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Pentacene Thin Film Photoconductivity :

Influence of the Electrode.

(Kyoto Univ., Inst. Chem. Res.)  Richard Murdey and Naoki Sato

Introduction

We have measured the photoconductivity action spectra for pentacene films on
sapphire as a function of film thickness, using either gold or aluminum electrodes. The aim
was to examine the influence of the electrode metal on the photo-generation of mobile charge

carriers in organic semiconductor films.
Experimental

The apparatus is shown schematically in Figure 1. Pentacene (T'CI) was sublimed in
vacuum three times and once under 30 Pa N2 gas flow before use. Single crystal sapphire
[0001] substrates (Shinkosha) were first annealed at 1000 °C in air to expose atomically flat
terraces, after which metal electrodes spaced ght Source
0.1 mm apart were prepared by vacuum
deposition through a metal mask. Gold ki
electrodes were 100 nm thick, with a 5 nm
titanium adhesion layer. Aluminum electrodes gEss=cana Thin Fim
were 35 nm thick. The substrates were — Auoral | K

Sapphire Substrate
degassed at 150 °C under UHV before use. ppIre Suhstra

Leakage currents (dark or photoconductance) Voltage, V Current, /
were below 10 fA. Pentacene films were IIIII| N\
| %,

prepared by stepwise thermal deposition from

a resistively heated crucible to a maximum Figure 1. Diagram of the experimental
film thickness of 100 nm. The substrate apparatus for in situ photoconductance
temperature was kept at 30 °C, and the measurements.

deposition rate was constant at 2.0 £ 0.3 nm

min 1. After each deposition step the photocurrent was evaluated for wavelengths from 400
nm — 1180 nm, using a Bunkokeiki SM-25 monochromatic light source and a Keithley 6487
picoammeter-sourcemeter. The incident photon flux was 1019 photons m—2 and the applied bias
was 105 V ml. Measurements were obtained at a repetition rate of approximately 0.1 Hz,

with dark current subtraction performed for each data point.
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Figure 2. Photoconductance of pentacene films of the indicated thickness. The optical
absorbance of an 8 nm pentacene film is shown for comparison. The reported

photoconductances are normalized against the incident photon flux and film thickness.

Results and Discussion

The electrode metal influenced the dark conductivity of the film. The conductivity of
the pentacene film with Au electrodes was 6x1078S m™! for films less than 20 nm thick, falling
at higher thicknesses. The conductivity with Al electrodes was below the measurement
threshold of 1079 S m™ for all thicknesses measured. The photoconductivity is also dependent
on the electrode metal, as shown in Figure 2. The broad peak at around 2.7 eV is attributed to
intrinsic photo-generation by excitation of electrons across the transport energy gap!. The
cluster of peaks at lower energy correlates closely with the optical absorbance of the thin film
and are assigned to a de-trapping mechanism where long lived triplet excitons excite trapped
charges into mobile states. The de-trapping currents dominate for the thin pentacene films
with Au electrodes, corresponding to the thicknesses where the dark conductivity is highest.
The de-trapping photocurrent is an order of magnitude lower when Al electrodes were used,
and the intrinsic photocurrents saturate only slightly at the lowest observed thicknesses. A

0.1 eV shift of the intrinsic photoconductivity peak to higher energy is also noted.

[1] D. V. Lang, X. Chi, T. Siegrist, A. M. Sergent and A. P. Ramirez, Phys. Rev. Lett. 93, 086802 (2004).
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Field-induced superconductivity in an organic Mott-FET
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e, Fed+ (F it AN /KR h O =FBE O BREE TITVIREWIR DR JE 217> 72,

