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Synopsis

A novel electric-field induced optical second harmoic generation (EFISHG) technique that can directly
probe carrier behaviors in organic semiconductors is intoroduced. Nonlinear polarization generated
in semiconductors by laser irradiation, in the presence of static electric field caused from mobile
carriers, is probed along with the carrier motion. This technique is very helpful to analyze and model
carrier dynamics in a variety of organic devices such as Organic solar cells. The principle of the
EFISHG technique is described with some experimental examples on organic solar cells, and the future

scope is briefly discussed.

Key words: Optical second-harmonic generation, Nonlinear polarization, Maxwell-Wagner

effect, organic solar cell, semiconductor



MXEE

AHECEEERNITIEIT T ZAOEANCHE > TRy U PICKVERDBBRENDL, ZDLE, b—
YRS %292 LTI oA T, ERFENE KEREA B ET L, Tk
. ZONHE ZREMEE BT D Z LT, AEEEERNO X v U v EEh e BN - AT
TE%, ZOHFEEZRWIUL, AEKEEMIEINEEA 2T A AR O X v U v 2803 50 <
x5, EMESBOIRAIIMENIIKT L, TORE SIIBHATI LV RIZEKGFET 572
D, FEHIEC NV ~T a GO KGEMN O R E DA ERZ IR L TH v U vz
EIRNTCE 5, AMEBLRLSH Tl BERFEICHE “REFBIEOME R & T Oz, K
R s RRTIN N (5 s SO



[FLHIC

FAREEET N ZOFEIE, SBBEARMEOREERERLEEBICHD, ZLT, A
AR SE ORI, Kol - B D EEM B~ ORN T 55, LiiioT, BUE,
AHECEERT NS 2O P THO LR TV D AR ENL, THERIE - FEEI 2L —> &
THHLOTHDHEVIPRIINED, T U YOk L B8 -T2 FIEZHET 52 &0X
IKBROZLETHAH Y, M - BEMEITIZ. MBI EHOF ¥ U Y EE TRV, Eiz,
AP BIEASHNIZEMITEBI XIS MEHTICREE S, £0D, EASHTEER AR &
LC [ZEREMER] NIERI L, HxRiFE - AN EEZSh2 325, ¥x
o, TER) ICERL, TR © TER] ko ThlgRZENHIBEBREG LT D &
M. HE - AERMEINOX v ) Y OEBERRT D HEORARE RS Y, —Ji. AT v
VAL AHEEL, AEKEEMLETIE, B o AR MEINZ X v U YO BET
HZENTNRARABEORARTHD, LieBR-oT, [Fx U YoBH, +742bb [Eikl %
R Z &, AT AN ZARDOF ¥ VY EE 2R RT L HEOEARL D, kD XD
2. BB - MEEMEE AREEERMEI TR, F Y U YOV TOEROMLFITRAR DL, L
L. % - M e b AR E RN E O BERBZORIE, WIhbEMERF-2ET - E1L
Thb, LER-T, ALEERT AL ZDOXF Yy YUY XA F I 7 A ZHO0ThH, Fx U ¥H
5 TER) ICEB L, TOZEHMEZEKRT L HERHV S 0nWH & ThHD, L<IT. A
PEATEBH S8 OEAR A . Hakk - B EAEL D B EEM B LEFNICRA TV D O L TR,
WOTHFECFECL > THBEADOX ¥ U Y EEREIT TE 5L 00 2L 3B TH S,

ZIT,EELIT, XY U YOED TERICEB L, AT A ARNOX ¥ U Y EE & |
HFTFIETH HERFBEIE IR (EFISHG) JEIZ X - TiHMli4 2 FEE2 BB L T
o U, ZOFEIT. FiEwRNrDLT L. FBE - MMM OBRAE D IR & 72 D 43 iR
EVWOMEZBL T AT A ZHOEMDOLA T Iy 7 AT HENI D TH D,

AT SA ZTIE, AR FET oA #% EL. AREKRIGEM R kA Rb DN H L0, 2 bl
WIRb [ U voRBE)) ELTTEMELRY, LEeBn- T, BB LEFEIZ. AT

i



SAARIOF ¥ U Y EBOMIICHEATE B, bbDA, Mkl - HEKO L5 1C% v Y
YREABIC P T v T Sh, BELTOS LI RRESL BB, 25 LEHATH, b7y
FEH A IO TOREAE RSB, Bl EO KL 51, EFISHG 3 & 13, WFH Fikz i
LCF AL ZARD S A F 2y 7 7% % ) Y %B78 ¥ OBKHG & T 2 H 82 ETH S

5~1)
o

1. EFISHe kD RELF Y ¥
WEIZENAIT T2 & OBEL EMETOET L OMAEFERICL Y LT O X 5 ICHRE) 75 i
WHFESND,

Po=XyE, + Xy BB+ X EELE + (1)
DI, HEEE, E, (h=jkD) BEOBRTHD. M LIRS S IR EREQ)S
b7k ERBEMELCHT T 5 0 BFEORBHSML, (1) ROHIH
L0 AR OGO I 20% b OBERFESHG (electric—Tield-induced optical

second-harmonic generation: EFISHG) #3%/EF %, ZDBHADSHOMEI )T, L —F—

HDBERE()CHEREQ). IS =, % .

