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1% Fia
1.1 FEER

111 TV b o=l RAEXZDRNT U TVAH

ZOHTH 100 FROBTRBEICER LT br=7 XX, TRLETOALXDAE
R L IRE S ERIBFROBEFRILAZEZEIL, 5K PAFEEEZXD DX T
AFRIBFHEIGDOLOE 72> TND, ZDFREE L Z TEI2DIE, BHZEEIIRbo TR L,
BELDIRE LT TS N7 P RAXTHD.

mwﬁr%wmnmwﬂﬁﬁﬁbtﬁ4X7~ (TEZEE BN DSBS & 720, 1897 4D
Joseph John Thomson (Z BORALZ 7O Lc. ZORKEIZ L - TJ.J. Thomson 73/
~f\/1/f|?@ff¥?i§%52f§ L 72 1906 4, Lee De Forest (2 LV 2 S DOEF OB X 24512
THIETHZEDTELHDTOTNA A LTI D 3 MMEEENPEHINT[2]Z & T, %@T(ﬁ
HEEITERGE AR CELREIFE T LTHHAIND L OIZy, BEECE F3HERE
R EDEFUEE BRI E LIk Ax IRE T ASA ADBG LD, L LR b, BEZEE T
IR EEL <, BVE IR EZRIA T 5 DT, BE\, WEET), 75 AFmn EICHE
Mol ZDTedd, ZRHOAEELZEET 27 M ARBG Lisd 5 &, BZEOREFET
ELTHRIUVREPEREZROD L DI Ro T,

hZ VU AHEELTHID THAE S NT-H DI, 1947 4512 John Bardeen, Walter H. Brattain & (2
Ko TR SN BB KT o DR FBIER, ZEMICHEN & o -7, BZE O
F L L THHE SN0 1948 4E1Z William Shockley (2 > THEIEN-#AHM KT P&

A1 THHoT=. IHIT, YEERMEHZBI L T, 1954 2 Y a v 288 RICH W b T v
VAZNHEINTZBIZ ET, ENETHOLNTW S V=T A0 6, KD ZMTFIC

O, BB ERRMEREL 2D ) a CEEHMZOND LIk AR NT v
VAZEI TV AZOPTHEWETUERERZ b o TWZ), BRI TH D722 H
KENPLETHY, S ORIMMIESNEETH 72728, 1962 412 Metal-Oxide-
Semiconductor(MOS)FE RN & 7 > v & # (Field-Effect Transistor: FET)23 3B X1 5[6] &, &t
BRSO X5 7R ERERIFE ISV H AL D OIE MOSFET 28 i & 72 - 72, MOSFET (X B FfitiiE =R =
TR ooy, BERETH 5720 ﬁﬁ%ﬁﬁf%b FHEIZENWAT—F )T 1 %
H o TWe2w, lifkiz & 5 K& Zetkgem b, & R, [KHEE LR ThoTz. Z
@t®AMBET®%%Ei1$#T2H_ﬁékP9A~7®%m_%ofﬁﬁﬂﬁéif
BZ T TH Y, 2012 45 AICIFHAANDZBEZ 58 TLEMEO N7 P RAZ2 B 1 F v FIH
H S 72 GPU 23 ABR S 4L[7], A EIZ DWW T S BEICE A T O LT 22 nm 7' 2
TORENTHIL TV 58]

DX DI, REWEEREEKIC AV S h, R T md A LB /T REZ: MOSFET 135 b
REMR N T VA2 EEE L TH LW DLEFERICHNENTWD N, ZRLSMNT b 8hE
R EEIIZHWVHILTWD K 9 7, &t CEWEHIEIGE S % & ik s — S A R—
7 k7 YA % (Insulated Gate Bipolar Transistor: IGBT)=<°, {RihT « A7 LA Ol FEERE[A]
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1% Fim

REICHWON, BREREREZ VL LW N7 DA 72 Y, Bex 0F ORI (T HE
WCEDLEEAREEO N7 VP AZTHSNTWD., T U VAR TR AR F AT
HHEMWLZE, BHE2 X227 b= ACBW IR LEELRGFETHDL EEZD.

112 AL 7 b= AL HHEERNT oA X

T L7 br=7 AT, Z< OB MERIR, 23 R#EME S LTRSS HNnHLT
X7z, — 5T, EEEAELE LTIE MOSFET ICHWHNRE T Y a0, L—F D L 9 it
FFITHO SN IEEW B B2 &, B RS L Th o7z L, 1977 FI2B)I5E
BHICE ST, R=E U7 2iTo7R) 7 eF Lo NEE 2R Z LM shi[e]z &
T, 1986 FICHEM TH LR 7T HF Lo 2 FEREIZ W ~ T P X 2 D3] TH
HmEAND T L L7 o72[10]. BRI EBEE T DT 10° cm?Vs Th - 7273, “ha E o>
I, AHENRE N T 2 R & LN D T AR SEREE AN I A L T2 1997 RISV X A
HBEIZHWT, #E N7 A2 OREBIMBI CH L KFTELT 7 A2 Y 2 OERL)
BREE 05 cm¥Vs & L5 0.7 cmP/Vs DE RSN RBENE 241D TR L72 & ) HEN S
N1 2 & T, AHEERR - T 0 DA TE TSNS L )2/ o T,

ARG N7 DAL LI, ISR AR EEND LD Ak n R E LA
W% HAR B &3 D ARSI *%WE’%wkEﬁh7/yx&T%é.ﬁ%#%%
MEHL, 77 T AT =2 NERLET L0 TR E o TSR I TWD T,
ME, TAWOT AT L THRBISRHmAEND Z &R FICETE D L nolz, (#
MalE, FTEEMRICEATEMEI CThH D, £, WAREEIZ L > TR SIS Si e & O SR ER
IR THREA D389 T2, 150°C I TORIE 7 0 A TR E S5 Z LN TE S, fit-
T, BT TAF I T 4 VLRI ED T LV TR E 2 AR k5 o P2 2 Dk
WIZHWD Z ENTE L7280, 7 L7V ClikE, MEREICER, KaX MNeE T3
A RETHILENTE D, 61T, AEFEERITERA 2AGHEAIC BT 2203 TE 5
728, BRE~OAMN/NE L, AEMEICENTZFRZ EOWRKR 7o A28 L TT N1 A
EERT 2L HTE D 20X ) RUERO BRI EHIIZ R WFLED G, AR 2 5 H
U7 AR BORES EM[12], [13]%0, AHEMNE b 5 > 2 2 % 2 L= Kififitt > 4 [14], [15],
TUXRTTNT 4 AT LA [16]-[19)72 &, %< ORI ZE B BEIC#HE ST g

AHEEERICIRG T, EMBESRCEEMERY v —, ﬁ%%*ﬁmﬁk%aﬁtﬁgﬁ
BT ABMEIEE T AN RASHTAMAVEAEK= L7 ha = A EMEERTWD. B
Wr L7 br=7 A%, 207 LR E YT g OfffEtE, ARBFME, KEfEE LN LT,
FOEYDHY & o6 DDLEREICIEITAATEE +7 A Ak Fhx NEERONIZHHAT 5 Z
ETC, LVRETHREREFEZELZLENTELLHIRT B b= L7 bu =7 X[20]
OFEFUZMT T EREN L LT, ImERE RSN FELNA TS, 2O L9 2kttt L
7 b= ANREBRT HABITBNT, AEEER N T U220, BIRO & EERBELS
IBFSAZLZ bu=7 AOHLIFEN YY) 2> MOSFET THH L o2, v U av
MOSFET 7¢ & O EEREA B CTITEE L W Z Al O 7o DD EAT & 70 5 & B XA b TN 5.



1.2 HFERHY

AHE N 7 2 DA X ORROBEIIBEEL L ZEMTH D, BEEIZOW I AH#-E
BMEHZ L D & ZANKRE L, MEIORFIRNIKRE TEHEBRRKE <M LT 2 AaEER & 5 23
LEMEICOWTIIRARICIER T2 2 L 138 L <, E o X o A8 isrpl < b Akt
ThOHRVFEE L IOARENLRFETHD.

F 2T, AWFZECIRENC Z OZREMEDOBBEICHOWTHER L, HEAIHEWEREN & <, #aigiE
BEDE WA U~ — B 2 AR b 7 0 O 2 2 OFERIFEIC AN D 2 & T, BB A% 72
EIZ L TREDHDHTHIFWICLEEEDOROVARER 7 o VA X 2F+ 5. F7,
Y~ — AR TIIBRBN R L3 N 2 & DER DR & 72> TV, B 1 & 2 O fii
BT &> THERRIEE 2 MR b5 2 & T, 5 V EL T OREERRE) &, 95%LL D@V E £ %
WA SED, &I, TRO O L2 RMLHE T2 2 LIckY, BonDAHER T
2B DESDEBEE & 1.0 cmVs LRI &5, H%IS, AREIE ST Y22 OfE
X520 E OB, ERMEIKOMEZM ESE57201C, AER NI PR IcT7a—TF
AT — MEEZEA L, MEFIESE R B2 STk b3, LR OfE~ O BIE R HIl4#
ZAHEICT 5. DL EZARBFEO B E LTz,

LUFIZARITED A Y & fE 5 F & TRy

v R~ —HERIRIC XD ZEMEDm WA RGER b T R Z OFERL
v R~ — iR IS K DR EERE) & S AR £ D OfisL
v MEBEREOR LI L DB ENE OUE

Vo 7ua—7 4 70— MEEE W TT A AERZ IR O~ BB fiI 1 4 F28L

TIOMEREIND Z LT, MESINTWDHAH TFT OF THIEFITEWEENME - LM
Lo TFT BNEHIND. FlZ, AV ~—&EE IR 7 2 22130 &35 K
ER 7 o X NSRS, FIEmZ 7 — FEMRE LTHWDLZENTEX L7120, IR
at A &R L2 A TFT OMERETCZ 6 OERICHT T, AFRIIRE S BT 5
TLENTED, &6, R ~—HEEITR U TR Y Z7RTH Y, FFICARIZE TRV
IFERNTHRIEREETH D720, kL7 =y b=y hr=7 2R I8N,
EROFRE, HOLWVIEONFICEDL LI REFT A ZADEBUICHRESHIRTE &%
2bid.
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2B AEENT VRS
21 BERNFVURE
211 TEEE N T LU R X OB L EE KRR

M N Y 2 Z (Thin Film Transistor: TFT) Tl%, —#%89IZ, ¥ U 7NN D5 F v R %
TER T DIEMEREAZ A3y 2 U 7 ALK FE R (Chemical Vapor Deposition: CVD), HE.Z27%5%
15, IR JEHERE (Atomic Layer Deposition: ALD), ~<L A L —H#EFE 1A (Pulse Laser Deposition:
PLD)7 & OHERETE 2 VT, ER EIZBE nm LU OIREIZ 72 % K 9 ICHERS L TRk, 1t
2T, Si-MOSFET @ L 9 IZIEFITHIEE O <, il 722 Bk d Febl 2 0 B2 & 3, BRI &
DI BB THERICHND Z LN TE D,

L L7228 6, HEREE CITEMMS O X O IOEF I BE O WRRZ 150 Z L B8EE LW 2D
TEME I — AN SIS EIRBE & 72 0, /L7 SiDF %%@fﬂmmmﬂwpﬂ@io
REWE Y U TRBEEAZSS Z LIETE R, &5, TFT T MOSFET @ X 5 12F v x/v
ENEt nm =X =225 L) N TE TR 5T, BumA—F —ICE F - T 5.
ZHHDOHEBMNG, TFT (3% v U T BEESCEBIRBISE L mD &35 8T 2% OMERE,
EFEE, EENERR EICB VT MOSFET 2125 Z L I1XTE 72048, TFT 1% MOSFET X 0 &
HfEH T2V OfEa 2 PR, RET 4 A7 LA DX DI, HIREEARE <, AN
A% Rk T E R WERE O FE BT ET UL X W T A RIZEB W TITMOSFET L Y & A
Thod. EBERZ, @7 4 AT LAICHOOR TV D EBEIERY v ary v F 0924
TH-oTh, TOEWEHEIIE X+ MHz THV[22], T4 A7 LA OEREEK E L TIEK
TEIC RN D D, ZHUTKE L, GHz A — % —TEIfET % Si-MOSFET % #kihT 4 A7 L A O
SEERENEIREIC 2 & TS, S A0 R EER Y ) v v o= 1 m? b
$1,600 F2EEOAlits T 5[23]728D, HATZ T THGMEIZE NN TR FB0 0D Z Ll b, L
DX ST, TFT 1L MOSFET ARG E R KIEFEE 17 A A SHIZB W TR & E 4 b
DRITUTVAZELT, BT 4 AT VAIHAEFRLDICIEREL TV 5

TFT ITHWS N L 8RR U TREN R S DX, AUFFE T O AREEARESMNT, K
FTENLT 7 ALY 3 (a-SiH), KIEARY > U =22/ (Low Temperature Poly-Silicon: LTPS),
W b =8 1K, Big A —R >/ F = — 7' (Single Wall Carbon Nano Tube: SW-CNT)72 E 23 5.
ENHO TFT 2OV T, SUEREBRSOWESIRBEE S RE SN TN O, TITRF
7 7 4V AR TR E U2 b O &2 HT Table 2-1 (a), (DI E & 7. ZZTIEENRD
DFECEIR 2 L9 5 2 & T, BiA T 2 RS BHI R L THBEER 2 vz TFT
DR RSB IFR T R EFEEZHA LT LT,



Table 2-1 (a): Comparison of the organic and inorganic TFTs.

2% FAHGEIR N T PR K

) ) ) Metal oxides
Semiconductors a-Si:H [24] a-Si:H [25] LTPS [26]
(a-InGaznO) [27]
upg (electron) 2.0 cm?/Vs 0.9 cm’/Vs 250 cm*/Vs ~17 cm?/V/s
upg (hole) 0.1 cm?/Vs - - -
On/Off ratio 10° - 10’ 10’ 10’ 10°
) PE-CVD (a-Si:H)
Semiconductor _ _
o PE-CVD PE-CVD then crystallized RF-sputtering
Deposition .
by Excimer laser
Max. Process
250°C 300°C 110°C 150°C
Temperature
Operation VDS = 10 V VDS = 10 V VDS = 3 V VDS = 1 V
VOItage VGS: —10~20V VGS: —10~20V VGS: _5~10V VGS: —10~10V
Insulator Si0, (125-150 nm) SiNy (300 nm) Si0O, (300 nm) Al,O3 (100 nm)
Clear Plastic Clear Plastic
Substrate Glass PEN (25 pum)
(75 um) (200 um)
* Upg: field effect mobility
Table 2-1 (b): Comparison of the organic and inorganic TFTs.
. Metal oxides Organic Organic
Semiconductors SW-CNT [31]
(a-1IWO0) [28] C10-DNTT [29] DNTT [30]
wpe (electron) 18 cm?/V/s - - -
wpe (hole) - ~7 cm?/Vs 2.0 cm?/V/s ~45 cm*/V/s
On/Off ratio 10° 10° 10° 10° - 10*
Semiconductor ) ) ) Vacuum ) o
. DC-sputtering Solution stamping . Solution dipping
Deposition deposition
Max. Process
100°C 100°C 60°C 200°C
Temperature
Operation VDS = 40 V VDS = _100V VDS = —15 V VDS = —SV
VOItage VGS: —40~40V VGS: 100~ —-60V VGS =0~-3V VGS: 5~—-5V
] CYTOP AlOy + SAM Al,O;3 + SiO,
Insulator SiO; (300 nm)
(500 - 1500 nm) (3.6 + 1.7 nm) (20 + 15 nm)
Substrate Si PEN PEN (125 um) Pl (12 um)
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212 a-Si:H

a-SiHITDFEETIIARLELEDN, KFEE R—EL 7352 L THEETKmNPAEICRY,
EREECHLEICHFETE DD, M F—712 X D% U 7 HEERIE N FEEIZR D
[32]. a-Si:H IXMKEEBEEN T b REF72 n BURREZ R 3720, IREBT 14 A7 LA Ol RN A
Mo TFT & LTl & vl C X 7ol IR 8RB Ch 5.

—HRRE L LTI, aSitH 0% % U 7BEEIIE < TH 2.0 em¥Vs FEE[24]1 TH 572, i
FERO BT 4 AT VA BT 513 A0 SNTND Z &R0, kRO 1t AR
FEY 250°C LA EE @V ERETF BN D, £72,a-SiH O TFT Tid, 77— MEREIE TH 5 SiNk
H~DF ¥ VT b7 v 7R33], aSitHHTH ¥ V7 THLEF & SinILER I L, KiEE
FORMEAL D Z L[34]72 ENFRINT, DC /34 7 A TERFHBRE) X B 72 B BMEE LA
fbL, RLEEBMET D ENMBNTND.

213 LTPS

LTPS I% a-SitH (2t v, HHEEH 7 Ly Mk 8T, @il T 1 A7 LA Z{KE
JECHRENC X 5 TFT O -8R L THEE E 72> TV, LTPS &I, iy ) 2
N7 PAZDOFRTHRRT B RREN AR T 7 ADERTHHK 600°C L0 HKWE D
ZIRL, TOELII K=Y 7 %4To72 a-SiH ZE L% T, L—F 7 =— VALY
FERIEEITO ZETIRIE T r B ALERB LW, 207 ek 20flE LT, Y arn
ZhER BRI T & B 308 nm (XeC)D =¥~ L—HEf, L—HF T xLX—73 160
mdlem?® FLEE THHF BRI DL A L — W &2 SRR O BEZEBRES N TR 5 2 & T, a-SiH
FEARY U a LML, 0.23 cm’/Vs THh - - BRI EBENEA 102 cm’/Vs &5 TFT
O TIZIEFEITEVMEICE TH LT &9 Z LAY 1989 4R IC il STV [35].

ZDO—)T, SREEIREEOEKE G 2 LT, MBI ORGSR O KX X, ¥
72 EBLTPS ORFECEFEAMEIC KR E BT 2 Z L2 5720, o fIE O =i L —3
HhELRERSEDZ L0, KEMFEHA T TOT =— VAR P12k - T, REEATE D
DV 3 U EKRFEEL S, R DRI ARG 92 & e ERMEEMR Eolod
WCHEELRS, £, L= AR b7 et 2TlE, TEMICE L HWSND PE-CVD
IZX o T aSi BEZEE L 7235567 B2 T, ffmbOBRITKEN ABITBEET5 2 12 X
ST LTPS RO SVEMN TN 5 Z L 25 <720, a-Si EH OKFREZ BT £ THROLT XD
(2 400~450°C CTEAT =— VILELT 2 7, R RV X —FE D L — PR 72 & O BKFI TN
MEL 72 H[36]. ZNBITEIBET R EATHLNG, HFEL A TIEITIRAF v 7 7 40 A 1
(YRR & 72 LTPS-TFT 280 K O STV D H[26], [37], 2D =F v~ L —HFIC LDk
efbiECT T AT v 7 7 4 )V W73 EDOIEMEDIRW AR FIZfER S 72 LTPS-TFT 1, Bk
TEAICE STV, E51, =F o~ L—FIIREN 0 REELLEL L, L—FH R
DEMOEIR0, WERNFER, A AV F—E 77 A R leNBELTHILREND
gy 2 A b &R 230302 D [38]. - T, M RR L & X Te & & 0 LTPS ORI,

6
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RIAFEMERCHEA mAES 72D Da A b, AL—T v hrlilhbEBEZLND.

ZO=FX v L—WIIx LT, #EE 532 nm (Nd:YAG20)D [E A L —H |2 L kst 7 vt
A1, LKA MTL—FHARLEL, KEELICAERITHD E VI RHEL-T0D
729[39], [40], EETIHZ O X S b7 rE AL ER STV 5.

2.1.4 Wb t-E(R

BRIt B8R 2 Ao TFT BARIT 1968 - DO RE A CREICIE 2V - 72[41]73, IT4F, Wk
HEERRTER SN D L D22 -T2 & o 00T, 2004 4R S 7z In-Ga-Zn-0O THEk & 5
FRALW 8RS, TENLT 7 ZRBETH > THREMIREED & X &% ¥ U TERERHEICKZEN
7L, R—ABEEET 10 em?/Vs, EEICER ot A TERENTEZTFAF v 7 74 VA 1
O TFT OERDEBEEN 6-9 cmVs 23T 2 L NG SN2l Th 5.

AL BRI A A U TH D720, —RIICE OB Pl & s 5 Biienz
NA A &7 BBORARIELAHIE L, &1 42 & 72 HEE D 2p #LUE O = 1)L ¥ — (]
ICHELTRY, ZNHIEHEAAVICEDHERT vy VL TREIL TN D, - T, 2/
BN FPED B WDERIRICIE BN BIRGNE 2N » TV 5 s BB 2 IR S A M L L CTHOESE
EAWD Z & T, EERRNLZE LT HEER THIC T 2 &R OB B E R Y
ITEDLLRL AT D, N HEESHTBBIZTEL T 7 ARETH- THiEmD L X LT A
ERLF v U 7EEEIE2RT[43]. 512, ZOXIRTENT 7 AEE KBTS Z
& T, ZAEGCRIE & 720 COISERBI U L BT A ARHEDIE DD E b M2 5 LN T
5. Fio, B EEEM IR & WBEIE AR L, &, KR 7 7 22 K D
MABEE W T2 & D728, FTH RN ZERMEITH S a-InGazZnO(1GZ0) % v /-
TFT 23 dh 7 SRV OB FEEREY A B S, BEICFERfbSh T2 [44].

ZTHUCKE LT, B b R CIEERSE O 2p WUE BITME #2572, iE 7
O R XF—FHIT/NE L, L BIELS RDHDT p MENWESEDL Z EREE LW, E- T,
FRL >8R T p BENEA 2B 2121F, BRFR O 2p BB I WIERLIZHE 5 A s BE S d il
EROLOBRERBEHND Z ENMEL D, TN THnR LD EBEIE IR, BIER
HEEN TS p BB TFT OEF N EBEE 1 Lm % 1L em’/Vs T % [45], [46].

D XD B EARDRERNZOWTIE, BITED & 2 A, (254 Fii-4 eV X0
WEBTOFEANAIBEE o TnBEWEST S Z &N TE, ETF Lim2-6eV LU kT
WXEAFEAICKL D p HEWENAIREIZ /25 2 ENFEBRMITHON TV DR, BEBEXRENLZ NG
DIFETDO R T v LD 72 VIR ERT D70, p MEIES G5 Z LN TE RN L,
DX D IRRBANC S T E D RVAMENS 2 < AFE L TV 5 [47).

Fo, TOX D REBEFEREAKSI I EIXER{EY TFT CREEBEOZEIZFIEEZ T 720,
T LF T NVER BICKRIR T e A TERT LB Z O L 9 RREZE W L TR G T e
WO ZENREE RSO TVD, ZNHOMEIIX LT, KVLET, BEORELZITOTW
HEN°, EIAT OGN A +5072 0 U U L&A T, 100°C & O KIR TEULE T 5721 T
FRIBATRE 72 AT EHIWO) ST AEBR FE &7z & DL A H V [28], HEH ST D

7
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215 SW-CNT

SW-CNT [ZEXURERLEVRE R, A TRENIERF ICE W T2DIs, a3l CHER S
NTWAMEITHY, TFT b ZDISHFID 1 5T 5. SW-CNT-TFT 1%, FHAMIZITAKE TFT
CIFEAERUEERECH Y, N> KA T 7T LAOBGENL—KIT p B8RS L
TR SIS, ZORHME LT, MOEBERBERICER T 2m O ERDRBIE L, KR 7 1
TR, WE 7T R CKAERBAECH D Z L EREFTE LTHET LS.

SW-CNT OFEIRREE L, CNT OR([FRIEEZRET DA TV M (Ch=n-
a;+m-a ) DR THLNIA T VT 4, MIZE->THEED, n-m»N 3O THNIZEEM,
ZRLIMTHEARMED CNT L7 5[48]. W~ T, A 7 VT 4 ORI S D5y BN B AT
72 TFT OFERUCARAIR E 72 B0, BIEDO L ZAER T v A A 7 V7 4 OFIEELT S
Lo T R EHNIEZe <, CNT OFERBIZHEET 2 L WO HIERERER>TWD. £DHE
& LTI, BEEZFR LB OSBHE4]C, 70 e —2 7 V&R T 5 HE[B0) 72 £ 2
BBk L THE ST D0, &tE & a2 100%58ET 51213 E > T,
Fo, WA TV T 4 ZREICHBET S 2N TE TRV, BIERE S TS SW-
CNT-TFT DIF & A EE, Fix R S, KE D SW-CNT % /0l S B 79 iR & WA L Ol %
LT, FREOIE B X MRS X TWA[31], [51], [62]. £ D=8, &JEitED SW-CNT
DIBAR, TTA BWBRIGERR EODIC A 7 BN E L, BRASEBEE CRBIEEED
EODENRKEVE WV STRENRH D, ZHOIFFFHIIET v RVICRDBIEEIZRD Z &N
HHITNDN, RN SW-CNT OffiE%E 99%FfEIZE T Rif 5 &, 20 pm FREE Tl
Q0%FRAE D TFT 28 10° LA DA v 4 7 lha " 2 E NG SN TWA[BL]. £/, A4 7k
Y=« RLA VEOBEEEZ EFHZETHIRTFT 252 035N TUVWAH[52].

ZHUTK LT, I CIEAE RGN R S Au7e SW-CNT-TFT #fRHE 77 A~ L=y
FrZ LTRSS 2 LT, FYRAE1I0umBETHLA LA 7R 1%L EH Y, BROE
BENE N T 45 ecmiNVs, b T RAa L FE Y X AN 4 pS/pm, Fr FARE dpm DL XD
k7 VAL OBEREE LAY 170 MHz & FEFIZEPERE T, 12 pm O FEHR A W2 & & O/
HEEAR2Y 1.3 mm &0 ) TFT 2 S Tuv 5 [31).

—J5C, CNT IZZOFMENMBER SN T, AME~OEBEL LTT AR MBI IER
ZHIEEITZIEDNMONTWVS[B3]. ZNHDFEKE LT, CNT DA T vk R8BI 55
AR AMPH CNT OFPEICKE EEBELTRY, HICBORMMITIET ITE W LUV TE
RARIRIC R B A AT T &0 9 T ENEFlE ST\ 5 [54).
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216 A TFT OF & 3R

Z ZE TTFT ORI & e o7z a-SiH &, AREHEIRICHE ST 5 8848 CTdh 5 LTPS,
FRILA 8K, SW-CNT IZ DWW T DR & BUR AR 72, 240 SISk U CHBEERAE 2 &
NTWD AT TH A H D32

EOBAMEHIR LTHE I ZENTEHMATH Y, AHFEROREKRORBHIL, Z0
MEIOBE SI2h 5. AHEEREERT 2 iR, £ IOMERBRIEDIVL,
ENDDESUBERONY BT A Ty Tl EONEREHEIZT TR, B R Fe Bl
95 ENE, WM R RO ST 5O T, AiRICA b Tk 235
WEDZENTED. T, ABEAROREIL 150°C DL FOIKIER 7 7R L7250 T, Mt
PEDIRNIEM FIZ TFT Z2ER4 58T, a-SitH P LTPS 722 8 L B2y, v ZREE T
2 e D T L S ERERE DS IZEEE LW, FDTD, EPOBIROBHENR LY &L, 7
TAF w7 7 4V K0 HMEEDOR W &S IR ELE L THWD 2 LT 5 [55],
[66]. & 52, HIRIOD &L 9 ¥ 7 a2 A%, AEEFEARTHITIKRE T aE XD FE EHFSIC
WHT 5 Z & TE DM, SW-CNT Z i < fthodP B Cidz i L <, a-Si:H Tid 400°C [57],
FR LA -8R Tl 230°C B EDIREE[S8]23, BIfED & 2 A, IR 7 v X & T RAF7 TFT
EGDTDICME L > TRV, LTPSICEA LTI, EEELTPS ZiiK 7 o A TIER L= ©
IFHEIN TR, 2O XD, A TFT TET 7 AT v 7 7 4V AD L 9 7R EWEDME
W ECTOWHR T 22 A X DERICE W T RERBAND DO T, K A FEERK & A4
PEOEWEIR T v A A GbE D Z LItk - T, KEEOT A A&k bka 2 kT
HWTEDLEEBERALND. 2O L9 RRmEEEMIZE TFT 1%, RKitR=L 2 he=272Th
L7 ET LY br = ARERTLHHBICEBNT, £LHEIACEBEINS BT
RT A AT VA EEBTH-00 TFT L LTARMTH D, £72, 2O X 5 itz B VT,
INFETURICERIZENWE ZAETETT AN, ARHIET DL IR DD T, LRI
TOTNA REEBT 572018, AN, MfEEICEATZZ LT LY hr =2 AR
LTS, ZO/RIZBWTYH, U730 170 GPa fREH 5 U =2 L [69]%°, »VL7 T 140
GPaf&JE & % ZnO[60]72 & DR LWFTEHZ L, &5 1AM EFCH 5 P3HT ¢ 1.3 GPa, {41
RO~ 21 T 16 GPa[6l] &, HLHAVRW Y o VR AR T AEERIL, Zohno
L7 br =2 ZADOFEBUTB W TBENICERIZMEITH D L E 2 5.

—Ji T, A TFT ORZARFEE LTI OME & X TREIE MR & &, ZEMEN
2B, FRn BB CIE IO ZFRFICEET D 2 LB L <, p BB BHTEE~TRAFE D
BRTWS., e, REEOFREIZOWTIE, KRRSPEVR E, otk L v &R, 1t
ST, AEEEERO TFT ISHZE 2 2B1C1E, BEIEOKEL T T, LW LTEEN
DEWVERE TFT ZRBLT 50 VWO AREETH Y, L0 SRR AT R B OBR%E &
AT LT, MM BHRIRSC, 7 /3 ZEECEEA A 5 D TRIC K > TR ZRZEM - F
FEPEZ ) LS5 2 ERERMBICHT CIRFICHEHERFINICR 2 EEZ2 615, S6IZ, A
e TFT OAMCEERB ISR TR IND Z ENZ2WNTm®), T34 ZARHEDOIE S X KK
HEACIZBW TR DE L 725725 9.



2% FAHGEIR N T PR K

22 FHERE K7 PR FZOHEE

TFT 1%, —F, Y—A, RLAUnBRE5 3 SOEMmE, FEKE, HEERIC L - T
FRENTEY, Fx U 7IELY — 2B O MR LICHER S v R E 2 LT R L
A VBT, T OBROER RS 7 — NEMICEINT 2 BRI & o THITT 2 MU & of
ETHRILUTH D.

HHE TET IZAW S DG XA B & 8K E O RREIEF 12 X - Tt Bt s, 8k)E
ZRRIET DENCY — NEBZ B SE 2 L OIAR oy — M, Towid by S — b
WHEMEIND, £, BRICHLTY =R« RbA UEBEZFERE X EICHET 2 01
R MLz Zy M, PEEREERICHERET 258Xy a2 7 MEE LIRS,
Z b OREN MG % Figure 2-1 (a)-(d)i2Rs L 7=,

Source & Drain electrodes Source & Drain electrodes

/ 5 / \

Semiconductor
Semiconductor

Insulator Insulator
Gate electrode Gate electrode
Substrate Substrate
Figure 2-1 (a): Bottom gate & top contact Figure 2-1 (b): Bottom gate & bottom contact
structure. structure.
Source & Drain electrodes Source & Drain electrodes
Gate electrode Gate electrode
Insulator Insulator
Semiconductor M M
v v Semiconductor
Substrate Substrate
Figure 2-1 (c): Top gate & bottom contact Figure 2-1 (d): Top gate & top contact
structure. structure.
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A NAS— MEE T, PHERE AT DR 2 R T 5. 207 — ME
Mz Al 72 E &2 WU, B LT 2720 CEGICERIFEE 2G5 Z LN TE L. £, Ao
MafxE A V2356, IR O A HEABCX o 7 QUBRRE O ZA3 P8 (K g |2 8 % T3 2
EMIRNTZ, ISR T BB ANRZNE WO FEN D D, — 5T, PEROE R
i@ﬁ%iﬁ@77%%%%@mz»%~@%@%ﬁ%<xféma@f,ﬁ@ﬁ%%%_
132 OREZMERETS 1T T, TRHEDRTA—FICHLEBRTHILENRD D,

ZHUCK LT by 77— MEETIL, BN Z SR SRS 2 TR T 2729, AlLO;
X0 HfO, 72 £ @ high-k #EfgE 2 K95 7 2 A28 ALD 72 SICR BN, &0 FHiIEO AL
IRF b A BRI % = TR 7 & BRI IR A KT S 0 E D MICHONT, EET
LHUENGD. £, BHCHREENTWD Y —Z « R LA @R L Bk b 2 Rt
LDTC, EROMGIEE 25D Z EREEL <, R A — MMEEIC AT B EBRENZ [
2 Lo, CPREREJEICEIET S 2 LR TE 50T, Bk & OfSERTED B gk )E
ZTFTIZHWDZ ENTEDLEWIHIFIARH D.

RELa X7 MEETIE, VA N LA B EIARE & e o R FE LT
B2, FEKE ORI L HHHIN T ARSI L, £, Y—A - FLA
VA RIS K0 b RIERT 2720, BRERREO - ERE DX A=V EEET D
BN, BRA RABERES VA N T 528N TED, 20, 7+ M)V TT
74 I EEFIH L TEGIIWMR T v 2V R, BEEEB T2 2 LN TEL. — T, P
KJE DORERF I, $72 5 R RV ¥ — & FF OB & il L O mRE S E 5720, g
ROFERBLI A AL 2700 2 &%, &F L AW EROEEENR RN L EA R
LY, I by Ay s MEEL D bEMIRTINRE D LD BB H 5 [63].

