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Cadmium telluride (CdTe) nanowires were grown on silicon substrate (100) by thermal evaporation method. The synthesised CdTe nanowires
were characterised by X-ray diffraction, field emission scanning electron microscope, energy-dispersive analysis of X-ray, and
photoluminescence techniques. The field emission characteristics have been investigated at room temperature. The J–E and I–t
characteristics were measured in a planar diode configuration at the base pressure of 1 × 10−8 mbar. Turn-on field defined for the emission
current density of 0.1 µA/cm2 has been found to be 2.2 V/µm and on the application of high applied electric field of 7.8 V/µm maximum
current density of 210 µA/cm2 has been achieved. The I–t measurement has been studied at the preset of 1 µA emission current for the
duration of 3 h. Overall nature of emission current has been seen to stable for duration of the measurement. To the best of the authors’
knowledge, this is a first report on field emission study of CdTe nanowires.
1. Introduction: One-dimensional (1D) nanostructures gain
importance as a building block for future electronic devices.
Nanowires are one of the potential candidates from 1D
nanostructure for electronic devices due to its high aspect ratio
and nanometric dimension [1]. Cadmium telluride (CdTe) is one
of the important II–VI semiconducting chalcogenide material
with direct bandgap of 1.45 eV [2]. Owing to direct optical
transmission CdTe is employed in the application of photovoltaic
applications as well as in gamma ray and infrared detectors and
also in electronic and optoelectronic devices [3]. The quantum
confinement effect appears in the nanoparticles of the CdTe by
controlling size and which offers the wide bandgap energy for the
visible spectrum [4]. The various techniques such as solvothermal
[5], hydrothermal [6], solution-based synthesis [7] and
electrochemical [8] are used for the synthesis of CdTe nanowires.

Field emission is purely quantum mechanical phenomenon,
where electrons are emitted from the surface of nanomaterials
under the action of the strong electrostatic field. Field emission is
geometry dependent phenomenon. For best field emitter, the
requirements are low turn-on field, high current density and stable
electron emission over long periods. It is achieved by controlling
the morphology or electronic properties of the synthesised materials
in the nanodimension. Various investigations show that semicon-
ducting nanowires are the good field emitters [9–11]. That is just
by controlling the dimension of materials at nanoscale the electron
emission characteristics can enhance.

In this Letter, we report the synthesis of CdTe nanowires on
silicon (Si) (100) substrate by vapour–liquid–solid (VLS) route.
Owing to the synthesis of CdTe nanowires on Si substrate, it can
be directly used for electronics applications.
Fig. 1 Schematic of synthesis approach to prepare CdTe nanowires
2. Experiment: The position controlled growth of CdTe nanowires
done by VLS route on gold (Au)-coated Si (100) substrate in the
horizontal tube furnace. A layer of Au (about 3 nm in thickness)
as a catalyst was coated on Si substrate by sputtering. Highly
pure 50 mg CdTe powder (99.99%, Sigma Aldrich) was filled in
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the quartz boat and was placed in the middle of the horizontal
quartz tube furnace. In a quartz tube at a distance of 22, 23 and
24 cm, the Au-coated Si substrate was kept downstream of the
gas flow from the centre. The Si substrate was first degreased in
an ultrasonic bath with acetone for 20 min and a thin layer of Au
film was coated by sputtering. Before reaction the purging of
quartz tube by argon (Ar) gas with a flow rate of 100 sccm
(standard cubic centimetres per minute) for an hour was done.
Then tube has been heated up to 950°C with a ramp of 8°C
min−1, and was kept at this temperature for 40 min with constant
Ar flow of 250 sccm. Then furnace was cooled to room
temperature under normal cooling (Fig. 1).

The surface morphology of as-synthesised CdTe nanowires has
been studied using field emission scanning electron microscope
(FESEM) (Model Hitachi S-4800). Phase of as-synthesised material
was recognised by X-ray diffraction (XRD) (D8 Advance, Bruker
instrument) and elemental composition of the CdTe nanowires
was analysed by energy-dispersive analysis of X-ray (EDAX).
Then optical property was studied by photoluminescence (PL) spec-
troscopy (Model Shimadzu RF-5301 PC). The field emission
current density–applied field (J–E) and current–time (I–t) measure-
ments were carried out by field emission microscope in a ‘close
proximity’ (planar diode) configuration. The CdTe nanowires
served as a cathode and a semi-transparent cathodoluminescent
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Fig. 2 Schematic of the field emission diode assembly

