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In this work, zinc telluride (ZnTe) films were deposited on n-type silicon and FTO glass 
substrate by using the pulsed laser deposition technique at an energy of 180 mJ with various 
numbers of pulses (900 and 700). X-ray diffraction results revealed that the synthesised 
ZnTe nanostructures have a polycrystalline, cubic structure in a crystallisation direction 
(111) and high intensity, with the absence of the hexagonal phase. FE-SEM revealed that 
all the films are homogeneous and free of voids and cracks. The energy gap decreased 
from 2.86 eV to 2.74 eV when the number of laser pulses increased. Silver (Ag) electrodes 
were deposited on the films, and detection tests were conducted. The spectral response of 
the detector increased from 15.706 µA/mW to 27.028 µA/mW when the number of pulses 
increased from 700 to 900. The specific detectivity and quantum efficiency increased from 
7.92 ×1017 Jones to 8.54 ×1017 Jones and from 42.338% to 72.85%, respectively, when the 
number of pulses increased. The response and recovery times were 0.31 and 0.34 s, 
respectively. 
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1. Introduction 
To date, visible-light photodetector, through 

which incident spectrum can be distinguished via the 

conversion of optical signal into electrical 

information, is extensively investigated owing to its 

wide-reaching applications in optical 

communications, space-based research and 

environmental monitoring [1-4]. Assembly II–IV 

compound semiconductors including cadmium 

selenide (CdSe), zinc selenide (ZnSe), zinc telluride 

(ZnTe) and cadmium telluride (CdTe) have elicited 

remarkable attention owing to their low cost and high 

absorption coefficients in their applications in a 

variety of solid-state devices [4]. ZnTe has received 

great attention from researchers due to its low cost 

and high absorption coefficient. Therefore, it can be 

used in photovoltaic applications in the visible region, 

such as solar cells and photodetectors [5]. ZnTe is a 

chemical compound in the form of a grey or reddish-

brown powder. ZnTe is polycrystalline with a zinc-

blended cubic crystal structure, is usually of the p-

type, has an energy gap of 1.7–2.4 eV at room 

temperature and is broadly used in modern 

optoelectronic technologies [6,7]. ZnTe can also be 

prepared in the form of hexagonal crystals with a 

fixed lattice of 0.6101 nm. ZnTe has an electronic 

affinity of 3.5 eV [8]. ZnTe thin films are generally 

used in fabricating different solid-state optoelectronic 

devices (solar cells, photodetectors, light emitting 

diodes and laser diodes) due to their electrical 

properties and specific optical properties (high 

transparency in infrared and visible regions and low 

electrical resistivity) [9,10]. 

Heterojunctions are important in semiconductor 

devices such as photo detector, solar cells, light-

emitting diode and integrated circuits [11,12]. A 

heterojunction is a junction formed between two 

dissimilar semiconductors and can be classified into 

two types, namely, graded and abrupt, according to 

the distances during which the transition from one 

material to the other is completed near the interface. 

Another classification is according to the type of the 

conductivity present on either side of the junction. An 

isotype heterojunction (p–p) or (n–n) is formed when 

two semiconductors have the same type of 

conduction, whereas an isotype heterojunction (p–n) 

or (n–p) is formed when the conductivity type differs. 

The pulse laser deposition (PLD) technique is suitable 

for growing films with high quality at low 

temperatures [13,14]. The PLD technique involves 

three main steps: ablation of the target material, high-

energy column formation and film growth on the 

substrate. A high-power laser is used as the energy 

source to vaporise a target containing the desired film 

components. 

In this work, a photodetector device was 

synthesised using a thin film with ZnTe/Si 

heterostructure through PLD, and the characteristics 

of the fabricated device were studied.  

