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Abstract: 

Au nanoparticles doped CuZnS (CZS) thin films were deposited by spray pyrolysis 

method (SPD) onto glass and silicon substrates at temperature of 330 ºC and annealed at 

450ºC. Cu:Zn:S content was 1:1:2 and Au NPs dopant ratio was 4%, 6% and 8%. The 

structural, surface morphology, optical and photodetector properties were investigated with 

respect to the dopant concentration. X–Ray diffraction patterns indicate that the films have 

low crystallinity and polycrystalline structure nature with ZnS sphalerite cubic phase. The 

intensity of diffraction peaks and the crystallite size increased with the increase of Au Np's 

dopant ratio.  The SEM images show a homogeneous and smooth uniform surface. Also AFM 

images reveals that the roughness increased from1.95 nm for CZS (1:1:2) to 2.64 nm for 

CZS:Au (4%), 4.86 nm for CZS:Au (6%) and 3.82 nm for CZS:Au (8%)  thin films, these 

increases could be probably due to the increasing concentration of atomic gold in the CZS 

thin films, The average grain diameter was evaluated from the plane view images for 68.99 

CZS 1:1:2 and CZS:Au NPs was (93.59–102.07 nm). Au Np's dopant ratio, the lower band 

gap corresponds to CuxS phase and double band gap confirms the alloy nature of material. 

The decreased in energy band gap after increasing of Au Np's dopant ratio can be attributed to 

the red shift of the absorption edge and to the improvement in the crystallinity, increase of Au 

Np's ratio leads to decrease band gap from 2.5 eV to 2.39 eV. Photodetectors CuZnS: Au 

Np's/Si were synthesized and I–V characteristics have been investigated, the results showed 

that the photocurrent increased from 0.0 to (8.65×10
-7

 A, 5.62×10
-6

 A and 5.03 ×10
-6

 A)   at 

the bias voltage range of 0– 2V under illumination, and from 0.0 to (3.49 ×10
-7

 A, 1.9 ×10
-6

 A 

and 3.14 ×10
-6

A)  in the dark for CZS:Au NPs (4%, 6% and 8%) ratio, respectively. Under 

applied voltage of 2V, the response time was (0.8, 0.5 and 1.5 sec) respectively; whereas the 

recovery time was (0.6, 0.9 and 1.35 sec) and the sensitivity increased from 42.86% to 

122.73%. 

http://dx.doi.org/10.31257/2018/JKP/100115 
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 :انخلاصح

عهٗ قٕاعذ يٍ انضجبج  (SPD) انشقٛقخ ثجغًٛبد انزْت انُبَٕٚخ ثطشٚقخ انشػ انكًٛٛبئٙ CuZnS سُعجذ أغشٛخ

 1:1:2يذذد ثبنُغت  Cu:Zn:S يذزٕٖ انـكبٌ عٛهٛض٘.  450ذَذ عُذ عٛهٛض٘ ٔنُ  330ٔانغهٛكٌٕ عُذ دسجخ دشاسح 

%. نقذ رًذ دساعخ انخظبئض انزشكٛجٛخ ٔيٕسفٕنٕجٛخ انغطخ يع خظبئض 8% ٔ 6%، 4ثًُٛب َغت شبئجخ انزْت عُذ 

انكبشف انضٕئٙ َغجخً انٗ رشكٛض شبئجخ انزْت انُبَٕٚخ. أعُزخهض يٍ دٕٛد الأشعخ انغُٛٛخ ثأٌ انغشبء راد طجٛعخ ثهٕسٚخ 

  .ذٕٛد ٔانذجى انذجٛجٙ )انجهٕس٘( اصدادد ثضٚبدح شبئجخ انزْت انُبَٕٚخٔاطئخ ٔيزعذدح انزجهٕس ثطٕس انًكعت، ٔشذح ًَظ ان

