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An anode protector of a lithium-ion battery and a method for fabricating the same are provided. A
passivation protector (110) is formed on a surface of an anode (102) in advance by film deposition, such as
atomic layer deposition (ALD). The passivation protector (110) is composed of metal oxide having three
dimensional structures, such as columnar structures. Accordingly, the present invention is provided with
effective protection of the anode electrode structure and maintenance of battery cycle life under high-

temperature operation.
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B FHR ZELEE BT BEETHEIAETTF
EHZRRBERLBIL ERETERALERTHERT
THLRAZAAEEE  STREAGHEREZFEFHES #4145
ETGERELABEN  BENFHGBEEL - RATE
o~ A48T 4T ERTFELAAIAFERS -
RREFER - EEB -EGERRBRBEAFLE LR X
RERATHATOLHRMAEEFE - Aot HEHTELH
R ERLMARG  HoBEAA - TR KX
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EETHRERARBREN GRS -
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Mz PMITRBELETARKEZEL - — KT @RTHE
Z_REETFERLLN K ESE A P A8 MK (meso
carbon micro bead * MCMB) & 54 MH £ 8 » A8 L
REREY  THBERMKDBRERETRERE NG
B A B BB A2 E /) @ (solid electrolyte interface » SEI) »



1473320

LEREREINETRLGEMAN A D HAAERETR
fo EMBEERAKERE  BLBEEERET M@ HDN
ThEzwBAREHBE -

HHEE MEEBETTLEANERALELAMLE 4
o EETFTEAAETH LRGN Loy T 5 R E N MR
kBN TELASBRETHE RLBHR
Freoehm  EHERBETHEE—REHETELCLALDETH
EN@@SEDE G HALARE  ZHERTEBARRMERER
B EERTEANBEREFIIBRELE -

[#eAmE] |
ABARM - FEETEL A PEEABLEAAS
HiRER  BmaeHLDHETER-
AEASRE—HFHERTELHHE T X BAGE
ZETALH RELIEIRER -
AEARB—FHEFEFTHL oFHE - E4& - B
B EREERBREMEREE  BEREINGEOHS -
iR ENGRAREZIE REBEAGE - RELRF
TEHRBEEKR - EHREER BRENBZEERA - 1
RERERENGHEROABL R V4R ERAEBALMK
B BAEEAInmZE Il um-
RBABATRPIMEZEETFEL ) Ll FE%
BEG ARG EANGEKREHE ALY - AEKEHEZ
fitth ~ R k&M abdh ~ Sk EHB X At ~ B 7k



1473320

BBz ALY  FRANBLAKREHRZ AR RREEZ
Al e P E Y —Fmung -
REBABAFTHGIAAEZAARETEL > LiX MR
HEOLIELRE ALY REIE - L2 4B Al R
= A4k =48 (A1L0;) » = &1L 4k (TiO,) ~ = &1t 55 (HfOy) &%
Wz mA e
RBABATHGIMEZEETEL LEZXHHEE
1% 4% 3 7 3B A (intercalation - insertion)#f ¥} 45 #& 2 & 4\ B
2V dytHt -
WRBABEAT O AL EETEL LHZHEE
HEBBAILER - RABE BHE - &% - FE%
% ~ LiAl ~ LiZn ~ Li;Bi ~ Li3Cd ~ Li3Sb ~ LisSi ~ Lis4Pb ~
Lis 4Sn ~ LiCg ~ LisFeN, ~ Li; Cog 4N ~ Li; 6Cug4N ~ SnO ~
SnO, * GeO ~ GeO, * In,O ~ In,O; ~ PbO ~ PbO, + Pb,05 ~
Pb;0,4 ~ Ag,0 ~ AgO ~ Ag,05 ~ Sby053 ~ SbyO4 ~ Sby05 ~ SiO -
ZnO ~ CoO ~ NiO & FeO Fréa Rz B A eyt -
RBABATHGIAMEZEETTL LikzoiT
T A 55°C KA b 68 B F H Ak - |
ABERAIRE-BEETELIHEAELH RS
ik ROXTH S - RARBERTTHOZIHGE -
ERTFELIGRABELNEABARELARELA &ty
SRR RE > BAMRERLYEEA IomE lume
RBABATHRAIMLZEETELHERFE L
WA BAMRZEOER TR K AHME (atomic layer
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deposition * ALD) -~ 41t 2 & 48 & # (chemical vapor
deposition > CVD) 2 Bk # & 4 . # % (pulse laser
deposition)

