(EPAPANE = S S ITA B

RV AF L axP U BEEOBRILEM
—BEEESFILEMOHRMEE —

2022 4 9 H
HAT Fa



B B
B L B BB R o
Lol B T i o e e
1.2 BT 7T a2 —FORE R oo
121 TR0 7 b e
1.2, 2 B A B 0 e
1.2, 3 B B T A N o
1.2.4 BREEEN OB EFE BB
1.2.5 S U= T IF o B
1.3 BB R RS
LA R B R i
141 FEBARD IR e -
L4 2 B R T oo -
1.5 R B A0 0 AT e -
L5 L o B T e -
1.5.2 7SV AEEIGT] (PEA) 15 oo -
1.5.3 PE A B -
1.6 BF T B B R ST P B e -
B ST e -
F2E BUERE G A AT DIEEE -
2 L B B oo -
2. B -
2.2.1 PDMS MR G AL AW AR o -
2.2.2 AR E R -
2.2 3 R R R -
2.2.4 JERBTITEZR -
2.2.5 B B T S0 AT e -
2.2.6 JEHIZETE oo -
2.3 A R B -

-4

33



2.3.1 BEEROBILIRRE
232 WHEEEIAYWORMZEIACKIET B
2.3.3 TR I T
2.3.4 BB R
2.3.5 B BT A AT e
2.3.6 JEHI T ZE
2 A et e
B UM e
H3E PDMS/PT /T F AR —RBEEEROEBEEBEIGENM
3l S oot
3. B
3.2.1 PDMS/CR-UBERIER e
3.2.2 R o
3.2.3 BIAETHMEZR
3. 2.4 BT T
3.2.5 RIEALER oo
326 AVE—F U AR ER
3.2.7 RIEERHUER
3.2.8 JEHIZETE oo
32,9 B B AT 20 A e
3.3 A R e B
33 TR
3.3.2 BRI M oo
3.3.3 RIEARHUER
3.3.4 PDMS/CR-U IR D TBELTERE oo
3.3.5 BIERTHME IR
3.3.6 BB RO BRI .
337 AVE —F U AR E B B o
3.3.8 JEHIZETEZE B ...
3,309 BB R AT 20 A e
3.3.10 EHI A e AT BB — 7
3.3.11 JEAh BT EE & 2R 0 MBI FE

il

-33



3.3.12 JHEIZEF ORMAEEBR oo - 88 -
3.3.13 B I -92 -
B A T e - 94 -
B2 IR e - 95 -

B o - 98 -
B B B oo - 98 -
A B - 99 -

4. 2.1 BB E L - 99 -
4.2.2 IR - 99 -
4.2.3 JRHI T - 100 -
4.2.4 2B AT ERIEER ..o - 100 -
4.3 FE R B R - 100 -
4.3 1 BT T e - 100 -
4.3.2 PDMS/ZNA a7 VX LB Va—r 4 A VEREAER (PDMS/FL)- 101 -
433 INFBINa—2 T AR — (F-PDMS) ottt - 106 -
4.3.4 PDMS/FL & F-PDMS D JE I ZETEZE B DIEUN oo - 111 -
B A R et et e - 112 -
B SUMIR e - 112 -

BSE BRETOBEEEELLAGMOREE ... - 114 -
5l B B - 114 -
5 B - 114 -

5.2.1 TEHR D - 114 -
5.2.2 TEWRTEE oo - 115 -
5.2.3 VR B - 116 -
5.3 R B - 117 -
53,1 VRURIRE oo - 117 -
5.3, VR B - 117 -
S A R <o - 120 -
B2 MR e - 121 -

il



......................................................................................................... - 122

Paper Publication List ... ... - 124

e T R - 125
Patent LSt ..o - 125

......................................................................................................... - 126

v



B =

A, @& FABHIA O B BB R B e E L AT 28Tk, MOE B RR
B OEANISCTHE G2 H AR RE T2 B e LT, B T2 & o
WHEAMTEH BRI BL TS, e, B, £, B, MR OREZE(LZ S
AT 2281280, TR, Wit 8 AT IS HI 0 CE 5 H AN A MBI TE B STV,
RINThH, ERICEDIBIREN THLESISERRBEZHBETTRICLIZES S T 7 F 2z —
BIIWERB DT 7 F 2 — 2L LT, Felltk, B&, M, &ato B HERENRE
DEBEALTEY, LASHESE/RBRELET 7F 2z —20 N TR A ~O IS IS #52
BMESTND, VU —IXIMMEAE, W EEZR & 0 @ RE Rtk 2 A L 7o i S & il e 1
ODHHBEENBVWTZIANY—THY, BN 1T 7F a2 —FLLTHERMEITHHA, EHn
M PE DB ICE DB AL W EINTET,

ARFETIEIVa—rO—FTHIRIAF L uxt > (PDMS) & HWiEGIEE
YEM BFOBR S 2 Hip&EL, PDMS IS HIEWERMLIZEAEET 1V A (LLF,
BAEKRERT) A ER LTz, BHLEEOEED — D> Thd i A I KT ik 5
HILAEVORBERET H7-0, EA KO mEEOBECEXNREO M, 22/ E
fif 3 A DIRHT 22 E2AT UV, BREEOMMAL B LT, TOKE, HE5EFRILERHICIE
PRFFET /F o — BN 2 Al REMEZ R L, i il 28 JE A A 13 R & 5 1) C o 3E it R
7278 B AT KV BB S TR T D S am AT 72,

F1EOFM CIIMAEET REBNICOWTGRR, By 77T a2z —X O L3 BB
FBRIOZEMER 7ML TRk L7,

B2 ETIHEAROEMERICKRETBEEEGLAEMORBE R L, MikE
GEHIEWMELT, HARFIINLE ((RCOOH), 7/ F a7 L /L (-CH,CH,CF), 73
/3 (-RNH,) REE2HTHEMVa—rd A0, 5F+NICy T /i (-CN) 2H 34507
JTF)VATa—A (CR-U), A EKRREEZERA L, ZNDEMIKIET PDMS (ZH
MLUTEAREERLEZ, HAKOBEmICEMEL TR THWEEZEEY, B2
AL, TOME, 7rdnTr AL EEM,E Y —F AV (FL) & A #E A 1K
(PDMS/FL) & CR-U & HE A K (PDMS/CR-U) NEEMR B AT 2R LT-, Hih
it B FELEMOERH ZROEMIZELR NN, £, EHOBIBLE R
HBILTENERL, ~ 7 A7 =/VR ) TR CE e, A RO ER oA 1L B & 2
e BB oM R, RENBOBMEBIIMIEEEALEMOEHESE
OEMEEHIZHMLT,

% 3 B CTlX PDMS/CR-U A KD i Mh 2 8 2 8) &2 58 (FF 5 Bt & B ifi 18 15 ) O BItR &

BR
J&



AL, HEBREROE, CR-U IXFEKE T PDMS LOREN#HL) 772D, CR-U
EZORBEECTHDHT R (ACT) &7 hFeRku>7Z (THF) £ nbo B E5%2% 2
ToVEIECVE R L, ¥EE % TP C PDMS IZINL7e, A LEEICIVE A RO IEIX
REHER o7, THF OFIEDREVEBHTIERLZESIKIL PDMS v Ny 7 2H |
WHRERERIR D CR-U BN LIEEEABNISN -, X T, AflicAxrE@xHT5
It e Wrm 2~ L7z, 7, ACT OFEIA N KENEE CHERLE A RIT/NERE
CR-U BT 4V ARRIZH =T ML G E R~ LTz, HEERICESEZMLZED
A, MG OBES R TIE, FEAC RIS RhoT, 2L, RillZA
%ﬁ?é#xﬁ’rmﬁ BIZBEHOEIMCXY, AFERE XSO EICER TS

Jdh @2 R U, o G I ES A NS TOE DL LR o7, 22 M B 53 A1
END, FEXFEEOE S TIEAF VBT T ICEMOE IR O LN IE X e

AT ER LT, )7, BB EOEA R TIXEMOEEIROON LNz, ZNHDORE
RS, JEIZETE ORI AT AT ICE R UCER R L ORFEITEY, A% @D
Ebf_%@‘( ARV S Ay

%5 4 ETIX PDMS/FL @ i th 2T 2 @) L 22 [l A7 0 A R B B2 O BIfR A di & L7z, OF
FETHEAKRTIZARWVA, PDMS $HIC7 v A7 L3 VENE A LM A ST o7 v 41
Ya—r I A~ — (F-PDMS) IZOWTHRERRFAEZIT o7, £ DHER, PDMS/FL
BAEBEOBLEINH O E M Z R IXRFFIND0Y, F-PDMS O #h 25 721X 5 5 FUN B 1% 12
K& EREQWITEW L THEMBE G L2 /R, 74T VX VIO HIRENE L INE
B2 Bl TV D EERIBLTE,

B S ECITMIEEEAIEMOES TORBBLEZBN T2k, EfffkLL
TORBEMEFELZ, CR-ULFLIIBHB~ORBBE S 2R, T /K7 vFuTr L
FUENBEMBEREL TOHRFEZH > TWDHZEEMHERLT,

AR THOLNTZINODRBEITE B OFET 7T 2= —XDOHBIZRNITE LD
DEBZTND,



B1E Fim
1.1 MEEE

TURNEMTHDLE ZREERMERT, SORDIB LM OEAIT I FE K EE
FaEbEDLNOIRERIZEL D> TS, BHFEM S N THEE, vARy MLy, SA4T
ryoay—, Bfarta—4x—, H#hiElk, A%, BETEREOZIEITOE3EIC
WEE L2, REHDEHZAEELTND,

SHOERIIERBERED LI RODTE THSITETIAR, NHOREZEML, &
BOMP LB EFMAERME T 2Lk, THRE | 2.0 [Ze | REBERER ST Ex
YMERITE P TWHU-, SEE, & FHEHIEA OHESHE A A G EDHZ L
IZED, ME B EPBERECREOZ(LITIGC Tl 2> HAICHEEET2MEIEL T, 1§
WA LE A 728 O F BT LRI EL TWD, REZ(EREDOZ(LITR
VA — (ORI R 1L AT A B L LD THE 2 b, Figure 1-1 [ZR T X912, —D2D
K+ DNEBEOBLEZFHRT D,

RS — FhINHHN KU DS
£ 735 B S
W i | R
R | [F LD JE e Bt 4 Al
EhrE Eif | SEE g RS
BRI
BRI OF)

Figure 1-1. NV — K 7 L2 D LR -1



S, SOITE S FHMEHTIOE, IREE, £7), B, #iGREDREZ A SGBITEM T 5
ZEIZEOIAK, MR E A R HI TED B RIGEM B EL TOMBHEENZEN T
1/\5)[1'1][1'2]0

BT F 2 — IR LD TR ZE b2 S AT RE I L 72 T L 220 & ) & e
ELTET NRNARTHD, BHRT 7T axz—X (BREVEE) ITaRyh, /272y V¥
—, BEIHEM, DATREOMGICHERISNTEY, T XX — 2 HBBEEIC L35
FNRAATHD, ZXIE, HE, BEAREOTINANX -2 A LA ETOT/Fax—
I EN TR IG B E R T2, AR TZAAX = EOEILEVMETHHZE
WBHETH Tz, )7, BHICERICELDBIREA TH L ES I E B R 2 Hil 1 T RElc L7z
BT F o —2E, WRBOT 7 F 2 m—Z T AT, B8, KBRS I
NIEMETHY, RFFOBBHEREHWT SAATHDL, ZORMEAENLT, BLLEE
Ry NLHHARE~DOISHFRENTONTEY, Z<OBEDH 5D 1 &b 0k &
BT, NeOBMMESLZEMEICEE LT 7F 22 —2E LT, ERIL~DOFN I
EBEoTWNAHI3]

o, EH CTINET D@ 7 M BHEIESIE M & 5> 1 (Electro active polymer, EAP) &
LTHONTEY, R RF — AL ICEB LU, WM = kL — 28
[REFNF—ZEBR LTV THIENARETHD, MEBIR B —ChDoT o/ Fax
—HERVBDMELT, A~ —h=TUT )V | EBIEENTEY, VAT 2O ML/ N AL
WATREZR M B CTH D, LTI 'YV —, 77/ F ax—X, &1 B E 20N T8
XY, — oD REMICEREILL M/ E KW S A7 A (Micro electro mechanical
systems, MEMS) ZJGSH L7207 7 VT NA AL T, fLJE, D57 E O H 2 Rk
PO DFREREDIIIES TN LIS A4 oY — Ffe - fil il R, BERARED
BWREMATV AT DIT VEANMEDHER, 77RO Ry NI — 7 HBEORE, Al OHEHR
REEERITERE SN, BIEAESOE / REMIT 7 EAL, BBEISELL VW OEN A EN
HIENMTRENDIC, fF3K, ToT DE(LLIZHRTIX, M7 7T 2= —H% 5 e B
R T SAADOWFFENHE S, FRE - R ICE > TH R OXES Fhe il TEELrR v b
BERERE PRI TED IR DEBEZON, BN F T 7F 2= —2ITHLWTIATAZA)L
LmEmi bt DA O (Quality of life, QOL) A LD HAYLL TIHEA SN THY, HF
THEZAITREN,

1.2 B FT7I7Fax—FOREE"

BIE, Mo 17 7Fax—2IESHRTHIsEESTnA, ZiuiE A. Katchalsky 5D



RUT ZUNERT VN pH OBIINZEL 72, BV R U RA A ICERA T8 BRI I
Ko TIEf &, WS, PRI 2LaM VRIS TR EEOREDTNIIXCED, 20
%, T RUBOTHbraIy 7RO REAICE D T EZE OB ZEN -8R 1990
FRBEFORAY—b~TIT VOMENEAINIEFRLL, BEET7Faz—XIEED
TN, BENEGS T, FEIANY =R EOMBHZIVERLIZmIT THRREINLTND,

W, B—ARrF /F2—7 (CNT) ILFEFITEWERRE, 8RR E, b7 mAE»
REWREDRMEZ AL, MOMEIEEAERIITHE I TS,

BT 7T a2z —X I RE DT HE Table 1-1 IZR-TXHIE, @y 7V, EEMKE

B FBIOFETTIANY— I T0H0, SMERITICIVR A E NS T A
AATHD, BVWEZNE, My 7 7F 2z =3I RICK T 550 1L A TD5y
TG D LA % ~ 7 n BB AT RIS D L B D, SR, O, BVGR ),

Wiy, |Y, pH 7‘£<‘:‘75>3@D, SESERNRBISE T Dmm FHEBA BTSN TWDS

[1-9]-[1-18]

Table 1-1. &7V F ax—FOFHHI-O-11-18]

M kt SR (BT —)
Ba$7 L pH, i, W, 4, 0, WY, B
HEM DT cff%i]%’ I
HELTTANT— E L

1.2.1 ®maForn

A BHRIMEN SN TWL 7y R RED FEMBE(FTI74FRTVIF ) DA
35 & oy F A BE S R R B R o0 U ) 2 iR T D “Tﬁﬁkb“(, Heahl i
GBELFAYFL, GAKRIRRETIKEIL (0.5 ~3 V) OFIINCEY, kA A B KELEL RS
THY—FAc&EEL, 7/ —FlICEM T 5405 MR ~—&BEASME (Ionic
polymer metal composite, IMPC) R EHI THD, iz, NEBEIEDO A A KL T A
79 RFRmMa T I NG =R ) Fa—T THURAyF LI ZBHEENLRD Ny F
— 7SI S I, FER bR D TV L T-191-0-221)

fi )7, EIGEVRIIEREN BRSNS WTed, TRAF =P RL, DRV EKIETER
FALRBL EMEITEN TWDLREDT ARV EIfFEN TS, FHERT VTG EME
RN~ —EFEMEEEREDRIKTIRMLIZM B THD, FHLIFARIE=— LT La—
J (PVA) O RBIBEMTHDLIYAF LV ANLKF K (DMSO) LD ERTS VN EY FT
DMSO 27 /—Rinb Ay —RIiZiii, Y —RFUOMERT 7 —Fil~DJEih %351 95



B L20-2300-24 0 K52, SEHDBIETHAVBER(2-ZF L AT L) R0V T F L
TYNR—=hTHR LI TRV E =L (PVC) FART A= KD 7 ) — 7 K LE1E
ZEZ2oRL, 100 Hz TIREATRERE B EREZF A LIE R TEL XD HEEZIT o7

[1-25]-[1-28]

o

1.2.2 EEHEDT

BN RS TIEEEAL RIS I RY, BRGNS B 272D 2 & LI - I
(BN 2R T 2eNMbNTEY, HFHSN TS, FHICa EEZOHLAIE T —
b (PPy)!-291 R F A7 = (PEDOT)!!-301-01-321 7Ry 7 =V (PANI)!-22] 7o D13 EE A
LR AL B TS ICEAR =R — 7 N Ha b, R ke (ba rd, EE
PEm 7 FIRBOICEMIKO IO RIENTRE CHE 28 8L > Tno, BEMEED
FEEMBIEBNCEBIELZH A58, R—="UMMA OB ADVICIVEE NS5 FHORIK
ALY, KREEER N ET D, £/, PEDOT(RY 3.4-=2F Lo VA F v F 4 72)
\Z 4-AF L ANVAKR %R —7 L7 PEDOT/PSS 7AWV ARE VUL F TV — VBT L
VK7 S0 AT B W i A 2 S KBFFE S RS S T B U330

1.2.3 FETIFRAIv—

FETIANY —IIBLICELGBE LS, ERAPCTHREIL, EiRNIEEAL LR
WA —HRODRNFFHEALTEY, ERTRLFX =52 N FZRALF — IR R
KEWTELRTEDLOTHHATOD, ~AralRr7, 7T —7 N, TARTA Y7L
DERDIFLRTFERE, 74— A7 44— w7l AN EE A~ ARBEFEES LT
BHUSN BHARE S EIELT, 727U, Ya—r, LEZUEREDTT A~ — R
b5, REHRFIELT, T27ILRLVa—rORECH—R (I—RoF ) Fa—TF
)R EFNH L a2 T IAT U NEMR (IR T IVEMR) 2R T =TV F o — 20N
FEINTERY, & FCEMMIC AT = VIS REE, EMRER T 5035037 &6
DUD T AV LEIERT LML ERHY, a7 T A7 2 NEM O B3 & B E)E E A & O R
Wb, 0D, mES CTHRENZERTH7-DI1E =T A~ — Offif & Rt (i ik
BERE) 2 LS ER DD, Fo, FHOLEFULVEBEDOY T NI A RO HE
EEBIRT DL, REEE, 26 SR, BB AREIZIVFEET 7T =
T — X 5B A 22 R Ay AT D FEREFRMEICE B L CEGEL 7200038



1.2.4 BB OB R
Table 1-2 ([ZEXEEEN T O B LR AL 72030, R L7208, REDET DL
BIMICE>TE D FOERRHEATLERBE T LEEICIVETR N TA T L E Y BEH)
BNz S5,

Table 1-2. i, ¥ Y% BRENR OREIH & Fp1-3)
i XA Rl BR @) Y & B Sl

EE X s

AAUNREM, | BRERE/ 4 (A
&)
AV —L UL | (KBRS (AR, | MR A S

HEMES T | RVTFA 7= it ) iR B AR L
AT =0

J— Ry | W@ CNT

Fa—7 %8 CNT

U va—r

A e |7 I
779 G ﬁ%%?‘i%#ﬁw\ BB D

— Fe, W7 N ,Jﬂ

ey I AN ER T, | KRN BEAL
PVA/DMSO HWRHD

Y v — 7i<ij)7y1KE‘ZU
7

1.2.5 YYa—r7rFaxz—4%
TEAEETHLO AT L Va—r DO EHDO Si-0 AT RILVX —N 444
kJ/mol THY, C-C G D 356 kI/mol IZHt R TIEFHIZLZEL TCWD, Fio, AR
KIEVERE (1.8) 1M F (3.5) LR L TIEW=®) SitT-0% OfE AT oL 7-fE1E T,
rﬁ’ﬂ 50% N AL UFEAEERALTBY TR F —HIZZEL TWHIH0 20,
UL EE, W, IR S, MR S BN R A AL, BB, R, &, N
HHMREDEZLOWE T, =TI AN~ —, FIb, A, N—Fa— e E O EEREM
BrEL TSN TWD, Fo, v Va— 3Rz A BRI CETEnT7L X7
WIRHEET 7 F ax—ZOMEEL TSN TWD, ), @Mkt bE S IZ L DR
ITEHL W EZ 2O TE,
Pelrine 51XHOLNEDIEH ST/ Va— 27 ()b A DFEITEME %
EEL T CEMMICHRL T/ F 2 — 2B L,

via—r

vla—

FIEREN R T %,
VIR DT T o — R RS,



HES N (w7 ATz VIE TN ICEVES HFRIZEML, B MICEE T A=A LTHD
[1-351-0137) 0 i CIEY 7 b7 I3 &L C, REICAAY — kI CNT EMA % )7
TAMIRT 7 F 2 —ZRRREINTVLHUH UL RRE, Y a— 37 7T aey
LE LG ANTHFERD/NESL, FIIIERICKTL8ES N3 /hE<0, BRI
mEELLEELZ, TOD, WY R EER OFRE OB LR R, 5, T
EDIRANZP I U THEG AR O U A it S iz li-42],

T, SESERMEIEOMAGDLEIZEY, YVa—r O~ ThHRIVAF L aXx
H (PDMS) BAEKRDT 7 F 2 —Z DN THONTWD, RIERMEEOEEIC
LB L HIEENEDT I/ F 2o —ZOWREL T, HIEEHOEH W F7 2L PDMS O —
@7 F ax—xU-431 FT o R L Y - PDMS/Z 57 7 A D% @D % il
JSEMEY T RT 7 F 2 — 20441 CNT 74 /L A2 PDMS a2 —F 4 7 LT @i & DB
AALIEU-4S] CNT AR VL PDMS OE A RUIA0 22 B OB 72 s 2835 5,

MM B EOEA KRB RSN TS, K. Song HIXER{L#KI - Fes04 & PDMS &0
BAKRNS 3 Hz (i CREBIFE M2 R T 22 EFELZIY) X, Zhang Hlx~A 71
ZnO/PDMS EHAEMELOFHE B L WEEZE BT ZnO KL - DOEFNIRAK AT HZ LA RL
720481 F 7= S, Gayo HbiIa T v /L TiO, @ SiO, 7 /hi F &M A A b TERL-HE
ARTIF a2z —ZIBLSEBOEBEEORBELEN LR A2 RTI 2R ELR

49]

o

IHZ, PDMS EAF AR (IL) ODEASKROM R LTIl RnH 5, FiRiTELE—X
F )T AN/ AF HRAK/PDMS E T NVEME 2 N — A LT 7 Faz—ZE L
72500 0 e BRI A A AR /PDMS VOB N EIEEBIL TERDBITLANDLZEND,
7 —=REH Y =N NZAZ DGR, A4 AXDEICEIYEEE T D82 55
L7051

BB A RFZE 6] & L C, FTAI O RMICEY PDMS O 8kt 2 0B L7 E A B A
BRI FF L R T EMESNTOWDN, ATEAOWRHOMENRELL THETLNT
WHU-S21 0 X5z, PDMS RIGRIZE AL, KV 7%, [KReATVV R, G ERREEEA
THRTARI 7 =T U7 VOl EZ [\ =S 7L EEO 2825 B S T At
Bl LinL, WIERBBBARENNSS@ D T 7 F a2z —2 L UXEM TN
S TW5D,

1.3 HARRFHBEARHER

Figure 1-2 [CHREICEMBZ G L@y F7 7Fax—%, NLETHRRED 2000 42>



SOENFFF A3 OHEB 2R T, 2004 EE2E— 212 2008 FEDY —~ > vav s L
WAL, 2016 00, DT NP LIZD, 2018 FLUFIZHA ITEE U 72, 2E
Ll B AR FF I 2000 Y WG ZHBESTERY, EALICHT TRYMEA TV
HLDOEZEZLNDN, BLEFE CORBMARMMNOEAMNELWREIZETWDLIENDLNS,
ZOHT, va—rBEE 3% TIEFITD R, ERENELNZ L3R HE 505
LR TED, LLRnb, Ya—rRnmEEiRtEa gL, RKHGICRAsSh Tz
LrEZDHE, VIa— OB BEIREMEHIEH LWL TO R A & JE DB E O 2RI
L0, ERICHBERLTHO TR NEE 2D,

1)a—2 3%

300

m)a—

Zoft
- - = it i
R m R - - 7 b HIE - H

wR T

200

R %

100

0

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Figure 1-2. #4577 75 2= — 5 [P ASFFHIBHERS . o0 Iy ok A5FFH BRI 500 —
B X JP-NET/NewCSS

