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Abstract. This article presents an experimental investigation of the characteristics of the module based 

on the optical tunneling effect, which provides information on the nano displacements resonator of the 

angular velocity transducer. The analysis of the sensitivity of the module based on the optical tunnel-

ing effect with increasing amplitude of forced displacements excited by a piezoelectric module  is 

produced. The principle of operation of the module based on the optical tunneling effect, which is 

based on the dependence of the reflection coefficient of the radiation source structure “medium-gap-

medium” on the size of the gap, is determined. The transfer function of the piezoelectric transducer 

based on the optical tunneling effect with the total optical losses is determined. The theoretical inves-

tigation of the transfer function based on the tunneling effect using the module “optical prism – medi-

um – surface simulator of the edge of the ring resonator” is carried out. The results of the experi-

mental investigation are confirmed that when the amplitudes of the input voltages increase, asymmet-

ric amplitudes of the positive and negative half-waves of the output voltages of the module based on 

the optical tunneling effect are formed. The scheme of the experimental investigation of the transfer 

function of the module based on the optical tunneling effect, providing the implementation of optical 

information retrieval in the measurement of angular velocity, is described. The results of the experi-

mental investigation of the optical information sensing unit at different signals of the wave generator 

show a good agreement with the theoretical model of the module based on the optical tunneling effect 

and a small change in sensitivity with increasing the angular velocity and amplitude of the displace-

ment of the resonator edge simulator, which should be compensated for the formation of the output 

signal. 

Keywords: transducer, angular velocity, optical tunnel effect, piezoelectric transducer, experimental 

investigation 

INTRODUCTION 

The principle of operation of the module based on the optical tunneling effect (MOTE) is 

based on the dependence of the reflection coefficient of the radiation source for the structure 
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“medium-gap-medium” of the gap. In MOTE, optical radiation passes through the optical 

prism interacting with the ring resonator (RR) and reaches the photodetector [1-4]. The angle 

of incidence of the radiation source on the interface between the prism and the gap is chosen 

such that at a large gap, compared with the wavelength of optical radiation, there is a total in-

ternal reflection (TIR). If the size of the gap is comparable with the wavelength of light, then 

part of the radiation passes (tunnels) through the gap into the second medium and the reflec-

tion coefficient of the structure “medium-gap-medium” decreases. Thus, the power of optical 

radiation reflected from the structure “medium-gap-medium” carries information about the 

magnitude of the change in the gap and the measured angular velocity[5-10]. 

When developing an angular velocity transducer, it is necessary to have an adequate de-

scription of the real transfer function of the module based on the optical tunnel effect 

(MOTE), depending on the size of the nano-displacements of the resonator when the meas-

ured angular velocity is applied. The validity of the obtained characteristics of the transducer 

should be based on the results of a comparison of theoretical calculations and experimental 

studies. 

INVESTIGATION OF THE CHARACTERISTICS OF THE MODULE BASED ON THE 

OPTICAL TUNNELING EFFECT USING THE PIEZOELECTRIC TRANSDUCER 

To check the transfer function of the MOTE of the angular velocity transducer, an exper-

imental investigation was conducted using a piezoelectric transducer based on OTE[11]. For 

the experimental investigation of the transfer function of MOTE, the scheme is developed that 

consists of prism of quartz glass 1, collimating device 2, fiber optic cable 3, wave generator 4, 

laser module (KIWI-4100) 5, simulator of the edge of the ring resonator 6, piezoelectric 

transducer 7, photodiode 8, current to voltage Converter 9, digital oscilloscope 10, computer 

11 (Fig. 1). 

 

 

Figure 1. Schematic diagram of experimental setup for the investigation of characteristics for MOTE  

using piezoelectric transducer 

In the mode of generating radiation a laser module (KIWI-4100) was used as a radiation 

source with a wavelength λ = 0.65 μm while maintaining a constant power of optical radia-

tion. Periodic changes in the gap were made using excitation of a piezoelectric transducer 

with different amplitude of the alternating voltage. When applying the exciting voltage to the 
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piezoelectric transducer, occurs changing of the working gap d between the surface of the 

simulator of a part of the edge of the ring resonator and the base of the prism. From the radia-

tion source, the optical signal passes the structure “prism-medium-simulator of a part of the 

edge of a ring resonator” through an optical fiber. Under the action of the voltage of the wave 

generator, the magnitude of the nano-displacement of the piezoelectric transducer changes: 

y = kPT·UWG, where kPT – coefficient of piezoelectric transducer, UWG – voltage of wave gen-

erator [12-17]. 

