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Fig. 1.1 LCD panel market?.
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Fig. 1.2 Regional shipments of FPD (prediction)®.
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Table 1.1 LCD panel high definition advances®.

View Application  <50PPI 50PPI 100PPI 150PPI 200PPI 250PPI 300PPI >400PPI
30— 3.57 3.5" 4" 4.5”
40cm Smart Phone 480 %320 800 x480 | 1136 X 640(1920 X 1080
(165PPI) (267PP1) | (326PPI) |(490PPI)
7" 7" 7T 7"
50cm TabletPC 800 x 480 | 1024 x 600| 1280 x 800 1920 x 1200
(133PPD) |(170PPDc (216PPD I >|(323PPD)
97" 9.7" 9.7"
50cm Tablet PG 1024 x 768 , [2048 X 15362560 x 1920
(132PPD |(264PPI) '::{330PPI)
1017 101"
1017 1280 % 8001920 x 1200 1017
50cm Tablet PG 1024 X 600| (149PPD  |(224PPD) 2560 x 1600
(118PPI) | 1366 X 768/10.6” FHD| (298PPD
(155PPD 08PPD
101" 10.1"
50cm Mini—Note PC 1024 x 600( 1366 x 768

(118PPD | (155PPD
140”7 14.0” 133"
1366 x 7681600 x 900 |2560 x 1600
(112PPD _|[(131PPD)  |(227PPI)
15.6” 5.6” 156"
1366 x 7681920 x 10802880 x 1800
(100PPD) _[(141PPD _[(221PPD
185" 215" 215" 204"
1366 x 768|1920 x 10802880 x 16203840 x 2160
(85PPD  |(102PPD |(153PPD  [(216PPD
60" 60" /50" |40” 32"
LRIV RV R ATAR 1920 x 108013840 X 21603840 X 21603840 X 2160 | Reference - Nikkei Business Publication, Inc.
(37PPI) =X(73/88PPD) |(110PPD) _|(137PPD) T T T

Notebook
60cm PG/Ultra
Book
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Fig. 1.3 Structure of FPD (Plasma display panel) with transparent electrode.
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Fig. 1.4 Development history and challenges of the transparent electrode™.
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L2 L, 2O ITO IFIFEIC 72 ) Brénf72 22 TV D, LAUTEa X FOEETH
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DE N In DFFENEL BN L CTDH728D, Fig. 1.6 D L 512 In OMiFEOEEBIE Z -
W5 O 2 LT, AU ITO BHBMBORE S 2 M LN L TE T D, UL
T A AT LA DAL E VD R L RICR LT T 2RBEA TH D728, BIfETIE I
DY A 7 VFEOHZE ERL B2 < e S, In O I3 —H0 B— 27 |2 HAYE< 72 o
TETWDHDOD, RIZIZTFWZFF S 2RI TWD, £ 2T, ITO I 51%H
B BIOBRFE NGB & SILTERY . ZOEEAIE LT SN0k L ZnO Z3zsiT b, BifE
%< DRI STV D, ITO OREMEHZRD S H &ML LTE, R d 512
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Fig. 1.5 Indium demand in the world™.
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Fig. 1.6 Transition of indium price®.

T, R CEREEYLOREMN /RN T LT S, S0, &, Zn0 RITFN S D
FrreBBLEmZLTWD EEZ LD,

ZnO RITEXHED ITO (T4 260D, Al (T/VI =0 L) ZEINLIZH DT
10°Q-m A —Z DR E SN TN D P, 7B e B TOMMEICEN TS, i
BT = 2 N TR FRETHDFOFENRH Y . ITO OREMEL LTHETH S
7=, %< OFFEN2ENTND, LvLZEDO—T, MEEICZ L (EVERESK 573
K) . @EiROBAMENDLEEETRIZIIAME THL LW #RN DD, FmBKUTY
Wz, FPD 0K v T/ L72 ED 100 nm A —F OIEECIIZEEHF oKy E G L, 1
EDAAAL, BEMRE L TCOMRENHIE L TLEYHER b H D, ZOMIZHIRMME, 3FE
1R & O OGTESE CRIED B 5,

ZAUZH LT SnO, RIFEMWHIZ ITO, ZnO % & HTLE  (EVEESK) 773 K) T, B
NS HIEFICLETH D, TRTIREM L LT Sn bBEITFET L0, TDOX 57K
TIHBEWEME LT ITO OB E S LTHARESS DLW EEbils,

