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Abstract. ZnTe amorphous semiconductor nanowires array was electrodeposited into the
nanochannels of ion-track etched polycarbonate membrane thin films from acidic aqueous
solution at 313 K. ZnTe electrodeposits with Zn-rich composition was obtained over the wide
range of cathode potential from -0.8 V to -1.1 V and the growth rate of ZnTe amorphous
nanowires was around 3 nmesec™ at the cathode potential of -0.8 V. Cylindrical shape of the
nanowires was precisely transferred from the nanochannels and the aspect ratio reached up to
ca. 40. ZnTe amorphous phase electrodeposited at 313 K was crystallized by annealing at 683
K and the band gap energy of ZnTe crystalline phase reached up to ca. 2.13 eV.

1. Introduction

I1-VI compound semiconductors (CdSe, CdTe, ZnSe, ZnTe, etc.[1, 2]) with wide band gap energy can
be applied to the opto-electronic devices. Among of the 11-VI compound semiconductors, ZnTe can be
applied to green light emission diodes and photovoltaic solar cells because the band gap energy is 2.26
eV, which corresponds to around 550 nm. ZnTe thin films can be prepared using several techniques
such as, thermal evaporation [3], sputtering [4], chemical vapor deposition [5] and electrodeposition
form aqueous [6-9] or non-aqueous [10-13] solution. By the way, one-dimensional semiconductor
nanowires with a large aspect ratio have received much attention due to their shape anisotropy and
extremely large surface area [14, 15]. Nanowires can be fabricated by electrochemically depositing
metallic atoms into a nano-well template with numerous nanochannels such as anodized aluminum
oxide films or polycarbonate membrane films [16-18]. T. Gandhi et al. [19] and Y. Liu et al. [20]
reported that ZnTe nanowires or nanoparticles can be electrodeposited into an anodized titanium oxide
nanotubes array. However, for the opto-electronic device application, it is quite difficult to obtain the
uniform structure of electrodeposited ZnTe nanowires array using a conductive titanium oxide
template. In this paper, ZnTe amorphous semiconductor nanowires array was synthesized into the
nanochannels of non-conductive ion-track etched polycarbonate membrane thin films to obtain a novel
semiconductor device with extremely large surface area. Crystallization process and optical properties
of the electrodeposited ZnTe were also investigated.
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2. Experimental Procedures

Figure 1 shows experimental apparatus for electrodeposition of ZnTe thin films and nanowires. Bath
composition and electrolysis condition are also shown in this figure. Aqueous electrolytic solutions
were synthesized from ZnSO4+7H,0 (0.1 M), TeO, (0.002 M), Na,SO, (0.5 M), H;Cit (citrate acid:
0.05 M) and NazCite2H,0 (sodium citrate: 0.05 M). The solution pH was adjusted to 4.0 by adding
sulfuric acid and sodium hydroxide and the solution temperature was kept to 313K. Glass sheets
coated with ITO were used as a cathode for growing ZnTe thin films, while ion track-etched
polycarbonate membrane films were used as a template for growing ZnTe nanowires. Optimum
deposition potential for growing ZnTe was determined by a cathodic polarization curve measured over
the wide range of potential window. ZnTe were electrodeposited potentio-statically keeping the
cathode potential to -0.8 V. Crystal phase, structure and chemical composition of electrodeposited
ZnTe was investigated by using XRD and EDX. Band gap energy of ZnTe was estimated by using
UV-VIS absorption spectroscopy.
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Bath Composition | Electrolysis Condition
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Figure 1. Experimental apparatus for electrodeposition of ZnTe thin films and
nanowires (Bath composition and electrolysis condition are also shown in this figure).

3. Results and Discussion
3-1. Electrodeposition process of ZnTe nanowires
Cathodic polarization curve for electrodeposition of ZnTe from an aqueous solution containing Zn®*
and TeCit" ions is shown in Fig.2. At the potential of ca. -0.2 V, TeCit" ions began to be reduced.
With increasing the current up to 10> A/m’ the potential polarized to around -0.4 V and H' ions began
to deposit. With increase in the current over 10 A/m’, the potential polarized from -0.4 V to -1.0 V. In
this potential range, the pH in the vicinity of the cathode can increase up to around 6 due to the
diffusion limit of H" ions and TeCit" ions, then Zn(OH), forms in the vicinity of cathode.
Electrodeposition of ZnTe will proceed by Zn UPD due to the formation of Zn(OH), by the following
reaction.
Zn** + 20H — Zn(OH),
Zn(OH), + TeCit" + 6" — ZnTe + 20H + Cit”™

Zn-Te films deposited in the potential range from -0.8 V to -0.9 V mainly contained ZnTe phase with
stoichiometric composition. Furthermore, with increase in the current more than 50 A/m’, the potential
polarized to less-noble than -1.0 V. In the potential range, massive metallic Zn began to deposit from
Zn(OH),.
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Figure 2. Cathodic polarization curve for electrodeposition of ZnTe from an
aqueous solution containing Zn®* and TeCit" ions.