® ?
IQw) x |y~ E(0)E(w)E(w) (2)

LEFS, (2) Rkv. FIsHei. #raEREOne s macon L —F—RBHIC X -
THAT D, L > T, EFISHGYEDFRE ZJE LT X, SEROERIE LD,
Y ADEANC LT, HEROH M RNICBRI 2 BREEp 25 5 54
V-E=p_Je (3)
BT ERENBRENSG., 070, MBRNICHEEAERSEALEY, =%y hrOF
BEC L EAOERSI XSS L. 25 LB (3)RUC LA > TERBIRA L.



BWOBEVICHDLTOEBTELZED, L—F—hzZ2zHHFLLLEE (2) XOBEBREO)E LT
M IBEADIRE 720 55, T LT, OB & 72> THAT HEFISHGIL,
FEEHE A ORI RS U TR A & 2 3720 AFKOEREZBEERT 52 LIk
D, ZREEFOREDEEEITTHX Y ) YOFEEFNHITE DLW ARERS D,
ZZTLFTIE, £9, AENRF v U Y EBOFHH L U THEB O A HEFETH O 5K E =
Wikd 5% v U VIZONWTHEND, DT, AEKBEMOFEZIY EF 5, WThoT A
ACBNTH BRERIEL VSRR IS L, FHT /A A O FEE O AR B
MBI DX v U ¥ 2B TE 5,

2. RVVRAz) - DTF—HRERTOEME

A FET LAWK EMOBEL B 25 LT, REOBHE2HEMT 5 0ELH L LTS
5 FETHARV, A FET T/ — Mg & B EREOMIC, £, KBEERTIT 2 /&
DAEEOHSREAHK S T OBICRERDH L, 29 LEREOBXIZTZNETNDOT /N1 A
WREZ T 2 EEREHZH TS, —JF, EFISHGIEZ WX+ U Y EEOFHHI &V )
BEPBIE, 29 LEREOFLEEL, ERERETIERE LR 50 E VI HENG AT
BXLENRSH S, A FET TiX, FEEL S — MERBOREIZF v U YLD BN TH —
FME~DOF Y U YOBEZEE L TWD, —JF, ABRKEEM T, REiE=Fy h 23T
HETDiEe LTCoKE R EEHoTnsranbd, LEN-T, Ruld¥r ) vaiLas
TOERADET LG EARRT ZENTE D,

LIAT, EHERFMICAHNIE, R EIZERNDEE TH 5HFER « LIEERo; =enp
n:FYVYEE, u: FVT7 MNBEE) ORRLIWEDOERLE NS ZLTHD, SWVMEX
L. HEReLHERoDIT = /o, DN RBRLIMEDER NS 2L Th D, tIIFEFE
& MEEIL, MBI CORBIF ¥ U Y PIER LM OB R L8 THD »Y, BEEO/NS
HRRAOTIIEL  BEROKEREEROUIE N, HHT A 21X, WbIiE, 295 Lizto
R DMBOMAEDETH D, Thbb, AT A XTI, @B —GHME, BEAK



MrEF R R, RS T RERE, Wb EZ AL RN AIFIAEIN TS, 22T,
EAREM I E I E A REE RO Z LD, BRI R 722 28O fE Tt & 2 — Ay
REKBRICETERT 2, RiX BB O R 2 M B &2 B - TR D & x|
ZOREIZEIMTERMPERSIND (v 7 AT - UTZF=31R) L) —kry/e ikl
Wi ™00, Figbb, 2 OOWE R BIREEjOBRBEE > TiRiNbd L&, 2 20D
WVE DOREFMRFE O ZEATIZ G Lo = jATO R R BRI AR EICEHRIND, DF D, FiElk
WEREMNEHMINDIHBHTHDH, £ LT, ZOEMBEZEUNHIE T ILET A 2L L
TOWRENFETED BIZIENT v PRAZEME V), 20—, ZOEMERITZM ERN
BROWE L2500, 74 AWEICRENICHELY LITTHELH L (FHEKEER
WOHBEEL 22 &) L2 AT, B 1L E TR L H T, EFISHG JIE CIXBEIT 5% v U
YOELERSCRECEE LB MBMELBRICEAZMT 22 ENNE LD, S0z D
LWV AT 2 T T F =R L o CHAT DR EEHEER A BT 5 2 & 1%, EFISHG
EERAWTT AN ZRNOF v U Y EB 242 L CTHEL W) Z L THDH, £ T, B 3
BCILVEE & OBHFE U 72 EFISHG I E 25 & & KI5 M KE 2 FH V72 FET A3 3R 1 O G- 61 % |
REEMIZER LR b BEMICRTZ &7 5,

