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ABSTRACT 
 
A nanoporous alumina template has been developed that 

provides a practical and flexible method of fabricating 
semiconductor and metal nanowires on any desired 
substrate. In situ electrochemical techniques are used to 
transform a metal multilayer precursor to a nanoporous 
alumina template with the base of the pores terminating at a 
Pt contact. II-VI semiconductor nanowires have been 
fabricated using this template including CdTe, CdSe, CdS 
and ZnSe. A design for an IR photodetector is proposed. 
The goal of this work is to fabricate nanowire 
heterostructures that will use intersubband transitions 
within the conduction band to absorb and detect mid and 
long wavelength IR. Nanowires fabricated in such a way 
may have higher operating temperatures and the ability to 
absorb normally incident light. A sample application of 
these structure will be described, namely quantum wire 
photodetectors. The electron states, phonon states, 
intersubband transitions and optical absorption are also 
described. 
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1 INTRODUCTION 

       In recent years, the study of nanometer-scale materials 
(usually 1–100 nm) has been generating intense interest 
because structures at this size scale exhibit many properties 
that cannot be found in their bulk counterparts[1,4]. It is 
known that nanoscale semiconductor materials and devices 
are promising for high performance photonic and electronic 
devices due to the modifications of electronic and optical 
properties that occur when electrons are confined in one, 
two or three dimensions [1].  These modified properties can 
be used to develop new and promising devices for a variety 
of optoelectronic applications.  There are many self-
ordering nanowire fabrication techniques [2-5] but some of 
the most promising involve simple and versatile template 
based techniques that involve electrochemical synthesis of 
the template and the nanostructures within the 
template[5,6]. One such template-based technique involves 
the use of anodized aluminum oxide (AAO) [5-7].   As 
described in this work, AAO templates are fabricated 
starting from a structure composed of a substrate and 
several thin films including a top thick Al film. An 
electrochemical technique is used to transform this 

multilayer precursor into a nanoporous alumina template 
having pores with diameter ranging from 10nm-250nm. 
Undesirable oxide barrier layers are removed at the base of 
the pores using an electrochemical technique resulting in Pt 
contact at the base of the pores. This structure allows for an 
easy and practical method of fabricating II-VI semiconductor 
nanowires and application of these structures to 
optoelectronics devices.   

Applications of II-VI quantum wires, such as quantum 
wire intersubband photodetectors (QRIPs) and IR emitters, are 
being developed. In this paper, we will report on our work of 
fabricating II-VI semiconductor nanowire arrays using DC 
electrolysis into the pores of AAO template. Analyses of the 
electron quantum states, the surface optical and longitudinal 
optical phonon modes, electron-phonon interaction and 
incident light-electron interaction [8]. Nanowires fabricated in 
such a way will have the advantages of higher operating 
temperature compared to photodetector of previously grown 
materials, the ability to absorb normally incident light, and 
much cheaper fabrication procedures.  

 
2    DESIGN AND MODELING OF QRIP 

The concepts behind QRIPs are shown in Fig. 1. A QRIP 
is composed of an array of quantum wires with each wire 
having two segments, an “active wire” segment with a 
semiconductor with an electron affinity activeχ  and a “barrier 
wire” segment with a different semiconductor with an electron 
affinity barrierχ  (with barrieractive χχ > ).  When an IR 
photon, with 12 EE −>ωη , is incident on the device, electrons 
from the ground state are excited to the first excited state and 
can then cross over and through the barrier wire to the 
electrical contact, whereby producing a measurable 
photocurrent. These types of excitations within the conduction 
band of the active wire are called intersubband transitions.  
When considering the effective masses and electron affinities 
for compound II-VI semiconductors, it is seen that 
CdTe/CdSe and Zn1-xCdxSe/CdSe can be used for mid and 
long wavelength IR detection respectively with the CdSe in 
both structures serving as the active wire segment [9-12, 15]. 
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The starting point for any theoretical work on 

nanowires, for use in optical detectors or emitters, is an 
analysis of the quantized electron subband energy levels in 
the conduction and valence bands.   In this work, a finite 
difference time domain technique has been used to 
calculate these electron subband levels.  Figure 2 shows a 
plot of the energies of the electron states (relative to EC in 
CdSe) in uniform CdTe and CdSe quantum wires as a 
function of wire diameter.  It is necessary that the energies 
of the electron states match to a large degree in the two 
halves of the wire to allow for the electrons in the excited 
state in the active wire to easily drift to the barrier wire.  It 
is seen that the first excited state in the CdSe quantum wire 
(denoted as 2CdSe) matches the ground state in the CdTe 
quantum wire (denoted as 1CdTe) when the wire diameter is 