KBAFAFT Rz TELOBLFE &4
b G EAaNdEREHZ Aty - FEKEH X &1t
MW~ hAREEZ ALY ~ sHREBZ AL - BRIk L4
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ERTREZAMMAEE  AEmicea2rEtissin
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sboh s REAZ BT IO BT LA EHENHEL
WAk LW REMIAEE  FEEANBAE T LM
RAGEMM - EREBEREY  PTHAA G U 2mE
e BT AKFEREMERALERFRA S RBAETH
TR -

HBEAFAZ LB U EERAEZRABELE > T4
BREWNYE > EEAAMEBAEHERALT -

[ &35 K]
B 1A TRBARBEHZ —FTHAZEETFET LG
~EE B IBRE IAZSFs MO AFAKRTER -
F4BEIARE IB 287 Et 100 &3 54 102+
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A 104~ fe8Em 106~ TR E AR 108 A R4 MHARE R
110- 245 104 Be E7 4R 102 ¢ 86> BIa8E8 106 B B
AR 102 S84 104 2 ] 0 4554 102 ~ [24% 104 82
fadkps 106 LRI T AL ZEEBM R TAE EK 108 A&
ENBEEGHB RN -4LMAAEE 110 B EAHE 102 9 %
@tk ETP4MAER 10AFBEARE  EMHHOEA
bt BEBEEAA InmE 1um- pbob > 4238 FE b 100
FOEHELE 2 WHELHE 112 TH —&ehseiH
FER ALNAEASRE 102 24 104 R a8 106 &
gl o

i 102 ez e B % 102a RGBT HYE
102b- B4R 7% ME 4 G 102b o7 4& oy FAKx 8 16 & T e it Mg n
GiaeBE 102a EmiERGEER - H&2B % 102a 4
Yo XA ~ 488~ BRBE RS ETHLREME - GRFNY
E 102b 5] 4o & 42 & T & A (intercalation » insertion)#f #} 4&&
ey B4R 2V At 2T A & 581t 4 LiAL- LiZn »
Li;Bi~ Li;Cd~ Li;Sb~ LisSi~ Lis 4Pb ~ Lis 4Sn ~ LiCg~ LizFeN,
Li; C0g 4N ~ Li; Cug 4N ~ SnO ~ SnO, ~ GeO ~ GeO, ~ In,0 ~
In,O3 ~ PbO ~ PbO; ~ Pb,0; ~ Pb;0, ~ Ag,0 ~ AgO ~ Ag,0; ~
Sb,03 ~ SbyO4 ~ Sby05 ~ SiO ~ ZnO ~ CoO ~ NiO & FeO #7
ARz Bme Ll EAMGIRENEYE 102b g5 5o &
ALBE - RABE -BHB - REBE - -2ERE - 62
Wik L2 RAHBEES, - A—FTHHT  $HEFHR
WE 102b A ey LREHN# 30 nm £ 30 pm 2
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%6 102a LR BB EEY - BE4B % 104a )40 % 48
BB E R MERBEENREME - BT LM E 104
B e R4E4L B - 2EBE 4B R A A1 (ithium
mixed transition metal oxide) * H 3 & LiMnO, ~ LiMn,04 ~
LiCoO; ~ Li,Cr,07 ~ Li,CrO4 ~ LiNiO; ~ LiFeO,; ~ LiNi,Co,0; -
LiFePO,4 ~ LiMngNi,O, ~ LiMn,CoyNi,0, ~ LiMcg sMn; 504
Lt zas £ 0<x<l -~ 0<y<l » 0<z<1 » x+y+z
oK1 EMcA—ELE -

E—FwplF > LA 102 RE24& 104 53] £ &
1% & 4 F 35 % #) (polymer binder)(k & 7)) A A IGIEF
WA E 102b 25 F NGRS B 6 102a LA R RBE LY
% 104b 25 N4 B 6 104a L > 3 igik ~ BA&RE
BYEZHEBREE  SBISHTHERNTAR ALK
(polyvinylidene fluoride ° PVDF) ~ X Z % T — W & B
(styrene-butadiene rubber > SBR) ~ & & A% (polyamide) ~ =
B2 8. B% £t Bs (melamine resin) &, Lk 2 @ 454 -