[ 5R & B =] KA THIE L7223 600~700 nm (281 2@PEWRIL A7 hLZ&K 11275
T, ik 4 ps TOAXT MVITRFEEBICB O CEERINEN K E WV OIZE L 40 ps £ O
AR NVTIEERE RO TP EERIEN R E N E WD AT MUK OZ LB S
72 REM 2RI T D BiVO1 OIBPEVIN D REFIZE A X 2 1233, JlE L 72 B AL REE 800
muW?iE@&E’%wf%LﬁwW@ﬁﬁ%%:ﬁF&fliﬁﬂéhtﬁak—di
WP DS EANY I RAKFEMESEE LT, §77205 700 nm LV K EMIT
4%Lﬂ0@ﬁm@ﬂo1mm®—ﬁﬂtot (2% L, 700 nm X Y SR EMT 1%n_m
Z T 10~20 ps DN H ERX Y iy bEH Sz, =
DD ER Y NE 7T e —T7HENELS 25
FEZOFGNRELI R, FZORERD EL
tole, ZTVHDZ Linn, FREMTOARR LN
T2V S BRSO IXER T TN ~DE

M2
L
T

Absorbance x 107
1
T

falgk 2 L T b EEZ D, :148-155 :140%D;s
BB SN BHORBETY o~ A 7 apo o .
R A AP A GEFLIHEAD T, Fer (B 74 Havelenzin/nm

A AFS T L I R I (e 3 b 1 SRICIELTE BIVOs O
T, BFHIEAICH B Fer OAHE T CIRISIC



Ko ThiT-REfHEOETPHEINL O, BHEGIC
LD EOBEENES D EEZLND, T a—T
633 nm (2B Tl Fe BFEET DA OB PE
WINDOBEDPEL 72> TWA 728 633 nm TIXIEFAL 28]
HLTWHEBEZ LD, £ T633 nm CTHEIMLIE
NFEE, HDEWNI LT O ES BIZHET 20 H 8
L%, Ia—T7E 850 nm (B W TCRIERDOMIE 21T
Sl b TARBEIRTFMEIIR DN o, ZOZ E0D
850 nm TITRMIILANBREEIZ K DB 22TV
NI ETDEMEZBAIL TS EEX LD, 633
nm CHEH L7ZELNR ALV HEKE ERET S E 850
nm [FERICREERTFENR RO 0nWEEZ N T2,
633 nm (2B CEMI L0k F-£mATic b7 >
TEINTELTHD EEZ DD, LLENS 700 nm LA
TOTa—7WETBNSNZER N7 v ST+
H~DOELOBERERETHL EEZX DD,

S HIZKREH CHIE L% 3 ps LIN DI U I
DRFRZELZ ] 4 [ ORT, REIESL T > THER
HI5EB 0 H 2 EERICE O TERKIC R T@ Y |
Jib L B 4% O PEWN DL S B3 0 IR B A Sy A E
BHLTWe, ZiudhiE SV Rz X 2EFEBICL -
T BiVO4EHERD 7+ /) U Rak—L v MIphE S,
EALOFRI DB E-> TEZICRELTE T+ /) >~
WElENT-bD LB NG, Blllshi=7+ /v
OEENE A BiVOL D)V T 7 o ) v OIREVER & il 5
&L IRE 60 ecm ! 3T D RS 1T Bitdt & VOB DINER
BE— NEIRBEIND, SOITEEHENC T AV 7+
J AR WREVE S BB S AL, ZAUERIEOIESL B
Ty 7Y A MERORTIRBIR R TH L EBEX D,

[ 3Cik]
[1] H. Kato et al., Chem. Lett., 33, 1348 (2004)
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BRBRERGEMERT & — ¥ Ti0,(101)/7 & b=V VREIZEIT HK5
FORE
(WM BERE WPI-MANA', JST-CREST?) FBH  ELA ', il BEERER 2, fFL e 2
Water contamination effect on liquid acetonitrile / TiO, anatase (101) interface for durable
dye-sensitized solar cell

