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A B S T R A C T   

In this paper, CdZnTe polycrystalline  lm grown by the close-spaced sublimation (CSS) was chemically polished. 

Energy dispersive spectrum (EDS), atomic force microscope (AFM), Raman spectroscopy, current-voltage (I–V) 

characteristics and current-time (I-T) measurements were used to test the effect of the corrosion time of 

brominated methanol etching solution (with the ratio of CH3OH:Br2 % 50:1.5) on the structure, surface 

morphology and photoelectric properties of CdZnTe polycrystalline  lms. The results indicate that appropriate 

chemical polishing time can reduce the surface roughness, surface defects and leakage current of CdZnTe  lm 

and improve the photoelectric properties of CdZnTe  lm.   

1. Introduction 

In recent years, due to the excellent photoelectric properties of II-VI 

compound semiconductor Cd1-xZnxTe (CZT), CZT detectors have broad 

application prospects in nuclear radiation detection, medical imaging, 

national defense security, high-energy particle detection and solar cell 

devices [1–3]. However, CZT single crystal is expensive and it is dif cult 

to manufacture large-scale detector grade CZT crystal with good per-

formance [4–6]. Compared with single crystalline CZT, CZT thick  lm 

has the advantages of large-scale fabrication and it can be grown by 

molecular beam epitaxy (MBE), metal-organic chemical vapor deposi-

tion (MOCVD), close-spaced sublimation (CSS), etc. Among these 

methods, CSS is one of the best methods for growing thick CZT poly-

crystalline  lm due to the simple preparation process, fast growth rates 

and low cost [7–9]. 

The surface quality (surface roughness, surface defects, impurities, 

etc.) is an important factor affecting the performance of CZT detectors. 

Therefore, surface treatment is an important means to obtain high- 

quality CZT detectors, which has attracted widespread attention and 

carried out in-depth research. Surface treatment methods for CZT 

polycrystalline  lms include mechanical polishing, chemical polishing 

and plasma etching [10–12]. The surface of the mechanically polished 

CZT  lm has a damage layer composed of stress concentration, 

electroactive defects, impurities and micro-scratches, dimpled surface, 

etc., which will cause periodic damage to the crystal lattice in the sur-

face damage layer and form space charge regions. Extra energy levels 

induced on the surface lead to large leakage current and affect the 

electrical performance of the device [13–15]. Chemical polishing can 

remove the stress damage layer to reduce the surface roughness, and 

selectively dissolve the small unevenness on the surface of the material, 

so that the surface becomes smooth and bright [16–18]. Therefore, it is 

necessary to study the effect of chemical polishing treatment on the 

microstructure, photoelectric properties of CZT polycrystalline  lms. 

In this article, the surface of CZT  lm was chemically polished with 

different corrosion time with brominated methanol etching solution. 

The effect of chemical polishing time on the structure, surface 

morphology and photoelectric properties of the mechanically polished 

CZT  lm was studied in detail. 

2. Experiment details 

In this paper, CZT polycrystalline thick  lms were deposited by CSS 

method on ITO-coated glass substrates (4 " 4 cm2) under vacuum 

condition. Before  lms growth, substrates were ultrasonically cleaned 

by alcohol, acetone, and deionized water for 20 min, respectively, and 

were blow-dried with nitrogen. Cd0.9Zn0.1Te crystal material with a 
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diameter of 55 mm and a thickness of 4 mm was used as sublimation 

source, which was ultrasonically cleaned with acetone and deionized 

water for 10 min, respectively, to remove pollutants. The temperatures 

of source and substrate were kept at 650 #C and 300 #C, respectively, 

with the ambient pressure of 3 Pa. The deposition time was 3 h, and the 

distance between source and substrate was 4 mm. The thickness of the 

grown CZT  lm is relatively uniform as shown in Fig. 1. The as-grown 

CZT  lm was cut into pieces with the dimension of 10 " 10 mm2 with 

a wire cutting machine. Seven of these  lms were chosen for chemical 

polishing experiments and ultrasonically cleaned with alcohol, acetone 

and deionized water for 20 min in sequence and  nally dried with 

nitrogen. 