1.2.3  Sn0, RBAEIBDIRETH HEEHRIE
ITO DREFREFE L THIREE LTS SN0, SRBEHEM ClEdH DM, T DT-0OIZF Vi
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RFIUTR SIRVEENRH 5, T 2T SN0, DML & A £ L, Table 1.2 (TR 2,
SO, RIGAEMMOIME L L TlE, TR FLERD R DTy F L IHMEITH L L, b
PN ITO, ZnO AITHARD EEWZ &, ZO T mnEFonsd, gy —r=7
TaBRZEALTEL, 7+ M) YT 74—y F U7 T YAG L—HIZLHE
BINLA D HENFFDIC Lo THREREN O, T4 AT LA ~OBABEIRE ST D,
LN L7Z2N 5, 25D SnO, 2D FRHUCES U CIIT e ED 5TV A H 00, ITO
DEIUTHARD L ETE—HLL < T4 27 LA HZEAEMRO RIS Y FV T
W, BURTIEEHIIRENE KRS, A P EDOHRICR LN TWD, it
T SN0, BB ITO ONREHEL L 72 2 72 OB U LA EERE L 72> T D,

1.2.4  Sn0, REHEEOIEENILIZH T ZFREAT

SN0, DA BT, TRTOERUSEMELGTOIMENL, F¥ VT & mdlRFx V7T
BEhERFRRHCE PIAFE LR T IUTR o720, $v U7

SIBER, R IIT D EMOBEN ZH ) [REE T L 1EfL (R—1) 2L, ¥V
TEEE L IIEERPTOX Y U T OBEIO LT SOESWEIET, 2 CERBEORE
P27 m e pD E AR’ T

Table 1.2 Characteristics of the main transparent electrodes and challenges of Sn0,".

Transparent
electrode film ITO SnO 2 ZnO
characteristic
Problem I:Low resistance
Low resistance ©(- 10 2m) X(103~10* 2-m) A
High visible light permeability © © ©
Durability(heat resistance,
Medicinal solution tolerance, etc.) O @ X
Patterning easiness © (Proplem % Newprocessing. A (weak in acid and alkali)
Depusitiﬂn easiness @ ﬁi]’mhlrm 3: High density) @
Vacuum deposition | €YP¢ M defecis )y cpym deposition
Deposition method Vacuum deposition
(high cost) { Many problems ) (high cost)
Resources(Clarke number) Zn-0.004%
. 0 s 0 .
[Reference *Au; 0.0000001"/0] In;0.00001% Sn;0.004% n,u. ¢
*Ag; 0.00001%
Material price x © ©

(Reference:Takagi: The Present and Challenges of Transparent Conductive Film ,
The Vacuum Society of Japan, SP The 97th regular meeting for the study, 2006.2)
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p=i; (1.1)
KN ZF v U TIRE (M) | e FEBETOBKE (C) . b3+ U T OBEE MV -9)
Thbd, FRRTRLIELIZ, ZOADNLEBEXUSEEZ R HERIZIE, v VT LBH)
FERMELL 700 | ET-ZOHRPLE NI 57201213 v U TRE, BEEEZ RS T4
ERH D,

F v U TIREICBI LTI, SN0 1R ERO T b HIBATER 8K L IS L O TH
V., FEARR CIHMIEFICH D2 EFDVMEER~NER TE T, AR TTmo0F v
TIIFE LR, L UBEEROT T (K30meV) ICRIFHENZ1ED Z 212k - Tl x
BRICEBE CE DB TAERIYE, BERUREEEZG T2 2 &0k, 2L T, ZOKM
HERLIEA A DRI R—=T WA A DIRA L WO T2 RBIZ L - TERRSILD, SN0z 128
WT, ZOX KRN H7-HT b0 L LT, BFELEI, L TR—=7HE LTiE, Sb

(TrFEY) PF (TuH) 0 Ta (Fra) N ZLT Nb (=47) &5
Foins,

BT, T VT OBBIEICE L T, v U 7 ORI A TERT D H0E OZERHIN 7 AN

DY ORE LR LTV D, Fv U TRBENE 4IROK(L2)D L SRS D,

- (1.2)

ZIZT mIEF Y VT OAMNER kg . dXEREEE (L RIOBELD B RO BELE TORE
M:s) TH5DH, ZOXRLVBEELZRETHOIE, AIVEEmM LEMIERK TH5 2 L2
53D, TOBAOANEEREMITA(LIYD L S IcF SN, WHOEFHEE L BB L
TWHZEZERL TV,
292

ZIZThiZF v 7w (66262x10% 3 -s) | kid (mh) | Bl FRE— (1) T
bHb, T THDE, W KIS 2=k F RO diERER L TBY, oA Sl
FEPREL RIULBEBTORNEEN NS L) BHEREG DI ENREILND, £
LTCZOTRAX—DIRITHEDTE/ D IS CTRE L 25D TR Fig. 1.7 O X 512k
palER < SN VIR LW 5T LT LY AR ZAERCT D SnSs HUBEDER D B RE AR |
ZOFERBENEN M 325 L B2 HnD,



Z DX HIT SN0, DIEIKFUL D=z
I, BEEZEfL - F—T7HDEA, LT
FhEemtE EXIRNIE LB bD, £
I\ T HTHLR SnO, MRIIARE & 72 R
BB CIER &, (RIRBU e SR 03 it S T O
NTW5, BlZ1ESn0,12Sh % F—7L @)
= HbO T, HHE 673 kI L, S
BZERAHIT Arl0,=90/10 DIRA T A %

