
  

1 

 

Supporting Information  

 

 

3D printing of Polyvinylidene Fluoride Based Piezoelectric sensors for Non-Invasive 

Continuous Blood Pressure Monitoring  

 

Arijit Mandal, Alban Morali, Maksim Skorobogatiy, and Sampada Bodkhe *   

 

S1. Microscopic images of PVDF nanocomposite films printed under various conditions 
 

 

 

Figure S1: Microscopic images of PVDF nanocomposite films printed under various 

conditions: a) at ambient bed temperature, b) with a bed temperature of 40°C, c) 60°C, d) 

80°C, and e) 100°C. (Printing speed: 20 mm.s
-1

 nozzle diameter:0.25 mm, printing 

pressure:140 kPa, surface: air-side) 

 

Figure 2 displays microscopic images of the films printed at various bed temperatures. 

Figures 2a, 2b, and 2c show no pores in the PVDF nanocomposite films subjected to ambient, 

40°C, and 60°C bed temperatures. Conversely, Figures 2d and 2e illustrate the presence of 

pores when the films are subjected to bed temperatures of 80°C and 100°C. This pore 

formation is likely due to a faster evaporation rate.
[1]

 These pores create challenges for the 

electrical poling process, as they serve as weak points where the electric field gets 

concentrated and causes dielectric breakdown at low electric fields, i.e., less than 10 MV m
-

1
.
[2]
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S2. Sensor attachment and hand support for wrist hyperextension and avoid movements  

 
Figure S2: Hand support for taking (pulse pressure wave) PPW measurement from sensors 

 

S3. Determination of radial artery location using ultrasonic probe 
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Figure S3: Ultrasonic view and schematic of radial artery 

 

S4. Calibration process 
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Figure S4: Calibration process of sensors with standard BP device (UA-767FAM) 

 

First, the peak-to-peak amplitudes are calculated from the sensor data for the same time 

period as taken by the cuff to measure the blood pressure. As the cuff-based BP device give 

values over a period of time, we take out the average of peak to peak values of BP waveform 

from the sensor data and then use it for calibration as follows:  

 

Calibration ratio = (SBP cuff – DBP cuff)/ A avg 

 

SBP cal = SBP cuff + Calibration ratio * (a2-a1) 

DBP cal = DBP cuff + Calibration ratio * (b2-b1) 

where,  

SBP cuff = Systolic BP measured by the cuff based device (Life Source UA-767FAM) 

DBP cuff = Diastolic BP measured by the cuff based device  

A avg = Average amplitude (in Volts) calculated from the sensor data for the time span taken 

by the cuff device to measure the BP 

SBP cal = SBP calculated from sensor data after calibration 

DBP cal = DBP calculated from sensor data after calibration 

a1 = Average of the peak voltage (in Volts) calculated from the sensor data for the time span 

taken by the cuff device to measure the BP 

a2 = Peak voltage for the next subsequent measurement after the calibration process 

b1 = Average of the valley voltage calculated from the sensor data for the time span taken by 

the cuff device to measure the BP 

b2 = Valley voltage for the next subsequent measurement after the calibration process 
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Then the calculated values from sensor after calibration are compared with cuff-based BP 

device for subsequent data collection.  

S5. Amplifier information 

 
 

Figure S5: Piezo film lab amplifier 

Piezo Film Lab amplifier (TE connectivity) was used to take measurement from the sensor 

using following settings: 

 Mode: Voltage Mode 

 Input Impedance: 1G (50 PF) 

 Input Attenuator switch: 0 dB  

 Low frequency Selector: 0.1 Hz 

 High frequency Selector: 10 Hz 

 

S6. Schematic illustrating the crystalline composition of samples post-3D printing on a 

heated bed 
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Figure S6: Schematic illustrating the crystalline composition of samples post-3D printing 

on a heated bed 

 

S7.  Poling Process and its Influence on Piezoelectric Response Enhancement and Phase 

Transition in 3D Printed Materials 

Poling is a fundamental step in enhancing the piezoelectric properties of PVDF 

composites. Primarily, the poling process facilitates the alignment of the β-phase chains , 

thereby amplifying the piezoelectric effect.
[3]

 Based on recent investigations in our 

research group, we have discerned that the poling process can induce a conversion of the 

γ-phase into the β-phase.
[4]

 This transformation not only augments the β-phase content by 

40% within the crystal lattice but also results in a piezoelectric coefficient 4.6 ± 2 pC/N. 
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