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=1Rffl?ti!li., 7:,,; TT 9 1 4 Bz el7 /'TT 9 1 5 �, =1Rffl?t!! 9 1 3 � 0) Fa9 t:::Ji 9 1 6 � 
fl9 Q O Ji 9 1 6 Ii., ,WU A._ li="?Rffl?t!! 9 1 3 t::: J:: Q fflmw � Jl!t�9 Q =- � iJ{---C � Q �gig� 
fl9Qo Ji 9 1 6 � L--Cli., fJUA._1£litt•t1:{*�ffiv'Q =. �iJ-;,---C�Qo

(0 3 1 8] 

� B, =1Rffl?ti!O)ti� /i., I§ 1 3 t::: mt�E � ;;h� v 'o

(0 3 1 9] 

fJUA._/;f, I§ 1 4 (A-1) Ezell§ 1 4 (A-2) t:::m9 J:: 5 t::, I§ 1 3 (A) Bzul-:'1§ 1 3 
CB) ,:::m9=1Rffl?ti!9 1 30)5�, xtfi'il9Q-xtO)ffiO)T;;h--F';;ht:::7:,,;7T���i1--c:t

J::1.,,0 1§14 (A-1) Ii., --1::ia-xtO)ffiO)-:nfJIJJ:nfi'iliJ"GJ!f;:>7f-�l§c'�IJ, 1§14 ( 
A-2) Ii., --1:::ia-xtO)ffiO){fi!:n-OlU:nfi'iliJ"GJ!t;:Jf-ill§---C�Qo �b\ I§ 1 3 (A) Bzel
I§ 1 3 ( B) t:::m9 =1Rffl?t!! � � b ffp7)'t::: "Jv 'L Ii., I§ 1 3 (A) BzU'I§ I 3 ( B) t:::m 

9=�ffl?ti!O)mi���H�ffl---C�Qo

(0320] 

I§ 1 4 (A-1) t:::m9 J:: 5 t:::, =1Rffl?ti! 9 1 3 0)-xtO)ffiO)-:nt:::Ji 9 1 6 ��Iv-CY 

/TT9 I 4-JJ{��t'tG;;h, I§ 1 4 (A-2) t:::m9J::5t:::, =1Rffl?ti!9 1 30)-xtO)ffiO) 
{tl!:nt:::}i 9 1 7 ��lv---C:7/'TT 9 1 5 i;J{��,1 G;;hQO Ji 9 1 7 ii., fJUA._/i="?Rffl?t!! 9 1 
3 ,::: J:: Q fflmw� Jl!t�9 Q =- � -JJ{---c � Q �gig� fl9 Q O Ji 9 1 7 � L --c i:t., ,wu A._ 1£11tt•t1:1* 

� ffl 1/ \ Q =- � i;J{---C � Q 0 
( 0 3 2 1 ] 

--1:::icti�t:::9 Q =. � t::: J:: IJ, 7 /'TT 9 I 4 Bzel7 /'TT 9 I 8 O)fi!TI:J:JO)-lf-1 :X� * � < 
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9 Q s::. � iJic' � Q O 7 / TT 9 1 8 /i., ,WU ;z /£, j}ffpmffl � 0)-r'- � jm_{§ � fr -s s::. � ;oi--C

� 6 atig � fl9 6 o 7 'Y TT 9 1 8 t:: ti., iJU :z /£7 'YTT 9 1 4 t::j@J=!=rartm�:JB�tO) 7 -Y 

TT�J-@ffl90S::.��--c�6 0 7-YTT918�ftLk=�ffl���O)mffl�O)j]l�h� 

� L, ---C ii., NFC� c', =1,Xffl� � 1-tl!O)mffl � 0) Fs9--C fflv, 6 S::. � iJi--C � 6 Jit/lih�� c' � 
j@ffl 9 Q s::. � ;oi--C � Q 0 

(0322] 

x./i., !Zl l 4 ( B-1 ) t::=m9 J: 5 ,::, !ZI 1 3 (A) Bzcf!ZI 1 3 ( B) t::=m9=1,Xffl� 9 
1 3 t::=*m#&fl![9 2 o �filHt---ct,J:1.,,0 *m#&fl![9 2 o /i., Yifflr9 1 1 t=ffl�i'fkJt=�ilm:� 
n 6 0 �as, *m#& fl![ 9 2 o ;o{i� t-t ;; n 6 ffp5.t t::= 5 � Jv 9 1 o � � t-t � < ---c ti J: 1.,, 0 � as 
, !Zll 3 (A) Bzrf!Zll 3 (B) t::=m9=1,Xffl���{jffp5.tt::=-:)v'>---Cli., !Zll 3 (A) Bz 

rf!ZI 1 3 (B) t::=m9=1,Xffl�O)fillS)j�j@'§:.j:iffl--C�6 0 

(0323] 

*m#&fl![9 2 oc::/i., 1JU:z/£:1Bffl$--Ca,0iJ"�iJ"�m9Ilffi�, �ffl_m�m9Ilffi�IJ:c'�*
mL---ct,J:1.,,0 *m#&fl![9 2 o � L---Cti., iJU:ztifflr"'-1"'-, r��*m#&fl![, iv".7 r­

DJv� ;}t -Y 7-- (EL� t, v' 5) *m#&fl![� c'�ffiv"0 S::. � iJic,� 60 {:9U;z/£, fflr"'­
J'\-� ffiv" 0 s::. � ,:: J: 1) *m#&fl![ 9 2 o O)y�JtfflJJ � {Jfy�9 6 s::. � iJi--C � 6 0

(0324] 

x./i., !ZI 1 4 ( B-2) t::=m9 J: 5 t::=, IZI 1 3 (A) Bzrf!ZI 1 3 ( B) t::=m9=1,Xffl� 9 
13t::t-Y-l:r921 �i�t-t---ct,J:1.,,0 t-Y-l:r9 2 1 ti., f1™r9 2 2 �ftL---cf1™r9 1 1 t= 

-��l'fk]t::=�®G�n6 o �B, !ZI 1 3 (A) Bzrf!ZI 1 3 (B) t::=m9=1,Xffl���{jffp5.tt::

-::)v"---C/i., !ZI 1 3 (A) Bzcf!ZI 1 3 (B) t::=m9=1,Xfflnl!O)fillSJi�j@'§:.J:ifflc'�60 

(0325] 

t-Y-l:r92l�L,---C�, 00:z� ��- �fl![, ��- m��- ���- @��- ffi■, *

, 1,W:, m�, Hi!�, 11::"F�mt L s F1, �Fs9, 1ii�, ffl:!:cJL ffltliE, fflEE, fflJ:J, m!tfJit tliE
_m, tilll�, i�Ji�, ffi!fl, t::=as1.,,, x./i.$)1}fJR�tJIJJJE90 s:=. �;oi--c-�0m1Jig�fl9n/£J:1.,,

0 t-Y-l:r9 2 1 ��t-t0s:=.�t::J:1J, WU:z/£, =1,Xffl�;oifl![;o--.;t1,---c1.,,61Jl'!t��m9-r'-�

Olir.� � c') � tltti L, @� 9 1 2 f.7'J 0) _){ :i:: 1J c:: ic'Dl L ---c as< s::. � ti --c � 0 0 

(0326] 

� i;t::=, =1,Xffl�9 1 30)tim1YUt::=-:)v"---CIZi 1 5Bzcf!ZI 1 6 �ffiv"---Cml.SJi900 

(0327] 

!ZI 1 5 (A) t::=:rr-9=1,Xffln!! 9 1 3 /i., i�],fs: 9 3 0 O)P9ffpt::f1Jfflr 9 5 1 �YJffir 9 5 2 iJ{il� 

t'ti;nt:Jf@,f,,fs:9 5 0 �fl90o m@{,$:9 5 0 Ii., i'!{,$:9 3 00)f.7'Jffp--Cffl�t,W:t::'2i't��n 

0 0 Yifflr 9 s 2 ti., i'! 1* 9 3 o c:: � L, fi™r 9 s 1 ti., ��tt � c' � m 1., , 0 s::. � c:: J: 1J 1'! 
{,$:9 3 0 t::�L,---Cv'�v'o �B, !Z11 5 (A) --C/i., ,&!'§:0)/:-.db, i'!{,$:9 3 0 �5.tliL---C 
!ZlmL---Cv"0iJi, ��Ii., m@{,$:9 5 OiJii'!{,$:9 3 0 t::=1JU�n, f1Jfflr9 5 1 Bzcff1Jfflr9 5 

2 iJii'!{,$: 9 3 0 O)j}t::n!;{:f L, LV' Q O i'!{,$: 9 3 0 � L, L Ii., �mUtl,fSI. ( ,WU ;z /£7 Jv � =- ry 

A tJ: c') x. /i.ffifH�tt)¥4 � fflv, 6 s::. � ;oi--c-� 6 0 

(0328] 

� B, !ZI 1 5 ( B) t::=m9 J: 5 t::=, IZI 1 5 (A) t::=:rr-91'!,f,,fs: 9 3 0 � ti�O)tJ)¥4 t:: J:-=> ---C 
:JB.fflG L, ---Ct, J: v 'o {fU ;z /£, IZI 1 5 ( B) t::=:rr-9 =1,Xffl� 9 1 3 /i., i'!{,$: 9 3 0 a � i'!W 9 
3 0 biJiJllilJi'r;b�n---CBIJ, i'!{,$:9 3 0 aBzrfi'!{,$:9 3 0 b--Cl!tl*nt:-.ilt.!!JGt::m@{,$:9 
5 0 iJiil� t't i; n ---C It '6 o 

(0329] 

i'! 1$: 9 3 0 a � L, ---c ii., flmffirn� � c', ��tt)¥4 � ffl v, 6 s::. � iJi--C � 6 o !r�H::, 7 -YT T 

;oi:JB.fflG � n6 ffit::flmt!fH�� c'O)ttl,fSI. � mv, 0 s::. � t:: J: 1J, =1,Xffln!! 9 1 3 ,:: J: 0 fflWO) 
JlEii�:f!PffiU--C-�6 0 �B, i'!f$:9 3 o at::=J:0fflWO)JlEi&:iJi1J\�t'tn/£, i'!f$:9 3 o aO) 
P9 ffp t:: 7 -Y TT 9 1 4 J.p 7 -Y TT 9 1 5 � c' 0) 7 -Y TT � ii� t't ---c t, J: v , o i'! 1$: 9 3 0 b � 

L, L Ii., 1:9U ;z /£�mUt)¥4 � m It\ Q s::. � ;oi--C � Q 0 

(0330] 

� i;t::=, m@,f,$:9 5 OO)timt::-:)1.,,---clZJ 1 6 t::=m9o m@,f,$:9 5 0 /i., ��9 3 1 �- iE 
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fi!J;i9 3 2 C:, '1Z/'\}/-'.)<' 9 3 3 C:, �fl9Q0 ffi@J1;$:9 5 0 /;i, '1Z/'\}/-'.)<' 9 3 3 ��/v 
T��93lc:, ��932�ffl�l)��Tffl��� �ffl�V-��ffi@I��kffi@I1* 
TcbQo �;16\ ��9 3 1 c:, ��9 3 2 c:, tJ'\v-'.9 9 3 3 c:, O)ffl��, � Gr:t.I 
�ffli}T :t J:: v \o 

( 0 3 3 1 ] 
� � 9 3 1 ti., Y/Mr 9 s 1 Bz V'Y!Mr 9 s 2 0) � n � * L t I§ 1 3 ,:: � 9Y/Af r 9 1 1 t= �� 
� ttQ 0 �� 9 3 2 ti., Y/Mr 9 s 1 Bz tYY!Mr 9 s 2 0)1-tf!n �*Gt I§ 1 3 ,::�9Y/Afr 9 1
1 ,=��� ,:;hQO 

(0332] 

�� 9 3 2 ,::, 5t0)�:fj'ffi0),ft;Ji&Tfil?.8Jj L, /;:-_�fiIEiis!fo/J� � J=§ v \ Q ::. c: T, ra'J�_m T-l:J--1 ,:;J }v
f�,��t::&;;ht;:-.=tRffllli!9 1 3 C:9Q::. c:iJ{T�Qo 

(0333] 

[ 3 � ,t-. -� �=t,zfflltl!J 
<JU::, 3 � ;t-.-��0)=1_xfflllf!O){�Ut::-:>v\T, I§ 1 7 ��!§ 2 3 ��!fflL,tfil?.8Jj9Qo 3 
� ;t-. -� � 0) = <JZffl lli! ti., TIJffi •I-ti: � fl 9 Q ti mt c: 9 .:rt/£, TIJ ffi't� � fl9 Q ffp1ft � 9,-, � < c: 
:t �ffPfl9 Qfflr�Wt=��9;;h/£, fflr�W0)2t,Jt;t::�;b�L =1_xfflllf! :t (ttJtj'Q::. c: :t 
C'�Qo 

(0334] 
I§ 1 7 �J=§v\L, 3 � ;;j'--.-��0)=1_xfflllf! 9 8 0 ,::-:>v\Tfil?.8Jj9Qo 3 � ;t-.-��0)=1_x 
-�ll!! 9 8 0 ti., I§ 1 7 (A) t::�9ffi@I1*9 9 3 �fl9Qo ffi@I1;$:9 9 3 /i., ��9 9 4
c:, �;j;i!J;i9 9 5 c:, tJ'\v-'.9 9 9 6 c:, �fl9Qo ffi@I{:;$:9 9 3 ti., I§ 1 6Tfil?,8JjL,/;:-_
ffi@I1,;.fs: 9 5 0 c: �ff t::, t J'\ v-'.9 9 9 6 � �Iv T�f_iIE 9 9 4 c:, �fi!J;i 9 9 5 c: ;iJ{ffi� t)
��Tffl��;;h, �ffl�V-��ffi@IL,k:tO)TcbQo 

(0335] 

� B, �;tiJJ;i 9 9 4, �;tiJJ;i 9 9 5 BJ:: V't J\ v-'.9 9 9 6 ib� G � Q ffl�O)ffl��/i., &::,�� 

�_mC:*r1,;.$:fflt::EtGT:i@'§:g�it9;;h/£J::v\o ��9 9 4 /i. 1)-rffl;f:ilJ;i9 9 7 BJ::0' 1)­

rffl� 9 9 8 0)�1J � Jr-G t�tEE�ffl1* Ci?mm�f') ,=��� tt, �ti!J;i 9 9 s ti. 1J -rffl

;j;i!J;i 9 9 7 BJ:: t.f 1) - rffl� 9 9 8 0)1-tf!n �*LT �;§j�ffl{:;$: (l§��T) t=��� ,:;hQ 0
(0336] 

1§1 7 (B) ,::�9J::'5t::, j}�1;$'.C:�Q7,{}vA9 81 c:, [_LlJ{fp�fl9Q7,{}vA9 8 
2 c:��ff��c't::J:: l)J:l"5l)�;b�TMmt�;;hQ�Fs9t::J:JlttL,f;:-_ffi@I1;$:9 9 3 ��3(,W39Q 
::. c: T, I§ 1 7 ( C) t::m9 J:: -5 t:: =<1Zffllli! 9 8 0 � 1'F�9 Q ::. c: iJ{T � Q o ffi@I1* 9 9 
3 1:t, 1J -rffl� 9 9 7 BJ:: tf 1J -rfflti!J;i 9 9 8 � fl G, 7 ,{ JvA 9 8 1 c:, [!l]ffp� fl9 

Q 7 ,{ Jv A 9 8 2 c: 0) 11'J{fpTfflffl�1f�t= �t5t� ;;hQ o 

(0337] 

7,{}vA9 8 1 c:, [_LlJ{fp�fl9Q7,{}vA9 8 2ti., ,WU:z/£7Jv�=-i'JA�c'O)�mi*;1
J

4 
vtifH�:tt:¥4 � J=§v \ Q =- C: ;iJ{T � Q 0 7 ,{ }v A 9 8 1 BJ:: O'[!lJ{fp � fl9 Q 7 ,{ }v A 9 8 2 0) 
M*4 c: L, tfflH�:tt:¥4 � J=§v '.:rt/£, j}ffp;iJ� G :tJ ;iJ{jJQ;b� f;:-_ c: � ,:: 7 ,{ }vA 9 8 1 c:, [_Ll]{fp � 
fl9Q7,{�A982�2t,t;��Q::.c:�T�, TI.fffitt�fl9Q�fflll!!���9Q::.c:� 
C'�Qo 

(0338] 

;if;:-_, I§ 1 7 (B) BJ::tfl§ 1 7 (C) Tti.2t)(0)7,{ JvA�J=§v'Q,WU��LLv'Q7J{, 
1 t)( 0) 7 ,{ Jv A � tfr 1) 8±1 tf Q ::. c: t:: J:: � T � Fs9 � M mt L, , t 0) � Fs9 t:: J: Jltt L, f d:ff@J {;$'. 9 9 
3 � �ffi L, L :t J:: v \ o 

(0339] 
�,tit�9 9 5 t::, 5tO)�n'ffiO)MJi&Tfil?.BJiL,t;:-.�filJ;i1is!fo/J��mv\Q::. c:--e, ra'J�J;.T-it-1,:;J Jv 
�tt�&ttk=�fflllf!98Oc:9Q::_c:�T�Qo 

(0340] 

;i /;:-_I§ 1 7 T/i.j}�1* c: � Q 7 ,{ JvA t:: J:: 1) Mm� ;;hf;:-_�Fs9 t:=ffi@J1;$'.� fl9 Q =1_xfflllf! 9 
8 0 O){JU t::-:> v \ T fil?,8Ji L, /;:-_ iJ{, f;:-_ c: ;z ti!§ 1 8 0) J:: -5 t::, j}�1;$: c: � Q 7 -i Jv At:: J:: I) M 
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M�nk�OO�. �W�©-�©tt�. tJ\v-�B�a�-�fl9Q=m•��GTt 
�v'o 

(0341] 

�18 (A) �m97��-�M0=mffl�500�. ttMfflfflW501B�OttMmtw 

m�502�fl9Qtt�5o3�. �Mfflfflw5o4B�a��mtwm�5o5�fl9Q 

�M5 o 6 �- t1\v-� 5 o 7 �- fflffl�tf�5 o 8 �- 51-.t!Ht5 o 9 �- �fl9Qo 51-� 

{*5 0 9pgt::�t-tGnf;:-.ttM5 0 3 ��titE5 0 6 �0rait::t1\v-� 5 0 7iJ{��fll[�nt 
", Q O * t;:-., 51-�{t 5 o 9 pg ti., fflMw� 5 o s -cmt;:-. � n t", Q O fflffl�f,& 5 o 8 t= ti.. '% 

:ln!!®M'& 2 -cm G f;:-.'�ff1�1,& � J=§v, Q::. � iJ{c, � Q o 

(0342] 

� 1 8 (A) t::m9 5 � � -� ffi©={J\'�� 5 0 0 t= Bv 'L, tttilffffl'�{* 5 0 1 B � a� 

tilfffflfflW5 o 4 ti., :9f-�p�©ffl�El0�1'§!!!�1�Q�-"f-©1'>t�Ut:Mt:tatv'Qo T©t;:-.tb, tttilff 

fflffl1*5 0 1 B�O�tilfffflffl{*5 0 4©��pti., 51-�1*5 0 9iJ"G:91-1J:!Ut::R'.tB9Q�-5t:: 
@2fll[ L, T t � v 'o * /;:-_, tt;f:nJifflffl{* 5 0 1 B � O�@fflffl1* 5 0 4 �, 51-�W 5 0 9 iJ" G 

51-fflUt::BtB �ttT, 1) -rfflM� J=§v 'LT© 1) -rffltilff � tt�'jfflffl1* 5 0 1 ' �v ,t;t.�;f"nff
fflffl1* 5 0 4 � Jfil s1&:�E � ttt 1) -r fflM � 51-fflU t:: D'. /:ti 9 Q � -5 t:: L, T t � v 'o 

(0343] 

5 � � -� ffi©=tR'�� 5 0 0 t:: Bv 'L, 51-�1* 5 0 9 t:: ti., -WU ;z ti;t{ 1) i-=r v Y, Jt{ 1) 

�□ �vY, ;t{0�-��-�- Y�*��-. ;t{0Y�r�0M��G�Q-��- Y 
}v � -= ry A, .A -r Y v A, jlnJ, -= ';/ J,r }v�© nIBH� t= tint;:-. ��rw:-� a� t-t, � G ,:: �� 

�rw:gJ� t=51-�1*®51-ffi � Gt ;t{ 1J Y � r :;,UJ.fmi. ;t{ 1J I.A -r Jvl1tffifg��0��':.id�EMt.M 
g�gJ���tj-/;:-.-=:::�ti@© 5 � ;z, - � 7 ,f JvA � J=§v 'Q::. � iJ{-C � Qo 

(0344] 

*f;:-_, 5��-�ffl©=1'?\ffl�500©Wfffiti@©�,WU��l8 (B) t::m9o �18 ( 

A) -Cti.ri31�©t;:-.tb, 2 -::)©fflffl1*-C�M9 Q·WU� m L, Tv 'Q iJ{, '%�ti., :ri�©fflM� 

-CtiM9 Qo 

(0345] 

� 1 9 (B) -Cti., �{9U� GT, ffltilff��� 1 6 � GTv'Qo �B. fflM��� 1 6 � L, 

T t =1'?\ffl� 5 0 0 ti., nIBH� � fl9 Q o � 1 8 ( B) -c /i.�titEfflffl{* 5 0 4 iJ{ 8 � �, 
ttMfflffl{*5 0 1 iJ{8�©Ettl 6�©�@�mGTv'Qo �B. �1 8 (B) ti.�titE© 

l& 1) ttil,�p©Wfffi�mGTBI), 8�©�@fflffl1*5 0 4 �Jilsr&:�E�ttLv'Qo c7lJIDfa 
, fflM��ti.1 6 t::mUE'.� nf, * < Tt � v' L,, 9>� < Tt � v'o fflM��iJ{*v'f�E 

t= ti., � 1J * < ®�.m � fl9 Q =1'?\ffl� � 9 Q::. � iJ{c- � Q O * t;:-., fflM��iJ{0r"� v ':£:� 

Et:: ti., rw:M{L-c �, nI#H�t::tfnt;:-.=1'?\ffl� � 9 Q::. � iJ{-C � Qo 

(0346] 

::. ::. -C, 5 � �-� ffi©={J\ffl� 5 0 0 ©:9}��0�-wu� � 1 9 BzO� 2 0 ,::m9o � 1 

9 Bz cf� 2 o ti., tt@ 5 o 3 , �-5 o 6 , t J\ v- � 5 o 7 , 51-�{* 5 o 9 , ttM 1) -

rfflM 5 1 o BzO�M 1) -rffltilff 5 1 1 �fl9 Qo 

(0347] 

� 2 1 (A) ti.tt;f:nJi 5 0 3 Bz O�M 5 0 6 ©:9}�� � lT-9 o tttilff 5 0 3 /i.tttilfffflffl1* 5 0 
1 � fl G, ttMmtwm� 5 o 2 ti.tttilfffflffl1* 5 o 1 ®*®t::MM� ntv'Qo * /;:-_, tttitE 

5 0 3 ti.ttMfflffl{* 5 0 1 iJ{��PR'./:tl 9 Q'p}l;f:J!¼ (J;.J. �, � 7
v

-p}l;l:J!¼ � V \ -5) � fl9 Q o �tilff 

5 o 6 ti.�Mfflffl1* 5 o 4 � fl G, �@1Etwm� 5 o 5 /i.�@fflffl1* 5 o 4 ®*® t::MM 
�ntv'Qo *f;:-_, �titE5 0 6 ti.�tilfffflffl1*5 0 4iJ{��PR'./:tl9Q-p}l:f:.!l¼, 9�b��7'--PJi 

:f:.!l¼�fl9Qo ttMBztf�MiJ{fl9Q � 7''-pJi:f:.!l¼©ffiffl-vM�/i., � 2 1 (A) t::m9,WUt::m� 
Gn�v'o 

(0348] 

[ 5 � � -� ffl=1'?\ffl�©{1='!iJJ�] 
::. ::. -c, � 1 9 t:::9}jJ!��m95 � �-�ffl=1'?\ffl�©{1='!iJJ�©�{7Ut::Jv'L, � 2 1 

(B), (C) �J=§v"Tfill.8,)j9Qo 
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(0349) 
* 9\ �filj 5 0 6, t J'\ v-'.57 5 0 7 ,& lji£filj 5 0 3 � ffl}ii9 Q o I§ 2 1 ( B) t::ffl}ii �

nt::�filj5 o 6, tJ'\v-'.57 5 o 7,&cfiE@5 o 3 ��9o -::.-::.-cti.��� 5i¥-JL i£filj�
4 if'Ji {!1!ffl 9 Q {JU�� 9 o '?YU::, iE� 5 o 3 0) '.57 :t{tlt� fj§1 ± 0) mi:'i' c: , i&:JR ffi 0) iE� 0) '.57 7''

iJt�A.O) iE� u - � ffltilj 5 1 o O)mi:'f � fi 5 0 mi:'i't= Ii., fJU x 1:t:ma1Bzmm� � ffl" ,n,:t:
J: "'o fj§};H1H::, �� 5 o 6 0) '.57 :liJt�fj§} ±O)mi'f c:, i&:JRffiO)�filjO) '.57 7''iJt�A.O)�filj 1)

- rmt� 5 1 1 O)mi:'f �fi 5 0 

(0350)

'?JU::6"1--�{,;,fs:5 o 9J::t::, �filj5 o 6, tJ'\v-'.57 5 o 7,&L1i£filj5 o 3 �Wcui9Qo 

( 0 3 5 1 ) 

'?)U::, I§ 2 1 (C) ,::�9 J: 5 ,::, 6"1--�1*5 0 9 �Mz*I-C�Gt::i'f�5.t-Ctfrl) s:f:Jt'fQo -z:-0) 
;f�, 6"1--�{,;,fs: 5 0 9 O)j}fflli'f� � mi:'f9 Q O mi:'f t= /i.{JU ;z /:!�EE��� fflv ,n,:t: J: V 'o ,::_ O)� 
, ;f�t=ffl��rf� 5 o s � AnQ-::. c: i

J

r-c � Q J: 5 t::, 6"1--�{,t 5 o 9 0)-:i'f� C * t:: /i.-ill) t:: 
mi:'f � nld:" ,iJ:rt� Ct_j_ 7'", �A □ c: ", 5) � i'¾'. t't Q 0 

(0352) 
'?)U::, 6"1--�{,;,fs:5 0 9 ,::i'¾'.t'tGnt::�ADiJ'>G, fflmrf�5 0 8 �>'i--�{,;,fs:5 0 90)pg,fflUA.�,A. 
9 Q o ,���r,W: 5 0 8 0) � A Ii., J}g¼ff �IHI� 7', !!,It v , /i.:;;r-y�•t� jJ Y- �IHI� 7'-Cfi 5 -::. c: iJl-f[f 
* G v 'o -f:-G --Ci&;f�t::, �A□� mi:'f9 Qo ,::_ 0) J: 5 t:: G--C, 5 � ;z..- r- �O)="?jzffllfi!-C
�Q=mffllfl!500���9Q,::.c:#-C�Qo 

(0353) 
iE� 5 0 3 t::, :$'20)�1.n!!O)M�&-CmiBJ.l L, t::i£filjy�!fo/J� � fflv, Q -::. c: -C, ra'J�_m -C-it-1 ,!? Jv

tt·t� c:: flnt:: =1)Zffllfi! 5 o o c: 9 Q -::. c: nl-c � Q 0 

(0354) 

[ BB t-f Q -::. c: 0) -c � Q = "?)Z ffl lli! J 
"?jz t::, B±JtJ' Q ,::_ c: 0)-C � Q ="?jzffllfi!O)fJU t::-::> v, --CI§ 2 2 BJ: cf!§ 2 3 � �!ffl L, --CmiBJ.19 Q 

(0355) 

1§2 2 (A) t::, B±Jt-fQ,::_C:O)-C�Q="?jzffllfi!5 00)J::ffiffll!J:fri§��9o 1§2 2 (B 1) 

, ( B 2 ) , ( C) ,:: /i.-f:-n--F'n, I§ 2 2 (A) q=r O)ip]N9T,%f C 1 -c 2, WN9TrJR C 3 -c 

4, WN9TrviA 1 -A 2 t:: B t't Q N9Tffiffll!J:fri§-C � Q o ffllli! 5 0 /i., >7i--�{,;,fs: 5 1 c:, 6"1--�1* 5 
1 O)pg'(f�t::�J��nt::iE� 1 1 aBJ:tf�@l 1 b �fl9Qo iE� 1 1 a C:'��El�t::m� 

� nt:: 1) - r 1 2 a, BJ: lj�filj 1 1 b c: ffl�El�t=tt�� nt:: 1) - r 1 2 b /i., 6"1--�{,;,fs: 5 
1 O)j}{Jlj t::J!!;{E L, --Cv, Q o * t::6"1--�{,;,fs: 5 1 -CIHI * nt::iJt�C:: /i., iE� 1 1 a BJ: lj�f� 1 
1 b t::n□x --Cffl��Yf� (l§�Gld:v"') iJlftA�n--Cv'Qo 

(0356) 

ffllli!5 0iJlfl9QiE�l 1 a;JSJ:lj��l 1 bt::-::ii.,--c, 1§2 3 �ffiv"'--CmiBJ.j9Qo 1§2 
3 (A) /i., iE� 1 1 a, �� 1 1 b BJ: tft J'\ v-'.57 1 4 O)ffl)ii J@i � miBJ.19 Q #4tf i?m-C 

� Q O I§ 2 3 ( B) /i.iE� 1 1 a BJ: cf�� 1 1 b ,::no ;z L' 1) - r 1 2 a BJ: a 1) - r

1 2 b �m9#4tfi?m-C�Qo 

(0357) 
I§ 2 3 (A) t::�9 J: 5 t::, ffllfi! 5 0 /i., ��O)ffl-fffi�O)iE� 1 1 a, ti�O)ffl-fffi�:;kO)� 
filj 1 1 b BJ: cfti�O)t J'\ v-'.57 1 4 � fl9 Q o iE� 1 1 a BJ: tf�filj 1 1 b /i.-f:-n--F'n 
�iliGk'.57:1'$5.tc:, '.57:1'�6'}0)$5J'�fl9Qo iE@llaO)-�O)ffi0)'.57:f'�6'}0)$5J' 
t=iE�r�!fo/J�JiinlMfflG � n, �tilj 1 1 b 0)-� O)ffi 0) '.57 7''tj_6"1--0)i'f�5.tt=��1�!fo/J�Jii nlM 
fflG � n Q 0 

(0358) 
iE� 1 1 a O)i£�1��?JJ�JiiO)MfflG� n--Cv"'ld:v"'ffifj§}±, BJ: tf�@ 1 1 b O)�filjffl!fo/1�0) 

MfflG � ;f1, --C v "'ld: v ,ffifj§]±iJl*9 Q J: 5 t::, iEf� 1 1 a BJ: lj�f� 1 1 b /i.ffl)ii � ;¾1,Q o 

(0359) 
*k, iE�llaO)iE�ffl!fo/J�#MfflG�nkffic:, ��llbO)��ffl!fo/J�#MfflG�nk
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TiiJO) Fs9 c:: ti.t F\l/-� 1 4 iJ).g� tt G ;h6 o � 2 3 ( A) --c /i.J!-?9 < 9 6 t:.&')t J'\ v- � 

1 4 � ,�rJR--Cm9 0 

(0360] 

;i t:. � 2 3 ( B ) t:= m 9 J:: 5 c:=, ti� 0) iE� 1 1 a � 1) - r 1 2 a ti., �EffB 1 5 a r= B 

i \-c��ui�c:=�®G� ,n,60 * t:.fi�O)�filj 1 1 b � 1J - r 1 2 b Ii., �EffB 1 5 b t::= Bi\ 

-Cffl�l'l-9 t=��� ;h,6 0 

( 0 3 6 1 J 

i)U:'.:, 7f-.l!H,$:5 1 t::=-:n\-C� 2 2 (B 1) , (B 2) , (C) , (D) �fflv\-Cfill.B}j96 

(0362] 
7}.#&{,,fs: 5 1 /i., 7 '1' Jvl-\�O)M�t�tfl.,,_ i£filj 1 1 a BJ:: rf�filj 1 1 b ��,t}J:: 5 t::= 2 -::J 

t::=ttr 1) 8±J (j' G ;h L l; \ Q O 7}.#&-tfs: 5 1 ti., tfr 1) 8±J tJ'ffB 6 1 �' -xfO) v-JvffB 6 2 �' v­

}v:i'fB 6 3 �- �fl9G o -xfO)V-Jv:i'fB6 2/i., iE�l 1 aBJ::cf'�filjl 1 b��/v--Cg� 
tt G ;h, -lf-1 r v-}v � tJ UJ✓.S�-=- � tY)."C' � Q O * t:., v-JvffB 6 3 ti., 1) - r 1 2 a JJz a
1) - r 1 2 b �_ffi�6:i'fB7t�flL,, f' 'Y 7°V-Jv� 't)UJ ✓.s�-=- �;lr).--C�G o 

(0363]

7}.#&{,,fs: 5 1 ti., i£filj 1 1 a BJ:: rf�filj 1 1 b �_ffi�6:i'fB71t::, f£rJR 7 1 ��r"j 7 2 iJi�Ji 

t:'.:IDLlvt2JFzM�t� fl9 Q-=- � iJ1W * L, l; \0 * t:., 7}.#&{,,fs: 5 1 0) V-JvffB 6 2 ]JzcfV-}v:i'fB
6 3 Ii., �:tg--c� 6-::. � iJ1W ;i L, 1; \0 

(0364] 

� 2 2 c B 1 ) Ii., f£wi 7 1 � m� 6 ffB71c-wt®r G t:.t®roo--c � 1J, � 2 2 c B 2) ti., � 

l.,,j7 2 �_ffi�6:i'fB7t--CWt¥JfL,t:.t®r00--C�6o �2 2 (B 1), (B 2) /i.�t::, ffllf!!5 0 
JJz cfi£filj 1 1 a BJ:: cf�� 1 1 b 0)$j:1J foJO) t®rTIIT t::=xf £t9 6 o 

(0365] 
-::.-::.--c, ��llbO)�J:JfoJO)�$�, V-�$62�0)000)ffi■�ffi■La�96o ffl 
W! 5 0 t::= 8±J t'f 6 � t:'O)�M� 1J□ :zt:. � �, f&�9 6 J:: 5 t::=iE� 1 1 a BJ:: cf�filj 1 1 b iJi 

:B!:� J:JfoJ t::=liv \t::=f;h,6 J:: 5 t::=�M9 60 --=t-O)�t Ji!e■L a iJ1m9 �-6 �, 5't--#&{,,fs: 5 1 �
iE,tit� 1 1 a BJ:: u��@ 1 1 b � iJi5l < ffi;h, 7f-.#&f,,fs: 5 1 iJ1Mtr� L, -c L, ;i 5 ;J;�r5iJi� 6 o t�

t::=7f-.#&1*5 1 O),&J"17'1' Jvl-\iJiffttl96 �- �w:-&!"17'1 Jvl-\iJiffl�tf�t=J:: u���,n,-c 

L, ;i 5 �,hiJi � 6 o L, t:. iJ1
-::> -C, Ji!eWJi L a � ili* 6 /;: tt :B!: < g�JE9 6 -::. � iJ1W ;i L, v \o 

J:J--C, ffi■La�*�<L,9�6�, ffllf!!5O0){,;$:ffl�m*L,-CL,;i5 o 

(0366] 

;it:., ffl)ii � ;ht:.iE� 1 1 a BJ:: cf�� 1 1 b O)r5n0)� � iJi�1; \/;i_ t:', �t� 1 1 b � V 

-Jv:i'fB6 2 �O)fs90)Ji!e■L a�*�<96-::.�iJiW;iL,1;\ o 

(0367]
J:: I) J!.{,,fs:1'1'9 t::= Ii., ffl)ii � ;ht:.iEt� 1 1 a BJ:: u-�� 1 1 b BJ:: cf�m L, � v \i)it J'\ v- � 

2 1 40)r5gf0)����� t �L,t:.��- Ji!e■L a/i., �� tO)O. 8{ffJ;).J::3. O{ffJ;). 
T, W ;i L, < ti. 0 . 9 {ff J;).J:: 2 . 5 {ff J;). T, J:: IJ W ;i L, < Ii. 1. 0 {ff J;).J:: 2 . 0 {ff J;). T --C 

� 6 -::. � iJ1W ;i L, v \o ffi■ L a �-::. O)fal!tl � 9 6 -::. � c', =r :,, J'\ ".7 1-- --C, ii -::J 8±J t--ft::=xf9

Q {§fj'{'t_tf::O) raJ V \fflrfil � '%:E�--C � Q 0 

(0368] 

;ik, -�O)V-�$620)000)ffi■�ffi■Lb�L,k��- ffi■Lb���llbO)� 
\Vb J:: 1) tJ +71* � < 9 Q-=- � iJiW * L, l; \0 -=- ;ht:: J:: I)' ffllt!! 5 0 t=� l) Jlg L, 8±J t'f 6 � t:' 

O)�M��;zk���- iE�llaBJ::rf��llb�7}.#&f,;$:51����l,-C'tJ, iE�

1 1 aBJ::rf��l 1 bO)-:i'fBiJ1$j:1J[i'iJt::f;h6-::.�iJi--C�6t:.&'), iE�l 1 aBJ::tf�

fi!j 1 1 b � 7}.#&{,,fs: 5 1 � iJiffi,h -CL, ;i 5 -::. � � WJ�S'9 t::= �n <--::. � iJi--C � 6 0 

(0369] 

{fU:z/:!, -xfO)V-JvffB 6 2 O)fs90)Ji!eWJiL b �, �� 1 1 b 0)$jvVb �O)j1f£iJ1, iE� 1 1
a BJ:: cf�� 1 1 b O)� � t 0) 1 . 6 {ff J;J.J:: 6. 0 {ff J;J. T, W ;i L, < ti. 1 . 8 {ff J;J.J:: 5. 
o {ff J;J. T, J:: lJ W ;i L, < ti., 2 . o fff J;J.J:: 4 . o {ff J;J. T � oo t:. 9-::. � iJ1W ;i L, 1; \ o 
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(0370) 

L, 1.,, 'o 

( 0 3 7 1 ) 
(g& 2) 

Lb-ci,Vb-�- ?::.a 
2t 

(0372) 
,::. ,::. ---C-, a ti., 0 . 8 J;_J_J:: 3 . 0 J;_J_ 7", iff * L, < ti. 0 . 9 J;_J_J:: 2 . 5 J;_J_ 7", J:. i) iff * L, < 

ti. 1 . o J:_J_J:: 2. o J:_J_ 7" � mt:: 9 0 

(0373) 

* t::, IZl 2 2 ( C) ti. 1) - r I 2 a� '2r't."firTIIT---C-t10 IJ, ffllfh 5 0, iEtilJi I I a BJ:. O'�tilJi
1 1 b 0) � � :n foJ 0) Wr TIU t:: xt fit 9 Q o IZI 2 2 ( C ) t:: m 9 J:. 5 t:: , tfr IJ atitf'ff� 6 1 t:: B v '
-c iEtilJil 1 aBJ:.0'��1 1 bO)��J:JfoJO)�:i'f��, 51-.t!Ht5 1�O)fa9t::�fa973 �fl
9 Q ,::. � ;IJ{iff * L, V 'o 

(0374) 
IZI 2 2 ( D) t::, ffllih 5 0 � af:Jt'ft:: � � O)N9'rffiffllllfr!ZI � m L, t v, Q o IZI 2 2 ( D) ti., IZI 
2 2 (A) g=rO)tJ}WftJRB 1-B 2 t::BtjQN9'rffit::;t§�9Qo

(0375) 
ffllfh 5 o � HH tf'Q �, HH t'f0):9f-1J!U t::fftfli9 Q 51-�f* 5 I 0) �ff� ti.{$0', '1'1-0lU t::fftfli9 Q f-t!! 
O)�:i'f�ti.iWf!'FL" J:. 5 t::�M9 Q o J:. 1J J!.f*�t:: ti., 51-�f* 5 I 0)5'f-1J!Ut::{ftfli9 Q ff�-5.t/i., 1&'.
O)tli.R$iiJi1J\ � <, ii J1&'.0)fflJJJJ;oi* � < iJ: Q J:. 5 ,::�M9 Q o �:n, 5'i--�1* 5 I 0) pg1J!Ut::
1ftui9 Q ff�n" ti., r&'.O)tli.R$i;oi* � <, ii Jr,&'.O) mJ:ttJJ ;o11J\ � < tJ: Q J:. 5 ,:: �M9 Q O -=- 0) J:.
5 t::, 51-�f* 5 I ;oi�M9 Q ,::. � c:: J:. IJ, HH Cf' t::{$--:J t 5'i--�f* 5 I t:: iJ"iJ" Q fitJ:J ;oi�f0 �
.ti,Qf::clb, 51-�{*5 I �tlJJx9Q:ttf4§f*iJ11$�9Q_&f�;oitJ:i.,,,o -=fO)ira'�, 51-�f*5 I
ti.li&:ffl 9 Q ,::. � iJ: < , 1J\ � iJ: 1J ---C-ffllth 5 o � HH t-f Q ,::. � iJi---C � Q o

(0376) 
*f;:, !ZI 2 2 (D) t::m9 J:. 5 t::, ffllfh5 0 �H.Htf'Q �' iE� 1 1 aBJ:.cf�tilJi 1 1 b �
iJi-=f tt--F'ttt§xtl'I� ,:: f.ti,Q o ,::. 0) � �, tig&O)ffiJi � tit::iE� 1 1 a BJ:. O'�tilJi 1 1 b ti.
, v-Jvtf� 6 3 ,fJ!LJO)��;o{�Ji::ffMt 1 7 ---C-�JE� .ti, L v' Q t::clb, tfr 1) HH t-ftf� 6 1 ,::m:v' ,�
c:'f.tl,_;L;oiA�<IJ:QJ:.5t::, -=ftt--F'.tl,f.ti,Qo ,::..ti,t::J:.IJ, iE�l 1 aBJ:.u���l 1
b t::iJ";/J"QfitjJ;oi�f0�tt, iEtitE 1 1 aBJ:.U'�� 1 1 b §{*;oif$t,fl'j9Q&::,�iJi!J:i.,,,o -=f
O)ira'�, iE�llaBJ:.O'��llb�u&:ffl9Q,::.�1J:<ffllfh5O�HH�Q,::.��---C-�Q

(0377) 
*f::, iEtilJi 1 1 aBJ:.O'�tilJi 1 1 bO)�:i'f��, 51-�{*5 1 �O)fa9t::�fa97 3 �flGLv'Q
,::. � t:: J:. IJ, H.Ht'ft::�'1'11J!Ut::{ftfli9 QiEtilJi I I a BJ:. O'�,t,i:) I I b O)�ff�;oi, 51-�f* 5 I
,=��!1!9 Q-=- � tJ: <, ;t§xt� ,:: fttQ-=- � ;o{---c-� Q 0 

(0378) 

!ZI 2 2 BJ:. u�!ZI 2 3 '"C:'{7Um L, /;: ffllfh 5 0 Ii., ** 1J Jlg L, HH t-f{$ t£ L, � fr --:J t 'tJ, 51-�{*0)fl&: 
Ht iEtitE 1 1 a BJ:. tf�� 1 1 b O)fl&:ffl!J: c:';oi1_: t, t:: < <, ffllfhtt·t1:'tJ �ft L, t:: < v ,ffllfh 

---C-tl0Qo -�lth5 OiJifl9QiE� 1 1 at::, )tO)�nl!!O)Mfn�---c-fillB]L,t::iE�t��m��ffiv'Q 
,::. � ---c-, � i; ,:: -it-1 � ;1,,,�,r-1: ,:: ,@!tit:: ffllfh � 9 Q ,::. � iJ1---c � Q o 

(0379) 
C�1il!!O)MJtJ 4) 

*�1il!!O)MJtJ---C-ti., *JBB]O)�JtJ�---C-£10 Q =1xffllth � fflr��,=��9 Q ,WU,:: JV 'LmlB]
9Qo

(0380) 
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;if�Jn!!O)IDJ'iJ3 0)-{fB--C�BJH.,,f:., EliHf'Q::. �O)t:�Q=<xfflll!!�ffl��Wt::��9Q 
1:7U�l§2 4 (A) JY�l§2 4 (G) t::m9o El:fHfQ::_�O)t:�Q=<x·ffllfi!�J®fflGf:.·ffl� 
�w � L, L' ,WU;z ti, T v l::::'.'y 3 /�@ (-r V l::::'.', X. /i.-r V l::::'.'y 3 /'�{§��ti"" -5) '
�Y��-�m��O)�=�, �y��n�5, �y����*n�5, �1/��7*� 

7 v-b, mwffli.s� cmw·fflai, mw·ffla.s�ui �ti"" -s) , mwruFt'-A�, mw'l'i'r¥� 
)lmj *' 8. M ��@, J '\ T / � � � c' 0) *ffll/f' -A�� c' iJt�•Hf G ;h Q o

(0381) 

;if;:_, 7 v � V 7''}v �ID�� {im :z Q =<X'fflll!! �, *� '? l::::'.' }vO) IAJ �;it:. ti.)'}�'?, § lt]lf[

0) IAJ � ;i t:. ti. 6'}� 0) HE ffi t:: rB -:) -C if JI. dJ-.ib ,t} ::. � ti PJ jt� c' � Q o
(0382) 

I§ 2 4 (A) ti., ffiw·ffla.s�O) -{:7U � m L, -C It "Q o ffiwffla.s� 7 4 0 0 ti., i'! {,;$: 7 4 0 1 
t::ifJl.dJ-.ib ;i ;hf:.*mttB 7 4 o 2 O){f!!, �{'F* � Y 7 4 o 3, 6'ti'fB�®E;t{-� 7 4 o 4, 7-.. 
� -n 7 4 o 5 , -;,' -1 � 7 4 o 6 � c' � {im :z -c"" Q O � B, mwffla.s� 7 4 o o t:t., =<x 

·ffllf!! 7 4 O 7 �flG-Cv'-Qo J::acO)=<x·ffllf!! 7 4 O 7 t::*3£8JjO)-J'iJffO)=<x·ffllf!!�ffl1t'­

Q::. �--c, �mt:��$�ffiwffl�����t:�Qo

(0383) 

I§ 2 4 c B) t:t., mw·ffla.s� 7 4 o o � r�HE � tt fd:l\!iJ � m G -c"" Q O mw·fflai� 7 4 o

o �6'}tfµ0)1Jt::J: tJ �ID�tt-c�{,;$:�i�HE�tt-Q �, tO)IAJtfBt::filHt G;h-Cv'-Q=<x·ffllf!! 
7 4 0 7tit�HE�;hQO ;if:., tO)fi�\ HElf'G;hf:.=<xfflli!!7 4 0 70)�J'iJ�l§2 4 (C 

) t::m9o =<xfflll!! 7 4 o 7 ti.$ffl!O);if·ffllf!!c'�Qo =<xfflll!! 7 4 o 7 ti.HEtf G;hf:.�J'iJ 
--C[!filJE�;h-Cv'-Qo �B, =<xfflli!! 7 4 0 7 /i.fflffl{,;,fs:7 4 0 9 �ffl�Efk]t::�®E�;hf:. 1)-

�ffl�7 4 0 8�flGLv'-Qo -WU:z/i, fflffl{,;,fs:7 4 0 9/i.fflfec'�IJ, -{fµjJl) i)b�i';­
���tt-c, fflffl�7409��9Qm����O)��tt��J::G, =�ffllf!!7407# 

HE if' G ;ht:.�!iJ--CO){§�'f�i)1r"aJ" '-flJ¾ � �-:) -c"" Q o 

(0384) 

1§2 4 (D) /i., J'\Y��JvffllO)*m�fliO)--fJU�mG-Cv'-Qo ffiw*m�ui7 100/i., 
1'!�7101, *m$7102, ��*�/7103, &a=�ffllf!!7104�{im;zQO

* f;:_, I§ 2 4 ( E) t:: HE tf G ;ht:.=<xfflll!! 7 1 0 4 O)�J'iJ � m9 0 =<xfflll!! 7 1 0 4 ti.HE
tf' G ;hf:.�J'iJ--C-&!ffl-trO)Mi!A-O)��B�t::, 'f'!{,;,fs:i)i�ID L, -c =<xfflll!! 7 1 0 4 0)-{fµ ;if:. ti.
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{t!fo/J c: L, --C, �{t 7 -7·5r ... V r) .b. 1r fl9 G :-t 0) 1r 1'F� L, t::..o 

(0438] 

*�1Jl!!wU-c 1:t, ili'1eJJlO!Bf. c: G --c =r }\Jv l--- � 1J r r'J h.;fft r c B ;;$:1t"F::L�t¼�4(t±�, lffi &ti
1"t: C-2 0 F) 1rffiv,f::..o tO)f::..db;:,$:�:lnfHYLl-C/;i, �:ln!!O)ID!1& l -Cm?.BJ§L,t::..7--.-r'Y7°1
2 B J: a A T ';/ 7° l 3 1r !&' Ilia L, t::.. 0 � BJ:: ia =r J \ )v I" � 1) T ry .b. fft T /;i, ;fftfcl 7J�i%s 2 0 µ 

m-Ccbi), XP S-C-fr,ffruJ1:f��'pj'[j:J!,H=7'1/*, 7�f;;j' ... yr)L,.., tJJv-Vr'J.b., T }--. l) r)L,.., 
v JJ =r /, Elit�, 1J / 1r '2i'i} =r }\Jv l---� 1J r r'J h.;fftr-c 2b Q 0 

