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@ @ @ @ @ @ Fig. 1 (online colour at: www.pss-b.com (a) Molecular
structure ofpara-sexiphenyl (6P). (b) Bho-needles of 6P

para-sexiphenyl (6P) grown on mica (001).
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substrate was held at 90 °C. The investigated filme grown for 60 min, which resulted in an average
film thickness of about 120 nm. Driven by the mica acef structure, the film grows in an oriented nee-
dle structure (AFM image shown in Fig. 1(b)). Tlpital dimension of an individual needle is about
200 nm width and 60 m length. lorder to study the anisotropy the transport properties, Ag metal
electrodes were evaporated on top of the needle fiitis electrode edges either perpendicular to the
needle direction (Fig. 2(a)), or the electrode edgeallphto the needle dintion (Fig. 2(b)). The elec-
trode gap lengtfl, were varied from 20 m to 100 m which &ws the study of the current dependence
on the gap length. The widt the electrode contactd/ were kept constant at 1000 m.
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Fig. 2 (online colour at: www.pss-b.com)AFM micrographs of devices with Ag electrodes deposited
with the electrode edges (a) perpendicular to the aetdiction, (b) parallel to the needle direction.
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Fig. 3 (a) Double logarithmic plot of current—voltaleV with electrode edges perpendicular to the

needle direction demonstrating SCLC region for voltage >50 M, {b)L, for V=60 V (from the SCLC
region) giving a slope of —2.

3 Results and discussion

The steady state current—voltage characteristicsaha-needle film with electrode edges perpendicular
to the needle direction (current flavg parallel to the needle directioa) room temperature are shown in
Fig. 3(a) in a double logarithmjaot. The slope changes from lower was to 2 at voltages higher than
about 50 V, indicating a transitidn a SCLC behaviour. No measualsurrent was found for arrange-
ments with the electrode edges parallel to the nedicketion (current flowing almost perpendicular to
the needle direction). The reason for this large diffee is attributed to the anisotropy in the film mor-
phology due to the needle structure. Probablye-figeace between two parallel needles hinders the cur-
rent flow between them significantly.

Usually, for a SCLC between two electrodessandwich structure with an electrode gap lergth
(equivalent to the film thickness), the current dendity inversely proportional to the third power lof
(Mott and Gurney theory) [3].
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In Eqg. (1) for sandwich type geometry, lateraleeté are not taken into @unt. Although often used,
Eqg. (1) is not valid for gap-type geometry [8]. Tiigage of this equation leads to an overestimation of
the calculated charge carrier mobility [9].

Fig. 4 (online colour at: www.pss-b.com)Electrode configuration of gap-type geometry (side view).
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For a gap-type arrangement (Fig. 4), a theory eeasloped with lateral effects taken into account
[10]. The space-charge-limited currérger unit gap widtiW is inversely proportional to the squarelof

2
% = % EE Mg % . 2

To verify the validity of the forralism for gap-type geometry employidthe present studies, gap length
dependent of SCLC current were studied as showngin3b) in double logarithmic plot. From the plot
of | vs.L a slope of —2 is obtained which further confirting validity of Eq. (2). Using Eq. (2), an effec-
tive mobility .y = 14 cm/Vs for arrangements with electrode esigeerpendicular to the needle direc-
tion is calculated. The usage of Eq. (1) would overestimgtdy a factor of more that 50. For films
with electrode edges perpendicular to the needkctiims there is no current even for a large applied
voltage which is consistent with a large free-space between the nano-needles.

During the preparation of this manuscript egame across a similar measurement on a hand-picked
individual nano-needle of 6P which showed a mobility of around d®f/Vs using Eq. (1) [11]. The
discrepancy in . arises most probably due to the very elifint method of preparation of the samples.
In our case, the integrity of as-grown needles is rlikedy to be conserved, as metal evaporation is the
only additional step apart from growth of nano-needles.
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