and 21-25 are pending, with claims 1, 7, 13, and 19 being
independent. Claims 1, 5, 7, 13, 15-19, and 21-24 have been amended, and claim 25 has been
added. The specification and drawings have been amended to overcome objections. Support for

the amendments and new claim is found throughout the specification and drawings as filed.

Information Disclosure Statement

A copy of KR 10-0696619 was provided with the Information Disclosure Statement filed
on October 21, 2020.

Drawings
Replacement drawing sheets for FIGS. 22A-22D are provided, in which reference
character 10 has been removed from FIGS. 22A, 22B1, 22B2, and 22D, and reference character
10a has been removed from FIG. 22C. Replacement drawing sheets for FIGS. 37A-40E2 are
provided. These drawings are of sufficient quality so that all details in the photographs are
reproducible in the printed patent. Paragraphs [0367] and [0615] have been amended to remove
reference character 214. Applicant therefore requests withdrawal of the objections to the

drawings.

Specification

Paragraphs [0310] and [0615] have been amended to remove the underlined words
“cylindrical” and “laminated,” respectively. Paragraph [0367] has been amended to replace
reference character 214 with reference character 14, which is shown at least in FIG. 23A and

referred to at least in paragraphs [0356], [0357], and [0359] of the specification.

Title

The title has been amended as suggested by the Examiner.
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Claim Rejections - 35 USC § 102
Claims 1, 3-5, 7, 9-11, 13, 15-17, 19, and 21-23 were rejected under 35 U.S.C. §
102(a)(1) over CN 102610806 B (Liu).

Applicant requests withdrawal of this rejection because Liu does not describe or suggest
a positive electrode active material particle comprising a first region and a second region,

2%

“wherein the first region comprises a layered rock-salt crystal structure,” “wherein the second
region comprises a rock-salt crystal structure” or “wherein the second region comprises a crystal
structure which is different from the layered rock-salt crystal structure,” and “wherein a crystal
orientation of at least a part of the first region and a crystal orientation of at least a part of the
second region are substantially aligned,” as recited by amended independent claims 1, 7, 13, and
19. Nor does Liu describe or suggest “wherein the second region covers at least a part of the first
region,” as recited by claims 13 and 19.

Applicant further requests withdrawal of this rejection of claims 1 and 7 and their
dependent claims because Liu does not describe or suggest “wherein the second region extends
from a surface of the positive electrode active material particle to an inside of the positive
electrode active material particle where magnesium detected by a line analysis of energy
dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of the
magnesium in the line analysis.” Rather, paragraph [0012] of Liu discloses a positive electrode
active material for a lithium ion battery with the structural formula LiaCo1-b-cAbBcO2-¢Cd, where
the element A, which can be magnesium, is evenly distributed in the bulk phase of the positive
active electrode material. Paragraph [0013] of Liu explains that an inhomogeneity in element A
would cause local structural instability and affect overall performance. A uniform distribution of
magnesium would not result in the positive electrode active material particle with the distribution
of magnesium recited by claims 1 and 7. Thus, for this additional reason, this rejection of claims
1 and 7 as well as their dependent claims should be withdrawn.

Claims dependent from independent claims 1, 7, 13, and 19 are also separately
patentable. For example, Liu does not describe or suggest “wherein a relative value of a
concentration of the titanium is greater than or equal to 0.05 and less than or equal to 0.4 when
the surface of the positive electrode active material particle is subjected to an XPS analysis and a

concentration of cobalt is defined as 1,” as recited by claims 3, 9, 15, and 21. In the structural
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formula of Liu (LiaCo1-b-cAbBc0O2-4Cd), only element B can be titanium. Although paragraph
[0014] of Liu describes a distribution of the B element, Liu does not describe the recited relative
value of a concentration of B with respect to cobalt. As such, a prima facie case of anticipation

has not been established, the rejection of claims 3, 9, 15, and 21 of Liu should be withdrawn.

Claim Rejections - 35 USC ¢ 103
Claims 6, 12, 18, and 24 were rejected under 35 U.S.C. § 103 over Liu as applied to
claims 1, 7, 13, and 19, respectively, and further in view of US 2016/0104880 (Gao). The Office

Action relies on Gao to disclose a positive electrode comprising at least one of carbon fiber,
graphene, or multilayer graphene as a conductive additive to improve the conductivity of the
positive electrode. However, Gao does not cure the deficiencies of Liu with respect to

independent claims 1, 7, 13, and 19. Applicant therefore requests withdrawal of this rejection.

New Claim
New claim 25 depends from claim 7 and recites: “wherein a concentration of the
magnesium is larger than a concentration of the titanium when the surface of the positive
electrode active material particle is subjected to an XPS analysis.” Claim 25 is allowable at least

for reasons described above with respect to claim 7.
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Conclusion

All claims are in condition for allowance. The fee for one excess dependent claim is
being paid with this reply on the Electronic Filing System. Apply those fees and any other

necessary charges or credits to Deposit Account 06-1050, referencing the above attorney docket

number.
Respectfully submitted,
Date: December 21, 2020 /Heather L. Flanagan/
Heather L. Flanagan
Reg. No. 54,101
Customer Number 26171

Fish & Richardson P.C.
Telephone: +1 512-226-8156
Facsimile: (877) 769-7945

41494585.doc
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Art Unit: 1725

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Status of Claims and Other Notes
2. Claim(s) 1, 3-7, 9-13, 15-19, and 21-25 is/are pending.
3. Claim(s) 2, 8, 14, and 20 is/are canceled.
4. The paragraph numbers cited in this Office Action in reference to the instant application
are referring to the paragraph numbering of the PG-Pub of the instant application. See US
2020/0343530 Al.
5. The text of those sections of Title 35, U.S. Code not included in this action can be found

in a prior Office action.

Information Disclosure Statement
6. The information disclosure statement (IDS) submitted on 18 September 2020 was filed
before the mailing of a first Office Action on the merits. The submission complies with the
provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being
considered by the examiner.
7. The information disclosure statement (IDS) submitted on 24 September 2020 was filed
after the mailing date of the non-final Office Action on 21 September 2020. The submission
complies with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement

is being considered by the examiner.
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8. The information disclosure statement (IDS) submitted on 21 October 2020 was filed after
the mailing date of the non-final Office Action on 21 September 2020. The submission complies
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being
considered by the examiner.

9. The information disclosure statement (IDS) submitted on 21 December 2020 was filed
after the mailing date of the non-final Office Action on 21 September 2020. The submission
complies with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement

is being considered by the examiner.

Drawings
10. The drawings were received on 21 December 2020. These drawings are acceptable.
11. Applicants' amendment(s) have overcome the objection(s) to the drawing(s).
Specification
12. Applicants' amendment(s) have overcome the objection(s) to the specification.

Claim Rejections - 35 USC § 112

13. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
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skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.

14. Claim(s) 7, 9-12, 19, and 21-25 is/are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112
(pre-AlA), first paragraph, because the specification, while being enabling for a second region
comprising a rock-salt crystal structure, does not reasonably provide enablement for a second
region comprising a crystal structure which is different from a layered rock-salt crystal structure.
The specification does not enable any person skilled in the art to which it pertains, or with which
it is most nearly connected, to make the invention commensurate in scope with these claims.

Claim 7 recites the limitation "wherein the second region comprises a crystal structure
which is different from the layered rock-salt crystal structure.” The breadth of the claims is large.
The limitation "wherein the second region comprises a crystal structure which is different from
the layered rock-salt crystal structure" encompasses a second region with any crystal structure
other than a layered rock-salt crystal structure. The nature of the invention is complex. The
manufacturing of active material particles include many factors, such as, concentration,
temperature, pressure, additives, solvents, and post treatments. The level of predictability in the
art is low because many factors affect a crystal structure of an active material particle, such as,
concentration, temperature, pressure, reactants, additives, solvents, and post treatments. The
amount of direction provided by the inventor is low. The inventor provides direction to
manufacture only a second region with a rock-salt crystal structure. The working examples
provided only have a second region with a rock-salt crystal structure. Therefore, the amount of
experimentation is undue to make the invention commensurate in scope with claim 7.

Claims 9-12 are directly dependent from claim 7 and include all the limitations of claim
7. Claims 9-12 also fail to further limit the scope of the second region. Therefore, the amount of

experimentation is undue to make the invention commensurate in scope with claims 9-12.
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Claim 19 recites the limitation "wherein the second region comprises a crystal structure
which is different from the layered rock-salt crystal structure.” The breadth of the claims is large.
The limitation "wherein the second region comprises a crystal structure which is different from
the layered rock-salt crystal structure" encompasses a second region with any crystal structure
other than a layered rock-salt crystal structure. The nature of the invention is complex. The
manufacturing of active material particles include many factors, such as, concentration,
temperature, pressure, reactants, additives, solvents, and post treatments. The level of
predictability in the art is low because many factors affect a crystal structure of an active material
particle, such as, concentration, temperature, pressure, reactants, additives, solvents, and post
treatments. The amount of direction provided by the inventor is low. The inventor provides
direction to manufacture only a second region with a rock-salt crystal structure. The working
examples provided only have a second region with a rock-salt crystal structure. Therefore, the
amount of experimentation is undue to make the invention commensurate in scope with claim
19.

Claims 2224 are directly dependent from claim 19 and include all the limitations of
claim 19. Claims 22-24 also fail to further limit the scope of the second region. Therefore, the
amount of experimentation is undue to make the invention commensurate in scope with claims
22-24.

Claim 25 is directly dependent from claim 7 and includes all the limitations of claim 7.
Claim 25 also fails to further limit the scope of the second region. Therefore, the amount of

experimentation is undue to make the invention commensurate in scope with claim 25.

15. The following is a quotation of 35 U.S.C. 112(b):
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(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

16. Claim(s) 1, 3-7, 9-13, 15-19, and 21-24 is/are rejected under 35 U.S.C. 112(b) or

35 U.S.C. 112 (pre-AlA), second paragraph, as being indefinite for failing to particularly point
out and distinctly claim the subject matter which the inventor or a joint inventor (or for
applications subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention.

Claim 1 recites the limitation "wherein a crystal orientation of at least a part of the first
region and a crystal orientation of at least a part of the second region are substantially aligned." It
is unclear with what a crystal orientation of at least a part of the first region and a crystal
orientation of at least a part of the second region are substantially aligned. Are a crystal
orientation of at least a part of the first region and a crystal orientation of at least a part of the

second region substantially aligned with each other?

Claims 3-6 are directly dependent from claim 1 and include all the limitations of claim 1.
Therefore, claims 3—6 are also indefinite for failing to particularly point out and distinctly claim
the subject matter which the inventor or a joint inventor (or for applications subject to pre-AIA
35 U.S.C. 112, the applicant), regards as the invention.

Claim 7 recites the limitation "wherein a crystal orientation of at least a part of the first
region and a crystal orientation of at least a part of the second region are substantially aligned." It
is unclear with what a crystal orientation of at least a part of the first region and a crystal

orientation of at least a part of the second region are substantially aligned. Are a crystal
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orientation of at least a part of the first region and a crystal orientation of at least a part of the

second region substantially aligned with each other?

Claims 9-12 are directly dependent from claim 1 and include all the limitations of claim
7. Therefore, claims 9-12 are also indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor (or for applications subject to pre-
AIA 35 U.S.C. 112, the applicant), regards as the invention.

Claim 13 recite the limitation "a part of the first region" in line 16. Claim 13 has
previously recited the limitation "a part of the first region" in line 11. It is unclear if "a part of the
first region" recited in line 16 is further limiting "a part of the first region" recited in line 11.

Claim 13 recites the limitation "wherein a crystal orientation of at least a part of the first
region and a crystal orientation of at least a part of the second region are substantially aligned." It
is unclear with what a crystal orientation of at least a part of the first region and a crystal
orientation of at least a part of the second region are substantially aligned. Are a crystal
orientation of at least a part of the first region and a crystal orientation of at least a part of the

second region substantially aligned with each other?

Claims 15-18 are directly dependent from claim 13 and include all the limitations of
claim 13. Therefore, claims 15-18 are also indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor or a joint inventor (or for applications
subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention.

Claim 19 recites the limitation "a part of the first region" in line 20. Claim 19 has
previously recited the limitation "a part of the first region" in line 13. It is unclear if "a part of the

first region" recited in line 20 is further limiting "a part of the first region" recited in line 13.
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Claim 19 recites the limitation "wherein a crystal orientation of at least a part of the first
region and a crystal orientation of at least a part of the second region are substantially aligned." It
is unclear with what a crystal orientation of at least a part of the first region and a crystal
orientation of at least a part of the second region are substantially aligned. Are a crystal
orientation of at least a part of the first region and a crystal orientation of at least a part of the

second region substantially aligned with each other?

Claims 21-24 are directly dependent from claim 19 and include all the limitations of
claim 19. Therefore, claims 21-24 are also indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor or a joint inventor (or for applications

subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention.

Response to Arguments
17.  Applicant’s arguments with respect to claim(s) 1, 3-7, 9—13, 15-19, and 21-25 have
been considered but are moot because the new ground of rejection does not rely on any reference

applied in the prior rejection of record for any teaching or matter specifically challenged in the

argument.

Conclusion
18. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.

Yura (US 2012/0258358 A1) discloses a lithium-ion secondary battery (1) comprising a
positive electrode (2), the positive electrode (2) comprising a positive electrode active material

particle (222) comprising lithium cobaltate (see LiCoOz, [0018]), wherein the positive electrode
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active material particle (222) comprising a first region (222a) and a second region (222a,
[0061]), wherein the first region (222a) comprises a layered rock-salt crystal structure (Fig. 3,
[0061]), wherein the second region (222a) comprises a rock-salt crystal structure (Fig. 3, [0061]),
wherein a crystal orientation of at least part of the first region (222a) and a crystal orientation of
at least a part of the second region (222a) are substantially aligned with each other (Fig. 3,

[0062]).

19. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the date of this

final action.

20. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251.
The examiner can normally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday

6:00 am to 12:00 pm CT.
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Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI Art Unit o 1725

Application No. o 16/923,494 Examiner : Sean P. Cullen
Filed © July 8, 2020 Conf. No. : 3273

Title . POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR

MANUFACTURING POSITIVE ELECTRODE ACTIVE
MATERIAL, AND SECONDARY BATTERY

Commissioner for Patents

P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the references listed on the enclosed disclosure form. Copies of the
documents required under 37 C.F.R. § 1.98(a)(2) are being submitted with this statement.

Each item of information in this information disclosure statement, with the exception of
EP2763218, US2014/0242463, and WO2011/155781, was first cited in communications from
foreign patent offices in counterpart foreign applications dated July 27, 2020, and August 18,
2020, neither of which is more than three months prior to the filing of this information disclosure
statement. See 37 CFR 1.97(e)(1).

KR2013-0033154, KR2011-0134852, and Ding.Y et al., "Preparation of nano-structured
LiFePO4/graphene composites by co-precipitation method", ELECTROCHEMISTRY
COMMUNICATIONS, 2010, Vol. 12, No. 1, pp. 10-13, ELSEVIER, were cited in an office
action dated July 27, 2020, from the Korea Intellectual Property Office in counterpart Korean
Application No. 2019-7034933.

JP2015-088450 was cited in office actions dated August 18, 2020, from the Japan Patent
Office in counterpart Japanese Application Nos. 2020-067736 and 2020-088842.

EP2763218 and US2014/0242463 are English-language documents corresponding to
KR2013-0033154; and WO2011/155781 corresponds to KR2011-0134852.
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /
Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020

Page : 20f2

This statement is being filed within three months of the filing date of the application.
Please apply any charges or credits to Deposit Account No. 06-1050, referencing the above
attorney docket number.

Respectfully submitted,

Date: September 24, 2020 /John F. Hayden/

John F. Hayden
Reg. No. 37640

Customer Number 26171
Fish & Richardson P.C.
Telephone: (202) 783-5070
Facsimile: (877) 769-7945

100256264 .doc

AMPEREX Ex. 1002
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /SPC/ Page 1339



CD Submission Review Results

Internal Worksheet Only - Do Not Scan

Application Number 16923494 Receipt Date

New Response To

Application Notice Date Of Response

Jumbo — Large tables are included on the CD

X | There are no problems with the CDs in the submission.

Items checked below are to be selected in the PALM Pre-Exam CD problem list.

Omitted ltems

Dec 21, 2020

Files on compact disc are unreadable:

Disc(s) of either set not readable:

Disc{s) do not contain file names listed:

Amended CD missing unamended files

Missing compact discs

Missing Parts

Disc(s) do not contain file names listed

Discs contains files that are hon-ASCII files:

Only one copy of the CD, no duplicate:

Wrong media type, e.g.. CD-RW:

The transmittal letter and specification do not list information:

Both disc(s) contain unreadable files:

One disc(s) contain unreadable files:

Compact disc(s) contain viruses, but are still readable:

EFS/Paper Submission:

Table does not maintain data in proper alignment:

Not proper subject matter for CD’s:

Informality

No statement in transmittal letter that CD’s are the same:

No incorporation by reference statement for the CD’s:

CD’s not labeled “Copy 1" and “Copy 2™:

Deficient CD packaging:

Deficient Labeling on CD’s:

The transmittal letter does not list information:

The specification does not list information:

Table less than 51 pages submitted on CD:

File Directory Attachment

Copy of file directory listing is attached and should be mailed to applicant

Copy of file directory listing is not attached

Copy of file directory listing is not attached because it is over one page long

Additional Comments

Internal Worksheet Only - Do Not Scan

AMPEREX Ex. 1002
Page 1340



CAUsers\bmesfin1\Desktop\01072021\16923494\ReplacementFig37-40.pdf

AMPEREX Ex. 1002
Page 1341



DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 16923494 Document Date: 12/21/2020

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019

AMPEREX Ex. 1002
Page 1342



To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

Jan 11,2021 03:49:01 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:

The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date

16923494 CTFR 01/11/2021
892 01/11/2021
1449 01/11/2021
1449 01/11/2021
1449 01/11/2021
1449 01/11/2021

Attorney Docket No.
12732-2003004
12732-2003004
12732-2003004
12732-2003004
12732-2003004
12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at

https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.

Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |

16/923,494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273
26171 7590 02/04/2021 | A AMINGR |
FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022 CULLEN, SEAN P
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

1725
| NOTIFICATION DATE | DELIVERY MODE |
02/04/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

PATDOCTC@fr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/923,494 OCHIAIl et al.
- Y - Examiner Art AlA (First Inventor Page
Applicant-Initiated Inferview Summary Sean P Cullen. Ph.D | Unit to File) Status
1725 | Yes 1of2

Sean P Cullen, Ph.D. Primary Examiner Telephonic
Heather Flanagan Attorney

Date of Interview: 29 January 2021

Issues Discussed:

35U.8.C. 112
It was agreed that the proposed amendments would overcome the 112a and 112 b rejections.

Proposed Amendment(s)
Applicant proposed canceling claims 7, 9-12, 19, and 21-25.

Applicant further proposed amending claims 1 and 13 from "wherein a crystal orientation of at least a
part of the first region and a crystal orientation of at least a part of the second region are substantially
aligned" to "wherein a crystal orientation of at least a second part of the first region and a crystal
orientation of at least a part of the second region are substantially aligned with each other.”

Applicant further proposed amending claim 13 from "wherein the second region covers at least a part of
the first region" to "wherein the second region covers at least a first part of the first region."”

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete

U.S. Patent and Trademark Office

PTOL-413/413b (Rev. Oct. 2019) Interview Summary KWﬁS E‘RE%?%)%%I?OOZ
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Application No.

Applicant(s)

Applicant-Initiated Interview Summary Examiner

16/923,494 OCHIAl et al.