(0439] 

1x r:, 7--. -=r ,y 7° 1 4 c: G --c 7 -7·* v r; 1,.. c: 7 ,y * 1r '2i'<L" =r J\Jv l--- � 1J r r'J .b.;fftrt:= ',,/Jv1f

Jv�t::= J: t) T � /' 1r '2i'<G"f33f6i.1r1££.-m' L, t::..o J!.1,,fs:l'I� ,:: /;i, -1 ',J 7°0 J\ ,J -Jv,:: TT I P 1r i� 
ffjij; L,, TT I P 0) ,{ ',/ 7°D J'\ ,J -Jvi�W� 1r {Ip� L, t::..o t L, --C�i�t� t::, =r J\Jv }--. � 1) Try 

.b.;fft r 1r f][B L, t::..o TT I P -JJr.7 -7'* V r) .b. C: 7 '1/ * 1r '2i'<G" =r }\)V }--. � 1) Try .b. ,::xt L, --C 
o. o 1 m 1 / g c: � Q J: -5 ,::r][B G t::..o 

(0440]

::.. 0) 7 -7·* v r'J 1,.. c: 7 ,y * 1r fl9 Q =r }\Jv l--- � 1J r r'J h.fftr-JJr.r][B� ;n,t::..�B� 1r, 7 -7· 
;;j'--. T ';/ '.7 7--. � -5' --c 4 B�Fa1' L 2 5 °C, rill111: 9 0 % RH 0) �d� 7'"-Cffltf L, t::..o ::_ O)!x)1fJU::
J:0, ff00�$0)*c:TTIP-cm*-frMBJ:Vffl■B&�1r�::..�tt, 7�,1'-Vr).b.c: 
7 '1/ * 1r fl9 Q =r }\)v l---� 1) r r) .b.;fftr0)£fciID ,::, r � /' 1r '2i'<G"� 1rIDfflG �ttt::..o 

(0441] 

-1::icO)!xJ1f� 1r *�;z tdliBt� 1r 6� L,, �?-11t1r @1!13( L, t::..o 6 �O) 7 -1 Jv� -,:: /;t, ffi w 6� 

( N o . 4 ) 1r ffl v, f::_ o 

(0442] 

@J�x L, t::..�m 1r, 7 o °C-C 1 �Fa9, ���'hl L, t::..o 

(0443] 

1xt::, T-:9 /' 1r fl9 Q ,ttf1-C1££.11� ;ht::.. =r }\)v l--- � 1) r r) .b.;fftr1r jJ[J� L, t::..o 7 '1/ 7 )v1'.}i 

1r ffl v, --C, �'hl��O)yfrtJ;. /;i 1 0 L / m i n c: L,, 8 0 0 °C ( �flir, 2 0 0 °C /�Fa9) , f:W: 

t�B�Fa9 2 �Fa9-CjJ[J� L, t::..o �;:*��/;i, a .. � -1 0 9 °CJ:J_ 7'" 0) :-t 0) 1r ffiv ,f::..o 

(0444] 

1x,::, 1JO��;ht::..;fftr1r'£'.flir,*-C�!PGt::..o f,!,U�flir,J1'.iJ"G'£'.11ir,*-CO)�flir,B�Fa9/:i 1 0-------1 
5 B�Fa9 c: L, t::..o t O)ftt, ffjij;,u$!x)1f� 1r fr-=> t::..o ME$!x)1f� /;i, ✓S, G v, ,:: 7J'> t-t G ::.. c: ,:: J: i) fr v, 
, ✓S,Gv'/;i§lffl�-JJr.5 3 µm0):-/:;0)1rffiv,f::..o 

(0445] 

-���W�;hk�r1r@J!l3(L,, �/'7°�0lO)�Mm!fo/1•1r�ko 

(0446]
<: � / 7° Jv o 2 )> 

� /' 7° )v O 2 /:iJ:t�wLl c: L, --C, r � /' 1r '2i'<G"ftf11r 1££.-m'ttT ,:: , 7 -7'51'---V r) .b. c: 7 '1/ * 1r 

fl9 Q :J }\}V f" � l) T r;J L,..;fft T 1r 1J[J� L, L {/p� L, f::..0 

(0447] 

7 -7·* v r'J 1,.. c: 7 ,y * 1r fl9 Q =r }\Jv l--- � 1J r r'J h.;fftrt:t, B ;;$:1t"F::L�� C�&tt1"t ; c

-2 0 F ) 1r ffl 1., 't::.. o 

(0448]

::.. 0) 7 � ;;j'--. V r) .b. c: 7 '1/ * 1r fl9 G =r }\)v l---� 1) r r) .b. ;¥ft r 1r jJ[J� L, t::..o j][J� /;i, 8 0 0 
t (�m2oot/�OO), �*�002�00, �*O)�J;.1rlOL/minc:L,--Cfr-=>k 

(0449] 
jJ[J� L, td!)t:5K 1r � /' 7° Jv O l c: �� ,:: �!PL, ✓S, G v, ,:: 7J'> t-t t::.. :-t 0) 1r, � /' 7° )v O 2 0) �filj 
¥3/fo/J. C: L, f::_ o 

(0450] 

�/'7°Jvo 21:t, rg!f�,::=11\Jv l---� 1J rr'J.b.1rflG, *�'l'f�t::7-7·*-vr'Jh.1r'2i'ct"iJj:�1r 
fl9G��m!fo/J•-CcbG::..c:�m��;hko 
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( 0 4 5 1 ) 

< -it / 7° Jv o 3 )> 
-it / 7° Jv o 3 ti., .ttlli:N9U c: G --c ? :�i :z ... y 17 A � fl� 1-i: i., \ =i 1 \ Jv t-� 1J -=r 17 A fft r r=, -J 
�if�m�r�/'���ffl��M�Gk�, W��fi�t��Gko 

(0452) 
=:IJ'\Jv r-� 1) r17Afftrli., B:::$-:{l:"FI*� (��1"r; C-1 0 N) �fflv\f:-_ o -=:.;hAi.X 
P S �7,7--� Y 17 A iJ{t�ili � ;h T, 7 'Y *iJ{ I � r%liBrt�ili � ;h,Q =i J\Jv r-� 1) -=f-17 A 
fftr�tBQo 

(0453) 
-=:_O)=:IJ\}V }-�l) T17Afftr,=x-tGT, -l:r/'/}v0 I c:�ti,=:f}vlf'Jvm,=J:. t) T� /� 
�1}'Jl]{t� � M� L,, irz:� L,, DU� L,, <t-!P L, t ✓�-Q v \ ,;: iJ" t't t:-.o -:. ;h� -it/' 7° Jv O 3 0) iE 
titff)t!lo/J� C: L, f;:_ o 

(0454) 
-it/ 7° }v O 3 ti., pgtm,= =:I J\}V }-� 1) T 17 A� fl L,' *�if�t= T � / � �1}'p]{J� � fl9 Q 
iE•m!lo/J��£BQ-=:.c:#mm�ttko 

(0455) 
< -it / 7° Jv o 4 )> 
-it/' 7° Jv O 4 ti., .tt�{yU c: L, t, =i J\Jv r-� 1) -=f-17 Afft r � D0�i±T t= -=f O) * * ffl v \ t:-.o 

(0456) 
=i J'\Jv }-� 1) -=f-17 Afftrli., B :::$-:{l:"FI*� (��1"r ; C-1 0 N) � fflv \f:-_ o 

(0457) 
-it/ 7° }v O 4 Ii., fel�� �tit:-. 1-t: V \if.?t�m�� lB Q 0 

(0458) 
<-it/'7°Jv o 5 )> 
-it/ 7° Jv o 5 1.t., J:t�1YU c: Gt, ? tf� y 17 Ac: 7 'Y * � fl9 Q =i J\Jv t-� 1J -=r 17 Afftr 

� nu�-i±T c= -=f O) * * ffl V \ t:-.o 
(0459) 

7 ::�1'� Y 17 Ac: 7 'Y * � fl9 Q =:I J\Jv }-� 1) r 17 Afft r/i., B :::$-:{l:"FI*� (��1"r ; C 
-2 0 F) �ffiv't:-.o -:)* U, -l:r/'7°Jv0 5 ii.-l:r/'7°Jv0 I �!±L�'e�:¥1c: l,Tffiv't:-.tiO)
�£BQo 

(0460) 
-it/ 7° Jv o I iJ" G-it / 7° Jv o 5 * �0)5k1lf: � * 1 c=m9 0 

( 0 4 6 1 ) 
(* 1) 

Sample01 

Sample02 
Sample03 
Sample04 
Sample05 

(0462) 
[STEM] 

LiCoO2
+Mg+F" Ti:ff1N:.,"��l��flt� .. 1Jll�� 1V 

UCo02+Mg+F, l.l□��t.) 

LiCo02,,,_ TP{f �t;-t;ff:1--c�m:., JJDWf!�LJ 
LiCo02.,. tlD�fJ: L 

LiCo02+Mg+F .. f.la�t,J:L, 

�Gttk-l:t/'7°�O10)iE.m!lo/J��' fflrRRM(B:::$-:fflrtt��tt�JEM-ARM 

2 0 0 F, D0�fflff 2 0 0 kV) �il�Gt:-.o 1�Gttt:-.fflri]{Rii��I§ 2 8 ,=m9o I§ 
2 s,;:m9J:."5/;:, iEtitffm!lo/J�/i.3-::)0)�lJ:Q'Jl]{t�, ffil O)'p]{t�l O 1 c:, ffi20)'Jl]{t�l 
0 2 c:, ffi 3 O)'p]{� 1 0 3 � fl L, t v \ Q c: � ;z G ;ht:-.o ffi 3 O)'p]{J� 1 0 3 ti., ffi 1 O)'p]{J� 
1 0 1 c: ffi 2 O)'p]{t� 1 0 2 J:. t) ti B}j Q v \'Jl]{� c: L, til�� ;ht:-.0 * t:-.ffi I O)'p]{J� 1 0 1 c: 
ffi20)ffl�l020)��0)��#-$�-�L,, ffi20)ffl�lO2c:ffi30)ffl�lO30) 
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�E1§0)J!'icfn1::or���---c�1& G t::..o

(0463] 
[STEM-FFT] 

em 2 8 t::m9 STE M�q::rO) 1 0 3 F F T---Cm'9'1lJ!f�O), F FT (r&JJJ! 7- 1) I�f:l) �
� em 2 9 (A 1) t::m G t::..o em 2 9 (A 2) /i., em 2 9 (A 1 ) O)q::r)L\}i� 0 � +'¥-Cm G 
, *f,.�A, B, C�;tL---CIH[-::>--CmGt::..em---ecl)Qo �;f'11H::, 102 FFT---Cm'9'1lJ!f�O)FF 
T��em 2 9 (B 1) t:=mGt::..o em 2 9 (B 2) /i., em 2 9 (B 1) O)tj::r)L\_.�O�+'¥---C 
mG, �gA, B, C�;tL---CIH[-::>--CmGkem---ccl)Qo *kl0lFFT---Cm9ffl�O)FF 
T��em 2 9 (C 1) t:=mGt::..o em 2 9 (C 2) ti., em 2 9 (C 1) O)q::r)t,\_.�O �+'¥---c 
mG, �gA, B, C�;tL---CIH[-::>--CmGkem---ccl)Qo

(0464] 
em 2 9 ( A 2 ) t=m G t::..*f ,.�A c: tj::r)L,\,.� 0 Fs9 O)Ji'eNitti., d 0. 2 5 6 n ID ---C cl)-::> t::.. 

o *ili,�Bc:q::r)t.\}i�OFs90)Ji'eWJfHi., d 0. 2 4 1 nID---C2V-::>f::..o �,�Cc:q::r)t,\,�OFs9
O)Ji'elfJtti., d 0. 2 0 9 n ID---C2V-::>f::..0 *f::.., LC OA= 1 2 1 ° , LC OB= 5 
2 ° , LAO B = 6 9 ° ---Ccl)-::>t::..0 ::.;hGO)��;:b'\G, 1 0 3 FF T---Cm'9'1lJ!f�ti.W£11::7 
��VryA (MgO, �hE1§)---Ccl)Q::.c:��-�tLko

(0465] 
��t=, em 2 9 ( B 2) t=m G t::..*f ,.�A c: tj::r)L,\,� 0 Fs90)Ji'eNitti., d = 0. 2 3 8 n ID ---C 
cV-::> f::..0 )r"ijl,� B C: q::r Jl,\ ,� 0 FsEJ 0) Ji!eWJt/i., d = 0 . 2 2 5 Il ID ---C cV-::> f::..0 �,� C C: q::r Jl,\ ,� 0 
Fs90)Ji'eWJtti., d=0. 198 nID---C2V-::>t::..o *f::.., LCOA= 123

°

, LCOB=5 2 
0 

, LAO B = 7 1 ° ---C cl)-::> t::..0 ::. ;h G O)��;:b'\ G, 1 0 2 F F T---Cm'9'!lJ!f�ti. T :9 /'W£ 
�79A (LiTiO2, �hE1§)---Ccl)Q::.c:��-�tLko

(0466] 
em29 (C2) t::mGt::..*f ,.�Ac:q::r)t,\,�OFs90)Ji'eNitti., d=0. 240nIDc'2V-::>f::..o � 
,� B c: q::r )l,\ ,� 0 Fs9 0) Ji!eJW ti., d = 0 . 2 3 5 n ID ---C 2V-::> t::..o �,� C c: q::r )l,\ ,� 0 Fs9 0) Ji!eWJt ti. 
, d = 0 . 1 9 6 n ID ---C cl) -::> t::.. 0 * t::.., LC O A = 1 2 6 ° , L C O B = 5 2 ° , LA 0 
B = 7 4 ° ---c d)-::> t::..o =- ;h G O)��;:Q'\ G' 1 0 1 F F T---Cm'9'1lJ!� ti. =:I J'\}v }-W£ 1) Try A
( L i C o O 2, R h o ID b o h e d r a 1 ) ---C cl) Q ,:_ C: ;:bi�-� ;hf::..0

(0467] 
[E DX] 

*k�/'��0lO)��m��O), t'&J������m�����-••m(HAADF­
s TE M) �JS J: lj E DX� J=§v '-f;:.._:n;*'? '1/ l:: /' '.�f'� � em 3 0 t::m9o em 3 0 (A 1 ) ti.
HAADF-STEM�, em3 0 (A2) ti.W£*J1R--r7';/t:/'�f'�, em3 0 (B 1) ti.=r
J'\}v }- IBl--r 7 ';/ 1::: /' :::f�, em 3 0 ( B 2 ) /i. 7 ';/ *IBl--r 7 ';/ l:: /' �-�- em 3 0 ( C 1 ) ti. 
T :9 /' J1R--r7 'Y l:: /' �-�, em 3 0 ( C 2) ti.7 tf� V ry AJ1R--r7 'Y l::/' �,�---Ccl) Qo 7J: B 
, em 3 0 (A 2) 7'.J�em 3 0 ( C 2) JS J: O'em 3 1 (A 2) 7'.J�em 3 1 ( C 2) 0) ED X 
_:n;* 7 ,y 1::: /' :::f � ---c ti., � tB T m tJ.:J. T O).f:�,g Ii. a-cm G, fJ ry /' t- ::or-m � Q /� c:'� t:: m:--:5 
< J: -5 t:: m G --C v " Q o 

(0468] 
em3 o CA2) BJ:aem3 o CB 1) t=m'9J:-5t::, W£*J1R--rBJ:a=r1"\Jv}-J1R--rti.�ti!j 
¥i5��l¥ft--r�wt::5.t1!iG--Cv'-Q::.c:::oiBJiG::b'\C:'d':-::>t::..o �h, em3 0 (B 2), em3 0 (
C 1) BJ:cYem3 0 (C 2) t::m9J:-5t::7'Y*IBl--r, 7:)l/'J1R--rBJ:lj7�_:z---VryAJ]R
--r ti., �filj¥3��0)�Tifi t:: ili:v '-'!lJ!f� t:=1/mltE G --C v" Q ::. c: ;:oiBJi G ;:b'\ c: 7J:-::> t::..o 

(0469] 
1xt= � /'�}v 0 5 O)J:r;tx:{?UO)�titE13��0), H AA D F-S TE M�B J: cYE DX �fflv" 
t::...,n:*7 'Y 1:::/'�,��em 3 1 t::m90 em 3 1 (A 1) /i.HAAD F-S T EM�, em 3 1 
c A 2 ) t:t.W£*J1R--r 7 ,;; 1:: / �,�- em 3 1 c B 1 ) ti. =r 1"\Jv t- J1R--r 7 ,;; 1:: / -f �, em 3 1 
(B 2) ti.7'Y*IBl--r7';/t:/'-::i�, em3 1 (C 1) /i.7:9/'IBl--r'?';/t:/'��- em3 1 
(C 2) ti.7-::i�V9AJ1R--r7'Y l:::/':::f�c'2VQ0 

(0470] 
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em3 1 CB 2) BJ:tfem3 1 cc 2) ,::�9J:-S,::, 1Jo��fi-::>--C1.,tJ:1.,-1f/'7°JvO s--c 
'tJ , 7 �f :+ V r) .b. JS J: cf 7 '1/ * iJ� cb 6 t1:f m'. * ffi m:{%' t= f}mf ;(E l, --C v ' 6 ,:_ C: t,r� B] G iJ" C: iJ: -::> t:::.. 

( 0 4 7 1 ) 
[ E D X rJR�:fd:t ffr] 

*f:::.., -lf/'7°Jv0 1 O)i£�1i5!J&J�O)*ffim:f%'0)tf!Jrffit::-:::>v'L, T EM-E DX--CrJR�:f<:5J',ffr
� :fr-::> t:::..�� � em 3 2 t::m9 0 em 3 2 ti.-lf / 7° Jv o 1 O)i£�fr!i!J&J�O)>'f-c: iEf�ti5!J&J�O) pg
:i'f� � �✓:S�rJRJ::--C�/:B � ;ti,t:::.. -r'- '.>7 � �f 5 7 t:: Gt:::.. 'tJ O)c·, li'ellt o nm /i.iE�fr!ifm�O)>'f-,

li'eM 1 4 n m ti.)!fft r O) pg :i'f� --c ct') Q O E D X /j:_ 7J' ,ffr�Ji� tJ{ Jb. tJl 1) tJl t> tJ: t:::.. tb' -� rrJR�JUJt 0)

tj=r)t,,t;:: t-t--CIJ: < TO)}WJ i!t!O)jc*t; t�/:B � ;tl,6 :f:�i';-tJlcb 6 o 

(0472) 

em 3 2 t=m'9 J: -s ,::, -If/ 7° Jv o 1 0) i£filjfr!i!J&J�O)*ffim=f%'t= ti. 7 '.'.�1':+ v r; Ac: T '.>7 / 0) 

l::: -,:7 tJ l;(¥;(E L, , 7 �f ;t ... V ry .b. 0) 5t ;ff; 0) 15 tJ l, T '.9 /' 0) 5t ;ff; J: I) 'tJ * ffi , :: m: v , -=:. c: tJ l B] G 
7J" C: iJ: -::> t:::.. 0 * t:::.. 7 �f :+ V r) .b. 0) l::: -,:7 0)--Jj tJl, T '.9 /' 0) l::: -,:7 J: I) 'tJ * ffi t:: m: v, ,:_ C: tJl 

B] G 7J" c: IJ:-::> t:::..o * t:::.., =i J\Jv r- c: �*/i.i£filjti5!J&J�)i1ftr0):&i*ffi-/J"' G#;(E L, --Cv "6-=:. c:

tJlfl}J!U � ;h,f:::_ o 

(0473) 

IJ: JS em 3 2 --C ti. 7 '1/ * Ii.ta: c: Iv c:'f�tB � ;tl,/J: 7J"-::> t:::.. tJl, -=:. ;tl,/j:_ E D X--C /i.�n*--C cb 6 7 
'1/ *tJlf�/:B � ;tl,t:: < v '-t:::..tb C: � ;z G ;h,f:::..o 

(0474) 

J::iJcO) STEM�, FF T �JS J: tf ED X � ffiv '-t:::..n*"? '1/ l::: /' ,7'�, ED XrJR�5J',ffr-/J"' 

G, -If/ 7° Jv o 1 ti., *�B]0)�1Jff--c cb 6, ffi 1 O)�J'i� c: G --c =i J\Jv 1--- � 1J Tr; A� fl 
G, ffi 2 O)�J'i� c: G --c 1J Tr; Ac:, T '.>7 / c:, =i J\Jv 1--- c:, �* c:, � fl G, ffi 3 O)�Ji:f:ll¼ 
C: l, --C 7 -7':+ V r) .b. C:, �* C:, � fl9 6 i£filjti5!J&J�c· cb 6 ,:_ C: tJl,lit� � ;h,t:::..o * t:::.., -If 
/' 7° Jv O 1 c· /i.ffi 2 O)�j� 0) � '(f� C: ffi 3 O)�j;l:!!JG 0) � '(f� tJl� iJ: -::> --C v , 6 -=:. C: tJlB] G 7J" C: iJ: -::> 
f:::_ o 

(0475) 

*t:::..em 3 2 0),:7
v

5 7c·/i., �*O)f�l:Bm/i.jj!eNll4 n mPJJ::--C�JE'.l,--Cv'-60 T,:_ c·*�:!J'ffi

,WU--C/i., ,:_ O)�JE'. l, t:::..�J!�O)�*O),f�/:BmO)-¥:l:�fOO: 0 av e � >J<tb, -¥:l:�{00: 0 av e 0) 5
0 %0)f@:, 0. 5 0 av e ,:::&tt; m:v "tJ!UJE'.fOO: �ml, t:::..t!!UJE'.,�O)jj!eNII x �, iE�ti5!J&J�O))j1l[
rO)*ffi--Ccb6c:flJE'.96-=:.c:c:Gk o 

(0476) 

*�:!J'ffiWUt::Bv'L, fi!eNll4 n mPJJ:: 1 4 n mPJ�O)iai!t!O)�*O)*�l:BmO)-¥:l:�O ave ti.

6 7 4 . 2 --c cb -::> t:::.. o 6 7 4 . 2 0) 5 0 % c· cb 6 3 3 7 . 1 t:: mt 'tJ m: v '-tPJJ JE'. fOO: � m L, tdJ!U

;E,�O) x ]![[!Hi., fi!ellt 1 . 7 1 n m --C ct')-:) t:::..o T ,:_ --C, *�:!J'ffifyU--C ti.em 3 2 0) ,:7
v 

5 7 ,:: JS i-t

6fi!ellt 1. 7 1 n mtJl, i£filj1i5!J&J�O))i1l[rO)*ffi--Ccb6 c:flJE'.96-=:. c: c: Gt:::..o 

(0477) 
iE�1i5!J&J�)l1ft rO)*ffitJlem 3 2 tj=r--C /i.fi!eM 1 . 7 1 n m --C cb 6 c: 9 6 c:, 7 ,:7

v 

;t ... V ry .b. 0) 
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QT i /C o/i.0. 1 O,...__,O. 1 80)fa9c'2D-::>f:.o 

(0 5 1 2) 
1)n::, I§ 4 2 t:: ED x,�7]',f}rO),m� �' 7 (;l;'f y ry 1.,.. C: ::I )\}V f' O)� ---F�.tt-C�9 0 �/:ti 

ffifpfr/i.1§4 1 c:�bc'cDQo 

(0513) 
I§ 4 2 t::�9 J: -St::, 4r:.,;7°Jv O 6 -C/i., ;.{Eft---F£ROO, 7 5 'Y ".7:ff�1,,,f;r1,::;JS1,,,--cti Mg/ 
C oiJlO. 0 3PJ7'c'2D-=>f:.o �1J-lj-:,_;7°JvO 7-C/i.:¥ftT£RTifi, 75,y7ff�c:tit:=7,7'5f 
V ry i>.. ;olm:iJ□ L, t:. ffifpfriJl?PiJ.,-::> t:.0 ;¥ft T£RTifi ,:: ;JS (j QM g / C o /i. 0. 1 5 ,...__, 0. 5 0 0) 
Fa9 -c 2D lJ , 7 5 'Y 7 ff� -c Ii. 0 ,...__, 0 . 2 2 0) i!iB IHI -c 2D -=> t:. o 

( 0 5 1 4) 

[ = 11tialUt!! 0) 1'F�J 
1;n::, n□�r�O)-l:J-:.,;7°Jvo 7 O)if�m�m��ffii.,,--cc R 2 o 3 2 �-17°0)=1-1 :.,;m!0)=1x 
-�ll!! � 1'F� L, f:.0 iE� ,:: Ii., -l:J-:,; 7° Jv O 2 0) iE;f"iJff73!1wJ� ( L C O) C:, A B C:, � 1) 7 'Y
1[: 1:::::'-= 1) 7':,; ( P VD F) �LC O : AB : P VD F = 9 5 : 3 : 2 (_m:J;..tt) -C:7�,g L,
t:.7.. 5 1) -�iE��ffl:1,;$:t::�I Gt:. ti 0) �)=§1,,,f;:_o iEfitE�ffl:1,t,:: ii.�� 2 0 µ m0)7 Jv �
-= 17 i>.. ts� ffi v 't:.o iEfiIE$/W� C:, A B C:, P VD F � �,t} iEf_ilE73!1wJ�Jii O):f'l:IJ� _m Ii. 7 .
6 ID g / C ID 2 C: L, /;: 0 

(0 5 1 5) 
xt�t:: Ii. 1) r 171.,..4:� � ffiv ,f:.o 

(0 5 1 6) 
ffl:f'llj;7{5( t:: Ii., Ir v :.,; jJ -ffi ;r-,. -f' ( E C ) C: VI r Jv jJ -ffi ;'f - f' ( D E C ) ;bl E C : 
DEC=3: 7 (1*ffl.tt) -Cf�,g�;;hf:.tiO)C::, 1 mo 1/LO)L i PF6�i�mG, l:::::' 
-= v :.,; jJ -;f.';'f-f' ( V C) ;bl 2 w t % -C�:iJ□ � ;;hf;: ti 0) � ffi v, t:.o 

(0 5 1 7) 

[ W IJHt'['ti:, v -f' tt'['ti: J 
J::EJc-C1'F� L, f;:_-lj-:,_; 7° Jv O 7 O)i£�13�?ll� � ffiv ,t:.=1xffl:ltl!t= JV 'L, WJJHt'['tf:;B J: O' v
- f' ttttf:: � tlW'.rE L, t:.o 

(0 5 1 8)
wwnt,ttf::O)t�Jl'.rEli., :1Bffl: �CCCV, 0. 2 C, 4. 6 V, jJ 'Y f' 7f 7ffl:t!it 0. 0 5 C -C 
{7-::> t:.o 1n(ffl: � C C, 0 . 2 C, jJ 'Y f' 7f 7 ffl:ff 3 . 0 V-Cfi-::> t:.o 7d: ;JS,::_ ,::_ -C ti. 1 C Ii. 
i£�13/W�O)'@_m � 1 6 0 mA h / g C: L,--Cfftti L, t:.o 1Jta'.rE1liaB!'.ii. 2 5 CCC: L, t:.o :rJJJJat 
'['ti:� tJ!a'.rE L, /;:_,m� � * 2 t::m9 0 

(0 5 1 9) 
(£R 2) 

(0520) 

���••� �@�••• w���••• 
[mAh/ g] [mAh/ g] [%] 

.22t.2 217.5 98.3 
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WJJ-jtr�HitJJlfl.:'.r� c:: v- 1-- tr�•ti � tJJlfl.:'. G t::o n!{ffl v - 1-- � �1t � tt, 1Dcffl v- 1-- J:J-:9t-liJJJJJ-j 
t�•tifJJlfl.:'. � � l55k1lf:c·, 0. 2 C 1tffl/ 0. 2 C n!{ffl, 0. 2 C 1tffl/ 0. 5 C n!{ffl, 0 

. 2 C 1t·�/ 1 . 0 C tD(ffl, 0 . 2 C 1tffl/ 2 . 0 C tD(ffl, 0 . 2 C 1tffl/ 3 . 0 C, 0 

. 2 C 1tffl/ 4. 0 C, 0. 2 C 1tffl/ 5. 0 C 0)/lrnl--C-tJ!Jlfl.:'. L, f::o tJJlfl.:'.ilfil.f!l!'.li. 2 5 °C � L, 
f;:o 

( 0 5 2 1 J 
WJJ-j�•tiB J:: O' v- 1-- lr�'l':i � tJ!afl.:'. L, t::;fta� � � 3 ,::m9 o ;¼: t::1!r v- 1-- O)tD(ffljJ- �f � � 
4 3 t=m9o 

(0522] 
(�3 J 

(0523] 

[flfil.f!ltlr�'l'i] 

1/-1-­
[G] 

0.2 

0.5 

2 

3 

4 

5 

:Mr�:fft 
[mAh/g} 

218:2 

215.8 

213.1 

207.9 

204,0 

198.8 

184.3 

M{ffl :§: 1!11U� 1¥ 
[%] 

100.0 

98.9 

97.7 

95.3 

93.5 

91.1 

84.5 

'/J?_ t=, i£titjJ�!lo/J�Jil O)t_§_� _m � 8 . 2 m g / c m Z � L, /;: {if! Ii. v- 1-- � iffjffi L, /;: t }v � �

�0)5k{lf:O)-lz }v� 1'F� L,, tlfil.f!ltlr�jl'i � g'JZ.{jffi L, f;:o 1tfflii.-@:--C 2 5 cc--c-, CCCV, 0. 2 
C, 4 . 6 V, jJ 'Y 1-- 717 ffltriE 0 . 0 5 C --C-fi -J f;:0 n!{ffl /i. 2 5 °C, 0 °C, -1 0 °C, -
2 0 °C, ;¼: t:: ii. 4 5 °C --C-, C C, 0. 2 C, jJ 'Y 1--717 fflff 3 . 0 V--C-fi-J f::o tlfil.f!ltlr�if'i 
O);fta�� � 4 4 t=m9o 

(0524] 

[ -l:t--1 Y Jvtr�·ti.J 
'/y_t::, flfil.f!lt�•ti� tJJIJE Gt:: t Jv � �tf0)5k1lf:O)t Jv� 1'F� G, -l:t--1 Y Jvtr�•ti � tJ!UJI.:'. G t::o 

-l:t----(YJv!r�'l'i--C-ii., 1tffl�CCCV, 1. 0C, 4. 5 5V, j],y J--717ffltJiE0. 0 5C 
, tD(ffl � C C , 1 . 0 C , jJ 'Y 1-- 71 7 fflEE 3 . 0 V --C-fi -J t:: o -l:t--1 Y Jvlr�'i'-10) tJJl JI.:'.ilfil.f!l!'. ii. 
4 5 °C � G, 1 o o -l:t--1 Y JvtJ!UJI.:'. G t::o 1 o o -l:t--1 Y Jv;f�O)n!{ffl�j;_�fHf-¥ii. 8 6 % c·i:D 
-J t::o tRUJI.:'. G t::-l:t--1 Y Jvlr�'tit::-:) v "Tn!{ffl�_m�tf-$ c· -7· 3 7 t:: Gt:: ti 0) � � 4 5 t::m9 

(0525] 
;¼:/;:, -l:t-Y7°}v0 70)i£�$/W�O)j::t;�ffiffl�tRUJI.:'.L,f;:;fta�/i., 0. 1 3m Z /g'c'i:t)-J 
f;:o 

(0526] 
;¼:/::, -l:t-Y7°Jv0 70)i£�$/W�O)*_V'.f!lt7.t-f!J�tRUJI.:'.Gt::;fta�, �:t�*lif¥:/i.2 1. 5 µrn, 
1 0%Dii.l 3. 1 µm, 5 0%D/i.2 2. 0µm, 9 0%Dii.3 4. 4µrn'c'i:D-J/;:0 

(0527] 
;¼: /;:, -lj- / / }v 0 7 0) i£�$/W� 0) '.)< ';/ /� f!1!'. /j:_ 2 . 2 1 g / C Il1 3 C' ct) -J f;:0 '.){ ';/ /� 

f!l!'.O)}J!UJEt::/i., MULTI TESTER MT-1 0 0 0 (t-1 VY�*�) �)=J=jlt ,f;: 

(0528] 

J;J- J:: 0) J:: -5 c:: , *�BJ,! 0) � ,&tf--c-i:D � -l:t-Y 7° Jv 0 7 0) iE� $/W � ii.NW fJ: :rJJ _M lr�'l'i, v -

1-- tr�•ti, -l:t--1 Y Jvlr�'l'i.B J:: O'flfil.f!lt�•ti � m9 =. � iJ1BJ,1 G iJ" t:: fJ: -J f::o Ir� t::W@J1fin!{ffl�$
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;oi 9 8 % J;_J_J:: c: r&J < , iLl&:)JtiJi:tfptU � ;h --C v \ Q ,:_ c: ;oifitJIJJ � nt-=-.o * t-=-., 2 C c: v \ -5 r&J v \ 
J'n(fflv-r-r::::Bv\--Cti, 0. 2C���c:L,--C9 6. 1 %c:v\5�te'-ld:�_m�mL,f-=-.o

('%1fffiwLl 3 J 
(0529] 

;:;-t'%11tffwu-c ti., �!itmr= =r ,1;x / c:? �f ;z ... "V r; L. � '2i'ct>'ilit.'!¼ � �9 Q iftitjJt!lo/J� r:::: -:Jv \--c, 

tti3BJJlO!£40) L i /ffi 1 O)�f$-&�lt � �{t � i±--C {Ip� L,, lrf'l'�l: � �f{rffi L, t:-.ifitW: � m9 o
(0530] 

CiE�1tfm� O)f"F�J 
;:;-t'%11tffwU-c ti., ffi 1 O)�f$-&� c: L --c =r J'\/v r-� ffl" \ t-=-., --lj-/ 7° Jv 1 1 "--'--lj-/ 7° Jv 1 7, 
--lj-/"7°�21"--'--lj-/"7°�28, --lj-/"7°�31"--'--lj-/"7°�400)i£8m!lo/J��ffl-L,k o � 
--lj-/" 7° JvO){fp�:n�B J:: u�5k{lf /i.J:XF O)J!!! 1) c: L, t-=-.o

(0531] 
<: --lj-/ 7° Jv 1 1 "--' 1 7 � 

* i"\ tB 3B JJlt f4 c: 7d: Q 1J =r ry L. tmt =r 1 "Jv r-tmt y �-;r-. "V ry L. t� B J:: a 7 •;1 *1� � -=c n-F'
;hff _m L t-=-.o ;:;$:'%11ffiwLl-C /i. l) =f-r; L. t� c: L --c ER:® l) =f-r; L., =r J'\}v r-1� c: L --c ®{t =r J'\}v
r-, ? '.�i ;z ... "V r; L. t� c: L --c ®1t? �-;r-. "V r; L., 7 ,y *WR B J:: rF iJ =r r; L. iJJR c: L --c 7 ,y 1t iJ
=f-r) b. � fflv \f:-_ o

(0532] 
,:_O)c:�, 
--lj-/ 7° Jv 1 1 ti., 
--lj-/ 7° Jv 1 2 ti., 
--lj-/ 7° Jv 1 3 ti., 
--lj-/ 7° Jv 1 4 ti., 
--lj-/ 7° Jv 1 5 ti., 
--lj-/ 7° Jv 1 6 ti., 
--lj-/ 7° Jv 1 7 ti., 

(0533] 

tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 
tti3BJJltf40) L i / C o ltiJi 1 . 

0 0 C'. 7d: Q J:: -'J /:=::flp_m L, f:-_ o

0 3 C'. 7d: Q J:: -'J /:::::flp !I! L, f:-_ o

0 5 C'. 7d: Q J:: -'J /:=::flp_m L, f:-_ o

0 6 C'. 7d: Q J:: -'J /:=::flp_m L, f:-_ o

0 7 C'. 7d: Q J:: -'J /:::::flp !I! L, f:-_ o

0 8 C'. 7d: Q J:: -'J /:=::flp_m L, f-=-.0 

1 3 C'. 7d: Q J:: -'J /:=::flp_m L, f:-_ o

* t-=-., --lj-/ 7° Jv 1 1 "--' --lj-/ 7° Jv 1 7 1::::: j¾@ L --c, tB 3B JJlt f4 1::::: '2i' * ti Q =r 1 "Jv r-0) JJlt r?Sc �
1 c: Lt-=-.c:�t=, y�-;r-."Vr;L.O)JJltr?SciJi0. o 1, 7,y*O)JJltr?SciJi0. o 2 c:ld:QJ::

-'J t:=::flp_m L, f:-_ o

(0534] 

tR. t::::, ff _m L, t-=-. tti3BJJltf4 �, --lj-/" 7° Jv ::_· C'. t:::: ;t{-Jv � Jv � ffi v \--Cm� L, t-=-.o 

(0535] 
{�/::::, f_g�L,f:-.tti3Bt.:t*4�tJtJJx:Lt-=-.o mJJx:ti.1 0 0 0

°

C-C 1 0BfFs9, �tlia/i.2 0 0
°

C/h 
, ����0)¥Jrt_m Ii. 1 0 L / m i n c: L, t-=-.o

(0536] 

-1::icO)If¥.-c, iJ =r r; L., =r J'\Jv r-, 7 ,y *- y �-;z ... "V ry L. � '2i'<L>ri�®1tfm0);¥ftr � � 
JJx: Lt:-. o

(0537] 
<� t::::, 2 - 7°P J'\ _J -Jvt::::, iffitjJt!lo/J�:ffi_m� t-=-. 1) 0) TT I P ;!Ji 0. 0 1 m 1 / g c: 7d: Q 
J:: -5 TT I P � JJ□ ;z --cf_g� L,, T r-5 - i - 7°P �� y=f-/x /"O) 2 - 7°P J\ _J -Jvi�1{5z � 

{'F� L, f:-_ o

(0538] 
,:_ 0) TT I P 0) 2 - 7°tJ }\ _; -}vi�tfl.t::::, 1) =f-9 b., =r J'\}v r-, 7 ';/ *- ? (f ;z-.. "V r; b. � 

'2i'<G\��®{t!lo/JO))fftr � JJ□ :z, f_g� L, t-=-.o

(0539] 

J::iJcO)f_g�¥{5i. �, ? �-;j'-. T ';/ ,:;J A /x-5--C 4 BfFs9, 2 5 °C, filliB!'. 9 0 % RH O)�dlf�-C 

m�Lk o ,:_O)���J::0, �00�$0)*c:TTIP-cm*�MBJ::V:ffi■�&:)Jt��,:_ 
� i±, ? �-;r-. "V r; L. c: 7 ,y * � �9 Q =r J'\Jv r-® iJ =r r; L.;fft rO)� oo ,::::: , =r ,1;x / � '2i'<L\ Ji 
��JJx:�i±t:-. o
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(0540) 

J:fJcO)m.1:m � *�;z t���i'i't� � 6� G, �?-11t� @1!13( G t�o 6 �O) 7 -1 Jv>1-t::= ii., ffi w 6� 
( N o . 4 ) � ffl v, t�o 

(0541) 

@J�X G t��m �, 7 O °C-C I �Fa9, ��irz:'hl G t�o 

(0542) 
irz:'hl � i±t�15t* � n□� G t�o n□�li., 8 0 0 °C ( �?lia 2 0 0 °C /�Fa9) , {�t��Fa9 2 B{i:Fa9 

, ���lffi� �-Cfr-:J f�o 

(0543) 

n□� G t�;ffi-* � {i5'!P G, f!J�li$m.1:m � fr-:J t�o f!J�utm.1:1tUi., ✓S, Q v, t::= iJ�i-t Q -::. � t::= J:: fJ frv, 

, ✓S,Qv'li.§lffl�iJi5 3 µmO)t,O)�ffi1,,,f�o 

(0544) 

f!J�utm.1:m � *� ;z t�1ft r �, -l:t-Y 7° Jv I 1 -------l:t-Y 7° Jv I 7 0) iE�t.5/W� � G t�o 

(0545) 
< -l:t-::,; 7° Jv 2 1 ------2 7 > 

-l:t-::,; 7° Jv 2 1 -------l:t-::,; 7° Jv 2 7 Ii., tB 9£}]P¥4 li.-l:t-::,; 7° Jv 1 1 -------l:t-::,; 7° Jv 1 6 � � e, ti 0) � m 

" \ ,� 0 -=- 0) � �' 
-l:t-::,; 7° Jv 2 1 ti., 
-l:t-::,; 7° Jv 2 2 Ii., 
-l:t-::,; 7° Jv 2 3 ti., 
-l:t-::,; 7° Jv 2 4 ti., 
-l:t-::,; 7° Jv 2 5 Ii., 
-l:t-::,; 7° Jv 2 6 ti., 
-l:t-::,; 7° Jv 2 7 ti., 

(0546) 

tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 
tti9B�Jf40) L i / C o J:tiJi 1 . 

O O � 7d: Q J:: 5 t::=w _;i G t�o 

0 3 � 7d: Q J:: 5 t::=ff _;i G t�o 

O 5 � 7d: Q J:: ·:it::=ff _;i G t�o 

O 6 � 7d: Q J:: 5 t::=w _;i G t�o 

0 7 � 7d: Q J:: 5 t::=ff _;i G t�o 

0 8 � 7d: Q J:: ·:it::=ff _;i G t�o 

I 3 � 7d: Q J:: 5 t::=w _;i G t�o 

-l:t-::,; 7° Jv 2 1 -------l:t-Y 7° Jv 2 7 1:t., TT r P 0) 2 - 7°o /'\ / -Jvmtf5Z.O)tJ.!at � iEtim1.51W�m 

_;iMj t� I) 0) TT I P iJi 0. 0 2 m 1 / g � 7d: Q J:: 5 t::= G t�{llili., -lj-::,; 7° Jv I 1 -------l:t-Y 7° Jv 

I 7 � �t�H::{'P� G t�o 

(0547) 
< -l:t-::,; 7° Jv 2 s > 

-lj-::,; 7° Jv 2 8 ti., tti'JB}]P,¥40) L i / C o ltB J:: O'T T I P _m � -lj-::,; 7°Jv 2 3 � � C, �Gt� 
0 -:) :i I) -lj-/ 7° Jv 2 8 ti., tti9B�Jf40) L i / C O J:tiJi 1 . 0 5 � 7d: Q J:: 5 t::=w _m G' iEtitE 
t.5/W�m_;iMJ t� I) 0) TT I P ;bi 0. 0 2 m 1 / g � 7d: Q J:: 5 t::= G t� 0

(0548) 
,� t:: G-l:t-Y 7° Jv 2 8 -C ti., tti9BMJf4 � ?�i'r G tdiL �Jt}¼ � 9 5 0 °C-Cfr-:J ,�o 

(0549) 

�J¼tliaatO){if!ti., -l:t-Y 7° Jv 2 3 � �tf t::{'P� G t�o 

(0550) 

-lj-Y 7° Jv I 1 ------1 7, -lj-::,; 7° Jv 2 1 ------2 8 Ii., P"JfflH:: =:I J\Jv 1" � 1) T 17 .b. � fl G, *}i,lff�

t::= T >7 Y � 7 �f ;z-. V 1:'J .b. � �<i}'JlJ!f!l¼ � fl9 Q iE�ti5/W�-C tb Q -::. � iJi;fttPJl � ;rit�o 

( 0 5 5 1 ) 
< -l:t-::,; 7° Jv 3 1 ------4 o > 

-l:t-Y7°Jv3 I -------l:t-Y7°Jv4 0 ti., J:t�f:7Ll� G---C, T>1 Y�<i}'JlJ!f!l¼�*J¼i±Tt::{'P�Gt�o 

(0552) 

-l:t-Y 7° Jv 3 1 Ii., tti9B�Jf40) L i / C o J:tiJi 1 . 0 0 � 7d: Q J:: 5 t::=ff _;i G t�o -lj-Y 7° Jv 3 
2 Ii., tti9B�Jf40) L i / C o J:tiJi 1 . 0 1 � 7d: Q J:: 5 t::=ff _;i G t�o -l:t-Y 7° Jv 3 3 /i., tti9B 
�*40) L i / C o J:tiJi 1 . 0 2 � 7d: Q J:: 5 t::=ff _;i G t�o -l:t-Y 7° Jv 3 4 ti., tti9B�Jf40) L i 

/ C o J:tiJi 1 . 0 3 � 7d: Q J:: 5 t::= ff _;i G t�o -l:t-Y 7° Jv 3 5 /i., tti9B�Jf40) L i / C o J:tiJi 
1. 0 3 5 � 7d: Q J:: 5 t::=ff _;i G t�o -lj-Y 7° Jv 3 6 Ii., tti9B�Jf40) L i / C o J:tiJi 1. 0 4
� 7d: Q J:: 5 t::=ff _;i G t�o -l:t-Y 7° Jv 3 7 Ii., tti9B�Jf40) L i / C o J:tiJi 1 . 0 5 1 � 7d: Q J::
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-5t::ffJ;.Gt:.o -Jt/'7°Jv3 8/i., tti9£}]P,¥40)L i /C oJ:t;b{l. 0 6 1 �t>�J:-5t::ffJ;. 
l,, t:.o -it/' 7° Jv 3 9 ti., tti9£}]OfBf.O) L i / C o J:t;b{ 1 . 0 8 1 � 7d: Q J: -5 t::ff J;. l,, t:.o -it 

/' 7° Jv 4 0 /i., tti9B��O) L i / C o J:t;b{ 1 . 1 3 0 � 7d: Q J: -5 t::ff _m L, t:.o 

(0553) 
*t:., -it/'7°Jv3 1 -------it/'7°Jv4 o t::;!:tJmG

--
c ttl9B�*4t=�*nQ =11�Jv }-O)�r��

1 � l,,f;:_��t=, 7:!1'-i-Vr'J.b.O)�r�;b{0. 0 1, 7,y.O)�r�;b{0. 0 2 �.ld:QJ:

-5 ,:: ff _!E L, /;:_ 0 

(0554) 

IX t::, ff J;. l,, t:.tti'Jfl�� �, -it/' 7° Jv :::_' � t:: �-Jv � Jv� )=§1,, ,--cf�B l,, f:.o 

(0555) 
1xt::, 1�BGf:.tti9Btt��t:lJJx:L,f;:_o �JJx:ti.1 0 0 0

°

C---C 1 0B�Fs9, �tiUi.2 0 0
°

C/h 
, 1YzJ;���O)tJiEJE ti. 1 0 L / m i n � l,, t:.o 

(0556) 

-1:icO) ::r.l�---c, 1J =r 1:'7 L., =u�;v 1--, 7 ,;; •- 7 '.:�t ;t ... v 1:'7 L. � �t."riBn11::�mO)fft r � Er

JJx: G t:.o
(0557) 

BM G t:.fftr � X't:tP G --c iJ" i;, 1J□� G t:.o 1J□�/i., 8 o o 
°
C C �f_g 2 o o 

°

C /�Fs9) , {� 

*�M2�M, n•ffOO�T---Cfi�k o 

(0558)

:fJ□� Gt:.�*� X'ttP G, ffl�li$�.E_I � fi � t:.o Mli$;'.ll!,.E_I Ii., ✓.S-Q 1,,, t:: iJ" i-:t Q ,:. � t:: J: t) fi 1,, \

, ✓.S-Q 1,, \Ii.§ lffl � ;b{ 5 3 µ m 0) ti 0) � ffl 1,, \ t:.o 

(0559) 

ffl�-u$�.E_I � *i 3t t:.fft r �, -it/' 7° Jv 3 1 -------it/' 7° Jv 4 O 0) iE�frli!J&J� � G t:.o 

(0560) 
-it/ 7° Jv 1 1 -------it/ 7° Jv 1 7, -it/' 7° Jv 2 1 -------it/ 7° Jv 2 s, -it/ 7° Jv 3 1 -------it/' 7° Jv 4 
o 0) f'F�5k1lf:: � � 4 ,:: m'9 0 

( 0 5 6 1 )
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(*4] 

Li/Co TTlP :tlttoc�ffi: 

Sample11 LOO 

Sample12 1.03 
Sarnplel3 1.05 
Sample14 1.06 0.01m!/g t000°C
Samplel5 1.07 
Samplel6 1.08 
Sample17 1.1:3 
Sample21 1.00 
Sample22 1.03 
Sample23 1.05 
Sample24 1.06 0,02ml/g 1000°0 
Sample25 ·jJJ7

Sample26 1.08 
Sample2.7 1.l3

Sample28 1.05 0.02ml/g 950°C 
Sample31 1.00 

Sample32 1.01 
Sample33 1.02 
Sample34 ·1,03
Sample35 1.035 

101J0°C 
Sample36 1.04 
Sample37 1.051 

S.ample38 1.061
Sample39 ·i.os1
Sample40 1.130 

(0562] 
[XPS] 