3. EFISHG ZIC & A%+ Y EE D
3.1 EFISHG RIEEE

EFISHGIIE Tl b —H — b2 IS L THBEM BT O F v U v 0> < 2ERE0) % EERE
T 5, K2IZFETRIZE 1 DEFISHGHIER & L — W — DS ¥ 1 I 7V ZmRmd, MEHZ LY
EFISHG: 2 R AT A EN R D7D H/XT A RY v 7 BERICEY L—F OB EEE
B9 5, AHFETICR W CIEERE AS &MF TSHCZRIE T 5 720, BROE NS DS IRIRAITR
2", —FHT, ARKBER I (BERT W) OBREZBILT 2LER S D
72 BANH pplR SR TRIEEITH >,

FET IERF DY —AEME F LA VEMBE PATICRET 2 L. v Uik Yy —2AE MW



Hy— MRIZEAL, FuA vEMA~H»> TEEIT 5, EFISHGIEZ WD & Z Ok % E
AT 22N TE D, K 3@IRT LT, AHKEERICHVWOR D K —k
(PCDTBT) D H & EALNELE SN D0, 727 8 7 ¥ —#Ep 28 2k S 8703
s, FET BIFE - ClE, Y —AEWMSEAINTZF v U Yid, Bl D OHEEZx &
LCx = 2uVst (2 KU 7 MBEE) ORFFEKFEETERL THL 202 (K 3(0), Z0H
2235 EFISHG % W TR O BB EIZIEA O FICIT AL SRV, 207, eTOF ™
R EOBWRFHNC X D2BEBEOREE L HFHTIE. Fx U v OEAEBORmAEER E %
b c&x b, /2, MEINIC T v 7R B D512, BEALESY VYR T v 7
WML A DN DT v R VF AT 281005 7, X 4121Z K —4 1 (pentacene)
LT e T —4r1(C60) & 2 JERERE L7 FET BIFE 2OV TORIER 27T, 22 Th, 4
JEIEF DR E Doy DOER 2RI ET 272010, b—F—NERZETICERT S
CEMEEL D ME ) V- AEME ML L TCEDOS— NEIEEMAD L, V— RAEME
NLA BN OEFPIEANT D, THUTxbhi LT EFISHG HlEICIZY — X EM (S) B LT R
LA VEMDNOEALEEFRT ¥y XINVELEHRL TWHLSEETFRIT-E) EBNS X
4(c), ()1, #FlT, C60 4y 15 D BFISHG (L —H—J K 1000 nm) 2 K& <, pentacene 4y
T B O EFISHG (L—F—i & 1120 nm) 1Z/h&EWV, 2O &b, EALLZEIT. @k
/XA & LT C60/PMMA S 2 B JE IR A TIaiilt L T\ D Z & 23 %, £ 72 EFISHG SR EE
DAL, ¥ ¥ VY RE—IC FET F ¥ RAHPICIER DG EICHEBHZREEZ L T\WD, 202
LG C60/PMMARE TIZEFITF 7 v 7SN TICAL—XTHEINTNDLZ L b0 D
ZOXOIT, F—MNEEEZEZTETBLOELOEALZHBEL, ZRENDF v U -V E
RN RSEENZEZHEICL, v VI THMENZDNT v TOMRBREET - &
DEMDHZENTED,

3.2 ERXIEEithH 0 F D5
KEGEMIZI N —1ET7 787 E =372 VAT EREBRTY > A v F LofE (MIM



HiE) PWEARTHD, Mb(a) BB ARGEMOMELZ R L, 3. FF—a7LT7 7t
TE =B ERR L T2 bR EAET D, 2N FF— - 77872 —FUnCHAK
LT R VF—EMOEICIVEFLEELCTEBEL, ThEnT7 7874 -, FFr—E%x
Bk SN CEMICIY HSh THREBNDIRPELCL ™, ZOXIICLTERYVHFTZERT
& 5 A KIGE M OB EEV,JZEEANIIR DO L ST ET DL LS TN D,

%C:%—AE— a (4)

