2013 4 5 A
& 30 % & 3

TR A FFRCE LR ZF RO

Journal of Chongqing Normal University (Natural Science)

May 2013
Vol. 30 No. 3

DOI:10. 11721/cqnuj20130323

AR HE L EAERERT RBRE AT

RAVBE, AR E, ERAT, Rz, RO
(1 ERITR R Y 5+ TR BE, HIK 4013315
2. VLVEHL A B B R B R TR SR, 1LV B 5 330013;
3.EPRKRAE YA, E K 400030)

FIE A SUS304 T4 414 R £ DU AR B A0 0 W9, R A M 08 A HOR B 4 9 @ A %5 45 00 V.05 (LiPON fo
LiMnO, % B, 34 8 54 & 7 5 808 (SEMD I W F Boxt B M ) & 3 AT R AE. Aok 3 R LR 0 AE IR 0 A
W AR AR AP ER, SRANFELEER, RAHELLHAUMERT AR, XRAERKN, Ribw
BB 0.3~4.0 V 2 MR A, Bk o A R H MR B 500 KIBTF R, R AFHEBTRE,
R E B R 2.67 pAb/om® % R B K B 20 pA BEAT SR IR A, H A MR BB K 4 41 pAb/em?,

T F e Nk E 1500 Kk BLE,

KER:2BAAFEELET AL BT R fl & LF

FES%ES:TMI12.9

Wt P A S AR 7l ) A JEE S T A K
FOATHRHLIC o A48 2R 3 /0N 1015 i 28 o A i =X
AR fe b S A B T PR Y K R L A S WL B A i TE
L R S RS e [ AR R
Tt LA A 1 B IR AT L ) B R e L RE R R s
H R AU O T R g 1 B ARE IR Y AL R
Fz—

H 2L E AR 08 [ X 9250 % (ORNL) Bates™ 4F A
R PR 42 IS AR T et 25 P RE A5 B Py JE B R
fip ECR R LiPON i I LK HE 28 B i) 4 3l I v 3t
M — R HEZMHE AR i T LiMnO, A5
(14 BHLIE RE 5 A AR AR A L AR HE O T
IER A R R e 2 —17 SR AR S V. 05
BRI B A 5 9 LU 7 RS 4 9 0 Rk RE L BOH AT
LAAE A TE AR RE A AT LA Ay B b L0

AR SR AT LiMn O, S8 B A 2 TE AR b1 V. O 385
8 Ry 1A% A L s LIPON. 38 B4 iy [ 4 v A S5 A4 ek o
B th 7 A I S R T o RIS T %
HEL Y ) R 2 PR E I A R R A

1 K58

] 285 9 PR S UK R Y Y ) 4 2 AE JGP600
T 22 Ty I el s 4 I O B IR AR 4 R S8 Y I R
G H AN B 0 LS TR O A R R A T AL S A

» Wi HEHEI:2012-09-28 & B B #1:2013-02-28

XHERFRERL A

XEHS:1672-6693(2013)03-0111-04

MRS A S ARG AL, HE AR S A
JE VIR R SO HE A R B . 1% R G 2k AL AR IR RN A3
T AL B LA R G AR IS LA B R I O & ]
% 107° Pa, EFEE R[5 107 Pa, TIESHEAEAS A
ARSI 3 O AL o A A A3 )k S A o

SIS 1 4 [ A T A B U SR T A0
LIt 75 1) 96 6 Fl S 235 4 SRR V7, O T8 2 R T B
e RO S I S R A 4l (99, 999 20 il 4l AR
(99. 99 Y0 IR A B — & B L B A S B 858 A5 A S5 00 % 555
HIVER) . SR, IE A LiMnO, i B A1 [ {4 B f## 5T Li-
PON {15 0] 2R FH 1 6l 14y A S B Ay 106 S5 82 o 4K Uk 7
B 4l AR AT (99. 999 Vo) F i 4l AT (99. 999 Vo) 1 Sl i 8
AR B S I . O | BB R R T DU SR 4 TR
V(99,99 %0) HEAT B I S A .

