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 ألخلاصة
بطريقة تفاعل الحالة الصلبة ورسب على الزجاج بالليزر  Pb(Zrx,Ti1-x)O3  (PZT) مسحوق حضر

بواسطة حيود الاشعة السينية ان الغشاء  x=0.7النبضي. أظهرت دراسة الخصائص التركيبية للغشاء عند 

متعدد التبلور مع وجود عدة قمم. واظهرت فحوصات مجهر القوة الذرية لدراسة طوبغرافية السطح للعينات 

. درست الخصائص K 723بعد التلدين الى  nm 70يقل الى حوالي  nm 100بحدود بان الحجم الحبيبي 

البصرية للغشاء ضمن نطاق الاطوال الموجية المرئية وتحت الحمراء عند درجة حرارة الغرفة وبعد التلدين 

وكذلك درست الخصائص  nm (1100-390)وسجلت الامتصاصية والنفاذية لمدى طول موجي  K 723عند 

تزداد بعد التلدين وتكون بقية الخصائص كذلك حساسة للتغير  (Eg)ووجد ان فجوة الطاقة البصرية  البصرية

بدرجة الحرارة. اجريت تحليلات فورير للاشعة تحت الحمراء لمعرفة هوية الغشاء ووجد انه يعاني من المط 

cm 3477.66) عند العدد الموجي
-1

جهاز مقياس التداخل )جهاز . استخدم K 723بعد التلدين بدرجة حرارة  (

 نانومتر. 200مايكلسون( لقياس سمك الغشاء وكان بحدود 

 .Pb(Zr0.7,Ti0.3)O3الكلمات الدالة: تأثير التلدين، الترسيب بالليزر النبضي، خصائص غشاء  
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Abstract: 
 Pb(Zrx,Ti1-x)O3 (PZT)  powder was prepared via solid-state reaction and 

deposited on glass by Pulsed Laser Deposition (PLD). X-ray diffraction (XRD) 

analysis carried out to investigate the phase structure, it was found that PZT thin films 

with x=0.7  are polycrystalline with many peaks, and the results of Atomic Force 

Microscopy (AFM) used to studied the samples topographic indicated the film have 

grain size around 100 nm decrease to around 70 nm after annealing to 723 K. The 

optiical properties of PZT films with x=0.7 studied at RT and 723 K. The absorbance 

and transmittance spectra have been registered in the wavelength range (390-1100) 

nm so as to examine the optical properties at vis-IR wavelengths. It was investigated 

that the optical energy gap (Eg) increase when annealing temperature (Ta) increase. 

An extinction coefficient, refractive index, real and imaginary dielectric constant were 

sensitive to the change in temperature. Fourier Transform Infra-Red (FTIR) to know 

the identity and to study the vibrational frequencies between the bonds of atoms for 

synthesized (PZT) Nanoparticles which found stretching at (3477.66 cm
-1

) after 
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annealing to 723 K. the interferometer used to determine the thickness of the 

deposited film, it found of about 200 nm. 

Keyward:Annealing effect, PLD, Pb(Zr0.7,Ti0.3)O3 film Properties. 

 

 

 

 

 

Introduction: 

 Due to the great interest and concentration of nano-crystal semiconductor 

technology has attracted applications. Magnetic, optical and electrical dependent 

on the particle size of the particles [1]. Perovskite Pb (Zr, Ti) O3 (PZT) family is 

one of the most popular materials for a wide range of applications, ferroelectric, 

piezoelectric and Pyroelectric [2,3], The technology of thin films is a valuable tool 

in the development of modern electronic devices has become. Recently, 

ferroelectric lead zirconium titanate, Pb(ZrX,Ti1−X)O3  (PZT) thin films have 

been extensively used for applications in many high technology fields due to their 

excellent ferroelectric properties, such as: high dielectric constants, high 

remanent polarization and large piezoelectric coefficient, qualities of great 

importance in device applications as in, for instance, the construction of low-

energy-consumption, high-speed and radiation-hard ferroelectric nonvolatile 

random-access memories (NVRAM), or the development of pyroelectric 

detectors [4, 5]. Preparation of epitaxial PZT films has been performed using 

several techniques such as radio frequency magnetron sputtering, metal organic 

chemical vapor deposition (MOCVD), pulsed laser ablation ….etc. [6]. Laser 

ablation Physical- itself as one of the most efficient method for building 

nanostructures with respect to its control, the costs are relatively modest, and 
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has shown flexibility [7,8] The method is to destroy a target by an intense laser 