4”85807'0

FHLIHIIN T =T 0872 —=0FBRIN LD VT —THD, B2 HITFv Y
YESHT 2B THEDLNDZ =XV X =T, BHE., NF—nF&T7 27872 —F0 LM B
FZOVHOMO #EQZ D = p /L ¥ —Z2 | ZH Y T2, B3I K P 2B F - IEFLICHBET 5729
ICERHETRXLFX—Th D,

— i, SN R TR e IR THEZ B D,

MEQE = Na " Na e *Nee (5)
NAFHEATINENT=F T b UREAETLEIEG, g3 ELZ=F T PR FF— -T2k
T —REE TIET DEE, nepld =X hUNET L EAICOBET 2EIA . necl o BEL
2% v Uy N EMICID SN DFIE Th D, EFISHG EA WAL, F v U v 03558 L s
SNTLEBNNRRET HEERC, BELLFY U VPR HEHEGREICE VD HEERT 2R (5
YIVYTAT7HA4L) ZEZHMIL, TNENOF ¥ U VIEENGCEENR 28 m T
Do

2 JEFEJE KB EM (120/pentacene/C60/A1) @ EFISHG I % DA & X 6 12, HIEH] % X
TIZ/R9 P, F72. pentacene 4yF & C60 4y D EFISHG A7 kL EWRULA Y RV %K 8
I, Pentacene 437 & C60 2y Tid, BAATHIALX Xy v 52 E D7 L&KL TH
BHEA ORI A= 27 s L Z2d o, EFISHG Yt h . L—HF —HDOWEN T RV X—F v v 7126
T RO 2HOWRETHD &SGR NEL TRSBET LD, MEIZEICELRD
EFISHG 2227 kL k7%,

PR KGEMTIX, FF— 77872 —RETHMLIZELEEF TN T =018



LTI B =518 A RO T AN R S AU CAMNEREIBRICE Y H & D, KR E L A B R
E LT L7emaic v U v 2 i R ET 5 & (K 7(a), open circuit], JeWk
WICE V3 AELIZTF T b S pentacene/C60 Ff CToHyBEL ., HkE M, CEMICEIEL T
BB EV, \CH S T 2B E L il 2 EEERE TX 5, — T, KBz ik L
THE L7HAICIE K 7(), short circuit], ¥ U ¥ ket CEMICEIEL, 0D
HBCREICER X v ) Y REET 2OBERANLE L TN Z LB D (P DE), =
DX RBERFY )V VYOLERI, DEELE-F YV YAETRIHIN T RWnZ LE2RL
THY AR THEL (5) RK]IDHI X ¥ U YO H LehEncx FiF b, 52, R
(ZE A L727E 11T pentacene/C60 AMIZART ¥ ¥ V&K T D720, ELEZEBMICEY H
T72DiiE (4) ROBAREOBRKELIZNZ T, #ET RV —AW = qC,/(C; + C) (Cq,
C,, pentacene f§, C60 JED X ¥ N ¥ U ) ITHY T LR F—NKbiltd Z & bHKE
JEETORKNE 252 ERNbN5, 20X 9T, BFISHGEEZ AVIUE, v U Y ERHICL D
FIMEEDIK FIZOWTHIHMETE 5, & 1 ETHRR7ZLHIC, vV arEoMEHIFHEE
AR N <, F v U VIZEHICEMICIEBT 2720 &FME LRV, —F T, A KEEM
TITHBME SRR E BRI 2 L2720, vy VY BAERBLL TV, Zokn, F
BERERTIT, SmIcEBLEx v Vv 2K &3 2 B BEESCEB B~ DR 2
A2 2 &3 KRIGEMFMEDOBGESLREFEMILDTZOIZEE TH 5, EFISHCIEIZ X 2 HIE X,
IO LERROBERICEDTHD *%, M IKBERODERLEICHNONLEBCPREO
B EFISHGIECTHIE L2 b D Th W NEHERO iR E 2 HfRlEm cE 2 ™, £z,
ENEFRAL DO FENTEFAL L TV DS 7 ~T m BRURGEMLIZ DWW T b, EFISHG £ O K% iR
HEFIH LTI 22N TED, TR0 M1O0DOXSIZNTFT—FBIORT 77
B—=03FHOx ¥ U Y EEESBL CHET D Z & T, S 7~T o @i L KB
EOBBEHOLMNITED W, T THRAREFIEEIRe T A DA MUK ER R & OF L
KIGEHIZOWTHISHAIRETH 5,



