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1. Introduction 

Over the past two decades, many researchers 
have studied how to capture an electronic image of 
a human fingerprint. Among these, capacitive 
fingerprint sensors are the ones most widely used in 
consumer electronics. The sensor consists of an 
array of capacitors. When a finger is placed on top 
of the sensor, skin creates a change in the 
capacitances. By measuring the difference between 
the capacitors contacting ridges and valleys in the 
fingerprint, a fingerprint pattern can be resolved [1]. 
However, capacitive fingerprint sensors are 
extremely sensitive to contamination and moisture 
on the finger. Ultrasonic fingerprint sensors offer a 
potential solution to this problem because the 
fingerprint’s valleys and ridges are easily 
distinguished due to the great difference in their 
acoustic impedance [2, 3]. 

In this paper, a detailed study on the 
operation of the ultrasound fingerprint sensor was 
carried out by analyzing the amplitude and arrival 
time of the wave reflected by the fingerprint 
patterns. The fingerprint sensor was designed using 
a 1-3 piezocomposite material to take advantage of 
its low acoustic impedance and high 
electro-mechanical coupling factor.  

 
2. Pulse-echo Analysis with 2D FEA Models 

2D finite element (FE) models of the 
ultrasonic fingerprint sensors are shown in Fig. 1. 
Two models were analyzed, 100 μm thick PDMS 
layer without an acoustic wall and 200 μm thick 
PDMS layer with an acoustic wall. Each 
piezoceramic rod represents a channel and acoustic 
waves travel uniformly through these channels. 
These waves reach the boundary between the 
fingerprint and the PDMS, and the waves are 
reflected at the boundary. The fingerprint consists 
of ridges and valleys where the ridges are presented 
by pig fat blocks while the valleys are presented by 
vacuum blocks. The waves reflected at different 
channels have different properties because of the 
acoustic impedance difference between the valleys 
and ridges. The acoustic walls are made of silicon 
and work as wave isolators to diminish the 
interference between the channels. 
------------------------------------------------------------ 
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Each channel detects the reflected wave, 
thereby the valleys and ridges are distinguished by 
the amplitude and peak time of output voltages. 
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Fig. 1.  2D FEA models of the fingerprint sensor: (a) 
without acoustic walls, (b) with acoustic walls. 

 
Results of the analysis using the 2D FE 

models of fingerprint sensors are shown in Fig. 2. 
The reflected waves for fingerprints only are shown 
in Fig. 2(a) whereas those for both fingerprints and 
walls are shown in Fig. 2(b) corresponding to Fig. 
1(a) and 1(b), respectively. Fig. 2(a) shows higher 
amplitude than Fig. 2(b) because the PDMS in Fig. 
2(a) is thinner than that in Fig. 2(b). Fig. 2(b) shows 
distinctive reflected waves for fingerprints and 
walls. If the reflected wave for walls is removed, 
remaining waves will depict valleys and ridges 
more distinctively than Fig. 2(a). 

Sensor sensitivity is defined as the ratio of 
maximum output voltage per input voltage to the 
sensor. The model without walls has the sensitivity 
of -35.7 dB at ridges and -23.8 dB at valleys. The 
model with walls has the sensitivity of -42.3 dB at 
ridges and -24.8 dB at valleys. In addition to the 
sensitivity, peak time values were also checked. The 
model without walls has 0.299 μs at ridges and 
0.263 μs at valleys whereas the model with walls 
has 0.473 μs at ridges and 0.461 μs at valleys. 
Hence the valleys and ridges could be distinguished 
through checking either the amplitude or the peak 
time of the reflective waves. 

3. Simulation condition and result 
Figure 3 shows schematic view of simulation 

condition. PZT-4 was assumed as piezoelectric ce-
ramics.  Frequency response was simulated from 
100 kHz to 10 MHz at 20 kHz intervals to verify 
effect in changing the area of the electrode, the 
depth of the groove and the number of grooves, in 
longitudinal and shear driving. As the result, in lon-
gitudinal driving, significant effects in comparison 
with conventional thickness-longitudinal probe 
were not obtained in any conditions, and. On the 
other hand, in shear driving, improvement of tran-
sient characteristics compared with conventional 
thickness-shear probe was found. The results con-
tributing to transient characteristics were shown. 
Figure 4 shows shape of ultrasonic probe by in-
creasing the number of grooves. Figure 5 shows 
time wave form of shear component of shear driv-
ing. In Fig. 5 an arrival time of first echo was indi-
cated by an arrow. When compared Fig. 5(i) with 
5(iv), results showed that width of echo of 5(iv) 
was smaller than that of Fig. 5(i). In other words, 
probe of Fig. 4(iv) had better transient characteris-
tics than conventional probe. Figure 6 shows fre-
quency responses of admittance in shear driving. 
According to Fig. 5(i), components of half 
wave-length resonance appeared. On the other hand, 
according to Fig. 5(ii), 5(iii) and 5(iv), frequency 
components appeared except for harmonic compo-
nents. In addition, admittance was increased while 
increasing the number of grooves.  

 
4. Conclusion 

The purpose of this study is to evaluate  
effect for transient characteristics by changing the 
shape of probes. As a result, improvement in 
admittance and transient characteristic of the 
proposed probe were verified when increasing the 
number of grooves in shear driving.In our future 
works, probe will be desined considering sound 
field was generated by probe.  
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Fig. 3 Schematic view of simulation condition. 
 

Fig. 5 Simulation Time wave form of shear component 
in increasing the number of grooves. 
 

Fig. 4 Shape of ultrasonic probe 

Fig. 6 Simulation result of frequency response of admit-
tance in shear driving in increasing the number of 
grooves. 
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Fig. 2.  The results of 2D FEA models of the fingerprint 
sensor: (a) without acoustic walls (b) with acoustic walls. 

 
3. Pulse-echo Analysis with 3D FEA Models 

3D FE fingerprint sensor models were 
analyzed for the same configuration as in 2D 
models. The total number of channels was 64 with 
square planar (8x8) configuration. Ridges were 
built along the diagonal line. The results from the 
3D FE model of the sensor are shown in Fig. 3. 

The model without walls has the sensitivity 
of -28.7 dB at ridges and -31.7 dB at valleys. The 
model with walls has the sensitivity of -28.1 dB at 
ridges and -25.4 dB at valleys. As before, the peak 
time of the reflected wave was also checked to 
distinguish the valleys from the ridges. The model 
without walls has the peak time of 0.267 μs at 
ridges and 0.259 μs at valleys whereas the model 
with walls has 0.519 μs at ridges and 0.509 μs at 
valleys. Overall, these results coincide with those of 
the analysis with 2D FE models. The model with 
the walls distinguished better than the model 
without the walls. The amplitude change in the 
model with walls could distinguish but that without 
the walls could not distinguish the ridge and valleys. 
However, the peak time change could distinguish in 
both of the two models. 
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Fig. 3.  The results of 3D FEA models of the fingerprint 
sensor: (a) without acoustic walls (b) with acoustic walls. 
 
4. Conclusions 
 In this research, the design and analysis of 
ultrasonic sensors was carried out with a 1-3 
piezocomposite material to distinguish valleys and 
ridges in human fingerprints. The distinctive 
amplitudes were possible only when the FEA 
models of the sensor had acoustic walls. On the 
other hand, the peak time measurement could 
distinguish the ridges and valleys regardless 
whether the sensor had acoustic walls or not. 
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