 

2. Experimental Part 
ZnTe powder with a purity of 99.99 was used. The 

powder was pressed by a hydraulic press to make the 

target in the form of a disk with a thickness of 0.5 cm 

and a diameter of 2 cm. Next, ZnTe films were 

deposited on a Si (111) substrate (n-type). Using the 

PLD technique, the substrate was placed parallel to 

the target to obtain good, homogeneous films. The 

deposition was performed inside a vacuum chamber 

evacuated to a pressure of 4×10−4 mbar by using an 
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Nd:YAG laser with a wavelength of 1064 nm, a 

frequency of 6 Hz, and an energy of 180 mJ at 700 

and 900 pulses. Photodetectors were fabricated by 

deposition silver metal (Ag) on ZnTe/Si using a metal 

mask containing a set of surface holes using the 

thermal evaporation method under high-vacuum 10−4 

mbar. Detection tests were conducted, which 

included (current–voltage) characteristics in 

illuminated and dark, spectral response, detectivity 

and external quantum efficiency. 

 

3. Results and discussion 

Figure (1) shows the XRD pattern of ZnTe films 

prepared at 700 and 900 pulses. The films have 

polycrystalline, cubic structures with different 

crystallographic directions, which are (111), (220), 

(440) and (331). Comparing the peaks and their 

intensities finds that the dominant phase of growth is 

the direction of (111); this result agrees with other 

studies [15, 16]. These results are consistent with the 

card (JCPDS Number 15-0746) for ZnTe. The other 

peaks are (102), (200), (211) and (220) from the FTO 

substrate, according to the card (JCPDS Number 041-

1445). The high intensity of any peak can be 

explained by the fact that most of the crystals formed 

have the same orientation (hkl) and reflect all the X-

rays incident in the same direction. Therefore, the 

crystal size increases as the intensity of the rays 

increases and as the FWHM value decreases. The 

value of FWHM for all peaks decreases with the 

increase in the number of laser pulses (increasing the 

thickness of the film). This outcome indicates a 

decrease in crystalline defects due to the increase in 

crystalline size; the rate of crystalline size increases 

when the number of laser pulses increases due to the 

rapid growth of the crystallisation; thus, the 

crystalline defects of the films prepared are removed, 

this behaviour has been observed in other studies 

[16]. 

 

 
Fig. (1) XRD patterns for ZnTe/FTO at different laser pulses 

(700 and 900) pulses 

 

Figure (2) shows FE-SEM images of ZnTe/Si 

films prepared at an energy of 180 mJ and different 

numbers of laser pulses (700 and 900). All films have 

homogeneous, smooth surfaces, full and dense with 

cohesive grains, and free of holes and cracks, which 

indicates that all films have a good adhesion to 

substrate surfaces without mismatching. When the 

number of laser pulses increases, particles of different 

sizes appear on the surface of the films; their number 

and size increase with the increase in the number of 

laser pulses. The reason for this is the agglomeration 

of the particles with one another to produce larger 

particles [17]. The average particle diameter increases 

from 20.35 nm to 22.61 nm with an increase in the 

number of laser pulses from 700 to 900. 

 

  
 

 
(a) 

 

  
 

 
(b) 

Fig. (2)  FE-SEM images of ZnTe/Si prepared using (a) 700 and 

(b) 900 pulses at 180 mJ 
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Figure (3) shows the energy-dispersive X-ray 

(EDX) spectrum to confirm the chemical composition 

of the ZnTe/Si nanostructure. The strong peaks in the 

spectrum are related to zinc, tellurium, oxygen and 

silicon from the substrate. The EDX analysis of ZnTe 

nanostructure films reveals that zinc, tellurium and 

oxygen are the only main detected elements in the 

films, and this indicates the good purity of the 

prepared films. 

 

 
 

Weight % Element 

4.4 O 

72.1 Si 

6.9 Zn 

16.6 Te 

 

Fig. (3) EDX spectrum of ZnTe synthesized using 700 laser 

pulses at 180 mJ 

 

Figure (4) presents the energy gap values for 

ZnTe/Si films prepared at (180 mj, 700 and 900 

pulses). The energy gap value for the ZnTe film 

decreases from 2.7 eV to 2.62 eV when the number 

of laser pulses increases from 700 to 900; such 

outcomes are close to the results obtained by others 

[18]; the bandgap was estimated using Tauc relation 

[19]. This decrease in the energy gap values could be 

due to the increase in the thickness of the film when 

the number of laser pulses increases; thus, the atoms 

become close together, leading to the formation of 

energy levels that overlap with the energy gap of 

these films. Consequently, the energy bands expand, 

and the optical energy gap of the prepared films 

decreases. A possible reason is that the removal of 

some local levels present in the optical energy gap 

leads to a decrease in its value [20].  

