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bt r X2 CE T, NS @HER N TR BERE L7 vt v 1] 5, 867 BD
#ER 3D LED 7 4 A7 LA [2]F T, #kx 2ICHPREN TS, ZNHDIHAEL AT
v ) v ARE L T 5B EERE, BEIE2H 1350 cm*/Vs L IEFICE N T & TS
NA[B, —J. Y734 100 GPa & FEFIZE,

TR EITRIRE . AR RN RE MBI LT 57 LR T L b a =7 X8
LT & 7o, AHEERIL, B REBEN ST 2014 FEHAE R @ PERED H O T 30 cm*/Vs
BEMELDHDOD, Yo 7FEPH GPabl & by, REMRICHELE LT, 7LF v
TNT 4 AT LA BB F NLEJE[T]. KGEMB]EF1SRINTND, TLF T NRT
A4 ATSVLAE NI MIRDTZ0IF V27270 T5Z LN TE, KEERT 4 A7 L
ADTFREINKELL A ET D, £z, BFHTZ v 7O55O 1L TOESITHDHEX 3 um
LIFOT AL AX, A7 EOBMERIEIRITGERT 22 LN TEH1ZET LR TR
D, ZHNETITRWEKRE Y E L TOFEANEIFRF STV S]9],

E DI, Yo 7 RBPE MPa & ARSI VWE LN E Ll 2> A Ly F ¥ 70
TV 7 har=g RCEATAMENEAMNC>TEZ, ZHIE ETHERTELT Y ik
FEINDHV Yy Rz L7 ha=J AR T X7y ha=7 ATEEZL LN
57 0% EORE B EAREL T H LY br=V A Thb, ZoL0BREEDOREW
T ZSAPEE S, B e Ry FORFITICHATRER 8T PR 2T LA [10]1R04K
IS 72 EOMFEN RSN T WD, ZZFETH Table1-1IZFE & H D,

Table 1-1 Electronics categorized in mechanical characteristics

Rigid Flexible Stretchable
Electronics Electronics Electronics

Vechanical  <0.1% <1% >10%
Voguna®., ~100 GPa ~10 GPa <10 MPa

High Large Area/ Soft/
Performance/ Light Weight Conformable

~
R e R

Key Words

[7] [10]




ALy FX TNy bur=7 A0 BAERNZIGHAEE LT, KEL 2 DO B R HIFE
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ZIE#E e Ry NUINAEZREDPNZTZROGEHEEZ N ETE5EE2615, 220D
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FZOPWT AN RX, [FEED Y > 7R EFFORECMAE[L5] & W o o ERIIBRET 5 2 &0
TEX 5720, AR S - DAL Y OISHPIRGE I TN D, T35 AN 20%F2
JEMECEIUTDIREE 2B S L9t 2B TE, 72731 20 100%FEEH E T
TR, MAENE T O A CTRB-CIRR D AR 1 7 — 7 V& R T & 5[16],
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Figure 1-1 Applications of stretchable electronics
Images are from (Heart: http://www.civillink.net/fsozai/sinzo.html,
Skin: http://e-poket.com/illust/ma_041.htm, Blood vessels: http://medical.i-illust.com/page_01.htm)
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HENET A ZDFEBLTFIEINIER A R b DN H D0, I3 ZIT D ZENTE D,
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F 4 A7 LA %R LT=[18](Figure 1-2 (C)), = D FEITKARLNE S AT /S A ZLE]
ATRE AR AR MEE R A BRI N TV D 7o RIIBEMEIC R E REBAMERH D, Ll il
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DT A A% FEBL L T[11](Figure 1-2 (d)), HifdhS Y a0 2D 2 LN TE D720 IEFIC
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VW, Tablel-2 lcZnbirFE LD D,

(b)

Figure 1-2 Current stretchable devices (a) fully stretchable[17] (b) wavy structure[9]
(c) OLED display[18] (d) Sensors on skin[11]



Table 1-2 Comparison of stretchable devices

Sungkyunkwan ) ) ] o
Group Uni Univ. of Tokyo Univ. of Tokyo  Univ. of Illinois
niv.
Stiff islands in Stiff islands in
Structure Fully stretchable ~ Wavy structure stretchable stretchable
substrate substrate
o Gold with wavy Conductive Serpentine-
Wiring Graphene
structure rubber structure gold
Stretchability 5% 230% 50% >100%
. 1200 cm*/Vs 3.0 cm’/Vs 0.5 cm’/Vs )
Mobility . . . 100 cm*/Vs
] Low on-off ratio (organic (organic .
(semiconductor) ) ) (silicon)
(graphene) semiconductor) semiconductor)
Large calability 2020 mm’ 4 X 4 mm? 60 X 60 mm? 20X 10 mm?
Application Single transistor  Single transistor OLED display Sensor on skin
Reference [17] [9] [18] [11]

IR A AT DM T A A IO Tk & BT 3 R R R m M AL
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INEEBT 572010 FE T, FIRIFTRE TR LS 5 22 Mg R & B 9~ 5 LB
B, ITFREAITHIFE S U, 10000 S/em # 8 2 53EEHR A FFO b D[19]X° 600% & D K1
ZFOHDROIVPHE SN TNDLN, ZLUIMMESEDL ERECEERPEDLTLEI LW
IRIEN H 5, FEMFEERZ AT oMM Licohe X —=0 7352 b B2 5L,
200%fHi & ATHEC 100 S/em DL EOEE LR A RO L ONME L 12 D,

W, b T VAR LED A ELE 5 72 b O JE{HiE eIk 2 (i Fobt v 1 He (i 9 2 i1,
18)& T 2856, FEAMMEREIK & e D S C Ol 2 ik 2 LR H D, %
EHET AT, Rl Cm SICARZ T 720 [21]. 26 T A2 VW COED BRI o5
CHMERICARZ -T2V [22] T 5 FEDREIN TS, L, BIFOT A XD
BN HEL NH DI Tholz,
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AWFFETIE, DIESORE & Vo 72 30%FEE DfEIC S EIE TN TE 5 kic, v ARy b
LN OBEFFEROMRIZ B3R TE 2R Th 5 100%% HAEHE & B, fiffEtET 1 A
DRFICERY AT, ARy 7L LT1oOHDICEZ NS MFEERR T, 100 S/em
VL EOEEMEE 200%4 #8 2 DM RMEZ R offfatEakz Ba L, R atEdiz, 2 20I
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EOERENES T 2 TIERIT 2 2 L 2 BIs LTS 2D -, b 2 K% Tl
LR X 51T F & o7 (Figure 1-3),
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Elastic conductor (Chapter 4)
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Integration (Chapter 6)

Figure 1-3 Purpose and structure of this thesis

TN ZERT S 2 & TR & <L ORI RRERES O B 2 L T& 5, 2
MZE > TRIED L S, vARy b, ERSEFICET 22<H LT A ZADEIIS
HHT D,



2F Ly tr=r 2R

ARFETIL, @%Iv7%u:7xmﬁ%ﬂ%:owfﬁ&éo@%IV?%H:ﬁx%V
A Y —mInETHE. ROX T ons,
® (hfEMERIRREL AT (2.1)
® [HiffEitT N1 Z(2.2)
®  (hffEMERIE(2.3)
® (fEtEy AT L - TV r— 3 (2.4)

INHIZONTENENDOEI TR 5D,
2.1, fHfEIEBCAR N

MG PERLAR AN &1, a2 AT DM EIN D Z & Th 2, MMEMERFREITIE R E <
ST TADIHHTLZENTE D, 1201, TAICEEBEWEIRET DI LICE-T, K
Kk iE T D T LEEMAFZE DL O T, EEZOLON 10%U EOTEEZITH 2
LT D, RRSCTIE 2N E MfEMEEIR LIRS, 2 91T, T ARMEISHEBEOE B A K -
AV a—  NETE/RL, EE - ~A 7077 v 7Sl z2R-E550T
b5, 30DIE, EEMEOEWEBMBEOIPIRENEZ AN FIETH D, 4 ODITKEESE
AW HETH D,

AREITIE, FEH 201 THFEMEER, 2.1.2 THEBHRE, 2.1.3 TEMR. 2.1.4 TE
HRERIZHONW TR S,
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[23](Figure 2-1), L2>L., EEMILEX03Slem EHFE D EL o E WS RS - 7=,
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Figure 2-1 Elastic conductor made of silicone elastomer and carbon black
(a) Resistivity (b) Scanning Electron Microscope (SEM) image[23]
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HMEBEILOEE7 7 —L LT, TAXI MNEOREREDOZEHWDMHRENPEAN /2 S
NTNW5, ZOHRTHLRENZLDOE LT I—KRF / Fa—T7CNT)BHIT 55, CNT
13, 1991 FEICHEBARICEALINTERIBIRFNORL0FT, 7772 — FE&D
ok O TetiEE L D24, ERFEHE LT, TOBXHITI o T, FEERFEELRLIZY
BRFEERLIZD T2 EDRHOLIVTWA[D]L, CNT IFHEED 7 72— b b
HEh—RoF ) Fa—T7SWCNTELBDO T T 7 v — R DEEI—R T/
F 2 —7(MWCNT)IZHEE N5,

B - BERAOESVEICIER 45 &0 CNT &, 1 GAIem® b O & W K TR 2 i1
EMNTE, Yo7 RT 2~5TPa & IEFITHIEICEND Z L TMBNTWH[26], £7-. CNT
Z10nMmM U FOERTH Y RS, mmEABIOESITRD ZENRTEHRINED, Th~
? 0.01 Wit & W H D EDOIRINT S HERELRTZ LN TEH[28], —F4. CNT IZEDH
WT AR NG, T AR NMIHNS D R i STV 5 [29],

B B, FERITHRW RN Lo THIRIZA o 72 SWCNT & A F kiR & —fElcy
= b IV EMEIN SRR BUEE O THEBAEE I S Y, a7 yRITLL
BAT5ZEI2L-T 100 Slem & OEWVEEEZG, FRFICHE S ETH R EEBMENE
B 72 M B R 2 SEHL L 7= [18] (Figure 2-2 (), F7=. K.-Y.Chun 51X, $R&HT 5 G
T CREERM L7 MWCNT 287 L—27 LT v BRARY v —LIRAETHZ LIZLY,
5710 S/lcm & D@ VVETEM: & 140% B O @ RN 2 525 L 72 [30](Figure 2-2 (b)),
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Figure 2-2 Elastic conductor with
(@) Jet-milled-SWCNT[18] and (b) Surface modified MWCNT and silver flakes[30]
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H—RoF ) Fa—T LREEIC, BT AT MNEAREOEEMEE L TR ) UA
YERAWEROMAR DD, FTH, 1T/ VA Y ERACD FEIIEAICHIESN TN D,
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MEMEE AR 2 J28 U Tz, (ERL S N7 fEPEERIT 90% b D EEEFF2, & 57 L 300% D
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JOAYEY 2R EICH—ICES EVERICREBOIRIKO T LTI N EE > T
TEARET D I & CMMEMEEAR Z EEL U, 1ER SRR 1T 8310 S/lem DEEM: & |
80% D F k& F5o[32], T, EERITEV ML X FR8F ) U A v &AW ik b
EENTWA[33],

gL —7

W7 V—7 LR TEIRE D HINL., SEEEEA O CHlERLTE 7, 71—
FZDRNG ., @ FHR THWICER LT SERBROb O LY EELRE LIFT e
ETHLIN TV S([34],

FARDIE, R T LH U ITNERT L—7 ZRED Z & CHfEHEAREZER L, EE
(% 3570 S/em THIEAMEL 600% & IEEIZE VY, LS TWDHIRT L— 2 13Rim 2 G
BADOHEESEAI TR TS, TARKRY T LF LT L—7 ORI TABKA %
L, R DL L7 L— 7 OB 285X, MR ETX 2% [20](Figure 2-3),
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Figure 2-3 Elastic conductor with polyurethane and silver flake[20]