-lf Y 7° Jv l 1 ------lf Y 7° Jv l 7, -lf Y 7° Jv 2 1 ------lf Y 7° Jv 2 8, -lf Y 7
°

Jv 3 1 ------lf Y 7° Jv 4
0 0) iEtimY�!f&J� t::-:::> It' -c_ X P S 71tlr � fi "':) t:-. o -lf Y 7° Jv l 1 ------lf Y 7° Jv l 6 0) X P S 71 
tJr0);%a� � * 5, -lj- Y 7

°

Jv 2 1 ------lf Y 7° Jv 2 8 0) X P S 71tJr0);%a� � * 6, -lj- Y 7° Jv 3 1 
------lf Y 7° Jv 4 0 0) X P S 71tJr0);%a� � * 7 t::�9 o �;JS, * 5 -----* 7 -C /;t�5t*0)1J.!JJHi 
, =i J\Jv r- � 1 � L, t:-. � � O)f§xtfil[-C� L, t:-. o

(0563] 

(* 5] 

U/Oo 

Sample11 1.00 
Sample12 l.03
Samplel3 1.05 

Sample14 l.06
Sample15 1.07 
Sampkd6 1.08 
Sample17 1.13 

(0 5 6 4] 

Li Co 0 

0.82 1.00 2.87 

0.69 1.00 2.84 

0.96 1.00 3.22 
l.04 1,00 3.13 
0.84 1.00 3.42 
L08 LOO 3.10 
1.29 1.00 3 . .70 

Co�1 cLf.::t:�©;f§�f!l

C F Mg Ti Si Ca Na s 

0.25 0.37 0.57 0.15 0,00 0,04 0.27 0.01 

0.93 0.63 0.63 0.14 0.00 0.05 0.04 0.00 
0;66 0.47 0.61 0.14 0.00 0.03 0.09 0.03 

0.34 0.77 o .. 77 0.15 0,00 0.05 0.34 0,04

0.58 0.60 0.23 0.18 0.00 0.08- 027 0.00 

OJ56 0.59 0,04 0.16 0.00 0.03. 0.16 0.02 
0;83 0.87 0.00 OJ9 0.00 0.04 0 .. 20 0.02 
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(� 6] 

Co�1 cLf::.b�O.HflMfti 

Li/Co Li Co 0 C F Mg: Ti Si Ca Na s 

Sample2"1 1,00 l.08 1.00 3.23 0.47 0.45 0.49 0.20 0,00 0.06 0.35 0.01 

Sample22 1;03 0-73 1,00 3.05 t.06 0.70 0.59 0-17 0.00 0,03 0.09 0.00

Sample23 1.05 1.19 LOO 3.40 0.73 0.48 0.58 0.23 0.00 0.05 0.10 0.04 

Sample24 1;06 1.10 l.00 3.44 0.33 0.92 0.9<1 0.25 0,00 0.05 0.30 0.04

Sample25 l.07 LOS 1.00 4.26 0,74 0.20 0,25 0.29 0,00 0.07 0.30 0.02 

Sarnple26 1.08 1.12 1.00 3.32 0:7-4 0.52 0,14 0.21 0,00 0.05 0.15 0,00 

Sample27 1.13 1.49 1.00 3.80 0,60 0.41 0.00 0.12 0,00 0.00 0.16 0.02 

Sample28 1,05 0.99 l.00 3. l 1 0.72 0.86 0.56 o.rn 0.00 0.05 0.12 0.02

(0 5 6 5] 
(� 7] 

Co�1c:Lt::.e;�(J)ffl�im 

Li/Co Li Co 0 C F Mg: Ca Na 

Sample31 l,00 0.51 LOO 2.45 0,69 0.08 0,27 0.03 0,08 

Sample32 1.01 0,67 1.00 2;65 0.77 0.08 0.28 0.03 0,08 

Sarrlple33 1.02 0.53 LOO 2.51 0,66 0.09 0.27 0.02 0.06 

Sample34 L03 0.79 LOO 2.93 0.92 0,09 0.35 0,04 0.14 

Sample35 1.04 0.65 1.00 2.33 0.48 o.n 0.32 0.03 0.11

Sample36 1;04 0.69 LOO 2 .. 73 0.56 0.11 0.38 0;05 0.16

Sample37 1.05 0,67 LOO 3.04 0.64 o.os- 0..35 0,04 0.2t

Sample38 LO£ 0.83 LOO 2.65 1.03 0.29 0.10 0.05 0.11 

Sample39 1.08 0;80 LOO 2.79 l.04 026 0.03 0,08 0,10

Sample40 1.13 0.77 LOO 2,72 0,22 0.99 0,00 0,.01 0.26 

(0566] 
* t:::..* 5 ,..._,� 7 0)7:ttfr�:5f!iJ' G, 7 �f � ... V r; .b.t!!!Bt � =f-,15< Yi!!!Brt:: -::>t, \-Ct!B /:BL, t:::.. �f 5 7
�1§4 6 t::m9o 1§4 6 (A) /i.L i /C ol:t�7��1';z..Vr;.b.iJIJ3t0)·::1'57, 1§4 6 (B
) /i. L i / C o l:t � =f-,15< YtJIBtO) y· 5 7 T d) Q o 

(0567] 

* Ti§ 4 6 ( A) 0)-lj-Y 7° }v 3 1 ,-.._,-!j-y 7° }v 4 0 iJ, G, =f-,15< Y � �<U1Et11� �tit:::..� v \j:�
'Ei', Li /C ol:tiJ{ 1. 0 0J;_JJ:: 1. 0 5J;_J7"0)-l:tY7°Jvc-7�l� ... Vr;.b.i!IJ3tiJ{ra'J< �-=>
-C v \ Q =. � iJ{BJi G i1J" � �-=> t:::..o =. ;h /i., JJ□� t:: J: 1) , /:B�J]Cf4 t:: �*;ht:::.. 7 y·;z.. V r; .b. iJ{

X P S c-,t:i tf:PU§� � 11 IHI t:: 1mlltfr Gt:::.. t:::.. &b � � :z G ;h Q o � 15, L i / C o l:t iJ{ 1 . 0 6 J;_J
J:: -e Ii. 7 y· ;z.. V r; .b. 0) t!IB!'. iJ{1E; < � I) , 1) =f-r; .b. iJ{�JU � � I) 9 �-Q � 7 y· ;z.. V r; .b. 0) -Om!
tfriJ{Jta =. 1J t:: < < � Q =. � iJ{ffiJJ!U � nt:::..o 

(0568] 

* t:::..1§ 4 6 CA) 0)-1:t Y 7° Jv 1 1 ,..._,-1:t Y 7°Jv 1 6 ::IS J: a-1:t Y 7° Jv 2 1 ,..._,-1:t Y 7° Jv 2 6 iJ" G
, ��ff�t:: =f-,15< Y � �'l})JJ[f!!JG � �9 Q �, �� � t, ,j:�'Ei' J: I) :t X P S T�/:B1U§��islttl 0)
--c:r�;z..Vr;.b.�B!'.#ra'J<�Q=.�#�G���-=>k o 

(0569] 

� Gt::, L i / C o l:tiJ{ 1. 0 6 O)j:�'Ei', =f-,15< Y � �t})JJ[j:!!JG � �� � t, \j:�'i3"/i.X P S c·ti 

/:B1U§��iffilttl0)7 y·� ... V r; .b.t!IB!'.iJ{1E; < �-=> -C v' Q 0) t::xt G -C, =f-,15< Y � �t.•)JJ[� � �9 

Q -lj-Y 7° Jvc-/i.X P S c-,t:ite 1U§��iffilttl 0)7 �l � ... V ry .b.t!IB!'.iJ{ra'JiJ'-=> t:::..o -::> * 1), *�ff� 
t:: =f-,15< Y � �t.•)JJ[j:!!JG � �AA9 Q =. � T, L i / C o l:tiJ{ra'J v ,j:�'i3'T :t, 7 y·� ... V r; .b. O)fmli 

AMPEREX Ex. 1002 
Page 654



tfrt
r
�+n"' t::� _=. Q _=. � iJiBJ§ G iJ'-' � f.J.-:) t:::..o 

(0570] 

I.J.B:f-5? /'��'L4'?J1:i:!lx��G--Cti, L i /C oltiJi 1. 0 7 O)j:�i:'di., 1. 0 6 O)j:�,gJ:: 
U ti-;;, '.�i,:z ... V ry AiJIJJtiJi{fi:T L, t:::..0 ;it:::.. L i / C o ltiJi 1 . 0 8 J;j_J::O)j:�,g/;t_, r 5Z /' � 
�'L4'?J1J� � � L, --C ti, -;;, �i;z- V r'.J A O){JmltfriJl� _:. I) t:: < < f.J. Q _:. � iJi:ftmU � ;;!1,,f:::..o

( 0 5 7 1 ] 

[ -lf-1 Y Jvtr�'i'1:0) �1iffiJ 
<.:c:z-;v:¥-�JJE�tf-$)> 
11u=, -l:r / 7° Jv 1 1 -------l:r / 7° Jv 1 4 , -l:r / 7° Jv 1 6 as J:: O'-lf :,.; 7° Jv 2 1 -------l:r / 7° Jv 2 4 , 

-l:r /' 7° Jv 2 6 0) iEtilfi12i!W� � J=§ v "--C, �nl!ifYU 1 � �� t:: -l:r-1 Y Jvtr�•t1: � �'JZ.1iffi L, t:::..o

(0572] 

-= <?Zffln!! 0) �i:ft iEt1DH:: -JS tt Q iE�12i!W �, � ffl!IJJ *U, ; ""-1 :,.; 5<'' 0) tt� B J:: O'f�,g J:t, :xt 
tilfi, fflMif�, 5H!i{,,f, -l:r-1 Y Jvtr�'1'1:�.i\�0)5k{lf:�li.�1Jl!i,fyU 1 � � l5 � G t:::..o

(0573] 

� 4 7 (A) t::, iE�12i�ilJ�2Vf:::.. i) 0) TT I P iJi 0. 0 1 m 1 / g � f.J. Q J:: 5 t::{'f:;!M L, t:::..
-l:r / 7° Jv 1 1 ------ff/ 7° Jv 1 4, -l:r:,.; 7° Jv 1 6 O)iE�m�m� � J=§v '-t:::..-=tRffln!!O), 4. 6 v

J"tfflBfO).:c,:z-;r,,:¥-�JJt�tt-¥ � J"tnJ:ffl-l:r-1 Y Jv�O) y-· 5 7 � m9 0 � 4 7 c B) t::iEtilfi 
12i!W�2Vf:::.. i) 0) TT I P iJi 0. 0 2 m 1 / g � f.J. Q J:: 5 t::{'f:;!M L, t:::.. -ff/' 7

°

Jv 2 1 -------l:r /' 7° 
;1,,2 4, -l:r/'7°Jv2 60)iE�m!fo/J��fflv'-t:::..-=1?Zffln!!O), 4. 6 VJ"tfflB�O).:c,t ... ;r,,:¥-� 
JJE�1�¥ � ftnJ:ffl-l:r-1 y }v�O) y•' 7 7 � m9 0 

(0574] 

�4 7 (A) iJ'-'GBJ§GiJ'-'I.J.J::5t::, TT I PiJi0. 0 1 m 1 /gO)j:�,g, -l:r/'7°Jvl 1-----­

-l:r/''/Jv 1 4, -:J;i 1) Li /C oJ:tiJi 1. 0 0J;_J_J:: 1. 0 6J:J_TO)i£tilfi12i!W�li.NWI.J.-l:r

-1 Y Jvtr�'l'1: � m L, f:::..0 tr�t::, -l:r /' 7° Jv 1 1 -JS J:: O'-lf /' 7° Jv 1 2, -:J ;i 1) L i / C o J:tiJi 1
. 0 0 J;_J_J:: 1 . 0 3 J;_J_ T 0) iE�12i!W� ti.tHEtb --c NW f.J. -l:r-1 Y Jvtr�'l'1: � m L, t:::..o � 15, L i

/C oJ:tiJi 1. o 8 0)-l;t-:,.;7°;1,, 1 6 --Cti.J:t�i'lkJ-&!v"�W'J--C.:c;t-;v:¥-�JJt�tl$iJi�{tG

--C v '-f:::..o

(0575] 

:it:::..�4 7 (B) iJ'-'GBJ§GiJ'-'I.J.J::5t::, TT I PiJi0. 0 2m 1 /gO)j:�,g, -l:r/'7°Jv2 
1 -------l:r:,.; 7° Jv 2 4 , -:J * 1J L i / c o J:tiJi 1 . o o J:_J_J:: 1 . o 6 J:_J_ T 0) iE�12i!W� ti.NW 
f.J.-lf-1 ,:7 Jvtr�•f'1: � m L, f:::..0 tr�t::, -ff/'/ }v 2 3 -JS J:: cf-ff/' 7° }v 2 4, -:J ;i I) L i / C o J:t 
iJi 1. o 5 J:_J_J:: 1. o 6 J:J_TO)iE�m�ilJ�li.tHEtb--CNWI.J.-lf-1 Y Jvtr�'1'1:�mGt:::..o

(0576] 

� 4 8 ,:: , -ff:,.; 7° Jv 1 1 -------l:r / 7° Jv 1 5 0) q=r--Ci& ti NW f.J.-lf-1 Y Jvtr�'1'1: � m Gt:::.. -ff:,.; 7° Jv
1 1 �, -l:r / 7° Jv 2 1 -------l:r / 7° Jv 2 5 0) q=r--Ci&ti NWI.J.-l:r-1 Y Jvtr�•t1: � m Gt:::.. -l:r / 7° Jv 2

3 � 1:tt1 Gt:::.. y-·5 7 � m9 0 

(0577] 

� 4 8 7)'-> G BJ§ G 7)'-> f.J. J:: 5 ,:: , TTfiI ;;jl'f � ti �tb --C NW f.J. -l:r-1 Y }vtr�•t1: � m L, t:::.. iJi, T T I P ;IJi
o. o 2 rn 1 / g 0)-l:r:,.; 7° Jv 2 3 0)--JjiJi J:: iJ NWI.J.-l:r-1 Y Jvtr�'.H1:--c 2e:>-:) t:::..o

(0578]

<{1&ffl�_m��$)> 
1JZ ,:: , -l:r:,.; 7° Jv 2 1 -------l:r:,.; 7° Jv 2 6 as J:: tf-l:r:,.; 7° Jv 2 8 ,:: -:J 1,,-. --c, t&ffl� _m�1l$ --c-l:r-1 

Y Jvtr�'t1: � �'JZ.1iffi Gt:::..���� 4 9 t::m9 o 

(0579] 

-l:r / 7° Jv 2 1 ------ff:,.; 7° Jv 2 6 0)-=1?Zffln!!O)�it, iE�t= as it Q iEtilfim!fo/J�, �fflM1f!L )\ 

-1 /' '.)( 0) t,J *4 B J:: O' y�,g J:t, :xttilfi, fflMtf�, 5'}�{;,is:, -ff -1 Y }v/r� •[-1: �A,� 0) 5k{lf:� Ii. �ntli 17U
1 � � {j � L, f:::_ o

(0580] 

-l:r /' / Jv 2 8 � J=§ v "t:::..-=1?Zffln!! Ii., J"'\-{ /' ,:l' � L, --C P VD F � J=§ v ", iE�12i�ilJ� ( L C 0 
) �, A B �, P V D F � L C O : A B : P V D F = 9 5 : 3 : 2 (_m_ml:t) --C�,g L, t:::.. 
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{i!!/:i, --l:J-Y7°Jv2 1,___,--l:J-Y7°Jv2 6 �J=§v,t::=1Rfflrtl!��tfr:{'f::�L,if{iffiL,f;: o

(0581] 

I§ 4 9 7J'\ G S}j G 7J'\ tJ: J: -5 r=' --1:J- / 7° }v 2 1 ,..__, --1:J- / 7° }v 2 4 ' B J: lj--1:J- / 7
° 

}v 2 8 Ii.NW tJ: 

--1:J--1 7 Jvf�'l':1 � m L, t::o q::r-C-:t, --1:J-Y 7° Jv 2 8 /:if!m&b -c N!ff tJ: --1:J--1 7 Jvf�'l'-1 � m L, t:: o --1:J­

Y 7° Jv 2 8 -c- ti., 5 0 --l:J--1 7 Jvf�O)nJ:ffl�_;Uttf�-$ Ii. 8 5 %J:J.J:-C-tV-:::> t::o

(0582] 

�15, L i / C o J:tiJ{ 1 . 0 7 BJ: lj 1 . 0 8 -C-lV-0 --1:J-Y 7° }v 2 5 BJ: lj--1:J-Y 7° }v 2 6 /;i 

, J:t�l'f�-&!v "�W'Jib'\ G ,fil(ffl�miUU�$iJ{�{L L, -Cv ,f;: o

(0583] 

J;).J: 0);%a�ib'\ G, iEftmii!;!W�!lt:;. tV t:: I) 0) T T I P iJ{ 0 . 0 2 m 1 / g O):f:�i'r, !ff* L, v, 
L i / C o J:tO)i!iBl!tl /:i 1 . 0 0 J;).J: 1 . 0 7 *�-CtV -0-=:. � iJ{SJJ Gib'\� tJ: -:::i f::0 �Gt::, 

L i /Co J:tO)i!iBl!tliJ{ 1. 0 5 J;).J: 1. 0 6 J;).T-CtV-0 �;fim&b-CN:'ff!J:--1:J--17 }vt�,11:�m 

9-=:. � iJ{SJJ G ;b'\ � iJ:-:::> t::o

(0584] 

I§ 4 9 c'fitj&b-C N:'ff!J:--1:J--1 7 Jvf�'l1: � m L, t:: --1:J-Y 7° Jv 2 8, --1:J-Y 7° Jv 2 4, BJ: rr.tt��

¥v"�W'J-c�{LiJ{dJ-G.:ht::--l:J-Y7°Jv 2 5 �ffl1t,t::=1Rfflltl!O), ftnJ:ffln-:i�!§ 5 o c::m

9o

(0585] 

I§ 5 o c A) t:i--1:J-Y 7° Jv 2 8 , I§ 5 o c s ) t:i--1:J-Y 7° Jv 2 4 , I§ 5 o c c ) ti. --1:J-Y 7° Jv 2 

5 � ffl " , t:: = 1Rffl rt!! 0) ft nJ:ffl n -7'-c lV -0 0 -t-.t1-=f' .t1 5 o @ ft 15J:·ffl � � u � G t:: *a� � :m 

;ta-Cm L, f::o I§ q::r 0) � !=IJ 0) J: -5 t::, 1 --l:J--1 7 Jv § ;b'\ G 5 0 --l:J--1 7 Jv § t:: ri'iJ ;b'\-:::> -C ftnJ:'ffl� 

'i;_;b{f�:':J> L, -C v '-0 o 

(0586] 

1§5 0 (A) BJ:0'1§5 0 (B) t::m9J:-5t::, *3BSJJO)�,J;tJO)_i_ffitj1i!;!W�-C-tV-0--l:J-Y 
7° Jv 2 8 BJ: 0'--1:J-Y 7° Jv 2 4 /:i, ra'J v, ftnJ:ffi'.�mB J: CT'N:'ff iJ:ftnJ:fflt�·t1: � m L, f::o * t:: 
I§ 5 0 ( C) 0)--1:J-Y 7° }v 2 5 � J:t� L,-C, I§ 5 0 ( A) BJ: tfl§ 5 0 ( B) 0)--1:J-Y 7° }v 2 

8 BJ: cf--1:J-Y 7° Jv 2 4 ti.ftnJ:ffi'.�m O)j�9,,iJ{A�M c:::trntLl �.:ht::-=:. � iJ{SJJ Gib'\� tJ: -:::i t::o 

(�:fJ1!!wLl 4 J 
(0587] 

*�:lJ1!!WLl-C- ti., �:lJ1!!wLl 2 -C{'f=:� L, f;: --1:J-Y 7° }v 2 4 O)_i_ff_itEii!;!fm� ,:: JV 'LS E Mil�B J: CT'

S EM-ED X71;ffr� ;fr-:::> t::*a�t:: 'Jv ,-cfil?.SJJ9 -0 o
(0588] 

--1:J-Y 7° Jv 2 4 /:i, L i / C o = 1 . 0 6, _i_ff_itEii!;!fm�mm� f;: I) 0) TT I P iJ{ 0. 0 2 m 
1 / g � tJ: Q J: -5 {'f � L, f;: --1:J- / 7° }v-C lV Q O --1:J- / 7° }v 2 4 0) s E M � � I§ 5 1 (A) ,:: m 
9o 1§51 (A) O)�{f��iJ1:AL,f;:{;t�l§5 1 (B) BJ:0'1§51 (C) t::m9o

(0589] 

I§ 5 1 ib'\ G SJJ Gib'\ tJ: J: -5 t::, iffitjii!;!fm� O)Jt11¥i i'f� t:: ti. 8 iR:O)i]it�iJ{��f¥tE L, t::o

(0590] 
1Rt=, --l:J-Y7°}v2 40)ifftm1!5!W�t='JV'L S EM-E DX�fflv'L7J'tfrl,,f;:;%a��I§ 5 2 

t::m9o I§ 5 2 (A-1) t:iiffitjii!;!fm�*)ilff�O) SE M�, I§ 5 2 (A-2) /:i-r:9 YO) 
'°?'Y�Y-:�i, 1§5 2 (B-1) ti.7!f�"VTJb0)7'Y�Y'.�f', 1§5 2 (B-2) /;i�*O) 

'°?';J�Y-7', 1§5 2 (C-1) /i.Y}v�=TJbO)'"?';J�Y-7', 1§5 2 (C-2) /;i=:IJ'\}v 

r- 0) 7 '>' � Y 7
v

-C tV -0 0 tJ: B, I§ 5 2 0) E D X 5I;* 7 '>' � Y -7'�-c Ii., � tB T �.N_J;). T O):f:�

i'r/:i�-C-m L,' jJ TJ / r- ;b{f:[L�- Q /21:: t:' El t::ili-:5 < J: -5 t::m L, L V' Q 0 
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SECONDARY BATTERY 

) 

) Group Art Unit: 1725 
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INFO�IATION DISCLOSURE STATEMENT 

l\,fail Stop Amendment - Via EFS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant 

hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98. 

In accordance with the policies of the U.S. Patent and Trademark Office, only copies of 
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However, if a fee becomes necessary, the Commissioner is hereby authorized to 

charge fees required in connection with this filing or credit any overpayment to Deposit 

Account No. 19-2380. 

NIXON PEABODY LLP 

CUSTOMER NO.: 22204 
799 9th Street, N.W., Suite 500 
Washington, DC 20001-4501 
Tel: 202-585-8000 
4852-3969-1089.l 

Respectfully submitted, 

/Jeffrey L. Costellia, Reg. No. 35,483/ 
Jeffrey L. Costellia 
Registration No. 35,483 
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PATENT COOPERATION TREATY 

PCT 

INTERI\"ATIO'.'JAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTIIER see Form PCT/ISA/220 
PCT24652-813 ACTlON as well as, where applicable, item 5 below. 

International application No International filing date(daylmrmthlyear) (Earliest) Priority Date (day/monih/year)

PCT/IB2017/053896 29.06.2017 05.07.2016 

Applicant 

SEMICONDUCTOR ENERGY LABORATORY co., LTD. 

This international search report has been prepared by this International Scarchmg Authority and is tnmsmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international scare h report consists of a total of 3 sheets. 

r It is also accompanied by a copy of each prior art document cited in this report. 

I . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of:

P the international application in the language in which it was filed. 

r a translation of the international application into which is the language of 

a translation furnished for the purposes of i ntemational search (R ules l 2.3(a) and 23 .1 (b )). 
b. r This international search report has been established taking into account the rectification of an obvious mistake 

authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 
c. r With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. r Certain claims were found unsearchable (see Box No. ll).

3. r Unity of invention is lacking (see Box No. Ill).

4. With regard to the tiUe,

r;; the text is approved as submitted by the applicant. 
r the text has been established by this Authority to read as follows. 

5. With regard to the abstract,

J;i the text is approved as submiued by the applicant. 

r the text has been established, according to Rule 38.2, by thi� Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international �earch report, �ubmit commcnts to this Authority. 

6. With regard to the drawings,

a. the figure of the drawings to be published with the abstract is Figure No. 3 

f7 as suggested by the applicant. 
r as selected by this Authority, because the applicant failed to suggest a figure. 
r as selected by this Authority, because this figure better characterizes the invention. 

b. r none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (January 2015) 
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11'"TER�ATIO�'AL SEARCH REPORT International application �o. 

PCT/1B2017/053896 

A. CLASSIF!CATIOr-. OF SUBJECT MATTER 

Int.Cl. lo01M4/::i2::i (2010.01) i, !o01E½/36(2006.01) t 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED

Minimum docwncntarion searched (classification system followed by classification symbols) 

Int.Cl. :lD1E4/52S, '-l01M4/J6 

Documentation searched other than minimum docwnentation lO the extent that rnch document,i; are included in the fields searched 
21.li:ll_s:~.c:t c.1::c:..i:r.:.r:c:(J .• '. .. __ !.,.. r:ii!-:iE->l i1pµl i::n: LD: __ .., :,: :o:,:on 1:i;.:;. ::l'.lt 

;iubl-..s�'.eC- •..:r.t:i�arri":"'C!C- ·..::.:.l_L�- :rcdc_ .1pµl.:.;:.1l.:i:�·�; o: _;,1µ,m '.Cj.-:;'_-;;;:-.:1� 
:-i.t:q1:;'..P.rP.(J ·.,t·;�:ty r,ode'. .']pt:ic.L:::ic-a:i:::ns :::f :apa:". 19 1H--20:_: 

�ul:iL:;�:c:i r�qJ.-.;'...PrP.c. ·...:::I: q1 :rodci L appl::..::-a::c":"".'] of ...:ar,an .:. 9'H- ;::.:. ! 

Electronic data ba,e consulted during the international search ( name of data base and, where practicab!e, search terms used) 

WPI 

C. DOCUME"JTS CONSIDERED TO BE RELEVANT

Category• Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

A JP 2015-201432 A (TODA KOGYO CORP.) 2015.11.12, 1�22 

CLAIMS 1-10, EXAMPLES 1-10 (FAMILY: NONE) 

A us 2012/0034516 Al (LG CHEM, LTD.) 2012.02.09, 1-22 

CLAIMS 1-18, EXAMPLES 1-16 

& JP 2012-508444 A & WO 2010/053328 A2 

& EP 2352190 A2 & KR 10-2010-52419 A 

& CN 102210045 A 

A US 2008/0131 780 Al (AGC SEIMI CHEMICAL CO. , LTD.) 1-22 

2008.06.05, CLAIMS 1-19, EXAMPLES 1-10 

& JP 2011-181527 A & WO 2007/052712 Al 

& KR 10-2008-24105 A & CN 101208269 A 

& KR 10-944137 Bl 

P' Further documents are listed in the continuation of Box C. r See patent family annex. 

• Special categories of cited document�: .. T" later document published after the international filing date or 
"A" document defining the general smte of the art which is not priority date and not in conflict with the application but cited lo 

considered to be of particular relevW1ce understand the principle or theory underlying the invention 
"E" earlier application or patent but published on _or after the inter- "X'' document of particular relevance; the claimed invenlion cannot 

national filing date be considered novel or cannot be considered ro involve an "L" document which may throw doubts on priority claim(s} or which inventive step when the documenl is taken alone 
is cited to establish the publication dare of another citation or other 
special reason [as specified) ••y" document of particular relevance; rbc claimed invcnlion cannot 

"O" document referring to an oral disclosure, use, exhibition or other be considered tu involve an inventive step when the document is 
means combined with one or rnnre other such documents, such 

··p" document published prior lo the tnternational filing date but la !er combination berng obvious to a person skilled in rhe an 

than lhe prionty date claimed "&" document member of the same patent family 

Date of the actmil completion of the international search Date of mailing of th� international search report 

21.09.2017 03.10.2017 

Name and mailing address of the lSAiJP Authorized officer 14xl364B 
Japan Patent Office SHO, Tomoaki 

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan Telephone No. +81-3-3581-1101 Ext. 3477

Form PCTl1SN2 IO (second sheet) (January 2015) AMPEREX Ex. 1002 
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INTERI\ATIO'.\AL SEARCH REPORT International application 1',;o. 

PCT/IB2017/053896 

C (Continuation). DOCCME1',;TS CONS[DFRED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

A US 2011/0033749 Al (AGC SEIMI CHEMICAL CO., LTD.) 1-22

2011.02.10, CLAIMS 1-12, EXAMPLES 1-12 

& WO 2009/057722 Al & KR 10-2009-86440 A 

& CN 101675547 A 
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PATENT COOPERATION TREATY 

F rom the 
INTER-:-.JATIONAL SEARCHING AlJTHORITY 

To: 
SEl0.l CONDUCTOR ENERGY LABORATORY 
CO., LTD. 

398, Hase Atsugi-shi, Kanagawa 

2430036 C'P 

PCT 

WRITTEl\ OPINIOJ\ OF THE 
JNTERNATIO'.'JAL SEARCHING ACTHORlTY 

(PCT Rule 43bis. I) 

Date of mailing 

(day/month/year) 03.10.2017 
Applicant's or agent's file reference FOR FURTHER ACilON 

PCT24652-813 
International application -:-.Jo. International filing date (day/month/year) 

PCT/IB2017/053896 29.06.2017 
International Patent Classification (!PC) or both national class ification and IPC 

Int.Cl. H01M4/525 (2010.01) i, H01M4/36(2006.0l)i 

Applicant 

SEMICONDUCTOR ENERGY LABORATORY co.,

1. This opinion contains indications relating to the fo llowing items:

� Box No. I 

r Box No. II 

Basis of the opininn 

Priority 

Sec paragraph 2 below 

Priority date (day/month/year) 

05.07.2016 

LTD. 

r Box-:-.Jo. IIl 

r Box '.\lo. IV 

Kon-establishment of opinion with regard to novelty. inventive step and industrial applicability 

Lack of uni ty of invention 

� Bux '.\lo. V Reasoned statement under Rule 43bis. l (a)(i) with regard to novelty, inventive step or industrial applicability; 

citations and exp lanations supporting such statement 

r Box r-.-u. VI Certain documents cited 

r Box r-.-o. VII Certain defects in the mternat1onal application 

r Box Ko. VIII Certain o bservation� on the international application 

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opmion will be considere d to be a WTittcn opinion of the
International Preliminary Examining Authority ("!PEA") except that this docs not apply where the applicant chooses an Authority
other than this one to he the !PEA and the chosen !PEA has no tified the International Bureau under Ruic 66.1 bis(b) that written
o pinions of this International Searching Authority will not be so comidered.

If this opinion is, as provided above, considered to be a written opinion of the r PEA, the applicant is invited to submit to the IPEA
a wnttcn reply together, where appropri a te, with amendments, before the expiration of 3 months from the date of mailing of Form
PCTilSA/220 or before the expiration of22 months from the priority date, whichever expires la ter.

For further options, see Form PCT/JSN220.

Date of comple t ion of this opinion 21.09.2017 

r; amc and mailing address of the ISA/JP Authorize d officer 14X,3648 
Japan Patent Office SHO, Tomoaki 

3-4-3, Kasurnigaseki, Chiyoda-ku, Tokyo 100-8915, Japan Telephnnc-:-.Jo. +81-3-3581-1101 Ext. 3477 

FormPCTl1SN237 (cover sheet) (January 2015) 
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Box l\o. I 

'WRITTE:'lj OPINIOI\' OF THE 

INTERNATIONAL SEARCHJNG AlITHORITY 

Basis or this opinion 

I. With regard to the lani;:uail:e, this opinion has been established on the basis oL

W the international application in the language in which it was filed.

International application No. 

PCT/1B2017/053896 

r a translation of the international application into
_____ _ _ ___ _ _  

which is the language of a

translation fumi�hed for the purposes of international search (Rules 12.J(a) and 23 .1 (b)) 

2. r This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified

to this Authority under Ruic 91 (Ruic 43bis.l(b)). 

3. With regard to any nucleotide and/or amino add sequence disclosed in the international application, this opinion has

been established on the basis of a sequence listing:

a. 1 forming part of the international application as filed:

r in the fonn of an Annex C/ST.25 text file. 

1 on paper or in the fonn of an image file. 

b. r furnished together with the international application under PCT Rule 13ter. l(a} for the purposes of international search

only in the fonn of an Annex C/ST.2 5 text file. 

c. I furnished subsequent to the international filing date for the purposes of international search only:

r in the fonn of an Annex C/ST.25 text file (Rule l 3ter.1 (a)). 

r on paper or in the form of an image file (Rule \3ter. !(b} and Administrative Instructions, Section 7 ! 3). 

4. r In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the rel{uired

statements that the information in the subsequent nr additional copies is identical to that forming part of 

the application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments:

Form PCT/ISN237 (Box No. I) (January 2015) 
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International application Nu. WRITfE:S OPINION OF THE 

L'VfER'IATIONAL SEARCHING AUTHORITY PCT/=32017/053896 

Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicabilit}'; 

citation� and explanation� supporting such statement 

1. Statement

:\lovclty (N) 

Inventive step (IS) 

Industrial applicability (IA) 

2. Citations and explilllatiuns: 

Claims 1-22 - - - ------------------
Claims 

Claims 1-22
------------- --------

Claims 

Claims 1-22
---------------------

Claim, 

Dl: JP 2015-201432 A (TODA KOGYO CORP.) 2015.11.12, CLAIMS 1-10, 

EXAMPLES 1-10 (FAMILY: NONE) 

D2: US 2012/0034516 Al (LG CHEM, LTD.) 2012.02.09, CLAIMS 1-18, 

EXAMPLES 1-16 & JP 2012-508444 A & WO 2010/053328 A2 
& EP 2352190 A2 & KR 10-2010-52419 A & CN 102210045 A 

YES 

1'. 0 

YES 

NO 

YES 

:\10 

D3: US 2008/0131780 Al (AGC SEIMI CHEMICAL CO., LTD.) 2008.06.05, 
CLAIMS 1-19, EXAMPLES 1-10 & JP 2011-181527 A & WO 2007/052712 Al 

& KR 10-2008-24105 A & CN 101208269 A & KR 10-944137 Bl 

D4: US 2011/0033749 Al (AGC SEIMI CHEMICAL CO., LTD.) 2011.02.10, 

CLAIMS 1-12, EXAMPLES 1-12 & WO 2009/057722 Al 

& KR 10-2009-86 440 A & CN 101675547 A 

The subject matter of claims 1 to 8 is neither disclosed in any of the 
documents cited in the International Search Report (ISR) nor obvious to 

a person skilled in the art. 

Dl discloses a positive electrode active material particle powder 

includes: a core particle composed of cabal tic acid lithium having a layered 

structure containing element M (M is Mg and/or Al); and a surface layer 
composed of the cobaltic acid lithium having the layered structure in which 

at least Ti is incorporated into solid solution. 

D2, D3 and D4 teach a cathode active material including a lithium 

transition metal oxide based on at least one transition metal selected from 
a group consisting of Ni, Mn and Co. The lithium transition metal oxide 

of D2 contains fluorine, and most of the fluorine is present on a surface 

of the lithium transition metal oxide. The lithium transition metal oxide 

of D3 contains a composite compound containing titanium and magnesium in 

the vicinity of the surface of particles of the lithium transition metal 
oxide. The lithium transition metal oxide of D4 contains a lithium titanium 

composite oxide in the surface layer of particles of the li th.ium transition 
metal oxide. 

(Continue to Supplemental Box) 

Funn PCT/lSA/237 (Bux !'.u. V) {January 2015) 
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WRITfEN OPINIOl"i OF THE 

INTERNA"ll0'1AL SEARCI 111",G AUTHORITY 

Supplemental Box 

In case the space in any of the pr�edinJ: boxes is not sufficient. 

Con!inuation of: V 

International applica1ion No. 

PCT/132017/053896 

None of the above documents discloses, however, the feature in the 
subject matter of claims 1 to 8 that a positive electrode active material 
comprises a first region positioned inside the material, a second region, 
and a third region which is positioned closer to a surface than a second 
region, wherein the first region comprising an oxide of lithium and a first 
transition metal of a layered rock-salt crystal structure, the second 
region comprising an oxide of a second transition metal of rock-salt crystal 
structure, and the third region comprising representative elements of the 
rock-salt crystal structure. Having the said feature, the subject matter 
of claims 1 to 8 achieves the advantageous effect of "the positive electrode 
active material with excellent cycle characteristics" 

The subject matter of claims 9 to 12 is neither disclosed in any of 
the documents cited in the International Search Report (ISR) nor obvious 
to a person skilled in the art. 

None of the above documents discloses the feature in the subject matter 
of claims 9 to 12 that the first region comprises lithium cobaltate, the 
second region comprises lithium titanate, and the third region comprises 
magnesium oxide. Having the said feature, the subject matter of claims 
9 to 12 achieves the advantageous effect of "the positive electrode active 
material with excellent cycle characteristics" . 

The subject matter of claims 13 to 16 is neither disclosed in any of 
the documents cited in the International Search Report (ISR) nor obvious 
to a person skilled in the art. 

01 discloses a positive electrode active material particle comprising 
lithium, titanium, cobalt, magnesium, and oxygen, while 02, 03 and D4 teach 
a positive electrode active material particle comprising lithium, 
titanium, cobalt, magnesium, oxygen, and fluorine. 

None of the above documents discloses, however, concentrations of 
constituent elements in a superficial portion of a positive electrode 
active material particle measured by X-ray photoelectron spectroscopy. 
Having the said feature, the subject matter of claims 14 to 20 achieves 
the advantageous effect of "the positive electrode active material with 
excellent cycle characteristics" 

The subject matter of claims 17 to 22 is neither disclosed in any of 
the documents cited in the International Search Report (ISR) nor obvious 
to a person skilled in the art. 

The subject matter claimed, which is characterized by the 
combination of the technical features (i.e., a method for forming a 
positive electrode active material including the steps of: heating mixture 
of the source materials to obtain particles comprising lithiwr., cobalt, 
magnesium, oxygen, and fluorine; mixing the particles into an alcohol 
solution of alkoxide of the second transition metal.), is not rendered 
obvious by the available prior art. Those features could be combined 
only with the exercise of the applicant's inventive skill. 

Form PCT/lSA/237 (Supplemental Box) (January 2015) 
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Docket No.: 740756-4563 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application 

T eruaki OCHIAI et al. 

Application No.: 15/638,449 

Filed: June 30, 2017 

For: POSITIVE ELECTRODE ACTIVE 
MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE 
ELECTRODE ACTIVE MATERIAL, AND 
SECONDARY BATTERY 

) 

) Group Art Unit: 1725 

) Examiner: Anna Basia Ridley 

) Confirmation No.: 1074 

) 

) 

) 

INFORJ\IATION DISCLOSURE STATEMENT 

l\,fail Stop Amendment - Via EFS 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant 

hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98. 

In accordance with the policies of the U.S. Patent and Trademark Office, only copies of 

newly cited foreign patents and non-patent literature are being submitted. 

Applicant wishes to note that the Patent Documents: US-2012/0034516; 

US-2008/0131780; US-2011/0033749· JP-2012/508444: WO-2010/053328; EP-2 352 190; 

KR-2010-0052419; CN-102210045; JP-2011-181527; WO-2007/052712; KR-2008-0024105; 

CN-101208269; 

CN-101675547 

KR-I 0-094413 7; WO-2009/057722; KR-2009-0086440; and 

listed on the attached Form PTO-1449 were previously cited by 

International Searching Authority (JPO) in an International Search Report and a 

Written Opinion ( copy of each enclosed) mailed October 3, 2017 issued in a counterpart 

International Application No. PCT/IB2017/053896. 

Applicant also wishes to bring to the Examiner's attention the following family 

information listed on the attached PTO-1449. 

1. JP-2012/508444: WO-2010/053328; EP-2 352 190; KR-2010-0052419 and

CN-102210045 are in the same family as US-2012/0034516, and were also cited in the 

foreign communication noted above. 

4844-0680-3794.l 
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Docket No.: 740756-4563 

Application No.: 15/638,449 
Page 2 

2. JP-2011-181527; WO-2007/052712; KR-2008-0024105; CN-101208269 and

KR-10-0944137 are in the same family as US-2008/0131780, and were also cited in the 

foreign communication noted above. 

3. WO-2009/057722; KR-2009-0086440 and CN-101675547 are m the same

family as US-2011/0033749 and were also cited in the foreign communication noted above. 

The undersigned certifies that each item of information contained in this information 

disclosure statement was first cited in any communication from a foreign patent office in 

connection with a counterpart foreign application not more than three (3) months prior to the 

filing of this statement. 

It is requested that the accompanying Form PTO-1449 be considered and made of 

record in the above-identified application and that an Examiner-initialed copy of this form be 

returned to the undersigned. 

The present Information Disclosure Statement is submitted within three months of 

filing, or before the mailing of a first Office action on the merits, whichever is later; 

therefore, no fee or statement is believed to be necessary at this time. Applicant, 

nevertheless, provides the above statement as a courtesy. 

However, if a fee becomes necessary, the Commissioner 1s hereby authorized to 

charge fees required in connection with this filing or credit any overpayment to Deposit 

Account No. 19-2380. 

NIXON PEABODY LLP 

CUSTOMER NO.: 22204 
799 9th Street, N.W., Suite 500 
Washington, DC 20001-4501 
Tel: 202-585-8000 

4844-0680-3794.l 

Respectfully submitted, 

By: /Jeffrey L. Costellia, Reg. No. 35,483/ 

Jeffrey L. Costellia 
Registration No. 35,483 
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740756-004563_ID5_ Transmitt 

no 2 
al.pdf 

069f81 02e953c9b417ad5Sbec3a 1 d71 Sf85 

2aadd 

Warnings: 

Information: 

Total Files Size (in bytes) 81797815 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) 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/AIN96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant/Patent Owner: SEMICONDUCTOR ENERGY LABORATORY CO., LTD.

Application No./Patent No.: 151638.449 Filed/Issue Date: _J_u_ne_3_o_, 2_0_1_7 _______ _
Titled: POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

SEMICONDUCTOR ENERGY LABORATORY CO., LTD. --------------------' a corporation

(Name of Assignee) {Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose .2!!! of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):
D The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 

holding the balance of the interest must be submitted to account for 100% of the ownership interest. 
D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 

right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose .2!!! of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel----� Frame-----� or for which a copy 
thereof is attached. 

B. L A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: ___________________ To: ___________________ 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ _, Frame-----� or for which a copy thereof is attached. 

2. From: ____________________ To: ___________________ _ 
The document was recorded in the United States Patent and Trademark Office at 
Reel _____ _, Frame _____ _, or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73{b). 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 1.11 and 1.14. This collection is estimated to take 12 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, 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 and select option 2. 
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PTO/AIN96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: __________________ To: _________________ _

The document was recorded in the United States Patent and Trademark Office at 

Reel-----� Frame ____ ___, or for which a copy thereof is attached. 

4. From: __________________ To: __________________ 

The document was recorded in the United States Patent and Trademark Office at 

Reel-----� Frame ____ ___, or for which a copy thereof is attached. 

5. From: __________________ To: _________________ _

The document was recorded in the United States Patent and Trademark Office at 

Reel-----� Frame ____ ___, or for which a copy thereof is attached. 

6. From: __________________ To: __________________ 

The document was recorded in the United States Patent and Trademark Office at 

Reel-----� Frame ____ ___, or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

n As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Jeffrey L. Costellia, Reg. No. 35,483/ November 20, 2017 
Signature 

Jeffrey L. Costelllia, Attorney of Record 
Printed or Typed Name 

[Page 2 of 2] 

Date 

35,483 

Title or Registration Number 
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NIXON PEABODYLLP 

United States Patent Rights 

Attorney Docket No. 740756-004563 

ASSIGNMENT 

Serial No. 15/638,449 Filed June 30, 2017 

WHEREAS, Teruaki OCHIAI, Takahiro KAWAKAMI, Mayumi MIKAMI, Yohei 
MOMMA, Masahiro TAKAHASHI and Ayae TSURUTA 
(hereinafter designated as the undersigned) has (have) invented certain new and useful 

improvements in POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY 
BATTERY for which an application for Letters Patent of the United States of America has 
been executed by the undersigned on _______ , and; 

WHEREAS, Semiconductor Energy Laboratory Co., Ltd. of 398, Hase, Atsugi-shi, 
Kanagawa-ken, 243-0036 Japan and its heirs, successors, legal representatives and assigns 
(hereinafter designated as the Assignee) is desirous of acquiring the entire right, title and 
interest in and to said invention and in and to any Letters Patent(s) that may be granted 
therefor in the United States of America; 

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to the 
undersigned in hand paid, the receipt of which is hereby acknowledged, and other good and 
valuable consideration, the undersigned has (have) sold, assigned and transferred, and by 
these presents do sell, assign and transfer unto said Assignee the full and exclusive right to the 
said invention in the United States of America and its territories and for all foreign countries, 
dependencies and possessions and the entire right, title and interest in and to any and all 
Letters Patent(s) which may be granted therefor in the United States of America and its 
territories, dependencies and possessions, and in and to any and all divisions, reissues, 
continuations and extensions thereof for the full term or terms for which the same may be 
granted. 

The undersigned agree(s) to execute all papers necessary in connection with this 
application and any continuing, divisional or reissue applications thereof and also to execute 
separate assignments in connection with such applications as the Assignee may deem 
necessary or expedient. 

The undersigned agree(s) to execute all papers necessary in connection with any 
interference which may be declared concerning this application or any continuation, division 
or reissue thereof or Letters Patent(s) or reissue patent issued thereon and to cooperate with 
the Assignee in every way possible in obtaining and producing evidence and proceeding with 
such interference. 

The undersigned agree(s) to execute all papers and documents and to perform any act 
which may be necessary in connection with claims under or provisions of the International 
Convention for the Protection of Industrial Property or similar agreements. 

The undersigned agree(s) to perform all affirmative acts which may be necessary to 
obtain a grant of a valid United States patent(s) to the Assignee and to vest all rights therein 
hereby conveyed to said Assignee as fully and entirely as the same would have been held by 
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the undersigned if this Assignment and sale had not been made. 

The undersigned hereby authorize(s) and request(s) the Commissioner of Patents and 
Trademarks to issue any and all Letters Patents of the United States of America resulting from 
said application or any division or divisions or continuing or reissue applications thereof to 
the said Assignee, as Assignee of the entire interest, and hereby convenants that he has (they 
have) the full right to convey the entire interest herein assigned, and that he has (they have) 
not executed, and will not execute, any agreement in conflict herewith. 

The undersigned hereby grant(s) the law firm of Nixon Peabody LLP the power to insert 
on this Assignment any further identification which may be necessary or desirable in order to 
comply with the rules of the U.S. Patent and Trademark Office for recordation of this 
document. 

In witness thereof, this Assignment has been executed by the undersigned on the date(s) 
opposite the undersigned name(s). 

Date o7 / ,q (;017

Date _ ____ � 

Date o 1 /l � /-J.,1;; \?
------' 

Date Off// q/�o/1---'-----' 

Name oflnventor __ .,,,,,_l _e.._Y--_U_l\._k_i __ O_c.._h_i_ei_; __ (SEAL) 
Teruaki OCHIAI 

Name oflnventor ____ _________ (SEAL) 
Takahiro KAWAKAMI 

M C\'(l,I M. ,' 0 i' k Cl m. ,· Name of Inventor __ .....;_ ___________ (SEAL)
Mayumi MIKAMI 

'(oh<'.:; U1 
Name of Inventor I ' 0 !vi "'0.... 

YoheiMOMMA 

Name oflnventor Mc\sC\k,vo �k-._o..has(.­
Masahiro TAKAHASHI 

Name oflnventor Aya.e TSV�v'Tf\-
Ayae TSURUTA 

(SEAL) 

(SEAL) 

(SEAL) 

(This assignment should preferably be acknowledged before a United States Consul or 
Notary Public. If not, then the execution by the lnventor(s) should be witnessed has (have) 
invented certain new and useful improvements in by at least two other persons who should 

I 

I 
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sign here.) 

Witness 
(name) (signature) 

Witness 
(name) (signature) 

Witness 
(name) (signature) 
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NIXON PEABODYLLP 

United States Patent Rights 

Attorney Docket No. 740756-004563 

ASSIGNMENT 

Serial No. 15/638,449 Filed June 30, 2017 

W HEREAS, Teruaki OCHIAI, Takahiro KAWAKAMI, Mayumi MIKAMI, Yohei 
MOMMA, Masahiro TAKAHASHI and Ayae TSURU TA 
(hereinafter designated as the undersigned) has (have) invented certain new and useful 

improvements in POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY 
BAT TERY for which an application for Letters Patent of the United States of America has 
been executed by the undersigned on _______ , and; 

WHEREAS, Semiconductor Energy Laboratory Co., Ltd. of 398, Hase, Atsugi-shi, 
Kanagawa-ken, 243-0036 Japan and its heirs, successors, legal representatives and assigns 
(hereinafter designated as the Assignee) is desirous of acquiring the entire right, title and 
interest in and to said invention and in and to any Letters Patent(s) that may be granted 
therefor in the United States of America; 

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to the 
undersigned in hand paid, the receipt of which is hereby acknowledged, and other good and 
valuable consideration, the undersigned has (have) sold, assigned and transferred, and by 
these presents do sell, assign and transfer unto said Assignee the full and exclusive right to the 
said invention in the United States of America and its territories and for all foreign countries, 
dependencies and possessions and the entire right, title and interest in and to any and all 
Letters Patent(s) which may be granted therefor in the United States of America and its 
territories, dependencies and possessions, and in and to any and all divisions, reissues, 
continuations and extensions thereof for the full term or terms for which the same may be 
granted. 