Figure (5) exhibits the behaviour of the dark and 

illuminated currents as a function of the forward and 

reverse bias voltages for a ZnTe/Si detector fabricated 

for different light intensities (6, 14 and 26 mW/cm2). 

The results for the dark current show that at low 

voltages (V<1 Volts), the current exponentially rises 

with the increase of the applied voltage and the 

recombination current dominates, whereas at high 

voltages (V>1 Volts), the diffusion current dominates 

[21]. When a light is shined on the detector, the 

photocurrent increases with the increase of the bias 

voltage because the height of the depletion region 

increases with increase of the applied bias voltage due 

to the separation of the e–h pairs and then increases 

the photocurrent [22]. When incident power density 

increases, the response of all fabrication detectors 

increases, and that through increased illumination 

current values with increased incident power density. 

This outcome is due to the increasing intensity of 

incident light, where an increase in the number of 

incident photons leads to an increase in the number of 

generated charge carriers, which spread within the 

depletion region and then increase the generated 

illumination current with increasing incident power 

density [23]. 

 

  
700 pulses   900 pulses 

Fig. (4) Energy gap of ZnTe thin film prepared using 700 and 

900 laser pulses 

 

 
700 pulses 

 
900 pulses 

Fig. (5) I-V characteristics of ZnTe/Si photodetectors prepared 

at different number of laser pulses at laser energy 180 mJ 

 

Figure (6) shows on/off measurements are 

performed to verify the response/recovery time and 

the switching behaviour of the fabricated 

photodetectors. The photoelectric current of the 

detector, fabricated at 700 pulses, reaches its 

maximum at a response time of 0.31 s and then 

decreases to its initial amount (dark current) at a 

recovery time of 0.34 s. This outcome indicates the 
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rapid injection of electrons and the slow 

recombination of excited electrons [12]. 

The response time of the fabricated detector at 900 

pulses is 0.34 s, and the recovery time is 0.32 s. The 

fabricated detector achieves a stable performance for 

three consecutive cycles, which indicates the 

satisfactory consistency of the detector. This result 

shows the good switching property and the durability 

of the ZnTe/Si detector fabricated at (900) pulses.  

Spectral responsivity is an important parameter 

for detectors and can be calculated through the 

following equation: 

 Rλ =
I𝑝ℎ(A)

Pλ(W)
,  [24, 25] 

where Iph is the photo current, and Pλ is the light 

power.  

Figure (7) illustrates the spectral responsivity 

curves as a function of wavelength for ZnTe/Si 

detectors fabricated at different laser pulses. The 

spectrum of responsivity is related to the spectral 

character of the density of states, which is reflected 

by the photocurrent. Only photons with high energy 

can excite electrons from the valence band to the 

conduction band and increase in conductance. 

Photons with a smaller energy do not have adequate 

energy to excite electrons from the valence band to 

the conduction band, thus contributing slightly to the 

photocurrent. 

 

 

 
(a) 

 

 
(b) 

Fig. (6) Switching behavior of ZnTe/Si photodetectors 

fabricated at different number of laser pulses (a) 700 pulses 

and (b) 900 pulses, with response/recovery time 

 

The slight increase in responsivity via long 

wavelength side is possibly due to the increase in the 

efficiency of the detector in separating the pairs 

(electron-holes) generated [26]. The figure shows an 

increase in the spectral response of the detector from 

15.706 µA/mW to 35.758 µA/mW with an increase 

in the number of laser pulses from 700 to 900. This 

increase may be due to the decreased resistance, 

increased photocurrent and the decreased the density 

of states that act as recombination centres 

concentrated on two sides of the interface. 