4. U
KIGEM I EDHRET /S A A TIXEM — A S - RAEA RS SN 7 A 2R s 81
D THD, LT, TNHORMEIF ¥ U YREHELLTWETHY . Fr U v aEal
BANKETHEH THDH L2k 72, EFISHGIETIX, 20X v U Yoo 2EBR %4
FHUCEHITE DR BEENLL T, ¥ ¥ U Y20 I 720 oWNEERL, BRHIIZ LD %
ELTEX Y I YOXA T IV ALEETMT DI ENTED, B, iR —¥F—kick
% A EFISHG & % 2 W iuiE, KREGEMORE T M OERLF v U Y EB O MmN DM E ~
YU TTLIENTEDL Y, Fle, T A ML —ZHViuE, AHKEERD A2
SR EEICF v VY BBET L EERNGERTH X v U Y EBIMA TR TH D Y,

ARWFZE O —E 1% B AR IR LS B 070 2 (FEARAFSE (S) 22226007, FEAEAFZE (B) 24360118,
F TS (A) 25709022) 35 L OB H IR BLEEAS  Jeimat il o dr 80l - B as B 7' mn 777 & @
B A& CHEE I N,

X [y

1) BAANE, MHPFEE . “SHGEZHWI-AKTZ L7 ha=J AT AL 20X ¥ Y ¥ A F
7 AfRENT, A ER, 82 (2013) 487-492.

2) EAGIE, MR, MEEER, HAEth o “AREEIR AR EOEMERE T v Y
YHak” , RKmAE, 29 (2008) 105-113 ; AHAGIE, PR . “AREADIR T ¥
AZOF v )7 EEGENT , REFEE, 33 (2012) 75-80.

3) LiE—I%, KR&M, BANIE: “A= L7 hu=r 20iiER & JRE” |, &7l



4)

5)

6)

7)

8)

9)

{84 SCEEC, J92-C (2009) 488-497.

M. lwamoto, T. Manaka, T. Yamamoto and E. Lim: “Probing motion of electric dipoles and
carriers in organic monolayers by Maxwell displacement current and optical second harmonic
generation,” Thin Solid Films, 517 (2008) 1312-1316.

T. Manaka, E. Lim, R. Tamura and M. Iwamoto: “Direct imaging of carrier motion in organic
transistors by optical second-harmonic generation,” Nature Photon., 1 (2007) 581-584.

M. Iwamoto, T. Manaka, M. Weis and D. Taguchi: “Probing and modeling of interfacial carrier
motion in organic devices by optical second harmonic generation,” J. Vac. Sci. Technol. B, 28
(2010) C5F12-C5F16.

M. lwamoto, T. Manaka and D. Taguchi: “(Invited review paper) Probing and modeling of carrier
motion in organic devices by electric-field-induced optical second-harmonic generation,” Jpn. J.
Appl. Phys., 53 (2014) 100101/1-11.

D. Taguchi, T. Shino, L. Zhang, J. Li, M. Weis, T. Manaka and M. lwamoto: “Direct probing of
photovoltaic effect generated in double-layer organic solar cell by electric-field-induced optical
second-harmonic generation,” Appl. Phys. Express, 4 (2011) 021602/1-3.

D. Taguchi, T. Shino, X. Chen, L. Zhang, J. Li, M. Weis, T. Manaka and M. lwamoto: “Analyzing
carrier lifetime of double-layer organic solar cells by using optical electric-field-induced

second-harmonic generation measurement,” Appl. Phys. Lett., 98 (2011) 133507/1-3.

10) D. Taguchi, T. Shino, X. Chen, L. Zhang, J. Li, M. Weis, T. Manaka and M. Iwamoto: “Analyzing

photovoltaic effect of double-layer organic solar cells as a Maxwell-Wagner effect system by
optical electric-field-induced second-harmonic generation measurement”, J. Appl. Phys., 110

(2011) 103717/1-6.

11) D. Taguchi, M. Weis, T. Manaka and M. lwamoto: “Probing of carrier behavior in organic

electroluminescent diode using electric field induced optical second-harmonic generation

measurement,” Appl. Phys. Lett., 95 (2009) 263310/1-263310/3.



12) D. Taguchi, L. Zhang, J. Li, M. Weis, T. Manaka and M. lwamoto: “Analysis of carrier transients
in double-layer organic light-emitting diodes by electric-field-induced second-harmonic generation
measurement,” J. Phys. Chem. C, 114 (2010) 15136-15140.

13) D. Taguchi, S. Inoue, L. Zhang, J. Li, M. Weis, T. Manaka and M. Iwamoto: “Analysis of organic
light-emitting diode as a Maxwell-Wagner effect element by time-resolved optical
second-harmonic generation measurement,” J. Phys. Chem. Lett., 1 (2010) 803-807.