Art AIA (First Inventor Page
Sean P Cullen, Ph.D | Unit to File) Status

1725 Yes 20f2

and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019)

Interview Summary

AR ERERER 4002
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To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

Feb 04, 2021 07:56:17 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16923494 EXIN 02/04/2021 12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Attorney Docket No.: 12732-2003004 / Client Ref: US24652/.../26813-C4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI Art Unit : 1725

Application No. o 16/923,494 Examiner Sean P. Cullen
Filed © July 8, 2020 Conf. No. 3273

Title . POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR

MANUFACTURING POSITIVE ELECTRODE ACTIVE
MATERIAL, AND SECONDARY BATTERY

MAIL STOP AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INTERVIEW SUMMARY AND REPLY TO ACTION OF JANUARY 11, 2021

Please consider the following reply.
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /

Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020
Page : 20f6

Amendments to Claims

Listing of Claims

1. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode,
the positive electrode comprising a positive electrode active material particle comprising lithium
cobaltate,

wherein the positive electrode active material particle comprises a first region and a
second region,

wherein the first region comprises a layered rock-salt crystal structure,

wherein the second region comprises a rock-salt crystal structure,

wherein the positive electrode active material particle comprises titanium, magnesium,
fluorine, and oxygen in the second region, wherein the second region extends from a surface of
the positive electrode active material particle to an inside of the positive electrode active material
particle where magnesium detected by a line analysis of energy dispersive X-ray spectroscopy
(EDX) in a depth direction is 1/5 of a maximum peak of the magnesium in the line analysis, and

wherein a crystal orientation of at least a part of the first region and a crystal orientation

of at least a part of the second region are substantially aligned with each other.

2. (Canceled)

3. (Previously Presented) The lithium-ion secondary battery according to claim 1,wherein
a relative value of a concentration of the titanium is greater than or equal to 0.05 and less than or
equal to 0.4 when the surface of the positive electrode active material particle is subjected to an

XPS analysis and a concentration of cobalt is defined as 1.

4. (Previously Presented) The lithium-ion secondary battery according to claim 1,
wherein a relative value of a concentration of the magnesium is greater than or equal to
0.4 and less than or equal to 1.5 when the surface of the positive electrode active material

particle is subjected to an XPS analysis and a concentration of cobalt is defined as 1.

AMPERE

X Ex. 1002
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /

Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020
Page : 3of6

5. (Original) The lithium-ion secondary battery according to claim 1,
wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a

range from the surface of the positive electrode active material particle to a depth of 5 nm.

6. (Original) The lithium-ion secondary battery according to claim 1,
wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

7-12.  (Cancelled)

13. (Currently Amended) A lithium-ion secondary battery comprising

a positive electrode, the positive electrode comprising a positive electrode active material
particle comprising lithium cobaltate,

wherein the positive electrode active material particle comprises a first region and a
second region,

wherein the first region comprises a layered rock-salt crystal structure,

wherein the second region comprises a rock-salt crystal structure,

wherein the second region covers at least a first part of the first region,

wherein the positive electrode active material particle comprises titanium, magnesium,
fluorine, and oxygen in the second region, and

wherein a crystal orientation of at least a second part of the first region and a crystal

orientation of at least a part of the second region are substantially aligned with each other.

14. (Canceled)

15. (Previously Presented) The lithium-ion secondary battery according to claim 13,
wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and
less than or equal to 0.4 when the surface of the positive electrode active material particle is

subjected to an XPS analysis and a concentration of cobalt is defined as 1.

AMPEREX Ex. 1002
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /

Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020
Page : 40of 6

16. (Previously Presented) The lithium-ion secondary battery according to claim 13,
wherein a relative value of a concentration of the magnesium is greater than or equal to
0.4 and less than or equal to 1.5 when the surface of the positive electrode active material

particle is subjected to an XPS analysis and a concentration of cobalt is defined as 1.

17. (Previously Presented) The lithium-ion secondary battery according to claim 13,
wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a

range from the surface of the positive electrode active material particle to a depth of 5 nm.
18. (Previously Presented) The lithium-ion secondary battery according to claim 13,
wherein the positive electrode further comprises a conductive additive, and

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene.

19. (Cancelled)
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /

Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020
Page : 50f6

REMARKS

Claims 1, 3-6, 13, and 15-18 are pending, with claims 1 and 13 being independent.
Claims 1 and 13 have been amended, and claims 7, 9-12, 19, and 21-25 have been cancelled. No

new matter has been introduced.

Interview Summary

The undersigned thanks Examiner Cullen for courtesies extended in an applicant-initiated
telephonic interview on January 29, 2021, in which the amendments presented in this paper were

discussed. It was agreed that these amendments overcome the rejections of record.

Claim Rejections - 35 USC § 112
Claims 7, 9-12, 19, and 21-25 were rejected under 35 U.S.C. § 112(a). Claims 1, 3-7, 9-
13, 15-19, and 21-24 were rejected under 35 U.S.C. § 112(b). As noted above, claims 7, 9-12,

19, and 21-25 have been cancelled. Claim 1 has been amended as discussed during the interview
to recite “wherein a crystal orientation of at least a part of the first region and a crystal
orientation of at least a part of the second region are substantially aligned with each other.”
Claim 13 has been amended as discussed during the interview to recite: “wherein the second
region covers at least a first part of the first region” and “wherein a crystal orientation of at least
a second part of the first region and a crystal orientation of at least a part of the second region are

substantially aligned with each other.” Withdrawal of these rejections is therefore requested.
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First Named Inventor :  Teruaki OCHIAI Attorney Docket: 12732-2003004 /

Application No. : 16/923,494 US24652/.../26813-C4
Filed : July 8, 2020
Page : 60f6

All claims are in condition for allowance. No fees are believed to be due. Please apply
any necessary charges or credits to Deposit Account 06-1050, referencing the above attorney

docket number.

Respectfully submitted,

Date: February 10, 2021 /Heather L. Flanagan/

Heather L. Flanagan
Reg. No. 54,101

Customer Number 26171
Fish & Richardson P.C.
Telephone: +1 512-226-8156
Facsimile: (877) 769-7945

41501395.doc
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
26171 7590 02/22/2021
FISH & RICHARDSON P.C. (DC) CULLEN, SEAN P
P.0. BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPER NUMBER |
1725
DATE MAILED: 02/22/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/923,494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273

TITLE OF INVENTION: POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE
AND MAGNESIUM OXIDE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 05/24/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

I1I. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

26171 7590 02/22/2021 Certificate of Mailing or Transmission
FISH & RICHARDSON P.C. (DC) I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
P.O. BOX 1022 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
MINNEAPOLIS, MN 55440-1022 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)
| APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/923.494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273

TITLE OF INVENTION: POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE
AND MAGNESTUM OXTDE

APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 05/24/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |

CULLEN, SEAN P 1725 429-488000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Blectronic Payment via EFS-Web () Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

() The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

d Applicant certifying micro entity status. See 37 CFR 1.29
d Applicant asserting small entity status. See 37 CFR 1.27

d Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/923,494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273
| EXAMINER |
26171 7590 0212212021
FISH & RICHARDSON P.C. (DC) CULLEN, SEAN P
P.O. BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |

1725

DATE MAILED: 02/22/2021

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.
8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or cﬁ Eﬁgx Ex. 1002
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Application No. Applicant(s)
i - 16/923,494 OCHIAI et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
Sean P Cullen, Ph.D. 1725 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to the communication(s) 10 February 2021.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1,3-6,13 and 15-18 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4 M} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl by (JSome  *c) [ None of the:
1. [J Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. 15/638,449 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥i Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.(0J Examiner's Comment Regarding Requirement for Deposit 7. [J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Sean P Cullen, Ph.D./

Primary Examiner, Art Unit 1725

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210212
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Application/Control Number: 16/923,494 Page 2
Art Unit: 1725

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Status of Claims
2. Claim(s) 1, 3—6, 13, and 15-18 is/are pending.

3. Claim(s) 2, 7-12, 14, and 19-25 is/are canceled.

Claim Rejections - 35 USC § 112
4, Applicants' amendment(s) have overcome the rejection(s) of claim(s) 7, 9-12, 19, 21-25

under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first paragraph.

5. Applicants' amendment(s) have overcome the rejection(s) of claim(s) 1, 3-7, 9—13, 15—

19, and 21-24 under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second paragraph.

EXAMINER’S AMENDMENT
6. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
Authorization for this examiner’s amendment was given in an interview with Heather L

Flanagan (Reg. No. 54,101) on 12 February 2021.

AMPEREX Ex. 1002
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Application/Control Number: 16/923,494 Page 3
Art Unit: 1725

7. The application has been amended as follows:

IN THE CLAIMS:

Please cancel claims 21-25.

Allowable Subject Matter
8. Claim(s) 1, 3—6, 13, and 15-18 is/are allowed.
9. The following is an examiner’s statement of reasons for allowance:

The closest prior art of record is Yura (US 2012/0258358 Al).

Yura discloses a lithium-ion secondary battery (1) comprising a positive electrode (2), the
positive electrode (2) comprising a positive electrode active material particle (222) comprising
lithium cobaltate (see LiCoO2, [0018]), wherein the positive electrode active material particle
(222) comprising a first region (222a) and a second region (222a, [0061]), wherein the first
region (222a) comprises a layered rock-salt crystal structure (Fig. 3, [0061]), wherein the second
region (222a) comprises a rock-salt crystal structure (Fig. 3, [0061]), wherein the second region
(222a) covers at least a first part of the first region (222a, [0061]), wherein a crystal orientation
of at least a second part of the first region (222a) and a crystal orientation of at least a part of the
second region (222a) are substantially aligned with each other (Fig. 3, [0062]).

Yura does not disclose, teach, or suggest the following distinguishing feature(s):

A lithium-ion secondary battery comprising a positive electrode, the positive electrode
comprising a positive active material comprising lithium cobaltate in a first region and titanium,
magnesium, fluorine, and oxygen in a second region.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
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Application/Control Number: 16/923,494 Page 4
Art Unit: 1725

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Conclusion
10. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251.
The examiner can normally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday
6:00 am to 12:00 pm CT.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-

free). If you would like assistance from a USPTO Customer Service Representative or access to

AMPEREX Ex. 1002
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Application/Control Number: 16/923,494 Page 5
Art Unit: 1725

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725
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OK TO ENTER: /spc/

pa2/12/z2021

Attorney Docket No.: 12732-2003004 / Client Ref: US24652/.../26813-C4
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI Art Unit : 1725

Application No. o 16/923,494 Examiner Sean P. Cullen

Filed © July 8, 2020 Conf. No. 3273

Title . POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR
MANUFACTURING POSITIVE ELECTRODE ACTIVE
MATERIAL, AND SECONDARY BATTERY

MAIL STOP AF

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INTERVIEW SUMMARY AND REPLY TO ACTION OF JANUARY 11, 2021

Please consider the following reply.
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To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

Feb 22, 2021 03:46:52 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16923494 NOA 02/22/2021 12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Attorney's Docket No.: 12732-2003004 / US24652/.../26813-C4

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI Art Unit o 1725
Application No. o 16/923,494 Examiner . Sean P. Cullen
Filed : July 8, 2020 Confirmation No. : 3273
Notice of Allowance Date: February 22, 2021
Title . POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING
LITHIUM COBALTATE COATED WITH LITHIUM TITANATE
AND MAGNESIUM OXIDE

MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

REPLY TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance mailed February 22, 2021, enclosed is a
completed issue fee transmittal form PTOL 85b. A fee in the amount of $1200 for the issue fee
is being paid concurrently herewith on the Electronic Filing System (EFS) by way of Deposit
Account authorization.

Please apply any other charges or credits to Deposit Account No. 06-1050, referencing
attorney docket number 12732-2003004.

Respectfully submitted,

Date: March 1, 2021 /John F. Hayden/

John F. Hayden
Reg. No. 37640

Customer Number 26171
Fish & Richardson P.C.
Telephone: (202) 783-5070
Facsimile: (877) 769-7945

41509947 doc
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web
By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571) 273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22314-1450
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All

further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
26171 7590 02/22/2021 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.
FISH & RICHARDSON P.C. ] Certificate of Mailing or Transmission ] ]
P.O. BOX 1022 I hereby certify that this Fee(s) Transmittal is being deposited with the United
g States Postal Service with sufficient postage for first class mail in an envelope
MINNEAPOLIS, MN 55440-1022 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)

(Signature)

(Date)

‘ APPLICATION NO. ‘ FILING DATE ‘ FIRST NAMED INVENTOR ‘ ATTORNEY DOCKET NO. ‘ CONFIRMATION NO. ‘

16/923,494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273
TITLE OF INVENTION: POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE

‘ APPLN. TYPE ‘ ENTITY STATUS ‘ ISSUE FEE DUE ‘ PUBLICATION FEE DUE ‘ PREV. PAID ISSUE FEE ‘ TOTAL FEE(S) DUE ‘ DATE DUE ‘
nonprovisional LARGE $1200 $0 $1200 05/24/2021
‘ EXAMINER ‘ ART UNIT ‘ CLASS-SUBCLASS ‘
CULLEN, SEAN P. 1725 429-488000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list

Address" (37 CFR 1.363).
(1) The names of up to 3 registered patent attorneys

[1] Change of correspondence address (or Change of or agents OR, alternatively, 1 Fish & Richardson P.C.
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member
[ 1] "Fee Address" indication (or "Fee Address" Indication a registered attorney or agent) and the names of 2
form PTO/SB/47; Rev 03-09 or more recent) up to 2 registered patent attorneys or agents. If
attached. Use of a Customer Number is required. no name is listed, no name will be printed. 3
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Semiconductor Energy Laboratory Co., Ltd. Atsugi-shi, Kanagawa-ken, JAPAN
Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ ] Government
4a. Fees Submitted: [X] Issue Fee [ ] Publication Fee (if required) [ ] Advance Order - # of Copies

4b. Method of Payment (Please first reapply any previously paid fee shown above):
[X] Electronic Payment via EFS-Web [ ]1Enclosed check [ ] Non-clectronic payment by credit card (Attach form PTO-2038)
[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050
5. Change of Entity Status (from status indicated above)

[ ] Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee
payment in the micro entity amount will not be accepted at the risk of application abandonment.

[ 1 Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.
[ 1 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity

status, as applicable.
NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See¢ 37 CFR 1.4 for signature requircments and cetrtifications.

Authorized Signature /John F. Hayden/ Date March 1, 2021

Typed or printed name _John F. Hayden Registration No. 37640
PTOL-85 Parl B (08-18). Approved for use through 1/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
41509950.doc
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Electronic Patent Application Fee Transmittal

Application Number: 16923494

Filing Date: 08-Jul-2020

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE

First Named Inventor/Applicant Name: Teruaki OCHIAI
Filer: John F. Hayden/April Saunders-Fuller
Attorney Docket Number: 12732-2003004

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 42053917
Application Number: 16923494
International Application Number:
Confirmation Number: 3273

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Customer Number:

26171

Filer:

John F. Hayden/April Saunders-Fuller

Filer Authorized By:

John F. Hayden

Attorney Docket Number: 12732-2003004
Receipt Date: 01-MAR-2021
Filing Date: 08-JUL-2020
Time Stamp: 15:39:57

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1200

RAM confirmation Number E202131F40160665
Deposit Account 061050

Authorized User

April Saunders-Fuller

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)
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37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

56910

1 Transmittal Letter 12732-2003004-REPLY.pdf no 1

18799dae50c9011d432eb190a1b07dbcSfe]
abYaf

Warnings:

Information:

122879

2 Issue Fee Payment (PTO-85B) 12732-2003004-IF.pdf no 1

173657f95d52e3d9646b54b411b2603f1eal
4336

Warnings:

Information:

30782

3 Fee Worksheet (SB06) fee-info.pdf no 2

6eb5bf28efedd009c28a9c203b358c218be
09eda

Warnings:

Information:

Total Files Size (in bytes): 210571

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/923,494 04/27/2021 10991934 12732-2003004 3273
26171 7590 04/07/2021
FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Teruaki OCHIALI, Atsugi, JAPAN;

SEMICONDUCTOR ENERGY LABORATORY CO., LTD., ATSUGI-SHI, JAPAN;
Takahiro KAWAKAMI, Atsugi, JAPAN;

Mayumi MIKAMI, Atsugi, JAPAN;

Yohei MOMMA, Ischara, JAPAN;

Masahiro TAKAHASHI, Atsugi, JAPAN;

Ayae TSURUTA, Atsugi, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

Apr 08, 2021 10:15:28 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16923494 ISSUE.NTF 04/07/2021 12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

AMPEREX Ex. 1002
Page 1384



Doc code: RCEX PTO/SB/30EFS (07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information uniess it contains a valid OGMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
{(Submitted Only via EFS-Web)

Application Filing 7 Docket Number g Art

Number |161923,494 Date P020-07-08 (if applicable) 12732-2003004 Unit 1725
First Named| |\ o1i ocHIAl Examiner Sean P. Cullen

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior {o June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendmentis enciosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-enfry of such amendmeni{s).

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other

X Enclosed

[] Amendment/Reply
Information Disclosure Statement (IDS)

D Affidavit(s)y Declaration(s)

[X] Other
e-Petition to Withdraw from Issue; QPIDS {(Form PTO/SB/09)

MISCELLANEOUS

[:l Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months, Fee under 37 CFR 1.17{i) reguired)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e} is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, o
Deposit Account No p61050

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS {(07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information uniess it contains a valid OGMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

fJohn F. Hayden/

Date (YYYY-MM-DD) {p021-04-09

Name

Uohn F. Hayden

Registration Number 7640

This collection of information is required by 37 CFR 1.114. The information is required tc obtain or retain a benefit by the public which is to

file {and by the USPTQO to process) an application. Confidentiality is governed by 35 U S.C. 122 and 37 CFR 1.11 and 1.14. This collection is

estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form fo the USPTQ. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form andfor suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web2.1.15
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent ailowed under the Freedom of Information

Act {5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence tc a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 53 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

8. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility {o
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

3. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc Code: QPIDS.REQ
Document Description: Quick Path Information Disclosure Statement

PTO/SB/09 (09-18)

CERTIFICATION AND REQUEST FOR CONSIDERATION OF AN INFORMATION DISCLOSURE
STATEMENT FILED AFTER PAYMENT OF THE ISSUE FEE UNDER THE QPIDS PROGRAM

Non-Provisional Application Number: Filing Date:

16/923,494 July 8, 2020

First Named Inventor: Title of Invention:

Teruaki OCHIAI POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING
LITHIUM COBALTATE WITH LITHIUM TITANATE AND
MAGNESIUM OXIDE

THE UNDERSIGNED HEREBY CERTIFIES AND REQUESTS THE FOLLOWING FOR THE ABOVE-
IDENTIFIED APPLICATION.

1.

Consideration is requested of the information disclosure statement (IDS) submitted herewith, which is
being filed after payment of the issue fee.

Check the box next to the appropriate selection:

X Each item of information contained in the IDS was first cited in any communication from a foreign
patent office in a counterpart foreign application not more than three months prior to the filing of the IDS.
See 37 CFR 1.97(e)(1).

OR

] No item of information contained in the IDS was cited in a communication from a foreign patent office
in a counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the IDS was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing of the IDS. See 37 CFR
1.97(e)(2).

OR

[] See attached certification statement in compliance with 37 CFR 1.97(e).

Please charge the IDS fee set forth in 37 CFR 1.17(p) to Deposit Account No. 06-1050.

A Petition to Withdraw from Issue After Payment of the Issue Fee (37 CFR 1.313(c)(2)), including the
petition fee set forth in 37 CFR 1.17(h), is submitted herewith as a Web-based ePetition.

WARNING: Do not submit the petition as a follow-on paper via EFS-Web. Submit the petition as a Web-
based ePetition by signing on to EFS-Web as a registered user, selecting the radio button next to
"Existing application/patent," and then selecting the radio button next to "ePetition (for automatic
processing and immediate grant, if all petitions requirements are met)." Failure to use the Web-based
ePetition interface will result in automatic entry of the RCE.

A request for continued examination (RCE) under 37 CFR 1.114 and the RCE fee under 37 CFR 1.17(e)
are submitted herewith.

