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Abstract

Abstract

With the development of MEMS technology, micro energy technology attracts more
and more attention. Because micro-scaled all-solid-state thin-film lithium-ion batteries have
a small volume, high security, high energy density, high open circuit voltage, good cycle
performance, high preparation compatibility , they have became the best choice for micro
power sources.

Positive and negative electrodes and electrolyte conditions greatly affect the
performance of the entire micro-scaled all-solid-state thin-film lithium-ion batteries. This
paper systematically discusses the preparation of active material thin films in lithium
batteries, and the results are used in the micro-fabrication techniques of all-solid-state
thin-film lithium-ion batteries.

First, we discuss the metal copper doping while preparing SnOx films by magnetron
sputtering. With the increasing amount of copper doping, the charge-discharge capacity and
cyclic performance of SnOy film is greatly improved, but the first loop irreversible loss
increases due to the copper doping. Ensuring the appropriate amount of copper doping can
obtain cathode SnOx film with good performance. XRD and SEM results show that
copper-doping make SnOx film tends to amorphous, this helps mitigating the volume
expansion of SnOy film while intercalating lithium. More over, the involvement of copper
ions in the redox reaction also increases the lithium insertion capacity of anode material
SnOx.

Then the annealing temperature on LiCoOz thin films is studied . From 400°C to 600°C,
the higher the annealing temperature is, the stronger the degree of crystallinity of LiCoO; at
(003) direction is, this indicates the formation of HT-LiCoO; which has a best performance
of lithium-ion intercalation and deintercalation. After the electrochemical measurements and
comparation of the reference group, it is found that the sample which is sputtered at 300 °C
and annealed at 600 Chas the desired capacity and stable cycling performance.

Then the phase composition and properties of solid electrolyte LiPON is studied. The
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Abstract

XRD analysis shows that LiPON presents amorphous structure, and the ionic conductivity is
higher. LiPON in the humid air will react and change its properties. LiPON prepared is
tested with AC impedance test, the ionic conductivity is calculated to be 8<107S/cm, and it
meets the requirement of micro-scaled all-solid-state thin-film lithium-ion batteries.

Finally based on the MEMS techniques in Pen-Tung Sah Micro-Nano Technoloty
Research Center of Xiamen University, a dexterous micro-fabrication process was developed
for preparing solid-state microscale lithium-ion batteries LiCoO./LiPON/SnO;4s and
LiCoO2/LiPON/Cuy.18Sn0O1 55. Afterwards the prepared batteries are tested with constant
current charge and discharge cycle test for 100 laps, and it is found that the capacity of
LiCoO2/LiPON/Cuo.18SnO; 55 batteries after 40 laps stabilizes at 10-12nAh, which is much
higher than the capacity ofLiCoO2/LiPON/SnOi4s, and it shows excellent cycle
performance.

Key words: Lithium-ion batteries; Thin film materials; Micro-fabrication

I



B X

ol I
ADSTIACE.. ..., II
%—E .%if% ............................................................................................................ 1
IR iR L oL - OO OO 1
1.2 2ESMNEEEREE TR R TR e, 2
1.3 FRRER B AR BT B e 5
13,1 R 25 s ) SR BT R e, 8
1.3.2 AR 28— b P LE AR AR FERE I oo, 14

1.3.3 A 1 FVB HL AR SO BT TTE R oo, 17

1.4 B RS B T BB EERT o 19
1.5 ARSCFFBRPIBTIGERD oo 21
1.6 BEITER....c..ooooeeeeeee s 23
BCE BEMBEAEMOTFR. s 27
21 BB T5 3 oo 27
210 BRI FEAR oo 28

2.1.2 PRI B ELITEM coovov e 29

213 PRI oo 31

2.2 HRRFIRIBITRAEFIAR ..o 32
221 FIHEHETEIBE (SEMD oo 32

2.2.2 X FHEATIEIAR (XRD) oo 34

2.2.3 X P THEEFIR (XPS) o, 34

2.3 ERERTRALZEIRBIAR ...o.ooovo 35
2.3.1 PR FEI IR oo 35

2.3.2 EIRRZTIR CCVD oo 36



2.3.3 ATTRPHBTIEIIIR oo 37

2.4 ZREEIINGE oo 37
2.5 BEIER ..ot 38
B=EF HEBREEBERTRBIFR. s 40
3.1 GEUMHEERERNFES RS EUFEEERR. .., 40
3.1.1 SO FIAE LI ..oooveeee e 40
3.1.2 SNOx BB IR GBI T TT oo 42
3.1.3 SOk BRI B oot 43
3.1.4 SO IR oot 47
3.1.5 SnOx FH B IET HLAL DR ..o 51

