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1. Introduction

Organic-organic semiconductor heterostructure have been applied
in electronic devices such as organic photovoltaics (OPVs)."?
The devices have been fabricated by stacking p- and n-type organic
semiconductor layers, and the performance closely relates to the
preferred orientation and grain structure of the resultant hetero-
structure due to the introduction of structural defects and electro-
static disorder, resulting in being the importance of the growth on
organic semiconductor.” ¥

Perylene derivatives (n-PTCDI-C8) and BTBT derivatives
(p-C8-BTBT) are promising materials to be used in active layers
of OFETs and OPVs.”®The growth of the single C8-BTBT and
PTCDI-C8 layers were reported on the some types of substrates
such as HOPG, and Au.””And, we reported the growth of the
(001) -oriented-C8-BTBT layer on (0001) ALO; (C-sapphire)
substrate by the thermal evaporation."”’

In this study, we prepared bi-layers of C8-BTBT and PTCDI-
C8 with a different stacking sequence and report the effect on the
surface morphology and potential homogeneity on the resultant bi-
layers. The (001)-C8-BTBT/(001)-PTCDI-C8 bi-layer showed
an excellent performance in the surface morphology and poten-
tial homogeneity compared with the (001)-PTCDI-C8/(001)
-C8-BTBT bi-layer.

2. Experimental

The single layers and bi-layers of C8-BTBT and PTCDI-C8 were
prepared on single crystal (0001)-Al,0; (C-Sapphire) substrate
with surface roughness (Ra) of 0.1 nm by a vacuum thermal evap-
oration system (ULVAC, VTS-350 ERH/M) at pressure around 4
X 10~* Pa. The powder of 99% purity C8-BTBT and PTCDI-C$8
were purchased from Sigma Aldrich and used as source materials.
Prior to the deposition, C-sapphire substrates were annealed in air
at 1473 K for 1 hr. The 100-nm thick single layer of C8-BTBT and
PTCDI-C8 were prepared at substrate temperature 343 K with the
deposition rate of 0.1 nm/s and then another organic single layers
was stacked to form bi-layers.

X-ray diffraction techniques using a 2D imaging plate detector
and /26 scanning technique were used for characterizing the ori-
entation. Topography and surface potential images were observed
by a contact mode Kelvin force microscopy (KFM) in air with Pt-
Ir-coated Si cantilever using a scanning probe microscopy (SPM,
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Shimadzu SPM-9700-Kai) .
3. Results and Discussion

Fig. 1 shows X-ray diffraction patterns of C8-BTBT and PTCDI-
C8 single layers and the bi-layers with the different stacking
sequence. The PTCDI-C8 single layer showed peaks at approxi-
mately 8.5, and 12.8 degrees in 26 angle, and the peaks were
identified as (002) and (003) planes of PTCDI-C8 with the char-
acteristic triclinic lattice. And, some peaks with the approximately
4 degree interval could be observed on the X- ray diffraction
pattern recorded ranging from 5 to 35 degrees, and all the peaks
were assigned as (00n) (n= 2, 3, - - ), indicating the formation of
(001) -out-of-plane orientation. The C8-BTBT layer showed three
peaks at 6.1, 9.1, and 12.3 degrees, and the peaks were assigned
as (002), (003), and (004) planes of the C8-BTBT layer with the
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Fig. 1 X-ray diffraction patterns of PTCDI-C8 single layer (a),
C8-BTBT single layer (b), PTCDI-C8/C8-BTBT/Csap-
phire (¢) and C8-BTBT/PTCDI-C8/Csapphire (d).
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characteristic monoclinic lattice, indicating the formation of (001)
-out-of-plane orientation, as already reported.”” The C8-BTBT /
PTCDI-C8 bi-layers showed 5 peaks composed of the 2 peaks and
3 peaks originated from the PTCDI-C8 and C8-BTBT layers irre-
spective of the stacking sequence, and the peak angles agreed with
those of both single layers, indicating the formation of (001) -out-
of-plane orientation even for the bi-layers. The lattice relation-
ship of (001)-C8-BTBT//(001)-PTCDI-C8//(0001)-ALO; was
developed for the bi-layer structures, in spite of the large lattice
mismatch of -23.5% for PTCDI-C8 b-axis//C8-BTBT a-axis, and
-12.2% for C8- BTBT b-axis//PTCDI-C8 a-axis, respectively.

