sallen key low pass filter

Sallen Key low pass filter is a popular and versatile active filter topology
used in various electronic applications to allow signals with a frequency
lower than a certain cutoff frequency to pass through while attenuating
frequencies higher than that cutoff. Named after its developers, R.P. Sallen
and E. L. Key, this filter configuration is widely utilized in audio
processing, signal conditioning, and data acquisition systems. In this
article, we will explore the principles behind the Sallen Key low pass
filter, its design, applications, and advantages.

Understanding the Basics of Low Pass Filters

Low pass filters (LPFs) are electronic circuits that permit low-frequency
signals to pass while blocking higher-frequency signals. They are crucial in
many applications, including:

- Audio processing

- Noise reduction

- Signal conditioning

- Communications systems

The cutoff frequency, often denoted as \(f c\), is the frequency at which the
output signal power drops to half of its maximum value (or -3 dB). The
filter's performance can be characterized by several parameters, including:

- Cutoff Frequency: The frequency at which the filter starts to attenuate the
input signal.

- Roll-off Rate: The rate at which the filter attenuates signals beyond the
cutoff frequency, typically expressed in dB per octave.

- Passband Ripple: Variation in signal amplitude within the passband, which
should generally be minimized for high-fidelity applications.

The Sallen Key Configuration

The Sallen Key low pass filter is characterized by its use of operational
amplifiers (op-amps) to achieve a stable and high-performance filter. It
provides advantages over passive filters by maintaining signal integrity and
allowing for greater flexibility in design.

Basic Circuit Structure

The basic Sallen Key low pass filter configuration consists of:



- An operational amplifier
- Two resistors (R1 and R2)
- Two capacitors (C1l and C2)

The typical circuit diagram of a second-order Sallen Key low pass filter can
be depicted as follows:
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In this configuration:

- Vin is the input voltage.

- Vout is the output voltage.

- R1, R2, C1, and C2 are the resistors and capacitors used to set the cutoff
frequency.

Mathematical Representation

To analyze the Sallen Key low pass filter, we need to derive the transfer
function, which relates the output voltage to the input voltage in the
frequency domain. The transfer function \(H(s)\) can be expressed as:

\ [

H(s) = \frac{V_{out}}{V {in}} = \frac{1}{s"2 + \frac{1}{R 1C 1}s +
\frac{1}{R 1R 2C 1C 2}}

\1

Where:
- \(s\) is the complex frequency variable.
- \(H(s)\) indicates the frequency response of the filter.

Using the standard definitions, we can determine:
- Cutoff Frequency (\(f c\)):

\ [
f ¢ = \frac{1}{2\pi R 1C 1}



\]

- Quality Factor (Q):

\ [

Q = \frac{1}{\sqrt{1l + 2\frac{R 2}{R 1}}}
\1

This highlights how the choice of resistors and capacitors influences the
filter's performance.

Designing a Sallen Key Low Pass Filter

When designing a Sallen Key low pass filter, several steps must be followed
to ensure optimal performance.

Step 1: Determine Specifications

Begin by determining the following specifications:

1. Cutoff Frequency: Decide on the desired cutoff frequency based on the
application.

2. Passband Ripple: Establish how much variation in amplitude is acceptable
in the passband.

3. Roll-off Rate: Determine how quickly you want to attenuate signals above
the cutoff frequency.

Step 2: Select Component Values

Once the specifications are clear, select component values:

- Choose standard capacitor values \(C1\) and \(C2\).
- Calculate resistor values \(R1\) and \(R2\) using the cutoff frequency
formulae.

For instance, if you choose \(Cl = C2 = 100nF\) and want a cutoff frequency
of 1kHz, you can calculate:

\ [
R1 = \frac{1}{2\pi f c C1} \approx 1.59 k\Omega
\1]

Choose standard resistor values close to the calculated values.



Step 3: Simulate the Circuit

Before building the physical circuit, simulate it using software tools like
SPICE, LTspice, or MATLAB to verify the frequency response and performance.