دظَ صٚبدح خشَٕخ انغطخ يٍ  AFM ثُٛذ رجبَظ َٔعٕيخ انغطخ. ٔأٚضبً فٙ قٛبعبد انـ SEM طٕس انـ ُٕ دٛث ن

%. ْزِ 8خ ( َبَٕ نهُغج3.82% ٔ )6( َبَٕ نهُغجخ 4.86%، ٔ )4( َبَٕ نهُغجخ 2.64انٗ )  CZS 1:1:2نـ ( َب1.95َٕ)

أٚضبً رى دغبة دجى قطش  .CZS انضٚبدح يٍ انًًكٍ أٌ رعُضٖ انٗ صٚبدح رشكٛض َغجخ انشبئجخ نزسح انزْت فٙ اغشٛخ

 ش(.َبَٕيز 102.07–93.59فٕجذ ٚزشٔاح ثٍٛ ) AFM انذجٛجبد إعزًبداً عهٗ ادذاثٛبد طٕس انـ

 CuxS ( انكزشٌٔ فٕنظ ٚقبثم طٕس2.39انٗ )( 2.5فجٕح انطبقخ يٍ )ثَقظبٌ دظم ثٕجٕد شبئجخ انزْت انُبَٕٚخ، 

ٔيضبعفخ فجٕح انطبقخ ٚؤكذ طجٛعخ يكَٕبد انًبدح. صٚبدح َغجخ شبئجخ انزْت قبدد إنٗ َقظبٌ فجٕح انطبقخ ٔصدضدزٓب َذٕ 

 .بْى رنك فٙ رذغٍ رجهٕس انًبدحالأطٕال انًٕجٛخ فٙ انًُطقخ انذًشاء يٍ دبفخ الايزظبص ٔع

ٔيٍ ثى دساعخ خظبئض انزٛبس ٔانفٕنزٛخ نّ،  CuZnS:Au Np's/Si ضٕئٙ يٍ غشبء أخٛشاً، رى رظُٛع كبشف  

10×8.65) انٗ 0.0دٛث ٔجذ اٌ انزٛبس الإضبءح اصداد يٍ 
–7

 A ،5.62×10
–6

 A  ٔ5.03 ×10
–6

 A ،)رطجٛق فٕنزٛخ  عُذ

10×3.49) انٗ 0فٕنظ رذذ الاضبءح، ٔيٍ  2 – 0 الاَذٛبص فٙ انًذٖ
–7

 A ،1.9×10
–6

 A  ٔ3.14 ×10
–6

 A) رذذ 

جذ اٌ فٕنظ 2عُذ رطجٛق فٕنزٛخ قذسْب ٔ .%( عهٗ انزٕان8ٙ% ٔ 6%، 4ثبنُغت )CZS:Au Np's  انظلاو لأغشٛخ ُٔ  ،

ثبَٛخ(.  ٔرذغغٛخ  1.35ٔ  0.9، 0.6ثبَٛخ( عهٗ انزٕانٙ، فٙ دٍٛ صيٍ الاضًذلال ) 1.5ٔ  0.5، 0.8صيٍ الاعزجبثٛخ )

 %.122.73% انٗ 42.86يٍ  اصداددانكبشف 

 .انكٕاشف انضٕئٛخ، جغًٛبد انزْت انُبَٕٚخ، طشٚقخ انشػ انكًٛٛبئٙ, كجشٚذ-خبسطٍٛ-َذبط انكهماخ انمفتاحيح:

1. Introduction 

CuZnS is an alloy material having a 

combined structure of CuxS and ZnS. It is a 

promising absorber for solar cell and 

photodetectors fabrication [1], Lower 

bandgap films can act as good absorber 

while higher band gap films as good 

window layer for solar cells[2]. 

ZnS is an n-type semiconductor with 

a wide band gap (~3.65 eV)[4–6], and CuS 

is a p-type semiconductor with a band gap 

of (1.63-1.87 eV [3]) 2.8 eV [7] (2.52-2.58 

eV [8]). It is expected that alloys of these 

two compounds can be either n- or p-type 

and will have a wide band gap. [9,10]. 