SUS 304

I 2ETHEEET - REHENE

W 4% H R B 18] : 2013-05-20  18.04

HENI B R BOE RT3 H (No. CSTC2009AB6138) 5 K 4 g Wi 15 45 45 IR 24 71 ¥ B33 H (No. CSTC2010AB6110)
YEE B A BRI R 55 B0 A 58 A, B 5 5 ) Dy WSS R B - L, E-mail: glq1113@163. com;; 3@ W AE & : /T & » E-mail: renyuechongqing@

yahoo. cn

P & H Rt 4k - hetp: //www. cnki. net/kems/detail/50. 1165. N. 20130520, 1804, 201303, 111_022. html



112 BRI A FRCEKFF RO

% 30 %

http://www. cqnuj. cn

A [ AV A B kb A P R D 7
KO B 38468 IS 1 0 S 0B A, ok A s 4 J2 988 I ) i e
JoT e 55 S T 2 L AR AR A DA R i AR G T
22 [E) 1 26 2 o 0 R JEE N RSO A L ORI B AT R
AR R B8 RS, DT 8 2 ) A O L 2R KRR 5 2) 7R
JERE R 0.06 mm f) SUS304 45 40 41 IS A1 kL EAK I
TG S B O 0 P R B AR L TR AR L O L O A A I B
R, BRI & S8k 1 FoR.,

FH & B (XP-1, Ambios Technology Inc.) il 52
VA1 JEL R 3 Ao A A P 2 U BE (SEML, JSMI6460LV)
W 5% SR )23 VR AL R 9 T B, O R R LT I R 4
(LAND CT2001A) FRAE 544 15 et 1) FE AL 2= PR RE
Phb S R A e = R R 64T .

£1 BEEGLEEHENNESH

MR TRGHE R TR L I =g
A #/Pa R/W [l/s  J&/nm
A 0.8 100 Ar 600 150
V,0; 1.2 130 Ar: 0,=9:1 9600 200
Li; PO, 0.6 110 N, 28 800 800
LiMnO, 1.2 120 Ar 10 800 600
A 1.6 80 Ar 900 200

2 RS

2.1 BREEEMM B RELR

e ] 2 VMR R Rt 2 R A A
o 308 2o A9 S B S I ) A TS T Re R LS B
T R T ) P RE RS E

2(a) BAE K9 BB L R S 05000 55 DUAR V. O
WA SEM P SR AL n] LU Y R R R
Poy et B BUE AT S BLAE R s TR 2 (b)WY
Wi A R TR LR DL R SO AT L g
SRS EHUEE SR T RO RN R RS R 8 SO B C)
HEAS VW (9 T 550 00 B TR A SR A A O BOR )
HAY Ve O G B4 R S S O RRAE . SR, Bl
TS P4 28 THT S 50 0 [ 265 Y0 I PR 3 0 o L R T AR
IR DAL A o e o A2 8 T O AR 7R R 0
Fm 2z b GO BT B Y ok B o T RE Y BAE [ {4
FEL AR o A T AT R i R b e R
M B I BLAR

Bl 3 R AE i N, RS UHR H  4 J S TAR Y L
PON HEF 51 SEM BB H . 7EE 3(a) H, LiPON 7 i
FAAAT — SO R G4 OK {9 /N FORE S (5 5 38 A AT o] R 0K
AU [T 2R 1) B G 5 [ B 2% 98 1 2 i EE 11 (2) RV, O
VU JBE 114 2 TR RS & 3 AT A R T 7 DA BRI 2o i L B
SR AR SRR R /DN » T B T AR SR DR 1 T RS R AR
B A AT I TR R A R R OR . R ey TR R

x20k 4856 15kV 2 pm

x20k 4857 15kV 2 pm
B2 V.0, #ERE(a) BT E (b)) SEM B R

x20k 4923 15kV 2 pm

x20k 4935 15kV 2 pm
3 LiPON i RERE (a) BT E (b) B9 SEM B R

THT PR 3 B2 2 52 i) 3 AR AR R P T R
L0 S T D)8 A T FE o b 11 P R A R A i 4
RS RO 2 2 B I . 7R 3 Ch) 3 I A I T
MR T R R B B BB FL R R
B . R T [ A P S DRI L A X i Y R
B DU AR o 2 DR e R T I R S 1) 7 2 L A
FPERE . BAR LIPON il IR i H A7 20 A7 3 20 1) 40 /)