Step 4: Build and Test the Filter

After successful simulation, build the circuit on a breadboard or PCB. Test
it using an oscilloscope and a function generator to ensure that the filter
behaves as expected.

Applications of Sallen Key Low Pass Filters

The Sallen Key low pass filter has a wide range of applications in various
fields:

- Audio Systems: Used for tone control and crossover networks in speakers.

- Signal Conditioning: Prepares signals for analog-to-digital conversion in
data acquisition systems.

- Communication Systems: Filters out high-frequency noise from signals in RF
applications.

- Control Systems: Smoothes sensor signals to prevent rapid fluctuations in
feedback loops.

Advantages of Sallen Key Low Pass Filters

The Sallen Key configuration offers several advantages:

1. Simplicity: The circuit design is straightforward and can be easily
implemented.

2. Stability: The use of op-amps provides increased stability compared to
passive low pass filters.

3. Adjustable Parameters: Component values can be easily adjusted to change
the cutoff frequency and filter characteristics without redesigning the
circuit.

4. Higher Gain: The gain can be set independently of the filtering
characteristics, allowing for versatile applications.

Conclusion

The Sallen Key low pass filter is a powerful and flexible tool in the realm
of electronics. By understanding its principles, designing it effectively,



and recognizing its applications, engineers can leverage this filter
configuration to enhance signal processing tasks across a variety of fields.
Whether in audio engineering, communication systems, or industrial
applications, the Sallen Key low pass filter stands as a testament to the
ingenuity of electronic design, making it an invaluable component in modern
circuitry.

Frequently Asked Questions

What is a Sallen-Key low pass filter?

A Sallen-Key low pass filter is an active electronic filter circuit that
allows low-frequency signals to pass while attenuating high-frequency
signals. It typically uses operational amplifiers (op-amps) and passive
components like resistors and capacitors.

What are the main advantages of using a Sallen-Key
low pass filter?

The main advantages include simplicity in design, ease of implementation with
op-amps, and better performance in terms of gain and stability compared to
passive filters, making it suitable for various applications in signal
processing.

How does the Sallen-Key topology achieve its
filtering characteristics?

The Sallen-Key topology achieves its filtering characteristics through the
combination of resistors and capacitors in feedback and input paths of the
op-amp, which sets the cutoff frequency and defines the filter's response.

What is the typical cutoff frequency for a Sallen-
Key low pass filter?

The cutoff frequency for a Sallen-Key low pass filter can be calculated using
the formula: f ¢ =1 / (2nRC), where R is the resistance and C is the
capacitance in the circuit. It can be designed to achieve a specific cutoff
frequency based on component values.

What are common applications of Sallen-Key low pass
filters?

Common applications include audio signal processing, anti-aliasing filters in
data acquisition systems, smoothing out signals in control systems, and in
various electronic devices where frequency filtering is required.



Can a Sallen-Key low pass filter be used in
conjunction with other filter types?

Yes, a Sallen-Key low pass filter can be cascaded with other filter types,
such as high pass or band pass filters, to create more complex filtering
responses tailored to specific applications.

What are some design considerations when
implementing a Sallen-Key low pass filter?

Design considerations include selecting appropriate resistor and capacitor
values for the desired cutoff frequency, ensuring op-amp bandwidth and slew
rate meet the application's requirements, and minimizing noise and distortion
in the circuit.
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sallen key low pass filter: Fundamentals of Analog and Digital Signal Processing Li Tan,
2008-04-01 The book is suitable to be used as a one-semester senior-level course for the
undergraduate engineering technology program. However, the book could also be useful as a
reference for undergraduate engineering students, science students, and practicing engineers.

sallen key low pass filter: Op Amp Applications Handbook Walt Jung, 2005 A complete and
up-to-date op amp reference for electronics engineers from the most famous op amp guru.