#1.3310" Pa (1x10° Torr) AL, )
FRBGEEERK) 1.67 nm/s T~ 27 % ka2 A

Ny B2 TIRIZE > TRET 5 Z & T,
2.0X10°Q+-m ® SO, HEA1G 55 &

HINTWD, FhFkO~T7 % ha v

ARy B Y U TVEZBWTH Tazk R—7Lizb O TlE, BEZERLFIT Ar A% 0.5Pa &
AL, EHREA 973 K & iRICT 5 2 L TL7X10° Q - m & S {KEH T SnO, 1245
% EDEREN TG B,

Fo, ITO EO T mtE R & L TUIE b OBRRE b EA LS TE/2E7# (EB :
Electron Beam) #&#51:% FIV TS L 7= SnO, BB R L Cid. HEBREE 823 K, 2.7X10%Pa
DEEFESE FORMET5 2 L10k 0 75X10° Q-m OIS b LG STV 5,

F72, SN0, ITHERMEDOWEAFEINESIEOND Z b ¥ 27 L—ik CVD

(Chemical Vapor Deposition) {ECTEBID Z ENRZV, A7 L—IETIHEEHZ SnCly <°
ShCL 23V BTV D, —filE LTI, Sb & R—7 L7= SnO, I Tli&, SnCl, » 5H,0 &
ShClz & HCI, H0 TN CoHgO IZIRA L., ik e L, 0.8kglem, DEFR I A% F+ U T H A
L L. 873K OEMITEFZET 5 Z & T, 86X10°Q - m DN A AT 5 SnO, S H L
D LHMESNTND D, —F, CVD EEA 7 L—IEIC N TEEMRICEN TB Y . KBE
DB BEMOREZ TERICHW SN TS ¥, 20 VD EE W T Sh & F—7 L
72 SnO, A VERL L 7= 32651 & LClid, 873 K IZHIEA L 7= SRS EIZ(CH;),SnCl, & Sb %
JFEE L72 CVD BR 2R E T 5 Z LIc k> T, 80X10° Q « m DHAKFL 2 OIS
STV D %,

DX DT, SO ITKE& 2T, £ v U TIRE, BENE OB HIKH Y L
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Fig. 1.7 Effect on the career paths of the
crystallinity.



RMMTONTND, ZD LD RBUROEHEGULERIZIW T, F—7HIC X 5ERITH
HHDD, FEARKNNEDO R Z 28T D 7o OICHERIRE £ 70137 =— /MEEEm< 752 &
N TH D, T 2 THMARE & FARBIOBIR 2 E Ok E FICE L, Fig. 1.8 1R
F 3N ZORDVRTIEY . EHUREN E < ARAURHARHIAN A A 2 L R0 Hius,
ZIUTHELRTEIRREDOFERMEDZ LR D B REBIRE 2 R < 5 2 & ThEftEnm B35
7D THDH, LnLERENG, HERENEATHZ LIck-> T, MHTEEMBESNTL
F o720, ZO X DITEIRICHEM A A U 5 2 L I3AERE BafE L <3V, FrZi
FEHINTWDE T LI LT NIRRT A AT VA ~OMGEBETHE, TTAT v 7 HMNK
DOHALIRIE CThd 5 573 K LT ORIEAR B D, & 9 W lo I THRERT 4 A7 LA Dids
BRI SR SN 5 HEHITH D 1.5X10° ~ 6.0X10° Q-m £/~ 3 SnO, R BRI %72
WV, FOHEHE LT, ZOREFERICBWO T, EIIOSEIR - ThH ¥ v U TRE L
BEEEOBLST SN0, BEOMEREZFE IR SV TV RV Th D, £ 2 TAMF
F2 T, 573 K LU R OIREEREI TR S5 SnO, IEOIRIKHHYIC & - TRIE L 72 D UL E
RAED SN0, FEOPERSIERE A 11 = X MZFEH Lic, WHEICIHRET 4 A7 LA DEH 5 —
DOOFEICHOWTERRT 5,

10 . . . .
-®-- Sputtering
o —=— EB vapor
= [ | CcvD
=
S
E
= 10 °f 3
k7 0
g 8-
a2 =~
Our goal\\
f Below573K ~  O8S-Swa o [ E
1.5%10%~6>x10°Qm
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400 600 800

Substrate Temperature (K)

Fig 1.8 SnO; film resistivity in conventional studyle).
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1.3 BE v FESTREGERERESDRES
1.3.1 EXEHA IC MEED - DB

IR LSO E <D LV VI, FENRELT 4 A7 LA IZH1T BBV 1IC DI E
& LTI, Fig. 1.9, Fig.1.10 23753 COG (Chipon Glass) EHEN L CTH 5, COG L
HRELT A AT VA RNV DIT T AEMUNZ Ny =S TWRWIC F v T a FEET 5
HETH D, RGO HLEMR (ITO, 7V I B, Sl & ICF v 7 oR:
FerEM A o S, (LEADEEIT o7k, BRI T 5 2 & C COG FEEEIRT
%o T ORHIIELIR ACF (Anisotropic Conductive Film) & FEEiL 2 BIFMBEEFA | %]
L 7= MO M IT S B85 5kt T 5, ACF IS X 15 ~ 70 um OfEf% 7 1 L AOWNHIZ = v

(Transparent)

IC
Electrode bn

Liquid crystal

[
Glass Gold bumps

Fig. 1.9 Structure of FPD (Chip on Glass).