Ny Fary s MEETIE, HEERE T -SRI RV F — % b ORI BT 5
TENTEDLRY, WA RS RRE R EGD LN TE D R A a2y M L Y
DL, VA N A EMEHEERETICEEIND T ¥ RV & ORI THEREDOIRE S5 D
BRI T D Z LIS 508, b TP RF OBEIITEMIER O T RN Kk E S BB 5720
HWORPE CYEREHERE L by T ar ¥ 7 MEED TR, —ROICR La 27 M
WO TFT X0 & B 72 R %2 7~k 97[64], [65]. —H T, Y —A « KL A VEMOERIHIIE, BE

ICARIE S N TV D B R [ C B 2 B 2 CLE ) T uv ANMEZRWED, A7V =y
N2 EOWE T vt A CEMEIERT 255130 TR AIEEE A HIR S h D, £72, 7
+ NV YT T 4 ZRALEBIMED, VYA MBMICK D BRI A -V EETD
EHELWE WO RADRD D,

ZOMIZH, A R — MEE[66]CHLREIE67]72 &% TFT O : L THWHN D,
A R4 — MEEIE Figure 2-2 @)1~ L7z L 9 22 1E T, /(ﬁ‘/?&ﬁiii E AR VY, k%
BRI T a2 21T 2 ERELWMEIE W2 58I IS, LavL, mfEgh=
NEL, BR EE%%Axﬂ%ﬁﬁﬂi@ﬁm&i#%%k@ﬁﬁﬁ%ﬂ%ﬁx1@@A5~
VNICK o THIREND DT, ¥ "V HANRTNRDE NI RANH D, HHAEEIL Figure
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2T AR LT AL

222 R LIc LD IeiELR L 0, BF v LR ES Th Do, N7 VA X OREWE I
BambESEsENTHERASRD. BBEAE LT, BRICEBE2INIANETHDZ L, &
FR O BB B DOHIERA S 0, WAL Z 0 09 W2 &, BEEA~ ORI, P8R0 AR
— A RE LR THEHE LW &, AERNODOMEAVIZE > TY — R R LA BB
WIS LR POMENEZ D LR ENEZLND.

ARFZETIE, IO E S i L 2 IKEERE 2 /fEICT 5 Z LA 1 >THD
7280, TFT OFERUCIZAR F a7 —F « by T a2y MG L.

Figure 2-2 (a): Schematic of the side gate structure [66].

Organicsemiconductor  prain Channel

Gate insulator Source

Gate =

Figure 2-2 (b): Schematic of the 3D structure [67].
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2% HREE NS URH
23 EHEEE NS X2 0BERE

A% TFT OF ¥ 3L, 7 — MEEZHIN L & & OBBRDFEICE - T, Mok B
ERTH LA EEREOREICHE SN2 EM CHERSNTE Y, — I3 a#EER
2% LCRFI R =20 7 &4TD720, 6> T, MOSFET D X S22+ U 7icx LT
Bx v ) 7ONEBEERET 2D TIERWVWDT, FTU o220 F 7HREIR, ATy Y
TEZHF XV TOHMAEICELDBOTIT L, VY —REMmE A EROMIAHAET D 1E
ABBEIZ Lo CEBIESND. Fiz, AEEREILY —R « R A VEMEBRWT, #Egirsh
ICE > THBESND T2, BN ZBE LRV, 2 b0 m0 MOSFET (Z81) 2 B EE
EWERELSEARD, L LD, 7V— NEMICEBEZHMULE L EOBEBRDRICL->TF
KRS L MR OB EARIE L, VY — 2B OEASHIEZESX v ) 72N S BHE
AT TEEERPFOF ¥ RV ZEY, FLA UBBALEIALTNLS, &) FEARFH
IR CTHD. Eivli, TEARERER X v U T Z2FEATE 2REIII/NESL, FERENERT
LN ENEAICE, A TFT OV —R% « RLA UM Z2HEN 5 ER (ps) l3EF ¥ %L
MOSFET &AL ReTH D, - T, T2 TIXENS DA AW T n EMET 54
BETFT D lpg & 77— b+ Y — ZARBUZEIINY 2 EE(Ves) DRRAL EHT 5

£, ARCEERIIEMERTH 2O T, ARNEIRT 0222 fg [H & b i 4 B L C
EXHHLDLTDH. ZOK, Fx RAVDHEEBMEE Qc X, 7 — NEELZHMLIZFRFDOF ¥ /v
FHaOBR OB EIROGE S F I &I LTRSS TH D, EWVWH 7T VaT T v =%
WVIEBRIO L & T, ERHRICIVFR SN D EBMOLER TGS D 57— MBI (B E L
Vi) HWTLLFORUcRDOT Z N TED

Qc = —Cqjel {Vas — Vru — V(x)} oy

Z 2T, Coie 1AM WM B O AL E RS 72D O F v S 2 A THY, V(x) 1TV —
ABO BN 2 LML LT ¥ FVH OB TH D, x Bl Y — A B L 8RGO R %
Bl L, RLA vEMOGAEZEICES. £2, HOEBRBEE OLH LT, HEAKFOX v
U7 OWEEE v 1T TOXTEZOND DL L, 20L& XDMBHRE upg & A HER
DESNFBEE L EET D

v= - E )
ZRBH() E KR EANT, lps HUFORTEDT 2 LN TE 5,
Ips = —vWQ¢
av ©)
= UrE %chiel {Vos — Vrg — V(x)}

ZITW BT RMETH D, Vps < Vgs — Voy Th B LIUEL, K@ ETF + 3L E(L) L
VA s FA OB (Vo) TR TAUILL FORBF 5 5.

w 1 . .
Ips = HrE i Cdiel (VGS — Vru — EVDS) Vbs (linear region) (4)

K@AIF0<x <L OFPHIZTIHBNT, V(x) < Vps DI SN D & IR L, Z ofEhg
VBRI LRI D . ZAUSK L, Vpg > Vgs — Vo D K 9 225 TlE, 0<x <L O#iPHT

13
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V) =Ves— Vo ERDx MBTHFETDEIICRD. ZORO x 2B T4 7 H LMD,
L, TH< &, L, x <L O TIES — MEEIC L 2 EDN 2B R0 BIEEEZ @82 5
MR, B OGN EIXEM A EEIND 2R 2T D 2D,
Vps ZZNLLEELS LIz LTH, T RADBERINTWDHEE TORT v v VAR
Vgs — Vo CHFTH L7220, NUF AV —IC X HMEENE Z 5 F Tlpg 1 Vpg ITIEAF L7272
D, EBZHEIBIIRLVA VEMRO IS EFBIZELLTED, ET ¥ RAVD FNT7 UV AZTIE
Ly * LEABRTZENTE, REICHETL2EMPDOTNTH-TH, mEFY VTNV
A VBEICLDBAART ¥ vy VOBARIC & > TEHET R LA CEBANCHEND Z &3 T
5. 2O XS emEiTaaEE & FHTh, X@IZEBWNWTx Z 0225 Ly(* L) £T, V(x) %0
265 Vgs — Vo E TS T 52 L TUTOADRSGELND.
Ips = %UFEdeiel (Vgs — Vrn)? (saturation region) (5)

b0 @), B)IFE OHKE TFT OEBRFERE LT L2 LRRBOLNTEY, £
DIz, A TFT OBESGNRBEE ORI —KITHN SN2 E > TS,

F 72, Vps K Vgs — Vpg OFMA T T, K@IZLLTFORX(B) THMT D Z LN TE, Ipg T4
—LOVERID X 512 Vpg IZHBIT 5 LB X D DT, Ak TFT ORI e AL 52 &
NTED.

w
Ips = Upg T Caiel (Vs — Vru) Vps (6)

BRI RBENE ppp (FAVN SN B RIS L TENLE T U T BBET 502 EHL,
FZ VR BIZBWTEROTAILLT I 2 nd BERBIE L 25, fafn Eﬂi“(@ﬂ?ﬁ"fﬂﬁ*ﬁ%
TFT OERN BB E & BMEEE X, Figure 2-3 12k L7 X 912, IRERMEICBWT, FLA v
BILOY IR %A & > THEIZ 72 Y NLBE L7 T 7085, %ﬁﬁfiﬁf?@{@% L x BlA%
HRpZ LT, KE)EHWTHETHZ ENTED.

| V5= Constant

sqrt (I,.)

-3

Figure 2-3: The field effect mobility and threshold voltage of the organic TFTs operated in the
saturation region are extracted from this plot, whose y axis is square root Ips in linear scale and x

axis is Vgs.
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Figure 2-4 (), (O)IZ1E, R AF— K, by T ar ¥ 7 MEEOHR TFT T, ThLZhEE
FEISE, BAFNGEIR CEME S BT & & OB Rth OB A 2w L=, £72, Figure 2-4 (c), (d)i213;,
TNENRICAE, fAfEIR A TFT DNEET 2O EEE T+ 5= vX—%, Y
— REWI D EERPOF v XV EI LT KL A VEME COMTRR L.

(@)  Electric potential distribution (b) Pinch-off region
Source Drain Source Drain
v
Insulator Insulator
Gate electrode Gate electrode
Substrate Substrate
(© (d)
Potential energy (eV)
V'S

Source Semiconductor Drain

Figure 2-4: Schematic of the electric potential distribution in the semiconductor layer when
organic TFTs whose structure is the bottom gate and top contact structure are operated (a): in the
linear region and (b): in the saturation region, and the potential energy diagrams from source to
drain electrodes when the TFTs are operated (c): in the linear region and (d): in the saturation

region respectively.
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2.4 N ER

241 Xy ) THEE L (zER

AHERII G2 b obEME EREHRICL O, 7 FNTHRELL TS nE
FENLIEF ¥ U TEIENTREE 225, EAERO X 5 ICA W) R—E v 7 Z2{Thnie
b, AEERZ O L OIFEMEERTH L0, A% TFT T3 — NEMICHIN L 7= &E D
BARDIRIZ L > THE SN DEMIPERE~DOF ¥ VT F—E 7 R0 T, AHE
EHOX v V7 EEITS — MEEICL > THIIT 2 Z LN TE S, 65T, AEFEAROX
¥ U T7EEY, BERRTIEIROD—RIIC LI TOR(7) TEHLT Z &R TE 5[30].

1
n= ?Cdiel (Vs — Vrn) )

n: carrier density (cm™), e: elementary charge (C),

Caier: Capacitance of the gate dielectric per unit (F/lcm?), Vry: threshold voltage (V)

2D X DI U THERIBE SR I I SN2 EBMIC L o T, AEEERTICTF ¥ 2D S
N5, AR ERTEZRALAEEXS Yy VT Z0F ¥ X AEN LT, V—AEBPLEAZ
NTRUA VEBASERNDZENTESH, UL, —RMICFEREER & ORIy 2
v N —[EEERAET DL DT, AP ERTHLERE L OERICBNTRERZ RV —[FE
BERSEL 5720 ,_®hﬁ®k%éﬁﬁ%ﬂT@h%%?)?@&ﬂhﬁ WCRESHETD
LTS ARECEEARTIR, BB T IRICHE S T 2 AT R ERIE S A #E (Lowest
Unoccupied Molecular Orbital: LUMO), A& -4 FdslZAE Y 9 2 MEATL 135 & 5 A #iliE (Highest
Occupied Molecular Orbital: HOMO) Toh 47206, ZILHDHERL L Y —R « R LA EMITHN
%@ JE O L O = R F =B RLEBMRIC & - T, AWEERICIEASHRT VX v
UTBRED. 207, AREEERICKEIT 288X, A —/ T3 2 EAREED J5 038K
HOFEp A, BT HHEABRED TRV OIEnRIEERINTEY, EH60%y
TAZXF LT b [ARREE AR R ABRRE 2 & DR EH I A (ambipolar) i & FEIZIL TV 5

F 72, ARENSER L &JE & OBEA AR T, Mott-Schottky &5 /L Tl S5 — ki 72> =
v N —FERED L 9 7 kL X —[ERECIE /2 <, Figure 2-5 [68ITr L7z L 91T, FmiER
HENERIND Z LI Lo TR DEEREN O 7 FPFEAEEE L o> TWD Z & Al
INTVA[69], [70]. D> 7 bEITAMIEERM B L @R OMEAGDEIC L > TREDTZ
¥, A TFT CTIXEHC HOMO Y70 LUMO Y7 Ol & 4@ O S BBUE D> B 7 A ke %
BT 22 LI TERVA, T00OMERBRENOEEMZ TRT 5 Z L 13E < 0BG TH
RETHD.
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@ A=0 ®

‘ IVL A0

! T
D, IE @D,
fgac @org Ef"ac
EF —=-‘-LF - -y-E%rg EY Prml-1--
v Ev
\f—HOMo v
HOMO
Metal  Organic semiconductor Metal  Organic semiconductor

Figure 2-5: Two models for the interface between a thin organic layer and a metal layer [68].

(a): Mott-Schottky model and (b): energy diagram measured by ultraviolet photoemission
spectroscopy (UPS), @: work function, Eg: Fermi level, &f,.: vacuum level with reference to the
Fermi level of a metal layer, £f: injection barrier for the hole, A: vacuum level shift at the
interface, It": ionization threshold.

242  ERBENE AR Oy FRRGET

AR EIRIINED B HED & <, Rx RAHERORG 2 /aEICT 5. LasL, A
BROMERRIBIE E L TEIT oD b DIk, A— A BBE, 2wk, #Mis, EARRE, B
P EIEWITEZ N2, 2D ZFEFECA LS5 7203 EHER Sy Tt RARko b5 b,
ZIT, FTIEEDO LS AR EERNEBEELZ R T NEBE XD LT 5.

ARAERDOSFNTIE, o FNZERICEIC 2D TELInETFENTH2LTHY Y
THIEDNITOND N, o i & b2 T T n EFER OB OEL D AA/hE W
72O, RERTRAX—[ERENEL D, 2O —[EREABZ T, ATt U 7
EMTONDEERE, RSB ZFA LAy B 7 mEIC LD b0 EEZLNTE
0, 2Ok v 7RI AB)IIR L X 5 72 Marcus BLEa[71]-[74]lC L » TRl STV 5.

t2 i

A
k=TT P (_ 4kBT) ®

k: hopping rate, t: transfer integral, A: reorganization energy

ZoXE@)N D, HHE-ERS TROF ¥ U 7THEIZIE, &0 FROBEES ) & FiEdm =
FAE—WBKE FEBLTNDZ ERDMND,
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2T AR LT AL

BEES L, &0 7000 FRICAN 2B TERLOERBBEEORE LR VES THL N,

SFREOMAERORS & FEENRH Y, T 51350 TR OBERECH X 72 & 0% 722 il
B, DT AT DRI L > TRELS AT H[72], [75]. BARpEIE LT, Figure 2-6 (a), (b)
R LTIEE D e~ U IR — ST 2 p BUA 5K dinaphtho[2,3-b:2°,3°-f]
thieno[3,2-b] thiophene(DNTT)[76]4 25T % &, #-43 F- M OB EIFE S 1T Table 2-2 (/R L7 K 9
2, B FRETORBERCA— =T v I T HEEORE I TEILTWB[T3]. £/, 7
NTZFT TN ROEHEERTIE, ZOX DU U 7R — S TR R S
LMEIO TN T A H /71‘%3_“@%552&:2@5 HDED bERROBEES D RE <, EBRIT/ER
S HES TFT THEd 5 &, BEIFES 72 0.019 eV OFELE 0.034 eV DR EL & TIEERL)
BB ENE DN A0 (R B D 2 L NS ST\ 5 [74]. — 5T, Figure 2-6 (IR L7z m A ¥
v JREEIX 1 RO MICHRWAE BAER 2R 2720, FOHMICERERT ZENTESH L9
PRHREEL TFT 29 £< G2 2 N TENE, ~V v 7 R— U & kT 2k 2 v i-5
BV LEOVERDRBBENGOLND Z L WG I TN D[]

@) (b) éf %
s -%—!,‘— &p,}Q Qv \g‘
g [ g2k,
sz 4 Pa|r3 &-_;Ié:?"/ﬁ' overlap & 'FI

5o

T %

Figure 2-6: Crystal structure of DNTT, which is called herringbone-type structure, (a) in the ab
plane and (b) in the bc plane (a = 6.187, b = 7.662, ¢ = 16.21 A; p = 92.49) [73]. (c): Crystal

structure of 5,11-dichlorotetracene (DCT), which is called & stacked structure [77].

%
ke
O

Table 2-2: DFT estimates of the transfer integral for molecular pairs in the DNTT crystal [73]
(see Figure 2-5 (a) & (b) for the labeling)

hole (meV) electron (meV)
1, pair 1 81 —27
lq,, pair 2 28 37
lq,, pair 3 —04 —45
Ie,, pair 4 13 0
Ie,, pair 5 0 8
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T2, FRETRALX—E0L, FHRRECH ST 0L, MEIREICH 72 b OO CTEf
IBE) LT BRI 2 2 BT PRREEFNCHE D =X VX —ThH 5. AU 7|8 ROMETI
Table 2-3 IZF & D=L 91T, ZOHERENEL R DIZONTHEM =R LF =BT 57
b, BEIVENH LT 5 2 ERHE IR0 5[78].

Table 2-3: Relation between the reorganization energy and drift mobility of oligoacenes [78].

naphthalene anthracene tetracene pentacene
reorganization calculation 0.1893 0.1441 0.1135 0.0993
energy (eV) experiment - 0.1394 0.1176 0.0992
drift mobility calculation 1.32 1.84 4.24 5.37
(cm?/Vs) experiment 0.4-1 0.57-2.07 0.14,04 3,5-7

PLED X512, Marcus B 132 < OF SRS C, mBEMbORBE L L GEmSLb.
Marcus Filia Clid, ARERO R U 7 NBEIEII@) E 7T A v 2 X4 OB EZ AW T
LLF R TR I N AH[71]-[74].

1 2
D = %Z i kiPi (9)

D: diffusion coefficient, n: dimensionality, r;: distance to neighbor i,
k;: hopping rate to the ith molecular neighbor,

P;: relative probability for charge transfer to a particular ith neighbor

243  HHEERORSRE L 7Rk

2 ETITAEEARDOBRGIZI T DEim Ch o 703, FEEIC TFT OFI-EKE & L
THIESNDERE, Z2< O%HE, ZREREBOLORGELND. ZffmIREDO AR I
%, ZOMGESRBL(Z LA )ELEDORICRERER VX —FERENFET H X O IR DD T,
TFT OB FEBEE 27 LW 5121, ZOMMECRIRZ ST 2 Z &R 5N 5.

D XD REAERANEER TFT OBSGNRBEIE L 7 LA YA ZOBRIL[79] Tiim
INTEY, FERE OGS BEAMICHA AN & Z ORI 2 ZnENO\LOFITH
XHZEMTEDL ETHIX, ERDEBEEIZLTORNTERDT ZENTELHEINTNS.

1 1 1
—=—+— (10)
Hpg Mg My
ugg: field effect mobility of the organic TFTs,
B! drift mobility in the grains, w,: mobility between grains
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K(10) 5, AR D KU 7 NBEEENRZ LA VI TOBEE LY b+ RE W
(g > w)iZiE, A TFT OBRINRB BTG AR & 8 2 2 BROBENE _J:ofiﬁaé
NHZ LD, TOEOBENEILT LA A XDRKRELRDICHONTEL 2D, EERIZ
o-E X T AT = B ERBIZH WA TFT O LA U A X ERBEIEORERE R
THISH R, UTFTOX 512705 Z EnEiE St Tn5[79].

e(v)l p( Eb>

_ _ 11
Mo = BipT TP\ JepT (11)

(v): electron mean velocity, I: grain size, Ey: energy barrier between grain boundaries

LoL, KA)O TFRICHWON T ot F v F A7 2D LA A X1T 350 nm LA T &
INEWHDTH Tz, TDOH, IV RERIT LA U A X b o U0 A
TFT ZHWT, Y alb—ra VEERERND, UTOXB LY RER T LA YA X%
FOATFT THHTTED O L LTHE SN TVD[80]. (ZDA(12) T, ny (T (9)izdr
bDOTHHEBZDHIENTED.)

1
T L

n: the number of grain boundaries along the channel,

B: the ratio (I/L) between an effective grain boundary size (I) and the channel length (L)
1, intra-grain mobility, E: electric field, Eo: a critical field [81]

ZD X, SR AERIEARE AW TFT TiE, FOMEEO A X, KL OF-C IR
RENBROEBBEICRE AP EE 5252 ENMLNTWD. ZNDILRRHCHRE TFT
OBBEICEST D20, BMICEWEERO 7 LA VA X TBBIEL#RT o2 &
i%ﬁ LV,

TIL, FEARENLHERIREO A TFT ICBIT 2GS kiR 2, B A B o gk
(ESR) Z X0 EERIC L Té&mﬁ>$&%éhfb\é[82]. % Z TIZPB16TTT & DNTT @ 2 fiiXd
DEFEERM B 2 VT, &AW TFT OIEFHE(L= 3L ¥ —% ESR A7 ML OJRFERFE
M HRD TN D, Figure 2-7 128 L7 K 912, PBI6TTT & DNTT OffiEmNEICBIT 5%+ U
7 DIEMEAL T RV F =N ZENF 21 meV, 5 meV Th HDITKE L, sk R Tl EhFhn
86 meV, 45 meV L 72D Z LD, A1 TFT OB SN EBENE IIMAE BRI R CORT v L
BEEEIC Lo THEE SN TV D Z EBRHLNICENTND., O LX) R FEICE> THLRE
T2, AR ORREHOEHE TFT OGRS SR 2 I 2 71 & A7 Sl 47
LT ZENRTEIUR, ZREmARE TFT OMBEZ I BICm ES¥2 2N TELEEXL
ns.
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(a) 10° " 1 " "~ 1 " " [ "~ " " T [ T3
N A ]
N Pentacene (E, = 14 meV)
= r TTI )
$ '108 L intra .
(&} E ]
% - -
S s DNTT (5 meV)

9 I J
£l PBIGTTT (21 meV) |
2 bl DNTT (45 meV) ;
= | : A, — PB16TTT (86 meV) ’
106 —~+—— — L e e S
(b) [ (b) \ ;
B 10 ‘s
> F DNTT (38 meV) E
£
5_3,10-2_ Pentacene (80 meV)
> F ]
= b DNTT (55 meV) .
o 4
= I PB16TTT PB16TTT (90 meV)
103} (68 meV) -
t 1 L n " 1 L 1 " L 1 L L ! | L 1 ! n | 1 ! n L
0 0.5 1 1.5 2 2.5
. 100/T(K™) gomain
(c) Cinter boundary
E -
z-inn 1
0NN
1 Vv Vv 1
;: :; trap

crystal domain site

Figure 2-7 (a): Arrhenius plot of intra- and inter-domain motion frequencies, and the each
activation energy was extracted from the slopes, (b): Arrhenius plot of the field-effect mobility of
organic TFTs, and red colored data show the mobility calculated from inter-domain motion

frequencies, (c): diffusion model in polycrystalline organic semiconductor films [82].

F 7z, TR, A TERM LT LA A XET TR, MR oRm b
BETHY, InOORMNEZRHEEENFE S RDMEICHIZ D L) IRk ESEL 2 &
T, AICHMETH-TH, A TFT OEFIRBEE L RKE <\ LEE5HZ LR TE H[75).
WS SR OBLE 23 2 5 12 011E, BT 0t 2720 TR, HFEE L REREICR D, Zofl L
L T, [1]benzothieno[3,2-b]benzothiophene (BTBT):& DA & =B (R E T % Cg-BTBT [83]i3,
kN VABMRIZH DALEIZ 2 DOT VI AEHNHINEIN TS, 2607 VX 8T n ks
BELTROVOTE v U TEEOEENI EHITH NS WD, BTEMEEOHANICEL 72
D728, BFRLEDRHi -7 L EDGFRAINL VB 25, ZD7d, oFFREOMEAELEHIC
K o TREE O J7 ARSI T < 720, 431 HBERE S < 72 5[84]. RIAD K 51200
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NHBICEIK 2R TE HREBTIEZORENPRICEES D, FEERIZ Ce-BTBT OiFHk A
AWTBUT 728 E TR R S § 5 2 & T, TFT OBEREBEEZ Zh E s SN T
WEED 2 fEFREE N b S BIAHmE S TWA[85]. 77, BT, 20k o Ak E
IR OHE SR 35 1T DS OB 2 I L)L CHEBEBIE T 2 HiERH#E STy, £
Z Tl Figure 2-8 1Z/R L7= X 91z, ERAEEE 1 IS (Scanning Transmission Electron
Microscope: STEM)Z AT, HEHBLE 7 ¥ 1 o 7 = b St B O okt i B 1700, i ok A2
BWTRE R —[REE L 72 ) 1525 KIS O BN B L TV 5 [86].

1 :§¢:‘3«x§
l- "'%“I'%‘;;*'i”ﬁf‘f

o) 110

i
Region C s g

Figure 2-8 (a): Molecular structure of Cl;sCuPc, (b): low-magnification image of the crystal

projected along the c-axis, (c): high-resolution low-angle annular dark-field (LAADF)-STEM raw
image from a single crystal region, (d), (f): translationally averaged experimental and (e), (g):
noise-filtered LAADF-STEM and annular bright-field (ABF)-STEM images of one molecular
column, respectively. (h): LAADF-STEM image of complex defect region. The stacking fault was
observed along the (110) plane and molecules with irregular orientation were identified in the
grain boundary along the (110) plane, (i): Schematic diagram of molecular columns
corresponding to (h). The molecules along the XY grain boundary are shown as blue ellipses [86].
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ARG 1 ORIy T SPER 0 721 T <, D OAMEIRANT 33 2 I fig
IZH BT S, B p MABCEEERMEIO DNTT 1320 F £ TIF & A CIEfEEE L7270
WS, RIS 7w#wﬁﬂﬁmLtﬁﬂi%ﬁ&ﬁ%%ﬂmﬁbfﬁﬂ&%%ﬁ%%fp%
TN NHITBETIGHEOERETH Y, 5 TANOmMMEEZL ST 5720, MELOEMME
LA, AR EORIE T 0t AL ARERES IS, DX ST, E%%I%
T 52 LT, BBEE CHEMERE, FERSELN LT WE W o7, K0 ESRER e AT E
BMEIZERTHZENTED. TO—T, TILF VIR EOEFE TGO EREILIIME
D HOMO #(ii & ER-SETLEIDRP S DH 2 LR EBLHMBNA TV S[8T].

CTIZETICELDIEZ LMY, BUWBENE 2 EB T D ASE AR B O R EHER A
LN TETEY, IbIC, TNLEART HHEINNESR L TEZ Lick- T, BifE
TIIER SR DONREIIM B Ch o T2 X o B2 A B ENE 2 R3S R B Y %

B9 5 X 51272572, Figure 2-9 ([ZIXZ D OF L LT, T4 @\ OV Fh RS 8
D STV D IR 1520 p BB ER B 2R LTz,

| CBHW
I CgHW

a D 5 f’ o

Hon+ G S

CO(52

R =CgH\3, CyHy5, CgH |7, CoHy

Figure 2-9 (a): The structure of DNTT, with a mobility of 2.9 cm?Vs [76], (b): the structure of
Cg-BTBT, with a mobility of 2.8 cm?/Vs [83], (c): the structure of Picene, with a mobility of 3.2
cm?/Vs [88], (d): the structure of C,-DNTT [89], with a mobility of 7-9 cm?/Vs using C1,-DNTT
[29], (e): the structure of C,-DNT-VW, with a mobility of 6.5-8 cm?/Vs [90].
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244  FEEEROZENE

AHEER DS TRRFHIB W T, BEIE & FRICEEIC R 2 ORNAHEEROZEETH
D, T TETHRSINDONVKRKILEENETH D,

AR ERIT— A A AR T > v VRN T2, B ES 72 EDORE YT & DL
FOGEE Z 0 od 0, SERAIC S 7-A4 ) 7 ROAE-EEREFICE D L, 2O
BRI, Figure 2-10 IZR L72 £ 912, ZOIEENEL R DIZHONTAY R ¥ » 7H/NE
720, FEEM#LETh H HOMO HERL2Y B9 5[91). ZAUTHEST, A F AR T v v
H TR0, MEFBERBAZELL T EERIZ, XX B X RERLERMETH D
ZEPMBNTEY, KRS T EbFREE %2 Z LT Figure 2-11 (2R L7z L H e &
¥ )BT H[02]. T DT, NRu Xy AR EEREIC WA TFT RGP TE L
SHEENBILT D, EBIT, XU ZEUr XD 1ORVEBUVERODZNAT TR UICES T, JE
WICARLE TARK B RS KEEIC 72 5[93].

iy ey
S :u-] "#*:I# e il
o i, g, o P T T P
e Q‘}I:L LD CoCCo
235 m Summa
LUMO ‘ n =2.08 .2.39
i i ¥ T
4840V [360eV 277 eV | 217 eV
| e -4.85 -4.56
HOMO_ =5.23 &
Le%s TN
oy ¢

Figure 2-10: Calculated frontier orbitals of oligoacenes [91].

OOOOO Mass: 278.3 amu

o= +16 OH &=+32

(0]
DO o
OH

Figure 2-11: Chemical reaction of pentacene structure in the air [92].
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ZOXIIT, AV AT ROAEEERME T, HERDRSRDITHEST, FHND
BEIEDN < 0D 2 & SITIRAYIZ HOMO Y22 ER-§5Z & TRRALELTLED.
Mo T, RRZEMZUET HITIE, p MOGHEERMBIOLE, A 4 AbRT v L%
LiF 5, Bl HOMO HE(LZIELS 75 80D Z ENMEIZR D, TOBEORME/ L LT, B
FLAREN D HBE T T, UTFTORWNWTR LIEBILE TSN Z D Z &2 RE LT
BRIZ, HOMO Y(773-5.2 eV LV HARITIVUI KRR ZERMELE 720, T OHEEMED, EBRIT/E
A7 8 D p BARE TFT I28B1F 5 HOMO (L & KL EMEDBRIC L < —& L Twn
5 Z e STV A[94).

0, + 2H,0 + 4e~ = 40H"
(13)
(ata PH of 7, 25°C)

X(13) T, MR L ARERRDFERICH DREFIE L TV O BREAUEL TWD 2, Eb 60
R OI UMNEE L7V K 9 2R CTlE, HOMO %7 73-5.1 eV O BT & BRAEHEICH LA
ROIT95], 7z, BENTFET DERE F CRELHET 5 &, WMENMUWER L K3z
<720 [96], KONELFELRVEREIZ/RD &, XU Z v ZHWTATFT OBEE 1%
ROFHEICEDL T AL LWV Z LR ERMESNTWVDHLZ D, ZRYRFETHD
EEBEZDLND. E- T, RKREER p BUAMEERME 215 5121E, BRGSO
R EDBHANZL > T52eV XD H HOMO LA TRS 5, LWH ZENMELRD., 20D
LD RIBE RS0 T2 2 e R BT X 5T, IEHETIEZ L O p BB EERNKRKETE
RRPERE L TR SN TE Y, Figure 2-9 IR LM B L 2 TRALETHDH L STV AD.

— 5T, V=R RbA CEBIIIE p AR ERZ H0 556, ~5.1eV O FHEEE 6o
EN—ANZHN S D DT, HOMO MRS D &8 5 & Y — XFEMR & OIENFFERED K
LR, BEXY Y TOEANE L 0D, - T, B HOMO ML Z S 57217 T
XRARZEN L SVMREREZ RIS TSR L EBT 5 2 I3 L. £, K
R[REE LTI RKBLETHDLEVIERTH Y, EO X5 2 G 8RR A Wz &
LTHRED T EDKISIIV RN 6TRI 5720, KRS FIZL 26 TFT OEXEFHEDOE
LITEET DR VIETH D & FE 2 b,

E DI, AHEHER T ER LS AP EHT E A TREA 355\ 72 D S B DMK <, iy
(2 KD RS S OFEER-CREE, FHERENRSICEZ 5. BAOFENX v U 7 OB
fE P ORI X 2 ELZ T THIUE, T3 AR EOBLIT TN TH DL EE XD
DN, ZOX I M ERRICEREZ 2 L2 OEITRA e b DT D120, MEE
DHLDODIHEMES HHREERIND Z L1225, ZHITAEEREER R T 2E
MEGNTZOIRIR 7 B A TRETE S, LW ORIEERE LKL TEY, #LVWGRE
DIOTHHEERD.
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Z DX D M BHRE R BLE L3N, TN AREED D Z D K 9 R eV O & T
LB ONTHMERH L. BEplE LT, 7 — MERIEICHW DB 2 £ E 35 721 T,
7] CABE-ER M B 2 W2 TFT Th o Th X DOMEWEZ M LS5 2 &R T, EERICHE
I NG TFT ICHW DI OFEREIC & o T, BE S - A8 R O£ S
HRRBIRE NN T D Z LS STV H[98]. F7=, Figure 2-12 (TR L2 & 9 72, BRFEOK
KUK U CRAF AN TR Z S OFE IR Z W TT AN, A2k &2 B S Z LT, X4t
VR, EBICKEARLE R n ARSI B 2 O T2 B TFT O RKLZEENE K& U
THIENTEDLZEHHESNTVA[9]. S HIT, T EFRBROE IEN AR TFT O KA
LEMTZT T2, MEWEZ I ESE5 2 &b lE STV AH[100]. AT, Z okkZeE ik
BEEZFIH LT, TFT OF ¥ RANRT A ZARROBEE G ANkt U THIDLE IR D K 512
IEREDJE S Z 534X, 0 diF Iz Lo THEE TFT B2 5 AR (R A=) D FEM S i
L7, A% TFT OB ZENE 2B LSE5 2N T2 bHEIn T 5[101]. =
DRI, A TFT BDARERNCTH X DHkx R ZEEORE AR L, REEEMEDH 273
A A& TFT THEBT HI2E, MBI OBLEN G121 T, 73 AfEECEIEK 72 &
HELTRTDHIETEHETDEVSZBENRRDLNTND.

