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Abstract

Blue light emission of ZnSe thin film from the ZnSe/poly-(N-vinyl-carbazole) (PVK) heterostructures was obtaine
threshold voltage is about 10 V and the brightness of 12 cd/m2 was obtained at 17 V. From the electroluminescence (E
the photoluminescence (PL), the transient electroluminescence and the dependence of EL intensity on the applied v
current, we attribute the EL of ZnSe to carrier injection and recombination. This new phenomenon not only open
mechanism of II–IV compounds in low voltage injection EL but also provides a new way of obtaining blue emission.
 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Thin-film electroluminescence (TFEL) plays a ve
important role for flat plane displays[1]. Nowadays,
red and green TFEL displays have been widely use
many fields. Though extensive efforts have been m
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an efficient blue device is not completely solved. T
lack of an efficient blue phosphor[2] and the impac
ionization [3] of the excited state electrons were t
hindering block for the development of efficient ele
troluminescence in the blue. In this Letter, we fabric
a kind of organic–inorganic thin film heterostructure
the organic material poly-(N-vinyl-carbazole) (PVK
as holes transport layer and the ZnSe as the emi
layer. The purpose is to obtain blue TFEL with a n
way.
.
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Over the past years, organic light-emitting diod
(OLED) have been developing very quickly for the
potential application in flat panel displays. The me
anism of the organic EL is the injection and reco
bination of the carriers[4], which is basically iden-
tical to that of light emitting diode (LED) of inor
ganic semiconductors. We noticed that the elec
field strength of inorganic EL and organic EL is sim
ilar [4–6] and consequent possibility to fabricate
hybrid electroluminescence device from inorganic a
organic semiconductors. In general, most polymer
terials transport holes preferentially which cause
balanced carrier injection in organic electrolumin
cence device, as a result holes may pass through
emission layer without forming excitons with the o
positely charged carriers and lead to ohmic losses.
thermore, the holes mobility is larger than that of el
trons in most organic material, so the recombinat
zone of holes and electrons is close to cathode w
excitons are easily quenched. On the other hand
organic semiconductors contain large numbers of
riers and the most important is that most inorga
materials have higher electron mobility. Therefo
some attempts have been done to fabricate orga
inorganic heterostructure taking advantage of both
organic and inorganic materials[7,8]. In fact, high
external quantum efficiency (0.4%) and intense lu
nescence (2000 cd/m2) have been demonstrated
Coe et al.[9] in an organic–inorganic hybrid devic
structures combining II–IV semiconductor nanocr
tals and conducting polymers. Here, we fabricat
kind of organic–inorganic thin film heterostructur
using PVK as hole transport layer to improve the em
sion of ZnSe and expect to obtain bright, efficient b
EL with a new way.

2. Experiment

In our experiments, poly-(N-vinyl-carbazole) w
used as holes transport layer, which was dissolve
chloroform and concentration of PVK is 10 mg/ml.
The structure of the hybrid device is shown inFig. 1.
PVK was spin coated onto the ITO (sheet resista
80 �/�), which was thoroughly cleaned by scru
bing, ultrasonic and irradiation in a UV-ozone cha
ber. The thickness of PVK layer is about 130 nm m
sured by XP-2 surface profilometer. ZnSe film w
Fig. 1. The structure of the hybrid device.

deposited by electron-beam evaporation at a rat
1 Å/s under high vacuum of 2× 10−6 Torr. The sub-
strate temperature is kept at 150◦C. The thickness o
ZnSe layer was 100 nm as measured by a quartz c
tal thickness monitor placed near the substrates
was prepared by thermal evaporation under a vac
of 10−5 Torr with a thickness of about 200 nm. The E
and PL spectra were measured with spex fluorolo
spectrometer.

3. Results and discussion

The EL spectrum of the hybrid device is show
in Fig. 2. The hybrid device was excited under a fo
ward voltage (positive voltage at ITO). The thresho
voltage of the hybrid devices is about 10 V, whi
is lower than that of the single-layer PVK devi
(ITO/PVK/A1). The brightness of 12 cd/m2 was ob-
tained at 17 V. There are two emission peaks,
located at 466 nm and the other small shoulder p
located at 407 nm. The current–voltage (I–V ) curve of
the hybrid and the single layer device were shown

Fig. 2. The EL of the hybrid device.
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Fig. 3. The voltage–current characteristic of the hybrid device
the single device.

Fig. 3. TheI–V characteristic of the hybrid device
similar to that of the single-layer PVK device. The cu
rent of the hybrid device is about several milliampe
which is much less than that of the single-layer PV
device and is about one order of magnitude less t
that of the single-layer ZnSe device. It means that
I–V characteristic of the hybrid device is dominat
by the PVK layer or by the higher electron ener
barrier of the interface of ZnSe/PVK. That is to s
though the ZnSe layer contain large numbers of e
trons, the conductance of the hybrid device is do
nated by holes.