The undersigned agree(s) to execute all papers necessary in connection with this 
application and any continuing, divisional or reissue applications thereof and also to execute 
separate assignments in connection with such applications as the Assignee may deem 
necessary or expedient. 

The undersigned agree(s) to execute all papers necessary in connection with any 
interference which may be declared concerning this application or any continuation, division 
or reissue thereof or Letters Patent(s) or reissue patent issued thereon and to cooperate with 
the Assignee in every way possible in obtaining and producing evidence and proceeding with 
such interference. 

The undersigned agree(s) to execute all papers and documents and to perform any act 
which may be necessary in connection with claims under or provisions of the International 
Convention for the Protection of Industrial Property or similar agreements. 

The undersigned agree(s) to perform all affirmative acts which may be necessary to 
obtain a grant of a valid United States patent(s) to the Assignee and to vest all rights therein 
hereby conveyed to said Assignee as fully and entirely as the same would have been held by 
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the undersigned if this Assignment and sale had not been made. 

The undersigned hereby authorize(s) and request(s) the Commissioner of Patents and 
Trademarks to issue any and all Letters Patents of the United States of America resulting from 
said application or any division or divisions or continuing or reissue applications thereof to 
the said Assignee, as Assignee of the entire interest, and hereby convenants that he has (they 
have) the full right to convey the entire interest herein assigned, and that he has (they have) 
not executed, and will not execute, any agreement in conflict herewith. 

The undersigned hereby grant(s) the law firm of Nixon Peabody LLP the power to insert 
on this Assignment any further identification which may be necessary or desirable in order to 
comply with the rules of the U.S. Patent and Trademark Office for recordation of this 
document. 

In witness thereof, this Assignment has been executed by the undersigned on the date(s) 
opposite the undersigned name(s). 

Date _____ _ Name of Inventor _____________ (SEAL) 
Teruaki OCHIAI 

Date b 
9/4 /4/,/ 

J 
Nrune oflnventortCMro b ��; 

Takahiro W. KAMI 

Date _____ � Name of Inventor _____________ (SEAL) 
Mayumi MIKAMI 

Date 
-----� 

Name of Inventor ______________ (SEAL) 
Yohei MOMMA 

Date 
------

Name of Inventor _____________ (SEAL) 
Masahiro TAKAHASHI 

Date _____ _ Name of Inventor 
--------------

(SEAL) 
A ya e TSURUTA 

(This assignment should preferably be acknowledged before a United States Consul or 
Notary Public. If not, then the execution by the Inventor(s) should be witnessed has (have) 
invented certain new and useful improvements in by at least two other persons who should 
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sign here.) 

Witness 
(name) (signature) 

Witness 
(name) (signature) 

Witness 
(name) (signature) 
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Electronic Acknowledgement Receipt 

EFSID: 30995932 

Application Number: 15638449 

International Application Number: 

Confirmation Number: 1074 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING 
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Customer Number: 22204 

Filer: Jeffrey Costellia/KEYONNA PITTMAN 

Filer Authorized By: Jeffrey Costellia 

Attorney Docket Number: 740756-004563 

Receipt Date: 20-NOV-2017

Filing Date: 30-JUN-2017

Time Stamp: 15:47:12 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 

Number Message Digest Part /.zip (if appl.) 

1542370 

1 Oath or Declaration filed 740756-4563_Declaration.pdf no 12 
Scb588300d 1 9 3 9d d ca4afa06b2 71 fedd 9fbi 

f132 
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Information: 

1031103 

2 
740756-4563_Power_of_Attorn 

yes 9 
ey.pdf 

de8080ea8fb6725e024eb869c7eab78b7c0 

fbdcd 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Power of Attorney 1 1 

Assignee showing of ownership per 37 CFR 3.73 2 9 

Warnings: 

Information: 

Total Files Size (in bytes) 2573473 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) 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/AIN01 (06-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to resoond to a collection of information unless it contains a valid 0MB control number. 

"Pai-=r-1'�-1--(37 CFR 1.76)�il-=>f=�ffl&TJtlli:fUlH:1■1iW•(37 CFR 1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

�IIJIO)::g"' 
Title of 

Invention 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE 
E LECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

Hc�BJl�-C:iV:>-Qfbl;;t. -:::i'€0);:tt:,<.;�1i:iH .. :t-t o 

As the below named inventor, I hereby declare that: 

,tqtWl;;t 
This declaration D
is directed to: 

�it�n n ,,Q. <V:>-QL ,1;;1: 
The attached application, or 

United States application or PCT international application number 

.tacO)tfliftl;;l:fb El !Ji!'. iV:,-QL ,I;;1:,1,t:,<tflJH��-9-l.,f:tO)l::J:-:itfit>nt:tO)-C:T 0 

The above-identified application was made or authorized to be made by me. 

fbl;;t*tflillfcpi::oi)1:,:pn-QttttO)§tBJl�. iV:,-QL ,I;;tttttO):f:t:[i'i]�BJl�-C:T o 

15/638,449 filed on June 30, 2017. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

*!!W1i=i::;BL 'ti!ilL@:l::J..t�O) $ l.,.ittHr-:it:t;;g-I;;1: 18 U.S.C. 1001 l::J:LJ. ii]Si'i:<V:>-QL 'ii:lli'!i1i.(5)�0)flt(1jjlfiJ. iV:,-QL 'i;;l:-fO)il!liJJl::J:-Qf,]JIIJO)M 
�ttJ-Q;:t��d)*T o 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

•.a:. . i::i • 

WARNING: 

�Ull�/tfjfi�l;;t ID l§ft�ll/Jlt-QJ:?fJffiA1tff�- �a'ttflli.fficpl::�*tJL\J:'j, ;i_;t!t:,<�,J tt'T 0 u�a••�- fflfi □�-�- iV:,-QL'l;;l:?L,,:J•;,t­
;/J-t,:ffl:�O)J:'jfJiffiJAitffO)mtfl Ii (xfbL \� § l)t)tl-t:. 1jll;7,J.f.<V:>-QL ,I;;t?L,,�•;,t-t.J-t-=1tm�iiE-ffi-C:<V:>-Q PT0-2038 "0)£cA�01191-tL, t) 
USPTO(*��•H'ti!iHIJT)l;;t, aH'i<V:>-QL 'iitflli$m0)-3� "t:L'-:>�L 'Jl)�L, n '1'1t No ;:O)J:"3fJiffiJA1tfftJ< US PTO I::mtfl-t-Q:;:ffiI::�"1f;tt.-Q;:tt:,< 
fJL'cl:?. �Hi�/tfjJ'itl�li. USPTO I:::;:mtmlfl-t-QAAl::J:<;:t:@L tl-if.>-:it:fa-8'I.l:iLiEL-. tHl1tbl;ff.i:LJ"1f:1tA,o alllll�/tfjfi�l;;t. ��'ttl:lii:©ac 
U,i"J:@l;;I:. tfjfjl!O)Jafffl. if.,-QL ,I;;1:mH!lti1li. (37 CFR 1.213(a) O)mti11::-g-JjiL,t:��'alm$altJ<$al•O)tJf:,\�tJ�n tL '-Q±i-g-fll,il�), -ti:AtJ< 
A cfc. i5J fillt.i:tO)c:t.i:-Q:.tHa-:i tit;;< �JYJ<<'-> LJ *-t 0 �,; 1::, tl:lfillltJ<1il1Jl�nt:acU-c:<'->-:i -ct. -f O) t±1fiitJ<1ami�nt:, if.,,QL ,I;;1:tta'ttJ<3c it�nt:tflWi 
g:cp I::��tL-t�&�n n ,-Qta-B-I;;1:. -ti:AO)A.f.tJ<i5Jfilltt.i:,Qil-g-tJ<if.>LJ1'-t 0 ,J,t;,J.f.;BJ:t,(?1.,,�•;,t-t.J-t-=��mffi-c:if.>LJ, �f.L.L, � (t]O)f:6')I:: 
titl:l �nt: PT0-2038 tiitli:±lila77-1' JL,l::I;;1:aa�n �. l.,f:tJ<-:it-ti:AtJ<A.f.T-Q;:tI;;t-c:�*ttN0 

Petitioner/applicant is cautioned to avoid submitting personal infonnation in documents filed in a patent application that may contribute to identity 
theft. Personal infom,ation such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card 
authorization fem, PT0-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal infom,ation 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthem,ore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization fom,s PT0-2038 submitted for payment purposes 

�e not retained in the application file and therefore are not publicly available. 

� BJl � 0) :iE:'i.t f�Ai1, 
LEGAL NAME OF INVENTOR 

�BJl� Sl-t(ff�): 
Inventor: _______ li_e_r_u_a_k_i O_C_H_IA_I _______ Date (Optional) : 

:j-:i,· •✓• 
\ h Signature: \ e,,YV. {,,. <. i O C.. I C.. 1 

o 7 / I 9 / 2-0 t 7 

ii�: tl:llM'r-��-t-(PTO/AIN14 c'->-t>L 'i.J:-fO)fill$if fflffi) Ii. �lll!O) El±:Jall.itf:$::i:/:$:O)i\'/;:i,f�d). :.f;;fflffil::�i.J-T-Q;:to fJEJ'H�O)�BJl�;:" ti:: 
PTO/SB/AIA01 fflffi�il/JlT-Qo 
Note: An application data sheet (PTO/AIN14 or equivalent), including naming the entire inventive entity, must accompany this fem,. 
Use an additional PTO/SBIAIA01 form for each additional inventor. 
This collection of 1nformat1on Is required by 35 U.S.C. 115 and 37 CFR 1 63. 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.SC. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary Clepending 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, 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, cal/ 1-B0O-PT0-9199 and select option 2. 

I AMPEREX Ex. 1002 
Page 770



I 

1974 �:f-5-1' ,,�-ii-� (P.L. 93-579)1i, t�ilf:±llffliv.>-QL 'lit��r:::009,Qjif;j"�_l�O)m:±11:::00ilL -C, 
t�'.fEffiflh':i<cv.,tJt::1:::4;{.l:>n-QJ::?jJ!:fEL, -CL '*9 0 Lt::t.i<-:>-c' �j!jJ!O)�J!'.fEl:::Lt::t.i<L ,, 7'ic0);:ct.,<i;� 
��L -C(t::�L ,0 (1) *ffifflO)JIJUl�ff9 ,Qj!m1a: 35 U.S.C. 2(b)(2)1:9 0 (2) *d)i;nt::ffifflO)m�ti, 
*.A.O)f.E�1:9 o �i;l:::li, (3) *�t�ilfiBHJn=t.,<;:O)ffiffl�ilJ:l:l9 -Q:i: El l't-:lli, t�ilfl±llM*t::lit�!lfO) 
m:±1�miiL, cv.,-QL ,ra:•�9 -Qt::d)1:9 o *d)i;nt::fflffl�mi:1tL�t.i,-:>t::fi-@j, *�t�alfiffit=n=ra:m:±1 
�nt::tO)�mii, •�1:�tJ<tJ-Q±;-@jt.i<;v.,iJ*90)1:, tO)��cL -c, miiO)n-1:,tJJiJ, cv.,-QL ,1a::±1JMO) 
�je, cv.,,QL ,1a:t�alf;#c�1=�t>-Q;:ct.i<;v.,iJ*9 0 

*m�1=12tt�nt::tifflla:, l'icO)iffi:�ilm El l't-:lt=�L '*9 o

1. *m�1:::icti�n -CL '-Qffifflli, ffiffl1Hffl5! (5 U.S.C. 552) ;JsJ::{J:f7,( /\:,,-�af5! (5 U.S.C
552a) ti<alf�9-Qi31ffll:::ilSL ,-cti,J�mL 'ctJiJ*9 o *Si:!U:--A .::;-.b.O)icfili, *�liO)fffl�t.i<tl
ffl1}fffl;!1:�*�n -cL ,,Qt.,,st.i,�=lf!Jlffi9 -Qt::d)t:::, iiJ 5!!fit=fffl��n-Q:f:l-@jt.,<9.>iJ*9 0 

2. *icil:--AT .b.O)i2Sliiffi."�'ilm El l't-JcL -C, ����.:f.lllff(::.;Jslt-Q&�ffl!J,:Hl±"-O)fffl��,a-d),
iiE�O)m�cL -C5!R, 7:ffi;=lf!J$, Q.>-QL 'lifii&�=lfljpJj-(::.fffl��n-Qtl;-@jt.,<;v.,iJ*9 0 

3. *icfJ:,,;i...::;-bi:pO)i2UliilN;'ilffl El l't-JcL -C, icfJl:::fMt9 -Qfflj.A,t.,<�39 -QicfJl::.ML -C, *��
gijl(::.�ti��i�9 -Qi"l;-@j, fflJ.A,O)fMI-9-����9-Q*��ii�l:::fffl��n-Q:f:l-@jt.,<;v.,iJ*9 o

4. *icff:--AT ,b.tflO)icflliilN;'ilJ:l:l El l't-JcL -C, �*��fAfi9 ,Qf::d)l::.tO)ffiffl��\�C9 -Q, *rr
O)�*���l:::fffl��n-Q:t:;-@it.,<9.>1,J*9 o tJfflO)�J.i�li 5 U.S.C. 552a(m) 1::.£-:5�, 1974 :f-5
1 ,,:---;!O)i.Jl'.fE�itj:�Jllff�LtJltnla:tJiJ*ithl o

5. t�ilf�.1J�*�O)tc1::±1u:�nt::��:±1u:1::.009 ,Q*12n:--;i...::;-,b.pgO)t2tt1a:, iffi.N;'ilm El l't-:lcL
-C, t� ilf thl.i .1J �$� I ::.£-:5 �, tit :W-� l't-J PJr � ti ti MI::. fffl � � n-Q :f:1-@i t.,< iv.> t.J *9 o

6. *icfi:--AT .b.O)icfiliiffi.N;'ilffl El l't-JcL -C, �����Ill (35 U.S.C. 181) (::.J::-Qil}.JI , ;BJ:
rJ/JiFf.1J5! (42 U.S.C. 218(c) l::.tc-:5(:jl}.JiO) El l't-Jl::.;t:>L '-C, ffgO)ilfBi&R'iftlMl::.fffl��n-Q
:f:1-@jt.,<;v.,iJ*9 0 

7. *icS:--7-. .::;-.b.O)ii:!nla:ilN;'ilJ:l:l El l't-JcL -C, 44 U.S.C. 2904 &rJ 2906 r::.£-:5(i2S�Jl11fi
&rJ:f□ ?'°7.b.O)Q!i��fi�9 -Qf::d)I:::, *-��iir.uft'g(GSA)l::.J::iJ, 3;tlfMIO)jtf.EO)-$cL
-Cfit>n'@icfiO)��tlMtfll::., GSA '*f::litO)�f�� .A.l:::fffl��tl,,Q:t5-@jt.,<;v.,iJ*9 0 .ticO)
fffl�li, *Ell't-JO)f::d)O)icfi���i!'.fE9-Q GSA i!'.fE, &rJMil (GSA iv.,-QL'liiffi:f1!fi) O)ti
%1::.*�L -Cfit>tl.*9 o t.,,t.,,'@fffl�li, fi.A.��'.fE9 -Q El l't-JO)tcl::.ilffl�n -Cla:�iJ*it hla

8. *icfi:--7-. T .b.O)icflliiffi.N;'ilffl El l't-JcL -C, 35 U.S.C. 122(b) (::.£-:5(:±IJM1}fffl�iv.>-QL 'Ii 35
U.S.C. 151 r::.£-:5<t���fi�I:::, -�l::.fffl��tl,,Q:t5-@jt.,<cv.,L.J*9 0 �i;r::icfflii!N;'ilffl El l't-Jc
L -C, 37 CFR 1.14 O)ffilj!JHO)fJf.J'1:, :±llfflf:i{tJ�n -ctf&je�n- *f::lit0)11J:Jit.,<��l., -c;siJ, �
;t:>t.,v:>tnf.1<0fffll:l:lli1:�!ffl�n -CL '-Q, t�ilf:±ljit.J<-�if�O)f::d)(:::1}fffl�n -CL''@, *f::litt
�t.i<�fi�n -cL ,-Q:t1€i1a:, -®:1:::1}fffl�n-Q;:ct.i<;v.,iJ*9 0 

9. *icff:--7-. .::;-.b.O)icffli, iffi.N;'ilJ:l:l El l't-JcL -C, *�f�ilfiffi�fj=t.,<, 5!tf�5!i!O)ii&Lt::, iv.,-QL'
liilttl't-Jl::.ii&t.J<cv.,-Qc=lf!JlffiLt:::1:1-@ili, JlfB, #1, *t::li±t!!n eH��O)Jl��l=fffl��tl,,Q:t5-@jt.,<
;v.,iJ*9 0 
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PTO/AIAI01 (06-12) 
Approved for use through 01/3112014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no oersons are reauired to resoond to a collection of information unless ii contains a valid 0MB control number. 

$alr-1I�-t-(37 CFR 1.76)�ff:?t::�ffl&VtUHHlf:fj■aW.(37 CFR 1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

�PJIO)fi � 

Title of 

Invention 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE 

ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

HcftBJl�-Cif.J,U.ld;I:. -:>�CT);:t:t.><1:,f11WL.ac"'t 0 

As the below named inventor, I hereby declare that: 

*'.l[�l;I: 
This declaration D 
is directed to: 

iiliit�:h -n '7-> • .J.,7-, l' l;I: 
The attached application, or 

*IEtl:IJM. S7->l ,I;1: _____ l=tl:IIM�:ht= PCT 00�.iifl� _____ t:L. -Ctl:l.ii�:h -n '{ltiO)l=ri!-c<;:h -C 
■ l'a:T,

United States application or PCT international application number _ _,1-"5""/6""3"'8�4'--'4-"9_filed on June 30 2017. 

_tlJr,O)tl:llli l;l:f.l. El�, .J.>7-> l' l;l:fL.b<ffiitif�-9-Lf=-tO) I=,btfit.>:h t=-tO)-C"'t, 
The above-identified application was made or authorized to be made by me. 

f.l.l;l:*tl:liitiq:,l=i'->1:,:l?:h7->-tc!::-tc!::CT)�BJI�, .J.>7->l \l;l:-tc!::,tc!::CT)�lii]�BJl�-CT, 
I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

*'.§'.�&I=43l '-C��l=/11�0)1f!L.tr-C!'fi-:it=±i,g-l;I: 18 U.S.C. 1001 l=J:L), !il:ttii'->7->l 'l:l:n:i!i.n(5)�0)1Jtffi!fftl. S7->l' I;1:-fCT)f.liinl=J:{lji]fflJO)� 
flt:tJ:{l;:c!::��d.>a:"'t, 
I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

•.a:. . 
..-i=i . 

WARNING: 

mffi�/tl:llffl�l;I: ID l&'ff�lll:Jlt{>J:-jf.i":®i.A. tH��- f!alf-tl:ll!affiq:,l=�a:fJl 'J:?, ;!;ffl;t.J{!f:,�-CT O U�1¥1llfl�' SIH'rl::J�-�' i'-,{ll ,1;1:71.,,-;;-;1t­
:;IJ-f.:'1it�CT)J:-jfJ®I.A. ffifflC1)t£tl:I l;I: (�Jl..l \� 13 QIJc!::Lt=. /j\f;IJ�i'-,{ll 'l;l:?1.,,�•;,t-:n-t-=flfflWfilaffi-c.J.>7-> PT0-2038 "'O)ac.A.�1'1Jttc!::L. -C) 
USPTO(*l!lfl!lf-iffitllT)l;I:. �lli.J.>7->l 'litl:lllilf! fflCT)-j� -Cl '-:i�l ,�:ili:L. -n 'a:it A,, ;:CT)J:-jtJ®I.A. tlfflbt US PTO 1::titl:1-t -l>affll::�a;:ti,,li;:t:t.>< 
fJL 'J:?, i•JM�/tl:llli�l;I:. US PTO 1::•m�mt±:1-t 7->lliil::J:<i!;ffl;L., -tL..J.>-:it=fl,g-1:1:1LiEL.. tUlttt.lI1fJ L)a:tt Iv, �·�/tl:11!�1;1:, fifilf-ti:ll!O)ic 
UP'J'.i§l:I:. ti:IJMG)�lffl- i'->7.iL ,1;1:f!!lf-3li<tlfl;I:. (37 CFR 1.213(a) c7)nlffitll::,g-�Lt=���lm$�fbtlf!aJac7)tJt.i,-ctJ�:h -n ,,lit;,g-��2"), -&.A.b< 
A� AJli!lfJ,tc7)t:fJ,li;:t:Hll-:i-C.t3<!£,Jlt.><.J.>LJa;T, �.;1::, tl:ll!b<JiltJl�:ht=!c�-C.J.>-:i-C-t, -fCT)ti:ll!b<1}1ffl�:ht=, .J.>7->L 'l:l:fifffb<�it�:ht=tl:11! 
�q:, I::��c!::L. -C� &�:h -n ,,lifl,g-l;t, -�.A.c7)A�bti;Jlffit:t.i':7.ill,g-bti!r) LJa:"'t, 1J,f;!J�.!3J::tf?t..,·:ht-:n-t-=;J:iffflei-C;\l:,LJ, �JJ.L' 13 !IIJG)b'l)I:: 
t.lltl:l�:ht.: PT0-2038 �itl;l:t±ll!i77'-1' Jt,l::I;1:1¥a�:h-f, Lt=b<-:i-c-�.A.b<A�"'t 7->;:c!::l:l:-C2"a:ttko 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity 
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card 
authorization form PTO-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
f rom the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

ft BJI � c7) 1E it ffA, 
LEGAL NAME OF INVENTOR 

ftBJI�: 
Inventor Takahiro KAWAKAMI 

Signature: 

- -------------�- - - - --

cl: l "'J /\VD 

I

C ...J J-[�-�- c� C/

Bit<if:@:): 
Date (Optional) 

Jilli�: ti:I/MT-51�-t-(PTO/AIN14 if.l-@L '1;1:-f 7)1iij�ffl�) l;I:, �BJIG) El ��.trf.t:�f,t:O)dt;� ��d.>, ;$;ffi�l::�i1T ,li;:t:o tJ.t3�;'f-C1)ftBJI� � c!::I:: 
PTO/SB/AIA01 fflei�fllfi"'t 7.io 
Note: A n  application data sheet (PTO/AIN14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collect1on of ,nformat,on ,s required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nformat1on ,s required to obtain or retain a benefit by the public which 1s to file (and by the 
USPTO 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 1 minute 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, PO. 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-B00-PTO-9199 and select option 2. 

I 
� 

I 

I 
I 

I 
I 
l, 
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1974 �:1"5-1' ,,:,,,-1j3;t (P.L. 93-579)1i, 1t��tfjjjiiv)-Qt, 'li1t�fl::P:J!T-Q�1-tllffO)mte1::�ill -c, 
1t'.if'.t•tlh'J'iv)f,i.f.:: I ::-9-;{.':)fl,-QJ::?�Jl'.if'.l.., -Cl,\ a::T O lt.::fJ'-:i-C' f/il 5!�.JlO)�Jl'.iE I ::L.,t.::f.J{l, \' """FicO) .=.cti<i;� 
�icl -c<t::�l, 'o (1) *t•fflO)l&��ftT -Q5£JJllj: 35 U.S.C. 2(b)(2)-c'T o (2) *d)i;tl,t.::t•fflO)tiiltl;t, 
*.A..O)ff:�-C:T o �i;1::1;t, (3) *001t�fiffi�iTiJ,.=.O)t•ffl�itmT-Q� § IY-Jli, 1t�flliMa::t.::l;t1l��O) 
titfj�mI!l, iv)-Ql, ,,t.:l:T-Qf.::d)-C:T O *d)i;nt.::t•ffl�miltL.,f,i.f.)\-:;if.::�-g-' *001t!fi@i�iTl;ttltfj 
�nt.::-tO)�mim, 1n1-c:��<to:-Q�-g-ti,iv)1.Ja::TO)-C:, -tO)��cl -c, mI!O)fT-t;,tJJ1.J, iv)-Ql, ,r;ttfjjjiO) 
��- iv)-Ql, ,1;t1t�f�t111::�;b-Q.=.cti<iv)1.Ja::T 0 

*mMl::icti�nt.::t.ffll;t, """FicO)il'W;'itm § IY-Jr::ttt, '*To

1. *mMl::icti�n -Ct, '-Qt.ffllj:, t1iffl000;! (5 U.S.C. 552) BJ::tf:1-5-1' r,:,,,-iia;! (5 U.S.C
552a) iJ{!f@T-QtE!ffll::;t-3t, ,-ct?UMt&t, ,ctto:1.Ja::T O *�ift:,,, AT .L.,.O)iciftfj:' *iciftO)lffljf-tJ,t1i
ffl0005£:-c'�*�n -Ct, ,-Qf.J\:S:f.J,�=¥1JffiT-Qf.::d)I::, 'a'.! 5!�1::00-;r-�t'l,-Q�-g-f.J,iv)LJa::T o

2. * ic ii:,,, AT .L,. 0) ic ift lj: ii 'W;' it m § IY-J c L., -C , 7f-� � ;i � Iliff I:: ;t-31 t -Q & � {ijlJ:tHI ± "'0) 00 7f-� "a cit) ,
�iE�O)m7f-cl -c5tff, 7•*'1$, iv)-Ql, ,1;tfii&1t=¥1JfiJrr::007f-�n-Q�-g-iJ,iv)l.Ja::T 0 

3. *icfft:,,, AT 1,. cpO)icill;tii"W;itm § IY-Jcl.., -c, �ii,::P:J!T-Qi� )._tJ,�.rd3T-QicUI =� l -c, *00�
ai�l=�m��ilT-Q�-g-, @.A.,0)�-9-���lT-Q*OO�ai�l::!ffl-;r-�l'l,-Q�-g-f.),iv)l.Ja::T O 

4. *icfft:,,, AT ..l,. cp O)iciftlj:il 'W;'itm § IY-Jcl.., -C, �*��fJJ.fiT -Qf.::d)(:: -f O)ttfffl��'�CT-Q, *ii=

0)�*���1::00-;r-�t'l,-Q�-g-f.J,iv)LJa::T o ttffflO)§tI!�lj: 5 U.S.C. 552a(m) 1::£-:5�, 1974 -J'"5
-1' 1 \:,,,-5!0)�Jl:JE�i4�lllff�l..,�ltnlito:1.Ja::-tt-lvo

5. 1t!ft� t.J �*�0)-tc-c:tfjJ�i,��nt.::oo�tfjfil::i?llT-Q*icU:,,, AT 1,. pgO)ictirt, ii"W;itm § IY-Jcl
-c, �!ft�;tJ�*�l::£-:5�, m-:W-�IY-JpJr:fiitlffl!l?lJl::OO-;r-�t'l,-Q�-g-f.J,iv)l.Ja::T o

6. *!cU:,,,.A T ..l,.O)icUl;til"W;itm § IY-Jcl.., -C, oo���iill! (35 U.S.C. 181) (::J::-Q:jij.J! , BJ:
tJJj-=f-jJ ;! (42 U.S.C. 218(c) 1::-tc-:5(:jijiifI!O) § IY-Jl::;t-31, ,-c, it!!O)ilffii&R:fffl!P:Jll::00-;r-�t'l,-Q
�-g-iJ,iv) 1.J a::T o 

7. *acift:,,,.A T kO)iciftl;til"W;itm § IY-Jcl -c, 44 u.s.c. 2904 & tJ 2906 1::�-:5<icUtgI!fflfi
&tJ-J'□-1'-5.L.,.O)&��fft!iT -Qf.::d)(::, *-rut�liJaH�:'§' (GSA)l::J:: 1.J, 3ffl!P:JIO)j!tff:O)-�cl..,
-Cfi;bt'l,-QiciftO)�:i!tffl!P:Jlcpl::, GSA , a::t.::lj:-fO)�tl!i:g .A..l::!ffl-;r-�l'l,-Q�-g-f.),iv)l.Ja::T o ..tacO)
fffl-;r-li, *§IY-JO)f.::d)O)icU�:i!t��Jl'.if'.T-Q GSA �!'.if'., &tJP:llil (GSA iv)-Qt,,(j:iffi��) O)tl!i
't'l=��L., -Cfi;bna::T o ti\tJ\-Q!ffl�l;t, @.A. �1t'.if'.T-Q § IY-JO)-tcl::itm�n -Cl;tf,iLJa::-tt-lv o

8. *�il':/AT .L.,.O)acUl;til'W;'itm § IY-Jcl.., -C, 35 U.S.C. 122(b) 1::£-:5<teM0!ffl�iv)-Ql, \(j: 35
U.S.C. 151 l::£-:5<1t��fi�I::, -�l::OO��t'l,-Q�-g-f.),iv)LJa::T o �1:>l::iciftliil"W;itm § IY-Jc
l.., -C, 37 CFR 1.14 O)�j!JHO)�f.J\-C:, tfj)jitJ,ta:�n -c-tl&��n, a::t.::lj:-f O)mJ!iJ,�;�l.., -C;f-31.J, f,J.

it-3f.J\'·=>-tnti,0rmtfjlffl-c:�!ffi�n -c1, ,-Q, �!fteMf.i,-��:1:0)t.::6b1::0oo�n -c1, ,-Q, a::t.::1;ttt
afil'�fi�n -Cl, \-Q±:1-g-1;t' -rut I:: 1}fffl�t'l,-Q;:CiJ'iv) 1.Ja::T 0 

9. *icfl:,,,A T ..l,.O)icUli, iffi',!j!;itm § IY-Jcl.., -c, *001t[-fiffi�JTiJ', 5!ft�;!�JlO)ji,&L.,t.::, iv)-Ql,,
lj:;ff:(f IY-Jl::ii& il'iv)-QC=FIJffiL.,t.::�-g-r;t, ilffi, #L a::t.::lj::tf!r15 El ;t�O)���l=fffl��l'l,-Q�-g-tJ,
iv)LJa::T 0 
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PTO/AIN01 (06-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995, no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number. 

$a-;:-11�-H37 CFR 1.76)�ff-::it::Wffl.lilliUHHlt±llitilW.(37 CFR 1.63) 
DECLAR ATION (37 CFR 1.63) FOR UTILITY OR DESIGN APP LICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

�l!JjO)f.f'I, 
Title of 

Invention 

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

�E��W-c'N.,ia�.-::>�O)�c:�Gf��LaT. 
As the below named inventor, I hereby declare that: 

*�WI;!:
This declaration D
is directed to:

;;J:;f-;f-¢:h "CL'i. N.,il'l;I: 
The attached application, or 

United States application or PCT international application number 

J:. icO)til/iil;l:aEI !it. i!f;il 'l;l:ll.d:J<ttmfB!-9-Lt::tO) I:.J:-:i·ntt.i:ht::tO)-c'T 0 

The above-identified application was made or authorized to be made by me. 

gI;1:*tl:llil1i'cJ:ll:.a1.>Gt.l:hitctc:O)�BJl3. N.,il 'IHctc:O)�fi'il�BJl1,-c'T. 

15/638 449 filed on June 30. 2017. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

*��31:..BL '-Ci!&:@:1:./t�O)l'fl LJ'.r-CHt-:it::t;�l;I: 1 B u.s.c. 1001 1:.J: LJ. fil<fii!f;il ,I;1::!;:;!i1i.(5)�0):tJtflil!fil. i!f;il \l;l:-fO)r,lij:;>'jl:.J:iii!lllJO)�
�.i::t.i:1�.i::frn11naT. 
I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

e..e1::. . 
Ii=I • 

WARNING: 

ill.ii3ttl:l.U31;1: ID �HflllJlt7.JJ:-jtJiffi!A1tfflf. tt�tl:l.ii.ftcJ:ll:.�atJL'J:-3. ii.fft.i<�,Jl-c'T, U�iilltffi�. Wff□ l!fffi�. N.,7.JL ,1;1:-71..,:}•;.,l­
:t.J-t.:ffi�O)J:-jtJ@IA 1'UfO)fltJ:ll;I: (:it.t.L 'f 13 tttlc:Lt::. 1J,i;1J-Fi!fJil'l;l:?\..,�•;.,t-:t.J-t.:flfflallail:1ift-c'a1.>i PT0-2038 "O)!cJ..f��a -C) 
USPTO(*��tlfiSi�IT)l;l:. a.iiN.,iL ,1;!:t±l.iil'flafO)-j;l-c'L '-:>¢l 'Jl*L n '*it lu. �O)J:-jtJ@I Ai1fflt.i< USPTO l:.fltilT 7.i1iftl:.�•:n7.i�c:t.i< 
tJl, 'J::?. iUliW/tl:lliAWl;J:. US PTO 1:.1tftff£t±lT iiiiil:.J:<;.tffL. tLi!fJ-:it::t;�l;J:UIEL. �;!!11t:tal;ftJLJa1t1u. aH'iW/tl:lll!Wl;J:. mlftill'iO)!c 
lll19�1;1:. tJ:lJtliO)'l}IJI. ilf;7.Jt, ,I;1:,tiHcftttlt. (37 CFR 1.213(a) O)J;l!,ffilJl:.�ttLt::�io'l}IJll'flat.i<l'flff1iO)f,;:;/J,-c'tJ¢:h n ,7.it;�fltti!l. -ti:AfJ< 
A -F 'j;JfretJtO)c:f.i:7.i�c:f�-:, -C.B<�,Jlt.i<N.,LJaT O ¢G 1:.. tJ:j jjl;/J<,&:j{¢:ht::!cff-c'N.,-:, -ct, -f O) t:l:li'if.1<1} lffi¢:ht::. i!fJil, ,I;1:�Blf f.1(3'.c f-;f-¢:ht::tl:l ii 
:ScJ:iI:.��c:L -c� .&.¢:h n 'itas1;1:. -ti:AO)J..-Ft.i<iiJ'trettJita�t.i<i!fJLJaT. ,J,i;1J-F.BJ:U-7v:>•;.,t-:t.J-t-!'•Wffl�t'ilfJLJ. :i:t1.t., 13 aqO)t::dJI:. 
mw ¢:ht.: PT0-2038 ffiitl;l:tl:l.Q771' JL,l:.l;l:f¥f\¥¢:h "f. Lt::t.i<-:i-C-A!!Af.l(J..-FT ��c:l;l:-c';!•-tt lu, 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity 
theft. Personal information such as social security numbers. bank account numbers, or credit card numbers (other than a check or credit card 
authorization form PTO-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO. petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

�l!ll30)IE'f(;B::� 
LEGAL NAME OF INVENTOR 

§'tEJlW: 
Inventor: 

Signature: 

Mayumi MIKAMI 
8 ft(ffff): 
Date (Optional) 

irm�: :±llffi-f-?:,,-l-(PTO/AIN14 ilf;7.Jt,,I;1:-fO)fiil�ffl�) I;!:, �BJlO)E1:tJiri:f.♦;:i:f.♦;0)$�f�dJ. ;.f;;ffl�l:.�itT7.i�c:0 tJ;B,!�O)�BJl3,=°c!::I:. 
PTO/SB/AIA01 lfl�fifJllTi. 
Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity. must accompany this form. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the 
USPTO 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 1 minute to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. nme 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND TO: 
Commissioner for Patents, P.O. Box 1450, Alexandrta. VA 22313-1450. 

/fyou need assistance in completing the form, call 1-B0O-PTO-9199 and select option 2. 
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1974 �:171' ,�'Y-iiEI� (P.L. 93-579)1i .. �f-ftelii1'J�L 'littr-tl=Bfl9 ��f-tflffiO)ffH:l:ll=OOilL -c .. 
��1lllh'J<i1')tJf=l=4�G.n�J:-3m�L "(l, '*9 0 LtdJ<-:,-C .. liiJ;ti!O)i!�l=LtdJ<l, , .. ""FicO).:.ciJ<G!: 
�icL -c<t::�L ,0 (1 > *11ffflO)J&�!:ff9 �stmrt 35 u.s.c. 2(b)(2)-e9 o (2) *&0Gnt=1fffflO)m#trt .. 
*.A.O)ff:@:--C:9 o �Gl=li.. (3) *�ftf-fitlitlfriJ<.:.0)1ffffl!:ilffl9 �� El 1¥Jli .. ��ilfililM*f=liftilfO) 
mte!:m!IL .. i1J�l, 'liif:it9 �f=d)--C:9 0 *d)Gnf=1ffffl!:mi�LfJt.,,-:,f=:ti� .. *���ilfitlifflfrlitlte 
�nt=tO)!:mll .. =1:1t-e'!tJ:<tJ���t><11JLJ*90)--C: .. -fO)��cL -c .. mlfO)fT1=>-;TJLJ .. i1'J�l, ,rt:±1.lffiO) 
�• .. 11J�L ,1t�tilf'=t:J.t1=�:t.>�.:.ciJ<11JLJ*9 0 

*ffl�l=ic-�nf=1fffflli .. ""FicO)il"milffl El IY-:!l=�tH '*9 0 

1. *ffl�l=icti�.n -CL '�1fffflli .. tffffl1}1Jf);! (5 U.S.C. 552) ;t:,J:lj:f7--( 1\-y-i¥�5! (5 U.S.C
552a) t><ilf�9 �ii2rm1=;t:,1, ,-cfifl1$t.&L ,ttJLJ*9 o *ictt'YA T .L..O)iciJli .. *icttO)lfflmiJ<1ff
ffl1}1ffl5t-e�*�n -c1, ,�t.,,:s t.,,!:=¥-IJ lffi9 � f=/1)1:. .. ii.I 5!1'i 1 :.lfflm�.n�t;�t><i1'J LJ *9 0 

2. *iciJ-YAT .b.O)�ftliil"milffl § IY-JcL -C .. m�:X�.:flllnl=;t:,It�&�tQ1J#al±"'-O)lfflm!:�d) ..
iiE�O)mmcL -C;!}f .. i7.fl] ... i1J�l, 'lifiil&�=¥-IJPlrl=lfflm�.n�:ti�iJ<11JLJ*9 0 

3. *lctt-Y AT ,L..cpO)icftliil"M"ilffl El 1¥JcL -C .. icilJ:.Bfl9 �il.A.t><�s9 �lcttl=BOL -c .. *��
��,=�m!:�i'A9 �:ti� .. @.A.O)Bfl4!:��9�*���iRl=lfflm�.n�:ti�iJ<11JLJ*9 0 

4. *iciJ-YAT .b.cpO)icttliil"milffl El IY-JcL -c .. �*g!:V,.fi9 �f=&01=-f0)1ffffl!:!l?:,�c9� .. *IT
O)�*g¥:ffl:.lfflm�.n�:ti�fJ<11JLJ*9 o 11ffflO)�J!:ffli 5 U.S.C. 552a(m) 1::£-:5'! .. 1974 :f7
-1' 1\-y-;!O)m��i�!:lliff�LtJlt.nlifJLJ*t!lvo

5. �lilft�jJ�*gO)tc-e:±111�.nf=��:±ljjl::Bfl9 �*icft"YAT .b.P-JO)iciili .. il"M"ilffl El IY-JcL
-c - �filf�il�*':H=£-:5'! .. ti!:W-�IY-:!Plr�tlflMl:.lffl;r-�.n�:ti�fJ{11JLJ*9 0 

6. *iciJ-y AT 1..0)iciJliil"milffl El IY-JcL -C .. ����i¥1lt (35 U.S.C. 181) l:.J:�flflfll .. ;t:,J:
'(f.JiiFf il;! (42 U.S.C. 218(c) l:.tc-:><M•lfO) El 1¥11::;t:,t, '-C .. 'ft!!O)il�il&Jf.ff!Bfll:.lfflm�.n�
Ji�fJ{11JLJ*9 o 

7. *iciJ-YAT .b.O)icftliil"milffl El IY-JcL -C, 44 U.S.C. 2904 :&U 2906 r=£-:5<icft�Ilfflfi
&u:t□-?"7.b.O)��!::Jt�9 �f=d)I:. .. *-ttfilililmi:a'§'(GSA)l:.J:LJ .. s•BflO)Jtff O)-ffBcL
-Cfi:b.n�icttO)�jfflBflcpl=, GSA .. *f=li-fO)t#tf�� .A.l=lffl;r-�.n�:ti�iJ{11JLJ*9 0 ..ticO)
lfflmli .. *EIIY-JO)f=&00)icft�it!:i!:JE9� GSA �!� .. &UBflil (GSA i1J�l,\lj:�:ffi1'i) O)ffi
�l:.��L -Cfi:b.ti,*9 o t.,,t.,,�lfflmli, il.A.!:f��9-Q El IY-JO)tcl=ilffl�.n -ClitJLJ*t!lvo

8. *icft"YAT .b.O)icftliil"M"ilffl El IY-JcL -C, 35 U.S.C. 122(b) r=£-:5<:±IJM1}1ffl�i1'J�l, 'Ii 35
U.S.C. 151 r:.�-:5<f�ilf�fi�I= .. -�1::1fflm�.n�:ti�fJ{11JLJ*9 0 �Gl:.icttliil"milffl El IY-Jc
L -C, 37 CFR 1.14 O)ffilJmO)tJfJ'--C: .. te■iJ<tJ�n -ctt&-�n .. *f=li-tO)mJliJ<�5;R:L -C;t:,LJ .. fJ:
;t:,fJv·:>,t.nfJ<1}1ffll:f:l■-e�!ffl�.n -Cl-,� .. t�ilfl±l■t><-�=l:itO)f=&01::1}1ffl�.n -CL,� .. *f=lif�
ilf t><�fi�.n -c1, ,�:t;�rt, -�r= 1} im�n�.:.ciJ<cv.> LJ *9 0 

9. *icft"YA T .b.O)iciili .. il"milffl El IY-JcL -C .. *��ilfitlitliTiJ<, 5!tff.:>;!�!O)�&Lf=, i1J�l,'
liMttlY-Jl::�&t><i1'J�c=¥-!JlffiLf=tl�li, ii� .. #1, *f=li:ftjj §;t�O):'��l=lfflm�n�:t:;�t.,<
if.>LJ*9 o 
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PTOIAIA/01 (06-12) 
Approved for use through 0113112014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995, no oersons are reauired to resoond to a collection of information unless it contains a valid 0MB control number. 

�aT-11�-1-(37 CFR 1.76)�ff-:it::�ffl&U::tliHUlltilittrWa(37 CFR 1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

�llJlO)�f'J; 

Title of 

Invention 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE 

ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

Hi'.�BJl�-C:S-Qf.bli, -::i�O):::.ct.J<Gf�WL.*T a 
As the below named inventor, I hereby declare that: 

:$:Il'.Wli 
This declaration D 
is directed to: 

�ftc:tL n \{,, S{)L 'Ii 
The attached application, or 

*IEt:llJili, S{)L \l;j: _____ l=t:llDc:tLt:: PCTOOJ!;'!lfFll� _____ cL. -Ct:llllic:tL "(L 1{,tO)l=�-c,;:tt, "(
■ L1*Ta

United States application or PCT international application number

..t!i'.O) t:llJiil;J:fJ.. el !lt, S{)L 'l;J:f&t.J<ttJJHf�-9-l...f::tO) l=J::-:i-Cfit>:tLt::tO)-C:T a 
The above-identified application was made or authorized to be made by me. 

f!.l;l::$:t:llil-il'+'l=So;p:tt,{,tctcO)�BJI�, S{)L \f;J:tctcO)�F,i]�BJl�-C:T O 

15/638 449 filed on June 30, 2017. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

:$:1[�-itl=itaL l"(�i!:l=��O) $ L..!r-Cffi-:,f::tl�l;J: 18 U.S.C. 1001 I=PJ, !il1iS{)L \l;J::lli9iJi(5)�0)fttlIHfll, S{)L \f;j:-fO)f.lil1.il=J::{,ii]JIIJO)� 
j!.c:t,i:{);::c:�U!8':>*t' a 
I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

-� .
IR • 

WARNING: 

�&i'i�/t:fj)ij�li ID J&'ff�Wllt{,J:;'jtJfflA'itfflf, tl�'ft:fjji.@q:,f=�*fJL ,J:'3, ;:tffl;t.J<!l1:,JH'T O Uff�llt-�, mm□ m•�- iliJ{,L \fi?v�·:,1-
t.J-t-=il�O)J:;'jtJ@AtJfflO)mt:f:ll;J: (�J&L\�§ i!(JcL.t::, 1J1i;'IJ!f-S{,L \l;j:'71.,,-y•:,l-:tJ-r-:flffiSE&E:a=ffi-c:S{, PT0-2038 "-.O)!i'.AHH1-cl... "() 
USPTO(*IEtl�'fiffi�rr)l;J:. tUtiiliJQL ,I;ttl:lllliEflffl0)'3;t -C:L '-:>cL 1�:lltl... n '*it Iva ;::O)J:'jfJiffiJA 1lffit.i< USPTO t=mt:ll-tQ:a=@I=�*:tt,Q;::ctJ< 
tJL ,J:'3, �Hl�/t:llN�f;J:, US PTO r=:a=@�mtl:lT {,iiiJf=J::<i:!ff:L.., tL.ili:>-:it::t;�f;J:iTiEL.., ft;P!tt�J;ttJLJ*1tlva illli�/tl:lU�li, tl!'ftl:llliO)ai'. 
UP'l�l;J:, tJji'jO)�lffl- il7:>QL ,I;tmHcftffl;J:, (37 CFR 1 213(a) O)j;!l3l!Jl=�ttL..t::�F-�lfflEflffitJ<Eflffi:a=O)tJtJ,-etJc:tL n \Qi;����), -ttAt.i< 
A¥ -;;JffiltJtO)c:f,i:Q;::c:H!l-:i"(;t,<�•�t.J<iliJ ')*T 0 cl:,f =- tl:lJltit.J</i!t!lc:tLt::!2ff-C:ili:>-:i -ct' -f O) t:fjJ1tit.J<1} lfflc:tLt::, SQ L 1Iitt�t.J<3( ftc:tLt:: tfjjti 
!''+'l=ii'�cL.. -c�.&c:tL n 1Qt1�I;t_ -ftAO)A!f-t.i<i;J�ct.i:Qt;�t.i<iliJ1J*T 0 ,J,i;7J!f-�J:U?v1/'Yl-:t.i-t:•WffiML'iv.>LJ, �J&L,§ i!(JCT.!t::8':>I= 
tttl:l�:tLt:: PT0-2038 tlitlitl:llti7-r1' Jt..I=I.1:��c:tL 1', L..t::t.J<-:i-c-&At.J<A-¥1" Q:::.cliL'�*ttlva 

Petitioner/applicant is cautioned to avoid submitting personal infonmation in documents filed in a patent application that may contribute to identity 
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card 
authorization form PTO-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal infonmation 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthenmore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization fonms PTO-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

�BJl�O)iEit]:\';,g 
LEGAL NAME OF INVENTOR 

�BJI�: 
Inventor: Yohei MOMMA 

---------------------

Signature: 

B ft (ff:@:): 
Date (Optional) o7 I 2.0 /20 ,7

ffllj�: t:llJH'-$1�-l-(PTO/AIA/14 iv.,QPli-fO)f,'il�ffi�) Ii, �BJIO) el :U!l!!r���O)ift;,g��8':>, :$:ffi�l=�fti"{):::.ca l'd:ita�*O)§lBJI�.::.' ct=
PTO/SB/AIA01 lfl�fitffiT Q. 
Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this fonm. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collection of InformatIon Is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1.11 and 1.14. This collection is estimated to take 1 minute 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 lime 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 Trademar1< 
Office, U.S. Department of Commerce, 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, ca/11-800-PT0-9199 and select option 2. 
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1974 �:t:;,< ,,�-flit� (P.L. 93-579)11, t�alftl:l)Miv)<QL ,1;t�alfl:.P:l)9 -Q�i-UiffiO)m:±H:.M:ilL t, 
t�'.i'Et'�fflfJ<iv)fJ:f.:l::-9-�i;n<QJ::?�Jl'.i'EL -CL '*9 0 Lf.:fJ<-:,t' liil5!�JlO)�Jl'.i'El::Lt.:fJ<L ,_ "f"icO);:.ctJ<i;� 
�icL t<f=�L ,0 (1) *fflfflO)JOl���9 <Q;!�Jlf;t 35 U.S.C. 2(b)(2)1:9 0 (2) *&?i:>nt.:fflfflO)mf�l;t, 
*AO)ff:f:1:9 o �i;l:.l;t, (3) *�1�alfi@;.fj=t.,<;:_O)t1fffl�fiffl9 <Q.± § 1:t-Jl;t, t�ilftl:llia;f.:lit�alfO)
l�tl:l��:E!L, iv)<QL ,1;t:j::ft9 ,Qf;:d)"{:9 0 *&?i:>nt.:fflffl�ti1ltLfJt.,,-:,f.:tl�' *001�!lfi@;.fr1imtl:l
�nt.:-tO)��:E!- :M:lt1:�tJ<tJ,Qfl.g-t.i<iv>LJa;90)1:, -fO)�mcL -c _ �JIO)tr-t:,t7J LJ, cr.,<QL ,rttl:llMO)
liff�, ir.)<QL \f;t��lf��l:.�t.,<Q;:_ctJ<cr.,LJa;9 o 

*fflk:ftl::!�ti�nt.:tlffll;t, "f"a20)iffi.�11ffl § l:t-:11::�L 'a;9 o 

1. *fflMl::icti�n -CL '-Qtlffll;t, tlffl�lm;! (5 U.S.C. 552) iJSJ::[f.:f7,< ,,�-ffi!:�5! (5 U.S.C
552a) t.i<!lf�9 <Qifilffll::;ISL ,-cti,]f,1Sf&L 'ctJL)a;9 o *12iJ�AT .L,.O)�iJl;t, *icSO)lfflffit.i<t1J
-�lm5!1:J!*�n -CL \,QfJ,:st.J,�=¥1Jlffi9 <Qf.:dJI::, ii];!� 1::imffi�n,Qfl�fJ{iv)LJa;9 0 

2. *icS�AT .L,.0)!2Sliii�11ffl § IY-:JcL t, ffi�3'.c�-¥111nl::;ISlt<Q&M-fflHHi±r..O)lfflffi��d),
�il�O)tifficL t5!ii, ii':i:=¥11�- cr.,<QL ,rtfii&1t*1Jfi.1r1::imffi�n-Q:t1�tJ<iv>LJa;9 o 

3. *icil�AT kcpO)icSl;tii�fiffl § IY-:JcL t, a2s1::P:l)9 <Qffl.A.fJ<�39 <QicSl::ML t, *00�
ii� 1 =-�t1�J!i�9 ,Q:11.g-_ ffl.A.O) M4�J!m9 <Q *oo�i•� 1:.imffi�n<Qfl.g-tJ<cr., LJa;9 o 

4. *icS�AT .L,.cpO)icSliii�fiffl § IY-:JcL t, ���fP.fi9 <Qf.:dJl:.-fO)fflffl��,J!c9<Q, *fi=
O)���:ffl::lfflffi�n<Qfl.g-tJ<cr.,LJa;9 o t1ffflO)�Jl:ffl;t 5 U.S.C. 552a(m) l::t!-:5�, 1974 :f7
1' 1,�-;!0)�Jl'.i'EJ!itj:.�Jl��LfJ:ltnf;ffJLJa;itlv0

5. t�alft�t.J��O)-tc1:tl:l1M�nt.:��tl:llil::M9 <Q*icii�AT kP-JO)iciJl;t, ii�flffl § IY-:JcL
-c, t�!lf�t.J�*�':.t!-:5�, ttt:W-�e>.:JfiJr�-tt•M1::1mffi�n-Q11.g-tJ<cr.,LJ*9 o 

6. *iciJ�ATk0)!2Sliii�11ffl § IY-:JcL t, ��3t�ffi!:lll (35 U.S.C. 181) l::J::<QM:ffl:JI , iJSJ::
[f.Jffi -=f-1.J5! (42 U.S.C. 218(c) r:.-tc-:5(:jij:5:£!0) § IY-:11:.iJSL ,-c, it!!O)ilffli&R'fUIMl::lfflffi�n<Q
fl .g-t.,< er.> L J a; 9 o 

7. *12S�ATkO)i2Sliii�fiffl§l:t-JcLt,44 U.S.C. 2904 &U 2906 l:.t!-:5<12S�JltJHr
&u:t□ �i'7.L,.O) &��ti�9 <Q f.:d)I::, *-�!f.];il}iij� 'g(GSA)l::J:: LJ, 3UiP:lJO)J{i�O)-$cL
tfit.>n-QicSO)�:ftUl!Mcpl::, GSA 'a;f.:li-fO)�t�16 .A.l::lfflffi�n-Q:11.g-tJ<9.>LJa;9 0 J:.icO)
lfflffil;t, * § IY-:JO)f.:dJO)icS�:lt��JtiE9-Q GSA �Jl'.i'E, &UM:il (GSA cr.,<QL ,f;ti@;n:�) O)t�
�f::*�L tfit.>na;9 o D'D'-Qlfflffili, il.A.�1�'.i'E9-Q § IY-:JO)-tcl::fiffl�n tf;tfJLJa;it lvo

8. *ic��AT kO)icSliii�fiffl § IY-:JcL t, 35 U.S.C. 122(b) 1::£-:5(tl:lli�lffl�cr.,-QL ,1;t 35
U.S.C. 151 1:.£-:5<t�alf�fi�I:., -�1:.1fflffi�n-Qti�f.J<9.>LJa;9 0 �i;l:.AcSl;tii�fiffl § IY-:Jc
Lt, 37 CFR 1.14 0)$tJ!WO)fJt.,,1:, tl:llit.i<t.i:�n t-t���n- a;f.:li-fO)�JlfJ{��L tiJS LJ, fJ
}3:1.J,-:>-fn:1.J<�lffltl:llM1:�!ffl�n -CL ,-Q, t�!lftl:lJMtJ<-Jm:j::ffi:O)f.:d)l:.�im�n -CL \<Q, a;f.:l;tf�
!lftJ<�fi�n tL ,-Q:11.g-11, -rut1=-�im�n-Q;:.ct.i<cr.,1.J*9 o 

9. *icS�ATkO)ic�l;t, ii�fiffl § IY-:JcL t, *001�!lfi@;.fj=t.,<, 5!��;!�.JlO)il;&Lt.:, cr.,-QL'
I ;t ;1-tf IY-:J I:: ii & t.i< <V>-Q c *IJ lffi Lt.: :11.g-l;t, ii ffl, 1TI , a; t.: l;t ti!! 1.r !3 5t� 0) !l ��I:. Im ffi � n-Q :11.g-t.i<
iv.> LJ a;9 o 

I 
I 

I 
I 
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PTO/AIA/01 (06-12) 
Approved for use through 01/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are reauired to resoond to a collection of information unless it contains a valid 0MB control number. 