The size of the working gap d between the surface of the piezoelectric transducer and the 

base of the prism is determined by the initial gap d0 and nano-displacement of the piezoelec-

tric transducer y(UWG): 

    WG 0 WG .yd U d U   (1) 

When reducing the working gap d due to the approach of the simulator of the edge of the 

piezoelectric transducer, there is a decrease in the power of the optical signal fed to the 

photodetector. In this case, the transfer function of such a converter based on OTE, taking into 

account the total optical loss, is determined by the following formula[18-20].: 

    I-U WG I-U PD RS OL WG ,U PU K S R d UK       (2) 

where KOL – coefficient of total optical loss, KI-U – coefficient of current to voltage converter, 

SPD – sensitivity of the photodiode, PRS – power of the radiation source,  WGR d U    – the 

reflectivity of the structure “prism-medium-simulator of a part of the edge of a ring resonator”. 

A theoretical investigation of the transfer function of the module “prism-medium-

simulator of a part of the edge of a ring resonator” was performed with the following parame-

ters: incidence angle of radiation  = 47 °, wavelength  = 0.65 m, power of radiation source 

РRS = 20 W, refractive indices of prism and simulator of the interacting part of the resonator 

n1 = n3 = 1.544, respectively (Fig. 2). 

 

 

Figure 2. Transfer function of MOTE with variation of the initial gap 

It is shown that when the initial gap deviates from the value corresponding to the middle 

of the quasilinear section, reflectivity of the MOTE changes and the sensitivity of the module 

“prism-medium-simulator of a part of the edge of a ring resonator” decreases, leading to 

a decrease in output voltage amplitudes UI-U m(UWG m). An increase in the amplitudes of the 
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oscillations of the gap d m (UWG m), proportional to the angular velocity and created by the im-

itating voltage UWG supplied to the piezoelectric transducer, leads to the formation of an 

asymmetrical output voltage with different amplitudes of positive and negative half waves. 

The experimental investigation of the transfer function of the piezoelectric transducer was 

carried out at various voltage of the wave generator at a frequency of f = 1 kHz (Fig. 3). 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 3. The relationship of the output voltage of MOTE at a frequency f = 1 kHz on various input 

voltages: UWG  m = 20 V (a); UWG  m = 40 V (b); UWG  m = 60 V (c); UWG  m = 80 V (d); UWG  m = 100 V (e); UWG  m =  

= 120 V (f) 
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It was confirmed that as the amplitudes of the input voltages increase, asymmetric ampli-

tudes of the positive and negative half-wavelengths of the MOTE output voltages are formed 

(see Fig. 3), having a difference of up to 38 % according to the results of the experiment 

(Fig. 4, a). This leads to a decrease in the linearity of the transfer function when simulating 

the measurement of angular velocity, which requires the introduction of compensating effects. 

The sensitivity of MOTE to periodic changes in the gap remains approximately the same due 

to the compensation of the decrease in sensitivity for a positive half-wave with its increase for 

a negative half-wave. 

A comparison was made of experimental and theoretical data on the transfer function of 

the piezoelectric transducer for various signals of wave generator and initial gaps (Fig. 4, b). 

 

  

(a) (b) 

Figure 4. The ratio of the amplitude of the positive and negative half-waves UWG m (a); comparison of 

theoretical calculations and experimental investigation of the information retrieval module based on 

the optical tunneling effect (b) 

A comparison of theoretical calculations and experimental studies shows that the use of 

theoretical dependences in the calculation of transducers based on the optical tunnel effect 

gives good agreement with the experimental data. 

CONCLUSION 

A theoretical investigation of the transfer function based on the optical tunneling effect 

using the module “prism - medium - surface of the simulator of the edge of the ring resonator” 

is described. A scheme for the experimental investigation of the MOTE transformation func-

tion is described, which provides the realization of optical information retrieval module in 

measuring the angular velocity. The results of an experimental investigation of an optical in-

formation pickup site with various wave generator signals show good agreement with the the-

oretical model of MOTE and a small change in sensitivity with increasing angular velocity 

and amplitude of displacements of the resonator edge simulator, which should be compen-

sated for when forming the output signal. 

This work was supported by the Russian Foundation for Basic Research (Grant No. 19-08-00108). 
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