Fig. 3 FESEM images of CdTe nanowires grown at 950°C with constant Ar
flow 250 sccm at distance of
a, b 22 cm
c, d 23 cm
e, f 24 cm
phosphor screen as an anode. Fig. 2 is a schematic of diode assem-
bly for field emission study in case of CdTe nanowires. The area of
specimen was 0.25 cm2. Using vacuum compatible conducting
silver paste, the cathode was pasted onto a copper rod and fixed
at a distance of ∼1 mm in front of the anode screen. The cathode
did not show any appreciable degassing and vacuum was obtained
with usual speed. After baking the system at 150°C for 12 h, pres-
sure of ∼1 × 10–8 mbar was obtained. Keithley Electrometer (6514)
and a Spellman high-voltage DC power supply (0–40 kV, USA)
was used to take the J–E and I–tmeasurements at this base pressure.
Fig. 4 XRD pattern of the CdTe nanowires grown on a Si substrate
3. Results and discussion: The as-synthesised material was first
examined by FESEM observation. Figs. 3a, c and e are low
magnification and Figs. 3b, d and f are high magnification
FESEM images of as-synthesised material at distances of 22, 23
and 24 cm on Si substrate from source, respectively. At a distance
of 22 cm, the crystal like structure was grown of micrometre
range and at a distance 24 cm very few CdTe nanowires were
grown on Si substrate. However, at the distance 23 cm (Figs. 3c
and d ) highly dense CdTe nanowires were grown on a substrate
with an average diameter of ∼50 nm and length of a few microns.
This sample was used to examine further characteristics.
For the growth of the nanowires, the most suitable parameters are

observed such as temperature of 950°C, constant Ar flow of 250
sccm, time duration of 40 min and distance of the Si substrate at
23 cm. At the distance of 23 cm, possibly the flux of Cd and Te
vapour species may be high enough which leads into the
maximum and fast growth of CdTe nanowires in the horizontal
tube furnace.
A typical XRD spectrum of given CdTe nanowires is shown in

Fig. 4 exhibiting a set of well-defined diffraction peaks implying
the crystalline nature of the CdTe nanowires. The diffracted peaks
found at 23.7°, 46.5°, 56.7°, 62.3°, 71.3° and 76.3° are indexed
to the cubic crystalline structure of CdTe with lattice parameter
a = b = c = 6.48 Å (JCPDS Card No. #651085). Also, the diffraction
peaks at 38.2° and 63.6° corresponding to Si. There are no any
peaks related to other materials were found which shows the high
purity of the CdTe nanowires.
The stoichiometry of the CdTe as-synthesised nanowires was

analysed by EDAX, and the typical pattern is shown in Fig. 5.
Elemental analysis shows that the atomic ratio (Cd:Te) is nearly
1:1, which is consistent with CdTe.
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The PL of material is intricate because it is sensitive to the growth
conditions, crystal size and shape [12]. Fig. 6 gives the PL spectrum
of as-synthesised CdTe nanowires at room temperature. It shows
strong emission peak at 630 nm which is consistent with previous
literatures [13–15].

The field emission study of as-synthesised CdTe nanowires was
studied. The J–E plot of CdTe nanowires is shown in Fig. 7a. It
shows that turn-on field defined as the field required to draw an
emission current density of 0.1 μA/cm2 that has been found to be
2.2 V/μm. The maximum current density for CdTe nanowires has
been achieved to be 210 μA/cm2 on the application of high
applied electric field 7.8 V/µm. The Fowler–Nordheim (F–N)
plot, i.e. ln (J/E2) against (1/E), derived from the observed J–E
characteristic is shown in Fig. 7b showing the overall linear
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Fig. 7 Field emission results of CdTe nanowires
a J–E plot of CdTe nanowires
b F–N plot derived from J–E plot

Fig. 8 I–t plot of the CdTe nanowires with field emission image as inset

Fig. 5 EDAX spectrum of the CdTe nanowires
behaviour [9]. The I–t plot at the preset of 1 µA emission current for
the duration of 3 h is shown in Fig. 8. Field emission image shown
as inset of Fig. 8 depicts large number of tiny spots indicating the
participation of large emitter in the field emission. Overall, stable
emission current is found for the duration of the measurement.
The emission current shows the small amount of instabilities/fluctu-
ation in the form of ‘spikes’. During the emission process, there
might be some gas molecules present inside the field emission
chamber, due to adsorption, desorption of these gas molecules
and ion bombardment phenomenon results to instabilities in emis-
sion current [16]. The average emission current of the CdTe nano-
wires emitter remains constant over the entire duration which shows
no signs of degradation.