Fig. 2 shows X-ray diffraction patterns of C8-BTBT and PTCDI-
C8 single layers and the bi-layers recorded by the imaging plate.
The diffraction spots could be observed at 26 angle around 3, 6,
9 degrees identified as (001), (002), and (003) planes for single
C8-BTBT layer and around 4.1 and 8 degrees identified as (001)
and (002) plane for single PTCDI-C8 layer. Both the C8-BTBT/
PTCDI-C8/C-sapphire bi-layers showed XRD spot patterns with
the combination of the C8-BTBT and PTCDI-C8 characteristic
spots with the (001) out-of-plane orientation. Any difference
could not be observed among the patterns of PTCDI-C8/C8-BTBT/
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X-ray diffraction patterns for C8-BTBT (a), PTCDI-C8 (b),
C8-BTBT/PTCDI- C8/C-sapphire (c) , and PTCDI-C8/C8-BTBT/
C-sapphire.
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C-sapphire and C8-BTBT/PTCDI-C8/C-sapphire bi-layers, indi-
cating that formation of similar in-plane orientation relationship.

Fig. 3 shows the topography and surface potential images of the
PTCDI-C8 and C8- BTBT single layers and bi-layers with dif-
ferent stacking sequences. The C8-BTBT layer was formed by
the lateral growth after the formation of continuous layer by the
coalescence of the islands, as already reported,'”and the 100-nm-
thick-layer was composed of 2~2.7 um-size-granular grains with
the surface roughness (Ra) with 16.8 nm. The surface potential
was almost constant over the entire the surface. The PTCDI-C8
layer with the smooth surface of 1.9 nm in Ra was composed of
rod-like grains with 0.13 um in width and 0.63 ym in length, and
the surface potential was almost constant.

The surface morphology and homogeneity of the surface potential
was so different between the bi-layers by the stacking sequences,
in spite of almost the same preferred orientation. The granular
grains of the C8-BTBT layer was formed on the PTCDI-C8 layer
like on the C-sapphire substrate, and the surface roughness (Ra)
was estimated to be 2.8 nm. The surface potential was almost
constant on the potential mage indicating that the C8-BTBT layer
stacked entirely on the PTCDI-CS layer. The PTCDI-C8/C8-BTBT
bi-layer showed a roughed surface of the increased Ra of 95.6 nm,
and edged island-type irregularities could be observed on the lower
continuous layer. The large surface irregularity reflected to the
surface potential image, where the two potentials were distributed
on the image, suggesting the growth of isolated PTCDI-C8 edged
island on the C8-BTBT layer. Two different potentials were consis-
tent with the difference in the work function of C8-BTBT layer and
isolated PTCDI-CS8 grains. The homogeneous surface morphology,
however, is needed to estimate accurately the surface potential
distribution by the KFM. Further investigation on the growth is
needed to clarify the reason for the difference in the growth, the
stacking sequence strongly affects the surface state of the resultant
bi-layer. And, the estimation of the surface potential with KFM is
a powerful tool to estimate the homogeneity of the surface energy
state of the semiconductor device.
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Fig. 3 Topography and surface potential images of C8-BTBT layer (a,e), PTCDI-CS8 layer (b,f),
PTCDI-C8/C8-BTBT/C-sapphire (c,g), and C8-BTBT/PTCDICS/C-sapphire (d,h).
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4. Conclusions

The preferred orientation and surface state of the C8-BTBT/
PTCDI-C8 bi-layers were investigated by X-ray diffraction, and
KFM. The C8-BTBT and PTCDI-C8 single layers showed the
surface roughness (Ra) of 16.8 nm and 1.9 nm, respectively, and
the surface potential was homogenous over the surface for both
the single layers. The stacking sequence strongly affected to the
morphology and surface potential of the bi-layer, and C8-BTBT/
PTCDI-C8 bi-layer showed a smooth surface and homogenous
surface potential, compared with those of PTCDI-C8/C8-BTBT
bi-layer.
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