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Abstract Cd1-xZnxTe (CZT) multilayer films were

repeatedly deposited by using RF magnetron sputtering

with a Cd0.9Zn0.1Te crystal target. The morphological,

structural and optical properties of the CZT multilayer

films were characterized. The thickness of the CZT films

increases from 1360 to 9230 nm with the increase of the

repeated deposition cycles. It is found that the mismatching

of the thermal stress between the film and substrate was

eliminated by repeated deposition, resulting in an improved

adhesion and crystalline quality, larger grain size and

decreased microvoids. X-ray diffraction patterns show that

the polycrystalline structure CZT films with (111) plane

preferred orientation was obtained. The band gap of the

CZT films decreases from 1.517 to 1.500 eV resulting from

Zinc loss during the repeated deposition and anneal. The

density of the disordered state was decreased with the

increasing of deposition layers.

1 Introduction

Cd1-xZnxTe (CZT) is one of the promising semiconductor

materials for radiation detection, capable of operating at

room temperature due to its large and tunable band gap

(1.45–2.26 eV) and very low leakage current [1–3]. CZT

films have been deposited by several preparation

techniques, such as thermal evaporation, close-spaced

sublimation and radio frequency (RF) magnetron sputtering

[4–9]. Among the techniques utilized for preparation of

CZT films, RF magnetron sputtering is an optional tech-

nique which having the advantages of good reproducibility,

high-efficiency material utilization and high deposition rate

[10]. Various process parameters including sputtering

power, deposition temperature and annealing temperature

were regulated to prepare CZT films with Cd0.9Zn0.1Te

crystals target [10–13]. In the area of radiation detection

the thickness of CZT film usually is acquired above

250 lm to achieve sufficient absorption to X- and c-ray
photons [14]. The conventional magnetron sputtering

method is difficult to meet the requirements of the thick-

ness. Moreover, there is a serious thermal stress between

CZT films and glass substrates, resulting in the CZT film

locally thermal shrinkage and generating of microvoids.

In this paper, we report a method of repeated deposition

of the CZT thick films on an indium tin oxide (ITO) sub-

strate by using RF magnetron sputtering with a Cd0.9
Zn0.1Te crystals target. The CZT films were thickened by

increasing of the repeated deposition cycles. And the

mismatching of the thermal stress between the CZT film

and substrate was eliminated by this means, resulting in an

improved adhesion and crystalline quality, larger grain size

and decreased microvoids.

2 Experimental

The CZT films were repeatedly deposited by using RF

magnetron sputtering with a Cd0.9Zn0.1Te (99.99%) target.

The ITO coated glass substrate (Corning 7059) was cleaned

by acetone and ethanol with ultrasonic vibration, washed

repeatedly with deionized water, and finally dried by high-
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purity argon (99.99%) gas flow. The substrate was placed

parallel to the target with a vertical distance of 4 cm.

Considering the tolerable temperature of ITO and melting

point of elemental Cadmium, the substrate temperature was

maintained at 300 �C. The sputtering power was 60 W.

The base pressure before sputtering was 1.0 9 10-3 Pa.

High purity Ar (99.99%) gas was used in sputtering process

to eliminate formation of impurity phases that may

occurred by presences of other gases like oxygen, and the

sputtering gas pressure was set to be 5.0 Pa with a depo-

sition time of 3 h for each deposition cycle. In the course

the sample was thermal annealed in a N2 atmosphere for

3 h at 400 �C. Using a repeated sputtering method, another

four layers CZT films were prepared using the same pro-

cess parameter. Meanwhile, the ladder-like (visual

inspection) film was prepared with a molybdenum sheet

mask for the convenience of observation and analysis, the

masked parts will not be covered by the next layer film and

shown up (shown in Fig. 1).

The morphology of each layer CZT film was investi-

gated by using an optical microscope and a CSPM5000

atomic force microscope (AFM, contact mode) with CSPM

image process software. The cross section image of the five

layers CZT films was characterized by scanning electron

microscope (SEM). The thickness of the each layer CZT

film was measured by using a KLA-Tencor profiler with

1360 (1st layer), 1911 (2nd layer), 1963 (3rd layer), 1987

(4th layer), 2009 nm (5th layer), respectively. The total

thickness of the five layers CZT film is 9230 nm. The

elemental content analysis of each layer CZT film was

carried out by energy dispersive spectrometer (EDS). X-ray

diffraction (XRD) was performed using a DX-2500 CuKa
radiation (1.54 Å, 30 kV, 20 mA) to obtain the structure of

each layer CZT film. The scanning angle was varied from

20� to 80� with steps of 0.04�. The optical transmittance

spectrum of the CZT films deposited in different deposition

cycles as a function of wavelength was measured using a

SHIMADZU UV2550 UV–Vis spectrophotometer

(300–900 nm).

