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Abstract: Indium tin oxide (ITO) is a widely used transparent conductive film in devices such as solar cells,
LCDs, LEDs, and sensors. However, stress generated during film growth can affect device performance and
reliability. This study quantitatively investigates the relationship between ITO film thickness and residual stress.
ITO films were deposited on glass wafers by standard radio frequency sputtering at room temperature. The film
thickness was characterized using optical reflectometry and the stress was characterized by high-precision stylus
profilometry. A stress-type transition from tensile to compressive was observed with increased ITO film thickness.
The highest tensile stress was 1.9GPa for the 14nm thick ITO film, and the highest compressive stress of -0.4GPa
was found in ITO films thicker than 300nm. A separate investigation of the surface morphology of the ITO
suggests that the film follows Volmer-Weber growth, and the tensile stress originates from the impingement and
coalescence of the newly-deposited film islands. With the continuous deposition of the film, the grain size
becomes larger and the structure changes from equiaxed to columnar. Compressive stress dominates and stabilizes
at -0.4GPa for thicker ITO films. The origin of the post-coalescence compressive stress is consistent with the
incorporation of excess material in the grain boundaries. The study provides valuable insights into the evolution of
stress versus thickness of ITO films and can serve as a reference for monitoring and modulating stress during the
production process control of ITO devices. Understanding and controlling the stress of ITO films are crucial for
ensuring the reproducibility, reliability and performance of devices utilizing these films.
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17N, RS T A T I S ThRE . AR s R R 2 B DL RO IR AR 45 K A 48 7% T R R T4
WRE TR T 5ASOA EAEH 3 % FE, T A#G 7 H 2 BRI BN L] o

E02-57
BT R RS R R AR R AR A
BER . KHR
MR TR
TENE: RO ERT, SRR 5 TR e e ot P e A Ao (AL, A 20 dh SR MERL AR

JRHAAT PP AR, RS e IR AT B b T e T R B TP A AR IR e e A T . BRI
153 T BN 1A, AR TR R4 Sk R, B TR KT AT LA S LA 2R A A O B N ELE
FEXIBRIE IR P I 454 o 1% P 4546 55 CuSZr A S5 #4 AR 3L, 17 HLAUXAE — 52 R B HR BE G I N T Rl
R P R R RARARAN 2 R AT PP AR AR o T XN R E Y BBl 32 BIR L 5 BT (5. i, B R
AP B s 45 2 A0S e A IR AR AR 2 o SR 38T (10 2 1 U I AR 22 (0 e AR AR AR MEAE B S R A,
B 7SI FE I o IXAMR/NIR BEVE BEDRIE T A RS T P AR 5 B P AL R 3E 4, AR ]
T E H AR/ MU A R R AR . XU AR, RIS o FEAG 2 LA 2R i i, 738 2478
Tt 26 0F N AR A PP AR, 4B 1 S St TRE A & ettt i AR e 5 2R

E02-58
ETRAEA TEM KR Y B R AR
RIGEHE
BRI A

TE N ITFGE R EAT RN 20 PR W EAE S B BHOR Cin-situ TEMD JAROW R AR
FoPRt 7oAy TR, ATSEEKR R R T RS R AR HERALE, BAT I ShAS I AR A RHE TOU T
Ziky TEHL WIAR LSRN AL I 5 AR AN S AR IR DL S . AR S EEA RS D AH
JALL TEM % HE, 25538 S BB Rl BAR AR L 5 S 0T Bk, JRUAE TEM AT DLERA S iR A4 AL 22 21l
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PAR B BB Jy sl e (B 1); 2) @i JRALBAH TEM SR K L8 SR AEBAML I A K B A A o A2 0 o
SEREAL . RBEEN I AR AR SRR XA GURAEEORHME AL, B A F v AT
WSS % . B2, JRAL TEM BERTARBT I VCRM A, X0 RN LR REVSAD R 5 R L AN 5 v
i VERE (R R R BAT H (4R 3 X[1-2]

E02-59
REE op HATRMERIEN KIC K
RIOET. THEF O KRB e
1. BREFMERFAETEYR
2. Department of Mechanical Science and Bioengineering, Osaka University
TN RG-S o/p IS5 A0S AR TR T FL oAl S I B OOl . AR S &

