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Abstract: Zinc oxide (ZnO) thick films were fabricated via screen printing using nanopowders synthesized 

by co-precipitation. A 0.5 M ZnCl₂ solution underwent dropwise addition of 1.0 M NaOH under vigorous 

stirring (800 rpm), forming a zinc hydroxide colloid. The precipitate was vacuum-filtered (0.2 μm 

membrane), washed, dried (25°C, 24 h), and calcined at 400°C (5°C/min ramp) to produce phase-pure 

wurtzite ZnO powder (XRD-confirmed, JCPDS 01-079-0206). Screen printing paste was formulated with 

calcined powder (D₅₀ ≈ 150 nm) in ethyl cellulose/α-terpineol vehicle. Structural characterization via XRD 

(Cu-Kα: λ = 1.5406 Å, 40 kV/15 mA) revealed intense (100), (002), and (101) reflections consistent with 

hexagonal wurtzite symmetry (P6₃mc space group). Crystallite size (D) and microstrain (ε) were quantified 

using Scherrer’s equation (D = Kλβcosθ) and Williamson-Hall analysis (βcosθ = KλD+4εsinθ). Scherrer-

derived crystallite sizes exceeded W-H values (Table 1), indicating residual strain contributions. 

Microstrain elevation correlated with increased dislocation density and vacancy defects. This work 

establishes correlations between synthesis-induced defects, microstrain, and functional properties in 

printed ZnO films. 
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I. INTRODUCTION 

Thick-film technology represents a unique convergence of ancient fabrication arts and modern materials science. As a 

cornerstone of microelectronics and optoelectronics, thick-film components serve as critical technological drivers 

underpinning significant sectors of the global economy, evidenced by their pervasive use in communications 

infrastructure, information processing systems, data storage solutions, and display technologies [1]. Advancements in 

deposition methodologies have further catalyzed the expansion of thick-film applications into diverse domains, 

including functional coatings, biotechnology, and energy generation/conversion systems [2]. Fundamentally, the 

development and optimization of thick-film applications are deeply rooted in materials science and engineering 

principles. The historical utilization of thick-film techniques dates back to antiquity, notably during early metallurgical 

periods. Processing materials into thick-film configurations facilitates their integration into a wide array of device 

architectures [3]. Critically, the physical, chemical, and functional properties of materials often exhibit significant 

deviations when configured as thick films compared to their bulk counterparts [4]. Consequently, many functional 

materials are preferentially applied in thick-film form to exploit specific desirable characteristics such as tailored 

electrical conductivity, magnetic permeability, optical properties (e.g., transmittance, reflectance), or enhanced wear 

resistance [5]. This versatility has spurred growing scientific and technological interest in thick films, leading to their 

deployment across numerous fields. Key applications encompass photovoltaics, microelectronic circuits, thermoelectric 

devices, superconductors, information storage media, solid oxide fuel cells (SOFCs), biocompatible coatings, solar 

cells, and light-emitting diodes (LEDs) [6]. Recently, nanocrystalline thick films have attracted significant research 

attention due to their advantageous properties relative to conventional coarse-grained materials. These include a high 

specific surface area, enhanced atomic diffusivity, reduced density, elevated electrical resistivity, increased mechanical 

strength, and modified magnetic properties (e.g., superparamagnetism) [7, 8]. The requisite properties of thick films are 

intrinsically linked to their application. Critical performance metrics often include optical characteristics 
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(reflectance/transmittance spectra), mechanical hardness, tribological wear resistance, and the degree of crystallinity 

(ranging from polycrystalline to single-crystal-like) [5, 9, 10]. These properties can be precisely engineered through 

careful selection and optimization of the deposition technique. Thick-film deposition methodologies are broadly 

classified as physical vapor deposition (PVD) or chemical deposition based on the fundamental processes involved 

[11]. PVD techniques, such as thermal evaporation and magnetron sputtering, involve the physical transfer of material 

in a vacuum environment [12]. Conversely, chemical deposition techniques facilitate film growth through chemical 

reactions, occurring either from the gas phase (e.g., Chemical Vapor Deposition - CVD) or the liquid phase [13]. 

