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Abstract 

This paper presents a novel laser pulse energy measurement method 

based on photoacoustic converters. The concept of paper design and 

built energy meters using PZT as three specimens have a diameter of 

(20, 24, and 25) mm, and coating SiO2 was chosen in this test because 

it has special properties, is affordable, and is compact in size. Genetic 

energy meters are expensive. Comparing the genetic meter (used in this 

study that is manufactured of pyroelectric material and PZT/SiO2). The 

outcomes demonstrated that within the laser pulse's energy (100-

400mJ). Peak voltage values for PZT composites range from 0.48 to 

0.84 volts at the voltage output as their diameter increases (PZT-S with 

a diameter of 20 mm). The output voltage ranges for PZT-M (diameter 

24 mm) and PZT-B (diameter 25 mm) are 0.18 to 0.68 volts and 0.08 

to 0.56 volts, respectively. The design has been built and characterized 

by measured voltage and energy meter sources. A piezoelectric 

actuator had been fabricated on silicon sand wafer composites by 

converting the light waves (the laser pulse) into shock waves. Unlike 

the energy meter type (pyroelectric) for genetic-, the energy meter 

created in (PZT/SiO2) is unaffected by Damage caused by high 

temperatures from laser Nd:YAG pulse energy.

  
DOI: 10.53293/jasn.2023.6122.1197, Department of Applied Science, University of Technology 
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1. Introduction 

To increase production, the modern world needs a lot of electricity, yet conventional energy sources are 

continually running out due to unsustainable energy use [1-3]. By using varied pulse energies of a Nd: YAG 

laser during pulsed laser deposition, thin films of cadmium oxide: nickel oxide (CdO: NiO) were created. and 

low-power electronic devices. [4-18]. The lower the price of photovoltaic systems, a variety of solar 

concentrators were used [19]. The two types of materials that are most frequently employed in the production of 

piezoelectric materials are as follows: The single crystal is a kind of quartz crystal (SiO2) [20-22] The photo-

electrochemical etching (PECE) method was used to create nanocrystalline porous silicon (PSi) [23]. The second 

is called polycrystalline materials, Lead zirconate titanate (PZT), and barium tantalite (BaTiO3) [24]. Barium 

titanate is a widely used substance in the domains of electric ceramics and microelectronics because of its 

outstanding properties [25]. The majority of these applications—which include piezoelectric sensors, ultrasonic 

transducers [26], and filters—rely on barium titanate's ferroelectric behavior, Polyvinylidene Violet (PVDF) 

[26,27]. The design and construction of a piezoelectric PZT with sand (SiO2) composite as an acoustic sensor 
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with a low-cost, high-energy generator utilizing an Nd: YAG pulse laser is the objective of the research 

aovaedne. 

2. Theoretical concept 

Piezoelectricity, a typical physical phenomenon, is derived from the Greek word piezein, which means to apply 

pressure [28], Charge imbalance within primitive unit cells, which leads to the production of a net electric 

dipole, explains the physical genesis of piezoelectricity [29]. Utilizing piezoelectric technology, piezoelectric 

sensors detect the energy generated by the pressure of the strike of photons of a pulse laser eov convert it into an 

electric charge using a piezoelectric lead titanium transducer (PZT) as a source of energy generation. There are 

two types of the piezoelectric effect: the direct effect, which describes how a material may convert mechanical 

strain into electrical charge, and the inverse effect, which describes how a material can convert an applied 

electrical potential into mechanical strain energy. Many different types of natural and artificial materials, 

including single crystal materials, piezoelectric ceramics [30], piezoelectric polymers [31], piezoelectric 

composites [32, 34], and piezoelectric thin films, display the phenomena of the piezoelectric effect. Two 

examples of the many different types of piezoelectric materials are piezoelectric ceramics and piezoelectric 

composites. The work of this crystal is based on converting the laser energy falling on it into mechanical stresses 

that cause the generation of an electric charge. When the pressure is applied to the electrodes of the crystal, it 

will lead to mechanical deformation of the crystal and thus to the generation of an electric charge. The 

piezoelectric microphone is the best illustration of this phenomenon, and phonographs transform sound 

vibrations into pressure and subsequently into an electric potential difference. [35]. Electrical energy is stored as 

an electric field in the piezoelectric components. The material's capacity to convert mechanical strain into 

electrical charge is referred to as the direct piezoelectric effect [36]. The principle of piezoelectric generators is 

shown in Figure 1. 

 
 

Figure 1: PZT crystal through the phenomenon of piezoelectricity, 

When Pin, the incident power of the laser, can be computed by multiplying the sensor area (A) in square meters 

by the (I) laser irradiance in (W/m
2
) is given by [37]: 

                                                                                                                                                (1) 

Two mechanical and two electrical variables are present in this eq. (1) and (2). The following equations can be 

used to determine the direct Piezoelectric effect and the Converse Piezoelectric effect [38]. 