beam returns to the exit of its components and the formation of nanoclusters and 

nanostructures [9] . PZT energy band gap is  of about 3.4 eV. Valence band 

mainly composed of oxygen 2P states, while empty groups are guided by the 

states Ti
4 +

 or Zr
4 +

 d is formed. The main characteristic that distinguishes PZT 

perovskite titanates is the electronic structure of the Pb
2+

 ions. These retain their 

6s electrons, the so-called inert pairs in the valence band. Using the tight-

binding, Robertson and colleagues [10] calculated that the upper valence band 

states are actually composed of Oxygen 2P and lead 6S [11]. The aim of this 

work is to build and analyze the structural and optical characteristics of thin 

films of lead (ZrX, Ti1-X) O3 processing method using pulse laser deposition 

(PLD). 

Experimental procedure: 

 Bulk samples of  Pb(Zrx,Ti1-x)O3 have been prepared  by solid-state 

reaction process. The powder of Lead dioxide , Zirconium dioxide and Titanium 

dioxide with a purity of 99.99% were Grinded and mixed together at a 

concentration           x = 0.7 of the formula Pb(Zrx,Ti1-x)O3 in a mixture 

machine for 10 minutes. After that it was pressed into pellets with 1.2 cm 

diameter and 0.2 cm thick, using hydraulic piston type (SPECAC), under the 

pressure of 6 tons/cm2 for 10 minutes. The pellets were sintered in a controller 

furnace to temperature 1073 K for two hours then cooled to room temperature. 

The substrate used in this work for deposit of Pb(Zr0.7,Ti0.3)O3 thin films is the 

glass slides made in china from " AFCO", with dimensions (75 × 25 × 1.2) mm. 

The substrate cleaned in the following steps: 

1-The substrates were cleaned in distilled water to remove the impurities and 

residual grime from their surface.  
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2-The substrates were cleaned in alcohol by an ultrasonic system for 15 min in 

order to remove grease and some oxides, and dried by blowing air.  

3-Eventually, the slides were wiped with soft paper. 

The structure of Pb(Zrx,Ti1-x)O3 films studied by X-ray diffraction using a 

Philips X-ray diffraction system that records the intensity as a function of 

Bragg's angle is investigated. The wavelength of the radiation source Cu Kα = 

1.5405 Å, 20 mA current and the voltage was 30 kV. 2 scan angle in the range 

(20-70) degree at 2cm.min-1speed. interplane distance d (hkl) to various pages 

was determined using Bragg's law[12]: 

n = 2d sin  …………………………………………………………….…(1) 

Where n is the order of reflection. 

Fixed lattice of relations estimate: 

d = a /(h
2
+k

2
+l

2
)
1/2

  ………………………………..…………..…………....(2) 

Pb(Zrx,Tix-1)O3 grain size (D) can be calculated by using the Scherrer equation 

[13]: 

D = K
* 
λ /βcosθ

………..................................................................................(3) 

Where: θ is the diffraction angle, ß full width half maximum. 

 Studies using atomic force microscopy (Scanning probe microscope type 

AA3000), supplied by the Angstrom Advanced Company to determine the grain 

size and roughness for Lead Pb(Zrx,Tix-1)O3 glass base was recorded and their 

statistical distribution . The atomic force microscope (AFM) topographic 

mapping has three main modes: contact, contactless we morphology were used in 

research and intermittent contact or tapping. 

Optical properties of films with different content of x in Pb(Zrx,Ti1-x)O3 

deposited on the substrate and different annealing temperature at a wavelength 

of about (190-390) nm and  (390-1100) nm using UV / VIS Centra 5 spectrometer 
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that previous GBC Scientific Equipment PTY  LTD. The spectrometer consists 

of two deuteriums and tungsten lamp light source at a wavelength of 190-390 nm 

and 390-1100 nm range of the spectrum. Data output wavelength, transmission 

and absorption in a computer program used to deduce the optical energy gap 

and the underlying edge optical and optical constant. 

