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AN1176 - Design Considerations for Driving Piezoelectric
Buzzers

Alex Jarvis, Applications Engineer, Diodes Incorporated

This document discusses the case for using piezoelectric buzzers and piezoelectric buzzer drivers

Note: Piezoelectric buzzers can also be referred to as piezoelectric horns or sounders, in this
document they will be referred to as buzzers.

Piezoelectric Buzzers

Case

Glue
\"‘I

= x|
Metal diaphragm\

Piezoelectric ceramic

Figure 1: Piezoelectric Buzzer  Figure 2: Cross Section of a Piezoelectric Buzzer
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Figure 3: Efficiency of a Piezoelectric Buzzer Vs an Electromagnetic Buzzer

A piezoelectric buzzer is a small, low profile and lightweight electronic device that produces sound
when it is subjected to an alternating field of electricity. Piezoelectric buzzers are a low cost, reliable
alternative to a magnetic buzzer, that can offer louder sound outputs whilst consuming less power as
they are more efficient in the <30W power range. Low power consumption makes the piezoelectric
buzzer ideal in battery powered applications. A key advantage of piezoelectric buzzers is that, unlike
inductive speakers, they can operate in damp conditions.

Piezoelectric buzzers are regularly used to produce audible signals in alarms and warning
devices. Piezoelectric buzzers are available in a wide range of frequencies, including audible and
ultrasonic. The sound pressure level (SPL) output of a piezoelectric buzzer depends on the
magnitude of the voltage applied to it and the frequency of excitation. The SPL is greatest when a
piezoelectric buzzer is excited at its resonant frequency.
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Typical Applications of Piezoelectric Buzzers

Smoke, Gas and Water Alarms
Industrial Security Alarms

Security Devices

Bluetooth or Wireless Location Trackers
Air Humidifiers

Ultrasonic Applications

Home Appliances

Haptic Feedback

Alarm Clocks

Health Care Systems

Automotive Alarms and Security Devices
Dashboard Audio

Vehicle Approach Warning

Characteristics of Piezoelectric Buzzers
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Figure 4: SPL vs. Voltage
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Figure 4 is a graph of SPL vs. voltage for a specific piezoelectric buzzer at a fixed frequency of

3.75kHz. The SPL output of the piezoelectric buzzer increases with the voltage applied.
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Figure 5: SPL vs Frequency

Figure 5 is a graph of SPL vs. frequency for a specific piezoelectric buzzer at a fixed voltage of
10Vpp. The SPL output of the piezoelectric buzzer varies with the driving frequency. A particular
piezoelectric buzzer may have one or more resonant frequency peaks where SPL is at its greatest.
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Figure 6: Expected Lifetime of a Piezoelectric Buzzer

Figure 6 is a graph of voltage vs. lifetime for a piezoelectric buzzer. The expected lifetime of the
piezoelectric buzzer is inversely proportional to the voltage applied to buzzer. If a high SPL is
required, it is preferable to choose a piezoelectric buzzer with a high SPL at the specified frequency.
It may be desirable to apply the minimum possible voltage to maximize the expected lifetime.
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Driving a Piezoelectric Buzzer
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Figure 7: Differential Configuration Driving
Waveform

Figure 8: Types of Piezoelectric Buzzers

To drive a piezoelectric buzzer, in a differential configuration, alternating square waves are applied to
the positive and negative terminals. This can be seen in in figure 7. Piezoelectric buzzers can also be
setup in a single-ended configuration where one of the positive or negative terminals is tied to ground
and a square waveform is applied to the opposite terminal. The differential configuration is preferred
for higher SPL as the peak-to-peak voltage across the piezoelectric buzzer is twice as much as it
would be in the single ended configuration.

There are two different types of piezoelectric buzzer as depicted in figure 8. The standard
piezoelectric buzzer has two terminals, a positive and a negative terminal. However, there is a self-
excitation variant which has three terminals, a positive and a negative plus an additional feedback
electrode. The signal from the feedback electrode can be fed back to the driver allowing the buzzer to
self-excite at its resonant frequency.