(NIMS WPI-MANA, JST-CREST) Masato Sumita, Keitaro Sodeyama, Yoshitaka Tateyama

[FFam] G RHECREGEM (DSSC) 1%, ZeAliZR A Bl b il 72 JE iR 2 % CF
XA, KA PRBEEmE L CEAEA SN TWS. LarL, DSSC MEML
X RESCTANMED B 22 D ENMETH S, 7% —8R @b T ¥ (TiOy) &
7t b= KU L(MeCN)7Z2 EDIET 1 b o MEMEEREEOM G HOEIT DSSC 125
RKELTHL, KOT/a— Ao a b AR E TiO, O/ AA b TIImiA
PR RMEICERN H D FER MG SN TWS. UL, flERfhEERIcBVNT
MeCN &R ~D K531 DIRAITHRET 2 F0 k2. RIFZETIX, 7% —8 T/ HL
T b KiifE A 58 2 (101)E/MeCN FERFHEIZIRA LIRSy F D%, )R
B BEINLBAEE Sy B ) R R 2 D TR T2

[# %] CPMD == — K % Jfl \» 7= DFT
Car-Parrinello 73 F 8 )it B 21772, §HEA
TIXEAHBER G2 LTRBY, M1DXk
BN B LB W kS E LT T A0 A
RV, 2B BIILRE 521X BLYP % 7z,
Kohn-Sham #7&121% 70 Ry £ CTHEBI L7 ¥m
W & 7=, Troullier-Martin $E87 > 3 v /L
ZAETORFICEA L, 2 F8E)FIONT
X Nose thermostat % F > T 300K & NVT 7 >/
TN ER ST

7 b= MU ST O, ERIEOEE,
#9078 glem® 1IZ72 5 KO ICHREEL, TR b= 1. 7% —% TiO, (101)iE{h 7 & k=
bV IBERES SR LT p e, LMD B T
BT BB L R L7,

5] 9, TiOs 7 ¢ L A ASHIFE MeCN YATRICIE S48 %% 2, TiO2(MeCN)p
DRICOWTEIFFREIT, FATIREOMIE 27, ZOFE, MeCN O TiO,
KNI DWAERIL 0%FEETH Y, WAL TH 2 EAL Ti (Tisc) 25 40%F5%
STW5 (K2). ZOFEND, MeCN LIS DN FE LA, FmmlWas il be
Bbilsd., 22T, KoFORANEZRE L. KoFRADHSG L LT, TiO, 7 4V



L7 MeCN {EIRIZIR S VTR FONRA L7256 &, MeCN EIRIZIR 3 AT Ky
T3 TiO, RIFNIWAE SN TWDGEZMBE L. ZO/E, M3ITrRTLHI="
DHELZTEIRIER BOT 2 F K. IREE T 1T/K5 703 MeCN iR O HHIZAFTET DR
RET, /K47I1E MeCN 73 CTEbi7- TiO, (101)EIZE VAT FIXH k2. —F,
JElZIRGTF D3 TiO, R EIZH A LTV
DAL, IREE I 2% L7=t%, /K
31D H KM Oy EKEBREAEE
R L7REE I 1270 0, Ko b EE
LW, &7y v rhox
XX —=DE A T T hEEHHEIC
LoL, WEINIZ=RLXF—HIZH
M b ZEMRMEIE TH 5. Projected
density of state (PDOS, X 4)IZ LD  mo. 79 % —+ TiOy(101)/(MeCN)y; Fifi 0 =
Wrcik, TI ORETE I, KD 1b, B 3:27"“/3 v b IEMEEBAL & 72 D Tise 235% - T
A TIO BT H# b v 7OE FITh Y, '
TiO, (101)[HIZ 745 —
VR GE, &
— NV EEZITERD R
T, R EZIT
i) o ) % il b g
Thnb L, RmEIZ
W& L TWDMBHE
TN HE A =Tk
b2 5 A RetE D &
HEWRAD. i
X 3. DFT &y TEi /%3 EIC L > TROM o 72 = SO0k EE. S I TM &
T %L F—(keal mol ™). I:H,0 7% MeCN ¥A# 12 & 54k HE. II: H,O 231

DEEFRRTF L KBRS TWEINL TS, L H,0 AR D Ti lZEL L
TW5.