3.2 LiCoO, BEEMIH & 5 B AL FHRERIR. ..o, 55
3.2.1 LiCOO BB JFEE ..o 55
3.2.2 LiCOO T AT oo 57
3.2.3 RIAIE KIE F 145 1) LiCoO2 AR .ovvoeeeeee s 58
3.2.4 LiCoOy B[ FEAL AP BEMR. ..o 60

3.3 LiPON BEMEBAZBRATHIT.....coovooveeeeeeeeee s 63
3.3.1 LIPON PSR oo 63
3.3.2 LIPON F R IEI B oo 63
3.3.3 LIPON JE R XRD 0 ovvoeovoieieeeee e 63
3.3.4 LiPON ZEZ S H BIPE AR oo 64
3.3.5 AVLIPON/AL FIE T HL R R e 65
3 ZREEINGE oo 67
3.5 BIETTMR..c.oooovvovveeeeeee e 68
ENE 2ESHEEEFRENFERSHTMR.... 70
AIMEMS I I Z oo 70
42 SESHEEERER TRAEERE. ... 73
4.2.1 FIBEEFIBETE ooeoe e 73

4.2.2 HATRI IR oo 75



A3 B T i e 77

43 ZEISREEEREE FEARNMRERIH ..o, 82
B R BT TN oo oo ettt aa e 84
A5 BT YRR .ottt ettt ettt ns 85
%ﬁ% lE\%*uiq’m ............................................................................................ 86
B AR I R oo 86
B BB oottt ettt ettt et enne 87
BT oo 88
BLYREE i | 12 42 1 2 e A 89

VI






CONTENTS

CONTENTS
Chinese ADSTIACE....................ooiiieeeeeee e, |
English ADSEract............ocooiii e 11
Chapter I Introduction................oooooiiiiiiiee e 1
1.1 Research Background of Miniature Energy .............ccccoccooviiiiniiiininiiiiciiiiiiciieene 1

1.2 Characteristics and Principle of Micro-Scaled All-Solid-State Thin-Film

Lithium-Ion Batteries .............c.cccoiiiiiiiiiiiiiie e 2
1.3 History of Thin-Film Lithium-Ion Batteries ........................cooiiiiiiiniiieee 5
1.3.1 Reseach Progress on Negtive Materials.........ccooocevviiiiiiieiiieiiieieeeeecee e 8
1.3.2 Reseach Progress on Electrolyte Materials............ccocoveiiiiiiiiiiniiiiiieiceeee 14
1.3.3 Reseach Progress on Positive Materials............ccooiiiniieiiiniiiiieiecceceeeee 17
1.4 The structure of Thin-Film Lithium-Ion Batteries..................ccocccooviniinniinnnnne. 19
1.5 Contents and Organization of Thesis.............cccocoirriiiiiiiiiinee e 22
1.6 RE@IEIICE. ...ttt s 23
Chapter II Preperation and Analysis Method of Thin Films.................... 27
2.1 Preperation Method of Thin Films...............cccooooiiiiiiiiiiieeeeeeeee e 27
2.1.1 Magnetron Sputtering DepOSItiON. .......cc.eeverieririienienieeieneere e 28
2.1.2 Effects of Sputtering Parameter............cocoeveriiriiiiiiienienienicneeieeeeeeeeeeeee e 29
2.1.3 The Equipment of Magnetron Sputtering...........ccceeeveerueerieerieenieenieesiee e 31
2.2 Characterization Technology of Thin Films....................ccoocoiiiis 32
2.2.1 Scan Electron Microscopy (SEM) ....cccoiiiiiiiiiiiiiiiieieeeeeeeeeeieee e 32
2.2.2 X-ray Diffraction (XRD) ....cccociiiiiiiiiiiiiiiiieieeeeeeeeet ettt 34
2.2.3 X-ray Photoelectron Spectrometer (XPS) .....coccooiviirieiieinienieiieieieeeeeeeeenns 34
2.3 Electrochemical Analysis Technologies of Thin-Films........................cc..c 35
2.3.1 Constant Current Charge—discharge Test........ccccceveviriiniiiiniicniiieneseeceeee, 35
2.3.2 Cyclic Voltammograms (CV ) .....ccooiiiiiiieieieieeeeiesieee st 36
2.3.3 Ac Impedance Method.............ooocuiiiiiiiiiiiiee e 37