B = Parylene

Pentacene— —Polyimide
Base fiIm(Ponimide)t
e e e e e e
N\ ~~Parylene
Au (G)

Figure 2-12: Cross-sectional illustration of organic transistors and passivation layers [99]

245 nAUAEHEER

AHEEAREE T p B BHZ LA, n BB OBIFE N BV TV D, Z OB T n B EHC
IXEBEE ELENARRICEBRT S Z AR TH L0 TH D, A ERE AV
TFT % n HEWES & 254, mEX ¥ V7 L7228 71X LUMO ¥ %/ L CHEE &R O
F X FEFND 20, TFT & LCOREMEL HOMO #M1 %2 FiF 5 2 LI X 24 E RO %
EMELV L, FXY VT THLIEFNGEZR I &RNE 92T 572012 LUMO #Er %z Fif 5
TLDOHWEELRD, £, HEMEOWEMICH D LUMO BRI, 720 T Y — X ERRIC
AV SBOMFREE OZENKELRY, BROAOLOX v U 7 OFEAEEEN p BUAE
IZHARTREL D720, 2907285 LUMO ¥ A2 NP2 MERH D ) Z &
2725, LinL, KASGHEEUE CTh D LUMO LA 51 & TiF 5 Z S IXAFES Tide e, n il
AR CIIRR R ECEBENEL 2 EBT 5 2 & 03 p B EHZI L THEHE L V.
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AHEREZ n MEESELBRORREENEEZXDLE, F¥ VT ThLETFVBRRS
TR Z L, Ty TSN DmRIZLL T Ol OSEIC K o Tilgim S 15 [102).
2H,0 + 2e~ = H, + 20H"
(at a PH of 7, 25°C)
0, + 4H* + 4e~ = 2H,0
(at a PH of 7, 25°C)

(14)

(15)

IIH OEIERITTRIN L Y, R B OB IR ST BN AMERE D 7 AL ERM(SCE)I X L
T-0.658 V LU EEICE TR, RADITR LTEREF OKY EDORIGER Z 72250, X
(SN R LT & 5 2SR & ORI Z S 720X HICT D701, MO LR BN %
SCE 2k} LT+0.571 VLA EE L 25 L2l LTI 7e 720 [102]. 2D K 5 e defth & ii-
FTHMEHISH E D 200, BUER LN TV D RKLERMENCIX, BB et 2 s T
MARRET HBLBRTENMNEZM > TNDHEZZX LTS, FEEEIC, 7% L YA X F(NDI)
ROMELERY LA I RPDI)ROMENT, EHEEEET S5 2 & TR biELEN %-0.46
V7r5+0.08V £ TER L7 W TR E M 4 beige L 72 R Cid, SCE 12Xt L C-0.1V
DL ERERSTEBAL BT AU TFT OREEENS KKK L TLEETH D &V ) R HE S
Tk, FRFCRAS)ORALETCSHUTH ST HImEE 0.6 VREREIILETHLHZ &
e S TWH[103]. Z D SCE kT Dk e AL, LU DO (16)% Hv T LUMO (7
\CHAE 32 2 L A TE B[104]D C, SCE (2%t L T-0.1 V O i T BN 15-4.34 eV D LUMO %E
PAZAES T H 2 LT .

LUMO = —4.44 — E o, (16)

2 (15) D S B 7223 B NI Z OFERIEIC BIRFT 20, TOH%R IO X 5 70ilE
JEIZ 0.9 76 1.0 VEEIINETH D Z & 03#fdE S/ TEH Y [105], Zoffi & X (16)% H TR
K[ CLEIC n BIEMET 2 8 A EHI R S 55 &b 2R 5 &, LUMO (7 73-4.01 eV 7>
H-411eV LV EITUTIWE WS Z &t D

—FHT, ZOXIRERTITTIIANY LB AL I FPB)ZRD n BMEE KB O 2 E M %
AT D 2 ENTET, EBIZ, ZOMERDOWL OniT-41eV LV bV LUMO %A 4
DIZHEDL LT, KABRERMEITHD Z ENME SN TWH[106]. Z OB\ E LTI, &
AREOEENPBEZEDORANIX L THEEEL 2D Z LR ERB X LN TNDN, FEMIZ DN T
IRV 2 S8 0. L L, WTFRICLTH LUMO #(r23-4.1 eV X0 HIET R,
72 EBRKFPTHLREIC n HEWET 2 L) ST L 2H TLE D & F 2 5[103]-[111].

LUMO Y7 % i HIIXB T WS IEOBHIEZEAT L 2 LA TFEE LTHLAT
BY, 20 TOOn BAEEEEMENLIZ O X O REHRENSZ HAIN TN L7, p ikt
BEE D MG L 72 D, Figure 2-13 ITIXBUERE SN TN D, RAT THLEICEEL
LB RSB 23S H T D n BT S AR O il 2 R L 7=,

27



2T AR LT AL
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N @]
CgHi7
O._N_O Y X
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Figure 2-13 (a): The structure of poly-NDI20D-T2 whose LUMO level of ~ -4.0 eV, and the
maximum electron mobility of 0.85 cm?Vs under ambient conditions is reported [107]. (b): the
structure of dichlorinated NDI whose LUMO level of ~ -4.0 eV, and the maximum electron
mobility of 1.43 cm?/Vs in air is reported [108]. (c): the structure of PDI-FCN2 whose LUMO
level of ~ -4.48 eV [109], and the maximum electron mobility of ~3.0 cm?/Vs in air is reported
[110]. (d): the structure of C12-4CIdiPBI whose LUMO level of ~ -4.22 eV, and the maximum
electron mobility of 4.65 cm?/V/s in air is reported [111].
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2.5 FRELHE

A TFT OERDRBE L, AREEEERMETE T Tldle < 73 ZECHIS WV D54
BHZ b RE KAFT 5. FRIC, #ERIE & 8RB O R IT AR TFT OMRa2/LAbT 5T v
*wﬁfﬁﬁét@ MR B2 ORMITIEFICEETH S, h7y7ﬁu#@ﬁﬁ%

ZELFET D E TFT OBFDRBEBE T FNY, REREAT IV VARELLZ LI
5.it,ﬁFAﬁ—F%L%ﬁwﬂiﬁ%#ﬁ%i@ﬁﬁifﬁmﬁﬁ?ét@ %@ﬁ%
HDT 73 ANIMREX v U 7 OREETET Tl <, BRI DGR ERORE M b2
5. B, AHER ORI R TR O LT = RV X— OB L Z T, KT r/L¥—
DMEWVEEREEMERNE S 2D Z E b E SN TWH[62]. Z D XL 912, TFT o4 — Makxikic
MERRIERECF v /N F U A(BEFFER) SN Y, RED R T v THEMRT 73 A, KT/
F—72 8, RDOOLNDH/NTA—=FNIEFICZ . 20X R8Ik LR TFT fetk%

DI, MEBEIETER 1 DR %2 IEFITHIEOMEHZ X > TEET 5L 21TV, &8
ﬁﬁﬁ&%%%ﬁéﬁé:&ﬁﬁﬁ&ﬁ%&Lfﬂ%ﬂfw

FELFEDO FHEITIZUV ORI A U H A, 7T A=l kb v F o 7L, B
Tkl B3 -5 (Self-Assembled Monolayer: SAM), % D th D FEIR D #aixAFE AR I K 5 PR ALFR 72
ERHDH. FTCH SAM IZ L DRI IE nm FREDOH GBI K 2B TH H 72D, 7
— MEEIEOF v XU Z AR IS L, Fie, MRERE A [ L& b FK T R
X—%2 TP 5720, A TFT OMRER EO7bick b L <HWLN 2 RIMLHEETH 5.

Figure 2-14 |21 EMN7e SAM ThHH A7 X7 v N 7 v a7 2 (0TS)-SAM 73k
[l & DALZERUGIC & 0 R S DB %20 L72[112]. OTS-SAM Dfld ik Thr/7nu v 7 v
RGN S RS I, & D%, 43 1R R O OH M &, BRSSP 7 b v 5
%t*bﬁﬁ%ﬁﬁ#A%%ﬁb A%Wﬁ’;ofsmw&ﬁé — kA7 SAM (X Z D &

(ZHERFR T, KOV TIRld & DAL EROS - (2K o CTHMERHEIZAE L TRIEES LS.

A
é
Si Substrate

SAM on Si Substrate

00
%05
Oo

Silica Sphere

SAM on curved Si Surface

Figure 2-14: Schematic representation of the process involved in n-octadecyltrichlorosilane
(OTS) SAM formation on Si/SiO, substrate and on silica particles. A: SAM formation, B:
dipping/refluxing in OTS solution under N, atmosphere [112].
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SAM DIZRGEFE TIL, F&AIODOT IR HE G O CEREmE S IR CEbih s
& LD, FOBPETIIBAIC Figure 2-15 (@)1 L7272 2 — 3 2 MR IG[113] 3% < & £
NTWD OB mPEDME <, £ 6 OELm 2353 F M-S < B ik bRE )2 L > T—4%
WZHIT DI, BB X 12 KD 2 HRREDORHEA LI L S TWAH[114]. 72, SAM D5y
F-FEEOFEA A E T & OFEAIREEIZ L - T, Figure 2-15 (0)D X 22 FAMEL Z & b
WEINTRY, RAKRUEERDO SAM T, 2 SOBRBIRFIFEAICHH S5 & 45180
ENLT 5 XD ICHESTERER S NLD D, 2 TORBIRTBESICHER SIS & 35Ky
F-PEAME TR BB O B FIRDN AL S 4 5 [115].

SAM [ TFMR K & MBIy X 7T 5720, RET A VER PR EEICEEN
% b OIXHy T EREZI E U CHIET 5. EBEIZ, U 20 EIZOTS-SAM % i L,
O LITE BIZT VI HEHZEZRFE LT MIS F ¥ /3 Z 1L, OTS-SAM 372\ 3 v hF—4 A
= PR TEIMED 45 REEAR T U, Mok 4k 2 386 SR 13745 T 9.5 MViem (2
FIY 5 2 &R SN TV D[116]. ZD7=®, Figure 2-16 IR L7 K 9 IZ SAM (Z L »TH
— MEREOMEZRER DM ESE5 2 LN TE, ZOMREIXSAM OFSAFRICHIkFT 5 2 &
NS STV 5[117].

Ce C12 Ci4
4 t 4
Ca s

X

/S
/ 2
PN BN f
// /‘/ P, F—on
N\ N\ ik} fo
| PN N
/c/ /c/ Aluminum Aluminum
v ™
N N
7 7 A Tridentate binding Bidentate binding
Surface gauche End gauche
defect L defect

Figure 2-15 (a): Schematic representation of the conformation and defect of thiol derivatives with
the alkyl chain length [113]. (b): Schematic illustration of dependence of alkyl group tilt angle on
phosphonate binding mode [115].
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Figure 2-16 (a): Chemical structure of n-octadecylphosphonic acid SAM, (b): Chemical structure
of n-octadecyltrichlorosilane SAM, (c): leakage current density as a function of applied voltage
(without SAM means 1.8-3.8-nm-thick AlO,) [117].

— N R T LT XL Y VIR BIRRE =R LT —% FIF5EREEE LT
HMOENTEY, ZNONRDHHEEICEEND SAM L RH =R NLX—% TR NHD. 7
IVFR VB Z S OR AR R D SAM TIX, RFEEDS 8 7225 18 FEEE T/KOFE#1E 110° 725
120° L7 oTEY, TAXIENEL 2D N TKOEMA DD LT DKE < 7 5H[118],
[119]. &7z, TAFXAENREL RIBER SN B FIEOBEE L m < 20, BT 725K E
TORMMAICBNT, BiEHRIFOE AT U AM/NE L 72 5[119].

ZDOXE I BRETFNLF =DKW SAM ETRIE S e~ &' & V-G8 TFT T,
SAM D372 H DI TENDEBENE A3 W E75[120]-[123]. OTS-SAM (2 L % £ mLH T
11, SAM THLELZAT D72~ 7= Si0, LD D L% &, BRNEBEFE R 0.06 cm?/Vs 725
1.6 cm’/Vs I £ T RH L, X BREHTIC & BHEEMITIC L - T, ZOBBEOM EiZSr &t
OB 722 EICLA2bDTHD Z LR ENRRESNTWA[120]. EHIC, BBES
T A< JLEL L 1,1,1,3,3,3-hexamethyldisilazane (HMDS)-SAM, OTS-SAM % H\, = nFKm
PR ZAT o T 22 K TFT OBSRBEE T, Rini— /L F —3ME< 22 508 217
STEb O BT 52 ENMESNTWA[L21]. - T, E#ET7 /L FLIEE O SAM Z v
X R LIEE ST A AVENEL 2ARRH R VT =N FRLDT, TILF /L
NDEWHOREBEEIZR D EHMIZITEZDND. L L, EBRICKAKR VRO SAM %
AN 2 A TET IZOWT, TV LEEDN 14 O SAM £ TILERE) B8 H) 23
ET 225,16 KO REWHDONLITBEENED L TEY, ZIHIXSAM EKHD T 7R ADK
XXWCER LTS LN Z ENRMEINTWA[122]. 56> T, SAM 2 X 2 FmLE <,
RATRZNAFXF =TT TRIRBEO T 7R ABFEKFIIZEBE LT NE R RN Enbhs.
F£ 72, HMDS-SAM (T & 2 RHEMLPE 21T - 720 Z ¥ A TFT IZHOWT, & 7 BB O
DD, REWIIZ X > THRIEIO &7 > THEREDNEAD LT 2 ATRENE § 7818 S 40TV 5 [123].
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2.6 RV~ —MEGEIC L 5KEEERS

A TFT O 7 — MEGEIZHW O N HRE AR U ~—MGH NI, RY A% 7 Y Vg
A FVEE (poly(methyl methacrylate: PMMA), 7~ U A2 F L > (poly(styrene): PS), AR Y £ =L 7
= / —/L(poly(vinylphenol): PVP), R U o X R(poly(imide): PI), ¥+ K v 7'(Cytop®, AGC), /¥
U L >-C (poly(p-xylylene)-C: Parylene®-C, SCS)72 83 5. FHHEMEICTH DR U ~ —HafxlE
1%, @EEREIE e & OMBRRIRIZ AR TR E A, BB FR A2 &I, B CVD 72 8D
KEFEEO SN vt ARG HE7e EORICB W TAHEER R 7 A X EFEERE V.
Lo L, B U~ —afalix— B low-k S EHCH D720, MRS WA F ¥ /3 & R
KL 720, 7F— M@ E L THWABRIZIZIE OB RIRIT NS <D, £, BEER
WL DR R — NV OIRAERERNPI X D, B2 S T & PITHEBRERN TR 572 ED
BREIC XY, BEZ M 325 2 8L [124]. 16> T, At TFT o7 — Mgk s L CH
W5 EZ < OBE CIREEREIEE L <, BIHEERO/NSWAH TFT OBRBIEEIX72 )T
WV 2B DEmEIEE D, o T, R ~—iEEEO A TFT ~DISH &% 2 B8
&, WICHERRE CRWIERIERR 2155 2y, £ 72I3@ERIEO m U high-k M2 GRTE 520y, &
WO LTANRKRERIER LD,

WD R U ~ —#E R 2 45 5 71k D 12121, Figure 2-17127R L7z X 518, Bix 2o 4G A1 %
BEDZLT, R ~v—nFRIEZEWVCHRERILEHEGICL > TRHESE, KLY &EER
8 B S O m oy IR 5 1R & H[125]-[128]. R Y ~—231& L CUXIRIR 7 1 Ak
D RIE FIREZR & OME ] S 41, & O ER(6.4) 2 © OPVPRY, LB L A3 75 5
T, H—HOBRBOERELTVPSH L Hnbivh. F£72, Figure 2-17127R L7 b OLISMIED
REIZRZEER & L CHltE ST 28 8k 2 Figure 2-18127~ L 72[126]-[128].

Polymers Crosslinking Reagents

Clo. O CI cl
°Si Si., LCl
cr° C'I CICI or s|’W\/S' Cl
¢l
Co Ce
o

CI

Clag AANANAAA S
CI Sl CI

C12
Crosslinked Polymer Blend (CPB) Dielectrics

= * OH
< o® o .cl air
O + CI Sc’V\/\Sl o« nl
on & él H;0
P ot oy C,
PVP CPVP-C,
S AAAS B,
N "¢ cl “H,0”
PS Cn

CPS-C,
Figure 2-17: Chemical structures of the polymer and one of the cross-linkers and the crosslinked

polymer blend dielectric fabrication process [125].
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ACO. A AN T CF. HDA OWQ BCD
.1;-:1'";" CSOA - ° (¢} : 0 0 ° o O O o

OAc (o A dla O»\ /—Q a 1

| N PEAD N %9 DAPD

MeO, /W\/Eln:: :: 0),4" o “\g AN AN,
Med” || e o N o BPD HO

ove CeOMe .. S ° o BCA

| _N(Me)s

o]
(Me)N, AN 0 HO OH
*Si N{Me), 2
(Me}N") - CI,U\/\/\/\’{CI HOT(\/\/\)LO" SA
o SCI g CH,

Nive), CgNMe, OAc |
diaais r‘lfl:,fl,uf."(:
ACOL A G NAONASig e HO-ECHZCH20HCHZCHO)7—EHZCH20)—H
AcO” | EGOA 20 0 20
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Triblock copolymerP123 (EO,(-PO,,-EO,()

Figure 2-18: Molecular structures of the promising cross-linkers [126]-[128].

Table 2-4 (), (D)ITIX 26 OEEGEAIZ O THE SN AR Y v — MO R EZ £ & 7.

Table 2-4 (a): Summary of the crosslinked polymer dielectrics for low voltage operating organic TFTs.

thickness RMS dielectric water contact

ref. dielectrics Substrate
(nm) (nm) constant angle (deg.)
CPVP-C, 18- 20 2-8 6.1-6.5 - )
[125] Si
CPS-C, 10 - 13 15-10 25-3.0 -
CPVP- C¢NMe, 17 07->2 ~5.8
[126] CPVP-C,OAC 13 03-2 ~5.1 - Si
CPVP-EGOAcC 14 02-2 ~5.5
PVP-HDA 16 >0.2 4.1 60 - 65 )
[127] Si
PVP-EAD 22 >0.2 4.4 65 - 70
[128] P123-PS 28 0.86 2.7 92 P1 (38 um)

Table 2-4 (b): Summary of the crosslinked polymer dielectrics for low voltage operating organic TFTs.

breakdown leakage current ] upg of
) ) o operating
ref. dielectrics electric filed at 1.0 MV/cm pentacene TFTs
) voltage (V) )
(MV/cm) (A/em®) (cm*/Vs)
CPVP-C, 8 ; ~0.1
[125] 3-6 10% - 10 -4
CPS-C, 0.08
CPVP- C¢NMe, 3-35 107 0.12
[126] CPVP-CsOAC 4-45 -3 0.35
CPVP-EGOAC 4-6 10°® - 107 0.34 - 0.49
PVP-HDA > 10" 0.35-0.7
[127] 17-20 e . 2
PVP-EAD 10" - 10 0.43-1.23
[128] P123-PS ~8.5 ~10*° -5 0.16
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O XD RO EB L OMIZ, HFEBERERORWMEE S — MEGIICHWT, JEET
B0 RS AR TFT OIREBEBREN 2 L T 5016 & 5. #aEsEHI 1T Figure 2-19 (a)ic
R LTS EEAM B D 1 > TH %D P(VDF-TIFE-CFE) & iV, T 2k Blc A v a— Rk
T 160 nm FEE ORI L C, BB 40 LI LT, £l O RMS fE2 E L% 0.72 nm, #t
AR DS 2.6 MViem OIS L TR Y, Zha s — MEREICHW, p A S
{RIZ pBTTT-C16 % iV 7= k7 > ¥ A X 1 Figure 2-19 ()R L2k 912, 3V EREI T 27 U
PABIFEAERL, BRNEBEEL LTI 0206 cm/Vs BED L DORRES LTINS
[129]. = OMEHIBRFAEMRTH Y 22235, 0.3 MV/em LL FOBER T Figure 2-19 (b)D XL

INTIT & A EGINE Z b e s, Z O CTEEIT 1L, A8 TFT O — Mk L
LCEATED ETFEISN TS, —J57 T, Figure 2-19 (0)D K o (28K (2 IV DR EHC
FoTE) — 7B RPHBHRE LD LR, 2O K 5 fﬁaﬁﬁﬁﬁm‘ﬂwﬁﬁiﬁwﬁ%
JAREIT s L CHRVMEEIEE B > TV D 729 [130], ZEEMEICEE L Tl o MiE ki
TR LT A AL b REMEERD B X %mz).

(a) -
<+— Electrode oo, ‘
_ 60+ (b) o,
«— Paraelectric Matrix i § : ho .
Ferroelectric g o -
Nanodomain = 4l 120z \\\ g
g40 % Y|
£ Q oo 10.5 .2
) T -
320r 0z 00 92 o .E
.2 cm oo
FF H H FF F H Q OO OO OO OO D OO DO L- 0 0
vV oy, VoV A R
ARy T
m
HH FH H/L C.I\H ! Frequency(Hz)
-(VDF)- -(TrFE): (CFE)-
—o—Al
-6 Cc
< 10K (c) —— Al/P3HT
§ , \*\\ —— AIpBTTT-C16
=y i ¥ e e i —_~
s 10 ¢ N : Al/P(NDI2OD-T2) €
£ 10° ~
g of %
= 10 :Q
g
= 10
]
= 11
O 10

3 2 <1 0 1 2 3
Voltage (V)

V_ (V)
G
Figure 2-19 (a): Schematic of the molecular structure of P(VDF-TrFE-CFE) and a capacitor of

relaxor ferroelectric polymer with ferroelectric nanodomains embedded in paraelectric matrix,
(b): dielectric constant and loss of P(VDF-TrFE-CFE) films as functions of frequency, (c): J-V
characteristics of P(VDF-TrFE-CFE) films, (d): transfer characteristics of organic TFTs with
~160-nm-thick P(VDF-TrFE-CFE) as insulator and pBTTT-C16 as semiconductor [129].
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2% M NS VR A
2.7 BEEEHIHE

B 15 il 481 X Si-MOSFET % V7= LSI CIEFEHF ICEE 22 H il Cd 5. Si-MOSFET TiXBE
(CERENEEN 1V RRELR->TEBY, ZAMUEAr—U VAN T FIF D Z &N TE A
WEI & 72> TV D ZOEEHIE, MOSFET THHE=EIEDO R L F—TEE L%+ U 7IZ
Ko THLHE R AY OFF fEIRCH L2, BIRELEEZ T 5 LBEELES FA57-0, BiE
BEOHDCEYD ZOoH T AL a0 RERPEERK L, ONIOFF LES N7 725 b Th 4.
FD%, BEETCIEBMEETEEZ FFo>>o, 2o 7211y a0 RERICHBITAYE ERY
(Subthreshold Slope) 23 2l& 72 MOSFET D BHFSICBIE T 2R3 KA & 7> TN 5.

F 7=, FmEREEE 235\ T Static Random Access Memory (SRAM) % B2 2815 % &, SRAM Tl
CMOS A > =R IZL DT v Fuamak L, {0N}DERERGTE L TNDEN, ZDOHEHR~DT 7

WZIISAF— R N7 UV AZPCGT)RHWLND. 22T PGT ZHWTT v FITRFES
NTODIERAEESHRZ DRI, A = F 2RSS L DI KEBREZRT HINLEE L
WS, TEHRZFAHTEICIE, HHE2EF STV ERPEELWVEVS hL—F
A7 08D, IHETIE SRAM IZfHH S35 CMOS F 7 > P A X 340 nm 7' 1 & A F CIAHML
éh,%ﬁ“ﬁ#1V&fifﬁﬁVM§ﬂfwéﬁwmAM@i?ﬁm%ﬁ@%fiﬁ%@
TIDOWVERNDKE BB L 7o TRV, WEENE N L7-DICEREEL 1V ULFIZ TS
L b L, BEELEOIES D& OB k%<ﬁé - T, ZORBEEEDIXSD
ZIZL ST ON REEDOK N TV VAX THNDEIMENRKE S BT A7, Gl LoE
XWX CAREIET D2 BANAE LY, HDHWIFEEEELENED T owmxmﬁﬁff
BEIZHG LW N T U UAIBRELTZD T, 20X ) ERMREKEOMEREITR bYELE
WEIVTIRAFT 5 72, SRAM OIRFEIEBRE), K O EMIELZ ERT 5720 1%F7/yx
2 O BUEEE 2§32 750K Hiu TV A[131], [132].

Z ORBMEEEREHAT O EEMIE TFT 2B W THEI4 T, BT b T o PR Z K
JCaL, KV BEREMBIKAE S DEICEE LD, HENT U UA X OR KOG
THDLHT A AT VA ZHNCEZD. T4 AT VA DFRNFELTE, ERPLHNLNTE T
WQEE'E DT, UL Tl AHE EL(Organic Light Emitting Diode: OLED) 234 H Z# ONC V5. OLED

X, BIEERENRL O & e 0 BIREEERICH H 7m0, BREOFERECE 7L T LD
%tﬁ&@ﬁ%@ﬂ%f%@,;D@ﬁfﬁ%ﬂﬁ@%@%ﬁﬁﬂ%&@é.itﬁ%ﬁﬂ
ZHWDT-D, N R Y v FORL DB OBRIRKE TREADRIE L I 20, ok
WU LB EHRL, 0ary T A MNEEREATLZENTEDS, 20k ) 2
B2 5, B EL 23R FITHWET 4 ATV AFIERIZHER 2O CE Y, BEIZ Sumsung
REMOABREL T 4 AT VA NV EEER LR 5 & 9127 T\ 5H[133].

—J7C, OLED ##HFE FICHWET 4 AT L AIZBWT, MBEIZ2 2 OBRBIEEEOIES

DX Toh 5. OLED ZBidEh L7z & & DI IR % LU T O XU R 7[134].
_ Ips-m
bmax = J5 )

Lmax: maximam luminance of OLEDs, n: efficiency of OLED, A: a constant, a: dot pitch
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XA L Y, 27/ OLED DI IEHE i%h%%ﬁ@%uﬁﬁfif%@bﬁ“é TFT OERE

[ZHBIT 5720, K(GE)E Y TFT OREEEDOIEL XX R TERMEOIESL S ITHEL,
ZDFEE OLED OFRNHMEDIZ S & s, £72, TFT BNEMEFIZ DC A4 T A A K L A%
R LICL o THEEENT 7 FLTLED Z &0, TFTIZIELDE 0372 < T, OLED D3
HRIZIZHOERHIUL, TNOEZTFTHITHMA DM ERH D LR END S, TFT DA
EL 7 4 A7 LAISHIZE W T, BEEEOHIEILIET ICEE 2N TH 5. Frl2, Hi%
TFT TIOR8 B & Ll U CREMRR FREDIT B2 & OB RIZ KR E WD
T, SHOICHEE T EZOND.

Flz, A TFT Tid p AL n BOABEERMECE L 2 ER BB I K & 22780
b DT, CMOS HEEK TA /X —F D L 9 Ipiadlnlig 2 {ER 95 &, WIL D% FEFITRE <
L2 AUTERMEO DGR e R0, A 3 —2 OEERE S BENEOK n B
BHZ X THIRE N 5. Zuckt LC, #4ETld Figure 2-20 (2R L72 L 5 72, BEIEOE W p
B OARE TFT 7200 % 4 DHWTHERL L 7= Pseudo CMOS A 73— 33, —f&i72 CMOS A%
RFAF— Rl EDOA N —=ZIZHARRIF A N —=Z (@ T A ) BEohb 2k
MHAE X TE D [135], [136], A1 TFT IZB W CIERICAAREK TH D B2 6D,

ZOEBETIE, HABEOT AL T A p O N T o DAL EZAOTWAETD, Voyrk
GND L~V TFRF%7HI1E, Mpp®D b7//;<5?0>ﬁ-ﬁfﬁ B EVepp (12 DWT, BLF 40
ol 7o S AR TR B 70,

Vim < Vrpp (18)

Pseudo-EFI TIIM, D T P A ZIE A F— RSN TERY, ito T/ —~ U —F &
725728, AJIH High (H) T Viy 1B Z12 VSS OFEALE 720 (18) & i/ Z LN TE 573,
A1 Low (L) TH Vi & VSSIZEIE FIF LD &T5DT, AIS L OIRAET Viy & H IZH
EIELONREEL. ZD72D, 4/A~&%m% FEIRELD U2 1275720 TR, H
NEIEDBMEI B AT D T2DITIE, & N T v A X O 72 BIE BT O il i 23 /3 &
72%. £72,Pseudo-DHLTIE, My®D v T VAKX D — ko ) —AMOEEIFOERDHDT, A
FIDNH DARFETHR(A8) DM 2N 72T 72 DIIE, Mo D F 7 o P A X IFBMEEBEEN 0V LV ED
Depression B T2l LT 7220, [AERIZ, Mpp® k7 7 X Z 75 Depression i & 722X £ 4

VDD VDD

VSS GND VSS GND
Pseudo-E Pseudo-D

Figure 2-20: Circuit diagrams of Pseudo CMOS inverters using only p-type TFTs [135].
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72018 &M 729 2 E KL & 72 5 DT, Pseudo-E Y, Pseudo-D LD EH L THH-TH L
By rnNEG L5, L, WTNOER TH->TH b7 0 P AZ OREELEEZHIET 2 2
D, ZOEBEOMERERRENZ M ESE 572D EL D,

ZDOXEDIT, b BMRA = F A A HNC T T b B E O SIEITE o B OPERE
RZEMZ N ESED72DICHETH Y, ZNLIEMORILERRREICBNTHRIETH D
EEZLND.

% TFT OBMEBIEEZHIET 2 HEDO 158 LT 225 Mt~k ) ARmLEIC L5
ERDHD. FBEREIIFE L TH DM, KEENT 2 5, TAXVE, KUK NS 8 >DT L
FIEHOKFEN T v REH S N3O R/ 5 SAMIZ L > CTENENREH UL AT > T2 F
P& TFT T, Figure 2-21 © X 9 1T p B0 n RENMEICBIMR 22 < £ OBIEELENZET 2 2 & 23
HEINTEBY, ZHIESAM B3 D53 F-8H 75 7 O BB+ D18 K o TRFTHYIZ B SR EE A
BT D720 THD EHIAINTVWAD[LI7]. EHIZ, 2O XKD BT D %72 % SAM [H 1%
BA LU TRELIT S Z LT, ZTORALIC Ctofﬁ%% TFT ORBRMEETE A £ 0 ) < HlE-5
% HEHWE SN TN SH[138]. REEIC L HBEEEHIEL, 20X 57 SAMIZE D LD
PISMZ, BRE 7T A< [139]X° UV 4V [140]% Mafx ez m R L, & OBRKRFREIC L - T
N7 THEN A PE N S, Depression J7 a2 BRE R 2 il 5 HiE7e £ b & 5 [139], [140].
— 5T, 5D X 57&%@6 B X207k, BEEEST TR, A1 TFT OERE
BEIESCE AT U VA, BEMETELATCLEIZD, HENLETHD.

A% TFT @F&Hﬁ*ﬁﬁ%ﬂﬁﬂ L ZOEI MBS DT Fa—FIT ko TF A AERTC
HE9 2 HELSNS, T8 A XT%&%%I?%T%) LT, TS AR L% TS BRI
FICTHBEEEOLET A2 RRICT 2EM 236 5. Figure 2-22 IZIXZ2D L9 2 G5ED 1 STH
DT 2T W — ML, 2 0H5 77— MNEMDHIH 1O —EBELZHIMLEET S Z LIk
> THRUEELE N STV D278 LT2[141], [142]. & O J5951X MOSFET (2385 1) 5 JEHK
AT APRITHLE T H D EEZDH I EINTE D,

(@ - (o) TS .