Fixed optical parameters are very important because they describe the optical 

behavior of materials. Energy absorption coefficient of a material is a function of 

photon energy band gap is very strong. Indicates a weakening of the incident 

photon energy absorption coefficient per unit thickness passing through a 

material. The main reason for this attenuation processes of absorption attributed 

[14,15]. Optical constants of refractive index (𝐧𝐜), extinction coefficient (𝐤), and 

real (εr), and imaginary components (εi) of the dielectric constant. The complex 

refractive index (nc) is defined as [16]: 

𝑛𝑐 = 𝑛 − 𝑖𝑘 ………………………………………………………(4) 

It is related to the velocity of propagation (𝐯) and light velocity (𝐜) By:  

𝑣 =
𝑐

𝑛𝑐
………………… .………………………………… . . …… . (5) 

refractive index can be calculated from the formula [12]: 

𝑛 = (
4𝑅

(𝑅 − 1)2
− 𝑘2)

1 2⁄

−
(𝑅 + 1)

(𝑅 − 1)
………………………… . . (5) 

where R is the reflectance and can be expressed by the relation [15]: 

𝑅 =
(𝑛 − 1)2 + 𝑘2

(𝑛 + 1)2 + 𝑘2
………………………………… . . ……… .… (7) 

Extinction coefficient that corresponds to the exponential decay of the wave as it 

passes through the material, as defined [14]: 
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𝑘 =
𝛼𝜆

4𝜋
……………………………………………… .……… . . … (8) 

() is given by : 

𝛼 = 2.303
𝐴

𝑡
………………………… .…………………… .……(9) 

Where A is absorbed. The real and imaginary parts of the optical dielectric 

constant can be calculated using the following equation [16]: 

(𝑛 − 𝑖𝑘)2 = 𝜀𝑟 − 𝜀𝑖 ……………………………………………(10) 

where 

𝜀𝑟 = 𝑛2 − 𝑘2………………………… .……………… .…… . . . (11) 

and 

𝜀𝑖 = 2𝑛𝑘 …………………… .………………………………… . (12) 

the basis scan FTIR In the range between (400-4000) cm-1 was carried out. The 

purpose of this analysis is to provide more details on production Phase powder 

and identity. 

Result and Discussion: 

 X- ray diffraction testing on Pb(Zr0.7,Ti0.3)O3 thin film at room 

temperature showed a polycrystalline rhombohydral structure [17][11]. the 

reflections were (111), (110) and (202) which corresponding to 2θ 

=30.2703°,30.8784° and 50.4054° respectively. After annealed to 723 K it can be 

notice that the peaks were (012), (130), (400), (101), (111), (200), (112) and (121) 

corresponding to 2θ =21.6327°, 22.5850°, 29.1156°, 31.6100°, 39.2290°, 46.1678° 

and 55.6463° respectively. A polycrystalline structure with impurity phase is 

formed  identified pyrochlore. The presence of (400) reflection means pyrochlore 

phase[18], which appear after annealing more than 423 K. A wide peaks indicate 

to coexistence of small crystal particles[19]. Using Scherrer's formula to find 

grain size as shown in table (1). We observed that the grain size decreases after 
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annealing samples to 723 K that is attributed to melting apart of Lead which 

have a low melting point and prominence a grains of Titanium and Zirconium on 

the surface. Generally,  the mean grain size were decreased after the annealing 

procedure as shown in table (1) and fig.(1). 

 

Fig.(1):X-rd of Pb(Zr0.7,Ti0.3)O3 thin film at room temperature and 723K . 
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Table (1): Shows the peaks and its Bragg's angle, interplanar distance, and full 

width half at maximum for Pb(Zr0.7,Ti0.3)O3 thin films at room temperatur and 

723K. 

T (K) 2θ (Deg.) 
FWHM 

(Deg.) 
dhkl Exp.(Å) G.S (nm) dhkl Std.(Å) hkl card No. 