$�T-11�-l-(37 CFR 1.76)�fl-:,t.::�fflllLCtlfrfUitf:lltitW•(37 CFR 1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

�llJlCT):8 f#li 
Title of 

Invention 

POSITIVE ELECTRODE ACTIVE MATERIAL, ME THOD FOR MA NUFACTURING POSITIVE 
ELECTRODE ACT IV E MATERIAL, AND SECONDA RY BATTERY 

Hc�BJl:j§-'t'1J7.lfL.l.i. -:)�(7);:-_ct.i<i;,Hl'.WL-*T O 

As the below named inventor, I hereby declare that: 

;$:gf&'l.i 
This declaration D 
is directed to: 

iiHt�:t,,n,7-J. 1:,7->1,,1; 
The attached application, or 

*l!lt:l:IM. iV)7.Jl, ,I; _____ I::t:1:11li�nt.: PCTOOl!1i'!iiHl� _____ c!:::L, -Ct:l:lJiil�:11, n ,7->-t(l)l::lil!-Ci;,:tl, -C 
■ l'*To 

United States application or PCT international application number

. .Uc(l)t:l:li!ltfL.ei Ji!,, iV)7.>l ,I;f1.n<t1mH�.ey.L,t.:-t0)I::J;-:i-cfi:bnt.:-tO)'t'-t o 

The above-identified application was made or authorized to be made by me. 

fl.I.i;$:t:l:llli!Hl$I::ili)i;,:bn7->-tc!:::-tc!:::O)�BJl�, iV)7.Jl ,I;-tc!:::-tc!:::O)�FiiJ�BJl�'t'T, 

15/638 449 filed on June 30. 2017. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

;$:gffill::Sl ,-c;!ilcf;I::,;t�O)Efl L-.rr-CH'r-:it.:!1'8-I.i 1 s u.s.c. 1001 I::J;,J, !il;i'i1:>7.>l 'lt:6:i9in(5)�0)Jit�lfil, NJ7->t, ,I;-t(l)f.lii;j'l::J;7.J!il.ll'JO)� 
�c!:::f.i:7.J;:-_c!:::��¾l�*"t 0 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

•a:. .
... i=a • 

WARNING: 

ilJM:j§-it:l:l!li�lt ID �t11�1l1Jlt7.JJ;-jtJiffiJA1tffl�. mft:1:11!.ffiq:,I::-a-*tJi, ,J;-j. ;I;l:t.i<rff�'t'T, Uf!.:ij;lltffi'�. S!ifi1JJ1fffi'�. 1:>7.ll 'li?v�·;,1-
t.J-t.:'ffi'�O)J;-jtJffiA 1tffl0)1£t:l:l I.i (�Jl..L \� 13 (lt)c!:::L,t.:, i]\i;)J-'F1:>7.>l ,I;-71,,�-;,l-t.J-t.:'{t.lllSIJ&Eaffl't'NJ7-> PT0-2038 ...... O)ga.A���c!:::l., -C) 
USPTO(*OO�iH'!HIJT)l.i. rn°JiiliVJ7.Jl, ,I;1±1JiiEflffi(l)-j� 't'l '?�l '�*L, n '*tt/v, ;:'_O)J;-jtJiffil.A.ltffli:J< USPTO I::m1±1-t7->•mI::-a-*n7.J;:-_c!:::i:)< 
tJI, ,J;-j, �·�/l±IM�l.i, USPTO I::•ffi�t£tll-t7.>liiil::J;<ittL,, -tl-ili)-:it.:tl'8-ltU:iEL,, }Ultt:tal.ftJLJ*tt Iv, aWM�/t:l:llli�lt, ffaflfjJi!O)ac 
UfAl�lt. tfjfjj(7)1}1ffl_ 1:,7.,l, ,It�!H�itltlt. (37 CFR 1 213(a) (7)'1:i$111::'8-ttL-t.:��1}MEflali:J<Eflal•O)tJi:)\'{'tJ�:11, n,7->±;.g-���). -alt.A.t.J< 
J..-'F;;J�tJt(l)c!:::f.j:7.J;:-_c!:::Hil-:i-CS <£,�t.J<1:, LJ*"t O �i;,I::, tll.iii:J<1il(j{�:tl,t.:aa"'t'3??-C-t, -fO)t:l:lJiji:J<1}m)�:tl,t.:, 1:,7.,L ,Ittlafi:J<�it�nt.:tl:IM 
ttq:,I::��c!:::L--c�&�n n ,7-,1:1.g-I;_ -�.A.O)A-'Ft.J<EJ�ctJ7.>l:1'8-t.J<.v.,LJ*-t, ,J,i;JJ-'FSJ:U?i,.,Y•:it-t.J-t-=;iii:U?/flM't'N>'J. :lJ11,, 13 QtJO)t.:�I= 
tl!tll�nt.: PT0-2038 �itltt:l:ll!77'1' Jl,l::ltij;��:t,, �- L-t.:i:J<-:i-c-�Ai:J<A-'FT7->;:-_c!:::lt't'�*1t/v, 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity 
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card 
authorization form PTO-2038 submitted for payment purposes) is never required by the US PTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

�BJj�O):iE:a'.ff;fi 
LEGAL NAME OF INVENTOR 

�BJl� 8 it (a:@:) 
Inventor: ___ _ __ M_a_s_a_h_ir_o_T._A_KA _ _  H_A_S_H _I _ _ _ __ Date (Optional) : 

Signature: 

07//q/20/7 

®�: t±l!ffii"-1'�-l-(PTO/AIA/14 1:,7->1, ,I;-t(l)fi'il�.lllffi) It, �BJl(l) el :t.�.rr���O)ift;t,�-a-d), *lllffil::�it-t7.>;:-_c!:::, tJS,1;?iO)�BJl�.::' cl:: 
PTO/SB/AIA01 lflMf�.lllT 7-,, 
Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the 
US PTO 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 1 minute to complete, 
including gathering, preparing, and submitting the completed application form to the US PTO. 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, PO Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORM S 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-B00-PTO-9199 and select option 2. 
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1974 �:17-1' /\�-fj:�5! (P.L. 93-579)1;:t, 1taiftl:lli&-J'@L ,r;t1t!tl::M9 '@)�1-U.ifiO)mt1:11::MilL -c
1��fiUlil'f&-JfJf::l::4;ti;.n'@J::.:.HJtl:L -CL '*9 0 Lt::tJ{-:,"'(' IE'];!J!O)�!�f::Lt::tJ{L ,, "'FacO);:,ctJ{i;a­
�ta2L -c<t::�L \0 (1) :;fs:ftfffl0)�.R�a-f!9 '@;!�!r;t 35 U.S.C. 2(b)(2)"'09 0 (2) *d)i;.nt::twfflO)ttH�l;t, 
*AO)ff:i:-C9 o �i;1::ri, (3) *001ttififfi�fi=tJ{;:,O)t'tfffla-ilm9 '@� El £r-.Jlt, t�attl:lli*t::1i�at0)
t.�1:±:la-ml!L, &')'@L ,,;t.�9 '@t::d)-C9 0 *d)i;.nt::t'tiffla-t!if�LfJfJ'-:>t::ii�' *001t!tiffi�fi=limtl:I
�.nt::-tO)a-mJ!, -�-c��<tJ'@il�tJ{&-JL)*90)-C, -fO)��cL -c, mJ!O)}T-fS1;7JL), &'J'@L \fj:tl:l)fflO)
��- &'J'@L 'li1t!if��J.Jr::�;b'@;:,ctJ{&-JL)*9 o 

1. *m*-Ltr::���.n -CL ,'@t'tifflr;t, t'tfffl1}1ffl;! (5 U.S.C. 552) SJ::"(}:17-1' ,.,�-��;! (5 U.S.C
552a) tJ{tif�9 '@�!fflr::sL ,-cti�.M&L 'ctJL)*9 0 *!2i��AT .L,.0)!2i�f;t, :;$:i2fJO)lffl�tJ<t�
ffl1}1ffl5!-c�*�n -cL ,'@tJ,sn'a-*'Jlffi9 '@t::d)1::, 1SJ;t�1::oo��.n'@il�tJ{&-JLJ*9 0 

2. *i2ii�AT .L..O)icfiliii'.%1!.lf.l El IY-JcL -C, �wi�;��11�1::s1t'@&�ffll]#�±A.O)lffl�a-�d),
�iim!O)mfficL -C;!}l, 7:ffi:fl]�, &-J{)L ,r;tfi�l<;fl]pJj-l::lffl��.n'@il�tJ{&-JL)*9 0 

3. :;fs:acf�:,,AT .L,.cpO)icflliii'.%1!.lf.l El IY-JcL -c, actir::M9 '@iffi!AtJ{���9 '@BCUl::ML -c, *00�
�1�,::�ffla-��·9-@fi�' iffi!AO)!Mi4a-�!J9 '@*OO��-�l::lffl��.n'@fi�tJ{&-JL)*9 0 

4. *!2fl:,, A 7.L,.cpO)f2iiliii '.%1!.lf.l El IY-JcL -C, �*�a-fJJ.fi9 '@f.:d)f ::-tO)ttfffla-�,�c9 '@, :;fs:fi=
O)�*g��l::lffl��.n'@��tJ{&-JL)*9 0 t�fflO)§t:J!�l;t 5 U.S.C. 552a(m) r::�-:5�' 1974 7'7
-1', \:,,-;!O)ffl.��f4a-ll��LfJlt.nrt�L)*1:t lvo

5. �!ttn:n�*�O)-tc-Ctl:lli�.nt::OO!l!?-tl:llil::M9 7a,:;fs:acj�:,,AT l..,.P-JO)a2iili, il'.%1!.lf.l El IY-JcL
-c, 1tBtt�:h�*gr::�-:5�, m��a1Y-JrJr�ttttM1::oo��.n'@fi�tJ{&-J LJ*9 o 

6. *�fJ:,,AT .L..O)f2�1;tii '.%19!.lf.l El IY-JcL -C, 00�3C��!If (35 U.S.C. 181) l::J::'@:jij:ifJI , SJ::
'(}IJiFr :h5! (42 U.S.C. 218(c) r::-tc-:5<:jij:ifJ!O) El IY-Jl::it-.>L '-C, ft!!O)il��Jffffl!Ml::lffl��.n'@
��tJ{&-JL)*9 o 

7. *!2��A T .L,.O)f2i�liim'.%19!ffl El IY-JcL -C, 44 U.S.C. 2904 &{} 2906 r::�-:5<icU'iJ!fflfi
& U:1□ ?.-3.L..O)��a-fft!i"9 '@t::d)f ::, *-1,ra�ilrni��(GSA)l::J:: L), �ffl!MO)Jl1f O)-$cL
-Cfi:b.n'@ac�O)��t!Mcf:lr::, GSA '*f::lii-0)1.&t�:3 Al::lffl��.n'@��tJ{&-JL)*9 0 J:.acO)
!fflffil;t, :;ts: El IY-JO)f::d)O)!ci��ita-�!�"9 '@ GSA �!�, &UMil (GSA &-J{)L 'liiffi?$�) O)}�
--%1::*m!L -Cfi:b.tl.*9 o tJ,tJ,'@lffl�l;t, fflAa-1��9 '@ § IY-JO)-tcl::flffl�.n -Cl;ttJL)*tt lvo

8. :;fs:icf�:,,A T .L..O)�flliii'.%1!.lf.l El IY-JcL -C, 35 U.S.C. 122(b) 1::�-:5<tl:lli01ffi�&-J'@L ,f;t 35
U.S.C. 151 (::�-:5<1t!t�fiffl::, -A.1t1::oo��.n'@:t;�tJ{&-JL)*9 0 �i;l::icUliii'.%ilffl El IY-Jc
L-C, 37 CFR 1.14 O)ffi-lJ�HO)fJtJ,-c, tl::l�.i'itJ{tJ�n-C-t1&��n- *f::li-tO)mJttJ{��L -Ct-JL), tJ
;t-JtJ,-:J-t.tl,tJ{1}1ffltl:lli-C�!ffl�.n -CL''@, 1taiftl:llitJ{-�:j:�O)f::d)I:: 01ffl�.n -CL''@, *f::li1t
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PTO/AIA/01 (06·12) 
Approved for use through 01/31/2014. 0MB 0651 ·0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Ef3�7-1f�-l--(37 CFR 1.76)�il-::>t.::•un&t>&UHUll:iJliffW•(37 CFR 1.63) 
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN APPLICATION DATA SHEET 

(37 CFR 1.76) 

JHJO),g� 
Title of 

Invention 

PO SITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING POSITIVE 
ELECTRODE ACTIVE MATERIAL, AND SECOND ARY BATTERY 

7'�2�BJl;fft'N.)•ML.i;I:, -:,�O):::.cf.J<ic,�il''l'L.,*T o 
As the below named inventor, I hereby declare that: 

*il'l'I;!:
This declaration D 
is directed to: 

iift�n n 'Q, iv.),gL ,,;1: 
The attached application, or 

*IEl:l:IN, if,)QL'i;l: _____ 1::l:l:IN�nt:: PCTIE�l!-� _____ cl., -Cl:l:ll!�n n,QtO)l::�-c,;ti, "'C ■ L'*T o 
United States application or PCT international application number 15/638 449 filed on June 30, 2017. 

J:Ji',0)1:f:ji!l;l:�Uil !l!-' if,)QL ,1;1:f[.t.,<mlW�f§!�L.,t::tO)l::J:-:,"'( fi;bnt::tO)"t.'T 0 

The above-identified application was made or authorized to be made by me. 

,i, i;l:;;!;;l:f:jiHl<fli::cf)ic,;/?tl,QtctcO)�Bjj;ff' �,gL ,1;1:tctcO)i/tlii)�BJl:!'1:T 0 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

;;!;;il'W�i::il;,L '"'C��f::/1t�O) $ L.ll-C!"fi-:>t::t;;g-1;1: 18 U.S.C. 1001 l::J:LJ, !iJ,tf�-QL 'liui9i3i(5)�0)Jlt�Jfll, �,gL '1;1:-fO)f,!ii:;lj"f;:J:,giiJffiJO)� 
�cf.i:,g:::.c��d)*"'t 
I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

•.t1:::. • 
... t:I • 

WARNING: 

�iUl'icff/1:f:jiicffl;!: ID �H�!IIJlt-QJ:?fJ@.A.mt&�, mtl:l:litSffl<fll::-g*fJL 'd:?, tt:@;t.J<ie'.,�"t.'T O u��ll.l-�- fflfi □Rf-�, �QL \f;j:'.7l,,�•:;t-
7J-r'ffi'�O)J:':5fJffl.A. mfflO)m1:1:11;1: <xt.t.L '!" 13 ff(Jat::, ,J,l;JJ-f-�,gL ,1;1:'.'.lv�·:;t-n-i:ff!mallail'Sffi"t.'i'-),g Pro-2038 "O)&r.J..�iJIJ*a -cl 
USPTO(*IE1l�ill!mfr)l;I:, mJM�,gL 'iit:tlN$ift0)':5� "t.'L '-:>�L ,�:;j(l., "'CL '*1tluo :::.O)J:':5f.i:@.A. mffln< USPTO 1::mt:tlT,g.ffif;:-g*ti,,g:::,ct.J< 
fJL'd:?. �ftilcffit:tlM:!'1;1:, USPTO 1::•M�mt:tlTQJIIJl::J:(i!�L.,, tL�-:>t::t;;g-f;J:ZTiEl.,, }Ul1t:r..lVJLJ*1tluo aWl!:!'it:tlii:!'l;I:, mtt:tll!O)� 
fii:J;J�l;I:, t:tllfflO)�lffl, N.)-QL 11;1:�!H:i.J'ftl;!:, (37 CFR 1.213(a) O)�tJl::'B'�Lt::il��lffl$:li:J<$ffl.O)fJi:J'c.'��n "'CL 1-gt;,g-��i!), -U:.A.t:J< 
,\-f-'ii]'Jmt.i:tO)ctJ,g:::.cHll-=>tilS<ie::,�n<� ,;*-r o �,;1::, t:tl.1in<1il!]it�nt::i2tl1:�-:>-ct, ,t-0) t:tl.iin<i.l-lffl�nt::, �,gL, 1;1:�iH<:�11�nt::t:tl.li 
m:c:r1::y:Jlt cl -c-g .&�tin ,Qt;-B-1;1:, -H'..A.O)J..-f-tJ<'iiJ!mctJ,gtl-B-n<�LJ*"'t o ,J,l;JJ-f-i!SJ:U:'.'.71,,-s;•:;t-n-l-'.•ifJJll!il-r:�LJ, xt.u, 13 ff(JO)t::d)1:: 
tlt::±J�ht:: PT0-2038 �Jtf;J:t:tlli77'1' ;1,1::1;1:���n i'. L,t::i:J<-:,t-U'..A.i:J<J..-f-TQ:::.cl;l:"t.':!*1tluo 

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to identity 
theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or credit card 
authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an application. If this type of 
personal information is included in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information 
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the 
public after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or 
issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the application is referenced in a 
published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PT0-2038 submitted for payment purposes 
are not retained in the application file and therefore are not publicly available. 

�BJl:!'O) IE it fU, 
LEGAL NAME OF INVENTOR 

�Bjj;ff: B 11 (f.Eff): 

Inventor: _ ______ A_y�a_e_T_S_U _R_U_TA __ __ ___ Date (Optional) : 

Signature: 

0 7 I r ;t ! .2..0 r 7

fl11i:llt l:l:lliiT-1:.,-l-(PTO/AIN14 �,gL 11;1:-fO)fiil�fflffi) i;I:, �B./lO) 13 IJsi.llf.♦;�j:♦;O)tf/J� �gd), ;;j;;fflffil::�i1T ,g:::,co �i!Sf!#<O)�B.ll:ff .::' ti:: 
PTO/SB/AIA01 ffil!il�ffJJlT-Q, 
Note: An application data sheet (PTO/AIN14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/SB/AIA01 form for each additional inventor. 
This collection of information 1s required by 35 U.S.C. 115 and 37 CFR 1.63. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the 
US PTO 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 1 minute to complete, 
including gathering, preparing, and submitting the completed application form to the U SPTO. 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, 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, calf 1-800-PTO-91 gg and select option 2. 

I 
I 

I 
I 
w 
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1974 ._:171' ,,:,.,-{j:�5$; (P.L. 93-579}1i, tta�lliiiN.>�L 'li�!�l::Mi"" ��1-t�il0Ylillil::OOilL. t, 
�'.i:Etffllh'J{N.,fJ:,f::l::--9-;tG;tl,�J::-j�Jtt:L. ""(l, \"�9 0 L.t::t.J<-:,t, liiJ5!nl©�J!'.i:E'.l::L.t::t.J{l, \, 7're0);::ct.i<G� 
�i2L. t<t.::�L'o (1) *fffffl©J!Ji��-fti""�J!�Jlli 35 U.S.C. 2(b)(2)'t"i""o (2) *clbGnt::tftffl©tlmli, 
*.A..O)ff�'t"9 0 �Gl::li, (3) *litta�i!lH#n=t.i<.::O)tffffl�ilmi"" �± El 1¥Jli, tt�lliffla:t::lill!�O) 
mlli�mi:IL., N.,�l, 'li�1'f9 �t::lh't"i"" 0 *lhGnt::tffffl�mf!l:L.�t.J,-:,f:::I:;� - *OOtti�i!lH#frlifll:fj 
�nt::t©��If- ¥i!t't"�tJ:.<��:i:;�t.i<N.>1-Ja:i""©'t" _ -t©��cL. -c _ m!f©tT-ttJ.JiJ _ N.>�L ,1tlliffl© 
ii§�, N.>�L ,rttti��t:1.11::�t.,�.::ct.i<N.>1-Ja:i"" o 

*mffi1::reti�nt::tftffl1t. 7'#2©iffi�ilm El 1¥11::�tH '*i°" o

1. *fflffil::gcti�;ti, tL'�ffffflli, tffffl01ffl5! (5 U.S.C. 552) cf3J::lj:,'5-{,,:,.,-�gl5! (5 U.S.C

552a) t.i<!��i""�iulffll::a=31, ,-cti,JtiHJkL 'cfJ:.1-)a:i"" o *gcfj:,.,AT .l..O)gcjlfi, *icU©lffl�t.i<tff
ffl01ffl5!'t"�*�n -c1, ,�t.i,st.i'�*'Jlffii"" �t::d:>1::. E'15!�1=lffl��n�:t1�t.i<N.>1-Ja:i"" 0 

2. *gcU1/AT .L..©#2Uliiffi�ilm El 1¥Jcl... t, ����-¥lllftl::cf31t�&Sc'-tffll]#gi±-".O)Jffl���d)­
fil�O):j:l�cl... t5!�- 7¥l1J$, N.>�L ,1trril&itl1JP1r1::lffl��n�:t;�t.i<N.>1-Ja:i"" 0 

3. *iciJ:;A T .l..cj:JO)gciJliiffi.�ilm El 1¥Jcl... t, gcfJl::Mi"" �fl.A.,t.J{�39 �a2ttl::ML. t, *00�
aij!lr:::i:m��iffi"" �:i:;� .11.A..©M--9-��iffi"" �*oo�aij!ll::lffl��n�:t;�t.i<N.>1-Ja:i"" 0 

4. *ic�1/A T .L..cj:i©t2i11tiffi�ilm El 1¥lcL. -c _ �*��fArri"" �t::d:>1::-t©tffffl�ie,�ci"" �- *rr
O)���;ffl::lffl��;ti,���t.i<N.,1-Ja:i"" o tffffl©'.i:Jf:ffli 5 U.S.C. 552a(m) 1::¥-:5�, 1974 :15
-{ I \:,.,-j!O)m'.i:E'.�f-1:.�IIIR�L.fJ:.(t;ti,ra:tJ:,1-)a:it fv o

5. t�i�m.n�d�©tc't"lli/M�nt::00�1:fjjgjl::r,/19 �*#2il:;A T .l..p;JO)gcjJfi, iffi�ilm El 1¥Jcl...
-c, ttaH�JJ��l::¥-:5�, tt!:��!Ht-Jii.lr�fitlMl::lffl��;ti,�:li�t.i<N.,1-Ja:i"" o

6. *gcjJ:;AT .L..©ic�liiffi�ilm El 1¥Jcl... t, 00�3t:i:fill! (35 U.S.C. 181) l::J::��-Jf , cf3J::
ljfm=f n 5! (42 u.s.c. 218(c) r::tc-:5<�-Jf© El 1¥11::;t-31, 't, it!!©li�il&HltlMl::lffl��;ti,�
:t;�t.J{N.,l-)a:9 0 

7. *gcfJR:;AT .L..©i2Uliiffi�ilm El 1¥Jcl... t, 44 u.s.c. 2904 Jklj 2906 r::¥-:5<i2U�Jffflfi
& lj:f □ -7'5.L..© ���tt!lii"" �t::d:> f ::, *-�fili!llmi-& "g (GSA)! ::J:: 1-J, 3 tlM O)jf:ff ©-$c L.
tfi;b;tl,�gciJO)�:i!ttlMcj:if::, GSA - a:t::li-f©f/.tf�:g .A..l::lffl��n�:li�t.i<N.,l-)a:9 0 ...tic©
lffl�li, *Ell¥l©t::d:>©g2��1't��Jl'.i:Ei""� GSA �Jl'.i:E, Jkljllljj (GSA N.,�t,,liitlf��) ©f�
�l::*�L. tfi:bna:i"" o t.J,t.J,�lffl�li, 11.A..�t�'.i:Ei"" � El 1¥J©tcl::ilm�n -ClifJ:.1-Ja:1tlva

8. *ic�1/AT .l..O)gcflliiffi�ilm § 1¥Jcl... -C, 35 u.s.c. 122(b) 1::¥-:5<1:fjffl1}1ffl�N.)�l, 'Ii 35
U.S.C. 151 1::¥-:5<tta��fi�I::, -�1::Jffl��n�:li�t.i<N.,l-)a:9 0 �Gl::#2Uliiffi�ilm El !¥Jc
L. t, 37 CFR 1.14 ©tlJ�O)fJ:.t.l''t", 1:fj,lMt.J<tJ:,�;ti, tt1&:ie�n. *f::li-f©�Jft.i<�5�L. t;t-31-), fJ:,
a=3t.J,-:,-fnt.i<01fflt:H1M't"�!ffl�n -c1, '�- �a�tHJMt.i<-�¥i!t©t.::clb1::01ffl�n -c1, '�- a:t::1tt�
i�t.i{�fi�n -c1, ,�:11�1i. -rutr::01ffl�n�;::ct.i<N.>1-J*i"" 0 

9. *i2U:;AT .L..©iciili, iffi�ilm El 1¥Jcl... t, *OOt�!�itlft=fi=t.i<, 5!.ft-\!>5!�J!O)ii&L.t.::, N.,�l,,
li;i-7£1¥11::ii&t.i<N.,�cll]lffiL.t:::li�li, il�- #1, a:t.:: li±t!!n El 531;$;0)=��1::lffl��n�:li�t.i<
N., 1-) °a:9 0 
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APPLICATION NUMBER 

15/638,449 

22204 
NIXON PEABODY, LLP 
799 Ninth Street, NW 
SUITE 500 
WASHINGTON, DC 20001 

FILING OR 3 71 (C) DATE 

06/30/2017 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 

United States Patent and Trademark Office 

Adiliess. COMMISSIO'JER FOR PATENTS 
PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Teruaki OCHIAI 740756-004563 

CONFIRMATION NO.1074 

POA ACCEPTANCE LETTER 

1 11111111 1111 1111 lllll ll]�!l]!�l!�l!�UHHl��ll lllll 11111 11111 1111 1111

Date Mai led: 11/22/2017 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 11/20/2017. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/megga/ 

Questions about the contents of this notice and the 

requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 

(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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APPLICATION NUMBER 

15/638,449 

22204 
NIXON PEABODY, LLP 

799 Ninth Street, NW 
SUITE 500 
WASHINGTON, DC 20001 

FILING OR 3 71 (C) DATE 

06/30/2017 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 

United States Patent and Trademark Office 

Adiliess. COMMISSIO'JER FOR PATENTS 
PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Teruaki OCHIAI 740756-004563 

CONFIRMATION NO.1074 

PUBLICATION NOTICE 

1 11111111 1111 1111 11111 ll]�!l]!�l!�l!�UHI �H] 11111 11111 11111 1111 1111

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

Publication No.US-2018-0013130-A 1 
Publication Date:01 /11 /2018 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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APPLICATION NO. FILING DATE 

15/638,449 06/30/2017 

22204 7590 

NIXON PEABODY, LLP 

799 Ninth Street, NW 

SUITE 500 

WASHINGTON, DC 20001 

01/07/2019 

FIRST NAMED INVENTOR 

Teruaki OCHIAI 

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 

ATTORNEY DOCKET NO. 

740756-004563 

CONFIRMATION NO. 

1074 

EXAMINER 

CULLEN, SEAN P 

ART UNIT PAPER NUMBER 

1725 

NOTIFICATION DATE DELIVERY MODE 

01/07/2019 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): 

i pairlink@nixonpeabody.com 

nppatent@nixonpeabody.com 

PTOL-90A (Rev. 04/07) 
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Office Action Summary 

Application No. 

15/638,449 

Examiner 

Sean P Cullen, Ph.D. 

Applicant(s) 

OCHIAI etal. 

Art Unit 

1725 

AIA Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
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4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
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5a) Of the above claim(s) __ is/are withdrawn from consideration.

6) O Claim(s) __ is/are allowed.

7) O Claim(s) __ is/are rejected.

8) O Claim(s) __ is/are objected to.

9) � Claim(s) 1-22 are subject to restriction and/or election requirement
* If any claims have been determined allowable, 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. 

Application Papers 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
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Certified copies:
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Paper No(s)/Mail Date __ . 

4) O Other: __ .

Part of Paper No./Mail Date 20181220 

AMPEREX Ex. 1002 
Page 785



Application/Control Number: 15/638,449 

Art Unit: 1725 

DETAILED ACTION 

Election/Restriction 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

Page 2 

I. Claims 1-16, drawn to a positive electrode active material, classified in H0IM4/366.

II. Claims 17-22, drawn to a method for forming a positive electrode active material,

classified in C23C22/83. 

The inventions are independent or distinct, each from the other because: 

2. Inventions II and I are related as process of making and product made. The inventions

are distinct if either or both of the following can be shown: (1) that the process as claimed can be 

used to make another and materially different product or (2) that the product as claimed can be 

made by another and materially different process (MPEP § 806.05(f)). In the instant case, the 

product as claimed can be made by another and materially different process, such as, a method 

that omits the first mixing and the first heating steps. 

3. Restriction for examination purposes as indicated is proper because all the inventions

listed in this action are independent or distinct for the reasons given above and there would be a 

serious search and/or examination burden if restriction were not required because one or more of 

the following reasons apply: 

• the inventions have acquired a separate status in the art in view of their different

classification; and

• the inventions require a different field of search (e.g., searching different

classes/subclasses or electronic resources, or employing different search strategies

or search queries).
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Applicant is advised that the reply to this requirement to be complete must include 

(i) an election of a invention to be examined even though the requirement may be traversed (37

CFR 1.143) and (ii) identification of the claims encompassing the elected invention. 

The election of an invention may be made with or without traverse. To reserve a right to 

petition, the election must be made with traverse. If the reply does not distinctly and specifically 

point out supposed errors in the restriction requirement, the election shall be treated as an 

election without traverse. Traversal must be presented at the time of election in order to be 

considered timely. Failure to timely traverse the requirement will result in the loss of right to 

petition under 37 CFR 1.144. If claims are added after the election, applicant must indicate 

which of these claims are readable upon the elected invention. 

Should applicant traverse on the ground that the inventions are not patentably distinct, 

applicant should submit evidence or identify such evidence now of record showing the 

inventions to be obvious variants or clearly admit on the record that this is the case. In either 

instance, if the examiner finds one of the inventions unpatentable over the prior art, the evidence 

or admission may be used in a rejection under 35 U.S.C. 103 or pre-AIA 35 U.S.C. 103(a) of the 

other invention. 

4. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the

inventorship must be corrected in compliance with 37 CFR 1 .48( a) if one or more of the 

currently named inventors is no longer an inventor of at least one claim remaining in the 

application. A request to correct inventorship under 37 CFR 1.48(a) must be accompanied by an 

application data sheet in accordance with 37 CFR 1.76 that identifies each inventor by his or her 

legal name and by the processing fee required under 37 CFR 1.17 (i). 
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Application/Control Number: 15/638,449 

Art Unit: 1725 

Page 4 

5. The examiner has required restriction between product or apparatus claims and process

claims. Where applicant elects claims directed to the product/apparatus, and all 

product/apparatus claims are subsequently found allowable, withdrawn process claims that 

include all the limitations of the allowable product/apparatus claims should be considered for 

rejoinder. All claims directed to a nonelected process invention must include all the limitations 

of an allowable product/apparatus claim for that process invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the product/apparatus 

claims and the rejoined process claims will be withdrawn, and the rejoined process claims will be 

fully examined for patentability in accordance with 37 CFR 1.104. Thus, to be allowable, the 

rejoined claims must meet all criteria for patentability including the requirements of 35 U.S.C. 

101, 102, 103 and 112. Until all claims to the elected product/apparatus are found allowable, an 

otherwise proper restriction requirement between product/apparatus claims and process claims 

may be maintained. Withdrawn process claims that are not commensurate in scope with an 

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. Additionally, in 

order for rejoinder to occur, applicant is advised that the process claims should be amended 

during prosecution to require the limitations of the product/apparatus claims. Failure to do so 

may result in no rejoinder. Further, note that the prohibition against double patenting rejections 

of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the examiner 

before the patent issues. See MPEP § 804.01. 

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-Thursday 6:00 am-4:00 pm CDT, Friday 

6:00 am-12:00 pm CDT. 
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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 http://pair-direct.uspto.gov. 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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Docket No.: 740756-004563 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Teruaki OCHIAI et al. 

Application No.: 15/638,449 

Filed: June 30, 2017 

) 

) Group Art Unit: 1725 

) Examiner: Sean P. Cullen 

) Confirmation No.: 1074 

For: POSITIVE ELECTRODE ACTIVE 
MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE 
ELECTRODE ACTIVE MATERIAL, AND ) 

) 

) 

SECONDARY BATTERY ) 

RESPONSE TO RESTRICTION REOUIRE:MENT AND AMENDMENT 

Mail Stop Amendment - Via EFS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In response to the Office Action mailed January 7, 2019, please amend the above­

identified application and consider Applicants' remarks as follows. 

Amendments to the Claims begins on page 2 of this paper. 

Remarks begins on page 6 of this paper 

740756-004563 
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Docket No. 740756-0044563 

Application No. 15/638,449 
Page 2 

1. (Original) A positive electrode active material comprising:

a first region positioned inside the positive electrode active material; and 

a second region and a third region positioned in a superficial portion of the positive 

electrode active material, 

wherein the third region is positioned closer to a surface of the positive electrode 

active material than the second region is, 

wherein the first region comprises a first compound comprising an oxide of lithium 

and a first transition metal, 

wherein a type of a crystal structure of the first compound 1s a layered rock-salt 

crystal structure, 

wherein the second region comprises a second compound comprising an oxide of a 

second transition metal, 

wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, 

wherein the second compound is a non-stoichiometric compound, 

wherein the third region comprises a third compound comprising representative 

elements, and 

wherein a type of a crystal structure of the third compound is the rock-salt crystal 

structure. 

2. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between the crystal structure of the first compound 

and the crystal structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the crystal structure of the second compound 

and the crystal structure of the third compound is less than or equal to 0.12. 

740756-004563 
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Docket No. 740756-0044563 

Application No. 15/638,449 
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3. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between a (1-1-4) plane of the crystal structure of 

the first compound or a plane orthogonal to the (1-1-4) plane and a {100} plane of the 

crystal structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the { 100} plane of the crystal structure of 

the second compound and a { 100} plane of the crystal structure of the third compound is less 

than or equal to 0.12. 

4. (Original) The positive electrode active material according to claim 1,

wherein the first compound is a polycrystal. 

5. (Original) The positive electrode active material according to claim 4,

wherein an average crystallite size of the oxide of lithium and the first compound is 

greater than or equal to 280 nm and less than or equal to 630 nm. 

6. (Original) The positive electrode active material according to claim 1,

wherein the third compound essentially consists of the representative elements. 

7. (Original) The positive electrode active material according to claim 1,

wherein the third compound comprises at least one of magnesium oxide, calcium 

oxide, beryllium oxide, lithium fluoride, and sodium fluoride. 

8. (Original) A secondary battery comprising:

a positive electrode comprising the positive electrode active material according to 

claim l; and 

a negative electrode. 

9. (Original) A positive electrode active material comprising:

a first region positioned inside the positive electrode active material; and 

a second region and a third region positioned in a superficial portion of the positive 

electrode active material, 

wherein the third region is positioned closer to a surface of the positive electrode 

active material than the second region is, 

740756-004563 
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Application No. 15/638,449 
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wherein the first region comprises lithium cobaltate, 

wherein the second region comprises lithium titanate, and 

wherein the third region comprises magnesium oxide. 

10. (Original) The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium cobaltate of the first region and a 

crystal orientation of a part of the lithium titanate of the second region are substantially 

aligned with each other. 

11. (Original) The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium titanate of the second region and 

a crystal orientation of a part of the magnesium oxide of the third region are substantially 

aligned with each other. 

12. (Original) The positive electrode active material according to claim 9,

wherein a degree of a mismatch between a crystal structure of the lithium cobaltate of 

the first region and a crystal structure of the lithium titanate of the second region is less than 

or equal to O .12, and 

wherein a degree of a mismatch between the crystal structure of the lithium titanate of 

the second region and a crystal structure of the magnesium oxide of the third region is less 

than or equal to 0.12. 

13. (Original) A positive electrode active material particle compnsmg lithium,

titanium, cobalt, magnesium, oxygen, and fluorine, 

wherein when a concentration of cobalt in a superficial portion of the positive 

electrode active material particle measured by X-ray photoelectron spectroscopy is 1, a 

concentration of titanium is greater than or equal to 0.05 and less than or equal to 0.4, a 

concentration of magnesium is greater than or equal to 0.4 and less than or equal to 1.5, and a 

concentration of fluorine is greater than or equal to 0.05 and less than or equal to 1.5. 
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14. (Original) The positive electrode active material particle according to claim 13,

further comprising: 

a first region positioned inside the positive electrode active material particle; and 

a second region and a third region positioned in the superficial portion of the positive 

electrode active material particle, 

wherein the third region is positioned closer to a surface of the positive electrode 

active material particle than the second region is, 

wherein the first region comprises a first compound comprising lithium and cobalt, 

wherein the second region comprises a second compound comprising titanium, 

wherein the second compound is a non-stoichiometric compound, and 

wherein the third region comprises a third compound comprising magnesium and 

fluorine. 

15. (Original) The positive electrode active material particle according to claim 14,

wherein a type of a crystal structure of the first compound is a layered rock-salt 

crystal structure, 

wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, and 

wherein a type of a crystal structure of the third compound is the rock-salt crystal 

structure. 

16. (Original) A secondary battery comprising:

a positive electrode comprising the positive electrode active material particle 

according to claim 13; and 

a negative electrode. 

17-22. (Canceled)
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RElVIARKS 

Docket No. 740756-0044563 

Application No. 15/638,449 
Page 6 

The Restriction Requirement of January 7, 2019 was received and carefully 

reviewed. In response to this requirement, Applicant hereby elects Invention I, claims 1-16, 

drawn to a positive electrode active material, without traverse. 

Non-elected claims 17-22 are canceled at this time to file a divisional application 

directed thereto. Accordingly, claims 1-16 are pending for consideration. 

Favorable consideration and prompt allowance of the instant application are 

respectfully requested. 

Should the Examiner believe anything further is desirable in order to place the 

application in better condition for allowance, the Examiner is encouraged to contact 

Applicant's undersigned representative at the telephone number listed below. 

NIXON PEABODY, LLP 

CUSTOMER NO.: 22204 
799 9th Street, N.W., Suite 500 
Washington, DC 20001 
Tel: 202-585-8000 

740756-004563 

Respectfully submitted, 

/Jeffrey L. Costellia, Reg. No. 35,483/ 
Jeffrey L. Costellia 

Registration No. 35,483 
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Docket No.: 740756-004563 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application 

Teruaki OCHIAI et al. 

Application No.: 15/638,449 

Filed: June 30, 2017 

For: POSITIVE ELECTRODE ACTIVE 
MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE 
ELECTRODE ACTIVE 
MATERIAL, AND SECONDARY 
BATTERY 

) 

) Group Art Unit: 1 725 

) Examiner: Sean P. Cullien 

) Confirmation No.: 1074 

) 

) 

) 

) 

INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment - Via EFS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant 

hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98. 

In accordance with the policies of the U.S. Patent and Trademark Office, only copies of 

newly cited foreign patents and non-patent literature are being submitted. 

Applicant notes that the Foreign Patent Documents: JP-2004-103566; 

WO-2012-005180 and JP-2004-342554 were previously cited by Japan Patent Office in a 

Japanese Office Action mailed January 8, 2019 issued in a counterpart Japanese Application 

No. 2017-132227. 

Applicants also wish to bring to the Examiner's attention the following family 

information listed on the attached PTO-1449. 

The undersigned certifies that each item of information contained in this information 

disclosure statement was first cited in any communication from a foreign patent office in 

connection with a counterpart foreign application not more than three (3) months prior to the 

filing of this statement. 

It is requested that the accompanying Form PTO-1449 be considered and made of 

record in the above-identified application and that an Examiner-initialed copy of this form be 

returned to the undersigned. 

4851-2285-4793.1 
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The present Information Disclosure Statement is submitted before issuance of an 

action closing prosecution and is certified under 37 C.F.R. § 1.97(e)(1); therefore, no fee is 

believed to be necessary at this time. 

However, if a fee becomes necessary, the Commissioner is hereby authorized to 

charge fees required in connection with this filing or credit any overpayment to Deposit 

Account No. 19-2380. 

NIXON PEABODY LLP 
CUSTOl\tIER NO.: 22204 

799 9th Street, N.W., Suite 500 
Washington, DC 20001-4501 
Tel: 202-585-8000 

4851-2285-4793.1 

740756-004563 

Respectfully submitted, 

/Jeffrey L. Costellia, Reg. No. 35,483/ 
Jeffrey L. Costellia 
Registration No. 35,483 
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PTO/SB/08A (07-06) 

Approved for use through 03/31/2007. 0MB 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 0MB control number 

Substitute for form 1449/PTO Complete if Known 

INFORMATION DISCLOSURE 
Application Number 15/638,449 

STATEMENT BY APPLICANT 
Filing Date June 30, 2017 

First Named Inventor Teruaki OCHIAI 

Art unn 1725 
(Use as many sheets as necessary) 

S. CULLENExaminer Name 

Sheet I 1 I or I 1 Attorney Docket Number 740756-4563 

U.S. PATENT DOCUMENTS 

Examiner Cite Document Number Publication Date Name of Patentee or 
Pages, Columns, Lines, Where 

Initials* No.1 Number-Kind Code2 (ifknownJ MM-DD-YYYY Applicant of Cited Document 
Relevant Passages or Relevant 

Figures Appear 

FOREIGN PATENT DOCUMENTS 

Examiner 
Initials* 

!Examiner I Signature 

Cite 

No.1 
Foreign Patent Document Publication Date 

Country Code3 -Number4 -Kind Code5 (if known) MM-DD-YYYY 

JP-2004-103566A 04-02-2004

WO-2012/005180 01-12-2012

JP-2004-342554A 12-02-2004

Name of Patentee or 
Applicant of Cited Document 

IDate 
Considered 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant 

Figures Appear 

Abst. 

Abst. 

Abst. 

*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 at 
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, ca/11-800-PTO-9199 (1-800-786-9199) and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 35304092 

Application Number: 15638449 

International Application Number: 

Confirmation Number: 1074 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING 
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 
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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 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) 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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APPLICATION AS FILED - PART I 
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w 

D Application Size Fee (37 CFR 1.16(s)) ::iii: 
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lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 
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This collection of information is required by 37 CFR 1.16 . 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 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. 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, 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.
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Substitute for form 1449A/PTO Complete if Known 

INFORMATION DISCLOSURE 
Application Number 15/638,449 

STATEMENT BY APPLICANT 
Filing Date June 30, 2017 

First Named Inventor Teruaki OCHIAI et al. 
(use as many sheets as necessary) 

ArtUnit 1725 

Examiner Name Sean P. Cullen 

Sheet I 1 I of 
1

1 Attorney Docket Number 740756-004563 

U.S. PATENT DOCUMENTS 

U.S. Patent Document Examiner Cite 
Initials* No.1 Publication Date Name of Patentee or Pages, Columns, Lines, \Vhere 

Examiner 
Initials* 

Examiner 
Initials' 

Examiner 
Signature 

Cite 
No.1 

Cite 
No.1 

Number - Kind Code2 (1[ known) MM -DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 
Figures Appear 

FOREIGN PATENT DOCUMENTS 

Foreign Patent Document Pages, Columns, Lines, Where 
Publication Date Name of Patentee or Relevant Passages or Relevant 

Kind Code5 MM-DD-YYYY Application of Cited Document Figures Appear 
Country Code3 Number" (,/known) 

WO-2012-132387 10-04-2012

OTHER PRIOR ART-NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the 
item (book, magazine, journal, serial, symposium, catalog, etc.)., date, page(s), volume-issue number(s), 

publisher, city and/or country where published. 

