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Abstract: A novel pulsometer was successfully developed using microelectromechanical systems 
(MEMS) based silicon-on-glass (SOG) technology for biomedical applications. The sensor was 
modelled and simulated in COMSOL Multiphysics® for pressures ranging from 0 to 40 mmHg. The 
capability of the fabricated pulsometer to detect movements in x and z-axis directions was 
investigated. The simulation results demonstrated displacement changes as high as of 98% and 36% 
in the x and z-axis directions, respectively for 40 mmHg, which correspond to typical radial blood 
pressure (rBP) on the wrist. In addition, an average capacitance change of 1 nF was experimentally 
obtained in the x-axis direction, from −5 V to 5 V. The response of the pulsometer is analyzed and 
presented in this paper. 
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1. Introduction 

Pulsometers, which are capable of detecting both blood pressure and heart rate, have been used 
for monitoring human cardiovascular conditions [1]. Pulsometers are fabricated using 
microelectromechanical systems (MEMS) based silicon-on-glass (SOG) technology. Typically, 
pulsometers are based on bridge structures and, therefore, suffer from low sensitivity and narrow 
functionality, due to displacement only in one axial direction [2–6]. Also, these devices require 
precision etching time and rate, to maintain accurate etch depth, and often consists of four or more 
layers, thus making them relatively expensive. To mitigate the drawbacks of the current pulsometer 
design and fabrication methods, a cantilever based pulsometer with high sensitivity and multi-
functionality is developed. A cantilever based structure is envisioned to provide better sensitivity 
due to displacement in both x and z-axis directions. In this study, the capability of a novel cantilever 
based pulsometer is investigated using multiphysics simulation and experimental methods. 

2. Methodology 

2.1. Design 

A schematic of the pulsometer is shown in Figure 1. The pulsometer was designed in AutoCAD®, 
with an overall dimension of 2 × 2 × 0.6 mm, using a comb-electrode configuration. The pulsometer 
consists of a glass substrate, silicon wafer and contact metal pads. The device has a terminal electrode 
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and ground electrode. The terminal electrode or cantilever structure consists of flexible beams (4 µm 
wide), proof mass (1.5 × 0.6 mm) and a set of movable comb electrodes. The set of fixed electrodes are 
located on the ground electrode. The comb-electrodes have 88 interdigitated fingers with electrode 
width and pitch of 10.1 µm and 18.0 µm, respectively. 

 

 

(a) (b) 

Figure 1. Schematic of the pulsometer: (a) top view and (b) side view. 

2.2. Working Principle 

The working principle of the pulsometer is based on detecting the capacitance change between 
the ground electrode and the terminal electrode. When a pressure is exerted on the pulsometer, the 
cantilever structure moves and, therefore, causes a dynamic capacitance change in the terminal 
electrode due to its displacement from the initial position in the x- or z-axis directions. The spring 
constant of the cantilever beams is mathematically calculated using Equation (1) [7]. 

 

(1)

where, E is the Young Modulus, W is the width, H is the thickness and L is the length of the cantilever 
structure. The deflection of the terminal electrode, which is dependent on the spring constant of the 
cantilever beam can be calculated using Equation (2). 

 

(2)

where, Fself-weight is the self-weight of the terminal electrode and the Fload is the load force exerted on 
top of the terminal electrode. The load force exerted by the pulse pressure on the pulsometer can be 
calculated using Equation (3). 

 

(3)

where, Ppulse is the pulse pressure and Aterminal is the top surface area of the terminal electrode. 
Therefore, from Equations (2) and (3), it can be concluded that the pulse pressure is directly 
proportional to the deflection of the terminal electrode. 

2.3. Fabrication 

The glass substrate was initially etched using hydrofloric acid (HF) to obtain an air recess of 3 
µm (Figure 2a). The silicon wafer was anodically bonded to the glass substrate at 300 °C using two 
electrodes with a potential difference of 1 kV (Figure 2b). The terminal and ground electrode was 
patterned using deep reactive-ion etching (DRIE), etching away the targeted silicon for final release 
of structure (Figure 2c). Aluminum (Al) contact pads were finally deposited on the silicon layer 
(Figure 2d). 
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Figure 2. (a) Etching glass to form recess, (b) anodic bonding of the glass substrate and silicon wafer, 
(c) DRIE pattern process and (d) deposition of metal contact pads. 

3. Results and Discussion 

The response of the pulsometer was investigated by simulating the designed cantilever structure in 
COMSOL Multiphysics® simulation software using the solid mechanics module. The simulations were 
performed for an applied pressure range from 0 to 40 mmHg, which corresponds to the typical radial 
blood pressure (rBP) on the wrist [8]. As the pressure was increased from 0 to 40 mmHg, a maximum 
displacement of 9.8 µm and 36 µm was observed in the x and z-axis directions, respectively (Figure 3a). 
Based on the displacements, a capacitance change from 39 pF to 20 pF and 1950 pF was theoretically 
calculated in the x and z-axis directions, respectively. As an example, the displacements for an applied 
pressure of 5 mmHg in the x and z-axis directions are shown in Figure 3b,c, respectively. The results 
demonstrated a maximum displacement of 2 µm and 4.8 µm in the x and z-axis directions, respectively. 
In addition, the displacement distribution throughout the cantilever structure was also investigated by 
applying the typical rBP of 40 mmHg. It was observed that the maximum displacement of 36 µm, in the 
z-axis direction, was obtained at the comb-electrodes (Figure 3d). 

  
(a) (b) 

  
(c) (d) 

Figure 3. Displacement of the cantilever structure: (a) in x and z-axis directions for varying pressure (0–
40 mmHg), (b) in x-axis direction for 5 mmHg pressure, (c) in z-axis direction for 5 mmHg 
pressure, and (d) displacement distribution in z-axis direction for 40 mmHg pressure. 

The fabricated pulsometer was connected to a SEMIPROBE™ PS4L-M6 probe station using a 
probe card (Figure 4a). The pulsometer was characterized in the x-axis direction by applying a voltage 
sweep from −5 to 5 V, at 1 KHz frequency, resulting in a capacitance change from 0.2 nF to 1.2 nF 
(Figure 4b), which corresponds to a capacitance change of 500%. The results obtained thus 
demonstrate the feasibility of employing the pulsometer for monitoring human cardiovascular 
conditions in biomedical applications. 
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Figure 4. (a) Fabricated pulsometer connected to probe card and (b) capacitive response of the 
pulsometer from −5 V to 5 V. 

4. Conclusions 

In this work, a novel pulsometer was successfully modelled and simulated in COMSOL Multiphysics® 

for pressures ranging from 0 to 40 mmHg. In addition, the pulsometer was also fabricated using MEMS 
based SOG technology. Simulations performed using the solid mechanics module demonstrated 
displacement changes as high as of 98% and 36% in the x and z-axis directions, respectively for 40 mmHg, 
which correspond to typical radial blood pressure (rBP) on the wrist. Using the fabricated pulsometer, an 
average capacitance change of 1 nF was experimentally obtained in the x-axis direction, from −5 V to 5 V. 
Future work is in progress to enhance capability of the fabricated pulsometer by integrating it into a 
portable and real-time field deployable system for monitoring human cardiovascular conditions. 
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