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Abstract Article Info. 

In this study, Nd:YAG laser pulses with a wavelength of 1064 nm, a power 

of 500 mJ, a pulse width of 9 ns, and a repetition frequency of 6 Hz were used to 

hit a manganese oxide (MnO) target surface 300 times. Undoped and doped MnO 

were prepared with different concentrations of Cu (0.03, 0.05, 0.07, and 0.09%) 

prepared by PLD. Cu:MnO thin films were annealed at 473 K, and their 

morphological, optical, and electrical characteristics were studied. The results of 

the atomic force microscopic (AFM) investigation of morphological properties 

showed that Cu dopant impacted the creation of roughness and particle size in 

MnO2 films. The optical transmission was examined using a UV-Vis 

spectrophotometer. The highest optical absorption was noted at 0.09 dopant 

content. The dielectric constants' real (εr) and imaginary (εi) components, as well as 

the extinction coefficient (k), refractive index (n), and other optical constants, were 

studied. At an annealing temperature of (473 K), Hall effect studies demonstrate 

that all produced films exhibit P-type conductivity. 
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1. Introduction 
Nanotechnology is a relatively young technology that has resulted in substantial 

advancements in several industries [1]. Semiconductors were created to meet the most 

recent gas sensor criteria [2]. A semiconductor gas sensor performs well regarding 

stability, sensitivity, and selectivity for gas detection [3]. Due to their distinct electronic 

and optical properties, nanomaterials have been investigated in numerous disciplines, 

such as chemistry, medicine, physics, materials sciences, biology, and pharmacy [4]. 

Nanomaterials have been investigated across several academic disciplines, 

encompassing chemistry, medicine, physics, materials sciences, biology, and pharmacy, 

owing to their distinctive electrical and optical characteristics [5-7]. Copper oxide 

(CuO) nanoparticles have been extensively used in many applications, such as catalysis, 

solar energy, electricity, batteries, gas sensors, and the degradation of organic dyes [8]. 

Manganese oxid (MnO) nanoparticles are one of the most researched metal oxides 

because of their unique properties. This oxide has a small band gap and a large optical 

constant [8]. MnO exhibits transitional properties and possesses numerous oxidation 

numbers, namely +2, +3, and +4; hence, it exists in diverse oxide structures, such as 

MnO, MnO2, Mn2O3, and Mn3O4. The compound manganese oxide has garnered 

significant attention from researchers, leading to several research endeavours [9, 10]. 

Manganese oxide and manganese oxide nanoparticles have been synthesized via a 

variety of techniques, including spray pyrolysis [11], sol-gel [12], atomic layer 

deposition [13], thermal evaporation [14-16], pulsed laser deposition [17-19], RF 

magnetron sputtering [20, 21], metal-organic chemical vapor deposition [22], and 

electron beam technique followed by archiving post-treatment [23]. Nelson et al. [24] 

studied the impact of deposition temperature and substrate on the formation of 

manganese oxide thin films using ALD (Atomic Layer Deposition). The investigation 
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of various crystal morphologies of manganese oxide is of significant interest due to their 

notable characteristics, including a substantial specific surface area, a considerable 

proportion of surface atoms, and their non-toxic nature. Extensive research has been 

conducted on the physical and chemical properties of manganese oxide nanoparticles, as 

well as its diverse range of applications, including its use in catalytic processes [25], 

antibacterial [26], water treatment [27], and electrochemical capacitors [28]. Several 

techniques have been devised to create MnO nanoparticles, including the hydrothermal 

method, the template-assisted method, the wet chemical method, and the sol-gel method 

[29]. 

The purpose of this work was to study the effect of annealing process on the 

morphological, optical and electrical properties of Cu-doped MnO films at different 

concentrations of Cu prepared by PLD techniques. 

2. Experimental 

2.1. Preparation of Samples 
MnO (99.99% purity) in the form of a powder, obtained by grounding the MnO 

with a mortar for five minutes, was mixed with different contents of Cu nanoparticles 

(0.03, 0.05, 0.07, and 0.09 wt%). Using a hydraulic piston form (SPECAC) at a pressure 

of 5 tons for 10 minutes, pellets of 1 cm in diameter and a thickness of 0.2 cm were 

prepared. Then, they were sintered in air at 673K for one hour before being chilled to 

room temperature. 

