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Research Title: Investigation of the Pyroelectric Fields generated by LiNbO3 

Induced by Integrated Microheaters 

Summary 

The work focuses on the investigation of the pyroelectric effect from the –Z surface of Lithium 

(LiNbO3) crystal using different microheater (µH) designs fabricated on the +Z surface of the crystal. 

Thermal analyses of the microheater designs were performed both theoretically and experimentally 

using COMSOL™ Multiphysics and FLIR SC7000 thermocamera respectively. The pyroelectric 

effect was investigated analyzing the current impulses detected using a metallic probe detector 

connected to an oscilloscope. The temperature variation induced by the microheater causes a 

spontaneous polarization in the crystal resulting in the formation surface bound charges. The electric 

field generated between the probe and the crystal surface causes the charge emission that appears as 

a voltage impulse on the oscilloscope. In an ambient condition, the air layer act as a dielectric thin 

film layer at few hundreds of microns between the detector probe and crystal surface gap spacing. It 

was demonstrated and validated that the threshold field strength require to generate the PE was near 

the dielectric breakdown of air. The pyroelectric emission shows a higher dependency on the rate of 

thermalization of the microheater and also the electric field generated between the probe to surface 

gap spacing’s of crystal. The deep characterization of µHs is investigated, in order to demonstrate the 

reliability and the effectiveness of these microdevices for all those applications where compact and 

low-power consuming electrical field sources are highly desirable. Furthermore, the pyroelectric 

effect activated by the fan microheater was investigated analyzing the pyroelectrical current impulses 

detected using a micrometric metallic probe connected to an oscilloscope under humid conditions. A 

resistive Aluminum Sensor was integrated along the microheater in order to control the temperature 

variation effect from the microheater. 

Keywords:  Pyroeletric Fields, Lithium Niobate, Microheaters, COMSOL ™, Joules Effect, thermal 

Effect analysis 

I. Introduction 

Pyroelectricity is the ability of certain materials to generate an electrical potential in response to a temperature 

change. This change in temperature induces a slightly movement of the molecules within the material that 

changes their dipole moments. Thus, two oppositely charged faces are created and an electrical field across the 

material is established. In other words, the pyroelectric effect is due to the dependence of the spontaneous 

polarization (Ps), the dipole moment per unit volume of the material, on the temperature. Historically, the most 

important applications of the pyroelectric effect have been related to the possibility to measure the power 

generated by a radiation source (pyrometry, infrared imaging, radiometry) [Error! Bookmark not defined.-

4]. However, there are other applications that are growing in importance; such as: lithography [5,6], 

electrohydrodynamic effect based devices [7], electron emission devices [8,9], ion source spectrometry 

[10,11], aligning nano-particles in electrode free approach [12], nano droplet drawing [13,14]. In these 

applications, macroscopic thermal stimulation techniques (laser beam, hot plate, soldering iron rod) have been 

used to induce a switching of the polarization of the pyroelectrical material domains. Thus, these techniques 
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are based on cumbersome, heavy, expensive and power consuming systems that could also require well-

experienced operators. Still, the spatial temperature distribution and its gradient are not always easy to control. 

In this paper, we describe a simple methodology to induce and control the pyroelectric effect, which has the 

potentiality of eliminating the aforementioned limitations and enabling the possibility of integration in 

microdevices. Specifically, we use a microheater realized on the bottom surface of the pyroelectric crystal. 

This approach, which has been widely investigated in other fields of application (thermo optical switches, 

chemical sensors, gas sensors, flow sensors and MEMS) [15-17], offers various advantages such as: low power 

consumption, small size, shaping of the temperature distribution and possibility of in situ control and 

monitoring. Moreover, the miniaturization of the microheater can avoid heating of the entire crystal, so 

enabling the possibility of array configuration. 

In this paper, simulated and experimental results from the study of the pyroelectric effect (PE) induced by 

microheater realized on a Z-cut lithium niobate (LiNbO3) crystal are presented. In particular, we report on four 

microheater designs (meander, fan, spiral and S-shape) that were fabricated on +Z surface of LiNbO3 crystal 

using photolithography and thin film deposition technique [18]. Thermal and electrical analyses of these 

microheater designs were performed theoretically and experimentally, respectively. Steady state and transient 

regimes were investigated to better understand the thermal behaviour of different heater designs. 