EHEEEREST

GROH— R OIS, BEEEESTEAWD TFERS D, THETHRRITEXLET A
XY MEORER@mD TEIRED FETIEH, ZHICL > TITLADOY Y 7 HERE MPa OJFE &
2> TLEIN, AEEESFEAWDZ LICLY, Yo /REHKE kPa BEICH X
52 EMNTE D, H Stoyanov HlE, mWEEETHONLHRY 7 =T U (PANNZ R U AF
LURILEHAEETORVERS T2 L, TORAEZZEZ 52 LT 15%x10* Siem
b DFEN: 2 FFOMMEEIR S 300% b DR # 4 & DIMifEIk 84 2 J28L L 72 [35](Figure 2-4),

HyC—CHg

|
CH2—CH2%—[~CH2—C

n m | p

O
OH

o
+O+- O E OOt
Ac Ac K
Figure 2-4 Chemical structure of poly(styrene- co-ethylenebutylene-co-styrene)
grafted with polyaniline(PANI)[35]

&RT JhiT

BT IR, —MRICREICAES F 25 SEoBEE BT, FL5% L 0REM
A EEETWS, KETIXZOAES FERELTHEI SO LAEIELEETES 2
FEAE OISR /BT 2,

M. Park 5%, BAUBGFEEIC XY poly(styrene-block-butadiene-block-styrene) (SBS) = 4™ 7
TAN—vy MR L, ZHUERT 2R A 7 YA %I, R R4
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PR AL, R 22 T/ & X3 5500 Slem & OFWEEM 2 FF D, 140% MR S+
T, 1020 S/cm & D E W EEF 2 7~ L 72 [36](Figure 2-5 (@),

Y. Kim 5%, RV v LZrIasT 2 hira2 05 & ClfEtEm s ER L, 1
XN T MFEEER T T, &) /R E CEANICEE A ZERTHZ & T, HE
SHTHEmVEEEAMERETX S, (FY o 20k o TEMEEZE 2 5 2 L3 TX, 11000
Slem b DIEFITEVEBIE L 108% DM EANE 2 R > fifEEk & . 1800 S/em DEER L
480% b DA KM & R Ot R 2 5L U 72 [19](Figure 2-5 (b)),

Figure 2-5 Elastic conductor with metal nanoparticles

(a) silver nanoparticle[36] (b) gold nanoparticle[19]

XL

K SO TR L7 AmfEMEE R ICBI LT, Table 2-1 (I F &5, SRfEMEEEDO/ER 7 0
TRZERTHE, BT L—2 LR 7L Z U E AW ARREIEER[20]13. Zh S ZEEA
DELLETEESISTESG THLZ R nnDd, MOKRUMEMRICERT S L, CNT 24
VN2 TE[L8, 301 & AHEETE ) 1 E VT ARSI B W TERWER Y IR LEMERH D Z &
Wo3ins, BANTHIBRA KEFEMEICBER T 2HIBPEICER 35 &, %< CHIMIFEETH
HH00, &JET ) UAY[3L, 321048 T/ Ki1[19, 36]% v 72 Tk Tl tE gk 4 1E
BT 5 FIERFRCTH D720, FRERREIRITEN LB T o - 72 0 [32, 36]FIRIMED R ST
W7o 72V [19,31] L7z, Figure 2-6 Tidk, R ITK 7 2 HEMEIZ DOV TEIR D B > 727w L
IZOWTINbEFE LDz, T5&, BBLMHE oIS AEIL, FICHEDORMIZE N
THEMEOKTRRENZ ERbLND, £lo, AEEES 5% AT RErEEAR35]1E, i
FlR L CHEERDE LT W &0 DnD, —J, CNT OBz AT hfEHEE R T &
WXL T E A EEEEDE DLW LB b5,
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Table 2-1 Comparison of elastic conductors

Surface
Conductive modified Silver Silver Silver Silver Gold Gold
] SWCNT ] ] PANI ] _ ]
fillers MWCNT &  nanowire nanowire flake nanoparticle nanoparticle nanoparticle
Silver flake
Stylene-block
Fluorine Silicone Silicone Polyuret  Polystylene  -butadiene-bl
Rubber PVDF Polyurethane  Polyurethane
rubber rubber rubber hane rubber ock-stylene
rubber
. o o Layer-by Vacuum
Jet milling & Mixing & . . ) Absorption in .
Process o . Transfer Embedding Mixing Synthesis ) -Layer -assisted
mixing Hot-rolling fiber rubber . _
deposition flocculation
Initial 3570
. 100 S/cm 5710 S/cm - 8310 S/cm 15000 S/cm 5500 S/cm 11000 S/cm 1800 S/cm
conductivity S/cm
Maximum
. 140% 140% 460% 80% 600% 300% 140% 108% 480%
stretchability
R - 1000 cycles 5000 cycles 100 cycles 40 cycles 5000 cycles 300 cycles 10000 cycles 10000 cycles
epeatabili -
E 4 (70%) (20%) (100%) (50%) (50%) (140%) (5%) (5%)
) ) Patternable ) Patternable
) - Stencil- Stencil- ] Stencil- Spray- ]
Printability . . - with shadow . . with shadow - -
printable printable printable  printable
mask mask
Reference [18] [30] [31] [32] [20] [35] [36] [19] [19]
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Figure 2-6 Overview of elastic conductor

2.1.2. EEER

TAORMICEEEFEOWHEIEZMED | MiEIERLR 2 KB T 23 A08H 5, S. P. Lacour &
I, TACHEZNTIRETI/ n L &2 KA L, TORMELZMI LT, 7rLk
ENTLD ETEO L S etz & 52 LIk - T, ) 22%0MifE: 2 Bk Z R LT
[37](Figure 2-7 (a)), F7-=. D.J. Lipomi &%, >V a—r T AZMESHRECEBEER
531 @ PEDOT:PSS # A ¥’y 22— N CHRIET 5 2 LIZ L o T, K 22%DiffiENE & FF o8k %
A~ L72[38, 39], Z DHAEIETIX, IEFWICEWVEERLZFOSBIHERELF-ELZ LN
TEXAN, TAMHEZNTRNL T AE2IT O LERH LT, RIEERT /A A%,
B OO L WNT A R T LWTFETH DL SV D,

—J7, FL ROEEEREALRET 57210 T, HO60 Lo E T 72 < THEMEDORRR
WD EMMEEINTWD, S.P. Lacour Hlik, 7 tg&r v ) a—raANIEKETD
P T/INESRr Ty 7 BNEREICAY . ZANHEBIRIZA > T 20%FFE M S8 T HEE
PEZHEFFTX 5 2 L A LTV 5[40, (Figure 2-7 (b)) & SICHEMICRY L &2 o7 54— 24
9 Z & C 100%LL EOMifEE A Rt D Z E R TE D &S LTV 5 [41](Figure 2-7 (¢)).
[A£RIZ D. J. Lipomi &%, UV A AETERENE L7 ) 22— = A2 PEDOT:PSS % A &
va— L& MEOB/NSRY T v 7 PREFEND Z LT X 5T 180%fE A AlHE72 15
iRl AR BT 2 7~ L 7= [42],
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Figure 2-7 Thin conductive layer on elastomer (a) Buckled gold[37] (b) Micro-cracks of gold[40]

(c) Localized cracks utilizing foamed polyurethane[41]
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B A MW FER, @RZOLDITHMEERZHIGF LRV, ZoRRkE 7 LXy
TN EAEP L THERZAD LD TH D, Fx OPFEETIX, BEOES 7 4 VA L
IR BARICEE AN == T LT, ME AV F U7 TH B Z 212k 25%D it
% FF O %2 3231 L 7-[43](Figure 2-8 (a)). M. Gonzalez 5%, kEx 72RO & @iz > U
a—2 A AFUTHDIAR, T OTROMEMEFEZ 0 L, AZ20< b D72 728k
BRI e b B & fEaa T T £ 100% D =A% % 15 7= [44] (Figure 2-8 (b)), D. H. Kim &
%, EEOGRREZRERRICLIZbOZERF L, ZOHMSEZEM O T LNLENETE
Wa &2 Z T, MIRRO ZIRTTHIZRETATIN ZHED7 181D =R STHIZ Z8TE 2RI H L. £ 100%
DR % 3281 L 72[45](Figure 2-8 (¢)), & HITS. Xu B, STROEBMIRE 77 7 Z )L
MICE_RDZET, UAR—=V T ATERNLEDOD 350%H O E W HREMEZFEE L
[46](Figure 2-8 (d)),
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Figure 2-8 Stretchable wiring with metal thin lines (a) mesh structure[43]

(b) optimized structure[44] (c) floating serpentine structure[45] (d) fractal design[46]

2.1.4. HIKE)E

i <iEL KIEEZ AW TEOMERIZL H2EMAE L HWict o OREN RSN [47], L
HL, KBIZAKICAHETHD, £2T Ga xHW =B 4L DHEK4E)E THh 5 Eutectic
Gallium-Indium (EGaln)[48, 49]% F\W\7-4fF9Eh3 4 Z 2 oiv T4, EGaln 1% Ga 75%, In 25%
MBI D A4 T, 155 CICESENH Y | RiE CRIKD 48 T 5 (Figure 2-9 (3)), TDFEET
T ARA AL LTHWD ZERTERWZD, ALRT VTt~ A 7 o F v x L%
BV, 2 ICEASRS 2 L THFEMEORIRE LTINS 2 &8 T& 5[50, 51 BB
3.4x10% Sfem L EFITE < . EME Y 600% & HEH 12 E L (Figure 2-9 (b)),
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Figure 2-9 EGaln (a) Droplets[49] (b) Embedded in gel[51]

215, ¥

Table 2-2 (ISR, BRI, SEMR, HIEERZ O TR BN O R
oY, HEMOBUR T, MEEIEEEN M L ERTHLN, Ky I RTHLD, 4
JES T&, MRAICERE L TOMRIIHORNWEEZX LN D, HEMELMEEOBIHAT
I WIESRI RSBV, A 7 0 F v Xz ffo THbifi LiATe & ) [RE 2N
TZlxoTLEI O, BV EEL W EEX B D,

Table 2-2 Summary of stretchable electrical wiring techniques

Elastic conductor ~ Thin conductive Metal wire Liquid metal
(2.1.1) film (2.1.2) (2.1.3) (2.1.49)
Conductivity 10°~10* S/cm ~10* S/cm ~10* S/cm ~10* S/cm
Thickness ~100 pm ~100 nm ~100 nm Free
Stretchability 100~600% 20~180% 100~350% ~600%
. ) Patternable with . o
Processability Printable Complicated Difficult

shadow mask

2.2, fBHEMET SAA

ffEMET XA ZADFEBLTIEIIL, Figure 2-10 (R & 912, FIC3FEO HIENER SN
TW5, LTFIEICHAT S, 1 OBIET S 22K & skl B TR 5 2 ik v, i
TR, A FERTHFETHDH, KL TIEI g A —/v 35 LIRS (Figure 2-10 (8), 2 D
EIXEIT A A2 L, ZNEdH O CDMEEZ NI 72 2 LM bW 5 Tk
T D, KT NE HHEE L S (Figure 2-10 (b)), 3 2 HIZ. ifEHEo AT IEME
PEDOREIG 2 Ml L, 2 ZICHERDIEMEIEDT NA R Z2HEf L, 215 Z Bl
TORSFETH D, KL TIXINZEZT A 7 Figid & FES(Figure 2-10 (), AGm3C Tl
KT VRS B FULICHEYE T T N R BT D,
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(a) Stretchable substrate
- Stretchable wirings
a4

lllﬁi —
s

"\ Stretchable active components

(b) Ultrathin device (<3 pm)