1.4 HERE

FETTANY —OEGICE MO IEIR L EAR O SR FE LR B R IZEL T
BT 5ZLI3EETHD, FEMEHIM B ZEER (&R), FEERB LUK
THE, HIES ClIMEEELRL, R TIEEBRATEIL, BRMIZIESHNEVRERIC
(LETLOMETHY, SMBEHICIVNE BN ELLRIMEITHD, ThbL, B FT
HEAOEFOEBMENEMDOMYETHEIIL, fwﬁ*ﬁﬁ’]wkﬁ)%g@E?ﬁﬂ‘]@]%‘f‘gbé%%
TAbaH T 5, BHEZHMLTOMREAET LG ITREOIEREDY, WIS T

RS T LHEEMEN IS ND, KIS, 2O i?ﬁ%ﬁi)‘jﬁ%b‘ IERE
<72%,



1.4.1 FHEE DR

BRIBPORIMA LY —F U R & O BXIMEE I B O R R 08 1 12 S S,
WEONEEEZMD ECIIEERFETHD, BRI FPT2H<EREFNEL T
THNHOEBERZITHHTIOICHHEFAWEREICHMT D, ExEIEE - PoE T
NHHFEITIMNLL TWD, FEERICIMILL TWADHDIT TidZe, 8% T CIHEE -0 7L
ERDLTNCTND, EEAOEMOAMEN T, NEOBLNHOOLNLIEITED S
(BB ) NFEEShD, DBAFESNIEERNFEETHY, FEHITER LY
PELRIC IS ICEZ TR T DI B A BB ST HEERMEE ThH U455

FEMEOREIIFEROBIETRIN, —RKICHEEM B OEYS TSI P I3 (1-
1) \ZRT AT )V S ) O H 73 A] §E T dp £ [1-3511-36101-56111-571 1 454, 7= BK ) 45 4= D B
FIZHTeo TILFEROREBMEZBINT L2 ENFE KN THD, Fio, BAET DI
TNIN B O ZFIZHBIT 22D R E 72 BRENFEEZ 152 760 12 & T E O FHIIN A &
B CTHD,

) ——  a

v
P = g.60E? = g5, (E

TIlTeleFmIA~—DUFBEBREEZOFERLELNLNRL, EIZES, VIIF
IEE, d ITHBORESZRY, B TOFERIEERICHLHHE TR, EHO
TN RWTHIR CIEE A DB M DRV B EET D, ZOHRN oM (FEME) THY
LUF o Xoic s,

© EF o
HEH T TEHEFIIY IR FEOEAVICHMLTWDLD, B FTIEEF 51N
DEF N ELIG RO, ZOMNERNTNLHIETHmELETD,

Q@ AF by
B AR CAA PN EEZBICEZHZEICEIVIEADOERMOE LN T LT, BEIKIZK
XN ET S,

@ M\ 5y Hi

BT DO DH D5y F (W AF— A B) NS F CRERLES TS, 40 R R
AR CTITEEL WS, IR TIXAE S TH5H, FEERICGEWNESIZS FORRmEZFHHALZLO T
H5b,
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IR, A5y R E OB A 23 A AR F 72 TR AR D JR - R0 43 - IS B A A R BT LS
fmaLllcyailckiss,

@ ZEf w5
KEEOBGAZMUIZEXICHENEB B 32544 R E (K7 U [E K F ¢ & faf $2K
D ENZ LD 7R,

/
?*‘

2 MO EBEMCTHEZEL, SWMLT-GAEORNTEE 2D, IMTESEMLIZGES
DEMLAG, BABIONES O KE Figure 1-3 127577, (a) X2 MEHFHEEZRL
TWo, RBEEZELZZ LML, EMITEMRICE/L, ESOMEIT—EM
BT, BBERERATEEED (b)) ONEIZELEZITHLHELL VNSO ELIL85<720,
BALAIT/NELR D, (o) IXFBERNEL, SOITHMmE M CEMOZERBIEF I/
SRR REZ R L T D, (b)) LR L TEAL ZIT/N S, BRI —E TIde BRI
RMEEERT, (d) IFEREFRATS A EZRL TS, RO M 512 1% 5 & [ 2 O 8 fir

BEREMIN, NEOEY iﬁmk%x%héo FHEFENRERDICELROVNE O EY
XN &L 7B 541159

+ Tie + + +]| [- +

| —2—» + +| |e +| |- +

+ +| e ® +| e ® +| |- +

+ +| e ® +| e +| |- +

+ +| e ® +| le ® +| |- +

+ + ~__” +| |e +| |- +

+ + B + + = +

— _\

EY | _
(a) FERZRHERRA (H22) (b) FHEM (c) FERIFRZRFEAT A (d)

Figure 1-3. 73R iE: (a ) iR (EZ2), (b)) FERDOBWFEEL, (¢) &
FHEECIHENMREMIMEA T OHEEMNR, (d) BEOFENEL
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1.4.2 FHEBLM

BIREFHEAROBERES FOEWIRIEL Figure 1-4 |27 7, Figure 1-4 (a) IZ/RL
7O, BERIZAREFPAESEZN TR ICE - N ERMNICEIE, —EEBIRAIRD,
fih )7, SHEANEIIMANIC A DL, EHICIEADOERM B oMLTEY, SEEHICLD
BRI OB ENEE, Z<OEMBBEINDITE ZHITHRIKRE LD, HILES Tk
Pz R T (BN 2 EM CTHA TR (27 ¥ —) ICE R EEZEIINL 72 BRI
PRI T A EMOEASNAEM D EEIND, BT A ER G DI IEER
END2BENKES, ZTOfEE, Figure 1-4 (b) & (¢) ([I/RL7ZEIIT, — B, FBHH
MiLd, BEREEHIZHMRENRTERTOEFBEBARNOMIHEOELENEMEFTRKEIT
BT SENT 2<7R0, B RNe<I2 D,

BIEZHIIML TS0 5252 £ TR IS D E it 2 B & WV, E KRR

THNDEIRITZ— BRI ER (V—27ER) HOWIET 777 — B EFEIEh, BEE) % H)
T T FERO—D2ThH D, £DH%, EELATZICTIOEFEARNICEHEINI-EMN
DL, AT MICERDIEIND, FEHEEEH I MR TE K S0 BLR % 3 B 4% fn &
O, WEN OB O ECEEMELZ L F®;EERTLHIENTED, OFY, WE

DFEREMEFARNDLZETHWENOHER S L~V OEEMEICET2MmRA LB 80
T& 2,

(@) ik Jorees Q) B
’ + \\\
+ A :: ‘.
S o oFF | ; EEE b
i VR
L
+ I + A
H H
@ ON OFF = on \ o
(3 \' S
a (©
e F AT
e 38 0 A S O M )
21X IR

Figure 1-4. 545 TOEAKRNOEN (a), FEAENOEN (b) & IWAVEN (¢).
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R ERAZEA L5 G, BELMIENRFFEICH L TEE L5720, FRMELZHRIKL,
BN D, Fo, SRAEEDOICRE A LERT=0, & JE 5 TR - — A
FPBRECETICHEEENLNT LS, EHEHICIOFELROEN, TRhDLFEELRDE
W HAAF L3 AR DN BIR B S ~ DO RE TG B A2 B WL, 7 A 0 P9 A% i 4 i 17
THETHSTHDL, FICRMALE —F L AEICEDR I EE RO —>THY, A
VE—H U REBERFEE T ay L, REHEEHA MBS HEIcE R F R L Cole-
Cole 7wy MIRBINE AP 3 LB B/ ThOHDO LB MBI AT IZRY, FERE
F (43 M) DIRFEZMRMNT + HZ LN TED S 1E THH-5510-601-11-62]

1.5 ZEBEMOMA

1.5.1 ZZHEERM

72 [ L Af &1L AR (R IR) WEICFEIE T 28 M CThd, FMITRF, 7 FBLOHE
WAL RPTHIICR AL, BT IEFHERN THBEZIXRBOEH LR > THIET 5,
FEANICERBEMOIEEINDGE, ¥—RELHOEASHFEEL N REAET L, Z0E
G OEACIZ LD E B P HEZIKOE SR BB R OMRIER R I ET D,

BN OB SR R AL B AW E T D LN Al e 22 W AT 0 AR I E 1T 1980 AR

% 2D ORI B ORI R B R 2 AT 35 F R -0 L L TA HETHEL, A=
T L 70 & O [E A fR A RO HE g A AT R R < S AL T B 65101091 AR G A
B D FE A 53 A7 0 AT ARAL S0 8 B W 72 ) E AS R RE 72 22 [ R A 43 A B E VX AR AR AT B O B 58
B LB F N Lo TIEFICHERTAM - 7T HikLle o7z, HMBRKEOBLRERIL &
&M IR E AL G OIR N, MR, e, JERTE, BRI NERMERORE A
PR WA 22 D BB O BRI (R —) THLHIER N —BE R AETHZETHH!-
TI0-T  Z DR R A EEB R O RICBE LT, B E BN RA T 52N
REZp 28 M AT /0 AT B X EE /e F R L e o7,
FETTANY — OB FHEE KB B AR L 720 152 58 0 A0 4 Fi i 4 il
A RERE CHBARNTICHEET 2B X THY, ORI W 2% F i Th
e sWHEZIIE, FBEZTIANY =TI F 2= — XI5 LM EHT LRV EE S, THE
BEZZ T WM EIEE 250072, 207w, Ml g o I 48 70 22 T T 5y
MAPEXFETTIANY =T 7 F 2 —Z B O FFEHTIZE B2 E M OB KL ek B x
T2 FELLTCIEFICHIELEEZD,
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1.5.2 NAREBEISS (PEA)

2% [B] B Anf 43 A0 O P E T IE T BRI E R L, BV RE, RSNV AERERD D
W, BETIHESLASLCEELE T TOWERERE D RFTZF D/ L A E IR T
(Pulsed electro acoustic, PEA) {E23 E T/ > TUNHI-631T1-731

PEA {EITEI 2 EM T2, BIE T CEMIC/NSVAROEELEE T HIEIZIVHERK
R OER P~ 7 AT )V (HEK ) ICKVEMS I, WERO SR 23 IR 8) L Tk
(REVENW) ZRAETD, ZOHEKRLEERFREEREFICEBRLT, 7VFLFY
n2z—7 (DSO) [TV, i & %Jr””ﬁ“éjﬂzﬁ? PEA L TH D,

ZIT, ABANICEMNFAETIHEAOEEEL SV AEELEEL THMLIZYE
& ® PEA ?ﬁﬁlio‘ﬁfé}f‘ﬁﬁ%i%%E?Fﬁﬁﬁﬁj\?ﬁ@ﬁﬁI% Figure 1-5 (273§ 11-73],

(a) I~ 27 2T = VIE ) (b) BN~ AT 2 VIET) (o) REINICZE MBI A DD A
BE Ve WIEVy 7 VALV (1) BV o+ UV ABEV, (1)
e N
o(d) o) EEES o(d) o(0) o@ h, . of0)
[ / ° ° ®
o ® ¢ .
o , 7 ] _ P(2) ® P @ Po(t)
E , X
Il [ i 000
Anode ‘4— speciemen —»® Cathode P«—— speciemen —* Cathode <— speciemen ,—> Cathode
\: x :1 0 x % d x=0 ‘ x x=0
i 1 i f
| |
0 ‘ | 1
‘ z
DCEED =D FFIE ) PNV ADEBIZIVBERPKREL D, PER O AT FE I SR AET D,

SBIT, S CEMZE TR AT D,
Figure 1-5. PEA {E(C XD 22 W BB w7 o3 A I E SR B DX (a) §RU~ 7 AT VIR ],
(b) B~ 7 AT )VIS T, (¢) ZERIEAM OB~ 7 AT )L 5 J) 173

Figure 1-5 (a) [ZPEIZE AT OBV EARMEHI 4 B EmA /T L CTEREL Ve (V) &
FinL, " 2AEEZEEL TOW2RWEEORAKTHL, 205 AIE DCEELZITD
W, F)~ 7 A7 ZVIE I EOEEHI EME S A, JEDEITIE AL 2, RGBS I
ELAOBMPFEINIREBELRLTRY, BMICHEETLIHNR~IAT VRS P
(Pa) 122 (1-2) TRENBIT, 22T, ¢ L dIZTNTRFEER (F/m) EJES (m) &5
R

P=lg(%)2 — (1-2)
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Figure 1-5 (b) I (a) OIREEIT/NVAEE v, (1) ZEHELEHEZRLTEY, &5
DRELZRVFRBHI SO IZIEM S AL, B/ AR I E DR ET D, ZOLEOHEHN
<A )V ) P(t) 133 (1-3) TREND,

Py = Lo (LY _ 1 (Ve | Yaen® 1 (O (g

X (1-3) OFELOHE 1V HIZFHN~I AT o VIG 1ZRL, 5 2 1, 5 3 HITRM A bice
BB~ 7 AT 2 VIR T E R T, vp(t) 1X7SVABIED T, 2V RARD S SN AT
5o 2 HEIXBEME E BN 0(0) = eVae/d (C/m?) \ZBLE~ 7 AT 2 VIS T E RS, £
7o, B3 T vp(t) ICKo TEM LICFHFEINTZEMICEIL2B~ I AT 2 VIET) THY,
vp(t) O " FI(ZEHIT DD T vp(t) DIRIEIN /NSNS ITEHTED,

Figure 1-5 (¢) 1% (b) DR TEEI NI D x DAL E AR EMEIE p(x) (C/m?) DK
INEE Ax (m) DY —MIRER p(x)Ax (C/m?) BIFEEL TWDEEEZRL TS, Ve H3H]
4L, RFEEMEE p(x) OZEMEMPRENICEB LS G, BSHMOMEx = 0
& x =d (m) OWEMIZIL 0(0) & o(d) (C/m?) OBEBMPFEIND, 0(0) & o(d) &K
(1-4) & (1-5) 2 nZE R,

o(0) = —8%—%p(x)Ax ——  (1-4)

o(d) ze%—gp(x)Ax - (1-5)

ZORENZ OV REIE vo(t) ZHINNT DL, 6(0), o(d) BED o(x)Ax O BB EICE~
JAT TV B E, BALETIENED B ET D, BETHESLZ E(t) (Vim) &5
X (1-6) DEHITERIND,

Up ®)

Ep(®) =2 (1-6)

5(0), o(d) BED p(x)Ax IZ vp(t) PEAL TRATIENENOE~ 7 AT =)V TT1T
LLFoX zmashs,

Po(t) = a(0)Ep(t) - (-7
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Pa(t) = o(d)E, (1) —  (18)
P, (t) = p(x)AxEy (1) — (19

BMNETHEAELZENEZEER FCTHRIETDHZEICEY, ERoMmERHE TS H5IEN
PEA ETH A,

1.5.3 PEA ¥E

Z2 M B AP ENNLT 7 A7 TRV ZEEIST) PEA 15 D 22 [ 5 faf 1l i 24 &
(Pulsed electro acoustic non-destructive test system, PEANUT) Z~ H\ 7, Figure 1-
6 [CPEAIEE DAL A RS, HER BV —LH AT T ORI R LS EEER,
NV ZFEALR, DSO BLOHIHE S 32—V Frarvea—% (PC) o ==
P THER SN TND,

Amp.power supply
Pulse generator
Analog output unit

DSO (Digital oscilloscope) — |------ > PC

........

Charge si;gnal (voltage)

A 4

Sensor system High DC power source
(Electrode. Sensor, Amp.) (BIAS)

Figure 1-6. PEANUT system.

22 6] 7B A1 0 A U E 1L RN EICE M O E A ENT 7YV E (Poly methyl
methacrylate, PMMA) O ER Sz 7 7L AL L THEHT 5, Figure 1-7 (a) IJ/EX
I mm ® PMMA |28 5 kV/mm KT 400V x 200 Hz DNV AE LA EELZEZDZE
M M~ L TV D, Mt 22 M ER % E 4R, B30 BEE H mofrE (2
) T, PMMA OB EB IR 5 i & Fa i/ 508k L A 0 (S B & R AR YE Th H AR E
# 1 (Homo charge) & Al & A2 BNENZNBLHIE AL, 3B I E M & F O U
W72 BT oA N BIHIE NS, Figure 1-7 (b) I PMMA 2V 7 7L AL T, JEE 200
um OY 7 F TV —k (DBA) Tr#{LENT PVC FIVDOZERE M o fxES 1.5
kV/mm O 5 CRIE LR A2 Rmd, B e famm/ e 5 3 O 3N, B R AR
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PELII R O REIRAEN Bl E/NSIRIEER B2 O~7 %M (Hetero charge) & FEN
FNENEOON, BN O BRSO MORENBHISH S,

ZOEHZ, WENEH OB DA B AR THY, ARLRERBHEONDIZEND, K
MR CILZe M B A o AR & i 2 T 2 &t b U CE R O R 4 17 o 72,

~ 15 @ 1 ~ 150 )

E | g

S Al Homo char Q100

~ 10 gc =

= — =

S e ‘

= ; £ 50 - 3

2 s 3' 2 B2 |

g 1 g A :

= ] = 0 ; :

= : o H /v ]

© : [:P) ; H

?if) 0 \ %J s0 L | Hetero charge i

3 (o | 3 =

Q -5 i o !

2 « S REGEN > o100 - Specimen s

<] ; i L >

-10 Anode j 0 iCathode ~ 150 lAnode | , i Cathode
0 500 1000 0 100 200
Thickness (pm) Thickness (um)

Figure 1-7. Space-charge distribution of PMMA 1.0 mm under an electric field
5 kV/mm (a) and PVC/DBA 200 pum under an electric field 1.5 kV/mm (b).

1.6 BFFEEBIELRIINE

AW TIHIVa—r O~ THLHRIVAF L axt (PDMS) ZHWiZEGINE
PEMEL OB R A BERyE L, PDMS ICMERE AL AW EIRIMLIZE AR T 1V L2 ERIL
2o BRHISEVEDOEBIEO DO THLIEMAERICKITTHMELESHLAEYOREL A
T 570, EAEKROK ARG OBECER RO, 22 B A5 O e L %17
W, BREAEOMEIE BIRL,

B EOFM CIIMAEET REBNICOWVWTRR, By 77T 2= —X O L3 BB
RBIOZEMER 2 AMIZBEL TRk L7,

B2 BETIHIEAROBIMERICKITT LS Ao ELRT L, Mk
GHAEMELT, HARFI LM (-RCOOH), 7/LA 17 L% )L (-CH,CH,CF3), 73
/3 (-RNH,) REE2HTEMVa—rd A0, 5FNICy T /i (-CN) 2H 34507
JTF VAT a—A (CR-U), A EKRRERERA L, ZNDEAMIKIET PDMS (ZH
MLUTHEAEREZER L, HEAROMEDICEBEL T, MO TEVWEBEZILY, B4
FIATL, B2 RE L, EEKRO L FEFRSZMEMN DMLl OREEITV, Mk
REREYDNEMERICKIETHEERAELE,

% 3 B CTIL PDMS/CR-U # G180 i #h 2 72 2 B & FE 08 (FH 4 it & 7 i 4 1) 0 B AR &
AL, EEKRMEROEE, CR-UILEHRE T PDMS LDOREDHLN-7272D, CR-U
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7 %bhr (ACT) &7 h7eRkn7Z> (THF) R INO0E G EE 2 B IR L,
BEKREZIFER LT, PDMS/CR-U G KOM i EZBLZL, PDMS & CR-U IZXT 2%
ACT & THF OZNZENORFMEEZHERLZ, Ix T, PDMS/CR-U/¥BEOE WK O IR FI
PECKEE 2 fesB L, WU D AH 43 BT Bl it F2 & W7 T 1 5 T Bl F2 D AR IC D W TE & LT,
RIS, BEEROREMA SN, BROFME, ZHEM DA, BBHEEREZRHEL,
LB T O M A EEICEL THRRICHM AL,

% 4 B TIX PDMS/FL O i i 28 12 28 ) & 22 B &6 47 o0 A JE OB AR O BIfR 2T & L7z, OF
B THEAETIZARWD, PDMS $HIC7 b4 a7 VX L ENES LA KSR o7 14 n
VA —r T ANT —IZOWNWTH AR EZIT 7o, MUEEEHILEMEE o &R
HLTEAILIEM B L R O LA B E o T 8IE AL B OB T 028
LR ET LT,

S BCTIEHMBUEEERILAYOEL TOMBBIAREZBLN T 12Xy, BiEEER
fbEYOBMILLL CORREEELMELL, KN ZOOHIFARNMAEHAL, Vo
TROEDHLI R a2 F- LTz, AWIZHPWEIE FIROEMAEICREL, A&
PDMS KoMtk & AL GO IRAEE, % TOmE i@ EL R ELZ, Of
HTT 7y AR LIZEWVIZH WA RO EMEREL, <P MICEKRZEE,
WY T OB & AR DR b AE 2 1 E LTz,
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%28 BHEESELAYORE

2.1 &S

HMTIEELS FICBWTAEEH 2 RSRVES T T, BEREE2ERTLEDE
BET2ZLICky, EHICEMEZRTHERHL, FHOIIWEEBEF L8
LRV L =v (PVC) ZAD, B FTT A= NI — T EBRESLP 012 AT 7
ELRRR RS DB 2l L2223 —jgic, WA 0% i PVC ORY~—[IC
MEL, RY~—ZLF, 0+ AOR FICKOFERTHLRLDWVIREEZ R SOZIETHD,
AT ANT AT VEL, mARX U, = — T Vel O PVC IR B3 2P & PVC AR
U~ —DOn R HEFHDHIEMETZ2ALTND, AT¥EL PVC 7L 08 268 13 a v
RO EIRMEIZIORESE L, ATEANEMREAREL TOREIZ N, K JE Ik
TIHIEFICRERFEREZRT, £z, C. Li DIZBAF MRy L Z o LA A OB AR
WES TICBWTHIFERERTIEEREL TNDHRH4,

R AF Lvaxt (PDMS) X 2R ICHIIE BB LI E THY, PVC L RER
EWDRHD, PDMSITZD@EWHERRIENSBEM TIXEL ICLOMENIHELVWEE 26T
N, BWAKEL TRVEIMEEOBE AN A S, BHISEEME OB BB ED S
NTre AT VKR EDM B EDLELELT, BLa—2F )T 74—/ 4 F K K/PDMS %
7 NVEBRE X — AL T 7 F a2 — 25 25 oA 4 U AKR/PDMS 7 )V D 28 1 %
BOWENHHEO, Fo, AL PVC ZVERIERIZ, AIEAIZ RN 5281289 PDMS
DFMMEEFRELIEEM D, BVWEGISENEZRLILLORERH LT, LirL, Z
NOEFHEMP DT =R 7 IR LEA RO HEMEROE T ARETH T,

INETITHFIN T WS F{ba %% PDMS LEENICEASLTENIE, &
RHNIEMVERFEET 7 F 2 — M EHIR D RN B D, 5 2 B TlE PDMS ([ZHR P I
BHIEWERNLICEGEREER L, MEESELEHMELT, (Tok M, BERME,
B, SEMREORBEARTOBIEEA L TEMSATWSMIEIIC -RNH,, -
RCOOH, -ROH, -RCHOCH,, -CH,CH,F3 728 & A LT= AN U a— 2 A 2811291 L fgt
fE OB L SCHER e E 2 HIE LA A U MG A Va— 4 ) d~— 2100211
BERALEZ, SHIC, AFVRIREENCRRLF OB L 7ha LIt 20 ik )E &3
HEDONRA T —IHEHENTWDE S IO K&y T /5 (-CN) 289537/
TF )L AYr—A (Cyanoethylsucrose: CR-U) 2-121-2-51 24 7=, 1ERIL7=E S KD
eEhE R, =MEM o, B ZER RS2 NEL, kS AHE W0 Eih 2T RIE
TR B ERFILT,
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2.2 EBR

2.2.1 PDMS BHEEZHIEVWHESE
2.2.1.1 PDMS #1%t

PDMS &L C, 4| SILPOT184 Lif{t. A CAT184 (X7 - LR 4) 210 o ff N X
SIS DR Va— R Lz, AL Va—3-Si-CH=CH, Z A T 5HE R ORI =
NP AF v aFxH s (Polyvinyl dimethyl siloxane, PVDMS) L2864 THD Si-H 2 4
THHEHBEIKORI AT V- nf Ry = v axH 2 (Polymethyl-hydrodienesiloxane,
PMHS) ORI UNALKISIZ LD 8B L+ 53 Va—r 2T A~ — (PDMS) Thd
(217102181 - F 7 e Ra v YA OGS OHELT LR E DT D 11T B @ R il (Pt-Cat) % A
TLHON—RTHD, MRS L Figure 2-1 [ZR” 7,

CH, CH, ‘

\ \
+O—Si);O—‘Si—CHz—CHz—Si—CH3
| |

CH, CH, o
CH;4 CH; CH; CH; CH; CH; CH; |
| | | | | Pt catalyst | ‘
-(-0—‘Si);0—‘Si—CH=CH2 t -Si—0-Si-O-si +O—Si);O—‘Si—CHz—CHZ—Si—Cl-h
\
CH;  CH, H H H CH, CH; é
PVDMS PMHS CH;  CH, |

| \
+0-Si;0-Si—CH,—CH,—Si—CH,

\ \
CH, CH, !