In addition, ZnS is a well-known 

semiconductor, which makes it solely 

absorb UV light. Absorbing only 4% of the 

total sunlight restricts its practical 

application [11]. Thus, it is highly 

desirable to combine ZnS semiconductor 

with a semiconductor with narrow band 

gap energy like CuS. Besides, CuS is 

highly susceptible to photocorrosion and it 

is suggested to be protected by a large 

band gap semiconductor [12]. Formation 

of pn junction using CuS (p-type) and ZnS 

(n-type) semiconductors increases electron 

hole lifetime before recombination. 

CuS/ZnS has been used for 

photocatalytic application [13,14] and 

photoelectrochemical hydrogen production 
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[15,16]. Spray pyrolysis is a simple and 

inexpensive method with the capability to 

fabricate large area films and has been 

used to deposit CZS thin films. In spray 

pyrolysis method, the precursor solution is 

sprayed by a stream of a gas onto the pre-

heated substrate, where upon the thermal 

decomposition of the precursor an adherent 

film forms. The most important parameters 

including the initial solution, the substrate 

surface temperature and the spray rate of 

solution determine the quality of the thin 

film [10]. 

In this study, the effect of Au NPs 

dopant concentration on the structural, 

optical energy gap and photodetector 

properties of spray deposited of CZS thin 

films. Also, the present work describes a 

chemical method for deposition of CuZnS 

thin films at various ratios of Au NPs. The 

characterization of CuZnS films was 

carried out by XRD and optical studies to 

determine their field of possible 

applications. The optical properties studied 

were; transmittance (T) and the band gap 

energy of the as – grown films. 

2. Experimental 

Copper Zinc sulphide (CuZnS) was 

deposited by SPD method, the solution is 

containing 0.1 M copper chloride 

dehydrate (CuCl2.2H2O), 0.1 M zinc 

chloride (ZnCl2.2H2O), 0.3 M thiourea 

CS(NH2)2, 0.01 M Chlorogoldsäure 

(HAuCl4·xH2O) and distilled water in a 

beaker. Preparation the solution of CuZnS 

thin films were carried out using 20 ml 

glass beaker at an average room 

temperature of 300K. Before the 

deposition of the films, the substrates used 

were degreased in acetone for 24 hours, 

washed with detergent, rinsed in distilled 

water and dried in air. The degreased 

cleaned surface provide nucleation center 

for the growth of the films onto the 

substrate surface hence will result to highly 

adhesive and uniformly deposited films on 

the surface of the substrates. 

The deposition solution was added 

and stirred to have a homogeneous 

mixture, and sprayed onto the substrate 

kept at temperature of 330 ºC. The final 

solution was stirred to have a 

homogeneous mixture. 

The vacuum thermal evaporation 

system (Edward Auto 306) was use to 

deposition of Al for photoetectors by using 

the mask, which is usually formed by a 

metal (Si), as for the cleaning of silicon 

(Si), substrates are cleaned and degreased 

with ethanol and distilled water. The 

surface of the Si wafers is already 

mechanically polished to mirror like 

surface, Native oxides are removed by 

using 1:10 HF:H2O solution.  Before using, 

the wafer was scribed by special diamond 

cutter then cut into small samples with 

appropriate sizes of about 1.5 x 1.5 cm
2
. 

The masks are placed as closely as possible 

to be the substrate on which the film is to 

be deposited. For Photo detector 

measurements, it is essential to specify the 

form of film. For this purpose, a suitable 

mask is used to get the desired shape as 

shown in Fig.1.  

 

Fig.1: Grid geometry of front metal mask. 