14) D. Taguchi, L. Zhang, J. Li, M. Weis, T. Manaka and M. Iwamoto: “Direct probing of carrier
behavior in electroluminescence
indium-zinc-oxide/N,N’-Di-[(1-naphthyl)-N,N’-diphenyl]-(1,1’-biphenyl)-4,4’-diamine/Tris(8-hyd
roxy-quinolinato)aluminum(l11)/LiF/Al Diode by time-resolved optical second-harmonic
generation,” Jpn. J. Appl. Phys., 50 (2011) 04DKO08/1-5.

15) D. Taguchi, R. Nakamoto, T. Manaka and M. lwamoto: “Detection of pre-electrical breakdown of
1ZO/a-NPD/AIg3/Al light-emitting diodes by electric-field-induced optical second-harmonic
generation measurement,” Jpn. J. Appl. Phys., 53 (2014) 04EK02/1-4.

16) A. Sadakata, K. Osada, D. Taguchi, T. Yamamoto, M. Fukuzawa, T. Manaka and M. lwamoto:
"Probing interfacial charge accumulation in ITO/a-NPD/AIg3/Al diodes under two
electroluminescence operational modes by electric-field induced optical second-harmonic
generation," J. Appl. Phys., 112 (2012) 083723/1-8.

17) A. Sadakata, K. Osada, D. Taguchi, T. Manaka and M. lwamoto: "Probing space charge effect on
electroluminescence of indium tin oxide
(ITO)/N,N'-di-[(1-naphthyl)-N,N'-diphenyl]-(1,1'-biphenyl)-4, 4'-diamine
(a-NPD)/tris(8-hydroxy-quinolinato) aluminum (I11) (Alg3)/Al diodes by time-resolved
electric-field-induced optical second-harmonic generation measurement,” Thin Solid Films, 554
(2014) 110-113.

18) Y. Mashiko, D. Taguchi, M. Weis, T. Manaka and M. lwamoto: "The Maxwell-Wagner model for



charge transport in ambipolar organic field effect transistors: The role of zero-potential position,"
Appl. Phys. Lett., 101 (2012) 243302/1-4.

19) Z. Ahmad, S. M. Abdullah, D. Taguchi, K. Sulaiman, T. Manaka and M. Iwamoto: "Investigation
of carrier transit motion in PCDTBT by optical SHG technique,” Laser Physics, 24 (2014) 105701.

20) T. Manaka, F. Liu, M. Weis and M. lwamoto: “Diffusionlike electric-field migration in the channel
of organic field-effect transistors,” Phys. Rev. B, 78 (2008) 121302/1-4.

21) M. Weis, J. Lin, D. Taguchi, T. Manaka and M. Iwamoto: “The charge transport in organic
field-effect transistor as an interface charge propagation: The Maxwell-Wagner effect model and
transmission line approximation,” Jpn. J. Appl. Phys., 49 (2010) 071603/1-8.

22) J. Lin, M. Weis, D. Taguchi, T. Manaka and M. lwamoto: "Carrier propagation dependence on
applied potentials in pentacene organic field effect transistors investigated by impedance
spectroscopy and electrical time-of-flight techniques,” Jpn. J. Appl. Phys., 50 (2011) 04DKO01/1-4.

23) M. Weis, J. Lin, D. Taguchi, T. Manaka and M. Iwamoto: “Analysis of transient currents in organic
field effect transistor: The time-of-flight method,” J. Phys. Chem. C, 113 (2009) 18459-18461.

24) Y. Shibata, M. Nakao, T. Manaka, E. Lim and M. lwamoto: "Probing electric field distribution in
underlayer of an organic double-layer system by optical second-harmonic generation
measurement,” Jpn. J. Appl. Phys., 48 (2009) 021504/1-5.

25) L. Zhang: “Analysis of carrier behaviours in organic diodes and transistors by using electric field
induced optical second harmonic generation and charge modulation spectroscopy,” “S*\Lam 3¢,
TR, 2013, HET MRS « AERKGEMORE (LEFA, 2011) .

26) X. Chen, D. Taguchi, K. Lee, T. Manaka and M. Iwamoto: "Analyzing interfacial carrier charging
in pentacene/C60 double-layer organic solar cells by optical electric field induced second-harmonic
generation measurement,” Chem. Phys. Lett., 511 (2011) 491-495.X. Chen, D. Taguchi, T. Manaka
and M. Iwamoto: "Analyzing photo-induced interfacial charging in

1Z0/pentacene/C60/bathocuproine/Al organic solar cells by electric-field-induced optical



second-harmonic generation measurement," J. Appl. Phys., 111 (2012) 113711/1-6.

27) X. Chen, D. Taguchi, T. Manaka and M. Iwamoto: "Interfacial charging originated from the
conductivity decrease of C60 layer in 1Z0/pentacene/C60/Al organic double-layer solar cells," Org.
Electron., 15 (2013) 162-168.