Figure 2-1. PDMS cross-linking reaction mechanism -17],

ORISR Y 3 — AR S R, 2 —TF 1> 7, Ry T4 7 REDIN TV A
TLEMEHTHIENFRETH D, Fio, BIAEMOER, B MZEA L 72L, FRERH
THEWETHAALTHFRMEAL TCNHIEND, ABH, EFE, &6, BEEMREEA
HEHINTWDHZIANYy—Thsd, BbRWM% Table 2-1 TR 7,

-25 -



Table 2-1. SILPOTI184 elastomer general characteristics [2716],

characteristics
Durometer Shore A =40
Tensile Strength(lb/in?) 3.34
Elongation (%) =90
Specific Gravity 1 ~1.08
Viscosity, Base (Poise) <70
Dielectric Strength (V/mil) =450
Volume Resistivity (Q-<cm) =10"3

2.2.1.2 WBEEEFIED

WG FILEHELT, BV Va—rF A0, AV HERERVa— A )d~—,
AF VKRB LO@mBFBERME O T )2 F LA — 2% LT,

Figure 2-2 ([ZEM I Va—d ANV D EARMEE LR T, WL (Polar group) TRV
BFE Y DNONDOMBICHEASN TS, MPEELLL T, -RNHy &2 f35F /7
EPEVa—r A A0 (KF-864, [E#bF TEMKKX ), -RCHOCH: &2 f T5=R%
SEMETYa— A AV (KF-101, F#fb7 LEMRA ), -ROHEEZHFT L 10E ) —
WEMED ) a— AL (X-22-4015, (Bilfb 5 Tk 4E), -RCOOH AT 500
RXNVEMETYa— A AL (X-22-3701E, B b5 KN SH), -CH.CHLF; 2%
BIH70F a7 VX L2y Ja—2 4 AL (FL-100-1000CS, 12 Bk T ¥ S 4)
BELU-0OCOR Bz H THEMBENFE AT VANV a— A AL (X-22-715 [F#{b =
TS 2 AL,

C|H3 C|3H3 CH;, CH;
| |
CH; — Si— 0] Sl— Si—0 Si— CH;,
CH; 6 n CH;
Polar group

Figure 2-2. Molecule structure of modified silicone oils -8,
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AFMEREF I Va—rF VI~ —EL T, X-40-2450 (G L TEKRKXSH) 248
M L7-, Figure 2-3 1A HEGHVVa—rAVa~v—0BEAKEZRT, (KK
Aola—rEWLzv)a—r A g~ —ToaXd b BRI/ 4 o REREZE AL B
T AHl2-10] [2-11]0

I
O
I

O \/\f81 O-—

Ionic group
O
I

Figure 2-3. Schematic diagram of ionic liquid modified silicone oligomer.

AFEKELT, 1-mF N3 AFNAIX IV AE A (T NV A RANVEF=)L) AIR
([EMIJIFSI]D (& L7 ANV AHE T )L 1-2F L3-AF NVAIX YT LER (R 7L
AurZ AN R= ) AIR ([EMIJITFSI]) (8 L7V AT ) AL, A4
VIRIE DR E A Figure 2-4 2”9,

(a) (b)
a _N+ ﬁ - /ﬁ

0 \/ ﬁ \\/N\/
I : 7rS—N'
F—S— N o Sl \S//O
II \S// © V4 YF
0 (6]
O// N,

Figure 2-4. Molecule structure of ion liquid: (a) [ EMI] [ FSI] 1-Ethyl-3-
methylimidazolium Bis (fluorosulfonyl) imide and (b) [EMI][TFSI]1-Ethyl-3-

methylimidazolium bis (trifluoromethanesulfonyl) imide.
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VT ) FNAIe—REL T, T /LY (CR-U, Bl TEMRASH) 28 H L7,
Figure 2-5 |CV 7 /T F N A0 —ADEE LR, 7 /LMD RERT T /=
FNEELSTRNICETHIEPLESFICEIPNDOERER VM T — A NEKL, &
W EEFEFE R 24 (20°C x 1 kHz) P12 2o,

CH,OR
H CH,0R

OR
RO CH,0R

OR OR
R: CH,CH,CN or H

Figure 2-5. Molecule structure of cyanoethylsucrose 2131,

Table 2-2 (2 EE AL AW O (Polar group) OFEEEEZ NGO L E LR E %
Y,

Table 2-2. Polar group-containing compounds.

Viscosity Specific Manufact

Type Polar group, etc. Grade 25°C gravity uring
mm?/s 25°C company
Mono amino —RNH: KF-864 1700 0.98 SEC[2-8]
Epoxy —RCHOCH: KF-101 1500 1.01 H
Modified  cyrpinol —ROH X-22- 130 0.98 y
silicone 4015
oils X-22-
b 1 —RCOOH 2000 0.98 I
(Side-chain CATOOXY 3701E
type) _ FL-100-
Fluoroalkyl CH2CH:CF3; 1000CS 1000 1.28 ’/
Higher fatty  _5coR X-22- 14000 0.88 u
acid ester 715
L L . X-40- [2-11]
Ionic liquid modified silicone oligomer 2450 2.5 0.97 SEC
.. [EMI]I[FSI] CeH11F2N3048S: - - 1.44 FWP
Tonic liquid
[EMI][TFSI] CsH11FsN3048S2 — — 1.53 I
Cyanoethyl . —CN CR-U Highly 1.23  SEC[2-12)
sucrose viscous )

* SEC: Shin-Etsu Chemical Co., Ltd.
* FWP: FUJIFILM Wako Pure Chemical Corporation
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2.2.2 BEEOER

Figure 2-6 [ GHOER T EZRT, &AIC, Figure 2-6 (a) TxRT LI,
SILPOTI184 & CATI184 # 10:1 ®E&E L TIRGL, PDMS ikt L7z, I4TL T, Figure
2-6 (b) & (¢) TR IO, MHEEEAILEMOEHEIToTe, VT /2F N AT —A
(CR-U) lIEkED=D, ThT7eRkua>7 7 (THF) I[ZIEML, 50 wt%iaERZ2 R L 72,
CR-U PISOMBHI B B2 2 I E#ERL -,

PDMS IR \ZM I & AL W a2 RML, Bl 8 (ARE-310, THINKY Co. Ltd.)
ZEHLT2000 rpm T 2 min O EFIEEZITVY, PDMS/ iR 5 AL & W IR iR % il
WL, T, WE K74V LT 7V r—2— (052-6, All Good Co. Ltd.) 2 AL T,
PDMS/ % 3 & BL & IR % T 7 AR EIZBWIZESH 125 pm ORI =F LT
AL —hK (PET) 74V A BICHES, WIRF v ANEICKVIERLT- (Figure 2-6 (d) /),
¥ AMM%, PET 74/L 5% 30 ~ 60 min JREL 72, 150°C A —7 T 30 min INEAL
THE LS, JESH 150 ~ 250 um OESEREER L, Lk, BESOREIZIZ~A7a R
—# (NDC-25MX, tRA I ha) 2 H LT,

(a) PDMS solution (b) Polar group-containing / (¢) CR-U solution \
compounds
+ | CATI84
SILPOT 184 | + | ] FL, CBX etc (ru ] + ()
Base: Curing agent =101 (weight ratio) ‘ Mixture and degas:
‘ Revolution stirrer: 2000 rpm, 30min
+ @ [ CR-U (T): CR-U/THE =50/50 ]
Mixture and degas: =
[Revolution stirrer: 2000 rpm, 2min} = /(d) casting process \
PDMS composite film

‘ [PDMS/po]ar group-containng

Cast on PET film

compunds solutions

{Keep for 30-60 min in room temperature } - ET
.' L Glass plate
[ Heat and cure at 150°C for 30min } o J

S

()
AlIR-side

i 150~250um
| k\ PET |
PET-side

Figure 2-6. PDMS composite fabrication process: (a) PDMS solution, (b) polar
group-containing compounds, (¢) CR-U solution, (d) casting process and (¢) cross-

sectional view of PDMS composite.
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ZZT, Figure 2-6 (e) ([T 8912, HAEMKDZELHEMEZ AlR-side LL, Fv AN
(PET 7 4 /v L#filiiii) % PET-side LB LT,

MRS LAY ORBIIREECRL, b OMMEES FbEWEEH L2 PDMS
BEERDOREA %2 PDMS/ (& G &M ORSTL) z LEFK L, Table 2-3 IR 7,
X PDMS IZX T 25 A & wt%x =7,

z

Table 2-3. Composite films names.

Type Polar group Abbreviation Composite name
Mono amino —RNH: AM PDMS/AM
Epoxy —RCHOCH: EP PDMS/EP
Modified . _ ROH
silicone oils Carbinol o CBN PDMS/CBN
(S]de_chaln Carboxyl —RCOOH CBX PDMS/CBX
type) Fluoroalkyl —CH2CH2CF3 FL PDMS/FL
Higher fatty —~O0COR HF PDMS/HF
acid ester
Ionic liquid modified silicone oligomer ILS PDMS/ILS
o [EMI][FSI] CsH11F2N3048S> ILF PDMS/ILF
Ionic liquid
[EMIJ[TFSI]  CsHi1FsN304S2 ILT PDMS/ILT
Cyanoethyl 0 oroup —CN CR-U PDMS/CR-U
sucrose

JE g w4 =R E O PDMS A A D EHT PDMS/M ik & b &Y omEikz2T 70
VEIRRNLICES, FEREEZHELz%, RENENED, 150COA4A—7 2T 60
min OB L0 ESH, B 30 mm OJEE 5 mm OREZERIL 7=,

2.2.3 LLFHE=

LEHBERIIAE—F AT T4 — (SI11260 and SI111296, Solartron Co. Ltd.) %
fEHLTHIEL,

2.2.4 JEMEHEMAER
JEMEWMERIT T my TR BB (RTC-1250A, Bt A&D) 2fd H L Tl
ELTZ, SKkNOur—RELE2MHEHAL, EME#EEIT 0.5 mm/min O5ETHIELT,
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2.2.5 ZEHEMNOM

Figure 2-7 |27V AFR &S 7] PEAE O BT O XX 2777, EfEmIIEET A,
THEMIIIT AI= 2E AW, BEEASAVRAEEZ EHEHBUSEMLEZ, =5
AR~ —NESTIX M OBENSRKE WD, 2LV RAEBO LEEM GEED LEM) 1D
DIEENTEHTNAVI=T LEM (Al) TOEEREFE P —ICELETITHER N EEL,
EEEmN E AT O EMERM D AIE N EMTHDL, £IT, EERE RO Al B
53 D22 B AT o3 AT B L2, RETRL TWD 2R E M A0 7 77 13 Wr
B72NRY, AIR-side il & PET-side Ml % T ¥ (Al #EAR) ([CHEfilSE, TN NmMEZ
MR E BRI 2 7o & O T EV B/ R R A E O RERM REFRC 7 77RNICRLEE, &
B 1 ~5kV/mm ([ZELEHE, 200 V X 400 Hz DL ASAMETHIEL, FBHEIN 5 min
“BoOT—2ERSELE,

DC Power supply (DC) Pulse generator

Upper electrode
(Semi conductive rubber)

/|

Al electrode

4

Lower electrod¢ (Al)

14§

PDMS composite ) )
Piezoelectric element (Sensor)

Amplifter

DSO (Digital storage oscilloscope)

Figure 2-7. Schematic diagram of electrode for PEANUT method.

Figure 2-8 [CEEME M oA A SR LIEL A0 —Flzrd, Xl Y il Il EtoESL
ZeM B FE (C/m?) 22 R L, AR & A5 0] oD Rl S0 1 Bo AR/ 5 E S T & P A/ 3
mMath LRl TWD, Z2C, B/ A m A O N TEIII S D B & 1T
SARMEDERMBEHOE — VA ~T 2B M —27fE (Hetero charge peak value) &/EF%
L7z,
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30

Homo charge

o | L

10

Space-charge distribution (C/m?)

Accumulated hetero charge
N ) )
\ At ( ~
Anode \Hetero charge peak value
-10 2 :
AN
0 200

Thickness (um)

Figure 2-8. Definition of hetero charge peak value. The dashed line marks the

position of the electrode/specimen interface. Left and right electrode: Al.

2.2.6 JEHIER

Figure 2-9 ([ZJm i 2R HIE M O & E th 2R E HiEORAX 2R3, (FRLZ
PDMS & A Z KX 20 mm, 5 mm ([ZEIEL7z, ZOMmICEMRELT, £ 15 mm,
i 4 mm, JES 0.1 um O&E (WX =EERAS L) 2060, JE i 2B H0E R O L
7o

Digital microscope

Gold leaf 0.1 um

\ 4

Deformation ) 14 i S um

:?E 150~250 pm
|4—15mm 4,‘
20mm

12 mm Kelvin clip
'd

High voltage power supply

Figure 2-9. Experimental setup for measuring bending deformation.
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B OB EOEEZBITH-OIC, R EZRKEICH L CTEEICKELLE, 7LrE2Y
v TRELO —ia e, 7y T NBRB T OEMET 12 mm &5 8ICREL, ME
MRS E BB E (DC) ZEI I L7z, EmERICITR K E 1723 850 VUERE L /1) 0 H
TEEWIEEZ L2, AlR-side IS > 72 E % 5 (Anode) &L, EBEOHIMEA
7OMKEREK 0.1 Hz TRE\ABEZHEL, Bl ARIXES T CREO EIICRE
LT PHOVEEM S 2L C PC Mm ECRlELE,

2.3 FEREEE

2.3.1 EEEOBELIKE

Table 2-4 & EEEOMMELEEHILAEW DR RKEH & (Max content) EfE{k kAR
ERT, RRGABEBEATEAGEIL, Fol<BELRVIREED, HDOWITHEL AR+
HTCREOEEMEDN &L, MEEEAEEWOBERTV-RT VNG R ALLT,
PDMS/AM 10.6 £ PDMS/HF 10.0 |ZfE kL7227, 7=, PDMS/CBN 20.0 (kL
7=y, ZV—=RT UGN HLT-, PDMS/CBX 40.0, PDMS/ILS 25.0, PDMS/ILF
1.8 3L PDMS/ILT 1.8 IZMALN R+ CREOREENEWEEKRTHoT2, BIF
IREAC IR RE A R L= A 181X PDMS/EP 20.3, PDMS/FL 40.1 XU PDMS/CR-U 42.9
D=FFHThoT,

2.3.2 BEEEALLAYVOBHERBICKIZT TR

Table 2-4 (R K& H &EDOF PDMS EEMKDOEY 3 kV/mm F o #h £ TE O R4
T, MHMARO~AFT AR RIT BT RICERLIZZEERLTWD, PDMS/ILS 25.0,
PDMS/ILF 1.8 X (Y PDMS/ILT 1.8 &, DI TlEdb2 08 E MM ICERL T,
PDMS/CBX 40.0, PDMS/FL 40.1 33X PDMS/CR-U 42.9 X248 )5 [7] ~ D LB ) K =
R AR 2R LTz, 77, PDMS OJE i Z T I3 /SN enb, CBX, FL BXW
CR-U OIRMB R BB BT,

RERBFMERZRLIZVT /2 ((CN) 2H 357 /J=F )L AZr—A (CR-U), 7V
FaT vF NV (-CH,CH2CFs) 2 H 758 Va—rF AL (FL) B BLRF L
% (-RCOOH) #H T HEM I Va—rA4 AV (CBX) & A LI-EAKRICBELT, 55
B EITo T2,
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Table 2-4. Appearance and bending deformation of PDMS composites.

Max. State after Bending
Composite name content curing deformation Thickness
(Wt%) (150°Cx30min) (um) /3 kV/mm (um)
Non-gelled - o
PDMS/AM 10.6 10.6 (Uncured)
PDMS/EP 20.3 20.3 — 0 227
PDMS/CBN 20.0 20.0 Bleed — —
Insufficient
PDMS/CBX 40.0 40.0 curing -761 238
(Bleed)
PDMS/FL 40.1 40.1 = -280 200
Non-gelled - .
PDMS/HF 10.0 10.0 (Uncured)
Insufficient
PDMS/ILS 25.0 25.0 curing +19 210
(Bleed)
Insufficient
PDMS/ILF 1.8 1.8 curing +7 178
(Bleed)
Insufficient
PDMS/ILT 1.8 1.8 curing +15 180
(Bleed)
PDMS/CR-U 42.9 42.9 = -254 180
PDMS — — -10 210

2.3.3 JEAMEEMER

Figure 2-10 (a), (b) 3L (¢) IZ PDMS/CR-U z, PDMS/FL z 33 X1 PDMS/CBX z
BEBRDIS ) —E i #R (SS #i#R) #ZnZEhrT, PDMS/CR-U z 3L PDMS/FL
z @ SS HiftiL CR-U & FL OFH EIIH1HDLT, ZNEIITIERER AR Z R LT,
PDMS/CBX z 1Z CBX D& H &DEMIZES 72 WA E N WA Lz,

Figure 2-10 (d) (2 SS ff#R o5 £ A5 s 77 58 I8 0 W) A) Bid > & FH R L 7 JE # L 2 o
IR E HILE MO E A BIKFMHEEZRT, PDMS/CR-U z £ PDMS/FL z O JE#f 14
RIXEABOEIMI > TOT N TIEOHLINBD LI, %2 & £\ PDMS &IZIE
FCTHY RN 722 R L=, )7, PDMS/CBX z O JF %= I1x 5
HEOHMEEHITRIEIZH A LT,
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B, A IO 28 &30, 3 2RI P 0B Al BHZ Ko TITaE(L B F % 5 = i
TTZENMSNTWHRIT L MRS B W TR BRI L ST 5T ba—b, K, T
WAV E DAL G DO EZSZ T HZERNBILTIY, PDMS/CBX z D 3 L) i i
PR O DNIEACS IS D AN R X VLS T T O DLAEICL S0 EE XD
ns,

(a) (b ©

A: PDMS/CBX 0

A B: PDMS/CBX 20.3
C: PDMS/CBX 304
| D: PDMS/CBX 40.0

=)
o

-

A: PDMS/CR-U 0
B: PDMS/CR-U 17.9

A:PDMS/FL 0
B: PDMS/FL 21.4

Compressive strength  (N/mm?)
Compressive strength (N/mm?)
Compressive strengt (N/mm?)

C: PDMS/CR-U 24.7 C: PDMS/FL 30.4
D: PDMS/CR-U 42.9 / D: PDMS/FL 40.1
0 } . . 0 \ , A 0 ]
0% 20% 10% 60% 80% 0% 20% 40% 60% 80% 0% 20% 10% 60% 80%
Compressive strain Compressive strain Compressive strain

ﬁ
ac
[S=]

@®: PDMS/CR-U z
H: PDMS/FL z
A: PDMS/CBX z

[a—
Lh
T

05 F

Compressive elastic modulus (MPa

0 10 20 30 40 50
Content (wt%)

Figure 2-10. Stress-strain diagram (S-S curve): (a) PDMS/CR-U z, (b) PDMS/FL
z and (¢) PDMS/CBX z. Relationship between the compressive elastic modulus and

polar group-containing compounds content (d).

2.3.4 LB ER
Figure 2-11 (2 1000 Hz [231}% PDMS/CR-U z, PDMS/FL z 3 X PDMS/CBX z
DHFERIBHEEGHILAEVOEHEEOHEBZREZ RT, FESEKROLTE R IIMmME L
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GHEILAYDOEHEEOEMEELIZEINARL, PDMS/CR-U 42.9 2N M KXt
BREKERLT-, PDMS/CR-U z ODHFEEENEWFEEIT CR-U BZBEDO S W T ) F
NWEEERAL TWDIERELEZEZ SND,

10
@®: PDMS/CR-U z
B: PDMS/FL z

8 ' A:PDMS/CBX z

Dielectric constant

0 10 20 30 40 50
Content (wt%)

Figure 2-11. Relationship between the dielectric constant and polar group-

containing compounds content.

2.3.5 ZEHEROMA
2.3.5.1 WBEESHEVOEHE BEKFMH

Figure 2-12 (a), (b) BLW (¢) IZFEY 3 kV/mm T ® PDMS/CR-U z, PDMS/FL z
BELUPDMS/CBX z DZEME M DA A ENEN R T, 7770 X @& Y il i3 05/ 208
RiizBrllcExDfE (BS) LEMEMEELZNETNTRT,

Figure 2-12 (a) 75, PDMS/CR-U z O %2 [ & i 7347 X PDMS/CR-U 35.3 £ 42.9 C

B i /56 S i A I OFREF NI~ T B S (AEME ) ARz, ), 2
iz /5B A AT I OB NI IZ E A SR ILER O AL, FERF PR 22 [ B A o AT &2 o L
776

Figure 2-12 (b) 75, PDMS/FL z O ZE[# & 73 41X PDMS/FL 40.1 7207 (2 BGi/ 5K
BESR AT ORBINEICA~T e Em & (REMEH) PROONT, )y, i/
S AT 3T O BB N I B A BB S A O KO 7 AT SRR O b AT, FE R Rk 22
B xR LT,

Figure 2-12 (¢) 75, PDMS/CBX z O Z= [ & fif 4347 IX PDMS/CBX 40.0 727 (2[5 1
AREH AT T OB EB I~ T vl S (AEMEHE) "R bhic, M, /e
BES AR OB X E A S RILER O LT, IERI BRI ZE M E R A2 R LTz,

-36 -



Space-charge distribution (C/m?)

: PDMS/CR-U 0

: PDMS/CR-U 17.9
: PDMS/CR-U 24.7
: PDMS/CR-U 35.3
: PDMS/CR-U 42.9

moOwE

‘Y"

L CAnsde ¢ S lre— o
0 60 120 180
Thickness (um)
s (®) , .
& : A: PDMS/FL 0
] ; B: PDMS/FL 21.4
0 | : N C: PDMS/FL 30.4
g ' B D: PDMS/FL 40.1
2 :
g s i
o 1
% ‘ |
‘3 : 1
T 0 | - ;
[} I 1
é ;
7] E «— Specimen >
| [Anode ] i , _Cathode ]
0 50 ) 150 200
Thickness (um)
RO — ,
E i A: PDMS/CBX 0
S c B: PDMS/CBX 203
o - C: PDMS/CBX 30.4
£ A D: PDMS/CBX 40.0
2 10t B No————— -
g / I Hetero charge peak value
S N V?Y |
o .
5 ! (
! |
g -10 : !
= ; !
7] | Specimen > |
Anode I P >
0 30 Thickness (pm) 210 240

Figure 2-12. Space-charge distribution of PDMS composites: (a) PDMS/CR-U z,

(b) PDMS/FL z and (¢) PDMS/CBX z. The dashed line indicates the position of the

electrode/specimen interface. Electric field: 3 kV/mm.
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Hikﬁ

o (A

EH

ZOEHT, WT IO A RS B E RS A 3T O RN R IC A~ T a2 B 5T
H ) MER O B D I KB 22 B FE A oy AT A R LT

Figure 2-13 [ZHBEAEKO~TuEME —7HLBELE S AILEMOE A EORGRE
T, HEEERO~TOEME —7EIXBELEEFILEMOEHEDN 30 wt%r B2 5

HIZNE RIS INL 7,

| ®: PDMS/CR-U 2 %‘,o
H: PDMS/FL z
| A: PDMS/CBX z

Hetero charge peak value (C/m?)

-5 1 1 1 |
0 10 20 30 40 50

Content (wt %)

Figure 2-13. Relationship between the hetero charge peak value and polar group-

containing compounds content. Electric field: 3kV/mm.