ACF(Anisotropic | I Conductive

Conductive Film) { [ KRR - p'icle
'—___—|

. (Transparent) IC
Liguid arystl Eicorode /] | | Undertl

Glass

Gold ll)umps
Fig. 1.10 Electrode connection using ACF.
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TNRABTIREDERE 1 —T ¢ 7 UTZEAE 3 ~ 10 um OFEMERRL -2 0B S 72 b O
T, INAEBRCHA, MBVINET 2 2 & TR/l v & IC F v 7 OB A
EESEALZENTES (Fig. 1.10) .

1.3.2  ACF I h S EREE DTN

ACF ZHIWe#2613, THE T T 4 A7 LA O COG Fdkz 30z TR #5i)7:0T
HOH, THEIZRY . HOREIMNRSSIUICH TN D,

A, BRI ED b Ly RIS, BREIA IC OBFEIIFE~ ML TE TR0, #h
DYy FHRIELS 785 TETND, ZDLH7 hL v RZxi LT ACF % HW =8Bl
ACF NOEFERI - DE A S LIS L TCET=DOTH D, 2D X 5 7354, Fig. 1.11(a) @
K ONTAKREEA D RAET D AMREMED R SN D, 7Y Y FRIZ LY Fig. 111 (b) O X
O REA T OERIR Y g — MR Z 5 ATRetE b IFFITmU Y,

Z ZTACFIZEDLAH LW RO L TER Y, 20— L LT, kv LI
WG TE DEREAGNZET b b, BEfES THIUL RO X O Bt ORR 2 X 5125
TIEXE D LB BND,

1.3.3 {EREHRZEITEI SBPREAM
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Fig. 1.11 ACF bad connection in the narrow pitch connection.
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HINT\Wb, Z 27T Table 1.3 I[ZFEFEEES OUWERE N O—H % /~d, ZOHF T, Thermo
Compression Bonding I&, ElFLZmiR, @IE N TN &G THEET 5 FET, EH
BEATIII R TIETH D, L LR D, JERE L S5 - OITHEAIREN 573
~ 673 K, JIESIAS 40X 10° Pa™® & | W22 T-7 /3 AT & - TR ISR LV A S
TERFRNBILD, & 2T, IHEER STV 5825 5l Surface Activate Bonding 733
T5., REIEMCHEANEZRIE LG CTh 5, ZOHATIEL, A RKREICFEE LG
ERF L e 5@ RFREBIE LA OO HE (B —A, iR, %) CldE, BRETHZ
LIZL o TREOFAmA RN SE, T EmALE2RE G, S LIZX
VERZERSEDLFETHD, ZOHMEHWSZ & T, #mEZEF THiUuX Cu & Cu
DEBHEAPRRTHEIAREL 225 ¥, LovLAans, 2 b OmAEHNIAEEO#
AT, BB AT ne A (B) BEEEAS T R AEOT mANBINEh, £

Table 1.3 Low energy bonding list

Bonding Technique Characteristic Ref.

Thermo Compression Bonding High productivity (45)-(47)
Surface Activate Bonding R.T. and non-pressure bonding (48)-(54)

by Ar or N, Beam

Surface Activate Bonding Low temperature, low load and low | (55)-(59)

by Organic acid vacuum bonding

Hybrid Bonding with BCB Allowance for liquid phase process (56),(60),(61)
Halogenations Low temperature bonding (42)
Treatments Bonding

Direct Bond Low cost, scalability (62)

Interconnect (DBI™) and heterogeneous integration.

Transit Liquid Phase Bonding Relatively low temperature bonding (63),(64)

Eutectic bonding High productivity (65)
VUV bonding ProcessingatR. T. (56)
Elastic Bonding Relatively low temperature bonding (66)
Water molecules Bonding Oxides bonding possible (67),(68)
Ultrasonic Bonding Low temperature and short time (69)
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Fig. 2.1 Schematic diagram of electron beam deposition device.

Table 2.1 EB plasma vapor deposition conditions.