 

2.2. Deposition of Thin Films 
The synthesis pellets were utilized to form Cu-doped MnO thin films on glass 

substrates, which were cleaned for 15 minutes using an ultrasonic method and distilled 

water. To create the thin films, the pulsed laser deposition technique was used using a 

Nd:YAG laser of 1064 nm wavelength and 0.5 J energy. The settings were set up so that 

300 laser pulses of 6 Hz repetition rate hit a target at a 45° angle. The deposition was 

carried out in a vacuum chamber 1x10
-2

 mbar pressure. The substrate was positioned 1.5 

cm away from the MnO target. The thin film thickness was 200±5nm and was 

calculated using the interference method. Finally, thin films were thermally treated for 

one minute at 473 K. 

 

2.3. Measurements 
The surface morphological characteristics of the thin films were investigated 

using atomic force microscopy (AFM). UV-Vis spectrophotometer (Metretech SP-

8001) was used to examine the thin films' optical properties. The instrument's 

wavelength range was from 190 to 1100 nm. The Hall effect measurements, using the 

Hall effect system (HMS-3000, supplied by the Ecopia company), were carried out to 

determine the type, mobility and concentration of the charge carriers. 

3. Results and Discussions 
3.1. Atomic Force Microscopic 

The surface morphology of pure and Cu-doped MnO thin films was studied using 

AFM analysis to find the root mean square (RMS), mean diameter, and mean 

roughness, as shown in Fig. 1; the parameters values are tabulated in Table 1. Fig. 1 

shows 3D AFM images of pure and Cu-doped MnO of different dopant content thin 

films; a granular surface with porous features and of spherical grains can be noted. 

Compared to the pure MnO thin films, Cu-doped MnO thin films have a distinct 

morphology, which was dramatically impacted by the incorporation of Cu ions into the 

lattice. With the increase of Cu content, the roughness increased from 27.96 to 79.46 
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nm, while RMS increased from 33.45 to 78.45 nm. Also, the grains appeared to 

agglomerate and grow as the Cu content increased; the surface was seen coated in 

dense, uniform grains. The increase in the particles size is a direct result of Cu's 

interstitial dopant role [30]. 
 

Figure 1: 3D AFM images of pure and Cu-doped MnO with different Cu content thin films.  

Table 1. Average values of surface roughness, particle size and RMS for the pure and Cu-

doped MnO thin films annealed at 473 K. 

 

 

 

 

 

 

 

 

 

 

3.2. The Optical Properties 

   Fig. 2 shows the absorbance spectra for pure and Cu-doped MnO films of different 

Cu content annealed at 473k. In general, it can be observed that the absorbance 

decreased with the increase of λ in the visible–near-infrared (400–1100 nm) region for 

all the prepared samples. Also, the absorbance increased with the increase of the Cu 

content. This is because of the creation of localized states in the band gap. 

Consequently, the samples became opaque to the incident light, hence the increase in 

absorbance.  In a previous work [31], comparing the films prepared at room temperature 

to the annealed samples, it was found that heat treatment has an impact on the spectral 

characterization. It was observed that absorbance decreased with the increase of the 

annealing temperature for all prepared samples due to the films becoming more 

transparent. 

Fig. 3 demonstrates how the extinction coefficient (k) varies with wavelength in 

the 400–1100 nm range for different Cu content for the thin films annealed at 473k. The 

k values were derived using the following relationship: 

Sample  Avg. 

Diameter(nm) 

 Avg. 

Roughness(nm) 

R.M.S 

(nm) 

Pure MnO 24.57 27.96 33.45 

3 % Cu:MnO 33.50 29.92 38.62 

5 % Cu:MnO 61.28 45.59 60.15 

7 % Cu:MnO 81.26 65.74 70.15 

9 % Cu:MnO 94.91 79.46 78.45 

MnO MnO-Cu(0.03) MnO-Cu(0.05) 

MnO-Cu(0.07) MnO-Cu(0.09) 
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where:   is the absorption coefficient and   is the wavelength of the incident photons. 

The extinction coefficient depends mainly on the absorption coefficient and, therefore, 

on the absorbance; for this reason, it has the same behavior of increasing with the 

increase of the Cu content. 
Figure 2: Absorbance spectra of the pure and Cu-doped MnO with different Cu content thin 

films annealed at 473K. 