To interpret the origin of the blue emission, the a
sorption and photoluminescence spectra of the de
were measured, which was shown inFig. 4. It is ob-
viously that the absorption spectrum is the overlap
the absorption peaks of PVK and ZnSe. The PL sp
trum has two emission peaks. One peak is locate
409 nm, which was the emission of PVK. The oth
small peak located at 466 nm was attributed to
emission of ZnSe, which was also seen in the Zn
MIS device and the ZnSe p–n junction[10,11]. And
it was attributed to the edge emission of ZnSe. T
ZnSe self-activated emission[12] that located at abou
560 nm was not observed in this hybrid device. The
spectrum is partially identical to the PL of the hybr
device indicates that blue emission takes place in
ZnSe layer. The electric field strength of ZnSe la
can be calculated by Maxwell’s equations. The res
tant equation for the ZnSe layer electric field stren
is

Ep = εi
Vtot,
εidp + εpdi
Fig. 4. Photoluminescence and absorption spectra of the dev

Fig. 5. Energy diagram of the hybrid device.

whereε is the dielectric constant,d is the layer thick-
ness, and the subscriptsi and p represent the PVK
and the ZnSe, respectively,Vtot is the voltage acros
the total hybrid device. Here the dielectric const
of PVK and ZnSe are 2.3 and 8.5, respectively,
thickness for PVK and ZnSe layer are 130 nm a
100 nm, respectively. It is easy to know that t
electric field strength of ZnSe layer is about 1.7 ×
105 V/cm, which is smaller than the electric fie
strength of conventional inorganic EL (usually mo
than 1 MV/cm)[13]. And it is difficult for electrons in
ZnSe layer to obtain sufficient energy to excite Zn
by impact excitation. That is to say the emission me
anism of our hybrid device is not the impact excitatio

The energy diagram of heterostructure is sho
in Fig. 5. Under a forward voltage, the electrons a
the holes are injected from cathode and anode,
spectively. At the interface of ZnSe/PVK, the barr
potential for hole is about 0.7 eV while the barrier p
tential for electron is about 1.6 eV[14,15]. That is to
say few electron can inject from the ZnSe layer in
the PVK layer. Electron is confined in the ZnSe lay
So the recombination zone of electron and hole is
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Fig. 6. The transient electroluminescence of the hybrid devic

mary restricted in the ZnSe layer. This is one of
reasons that the emission from PVK was weakly e
in enough high forward voltage. In other words, t
EL mechanism of the hybrid device is the carriers
jection and recombination, which is basically identic
to that of OLED. To further investigate the emissi
mechanism, transient electroluminescence of the
brid device was measured. Here sinusoidal app
voltage was used. The emission waveforms and
voltage waveforms, as shown inFig. 6, were recorded
by oscillograph. The emission from ZnSe can be
served only when voltage was positively biased. U
der a negatively biased, holes injection from Al
ZnSe is difficult because of the high barrier poten
at the Al/ZnSe interface (about 2.6 eV). The abse
of holes injection precludes the possibility of em
sion when the sample is negatively biased. In fa
we had prepared another hybrid device: ITO/ME
PPV/ZnSe/AL, where ZnSe as electron transport la
and MEH-PPV as emission layer. The emission w
from MEH-PPV and the emission from ZnSe was n
observed. This is also explained by large energy
rier (about 1.7 eV) for hole in the MEH-PPV/ZnS
interface that almost no holes can inject into the Zn
That is to say the barrier potential of the interfa
plays a critical role in this injection type electrolum
nescence device.

The emission mechanism of this organic–inorga
hybrid heterostructure device is different from dev
to device[8,16,17]. That is to say by utilizing differen
organic or inorganic materials, changing the thickn
of organic and inorganic layers or adjusting the r
ative height of barrier potential at organic–inorga
interface, we can tune the emission zone and ob
different emission from each layer. According to t
Fowler–Nordheim tunneling model[18], electrons in-
jection from cathode in the hybrid device was divid
into two steps: electrons first traverse the barrier ab
0.1 eV at Al/ZnSe interface then traverse the bar
about 1.6 eV at the interface of ZnSe/PVK. So, f
electrons can inject into PVK layer and most electro
are accumulated at the interface of ZnSe/PVK. T
reduce the electric field in the cathodic zone (the Zn
layer). So the electric field in the anodic zone increa
due to the redistribution of field. Then holes injecti
is more easily in higher field. Thus, more holes
injected into the ZnSe layer. The balance of carrier
jection is improved.

4. Conclusion

We have obtained blue EL of ZnSe thin film u
ing an organic–inorganic heterostructure with ZnSe
emission layer and PVK as holes transport layer.
EL mechanism of the hybrid device is the injection a
recombination of the carriers, which is basically ide
tical to that of OLED. The EL emission at 466 nm
come from the ZnSe layer. Our primary results op
the possibility of using II–IV compounds in low vol
age injection EL and provide a new way of obtaini
blue emission using an organic–inorganic heterost
ture.
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