Pentacene [ Cu
ly=-80V an 8ov

105 [ Untreated

Iyl ()

10 |

3 o b

1042: ! 1071 | 1 1
-100 =50 0 50 100 —40 -20 0 20 40 60 80
/3]
Al
Figure 2-21: Threshold voltage control of (a) p-type and (b) n-type organic TFTs by surface

modulation using SAMs [137].
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£72, BIDOIIEIZIL, Figure 2-23 (R L= 7 v —F ¢ o 7 47— MEE[143]) % O 7= B £
OFNITIEDR B H[144]. Z OREEIL, BEICKERTHEZEE L TWE 7T vy aAE il
ICHWLNTEY, REFO 7 —T 4 v 77— Xy U T O T v THLE 2 DD T,
ZIW ATy T ENDEMEEHET S LT, FEKBICOHNLBERDERELEHL,
T U PALOBIEETEZHET 5. Bk LizT 2 77— MEESBEEE LRI —EE
JEZMBELT L0 L, ZOFETIE N T v 7 S Eao B SR & MR Lt 5
7o, WEBNDRBIZTTOND LW FENRH L. EMOIEATIELELT, 77 viaR
TY TR LA EBICEBEZHM LIRS, FuA Y iEORT v ¥ VAARIC X -
TEIEIINES IR Yy b x VTR, b RRICE - TEBRBEOREREZ B2 5 Z & T
FERINDD, A TFT TIXREARTOF v U T BHENMERNO T, F— FMEMRICEEL L
FUN % Z Ll2 X vl 25 s b o ViR, £330 — 27 EfaFA L CEmae T
ALTW5S., 7ua—7 1 77— ME&EEFIH U7z BEE LR EET1E, Active Matrix(AM) 5
KD OLED 7 4 A7 LA BEENEIRE ISV B D TFT OEFMEDOIX DL DX ZFIET 5720 D
1ir[145]%°, A#& TFT 27 L 7= DIA £ o ZEHIERIE 2 kT2 N7 P A2 DR
EELEDOIEDL DX ZMIE L, LA OMRES 7] | S8 2 Hif[146], 7=, 1 >/ 3— & Bl
BIEOIE SO X 2 L, BN (L T b 2 BIREIE O 02 2 5 BT [147])7e IS H
INTEY, A TFT OEBEICHICBWTEEREE 25 Z L AHfFS T 5.

) b " VOt RVEE Ve
Au(Top-gate) v
Au(S) " Au(D) 10
Palylene z | 0*
- T 0
Pentacene Polyimide
1w
Base film(Polyimide)
, |()‘lJ i A A A A
Au(Bottom-gate) 40 30 20 10 0 -10 -20 -30 -40

V.. )

N

Figure 2-22 (a): Structure of dual gate organic TFTs, (b): controled threshold voltage of p-type
organic TFTs by applying extra constant voltage to the additional gate [141], [142].

10"
(a) . SAM (b) : —inilialx state
source & drain contacts (Au) 107 |—=after programming with Vg = -1
organic semiconductor 10° —_2 \/ _—
< -
top dielectric ] 107 |
(AIO, + SAM) g 10 —
g 9
bottom dielectric .g 107
(AIO, + SAM) = 10™°
P~ OH \
o
OH 10"
floating gate (Al) plastic substrate 107" AN/ L
control gate (Al) (PEN) 2 4 0 1 2

Gate-source voltage (V)

Figure 2-23 (a): Structure of floating gate organic TFTs [143], (b): controled threshold voltage of
p-type organic TFTs after applying programming voltage to the control gate for 1 second [144].
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3T NY LIUEHRIRE AW ARER N VR
3.1 AKFFE TR LAkt

311  HAHEER DNTT

AW TIE, 24 HITHEY RIF 72X 918, RRELE TG WEBEIE RS 545 DNTT
Z p BUEFE G R U Lo, FEBRIZ Z 0B E W72 TFT BIERIC REF R KKK
EM AR 2 S IIBEICHE STV A[30]. DNTT D4y FHEiEIE 2-9 @R L7Z#@h TH Y,
RIS 1 Figure 2-6 (a), (OISR L2 L H 72~V v IR —4fi&Ex & 5. E£7-, DNTT O/ v
RN SRR E 1T Figure 3-1 D K D 1272 D Z EHE SN TR Y, EBN D OIEFLOEAN
2 = DAl FEAH O (HOMO YERL) I T ASUCALE L CTU5[73]. Table 3-1 (21%, KD 72D~
YAt &, DNTT @ HOMO, KT LUMO L0 it STV D i KO BRI BEE,
Figure 3-1 2> Bt SN 7= K sh G a3 2 EFLOFVE EE £ L DT,

30—
::—}fz—:ﬁ:i?
2.0
S 10-
2
>
S 004
b Ve — —
.1_0-_<_ T
-/ .
20 -

X r Y rzr S R DOS(/eV)
Figure 3-1: Calculated electronic band structure and density of state of the DNTT crystal [73].

Table 3-1: Comparison of material values between Pentacene and DNTT.

Pentacene ref. DNTT ref.
HOMO -4.56 eV -5.19eV
LUMO -2.39 eV [91] -1.81eV [76]
band gap 2.17 eV 3.38 eV
Maximum pgg that has been reported 5.5 cm’/Vs [148] ~_8'3 Vs [150]
(single crystal)
hole effective mass  along the a axis 3.1m, 1.89m,
(at the valence along the b axis 2.1my [149] 2.73my [73]
band edge) along the c axis 2.6 mg 5.28 m,
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312 AU ~—HEZME: diX-SR (poly(p-xylylene)-SR, DSK & KISCO)

AFZETIE, — BN SN 580 Lo THh D parylene-C (£ 721 diX-C)Tix7a <, Ak
TFT ORENZ M ESE D701, X0 MEYEORE WS L— R TH 5 diX-SR & 7 — hiixiE
MBS U L7z, Figure 3-2 (QIZIZ dIX-C DF A ~—ThHirYr7un sy a7y 0
SfREEE R LTS, N LA I OF A v —IREETRE Sh, B\ CVD EICHE- T, RikEH
Te785% % 650-700 °C FRE TE / ~ — IS, Ty U N—HATIVANVEHEGTLH I LI
£V Figure 3-2 W) R L7=mEm FEEZEKR ST 5. B AbEASHEN LA LTS
diX-SRIZIZdIX-CHOX A ~—ThhHiryr7una s r/a7y o NUBEE TN T 57
WD, 1FELAL dIX-C LR FHEEER->TNDEZX LI LENTED. Table 32 121,
KISCO LTD.D AR — LS — VIZFH STV 5, R 25 um @ diX-C & diX-SR (DWW T, &4
ZFhoOWMiEZ2 £ LDz, £72, 20 diX-SR IZFFEHEDE OEMHIIRZ T D 5 RoHS 54
(LT 2 BREE AT O /D 72 WEEHC B 5 [151].

j ; o
AT JoncSed
CH; CH, CH; CH2n

Cl

Figure 3-2: Molecular structure of (a): dimer phased diX-C and (b): polymerized diX-C.

(@)

Table 3-2: Comparison of material values between diX-C and diX-SR [151].

diX-C (25 um) diX-SR (25 um)

e (60 Hz) 3.10 3.34
e (1 kHz) 2.83 3.06
breakdown electric field (MV/cm) 2.71 2.50

resistivity (Q - cm) 6.9 x 1016 2.5 x 10%°

sheet resistance (Q2) 2.2 x 1015 1.2 x 1016
melting point (°C) 291 303.2
coefficient of thermal expansion 30.1 46.0
thermal conductivity (W/(m -°C)) 0.14 0.13
density (g/cm®) 1.31 1.28
refractive index 1.65 1.65

Young’s modulous (GPa) 3.2 4.0
water contact angle (degree) 87 -
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3 NN L UM IEE WA T R K
2EMEE NS VR OERM T R
AR CER LA N T o o AXOER T v 2 %2 DL FIoRT

FARA R

RO O N & B SN T T ATy 7 T 4 VAT D, IR 75 pm DR Y A
2 R7 4 L A(UPILEX®-75S), E£721%, n F—7 &7z Si Fd miic 300 nm O ZAER LR )
TERL S ATz SilSIO, Z2 Hpb Bl & L7z, SifSiO, Bt # i 0 RMS {133 & % 0.18-0.20 nm T
&V, UPILEX®-75S LV & FEHERE WA, TS A0 7 LX) T 1 i3Kkbhs.
Z DT, AL TII N L UHERIEOAEE 0 G OBRIZ DA SilSiO, k&M L, %
LIS CII 2 TT L3 v 7178 UPILEX®-75S % bkl & L=,

A7 — | B

FEARINZIE Au OBEEBRMEILE U, AZ N~ ATICL B E—= 7 %fF->T 10* Pa
FREOBEZE T TOARBSEITLD 15-30 nmBBEDORREIZ /2D X oE L. AU A IR
T 4 IV F B EHZ W ZBRIC S Cr e PIC L 2B ERBIT YR L Tuhzgu,

7 — MR

3.1.2 TR 7z diX-SR Z#afgki 6l & U-CEH L7z, BAIEE CVD 3 TH Y, A
ZECIT 2 O E A L7=. 1 21X Figure 3-3 @IZ/~x L7z, BHASRY L UARISHEA
Specialty Coating Systems Company: SCS)7» 6l A L 72 LABCOTER PDS2010 (LAR#,
LABCOTER) TH YV, ZH b DEE LML 256, S ORI 690°C T, n—4# U
—RN T DHEERN LT PafREDIREZE T TR L7, & 95— D4EEIL, Figure 3-3
(b)IZ7x L7z, KISCO LTD. » 5§ A L7- U-diX Coating Machine, DACS-0600V-HL (LLF%,
U-diX)TH Y, ZOIEE 2T 5856 OO0 ORI 650°C T, ¥ —ARpFR 7%
LT 10° PafREDEEZLE £ THEG & 21T T D, BFEMICH A ~—2 B LT
KA S, R OB ZERE N 1.2 Pa &8 2 A2\ & O ISHIE L 722208 BRI L 7=, BT o plis
%513 200 nm LA_ED ELE IR W EOIGEIZFIH L, %8 OIRIEIZZ L & 0 WEEE O
AR LTz, $BE ORRIEE T HEZE5] X 12T DRI 2FFRE TH 0, I T
LI HIZIZR L Th D720, JiFE OMEE L AT H 7 e ARFMICENRE R E R
B2, M, BEEOEE LT, S ICHExEME T 2 5ike LT, BLHEY7-9 O
Xy XU H AN, Table 3-2 OHFBEBROMEZHWVTHE L O &2 EARMIZHNWT
W5, IEMREEOFHHIZOWTIE, BT 55V 7Y A M) —EICRVHEE L
T = A DOIENT AT - TR T, BB DORBEE T AR, MIEEZICERFART
T 120°C, 1 FEl DR CT = — VLB 24T - 72,

BB
311 THR~/= DNTT % p B ERMBLE LT L, AZNV~YRIIZE D5 —
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=T BT - T10° PafE DlAE B2 F CHREIEIC LV B L 30nmDJE S ITHE L 7-.
5. Y—X -+ KL A E

F— NEMEFR UL, Au ZMEHZRW, A XL~ AT IC L B8 —= 0 T 54T - TR

FAEEIC KD S0 nm BRI L=, F v R/VRIX 40 pm 2, F7213 100 um FRE TH 5.

YL EDOFNACTER S A1 TFT OF /A A& Figure 2-1 @2 L7 AT — | -
Ny Farky NITHD.

(b)

Figure 3-3 (b): Parylene coater developed by KISCO LTD., (U-diX).
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3T N L AR A -V AR S T o R K
3.3 Y L AERIE D AT
AREITIEET, N LRI O SR, FrPElc DTk~ 5.
331 EAMETBAMEE(SEM)IC X D R mmiEg

AR E - (Scanning Electron Microscope: SEM) T, JHIEREHIE 1 £ — 2 & BRE}
L, ZO%FBELE L2 REFZ28ET 2 2 L CHERBORTEEBR Z/HF 5. 1E-T, JE
WEDNFERMELOSE, £OEETITFERICEMPEH SN TLEY, KHEEBREZED
ZEMTERVOT, AR TIEIANY L UEREIZ L5 0m £721E3nm O&E2 EZERELTE D
DEJPFEREE LTHELE.

FT, N L UREEMEIC 1.5 nm D4 & 2K LTk SEM [Eif%: % Figure 3-4 (@)I2R9. 2
DN, N LR EOGIINS T A 7 RIRICHELTEBY, 74 7> FEOEHIX
RRTHI0NMBETHDLZ ERNDND.

WRIT, N L REREIZ 3 nm D4 %754 LT3 B SEM Bt % Figure 3-4 (b), ()27
Figure 3-4 (b) Ti&, KE7% 15 nm FREDOMHERD b O EEEICHA L TRV, MY H 5
%ﬁﬁbfwéﬁ%ﬂﬁmféé.smw@@Eﬁ;ﬁ%v—km%wéﬁmﬁmﬁﬁéhé

, TNUHIENY L UERE A KM LZER TH D LB 2 5. Figure 3-4 (€) TIEWL D
MOZEILINFERTE, 2613 Figure 3-4 @ISR L7ZE D R EBIZEHNWED T A 7 RIEE

LHRTRENWED, RY L UEOREEXRBTHD B2 B, N L UEE @GRS LT

FIR Lo Rm—lhoTWnWH EEZ HND.

S4800.10.0kV x220k SE(M)
Figure 3-4 (a): SEM image of 1.5 nm Au clusters on Parylene surface.
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54800 1.0kV x150k SE(M)

Figure 3-4 (b): SEM image of Parylene surface.

54800 1.0kV x150k SE(M)

Figure 3-4 (c): SEM image of Parylene surface.
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3.3.2  JRTMTBEMBEAFM)IC X 25 i Ei{E

ARIHTIL, NV L 2R O I 1-[# 7] B (Atomic Force Microscope: AFM)&, K Y24
WXV HES D REM S 2T

HERBHIE S 75 um DR Y A 2 K7 ¢ /L A(UPILEX®-75S) 12, 4% 20 nm F i B 2278
L, ZOLICRY LU ZRIELE O EMEH Lz, T 2 R340 LI K S -]
VL EHETIT>TEBY, TROSIZI NI VPR OEEE L L XD/ — MERZEE
LTWb, £z, AF v A XFE2T5umX5um TH D,

Figure 3-5 1213 U-diX IZ X W EiE S -3 L o EZH O AFM 4 %7 L 7=, Figure 3-5 (a)i&
AWFFEED AFM THIE SN b DO TH Y, WEICHW = o F L AA—DRSHIZSI TH Y, ]
7EE— K% Dynamic Force Mode (DFM)T& 5. Figure 3-5 (b)I B K% TR P20 R, Kt -
I\FEAFZEE O KA A B REPARE O St o, MR ELND 7 U —rb— A
THIE &7 AFM B CTH Y, JIEE— KX DFM-SIS (Sampling Intelligence Scan mode) T& % .
A ORE TIiE, FAmEA S (Ra)2y 1.6-2.2 nm, H 3 V%)M & (Root Mean Square: RMS)73
24-31nm ThH Y, $%FOWNETIE Ra2t 1.3-1.5 nm, RMS 73 1.8-2.2 nm THh-o7z. BHFICLD
HIE CIE T I FHEERE L B2 523, MHEOHE TRERZERIIZNOT, UZRITAH
WX DPERROLZ T Z L T 5.

Figure 3-6 |21 LABCOTER (Z X W i &7z L R m o AFM 4% 7~ L 72. Ra 13~3.1
nm, RMS (Z~4.0nm TH Y, U-diX IZ XLV S 72 & DIZHRTHWZ ER3bnb.

F 7z, Figure 3-5 &2 U} Figure 3-6 O 7T, & 30 nm LA ED Z 31 7 B3N O b
ZHBIXFigure 3-7 IR LIEERTH LRV A I K7 4V AREDO ARM BN S 105 K9
2, BROREENGHEETHHDTHY, NULVORBEIZE>TELD O TIERW. 20
LR AL ZIZRMSEA RS E L DT, JIEI NNV U U ERIEO RMSfEIZRa £ Y
HEVMEE 2> TS, RY A I F7 /L ARED Ralx 1.2nm, RMS X 24nm TH Y, 24
HOED G, U-diX ITE VS 7o) L UBTIE E A EREH S 2RI TR &0
Mo Tz, Table 3-3 (IR MEE CRIEEINTZNY LUBEROERTHLHRI A I K7 41
LD Ra & RMSELZ F & 7.

INOOREMELY, REMILEVWIBAIZEWNT, UdiX I2L55) L U pEDN
LABCOTER (kDML Y LENTWD Z Ebnotz, £, RO S TIHEET 5 AR
A 7 IXZDOFHEO¥)—7280 L U E TE L, M MERE 0K TR S > & OJFIA & 72
HLENEZLND. (o T, HBHEVREOUESE L ER/TIHE, 20X RhA Sy
DEEEZRO R LENDH Y, TIREHEIZKRY A X R EO@EmS T E5E nm fREA Y
va— b5 E OIS, AR B OEF 2 ERRD b D, AR TIE, DXL
IRRELBIIFFIIT o TR LT, ANS 7 OH DM EZ DO FE EHOTRHERHG 217> Tk
0, "YU LUEOSEE ORI OBRIZOF, BEArZ SiSIO, RICETE T 52 L TINHDA
AT DFEELZRVERS ZEE L 72, 20X RANS 72V ERLS HiEE LT, %
T DUHEG I LD = F o BN, IEFIZM S TANAL 7 DB ZH DT, 1 pm FEE
IS, BT BIRANCIT NI 2 ECHMA ATRER L E LTHETH D L B2 bbb,

45



3 N L iR A OISR - T o2 H

@)
30 nm

O nm

(b) 30 nm

Onm
Figure 3-5 (b): 5 um X5 ym AFM image of Parylene surface deposited by U-diX.
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30 nm

O nm

Figure 3-6: 5 pm X5 pm AFM image of Parylene surface deposited by LABCOTER.

10 nm

Onm

Figure 3-7: 5 um X5 um AFM image of polyimide film (UPILEX®-75S) surface.

Table 3-3: Summary of Ra and RMS values of Parylene and PI substrates.

Parylene (U-diX,  Parylene (U-diX, Parylene Pl substrate
Fig 3-5 (a)) Fig 3-5 (b)) (LABCOTER) (UPILEX®-75S)
Ra (nm) 1.6-2.2 1.3-1.5 31 1.2
RMS (nm) 2.4-3.1 1.8-2.2 4.0 2.4
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3.3.3 U Lok o0 K Ol

PefidiA 133 m B = r L —(GEmEN) LHEN S 5. R H BT XL —1L, #idhZ0E
LTHERREZIEAT D & &I, BAmEL 7V ICHMT B8R r L —LiERIN,
Figure 3-8 @ X 91T, K, MER-EIANm, BAROERDMAE- R VX —%ZN Lo, o,
os &I D&, D LA 0 ORIZIZLLT D Young DALY 32D,

05 = 0; + 07 - cosO (19

ZOX(9 LY, EE ETORKOBEMANRKE VR, BEEORE =R —TK 2D &
WH ZERDLND. EROFRR T R F— 2 EREICRD D HikE LT, RKoRm= 1L
E— 2k LT cos0 271w kL, cosd 23 112732 IR DI E T 3L X — % FE K DO FEE T %L
F—L LTRDD Zisman O FENILL FAWVDI, I OFETITRIL 2 FEUL EoRIck L
THAA ZWEST DHEND D, BEERORE =RV — LG TFT O F 7 o URA XL O
FEBAIX 2.4 £, 25 Hi Tk ~_7- K 512, RET R X —MRWEE, BBEIER N T v VA Z 035
LT NENI LD TH L7, RIFFETIENNY LU BEORKE H B =1 /LX —% EffE /el
ELTRDDZ LT, RY LU ETOKOBESAORERE L, FHxXRY72 KT R
X—OFHmZ1T > 2.

W, T RX IR L, — R EHTIRE O EF- & IR m = kL F— 7
BKFLTWS ZERMBILTND., > TKOEEA LIREKRFEEZ GO LIZRD0, K
WFFECIIK OBl ORE X2 TR (22°C) TITo 72, F7o, BEE TITKOEEH BTV
F—|% 20°C T 72.75 mIm? [152] T 5.

Figure 3-8: A model of the droplet contacting on the ideal liquid-solid interface.
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R OBEA OREIZHOTZFEHL AFM CTOREFREL, B 75 pm DRV A I K7 4 /LA
(UPILEX®-75S) EiZ, 4% 20 mfEERHZEZAE L, 20 FICNY LUERRIE L2 D ZHEH L
7-. Figure 3-9 21X LABCOTER Z X W B ZIT o723 L U ECTOKDOEEMMA %R L,
Figure 3-10 (213 U-diX 2 &V & AT - 723 LU ECoOKDOESiMf 2R LTIZ. Zh b o
BU7 5 120 15 L0 B Lo AKOBAA X, A2 86.6 &, &N 863ETHY, EHLHD
HETHIE LI L LTH, KOBEMMAICKRE RERITIR O oT. F72, ZOfEIL Table
3-2 1T/ L7z diX-C R Y ~—FKHEH TOKDHSlA DfE 87 £ &L IFEF—FH L TH Y, K5 TH
W2 diX-SR & diX-C 2MEE A LRI CHMEITH D Z & Ak L7oRER & 72 o7,

Figure 3-9: Water contact angle on Parylene surface deposited by LABCOTER.

Figure 3-10: Water contact angle on Parylene surface deposited by U-diX.
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334 VYA RNY—IEIZ L DIEE L EEORHE

AWFZE T, 7NV b RO IE R 72 R ORI &, $aRIE O FE 319 72 - O 76 % 5 1 74
ELUCEHMIiT % BT, BHEHAME L 3303 BEICH Y, T KFLEuT /2 2H AT HLA
DOHIEE TH 5 J. A. Woollam #:0> M-2000U 2536 7 A — & Zffi [ L7T-.

T 7Y A R Y —HIE T, Figure 3-11 (2R L2 X 912, ERURIE OS2 I EREHI A &
o, A LIt oRCREEEZ IET 2. —&IZ Tﬁ#ﬁ?ﬁ\ﬁ&éﬁﬂﬁﬁf‘@ﬁ%ﬂ“%ﬁ&@h?ﬁ
IEplRit e st TR DD T, }i%ﬂn@{ﬁy‘n% IFEMREE 725, WIEIZ L VEHNDR
FREDEH & LT, HOMEREEAFTAT LIV EAD2ODNT A—=EZRELN, £
NHIE p L s EDERKIR(T LANVORIMRER) 2 Eivn &, & L& &, DL
TORMBEXTERIND.

. 7
tan(y) - ed = 2~
rS

_ tan(6; —6,) nycosf; —n,cosb,

= = 20
v tan(6; +6,) nycosf; +n; cosh, (20)
_sin(6; —6,)  nycosB; —nycosb,
5= sin(6; +60,) nycosB; +n,cosb,
6,: angle of incidence, 6,: angle of refraction, n: refractive index
COEICLTHLNEFHERREAFATLEDOY & ADNAT A=K LT, KR

ETINCTT 4T 4T THRITT 5 2 LT, MIEOBECIRITER, MRk, Fm, &
OStiE O S, LAk, fEbEE, BIFMR EoEREmMD 2 LN T 5, @i, AFRMIETY
2= AL —MAEPOIZ, plRtE sREDIFEENRKRE S RD, @VIERENS 55 Ik
RIET DT, 50 D 80 EE TOFIPH & 725, £7o, otV 7Y A R Y —TIFJR i
D REEHNTREEITI 12, TNETEZOT =252 b L7 4T 4 v TEDTHZ

ENTE, —BIBRMARODZ LN TE D,

1. linearly prolarized light

= p-plane

s-plane 3. elliptically prolarized light
p-plane

& > s-plane "‘ E

‘ =
plane of incidence \w/l =77 g

Tz

2. reflect off sample
Figure 3-11: Basic configuration for reflection ellipsometry [153].
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i, AWFFECHEAH L 72 M-2000U OHIIE FIREZ2 IO BIEIX 1 nm 225 10 pm & FEFITIA <,
RIE R R 1X 193-1690 nm & FEF I IAWEIPH CORIER FHETH 5.

HIET — 2 OATICIBNT, 74 v T 4 Y ZIZTHWLNLET ML, WEOERBIT=R
MR E SO ERBEINTWRITULR LW, WET OGO REELY & &7
% &, PR3 2 EE T REAUILL O TRDOE S,

m-8§+f-8=—q.Epel®t (21)
d. : charge amount of electric dipole, m: mass of electric dipole, f: frequency

ZIT, BEAARSEE o, LB E, KQRDEY SIFLLFO LY ITkDBEND.

wr=L (22)
m

q .
o R (23)

SR FORQEA)TEDLTZENTELDT, X(23)E X4 LV, MWEOEHZFHERITLL
TOXEE)TROINDZ &I D.
P = —Nq,8 (24)
N: number of atoms per unit volume

P
£=£0+E=£0+Nqﬁ (25)

m(w? — w?)

1o T, WEOEHRRITRIZLL TOX(Drude OX)TEROTZ ENTE, WEHORITENKE
DE DI LENDND.
€ Ng3 1

2=-_=1 26
! €o * gom (W — w?) (20)

$ﬁwfﬁwtﬂuvyﬁiﬂﬁ%&0fﬂﬁﬁf9WM¢@@L$%%OK® 74

T4 Y ZICHWIEE T I, BB DR E T L To % Cauchy D3 HE T /L
Wz, ZOETVTIE, ’Fﬁ'wa BRI T OXTRDINS.
B C
n=A,+ A—;‘ + TZ (27)

WIE T — & OfENT ClE, BEIXRER RIS L THIC—ERD T, I X 25O
RWEI B o8 TX(27) D Cauchy EF /L% HWTHEE & Cauchy DR E 7 4 v T 1
TINGRD, TNOHOMEERNT, WINE— 27 NEEN2EEEMOERE CIEEL, ZhE
TO3EDEHMEEIMEE LTHEET LT 4 v T 4 v Tt TOERERERDO TV S,
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LNLRNG, ZOXICERIEITT 4 v T 4 > 72T 5 J5{EPoint by Point) T, LA
TOR(28)IZFK D 4, ERFBEROIE & EEBORIIAL Y N2-21EF D Kramers-Krohnig D4
FRRUCEIR RS R FERERD D ZENTETLE 720, WHEAIZIE LUVMEIZR D008 9
MERHETH 5.

2 “w-glw)
SR((D) = FP‘[ md(}.)
0
(28)
2 © gr(w) ,
S](Q))=_?(D‘PJ’ md(x)

0

“P” means Cauchy's principal values of integral

Wo T, EROFIETHEEHE RO TGE, KK BREHT-T 1 E 2 hOMRNBLETH
5.k BT 40 v T 4 7EE LT, R(28)D K-K BIRR 2 7= TN E D iEE £ 5 L
AE L CRIN Y — 7 2 BHEBLSH, ZIWE & RIEOET VEMRAGDE THET —#
EDT 4T 4 T EFT D HES B D (General Oscillator Model: GOM). = D 5iklL, Frlc %)@
TECOMATIZIBNTHAL 2D, WINWE OHRE) €7 /L1Z1% Drude, Lorentz, Gaussian,
Harmonic, Tauc-Lorentz 72 £k % T %705, AWFFETOMHTIZIZ Gaussian DAz Hv 7z, [,
Gaussian #RE) FIZLL F O TR OIS,

g = Ae_(%) + Ae_( Egrin)

2 (CE.
e

(29)

BIE 21T - 73HE, BRI 72y n K—7 Si Hapi B2, U-diX #iE % H\ T diX-SR %
0595 L S THIE L= 7L &, LABCOTER ¥ & % I\ C diX-SR % 1.0 g 5/t &8 THk
fEL7-% 7o 2 A2 HE L.

Figure 3-12 (a), (D)IZiX, FTHIE D U-diX ZHOTHE L 72> TV ORIER R E R LT,
X 1 o> AL Point by Point IC k57 4 v T 4 V7 TROTHFEHERLTEY, KEHFO
HRIT 5 2 Gaussian IEE) T NV ERELTZ GOM IZLD 7 4 v T 4 > 7 TROFHFEE
BERLTWND, 2D 2 ODT7 4T AT A—TPEEAE—FHLTNDHZ LD, Point
by Point(Z & W WHEEZ RO T-HAETH K-KBERARZ L TR Y, WHEMIEH T 2N
BoNTNDLZERDLND. WoT, ZONRY LUBED T 4 w7 27 Cld Point by Point |2
L2749 T 4T DOHRTHRTHHESZHDT, 5% GOM ZHNW =7 4 v T 47
[ZOWTIIERET 5.

U-diX Z HWTHIE L7 LU DBERIZ T v 7 4 71280 164nm Th D 2 & 038R
5, 545 eV MITICH BWINE— 27 13U L DRy REYy v AL D D THDHEEZD
nod. £i0, RKOSNTIRITRITRIL D 72 EHFER T 164 FRETH D Z L ibno T,
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—
=9

2 2

08 5 08 =

= e

0.6 S - 0.6 S

04 8 o 04 8

- :

028  %14| 023

o = o

0 & g2l S F ooz

(|| EE—" Y § o 1L - . 0.2%
01 2 3 4 5 6 7 0 500 1000 1500 2000

Photon energy (eV) Wavelength (nm)

Figure 3-12 (a), (b): Refractive index and extinction coefficient of Parylene deposited by U-diX
measured by spectroscopic ellipsometer. Red and blue dash lines shows fitting curves using GOM

fitting method, and black lines shows fitting curves using Point by Point fitting method.

g
F =N
-

(1]

>
:22-% U-diX -08§
> .
% 2| (164 nm) -Oﬁg'
c
= LABCOTER o
_g'LB' h (720 nm) 104 2
§1.6.E -02;:;
S 1.4f > {0 >

il

1.2 1 1 1 _0_
0 500 1000 1500 2000
Wavelength (nm)

Figure 3-13: Comparison of n and k values of Parylene deposited by U-diX and LABCOTER.
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WIZ, Figure 3-13 (ZIX[A U< U-diX 2EE CTHRIBE L 728 L o O REHORERH R &
LABCOTER # i\ T, 1.0 g @ diX-SR &b S/ TR L7231V L > DS 5 o Jl iE 7t 5
R Lo, ENENIERPIEITHE, B HREA ~7. %% D LABCOTER % H THE
LT TNOREREIL T 4 v T 4 75 T7200m ThH 2 ERPnY, JRIT=RIT 1.60 F2E T
bole. ZTOXIHIZ, 2 DORBRLIEE TR LI/ LU BIZIE, DT Tldd 528 mrR
DEWVHRR ST

ZDOXEDREITFEROEWIZONWTLLTD L HICHE X H[154]. £ 7, FFEEFOEKZLELN
DEH(R—V V) EEX D &, FEEPORPTER Ejgea 1T P 2 HHIWTULFORTHE
PEIhb.

P
Elocal = E+ 3_80 (30)

IR o (TP FORBL) THEDE, DR P 1 Ejgey & 0HRE VT FOR(32) THDOY 5.

qé
= _ 31
“ gom(w? — w?) 31
P =N-¢gpaEjpcal (32)
- T, (30)-(32) L v, MEOHEHEF/ERIFLLTOXNTRDOEIND.
_ P Neya 13
S_€0+F_SO+1——N(X/3 (33)
BTN T, X (26)% HWTHEBES 5 &, LU N Lorentz-Lorenz O3 G H 5.
n”—1  Na (34)
n2+2 3

ZIT, MBS FIERRIIA FTOXEB)TEDLT N TE 20T, AE5EHNTK
BN &L % &, Lorentz-Lorenz DXUIKBO) D L 9 IZEFKTH I ENTX S,

Ng“ - [R] (35)
n“—1 p-[R]
n2+2 M
(36)
M n?-1

T PTIRI n2 1 2

Na: Avogadro's constant, p : density of molecule, M: molecular mass per repeating unit
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0.8
0.7}
0.6}
0.5}
0.4}
0.3}
0.2}
0.1}

0

(n2-1)/(n2+2)

0 0561 15 2 25 3
n
Figure 3-14: Value of (n?-1)/(n*+2) plotted as a function of n.

XB6)N D, R ~—0F OV IR LA OFEEX, JBITROBKE 2> TNWD Z &b
Z OR%IE, Figure 3-14 (R L2 X 942, JEITR _xfbfﬁnﬁfﬁﬁmﬂ“é@f TR O
MR ZWERRRE, BENENE WD Z L1272 5. EERIZ Figure 3-2 (@)l27R8 L72 diX-ClZ2W\ T,
R ~—Of 0 I LHEALOE/VE R M 1E 138.586 g/mol TH v, # 1 ik LEAL D41 EHT[R]
13, R EZ O TR C: 2,591 cm®, H: 1.028 cm?®, Cl: 5.844 cm®, C=C: 1.575 cm®, 6C B: -0.15
cm® [154]7°5 38.34 cm® L TE 5D T, n=1.65 %{E&E‘fé L diX-C R Y <~ —D4y T B 1%
p=1328g/em® LRKOHZLENTES, ZhbHiTTable3-2 DE L IFIEF—FHLTNHDT, [T
RS COBITROMEDIENL, 75K f@@b\&?ﬁiﬁﬁ“ EMTED. §E- T, Figure
3-13 TR LTSRN B, U-diX 2 W CRUE L 72 IR 164 nm D3 Y L 21, Table 3-2 1IZ7R L
TR 25 pm O LR E RSOy FEEZ A L TH Y, LABCOTER & VN THE L 72 il
JE720nm DR L RIZEN I D b FREENMES Ko TS EERALND.
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335 U LR A e —& v AME

AIEHTIELCR A= (2L BN LU RO A =& v ZIER R A2~ BIEREHIE &
75 um DR Y A I K7 4 /L A(UPILEX®-75S) L2, 4% 20 nm FREEZEHE L, 0 ki
U-diX 2£& 2 i L T diX-SR % 0.5 g f2fE Kb S TRl L 7214, <% 50 nm FREE 227855 L
THERIL 7= v S 2D SO A L7, F ¥ /3 % O 700X100 pm® TH Y,
TERFIZHIIN L 7= AC 1 100 mV, DC EEI1Z 0V TH 5.