The pyroelectric effect activated by the microheater was investigated analysing the pyroelectrical current 

impulses detected using a micrometric metallic probe connected to an oscilloscope. In particular, the 

temperature variation due to the microheater induces a spontaneous polarization change, which produces a 

redistribution of the bound charges on the crystal surface. The electrical field generated between the crystal 

surface and the metallic probe causes an air breakdown that appears as an impulse on the oscilloscope. 

Generally, when a LiNbO3 crystal is heated under ambient conditions, free charges in the air will readily 

compensate the change in the polarization, thereby avoiding the creation of an electric field [19]. Although, 

when the probe is few hundreds of microns far from the crystal surface where the air acts as a thick dielectric 

layer and the generated electric field strength between tip and surface is greater enough for induce an air 

breakdown. In this paper, the pyroelectric current impulses were analysed for different microheater designs 

and operating conditions in order to demonstrate the effectiveness of the microheater as thermal tool for 

activating the pyroelectric effect. In particular, we validate that the threshold electric field strength required to 

generate the current impulses at oscilloscope is approximately 3×106 V/m (dielectric breakdown of air). 

Current impulses with larger amplitude is detected above this threshold field strength while the impulses 

gradually disappears below the afore-mentioned threshold.  

The carried out results could be particularly useful for applications that exploit the activation of an electrical 

field between the crystal surface and non-conducting region; such as: 3D lithography [20], aligning nano 

particles in electrode free [12], nano-droplet drawing [13,14].  

II. Method and Fabrication 

Four microheater designs, illustrated in Fig. 1, were analysed to evaluate the pyroelectric effect induced by 

different temperature spatial distributions. Microheaters were fabricated on +Z surface of LiNbO3 crystal using 

titanium as a joule heating resistor material due to titanium oxide layer formation on exposed surfaces that 

results in the thermally and electrically stable microheaters [21].  Moreover, its conductivity allows using low 

drive voltage for useful heat generation. The possibility to realize the microheater directly on the surface of 
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the pyroelectric material allows maximizing the heat transmission towards LiNbO3 crystal, thus minimizing 

heat conduction loss.  

a. Numerical simulation of microheaters 

The electro-thermal analysis of the microheaters was investigated using COMSOL™ Multiphysics [22]. All 

microheaters occupies an area 350μm × 350μm with a titanium thick layer of 300nm. In the full 3D numerical 

model, a LiNbO3 substrate with a size of 10mm × 10mm × 500μm was considered.  

 

Fig1. Microheater designs a) Meander, b) Fan, c) Spiral, and d) S shape 

The simulations were performed by coupling the power generation, due to the joule heating, with the heat 

conduction and dissipation into the device considering also the heat exchange with the surrounding air. The 

multiphysics simulation uses the electric current module in combination with the heat transfer module. The 

joule heating was calculated as a consequence of the input voltage, Vpot applied to the heaters pads. In 

particular, the electrical conductivity of the microheater, σ was modelled using a temperature dependent 

equation: 

𝜎 =
1

𝜌𝑜∗(1+𝛼(𝑇−𝑇0))
  ……………. (1) 

Where, ρ0 is the resistivity at a reference temperature T0, and α is the temperature coefficient of the resistivity 

that takes in account the dependence of the resistivity on the temperature. 

In order to evaluate the heat transfer in the pyroelectric material, several material properties both of the LiNbO3 

and titanium (Ti) are required. Moreover, since the electrical and thermal properties of thin film materials 

differ from the bulk material properties, some of the titanium properties were specifically evaluated. In 

particular, the thermal conductivity of 300nm-thick film of titanium was considered to be 16.8 Wm-1K-1 [23]. 

This value is lower than the thermal conductivity of bulk materials (21.9 Wm-1K-1) due to the fact that, thermal 

transport of atoms is lowered as a result of the phonon scattering at lattice imperfections and boundaries [24]. 