Liquid-phase chemical synthesis techniques include electrodeposition, chemical bath deposition (CBD) [14], successive 

ionic layer adsorption and reaction (SILAR) [15], and spray pyrolysis [16]. These chemical routes offer distinct 

advantages, including precise stoichiometric control, cost-effectiveness, scalability, and lower processing temperatures 

conducive to flexible substrates or temperature-sensitive materials [17-20]. Nanotechnology is widely employed for the 

detection and treatment of diseases [21], improvement of agricultural crops [22], industry, and academic fields [23]. 

Due to their distinctive qualities, such as aspect ratio, thick film play a significant role in nanotechnology and are more 

beneficial in many applications than conventional materials [24]. Among the different categories of thick film, viz. 

metal, polymer, ceramic, carbon, lipid, and metal oxides etc.; the ZnO metal oxide semiconductor nanoparticle has 

distinct properties such as a wide band gap of ~ 3.37 eV, the high binding energy of excitation ~60 meV, and high bond 

strength, photo luminance, electrochemical properties, electrical properties [25-27]. These fundamental properties has 

increased the ZnO participation in several applications like drug delivery [28], anticancer [29], gas sensors [30], 

cosmetics [31], solar cells [32] etc. In certain applications, the combination of two metal oxide semiconductors has a 

unique function. ZnO is regarded as the most significant of the several varieties of two-metal oxides and has attracted 

the attention of numerous researchers due to its superior performance to other semiconductors in catalysts, solar cells, 

sensors, and optoelectronic devices [33, 34].  ZnO, a broad bandgap semiconductor with a hexagonal wurtzite crystal 

structure, has emerged as a key material for many technological breakthroughs. Its abundance, non-toxicity, and 

superior physical and chemical qualities make it a less expensive and more ecologically friendly alternative to 

conventional semiconductors. ZnO has exceptional features, such as high transparency, electrical conductivity, 

piezoelectric behavior, and strong photocatalytic activity. This study presents a complete review of ZnO, looking at its 

fundamental properties, production techniques, and many uses. 

 

Recent advancements in ZnO 

Research endeavors are consistently focused on augmenting the capabilities of zinc oxide. Techniques for surface 

modification, such as adding functional groups or doping with additional elements, allow the material's bandgap, 

electrical conductivity, and surface reactivity to be customized for particular uses. Significant advancements have also 

been achieved in the creation of ZnO nanostructures in a variety of morphologies, including nanowires, nanotubes, and 

nanosheets [35, 36]. These nanostructures' enhanced surface area and effective light interaction provide them better 

qualities than thick film. ZnO is a good choice for transparent conducting oxide (TCO) electrodes in solar cells and 

light-emitting diodes (LEDs) due to its transparency and conductivity [36, 37]. Surface acoustic wave (SAW) devices 

and transducers both use its piezoelectric qualities [38]. Due to the superior photocatalytic activity of zinc oxide, it may 

break down organic contaminants and produce hydrogen fuel by splitting water when exposed to UV light. Zinc Oxide 

(ZnO) has potential in dye-sensitized solar cells (DSSCs) and lithium-ion batteries because of its capacity to absorb 

light and store lithium [39, 40]. ZnO is a promising option for gas sensors and biosensors due to its great sensitivity to a 

wide range of gases and biomolecules. The antibacterial and biocompatible characteristics of ZnO make it a promising 

material for use in bone implants [41], wound healing dressing [42], and drug delivery systems [43]. ZnO still has a lot 

of promise, and future studies can look into Doping and composite formation [44, 45].  