% 3

KAE.F BB 22 SERERT R KA ERTR 113

SR UG T 2 B S TR A0 R R U] 2 B Gk )
T LiMnO, J# & i) 5 55 48 br

Bl 4(a) i LiMnO, # B I 3 o LIPON 5
FW AL ERA R 3 TV, O, P O
LiMnO, 5 3 1 A 26 RS - 1 rp o] BB J2 4 e sl 3% 12
T IS 45 o KRS 5 11 ot A T B R 7 U S A R v B AR
B B . M 4(b) LiMnO, 18 JE 167 i 19 SEM IR B
AL R A S AT L s S R A B 4
X B LiMnO, 3 5 5 g 5 DE i R 47, R &
PR Sk A L 22 16 14 92 3 A [) T i i 24 4 s B 7% 11 L 42
Xof - IE AR BRI & 2 1T VL i R A 24 4 B
JI5E V4 A5 B I 3K 2 R 2 A P b 17 B2 R NI 2F 5 A

S

P- C S .

x20k 4814 15kV 2 pm

B4 LiMnO4 SRR (a) FIBTE (b)Y SEM R R

2.2 IR A B FEERE

T P, b ) 4 5 B {85 P 7 s v 0 3 S g v
f2E e RE  FE S B R AN 16 cm®, I3 R 4E 2 R
20 pALFETLHPERS 1 500 K. R ATHL BRI B, 72
HiH RS BRIy 4.0 VLR EE R 0.3 V.,

MAIEL 5 R  FEE F b ) R FE HL AR Bl 5. 81
pAh/em® LA RN 4. 41 pAh/em?® 5 0HL AR
EF]75.9% . £E 500~1 000 YAEER IR L 78R 2R
AR AR XS P22 5 T AE 1 200~1 400 IRAE I Z [H] , 58
L 7R A — S B R e B 5 HS 100 Y 1 26
L SRR A A IAE 2. 37 pAh/em® A1 2. 21 pAh/cem?
FEAT R A T AR | I SRR G PR 25 B 8 2 0. 0205,

BARIZE R W 1T T 1 500 2 YR 1) 4 4 00 38
H 25 2t 1) o Ul ) 5 A 4% L R AT R WY LA R 4 1Y

=20 WA, V=40~03V

Lr —e— il

el 2/ ((wAh -+ em?)

(I) ‘ 2(|)0 ‘ 4(I)O ‘ 6(|)0 ‘ 8(|)0 .1(;00‘12IOO‘14IOO‘16IOO
B A R UCR R
5 2ESHEERTFREMBREREHLS

PRI E I o TR R Pt R S U 3 v oy 2 1 %
SR AT RE A BT R B AR v v A AE S N T 3 R
T BT R A 5K 5 7R 2 IR PRI, A
JIT FE 0 A G218 ek, T B Tt AR A BB, JC
2 B T A g A TR PR S 1 BELL A 2 T T
B,

] 6 A 55 gt L R (g FE L i 2. FE LR A 3
AR FR X AL ZE 0. 3~ 1.5 V X [a] By s P 58 4
£,1.5~3.0 V [X [B] B H 3944 1% i 25 T B HL I AR A
B A HLE 3. 0~4. 0 V K A oA R T
R, 3 p TS b A P R S A HL R A
[B) () fb 2 5 22 e o IR R P i 6 o A7 ZEARABL Y 3 A
X [a) s HLRfE GO R3G I PEC 8CR ek — P .

45 -
35
= 30\
2 25
ﬁ 20t ) — — — 700 th
2 15 . Y 1000 th
Y\ 1500 th
3 N
05 RN
00l v v 1S0ther——"1s
0 20 40 60 80 100 120 140 160

BRI R b R AR B[] /min
BEo6 =ENEBREETFITREMIEAEHZL

SR 15 YOI i 2R W 5 UG B AN TR L 3 3R ] T
HA AR 2 R BB BT 52 B Y % S 0 A i
P[] I o A vl BT % R o S T ek
AR B AR B R B AN T 5 AR AR T R R
BEASE BRI 10T L 100 58 FE L T U pth R A AR 2
A T2 ARL S DT T 5 B 9 L N S 5 A R X A
T s M BEEVE ML RN R AL B L 7258 A
AR B 5 3 22y T AR il 24 1Y F A o B R L
{5 VEM AT A — 5 B AT AR 2R L BOH AR S A



114 Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn Vol. 30 No. 3

MoK S
3 &ik

K LMnO, #1 V., O; 7 A 1E 7 f #5848}, LiIPON
A Sy [T A FEL AR S o SR T S0 A0 42 0 A 10 AR
AR TEHE M A T A ] A B R T . %
R 3 ) R A 2 R ZE SRR W] L A 0. 3~4.0 V X i) 58
JBCHRL AT B0 552 36 I o H AT Al o 25 4 1) S P AR ) LR
ARG PR A AE BRI 2 T 500 IRAE RS - 1
REEA I F AT S TE S 100 A A6 P v B UK 25 it % U
2529 0. 020  HAFER A i al 53] 1 500 YA E 5 [7] i ¢l
T 1 A PR AR SR AT AE — E R B GR IRE R i ) R
CRCRBR T ZAE LG B LR b it — P R P

S 23K

[1] Bates J B, Dudney N J, Lubben D C, et al. Thin-film re-
chargeable lithium batteries[ J]. ] Power Sources, 1995, 54
(1):58-62.