2.3.5.2 BREREH

Figure 2-14 (a), (b) BLD (¢) IZEH 1 ~ 5 kV/mm (25175 PDMS/CR-U 42.9,
PDMS/FL 40.1 58X PDMS/CBX 40.0 DZERE MO ME2TNENRT, WFhoE
AERIZBWTY, B/ E0R R AL OB NE O ~T B R — i (AEREH) 132
NENESGOEMICEb WL, i)y, BLOHEMIHrnbLT, /R R m
I ORENEICIXBEMERIIALNT, 1 ~5kV/mm OFEY FTIE, WTIFhoEAK
b I ek B 22 [ BB far o3 Al A2 R LT,
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(8 PDMS/CR-U 42.9

30

A:1kV/mm
— B: 2 kV/mm
““““ — C:3 kV/mm

T — D: 4 kV/mm
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20 k

Hetero charge peak value
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1 { ¢ 1
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Space-charge distribution (C/m®)

(b) PDMS/FL 40.1
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Space-charge distribution (C/m?)
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(c)PDMS/CBX 40.0
CD

40

A:1kV/mm
B:2 kV/mm
— C:3 kV/mm
— D: 4 kV/mm
— E.: 5 kV/mm

30 F

Hetero charge peak value

E—s——————

Space-charge distribution (C/m?®)

Anod Speci -
. ode pecimen , | Cathode ]
0 30 Thickness (um) 210 240

Figure 2-14. Space-charge distribution of PDMS composites: (a) PDMS/CR-U
42.9, (b) PDMS/FL 40.1 and (¢) PDMS/CBX 40.0. The dashed line indicates the

position of the electrode/specimen interface. Electric field: 1 ~ 5 kV/mm.

Figure 2-15 (ZE5 AR/ 0B LR E OB NI O~ T r BT e — 7 E L B85 O Bk 2R
T MNOBEEERO~TrEM (REM) E—27EITE SO MEEBITHMLT,
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Hetero charge peak value (C/m?)

@ PDMS/CR-U 42.9
M PDMS/FL 40.1
-1 . A PDMS/CBX 40.0
2t
3
4}
-5 1 1 1 1
0 1 2 3 4 6

Electric filed (kV/mm)

Figure 2-15. Electric field dependence of hetero charge peak value.

2.3.6 EEERES

2.3.6.1 WBEESTHEVOEHE BEKFMH
Figure 2-16 (2%} 3 kV/mm F® PDMS/CR-U z, PDMS/FL z XU PDMS/CBX

z DR AR ML EESEFAILEWOEH BLEOBERE R, SEAEOIE L] 3wk

EEFAILEYWOESHEEOEMELLIZEEML, BERANZEHRZER LT,

(TSR = T ey

MDOEHEN 30 wt%ZBADH-000, AN KIEIZEE ML, PDMS/CBX 40.0 @

JEHZTZ1E 780

Bending deformation (um)

um ([ZEELT,

800

@®: PDMS/CR-U z
M: PDMS/FL z
600  A:PDMS/CBX z

400

200

0 10 20 30
Content (wt%)

50

Figure 2-16. Relationship between the bending deformation and polar group-

containing compounds content. Electric field: 3kV/mm.
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2.3.6.2 EBREKEM
Figure 2-17 |Z PDMS/CR-U 42.9, PDMS/FL 40.1 33X PDMS/CBX 40.0 O Jf
ERLESEOBAGRERT, —&KIZ, ~7ATVIL ) P (2-1) THhoband,

P= £r£0E2 = & & (V/d)? (2'1)

IS
i

ZZT,ey, €0, E, V, BEORd IZENENLFEESR, BEFER, B, ELEBLVESE
T, FEAKROBMERITESROBBLE T RICHALTHINL, ~Z7 AT = )LIE ST
TElL=,

1200
@ : PDMS/CR-U 42.9
1000~ m:pDMS/FL 40.1 X
A PDMS/CBX 40.0
800 ":
600 |

400

Bending deformation (pun)

200

Electric filed (kV/mm)

Figure 2-17. Relationship between the bending deformation and electric field.

2.3.6.3 BHEBEL~ToERL —IH

HKWHEEE LGOS A &EZEM BN 5MOBEFREZ AL Figure 2-12 261572~
TOBEME— 7 B Z K O B{%% Figure 2-18 (2/”"T, 4 PDMS #E A& KO i ih 28
Bl ~7TeEmE — 7 fEOMEE Iz,

F72, Figure 2-14 OFEY; L ZE M & 7340 O BRI BR T ~T BB i e — 7 fE & i 28
B OB{%% Figure 2-19 (Z/° 7, % PDMS #AKOE M AT ~T aEm e — 7 {ED
e IZHMmL, ~7TrEME — V7 EITEHERICKREEEBE RIT T 2R LT,
727> ThH, PDMS/CBX 40.0 ®~7 & fif ' — 7 fEIX PDMS/CR-U 42.9 5 LT PDMS/FL
40.1 O — 7L FEOEEZRLIZIZE D5, PDMS/CBX 40.0 X —~>OEEGIKX
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DL RERBHM AR EZ R L, ZHNVFEMEEROZELWVER TICZE2b0EEZON5,
PDMS/CBX z (ZHLERIE WM B CH LD, AL EICKD LM HMERDOZFLWE T E CBX
DTV —RBRBNHBONDIZENOFEBET I/ F a2 —FOMBIEL TIXBRERHLLDEE %
55,

800
A @®: PDMS/CR-U z
M: PDMS/FL -

600 | .. A: PDMS/CBX z

400

[y

=

[}
T

Bending deformation (um)

-5 -4 -3 -2 -1 0 1
Hetero charge peak value (C/m’)

Figure 2-18. Relationship between the bending deformation and the hetero charge

peak value when the content of the polar group-containing compounds changes.

Electric field: 3 kV/mm.

1200

@®: PDMS/CR-U z
W: PDMS/FL z
A: PDMS/CBX z

= (=)} =] 5

= (=] =] [=]

= (=] < ]
T T T 1

Bending deformation (um)

()

(=)

(=]
T

Hetero charge peak value (C/m?)

Figure 2-19. Relationship between the bending deformation and hetero charge

peak value when the electric field changes.
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2.4 FEEN

ARSI A % G 47U T PDMS B4 (K% (EIL C, 55 A LA o

B TORMAETL~OHRICEALT, BHICZEHEMOMEDOEELZRF LI, £ O
R, FTRLORmEFT,

1)

2)

3)

4)

5)

EEROFEHERIIMELEFLEMOEA EOEMLEL OIS 72V EE N
L7,

ZE [ FEAAT 70 AT 1 5 A/ BB SR T A ST OFUBFNER I~ T BT O F R 2 R L, R AR/
BRSO FR N EBIS 1T~ T v A O FE AR DY EE 0D DAV 7 O 5 P 22 [ A 43 AT

LT,

BEKRANO~ToEME =73 BEES A MO G A BLESOHEMELHITHE

BEKRDOEIHERIIA~T B E — 7 EOEME LI MA R L, &N O B
Y AN A o iR AV Nl a1 S B

TNnA BT VF LS (-CH.CHoCFs) B Ya—r A A NEey T ) 2F L ATB—2D
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#3EFE PDMS/V T /) FNRI7u—RBESEORELEIE

még:@[&l][&ﬂ

3.1 %=

%2 ETIE—HO PDMS/MEEREGILEWESERNESL T CRIBAEE T2
L7z, PDMS IFBKMEZ R TIREMRMETHY, BIUEESAEWEOREMMEITHE
AUEROFE RO BEEBmEE) OFMR, OWVWTIZEMERICEELRIETIENEZD
N2, H 3 BCTIHEIMEENREL, RURBFIMLEZEEOHLIER E8E RLE
PDMS |ZV T J=F )L A7 —A (CR-U) Z¥RML7Z PDMS/CR-U 8 & KD 25 8) L ¥
el AELT,

—RICFECALFIENLELNTE S FEAM B TORELZE 25708 OIFRT kI
Lo THESCH MR REBARDIGAENRHHE305 SHFETHLRL, FHEIGHLME
DAY~ E IR BEEZ TN BE 2L, ERFIEICEIVERENELL, BRE)R M
NIRRED R E a2 THIENBEZDND, FHOEFAZIINBAF LT F LT 7L — B
FORZ I NVEEAF LV ORN) T ay 7 EAR (PMMA-BA-MMA) IZ2WTC, TATHE &L
R E CIIER BN/ NSL, VIV F —BETIIREREREZ R T IR FEIEL, F /AT
— )VORGBER N T vy 7 L E G RO ZFBICR EN R EE RIT Lo m T 7
(3-61-3-81 G. Diguet HIXFCHIMEAZFFOME = I A~ —DEKILEMIZ, ZHbDF
FIMEE L Z MM E ISR UK FE T M E L 720, X, Zhang HblE~A22 ZnO/PDMS
BEME OB BRI OEBRINT Zn0 KON EIEICRURTE T DI 2R LIZB10,
S. Gao HLIFAT V= VIBENFHE T T AN~ — E G B B AR 6 1F B) Rk D S L
BT MR HEFE O F CEHEBEAREE A R T EEoR LB F e, RS AA
WAK/PDMS 7N DT 7 F 2 —ZEBOWFET, A4 KRR E O &b 729+ 5 B
RARBEACDIRRIZED, T NVNEBOAA R EDOIRFEBR G A RMELZB12, Zo koL,
TERENEE I KREIREEBL 52D LN RBEIN5H, PDMS/CR-U HEKDORREL
BIGZEENZHOWT, ERBFFER ZE M E W 0 M 7R 8 LR R BTG ST & B A,

% 2T TIL CR-UDEBLELT, 7h7eku>7 7> (THF) 12 %# L T PDMS/CR-U
BAEMKREER L, 53T CIE THF IZMA T, CR-UICxL TEBLFMEE- 13 2R34T &
R (ACT) BEAL, ACT & THF OFAEDORLLZER THAEREZIERL TRFLE, &
#IZ PDMS/CR-U #HAEROW mEEEZF AL, KIC PDMS & CR-U IZX%9 5 ACT &
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THF OZNZNDORMMEEZHEE Lz, 512, PDMS/CR-U/RBED 7 E O 1R ik &k
HEER L, VAR O FH 53 BEFE RE FR L T A% 1S T R R O BILR IS O W THE R LT, ik
2, BEEIRDOR IR T, WA R, REIEPUE, LFER, (v —F AR, 22
FER MBI ORI AR EZREL, BREEEYS FORIZ R EEHICEL TERRNICH

HL=,

3.2 EBR

3.2.1 PDMS/CR-U & & K/ER
3.2.1.1 BEHOERFIE

Figure 3-1 |2 PDMS/CR-U &K DO ER G L% R T, Figure 3-1 (a) 2R3 X912,
SILPOTI184 & CATI184 # 10:1 OHE&EILTIERAL, PDMS kL7, WATL T, Figure
3-1 (b) 28T X912, CR-U % ACT & THF IZAfifL, T E 4 CR-U (A) & CR-U (T)
D 50 wt%iniRAE B L 7=, WIZ, PDMS &2 CR-U (A) & CR-U (T) ®WiR#=IRAL,
PDMS/CR-U OIEEZ ¥ L=, AKX 2.2.2 @itk ETERLZ, Figure 3-
1 (¢) WRT I EDOBEE RO EmM A AIR-side £L, F ¥ AN# (PET 7 4 /L A
PEfili i) 2 PET-side &€ L7-, %72, PDMS/CR-U # & K% PDMS/CR-U (Ax/Ty) z &
EFLTZ, x Ly ZZNTNHEKMN ACT & THF OEEZRL, z iX PDMS B IZ%
%5 CR-UGHE (Wt%) THY, z1T17.9 ~42.9 wt%& L7,

(a) PDMS solution 4 (b) CR-U solution N
CR.U + ACT
SILPOT 184 | + [ CATI84 | : (tar |
. . . . Mixture and degas:
Base: Curing agent =10:1 (weight ratio) ‘ Revolution stirrer:2000 rpm, 30min
« [CR-U (A): CR-U/ACT=50/50 ]
+
‘ \[ CR-U (T): CR-U/THF =50/50 ] Y,

Revolution stirrer:2000 rpm, 2min

[Mi xture and degas: }

‘ ( PDMS/CR-U solutions (©
Cast on PET film Allz—suie

[ il PET |

[ Keep for 30 min in room temperature }

‘ PET-side

[ Heat and cure at 150°C for 30min }

Figure 3-1. PDMS/CR-U composite fabrication process: (a) PDMS solution and
(b) CR-U solution and (c) cross-sectional view of PDMS/CR-U composite.
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3.2.1.2 CR—UGRMEEZEMITZHE DX ¥ AMNERAAR

Tables 3-1 & 3-2 | CR-U ORIMELZZIIEZLAED ACT 2z AL
PDMS/CR-U (A100/T0) z & THF 727 FHH L 7= PDMS/CR-U (A0/T100) z ® &)
MR AR E R T,

Table 3-1. Compositions of PDMS/CR-U (A100/TO0) z

CR-U content, z (Wt%)

Material PDMS
17.9 24.7 30.4 42.9
SILPOT184 10.00 10.00 10.00 10.00 10.00
CAT184 1.00 1.00 1.00 1.00 1.00
CR-U - 2.40 3.60 4.80 8.25
ACT - 2.40 3.60 4.80 8.25
THF - - - - -
Thickness (pum) 190-220

Table 3-2. Compositions of PDMS/CR-U (A0/T100) z
CR-U content, z (Wt%)

Material
17.9 24.7 30.4 42.9
SILPOTI184 10.00 10.00 10.00 10.00
CAT184 1.00 1.00 1.00 1.00
CR-U 2.40 3.60 4.80 8.25
ACT - - - -
THF 2.40 3.60 4.80 8.25
Thickness (um) 170-210

3.2.1.3 ACT & THF O EI& D R25% v ANERAEL R

CR-UGHEL 429 wt% O —EEL, X (3-1) TEXRTIFVYAMNRKRTOEEHE
\Zxt9° 5 THF OE|A y 28 0 ~ 100 £725 X912 CR-U (A) & CR-U (T) % PDMS &2
BE L7z, THF ©E|4E 3y 13 (3-1) Tk, x &y oBFRER (3-2) TR T,

y=(—H_ 100 (wt%) —— (3-1)

WTHFTWACT
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2T, wrnr & wact IZENEFN THF L ACT DEETHD, ACT L THE ODEIEEZFNL
VAx & Ty &L, WK AR E (Ax/Ty) EFRCE 75,

x + y =100 —_— (3-2)

Table 3-3 ([ZE KAl 2 =9,

Table 3-3. Compositions of PDMS/CR-U (Ax/Ty) 42.9

Material Ax/Ty
A100/TO A75/T25 AS50/T50 A25/T75 Al12.5/T87.5 A0/T100
SILPOT184 10.00 10.00 10.00 10.00 10.00 10.00
CAT184 1.00 1.00 1.00 1.00 1.00 1.00
CR-U 8.25 8.25 8.25 8.25 8.25 8.25
ACT 8.25 6.20 4.12 2.05 1.03 -
THF - 2.05 4.12 6.20 7.22 8.25
Thickness (pum) 170-220

3.2.2 BIRAEE

KR IL T AR B AF (SV-10A, BENEHE A&D) 2 AL T 20 cCTHIE L, F XIRH)
i 2 oFEWEL Y =T L = R3BHY, B —RNE X O ITHANLFE T EDIE
WARE) CHIREISh, RUBEEOER ) CTHE T2, EMMEIEE T —T1L —h
DEBZHEL T EOREEZMERFIED, TOROBEBBEBRNS L —T 1L —ReP
TNREOMICAERINDREEDO RESEL TR TSN D, ZITED, MEIFmAEN OIS
RasZ LIRS, —EORE TRIRHBZEDN T OIZHLERIMINBELND,

3.2.3 BlRBEMER

SIBEBMER T T v ur TTREM BB (RTC-1250A, #RUS4E A&D) 245 H L Tl
ELTZ, 10N Or—REALZMEHL, 5l REEIX 50 mm/min OFEETRIEL, S1kH
PERITR G R E A BB T 20 AR HEFE L,
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3.2.4 WrEmEE
A RO B m &SI — Y — PSS (OLYMPUS LEXT OLS4100, AV N AR S
) 24 A L C W o 4 & B L7

3.2.5 REMHERK

HEEEROREIL ATR 97 (FT/IR-4600 Z A7 A: H ARk NS4 2 HL T,
N5 45 ECThHHr LT,

3.2.6 AVE—FURLLLFHER

HET IV TFar—2 A EEYS FCOFELXBZMT T OILERNHLILND, (0 E—F
VALWHEBEBRIIEES FCHELE, Figure 3-2 LAV E =X AT F T A4V —
(SI11260 F X0~ SI11296, Solartron Analytical), @B EA L F—7 = —A (HVI-100, £k
KRBT 7 =7) BEOASAR =T HEZ (BOP-1000M, KEPCO, INC.) % B A L
ELTEV AT KR T, BIEIEX 500 VAL, B 10 mm OEMmEZEHL THIELZ,

N
Solartion Impedance Analyzer |
ST 1260 and ST 1296

s Specimen

I I S
- GPIB High Voltage interface A Elecrode |
PC

-

HVI-1000
| |

Bipolar Amplifter )
BOP-1000M )

Figure 3-2. Impedance analyzer system.

3.2.7 REEHR
F PR IT R P #R & (Hiresta-UX MCP-HTS800, low type "URS”, H HKE L7 5V
TS ) B2ERL, BE 500 VCHIELR,

3.2.8 BHER
BRI 2.2.6 HilRER FETHEL, £, AETEFENEHZERICKIT
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W RET 5720, Figure 3-3 (R E G M2 s S 7@l # 7 ka2 LT,
AIR-side IO EBAS t = 0 THMMITRDEIIZESLZHIML, 30 min B2 ko7, £
%, 1 =30 CEHEAZIZL, 10 min fEFFLTZ, ¢ = 40 T AIR-side I o 7 i 2 2 i 1
HIDIZELGEZHIAL, 30 min EHER-To, TDk, t=70 CTESHZA7IZL, 10 min
Fil7z, EHIIWS2R2WERY £3 kV/mm 21 L7z,

% _3F ON OFF
“Eo “on - v
“é =
b %3 . OFF
E 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
Time (min)
Figure 3-3. Electric field polarity of AIR-side electrode.
3.2.9 ALl
2 [i6] 7B AT 53 AT A8 (3 il 28 TR 0 G 00 B B i B & R AR e e fE CE G A iR SE T
HEYJIE %217 >7-, Figure 3-4 (a) \C/NNVAELEZEHE THRE THD N H — K5

(Trigger time) LHIE AT v 7 (Measure step) -7, HIEIL 60 s TEIZT —F2 % M5
THATYTLL, ATy 7 60 s IXE LA FRL, ATy 7 TEIZNI A — R 30 s Ol {H %
1T»>72, Figure 3-4 (b) IZ/NVASMHZ/RT, 2L AEEIZ 200 VT 3 ns X 400 Hz
THEIINU7z, ZEMIE A A0 D7 77 138 572\ W RV, BEIGENIN 30 min % D 22 M & ff /7 Af
LTz,

@ OFF: 10 min OFF: 10 min

e———— ON:30min ————»|«—» «——— ON: 30 min ——>|«—>

Measure step: electric field load

| i | I R | | | | I N
1 1 1 1 I 1 1

0 \ 30s 60 90 120 X

Trigger time (s) Electric field polarity switching time
(b)
»»»»»»»»»»»»» 200 V
3ns

— 1/400s ——>

Figure 3-4. Space-charge distribution auto measurement: (a) trigger time sequence

control and (b) pulse conditions.
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3.3 WHREEBE

3.3.1 WrmEiE

Figure 3-5 |Z CR-U & A &% £ /b CT/E# L 7= PDMS/CR-U (A0/T100) 17.9 (a) ~
42.9 (d) &£ PDMS/CR-U (A100/T0) 17.9 (e) ~ 42.9 (h) OWr & %<3, (d) & (h)
? AlIR-side I K T 5 O YLK E % (D) & (H) ICEZERT, PDMS/CR-U #HE 1K
IZERR D Ry J AR AL U L TWAH A BEA R LT,

AlR-side [€

PDMS/CR-U (A0/T100) z

A O St & -
PET-side BUE “R50.0m :

z=179 24.7 30.4

AlR-side e

PDMS/CR-U (A100/T0) z

PET-side BQfim it

z=17.9 24.7 30.4 42.9

50.um 50.um

Skin layer _L |

15um L. T5um

Figure 3-5. Cross-sectional images of PDMS/CR-U composites: (a) PDMS/CR-U
(A0/T100) 17.9, (b) PDMS/CR-U (A0/T100) 24.7, (c) PDMS/CR-U (A0/T100) 30.4,
(d) PDMS/CR-U (A0/T100) 42.9, (e) PDMS/CR-U (A100/T0) 17.9, (f) PDMS/CR-
U (A100/T0) 24.7, (g) PDMS/CR-U (A100/T0) 30.4, (h) PDMS/CR-U (A100/T0)
42.9, (D) enlarged image in the dashed circle of (d) and (H) enlarged image in the
dashed circle of (h).
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PDMS/CR-U (A0/T100) z IX CR-U B H EOHIMELHICRKREREKMAAR 5 HL -
AlR-side I ICAF O HLIEX BB EmEEZ R LT, fJ5, PDMS/CR-U
(A100/T0) z IX CR-U EH RIZH1b5OT, INSRERMANE — 20 LI AX g0
U SRF R T T I A R LT

Figure 3-6 |Z PDMS/CR-U (Ax/Ty) 42.9 OW i Ei 4%~ , HEEEITERRHEN~
RN 7 AR AL HIZ oy BLT-FE o B & A 7R L, THF OFIE N KEL2DI2EL720 CR-
U OEREII KR &L, AIR-side llICAF U @ K S 72,

I Skin layer

AT

A100/TO S AS0/T50

THF content, y =0

Figure 3-6. Cross-sectional images of PDMS/CR-U (Ax/Ty) 42.9. (a) PDMS/CR-U
(A100/T0) 42.9, (b) PDMS/CR-U (A50/T50) 42.9, (c) PDMS/CR-U (A25/T75) 42.9
and (d) PDMS/CR-U (A0/T100) 42.9.

Figure 3-7 [ZWii B AEATICE > THONTZERBBIOAF U OEESE THF OF&
DR E T, THF OE[EOHEMELHICERBIIHEML, AF U EBOESIE THF OE4&
2% 87.5 wt% LA B CABIZHMN T 2 IE X R Wr m i & ~ DB {L 2R LT,
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30

@ : Spherical diameter :
=g M : Skin layer thickness
23 2|
B g
[~
= J
GR
28 10
2 =
0 v
0 25 50 75 100
87.5

THF content, y (wt%)

Figure 3-7. THF content dependence of spherical diameter and skin layer thickness.

3.3.2 REMERST

W 1 A% & 1T F L =& R L7 PDMS/CR-U (A0/T100) 42.9 & (A100/T0) 42.9 O
LRy 21T o 72, Figure 3-8 [ZZNZ DB ERD ATR/FTIR A7 ML D il % 7R
T, vaXH A Si-0-Si &V T /M -CN OB AR EE —27TH5 1000 ~
1100 & 2250 cm™ ' L1235 B L COMT 21172,

Figure 3-8 (a) (2 PDMS/CR-U (A0/T100) 42.9 ®#if L=~y 7 A LERIRAH D
ATR/FTIR AXI MV ZRT, vaxd UG OWRIUIEKRMBO T R~ Ny 7 2 E0
DTN EShoTe, )7, -CN EZOWIUI Ry 7 A TITIZEA B LI oT
DERAHTIZBEE ThHo7e, TOZENGEINRIENZ CR-U THY, vy 72 HITE LI
PDMS {7 &&E 2 b5,

Figure 3-8 (b) (Z PDMS/CR-U (A0/T100) 42.9 ® AlR-side f|& PET-side fll®
ATR/FTIR A7 V&R 7, PET-side | a1k W S ORI IE AIR-side {i] O WL IY
Xob/NEhot-, )5, -CN HEOWINIE AIR-side il TIZ/hSW e ns@ IS, PET-
side Ml CITBABRICBLHI S N7=, ZDOFERIT, PDMS/CR-U (A0/T100) 42.9 MNIEXF #r7p i
ETHY, AlIR-side IO AF U BITBHIC PDMS K5 THHHLDOD, CR-U kb a £h
TNLZEZRLTND,

Figure 3-8 (¢) (& PDMS/CR-U (A100/T0) 42.9 ® AIR-side fil& PET-side I
ATR/FTIR A7 V%<7, AlR-side fll& PET-side flldD-CN b m U fEH DR
WA VR ZENEN—F LTz, ZHI2LY, PDMS/CR-U (A100/T0) 42.9 (3% #r72i#
EThHEEZDLND,
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40

Transmittance (%)

20

Figure 3-8. ATR/FTIR spectra of PDMS, CR-U and PDMS/CR-U composites:

60

CN: 2250 cm’!

PDMS/CR-U (A0/T100) 42.9

40

Wavenumber (cm!)

