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ABSTRACT 

     The quantum confinement energy in tris(8-hydroxyquinoline) aluminum (Alq3)/ ZnSe 
heterostructures as single quantum wells (SQW)  thin films grown by an e-beam evaporator with 
a well thickness from 5 nm to 50 nm were investigated by room-temperature photoreflectance 
(PR) measurements.  PR features due to an optical transition energy were observed in the SQWs 
of well thicknesses. The transition energies were determined by fitting the PR spectra to the 
theoretical line-shape expression.  The transition energy decreased with increasing well 
thickness due to the increase of the well size in addition to the reduction of quantum 
confinement energy.  
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INTRODUCTION 
The organic light emitting  

material such as Tris(8-
hydroxyquinoline)aluminum(III), Alq3, has 
been expected to play a significant  role in 
future display technology, since it has a high 
fluorescence quantum efficiency and 
semiconductor properties.   The Alq3 is used in 
organic light-emitting diodes (OLEDs) as an 
electron transport material and emitting layer. 
The unique structural characteristics of the 
organic and inorganic materials provide for 
equally interesting and potentially useful 
physical properties.  For example, thermal 
evaporation of amorphous multilayers of 
copper pthalocyanine (CuPc) and TiO2, with a 
periodicity of 5 nm forms a composite 
material with a modulated electronic structure 
analogous to that of type-II quantum well 
structures (Takada, et al. 1992; and Takada, 
et al. 1995).  The physical properties of the 
organic and inorganic quantum well structure 
is a two-dimensional quantum confinement 
effect due to the large difference in the band 
gaps and the dielectric constants between 
layers.  

      Modulation spectroscopy is an 
important technique for the study and 
characterization of energy-band structures of 
semiconductors. Modulation techniques such 
as electroreflectance (ER) and 
photoreflectance (PR) are particularly useful 
since they yield spectra with sharp features at 
the critical-point energies. The features in the 
spectra appear at energies corresponding to 
the band gap characteristic points or other 
peculiarities in the dielectric function. PR is 
of considerable interest because it is 
contactless,  requires no special mounting of 
the sample, can be performed in a variety of 
transparent ambients, and is sensitive to 
surface and interface electric fields (Nukeaw, 
et al. 1997; and Nukeaw, et al. 1998). Reddy, 
et al. (1987) have reported PR results on 
GaAs/(Al,Ga)As multiple quantum wells of 
different well thicknesses. Their results were 

concerned with transitions involving the so-
called ‘unconfined’ states. Furthermore 
Reddy, et al. (1987), they have performed PR 
studies on a series of InGaAs/GaAs single 
quantum wells (SQWs) of different well 
thicknesses in the range from 80 Å to 120 
Å.Their study indicated that the conduction-
band discontinuity is 0.420 eV. Yaguchi,   
et al. (1993)  have studied  the  band offsets 
at the hetero-interface GaAs/GaAs1-xPx 
SQWs structures of different well thicknesses 
in the range from 50 Å to 200 Å using PR.  
The band offsets were found to be almost 
linearly dependent on the phosphorus 
composition in the range of x  < 0.23.  
However little research with respect to PR 
studies on organic and inorganic SQW 
structures has been reported. 

      In this report, we investigated the  
optical transition energy of Alq3/ZnSe 
heteostructures as SQW with well thickness 
from  5 to 50  nm by  PR  measurements. 

EXPERIMENTS 
The samples were prepared using a 

high vacuum multi-pocket electron-beam 
evaporator (Edwards AUTO306). The film 
thickness was measured by x-tal as a 
thickness monitor (Edwards FTM7). A 200 
nm ZnSe buffer layer was grown on glass 
substrates at room temperature, followed by 
Alq3 layers with varied thickness from 5 nm 
to 50 nm, and a 200 nm ZnSe cap layer, 
respectively.  The Alq3 bulk sample with 
thickness of 1 µm was used as a reference. 