sallen key low pass filter: Op Amps for Everyone Ron Mancini, 2003 The operational
amplifier (op amp) is the most versatile and widely used type of analog IC, used in audio and voltage
amplifiers, signal conditioners, signal converters, oscillators, and analog computing systems. Almost
every electronic device uses at least one op amp. This book is Texas Instruments' complete
professional-level tutorial and reference to operational amplifier theory and applications. Among the
topics covered are basic op amp physics (including reviews of current and voltage division,
Thevenin's theorem, and transistor models), idealized op amp operation and configuration, feedback
theory and methods, single and dual supply operation, understanding op amp parameters,
minimizing noise in op amp circuits, and practical applications such as instrumentation amplifiers,
signal conditioning, oscillators, active filters, load and level conversions, and analog computing.
There is also extensive coverage of circuit construction techniques, including circuit board design,
grounding, input and output isolation, using decoupling capacitors, and frequency characteristics of
passive components. The material in this book is applicable to all op amp ICs from all manufacturers,
not just TI. Unlike textbook treatments of op amp theory that tend to focus on idealized op amp
models and configuration, this title uses idealized models only when necessary to explain op amp
theory. The bulk of this book is on real-world op amps and their applications; considerations such as
thermal effects, circuit noise, circuit buffering, selection of appropriate op amps for a given
application, and unexpected effects in passive components are all discussed in detail. *Published in
conjunction with Texas Instruments *A single volume, professional-level guide to op amp theory and
applications *Covers circuit board layout techniques for manufacturing op amp circuits.

sallen key low pass filter: The Electrical Engineering Handbook,Second Edition Richard C.
Dorf, 1997-09-26 In 1993, the first edition of The Electrical Engineering Handbook set a new
standard for breadth and depth of coverage in an engineering reference work. Now, this classic has
been substantially revised and updated to include the latest information on all the important topics
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in electrical engineering today. Every electrical engineer should have an opportunity to expand his
expertise with this definitive guide. In a single volume, this handbook provides a complete reference
to answer the questions encountered by practicing engineers in industry, government, or academia.
This well-organized book is divided into 12 major sections that encompass the entire field of
electrical engineering, including circuits, signal processing, electronics, electromagnetics, electrical
effects and devices, and energy, and the emerging trends in the fields of communications, digital
devices, computer engineering, systems, and biomedical engineering. A compendium of physical,
chemical, material, and mathematical data completes this comprehensive resource. Every major
topic is thoroughly covered and every important concept is defined, described, and illustrated.
Conceptually challenging but carefully explained articles are equally valuable to the practicing
engineer, researchers, and students. A distinguished advisory board and contributors including
many of the leading authors, professors, and researchers in the field today assist noted author and
professor Richard Dorf in offering complete coverage of this rapidly expanding field. No other single
volume available today offers this combination of broad coverage and depth of exploration of the
topics. The Electrical Engineering Handbook will be an invaluable resource for electrical engineers
for years to come.

sallen key low pass filter: Introduction to Electric Circuits Richard C. Dorf, James A.
Svoboda, 2010-01-07 The central theme of Introduction to Electric Circuits is the concept that
electric circuits are a part of the basic fabric of modern technology. Given this theme, this book
endeavors to show how the analysis and design of electric circuits are inseparably intertwined with
the ability of the engineer to design complex electronic, communication, computer and control
systems as well as consumer products.This book is designed for a one-to three-term course in
electric circuits or linear circuit analysis, and is structured for maximum flexibility.

sallen key low pass filter: Design of Switched-Capacitor Filter Circuits using Low Gain
Amplifiers Hugo Alexandre de Andrade Serra, Nuno Paulino, 2014-11-03 This book describes the
design of switched-capacitor filter circuits using low gain amplifiers and demonstrates some
techniques that can minimize the effects of parasitic capacitances during the design phase. Focus is
given in the design of low-pass and band-pass SC filters, and how higher order filters can be
achieved using cascaded biquadratic filter sections. The authors also describe a low voltage
implementation of a low-pass SC filter.