Sample No. P, (Pa) RF Power(W) [ Substrate Temp.(K) | Rate(nm/s)
1 0 0.21
2 1.30x 103 0.22
3 2.50% 103 0.21
4 3.20x10°3 500 RT 0.23
5 3.90x 103 0.23
6 5.10% 1073 0.24
7 6.50x 1073 0.26

JEZ X O IR S/ TR RN —A A 2 I E R S TRET 5 HiETH D,
ARFEBRIZIT D SO, IS DFE/ % Table. 2.1 (274, FRIBERFOERZEFEE /3T A —
2L UCGRIRU7ZHEIE, oBRYEIZHBWT SN0, O HHEHISEER I L TRELE
b2 Z ERRESNTNDT0THS M0, SN0, DRFICES LT, ZREROMEHIIE,
SnO, (i 99.99%. JEZHk Grains 2 ~ 5 mm) % JAV /-, A8 W EEE R AT T A K (AGC #4 PD200,
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Z FHWCH KT 5 40/ (300s) . =% /—/LfC555M (300s) BERHIHFZITV, S
BIZ0, 7T A= T 1043/ (600s) LALFKRT v 7 &aiTol, £ LT, BEEEN
DEZEFEN 50X 10* Pa LA FICEGET D £ TR LTZ, SO X DI S T AR
Iz ERED Table. 2.1 TR UMD T, |IBTRIE L7, F-BEFEDED 0 ORFIE, 7
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Fig. 2.2 Schematic diagram of magnetron sputtering deposition device.
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Table 2.2 Sputtering deposition conditions.

Sample No. P, (Pa) RF Power(W) | Substrate Temp.(K) | Rate(nm/s)
8 0.00 0.11
9 1.4% 103 0.1
10 26103 0.11
1 41%103 0.11
12 6.6% 103 RT. 0.11
13 1.30 X 102 0.11
14 1.94 % 102 0.11
15 3.20% 1072 > 0.11
16 6.19% 102 0.11
17 0.00 0.11
18 | 4% 103 0.11
19 26%103 573 K 0.11
20 11%103 0.11
21 6.6 %107 0.11

FIRRPCT v T LN T AR R L=, T v 7, Table 22 1074k D
T, Z—7y b — SR EIEEAE 65 mm, RF /ST —50 W CHEA1T - 72,

2.2.2 gnE

ARFEER I, BYOUBRIZ X DRSS IEZA S tRPL, & v U TIREE, BB RIF T Es
2 72D plEF%  ADVANTEC #1840 il z2.4546% (DRD3BODA) % Fv 1T 873 K (600 °C)
T304 (1800s) . REFFPAKH THIELELZAT > 7,

2.2.3 MR

I O P B (X U BREHE IS X D IRPUER (Z# P, A LA X —IP

MCP-HT260) % HWTATV, IO v U 7IREE, v U 7 BEIE 3R —/VHlE 2 FIVW T

I L7, A—/VHIE & 1X, Fig. 2.3 23 L 512, EIROFEALTND b D% L, &It

BEE LW 2N T D & B &GO FITEATT A RNCEE I NBLID L)) R—L

R AEFIH LICELETH 5, MBI 2 T CTAELLRENV EZET 52T
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Fig. 2.3 Hall effect.

2.2.4 F—REFRICKSEFIEEFTM

ABFFE Tl B IS < BB HR 2 VT SnO, 12 361T 2 B FIRRBART 21T -
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BIFb7u—F v — Ry, ZOFETIE, A—"—t AP OFEFEE Q. A THIEL
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Fig. 2.4 Flow chart of this calculation.

Fig. 2.5 Super cell model of SnO, for calculation.
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Fig. 2.6 The effect of oxygen partial pressure and annealing

on resistivity.
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Fig. 2.7 XRD spectra films deposited by EB.
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(a) as deposition

——
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(b) after annealing

Fig. 2.8 Cross-section morphology photograph of the SnO, by FE-SEM.
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Fig. 2.9 XPS spectra of Sn 3d orbits.
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Fig. 2.12 Reduction of the oxygen defect by annealing.
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Fig. 2.13 Production process of SnO,-SiO, two-layer films.
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Fig. 2.14 Resistivity of SnO,-SiO, two-layer films.
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Fig. 2.19 XRD spectra of R. T. deposition.
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Fig. 2.20 XRD spectra of deposition on 573 K substrate.
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Fig. 2.22 Surface energies of the oxidized and reduced terminations of SnO, (110) and (101) %.
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Fig. 2.23 Crystal growth mechanism by annealing.
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Fig. 2.27 Partial charge density to each plane direction.
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Fig. 2.29 Moving path of Sn 5s overlap in SnO,,
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Fig. 3.2 Process of nucleation in PVD®.