The RCE will be treated as a "conditional" RCE. In the event the examiner determines that any item of
information contained in the IDS necessitates the reopening of prosecution in the application, the
undersigned understands that (i) the RCE will be processed and treated as an RCE under 37 CFR 1.114
and therefore (ii) the IDS fee under 37 CFR 1.17(p) will be returned in accordance with

37 CFR 1.97(b)(4). In the event that no item of information in the IDS necessitates reopening prosecution,
the undersigned understands that the RCE will not be processed and the RCE fee under 37 CFR 1.17(e)
will be returned.

This certification and request is being filed as a Web-based ePetition and is not accompanied by an
amendment to the application. Inclusion of an amendment will result in automatic entry of the RCE.

Signature /John F. Hayden/ Date April 9, 2021

Name
(Print/Typed) John F. Hayden (If applicable) 37640

Practitioner
Registration Number

Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with
37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one
signature, see below.*

|z *Total of 1 forms are submitted.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

41517925.docx
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Teruaki OCHIAI Art Unit o 1725

Application No. o 16/923,494 Examiner : Sean P. Cullen

Filed : July 8, 2020

Title . POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING
LITHIUM COBALTATE WITH LITHIUM TITANATE AND
MAGNESIUM OXIDE

MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this
statement. Copies of the documents are being submitted with this statement to the extent
required under 37 C.F R. § 1.98(a)(2). This statement is being filed after payment of the issue
fee under the Quick Path Information Disclosure Statement (QPIDS) Program.

Certification under 37 C.F.R. § 1.97(e)(1)

Each item of information in this information disclosure statement was first cited in a
communication from a foreign patent office in a counterpart foreign application dated February
26, 2021, which is not more than three months prior to the filing of this information disclosure
statement. See 37 CFR 1.97(e)(1). The communication was an Office Action from the Korea
Patent Office in counterpart Korean Application No. 2019-7034933.

A late submission fee in the amount of $260, specified by 37 C.F.R. §1.17(p) is being
authorized with this statement. Apply any additional necessary charges or credits to deposit
account 06-1050, referencing Attorney Docket No. 06-1050.

Respectfully submitted,

Date: April 9, 2021 /John F. Hayden/

John F. Hayden
Reg. No. 37640

Customer Number 26171
Fish & Richardson P.C.
Telephone: (202) 783-5070
Facsimile: (877) 769-7945

41517922.doc
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PTO/SB/08A (07-06)
Approved for use through 03/31/2007. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Complete if Known

Application Number 16/923,494
Filing Date July 8, 2020
First Named Inventor Teruaki OCHIAI
Art Unit 1725
Examiner Name S. CULLEN

Sheet | 1 | of | 1 Attorney Docket Number 12732-2003004
U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or :alges, (t)glumns, LinesR, V|Vheret
Initials™ No.! Number-Kind Gode? o MM-DD-YYYY Applicant of Cited Document e e"a”Figisr::ie:p‘:ar elevan
FOREIGN PATENT DOCUMENTS
Examiner Cite Foreign Patent Document Publication Date Name of Patentee or ::i?;’n?gl:g:;ggf;x'zz 6
Initials* No.' Country Code® -Number* -Kind Code® (if known) MM-DD-YYYY Applicant of Cited Document Figures Appear
KR-2015-0062724A 06-08-2015 Full
KR-2014-0125856A 10-29-2014 Full
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.

Include copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents al

www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of
the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document
under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,

and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9199) and select option 2.
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Espacenet - INPADOC patent family
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1. POSITIVE AC

FOR RECHARGEABLE LITHIUM BATTERY, METHOD FOR

MANUFACTURING THE SAME, AND RECHARGEABLE LITHIUM BATTERY INCLUDING THE

Gichal Dossiar

SAME

inventor: {Applicant: CRC: iPC: Publication info: Priority
CHO JAE (UNIST ACADEMY IND  [HOAMIQ/REZ  (HOIMIO/QSZIKR20150062724 (A)| date:
PHIL [KRIRES CORP KR HO1M2004/0281 HOTM4/505 | 2015-06-08 2013
OH PIL HO1M4/0418 KR101648994 (81 111-29
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2. CATHODE ACTIVE MATERIAL FOR LITHIUM RE

CHARGEABLE BATTERY, METHOD OF

MANUFACTURING THE SAME, AND LITHIUM RECHARGEABLE

BATTERY INCLUDING THE

SAME

inventor: {Applicant: CRe: i_C: Publication info: Priority
CHG UNIST ACADEMY IND | HOIMID/BE2Z  iHOIM4/04  TUS2015155553 (A1) date:
JAEPHIL {RES CORP [KR] HO1M2004/0281HOTM4/38  12015-08-04 2013-
KR] HOIM4/0418  (HOTM4/M4E  US9954221 (B2) 11-29
OH (+5) 2018-04-24

PH.GUN Giebal Dossier

KR
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(19) Korea Patent Office (KR)
(12) Patent Application Gazette (A)
(11) Publication No. 10-2015-0062724
(43) Date of Publication: June 8, 2015
(51) Int. CL.
HOIM 4/505 (2010.01) HOIM 10/052 (2010.01)
(21) Application Number: 10-2013-0147677
(22) Date of Filing: November 29, 2013
Date of Request for Examination: November 29, 2013
(71) Applicant: UNIST Academy-Industry Research Corporation
50, UNIST-gil, Eonyang-eup, Ulju-gun, Ulsan
(72) Inventors:
Jaephil CHO
20, Munsu-ro 409beon-gil, Nam-gu, Ulsan
Pilgun Oh
50, UNIST-gil, Eonyang-eup, Ulju-gun, Ulsan
(74) Agent:
YOU ME Patent & Law Firm
Number of all claims: 19 claims in total

(54) Title of the Invention. CATHODE ACTIVE MATERIAL FOR LITHIUM

RECHARGEABLE BATTERY, METHOD OF MANUFACTURING THE SAME,
AND LITHIUM RECHARGEABLE BATTERY INCLUDING THE SAME

(57) Abstract

The prevent invention relates to a cathode active material for a lithium

rechargeable battery, a method of manufacturing the same, and a lithium rechargeable

battery including the same, and provides the cathode active material for the lithium

rechargeable battery, including a core including a compound represented by the following

Chemical Formula 1; and a coating layer positioned on the core and including a

compound represented by the following Chemical Formula 2.

(Continued on the next page)
Typical Drawing - Fig. 2
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[Chemical Formula 1]
«LizMnO3-(1nLiM'O;
In Chemical Formula 1, O<x<l and M! is a transition metal.

[Chemical Formula 2]
yMnOZ-(l-y)LiMZOz
In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.
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The National R&D Project applying the Present Invention
Subject Identification Number: 10046309
Ministry Name: Ministry of Trade, Industry and Energy
Special Agency of National R&D Management: Korea Evaluation Institute of
Industrial Technology
Research Project Name: Construction Project of Green Energy Material Technology
Development Center
Research Subject Name: Technology Development of LI-RICH cathode material for
high-capacity/high-power lithium rechargeable battery (>240 MAH/G)
Contribution Rate: 1/1
Managing Department: UNIST Academy-Industry Research Corporation
Research Period: June 1, 2013 to May 31, 2014
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SPECIFICATION
Scope of Claims
[Claim 1]

A cathode active material for a lithium rechargeable battery, comprising:

a core including a compound represented by the following Chemical Formula 1;
and

a coating layer positioned on the core and including a compound represented by
the following Chemical Formula 2:
[Chemical FormulaI]
«LizMnOs-1-9LiM'O2

wherein, in Chemical Formula 1, O<x<l and M! is a transition metal;
[Chemical Formula 2]
yMnOZ-(l-y)LiMZOz

wherein, in Chemical Formula 2, O<y<l, I<z<4, and M? is a transition metal.

[Claim 2]
The cathode active material for a lithium rechargeable battery of claim 1, further
comprising:

a reduced graphene oxide layer positioned on the coating layer.

[Claim 3]
The cathode active material for a lithium rechargeable battery of claim 2,
wherein

a thickness of the reduced graphene oxide layer is 1 to 5 nm.

[Claim 4]

The cathode active material for a lithium rechargeable battery of claim 1,
wherein

a Li/M molar ratio of the entire cathode active material including the core and
the coating layer is 1.05 to 1.6.

[Claim 5]
The cathode active material for a lithium rechargeable battery of claim 1,
wherein

a thickness of the coating layer is 1 to 13 nm.
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[Claim 6]

The cathode active material for a lithium rechargeable battery of claim 1,
wherein

M! of Chemical Formula 1 and M? of Chemical Formula 2 include Ni, Co, and
Mn.

[Claim 7]

A method of manufacturing a cathode active material for a lithium rechargeable
battery, comprising;

preparing a lithium complex oxide and a basic solution;

activating a surface of the lithium complex oxide by adding the lithium complex
oxide to the basic solution, and performing mixing and heating; and

firing the lithium complex oxide with the activated surface.

[Claim 8]
The method of claim 7, wherein
the activating of the surface of the lithium complex oxide by adding the lithium
complex oxide to the basic solution and performing mixing and heating includes:
heating the basic solution to 30 to 120 °C; and
performing agitation after adding the lithium complex oxide to the heated basic

solution.

[Claim 9]

The method of claim 8, wherein

the performing of agitation after adding the lithium complex oxide to the heated
basic solution is performed for 1 to 240 hours.

[Claim 10]
The method of claim 7, further comprising,
before the firing of the lithium complex oxide with the activated surface,
drying the lithium complex oxide with the activated surface.

[Claim 11]

The method of claim 10, wherein

the drying of the lithium complex oxide with the activated surface is performed
at 80 to 160 °C.
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[Claim 12]

The method of claim 10, wherein

the firing of the lithium complex oxide with the activated surface is performed
at 150 to 900 °C.

[Claim 13]
The method of claim 7, wherein
the basic solution is a solution having hydrogen ions that are exchanged with

lithium 10ns.

[Claim 14]

The method of claim 7, wherein

the basic solution is a hydrazine solution, an ammonia solution, or a combination
thereof.

[Claim 15]

The method of claim 7, wherein

in the preparing of the lithium complex oxide and the basic solution,

the lithium complex oxide is a lithium complex oxide in which a graphene oxide
layer is formed.

[Claim 16]

The method of claim 15, wherein

the lithium complex oxide in which the graphene oxide layer is formed is
prepared by:

preparing a solution in which a graphene oxide is dispersed.;

performing agitation after adding the lithium complex oxide to the solution; and

obtaining the lithium complex oxide in which the reduced graphene oxide layer
is formed by using the solution where the graphene oxide and the lithium complex oxide
are agitated by a spray drying method.

[Claim 17]
The method of claim 16,
wherein the cathode active material formed by the manufacturing method

includes:
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a core including a compound represented by the following Chemical Formula I;
a coating layer positioned on the core and including a compound represented by
the following Chemical Formula 2; and
the reduced graphene oxide layer positioned on the coating layer:
[Chemical Formula 1]
XLizMnO3-(1.X)LiM102
wherein, in Chemical Formula 1, O<x<l and M! is a transition metal;
[Chemical Formula 2]
yMnOZ-(l-y)LiMZOz

wherein, in Chemical Formula 2, O<y<l, I<z<4, and M? is a transition metal.

[Claim 18]

The method of claim 7, wherein

the cathode active material formed by the manufacturing method includes:

a core including a compound represented by the following Chemical Formula 1;
and

a coating layer positioned on the core and including a compound represented by
the following Chemical Formula 2:
[Chemical Formula 1]
«LizMnO3-(1nLiM'O;

wherein, in Chemical Formula 1, O<x<l and M! is a transition metal;
[Chemical Formula 2]
yMnOZ-(l-y)LiMZOz

wherein, in Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[Claim 19]

A lithium rechargeable battery comprising:

a cathode including the cathode active material for the lithium rechargeable
battery according to any one of claim 1 to claim 6;

an anode including an anode active material; and

an electrolyte.

Description of the Invention
Technical Field
[0001]

The present invention relates to a cathode active material for a lithium
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rechargeable battery, a method of manufacturing the same, and a lithium rechargeable
battery including the same.

Background Art

[0002]

With respect to the recent trend of a reduction in size and weight of portable
electronic devices, demand for an increase in performance and capacity of a battery used
as a power source for the devices has increased.

[0003]

The battery generates electric power by using a material which can
electrochemically react with a cathode and an anode. A representative example of the
batteries includes a lithium rechargeable battery generating electrical energy by a change
in chemical potential when lithium ions are subjected to intercalation/deintercalation in
the cathode and the anode.

[0004]

The lithium rechargeable battery is manufactured by using a material where
reversible intercalation/deintercalation of the lithium ions is feasible as cathode and anode
active materials, and charging an organic electrolyte solution or a polymer electrolyte
solution between the cathode and the anode.

[0005]

A lithium complex metal compound is used as the cathode active material of the
lithium rechargeable battery, and complex metal oxides such as LiCoO:, LiMn2Os,
LiNiO2, LiNi1«C0x0> (0<x<l), and LiMnO> have been researched as an example thereof.
[0006]

Among the cathode active materials, a Mn-based cathode active material such as
LiMn»04 and LiMnO:> can be easily synthesized and is relatively inexpensive, and has the
highest thermal stability during over-charging as compared to other active materials, and
a low degree of pollution to the environment, and thus is attractive, but has a drawback
in that capacity thereof is small.

[0007]

Further, LiNiO> has a battery characteristic of the highest discharging capacity
among the aforementioned cathode active materials, but has a drawback in that it is
difficult to synthesize LiNiO».  Further, a high oxidation state of nickel becomes a cause
of deterioration of the life-span of both a battery and an electrode, and there are problems
in that self-discharging is severe and reversibility is poor. Moreover, since stability is
not completely secured, there is difficulty in commercialization.

[0008]
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Currently, LiCoO2 is generalized as an active material having a particle diameter
of about 10 um, but does not ensure sufficient energy density.
Summary of the Invention
Objects to be Achieved
[0009]

The present invention has been made in an effort to provide a cathode active
material having an improved characteristic. To be more specific, the present invention
relates to a cathode active material for a lithium rechargeable battery having high initial
coulombic efficiency and excellent lifespan and output characteristics, a method of
manufacturing the same, and a lithium rechargeable battery manufactured using the same.
Means for Achieving the Objects
[0010]

An exemplary embodiment of the present invention provides a cathode active
material for a lithium rechargeable battery, including: a core including a compound
represented by the following Chemical Formula 1; and a coating layer positioned on the
core and including a compound represented by the following Chemical Formula 2.
[0011]

[Chemical Formula 1]
[0012]

XLizMnO3-(1.X)LiM102
[0013]

In Chemical Formula 1, O<x<I and M! is a transition metal.

[0014]
[Chemical Formula 2]
[0015]

yMnO;-(1-y)LiM?0>
[0016]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0017]

The cathode active material may further include a reduced graphene oxide layer

positioned on the coating layer.
[0018]

A thickness of the reduced graphene oxide layer may be 1 to 5 nm.
[0019]

A Li/M molar ratio of the entire cathode active material including the core and
the coating layer may be 1.05 to 1.6.
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[0020]

A thickness of the coating layer may be 1 to 13 nm.
[0021]

M! of Chemical Formula 1 and M? of Chemical Formula 2 may include Ni, Co,
and Mn.
[0022]

Another exemplary embodiment of the present invention provides a method of
manufacturing a cathode active material for a lithium rechargeable battery, including:
preparing a lithium complex oxide and a basic solution; activating a surface of the lithium
complex oxide by adding the lithium complex oxide to the basic solution, and performing
mixing and heating; and firing the lithium complex oxide with the activated surface.
[0023]

The activating of the surface of the lithium complex oxide by adding the lithium
complex oxide to the basic solution and performing mixing and heating may include:
heating the basic solution to 30 to 120 °C; and performing agitation after adding the
lithium complex oxide to the heated basic solution.

[0024]

The performing of agitation after adding the lithium complex oxide to the heated
basic solution may take place for 1 to 240 hours.
[0025]

The method may further include, before the firing of the lithium complex oxide
with the activated surface, drying the lithium complex oxide with the activated surface.
[0026]

The drying of the lithium complex oxide with the activated surface may be
performed at 80 to 160 °C.

[0027]

The firing of the lithium complex oxide with the activated surface may be
performed at 150 to 900 °C.
[0028]

The basic solution may be a solution having hydrogen ions that are exchanged
with lithium ions.
[0029]

The basic solution may be a hydrazine solution, an ammonia solution, or a
combination thereof.

[0030]
In the preparing of the lithium complex oxide and the basic solution, the lithium
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complex oxide may be alithium complex oxide in which a graphene oxide layer is formed.

[0031]

The lithium complex oxide in which the graphene oxide layer is formed may be
prepared by: preparing a solution in which a graphene oxide is dispersed; performing
agitation after adding the lithium complex oxide to the solution; and obtaining the lithium
complex oxide in which the reduced graphene oxide layer is formed by using the solution
where the graphene oxide and the lithium complex oxide are agitated by a spray drying
method.

[0032]

The cathode active material formed by the manufacturing method may include:
a core including a compound represented by the following Chemical Formula 1; a coating
layer positioned on the core and including a compound represented by the following
Chemical Formula 2; and the reduced graphene oxide layer positioned on the coating
layer.

[0033]
[Chemical Formula 1]
[0034]

XLizMnO3-(1.X)LiM102
[0035]

In Chemical Formula 1, O<x<I and M! is a transition metal.

[0036]
[Chemical Formula 2]
[0037]

yMnOZ-(l-y)LiMZOz
[0038]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0039]

The cathode active material formed by the manufacturing method may include:
a core including a compound represented by the following Chemical Formula 1; and a
coating layer positioned on the core and including a compound represented by the
following Chemical Formula 2.

[0040]
[Chemical Formula 1]
[0041]

«LixMnOs-(1-9LiM!'O2

[0042]
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In Chemical Formula 1, O<x<I and M! is a transition metal.

[0043]
[Chemical Formula 2]
[0044]

yMnOZ-(l-y)LiMZOz
[0045]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0046]

Yet another exemplary embodiment of the present invention provides a lithium
rechargeable battery including: a cathode including the cathode active material for the
lithium rechargeable battery according to the aforementioned exemplary embodiments of
the present invention; an anode including an anode active material; and an electrolyte.
Effect of the Invention
[0047]

According to the exemplary embodiments of the present invention, it is possible
to provide a cathode active material for a lithium rechargeable battery having high initial
coulombic efficiency and excellent life-span and output characteristics, a method of
manufacturing the same, and a lithium rechargeable battery manufactured using the same.
Brief Description of the Drawings
[0048]

FIG. 1 shows XRD analysis results of Examples 1 and 2 and Comparative
Example 1.

FIG. 2 shows SEM photographs of active materials according to the examples
and the comparative examples.

FIG. 3 shows TEM photographs of the active material according to Example 1.

FIG. 4 shows TEM photographs of the active material according to Example 2.

FIG. 5 is a graph illustrating life-span characteristics of batteries according to
Example 5 and Comparative Example 2.

FIG. 6 is a graph illustrating initial efficiency characteristics of batteries
according to Example 7 and Comparative Example 2.

FIG. 7 is a graph illustrating output characteristics of batteries according to
Examples 5, 6, and 7 and Comparative Example 2.

FIG. 8 is a graph illustrating life-span and operation voltage characteristics of
batteries according to Example 7 and Comparative Example 2.

FIG. 9 is a graph illustrating the life-span characteristics according to Example
7 and Comparative Example 2 after initial charging/discharging at 2.0 to 4.8 V.
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Mode for Carrying Out the Invention
[0049]

Exemplary embodiments of the present invention will hereinafter be described
in detail. However, the exemplary embodiments are illustrative only, and are not to be
construed to limit the present invention, and the present invention is just defined by the
scope of the claims as will be described below.

[0050]

An exemplary embodiment of the present invention may provide a cathode
active material for a lithium rechargeable battery having high initial coulombic efficiency
and excellent life-span and output characteristics, a method of manufacturing the same,
and a lithium rechargeable battery manufactured using the same.

[0051]

In the cathode active material according to the exemplary embodiment of the
present invention, a structurally and electrochemically stable coating layer (or surface
layer) may be formed on a surface of the active material by chemically activating a
Li2MnOs phase of the surface of the active material by using an aqueous solution (e.g., a
basic solution) including hydrogen ions, and then performing heat treatment.