10.4 nm,  3CdSe matches 2CdTe when the wire diameter is 14.2 
nm, and 3CdSe matches 1CdTe when the wire diameter is 17.4 
nm.  These diameters (D) are achievable with the anodized 
alumina template and allow the flowing transitions: 

 
D = 10.4nm: 1CdSe→2CdSe→1CdTe  allowing 4.83 µm IR radiation detection 
D = 14.2nm:  1CdSe→3CdSe→2CdTe  allowing 3.17 µm IR radiation detection 

     2CdSe→3CdSe→2CdTe  allowing 4.95 µm IR radiation detection 
D = 17.4nm:  1CdSe→3CdSe→1CdTe  allowing 4.76 µm IR radiation detection 

              2CdSe→3CdSe→1CdTe  allowing 7.40 µm IR radiation detection 
 

Once all of the electron quantum states are calculated in 
the CdSe/CdTe QRIP, the absorption α(ω) can be calculated 
using first order perturbation theory and Fermi’s golden rule. 
In this case, the temperature is taken to be 300K, the CdSe is 
n-type, the CdTe is undoped.  Thus the absorption is produced 
almost entirely by the CdSe portion of the quantum wire [13].  
As a first approximation, the electron distribution is assumed 
to obey Fermi-Dirac distribution function denoted as F(E).  
This assumption is used only as a starting point because the 
true distribution of electrons in quantum wires and quantum 
dots can be significantly modified due to modified phonon 
scattering and electron density of states [14]. The absorption 
in this case can be written as: 
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where nwrie and Vwire are the index of refraction and volume of 
the wire, ê  is the polarization of the incident light and 
( )ωη−−Γ if EEL ,  is a Lorentzian function with linewidth 

Γ.  Figure 3 shows the absorption for a uniform CdSe 
quantum wire and a CdSe/CdTe heterostructure quantum wire 
at 300K.  The linewidth is chosen as 5 meV for all CdSe and 
CdTe transitions.  The absorption of the alumina in the IR is 
minimal with only a broad band between 10 and 20 µm.  This 
band is too broad to affect the sharp peaks of the QRIPs.  

 

 
 
 
 

Fig. 3.  The absorption of a 10.4 nm diameter CdSe
quantum wire.   

Fig 1:   The structures of a QWIP and QRIP.  If
normal incident light falls on the detectors only the
QRIP will produce an appreciable current because
of photon absorption selection rules.   

Fig.2. Top:  A schematic of an array of quantum wire
heterostructures that make up a QRIP.  Each wire is
composed of an active segment and a barrier segment.
Bottom:  In the active wire, an IR photon causes an
intersubband transition from 21 EE →  in the active
wire at which point the electron has the energy to
cross over to the barrier wire and to the electrical
contact. 
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3 ELECTRON-PHONON INTERACTION 
While the quantized electron and hole states are 

important, the effects of the reduced sized scale or 
dimensionality on the phonon modes are also of critical 
importance for many applications [14,15].  It has been 
suggested that QRIPs can be operated at higher 
temperatures and still have small dark current because the 
altered phonon modes and density of electron subband 
states produce enhanced electron confinement (in energy) 
to the ground state energy level than would typically occur 
in bulk material and quantum wells [14].  

Crouse [8] used both macroscopic and microscopic 
approaches to calculate the phonon modes in cylindrical 
quantum wires.  These calculations were similar to the 
macroscopic and microscopic calculations performed by 
Wendler [16] in the analysis of phonons in 2D dielectric 
slabs and Trallero-Giner [15] in the analysis of phonons in 
arbitrarily shaped nanostructures. Also the longitudinal 
optical (LO) and surface optical (SO) phonon modes were 
calculated, where, the LO and SO phonon modes were 
quantized and the electron-phonon Hamiltonian interaction 
term was derived [8].  Finally, the Boltzmann equation 
could be solved in a time-dependent way assuming a 
nonequilibrium situation of an applied bias and dark 
current, as was done by Yamada [14]. 

 
4 NANOWIRE FABRICATION 

The AAO template is described in this section 
including the various layers that allow the template (after 
some chemical procedures) to have a conducting Pt 
electrode at the base of the pores and the methods used to 
eliminate the undesirable barrier layers at the base of the 
alumina pores. Later, DC electrodeposition of II-VI 
nanowires is also discussed. 

