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Introduction
In recent years, electronics play [1] a very big role in the 

healthcare system for early detection and diagnosis of disease. 
The internal parts of the body such as the heart and lungs repeat 
mechanical movements to produce vibration, and the vibration 
propagates the sound signal. Physicians listen to the sound signals 
through a stethoscope to observe the function of the heart and 
lungs. The stethoscope relays both sound signals but the heart 
produces high spectrum signals whereas the lungs produce low 
spectrum signals during inhalation and exhalation. In this research, 
we are focusing on the respiratory system to enable early detection 
and diagnosis of lung disease by isolating and enhancing lung sound 
signal transmission through a specially-designed stethoscope.

Lung auscultation [2] is a diagnostic method used for checking 
the integrity of lung function. In lung auscultation, physicians use a 
stethoscope to listen for changes in lung sounds to assess whether 
a patient has any obvious lung abnormalities. Selvin et al [3] have 
dealt new type of strain sensors can be employed practically through 
two main approaches. Zhou et al. [4,5] have dealt the common 
feature of these resistance-type nanocomposite sensors, which is 
of the most importance, is that as compared to conventional strain 
sensors, e.g., strain gauges, higher sensitivity has been observed 

in these novel sensors, at least at a macro-scale. Zhou et al. [4,5] 
discussed the research on carbon nanotubes (CNTs) for sensing 
application is a very promising direction for nanoscale devices due 
to CNTs’ excellent electrical and mechanical properties. Biological 
signals [6-9] may be defined as the vibration and/or mechanical 
movement from internal parts of the human body, and the signals 
which originate in a biological system. Kang et al [10] have dealt the 
bottom-up technique utilized catalytic particles directly patterned 
onto a substrate to control the position of CNTs, while the top down 
method focused on manipulation of the growth CNTs into their 
desired position. In the 1960s, Paul Forgacs [11] designed a simple 
model using microphones, amplifiers, oscilloscopes, and tape 
recorders to obtain the first detailed investigation of sound waves 
by systematic digital measurements of respiratory sound. 

Proposed Sensor-Based Digital Stethoscope
The sophisticated advances in electronics [12,13] can be 

implemented to achieve the most favorable expected outcomes 
in biomedical systems. The conventional stethoscope uses a 
condenser microphone to observe the sound signal. One of the main 
objectives of this research is to replace the condenser microphone 
with vibration sensors to observe biomedical sound signals. The 
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Stethoscope is an instrument that employs the technique of separation of two sound signals such as heart sound signals (HSS) 

and lung sound signals (LSS) by placing its flat sensor on the human body to receive and convey the sounds of internal organs to 
the diagnostician’s ears through its earphones. The conventional stethoscope contains a condenser microphone with preamplifier 
to obtain sound signals from the working human body organs. Observed sound signal is a mix of sounds from the heart, lungs, as 
well as some internal and external interference or background noise as usually happens in electronic devices during the sound 
signal observation. Recent technology in electronics has been implemented in various medical applications to help physicians. In 
this way the stethoscope was adapted by various techniques and its output computerized, but every system has some drawback in 
the distinctness and clarity of observed signals. In this work, piezoresistive and piezocapacitive pressure sensor is designed and 
implemented in Intellisuite software successfully paves the way for highly reliable stethoscope.
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vibration sensors are classified into two types namely Piezoresistive 
and Piezocapacitive. Both sensor designs were implemented in 
MEMS INTELLISUTE 10.4 software and compared with traditional 
microphone based electronic stethoscope. The sensors convert the 
vibrations of human organs to sound waves. Both these sensors 
capture the vibrations and convert them to sound waves with 
respect to resistive and capacitive load, thus significantly reducing 
the noise level from the input signal and enabling early and reliable 
detection of disease.