Similarly, the electrical conductivity decreases due to the increase in thin film resistivity, occurring because of 

the low mean free path of the conduction electrons due to high scattering effect [25]. The electrical resistivity 

of our titanium thin films was evaluated (using four-point probe measurement) to be 2.85 μΩ·m. In Table I, 

all the parameters used for the heat transfer simulations are listed.  

 

Parameter Titanium LiNbO3 

Heat capacity at 

constant pressure (Cp) 

[J/kg*K] 

522 628 
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Electrical Resistivity (ρ) 

[µΩ·m] 
2.85 2.63×1014 

Density (rho) [kg/m3] 4506 4700 

Thermal conductivity 

(k) [W/(m*K)] 
16.8 5.6 

Surface emissivity (ε) 0.60 0.35 

Table I: Material properties of the heater and pyroelectric substrate (LiNbO3). 

 

Both steady state and transient analyses were performed. The joule heating was simulated as a result of an 

input voltage Vpot applied to the heater’s pads. In time dependent study, a square voltage pulse was applied to 

switch the heater on and off at different time intervals. The heat transfer problem was solved considering 

Dirichlet, Neumann and mixed boundary conditions, and under the following realistic assumptions:  

(i) Natural convective heat transfer was assumed for both sides of the LiNbO3 surface and bottom surface 

of microheater, towards the surrounding environment (which is modelled as air with a constant 

temperature of 27°𝐶). 

(ii) The thickness of the LiNbO3 (500 μm) was much higher than the thickness of microheater (300nm); 

hence, to reduce the mesh complexity and minimize the modelling error, independent meshing 

procedures were considered for the different geometric structures. On the microheater upper surface, 

triangular 2D meshing is used with a minimum element size of 0.13mm and using a swept layer that 

mesh was projected along the thickness, resulting in 3D layered mesh. In LiNbO3 volume a 3D 

tetrahedral meshing is considered with the minimum element size of 0.4mm; 

(iii) In heat transfer physics; the heat dissipated from the surface of LiNbO3 and microheater is greater than 

the heat dissipated from the vertical sides of the crystal. Hence, we can neglect the heat dissipation 

from the lateral surfaces by considering there a thermally insulated boundary condition [26]. 

(iv) In electric current physics, the contact resistance between microheater pads and connecting are 

considered negligible.  

(v) Radiate heat power is proportional to the fourth power of temperature and hence makes a considerable 

amount of contribution in thermal exchange process. The physics was applied on the surfaces (top and 

bottom) of LiNbO3 and microheater by applying a diffuse layer with the surface emissivity of LiNbO3 

and microheater material shown in Table I. There is no known literature work performed on the surface 

emissivity of LiNbO3, thus experimental analysis were performed to evaluate its value. A two-point 

calibration procedure was adapted in order to evaluate the surface emissivity using an IR camera based 

set-up [27]. It was estimated that the LiNbO3 surface emissivity was in a range between 0.5-0.65 at an 

ambient temperature.  

 

The activation of pyroelectric effect by the microheater and the related induced electrical field was simulated 

using COMSOL™ Multiphysics. In particular, the steady state electric field formation between the –Z surface 

of LiNbO3 crystal and a metallic probe tip was investigated. In Fig. 2 the simulated structure is sketched. A 

beryllium metallic probe tip was considered with a height dimension of 1.5 mm and a probe tip radius of 1μm. 

The tip was electrically grounded and immersed in air.  The electrical field between the tip and the pyroelectric 

crystal depends on the electrical potential build up on the surface of crystal in response to a temperature 

variation. In particular, the electrical potential is related to the temperature variation ΔT by equation 2 [10]; 

i.e.: 

𝑉 = 𝑑𝑐𝑟 ∗ 𝛾 ∗ ∆𝑇/𝜀𝑐𝑟  ……………… (2) 
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Where, 𝑑𝑐𝑟 is the crystal thickness, 𝛾=8.2nC*cm-2* K-1 and 𝜀𝑐𝑟=31 are the pyroelectric coefficient and the 

dielectric constant of LiNbO3 along z-axis, respectively. COMSOL simulator was used to estimate the 

electrical field distribution around the tip as function of the gap between the tip and the LiNbO3 surface. In 

particular, this gap was varied from 100µm to 1mm.  