2000-mesh sandpaper, 5000-mesh sandpaper and high-purity MgO 

polishing liquid were used to roughly mechanical polish the surface of 

 lms before chemical polishing until the  lm surface was smooth and no 

obvious uneven structure was seen. Then a mixed solution of H2O2: MgO 

(1:1) were applied to meticulously mechanical polish the surface of the 

rough-polished  lm until the surface of  lm was smooth like a mirror. 

However, there are still scratches on the surface of  lm after mechanical 

polishing, and further chemical polishing is required to remove the 

surface scratches. Brominated methanol etching solution with a con-

centration of CH3OH:Br2 % 50:1.5 was used to chemically polish the 

surface of  lm. The etching time was set to be 0s (mechanically polished 

but no chemical polished), 10 s, 20 s, 30 s, 40 s, 50 s, 120 s, respectively. 

When the corrosion was completed,  lms were dipped in CH3OH, 

acetone and deionized water for 20 s, respectively. Finally, Au electrode 

was evaporated on the surface of  lm. The thickness of electrode is 60 

nm and the area of electrode is 8 " 8 mm2. 

In this article, X-ray diffraction diffractometer (XRD, D/Max2500PC) 

is used to identify the structure of  lm. The scanning range is 10#–90#

and the scanning speed is 20#/min with the resolution of 0.02#. Atomic 

force microscope (AFM, Dimension Icon) was used to characterize the 

morphology and surface roughness of  lm. Raman spectroscopy 

(Alpha300R) was used to test the surface composition of  lm. Agilent- 

4155C semiconductor parameter analyzer was used to test the current- 

voltage (I–V) characteristics. Spellman XRB011 X-ray source was used 

to test the X-ray response and the light response test was carried out 

under violet light with the wave length of 400 nm and the power of 0.25 

mw/cm2. 

3. Results and discussion 

The number and size of the internal holes can re ect the quality and 

resistivity uniformity of crystals. The holes in CZT  lms will increase the 

leakage current and in uence the uniformity of leakage current. Fig. 2 

shows a cross-sectional view of a large-area CZT  lm. It can be observed 

that the thickness of the  lm is approximately 250 μm and it is relatively 

dense without obvious holes inside which can be inferred that the 

leakage current distribution is relatively uniform. It can be seen that the 

CZT  lm is composed of columnar crystals with the width of tens of 

micrometers, which will facilitate the movement of carriers generated 

inside the  lm along the direction of the electric  eld and block the 

lateral diffusion [19–22]. Table 1 shows the cross-sectional composition 

content of the CZT  lms where  ve points marked as 1, 2, 3, 4, and 5 

respectively in Fig. 2, and they are selected at equal distances from the 

bottom to the top for EDS tests. It can be seen that the Zn contents are 

approximately 10% which is the same as the CZT source (Cd0.9Zn0.1Te). 

In generally, CZT  lm closed to ITO substrate has a low content of Zn 

and a high content of Cd, and as the thickness of  lm increases, the 

content of  lm far away from ITO substrate is gradually close to that of 

sources. For Te, Zn, and Cd, at the same temperature, the saturated 

vapor pressure of Cd is the highest, followed by Te, and the saturated 

vapor pressure of Zn is the lowest. The nonuniformity of the  lm 

composition in the direction of thickness will reduce its electrical 

properties. In order to avoid this situation, we set the heating up time of 

source and substrate to be very short, and try to reduce the time that the 

concentration of Cd in the chamber of CSS device is too high in the 

temperature of source range of 550 #C–600 #C, so that the element 

content of CZT  lm closed to the ITO substrate is roughly the same as 

that of the source. For the component of point 2, the difference from the 

source component is relatively large, which may be an accidental result 

and is not representative. 

Fig. 3 shows the SEM images of the CZT  lms with different etching 

time. It can be clearly seen that when the surface is etched for 10 s, there 

are still some scratches after the surface is enlarged. As the corrosion 

time increases to 30 s, the scratches on the surface are almost invisible. 

After several times of magni cation, some white lines can be observed 

which are the grain boundaries. When the corrosion approaches 50 s, the 

surface corrosion is more serious and more white grain boundary lines 

can be clearly seen. When it is corroded for 120 s, it can be seen that the 

surface of the  lm is severely corroded and gets rougher. In summary, 

the best chemical polishing process is to etch with bromine methanol for 

30 s after mechanical polishing. If the time is too long, the surface grain 

boundary will be severely corroded. The impurities gathered at the grain 

boundary will increase surface defects and roughness. When the time is 

too short, the  lm surface scratches are not ef ciently reduced. 