The chemical spray pyrolysis setup 

has been used in deposition the CuZnS:Au 

10 mm

7
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NPs films on glass and Si substrates. The 

spray system is responsible for the spray 

operation, and it is achieved in periods of 

about 12 sec followed by ~2 mins wait, 

with 5 ml/hour of flow rate air. In order to 

deposit thin films with uniform thickness 

the distance between the substrate and 

spray nozzle was kept at 30 cm. 

Then used for as metal contact 

deposition of Al on Si substrates for 

fabricating photodetcter. The silicon wafer 

(n-type) used with an (1.5-4 Ohm-cm) 

resistivity, thickness 508±15 and (111)-

orientation. 

The structural of deposited films was 

carried out using X-ray diffraction (XPert 

Pro MPD PANalytical). Cu kα radiation 

with wavelength 1.5406 Å, the current 30 

mA, voltage 40 KV, and scanning angle 

varied in the range (10-70)º. 

The surface morphology of the 

samples is recorded by an AFM 

(Nanoscope III and Dimension 3100, by 

Veeco Instruments Inc.) and SEM 

(INSPECT-S50 by FEI-Netherlands-

Holland) is normally carried out at 10 kV. 

The optical measurements in the 

wavelength range (200-1100) nm using 

(Double Beam UV Spectrophotometer–

MEGA-2100- SCINCO Company–Korea).  

Keithly  source  meter  "Model  2430  

Series Source meter" tungsten  lamp  with 

power of  about  70  mW  at  the  visible  

incident  wave length (500 nm) with  2V  

applied  bias.  

3. Result and Discussion: 

Fig.2 shows the XRD patterns of 

pure and Au NPs doped CZS thin films 

with different dopant ratio (4%, 6% and 

8%). The diffraction patterns indicate that 

the crystal structure of the prepared films 

has low crystallinity and polycrystalline 

nature. It was found that the diffraction 

peak of preferred orientation is along  

[111] plan corresponding to the sphalerite 

(cubic) phase appeared at 2𝜃  = 28.46°, 

28.32° and 28.41° for and Au NPs 4,6and 

8% doped CuZnS thin films respectively.  

These results are good agreement 

with the standard values of ICDD card file 

data (JCPDS 02-565 ZnS). When adding a 

low ratio of Au-dopant nanoparticle to 

CZS (1:1:2), from the figure it is noted that 

the intensity of the diffraction peaks of 

CuZnS  films  increased  with the increase 

of Au NPs dopant ratio, therefore the 

doping process enhanced the crystallinity 

of the CZS films.   

The XRD pattern a secondary peaks 

were appeared at 2 theta angles 23.31°, 

26.71° and 47.64° related to the crystal 

planes (221), (100) and (220) respectively 

corresponding to Hexagonal CuS and 

Monoclinic Cu2S phases as shown in fig. 2. 

These results are in good agreement with 

(JCPDS) card file data (26-1116 Cu2S), 

(02-0820 CuS) and (33-0490 Cu2S). 

Finally, all above results are in good 

agreement with the Literatures [4, 5, 18] 

Interplanar spacing (dhkl) where 

calculated by using Bragg's law: 

           𝜃   (1) 

and shows good agreement with the 

standard values as shown in table (1). 

 
Fig.2: XRD Pattern of CZS:Au NPs thin 

films. 
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Table.1: XRD calculations for prepared thin films. 

Sample 2θº hkl 
dcalc 

Å 

dstand 

Å. 

a=b=c 

Å 
FWHM 

G. S. 

nm 

δ×10
14

 