Matrix phase : mmm \ 1 :
Spherical phase : mm : h :
PDMS : \
CR-U :
— Si-0-Si: 1000~1100 cm! 4
3500 2500 1500 500
Wavenumber (cm!)
(b)
T ww
/ T
CN: 2250 cm™!
PDMS/CR-U (A0/T100) 42.9 -
I AIR side: mmm '
PET side: we !
| . Si-0-Si: 1000~1100 cm’! T
3500 2500 1500 500
Wavenumber (cm!)
(©) ]
WJ
| CN:2250 cm!
PDMS/CR-U (A100/T0)42.9 W
" AIR side: mm b
PET side:mm A
, , Si-0-Si: 1000~1100 cm’!
3500 2500 1500 500

hpherlcal phase

Matrix phase

PET

(a)

spherical phase and continuous matrix phase of PDMS/CR-U (A0/T100) 42.9, (b)
AIR-side and PET-side of PDMS/CR-U (A0/T100) 42.9 and (¢) AIR-side and PET-
side of PDMS/CR-U (A100/T0) 42.9.
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3.3.3 REEHER

PDMS/CR-U (Ax/Ty) 42.9 O K EEHLRZ W E T HZ LI L0, Wrim i iE & o B R % i
# L7, Figure 3-9 (a) IZHEEIED AIR-side fil& PET-side Ml £ m#H1R L THF
DOEIGOBBERT, £, B2EMELT, CR-U L PDMS I AR~ —DF H I L LR
L7z, CR-U ®#EHEL CR-U (T) &% PET 74 /V A kI /35% Wi X7 4V T 7V —
HZ—THGIEMIT L, EEEROERSEIFEFERICEIR T 30 min AELZ%, 150°C
T30 min MMZAL T CR-U/PET 74V L% ERILT-, AIR-side fllO R EEHFEZREL,
CR-U O FmHRL LTz,

ACT OEIGMN 25 wt%lh O A KD AlR-side & PET-side Ul D 2% i R HL =k
PDMS LRIFRICHIES O ERAEZB 25 10 QLI EOEWEE/RLTZ, )7, THF ®
FAE D 87.5 wt% bk EO#E G KD AlR-side Il & PET-side fil O R m#kHi 1% 1013 Q 2
JE %L, PDMS/CR-U (A0/T100) 42.9 {X PET-side il ® F m#H L= 1L CR-U LV EL,
AIR-side I XV IRWVEARL 72, BRI IIRONETF 1T CR-U < PET-side <
AIR-side << PDMS DO fEi B TH o7,

(a) PDMS PDMS/CRU  PDMS/CRU PDMS/CRU PDMS/CRU [: AlR-side
(A100/T0)  (A75/T25)  (ASO/TS0)  (A25/T75) []: PET-side

___ PDMS/CRU
(A12.5/T87.5)
PDMS/CRU
N 1 (AO/T100)
4

i er’

Surface resistivity (Q)

PET-side (Nom skin layer)

0 25 50 75 87.5 100
THF content, y (wt%)

(b) PDMS/CR-U (A100/T0) 42.9 (¢) PDMS/CR-U (A0/T100) 42.9

Relatively fast charge
transport

Extremely slow charge

transport
AlR-side | <

A\

PET-side AlR-side PET-side
Slow charge transport

—

Skin-layer
Figure 3-9. Surface resistivity of PDMS/CR-U (Ax/Ty) 42.9, PDMS and CR-U (a).
Schematic diagrams of charge transport: (b) PDMS/CR-U (A100/T0) 42.9 and (c¢)
PDMS/CR-U (A0/T100) 42.9. Probe type: URS. Voltage condition: 500V x 10 sec.
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PDMS/CR-U (A100/T0) 42.9 ® AlIR-side fil& PET-side il O F H K FLRITZNZE T
BV kR IEE R L7220, CR-U 23 PDMS IZEBE DI, BWEEHRFIEEZRLIELOLEE
AHi, BEEROEREOENPREBRITB IR EL RITTIL2ER LI,

Figure 3-9 (b) & (¢) |Z PDMS/CR-U (A100/T0) 42.9 & (A0/T100) 42.9 OFEH D
BRI EZRE N RT, REOBENES G BIZEFTWIZIERIbDESE
Z25&, Figure 3-9 (b) (27831512, PDMS/CR-U (A100/T0) 42.9 PN D & faf O % 2% 3
RPN E VR ENDIEF B VD, BRIOBEN W ERHERIS D,

fti )7, PDMS/CR-U (A0/T100) 42.9 |Z Figure 3-9 (¢) 2/~ 9 X912, PET-side il O F
PR AIR-side lIOAF U E O REIBHLHR LV B K2, PET-side 725 AIR-
side IOAF LV EMITETHBWENHE TEMOBENATREEZOND, )7,
AIR-side IO AF U JEN TIXEMOBIEITENEZ 2N, U LEORERND, A% 8
& PDMS ~ R w7 AL CR-U k&g &, ¥ 7 /=F )V (-CH,CH,CN) #4795 CR-
U BNEMMERLRVERM OB ENRETNDLIENRBINT,

3.3.4 PDMS/CR-UBBRDOHTHELIEE

THF OFIE 2 100 wt% CIERL 728 &R ILRKEKE CR-U fH& AIR-side I A @
AU IE AW S &S A2 R Lo, s, ACT OFIG 2 100 wt% CTERIL -8 A 1T
/INERPE CR-U MDY — L 72 W &2 TE R L7z, ZOMEDOREREICEL T,
PDMS & CR-U iZxt 95 ACT & THF OZ N ZE N ORFMEEZHER Lz, FMEORA R
% OWR AR E TS, MBI bEBlE 7=, MZ T, PDMS/CR-U (Ax/Ty) 42.9
WK DOIRA B % ORI EZREL, IWROME DB BGRREE E 8L,

3.3.4.1 PDMS/CR-U/¥EHEDIET M

FVWIE 3.2.1.1 L FER FIE TR, SO E R CR-UIZK 72 ACT &
THF OEFIMIL CR-U @ 50 wt%iRiZ THD CR-U (A) & CR-U (T) DEKE=ETNLTN
BELT-, 7=, PDMS Ik 35 ACT & THF @ =X Tables 3-1 & 3-2 OFL T
T~ L7- PDMS %K/ TA I EE=11/8.25 THi# L, PDMS/THF & PDMS/ACT &% €
NHEfFL CRLEI L=, &5IZ, PDMS/CR-U/IAMO = H M ORMMEEHER T 5720,
PDMS/CR-U (A0/T100) 42.9 £ (A100/T0) 42.9 ODIREZZFT NN 7=, BERDOH
%, FWRAERBRE ITIES, 120 min OB ZBIE L5 5% Figure 3-10 (2787,
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Figure 3-10 (a) & (b) I{Z CR-U (T) & CR-U (A) WIRONBENEZNZ AT,
CR-U (T) & CR-U (A) ¥##RIX 120 min AL MEFFL 72, Z4L1E, THF 3L ACT A
CR-U D BRIEHB-BITHHZLERL TN D,

Figure 3-10 (c) & (d) (2 PDMS/THF & PDMS/ACT IR iE DINVBLZE AL 2 F N EhRT,
PDMS/THF 1% 120 min B2 /R L7223, PDMS/ACT IRIRITIE A EHZ O T HE
L7ZIRBEDNS 60 min & (CIZPAREIC 2 FEIZ Ay BfEL 7=,

ZDRE R %A Hansen IZL > TIREBINTIBMME T A—ZTHELZ LT, BWHRMENNTA—H
TBET XL —BELHODL T THY, n R8I (AEJ) , Wit (AE,) B
FOKFBRED (AEL) DD EZERICHONIZENTESL, WM T A—Z T E 5 T
OIRFNVEFEAR O BEEE - /3 BOE B O MATICH R TE D, KX (3-3) IXBEMEENTA—=H 5D
AR A ERL T B-14IB-15]

1 AE4+AE, +AERY /- 1
5= ()7 = (LAt B (524524002 —— (3.3

ZIT, AEIZETEN AT RLX — (cal/mol) BED Vi lTE/NEFE (ce/mol) =7,
da, 0p BEO s iTENTNEA, WiE N BIOKEFBERIICHK T HTA—4%
RY, s DEMICHTZ-T da, 5, BE 0 fEIT Hansen D =R TTIAFEVERNTA—FH B
BN L7 BB SR E R %A Table 3-4 12”3, WMEME/NTA—% 613 ACT & THF
IXIFIERICMEZ R LT, 6, X ACT @ )58 THF LVb K& fE% R L7-, PDMS/ACT
VRIS 2 FZ 0 BE L 7= DX 5y T O FT ISR 35 0, N B LI Tlenine &
2 HiLD,

Table 3-4. Hansen solubility parameters of solvents.

Solubility parameters [(cal/cc)!/?]

Solvent
0 04 Op On
ACT 9.74 7.58 5.1 3.4
THF 9.52 8.22 2.8 3.9

Figure 3-10 (e) & (f) |2 PDMS/CR-U (A0/T100) 42.9 & (A100/T0) 42.9 I&iE D4+
BlZEb%Z "7, Figure 3-8 (e) I/~ 7 LD PDMS ##KIZ CR-U (T) WiKAZMZ 7=
PDMS/CR-U (A0/T100) 42.9 {EIRITIHERE £ ICHY, 30 min ZIZIX EEIZEW T, T
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JEIXEE L7 I BEL 72, 120 min #1201 T8 I23E A7 e i K& W) TR 23 8L
Efiz, CR-U & PDMS OFEEIXZ L4 1.23 B3 21,03 g/em’ B0 THHZ LD,
CR-U M P EBELIZbDEEZXOND, LEER->T, EHOBEHMBIZIELIC
PDMS/THF CTHV, T O H%FMILZ PDMS/CR-U/THF THDHEZEZHND, TIUILBIK
PEDEV PDMS & -CN e 8 DBUKMEE REREA D CR-U LIRS 2L, REFIZ
FEIZBEL, CR-U BN EEE L7222 RIEL T D,

CR-U(T) CR-1T (A)
() min 30 60 120 0 min 30 60 120

PDNMS/CR-U (A100/T0) 42.9

B i

0 min 30 60 120 0 min 30 60 120

Figure 3-10. The solution appearances before curing after mixing. (a) CR-U (T), (b)
CR-U (A), (c) PDMS/THF, (d) PDMS/ACT, (e) PDMS/CR-U (A0/T100) 42.9 and (f)
PDMS/CR-U (A100/T0) 42.9.

-58 -



fth 77, Figure 3-10 (f) (/R T K912, PDMS & IZ CR-U (A) Wik&xiRALT
PDMS/CR-U (A100/T0) 42.9 #WIKITIR G EZICH A AIZRY S ELZ R L7, 120 min
BLRPERE IS ELTZRBEZHERIL, WIRONMBIT E S To<E LW IRIBE R L T2,
ZDOFEFIX, PDMS/CR-U (A100/T0) 42.9 WIKITERE D=, F¥ AMMED PET 7«
VI B CER R D E ST BE CIRES B D 7K FE 2 HARAIIZHEITL, CR-U HHOEERIL
Bridit x5 87, AL CR-U DY —ICo B Lo Bk i i 2 B L 7= &5 2 5
hd, LLEDORERND, PDMS/CR-U/E OB O 53 BE DS E SR DOTEREIC K E
ERIETZENRBINTZ,

3.3.4.2 PDMS/CR-U (Ax/Ty) 42.9 DY HS B

X A MR SFR 4y B L7275 3212 BI L T, PDMS/CR-U (Ax/Ty) 42.9 O ¥ {&KE FE % 0 i
L, BAEERDOERER~DORE DO BLEEE 7=, Figure 3-11 | PDMS/CR-U (Ax/Ty)
42.9 DIEHEKEE L THE OFI & OB E =T,

10

© S)

n (Pa

0.1

THF content, y (Wt%)

Figure 3-11. Relationship between the viscosity of PDMS/CR-U (Ax/Ty) 42.9
solution and THF content, and schematic diagram of PDMS chain aggregates apparent

size.
THF OE|E O EL 2 WIR K EIXIL T L, THF OE[E 28 87.5 wt %Ll ET—&

DIRKEEZ R LTz, )7, ACT DEIEG N REWVRRITEEZRLTIZ, ACT DEIEHMRKR
EVREETIEE S T REOBEENREEMEZRL, THF OFE R REWVER TIEm
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R EOBRPLARD Z eI EZ R LT LB X DND,

ZOFERIX THE OFI OB IMIEL 720 CR-U OERZENHE KL, THF OEIE ) 87.5
wt% LLET, AF VR REIEML7Z/E R (Figure 3-7) LHRWVBIRAH Y, K E 23
R IEB AR S A F DI LIcbDEBEXDND, WIRPHODBEEZ RLICRERND, BT
IR D @5y T O H G Ve RS HILE Y O 5 BOR BRI O A EL, T
FHEE, AV =X R, ERERM AR EOERN RIS 5L DEE X HND,

3.3.4.3 BIRHESBEEKAREEEDOBLER

W OFE 5y BT BORRR B A RO K ORIV TELE L, Wb on o7z
WIRITE D TRERKEEZDND, 22T, RICHEBORESOAr — Va2 E 22X,
FEFTRBT 2RO R EAL R NENIHEROR T =V T ERIH 3%, y 3L
E¥ x OB THLIGE AT =V ZRIBRVSLSETHE, y & x ORIZIE (3-4) 28
BASE 5 (k, p IZEER) B-17,

y=kx? —_— (3-4)

X (3-4) OILBIER k 28 MLTHA (3-5) TRTILLTED,

y < x? (3-5)
x & Ax ELT2EEK (3-4) 1%
y=k(Gx)? =k x? (K =kP) — (3-6)
Y, BHEER S UANOEE O IZE DL, EORER, A7 —V T HIBKDSESEE
2,3 (3-5) HDHVIER (3-6) THETZENRBS,
PG De Gennes (Z@EEEDE D TEBRORE IR~ —HOEIIZIEFITHEIE THY,
M p XAV~ —HANDOE /) ~— (=v ) O TREND NEEbicsme, X (3-7) @

IR =V T ENB AT 3-18]

0~ N — (3-7)
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ZZT,mylE 3.3 ~35 A=V T ENDGEDNRL Y, KX (3-7) OBERE AR I H
THE,NDEALTHS PDMS BHEED BT OV A X% g OBACICKMEE LI LN TE
%o LIEDo>T, my OEIZEAR 7L, n D REWVIZE N RELRD,

U EoEwm»D, L TFTOMBENEZLND, Figure 3-11 OV T 7 WNITH E L bL
PDMS BER O A K ZRT, THF OFIGE 87.5 wt% LA EOKKE O FRIR CTlX, 5 1%
HOH/NSIEIZE L, SV L, /&7 PDMS SO EERIT CR-U 25 LIEIRIC
SELUTWAIREEICH S, W2, ACT OEAOHEIIELR, BT od 4 IR k&L
720, PDMS/CR-U (A100/T0) 42.9 EKITIRE BEHZIZN—AMNROY L2770, Ik
IZ& 5T CR-U KA PDMS $HO REREEKICHEBESN TVWDHEERHBND,

Figure 3-6 O W if [E {4 31 L O Figure 3-7 D27 7755, PDMS/CR-U & KD fEIX
F oy AMERIAE T 2B ENRURFE T DR RPN GO, 22T, I AMNSROF S
BELBESIROREORBRREILIZE L LT, Figure 3-12 ([ZX v ANRRO My BEEE S
(NN YOk VR R g N BN

Figure 3-12 (a) (2 PDMS/CR-U (A0/T100) 42.9 ~ (A12.5/T87.5) 42.9 Rk L1k
BOBEAGEROK K %Z 7T, CR-U X THF 8L ACT LIRFfENFE W2, CR-U IX
THF-ACT OB OMAIZIAfE T 5, PDMS I THF OFEIE DN KEWIREE IS IR fiR
T 2528, PDMS iR E CR-U WiIRE IR A T 58, IREGWIZANEIC R E W 72 55 Bk & R T
%o /NP AXD PDMS EEEK%Z A 35 PDMS fHIL THF-ACT @ CR-U iFIRIZ/r S,
Figure 3-12 (a) @ (A) 2T X912, /& PDMS B8R (kO ER) (3B 8083 &<,
RWEEEZ R LTZEBE 2 BN D, PDMS NEBE ORI L Z IR BRIBEOHEATL LB ITEEE T
%&, CR-U (X PDMS BEEENBIR 2 TRV S, CR-U ORTEMEZTER T 5 (B), Al
L7273 CR-U & PDMS O E1X CR-U O SR KE W78, CR-U Wi AR 1T ki S b~ m
TAPIZIEFEL, AIR-side RMEICAX LV EZH T2 I 5k BRVEWT A& SRS av7z, N
2T, HEHMEFE L PDMS RAA Y 21X CR-U 235, 6180 F£ m KR ITK
VWEZRLIZHDEZ 25,

Figure 3-12 (b) IZ PDMS/CR-U (A50/T50) 42.9 A DA%~ LC\5, Figure
3-12 (a) & (¢) DHW DO —A%7RL, Figure 3-12 (b) ® (C) TlX, PDMS & (AT
W AXEBEZOND, #H-oT, BAEKORELPRIMELZ L, PDMS fHIZi% CR-U 23
FEAEEENTRELT, HAMEHT (¢) LRERICHWERKEEZLND,

Figure 3-12 (¢) |{Z PDMS/CR-U (A100/T0) 42.9 ~ (A75/T25) 42.9 I5ik L18E A ¥
DA X%~ F, PDMS (X ACT EORFMEIZIKLS, ACT BB E 72 THF IFHEIZ /0 HL T
WHIREETH D,
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Figure 3-12. Schematic diagram of the phase-separation of the cast solution and the
composites: (a) THF rich phase-separation with low resistivity, (b) ACT/THF=50/50
wt% and (¢) ACT rich phase-separation with high resistivity.

Figure 3-12 (¢) ® (D) (277 L9912, PDMS &R E CR-UBREZIRA LI EKZIZ, CR-
U X PDMS BEHRKTEDONTE X —ANRDE %ﬁi%&ﬁ/ﬁkb K &7 PDMS EEHE K DN B K
PEFHEAERICE > THE T5Z281C80, BIRITIBEGERICEMELRLIZEBZOND,
I D7 1%, PDMS %E’éﬂ:éﬁ“(ﬁfﬁgﬂf:%ﬁé{mi Figure 3-12 (¢) ® (E) (27§ &9
IZ PDMS TEDI, SN/ CR-U RNy HL 72 IREETHY, PDMS IHIRAHE
BICHEFAHEZER T 5720, CR-U X PDMS ~ Ny 7R ZE&EFN TV ARNWEEZLND,
ZDOEIZLT, ACT DEIE N REWVEEZ AW TERL 728 G IKI3/ N EKEE CR-U 238
ST FRPER A S A2 R~ LB X bND, RO OfE R0 CR-U 28
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BAET D0, RE RN HMEE R LIRS L0 FS 2B RIC L AL b0 L
ExbND, P EOBEND, WO S BRI RS 1 A O R SR T
HEs gl AR ML SR, LR, 22 AR 40 75 45 K OV AT S B IS B b D LRI S
nas,

3.3.5 SliEHMER
Figure 3-13 |{Z PDMS/CR-U (Ax/Ty) 42.9 & RO 5| iE#HE =R L THF O E|4 O Bt%

Y, BIERMMER X THF OFI G ONEEbIc, T<oT Iz, WA+
FTUCTHBL 72 PDMS O 5| iE#E1X 1.8 MPa Z7~xL7-, PDMS/CR-U (A0/T100) 42.9
DB RS, 1Z1E 1 Mpa THY, +oREMERELRTIERHERINT,
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B
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o
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Figure 3-13. THF content dependence of tensile elastic modulus of PDMS/CR-U
(Ax/Ty) 42.9.

3.3.6 LLFEERLFEREM

Figure 3-14 [Z&FBEHIED 500V EF FIZBITHHFEEFRLRT, Figure 3-14 (a)
\Z PDMS/CR-U (A0/T100) z, (A100/T0) 42.9 33 LT PDMS D b 5 3 &8 i 2 0 B 1%
#7779, PDMS/CR-U (A0/T100) 42.9 DHFEEHRIX 0.5 Hz b0 b2MIZH L, 0.1
Hz TIiX 100 [ZIEVMEZ R LTZ, THLANOBE AR E R EE CO L FBERO 2%
HNA RE72 o772, PDMS/CR-U (A0/T100) 42.9 ONE CIXIK)E ik tEI TE OB
BACED BN RESFE T ENTZLEZRLTWS, ZOHBITAEIL PVC FARETY
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BLHSNTRY, ERRFERNEZISEEAREEEELGATVDHERESN TNDE

19]-[3-21]

o

Figure 3-14 (b) (Z PDMS/CR-U (A0/T100) z & (A100/T0) z ® 1Hz [ZBF 5 LFHE
O CR-UGHREEOMGZRT, HAEKROHFERIT CR-USGHBEOHEMELHITH
U, THF TIERLZESHED ST 23 ACT THERLZEARIVL LFERITH WV EZ R
L7z,
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Figure 3-14. Dielectric constant of PDMS/CR-U composites under 500V: (a)
frequency dependence of dielectric constant and (b) CR-U content dependence of

dielectric constant at 1 Hz.
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Figure 3-15 (a) (2 PDMS/CR-U (Ax/Ty) 42.9 OlFEREF KRB OBEFEEZ R,
THF OE[E 73 100 wt% DE S KD ik ERITICE IR IZ 20120tV RE<#EmL =, o
ENOBESEOFHEBERITEEERER TCOLFEEBEROZEL W INILLN R >T,

Figure 3-15 (b) Z 1 Hz (BT HILiEEEL THF OF & OBHRE R, THF OIS
OIMEEH I B RITERAREMEZRLTZ, THF OE& OHEMMBNEEIKN O 57
ZFHEoIL, W2, ACT ZEEE ootz + 5zl

(3)120
100
PDMS/CR-U (Ax/Ty) 42.9
100 —e—(A0/T100)
80 ——(A12 5/T87 5)
= —=(A25/T75)
g 80 o (A50/T50)
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o 60 0 —e—(A100/T0)
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Figure 3-15. Dielectric constant of PDMS/CR-U (Ax/Ty) 42.9 under 500V: (a)
frequency dependence of dielectric constant and (b) THF content dependence of

dielectric constant at 1 Hz.
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33,7 AVE—FURLBERE

A —H AT T ay b, FEEE A B & el R /R L7 Cole-Cole
7ay et L7z, Figure 3-16 (& PDMS/CR-U (A0/T100) z & (Ax/Ty) 42.9 ® 3
kV/mm OEL T D Cole-Cole By haRmd, HEEMOEE 23 —X LV ADRK &
oy, BRESEEE 2 1Py A2 R L T\ D, Figure 3-16 (a) (/-7 K91,
PDMS/CR-U (A0/T100) z I£ CR-U &H &OHEMCEL a0y, SEH B30 dh #1308 2050
Z" (fiedh) 725, DI ncEEn A #k %~ L, PDMS/CR-U (A0/T100) 42.9 @ Cole-Cole
TayMIYHEE R L, FSMBEEEST CEEtEar 7o —olisRgEEa 7
P —OEINEIR TR T4y T4 7 B F6T, PDMS/CR-U (A0/T100) 42.9 LISt
® Cole-Cole 7By hE Z" IZih»> CRIKIISL S ERD KMoy 7 o —ffEZ R L
776

Z® Cole-Cole 7y N C/RENDFEMEIX PVC/ AT L L B-221 BRI PR R L X/
DT FNT VN —REB PDMS/AF RS VB2 BTSN TERY, T/ F 2
—ZMELO NI O BRI RELFIG T2 L CEETHS,

Figure 3-16 (b) (27" X912, PDMS/CR-U (Ax/Ty) 42.9 @ Cole-Cole v hZ
THF O&IE OHNE LI B # I BGE 27 (Hitdh) 2-50 3 2 2B, R 2 12 OM
I OLE B AR L7 2%, PDMS/CR-U (A0/T100) 42.9 DIAMT M - 2 RS
MoTe,

Figure 3-17 (Z Figure 3-16 (a) O % i [2] ¥ fif 47 T/ 54172 PDMS/CR-U (A0/T100)
z OEPUELHEREDO CR-U B BIKFMEEZR T, CR-UEHE 42.9 wt% Talic
EHUEAE FL, CR-U S A RO MELHICHBER BN/, ZOMKRIE, CR-UF
AREOEMELHITHB RO SmAFE I ShizbDEEZLND,

@

—e—PDMS
——(A0/T100) 429
——(A0/T100) 353
-L5 ok ——(A0/T100) 24.7

(A0/T100) 17.9
——(A100/T0) 429

0.02

Z" (GQ)

7' (GQ)
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PDMS/CR-U (Ax/Ty) 42.9

—e—(A0/T100)
——(A12.5/T87.5)
—=—(A25/T75)
(AS0/T50)
(A75/T25)
—e—(A100/T0)

7' (GQ)

Figure 3-16. Cole-Cole plots of PDMS/CR-U composites: (a) PDMS/CR-U (A/T100) z
and (b) PDMS/CR-U (Ax/Ty) 42.9.
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Figure 3-17. CR-U content dependence of resistance and capacitance.
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Figure 3-18 (a) & (b) |2 PDMS/CR-U (A0/T100) 42.9 ® Cole-Cole 7mv &k
BROBEKGEMEEZFNLEN T, Cole-Cole 7uyMIEBEN 2.4 kV/mm LL T
Mgz RL, hFERITBSOBEINE LS ITEE E AN ERE2 R,

b
@) 3 5 Tvmm 120 ®
0.6 kVVmm
¥ 100 F 1.2 kV/mm
A 5 WV /mm 1.8 KV/mm - ——1.8 kV/mm
B § s0 L —2.4kV/mm
a 4 —3.0 kV/mm
3 3
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0 1 2 3 o 1 2 3 14
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Figure 3-18. Electric field dependence of PDMS/CR-U(A0/T100) 42.9 Cole-Cole

plots (a) and relationship between the dielectric constant and frequency (b).

