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1. INTRODUCTION

The Microelectromechanical sensors (MEMS) have wide range of applications due to their flexible
characteristics [1, 2]. Their physical geometry is highly advantageous for the applications in micrometer
level, however, the geometry pattern can be applied to even meter range structural applications [3, 4]. In fact,
numerous example of these pattern similarity can be found even in construction models and can be several
hundred meters in length. Hybrid energy harvesting platform can also be integraded with these MEMS [5].

Among micrometer to millimeter range MEMS, cantilever pattern is one of the mostly applied
device patterns. Their main applications lied within acoustic signal transmitter and receiver, imaging in
atomic force microscopy (AFM) [6]. In recent proposal, cantilever also used for acoustic energy transfer
(AET) [7]. For all the cases of applications, the high sensitivity of the device is the key feature [8].
Though, cantilever has significant applications in the low power AET, however, the proper geometry
dimension is unavailable for this particular area of interest [9, 10].

From these motivations, in this paper, we investigate the cantilever dimension considering various
length, width and thickness. We intend to observe the impact of the different dimensions on the device
displacements [11]. Due to the application focus, we limit our investigation to the rectangular shape only.
The maximum dimension is considered as, 10 mm in length, 10 mm in width and 0.625 mm in thickness.
In addition, we have applied a range of voltage to trace the effect in device behavior according to the existing
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literarture [12, 13]. In this work, we have considered the rectangular shaped pattern only and extended the
observations to the square patterned device.

The reminder of this paper is organized as follows; Section 2 presents the governing equations of the
device displacements. Sections 3 describes the design parameters of the cantilever in detail. Section 4
discusses the displacement pattern of the cantilever. Lastly, Section 5 concludes this paper with some
prospective future agendas.

2. GOVERNING EQUATIONS FOR THE DEVICE DISPLACEMENTS
A cantilever beam with an applied uniform load exhibits the maximum stress as [14],

PL

o=— €y

And maximum deflection as [15],

__pL3

== 0
Where,

P= force,

L= length of the beam,

Z= section modulus,

E= flexural modulus,

I= moment of inertia about bending axis.

For a rectangular shaped cantilever, Z and | can be defined as [16],

z="2% 3)
And,

bt?

I'==— 4)
Here, b and t are the width and thickness of the cantilever respectively.

It is important to notice that, larger width and thickness compared to the device length, results larger
values for the section and flexural modulus and moment of inertia. These values limit the maximum stress
and deflection of the device in terms of displacements. Though, higher delivered force can offer higher
deformation, however, exceeding the threshold value also may introduce permanent deformations.
Hence, the ratio of the length to width and thickness is important to consider in designing.

3. DEVICE DESCRIPTIONS AND MODELING

The device geometry is settled according to the length, width and thickness. However, device length
and thickness is considered as unchanged while we have set width values from 1 mm to 10 mm. Thus, varies
the device volume as well. The detail descriptions are given in Figure 1 and the following Table 1.
Displacements vs. applied voltages as shown in Figure 2.

58 .

Figure 1. Cantilever design descriptions
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Figure 2. Displacements vs applied voltages

Table 1. Cantilever Dimension Descriptions
Cantilever Dimensions (mm)

Case LengthxWidthxThickness Device Volume (mm’)
1 10%1x0.62 6.2
2 10%2x0.62 124
3 10%3x%0.62 18.6
4 10x%4x0.62 24.8
5 10x5x0.62 31
6 10x6%0.62 37.2
7 10x7%0.62 43.4
8 10x8x0.62 49.6
9 10x9x0.62 55.8
10 10x9x0.62 62

4. DISPLACEMENTS OF THE CANTILEVER

Displacements of the device are achieved by the simulation modeling. As mentioned earlier,
device length and thickness are fixed but the width is varied from 1 mm to 10 mm. Lead Zirconate Titanate
(PZT-5H) is selected as the device material. After designing the device, a list of voltages is applied.
The voltages ranged from 5V to 40V with 5V increment, i.e. 5V, 10V, 15V to 40V sequentially.

These applied voltages create piezoelectric effect eventually and the effect can be found in
displacement form. Ideally, higher voltage should result larger displacements. However, in several cases,
lower voltage introduces higher displacement (case 3, 6 and 10). Reasonably, this incident depends on the
operating resonant frequency of the cantilever.

Maximum displacement is found in case 1 with the device dimension of 10x1x0.62 mm.
The measured displacement is 9.80E-28 mm when 40V is applied. Case 7 and 10 exhibit the next higher
displacements with 7.79E-32 mm and 2.55E-29 mm values when 35V is applied for both cases. Interestingly,
case 10 designs a square cantilever where case 7 has the rectangular shape. Among others, case 5 has the
higher displacement as 7.85E-30 mm with 40V applied voltage.

From the results in Table 2 and Figure 2 and Figure 3, we can observe some obvious conclusions.
In the context of displacement, case 1 is the dominating device pattern. However, for acoustic propagation
pattern and signal power level, case 7 and 10 are better choices due to their device size.

In addition, nonuniform stress distributions are also found in some cases (case 4, 5, 7 and 8).
These nonuniform stress distributions have inverse effect on the device behavior. Specifically, when found
on the device tip, it can exhibit nonlinear, even reverse displacement patterns. This leads to the uncontrolled
acoustic propagation and direction. In progression, it may introduce to the device failure or breakdown.
Maximum displacements of the cantilever for different cases (6 - 10) as shown in Figure 4.
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Table 2. Maximum Cantilever Displacements
Case Cantilever Dimensions (mm) Device
LengthxWidthxThickness Volume (mm?)
1 9.80E-28 40
2 2.27E-33 40
3 2.43E-30 30
4 2.78E-34 40
5 7.85E-30 40
6 7.79E-32 35
7 5.15E-29 40
8 3.59E-35 40
9 3.21E-30 40
10 2.55E-29 35
Vdc(8)=40 Surface: Total displacement (mm) Vdc(8)=40 Surface: Total displacement (mm)
A98x10™ A227x10™"
x10% x10™*
Vdc(6)=30 Surface: Total displacement (mm) Vdc(8)=40 Surface: Total displacement (mm)
A 243x10™ A278x107™
x10™ x10™

Vdc(8)=40 Surface: Total displacement (mm)

Vdc(8)=40 Surface: Total displacement (mm)

A 785x10™°
x10™

Figure 3. Maximum displacements of the cantilever for different cases (1 - 5)
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Figure 4. Maximum displacements of the cantilever for different cases (6 - 10)

5. CONCLUSION

The effect of device width of a piezoelectric cantilever on the displacement pattern is presented in
this paper. The length and thickness of the device is fixed to the values of 10 mm and 0.62 mm. However, the
width is varied from 1 mm to 10 mm sequentially. Displacement measurements for each case are presented.
From the results, it is obvious that, this changed geometry caused the nonlinear displacement patterns.
The largest displacement of 9.80E-28 mm is found with smallest cantilever width of 1 mm. However, the
smallest displacement of 3.59E-35 mm is found from 8 mm width. Interestingly, better displacements can be
achieved with 7 mm and 10 mm widths compared to others. Among other width measurements, 7.85E-30
mm displacement is found with 5 mm. For most cases, larger applied voltage caused higher displacements.
However, in 3 cases lower voltages offer higher displacements. Hence, it is to conclude that, from this study,
we found that, usually smaller width produces larger displacement. However, length and width ration cannot
be justified accordingly as 7 mm and 10 mm widths measure better than rest of the width measurement.

In this paper, simulation measurement of the cantilever width is presented. The testing of the
proposed cantilever in true environment is our next research agenda.
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