Due to the importance of the specific detectivity 

parameter in detectors, the specific detectivity 

parameter (D*) was calculated using the following 

equation [24,25]: 

D*= 
Rλ(A)

1
2

√2e Id
 

where A is an area of the detector, Id is the dark 

current and e is the charge of the electron 

Figure (8) shows the specific detectivity of a 

ZnTe/Si detector fabricated at different numbers of 

laser pulses. The specific detectivity profile 

demonstrated similar trend to that of spectral response 

of the fabricated photodetector. When the number of 

laser pulses increases from 700 to 900, the detectivity 

value increases from 7.92 × 1017 Jones to 8.54 × 1017 

Jones. The highest detectivity value is at the 

wavelength of 460 nm. This increase in the detectivity 

value results from a decrease in the concentration of 
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crystalline defects in the deposited film, which leads 

to an increase in the value of the spectral response and 

a decrease in the noise current, and consequently, an 

increase in the detectivity value of the fabricated 

detector. The high detectivity of the detector indicates 

its ability to detect low-energy signals [27]. 

 

 
900 pulses 

 
700 pulses 

Fig. (7) Photo-responsivity of the fabricated ZnTe/Si 

photodetectors at 180 mJ and different number of laser pulses 

 

 
900 pulses 

 
700 pulses 

Fig. (8) Photo-detectivity of the fabricated ZnTe/Si 

photodetectors at 180 mJ and different number of laser pulses 

 

Figure (9) shows the quantum efficiency curve as 

a function of wavelength for the ZnTe/Si detector, 

where the quantum efficiency is calculated using the 

relationship EQE = 
1240 𝑅𝜆

𝜆(𝑛𝑚)
 [24, 25]. The highest value 

of the quantum efficiency of the detector that is 

fabricated at 700 pulses is equal to 42.338% at the 

wavelength of 460 nm, and this corresponds to the 

spectral response values of this detector. When the 

number of laser pulses increases to 900, the quantum 

efficiency of the detector increases to 72.857% due to 

the reduction of structural defects, which leads to 

improving the electrical properties of the detector. 

Thus, the value of the spectral response increases, 

which leads to an increase in the quantum efficiency 

of the detector  

 

4. Conclusion 

The effect of the number of laser pulses on the 

morphological, optical and electrical properties of 

ZnTe nanostructures was examined and analysed. 

The XRD data confirmed the growth of the crystalline 

cubic structure ZnTe. As laser pulses increased, the 

energy gap decreased from 2.7 eV to 2.62 eV for 

ZnTe film. FE-SEM revealed the particle size and 

concentration increased when the number of laser 

pulses increased. The highest responsivity of the 

photodetector prepared at 900 pulses was 35.758 

µA/mW. The best figures of merit, namely, specific 

detectivity and quantum efficiency of the 

photodetector, were 8.54×1017 Jones and 72.857%, 

respectively, which were obtained for a photodetector 

fabricated at 900 pulses. The photodynamical on/off 

was demonstrated, and the response and decay times 

were 0.34 and 0.32 s, respectively. The results 

revealed that the photodetectors have a typical 

response/decay time and a good response in the 

visible region, which is suitable for optical 

applications. 

 

300 400 500 600 700 800
0

4

8

12

16

20

R
es

p
o

n
si

vi
ty

 (
µ

A
/m

W
)

Wavelength (nm)

300 400 500 600 700 800
0

5

10

15

20

25

30

R
es

p
o

n
si

vi
ty

 (
µ

A
/m

W
)

Wavelength (nm)

300 400 500 600 700 800
0

15

30

45

60

75

90

D
et

ec
ti

vi
ty

 (
x

 1
0

6
 J

o
n

es
)

Wavelength (nm)

300 400 500 600 700 800
0

15

30

45

60

75

90

D
et

ec
ti

vi
ty

 (
x
 1

0
6
 J

o
n

es
)

Wavelength (nm)



IRAQI JOURNAL OF APPLIED PHYSICS   Vol. 20, No. 4, October-December 2024, pp. 787-792 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   792 

 
900 pulses 

 
700 pulses 

Fig. (9) External quantum efficiency of the fabricated ZnTe/Si 

photodetectors at 180 mJ and different number of laser pulses 
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