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Research on the influence of dimension and location of reflective film 
on the resonance frequency of quartz tuning fork 
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Abstract: We studied the effected of dimension and location of reflective film on the resonance frequency.  
Simulation results indicate that the location of reflective film has a greater impact on the resonance frequency of 
QTF. The higher the position of reflective film, the lower the resonance frequency of QTF. Furthermore, the 
resonance frequency can also be affected by the dimension of reflective film. However, the reflective film in the 
middle of the QTF arm is not sensitive to the dimension of reflective film. The frequency is close to the resonance 
frequency of the QTF model without reflective film, it is about 30259Hz. We can increase the length and width of 
reflective film to improve the laser reflection on the QTF surface. Therefore, this position is suitable for the 
detection of photo-acoustic spectroscopy. The analysis results provide a theoretical basis for researching new 
photo-acoustic spectrum remote sensing device. 
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1. Introduction 
Photo-acoustic spectroscopy (PAS) is a unique spectral 

measurement method [1] that utilizes light absorption 
properties of the test object. The non-radiative de-
excitation of energy absorbed by a sample is transformed 
into the heat energy due to the optical transitions. 
Through detecting sound waves created by the heat 
energy, we can obtain the substance spectral information.  
  At present, microphone, bi-material cantilever and 
quartz tuning fork (QTF) are usually used as Photo-
acoustic detectors. Early in the 1970s and 1980s, 
microphone has been used to detect the photo-acoustic 
signal of sample [2-4], however, it is easily interfered 
by air disturbances that will lead to a low sensitivity. 
In order to overcome the effects of air turbulence, 
Silicon nitride or silicon cantilevers evaporated 
chromium and gold with different thicknesses are used 
to obtain the photo-thermal deflection spectroscopy by 
Adam R. Krause[5], C. W. Van Neste[6] et al. 
Compared with microphone, it can improve the 
detection sensitivity of photo-acoustic signal, and 
reduce the influence of air disturbances, but is easily 
affected by ambient temperature. Quartz tuning fork 
(QTF) is a new photo-acoustic detector with superior 
performance. The high quality factor and resonance 
frequency can overcome the effect caused by air 
turbulence and ambient temperature. It not only 
improves the detection sensitivity to a large extent by 
utilizing the piezoelectric effect of QTF, but also 
realizes remote detection [7-9]. The disadvantage of 
this method is that the pre-amplifier circuit must be 
closer to QTF, otherwise, the piezoelectric signal will 

be drowned by noise because of the long distance. 
Furthermore, the external electromagnetic filed can 
interfere with the pre-amplifier circuit, and make 
signal-noise-ratio (SNR) reduced [10]. The SNR of 
detection system is proportional to the square root of 
the resonance quality factor (

2/1
Q ), and the quality 

factor and resonance frequency of QTF are 
respectively 54 10~10 and kHz768.32 , the external air 
turbulence is difficult to excite the QTF resonance. 
Therefore, it is a good way to detect the photo-acoustic 
signal by utilizing the resonance characteristic of QTF. 
It not only effectively improves the SNR of detection, 
but also avoid the influence of external electromagnetic 
interference. 
  According to the research of literature [11], the 
resonance amplitude of QTF is about pm. Because of the 
simple structure, fast response and high sensitivity etc., 
the laser triangulation can be used to realize micro-
amplitude detection. A new photo-acoustic spectrum 
remote sensing device is shown in figure 1. The optical 
path is extended to realize micro-amplitude detection 
under pm magnitude. In fact, the bad reflective properties 
of the QTF surfaces and larger laser spot aren’t 
conducive to reflect laser. A better way to improve the 
reflective properties is to paste reflective film on the 
surface of QTF arm. The reflective film structure size and 
film location are the main factors influencing the QTF 
resonance frequency and SNR. Therefore, it is highly 
significant in research of the reflective film structure size 
and film location for improving the SNR of this detection 
system.
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Fig.1 The principle diagram of new photo-acoustic 
spectrum remote sensing device

2. Relationship between resonance 
frequency of QTF and reflective film 
structure size

The QTF is a vital part of the photo-acoustic spectrum 
remote sensing device. Because it is difficult to make a 
symmetric vibration with sound waves in the surrounding 
environment at high resonance frequency. Thus the 
effects of environmental and other frequency noise can be 
reduced for a narrow spectrum and a high 
qualityfactor.Therefore,it is suitable to be used as a detect
ion sensor. The QTF dimensions are shown in Figure 2, 
where L is the total length of the tuning fork, 1L is the 

length of the fork arms, h is the thickness of the arms, 
b is the width of the arms, and t is the gap between the 
arms. When the reflective film is pasted on the one arm 
surface of QTF, the direction of reflective film length is 
consistent with the thickness h  of the arms. 