28) X. Chen, D. Taguchi, T. Manaka and M. lwamoto: "Study of multiple photovoltaic processes in
stacked organic active layers," Org. Electron., 15 (2014) 2014-2020.

29) X. Chen, D. Taguchi, K. Lee, T. Manaka and M. lwamoto: "Analysis of interfacial charging
process in pentacene/C60/bathocuproine triple-layer organic solar cells using a Maxwell-Wagner
model", Jpn. J. Appl. Phys., 52 (2013) 04CR05/1-5.

30) X. Chen, D. Taguchi, T. Manaka and M. lwamoto: "Study of blocking effect of Cu-phthalocyanine
layer in zinc oxide/pentacene/CuPc/C60/Al organic solar cells by electric field-induced optical
second harmonic generation measurement,” Org. Electron., 14 (2012) 320-325.

31) D. Taguchi, R. Sumiyoshi, X. Chen, T. Manaka and M. lwamoto: "Study of interface layer effect in
organic solar cells by electric-field-induced optical second-harmonic generation measurement,"
Thin Solid Films, 554 (2014) 51-53.

32) X. Chen, D. Taguchi, T. Manaka and M. lwamoto: "Selective observation of photo-induced electric
fields inside different material components in bulk-heterojunction organic solar cells,” Appl. Phys.
Lett., 104 (2014) 013306/1-5.

33) D. Taguchi, T. Manaka, M. Iwamoto, T. Karasuda and M. Kyomasu: "A novel microscope for
visualizing electric fields in organic thin film devices using electric-field-induced second-harmonic
generation,” Jpn. J. Appl. Phys., 52 (2013) 04CK04/1-3.

34) W. Ou-yang, T. Manaka, S. Naitou, K. Kunitomo and M. Iwamoto: "Optical second-harmonic
generation in hydrogenated amorphous silicon single- and double-junction solar cells,” Jpn. J. Appl.

Phys., 51 (2012) 070209/1-3.



X 5
X 6

X 7

%] 8

X 9

%10

EFISHG YeDFEL ¥+ U YOO HFEREOIC L HETEDOOT A,

(a) EFISHG #IE% (b)) REf M lEIC BT 2 EERME L —F — L 2 AF D % A
ST Fv— b,

(a) FET #1E 5 1% A 72 KB wat kE (PCDTBT) @ % % U Y ¥k D4k 1 % EFISHG
EAZ X0 AL L= RER, EAN Y —RAEmBNHSEANL, @ik I D175
EFISHG Xo&Eh L L TRk I TWnad, (b) EfEEDOx-Vt7 7y h, HEND
FUZ MBI EuziMi &5, XE DXV FA 45 CTlisfi, © 2014 Astro
Ltd. Reproduced by permission of IOP Publishing. All rights reserved

2 JE#EJE FET b7 > ¥ A X (pentacene/C60/PMMA/Si0,) D RFAH#, (a) I 5% O HEWE,
(b)EFISHG A * — ¥ > ZJIEH], (c-g) L —W¥ —iFK 1000 nm (EFISHG # £ 500 nm)
TORER 3 ERERE R, C60 DX v U a8 2 B RAICHIEL TWD, (h-1) L—
P — K 1120 nm(EFISHG #% £ 560 nm) C D WFHE 43 i) & 4 F, Pentacene J8 D ¥ v
VY@ 2R IRICHE L TWD, () F v U 7 EBOK T, REE L0 %
ENE = RN

(a) FEEREERLF L V(D) b7 ~F ALK,

K& T /S A A2 EFISHG & %,

T A B B S b (120/pentacene/C60/A1) 0> EFTSHG & O, STk 27 & 0 §F Al %
5 CHAfE, © 2011 Elsevier B. V.

pentacene 33 X T8 €60 DWEUL A2 kL (a) & EFISHG Z~<Z kb (b),

BCP & @ 72 35 & (double-layer) & & % #; & (triple-layer) @ K [ & i
(IZ0/pentacene/C60/BCP/A1) DEHRGHT X % RER 43 fi# EFISHG o & F,  SCHR 29

KV FFA 215 THRdl, © 2012 AIP Publishing LLC.