  30.2703 0.3379 2.9502 24.4 2.9613 (111) 96-500-0039 

RT 30.8784 0.4729 2.8935 17.4 2.8890 (110) 96-210-2946 

  50.4054 0.8108 1.8090 10.8 1.8134 (202) 96-500-0039 

723 

21.6327 0.4989 4.1047 16.2 4.0967 (012) 96-210-2946 

22.5850 0.6803 3.9338 11.9 3.9166 (130) 96-400-0724 

29.1156 0.6350 3.0646 12.9 3.0963 (400) 96-400-0725 

31.6100 0.7256 2.8282 11.4 2.8459 (101) 96-901-1193 

39.2290 0.4535 2.2947 18.6 2.2999 (111) 96-901-1193 

46.1678 0.7257 1.9647 11.9 1.9525 (200) 96-901-1193 

55.6463 0.7257 1.6504 12.4 1.6604 (112) 96-901-1193 

57.0522 0.8617 1.6130 10.5 1.6100 (121) 96-901-1193 

Figures (2,3) show 2D and 3D- images for surface morphology of the 

Pb(Zr0.7,Ti0.3)O3 thin films analyzed by (AFM) at RT and at annealing 

temperatures of 723 K.  These images reveal that the average grain size are in 

nano scale and the films have improving structure with a high homogeneity 

without voids , This means that the films are highly dense structure and 

homogenous. Average grain size , surface roughness and root mean square are 

recorded in table (2) which illustrates that all these parameters decrease with 

annealing the films to temperature 723 K, These results are perhaps return to 

melting apart of Lead which have a low melting point as well as larger volume 

and prominence a smaller grains of Titanium and Zirconium on the surface.  
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Figure (2): 2D and 3D images for surface morphology of the Pb(Zr0.7,Ti0.3)O3 thin 

film analyzed by (AFM) at room temperature.   

 

Fig. (3): 2D and 3D images for surface morphology of the Pb(Zr0.7,Ti0.3)O3 thin 

film analyzed by (AFM) at annealing temperatures 723 K. 
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Table (2): Average roughness, grain size and root mean square for the 

Pb(Zr0.7,Ti0.3)O3thin films at room temperature and at annealing 

temperature 723 K  obtained from (AFM).   

Roughness(nm) RMS(nm) Ave.Grain Size(nm) T (K) Pb(Zrx,Tix-1)O3 

6.16 7.27 100.29 RT 

x = 0.7 

2.24 2.58 68.78 723 

 

The transmittance spectrum as a function of wavelength in the range of (390-

1100)nm of  Pb(Zr0.7,Ti0.3)O3 thin films deposited at room temperature and 723 

K ,  it was noticed that the transmittance increases and shift to shorter 

wavelength with increasing of annealing temperature to 723 K as shown in 

figures (4) which is in agreement with Puustinen.[20] and  Zak [21]. On the other 

hand, it is found that the value of the  absorption coefficient (α) decreases with 

increasing of annealing temperature which is due to the increasing of energy gap 

as shown in table (3) and figure (5). The behavior of extinction coefficient (k) is 

approximately similar to the corresponding absorption coefficient. It can be 

observe from these figures that the extinction coefficient increases with the 

increasing of annealing temperature (Ta). The refractive index (n) decreases with 

increasing of the annealing temperature. This behavior may be happen due to 

the increment in energy gap which causes expansion of the bond length in the 

lattice and decreases the defect which means decreasing of the reflection where 

the refractive index depends on it which in agreement with Moret [22]. The real 
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(£r) and imaginary (£i) parts of dielectric constants were calculated by using  the 

equations  (11)  and (12) respectively. (£r)  behavior is similar to the refractive 

index of less value because of k
2
 proportional to n

2
, while (£i)  is mainly 

dependent on the value of k. The dielectric constants (£r) and (£i) are reversely 

proportional with the annealing temperature. The dielectric constants decrease 

with increasing of annealing temperature which is in agreement with [21] shown 

in table (3). Using Tauc equation to determine the values of the optical energy 

band gap (Eg) for Pb(Zr0.7,Ti0.3)O3 films by plotting the relations (αhv)
r
 versus 

photon energy (hv) and select the optimum linear part. It was found that the 

relation for r=2 yields linear dependence, which indicates to the allowed direct 

transition. The optical energy band gap (Eg) of the films was calculated from the 

linear part of the plots of (αhυ)
2
 versus photon energy (hυ) to α= 0 as shown in 

figure (10). The values of the optical energy gap are increasing with the 

annealing temperature (Ta).  