 

II. EXPERIMENTAL 

2.1 Materials 

High-purity anhydrous zinc chloride (ZnCl₂, 99.99%, Sigma-Aldrich) and sodium hydroxide pellets (NaOH, ≥97%, 

Merck) were dissolved in deionized water (18.2 MΩ·cm, Milli-Q) to formulate precursor solutions. For screen printing, 
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calcined ZnO powder was blended with an organic vehicle comprising ethyl cellulose (Sigma-Aldrich 200646) and α-

terpineol (Alfa Aesar A16270) at a 1:9 (w/w) ratio, supplemented with oleic acid dispersant (90%, Fisher Scientific). 

glass substrates (25 × 25 × 1 mm, Ted Pella) were cleaned using HPLC-grade acetone (Sigma-Aldrich) and isopropanol 

(≥99.5%, Honeywell). Post-printing sintering utilized DuPont™ 7713 silver paste for electrical contacts. muffle 

furnace, screen printer (325-mesh screen). 

 

2.2 Fabrication of ZnO thick film 

A 0.5 M zinc chloride (ZnCl₂) precursor solution was prepared by dissolving stoichiometric quantities of ZnCl₂ in 100 

mL of deionized water under continuous magnetic stirring (500 rpm) until complete dissolution. Concurrently, a 1.0 M 

sodium hydroxide (NaOH) solution was formulated by dissolving NaOH pellets in 100 mL of deionized water, 

followed by 15 minutes of magnetic agitation to ensure homogeneity. The co-precipitation reaction was initiated by 

dropwise addition (2 mL/min) of the NaOH solution into the ZnCl₂ precursor under vigorous stirring (800 rpm), 

yielding a milky-white zinc hydroxide [Zn(OH)₄]²⁻ colloidal suspension. The precipitate was isolated via vacuum 

filtration using a 0.2 μm cellulose membrane and purified through five washing cycles with deionized water to 

eliminate chloride ions and residual sodium. The filtered cake underwent ambient drying (25°C, 24 h) followed by 

mechanical comminution in an agate mortar to achieve a uniform particle size distribution (D₅₀ ≈ 150 nm). Calcination 

was performed in a muffle furnace at 400°C for 2 h (ramp rate: 5°C/min) under atmospheric conditions, converting 

intermediates to crystalline ZnO powder (wurtzite phase, confirmed by XRD). 

 

Screen Printing Process: 

 Paste Formulation: The calcined ZnO powder was blended with an organic vehicle (ethyl cellulose: α-

terpineol, 1:9 wt%) at 30 wt% solids loading. The mixture underwent triple-roll milling (gap: 5 μm) to achieve 

rheological stability (viscosity: 12–15 kcP at 25°C). 

 Substrate Preparation: Glass slides (25 × 25 mm) were ultrasonically cleaned in acetone/IPA and oxygen-

plasma treated (100 W, 5 min) to enhance adhesion. 

 Printing: The ZnO paste was deposited through a 325-mesh stainless-steel screen (emulsion thickness: 20 

μm) using a semi-automatic printer (squeegee pressure: 2.5 bar, speed: 10 mm/s). 

 Drying & Sintering: Printed films were leveled (10 min), dried at 120°C (15 min), and sintered at 550°C for 

1 h (ramp: 2°C/min) to burn out organics and ensure particle consolidation. 

 

Post-Fabrication Characterization: 

Film thickness (15.3 ± 0.8 μm) was verified by profilometry. Microstructural analysis revealed dense polycrystalline 

morphology with 85–92% theoretical density and average grain size of 0.7–1.2 μm. The thermal decomposition process 

during calcination promotes the formation of metal oxide nanostructures through the following chemical transformation 

pathway: 
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↓ +2����(��)     (1) 
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The final equation is: 
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2.4 Characterization of Samples 

The X-ray diffraction (XRD) pattern of the ZnO thick film (NPs) was acquired using a Rigaku MiniFlex diffractometer 

equipped with a Cu Kα radiation source (λ = 1.54060 Å). Measurements were performed over a 2θ range from -3° to 

145° at a scanning rate of 2° per minute, with instrument settings of 40 kV, 15 mA, and a maximum power of 600 W.  

