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The CdTe thin and thick films were obtained by the close 
spaced vacuum sublimation technique on a glass sub-
strate under the following growth conditions: the evapo-
rator temperature was 620 °C; and the substrate tempera-
ture was varied in the range from 250 °C to 550 °C. High 
purity CdTe powder was used as a charge for evaporation. 
The Raman spectra were measured using TRIAX 320 
and TRIAX 550 spectrometers at room temperature. The 
488-nm line and 514.5-nm line of an Ar+ laser and a

785-nm diode laser were used as excitation sources. The 
signal was collected by the liquid nitrogen cooled charge-
coupled-device (CCD) detector. A number of intense 
Raman peaks at 140, 167, 190, 271, 332 and 493 cm-1 
were observed and were interpreted as TO (140 cm-1), 
1LO (167 cm-1), 2LO (332 cm-1), 3LO (493 cm-1) phonon 
modes and plasmon-phonon mode (190 cm-1). The pres-
ence of several phonon replicas in the Raman spectra 
confirms high crystal quality of the samples. 
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1  Introduction  
Due to its unique physical properties, CdTe is one of 

the most promising materials for the fabrication of semi-
conductor detectors of X-ray, γ-ray, and other types of nu-
clear radiation that can operate at room temperature. CdTe-
detectors (ZCdTe ~ 50) have significant advantages over de-
tectors based on Si and GaAs and can be successfully used 
for the spectral analysis of the radiation in a wide range of 
energies. Energy resolution R of monocrystalline CdTe-
detectors at room temperature reaches the following val-
ues: for spectral line E = 59.6 keV of an 241Am source, R = 
0.83 keV and R = 1.2 keV for the E = 662 keV line of an 
137Cs source [1-3]. 

In order to reduce the cost of hard radiation detectors 
in recent years using thick (to 100 microns) structurally 
perfect epitaxial and polycrystalline films of cadmium tel-
luride was suggested instead of using bulk single crystals 
[4-9]. Testing technology for base layers of instruments 
and detectors based on CdTe thick films has been studied 
by [10-12]. However, the possibility of using thin films of 
cadmium telluride layers to detect hard radiation has not 
been sufficiently investigated yet, and appropriate work to 
create a film detectors virtually absent. 

Raman spectroscopy is a powerful method of studying 
the composition and quality of the crystal structure of sem-
iconductor compounds. So far Raman spectra of bulk sin-
gle crystals of CdTe have been mainly investigated. In 
contrast to this, the Raman spectra of polycrystalline cad-
mium telluride have been insufficiently studied and only 
discussed at [13-16]. Therefore, the study and comparison 
of Raman spectra of thin and thick CdTe films, obtained 
under different modes of deposition, are relevant. 

 

2 Experimental details 
Thin (d = 3-5 μm thickness) and thick (d = 80-100 µm 

thickness) CdTe films were deposited from semiconductor 
purity powder on cleaned glass substrates by the CSVS 
method in a vacuum chamber under a residual gas pressure 
of about 6×10–3 Pa [17]. To deposit CdTe films, we used 
various substrate temperatures, Ts, ranging from 250 °C to 
550 °C and an evaporator temperature, Te, of 620 °С. The 
deposition time was 5-30 minutes.  

We studied the films’ surface morphology by scanning 
electron microscopy (SEM). The average grain size (D) 



1516 D. Nam et al.: Raman investigation on thin and thick CdTe films 
 

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  www.pss-c.com 

p
h

ys
ic

ap s sst
at

u
s

so
lid

i c

was determined by the Jeffries method [18], while the 
thickness of the films was measured by the interference 
method and from SEM images of their cross-section. 

The structural analysis of thin films was carried out 
with a DRON 4-07 X-ray diffractometer using a Ni-filtered 
KαCu radiation source in the range of diffraction angles 2θ 
from 20° to 80°, where 2θ is the Bragg angle.  

Phase analysis was undertaken via comparisons of the 
interplane distances and relative intensities of the films and 
the JCPDS reference data [19].  

Raman spectra measurements were carried out at room 
temperature (T = 20 °C) using Jobin-Yvon TRIAX 320 and 
TRIAX 550 spectrometers. An Ar+ laser with the wave-
lengths of λ = 488 nm and 514.5 nm (50 mW, TRIAX 320, 
TRIAX 550) and a 785-nm diode laser (3 mW, TRIAX 
320) were used as excitation sources. The input slit width 
was 0.1 mm. The resulting signal was detected using a liq-
uid-nitrogen-cooled charge coupled device (CCD) detector. 
Each spectrum was acquired for 100 seconds (5 seconds, 
20 times). Long-pass filters were used to eliminate Ray-
leigh scattering of light from the laser. Details of measur-
ing Raman spectra and equipment used in this case are de-
scribed in [20]. 

 
3  Results and discussion  
Figures 1(a), (b) and (c) show the surface SEM image 

of CdTe-film. We determined that the growth mechanism 
of the films changes with increasing temperature. We ob-
served the layer-by-layer growth of the fine-grained films 
obtained at a low substrate temperature Ts < 1/3Tm (where 
Tm = 1092 °C  is the melting point). 