)

Stretchable substrate

(©

Stretchable wiring

Rigid island
with TFT, LED, etc.
Stretchable substrate

Figure 2-10 Methods to realize stretchable devices

(a) fully stretchable device (b) wavy structure with ultrathin devices (c) islands structure

221, F—n=A

B THMEMEDOM B CEAFT A R RS 238 AL, A LAR[2]D 558 Tl A T
TW5, MakalED = 4 %2 fEHEER T AATe & BEAHIINT 2 2 & T = 273
ERL, ZHUCK Y NWEHT EWOIHHATH D, 2 TR EERIC G N 2 R
Vb DIZERT D, BUE, MEEOYERE L TRBIERSNATVWDIDIE, V77 =
RCNT Thbd, /77 ZEM - KL LTHW, A4 ziigiie Lic b7 v
DAL, KSR SELZENTELD, F¥RBEDOT T 7= ZHNTN DI, A
F 7 A 10 BUF & IEF I/ S W [17](Figure 2-11 (1), £72. 77 7 = % FEM, CNT &3
BIR, WHEEE L ST T VI T 7 A VLD EMERFRIEE Lo T P A 213, 20%FEE O (i
% 79 [63](Figure 2-11 (b)), 77— SR DHEERLISN Tld, AREER & A A MAREIRDIE
G DORICIE & . F 7 e MR CEE A A T T & THRAEYE Organic Light-emitting
Electrochemical cell (OLEC)73 it S 41 C % [54](Figure 2-11 (c)).
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(a) lon gel

"::" :3’ — _::A
"—"5%"""""‘—” e e e T 120% stigin

Figure 2-11 Fully elastomeric devices (a) Graphene-lon gel transistor[17]
(b) Graphene-CNT transistor[53] (c) Stretchable PLEC[54]

222, P

BAEE X, EFICHEREOT NANA R 2H o0 LOMEEMNT TEW I LAY 2175 2
ECEREND, 4V ) ARFOTNA—T1F, FEFICERRY a2 L8 2T 5
LT, INEER L, LU, EEOREIMRICE > TED>TLE S L) RE
28 d - 7=[55](Figure 2-12 (@)), = ZC. Y7 RNV U a1 0 b —Hill b/ SWaeEE
KERWTE#EEZ L DRAEDZDH D, ZNITL - T, K230% OETHRENZEAL
05 a2 R 5 2 L IaRED LTV A [9)(Figure 2-12 (b)), £ 7-. BAREIEK ST TR
<. KBFEH[8, 39]<X°> OLED[56] &\ o 7237 /31 A b [AlER D ik THEEL S 11T 5 (Figure
2-12 (c)),

Figure 2-12 Stretchable device with wavy structure (a) Stretchable silicone circuits[55]

(b) Stretchable organic circuits[9] (c) Stretchable organic solar cells[8]

223. TATURHEE

TA Ty NG LT, R SRR s A B L. 2 oo RICiEk oIt 7
N ZEMER L, 2D 2 MRS Co S FETH D, BRRLSMINE DT R A
AEEHTELRICAY v bBRHDH OO, BRI HAN 723 8235 5, Figure 2-13
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(@D & 51T, MWHEEMICV & 72 0 IPHEREIR A R 3 5 &, R OBEZ DR EIZARAE
LS < HEWH R R 2 & O T B SR EE IR F O JRIN & 72> T L E 9, % Z T Figure 2-13 (b)
DX R E O EMEZEFICE(E ST AWM AN R I TWD, RETIE, 2O
RVEOufGI 2 (b a2 KT 5 FIEE W DT 5,

@) Rigid St{etchable (b)

m— Y | | a8

Figure 2-13 Technical challenge on stretchable island structure

Gradient of stretchability

(a) without a gradient of stretchability (b) with a gradient of stretchability

FE:M R B DB ZE AL (Figure 2-14 (a))

MEEOHEGHEIEEDLZDOT 7a—F L LT, TLZDHODELZHGEICE
(LS HELHBVMAR D 5, FEMEFIRAE FERBIRO T LA TRY ALY, T—L RIZHL
AATED LTESITY T 9 27 AR E A E-> T 4[21, 57,

KeRE —= F A A (Figure 2-14 (b))

I. M. Graz &1, SEAEERKT 52 CY o 7R 2B L3 EH LD TE % I L[8]%
AWT, Y IR OB EEST, BT AT RECHBE NI U ORAZEZERIL, &1
E o THHMEMEDBLRRZAT 5 Z & T 183%HffiSHHZ LD TE D T v U AX &R LTZ[22],
— 7 CHEBRANCIIY > /K% 2.88 MPa & 1.35 MPa D 2 BRI LB L &85 Z L IkTh L
TR,

BB & 5 ¥ v 7 RBoFI#E (Figure 2-14 (c))

R. M. Erb 1%, BLL7=T A I+ 7L —27 T Ao B I, ZIUTHEREZNT D 2
ETCALNOT NI T T b —7 OIREZEM T TR 725N e S 2 Z &I L
2o TOFEITED ., ¥ 7 RITH 450 MPa 7> 559 230 MPa £ &1k L7z, 1ERIS =3k
MO ISR h 7 o DA PMERI S =2, BMOREIMHS SR E VI 11%RE
W FE o7z, o ERENT N7 U U AXHIERBIZ OV TR STV e - 72[59),
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Y TRBORRD I LOHEH LT (Figure 2-14 (d))

W7 N—TIZLoT, TAWITFTT7 L= RESCKRI~v—52EXTY U IV Er I EIFIC
BrxIeITIL— bbb UOEHL, ZROEMVADLEDLZ LI TY o 7o
FEHIELZER LT b DD D, ¥ o 733K 700 MPa 7> 549 30 MPa ~ & BERERIIZ 28k L
Too THUT K o TEMOBIENE Z 2 MERNRE M EL, LED 285D ©iF % & 150% 7D
£ Ttz 5 Z & &7~ L7-[60],

(b)

G _ PDMS

& Polyimide island g
—— “stiffest” PDMS region —

300 Strain

E-7000

E-Grad

=L

Figure 2-14 Stretchable substrate with gradient of stretchability
(a) Thickness gradient[57] (b) Photopatternable elastomer[22]
(c) Localizing magnetized alumina[59] (d) Piled polyurethanes with different modulus[60]

b % Table 2-3 (2% Lbie, FEMIEA 2 A 2L S 2 FETIE, BARM 25l

EROFHZENTERPSTZOT, BIFLE, WInbifEttofli#Ee BR<ATA2T05
ZEBGINDIN, T AL OERIEICREN D Z L3535,
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Table 2-3 Summary of the methods to realize stretchability gradient

Localizing N )
Photopatternable . Piling rubbers with
Method magnetized ]
PDMS ] different modulus
alumina
Order of modulus 2 (1 Step) ~5 (gradient) ~230 (4 steps)
gradient (2.88 MPa—>1.35 MPa) (1.5 MPa—->0.3 MPa) (7 GPa—>30 MPa)
Minimum size of
o 2mm 180 um 4 mm
rigid islands
Compatibility . - -
: Necessary to fabricate Difficult Difficult (Non-planer
with the other .
: devices on rubber (\Very rough surface) substrate)
device
Reference [22] [59] [60]

2.3 el

AEITIL, & ZF TCTRAT E T ARMEMERBREIN - e T A 2 DEBFIEEZMAE
OETED L) IR BN EHR SN TE = o0 TihR 5, Lacour Hix, U a—
VAL aSi TFT Z{ER L7 7 4 Vv 22050 S, fEtEOSRBEMR T o2 & T,
Mtk A v N — 2 Al &2 F28 L 7-[61], BRI 12%F2RE OEMEZ R LS, Frikicd L2k
3 BTz (Figure 2-15 (a)), D.-H. Kim 51X, HEEEO BT U o o 28O 577 C
BRAGANTE L D& B LI CDMEZ DT - LI/ D1F 5 2 & THifEtEo A v X—%
Vo rdvb—4, To7aERLE[62], UL, ZOFETHE, Witk 5%EEI-
F U | [\ D AT X > TRIMERIIRIC L - T - T L % 9 (Figure 2-15 (b)),
FZTRIZN—T1E, TAA AR EVERET . BAHD SIRITHINCERTH L 51
T5HI LT, 140% b DMEMEAFFORK R U 2 R A /ER U7-2[63], HfEHT Y 2
Z T fETERIIIB B E 23 Em < EPERE CTH A0, 2 mm W HOH A XD/phSnihA X
TLAVR STV 7= (Figure 2-15 (€)), BIA HIX, KEMEMEICECRAE N7 o242 %
U a— I AFITHDIA A FIRIATREZR CNT 2> 5 72 2 SR GR35 2 & T, 80%
Dt ORE N T o P AR T 7T 4 7~ U 7 A%k L72[10](Figure 2-15 (d)), =
5% Table 2-4 IZ2F & A,
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(d)

Figure 2-15 Stretchable circuit (a) load inverter[64] (b) ultrathin silicon[62]

(c) ultrathin silicon with noncoplanar wirings (d) organic transistor active matrix

Table 2-4 Summary of stretchable circuits

Semiconductors a-Si single crystal Si  single crystal Si Pentacene
» n: 290 cm?/Vs n: 370 cm?/Vs ,
Mobility - ) ) p: 1.0 cm“/Vs
p: 140 cm/Vs p: 130 cm/Vs
o Gold/Chromium on noncoplanar CNT elastic
Wiring N wavy metal )
silicone rubber metal film conductor
. . 5% (unstable 140% (stable 80% (stable
Stretchability ~ 12%(slight change) . . .
characteristics) characteristics)  characteristics)
Scale* 3X1.6 cm? 8X 8 mm? 4X 4 mm? 8x4 cm?
Inverter, ring Inverter, ring
Demonstrated Load inverter oscillator, oscillator, Active matrix
circuit (2 transistors) differential differential (64 transistors)
amplifier amplifier
Reference [61] [62] [63] [10]

*estimated from figures

2.4, ARFEMES AT I

AHITIZ, WHEES AT JTOWTIRR D, R bIE, MEBEI T bW eEma 7
ANE BN T DR B LIES cBER Y EERET S 2 LT, MfEEoES - IR
B oY &2 ER LT-[43], KM E 2, 25% DR % 774 (Figure 2-16 (a)), BIA 51X
LT DAL B I ARITHDIAT, PRSI A O TR 2 FIE T, fErE AR
EL 7 « A7 LA %~ L7-[18](Figure 2-16 (b)), 1 V / A K% Rogers 7' /L— 7%, Y-8k
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(B D HEFE LS U a2 AW T, ittt E R P[] B 2 L= X F[65]
72 8 OVERNZ AL L TN 5 (Figure 2-16 (c), (d)).