R 102 S22 4% 104 Z R &9fadE g 106 L35 84
k0 H Bl 40 & R T 4 (polyethylene » PE) ~ & & %
(polypropylene * PP) & L i #t M &) %2 B # & & &
PE/PP/PE - ‘
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Fo B o B A& 5B 5 4o & y-T 2 A B5 (y-butyrolactone » GBL) »
%% B T ¥ B85 (ethylene carbonate’ EC)~ % &% 7 }% 5 (propylene
carbonate » PC) ~ #g 8% — ¢ &5 (diethyl carbonate > DEC) ~ &
B & B85 (propyl acetate ° PA) -~ # B — ¥ & (dimethyl
carbonate> DMC)~ %3 & ¥ ¢ &5 (ethylmethyl carbonate’ EMC)
R bz a4 4285 4o & LiPFs~ LiBF,~ LiAsFs~ LiSbFg »
LiClO4 ~ LiAICl; ~ LiGaCly; ~ LiNO; -~ LiC(SO,CF3); »~

: LlN(SOzCF3)2 > LISCN > LIO3SCF2CF3 > LIC6F5803 M

LiO,CCF; ~ LiSO5F ~ LiB(CgHs)s ~ LICF3SO; 8 k it 2 48 4 o
7 o B 15) o & % B 25 M B5 (vinylene carbonate » VC) o
B 1B AT > 4 MIRER 110 R BERGE TN Y
102b eh & & b » BAbMIR3/E 110 A LM JE - 46147
#E 1I0flw B EFRE-HEHB QLB 9 H L
GEERME 12bwmABLERMMAR > ERAEZEEHRR A
W) EARE & 108 4348 > B Mo A AR ER 110
REEME AR 108 AMFEEREME 102b sk @ Loy Mo
BpHlMmE  BERE-GEHBZECWGHEEN A KREEZ
f1tih - BREKEMHZ At - R k&2 814 ~
BT R B IR Z RACH R AR YK 4
Z iR G KR ERZ AL rrmanBtateyz b —
oM ER 110 6348 8164 R — &1L47(S10,) -
Ll 2B Al X BELBB %) 1A % ~ VA %
2B AL - E—FHG P > sLHRER 110 P4 Y
4B 81t T A = f.1t —48(A1,0;) ~ = £.1L4k(TiO,) ~ =
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A AL (HIO) R L 2 i 44 - sbdbh - ) msbEFRE & 110
B Epl R EGREFEME 102b X @ LE#T R FREK
ik #% 7% (atomic layer deposition * ALD) -~ 1t % & 48 L &
(chemical vapor deposition » CVD) 2k Bk 7 & 4t ik #& 7% (pulse
laser deposition) * R Z4EH A REE Y 1 nm £ 1 pm &4
MARE R 1103498 REAMIREGRE - £—FHAF F -
A MARER 1108 EESHA 10nm £ 100 nm -
HAAEATHROI A ZSERELE II0NETEE
E&D ATHRBELEREBRETHELEFURELL
GAKEHELERE @k%&#%ﬂnoﬁ BEE

BAEER - EMRER 110 B EE KRG (B 2o H 1
nm) ?'Jﬁiféi‘lﬁﬁiﬁ‘%f‘ﬁ& 102 &y a‘i% » B G E
FEARE RBWRR - H — » EELMEIRER 110 89 BB K

B(Hlhe BB 1 pum) > Bl @ sk 5 4E 102 811248 104 2 B 89
TEF SEBETHE 8RNI EREXRXERNSENSET > €
MEAE S R4E - sboh 0 32K E 1A RE 1B Y84 IR ER
110 RAFEBKAEG »EAEAERRAL > R EAEHE
GRRALREREE - BREE AL RZH D4R ER
MBARBERAMIRENEE -

FHRAGR > BAT—ROERTELRLEMBHL
BMEBEY  ROGREVBYMEREREERT AR DN
FRNBELEETILERE > IAGEREGHURELEERE
4@ (solid electrolyte interface * SEI)Z 452k H %4 H K1k
BIRERE - Ad o BILERERFALHEZHELAIN
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Em%%&%&m%%ﬂﬁ~%ﬁﬁﬂﬁ%%%%ﬁ%#
T RBAEANAFARSGECLEASETZIARERES S
&%é%ﬁ%ﬁo
BETREAAEETFELHEEF X - BAEEHR
UNFHREZABEIRZRATH @R AREAZIEETEL
MBS TR A ERBETELZINANGEE DU S B4
WARER &M B RE ARG LR EATE > 21
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JFRAUMREAZTAZHE - ENERTET LA B4
M~ i - AT XKRIBE » B TRATB BT A= F
BERBHEOBRERI BN RE > RIKATLT S > MR
RATFTHEHRFIAL - B 2 RARBAEAZ —FTHH 26
BFELHHLIHALZE -