line/m
2
 

CZS 

1:1:2 

22.35 (004) 3.98 3.97 – 0.12 – – 

26.94 (032) 3.31 3.29 – 0.08 – – 

28.466 (111) 3.14 3.12 5.43863 0.31 26.027 14.747 

34.14 ( ̅15) 2.63 2.63 – 0.14 – – 

47.64 (220) 1.91 1.90 – 0.47 – – 

CZS:Au 

4% 

23.31 (221) 3.82  3.76 – 0.05 – – 

28.4601 (111) 3.13624 3.12 5.4321 0.2362 34.716 8.2974 

33.5 (114) 2.67  2.68 – 0.12 – – 

CZS:Au 

6% 

28.3155 (111) 3.1518 3.12 5.4321 0.3936 20.8264 23.055 

33.62 (042) 2.67  2.68 – 0.24 – – 

63.45 (1010) 1.47  1.45 – 0.07 – – 

CZS:Au 

8% 

26.71 (100) 3.34 2.32 – 0.238 – – 

28.4083 (111) 3.14184 3.12 5.44182 0.2362 34.7120 8.2993 

47.42 (110) 1.92  1.89 – 0.22 – – 

61.29 (104) 1.51  1.49 – 0.068 – – 

After CZS thin film doped with 

different Au dopant concentration (4%, 6% 

and 8%), the SEM images [fig.3 a, b, c and 

d] shows a homogeneous and smooth 

uniform surface with no detectable micro-

cracks and the morphology of the prepared 

films indicates that the size of the particles 

is increased with the increasing Au dopant 

concentration, that’s clear in compare the 

Fig.3 with others. It has having perfectly 

spherical grains with well-defined grain 

boundaries and this result conforms to 

literature [20, 21]. 

 
(a)  

(b) 
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(c) 

 
(d) 

Fig.3: SEM images of a: pure, CZS doped Au NPs, b: 4%, c: 6% and d: 8% thin films. 

The EDX measurements of pure CZS 

(1:1:2) and CZS:Au Nps thin film (4%, 6% 

and 8%) respectively, which can confirm 

the existence of elements (copper, Zinc, 

Sulfur and Gold) which constitute thin film 

structure. As shown in table (2), may be 

can to observed ratios of these elements 

and can be observed convergence in the 

mixing ratios of Copper, Zinc, Sulfur and 

Gold. 

Table.2: EDX measurements of CZS:Au at 

ratios (4%, 6% and 8% Au NPs). 

Sample Element 
norm wt 

% 

atom at 

% 

CZS 

(1:1:2) 

thin film 

Zinc 44.88 36.32 

Copper 44.61 39.81 

Sulfur 13.50 23.88 

Total: 100% 100% 

CZS:Au 

(4%) 

thin film 

Copper 35.17 30.67 

Zinc 43.08 36.51 

Sulfur 18.45 31.89 

Gold 3.31 0.93 

Total: 100% 100% 

CZS:Au 

(6%) 

thin film 

Copper 33.92 31.40 

Zinc 47.99 43.17 

Sulfur 13.05 23.93 

Gold 5.04 1.50 

Total: 100% 100% 

CZS:Au  Copper 41.59 37.09 

 

(8%) 

thin film 

Zinc 38.50 33.36 

Sulfur 16.11 28.46 

Gold 3.80 1.09 

Total: 100% 100% 
 

The surface morphology of Au Nps 

doped CZS (1:1:2) thin films with different 

ratios where illustrated in the (fig.4.a, b, c, 

and d). it can be observe The surface 

texture results showed that the roughness 

(Sa) was increased from 2.64 nm for 

CZS:Au NPs (4%) to 4.86 nm for CZS:Au 

Nps (6%) thin films, these increases could 

be probably due to the increasing 

concentration of atomic gold Nps in the 

CZS thin films. The root mean square 

(RMS) (Sq) increased with increasing of 

Au NPs ratio, which is accordance with the 

findings of researcher [22]. The average 

grain diameter was evaluated from the 

plane view images for CZS:Au (94.51–

102.07 nm) as tabulated in table (3), where 

the granularity accumulation distribution 

shown in the (fig.5 a, b, c, and d). These 

results were in good agreement with the 

XRD results. The tilted image exposes 

grain heights of a few tens of nanometers, 

as shown in table (3). 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig.4: AFM images of a: pure, CZS doped Au NPs, b: 4%, c: 6% and d: 8% thin films. 

