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Today, with the development of microfabrication tech-
nology, the need for structural dimensional control has
come to be emphasized. Organic nanostructures are no
exception. In this paper, we describe in detail the creation
of organic 1D nanostructures: oriented assemblies of
nanowires using energetic charged particles and the eval-
The high electrical

conductivity, which is unique among organic materials,

uation of their electrical properties.

and the charge transport in the nanowire extension direc-
tion are discussed.

Keywords: High-energy charged particles, Nanowire,

Organic device, Charge transport
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bOWEMENOOH 5, AEL T4 A 7L AT
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LT L7 (Fig. 1), fER ORI -7 1K
JTCHERZEH (f A > F 7 v 7) 28T, Kot
3Nz ¥ —Ic X 0{bERG (2 2 TlkEE -
ERGSOR) ZEHR T 5 2 LT, HEEPICAEE VIR
D1 RILF ) EEEDIRI D, 208, KIS -
ARIOEAL %2 FrZ29 % (wet or dry process, Fig. 1) Z &
T, 1 Xt/ fEdkz s A ELTHEETE %,
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Figure 1. Schematic illustration of organic
nanowire fabrication method via irradiation of
SPNT/STLiP

The nanowire fabrication uses two

high-energy charged particles:
protocol.
types of development methods (wet- and/or
dry-process).  These development methods
form separate nanowire assemblies, correspond-
ing to lying nanowires (atomic force mi-
croscopy (AFM) image) and vertically ori-
ented nanowires (scanning electron microscopy

(SEM) image), respectively.

HRITF- D7 NIZ Y ZADF 7 T A4 X DI SERITH
6T 5, IS DG T A=Y DBRBIHETE S
i, F/HEOEEREE W) RICBVLTRER
flEThh, thild 2mRooEhlEloME L %> T
Vw5,

2 KB ER

HTPFEARAMIITZEHH FERERE - =k i T~ B R AR T 5%
Ffd AVE 4 71 ba vic k) 4R E 450 MeV
129Xe?t B — LR L 72, SR LI &Y
(79—Vvv, Co: F¥=L7%1s 7=, TiOPc)
BRI K D IR L 721, mEZET (~107* Pa)
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Figure 2. Schematic illustration of the organic
nanowire devices. (a) The vertical device of ir-
radiated organic films. (b) The lateral device as
the back-gated FET configuration.
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B L7, 2000, F 774V I3HEEEE$HE I
BEE o 7 RBET RIRICER (Ag) R— M &AL 7.
Ag N— A MF—EMEICAR 2 X)L . L6 -
TS D AT B ARV TR B & FIN S 2 -7
SAGEEHIE (DB, TRTHEZET) 2ffokE 23,
A 7 v E— LIRS SR W e 70 BB A AR 2 B L
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Figure 3. Current-voltage (/-V) characteris-
(@) I-
V curves for non-irradiated and/or various irra-

tics of Cgy nanowire vertical devices.
diation fluences. The inset shows an enlarged

image. (b) Differential conductance at applied
voltage +1 V, relative to the fluence.
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YT -/ 94 YRIZ—EMTH 570D, Fig. 3(b)
DEHcavy sy ABT7 VI AR LT HBIRY
BERBITIE, o B—EDPOAPWERTESHZ
AHETH 2 Z EBRETH S, Fric, BiEE, 414~
E— ARSI TR S 115 Co A - BUE 7 LIS
B AEEEBESZDOE L7 0¥ — 12k 6 TEfiiT
HHIERZRBRL TS,

ST, STLIP &, A&/ WG 1o L
MEEAS  ~TuEAREERHTELZLVIEBZ S
ME—fE “DOREZ A TWALEY E (TiOPc:
600 nm, Cgp: 600 nm) ZEHIL, £ 4 v E— ARG,
BRI 21T > 72 (Fig. 4). 2 2T Cg & TiOPc
FZ2NZFNREN L n B p RIGHECEERTH . Frix
B9 TIFADFZTa Y475+ 7 AFM (C-AFM)
12 & % IR VR LSRG &2 1T > T e 3L, S|
DT 70— 7V THFEM L 2. BIRS—EH M
D AN B ERAEA DB S 7 2 L6, G
BT pn HEARETOX ¥ V) 7 DEZIBFNHEMNIC

G= 1)