60



( Vss~ }/1)
Vs

THETZENHEES 9, ZOBERIT Fig.33 DL 5 ICHKBIT D Z L kD, XX b il
OO0 7 ATEWE EFIRIE 2 IROTAIICAR L, 180 ° (ZEWNE ERZITERIRICEGR L.
6% 3 OTHNZRE T 5, 2 X 9 2ok 4

B=YsstVeVi (3.2)
THZBNDAZLY . Fig. 34 R T L HIZEFITE D, B = 0DHFATIL., ET D
FARITERIRIZ 72 2, ZAUTIEAR &5 (D) O =R L F—2IERIZ @A
HE ROTRNNF—ZFH/NIT DDA EE R D XAELRNE I LR TH 2,
WIZ, 0 < B < yps DA T RSN OOEEIT A RZEM TORDIEFED 53 Ll T
HY . DNOFREE L XHET D, S < B < 2yp & 7RAUE, AT DXL A H1%2
EIDERIOD LT £ 720 | IRADBVMRIEL ST 2 2 L1275, HARITR = 275,08
BBV TIE, IEFICORNBS BT, B3R BT 2 oth7emlifEa L, B/t LT
TAET 2 2 RS, T ORREIFFAR & IO Sl = LT —NIERI NS WEEICER
WTEZ2BIRTH D,

ZOXIITFig. 32 D (4) 5 (B) DR TANNy X VR INEER TR T
DERTIT, ZEAOVRIRITEN & S E DSt i, KT R F— bR LT,

cosf=

(3.1)

(YSS - Yi)
st

Vrs cosf =

0
Vss Yi

B=0 0<B=Vrs Vrs <B < 2yfs B = 2yss

-

Fig. 3.4 Relationship between shape of nuclei and value g.

61



ZIUS KV EDOTRDZAT D, £ 2 TIRIZ, Fig. 3.4 TR LTcERZ RIEZDIGIRD, %2
EMDRIZE > TED X I I Ba RITT O EEZ D,

W, ZE LI ETORN T DBR. BT SN DAL OB 2B 5
728IZ, Fig.35 T/RLT,

*

_lom y?
3 AGE

(3.3)

DT FIVF—[EREZ B 2 720 UE7R B 72, & 2 TYIidRE = RLF—, AG, I LIFFET /L
F—ETHD, LarL, 4RO XD 2R BN ER SN L %6, BARDT RV
F—EiE L ERRo(33) LI LiES TR &£ 7%, Fig. 33 IZR\W T, M E DK ki
s, KROGEIRE SRORmEfEEZY 08, ThTh,

Zes =2m7*(1-cos) (3.4)

3, = m2sin’6 (3.5)
ERTZENTED, ZITrid B ThL, FINLEHANT, EEELT 1
& LTARNRT DR ORI ANV F—pa2RT I LNTE,

@ = Zrs¥rs + Zi(Vi — Vss)

=22 (1 — cos®)yys + m2sin?0(¥; — Vss) (3.6)

L72%, XBHITFig. 3.3 £ ARE—EEOMNREIT,

4 . (1—cosB)?(2 + cosh)
= —mr 2

EELL T ENRHERD, T I THERAEELYA NI D 1L OOREEENERSND Z I

(3.7)

G G.:Surface free energy

3

G"Energy |_ _ _ _ __ . — l6m y
barrier 3 AGH

critical radiu\ r

G, Total free energy

G,:Volume free energy

Fig. 3.5 Free energy change and the generation of spherical nuclei.

62



L DROHBTZRNF—EAGHT EDD, V2D &

AG} = AG,V, + @ (3.8)
LERTZENHED, FROREBE). 37). 38)%F. B3 TRENDLLHRAEROEED
fRebE = %L — RN T D & | Fig. 3.3 TRINDETERLNIER T DB 7210 HUT7e 6
PRUNT R IL X —[RE

len y3\ 1
= — —(2- 3 .
G < 3 AG,,2> 4( 3cosf + cos°0) (3.9)

D ENTED, ZORED ., AN RIUTRDIFE, =X —FEE
INEL 72D T ENDIND, HIRAZTHT DB, ROV F—TLE LIfimh & itk
SR DHDITIE. 2 Wiz, SE D . IR BAFRIREERLETH D L E X D,
Z L CEDOLAUT FRDE@ Y | HbR & RO i = R =20V N ST AU NS WIE L RAT
(2785, DEVABGEITHIEL TS, FEdtEDE Y SO, A 155 72H121%, SnO, &
DFE TR —M8 ) NS WESGEROZ TIUTRW EHEETE 5,

ZZ T, AETIEETP, B HHEFHEICL ST S0, SERORMRE O, EVER L FUH
TRV —DOFHliEATH Z & T, FURT R =D NS e D R EBINT 5, £ L TE
BRICEHRIC L O BRI HARIC, 7R br ANy Z U 7IEIZL Y SO, ZAkEET 5
Z & TRERE, ROMHREUC S0 X O 7B MIF )R AT 5,