sallen key low pass filter: Op Amps for Everyone Bruce Carter, Ron Mancini, 2017-07-12 Op
Amps for Everyone, Fifth Edition, will help you design circuits that are reliable, have low power
consumption, and can be implemented in as small a size as possible at the lowest possible cost. It
bridges the gap between the theoretical and practical by giving pragmatic solutions using
components that are available in the real world from distributors. The book does not just give a
design with a transfer function; instead, it provides design tools based on transfer function, getting
you to a working circuit so you can make the right decision on which op amp is best for the job at
hand. With this book you will learn: single op amp designs that get the most out of every amplifier;
which specifications are of most importance to your design, enabling you to narrow down the list of
amplifiers to those few that are most suitable; strategies for making simple tweaks to the
design—changes that are often apparent once a prototype has been constructed; how to design for
hostile environments—extreme temperatures, high levels of shock, vibration, and radiation—by
knowing which circuit parameters are likely to degrade and how to counteract that degradation. -
Features real world op amp selection guides - Teaches which op amp is best for the job - Includes
design circuits with real world component values - Contains guidelines for developing the entire
signal chain, from specification for the transducer to power supply and data converter - Includes
new coverage of negative regulation techniques and op amp stability, negative regulation
techniques, extended electronics theory and troubleshooting

sallen key low pass filter: Analog Circuits Robert Pease, 2008-07-02 Newnes has worked
with Robert Pease, a leader in the field of analog design to select the very best design-specific
material that we have to offer. The Newnes portfolio has always been know for its practical no




nonsense approach and our design content is in keeping with that tradition. This material has been
chosen based on its timeliness and timelessness. Designers will find inspiration between these
covers highlighting basic design concepts that can be adapted to today's hottest technology as well
as design material specific to what is happening in the field today. As an added bonus the editor of
this reference tells you why this is important material to have on hand at all times. A library must for
any design engineers in these fields. Hand-picked content selected by analog design legend Robert
Pease Proven best design practices for op amps, feedback loops, and all types of filters Case
histories and design examples get you off and running on your current project

sallen key low pass filter: Introduction to Electric Circuits James A. Svoboda, Richard C. Dorf,
2013-03-11 Known for its clear problem-solving methodology and it emphasis on design, as well as
the quality and quantity of its problem sets, Introduction to Electric Circuits, Binder Ready Version
9th Edition by Dorf and Svoboda will help readers to think like engineers. Abundant design
examples, design problems, and the How Can We Check feature illustrate the texts focus on design.
The 9th edition continues the expanded use of problem-solving software such as PSpice and
MATLAB. This text is an unbound, binder-ready edition. WileyPLUS sold separately from text.

sallen key low pass filter: Smart Technologies and Innovation for a Sustainable Future
Ahmed Al-Masri, Kevin Curran, 2019-01-08 The book presents high-quality research papers
presented at the 1st AUE International research conference, AUEIRC 2017, organized by the
American University in the Emirates, held on November 15th-16th, 2017 in Dubai. The book is
broadly divided into three sections: Media and Smart Cities, Creative Technologies and Innovation,
and Security Risks and Strategic Challenges. The areas covered under these sections are
cyber-psychology and digital forensics, cloud RAN architecture, networking functions virtualization,
e-Governance and IoT semantic interoperability, ERP security, web-based application and
problem-solving skills, smart technologies and advertising, smart technologies for smart cities, smart
adaptable navigation systems, turbo codes for security key generation, technology advanced student
learning and mobile devices, big data security and privacy, multi-channel buffer enabled technique,
physiological signal acquisition in electro-oculography, blockchain and donation-basedcrowdfunding,
smart city and framework development approach, news channel and media education, UAE foreign
policy, China-GCC relations, diplomacy in the Internet age, intelligent cyber-security strategies,
industry securities and strategic challenges, hybrid alliances and corporate security, security and
privacy in smart cities, human computer interaction and e-learning solution, complexity of smart
cities governance. The papers included in this book present insightful information on the most
recent and relevant research, theories and practices in the field, which aim for a sustainable future.

