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Electron-beam 4742 & o|-&3le] 2lF uhat 22} x| %34 lithium cobalt oxide ¥} A =3} t}. Stainless steel

71% el Y& LiCoO, wHete GA2) #4& AA & $2H hexagonal 72| (003)HL L}E}om, 3.9 V 2o
A A9 e 9ol et LiCoO, Bete FA4w7} Fulgtl whe} LilCo 24ul7} $&H]d) 2-sten, 15
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Abstract — Lithium cobalt oxide cathode for thin-film rechargeable lithium batteries were fablicated by electron-beam
evaporation. Annealed lithium cobalt oxide, which was deposited on to stainless steel substrate, showed well-developed
(003) planes of the hexagonal structure and potential plateau at ~3.9 V. Lithium cobalt oxide thin films had the
stoichiometric Li/Co ratio at high deposition rates and exhibited high discharge capacity at 15 A/s. As the annealing
temperature increased, discharge capacity increased with maximum value at 700°C, but showed low capacity as a result
of reaction with substrate above 700°C. Unuiformity of the lithium and cobalt in the depth profile gave initial capacity
loss with charge/discharge performance.
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LiMO,(M=V, Cr, Co, Ni)#¢] 3l1}2] LiCoO,= ¢+ (rock-salt)
TFZ2A 0-Li-0-Co-0-Li-0%} o] 2472E o]Fn,” Li,CoO,
HHE g Fol2o] A S 5= glo] FF 23 AAe) FFoz
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°2, 59 Bates 5% 2|3 RF magnetron sputtering©. 2
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Hwang® 52 spinel 7#%¢| LiMn,O, ¥te-g 71z} e-beam, RF
magnetron sputtering YO 25H £ AYE 2 whe Az}
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LiCoO, 8}9}H-2 Stainless steel 7] %(1.8 cm X 1.8 cm) 9]¢ elec-
tron-beam Z2-%x](Leybold Univex 450)2 1] A|z3lgod,
28 EZE ¢4 LiCoO, £ (cyprus, 99.9%) pellet(20 o X
10 mm) Fel= & F, 200°Coll A 10A17F AZ3t A)=z3ich.
o, ko] v] FHAL BET 24 23} 4.6 mYgollon, Ha
A7 1507 um At} 7]H& AW Av} F, trichloroethylene,
acetone, ethyl alchol FollA 24z} 1AM 2 e3 A3l &
A5G4 th. 7] chamber 9] JZEEE 5x 1077 mbar o]}
™, FZA T 2X 10™° mbar ©]31& FX|3tAth. o|w, 7@y
A8 E2A Atolg] A= oF 25 emE A 5lgc). utake] FA
Scanning electron microscope(SEM, Hitachi S-4100)Z ©]-&3}o]
ZA3IYon, o] 2UE 516 gem’E JHAE @9 FHT &
% Aol ALESIIT) 71 9o Sake whete 23 AFe) o
& Hassl7] Ysted, 22 A% furnace(Sybro 47900)0l 4]
2 dxjgste 2R Y2 dgsido). ot F9 List
Co2] %2 Inductively Coupled Plasma(ICP, Thermojarrell ASH,
Polyscan 61E) Jo| oj3] 702X FALE g FEHE
Taon, g4 x| wWE wte] APTFEE Xray dif
fractometer(XRD, Rigaku)Z o] &3ttt =3, g7 25| vt
qa Weo] Zo] Hhake] mE AR EA1& Auger electron spectro-
scope(AES, Perkin-Elmer PHI-670)E o]&3}5ith. A=) AL
Z2g vl LiCo0,8 FFo2, F&eE S 8302 A3ty
o], AFAZ Polyacrylonitrile(PAN, Polysciences, MW 150,000)
< M-S AF JAAZE Nickel plateE F Ao 443}
fon, ZH4H MA = Subd A (Jisang JEC-180)] 43}k
2 A9Igke AR 71 ST
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F3 § 9x8 IS A LiCoO, dtete] 8§ 23 AX &
FFoz9 7bFsdE FAN] A8, & 985 E31] LiCo0,
g3 FF F 700°ColA g2 Hete] XRDZAAE Fig.
1¢] Blw3itt. 98 E32] LiCoO, £L-& Fig. 1(al X9} 2
o] 18.74% A (003)He] Z wdd FHFZEE YeRR 9o
I A=A 2F 22 AA & FF22 AREE 5 slSol HE A
o 3% 259 W1 pm) vl Ho o, AAE9] 7] St
A dAE A3E AL AS 2x F7b wet d4sxot 7
Rom, 700°ColA 1083t A2 3tAE 789, Fig. 1(b)ellA
¢ 22 FHE JYERET), o] Fig. 19} WS- A 2
F2A, gFeled 7193 Advrge] 7hsd (003)do] e
AE HE Aoz 3A Jep, dhte] ElEe] 7193 4
A7 25 o]g3hs FFOE ARY F ULE AT 5 9
At aev, SR8 GAE HAA LisCoOs, LiigCo0
S Z2 FAEC] YPHFI = Blen, 2 peakd] A7)Vt Y8
B2 His w22 #E vehd Ae2RE, 4 YRt
(003)8Q] FAT= 0|99 & B3 24 T2 EFER
A ASE & T Slrh ol 44°9} 51°0| A 2] peak2 7%
< vehla o