/ ¥ )
(3 o0
QQG

(©) (d)

Figure 2-16 Stretchable systems (a) Pressure and thermal sensor[43]
(b) OLED display[18] (c) Epidermal sensor[11] (d) Camera inspired by the arthropod eye[65]

Z M, AR E DR VIFENE S 2T A B AR SN TS, D-H. Kim 513,
B i D BERE S E R DM TR 2 AR O R A BRI T2 2 L T, Sr— kI
oA CMEIBREL TES) - RE - IREFELFHRUTELIHT—T L EFEBELTND
[16](Figure 2-17 (a)), D.J. Lipomi 5%, CNT & >V 22— I A% FHW TR BZCR O ifiE s
B J1& ¥ & 9281 L TV A [66] (Figure 2-17 (c)).

(b) High-contrast

oy
' S8 LS
4l = . { - 2
Rabbit heart r,
| 0 a b ; g

Figure 2-17 Stretchable systems without semiconductors
(a) balloon catheter[16] (b) transparent pressure sensor[66]
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3FE A FTI L URH

3.1 HHENT L UAZ DR

AN T o DR IEEREICABEEEREHWE N T U R ETh D, AKEERIT
DGR B} & AR TRIR T B AEICEEN, KV IR THLTodmNn 7 L X o E
VT Q12 F>Z L THLND, SHIT, HHEIC L - TUTAMBEELZ /B0, K
PR 2 MEICEDHRI S 0t 22 WA Z LR TE 5, BEIE - ZEMESRER S
TEZA, ITAETIE 30 em?/Vs Z#8 2 DB ENE[4]°, 250°C H D WIHEWEZ R~ T o
AZ[BTINEE STV D,
3.2. HHENT LU AKX DORETE LB R
321

NIV AZET— b« V=R« RLA VEMNLD 3 i1 TEONERMR
MWD, Fkx oIS A D 2 LR TE D, RBFSETIEL, Figure 3-1 1273 X 91T, Ftkod ki
77— NFEMR, 7 — MG, GEEER, Y — X -« RLA VEBBENRICHEATEAR & r—
Fe by Tarvzy MlERWE, ZHIZOBERRLEK T VP A X OBEIE 25
DTN D[68] TH B,

Figure 3-1 Structure of organic transistor

3.2.2. EEIRPE[68]

VY U IRMESE S BEETOX Yy VT Ao hr— T 52 LT, PREKE LTH
WHENTE D, —HABEERIL, 01T OBTEOLRERESR KO EH S fE (Highest
occupied molecular orbital: HOMO), # /&%= #i.15E (Lowest unoccupied molecular orbital: LUMO)
PNENZENMEFHLIERLE LTHEL, FERLLTHNWD LR TE D, £, %
< OAMFERITENEFERTH D, Lo THK N7 v P A X OBIEREIX, npn #EE,
p-n-p A R D | ERD SRR AE 2 W 2 BB RER N R T DR 2 LB D,
TITIER, VAL p A T VA2 2 W TERAETT 9,

Figure 3-1 IZRSNLAHK N T P AX O — NEMIZADEEEZ0T 5L, F— ME
iR« &7 — BRI « AREHSER O = R VX — L~V Z A 7 7 F LI Figure 3-2 (2)D KL 9 1272
V. AEHEARD HOMO ICIEQOEM P EB SN D, IHIT, Y —A « LA UEMBICEE
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RIS A B R D HOMO I2IEW&E 7R Ex v, FLA VEMICADEEZNT S &
Figure 3-2 (b)) L D ITEI AT Z LT 5,

a b .
@) Vgs << 0 (p-channel transistor) (b) p-channel transistor (Vas << 0, Vps < 0)
— e vacuum level —_— Vacuum level _/
‘ kS Y
WF \ IP L {
we| || o A
£ K. Lumo
2 L,
- - - o
Er 7 s ' B N T F'----&
3 e e e e e e E B E‘ E; - -q v
Gate g \+ v ™~ Homo Drain
HOMO Source
\ Semiconductor Semiconductor

Figure 3-2 Energy-level diagram of p-type organic transistors
(a) Accumulation of semiconductor (b) Carrier transportation [68]

FTUVAZDY =R« RUA UL ERIT. YV arEAWEERDR T
CALZITHWHNHATIZ E A LA TE, D Equation 1, Equation 2 D L 5 IZ&R IS,
AR SCTITAER - FHE L7z b7 2 P 22 D [Tpg — Vgs 7 — 7 % Equation 2 DHkHE DR 5 %
o 72 THIBERL L, BEIE (KGRSO TIXERRBENE) L BEEEEZ RS o7,

Vis

uCw .
Ips = — T Ves = Vru)Vps — N Equation 1

for Vs — Viru| > [Vis|

uCw

Ips = ==~ (Vgs — Vrr)? Equation 2

for [Vps| > |Vgs — Vrul
Ips: Current between source and drain electrodes, Vig: Voltage between gate and source electrodes,
Vps: Voltage between drain and source electrodes, p: Field effective mobility, Vpy: Threshold
voltage, C: Gate dielectric capacitance per unit area, W: Channel width, L: Channel length
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4% MRS O MER & FEAE

41,  fipfEME R /ERL

41.1. MEF
ARIET, EBRIHEH LM EHZ W TRR S,
BR7L—7

$R7 L— 213, Sigma Aldrich #:00 7 L— 27 ¥ X753 10 pm, #EE 99.9%LL E oW Az,
REDOBILEN<Ted, TR ADERETHERI L—213 7 n—T Ry 7 ZADEHRFHK
TCRE ST,

VAL 3=

ToFRINI, TvFREGLIALDILETHD, FTH, RO Figure 4-1 O X 5 72 HE T
MHNTWDS, E=UF 74T A RVDF)-~FH 71417~ (HFP)%Z D ik E
Afk(Figure 4-1 ())&, FHICEBIZT T 70 F T L /(TFE) 2 A 7= = r it EAA
(Figure 4-1 (b)) MREHITH D, oD = 2 & ELi U Tt - i 358 5t M SE O BREEMTE 23 5 <
H B BLEE L & o T2 IBEE e SR O & TE 72[69],

)
“ (CH,~CF}:4CF—CFs; ~ —CH,—CF;3:4CF,— CFY,
- Cic

CF,

Figure 4-1 Main structure of fluorine rubbers
(a) VDF-HFP copolymer (b) VDF-HPF-TFE terpolymer[69]

FERCIT7 v FE= L2, DAIKIN #10 G801, G912, G8001, LT-302 % f\ 7=, G801, G8001 i
TR T v FEALT, GI12,LT-302 1 X =t R Y R AL TH Y AV ~—HOREIT |
Br X Tdh 5, G800L I% G801 & LR Y = — D3 F&EAVINE W, LT-302 1L7 v HE T LD
RESNDHEIBETORENENDO T vFEITLEH_NREWNWEDTHDH, ENENDOFRE AL
T Table 4-1 2% &6, = LDHMELE Figure 4-2 127,

Table 4-1 Characteristics of fluorine rubber[70, 71]

Fluorine rubber G801 G912 G8001 LT-302
Elongation* (%) 450 170 290 270
Fluorine content (wt%b) 66 71 66 65
Density (g/cm?) 1.81 1.91 - 1.80
100% Modulus* (MPa) 2 6.5 4 2.4
Chemical structure Copolymers  Terpolymers Copolymers  Terpolymers

*Values of vulcanized rubbers
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(@) (b)

© | ©)

Figure 4-2 Fluorine rubbers (a) G801 (b) G912 (c) G8001 (d) LT-302

4-methyl-2-pentanone
4-methyl-2-pentanone (X[ERTH 5 7 v FE T LA EENTT2DITHE AT 5, AKEBR T Sigma
Aldrich ® & O %F|H L7z, Figure 4-3 2% OfE1EER~T,

CH, O
H.C CHs
Figure 4-3 4-methyl-2-pentanone
7 v RRFEEEA]
7 v FRFmEER & L C. Sigma Aldrich £ Zonyl FS-300 % v 7=, Z Ui, Figure 4-4

WRT L DICBKEDRIL 7 v BHEBHKMEOR ) F Lo 7Y a—L#Hh 60 . A
L7~ BEFE Gl 40 W% KIRIE Tdbh 5
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4.1.2.

Hydrophobic Hydrophilic
A A

_ F F ) f ] ] N
£ \/O\/\O--H
| F H, i Iy

Figure 4-4 Chemical structure of fluorine surfactant (Zonyl FS-300)

(Ea=g

PLFI/ERI 7 ot 2 &R Figure 4-5 \CAT7 v 7INETO Tk A %R T,

I

7 v & = A(DAIKIN G801, G912, G8001, LT-302) & <> F, 1L S A% % AW Tl < 4l

D ZlTs,
TN T v FEITLORER AL L., 4-methyl-2-pentanone (ZIRITR < 572
OTHD,

7 uFEAN, 7 L —2 4-methyl-2-pentanone ZFH D Blo TR —D A7 U 2 —8&F I A

o,

A7V 2a—FILE IR T2 A, v~ T X TF v 7 AX—F—T12hLL EEEET 5,
R TIEA Y U 2 —FOROERIZR DTN DEHND,

7 F R SHETEVEA] 40 wi% K VAR (Sigma Aldrich Zonyl FS-300) & AL, 12 h.LL L fi#

T2,

HEIEEIRD A v 7 B fUR~ A7 TREMIC Y —=v 75,
L~ A 27120, 125 um JER Y A 2 R 7 4 )V A(FEBLE UPILEX 1258)% 7' 1
— L —H(KEYENCE MD-T1010) CHJ ¥ i\ 7= & D % Hv 7=, EI O BRI XF )
BT ITVRZ MY ED BN D, AMFEMEER O BT IEF I/ HE L3 0
o, BICY ) = TR L VS R R AR — O G OO HICEIRIT S
&L R~ A 7 AN EEAR R < o DNTLE D 22N H D,

TR A RS S D 24— 7 T 80°C, 30 min I 2%,
FEIR THE L T TS IEEIIEIE T 525, B3R < FZBRAAT O 720 L T
BITRBEEBRE LTz,
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Fluorine rubber o
- ’ = Stirring

for >12 h. Elastic
= conductor ink

Silver flake

4-methyl-2-pentanone — Fluorine surfactant & Water

Figure 4-5 Fabrication process of elastic conductor ink

42, WEFIELHHLFE
421 WEFIE
BERAIE

5.2 TikR2% L& HWT, Figure 4-6 @QIZ”T L27%ev ) a—rIafizRl) A4 I K7
A IV APERDIAFE NI AEIE A ER L fEMEE A A 1E 500 pm, £ 30mm DR Y A I RAL
it~ A 7 THIM L7z, Figure 4-6 (b)IZ EBRIZHIRM S A7 gtk 4 <4, Wwic, Fklsh
TARfEMEE R D 5 B 3 54 L — S (KEYENCE: VK-9710)% HVy, FEEEDE & Lg%
L7z, RIZZH% Figure 4-7 (@2 ¥ K D ICEMST & DA E TR Y 4 I N Z A
5128k 0 BHERER(SHIMADZU: AG-X)Thl o8&V 72736 7' 77 2 (National Instruments: Lab
view) T Y — & A —# (Keithley 2400) % B < &, (& OMHEMEEAROEGTZ 4 i HEE
THIE L7z, EIIZImMA T—EL L, BEMEETHAL, 2B, FHIFERB2VIRY X, &
FE 3 mm/min(10%/min) T 21T > 72, Figure 4-7 (D)IZHIER DR 2R3, 723, Fbf
@ PDMS 1 (21X PDMS A:PDMS B=7:1, PDMS 2 |Z|Z PDMS A:PDMS B=20:1 % H v 7=, (PDMS
1. PDMS 2 OFERIZOWTIE 5.2 &) E 72, MfglEEkx&Lutchr7rvE 2 >3
HE LTz,
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Rigid island Stretchable region
(Polyimide/Stiff PDMS) (Soft PDMS)

