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Abstract

Currently, the most widely utilized electrolytes for lithium secondary
batteries are liquid solutions of organic solvents and lithium salts. In
spite of the high ionic conductivity of liquid electrolytes, there are still
several drawbacks such as leakage, limited package size, safety and
environmental hazards. Applying solid state electrolyte can address the
above issues and provide the following advantages, including flexible
sizes, use of all materials, high cycling stability, environmental
friendliness, safety and small dead-volume.

In the past decade, Oak Ridge National Lab. (USA) has developed
nitrogen doped Li;PO, as electrolyte and successfully applied it on
Li/LiPON/LiCoQO, and Li/LiPON,/LiMn,0O, thin film batteries. It was
reported that the amorphous LiPON with proper nitrogen doping can
improve the ionic conductivity and achieving the best value of 1.6x10°
Secm™. Recently, the MEED LAB. of Feng Chia university have
successfully developed all solid state lithium 1on battery
(SnO,-LiPON-LiMn,0,), and applied in-situ bias and annealing to

reduce the interface resistance and to increase the ionic conductivity.

In this project, all solid state thin film battery devices
(SnO,-LiPON-LiMn,0, or TiO,-LiPON-LiMn,0,4) are fabricated by
using rf magnetron sputtering. The research topics are focused on
analysis and improvement of interfaces between thin films, analysis and
characterization of electrochemical devices, and design of components

used in thin film batteries.
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4425 1 H F1H B B % AR(562 Whkg ) [29] - AT~
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A-MnO, = Ap % 1 02 » T F & %13[40,41] -
4. Jahn-Teller >z & © # it ¢ Jahn-Teller 3| ¥ E R T % &
o ABEPEY R { 5P E48] -
- BE T RIRGE P WY EARR LR RS

% [49] -
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FAEG) () AR WL St M H R
FrE-HALLREE

LR ZAR fﬁg@ 7 —Dudney ¥ Bates & A [50]47 7 Bt d 2
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Aym g = Ak R fu B fEig (defect spinel) © 2487 % £ i
H » 43t (micro-pores) ~ F Fi(vacancies) > # B 15 ¥ S5 %k
Sz B RERFI R/ LEEFLFEFRADL LTS
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- WAL e SERCA o oW 122 95 [54] -
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Stress relaxation
B 12~ Sl S ~ 2% s BRI S Y 5
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A2t F BB R Y % LiMn,O4/LiPON/TIO, or SnO, 2 ¥
T Aol TRTRE AL (8 TR ASLH SRS A B
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A EP LA E RS 2T H AR T

E B AT —BF B A N T 3 B o4 (scanning
electron microscope, SEM) @ % LiMn,O, % % -~ LiMn,O,
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2 o e fuif 3 (Electrochemical impedence spectroscopy,
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AR EAS F o F L TIONS SN0 LiMnyO, %
LA WTHE IS L TP ERERRIE S LT
7 (L1 metal//LiPF¢+EC/EMC//LiMn,0O,/SS fe Li
metal//LiPFc+EC/EMC//TiO,/SS) ez *x 7 & Bl » U A& & & B
LiMn,O4 & 127 TiOy(2 SnOy) f = H LT 2 £ - AT h &
THend f &2 & > % LiIPON » wlinf>» e f 24,2+ > 2
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TIE AT R RA T L Ry 0 F AT S liehi
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TOBBEAFTE PAR L B A BRI TT o
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13



2L BFRELS
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Skt b o RH AP E At X v Bk R W AR 3-2(a)
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—%t-
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K- P S S
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=
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et O
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V(vs. LIL)#Fp > 26 e 7 £ 5 61l pAbem’ > HHFET 5 £
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C A B R ) 1000 nm & LIPON %« 5546 % i T s
*%3@%; "Qf’?]33hl—r—r ) LL EIS%}::«—‘J— 4§§|J;F[‘ ?ﬁ;?mﬁ;%
T RL6xI07Sem! B E PP ARLEE R o
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T~ 2HALTHEAY

ErHR fRETRTEETEERE R 5T 2 F
T g AR 4 LiMn,O, M 05 B Tk T 7
G4 A2 Si At ’i%é",/f—i # Y > £ B LiPON & 2 Féx e

2
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TiO, % f &4 % LiPON 2 1 (o i iE § B 2@ 4 1.33 cm”) -
Bl hp i AuE R EL ET 4R

Bl 3-4(a) = SnO,/LiPON/LiMn,O; > Hit 7 # £ o B o #
PRFEERR S PR EF IR RS K 1102
THEF 3915 Vg i FART TERF g » g d
HA-B) 3-5)4 7% 0 B4 2 A4 T B 5 3.3 pAh/um-cm® -
B - ZATE%T 2P 753 %2 5 13.7 pAh/pum-cm® »
ESHERis RFETE 2R K50 % P KT R E
H F1% SnO, p £ enfe 87 LiPON 2. B enft o fEdrtadi + » F] &
WR A REY T FEARS DT BLERT
e ¥- 205 >8n0, £ GiE LT HFRE > LI pH O & Sn
borgagps it £ LiO & LixSn &1 447 - LiO 5 m &