Micro-Electromechanical System (MEMS) is used to design both 
the vibration sensors and Intellisuite software is used to analyse 
their characteristics Figure 1. The sensors’ characteristics depend 
on the semiconductor material, and Intellisuite is the only software 
which offers the provision of changing the material according to the 
required characteristics and design of the sensors. Figure. 2 show 
the piezoresistive pressure sensor designed in Intellisuite software. 
Figure 3 shows the Electrical Potential for Input 0.6616 V and 
current 5 mA, this corresponds to a resistance of 132.32 Ohm. Figure 
4 shows the Electrical Potential at the input is 0.6571 V and current 
was 5 mA, this corresponds to a resistance of 131.42 ohm. Figure 
5 shows the displacement structure of Piezoresistive pressure 
sensor for 0.5 MPa Pressure applied to the design. The designed 
sensors operate at a voltage between 0.9 and 2V, and a frequency 
range between 0.3-2GHz to analyze the output characteristics 
with respect to varying position and pressure levels as shown in 
Table 1. Heart sound pressure level varies from 0.2 MPa-10 MPa by 
applying these level of pressure to piezoresistive pressure sensor 
the various sensitivity values obtained as shown in Table 1. From 
the table result we came to know that our sensor can be able to 
sense for various heart sounds by digital stethoscope. The graph 
between pressure vs resistance is shown in Figure 6 from that we 
understood that sound pressure increase as well as resistance also 
get increases. The Piezocapacitive MEMS microphone has high 
signal to noise performance (58dB). It is well suited for a wide 
range potential application. The capacitance value with respect to 
different pressure will be analyzed. The construction is analyzed 

by using TEM module. Figure 7 shows the Piezocapacitive pressure 
sensor designed in Intellisuite software.

The piezo capacitive pressure sensor design is obtained 
by using four software modules. First we have to construct the 
microphone structure in Blueprint module. Then the construction 
will be attached to the Intellifab module. In this module step by 
step processing steps will be included. Then we have to obtain a 
design by visualize in Fab viewer module. After getting the correct 
design, it will analyze by thermo electromechanical system module. 
In this module, the capacitance value with respect to different 
pressure will be analyzed. The sensitivity is the electrical signal at 
the microphone output to a given acoustic pressure as input. The 
reference of acoustic pressure is 1PA, and sensitivity is typically 
measured in Mv/Pa. first we compute the capacitance C0 between 
perforated plate and moving plate without acoustic pressure, and 
then compute a new the capacitance c1 by applying 1pa pressure 
on the moving plate (Vibrating Diaphragm). 

Table 1: 

S.No. Vibration or Pressure Level 
(MPa)

Resister Value 
(Ohms)

1 Central Venous Pressure à 
0.3-0.8 79.392-105.856

2
Right Ventricular Pressure                                                            

systolic à 1.5-3                                                                         
Diastolic à 0.3-0.8

396.9-793.8                                    
79.932-105.856

3
Pulmonary artery pressure                                                         

Systolic à 1.5-3                                                                                           
Diastolic à 0.4 -1.2

396.9-793.8                                 
105.84-317.52           

4 Pulmonary Capillary Wedge 
Pressure à 0.2-1.5 52.92-396.9

5 Left Ventricular Pressure à 
Systolic à 1.0 264.6-509.4

Figure 1: MEMS Sensor-based digital stethoscope.
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Figure 2: Piezoresistive pressure sensor.

Figure 3: Electrical potential output for 5 MPa pressure.

Figure 4: Electrical potential output for 0.5 MPa pressure.
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Figure 5: Displacement structure of Piezoresistive pressure sensor.

Figure 6: Pressure vs Resistance.

Figure 7:  Piezocapacitive pressure sensor.
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Conclusion
This paper discussed about the basics of digital stethoscope 

in detail. Piezoresistive and Piezocapacitive pressure sensor is 
designed and implemented in Intellisuite software. This study 
opens several lines for future work. Analyzing the existing tradeoffs 
and implementation are some of the future works of this research. 
This work can be extended by following the same fashion for 
other signal analysis and may vary with different engineering 
applications.
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