NV ~T a UK S EE L (120/pentacene :C60/A1) MEFISHGHIE D f], k34 X 0 FFaf &



13 CHRHL, © 2014 AIP Publishing LLC.



EFISHG
Izm « IPZMIE

2m

Electron cloud




(@) solar cell laser pulse
Si07 materials Vas Vi
“&' -
== polarizer
g - CCD
= J E(w) objective camera : -
G| &4 —1 /[ 0] i fime
7 B - :
: | laser i
o EFisHG lens filters :
Vgs - : lm i 4ns
1 E(0) : =
- Vit o -
= t=0 t=t, fime

X2 M- FF - mAR



Delay Time

v

Source (S) Channel, 60pm Drain (D) (b) ’g 30‘ = Position from source edge when
clectrode clectrode r s 454 S-D at different potential
@
(=] 4
3 = o Position from source edge when L
g T S-D at same potential
o
- & — Hole transport £ %9 4 Position from drain edge when
s ‘F"——“ % . S-D at same potential
- € 1
. e 4
* & c 25 -
10ps g g 1 n
— 2 204
=< <A
100us 8 sla @
E »
LR |
ims 10 — —— ’ —
0000 0005 0010 0015 0020 0.025 0.030

X3 HA - AmAR

t'_‘s (si‘*)

0.035



(a)

Delay Time

Source (S) Channel, 60pm Diin(D)  (b)
clectrode clectrode

Ons

100ns . & — Hole transport

-

1us

23 (FESHPHED I —FRE)

Carrier position from electrode edges(um)

| = Position from source edge when
454 S-D at different potential
1 e Position from source edge when @
40 4 :
S-D at same potential
35+ Position from drain edge when
1 S-D at same potential
304
2- =
1 4
204
154 a ;
?
10 ~—T T , o
0000 0005 0010 0015 0020 0025 0030 0.035
t'! 5 (s' ’5-’

EEN SN RS RIS N



-100 V
S Ves
100V
DS
j 2100 V
9 Vos
50 V
Vbs
100V
S Vos
10V
CX 5
Vps
100 V
94 Vas
-50V
M Vps
200 400 600 800 1000 ; 100V,
Pixel number f - o og Ves
” ¥ = = 2 U LU S 1 -100V
Counts 300 305 310 315 320 0 20 40 S0 0 40 50
1 [pm] 1 [ym)

X4 MO -FEF - m AR



—100 V

() Asn=560um | J(m) i ] |,
£ b I-%—& s
AR e IR

—0ns —0.3ps 7
— 80ns — 0.6 ps — 0.9 p8 Pent
, — M= —12ps ™ 100 V
200 400 600 800 1000 " Nt~
Pixel number g . Y GQ Ves
, : . . = L i 1 PR | R i F E =100 V
Counts300 305 310 315 320 0 20 40 50 0 20 40 50
! [pm] ! [pm]

X4 (FR2HPHLZ—FER) HBHAO- [ -5



(@) (b)

ol

M5 HA [P - EX



laser pulse EFISHG
wavelength,”.  wavelength, 2./2

E(mk %‘ filter
(A
_I_

X6 HA - EP - EAR

E(0)




a
illumination dark [ 1‘36]
T T T T T T T T T T T T T T
7| *® open circuit . 11.5
— v 170 kQ2 1 —
Z o 100kQ - {1 E
gl 4 4TKQ ’ I =
e B 2 0.5
o | Tl -
: E T o T ket T & [ =
E 5 - = - g ".'ilvli'"!:'" 1 1:. =
= /' - =
=a 4-052
“ 4t E, b‘-- h E.l =
1 i [ i 1 i I 1 1 i [ 1 1 i _1
107 10 107 10 107 107* 107 107 10% 107 10° 10° 10 107 107
Time [s] Time [s]
b
illumination dark -
; [10°]
T k[]l T T T T T T T T T T 1
o 23 T4l 0.5
— | o 10KQ E. E. s’ -
==} 1 1 =6k T L=
g # short ctrc:m\ s ] E
= 5_ _ :'. o) st . G a
G 0 Cande . e : C} r | b=
i ™ [+ X iy , i ’;q:_‘J
L] 0 ]
s N R 0.5¢
@ oyl [ ] g8 1 i‘.;_j.
/] m
[ | 1 [ | 1 [ I 1 1 | 1 I _|
1077 1078 1077 100 1077 104 107 102 108 1077 10 1055 107 1073 1072

Time [s]

Time [s]

7 MO - FP - aR



—_
1]
—
—_
(=3
—

05 - | 1 T — T r
04 - —_— 4- CSD
- C d = 4
o o pentacene S pentacene
2023 g
8 =,
S
g02 .
< 0.1 =
200500600 700 800 3 1000

wavelength [nm] Laser wavelength [nm]

X8 HHO -t - amK




1llumination
| | | | | | T

— T_ ¢ Qsl,d i
= ]
=1
SR double-layer ]
% 2 triple-laver
£
A Sr

4 1 1 1 1 1 1 1

107 10% 107 10° 107 10 107 107

Time [5]

-,
o
......

double-layer e

Potential

triple-layer .o~

X9 HO - - EAR



(a) 05V

Sqrt SHG signal

Time [s]

(b)

K10 HE - ff . mAa