3.3 F—REHEICLIEREEREORAIRIILA—FE
3.3.1 HEETIL
RAEATIEA D PRI & FEA & O L = 1L — % FBRIIT R D D 2 S ITIERITEE LV
EENTWATD, AR TITETIRCES S FHEHEZ O TRAET R L X —%
R L7z, SBJRERR RIS 2 BmERERRICT RV A Y 7 MRBLO B —FERR Y 7 b
[Advance/PHASE | Zf L7= ", AMFECIImEaRiTE, (GGA) R EE
T, FEOWE (EEE. EmE) Ckshbd A—_—t DT xLX—%
WEEET DML TEE L, BRI CRTRAX—NED L 5 1T81bT 2 0)3Hl
L7, EE e LTid, (1) 7 AEMRTH D S0, (2) SnO, EFEGFE, # T EHN
PICWB 728, SN0, DX 3 v L RICBW T — Rig & LTI insns 4
T7AT (ALOy) YV Z LT 3) AMFTH LET S, EKE LTD SnO, & Al
TA— =B EEHR LTz, SIO V7 74 7 DX I 7RSS SN0, & RO I T

63



lI~Tuefimaa LTEY, £72F0—75T SnOy ZMIITFERIED SnO, 5 & [RIWVE 72 7 8
RERAIZA L TND, ARFTIIARERm, ~7 e REAREr o LF—I2ED X 572
R RITT IR T D700, TbOFREMET L7z, Fig. 36 IZAGHEO—HIE LT
SO, AR D FIZ SN0, 245 SH D Z & A MME LICERET VA2 2R T, ZOKTRLT
EoC, HEME THD SO, & IMRITHE S DHIMEDET VEIER L, ENENDOHK
DRTFNFX—ZBEMNTH I LICL - T, L SO, DENENDRKEN— DD S &
IROBRDTHNF =B AT 2 Z &k D, DEV | HEEBRDO BT R X =Dk
BHHIDOETFNF—Z B WTAEI NS FIUT NS WEE, BEiluc ko R ek LT
52812720 Tk, FUT L MR REBISHIE T2, SO, BEERIR O 7203
REFIUTKEWTE, BHFICL Y =R F—ICREPARLEIT R D 2 L ata L, il

@ sn @ sn
®o ®o

Initial state Final state (Input)

E. - Total energy of initial state ._ )
Structural relaxation calculation
@ sn
@0

B tertace = Erm — B <:|

Final state

Et( : Total energy of final state

Fig. 3.6 Calculation model of interface energy.
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Table 3.1 Interface energy of SnO, on each substrates.
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Interface energy

(eV/m?) 4279 199.9 26.9
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Fig. 3.7 High crystalline of CVD film. Fig. 3.8 Comparison SnO, films on each

substrate (SnO,, Glass and Sapphire).
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Fig. 3.9 Morphology photograph of SnO2 film surface on each substrate.

Fig. 3.10 Cross sectional TEM image of interface of Sapphire substrate and SnO film.
(a) Sapphire substrate and amorphous SnO- film. (b) Crystal phase in the amorphous

phase. (c) Amorphous phase. (d) Interface of amorphous phase and Sapphire substrate.
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Fig. 3.11 Cross sectional TEM image of interface of SnO, substrate and SnO; film.
(@) SnO;, substrate, Amorphous phase film and Crystal phase of SnO,.
(b) Crystal phase of film. (c) Interface of crystal phase and amorphous phase.
(d) Interface of amorphous phase and SnO, substrate (crystal).
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Fig. 3.12 Diffraction pattern of amorphous

and crystal phase at interface.
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Fig. 3.13 Misfit relaxation phase of SnO,.
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Fig. 3.14 Free energy change due to the

interfacial energy increase.
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Table 3.2 Resistivity of SnO, film on each substrate.

Glass Sapphire subst. | SnO, subst.

Resistivity (Q-m) 3.08% 10 9.50x 10 1.70 X 105

OR

10 E

annealing
10 °F

Resistivity (2 = m)

10 ¢

/%' ~ as depo.
RSRREE il

With SnQO, seed subst.

Fig. 3.15 Effect of SnO, substrate for resistivity.
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BIRIED S 60 2 E DR NI/ 5 7, ZHUT ALD (Atomic Layer Deposition) %54 H
WA T B4 3 2 ¥ LR D £ 9 IR O %2 SO STV R IZRE & 1T D |
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AEVREFFS AR O Ny 7 72 AT 52 LT, @l Ch - TGk
PEVIEAEONIZRFIEL 525, ZIUCL Y| ITO O-EHT (10°Q - m) i3 kiE
2B OO, Table 3.3 2RI L DIZ, ANy ZEE LTI ER S L~V OEEST SnO,
W AARD 2 ERHPR, Ay ZIETHIKAEM SN0, RIEABMNEI TE 5 2 L &R
ZENTE,

3.5 T
R AT REZR A /Xy 2 U w7 B RO TTIRIRGL SnO, #2155 Z L # B E L, v —
RIE 2RI LTz mifb i bR 23 i R, IRD K D e T E RN o7,

(1) BEZEA 3 & R X0 SRR U 7B L X, SRR OfS IR AR 2
PO, EERE, TRENHI AR DS AHERF L2 T BT 7 AREE D 2 &
R LTz, FRZ, 22 L EDNHIRF STV, fifmtEomWnty 7 407

(ALO; Hiffidh) ORMEITH LT, FidmfEaTE Q%UWN) BEWIcbibbd, 7E
VT 7 AFEFREE LB S Vo T, EToBROZ L2036, TENLT 7 AD

Table 3.3 Comparison of resistivity with other research.