[Al—HM ED5DDF ¥ /ST ZITxF L TA 2 E— 5/XME%ﬁW‘me35(® (il
TE T EN SR T D EA R v N Z v R), (OIIEFHEERE, OOITEMESHERT, (d)ic
A E— &/X@@ﬁﬁ%rbtF@msuu@_rbtm*#%ﬁ%1Mﬂ@@mﬂﬁﬁ
IZKT 5% v 8 Z L ADAEIE 29.7-30.3 nFlcm? T~ 7=. 241k v, Table 3-2 D 1 kHz I2 517
% diX-SR O HFHEHROE 3.06 # HWVTIREAZFHHR T 5 &£ 89-91nm & 72 5. Z OFERIL, Al
TlH U2 VT, [J O diX-SR Z 5k S TR L7 3 > 7 it L TT o 7o
TY VAR R LD L UBEORIERERE R S RE L RS,

DFERITKI LT, EBEOE L v 83 Z U 2B EE SN DIRE & OEWEZ I &2
ﬁékm,%EiHL<Umx%%VWdMSR%umeéﬁ;@%Lmﬁﬁbkﬁuﬁu
A R7 g bbbk, SISIO, HB ETRY LR R L, BIFIC OV TRRBEDA > v —
B APEEITVD, %EICx LT ARM I X 0 EEOBEEEZHE Lz, 4 E—2 v AJ|E
DOFERND, BEEZFHET D L 203-220 nm Tho7z. Ziuxt L, BEHEOV 7k LT
Reactive lon Etching (RIE) T/XY L > & 5ERIZHI > 7ot 7 /LD AFM 1T X 2 IEJEHIE RS 513
Figure 3-16 {27k L 72 & 912 280-320nm Tdh - 7-.

PLEOREFR LV, AL T diX-SR ZHWTHIE L 723 L U EORREIZ-DW T, Table 3-2
K%LdeSR@%%%%%%%T??NV5VX®ﬁﬁ FHE LRI ERE L
KRz, =V TV AN =72 EORFEREIC L DBEERE RO ST BHENS LWVMEL 725 2 &0
b#é.:ﬂ%@ﬁﬁkbf,%ﬁfm?x L DIREIT S &R, BTN L DRRIX S0 E
DT, RAFFE TR BTN L UIEOFEERN 3.06 L0 bRV &0, lERER D
MEHZ Lo T8 L U pRIERE O RSN 72 0 | [F U4 diX-SR 25 b & 87-L LT
HIREN BRI D RN H D 2 LR ENEZLND. - T, NU L UEOF ¥ /v Z A
PHRETDBEEILT UL IE LOWEE TR0, FET [CHWD 7 — Mk s L TE %
TeBRICEHEIZ R D DIXFEBEOBERE TR Ty N F A THLTED, HIEOEG I & X v
IRUBUANEMBPR TE D Z L 2EE LT, UKROFEEORIL, RIELLKEO FiE/2%E
O FESCHE I 22 EMERBRIC B T 5 BEABROHERZRE, Fr /U X U A b RO IR
TRLTHZ LTS,
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Figure 3-15 (a): Capacitance, (b): loss tangent, (c): parallel resistance, and (d): absolute value of the
impedance of Parylene dielectrics as a function of measurement frequency.

Figure 3-16: Thickness evaluation by AFM.

57



3 N L iR A OISR - T o2 H

3.3.6 NV Lol BT - B R

Mtz IR - BRI 2 Fin 28 ERIY, BRGEL)OEE LTELXSH L X, 10 kViem
225 1 MViem FREE F COMREREIRIC BNV T, M - FEERMEIO 7 = L I EALAER O
HFEREE LD BTEV(REWV)ETHNL, @B L&A - FEROESRmIA—I vy &7
0 [155], BESHCHAI L CA—LBNCHE D 23, ELICE BT/ D LREERITEN I LT
HRIAIEET D K D170, BAHITHEGAEEIZ 2 H[156). 2 D X 9 Zeifia A - i A
DIFFIIEE TIE, —EAICELF D 5 SOREET AR L < AV B2 [156], [157].

1. ZE[E 7w i PR 5 17 (Space Charge Limited Current: SCLC)

SCLC i, #af&ik « FBEARMEMIN TR 72 LI X 0 RAET DEMB LI/ S L, B
BIEA SN D EMEIZ K > TRl - FFEAEIRN OB M5 B RE S NLDHEITE X
BND. ZDEE, FATEWREMT T v T OIRWIERRIR « 35 BRI 2 B2 A 121858 & ()
iE L, Poisson R GEREEZ KD DH LU TORNPNELND.

9 guVv?

_9 37
Jsce =5 (37)

€ : dielectric constant, p : carrier mobility in the dielectrics, d: thickness of the dielectrics

iR « FEMEEDIS & T v TREANFET 256, A@NIMZEHOREHELE L b7
Y TEEDH AN TRDEND.

2. Hopping =i

Hopping (&1 kT » THERT /2 E DAY R » FNICIHET DM EN L TH v ) T
TEATHONHET A TH Y, Figure 3-17 IR L2 X 9IS, —EDEW a T A 7ZHE DS
bY, ELHORT oy MEREORE S 2 U L3258, BRBENS N & ZITiith
LEWIIF XV TEER LX) 7TOESR Y 2OV TUTORTRDT Z LN TX 5.

- o 22 :
Ju = 2qnav - exp kT sin T (38)

U: potential hetght, E: electric field

AXEIFMEER L mER TENLENUTOXITERTE, BREEIMEER TITERIC
AL, mERC D LHEEEBEITENT 5.

U qaE
Ju = qnav - exp (— kBT) . Ty T Low E
(39)
) en(s) e
H = qnav - exp kT exp kT ig
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< —P
U+ eEal2 U-eEal2
Figure 3-17: Energy level diagrams in the dielectrics of hopping conduction model [158].

\ -
'\\ Bottom gf Zonduct:on
and.

Figure 3-18: Mechanism of Poole-Frenkel effect, (the solid line represents the Coulombic barrier
without an electric field, and the dashed line shows the effect of an electric field on the barrier. The

slope of the dash-dot line is proportional to the electric field) [159].

Energy

Metal Cielectric

Distance
—— e

Figure 3-19: Schottky effect with a planar cathode [160].
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Poole-Frenkel 21 3%

Poole-Frenkel Zh 5% & 1, Figure 3-18 (278 L7z & 912, #afkxik « 5B CIEBR OLF
ETDHIRE q- g DT F X —HUENL (Frenkel-Poole FEEE) 5, IEEMIZ L DRT v L

DB Z T N OEFDMREFA~EER IS5 & &, SMBEROEIIC X - TEhiE
CHEIRART v ViINE T 5 2 LT, EIREENEINT 2R AR 2oL, i
il - FHENERZ D EMEEITLL FOXNTRDOT I ENTE S,

A )

kgT
| |

o, : low field conductivity, q: elementary charge, @g : Frenkel-Poole barrier height

Jpr = 0oE - exp (40)

ZOMMBIZE D BRBENRED L, @)LV, BREELBEBROLO BRNEEE
ﬁ@frjﬂ‘ﬁ IRLTCT ey FTAUXERAE OGNS, 207 1y MME Poole-Frenkel plot
EREXILD.

Schottky %5 5%

Schottky Zh 1%, BB DRI - FBERICEASNTZETFDNE L OHEBREMICL > TE
M Z 5 &R & DS EZITH Z LT, Figure 3-19 (2R L2 X 918, = RILX —[EEED &
SMMEL R DB ZIET. 2oL X, BRSO OBERMEALDIERBEEIZLL FOXT

FOTZLENTED,
E
|[—Q<<Ps -2 /4T[£)]i

— A.T2.
Js=A-T exp| kg T
| |

A: modified Richardson’s constant (120 A/lcm? - K?), @s : Schottky barrier height

(41)

K@) L, BARAOEFRICK U CTERBE O H KX %7 2 v b L, Poole-Frenkel plot
DG LFIERIC, 2 OEMECHE OMEN O HE LM BIOWFER R D, Z0%)
ERLETHDINE I BB CcE 5. Z D7 1 v k% Schottky plot & FE5,

Fowler-Nordheim bk > % /VEF

Fowler-Nordheim k> VU > 7%, EIINL72BIEIC LV FEEON REAL T 75 AOMEA
&, FHWRREEDIE A, A b o VIR 70D T & T ROV ERT D
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CEDLDOTHD. ZOEITEFIC 10 nm BELL FOEEOESISEIC BV CIEE
J:fw, ZTOLEBRBEIILLTOXTRDEIND.

3Rp2 *
= . 2 42
JEN 8Tthge €Xp 3qhE (9@en) (42)

h: Planck’s constant, ¢gy : tunneling barrier height, m*: effective electron mass

ZOHFIZONT Y, K42) L0, EROYEIK L TEIRKE L ERO _FOLO AR
*I¥a 77 > b L(Fowler-Nordheim plot), AR5 5415 A& 5 7> T Fowler-Nordheim k
VRIVEIROA AW T 5 Z LN TE 5.

WIZ, EBRAER L LT, PERNT A—FTF T4 I8 L RO B - TR
PERERE R 27T, WEREBHIRTHE L FMKIZ, ES 75 yum ORI A4 I K7 4L A
(UPILEX®-75S) 117, 4% 20 nm R EIZ2K35 L, %@La U-diX 2578 2 f# L C diX-SR %
0.5 g BREXIL S E TR L7, 4% 50 nm fREEZ9 85 U TER L F v SO 2 ED b
D TH Y, Figure 3-20 (@)IZIXH > 7L ONFHMEE T E, (b)IZIXWrimfEE s R Lz, v/
# DL 700X 100 pm® Td 5. Figure 3-20 (O ITAERIRE A L = L=V o 7L O N FBEMK
$BEEHEZR LT, £72, HIEIZA T hold time 73 1 sec, delay time 7% 100 msec T, FIANEETEAS 100
mV [EIfE & 72 5 X 9 2 Stk T1Tw, MIEEENE Figure 3-20 (b)I2R L7z X 912, Febdfl o> A
WZEIN 2 K 91CL, FEOEMITIGND & L.

(@)

*
*
*

© £ Au (50 nm)e~—cND

Parylene
Au (20 nm) e\
PI film (75 pm)

Figure 3-20 (a): Optical microscope image of the capacitor, (b): schematic of the capacitor, and (c):
optical microscope image of the capacitor where the electrical breakdown occured.
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Figure 3-21: J-V characteristics of Parylene dielectrics deposited by (a): U-diX and (b):
LABCOTER.
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from capacitance
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Figure 3-22: J-E characteristics dependence on the thickness of Parylene dielectrics deposited by U-diX.

Current density (A/cm?)

Figure 3-21 (a)lZiE U-diX z HWCEE L7 8 L U IO B - B IR %2, (0)12)
LABCOTER ZHWTHIE L7V L RO EREE-BERMELZ R LI, 2D OFREND
Db X912, LABCOTER Z#HWTHEIE L7 /XY L U EO S NEWETH DI B 5T,
U-diX ZHWTERBE L7 NY LU EX Y SIREREIROEREE D &G 2o TWA. T
3.3.4 W T/R LI (Bl 7" 2 & ) DiEVNIT L 5 /3 ) L U D EE DFEWITE R LT
HHDEEZEZHILD. TNENDEEE CTHIE L7280 L OB E B LR, s~
RERAZTEDIELHOER, A AR EomNIZLSXICIVERT 2N, BBLZE
LABCOTER TR L 7= /% U L o 5 SR SN © 10° Alem® DL RO B Hi# FE 2 /R D%t L,
U-diX THIE L7/ U L o R R A I 10°° Alem?® 2> B 108 Alem® F2J5 D BB 35 5 & T,
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ZOERBEEORESIL, A TFT OF — MéaEE LER LIz &0 F— Y — 7 &l
BB, FFZWIL OKRER NI VAZ 2ERT DBICIEE DI ) — 7 BRAKE L
foeéf:zsb, T AT SELRKN L 25, BEEORWA TFT T, SRR TK
ERBRMEEBTEDIZIERFICRERWILEZ LD Z ENE L, WA 10em & 725 TFT # v
TSR FEE] K 7 E‘%%&%émﬂ\é[mu ZOXIITW HREem L7 D K5 G ETHRIFR
Mefgls b LT 2 7201013, BREVEEFTIC 1T 2 EIREEIL107 Alcm’ L FTh 5 = &
WEFE L. 6o T, AL THELNTZ AN LUBIE, WAKE WL S A TFT Tb 454
— Mg s LT TE 2EHICH D EF 2D, BT UdiX ZHV TSz tY Lo
fEiX, Table 2-4 (b)IZoR L7 OAKEEBRE M) T O R U~ —Hakafe & ik LT H IERITIRVWE
MBEEZRLTRBY, BAREaEEZ L OBRAELNTND Z ERNb5.

Figure 3-22 (213 U-diX ZFHWTHEIE L 723U L U B2 DOWTC, R A2 L2 BEOERE
JE BRI OB N ER LT, W, ZOBROBEHICHWEEILF v v 2 ZADEN B EF
BUEBEZHANTND, ZOMEND, BEEZE L, 47 nm L IEF IO EE 2> THIK
BAEBOBERBEIIRE SHERLRWI L35, fiamkiEz2iE = 35ERT 3-4 MViem
ThoHID, A TFT OF — MERIEE L THEAT2581E, Sy 30 AnbatE Lz
RJEHE C 2.0-2.5 MV/iem BL R OBRBIFEIE & 722 KO I 200 @ Th s L 52 5.

WIZ, Figure 3-21 &% UF Figure 3-22 TR, 5 A7z 2 fHI O B8 -5 R EOENZHOWTH
% 5. Figure 3-22 DFRFE TR LIZ 73nm OF —ZIZHOWT, kU 7Y X U —IZ L HHE
fERZ BB L, HEZ135nm & L TEREZFE L, 1.2 MViem £ TORERFEEEZ ) =7 27
—/L T/ uy hL72d D% Figure 3-23 (a)I2/~7. ZOKIE D, 1.0 MViem X 0 &KV VEE S fE sk
TILERBEITERICHBIL, ROBBIIRLIZLSICERE 7 v T4 7T 58, 2D
MHEDOKRE XL 867X107° & 725, ZOMEM L IRBHRIIRAZHTT 5 & 1.2X10° Q-cm L7z
¥, Table 3-21Z7R L 72 diX-SR DIRFEIRFTUR LTV ME &L 72 5. 15 T, 2L b OB A
— AEEHIER CH D B BD. £z, Figure 3-23 (DI R L7 X 912, U-diX Z AV Thk
BEL, 5306V 7Y A N U —Taili L 72 M= 28 300 nm F2EED /Y L Uizt LT, JE R E
% 30°C, 60 °C, 90 °C & A& L CHEMAM E-EARHEZJET D &, IRED LRI E > TEILE

ERBERT MM AR TE 2. ZALITFERE FERIS, RE8F v U7 B FRENC LY
ﬁ&ELéﬂfﬂFk UTHEa EINDEELYD S, BUBICL Y Y LUBERNICE v U T 0

LEBOTNPRENTZDTHD EE 2 HILD. W, Figure 3-23 (b)H OB E O A i
ri iﬂu?ﬂ%ﬁ kD /)4 XDTDTHD.

% 7=, Figure 3-22 ® 73 nm OIET — X 12O\, HE%A 135 nm & L CERZHE LA
Poole-Frenkel plot L 7= %, @ % Figure 3-24 (a)(Z, Schottky plot L 7= ¢, ® % Figure 3-24 (b){Z7R Lf:.
INHORMNG, EBH 5 1.2 MViem BLEOEEBERER CEWERENE LN TS Z &0
7D, i, Hopping /53> SCLC % & & L 7= plot <> Fowler-Nordheim plot CiXE #2355 72
PoTeDT, ZTRHDT 1y MIOWTTERT 5. ST, MKIZBWTHROMIB TR LT
4 T 4V EMITOUVWT, Figure 3-24 (a) D Poole-Frenkel plot Ot & 0.0168 7> 5 #(40) % >
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THMEIOFHEEREZFIHETDH L 3.06 L7025, —J5C, Figure 3-24 (b)?> Schottky plot M X
0.0183 L W (AN ZHWTHEIOLGFEERLZFHET L L 0644 L7205, Zh b XD, BIEOHE
IXEBRO Y U U BED BRI K L CIEFICTVME L 7> THR Y, %REITBEN2E L 72
ST EnbinDd. - T, Figure 3-21, & ONFigure 3-22 TR LNTZ X 5 7, mdE RLaEIKIC
B 2 EIE O KIL Poole-Frenkel 212 L2520 THDH EEZBNS.

(@) (b)
310" 108
e y = 1.14e-9 - 8.67e-10x =
E :
< o
< 210° <
) >
0 =
s m
o c
£ 1109 9
c 9
£ S 10
= | -
© =
. O 1 1 1 1 1 Q . , \ \ .
- 0 0.2-04-0.6-0.8 1 1.2 0 0.20406 08 1 1.2

E (MVicm) Electric field (MV/cm)

Figure 3-23 (a): J-E characteristics of Parylene dielectrics, whose thickness is 135 nm evaluated from
ellipsometry and 73 nm evaluated from capacitance, in a low electric field (< 1.2 MV/cm) and (b): J-E
characteristics of Parylene dielectrics, whose thickness is 300 nm evaluated from ellipsometry and 225

nm evaluated from capacitance, with different measurement temperature.

@ _32 ® 12

y = -58.9 + 0.0168x y = -46.5 + 0.0183x

14| P
-16 |
18}

LN(J/E)
LN(J)

44 - , 28l
0 500 1000 1500 0 500 1000 1500
E1/2 (V1/2[cm1l2) E1l2 (V1l2lcm1/2)

Figure 3-24 (a): Poole-Frenkel plot of Parylene dielectrics, whose thickness is 135 nm evaluated from
ellipsometry and 73 nm evaluated from capacitance, and (b): Schottky plot of same thick Parylene

dielectrics. Red dash lines show fitting curves.
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3% U LU R AR R T Y R a2
3.4 BRI N T VR OB M

ARETIE, ATETCRME L7238 ) LA 7 — MR L LW AR TFT o7 k
T UV AR B R, AR TFT OF 7 a2, KT S, 2 &L 328 Tl L7-@ v
Thy, FRINI-AH TFT ONFIMEET T E 4 Figure 3-25 12" L2, b7 U P AZKEED
HIETIX, Agilent 0 MEK T XA —2 T F T A4 P EHH L TETRAF N ORFENTHIE
L, JIZERFD hold time (% 1.0 sec, delay time |% 50 msec TH— L 7.

Figure 3-26 (213 LABCOTER % H TRk L 72 [BJE 450 nm FRJE (v /3> % AL 1kHz T
6.02 nF/cm?, LA Cp = 6.02 nFlem® & K74 2)D 38U LU 7 — MMEgIE L LT L7
FAHETFT OEKFFEZ R L, @ISITZ DIREREZ, (O)IZIXH R E% 7= L7z, [FIERIZ, Figure
3-27 121F U-diX & W, RIS SRR [ C7 =— VLB 21T - 72 %% 90 nm (Cp = 30.0
NFlem?) D R L 4 47— MMk & LT L= A5 TFT D&t % @), Mz
(b)1Z % L7=. Figure 3-26 |27k L7 b 7 > ¥ A X @ WIL (% 1000 um/100 um TH Y, EHRER
EEE1E0.62 cm?/Vs, BIEEIEIE-0.28V, 4> A4 7HIZ 10" YA ETh -~ 7=, F 7=, Figure 3-27 |25
L7z T P2 %O WIL 13 500 um/39 um T v, FEFRNEBENE 1L 0.73 cm?/Vs, BIEETE T
0037V, A 7HIZW L ETH-72. EH5 L2 TOBEICKH L TI0pALITFDS— 1Y
— 7 BiETRLTRY, ERNRBBEOCMHLFERETH Y, MIFEIRIEE A TR U
ZaRLTz, 2O L9, U-diX Z W TRIE L7280 L U, BREE A 90 nm (EBEORREE & L
i 150-160 nm FEEE) T 450 nm FEEEDJERR & [A%5% D B /e kT 2 O A X Kk % 7~7. Table
3-ATIE TN DA N T D AZRHEICOWTE LT,

e free o]
€> Source & Drain

«— DNTT

Gate
200 pm l/

Figure 3-25: Optical microscope image of one of the organic TFTs fabricated in this study.

Table 3-4: Summary of typical characteristics of organic TFTs fabricated in this study.

450 nm (LABCOTER) 90 nm (U-diX)
WFE 0.62 cm?/Vs, 0.73 cm?/Vss,
V1H -0.28V -0.037V
On/Off ratio >10’ >10’
Max. leakage current <10 pA <10 pA
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Ves =0V to -40 V

105 [in-10V stepf/
20

108 g
10-10
-__.l. ....-10_12
10 0 -10 -20 -30 -40 0 -10 -20 -30 -40
Vs [V] Vps [V]

Figure 3-26 (a): Typical transfer characteristics and (b): output characteristics of the organic
transistors with 450-nm-thick Parylene dielectrics deposited by LABCOTER.

(@) (b)
105 105 15 Ves=0Vito -10V
[ in 2.5V steps
107 107
810° 109 5
10-11 - 10-11
10-13 TR, 10-13 : ' : .
0 -2 4 6 -8 -10 o -2 4 -6 -8 -0
VGs [V] VDS [V]

Figure 3-27 (a): Typical transfer characteristics and (b): output characteristics of the organic

transistors with 90-nm-thick Parylene dielectrics deposited by U-diX with annealing process.
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Figure 3-27 IZ/R L7 R T P AZIZOWT, BRENEE(Ves = Vps & T2)2 L THIE L
TAGTERFE A Figure 3-28 12, TN B HRDTZ b T 2 U A X Rtk O BRENE LK 7714 % Figure
3-29(Z7R~ L7z, Figure 3-29 (a) & V0, BfnfE oD B A0 SRS 8 L I XBREN = O HG N> TR E
HML, BUMEELES &< 72 DM AR CTX 5. F£7-, Figure 3-29 (b)J: 0, AUEREOT
— F U =7 ER G EEOHEIMI > TRELSRD ZENDLND. WIL BARERAH TFT
PERT G EEEETHE, F— M) —JEIROKEXEIND, ZOHFWE TFT OBRENE
0VUTFTTHHZENEELWEEZLND. 2D 20 V THEY L7=454, WIL 73 500 um/39
um T, EBRGDEBEE L 1.1 cm¥Vs, BEEEIZ-2.7 V, &L 63 pA T — I —2 &
FIL 100 pA L F E WY EERSEOND. S HIC, BRPEBEEZIC OV T3 VEREI OGS
TH 05 cm’/Vs UL EZRLTWER, BE#HET & LTOBMESA A7 HOKRE SE2EET
HE, 2O WL THe b A ERMEN 1 pA LLERAVTW DS HNEE LD T, fEE 90
nm (Cp = 30.0 nF/em?) D3 U L U faialis 2 FA N 7= S B\ i) 22 BRE B E D R IR 1% 4-5 V FLfiE &
EBEZOND, BN U UERIEOIRE 2 S HICER (LT 5 2 L TkET S Z LN AR
Thb.

— 5 C, U-diX 26 L CTHEE 70 nm 12725 L 9 i U728 L Ufisigisic o0 <, AR
BRORRIERNCEAT = — VLB 21T DR o Te T DA X HER L, [FRRIC N T R4
B O BREN I E R AAVE 2 7= & Z A, Figure 3-30 |25k L7= & 9 1, Figure 3-29 D5 & 134
< B DFERNE S 7=, Figure 3-30 (a) Tld, fafnfEI o & A2 BB B A 1 X BREh S+ O BN
WX L THOT M T 2600, 1ZEAE—ETH Y, BIEETE S BEENELE ORI E-S
TR RAHEAPHER TE 2., 2D DEWE, 78U L U EO RIS 5 S A 8K E Ok
£ TR %7:—w@@%MKé:&KioT,%E#K%%*»ﬁ@ﬂ%ﬁéﬁ%*
BRAEROREIRRBICREREELZEZH L2 L TEY, ZOBT =— VAL
T, N L UEOHMERRMERE IR & KB Lan—5 T, A8 TFT OERDEBEE ij(% <
M ESEDZENTELZENbND.

Fo, AETFT O — MtfxlE L L TERTE 23 L U EOEE(LATgE 2 fiE & L Tl
41 nm (Cp = 66 nFlcm’)DEE £ THEFR L TV 5. Z OREE THAE L 7281 V/ﬂ?:%:/f— M’:@
faiE e LT L7z 1I5EOAER TFT I2oW T, 2 b OEXHME % Figure 3-31 1ZR L=, W
TG BRENEE 6 V ISk L T100pAL FO S/ — ~ ) — 7 Eifiz R LTRY, 47t 10°
PLEE BIFRREEZ R L CWD. £, R EFRROERN O, ZOBERE IR s 2-3
V R EOIKEEEREN N ATRE & 72 5.

PLED X 51z, ABF%ETiE 41 nm (Cp = 66 nFlem?) DB £ Tififl T & 58U L L il
DRENET v A& fSr L, 2-3 VREEOIKELERE) & vJieTh v, U] 72 BEE)E £ OFiPHN T
0.5cm*Vs 75 1.1 cm*Vs DEFNEBEE 2R L, 7 — b U —27 &t b WIL 23500 um/40 pm
FEEE, FEMAHRIE 50 um FE T 100 pA DL F & 722 X 5 72 A4 TFT OFERUZ AR L 7=,
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Figure 3-28: Transfer characteristics with various operation voltages (Vgs = Vps) in a low electric
field (a), and high electric field (b) using the organic transistors with 90-nm-thick Parylene

dielectrics deposited by U-diX with annealing process.
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Figure 3-29 (a): Saturation mobility, threshold voltage, (b): on current and maximum leakage
current of the organic transistors with 90-nm-thick Parylene dielectrics deposited by U-diX with

annealing process as a function of operation voltage.
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Figure 3-30 (a): Saturation mobility, threshold voltage, (b): on current and maximum leakage
current of the organic transistors with 70-nm-thick Parylene dielectrics deposited by U-diX without
annealing process before depositing DNTT as a function of operation voltage.
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Figure 3-31 (a): Transfer characteristics of 15 organic transistors with 41-nm-thick Parylene

dielectrics deposited by U-diX, and (b): typical output characteristics.
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AT, B CHE LN L UEE 7 — MBI WA TFT 220 T, 2048k
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=-10 V & L7z, Figure 3-32 (213, 416 OEMZNRBENL & BIEELEOIEX S D & ORER R
AL WELIE R T A XX 269 CTH Y, HEE D 1L 53.8% & IHEFITMNFER L 2o
. —HT, TR AEEOIE SO X NS L, BRDEBEEOFEED 0.31 cm’/Vs 12X
L THEHER 7575 0.018 cm?/Vs, BIEFEIE O B AS-1.1 ISk L THEHER 523018 V Th - 7.

WIZ, N bR AL BT = — VIR 2 T 572 BT U A ZITONT, 400 HD KT
VIURABEAERLL, RRRICHRE E O & TN RFREDIX S DX ZFEMI L 7. WIL X 500 um/40
um TH Y, U L UEONEEIL 70 nm (Cp = 38.7 nFlem?), BRENFEIEIE Ves = Vos=-8V & L7-.
BELIC R T A X013 400 fEH 389 fHCTH Y, HEED 1L 97.25% &, BT =— VAL 21T
DIRDofe N T UV AR R TIEFICEWVE L o7, o, AR TIT AN L UEO R
7 a2 L8 7 ) =2 — AN TIT> TR, BRIERTO =T ¢ 7 )LV DR A HNEE
o, TNEEBETDHE 97.25%FIFE A ERRGEVETHD EEXD.

Figure 3-33 (21X BHD kT U P XA FITHOWT, fFEEIC BT 2 ERDEBEE, BiE
BIE, AVERME, ROA A7 HOESL & %2R L. EREBEE O FLEIL 0.49
m%&f%@ﬁﬁﬁ##OﬁuﬁNs%@ﬁ DOFHIEIX-1.4V TH 0 FEHERZEN 029 V T
ol Fiz, MBI 2BRPEBHBEIC OV, mWNIEL X Z 3 RL7ry L
72b D% Figure 3-34 12k L7z, ZOKIEY, HWNTHEDT A AREWBEIE AR L, fubic
IESKIZONTEEENTRD LW HLNRMERNSELNL. ZhHIZONT, KbEy
BEIEZ R LT N7 VAZ e, BRBIRWBEIEL R LT T P A X DLk % Figure 3-35
27~ L7=. Figure 3-35 ()12~ L7 miERitED 6, 77— MY — 7 EICBEEE, B X7 U R
72 E k%@@bi%%hﬁﬂot —J57C, Figure 3-35 (b)IZ/R L 7= W FBEMBE T BN S, A
BERE TH D DNTT OREBIZITEVD A SN, FHEERERREMICHELS 2> TEBY, F

(ZERE O Y C iDMTﬂoﬁﬂofw@w%\ﬂ%@ﬁ%hk_%dtﬁwm&m
(R L7z K9 2 7)1, DNTT OpfE 7 a2 A TALL D EEZXHBND.

F 7=, Figure 3-36 (21X T = — VAL A2 4T 72 b T DA ZITBWT, Kifae LTHfbhiz
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kT DAL DIREREDOF % 2~ LT=. Figure 3-36 (@)~ L7z b7 P A 21, BREFEEA!
TIZBNWTT — M) —Z@EHRMN 1L nA 2272720, Ritae LT, ZOXH72 T
A K1 400 @ 7 8 ~7-. —7, Figure 3-36 (D)IZ/R L7 K DT, VY —RAEM, /X NLA
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A 4@ & > 7=,

Lo X iz, NY VUG OBT = — VAR, T8 ZOAREE 0 [ E v d 8BS
WCBWTHZIRWTH Y, Aifi TR ERDRBEEOUEDR L E 2, DRITEAN
\ZENT = — VAR 24T 5 72 b DIZ DN T O EBRFE R 2R,
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Figure 3-32 (a): Saturation mobility and (b): threshold voltage variation of the organic transistors
with Parylene dielectrics without annealing process. 269/500 transistors worked.
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Figure 3-33 (a): Saturation mobility, (b): V1u, (¢): on current and (d): on/off ratio variation of the

organic transistors with thermally annealed Parylene dielectrics. 389/400 transistors worked.
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Figure 3-34: 3D plot of Saturation mobility distribution of the organic transistors with thermally
annealed Parylene dielectrics.
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Figure 3-35: Comparison of (a): the transfer characteristics and (b): optical microscope images

between the best transistor, which was in almost edge, and the worst transistor, which was in almost

center.
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Figure 3-36 (a): Example of the defects, whose leakage current showed more than 1 nA, and (b):
other example of the defects, whose source or drain electrodes made a short-circuit with the gate

electrodes.
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36.1 DC AT AR L ALEMRER
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N1 ETHoT-. 2D TP AZITHONT, EHikZ El3ThTICmES FOK S I

LEBELESTD, BRFHKT O 0 —T Ry 7 AN THHEZRIR Y KL Lf:i%ij%?f“?ﬁﬂﬁ
w107,

Figure 3-37 (21X EFED N T Y AKX % Vgs = Vps = -12 V THEED Lt 1T 7B, DC /XA 7 &
OEINEEMIC kT 54 &\ e 7 — b — 7 EROENE R~ LTz, ZIuH LD, DC /XA T A
T 44 BERIFRE BT U A X BRI ST T, S — MY =V BRAEKT 5 2 L3 <,
SNU L UEOMRMERE NS T D LD 2T LideWnWZ ERbnD . i, AUERIZOWT
I Figure 3-37 (D)IZ78 L7= & 912, 3 HFERLE OBRE) & CIXIFITMIPICERMA AL, &K T
IHAMED B 31%EFMAHEMULTZ. 2D X DT, DC /XA T AA h L ADZNE CTEIRMEIEE K
TLHEIICHEMEEEN Y7 NI 5D1%, — 72T — MR E 2 A WiziGE L idFmn
WiTdHV[136], XXk L Parylene-C Z W= T P AXDEAESL 2O X O A AR
T2 ENMESNTVWH[162]. £7-, LABCOTER T L, % DENT = — VALFL 21T
RT3 Y L UBIZOW T, DNTT R0 AR C & [RIAR IS BEIAE A3 B K3 5 1A
73 EEE SN TWAHIL63]. ZD L 91T, DCBREN S E /- AICEIRMENAZ L L TLE D L H R

EPEIZZEE LDH O TRV, TFT OJEFICBWTEL OEAEBEICRHDIE, T bD
R E 0 2L LTRERWVIDICRLS TIZRE DDy, EWVWI R ThD. ZDRIT 2\, Figure
3-38 121, 445 FE] D DC /NA 7 A A b L A &N 2 5 Hiith COBERFED L, KO %
DA R LT FEEOREIETIX, DC A 7 AR kLR % D TH DAGEREORIE % Bl
THETICEHDEERBL TWDEN, ZHHIEA N LVARRICR L THYE WD, K&
RAEFRNEDEEZ DT EMNTE D, Figure 3-38 (@), ()L VW, DC /XA 7 ARk L ADEINH]
HBTIZFEALE P TP AZOEMENELL TWRWZ &5, Table 3-5121%, DC /XA T
AARNVAOEHMFIZETO N7 o A ZREE F LT, DL EDORERNG, RifF5ED Y
UHERRE A L7 AR TRT I, FERICR VIR DCEREh S 172 & LTh, B TR
PEIZIRD EWVWH TR bhoTc. Ziubid, DCBENCZ X A2 F v U T D b7 v ZRIEFITIERD
HERLIZH D L WVW) Z LR LTEY, B TFT IS TR b X <fibi % Active Matrix BRE)
FAD TFT LRI AR L7255, TRT FERS DC ASA 7 AA R L AIZ LV BT 5 &0
5 Z MR, BRI OR rié:bwéﬁﬁ BOWTHFICHLETHDL LERD.
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Figure 3-37 (a): On and leakage current dependence on the DC bias stress time plotted in log scale,

and (b): on current dependence on DC bias stress time plotted in linear scale.
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Figure 3-38 (a): Transfer and (b): output characteristics of the organic transistors fabricated in this

Table 3-5: Comparison of transistor characteristics before and after DC stress for 44.5 hours in N,.