Bt VA S p o LS T F R EBR DL R R AL
4

- >@m LixSn ¥ LiSn ¥ Li;sSn &t &% & 483 & £
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2 SnO, 2. FFA A K8 3v g s 3= Ropednt 2 Bed afiw
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Foan R AR o
Bl 3-4(b)A_r2 TiO, & f & 5 K& %(TiOy/LiPON/LiMn,Oy) #
Bothe @ 11 02C g i F A 3305V ehg o E (AT
TREF AT PR T Y MERIE 3-5Db) F- ZMHER S
&

¥ 7] 46 pAh/um-om’ > Gl R T IR 1S 0 T R B

.\

7 i 96 % o Ap T i % SnO, E AT f & > TiOo/LiPON/LiMn,0,
T APHEIRFATFEERRMATL

20 18 4 4544 TIOo/LiPON/LiMn,Oy B ik > 7 7 (et s &

o

FRE AT FlL BB R TEE AR 5T R 2R
TP REEE R I xF o AP H . LiMnOy & 5 R
650 nm > I * ¥HE7 LR TIOy» P HF 53— F % chw
Y 14t B £ (A/Cratio) TiO, B A d F 5| B A B 5 5
35~53~752 150 nm o
FPRIL R 650 nm s LiMnyO, %72 ha R Z &R 5
30 uAh/cm v BK A/Cratio 7 I(& f iR TR EFTITENRF)
FIE®TIO, EsenE B X 5 150 nm > Z8m > Lt B en
FAEE AT EE AT (EEHT) 4oB) 3-6(a) T o 4R H
d 3 TiO, hit 3 3+ £ P A (107 to 107 Sem™) ~ M4z 5 HEicid
F0" to 107 em®s ™) 2 5 R end B R G oerid & chiR g e
Fok %o Bt 0 B S TIO) 0B R R R T S B
BEAE E & O ehe 4o B 3-6(a)22 3-6(b) 1o 0§ TiO, 44 3 K it (5 nm)
R T %95 222 pAh/um-cm® » ¢t BB 4517 TiO, B
TR ARERBRFDTFE PR AT TR TIED

ER SR S M R - mlri?@,l B E s % TiO,



B 1.1 pAh/em® > @ 2 7 i Bd S ERX EA R A LT

HFRILT o A TR T AT MLF
4o TIO, S = % BB ' > 4 B A 426 100 nm BF > 75

TEERZEN S § TIO 5 A 5 53nm PFo gt~ 2 aiakig T
TEEVEpHEREE LT FE S 116 mANg; §
7% # 5 24pAh/em’; B T % £ 5 453 pAh/umem’® 0 de -
(+ BT o (F R FEHEAE TIO, § 12)
s s F okt = HETIO, f &hE%E AR A 50nm »
B E LiMn,Oy & &5 Wen B 70 3 i B M > de@) 3-7(a) &2

3-7(0) 477 « F & 0 @ S LiMnyO, e B 3 4 5 o ke 2

i

1200 nm > P enE 5 7 @ 42a S KRS o Ra 0 T FE A
FEREL 0 F ARt - 2 A7 50 nm 9 TiO, ko 4Lag
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e e TR R AR R @
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i e i T AL A F S TR R LiMnO, 0 HER 19 7 59
2o fﬂtb.ggfgﬁj @;Himg;?‘r o

AELIH ARG S A 2 AR S i
HEgd%ime g4 3H% - 224 LiMn,O/LiPON/TIO; #
BRELERER FRBITCELRY L RESDTFE

h

1

(45.3 pAh/um-cm?) 135 C/Aratio 733 B F % &2 SEM 4 {7 ek

% 0 W Y LiMnO, =M e R AR 7 i > @ & TR R
FORLrT A AR RET R AR HLFEELAHRE

1 1/50 o IR G TR AR AR Sk v L FRET
FELRE -BHRZEH ARBFTERBAESF ~ LMo
ok fR A B4R o
PR RETELE
1.Sn0, f &% % £ : 76 pAhem™ (# & 7F %45 # 30 pAhem”) -
2Tm2gﬁmzi:4WMmm%%$ﬁiﬁ%xmmmm)o
3. LiMn,O4 & &% % £ : 61 pAhem? (# g % 25
pAhcem?) o
4. LiPON ¢ j2 7 -2 4+ $ T & ¢ 6x107 Sem™ (# & 7
£ 107 Sem™ #E &) o
5. TiOo/LiPON/LiMn,O, B i 5 %2> T 3% »icas ¢
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E vs. Li/LI

E vs.Li/Li"
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E vs. Li/lL*
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