 

Fig 2. Design used for the electric field simulation between probe tip and –Z surface of LiNbO3 crystal. 

b. Fabrication  

 

Fabrication of the four different designs was performed in four-step process (see Fig. 3): cleaning, 

photolithography, thin film deposition and lift off process. A 3-inch single domain Z-cut LiNbO3 crystal 

(0.5mm) was cut is parts of 10mm × 10mm; each part was cleaned in acetone, DI water and IPA for 10 min 

using a sonication bath.  

 

Fig.3. The schematic fabrication process of the micro-heater 

The +Z face LiNbO3 surface was spin coated with OIR-906 12i positive photoresist followed by the 

photolithographic patterning. Subsequently, the photoresist was baked for 2 min at 95°𝐶, the geometric 

patterns were developed using OPD-4624 developer for 1min. In the second step of fabrication, we used 

electron beam evaporation technique for depositing 300nm thick titanium films onto the patterned LiNbO3 +Z 

surface. Then a lift off process was performed in acetone for 20 min using the sonication bath. Finally the pads 

of the microheater were wire bonded using silver paste. In table II both the simulated and measured resistance 

for the realized microheater is reported, showing a good agreement between the data. 

 

Design 
Simulated 

resistance [Ω] 

Measured 

Resistance [Ω] 

Meander 365 373 

Fan 807.5 818 

Spiral 695 707 

S shape 130 137 

Table II. Simulated and measured resistance obtained for different microheater designs. 
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III. Simulation and experimental results 

a. Thermal analysis of the microheater 

Thermal analysis of the microheater designs were performed using COMSOL simulator and an infrared setup 

[28]. The core of the IR system is the FLIR SC7000 camera equipped with a 640×512 InSb sensors focal plane 

array. The acquired simulated thermal maps and the relative profiles along the line AA’ from the –Z surface 

of LiNbO3 are reported in Fig. 4 and Fig. 5 respectively. 

 

Fig 4. COMSOL simulated thermal maps of the four different microheater designs: a) meander, b) fan, c) 

spiral and d) S-shape 

 

 
Fig 5. Temperature transverse profile of the microheater designs along AA’ at 300mW: a) meander, b) fan, 

c) spiral and d) S shape. 

 

In particular, in Fig.5 the temperature profiles along the line AA’ obtained for an applied power of 300mW are 

shown. It can be observed, due to their different geometries, each structure has different temperature profile 

distribution. As reported in next paragraphs, these differences have a preeminent influence on the electric field 

analysis and thus pyroelectric emission from the –Z surface of the crystal. 
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The thermal maps measurements allows measuring the temperature reached on the –Z surface of LiNbO3 for 

different applied electrical powers.  These values were compared with the experimental data and illustrated in 

Fig. 6. 

   

 

Fig 6. Temperature vs. power plot for different designs of microheaters a) meander, b) fan, c) spiral and d) 

S-shape estimated using simulator and observed by thermo camera. 

The numerical model assumed for the microheater shows a good agreement with the experimental analysis. 

The maximum temperature experimentally attained on the crystal was about 75℃ for each microheater, above 

this temperature the crystal develops cracks initially and finally breaks. In addition to the steady state analysis, 

transient studies were also carried out (both experimentally and numerically) by applying an appropriate 

voltage square pulse waveform for 300mW electrical power with a heater-on-time of 4sec using a pulse 

generator. The acquired thermal maps and relative transient profile at point A’ reached on –Z surface of 

LiNbO3 using the thermal camera are shown in Fig 7 and Fig 8 respectively . 

 
Fig 7. Thermo-camera measurement of the four different microheater designs: a) meander, b) fan, c) spiral 

and d) S-shape 

a) b)

c) d)
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Fig 8. Experimental and simulated transient analysis of microheater designs with eater-on-time of 4sec: a) 

thermo camera measurement, b) COMSOL measurement. 