3 Results and discussion

3.1 Adhesion

Figure 2 shows the optical microscope images of the CZT

films deposited by using RF magnetron sputtering in dif-

ferent deposition cycles. Figure 2a shows a large number

of microviods in the first deposition cycle. The bright spots

indicate the microviods of the CZT film. The growth of

grain was inhibited due to the high deposition rate, which

leads to small grain size and low adhesion, causing the

appearance of microvoids. Meanwhile, the difference of

thermal expansion coefficient between CZT films and ITO

substrates leads to locally thermal shrinkage and mis-

matching of thermal stress, also causing the appearance of

microvoids. Figure 2b–e indicates that the microviods

gradually reduced to the fifth cycle completely disappeared

with the increasing of deposition layers. By using the

repeated deposition cycles, firstly, these microvoids will be

filled when the crystals grain grew on the basis of the

previous crystals. Secondly, the second layer grew again on

the first layer which as the seed crystal layer and substrat,

the thermal stress buffered on account of the same thermal

expansion coefficient between the two layers. The front of

the layer as a thermal stress buffer layer, with the

increasing of deposition layer, the thermal stress gradually

matches. Therefore, microvoids gradually decreased until

disappear. These reasons resulted in the increase of grain

size and adhesion, gradually decreased microvoids.

3.2 Morphology and structure

Figure 3a–e shows the surface morphology of each layer

CZT film by repeatedly deposited cycles with the same

deposition condition. Figure 3a shows the image of the first

layer CZT film deposited on ITO coated glass substrate.

The disordered film structure is constituted of irregular

shape grain or microcrystal with a mean grain size of

100–115 nm. It indicates a poor crystalline degree, which

can be attributed to the high deposition rate [12]. And the

film shows small surface roughness and denser structure.

The absence of microvoids is due to a small-scale scanning

area 2 9 2 lm which smaller than the size of microvoids

and no microvoid by coincidence in this scanning area.

Figure 3b shows the surface morphology of the second

layer CZT film deposited on the first layer. The mean grain
Fig. 1 Photograph of the five layers CZT films deposited in five

deposition cycles
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size is 135–145 nm accompanying considerable grain

boundary appearing compared with the first layer. It is

thought that the second layer continuously grow on the first

layer which as a seed crystal layer. Meanwhile, lots of

small grains are observed on the second layer on account of

the new crystal nucleus spontaneously forming during the

second deposition. Compared with the first two layers, the

third layer has more regular shape grain and larger grain

size of 160–170 nm, as shown in Fig. 3c. Figure 3d, e

shows a more complete grain shape, denser structure and

better crystalline degree in regard to the fourth and fifth

layer. The mean grain size of the fifth layer is about

253 nm, which is two times of the first layer’s, which

indicates that the grain size increasing with repeated

deposition. The root-mean-square (RMS) roughness of the

five layers CZT films can be obtained from the CSPM

image software analysis. The linear variation of the mean

grain size and roughness as a function of the number of the

deposition layers is shown in Fig. 3f. These results indicate

that the roughness of the film is increased resulting from

the enlarging grain size with repeated deposition, corre-

sponding to the analysis of optical microscope.

Figure 4 shows the cross-section SEM image of the five

layers CZT films. It should be noted that there is no

obvious interfaces between CZT layers, which indicates

that the stress originated from the mismatch of lattice

constant and thermal expansion coefficient was gradually

buffered. On the other hand, the grains grown also results

in low defects and stress with the increasing of thermal

annealed times. This result is consistent with the analysis

obtained from the optical microscope.

Figure 5a presents XRD spectra of five layers CZT films

obtained by using repeated RF magnetron sputtering

deposition. Five layers show the polycrystalline structure

and (111) plane preferred orientation. The diffraction peaks

appeared at 2h = 23.84�, 39.35�, and 46.60� are identified

Fig. 2 Optical microscope

image for the CZT films in

different deposited cycles

J Mater Sci: Mater Electron (2017) 28:4467–4474 4469

123



Fig. 3 The AFM micrographs of the CZT film a the first layer, b the second layer, c the third layer, d the forth layer and e the fifth layer, f the
roughness average of the five layers CZT films obtained from AFM micrographs
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as the (111), (220) and (311) plane, respectively. The

intensity of (111) plane strengthen with the repeated

deposition, indicating the better crystalline degree in

agreement with the results from AFM analysis. The full

width at half maximum (FWHM) value of (111) plane

versus various deposition layers is plotted in Fig. 5b. The

FWHM of (111) plane decreases with the repeated depo-

sition, resulting from a preferable crystalline degree. The

characterization of morphology and structure shows that

repeated deposition is an effective method to obtain quality

CZT thick films with increased grain, preferable crystalline

degree and absence of microvoids.

3.3 Composition

The variation of chemical elements content (Cd, Zn and

Te) of the five layers CZT films with various deposition

cycles is shown in Fig. 6. The composition of each layer

CZT film is not completely consistent with the Cd0.9
Zn0.1Te target, which is a common phenomenon in

magnetron sputtering experiments [10, 11]. There is a

small increase of Cd concentration and invariant of Te in

the films with repeated deposition. However, the Zn con-

centration decreases with a loss rate of 2–6%. This

behavior ascribes to the different energy transfer coeffi-

cient and sticking coefficient. In the sputtering process, the

factor of energy transfer given by Winters and Sigmund

[15],

c ¼ 4M1 �M2= M1 þM2ð Þ2 ð1Þ

where M1 is the quality of the incident ion (Ar?) and M2 is

the quality of the target atom. We find that cAr–Zn = 0.94,

cAr–Cd = 0.78 and cAr–Te = 0.73. There was a difference

in the energy transfer efficiency among the target atoms.