4. Projected density of states (PDOSs). fif &1/ (5 A BB IT A Z B > Th D k. {554/
FEEABIE I AR E OfE.

[1] M. Sumita, K. Sodeyama, L. Han, and Y. Tateyama J. Phys. Chem. C, 2011, 115, 19849.
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7 1 L bRFRSMREI D IEIC & D IBRE RO SFEXEBTED BB

(1 M HEHE-MANA, 2 PIFTH48-GREEN, 3 Jt K& FE. 4JST SEHNT)
oFFOFH "3 PEERAM S - g FFE 2O

Initial photo-excitation process of dye sensitizer studied by femtosecond
vibrational spectroscopy

(TNIMS-WPI-MANA, 2NIMS-GREEN, 3Hokkaido Univ., 4JST PRESTO)
Hidenori Noguchi, Mikio Ito, and Kohei Uosaki

[FLHIZ] AIRNF—EBRTOLRODEDERICIK. MESh-EEEL - ERERE
TRIGZETV., REAOHECEFRE. SHICIERBES FOEEORRZ2RGHAERICES
S2TWS IZmiF] (BKkH) T, BVZER (RF - 7FLARIL) - BESFEETRE - 8
M ABENHDL, BICRABEFEESLUVERBEF A F IV XICETIMAF. TR
LWX—E|TOEROEELICHITHEEHEEZ 2HRALEREL S,
BREERAKBEMR (DSSC) F#FH L, EaX FOKEGEME L TEESA, HENT
FILF—HELERICHY .. BEBAICHARNMTHONA TS, BE. BRERABELOE
RELT. LTZVLBARNZAINTINS, CO#EKE, AIRBICEVEERLFERS
BMLCT)RIRFZHSE, N ORMEICLYRFGFO=ZFEMEKEEZENT 5, Ff=. =
SEMEREOEFIREIN THHZ DD, ChOREME—FIEREN S DBEMRER
ENELOTENI LFECHMONATVNS, TDEOHILT =D L#IAZEZRLV:-DSSCTIZE,
“BIEF R Y (TIO)) ~OEFEAIL. BE—BERKEN S TIHLZ L EZEEKREN SE
ZhHELDbNTWS, ZITAMETIE, 22 TA

HRTIE. Toh BOBMIREEET S, & COOH

B AR ToRo e T O — T BRI B R N s

AR RT LERAL., RRHEEZOTIOADETF Tmcfx Iw—ﬁf

SEABEELU. BERE (NT19 (1) ) O ”iju/

EHAFSHRERSHIZL. KT RILE—OER v | N

TOERERSMIT BT EERME LTV S, e T
0oC &

[L£E&] R T - FO—TJRIEIE. Ti:Sapphire L
—F—DEAEBEEEIR LA (790 nm. 100 fs,
1 kHz., 25 mJ) #>—F&9 % 2ED OPA/OPG 1 N719 OO FiEE
DRATLOLDNILRAKEETNEN, R TH (R

COCH



£ :395nm, 540nm) . FO—J% (Pl : 2100cm™) & LTRL., HHBEBED T
O—JRIEAABEBR TR EFOMCT 7 LAIZEYBRHE L=, £2THOREIX, =B, &
BHBPTITo1=,

[#ER] 2(2540 nm T7E F= FUILBEKRFTD N719 ZR1iE L. BFRD NCS Df#fE
IRENSE DBERINZA RS FLERT, 540 nm BIEIZ & Y. 2103 cm™ ORIRDF L (B