 

The maximum temperature reached in transient condition for each microheater shows similar result for both 

simulated and experimental analyses. On the other hand, the rates of heating and cooling are different between 

the measured and simulated data. The different behaviour could be explained with the experimental conditions 

used to perform the experimental measurement. In particular, the contact and thermal resistance between the 

pads and connecting wire, humidity and room temperature. In Table III the extracted time constant for the 

heating and cooling phase are reported 

 

 Heating Cooling 

Meander 2 sec 0,41 sec 

Fan 3,2 sec 0,40 sec 

Spiral 2 sec 0,39 sec 

S-Shape 2 sec 0,1 sec 

Table III. Time constant for the heating and cooling phase 

 

Heating and cooling basically depends on the heat exchange between the microheater and the environment 

source (air). The rate of cooling is faster since the temperature differential between the air and the heated 

microheater is very high resulting in the higher heat exchange, while rate of heating is slower resulting in the 

low heat exchange during process. 

 

b. Electric field analysis  
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The electric field strength between the –Z surface of the LiNbO3 crystal and the metallic probe was simulated 

setting a gap of 100μm from –Z surface crystal immersed inside an air block (see Fig. 2). Heat transfer in fluid 

interface was considered for the block of air with an absolute pressure of 1atm. The electric field strength and 

the respective temperature distribution obtained by the microheaters at 300mW electrical power along the XY 

cut-plane are shown in Fig. 8.  

 

 
Fig 8: Electric field analysis along the XY plane (inset images) of each microheater designs: a) meander, b) 

fan, c) spiral and d) S shape. 

 

It was observed that the fan shape microheater yield to have a higher electrical field strength for applied 

electrical power of 300mW compare to the other designs, this behaviour is attributed to the temperature 

transverse profile distribution due to different shape and the spacing between the heater tracks (see Fig. 5) 

[29]. 

Electric field strength was further analysed at different tip to –Z surface of LiNbO3 gap spacing. A parametric 

sweep simulation was performed at different tip distances from the –Z surface of LiNbO3 in range between 

0.1mm to 1mm. The maximum value in plotted in Fig. 9 for all four microheaters. The electric field decrease 

with the increase in the gap spacing between the tip and –Z surface of the crystal.   
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Fig 9. Electric field vs. probe tip to surface gap spacing for the microheater designs. 

In the same figure, the electrical field threshold needed to induce the air (Eair=3x106 V/m) or vacuum 

(Evac=1.35x106 V/m) breakdown is reported. Moreover, as upper limit, the electrical field (Egap) as function of 

the gap spacing in vacuum condition is reported. This field can be estimated using the equation 3 [30]; i.e: 

𝐸𝑔𝑎𝑝 =
𝛾∙(𝑇𝑎𝑚𝑏+∆𝑇)

𝜀0
∙ [

1

1+(
𝑑𝑔𝑎𝑝

𝑑𝑐𝑟
)∗𝜀𝑐𝑟

] ………………..(3) 

 

Where, Ɛ0 is the permittivity of free space, dgap is the tip to sample distance, Tamb is the room temperature 

(27°C) and ΔT is the temperature variation induced by the microheaters driven with an electrical power of 

300mW. These simulation data, according to the microheater shape, allow evaluating the tip-to-surface gap 

needed to induce an air breakdown. For example, a fan microheater driven with an electrical power of 300mW 

can induce an electrical field on the pyroelectrical crystal enough strength to cause the air breakdown for gap 

spacing lesser than 1mm. Whereas for a meander microheater the gap has to be lesser than 0.5mm.  

 

IV. Pyroelectric effect analysis of LiNbO3 crystal 

 

In order to evaluate the pyroelectric effect, the setup schematically illustrated in Fig 10 was adopted. In 

particular, a 10mm × 10mm × 500μm pyroelectric LiNbO3 sample with the afore-described microheaters on 

the +Z face, was mounted with the –Z face exposed to a suspended metallic tip used to monitor electrical 

activity on the crystal surface. The LiNbO3 +Z surface is heated by the fabricated microheater. Microheater is 

driven by a periodic pulse waveform, while a metallic tip is placed near the –Z face to monitor the pyroelectric 

effect using an oscilloscope. 
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Fig 10. a) Schematic of experimental setup; b) Schematic of the tip probe 

 