CONTENTS

............................................................................................................................................... 40
3.1 Preparation and Electrochemical Properties of SnOx Films................. 40
3.1.1 Intercalation Mechanism Of SNOx.......cooueiriiiiiiiiiiiieeeiee e 40
3.1.2 Investigation of Doping Metal Copper in SnOx Thin Films...........c.cc.ccoceiinn. 42
3.1.3 Preparation of SnOx Thin FIlmS..........cccoeiviiiiiiiiiiiiieieeeceieni et 43
3.1.4 Characterization of SnOx Thin Films.........ccocoiiriiiiiiiniiiiiiiiieeeeee 47
3.1.5 Electrochemical Analysis SnOx Thin Films........c.ccocoivniiiiineiiiiniiieieeeee 51
3.2 Preparation and Electrochemical Properties of LiCoO2 Films........... 55
3.2.1 De-Intercalation and Intercalation Mechanism of LiCoO> Thin Films................. 55
3.2.2 Preparation of LiCoO2 Thin Films........ccc.ccooiiiiiiiiiiiiiee e 57
3.2.3 Characterization of LiCoO2 Thin Films Annealed in Different Temperature..... 58
3.2.4 Electrochemical Analysis of LiCoO; Thin Films.........cccoceviiiiniiinieninieeeee 60
3.3 Investigation of Solid Electrolyte LiIPON................ccccoovniinie, 63
3.3.1 Properties and Structure of LIPON..........cccooviiiiiiiiiiiciicieceecee e 63
3.3.2 Preparation of LIPON Thin Films........ccccoeoiiiiiiiiiiiniieiecieceeceeeeee e 63
3.3.3 XRD 0f LIPON FIlmS.....cccutiiiiiiiiiiieiieet et 63
3.3.4 Change of LiPON Properties in Ail.........coecuierieriiienieeiieiee e 64
3.3.5 Tonic Conductivity of AI/LIPON/AL ...c..cccociiiiiiiiiiiinieececceeseeeeceee 65
34 CONCIUSION. ..ottt ettt ettt et e et e b eeeanees 67
S RETEIEIICE. ...ttt ettt ettt e s ens 68

Chapter IV Fabrition and Analysis of Micro-Scaled All-Solid-State

Thin-Film Lithium-Ion Batteries................cccocooooiiiiiieeeceee, 70
4.1 MEMS Micro-fabrication Techniques.................ccccooiiiiiiiiiiiniiieeieeee e 70
4.2 Fabrication Processes of Micro-Scaled All-Solid-State Thin-Film Lithium-Ion

BTt IS ... oot ——— et a————————— 73

VIII



CONTENTS

4.2.1 Structure Design of the Batteries. .......cccuviviiiiiieriieriieiieeieeieeeie e 73
4.2.2 Preparation of Battery Materials...........cccveriieiiieriieiiienieeieeere e 75
4.2.3 Process Of FabriCation..........ccccviiiiiiiiiiie ettt 77

BAtteries. .......ooooieeieiieee e e e et e e e s r e e e e aaa e e e entaeeeennraaaean 82
B 1) 1 Lo 11T (1) | TSRS PSSR 84
R A ) () 1 1 3RS 84

Chapter V Summary and diSCUSSiON..................ccoooieiiiiiiieicciiccc i 86
I BT 1111112 o) Sy SRS PSPPSR 86
S22 FUture WOTK ....ooooiiiiiiiee ettt e e aae e e e e eneeenanee s 87

ACKNOWIEAZEMENLS.............ooiiiii s 88

PubLlications..................oooooiiie e 89

IX



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