         In our PR measurements, a 
modulation light was provided by a 442 nm 5 
mW He-Cd laser. The chopped laser light 
was irradiated onto the sample with a spot 
radius of about 1 mm. The chopper frequency 
is 400 Hz.  A 100 W tungsten lamp was 
dispersed by a 25 cm monochromator and 
used as a probe light. The reflected probe 
light from the sample was detected by an Si 
detector, and the signal from the detector was 
fed to a lock-in amplifier. 
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RESULTS AND DISCUSSION 
     A scanning electron micrograph 
(SEM) obtained on a nanocrystalline ZnSe 
surface is shown in Figure 1, while an atom 
force micrograph (AFM) image obtained on 
Alq3 as small-molecular thin films are shown 
in Figure  2, respectively. 
 

igure 1 A SEM obtained on nanocrystal-

The PR spectrum of bulk alq3 is 
shown 

 
F
ZnSe surface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 AFM images obtained on small-
molecular Alq3 thin films. 

in Figure 3, while PR spectra of all the 
samples are shown in Figure 4.  The 
transition energies from the Alq3 well are 
observed. The PR spectrum of the bulk alq3 
is similar to that of 50 nm SQW. 

 

 
 

igure 3 Room-temperature PR spectra of F
bulk alq3 sample. 

 
Figure 4 Room-temperature PR spectra as a 

The PR spectra as a function of 
photon

function of the well thickness. The transition 
energies determined  by the fittings are 
indicated by arrows. 
 

 energy can be analyzed using the 
familiar Aspnes third-derivative function in 
the low electric field limit Aspens (1973), i.e., 
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     Here, R is the reflectance, ∆R is the 
ced

energy level associated with 

indu  change in the reflectance by  
modulation light, E is the photon energy, p is 
the total number of spectral structures to be 
fitted Egi ,Γj , Cj  and θ j are transition energy, 
broadening parameter, amplitude and phase, 
respectively, of the feature corresponding to 
the jth critical point. The parameter n is a 
factor used to specify the critical point 
dimension. 

     The 
transition energy was determined by least-
square fitting of Eq. (1) to PR spectra 
obtained experimentally. In this calculation, 
the n value is 3 for the quantum well transiton 
feature (Misiewicz, et al. 1994; and Basmaji, 
et al. 1990). The transition energy obtained 
from these fittings as a function of the well 
thickness is shown in Figure 5. The transition 
energy decreased with increasing well 
thickness. 

 
Figure 5 Dependence of transition energy on 

Huang, et al. (1998) reported for the 
first tim

electronic structure of the 
conduc

CONCLUSIONS 
rements were used to 

investig

well thickness. 

e organic multiple-quantum-well-like 
electroluminescent (EL) devices fabricated by 
the doping technique. The EL device consists 
of N,N´-Bis(3-methyphenyl)-N,N´-
diphenylbenzidine used as a hole transporter, 
undoped Alq3 as a barrier potential or an 
electron transporter, and Alq doped with 

5,6,11,12-tetraphenylnaphthacene as a 
potential well and a light emitter. The 
quantum confinement effects of well width 
and well number on EL device properties was 
demonstrated. Tokito, et al. (1994) reported 
that a new class of superlattice materials 
consisting of alternating layers of organic and 
inorganic materials has been prepared from 
Alq3 and MgF2 by vacuum deposition. The 
Alq3 layer thickness in the superlattices was 
varied from 10 to 50 Å.  From the optical 

absorption and photoluminescence 
measurements, it was found that the exciton 

energy shifts to higher energy with 
decreasing Alq3 layer thickness. The changes 
of the exciton energy could be interpreted as 

the confinement effects of exciton in the Alq3 
thin layers.  

The 
tion and valence bands of ZnSe have 

been measured to be at –4 and –6.7eV below 
the vacuum level. The lowest unoccupied 
molecular orbital (LUMO) and highest 
occupied molecular orbital (HOMO) levels of 
Alq3 are at –4.8 and –6.4 eV, respectively  
(Mason, et al. 2001). From the configuration 
and the energy band diagrams, the structure 
was like an inorganic quantum well structure, 
so conveniently, it was called an organic-
inorganic quantum well structure, where 
ZnSe acts as a barrier potential and Alq3 as a 
potential well.  The transition energy 
decreases with increasing thickness might be 
due to the increase of well results in the 
reduction of quantum confinement energies. 
A decrease in the size should affect the 
properties of the film. The properties of larger 
size film should be similar to that of the bulk 
where the effect of quantum confinement is 
small. 

 PR measu
ate optical transition energies in 

ZnSe/Alq3/ZnSe SQWs with a well  
thicknesses from 5 to 50 nm  grown by an 
electron-beam evaporator. The PR spectra 
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showed the optical transition energy in the 
SQWs. The transition energy was determined 
by fitting the PR spectra to the theoretical 
line-shape expression.  The optical transition 
energy decrease with an increasing thickness 
might be due to the increase of well size in 
addition to the reduction of quantum 
confinement energy.  
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