When the temperature of the sample is stationary, the polarization of the pyroelectric material is compensated 

by free charges (electrons or ions) from the ambient condition [19, 30,31]. If a voltage is applied to the 

microheater, during the transient an electrical power is dissipated in the form of heat and thus the temperature 

of the crystal increases. Consequently, the spontaneous polarization decreases and net surpluses of 

compensating positive charge on the –Z face are obtained. Thus, an electrical field is induced between the –Z 

face and the point like metallic tip. This field charges the interelectrode capacitance, which includes the 

parasitic capacitances and the oscilloscope capacitance. If the electrical field is enough strong to induce an air 

breakdown, the interelectrode capacitance can discharge themselves through the low impedance formed by the 

discharge between the metallic tip and the –Z face. The oscilloscope records the voltage drop at breakdown 

and a negative current impulse is observed. As the microheater is switched off, the cooling transient induces 

an increase in polarization and net deficits of compensating positive charge on the -Z face. Thus, a positive 

current impulse can be observed at the oscilloscope. Obviously, the impulse occurrence is strictly dependent 

on gap-spacing distance between the crystal surface and the metallic tip. In particular, the induced electrical 

field as function of the gap spacing that can be estimated by equation (3)[30,32].  

In our experiment, the metallic tip was positioned on the –Z face in the centre of the area heated by the 

microheater where the temperature variation is higher and thus the pyroelectric effect is greater (see Fig. 10). 

The microheaters were driven with a periodic square waveform with a frequency of 10mHz, and a voltage 

adjusted to dissipate an electrical power of 300mW for each microheater. The periodicity of the applied voltage 

was useful to see the pyroelectric current using the oscilloscope, and to detect the repeatability of the induced 

pyroelectric effect. The frequency of the waveforms was chosen in order to allow both the thermalization of 

the pyroelectric crystal during the heating phase and the natural cooling of the pyroelectric material after the 

switching off of the microheater. As results from Fig. 5, for the applied electrical power the temperature of the 

–Z face was about 60°𝐶. The distance between the tip and the –Z face was set to 100μm. The picked up 

waveforms for each microheater are reported in Fig11. 
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Fig 11. Current impulses obtained for different designs of microheater: a) applied voltage signal to dissipate 

a power of 300mW at 10mHz b) meander c) fan d) spiral and d) S-shape. 

 

Higher electric field strength results in the larger amplitude (> 250mV) of current impulses for the fan shape 

microheater, while lower amplitude (<150mV) of current impulses was obtained in the S shape microheater 

see Fig. 9. 

When the microheater is turned on (off), an exponential heating (cooling) of the structure is activated (see Fig. 

7). So, a quick change in the rate of change of the temperature is initially induced, causing acceleration in 

spontaneous polarization variation. As consequence, air breakdown and consequently the occurrence of the 

current impulses can be happening very often. On the other hand, when the structure is approaching the 

thermalization, the rate of change of the temperature is slower, and as consequence, current impulses are 

sparser. Because the cooling phase is faster than the heating one (see Table III), in the same period of time, the 

pyroelectric effect induced in the cooling phase is greater than that one induced in the heating phase. Thus, a 

larger net surpluses of compensating positive charge on the –Z face are obtained during the cooling phase; as 

consequence, more impulses are obtained in the cooling period. 

Fig. 12 shows the temporal distance trend between two consecutive electrical impulses during the whole 

thermal transient. This temporal distance is very short during the initial phase of the thermal transient, while 

grows when complete thermalization of the sample is reaching. The reported data are relative to a fan-shaped 

microheater with the probe at 100μm gap spacing, but similar results were observed for the other designs. The 

fitting curve clearly shows the exponential dependence of the occurrence of the electrical impulses (i.e. the 

pyroelectric effect) on the thermalization of the crystal induced by the microheater. Moreover, the steeper slope 

in the cooling condition of microheater confirms that the rate of cooling is faster than the heating condition.  
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Fig 12. Temporal distance between two consecutive electrical impulses during the: a) heating condition, b) 

cooling condition. 

 

The PE as function of the gap between the surface and the metallic tip was analysed. In particular, a 

micromanipulator was adopted for varying the tip-surface gap spacing from 100μm to 1mm. The 

measurements reported in Fig. 13 were performed on fan-shape-based structure by applying a square voltage 

signal useful for dissipating an electrical power of 300mW at 10mHz frequency. 