 

 Figure (4): Transmittance spectrum as a function of wavelength for 

Pb(Zr0.7,Ti0.3)O3films at RT and 723 K . 
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 Figure (5): Absorption coefficient as a function of wavelength for 

Pb(Zr0.7,Ti0.3)O3films at RT and 723 K. 

 

 

 Figure (6): Extinction coefficient as a function of wavelength for 

Pb(Zr0.7,Ti0.3)O3films at RT and 723 K. 
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Figure (9): Refractive index as a function of wavelength for 

Pb(Zr0.7,Ti0.3)O3films at RT and 723 K. 

 

 

 

 Figure (7): The variation of £r with wavelength for Pb(Zr0.7,Ti0.3)O3films 

at RT and 723 K. 
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Figure (8): The variation of £i with wavelength for Pb(Zr0.7,Ti0.3)O3films at RT 

and 723 K. 

 

 

Figure (10): (hv)
2
 as a function of hv for Pb(Zr0.7,Ti0.3)O3films at RT and 723 

K. 

 

Table (3): Illustrates the transmition, absorption coefficient, extinction coefficient, 

refractive index, optical constants and energy band gap of Pb(Zr0.7,Ti0.3)O3films at RT 

and 723 K. 
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Ta (K) x T(%) α (cm
-1

) K n εr εi Eg (eV) 

RT 0.7 53.8 31012 0.12 2.56 6.56 0.6 3.38 

723 0.7 78.8 11918 0.05 2 3.9 0.19 3.47 

 

Fig.(11) shows the absorption peaks noticed at (675.09 cm
-1

) , (2361.23 cm
-1

) and 

(3477.66 cm
-1

) for sample at room temperature which can be indicated to the 

Pb(Zrx,Ti1-x)O3 vibrations. The absorption peak were decrease after annealing to 

723 K due to increasing in transparency of the film which is in agreement with 

the optical measurements in this search. The presence of relatively broad band 

between 400 Cm
-1

 to 800 Cm
-1

 should be related to the establish of the Ti-O-Ti , 

Ti-O , Zr-O-Zr and Zr-O bonds, attached to C or Peroxyl groups also is an 

evidence for enhancement of perovskite 

structure of PZT compound [23]. The absorption peak (2361.23 cm
-1

) 

which corresponding to (C-H) bond were it is very sharp assigning to mono polar 

case. There a wake stretching in (3477.66 cm
-1

) and a small shifting in peaks due 

to defect in structure resulting from growing in thickness. After annealed it can 

be observed from figure (12) that the (3477.66 cm
-1

) were suffered from a high 

stretching with the annealing temperature this agree with Benam [24]. 
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 Figure (11):FTIR spectrum for Pb(Zrx,Ti1-x)O3 thin films with x=0.7 at 

room temperature. 

 

 Figure (12):FTIR spectrum for Pb(Zrx,Ti1-x)O3 thin films with x=0.7  at 

723 K. 

Cnclusion: 

X-ray diffraction results shows that the structure of PZT films is 

polycrystalline with rhombohedral structure. After annealed to 723 K an 

impurity phase is formed  identified pyrochlore. AFM images show that the 

deposited Pb(Zr0.7,Ti0.3)O3 layer on glass has a good situation, Average grain size 

, surface roughness and root mean square are decrease with annealing the film to 

temperature 723 K. The optical constants (absorption coefficient, refractive 

index, extinction coefficient, real and imaginary dielectric constant) of PZT are 

decrease, but the transmision and the energy band gap were decrease with the 

increasing of Ta . The film suffered from high stretch after annealed to 723 K. 

Fourier transform infra-red illustrate a wake stretching in (3477.66 cm
-1

) and a 

small shifting in peaks due to defect in structure resulting from growing in 

thickness. After annealed the stretch (3477.66 cm
-1

) were increased. 
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