Date 
Considered 

T6 

Full 

T' 

*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 at www.uspta.rov 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. 

1 Applicant's unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached. 

4824-7261-351 3.1 
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Electronic Acknowledgement Receipt 

EFSID: 35369559 

Application Number: 15638449 

International Application Number: 

Confirmation Number: 1074 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR MANUFACTURING 
POSITIVE ELECTRODE ACTIVE MATERIAL, AND SECONDARY BATTERY 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Customer Number: 22204 

Filer: Jeffrey Costellia/George Hinton 

Filer Authorized By: Jeffrey Costellia 

Attorney Docket Number: 740756-004563 

Receipt Date: 08-MAR-2019

Filing Date: 30-JUN-2017

Time Stamp: 16:08:33 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 

Number Message Digest Part /.zip (if appl.) 

169100 

1 Transmittal Letter 
740756-4563_Supplemental_lL 

no 2 
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el d949c5420153199777ae069687b6d576! 

40a17 
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164368 

2 
Information Disclosure Statement (IDS) 

740756-004563_PTO-1449.pdf no 1 
Form (SB08) 

3bf39e0c02327ea7cb8c688d45895504f4dt 

1418 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

22750313 

3 Foreign Reference WO2012132387.pdf no 188 
49787c6043b3bf6338e 1 d3429b29c1 bbe4a 

ae59c 

Warnings: 

Information: 

Total Files Size (in bytes) 23083781 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/1 OS) 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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Docket No. 740756-004563 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application 

Teruaki OCHIAI et al. 

Application No.: 15/638,449 

Filed: June 30, 2017 

For: POSITIVE ELECTRODE ACTIVE 
MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE 
ELECTRODE ACTIVE MATERIAL, 
AND SECONDARYBATTERY 

) 

) Group Art Unit: 1725 

) Examiner: Sean P. Cullen 

) Confirmation No.: 1074 

) 

) 

) 

SUPPLE:MENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment - VIA EFS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 
In accordance with the duty of disclosure as set forth in 37 C.F.R. §1.56, Applicant 

hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98. 

Applicant wishes to direct the attention of the Examiner to the Foreign Patent 

Document WO-2012-132387 cited on Sheet 5 of the Form PTO-1449 filed in the IDS of 

October 2, 2017 in the instant application, which was filed with an English-language 

Abstract. 

The instant Supplemental Information Disclosure Statement is being filed to cite a 

Full English-language translation of the WO-2012-132387 for the Examiner's 

consideration at this time. 

It is requested that the accompanying Form PTO-1449 be considered and made of 

record in the above-identified application and that an Examiner-initialed copy of this form be 

returned to the undersigned. 

The documents are being submitted within three (3) months of the filing of this 

application or entry into the national stage of this application, or before the first Office Action 

on the merits, whichever is later, therefore no fee or certification is required under 37 C.F.R. 

§ 1.97(b).

4820-3273-5881.l 
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Docket No: 740756-004563 
Application No.: 15/638,449 

Page 2 

It is believed that no fee is associated with this Information Disclosure Statement. 

Nevertheless, the Commissioner is hereby authorized to charge any fees required m 

connection with this filing, or credit any overpayment, to Deposit Account No. 19-2380. 

NIXON PEABODY LLP 
CUSTO1vIER No. 22204 
799 9th Street NW., Suite 500 
Washington, D.C. 20001-4501 
(202) 585-8000

4820-3273-5881.l 

Respectfully submitted, 

By: /Jeffrey L. Costellia, Reg. No. 35,483/ 
Jeffrey L. Costellia 
Registration No. 35,483 
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APPLICATION NO. FILING DATE 

15/638,449 06/30/2017 

22204 7590 

NIXON PEABODY, LLP 

799 Ninth Street, NW 

SUITE 500 

WASHINGTON, DC 20001 

03/14/2019 

FIRST NAMED INVENTOR 

Teruaki OCHIAI 

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 

ATTORNEY DOCKET NO. 

740756-004563 

CONFIRMATION NO. 

1074 

EXAMINER 

CULLEN, SEAN P 

ART UNIT PAPER NUMBER 

1725 

NOTIFICATION DATE DELIVERY MODE 

03/14/2019 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): 

i pairlink@nixonpeabody.com 

nppatent@nixonpeabody.com 

PTOL-90A (Rev. 04/07) 
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Office Action Summary 

Application No. 
15/638,449 

Examiner 
Sean P Cullen, Ph.D. 

Applicant(s) 
OCHIAI etal. 

Art Unit 
1725 

AIA (FITF) Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )� Responsive to communication(s) filed on 01 March 2019. 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on . 

2a)O This action is FINAL. 2b) � This action is non-final. 

3)0 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. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 

5) � Claim(s) 1-16 is/are pending in the application.

5a) Of the above claim(s) __ is/are withdrawn from consideration.

6) O Claim(s) __ is/are allowed.

7) � Claim(s) 1-16 is/are rejected.

8) O Claim(s) __ is/are objected to.

9) O Claim(s) __ are subject to restriction and/or election requirement
* If any claims have been determined allowable, 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.

Application Papers 

1 O)� The specification is objected to by the Examiner. 

11 )� The drawing(s) filed on 01 March 2019 is/are: a)O accepted or b)� objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 

12)� Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)� All b)O Some** c)O None of the:

1.� Certified copies of the priority documents have been received.

2.0 Certified copies of the priority documents have been received in Application No. __ .

3.0 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)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) � Notice of References Cited (PTO-892)

2) � Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413)

Paper No(s)/Mail Date __ . 

4) O Other: __ .

Part of Paper No./Mail Date 20190307 
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Application/Control Number: 15/638,449 
Art Unit: 1725 

DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA. 

2. Claims 1-16 are pending.

3. Claims 17-22 are canceled.

Status of Claims 

Election/Restrictions 

4. Applicant's election without traverse of Group I in the reply filed on O I March 2019 is

acknow I edged. 

Priority 

5. Receipt is acknowledged of certified copies of papers required by 37 CFR 1.55.

Information Disclosure Statement 

6. The information disclosure statements (IDS) submitted on 02 October 2017, 24 October

2017, and O I March 2019 were filed before the mailing of a first Office Action on the merits. 

The submissions comply with the provisions of 37 CFR 1.97. Accordingly, the information 

disclosure statements are being considered by the examiner. 
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Application/Control Number: 15/638,449 

Art Unit: 1725 

Drawings 

7. The drawings are objected to as failing to comply with 37 CFR l.84(p)(4) because:

Page 3 

Reference character 8101 has been used to designate both a housing of a lighting device

(e.g., Fig. 26) and a headlight (e.g., Fig. 27 A). Reference character 8401 should be used to 

designate a headlight in Fig. 27 A. 

Reference character 615 has been used to designate both a module (e.g., Figs. 12C and 

12D) and a temperature control device (e.g., Fig. 12D). Reference character 617 should be used 

to designate a temperature control device in Fig. 12D. 

Corrected drawing sheets in compliance with 37 CFR l.12l(d) are required in reply to 

the Office action to avoid abandonment of the application. Any amended replacement drawing 

sheet should include all of the figures appearing on the immediate prior version of the sheet, 

even if only one figure is being amended. Each drawing sheet submitted after the filing date of 

an application must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 

pursuant to 37 CFR l.12l(d). If the changes are not accepted by the examiner, the applicant will 

be notified and informed of any required corrective action in the next Office action. The 

objection to the drawings will not be held in abeyance. 

8. The drawings are objected to because:

Reference character 9634 does not have a lead line or are not underlined. Lead lines are

required for each reference character except for those which indicate the surface or cross section 

on which they are placed. Such a reference character must be underlined to make it clear that a 

lead line has not been left out by mistake. Lead lines must be executed in the same way as lines 

in the drawing. See 37 CFR 1.84 (q). 
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Application/Control Number: 15/638,449 
Art Unit: 1725 

Figs. 37 A-40E2 do not have satisfactory reproduction characteristics. See U.S. 

Page 4 

2018/0013130 Al. All drawings must be made by a process, which will give them satisfactory 

reproduction characteristics. Every line, number, and letter must be durable, clean, black (except 

for color drawings), sufficiently dense and dark, and uniformly thick and well defined. The 

weight of all lines and letters must be heavy enough to permit adequate reproduction. This 

requirement applies to all lines however fine, to shading, and to lines representing cut surfaces in 

sectional views. Lines and strokes of different thicknesses may be used in the same drawing 

where different thicknesses have a different meaning. See MPEP 37 CFR 1.84 (1). 

Corrected drawing sheets in compliance with 37 CFR l.12l(d) are required in reply to 

the Office action to avoid abandonment of the application. Any amended replacement drawing 

sheet should include all of the figures appearing on the immediate prior version of the sheet, 

even if only one figure is being amended. The figure or figure number of an amended drawing 

should not be labeled as "amended." If a drawing figure is to be canceled, the appropriate figure 

must be removed from the replacement sheet, and where necessary, the remaining figures must 

be renumbered and appropriate changes made to the brief description of the several views of the 

drawings for consistency. Additional replacement sheets may be necessary to show the 

renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an 

application must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 

pursuant to 37 CFR l.12l(d). If the changes are not accepted by the examiner, the applicant will 

be notified and informed of any required corrective action in the next Office action. The 

objection to the drawings will not be held in abeyance. 

9. The drawings are objected to as failing to comply with 37 CFR l.84(p)(5) because they

do not include the following reference sign(s) mentioned in the description: 

AMPEREX Ex. 1002 
Page 813



Application/Control Number: 15/638,449 
Art Unit: 1725 

617 (e.g., [0369] and [0670]), 

lla (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]), 

llb (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]), 

12a (e.g., [0414], [0415], [0421], [0431], and [0670]), 

12b (e.g., [0414]-[0419], [0421]-[0428], [0431], [0434]-[0436], and [0670]), 

14 (e.g., [0415], [0416], [0418], and [0670]), 

15a (e.g., [0419] and [0670]), 

15b (e.g., [0419] and [0670]) 

17 (e.g., [0434] and [0670]), 

50 (e.g., [0414]-[0416], [0423], [0424], [0427], [0431]-[0436], and [0670]), 

Page 5 

51 (e.g., [0414], [0420]-[0422], [0424], [0427], [0431], [0433], [0435], and [0670]), 

61 (e.g., [0421], [0431], [0434], and [0670]), 

62 (e.g., [0421], [0422], [0424], [0425], [0427], [0428], and [0670]), 

71 (e.g., [0422], [0423], and [0670]), 

72 (e.g., [0422], [0423], and [0670]), 

73 (e.g., [0431], [0435], and [0670]), 

9631a (e.g., [0458], [0460], [0461], [0464], [0466], and [0670]), 

9631b (e.g., [0458], [0460], [0461], [0464], [0466], and [0670]), 

9638 (e.g., [0460] and [0670]), 

9639 (e.g., [0461] and [0670]), and 

8401 (e.g., [0487] and [0670]). 

Corrected drawing sheets in compliance with 37 CFR l.12l(d) are required in reply to 

the Office action to avoid abandonment of the application. Any amended replacement drawing 
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Application/Control Number: 15/638,449 

Art Unit: 1725 

Page 6 

sheet should include all of the figures appearing on the immediate prior version of the sheet, 

even if only one figure is being amended. Each drawing sheet submitted after the filing date of 

an application must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 

pursuant to 37 CFR l.12l(d). If the changes are not accepted by the examiner, the applicant will 

be notified and informed of any required corrective action in the next Office action. The 

objection to the drawings will not be held in abeyance. 

10. The drawings are objected to as failing to comply with 37 CFR l.84(p)(5) because they

include the following reference character(s) not mentioned in the description: 

210 (e.g., Figs. 22A, 22Bl, 22B2, 22C, and 22D), 

211a (e.g., Figs. 22Bl, 22B2, 22C, 22D, 23A, and 23B), 

211b (e.g., Figs. 22B 1, 22B2, 22C, 22D, 23A, and 23B), 

212a (e.g., Figs. 22A, 22C, and 23B), 

212b (e.g., Figs. 22A and 23B), 

215a (e.g., Fig. 22C), 

215b (e.g., Fig. 23B), 

217 (e.g., Figs. 22C and 22D), 

250 (e.g., Fig. 22A), 

251 (e.g., Figs. 22A, 22Bl, 22B2, 22C, and 22D), 

261 (e.g., Figs. 22A, 22C, and 22D), 

262 (e.g., Figs. 22A, 22Bl, and 22B2), 

271 (e.g., Figs. 22A and 22C), 

272 (e.g., Figs. 22A and 22C), 

271a (e.g., Fig. 22D), 
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Application/Control Number: 15/638,449 
Art Unit: 1725 

271b (e.g., Fig. 22D), 

272a (e.g., Fig. 22D), 

272b (e.g., Fig. 22D), 

273 (e.g., Figs. 22C and 22D), 

8025 (e.g., Fig. 27B), and 

222 (e.g., Fig. 54). 

Page 7 

Corrected drawing sheets in compliance with 37 CFR l.12l(d), or amendment to the 

specification to add the reference character(s) in the description in compliance with 37 CFR 

1.121 (b) are required in reply to the Office action to avoid abandonment of the application. Any 

amended replacement drawing sheet should include all of the figures appearing on the immediate 

prior version of the sheet, even if only one figure is being amended. Each drawing sheet 

submitted after the filing date of an application must be labeled in the top margin as either 

"Replacement Sheet" or "New Sheet" pursuant to 37 CFR l.12l(d). If the changes are not 

accepted by the examiner, the applicant will be notified and informed of any required corrective 

action in the next Office action. The objection to the drawings will not be held in abeyance. 

Specification 

11. The disclosure is objected to because of the following informalities:

Reference character 300 is referred to as a secondary battery in paragraph [0363].

Reference character 300 is used to designate a coin-type secondary battery. Reference character 

300 should be referred to as a coin-type secondary battery in paragraph [0363].Reference 

character 600 is referred to as a coin-type secondary battery in paragraph [0368]. 

Reference character 600 is used to designate a cylindrical secondary battery. Reference 
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character 600 should be referred to as a cylindrical secondary battery in paragraph [0368]. 

Reference character 600 is referred to as a secondary battery in paragraph [0369]. 

Page 8 

Reference character 600 is used to designate a cylindrical secondary battery. Reference character 

600 should be referred to as a cylindrical secondary battery in paragraph [0369]. 

Reference character 617 is described in paragraph [0369]. However, reference character 

617 is not present in the drawings. 

Reference character 980 is referred to as a secondary battery in paragraph [0395]. 

Reference character 980 is used to designate a laminated secondary battery. Reference character 

980 should be referred to as a laminated secondary battery in paragraph [0395]. 

Reference character 980 is referred to as a secondary battery in paragraph [0398]. 

Reference character 980 is used to designate a laminated secondary battery. Reference character 

980 should be referred to as a laminated secondary battery in paragraph [0398]. 

Reference character 980 is referred to as a secondary battery in paragraph [0399]. 

Reference character 980 is used to designate a laminated secondary battery. Reference character 

980 should be referred to as a laminated secondary battery in paragraph [0399]. 

Reference character 500 is referred to as a secondary battery in paragraph [0412]. 

Reference character 500 is used to designate a laminated secondary battery. Reference character 

500 should be referred to as a laminated secondary battery in paragraph [0412]. 

Reference character 50 is described in paragraphs [0414]-[0416], [0423], [0424], [0427], 

and [0431]-[0436]. However, reference character 50 is not present in the drawings. 

Reference character lla is described in paragraphs [0414]-[0419], [0421]-[0428], [0431], 

and [0434]-[0436]. However, reference character lla is not present in the drawings. 

Reference character llb is described in paragraphs [0414]-[0419], [0421]-[0428], [0431], 
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Reference character 12a is described in paragraphs [0414], [0415], [0421], and [0431]. 

However, reference character 12a is not present in the drawings. 

Reference character 12b is described in paragraphs [0414]-[0419], [0421]-[0428], [0431], 

and [0434]-[0436]. However, reference character 12b is not present in the drawings. 

Reference character 51 is described in paragraphs [0414], [0420]-[0422], [0424], [0427], 

[0431], [0433] and [0435]. However, reference character 51 is not present in the drawings. 

Reference character 14 is described in paragraphs [0415], [0416], and [0418]. However, 

reference character 14 is not present in the drawings. 

Reference character 61 is described in paragraphs [0421], [0431], and [0434]. However, 

reference character 61 is not present in the drawings. 

Reference character 62 is described in paragraphs [0421], [0422], [0424], [0425], [0427], 

and [0428]. However, reference character 62 is not present in the drawings. 

Reference character 71 is described in paragraphs [0422] and [0423]. However, reference 

character 71 is not present in the drawings. 

Reference character 72 is described in paragraphs [0422] and [0423]. However, reference 

character 72 is not present in the drawings. 

Reference character 15a is described in paragraph [0419]. However, reference character 

15a is not present in the drawings. 

Reference character 15b is described in paragraph [0419]. However, reference character 

15b is not present in the drawings. 

Reference character 214 is described in paragraph [0426] as "not illustrated." However, 

reference character 214 is illustrated in Fig. 23A. 
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Reference character 73 is described in paragraphs [0431] and [0435]. However, reference 

character 73 is not present in the drawings. 

Reference character 17 is described in paragraph [0434]. However, reference character 17

is not present in the drawings. 

Reference character 9631a is described in paragraphs [0458], [0460], [0461], [0464], and 

[0466]. However, reference character 9631a is not present in the drawings. 

Reference character 9631b is described in paragraphs [0458], [0460], [0461], [0464], and 

[0466]. However, reference character 9631b is not present in the drawings. 

Reference character 9638 is described in paragraph [0460]. However, reference character 

9638 is not present in the drawings. 

Reference character 9639 is described in paragraph [0461]. However, reference character 

9639 is not present in the drawings. 

Reference character 8401 is described in paragraph [0487]. However, reference character 

8401 is not present in the drawings. 

Reference character 101 is referred to as a region in paragraph [0670]. Reference 

character 101 is used to designate a first region. Reference character 101 should be referred to as 

a first region in paragraph [0670]. 

Reference character 102 is referred to as a region in paragraph [0670]. Reference 

character 101 is used to designate a second region. Reference character 102 should be referred to 

as a second region in paragraph [0670]. 

Reference character 103 is referred to as a region in paragraph [0670]. Reference 

character 103 is used to designate a third region. Reference character 103 should be referred to as 

a third region in paragraph [0670]. 
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Reference character 104 is referred to as a region in paragraph [0670]. Reference 
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character 104 is used to designate a fourth region. Reference character 104 should be referred to 

as a fourth region in paragraph [0670]. 

Reference character 112 is referred to as a layer in paragraph [0670]. Reference character 

112 is used to designate a layer containing titanium. Reference character 112 should be referred 

to as a layer containing titanium in paragraph [0670]. 

Reference character 122 is referred to as a layer in paragraph [0670]. Reference character 

122 is used to designate a layer containing titanium. Reference character 122 should be referred 

to as a layer containing titanium in paragraph [0670]. 

Reference character 125 is referred to as a layer in paragraph [0670]. Reference character 

125 is used to designate a layer containing lithium titanate. Reference character 125 should be 

referred to as a layer containing lithium titanate in paragraph [0670]. 

Reference character 300 is referred to as a secondary battery in paragraph [0670]. 

Reference character 300 is used to designate a coin-type secondary battery. Reference character 

300 should be referred to as a coin-type secondary battery in paragraph [0670]. 

Reference character 500 is referred to as a secondary battery in paragraph [0670]. 

Reference character 500 is used to designate a laminated secondary battery. Reference character 

500 should be referred to as a laminated secondary battery in paragraph [0670]. 

Reference character 600 is referred to as a secondary battery in paragraph [0670]. 

Reference character 600 is used to designate a cylindrical secondary battery. Reference character 

600 should be referred to as a cylindrical secondary battery in paragraph [0670]. 

Reference character 617 is described in paragraph [0670]. However, reference character 

617 is not present in the drawings. 
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Reference character 980 is referred to as a secondary battery in paragraph [0670]. 
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Reference character 980 is used to designate a laminated secondary battery. Reference character 

980 should be referred to as a laminated secondary battery in paragraph [0670]. 

Reference character lla is described in paragraph [0670]. However, reference character 

lla is not present in the drawings. 

Reference character llb is described in paragraph [0670]. However, reference character 

llb is not present in the drawings. 

Reference character 12a is described in paragraph [0670]. However, reference character 

12a is not present in the drawings. 

Reference character 12b is described in paragraph [0670]. However, reference character 

12b is not present in the drawings. 

Reference character 14 is described in paragraph [0670]. However, reference character 14

is not present in the drawings. 

Reference character 15a is described in paragraph [0670]. However, reference character 

15a is not present in the drawings. 

Reference character 15b is described in paragraph [0670]. However, reference character 

15b is not present in the drawings. 

Reference character 17 is described in paragraph [0670]. However, reference character 17

is not present in the drawings. 

Reference character 50 is described in paragraph [0670]. However, reference character 50

is not present in the drawings. 

Reference character 51 is described in paragraph [0670]. However, reference character 51

is not present in the drawings. 
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Reference character 61 is described in paragraph [0670]. However, reference character 61

is not present in the drawings. 

Reference character 62 is described in paragraph [0670]. However, reference character 62

is not present in the drawings. 

Reference character 71 is described in paragraph [0670]. However, reference character 71

is not present in the drawings. 

Reference character 72 is described in paragraph [0670]. However, reference character 72

is not present in the drawings. 

Reference character 73 is described in paragraph [0670]. However, reference character 73

is not present in the drawings. 

Reference character 8021 is referred to as a charging apparatus in paragraph [0670]. 

Reference character 8021 is used to designate a ground-based charging apparatus. Reference 

character 8021 should be referred to as a ground-based charging apparatus in paragraph [0670]. 

Reference character 8401 is described in paragraph [0670]. However, reference character 

8401 is not present in the drawings. 

Reference character 9625 is referred to as a switch in paragraph [0670]. Reference 

character 9625 is used to designate a power saving mode changing switch. Reference character 

9625 should be referred to as a power saving mode changing switch in paragraph [0670]. 

Reference character 9626 is referred to as a switch in paragraph [0670]. Reference 

character 9626 is used to designate a display mode switch. Reference character 9626 should be 

referred to as a display mode changing switch in paragraph [0670]. 

Reference character 9631a is described in paragraph [0670]. However, reference 

character 9631a is not present in the drawings. 
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Reference character 9631b is described in paragraph [0670]. However, reference 

character 9631b is not present in the drawings. 
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Reference character 9638 is described in paragraph [0670]. However, reference character 

9638 is not present in the drawings. 

Reference character 9639 is described in paragraph [0670]. However, reference character 

9639 is not present in the drawings. 

Appropriate correction is required. 

12. The title of the invention is not descriptive. A new title is required that is clearly

indicative of the invention to which the claims are directed. 

The following title is suggested: POSITIVE ELECTRODE ACTIVE MATERIAL 

INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE AND 

MAGNESIUM OXIDE, METHOD FOR MANUFACTURING POSITIVE ELECTRODE 

ACTIVE MATERIAL, AND SECONDARY BATTERY. 

Claim Rejections - 35 USC§ 112

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

14. Claims 1-16 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 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 pre-AIA the applicant regards as the 

invention. 
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Claim 1 recites the limitation "a first region positioned inside the positive electrode 

active material." Claim I also recites "[a] positive electrode active material comprising: a first 

region." It is unclear how a component (i.e., a first region) of an element (i.e., a positive 

electrode active material) can be inside the element. Therefore, the configuration of the positive 

electrode active material is unclear. 

The term "representative" in claim 1 is a relative term which renders the claim indefinite. 

The term "representative" is not defined by the claim, the specification does not provide a 

standard for ascertaining the requisite degree, and one of ordinary skill in the art would not be 

reasonably apprised of the scope of the invention. Therefore, the limitation "representative 

elements" is unclear. 

Claims 2-7 are directly dependent from claim I and include all the limitations of claim 1. 

Therefore, claims 2-7 are also indefinite for failing to particularly point out and distinctly claim 

the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as 

the invention. 

Claim 8 recites the limitation "the positive electrode active material according to claim 

1" and includes all the limitations of claim 1. Therefore, claim 8 is also indefinite for failing to 

particularly point out and distinctly claim the subject matter which the inventor or a joint 

inventor, or for pre-AIA the applicant regards as the invention. 

Claim 9 recites the limitation "a first region positioned inside the positive electrode 

active material." Claim 9 also recites "[a] positive electrode active material comprising: a first 

region." It is unclear how a component (i.e., a first region) of an element (i.e., a positive 

electrode active material) can be inside the element. Therefore, the configuration of the positive 

electrode active material is unclear. 
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Claim 10-12 are directly dependent from claim 9 and include all the limitations of claim 

1. Therefore, claims 10-12 are also indefinite for failing to particularly point out and distinctly

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant 

regards as the invention. 

Claim 13 recites the limitation "a concentration of titanium is greater than or equal to 

0.05 and less than or equal to 0.4." Claim 13 has previously recited the limitation "a 

concentration of cobalt in a superficial portion of the positive electrode active material measured 

by X-ray photoelectron spectroscopy." It is unclear if "a concentration of titanium" is also "in a 

superficial portion of the positive electrode active material" and "measured by X-ray 

photoelectron spectroscopy." 

Claim 13 recites the limitation "a concentration of magnesium is greater than or equal to 

0.4 and less than or equal to 1.5." Claim 13 has previously recited the limitation "a concentration 

of cobalt in a superficial portion of the positive electrode active material measured by X-ray 

photoelectron spectroscopy." It is unclear if "a concentration of magnesium" is also "in a 

superficial portion of the positive electrode active material" and "measured by X-ray 

photoelectron spectroscopy." 

Claim 13 recites the limitation "a concentration of fluorine is greater than or equal to 

0.05 and less than or equal to 1.5." Claim 13 has previously recited the limitation "a 

concentration of cobalt in a superficial portion of the positive electrode active material measured 

by X-ray photoelectron spectroscopy." It is unclear if "a concentration of fluorine" is also "in a 

superficial portion of the positive electrode active material" and "measured by X-ray 

photoelectron spectroscopy." 
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Claim 14 recites the limitation "a first region positioned inside the positive electrode 

active material particle." Claim 14 also recites "[t]he positive electrode active material particle 

... comprising: a first region." It is unclear how a component (i.e., a first region) of an element 

(i.e., a positive electrode active material particle) can be inside the element. Therefore, the 

configuration of the positive electrode active material is unclear. 

Claim 15 is directly dependent from claim 14, indirectly dependent from claim 13, and 

includes all the limitations of claims 13 and 13. Therefore, claim 15 is also indefinite for failing 

to particularly point out and distinctly claim the subject matter which the inventor or a joint 

inventor, or for pre-AIA the applicant regards as the invention. 

Claim 16 recites the limitation "the positive electrode active material particle according 

to claim 13" and includes all the limitations of claim 13. Therefore, claim 16 is also indefinite for 

failing to particularly point out and distinctly claim the subject matter which the inventor or a 

joint inventor, or for pre-AIA the applicant regards as the invention. 

Claim Rejections - 35 USC§ 102

15. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(l) the claimed invention was patented, described in a printed publication, or in public use, on sale or 

otherwise available to the public before the effective filing date of the claimed invention. 

16. Claim(s) 1, 4, 6-8, and 13-16 is/are rejected under 35 U.S.C. 102(a)(l) as being

anticipated by Ooyama et al. (US 2007/0224506 Al, hereinafter Ooyama). 

Regarding claim 1, Ooyama discloses a positive electrode active material comprising: 
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• a first region positioned inside the positive electrode active material (see complex

oxide particles, [0022]); and

• a second region (see coating layer, [0021]) and a third region (see surface layer,

[0030]) positioned in a superficial portion of the positive electrode active material

(see cathode active material, [0032]),

• wherein the third region (see surface layer, [0030]) is positioned closer to a

surface of the positive electrode active material than the second region is (see

coating layer, [0030]),

• wherein the first region comprises a first compound comprising an oxide of

lithium and a first transition metal (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]),

• wherein a type of a crystal structure of the first compound is a layered rock-salt

crystal structure (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]),

• wherein the second region comprises a second compound comprising an oxide of

a second transition metal (see oxide, [0035]-[0036]),

• wherein a type of a crystal structure of the second compound is a rock-salt crystal

structure (see oxide, [0035]-[0036]),

• wherein the second compound is a non-stoichiometric compound (see coating

layer, [0027]),

• wherein the third region comprises a third compound comprising representative

elements (see surface layer, [0030]), and

• wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure (see oxide, [0030]).
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Regarding claim 4, Ooyama discloses all claim limitations set forth above and further 

discloses a positive electrode active material: 

• wherein the first compound is a polycrystal (see Li(l+xJCO(l-yJMyO(2-zJ, [0022]).

Regarding claim 6, Ooyama discloses all claim limitations set forth above and further 

discloses a positive electrode active material: 

• wherein the third compound essentially consists of the representative elements

(see surface layer, [0030]).

Regarding claim 7, Ooyama discloses all claim limitations set forth above and further 

discloses a positive electrode active material: 

• wherein the third compound comprises at least one of magnesium oxide, calcium

oxide, beryllium oxide, lithium fluoride, and sodium fluoride (see magnesium,

[0030]).

Regarding claim 8, Ooyama discloses a secondary battery comprising a positive 

electrode (21, [0044]) comprising a positive electrode active material; and a negative electrode 

(22, [0044]), wherein the positive electrode active material comprises: 

• a first region positioned inside the positive electrode active material (see complex

oxide particles, [0022]); and

• a second region (see coating layer, [0021]) and a third region (see surface layer,

[0030]) positioned in a superficial portion of the positive electrode active material

(see cathode active material, [0032]),

• wherein the third region (see surface layer, [0030]) is positioned closer to a

surface of the positive electrode active material than the second region is (see

coating layer, [0030]),

AMPEREX Ex. 1002 
Page 828



Application/Control Number: 15/638,449 

Art Unit: 1725 

Page 20 

• wherein the first region comprises a first compound comprising an oxide of

lithium and a first transition metal (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]),

• wherein a type of a crystal structure of the first compound is a layered rock-salt

crystal structure (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]),

• wherein the second region comprises a second compound comprising an oxide of

a second transition metal (see oxide, [0035]-[0036]),

• wherein a type of a crystal structure of the second compound is a rock-salt crystal

structure (see oxide, [0035]-[0036]),

• wherein the second compound is a non-stoichiometric compound (see coating

layer, [0027]),

• wherein the third region comprises a third compound comprising representative

elements (see surface layer, [0030]), and

• wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure (see oxide, [0030]).

Regarding claim 13, Ooyama discloses a positive electrode active material particle 

compnsmg: 

• lithium (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]), titanium, cobalt (see Li(l+xJCO(l-

yJMy0(2-zJ, [0022]), magnesium ([0028], [0030]), oxygen (see oxide, [0030]), and

fluorine (see fluoride, [0035]),

• wherein when a concentration of cobalt in a superficial portion of the positive

electrode active material particle measured by X-ray photoelectron spectroscopy

is I (see Li(l+x)CO(l-y)My0(2-z), [0022]),
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• a concentration of titanium is greater than or equal to 0.05 and less than or equal

to 0.4 (see surface layer, [0030]),

• a concentration of magnesium is greater than or equal to 0.4 and less than or equal

to 1.5 (see surface layer, [0030]), and

• a concentration of fluorine is greater than or equal to 0.05 and less than or equal

to 1.5 (see coating layer, [0029]).

Regarding claim 14, Ooyama discloses all claim limitations set forth above and further 

discloses a positive electrode active material further comprising: 

• a first region positioned inside the positive electrode active material particle (see

complex oxide particles, [0022]); and

• a second region (see coating layer, [0021]) and a third region (see surface layer,

[0030]) positioned in a superficial portion of the positive electrode active material

particle (see cathode active material, [0032]),

• wherein the third region (see surface layer, [0030]) is positioned closer to a

surface of the positive electrode active material particle than the second region is

(see coating layer, [0030]),

• wherein the first region comprises a first compound comprising lithium and cobalt

(see Li(l+x)CO(l-y)My0(2-z), [0022]),

• wherein the second region comprises a second compound comprising titanium

(see coating layer, [0028]),

• wherein the second compound is a non-stoichiometric compound (see coating

layer, [0027]), and
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• wherein the third region comprises a third compound comprising magnesium (see

surface layer, [0030]) and fluorine (see fluoride, [0036]).

Regarding claim 15, Ooyama discloses all claim limitations set forth above and further 

discloses a positive electrode active material: 

• wherein a type of a crystal structure of the first compound is a layered rock-salt

crystal structure (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]),

• wherein a type of a crystal structure of the second compound is a rock-salt crystal

structure (see oxide, [0035]-[0036]), and

• wherein a type of a crystal structure of the third compound is the rock-salt crystal

structure (see oxide, [0030]).

Regarding claim 16, Ooyama discloses a secondary battery comprising a positive 

electrode (21, [0044]) comprising a positive electrode active material; and a negative electrode 

(22, [0044]), wherein the positive electrode active material particle comprises: 

• lithium (see Li(l+xJCO(l-yJMy0(2-zJ, [0022]), titanium, cobalt (see Li(l+xJCO(l-

yJMy0(2-zJ, [0022]), magnesium ([0028], [0030]), oxygen (see oxide, [0030]), and

fluorine (see fluoride, [0035]),

• wherein when a concentration of cobalt in a superficial portion of the positive

electrode active material particle measured by X-ray photoelectron spectroscopy

is I (see Li(l+x)CO(l-y)My0(2-z), [0022]),

• a concentration of titanium is greater than or equal to 0.05 and less than or equal

to 0.4 (see surface layer, [0030]),

• a concentration of magnesium is greater than or equal to 0.4 and less than or equal

to 1.5 (see surface layer, [0030]), and

AMPEREX Ex. 1002 
Page 831



Application/Control Number: 15/638,449 

Art Unit: 1725 

Page 23 

• a concentration of fluorine is greater than or equal to 0.05 and less than or equal

to 1.5 (see coating layer, [0029]).

Claim Rejections - 35 USC§ 103

17. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not 

identically disclosed as set forth in section 102, if the differences between the claimed invention and the 

prior art are such that the claimed invention as a whole would have been obvious before the effective 

filing date of the claimed invention to a person having ordinary skill in the art to which the claimed 

invention pertains. Patentability shall not be negated by the manner in which the invention was made. 

18. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459

(1966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. 103 are summarized as follows: 

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or

nonobviousness. 

19. This application currently names joint inventors. In considering patentability of the

claims the examiner presumes that the subject matter of the various claims was commonly 

owned as of the effective filing date of the claimed invention(s) absent any evidence to the 

contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and 

effective filing dates of each claim that was not commonly owned as of the effective filing date 

of the later invention in order for the examiner to consider the applicability of 35 U.S.C. 

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention. 
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20. Claims 2 and 3 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama

(US 2007 /0224506 A I) as applied to claim 1 above, and further in view of Yura et al. (US 

2012/0258358 Al, hereinafter Yura). 

Regarding claims 2 and 3, Ooyama discloses all claim limitations set forth above, but 

does not explicitly disclose a positive electrode active material: 

• wherein a degree of a mismatch between the crystal structure of the first

compound and the crystal structure of the second compound is less than or equal

to 0.12, and

• wherein a degree of a mismatch between the crystal structure of the second

compound and the crystal structure of the third compound is less than or equal to

0.12; and

• wherein a degree of a mismatch between a ( 1-1-4) plane of the crystal structure of

the first compound or a plane orthogonal to the ( 1-1-4) plane and a [ 100] plane of

the crystal structure of the second compound is less than or equal to 0.12, and

• wherein a degree of a mismatch between the [100] plane of the crystal structure of

the second compound and a [100] plane of the crystal structure of the third

compound is less than or equal to 0.12.

Yura discloses a positive electrode active material (222) having a degree of a mismatch 

between a crystal structure of a first compound (222a) and a crystal structure of the second 

compound (222a) is less than or equal to 0.12 (see crystal orientations, [0163]), and wherein a 

degree of a mismatch between the crystal structure of the second compound (222a) and a crystal 

structure of a third compound (222a) is less than or equal to 0.12 (see crystal orientations, 

[0163]); and wherein a degree of a mismatch between a ( 1-1-4) plane of the crystal structure of 
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the first compound (222a) or a plane orthogonal to the ( 1-1-4) plane and a [ I 00] plane of the 

crystal structure of the second compound (222a) is less than or equal to 0.12 (see crystal 

orientations, [0163]), and wherein a degree of a mismatch between the [100] plane of the crystal 

structure of the second compound (222a) and a [100] plane of the crystal structure of the third 

compound (222a) is less than or equal to 0.12 (see crystal orientations, [0163]) to improve 

electron and lithium ion diffusion in order to improve the cell characteristics (see cathode active 

material, [0038]). Ooyama and Yura are analogous art because they are directed to positive 

electrode active materials for lithium secondary batteries. Therefore, it would have been obvious 

to one of ordinary skill in the art at the effective filing date of the invention to make the positive 

electrode active material of Ooyama with the degree of mismatch of Yura to improve electron 

and lithium ion diffusion in order to improve the cell characteristics. 

21. Claim 5 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama (US

2007 /0224506 A I) as applied to claim 1 above, and further in view of Endo et al. (US 

2010/0233542 Al, hereinafter Endo). 

Regarding claim 5, Ooyama discloses all claim limitations set forth above, but does not 

explicitly disclose a positive electrode active material: 

• wherein an average crystallite size of the oxide of lithium and the first compound

is greater than or equal to 280 nm and less than or equal to 630 nm.

Endo discloses a positive electrode active material having an average crystallite size of an 

oxide of lithium and a first compound greater than or equal to 280 nm and less than or equal to 

630 nm to improve the reversible capacity (see crystallite size, [0144]). Ooyama and Endo are 

analogous art because they are directed to positive electrode active materials for lithium 
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secondary batteries. Therefore, it would have been obvious to one of ordinary skill in the art at 

the effective filing date of the invention to make the positive electrode active material of 

Ooyama with the average crystallite size of Endo in order to improve the reversible capacity. 

22. Claim 9 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama (US

2007 /0224506 Al) in view of Takahashi et al. (US 2004/0229123 Al, hereinafter Takahashi). 

Regarding claim 1, Ooyama discloses a positive electrode active material comprising: 

• a first region positioned inside the positive electrode active material (see complex

oxide particles, [0022]); and

• a second region (see coating layer, [0021]) and a third region (see surface layer,

[0030]) positioned in a superficial portion of the positive electrode active material

(see cathode active material, [0032]),

• wherein the third region (see surface layer, [0030]) is positioned closer to a

surface of the positive electrode active material than the second region is (see

coating layer, [0030]),

• wherein the first region comprises lithium cobaltate (see Li(l+xJCO(l-yJMyO(2-zJ,

[0022]), and

• wherein the third region comprises magnesium oxide (see magnesium, [0030]).

Ooyama does not explicitly disclose: 

• wherein the second region comprises lithium titanate.

Takahashi discloses a positive electrode active material comprising a second region 

including lithium titanate (see titanium compound, [0074]) to improve the high rate 

characteristics (see titanium, [0097]). Ooyama and Takahashi are analogous art because they are 
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directed to positive electrode active materials for lithium secondary batteries. Therefore, it would 

have been obvious to one of ordinary skill in the art at the effective filing date of the invention to 

make the second region of Ooyama with the lithium titanate in order to improve the high rate 

characteristics. 

23. Claims 10-12 is/are rejected under 35 U.S.C. 103 as being unpatentable over Ooyama

(US 2007/0224506 Al) in view of Takahashi (US 2004/0229123 Al) as applied to claim 9 

above, and further in view of Yura (US 2012/0258358 Al). 

Regarding claims 10-12, modified Ooyama discloses all claim limitations set forth 

above, but does not explicitly disclose a positive electrode active material: 

• wherein a crystal orientation of a part of the lithium cobaltate of the first region

and a crystal orientation of a part of the lithium titanate of the second region are

substantially aligned with each other;

• wherein a crystal orientation of a part of the lithium titanate of the second region

and a crystal orientation of a part of the magnesium oxide of the third region are

substantially aligned with each other;

• wherein a degree of a mismatch between a crystal structure of the lithium

cobaltate of the first region and a crystal structure of the lithium titanate of the

second region is less than or equal to 0.12, and

• wherein a degree of a mismatch between the crystal structure of the lithium

titanate of the second region and a crystal structure of the magnesium oxide of the

third region is less than or equal to 0.12.
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Yura discloses a positive electrode active material (222) having a crystal orientation of a 

part of a first compound (222a) of a first region and a crystal orientation of a part of a second 

compound (222a) of a second region are substantially aligned with each other (see crystal 

orientations, [0163]); wherein a crystal orientation of a part of the second compound of the 

second region and a crystal orientation of a part of a third compound (222a) of a third region are 

substantially aligned with each other (see crystal orientations, [0163]); wherein a degree of a 

mismatch between a crystal structure of the first compound of the first region and a crystal 

structure of the second compound of the second region is less than or equal to 0.12 (see crystal 

orientations, [0163]), and wherein a degree of a mismatch between the crystal structure of the 

second compound of the second region and a crystal structure of the third compound of the third 

region is less than or equal to 0.12 (see crystal orientations, [0163]) to improve electron and 

lithium ion diffusion in order to improve the cell characteristics (see cathode active material, 

[0038]). Therefore, it would have been obvious to one of ordinary skill in the art at the effective 

filing date of the invention to make the positive electrode active material of Ooyama with the 

crystal orientation and degree of mismatch of Yura to improve electron and lithium ion diffusion 

in order to improve the cell characteristics. 

Conclusion 

24. 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-Thursday 6:00 am-4:00 pm CDT, Friday 

6:00 am-12:00 pm CDT. 
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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 http://pair-direct.uspto.gov. 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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I I I I FPRS· i i I i I I I I EPO· ,JPO· ! ! I ! 
! ! ! ! DERWENT·! ! ! ! 
! ! ! ! I BM TDB , ! ! ! ! I \ � 

\ - ) ) : ) 1814717 S11 and crystal$4 near2 align$4 ! US-PGPUB; ! OR ! ON ! 2019/03/07! I I I I USPAT· i i I 09"45 i ! ! ! ! USOCR· ! ! ! 
. 

! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! 
I I I I I BM_ TDB , I I ! I 'p...:...:...:.. ........ , ................................................................................................. , ......................... , ........................ , ................... , .......................... ,! S13 !o7 S11 and mis-match ! US-PGPUB; ! OR ! ON i 2019/03/07! ! i i i USPAT· i i ! 09"45 i! ! ! ! USOCR· ! ! !

. 
! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! I I I I I BM TDB , I I ! I i ,------.; ,____________; ................................................................................................ � ........ - ............. : ........................ : ................ � .......................... : 

!S17 !1 !S16 and mismatch iUS-PGPUB;iOR !ON !2019/03/07! i i i i USPAT· ! ! i 09"49 ! ! ! ! ! USOCR· ! ! ! 
. 

! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! 
! ! ! ! DERWENT·! ! ! ! 
! ! ! ! I BM TDB , ! ! ! ! 
l's167ri US-20110300441-$.did. ; US-�GPUB;; OR ; ON i 2019/03/07; ! ! ! ! USPAT· i i ! 09"49 i! ! ! ! USOCR· ! ! !

. 
! ! ! ! ! FPRS· , ! ! ! ! ! ! ! ! EPO· ,JPO· ! ! ! ! ! ! ! ! DERWENT·! ! ! ! I I I I I BM_ TDB , I I ! I

IS187'97 H01 M.cpcl. and (lithium adj cobaltate I US-PGPUB; ! OR ! ON ! 2019/03/07!! ! ! "LiCo.2" lithium adj cobalt adj oxide) with ! USPAT; ! ! ! 10:03 !! ! ! (lithium adj titanate "LiTiO.sub.2") with ! USOCR; ! ! ! ! ! ! ! (magnesium adj oxide MgO) ! FPRS; ! ! ! ! ! ! ! ! EPO· JPO· i i ! i! ! ! ! DERWENT·! ! ! ! I I I I I BM TDB , ! ! I !1 ........ );.,............ ................................................................................................ ) ........ - ............. 1 ......................... 1 ................. 1 .......................... 1 

I S19 ! 1 ! H01 M.cpcl. and (lithium adj cobaltate ! US-PGPUB; ! OR ! ON ! 2019/03/07!
! ! ! "LiCo.2" lithium adj cobalt adj oxide) with ! USPAT; ! ! ! 10:06 !
! ! ! (TTI P (Ti titanium) adj (tetraisopropoxide ! USOCR; ! ! ! ! i ! ! tetra adj isopropoxide tetra adj (isoprop ! FPRS; ! ! ! ! ! ! ! isopropyl) adj oxide)) ! EPO; JPO; ! ! ! ! ! i i i DERWENT· i i ! i
1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... I I f"""""""""7 ,.............. . . . ' ' ' I ' I S20 i 3 i H01 M.cpcl. and (l1th1um adJ cobaltate i US-PGPUB; i OR i ON i 2019/03/07! ! ! ! "LiCo.2" lithium adj cobalt adj oxide) same ! USPAT; ! ! ! 10:07 !I I I (TTI P (Ti titanium) adj (tetraisopropoxide I USOCR; I I ! I! ! ! tetra adj isopropoxide tetra adj (isoprop ! FPRS; ! ! ! ! i ! ! isopropyl) adj oxide)) ! EPO; JPO; ! ! ! ! ! i i i DERWENT·! ! i ! I I I I I BM TDB , ! ! I ! 
l's217ri (JP-2004103566-$1 WO-2012005180-$).did. i US-�GPUB; i OR i ON i 2019/03/071 I I I I USPAT· i i I 10· 11 i ! ! ! ! USOCR· ! ! ! 

. 
! ! ! ! ! FPRS· , ! ! ! ! I I I I EPO· ,JPO· ! ! I ! ! ! ! ! DERWENT·! ! ! !

1 ........ 1 ......... J ................................................................................................ J1BM_TDB . .'J ....................... J ................. J ........................ JIIs22 l�!l(JP-2004103566-$1 wo-20120051 so-$1 JP- lius-PGPUB; lloR lloN 1120191031011 
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I I I2004342554-$).did. lusPAT; I I 110:12 I I I I I USOCR· I I I II I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I I I I I DERWENT·! I I I 
I I I I I BM TDB , I I ! I
'"""" >,____________; """""""""""""""""""""""""""""""""""""""""""""""" > """"-"""""'"' """"""""""""' """"""""' """""""""""""' I S23 I 18 I H01 M.cpcl. and (lithium adj cobaltate I US-PGPUB; I OR I ON j 2019/03/071 
I I I "LiCo.2" lithium adj cobalt adj oxide) with I USPAT; I I j 10:21 I
I I I (lithium adj titanate "LiTiO.sub.2") near2 I USOCR; I I I I\ I > 

I ' ' , ' 

I I I (coating layer film) I FPRS; I I I I I I I I EPO· JPO· I I I I 
I I I I DERWENT· I I I I 
I I I I I BM TDB , I I I I ld,-----l .....................................

.
....
.
.............