Fig. 4 shows the two-dimensional and three-dimensional AFM im-

ages of CZT  lm with different corrosion time. It can be seen that as the 

corrosion time increases, the surface scratches decrease, but if the 

corrosion time is too long, small particles of impurities will appear on 

the surface instead, which is consistent with the SEM analysis. 

Fig. 5 shows the roughness statistics of CZT  lms. It can be more 

Fig. 1. (a) The grown CZT  lm (b)The cutting diagram of the large area CZT thick  lm.  
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clearly obtained that the RMS roughness decreases  rst and then in-

creases with time. When the corrosion time is 20s, RMS roughness in-

creases compared with 10s, which may be the result of inappropriate 

selection and is not representative. The lowest RMS roughness is 1.02 

nm with the corrosion time of 30s. Therefore, 30s is enough to remove 

the surface damage layer left by mechanical polishing. 

Fig. 6 is the Raman spectra of the as-deposited CZT  lm and  lms 

after chemical polishing for 20 s and 30 s. From the Raman diagram, it 

can be seen that the three peak positions of the  lms with chemical 

corrosion are 119cm-1, 138cm-1 and 260cm-1. The 119cm-1 peak is 

mainly related to the A1 mode of Te deposition, the 138cm-1 peak is the 

CdTe-like transverse optical TO1 mode and the Te deposited E mode, 

and the 260cm-1 peak is caused by the A1$E second-order phonon 

scattering of the Te deposited. The Raman spectrum of CZT  lm with 

untreated surface mainly has two peaks, namely the 119cm-1 peak and 

the 138cm-1 peak. After CZT  lm was chemically polished, the strength 

of the three characteristic peaks associated with Te increased with the 

increase of corrosion time, indicating that the amorphous Te-rich layer 

remains on the surface after surface chemical corrosion. 

Table 2 shows the surface composition statistics of CZT  lms with 

different treatment process. It can be seen from Table 2 that Te content 

of the surface of  lm is basically the same without any treatment or only 

mechanical polishing, but with the chemical polishing time increases, 

the surface residual amorphous Te-rich layer increases, which was the 

same as the result of the Raman test. When the chemical polishing time 

Fig. 2. Cross section picture of large area CZT thick  lm.  

Table 1 

The composition of large area CZT thick  lms sample on cross-section.  

Serial number Zn 

Atomic/% 

Cd 

Atomic/% 

Te 

Atomic/% 

Zn/(Zn $ Cd) 

Atomic/% 

1 5.25 44.96 49.52 10.4 

2 4.24 42.95 53.11 9.0 

3 4.59 39.26 56.15 10.1 

4 4.36 38.83 56.81 10.1 

5 5.32 43.66 51.02 10.9  

Fig. 3. SEM image of CZT thick  lm with different corrosion time.  
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Fig. 4. AFM image of CZT sample surfaces at different times of corrosion.  

Fig. 5. RMS roughness statistical diagram of CZT thick  lm with different 

corrosion time. 

Fig. 6. Raman scattering spectra of CZT  lms.  
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is 120s, the content of Te decreases greatly, which may be related to the 

inappropriate selection and is not representative. Therefore, after the 

chemical polishing, it is necessary to perform plasma etching post- 

treatment on the surface of  lm to reduce the residual amorphous Te- 

rich layer on the surface. 

Fig. 7 shows the I–V curve of CZT  lms under different etching time. 

Two probes were placed on Au electrode and ITO electrode respectively. 

The voltage between the upper and lower electrodes of the  lms ranges 

from 0 to 50 V. It can be seen that the leakage current of CZT  lm me-

chanical polished is higher than untreated CZT  lm due to the increased 

surface defects. After mechanical polishing, there are a large number of 

dangling bonds or distortions which are easy to absorb molecules or 

atoms in the ambient atmosphere thus causing the bending of the surface 

energy band and the accumulation of electrons or holes on the surface, 

which enhances the surface conductance and causes the surface leakage 

current to increase. After 30s of corrosion, compared with the leakage 

current of the untreated  lm, the leakage current at 50 V decreases from 

about 500nA to about 100nA, and the leakage current  rst decreases and 

then increases with the corrosion time, which is the same as the law of 

chemical polishing time and  lm surface roughness described in Figs. 4 

and 5, the roughness of surface will affect the electrical performance of 

the detector. 