Table.3: AFM measurements 

Thin 

Film 

Ratios 

of CZS 

Rough

ness 

averag

e Sa 

(nm) 

Root 

mean 

square 

Sq 

(nm) 

Ten 

point 

height 

Sz 

(nm) 

Average 

diameter 

(nm) 

CZS:

Au 
C

CZS:

Au 

CZS1:

1:2 
1.95 2.47 12.6 68.99 

4%Au 2.64 3.3 17.3 94.51 

6%Au 4.86 5.75 12.7 102.0 

8%Au 3.82 4.55 9.69 93.59 
 

The Granularity accumulation 

(accumulation) distribution charts in Fig.3 

are showing the differentness before and 

after doping process. By increase of ratio 

of Au NPs, the highest average diameter is 

decreasing from 160 nm (for 4% Au) to 

150 nm (for 6% Au) and then 130 nm (for 

8% Au).   
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig.5: Granularity accumulation distribution chart for a: pure, CZS doped Au NPs, b: 4%, c: 

6% and d: 8% thin films. 

The optical measurement, noted that 

the transmittance spectrum exhibits high 

visible transmittance and decreases from 

66% to 38% beyond the absorption edge. 

From the fig.6 it can be seen that the 

optical transmittance is influenced by 

increasing ratio of Au-nanoparticle. 

 

Fig.6: Optical transmittance spectra of a: 

pure, CZS doped Au NPs b: 4%, c: 6% and 

d: 8% thin films. 

Figure (7) shows the value of the 

optical energy band gap for allowed direct 

transition calculated by using Tauc relation 

[23, 24]: 

(   )    (     )
 
   (2) 

   is a constant depend on nature of 

material,    is optical energy gap,    is 

energy of absorbed photon, and   is equal 

(1/2 or 3/2) for direct transitions, and (2 or 

3) for indirect transitions. 

The energy band is estimated from 

the plot of (αhν)
2
 versus hν which  is 

determined  by extrapolating the straight 

line portion of the Plot  to the point α = 0. 

The optical energy band gap of deposited 

CuZnS/glass thin film was found to be 

decreases from (2.5 to 2.39 eV) with 

respect to Au NPs dopant ratio. The lower 

band gap corresponds to CuxS phase and 

double band gap confirms the alloy nature 

of material. The decreased in energy band 

gap after increasing of of Cu/Zn content 

and Au NPs dopant ratio can be attributed 
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to the red shift of the absorption edge and 

to the improvement in the crystallinity, 

where the crystallite size of the prepared 

films is found to increase in the range of 

(60-103) nm, resulting in the decrease of 

the band gap of the samples. These 

obtained optical band gaps for CuZnS thin 

films are consistent with those reported in 

the literature [25]. 

 

Fig.7: Variation of (αhυ)
2
 vs. hυ of CZS:Au 

NPs thin films. 

The Photodetectors measurements, it 

can be discuss the I–V Characteristics in 

state of CZS:Au/Si at (4%, 6% and 8% Au 

NPs) of  the  fabrication  CZS:Au/Si 

photodetector  with  Al  electrodes  which  

is  measured  in  under illumination 

(photocurrent). The photocurrent measured 

by using  tungsten  lamp  with  power  of  

70 mW/cm
2
  at  the  visible  incident 

wavelength   with  2V  applied  bias 

voltage. It is found that the photocurrent of 

All samples in Fig.8 of photodetector in 

the forward bias because of the 

improvements made in the structural 

properties of the thin film lead to a small 

energy gap and therefore, the electrons 

need low energy to cross the energy gap 

consequently note that the photocurrent be 

higher than it was after increasing the 

ratios Au NPs. 
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(c) 

 
(d) 

Fig.8: I-V characteristics under dark and light conditions for a: CZS/Si, CZS:Au NPs/Si , b: 4%, 

c: 6% and d: 8% photodetector.