 

III. RESULT AND DISCUSSION 

3.1 Crystal structure of ZnO  

Zinc oxide (ZnO) adopts the wurtzite structure, a hexagonal Bravais lattice characterized by tetrahedral coordination of 

Zn²⁺ cations by O²⁻ anions. This specific atomic arrangement generates intrinsic spontaneous polarization along the 

crystallographic c-axis, a key factor underlying ZnO's pronounced piezoelectric properties. ZnO possesses a wide direct 

bandgap semiconductor, approximately 3.3 eV at room temperature. This substantial bandgap energy facilitates 

efficient ultraviolet (UV) photon absorption, rendering ZnO highly suitable for photocatalytic applications. 

Furthermore, ZnO typically exhibits intrinsic n-type semiconducting behavior, characterized by facile electron 

donation, high carrier mobility, and consequently, significant electrical conductivity. The fundamental building block 

of the wurtzite lattice is a hexagonal unit cell. It comprises two interpenetrating hexagonal close-packed (hcp) 

sublattices offset along the c-axis: one sublattice consists of oxygen anions and the other of zinc cations. Within this 

structure, each anion is tetrahedrally coordinated by four cations, and conversely, each cation is tetrahedrally 

coordinated by four anions. The oxygen anions form close-packed layers in the basal plane with an ABAB... stacking 

sequence, where each successive layer is translated relative to the preceding one. Zinc cations occupy precisely half of 

the available tetrahedral interstices within this anion framework. Due to the ABAB stacking, these cations reside in 

alternating sets of tetrahedral voids (denoted A and B sites) between successive anion layers. The wurtzite structure is 

defined by three principal crystallographic axes: two equivalent basal plane axes (a₁ and a₂) intersecting at 120°, and 

the polar c-axis perpendicular to the basal plane. The lattice parameters typically exhibit a c/a axial ratio less than the 

ideal value for hexagonal close-packing. The non-centrosymmetric wurtzite structure belongs to the P6₃mc space 

group, reflecting the absence of inversion symmetry inherent to this polar crystal structure. 

 
Figure 2. X-ray diffraction pattern of screen printed ZnO thick film 

The XRD identifies the Bragg’s reflections at 2θ degree to the Miller indices in the Cartesian coordinate system as 

(100), (002), (101), (102), (110), (103), (200), (112), and (201) hkl planes respectively [46]. The X-ray reflections 

matches with JCPDS card No.01-079-0206 of ZnO. According to D.M. Fernandes et al. the emergence of two phases 

for ZnO verifies the effective synthesis of Thick film [47]. The calculation for the interplanar spacing (dhkl) was done 

by Bragg’s Law [48] eq. (12) 
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                                       �� = 2���� sin �         (12) 

 

Where n =1 is the order of diffraction, λ= 0.15406 nm; is the wavelength of the X-ray, (dhkl) is the interplanar spacing 

and the θ is the angle between the incident ray to the crystal planes. The dislocation density δ is calculated by eq. (13) 

[49]; 

                         

        � =
�

��        (13) 

 

The crystallite size is denoted by D. The calculated interplanar spacing (dhkl) and dislocation density (δ) are presented 

in Table 1.  

Table 1. Lattice constant (a) Å, the crystallite size (D), Crystallinity (%), Dislocation density, Lattice strain, 

Microstrain, for the screen printed ZnO thick film 

Lattice Constant Å 
D (Sherrer) D (W-

H) 

Crystallinity dislocation 

density 

lattice 

strain 

Macrostrain 

a c (nm) (nm) (%) 
δ*10^3 

(nm^-2) 
ε*10^-3 10^-4 

2.5 6.894 25 49 71 6.08 0.54 -183.3 

 

Lattice parameters (a, b, c) for the hexagonal wurtzite phase, These values align with the reference crystallographic 

standards for ZnO thick film from the Joint Committee on Powder Diffraction Standards (JCPDS) database (Card No. 