.
.................................... , ........ -.............. : ......................... : ................. ; .......................... : I S24 135 I H01 M.cpcl. and (l1th1um adJ cobaltate I US-PGPUB; I OR I ON I 2019/03/071 

I I I "LiCo.2" lithium adj cobalt adj oxide LiCo02)I USPAT; I I ! 10:22 I
I I I with (lithium adj titanate "LiTiO.sub.2" I USOCR; I I j I 
I I I LiTiO2) near2 (coating coat coated layer I FPRS; I I j I I I I film) I EPO· JPO· I I I II I I I DERWENT• I I I I 
I I I I I BM_ TDB , I I ! I
l's26ls7 (WO-2014032405-$1JP-2004103566-$1 JP- I US-PGPUB; I OR I ON j 2019/03/071 
I I I 2003007299-$1 JP-2003331846-$).did. I USPAT; I I I 10:26 II I I I USOCR· I I I I I I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I I I I I DERWENT· I I I I 
I I I I I BM TDB , I I I I i,-----4;.............. ................................................................................................ '. ........ - ............. : ......................... : ................. '. .......................... : 
I S25 I 6 I (WO-20014032405-$1JP-2004103566-$1 JP- I US-PGPUB; I OR I ON j 2019/03/071 
I I I 2003007299-$1 JP-2003331846-$).did. I USPAT; I I j 10:26 II I I I USOCR· I I I I I I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I 
I I I I DERWENT· I I I I 
1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... I 
11"""""""""7,.............. ' I S27 14 I (US-20030211391-$1 US-20030082448- I US-PGPUB; I OR I ON I 2019/03/07I 
\ I > 

I ' ' � ' 

I I I $).did. I USPAT; I I 110:29 I I I I I USOCR· I I I II I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I I I I I DERWENT• I I I I 
I I I I I BM TDB , I I I I 
I�,.......-; : - : : : : I s28 I 35 I H01 M.cpcl. and ((Li lithium) adj cobaltate I US-PGPUB; I OR I ON j 2019/03/071 
I I I "LiCo.2" (Li lithium) adj (Co cobalt) adj I USPAT; I I I 10:31 I 
I I I oxide LiCoO2) with ((Li lithium) adj titanate I USOCR; I I I I 
I I I "LiTiO.sub.2" LiTiO2) near2 (coating coat I FPRS; I I I I 
I I I coated layer film) I EPO; JPO; I I [ I I I 1 1 DERWENT• I I I I
lr=J� ................................................................................................ 1 I BM_ TDB .) ...................... ) ................. � ....................... ) 
I S31 I 122 I H01 M.cpcl. and ((Li lithium) adj cobaltate I US-PGPUB; I OR I ON j 2019/03/071 
I I I "LiCo.2" (Li lithium) adj (Co cobalt) adj I USPAT; I I j 10:33 I 
I I I oxide LiCoO2) with ((Li lithium) adj titanate I USOCR; I I j I 
I I I "LiTiO.sub.2" LiTiO2) with (shell coating I FPRS; I I I I 
I I I coat coated layer film) I EPO; JPO; I I I I I I I I DERWENT I I I I
I I I I I BM TDB , I I I I iH,-----l ................................................... _. ............................................. : ........ -............. : ........................ : ................. ; .......................... : 
I S30 IO I H01 M.cpcl. and ((L1 l1th1um) adJ cobaltate I US-PGPUB; I OR I ON 12019/03/071 
I I I "LiCo.2" (Li lithium) adj (Co cobalt) adj I USPAT; I I [ 10:33 I
I I I oxide LiCoO2) same ((Li lithium) adj I USOCR; I I ! I
I I I titanate "LiTiO.sub.2" LiTiO2) near2 (shell I FPRS; I I j I 
I I I coating coat coated layer film) same ((Mg I EPO; JPO; I I j I 
I I I magnesium) adj oxide MgO) near2 (shell I DERWENT; I I j I ; I � I ; ; � ; 
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ll ll II . . 
I
I ll ll 11 

II ........ I ........I coating. coat. coated .layer. film) .............................. I1.BM_ TDB .... i ........................ ! ................. L ........................ i
IS29l357 H01 M.cpcl. and ((Li lithium) adj cobaltate I US-PGPUB; I OR I ON I 2019/03/071 
I I i "LiCo.2" (Li lithium) adj (Co cobalt) adj I USPAT; I I I 10:33 I 
I I I oxide LiCoO2) with ((Li lithium) adj titanate I USOCR; I I [ I 
I I I "LiTiO.sub.2" LiTiO2) near2 (shell coating I FPRS; I I 1 I 
I I I coat coated layer film) I EPO; JPO; I I [ I I I I I DERWENT· i i I i 
I I I I I BM TDB , I I 1 I !.----{� ................................................................................................ '. ........ - ............. : ......................... : ................. '. .......................... :
I S33 11 I H01 M.cpcl. and ((Li lithium) adj cobaltate I US-PGPUB; I OR I ON I 2019/03/071 
I I I "LiCo.2" (Li lithium) adj (Co cobalt) adj I USPAT; I I j 10:34 I 
i I I oxide LiCoO2) same ((Li lithium) adj I USOCR; I I I I 
I I I titanate "LiTiO.sub.2" LiTiO2) with (shell I FPRS; I I I I 
I I I coating coat coated layer film) same ((Mg I EPO; JPO; I I [ I 
I I I magnesium) adj oxide MgO) with (shell I DERWENT; I I 1 I I I I coating coat coated layer film) I I BM_ TDB I I [ I !
1""""""""'7,................------------------, 
i S32 I 87 I S31 not S29 I US-PGPUB; I OR I ON i 2019/03/071 
I i i i USPAT· i i I 10·34 i 
I I I I USOCR· I I I 

. 
I 

I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT-I I I I 
I I I I I BM TDB , I I 1 I 
I�,.......-; : - : : : : i S34 i 2 i H01 M.cpcl. and (LCO (Li lithium) adj i US-PGPUB; I OR I ON i 2019/03/071 
I I I cobaltate "LiCo.2" (Li lithium) adj (Co I USPAT; I I I 10:35 I 
I I I cobalt) adj oxide LiCoO2) same (LTO (Li I USOCR; I I [ I 
I I I lithium) adj titanate "LiTiO.sub.2" LiTiO2) I FPRS; I I [ I 
I I I with (shell coating coat coated layer film) I EPO; JPO; I I 1 I 
I I I same ((Mg magnesium) adj oxide MgO) I DERWENT; I I [ I 
I I I with (shell coating coat coated layer film) 11 BM_ TDB I I I I I 
l"""""""""""l � .................................................................................................. , ......................... , ......................... , ................. � .......................... , 

I S36 I 117 I S35 not S29 I US-PGPUB; I OR I ON I 2019/03/07I I I I I USPAT· i i I 10·37 i 
I I I I USOCR· I I I . I 
I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT· I I I I 1�,-J ................................................................................................ !IBM_TDB.'1 ........................ 1 ................. J .........................1
i S35 I 152 I H01 M.cpcl. and (LCO (Li lithium) adj I US-PGPUB; I OR I ON i 2019/03/071 
I I I cobaltate "LiCo.2" (Li lithium) adj (Co I USPAT; I I [ 10:37 I 
I I I cobalt) adj oxide LiCoO2) with (LTO (Li I USOCR; I I I I 
I I I lithium) adj titanate "LiTiO.sub.2" LiTiO2) I FPRS; I I I I 
I I I with (shell coating coat coated layer film) I EPO; JPO; I I j I I I I I DERWENT· i i I i 
I I I I I BM TDB , I I I I 
l's377h (JP-10333573-$1JP-10372470-$1 JP- i US-�GPUB; i OR i ON i 2019/03/071 
i I l2987358-$1JP-2004227869-$).did. IUSPAT; I I 110:46 I I i i i USOCR· I I i I I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT· I I I I 
1 ........ 1 ......... J ................................................................................................ J1 BM_TDB . .'J ....................... J ................. 1 ........................ J 
IS38l27 (JP-10236826-$).did. I US-PGPUB; I OR I ON I 2019/03/071 I I I I USPAT· i i I 10"47 i 
I I I I USOCR· I I I . I 
I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM_ TDB , I I I I 
1

1
539 ini (JP-2002151078-$1 JP-2005123111-$$).did. i US-PGPUB; l

n

R l

n

N I 2019/03/071
I I I I USPA T I I I 10 · 50 I I I I I USOCR· I I I 

. 
I 

I I I I FPRS· , I I I I 
i I � I , ; ; � ; 
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I I I I EPO· JPO· I I 

!l 
I 

I I I I DERWENT-I I I I 
1 ........ I .......... J ................................................................................................ I IBM_TDB.'1 ........................ 1 ................. ! ......................... 1
l's4ol27 (US-20040229123-$).did. I US-PGPUB; ! OR ! ON ! 2019/03/07!! ! ! ! USPAT· I I ! 10·52 I 
! ! ! ! USOCR· I I ! 

. 
I 

I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM TDB , I I 1 I 
IS4-1l'n7 (US-20040229123-$ I US-20060105240-$ I I US-�GPUB; I OR I ON i 2019/03/071
I I I US-20060105241-$ I US-20070298324-$ I I USPAT; I I ! 10:59 I 
I I I US-20080182170-$ I US-20090081554-$ I I USOCR; I I [ I 
I ! ! US-20100173197-$ I US-20110033749-$ I ! FPRS; I I [ I 
I I I US-20110037037-$ I US-20110287321-$ I I EPO; JPO; I I I I 
I I I US-20120273737-$ I US-20130244113-$ I I DERWENT; I I j I 
I ! !US-20150194655-$).DID.(JP-08053776-$1 !IBM_TDB ! ! ! ! I ! ! JP-08183605-$ I JP-2000164214-$ I JP- ! ! ! ! ! 
I I I 2000200605-$ I JP-2004002066-$ I JP- I I I ! I
I I I 2007080680-$ I JP-2007103306-$ I JP- I I I [ I 
I ! ! 2008103244-$ I JP-2008159543-$ I JP- ! I I [ I 
I I l2011028999-$1JP-2011181527-$1JP- I I I I I 
I ! ! 2012030988-$ I JP-2012113823-$ I JP- ! ! ! ! ! 
I I I 2013073707-$ I JP-2013114786-$ I JP- I I I [ I 
I I l2014096281-$1JP-2014170656-$1JP- I I I j I I ! !2018206747-$1 JP-2018508116-$1 KR- ! ! ! ! ! 
I I I 20060085085-$ 1 KR-20090086440-$ 1 wo-1 I I ! I
I ! ! 2004070863-$ I WO-2006114047-$ I WO- ! I I [ I 
I I I 2007004590-$ I WO-2009057722-$ I WO- I I I I I ! ! !2010090185-$ I WO-2013034821-$).DID. ! ! ! ! ! \ ����������, ������������.. ���������������������������������������������������������������������������������������������������, �������������������������- �������������������������- �������������������� ��������������������������-
IS437647 S41 not (S35 S25 S37 S39 S40 S16 S11 ! US-PGPUB; ! OR ! ON ! 2019/03/07!
I I I S42) I USPAT; ! ! [ 11 :00 ! I I I I USOCR· ! ! I ! 
I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM_ TDB , I I I I 'p...:...:...:.. ........ , ................................................................................................. , ......................... , ........................ , ................... , .......................... ,I S42 !17 15/638449.app. ! US-PGPUB; ! OR ! ON ! 2019/03/07!! I I lusPAT· ! ! 111·00 ! ! ! ! ! USOCR· ! ! ! 

. 
! 

I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT-I I I I 
I I I I I BM TDB , I I 1 I 1.----{� ................................................................................................ '. ........ -............. : ......................... : ................. '. .......................... : 
I S44 ! 7 ! (KR-20060085085-$1 JP-2014096281-$1 JP- ! US-PGPUB; ! OR ! ON ! 2019/03/07!
I I I 2012113823-$1 JP-2000200605-$).did. I USPAT; I I j 11 :54 I I I I I USOCR· I I I I I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· ! ! I ! 
I I I I DERWENT· I I I I 
1,-J,-J ................................................................................................ IIBM_TDB.'1 ........................ 1 ................. ! ......................... 1
! S45 ! 1 ! (KR-2006085085-$).did. ! US-PGPUB; ! OR ! ON ! 2019/03/07!! I I lusPAT· I I !11·55 I 
! ! ! ! USOCR· I I ! 

. 
I 

I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM TDB , I I I I 
1
1

S47 
l

O i S46 not (S41 S35 S25 S37 S39 S40 S16 S11 i U&�PUB;i

n

" 

r

N I 2019/03/07!
I I I S42) I USPAT· I I 112· 11 I ! ! ! ! USOCR· ! ! ! 

. 
! 

I I I I FPRS· , I I I I ; I � I 
, 

; ; � ; 
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I ll I 1lEPO· JPO· i i I i 
I I I I DERWENT-I I I I 
I I I I I BM TDB , I I 1 I� nnnnn) nnnnn�} nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn�J nnnn - nnnnnn�: nnnnnnnnnnnn�: nnnnnnnnn� � nnnnnnnnnnnnn: I S46 110 I (US-20070202411-$ I US-20120021284-$ I I US-PGPUB; I OR I ON I 2019/03/071 
I I I US-20120156565-$ I US-20160149215- I USPAT; I I j 12: 11 I i I I $).DID. (KR-20070082892-$ I KR- I USOCR; ! ! ! ! 
I I 120120069398-$).DID. IFPRS; I I ! II i i i EPO· JPO· i i ! i
I I I I DERWENT· I I I I 
1 ........ I .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... I
l's487� (US-20140057173-$I US-20150017550- i US-PGPUB; ! OR ! ON ! 2019/03/07!\ \ � \ ' ' : ' 

I I I $).did. I USPAT; ! ! ! 12:20 ! I I I I LJSOCR· i i I i 
I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM_ TDB , I I ! I
l'ssol157 S49 not (S46 136130 S25 S37 S39 S40 S16 I US-PGPUB; ! OR ! ON i 2019/03/07!
I I I S11 S42) I USPAT; I I ! 12:24 I i I I I USOCR· i i i i 
I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT-I I ! I
I I I I I BM TDB , I I 1 I ir------4� ................................................................................................ '. ........ -............. : ......................... : ................. '. .......................... : 
I S49 I 17 I (US-20030087155-$ I US-20160149215-$ I I US-PGPUB; ! OR ! ON ! 2019/03/07!
I I I US-9343745-$).DID. (EP-3086389-$ I JP- I USPAT; I I j 12:24 I 
I I I 2017216243-$ I KR-20080045855-$ I KR- I USOCR; I I I I i I I 20180064196-$ I WO-2015093725-$ I WO- I FPRS; ! ! ! ! 
I I 12018038501-$).DID. IEPO; JPO; I I ! II i i i DERWENT· i i ! i
1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... IIr---,,-----, ' i S51 12 I US-20160372739-$.did. I US-PGPUB; ! OR ! ON i 2019/03/07! 
I i i iusPAT· i i !12-30 i 
I I I I USOCR· I I !

. 
I 

I I I I FPRS· , I I I I 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM TDB , I I 1 I 

I S53 I 146 I S52 not (S49 S46 S41 S35 S25 S37 S39 S40 I US-�GPUB; I OR I ON i 2019/03/071 
i I 1S16 S11 S42) IUSPAT; ! ! !12:44 ! I i i i USOCR· ! ! i ! I I I I FPRS· , ! ! ! ! 
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT-I I ! I
lr=J� ................................................................................................ 1 I BM_ TDB .) ...................... ) ................. � ....................... )
I S52 I 153 I (US-20010053480-$ I US-20020071990-$ I I US-PGPUB; I OR I ON I 2019/03/071 
I i i US-20030082448-$ US-20040005265-$ i USPAT; i i i 12:44 i 
I I I US-20060154146-$ US-20060166096-$ I USOCR; I I [ I 
I I I US-20060239883-$ US-20070048615-$ I FPRS; I I [ I 
I I I US-20080131778-$ US-20080160414-$ I EPO; JPO; I I ! I
I I lus-20080318131-$ us-20090068561-$ !DERWENT;! I I I 
I I I US-20090087746-$ US-20090220862-$ I I BM TDB I I [ I 
I I I US-20090263707-$ US-20100086853-$ I - I I ! II i !US-20100086854-$ US-20100151332-$ i i i i i 
I I I US-20100255384-$ US-20110017528-$ I I I [ I 
I I I US-20110052981-$ US-20110052989-$ I I I [ I 
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! 101894938-$ I CN-103354958-$ I CN-
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I I I LJSOCR· I I I I 
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I I S39 S40 S16 S11 S42) I USPAT; I I I 13:40 I 
I I I USOCR· I I I I 
I I IFPRS· ' I 

I: 
I I 

I I I EPO; ,JPO; I : I I
I I I DERWENT·! I I

I I I I BM TDB , I I I I 
,-----4;.............. ................................................................................................ '. ........ - ............. : ......................... : ................. '. .......................... : 
S57 1108 I (US-20020071991-$ I US-20030087155-$ I I US-PGPUB; I OR I ON j 2019/03/071 

I I US-20080131778-$ US-20090200509-$ I I USPAT; I I j 13:40 I 
I I US-20090239146-$ US-20100028768-$ I I USOCR; I I [ I 
I IUS-20100181540-$ US-20100301284-$1 IFPRS; I I I I 

I lus-20110200883-$ us-20120225357-$1 IEPO; JPO; I I I I 
I I US-20130029217-$ US-20130059200-$ I I DERWENT; I I [ I 
I I US-20130078504-$ US-20140065483-$ I I I BM_ TDB I I I I 

I IUS-20140087257-$ US-20140170492-$1 I I I [ I 
I I US-20140212745-$ US-20140295274-$ I I I I [ I 
I I US-20150194672-$ US-20150214539-$ I I I I [ I 
I I US-20150243983-$ US-20160006032-$ I I I I j I 

I I US-20160079597-$ US-20170190595-$ I I I I I I 
I I US-5677083-$). DID ( CN-102092798-$ I I I I [ I 
I I CN-103715421-$ I CN-104078666-$ I CN- I I I I I 

I 1104704654-$ I CN-105185962-$ I CN- I I I [ I 
I l106299347-$1EP-2157639-$1EP- I I I [ I 
I I 2784846-$ I GB-2506859-$ I JP-0935715-$ I I I I I 
I 11 JP-2000164214-$ I JP-2002231227-$ I JP- I I I j I 

I I 2002279991-$ I JP-2003221234-$ I JP- I I I I I 
I I 2004014405-$ I JP-2005340056-$ I JP- I I I [ I 
I I 2006012426-$ I JP-2006036545-$ I JP- I I I I I 
I I 2008016232-$ I JP-2008016243-$ I JP- I I I [ I 
I I 2008041570-$ I JP-2009123465-$ I JP- I I I [ I 
I 12010073354-$ I JP-2010073366-$ I JP- I I I [ I 
I 12010277929-$ I JP-2011028976-$ I JP- I I I j I 

I I 2014523840-$ I JP-2016062683-$ I KR- I I I I I 
I I 20110010568-$ 1 KR-20140118264-$ 1 wo-I I I I I 
I I 2011016553-$ I WO-2011059766-$ I WO- I I I [ I 

........ j .......... J 201 21 70 693-$ )_. DI D ·.................................................... j ...................... J ...................... J ................. j ....................... J
's59l'E;7 (WO-2011016553-$1JP-2011028976-$1 JP- I US-PGPUB; I OR I ON I 2019/03/071 

I I2008016243-$).did. lusPAT; I I 114:01 I 
I I I USOCR· I I I I 

I I I FPRS· , I I I I 
I I I EPO· ,JPO· I I I I 
I I I DERWENT-I I I I 
I � I , ! ! � ! 

file:/ //C/U sers/scullen/Documents/e-Red %20Folder/ 1563 8449/EASTSearchHistory .15638449 _Accessible V ersion.htm[3/8/2019 12:26 :56 PM] 

AMPEREX Ex. 1002 
Page 851



EAST Search History 

ll I[ II 111 BM TDB I[ I[ !I I
I �������• ' ���������• ' �������������������������������������������������������������������������������������������������• ' �������� - �������������..' ������������������������..' �������������������, ��������������������������..' 
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I I I US-20030082448-$ or US-20160104880-$ I I I I I 
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I I I$ or US-20160149215-$ or US- I I I ! I
I I I 20030087155-$ or US-20160372739-$ or I I I ! I
I I I US-20080131778-$ or US-20160308202-$ I I I I I 
I I I or US-20160056457-$ or US-20110042610- I I I ! I
I I I$ or US-20070224506-$ or US- I I I ! I
I I I 20020076613-$ or US-20020071991-$ or I I I I I 
I I I US-20160079597-$ or US-20160006032-$ I I I ! I
I I I or US-20120225357-$ or US-20100301284- I I I ! I
I I I$ or US-20100181540-$).did. or (US- I I I ! I
I I I 20120135315-$ or US-20110020708-$) .did. I I I I I 
I I I or (US-8927148-$).did. or (WO- I I I ! I
I I I 2012005180-$ or WO-2014032405-$ or KR- I I I ! I
I I l20060085085-$or W0-2011016553-$).did. I I I I I 
I I I or ( JP-2004342554-$ or JP-2004103566-$ I I I ! I
I I I or JP-2003331846-$ or JP-2002151078-$ or I I I I I
I I I JP-2012113823-$ or JP-2010118312-$ or I I I ! I
I I I JP-2009218198-$ or JP-2017033641-$ or I I I I I 
I I IJP-2008016243-$).did. I I I I I 'p...:...:...:.. ........, ................................................................................................. , ......................... , ........................ , ................... , .......................... , 
I S60 147 (US-20120135315-$1US-20110020708- I US-PGPUB; I OR I ON I 2019/03/071 
\ I > I ' ' , ' 

I I !$).did. IUSPAT; I I 114:02 I I I I I USOCR· I I I I 
I I I I FPRS· , I I ! I
I I I I EPO· ,JPO· I I ! I
I I I I DERWENT-I I ! I
I I I I I BM TDB , I I I I I .------{ � ................................................................................................ ; ........ - ............. : ......................... : ................. '. .......................... : 

I S62 I 6 I S61 and rock adj salt I US-PGPUB; I OR I ON I 2019/03/071 I I I IUSPAT· I I 114-03 I 
I I I I USOCR· I I ! 

. 
I 

I I I I FPRS· , I I ! I
I I I I EPO· ,JPO· I I ! I
I I I I DERWENT· I I ! I

1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... I
l's64lr.;-7 S62 and S63 I US-PGPUB; I OR I ON I 2019/03/071 
I I I lusPAT· 1 1 114·06 1 
I I I I USOCR· I I I 

. 
I 

I I I I FPRS· , I I ! I
I I I I EPO· ,JPO· I I ! I
I I I I DERWENT• I I ! I
I I I I I BM TDB , I I ! I
l's637°17 S61 and Fm3m I US-�GPUB; I OR I ON i 2019/03/071
I I I lusPAT· I I 114·06 I 
I I I I USOCR· I I I 

. 
I 

I I I I FPRS· , I I ! I
I I I I EPO· ,JPO· I I I I 
I I I I DERWENT-I I I I 
1 ........ ld ................................................................................................ l lBM_TDB . .'J ....................... .J ................. 1 ........................ ..1
I S65 IO I S61 and (NaCl sodium adj chloride) near2 I US-PGPUB; I OR I ON ! 2019/03/071
I I i(crystalstructure) !USPAT; I I !14:10 I I I I I USOCR· I I I I 
I I I I FPRS· , I I ! I
I I I I EPO· ,JPO· I I ! I
I I I I DERWENT· I I ! I

1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... I
IIS66I

n
nS61 and (lithium adj cobaltate "LiCo.2" II

US-PGPUB; IIOR !ION 112019/03/07! 
I I Ulithium adj cobalt adj oxide) and (lithium adjl USPAT; I I \114:27 I 
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I I I titanate "LiTiO.sub.2") and (magnesium adj I USOCR; I I j I I I I oxide MgO) I FPRS; I I I I I I I I EPO· JPO· I I I I I I I I DERWENT-I I I I 
I I I I I BM_ TDB , I I ! I
IS677ITT S61 and (lithium adj cobaltate "LiCo.2" I US-PGPUB; I OR I ON i 2019/03/071

I I I lithium adj cobalt adj oxide) and ((lithium I USPAT; I I I 14:32 I I I I adj titanate "LiTiO.sub.2") (magnesium adj I USOCR; I I [ I 
I I I oxide MgO)) I FPRS; I I [ I I I I I EPO· JPO· I I I I I I I I DERWENT-I I I I I I I I I BM TDB , I I I I 
lr---4� ................................................................................................ '. ........ -............. : ......................... : ................. '. .......................... : 

I S68 I 3 I S61 and (lithium adj cobaltate "LiCo.2" I US-PGPUB; I OR I ON j 2019/03/071 
I I I lithium adj cobalt adj oxide LCO) and (LTO I USPAT; I I j 14:33 I I I I lithium adj titanate "LiTiO.sub.2") and I USOCR; I I I I I I I (magnesium adj oxide MgO) I FPRS; I I [ I I I I I EPO· JPO· I I I I 
I I I I DERWENT· I I I I 
1 ........ 1 .......... J ................................................................................................ I IBM_TDB.'I ........................ I ................. ! ......................... IIr---,,---; ' I S70 I 8 I S69 not S68 I US-PGPUB; I OR I ON I 2019/03/07I I I I lusPAT· I I !14- 34 I I I I I USOCR· I I I 

. 
I I I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I I I I I DERWENT• I I I I I I I I I BM TDB , I I I I 

I�� : - : : : : I S69 111 I S61 and (LCO lithium adj cobaltate "LiCo.2" I US-PGPUB; I OR I ON j 2019/03/071 
I I I lithium adj cobalt adj oxide) and ( (L TO I USPAT; I I I 14:34 I 
I I I lithium adj titanate "LiTiO.sub.2") I USOCR; I I I I I I I (magnesium adj oxide MgO)) I FPRS; I I [ I I I I I EPO· JPO· I I I I I I I I DERWENT-I I I I 

1 ........ ld ................................................................................................ J 1BM_TDB . .'J ....................... J ................. j ........................ J
Is11I5 IS61 and (mismatch mis-match crystal$4 ius-PGPUB;IOR loN [2019/03/071 
I I I near2 align$4) I USPAT; I I I 15: 15 I I I I I USOCR· I I I I I I I I FPRS· , I I I I 

I I I I EPO· ,JPO· I I I I I I I I DERWENT· I I I I 
I I I I I BM TDB , I I I I iH,---l .................................................................................................... : ........ -............. : ........................ : ................. ; .......................... :
IS72I2 IS61 and (crystallite crystal) with (nm iUS-PGPUB;iOR ION 12019/03/071 

I I I nanometer nanometre nano-meter nano- I USPAT; I I [ 15:29 I I I I metre nano adj (meter metre)) I USOCR; I I I I I I I I FPRS· I I I I I I I I EPO· ,JPO· I I I I I I I I DERWENT-I I I I 
I I I I I BM TDB , I I ! I
l's73714l S61 and (size diameter) with (nm I US-�GPUB; I OR I ON i 2019/03/071

I I I nanometer nanometre nano-meter nano- I USPAT; I I I 15:30 I 
I I I metre nano adj (meter metre)) I USOCR; I I I I I I I I FPRS· I I I I I I I I EPO· ,JPO· I I I I 
I I I I DERWENT· I I I I 
I I I I I BM TDB , I I I I l � � �������������������������������� . ����������������� .������������������������������������������������ �������� -��������������'. �������������������������'. �������������������� ��������������������������'.
I L2 138 IL 1 and (F fluoride fluorine) I US-PGPUB; I OR I ON 12019/03/081 I I I lusPAT· I I 112·02 I I I I I USOCR· I I I . I I I I I FPRS· , I I I I I I I I EPO· ,JPO· I I I I 
I I I I DERWENT• I I I I 
I I I I I BM_ TDB , I I ! Ilr--7r--7 , ' ' ' 
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Docket No: 740756-004563 

IN THE UNITED ST A TES PA TENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Teruaki OCHIAI et al. 

Application No. 15/638,449 

Filed: June 30, 2017 

For POSITIVE ELECTRODE ACTIVE 
MATERIAL INCLUDING LITHIUM 
COBALT A TE COATED WITH LITHIUM 
TITANATE AND MAGNESIUM OXIDE 

(As Currently Amended) 

Mail Stop Amendment - Via EFS 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

AMENDMENT 

) 

) 

) 

) 

) 

) 

) 

Group Art Unit: 1725 

Examiner: Sean P. Cullen 

Confirmation No.: 1074 

In response to the Non-Final Office Action mailed March 14, 2019, please amend 

the above-identified application and consider Applicant's remarks as follows. 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Drawings begin on page 3 of this paper and include attached 

replacement sheets. 

Amendments to the Claims begins on page 4 of this paper. 

Remarks begin on page 8 of this paper. 
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Amendment to Specification 

Please amend the title of the application as follows: 

Docket No: 740756-004563 
Application No. 15/638,449 

Page 2 

--POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE 

COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE , METHOD FOR 

MA.NUFA.CTURING POSITIVE ELECTRODE ACTIVE MATERll\L, AND 

SECO1'1DARY BATTERY 

Amendments to the Specification: 

The amendments to the specification are shown m the attached Substitute Specification 

showing the changes in the specification relative to the previous version as per 3 7 C.F .R. 

§ 1.125 and a clean version of the substitute specification.

Substitute Specification shows the amendments to paragraphs (0336], (0339], (0340], (0353], 

(0367], (0402], (430], and [0615]. 

No new matter is introduced by the present amendment. 

4816-2770-2169.l 

AMPEREX Ex. 1002 
Page 873



Amendments to the Drawings: 

Docket No: 740756-004563 

Application No. 15/638,449 
Page 3 

The attached sheets of drawings include changes to Figures 12A-12D, 22A-22D, 

23A-23B, 25C, 27A-27C and 54. These sheets, which include Figures 12A-12D, 22A-22D, 

23A-23B, 25C, 27A-27C and 54, replace the original sheets including Figures 12A-12D, 

22A-22D, 23A-23B, 25C, 27 A-27C and 54. In addition, original FIGs. 37A-40E 

accompanies this replacement sheet to replace the corresponding drawings on record, to show 

the cleaner and legible drawings. 

No new matter is introduced by the present amendment. 

Attachment: Replacement Sheets 
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Amendments to the Claims: 

Docket No: 740756-004563 
Application No. 15/638,449 

Page 4 

' The listing of claims will replace all prior versions, and listings, of claims in the application: 

1. (Currently Amended) A positive electrode active material comprising:

a first region positioned inside in the positive electrode active material; aH4 

a second region and a third region fJOSitioBed in a superfieial portion of the positive 

electrode active material, the second region surrounding the first region; and 

a third region in the positive electrode active material, the third region surrounding the 

second region, 

,vherein the third region is positioaed eloser to a surfaee of the 13ositive electrode 

active material than the seeond regioa is, 

wherein the first region comprises a first compound comprising an oxide of lithium 

and a first transition metal, 

wherein a type of a crystal structure of the first compound is a layered rock-salt 

crystal structure, 

wherein the second region comprises a second compound comprising an oxide of a 

second transition metal, 

wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, 

wherein the second compound is a non-stoichiometric compound, 

wherein the third region comprises a third compound comprising re13reseBtative 

elemeats at least one of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride, 

and sodium fluoride, and 

wherein a type of a crystal structure of the third compound is the rock-salt crystal 

structure. 

2. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between the crystal structure of the first compound 

and the crystal structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the crystal structure of the second compound 

and the crystal structure of the third compound is less than or equal to 0.12. 
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3. (Original) The positive electrode active material according to claim 1,

wherein a degree of a mismatch between a ( 1-1-4) plane of the crystal structure of the 

first compound or a plane orthogonal to the (1-1-4) plane and a {100} plane of the crystal 

structure of the second compound is less than or equal to 0.12, and 

wherein a degree of a mismatch between the { 100} plane of the crystal structure of 

the second compound and a { 100} plane of the crystal structure of the third compound is less 

than or equal to 0.12. 

4. (Original) The positive electrode active material according to claim 1,

wherein the first compound is a polycrystal. 

5. (Original) The positive electrode active material according to claim 4,

wherein an average crystallite size of the oxide of lithium and the first compound is 

greater than or equal to 280 nm and less than or equal to 630 nm. 

6. (Currently Amended) The positive electrode active material according to claim 1,

wherein the third compound essentially consists of the represeetative elemeets the one 

of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride, and sodium fluoride. 

7. (Cancelled)

8. (Original) A secondary battery comprising:

a positive electrode comprising the positive electrode active material according to 

claim 1; and 

a negative electrode. 

9. (Currently Amended) A positive electrode active material comprising:

a first region positi011ed iHside in the positive electrode active material; aHd 

a second region arid a third regioe positioeea in a Sl:lfWrtieial portioe of the positive 

electrode active material, the second region surrounding the first region; and 

a third region in the positive electrode active material, the third region surrounding the 

second region, 

whereie the third regioR is positioHea eloser to a s1:1rfaee of the positive eleetrode 

aetive material thafl the seeofld regiofl is, 
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wherein the first region comprises lithium cobaltate, 

wherein the second region comprises lithium titanate, and 

wherein the third region comprises magnesium oxide. 

Docket No: 740756-004563 
Application No. 15/638,449 

Page 6 

10. (Original) The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium cobaltate of the first region and a 

crystal orientation of a part of the lithium titanate of the second region are substantially 

aligned with each other. 

11. (Original) The positive electrode active material according to claim 9,

wherein a crystal orientation of a part of the lithium titanate of the second region and 

a crystal orientation of a part of the magnesium oxide of the third region are substantially 

aligned with each other. 

12. (Original) The positive electrode active material according to claim 9,

wherein a degree of a mismatch between a crystal structure of the lithium cobaltate of 

the first region and a crystal structure of the lithium titanate of the second region is less than 

or equal to 0.12, and 

wherein a degree of a mismatch between the crystal structure of the lithium titanate of 

the second region and a crystal structure of the magnesium oxide of the third region is less 

than or equal to 0.12. 

13. (Currently Amended) A positive electrode active material particle comprising

lithium, titanium, cobalt, magnesium, oxygen, and fluorine, 

wherein when a concentration of cobalt in a superficial portion of the positive 

electrode active material particle measured by X ray photoeleetrofl speetroseopy is 1, a 

concentration of titanium in a superficial portion of the positive electrode active material 

particle is greater than or equal to 0.05 and less than or equal to 0.4, a concentration of 

magnesium in the superficial portion of the positive electrode active material particle is 

greater than or equal to 0.4 and less than or equal to 1.5, and a concentration of fluorine in the 

superficial portion of the positive electrode active material particle is greater than or equal to 

0.05 and less than or equal to 1.5. 
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14. (Currently Amended) The positive electrode active material particle according to

claim 13, further comprising: 

a first region positionea iFwiae in the positive electrode active material particle; aHEl 

a second region ana a thira rngion positionea in the supeFficial portioR of the positive 

electrode active material particle, the second region surrounding the first region; and 

a third region in the positive electrode active material, the third region surrounding the 

second region, 

•.vherniR the thira region is positioRea closer to a surface of the positive electroae 

active material particle thaR the secona region is, 

wherein the first region comprises a first compound comprising lithium and cobalt, 

wherein the second region comprises a second compound comprising titanium, 

wherein the second compound is a non-stoichiometric compound, and 

wherein the third region comprises a third compound comprising magnesium and 

fluorine. 

15. (Original) The positive electrode active material particle according to claim 14,

wherein a type of a crystal structure of the first compound is a layered rock-salt 

crystal structure, 

wherein a type of a crystal structure of the second compound is a rock-salt crystal 

structure, and 

wherein a type of a crystal structure of the third compound is the rock-salt crystal 

structure. 

16. (Original) A secondary battery comprising:

a positive electrode comprising the positive electrode active material particle 

according to claim 13; and 

a negative electrode. 

17-22. (Canceled)
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REMARKS 

Docket No: 740756-004563 
Application No. 15/638,449 

Page 8 

The Non-Final Office Action mailed March 14, 2019 was received and its contents 

carefully noted. This response is filed within three months of the mailing date of the Office 

Action and therefore is believed to .be timely without extension of time. Accordingly, 

Applicant respectfully submits that this response is being timely filed. 

Status of Claims: 

Claims 1-16 were pending in the present application, of which claims 1, 9 and 13 are 

independent. 

By this amendment, claims 1, 6, 9, 13 and 14 are amended and claim 7 is canceled. 

For the reasons set forth in detail below, all claims are believed to be in condition for 

allowance. Favorable reconsideration is requested. 

Claim Amendments 

Claim 1 and 9 are amended to recite that the positive electrode active material as 

"comprising: a first region in the positive electrode active material; a second region in the 

positive electrode active material, the second region surrounding the first region; and a third 

region in the positive electrode active material, the third region surrounding the second 

region." Claim 14 is similarly amended. These are clarifying amends which are supported in 

the as filed specification, for example in paragraph [0054] and FIG lA. 

Claim I and 6 are amended to recite "wherein the third region comprises a third 

compound comprising at least one of magnesium oxide, calcium oxide, beryllium oxide, 

lithium fluoride, and sodium fluoride." Support for this amendment can be found in the as 

filed specification, for example in paragraph [0083]. 

Claim 13 is amended to clarify "a concentration of titanium in a superficial portion of 

the positive electrode active material particle is greater than or equal to 0.05 and less than or 

equal to 0.4, a concentration of magnesium in the superficial portion of the positive electrode 

active material particle is greater than or equal to 0.4 and less than or equal to 1.5, and a 

concentration of fluorine in the superficial portion of the positive electrode active material 

particle is greater than or equal to 0.05 and less than or equal to 1.5." Claim 13 is also 

amended by deletion of the recitation of "measured by X-ray photoelectron spectroscopy." 

Objection to the Drawings 

The drawings are objected to as allegedly failing to comply with 37 CFR 1.84(p)(4) 

because: 

A. Reference character 8101 has been used to designate both a housing of a

lighting device (e.g., Fig. 26) and a headlight (e.g., Fig. 27 A). Examiner
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proposes reference character 8401 should be used to designate a headlight in 

Fig. 27A. 

B. Reference character 615 has been used to designate both a module ( e.g., Figs.

12C and 12D) and a temperature control device (e.g., Fig. 12D). Examiner

proposes reference character 617 should be used to designate a temperature

control device in Fig. 12D.

C. Reference character 9634 does not have a lead line or are not underlined. Lead

lines are required for each reference character except for those which indicate

the surface or cross section on which they are placed. Examiner proposes such

a reference character must be underlined to make it clear that a lead line has

not been left out by mistake.

D. Figs. 37 A-40E2 do not have satisfactory reproduction characteristics.

The drawings are also objected to as failing to comply with 37 CFR l.84(p)(5) 

because they do not include the following reference sign(s) mentioned in the description: 617, 

lla, llb, 12a, 12b, 14, 15a, 15b, 17, 50, 51, 61, 62, 71, 72, 73, 9631b, 9638, 9639, and 

8401. 

Regarding the § 1. 84(p )( 4) objection, Items A, B, and C above, Applicant amends the 

drawings as proposed by the Examiner and shown in the Replacement Sheets. Regarding D 

above, the Figs. 37A-40E2 as filed on June 30, 2017 are being re-printed and hand delivered 

to the Office. These figures are of high resolution and sharpness but appear to lose some 

resolution during uploading at filing via EFS. Applicant submits that, although the as filed 

figures are of sufficient quality for understanding of the application, the hand delivered 

figures are of higher quality and suggests the Office may be able to scan these into their 

system with a higher resolution than the Applicant representative can. 

Regarding the § 1.84(p)(5) objection, Applicant amends the figures as reflected in the 

Replacement Sheets to address this objection. 

For these reasons Applicant submits the Objection to the drawings should be 

withdrawn. 

Objection to the Specification 

The Examiner objects to the specification for various reasons enumerated on 

pages 7-14 of the Office Action. The Examiner also objected to the title. 

In response, Applicant made amendments to the claims and specification consistent 

with the Examiner's request, shown in the instant response and in the Substitute specification, 
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and provided also as a clean replacement specification. The title has also been amended using 

the wording suggested by the Examiner. 

For these reasons Applicant submits the Objection to the specification should be 

withdrawn. 

Claim Rejections -35 USC§ 112 

Claims 1-16 stand rejected under AIA 35 U.S.C. 112(b), as allegedly being indefinite 

for failing to particularly point out and· distinctly claim the subject matter which the inventor 

or a joint inventor, or for pre-AIA the applicant regards as the invention. Applicant traverses 

this rejection. 

Regarding claim 1, 9 the Examiner on page 15 states that "the configuration of the 

positive electrode active material is unclear." Regarding claim 9 the Examiner also believes 

"the limitation "representative elements" is unclear." With respect to claim 13 the Examiner 

views the recitations of a concentration of titanium, magnesium, and fluorine as unclear, 

where it is not clear if these are in a superficial portion of the positive electrode active 

material and measured by X-ray photoelectron spectroscopy. Regarding claim 14 the 

Examiner believes the configuration of the positive electrode active material is unclear. 

Without acquiescing to this rejection and desirous to expedite the prosecution of this 

application, the base claims 1, 9 and 14 are amended. The amendment to claim 1 and 9 

clarifies the configuration of the positive electrode active material as "comprising: a first 

region in the positive electrode active material; a second region in the positive electrode 

active material, the second region surrounding the first region; and a third region in the 

positive electrode active material, the third region surrounding the second region." Similar 

clarifying language is used to amend claim 14. Claim 1 is also amended by deletion of the 

term "representative elements." Claim 13 is amended to specify "a concentration of titanium 

in a superficial portion of the positive electrode active material particle is greater than or 

equal to 0.05 and less than or equal to 0.4, a concentration of magnesium in the superficial 

portion of the positive electrode active material particle is greater than or equal to 0.4 and less 

than or equal to 1.5, and a concentration of fluorine in the superficial portion of the positive 

electrode active material particle is greater than or equal to 0.05 and less than or equal to 

1.5." Claim 13 is also amended by deletion of the recitation of "measured by X-ray 

photoelectron spectroscopy." 

For at least these reasons, the§ 112 rejection of the base claims 1, 9 and 13 should be 

withdrawn, and the rejection of claim 14 should be withdrawn. The rejection of dependent 
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claims 2-8, 10-12 and 14-16 by virtue of their dependence on one of the base claims should 

also be withdrawn. 

Claim Rejections Under 35 U.S.C. § 102 

Claims 1, 4, 6-8, and 13-16 stand rejected under AIA 35 U.S.C. 102(a)(l) as allegedly 

being anticipated by Ooyama et al. (US 2007 /0224506 Al, hereinafter Ooyama). Applicant 

traverses this rejection. 

As stated in the MPEP. § 2131 "A claim is anticipated only if each and every element 

as set forth in the claim is found, either expressly or inherently described, in a single prior art 

reference." Ooyama does not disclose each and every element of the base claims and 

therefore cannot support this § 102 rejection. For example, Ooyama describes "a cathode 

active material", while the instant claims recite "positive electrode active material", not only 

in the preamble but throughout the body of the claims. Applicant submits that the cathode 

active material in Ooyama is not the same as a positive electrode active material of the instant 

invention. 

In addition, Ooyama does not teach other elements as recited in claim 1. Specifically, 

[0022] of Ooyama does not teach "a type of a crystal structure of the first compound"; [0035] 

and [0036] of Ooyama does not teach "a type of a crystal structure of the second compound"; 

and [0030] of Ooyama does not teach "the third region comprises a third compound 

comprising representative elements at least one of magnesium oxide, calcium oxide, 

beryllium oxide, lithium fluoride, and sodium fluoride" or " a type of a crystal structure of the 

third compound". 

Nor does Ooyama teach other elements as recited in claim 13. Claim 13 clearly recites 

the feature of "a superficial portion of the positive electrode active material particle", which 

Applicant notes may correspond to "a surface layer" in Ooyama. However, [0022], [0028], 

[0035], or [0029] is not related to "the surface layer". Ooyama [0022] also does not teach the 

element "polycrystal" as recited in the instant claim 4. 

For at least these reasons, this §102 rejection of base claims 1 and 13 should be 

withdrawn. The rejection of claim 4 should be withdrawn for the reason stated above. The 

rejection of claims 4, 6-8, and 14-16 should also be withdrawn at least by virtue of their 

dependence on claim 1 or 13. 
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Claim Rejections Under 35 U.S.C. §103 

Claims 2 and 3 stand rejected under AIA 35 U.S.C. 103 as allegedly being 

unpatentable over Ooyama as applied to claim 1 above, and further in view of Yura et al. (US 

2012/0258358 Al, hereinafter Yura). 

Claim 5 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable over 

Ooyarna as applied to claim 1 above, and further in view of Endo et al. (US 2010/0233542 

Al, hereinafter Endo). 

Claim 9 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable over 

Ooyama in view of Takahashi et al. (US 2004/0229123 Al, hereinafter Takahashi). 

Claims 10-12 stand rejected under AIA 35 U.S.C. 103 as allegedly being unpatentable 

over Ooyama in view of Takahashi as applied to claim 9 above, and further in view ofYura. 

Applicant traverses these § 103 rejections for the following reasons. 

Applicant submits that no combination of Yura, Endo, Takahashi and Ooyama 

renders claims 2, 3, 5, 9-12 obvious. None of these references corrects the deficiencies 

identified above by supplying or rendering obvious the missing elements and to support 

prima facia obviousness. 

For at least these reasons, this rejection §103 rejection of claims 2, 3, 5, 9-12 should 

be withdrawn. 

CONCLUSION 

In view of the foregoing, Applicant respectfully requests allowance of the instant 

application. If a conference would be helpful in expediting prosecution of the instant 

application, the Examiner is invited to telephone the undersigned to arrange such a 

conference. 
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DESCRIPTION 

:;z..,,. 

"1'R 
POSITIVE ELECTRODE ACTIVE MATERIAL .:;:IN;..;.C=L=U=D��;f:fffi.:.==��===-=-=-
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE, l\'1ETHOD FOR 

l\'ll· ... NUF,i+ ... CTURINC POSITIVE ELECTRODE ,i+ ... CTIVE Mzt'· ... TERIAL, ,'\ND 

SECONDARY BATTERY 

TECHNICAL FIELD 

[0001] 

One embodiment of the present invention relates to an object, a method, or a 

manufacturing method. The present invention relates to a process, a machine, manufacture, or a 

composition of matter. One embodiment of the present invention relates to a semiconductor 

device, a display device, a light-emitting device, a power storage device, a lighting device, an 

electronic device, or a manufacturing method thereof. In particular, one embodiment of the 

15 present invention relates to a positive electrode active material that can be used in a secondary 

battery, a secondary battery, and an electronic device including a secondary battery. 

[0002] 

In this specification, the power storage device is a collective term describing elements 

and devices having a power storage function. For example, a storage battery such as a lithium-

20 ion secondary battery (also referred to as secondary battery), a lithium-ion capacitor, and an 

electric double layer capacitor are included in the category of the power storage device. 

[0003] 

Note that electronic devices in this specification mean all devices including power storage 

devices, and electro-optical devices including power storage devices, information terminal devices 

25 including power storage devices, and the like are all electronic devices. 

BACKGROUND ART 

[0004] 

In recent years, a variety of power storage devices such as lithium-ion secondary batteries, 

30 lithium-ion capacitors, and air batteries have been actively developed. In particular, demand for 

lithium-ion secondary batteries with high output and high energy density has rapidly grown with 

the development of the semiconductor industry, for portable information terminals such as mobile 

phones, smartphones, tablets, and laptop computers; portable music players; digital cameras; 

medical equipment; next-generation clean energy vehicles such as hybrid electric vehicles (HEV), 

35 electric vehicles (EV), and plug-in hybrid electric vehicles (PHEV); and the like. The lithium-
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ion secondary batteries are essential as rechargeable energy supply sources for today's information 

society. 

[0005] 

The performance required for lithium-ion secondary batteries includes increased energy 

5 density, improved cycle performance, safe operation under a variety of environments, and longer­

term reliability. 

[0006] 

Thus, improvement of a positive electrode active material has been studied to increase the 

cycle performance and the capacity of the lithium ion secondary battery (Patent Document 1 and 

IO Patent Document 2). 

[Reference] 

[Patent Documents] 

[0007] 

[Patent Document 1] Japanese Published Patent Application No. 2012-018914 

15 [Patent Document 2] Japanese Published Patent Application No. 2015-201432 

DISCLOSURE OF INVENTION 

[0008] 

Development of lithium ion secondary batteries and positive electrode active materials 

20 used therein is susceptible to improvement in terms of charge and discharge characteristics, cycle 

characteristics, reliability, safety, cost, and the like. 

(0009] 

An object of one embodiment of the present invention is to provide a positive electrode 

active material which suppresses a reduction in capacity due to charge and discharge cycles when 

25 used in a lithium ion secondary battery. Another object of one embodiment of the present 

invention is to provide a high-capacity secondary battery. Another object of one embodiment of 

the present invention is to provide a secondary battery with excellent charge and discharge 

characteristics. Another object of one embodiment of the present invention is to provide a highly 

safe or highly reliable secondary battery. 

30 [0010] 

Another object of one embodiment of the present invention is to provide a novel material, 

a novel active material particle, a novel secondary battery, or a formation method thereof. 

[0011] 

Note lhat the descriptions of these objects do not disturb the existence of other objects. 

35 In one embodiment of the present invention, there is no need to achieve all the objects. Other 
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objects can be derived from the description of the specification, the drawings, and the claims. 

(0012] 

To achieve the above objects, in one embodiment of the present invention, two kinds of 

regions which are different from a region inside the positive electrode active material are provided 

5 in a superficial portion of the positive electrode active material. It is preferable that the inner 

region contain a non-stoichiometric compound and the outer region contain a stoichiometric 

compound. 

[0013] 

In addition, it is preferable that the inner region contain titanium and the outer region 

10 contain magnesium. Furthermore, these two kinds of regions may overlap. 

[0014] 

15 

In addition, it is preferable that the inner region be formed through a coating process such 

as a sol-gel method and the outer region be formed by segregation due to heating. 

[0015] 

One embodiment of the present invention is a positive electrode active material including 

a first region, a second region, and a third region. The first region is present inside the positive 

electrode active material. The second region and the third region are present in a superficial 

portion of the positive electrode active material. The third region is present in a region closer to 

a surface of the positive electrode active material than the second region is. The first region 

20 contains an oxide oflithium and a first transition metal and has a layered rock-salt crystal structure. 

The second region contains a non-stoichiometric compound containing an oxide of a second 

transition metal and the non-stoichiometric compound has a rock-salt crystal structure. The third 

region contains a compound of representative elements and the compound of representative 

elements has a rock-salt crystal structure. 

25 [0016] 

In the above structure, it is preferable that the first transition metal be cobalt, the second 

transition metal be titanium, and the compound of representative elements be magnesium oxide. 

[0017] 

In the above structure, the third region may contain fluorine. Furthermore, the second 

30 region and the third region may each contain cobalt. 

[0018] 

In the above structure, it is preferable that crystal orientations of the first region and the 

second region be partly aligned with each other and crystal orientations of the second region and 

the third region be partly aligned with each other. 