Pandat # /2215 5 EMTO-CPA 25— S BRI TH Y i 85 IE Ti-Al-V (Cr) & fIRESEC Ti-Al-Nb & o/ XURHER
“4. TEM 73 H] Ti-AI-6Cr FLINESACEE M, 1M Ti-BAI-6Nb & &4 MR MIK. HR-TEM 23471 % 3L,
AN BCRE & AR A i ) 2RI G ity,  SBMiu(1-100)a]/(112)B, G EM#279(0-110)a || (110) B M.
G 2 R (L12) d A BE - iS5 I Ti-5AI-6V & < 7 1T 5 B 8 LA, i 22 A e s AH S (IREETEC Ti-5A1-6Nb
GEmam G, WMEMAK. HE—PFH O-line BRI HT 1 & & B/ XHAH T TH 2546 I s M A . 2
PIETFURIL, AEAHE SR KN, ARESRC A &< BA i KIC, HETEMEARE R P ERHK of
FFRRLT), RO G I FE.

E02-60
B 5N R BRI N E S HIRE RE R R e BRA R
VB, TR

MRV TNV R AN R 5 5 TR %R
WENE: REVENBEESRBTHFRER. MEEEN. BEHK, SEILBURMERE % EI,
ERERCRAR . A TAESH 7 —Fhbh [FIG 5N, 8 5] N Z4E50 2R 454 1) Na0.5Bi4.5Tid015 (NBT) 1
Kb, FEHWIERBAUZ 51, TEHE] 5G4 B i[RI 2 2 5 i R BRI s . meZ%, Pl
% 1%) Na0.5Bi4.5Tid015- 3K 4 2.1~ 3L /N 8N 4/ Na0.5Bi4.5Ti4015- % Bkl W i (NBT-P(VDF-HFP)/NBT-PED)
W= A AEHE 8283 KV em-1 [ 59 BE T, $/15 1 25.0 J cm-3 1) = JECHLAiff e 25 2 A 81.2% 1) =i fifh e
ReE . BIRTTHAISZIG A BRI, 4R NBT 76 S IEAR b 5938 51K F-HES S B0 e i 58 B S
FIRUZ TG AR AR 2 8] A o 22 S K 3 B SIS W [ R, 06 7 rp s s A A, RO R =

T FERE . RXIULAE RN R S R R G Y i Re 2 SR AL FU AR

E02-61
B ERPKRBAELLTTTENAL Cu-Ni-Si &L taE
AR, RER. XIEE
R R R
THEEN AR £ Cu-Ni-Si & 4 [R]INF SEI o B2 A ey 3 H P e — /N EEOR Bk R, X AR O Hb PR 1 AR L7
T A IR o AR SCE I AR - 2858 A8 T2 % IS FL I AR T O a1 HEB I 9 oK 2 2 RN T SR 0T SE )
(DP), AemtERESRAL T — s, MAWBCR EZ AR T40K 7 24K DP s b Fifr s s pLil . 724
SRR, GURY T ZAR DP SR 2 (8] FERTAL A7 £8 0FR 28 2 S BUR AR ok AL B 3 B BRI, AT
SFEHALEET S FHBRSRBR. WX, ZASMNHBESTEN 45.32%IACS (International
annealed copper standard, IACS), JiHi 58 N 882.67 MPa, Jmi ik 5 A 811.33 MPa. AHIF 7t Al DLIE L 4%
DP LA, AR Cu-Ni-Si &4/ RO S5 /4 BT H R At 5.

E02-62
HERMBEG TRERESES SiO, HIAA R MR AR AL
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M, TE . &I
TR

HEA A AT T A BRI R A B iR A 5 SiO2 SR (AR A S N Jl I #4757
a5, T R A e/Sio2 S (A ELAE FIALRE: St OV TRy ks . A Al
P RS R A, 5 AR B ok 1 O B e BAE Rk Al03, LSBT RN Al203 RI{EDy TiC 5+
JRTGAGAL 5o BRAAEFHIALTE BOE S 511 AI203 2 5 ANES: TiC /2. @i TEM 704, IESE TiC 5
A SRR R R, W] TiC A i & ek T th o ek St s N J2 5 P Bt a2 AT A s RO XU 3R
TP, FERE T S AL REVE R Y, AR IR TR 2 R S 2 T B 1) 25 1 R R R