 
Fig 13. Current impulses at different gap spacing: a) the applied signal to fan shape microheater, the 

impulses obtained at b) 0.1(mm), c) 0.5(mm), d) 0.75(mm), e) 1(mm). 
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During natural cooling (occurring after turning off the heater), current impulses of amplitude approximately 

greater than 250mV were observed for distances from the –Z surface of crystal ranging from 100μm to 750µm; 

whereas, lower amplitudes (< 100mV) were detected for dgap > 750µm. Finally, as the tip is moved farther 

from the –Z surface of crystal, the induced electric field decreases at very low values and only few impulses 

with low amplitudes are present. The experimental results are slightly different from the simulation ones 

reported in Fig.9, because the simulations didn’t take into account the presence of free charges around the 

crystal surface that compensate the polarization charges induced by the pyroelectric effect. 

A similar behaviour was observed during the heating phase, even if the slower trend of this phase induces a 

weak pyroelectric effect resulting in a few number of current impulses with a small amplitude for a gap spacing 

< 500μm and no impulses for dgap >500μm. 

One of the main advantages of heating by means of an integrated microheater is the high controllability of the 

heating process and so of the pyroelectric effect. For example, during either the heating or cooling phase, the 

occurrence of the impulses (i.e. the time shift between the applied voltage switching and the observed 

impulses) was obtained with a great regularity. In Fig. 14 a statistic of the occurrence of the first impulse during 

heating and cooling phases for a fan shaped microheater is reported.  

 

Fig 14. Occurrence of the first impulses with respect to delay time: a) during heating, b) during cooling. 

 

The mean value and the variance of the Gaussian distribution are 1.05sec (0.9sec) 5.9ms (59μs) during the 

heating (cooling) condition, respectively. The first impulse during the cooling phase occurs faster than the 

impulse during heating phase thanks to the quicker rate of change in the temperature in cooling condition.  In 

Fig. 15 the occurrence of the first impulse as a function of the driving signal frequency (from 10mHz to 

100mHz) and electrical power applied to the microheater (200mW, 250mW and 300mW) is illustrated. The 

shown data are relative to a fan-shaped microheater, but analogous results were also obtained for the others 

designs.  
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Fig 15. Delay time vs. frequency for different dissipated electrical power during: a) heating condition b) 

cooling condition. 

The delay time for the initial occurrence of the peaks during natural cooling conditions remains more of less 

the same while in the heating phase a small drift is observed at different frequencies. This drift is related to the 

heat accumulation induced by the highest frequencies. The investigation demonstrates that the occurrence of 

the initial PE from the crystal can be governed by controlling electrical power (thus controlling the rate of 

heating and cooling) applied to microheater. 

Humidity measurements 

The pyroelectric effect activated by the fan microheater was investigated analyzing the 

pyroelectrical current impulses detected using a micrometric metallic probe connected to an 

oscilloscope under humid conditions. In particular, the temperature variation due to the 

microheater induces a spontaneous polarization change, which produces a redistribution of the 

bound charges on the crystal surface. A resistive Aluminum Sensor was integrated along the 

microheater in order to control the temperature variation effect from the microheater. The 

electrical field generated between the crystal surface and the metallic probe causes an air 

breakdown that appears as an impulse on the oscilloscope. In this work, the pyroelectric current 

impulses was analyzed for the fan microheater design and operating conditions (Humidity) in order 

to demonstrate the effectiveness of the microheater as thermal tool for activating the pyroelectric 

effect. Fabrication of the fan shape microheater and the respective resistive thermal sensor was 

performed using photolithography process and metal deposition technique [34]. 

The step process involve in the photolithography and metal deposition process with the obtained 

fabricated output is shown in fig 16: 
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Fig 16: a) Photolithography and metal deposition process flow, b) fabricated microheater with 

sensor on LiNbO3. 

Titanium (Ti) of 300nm-thick was the choice for heater material and Aluminum (Al) of 200nm was 

used for the resistive sensor. Titanium & aluminum was deposited using electron beam and 

sputtering technologies. Finally the pads of the microheater and thermal sensor were wire bonded 

using silver paste. The measured microheater resistance was 820Ω and the Aluminum sensor was 

36.7Ω respectively.   