[0052]

Further, optionally, the cathode active material for the lithium rechargeable
battery according to the exemplary embodiment of the present invention may further
include a reduced graphene oxide layer having excellent electrical conductivity as the
coating layer.

[0053]

To be more specific, the exemplary embodiment of the present invention
provides the cathode active material for the lithium rechargeable battery including a core
including a compound represented by the following Chemical Formula 1, and a coating
layer positioned on the core and including a compound represented by the following
Chemical Formula 2.

[0054]
[Chemical Formula 1]
[0055]

XLizMnO3-(1.X)LiM102
[0056]

In Chemical Formula 1, O<x<I and M! is a transition metal.

[0057]
[Chemical Formula 2]
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[0058]

yMnOZ-(l-y)LiMZOz
[0059]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0060]

A structure of the compound represented by Chemical Formula 2 is a structure
in which lithium which is generated by a manufacturing method using a basic solution as
will be described below is eliminated. This structure is structurally and
electrochemically stable, and may improve the lifespan and output characteristics of the
battery. A thickness of the coating layer may be 1 to 13 nm, and more specifically 1 to
10 nm. The life-span and output characteristics may be slightly changed according to a
thickness range, and an agitation time as will be described below may be controlled
according to a target thickness.

[0061]

Further, the cathode active material may further include a reduced graphene
oxide layer positioned on the coating layer. A thickness of the reduced graphene oxide
layer may be 1 to Snm. The thickness range can be optionally adjusted according to the
characteristic of the active material, but is not limited thereto.

[0062]

A Li/M molar ratio of the entire cathode active material including the core and
the coating layer may be 1.05 to 1.6, and more specifically 1.1 to 1.35. This ratio is a
ratio of elimination of Li as compared to an initially added raw material, and may be
changed according to the thickness of the coating layer.

[0063]

M! of Chemical Formula 1 and M? of Chemical Formula 2 may be Ni, Co, and
Mn. All transition metals already known in the art can be used, so M! and M? are not
limited thereto.

[0064]

Another exemplary embodiment of the present invention provides a method of
manufacturing a cathode active material for a lithium rechargeable battery, including:
preparing a lithium complex oxide and a basic solution; activating a surface of the lithium
complex oxide by adding the lithium complex oxide to the basic solution, and performing
mixing and heating; and firing the lithium complex oxide with the activated surface.
[0065]

The activating of the surface of the lithium complex oxide by adding the lithium
complex oxide to the basic solution and performing mixing and heating may include:
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heating the basic solution to 30 to 120 °C; and performing agitation after adding the
lithium complex oxide to the heated basic solution.
[0066]

The performing of agitation after adding the lithium complex oxide to the heated
basic solution may take place for 1 to 240 hours, and more specifically 1 to 20 hours.
The thickness of the aforementioned coating layer may be controlled according to the
agitation time.

[0067]

The method may further include, before the firing of the lithium complex oxide
with the activated surface, drying the lithium complex oxide with the activated surface.
[0068]

The drying of the lithium complex oxide with the activated surface may be
performed at 80 to 160 °C. However, the drying is not limited thereto.

[0069]

The firing of the lithium complex oxide with the activated surface may be
performed at 150 to 900 °C, more specifically 180 to 220 °C. However, the firing is not
limited thereto.

[0070]

The basic solution may be a solution having hydrogen ions exchanged with
lithium ions.
[0071]

To be more specific, the basic solution may be a hydrazine solution, an ammonia
solution, or a combination thereof. However, the basic solution is not limited thereto.
[0072]

In the preparing of the lithium complex oxide and the basic solution, the lithium

complex oxide may be alithium complex oxide in which a graphene oxide layer is formed.

[0073]

The lithium complex oxide in which a graphene oxide layer is formed may be
prepared by: preparing a solution in which a graphene oxide is dispersed; performing
agitation after adding the lithium complex oxide to the solution; and obtaining the lithium
complex oxide in which the graphene oxide layer is formed by using the solution where
the graphene oxide and the lithium complex oxide are agitated by a spray drying method.
Since the spray drying method is well known in the art, a detailed description thereof will
be omitted.

[0074]
The cathode active material prepared by the manufacturing method may include
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the core including the compound represented by the following Chemical Formula 1; the
coating layer positioned on the core and including the compound represented by the
following Chemical Formula 2; and the reduced graphene oxide layer positioned on the
coating layer.

[0075]

[Chemical Formula 1]

[0076]

«LixMnOs-(1-9LiM!'O2
[0077]

In Chemical Formula 1, O<x<I and M! is a transition metal.

[0078]
[Chemical Formula 2]
[0079]

yMnOZ-(l-y)LiMZOz
[0080]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0081]

The cathode active material prepared by the manufacturing method may include
the core including the compound represented by the following Chemical Formula 1; and
the coating layer positioned on the core and including the compound represented by the
following Chemical Formula 2.

[0082]
[Chemical Formula 1]
[0083]

XLizMnO3-(1.X)LiM102
[0084]

In Chemical Formula 1, O<x<I and M! is a transition metal.

[0085]
[Chemical Formula 2]
[0086]

yMnOZ-(l-y)LiMZOz
[0087]

In Chemical Formula 2, O<y<l, 1<z<4, and M? is a transition metal.

[0088]

Since a detailed description of the structure of the cathode active material is the

same as that of the aforementioned exemplary embodiment of the present invention, the
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description will be omitted.
[0089]

The cathode active material according to the exemplary embodiment of the
present invention may be effectively used in a cathode of the lithium rechargeable battery.
The lithium rechargeable battery includes an anode including an anode active material
and an electrolyte together with the cathode.

[0090]

The cathode is manufactured by mixing the cathode active material according to
the exemplary embodiment of the present invention, a conductive material, a binder, and
a solvent to manufacture a cathode active material composition, and then directly
applying and drying the cathode active material composition on an aluminum current
collector.  Alternatively, the cathode can be manufactured by casting the cathode active
material composition on a separate support, and then laminating a film obtained by
stripping the cathode active material from the support on an aluminum current collector.
[0091]

In this case, carbon black, graphite, or a metal powder is used as the conductive
material, and a vinylidene fluoride/hexafluoropropylene copolymer, polyvinylidene
fluoride, polyacrylonitrile, polymethyl methacrylate, polytetrafluoroethylene, and a
mixture thereof are feasible as the binder. Further, N-methylpyrrolidone, acetone,
tetrahydrofuran, decane, and the like are used as the solvent. In this case, the cathode
active material, the conductive material, the binder, and the solvent are used in a content
at a level typically used in the lithium rechargeable battery.

[0092]

Like the cathode, the anode is manufactured by mixing an anode active material,
a binder, and a solvent to manufacture an anode active material composition, directly
applying the anode active material composition on a copper current collector or casting
the anode active material composition on a separate support, and laminating an anode
active material film stripped from the support on the copper current collector. In this
case, if necessary, the anode active material composition may further contain a conductive
material.

[0093]

A material where intercalation/deintercalation of lithium is feasible is used as the
anode active material, and for example, a lithium metal or a lithium alloy, cokes, artificial
graphite, natural graphite, organic polymer compound combustion bodies, carbon fibers,
and the like are used. Further, the conductive material, the binder, and the solvent are
used identically to those of the aforementioned cathode.
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[0094]

All separators typically used in the lithium rechargeable battery can be used, and
for example, polyethylene, polypropylene, polyvinylidene fluoride, or a multilayer of two
or more layers thereof may be used, and needless to say, a mixed multilayer such as a
polyethylene/polypropylene two-layered separator, a
polyethylene/polypropylene/polyethylene three-layered separator, and a
polypropylene/polyethylene/polypropylene three-layered separator may be used.

[0095]

A non-aqueous electrolyte, a known solid electrolyte, or the like can be used as
the electrolyte charged in the lithium rechargeable battery, and an electrolyte where a
lithium salt is dissolved is used.

[0096]

The solvent of the non-aqueous electrolyte is not particularly limited, but cyclic
carbonates such as ethylene carbonate, propylene carbonate, butylene carbonate, and
vinylene carbonate; chained carbonates such as dimethyl carbonate, methylethyl
carbonate, and diethyl carbonate; esters such as methyl acetate, ethyl acetate, propyl
acetate, methyl propionate, ethyl propionate, and y-butyrolactone; ethers such as 1,2-
dimethoxyethane, 1,2-diethoxyethane, tetrahydrofuran, 1,2-dioxane, and 2-
methyltetrahydrofuran; nitriles such as acetonitrile; amides such as dimethylformamide;
and the like may be used. The aforementioned examples may be used either alone or in
a combination of a plurality of examples. Particularly, a mixed solvent of a cyclic
carbonate and a chained carbonate may be preferably used.

[0097]

Further, a gel-shaped polymer electrolyte where an electrolyte solution is
impregnated in a polymer electrolyte such as polyethylene oxide and polyacrylonitrile, or
an inorganic solid electrolyte such as Lil and Li3N, is feasible as the electrolyte.

[0098]

In this case, one kind selected from the group consisting of LiPFs, LiBF4, LiSbFe,
LiAsFs, LiC104, LiCF3S0s3, Li(CF3S02):N, LiC4F9SOs, LiSbFs, LiAlO4, LiAIC14, LiCl,
and Lil is feasible as the lithium salt.

[0099]

Hereinafter, preferred examples and comparative examples of the present
invention will be described. However, the following examples are only the preferred
examples of the present invention, and the present invention is not limited thereto.
[0100]

Examples
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[0101]
Example 1: Manufacturing of Cathode Active Material
[0102]

After 40 pg of hydrazine monohydrate was added to 10 mg of deionized water,
the aqueous solution was heated to 90 °C, and the temperature was maintained.
[0103]

Subsequently, after 2 g of 0.4Li2MnO3-0.6LiNi13Mn13Co01302 was added and
mixed, agitation was performed for 3 hours.
[0104]

Drying was then performed at a temperature of 120 °C for 12 hours, and heat
treatment was performed at a temperature of 200 °C for 3 hours.
[0105]

Thereby, the cathode active material for the lithium rechargeable battery was
manufactured. The composition of the manufactured cathode active material for the
lithium rechargeable battery was 0.33Li2MnO3-0.6LiNi1sMn13C0130:.

[0106]
Example 2;: Manufacturing of Cathode Active Material
[0107]

After 40 pg of hydrazine monohydrate was added to 10 mg of deionized water,
the aqueous solution was heated to 90 °C, and the temperature was maintained.
[0108]

Subsequently, after 2 g of 0.4Li2MnQ3-0.6LiNiisMnj3Co1302 was added and
mixed, agitation was performed for 10 hours.
[0109]

Drying was then performed at a temperature of 120 °C for 12 hours, and heat
treatment was performed at a temperature of 200 °C for 3 hours.
[0110]

Thereby, the cathode active material for the lithium rechargeable battery was
manufactured. The composition of the manufactured cathode active material for the
lithium rechargeable battery was 0.18Li2MnO3-0.6LiNiysMni3Co130.

[0111]
Example 3: Manufacturing of Cathode Active Material
[0112]

200 ml of a 4 mg/ml graphene oxide solution was added to 10 mg of deionized
water, and then agitated.
[0113]
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Subsequently, after 16 g of 0.4Li2MnO3-0.6LiN11sMn13C01502 was added and
mixed, agitation was performed for 1 hour.
[0114]

Spraying was then performed into the cylinder at 190 °C by using a spray drier.
[0115]

Subsequently, drying was performed at a temperature of 120 °C for 12 hours.
[0116]

Thereby, the cathode active material for the lithium rechargeable battery was
manufactured. The composition of the manufactured cathode active material for the
lithium rechargeable battery was 0.4Li2MnQO3-0.6LiNi15Mn1/3C0130:2, the surface of
which was coated with graphene oxide.

[0117]
Example 4;: Manufacturing of Cathode Active Material for Lithium Rechargeable

Battery
[0118]

After 40 pg of hydrazine monohydrate was added to 10 mg of deionized water,
the aqueous solution was heated to 90 °C, and the temperature was maintained.
[0119]

Subsequently, after 2 g of 0.4Li2MnOs-0.6LiN113Mni3C01502 that was the
resulting material of Example 3, the surface of which was coated with graphene oxide,
was added and mixed, agitation was performed for 3 hours.

[0120]

Drying was then performed at a temperature of 120 °C for 12 hours, and heat
treatment was performed at a temperature of 200 °C for 3 hours.
[0121]

Thereby, the cathode active material for the lithium rechargeable battery was
manufactured. The composition of the manufactured cathode active material for the
lithium rechargeable battery was 0.33Li2MnOs-0.6LiNi15Mn1/3C01302, the surface of
which was coated with reduced graphene oxide.

[0122]
[0123]
Example 5: Manufacturing of Lithium Rechargeable Battery
[0124]

The cathode active material for the lithium rechargeable battery manufactured in
Example 1, Super-P as a conductive material, and polyvinylidene fluoride (PVdF) as a
binder were mixed at the weight ratio of 8:1:1 to manufacture a slurry. The slurry was
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uniformly applied on an aluminum foil having a thickness of 15 um, and vacuum-dried
at a temperature of 120 °C to manufacture a cathode.
[0125]

A half cell was manufactured by using the manufactured cathode and a lithium
foil as the counter electrode, and using the liquid electrolyte solution in which LiPF¢ was
dissolved in a concentration of 1.0 M in the solvent where porous polyethylene carbonate,
ethylmethyl carbonate, and dimethyl carbonate were mixed at a volume ratio of 3:4:3,
according to the typically known manufacturing process.

[0126]
Example 6: Manufacturing of Lithium Rechargeable Battery
[0127]

The same procedure as Example 5 was performed to manufacture a coin half cell,
except that the cathode active material for the lithium rechargeable battery manufactured
in Example 2 was used.

[0128]
Example 7: Manufacturing of Lithium Rechargeable Battery
[0129]

The same procedure as Example 5 was performed to manufacture a coin half cell,
except that the cathode active material for the lithium rechargeable battery manufactured
in Example 4 was used.

[0130]

Comparative Example 1: Cathode Active Material for Lithium Rechargeable
Battery

[0131]

The compound represented by 0.4Li2MnQO3-0.6LiNi13Mn15C01302 was used as

the cathode active material for the lithium rechargeable battery.

[0132]

Comparative Example 2;: Manufacturing of Lithium Rechargeable Battery
[0133]

The same procedure as Example 5 was performed to manufacture a coin half cell,
except that the cathode active material for the lithium rechargeable battery of
Comparative Example 1 was used.

[0134]

Experimental Example

[0135]

Experimental Example 1;: IPC Analysis

AMPEREX Ex. 1002
Page 1412



[0136]
The following Table 1 shows component analysis results of Example 1 and

Comparative Example 1.

[0137]
Table 1
. . L/M ratio
L1 Mn Co Ni .
(molar ratio)
Comparative Example 1 7.01 3.01 0.98 1.00 1.41
Example 1 6.46 2.99 0.98 1.00 1.3
[0138]

As a result of the analysis, it can be confirmed that the Li/M ratio is changed by
hydrazine treatment of Example 1.  This is judged to be caused by chemical elimination
of Li.

[0139]
Experimental Example 2;: XRD Analysis
[0140]

FIG. 1 shows XRD analysis results of Examples 1 and 2 and Comparative
Example 1.

[0141]

It can be seen that an XRD peak is formed around 19° according to an increase
in hydrazine treatment time.  Accordingly, it can be seen that Li*/H" ions are exchanged.
[0142]

Experimental Example 3;: SEM analysis
[0143]

FIG. 2 shows SEM photographs of the active materials according to the
examples and the comparative examples. After the cathode active materials for the
lithium rechargeable batteries of Example 1 and Comparative Example 1 were sampled
on a carbon tape, platinum (Pt) plasma coating was performed to take SEM photographs.
To be more specific, a description of each picture in FIG. 2 is as follows.

[0144]

a. Conceptual diagram of the cathode active material, the surface of which is
coated by a general sol-gel method
[0145]

b. Conceptual diagram of the cathode active material according to Example 4
[0146]
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¢. 0.4Li:MnO3-0.6LiNi1sMni3Co1/302 bare material used
[0147]
d. 0.4Li:MnOs3-0.6LiNi1sMni13C01303, the surface of which is coated with
graphene oxide formed by Example 3
[0148]
e. Active material according to Example 4
[0149]
1 Active material according to Example 3
[0150]
It can be confirmed that surface treatment and graphene oxide treatment
according to the examples of the present invention are uniformly performed well.
[0151]
Experimental Example 4;: TEM Analysis
[0152]

FIG. 3 shows TEM photographs of the active material according to Example 1.
It can be confirmed that a 2 to 3 nm coating layer is formed on the surface.
[0153]

FIG. 4 shows TEM photographs of the active material according to Example 2.
It can be confirmed that the coating layer of around 13 nmis formed on the surface. That
is, it can be seen that the thickness of the coating layer can be adjusted according to the
treatment time.
[0154]
Experimental Example 5; Battery Characteristic Data
[0155]

FIG. 5 is a graph illustrating life-span characteristics of the batteries according
to Example 5 and Comparative Example 2. In FIG. 5, the number of the used active
material was used for identification. More specifically, the life-span characteristic was
measured at 2.0 to 4.6 V after the first cycle at room temperature/2.0 to 4.7 V (1 C-rate).
[0156]

It can be seen that the life-span characteristic of the coin-cell using the active
material according to Example 1 is better.

[0157]

FIG. 6 is a graph illustrating initial efficiency characteristics of the batteries

according to Example 7 and Comparative Example 2.
[0158]
It can be seen that the coin-cell using the active material according to Example

AMPEREX Ex. 1002
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4 has high initial efficiency.
[0159]

FIG. 7 is a graph illustrating output characteristics of the batteries according to
Examples 5, 6, and 7 and Comparative Example 2.

[0160]

It can be seen that the coin-cells using the active materials of Examples 1 and 4
have the better output characteristic as compared to the coin-cell using Comparative
Example 1, but in the case of Example 2, the output characteristic is inferior to that of
Comparative Example 1. That is, it can be seen that the output characteristic of the
battery is partially affected by the thickness of the coating layer according to the hydrazine
treatment time.

[0161]

FIG. 8 is a graph illustrating the life-span and operation voltage characteristics
of the batteries according to Example 7 and Comparative Example 2.

[0162]

It can be seen that even though Example 7 and Comparative Example 2 have the
similar life-span characteristics, in the case of Example 7, an operation voltage reduction
is small.

[0163]

FIG. 9 is a graph illustrating the life-span characteristics according to Example
7 and Comparative Example 2 after initial charging/discharging at 2.0 to 4.8 V.

[0164]

It can be seen that the coin-cell according to Example 7 has the improved life-
span characteristic as compared to the coin-cell according to Comparative Example 2.
[0165]

The prevent invention is not limited to the above Examples, but may be
manufactured in a variety of different modes, and it will be appreciated by those skilled
in the art that the prevent invention can be implemented in different specific modes
without changing the technical idea or essential features of the prevent invention.
Therefore, the aforementioned embodiments should be understood to be exemplary but

not limiting in any way.