Figure 3: The variation of the extinction coefficient (K) with wavelength for pure and Cu-

doped MnO with different Cu concentrations thin films prepared at annealing temperature of 

473K. 

 

Fig. 4 shows the variation of the refractive index (n) as a function of wavelength 

in the range (400-1100) nm for undoped and Cu-doped MnO with different content of 

Cu annealed at 473 K, which was determined by the following equation [32-37]: 
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where: R is the reflectance. 

It appears from Fig. 4 that the refractive index increased with increasing the Cu 

content for all prepared samples. It can be noticed from the figure that the refractive 

index values decreased when annealed at 473k. Mohsin et al. also reported the decrease of 

the refractive index of annealed samples compared to those for films prepared at RT [38]. 

Figure 4: The change in refractive index with wavelength for the pure and Cu-doped with 

different Cu concentration thin films prepared at annealing temperature of 473k. 

 

Figs. 5 and 6 depict the real (εr  and imaginary (εi ) components of the dielectric 

constant for the pure and Cu-doped MnO with varying concentrations of Cu (0.03, 0.05, 

0.07, and 0.09wt%) thin films annealed at 473 K over the spectral range (400–          

1100 nm). Using the given equations, the real and imaginary components of the 

dielectric constant were calculated [39-41]: 

 ε                                                                                                                                           

ε                                                                                                                                                  

As shown in Table 2, their values grew as a result of the increase of the dopant 

concentration. 

 
Table 2: The optical parameters of the thin films of the pure and Cu-doped MnO with 

different Cu concentrations annealed at 473K. 

Sample K n εr εi 

Pure   MnO 0.084 2.344 5.487 0.396 

3% Cu :MnO 0.167 2.644 6.963 0.883 

5% Cu :MnO 0.102 2.463 6.057 0.503 

7 % Cu: MnO 0.230 2.499 6.193 1.148 
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Figure 5: the real part of the dielectric constant for MnO thin films doped with different 

concentrations of Cu prepared at annealing temperature 473k. 

 

Figure 6:  The imaginary part of the dielectric constant for MnO thin films doped with 

different concentrations of Cu prepared at annealing temperature 473k. 

 

3.3. Hall Effect 

Using Hall Effect measurements, thin films of the pure and Cu-doped MnO with 

varying concentrations of Cu (0.03, 0.05, 0.07, and 0.09 wt%) were examined.  

By measuring the Hall voltage (VH) produced by the Hall field throughout the sample 

thickness (t), the Hall coefficient (RH) was calculated [42, 43]: 
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where: I represents the sample current and B represents the magnetic field. Using the 

given relationship, one can calculate the concentration of carriers [44]: 

   
 

      
                                                                                                                                  

where: e is the electron charge and ( H) is the Hall’s mobility measured in (cm
2
/V.s) 

and can be written in the form [45, 46]: 

   
 

   
                                                                                                                                           

The Hall coefficient was positive in every sample, indicating p-type conductivity, 

as shown in Table 3, meaning that the Hall voltage increased as the Cu content 

increased. with the except of one sample. Also, the results showed that increasing the 

value of charge carriers (nH), the mobility (µH) and Hall coefficient (RH) induced an 

increase in the value of electrical conductivity (σ) with the increase of Cu content. The 

Hall measurements were performed on samples deposited to ascertain the type and nH, 

µH, σ and resistivity (ρ) for pure and Cu-doped MnO at annealing temperature (473K). 

According to the findings, as Cu concentration rises, an increase was noted in the 

main parameters resulting in an increase in electrical conductivity (σ). Zahan and 

Podder [30] have found that the carrier's mobility increased with the annealing 

temperature(473K) due to the improvement in samples.  

 
Table 3: The Hall mobility, carrier concentration, Hall coefficient, and type of conductivity 

For the Cu:MnO films doped with varied Cu concentrations and annealed at 473 K. 