E02-63
RIEEBAE AT EEN R 5
WINEE ' RBUG A A RIRL L BIER
1. FEBER TFEMBEHEARE TEMAMEE B EEE R ERE
2. TP T DURF

PELNZS: WP I DU 70 3 B K ) R PR 20 5 R o o [ g% o T W 1) B kAR, T2 E i
SHRERASITIE (Microbially Induced Calcium Carbonate Precipitation, MICP) &z F:ft 25 #n5t 4x @ AR H 4k Al
SRR EA W EER . AT, KTREYS SIRBRES DI 5 M5 R R & B AR B st b, &
B BRI BT M ARV B L DL A i RS 5 ) 2 S DR R PR o AR LRI 50 6) I o
FEAE AT B T B0 A kAT T ik, 43 B AR B0 BRI AT 1 R 4 E 5 K kg Foe A3 T
— RS LGEE, XF TCA MR =4 T @ L ER, Sl @rh e 83 90-2 RIGFERM/MTEE, #
HoAw 44 Exiguobacterium sp. 9-2, Ry T+ E SRR FR P {8+ 0y, Exiguobacterium sp. 9-2 AR FRIR 1)
IREATERE, BWEEASEME G, BZo0H AN SMFEER RS SR E R T 2 2 %0 ik
T WALREREE N TCA>H3E>304, WL TCA ZREEATHI I/ A, TCA KW 1L /ZE 1 23 pm 24 HIFPIRBR
FRESMIRL, BRI &8k 2 R SRR = VB B AEBRIRES b Fe3+1ERUINT BRI 5 S IR S UTVE (1 I AR ke
WEIER, I H Ferr WiEd S5 REORMZRESE LY RS TRRSE, BOVRBEM AL N 2
TN B BRI = 0 4 Fe(OH)3 i 4 b FR 5 O 3o T AR W M T TR ™ AL PR LR AR RS, 1k )2 2
B TCA MM BEFIAHRE R, RISl geit — DI AED 5. T3, AHFOREREET W
T IAT B TR FHIRAR &8 I e ge o, @R AT IR 2 10 BB B R R e 3Tt .
[FIE BRI A R 7E M R R 3 5

BER
E02-P01
TisAl &4 FRid 8 H WERTE SR FaEE AL 413 71 4
AR, ZECH. AR
B R 2 B & BB ST
WENE: TiAl GE&RAMREE. SHRE., SrEsiE, RiFryra e 208 e S0 5 1

B, TN A TSRS SR, HER NEMEAMRE, AR TIRET, SETRE
AR KRR, W A% 55 M e ANE A3 S = A AR 52 o H BT AR T AR 7T AR PR R,
X T AOU Sk e e A R (R I T D o AN TR 2013 J AR T, 5 TiBAL &4 B Bk T i 72,
MR F R i H R BREE AN LR, F AR DLUREE R (1) EMRLBRERES, TisAl 54N EZEH
1/3<1-100> A2 A= A 1E 7%, Hr=A KREHESRE: (2) B2 A A /EALE v TAF TR von Mises .
TR, HE N PARHKRN T (3) LARMEBMR & Xk, WERWRmEH/KERJESX,
WM ERRRE X (4) INTL5ERE, TR FZAAE A 528N 1/6[-2203] A1 1/2[0001] A2k o 4
W RS HT T TidAl &4 22l #2 R T e s AR, WETF R RIE T xzid fRIAR, w2k
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Ti3Al &R MR I T T 2R LS %,

E02-P02
Investigation on stress behavior around carbon inclusions and dislocation generation mechanism inside
silicon carbide
ALIEE
WL R UM B BRALE]

E02-P03
Cr BRI B AARIEEALH ¥ R SEB Ni-WC B-A#8H A R aE
TP, FEE
R

BN AN Ni-(Fe, Cr)-WC E&#EHE FIB. TEM. W31, UK EIRFAGECKL
JRARIGE R T Fe A1 Cr AH S S AN BE R A AE A, UESE T UTIe s il & A M R B S 8 e T,
BT WC SRR R E gt e, e WC SRR 3 BEEER, S TR TTIE £ . 2
P SRR M6C 2% (1) I B (i /5 :5.35-8.33 GPa, H3/E2: 0.00368-0.00431 GPa)Ail & #H 14 4E CoF JF
i, I Fe304/NIO B IR BEF (A AR 45155:2.81 mm3, 18111 150.89%). Cr It 5E {3k Bl 58 H 7F BE 42
0 _E A M7C3 UTE (181 :19.94-23.43 GPa, H3/E2: 0.0590-0.0611 GPa), -4 & i A4iE CoF 41K % 0.0701,
Fifd M7C3/M23C6 1 M23C6/y-Ni FEHE RN SEHL 7K GND %5 5 LA B Jig 7 A= s b # b i . IX A
[ RAKG AR AR R R PR A 0.27 mm3(B#{K T 75.89%).