[FIG. 1]
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[FIG. 3]
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olo] A}, 1207Ce] LXoA 12A1F B¢k Axsta, 200C e LxdA 342 X7 s},

ol=A, F ozt AAE 4T LEEL Axsdr. 7] Az HF oAdAE ¢S5 2549 AL ¥4
0. 33L12Mﬂ03 0. 6L1N11/3MI’11/3COU302 ]q

AN 5 GF o) AAY Az

A7) A 194 Axd HF oz A G dF 282 mdAR 9P, dilv= 2eudeyd 250
OJ=(PVAF)E 27} 8:1:19] = FRste] SRl Alxsdint. A7) £edE 15 m F79 EFTEat
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A7) AAld 2004 AxF HEF ol dAE 4T E2ELE AT AL Addstae 4] dAld 59 FLetA
Al

00
J

7] A 401]*1 Az 2F ozt A& 45 2E2E AEF AL Adstus 37 Al 58 FAsHA
Al

Hlad 10 gF o)z AAE ¢ 24

0.4L1Mn0z=0. 6LiNi /My 5C01/40,2 EA 5=

L
iz
it
o
ivh
uf
o
N
24
>
X,
oo
o2
Ju
et

924 Agaar.

Hlad 2. gF oA AA4 Az

A7) il 19] BE ol wAE *F BEAS SR AL Adstus A7) A6 55} BekA Al
ERS

AL Az sk

-3~ AMPEREX Ex. 1002

Page 1436



{0134]
{01357

[0136]

0137]

{6138]

{0139]
{0140

{0141}

{0142}

{0143

{6144
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{0145]
{01471
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{71497

{61507

{6151

{0152}

{015%]

[6154]

{01551
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Li Mn Co Ni L/M

ratio(EH])
Hlald 1 7.01 3.01 0.98 1.00 1.41
AAld 1 6.46 2.99 0.98 1.00 1.3

A A%, Aad 19 ol=azl Ad o8] Limel ulgo] M@ AL S & . o= Lio Febd @
@ old Qo yukd

oA

AF 2: XRD BA
T 18 AAd 1, 2 2 Had 1o] XRD B4 A3e]r},

shol=alzl Ael Alzte] Z7h ghol] whel 19% Ftel XRD ¥ =27F Bl AL & 5 vk, o= Li/H 9

= 2% AAd g Hadd] uhE SZ Qo] SEM ARelth, 7] Aald 1, Hlmd 19 gF oz #AE FF &
RS 47 g Hel= fd MEHT ¥, SHEEP) 2eh=vh mEete] SN ARIS Bdetgin B 7
Ao, =2 o] 24zbe] ARl g e o} 2

C. /‘}%E’ 041/12/%[7@_0 6L1’N1’1/3M[71/3601/302 bare 5%’

d. Al 39 oe] FAH M3 zefEo] s EFEH 0.4LiMn0—0. 6LiNiy M sCo1s0,

e. AAjd 4o] @E FEH

f. HA]o] 3o w2 FEZ

®ouge] Axee] he 5@ g, 2 Ag aehE Azt 2QekA 2 olFeld AL FAT 5
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(54) Title of the Invention: Particle, Formation Method of the Particle, and Use of the
Particle
(57) Overview:
The present invention relates to a particle including a mixed oxide of General
Formula (I) below and the particle is completely or partially coated with one or more
fluorides.
Li1+aNipCocMngO, @D
(In the Formula (I), variables are each defined as follows: b is a number in the range of
0.25 t0 0.45; ¢ is a number in the range of 0.15 to 0.25; d = 1-b-c; (1+a) is in the range of
1.05 to 1.20; and 1.8+a<z<2.2+a). The present invention also relates to a formation

method and a use of the particle of the invention.
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[Scope of Claim]
[Claim 1]

A particle including a mixed oxide of General Formula (I) below that is

completely or partially coated with one or more fluorides:

Li1+aNipCocMngO;, M

(In the Formula (I), variables are each defined as follows: b is a number in the range of
0.25 to 0.45; ¢ is anumber in the range 0f 0.15t00.25; 1.8 +a<z<22+a);d=1-b-
c; and (1 + a) is in the range of 1.05 to 1.20).

[Claim 2]

The particle according to claim 1, wherein a molar ratio of fluoride to the sum
of transition metals in the mixed oxide of General Formula (I) is in the range of 0.02 to
0.15.

[Claim 3]

The particle according to claim 1 or 2, wherein 5 % or more of an external surface
of the particle is covered with fluoride.
[Claim 4]

The particle according to any one of claims 1 to 3, wherein fluoride is selected
from LiF, NiF2, CoF2, MnF», and oxyfluoride of one or more metals selected from Ni,
Mn, and Co.

[Claim 5]

The particle according to any one of claims 1 to 4, wherein an average diameter
(D50) is in the range of 1 um to 30 um.

[Claim 6]

The particle according to any one of claims 1 to 5, wherein the particle is
substantially spherical.
[Claim 7]

The particle according to any one of claims 1 to 6, wherein the particle includes
LixMnOs.

[Claim 8]

A use of the particle according to any one of claims 1 to 7 for manufacturing of
an electrode.

[Claim 9]
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An electrode comprising;

the particle according to claims 1 to 8, one or more carbon-containing materials
having electric conductivity, and one or more binders.

[Claim 10]

The electrode according to claim 9, wherein the carbon-containing materials
having electric conductivity are selected from graphite, carbon black, carbon nanotube,
graphene, and a mixture of at least two of the above materials.

[Claim 11]

A use of the particle according to claims 1 to 7 and the electrode according to
claim 9 or 10 in a battery.
[Claim 12]

A manufacturing method of a battery using the particle according to claims 1 to
7 and the electrode according to claim 9 or 10.

[Claim 13]

A manufacturing method of an electrode using the particle according to claims 1
to 7 and the electrode according to claim 9 or 10.

[Claim 14]

A battery comprising;

an electrode material according to claims 1 to 7 and one or more electrodes
according to claim 9 or 10.

[Claim 15]

A use of the battery according to claim 14, as a power source in a mobile device.
[Claim 16]

A use of the battery according to claim 14 or 15,

wherein the mobile device is an automobile, a motorcycle, an aircraft, a computer,
a telephone, or a power tool.

[Claim 17]

A formation method of the particle according to claims 1 to 7 comprising a step
of;

calcining of hydroxide, carbonate, oxyhydroxide, or basic carbonate of nickel,
manganese, and cobalt in the presence of fluoride and one or more lithium salts.

[Claim 18]
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The method according to clam 17,
wherein the selected fluoride is ammonium fluoride or ammonium hydrogen
difluoride.
[Description]
[Technical Field]
[0001]
The present invention relates to a particle including a mixed oxide of General
Formula (I) below:
[0002]
Li1+aNipCocMngO, @D
[0003]
(In the Formula (1),
[0004]
variables are each defined as follows:
[0005]
b is a number in the range of 0.25 to 0.45;
[0006]
c is a number in the range of 0.15 to 0.25;
[0007]
d=1-b-g
[0008]
18+a<z<22+a;
[0009]
and (1 + a) is in the range of 1.05 to 1.20),
[0010]
wherein the particle is completely or partially coated with one or more fluorides.
[0011]
The present invention also relates to a formation method of the particle of the
invention. The present invention also relates to a use of the particle of the invention.
[Background of the Invention]

[0012]
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Batteries with high storage capacitance at maximum working voltage are
becoming increasingly important. In general, with batteries that operate on the basis of
aqueous systems, it is difficult to obtain the desired capacitance.

[0013]

In lithium-ion batteries, charge transfer is ensured by non-aqueous solvents or
by lithium ion in non-aqueous solvent systems, not by protons in hydrated form.
Electrode materials have a specific role to play. The demands for cathode materials are
particularly high.

[0014]

In many cases, these cathodes that operate at high voltages become problematic
at high voltages—that is, at 4.3 V or higher, for example. Under these circumstances,
oxidation of the electrolyte may occur, sometimes accompanied by its polymerization.
In the most unfavorable cases, however, the polymer layer on the cathode functions as an
insulator, leading to a drastic reduction in battery efficiency. Furthermore, many
cathode materials have been found to lack cycling stability at such voltages. This is
because too much lithium is removed from the structure during the discharge
(delithiation) process, which can lead to a collapse of the corresponding cathode material
structure.

[0015]

Therefore, the object of the present invention is to provide material suitable for
manufacturing a cathode having a long lifetime even at a high voltage—that is, at 4.3 V
or higher, for example—and even after several significant delithiation processes in
particular. An additional object of the present invention is to provide a formation
method of a material that can be further processed into a corresponding cathode.
Another object of the present invention is to provide an electrode and a battery having a
long lifetime even at a high voltage and even after several significant delithiation
processes in particular.

[0016]

Therefore, we have found the particle defined at the beginning. In the present

invention, the particle is referred to as “the particle of the invention™,

[0017]
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In the present invention, the term “cycling” refers to the charging and the
discharging of a battery or a cell.
[Content of the Invention]
[0018]

The present invention relates to one or more mixed oxides in General Formula
(D below:

[0019]

Li1+aNipCocMngO;, Y
[0020]

(In the Formula (1),

[0021]
variables are each defined as follows:
[0022]

b is a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42;
[0023]

¢ is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22;
[0024]

d=1-b-g
[0025]

(1 + a) is in the range of 1.05 to 1.20, preferably 1.10 to 1.15;

[0026]

and 1.8 +a<z<22+a),
[0027]

wherein the particle is completely or preferably partially coated with one or more
fluorides.
[0028]

In one embodiment of the present invention, the particle of the invention includes
two or more mixed oxides of General Formula (I). In another embodiment of the present
invention, the particle of the invention includes exactly one mixed oxide of General
Formula (I).

[0029]
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In one embodiment of the present invention, the particle of the invention does
not include any additional Mn-, Co- or Ni-containing oxide compound other than the
mixed oxide of General Formula (I). In another embodiment of the present invention,
the particle of the invention includes, for example, LiMnQOs in the range of 5 mol% to 22
mol%, based on the compound of General Formula (I).

[0030]

In one embodiment of the present invention, the particle of the invention has a
molar ratio of fluorine to the sum of the transition materials in the mixed oxide of General
formula (I) in the range of 0.02 to 0.15.

[0031]

In one embodiment of the present invention, the material of the present invention
substantially has a layered structure, which is an oxide formed of layers in other words.
The structure of each crystal lattice can be measured by known methods—for example
X-ray diffraction or electron diffraction—in particular X-ray powder diffraction.

[0032]

In one embodiment of the present invention, the particle of the invention, for
example, may have a BET surface area in the range of 0.1 m%/g to 5 m?/g, measured by
nitrogen adsorption according to DIN ISO 9277:2003-05.

[0033]

In one embodiment of the present invention, the material of the invention may
be doped with metal ions selected from Na, K, Rb, Cs , alkali earth metal, Ti, V, Cr, Fe,
Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga, and Ge cations, with a total of 2 wt% or lower,
preferably with a total of 1 wit% or lower, based on the overall compounds (I). In a
favorable embodiment of the present invention, the material of the invention is not doped
with any other metal ions.

[0034]

The term “doping™ should be understood to signify an addition of one or more
compounds having one or more cations selected from Na, K, Rb, Cs, alkali earth metal,
Ti, V, Cr, Fe, Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga, and Ge cations in one or more
steps during the formation of the material of the invention. Impurities introduced by

minor contaminants of the starting material, like a sodium ion in the range of 0.1 ppm to
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100 ppm based on the material of the invention, are not referred to as doping in the present
invention.
[0035]

In one embodiment of the present invention, the particle of the invention includes
sulfate or carbonate up to 1 wt% or lower. In another embodiment of the present
invention, the material of the invention does not include a given detectable ratio of sulfate
and/or carbonate.

[0036]

In one embodiment of the present invention, the compound of General Formula
(D is in the form of a crystalline powder.

[0037]

In one embodiment of the present invention, the particle of the invention is
substantially spherical. In one embodiment of the present invention, the particle of the
invention is a secondary aggregate of primary particles, which is substantially spherical.
The particle diameter (D50) of the secondary aggregate can be in the range of 1 um to 30
um, preferably 2 um to 25 um, more preferably 4 um to 20 um. In the present invention,
the particle diameter (D50), for example, refers to the average particle diameter (weight
average) that is measurable by evaluation with light scattering or an electron microscope.
[0038]

It should be understood that the term “substantially spherical” signifies that the
particle of the invention is exactly spherical or has a circular shape, in which case the
difference between the diameter at the largest point and the diameter at the smallest point
does not exceed 10 %.

[0039]

The particle of the invention is completely or partially coated with one or more
fluorides, which means that the particle of the invention includes coating material
including one or more fluorides. The coating material is considered to be a part of the
particle of the invention.

[0040]

In one embodiment of the present invention, 5 % or more of an external surface

of the particle of the invention is coated with fluoride, indicating an average value. Ina

favorable embodiment, 10 % to 90 % of the external surface of the particle of the
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invention is covered with fluoride. The coverage, for example, can be measured by
photoelectron spectroscopy (XPS) or electron microscopy (SEM, TEM).
[0041]

Fluoride that coats the particle of the invention may be either crystalline or
amorphous.
[0042]

In one embodiment of the present invention, fluoride is selected from LiF, NiF,
CoF2, MnF, possibly mixed fluoride of two or more metals selected from Mn, Ni, and
Co, and oxyfluoride of one or more metals selected from Ni, Mn, and Co. Fluoride
selected from LiF, NiF,, CoF», and MnF; is preferred.

[0043]

In one embodiment of the present invention, the particle of the invention is
completely or partially coated with fluoride compounds, such as LiF, NiF,, CoF2, MnF»,
and two or more fluorides selected from oxyfluoride of one or more metals selected from
Ni, Mn, and Co.

[0044]

In one embodiment of the present invention, fluoride(s) is(are) arranged in the
form of a single crystal, or amorphous or crystalline layer on the external surface of the
particle of the invention.

[0045]

In one embodiment of the present invention, fluoride exists on the external
surface, but it does not exist in pores of the particle of the invention. In another
embodiment of the present invention, fluoride exists not only on the external surface, but
also in pores of the particle of the invention, especially in pores derived from the
aggregation of the primary particles.

[0046]

A battery with a favorable property can be manufactured by using the particle of
the invention. More particularly, a battery manufactured with the compound of General
Formula (I) has a high discharge capacitance when cycled against lithium elements at 3.0
Vito4.6V. Itisobserved that the battery of the invention shows only a very small drop
(if it exists) in potential during the cycling. During the cycling against the lithium

9/33

AMPEREX Ex. 1002

Page 1453



10

15

20

25

30

English Translation of KR2014-0125856

elements at 3.0 V to 4.6 V, the average discharge potential should exceed 3.5 V in 25
mA/g of a current rate in the material of the invention.
[0047]

The present invention also provides an electrode including the particle of the
invention.
[0048]

In the present invention, the particle of the invention may be referred to as
material (A).

[0049]

In one embodiment of the present invention, the particle of the invention is used
as a composite including carbon-containing materials having electric conductivity in the
electrode of the invention. For example, the particle of the invention can be treated, or
coated, with the carbon-containing materials having electric conductivity, for example.
Such a composite is also a part of the main subject of the present invention.

[0050]

The carbon-containing material having electric conductivity, for example, can
be selected from graphite, carbon black, carbon nanotube, graphene and a mixture of at
least two of the aforementioned materials. In the present invention, the carbon-
containing material having electric conductivity may be referred to as carbon (B), for
short.

[0051]

In one embodiment of the present invention, the carbon-containing material
having electric conductivity is carbon black. Carbon black, for example, can be selected
from lamp black, furnace black, flame black, thermal black, acetylene black, and
industrial black. Carbon black may include impurities, such as hydrocarbon (especially
aromatic hydrocarbon), oxygen-containing compounds, or oxygen-containing groups
(e.g., OH group). In addition, sulfur- or iron-containing impurities may exist in the
carbon black.

[0052]

In a variation, the carbon-containing material having electric conductivity is a
partially oxidized carbon black.
[0053]
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In one embodiment of the present invention, the carbon-containing material
having electric conductivity includes carbon nanotubes. Carbon nanotubes (CNTs, for
short), for example, single-walled carbon nanotubes (SWCNTSs) and preferably multi-
walled carbon nanotubes (MWCNTSs) are known. The formation method and some
properties thereof, for example, are described in the study conducted by A. Jess et al.
(Chemie Ingenieur Technik 2006, 78, 94-100).

[0054]

In one embodiment of the present invention, a diameter of carbon nanotubes is
in the range of 0.4 nm to 50 nm, preferably 1 nm to 25 nm.
[0055]

In one embodiment of the present invention, a length of carbon nanotubes is in
the range of 10 nm to 1 nm, preferably 100 nm to 500 nm.
[0056]

Carbon nanotubes can be formed with known methods. For example, a volatile
carbon compound (e.g., methane or carbon monoxide), acetylene or ethylene, or a mixture
of volatile carbon compounds (e.g., a combined gas) can be decomposed in the presence
of one or more reductants (e.g., hydrogen and/or additional gas like nitrogen). Another
suitable gaseous mixture is a mixture of carbon monoxide and ethylene. A suitable
temperature for decomposition, for example, is in the range of 400 °C to 1000 °C,
preferably 500 °C to 800 °C. A suitable pressure condition for decomposition, for
example, is in the range of standard pressure to 100 bar, preferably up to 10 bar.

[0057]

For example, single- or multi-walled carbon nanotubes can be obtained by the
decomposition of carbon compounds during light arc discharge, specifically in the
presence or absence of a decomposing catalyst.

[0058]

In one embodiment, the decomposition of volatile carbon-containing
compound(s) is(are) performed in the presence of a decomposing catalyst (e.g., Fe, Co or
preferably Ni).

[0059]

11/33

AMPEREX Ex. 1002

Page 1455



10

15

20

25

30

English Translation of KR2014-0125856

In the present invention, a graphene is understood to signify the same or almost
the same two-dimensional hexagonal carbon crystal having a structural similarity to a
single graphene layer.

[0060]

In one embodiment of the present invention, the weight ratio of the particle of
the invention to the carbon-containing material having electric conductivity in the
electrode of the invention is in the range of 200:1 to 5:1, preferably 100:1 to 10:1.

[0061]

An additional embodiment of the present invention is an electrode, specifically
a cathode (including the particle of the invention, one or more carbon-containing
materials having electric conductivity, and one or more binders). The particle of the
invention, one or more carbon-containing materials having electric conductivity, and one
or more binders are combined to form an electrode material, which also is a part of the
subject matter of the present invention.

[0062]

The particle of the invention and the carbon-containing material having electric
conductivity are as described above.
[0063]

A suitable binder is preferably selected from organic (co)polymers. A suitable
(co)polymer (i.e. homopolymer or copolymer), for example, can be selected from the
(co)polymer obtained by anionic, catalytic or free-radical (co)polymerization, specifically
polyethylene, polyacrylonitrile, polybutadiene, polystyrene, as well as the (co)polymer of
two or more comonomers selected from ethylene, propylene, styrene, (meta)acrylonitrile,
and 1,3-butadiene. Polypropylene is also suitable. Polyisoprene and polyacrylate are
additionally suitable. Polyacrylonitrile is preferable.

[0064]

In the present invention, polyacrylonitrile is understood to signify not only
polyacrylonitrile homopolymer, but also copolymer of acrylonitrile and 1,3-butadiene or
styrene. Polyacrylonitrile homopolymer is preferred.

[0065]
In the present invention, polyethylene not only signifies homopolyethylene, but

also 50 mol% or more of co-polymerized ethylene and copolymer of ethylene including
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50 mol% or less of one or more additional comonomers like a-olefin (e.g., propylene,
butylene (1-butene), 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-pentene; isobutene and
aromatic vinyl like styrene; as well as (methyl) acrylic acid, vinyl acetate, vinyl
propionate, C1-Cio-alkyl ester of (methyl) acrylic acid, especially methyl acrylate, methyl
methacrylate, ethyl acrylate, ethyl methacrylate, n-butyl acrylate, 2-ethylhexyl acrylate,
n-butyl methacrylate, 2-ethylhexyl methacrylate, and also maleic acid, maleic anhydride
and itaconic anhydride). Polyethylene can be HDPE or LDPPE.

[0066]

In the present invention, polypropylene not only signifies homopolypropylene,
but also 50 mol% or more of co-polymerized polypropylene and copolymer of
polypropylene including 50 mol% or less of one or more additional comonomers(e.g.,
ethylene and a-olefin like butylene, 1-hexene, 1-decene, 1-dodecene and 1-pentene).
Polypropylene is preferably isotactic or substantially isotactic polypropylene.

[0067]

In the present invention, polystyrene signifies not only the homopolymer of
styrene, but also a copolymer of acrylonitrile, 1,3-butadiene, (methyl) acrylic acid, Ci-
Cio-alkyl ester of (methyl) acrylic acid, divinylbenzene, especially 1,3-divinylbenzene,
1,2-diphenyl ethylene and a-methylstyrene.

