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A B S T R A C T

The interfacial electronic structure of layer-by-layer 4-(dicyanomethylene)-2-t-butyl-6-(1,1,7,7-tetra-
methyljulolidyl-9-enyl)-4H-pyran (DCJTB)/fullerene C60 was investigated using ultra-violet photoemission
spectroscopy (UPS). Photoemission data of period of DCJTB/C60/DCJTB films suggested the formation of surface
dipole and interfacial band bending across the interfaces, which greatly facilitates the charge transfer from
DCJTB to C60 and from C60 to DCJTB layer as well. When applied this layer-by-layer structure to a near-infrared
photodetector, a maximum of photocurrent was achieved by the device with 3 periods of DCJTB/C60 thin films.
Finally, the detailed work mechanism of this detector was discussed.

1. Introduction

Organic photodetectors (PDs), which possess the advantageous
properties of low cost, light weight, and flexibility, have been widely
studied due to their tremendous potential in industrial and scientific
applications [1–16]. To improve the performance of PDs, a variety of
strategies have been pursued including the development of new mate-
rials with high absorption and high mobility [1–4], new methods to
choose materials and control film quality for improving charge trans-
port and reducing recombination [5–12], and novel device archi-
tectures with different functional layers [13–16]. Though significant
progress has been made in developing the materials and high perfor-
mance organic PDs, many fundamental aspects of the organic–organic
semiconductor interfaces remain to be understood. A great deal of the
physics occurs at the organic/organic interfaces that governs the be-
haviour of molecules for electronics. For example, the nature of organic
interfaces determines the fate of excitons to be either stabilised for ef-
ficient organic light emitting diodes or destabilised for efficient PDs at
the interfaces. Therefore, by selecting organic semiconductors with
proper band-edge offsets between their highest occupied molecular
orbitals (HOMOs) and lowest unoccupied molecular orbitals (LUMOs),

different device characteristics can be readily achieved. Consequently,
interface engineering, a novel approach towards high-performance PDs,
has attracted considerable attention. Moreover, the huge success in
realizing organic electronic devices over the past 20 years has moti-
vated many scientists to turn towards the field of organic/organic in-
terfaces, and the number of active groups is still increasing today.

Recently, researchers implemented layer-by-layer structures in op-
toelectronic devices for preparation of organic PDs [13,17], dye-sensi-
tized solar cells [18], and organic solar cells [19,20]. Peumans and co-
workers reported an efficient, high-bandwidth organic PD exhibiting
external quantum efficiencies of 75% across the visible spectrum using
Cu–phthalocyanine (CuPc) and 3,4,9,10-perylenetetracarboxylic bis-
benzimidazole (PTCBI) as donor (D) and acceptor (A) materials, re-
spectively [13]. It was demonstrated that photogenerated excitons
could efficiently dissociate into free electrons and holes by rapid
charge-transfer across the several closely spaced organic layer inter-
faces and escape of the photogenerated carriers from potential wells
formed by the multilayers due to tunneling prior to recombination re-
sulting in the high efficiency. This suggests that the interface in the
device is very important and the layer-by-layer structure has a bright
future for high efficient organic electronic devices. Vonhoeren et al.
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reported organic PDs with an active layer assembled by layer-by-layer
deposition, which is sandwiched by an aluminum (Al) and an indium
tin oxide (ITO) electrodes. This study showed that the layer-by-layer
method is well suited for fabricating organic PDs with controlled
chromophore content and that the number of active layers has a critical
impact on the device performance [17]. The work reported by Hsu et al.
was particularly interesting because in which they employed layer-by-
layer approach to assemble graphene/TCNQ stacked films as con-
ducting anodes for organic solar cells, which is quite attractive for next-
generation flexible devices demanding high conductivity and trans-
parency [19].

As an efficient red dye, 4-(dicyanomethylene)-2-t-butyl-6-(1,1,7,7-
tetramethyljulolidyl-9-enyl)-4H-pyran (DCJTB) has been widely used in
the fabrication of organic electroluminescent devices, playing an im-
portant role in the improvements of device efficiency, operational sta-
bility, and color fidelity [21–24]. It was also used in solar cells for high

efficiency [25–28], however, it is seldom used in organic photo-
detectors. In this paper, we study the interfacial electronic structure of
DCJTB and C60, and report a near-infrared (NIR) PD based on them as
the active materials with layer-by-layer structure. We demonstrate that
the interfacial band bending and the formation of surface dipole at the
junction of DCJTB/C60 and C60/DCJTB detected using ultra-violet
photoemission spectroscopy (UPS) greatly facilitates the charge transfer
from DCJTB to C60 and from C60 to DCJTB films. The relationship be-
tween the number of active layers and PD performance were studied
and a maximum of photocurrent was achieved by the device with 3
periods of DCJTB/C60 thin films.

2. Experimental

All chemicals were purchased commercially and used without fur-
ther purification. Organics and metal layers were sequentially deposited

Fig. 1. (a) Molecular structures of C60 and DCJTB, (b)
schematic construction of double-layer device.

Fig. 2. Evolution of He I UPS spectra of upon deposition of C60 on
DCJTB on Si wafer and also upon the continuous deposition of DCJTB
on C60 near the (a) cufoff and (b) HOMO regions. The marked values
of thickness in the unit of nm.
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