Thermal analysis of the Microheater 

Thermal analyses of the titanium microheater designs were performed both theoretically and 
experimentally, using COMSOL ™ Multiphysics package and thermal sensor. The thermal sensor was 
bonded on the -Z surface in the center of the area heated by microheater where the temperature 
variation is higher using a silver paste. The integrated aluminum resistive sensor was neglected, 
while performing the theoretical simulation using COMSOL multiphysics. The obtained temperature 
on both the thermos couple and the respective change of the resistance of the integrated resistive 
sensor with respect to the electric power applied on the microheater is shown in fig 17.  
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Fig 17: a) Temperature and resistance measurement from thermo couple sensor, COMSOL 

&amp; resistive sensor at different applied electric power to microheater, b) COMSOL thermal 

Map of Fan Shape Microheater at 300mW applied electrical power. 

A transient investigation was also further analyzed by applying a step voltage in order to dissipate 

an electrical power of 300mW for 10 sec with 50 % duty cycle using a voltage generator. In figure 

18, we observe the obtained thermal sensor plot with the respective aluminum resistive sensor data 

in the transient regime for the heater on and heater off time for 5 sec each. 

 

Fig 18: Transient measurement of the thermal and resistive sensor on application of 300mW 

electric power. 

The pyroelectric effect from –Z surface of LiNbO3 activated by the fan shape microheater was further 

investigated analyzing the pyroelectrical current impulses detected using a beryllium micrometric 
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probe connected to an oscilloscope. The micrometric metallic probe was positioned at 100µm gap 

from the –Z surface of crystal using a micromanipulator. The setup was placed inside a closed Teflon 

case for investigating pyroelectric effect under humid condition. The schematic of the closed case 

setup is shown in fig 19. The initial humidity of the closed system was measured around 54% using 

a RH318 (testo 525) Humidity sensor.  

 

Fig 19: Schematic of the humidity measurement setup. 

A periodic square waveform with a frequency of 100mHz, and a voltage adjusted to dissipate an 

electrical power of 300mW was applied to the microheater. The micrometric metallic probe was 

positioned at 100µm from the –Z surface of LiNbO3 crystal for obtaining the current impulses. The 

variation in temperature due to the microheater induces spontaneous polarization of the crystal 

thus producing a redistribution of bound charges on –Z surface of crystal, hence resulting in an 

induced electric field due to the inter-electrode capacitance between the –Z surface and metallic 

probe. If the electric field is strong enough to induce an air breakdown, the inter-electrode 

capacitance can discharge themselves through the low impedance formed by the discharge 

between the –Z face and metallic probe.  When the temperature of the crystal increase, the 

decrease in the spontaneous polarization occurs and results in the net deficits of compensating 

negative charges on the –Z surface of crystal. Thus, negative current impulses can be observed at 

the oscilloscope and vice-versa. The surface bounds charges play an important role in generating 

the current peaks on the oscilloscope. These bound charges response to the motion of charge 

particles in the air dielectric film between crystal surface and metallic probe. Controlling the 

humidity of the surrounding can regulate the motion of charge particles in the air. In order to reduce 

the humidity of the closed system 150gms of bay salt was placed in a container and inserted in the 

closed Teflon case system. The humidity was reduced from 54% to 42%. 
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Fig 20: Current peaks obtained on oscilloscope using metallic probe: a) Voltage signal applied to 

microheater to dissipate electrical power of 300mW, b) 54% Humidity, c) 50% Humidity, d) 47% 

Humidity, e) 45% Humidity, f) 44% Humidity and g) 42% Humidity. 

It was observed, as the humidity of the system decrease thus the density of air increase resulting in 

the reduction of the air resistance against the motion of particles making the dielectric of air less 

conductive inside the closed case. Thus the electric field required for the dielectric breakdown of air 

to produce the current peaks increases. This results in the obtaining lower current peaks on the 

oscilloscope during heating, while during the cooling a faster rate of change in temperature 

dominating the humidity effect resulting in more number but with lower amplitude of voltage peaks 

compare to heating. 
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