[0068]

Another favorable binder is polybutadiene.
[0069]

Other suitable binders are selected from polyethylene oxide (PEO), cellulose,
carboxymethyl cellulose, polyimide, and polyvinyl alcohol.
[0070]

In one embodiment of the present invention, the binder is selected from these
(co)polymers having an average molecular weight My, in the range of 50,000 g/mol to
1,000,000 g/mol, preferably up to 500,000 g/mol.

[0071]

The binder may be a crosslinked or non-crosslinked (co)polymer.

[0072]
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In a particularly favorable embodiment of the present invention, the binder is
selected from halogenated (co)polymers, especially from fluorinated (co)polymers.
Halogenated or fluorinated (co)polymers are understood to signify these (co)polymers
containing one or more co-polymerized comonomers having one or more halogen
elements or one or more fluorine elements per molecule, preferably having two or more
halogen elements or two or more fluorine elements per molecule.

[0073]

Examples of the binders include polyvinyl chloride, polyvinylidene chloride,
polytetrafluoroethylene,  polyvinylidene fluoride (PvdF), tetrafluoroethylene-
hexafluoropropylene copolymer, vinylidene fluoride-tetrafluoroethylene copolymer
(PVAF-HFP), vinylidene fluoride-tetrafluoroethylene copolymer, perfluoroalkyl vinyl
ether copolymer, ethylene-tetrafluoroethylene copolymer, vinylidene fluoride-
chlorotrifluoroethylene copolymer, and ethylene-chlorofluoroethylene copolymer.
[0074]

Suitable binders are, in particular, polyvinyl alcohol and halogenated
(co)polymer (e.g., polychlorinated vinyl or polychlorinated vinylidene), fluorinated
(co)polymers (e.g., polyfluorinated vinyl), and polyfluorinated vinylidene and
polytetrafluoroethylene.

[0075]

In one embodiment, the carbon-containing material having electric conductivity
in the electrode of the invention is selected from graphite, carbon black, carbon nanotube,
graphene, and a mixture of at least two of the above materials.

[0076]

In one embodiment of the present invention, the electrode material of the
invention includes:
[0077]

(A) the particle of the invention in the range of 60 wt% to 98 wt%, preferably 70
wit% to 96 wt%,

[0078]
(B) carbon-containing material having electric conductivity in the range of 1

wt% to 25 wt%, preferably 2 wt% to 20 wt%, and
p
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[0079]

(C) binder in the range of 1 wt% to 20 wt%, preferably 2 wt% to 15 wt%.
[0080]

[0081]

The geometry of the electrode of the invention can be selected from wide ranges.
The electrode of the invention, for example, is preferably formed in a thin layer with a
thickness in the range of 10 um to 250 um, preferably 20 um to 130 um.

[0082]

In one embodiment of the present invention, the electrode of the invention
includes foil (e.g., metal foil, especially aluminum foil, or polymer film such as polyester
film, which can be untreated or siliconized).

[0083]

The present invention further provides for the use of the electrode material or the
electrode of the invention in a battery. The present invention also provides a
manufacturing method of a battery using the electrode material or the electrode of the
invention. The present invention provides a battery including one or more electrode
materials or electrodes of the invention as well.

[0084]

By definition, the electrode in the battery of the invention functions as a cathode.
The battery of the invention includes a counter electrode, defined as an anode in the
present invention, which can be, for example, a carbon anode, specifically a graphite
anode, a lithium anode, a silicon anode or a lithium titanate anode.

[0085]

The battery of the invention, for example, can be a battery or an accumulator.
[0086]

The battery of the invention can further include additional components (e.g., a
conductive salt, a non-aqueous solvent, a separator, and/or an output conductor such as
those manufactured with metal or alloy) as well as cable connection part and housing in
addition to the anode or the electrode of the invention.

[0087]
In one embodiment of the invention, the battery of the invention includes one or

more non-aqueous solvents selected from preferably polymer, cyclic or acyclic ether,
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cyclic and acyclic acetal, and cyclic or acyclic organic carbonate, which can be in liquid
or solid form at room temperature.
[0088]

Examples of suitable polymers are specifically polyalkylene glycol, preferably
poly-Ci1-C4-alkylene glycol, and polyethylene glycol in particular. These polyethylene
glycols can include 20 mol% or less of one or more Ci1-Cy4-alkylene glycols in a co-
polymerized form. Polyalkylene glycols are preferably polyalkylene glycols that are
double-capped with methyl or ethyl.

[0089]

A molecular weight My, of suitable polyalkylene glycol and especially suitable
polyethylene glycol can be 400 g/mol or more.
[0090]

A molecular weight My, of suitable polyalkylene glycol and especially suitable
polyethylene glycol can be 5,000,000 g/mol or less, preferably 2,000,000 g/mol or less.
[0091]

Examples of suitable acyclic ethers are diisopropyl ether, di-n-butyl ether, 1,2-
dimethoxyethane, 1,2-diethoxyethane, and in those, 1,2-dimethoxyethane is preferable.
[0092]

Examples of suitable cyclic ethers are tetrahydrofuran and 1,4-dioxane.

[0093]

Examples of suitable acyclic acetals are dimethoxymethane, diethoxymethane,
1,1-dimethoxymethane and 1,1-diethoxymethane.
[0094]

Example of suitable cyclic acetals are 1,3-dioxane and specifically 1,3-dioxolane.
[0095]

Examples of suitable acyclic organic carbonates are dimethyl carbonate, ethyl
methyl carbonate, and diethyl carbonate.

[0096]
Examples of suitable cyclic organic carbonates are compounds of General

Formulas (IT) and (IIT) below:
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[0097]
[0098]
(In the formula,
[0099]

R! R2, and R may be the same or different, and are selected from hydrogen and
Ci-Cs-alkyl (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, and
tert-butyl).
[0100]

In this case, it is preferable that neither R? nor R is a tert-butyl).

In a particularly favorable embodiment, R! is methyl and R? and R® are each
hydrogen, or R!, R?, and R? are each hydrogen.
[0101]

Another preferable cyclic organic carbonate is vinylene carbonate of formula

(IV) below.

(V)

Solvent(s) is(are) preferably used in the anhydrous state (i.e. a state with a water
content in the range of 1 ppm to 30 ppm, wherein ppm refers to weight ppm), which can
be, for example, measured by Karl Fischer titration.

[0104]
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The battery of the invention further includes one or more conductive salts. The
suitable conductive salts are especially lithium salts. Examples of suitable lithium salts
include salts of LiPFs, LiBF4, LiClO4, LiASFs ., LiCF3SO0s, LiC(CyF20+1S02)s, lithium
imide (e.g., LIN(CiF20+1S02)2, where n is an integer in the range 1 to 20), LiN(SO2F),
Li2SiF¢, LiSbFs, LiAICls, and the general formula (CoF2 n+1802)mXLi.  In this case, m is

as defined below:

[0105]

m = 1 when X is selected from oxygen and sulfur,
[0106]

m = 2 when X is selected from nitrogen and phosphorus,
[0107]

and m = 3 when X is selected from carbon and silicon.
[0108]

The preferable conductive salts are selected from LiC(CF3S02)s3, LIN(CF3S02)a,
LiPFs, LiBF4 and LiCLO4. Moreover, LiPFs and LiN(CF3S0O;), are particularly
preferred.

[0109]

In one embodiment of the present invention, the battery of the invention includes
one or more separators that mechanically separate the electrodes. Suitable separators
are polymer films, especially porous polymer films that are not reactive to metal lithium.
Particularly suitable materials for separators are polyolefins, especially porous
polyethylene in the film form and porous polypropylene in the film form.

[0110]

Separators made of polyolefin, especially polyethylene or polypropylenes, can
have porosity in the range of 35 % to 45 %. The suitable pore diameter, for example, is
in the range of 30 nm to 500 nm.

[0111]

In another embodiment of the present invention, the separator can be selected
from a PET nonwoven fabric filled with inorganic particles. Such a separator has a
porosity in the range of 40 % to 55 %. Suitable pore diameter, for example, is in the
range of 80 nm to 750 nm.

[0112]
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In another embodiment of the present invention, a separator made of fiberglass
paper is selected.
[0113]

The battery of the invention further includes an housing that can have any desired
shape, e.g. cubic or cylindrical disk form. In a variation, the housing to be used is a
metal foil that is elaborately treated as pouch.

[0114]

The battery of the invention provides a high electrical potential and is effective
for its high energy density and favorable stability. More specifically, the battery of the
invention has high discharge capacitance when cycled against lithium elements at more
than 4.3 V. It is observed that the battery of the invention shows only a very small drop
(if exists) in potential during the cycling. During the cycling at 2.5 V to 4.55 V, the
average discharge potential should exceed 3.5 V in 95 mA/g of a current rate in the
material of the invention.

[0115]

The batteries of the invention can be combined with each other, and they can be,
for example, connected in series or in parallel. Series connection is preferred.
[0116]

The present invention further provides a use of the battery of the invention,
especially in mobile devices. Examples of mobile devices include motor vehicles (e.g.,
automobiles, motorcycles, aircrafts, or water vehicles such as boats or ships). Other
examples of mobile devices include manually operated devices (e.g., computers
[especially laptop devices], telephones, or power tools in the field of construction
[especially drills, battery-powered drills or battery-powered tackers]).

[0117]

The use of the battery of the invention in the unit offers an advantage of a
particularly high-volume energy density.
[0118]

The present invention also provides a manufacturing method of a battery
comprising:

[0119]
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(A) the particle including a mixed oxide of General Formula (I) below that is
completely or preferably partially coated with one or more fluorides:
[0120]
Li1+aNipCocMngO;, q))
[0121]
(In the Formula (1),
[0122]
variables are each defined as follows:
[0123]
b is a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42;
[0124]
¢ is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22;
[0125]
d=1-b-g
[0126]
(1 + a) is in the range of 1.05 to 1.20, preferably 1.10to 1.15;
[0127]
1.8+a<z<22+a),
[0128]
(B) one or more carbon-containing materials having electric conductivity, and
[0129]
(C) one or more binders
[0130]
are mixed in one or more steps,
[0131]
in some cases; (D) these are applied to one or more metal foils or polymer films.
[0132]
The particle of the invention, carbon-containing material or the carbon (B), and
the binder (C) are as defined above.
[0133]
Mixing may be performed in one or more steps.

[0134]
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In a variation of the method according to the present invention, the particle of
the invention, the carbon (B), and the binder (C) are mixed in a single step—for example
in a mill, especially in a ball mill. The obtained mixture is then applied in a thin layer
form to a support (e.g., the metal foil or polymer film (D)). The support can be removed
before or during the integration into the battery. In another variation, the support is
retained.

[0135]

In another variation of the method according to the present invention, the particle
of the invention, the carbon (B), and the binder (C) are mixed in several steps, for example
in a mill, especially in a ball mill. The particle of the invention and the carbon (B) can
be mixed first. The mixture is combined with the binder (C) later. The obtained
mixture is then applied in a thin layer form to a support (e.g., the metal foil or polymer
film (D)). The support can be removed before or during the integration into the battery.
In another variation, the support is not removed.

[0136]

In a variation of the method according to the present invention, the particle of
the invention, the carbon (B) and the binder (C) are mixed in water or organic solvent
(e.g.., N-methylpyrrolidone or acetone). The obtained suspension is then applied in a
thin layer form to a support (e.g., the metal foil or polymer film (D)), and the solvent is
removed by heat treatment. The support can be removed before or during the integration
into the battery. In another variation, the support is not removed.

[0137]

In the present invention, the thin layer can have a thickness in the range of 2 um
to 25 um, for example.
[0138]

To improve the mechanical stability, the electrodes can be thermally or
preferably mechanically treated (e.g., by pressing or calendaring).
[0139]

The method according to the present invention is highly suitable for the
formation of the electrode material of the invention and the electrodes that can be obtained
from the electrode material.

[0140]
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The present invention also provides a composite including the particle that
particle is completely or partially coated with one or more fluorides, which includes one
or more mixed oxides of General Formula (I) below, and one or more carbon-containing
material having electric conductivity (also called as the carbon (B)):

[0141]

Li1+aNipCocMngO, @D
[0142]

(In the Formula,

[0143]
variables are each defined as follows:
[0144]

b is a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42;
[0145]

¢ is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22;
[0146]

d=1-b-g
[0147]

(1 + a) is in the range of 1.05 to 1.20, preferably 1.10 to 1.15);

[0148]

1.8+a<z<22+a),
[0149]

In the composite of the invention, the particle of the invention is treated (e.g.,
coated) with the carbon (B).

[0150]

In one embodiment of the invention, the particle of the invention and the carbon
(B) are present in a weight ratio of 98:1 to 12:5, preferably 48:1 to 7:2, in the composite
of the invention.

[0151]

The composite of the invention is particularly suitable for the formation of the
electrode material of the invention. The manufacturing method is described above and
is a part of the main subject of the invention.

[0152]
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The present invention also provides the manufacturing method of the particle of
the invention, which is also called a synthesis method according to the present invention.
This method according to the present invention can be performed by calcining hydroxide,
carbonate, oxyhydroxide, or basic carbonate of nickel, manganese, and cobalt in the
presence of fluorides, and one or more lithium salts.

[0153]

Specifically, the procedure consists of first forming a precursor including the
transition metals Ni, Co and Mn in a desired ratio, possibly including dopant(s), and then
calcining it as described above. In a preferable variantion, the procedure involves
forming the precursor with the precipitation of amixed carbonate or mixed oxyhydroxide,
which may be basic. In the second step, mixing is first performed with a lithium
compound, preferably with at least one lithium salt (e.g., with lithium hydroxide), or more
preferably with Li 2CO3 and one or more fluorides. Next, calcination is performed (e.g.,
under air flow) preferably at 875 °C to 950 °C for 3 hours to 12 hours.

[0154]

In one embodiment of the synthesis method, the calcination is performed at a
maximum temperature in the range of 875 °C to 950 °C.
[0155]

In one embodiment of the present invention, the selected fluoride is ammonium
fluoride, ammonium hydrogen fluoride, or a mixture of ammonium fluoride and
ammonium hydrogen difluoride.

[0156]

The present invention will be explained with a reference of applicable examples
below.

[Detailed Description of the Invention]
[0157]

General remarks: Numbers expressed in % are weight%, unless otherwise

specified.
[0158]

The amount of dissolved salt is based on the number of kg of solution.

[0159]

I. Formation of Starting Materials
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[0160]

I.1. Lithium Carbonate
[0161]

Commercial Li2CO3 was dried at 105°C for 16 hours before use, and particles
with a diameter of more than 50 um were removed by sieving.

[0162]

1.2. Removal of Hydroxide (precursor)
[0163]

After solutions of NiSO4 , CoSO4 and MnSO4 and aqueous solutions of ammonia
and NaOH were mixed by intensely stirring them at 55 °C with at a feed rate
corresponding to 3 hours to 18 hours of residence time in the continuous reactor,
Nip4Co002Mno4(OH)>» was added.  Spherical particles of Nig4Coo2Mng4(OH)2 were
precipitated. The resulting mixed metal oxide/hydroxides were filtered out.

[0164]

I1. Formation of Material of the Invention and Material for Comparison
[0165]

IL.1. Formation of Material C-M.1 for Comparison
[0166]

NCM-424, Li/metal = 1.13
[0167]

Nig.4Co02Mng 4(OH); was dried under the air at 15 °C for 16 hours.

[0168]

In an agate mortar, 6.34 g of LiCOs was initially filled according to 1.1 and then
mixed well with 13.85 g of a dried Nio.4C002Mno 4(OH): for 20 minutes. Thereafter, the
obtained mixture was calcined in a muffle furnace under the air with the execution of the
following temperature profile:

[0169]

First, the temperature per each case was increased from the room temperature to
350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the
temperature was increased by 675 °C. During this process, the temperature per each
case was increased by 3 °C/min.

[0170]
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The material was heated at 675 °C for 4 hours. The temperature was increased

10900 °C. During this process, the temperature per each case was increased by 3 °C/min.

[0171]

The calcination was performed at 900 °C for 6 hours. Through the overall
heating and calcination, the air was passed through with the muffle furnace (100 1/h).
[0172]

After the completion of calcination, the material was cooled down at a cooling
rate of 0.5 K/min. The comparison material C-M.1 of present invention was obtained
with this process, and kept under the nitrogen before any additional use.

[0173]

I1.2. Formation of Material M.2 of the Invention
[0174]

NCM-424, Li/metal = 1.13, F of 0.02 mol
[0175]

In the agate mortar, 6.34 g of Li2CO3 was initially filled according to I.1 and then
mixed well with 13.85 g of the dried Nig.4Co002Mno4(OH)> for 10 minutes. After that,
0.13 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter,
the obtained mixture was calcined in a muffle furnace under the air with the execution of
the following temperature profile:

[0176]

First, the temperature per each case was increased from the room temperature to
350 °C by 3°C/min. The material was heated at 350 °C for 4 hours. Thereafter, the
temperature was increased by 675 °C. During this process, the temperature per each
case was increased by 3 °C/min.

[0177]

The material was heated at 675 °C for 4 hours. The temperature was increased

10900 °C. During this process, the temperature per each case was increased by 3 °C/min.

[0178]
The calcination was performed at 900 °C for 6 hours. Through the overall
heating and calcination, the air was passed through with the muffle furnace (100 1/h).

[0179]
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After the completion of calcination, the material was cooled down at a cooling
rate of 0.5 K/min. The material M.2 of the invention was obtained with this process,

and kept under the nitrogen before any additional use.

[0180]
I1.3. Formation of Material M.3 of the Invention
[0181]

NCM-424, Li/metal =1.13, F of 0.1 mol
[0182]

In the agate mortar, 6.34 g of Li2CO3 was initially filled according to I.1 and then
mixed well with 13.85 g of the dried Nig4Co0o2Mng 4(OH), for 10 minutes. After that,
0.57 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter,
the obtained mixture was calcined in a muffle furnace under the air with the execution of
the following temperature profile:

[0183]

First, the temperature per each case was increased from the room temperature to
350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the
temperature was increased by 675 °C. During this process, the temperature per each
case was increased by 3 °C/min.

[0184]

The material was heated at 675 °C for 4 hours. The temperature was increased

10900 °C. During this process, the temperature per each case was increased by 3 °C/min.

[0185]

The calcination was performed at 900 °C for 6 hours. Through the overall
heating and calcination, the air was passed through with the muffle furnace (100 1/h).
[0186]

After the completion of calcination, the material was cooled down at a cooling
rate of 0.5 K/min. The material M.3 of the invention was obtained with this process,
and kept under the nitrogen before any additional use.

[0187]

I1.4. Formation of Material M.4 of the Invention
[0188]

NCM-424, Li/metal = 1.13, F of 0.2 mol

26/33

AMPEREX Ex. 1002

Page 1470



10

15

20

25

30

English Translation of KR2014-0125856

[0189]

In the agate mortar, 6.34 g of Li2COs was initially filled according to 1.1 and then
mixed well with 13.85 g of the dried Nig4Co0o2Mng 4(OH), for 10 minutes. After that,
1.14 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter,
the obtained mixture was calcined in a muffle furnace under the air with the execution of
the following temperature profile:

[0190]

First, the temperature per each case was increased from the room temperature to
350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the
temperature was increased by 675 °C. During this process, the temperature per each
case was increased by 3 °C/min.

[0191]

The material was heated at 675 °C for 4 hours. The temperature was increased

10900 °C. During this process, the temperature per each case was increased by 3 °C/min.

[0192]
The calcination was performed at 900 °C for 6 hours. Through the overall heating and
calcination, the air was passed through with the muffle furnace (100 1/h).
[0193]

After the completion of calcination, the material was cooled down at a cooling
rate of 0.5 K/min. The material M.4 of the invention was obtained with this process,

and kept under the nitrogen before any additional use.