The ultraviolet light with a wavelength of 400nm and a power of 

0.25mw/cm2 was used to test the UV response of CZT  lms. The sensi-

tivity here is the ratio of the photocurrent Ip minus the dark current Id to 

the dark current Id. As shown in Fig. 8, the surface sensitivity of CZT 

 lms is improved after the corrosion treatment. The sensitivity of the 

CZT  lm with the corrosion time of 30s is the best due to the best surface 

quality, resulting in a lower surface recombination rate and improved 

carrier collection ef ciency. In addition, the surface sensitivity is pro-

portional to the surface roughness. Surface defects or contamination will 

affect the surface electronic structure and reduce the performance of the 

detector. Therefore, to obtain a high-performance radiation detector, an 

appropriate corrosion time is very important. 

The above-mentioned  lms were prepared into the detector shown in 

Fig. 9. Two copper wires were placed on the top of Au electrode and ITO 

electrode respectively, and carbon conductive adhesive was used to  x 

the two contacts. 

The X-ray photoelectronic response of CZT  lms with untreated 

surface and surface corrosion for 10s, 20s, and 30s were tested at a tube 

voltage of 80kV, a time interval of 100s, and a bias voltage of 20 V. As 

shown in Fig. 10, the curves have smooth dark current and photocurrent 

with fast rising and falling edges. The  lm corroded for 30s has a good 

on-off ratio, up to about 3, almost twice as high as the untreated  lm. For 

untreated CZT  lm, due to its large surface roughness, there are many 

surface recombination centers and traps, when X-rays are applied to the 

surface of  lms, photocarriers compound  rst and populate the trap. 

After this, photocarriers will drift towards their respective electrodes 

and the current reaches a stable value, this is why the upper curve of “No 

treatment” is bent up  rst and then  at. For chemical polished CZT  lms 

(10s, 20s and 30s), the surface roughness decreases with the increase of 

corrosion time, the surface recombination rate of photogenic carriers 

decreases, thus the photocurrent gradually increases. When the in u-

ence of the surface state of  lm on photocurrent is small enough, the 

in uence of the body defect of  lm on the photocurrent plays a major 

role. With the X-ray irradiation of CZT  lms, photocurrent is generated 

simultaneously on the surface and inside of the  lm, after this, photo-

current is captured by body defects and there is a certain probability of 

recombination in the body of  lms, this is why the upper curve of “10s, 

20s and 30s” is going down at a very rapid rate and then  at. However, 

at a bias voltage of 20 V, the leakage current of CZT  lms after chemical 

polishing for 10s, 20s and 30s in Fig. 7 was different from that in Fig. 10. 

Different test structures may lead to different leakage currents. And in 

two different experiments, the contact point of placing the probe on Au 

electrode and the contact point of placing the copper wire on Au elec-

trode are different, which may also cause a variation in leakage current. 

4. Conclusions 

In this paper, the effect of chemical polishing on the surface 

morphology and electrical properties of CZT  lms are studied. The re-

sults show that proper chemical polishing time can reduce the surface 

roughness, surface defects and leakage current of CZT  lms, which will 

improve the photoelectric properties of  lms. However, since an 

amorphous Te-rich layer remains on the surface after chemical 

Table 2 

The EDS statistics of CZT  lms with different treatment process.  

Treatment process Zn 

Atomic/% 

Cd 

Atomic/% 

Te 

Atomic/% 

No treatment 5.61 44.39 50.00 

Mechanical polishing 2.68 47.31 49.99 

Chemical polishing 10s 3.33 45.54 51.13 

Chemical polishing 30s 4.12 43.78 52.11 

Chemical polishing 50s 4.37 42.84 52.79 

Chemical polishing 120s 5.75 42.95 51.30  

Fig. 7. The I–V characteristics of CZT  lms with different treatment process.  

Fig. 8. The UV sensitivity of Au/CZT/ITO photoconductive structure.  
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polishing, and the Te content increases with the increase of corrosion 

time, the surface of  lm needs to be treated with plasma etching after 

chemical polishing. 
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