Elastic conductor
Rigid island Stretchable region

Elastic conductor lcm

Figure 4-6 Structure for the evaluation of elastic conductor (a) Design (b) Actual device

@
Elastic 4 point
conducto
probes
(b) ley2400
Stretcher |
Labview

Figure 4-7 (a) Elastic conductor being measured (b) Measurement setup of elastic conductor
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EE R BT PEMKEE(Scanning Electron Microscope: SEM)

VIS UTC, SEM T X o TR AR O£ E - Wi 28142 L7z, SEM IZHIEREHT
FRRERRA L, BELTEHELE A RE T CREZBE TN TEH[72]1720, 7>
FALFIZR T L—I BEDLITHA LTV DN EBETE S, B, Mgz g
K7 A ACOIWr9 % Z & CBIEH OWim %157,

Z1AR & 7 YA (Transmission Electron Microscope: TEM)

VB U T, TEM IC & o CTHfEIEER OB 2 8122 L7, TEM 1358k L7sEHe
FRRERA L, Him L CEEB 28BS L CGRBIZ 85T 2 FETH H[73], AT i%
WA 4 B — A(Forcused lon Beam: FIB) & W 9 o nm~% i nm BRIZER LA 4 B —24
(7412 VTRt 2 R L7,

FATRFETL IR A A B BITE
(Time-of-Flight Secondary lon Mass Spectrometry: TOF-SIMS)

WEITIE T T, TOF-SIMS (T & o Tt R i 28152 L 7=, TOF-SIMS (%, #UEHC
AF L ERET 52 L TRAET D ZIRA A U ERITRERL OB BT es & AV ToOMT L.,
BRI OMEMRIT 21T 5 2 LA TE %, MIMRSITEH 1 RFE,. 1 o7E calblRm
FFRE ANy B IND T EITRW[T5], ABFFETIE, B ZRERERTHHI Lo bty A
YE NI A 7 TUWT 2 FIE(Z 74 AITL[76]) CRRELO Wi & 157,

422, MRS HEEBROFHEFIE
ERL S U7 g8 R & LLig - ST 272010, HRICRHT2EEROB(LEHE Lz, &K
WCEHAE A EAZ T, £, EERIT Equation 3 TR I LD,

1 1 .
—_._ Equation 3
o R'S q

o: conductivity, R: resistance, I: length, S: sectional area

W, - EE2MUEL, MERTOWEEZ LS 5 &, Equation4 TERITHENTE 5,
— SO

(1+¢9)

Equation 4

So: initial sectional area, «: strain
7% &, Equation 3, Equation 4 X ¥ | {HEHFOEERIL, KD Equation5 D X 9 IZFHR T
Al

11
o=z S(:, (1+ &)? Equation 5

lo: initial length
AGFw LTI, Equation 5 & W TR 28 EREHE L,
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£, BApb 7 v FE AL (DAIKIN: G801,G912, LT-302, G8001) CHED A % R7-, AZ%E
BRClIgR7 L —72 « 7 v FE A L+ 4-methyl-2-pentanone & &Lk 3:1:22 TIRA L= b0 &2 A0
7=
(6 R ]
Figure 4-8 |Z/EHY U 72 (HAEIME SR ORI 9 58 EROZZ 777, G801, G912, LT-302
Z RO T ARfEME AT, 1000 Slem STV VEESR AR L7243, 9 50%LL O fifi E g TR S
T BRI Lz, 2O T G912 1Tm\ W EEM: A /R LTz, G8001 I3 {H & aiEE M
WNIEF AR o T8, T 2D & EEMEN L, 10%LL EOME CTITkHiosg & A E81L
L7pdnoie, ZODRICE > TEEREN M LT 25 K5I/ X7z, G800 IZRR- T, fiiffi
PEELIR X0 SRl Hb 0 3 A D3R LT,
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Figure 4-8 Fluorine rubber dependence on elastic conductor
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Figure 4-9 |2 F NN OMHEEER OIS T 5 EEBREE R, 7L —7 DES
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— 7 DFERP DN & BERPR—H B o72b b ERAHEABAELNT,
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Figure 4-9 Ag flake-fluorine rubber ratio dependence on elastic conductor
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BEICR ONTZHAICONWTER D, ZOBRIE, ZBLETT0 00 TED Lo, #
MEPEEARP ORIAIZ L 2 b D EBE X BILD, MHEIEEERPOR T L—r B3b7pnd | Gk
VRN G LT RIS CE DB O 2 BIEN L b, T5HL, INSWHETITIRY
L— 7 [BREBES LS D 72D, HBERN TR L0, HORERERMETIE, KENsSH
STRT7 L= MOWBENREE 5720, BERIM ETIHEEZOND,

W BRI
[58r]
AEBRTIX R7 L —7, G801 2 & &Lk 3:1 TEHE L., G801 (2% % 4-methyl-2-pentanone
DE A Z T ER A ERL L7,
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Figure 4-10 |ZFIl & AL 7= i8R 5 8. 2 R L | Figure 4-11 ([t EE R O B2 x4 5
EEMOEZ 7T, 4-methyl-2-pentanone D 7)Y, G801 ME &L 1.0 LA F Tik, B D
A v — ROSE L | Sl O Blic g —=o I CEpinot, 72, BEH 12,16
TiE, A7 ORERELS T AZBY ICRF—= 7 T&7, Figure 4-10 @Q)IZR~T L H(Z
OFOEDLE I b OBR-SL KOS, RICBRBEICER T2 &, WHRD
RN EEEBRNMMEL , HEERFENZ ERNDbD, o, WEN SO EEERN LN ST
RERNTND Z N5, 4-methyl-2-pentanone WVE R T vFEIT LD 2 5L EIC
2D LMD ENZEEDLLRNZ EBDbND, £, BHEN Ve x MEICLE
Mo CEBRN TN o2 & HEREN N LT HHABRE o7,

(@) (b) (©)

200 pm

Figure 4-10 Laser microscope images of elastic conductors with different concentration of
4-methyl-2-pentanone, G801: 4-methyl-2-pentanone (a) 1:1.2, (b) 1:2, (c) 1:4
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Figure 4-11 Solvent ratio dependence on elastic conductor
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Z Z°C. 4-methyl-2-pentanone % HICd & EEMEN B30 | MFEHEEEROMEMENE S S
HHIZOWTER D, BHRELTEICIONEZLLND,

1 SHIZ, hfEtEERDIERNE 2 D, Figure 4-12 (ZEIR & 20 7=l EARIE 22
4-methyl-2-pentanone EAK(FIEZ T, T &, BWHEZMZ DI LTeh > TEENE 725
TWADZERGDND, R7L—T7 OREINDK 10 pm H 5720, BERIZ L > CTHrm z46R 7
L= DNEDLBIENRRDLEZOND, Lo T, Mg EERNFENE &7 v FH AL
WO DHERN ENRD T, MRIZ K o TIMEMEEARRIRH LICS K Roe LB X b D,
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Figure 4-12 4-methyl-2-pentanone concentration dependence on

the thickness of printed elastic conductor

2 SHIZ, WSRO ERNE 2 b, WIEOBEANENDInE & HI S /il
ARSI LT < 8D, ZHUC K o T Wit o ZEA > 5 <720 |
TRIBEDS D 72 MR PEER 212 2 < OZERRNTE D 2 L1225, THUIRBEN D7 b &
HMERNMENZ L&, HERNMEICLEN S TIFRo2d & EFT2MmG AT
&5,

3 OHIZ, WHEEIRA 7 ORMENRBZ HiLD, AIROEY . WHEOBAGER DR E |
A > 7 OREENRE L 725, Figure 4-13 O X 5 \THEMEDS E O & | PSR O T L— 27 3
FEM OFEIZH L TT o F LA RTINS, FEERMENE | BT L— 7 BRIk LT
WATIZ 72 0 L3 [78], 56> T, 4-methyl-2-pentanone 2372 & REPEAS By, B/ S AN
EE DT 0 RFTWIHEERN TR L0, BIROBEBEN B350, MEMEIER BT 5 &
EZXbhD,
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Figure 4-13 Ink viscosity dependence on orientation of silver flakes

(a) High viscosity (b) Low viscosity

SEM IZ K 2815
[525x]

-7 L—2 G801, 4-methyl-2-pentanone % & &tk 3:1:2 TIEA L, PDMS LIZEIRIL7Z %
DIZONWT, ZOFEM & Wiz SEM TBIEE Lz, F7o, MEROIRT L—7 HHhiz s
72 DI HEE BRI 200600 K Z 2T 7 RBE Tl 7 — 7 & W CREE L, SEM T 28l
2L,

(R -]

2 2 TR & & 0 SEM 4 % Figure 4-14 |29, 17 L— 27 BERICE T IREETE
RICHAA L TWD Z ERD0n5D, £, 20DMEZ 0T 7285 SEM THIZ LI-iE R %
Figure 4-15 (27”3, Figure 4-14 () & thx| $R7 L— 27 BT MICREE o 7= X 91T 2 %,

(@) (b) Top surface

Figure 4-14 SEM image of elastic conductor (a) Top surface (b) Cross section
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54800,5Dkv5@ BOKSEM)

Stretched by 20%

Figure 4-15 SEM image of 20%-stretched elastic conductor

432, 7y FERFENEER A T ARAE A
ARIETIE, 7 v HE R HETEEAZ S LI iEt s R ORIz SV Tk R 5,
7 v R EEMAKES R EK

[525x]

AFEBRTIE, $R7 L —2 « G801 + 4-methyl-2-pentanone % B &kt (3:1:2) TYERL L 7= ik
WARIZ 7 » FRFUETE TR 40 WOoKVEIR 28 L, FEEoZ (b a2 Bls2 L,

(R -]

F 3" Figure 4-16 [Z/FRL U 72 FIR & A7 i SR O BAMER T 1 2~ 4, 7 v RR A iEE
FDOBEAELT T LICKIEDO L 2R b OB TW TR TEND, KIT Figure 4-17
27 v BRFEIEHAZEAT D 2 LI K D HMEREROEIMEFIEEZ =T, 758, &
FNTIXNT & EBALD 722 E DD, IRIT Figure 4-18 (RIS 2884 2 5l L
TR ERT, 7y RREIEEAIKRERE D LT oMz T &, ERND LS ERN
ST ZERLND, e, 7 v RREEERKERE 7 v FTLOLN 08 WA= L
Z AT, HIRI S Rz it E R o MEMEAFEA O PDMS L0 K& < 2o Ttk X
Y 5EIZ PDMS 23T L. e RIMR R AZFHT 2 Z L3 TEhed o7,
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(b)