[0194]

IL.5. Formation of Material M.5 of the Invention
[0195]

NCM-424, Li/metal = 1.2, F of 0.1 mol
[0196]

In the agate mortar, 6.74 g of Li2COs was initially filled according to I.1 and then
mixed well with 13.85 g of the dried Nig4Co0o2Mng 4(OH), for 10 minutes. After that,
0.57 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter,
the obtained mixture was calcined in a muffle furnace under the air with the execution of
the following temperature profile:

[0197]
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First, the temperature per each case was increased from the room temperature to
350 °C by 3°C/min. The material was heated at 350 °C for 4 hours. Thereafter, the
temperature was increased by 675 °C. During this process, the temperature per each
case was increased by 3 °C/min.
[0198]

The material was heated at 675 °C for 4 hours. The temperature was increased

10900 °C. During this process, the temperature per each case was increased by 3 °C/min.

[0199]

The calcination is performed at 900 °C for 6 hours. Through the overall heating
and calcination, the air was passed through with the muffle furnace (100 1/h).

[0200]

After the completion of calcination, the material was cooled down at a cooling
rate of 0.5 K/min. The material M.5 of the invention was obtained with this process,
and kept under the nitrogen before any additional use.

[0201]

III. Electrochemical Analysis:
[0202]

II1.1. The Analysis of the Invention as the Half Cell
[0203]

To form the cathode (Kat-hz-2), the materials below were mixed in a screwtop
container:

[0204]

88 % of M.2
[0205]

6 % of the polyvinylidene difluoride (“PVdF”) (commercially available from
Arkema Group, under the name “Kynar Flex® 28017)

[0206]

3 % of the carbon black with the BET surface area of 62 m?/g (commercially

available from Timcal, under the name “Super P Li”)
[0207]
3 % of the graphite (commercially available from Timcal, under the name

“KS6”)
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[0208]

A sufficient amount of N-methylpyrrolidone (NMP) was added while stirring,
and the mixture was stirred with Ultra-Turrax® until a smooth paste without lumps was
obtained.

[0209]

The obtained paste was knife-coated with aluminum foils of thickness 20 pm.
The paste was dried for 16 hours at 120 °C in a vacuum drying cabinet. The loading
after the drying process was 1.1 mg/cm?.  After drying, a circular disk part was punched
into an area of 3 cm®. With this process, the cathode (Kat-hz-2) of the invention was
obtained.

[0210]

Anode (An-hz-1): A lithium disk was punched into an area of 3 cm®>. With this
process, the anode (An-hz-1) of the invention was obtained.
[0211]

The test cell to be used was a setup according to Fig. 1.  In a battery assembly,
it was assembled from the bottom to the top based on a schematic diagram of Fig. 1. The
anode is located on the very top, and the cathode is located at the very bottom in Fig. 1.
[0212]

Numbers in Fig. 1 indicate the following:

[0213]

1,1 A bolt
[0214]

2,2 Anut
[0215]

3, 3” Sealing ring (2 per each case; the second sealing ring that is slightly smaller
per each case is not displayed on Fig. 1)

[0216]

4 Helical springs
[0217]

5 Output conductor made out of stainless steel
[0218]

6 Housing
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[0219]

The cathode (Kat-hz-2) was applied to a bolt on the cathode side 1°. After
application, the separator composed of glass fibers (thickness of 0.5 mm) was placed on
the cathode (Kat-hz-2). A small amount of the electrolyte was set to flow. The anode
(An-hz-1) was placed on a wet separator. The used output conductor 5 was a stainless
steel plate that was applied to the anode directly. Later, seals 3 and 3” were added and
fixed with a screw, together with the test cell. By the use of the helical springs 4 made
of a steel spring and the pressure created by the screw connection with the anode bolt 1,
the electronic contact was assured.

[0220]

The battery of the invention was similarly manufactured based on the material
M.3 through M.5 or the comparison material C-M.1.

[0221]

The used electrolyte was a 1 M solution of LiPFs in ethyl methyl
carbonate/diethyl carbonate (volume ratio of 1:1).

[0222]

With this process, the battery of the invention that was tested at 25 °C, especially
with a potential range of the battery: 3.0 V through 4.6 V, was obtained.
[0223]

The following cycling programs were performed:

[0224]

The charge 0.1 C and the discharge 0.1 C 2x
[0225]

The charge 0.2 C and the discharge 0.2 C 5x
[0226]

The charge 0.2 C and the discharge 0.4 C 1x
[0227]

The charge 0.2 C and the discharge 0.8 C 1x
[0228]

The charge 0.2 C and the discharge 1.6 C 1x
[0229]

The charge 0.2 C and the discharge 3.2 C 1x

30/33

AMPEREX Ex. 1002

Page 1474



10

15

20

25

30

English Translation of KR2014-0125856

[0230]
The charge 0.2 C and the discharge 6.4 C 1x
[0231]
The charge 0.1 C and the discharge 0.1 C 2x (or 1x)
[0232]
The charge 0.2 C and the discharge 0.2 C 5x
[0233]
The charge 0.2 C and the discharge 1 C 1x
[0234]
The charge 0.4 C and the discharge 1 C 1x
[0235]
The charge 1 C and the discharge 1 C 53x
[0236]
The charge 0.2 C and the discharge 0.2 C 3x
[0237]
The charge 1 C and the discharge 1 C 53x
[0238]
The charge 0.2 C and the discharge 0.2 C 3x
[0239]
At the time of a fast discharge, the loss in capacitance in the half cell was
extremely small.
[0240]
II1.2. The Analysis of the Present Invention as the Full Cell
[0241]
Formation of the Full Cell:
[0242]
To form the cathode (Kat-vx-2), the materials below were mixed in a screwtop
container:
[0243]
85.2% ofM.2
[0244]
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8.3 % of the polyvinylidene difluoride (“PVdF”) (commercially available from
Arkema Group, under the name “Kynar Flex® 28017)

[0245]

3.2 % of the carbon black with the BET surface area of 62 m*/g (commercially
available from Timcal, under the name “Super P Li”)

[0246]

3.3 % of the graphite (commercially available from Timcal, under the name
“KS6™)

[0247]

A sufficient amount of N-methylpyrrolidone (NMP) was added while stirring,
and the mixture was stirred with Ultra-Turrax® until a smooth paste without lumps was
obtained.

[0248]

The obtained paste was knife-coated with aluminum foils of thickness 20 pm.
The paste was dried for 16 hours at 120 °C in a vacuum drying cabinet. The loading
after the drying process was 1.1 mg/cm?.  After drying, a circular disk part was punched
into an area of 3 cm?. With this process, the cathode (Kat-hz-2) of the invention was
obtained.

[0249]

An electrochemical test was conducted at “Swagelok™ cells. The used
electrolyte was a 1 M solution of LiPFs in ethyl methyl carbonate/ethylene carbonate
(volume ratio of 1:1).

[0250]

Separators: glass fibers; the anode: graphite; the temperature: 25°C; a potential
range of the battery: 2.50 V through 4.525 V; a cycling program: 0.1 C (the first and the
second cycles), 0.5 C (the third cycle), 1 C =190 mA/g.

[0251]
Results:
[0252]
The loss in capacitance in the full cell according to Table 1 was calculated as

follows: the difference between the average volume after 70 cycles and the average
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volume after 2 cycles is divided by the average volume after 70 cycles and multiplied by
100 to obtain aloss in capacitance ("fading").
[0253]

Table 1

The Results of Loss in Capacitance in the Analysis of the Full Cell

The Used Cathode Loss in Capacitance (%)
(kat-vz-2) 10
(kat-vz-3) 8

Fig. 1: a schematic structure of the battery discomposed for the test of the mixture of the
present invention

/
44
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d, Zejeladaded, Fyiedd, Z28d, 9 dEd, =249, 2, (E)oladEyEd gl

1,3-2e el A8 B o)de FaEAY FEEAdA e’ £ gl ZelZzgddo] w3 A
A= Zgolazd 9 Floladye|Er) Frtdow Adai), Zgotadr Y Ede] nigg s},
(0064 oyl Wik glojA], EeladauE"S FloladayEd ddFdA B ool olmdzuEdT}
1,3-5eo)el B gAY F2EAE oulsie Aoz ofdH), ZgloladrUEY dAdSTA 7} vl
2 s},
[0065] Eoabglo] wigtd) glojA, Eddde sREgdd
mol% ©]ste] &l o|ate] F7t FHRAS Lol s ddule FEFEAA, dE So] «-2¥HW gAY ==,

a0 (1-5=), -9, -9, 1-gd, 1-=d94, 1-"989 9 g o)aRwl, udueE,
289, 2 =& (HE)olgdal, vd opAEle]lE, njd Zasoueo)|E  (HE)olmgdate] C-C ¢l
2, 535 vd oladuelE, vd dveadye|E, dE oladclE, JdE veadue|E, n-5Fd oladd
1E, 2-ddaa oladzo]E, n-Hd degadyelE, 2-dddd veladye|s, ¢ ma @ik, @it

5 9 olg#t EFES Yulsle Aoz olsdr, Zg)d gL HPE == LDPE € 4 o).

250.1
= =

® ooy, 50 mol% o)) FETTE AEH ¢ 50
d A=

g
=
oo066]  H wde] wetd gojd, EEedRe sREdmedd ¥ ol 50 nold oo #3UE Zedd o
50 mold oleke] Fh olael A7} pRRAE Tt Zedde FEA, A So) dPN ¥ oL@
440 A, A8, 150, 1A, e D A S Aow ddds.  FeEedar
e olaggel )y Badem ojxaEel EeEedel),
o7 B oage] W] glojd, Felsude e wdFdA ¥ ohd, ojmdmusd, 1,3-7Ed,
(=)o}, (WE)elaAA CCo e olsElE, cudual, S8 13-, 1 2-csdd g
2 a-vgsE st B25EAE oulshs Aow s,

{065] ¥ ohe ndA e 2dae ZeRedeln
[6069] te A%d Adde ZTeddd SA= (PR0), A2Ros A2EAMYAsRo s Felolu= g Feu)d
S g A dedr

(00741 2 o] g FddolA, AR HAF B2 M, 7F 50 000 WA 1 000 000 g/mol, vFEAEAE 500 000

(00711 AYAle 7t A v7tad ) EEAY T g

(00721 X ourr o]

s AEAE B 9 2 ) oo gE2a AR EE
(Bresls £3ehe og (H)FEAE v Aoz olsH,

fo73] I ode Eghld 2ol Evded 2oz, FEHEHETFoRAYAN, Fvjded o
= (PVdF), HlEsEFozdEd-dxAEreogredd F5TA, nldeld SIFosjo|s-diERorTes
# FFYA (PVAF-HFP), Hldeldl SFego|E-HEREFORAEA F2TA, HEF2dZ Hd dgH=
FEFEA, JdEV-HEHSIFoRJAEAN FEHA, vdgdd SFoHo|=-ZRRELFoRJdEHAN FEFHA
9 dedd-grezzzogddd FE A ).

0T A AgAE el Fed 9w @ gedd (HFEA, a5 So] Feud FRes £t T
g9 gEeels, i Bam ()FPA A0 Feud Frosels 9 B8 Zelulded FRogels
2 FeyEeEeonddiolt,

©075] E FAdGA, B oame) A4, A7) ARA, Bagh BHe TddE, A B, we ke, a9
W EE 3Ed 52 2 ) ol BEEeA A

o] R o) @ padaA, ®oude] 4% 2he

077 () 60 X 98 F, uheAEAE 70 UX 96 B wele] B ouwel g,

7S] (B) LX) 25 B, uherelEhE 2 Ui 20 FEe 990 A7) A4, sat B4,
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“fale=le

hEEl Bleh & STzl Bl Bl Slkhazl4 glh 2k blkhma4 414 REIR 2k

hleRESh-ET o5 K Wsh-€'T 3k bRl REl 2k

LBlelEleh-TT & Bllskb-TT ‘Bllslkh Bllshb bk 2k bRl kBN Rk
flolsh-F1 % Riaslehslh 2 b=kl REN RhE

ek bhlklvslab-z T TletlklvEs

bz T ‘BllEkbeT =hl Bit-b Zhle FE=vlh bk Sk bEhl hENE iy
his L Bi2le 10W/8 000 000 7 =l

fefzfln Helo TOW/E 000 000 6 = M Hixd FERE RERE ik lox & ERE2 RERRE 2ok

s = Bile 1B 007 = N lxE FERE RElEE 2k los B ERE RERREE 2K

Bt kileallhE=1s <4 RElR 350 REl & &bl RElvle & RElN Fhlk RElE 3F
Elv kEE Rzl 26 L BT 2FH ke MIF 2R BhE 8 Klelkbkt 2 FhE &

E Bl B &BR Rl BE B (BTl T0LE 2T £E 3
Q = ¢ x
=

ks < BTl Sk &2 31 == Y& =W &

2 ETe SkkRT low TR YR E Bl Thkik kEETR kel el FRE ® Sl b2
£x SER-IbR 2l bhE & ik VEEYE 3o bR @ bl bR & bk
Rl Sl Sep® S bk & il hie 35 BE = & & i

o e 2 chiE = Rl Shi Tl B 2dy 5EE BhE B 2 BE £ bhE =
©2h ShiE ® hig2l 558 bER bhi & 37 & EF bhE & bllblkk 27 shiE =&

EleBt bl S 2% Bk Bl 9T 081kl 07 Belelfdn 9T 097 (< wt
G B & BRE kel IR RBEE 2T phll bER BRR R

BE bR % Sl xlh ¢ Sldelziiln WS 07 [xlh T (D)

968GcI0-V10c-0l RsHCE

fca00]

freoo]

fz600]

{76001

{Ta06]

fostn]

f6500]

fsa0u]

fe500]

fo800]

f5800]

fro0n]

fegon]

fzs00]

f18001

fe800]

[5200]
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F6096]

{00971

[0098]

100991

F0100]

0101}

F0102]

0100

[3104]

(01651
[0106]
F0107]

[3108]

FO 109

0110

111

F0112]

WSS 10-2014-0125856

ATE A1 7] FRREUCl £ de 8] b (1D % (1D ¢ SgEelth:
J
~
Qo O
Il
y / R {1
R1 Ré
Q
N
Q 0
(o
RVJ\ R*

R, B %R & B8 He)8 4 don 2 % 0023, 48 Sof W, oY, nzzd,

T

— 2 3 -
aZEd, o, olAVY, seed % tert-HEAA HBHD, o) K % R & vhgeAs B 2T

tert-Y-&eo| o}d].
55 nhgAd e, R & WPelw B %R & 47 FaelAy, R, R WK & 27 el

% ok vheh

0
Q)LO

\—/ )

=

AFE 7] FFERMClEx &) 4 (IV) 9 vjd#d Ft2nye]Eet}

Karl Fischer) 23 dl

i) & ntEA s : = 4, (
( ppm S AT o B S e AHEA dHA ds vkE AReET.
2

A 30 ppm H9 (ppm
2 o] A s o)t AxA 98 FotE 2gdd). A AxA de =3 fdFE Feldh
Agg 2% 9 o LiPFs, LiBF,, LiCl0;, LiAsFs, LiCFsS0;, LiC(CFuSO)s, #EE olnl= o)
LIN(CoF201S02)5 (], n & 1 Wix] 20 o] AY), LIN(SOF),, LiSiFs, LiShFs, LiAlCl,, B <¥HA
(CF2ou1S02)XL1 8] delv], oy, m 2 3}7]e}t Zo] Heo|dHr}:

o rlr

S
:Oé
1
o2
N
~
of
ot
~
=
=
=]

X 7h A Y gel A AEEE A% n =1 o)w,

X7} FAa 9 oA MEges A9 n=2 oz,
X 7F gh F gheA dEHE A9 n =3 o),

kA AEA 9L LiC(CFsS0s)s, LiN(CF3S02);, LiPFs, LiBFy, LiCl0; oA e85 w] LiPFs % LiN(CF:S0:);

B owge) g A, B orde) AxE A% A4ew ReAse sy olge Relslg g
o 9 vk FgA Wselt. Rese
ol

R
ol

fu Jo
SRnP A A ()
: =

5

o

Zyouw, B0 Toddd 5 Fameddes wsolx Byl 35 UK 456 @9e] thEes 1A %
gl A 71E A4S dS o] 30 WA 500 mm B9 ole}.
Eowele) E g pddd], Ber)s P GxiE 249 PET BATA A8d S+ gk ogd R
A= 40 x5 B9le] BEES AbE gk ARG AF A4S a2 Sof 80 A 750 mm B9 elch.
Bownyo) ® ohe Al SElA6A] (fiberglass paper) 2 THSo]x Rgls)7t Ae),
- 10 - AMPEREX Ex. 1002
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[0115]

[116]

F0117]
10118}

(01197

(01701
[3121]
[6122)
F6123]
[0124]
(0125
(0126}
01271
[3128]
[3129]
[6136)
0131
(01371
[0137]

10134

[0135]

WSS 10-2014-0125856

Vi) 4.55 V oA, &
oo g,

B dHe] ARE AR 2FE F glon, oE Sof AEER ddHAY HER ddd 5 vt 2y 4

o] vhgra i),

WS A, 5 makd AAdA e & BHe Axe dxE FtE A

ZF (motor vehicle), <& Eo] AEAF (automobile), AHAA, &F7]

E e Hdufeu}, Zugd Ao o des sEeE g3ole
=

L , = =
AFH, 37|, EE S So A% Hopd A9 H7] &F (power tool), B3] =2 nez-54
E

SolAel E e Ax) Agow, Be e A4 oux) Wee o de] AgRr.

i

Do £ A8ES TPRE 9AEA, sht olgel TRegelmg A4, EE v

Wae 747t dl719 o] Aow:
b & 0.25 U] 0.45, np&EsiAE 0.37 UR] 0.42 ©9) 9 ]

I

=

i

o
—,—O
o
—,—O

rr

0.15 Wx] 0.25, wtgzletA= 0.17 X 0.22 299

=

C s
d=1-b-coli,

(1+2) = 1.05 WYA] 1.20, w3 A= 1.10 WA 1.15 g9 e]a,
1.8+a <z <22+29%],¥%

(B) skt olge] A7) AwA, BraFH T4 9

(©) Bt ool AdtAl

ifes

A

okl

ao

(D) &t o)de 7% 59 F= A "o A8de AL T, AT Ax U
2

e mE ue] @ wFd A, 3R] 9k, g2 B) % AFA (O = F DA, dE S0 ¥
(mill) 4, 58 £ ¥ (ball mill) oA Eg=ct, ofF, oldl wet FE57d EFEL wFA
=2, dE 2o 2% 292 T TA 2E (D) o A8dr Al Ehar] A e YA, gA=
A 5 At e WA, gAl= BaHT

A = TEA AE (D) A Aedn Aol EYstr] A &=
WHage A, B3 AAFA get.

_11_
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F6136]

10137

101327

F3139]

[3140]

F6141]
[0147]
10143}
[0144]
[3145]
[3145]
F147]
[6148]
0149

101507

0151

[0152]

[6153]

01571

0152

WSS 10-2014-0125856

£ odtddo] whE Bwe] 3 WA, B oAy 9zt B (B) 2 AFA (0 v B B {7 &9 (dE =
o] N-HEIEEE Ex ofME) FTolA EdHT olell W} £57153 AL whFolA FA, & £
o] 34 Y T THA 2E (D) o ALHz, Svie 4 A & AAdH. AR E2gel7] A &
= 2944, gAE AAE + A, & A, gl AAHR et

2 g o] Wl glojA] BE2 dE S0 2 um U] 250 um o3t WA FAE A

ZIAA S FAAIZI7] AElA, AT d AYIAAY s AE rAA R AHE, d8 29 45HA
U AU HE (calendering) E 4 dvuf.

E ae)] g 9y B odde] W= B2 9 g2 e $57H% AF Azl v At}

2 e w1k gly] dukA (1) 9 sl ol EF AtekES xdets YA (] dxbe s o)ite] EF
solEm AA By B I"RE), 2 s o)dy Adr) AEAd, gxdh B (B 834 (B) E AAE)
& Egste S¢S Alwdct

L114aNipCo M40, (1)

(2 F,

WaE 747 golsh 2ol Ao

b £ 0.25 WA 0.45, vtEAsAE 0.37 A 0.42 299 Folx,
c E 0.15 4R 0.25, gt eAE 0.17 WX 0.22 999 Fola,

d=1-b-c¢c oz,
(1+a) & 1.05 YA 1.20, vst&AaAE 1.10 A 1.15 ¥ Y1,
1.84+a <z =< 22+a9].