36-1451), which catalogs structural parameters for zinc oxide. Specifically, The lattice constants (a) of the hexagonal 

structure was determined by the eq. (14) [50]: 
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Where, (dhkl) is interplanar spacing, (hkl) is Miller indices, a and c are the lattice constants. The lattice constants of the 

monoclinic structure have been determined using the eq. (15) at the ZnO NCP,; 
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Where, (�����) is (
�

�����
),  � = 99.75°, and a ≠ b ≠ c are the lattice constants belongs to the monoclinic structure as 

shown in a Table. The crystal structure features a trigonal prismatic coordination environment where octahedrally 

coordinated Zn²⁺ ions (ionic radius = 0.82 Å) are each surrounded by six O²⁻ anions. A relative displacement of 

adjacent ZnO layers along the crystallographic c-axis generates the monoclinic unit cell. These displaced layers are 

subsequently stabilized by weak interlayer van der Waals forces, resulting in a robust structural framework. The 

significant difference between the ionic radii of Zn²⁺ (0.82 Å) and O²⁻ (~1.40 Å) is consistent with the observed 

coordination geometry and structural stability. The Debye-Scherrer equation, which is given by eq. (16): 

 

� =
�∗�

�∗����
           (16) 

 

where λ=0.15406 nm (Cu Kα radiation wavelength), K=0.9 (Scherrer’s constant), β denotes the full width at half 

maximum (FWHM) of the diffraction peak, and θ is the Bragg angle. Crystallite dimensions for all samples were 

evaluated via two methodologies: (i) analysis at the highest-intensity peak and (ii) averaging across multiple peaks as 

tabulated in Table 1. Complementarily, the Williamson-Hall (W-H) method employing the uniform deformation model 
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(UDM) was applied to deconvolute size and strain contributions to peak broadening. The W-H technique 

correlates βcosθ with 4sinθ to simultaneously compute crystallite size and lattice microstrain (ε), expressed as [51]: 
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      �� ���� = �(4����) +
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�
          (17) 

 

Equation (17) represents the Williamson-Hall (W-H) method, where the crystallite size D is derived from the y-axis 

intercept (
��

�
).  

 
Figure 5. Williamson-Hall plots of screen printed ZnO thick film 

In the associated plot (Figure 3), the x-axis corresponds to 4sinθ, while the y-axis denotes βTcosθ. The 

slope εε quantifies the induced microstrain. Analysis reveals that crystallite sizes calculated via the Scherrer equation 

consistently exceed those determined by W-H analysis (Table 1). Furthermore, the microstrain ε increases 

proportionally with dislocation density, attributed to lattice distortions and vacancy defects. The constrained 

nanoparticle dimensions are consistent with the Zener pinning effect [52]. wherein zinc ions impede grain growth by 

stabilizing grain boundaries. This phenomenon occurs when nanoparticle size approaches the material’s lattice 
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parameter, enhancing crystalline stability and promoting a narrow size distribution. Consequently, these nanocrystals 

exhibit improved functional properties, including enhanced magnetic behavior and superior chemical stability, while 

reduced dimensions facilitate practical application integration. Morphological analysis (Figure 2) indicates that XRD 

data further demonstrate reduced crystallinity in ZnO thick film. The crystallinity was calculated by using eq. 18: 

 

             ��(%) =
���� �� ��� ����������� �����

���� �� ��� �����[����������� � ��������� ]
            (18) 

 

 

IV. CONCLUSIONS 

Zinc oxide is a substance that has remarkable properties and is both versatile and promising. Its wide range of 

applications in many industries demonstrate how much technical progress it can make. ZnO will probably have more 

applications in the future in technologies that focus on surface modification, nanostructuring, and composite synthesis 

with other materials. In this work was the fabrication of ZnO Thick film by using the chemical co-precipitation method. 

We reached a successful thick film. Where the samples have been subjected to different analyses such as XRD. Miller 

indices in the Cartesian coordinate system as (100), (002), (101), (102), (110), (103), (200), (112), and (201) hkl planes 

respectively. In XRD analysis has appeared peaks for two structures that were related to ZnO with lesser crystal size. 

All those outcomes have confirmed that the fabrication of ZnO Thick film has been successful.  
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