200 pm

Figure 4-16 Elastic conductor with a water solution of fluorine surfactant (40wt%)
water solution/G801(wt ratio) (a) 0.1 (b) 0.6 (c) 1.0
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Figure 4-17 Fluorine surfactant water solution amount dependence

on the thickness of elastic conductor
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Figure 4-18 Fluorine surfactant dependence on elastic conductor
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BT, 7 v BRETEVEAIKER & Y (G801:Zonyl FS-300=1:1) D figM S AR o> 3 i & Wi
IR LTz, Figure 4-19 ([ZZ OfERZ RS, §2 &, Zonyl FS-300 DEAIZ L - TIHfEME
BROREITIR 7 L—I PEFE > TWD T L0355, Figure 4-14 (b)D 7 v F R mTE Al %
BALRNolc b & LU TELNBHEL 2o TND Z LRGN,

() (b) Top surface

54800 5,06V %2.50k SE(M) -

Figure 4-19 SEM image of the surface of elastic conductor with Zonyl FS-300
(a) Top surface (b) Cross section
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W, Z OfPfEMSER 2 50%, 100%, 150%, 200%fiiF S W72 23 5 . SEM T O3 & #8142
L 7=, Figure 4-20 |2 OFEREZRT, MEICONTEEDIR 7 L—27 BNEF LTI T
WD T LDJEIN R Z D Z ENnhD,

@  Highly conducti
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> =
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< Stretching direction >

Figure 4-20 SEM image of stretched elastic conductor with fluorine surfactant
(a) 50% (b) 100% (c) 150% (d) 200%

TEMIZ L 2812
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Figure 4-6 OIEMEFEIKDO KR Y A I RAERE PDMS IR & Au 7= (A PE B R oo W a2
TEM THIZ Lz, AEBRTIL, 7 v B RFETEEAKERONRE RH-01c, 71—
7 :G801:4-methyl-2-pentanone=3:1:2 TIRA L= b D &, ZiZ G801 L HED 7 v F R MM
TEMEAIKES R 2N 2 72 6 D(G801: 7 v & R TG A KIS R=1:1) & A BIE2 L 7=,
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[#52R]
Figure 4-21 (a), (D)ICZNEI 7 v RRFENEMERIKIER 2 AVieinoTo & & & Az &
E OHMEEEIRD TEM B2 m3, 7 v RRFETEER OBANIZ LY | 17 L— 7 BENK
T L. Figure 4-21 (b) FiZiE, KIAD LI R DNAZ TS Z LN 5D,

Figure 4-21 TEM images

(a) elastic conductor without fluorine surfactant (b) elastic conductor with fluorine surfactant

TOF-SIMS Iz X 282
[525x]

Figure 4-6 DOIEMEFEIRDOKR Y 4 I RAER PDMS I FIR & 7= {HfEPEE A o Wi i &
TOF-SIMS THIZ LTz, AEBRTIE, 7 v FRFETEEAKER O R 2 BD =012, 7
L — 7 :G801:4-methyl-2-pentanone=3:1:2 TIRA L7=b D &, ZHUZ G801 LHEBED 7 v FHR
SETEPERIRIRIR 2 N 2 72 D (G801 7 v &R TG MEAIAKIRE=1:1) &L # @I LT-,

(R ]

Figure 4-22 |27 v FR R ETEMERIKIAIR &2 N 2. 72 o 7= & & OfffEEE R Total lon
Image & ZAUZHRHET 2 HFBMEBI G H 27~ L, Figure 4-23 |27 v & R S miE A KR %
MMz 7= & & OfEMEE RO Total lon Image & Z AUk d 2 X FBMEE 5 5 4 7~9°, Figure
4-23(a)% [L% & Figure 4-22 (@) CTIE R DAL o To BN ML < 1T TE 5, &6
Table 4-2 (Z Ag, CoHsO, F D537 & ZAUCKHGT D FMSEEEE~T, T5&, Ag Dl
FEMN T v HFRFEIEERKIER ZEAN LS ODHNIHL R->TEY . HIRAYIC CHO D
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BREES 7 RS ETEERKISR A EA LT DD HBEL 2> TWD T B3 nd, —
Ji. FOMEITIIRE REAGIT A BN R0 T2,

@)

Figure 4-22 TOF-SIMS image of elastic conductor without fluorine surfactant

(a) total ion image (b) corresponding optical microscope

(b)

Figure 4-23 TOF-SIMS image of elastic conductor with fluorine surfactant

(a) total ion image (b) corresponding optical microscope
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Table 4-2 lon images obtained by TOF-SIMS

Optical microscope
Ag C,Hs0 F

image

without
fluorine

surfactant

with
fluorine

surfactant
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2T, 7y BREIEMAI OB AN o THEMEN M LT 2 BEBICONWTEx L L, B
HRANW DB ZBN5,
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Figure 4-16 2R S4L5 L 91T, 7 v BHRmEIEMEAIZEAT 5 & | fEMEE AR IcKian s
Aéﬂéo:ﬂﬁ\7/ﬁﬁﬁﬁﬁﬁ*$&¢@ﬁkﬁﬁ@ﬁ%&f T EERT D Z
LIZEDEBALND, MMMEERDOELICERT DL, L—FEBMEE TBIE LIZRRT
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v FRFETEERZBEA LM CERAIELDENRELS Lo EICLDEEZILN
5o
T L— 2 O 7y FERBUEIETEANC X D RiaHEA

Figure 4-4 |Zr 3 X 512, A EME L7z Zonyl FS-300 I3BUIKMED R Y =F L > A% o REH
RO, Flo, BT L— 7 XERFOEFE - FUEIEERIER T OKIZ X o TR\ L
EERTDEEZOND, THE, BAICLVERT V—r £HIZT v FREIEERIDE S
T2, THEL. 7RI EREIEHEAORILT v BEN S FETHET 5, 2Tk
ST, ZyRIALLET L=V ML FEREERETIL. ZITED, @ﬁb’<<@ok
ZENBEZBILD, Table 4-2 O TOF-SIMS #R A2 A5 & 7 v R ST MR 4385 A
ST, Ag DIRENED . 7 v FRRFHETEPER O E RS k%z%ﬂé@sowﬁfﬁiho
TWo, Ziux, 7 b—r Rz 7 v BRAEEERDE > TODLENHEZEZ LT LN
T& 5, o, 7 74 AMITAETIL, BB ZMHE L THh DIEMAIZ kB3 5 2 & Tl
ZrshH, Ko THmiTBF CROUMEENIDRFNE ZADBRZXLEBEZBND, 7 vHER
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FETEERKE R ZEA Lane | PBHT 5700, RET v RITLOKENTH NI &
WEZOND, —F7 v FRRFEIEEADKEE 2 AL > TRP R X2 < o T2l
ZORBEMZIRTITLERT L= IAIDRDFEENTIENb EEZDBND,

7 v RFEEMRICRT 2 T 2B EREN
[325x]

ZOEBRTIE, 47 L —72 - G801 - Zonyl FS-300 40 wit%/K AR A B B (3:1:1) THEE L.
I LDEEToH % 4-methyl-2-pentanone &4 4 2, HEICKHT HEEBROEIEZFHIL, &
[ & Wi 2 SEM TELE L=,

(6 R ]

G801: 4-methyl-2-pentanone 28 1:1.2 ® &, D%, 3 cm HIRI L T b MifEtEkm 282572085
7277, Figure 4-24 IZFIRI S U7t EE AR O 2”4, 728, Wk TH 7
v 3 R FETEVER A8 L7220 o 72 & & (Figure 4-11) & ke L TR EVER L OB BN B S
Too WIDEERICERT S & WA 720 (G801:4-methyl-2-pentanone=1:1.6) & &, EEM:
DIEFNNE L 72D 2 ENGy D, WITIEEED 2\ (G801:4-methyl-2-pentanone=1:4) & VA1 &
A D ¥ D (G801:4-methyl-2-pentanone=1:2) & L~ R ATOE BN D LK H 508, HEIC
KLU TEBMEDEDIZS K RoTWDLZ ERTND,
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Figure 4-24 Solvent ratio dependence on elastic conductor with Zonyl FS-300

WKIZ., Figure 4-25 |Z G801:4-methyl-2-pentanone=1:4 O {#FEME (KD F 1 & Wi 2 SEM 18 %
RY, Eifix RS & G801:4-methyl-2-pentanone=1:2 @ Figure 4-19 (a) & [RIEEIC R HIZER 7 L
— I PEFESTWDZ N5, —HErmz L5 &, G801:4-methyl-2-pentanone=1:2 »
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Figure 4-19 (b)TlE, IR T L—7 BNEFE > TV BEEFNR A0, T & ek
L TWAZ ENGnd,

(a) (b) Top surface

£ 54800 5.0kV x2.50k SE(M)

Figure 4-25 SEM image of elastic conductor with fluorine surfactant and much solvent

(a) Top surface (b) Cross section

[%Z4]

W2 P804 L JEMENE D T, BEENPRISH L THEBICS K RLEAIZHOVWTE
b, ZHUE, R7 L —T ORM~DODEF VLT INEbLrNbEEX NS, £, &
¥ PDMS [FBOKYED EV, Ko T, FIRZBOKYED Evy 4-methyl-2-pentanone (2 1T 72 =
LIEDS PDMS NZEEF L, BIAKMED SR & KD < b S8 7 L— 7 NRImICE
F5LEZOHLNDS, Z Z T G80l:4-methyl-2-pentanone=1:2 » & = L. HII %k &
4-methyl-2-pentanone 23 H 53 L CIRIERIRFICHZIE T 5 & B X Hivd, 35 & | Figure 4-14 (b)
WRT RO T L — I NEFBEICREIZEE > TRBEMERF TE 5720, mWEERN
FHLIND DD, Figure 4-20 I T X D ITMRIC L7208 > TE D@L, BERNE D
% EEz Hivb, —J7 T G801:4-methyl-2-pentanone=1:4 ® & & [T ED /D 72K ITHEFE L,
EDZU 4-methyl-2-pentanone 73> < D T 5720, el D X 95 R 7 L — 7 R3S
RENKDNS TS, HEERELLEEZOND, —HTHIRICLD Y 7 v 7 OFAEN
RN, BEREFEOLIISWEZ LN,

7 v R EIE MR B R
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ZOERTIE, REDORR D 7 v RFEIE AR Z Mk @~ v—2 - G801 -
4-methyl-2-pentanone O'& &bt 3:1:2)IT/K D&% G801 (2%t LT 60wt% T—iE & 72 5 & 512N
2. TORNEOEAE Wz, FTo, KIEZFEMA T2 DIZOW TR E & Wik 2 SEM T#l
BT, 2. 7 v FRREIEMERE 100°C, 6 hINEA L, KEFERIZHB I X S 72%ITER
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7 L—7 + G801 + 4-methyl-2-pentanone Z'Z &t 3:1:2 TIRA L7 b OE/ER L, ZhOEXR
HREME 2 FHI L 72,
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Figure 4-26 (ZfR EZx T 2 EBE OB EZR~T, 75 &, HITKEMZ 5 EEEMEN M E
L, HEMENELD ZENpnnDd, IHIT, KIZKHT D7 v FBFREIEEAIEN 04 #8225
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fat AR D F M & Wid o SEM # A 7~4, Figure 4-19, Figure 4-25 TEIZR T2k 27 L
— I NREEFE DL RBELRERDL Z LN TE R0~ 7=, £7-. Figure 4-19 (b), Figure 4-25
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Figure 4-26 Fluorine surfactant concentration dependence
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Figure 4-27 SEM images of elastic conductor with water (a) Top surface (b) Cross section
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Figure 4-18 @ Zonyl FS-300 Jflik % L322 T o 7GR Tk, FmmiE R &3 2
DI ONMFEIEEAR O ERN M\ E L T zoicxst L, ARIERmEAIENEETYH,
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WIS T ETEER 720 CIXE B2 R S e o T B DWW T 2 5, Figure 4-19(b) IR S
D Xz, AKE FETEEA O 7 AMPHEIEERA 7 ICEEND & E DA, BB
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W& X TE BN O RO FEIEER S T Ao S, SEAET L LB ON
Do
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AL TIE, $R7 L—27 LISk G801, 4-methyl-2-pentanone, 7 - & SIS MEAI KA %
Bk 1:221 TEEL, 7 1—27:G801 &, 3:1, 41, 51 EE(LSHILDOEZNENUE
i L. ZOREOELE BT,