Piezoelectric Buzzer Drivers

PAM8904E PAM8904Q PAM8906 PAM8907
Boost Method Charge Pump Charge Pump Inductive Inductive
Supply Voltage Range | 1.5 -5.5V 2.3-5V 2.1-55V 1.8-5.5V
Output Voltage 1x, 2x or 3x 1x, 2x or 3x 10V,12V and 18V | 11V or 15.6V
Supply Voltage Supply Voltage Variants Available | Selectable
Selectable Selectable
Buzzer Type Standard Standard Standard Standard
Two Terminals Two Terminals Two Terminals or | Two Terminals
Self-exciting
Three Terminals
Automotive Compliant | No Yes No No
External Components | 4 Capacitors 4 Capacitors 6 Capacitors 5 Capacitors
Required 2 Resistors 1 Inductor
1 Inductor 1 Optional
1 Optional Switching
Switching Diode Diode
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Table 1 is a comparison of Diodes’ Piezoelectric buzzer driver range. The PAM8904E, PAM8906 and
PAMB907 are piezoelectric buzzer drivers with integrated boost converters for a higher SPL. The
PAMB8904Q is an automotive qualified version of the PAM8904E. These drivers can operate from a
supply voltage as low as 1.5V and up to 5.5V. All of these drivers include protection features such as
thermal shutdown, overcurrent protection, overvoltage protection and undervoltage lockout. The
drivers also have built-in automatic shutdown and wakeup. Current consumption during shutdown is
less than 1pA.
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Figure 9: PAM8904E Typical Application Circuit
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Figure 10: PAM8906 Typical Application Circuit
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Figure 11: PAM8907 Typical Application Circuit

Figures 9-11 show typical applications of the PAM8904E, PAM8906 and PAM8907. The PAM8904E
uses a charge pump which can operate in either 1x, 2x or 3x mode, while the PAM8906 and
PAMB8907 both use an inductive boost. The PAM8906 and PAM8907 will continue to provide a fixed
output voltage as the battery becomes more resistive. However, the output voltage level of the
PAMB904E is proportional to the input. Therefore, in battery powered systems the output voltage will
reduce proportionally with the battery voltage. An optional switching diode can be included with both
the PAM8906 and PAM8907. Including a switching diode in the circuit reduces the power
consumption by approximately 20%. If the designer chooses to include this component, a 20V
Schottky with a current rating of 1A is recommended.

Pulse Width Modulated (PWM) Input vs. Self-Exciting Piezoelectric Buzzers

The PAM8906 includes a feedback (FB) pin which is used when driving a three terminal piezoelectric
buzzer in a self-exciting mode of operation. However, instead the PAM8907 includes a VSET pin
which is used to select the output voltage of the boost converter, from either 11V or 15.6V. The
designer must decide between a self-exciting piezoelectric buzzer circuit or a PWM input excited one.

The advantage of using a self-exciting piezoelectric circuit is that the piezoelectric buzzer will
excite at its resonant frequency, where SPL is greatest, and there is no need to provide a PWM
signal, just an enable signal. Alternatively, the designer can choose to supply a PWM data signal to
drive a two-terminal piezoelectric buzzer. The advantage of doing this is that the sound frequency is
defined by the frequency of the PWM signal. So, an exact sound frequency can be selected and there
is the option to have multiple tone outputs. However, the SPL at the additional frequencies may not
be optimized.
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’
products described herein and application examples. Diodes does not assume any liability arising out of the application or use of this
document or any product described herein. This document is intended for skilled and technically trained engineering customers and users
who design with Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances
customers and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of
Diodes’ products for their intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable
legal and regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate
safeguards (including testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for
aging degradation) to minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by
Diodes from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated
with such use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all
damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products are provided subject  to Diodes’ Standard Terms  and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in
respect of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its
representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly,
any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

DIODES is a trademark of Diodes Incorporated in the United States and other countries.
The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
© 2022 Diodes Incorporated. All Rights Reserved.
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