HHRE 2 BITHHES202 WHmBsE BTl
Bt BB EBRERTHNYE - £— K6 F > BBF
MY ETEEERRABRBEVARANEERSLBESLE L 28
BEETRE(WwEE - BELITR)OHBRERLERY -

BATH B S204 WHGE RO AMAEEERS
(5 B S206) A R A TG4 B4R & @ b ol B IL B R AR éh
A% 3% /B (5 S208) > L PR R A ALY A E
AlnmZ luym- BT > £5 8 S206 ¥ > & FEALE
HRREEMBELAGRELBE LM AGRERDE » &
BHEREWEE BELTR)AHBRAGHEERY -

Z 1% EFER S208 ¥ AT R TFREKRAME
(ALD) ~ 1t % f.48 A (CVD) R Ak #87 F 44 L # 7% (pulse laser
deposition) ¥ BB LM E > MLEGBRERME LB LR
MOL AR EE = BERZ ALY > AR AR E
RO BEARE  LEHABESZEHNAESH InmE 1 um 655
Bl - BRNANZT S REREFHOSHEH =L
Bz At AEaN dEKEHZ At~ TEKEHEZ
f1t4 - R IR a4t - stk EHEZ 814 - BRI
HEBEZ ALY - FRUABEGREBZACHRBKEHEZ
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Al B a Tzl —%  ETRAMERAZEE
MEEORABEHELEMEATRE - LlisbHRER Y
H#HeELBEALY XA - £ —FRE T > §#A
ALD R #5428 8 bt Bob IR E R > AR EANZATEEY
% & = F %A 1t 48 (trimethyl aluminum) - w & % 2 4k &% &8
(tetra isopropyl Titanate) ~ w9 & & & 5 8% € (tetra isopropyl
hafnate) s, L ik 2 /&4 - ELRAHR - FHHHELABLE
SLMEARER Qi T URB AT T e BATHAE - 1R
R » AR BFEHL -

AT BB S210° AMRBEB B GRASERE L P15
B-BRERARBEELARCREAERE o REEF o TE
A PP & H4bo-ii#fid -

CHBITTHE S22 NBEEBEERAANMANTRETER R T
CHREABROUIEARBER - EB AR R mE -

BITH B S214 UMK LHOBELGE BEUARR
B Bl TEhsseiliag-

HARANE  AETEETELOHEAZA AL
PEEEkB LM REREBEFTEY MM ERE - BR
FEANUALTALEE HEBRIHEDETRBEARRR
AXTEREERAEY  HAITAREFNEBLSRGEEGE
AT MR ER  MARFRITHBERRT » AT MR
RENEE - HEBZ AL ARENA B REGEETE
CHEBELETELRERESS -

AETANAEAT RS I ERTELRAER S
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FEE R SRR T EAZARBRBETXIRESZS & T
RBAEHRPIRNALEE - ATFTERVIZIHBERMEZLA
RAUARABEATHRAMEELSERTETLALBS RE
EHREEBEARBHEHRERLR LA UNRIT AR
Bz o [F o

E ) 1

HELBTREBEMKRE BEANES AT H
REUHREEESES w48 E-222ELmE o ]
LiCoO, A E itz ERY -

¥% 91 & 42 P 48 %% #% 3K (meso carbon micro
bead - MCMB) (A% & 2)-6 €12 PVDF & 5 £/
Z LR 58 NMP & o 3t A% ot 58 B8 72 4 4R (6 12 30 0%
BRGEHTRAMEAGRERY - BHEEREENFELASE
BEBIET (iR E>5%) 24 [EFEEBRMEHK
AZHATHRA - 2% BIEBEEEEREEAN ALD F&2
Frgdh BB SRR E A 120°C 0 b AT AR 2B B AR4E
DEAREANLE Rz ATEEY > ATERM A = F A1t
4% (trimethyl aluminum) - 4% 2 22 9 B F+ & 10torr 1% 4 45
R AAH QW ERERNABERNEREZE 0.5 torr 12 4
HR2HQEAKRYTFARA FERERNEAA 10 torr
BYEFLBRAID DI IEENABENEEZE 0.5 torr
BFH 128  EARATHRHBT » IEER L EIT S0 R MR
mABYRASim £ 20nmm B B B E 2 = 5.1t =48 (Al,0,)
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AHMMRERE  BEFRET  HMUEREREETARE
BEREAIES > AL 500 REYBER BB RHE > T
43 # S0nm £ 200 nm &4 B & o