[2] Bates B J,Dudney N J,Gruzalski G R. Electrical properties
of amorphous lithium electrolyte thin films[ J]. Solid State
Tonics,1992,53:647.

[3] Baba M, Kumagai N, Fujita N, et al. Fabrication and
electrochemical characteristics of all-solid-state lithium-ion re-
chargeable batteries composed of LiMn, O, positive and V, O
negative electrodes| J]. Journal of Power Sources,2001,97:
798.

[4] Li C,Zhang B, Fu Z. Physical and electrochemical charac-

terization of amorphous lithium lanthanum titanate solid e-
lectrolyte thin-film fabricated by e-beam evaporation[ J].
Thin Solid Films.2006,515:1886-1892.

[5] Goncalves L ,Ribeiro J F,Silva M F,et al. Integrated solid-
state film lithium battery[ J ]. Procedia Engineering, 2010,
5.778-781.

[6] Xie J,Tanaka T,Imanishi N,et al. Li-ion transport kinetics
in LiMn; O, thin films prepared by radio frequency magne-
tron sputtering [ ] ]. Journal of Power Sources. 2008, 180
(1) :576-581.

[7] Jin E M,Jin B,Jeona,Y S,et al. Electrochemical properties
of LiMnO), for lithium polymer battery[ J]. Journal of Pow-
er Sources,2009,189:620-623.

[8] Seng K H,Liu J,Guo Z P,et al. Free standing V, Os elec-
trode for flexible lithium ion batteries[ J |. Electrochemistry
Communications,2011,13:383.

[9] Hamon Y, Douard A, Sabary F, et al. Influence of sputte-
ring conditions on ionic conductivity of LiPON thin films
[J]. Solid State Ionics,2006,177:257.

[10] Liu W Y,Fu Z W, Qin Q Z. All-solid-ststethin film lithi-
um batteries with LiCoQ, cathodes[]J]. Chinese Journal of
Chemical Physics,2005,18(6) :1045.

[11] Koike S, Fujieda T, Sakai T, et al. Characterization of
sputtered vanadium oxide films for lithium batteries[ ] ]. ]
Power Sources,1999,81:581.

[127] McGraw J M,Perkins J D. Next generation V, O; cathode
materials for Li rechargeable batteries[ J]. Solid state Ioni-

ca,1998,113:407.

Performance of All-solid-state Thin Film Lithium-ion Secondary

Batteries Deposited by Magnetron Sputtering

GENG Li-qun', REN Yue', WANG Ding-you*, ZHU Ren-jiang'*, CHEN Tao'
(1. College of Physics and Electronic Engineering, Chongqing 401331;
2. Dept. of Electrical Engineering, Jiangxi Vocational College of Mechanical &. Electrical Technology, Nanchang, Jiangxi 330013;
3. Dept. of Applied Physics, Chongqing University, Chongqing 400030, China)

Abstract: Amorphous V,0;, LiPON and LiMnO, thin films are prepared on the SUS304 stainless steel substrate with the powder
target by RF magnetron sputtering technique. Then, the surface and section morphology of thin films are characterized by SEM.
The all-solid-state thin film lithium-ion secondary battery is obtained successfully. Here, the above three films deposited and vanadi-
um are regarded as negative electrode, solid electrolyte, positive electrode and the collector, respectively. It is indicated that the thin
film battery has a good charge-discharge characteristics in the voltage range of 0. 3~4.0 V. Moreover, the discharge capacity of the
cell maintains 2. 67 pAh/cm” after it takes 500 cycles. In the case of a constant current 20 pA, the first discharge capacity is
4.41 pAh/cm’, and this battery can be cycled more than 1 500 cycles.

Key words: all-solid-state thin film lithium-ion secondary batteries; magnetron sputtering; electrochemical property
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