& a e B A, B owde] R A, dE 2o €4 (B) 2 -,
9

wowe) @ FaAdalA, B e 2o, B e 9 % g (B) = 981 ux) 125, vhgrHe
a8 WX 72w ele) FRuE S
B orye) BEAE B o2de A9 B4 Az B AFad. oo Az el ) A8 ols
TR E B we FA 9Rs Y
wowme Ed B w9 Az e AT, ole & weld me 94 PEoRs Xydd.  ®
29 W P4 WEE AmSAs, aols, SAGEAS SR UL, PR Ses @y o

59, 2 BA= ud_ﬂ 3101 Ni, Co @ Mn & Y38l vg®, T8 SAE(S) 2 g9z xgste AT
o WP A, dae 9714Y F o
= Aol Al 2

sl § i ur oy

dubA Qs g YediA e & 9 29 FAs T oIt

_12_
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[0159]
F0160]

10161

0160

[0163]

101641
101657
(0166

[0167]

[3168]

101697

01707

0171

(6172}

[3176]

[0177]

10178}

101797

[0180]

0181

WSS 10-2014-0125856

1. &4 529 Ax
1.1. 9% 71200 E
ole] Abg Ao, AF Lif0y & 16 A7kl A 1067 oA Az:AZ 5, AZd) 9s) 50 pm 23] AAL 2
© dAE AT
2. FESA= (AFAD) 9 AA

55T ellA, << vhgr] alA 3 =] 18 AIZke] AF ATk Agste T8 5%, AYs] wukebHA
NiSOs, CoSO4 t;’% MnSO, 4 %Cﬂ# ‘%}E—L]O]' t;’% NaOH 9] ‘/F%O s Q—g]-o:] Nig 4Coo. zMn04(OH)2 =1 %7}3}%‘4-

Nig.4Cop Mo+ (OH); ) A Y=}7F A=A}, AAE T G4 e E/FaketES oyl

2o Az

NCM-424, Li/&<% =1.13

16 A7kl A A 105C oA F7) &kl Nip.4Cop Mo (OH), & AZAZITH
vl AT (agate mortar) o), 1.1 o] o}t 6.34 g ¢ LiL0s & =

Z1Z Nig4Cop oMny4(OH)y &} & T34}, I % old wig F£EIEE EEES, 3] &x ZRads

Agate] g7) 8 ©Z HAYZA (nuffle furnace) A A2 ch:

WA, A7) A9 3T/Roq £EE A 30T 2 SR 4 A7kl AR 350T oA et
. ol £EZ 65T 2 FUE, o] A 7zte] e £EE 3T/EoR F7A3

4 Akl A 675T el A 7hEaiTt. o]lF LEE 900C = F7IAI7IA, o] FAoA e A4S LxE
3C/Ro2 TR

6 Akl A 900T el s HAsSITt. AA 7kd W skad 2A, W AY2E 59 2V 5
ATt (100 1/h).

e T8 F 0.5 /e W S e o]& <3 Mag BA M1 & F539, F7t AME
Aell Azt B aaigint.

1.2, ¥ 29 &4 M2 9 A=

NCM-424, Li/F% = 1.13, 0.02 mol 9] F

vl AT, 1.1 o wE 6.34 g 9 LiLo; & 7] EAstm, o2 10 B #A 13.85 ¢ o UF

Nig 4Cop sMng 4(OH), ¢} & EFat3iTh. 0%, 0.13 g o NIF & H7en EEES 10 B 24 gA] &
getalet. a %, old mel $57bed EHES, ] £k ZEIGS AYste] F7) § vE Hyzd
A staA R

A, Z47re] A9 3T/Few 2EE ALdA 350T = E7}A]?ﬂ\:} 4 A|7rel AA 350TC oA FDatgl
o o]F EEE 675C & S7M7IA, o] I A7t A 5SS 3T/ReR SIS

4 Al 2A 675T A4 7hdatgict. o]F 2EE 900T 2 TN, o] HAA Zzhe] A exs
3C/EeRE SR

6 Azl A 900T A4 stag HAsHGIT AA 7hd W skad 2A, vE AY2E 9 28 5
A1Zek (100 1/h).

st T8 F, 0.5 K/E9 W7 52 Q48 ol& <la] X UHe] BH M2 2 53, F7F A

(5}
A del w@E.
I1.3. ¥ 2o 532 1.3 9 AF

NCM-424, Li/F% = 1.13, 0.1 mol & F

_13_
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[0182]

[0183]

{3184}

10187}
(0182

F0189]

F0 150

10191

0192

[3193]

[6104]
[0195]

10196

[3197]

[3198]

[0199)

FO200]

02011}

WSS 10-2014-0125856

o 27, 1.1 o wW 6.34 g o L0, & Z7] FHeE, o]& 10 #d 2A 13.85 g o Hx
Nip 4Cop Mno 4 (OH), £ 2 EFatSirt, I T, 057 g o NHF € Hrbetn EFRES 10 B A oA E
grapsict. a2 %, od we} £5715% EEES, ) ox Zaids gt #r) i HE Huxd

EE ST

WA, 2Azke] A 3T/ReR £xE
o o)F £EZ 75T Z F71A7)
4 Xzl A 675C oA 713ttt o5 &

3C/Eo g SR,

6 A7kl Z2A 900T oA A4S APFagc).
AlZE Tt (100 1/h).

34 8 5, 0.5 K/ES ¥ £x22 W89
Az el BT

11.4. & 2dre] B2 M4 o Az

NCM-424, Li/F% = 1.13, 0.2 mol & F

vl Ao, 1.1 ©
Nig 4Coo sMng 4(OH), ¢} 2 ZFatSiTh.

o, 1 F old W ¢
A saa ek

RA, Az A 3C/Rew LEE
o o)F LEZ 675T Z F71A7)

4 A 7Zr AA 675T A 71
3C/Eo g SR,

6 Azl 2 900T oA xS At
A1 AT (100 1/h).

Sha FE F, 0.5 K/ ¥ S22 Q45
Ao Az o BE@E )
I1.5. & 439 &4 M5 9 A=

NCM-424, Li/F% = 1.2, 0.1 mol & F

i A 1.1 o] wWel 6.74 g o LiL0s
Nig.4Coo.oMno 4(OH), & 2 EF3}4ith. o3,
st o, &

A shaAl A

WA, 7k 79 3T/Rew £xE AL
o o)F LEZ 675T Z F71A7)

4 A7k AA 675T A 712
3C/Eor F7AAY.

ot % ex

6 A7kl Z2A 900T oA dA2E APagdrt.
AlZE Tt (100 1/h).

a8 F, 0.5 K/E9 W &
Aol A dtel] ®atgict

S e,

1. A7jgkets &4

e} 6.34 g o LiL0 &
I % 1.14 g o NHF & el EEES 10 B9 2AH o] &

57bed EFES, 7] 2% ZEAS Adstd ¥7] 3 #HE iz

o

A 30T 2 57%]%‘\:}
ERREEE PR
=2 900T 2 7M7)

A 71E 3

o] &

Heol A 350C &2 57%]%‘\:}
L, o FARAA 2zt A

=2 900T 2 7M7)

A 71

o] &

Lol A 350TC = 57%]%‘\:}
L, o FARAA 2zt A

2 900C & Z7HA]7)

A 71

o] &

_14_

z7] 4

4 X7kl A= 350T oA 7rdetg]
55 3C/Rog Z7A#H Y.

a, o] AAFANA A7) Ae 2eE
stae Z2A, WE gY~E 5 T8 F
3 ¥ oo B M3 & F5IY, 7 AL

gk, ©o]E 10 Ed

Az 13.85 g ¢ A=

4 N7kl AR 350C oA 7tdetgd
TE 3C/Rog Z=7A)AY.

3, o AN 2 AS e

il

shaol 24, vE AY2E T &7

il
of
=

3 & ude &

R

4 & F5de], F7) Abe

-

Sk, o] 10 e ZAA 13.85 g 9 #HA=x

0.57 g o) NILF & W7lehw EREEL 10 Bo) AH o] T
olo] W £ELER ERRL, F7] L% maas Aol w7 @ 0F sy

4 A7kl A=A 350C oA 7tdetgd
LEE 3C/Reg F/MA AT

3, o HAAA Azl A4S exs

AMPEREX Ex. 1002
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F0202]
F0203]
10204
102651
[3206]
F0207]

102087

102697

[5220]
F221]

F0222]

10223

102241

WSS 10-2014-0125856

II1.1. ¥ &9 ¥hAx] (half cell) B9 B4
MNar= (Kat-hz-2) & A=37] H3lA, 3719 S 23755 (screwtop) £7]A A7 Z§319 o)
88% M.2

6% Ze|u)de)d t)ZFoato|= ("PVAF") (Arkema Group o4 Kynar Flex® 2801 & A]¥h),
BET 94| 62 n /g ol 3% 7HE B2 (Timcal A}lA] "Super P Li" & A]F),
3% 1T E (Timcal AlellA] KS6 o2 A%,

WWBHEA, SR N-vdEeE (WP & Hrbsta, Wwstn dolzlE 2R ¢ do|2Ert £52 o

7R EFEL Ultraturrax oA wdkeoict.

olell wle} 453 Ho]AEEZ 20 um T GFRuE s e]Z-3EIFT, 16 A7 Bt 120T A AHF

Az AME el A AxzA i, A% T 29 1.1 ng/en’ A} 0]—?, AE a3 o RES

(%]

an’ ) WAo® FHYAL. o) s ¥ we) Ars (Kat-he-2) & FEIAAG

Nt (Anchz-1): #F Hld (A4 3 an) 2 FEULeh. ol 3 elm= (

An-
=1 e w2 APelsdnt. AR o] AEHA, o] & 1 9 ZAH X
goziy fEow YT T 194, oz Fo] Wl 9o o, AL =

1, 1' £

2, 2' YE

3, 3 A% #H (Sealing ring) - 2t A% 2 A, 2+ 4% o2 ¢ 2& F Wy Ay HL =Wd ez &S
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Electronic Patent Application Fee Transmittal

Application Number:

16923494

Filing Date:

08-Jul-2020

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Filer:

John F. Hayden/April Saunders-Fuller

Attorney Docket Number:

12732-2003004

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
PETITION FEE- 37 CFR 1.17(H) (GROUP 11I) 1464 1 140 140
RCE- 1ST REQUEST 1801 1 1360 1360

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1500
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date : April 9, 2021

in re Application of :
DECISION ON PETITION

UNDER CFR 1.313(c)(2)

Teruaki OCHIAI

Application No : 16923494

Filed : 08-Jul-2020
Attorney Docket No: 12732-2003004

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed April 9, 2021 , to withdraw the above-identified
application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for
continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being referred to Technology Center AU 1725 for processing of the request for continuing examination
under 37 CFR 1.114.

Office of Petitions
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Electronic Acknowledgement Receipt

EFS ID: 42398269
Application Number: 16923494
International Application Number:
Confirmation Number: 3273

Title of Invention:

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE

First Named Inventor/Applicant Name:

Teruaki OCHIAI

Customer Number:

26171

Filer:

John F. Hayden/April Saunders-Fuller

Filer Authorized By:

John F. Hayden

Attorney Docket Number: 12732-2003004
Receipt Date: 09-APR-2021
Filing Date: 08-JUL-2020
Time Stamp: 16:37:42

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1500

RAM confirmation Number E202149G37381251
Deposit Account 061050

Authorized User

April Saunders-Fuller

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)
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37 CFR 1.21 {Miscellaneous fees and charges)
File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
31691
1 Petition automatically granted by EFS petition-request.pdf no 2
a13ccf4a3059d08dd38a140c2cd9464albd
a1998
Warnings:
Information:
697599
5 Request forContngltzjed Examination 12732-2003004-RCE. pdif o 3
( ) c64f0a003 1dfecad05¢3a277843c334bed7¢|
Warnings:
Information:
218996
3 12732-2003004-QPIDS.pdf yes 3
47f9efddda94fc4 2c43858e4e8a5ac9f34322
Multipart Description/PDF files in .zip description
Document Description Start End
Quick Path Information Disclosure Statement 1 2
Information Disclosure Statement (IDS) Form {(SB08) 3 3
Warnings:
Information:
6863520
4 Foreign Reference KR20150062724.pdf no 53
b2509e045df2ab37937a44253¢731126987
24666
Warnings:
Information:
1704272
5 Foreign Reference KR20140125856.pdf no 51
98790fc0a661ede941806147090252a2b98
Warnings:
Information: AMPEREX Ex. 1002
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32265

6 Fee Worksheet (SB06) fee-info.pdf no 2
0403819c6ce403bel4afadc27eele737191
d0c68
Warnings:
Information:
Total Files Size (in bytes): 9548343

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/140

Doc Code: PET.AUTO U.S. Patent and Trademark Office
Document Description: Petition automatically granted by EFS-Web Department of Commerce

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF

THE ISSUE FEE UNDER 37 CFR 1.313(c)

Application Number 16923494

Filing Date 08-Jul-2020

First Named Inventor Teruaki OCHIAI

Art Unit 1725

Examiner Name SEAN CULLEN

Attorney Docket Number 12732-2003004

Title POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH

LITHIUM TITANATE AND MAGNESIUM OXIDE

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17(h}and a
showing of good and sufficient reasons why withdrawal of the application from issue is necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313{c).

A grantable petition requires the following items:

(1) Petition fee; and

{2} One of the following reasons:

{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or
claims to be patentable;

{b) Consideration of a request for continued examination in compliance with § 1.114 {for a utility or plant application only); or
{c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a
CPA under 37 CFR 1.53(d).

Petition Fee

(O Small Entity

(O Micro Entity

(® Regular Undiscounted

Reason for withdrawal from issue
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(O One or more claims are unpatentable

@ Consideration of a request for continued examination (RCE) (List of Required Documents and Fees)

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must
have power of attorney pursuant to 37 CFR 1.32(b)).

RCE request,submission, and fee.

| certify, in accordance with 37 CFR 1.4(d)(4) that :
The RCE request ,submission, and fee have already been filed in the above-identified application on

Are attached.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney
in this application.

(O Anattorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

(O Asole inventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this e-petition

Signature /John F. Hayden/
Name John F. Hayden
Registration Number 37640

AMPEREX Ex. 1002
Page 1502



Office of the Chief Finaneial Qfficer

Document Code WEEER
Usar 71530
Sale Accounting Dale 08/04/202

e

Sale ltem Reference Number Effective Date

16923494 04/09/2021

Document Number Fee Code Fee Code Description Amount Paid

1202154(G28322001 1806 SUBMISSION- INFORMATION $260.00
DISCLOSURE STMT

United States Patent and Trademark Office

Payment Method
Deposit Account
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |

16/923,494 07/08/2020 Teruaki OCHIAI 12732-2003004 3273
26171 7590 05/13/2021 | A AMINGR |
FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022 CULLEN, SEAN P
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

1725
| NOTIFICATION DATE | DELIVERY MODE |
05/13/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

PATDOCTC@fr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
N .suppil,;n}/entalb i 16/923,494 OCHIAl et al.
otice of Allowability Examiner ArtUnit | AIA (FITF) Status
Sean P Cullen, Ph.D. 1725 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the IDS filed on 09 April 2021.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1,3-6,13 and 15-18 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4 M} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl by (JSome  *c) [ None of the:
1. [J Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No. 15/638,449 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.(0J Examiner's Comment Regarding Requirement for Deposit 7. [J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Sean P Cullen, Ph.D./

Primary Examiner, Art Unit 1725

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210505
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Application/Control Number: 16/923,494 Page 2
Art Unit: 1725

DETAILED ACTION

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Status of Claims
2. Claim(s) 1, 3—6, 13, and 15—18 is/are pending.

3. Claim(s) 2,7-12, 14, and 19-25 is/are canceled.

Information Disclosure Statement
4. The information disclosure statement (IDS) submitted on 09 April 2021 was filed after
the mailing date of the Notice of Allowance on 22 February 2021. The submission complies
with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being

considered by the examiner.

Conclusion
5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251.
The examiner cannormally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday
6:00 am to 12:00 pm CT.
Examiner interviews are available via telephone, in-person, and video conferencing using

a USPTO supplied web-based collaboration tool. To schedule aninterview, applicant is

AMPEREX Ex. 1002
Page 1506



Application/Control Number: 16/923,494 Page 3
Art Unit: 1725

encouraged to use the USPTO Automated Interview Request (AIR) at
http//www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/Sean P Cullen, Ph.D./
Primary Examiner, Art Unit 1725

AMPERE
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Receipt date: 04/09/2021 16/923,494 - GAU: 1725

PTO/SB/08A (07-06)
Approved for use through 03/31/2007. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DERARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

[substitute for form 1449/PTO Complete if Known
INFORMATION DISCLOSURE {ARicaton Number 16/923,494
Filing Date July 8, 2020
STATEMENT BY APPLICANT [rnameaimens Toruaki OCHIA]
Art Unit 1725
(Use as many sheets as necessary)
Examiner Name S. CULLEN
Sheet | 1 [ of | 1 Attorney Docket Number 12732-2003004

U. 8. PATENT DOCUMENTS

Pages, Columns, Lines, Where
Relevant Passages or Relevant
Figures Appear

Examiner Cite Document Number Publication Date Name of Patentee or
Initials* No.'! Number-Kind Gode? if kmown) MM-DD-YYYY Applicant of Cited Dacument

FOREIGN PATENT DOCUMENTS

Examiner Cite Foreign Patent Document Publication Date Name of Patentee or ;'alges. ?i;lumns, Line; VIVherel »
Initials™ No." Country Code® -Number* -Kind Code® (if known) MM-DD-YYYY Applicant of Cited Document € evanFigi?:if:p:;r elevan
KR-2015-0062724A 06-08-2015 Full
KR-2014-0125856A 10-29-2014 Full
Examiner Date
Signature] /Sean P Cullen, Ph.D./ Considered | 05/05/2021

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered.
Include copy of this form with next communication to applicant. 1 Applicant's unigue citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents al
www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPQ Standard ST.3). 4 For Japanese patent documents, the indication of
the year of the reign of the Emperor must precede the serial number of the patent document. § Kind of document by the appropriate symbols as indicated on the document
under WIPO Standard ST.16 if possible. & Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Infermation Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

May 13, 2021 03:56:11 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16923494 NOA 05/13/2021 12732-2003004
1449 05/13/2021 12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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United States Patent and Trademark Office

Office of the Chief Finaneial Qfficer

Document Code WEEER
User 0486472
Hefund Accounting Date: 0N E8/2021

Effective Date Sale ltem Reference Number Refund Total

04/09/2021 16923494 $1,360.00

Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
120215HD27263101 1801 RCE- 1ST REQUEST  $1,360.00 DA 061050
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United States Patent and Trademark Office

Office of the Chief Finaneial Qfficer

Document Code ' WREER
Usear (48472

Effective Date Sale Accounting Date Sale ltem Reference Number

04/09/2021 05/18/2021 16923494

Document Number Fee Code Fee Code Description Amount Paid Payment Method
120215HD27263101 1801 RCE- 1ST REQUEST $1,360.00 DA
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/923,494 06/22/2021 11043660 12732-2003004 3273
26171 7590 06/02/2021
FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Teruaki OCHIALI, Atsugi, JAPAN;

SEMICONDUCTOR ENERGY LABORATORY CO., LTD., ATSUGI-SHI, JAPAN;
Takahiro KAWAKAMI, Atsugi, JAPAN;

Mayumi MIKAMI, Atsugi, JAPAN;

Yohei MOMMA, Ischara, JAPAN;

Masahiro TAKAHASHI, Atsugi, JAPAN;

Ayae TSURUTA, Atsugi, JAPAN;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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To: PATDOCTC@fr.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 26171

Jun 03, 2021 04:23:55 AM
Dear PAIR Customer:

FISH & RICHARDSON P.C. (DC)
P.O. BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 26171 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16923494 ISSUE.NTF 06/02/2021 12732-2003004

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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