25+
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Figure 4. Current-voltage (/-V) characteris-
tics of TiOPc-Cgy hetero-nanowire vertical de-
vices. I-V curves of this system at the fluence
of 5% 10'° cm™2. I-V curves show 20 measure-
ments and their averages.
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o-dichlorobenzene T+ / VA Y2 ¥t L 7-. ZOFiE
TRoNEF /94X, ZORIDAF v DRI
W SE 10 um 1SS 27210 T K (BEICII AR E -
JI7AYRIE—EL %), HNTA A v AH AR
FIL 72 AKET7 LA MR £ 2 (Fig. 5). B7%2AIC, Cy
DA DFERCHERT 2 £ F 7 74 YELOKAG LY
% Bl EDMER S N\, F 7 74 Y OYIWia3%
AHiD, EWVoMENS > 72, KFEELE Z MR
2T T BB OV O RITR IS 2 9 5+ /2 74 %
ELCOMIEESRIERE EEZ oD, £z, KFER
M Ceo 7/ 74 YDEEEIZ(4.6£03)nm TH Y, il
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Figure 5. Fabrication of horizontally-aligned
Ceo nanowire arrays by high-energy charged
particle irradiation. (a) Schematic illustra-
tion of horizontally-aligned nanowire arrays via
STLiP method. AFM images of horizontally-
aligned nanowire arrays at the fluence of (b)
1x10° em™2, (¢) 1 x 10 cm™2, and (d) 1 X

10" cm™2, respectively.
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LREFEFFD (6.6+0.6)nm L HH/NIwv, Th
X, 44 Y E— LD 2N X =5 (LET) 2M2ZAHE
ST 5729 TH D, SRIM (Stopping and Range
of Ionsin Matter) > 3 2L —3 a3 itk % &, 450 MeV
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Figure 6. Evaluation of electrical conductiv-
ity of horizontally-aligned nanowires. (a) I-V
characteristics (Vg = 0) vs. Vpg, with W =
200 um fixed, at the fluence of 1 X 10° cm2,
1 x 10" cm™2, and 1 x 10" cm™2, respectively.
(b) I-V characteristics (Vg = 0) vs. Vps, at
the fluence of 1 x 10'° cm™2 fixed, with W =
200 wm, 500 wm, and1000 um, respectively. In
both (a) and (b), the figures on insets represent
schematic diagrams of the measurement condi-

tions.
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Figure 7. FET
nanowires. I-V characteristics (Ipsvs.Vps)
at(a) Vg =0to50Vand (b) Vg =0V to-50V
in a step of 10 V. These measurements were
fixed for W = 200 um and f = 1 x 10'° cm™2.

characteristics of Cg
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Figure 8. Non-contact electrical conduction
measurement of nanowires by TRMC method.
Flash—photolysis(FP)-TRMC profiles (dex =
355 nm, photon intensity = 10 mJ cm™) of
Ceo nanowire arrays (red: parallel and blue:
orthogonal). The inset illustration represents
TRMC measurement for horizontally-aligned
nanowire arrays. Polarized microwaves were in-
jected with electric field oscillation directions
parallel or perpendicular along the nanowire ar-
rays. These measurements were fixed for W =
200 wm and f = 1 x 10'° cm™2. ¢ and u repre-
sent charge separation efficiency and carrier mo-
bility, respectively.

BRI 73 4 212D T, 50 K-300 K Tl %
L CESAMEBEE % ME L7 (Fig. 9). Figure 9(a) IC
AT LI, BEDET L &S ITIEIIIEMT 2 A%
W77 EN 7 7 ARRCFERNEEITH > 7. FEE,
AKFEOEHET 7 74 YIIERER L, ERF5ME
REOT S5 2 E TR L 7oA ) I — MM IS A
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BEPMEATH 2 LI NG, COREDD &, &K
Wi v ¥ v 7 (Nearest neighbor hopping, NNH) € 7
Mk 7=y A7ay b 2iid L, SR
I (200 K-300 K) Tld& v € ¥ MMRE O EREN
2T E 05T, AR (50-200K) TP
Poffnt, EETIE 7 &+ /) Y OFLGDHRD TS L
720 JREHLIE O b v 2VEIRDSER & 75 2 )R v
¥ > 7" (Variable range hopping, VRH) (3 (2)) 238l
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Figure 9. Temperature-dependent electrical
properties of Cg nanowires. (a) Resistance of
Cgo nanowires plotted against temperature (50—
300 K). The nanowires were fabricated by irra-
diation at the fluence of 1x 10'" cm2. The elec-
trode width W = 200 um. (b) Ips vs. Vps plots
at 50 K and 300 K.
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