[ 2]

fE % Figure 4-28 |29, RV L—27 OB A LV EBEEOH EXRD LM, 7 L
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47



10* : : : :
103 Ag flake : G801
3:1

10? 4:1 ]
10" | 1 ]
10° | 1
107 | 1
61072 | 1

(&
107 | |

10 : : : :
0 50 100 150 200 250
Strain (%)

ctivity (S/cm)

ndu

Figure 4-28 Ag flake concentration dependence on elastic conductor with fluorine surfactant
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ZZETT, G801 ZHWT 7 v FHARREEMER DO R AN DT, ZDFEBRTIL, G801
PIS D7 v 3T (G912, G800, LT-302)I2 Z DR & D afendiz, $R71L—27 « 7>
F = A - 4-methyl-2-pentanone + Zonyl FS-300 40wt% /KA1 2 B &bk 3:1:2:1 TIRE L. ZD%)
Rr iz,
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Figure 4-29 (R4 2 EERZ/RT, §5 &, GI12 TIHfEMER LRI LI
bid, F£7z, G8001 TIFEEMENPMENZ DR AT < LT-302 Tlda < fHRMEm Lk
DOBEN SN2 & D35, Figure 4-30, Figure 4-31, Figure 4-32 (2, ZHE4 G912,
G8001., LT-302 &My, 7 v FRFUEIEMEAAKEIR 2 A CTER U 7 it i8R o & i &
Wrifi  SEM 4 % 7~97, G912 (23 Tl Figure 4-14 (2R L7277 v 3 R i is A K AR 72
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9 G801 & [AEED R ~DERDOREN A Hiiz, LT-302 13i b Figure 4-25 E IO 7 L
— 7 DN R BT,

10* . .
10°L LT-302

G801

10* : : : :
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Figure 4-29 Fluorine rubber dependence on the effect of fluorine surfactant

(@) (b) Top surface

54800 5.0kV x2:50k SE(M)

Figure 4-30 SEM image of elastic conductor with G912 and fluorine surfactant
(a) Top surface (b) Cross section
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Top surface

54800 5 0k,

Figure 4-31 SEM image of elastic conductor with G8001 and fluorine surfactant

(a) Top surface (b) Cross section

(b) Top surface

54800 5 0KV X2.50k SE (M)

Figure 4-32 SEM image of elastic conductor with LT-302 and fluorine surfactant
(a) Top surface (b) Cross section
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BbEm Lo RiL, 7 v FE I EREIEHEROHEERBR BN TWD EEZ bR,
4.4. SFEATHREEO g
AT, 2.0.1 T LIt gk & o i 247 5, Table 4-3 & Figure 4-33 12, 21

baFE O, MOMEMIER L il L ORI OEERIIE 20, MRISHT S

50



HBEROZAENIFFIT/NS W, e AR, REAICHIBIATEE, &0 ) mUCE
MMERD D LEZBND, I, RUFETIZEM D PDMS THRAMERNBPEINTLE

STl MEMEICET S

B lne. JCLAN

Table 4-3 Comparison of this study with the other elastic conductors

Conductive ] Gold Gold ]
) Silver flake ) ) Silver flake
fillers nanoparticle nanopatrticle
Rubber Polyurethane Polyurethane Polyurethane Fluorine rubber
o Layer-by-Layer Vacuum-assisted o
Process Mixing . . Mixing
deposition flocculation
Initial
- 3570 S/cm 11000 S/cm 1800 S/cm 730 S/cm
conductivity
Maximum >200%
600% 108% 480%

stretchability

(substrate was ruptured)
10000 cycles 10000 cycles

Repeatabili - -
eateblily %) %)
Printability  Stencil-printable - - Stencil-printable
Reference [20] [19] [19] This study
10*

-
o
N

Conductivity (S/cm)

-
o
o

10

Gold nanoparticle[19]

Silver nanoparticle[36]

MWCNT + Silver flake[30]
This study

B Gold nanoparticle[19] |

SWCNT[L8]

b _

PANI[35]
Silver flake[20]

0 100 200 300 400 500 600

Strain (%)

Figure 4-33 Position of this study in the other elastic conductors
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51. RUPAF LI mFxH L (PDMS)
K’é’ﬁf\‘ T, AR TEM & LTHWEARY A F v a x4 2 (PDMSHIZ OV TR 21T
o PDMS 1%, ¥ 8 X% Uf5E(-Si-0-Si-0-) % EE# & LAY ~—T, Figure 5-1 (279 &
N FH D ST AFIVEN 2 oW EEZE S, R ~—0n~U v 7 2EE%
WORLT NI &b, ZEECENL, MIEICETL 2 L TALITWA[79], BAETIR ST
V% PDMS (T I3k~ 228 5003 8> 5 05, ARBFFEClE 2 WAHINE S % A 7D PDMS & e,
THREEHOWREIRA LINENVT 5 Z & T, RO Figure 5-2 12789 X D UGN 20, kL
TRfEMEEAS & L CTHWS FRTE 5[80],

\S_/ \Si/

o N DS'/ A
si Si CH
AR ARANE
/ 0 (L\CH3

Figure 5-1 Chemical structure of silicone rubber[79]

-SiCH=CH, HSi- Pt Rl
4
NS= + v —~
PDMS-Vi PDMS-H Crosslinked Network

Figure 5-2 Chemical reaction of 2 liquid addition type PDMS[80]

2 EAHINES % A 77D PDMS 1%, Figure 5-3, Figure 5-4 ("3 X 5 ICFDIRAEEZ D
Z L TY U RO E RSO b — L TEHZ L THHBNRTWS, —F T,
2 WAHINEA % 4 70 PDMS OHIZIZIRE D722 PDMS # 050 G572 C, AW
DIALOYHEEZTCLEILORH DL ENMBNT NS, ZHUE, 21D H HO—J57)
K TRTHDHIZD, REEDZ DO TRRY ~—Hafif L, BELZE ZATKIGE
HDDHND EFZZ HIVTUWA[80], AWF5ETlL, PDMS & L T Dow Corning Toray @ SILPOT
184 % H iz,
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Figure 5-3 Modulus controllability of PDMS by the ratio of 2 liquids[80]
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Figure 5-4 Breaking stress and strain dependence on the PDMS
with different ratio of PDMS A:B[80]

5.2. [RfEMEEMIER T a2
AREITIL, MFEMEEM OER T 22 X &2 DBREOEESIZOW RS, Figure 5-5 124
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Novec 1700: Novec 7100=1:6 (vol £t))% 2000 rpm, 30 sec. DS CA B a— b5,
ToFRRI)Y—DAEa— bOBE, 7 AEMOBERNEGTEL &, B—7 A
vra— kREELY, £, 7y BRI v—% L EICHIRT S & PDMS
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L, 7BEBEAVTL—WHIZELDU0EYBES LD T34 ZAD¥—MERE <
2%, BEFERT T A<ILPDMS &RV A I REMOEEMNZM LT 5720080
Thd, ZHUTEY, Tr B AVITRD R T ANV L ETDB LIRS, ZOAT
Y T TAE Y a— h L7ZPDMS A H T ZAHMMNCTED Z L 2B M TE D,
Flo, A a— 25 PDMS (725 X< ENHONRRE, BnE | Frtx
VIIZBW T L—HTPDMS MYI 0 /e nWZ & n3db b, 4 —7 T 80°C, 5min.
MEASZ D1, A a— kL2 PDMS IZE DT U 278 S, R
W 79I PDMS 286 S 572D Th 5,

7Y = L—HPMIHEEZ N 15mmADT Y » FERV A I K7 0L BITERT

5o ZORE, L—HERMEICIE, L—P T —: 70%, A E°— F:100 mm/sec, Q A A v F

JE B 400kHZ 2 V5, ZAUIARY A X R7 4 b A& H T AFEMOMDO2ER & i<

72D TH D,

REBIZRy b, 7V NRICTHZE T, 740 8% 07 A/ED S
TBEOEEZMHELTV, ZHUTK D 7 ANV EDOT T A~DEEMN 2R LT
%
I CHefl L7 7 AT, MTH L7 Y A X K7 4 /L A% PDMS 3 EERIZ 72
5 E DY S, A—T7 2T 80°C, 5 min AT 5,
MBUZ X > TT 4 NLBDH T A~DEFEE T L TE D,

HMENEZ LIZWEIRORY A 2 K& 7 U —2 L—FITHTE H3, ZDBEO%

1Z, L—HP 3T —: 70%, A E— R:100 mm/sec, Q A A v F &% 400kHz % v 5,
L=V OLMNMTESD & &ZFHE D IO c& 22 b, UIBiEIC — AR 3K
BIZTE, ZAPREIKRICEZEL RITT RN d 5,

B i&imFl D PDMS(IR & k1% 5.3 T/X T A —& & U Chkiiifb 217> 72, ) % 500 rpm, 1 min.

DFEMFTAY Yy a— b5, KL TIEZDPDMS O Z &% PDMS 1 &S,

MEER E R DEIOR) A I K7 4V AEREFEOPDMS L Z L3N LIS, A4 —

7T 80C, 5min BT 5, HT AT L—27 ZEA LT H O OFENEL 725
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ZOIENLEDY OB REFED PDMS 1 IV B 72K U A 2 R EnS, DL

54



n%, 72, PDMS 1 OEHEEIZL Y, PDMS 1 Ofxidfa% & o7 L 9 ik
W72 %,
VI A%l o> PDMS(PDMS A:PDMS B=20:1)% 500 rpm, 60 sec. At > =2— kL., 80°CD
F—7 T 2 REEILL EINE L 72, AFRSCH ClE, 2@ PDMS O Z & % PDMS 2 L IFE5,
U —HPEMEIC L D EREZFHHNILZE Z A, £3150um TH o 7=,

Overhead view
%%% - FIuorme polymer + + +

+ + +

VI Overhead view
%ﬁi& - 1 pm PDMS
I
12.5 ym Polyimide

+ + +

i1 Overhead view
Green Laser

Overhead view

Overhead view
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e

Figure 5-5 Fabrication process of the stretchable substrate
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5.3. {HfEMEEA O R L

AREITIL, RETEEM OVERI ST A =2 2B LS E 5 2 L2 L0 e b BRI IRE 23 5
725 X ot a Tolz, 223 Tilh_7= k9o, FEPEELZ AT 2 MfERM Clx, %
DOREDOHEROEN R EE L /05, Lo T, AHiTix, PDMS (23155 PDMS A &
PDMS B DiEA A /NT A —2 & LTk a1T 572, 5.3.1 TEBROFIEIT OV TR
5.3.2 THERIZOW TR, 5.3.3 TZIUZDWTELET 5,
5.3.1.  HEIRAY IR L REARL ik