E02-P04
Z U RILRARE A H LERRE R8N IERAE 753 e e
R—F

RN E T K
BN AN (LLO) MIEHEA BRI E, BRSSP, BRE| 7 AR
FH AR SEBR R o ABFIUIR T — R R 200 R TR B AN, 8 R AT R AN S T AR R %
fRIX e . 7E Lil.2Mn0.54C00.13Ni0.1302 KHTEK | — 2 E T RITCENZE, 2 HEMmE /D6 5
A4k Ce0.32La0.28Yb0.402 #H KMk, [FHF, 7E LLO ki N B R T ¥F 2 2R LA 1 4 K #
(Li1.2TMLa0.00902, H TM AR E SR TR, LafREHRITER). XL Rk 7 #5510 Skl
FEAGU, gz 7R R AR RRAR A, NI eSS T LLO S5 M Bl RE . S5t JS IR Zk iR R B
SR R E P, 500 RIEIR G B EAR RN 80.4%, AR ZIRERAEICN 69.8%. HAh, B
PEJG 2R ZR A U R FRoE YE S B0, “PISRIEFR R N FE 1.95 mV, 1 A el PR IR 2R Zpi 4 v
V)RR R NI 2.49 mV. gt ik iE H T J0E B8 Lil.2Ni0.5Mn0.502 IEARM KL, ATt &F 2

ARG IEA R FIE R AR e VPR T —Ffie FH A RUH S s

E02-P05
R R Ag,Se FHINLEER AR
TE
RIBE TR

MENE: HIRBESE e S IR R A B R, N R O 20 T,
PHHCH AR AR DU HL N AN B G RN R R B, SR O R B SR S i N, (EAEAE
H B SR T AR SRR M A . AT UG ROVERE R, RIAE R 1 Ag2Se 1, FLIATAT firt
KERBIBUENAS . HSCIIHUR G E A D IR RIS BT R B 7 A, B 1R P S i e T
NRAMA . W EAEN BT BB, RIL B A RR N AR RS 6.7%. X — KPR BE
I FAT AN ANAE RN, A RO 78 S A A AR 7 I B B A bl b e 55 FRLIAL RO AR AR o i LA 1
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13 B AN f S AR BE R RN IR F%, R SO T S48 1 T B SEE A T7 1+

E02-P06
/= Cu,S kb B R AR KR ALBT 5T
ER#%
RNE TR

PENZE: B A Cu2S 1E IR ES T S K], 76 I ME N R I MURe IR B AR AT 8 5 AH AR e
AW FUE L SR AL B T RAMEAR, R T Cu2S HLEAEAMINEIZIRSN R y(LYyFI B A T I S5 R AR AL
il SLEIGRE, g (B{E~04V) WHEFFETINEFE (yL)- Cu2S) MLFA (B-Cu2S) BhasHH,
fit R A R A AR Al 5 P R B, 0 AR S R AR e FLARIR (-140°C) AR, HiRR T HEH
FFHUE 458G TUAARDL 204 5 JE 150 STEM WL, E S AH AR YR T 3% 1 42 (R A 25 38 A8 B b N AR
2, Bk EE (0.4-0.6 V) RASEHL v(L)/B BIAHRE MG DI, IR SHEE GLV) &5 KA 7 A AT
Mrit, TERE BT A y(D)-Cu2-xS A, FEMESWIZEREMEA G O, SRR A
FONFET B FIER T B 28 BT R4 T ORISR, JEIER T 3-8 Tl - HH AR - B AR 8 A A

E02-P07
Cu,Se 224 1 ) IR B B BEIZ 3)
FEIEM
RN E T K

WENE: BT Tk o-Cu2Se BA AR T, EAMMEE FW s <5 2k, 1212
BHAS P Bon T RS AT 5. 2RI, T o-Cu2Se 1 Cu B FHIE ZHEF, 1EE L FhRA iR SEH
58 T IR AT I S R R R R, RS XTABHESNAE R T N S SEASAT BN, RRE
TR R AR WL . 128 TS 7 A B-Cu2Se 3] a-Cu2Se AHAS AR i HLE, 7J LI AR a-Cu2Se o i A
#LAYEBE ([101]/[010], [010)/[010]). Ht—BiERH, [010]/[010]W4E ke & nf GE S i T FL i o B A 4
AW, N TRAL B S A4E%F T 3815 o-Cu2Se PO S5 F ¥t By HAZ B It B Ak B 3