G EEkaR R frERE 2R RIFHXETFEM
4% (scanning electron microscopy * SEM)#R,:R| it & 47 7T & &
HREZ-BE3ARE3IBIAIRETHRE 1 28878
HwGEAk @A RT ALD REM RS RER TR ZHE
) SEM %1% - Bl 4A BT 56 | 228 FETEHEL @Y
Y SEM %1% B 4B A B 4A F Spectrum 12 & 884 T
(o #ER - wE 3B AT ASELMGET HAER
MEKPARZEREABET AV AFLE LML LB A1ty
(ALO,)) F s & - mA A X Lt & 5 84
(energy-dispersive x-ray spectroscopy * EDS)# F54%& F R 48
A K B & @A 4K 4 (Spectrum 12 B BR)EAT T EH
o RERBAEBRA DKM AFETUESE 0 AR
& ALD & @ e 32 8 px ) T S A AR PR 0 o ] 4A BB 4B
il

B RA 2 By X i BE & M B (propylene
carbonate * PC) ~ 3 8 # 4 X & B8 T )} B (ethylene
carbonate * EC) & 5 %8 # # X # 8 — ¢ & (diethyl
carbonate » DEC) A TR E AR Z A RER - ERAETERT
Ahoth42 8 A LiPFg» EE A 1Mo

BE LR PPHARBEESGERRALERMILL
2ERBEEHRZLE  NHBRAEBZIMOEZERRNIWAL
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Rz EREER REAHELEEHUELERLEH WK
FETELHES  TARR - REHESRAFIIEAR
B (%4 55°C) F # 4T & K R K o

£ B 2

BT EETRS | &£ ALD ARR T a8 A2
4 B 814 AT Bedh A 2 A w E & KR 4K BL B (tetra isopropyl
titanate) f 7 By 48 & @ T A = R AL Sk (TIO )Mk 2 b A% 36 /B
250 £4AA ALD HBBAGEFAENSE - Tis
2 BEUR ERE ERZIER -~ 42 B LI H TR
Bl 1480 MARREETFETHHEFE 44 55°C HEB
TRATELEKTAN -

a3

RTHEEESRG 1 £ ALD AR P AR FAZ
4B f AL AT e % 3 B v B & A 558 B (tetra isopropyl
hafnate) f 7 % #& & @ H i — &1L 55 (HIO)4F A b ML 4R 3%
Bz R AR ALD Gk BT RENG S -
BZBERAREREBERZIER SERAMILFHEY
B 1 AR MR RERETFELHRE > BAH 55°C F
BTEATEALRLKER K -

th & K &) 1
RTEARBFELAEETRG 1 FEHEFAGREELLS
ALD EE R4t MR # R 2 HApERBIE2EURER
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B RBRZ B ~ABEELFHETERG 14E WA
REEBEFELHEE  TAY 55°C B THRATALRAK
R

b 8 B ] 2

RTEREB-BEGol-geDEREBEBDAEA 28 4
It 2GR EBRSUANS  EARBAM R TRG 1 Hez
AR EETELORE BA£HY 55°C R TETER
RAERR - H T2 BB-BB AR LB P 48R MK
HMMCMB)sLAB N P Rlfas MKBAR EEZIEHZT =4
WEAHRKBEENLBE T 2HH 10 o BEH
120°C #2486 P 32 > BB E 450°C P4l N\ NBFo 2 4% >
HiEREB-RBENERBOE = A1L4K(TiO)x P Fta 5k
WK AR B LA TR | XX EHNAEHRIEIE K
EITERMBAREREERY  LEGAFZHEERSEL
%38 ALD R 3E -