The AAO templates with pore sizes of about 20-50nm 
were grown potentiostatically in an aqueous solution of 
0.5M H2SO4. The samples were made using n-type silicon 
substrates. The template is compose of several layers of 
different metals on a silicon substrate.  First, a Ti adhesion 
layer is deposited to improve the adhesion between the Si 
and Pt. Second, a Pt layer is deposited that will serve as the 
cathode for the electrochemical growth of the II-VI 
semiconductors.  Third, a Ti layer is deposited that will stop 
the anodization once the entire overlying Al is oxidized and 
to eliminate Pt-Al intermetallics. Finally a thick (0.5mm to 
1.5mm) Al layer is deposited that will be anodized and 
converted into the nanoporous alumina [7,20].    

Once the Al is completely oxidized, the bottom 
alumina barrier layer and TiO2 at the base of the pores is 
removed by ramping (i.e., increasing) the applied voltage 
across the electrochemical cell.  Eventually, the increasing 
electric field across the TiO2 produces an anodic 
breakdown and dissolution of the TiO2 at the base of the 
pores and subsequently exposing the Pt.  At this point, the 
template is ready for the DC electrodeposition of the II-VI 
quantum wire heterostructures. 

CdSe and CdTe were electrochemically deposited in an 
electrochemical cell with a platinum counter electrode as the 
anode and the AAO template with the Pt pore bases as the 
cathode. The synthesis uses a constant current to insure a 
constant nucleation rate, an aspect known to be important for 
high quality single crystalline type growth.  The synthesis is 
carried out by dissolving CdCl2 in di-methyl sulfoxide 
(DMSO) [18].  For the deposition of CdTe nanowires, the 
composition of the electrolytic bath used was 0.84 g CdCl2 
and 0.053g Te powder dissolved in 1000ml of DMSO. The 
electrolyte was maintained at a constant temperature of 130°C 
and a current density of 0.52mA/cm2 was passed between the 
cathode (sample) and anode. And similarly CdSe was 
cathodically deposited at the constant current density of 0.85 
mA/cm2 for 30~60 min at 185°C [19]. The electrolyte 
consisted of a solution of 0.05M CdCl2 and saturated 
elemental selenium in DMSO. 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Fig. 4.  Anodization Curve for Multilayer Template.
Green Curve shows current in mA, The voltage Ramp
is also shown in volts. Breakdown is prominent at
around 1300 secs, where current suddenly increases
by 50 orders of magnitude

Fig. 5.  SEM image of anodized aluminum on a Si
substrate. 
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5 DISCUSSION 

After anodization and voltage ramping, successful 
breakdown of the TiO2 is evident by characteristic 
oscillations in the current vs. time curve followed by a 
sharp increase in the current as an oxygen evolution 
reaction (OER) starts to occur at Pt surfaces at the base of 
the pores (Fig 4). Once the TiO2 is eliminated at the base of 
the pores, the pores are cleaned and widened by the 
phosphoric acid  etch and the template is ready for quantum 
wire deposition  [7, 20].  A scanning electron microscope 
(SEM) picture of cross-sectional view of the alumina after 
the Pt has been exposed, is shown in Fig. 5. The picture 
shows uniform wide pore equally distributed over the 
template. 

Fig 6 shows a typical SEM image of the CdTe 
nanowires prepared by DC electrodeposition in porous 
AAO multilayer template. The nanowires with uniform 
length, diameter, and direction of growth are observed in 
this figure. For both CdTe and CdSe nanowires, the 
diameter of the wire ranges from 20-30nm. The nanowires 
are clearly visible after dissolving the AAO  template. The  
images obtained for CdTe and CdSe verify that the 
nanotemplate allows for the growth of quantum wires in a 
practical and high performing way. Also, the voltage-time 
data from the DC electrodeposition clearly show ordered  
nucleation peaks suggesting highly ordered crystalline 
structures deposited within the alumina nanotemplate. 
Moreover, the Photoluminescence (PL) peak of fabricated 
sample was found to coincide with PL results found in the 
literature.  

6 CONCLUSION  
Monocrystalline II-VI nanowires can be grown by DC 

electrochemical deposition on nanoporous multilayer 
anodized aluminum oxide from non-aqueous electrolyte i.e. 
DMSO. A design for a IR photodetector using intersubband 
transitions in normal oriented II-VI semiconductor quantum 
wire heterostructures arrays has been described.   As the 
deposition technique is very simple and inexpensive, and 
synthesis technique very similar for different materials, it is 

convenient to grow different material nanowires and 
heterostructures, with the flexibility of modifying in a very 
controllable fashion the dimensions of the nanowires. This 
allows for photoabsorption in different regions of the 
spectrum and will allow for multi-wavelength forward 
looking, high temperature MWIR and LWIR focal plane 
arrays.  
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Fig 6. Cross-sectional view of CdTe nanowires grown
using alumina based nanotemplate. The alumina has
been removed to allow for the CdTe wires to be
imaged. 
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