Figure 5-6 (a), (0)IZ/R 7" & 5 724 % 5.2 THRARZFIEICDO - &> TER L=, Tk
L C,PDMS 1 Z4 W THER L 7= o 7 V(LA IR o 7L L IFES), PDMS 1 H1 D PDMS
A & PDMS B DAL ALE 2 THERI LY 725 6 BETOWR L=, —hbail-
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INTT A Rz U, W & CTOMWrRRIR LW OIS 2 E Uiz, Z OBREEIT,
HHSRER D AR R SR 1D T fe & R & 7R AT 3 000 o KD ISR LT, s, o
ST T 10 A O UEf L, At L7,

(a) ® 2.6 mm

Polyimide/Stiff PDMS Soft PDMS

(b)

Polyimide/Stiff PDMS Soft PDMS

(©

Figure 5-6 The evaluation of mechanical robustness

(a) Structure (b) Device image (c) Measurement procedure of breaking strain and stress

532 fEE

Figure 5-7 (2% > 7L OREWr R 3 L BNG ) 2 ~ 97, ZAuC X, A7
LI L TPDMS 1 & 0 OH v 7 /UL EN B IEE R RN M ELTWD 2 ERnh D, £,
PDMSA & PDMS B DJEA L 7:1 Tl ARBI R RN &N 2 L3005, RIS, MR O i
MNZERT D, T2&, ZRAV TV EHK LT, PDMS1 &Y OH 7 LT E b ikl
BRI 73 k& <, #5IZ PDMS 1 73 PDMS A:PDMS B=3:1, 5:1 OH > 7L TS K E <
2o TND T ENGND,
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Figure 5-7 PDMS A-PDMS B ratio in PDMS 1 dependence on the robustness of substrate

53.3. &%

FP. BRAY I EENLSDOY T OBEHERDEIZONWTER D, KT
PDMS 1 73 PDMS A:PDMS B=20:1 O > 7 )L SRV 7L E ORI TENEFNZ &
WCEHLTEZD, ZOMEE LT, /IQEIC KD MEMEOEGNZLNE X bd,
Figure 5-8 (a), (b), ()iZ. LN ZMAY 7 /L, PDMS 1 3 PDMS A:PDMS B=7:1, 20:1 ®
P TINNDEmSTaT 7 A NNERT, iU L — PRSI X o CIEMRE R & R Ak
DEZBET L LI THE, 758, MY 7L, PDMS 1 7% PDMS A:PDMS
B=7:1, 20:1 DETHE SALMNKEL Lo TNDZ ENGND, I L - THEM O
BN EENTEEZEZLND,
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Figure 5-8 Height profile of samples (a) without PDMS 1
(b) with PDMS 1 (PDMS A:PDMS B=7:1) (c) with PDMS 1 (PDMS A:PDMS B=20:1)

KIZPDMS 1 1 PDMS A & PDMS B DIEGHA 7:1 THEWH R A R RIZ 72 2 BRI
WTEZD, ZHIZiE, PDMS1i2& £#5 PDMS B @ PDMS 2 I~DIEHNE Z B D,
PDMS 1 1 PDMS B Z##<C LiaE % & PDMS1ZD L DD v THRKI/NESL 12D, £,
PDMS 1 7% PDMS A:PDMS B=3:1, 5:1 Ol TiZ., PDMS B 735812 PDMS 2 HicLf L T
LEWV, PDMS2 L 2o THERRE L L EZ D,

5.4, MEPERIRI 52 M
ATHTI, 1B L 7 I D30 B M 72 2511 2 FE3R LT % AL o0 7 FE
#1795, BEXRRACFSNG L 510, ROl AL FBCE I, (R
AETH-RMEAFRTE S, EoT, AEEN LR Y —=2 7 SR
RIS RO R R & JBT 5 = & C, M RAE ORI (L% HH T & T DD
5T LHTE S,

541, FPAETE

F9. 653 THWEHEEGEDOMEEMIZ, 4 EBCTHENML-MEEEERGER 7 L —
/G8OL:4-methyl-2-pentanone=3:1:2)% Figure 58 |7 & 115 & 3 I 500 pm 7 U A 3 R
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A7 HNWTNRE—= 7 LT, ZOERTIE, MMAsREICRKRE 2207~ PDMS1 72 L
D% & . PDMS 1(ZPDMS A:IPDMS B DIRE L 7:1 W= b O ZlfiE A & L THW =,
WIZHE LR 5 4 U115 CfEtEE R ot 2 H1lE L,

() A 2.4 mm

, Pg
Polyimide/Stiff PDMS Soft PDMS  Elastic conductor

(b)

Figure 5-9 Effect of stretchable substrate on stretchable conductor

(a) Design for the measurement system (b) Measurement setup

5.42. #EF

HIE RS B A Figure 5-10 1278 L, Figure 5-11 ICIR KR RO Y %2 L 572 b D E2RT, T5
& . PDMS 1(PDMS A: PDMS B=7:1)73 & D& 2/ Z — =0 7 ST fatE R, Z2nd
DEHNEmWRRMEREZ R Uc, £o, MMEMEERSHET L CTE@Es L < 2o
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PEERDMET LT D, —J7, PDMS 1 3% D& Tl e s o3 i R Al R I -
THEWE LTV D 2 EBbnd,
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Figure 5-10 Comparison of two design for PDMS substrate on elastic conductor
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Figure 5-11 Maximum strain of stretchable conductor
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Figure 5-12 Ruptured stretchable conductor

(a) non-gradient of stretchability (b) gradient of stretchability

5.4.3. H%%

hfEMEEIR O e KRR A E L7 BRI S\ T#E 2 5, Zhid, PDMS 1(PDMS A:PDMS
B=7:1)DFEAIZL VAR Y A I NITK D IR mE & R 5EI D S 1 =R o) 7228
bZEHTEIAER, MEERSRICHENDEIN-ZLICED B0, EBE.
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Do
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AWFFED TIETIX, Yo 7R N 6 FRELMED LRV, MRz e bS5
LT LT Bio, BEMELROERFHEL S H D7D, HRIZK D2AMMOSBENRIIK
ENEEBZOND, RIZT A T v ROMBBEIIMOFiEE BEARNZ LR G0nd, Fiz,
DT ISA AL DERE LT S &V B TIX, JeATHF7E[22, 59, 60] Tl 310 b MED &
ST, AFETIE 6 EORT L IICERMEICKRIILTBY | thoFELIEKELTHT A
A REDOERBEIZIRNEBZ LD,
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Table 5-1 Comparison of this study with the other methods

to realize stretchable substrate with rigid islands

o N This study
Localizing Piling rubbers .
Photopatternable ) S (Thickness and
Method magnetized with different o
PDMS diffusion of
alumina modulus .
cross-linker)
Order of 2 (1 Step) ~5 (gradient) ~230 (4 steps) 6 (gradient) [80]
modulus (2.88 MPa (1.5 MPa (7 GPa (2.1 MPa
gradient —1.35 MPa) —0.3 MPa) —>30 MPa) —0.35 MPa)
Minimum
size of rigid 2 mm 180 um 4 mm 2.6 mm
islands
Compatibility Necessary to Difficult Difficult
with the fabricate devices (\Very rough (Non-planer Good
other device on rubber surface) substrate)
Reference [22] [59] [60] -
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DNTT 30 nm
C18-SAM 2 nm
AlO, 19 nm

Al 100 nm
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Organic semiconductor
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Gate
/Gate dielectrics

Figure 6-1 Organic transistor fabrication (a) structure (b) whole image (c) microscope image

flifE T 31 24k

6-

I

ZITIER. AN T DR AT AT BT 7o) D7 AT DWW TR %, Figure
QI BV ADKAT v TR T,
BN T AT BERIL 25umER Y A I R7 4 V2% 4B CTHH L HiEE
A b Z o D AZERIEA AT T AR K912 PDMS HHZHLDIA TS,

O HIANLT A A% TP LEY . PDMS(PDMS A:PDMS B=20:1)% 4 7 A &L ## L T

W7EILZ 4000 rpm, L min A B 2 — 5, fEWTA—T T 80°C, 2 hJNE T 5,
42 TR T v ARAT v FVICEITH L—ILT, sl A) A IR
7 4V ADOWIE D REMIC LV EENICR D, T TAE Y a— 35 PDMS
X2 DT e ADRT v IV THMEMERE R Z —= 0 7 LIZBRIZ 2 OFREY)
ZNALTEBEBLCLEYIOZBSTEDTH S,

64



125pum ERY A I F7 4V L& TPDMS Z 2" =— h LN SiF, L —
PRI UTRAEDY =R LA Vv F— NEMD/Ry FITET R — LV Z2ERT 5,
ZZTCLRE5IMERY A I RT7 4 VL EMV DT 501X, ek AEH LV
— P OWENPFKGI2M) TH LD TH D, RYA I FT7 A/ LR L TR, wH
JEREIR TR PDMS 12 BT R— L& BAT 5 2 S i3#EE LW,
MTHEY ST 125 um R Y A 2 R 7 4 L Z2FBT, WRICHhFEMEEAEZ Y —Z - |
LAY os 7— NEMH)GIE 500 um, &S 30 um, B 3em TRXY—=0 735, KE
BRClX, $87 L — 7 :G801:4-methyl-2-pentanone:Zonyl FS-300 40wt% 7K i&i#%=3:1:3:1 D1
MR A L7z,
REMEEIREIR OB T, BEKXCTHBE NI VA ZEMEE L2 X 5| LN oxt
RElTo70,
- B A 452
« FORIA J— I CHE I L 72 1ITO 7 4 L A &
- B R PR ELEE (TRINC TAS-311BAM) % & Ry Eh

I Parylene 9 ! P
Transistor (4 » [
1 ° 3
E— e o
I Transistor
PDMS
§
| |
(—|
=/ o
Polyimide

Il 12.5 ym Polyimide

— & —

IV Stretchable
conductor

N4 lcm

Figure 6-2 Fabrication process of stretchable transistors
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6.1.2. HIEHE
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Figure 6-3 Measurement of single stretchable transistor
(a) procedure (b) device stretched by 150% (c) torn device
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Figure 6-4 Transfer curve of stretched transistor by 0~90%
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Figure 6-5 Mobility and threshold voltage dependence

on the applied strain to the stretchable transistor
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Figure 6-6 Transfer curve of stretchable transistor by over 100% being stretched
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Figure 6-7 Integration time dependence on transistor stretched by 130%
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Figure 6-10 Microscope image of the area around gate electrode of the transistor
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Figure 6-11 Fabrication process of stretchable active matrix
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Figure 6-12 Stretchable active matrix
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Figure 6-13 Measurement system of transistors in stretchable active matrix
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Figure 6-14 Device IDs of transistors in active matrix
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Figure 6-15 Transfer characteristics of transistors before and after wiring with elastic conductor
Alphabets(A, B, C, and D) mean device IDs.
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Figure 6-16 (a) Mobility and (b) threshold voltage dependence on wiring with elastic conductor
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Figure 6-17 Insulation property of printed PDMS on elastic conductor at 500 X 500 pm?
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Figure 6-18 Stretched organic transistor active matrix
(a) without strain, with (b) 100%, (c) 140% strain
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Figure 6-19 Ruptured elastic conductor at 120% strain
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Figure 6-20 Broken stretchable active matrix at 150% strain
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Figure 6-22 (a) Mobility and (b) threshold voltage when stretching
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