REDRELL—3 D DREL) B XU, 2020 emi2070 cm12103 cm?t Delay

2030 cm-" & 2070 cm™ [ZER = AR IRAUR (7R |/ 5'33
v bRUR) BBREENT, BEERIC D

FHIRENRARY FLOTAAR 1 ps R S 10
22T L. ZO®SEBE L 50 ps D E 7 | 05
BEMNTIE, XY FLOBRKIEZ—FT T 0.17
Hot-, IEME—FEKREL S DIEM 0.49
RERENEODHTRENCEEERT D Ig o]

E.SEBBAISH 1ps LHIZETT S S04

ARG FLOERE. SEERRRES 5 ) ——

- . e - - 2000 2050 2100 2150
LML =EEHEKRKE~DEMICHESE Wavenumber / cm-L

EOBETLEEHLELOTHY ., =

FEEEREIZIZ BRSO NSC KEEM 2 540 nm EhiEEE D N719 2% D NSC
EREIEBER DA XY ~LEL

BHETHCLETRT ARETHS EE el %

ZTW5%, 2100 emt Delay / ps

T R)IILBRETTIOEMREIZ . _—'M—/\/-_/ 5 2
& L= N719 3% % 540 nm THI#E&®D - % ]

s
=]
=]
%]

RO NCS EiEIREEHDBERINA
Ry MLERBIZRET . B&KPD N719
& EHE. FHEEE %O THE LV EREE
(1 ps LAR) T 2103 cm™ DRI DR

N Absorbance

&V, 2030 cm™ & 2070 o (ZHit=12 80%: - : —
RIRA BRI S hi=A, ZD% (1 ps~) EDE;JITHMHJ//\\\HMW
AR FEN bR T H S TIo, DIEEHE~ 0 028] ;
OBFEAILHS MEBFORBALHE S 2000 2050 2100 2150

DNYH YT TS FOEME LTHRAE Wavenumber / cm™

*Lf:o UJZO)%%%’E 3 & IZ. i%@@.?@ 3 540 nm ﬁ}]@fﬁ@ TiO, E*EJ:I:U&%
SRR OVNVTHRIILE-EES L 7= N719 8% ) NSC {hi#EIR B D
Pep—. ARY MILEE
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AR 5 S (TFB/F8BT) 12361 %
AT RBEN i D 53 - Bl MR A7k
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Packing effects in charge transfer reactions at organic donor-acceptor molecular
heterojunctions (TFB/F8BT)

(The University of Tokyo) Mikiva Fujii, Koichi Yamashita

(F]

AR BRI I AT B K R it oA # LED
LIRS, BT L WOBSREMEREEE LT E
SNTWD. i, AR EIL, o
FE DRI AT A R A A BREHE VB T E ~ D
KK D—>E LTHEB INTWDHN, HE
TRV F —BHNRD 11%FEE & R7Z+5 T
V. ZNETH, @A ERT H20
WZE L ER LB A RO FURIZR O 1 m
A=)V ORI NTE RN, +57
RENRIEN R I N TV RN, 5#%I1F,
nm A7 —/ b3 F A0 — )L COR I X
LRI S, WREMESRE ST
W5,

For i, AW FHER L TH D AR
BIKX, vV armRRlb GRS TR
720, W0 TG IR DR Z 8 < X
M5 LER, EEREIZBTEFEES
f (Donor) & & 1545 1 (Acceptor) DS
Ra T RFOBENOW Tz, RIS, il
ZBT L FRMEZbIEDL T LT, 5F
A = ORGSR BB BB 88y——5————10—d0— 40— 40— %0——&c

1 (@TFB(F)/F8BT( L) »Z i, n X TFB
DOEMEEd. (b)HOMO, -6.43[eV]. (c)LUMO,
0.782[eV]. (ILUMO+2, 2.59[eV] [1]
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HEyE L7z 2 il T RV — DR AR, AR
(3% - Aik] I TFB Otk SR » ol (1],