 

 
Figure 1 Surface SEM images of the thin CdTe films obtained at 
Ts = 550 °C (a); and thick at Ts = 400 °C (b); Ts = 550 °C (c); and 
cross-section film obtained at Ts = 550 °C (d) 

 
In contrast, films obtained at higher substrate tempera-

tures have a column-like structure; and the diameter of the 
columnar grains depends on the growth conditions and 
films’ thickness d . Furthermore, the size of the grains (D) 

increases with Ts and d; for example, thin CdTe films ob-
tained at Tе = 620 °C and Ts = 550 °C have a grain size D 
≈3-4 μm, thick D ≈ 70 μm (Fig. 1(c)). More detailed 
growth mechanism and structural features of CdTe films 
are described in [21, 22]. 

 
 Figure 2 XRD patterns of the CdTe films: all (a); Ts = 250 °C 
(b) and Ts = 550 °C (c). 
 

Diffraction patterns are shown in Fig. 2. Traces of the 
hexagonal phase were detected in films obtained at Ts < 
200–250 °C (peaks at 22.2°-22.3° - (100)h, 24.8°-25.2° - 
(101)h and 42.8°-42.9° - (103)h), Fig. 2b, whereas XRD 
patterns of the CdTe  films deposited at higher substrate 
temperature (Ts = 300-550 °C) show only cubic single 
phase (see Fig. 2(c)). 
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Figures 3-5 are the Raman spectra from the CdTe films, 
deposited under different conditions. Figure 3 shows the 
Raman spectra of thick CdTe samples grown at 350 °C–
550 °C measured with the 488-nm excitation. In addition 
to the dominant 1LO at 167 cm–1, a 2LO signal is clearly 
seen [23]. The 3LO signal is not well resolved. The 1TO 
signal at 140 cm–1 is not observed due to the instrument 
limitation in low-frequency detection. For samples grown 
at higher temperatures, a peak at 271 cm–1 is also observed. 
Its origin is not clear: its frequency is close to that of 2TO 
(280 cm–1) [24], which may be enhanced due to the Eg+Δ 
resonance in CdTe [25, 26]. This signal is not observed in 
Raman spectra measured with other excitation wavelengths. 
The origin of the broad feature around 222 cm–1 is not 
clear. The peak at 167 cm–1 frequency is asymmetric, 
which may be due to the superposition of another smaller 
peak intensity located at 190-200 cm–1 frequency, possibly 
a plasmon [27, 28]. 

Figure 4 shows the Raman spectra of CdTe films 
grown at 350 °C–550 °C for 15 or 30 min, measured with 
the excitation wavelength of 514.5 nm. The 1 TO, 1LO, 
2LO, and 3 LO signals are seen in all samples [23]. Figure 
5 shows the resonant Raman spectra measured with the 
785-nm excitation, which is close to the bandgap of CdTe 
at room temperature (1.49 eV, 832 nm). The LO and its 
overtones are well resolved. The TO signal is not seen, 
probably due to different enhancement of LO and TO un-
der resonant conditions. The strength of the higher-order 
LO phonons near resonance is often interpreted as an indi-
cation of the high quality of the samples [25, 26]. The ris-
ing background in the spectra is due to the photolumines-
cence near the bandgap of CdTe. 

 
Figure 3 Raman spectra of thick CdTe films deposited at differ-
ent substrate temperatures Ts: 350 °C (1); 400 °C (2); 450 °C (3); 
500 °C (4); 550 °C (5); (TRIAX 320, λ = 488 nm). 

 
Figure 4 Raman scattering spectra of CdTe thin films and de-
tailed presentation of TO and LO peaks for films deposited at dif-
ferent substrate temperatures Ts and different deposition time: 
350 °С -15 min (1), 400 °С -15 min (2), 450 °С -15 min (3), 
500 °С -15 min (4), 550 °С -15 min (5), 550 °С -30 min (6) 
(TRIAX 550, λ = 514.5 nm). 

 
Figure 5 Raman spectra of thin CdTe film deposited at different 
substrate temperatures Ts, and different deposition time: 350 -
15 min (1), 400 °С -15 min (2), 450 °С -15 min (3), 500 °С -15 
min (4), 550 °С -15 min (5), 550 °С -30 min (6) (TRIAX 320, 
λ=785 nm). 

 
In contrast to the Raman spectra of the ZnSe, ZnS, 

ZnTe films displacement the position of the peaks under 
changing of deposition regimes, associated with the occur-
rence of internal stresses in the layers, was not observed 
[29]. 

Also, the absence of Raman peaks associated with oth-
er compounds (oxides, nitrides, metal compounds, and 
carbon), indicates a high chemical purity of the investi-
gated films. These results are in good agreement with the 
results obtained by the X-ray method (Fig. 2). 
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4  Conclusions  
Thin and thick CdTe films were obtained by thermal 

evaporation method. These films were investigated by 
Raman spectroscopy method. A number of intense lines at 
140, 167, 190, 271, 332 and 493 cm–1 were observed in the 
Raman spectra. These lines were interpreted according to 
reference data as TO (140 cm–1), 1LO (167 cm–1), 2LO 
(332 cm–1), 3LO (493 cm–1) phonon modes and plasmon-
phonon mode (190 cm–1). The presences of several phonon 
replicas in the Raman spectra confirm high crystal quality 
of the samples.  
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