Figure 3-19 [ZHFUELFHFEREOBLKFIEZR T, BHORMELHITEGED
BTL, SFERENEIMNLIZ, ZOMEND, EHOEMELHIZER OB XTI D517
EAELDEZZBND,

100 50

3
N

80 r 1 40

Capacitance

60 1 30

40 1 20

Resistance (GQ)
Capacitance (pF)

20 1 10

Resistance
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Figure 3-19. Electric field dependence of resistance and capacitance.
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BB VMR A C, FERLBEIAEDHEMTIBRIIROIIICEZLND,
Figure 3-20 (Z 2 B BB ([ E Do) ICHERRAR LFF BB L Tza s T o — DAL
BB ITHEMOBEREOHAIXZRT, Figure 3-20 (a) [TKJE I O EL23EHIM
ENTREERT, EBWMOLABMOIIETNENEMEEGH T MICH BICEhE, ik
F D& 2 G AN I i A O JE S ([ FR D) & i C CRE M © 23 O, BRI 1% 0E 5 Af
DWW SBEMORMOBFHEEIND, BERNICAHNIL, HIbRIRARES 2L I Xt
LClESsar 7o —DROBNEL, EMEEXL I ThOIFERLEIAE BN REL
720, BRASEE T/NEL/25 (Figure 3-20 (b) &), )7, Figure 3-20 (¢) 2”7 &
JEM I CITIEBM @ LABMOILFVWERLIIBHE TERWD, FERELENE
BAVNSLRY, FRRFICESBEEIIEMT 2, FEBKOY 72 R THEEMOIS
T HALH 5 (Figure 3-20 (d) 21),

C=0/V=(5D) e

C: Electric capacity, Q: electric charge,
(a) Low-frequency

< Dy N V: Voltage
<—D—>|
i S: Area, D: Distance, ¢: Electric constant
+ S ® |—
Anode © @ & “Cathode
—_— d [—————
+ o

+/‘ @ \%:

Insulation phase  Dielectric phase

(d
¢ z —
(b) iz Ddielectric constant Electric cond1£t1y1ty
+ © S -
+ <) o _ - %
—_— § @ 7 @
© o &=
i © Sl = >
+ S~ .
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5] o .
. § /7 Electric field
(c) ngh—frequerllcy I /./, -
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+ : —
+ ; e o |-

Figure 3-20. Charge transport of insulation phase/dielectric phase and electric
properties in alternating current field: (a) and (b) low-frequency, (c¢) high-frequency

and (d) electric properties [3-31 [3-16],
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3.3.8 BHhEREE)
3.3.8.1 BHEIZEEOKRME(

Figure 3-21 (a) & (b) (2 £3 kV/mm D&Y FIZFH1F72% PDMS/CR-U (A0/T100) 42.9
OMEEORMEMEEZORELZNEINL T, ZIT, (a) IZ3-T Y BIOIEDE
X PET-side I G IR i AT L2 &2 RmL TV D,

Jiti i 2 J2 1% AIR-side | OB A GMIZL7Z8 A, t = 0 (E1) T+3 kV/mm OEL
Fin42&, EHIZKRES PET-side Ml (240) 72 EBL, R LEbIZE FIREZRL
7=, t =30 (EZ)“C“?Ei‘ A TICTHEERITEREFICEA L, B TIhORBIZKE-T-, ¢

= 40 (E3) T AIR-side flO&EMAZEMICL T3 kV/mm OELZEZHIAILIESLE, +3
kV/mm OEZEZFIMNL72EE LR U LIICIEdZ T IL PET-side ]l (B 5) ~1x ~ (2L,
55 min % ICITEFIRREIZELZ, = 70 (E4) OFEHA 7 HIIBRICEFEIZE AL, T
DOIRREIC R DB E R~ LT, ZDXHIZ, PDMS/CR-U (A0/T100) 42.9 O Jf th A I1LE
Gk Z v 53, PET-side I S MICE T § D5 RN 28 Z2 Rz, 22T, =+
3 kV/mm DOFEIH 30 min % EEBEBEA 7 HOLE R EO X% E il £ (Bending
deformation) &L 7z,

F7z, Figure 3-21 (¢), (d), (¢) BL W (f) |Z Figure 3-21 (a) T/rL7Z E1, E2, E3 5
JOE4 OEFIOREEZZNEN T, HELHRE LED OFATANEENZ 1L AIR-side 1
& PET-side | OB\ CHHZ LA /RLTWD, Figure 3-21 (d) & (F) (X E S Mk

I, PET-side ICAE TR L2 2R T HBG TH D,

(a)
— 400
= _ _ OFF
= 300 OEE Bending deformation
5 \ J T ,,,,,,,,,,,
E 200
S Bending
3 100 | deformation
0 ON l
b= 0 :
3] PET-side i *.  PET-side """"'" """""
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(c): El (e): E3

AIR-side

PET-side PET-side

(f): E4

Bending deformation

Figure 3-21. Bending deformation of PDMS/CR-U (A0/T100) 42.9: (a) Temporal
changes of bending deformation and (b) electric field polarity of AIR-side electrode.
Bending deformation images just before measurement time E1-E4: (c) El, (d) E2,

(e) E3 and (f) E4. Electric field: £3 kV/mm.

BRI 5T, BHHINE % 2D PET-side Il 5 1A JE 5 I T 2 BLRITARY
LA ZTGANY =R ETHIRIESN D AT = RO RN EZDbND, FFEARAETY
— RO BMEREIERLEZI A AT VR VBV a— v AV EREAR
PDMS/FL 40.1 ®f% Figure 3-22 (2773, Figure 3-22 (a) NOMARH NIRRT L
2, ARV =3 RIE ¢ = 40 THRMEA KIS LB (E3) IBIEZ BT HRTOE K e
FICHMIC WoloABIEL, ZORIFRAICHEDO T MIZERTLHETHDL, ZOHR
FEASNTHNRWD, ZIAMY — D@ REEIZH R T 2L 5 b T B-241-6-200
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PDMS/CR-U (A0/T100) 42.9 DR D %I R HT &R U7 AT § 5% 8>
5, ZOEAEITITRNAE) RO EERHLEZEZDND, ZOEHNRAEY—F)
RNEIDEHRT D720, YD K% ICES % 120 min FUINL 72355 & L& 5 ik 2 4
VIR KIS E-5E6 0 Z O F% Figure 3-23 (2757, Figure 3-23 (a) 12 900
min (2O 72 EBORE R %KL, Figure 3-23 (¢) I[ZELOHIMEA 7 20K LT1-5
4 @ Figure 3-23 (a) NOMEHR M3 & M4 OJE KX %773, Figure 3-23 (b) & (d) I
AIR-side I EMDEL 2 ~7,

Figure 3-23 (a) CTs/rL7= M1 /Z AIR-side il O &M% 548 (2L C 30 min E 4]
L, 10 min OELHA 7%, MMEZ BRI EESE T 120 min BEHZFMNLIZ LSO ih 2
BarmL T\, £/, M2IZIE M1 EOERAT 180 min #I12, MM 2 R) S BRI
RERSHE72LED 120 min O AR ZRT, W& EHIZ 120 min O i #2213 5 5 F)
IME#NBHINT 5 —EMfA "L, 2% PET-side Il 5 IR FFS 7z,

Figure 3-23 (¢) 29 X002, FHENZOEVESGNKELZIZHE DL T, EHON
HRH 5 COEFRITEEIZ PET-side Ml 7~ — FAIZEF LT,

UL EofE RIS, PDMS/CR-U (A0/T100) 42.9 OELBIEICHNDLT, [F— FHIZ
R ZBTE LT EBI AT — R TR RN EE X B ND,

2 200 (a) fer]
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Figure 3-22. Memory effect of PDMS/FL 40.1: (a) bending deformation and (b)

electric field polarity control of AIR-side electrode. Electric field: +3 kV/mm.
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Figure 3-23. Long-term temporal changes of PDMS/CR-U (A0/T100) 42.9 bending deformation: (a) 15 hours measurement,
(b) and (d) electric field polarity control of AIR-side electrode and (c) enlarged view of dashed circles M3 and M4.



3.3.8.2 CR-UEHEKFH

Figure 3-24 |2 PDMS/CR-U (A0/T100) z &£ (A100/T0) z @ AIR-side 1l D & 5% 15
MEEMIZLZHE O £3 kV/imm OES FICBIT2Eh A E CR-UGHEOBGREZ
NEnr3, PDMS/CR-U (A0/T100) z DR ZFIL CR-U GAEOHEMELLIZHT
DITEEAIL, CR-U 42.9 wt% CTIEEIZBIEIZ)H 25T, PET-side lllc KEE AL
72, fliJ7, PDMS/CR-U (A100/T0) z ®JE A 1T CR-U & H &K FH T IEF T/ S
WMEAE R LT,

800

PDMS/CR-U (A0/T100) =
e @ : AlR-side anode AM
= 600 - A : AIR-side cathode -
E I
S 400 LPDMS/CR-U (A100/T0) = '
g @ : AIR-side anode 4 ‘ Ameside =]
AT A : AIR-side cathode Y |_|_
a0 200 i
g
o
=]
A 0
_200 1 1 1 1 1 1
0 10 20 30 40 50 60

CR-U content (wt%)
Figure 3-24. Relationship between the bending deformation of PDMS composites
and CR-U content. Electric field: £3 kV/mm.

3.3.8.3 THF DE|& D%

Figure 3-25 (2 PDMS/CR-U (Ax/Ty) 42.9 @ AIR-side {fl 0> & i % [ ik & & fi (2 L 7=
BE D E3kV/mm OES TIZBIT2BMZERE THF OB & OREENENR T,
HIZE X THF OFEI G OHIMEEHITHEINL, BIA 2N 87.5 wt%x B2 5H7-00 0 B
PEIZ 59, PET-side Il GEAF UMD IR i ETE LTz, )i, ACT DFIG A KE
7B 72 WE AT s Sz, o8 Ri% Figure 3-7 (28 L7z THF OE& 2
87.5 wt%Lh T CR-U MO RN KL, SIKICAT VB ORI NI 725 R E5k<
BIHLL TRV, HE RO I Frk b m i s 2N fr R Bl B $8h2F 5 L-eE 2D
no,
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Figure 3-25. THF content dependence of bending deformation of PDMS/CR-U

(Ax/Ty) 42.9. Electric field: +£3 kV/mm.

3.3.8.4 BHOEE

Figure 3-26 (Z PDMS/CR-U (Ax/Ty) 42.9 DR th BB B OBEGEERT, THF ©
FIED 87.5 wt%lh LK TR LIZE S KITE G boT, EhoHne
H1Z PET-side I ~D i 22 R L7z, fJ7, ACT OEIG B REWES KO il 2277
ILESG O NbLT /NEhoTe,

800
PDMS/CR-U (Ax/Ty) 42.9
i ~ H: (A100/T0)
E‘ 600 | /”ﬂ_ /—I_‘_
y s @ (as0150) -1
S | ®: (A/25/T75 !
= 400 @®: A12.5/T87.5)
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-200 L ! .
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Figure 3-26. Relationship between the bending deformation of PDMS/CR-U
(Ax/Ty) 42.9 and electric field.
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3.3.9 ZEMERIM
3.3.9.1 CR-U&EHEKFH

Figure 3-27 (a) & (b) {2 PDMS/CR-U (A0/T100) z ® AIR-side {ll ® &% [ 2 L
2B A DM B 44 & PDMS/CR-U (A0/T100) 42.9 O & fif 2 7 45 A Kk ie DA KX %
TNENRT, 77T ORE LFEERIZESENIN 30 min 1 0O %2 M &4 510 &
K9, PDMS/CR-U (A0/T100) 35.3 ~ 42.9 X5 8/56 il A O RN E IC~T 2B
fif G F (BB RARHR) PO bz, i)y, Fmmy/s0R S AT o RE N IS, ZX<
EO~TaEMNEE(EEM) BROLNLDHL DD, PDMS/CR-U (A0/T100) 35.3 ~
42.9 13 I R} Btk 22 [ 7B for o3 A 2R LT

UL Eo#EFE 235, PDMS/CR-U (A0/T100) 42.9 0> 22 8] 76 17 43 Afi 1% b5 46/ 5808 L i A+ 0T
ORBINEICABRMONEBLIAMIREBEEZOND,
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Figure 3-27. Space-charge distribution of PDMS/CR-U (AO0/T100) z (a) and
schematic diagram of charge accumulation of PDMS/CR-U (A0/T100) 42.9 (b).
AlIR-side attached to anode. Electric field: +3 kV/mm.
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Figure 3-28 (a) & (b) {2 PDMS/CR-U (A0/T100) z @ AIR-side fH] o & i % 2 4 (2
=B A DM B 44 & PDMS/CR-U (A0/T100) 42.9 O & fif 25 7 45 A7 Kk ie DA KX &
TNENTRT,

PDMS/CR-U (A0/T100) 35.3 ~ 42.9 [patim/apk R i 4 00 0 30BN IS~ 7 1 8 far
HAE(EEM: BAfE) BN, )y, B/ ek A o ek, Z<4
BO~NTOEMEM (ABMW) PROLNLDLE DD, PDMS/CR-U (A0/T100) 35.3 ~ 42.9
RIE PRPEZE M B i R~ LT, UL EDfE RS, PDMS/CR-U (A0/T100) 42.9 D%
[ B AT 53 A B A/ OB S A OB N B IC IEE M @ N E Lo mikEEE 2 6n
Do

ZD X9z, PDMS/CR-U (A0/T100) 35.3 ~ 42.9 [XEHMBME 05T, AIR-side
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Figure 3-28. Space-charge distribution of PDMS/CR-U (A0/T100) z (a) and
schematic diagram of charge accumulation of PDMS/CR-U (A0/T100) 42.9 (b). AIR-
side attached to cathode. Electric field: =3 kV/mm.
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3.3.9.2 THF DE&DEE

Figure 3-29 (a) & (b) (2 PDMS/CR-U (Ax/Ty) 42.9 @ AIR-side {8 & i & B iR (2
L7238 A D22 M BT 454 & PDMS/CR-U (A0/T100) 42.9 5 faf 2 5 45 A1 R BE 0 4 X
TENENTRT,

PDMS/CR-U (A12.5/T87.5) 42.9 ~ (A0/T100) 42.9 @ /7 6k 5 i £+ U 0 36N
i~ TudE M (AEM: FaR) C—2ENREND 8 um HTICBOLNT, L),
B2/ FORE L (PET-side fill) T OREINESIC~T 2B £ (EEM) NI &R
HHNDHEDO D THF OFEIE N 87.5 wt% L b O & (RI1% 22 /& fif 70 A O IExH Rl &2 /R L
72 fh )i, PDMS/CR-U (A100/T0) 42.9 ~ (A25/T75) 42.9 X3 B NI ~T B i &
OO M A B A AT A R LT

UL Eo#EF 235, PDMS/CR-U (A0/T100) 42.9 022 8] 76 17 43 Afi 13 b5 48/ 580k L it A+ 0T
DB NIBICAER O BEMLICAMRELEZOND,
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Figure 3-29. Space-charge distribution of PDMS/CR-U (Ax/Ty) 42.9 (a) and
schematic diagram of charge accumulation of PDMS/CR-U (A0/T100) 42.9 -
(A12.5/T87.5) 42.9 (b). AIR-side attached to anode. Electric field: +3 kV/mm.
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Figure 3-30 (a) & (b) (2 PDMS/CR-U (Ax/Ty) 42.9 @ AIR-side {H] ® & i & & A (2
L7=A D 2e i E w454 & PDMS/CR-U (A0/T100) 42.9 05 fif & 8 43 A IR e o # A X
rENTEIRT,

PDMS/CR-U (A12.5/T87.5) 42.9 ~ (A0/T100) 42.9 o [afik/ A6k 5 i £1 30 0 36N
Hio~7TuEm (EEA: FaRH) E—27ERRENDS 13 pm IR D BT, L),
B A/ R R i A O REENEICA~T BRI ERE (AEMN) RIKDERED LD,
PDMS/CR-U (A0/T100) 42.9 D&M (AIR-side ) O ~F w8 fif & — 7 il 13 b5 M ] &
D RERMEERL, EXFFRIEEMEM AL ~LT7-, £72, PDMS/CR-U (A12.5/T87.5)
42.9 O~T E MY — 7B 1T 2R IS OG0B 5L £ O BB N CIRIE R U A
~LT,

PLEDOFER D, PDMS/CR-U (A0/T100) 42.9 O 7B fif & F 1% F A/ 508k 5 1 £+ 30 0 58
BN IEEBMONEB L pMIREEE 260D,
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Figure 3-30. Space-charge distribution of PDMS/CR-U (Ax/Ty) 42.9 (a) and
schematic diagram of charge accumulation of PDMS/CR-U (A0/T100) 42.9 -
(A12.5/T87.5) 42.9 (b). AIR-side attached to cathode. Electric field: —3 kV/mm.
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ZZ T, PDMS/CR-U (A12.5/T87.5) 42.9 ~ (A0/T100) 42.9 O ~T Bt — 7 fE|
B/ AIR-side B 725 8 ~ 13 um OFFE TS NTZ, ZOMEIEL, AFJEO
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side O AF U EEERIRD CR-U B BLI-AHED FE T ICE M N EE LI END
A% B EEEERNEOERR CR-U B0 BLI-MHOERIEIIN BB LD, 22/ By
HORENOREBI T,
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—RICEMEHTIESFMOEMEBBHARELL M T 256000720, &M
/ATR-side MIFEH AT ORI O~T o EME — 7 EEEM R & EOBMKRE R
L7,

Figure 3-31 (a) & (b) |Z Figures 3-29 83X 3-30 oAb/ ~TaBEME — 7 E
EnTHEMEBBERE (VI77NEFEARBOMAE) © THF OF&LOBKEENE R
T, NTOBEME—IEBLOA~AToEMEEEE EIL THF OB &2 87.5 wt% UL ET
AN SRR RAE R L2, PDMS/CR-U HAKTII~ToEME — 7 LR
BENEIZIR > TV DT oM E AR RIFEFHL TWLZEenRB0 LI,
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Figure 3-31. Relationship between the hetero charge value and THF content: (a)
hetero charge peak value at 30 min and (b) hetero charge accumulated amount at 30

min. Electric field: +£3 kV/mm.

3.3.10 BHiERLE~ToEHRLY —JE

Figure 3-32 (C PDMS/CR-U (A0/T100) z ®OJR#iZE L CR-U G A B2 L{bSEL
XD EW AT AIR-side {00 & A8/ FEH R AT O ~T o E Y — 7 fE OB
&R T, XEOTTAL~AF AT AIR-side I EMZ EMBEGBILTZGEO~TOE
M —7fExZnER0, Yo7 7205 M1 PET-side il H 1A ~DE R E2RT, B
AN DB T, ~T @i E — 7O IIZE S 72y PET-side f] 77 17~ Ji il 28
EHEnL 7,

Figure 3-33 (2 PDMS/CR-U (Ax/Ty) 42.9 ® @ #h & & THF OE &2 EB{bswizL
EDOZEM B A NORET AIR-side 1l O & AR/FOR S AT O ~T w i v — 7 fE O B
BERY, 777NDOEKRIL Figure 3-32 LR THD, ~TaBEME— @O INCE
72\ PET-side il J5 1~ i #h 2 T 13N L 7=,

THF OFEIA D 87.5 wt% Ll EOE K TIERI L7 PDMS/CR-U (A12.5/T87.5) 42.9 ~
(A0/T100) 42.9 [XEHMWMIEIC DO T, BM/AIR-side (A% @) # B i {4 DR
BENEIC~T B O FFEDFRD LI, PET-side il 7 MBI AR L=, UL EOFEE»
O, ~TREMEBEITERERICEEZRERZH S TWDLT LML,
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Figure 3-32. Relationship between the bending deformation of PDMS/CR-U
(AO0/T100) z and hetero charge peak value. Electric field: £3 kV/mm.
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Figure 3-33. Relationship between the bending deformation of PDMS/CR-U (Ax/Ty)
42.9 and hetero charge peak value. Electric field: £3 kV/mm.
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JE AT L BAIEN, Bk, EMBIOMEBG O —HO LA Th D 22 M % 5 A O K
2L DOBIRITE S Z AT 72O EETHS, FEENMBHIRY, PDMS ik
EEHIAEWESEICET2ES T Ol 2 T8 & 22 M & w4 10 % 5l #2 4 B 4R 4 1 72
BN, O CIXESMEZNOEMEHENFMEEHIZEDIITET LD
MWEPFHE L, INETICRLICEEERORIEZE W E M O 777 | ZIRER 2 N % 7=
=t (3D) Y uy T =~y IR EMEMEE TR, HEE RO ES L H
ThoblLle kit 2D) Yayb 7 —~y b 72 AL TRl ZEBEEEZEZE R LI,
E, BB OAMADO 3D L 2D Tuyb T —~ o S IE A =T — AD R R
A7 A Scilab AL CTAET 07 T LA TIER LT,

3.3.11.1 ZEH B 0 A B R 2

B MYEIC2 2257, PET-side il M ICAE R T HRRN LR ETDHEZRLE
PDMS/CR-U (A0T100) 42.9 D ZE [ E faf /A FEEERR IC DWW TELE LT,

Figure 3-34 (a) & (b) {Z PDMS/CR-U (A0T100) 42.9 ® AIR-side 1| o> F& H & 5 i
CREMIZ L2568 OEHHIINZ NG O 22 M E A DR AL ZZhE R, Figure
3-34 (¢) I ZZEME Mo AN ERFD AIR-side MO EBESHmBIEERT, FI77NITRLTZR
D R%E1E Figure 3-34 (a) & (b) OHERF M2/~

Figure 3-34 (a) (29 X912, EHEIN 1min % 7°5 AIR-side 1] @[5 i/ 508 L if 1
EOFREFAE 13 um (I ICA~T o EME — 7 fH (AEM: B BAbi, Rl
WZIFE —EMEZ R LTz, )7, PET-side {0 2 /505 A 0 O 50BN &6 Tk, 5]
IMEHENOEMOEBMIFEALRD LN 2T, BHA 7 EH O 31min T B/
FROBE S T A 3 o0 FE AT B R ILVE IR L 72,

Figure 3-34 (b) [Z/R" 3 X912, B KL O 41min 225 AIR-side 7] 0 f& /306 5
AT OFEFNES 15 pm fHTIc~7 e Ea e — 7 (EEA: KA 2B,
W THINL7=, fhJ5, PET-side 8l o b5 #/ 50 A1 0T 0 30BN B IR B A E R 3 3R
DO oTo, BGATZE%O Timin T B/ HCEH R AU o 8w B R T E L

DI, BHWMEII)ONDET, B Tl AIR-side M @ & A/ 0 @ A T D
BENEICA~T OB M S A RO LN FEX TR 2= E R oz R LT,
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Figure 3-34. Space-charge distribution of PDMS/CR-U (A0/T100) 42.9: (a) AIR side
attached to anode, (b) AIR side attached to cathode and (c) electric field polarity of
AlIR-side electrode. The dashed line indicates the position of the electrode/specimen

interface.
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Figure 3-35. Space-charge distribution 3D color mapping of PDMS/CR-U
(A0/T100) 42.9.