Before DC stress

Right after 44.5 hours DC stress

WUFE 0.67 cm*/Vs
Vh -1.74V
On/off ratio >10’
Max. leakage current 22 pA

0.71 cm?/Vs

-1.80 V

~10’

11 pA
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WIZ, N LA WG TFT OMEWEIZOW TR~ 5, JEICHWE T oY
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L JE O TFNEZ Figure 3-39 (Zn9. £, 30°C T b7 v VA X EHEORE ZAT - 7214, 40°C
FTIREZ B T30 0MENT 5. D%, 40°0C DIRFET k7 > TV A X EREDORIE 21T\, 30°C
ETHARMAISHE, 30°C OIRETHOMEEZITS. 20X 52T, IENREA 10°C §°> k
FRNBBEREOFINAT b7 o PR ZRHEORE 2TV, 7 =— A RICKLD N T v
Ko Z b &, HEREDEWVIZ L D N T o U A Z RO AL % [RIRFIZFH 7.

Figure 3-40 (a)lZIFA IR THNZEMV, 30°C CRIEZ1T - ToBROIREREDZE L 2, (b)ITIFA
IR CHNE I JNGE 24T © TR O sz RO E b 27~ L 7=, Figure 3-40 () LV, 7 =—/L%)
RAZ K DREDZEALIZ1000C 725 120°C DM H R E LR DH M, F— F ) — 7 B A7 U
VAR EX 160°C TR LB THIFEALEZ(LL TWWRWZ LR d. —J5 T, Figure
3-40 (b)) B 1, 140°C IO MBURE CRES ERXAT UV ABR KL THY, Y= ) —2%%
MHREREN EAT 2O TR LTWD Z EBnbnsd.

ORI UVARIE, 1700C DIRE THIEZITSTZBRIC F T U PR R R S e e o Tz,
Z T W, Figure 3-41 IZITMBFT D b T 0 P 2 X OISR GE & 170°C DR ThN
BAAToI D b7 U VAXORFBEWBITELZ /R LIz, 2 b X0, G EAREICHN
72 DNTT PR OREBELZEZ LTS 2 ERNbnsd. ZANERKET, EARF T U T
DT EDTEDLNRANRL IR, FT U PRI E RS ol laolztBEZBND.

Annealing & measurement temperature
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Figure 3-39: Heating and measuring procedure.
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Figure 3-40 (a): Transfer characteristics after annealing in N, measured at 30°C, (b): transfer
characteristics during heating in N,.
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Figure 3-41: Optical microscope images of the transistors before and after annealing at 170°C

according to the procedure, which is shown in Figure 3-39.
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FLOb D% Figure 3-42 12, FMBURE CHIEZITo T2 b DIZONWTE LD L D%
Figure 3-43 |Z/R L 7Z.

T == VR X DR L R LTz Figure 3-42 ()70 5, BRAZFEBEE L 120°C DNk
REE TR ER L, ERURRETRHICED T 52 03000, ZOBEEORDIL, %
WU BEEROBENRICEI D bOTHIEEZLND. T2, BEEEIC SOV TIE
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70°C DIMMEE D@ < 720 4hd, 1.3 VIREATTMIZ Y 7 b L7c#, IMEUTH L TidL A & —
TEN 72 DN R Sviz. —5C, Figure 3-42 (D)IZ/R L7 X 912, XU L U IROHEZIERE,
170°C THEAL 72 TH < b2 K5 2 Lidh o,

BEREIZKRT 2D N T P A X RO A % % 7~k L7- Figure 3-43 (a)7> 51, 120°C D&
FTENDEBEIENKE S ERT2EABALNT. 2T, ZESAEREERT ORE
Xy U THENBIEER Yy B I X o THE SN TS Z E KB LIERE > TED,
AHEEROMRERMSCS RO XX —REEZ B 2% ¥ ) 7 BB R L XF—2L - T
MLzl ThrEEZBND.

B %12, Figure 3-44 ([ZIFAMFFEOAHE TFT & [A CA S5 E T D DNTT & 72
5, BIDS — MEZERMEE LT SAM 12 X 2 RKMEAE 21T 572 AlOx (AlOx+C18-SAM)% H
WA TFT Th Y, IR E LB ATRE e fR IS BME O B WS TFT & LTl b -
7o N7 VAL OMEE[100], [164]E, AR CTIER S 723U L o figiE 2 72 A 5%
TFT OIHEWEZ HEE L7 fE R A R Lz, 2o KD, U Lodiaias V- TFT X, —
YI7 A ZEHEEIT > T WIZ b B 59, AlOx+C18-SAM % 7 — MMk & L CTHW -
HRETFT 0, SbICENZLEE /) LU X » TEIE LA TFT L0 & & iewE %
R EWND T ENDND. Fe, TRUHOMANDL Y, 120°0C LY mWIRETOMNBIZ L5
B O FIXABE A TH D DNTT ICL > THRESTWA Z EbnY, XU L
RBIE & X0 IHEVE O B ARS8 ARR B 2 AV, T8, ZEHEERIT 20E, S DICiEED &
WA TFT 2R8I 2 LN TEHEE2LND.

PLED X ST, RIETEHANY VUL 7 — MM S L THW A1 TFT 23, fthfEoD 7 —
M ERRIER B 2 O T2 3 A I R CIEF IS E W EWE 2 R 2 W) 2 E 2 BT LT,
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Figure 3-42 (a): Saturation mobility, threshold voltage, (b): on current and leakage current

dependence on the annealing temperature. All transistors were measured at 30°C in N,.
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Figure 3-43 (a): Saturation mobility, threshold voltage, (b): on current and leakage current
dependence on the measurement temperature in N,.
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Figure 3-44: Saturation mobility of the DNTT plotted as a function of annealing temperature with
different gate dielectric materials. AlOx+C18-SAM results are refered from [100], [164].
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3.6.3 B2 B R

AT TUE, HHETFT OB R EMRBRO 1oL LT, 1Y iiFIC & 25, £3hRE
HEFMUTZBRO k7 o VAL RHEDOZALZRE L, (FRSNIZARE TFT o7 Lx el 7
1 AR L7 M, BV R T U AZ O L UAERIEOIE S 1L 65 nm (Cp = 417
NFICM)FRETH 223, IV 7Y A M = X D BERERRE B/ LT, BHEORMY
1213 120 nm THET 20 L%,

T TICEDEAOHIET VL E LT, KN —HRELFEMECTHY, HikE 7 4 1A
D2ENORALTER T ANV LEIRET HE, HEPER THOVHITZE D7 4 L AFKEIT
FIIN &5 78 A B (strain) i, FEARTEIOBEE dgyy & Y 7 Yo, LOVT 4V ADOIRIE dgim
EXY VTR Yy FHWTULFORTRDT Z &3 TE 5H[165].

(1+42n+xn? (dfilm + dsup )

fop = T At \ 2R (43)

where n= dfilm/d . and y = Yfilm/Y .
su su

ZIT, ¥ MEMTH 54 30 nm L AEFIE TH D3 LB 120 nm 2OV, SEAT
AT T IV OEE B A R T Nkt U CRE R S5 iR A G EICHOW BN EEHIT
&5 Voigt HlZ AW, LIBDOT7 AV AEHBRTEDOETDH. ZDLE, &DY L 73T 78 GPa
ThH v, Table 3-2 LV XY L U EEiIX-SR)DY 73T 40GPa TH LMD, ZD2EDT 4 )b
LELIEDOT ANDERIRLIZEEDOY U TRIIUTOLIICHESRD

Y = 30 X 78 GPa + 120><40GP = 18.8 GP (44)
film = 750 AT 5o ~ Y AT ieehia

AHFIE DA TFT THMAEHZ = UPILEX®-75S D > 7 2% 25°C C 6.9 GPa [166]7¢
DT, A(43) &N (44) LV, ABIFEICE T 2 A8 TFT (2D 2470 #iFEAIILLTF D & 9 1F
HT&E%.

1 mm
ETFT = 3.745 x (%) (45)

Fio, HPERIVNSLS DL, T4V ADBEREDORENKE L D72, X(43)D5F 2R
% 2R+ dgyp + digyy & T 5 & IEREMESET. 2 mm FREE L 0 /NS AR LRI BT I 0%
BHFEIC/ 5. T ZCHEREE 2mm UL FOEAEFHFEIZIZL TOXEH WD LD LT 5.

mm
R + 0.03758 mm

ETFT = 3.745 X (%) (46)
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@D LI oTEY, ZoH Y tiFHRBRICH W =T 1 R G E% Figure 3-45 (C)IZRT. 7
A 2121 Figure 3-45 (d)-(AIC/R L7 K 912, BAICK L TY —Z - KA UHOEFRIAT,
KL OBEFWICHNLD N T AL L, ﬂ%ﬂ?/v/é? DEEINTEY, ENENDOFEFHR
Figure 3-45 (C)DH DGHRIT R LTz 2 SDOBFNOERBECH D K 5 ITiiE L T\ D, b,
H OWRROME £ CHWET — 7 CREE L, Figure 3-45 @QDRICEBWTT A 22470 iiif 7=
BRIC, B E2D RN OFOWMONER L2 HbE25 2 & T, BHEMIZETOMET 58
AT RO L 725, BELOEHINCH 72> T, PEDOHNIHTEIZHND T /3, ZAD
WA BT 2470 i 7 REETT 27 U Ui E FA L XYZAT =YD ZR0mm & 725 K5I
Xy U7 L—varE{Tol RIZ, T/ AW E, T /3 ZADK B EGE S -
FEM(SUNHAYATO ICB016) &, XYZ AT —VIZHEke S iz 7 7 U VBRI 7 — 7 CREE L,
T UMMRERL FF TN Z & TV EFEAZFMULEZ. 20 X 512 L CTHEEE 1 mm
FREE & T 0 B 7= ROl B % Figure 3-45 (b)IZ/RT. ¥, XYZ AT — D Z OfE & i =
PR ORI OV TIE, T Figure 3-45 (b)D X 9 Z2IEH G EN DA Z OfEICK LT 4 v T
4 T BTV, IRERR)ZRO TS, ZD L HI2LT,Z=30mm (R =18 mm)» & HlE %
BALE L, tRAIZ Z Z/NE LTWERND M T U U A ZRHEORIE 21TV, Al S8kt
T5 87 VRO A RIE LTz,

Acrylic board

@ Strain Currel
| ==z

500 um I

Strain ll Current

Device

Conversion
board | Stra
Overview (compressive) Current
(b) 500 pm
Strain L Current

Acrylic board

()
I WI

bending radius ~1 mm Capacitor

Figure 3-45 (a): Overview of bending experiments. (b): Side view of the device bent at the bending
radius of about 1 mm. (c): Photograph of the device for the bending experiments. (d): Optical
microscope image of the transistor in which the drain current flows parallel to the bending strain.
(e): Optical microscope image of the transistor in which the drain current flows perpendicular to the

bending strain. (f): Optical microscope image of the capacitor.
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F9, A TFT IZJEMEAZEIIN LT & 2 OFEEIZ OV TORT. JIEICHWZ h T v
YA 4@ WIL 1 1000 pm/100 pm TH Y, 73U L i 13 63.5 nm (Cp = 42.6 nFlcm?)
ThDH. £, BRENEMLIT Ves=Vps=-8V & L7-.

Figure 3-46 (1ZI1%, N7 VA Z ZWITFITESICLIREETHE LIZGAED M T VA4
Bppk & =R 18 mm (Z = 30 mm)ZHr 0 #hiF 72 REECHIE L7 3A D b T v PV A X ik &
RLUZ.R=18mMmM D E X b T VAZIIh D ERET, @E5)E D 02% & FHHE S50,
REERFEIC R E R BLIX R 6o 72, X512, Table 3-6 1213 Figure 3-46 (a) L v k7= b
T U VRZOEFHEE R LT, TORID IR 18 mm O #liFIC L H AN TIE, K
g CER S N8 TFT ISk L TEe<HEOBIb 2 RIS RN ERbod. #t- T, IE
Ma BT DA TFT ORZEMERBRIZI R =18 mm 2> LEME L, = D & & OREZ PR
& L7z, 14, Figure 3-45 (d)IZ/R L7z 7 ¥ A & % Parallel & 5L L, Figure 3-45 (e)IZ/R L7z
7 VA4 % Perpendicular & FEKFLL T\ 4.

(@) (b) 10
10'5_VDS=-8V 10_5 VGS=DVt0-8\//’
e 8lin2v stepi/
107 Praraliel (flat) 107 _ 6} ;
< (R=18 mm) | 3 < .
0 409 Perpendicular (flat) {09 m—= o
£10 R=18mm) | = 8 )
1011 ST 101
' ETRE 0
oy L
10-13 1 L L 10-13 -2 . \ \ \ \ \ \
o -2 4 6 -8 2 4 -6 -8
Ves [V] Vps [V]

Figure 3-46 (a): Transfer and (b): output characteristics of the transitors with 64-nm-thick Parylene

dielectrics measured at flat state and measured at the compressive bending radius of 18 mm.

Table 3-6: Comparison of the transistor characteristics before and during compressive bending at the

bending radius of 18 mm.

Parallel Perpendicular
Flat state R =18 mm Flat state R =18 mm
HrE 0.66 cm?/V/s 0.66 cm?%/V/s 0.78 cm?/Vs 0.78 cm?/V/s
V1H 0.12vVv 0.10Vv -0.81V -091V
On/off ratio >10° >10° >10° >10°
Max. leakage current 82 pA 67 pA 74 pA 69 pA

82



3 N LR A OISR - T R H

kT DA ZITREFR ORI TH 2 #i=28 0.3 mm FREOJERE T v diFRECH N
% Z &7 <EWEL 7. Figure 3-47 (21 Parallel & Perpendicular @ 2 fi¥ED k7 > P A Z 2O
T, JEMEH AN R = 18 mm A5 0.3 mm F TOFPH TSR Z2/ NS Lz & & o4 &,
7, BEEE, 77— U — 27 EiRDOE AR LTz, Figure 3-47 ()b, A A4 7 Hid4
H SRR OPT 0 fTIC R L TR E S35 2 & 1d 0o 7223, Figure 3-47 (O)IZR L7 X 9
2, E660D 87 U VRAZZONT A EROMITHIFAEE 1.2 mm 2O v dhif £ T8
L, & 0/ SRR O IS Tl L7z, Figure 3-47 ()R L72 L 912, BIEETE
2OV T HAROMHR TR L2 R 1.2 mm o7 0 fiiF 28312, R 528 boEmin R sh
7=, F1=, = RV —ZERIZHOWTIL, Figure 3-47 (IZRk L=k 91z, /NS apiRpERICE
WT EAT 2 L9 REmMBR Oz, 2D OFFEDZERIL, #IZ Perpendicular & ~ 7
VUAZ XD G Parallel O T VA DOFHNKEL, ZHUX Parallel © T YA K TIEIE
ME BT ¥ LV ZFRALD BRI K L T—ERICID D L 912> TWH T, 2 TOEFS
2Nt U CRR DJEMGTR D3N3 2 5P MRS D DIT%E L, Perpendicular © k7 2 A 2 T
ILEIRGT N L TR —I2Mbb7dThd EEZ LS.

b
@ o* ‘ ‘ ®) 1.4
< 10°} eRuNNDNn. | 1.2|
= o5 | a
S 10 - 1]
@ a7 S
= 107 | l ¢ 0.8}
3 18| |<—parallel B
o 10 P =
&= . .9| |-*perpendicular < 0.6}
o 107+ g
o 101°| | s 04|
07|  Seevtesmege Z 0.2||parallel
o 10_12 i | 0 —8—perpendicular
10%00 10 1 0.1 100 10 1 0.1
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c) 0.4 : - d 107
0.2| : _
0| <
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-0.6| : ] E
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Figure 3-47 (a): On and off current, (b): normalized on current, (c): threshold voltage, and (d):
leakage current dependence on the compressive bending radius using the organic transitors with
64-nm-thick Parylene dielectrics.
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Figure 3-48 (21X — £ 0.3 mm AR E O iR F TH O T 7= L & &, ZO% i L 18 mm
EFTRLTHE L & 2OEERMEDOE(LE R LT, Figure 3-47 (d) TlE#r v ghific k- TH
— M) = BROBERDRLNTZN, 206D TIHHREZE I8 mmIcE L CHIELZ
YOAZDF— ) — 7 BHRITORE L IRIEF UEE R LT B0, [ERE o v il
FIZ Lo TRY U Ui IE S 72 0, MafatERE2MER T L7z 35 2 &1%72 <, Figure
3-47 () COZACIZ AW b D EEZERX D LN TE D,

Talbe 3-7 (ZIZH =22 0.3 mmARE OPT V) g T ORIZICITIT D N T VA X RO AL % F
Lz, ZTOFRIY, HFEEE 0.3 mm BEOH Y HFIc ko T, BEBEESCA AT, &
— MU =2 B2 EITIIREREBITEZ S oledy, N7 VA OENDEBEEIC
DNWTEFERELFHD L TWDL Z ERDD, FriZ Parallel © k7 VA& TIEZOELNBRKE
<, WIHMED 44%FREICE TR T LTWe, B, S b iddisEms 0.3 mm fRE £ Ty
Hi 72 & Z OEMEEAD, S EIOPEICH WA TFT OBRDEBEN L |23 L TR A7
PIBRES SR T L EZERL TN,

(@) — (b) =
10-5_VDS_-8V 10-5 10-5_VDS_-8V B ’::;10-5
107} Remm o7 107t RT1Emm 107
< Ny 7 ’ | = i ] L
._“.) 9 /18 mm after bending 10-° E:ﬂ.)—. sm 9 18 mm after bending|40-9 8._.
—.010 [ WIRof ~0.3 mm 7 = —.'310 [ w/ R of ~0.3 mm =
IR S ST g | T 10117 e 10
H M ) ‘.l Ny o » .::,‘-«:'". i -.‘ "" : ..J‘:“ i
o=
VGS [V] VGS [V]

Figure 3-48: Transfer characteristics of the (a): parallel and (b): perpendicular transistors at the
compressive bending radius of 18 mm, 0.93 mm, and measured after bending with the compressive
bending radius of 0.3 mm.

Table 3-7: Comparison of the characteristics before and after compressive bending at the R of 0.3 mm.

Parallel Perpendicular
] After bending w/ ] After bending w/
Before bending Before bending
R of 0.3 mm R of 0.3 mm
(R=18 mm) (R=18 mm)

(R =18 mm) (R =18 mm)
HrE 0.66 cm?/V/s 0.29 cm?/V/s 0.78 cm?/Vs 0.65 cm?%/V/s

V1H 0.10Vv 0.19Vv -091V -1.0V

On/off ratio >10° >10° >10° >10°

Max. leakage current 67 pA 67 pA 69 pA 59 pA
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Z O 0.3 mm 2 X AP0 i, (46)7 D 10% D EREE AN TDHZ LIl D
B, TOXIR/NEVHFEERTIIEABOFE CRERAENEAET LH72D, HETSH
EREOEEL L. ZoH 0 T O T, WEICHWE N7 U VA Z ONFHMETED
2% Figure 3-49 (/R L7z, 2LV, &EMICH L THRTEX 2R RE R T v 7B A5
TWbZ ERbnd. £, Figure 3-50 121%, HRHIEED /Y L A% V- A TFT
2, EMEEAEMZ T 6 04 VEREOE{bER L, ZORED, KlliEERICB T 58
MEOBLRIZTZNENREAR D 00, 1.2 mm O i =R 25512 U CERE O
% & D SOV T, Parallel <2 Perpendicular @ k7 2P A Z R0R Y L LR AR O JRIE 035
WIZBMRR KB L TV D, 612, A-EARE D DNTT Tid7e <, 300 nm F2JE DR D i
TiRRIEE U 7= 22565 f 8K T, 450 nm D23 L Ui & (7] U BB 2 V72358 6 RIAELC
1.2 mm O MR A BRI U CERME OB ELT H[163] 2 & 26, Z OEFRAED H )
DD 5 IR OMEIL Y L AERIE O FE 0 A HE B RS O, K OWREITRE L 72
W2 ERDND., UKL, A TFT OEBRICHWEZRY A I R7 4L LIZDONT, —i
T TAF w7 74NV ANEFFOHITICE ST =X LT 5 H WO OEIRUA AR AT
ANDZENMBI TS, Figure 3-48 X° Table 3-7 THER SN AA[Wi72 b HI5%, Figure
349 [TROLNTEZ T 7ICEDbDEBXDZ ENTEDHDT, Figure 3-47 (b) %N Figure
3-50 [ZBWT, HIFRERE 12 mm LV /S W0 i ClE Z 5 A EBIEORE, FERIC
FAWERV A I RTAIVAICASTZ I T Ik TRAELIZEEZLN, TOLBNEZ
V3R 2 MR, BT 4 L D DEEH B OFE(Y o SRR o TRED EERD
N5, ZOMFEL 1.2 mm O HIFIE, K@6) L VB LZ 3%DELEIZHL L, 2Dk
RRERERDMDD &, W@E OAH TFT TIIMRIEOMEKEES Y — & « KL A BB
HIFE R Pl K o TT RS AR IND Z 03> TWAH[167]72Y, AAFgE CIERIE N6
BETFT 12O\, [EMEEAZMATGAINZITED K 5 7T /" A ZADOMEEIIMR S o7,
IBIEANY L AEREB RO O HERRIERE &, A EI TH AR BOREW T LX e T
€, IDIT, MR e ORWEEEEZEMNTO/RETHD L E X, F— MEREEIZ Y L
Iz W5 Z LT, EOEFIEAHWS5EE0 b7 LX) 7 OFEWAH TFT 452
BIDZENTEDLLENIZEERBL TV,
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Before bending After bending w/ 0.33 mm

Parallel

Perpendicular

Figure 3-49: Optical microscope images of the parallel and perpendicular transistors before and
after bending with the compressive bending radius of 0.33 mm.

1.4 . ‘
1.2| 64 nm Parylene
UD') ‘..(‘v
— 1 |
L°]
3 0.8]
© 0.6/
=
5 0.4
< 0.2|/~parallel _
0 —o—perpendicular
100 10 1 0.1

Bending radius [mm)]

Figure 3-50: Normalized on current of the organic transistors with different thickness of Paylene
dielectrics plotted as a function of compressive bending radius.

86



3 N LR A OISR - T R H

Wz, AR TFT ICHEEARZEHINLUZ & & OREZ I W TORT. JIEICHWEZ T >
A4 @ WIL 1% 1000 pm/100 ym TH ¥, U L AR O IFE 13 63 nm (Cp = 42.8 nF/cm?) T
H5. Fio, BENEEIT Ves=Vps=-8V & L7z,

Figure 3-51 IZ1%, EMEEAZ MR T2 & 2P0 dIFER & [FERIC, N7 oA 2T
ICEBICLIREETHE LTZBAED b T o DA Z kL dhae42 18 mm (Z = 30 mm)IZHT ¥
BT 7RBEECHE L7256 D b7 D A 2 Kt % 7R L, Table 3-8 [Z13 Figure 3-51 (a) £ ¥ sk
T RTG U UAZOEREEZ R LTz, 2B LY, [EMfEEAD L X LRI, MEERICK LT
H ph L 18 mm OH 0 P IC L B AR T, AP CER S N7 AHE TFT ISk L Ta< fF
WO E RIES 2N ERDND. - TC, EOERERKICHEEREACT 5 A8 TFT
OEEERBIZR =18 mm M SBMA L, 20 & & OREZWIIEEL LTz,

@) ®) 10
10.5_V|35='8V 105 Ves=0Vito-8V |
I 8tinav steps///'.
107} Parallel (flat) 107 ., 6L .
< | (R=18 mm) o < .
el w
0 102 Perpendicular (flat) 402 m
510 R=18mm) | = 8 9
10-1F5E ------ % ::Q:%'F-'..‘:;:-';;gg:”*_'é 10-11 g
'li'r'.-ﬂf.:"-- RN "fﬁr'f 0
B ',-:.: R » i
10-13L—= : MR B | |1 20
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Figure 3-51 (a): Transfer and (b): output characteristics of the transitors with 63-nm-thick Parylene
dielectrics measured at flat state and measured at the tensile bending radius of 18 mm.

Table 3-8: Comparison of the transistor characteristics before and during tensile bending at the

bending radius of 18 mm.

Parallel Perpendicular
Flat state R =18 mm Flat state R =18 mm
HrE 0.72 cm?/Vs 0.71 cm?/V/s 0.73 cm?/Vs 0.73 cm?/V/s
V1H -0.72V -0.64V -1.16V -1.13V
On/off ratio >10° >10° >10° >10°
Max. leakage current 68 pA 70 pA 47 pA 94 pA
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IO #iif T, Parallel © k7 > P 2 2 3 #iERY4% 0.25 mm FEE O Y #iiF S
N — 7 ERAEE K L7223, Perpendicular O k7 > A X (3EEND Z L7 < BfEL 7=,

Figure 3-52 |21 Parallel & Perpendicular @ 2 fEfHD k7 0 A ZIZONWT, EFMAICR =
18 mm 725 0.24 mm £ TOHFPH TR FEE 2/ S Lic L A4 &, 47 &, BEEE,
F— U — 7 EiRDEAZ R LTz, Figure 3-52 (@) 6, 4 >4 7 BT DWW CIEEREE 2 & I
Z o & & LERRIZ, SR EREOPT 0 dhiF I L TRE LSBT D Z &idlen > 7223, Figure
352 (DIT/RLIZEIIZ, EBHLD T U PRAZIZONWT S A EROEITHEREENNE L
BT ONTHMEAD Lz, — 5 TRUEEEIC W T, Figure 3-52 (¢) T LD A3 ZE
HALEN R LT2AR & F OBMUT L - T, 3ODEBUTH T bND ZENbnd. Zabizon
T, FROMFITRLEEN 12 mm 725 L ZAIMEL, 2R LR THLRY A
I RT7ANVAZADLZ L—RIZEDHLBRNERTH DL B2 HND. £, FOMMBRIX
H SR A 5.2 mm & 7R HALEIZH Y, Figure 3-52 (DIZBN T, MHREEN52mm L7225 &
IAENLAVEBROBAONBERI 5> TND I ENDOND. ZRLITMEEROREIZ X 2 FE
DELTH D EZEZ DD, ZREEAEEERDOX v U TERIEICOWTEIEER v B 7R
BEUE LG, JEMEAZINA T & S ITAEEROME S, F 723 mEimN o s+
WD HEBENEL 72 D720 F v RAVNOBEIE R R L Q24 HizxSR), BIChMEELEZINZ
7o & XIS, E3 0 FRIOEBEN SN DT DICBENE N5 Z il b. Bib,
EBHDOEBETIZBIT HENEMA v € V82K ET 5 Z & T, Figure 3-47 (b), % O® Figure
352 (D)IZHBITHZNENDERIKT HA L EBIROEACE FERSHATHZ LN TE S,

£72, F— bV — 27 BHRIZOWTIE, Figure 3-52 (IR L7 K 912, EMEEAD & & &R
DO/INE TR W T ERA T 2R A 6T, £/, Parallel ® FF > P AZIZONT
MR 024 mm IZHB W T LA LLED S — R U — 7 IR RALIZ 728, EE— FE LT
Wy, HIEZET LT,
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Figure 3-52 (a): On and off current, (b): normalized on current, (c): threshold voltage, and (d):
leakage current dependence on the tensile bending radius using the organic transitors with
63-nm-thick Parylene dielectrics.
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Figure 3-53 |21, Parallel & Perpendicular D45 k7 > 2 2 Z (2% LT 0.24 mm O A2 F
TV ETF- & & L, ZOBMPEFE 18 mm £ TRL TUEEITo 7 & & DIREREDZEL
ZR L7z, Parallel © k7 2 P A Z 220 T 0.24 mm O iR F T 0 fh S 7= BRIC £
— RIZE 7223, Perpendicular O k7 P AZITEWEL, D7 L— X2 L 541EiL Table
39 IRLED Loz, ZRHD FT U VAZIZONT, #10 #F %O M 5 &
Figure 3-54 (2R L7223, HEF MOV i TIIHEE CTE 5 L 5 B RE B IR b2 h
> 7.

EFmOT 0 dthiFEBROKRKIZ, Figure 3-55 12133 LU MEEIROFEIE 2 285 LTz b &
ORI T 5 A CERMBOELEZ R LTz, 2OV T HEMEAD & X L FIERIC,
FUEROECRITER L 00, FY L THSHANZIZE A LR L Th -7z,

(@) (b)
10° 10° 10°
__107 107 107
< ] o <
Bl w Bl
810t 10° % 2109
1011 Ao 10-11 -
17 S SR T =T ) I SO S |1
o -2 -4 -6 -8 o -2 -4 -6 -8
VGS[V] VGs[V]

Figure 3-53: Transfer characteristics of the (a): parallel and (b): perpendicular transistors at the
tensile bending radius of 18 mm, 1.2 mm, 0.33 mm, 0.24 mm and measured after bending with the
tensile bending radius of 0.24 mm.

Table 3-9: Comparison of the characteristics before and after tensile bending at the R of 0.25 mm.

Parallel Perpendicular
] After bending w/ ] After bending w/
Before bending Before bending
R of 0.25 mm R of 0.25 mm
(R=18 mm) (R=18 mm)

(R =18 mm) (R =18 mm)
HrE 0.71 cm?/Vs - 0.73 cm?/Vs 0.63 cm?%/V/s

V4 -0.64V - -1.13V -0.81V

On/off ratio >10° - >10° >10°
Max. leakage current 70 pA - 94 pA 100 pA
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Before bending After bending w/ 0.24 mm

Parallel

Perpendicular

Figure 3-54: Optical microscope images of the parallel and perpendicular transistors before and
after bending with the tensile bending radius of 0.24 mm.
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Figure 3-55: Normalized on current of the organic transistors with different thickness of Paylene
dielectrics plotted as a function of tensile bending radius.
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WAZ, 10 i IZR3 2 A6 TFT OIfAMRER & LT, Figure 3-56 (277 L7 X 5 12 [ Uil
15 mmETOH T2V IR L% 0, mRFERI8mMmIZBITS T PR XD
vz d. PEICHWE b7 A% O WIL 1 1000 pm/100 um TH V), NV L fafzisEo
J#)=1% 67.5 nm (Cp = 40.1 nFlcm?) T 5. E£7-, BREHE Fvw-vm_ev Bl D AuFGEE O

RN EBEE L 0.64 cm?/Vs, BIEEEIZ-0.69V TH Y, MEICIZEADEEL K LZTH
Parallel ® k7 > P AX DI %E W=, 14, 10 dhiiF O 5w i%;%h@%giﬂ X D ED A &
FARMBHZ X 0 Z RS b2 YR LT WEM S o & LTz,

Figure 3-57 121, “‘EOZREETHIE L7 & =, P18 mmECHIFCAE L & &, £
D% 1 [EIEFEREEE 1.5 mm £ T 0 ghiF 2% &, 20 Bl 0 #hi ﬂlf’ﬁ@{m_ PEEZNEIURL
7. 26Xy, FOFEL e AT U UANIFEAERL, Tﬁ@ HFick o5 — U — 27 &

DR E L L AWz &b, Figure 3-58 (21, 20 Eifa‘k@tbﬂ?@dﬂfﬁ
T OESNRBEE, BEEE, 4R, S — M) — 7@{?‘®ﬁ4t7&fw_ Bah oA
BIRITDOT N LR, EB0bRROEINRH D E ZATENEN INRE DR T
b0, RERDIEBBIIHR SN2 -T2, 1o T, AWFZECTERLS 7= A8 TFT 1%, 2.4%LL
TOH Y T A FEER DR éﬁmum@&ééﬁﬁ£15mm@mbﬁﬂfﬁw LY
HIF72 L LCh, 734 ZFEOH N 72 <, BRI L DFEOEIZETRHNTH S &
525,

R=1.5mm
(2.4% strain)

Figure 3-56: Procedure of the bending durability test by applying the cyclic bending strain of 2.4%
to the organic TFTs.
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Figure 3-57: Transfer characteristics before and after bending with the bending radius of 1.5 mm
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Figure 3-58 (a): Saturation mobility and threshold voltage, (b): on and leakage current, and (c):

normalized on current dependence on 2.4% strain bending cycle.
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FEERIZ, AR CIERL S8 TFT 2% 2.4%LL F O30 i B Aok L CRIES LT,
FACEDFEOEEN AR THDL E WD Z e E2RT 728, IRIC KT Y A X % Figure
3-59 (2R L7z & 9 IS R$EE 1.5 mm T 0 #F 7R EE TR AR 2 0 0 i), T o%ihsR
42 18 mm TR L THEZITY, FEDOZE L Z T, WEICHW N T O X Z 135ER
DHLOLELTHS. M, DC NA T AA ML ZADOEEZIY BRLS 720, WEITw 7 A r—
T—ERRHFB & IATo 72,

-~ =

Figure 3-60 (a)IZ1%, 7 > YA X 2 #i= R 1.5 mm (28T 0 #F 7 REETHIE L7 & & s
EREA R L CRY, oM EE L, 10 I 7REET 50 ofGE L7z & &, 1500 ks L
72L& &, 1500 3RO I 1 MR 18 mm £ TR L TAMMOMKRL, &5 1 iR
1.5 mm £ TH Y T 72 & T OFENR T 1y F ST 5. —J5 Figure 3-60 (b)IZi%, 4Tl
P18 mm I #h T 7R B THIE L 7oA R VR SN TR Y, fiEEE 1.5 mm iz v h
J RIS, HIERYEEE 15 mm (ZHTD B 7R AE T 1500 Skt L 7%, SRR 18 mm IZ R L
T XN T r » FERTWAD. Figure 3-60 (D)5, 7 P A ZITHTY HIFELE N
Z DRI DREELZ RO I FE R % Table 3-10 12 F L 7. 2 b LD, A TFT OBEHES
RAMEEEIE 2 hh oD & 9~ D BRSFEIR, 24% 0370 #hiF B4 25 KNz bz & LTH e E
fLL72nZ Edbnd. ZhUE, Jel Lz X512, 24%0HT 0 #iiFE 23t L TR O A1
TFT BHBG AR Z LT LT, BRI DEEOELN AT TH D Z & Ef 1T D%
RThoHLEEFZ5.