Direct Piezoelectric Effect:                                
                                                                     (2) 

Converse Piezoelectric Effect:                    
                                                                              (3) 

 

Where Sv is the strain vector, d is the piezoelectric constant matrix, Dv is the electric displacement vector,   is 

the stress vector,    is the dielectric permittivity matrix at constant mechanical stress, the matrix of compliance 

coefficients at constant electric field strength, and E is the electric field vector. The subscript t denotes the matrix 

transposition. Different piezoelectric coefficients, such as the dielectric coefficient (    ), the piezoelectric 
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charge constant (dxy, and the piezoelectric voltage constant, have different physical meanings (gxy), Due to an 

applied electric field in the j-axis, the dielectric coefficient (  ) establishes the charge per unit area in the r-axis. 

When a piezoelectric material has capacitance C, thickness d, and an electrode area A, the relative dielectric 

constant (r) is given as [39]: 

                    
   

   
                                                                                           (4) 

where ε0 is the permittivity of free space = 8.854 x 10
-12

 F/m. n sensor applications. Piezoelectric voltage 

constant the direct piezoelectric effect is the underlying theory behind how energy is converted in a piezoelectric 

material. Creating a parallel plate capacitor, upon which a charge is applied from an external power source, is the 

foundation of electrostatic conversion. By altering the capacitor layout (plate overlap area or plate separation), 

the voltage and/or charge on the capacitor changes. A parallel plate capacitor with plate area A and plate spacing 

d has a capacitance of about [40]:                                            

                                                      
 

 
 
 

 
                                                                            (5) 

Where ε is the dielectric constant of the insulating material between the plates, and Q and V are the 

charge and the voltage on the capacitor, respectively. The energy stored in the capacitor is [41]:      

                
 

 
                                                                              (6) 

If the charge is held constant, then combining (5) and (6), the energy becomes: 

 

                                                 
   

   
                                                                               (7) 

 

While if the voltage is constrained, the energy becomes a linear piezoelectric material employed as a sensor 

and actuator is:  

                                                    
    

  
                                                                             (8) 

 

Based on the concepts mentioned previously, it is possible to take advantage of the phenomenon of converting 

energy (pressure) into an electrical signal (voltage), where the laser pulse is the incident energy, which in turn 

generates force, pressure, or vibration on the surface of the crystal, as the laser pulse has photon energy absorbed 

from Before the crystal (PZT), In direct proportion to the rise in incoming laser power, an electric signal 

(voltage) is produced. Assume that every pulse contains the same amount of energy, E. Power is merely the rate 

of change in the energy flow over time (energy per unit time(T). and power or energy meters, when working 

with laser pulses and power or energy meters [42] is: 

 

                                                                                                                                            (9) 

3. Experimental Procedure 

Three specimens (1, 2, and 3) of the type (PZT) with different diameters (20, 24, and 25) mm, respectively, were 

prepared and studied from local markets without coating. Three specimens (1, 2, and 3) of the type (PZT) with 

different diameters (20, 24, and 25) mm, respectively, were prepared and studied from local markets without 

coating.  As the laser pulse has photon energy absorbed from before the crystal (PZT), an electric signal 

(voltage) is generated that is directly proportional to the increase in the incident laser power. The laser pulse is 

the incident energy, which in turn generates force, pressure, or vibration on the surface of the crystal.  The three 

types of composites prepared and adhesive are a grain sand (SiO2) with size particles 100 µm by epoxy and resin 

with a substrate plate for each PZT crystal surface with different diameters 20, 24, and 25 mm as shown in 

Figure 2. 
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Figure 2: The PZT composites prepared and adhesive their grain sand (SiO2), the diameters (1-20mm), (2-24 

mm), and (3-25 mm). 

 

The specimens were installed inside Circular aluminum containers that protect the crystal from external 

influences and fix the crystal on it, as in Figure 3. 

 
  

                                                        

 

 

 

 

 

 

 

 

 

Figure 3: Explain the samples prepared to test with the aneitos gtitano sand (SiO2). 

 

The setup of calibration contained a laser Nd: YAG with wavelength 1064 and 532nm is the well-suited range in 

red and green color, and its type (HF-301 Q-Switched ND YAG with wavelength 1064nm laser can penetrate a 

deep layer with a repetition from 1 Hz, with this INTEGRA version of our well-liked QE25LP-S-MB 

pyroelectric-based energy detector. Simply connect it to your computer and download our free program with PC- 

Genetec-EO, Mastro touch screen display for energy measurements. It is plugged into the PC and installed our 

free software PC- Genetec-EO material as a source of energy generation. A laser source and genetic-type 

Maestro detector were placed at a distance of 37 cm to measure the laser energy pulse. The set up as shown in 

Figure 4. 
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Figure 4: set up of Standard Energy pulse for Nd: YAG source laser and joulemeter type genetic-ϵ. 