E02-P08
Bt Ag'EFI BURAEZE RS Ag.Te 3345 ¥ B FEFF 6
LIS
RN E T K
TEL A WL R G, 1R R e 00 13 s SR B, )32 S T B AR A7 A 25 (AR 7,
11 GeTe, Sh2Te3, Ge2Sh2Te5 &5 . #AIM, {EXLLhii i RILEGYIh, Ag2Te fE =R N HA M F A EREH
ARG PR BRI L, B2 T AR AR AL, AR DA G TH AR A T, L PHARHLEE p A
ERE. AHETELL Ag2Te - SAREBONTE N R, B RAEE TR (FIB) #l&ME 8, 46 RAEN B 7R
AR (TEM) K& fERERESZEEN BT 2MA (HAADF-STEM), REGRME 1 HMBHEIBIEM T
PERL SR TH 45 R 5 BRI AT . SEERR B, MEinBIE Ik (0.37 V) wfil R A o-Ag2Te 1]
02 J7AH B-Ag2Te IR IHARAR, (1B H FHAE 228 5% ClnBRE RS N 72%). 7 REERIER: 1.
ISR AQHES T M9 B0, B 123 0 R FE AR A B Hz 5 i AE AR R B F R S L3R5 2. a—B FHAREBE R
BRI FL S R AR, ARRTRRYE o A RIS 2 AR R B AT BRI E T R e, ST O 3. A
SR T (A0 a-[0T0] /B-[TTO)EL MR Han Te2-0 db k4L & Ag+ i1 FP-T0 F7 5648 /& FaL L 28
AR o B BT ket g (0.2/0.4 V), AT FUSEEL TARAERE CGBERERYTE) HARE I HPH T
TR, UESE Ag2Te 1 HLBHIA AT NIE T W3- T3 B-ARRRE G LR o % AR N R T AR AR PR 1
e e AT SE P2 BHAR DhRe AR AL T H B ST R 22 H

E02-P09
LR Zr-O KA/ SR B SR ERAR A P AR
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F5&
RNE T K%

THEENAE: T LLO [ 5 S At T ml il fy 40 J5 s 7, AN o] 3 (1 A S 2 8 A IR (LLOD
TEARAA R (1 7 2 ) . SRR RETE R T R A2, SBUEROR A EUA Eh45 . Ak, s A e K
TEIN G I8 2 ATRE, X2 LLO MK 3 BEfEhG . ek, AR T Zr B4R R EF LLO g
A RCERS, RONES S A BA SRR FRATRH R S IR S RE M 85 B 45 N LLO i, DL%
JR S L - S5 R SRR AE PR A T A T B T I R T T . S RALERR) LLO AHEL, LLO-Zr IEAR & I H
IPEAEENE, 1£ 0.4 C MARE 100 G 5 A ERFFZFRIA 94%, 1C TixmAlik 223 mAh g-1, H7E 300
UAEH G R ERFER)IA 88%. HLRTHE R, W TH-FILMBM s, ATMBARERE I, M
AN T R T s R . AR R A & SE A ERE I & B RS AR R A T T8 7

E02-P10
HEABEEN Li,MnO; HHM E S ERH &R e R AREE FHEM
yFER
RN E T K

WMENE: BT Li2MnO3 AR AT E, E&T 45V BHE NI E TN A 5 B, Bt
B LIRS R AR S AT AR ARV 2 Bk o 7EIX SE 0 AN B AR A AL (LRMO) 1, LR-1.2(24 Li/TM
= 1.2 i) HEAEMRAKAE (B Li2MnO3 F128 LiTMO2) 45#y, Hid 78 Li-2b 7450 T™M #4rH
£ Li, WA RNEAHEN 4LI-0-2TM J\HiRFEA S 3Li-0-3TM J\Tifk. Fik, —28 5 AR E 1)
Li-O-Li #A#A5 R Li-O-TM MR, JEK 75 KH TM-O Stk #9558 T Am g ize k. ik, LR-1.2
£ 0.1 $RIRBEAFAF NSl T 2823 mAh g-1 Il & (FEAREN 90.9%), RILH HEMIEH T
PECHE 2 BRIREAE IR 400 UG B EARFRA 90.3% ) Al s (58 R Mk G IX AR &AL T H LITM
Eb 2R AT (RO 285 46 5 FEA A MR R 2 (AT R AR DG, D 1 R A B8 FR Vb IE AR R BE TR A T R
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