R = 1.5 mm (2.4% strain)

Figure 3-59: Bending durability test by applying the compressive bending strain of 2.4%
continuously to the organic TFTSs.
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(@) (b)
10-5_VD5='8V 1105 10-5-VDS='8V 1105
07— Anitial R=1.5mm){107 | 107F  Anitial (R = 30 mm){107 |
< after 50 min. 1 @ after stressing 1 o
310° after 1500 min. f10e = 2109 W/R=15mm {109
- after releasing stress| — T for 1500 min. | —
1041 . »«";.1 T o (LX)
AT ! e | ' T e > ‘ﬂ.'fl‘-: II-‘-
10-13L— A \ i 10-13 10-13L— L . . 11013
o -2 4 -6 -8 o -2 4 -6 -8
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Figure 3-60 (a): Transfer characteristics measured at the bending radius of 1.5 mm. 4 curves show
right after bending with the bending radius of 1.5 mm, 50 minutes, 1500 minutes after bending, and
after bending once the bending strain is released to 0.2% (R = 18 mm). (b): Transfer characteristics
measured at the bending radius of 18 mm. Blue curve shows before bending, and red curve shows
after bending with the bending radius of 1.5 mm for 1500 minutes.

Table 3-10: Comparison of the characteristics measure at the bending radius of 18 mm before and after
applying the bending strain of 2.4% for 1500 minutes.

Initial characteristics After applying 2.4% strain for 1500
(measured at R = 18 mm) min. (measured at R = 18 mm)
HFE 0.64 cm*/V/s 0.64 cm*/Vs
V1 -0.72V -0.72V
On/off ratio >10° >10°
Max. leakage current 61 pA 64 pA

Figure 3-61 (21, M= 15 mm TH O Wik 2o v &Eies 75— ) — 7 BIRO
Ak~ LTz, Figure 3-61 (a) Tl 0 T EZ OB CTHIMEL L TV D, T 6 DN G,
JEAE ST AN AT O B 72 B 2> B IR 23 FRa 3 2 12230 THA BN LT <AH M\ 23R
SNtz JEREH M OPT 0 I TIE, R L7 X2 ICEADRBIZ L - T U BIRMEITH KT
LZOT, 10T ERZRITEAOFELZZIT CAVBRPER LR, EO%A BRI
DD END T EIFRRERIE TEAPEMINTND EWNW) 22 EKRT S,

Figure 3-62 (21, Hi=R28 1.5 mm O v #F 23T 2 A1 TFT Ot AMRERIC OV T, S%
BRPNEIC T DA U BREOZEEZ /R L., ZONE, By 18 mm (2B 2 #IHHkaE
O, #1565 mm O 0 ihiF BT Lo TEMMED LS L, FREREIC X > TEARREM
S5 Z & CEIMEDZ IR I 4y, MZERE 18 mm 2T & FriED S&:ﬂﬁfé L7 <A
Wl L &< FAUERMEZ R L, FEMRPERL1E5mm I #iiF 5 2 & CEADORBIZL Y F
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OBRED LA, L0 THAMERBRO —HEOMRZTR L T\ 5.

UbzF e &, AR THERS AR TFT 13H LA 2V S B 67, fi=sREes
1.5 mm TS Y #hiF 7z & UTHRIEN U7, 10 dhidic X 2 8022 bide T
WH) 7R ZAL T D LRI 5 Z L TE 5.

@ 1.1 ‘ ‘ ‘ ®z 10*
- 5
T 10 ¢o-00e-00o---- *
_81.05 g 105l
= S
@ © 7|
-c_—c 1.. % 10
$-.
.
S 0.95 ey S 100!
o8 0|
210 s c0o-000— *
M e 1 1o 10t O 10t
10 10 10 10° 10
Time (min)

Time (min)
Figure 3-61 (a): Normalized on current and (b): on and leakage current changes as a function of
bending time at the bending radius of 1.5 mm.

S

Initial after 1500 min| bent again
(R=18mm) | (R=1.5mm)  (R=1.5mm)
bent released

(R=1.5mm) (R=18 mm)
Figure 3-62: On current changes thourgh the bending durability test with the continuous bending
strain of 2.4%.
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WIZ, MR 15 mm K0 b/ SWESERETHT Y #hi72 & & DIAMEIZ SV TR #l
EIZHLHWE T VAXIEROLOLFE LSO THY, JEHED 1.5 mm O iS50
5, Figure 3-63 (27 L 72 X 9 (2 1.0 mm D i SR (B.6% D [EMEE AN T D721 T, TSt
2L FLTHD.

Figure 3-64 (a)IZ1%, b7 > U A X 2= 1.0 mm (28T 0 #F 7 REETHIE L7z & & s
BEREZ R L CERY, Jro T E % &, J10 diF 72 REET 1300 /0% L7z & X, 1300 47k
BIT 1 AR 18 mm £ TR L TAMNA LML, b5 1R 1.0 mm £ TH Y dhlF
T EORFENT 1y hESTWD, —J5 Figure 3-64 (b)IZ 1%, 2 CTHISR R 18 mm (247 0 dh
TR THIE L7 AR ED R ST Y, 2 1.0 mm icHr v dhif Hain e, dha e
1.0 mm (31 0 {7 IRAE T 1300 ikt L 722, MR 18 mm ICR Lo & & DRk 7 o
v FERTW5%. Figure 3-64 (0)225, b7 U AXITHT Y BT EAE N2 2 B ORPEZEL
ZRDIFERAE Table 3-11 I F L7z, ZTNH XD, NTUIUREZRMEEINDS LI LiX
ZRNAS, 3.6% DT V) #IFFE 28 21.6 RERIINZ LD & AHE TFT OB R B L XD T
B LTS Z LD, 1o T, 36%DIEMEAI L TIE, RESFENRALTDH L
TN b DD, BT 4V BIZAND 7 L—ADEENREL 2D, & HRERMENRSE
THILERD, U EXD, RUFECIER ST A TFT Of/ MR 480 1.5 mm F2 5
ThHVY, EHED 24%FEE F TOP Y i ThHIUTFER DL Lisn & fEEafhi b s.

R=1mm (3.6% strain)

Figure 3-63: Bending durability test by applying the compressive bending strain of 3.6%
continuously to the organic TFTs.
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(@ (b)
105 105 105 Vos =8V {105
- -7 - -7
107 S 107, 107 «— Ahnitial R=30 mm] 10" L
< - Initial (R =1 mm) - o < after stressing &
210} after 1300 min. 110° = 210° W/ R=1mm 110° %
- after releasing stress —_ T —
ton SRR e o
L |‘ I?I ..... » I::::}I':"' 'lflé'
10-13 ) . . £ 11013 10-13
2 0 -2 4 -6 -8 2
Vs [V]

Figure 3-64 (a): Transfer characteristics measured at the bending radius of 1.0 mm. 3 curves show
right after bending with the bending radius of 1.0 mm, 1300 minutes after bending, and after
bending once the bending strain is released to 0.2% (R = 18 mm). (b): Transfer characteristics
measured at the bending radius of 18 mm. Blue curve shows before bending, and red curve shows

after bending with the bending radius of 1.0 mm for 1300 minutes.

Table 3-11: Comparison of the characteristics measure at the bending radius of 18 mm before and after
applying the bending strain of 3.6% for 1300 minutes.

Initial characteristics After applying 3.6% strain for 1300
(measured at R = 18 mm) min. (measured at R = 18 mm)
HFE 0.64 cm*/V/s 0.58 cm*/V/s
V1 -0.46 V -0.57V
On/off ratio >10° >10°
Max. leakage current 62 pA 71 pA
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Figure 3-65 (Z1%, Hi=£8 1.0 mm TH O MiFfeid 7z 2 oA Eis 75— M — 7 EBRO
bz R LTz, 226, #isREsE 1.5 mm O 0 i & [FERIC, BEANEM SN TV
T DO ZAC D3 DAEM AR TE 5. £7-, Figure 3-66 (ZIFEHE & [FREIC, EBRTFIED
& DX BEFAEDOEAE R LT,

@ 1.1 — ®) 10
k= 10'5 (®------ 0090 000--0-0
_81.05} |
T 5
N 107 |
T Tre... ., > 5
£ ., S 10
° ho @ 9
S 0.95/ . 2 107}
Ce. 3 _ 10 o
..y b 10 *----- 00 oo %
09—, © 10 ‘ ‘ ‘ ‘
10" 10° 10" 10% 10° 10 10" 10° 10" 10%? 10°® 10*
Time (min) Time (min)

Figure 3-65 (a): Normalized on current and (b): on and leakage current changes as a function of
bending time at the bending radius of 1.0 mm.

8.5
8 :........:R: .................................
<75| .
E; @ *® \.....................’.
871 l
6.5 ¢
6 ‘ ‘ ‘
f } i
Initial after 1300 min | bent again
(R=18 mm) (R=1 mm) (R=1 mm)
bent released

(R=1 mm) (R=18 mm)
Figure 3-66: On current changes thourgh the bending durability test with the continuous bending
strain of 3.6%.
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ARFZE CIEEIEEZ S, 75 um OFEEDORY A 2 7 4 b A& FEBITHWT, Hko
PAC AL Z S 2/ MR RN 1.5 mm OARE TFT O/ERICHTh Lz, Z OF#K TFT
IZOWT, BIIZIE 15 um, 1.5 pm OIEED 7T A F w7 7 4 b A& FERICHW 54, R
FthReey, X@3) L v 2 307 pm, 33 pm OHIFREEF TINELFTEHZLENRTEH D
L7 %, Fio, BRI MNT 2 E ORI NI L THOMIE S/ SR 5720,
2AHI TR AT K 50T, B R [ CIREOE LK A1TS Z & THERTFTOZ LX) 7
A &) EEE D HELHRE SN TWH[101). - T, R TIER I NN L Ui s
W68 TFT 125\, RV EEO T FAF v 7 7 4 )V A& FEBICHW, [F CRE O I
AT 5 Lo TELRDLTZLFIVEY T O ELHIFFCE 5. Zhick v, “if
Fons”, “HOEND"EN)IZNETOTI LI VTN LY ha=7 AnG, Hi-HD
T ons” L) EE~OER b HIFIND.

%I, LT O Table 3-12 (Z&FE TFT THAE SN TWAHFTRLEWVWZ LBV T 4 %
RLTWAEDE, R CERENT-ATFT O 7 L X v Y 7 ¢ Z il Ui R 2o~
ZOERNSY, AFFEEOER TFT NIEFICEWVWKEO 7L XU T 4 2HFLTWA I LR
g,

Table 3-12: Flexibility of other TFTs that have been reported & the TFTs fabricated in this study.

Reference [101] [31] [168] [169] [170] This work
Semiconductor Organic*®  SW-CNT a-Si ZnO InGaznO Organic

Thickness of
) 75um Pl 12um Pl 50um (Pl) 50um (Pl) 10 um (Pl) 75 um (PI)
substrate film
Min. bending R 3.5 mm 1.3 mm 1.0 mm 0.5 mm 3mm 1.5mm
Max. strain which
doesn’t cause 1.1%*2 0.46%*2 2.5% 3.17% 0.17%** 2.4%

degradation

*hwithout encapsulation layer

*?Bending strain was estimated from dsub/2R
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ZOHEITIX, WS EEAWTANY LUEREO T TR AR L, TR XA
WETDHZ EEAHME LEERERIZOWTORT. Z0ERIT, T ky: TERIFEE E
KR LY R - \NHFEEO )\ FEEHR &, KRB 3R MR E O 2 /105t
D BT,

HFZOWER LD bEOVEROERE LB T 52 LN TET, Fl2IREmORN R~
NS R TWVDEIRNT 7 A RN—DFENNEMH L TND &35 L, JiTseimfhirE
TSN 720, 2RO T ZenTE 2<%, Lo, EREIIFXZOLSEND
B L2V ERNIRNTE T2 ERmonTnWaD. 2, EneiT s L X, T0EMAmT
Goos-Hanchen 7 k & FEIN D ALK & RSOGO XL S RRFREOR S THAL, H
BOIMINTIZZ AR B MG EFHTIN D ORAM LBEAET LD THL. ZOT /AR
vy MO ARESITEREOBITROLEGL EFEOHBEORESTHY, ERmMN D
BEAL D IZ O THREEIRMICEET 5. ZORITER IV b/hS 0T SHEOWEITK LT
HERF LSS, TOF / EERE CRFTANCEAE L, FBELIOUIWEIZ Y25 2
ETIEMAE~E BT HZ LN TED. 20K 9 RIFEMIEITEREEEE LIFIZh, THET
X% OIERBWE T OBEF & RO EAERIC X - TR L7261 (Dressed Photon) T % = &
Wbmo TS, ZD7=, Dressed Photon IZASEITHAATHWERLF—Z2 HDOZ LITR
0, LICWEOKIEE) S HAES L7z Dressed Photon-Phonon 1%, ASHEIZEERTEMNITE
WIERVF—Z DO LR D. ZOX ) RIS OmWTE XX —IX, T AT =D
MihEE DTy F o 7T 2 2 &3 TE H[171]-[173]. Z OHEIF AR TIZ NY Lo
i ORI Lz,

A =532nm
Fam Y I:—}
| ) Ty
| L ( "r--’
\ Fa' .-";
L - Gk )P )&
.III K-{J - - -
00 QO

F
Etching

Op;tical \

near-field

Synthetic silica

Figure 3-67: Schematic of the near-field etching [171].
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Figure 3-67 |21, I L 2 BT » F 2 7 OB % [X]C7x L 72 [171]. Figure 3-67 C
TSR AFIR T, WRET AW LW R 532 nm Ot & BE Lz & &, F 0 fiER
I CRAET DTS O T RV —T L o THEB T AN S, HERIFRT0T 2 p%
AT D THBWEEALFERGT H 2 ETHBEMEIO TV E, RES ISR D T
BN RBAE L L DO THREIRTOT UHNANRE LR 720, BEIBIZKISSE T
%, 8, b7 rER L LT, FREDOH AT THE —ERMBS T 2720 & 5 IEF
IR T e A THY, RKEEEMLAETHD. £, BT 2REL, HETAF
P TRIKRKTTHIT) 2 ENTE, AENEE 0 KERER LT WRKTO5M TR
LVoRmDOT T T wTHoT.

T F T ORRE, RV A I F7 4V AUPILEX®-75S) 14 % 15nm 7835 L, £ ki
U-diX Z WV TdiX-SRZ 05 g5 b SETHE L7283 Lo EEE L, RPOT v F U 7 D5
PRI IR DO RKEFC, K 325 nm O 8K L —H % 35 mW OFEE TEEE 2 mm O AR > k
IS BT L, B Z 4%, $RI210 5 ER LTy F U7 %247

Figure 3-68 (ZiZ™ v F > FHitk TO U L > FKl D AFM % 7~ L7=. Figure 3-68 (b)iZ 10
S BBEHR DR LU RIETH Y, 89X 89 um? D AFM £ TlZ Ra 1% 1.64 nm 7> 1.49 nm (8
L, RMS % 254 nm 75 2.25 nm (2387 L7=. £7-, Figure 3-68 (d)?D 4 /3 BRE D DIZoOU
Th, 89X89 um’ D AFM £ T Ra 7% 1.58 nm 725 1.33 nm (23 L, RMS % 2.56 nm 7> 2.26 nm
I LT, 2 L0, Y L UREICOWT SR IC L AL R R T X B,

Figure 3-68: 5 X5 um? AFM images of Parylene surface (a): before and (b): after near-field etching

for 10 minutes, and (c): before and (d): after near-field etching for 4 minutes.
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Figure 3-69 (a): Optical microscope image of the sample after near-field etching with the laser
power of 35 mW. The spots where the surface was exposed to the laser changed color. (b):
Cross-sectional view of the capacitor structure. (c), (d): Impedance measurement result of the

capacitor (c): with and (d): without near-field ething.

— 5T, UL—HEN 35 mW TARy FOERN 2 mm OHE, L—FE2RELEZEZA
I Figure 3-69 () DTS GBI R Lz X 918, 2NV LU FREMAZEE LTV 7=, Figure 3-69
@ TEMMIOGH Ty F 7 LT ZATHY, AN ASHTy F T LT ZATHD.
Oy EE T X 91T, Figure 3-69 (D)DK 9 72k v XU X RERT D L O &EmE FEICE
L, £ E—F U AEELITH &, L— Y7 - 5T O3 5K Figure 3-69 (c)
DX 912729, Figure 3-69 ()IZ/R L= L— N 7= 5 722 0o T35 T O S/ E #IHRHTIC Ee T
K< 2o Tz, o T, ZOFEMTIENRY LURICKH L TLU—HFIZEDF A =T R AT
W Z bliZe b,

CORIBREA—TVERT DD, L—PREZ20mW £THE L, ARy FOERZRE 16
mm % TR, 60 DRl v F o 7 &iTo72/80 LU EFR O AFM 14 % Figure 3-70 (2R L7=.
ZOERMDT Yy F 7L ST, N L UEEEO Ra i 1.60 nm 725 1.16 nm (ZE L, RMS
$ 2,68 nm 5 1.50 nm £ Tl Lz, 72, 20X LURIZOWTRIE L RO A v —
Z o APNEEAT - ToAER % Figure 3-71 IR L7e. ZRHDOKE Y, ZOFEMETHIIE Y L
VIBIZKRI L THE A=V EE 2720, BEEEH 7m0 T5 2 L ERHAETFHETES LD
N /AY SVIEVAR
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Figure 3-70: 5 X5 um” AFM images of Parylene surface (a): before and (b): after near-field etching

with the laser power of 2.0 mW for 60 minutes.

(a) 1010 (b) 23
8 T.
9 ::.:-‘ -
10°L \)efore etching 221 ..‘_\l:efore etching
‘= 108 — 21|
S s \
= 407| after etching a 20l \
2 after etching o after etching \333
106 19 after etching ™=
i . i ¥
"
10° : : L : 18 : : : :
101 102 10° 104 10° 106 101 102 10° 104 10° 105
Frequency (Hz) Frequency (Hz)

Figure 3-71 (a): Parallel resistance and (b): capacitance as a function of frequency before and after
near-field etching with the laser power of 2.0 mW.

Z D 2.0mW, 916 mm, 60 Sy DT v F o FRIT o280 LU ZE 7 — MR,
VESRL U 7= A4 TFT ORISR G 5 L ARERFE & Figure 3-72 (TR Lz, F£72, BEFHEND
RKDIZ T DAL ORI OWT Table 3-13 12 F L 7=, TN D, ARIOFER CTIIEH
WVHARIZ LD b T VAR EOBENRITHER TE R o7, ZOBHE LTE, Ra D&
BN TR 712Z L OIS, SEEHESERMELE L THWZ DNTT Al A5
R EHZ R THEFIER D T 7 R R TN Z L [66]°, FIHT7 7 XA LD b RET R/LF
— DN DA TFT OFFEICEEL TNWD Z LR ENBEZBNLD.
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Figure 3-72 (a): Optical microscope image of the transistors after near-field etching with the laser

power of 2.0 mW, (b): transfer characteristics before and after near-field etching.

Table 3-13: Flexibility of other TFTs that have been reported & the TFTs fabricated in this study.

Without near-field etching

With near-field etching

WFE 0.76 cm?/V/s
V1 -0.94V
On/off ratio >10’
Max. leakage current 12 pA

0.76 cm*/V/s

-0.66 V
>10’
9.2 pA

ARIOFBR T, SIS L 53 Lo REOFDR MR L, @y F 7

FMHEEREDL Z LR TE.

NP AFEEOREE TITIEELR NN, EHIT v F

Y ORI ZPT D0, L—FRELZD L BT ORETI LRI TE, NI
VALK DOUEIZED RN H D, ET, T OWHAGEINIL, B E-A SR m o
2 T <, Bopum FREE ISR 28 R m OO 7 0 L A [174] % W T235650, HIRE
W% 75— MBI HWTESE R EOBRBEY RO T v VA FHSEICIRINTH 5 &5

oD,
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3.8 REEMIC L 2BEE DR E
3.8.1 FmEAIME

ZOFOFERTIE, FOLLERTY R FITERT EREETREM @ BpF7e= TR S
MU TF R BRIV, ZOMBHT, ARERICENLTEFY A R TH2 8T, N
B CAERALEEI NS Ko C2IRTEERILT D Z LWL > TWVD. T8, FEskt L
LFRIRAEEETER L2 &b, BROTORTHERKRE L Sy X 7T52ENTED.
Fo, ZTOEIT26nmMBETHY, ¥ A ML TEZEBRIZR 786 180-200°C 2L T
BT =— VAT 5 Z L CHG PR E 725 Z ERH LN > TWDH T2, TFT OF — Lt
BIEOFERELY NI D2 L REWEDWREZMECH 5.

ARAFFETIE, RNV L UEEEE AW F T U R X% EEZ B L L, 52 Figure
3T3ITR LT-RE 12 DT LFAEE SO B FF v ok e REEMMEHI AW, 7
NFR VB Z SO SAM T 25 fi TR ~72 L 912, AR TFT OBRRBEEZ 2 m LT 550K
MWHDHZERMLENTNDTZD, ZOMEZHANT R 7FR2 B RY L USRS K9
2 T REBTERR S AR, ABFZE CIERLS - A1 TFT I2 oW T L BENE O Uil 0 HiFE
T&E 5. E£7z, AW THWE diX-SR D& s FIIE, 2.5 8 TR Lz X 9 e —iki e RimE
MEFCH D OTS OB AR UEARD SAM 7 & LU FERISIZ K DG E R LD T, 20
ot L CHER R RIBHREHZ LI N TENE, N 7FEVFERERIZL-THLWD
BRI R OKE N AIREIL e D E 2D,

CHs CHs
CHs

Figure 3-73: Molecular structure of the triptycene derivative with C12 alkyl-chain.
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382 NRYLUEE~D MY 7T B RRES

BRANZ, BUFFRHEERE S L URKREICEET 200K o TR RS,
W BRI, M) TR UBERERDIENT I ENTE, R LU X DX R
—UNHERD RN A F L BN AVTF L UTEIBSIREETH DAY, R
NHEDICEBALI-E LThH, RIRNOKEAH T 30 nfREKET L Z L ClEEd 5. 20X
BRCIRIRIE R D Z LIS K B BE TE AT B 720, MREGICERRE T AT =
— VI % AT o 7. £, BASR L7253 LT 63-67 nm (40.4-43.0 nF/em?) DR 0
HOEHWZ, W, T AREORIE L, (FREKEH THARE L ThbITo 7.

9, M) FFRUFHEKRLAMgE AT F L2 60 mHSIAED LT2IRiE & AV, 23 LS
WA U TR S W72, AFE TFT 2B L, 20k 2 31 L 7-.

Figure 3-74 (21X, VU 7T & UaFERE BATANE T DB I 2 30 R/ 7 kg
10-20 pl DK A ¢ A b L TR S 721%, EHRFK T 150°C TET =— /VILEE L T b
ERL L7288 TFT O FBMER TR L 2 DEFNRBEE 2R Lz, ZOFRMTER LA
B TFT OKES71E, DNTT AR AICEE L TR Y, PEEEO LIckEs et B EAL
TV, TNHD R TV PRAZERELIZEZ A, BTN T VAL E LTEEET, 0
£ IOV TIES — b U —Z EBIRBEAR L TRY L U BEOHEZMERENME T LT DA
STz, ¥7z, Figure 3-47 DEXT EDOEM 3 DD K 512, HtAMIT 72 & 12 EHIE
LTWEEZATIEHEAL TN N T U PAX BRERSN, TALENELEZEZA
EEIZ L7, BAEBBEIIL LA N 7FF 2 U BEEROBRARTL Y HIET LTz

DNTT

Mee: 0.19 cm?/Vs pge: 0.16 cm?/Vs Not working

Not working

Figure 3-74: Optical microscope images of the transistors and their field-effect mobility with

triptycene derivative. During the coating process, substrate was inclined at a 30 degree angle.
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Not working Mee: 0.28 cm?/Vs

Figure 3-75: Optical microscope images of the transistors and their field-effect mobility. Before the
deposition of DNTT, only the solvent (mesitylene) was casted on inclined substrate and annealed.

INHOHME LT, B L DN LUEAD X A —URE 2 Hivs. Figure 3-75 1213,
FRLESFELTrERT, NY VUEECEEDO A F Lo OB ZEAM L, TS
LA EERELE Y — R « NLA VEBEZER L CER LA TFT OXFHMEES
HEmnrLl, ZhED, WEE %A L2720 Tho CHO A EERBOEZANEZY, T
AR L LTEELRLS RDBODZ A =R LU A TND Z ERbnDd.

TS L, R A TN SIC LIREE T, lga Fd 5 72 DI Fai A 80°C THIEAL,
HER A —HRICHN D & 912 3 fEFTIC 10 ul (10 plfem® FEE)iATR 2 % v 2 b L CT/ERI L
T-HH% TFT O BsEE 5 B R OVE R B EE 4 Figure 3-76 IR L72. 2206 Hbnd
L 91T, ZDO&MTHRAR LI A12I3 Figure 3-74,3-75 TR.ONT- & o A A - EIKE D ZE (4,
16 ALNT, BTOR T VRAZPEIMELT. 2L XD, ATTFLUBEEIZ I DN
L UEAD S A — D0k, R ET IOREE TR A B L, U L U EREICEH L 7K
DEINIESTFHICHMND Z ETRELTEEZEZOND. EREMHTRETEA T 5
EIE, 2.4 B Gl 7= 0 TR A2 2 DR OMIZ, WIROR TR D7 < TH RS %
KWRHLFTIENTEDD, LVEBEOEARAI TSI ENTE, s B2 5FEN
D, A a— MEBRRORSIZINA TH—RENATEETH D & W5 RN H 5 03,
SFEIOFRERN G, AT UV UEEZRAWNTRY LU B~ 7T UiFER L T 55
B, TNODOREEZNRY VUVEAFE A=V 2 B2 5700, HHTERnE W) Z &b
D, =N T, HRHEEOLRREBIC L CRIRZBA L, WREELZIETINLDOHXA—T %
SERIZHHTOND Z E bbhol.

& 512, Figure 3-76 (/R L7 88D b7 P A XX, oD H DI A TEWE RS BB E
ZRLTHEY, 1415 cm?Vs & WO BENET Y LU OB % 47— M V=354 T
XELNRNMETH - 72, ZIUTHA SN b Y 7T UFERO S TR X D R RS A F

108



3 N LR A OISR - T R H

ThbEBEZLND. ZDOL5em Ns DEFRNEBEEZ R LI-bOL, B FF Bk
AT L2, BRARBEEN L L TORW T U PAKXZONT, @SR TORFIE
MBI EEIZB T DE W% Figure 3-77 1R L7z, 2k v, ERGEBHEN LF L Tnizd
DI, BB CHRTE DREOMBAEN Y LUBEEREICR SN, BEENSL LA T
Do TWZbDIZONTIE, ZO XD RRRIT - A 6T, M) 7 F Bk sim
L7ginole N7 v VA X OIFIRMEE G R L RKEN R o1,

Plkv, N TZFRUBFERICL > TN LUROREEMDFRETH Y, A TFT ©
BROEBBE LM LSEONDZENbhoT-. FENC, Y FF v FERIC X R
EAfiZh R 2 e F22H5 5 70121, Figure 3-77 HADEED L 9 7efafitk 2 RmlZER S E 5 2
ENEETHDLZ Ebbolz,

L1111}

Hee: 0.26, 0.26, 0.29, 0.29, 0.29 (cm?/Vs)

LLLLL]

Mee: 0.28, 0.27, 0.27, 0.28, 0.27 (cm?/Vs)

LLLLL)

Hee: 0.27, 0.28, 0.27, 0.27, 0.28 (cm?/Vs)

bbb

Mee: 0.28, 0.29, 0.61, 1.4, 1.5(cm?/Vs)

Figure 3-76: Optical microscope images of the transistors and their field-effect mobility with
triptycene derivative. Solution was casted on flat substrates, and the substrate was heated at 80°C.

109



3 N L iR A OISR - T o2 H

ithot triptyc derivative With triptycene derivative

Figure 3-77: Optical microscope images of the transistors without and with triptycene derivative.

Solution was casted on flat substrates, and the substrate was heated at 80°C.

WIAZ, TR OBEEELIA U (1.4 mg/60 ml)C, BA1 BsEi o FEp R 4 221k (22 °C)H» & 150°C F
TOFFATEE L TAY LU R N FF R U FE RS FIEA TR S8, FIREICH L
TENEN 20 EOEHE TFT ZER U7z, ROMBUIIEKOER N E TTHETEL, Z0
BRERETEHET L OO LERFMK CTLERFMEE 120°C DIRE T =—/L LTz, T b
DIFZPAEZEREL, 77— M) —ZERD 1 nA ZHX 20706 DITHONWT, faFnfE
IR HDERDEBEE L BMEEILEE N 7T U EER O Sy TR 0 45 R IR 12k
LT uy b L7AERE % Figure 3-78 (a), (DIZRT. T O LV, WIREA O AR 1T
U 7t URFERO S FIRIERIC R & < B D 2 L 23D, 1000C LA DR EE THEEE L
7= b DIZHONWTIE, 2 TERDEBEIE 0.5 cmVs LV bK<, BEIEOKEN R SR
o7, — T, 60C LVIERIRIC LT MY Py Flk 2B AREL-b0IE, 2<DRF
VAL THBEOKEN LN, FICEIRTHRELZ b DIZOW T, FHOBERDRBEE
FE7R 158 cmiVs L b EWVMELZ R LT-. £, T ZEEDIT S0 bIbEN S L, B
B OFEYEF 228 0,225 cm?/Vs TH Y, BIEEEOEHERAEN 0125 V Th-o72. &b, B)
ELIELWTEHO N T P AZORKT— M) — 7 ERIFETIIHpALUTTHY, A A7kt
£TI10" U EER LT

R 2 BT DR & LTI, Sl 2 R D, BROKR I x ¥ —2 23t
DRARND D, —RIC, WEORE RNV —IXEEN EFIT o0 TRD T2 2 L3 m
HAILTWS. 2072, Ak TFT ORI ot 2 TIIAHE RS O RS 2 O it %
M EXw5 T, BHRNEIC X2 BEEHFER L HNLN TV D, S EIOERERZ T

TIE MY 7T UVHEAROS TR T 0 A 2B W, G E - RE= LT —D L5
DN LD XETE ST ZHRIT 5 Z LIXTE VN, D & b BAAMIEREOSEM & LT,
HROBEIZTEAETIRIBOENRENEW) ZENRFZD.
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@) 20 transistors were measured (b) 20 transistors were measured

per each temperature 1 per each temperature
_ ) 0.5 15 :
v - * . .
g | et ™
E15-i Lo ;'05'! i' ' *
8— . ® ' '-—;: -1 -1717 8 :
£ 1} i 5 5] 19 19 .
E 1717 i . *
° §19 -2} $
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15 ' 19 -2.51 !
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Substrate temperature (°C) Substrate temperature (°C)

Figure 3-78 (a): Saturation mobility and (b): threshold voltage of the transistors with triptycene

derivative as a function of substrate temperature during the coating process.

