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to detect the small, low-frequency 
electrical signals generated by the 
piezo element without significantly 
loading or attenuating them.

TL071 is configured as a 
frequency-selective non-inverting 
amplifier. Resistors R5 (100kΩ) and 
R3 (1kΩ) set the AC voltage gain 
to approximately 101. Capacitor C3 
(10µF) is connected in series with 
R3 to prevent the 4.5V DC bias from 
being amplified, keeping the DC 
gain close to unity. Capacitor C4 
(0.47µF), connected in parallel with 
R5, provides high-frequency roll-off.

The amplified signal from pin 

6 of IC1 is then passed through 
a secondary passive RC low-pass 
filter formed by R6 (100kΩ) and 
C5 (220nF). This stage further 
attenuates high-frequency noise and 
smooths the pulse waveform before 
it is observed on the digital storage 
oscilloscope (O1, DSO). The DSO 
therefore displays the conditioned 
pulse signal in real time for visual 
analysis.

Construction and testing 
The actual-size single-sided PCB 
layout of the electronic pulse 
waveform monitor is shown in Fig. 

3, and its component layout is 
shown in Fig. 4. If a designed 
PCB is unavailable, the circuit 
can be assembled on a general-
purpose PCB or on a breadboard. 

Since the circuit handles 
low-level analogue signals, 
keep the wires between the 
piezo sensor and breadboard as 
short as possible. Alternatively, 
use a shielded audio cable to 
minimise external noise. Connect 
the battery negative terminal, 
DSO ground clip, and all circuit 
ground connections to a single 
point on the breadboard ground 
rail to minimise ground-loop 

Fig. 3: Actual size PCB 

Fig. 4: Component layout

Fig. 5: Author’s measured waveform
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