T M E R
AEBEIERBK

¥ 55°C 9 HBRET » T H 13 RLLBRETR
Bl 12 2 BHTFTELUNEAEZER/CREFTAERE - &
£ R O0TmMAZBEZERAFAETALAETEZ 001V A2 ER
IAREAN0O0TmMA- BZE > AUBREETARA0TmMA BT
HEEZBRLER2V B ERLEBR20KR- ERBNE
B 1-3 RIEBE®RE 1-2 2 F4E F E (milliamp hours
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per gram * mAh/g) 1 i £ (%) TR 1 Aiow © A4 >
SEHETEHRPI3RLEBRESRA 122 EBETFITHLHLIEK
BHRBEREREOCOET M BRE -
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% 1
1 $52 5 1082 20852
R T
8 77 em |KERE| L |KEHRE| L e REKEB| | AEHE
TEE (%) TCEE (%) TEE (%) EEE (%)
(mAh/g) (mAh/g) (mAh/g) (mAh/g)
Kep 1) 325.51 100.00 322.41 99.05 319.07 98.02 310.79 95.48
Kea 2| 335.11 100.00 332.96 99.36 329.96 98.46 323.44 96.52
Keew) 3| 328.67 100.00 329.18 100.15 | 326.98 99.49 320.30 97.45
%Zﬁlsﬁ 328.32 100.00 308.17 93.86 297.51 90.62 251.84 76.71
H:,Eﬁzsﬁ 314.39 100.00 227.09 72.23 243.88 77.57 160.53 51.06

AR IRESHERTh ERE 1 HBLREHEERT
Esp 13 RB TR | 2E88EFEoHETEEMG
BB ETRP 22 EETELHOTEENNRMNEHLE -
MEEEFE0LEd 20 RAKXEEEZE  bBRETRH
122 288 T ELHEREEALASBEMATART FRPE
MmERG 13 2HBETELYEERZRTRBIEHFALAR
BEEREZ 0% E - B4 HALBRTRSE 24EHER
-EEB R TR AN T R AR s KR &R @ o = 8164K(TiO,)
AGERETRYE  ERERER- BB EH R =R 14K
(TIO) R EBE  ESREFREETREIAXLAGHRAR
BZEER - wB SHT ERAEB-BBEN R =41
R(TIO)E RILRERG 2 2 HBEFTEALALALS 2 REK
TRHBERKLOEEEHABLLERA ALD WGEAxEH R =
AALSR(TIO)Z FafH 2 THF % EELILKREBESN
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GiakBRIEZLBRERS 1 BK -

HERBE T BENEAE ALD REHLLBTR
7] 1-2 0 B £ 4 SSPCC I H BRI T L8 20 RAK B
Bk B ALD A G AEHNETHRS 13 228 T E0KAR
BERFRFHB/EZELAFE  BEBTOLMELITETUR
F 2% EFE - HTX > £i8 ALD @R E ML
AR A ATSERER)ZGEERSLAHMEE —K
EHEEAFIERARARE THREES T HNREBESN
FOREBOGREERY ERENEAEE-RBELRBR
HEmMme B itz maEmtd e Bt #£8 ALD
REeGREADEGLAAHRERHERTFTELZI RS
RHBEMBABEK -

SZrEpul > KEAZEETFELRALBEEF AART
HENBANGRABLEIBRHIBLEEB T s ir
B> m Tt ERERBIGBERME HAERARRE
A o BE D AFATGAMFERLGFETFEARSELSE
BETHEARFERLEHTORE  BTH BRI EH
FEALZAREREEEZS > ALTARLEANTH £ 23
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ANODE PROTECTOR OF LITHIUM-ION BATTERY AND
METHOD FOR FABRICATING THE SAME

X BEABE
ABERA—HEBETELEAGELER I EHEBRY
WHEk BAMBERBAEE  Flo R TR KA E (atomic
layer deposition > ALD) » £ 54#&(102)% & & # & et 4% #
B(110) £ P4 MR ER(110)A B REHRZLE &
Itk > ST BEEER R BARHASASET
 AHRESEEEESB AR EAREES K -

ZAXEAB/E
An anode protector of a lithium-ion battery and a

method for fabricating the same are provided. A

L L

passivation protector (110) is formed on a surface of an
anode (102) in advance by film deposition, such as atomic
layer deposition (ALD). The passivation protector (110) is

composed of metal oxide having three dimensional structures,
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such as columnar structures. Accordingly, the present
invention is provided with effective protection of the anode
electrode structure and maintenance of battery cycle life

under high-temperature operation.
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such as columnar structures. Accordingly, the present
invention is provided with effective protection of the anode
electrode structure and maintenance of battery cycle life

under high-temperature operation.
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A k5 % - LiAl~ LiZn -~ Li;Bi~ Li;Cd ~ Li3Sb~ LisSi~ Lig 4Pb ~
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