713 9l 3¢ LiCoO, B2 electron-beam ZdH7+x] 2]
FREE we} Li/Cool 24¥7F 2ty s & 4 e,
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Fig. 1. Comparison of XRD patterns of 700°C, 10 min annealed
lithionm cobalt oxide on to stainless steel substrate. (a) LiCoO,
powder as a source material (cyprus), (b) 1 pm thickness LiCoO,
thin film annealed 700°C, 10 min.

Table 1. Comparison of lithium and cobalt with deposition
rate

Deposition rate \; om) Co (ppm) LifCo (wfo) Li/Co (a/o)

(Ass)

0.5 109.2 88.3 1.23 10.53

2.0 50.4 529 0.95 8.33

5 40.6 114 0.36 3.03

75 5.93 15.2 0.39 3.33
10 26.6 140 0.19 1.64
15 12.6 69.7 0.18 1.54
20 24.2 150 0.16 1.37
25 27.1 183 0.15 1.25
30 12.1 78.6 0.15 1.32
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AAT}. o] LiCo0, Y8 ER ] TAHE AANA 2|57 =
LER BT, o|F AUH oz Frigte]l & g Fo] ZUE
of vla] W2 £ FUEY] g, FHEEE o IYE
o] SE& T g F7tA A FEnld ZH & F ] HEL
2, 34EEE 439 458 FAse T uest e &
PesE & F A 28y, FEEEE WUE FUMA7IE 42
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Fig. 2& $AELE g2ldte] 1um F7¢] B S Ad F,
700°Col A 1087+ GAE§ A 2E FF o2 ALEsla, 28pA
(C5)8] AAARE A/BHAA FUA AL & Ao zA, ¢
A AFT AT FAsHA, 15859 =2 ZH A4t o
2 RS H8) B R4S eI A E3E 270
F43] Z23te] ¢ 20 cycle o] $RE = ¥ 2 AL & o+
EhIAE} Ao glo] &3 7HAE 2Eo] LiCoO,ZRE uhz]
ol wak Co*7t Co*Z et d 4hskdelz wslslA, 2
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Fig. 2. Discharge capacity of 1 pm LiCoO; film as a function of
deposition rate.
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Fig. 3. AES depth profile 700°C, 10 min heat treated LiCoO.
thin film.
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Fig. 4 Discharge capacity with various heat treatment temperature.
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Fig. 5. Voltage profiles of 700°C, 10 min annealed LiCoO. film
with number of cycles [1 pm LiCoO./SPE/Li].
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Fig. 6. The derivative dq/dV as a function of cell potential.
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