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DC magnetron 2=HEFS o]-83l F2|(Cu) EY 9l AZ(SDS T2 5 800°Colx EA=
3l CusSiE A, 019 BlF oA E 5024 EA4S ZARIAH. CusSie Si w8 23
SlaL Qo) 2ollA 2B} WS-SR eisdth. A FAF G- R (linear sweep thermammetry, LSTA)
A 7 S AFS B8, Aol IR0 CusSizt 85°C o ol Edslslo] Si A
o] ¥ (conversion)i-g-oll 23] 2lE WS BRI CusSiold £l Si= 120°ColA
Li-Si & FolM 2159 ao] 7P Be LiySis A7 dF3 S fAF HE 27 (quasi-
equilibrium)e] A¥ozHE} & 4= QIArt. 2 FAF ZA(100mA g PIME 2IF ks
o] LiySig7HA R Ex] £tk T3 120°Col A dghn-gol olsf AAJE Li-Si ¢F3 5
A9 Cue TN A CusSig Eolgt, & CusSigt 21§ 7F 4oz weds 39
3FATE 120°CoM CusSi AT v A A2 AFRT} 1 53 Ao]F EAS Hol FUoh
ol HIEAQL Fe7t AElEe] FudslE $Esie] AN gl A delsiar A
o7 HIFo] HIlsls AL A WES]l Aom A 4 vk AAR HRE AE AL
FUR Foll A E Fo #8954 gEirt FAFHLL, CusSi AFoA = olefdt dXde] Bz
A gkt

Abstract : A CusSi film electrode is obtained by Si deposition on a Cu foil using DC magnetron
sputtering, which is followed by annealing at 800°C for 10 h. The Si component in Cu;Si is
inactive for lithiation at ambient temperature. The linear sweep thermammetry (LSTA) and galvano-
static charge/discharge cycling, however, consistently illustrate that Cu;Si becomes active for the
conversion-type lithiation reaction at elevated temperatures (> 85°C). The CusSi electrode that
is short-circuited with Li metal for one week is converted to a mixture of Li,;Sis and metallic
Cu, implying that the Li-Si alloy phase generated at 0.0 V (vs. Li/Li") at the quasi-equilibrium
condition is the most Li-rich Li;Sis. However, the lithiation is not extended to this phase in

*E-mail: seungoh@snu.ac.kr

-116 -



= 73483 %], A 139, A 23F, 2010 117

the constant-current charging (transient or dynamic condition). Upon de-lithiation, the metallic Cu
and Si react to be restored back to Cu;Si. The CusSi electrode shows a better cycle perfor-
mance than an amorphous Si electrode at 120°C, which can be ascribed to the favorable roles
provided by the Cu component in Cu;Si. The inactive element (Cu) plays as a buffer against
the volume change of Si component, which can minimize the electrode failure by suppressing

the detachment of Si from the Cu substrate.

Keywords : Lithium secondary batteries, Negative electrode, Li-Si alloys, Cu;Si, Conversion reaction
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Fig. 1. XRD patterns of Cu;Si film (after annealing) and
amorphous Si (a-Si) film (before annealing). The latter (a-
Si) was deposited on Cu foil by DC magnetron sputtering.
It was converted to Cu;Si through annealing at 800°C for
10 h in argon atmosphere with 5% H,.
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Fig. 2. Linear sweep thermammetry (LSTA) profile

obtained with the Li/Cu;3Si cell (black line). For

comparison, the same experiment was made with Cu foil

(grey line). The voltage of Cu;Si electrode was fixed at
0.0 V (vs. Li/Li"). Temperature ramp = 0.1°C min .
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Fig. 3. The galvanostatic discharge/charge (lithiation/de-
lithiation) voltage profiles obtained with the Li/Cu;Si cell
at 25, 85, 120°C. The voltage cut-off = 0.0~2.0 V (vs. Li/Li").
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Fig. 4. The ex-situ XRD patterns obtained with tvhe Cu;Si
electrode at the end of the first lithiation (0.0 V) and de-
lithiation (2.0 V) at 120°C. The cycling condition was the
same as for Fig. 3. For comparison, the XRD pattern of
Cu;Si electrode that was short-circuited for one week at
120°C was provided.

5Cu3Si+21Li" +21e” ¢> LiySis+ 15Cu (1)
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Fig. 6. The FE-SEM surface images of Cu;Si (a, ¢) and a-Si (b, d) film electrodes obtained before and after the first cycle

at 120°C. The cycling condition was the same as for Fig. 3.
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