sallen key low pass filter: Practical Interfacing in the Laboratory Stephen E. Derenzo,
2003-05-29 This text describes in practical terms how to use a desk-top computer to monitor and
control laboratory experiments. The author clearly explains how to design electronic circuits and
write computer programs to sense, analyse and display real-world quantities, including
displacement, temperature, force, sound, light, and biomedical potentials. The book includes
numerous laboratory exercises and appendices that provide practical information on microcomputer
architecture and interfacing, including complete circuit diagrams and component lists. Topics
include analog amplification and signal processing, digital-to-analog and analog-to-digital
conversion, electronic sensors and actuators, digital and analog interfacing circuits, and
programming. Only a very basic knowledge of electronics is assumed, making it ideal for
college-level laboratory courses and for practising engineers and scientists.

sallen key low pass filter: Network Analysis & Synthesis Uday A. Bakshi, 2020-11-01 The
importance of network analysis and synthesis is well known in the various engineering fields. The
book provides comprehensive coverage of the signals and network analysis, network functions and
two port networks, network synthesis and active filter design. The book is structured to cover the
key aspects of the course Network Analysis & Synthesis. The book starts with explaining the various
types of signals, basic concepts of network analysis and transient analysis using classical approach.
The Laplace transform plays an important role in the network analysis. The chapter on Laplace



transform includes properties of Laplace transform and its application in the network analysis. The
book includes the discussion of network functions of one and two port networks. The book covers the
various aspects of two port network parameters along with the conditions of symmetry and
reciprocity. It also derives the interrelationships between the two port network parameters. The
network synthesis starts with the realizability theory including Hurwitz polynomial, properties of
positive real functions, Sturm's theorem and maximum modulus theorem. The book covers the
various aspects of one port network synthesis explaining the network synthesis of LC, RC, RL and
RLC networks using Foster and Cauer forms. Then it explains the elements of transfer function
synthesis. Finally, the book illustrates the active filter design. Each chapter provides the detailed
explanation of the topic, practical examples and variety of solved problems. The explanations are
given using very simple and lucid language. All the chapters are arranged in a specific sequence
which helps to build the understanding of the subject in a logical fashion. The book explains the
philosophy of the subject which makes the understanding of the concepts very clear and makes the
subject more interesting.

sallen key low pass filter: Global View of Engineering Geology and the Environment Wu
Faquan, Shengwen Qi, 2013-08-16 Global View of Engineering Geology and the Environment
contains selected papers from the International Symposium and 9th Asian Regional Conference of
the International Association for Engineering Geology and the Environment (IAEG, Beijing, China,
24-25 September 2013). The book focusses on six topics:- Crustal stability and dynamical
geo-hazards;-

sallen key low pass filter: Electronics, Power Electronics, Optoelectronics, Microwaves,
Electromagnetics, and Radar Richard C. Dorf, 2018-10-03 In two editions spanning more than a
decade, The Electrical Engineering Handbook stands as the definitive reference to the
multidisciplinary field of electrical engineering. Our knowledge continues to grow, and so does the
Handbook. For the third edition, it has expanded into a set of six books carefully focused on a
specialized area or field of study. Electronics, Power Electronics, Optoelectronics, Microwaves,
Electromagnetics, and Radar represents a concise yet definitive collection of key concepts, models,
and equations in these areas, thoughtfully gathered for convenient access. Electronics, Power
Electronics, Optoelectronics, Microwaves, Electromagnetics, and Radar delves into the fields of
electronics, integrated circuits, power electronics, optoelectronics, electromagnetics, light waves,
and radar, supplying all of the basic information required for a deep understanding of each area. It
also devotes a section to electrical effects and devices and explores the emerging fields of
microlithography and power electronics. Articles include defining terms, references, and sources of
further information. Encompassing the work of the world’s foremost experts in their respective
specialties, Electronics, Power Electronics, Optoelectronics, Microwaves, Electromagnetics, and
Radar features the latest developments, the broadest scope of coverage, and new material in
emerging areas.