3.3.11.2 BHERE ~TREHRL—Z7HEORERE/L

Figure 3-36 |2 PDMS/CR-U (A0/T100) 42.9 ® £3 kV/mm O EY FIZB 5L
JEL2EM B AT 2D AT —~ v T a i LT 7T 7%~ 7, Figure 3-36 (a) |2 Hh
ﬂTfF/ODH#F'EVWK%Méﬁ“C/TL AIR-side ff] D B/ B S E AL DO ~T 0 & E — 7
EOREMZ( C1EC2 2R —7 77N AR TRT, £/, Figure 3-36 (b) & (¢)

7
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Figure 3-36. Relationship between the bending deformation and space-charge

distribution formation process

of PDMS/CR-U (A0/T100) 42.9:

(a) bending

deformation and hetero charge peak value in the vicinity of AIR-side electrode

interface, (b) electric field polarity of AIR-side electrode and (c) space-charge

distribution 2D color mapping. Y-axis of (c) represents the position (thickness)

inside the sample, and the dashed line parallel to X-axis indicates the position of the

electrode. Electric field: £3 kV/mm.
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AIR-side il O EM A PGB O GG TIE, EHHMEZIC~TrEME —27E C1IZAM
ZHEINL, 1IZIE—EEEZ R LTz, BHATEZIE CLIZAMICHED L, BmEiTtn
Uz, il 2 T IX B S EINE & ICBRRE IS, Wolz AU 372203, 3 s s#En
THEWR R LT, BHA 7 HIITEIERIZIRBITED L, TR ZE#Z R LT,

B O K ER % (40 min %) O AIR-side il EMMAZMRO LA TlE, ~TrEME —
78 C2 IO ERE B OAMMICHINLZ, Z0%, he 2L, ©%IREE2/R L
72, 70 min & OEHA 7 ELITIE, C2ITAMICHOL, BEREMIIErt R L, Hih
BRI ~TrEME —7E C2 ODEACITIFIS T HI0ICiR 2 IZHINL, € IREZ R LT,
BG4 7 EEOEIIBRFICHA L, TSR ZE®E R LT,

ZOEHZ, A% AIR-side il O T A/ R AT O R BN ER O~ T o BT —
JEZAL (C1—C2) [ZRFAT 22 ®E2 R0, B AR ITE ST O~T B wm & o
HOMIIRFESNT, Zud ~T B SR LB ES KO E i 2T IR B L LE
LTHY, A =3 — ICHEORICEBRBIE SN TWDLILEERLTNDEEZLND,

3.3.11.3 BEWHEA

28 W B AT o5 AT T BOmFE O it Fe225, PDMS/CR-U (A0/T100) 42.9 OEMDOIEANERE
HEIZBLTE LT, PET-side il O K EHRHTR DY AIR-side M LD RS IR &8 55 i
W25, PET-side Il 0 @A/ FCE L AT O BB N EBICEM FE N IE LA ERO L
AR WHE IR DD, PET-side 22D OB IEAD ZEAITB 2B 2 b D,

AIR-side (A2 J&) ] 5 M5 23 b5 16 D 35 & % Figure 3-37 (a) O X 277, PET-
side flINDHA BN © BIEAII, AF U EAHTICA BN OB HERFHEVEE CTBEIL, X
XUEOMEMHIDRICIVAEBMONERHLIZLEZLND,
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+

AIR- side PET- side AIR- side PET- side

Figure 3-37. Schematic diagram of charge transport in PDMS/CR-U (A0/T100) 42.9:
(a) AIR-side attached to anode and (b) AIR-side attached to cathode.
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fth J7, AIR-side ] 0 T M 23 & i O 35 & % Figure 3-37 (b) ORI RT, B 5
IEEM @ BTEASI, AF VO BEMHI N RICIVAF VBT EEN @ NEREL
EEZEzZOLND, SonahE, AXVEMENSE RS EErh, FEEMONERLE
bOEEZLND,

3.3.12 JHHEIEFEORIEER

THF OEIE D 87.5 wt%lh EOER CERIL 7= PDMS/CR-U (A12.5/T87.5) 42.9 ~
(A0/T100) 42.9 OJFE #IZ T I M BN EHBIEIZD 053, AIR-side I AF > g &1L k)
® PET-side MITAICETE DM RaefFiz, ZOM 2T OBEITESIED AIR-side
M 28 £ L7=d, PET-side il Ao b0 ERNEEZLND, £IT,
PDMS/CR-U (A0/T100) 42.9 IZ>WT ORI EREIT 7,

3.3.12.1 AFVREREER~DHEMEITAN LDV DHE

WD RRFEEBR L TER L2 E SR O X% Figure 3-38 (Z/~k9°, PDMS/CR-U
(A0/T100) 42.9 A KD AIR-side D &7E LB W) TIIHRLARWES 12 pm DR
JxF L (PE) 74V bh%&Hi~7= F1 & PET-side il 448 12 PE 7 4V A% |E~7= F2
EENENERL, £3 kV/imm OFEL FTC 15 oMol R Ee#h &2 E L7z, L
DO, PE 74V LOENEGROH 26 HIE LT,

Non-elongated PE Film

AlR-side : 17 17

Skin layer Skin layer
N© O

(|
PET-side | A - x

B Au leaf electrodes

Non-elongated PE Film

F1: PDMS/CR-U (A0/T100) 42.9 film with F2: PDMS/CR-U (A0/T100) 42.9 film with
PE 12 um film on AIR-side (skin layer side). PE 12 um film on PET-side.

Figure 3-38. Schematic diagram of PDMS/CR-U (A0/T100) 42.9 laminated with 12
um PE film on AIR-side (F1) and on PET-side (F2).
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Figure 3-39 (a) ([C F1 OB A ¥ 2R3, FULEHBEICO DL, Hih 4
ENFESTFRD LN - T,

Figure 3-39 (b) (T F2 O A EEZ RT, F2 IXTBELGMIEITH1D5T, PET-
side il GBI ER L, PE 74V A& D WE A RO R EhZ I E 8L MU EEZ2 R L
2o ZILHLDOFERENG, FEMED PE 7L LRAX U EOMOEMHEILIZT-0EE 2N,
AIR-side il O AF 2 Jg DS PET-side il ~D A TEZ 5 &I LB BND,
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Figure 3-39. Bending deformation of PDMS/CR-U (A0/T100) 42.9 laminated with
PE 12 um film: (a) F1, (b) F2 and (¢) electric field polarity of AIR-side electrode.
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3.3.12.2 XX U@ DRI BE (FFBERE)

TR HORAEEREL T, PDMS/CR-U (A0/T100) 42.9 @ AIR-side il o> % [ A%
J& % B X HIZH 20 um BFEEL 721 & 1K (Polished PDMS/CR-U(A0/T100) 42.9) % {E
L7z, Figure 3-40 (ZAF U JFAMERE T SHAI1%Z O PDMS (A0/T100) 42.9 DK m
PUREWrmE g2 rd, HFE%O AIR-side Il % m PR ITHERTE LB L T/HhEW
fEZ"L7c, ZAL PET-side flIEVB REIMITLE O RENWAF U ERBREINDEE
Ay I

1E+14

PDMS/CR-U (A0/T100)42.9

Surface resistivity (€2)

Figure 3-40. Surface resistivity of Polished PDMS/CR-U (A0/T100) 42.9. Probe
type: URS. Voltage condition: 500V x 10 s.

&5|Z, Polished PDMS (A0/T100) 42.9 ®Ji #h 25 & 22 R &6 faf 45 A O I E A& 1T - 7=,
Figure 3-41 (a) & (b) ([ PDMS/CR-U (A0/T100) 42.9 & Polished PDMS (A0/T100)
42.9 ®=£3 kV/mm OEY FIZBITLEETE 28 L AIR-side (] H#E AR D & 5 ik 4 %
NZh 7, Polished PDMS (A0/T100) 42.9 O ph T (i (o fr) 1X BB 2030
P63, PET-side il A ~DZT< o TR ZR LIRS T, RERERE L
PDMS/CR-U (A0/T100) 42.9 (REafR) EWfERENfHRINT,
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Figure 3-41. Bending deformation of Polished PDMS/CR-U (A0/T100) 42.9 (a)
and electric field polarity of AIR-side electrode (b).

Figure 3-42 (a) & (b) |{Z PDMS/CR-U (A0/T100) 42.9 (JEX 168 um) & Polished
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{LL72JE &% 779, Polished PDMS/CR-U (A0/T100) 42.9 (7 (A #) (X B ML IZ )b
57, WENEICIZA~TeE M OEMO BV PR E M OMae R~ Lz, ZAVUXEMKE
OIH DOBEFEZHS> TVWDAXF U BRREINT-T20, FREEHLEO R (2L E R A K
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Figure 3-42. Space-charge distribution of PDMS/CR-U(A0/T100) 42.9 and Polished
PDMS/CR-U(A0/T100) 42.9: (a) AIR-side attached to anode and (b) AIR-side
attached to cathode. The dashed line indicates the position of the electrode/specimen

interface. Electric field: £3 kV/mm.

uJ:O)’fﬁnE;%%ﬁﬁ) Eﬁﬂwﬁ/ ieﬁrﬁ/AIR side 15' uﬁﬁu’ﬁﬁﬁj‘ D~T %ﬁ%fﬂzﬁ)
xﬂE‘/Eﬁkmmﬂ%%%lb, B MEIZH 25T, PET-side Al J5 1 ~D % 7
L7z &ifiiim TE 5o
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3.3.13 B EEHE

JEHE A3 % FR )72 PDMS/CR-U (A0/T100) 42.9 & (A100/T0) 42.9 ® ~>DOEAK%E
P U A AR IZBAL CLL T O XD I B LT,

Figure 3-43 |Z PDMS/CR-U (A0/T100) 42.9 & (A100/T0) 42.9 ™ Z [ & faf 4> 4 & &

FHOIREE TN EINRT,

Figure 3-43 (a) T/r 3 X512, AIR-side fl 25 |5 f @ % & Tld, PDMS/CR-U
(A0/T100) 42.9 OZEME R /0 4ild PET-side Ml D RN LA ER O NIEANSIL, Bt/
A% VBT OREBNEICABRONERBLU I R B o fMa sz, M),
PDMS/CR-U (A100/T0) 42.9 (XBEMFEADELESHWEE D728, BN EILE fif O I

WA oy KRB & R LTz,

Figure 3-43 (b) (Z/R T X912, AlR-side I Z M2 L 7= A TlL, PDMS/CR-U
(A0/T100) 42.9 OZEME 53 4fi1X PET-side {ll D55 EE A @ 23FEASHL, [/

i
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Figure 3-43. Space-charge distribution and cross-sectional diagram of PDMS/CR-U
(A0/T100) 42.9 and PDMS/CR-U (A100/T0) 42.9: (a) AIR-side attached to anode
and (b) AIR-side attached to cathode.

YL EDOfE RIS, PDMS/CR-U (A0/T100) 42.9 OB IZLL FOLOIE2ZLND,
Figure 3-44 (a) & (b) T AIR-side Ml & (50 & f2 MR (2 L7235 6 O Z TR O X % 2
NENRT, AlR-side I3 O A 1%, PET-side fll O RS A BH A TEASL, A
FURBOKEBEMHIRICEIVAZ U BATICAEBMONERML, ABMOR LOFHEK
FIZEDAX VO ENRAF 80 Bl (PET-side i) IZm 2> TEBEZFHFELIZE
Ezohbd, FUEIC, AIR-side M2 FERO S A1, PET-side 10D 5 R )5 1E & fif 3
HEASI, [l A BT OREIFNEICIEB R O N ERML, EBEMHN O R O FENA
FUBAMEOMEZFEIL, AF BTG I ~E AR LB ZBND,
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Figure 3-44. Schematic diagram of bending deformation mechanism of PDMS/CR-U
(A0/T100) 42.9: (a) AIR-side attached to anode and (b) AIR side attached to cathode.

3.4 HEdm

% 3 FClL PDMS/CR-U &1 D i th 2 T8 2 B) & T2 08 (FH 43 it & b7 i 1 0 ) 0 B4R &
FAE L7, CR-U IX@EME CEHAKRDOIERBEL o7 izd, CR-U ICREEDOT 2R
(ACT) &7 Jekr7Z (THF) £3Znb0H G2 EZ THEAKREAER L., £EG
RO i i 28 22 8 S D W T, IR, REEE, AR O WA G, R im AL AT, K m T
HWFEER, AL —F R, EHEMOAREEREL, BRICHFILEZ, ZORRE,
LN O i & 1572

1) PDMS/THF &#%1% 120 min Z A2 /RL7272%, PDMS/ACT IBRIZIE S BEH O T
H#L72dREEND 60 min ZIZIXBHMEIZ 2 FHIZ0BEL7-, ACT & THF % PDMS (Z%f
LCIERE L s 2z Fhor Lz,

2) THF 72 ORE CHEMLZE AKX CR-U EF BEOHINICEL /R CR-U OEREN
ML, AIR-side INCAF V@A A T HIEXRIENT M EZ ~RL7Z, CR-U &AH &N
42.9 wt% O EEITEILGBIEIC)» 000, B ZRITA® V8 L IL il ~ZE %
L, ZZMER oA, B/ AF 8 (AIR-side) F T OREHNEBIC~T 0B &
FEZ A 3 DIER PRI ZE M B e A 2 s LTz,

3) ACT 7P ORI TERILI-E AL CR-U & A &R, AF O W/ NEREE
D CR-UNB¥ T Li-t&Er R~ Lz, BEERIIIEFT ISV EEZRL, 26ME
faf o3 A XL NI B SO BV AR Z R LT,
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K1Z THF OEIE OHEIMIZES 220 CR-U OEREIIEE ML=, THF OEIE 2 87.5 wt%
UETAF U BOREIDRESEMTLIEENE, EHWMIEIC)»NDLT, B/ Ax
> T S AT O BB NS~ T 1 R S TR D B D IE kB 22 [ A o0 AT AR
L7, B Z B IXEGBRIEIC» 0D T, ARV EAIEIIR T FR~OE R 2 R~LTZ,

5) ACT OEIEGOEMIZEL 72 WEAIRIT/NEREDO CR-U BN — 8L, A% 8ok
W FRPEWT A E A R LTz, WA EITm Wi AEEZ AL, BT S EO kB
2B oA AR LZ, BB ARITIZEALER DN T, ACT IZEMEREZIMEHILT-,

6) Ji i 28 T ASEAE 1 3 BT R O KU PET-side 2> DB IEA L AF L JE D B i
Pl Rl kv, TR/ AIR-side (A% Jg M) SR i A T I EAE L 7= B [/l LD
FNAFJEAEOMEEZFHIL, AFEEIRCHI~DOE 2 FHE LT LS 2
bivd, EBRIITIEMHEALT D701, W Em S ERENH L5 6 Th B/ R
A+ 3 DFEE NI FE AT D B LIS 2 R AT A LETH D,

7) CR-U & PDMS (ZxtL Tl 4 7~ 9 THF (3 A RO TR B (58 55 Bt & b i 1%

)R EL RIIL, BEROERBIIBMEZRICKRESERELKIFLZ, Fr AL

IR O o BEm R O H L ER[ICT 7747 CREIBEFERT 7 F 2= — X DB ¥
ICEHETHLIIENRIEINT,

8) X FRME 22 [ A 0 A I E th AT 8 o EE AR 2 H o TRy, HihEFsEE) L
AR 0 B ff B R 2L T D 22 TR B AT 4 AT Bl AR &I R AR L7z,
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% 4 B PDMS/ZAAuTAFABML Y a— A NEEE

Lot uiya—rr52he—

4.1 ¥=

— WA @Sy TR~ R A E AT 5L T, S A EmE RS T EHC
WINT 58 A 0 & m 5y 18512 B 12 ‘riﬁ%%)\ﬁ‘égowﬁfm%é

WHLIIRITL A 2T AN — DY TN T A NOBEREFEICIDENE R OIEA DR
FY, FEXRIFRR M EM AN EM AR AFEL, JEME IR EEREWVD,
RERHEEHENRRE DL, RESERBLIEZRISEMBELLRE, 2RGEE EALAE mH
HEEDN BB E D DISEMEEZRETDEOREEZL TNHII2 0 F7- ) &y 4R
X R0, C. Li HIX B MRV L2 Lt 2 92 f A OB A Ko i il 2 1

WEGEMESOERBIIR 2D THIEEHMEL TV HE3 Zo ki, Btk E
Albamémmn FLEREELTHEALLIEM BHERIME oMMt 2 E S o I8 A
LM B CIXES TICBIT 258 REKER L0 T hvne THIND,

EHDEDIRY, WS AILAEWE PDMS ([CHML TELI - G R L [F R 5 o fik
PEEZY PDMS SHICEASNTALEW ARG T 57 THEO UM B o i dth 2 T2 2 8) %
H U 7= 280 2370, ARETILES 2 O L7 i A9 R &7 i M 2 T % 7= L 72l 84
W7 A a7 X L (-CH.CHLCFs) 2/ 358 Va—r A A0 (FL) &5 A LT
PDMS/FL#E &AL PDMS OMRIEEHIC 7 LA a7 L L e Rigic 7 v F VA4 95 0 EE
e SR IGEFMALTCEEB L7 v Any Ja—r 2T A~ — (F-PDMS) #{ERIL 7=,
B A&IIZ, PDMS/FL &KL F-PDMS O Jii i 25 2 25 Bh & 22 ] 56 far 43 A7 72 Al F2 oD B 4%
IR AL, JE a2 TR ORI 2 T LT,
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4.2 EBR

4.2.1 HBHER
4.2.1.1 PDMS/ZAA T LEVEMIYa—rFANVERTBERE

TNA BT IIVF)VEEME L Va— o F AV DB AR E L Figure 4-1 IR ¥, 747
VL (FCH2CHLF) 1E RV ad+ o DN OOl #5128 A S T a4
PDMS/FL & KIX 2.2.2 i C/RUERIERZR FIEICLY, vt eB i Va—r A%
40.1 wt% & A L7- PDMS/FL 40.1 Z/E®L 7=,

CH, ?Hg $H3 CH,
CH;,*Sli*O Si—0 sii—o :Si—CH3
CH, |CH3 m |CH2 ', CHj
CH,CF;

Figure 4-1. Molecule structure of fluoroalkyl modified silicone oil (FL)!4-4l,

4.2.1.2 7nFuvJa—rxIRk~w— (F-PDMS)

Mgz A a7 VXL (-CH,CHLCF;) ERMmICT BF LV ENEAINTZERH O
BATHLT 7 vAry)a—rx2I A~ — (EbF LERASH | ERIEERRE A
FOGT FE-123T) Z b LT L7=, Figure 4-2 (ZS MRS & AR & oA X %
R~T, ZFdnvla—r T Ah~— (F-PDMS) 1% FE-123T %#[E#: PET 7 4/LV AT
T, WMERXT7 7V — XLV L, iR T 72 Fr fE L CIERIL 7=,

CH, CH, CH, CH,
| 9 l
| Il H,0 |
Si—0 Si 0-C—CH, — Si—0 Si—0
| | - CH;COOH | |
CH, P CH, ¢ CH, P CH, “ ¢
l
CH2CF3 CHZCFS

Figure 4-2. Schematic cross-linking reaction mechanism of F-PDMS.

4.2.2 WrE#EE
Wr T R L 3.2.4 HiERIEEZR HFIETIRE LT,
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4.2.3 JBHER
JEHRZZ 1 3.2.8 HilREE/R HiETRIELT,

4.2.4 ZERHEH oMK ER
BRI E RO ERERIL 3.2.9 Hit R FIECRIELT,

4.3 FEREEE

4.3.1 WrimgE

Figure 4-3 (a) & (b) (2 PDMS/FL 40.1 & F-PDMS OWrHEI {422 RsT,
PDMS/FL 40.1 [ ZERRAR CEERL 728 3.5 um) A~ w 7 AR AL 2oy L 7= #6 5y Bl
R, AX g OB FRYE R A & 2~ L7z, PDMS/FL 40.1 Z B W L 7= B2 i 2>
SR O DT B NS N2 e BERRMIX FL A THY, <Ry 7 AR A
AL PDMS &&Z 2 bN5, RO FLAIZEE T252L72<, %) —IZ PDMS FAA (T
Syl MBEALZIE AV O MK FRMERr m A & 2 R L7-, fhJ7, F-PDMS (X4
S BEDREIE X AR D IR T,

(a) PDMS/FL 40.1 AlR.side  _(b) F-PDMS

100 um
100 pm
_L —

Figure 4-3. Cross-sectional images: (a) PDMS/FL 40.1 and (b) F-PDMS.
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Figure 4-4 (a) & (b) |2 PDMS/FL 40.1 & F-PDMS O A K222 ~1,
PDMS/FL 40.1 /% FL BRIRAH 2 PDMS ~ MUy 7 AR AA U B HE) — 2 53 8L T2 A8 47 Bl 0
LEZLND, )7, F-PDMS |Z PDMS 4127 /L4 a7 L% L (-CH,CH,CF3) 24
L7 Tl — s L HERI S D,

(a) PDMS/FL 40.1 (b) F-PDMS

Figure 4-4. Schematic diagrams of PDMS/FL 40.1 phase-separation structure (a) and
F-PDMS polymer structure (b).

4.3.2 PDMS/ZNVA a7 v VEMIYVa— A VEFBAEAR (PDMS/FL 40.1)
4.3.2.1 ZE[EER LA RER

Figure 4-5 (a) & (b) |2 PDMS/FL 40.1 ® AIR-side {8 0 75 M % 5 1k & & 4 (2 L 7= 35
B OZERE Ny A RIEREEZZNZE R0, Figure 4-5 (¢) (Z AIR-side {f & i 0 &
TS o N N

Figure 4-5 (a) TR L9512, AIR-side il O AR 2N 545 D 35 45 13 b5 A/ 506k A i -4 3T
DOREFNFICE S EIINE® O 1min f&ﬁ%«TﬂE@ﬁf%ﬂé(ﬁ‘ i AE) "L, EH
M DO~TaBEME— BT DTN IMU, )7, PET-side ] fa AR/ 308k L £+
WO RN EILH A B A Z FE DR O B AL 72 W IE R FRIE 22 M B A 0 A &2 R LT,

AIR-side 18 O i 23 f2 16 0 35 4 1%, Figure 4-5 (b) T/ X912, PET-side il o 5 i
[ROBE S A O BRI N R ICE G EIVING,, ~T i@ AR (AU SR MR 2 IS
7=o 77, AIR-side ffl O f A/ F0RE S i o4 3T 00 3R0BE NS 1 (S A 25 R O SR FE kR
22 [ B A Sy A & R LTz
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Figure 4-5. Space-charge distribution of PDMS/FL 40.1: (a) AIR side attached to
anode, (b) AIR side attached to cathode and (c) electric field polarity of AIR-side

electrode. The dashed line indicates the position of the electrode/specimen interface.