Substrate

year Deposition Resistivity(Q = m) Reference
Temp.(K)

1982 Sputter 2.0x10” 673 9)

1984 Reactive Sputter | 1.0x10™ 473 10)

2012 Sputter 8.0x107° 423 11)

2012 Sputter 6.4x10° 473 12)

2014 Sputter 1.7x10% 573 13)

2014 Sputter 1.7x10° 973 13)

Thiswork | Sputter 1.7x10° 573
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uzzk\/f

Fig. 4.1 Cross sectional TEM image of tin film after O s.
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Sn (orthorhombic)
[01 0]

[100]
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—_—l

Fig. 4.2 Cross sectional TEM image of tin film after 6 min.
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N (2% ICkaR&EhET exposure to the atmosphere.
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Fig. 4.4 Cross sectional TEM image of tin film after 1 h.
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Fig. 4.5 (b) Extended image Fig. 2.10 (a)

79



WIZZ D 199 h KEEFE LIV FIIUTHONWT, ZFOREEIREE A FHli 5 7=, XPS
Z AW TER S I35 Sn 3d BB DOfE & = /L F—fRED T 21T o T2, T ORER%E
Fig. 46 IZ~d, ZOREY | HEEREDOHHTAZ ML (@) TidSn 3dgp. Sn 3ds, LA
ICBWTEEEIC Lo —27 27 b (B xd—f) . KO8 Sn FkofEa— /L
F—t'—7 (R xX—ll) DR TE 5, ZL T, ZILHEWESGOOHTART K
TR DR E, Bk#HOE—7 (G —f) 13D L&, £oR0 0 IZ4)E Sn
DE—7 (K= AX¥—l) BE o T 2T ENbnd, Tk, KR
WEROE S ZFf>TNAH I EEBERL TWD Z EIFEZITHFE X5, oV 7o
OIMTRE A ZAUE, BAEEHD & — 2 3t o F o ZH 100s THEL TWAZ Enb, =y
F U 0s (@) ~100s (M) DOFPHIZERLSHHIHEL TV D Z LIS D,

Z 2T, ZOMDOREREHEET D722, 2D XPS AT OFEFRE W TR D X 9 7235
AT o1z, WALSNRDIELDOHEEIZIX, KD XPS 75Tl kT 24)8 Sn v —2 & %
HIZ LY @ —MN ks> 7 b LR b e — 7 Ot A VW2, BET 1 E
L TlX Fig. 47 O X9 IZ@BERmMICIRLED D DG 25 2 5, BRILIEIIE 288

Ar Etchihg Time
-o- (0s(%x2) -e- 50s - 100% —- 200s
n

SnO 0 SnO,
Sn 3d Sn 3d,,

M

Intensity (urb. units)

s00 490 480
Binding Energy (eV)

Fig. 4.6 Comparison of depth direction survey spectra of tin film after 199h exposure

to the atmosphere.
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Fig. 4.7 Specimen model for calculation of tin

oxide thickness.
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Fig. 4.8 XPS spectra of 199 h exposure to the atmosphere at (a) 0 s and (b) 50 s

argon ion etching..
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Table 4.1 Binding energies of tin 3ds;, from tin and its oxides tin.

Ref. No.

Tin metal (V)

SnO (eV)

Sn0, (eV)

(6)

484.2

485.9

486.7

(7).(8)

484.0

485.7~486.1

486.6~487.0

9)

485.0

(10)

486.7

(11)(12)

486.8

(11)(13)

487.0

(11)(14)

486.8

(15)

485.8

486.3

(16)(17)

485.0

485.9

476.6

(18)

484.4

486.8~486.9

Summary

484.0~485.0

485.7~486.1

486.3~487.0

SnO,

SnO

 Peak position

Intensitry (arb. units)
%}s
OO |0O
niumium

490

488 486

484

482

Binding Energy (eV)

480

Fig. 4.9 XPS spectra of 199 h exposure to the atmosphere at 0 s ~ 100 s argon ion etching.
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Fig. 4.10 Relationship of FWHM (Full Width at Half Maximum) and etching time.
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Fig. 4.11 Relationship of exposure time to the atmosphere and oxide thickness in an indoor

environment at 25 °C (298 K).
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Fig. 5.1 Bonding mechanism in diffusion bonding.
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Fig. 5.4 TEM images of Sn-Sn bonding with 0.37><1O6 Pa pressurization at 453K.
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Fig. 5.5 XPS spectra of tin films for exposure time 6 min and 199 h.
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Table 5.1 Result of bonding experiments with multilayer.
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