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Piezoelectric buzzers find wide 
use as audible-signal generators 

because of their low power consump-
tion and clear, penetrating sound. An 
external driver or a self-driven circuit 
that oscillates at the resonant fre-
quency of the piezoelectric element 
can drive these buzzers. A piezoelec-
tric element produces the maximum 

sound output at its resonant frequen-
cy. However, the resonant frequency 
of a piezoelectric element can have a 
tolerance as great as �15%. An exter-
nal driver tuned to the nominal reso-
nant frequency is therefore likely to 
miss the actual resonance point. This 
Design Idea externally drives a piezo-
electric element and automatically 

finds its actual resonant frequency.
The basis for operation is the follow-

ing principle: When you apply an al-
ternating voltage to the terminals of a 
piezoelectric element, the element will 
begin to vibrate. If you remove the ex-
citation, vibrations will continue in a 
damped manner before they cease al-
together. These residual vibrations will 
cause damped oscillations at the termi-
nals of the piezoelectric element. If the 
excitation is close to the resonant fre-
quency, the vibrations will be stronger 
and the residual oscillations will last 
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interval of 1260 �sec. When the in-
put-trigger pulse goes to the active low, 
Pin 1, of the JK 74LS112 flip-flop, the 
falling edge of the input-trigger pulse 
activates the flip-flop to set Q. Be-
cause the default condition of Pin 2 of 
the NAND gate is at a high level, the 
transition at the output pin, Pin 3, of 
the NAND gate passes on to the ac-
tive-low input of the monostable mul-
tivibrator at Pin 1. The falling edge of 
the output pulse of the NAND gate 
triggers the monostable multivibrator 
to generate the first gate pulse of pre-
defined gate width.

Subsequently, when the Q output 
pulse of the monostable multivibrator 
makes a transition from high to low, 
the rising edge of the complementary 
output pulse of the monostable multi-

vibrator at Q, Pin 4, connects back to 
the two-input NAND gate. Through 
a series of inverter retriggers, the mo-
nostable multivibrator again generates 
the next gate pulse. The gate genera-
tion can continue indefinitely. How-
ever, the Q output after inversion also 
feeds into two 74LS393 hex counters. 
The two hex counters cascade together 
to count the 63 gate pulses. As soon as 
the circuit counts the requisite number 
of gate pulses, Pin 9 of the hex coun-
ter goes high and, after inversion, clears 
the active state of the JK flip-flop.

The two-input NAND gate’s Pin 1 
also goes to a low level and disables the 
flip-flop, preventing the feedback ris-
ing-edge transition of the Q of the mo-
nostable multivibrator from again pass-
ing on to the trigger input—Pin 1 of 

the monostable multivibrator. So, the 
trigger to the monostable multivibrator 
and further gate generation stop (refer-
ences 1 and 2).EDN
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Figure1 At a frequency of 4 kHz, which is closer to the resonant frequency, residual oscillations last longer (a) than the 
resonant frequency with 3.2 kHz (b).

1

2

(a) (b)

edn080801di_id   76edn080801di_id   76 7/23/2008   3:35:06 PM7/23/2008   3:35:06 PM



78  EDN  |  AUGUST 7, 2008

Many applications involve the 
digital synthesis of three-phase 

sinusoidal waveforms, such as ac-motor 
drives, active power filters, and grid-
voltage synchronizers, that use a mi-

crocontroller or a DSP for digital con-
trol. You can perform this synthesis by 
using conventional analog techniques 
(Reference 1) or DDS (direct digital 
synthesis). Digital techniques provide 

higher stability and the ability to in-
corporate frequency, phase, and am-
plitude adjustments. For applications 
requiring 16-bit or higher-resolution, 
three-phase-signal synthesis, DDS in-
volves the use of a microprocessor or a 
DSP to interface multiple DACs. This 
approach uses not only a lot of devices, 
but also supporting components and 
board space. Although one device can 
have multiple-output serial-controlled 
DACs with four, eight, 32, or more 
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longer (Figure 1). You can determine 
the actual resonant frequency by trying 
all the frequencies around the nominal 
resonant frequency and comparing the 
duration of residual oscillations.

In this design, a Microchip (www.
microchip.com) PIC18F452 micro-
controller drives a piezoelectric ele-
ment through its I/O pins, RB4 and 
RB3 (Figure 2). Initially setting RB3 
to zero and RB4 to one and toggling 
them after each half-period gener-
ates an alternating piezoelectric volt-
age (VP) with a 0V-dc bias. After ap-
plying 10 cycles, RB3 is kept low, and 

RB4 is made an input to count the low-
to-high and high-to-low transitions of 

VP. Enabling the “interrupt-on-port-
change” feature of Port B for 10 msec 
and incrementing a counter in the in-
terrupt-service routine counts the tran-
sition of the piezoelectric voltage. List-
ing 1, which is available in the Web 
version of this Design Idea at www.edn.
com/080807di1, demonstrates this fea-
ture. The program repeats these steps 
for all frequencies of interest and iden-
tifies the frequency corresponding to 
the maximum number of transitions at 
the resonant frequency. You can easily 
expand the idea for the case of multiple 
resonant frequencies.EDN
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Figure 2 A PIC18F452 microcon-
troller first drives the piezoelectric 
buzzer at a programmed frequency 
and then configures one of its pins 
as an input to count the residual 
oscillations.
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Figure 1 This scheme implements three-phase DDS (direct digital synthesis) with few components. The code in the ARM 
processor provides the ability to incorporate arbitrary frequency, phase, and amplitude adjustments with 16-, 18-, 
or 20-bit resolution.
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