sallen key low pass filter: Electronic Circuit Design and Application Stephan J. G. Gift,
Brent Maundy, 2021-11-27 This textbook for core courses in Electronic Circuit Design teaches
students the design and application of a broad range of analog electronic circuits in a
comprehensive and clear manner. Readers will be enabled to design complete, functional circuits or
systems. The authors first provide a foundation in the theory and operation of basic electronic
devices, including the diode, bipolar junction transistor, field effect transistor, operational amplifier
and current feedback amplifier. They then present comprehensive instruction on the design of
working, realistic electronic circuits of varying levels of complexity, including power amplifiers,
regulated power supplies, filters, oscillators and waveform generators. Many examples help the
reader quickly become familiar with key design parameters and design methodology for each class
of circuits. Each chapter starts from fundamental circuits and develops them step-by-step into a
broad range of applications of real circuits and systems. Written to be accessible to students of
varying backgrounds, this textbook presents the design of realistic, working analog electronic
circuits for key systems; Includes worked examples of functioning circuits, throughout every



chapter, with an emphasis on real applications; Includes numerous exercises at the end of each
chapter; Uses simulations to demonstrate the functionality of the designed circuits; Enables readers
to design important electronic circuits including amplifiers, power supplies and oscillators.

sallen key low pass filter: Introduction to Electric Circuits, International Adaptation Richard
C. Dorf, James A. Svoboda, 2025-11-19

sallen key low pass filter: Textbook of Operational Transconductance Amplifier and Analog
Integrated Circuits Tahira Parveen, 2013-12-30 This book covers a detailed study of Operational
Transconductance Amplifier (OTA) based circuits, their realizations and applications. The book is
primarily concerned with the building blocks and their applications in linear and nonlinear circuit
design, presented in a simplified and methodical way. The book comprises nine chapters, covers
important building blocks, ideal and non-ideal component simulators.

sallen key low pass filter: VLSI Analog Filters P.V. Ananda Mohan, 2012-10-03 Great strides
have been made in the development of analog filters over the past few decades. The first book to
treat these recent advances in depth, VLSI Analog Filters provides a comprehensive guide for
researchers and upper-level graduate students, which fully prepares readers for professional work.
In particular, the work covers active R filters, OTA-C filters, and switched-capacitor filters, including
topics such as differential output opamps, sensitivity analysis for passive components,
multiple-feedback techniques, double-sampling, and N-path filters. Throughout the book, exercises
are included to reinforce understanding of concepts, and simulations are used to enhance
connections to practical applications. This advanced textbook is suitable for engineering graduate
students studying analog filter design, offering a full course that can feed seamlessly to employment
industry. At the same time, it serves as an extremely valuable reference for researchers and
engineers looking to gain a deeper understanding of the field.

sallen key low pass filter: Wearable Systems Based Gait Monitoring and Analysis Shuo
Gao, Junliang Chen, Yanning Dai, Boyi Hu, 2022-03-16 Wearable Systems Based Gait Monitoring and
Analysis provides a thorough overview of wearable gait monitoring techniques and their use in
health analysis. The text starts with an examination of the relationship between the human body’s
physical condition and gait, and then introduces and explains nine mainstream sensing mechanisms,
including piezoresistive, resistive, capacitive, piezoelectric, inductive, optical, air pressure, EMG and
IMU-based architectures. Gait sensor design considerations in terms of geometry and deployment
are also introduced. Diverse processing algorithms for manipulating sensors outputs to transform
raw data to understandable gait features are discussed. Furthermore, gait analysis-based health
monitoring demonstrations are given at the end of this book, including both medical and
occupational applications. The book will enable students of biomedical engineering, electrical
engineering, signal processing, and ergonomics and practitioners to understand the medical and
occupational applications of engineering-based gait analysis and falling injury prevention methods.

sallen key low pass filter: Classical Feedback Control Boris Lurie, Paul Enright, 2016-04-19
This second edition textbook describes the design and implementation of high-performance feedback
controllers for engineering systems. It emphasizes the frequency-domain design and methods based
on Bode integrals, loop shaping, and nonlinear dynamic compensation. The authors include many
problems and offer practical applications, illustrations, and
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