B 557 TH D poly(9,9-dioctylfluorene-co-N-(4-butylphenyl)diphenylenediamine)
(TFB) D — &K, BTZRy 1 Th D poly (9,9-dioctylfluorene-alt-benzothiadiazole) (F8B
T) O—&BENLRLEEN TRERTOET IV E LTI 21T 72, ZEMEILE LK
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B IR AEA CIS 14(631gM)IC LW REE L=,
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Hiz, &

555 TFB 28 EEEE v ICmis s, EFit 5507 &L B8 0703 fl CHfitd %

Fid [ 2 2840 S H TR,

[#£]

TFB/F8BT &k DL EMEZ X 1(@)I2~ L,
HOMO & LUMO % [ 1(b) & (C)i2 Z 2 AR L=
S 512, TFB(Donon)iZ RfET 2 LB HIED H B
Bt X —0HDO(LUMO+2) % X 1(d)IiZk L7-.
DF D ARIZEIT DEMBE LT TFB(Donor)

\ZJRTE L 72 HOMO 72 5 LUMO+2 IZ &R L 7=
bxF%ﬂNmmm;%fiﬁﬂﬂMomﬁﬁﬁéi
KX —FEFNRFE TH 5.

X 2 (21350 AL &2 280 S 7 BR o ikl = kL&
— DA Z R L. 43 FELAiE TFB(Donor) % X 1(a)
IZn TR L7 EMEEENE O ICEiis s 5 2 & TE1k
S ENENOREIRRBIT BRI XV KD
F L7, FRICEMBENRIE(DA) DB ~D TRV VK
FINFERTE 5. Z X TFB(Donon) 2 JH7E L 7= IE4L
& F8BT(Acceptor)iZ JfE L 7= BT OFH EAEM, Jib
T o I S/ N o 1531 SN 1 s : R e )
7T b.

YJ’Z , 0 FERIANZ B TR 1 Master RIS

BT IR BE(D*/A) 2> B B AT ENIRAE(D” /A)f\0>

@m%@&m%MWLt.Iaamyww%m%n
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MBS TH S, 0° OBICIIZRE < B

IRRE(D*IA) 7> & %T‘T%iﬁ#ﬁﬁg(wmjf\%ig LTW5
LoD, 10° OERIZIFEMBENIIZE A LK E T
. I, -10° OBICIE— BT EM B ENREE
(DAY ~ERT 5 H DD, Acceptor DT b IR AE

(DIAX)~D BRI ILFREFN L E TN D, @iow

S ECIA & Vo 725 %x&—wmﬁﬁﬂﬁ®@w
ZRM U7, YIS R Ak
T THET 5.

[ 3CHk]

BAEAREN S OFEFNZ A F X 7 ADZAL 2 fifHT L7=.

(a)1

08} = ——
-—
GS mmimimes
086 /DIA 1st Excited =—— « =— -
_5 e 2nd Excited — —
@ ard Excited
2 = / 4t ExXGited seeneresns .
& 0.2 / DA
“1/
0
-0.2 L L I
0 2 4 6 8 10 12
Time [ps]
(b)1 — = T " _ T T ]
DA
O.E = GS ________ -
1st Excited — - —
2nd Excited =— =—
c el 3rd Excited -1
S dth Excited sssssssssa:
S04t
(=R
g
021
D*/A
0
-0.2 1 1 1
0 2 4 6 8 10 12
Time [ps]
©" ——
DA vl G mimememem
- DIA* 1st Excited =—— = —
08} R 2nd Excited — — ]
r / 3rd Excited
06L N 4th Excited =======-==
c I/
g \
VY AN
a / DY/A
g M. N
02y ~
5 ~
0 i S
0.2 I I 1 I
0 20 40 60 80 100
Time [ps]
TFB(Donor) % (a)0° , (b)10° , (¢)—10°
[B]#is S W 7- o ERBE RIS [1].

D B EN SUSENERIIC R 5 2 &

[1] M. Fujii and K. Yamashita, Chem. Phys. Lett. 514, 146-150 (2011)
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