BB, WK OBEEZEE LB E0OEBIIONTIERAS, LRI GEENEOSM L
LT, N FFEUFEEREOMgZ AT Lo 0mCE LEERiEEZHE L. R FFE
VBB O FIE, HERE SIS LREET 10 wlem? R & B 2R RS b L9
IR (22°C) TRY L R RICEBAR R L 7o 1%, EREREEH T 1 IERE] 1000C OIRE TT =— LAk
HIHZ ECHRIELT-. D%, AMEIRE &Ems K% L, S8IHOARETFT 2 /ERL L T
ELIZEZA, TED T P AZPRRIFICEELTZ. ZAbH 37THD N T P AZETDIE
ERMEZ Figure 3-79 2R 9. 77— MU — 7 BIRITR K TH 55 pA TH 0, BHRIEBEE OF
PIEIZ 1.9 cmiVs &, SERROBEENENSEL D b EmWBEIE LR L. — 5T, EENEN
ST HRY 7F v BRSSPI R Lz & & D, pIEATE TO XX /80 X v ZADHENT
42.6 nFlcm® 725 43.1 nFlem? (IZZ5 L LT-FREE TH Y, MR TR S 7245 TR OISR 75 %
YN H AN LRV N Y L RO EEIZ ATy o T Dl L, A EIO
NS TIE 42.1 nFlem? 72 6 38.6 nFlem? ~ & B S 03B Ha~E{b L T2, U7
T UFERDTFEOBEENES 2o THF Iy RV Z U ANEEL TNDLHEBZ NS, Hlb,
WIROWRENROVE LY @OWREEMZDIRIGEONDH, MY FTF a1 IO
HRERPICELS DN ZEThD.

LB DS DS TIE, ¥ 3V X ADOBLIZFENRERXI VO TR L, BE)E
DRFENROTTNF v /8 2 U ZADWD L0 bR 358w, 6 ATRE e #iPH O JRE ©
HoHrLEZLND. —FHT, TRNEVRBVWRECEHBIEOKEIRL Xy /v F R
DIPNREDOFNRKEL 702 ZENRTREND 20, WY REK ORI 1.4 mg/60 ml 75
5.0 mg/50 ml DEPANTH D EEZ BND. ZO2FEDOIEE TR FF v o FHks 7iEx
L, VER SN A TFT O b7 > P A XIS T, Table 3-14 (12 F & 7=,
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Figure 3-79: Transfer characteristics of the organic transistors with triptycene derivative. 38
transistors were measured and 37 transistors worked. Concentration of the solution was 5.0 mg/50
ml, and the solution was casted on flat substrate at the room temperature.

/-Semnconductor

2.3 cm?/Vs 2.2 cm?/Vs

Figure 3-80: Optical microscope image of the organic transistors fabricated with the optimized

process for the triptycene derivative coating.
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Table 3-14: Summary of the transistor characteristics with the triptycene derivative fabricated with

different concentration of the solution.

Thin concentration
(1.4 mg/60 ml)

19 transisots

Thick concentration

(5.0 mg/50 ml)
37 transistors

Average
HEE Standard deviation
Average
VTH .
Standard deviation
] Average
Log10(On/off ratio)

Standard deviation
Max. leakage current
Capacitance change
(initial: 42.1-42.6 nF/cm?)

1.58 cm’/Vs
0.225 cm?/Vs
052V
012V
7.66
0.204
-34 pA

+0.5 nF/cm?

1.89 cm’/Vs
0.212 cm’/Vs
-0.52V
017V
7.60
0.221
-32 pA

-3.5 nF/cm?

Figure 3-80 |Z1F, IEWREDLRIET/NY LU EIC N U 7T & VB8 118 % Rl L 7=
HDITONT, 2.0 cm?IVs 28 2 5 BRI EBENE 27~ LI- A TFT O RBEMBI T E 2R L
7. MU T FHUFHERGFIEOFEIZL ST, NIV NN L UEEREHICHRE TE 5EED
AR TERL STV D Z E MR TE 5.

U ED#EREFE DD &, N LU RSN 7T UFEREZ DRIICER ST 5 T

OO Tieom@my L 5.

VRN VORI A D A A=V Y RS T2, BRI ES R TERAM L, A Y
A= MEFHOWS R v 2 ME, SITREIETHRIET 5. 72, WRPE2ICHEET S
£ TIHMEICHRZE NS 2V E D127 5.

vV RO D SN <AKIRTIT O RSB RICHRE L2k THIUE, BT =— L
EIT5> THRHERRE TS Z Lidzw,

v YRIEOWEE T 10 pllem? DEIA TR v A M HBA, B S FE UFEAK 1.0 mg 2k LT
VAR REAS 10 ml 735 45 ml FLEE OFEFICINE 5 K 5 12T 2 DMEE L,

v REEMNRPEEFTE D M ITF R UFEROS TN S N2 5EITiE,
WHCTHR TE 2BREDO AWV bR SN T\ D 7o), 18 22 #iPH THERIZ Z 0 &
O IMRAER A TR S D K 9, ERL 3 DOSMEOHPAN THIRMEEZ b - TRAMT 5.
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383 NV TFTFEvUFHERIC I D RmEEDE

ZOHEITIX, NV LU EICNY TR UBERy FEEREEHT O EICKST, F
DX IRRNTFON DN ERRD,

F 7, Figure 3-81 (T3 /NV LU REmIZ Y 7T U FERS TIEE R L7 b DIkt L
TARDOEE A 2T RE T, N VRO B DG, KO Figure 3-9, 3-10 T
RLTEEDIZ,86-87TETh o7, MY 7T U fFEARBE CRmEM L2 DX 1029 & 72
STEY, REOREDBKENSBHUKMESNEZ L TWD Z ERDND.

Figure 3-82: 5X 5 um? AFM images of Parylene whose surface was treated by triptycene derivative.
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%72, Figure 3-82 (Zi3 %V L URRHIZ bV 7' T8 UFERS TIREZ R LY T v E#
O AFM 4 %05 LTz, JE L7 AE L, BREBEE D 1.35 cm’/Vs &7k LT- A1 TFT O
WAL Lie. R S 1XRa 2y 1.30-1.37nm ThH U, RMS 28 1.85-1.94nm Th o7, ZiLHDfHE
I% Table 3-3 TR L7 LUERED T 7R ALY bIRWVEER->TEY, N TFFEUFH
BROSFFEIZ L - T, REOFHDRBEONTNDEEX DL ENTES.

WIZ, N LUK E T — Mk S L CHW A TFT &, R 7B U ahERps
Y LR AN U 7oA TRT O BRIy 2 fmz ek, & OM&E O H R % Figure 3-83 (2
/R L7z Figure 3-83 (@) & 0, I U7 F & BEIKIIC L 2 RELHAIT>TH, MIEEES L
A7V A, BEERE, 77— N — 7 &R, &7 HEBRORECNL S B0 Rkl Sl K& A
k72, AU BRMEDOHNPREL M LELTWS Z MRS, Table 3-15 1212 nbD -5
VIURBBHEIZONWTE LD, N T T UHEREOREEMRIC L o T, A TFT
DEFNEBENENRKEL M LELTHNDZ ERNbND. B, ZNHOT A AT, 1ERI%
RIFTHEHARE L TOLHEL THLNZLDTHS.

() — (b)
10'5.VD5_-8V 10.5 30-VGS=OVtO-8V
- | in2V step/
- _7 B
— 107 107 20| |
% ' S =3 ;
_:310'9 .'IO'QE_8
101} 10
10-13 ) L {40713 o
0 -2 -4 -6 -8 0 -2 4 -6 -8
Ves V] Vps [V]

Figure 3-83 (a): Transfer and (b): output characteristics of the organic transistors with and without
surface treatment by triptycene derivative.

Table 3-15: Summary of the transistor characteristics without and with the triptycene derivative.

Without triptycene derivative With triptycene derivative
Capacitance 42.6 nFlcm? 43.1 nF/cm?
WFE 0.60 cm?%/V/s 2.0 cm’/Vs
Vy -0.80V -0.57V
On/off ratio ~10’ 10’ - 10°
Max. leakage current -12 pA -20 pA
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% 7-, Figure 3-84 (213 63 nm (43.1 nFcm) DFEIE DY L B2, b Y FF R okt
FmiEA L CYERL L 7= WIL 25 500 pm/42 pm OAHE TFT % 2V 75 15V OfiH CThrEh L7- &
EOMEREEZ R L. DI, 2O T VA AEREBIEEICF LTy LD
D% Figure 3-85 (2777, ZM 6LV, BRENEEZARE L THA LA 7HITETIL L&2RL,
AT Y U RARLF T EHROEKRIT/NE L, SRS T 2 ERDRBENEIL 2 V THE L

A THL5emIVS EEVWVEEZ R LTS Z ERbM5. £7-, #— R —ZERIZHONT
1% 8 V DOERENEJED 5 Poole-Frenkel 2151 X W KT DM 23 i 472723, 15 V CEEE) L 7=
LETHLZDMEITZ 1 nA LR Tholz. 2O N7V AXOERENEIEICOWT, L KEZ
WIL TERIL7ZEEDZEEEBLTY— M) —7ERIL 100 pA L TFRLEE LWV ET DL,
WO 7o BB 1L 2 VD 12 VR EOHIPH & 72 5. 6> T, MY 7T UFFERIC K 5K
BRI LT, KU ~—METH LY L URE 7 — MEEEICH W56 TH, 2 VERED
{CFE T CBRE) AT e 2 A1 TFT WNEH SN L S 2.5,

(a) (b) 10-3 10_3
| {10°
10 — Y
Voo =-10 V 7.
p— -TL | s
< 10 DS 12V -10 ;
_:810-9 15V ;10_92
- . a?‘f:"’:‘: 140411
5 ".. e ] 10 Uy 5 __._:_:f.:l_'-%';',?—;:: :’l ."">- 10
I RE M e S S VT T\ R 1013 R AN 1013
1 0 1 -2 -3 4 -5 -5 -10 -15
Ves V] Vg VI

Figure 3-84: Transfer characteristics of the organic transistors with triptycene derivative operated

(a): in a low electric field and (b): in a high electric field.

(@) 08 (b
104 D rar RN 1104

? 2 - 4_"._ ,...___.--. ..-0-6 [ .‘.'. ‘.. E
< 1.9} . ] 0.4 -6 _o" ) 6 'g
S : oo __10%t . 106 =
F1sl s T Pl g
.‘? 1.7} : 0.2 g _IE 108 | 108 9.’_,
= : e ) - .o N
2 16} ¢ o {-0.4 1010 | e 14010 >
= L "_~,__...-

1.5} ®oe® 1-0.6 o eee i 0_> |
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Figure 3-85 (a): Saturation mobility, threshold voltage, (b): on current and maximum leakage

current of the organic transistors with triptycene derivative as a function of operation voltage.
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IbliZ, NI TTFRUVFEREZ AN LV UERICEET S22 L2k sT, XU LD sr—
MEFIEE L CORMER ED X S IZET 20O THRT,

Figure 3-86 (Z1%, Table 3-14 (Z/R L7 & 9 ZRIRENR/R 55T MU 75 & UEFEAREEZ 5L
BELTZGAE DA v —& 2 AREOFERZ 8 L=, Figure 3-86 (2) LV, BENEWSRMAETIE
DRI CTHIE L7258 Z 0 b ONICF v R Z U ARNME T L TWD A, FEIEHZICON
Tl Figure 3-86 (D)IZ/RL7= L 912 EH 5 HIFIEF UME% 7R L, Figure 3-15 (b)IZ/r L7230 L
VBTG OHEE BIFEA LRI UEEZ R L. W0 T, MY T BRI ) e R

DHFFANTHIUX, £ OJEEERES

sp o
oA

TOMREERE S ELSEDL Z LIFRNVEFRD.

(@ 34 (b) 0.06 _
Thin .
32¢ "
concentration 0.05¢ . % Thick ¢
_ 30 ., 0.04| % _ concentration ¢,
I-L — " *
o 28f - -ﬁf F -
g e v S o003 ¢ ot
Thick 0.021 *.
24+ oncentration | concentration

Frequency (Hz)

22 1 1 L L
101 102 10°® 104 10° 10°

BRICITEEET, R L UEOF vy X2 L L

0.01 - - - -
10" 102 10° 104 10° 108

Frequency (Hz)

Figure 3-86 (a): Capacitance and (b): loss tangent of the Parylene dielectrics treated with triptycene

derivative as a function of the measurement frequency. Size of the capacitor was 700X 100 pum?.

See Table 3-14 about the concentration.

(@ (b) 104
341 '
£ 1051
O
32; < 104|
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Figure 3-87: (a): C-V and (b): J-V characteristics of Au/Parylene dielectrics/triptycene

derivative/Au capacitor. Size of the capacitor was 700 X 100 pm?,
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Figure 3-87 (Q)IZ134//NV L U R U 7T & VBB IRIEIE DX xS 212kt 5 C-V itk
RLIED, ZHEY M) P TF BB RELRIET D 2 LI Kok v U T DR AR
ElFnZ ERbnd. £72, 25 TR L 51T, T/FLE8HE D SAM [T HEE A BV i
AR LD, 7 — MO MEREZ M E S5 2 E R LILTUW DA, Figure 3-87 (b) &
D, NY LU RICHEE L B Y 7 U ERRICIEZ O X S R RITHER S e o T,
ZOEELTE, AN LUEBERITEA ORI E o TR Y, M TR UEFEREK
235 2 LI DR PEICHENT LE ST THDL EBZE BN,

ULEDOFHERPS, ) 7F R FHEREIC L > TN L2 REEMT S Z L THLA
DMHRFLTOLIICELEOLND.

v R ABKMENSBUKIEICZ LS, REHTRLX—% FT 5.

v O REMIEMZD.

v OHEHETFT OBSSRBENE 20 LS, TRLSORT A =2 T RE R LRN
v XU L UEDIERD 63nm RE T, Dl &b 2V REOKEERE & f eI T 5.

v J— MEBIROMERE AR T SEFICREALENTRETH 5.

£z, M) TTF R UFBEBEIMEER G TR LN ) b R BT HEEICRIRS T
WD ZEND, EEEOREEMNRIT AN VELSNOH B P HMEHIH L THAZTH D
EERD.
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3.9 REEHM 21T - TLAREIE b 7 0 VX X ORENERHE

AHEITIE, M) FTFRUFBERBEICL > TRY L UAERIE LICREEMZIT -7 2 &I X
v, REEMAT & LEATHBE TFT OLZEMER ED L I T 2 a2l <D,

391 DC /AT AR KVARIZKT DHEEMN

FPIREE BB T D R EEIC DN TR S, JEFIEIL36LEDO LD LR U Ta
TEREEFCHEEZITo 72 WECHWEZ N T o2 21E, /N LU EOBEE D 65 nm (42
NFlem?) TH Y, FDOEMEITIEENHE DR EITBOSRIET B Y 75 R 2 s L
7=bD&EMHEH L, WIL 1% 500 pm/42 pm, BEENE 13X Vps =Ves=-8V & L7z,

Figure 3-88 (1%, /YU L AR RICIREEDRRDEMAET M) I F R U FEAREIC L 5%
LB Z T T R T VA E & R LUAERIEO R EZ W 8T P A XD DC AT A
BEhICk T a4 vEREOE(LEZ R L. ZH XD, EORT UV RAZIZOWNTE DCBK
FEZIIA CEREN EFE LTV, NPT rFEEREIC LR mUEEIT-o726H0
IR TEIRMENEAD L TWE, FRCRENRBVWSEERZOBDT L4 A IV IRREDL D
ERDND. ZRBIEFHLNC N I TR VFHEER SR Y VT THDLIELE N T v L
TWAHNRICE DD THY, 2O FENPEL BROMESRNR N7 v T7ORENRE D &
EZDHIENTED.

Figure 3-89 1T1%, IBENEWSRET MY FF U FEEREA R LZ b T 0P 2 ZI2o0
T, BELZ 44 WD DC /A 7 ZBREN 21T 9 Al &, HHiREN1C DC /A 7 2 DN % 1k &
7o BB OIRRERHE, KO IR E R Uiz, 28U LI DO 200 b 2 P 2 2 Tid, 44 1EH
D DC ™A T AA K L AZhEIC K B REEE DX Figure 3-38 [ L7 L 512 DC N1 T
ADQHMZIED D Z ETHEHBIZ/NELS Y, FEAEPMFRHEICR T2, N 7FEe U
%%EK&@%@@%%ﬁot%?yyx&fiDCN47X@WM%E®6Eﬁ®%ﬁﬁ
PAIHE S ZIEFR CETH DI OO TREEENZIL TBY, S HICEOREERE
RO NN L UREOBROSGE TR TR E WD Z L3 Figure 3-89 (a) L W b, Ziubh
5, N ZF v UHEEREN Y v U T THDHEFLIK L CTHEHRN N T v TN 2 R L
TW5EEZ 5N5. Table 3-16 (213, 44 BE[E] 0D DC /3 A 7 ABRENFZICBITHZD F TP %
S OREEALE £ & DT, EREEIC X2 ERFMABENICL > T, M7 P22 OEBRDEE
BRI OT I ER L, BEEBEXELD T v 7 ODIZ07VEEADHAIZY 7 R LT
WD Z e,

Figure 3-90 (1%, IBENBWSRET Y FF 2 U FBAREA KK L2 F 7 0 P A Z 2o
T, BEE 21 HFEEOEIRFRT DC /A 7 ABREN AT 5 Fif &, 1EHeEREIZ1Z DC /S 7 2D
FIUNZ (kD 7= % OARERHE, KO J1FE% 7R L7-. Figure 3-88 [Z/R L7= & 912, IRENE

FED T AL LFRIER, A EROVIHEIEVME L 72572 2 AT DC ANA T AD
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Nz ik 7-12 b B 59, MEEEOEITRENENKEDO L E LD /SN 2D
25, FAUMEICHLU LN v FEMORINVKRELSEDDLZ LIFEZIZSVWOT, 20D
BB E LTIE DC AA T R K DB OBV RZY R THDH L EZ HiLd. Table
FL7TITIE I NS OREDE LA £ L DT

PLE X v, Figure 3-88 127k L7=ZALICEB W T, AV EIRMAMAMEE M2 5 F TOFRPBETH
WX N 7T TR UVFERSFIZEDXR Y VT N7 v 7OREBIINE L, ERE CORMEEEE
OB RY L AR L > TUFEAERED EEZ B D, - T, Figure 3-88 LY, R~V
TF R UHERS I L ARELIL AT T U U AX TH - Th, 100 RO LIN O BT
BIEEEE CTHIUE, 2L LI-BEEEEILE S ICYREICR Y G570, M) 7T FE
B PR DREUELZITH7- TFT X, B POT A AT LA R ETHAEINDET 7T 47
~ hY v 7 ARG OO TFT & LTH ol AARERFEHEANTH D L 52 5.
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Figure 3-88: Comparison of DC bias stress effect on the on current of the organic transistors with

and without triptycene derivative as a function of the stress time.
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Figure 3-89 (a): Transfer and (b): output characteristics of the organic transistors treated by
triptycene derivative before and right after 44 hour DC bias stress. The concentration of the solution
was 1.6 mg/60 ml (thin), and the condition of DC bias was Vps = Vgs = -8 V.

Table 3-16: Comparison of the transistor characteristics with the triptycene derivative before and after
44 hour DC bias stress in Nj.

Before DC stress Right after 44 hour DC stress
WFE 1.32 cm?/Vs 1.35 cm?/Vs
V1 -0.52V 1.2V
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(@) (b)
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Figure 3-90 (a): Transfer and (b): output characteristics of the organic transistors treated by
triptycene derivative before and right after 21 minute DC bias stress. The concentration of the

solution was 5.0 mg/50 ml (thick), and the condition of DC bias was Vps = Vgs = -8 V.

Table 3-17: Comparison of the transistor characteristics with the triptycene derivative before and after
21 minute DC bias stress in No.

Before DC stress Right after 21 minute DC stress
WFE 1.69 cm?/V/s 1.72 cm?/Vs
V1H -0.85V -1.23V
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Figure 3-91: Transfer characteristics of the transistors with triptycene derivative (a): measured at
30°C after heating and (b): measured during heating.
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Figure 3-92 (a): Saturation mobility, threshold voltage, (b): on current and leakage current at the

operation voltage changes of the transistors with triptycene derivative measured at 30°C after

heating.
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Figure 3-93 (a): Saturation mobility, threshold voltage, (b): on current and leakage current at the

operation voltage changes of the transistors with triptycene derivative measured during heating.
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Figure 3-94: Comparison of the saturation mobility of the organic transistors with different gate

dielectrics as a function of annealing temperature. AlOx+C18-SAM results are refered from [100],

[164].

125



3 N L iR A OISR - T o2 H

393 KR&EN

A

BBAZ, MU TFREUFHEIR TR LRI BIC KRB AT o7 b T U A X DORER
LEPEIZOWTIRAS, WEICHWE M T P2 213, 28U LU EOIEE 7S 65 nm (42 nFlem?)
THY, N FF U BERTRELBEZIT - 1-% D F v /33 % X3 38.6 nFlem® Td - 7-.
ZORNTUTAZOWILIEL500 um/50 um ThH 0, (ER% 1 HRERE L7z L ZICHE LR &
2%, BRENEIT Vps = Vos = -8 V IR WT, BAREBENE L 2.18 cm?/Vs, BIEETIT-0.21V
Thole. MU VAXIERBREFTHRE SN, WIEDLETRIF TITo 72,

Figure 3-95 (Z/3/FfA% 1 ARl L7z & ITHIE L7 HmE &, 18 Akl L7z & EIZHE L7125
B OBERHE, KOHARHEZ R L2, Zhb L0, 18 BRRH L2 b DI 2T U U ARH —
FU =2 BRBNS LT TWDN, FUERBBD LTWD Z 2305, Figure 3-96 (21X
ZORNT VA OBEBFNEBEE, BEELE, 4B, kKOs — N — 7 Eifi & ER%
ORI L7z BEICR LT ey MLEREZR L. Zhbnb b, ERE D DR 23 RE
THIZONTEHENME N LTV E, 18 Hf%R L2 & X ITITPIHIED 65%F2E £ T 23> T
WD ERDND., ZbiE, M) TR RS RK T ORSE, FIdOKERE S E
L TWEEDTHDLEZEZLND

CORKPFTIBHBE LT F T P AZITHONWT, EHEEEIP TT70°C, 3RO &M TR T
=— VILER 24T O Rtk O RZERE, KON IR ED 2 % Figure 3-97 [Z/R L7z, 72, K&AH
TIHRBLZLE L 1IBHRBLIZEE, TOBRAT =— W EZ{To72 b TV AZ DF
Rtk D2 L% Table 3-18 ICF L iz, DRIV, BT =— VLB OB B R 52 42 TR0
LOD, BEINTWDLZERDLNY, HBABREORK S FE2MBESE5 Z LIXWETH D
EEBEZOND. )T, ThHOEBERYRE, sERAHIIRECRET 2 DIITRERR O 7
S VILBEE N KB Z 72 D DT, N T BRI X D RELEE T 727 31 A,
TERZ I HUNIZT AN, A IETHZ EREE LN EEB I LN,

@ [Vps=-8V

105 105 (b) 25| 1 day & 18 days

after fabrication

107F 1 day after
o I ‘ fabrication

210 18 days after
T fabrication

1011 4

10_13 Wy .' . \ «.: 10-13 -5 . L L ] L L ]

0 2 4 % .8 0123456738
Vgs [V] Vps [V]

Figure 3-95 (a): Transfer and (b): output characteristics of the organic transistors with triptycene

derivative 1 day and 18 days after fabrication.
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Figure 3-96 (a): Saturation mobility, threshold voltage, (b): on current and maximum leakage

current changes as a function of the day passed after fabrication.
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Figure 3-97 (a): Transfer and (b): output characteristics of the organic transistors with triptycene

derivative 18 days after fabrication and annealed at 70°C for 3 hours in N after that.

Table 3-18: Comparison of the transistor characteristics with the triptycene derivative 1 day and 18

days after fabrication and annealed at 70°C for 3 hours in N after that.

lday passed in air 18 days passed inair ~ Annealed at 70°C for 3 h.

HFE 2.18 cm?/V/s 1.42 cm?IVs 1.52 cm?/Vs
\V2 -0.21V -0.52V -1.02V
On/Off ratio >10’ >10’ >10’
Max. leakage current 41 pA 20 pA 11 pA
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Figure 4-1: Mechanism of the threshold voltage shift using a floating gate structure with (a):

schematic and (b): band diagram of the floating gate structure.
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Figure 4-2: Current density which flows in Parylene dielectrics (100 nm = 27.1 nF/cm?) as a

response to the pulse voltage as a function of time.
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Figure 4-3: Transfer characteristics before and right after applying high voltage (-60 V and -70 V)

for 3 seconds to the gate electrodes with the normal organic transistor.
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Figure 4-4 (a): Transfer characteristics before and 30, 75, and 7760 seconds after applying high

voltage (-70 V) for 3 seconds to the gate electrodes with the normal organic transistor, (b): threshold

voltage shift as a function of the time passed after programming.
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Figure 4-5 (a): Schematic and (b): optical microscope image of the organic transistors with floating

gate structure.

(b)
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Figure 4-6 (a): Schematic and (b): optical microscope image of the organic transistors with floating

gate structure integrated with a capacitor for the carrier injection.
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Figure 4-7 (a): Transfer characteristics before and right after applying high voltage (programming
voltage) to the gate electrode, and (b): threshold voltage shift as a function of programming voltage

using the floating gate structure.
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Figure 4-8 (a): Transfer characteristics before and 17, 90 and 9000 seconds after applying -80 V to
the gate electrode, and (b): threshold voltage shift as a function of time passed after programming

using the floating gate structure.
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Figure 4-9: Transfer characteristics before and after programming with the programming voltage of

-80 V or +80 V.
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Figure 4-10 (a): Transfer characteristics before and after 100 times programming and erasing with

the programming voltage of -80 V. (b): Transfer characteristics before and after programming with

-80 V cyclically. (c): Mobility and on/off ratio as a function of the programming and erasing cycle.
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Figure 4-11: Transfer characteristics before and after programming with the asymmetric thickness

of Parylene dielectrics.
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Figure 4-12: Transfer characteristics before and after programming using the floating gate structure

integrated with a capacitor.
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Figure 4-13: Threshold voltage shift as a function of time passed after programming.
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Figure 4-14 (a): Transfer characteristics before and after 100 times programming and erasing. -40 V
was applied to the gate and +60 V was applied to the capacitor electrodes for the programming. (b):
Transfer characteristics before and after the programming cyclically. (c): Mobility and on/off ratio

as a function of the programming and erasing cycle.
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Figure 4-15: Transfer characteristics before and after programming with the different programming

voltage condition for the positive threshold voltage shift.
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Figure 4-16: Transfer characteristics before and after programming with the different programming

voltage condition for the negative threshold voltage shift.
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(@) Programmed with (b)
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Figure 4-17 (a): Transfer characteristics before and after programming with the different
programming time condition for the positive threshold voltage shift. (b): Threshold voltage shift as

a function of the programming time.
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Figure 5-1 (a): 3X3 Passive Matrix, and an example of crosstalk, which is shown as the path of
blue line, when the centered capacitor is selected. (b): An example cell structure of Active Matrix
(ATAC cell).
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BEN HIUE, WL E S HD F2E O AM-OLED 5 A7 LA % 20V F&E CTBREI+5 = &
IXFARETH DL EEZEX BID.

Fio, AR THERINTAHTFT O HEREE 2254, 5 V B3 2 100X 100 O
TFT 2B 7 LA TR b 2 E R E I, %vz»ﬁ#mmn=ﬁﬁ%#ammk
WO ABFFEDSLMETH>TH 03 cm’Vs FEEHIT 3 Th D72, BEEIZET 54T

3T LTS EEBEZ D ENTE D, —FHT, N LUMREOADLATIE, 7— NE
JEAY 0V O L ZITIFmeIcA 7 LWz, BIEELICET %% #i?+ TThHEE
XD, ZHUKL, MY TFEUFERICE > TREUEEZITo 72 5EI121E, 7 — ME
MOV DL TR TIREICH D720 ,9&<&%1&uiwﬁ/ﬁ7%#ﬁﬁfﬁéw
TEUOVISHICRT CHRFICALTH DL L ERD.

PLED X 91T, A CTIERL S = FHH TFT X TFT BUK7ZF THHoTHT 4 A7 LA DK
Rt T LA ~OISHP S ATRERRBICEERE TH DL L FE XD, DI, 4 TR L
DITa—T 47— M &R LT BEE RN, £ AM-OLED 7 4 A7 L
A BRENEIEE TOBEFIE S D X DS, DC /31 T A A b U AROFER, & HIZ TFT B4
T LA TIXTFT O U A7 OB LR EICBWTHERNTH L Z L bk Lizi@Emn bbnd.
F 7z, BUETIIARMIIE CHWEABEERMEICH S DNTT L0 b SBEIE 2 R34k & i
HINTWD, - T, AR TH LN, RKEERE CRWEZERLBEED, BETHLS
W PEZ RN L AR & TN A R T H M BHIK b TR OEICBREEE
ZHIECE SEMICNZ T, X @BEEL R TAEREEEMEBZRET 52 & T, A%
TFT ZHW= 7 LX T oRE T, L LDV Z0 LThERRWT A AT L
AR OEALICKRELFETE DL LEZOND.
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6 FLOLABDERE
6.1 £L¥

UTICAEDORREE LD 5.

v diX-SR Z U= 70 nm FREEIZERED XY LRSS, IS S 3L T D AREEEBRE A L
DR <= —ffgfE L kB LT h, @mVKETRGZ2M&EIEREZ b2 L 2R LT

v XU LIS 41 nm (66 nFlem?) £ THIELT& 5 Z & &R L, 90 nm (30 nF/em?) D fiE
JETdh->Th3VERET0.5cm?/Vs Ll EOBERSRBENE 2R ARETFT Z{ERL L, 3-5V
FRJE GBI LS T & 258 TFT 2328 L 7=,

v RNYVUBEERRET DO n A ekl 5 Z LT, 7 U — b — AN TR,
70N REDHBETH > TH TN LA DT /A ZAHED 2 FEBL LT

v diX-SRDO/NY L iz A W BRETET I, DC/3A 7 A A kL AZhEIZ L » THMIEE
JER TR TEEN EFT 52, 2o O ENPIEFIHERFRELEZFM L 22 &
T HZ EER L. 2 51T Active Matrix BB H O TFT 7 L A ~DIS AT
HbHES2D.

v XY LU R — MRS, AECEERIE I DNTT 2 H W= F# TFT 23, Bk L
Tt 120°C F THMHENTLET, B IERO B 2 hfE 7 — - EEEM B L 0§ B iitEs:
EHOZ L AERLT.

v 75 pm EOERT 4 VA BITER U N LU EEE 7 — MEEEICHW oA TFT %,
Hi =228 1.5 mm (strain = 2.4%) F TIET O #iif72 & LTHEORMENREL L2V &
AL, BEREDRHDLAKRTFT OF CTRbEWT LI B T 128D L AR LTz,

v N TFRUHEMRIC LD RELEN, LA ETER LRV LU REER TH - T
LR TH D Z EER L, RS AT 5 2 & T, B TFT OBERDRESEE
%, FHEAFRETOFLIE 0.6 cmPVs FEEE D 5 3] 2.0 cm¥Vs FLEE £ T L &85 2 &2
LT

vV BEANEMEEHIETOOEMEBIN LT —T ¢ V7 — MEEEREL, ik
JEA BRI BN L 6T, 731 2EE Th > THEREOMEIZ/TE T 6 BEEE
NDHEICTE D Z L &R Lz, 2O, AMBEE T RIZH 1T 5 TFT 7 LA OFEIE S
TR, TFT BT LA, A U3 —F 70 EOmBRRIEOMERRR |, 7 4 A7 LA DB
EEPKICISIT D DCANA T A A R L ARROENIR EITHRTH DL LEZZHND.

PLEDORER- L0, REFZROREIL, ¥R TFT OB 307 4 A7 LA I E~DFEML
AT TRESHMRTEZEF R 5.
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6 FLHLAKDEE
6.2 SHDEE

AW TR S LT, U U UAERIEE VoA TFT 13, KEfEe o7 4 A7 LA
SOISHPEIFRFCE 5. TOBITIE 5 T HIRAT2 L DT, TFT O JERBUNE S EHEL 2 6E
fEIE L 72 2 DT, ﬁ@%%@fwﬁﬁtffﬁ< V=R RUA VEMOMAME S 2 L
H. 74 NIV ITTT 41T TGS H — o ORI T, v/zkiﬁﬁ@g@ﬁ%¢
EAKEA~D L A= D, TbA:/&ab%Lfﬁ%1ﬁr%W%ﬁé%%ﬂ%éﬂ -
HEIE CIE 2281 Tl 7 £ 912, R RV F—D R DB E~GHE R 2 R E S
D LITRDDT, MBEENMFLNRVON KN TH D, ZbHITK L, AFZEORED
1 5THD M) TFErFHEARIC XD RmMUHEIT, LA EZFR LR &b RImEE N
HETH DL, MEERERIZ 7+ N Y T T 7 I DEBONRE —=2 T w7 1214,
NY 7 F2 UHERICL > CTEREALEZITH 2 & TR RXNLF—% PPN b —tk72&Km
BHHZENTE, Rhrarv s MEETH- THEBEE A TFT 23T 5 HE
PR 5. ZHREBSHAUE, 1omiVs 82 5 EBEIE &, 100 kHz 248 2 5 & 8 I B
ZOFEROAHE TFT NFEIEIND EEBZ BN, BT 4 A7 LA ~OIGHR I 2 B S
5. £z, BUETIEDNTT Z B2 5 ZEME L @BEIE 4 b DA B SR E[176], [177])72 &
LESNTRY, ZNLOMEZH AT 2 L TELICERBEE OB EE R TFT O
FHRLHFRFTE D,
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