The field enhancement factor (β) estimated from observed F–N
plot mathematically expressed as follows [17]

b = − (6.8× 103)∅(3/2)
slope

where ∅ is the work function of the material.
By considering the work function for CdTe as 5.7 eV [18], field en-

hancement factor has been found to be 4125. The high value of β sup-
ports the observed low turn-on field value for CdTe nanowires [19].

The field emission properties of CdTe nanostructures are unex-
plored hence comparison for low turn-on field between II–VI
group semiconducting nanowires and present study has been
done as shown in Table 1 [20–24]. It indicates that turn-on field
for CdTe nanowires in the present work is lower than II–VI
group semiconducting nanowires.
Fig. 6 PL spectra of CdTe nanowires

Table 1 Turn-on field of different metal–oxide nanostructure

Sl.
no.

Material Turn-on field (for 0.1
µA/cm2)

References

1 zinc oxide (ZnO)
nanowires

6.0 V/µm [20]

2 ZnO nanowires 6.8 V/µm (for 10 µA/
cm2)

[21]

3 ZnO nanorods 3.6 V/µm (for 10 µA/
cm2)

4 zinc sulphide
nanowires

5.41 V/µm [22]

5 zinc selenide
nanowires

4.05 V/µm [23]

6 cadmium selenide
nanowires

4.3 V/µm (for 10 µA/
cm2)

[24]

7 CdTe nanowires 2.2 V/µm present
study
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4. Conclusion: CdTe nanowires has been synthesised by the simple
thermal evaporation technique through VLS mechanism. FESEM
image of synthesised material shows the formation of highly dense
CdTe nanowires. The given nanowires emitter shows the
promising field emission behaviour in terms of low turn-on field,
stable field emission current. The observed low turn-on field may
be due to the high value of β as well as nanometric features of the
CdTe nanowires. Better field emission behaviour in terms of low
turn-on field and better emission stability makes the present emitter
more suitable for micro/nano-electronics device applications.

5. Acknowledgments: Padmakar G. Chavan and Girish P. Patil are
thankful to Science and Engineering Research Board of the
Department of Science and Technology (SERB-DST),
Government of India for financial support under the scheme of
Empowerment and Equity Opportunities for Excellence in
Science (EMEQ) (ref. no.: SB/EMEQ-208/2013 dated 23/08/2013).

6 References

[1] Matei E., Florica C., Costas A., ET AL.: ‘Electrical properties of single
CdTe nanowires’, Beilstein J. Nanotechnol., 2015, 6, pp. 444–450

[2] Golgovici F., Buda M.: ‘Some properties of nanostructured CdTe
films from choline chloride – malonic acid ionic liquid’,
Chalcogenide Lett., 2013, 10, pp. 325–334

[3] Ramiro J., Perea A., Trigo J.F., ET AL.: ‘Pulsed laser deposition and
electrodeposition techniques in growing CdTe and CdxHg1−xTe
thin films’, Thin Solid Films, 2000, 361–362, pp. 65–69

[4] Baskoutas S., Terzis A.F.: ‘Size-dependent band gap of colloidal
quantum dots’, J. Appl. Phys., 2006, 99, pp. 013708–013708-4

[5] Yang Q., Tang K., Wang C., ET AL.: ‘PVA-assisted synthesis and char-
acterization of CdSe and CdTe nanowires’, J. Phys. Chem. B, 2002,
106, pp. 9227–9230

[6] Yong S.M., Muralidharan P., Jo S.H., ET AL.: ‘One-step hydrothermal
synthesis of CdTe nanowires with amorphous carbon sheaths’,Mater.
Lett., 2010, 64, pp. 1551–1554

[7] KunoM., Ahmad O., Protasenko V., ET AL.: ‘Solution-based straight and
branched CdTe nanowires’, Chem. Mater., 2006, 18, pp. 5722–5732

[8] Zhao A.W., Meng G.W., Zhang L.D., ET AL.: ‘Electrochemical synthe-
sis of ordered CdTe nanowire arrays’, Appl. Phys. A, 2003, 76, pp.
537–539