Figure 4-6 (230K D JE X & 22 [ 58 fof 46 FE (W M2 N 2. 7= =k ot (3D) 'my b o —
~ybB 7 %Y, AlR-side fll& PET-side 18l 0> FE 5 25 b5 4 0D 35 & 0 By A/ 0RE 5t A+ 3
WM AL B TRT, XEEREOES, Y il 3 KO Z i 22 [ 6 AR
L, REFOILTELABMOEBEMEBEELZZNEN T, A TOELHINIE RO A E M
(?ﬁ%@)@%*ﬁ(ﬁﬁ&%ﬁ%ﬁ?ﬁ%ﬁ@ﬁ*ﬁﬁ RYIRAEL, B’CUD’/%\E'%l D & FEAL
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C R E R 2\ EHRRRISe DAL DIE B 2 28 = R STRIIC AT AL S 4L, #ORF R
O He e R 22 [A] #E of 0 AT DT i R 2 BB IC I X D 2 &N TR,

Space-charge distribution (C/m* —— ————+—-—
A ,

Negative charge transport direction

C1: Negative charge accumulation

Figure 4-6. Space-charge distribution 3D color mapping of PDMS/FL 40.1.
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4.3.2.2 BHERLEMEN AT RERE

Figure 4-7 (2 PDMS/FL 40.1 ® +3 kV/mm O EE T T 5 JE ih 25 & 22 (8 & i
DA IBRED 2D BT —~ v 7 E W L 7-7 77 %77, Figure 4-7 (a) (ZJH &
ORI 2L (RARR) LB/ R A T O ~T e B i e — 7l O E b (i k) % [
L7 77WNICRT, AlR-side fll& PET-side Ml M AN IR O %G O ~T adEme — 7l %
ZTNENC1EC2LLTHRLTZ, %72, Figure 4-7 (b) |2 AIR-side IO FEHmMEE KL,
Figure 4-7 (¢) ([ZZEMEM 04 D 2D WT7—~ v T HRT,
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Figure 4-7. Relationship between the bending deformation and space-charge
distribution formation process of PDMS/FL 40.1: (a) bending deformation and hetero
charge peak value in the vicinity of the anode interface, (b) electric field polarity of
AIR-side electrode and (c) space-charge distribution 2D color mapping. Y-axis of (¢)
represents the position (thickness) inside the sample, and the dashed line parallel to

X-axis indicates the position of the electrode. Electric field: £3 kV/mm.
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Figure 4-7 (a) (2R 7 X912, AIR-side | O BB GO G O ~T B e — 7 H
Cl ITELGIMER I CAEMIZHEINL, 0%, sBteh—ElEkoTz, BHAT7EEZD
B ERITIREIND L, BHEFRIZ~ToERE — 7HOE S EINE %5
N4 524 C1 BT 55912, M PET-side il 5 A ICE L, &SNz, EEA
THEHZEDODERIZTO TN REBEALZRLIGIZRE ST,

7o, B NEE% O PET-side IO EM A GO 5E O C2 1 XEHEUNERZ ) HIR 4
WZHE AL, 45 min IBEIXDO TS MLT-, BHEZRIX, M A TRT I, Wolz
oy, WBMEZEZ DO AICETEL, R4 2T IR T AT =2 REA/RL
72o 60 min AREIZEFEEZRL, BRIIRFESNT, EHA7RITDTNOELEEL,
WRIEIC T IC R D 2 @2 R LTz,

PDMS/FL 40.1 O i 22 & 13 5/ G L AT im D ~T o dE e —7fED C1 & C2 12
6 J 32 Ko ISRl 7 s B L, BH N O i 2R Ix RS,

4.3.2.3 BRIEA

N4 AT TR OB AR DR D, BN DO BB OIEANLEICEE, Ro7-
DARREEZER LD EE X BND, Figure 4-8 ([T M OB XIZH T oA (X%
ETNENRT,

Figure 4-8 (a) T3 L5912, AIR-side il O FEHGE 5 D 35 513 PET-side ] 0 2 1
MHE BN OMRIEAZIL, AIR-side {0 5o/ AT OREN I ICA BN O 23 H
FEL7-, F£7-, AIR-side Il O EMN MR DA 1L, Figure 4-8 (b) T/xR7 L91Z, AIR-
side M DFEMRNS A B © BN IEASHL, PET-side 0l B/ 5 R i 5 3T 0 308N IS
HEMONERELE,

i3

]

e
FE,

=

(2)

Anode

+ +++ + ++ + + +
Cathode
Cathode

+ 4+ 4+ ++++F+F
Anade

Figure 4-8. Schematic diagrams of charge transport in PDMS/FL 40.1: (a) AIR-side
attached to anode and (b) AIR-side attached to cathode. Electric field: 3 kV/mm.
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PDMS/FL 40.1 [ZFRANIZ A JE O B E O X RERT A E CTHY, i h 2B 13k
MG ICER Lz, )7, 5 3 B CHmLzEoI, AU LD 7% Bk W im A i &2 R L7z
ACT 100%DF ¥ ANAEHR TERLL 72 PDMS/CR-U (A100/T0) 42.9 (X5 B THDHEREE
CR-U #H7° PDMS (2 O NISLL TEY, BMIEANE SISV L R> TV L2, i
AT E RS oTz, TOERBZEHOEIL FL NEME S Va—2F AL THY,
PDMS ~®iRFfEIZE ) B <, FL #8235 PDMS v o7 R BLTWHIENRE 2L
W, ERIEADEELTWREES 26N,

4.3.3 7rtuya—rxzIxh~<— (F-PDMS)
4.3.3.1 BHER

Figure 4-9 (a) & (b) |2 F-PDMS ®&EH =3 kV/mm FIZB T DAL AIR-side
MEMOBLGWIELEZNZrT, EEAERILESAINER A TIEXBEEMA (PET-side)
TN BB KRESERL AT BB R E R LTz, ZERILELEMNS 10
min # ZIXELE 0T T bl :Mxmm“@@w —EDELEHRTFBHE R LT, 40
min O EIGBMEE KBS E %O B TIE, — B, A2 Z X 5000 2 e FE T PET-
side (&M | 7l ~DEREZ R LTIZ, TOEEKD C TIEEM (AIR-side) ] J7 ]~
ERzaRLlc, TO#%, 2 ICERPRBDTLEMBLS D Z2/RL, ESWENKETD
ATONLEAT T E TR, Fi2, BHEMBMEOKERE % C OE T ITES NG E % OE
B A _TIEFIT/ NS ol
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Figure 4-9. Bending deformation of F-PDMS (a) and electric field polarity of AIR-
side electrode (b). Electric field: £3 kV/mm.
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ZOXoC, BHAEMMUZERICEE NN, BEHI2RED 328 MmE %I
R C, WA RIS E 2 E#% OB P3G I E#8 2R L7z, ZOERBOFBMEICE
L, BH% 30 min FINL, BHA 72 12h (730 min) HEL7ZHIZ, HH-D T, &
G % RS CESG A AU JE A % Figure 4-10 (277, MR M B TRT X
N, WPE2 2 2 T2 FVNE %S, RESEHBANCEZL, BHIZHD T2 MBLR 0/
L7,

600
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200 vl -
II YI M “\ W
0 Al " (w7
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Bending deformation (pm)

PET-side — l

760 710 780 790

-600
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Figure 4-10. Long-term bending deformation of F-PDMS. Electric field: £3 kV/mm.

4.3.3.2 ZZHEHR M KBRE

B FINEZ OB ~O WM TRERERFBEMIELE X CEZ TIE, 1ZEALE
EFRLIRWRFRORERZEZZEL T, ZZHEM 51X AIR-side fll& PET-side I %
TEREM (Al) & LEEM (SC) I En it CHIEL, 5L AIR-side il & [
R 7 6 B R (8L S8 CEIANL 7=, Figure 4-11 (a) & (b) |2 F-PDMS @ AIR-side {fi] ®
TR A B2 AR & PG AR C L7356 O B M B A R R 2 Z N E LR, Figure 4-11 (c¢)
\Z AIR-side {H] & 5 0 & & M M 2 7R 97,

Figure 4-11 (a) (2783 X512, AIR-side il O & MR 23 2 4R D 5 5 0 22 ] & fof 49 A1 1, &
5 ENEL 1% oD P i/ 0B U A 3 O BN IS~ T wd i E1 (IEEAT) 238 35 HUN E 4
(CERMICHAET L0, EHIZEAD LREINE~OBERRBOLIZ, 30 min ROEY;
7 10 min OB ERHITRO LN oT, o, BEW/GEHREOADKREEBR E2 (A
BT (X, ~7TaEM E1 OE(LEMERT 2590, BLANMERZICESICE DL, 3Rk
H~DOBIEPRBO LN,

FRE 2 SR ST AIR-side Il O B A AR I L7235 & O 22 M B fif 43 41 & Figure 4-11
()T, EHEMEED AIR-side 18I D B/ F0ORN S i A T O 30BN BB I IR A &
DN Hi A R LT,

0

N

iy
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Figure 4-11. Space-charge distribution formation process of F-PDMS: (a) AIR-side
attached to cathode, (b) AIR-side attached to anode and (c) electric field polarity of
AIR-side electrode. The dashed line indicates the position of the electrode/specimen

interface. Electric field: £3 kV/mm.

Figure 4-12 |Z F-PDMS O ZE &G oM D 3D 7 —~ v 7 amRd, =
2T, Figure 4-9 (TR L7 i ih 22 T2 O W5 i Z2 (L DM I E & F O FEAT 53 47 O I ik &
Figure 4-12 NIZZNENE & F CRd, X YHiBLO Z I ES, R B LW
EMEMEELZENENRL, REFRIZIEEABRMEZZNLTIRT,

Figure 4-12 O M E (R 3 X512, BIHEUINE % B2/ 0B 1m0 30N
Ho~ToEmERE E1(EEM) EAREEM E2(AEM) OQMRE % 3D vy s
WLV A D2 EMTE T,
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fh J7, AIR-side il O TR Z B M 12 SKER L 7235 6 1%, BRI F AR 9 X918, B FNE
% D AIR-side MU O B/ a8k i A3 ORI IC ~T 2B AT F1AER) 23, DT h
IZFB O HAVERARA S M ~DBxEE R LTz, FRKRICREEM F2 (IEEM) 2SR5 IR
30, FOBEN BRI I B AR > B B2 R 5 RS 8 20D 1 FE faf & AR faf O S AT RS A, R &
Eb IRt/ AT ORBIFNE IS D BO~T B RO F3(EEM) BSEKSh
776

Space-charge distribution (C/m?)
8.5

/4 Positive charge accumulation

Negative charge accumulation

Figure 4-12. Space-charge distribution 3D color mapping of F-PDMS.
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4.3.3.3 BHETRLZE M ER A RIE R

Figure 4-13 (a) , (b) 83X (¢) IZ F-PDMS ® £3 kV/mm DO ELZNT =& D H ih
EI L AIR-side 8 O MR O B M 35 L OVZE M B W oA RGRfED 2D 17—~ v
THZNENRT, Figure 4-13 (a) OGN E T4 X518, MM Z R ILESL A
%12 PET-side MO GBS MICKELLEEL, TO%, RAICERBEIRALE, 202
7R EL, Figure 4-13 (¢) DM E T/RT L1, AIR-side 18] o B2/ 308 L H
OB ERICA~T n &R (EER B E) E1 BBREICREAL, 20%, BEHIZEDL,
5 min ZITIXIZIFEHEIR T H~T 2B MW O RE{LERFL-,

g0 (&) - _
g; 7 %iIR-Slde _ J—l_ +1 ]
o 600 'r \| +u _l—‘
% :‘ l‘] L L
g 400 F o ' PET-side
) !
<5 200 F % :
2y V] Yeeee e 3B D i
%“ L “\ 7 + 1
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Figure 4-13. Relationship between the bending deformation and space-charge
distribution formation process of F-PDMS: (a) bending deformation, (b) electric field
polarity of AIR-side electrode and (c) space-charge distribution 2D color mapping.
Y-axis of (¢) represents the position (thickness) inside the sample and the dashed line

parallel to x-axis indicates the position of the electrode. Electric field: +£3 kV/mm.
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fth )5, Wi B din #% o0 Ji it 227218, Figure 4-13 (a) OEHRM F TR$ XIS, W42
ZHRIDE M ERT PET-side il S RICE A2~ L, BIFEIZ AIR-side il O 54 J5 7]
WD BOEREZR LI, RIELWREMRAZEZRLTE, ZOXFEEL Figure 4-13
(¢) OWEMM F CRUZAEN F1 EIEEA F2 OZERREL F1U/F2 S B2 )7 m ~
BENTOEANEELTWEEBXLNDN, EMEEL/NSKHBRICIZDZENTER
N,

4.3.4 PDMS/FL & F-PDMS D J& th B 28 D&

TNFaT F L (-CH,CH.CF) A FLEEM Va1 F AV EHEA K
PDMS/FL 40.1 “TUiE, Bh/s0ek 5t i £+ 30 o 5Ok I 3 R L 7 B 8 fof 3 Rl 03 B2 A U7 17)
~OEREFHELIL, BHHANMPOER IR Sz, )i, PDMS $HIC7 A7 L% v
EL3HES L7z F-PDMS TlE, S5 HUINE % (B2 AR/ 308k A A 30 0 5O 0 I IR d A &

HO BRI EB D R3RBd T, E@a’?ﬁrﬂ%é@b (XI5 AR~ D R E 72 8T 14 (S J A
LiEFBL SR %Z R L, PDMS/FL SIX BB XE 2R LT,

F-PDMS OB )72 5 CRERER 2R LI FBNILE > T 8IEE L2 BT T
ENTIZODELRNE S FHEEZBL TEERIEML, BEICI/0DBRIIEHBSH, &
MeBEBWMOBELLb I /r0EAFRE I LIbDEB 2N, F,
PDMS/FL 40.1 X35 80 FL 3 ECIRICH D BEAZ L T D70, S O 251355 & AR &
FIEHOER A FT-CZ LI, BEHIFKREOEM /o572, F-PDMS &L THE 872
Ji B I A R LTS, BN OEMBIENRBO LT, BERITHRFEINT,

Y. Huang BT EH TO®Em D FiFERITFEARLFECLOICRE, o, (k50K H,
R /e 82BN ELT REAALTEZ R =0 ORENRHY, BN 5 1 O & i
EREEBBICREREDN Iy 7D XX —REBICE-TRESNDEREL TND
(4-51 &7z, VUZ—‘/IﬁxFV—O)%@ﬁ%EB@%%'T ZBAL T, W. Wang HITZEMEAEE D
PDMS (347 F 45 L2806 R O M AR ICKVIEWER— Vb I o 7 OFEEZ LML TEY,

7 1B A 0 AT OWPE KV EBR OB EEZHEL T,

NSO FIH G, PDMS/FL 40.1 O Ji #h 22 FEHEHS I3 L & HL &% FLICK DA
B OBENIEATHLEZE 26D, fti)7, F-PDMS O i 28 & #5413 5 55 F N e
B OBEBAEDREL TWDER— ATy FIZLDIEEM DK% (Figure 4-13 T/RLTZ
E1) &L PDMS #ICHE A L7 A a7 L% (-CH,CH,CF3) ICH R THABMOB L
(Figure 4-13 T/RrRL7Z E2) DHEDRICIVFESN, BHICIEEBEMEME (E1) X
BLACR B LI O TIdR VW EEZLND,
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=L, RS TV PDMS IZAis8A (S Uh), B EH (R LT N, ZLT70E),
it BAPE A B A (B 8k, BR ik BT L7 L), HERAI (BBt T 2, I —AR 708, 5B
Fl (oD 7V 7 /), #ERER (FREBIEH) 2EBIRMETISNTWD RE
SHNTH LR TR DT, B OB % LTS ORI I TH 5,

4.4 FE3N

HAETIIINANF T LR VLS Va— 2 F AV E A PDMS/FLE S KL PDMS 84
WA a7 AR VEREAE L7 v AnY ) a— 2T Ak~ — (F-PDMS) Z{ERIL T,
Ji S T R B R R B ARG R A RS LT, TR, L TofmaeiE-,

1) PDMS/FL 40.1 th 25 T 13 E S FIN B 4% 2 O B A/ 285 B 5 £ 3 o 3 BN BRI~
TOEMEE (ABEMEHE) DRI, WICER G MICEE N RSN,

2) F-PDMS Z[& /508 R ATt O BN SR ~T a B A8 ([E 5 & ) 2358 5
IMEHIZEEL, T0%K, 2EICH DV T 5% E \%ﬁ%;ﬂzi@&%mbfco Jith Bh 22 T2
ILREI N DO ~T e SR D Wﬂzkﬂ.ﬁbf CER IV ER Y3 SN2 7 Y ]

ICERL, 20k, QUEICEY T RMBLR LR LI,

3) JE#h ZZ T 2w AR B R A OB NI O~ T el E R L EFL TRY,
JrE H 2 T B A 1 22 PR FR AT A3 AT TR BB AR IS KV LA S AT RE TH 5,
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BSE BRETOBEESHILEWDOES

5.1 #5

EEEY T T PDMS/MMEE S AL EWESIKRO T i Z B I LB ORY ThH oIk
xf BRE 22 [ BB A o A I KV FE R & Ay, TR/ ECEE S A A 0 BUBE N R 0 FE fir % A 23 b
EREEBCEHBEREHEZH > TWHIEaMR LT, RmEHR, /v —F X, 2/HE
WA B EICLY, BRMOBENEYS FTEETWHEEXTZN, HEHEKNDOE
FHAEBLIOSBIFE O EIZIETE->T0ARWY, ¥ 7 /oF LA /a—A (CR-U) Z&HL
7= PDMS/CR-U &K BIORNTZ LA a7 VX LB Va—F A (FL) 285 H LT
PDMS/FL # & RITECIR O 5% B 3 3 4G 1E D PDMS ~ My 7 AT HIL T & Th
oz, TOXOIWEEZRTZEND, MRS GEDB MO Em T mICEET 589
72, FEEDOAT AT LDE O FEGIHEAED- B3 THIBZERZFEL TWDHLITE R
S, HEERNTEMOBENIERNHREMEMEFZILLELOND, EHTT
PDMS BADE AR ITIZFEA LD LT PDMS/HBME I E H LG W E S RIS dh 2
ERBOLNDIEND, MEEEFILEMNEMOBEICEGEL TWAIENRBIND,

5 mETIImMEEALAEHOBEL FIcBIs T MEOREBRELEZBN Tk
D, BEEEELEDNEMILICRVGELIONERELZ, £5, KM oDOHTAH
AR MLZEAL, Vo 7 ROMEZER L7z, 12 2 mm [H & O3 28 7R o i & 2
TR M A % E L, 882 PDMS &%, CR-U, FL 72 & ORI E AN, B T O E) 5a L
WEAZHELZ, K, 77ar 8RN ILIC 2.16 mm [ BE O %925 FE8 o B & E
MR A R E L, <M ILIZERE A, B T oA & f R o v ik b A58 2 10E 4
DHECLOBEEE LG OBMBAKRLL TORREMZRAE LT,

5.2 EBR

5.2.1 BWROFH

22281 L RAR/R HIETHHBIL7Z PDMS ¥ (SILPOTI184:CAT184 =10:1) & Table
2-2 T/RL7Z FL, CR-U BEIOH LRI NEMELVa—F AL (CBX) Zfi LT,
CR-U (X @K EE D 7= THF 50 wt% AR D CR-U (T) %L, bkl L C THF O i)
BRLAELZ, CR-U UADMEREEAILEMIL THF THIRT22L2<, £DxF
HEL, Table 5-1 [ZHEHLZEROIEEART, CR-U (T) OX5EIX 3.2.2 #i T/
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L7zFAR 7 FIETHIE LT,

Table 5-1. Viscosity of PDMS and polar group-containing compounds solution.

Solution name Viscosity (Pa-S)
PDMS 7.0 [5-4]
CR-U (T) 17.4 %103
THF 0.6X10°3 [3-3]
FL 1.3 [5-6]
CBX 2.0 [5-6]

5.2.2 BWRRE

B T ORI E) i L FAAE O RIE X B0 FIEP2B3] (2726572, Figure 5-
ICHA B 2RI A L7 E 2 B o X 2R3, SMF 90 mm, A 86 mm, RS
18 mm OH 7 AR M.ONANZHTE 64 mm, NEE 60 mm, £E 16 mm O H T ARLAL
VIMLERDHTF oA a2 HiH L7, £ 100 mm, 8 10 mm, JEE 2 mm ODRX—27F 1
MRIZHE 0.5 mm, JES 0.3 mm D=y 7V AyF I —hefEFRICLICEmRAER L, &
R OEBEZ 2 mm &L, WK EDRIEERI 10 mm IZRDIDICKEBE LT, T ITAREIZ
B a0z, #FREMPEIRIRELIREBTES A 400 V/imm ZHIINL
oo WO ENZ PE 74 /V LD /N2 E0E, TWIROTRADEIEEF [ & EE B
TUHVHAMELT PE 74V LOBEEABLAILT-, A 1EY O RAVITIEMRD S B HR 7 A~ D
MhzenrnL— — +EeRRLTZ, F7o, Wiz + TRLT,

Grid-like electrode

10mm1

e
2 mm

A pair of grid-like electrodes:
Nickel plated sheet metal 0.25mm.

Figure 5-1. Schematic diagram of solution flow under an electric field.
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5.2.3 BEKER

Figure 5-2 2R LA FEROEEL T, £ 100 mm, IE 10 mm, JES 2 mm O
BB ZME AL, 2.16 mm O THNWAIEADBEmZER L, KmikiEs
HILAYOEEEZT 7ar BARYILICR L, EES Bz RIELIIRETEY 0 ~ 400
V/imm ZEIIIL7=, BIHEIIN%E O MRE R OERO EAEE T 2V BEMEE CRIEL
7=, BN OB R MEEEEAO EREEZERER T E R EERL, WIRO k
5fE (Climbing height) Ah & h™ & hDFEELT-,

1 Copper clad laminate 1
________ Climbing height: Ah = h* - I

Avplied electric field S
5 \/ h

solution

AN 7

Teflon petri dish

Figure 5-2. Schematic diagram of solution climbing under an electric field.

F72, [FAIKFIZ Figure 5-3 T3 [E B CEMMEZHE L, #HEE Y (BRIEEIK) ([CH
MEN=HBREE Vo 1T E Y OMEBRIEGT R &3 v MEHL Ry 1kQ (48 B IR [ & #5
Pr: EMPUEFF A 2££1%) ([CKO D JESH, B R IEDESNT-EIE V% DSO THIEL, 4
—ADOVERNC IV E LT,

T

1

1

1

'
[

v. | Dso
:

Figure 5-3. Measurement method of current. Vy: High voltage, Rx: Specimen
resistance, Vx: Specimen capacity, Rs: Shunt resistance 1 kQ, Vo = Vyx + V.

IR = VS/RS.
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5.3 WRLEE

5.3.1 ®BIKFLEY

Table 5-2 |[ZE S T OEKO AT MERKRENEELZ R, CR-U(T) ¥ - > +
T~ dny, THE 3D+ — - HH~@EETHRATZIENE CR-UIEL — - +J5m
~HNDbDOEE 2 BND, Fio, FLOBEITEWR - - + F~iiiitic, 20— - +
F A~V DG RiL, RS A EMDEASI, AEMBOKIEEBmBEDF] )IZXD
MHMFAELIZEEZOND, ABMIXEGM ECH SIS IKRIZES EUINK RE i
IR NDZ ENTED, CBX & PDMS BT BN G4 RE o7,

Table 5-2. Solution flow and climbing height under an electric field.

Solution flow direction and velocity. Climbing height (um)
Solution Electric field: 400 V/mm. 370 V/mm
fame Flow direction VeloC}ty h+ h- Ah
(mm/min)
CR-U (T) - - + 41 2,901 2,096 805
THF + - — -281 1,354 1,612 -258
FL - - + 2 1,290 580 710
CBX No flowing 0 32 32 0
PDMS No flowing 0 0 0 0
+— —: Counterclockwise, ——+: Clockwise

5.3.2 WK LA

Table 5-2 |ZIAWR E5-ME (Climbing height) & Figure 5-4 (2 &AM O E L EIN
(370 V/mm) EEZPLDOEWK ERIKEBEZZNENRT,

Figure 5-4 (a) ® (B) (Z/R 3 X912, CR-U (T) OWH EFITELHIINO 1 s %121
B i & B A O R ST SR LAY, 2 s # (C) IS 23 <7 B It bl 2 /R LTz, il
75, THF i Figure 5-4 (b) ® (E) ({233 X218, LMD 1 s IR N ELL2D
ERAERLIE, Z0OZE06, CR-UIEBMANC LR/ 2IEdFREEZ R B2,

%7, Figure 5-4 (¢) ® (G) \Z/R"TXHIZ, FLIZEBZHEIM 4s £ TIXHMmE A
O EFAEIFZELWD, 60 s % (H) ([ZIER A ICHBAINEL R DIEF 7 ER B S %
~LTz,

CBX & PDMS &% 1X Figure 5-4 (d) & (e) [ZZNE N RT I, FINE#ZNSG
MR &Rz A o b FEO 22 T8RSN T, PR B A RLT,
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(a)

CR-U (T)

(b)

THF
Under an electric field

Home position

(D) 0s (E) ls

(e)

PDMS

solution

Figure 5-4. Climbing phenomenon under an electric field: (a) CR-U (T), (b) THF,
(c) FL, (d) CBX and (e) PDMS solution. Electric field: 370 V/mm.
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Figure 5-5 |[ZIA LR EHOBEEZ/RT, CR-U(T) & FLIEKO L FMEITEYS
23280 V/imm ZHZ5H7-05A8ICHE ML=, CR-U (T) & FLAEKOIELFL L
FABLGILEY T TG IT [~ DR OFRALHAFE AL, AR 2 2R L0 6 <
725 E SN AE BB IEANCIs THESNZEZ 2D, BIR EAEOIERS
D ERBIBII~I AT 2 VIR E, TNENOEE O ML LD ER OB EE DM
FHIREEZOND,

Figure 5-6 (AR EAEORERICHEONLERME RS, HBIRMIT CR-U (T) &
THF 720 08l Sh, BHOBMELHITHMUT-, thOEK O EBIREIXBH TE/20 -5
776

CBX DEL TOMBBARLIOEIK EABLEIIBRSh o7z, CBXIZEE THA
eI, AR THEALICHEORWMEIZZOEEMEA L, MBIBSEOEIR E5A
DBHSENR NS T- DT E DR BELEZ T2 TidhnheEzbn5, MAT, #H
Licm BE B EE O BEOCRR A L EMEEEBREOSIKGHY, 2 L 22 W E W
SATORERFOEY (3 kV/mm) K0H/NSARES T TULMRE CTERN ST AL EREE
Zbh, SHOMETHD,

® CRU (T)
= THF
E mIL
- ACBX
o 05 epDMS
W
3
¥ op——=u
E
-4
2
=
o
05 ] 1 1 ]
0 100 200 300 400 500

Electric field (V/mm)

Figure 5-5. Relationship between the solution climbing height and

electric field.
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Figure 5-6. Relationship between the current and electric field.
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