The QTF model dimensions in the simulation  
analysis are as follow: 

mmL 6� , 41 �L , mmt 22.0� , mmb 64.0� ,
mmh 25.0�    

 

                  Fig.2 Tuning fork structure diagram

Through the analysis on the resonance frequency of 
the QTF model without reflective film, it is about 
30259Hz.  

For optically excited QTF, the natural resonance 
frequency and vibration mode are major factors. They 
are primarily dependent on the dimensions and 

location of the reflective film. Symmetric vibrations 
must be produced to create an effective piezoelectric 
response. The symmetric vibrations modes of QTF is 
shown in Figure3. Therefore, it is critical to examine 
the relationship between the dimensions and location 
of the reflective film and the resonance frequency of 
symmetric vibrations mode. COMSOL software is 
used to investigate the effect of geometric parameters 
and location of reflective film on the resonance 
frequency of symmetric vibrations mode. 

                          
Fig.3 Illustration of symmetric vibrations modes of a 

tuning fork 

2.1 Changging the length and location of 
reflective film

In this paper, resonance frequency change laws of 
symmetric vibrations mode are studied by changing the 
length and location of reflective film. According to the 
Figure 4 , we can found that when the width and 
thickness of reflective film is 1mm and 0.01mm 
respectively, changing the length of reflective film in the 
top of the QTF will make the resonance frequency of 
symmetric vibrations mode lower than QTF without 
reflective film, and the frequency valley will be generated 
at the length of 1.5mm. When the reflective film is in the 
middle or at the bottom of the QTF arm, the resonance 
frequency of symmetric vibration will be increased, and 
the frequency valley at the length of 1.5mm will also be 
reduced.    

Fig.4 resonance frequency of symmetric vibrations mode 
varies with the length of reflective film, when the width 

of reflective film is 1mm 
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2.2 Changing the width of reflective film

As for the reflective film with the length of 0.5mm or 
1mm and the thickness of 0.01mm, the same method is 
used to change the width of reflective film. We can get 
the curve that the resonance frequency is changing with 
the width of reflective film.  According to the Figure 5 
and Figure 6, comparing with QTF without reflective 
film, we can found that the resonance frequency of 
symmetric vibrations mode is significantly reduced when 
the film is located at the top of QTF arm, and the 
frequency valley will be generated at the width of 
1.75mm.The longer length of reflective film, the greater 
frequency valley. When the reflective film is located in 
the middle or at the bottom of the QTF arm, the 
resonance frequency of QFT will be increased, and the 
frequency valley will not be appeared.   

Fig.5 resonance frequency of symmetric vibrations mode 
varies with the width of reflective film, when the length 

of reflective film is 0.5mm   

Fig.6 resonance frequency of symmetric vibrations mode 
varies with the width of  reflective film, when the length 

of reflective film is 1mm 

2.3 Changing the thickness of reflective film 

Considering the effect of the thickness of reflective film, 
the same method is used to change the thickness of 
reflective film with the length and width of 1mm. We can 
get the curve that the resonance frequency is changing 
with the thickness of reflective film. As shown in Figure7,
When the reflective film is located in the middle and at 
the top of the QTF arm, the resonance frequency of QFT 
will reduce about 200Hz and 700Hz respectively. 
However, the reflective film at the bottom of the QTF 
arm will be advantageous in improving the resonance 
frequency of QTF, the frequency will increase about 
1400Hz. 

Fig.7 resonance frequency of symmetric vibrations mode 
varies with the thickness of reflective film, when the 

length and width of reflective film is 1mm  

3 . Conclusions 
We studied the effected of size and location of 

reflective film on the resonance frequency. Simulation 
results indicate that the location of reflective film has a
greater impact on the resonance frequency of QTF .The 
higher the position of reflective film, the lower the 
resonance frequency of QTF. Furthermore, the resonance 
frequency can also be affected by the dimension of 
reflective film. However, the reflective film in the middle 
of the QTF arm is not sensitive to the dimension of 
reflective film. The frequency is close to the resonance 
frequency of the QTF model without reflective film, it is 
about 30259Hz. We can increase the length and width of 
reflective film to improve the laser reflection on the QTF 
surface. Therefore, this position is suitable for the 
detection of photo-acoustic spectroscopy. The analysis 
results provide a theoretical basis for researching new 
photo-acoustic spectrum remote sensing device 
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