Figure 3 shows the effect of cathode potential on Zn content in electrodeposits obtained from
aqueous solutions containing Zn?* and TeCit" ions. In the cathode potential range less-nobler than -0.9
V, Zn content in electrodeposit was more than 60%. On the other hand, in the cathode potential range
nobler than -0.8 V, Zn content in electrodeposit was close to 50%. T. Ishizaki et al. reported that the
potential-pH diagram at pH4.7 of Zn-Te-Cit-H,O system and predicted that ZnTe can be
electrodeposited over the wide range of cathode potential from -0.45 V to -1.1 V [21]. Therefore, in
this study, ZnTe electrodeposits with Zn-rich composition could be obtained over the wide range of
cathode potential from -0.8 V to -1.1 V.
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Figure 3. Effect of cathode potential on Zn content in electrodeposits
obtained from aqueous solutions containing Zn** and TeCit" ions.

Figure 4 shows effect of cathode potential on the time-dependence of cathodic current during
electrodeposition of ZnTe nanowires. To determine the growth rate of nanowires, the filling time of a
nanochannel 6000 nm in length was estimated by monitoring the time-dependence of deposition
current at each cathode potential as shown in Fig.4. When the nanochannels are filled and the
nanowires reach the membrane surface, the current will increase drastically due to the formation of
hemispherical caps. The growth rates were estimated by dividing channel length by channel-filling
time. At -0.7 V, the filling time is around 3000 s and the deposition rate is estimated to be about 2 nm
st Whille the filling time is close to 2000 s at —0.8 V and the deposition rate is estimated to be around
3nms™.
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Figure 4. Effect of cathode potential on the time-dependence of
cathodic current during electrodeposition of ZnTe nanowires.

SEM images of electrodeposited ZnTe nanowires separated from polycarbonate membrane filters
with pore diameter 160nm are shown in Fig.5. The cylindrical shape was precisely transferred from
the nanochannels to the nanowires and the aspect ratio reached up to ca. 40.

Figure 5. SEM images of ZnTe nanowires electrodeposited at -0.7 V, -0.8 V and -0.9 V.
Nanowires were separated from polycarbonate membrane filters with pore diameter 160nm.

3-2. Crystallization process and optical properties of electrodeposited ZnTe

XRD patterns for as-deposited ZnTe films and annealed ZnTe films are shown in Fig.6. As-
deposited ZnTe was composed from an amorphous phase, while the deposit was crystallized with
annealing at 653 K for 5 hours and that contained binary phases of ZnTe and Te. On the other hand,
the deposit with annealing at 683 K for 5 hours contained a single phase of ZnTe. A. B. Kashyout et al.
reported that ZnTe electrodeposition from an aqueous solution containing ZnCl,, TeO, and HCI [22].
They found that the electrodeposits annealed at 623 K composed from Te single phase, while the
deposits annealed at 648 K and 673 K consist of ZnTe single phase. Melting points of Te and ZnTe are
718 K and 1563 K. Therefore, higher annealing temperature would be necessary to obtain ZnTe single
phase.
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Figure 6. XRD patterns for as-deposited ZnTe, annealed at 653 K, 663
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UV-VIS absorption spectra and (ahv)? vs. hv plot for determining the band gap energy of
electrodeposited ZnTe are shown in Fig.7. In the wave length range less than around 550nm, optical
absorption behavior was observed in the deposit with a single phase of ZnTe. Therefore, the band gap
energy of the deposit with ZnTe single phase was estimated to be around 2.13 eV. M. Neumann-
Spallart et al. reported that ZnTe electrodeposition on TCO (F-doped SnO, covered glass) from an
aqueous solution containing ZnSO,, TeO, and K,SO,4 [23]. They estimated that the band gap energy of
electrodeposited ZnTe are around 2.15 eV which is quite close to our experimental data.
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Figure 7. UV-VIS absorption spectra and (ahn)®> vs. hn plot for
determining the band gap energy of electrodeposited ZnTe.

4. Conclusions

Optimum cathode potential for electrodeposition of ZnTe was determined to be -0.8 V and the growth
rate of ZnTe nanowires was around 3 nmesec™. As-deposited ZnTe was composed from an amorphous
phase, while the deposit was crystallized with annealing and band gap energy of the deposit with ZnTe
single phase showed 2.13 eV.
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