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Growth Mode of PTCDA on p-Si Substrates
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Abstract: AFM scanning images of the surface of a PTCDA/p-Si specimen used in an organic/inorganic photode-
tector show that PTCDA grows in island shapes that are poorly distributed, with each island shaped like a round
hillock. The images also show that there exist enormous defects in the PTCDA layer due to pedestal sites and other
defects that appear when Si atoms shift transversely,and that the bonding condition is satisfied by the action of at-
om suspension bonding at the surface of the Si substrate. We infer the growth mode of PTCDA deposited onto p-Si
substrates as follows. First, PTCDA molecules assemble at the defects to form three-dimensional island-like PTC-
DA crystal nuclei,and then by the action of delocalized big = bonding,two adjacent layers of PTCDA molecules o-
verlap to some extent and finally island-like structures form. The PTCDA molecules and Si substrate combine by a
process of the combination of benzene rings with Si atoms at the defects and of acid anhydride radicals with Si at-
oms at the perfect fraction of the surface. In the course of combination, although the structure of the benzene
rings does not change, the chemical reaction of acid anhydride radicals and Si occurs to break off the C=O bond in
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the acid anhydride,and then C—Si—O and silicon oxide might be produced.
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1 Introduction

The prominent characteristic of organic films
as electrical materials is that they are not well lat-
tice-matched with inorganic semiconductors. Ex-
periments suggest that the organic semiconductor
PTCDA can form an ordered layer with a mono-
clinic structure at the surface of monocrystalline
silicon. In a vacuum, PTCDA is sublimed onto a
polished.non-oxidized Si substrate.and its deposi-
ted film orients as casily as possible. Therefore
PTCDA has been widely applied in the field of
photoelectronics™ 1.

The molecular structure of PTCDA ( Cy-
H;Og)is shown in Fig. 1.1t is a wide band-gap or-
ganic semiconductor with two molecules in a mon-
oclinic unit cell with an overlap distance between
the two molecules of 0. 321nm. In addition,its va-
lence and first tight-binding conduction band are
separated by an energy of 2.2eV. At room tem-
perature,the hole density of highly ordered PTC-
DA film is 5 X 10" ¢cm°, and the hole mobility
perpendicular to the substrate ranges from 1077 to
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10 %cm?/(V « s)™ It is also transparent at the
wavelength of 632. 8nm.

At the interface of vacuum-deposited PTCDA
by sublimation onto p-Si substrate,a dipole layer
of space charge
forms due to the differences in the forbidden gap,
clectronic affinity energy,work function,and die-

a heterojunction barrier

lectric constants between the two kinds of semi-
conductors'®’. At high reverse voltage (about
240V ), organic/inorganic photodetectors made
from PTCDA/p-Si have very low current (about
107°A/cm®) and are very sensitive to visible light
and near infra-red light"®’. We here report the
growth mode of PTCDA sublimation onto p-Si
substrates using atomic force microscopy (AFM).
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Fig. 1 Molecular structure of PTCDA
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Experiments have shown that the quality of this
kind of photodetector has much to do with the
thickness of the organic layer and its pattern'” .

2 Experiments

In order to fabricate the PTCDA/p-Si speci-
men, 99. 5% purified PTCDA was deposited by
vacuum sublimation at <C10™* Pa onto p-Si(100)
substrates with a resistivity of 0. 2Q * m and a car-
rier density of 2.6 X 10" cm™®. The (101) planes
of the PTCDA on the substrate were inclined by
11°and had a thickness of 160nm.

Surface patterns were obtained by scanning
the surface of the PTCDA/p-Si specimen using a
Topometrix Explorer AFM scanner, as shown in
Figs. 2 (a) and (b), where the shade of gray re-
presents the height in the direction perpendicular
to the surface. The lighter the shade of gray is,the
more drastically the profile undulates in the z di-
rection. The areas scanned by AFM were 0. 10pm
X 0.10pm and 2. 5pm X 2. 5pm,respectively.

3 Results and discussion

As shown in Fig. 2 (a), PTCDA grows in is-
land shapes that are poorly distributed, with each
island being in the shape of a round hillock, 50~
70nm in diameter and 3~7nm in height, which in-
dicates that the islands are different from each
other to some extent. The flat-image of AFM in
Fig. 2(a) was divided into 25 squares,each with an
area of 0.5um X 0. 5ym. By calculating the island
density of cach area,we obtain an average island

’ with a mean deviation of

density of 63um-
7;1m72
distributed. As Figure 2(b) shows,the islands were

spine-like aligned due to the difference of the

»which reflects that the islands were poorly

scanning area and normal scale. In addition,it was
found that there existed enormous defects in the
PTCDA layer,due to pedestal sites and other de-
fects appearing when Si atoms shift transversely
and the bonding condition is satisfied by the ac-
tion of atomic suspension bonding at the surface
of the Si substrates. There are a group of very ir-
regular pedestal sites and many flexural frag-
ments® . Crystal nuclei form at the defects prior
to other places since the binding energy of exter-
nal atoms and defects is larger than that of exter-
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Fig. 2 AFM micrographs of the PTCDA/p-Si surface
(a) Lateral force mode;(b) Topographic mode

nal atoms and the perfect surface™ . For the de-
posited PTCDA, crystal nuclei form at the defects
prior to other places too. Furthermore, the poor
distribution of defects leads to the poor distribu-
tion of PTCDA crystal nuclei and then results in
the poor distribution of islands. From the exist-
ence of pedestal sites and flexural fragments, it is
inferred that PTCDA grows at the surface of p-Si
by three dimensional growth mode ( Volmer-
Weber) . First, many three-dimensional island-like
PTCDA crystal nuclei form on the p-Si substrate,
and then two adjacent layers of PTCDA molecules
overlap to some extent by the action of delocal-
ized big = bonding. Finally, the island-like struc-
tures form"" . The gathering of PTCDA molecules
at the defects of the Si surface is one of reasons
for the large surface leakage current of organic/
inorganic photodetectors.

4 Conclusion

AFM scanning images of the surface of a
PTCDA/p-Si specimen suggest that PTCDA grows
as island shapes that are poorly distributed, with
each island shaped as a round hillock. The images



57 Song Zhen et al.

Growth Mode of PTCDA on p-Si Substrates

1011

also show that there exist enormous defects in the
PTCDA layer due to pedestal sites and other de-
fects that appear when Si atoms shift transversely
and that the bonding condition is satisfied by the
action of atomic suspension bonding at the surface
of the Si substrate. It is inferred that PTCDA
grows at the surface of p-Si by three dimensional
growth mode(Volmer-Weber) . The PTCDA mole-
cules and Si substrate combine by a process of the
combination of benzene rings with Si atoms at the
defects and of acid anhydride radicals with Si at-
oms at the perfect fraction of the surface. In the
course of combination, although the structure of
the benzene rings does not change, the chemical
reaction of acid anhydride radicals and Si occurs to
break off the C=O bond in the acid anhydride,
and then C—Si—O and silicon oxide might be
produced.
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