[9] Kakade B.A., Pillai V.K., Late D.J., ET AL.: ‘High current density, low
threshold field emission from functionalized carbon nanotube bucky
paper’, Appl. Phys. Lett., 2010, 97, pp. 0731021–0731023
Micro & Nano Letters, 2016, Vol. 11, Iss. 3, pp. 160–163
doi: 10.1049/mnl.2015.0411
[10] Chavan P.G., Shende S.V., Joag D.S., ET AL.: ‘Photo-enhanced field
emission study of TiO2 nanotubes array’, Ultramicroscopy, 2011,
111, pp. 415–420

[11] Shinde M.D., Chavan P.G., Umarji G.G., ET AL.: ‘Field emission and
photo-catalytic investigations on hierarchical nanostructures of
copper doped CdS synthesized by kitchen-chemistry approach’,
J. Nanosci. Nanotechnol., 2012, 12, pp. 3788–3798

[12] Xia Y.N., Yang P.D., Sun Y.G., ET AL.: ‘One dimensional nanostruc-
tures: synthesis, characterization, and applications’, Adv. Mater.,
2003, 15, (5), pp. 353–389

[13] Rakovich Y.P., Jackel F., Donegan J.F., ET AL.: ‘Semiconductor nano-
wires self-assembled from colloidal CdTe nanocrystal building
blocks: optical properties and application perspectives’, J. Mater.
Chem., 2012, 22, pp. 20831–20839

[14] Hou J., Yang X., Lv X., ET AL.: ‘One-step synthesis of CdTe branched
nanowires and nanorod arrays’, Appl. Surf. Sci., 2011, 257, pp.
7684–7688

[15] Rakovich Y.P., Gun’ko Y., Gaponik N., ET AL.: ‘Highly emissive
CdTe nanowires grown in a phosphate buffer solution: FLIM
imaging and spectroscopic studies’, Proc. SPIE, 2010, 6728, pp.
672805/1–672805/6

[16] Shinde D.R., Chavan P.G., Sen S., ET AL.: ‘Enhanced field-emission
from SnO2:WO2.72 nanowire heterostructures’, ACS Appl. Mater.
Interfaces, 2011, 3, pp. 4730–4735

[17] Devarapalli R., Kashid R., Deshmukh A., ET AL.: ‘High efficiency
electron field emission from protruded graphene oxide nanosheets
supported on sharp silicon nanowires’, J. Mater. Chem. C, 2013, 1,
pp. 5008–5014

[18] Bhandari K.P., Koirala P., Paudel N.R., ET AL.: ‘Iron pyrite nanocrystal
film serves as a copper-free back contact for polycrystalline CdTe thin
film solar cells’, Sol. Energy Mater. Sol. Cells, 2015, 140, pp.
108–114

[19] Sinha G., Panda S.K., Datta A., ET AL.: ‘Controlled growth of well-
aligned GaS nanohorn like structures and their field emission proper-
ties’, ACS Appl. Mater. Interfaces, 2011, 3, pp. 2130–2135

[20] Lee C.J., Lee T.J., Lyu S.C., ET AL.: ‘Field emission from well-aligned
zinc oxide nanowires grown at low temperature’, Appl. Phys. Lett.,
2002, 81, (19), pp. 3648–3650

[21] Liao L., Lia J.C., Wang D.F., ET AL.: ‘Electron field emission studies
on ZnO nanowires’, Mater. Lett., 2005, 59, pp. 2465–2467

[22] Biswas S., Ghoshal T., Kar S., ET AL.: ‘ZnS nanowire arrays: synthesis,
optical and field emission properties’, Cryst. Growth Des., 2008, 8,
pp. 2171–2176

[23] Su Q., Li L., Li S., ET AL.: ‘Field-emission property of ZnSe nanoar-
rays’, Micro Nano Lett., 2012, 7, (10), pp. 1053–1055

[24] Li G., Zhai T., Jiang Y., ET AL.: ‘Enhanced field-emission and red
lasing of ordered CdSe nanowire branched arrays’, J. Phys. Chem.
C, 2011, 115, pp. 9740–9745
163
& The Institution of Engineering and Technology 2016


	1 Introduction
	2 Experiment
	3 Results and discussion
	4 Conclusion
	5 Acknowledgments