35 [0019] 
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In the above structure, a degree of a mismatch between a (1-1-4) plane of the layered 

rock-salt crystal structure in the first region or a plane orthogonal to the ( 1-1-4) plane and a { 100} 

plane of the rock-salt crystal structure in the second region is preferably less than or equal to 0.12, 

and a degree of a mismatch between the { 100} plane of the rock-salt crystal structure in the second 

5 region and a { 100} plane of the rock-salt crystal structure in the third region is preferably less than 

or equal to 0.12. 

(0020] 

Another embodiment of the present invention is a positive electrode active material 

containing lithium, titanium, cobalt, magnesium, oxygen, and fluorine. When the concentration 

10 of cobalt which is present in a superficial portion of the positive electrode active material and is 

measured by X-ray photoelectron spectroscopy is 1, the concentration of titanium is greater than 

or equal to 0.05 and less than or equal to 0.4, the concentration of magnesium is greater than or 

equal to 0.4 and less than or equal to 1.5, and the concentration of fluorine is greater than or equal 

to 0.05 and less than or equal to 1.5. 

15 [0021] 

Another embodiment of the present invention is a method for forming a positive electrode 

active material including: a step of mixing a source of lithium, a source of cobalt, a source of 

magnesium, and a source of fluorine; a step of heating the mixture of the source of lithium, the 

source of cobalt, the source of magnesium, and the source of fluorine at 800 °C or higher and 1100 

20 °C or lower for 2 hours or longer and 20 hours or shorter to obtain particles containing lithium, 

cobalt, magnesium, oxygen, and fluorine; a step of dissolving titanium alkoxide into alcohol; a 

step of mixing the particles containing lithium, cobalt, magnesium, oxygen, and fluorine into the 

alcohol solution of the titanium alkoxide and stirring the mixed solution in an atmosphere 

containing water vapor; a step of collecting precipitate from the mixed solution; and a step of 

25 heating the collected precipitate at 500°C or higher and 1200 °C or lower in an atmosphere 

containing oxygen under a condition where a retention time is 50 hours or shorter. 

[0022] 

In the above formation method, a ratio of the number of atoms of lithium in the source of 

lithium to the number of atoms of cobalt in the source of cobalt is preferably greater than or equal 

30 to 1.00 and less than 1.07. 

[0023] 

In the above formation method, a ratio between the number of atoms of magnesium in the 

source of magnesium and the number of atoms of fluorine in the source of fluorine is preferably 

Mg:F = 1 :x (1.5::;; x ::;;4). 

35 [0024] 
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5 

In the above formation method, the number of atoms of magnesium in the source of 

magnesium is preferably greater than or equal to 0.5 atomic% and less than or equal to 1.5 atomic% 

of the number of atoms of cobalt in the source of cobalt. 

[0025] 

In the above formation method, lithium carbonate, cobalt oxide, magnesium oxide, and 

lithium fluoride can be used as a source oflithium, a source of cobalt, a source of magnesium, and 

a source of fluorine, respectively. 

[0026] 

When the surface of the positive electrode active material is covered with a coating film 

10 to protect the above crystal structure, a decrease in capacity due to charge and discharge cycles 

can be suppressed. As the coating film covering the surface of the positive electrode active 

material, a coating film containing carbon ( a film containing a graphene compound) or a coating 

film containing lithium or a decomposition product of an electrolyte solution is used. 

[0027] 

15 In particular, powder in which the surface of the positive electrode active material is 

20 

coated with graphene oxide using a spray dry apparatus is preferably obtained. The spray dry 

apparatus is a manufacturing apparatus using a spray dry method by which a dispersion medium 

is removed by supplying a hot wind to a suspension. 

[0028] 

When charge and discharge cycles are repeated, deformation of the particles of the 

positive electrode active materials, such as cracking or breaking, might occur. It is said that such 

deformation makes a new surface of the positive electrode active material exposed, and the surface 

is in contact with an electrolyte solution to cause a decomposition reaction or the like, so that the 

cycle characteristics and the charge and discharge characteristics of the secondary battery are 

25 degraded. 

[0029] 

Thus, a coating film is preferably provided to prevent the deformation of the particles of 

the positive electrode active materials, such as cracking or breaking. 

[0030] 

30 However, when suspension is formed and stirred by a rotary and revolutionary mixer to 

coat the surface of the positive electrode active material whose weight per unit volume is large 

with graphene oxide whose weight is relatively small, coating is insufficient. 

[0031] 

Thus, tu coat the surfaces of the particles of the positive electrode active materials with 

35 the graphene oxide, a method in which the graphene oxide and a polar solvent (such as water) are 
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mixed and ultrasonic treatment is performed, the particles of the positive electrode active materials 

are mixed therein to prepare the suspension, and dried powder is produced with a spray dry 

apparatus is preferably used. The dried powder produced in this manner is referred to as a 

composite in some cases. 

5 [0032] 

The size of one drop of spray liquid sprayed from a nozzle of the spray dry apparatus 

depends on a nozzle diameter. 

(0033] 

When the particle diameter is smaller than the nozzle diameter, there are a plurality of 

10 particles in one drop of the spray liquid sprayed from the nozzle. When the surface of the particle 

after drying under the condition where the largest particle size is smaller than the nozzle diameter 

is observed, there are some portions where the surface is coated with the graphene oxide; however, 

the coating is insufficient. 

15 

(0034] 

The nozzle diameter of the spray dry apparatus is preferably substantially equal to the 

largest particle size of the active material because the coverage of the active material can be 

improved. Moreover, the largest particle size of the positive electrode active material is 

preferably adjusted to be substantially equal to the nozzle diameter in forming the positive 

electrode active material. 

20 [0035] 

Since the graphene oxide is well dispersed into water, the suspension of water and the 

graphene oxide can be formed by stirring using ultrasonic waves. The positive electrode active 

material is added to the suspension, and the suspension is sprayed with the spray dry apparatus, 

whereby powder in which the surface of the positive electrode active material is coated with the 

25 graphene oxide can be obtained. 

[0036] 

Note that the suspension becomes more acidic as the amount of graphene oxide is 

increased. Thus, part of the surface of the positive electrode active material (e.g., LiCoO2 

containing Mg and F) might be etched. Then, a hydrogen ion exponent (pH) of the suspension 

30 before being sprayed is preferably adjusted to be close to approximately pH7, that is, close to 

neutral, or higher than or equal to pH8, that is, alkaline. For the pH adjustment, a LiOH aqueous 

solution is preferably used. For example, in the case where LiCoO2 is used for the positive 

electrode active material and only pure water is used as the dispersion medium of the suspension, 

the surface of the positive electrode active material may be damaged. Thus, a mixed solution of 

35 ethanol and water is used as the dispersion medium of the suspension, whereby damage to the 
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surface of the active material may be reduced. 

[0037] 

The suspension is formed in the above manner, whereby the positive electrode active 

material whose surface is coated with the graphene oxide can be prepared efficiently. When the 

5 surface is coated with the graphene oxide, the deformation of the particles of the positive electrode 

active materials, such as cracking or breaking can be prevented. Moreover, even if the positive 

electrode active material whose surface is coated with the graphene oxide is exposed to the air 

after the formation, the change of properties or degradation can be suppressed. Here, "after the 

formation" refers to a period from the termination of the formation of the positive electrode active 

10 material to the start of the fabrication of the secondary battery containing the positive electrode 

active material and includes the storing, the transporting, and the like of the positive electrode 

active material. In addition, when the coating film is formed, the positive electrode active 

material and the electrolyte solution can be prevented from being in direct contact with each other 

to react; thus, the secondary battery using the coating film has high reliability. 

15 [0038] 

20 

For the spray dry method, a known apparatus can be utilized, for example, a 

countercurrent pressure-nozzle-type spray dry apparatus and a counter-cocurrent pressure-nozzle­

type spray dry apparatus can be utilized. 

[0039] 

Note that the graphene oxide coating the surface of the active material may be reduced 

when used in the secondary battery. The reduced graphene oxide is referred to as "RGO" in some 

cases. In RGO, in some cases, part of oxygen atoms remains in a state of oxygen or atomic group 

containing oxygen that is bonded to carbon. For example, RGO includes a functional group, e.g., 

an epoxy group, a carbonyl group such as a carboxyl group, or a hydroxyl group. 

25 [0040] 

30 

Another embodiment of the present invention is a secondary battery which includes a 

positive electrode containing the above-described positive electrode active material or the above­

described positive electrode active material coated with a coating film and a negative electrode. 

[0041] 

The secondary battery can have any of a variety of shapes to fit the form of the device to 

be used, for example, a cylindrical shape, a rectangular shape, a coin-type shape, and a laminated 

(flat plate) shape. 

[0042] 

According to one embodiment of the present invention, a positive electrode active 

35 material which suppresses a reduction in capacity due to charge and discharge cycles when used 
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5 

10 

in a lithium ion secondary battery is provided. In addition, a secondary battery with excellent 

charge and discharge characteristics is provided. In addition, a highly safe or highly reliable 

secondary battery is provided. In addition, a novel material, a novel active material particle, a 

novel secondary battery, or a formation method thereof is provided. 

BRIEF DESCRIPTION OF DRAWINGS 

[0043] 

In the accompanying drawings: 

FIGS. 1 A to 1 C show examples of a positive electrode active material; 

FIGS. 2A and 2B illustrate crystal structures of a positive electrode active material; 

FIG. 3 illustrates crystal structures of a positive electrode active material; 

FIGS. 4A-l, 4A-2, 4A-3, 4B, 4C, 4D-l, and 4D-2 show a sol-gel method; 

FIGS. 5A to 5C illustrate a segregation model of elements contained m a positive 

electrode active material; 

15 FIGS. 6A to 6D illustrate a segregation model of elements contained in a positive 

20 

25 

30 

35 

electrode active material; 

FIGS. 7 A and 7B are cross-sectional views of an active material layer containing a 

graphene compound as a conductive additive; 

FIGS. 8A to 8C illustrate a method for charging a secondary battery; 

FIGS. 9A to 9D illustrate a method for charging a secondary battery; 

FIG. 10 illustrates a method for discharging a secondary battery; 

FIGS. l IA to 11 C illustrate a coin-type secondary battery; 

FIGS. 12A to 12D illustrate a cylindrical secondary battery; 

FIGS. 13A and 13B illustrate an example of a secondary battery; 

FIGS. 14A-1, 14A-2, 14B-l ,  and 14B-2 illustrate examples of secondary batteries; 

FIGS. 15A and 15B illustrate examples of secondary batteries; 

FIG. 16 illustrates an example of a secondary battery; 

FIGS. 17 A to l 7C illustrate a laminated secondary battery; 

FIGS. 18A and 18B illustrate a laminated secondary battery; 

FIG. 19 is an external view of a secondary battery; 

FIG. 20 is an external view of a secondary battery; 

FIGS. 21 A to 21 C illustrate a formation method of a secondary battery; 

FIGS. 22A, 22B 1, 22B2, 22C, and 22D illustrate a bendable secondary battery; 

FIGS. 23A and 23B illustrate a bendable secondary battery; 

FIGS. 24A to 24H illustrate examples of electronic devices; 
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FIGS. 25A to 25C illustrate an example of an electronic device; 

FIG. 26 illustrates examples of electronic devices; 

FIGS. 27 A to 27C illustrate examples of electronic devices; 

FIG. 28 is a transmission electron microscope image of a positive electrode active 

5 material in Example 1; 

10 

FIGS. 29Al, 29A2, 29B1, 29B2, 29Cl, and 29C2 are FFT images of transmission 

electron microscope images of a positive electrode active material in Example 1; 

FIGS. 30Al, 30A2, 30B1, 30B2, 30Cl ,  and 30C2 are element mapping images of a 

positive electrode active material in Example 1; 

FIGS. 31Al, 31A2, 31B1, 31B2, 31Cl, and 31C2 are element mapping images of a 

positive electrode active material of a comparative example in Example 1; 

FIG. 32 is a graph showing TEM-EDX line analysis results of a positive electrode active 

material in Example I; 

FIG. 33 is a graph showing charge and discharge characteristics of a secondary battery in 

15 Example 1; 

20 

FIG. 34 is a graph showing charge and discharge characteristics of a secondary battery of 

a comparative example in Example 1; 

FIG. 35 is a graph showing cycle characteristics of a secondary battery in Example 1; 

FIG. 36 is a graph showing cycle characteristics of a secondary battery in Example 1; 

FIGS. 37A, 37B1, 37B2, 37Cl, 37C2, 37D1, 37D2, 37El, and 37E2 areTEM-EDXplane 

analysis images of a comparative example in Example 2; 

FIGS. 38A, 38B1, 38B2, 38Cl, 38C2, 38D1, 38D2, 38El, and 38E2 areTEM-EDX plane 

analysis images of a positive electrode active material in Example 2; 

FIGS. 39A, 39B1, 39B2, 39Cl , 39C2, 39D1, 39D2, 39El, and 39E2 areTEM-EDXplane 

25 analysis images of a comparative example in Example 2; 

30 

FIGS. 40A, 40B1, 40B2, 40Cl , 40C2, 40D1, 40D2, 40El, and 40E2 areTEM-EDXplane 

analysis images of a positive electrode active material in Example 2; 

2· 
' 

FIGS. 41A and 41B are each a graph showing EDX point analysis results in Example 2; 

FIGS. 42A and 42B are each a graph showing EDX point analysis results in Example 2; 

FIG. 43 is a graph showing rate characteristics of a secondary battery in Example 2; 

FIG. 44 is a graph showing temperature characteristics of a secondary battery in Example 

FIG. 45 is a graph showing cycle characteristics of a secondary battery in Example 2; 

FIGS. 46A and 46B are each a graph showing XPS analysis results of a positive electrode 

35 active material in Example 3; 
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IO 

15 

FIGS. 4 7 A and 4 7B are each a graph showing cycle characteristics of a secondary battery 

containing a positive electrode active material in Example 3; 

FIG. 48 is a graph showing cycle characteristics of a secondary battery containing a 

positive electrode active material in Example 3; 

FIG. 49 is a graph showing cycle characteristics of a secondary battery containing a 

positive electrode active material in Example 3; 

FIGS. 50A to SOC are each a graph showing charge and discharge characteristics of a 

secondary battery containing a positive electrode active material in Example 3; 

FIGS. 51 A to 51 C are SEM images of a positive electrode active material in Example 4; 

FIGS. 52A-1, 52A-2, 52B-1, 52B-2, 52C-1, and 52C-2 are SEM-EDX images of a 

positive electrode active material in Example 4; 

FIG. 53 is a process flow chart of Example 5; 

FIG. 54 illustrates a spray dry apparatus in Example 5; 

FIG. 55 is a TEM image showing one embodiment of the present invention in Example 

5· 
'

FIG. 56 is a SEM image showing one embodiment of the present invention in Example 

5· 
'

FIG. 57 is a SEM image showing a comparative example in Example 5; and 

FIGS. 58A and 58B are cross-sectional views of an active material layer containing a 

20 graphene compound as a conductive additive in Example 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0044] 

Embodiments of the present invention will be described below in detail with reference to 

25 the drawings. Note that the present invention is not limited to the description below, and it is 

easily understood by those skilled in the art that modes and details of the present invention can be 

modified in various ways. In addition, the present invention should not be construed as being 

limited to the description in the embodiments given below. 

30 

35 

[0045] 

Note that in drawings used in this specification, the sizes, thicknesses, and the like of 

components such as a positive electrode, a negative electrode, an active material layer, a separator, 

and an exterior body are exaggerated for simplicity in some cases. Therefore, the sizes of the 

components are not limited to the sizes in the drawings and relative sizes between the components. 

[0046] 

Note that in structures of the present invention described in this specification and the like, 
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the same portions or portions having similar functions are denoted by common reference numerals 

in different drawings, and descriptions thereof are not repeated. Further, the same hatching 

pattern is applied to portions having similar functions, and the portions are not especially denoted 

by reference numerals in some cases. 

5 [0047] 

In this specification and the like, the Miller index is used for the expression of crystal 

planes and orientations. In the crystallography, a superscript bar is placed over a number in the 

expression using the Miller index; however, in this specification and the like, crystal planes and 

orientations are expressed by placing a minus sign (-) at the front of a number instead of placing 

10 the bar over a number because of expression limitations. Furthermore, an individual direction 

which shows an orientation in crystal is denoted by"[ ]", a set direction which shows all of the 

equivalent orientations is denoted by"<>", an individual direction which shows a crystal plane is 

denoted by "( )", and a set plane having equivalent symmetry is denoted by " { } ". In the drawings, 

the crystal planes and orientations are expressed by a number with a bar placed thereover, which 

15 is an original crystallographic expression. Note that 1 A is 10- 10 m. 

[0048] 

In this specification and the like, segregation refers to a phenomenon in which, in a solid 

made of a plurality of elements (e.g., A, B, and C) , a certain element (for example, B) is non­

uniformly distributed. 

20 [0049] 

In this specification and the like, a layered rock-salt crystal structure included in a 

composite oxide containing lithium and a transition metal refers to a crystal structure in which a 

rock-salt ion arrangement where cations and anions are alternately arranged is included and the 

lithium and the transition metal are regularly arranged to form a two-dimensional plane, so that 

25 lithium can be two-dimensionally diffused. Note that a defect such as a cation or anion vacancy 

can exist. In the layered rock-salt crystal structure, strictly, a lattice of a rock-salt crystal is 

distorted in some cases. 

[0050] 

In this specification and the like, a rock-salt crystal structure refers to a structure in which 

30 cations and anions are alternately arranged. Note that a cation or anion vacancy may exist. 

[0051] 

Anions of a layered rock-salt crystal and anions of a rock-salt crystal each form a cubic 

closest packed structure (face-centered cubic lattice structure). When a layered rock-salt crystal 

and a rock-salt crystal are in contact with each other, there is a crystal plane at which directions of 

35 cubic closest packed structures formed of anions are aligned with each other. A space group of 
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the layered rock-salt crystal is R-3m, which is different from a space group Fm-3m of a general 

rock-salt crystal and a space group Fd-3m of a rock-salt crystal having the simplest symmetry; 

thus, the Miller index of the crystal plane satisfying the above conditions in the layered rock-salt 

crystal is different from that in the rock-salt crystal. In this specification, in the layered rock-salt 

5 crystal and the rock-salt crystal, a state where the directions of the cubic closest packed structures 

formed of anions are aligned with each other is referred to as a state where crystal orientations are 

substantially aligned with each other. 

[0052] 

Whether the crystal orientations in two regions are aligned with each other or not can be 

10 judged by a transmission electron microscope (TEM) image, a scanning transmission electron 

microscope (STEM) image, a high-angle annular dark field scanning transmission electron 

microscopy (HAADF-STEM) image, an annular bright-field scan transmission electron 

microscopy (ABF-STEM) image, and the like. X-ray diffraction, electron diffraction, neutron 

diffraction, and the like can be used for judging. In the TEM image and the like, alignment of 

15 cations and anions can be observed as repetition of bright lines and dark lines. When the 

orientations of cubic closest packed structures of the layered rock-salt crystal and the rock-salt 

crystal are aligned with each other, a state where an angle between the repetition of bright lines 

and dark lines in the layered rock-salt crystal and the repetition of bright lines and dark lines in the 

rock-salt crystal is less than or equal to 5°, preferably less than or equal to 2.5° is observed. Note 

20 that, in the TEM image and the like, a light element such as oxygen or fluorine is not clearly 

observed in some cases; however, in such a case, alignment of orientations can be judged by 

arrangement of metal elements. 

[0053] 

Furthermore, in this specification and the like, a state where structures of two-dimensional 

25 interfaces have similarity is referred to as "epitaxy". Crystal growth in which structures of two­

dimensional interfaces have similarity is referred to as "epitaxial growth". In addition, a state 

where three-dimensional structures have similarity or orientations are crystallographically the 

same is referred to as "topotaxy". Thus, in the case of topotaxy, when part of a cross section is 

observed, orientations of crystals in two regions ( e.g., a region serving as a base and a region 

30 formed through growth) are substantially aligned with each other. 

[0054] 

(Embodiment I) 

[Structure of positive electrode active material] 

First, a positive electrode active material 100, which is one embodiment of the present 

35 invention, is described with reference to FIGS. IA to lC. The positive electrode active material 
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100 refers to a substance containing a transition metal which can receive and release lithium ion 

electrochemically. As illustrated in FIG. IA, the positive electrode active material 100 includes 

a first region 101 inside and a second region 102 and a third region 103 in a superficial portion. 

[0055] 

5 As illustrated in FIG. 1B, the second region 102 does not necessarily cover the entire first 

region 101. Similarly, the third region 103 does not necessarily cover the entire second region 

102. In addition, the third region 103 may be present in contact with the first region 101.

[0056] 

The thicknesses of the second region 102 and the third region 103 may each differ 

10 depending on the positions. 

[0057] 

Furthermore, the third region 103 may be present inside the positive electrode active 

material 100. For example, in the case where the first region 101 is a polycrystal, the third region 

103 may be present in the vicinity of a grain boundary. Furthermore, the third region 103 may 

15 be present in a portion which includes crystal defects or a crack portion in the positive electrode 

active material 100 or in the vicinity thereof. In FIG. 1B, parts of grain boundaries are shown by 

dotted lines. In this specification and the like, crystal defects refer to defects which can be 

observed from a TEM image and the like, that is, a structure in which another element enters 

crystal, a cavity, and the like. In addition, a crack portion refers to a crack or a break formed in 

20 a particle like a crack portion 106 illustrated in FIG. IC, for example. 

[0058] 

Similarly, as illustrated in FIG. 1B, the second region 102 may be present inside the 

positive electrode active material 100. For example, in the case where the first region 101 is a 

polycrystal, the second region 102 may be present in the vicinity of a grain boundary. 

25 Furthermore, the second region 102 may be present in a portion which includes crystal defects or 

a crack portion in the positive electrode active material 100 or in the vicinity thereof. Moreover, 

the third region 103 and the second region 102 inside the positive electrode active material 100 

may overlap. 

[0059] 

30 <First region 101> 

The first region 101 contains a composite oxide of lithium and a first transition metal. 

In other words, the first region 101 contains lithium, a first transition metal, and oxygen. 

[0060] 

The composite oxide of lithium and a first transition metal preferably has a layered rock-

3 5 salt crystal structure. 
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[0061] 

As the first transition metal, only cobalt may be used, cobalt and manganese may be used, 

or cobalt, manganese, and nickel may be used. 

[0062] 

5 That is, the first region can include lithium cobalt oxide, lithium manganese oxide, lithium 

10 

15 

nickel oxide, lithium cobalt oxide in which manganese is substituted for part of cobalt, lithium 

nickel-manganese-cobalt oxide, or the like. In addition to the transition metal, the first region 

101 may include a metal other than the transition metal, such as aluminum. 

[0063] 

The first region 101 serves as a region which particularly contributes to a charge and 

discharge reaction in the positive electrode active material 100. To increase capacity of a 

secondary battery containing the positive electrode active material 100, the volume of the first 

region 101 is preferably larger than those of the second region and the third region. 

[0064] 

A material having a layered rock-salt crystal structure has features such as high discharge 

capacity and low resistance due to lithium that can be diffused two-dimensionally, which is 

preferably used for the first region 101. In addition, in the case where the first region 101 has a 

layered rock-salt crystal structure, a segregation of a representative element such as magnesium, 

which is described later, tends to occur unexpectedly. 

20 [0065] 

Note that the first region 101 may be a single crystal or a polycrystal. For example, the 

first region 101 may be a polycrystal in which an average crystallite size is greater than or equal 

to 280 nm and less than or equal to 630 nm. In the case of a polycrystal, a grain boundary can be 

observed from the TEM or the like in some cases. In addition, the average of crystal grain sizes 

25 can be calculated from the half width ofXRD. 

[0066] 

The polycrystal has a clear crystal structure; thus, a two-dimensional diffusion path of 

lithium ions can be sufficiently ensured.. In addition, a polycrystal is easily produced as compared 

with a single crystal; thus, a polycrystal is preferably used for the first region 101. 

30 [0067] 

Furthermore, the entire first region 101 does not necessarily have a layered rock-salt 

crystal structure. For example, part of the first region 101 may be amorphous or has another 

crystal structure. 

[0068] 

35 <Second region 102> 
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The second region 102 contains an oxide of a second transition metal. In other words, 

the second region 102 contains a second transition metal and oxygen. 

[0069] 

As the second transition metal, a non-stoichiometric metal is preferably used. In other 

5 words, the second region 102 preferably includes a non-stoichiometric compound. For example, 

as the second transition metal, at least one of titanium, vanadium, manganese, iron, chromium, 

niobium, cobalt, zinc, zirconium, nickel, and the like can be used. Note that the second transition 

metal is preferably an element different from that of the first transition metal. 

10 

[0070] 

In this specification and the like, a non-stoichiometric metal refers to a metal that can 

have a plurality of valences. In addition, a non-stoichiometric compound refers to a compound 

of a metal that can have a plurality of valences and another element. 

[0071] 

The second region 102 preferably has a rock-salt crystal structure. 

15 [0072] 

The second region 102 serves as a buffer region which connects the first region 101 to the 

third region 103 which is described later. In the non-stoichiometric compound, an interatomic 

distance can be changed in accordance with a change in valence of a metal contained in the non­

stoichiometric compound. In addition, in the non-stoichiometric compound, a cation or anion 

20 vacancy and dislocation (what is called Magneli phase) are often formed. Thus, the second 

region 102, which serves as a buffer region, can absorb a strain generated between the first region 

101 and the third region 103. 

[0073] 

Furthermore, the second region 102 may contain lithium in addition to the second 

25 transition metal and oxygen. For example, lithium titanate or lithium manganite may be 

contained. Moreover, the second region 102 may contain a representative element contained in 

the third region 103 which is described later. The second region 102 that contains an element 

contained in the first region 101, such as lithium, and an element contained in the third region 103 

is preferable because the second region 102 serves as a buffer region. 

30 [0074] 

35 

That is, the second region 102 can contain lithium titanate, titanium oxide, vanadium 

oxide, manganese oxide, iron oxide, copper oxide, chromium oxide, niobium oxide, cobalt oxide, 

'zinc oxide, or the like. 

[0075] 

In addition, the second region 102 may contain the first transition metal. For example, 
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the second transition metal may be present in part of a first transition metal site of the composite 

oxide including the first transition metal. 

[0076] 

For example, in the case where the second transition metal is titanium, titanium may be 

5 present as titanium oxide (TiO2) or lithium titanate (LiTiO2) in the second region 102. 

Alternatively, in the second region 102, titanium may be substituted for part of the first transition 

metal site of the composite oxide of lithium and the first transition metal. 

(0077] 

Moreover, the second region 102 may contain fluorine. 

10 [0078] 

The second region 102 preferably has a crystal structure which is the same as that of the 

third region 103 which is described later. In this case, orientations of crystals of the second region 

102 and the third region 103 are likely to be aligned with each other. 

[0079] 

15 The second region 102 preferably has a rock-salt crystal structure; however, the entire 

second region 102 does not necessarily have a rock-salt crystal structure. For example, the 

second region 102 may have another crystal structure such as a spinel crystal structure, an olivine 

crystal structure, a corundum crystal structure, or a rutile crystal structure. 

[0080] 

20 Furthermore, a crystal structure may have a strain as long as a structure where six oxygen 

atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in part of the 

second region 102. 

[0081] 

Moreover, part of the second region 102 may be amorphous. 

25 [0082] 

When the thickness of the second region 102 is too small, the function as the buffer region 

is degraded; however, when the thickness of the second region 102 is too large, the capacity might 

be decreased. Thus, the second region 102 is preferably provided in a range from the surface of 

the positive electrode active material 100 to a depth of 20 nm, preferably a depth of 10 nm, in a 

30 depth direction. The second transition metal may have a concentration gradient. 

[0083] 

<Third region 103> 

The third region 103 contains a compound of representative elements. A compound of 

representative elements is a stoichiometric compound. As the compound of representative 

35 elements, a compound made of representative elements which are electrochemically stable is 
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preferable, and at least one of magnesium oxide, calcium oxide, beryllium oxide, lithium fluoride, 

and sodium fluoride can be used, for example. 

[0084] 

The third region 103 is in contact with an electrolyte solution when the positive electrode 

5 active material I 00 is used in a secondary battery. Thus, for the third region 103, a material which 

is hardly changed electrochemically in the process of charging and discharging and is not easily 

transformed by contact with the electrolyte solution is preferably used. The compound of 

representative elements which is a stoichiometric compound and electrochemically stable is 

preferably used for the third region 103. The positive electrode active material 100 includes the 

10 third region I 03 in a superficial portion to improve stability in charging and discharging of the 

secondary battery. Here, a state where stability of a secondary battery is high refers to a state 

where the crystal structure of the composite oxide oflithium and the first transition metal contained 

in the first region 101 is more stable. Alternatively, it refers to a state where a change in capacity 

of the secondary battery is small even if charging and discharging are repeated or a state where a 

15 change in valence of a metal contained in the positive electrode active material 100 is suppressed 

even after charging and discharging are repeated. 

[0085] 

The third region 103 may contain fluorine. In the case where the third region 103 

contains fluorine, fluorine may be substituted for some anions in the compound of the 

20 representative elements. 

[0086] 

Fluorine is substituted for some anions in the compound of the representative elements, 

whereby diffusion properties oflithium can be improved. Thus, the third region 103 is less likely 

to prevent charging and discharging. In addition, when fluorine is present in a superficial portion 

25 of a positive electrode active material particle, corrosion resistance against a hydrofluoric acid 

generated by decomposition of an electrolyte solution is increased in some cases. 

[0087] 

Moreover, the third region 103 may include lithium, the first transition metal, and the 

second transition metal. 

30 [0088] 

The compound of the representative elements contained in the third region 103 preferably 

has a rock-salt crystal structure. When the third region 103 has a rock-salt crystal structure, 

orientations of crystals are likely to be aligned with those of the second region 102. The 

orientations of crystals of the first region 101, the second region 102, and the third region 103 are 

35 substantially aligned with each other, whereby the second region 102 and the third region 103 can 
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serve as a more stable coating layer. 

[0089] 

However, the entire third region 103 does not necessarily have a rock-salt crystal structure. 

For example, the third region 103 may have another crystal structure such as a spinel crystal 

5 structure, an olivine crystal structure, a corundum crystal structure, or a rutile crystal structure. 

[0090] 

Furthermore, a crystal structure may have a strain as long as a structure where six oxygen 

atoms are adjacent to cations is kept. In addition, a cation vacancy may be present in part of the 

third region 103. 

10 [0091] 

Moreover, part of the third region 103 may be amorphous. 

(0092] 

When the thickness of the third region 103 is too small, the function of increasing stability 

in charging and discharging is degraded; however, when the thickness of the third region 103 is 

15 too large, the capacity might be decreased. Thus, the thickness of the third region I 03 is 

preferably greater than or equal to 0.5 nm and less than or equal to 50 nm, further preferably greater 

than or equal to 0.5 nm and less than or equal to 2 nm. 

[0093] 

In the case where the third region I 03 contains fluorine, fluorine is preferably present in 

20 a bonding state other than magnesium fluoride (MgF2), lithium fluoride (LiF), and cobalt fluoride 

(CoF2). Specifically, when an XPS analysis is performed on the vicinity of the surface of the 

positive electrode active material 100, a peak position of bonding energy with fluorine is preferably 

higher than or equal to 682 eV and lower than or equal to 685 eV, further preferably approximately 

684.3 eV. The bonding energy does not correspond to those of MgF2, LiF, and CoF2. 

25 [0094] 

30 

In this specification and the like, a peak position of bonding energy with an element in an 

XPS analysis refers to a value of bonding energy at which the maximum intensity of an energy 

spectrum is obtained in a range corresponding to bonding energy of the element. 

[0095] 

In general, when charging and discharging are repeated, a side reaction occurs in a 

positive electrode active material, for example, a first transition metal such as manganese, cobalt, 

or nickel is dissolved in an electrolyte solution, oxygen is released, and a crystal structure becomes 

unstable, so that the positive electrode active material deteriorates. However, the positive 

electrode active material 100 of one embodiment of the present invention includes the second 

35 region 102 serving as a buffer region and the third region 103 which is electrochemically stable. 
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Thus, the dissolution of the first transition metal can be effectively suppressed, and the crystal 

structure of the composite oxide of lithium and the transition metal contained in the first region 

101 can be more stable. As a result, the cycle characteristics of the secondary battery including 

the positive electrode active material 100 can be significantly improved. In addition, in the case 

5 where charging and discharging are performed at a voltage higher than 4.3 V (vs. Li/Li+), in

particular, a high voltage of 4.5 V (vs. Li/Li+) or more, the structure of one embodiment of the

present invention is significantly effective. 

[0096] 

<Heteroepitaxial growth and topotaxy> 

10 The second region 102 is preferably formed by heteroepitaxial growth from the first 

region 101. Furthermore, the third region 103 is preferably formed by heteroepitaxial growth 

from the second region 102. A region formed by heteroepitaxial growth becomes topotaxy which 

has crystal orientations substantially three-dimensionally aligned with those of a region serving as 

a base. Thus, the first region 101, the second region 102, and the third region 103 can be topotaxy. 

15 [0097] 

When the crystal orientations of the first region 101, the second region 102, and the third 

region 103 are substantially aligned with each other, the second region 102 and the third region 

103 serve as a coating layer which has a stable bond with the first region 101. As a result, the 

positive electrode active material I 00 including a strong coating layer can be provided. 

20 [0098] 

Since the second region 102 and the third region 103 have a stable bond with the first 

region 101, when the positive electrode active material 100 is used for the secondary battery, a 

change of the crystal structure in the first region 101 which is caused by charging and discharging 

can be effectively suppressed. Even when lithium is released from the first region 101 due to 

25 charging, the coating layer having a stable bond can suppress release of cobalt and oxygen from 

the first region 101. Furthermore, a chemically stable material can be used for a region in contact 

with the electrolyte solution. Thus, a secondary battery having excellent cycle characteristics can 

be provided. 

[0099] 

30 <Degree of mismatch between regions> 

To perform heteroepitaxial growth, the degree of a mismatch between crystals in a region 

serving as a base and crystals on which crystal growth is performed is important. 

[0100] 

In this specification and the like, the degree of a mismatch/ is defined by the following 

35 Formula I. The average of the nearest neighbor distances between oxygen and cations of the 
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crystals in the region serving as a base is represented by a, and the average of the natural nearest 

neighbor distances between anions and cations of the crystals on which crystal growth is performed 

is represented by b.

[0101] 

5 [Formula 1] 

f = l b:a l (Fonnula 1)

[O 102] 

To perform heteroepitaxial growth, the degree of a mismatch/between crystals in a region 

serving as a base and crystals on which crystal growth is performed needs to be less than or equal 

10 to 0.12. To perform more stable heteroepitaxial growth to form a layered shape, the degree of a 

mismatch/is preferably less than or equal to 0.08, further preferably less than or equal to 0.04. 

[0103] 

Thus, materials of the first region 101 and the second region 102 are preferably selected 

so that the degree of a mismatch/between the layered rock-salt crystal structure in the first region 

15 101 and the rock-salt crystal structure in the second region 102 is less than or equal to 0.12. 

[0104] 

Furthermore, materials of the second region 102 and the third region 103 are preferably 

selected so that the degree of a mismatch/between the rock-salt crystal structure in the second 

region 102 and the rock-salt crystal structure in the third region 103 is less than or equal to 0.12. 

20 [0105] 

Examples of materials and crystal planes of the first region 101, the second region 102, 

and the third region 103 are shown below, which satisfy the above-described conditions: the degree 

of a mismatch/between the layered rock-salt crystal structure in the first region 101 and the rock­

salt crystal structure in the second region 102 is less than or equal to 0.12; and the degree of a 

25 mismatch/between the rock-salt crystal structure in the second region 102 and the rock-salt crystal 

structure in the third region 103 is less than or equal to 0.12. 

[0106] 

<<Example I: Lithium cobaltate, lithium titanate, and magnesium oxide>> 

First, FIGS. 2A and 2B and FIG. 3 show an example in which the first transition metal is 

30 cobalt, the first region 101 contains lithium cobaltate having a layered rock-salt crystal structure, 

the second transition metal is titanium, the second region 102 contains lithium titanate having a 

rock-salt crystal structure, and the compound of the representative elements in the third region 103 

is magnesium oxide having a rock-salt crystal structure. 

[0107] 
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FIG. 2A illustrates a model of a layered rock-salt crystal structure (a space group R-3mH) 

oflithium cobaltate (LiCoO2), a model of a rock-salt crystal structure (a space group Fd-3mZ) of 

lithium titanate (LiTiO2), and a model of a rock-salt crystal structure (a space group Fd-3mZ) of 

magnesium oxide. FIG. 2A illustrates models each of which is seen from the b-axis direction. 

5 [0108] 

From FIG. 2A, it is not seen that the layered rock-salt crystals and the rock-salt crystals 

make topotaxy. Then, here, the layered rock-salt crystals are seen from a different direction (e.g., 

a direction indicated by an arrow in FIG. 2A). FIG. 2B illustrates a model of the layered rock­

salt crystals seen from the <1-1-4> plane direction and models of the rock-salt crystals seen from 

10 the < 100> plane direction. 

[0109] 

As illustrated in FIG. 2B, when the layered rock-salt crystals are seen from the <1-1-4> 

plane direction, atomic arrangement of the layered rock-salt crystals is highly similar to those of 

the rock-salt crystals seen from the <100> plane direction. In addition, the nearest neighbor 

15 distances between metal and oxygen have similar values. For example, in the layered rock-salt 

lithium cobaltate, a distance between Li and O is 2.089 A and a distance between Co and O is 

1.925 A. In the rock-salt lithium titanate, a distance between Li and O is 2. 138 A and a distance 

between Ti and O is 2.051 A. In the rock-salt magnesium oxide, a distance between Mg and 0 

is 2.106 A. 

20 [0110] 

25 

Then, with reference to FIG. 3, the degree of a mismatch between the regions when the 

(1-1-4) crystal plane of the layered rock-salt crystal and the {100} crystal plane of the rock-salt 

crystal are in contact with each other is described. 

[0111] 

As illustrated in FIG. 3, a distance between metals through oxygen in a (1-1-4) crystal 

plane !Olp (1-1-4) of lithium cobaltate having the layered rock-salt crystal structure in the first 

region 101 is 4.01 A. Furthermore, a distance between metals through oxygen in a { 100} crystal 

plane 102p { 100} oflithium titanate having the rock-salt crystal structure in the second region 102 

is 4.19 A. Thus, the degree of a mismatch/between the crystal plane l0lp (1-1-4) and the 

30 crystal plane 102p {100} is 0.04. 

[0112] 

In addition, a distance between metals through oxygen in a { 100} crystal plane I 03p 

{ 100} of magnesium oxide having the rock-salt crystal structure in the third region 103 is 4.21 A.

Thus, the degree of a mismatch /between the crystal plane 102p { I 00} and the crystal plane 103p 
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{ 100} is 0.02.

[0113] 

In this manner, the degree of a mismatch between the first region 101 and the second 

region 102. and the degree of a mismatch between the second region 102 and the third region 103 

5 are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

[0114] 

Although not illustrated in FIG. 3, if the crystal plane l 0 l p  (1-1-4) in the first region 101 

and the crystal plane 103p { 100} in the third region 103 are in contact with each other, the degree 

10 of a mismatchfis 0.05. That is, owing to the second region 102, the degree of a mismatch can 

be small. Moreover, with the second region 102 that is a non-stoichiometric transition metal 

oxide, the first region 101, the second region 102, and the third region 103 can be more stable 

topotaxy. Thus, the second region 102 and the third region 103 can serve as a coating layer 

having a stable bond with the first region 101. 

15 [0115] 

In this embodiment, the (1-1-4) plane of the layered rock-salt crystal and the { 100} plane 

of the rock-salt crystal are in contact with each other; however, one embodiment of the present 

invention is not limited thereto as long as crystal planes which can be topotaxy are in contact with 

each other. 

20 [0116] 

<<Example 2: Lithium cobaltate, manganese oxide, and calcium oxide>> 

Next, an example in which the first transition metal is cobalt, the first region 101 contains 

lithium cobaltate having a layered rock-salt crystal structure, the second transition metal is 

manganese, the second region 102 contains manganese oxide having a rock-salt crystal structure, 

25 and the compound of the representative elements in the third region 103 is calcium oxide having 

a rock-salt crystal structure is shown. 

[0117] 

Also in this case, as in FIGS. 2A and 2B and FIG. 3, when the layered rock-salt crystals 

are seen from the <1-1-4> plane direction, atomic arrangement of the layered rock-salt crystals 

30 in the first region I 01 is highly similar to those of the rock-salt crystals in the second region 102 

and the third region I 03 seen from the < l  00> plane direction. 

35 

[0118] 

The degree of a mismatch between the regions when the (1-1-4) crystal plane of the 

layered rock-salt crystal and the { 100} crystal plane of the rock-salt crystal are in contact with 

each other is described. 
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lithium cobaltate having the layered rock-salt crystal structure in the first region 101 is 4.01 A. 

Furthermore, a distance between metals through oxygen in a crystal plane { 100} of manganese 

oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. Thus, the degree 

of a mismatch/between the crystal plane (1-1-4) in the first region 101 and the crystal plane 

5 { 100} in the second region 102 is 0.11.

[0119] 

In addition, a distance between metals through oxygen in a crystal plane { 100} of calcium 

oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the degree of 

a mismatch fbetween the crystal plane { 100} in the second region 102 and the crystal plane { 100} 

10 in the third region 103 is 0.08. 

[0120] 

In this manner, the degree of a mismatch between the first region 101 and the second 

region 102 and the degree of a mismatch between the second region 102 and the third region 103 

are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

15 can be topotaxy. 

[0121] 

If the crystal plane ( 1-1-4) in the first region 101 and the crystal plane { 100} in the third 

region 103 are in contact with each other, the degree of a mismatch/ is 0.20; thus, it is difficult to 

perform the heteroepitaxial growth. That is, owing to the second region 102, the heteroepitaxial 

20 growth from the first region to the third region can be performed. Thus, the second region 102 

and the third region 103 can serve as a coating layer having a stable bond with the first region 101. 

[0122] 

<<Example 3: Lithium nickel-manganese-cobalt oxide, manganese oxide, and calcium oxide>> 

Next, an example in which the first transition metals are nickel, manganese, and cobalt, 

25 the first region 101 contains lithium nickel-manganese-cobalt oxide (LiNio_33Coo_33Mno_33O2) 

having a layered rock-salt crystal structure, the second transition metal is manganese, the second 

region 102 contains manganese oxide having a rock-salt crystal structure, and the compound of 

the representative elements in the third region 103 is calcium oxide having a rock-salt crystal 

structure is shown. 

30 [0123] 

Also in this case, as illustrated in FIGS. 2A and 2B and FIG. 3, when the layered rock­

salt crystals are seen from the <1-1-4> plane direction, atomic arrangement of the layered rock­

salt crystals is highly similar to those of the rock-salt crystals seen from the <100> plane direction. 

The degree of a mismatch between the regions when the (1-1-4) crystal plane of the layered rock-
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salt crystal and the { 100} crystal plane of the rock-salt crystal are in contact with each other is 

described. 

[0124] 

A distance between metals through oxygen in a crystal plane (1-1-4) of lithium nickel-

s manganese-cobalt oxide having the layered rock-salt crystal structure in the first region 101 is 4.07 

A. Furthermore, a distance between metals through oxygen in a crystal plane { 100} of

manganese oxide having the rock-salt crystal structure in the second region 102 is 4.45 A. Thus, 

the degree of a mismatchfbetween the crystal plane (1-1-4) in the first region 101 and the crystal 

plane {100} in the second region 102 is 0.09. 

10 [0125] 

In addition, a distance between metals through oxygen in a crystal plane { 100} of calcium 

oxide having the rock-salt crystal structure in the third region 103 is 4.82 A. Thus, the degree of 

a mismatch fbetween the crystal plane { 100} in the second region 102 and the crystal plane { 100} 

in the third region 103 is 0.08. 

15 [0126] 

In this manner, the degree of a mismatch between the first region 101 and the second 

region 102 and the degree of a mismatch between the second region 102 and the third region 103 

are sufficiently small; thus, the first region 101, the second region 102, and the third region 103 

can be topotaxy. 

20 [0127] 

If the crystal plane (1-1-4) in the first region 101 and the crystal plane { 100} in the third 

region 103 are in contact with each other, the degree of a mismatchf is 0.18; thus, it is difficult to 

perform the heteroepitaxial growth. That is, the second region 102 is provided, whereby the 

heteroepitaxial growth from the first region to the third region can be performed. Thus, the 

25 second region 102 and the third region 103 can serve as a coating layer having a stable bond with 

the first region 101. 

[0128] 

<Boundaries between regions> 

As described above, the first region 101, the second region 102, and the third region 103 

30 have different compositions. The element contained in each region has a concentration gradient 

in some cases. For example, the second transition metal in the second region 102 may have a 

concentration gradient. In addition, the third region 103 may have a concentration gradient of a 

representative element because a representative element preferably segregates in the third region 

103 as described later. Thus, the boundaries between the regions are not clear in some cases. 

35 [0129] 
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The difference of compositions of the first region 101, the second region 102, and the 

third region 103 can be observed using a TEM image, a STEM image, fast Fourier transform (FFT) 

analysis, energy dispersive X- ray spectrometry (EDX), an analysis in the depth direction by tirne­

of-flight secondary ion mass spectrometry (ToF-SIMS), X-ray photoelectron spectroscopy (XPS), 

5 Auger electron spectroscopy, thermal desorption spectroscopy (TDS), or the like. 

[0130] 

For example, in the TEM image and the STEM image, difference of constituent elements 

is observed as difference of brightness; thus, difference of constituent elements of the first region 

101, the second region 102, and the third region 103 can be observed. Furthermore, also in plane 

10 analysis of EDX ( e.g., element mapping), it can be observed that the first region 101, the second 

region 102, and the third region 103 contain different elements. 

[0131] 

By line analysis of EDX and analysis in the depth direction using ToF-SIMS, a peak of 

concentration of each element contained in the first region 101, the second region 102, and the 

15 third region 103 can be detected. 

[0132] 

20 

However, clear boundaries between the first region 101, the second region 102, and the 

third region 103 are not necessarily observed by the analyses. 

[0133] 

In this specification and the like, the third region 103 that is present in a superficial portion 

of the positive electrode active material 100 refers to a region from the surface of the positive 

electrode active material 100 to a region where a concentration of a representative element such 

as magnesium which is detected by analysis in the depth direction is 1/5 of a peak. As the 

analysis in the depth direction, the line analysis ofEDX, analysis in the depth direction using ToF-

25 SIMS, or the like, which is described above, can be used. 

[0134] 

Furthermore, a peak of a concentration of a representative element is preferably present 

in a region from the surface of the positive electrode active material 100 to a depth of3 nm toward 

the center, further preferably to a depth of 1 nm, and still further preferably to a depth of 0.5 nm. 

30 (0135] 

Although the depth at which the concentration of the representative element becomes 1/5 

of the peak is different depending on the manufacturing method, in the case of a manufacturing 

method described later, the depth is approximately 2 nm to 5 nm from the surface of the positive 

electrode active material. 

35 (0136] 
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The third region I 03 that is present inside the first region 101 in the vicinity of a grain 

boundary, a crystal defect, or the like also refers to a region where a concentration of a 

representative element which is detected by analysis in the depth direction is higher than or equal 

to 1/5 of a peak. 

5 [0137] 

A distribution of fluorine in the positive electrode active material 100 preferably overlaps 

with a distribution of the representative element. Thus, fluorine also has a concentration gradient, 

and a peak of a concentration of fluorine is preferably present in a region from the surface of the 

positive electrode active material I 00 to a depth of 3 nm toward the center, further preferably to a 

10 depth of 1 nm, and still further preferably to a depth of 0.5 nm. 

[0138] 

In this specification and the like, the second region 102 that is present in a superficial 

portion of the positive electrode active material 100 refers to a region where a concentration of the 

second transition metal which is detected by analysis in the depth direction is higher than or equal 

15 to 1/2 of a peak. The second region 102 that is present inside the first region 10 I in the vicinity 

of a grain boundary, a crystal defect, or the like also refers to a region where a concentration of the 

second transition metal which is detected by analysis in the depth direction is higher than or equal 

to 1/2 of a peak. As the analysis method, the line analysis of EDX, analysis in the depth direction 

using ToF-SIMS, or the like, which is described above, can be used. 

20 [0139] 

Thus, the third region I 03 and the second region 102 overlap in some cases. Note that 

the third region 103 is preferably present in a region closer to the surface of the positive electrode 

active material particle than the second region I 02 is. In addition, the peak of the concentration 

of the representative element is preferably present in a region closer to the surface of the positive 

25 electrode active material particle than the peak of the concentration of the second transition metal 

is. 

[0140] 

The peak of the second transition metal is preferably present in a region from a depth of 

0.2 nm or more to a depth of 10 nm or less from the surface of the positive electrode active material 

30 I 00 toward the center, further preferably in a region from a depth of 0.5 nm or more to a depth of 

3 nm or less. 

[0141] 

The measurement range of the XPS is from the surface of the particle of the positive 

electrode active material 100 to a region at a depth of approximately 5 nm. Thus, a concentration 

35 of an element present at a depth of approximately 5 nm from the surface can be analyzed 
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