Figures (9) illustrates the time 

dependence of the photodetector under bias 

voltages (2V). The device was allowed to 

stabilize and exposed to illumination of 

500 nm chopped light with power density 

of 70mW/cm
2
 or (7W/m

2
). It can be 

observed that the detector has a good 

reproducibility. 

There are some important parameters 

to evaluate the performance of 

photodetectors, these parameters are 

responsivity R, sensitivity S, and quantum 

efficiency QE [17,27]; 

  
   

      
     (3) 

Where     is the photocurrent, A is 

the illuminated area, and      is the Light 

power density. 

The sensitivity is given by[17,27]: 

 ( )  
            

     
       (4) 

Quantum efficiency is an important 

parameter to evaluate the performance of 

the device, It is given by [17,27,28]: 

   
  

  
       (5) 

When a photodetector is exposed to a 

pulsed light source, the device exhibits a 

consecutive pulse current spectrum. Two 

important terms have been introduced in 

this state: The response time at 90% of the 

saturation current from the initial value; 

whereas the recovery time is 10% from it. 

Photovoltaic behavior was observed 

at 2 V. The Energy of photons of the 

incident light is enough to generate an 

electric field which in turn produces a 

photocurrent. The saturation current in 

Figures (9) was (30, 57 and 32 𝜇A) 

respectively. However, under applied 

voltage of 2V, the electric field produces a 

photocurrent that is added to the bias 

current. Therefore, the saturation current 

increased to be 57 𝜇A. 

Figures (9) shows response time is 

shorter than the recovery time. The 

response and recovery times of the device 

are summarized in Table 3. The response 

time under 2V was (0.8, 0.5 and 1.5 sec) 

respectively; whereas the recovery time 

was (0.6, 0.9 and 1.35 sec). 

At comparing between ratios of Au 

NPs, can be noted the responsivity, 

sensitivity, and quantum efficiency are 
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optimum for 6%Au NPs. These calculated 

by use eqs.(3, 4, and 5), and their result 

tabulated in Table 4. 

 

 

(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.9: Photocurrent response a: CZS/Si, CZS:Au NPs/Si  b: 4%, c: 6% and d: 8% 

photodetectors.

 

Table 4: Photodetecter measurements at 2V. 
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Pure 2.09 1.3 0.09 263.64 0.22 

4% 0.8 0.6 0.01 42.86 0.02 

6% 0.5 0.9 0.03 122.73 0.07 

8% 1.5 1.35 0.01 52.78 0.03 

  

4. Conclusions 

From preparing Au-doped CZS thin 

films and CZS: Au NPs /Al/Si 

photodetecter by spray pyrolysis technique 

it can be concluded: 

1. The crystalline is satisfied with a cubic 

(sphalerite) for ZnS preferential 

orientation in the (111) direction, 

while the CuS was crystallized in two 

crystallographic forms (hexagonal 

CuS) and (monoclinic Cu2S). This 

result, show low crystalline, and then 

increasing of crystalline material by 

Au-doping. The crystallite size 

increased with the increasing of Au 

Np's ratio. 

2. A uniform granular surface shows 

morphology of the atomic force 

microscope (AFM) images of thin 

films. The roughness average and the 

root mean square (RMS) are increased 

with the increasing of Au NPs ratio. 
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3. The optical properties results show 

that the transmittance is decreased 

with the increasing of Au NPs ratios in 

the wavelength range 600-750 nm. 

4. The optical measurement shows that 

the pure and Au-doped CZS thin films 

have allowed direct energy gap (Eg) 

that decreased from 2.5 to 2.39 eV, the 

fundamental absorption edge shifted 

towards long wavelength and the 

optical energy gap decreases to low 

values towards the middle of the 

visible region which make it suitable 

for solar cell and photodetector 

applications. 

5. I–V characteristics of the fabrication, 

CZS:Au/Si detectors  with  Al  

electrodes  which  is  measured  in  the  

dark  (dark current) under  2V  applied  

bias voltage. 
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