The factor of energy transfer of Cd (cAr–Cd = 0.78) under

argon plasma is higher than Te (cAr–Te = 0.73), causing Cd

content in the films is higher than in target material. The

factor of energy transfer of Zn is the highest, but Zn atom

concentration in the crystal targets is very low, the energy

transfer efficiency could be ignored. Meanwhile, Zn was

Fig. 4 Cross-section SEM images of the five layers CZT films

deposited in five deposition cycles

Fig. 5 a X-ray diffraction spectra of the five deposition layers, b variation of the FWHM of (111) peak as a function of the deposition layers

Fig. 6 Chemical elements contents of the CZT film for various

deposition layers
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lost during the deposition and annealing due to the small

sticking coefficient. These reasons led to the content of

zinc is lower than the target material.

3.4 Band gap

The optical transmittance of the five CZT films in the

wavelength range 300–900 nm were measured, as shown

in Fig. 7a. The measured intensity I of transmitted light

decreases with an increase of deposition layers which can

be related to the film thickness. The transmittance data

were used to calculate absorption coefficients of the CZT

film in different deposition cycles. The absorption coeffi-

cient a is given by [16]:

I ¼ I0 exp �adð Þ ð2Þ

where I is the intensity of transmitted light, I0 is the

intensity of incident light and d is the thickness of the CZT

film. For a direct band gap semiconductor, the photon

energy hm dependence of the absorption coefficient a can

be described by the quadratic relation [6]:

ahmð Þ2¼ A hm� Eg

� �
ð3Þ

where A is a constant and Eg is the optical band gap of the

film.

The Eg value was obtained from the intercept on hm axis
(ahm)2 = 0, as shown in Fig. 7b. The value of Eg decreases

from 1.517 to 1.500 eV with the increase of deposition

layers. Due to the optical band gap of the CZT film is

closely related to the stoichiometric proportion, in order to

analyze the relationship between them, a fitting curve is

obtained by the data of the optical band gap and the Zn

content, as shown in Fig. 7c. The equation is as follows,

Eg ¼ 1:45þ 0:59xþ 0:22x2 ð4Þ

where Eg is the optical band gap of CZT, CdTe and ZnTe.

The optical band gap values considered for CdTe and ZnTe

were 1.45 and 2.26 eV [17, 18], respectively. The result is

compatible with the theoretical calculation [19]. It indi-

cates the repeatedly deposition and annealing processes led

to the loss of Zn, which diminished the optical band gap.

The optical band gap is also related to the microstructure

of CZT film. The absorption presents an apparent trailing

phenomenon which is the so-called Urbach tail [20].

Generally, it is thought that the Urbach tail generated from

the disordered structure, and its width (E0) is related to the

Fig. 7 a Transmission spectra of the five CZT films deposited in different deposition cycles. b (ahm)2 versus hm to determine the optical band gap

of the five CZT films. c The relationship between Zn content and the optical band gap
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density of the disordered state. The value of E0 is deter-

mined by the Urbach formula [21],

a ¼ a0 exp hm� Eg

� �
=E0

� �
ð5Þ

where a0 is the Urbach absorption at the edge (Eg). The

relationship ln a against hm is shown in Fig. 8a, where a

linear relationship is observed. E0 can be obtained by

taking the inverse of the slope (1/slope) from the linear part

of the curve. The plotting of Urbach tail width versus

deposition layers is shown in Fig. 8b, the value of E0

decreases with the increasing of the deposition layers. It

demonstrates that the density of the disordered state was

decreased with the increasing of the deposition layers. This

result is agree with the analysis results obtained from XRD.

4 Conclusion

The multilayer CZT films were prepared by repeatedly RF

magnetron sputtering with a Cd0.9Zn0.1Te target and same

process parameters. As the deposition layers increases, the

thickness of the CZT films was increased from 1360 to

9230 nm, the crystal grain gradually grew resulting in

larger grain size, and the mean grain size increase from 115

to 253 nm. During the repeated deposition cycles, the

mismatching of the thermal stress between the film and

substrate was gradually eliminated which lead to an

improved adhesion and crystalline degree, absence of

microvoids. The five layers CZT films showed the zinc

blend structure with predominant (111) orientation. With

the increasing of deposition layers, Zn was lost during the

repeatedly depositing and annealing and the density of the

disordered state was decrease, which resulting in the

optical band gap of the five CZT films decreases from

1.517 to 1.500 eV. One can see that the value of band gap

has no remarkable variation which indicates the repeated

deposition method has no significantly effect. These

experiment results show that repeated RF magnetron

sputtering is effective to deposit thicker film with excellent

properties.
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