 Sample (1/.cm)  (.cm) RH (cm
3
/c) nH (1/cm

3
) µ(cm

2
/V.sec)  type 

MnO 5.08E-03 1.968E+03 3.90E+04 1.60E+14 1.98E+02 P 

3 % Cu :MnO 4.65E-02 2.151E+01 1.59E+04 3.931E+14 7.38E+02 P 

5 % Cu :MnO 1.37E-02 7.299E+01 2.92E+04 2.14E+14 3.99E+02 p 

7 % Cu: MnO 1.78E-02 5.617E+01 7.85E+04 4.91E+14 13.972E+02 P 

9 % Cu:MnO 5.89E-02 1.697E+03 8.912E+04 5.57E+14 52.49E 02 P 

 

3. Conclusions 
This study examines the morphology, optical, and electrical properties of Cu-doped 

MnO with varying Cu contents; the films were prepared using the PLD process at an 

annealing temperature of 473K. The morphological results of MnO:Cu films showed 

that incorporating Cu ions (either +2 or + 1) into the MnO lattice increased the 

roughness. According to the results of the optical properties study, the film's absorbance 

decreased but showed high transmittance in the visible range. The absorbance increased 

as the Cu content rose to 9%. The electrical conductivity, concentration of carriers and 

Hall mobility increased as the copper content increased. Cu-doped MnO2 thin films' 

large crystallite size, regular surface shape, high absorbance, high conductivity, high 

carrier concentration, and high mobility all point to the material's suitability in 

optoelectronic devices, gas sensors and biosensors. 
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 Cu:MnOتأثير عمليت التلذيه على الخصائص المىرفىلىجيت والضىئيت والكهربائيت لأغشيت  
 ترسيب الليزر النبضيالمحضرة بتقنيت 

 
دعاء ثامر محمد

1
وغصىن حميذ محمد 

1
 

 انؼزاق بغذاد، بغذاد،جايؼت  انؼهٕو،كهٛت  انفٛزٚاء،لسى  1

  

  الخلاصت 

 9يههٙ جٕل، ٔػزع َبضت  066َإَيخز، ٔلٕة  4601بطٕل يٕجٙ  Nd:YAGاسخخذيُا فٙ ْذِ انذراست َبضاث نٛزر 

أكسٛذ حى ححضٛز ػُٛاث غٛز يطؼًّ ٔيطؼًّ يٍ اغشّٛ يزة.  366ْزحز نخظم إنٗ انسطح انًسخٓذف  0َإَثاَٛت، ٔحزدد يخكزر

حى اسخخذاو حأثٛز ػًهٛت  .حزسٛب انهٛزر انُبضٙ طزٚمّ باسخخذاو (and 0.09% ,0.07 ,0.05 ,0.03)بُسب يخخهفّ يٍ انُحاس  ُغُٛزانً

أظٓزث َخائج . (Cu:MnOكهفٍ( نذراست انخظائض انًٕرفٕنٕجٛت ٔانضٕئٛت ٔانكٓزبائٛت لأغشٛت ) 173انخهذٍٚ ػُذ درجت حزارة )

. حى فحض MnO2اس كاٌ نٓا حأثٛز ػهٗ خهك انخشَٕت ٔحجى انجسًٛاث فٙ أفلاو نهخظائض انًٕرفٕنٕجٛت أٌ يادة انُح AFMدراست 

. حًج دراست انًكَٕاث 6.69. حى اكخشاف أػهٗ ايخظاص بظز٘ ػُذ حزكٛز UV-Visانُمم انبظز٘ باسخخذاو يمٛاس انطٛف انضٕئٙ 

(، ٔانثٕابج n(، ٔيؼايم الاَكسار )k)ؼايم انخًٕد ( نثٕابج انؼزل انكٓزبائٙ، بالإضافت إنٗ يEiٔانًكَٕاث انخخٛهٛت ) (Er) انحمٛمٛت

 . Pَٕع  انًٕطهٛت حظٓز ٕل أٌ جًٛغ الأفلاو انًُخجتْأظٓزث دراساث حأثٛز .كهفٍ( 173انضٕئٛت الأخزٖ. ػُذ درجت حزارة انخهذٍٚ )

 

                          حمُٛت  ت،انخٕاص انًٕرفٕنٕجٛ ، تانضٕئٛانثٕابج  ،نهُحاس تانجسًٛاث انُإَٚ ،غُٛزًُلأكساٚذ انالأغشٛت انزلٛمت  :المفتاحيت الكلماث

 .حزسٛب انهٛزرانُبضٙ                      

 