4. Results and Discussion 

To gauge laser energy and test out this integrated laser energy meter. You may measure energy up to 1J with a 

maximum energy of 0.529 J/cm
2
.The Scale of energy of radiation pulse (280 -1000) mJ for pulse duration 10 ns 

for laser Nd: YAG with wavelength 1.64 µm. The statistics in Table 1 show that the apparatus in Figure 4 was 

calibrated to locate and measure the laser energy accurately and dependably while measuring the specimens. 

 

Table (1): A genetic joulemeter (QE25LP-S-MB) was employed in conjunction with pulsed laser energy 

(Nd: YAG = 1.064 m) for calibrated 
Nd: YAG system       (mJ) genetic-ϵ joulemeter       (mJ) 

280 

300 

400 

500 

600 

700 

800 

900 

1000 

95 

140 

180 

225 

250 

335 

410 

450 

509 

 

Figure 5 illustrates the relationship of the energy sensor for the preferred QE25LP-S-MB (made in Canada) 

pyroelectric-based energy detector using a laser source and genetic detector at a distance of 37 cm. The results of 

Bielecki et al., calibrations of the YAG energy pulse radiation reveal that the produced energy meter is 

distinguished by a very strong linearity of indication in this assumed large range up to 100 mJ [42]. According to 

the findings, the measured energy value for genetic type(QE25LP-S-MB) is only around half (~0.554) as high as 

the energy of Nd:YAG pulse (mJ). 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 shows the energy measured sensor's dependence on the designed-on energy Nd: YAG pulse measured 

with a standard meter. 

Three PZT composites with diameters of 20, 24, and 25 mm were subjected to the experiments which the 

following symbols represent (1. PZT-S, 2. PZT-M,3. PZT-B) as shown in Figure 2. The response of this 

specimen was poor (3. PZT-B) as a result of the large diameter and low sensitivity or response to the incident 

laser pulse when a laser pulse was recorded at a distance of 37 cm using the PZT /SiO2 composite as shown in 
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Figure 6, and given the voltage signal for experimental specimens, the oscilloscope was used to capture the data 

in Figure 7. 

 

 

 

 

 

Figure 6: set up of test PZT composite with SiO2 sand have different diameters. 

 

 

 

 

 

 

Figure 7: represents the pulse of laser energy for specimens (PZT/SiO2) composite recorded from an 

oscilloscope. 

Table 2 and Figure 8 show the data for specimens from either the voltage calculations or the Nd: YAG energies 

pulse standard. The initial sample (PZT-S): The rate of Excellent response of a laser pulse recorded at the same 

distance was more than the value calculated in the pulse laser, and equation 8 states that the resulting voltages 

are precisely proportional to the size of the resulting energy. These findings concur with those of canon et al., 

who proposed that the crucial mechanical to electrical conversion processes in these types of devices and 

systems, together with important design factors, experimentally proven mechanical in the choosing of optimal 

layouts and materials and development of a piezoelectric PZT-based sensor [43]. In the whole range of energies, 

the relationship between the energy of the laser pulse and the peak value at the voltage output is linear (100-

400mJ). The peak voltage value of PZT composites falls as their diameter grows. A 10-ns laser standard pulse 

has a 400 mJ maximum energy. The calibration's findings show that the developed energy meter stands out for 

having very high linearity across the board for all PZT composites and a wide range of variation in laser energy 

pulse (100-400mJ). 

 

Table (2):  Nd: YAG pulse energy meter standard (mJ), and output voltage for different specimens. 

Nd: YAG pulse energy 

meter standard (mJ) 

The voltage of the PZT-S 

specimen    (mV) 

The voltage of the PZT-M 

specimen    (mV) 

The voltage of the PZT-B 

specimen    (mV) 

100 

150 

200 

250 

300 

350 

400 

480 

540 

600 

660 

720 

800 

840 

180 

220 

300 

400 

520 

560 

680 

80 

120 

160 

320 

360 

440 

560 
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Figure 8: the output voltage signal's reliance on the Nd: YAG energy standard pulse for various PZT composites 

diameters. 

 

Conclusions 

In this paper, the new energy meter uses a piezoelectric crystal (PZT) as a sensor that deals with the energy of 

the incident photon as a mechanical pressure energy meter, while the genetic energy meter uses a crystal 

(pyroelectric material) The ultimate accomplishment was the creation of a laser pulse energy meter utilizing a 

PZT/SiO2 composite as a sensor that deals with the energy of the incident photon according to a voltage signal 

created. Novel materials used in the manufacture of the energy meter are very cheap compared to the genetic 

meter and have very expensive. These PZT/SiO2 composites can be dealt with in different forms according to 

the need and quite easily unlike the energy meter type genetic, the energy meter made in (PZT/SiO2) is not 

damaged when exposed to laser pulse energy. (1) simplicity (2). Fuel transportation is not a concern. (3) Cheap 

(4). Very simple to keep up. (5), Easy to control, (6). Lowers the price of labor, (7). Low energy usage (8) Year-

round access to energy, and Development of the economy. 
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